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A  STEM WON’T GROW WITHOUT SUN SHINE!  SHEDDING 
TRADITIONAL UNIVERSITY APPROACHES FOR NOVEL PRACTICES 

TO ADDRESS THE CHALLENGES OF STEM FOR ALL 

Colleen Sexton 

In FY10 the US Government invested $3.4 Billion in Science, Technology, Engineering and 
Mathematics (STEM) education initiatives with the major portion of funds to support STEM 
careers and STEM Degrees. While those who earn STEM degrees are twice as likely to be 
employed as those with non-STEM degrees, most recent figures indicate that globally only 26% of 
college degrees are in STEM areas. Efforts to increase graduates in these fields include an 
increased emphasis on STEM education in grades K-12. Many nations have undertaken changing 
national science curricula to place a growing emphasis on conceptual understanding across the 
applied sciences. The revised standards are calling for an in-depth understanding of the practices 
of science and engineering and a call for increased connections among the theory and the practice.  
This paper maintains that the return on investment in STEM education requires universities to 
Shed their traditional University approach to student selection, degree offerings, and course 
sequencing to introducing more Novel practices grounded by the research on high impact practices 
for higher education to best address the challenges of STEM education for all K-12 students.  

 

Introduction: 

Back in 1996, when the US National Research Council first presented a set of national science standards 
for K-12 students, I traveled across the state of Ohio with a colleague to provide workshops for K-12 
School Administrators designed to examine the new standards and share strategies on how to implement 
them across the K-12 curriculum.  Before any “lectures” were given we provided the administrators with 
3 simple pieces of equipment, a wire, a “D” dry cell (some may call a D Battery), and a small flashlight 
sized light bulb, and challenged them to see how many ways they could make the bulb light. We asked 
them to draw the configuration of bulb, wire and battery they tried, prodding them to draw the ways in 
which the light lit and the ways in which it did not light, and to share those with the class.  Using their 
drawings as “data” we developed the concept of a simple circuit. I remember the challenge this task 
presented to the school administrators, with some admitting they were embarrassed to put their drawings 
of attempts that did not work on the board. Yet, when asked how many in the room could provide a 
definition for a simple circuit if we had not completed that activity, it was not uncommon to find that 
more were comfortable in their attempt to provide a definition than to provide a deeper understanding of 
the concept.   

In 1996 we used that simple activity as the basis for a conversation on effective application of the new 
science standards into teaching. Back then we spoke of the dimensions of science - those essential skills, 
habits, and dispositions necessary to bring about scientifically literate students. In my science education 
courses I use the example of using a table without legs, for what good is it without them? You might as 
well be eating off the floor. If you are teaching science as a body of knowledge in areas such as the life, 
physical and earth/space sciences without capturing the power of learning science through inquiry, 
understanding the history and nature of science, being able to apply the science concepts to personal and 
social perspectives, and understanding the interrelationships between the science and technology, then 
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science teaching, void of those four pillars, is akin to having a table without any legs. Basically it’s 
useless.   

The example we provided in our workshops was designed to provide the administrators with that “Aha!” 
moment – a quick example of the importance of integrating all dimensions of science into science 
teaching, teaching what we called whole science.  On a parallel track with our call for teaching whole 
science, was the vast body of research on the importance of Science, Technology, Engineering and 
Mathematics (STEM) Education.  STEM research could be tracked back to the 1945 study by Vannevar 
Bush – Science, the Endless Frontier, which called for growing scientific “capital” by training people in 
science based on their ability (Atkinson and Mayo, 2010). So with this increase in attention to all 
dimensions of science it was disappointing to find that between 1997 and 2009 the number of high school 
students taking Advanced Placement tests in STEM areas grew very little (Atkinson and Mayo, 2010, 
p.25) with the exception of AP Statistics exams, which had an average annual growth rate of 109% over
the 12 years. There was little growth in other STEM subjects with Computer Science AP tests showing
the least growth of barely 1% per year. In terms of bachelor degrees awarded in STEM related fields there
was a fairly steady growth rate of about 2% per year, about the same as the growth rate of non-STEM
careers (36% STEM vs. 30% non-STEM), yet the difference in Masters degrees and Doctoral degrees was
dismal with only 29% growth for the STEM Master degrees compared to non-STEM of 71% growth and
35% compared to 51% growth at the doctoral level for STEM vs. non-STEM degrees (Atkinson and
Mayo, 2010, pg. 26).

By 2007 this call for increased STEM Education was strengthened by the signing of the America 
Competes Act which provided funding to support several initiatives for STEM programs (Thomas and 
Williams, 2010), and with the re-authorization of that act in 2010 came increasing demands for evidence 
that all of these expenditures made a difference in science education (National Science and Technology 
Council, Dec 2011). The call for increased participation in STEM fields was tied to the national economy. 
According to the US Department of Commerce, “STEM workers drive our nation’s innovation and 
competitiveness by generating new ideas, new companies and new industries. However, US businesses 
frequently voice concerns over the supply and availability of STEM workers.  Over the past 10 years 
growth in STEM jobs was three times as fast as growth in non-STEM jobs” (July 2011). As was noted by 
the National Governors Association Center for Best Practices “The average annual wage for all STEM 
occupations was $77,880 in May 2009, significantly above the U.S. average of $43,460 for non-STEM 
occupations” and “In 2010, the unemployment rate for STEM workers was 5.3 percent; for all other 
occupations, it was 10 percent” (NGA Center for Best Practices, Dec 2011, p.4).  

It was inevitable that the 1996 science standards and the ever growing body of STEM funded initiatives 
would eventually come together to influence the Next Generation Science Standards which are currently 
in development.  The Framework for K-12 Science Education, released in draft form in July 2011, brings 
STEM Education front and center. The four dimensions of science from the 1996 standards are now 
incorporated into three: Disciplinary Core Ideas, Crosscutting Concepts, and Practices. This paper 
briefly examines what is meant by each dimension, explores factors which effect implementation, and 
challenges universities to apply what I will refer to as SUN shine practices - creating a Shift from Usual 
to Novel practices – to promote STEM growth.  

A Framework for Science Education 
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Disciplinary Core Ideas: 

Traditionally the teaching of science includes a large volume of information, examined at a superficial 
level. As a student moves through the grades they encounter more of the same content, with each year 
piling on more information.  In the 2012 Framework this traditional view of science content is replaced 
with Disciplinary Core Ideas.   According to Achieve Inc. (2011):  

Disciplinary Core Ideas have the power to focus K-12 science curriculum, instruction and 
assessments on the most important aspects of science. To be considered core, the ideas should 
meet at least two of the following criteria and ideally all four:  
1. Have broad importance across multiple  sciences or engineering disciplines or be a key 

organizing concept of a single discipline;  
2. Provide a key tool for understanding or investigating more complex ideas and solving 

problems; 
3. Relate to the interests and life experiences of students or be connected to societal or 

personal concerns that require scientific or technological knowledge; 
4. Be teachable and learnable over multiple grades at increasing levels of depth and 

sophistication. 
 

This new challenge for the creation of disciplinary core ideas has also changed what was considered the 
traditional smattering of science courses offerings at the K-12 level. While the typical life, earth/space 
and physical science offerings are still present a fourth domain of science is now introduced to capture 
engineering, technology and applications of science.  As noted in A Framework for Science Education: 
Practices, Crosscutting Concepts, and Core Ideas (National Research Council (NRC), 2012) 
“Engineering and technology are featured alongside the natural sciences (physical sciences, life sciences, 
and earth and space sciences) for two critical reasons: 1) to reflect the importance of understanding the 
human-built world and 2) to recognize the value of better integrating the teaching and learning of science, 
engineering, and technology” (p.2).  

Practices which effect implementation – letting the SUN shine 

As I noted in the telling of my experiences in teaching about the 1996 standards, with the exception of 
adding engineering, technology and the applications of science as a key science domain, the application 
of the disciplinary core continues to call for teaching with greater depth which over time deepens the 
students’ understanding of each field’s disciplinary core ideas. Assumed in this practice is that greater 
depth and less breadth is needed by all learners. This reflects the traditional “pipeline” view of science 
education, by adding more students into the pipeline, you’re bound to increase the number of STEM 
participants at the college level. Atkinson and Mayo (2010) believe this idea of Some STEM for All did 
little to increase participation in STEM areas in the years since 1996 and see little return on a large 
investment of federal money on STEM education using this approach. They advocate an All STEM for 
Some approach to the application of these future science standards.  

At this point in time the feedback period on the first public draft of the Next Generation Science 
Standards has closed, with a promise for publication of the next version in late fall 2012. Perhaps the 
suggestion of Atkinson and Mayo, to move from Some STEM for All to All STEM for Some, will be 
reflected in a second version of the standards. Whether a vision of more depth and less breadth is 
reflected in the standards for Some or ALL students, there are practices and strategies found in the 

International Science and Technology Conference, Dubai, 13-15 December 2012

3



ISTEC 20
12

research which will require a shift from usual to novel practices to promote STEM growth to address the 
Disciplinary Core Ideas. 

A call for greater depth of understanding merged with the idea of All STEM for Some can be seen in the 
America Competes Act from 2007 and in the re-authorization of that act in 2010. In both, funds have been 
allocated to establish and maintain schools designed to meet the needs of the academically talented 
student in STEM areas. Many residential secondary schools have been established to promote exploration 
of STEM concepts in greater depth. Some, such as the Illinois Mathematics and Science Academy, have 
created outreach programs to also impact the depth of experiences in these areas with professional 
development opportunities for teachers.  Students who attend these schools rated their research skills very 
highly. In a study by Thomas and Williams (2010) they found that these same students tend to rate their 
high schools more favorably than their college experiences “in terms of instructors’ expertise in teaching 
and instructors’ attention to students” (p. 20). In a study by Subotnik, et.al. (2010) they found that 
students who attended specialized secondary schools where opportunities for conducting research in 
STEM areas in “top laboratories with enthusiastic mentors and teachers”  were often disappointed in their 
undergraduate experiences where they encountered less than supportive climate for undergraduate 
research.  

Why not shake-up the normal procedures and approach a STEM curriculum in a novel way?  A suggested 
SUN shine practice would be to remove the concept of sequencing all courses through the use of the 
traditional “pipeline” practice of learning this bit of content first and then building on it with another bit 
of content and then another which does little other than to perpetuate the notion that each discipline has 
discrete bodies of knowledge to be learned and mastered before the entire discipline is revealed.  If the 
move from discrete bodies of knowledge is to be replaced with Disciplinary Core Ideas then at the 
university level, we must rethink how we offer students opportunities to explore the concepts related to 
the STEM disciplines. We should provide opportunities for undergraduate students to engage in research 
that has real world consequences.  Atkinson and Mayo (2010) go even as far as suggesting we create 
“new kinds of STEM colleges and programs” which move “undergraduate and graduate education 
towards a more interdisciplinary model which would attract more students to STEM” (p.12). They 
suggest that the National Science Foundation and the National Institute of Health should allocate grants 
up to $20 M/year to create this institutional transformation.  

Another area of research which may lend credence to the call for All STEM for Some was the study of 
gifted K-6 learners. In a study by Mann, et.al. (2011) at Purdue University,  the researchers examined the 
traits essential to successful engineers as compared to traits of children identified as gifted. The 
similarities are striking as each list includes traits such as love of learning, strong analytical skills, 
creative or imaginative, and problem solvers. In examining the similar traits the researchers call for 
practices in STEM teaching which will challenge the gifted learner and encourage their opportunities to 
engage in the Engineering Design process. They point to the engineering practice of using models to 
explain phenomenon and provide opportunities to develop mathematical and design skills. While these 
practices can work for gifted K-6 children they can also work for students in engineering classes. Another 
SUN shine practice would be to use “Model-Eliciting Activities” in undergraduate engineering education 
which can be used to meet the Accreditation Board for Engineering and Technology’s (ABET) Criterion 
3 Program Outcome which “stresses the need for engineering graduates to be able to function on 
multidisciplinary teams, understand professional and ethical responsibilities associated with the 
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discipline, and to assess the impact of engineering solutions in global, economic, environmental and 
societal contexts” (Mann, et.al, 2011, p.646). In another study completed by Tolley, et.al. (2012)they 
found another SUN shine practice to retain freshmen engineering students as they move through their first 
set of engineering courses was to make use of a web based software to refresh the mathematics skills of 
the students while in the course. While the technology did not change the mathematics performance of the 
students in the study over the non-users it was useful in “eliminating the gap in incoming academic 
preparation and was a valuable tool for refreshing basic mathematics skills and for enhancing 
mathematics self-confidence” (p. 82). 

Another way of spreading SUN shine on university practices to impact the need for greater depth in 
teaching science concepts is for universities to continue in their participation of science curricula 
development for the K-12 schools. For instance, at the University of California, Berkeley, the Lawrence 
Hall of Science (2012) has consistently contributed to this effort through their creation of research based 
science curricula which reflect the best practices of science teaching. Curricula such as GEMS – Great 
Explorations in Math and Science, FOSS- Full Option Science System, provide teachers with complete 
units for teaching which capture the criteria established for the Disciplinary Core Ideas in the Science 
Framework.  

Universities can also apply SUN shine practices designed to deepen the understanding of STEM content 
through their required content courses for students in teacher preparation programs. In a study which 
analyzed the challenges new science teachers face, Davis, Petish and Smithey (2006) found that 
“preservice teachers for the most part, lack adequate understandings of science content” and that while 
they may have an adequate number of science courses “negative experiences with science can alienate 
new teachers from science, but positive experiences in traditional science courses may lead them to naïve 
understandings of the nature of science” (p. 617). If STEM education is to be deepened at the K-12 level 
then I suggest the universities revisit the traditional offering of science courses for the preservice teacher. 
A typical university requirement of science coursework for elementary (grades K-8) teachers is to take 
one biology, one chemistry and one earth/space or physics course with only one of the four having a 
required lab experience. It’s time to Shake-Up these Normal practices of requiring a general survey 
course in each of the traditional science disciplines. Where will these future STEM teachers at the K-8 
level learn to implement Disciplinary Core Ideas if they have never been exposed to them in their own 
science preparation coursework? How many College of Engineering would allow an elementary 
education major to take one of their courses – even if it were just a survey course in the field? Where are 
the opportunities to examine the role of Computer Sciences to better implement the Disciplinary Core 
Ideas? 

As was suggested by Atkinson and Mayo (2010) in their proposal to move towards a more 
interdisciplinary model for STEM programs, perhaps a baby step for universities to take is in the creation 
of some interdisciplinary STEM courses for the student in teacher preparation programs. Expecting 
students to study selected sciences in isolated bits and attempting to put them back together with little or 
naïve understandings of the nature of science will, as the research has shown, only contribute to children’s 
misunderstandings and false application of science concepts. Universities must take on this responsibility 
if we are ever to bring about proper science concept formation through the establishment of Disciplinary 
Core Ideas. 
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At the University of Nebraska, for example, faculty from the College of Engineering and Technology 
collaborated with faculty from the College of Education and Human Services to “introduce teachers to the 
work of engineers and to support them in using this information and related resources in the development 
and implementation of lesson plans, providing a viable way to infuse engineering into the K-12 
curriculum” (Nugent, et.al., 2010, p. 14). At Ohio University the College of Education and the College of 
Engineering collaborated to develop a summer experience which allowed teachers to learn and apply 
gaming design principles alongside their middle school students and to convert these games into 
challenging science units for use with all of their students when back in the classroom (Franklin, et.al. 
2009). In research conducted by Levin and Richards, in which pre-service teachers were taught to focus 
on student thinking, they found that preservice teachers were capable of learning to listen to how their 
students develop an understanding of science concepts and how they can use this to use their use of 
questioning to allow students to examine their understanding of the science concept (2011). At California 
Polytechnic State University, San Luis Obispo, they developed the Science Teacher and Researcher 
(STAR) program to recruit preservice science teachers from the STEM majors and instill in them a sense 
of prestige in science teaching as a career. They paired the students with scientist mentors and had them 
engage in research alongside their mentor. This preparation is designed to “promote the understanding of 
the nature of scientific discovery and engineering design, personal experience doing research, and inquiry 
based instruction” (Baker and Keller, 2010, p. 24). Their practices have increased retention of “teacher-
scientists” for K-12 students through an emphasis on the Disciplinary Core Ideas.  

Summary of SUN shine Practices for Disciplinary Core Ideas 

In summary, the advancement of the dimension of Disciplinary Core Ideas as articulated in the 
Framework for K-12 Science Education, can be addressed by Universities if they engage in SUN shine 
practices which include:  1) examining the appropriateness of the call for deeper understanding of science 
concepts through a Some STEM for ALL vs. an ALL STEM for Some approach to science standards; 2) 
using the lessons learned from the specialized secondary schools for STEM education by providing 
opportunities for undergraduate research, changing the sequencing of courses and perhaps even changing 
from a series of courses within one program to a set of integrated learning experiences throughout the 
entire program; 3) engaging in “Model-Eliciting Activities” in undergraduate engineering education 
which can be used to meet the ABET’s Criterion 3 Program Outcome; 4) using technology when possible 
to use refresh basic skills needed for deeper understanding of course content; 5) continuing their 
participation of science curricula development for the K-12 schools; 6) making changes in their required 
content courses for students in teacher preparation programs – which includes allowing non-STEM 
majors to take STEM courses; 7) and creating interdisciplinary courses or professional development 
opportunities for pre- and in-service educators.  

Crosscutting Concepts: 

If the Disciplinary Core Ideas are to be examined with any depth then it makes sense to stick with a few 
key concepts within each discipline and come to know them through concepts which transcend each of 
the science domains. For example, the suggested core ideas for the physical sciences are matter and its 
interactions; motion and stability: forces and interactions; energy; and waves and their applications in 
technologies for information transfer (NRC, 2012).  Through the application of Crosscutting Concepts 
the ability to provide increasing depth of understanding for each of those core ideas can be achieved. As 
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the Framework emphasizes “these concepts need to be made explicit for students because they provide an 
organizational schema for interrelating knowledge from various science fields into a coherent and 
scientifically-based view of the world” (Achieve, Inc. 2011, website). 

 The seven crosscutting scientific and engineering concepts included in the Framework for K-12 Science 
Education “begin with two concepts that are fundamental to the nature of science” (NRC, 2012, p.84): 
patterns and cause and effect: mechanism and explanation. The next crosscutting concept takes into 
account the “mathematical relationships among disparate elements” (NRC, 2012, p.85), that is scale, 
proportion and quantity. According to the Framework for K-12 Science Education the last four concepts 
“systems and system models; energy and matter: flows, cycles, and conservation; structure and function; 
and stability and change – are interrelated in that the first is illuminated by the other three. Each concept 
also stands alone as one that occurs in virtually all areas of science and is an important consideration for 
engineers as well” (NRC, p.85). Those of you familiar with the American Association for the 
Advancement of Science Benchmarks for Science Literacy (1993) may find this call for Crosscutting 
Concepts familiar as in that seminal report they were referred to as the “common themes” across the 
disciplines.  

Practices which effect implementation – letting the SUN shine 

As this dimension is tied to promoting increased depth of understanding the Disciplinary Core Ideas it 
makes sense to call for a shake-up in the traditional practices of the sequencing of courses from middle 
school through college as was previously discussed. Not only is it the sequencing of courses within the 
same discipline that create a barrier to increased depth of understanding the Disciplinary Core Ideas, but 
it is also the belief that a certain sequence of courses from other disciplines must be mastered before 
participation in advanced courses of other disciplines. The traditional approach to course sequencing 
presents challenges when using Crosscutting Concepts to promote increased depth of knowledge for the 
Disciplinary Core Ideas.  Norton’s study on The Use of Design Practice to Teach Mathematics and 
Science (2007) is an example of the use of the Crosscutting Concept of systems and system models to 
overcome the notion that one had to be well versed in mathematics in order to engage in the creation of a 
useful artifact. His aim was to develop each student’s “ability to know, apply and explain mathematics 
concepts in applied design contexts, an experience a high level of excitement about learning 
mathematics” (p.25). A focus on mathematics concepts, physical science concepts, connected through the 
Crosscutting Concept of systems and system models occurred through a challenge to construct an 
amusement park ride. This lesson learned from an elementary example of providing an integrated learning 
experience could become a SUN shine practice in higher education in courses where students are given 
opportunities to examine the real world connections of the discipline through the application of a 
Crosscutting Concept. 

Previously I suggested an interdisciplinary approach to STEM courses and programs to promote depth of 
understanding for the Disciplinary Core Ideas. While a radical idea like that may not be feasible on most 
college campuses, a “doable” strategy for integrating Crosscutting Concepts while teaching the 
Disciplinary Core Ideas  can be found in the research of Norman, et.al. (2010) in which engineers and 
teachers collaborated  to “integrate engineering contexts into science and mathematics content” (p. 434).  
As a result of their study in working with teachers to build these experiences they found that “teachers 
recognized the design process as an important component of engineering and mathematics and science are 
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integrated into the design process of engineering. Teachers also had come to understand the nature of the 
design process through their own experiences with the MEAs (Modeling-eliciting activities). Such change 
of teacher perceptions of engineering has impact on teachers thinking regarding using engineering as a 
context in teaching mathematics and science in the classroom” (p. 443). A study by Brown, et.al. (2012) 
suggests a similar SUN shine practice, that of teaming teachers who might skip over science content they 
don’t understand it or because they don’t have the knowledge to examine the content through the use of 
Crosscutting Concepts, with a technology teachers who have the knowledge and the materials to 
develop a deeper understanding of the Disciplinary Core Ideas through the lens of Crosscutting 
Concepts. Research by Becker and Park (2011) suggest that these integrative approaches may be more 
effective with young learners, although successful integration is possible at higher grade levels. 

Another SUN shine practice which can be implemented to promote the use of Crosscutting Concepts is 
to examine the changing role of the teacher as mentor. Research by Subotnik, et. al. (2010), suggest that 
shift in instructional role, directly impacted student participation in STEM courses.  As they noted, while 
the first set of teachers may help a person fall in love with a STEM subject, it is eventually the efforts of a 
mentor-teacher that lead to talent development. It is the teacher as mentor who can guide the student’s 
understanding of the Disciplinary Core Ideas through the lens of a Crosscutting Concept. A study by 
Stage and Kinzie (2009) found that the use of undergraduate student mentors and the use of a graduate 
student as “super leader” can have a similar impact. 

Research on the “flipped” classroom suggests that the changing role of the student can also be used to 
promote use of Crosscutting Concepts to teach Disciplinary Core Ideas. In a “flipped” classroom the 
student is responsible for learning the content outside of the classroom. The time spent in class is for 
deeper discussions on conceptual understanding of the content. This strategy replaces the role of college 
professor as sage and lecturer, to a guide responsible for concept engagement during class time (Knewton 
website, 2011).  

Another SUN shine practice to address the need to explore a science discipline in depth through the use of 
Crosscutting Concepts is to create Learning Communities for students. Learning Communities have 
been identified by the American Association of Colleges and Universities as a High Impact Practice (HIP) 
found to increase student retention and promote deep learning in the first year of college (Kuh, 2008). As 
noted by Kuh, “the key goals for learning communities are to encourage integration of learning across 
courses and to involve students with “big questions” that matter beyond the classroom.” While the 
research of Whalen and Shelley (2010) did not prove this practice to neither increase nor decrease 
retention or graduation rates for STEM majors, they did concede that it was an effective practice for non-
STEM majors.  At the University of Memphis, an initiative called MemphiSTEP included the use of 
learning communities to improve retention of STEM majors (Russomanno, et.al., 2010). Robert Morris 
University used a cohort model which practiced many of the same goals of a learning community to 
increase student retention in STEM disciplines throughout their program (Kalevitch, et.al., 2012).  

Summary of SUN shine Practices for Crosscutting Concepts 

In summary, the advancement of the dimension of Crosscutting Concept as articulated in the 
Framework for K-12 Science Education, can be addressed by Universities if they engage in SUN shine 
practices which include:  1) changing the sequence of college coursework within and across disciplines, 
e.g. remove the need to take calculus before you can take an advanced physics course; 2) taking an 
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interdisciplinary approach to course creation or the integration of engineering contexts into science or 
math content; 3) changing the role of the teacher from sage to mentor; 4) increasing the use of peer 
mentors; 5) changing the role of the learner through implementation of a “flipped” classroom; and 6) 
creating Learning Communities. 

Science and Engineering Practices: 

Since the pivotal 1957 event of the Russian’s launching of Sputnik the call for students doing science 
instead of just reading about what scientists do was sounded. The National Science Foundation invested 
millions in the development of science curricula which promoted a “hands-on” approach to science 
learning. The more successful of those programs incorporated “hands-on” practices with “minds-on” 
challenges which lead to an increase in science achievement, understanding of science process skills, and 
to a better understanding of the fundamental dispositions necessary for scientific explorations. A flaw in 
their success was that with less preparation for teachers on the implementation of the model curriculum, 
hands-on approaches became synonymous with “minds-off” science teaching. The 1996 NSE Standards 
attempted to rectify that notion by proposing strategies for teaching science which would best reflect the 
lessons learned from the early effective curricula. The call for addressing Science as Inquiry in one of the 
four pillars or dimensions of science required teachers to incorporate the use of basic and integrated 
process skills into their science lessons.  In 2012 the Framework for K-12 Science Education is now 
challenging us to move away from just talking about science process or science as inquiry, to more 
accurately reflect the Disciplinary Core Ideas deepened in understanding through the application of 
Crosscutting Concepts. To achieve the depth of understanding they propose the use of the term 
Practices, instead of skills to “emphasize that engaging in scientific investigation requires not only skill 
but also knowledge that is specific to each practice” (Achieve, Inc., 2011). The practices proposed by the 
new Science Framework include: “1) asking questions (for science) and defining problems (for 
engineering); 2) developing and using models; 3) planning and carrying out investigations; 4) analyzing 
and interpreting data; 5) using mathematics and computational thinking; 6) constructing explanations (for 
science) and designing solutions (for engineering); 7) engaging in argument from evidence; and 8) 
obtaining, evaluating, and communicating information” (NRC, p. 42).  

Practices which effect implementation – letting the SUN shine 

The ability to put to practice these Science and Engineering Practices at the K-12 level require an 
examination of what these look like in practice. Future teachers need opportunities to see these in practice 
and to apply them. One suggested SUN shine practice is to provide students with opportunities to explore 
STEM careers. There is much research which points to the fact that few students (pre-service teachers) 
know what STEM jobs entail, they see engineering as a cluster of professions and have little knowledge 
or understanding of the engineering method (Norman, et. al. 2010).The importance of teachers needing to 
better understand STEM careers is shared in the research of Subotnki, et. al. (2010). They noted the 
finding of a relationship between “eighth grade interest and completion of college majors in life or 
physical sciences, with those showing an interest in biology by eighth grade as being 1.9 times as likely to 
major in biology as those who did not. For physical science and engineering the difference was 3.4 times. 
…roughly half the students who expected to participate in a science career when they were in eighth 
grade actually did major in science at the post-secondary level” (p.11).    Feller (2011) calls for STEM-
Centric career development so that today’s worker can keep pace with workplace demands. Fifolt and 
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Searby (2010) suggest that internship opportunities can provide the much needed exposure to the Science 
and Engineering Practices.  

Closely tied to the exploration of STEM careers is a call for universities to increase collaboration with 
industry to better develop a students’ understanding of Science and Engineering Practices. These 
collaborative relationships can be short term, such as an the use of a “virtual” or “classroom visit” of a 
visiting scientist or engineer; a summer experience through work with a practicing scientist or engineer; 
or they can require a long term commitment, such as the pairing of a student (at the secondary, 
undergraduate and graduate level) with a research scientist from an industry such as the Learning to 
Engineer initiative sponsored by Boeing (Stephens & Richey, 2011).   

Another SUN shine practice to address the need to understand Science and Engineering Practices is to 
increase the use of role models. Basically this call comes out of the research on Women in Science and in 
examining the role culture plays in women’s participation in science. Xu and Martin (2011) studied the 
importance of informal professional networks for women faculty in traditionally male dominated STEM 
fields. Their research indicated that participation in these networks contributed to work satisfaction and 
persistence to stay in STEM careers. Milgram’s (2011) study of the CalWomen Tech Project, reinforced 
this finding by stressing that recruitment efforts of women in STEM careers should include the message 
that “women can work in STEM careers and be successful and fulfilled in their work life while still 
having a personal life, and they need to receive this message repeatedly” (p. 5). The work of Gallaher and 
Pearson (2000) examined the dispositions of women compared to men in STEM careers, expecting to find 
a difference in dispositions toward competition. Much to their surprise they found that women in STEM 
careers found competition to be “enjoyable and felt it promotes learning, and helps encourage collegial 
relationships” suggesting that these may be traits of women who choose engineering technology careers.  

A final SUN shine practice for universities to assist in developing a better understanding of Science and 
Engineering Practices is to take a greater role in the development and delivery of informal science 
experiences.  Many research institutions have museums which can be used to promote an understanding 
of Science and Engineering Practices. A quick survey of major US institutions shows that the majority 
of campus museums are Art Museums. This does not mean that we dismiss their value to the exploration 
of Science and Engineering Practices, in fact, an example of their importance to these practices 
occurred at the University of Florida’s Harn Museum of Art where their most recent “Art in Engineering 
night brought 792 people to celebrate the creativity of engineering students and faculty. They sang, 
danced, fashioned games for children and showcased their paintings, photographs, race cars, robots and 
other engineering projects. The engagement of engineers with the arts on campus reflects their inherent 
interest in creative endeavors” (Nagy, 2012, blog post).  The College of Engineering at this university 
understands the importance of providing students with experiences in “visual and performing arts …to 
ignite their (students) creativity, leading to better engineering solutions and to products that have aesthetic 
appeal in a competitive global arena. …they put the STEAM in STEM (Science Technology, 
Engineering, ART, and Math)” (Nagy, 2012). At my own university the mathematics professors have 
made use of the University Sculpture Park to explore practical applications of mathematics concepts and 
the science educator collaborated with the Art professor to developing integrated science activities for 
junior high teacher classroom use before, during and after a visit to the park. Other types of informal 
science activities include after school programs, field trips, development of curricular materials used with 
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organizations such as 4-H or Future Farmers of America (FFA) to provide additional experiences with 
Science and Engineering Practices (Thomasian, 2011). 

Summary of SUN shine Practices for Science and Engineering Practices 

In summary, the advancement of the dimension of Science and Engineering Practices as articulated in 
the Framework for K-12 Science Education, can be addressed by Universities if they engage in SUN 
shine practices which include:  1) providing students with opportunities to explore STEM careers; 2) 
increasing internship opportunities in STEM fields; 3) collaborating with industry in short and longer 
termed projects; 4) increasing role models so that all learners can see themselves in the career; and 5) 
participating in the development and delivery of informal science experiences. 

Conclusion: 

The United States is currently in the process of revising science education standards to more accurately 
reflect the connections between science, technology, engineering and mathematics – commonly referred 
to as STEM education. The current Framework for K-12 Science Education incorporates three dimensions 
for furthering STEM Education for all. These include: Disciplinary Core Ideas, Crosscutting Concepts, 
and Science and Engineering Practices. This framework is the basis for the development of the Next 
Generation Science Standards – referred by many as the Common Core for Science Education. Most 
initiatives for implementation of standards typically focus on teacher preparation and what K-12 
classroom teachers must do to effectively implement the standards. This paper maintains that if STEM 
education is to grow, then SUN shine practices must be implemented at the University level. That is we 
must create a Shift from Usual to Novel practices in higher education to promote STEM growth. Some of 
the SUN shine practices require a fundamental shift in the way in which universities are structured, 
moving from separate silos of colleges operating alone and in some cases using valuable resources to 
replicate efforts, to a structure where more integrative approaches in program and course design can be 
delivered. Others practices require a modest use of university resources such as providing professional 
development opportunities for university faculty to learn how to “flip” their classroom or for university 
graduate students to enhance their pedagogical skills to better serve as leaders or mentors for the 
undergraduate in STEM programs. Internships and establishing relationships with industry to provide 
models for the application of Science and Engineering Practices also require a modest use of university 
resources.  Other suggested SUN shine practices require little use of resources other than the use of 
creative thinking of university professors and their desire to increase role models for all students in STEM 
courses, to use model-eliciting activities to teach disciplinary core ideas, and to incorporate crosscutting 
concepts to increase the depth of understanding of core ideas.   
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GR÷UXOWXVXQGD�ELQDQÕQ�J�oOHQGLUPH�SURMHOHUL�KD]ÕUODQPDOÕGÕU��%X�DúDPDGD�KD]ÕUODQDQ�SURMHOHU�LOH�\DSÕP�PDOL\HWL�DQDOL]L�
\DSÕODUDN�ELU�NDUDU�YHULOPHOLGLU��%XUDGDNL�HQ�|QHPOL�NULWHU�J�oOHQGLUPH�PDOL\HWLQLQ�\HQLGHQ�\DSÕP�PDOL\HWLQLQ�DOWÕQGD�
YH\D� �VW�QGH� ROPDVÕ� GXUXPXGXU�� (÷HU� J�oOHQGLUPH� PDOL\HWL� \HQLGHQ� \DSÕP� PDOL\HWLQLQ� ���¶QÕQ� DOWÕQGD� NDOÕ\RUVD�
�J�oOHQGLUPH�X\JXQGXU������
ÕQÕ�DúPDVÕ�GXUXPXQGD�\ÕNÕPÕQD�NDUDU�YHUPHN�GDKD�UDV\RQHO�ELU�WHUFLK�RODFDNWÕU�����

%LWOLV�LOLQLQ�GH�LoLQGH�ROGX÷X�9DQ�*|O��+DY]DVÕ����'R÷X�$QDGROX
GD�ROGXNoD�úLGGHWOL�GHIRUPDV\RQODUD�X÷UDPÕú�ELU�
WHNWRQLN� \DSÕ� LoHUVLQGHGLU�� �$\QÕ� ]DPDQGD� |QHPOL� YH� NXUDO� GÕúÕ� QHRWHNWRQLN� XQVXUODU� PHYFXWWXU�� 9DQ� *|O�� KDY]DVÕQGD�
PH\GDQD� JHOHFHN� \ÕNÕFÕ� GHSUHPOHU� EX� KDY]DGD� EXOXQDQ� %LWOLV� úHKLU� PHUNH]L� YH� LOoHOHULQL� \DNÕQGDQ� HWNLOH\HFHNWLU� �,úÕN��
�������%X�ED÷ODPGD����(NLP�9DQ�GHSUHPLQLQ�PHUNH]��VW��RODQ�9DQ�0HUNH]�7DEDQOÕ�N|\�QH�\DNODúÕN����NP�PHVDIHGH�RODQ�
$GLOFHYD]� HQ� ID]OD� HWNLOHQHQ� \HUOHúLP� ELULPOHUL� DUDVÕQGD� \HU� DOPDNWDGÕU� � �ùHNLO� ���� %X� oDOÕúPDGD� GHSUHPLQ�$GLOFHYD]�
LOoHVLQGHNL�HWNLOHUL�J|]�|Q�QGH�EXOXQGXUXODUDN��%LWOLV�(UHQ�hQLYHUVLWHVL¶QH�ED÷OÕ�RODUDN�IDDOL\HWOHULQL�V�UG�UPHNWH�RODQ�YH�
9DQ� GHSUHPLQGH� KDVDU� DODQ� $GLOFHYD]� 0HVOHN� <�NVHNRNXOX� LoLQ� KD]ÕUODQDQ� J�oOHQGLUPH� PDOL\HWL� LOH� \HQLGHQ� \DSÕP�
PDOL\HWL�NDUúÕODúWÕUÕODUDN�J�oOHQGLUPH�LúOHPLQLQ�X\JXQ�ROXS�ROPD\DFD÷Õ�WDUWÕúÕODUDN�|QHULOHU�JHWLULOPLúWLU���

�

�
ùHNLO����dDOÕúPD�DODQÕQ�GHSUHP��VV�QH�X]DNOÕ÷Õ�

�
���(NLP�9DQ�GHSUHPL�GHSUHPVHOOLN�|÷HVL�LKPDO�HGLOHQ�9DQ�*|O��KDY]DVÕQGD�\HU�DODQ�$GLOFHYD]�øOoHVLQGH�GH�\R÷XQ�ELU�
úHNLOGH�KLVVHGLOPLúWLU��ùHNLO�����
�

�
ùHNLO�������(NLP�9DQ�GHSUHPLQLQ�úLGGHW�KDULWDVÕ��.RHUL��������

�
�
�

���øQFHOHQHQ�<DSÕ�YH�*|]OHPOHQHQ�+DVDUODU�

International Science and Technology Conference, Dubai, 13-15 December 2012

16



ISTEC 20
12

g]HOOLNOH� VRQ�\ÕOODUGD�G�Q\DGD�YH��ONHPL]GH�ROXúDQ�\ÕNÕFÕ� GHSUHPOHU�YH�EX�GHSUHPOHU� VRQXFXQGD�ROXúDQ�E�\�N�oDSOÕ�
FDQ� YH� PDO� ND\ÕSODUÕ� GHSUHP� NRQXVXQGD� \DSÕODQ� oDOÕúPDODUÕ�� DUDúWÕUPDODUÕ� YH� DOÕQDFDN� |QOHPOHULQ� |QHPLQL� J�QGHPH�
JHWLUPLúWLU��%LU�E|OJHGH�PH\GDQD�JHOHELOHFHN�ELU�GHSUHPGH��E|OJHGH�EXOXQDQ�\DSÕODUÕQ�ROXPVX]�|]HOOLNOHUL�ROXúDELOHFHN�
WHKOLNHQLQ�ER\XWXQX� DUWWÕUDFDNWÕU��<DSÕODUÕQ� VDYXQPDVÕ]OÕ÷Õ� DUWWÕNoD�GHSUHPLQ�ROXúWXUDFD÷Õ� KDVDU�PLNWDUÕ� GD� DUWDFDNWÕU��
'HSUHPLQ� E�\�NO�÷�� YH� \HWHUOL� G�]H\GH� J�YHQOL÷L� VD÷ODQPDPÕú� YH� \|QHWPHOLNOHUGH� EHOLUWLOHQ� úDUWODUD� X\JXQ�
\DSÕOPD\DQ� \DQL� ROXPVX]� \DSÕ� |]HOOLNOHUL�� ROXúDELOHFHN� ]DUDUÕ� GR÷UXGDQ� HWNLOH\HFHNWLU�� � � 7�UNL\H� JHQHOLQGH� PHYFXW�
ELQDODUÕQ�oRN�D]�ELU�NÕVPÕ�\|QHWPHOLNOHULQ� úDUWODUÕQÕ�VD÷OD\DELOHFHN�GXUXPGDGÕU�YH�EX�QHGHQOH�VDKLS�ROPDODUÕ�JHUHNHQ�
HPQL\HWWH�GH÷LOGLUOHU��
%X�oDOÕúPDGD� LQFHOHQHQ�ELQD�%LWOLV� LOL��$GLOFHYD]� LOoHVL��$ODFDDWOÕ�0DKDOOHVL¶QGH�EXOXQDQ�YH������\ÕOÕQGD� LQúD�HGLOHQ�
$GLOFHYD]�0HVOHN�<�NVHNRNXOX¶GXU��%LQD�GLODWDV\RQ�GHU]OHUL�LOH�ELUELULQGHQ�D\UÕOPÕú���DGHW�EORNWDQ�LQúD�HGLOHQ�]HPLQ���
�� QRUPDO� NDWWDQ� ROXúPDNWDGÕU��%LQD� ER\XWODUÕ� �����P�[� �����P¶GLU��%LQDQÕQ� WDúÕ\ÕFÕ� VLVWHPL� NDUNDV� ROXS�� EHWRQDUPH�
SHUGH��NRORQ��NLULú�YH�G|úHPHGHQ�ROXúPDNWDGÕU��%LQDQÕQ�WHPHO�VLVWHPL�LNL�\|QO��P�WHPDGL�WHPHO�RODUDN�LQúD�HGLOPLúWLU��
%LQDQÕQ�NDW�\�NVHNOLNOHUL�]HPLQ�NDWWD��P��GL÷HU�NDWODU�LVH����P¶GLU��ùHNLO�����

�
ùHNLO����$GLOFHYD]�0HVOHN�<�NVHNRNXOX�ELQDVÕ�
�
%LQDGD� EXOXQDQ� NLULúOHULQ� oR÷XQGD� |]HOOLNOH� PHVQHW� E|OJHOHULQGH� NÕOFDO� ER\XWWD� H÷LN� NHVPH� oDWODNODUÕ� ROXúPXúWXU��
%HWRQDUPH�oHUoHYH�LOH�GROJX�GXYDUODUÕ�DUDVÕQGD�VÕYD�oDWODNODUÕ�ROXúPXúWXU���ùHNLO������
�

� ������� �
�
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������ �
ùHNLO����$GLOFHYD]�0<2�ELQDVÕQGD�J|]OHPOHQHQ�KDVDUODU�
�

���2NXO�%LQDVÕ�<HQLGHQ�<DSÕP�0DOL\HWLQLQ�%XOXQPDVÕ�
%LU�\DSÕQÕQ�WRSODP�PDOL\HWL��LKWL\DFÕQ�EHOLUOHQPHVL�LOH�EDúOD\DQ��\DSÕQÕQ�VHUYLV�|PU��ER\XQFD�GHYDP�HGHQ�YH�

VHUYLV�|PU�Q�Q�VRQD�HUPHVL�LOH�RUWDGDQ�NDOGÕUPD�PDOL\HWL�GH�GkKLO�W�P�V�UHoOHUGH�\DSÕODQ�KDUFDPDODUGDQ�ROXúDQ�PDOL\HW�
RODUDN�LIDGH�HGLOHELOLU��g]JDQ���������

+HUKDQJL�ELU� LQúDDWD�EDúODQPDGDQ�|QFH�\DSÕ�PDOL\HWLQLQ�oÕNDUÕOPDVÕ� LúLQH�|Q�NHúLI�YH�NHúLI�VRQXQGD�EXOXQDQ�
GH÷HUH� GH� \DNODúÕN� PDOL\HW� GHQLOPHNWHGLU�� 3URMHOHU� KD]ÕUODQPDGDQ� YH\D� SURMH� KD]ÕUOÕ÷ÕQÕQ� LON� DúDPDODUÕQGD�� \DSÕQÕQ�
WRSODP� LQúDDW� DODQÕ� YH� LQúDDW� QLWHOL÷L� LOH� LOJLOL� ED]Õ� |Q� WHVSLWOHU� \DSÕODUDN� YH� ED]Õ� NDEXOOHUH� GD\DQÕODUDN� \DNODúÕN� \DSÕ�
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PDOL\HWL�KHVDSODQDELOPHNWHGLU��3DQFDUFÕ���������øQFHOHQHQ�\DSÕQÕQ�LQúDDW�DODQÕ�KHVDSODQÕUNHQ�]HPLQ�NDW�SODQÕ�YH�\HULQGH�
|Oo�POHU�GLNNDWH�DOÕQPÕúWÕU��ùHNLO�����
�

�
ùHNLO���$GLOFHYD]�0<2�J�oOHQGLUPH�|QFHVL�]HPLQ�NDW�NDOÕS�SODQÕ�
�
$GLOFHYD]�0<2�ELQDVÕQÕQ�\HQLGHQ�\DSÕP�PDOL\HWL�ELULP�DODQ�PDOL\HWL�\|QWHPL�LOH�KHVDSODQPÕúWÕU��%D\ÕQGÕUOÕN�YH�øVNkQ�
%DNDQOÕ÷Õ� �P�OJD�� WDUDIÕQGDQ� ��� 1LVDQ� ����� J�Q�� ������ VD\ÕOÕ� 5HVPL� *D]HWH¶GH� \D\ÕQODQDQ� WHEOL÷LQH� J|UH� ELQDQÕQ�
ELULP�PDOL\HWL��0LPDUOÕN� YH�0�KHQGLVOLN� +L]PHW� %HGHOOHULQLQ� KHVDEÕQGD� NXOODQÕODFDN� �����<ÕOÕ� \DSÕ� \DNODúÕN� ELULP�
PDOL\HWOHULQGHNL�,9�VÕQÕI�$�JUXEX�\DSÕODU�LoLQGH�\HU�DODQ�H÷LWLP�\DSÕODUÕ� LoLQ�EHOLUOHQHQ��������7/�P��HVDV�DOÕQPÕúWÕU��
.DW� VD\ÕVÕ�� NDW� DODQÕ�� WRSODP� ELQD� DODQÕ� KHVDS� HGLOPLú� YH� ELULP� PDOL\HWOH� oDUSÕODUDN� ELQDQÕQ� WRSODP� PDOL\HWL�
EXOXQPXúWXU��%XOXQDQ�EX�GH÷HUOHU�7DEOR��¶GH�YHULOPLúWLU���
�
7DEOR���$GLOFHYD]�0<2�RNXO�ELQDVÕQÕQ�WRSODP�\HQLGHQ�\DSÕP�PDOL\HWL��

.DW�6D\ÕVÕ�
=HPLQ�.DW�

$ODQÕ�
�P���

1RUPDO�.DWODU�
$ODQÕ�
�P���

7RSODP�
$ODQ�
�P���

7RSODP�
<DS�0DO�
�7/�P���

7RSODP�0DOL\HW�
�7/��

=HPLQ����.DW�� ��������� ��������� ��������� ���� �������������

�
���2NXO�*�oOHQGLUPH�0DOL\HWLQLQ�%XOXQPDVÕ�

<DSÕODUÕQ�RQDUÕOPDVÕ�YH�YH\D�J�oOHQGLULOPHVL��GXUXP�WHVSLWL��PHYFXW�KDVDUODUÕQ�QHGHQOHULQLQ�GH÷HUOHQGLULOPHVL��
\DSÕGD� |UQHNOHPH� \DSÕODUDN�� KDVDU� WLSOHULQLQ� GD÷ÕOÕPODUÕQÕQ� |QHPOHULQLQ� EHOLUOHQPHVL�� WHPHO� YH� ]HPLQ� GXUXPX�� EHWRQ�
GD\DQÕPÕ�YH�NDOLWHVL��\DSÕQÕQ��EHWRQDUPH�NHVLWOHU��WDúÕ\ÕFÕ�ROPD\DQ�GXYDU�VLVWHPOHUL��YV���SURMH\H�X\JXQOX÷XQXQ�WHVSLWL��
\DSÕQÕQ� VWDWLN�GH÷HUOHQGLULOPHVL� �U|OHYH� oÕNDUÕOPDVÕ�� U|O|YH� LOH� SURMHQLQ� NDUúÕODúWÕUÕOPDVÕ�� WDúÕ\ÕFÕ� VLVWHPLQ� LQFHOHQHUHN�
\DSÕQÕQ� \HQL� NXOODQÕP� DPDFÕ�� SURMH� JHUHNVLQLPOHUL� YH� \|QHWPHOLNOHUH� J|UH� \HQLGHQ� o|]�OHUHN�� \DSÕ� J�YHQLUOLOL÷L� YH�
JHUHNVLQLPOHUH� QH� |Oo�GH� \DQÕW� YHUGL÷LQLQ� WHVSLWL�� JLEL� VRQ� GHUHFH� ]DKPHWOL� YH� D\UÕQWÕOÕ� oDOÕúPDODUGDQ� VRQUD� DQFDN�
SURMHOHQGLUPH�DúDPDVÕQD�JHOLQHELOHQ�]RUOX�ELU�V�UHoWLU���<ÕOPD]����������
�
%X� ED÷ODPGD�$GLOFHYD]�0HVOHN�<�NVHNRNXOX� ELQDVÕ� LoLQ� DoÕNODQDQ� ]DKPHWOL� YH� D\UÕQWÕOÕ� oDOÕúPDODU� VRQXFXQGD� 7'<�
����¶GH� EHOLUWLOHQ� XVXO� YH� HVDVODUD� J|UH� ELQDQÕQ� SHUIRUPDQV� DQDOL]L� JHUoHNOHúWLULOPLúWLU�� (OGH� HGLOHQ� VRQXoODUD� J|UH�
ELQDQÕQ�7'<�����¶GH�EHOLUWLOHQ�SHUIRUPDQV�VHYL\HOHULQLQ�VD÷ODQPDGÕ÷Õ�DQODúÕOPDNWDGÕU��*HUHNOL�J�oOHQGLUPH�SURMHOHUL�
KD]ÕUODQGÕNWDQ�VRQUD�ELQDQÕQ�EHNOHQLOHQ�SHUIRUPDQV�VHYL\HOHULQL�VD÷OD\DELOHFH÷L�YH�KDVDU�\�]GH�YH�VHYL\HOHULQLQ�PDNXO�
|Oo�OHUGH�NDODFD÷Õ�VRQXFX�HOGH�HGLOPLúWLU���5DSRU���������'HWD\OÕ�J�oOHQGLUPH�SURMHOHULQLQ�\DSÕP�PDOL\HWL�KHVDSODQPÕú�
ROXS�X\JXODPD\D�EDúODQÕOPÕúWÕU��
�
$GLOFHYD]� 0HVOHN� <�NVHNRNXOX� ELQDVÕ� LoLQ� \XNDUÕGD� DQODWÕODQ� LúOHPOHU� JHUoHNOHúWLULOPLú� YH� X\JXODPD� SURMHOHUL�
KD]ÕUODQPÕúWÕU��ùHNLO�����
�

International Science and Technology Conference, Dubai, 13-15 December 2012

19



ISTEC 20
12

�
ùHNLO����$GLOFHYD]�0<2�J�oOHQGLUPH�VRQUDVÕ�]HPLQ�NDW�NDOÕS�SODQÕ�
�
*�oOHQGLUPH�PDOL\HWLQLQ�JHUoH÷H�\DNÕQ�KHVDSODQPDVÕ�LoLQ�G�]HQOHQHQ�J�oOHQGLUPH�SURMHVLQGH�EHOLUOHQHQ�W�P�LPDODWODU�
PHWUDMODQDUDN� KHVDSODQPÕúWÕU�� $GLOFHYD]� 0HVOHN� <�NVHNRNXOX� J�oOHQGLUPH� LúLQH� DLW� SURMH� �]HULQGHQ� KHU� ELU� LPDODW�
NDOHPL�LoLQ�LPDODW�PLNWDUODUÕ�D\UÕ�D\UÕ�WHVSLW�HGLOPLú�ROXS�WRSODP����NDOHP�LPDODWWDQ�ROXúPDNWDGÕU��%X�DúDPDGD�7DEOR�
�¶GH�J|U�OHFH÷L�JLEL�J�oOHQGLUPH�LoLQ����NDOHP�LPDODWÕQ�PLNWDUODUÕ�EXOXQPXú�YH������\ÕOÕ�ELULP�IL\DWODUÕ�LOH�oDUSÕODUDN�
WRSODPÕ�DOÕQPÕú�YH�J�oOHQGLUPH�PDOL\HWL�HOGH�HGLOPLúWLU��
�
�
7DEOR����$GLOFHYD]�0<2�*�oOHQGLUPH�øúLQH�DLW�øPDODW�øúOHUL�������\ÕOÕ�%LULP�)L\DWODUÕ�LOH��
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<|UH�� � WDúÕGÕ÷Õ� ROXPVX]� MHRORMLN� YH� WRSRJUDILN� IDNW|UOHU� QHGHQL\OH� GHSUHPH� GX\DUOÕ� GH÷LOGLU�� %XJ�QH� NDGDU� L]OHQHQ�
\DSÕODúPDGD�GHSUHPVHOOLN�|÷HVL�E�\�N�|Oo�GH� LKPDO�HGLOPLúWLU�� �$QFDN� WHNWRQLN�RODUDN� VRQ�GHUHFH�KDUHNHWOL� NXúDNODU�
LoHULVLQGH� NDODQ� 9DQ� *|O�� +DY]DVÕ¶QGDNL� \DSÕODúPDODUGD� GHSUHPVHOOLN� IDNW|U�� J|]� |Q�QGH� EXOXQGXUXOPDOÕ� YH� LOJLOL�
\|QHWPHOLNOHUH� KDVVDVL\HWOH� X\XOPDOÕGÕU�� <HQL� \DSÕODúPDQÕQ� RODFD÷Õ� E|OJHOHUGH� GHSUHP� HWNLOHUL� J|]� |Q�QH� DOÕQDFDN�
úHNLOGH�G�]HQOHQPLú�NHQW�SODQODPDVÕ�YH�DUD]L�NXOODQÕP�G�]HQOHPHOHULQLQ�\DSÕOPDVÕ�|QHP�DU]�HWPHNWHGLU��$\UÕFD�PHYFXW�
\DSÕODUÕQ�LQFHOHQHUHN�JHUHNOL�|QOHPOHULQ�DOÕQDUDN�GHSUHP�]DUDUODUÕQÕQ�D]DOWÕOPDVÕ�KD\DWL�|QHP�WDúÕPDNWDGÕU��
$GLOFHYD]�0HVOHN�<�NVHNRNXOX�ELQDVÕQÕQ������\ÕOÕ� IL\DWODUÕ� LOH� \HQLGHQ� \DSÕP�PDOL\HWL� �������������7/��EHWRQDUPH�
SHUGH�GXYDU�LODYHVL�YH�NRORQ�PDQWRODPD�\|QWHPL�LOH�J�oOHQGLUPH�PDOL\HWL�\LQH�D\QÕ�\ÕO�IL\DWODUÕQD�J|UH�����������7/�
RODUDN� KHVDSODQPÕúWÕU�� %X� VRQXoODUD� J|UH� $GLOFHYD]� 0HVOHN� <�NVHNRNXOX¶QGD� X\JXODQDQ� J�oOHQGLUPH� \|QWHPL� LOH�
VÕQÕUOÕ�NDOPDN�NRúXOX\OD��J�oOHQGLUPH�PDOL\HWLQLQ�\HQLGHQ�\DSÕP�PDOL\HWLQLQ�\DNODúÕN����¶VL�NDGDUGÕU���
*�oOHQGLULOPHVLQH�NDUDU�YHULOHFHN�KHU�ELQD�LoLQ�D\UÕ�GHWD\OÕ�LQFHOHPH�YH�D\UÕ�P�KHQGLVOLN�KL]PHWL�J|UP�ú�J�oOHQGLUPH�
JHUHNOLGLU�� *�oOHQGLUPH� LúOHPL� \DSÕOÕUNHQ� KHU� DúDPDGD� NRQXVXQGD� GHQH\LP� ND]DQPÕú� YH� P�PN�QVH� VHUWLILNDOÕ�
HOHPDQODUÕQ�oDOÕúWÕUÕOPDVÕ�ELQDQÕQ�J�oOHQGLULOPHVLQH�DQODP�ND]DQGÕUDFDNWÕU��$NVL� WDNGLUGH�J�oOHQGLUPH�VDGHFH�ELQDQÕQ�
NXVXUODUÕQÕQ�NDSDWÕOPDVÕ�DQODPÕQD�JHOHFHNWLU���
*�oOHQGLUPH�PDOL\HWLQLQ� GR÷UX� KHVDSODQPDVÕ� \DSÕ� LOH� LOJLOL� DOÕQDFDN� NDUDUODUÕ� GR÷UXGDQ� HWNLOHPHNWHGLU��*�oOHQGLUPH�
LúOHPLQLQ� UDV\RQHO� ROPDVÕ� LoLQ� \HQLGHQ� \DSÕP� PDOL\HWL� LOH� NDUúÕODúWÕUÕOPDVÕ� JHUHNPHNWHGLU�� 5DV\RQHO� ROPD\DQ�
J�oOHQGLULOPHOHULQ�\DSÕOPDVÕQGDQVD�GHUKDO�\ÕNWÕUÕOPDVÕ�GDKD�HNRQRPLN�RODFDNWÕU��
hONH�HNRQRPLVLQLQ�ORNRPRWLI�VHNW|UOHULQLQ�EDúÕQGD�JHOHQ�LQúDDW�VHNW|U���NDPX�NHVLPLQLQ�YH�|]HO�NHVLPLQ�ND\QDNODUÕQÕQ�
E�\�N� E|O�P�� LOH� GÕúDUÕGDQ� EXOXQDQ� \DEDQFÕ� ND\QDNODUÕQ� E�\�N� E|O�P�Q�� W�NHWPHNWHGLU�� .D\QDNODUÕQ� YHULPOL�
NXOODQÕOPDVÕ� NDONÕQPD� KDPOHOHULQLQ� WHPHO� H\OHPLGLU�� %X� QHGHQOH� KDVDUOÕ� YH\D� KDVDU� J|UHELOHFHN� \DSÕODUÕQ�
J�oOHQGLULOPHVLQH�PL�\RNVD�\HQLGHQ�\DSÕOPDVÕQD�PÕ�NDUDU�YHUPHN�LoLQ�\DSÕODQ�PDOL\HW�oDOÕúPDODUÕ��X]PDQODU�WDUDIÕQGDQ�
KDVVDVL\HWOH�\DSÕOPDOÕGÕU��
�

.$<1$./$5�
&HOHS��=���.XPEDVDU��1��� ³'HSUHP�0�KHQGLVOL÷LQH�*LULú� YH�'HSUHPH�'D\DQÕNOÕ�<DSÕ�7DVDUÕPÕ´� øVWDQEXO� ������%HWD�
'D÷ÕÕWP��,6%1����������������
d|POHNoLR÷OX��$���³%LWOLV�(UHQ�hQLYHUVLWHVL��$GLOFHYD]�0HVOHN�<�NVHNRNXOX�'HSUHP�3HUIRUPDQV�5DSRUX´����������V���
,úÕN��(���������³�%LWOLV�ùHKUL�'HSUHP�3HUIRUPDQV�$QDOL]L´��'RNWRUD�7H]L��6DNDU\D�hQLYHUVLWHVL��������������������������)HQ�
%LOLPOHUL�(QVWLW�V������V���������6DNDU\D�
øQWHUQHW�DGUHVL���ZZZ�ED\LQGLUOLN�JRY�WU�
øQWHUQHW�DGUHVL��KWWS���ZZZ�SJVLQVDDW�FRP�WU�PDNDOHOHUYH\RUXPODUB�B��KWP��
.2(5ø���������³�ZZZ�NRHUL�ERXQ�HGX�WU´���(ULúLP�7DULKL��������������
g]JDQ�� (��8]XQR÷OX�� 0��0��� 6XEDúÕ�6��� ³2NXO� %LQDODUÕQGD� %�\�N� 2QDUÕP� 0DOL\HWOHULQLQ� øQFHOHQPHVL� YH� 0DOL\HW�
7DKPLQL´��8OXVODUDUDVÕ�'HSUHP�6HPSR]\XPX��������.RFDHOL���V��
3DQFDUFÕ��$���gFDO��0�(���³<DSÕ�øúOHWPHVL�YH�0DOROXú�+HVDSODUÕ´��%LUVHQ�<D\ÕQHYL��������,6%1����������������
5DSRU��³�%LWOLV�øOL�$GLOFHYD]�øOoHVL�$GLOFHYD]�0HVOHN�<�NVHNRNXOX�øQúDDWÕ�-HRORMLN�YH�-HRWHNQLN�=HPLQ�(W�W�5DSRUX´��
.DOH�0�KHQGLVOLN�0DGHQFLOLN��������V����
5DSRU� ³%LWOLV� (UHQ�hQLYHUVLWHVL�� $GLOFHYD]�0HVOHN�<�NVHNRNXOX� /DERUDWXDU� 7HVW� 6RQXoODUÕ´�� � 9DQJ|O��<DSÕ� .DOLWH�
.RQWURO�/DE��øQú��9H�6DQ��7LF��/WG�ùWL�����������V��
5HVPL�*D]HWH��³0LPDUOÕN�YH�0�KHQGLVOLN�+L]PHW�%HGHOOHULQLQ�KHVDEÕQGD�NXOODQÕODFDN������<ÕOÕ�<DSÕ�<DNODúÕN�%LULP�
0DOL\HWOHUL�+DNNÕQGD�7HEOL÷´��%D\ÕQGÕUOÕN�YH�øVNDQ�%DNDQOÕ÷Õ������1LVDQ������J�Q�������VD\ÕOÕ�
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7'<�������³'HSUHP�%|OJHOHULQGH�<DSÕODFDN�%LQDODU�+DNNÕQGD�(VDVODU´��7�&��%D\ÕQGÕUOÕN�YH�øVNDQ�%DNDQOÕ÷Õ�'HSUHP�
$UDúWÕUPD�(QVWLW�V��%DúNDQOÕ÷Õ��$QNDUD��
<ÕOPD]�� $��'��� ³2QDUÕP� YH� *�oOHQGLUPH� 8\JXODPD� gUQHNOHUL´�� ��V�� KWWS���ZZZ�GRJDWHNQLN�FRP�WU�7HNQLN�
%HOJHOHU�2QDULP�YH�JXFOHQGLUPH�X\JXODPD�RUQHNOHUL�SGI�
�
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�
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�

�6DNDU\D�hQLYHUVLWHVL��0�KHQGLVOLN�)DN�OWHVL��øQúDDW�0�K��%|O�P���NXWDQLV#VDNDU\D�HGX�WU�
�%LWOLV�(UHQ�hQLYHUVLWHVL��0�K���0LP��)DN�OWHVL��øQúDDW�0�K��%|O�P����HUFDQELWOLVHUHQ#JPDLO�FRP�

�øQú��0�K���%LWOLV�(UHQ�hQLYHUVLWHVL��<DSÕ�øúOHUL�7HNQLN�'DLUH�%DúNDQÕ��PKR]OXN#EHX�HGX�WU�
�

g=(7�
����������� J�Q��� \HUHO� VDDW� �����¶GH�0Z�� ���� E�\�NO�÷�QGH�9DQ�PHUNH]OL� E�\�N� úLGGHWWH� ELU�
GHSUHP� PH\GDQD� JHOPLúWLU�� 'HSUHP�� GHSUHPVHOOLN� |÷HVL� V�UHNOL� LKPDO� HGLOHQ� 9DQ� *|O��
+DY]DVÕQGD� EDúWD� 9DQ� YH� 9DQ� LOLQH� ED÷OÕ� (UoLú� øOoHVL� ROPDN� �]HUH� \HUOHúLP� E|OJHOHULQGH�
KLVVHGLOPLúWLU��<DSÕVDO�KDVDUODU�RODUDN�HQ�E�\�N�ND\ÕSODU�9DQ�YH�(UoLú¶� WH�J|U�OP�úW�U��'HSUHP�
VRQUDVÕQGD� \DSÕODUGD� PH\GDQD� JHOHQ� KDVDUODUÕQ� LON� WHVSLWL� YH� GH÷HUOHQGLULOPHVL� GDKD� VRQUDNL�
]DPDQODUGD�PH\GDQD�JHOHELOHFHN�FDQ�YH�PDO�ND\ÕSODUÕQÕQ�DUWPDPDVÕ�LoLQ�|QHP�DU]�HWPHNWHGLU�� ��
%X�oDOÕúPDGD��V|]�NRQXVX�GHSUHPLQ�9DQ�øO�PHUNH]LQGH�EXOXQDQ�YH�$)$'�WDUDIÕQGDQ�RUWD�KDVDUOÕ�
RODUDN� WHVSLW� HWWL÷L� EHWRQDUPH� \DSÕODUÕQ� ELU� NÕVPÕQÕQ� WHNUDU� \HULQGH� \DSÕODQ� LQFHOHPHOHU� VRQXFX�
J�oOHQGLULOPH� \DSÕOÕS� \DSÕOPDPDVÕ� \|Q�QGH� VRQXoODU� HOGH� HGLOPLúWLU�� %X� oDOÕúPDGD� 9DQ� LO�
PHUNH]LQGH� EXOXQDQ� ��� DGHW� RUWD� KDVDUOÕ� EHWRQDUPH� ELQD� LoLQ� EX� GH÷HUOHQGLUPHOHU� \DSÕOPÕúWÕU��
øQFHOHQHQ� ELQDODUGDQ� DOÕQDQ� EHWRQ� QXPXQHOHULQLQ� RUWDODPD� GD\DQÕPÕ� LVH� ������ 0SD� RODUDN�
EHOLUOHQPLúWLU�� øQFHOHQHQ� ��� DGHW�%$�ELQDGDQ����¶VLQLQ� J�oOHQGLUPH÷H� GH÷HU�����¶XQXQ�7'<�
����� K�N�POHULQH� J|UH� GHWD\OÕ� RODUDN� LQFHOHQPHVLQH� YH����¶VLQLQGH� J�oOHQGLULOPHVLQLQ� X\JXQ�
ROPD\DFD÷Õ�VRQXFXQD�YDUÕOPÕúWÕU����
�
$QDKWDU�.HOLPHOHU��9DQ�GHSUHPL��*�oOHQGLUPH�WHVSLW�oDOÕúPDVÕ�

 
 

��*LULú�
<DSÕODUÕQ� GD\DQÕPODUÕQÕQ� DUWÕUÕOPDVÕ� JHUH÷L� GH÷LúLN� QHGHQOHUOH� RUWD\D� oÕNPDNWDGÕU�� 3URMHVLQGH� YH� \DSÕPÕQGD�

KDWD��NXVXU�YH�HNVLNOLNOHU�RODQ�\DSÕQÕQ�oHúLWOL�HOHPDQODUÕQGD�]DPDQ� LoLQGH�KDVDU�YH�]D\ÕIOÕN�EHOLUWLOHUL�RUWD\D�oÕNDELOLU��
\DSÕODUÕQ�NXOODQPD�DPDFÕQÕQ�]DPDQ�LoLQGH�GH÷LúWLULOPHVL�VRQXFX�\DSÕGD�ED]Õ�WDúÕ\ÕFÕ�VLVWHP�GH÷LúLNOLNOHULQLQ�\DSÕOPDVÕ�
JHUHNHELOLU�� %XQODUGDQ� EDúND� \DSÕODUGD� RQDUÕP� YH� J�oOHQGLUPH\L� JHUHNWLUHQ� HQ� |QHPOL� ROD\� GHSUHPOHULQ� \DSÕODUGDNL�
HWNLOHULGLU� ��%D\�ONH���������'HSUHPGHQ�VRQUD�ELQDODUGDNL�KDVDUÕQ� WHVSLW�HGLOPHVL�YH�KDVDU�GHUHFHVLQH�J|UH�RQDUÕP�YH�
J�oOHQGLUPH� YH\D� \ÕNÕPD� NDUDU� YHULOPHVL� |QHPOLGLU�� ø\L� SURMHOHQGLULOPHPLú� YH\D� X\JXODPDVÕQGD� |]HQ� J|VWHULOPHPLú�
ELQDODUGD�KDVDU�PH\GDQD�JHOPH�RODVÕOÕ÷Õ��GHSUHPLQ�úLGGHWLQH�ED÷OÕ�RODUDN�E�\�NW�U��%XQXQ�\DQÕQGD��SURMHOHQGLULOPHVL�
YH�X\JXODPDVÕQD�JHUHNOL�|]HQ�J|VWHULOHQ�ELQDODUGD�GD�úLGGHWOL�GHSUHPOHUGH�KDVDU�PH\GDQD�JHOHELOLU��%X�QHGHQOH��KDVDUÕQ�
EHOLUOHQPHVL� YH�GHYDPÕQGD� JHUHNOL� J�oOHQGLUPHQLQ� \DSÕOPDVÕ� GHSUHP�P�KHQGLVOL÷L� LOH� LQúDDW�P�KHQGLVOL÷LQLQ�|QHPOL�
NRQXODUÕQGDQ�ELULGLU��&HOHS�����������

6RQ�\ÕOODUGD�GHSUHPOHUGH�KDVDU�J|UHQ�\DSÕODUÕQ�J�oOHQGLULOPHVL�KHU�JHoHQ�J�Q�GDKD�GD�|QHP�ND]DQPDNWDGÕU��
'HSUHPOHUGHQ� VRQUD� KDVDU� WHVSLWL� \DSÕODUDN�� KDVDU� G�]H\L� X\JXQ� RODQ� \DSÕODUÕQ� J�oOHQGLULOPHVL� JHUHNPHNWHGLU�� (Q�
|QHPOL�VRUXQODUGDQ�ELULGH�J�oOHQGLUPH�LúOHPOHULGLU��'HSUHPOHUGHQ�VRQUD�ELQDODUGD�LON�RODUDN�KDVDU�WHVSLWL�\DSÕOPDOÕGÕU��
d�QN�� ELQDODUGD� KDVDU� VÕQÕIÕ� �KDILI�RUWD�D÷ÕU�� � EHOLUOHQPHGHQ� RQDUÕP� YH� J�oOHQGLUPHQLQ� ROXS� ROPD\DFD÷Õ� YH� EXQXQ�
úHNOLQLQ� EHOLUOHQPHVL�P�PN�Q� GH÷LOGLU��+DVDU� J|UHQ� ELQDODUÕQ� J�oOHQGLULOPHVL� GH� D\UÕ� ELU�P�KHQGLVOLN� VRUXQX� KDOLQH�
JHOPLúWLU���

%X�oDOÕúPDGD����(NLP������9DQ�GHSUHPLQGHQ�VRQUD�$)$'�HNLSOHUL�WDUDIÕQGDQ�RUWD�KDVDUOÕ�RODUDN�WHVSLW�HGLOHQ�
ELQDODUGD�WHNUDU�KDVDU�WHVSLWLQLQ�\DSÕODUDN�ELQDODUOD�LOJLOL�J�oOHQGLULOPH�\DSÕOÕS�\DSÕOPDPDVÕ�\|Q�QGH�VRQXoODU�HOGH�HGLOPLúWLU��
�

���7HNWRQLN�<DSÕ�YH����(NLP������9DQ�'HSUHPL�
7�UNL\H¶GH� J�QFHO� VLVPLN� DNWLYLWHQLQ� \R÷XQ� RODUDN� \DúDQGÕ÷Õ� E|OJHOHUGHQ� ELUL� GH�'R÷X�$QDGROX�%|OJHVLGLU���

'R÷X�$QDGROX�%|OJHVLQLQ�JHQHO�WHNWRQLN�\DSÕVÕ�D÷ÕUOÕNOÕ�RODUDN�%LWOLV�%LQGLUPH�=RQX�RODUDN�ELOLQHQ�GHIRUPDV\RQ�]RQX�
ER\XQFD�$UDS�/HYKDVÕ�LOH�$QDGROX�/HYKDVÕQÕQ�oDUSÕúPDVÕ�LOH�NX]H\H�GR÷UX�KDUHNHWL�LOH�NRQWURO�HGLOPHNWHGLU���ùHNLO������
dDUSÕúPD�� �.DUOÕRYD�hoO��%LUOHúLP� QRNWDVÕQGD� ELUOHúHQ� VD÷� \|QO�� GR÷UXOWX� DWÕPOÕ�.X]H\�$QDGROX�)D\Õ� YH� VRO� \|QO��
'R÷X�$QDGROX�)D\Õ�LOH�\|QHWLOPHNWHGLU� ��ùHNLO����� �%XQXQ�\DQÕ�VÕUD�.DUOÕRYD�hoO��%LUOHúLP�QRNWDVÕQÕQ�GR÷XVXQGD�EX�
oDUSÕúPD� VHEHEL� LOH� oR÷XQOXNOD� .%�*'� GR÷UXOWXOX� VD÷� \|QO��� .'�*%� GR÷UXOWXOX� VRO� \|QO�� ID\ODU� E|OJHQLQ� EDVNÕQ�
HOHPDQODUÕGÕU�� � � '�%� GR÷UXOWXOX�0Xú±9DQ�*|O�� YH� 3DVLQOHU� UDPSD� KDY]DODUÕ�'R÷X�$QDGROX�%|OJHVLQLQ� J|]H� oDUSDQ�
GL÷HU�WHNWRQLN�HOHPDQODUÕGÕU��

'R÷X�$QDGROX�)D\Õ��7�UNL\H¶QLQ�GR÷XVXQGD�.DUOÕRYD� LOH�øVNHQGHUXQ�.|UIH]L�DUDVÕQGD�.'�*%�GR÷UXOWXVXQGD�
X]DQDQ�� \DNODúÕN� ���NP¶OLN� X]XQOX÷D� VDKLS� VRO� \DQDO� GR÷UXOWX� DWÕPOÕ� ELU� ID\GÕU� �ùHNLO� ���� %LWOLV� %LQGLUPH� =RQX��
*�QH\GR÷X�7�UNL\H¶GHQ�øUDQ¶GDNL�=D÷URV�GD÷ODUÕQD�NDGDU�X]DQDQ��NÕWD±NÕWD�YH�NÕWD�RN\DQXV�oDUSÕúPD�VÕQÕUÕ�RODUDN�WDULI�
HGLOHELOHFHN�ELU�NRPSOHNVWLU��.DUOÕRYD��oO��ELUOHúLP�QRNWDVÕQÕQ�GR÷XVXQGD�NDODQ�DODQ�.�*�\|QO��VÕNÕúPD�WHNWRQLN�UHMLPL�
LOH�NDUDNWHUL]H�HGLOPHNWHGLU��ùHNLO�����
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ùHNLO����7�UNL\H¶QLQ�|QHPOL�WHNWRQLN�\DSÕODUÕ��'6)=��gO��'HQL]�)D\�=RQX��($)=��'R÷X$QDGROX�)D\�=RQX��1$)=��.X]H\�$QDGROX�
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+DVDUODUÕQ� JHQHO� RODUDN� WLSLN� GHSUHP� KDVDUODUÕ� LOH� |UW�úW�÷�� QHW� ELU� úHNLOGH� J|]OHPOHQPLúWLU��8VXO�QH� X\JXQ�
LQúD� HGLOPH\HQ� oDWÕ� NDONDQ� GXYDUODUÕQÕQ� GHYULOPHVL�� EHWRQDUPH� \DSÕODUGD� GRQDWÕ� KDWDODUÕQÕQ� ROGX÷X�� SDVSD\Õ�
\HWHUVL]OL÷LQGHQ�GROD\Õ�GRQDWÕODUÕQÕQ�NRUR]\RQD�X÷UDGÕ÷Õ��JHOLúLJ�]HO�RODUDN�\DSÕODQ�ELWLúLN�QL]DPGDNL�\DSÕODUÕQ�ELUELULQL�
HWNLOHPHVL�� \DQOÕú� GXYDU� PDO]HPHVL� VHoLPLQGHQ� GROD\Õ� GXYDU� KDVDUODUÕQÕQ� ROXúWX÷X� J|]OHPOHQPLúWLU�� <DSÕ� KDVDUODUÕQ�
DUWPDVÕQD� WDúÕ\ÕFÕ� VLVWHP� G�]HQOHPHVLQGH� \DSÕODQ� KDWDODUÕQ� GD� HWNLOL� ROGX÷X� J|U�OP�úW�U�� %LQDODUÕQ� oR÷XQGD� \DQDO�
|WHOHPH\L� VÕQÕUOD\DQ� EHWRQDUPH� SHUGHOHULQ� ROPDGÕ÷Õ�� ELQDODUÕQ� ]HPLQ� NDWODUÕQÕQ� WLFDUL� DODQ� RODQ� NXOODQÕOPDVÕ� VRQXFX�
WDúÕ\ÕFÕ� VLVWHPH�GHSUHP�HVQDVÕQGD�NDWNÕ� YHUHQ�GROJX�GXYDUODUÕQÕQ�ROPDPDVÕ� YH\D� oRN� D]�ROPDVÕ�� GRQDWÕ� LúoLOL÷LQLQ� YH�
PRQWDMÕQÕQ�JHUHNWL÷L� JLEL� \DSÕOPDPDVÕ� KDVDUODUÕQ�DUWPDVÕQD�QHGHQ�ROPXúWXU��7'<������K�N�POHULQH�J|UH� LQúD�HGLOHQ�
\DSÕODUÕQ�KDVDU�DOPDPÕú�ROPDVÕ�\DSÕODU�LOH�LOJLOL�\|QHWPHOLNOHULQLQ�\HWHUOL�ROGX÷X�DQFDN�\|QHWPHOLNOHUH�X\JXQ�\DSÕ�LQúD�
HGLOPHGL÷L�JHUoH÷LQL�ELU�GDKD�J|]OHU�|Q�QH�VHUPLúWLU��g]HOOLNOH�N�o�N�\HUOHúLP�ELULPOHULQGH�\DSÕODUÕQ�SURMH�DúDPDVÕQGDQ�
EDúOD\DUDN� WDPDPODQPDVÕQD� NDGDU� JHoHQ� V�UHGH� LKPDO� YH� GHQHWLPVL]OL÷LQ� ROGX÷X� JHUoH÷L� GH� EX� GXUXPX�
GR÷UXODPDNWDGÕU��

<DSÕODFDN� KDVDU� WHVSLW� LúOHPOHUL� RQDUÕP� YH� J�oOHQGLUPH� LúOHPLQLQ� WHPHO� DGÕPÕQÕ� ROXúWXUPDNWDGÕU�� +DVDU�
VÕQÕIÕQÕQ� WHVSLWLQGHQ�� X\JXODQDELOLU� SURMH� DúDPDVÕQD� NDGDU� W�P� LúOHPOHU� X]PDQ� YH� GHQH\LPOL� P�KHQGLVOHU� WDUDIÕQGDQ�
JHUoHNOHúWLULOPHOLGLU��*�oOHQGLUPH�LúOHPOHUL�LOH�LOJLOL�7'<�����¶QLQ����%|O�P��LKWL\DFD�FHYDS�YHUHFHN�G�]H\GHGLU��

<DSÕODUGDNL� GHSUHP� VRQUDVÕ� KDVDU� WHVSLWOHULQLQ� KÕ]OÕ� ELU� úHNLOGH� YH� LVWHQLOHQ� VRQXoODUÕ� YHUHFHN� úHNLOGH�
\DSÕODELOPHVL�LoLQ�\HWHUOL�VD\ÕGD�NRQXVXQGD�X]PDQ�SHUVRQHO�NXOODQÕOPDVÕ�HOGH�HGLOHFHN�VRQXoODUÕ�GDKD�GH÷HUOL�NÕODFDNWÕU��
%XQXQ� LoLQ� KDVDU� WHVSLWL� LúOHPLQH� JHoPHGHQ� |QFH� KDVDU� WHVSLW� NULWHUOHUL� YH� KDVDU� WHVSLW� IRUPODUÕ� ROXúWXUXOPDOÕ� YH� EX�
IRUPODUÕQ�QDVÕO�GROGXUXODFD÷Õ�LOH�LOJLOL�JHUHNOL�H÷LWLPOHU�YHULOPHOLGLU����

$\UÕFD�KDN�VDKLSOL÷L�oDOÕúPDODUÕ�GD�VRQUDGDQ�ROXúDELOHFHN�KXNXNL�VRUXQODUÕQ�|Q�QH�JHoPHN�DQODPÕQGD�|QHPOL�
ELU�\HU�WXWPDNWDGÕU��%X�NRQXGD�GD�\HWHUOL�SHUVRQHOLQ�J|UHYOHQGLULOPHVL�VRUXQODUÕ�HQ�DúD÷Õ�VHYL\H\H�LQGLUHFHNWLU���

+DVDU� WHVSLW� oDOÕúPDODUÕ� \DSÕOÕUNHQ� \DSÕ� DGUHVOHULQLQ� HNVLNVL]� RODUDN� WDULI� HGLOPHVL�� EX� NRQXGD� LOJLOL� \HUHO�
\|QHWLPOHULQ�\DSÕODUÕQ�DGUHV�ELOJLOHUL�LOH�LOJLOL�GH÷LúLNOLNOHULQL�NÕVD�V�UHGH�YH�NDOÕFÕ�RODUDN�J�QFHOOHPHVL�GHSUHP�VRQUDVÕ�
KDVDU�WHVSLW�oDOÕúPDODUÕQÕQ�KÕ]ÕQÕ�NHVPH\HFHNWLU���

*�oOHQGLULOPHVLQH�NDUDU�YHULOHFHN�KHU�ELU�ELQD� LoLQ�GHWD\OÕ� LQFHOHPH�YH�J�oOHQGLUPH�JHUHNOLGLU��*�oOHQGLUPH�
LúOHPL�\DSÕOÕUNHQ�KHU�DúDPDGD�EX�NRQXGD�GHQH\LP�ND]DQPÕú�HOHPDQODUÕQ�NXOODQÕOPDVÕ�ELQDQÕQ�J�oOHQGLULOPHVLQH�DQODP�
ND]DQGÕUDFDNWÕU��$NVL�WDNGLUGH�J�oOHQGLUPH�VDGHFH�ELQDQÕQ�NXVXUODUÕQÕQ�NDSDWÕOPDVÕ�DQODPÕQD�JHOHFHNWLU���

%LU�EHWRQDUPH�\DSÕGDQ�EHNOHQHQ��GD\DQÕP��NDOÕFÕOÕN��HNRQRPLNOLN��IRQNVL\RQ�YH�HVWHWL÷LQ�VD÷ODQPDVÕGÕU���
hONHPL]GH�\HWHULQFH�|QHP�YHULOPH\HQ�DQFDN�GHSUHPOHUOH�RUWD\D�oÕNDQ�ELQDODUÕQ�EDNÕPÕ�YH�RQDUÕPÕ�\DSÕOPDOÕ�YH�JHUHNOL�
J|U�OHQ� \HUOHU� J�oOHQGLULOPHOLGLU�� <DSÕ� J�oOHQGLUPH� oDOÕúPDODUÕ� JHUHN� P�KHQGLVOLN� JHUHNVH� HNRQRPLN� DoÕGDQ� E�\�N�
N�OIHW�JHWLUPHNWHGLU�YH�JHQHOOLNOH�\DSÕQÕQ�\ÕNÕOÕS�\HQLGHQ�\DSÕOPDVÕ�GDKD�VD÷OÕNOÕ�J|U�OPHNWHGLU��%X�GXUXP�PDO]HPH��
LúoLOLN��]DPDQ�JLEL�QLWHOLNOHULQ�ND\EÕQD�QHGHQ�ROPDNWDGÕU��

øQFHOHQHQ� ��� DGHW� %$� ELQDGDQ� ���¶VLQLQ� J�oOHQGLUPH÷H� GH÷HU�� ���¶XQXQ� 7'<� ����� K�N�POHULQH� J|UH�
GHWD\OÕ�RODUDN�LQFHOHQPHVLQH�YH����¶VLQLQGH�J�oOHQGLULOPHVLQLQ�X\JXQ�ROPD\DFD÷Õ�VRQXFXQD�YDUÕOPÕúWÕU����

<|UH�� � WDúÕGÕ÷Õ� ROXPVX]� MHRORMLN� YH� WRSRJUDILN� IDNW|UOHU� QHGHQL\OH� GHSUHPH� GX\DUOÕ� GH÷LOGLU�� %XJ�QH� NDGDU�
L]OHQHQ� \DSÕODúPDGD� GHSUHPVHOOLN� |÷HVL� E�\�N� |Oo�GH� LKPDO� HGLOPLúWLU�� � $QFDN� WHNWRQLN� RODUDN� VRQ� GHUHFH� KDUHNHWOL�
NXúDNODU�LoHULVLQGH�NDODQ�9DQ�*|O��+DY]DVÕQGD�\DSÕODúPD�HVQDVÕQGD�GHSUHPVHOOLN�IDNW|U��J|]�|Q�QGH�EXOXQGXUXOPDOÕ�
YH� LOJLOL� \|QHWPHOLNOHUH� KDVVDVL\HWOH� X\XOPDOÕGÕU�� <HQL� \DSÕODúPDQÕQ� RODFD÷Õ� E|OJHOHUGH� GHSUHP� HWNLOHUL� J|]� |Q�QH�
DOÕQDFDN� úHNLOGH� G�]HQOHQPLú� NHQW� SODQODPDVÕ� YH� DUD]L� NXOODQÕP� G�]HQOHPHOHULQLQ� \DSÕOPDVÕ� |QHP� DU]� HWPHNWHGLU��
$\UÕFD� PHYFXW� \DSÕODUÕQ� LQFHOHQHUHN� JHUHNOL� |QOHPOHULQ� DOÕQPDVÕ� GHSUHP� ]DUDUODUÕQÕQ� D]DOWÕOPDVÕ� \ROXQGD� DOÕQDFDN�
WHGELUOHUGHQ�ELUL�RODFDNWÕU���

hONH� HNRQRPLVLQLQ� ORNRPRWLI� VHNW|UOHULQLQ� EDúÕQGD� JHOHQ� LQúDDW� VHNW|U��� NDPX� NHVLPLQLQ� YH� |]HO� NHVLPLQ�
ND\QDNODUÕQÕQ�E�\�N�E|O�P�� LOH� GÕúDUÕGDQ�EXOXQDQ� \DEDQFÕ� ND\QDNODUÕQ�E�\�N�E|O�P�Q�� W�NHWPHNWHGLU��.D\QDNODUÕQ�
YHULPOL� NXOODQÕOPDVÕ� NDONÕQPD� KDPOHOHULQLQ� WHPHO� H\OHPLGLU�� %X� QHGHQOH� KDVDUOÕ� YH\D� KDVDU� J|UHELOHFHN� \DSÕODUÕQ�
J�oOHQGLULOPHVLQH� PL� \RNVD� \HQLGHQ� \DSÕOPDVÕQD� PÕ� NDUDU� YHUPHN� LoLQ� \DSÕODFDN� PDOL\HW� oDOÕúPDODUÕ�� X]PDQODU�
WDUDIÕQGDQ�KDVVDVL\HWOH�\DSÕOPDOÕGÕU��

�
.$<1$./$5�

%D\�ONH��1�����������³'HSUHPOHUGH�+DVDU�*|UHQ�<DSÕODUÕQ�2QDUÕP�YH�*�oOHQGLULOPHVL´���
%D\�ONH��1���<DSÕODUÕQ�'HSUHP�'DYUDQÕúÕQD�'�ú�N�'D\DQÕPOÕ�%HWRQXQ�(WNLVL�YH�6�UJ��7HPHO�(÷LWLP�2NXOX�gUQH÷L´�

ZZZ�H�NXWXSKDQH�LPR�RUJ�WU�SGI�������SGI��
%R]NXUW��(���������³�1HRWHFWRQLFV�RI�7XUNH\�±D�6\QWKHVLV´��Geodinamica Acta (Paris)14�������
&HOHS��=���.XPEDVDU��1��� ³'HSUHP�0�KHQGLVOL÷LQH�*LULú� YH�'HSUHPH�'D\DQÕNOÕ�<DSÕ�7DVDUÕPÕ´� øVWDQEXO� ������%HWD�

'D÷ÕÕWP��,6%1����������������
(UJ�Q��$���.�UNO���*���³�0HYFXW�%HWRQDUPH�<DSÕODUGD�%HWRQ�'D\DQÕPÕQ�%HOLUOHQPHVL´��'HSUHP�6HPSR]\XPX��������

0DUW��������V���������
øQWHUQHW�DGUHVL���³��ZZZ�XVJV�JRY���´�

International Science and Technology Conference, Dubai, 13-15 December 2012

29

http://www.e-kutuphane.imo.org.tr/pdf/10993.pdf
http://www.usgs.gov/


ISTEC 20
12

g]W�UN�%���%DONÕV�1���*�YHQ�.��&���$NVX�$���*|UJ�Q�0���hQO��6���+DQLOFL�1���������³,QYHVWLJDWLRQV�RQ�WKH�6HGLPHQW�RI�
/DNH� 9DQ�� ,,�� +HDY\� 6HWDOV�� 6XOIXU�� K\GURJHQ� 6XOILGH� DQG� 7KLRVXOIXULF� $FLG� 6����DPLQR� HWK\O� HVWHU��
&RQWHQWV´��-RXUQDO�RI��%ODFN�6HD��0HGLWHUUDQHDQ�(QYLURQPHQW���9RO���������������

g]W�UN��'���%R]GR÷DQ��%�.���1XKR÷OX��$���³%HWRQDUPH�<DSÕODUGD�%HWRQ�6ÕQÕIÕQÕQ�7DúÕ\ÕFÕ�6LVWHP�'DYUDQÕúÕQD�(WNLVL´��
'HSUHP�6HPSR]\XPX��������0DUW��������V���������

7'<�������³'HSUHP�%|OJHOHULQGH�<DSÕODFDN�%LQDODU�+DNNÕQGD�(VDVODU´��7�&��%D\ÕQGÕUOÕN�YH�øVNDQ�%DNDQOÕ÷Õ�'HSUHP�
$UDúWÕUPD�(QVWLW�V��%DúNDQOÕ÷Õ��$QNDUD��

8WNXFX��0���%XGDNR÷OX��(���<DOoÕQ�+���'XUPXú��+���.DONDQ��+���*�OHQ��/���³���(NLP������9DQ�'HSUHPL�+DNNÕQGD�gQ�
5DSRU´��6DNDU\D�hQLYHUVLWHVL��0�KHQGLVOLN�)DN�OWHVL��-HRIL]LN�0�KHQGLVOL÷L�%|O�P����V��������

<ÕOPD]�� $��'��� ³2QDUÕP� YH� *�oOHQGLUPH� 8\JXODPD� gUQHNOHUL´�� ��V�� KWWS���ZZZ�GRJDWHNQLN�FRP�WU�7HNQLN�
%HOJHOHU�2QDULP�YH�JXFOHQGLUPH�X\JXODPD�RUQHNOHUL�SGI���

�
�
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6HOPD�g]NDOD��)DWLK�dDNDUD��+DOH�2FDND��%HONLV�%LOJLQ�(UDQD��g]OHP�&DQNXUWDUDQD��)HUGDQH�.DUDPDQD�YH�0LWKDW�dHOHELE��

D�<ÕOGÕ]�7HNQLN�hQLYHUVLWHVL��)HQ�(GHEL\DW�)DN�OWHVL��.LP\D�%|O�P���������øVWDQEXO�

E�<DORYD�hQLYHUVLWHVL��0�KHQGLVOLN�)DN�OWHVL��3ROLPHU�0�KHQGLVOL÷L�%|O�P���<DORYD�
�

6ÕYÕ� NULVWDOOHU� VLPHWUL� YH� \DSÕ� EDNÕPÕQGDQ�NDWÕ� YH� L]RWURSLN� VÕYÕ� DUDVÕQGD�NHQGLQH�|]J��ELU� \DSÕ�

J|VWHULU��6ÕYÕ�NULVWDOOHU� VÕUDGDQ�VÕYÕODU�JLEL�DNDU��DPD�PROHN�OOHUL�JHUoHN�NULVWDOOHUGH�ROGX÷X�JLEL�

G�]HQOL� ELU� ELoLPGH� \HUOHúPLúWLU�� %X� \�]GHQ� VÕYÕ� NULVWDOOHU� YH� X\JXODPDODUÕ� J�Q�P�]GH� ELUoRN�

NXOODQÕP� DODQÕ� EXOXQPDNWDGÕU�� 6RQ� \ÕOODUGD�� WHNQRORMLN� X\JXODPDODUÕQ� \|QOHQGLULOPHVL� LOH�

JHOHQHNVHO� VÕYÕ� NULVWDOOHULQ� |]HOOLNOHULQL�� SROLPHUOHULQ� DYDQWDMODUÕ� LOH� ELUOHúWLUHFHN� oDOÕúPDODU�

\DSÕOPDNWDGÕU�� %R\DODU�� NDSODPDODU� YH� LQFH� HNUDQODU� JLEL� X\JXODPDODUGD� VÕYÕ� NULVWDOOHULQ�

o|]�F�OHUGH� o|]�QP�ú� KDOOHULQGHQ� YH� VÕYÕ� NULVWDO�SROLPHU� NDUÕúÕPODUÕQGDQ� \DUDUODQÕOÕU�� %X�

X\JXODPDODUÕQ� JHOLúPHVL� LoLQ� ELOHúHQOHU� DUDVÕQGDNL� HWNLOHúLP� YH� NDUÕúDELOLUOLN� KDNNÕQGD� D\UÕQWÕOÕ�

ELOJL�JHUHNOLGLU�>�@��

�
%X� oDOÕúPDGD� SROL� �HWHU� LPLG�� �8OWHP����>���2NWLORNVL�EHQ]RLORNVL@EHQ]RLN� DVLG� �2%%$�� 6ÕYÕ�

NULVWDO� NDUÕúÕPODUÕQÕQ� NDUÕúDELOLUOLN� GDYUDQÕúODUÕ� YL]NR]LWH� YH� )RXULHU� 7UDQVIRUP� ,QIUDUHG�

$]DOWÕOPÕú� .XYYHW� 6SHNWURVNRSLVL� �)7,5�$75�� \|QWHPL\OH� oDOÕúÕOGÕ�� %XQXQ� LoLQ� 8OWHP�2%%$�

NDUÕúÕPODUÕQÕQ����R&¶GH�VH\UHOWLN�NORURIRUP�o|]HOWLVLQGH�oHúLWOL�NRQVDQWUDV\RQODUGD����������������

������YH�������� LNLOL� NDUÕúÕPODUÕ� KD]ÕUODQGÕ�� øNLOL� NDUÕúÕPODUÕQ� LQGLUJHQPLú�YL]NR]LWH� YH�+XJJLQV�

SDUDPHWUHOHUL� EHOLUOHQGL�� .DUÕúÕPODUÕQ� LQGLUJHQPLú� YL]NR]LWH� VRQXoODUÕQGDQ� oHúLWOL� DUDúWÕUPD�

JUXSODUÕ� WDUDIÕQGDQ� |QHULOHQ� � NDUÕúDELOLUOLN� SDUDPHWUHOHUL� HOGH� HGLOGL�� 'DKD� VRQUD� EX� o|]HOWLOHULQ�

)7,5�$75¶OHUL�|Oo�OHUHN�8OWHP�2%%$�LNLOL�NDUÕúÕPODUÕQÕQ�NDUÕúDELOLUOLNOHUL�LQFHOHQGL����

�
.D\QDNODU��
�� 6KLOOFRFN��,��0��YH�3ULFH��*�-����3RO\PHU���������������������
�
%X�DUDúWÕUPD�<ÕOGÕ]�7HNQLN�hQLYHUVLWHVL�%LOLPVHO�$UDúWÕUPD�3URMHOHUL�.RRUGLQDW|UO�÷�
QFH�GHVWHNOHQPLúWLU��
3URMH�1R������������2'$3����
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�

$EVWUDFW: In this study, a method that makes easy to process in the search trees is presented. A data structure which 
uses this method is also explained. It is explained how this method is used for strings. Performance comparisons with 
other trees like AVL, RB tree are showed. A hash table and a balanced binary search tree are used to implement this 
data structure. It is built the categorized subtrees according to data. Hash table is used to access data in the subtrees. It 
is aimed to process on relatively less amount of data collections instead of large amount of data collections. In this way 
the numbers of the process will be decreased. It will make positive affect on the program performance. 
�
.H\ZRUGV��Balanced binary search tree, Hash table, AVL, RB Tree, Salkim Tree 
 
 

��,QWURGXFWLRQ�
 

The study of data structures is core to computer science. A wide range of container structures have been 
developed to meet different problem situations. The focus on data structures that efficiently store large collections of 
data (Tremblay J. P., 2003; Ford W. and Top W. 2002). 
 

Data structure determines performance of the software. When program use large collections of data then data 
structure selection is getting more important.  The structures have operations to access items, insert items and remove 
items from the collection. Effectiveness of a program depends on performance of deletion, insertion and searching 
process (Robson R, 1999; Weiss M. A., 1994). 
  

Data can be stored in a memory sequentially or associatively. Data structures which are stored sequentially save 
data with position in a memory. When a data with value is wanted to be found, O (n) times search will be needed. Data 
structures, which save data with value in memory, are more suitable in this situation. This type of data structures is 
called associative data structures. These data structures are updated by using values, instead of using positions in 
associated data structures. Tree, is an example of this kind of data type (Larsen Kim S., 2000). AVL (Adelson Velskii 
and Landis) and Red-Black trees are the most important examples of tree data structure. 
 
 
���$9/�7UHHV�
 

AVL trees are binary search trees which are locally balanced. Depth of the AVL trees is arranged as O (logn). 
This means that AVL trees have the same depth of the left and right sub trees. The difference between left and right sub 
trees of any node can be one or zero. Cost of AVL algorithms is O (logN), when these algorithms are used for building 
tree, deletion, insertion and searching process (Larsen Kim S., 2000, Gabarró J. and Messeguer X., 1998; Cameron H. 
and Wood D., 1994). 
 

AVL (Adel’son-Vel’skii and Landis) trees are efficient data structures for implementing dictionaries. AVL trees 
are binary search trees which are locally balanced; that is, for any internal node, the heights of its left and right subtrees 
may differ by at most one. The local balance at each node guarantees that the height of an n-key search tree will always 
be bounded above by 1.44 log(n +2). Since AVL trees are the most efficient method of balancing binary search trees, 
they are utilized in a wide variety of applications such as databases, operating systems, and symbol tables in compilers. 
 

T, an AVL tree, is a binary tree in which the difference between the heights of the left and right subtrees of any 
node is at most one. Elements from a totally-ordered domain are stored in the leaves with smaller data to the left of 
larger ones. For each internal node v, we use k (v) to refer to the key value stored in it and l(v) and r(v) to denote the left 
and right children, respectively. Moreover, k (v) always equals the key value of the largest element stored in node v’s 
left subtree. Such trees are usually referred to the literature as external AVL trees. 
 

When we insert a new node into an AVL tree, some external nodes are replaced by a new internal node (and two 
external nodes as its children), and the height of the parent of new node may have been increased by one. As a result, if 
the height of newly inserted node is increased, the property of AVL tree may be lost at the ancestors of this new node. 
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When the insertion causes an AVL tree to loose its balance, applying exactly one of the four rotations—single rotations 
LL or RR and double rotations LR or RL—will restore it. 
 
��5HG�%ODFN�7UHHV�
 

The red–black tree is a balanced binary search tree whose height is O(log n) and dictionary operations such as 
search, insertion, and deletion are performed in O(log n) time in sequential computation, where n is the number of 
nodes in the red–black tree. 
 

In Red-Black tree (RB tree), every node has RED or BLACK attributes. Tree operations, except insertion, are 
costed O (log n) in RB tree. Insertion of an element will violate balance of tree which must be rebalanced. Rebalance 
process can be achieved with a simple operation, called rotation (Park H. and Park K., 2001; Cameron H. and Wood D., 
1994). 
 

Let root(T) denote the root node of a red–black tree T and item(x) denote the item stored in node x. Let p(x) 
denote the parent of node x and pn+1(x) the parent of pn(x), nt1. Let rchild(x) denote the right child of node x and 
lchild(x) the left child of x. The successor of node x is the node with the smallest item larger than item(x). The 
predecessor of node x is the node with the largest item smaller than item(x). Each node x has a space for its item, a bit 
for its color (red or black), and three pointers to p(x), lchild(x), and rchild(x). If a node does not have a parent or a child, 
nil is stored in the corresponding pointer. We will regard nil as a pointer to an external node (leaf) and the nodes 
holding items as internal nodes. 

A red–black tree is a binary search tree satisfying the following red–black properties (Park H. and Park K., 
2001).  
 
    1. Every node is either red or black. 
    2. Every external node (nil) is black. 
    3. If a node is red, then both its children are black. 
    4. Every simple path from a node to a descendant leaf contains the same number of black nodes. 
 
The red–black properties can be rewritten using nonnegative ranks instead of red and black colors  
 
    (a) If x is any node with a parent, rank(x)drank(p(x))drank(x) + 1. 
    (b) If x is any node with a grandparent, rank(x)�rank(p2(x)). 
    (c) If x is an external node, rank(x) =0 and rank (p(x)) =1 if x has a parent. 
 

The above conditions (a)–(c) are called balance conditions. The rank of node x corresponds to the number of 
black nodes in any simple path from x to a descendant leaf. Hence, rank (p(x)) =rank(x) + 1 if x is black and rank (p(x)) 
=rank(x) otherwise. Note that rank(x) need not be stored in x. (Park H. and Park K., 2001; Cameron H. and Wood D., 
1994). 
 
���6DONLP��7UHH�
 

A data structure is a systematic way of organizing and accessing data. It is focused on data structures that store 
large collections of data. It is needed new data structures that can efficiently add and remove items without involving 
the entire collection of elements. In this study, Salkim tree is proposed to address this problem. 

 
A hash table and RB binary search tree are used together to build Salkim tree. Collision case of hash table is 

used to categorize data. Selected hash function generates same index for different data in same category. Data are stored 
in a special form of binary search tree. In this form, root has one element which provides connection between tree and 
hash table. Data are stored in meaningful subtrees instead of one tree. When a process is needed for an element, process 
will work in related subtrees instead of all trees. 
 
��������,PSOHPHQWDWLRQ�
 

When this data structure is wanted to build for letters, records are generated for each letter in hash table (Hrádek 
J., 2003; Zobel J., 2001). For this aim, hash function is used to generate index. Index value shows location of each letter 
in hash table. The root addresses of each subtree are stored in hash table. Hash function is shown in equation 1. 
 

                                                   H(x)=ascii(x)-65    (1) 
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Address records of subtrees are generated statically in hash table. Initial value of address records are 
NULL.When a string is wanted to be added to the structure, firstly hash table is checked whether subtree is created or 
not. If related subtree is created then string will be added to this subtree, otherwise a root will be created and string will 
be added to this root. The address of the created root will be written to the related place in the hash table. 

Searching process of an element; hash table is checked whether related subtree exists or not. If subtree does not 
exist, no need more completion, it can be said that element does not exist in structure. Otherwise searching process will 
continue in related subtrees. 

For example, lets assume that ‘train’ word is wanted to search in structure, Firstly index value of  ‘t’ is calculated 
using hash function (index value of ‘t’ is equal to 19). 19 th section of hash table is checked whether any address exists 
or not. If 19 th section value of hash table is NULL, then it can be said that ‘train’  does not exist in the structure, 
otherwise ‘train’ word  will be searched in ‘t’ subtree. If ‘train’ word is wanted to search in any tree, all trees must be 
searched though it does not exist. This situation increases the cost of  searching process in an ordinary binary search 
tree. 

For example, cost of searching an element, in a balanced tree with 26000 elements, is 15.  Salkim trees’s cost is 
10 in the same situation (when all letter categories have 1000 element). 
 

Assuming that number of element is N and number of element started with ‘i’ is Ni, 
 

                                           N=Na+Nb+ … +Ni+ … Nz    (2) 
     

 
Assuming that all element is not started with ‘i’, it can be said that 

 
                                                   Log2N>log2Ni                                           (3)   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

 
)LJXUH��� To access subtrees using hash table 
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���5HVXOWV�
 

An application program is written to analyse building structure, inserting an item and searching an 
item performances of AVL, RB tree and Salkim. 
 

Performances of building structure are examined for five different data sets. Amount of data in data 
sets are 25000, 275000,350000, 550000, 1100000. X axis of figures demonstrates these data sets. Y axis 
demonstrates process time. Build performance of those data structures is shown in Figure 2.  
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)LJXUH�����Performances of building structures�

�
 

7DEOH����Performance values of building structure test.�
 

Data Set Number of Data AVL RB Salkim 

1 25.000 0,17 0,17 0,15 

2 275.000 2,173 1,956 1,833 

3 350.000 2,46 2,303 2,18 

4 550.000 5,56 4,506 4,156 

5 1.100.000 14,006 11,237 9,124 
 
 

Insertion performance of AVL, RB and Salkim tree is shown in Figure 3 and Table2. Note that all data 
structure was including 25000 elements before insertion test. Insertion performance is tested for four cases, 
in first case 100000, in second case 1000000, in third case 5000000, and in fourth case 10000000 elements 
are added into each structure. 
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Insertion Performances

0

5

10

15

20

25

30

35

40

1 2 3 4

Data Set

P
ro

ce
ss

 T
im

e(
sn

)
AVL
RB
6DONÕP

 
)LJXUH����Performances of insertion item�

 
�

7DEOH����Performance values of insertion item test�
 

Data Set Number of  inserted data AVL RB Salkim 

1 100.000 0,341 0,29 0,25 

2 1.000.000 4,87 3,475 2,56 

3 5.000.000 18,326 15,02 12,083 

4 10.000.000 36,532 30,014 25,543 

 
 

Search performance of structures is shown in Figure 4 and Table3. Note that all data structure was 
including 25000 elements before search test. Search performance of structures is tested for four cases. In first 
case 100000, in second case 1000000, in third case 5000000, and in fourth case 10000000 elements are 
searched on each structure. 
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7DEOH����Performance values of searching item test�

 
Data Set Number of searched data AVL RB Salkim 

1 100.000 0,451 0,341 0,25 

2 1.000.000 3,395 2,744 1,542 

3 5.000.000 20,92 13,71 10,752 

4 10.000.000 48,037 32,837 27,01 

�
 
 
���&RQFOXVLRQ�
 

Performance of Salkim tree is better than AVL and RB tree which are preferred in a lot of 
applications. Especially, search performance and insertion performance of Salkim tree’s superiority is getting 
clearer when number of data increase. 
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A MODEL FOR MEASURING INSTITUTIONALIZATION LEVEL OF 
SMES 
�
�
�
�

g]HU�8<*81���7XED�&$19$5�.$+9(&,���+DUXQ�7$ù.,1���%H\WXOODK�35øù7ø1(��

�'HSDUWPHQW�RI�,QGXVWULDO�(QJLQHHULQJ�6DNDU\D�8QLYHUVLW\�(VHQWHSH�&DPSXV�6HUGLYDQ�7XUNH\�
�0DVWHU�6WXGHQW�LQ�WKH�'HSDUWPHQW�RI�,QGXVWULDO�(QJLQHHULQJ�6DNDU\D�8QLYHUVLW\�(VHQWHSH�&DPSXV�6HUGLYDQ�7XUNH\�

RX\JXQ#VDNDU\D�HGX�WU��WFDQYDU#VDNDU\D�HGX�WU��WDVNLQ#VDNDU\D�HGX�WU��EH\WXOODK#DUYHQD�FRP�WU 
�
�

Abstract: ,QVWLWXWLRQDOL]DWLRQ� KHOS� DQ� RUJDQL]DWLRQ� WR� JDLQ� OHJLWLPDF\�� LQFUHDVH� UHVRXUFHV� DQG�
PDLQWDLQ� VXUYLYDO�� ,Q� RWKHU�ZRUGV�� LQVWLWXWLRQDOL]DWLRQ� LV� UHDOL]HG�E\� GHYHORSLQJ� DSSURSULDWH� DQG�
PHDQLQJIXO� EHKDYLRUV�ZLWK� WKH� HQYLURQPHQW� WR� JDLQ� OHJLWLPDF\� DQG� FRQIRUPLW\� DQG� WUDQVIHUULQJ�
WKHP� WR�QH[W�JHQHUDWLRQV�� ,W� LV�D�FUXFLDO� LVVXH�HVSHFLDOO\� IRU� VPDOO�DQG�PHGLXP�VL]HG�HQWHUSULVHV�
�60(V��WR�DGRSW�WKHPVHOYHV�DFFRUGLQJ�WR�WKH�FKDQJHV�LQ�WKH�HQYLURQPHQW��DQG�VXVWDLQ�FRPSHWLWLYH��
,Q� WKLV� VWXG\�� IX]]\�K\EULG�PXOWL�FULWHULD� GHFLVLRQ�PDNLQJ� DSSURDFK� LV� XVHG� LQ�RUGHU� WR�PHDVXUH�
LQVWLWXWLRQDOL]DWLRQ� OHYHO� RI� 60(V�� )RU� DFKLHYLQJ� WKLV�� ILUVW� RI� DOO�� FULWHULD� WKDW� LQGLFDWH� WKH�
LQVWLWXWLRQDOL]DWLRQ�OHYHO�RI�60(V�DUH�GHWHUPLQHG��7KHQ�FDXVH�DQG�HIIHFW�LQWHUDFWLRQ�DPRQJ�PDLQ�
FULWHULD�LV�GHWHUPLQHG�E\�IX]]\�'(0$7(/�PHWKRG��$FFRUGLQJ�WR�WKH�LQWHU�LQIOXHQFH�GHULYHG�IURP�
IX]]\�'(0$7(/�� IX]]\�DQDO\WLF�QHWZRUN�SURFHVV� �$13�� LV� LPSOHPHQWHG� LQ�RUGHU� WR�REWDLQ� WKH�
ZHLJKWV�RI� WKH�FULWHULD��([SHUW�RSLQLRQV�DQG�JURXS�GHFLVLRQ�PDNLQJ�DSSURDFK�DUH�XWLOL]HG�GXULQJ�
ERWK�IX]]\�'(0$7(/�DQG�IX]]\�$13�PHWKRGV��$IWHU�DFTXLULQJ� WKH�ZHLJKWV��VHYHUDO�60(V�DUH�
HYDOXDWHG�DFFRUGLQJ�WR�WKH�FULWHULD�SUHGHILQHG�DQG�9,.25�PHWKRG�LV�LPSOHPHQWHG�IRU�PHDVXULQJ�
WKH�OHYHO�RI�LQVWLWXWLRQDOL]DWLRQ�RI�WKH�60(V��
�
Keywords:� ,QVWLWXWLRQDOL]DWLRQ��PXOWL�FULWHULD� GHFLVLRQ�PDNLQJ�� )X]]\�'(0$7(/�� )X]]\�$13��
9,.25�
�

1. Introduction 
�

7KH�RUJDQL]DWLRQV�DUH�QRW�VWDEOH��WKH\�FKDQJH�ZLWK�WKH�WLPH�LQ�FRPPRQ�ZLWK�WKHLU�HQYLURQPHQW��:KLOH�VRPH�RI�
WKH� RUJDQL]DWLRQV� PDQDJH� WR� VXUYLYH� GXULQJ� WKLV� SHULRG�� VRPH� RI� WKHP� FDQQRW� VXUYLYH� EHFDXVH� RI� QRW� EHLQJ�
LQVWLWXWLRQDOL]HG�� 7KH�PDLQ� UHDVRQV� RI� QRW� EHLQJ� DEOH� WR� VXUYLYH� DUH� WKH� UHVLVWDQFH� WR� WKH� FKDQJH� LQ� WKH� RUJDQL]DWLRQ�
HQYLURQPHQW�� LQQRYDWLRQ� DQG� LPSURYHPHQW�� QRW� KDYLQJ� VWUDWHJLF� WKLQNLQJ� DQG� VXFFHVVIXO� NQRZOHGJH� PDQDJHPHQW�
V\VWHP��7KH�EDVLF�UHVXOW�RI�WKH�LQVWLWXWLRQDOL]DWLRQ� LV� WR�PDNH�WKH�RUJDQL]DWLRQV�PRUH�VXUYLYLQJ�DQG�FRQVLVWHQW��6R�WKH�
LQVWLWXWLRQDOL]DWLRQ�KDV�FRPH�XS�GXH�WR�WKH�PRGHUQ�VRFLHW\��

,QVWLWXWLRQDOL]DWLRQ�LV�WKH�DGPLQLVWUDWLRQ�RI�WKH�HQWHUSULVH�ZLWKLQ�D�VHW�REMHFWLYHV�DQG�WDUJHWV�DV�ZHOO�DV�SULQFLSOHV�
DQG� YDOXHV��7KHVH� YDOXHV� DUH� FRPSULVHG� RI� YLVLRQ��PLVVLRQ�� SULQFLSOHV� DQG� YDOXHV��7KH� VHW� REMHFWLYHV�� SULQFLSOHV� DQG�
YDOXHV�DUH�FRPELQLQJ�HYHU\�HPSOR\HH�LQFOXGLQJ�WKH�PDQDJHUV�ZLWKLQ�D�FRUSRUDWLRQ��.DKYHFL���������,QVWLWXWLRQDOL]DWLRQ�
LV�DOVR�GHILQHG�DV�SURFHVVHV�ZKLFK�LQFOXGH�FUHDWLRQ�RI�D�IRUPDO�VWUXFWXUH��HPHUJHQFH�RI�LQIRUPDO�QRUPV��GHYHORSPHQW�RI�
LPSHUVRQDO�REMHFWLYH�SURFHGXUHV��DGPLQLVWUDWLYH�ULWXDOV�� LGHRORJLHV�� OHJDOL]DWLRQ��DQG�IRFXV�RQ� OHJLWLPL]DWLRQ��$OSD\�HW�
DO����������

,QVWLWXWLRQDOL]DWLRQ�SURFHVVHV�LQFOXGH�FUHDWLRQ�RI�D�IRUPDO�VWUXFWXUH��HPHUJHQFH�RI�LQIRUPDO�QRUPV��GHYHORSPHQW�
RI� LPSHUVRQDO�REMHFWLYH� SURFHGXUHV�� DGPLQLVWUDWLYH� ULWXDOV�� LGHRORJLHV�� OHJDOL]DWLRQ�� DQG� IRFXV� RQ� OHJLWLPL]DWLRQ��
,QVWLWXWLRQDO� WKHRU\� WKHUHIRUH� WUDFHV� WKH� ³HPHUJHQFH� RI� GLVWLQFWLYH� IRUPV�� SURFHVVHV�� VWUDWHJLHV�� RXWORRNV�� DQG�
FRPSHWHQFHV´� �6HO]QLFN�� ������ IURP�SDWWHUQV�RI� RUJDQL]DWLRQDO� LQWHUDFWLRQ� DQG� DGDSWDWLRQ� LQ� UHVSRQVH� WR� LQWHUQDO� DQG�
H[WHUQDO�HQYLURQPHQWV��

$WWHPSWV�WR�PHDVXUH�LQVWLWXWLRQDOL]DWLRQ�DW�WKH�ILUP�OHYHO�DUH�UDUH��$OSD\�HW�DO���������2QH�RI�WKH�PDLQ�REMHFWLYHV�
RI�WKLV�VWXG\�LV�WR�PHDVXUH�LQVWLWXWLRQDOL]DWLRQ�OHYHO�RI�DQ�RUJDQL]DWLRQ��7KH�DVVHVVPHQW�RI�LQVWLWXWLRQDOL]DWLRQ�SURFHVV�LV�
EDVHG�RQ�PXOWLSOH�FULWHULD��7KHUHIRUH��PXOWL�FULWHULD�GHFLVLRQ�PDNLQJ�WHFKQLTXHV�DUH�XVHG�LQ�WKLV�VWXG\��7KH�SURFHVV�DOVR�
UHTXLUHV�PRUH� WKDQ� RQH� H[SHUW� RSLQLRQ��7KDW� LV�ZK\� JURXS� GHFLVLRQ�PDNLQJ� DSSURDFK� LV� DSSOLHG� LQ� WKH�PHDVXUHPHQW�
PRGHO��
�
2. Literature Review 
 
2.1. Institutionalization 
 

7KH� LQVWLWXWLRQDOL]DWLRQ� LV� GHILQHG� LQ� GLIIHUHQW� ZD\V� WKH� OLWHUDWXUH�� 7KH� LQVWLWXWLRQDO� LV� JHQHUDOO\� GHILQHG� E\�
H[SUHVVLQJ�WKH�FKDUDFWHULVWLFV�RI�WKH�LQVWLWXWLRQDOL]HG�RUJDQL]DWLRQV��,I�WKH�RUJDQL]DWLRQ�LV�LQVWLWXWLRQDOL]HG��LWV�DFWLYLWLHV�
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PXVW�EH�SHUIRUPHG�V\VWHPDWLFDOO\�DFFRUGLQJ�WR�WKH�SDUWLFXODU�UXOHV��$FFRUGLQJ�WR�WKHVH�YLHZ��WKH�LQVWLWXWLRQDOL]DWLRQ�LV�
EHFRPLQJ� D� V\VWHP�� 7KH� LQVWLWXWLRQDOL]HG� RUJDQL]DWLRQV� KDYH� WKH� FRPPRQ� DQG� HOLJLEOH� RUJDQL]DWLRQDO� FXOWXUH�� 7KH�
SURIHVVLRQDOLVP�LV�WKH�RWKHU�FKDUDFWHU�RI�WKH�LQVWLWXWLRQDOL]HG�RUJDQL]DWLRQV��.DKYHFL���������7KH�RUJDQL]DWLRQDO�FXOWXUH�
PXVW�EH�VWUXFWXUHG�EDVHG�RQ�WKH�VWUDWHJLF�PDQDJHPHQW�DFWLYLWLHV�DQG�VXSSRUWHG�E\�WKH�LQIRUPDWLRQ�V\VWHPV�WR�JDLQ�WKH�
H[SHFWHG�UHVXOWV�RI�WKH�LQVWLWXWLRQDOL]DWLRQ�SURFHVV��

$FWXDOO\�� WKH� LQVWLWXWLRQDOL]DWLRQ� LV� DQ� RUJDQL]DWLRQDO� WKHRU\� ZKLFK� H[SODLQV� WKH� LQWHUDFWLRQ� EHWZHHQ� WKH�
RUJDQL]DWLRQV�DQG� WKH�HQYLURQPHQW� WKH\�RSHUDWH� LQ�� ,W� LV�PDLQO\�FRQFHUQHG�ZLWK� WKH�UHDVRQV�RI� WKH�FKDQJHV�ZLWKLQ� WKH�
RUJDQL]DWLRQV�WKDW�RFFXU�GXH�WR�SUHVVXUHV�E\�WKH�LQVWLWXWLRQDO�HQYLURQPHQW�ZKLFK�PDLQO\�FRQVLVWV�RI�WKH�JRYHUQPHQWV�DQG�
VRPH� SURIHVVLRQDO� RUJDQL]DWLRQV�� 7KLV� WKHRU\� DFFHSWV� WKDW� RUJDQL]DWLRQV� FDQ� QRW� MXVW� DFW� UDWLRQDOO\� WR� IROORZ� WKHLU�
LQWHUHVWV��7KH\�DOVR�KDYH�WR�WDNH�WKH�H[SHFWDWLRQV�RI�WKH�LQVWLWXWLRQDO�HQYLURQPHQW�LQWR�FRQVLGHUDWLRQ��6R�WKH�GHFLVLRQV�
PDNHU�RI�WKH�RUJDQL]DWLRQV�PXVW�WR�FRQVLGHU�WKHVH�H[SHFWDWLRQV�DQG�SUHVVXUHV�IRU�WKHLU�GHFLVLRQV���

,QVWLWXWLRQDOL]DWLRQ�LV�WKH�RUJDQL]DWLRQDO�SURJUHVV�LQ�FRPPRQ�ZLWK�WKH�HQYLURQPHQWDO�FKDQJH��DQG�REWDLQLQJ�WKH�
VWDQGDUGV�� ,Q� WKLV� GHILQLWLRQ�� WKUHH� IROORZLQJ� VXEMHFW� DUH� UHPDUNDEOH�� ���� 7KH� LQVWLWXWLRQDOL]HG� RUJDQL]DWLRQV� FKDQJHV�
DORQJ�ZLWK�WKH�HQYLURQPHQWDO�FKDQJH������7KH\�OHDUQ�WKLV�FKDQJH������7KH\�GHYHORS�WKH�QHZ�VWDQGDUGV�DFFRUGLQJ�WR�WKH�
QHZ�FLUFXPVWDQFH��

7KH�UHVHDUFKHU�ZKR�ILUVWO\�PHQWLRQV�WKLV�WKHRU\�LV�6HO]QLFN�DQG�KH�QRWLFHV�WKDW�RUJDQL]DWLRQV�DGDSW�DQG�GHYHORS�
YDOXHV� VSHFLILF� WR� RUJDQL]DWLRQ� WR� DGDSW� WR� HQYLURQPHQW� WKXV� EHFRPH� OHJDO� DQG� UHDFK� VWDELOLW\�� =XFNHU� FRQVLGHUV�
LQVWLWXWLRQDOL]DWLRQ� DV� D� WRRO� ZKLFK� SURYLGHV� VRFLDO� VWDELOLW\�� $FFRUGLQJ� WR� KLP�� LQVWLWXWLRQDOL]DWLRQ� LV� UHDOL]HG� E\�
GHYHORSLQJ� DSSURSULDWH� DQG� PHDQLQJIXO� EHKDYLRUV� ZLWK� WKH� HQYLURQPHQW� WR� JDLQ� OHJLWLPDF\� DQG� FRQIRUPLW\� DQG�
WUDQVIHUULQJ� WKHP� WR�QH[W� JHQHUDWLRQV��0H\HU�DQG�5RZDQ�PHQWLRQHG� WKDW� WKH�SXUSRVH�RI� LQVWLWXWLRQDOL]DWLRQ� LV� WR�JDLQ�
OHJLWLPDF\��LQFUHDVH�UHVRXUFHV�DQG�PDLQWDLQ�VXUYLYDO�RI�RUJDQL]DWLRQV��7KH\�DUJXH�WKDW�WKH�LQVWLWXWLRQDOL]DWLRQ�RFFXUV�E\�
GHYHORSLQJ� VKDUHG� YDOXHV� ZLWK� WKH� HQYLURQPHQW�� )URP� DQRWKHU� SRLQW� RI� YLHZ�� 'L0DJJLR� DQG� 3RZHOO� SRVLW� WKDW�
LQVWLWXWLRQDOL]DWLRQ� RFFXUV� E\� LPLWDWLQJ� RWKHU� VXFFHVVIXO� FRPSHWLWRUV� DV� D� PHDQV� RI� DGDSWDWLRQ� WR� HQYLURQPHQW���
$FFRUGLQJ�WR�)ULHGODQG�DQG�$OIRUG��RUJDQL]DWLRQV�LQVWLWXWLRQDOL]H�LQ�RUGHU�WR�DIIHFW�FRJQLWLYH�DQG�QRUPDWLYH�SUHVVXUHV�E\�
WU\LQJ�WR�PDQLSXODWH�WKH�HQYLURQPHQW��$SD\GÕQ����������

7KH�FRPPRQ� LGHD� WKH� UHVHDUFKHUV�PHQWLRQHG�DERYH� LV� WKDW�� LQVWLWXWLRQDOL]DWLRQ� LV�D�SURFHVV�ZKLFK� LQIOXHQFHV�
HYHU\� DVSHFW� RI� RUJDQL]DWLRQV�� H�J�� VWUDWHJLHV�� VWUXFWXUH�� GHFLVLRQV�� DFWLYLWLHV�� EHKDYLRUV� DQG� SHUIRUPDQFH��$V� LW� KDV� D�
ZLGH�DQG�GHHS�LPSDFW�RQ�RUJDQL]DWLRQV��LW�GHVHUYHV�IXUWKHU�UHVHDUFKHV��$SD\GÕQ�DQG�&RúNXQ���������

,URQLFDOO\��KRZHYHU��WKH�LQVWLWXWLRQDO�DSSURDFK�KDV�\HW�WR�EHFRPH�LQVWLWXWLRQDOL]HG�KHUH�LV�YHU\�OLWWOH�FRQVHQVXV�RQ�
WKH�GHILQLWLRQ�RI�NH\�FRQFHSWV��PHDVXUHV�RU�PHWKRGV�ZLWKLQ�WKLV�WKHRUHWLF�WUDGLWLRQ��$OVR�WKHUH�KDV�EHHQ�OLWWOH�DWWHQWLRQ�
JLYHQ� WR� FRQFHSWXDOL]LQJ� DQG� VSHFLI\LQJ� WKH� SURFHVVHV� RI� LQVWLWXWLRQDOL]DWLRQ�� ,Q� WKH� RWKHU� ZRUGV�� WKH� SURFHVV�EDVHG�
DSSURDFK� WR� LQVWLWXWLRQDOL]DWLRQ�KDV�QRW� EHHQ� IROORZHG� LQ�PRVW� RUJDQL]DWLRQDO� DQDO\VHV�� ,QVWHDG�� LQVWLWXWLRQDOL]DWLRQ� LV�
DOPRVW� DOZD\V� WUHDWHG� DV� D� TXDOLWDWLYH� VWDWH�� VWUXFWXUHV� DUH� LQVWLWXWLRQDOL]HG�� RU� WKH\� DUH� QRW�� 7KH� LQVWLWXWLRQDOL]DWLRQ�
WKHRU\� FDQQRW� SURYLGH� WKH� VXIILFLHQW� DQG� FRQFUHWH� VXJJHVWLRQV� WKH� ZD\� RI� WKH� LQVWLWXWLRQDOL]DWLRQ�� &RQVHTXHQWO\��
LPSRUWDQW�TXHVWLRQV�RI�WKH�GHWHUPLQDQWV�RI�YDULDWLRQV�LQ�OHYHOV�RI�LQVWLWXWLRQDOL]DWLRQ��DQG�RI�KRZ�VXFK�YDULDWLRQ�PLJKW�
DIIHFW� WKH�GHJUHH�RI�VLPLODULW\�DPRQJ�VHWV�RI�RUJDQL]DWLRQV��KDYH�EHHQ�ODUJHO\�QHJOHFWHG��7KHUH�LV� WKH�QHHG�WR�GHYHORS�
PRUH� GLUHFW� PHDVXUHV� DQG� EHWWHU� GRFXPHQWDWLRQ� RI� FODLPV� RI� WKH� LQVWLWXWLRQDOL]DWLRQ� RI� VWUXFWXUHV�� VLQFH� RXWFRPHV�
DVVRFLDWHG�ZLWK� D� JLYHQ� VWUXFWXUH� DUH� OLNHO\� WR� GHSHQG� RQ� WKH� VWDJH� RU� OHYHO� RI� LQVWLWXWLRQDOL]DWLRQ��$OVR�� DWWHPSWV� WR�
PHDVXUH�LQVWLWXWLRQDOL]DWLRQ�DW�WKH�ILUP�OHYHO�DUH�UDUH��$OSD\�HW�DO���������

�
2.2. Multi-Criteria Decision Making 
 

0DQ\�WUDGLWLRQDO�PXOWL�FULWHULD�GHFLVLRQ�PDNLQJ��0&'0��PHWKRGV�DUH�EDVHG�RQ�WKH�DGGLWLYH�FRQFHSW�DORQJ�ZLWK�
WKH� LQGHSHQGHQFH�DVVXPSWLRQ� �=HOHQ\���������6HYHUDO�SUHYLRXVO\�SURSRVHG�0&'0�PHWKRGV�DUH�YHU\�XVHIXO�EXW� WKH\�
KDYH�JHQHUDOO\�FRQVLGHUHG�RQO\� IRU� LQGHSHQGHQW�HIIHFWV�GXULQJ�VHOHFWLRQ�RU�HYDOXDWLRQ�RI�FULWHULD��'(0$7(/�PHWKRG�
DQG�LWV�IX]]\�YHUVLRQ�WDNH�LQWR�DFFRXQW�WKDW�DQ\�IDFWRU�RI�0&'0�PD\�DIIHFW�RWKHU�IDFWRUV�RU�PD\�EH�DIIHFWHG�E\�RWKHUV��

:X� ������� VWDWHG� WKDW�NQRZOHGJH�PDQDJHPHQW� �.0��VWUDWHJ\� VHOHFWLRQ� LV�D�NLQG�RI�PXOWLSOH�FULWHULD�GHFLVLRQ�
PDNLQJ� SUREOHP�� ZKLFK� UHTXLUHV� FRQVLGHULQJ� D� ODUJH� QXPEHU� RI� FRPSOH[� IDFWRUV� DV� PXOWLSOH� HYDOXDWLRQ� FULWHULD�� +H�
SURSRVHG�DQ�HIIHFWLYH� VROXWLRQ�EDVHG�RQ�D�FRPELQHG�$13�DQG�'(0$7(/�DSSURDFK� WR�KHOS�RUJDQL]DWLRQV�HYDOXDWLQJ�
DQG� VHOHFWLQJ� .0� VWUDWHJLHV�� 6HYHUDO� PXOWL�FULWHULD� GHFLVLRQ� PDNLQJ� PHWKRGV� FDQ� EH� LPSOHPHQWHG� LQ� D� FRPELQHG�
PDQQHU��'(0$7(/�PHWKRG�LV�YHU\�VXLWDEOH�WR�EH�FRPELQHG�ZLWK�$13�DV�FDQ�EH�VHHQ�LQ�<DQJ�DQG�7]HQJ���������/HH�
HW�DO� �������DQG�:X���������6RPH�H[DPSOHV�DERXW�FRPELQDWLRQ�RI�'(0$7(/��$13�DQG�9,.25�WHFKQLTXHV�FDQ�EH�
IRXQG�LQ�+R�HW�DO����������DQG�/LRX�DQG�&KXDQJ���������'(0$7(/��$13�DQG�7236,6�FRPELQDWLRQV�FDQ�EH�VHHQ�LQ�
/LQ�HW�DO���������DQG�FRPELQDWLRQ�RI�WKUHH�PRGHOV�LQ�IX]]\�HQYLURQPHQW�FDQ�EH�VHHQ�LQ�%�\�N|]NDQ�DQG�dLIoL���������
7KHUH� DUH� VRPH� RWKHU� FRPELQHG� PHWKRGV� DOVR�� ,Q� WKLV� SDSHU� '(0$7(/�� IX]]\� $13� DQG� 9,.25� PHWKRGV� DUH�
LPSOHPHQWHG�IRU�DVVHVVLQJ�LQVWLWXWLRQDOL]DWLRQ�OHYHO�RI�RUJDQL]DWLRQV��

�
�

3. Readiness Assessment Model for Institutionalization 
 

$V�WKHUH�LV�QRW�FRPPRQ�NH\�FRQFHSWV�DERXW�WKH�LQVWLWXWLRQDOL]DWLRQ�SURFHVV��WKH�FRPSRQHQWV�RI�WKLV�SURFHVV�DUH�
GHILQHG�LQ�WKH�GLIIHUHQW�ZD\V�WRR��$FFRUGLQJ�WR�.RUNPD]��WKH�EDVLF�FRPSRQHQWV�RI�WKH�LQVWLWXWLRQDOL]DWLRQ�DUH�GHILQHG�DV�
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NQRZOHGJH�� IRUHVLJKW�� UDWLRQDOLVP�� FRQVLVWHQF\�� FRQVWDQF\�� UHOLDELOLW\�� DGDSWDELOLW\�� IOH[LELOLW\� DQG�PDLQWDLQDELOLW\�� 6R��
WKH�LQVWLWXWLRQDOL]DWLRQ�LV�PDNLQJ�WKHVH�FRPSRQHQWV�GRPLQDQW�RYHU�WKH�RUJDQL]DWLRQV�WR�LQVWLWXWLRQDOL]H�WKH�RUJDQL]DWLRQV�
�.RUNPD]���������,Q�WKH�RWKHU�VWXG\��WKH�FRPSRQHQWV�RI�WKH�LQVWLWXWLRQDOL]DWLRQ�DUH�VWDWHG�DV�VLPSOLFLW\��GLYHUVLILFDWLRQ��
IOH[LELOLW\�DQG�DXWRQRP\��7KHVH�FRPSRQHQWV�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�LQVWLWXWLRQDOL]DWLRQ�OHYHO�RI�WKH�RUJDQL]DWLRQV�
�.DUSX]R÷OX�� ������� 7KH� GLPHQVLRQV� RI� LQVWLWXWLRQDOL]DWLRQ� DUH� IRUPDOL]DWLRQ�� SURIHVVLRQDOLVP�� FXOWXUDO� VWUHQJWK��
FRQVLVWHQF\�DQG�DFFRXQWDELOLW\��(VVHQWLDOO\�� DOO�RI� WKHP�DUH�HLWKHU� WKH� UHVXOWV�RI� WKH� LQVWLWXWLRQDOL]DWLRQ�SURFHVV�RU� WKH�
FKDUDFWHULVWLFV�RI�WKH�LQVWLWXWLRQDOL]HG�RUJDQL]DWLRQV��+RZHYHU��WKH�ZD\�RI�LQVWLWXWLRQDOL]DWLRQ�DQG�PHDVXULQJ�WKH�OHYHO�RI�
LQVWLWXWLRQDOL]DWLRQ�ZHUH�QRW�PHQWLRQHG�LQ�WKH�OLWHUDWXUH��

7KH�VLPSOLFLW\�RI� WKH� MRE�DQG�PDLQWDLQLQJ� LW� DV� VLPSOLFLW\� FDXVH� WKH�6LPSOLFLW\�FRPSRQHQW�RI� WKH� LQVWLWXWLRQDO��
7KH�VLPSOLFLW\�RI�WKH�MRE�RQO\�FDQ�EH�GRQH�E\�DSSO\LQJ�WKH�SURFHVV�PDQDJHPHQW�DSSURDFK��2Q�WKH�RWKHU�KDQG��ZKHQ�WKH�
HQWHUSULVH�KDQGOHV�WKH�FRPSHWLWLRQ�SULPDULO\��IRFXVHV�RQ�WKH�PDUNHW�DQG�KXPDQ�UHVRXUFHV��DQG�FRQFHQWUDWHV�LQ�WKH�PDLQ�
JRDOV��LW�DFKLHYHV�WKH�'LYHUVLILFDWLRQ�LQ�LWV�VWUXFWXUH�DQG�RSHUDWLRQV���

7KH�RWKHU�FRPSRQHQW�RI�WKH�LQVWLWXWLRQDOL]DWLRQ�LV�WKH�)OH[LELOLW\�ZKLFK�LV�WKH�DGDSWDELOLW\�RI�WKH�HQWHUSULVH�WR�LWV�
HQYLURQPHQW�� FDQ�EH�GRQH�E\�QHWZRUNLQJ�� FRQWLQXRXV� UHYROXWLRQ� IRU� FRQWLQXDQFH� LQ� WKH�PDUNHW��PRQLWRULQJ� WKH�EDVLF�
F\FOHV��HVWDEOLVKLQJ�WKH�V\VWHPV�VXFK�DV�SURGXFWLRQ�SODQQLQJ��VWUDWHJLF�SODQQLQJ�DQG�LQYHVWPHQW�SODQQLQJ���

)LQDOO\�� WKH�VWUDWHJLF�YLHZ�� WKH�PLVVLRQ�XQLRQ�� WKH�PDQDJLQJ�ZLWK� WKH�UHDOLW\�DQG�GHWHUPLQLQJ� WKH�SULRULWLHV�DUH�
FRPSRVLQJ�WKH�FRUSRUDWH�LGHQWLW\�DQG�DOVR�SURYLGH�WKH�$XWRQRP\��7KH�RWKHU�GHWHUPLQDWLYH�RI�WKH�DXWRQRP\�LV�FHUWDLQO\�
FDSLWDO�VWUXFWXUH���

:KHQ� WKH� HQWHUSULVH� LV� HYDOXDWHG� IURP� WKH� VLPSOLFLW\� RI� WKHLU� MRE�� WKH� SURFHVVHV� VKRXOG� EH� WKH� IRFXV� RI� WKLV�
HYDOXDWLRQ��7KH� HQWHUSULVH� FDQ� JDLQ� WKH� GLYHUVLILFDWLRQ� RQ� DFFRXQW� RI� LWV� SURGXFW�� KXPDQ� UHVRXUFHV� DQG� WHFKQRORJLFDO�
UHVRXUFHV� LQ� WKH� HQYLURQPHQW�� 7KH� IOH[LELOLW\� LV� H[DFWO\� WKH� FRQIRUPLW\� WR� WKH� HQYLURQPHQW�� 7KH� DXWRQRP\� RI� WKH�
HQWHUSULVH� LV� EDVHG� RQ� WKH� VWUDWHJ\� RI� WKH� HQWHUSULVH�� &RQVHTXHQWO\�� WKH� HQWHUSULVH� VKRXOG� LPSOHPHQW� VWUDWHJLF�
PDQDJHPHQW�� SURFHVV� PDQDJHPHQW�� WHFKQRORJ\� PDQDJHPHQW�� KXPDQ� UHVRXUFH� PDQDJHPHQW�� SURGXFW� PDQDJHPHQW��
NQRZOHGJH�PDQDJHPHQW� DQG� FRQVLGHU� LWV� HQYLURQPHQW��$V� D� UHVXOW� WKH� HYDOXDWLRQ� FULWHULD� XVHG� LQ� LQVWLWXWLRQDOL]DWLRQ�
DVVHVVPHQW�PRGHO�DUH�VXPPDUL]HG�LQ�7DEOH����

�
Table 1. 0DLQ�DQG�VXE�FULWHULD�RI�WKH�LQVWLWXWLRQDOL]DWLRQ�DVVHVVPHQW�PRGHO�

Main Criteria Sub-criteria 
&��� 6WUDWHJLF�0DQDJHPHQW� &���� 6WUDWHJLF��$QDO\VLV�

&���� 6WUDWHJ\�'HILQLWLRQ�DQG�3ODQQLQJ�
&���� 6WUDWHJLF�3HUIRUPDQFH�(YDOXDWLRQ��

&��� 3URFHVV�0DQDJHPHQW� &���� 3URFHVV�,GHQWLILFDWLRQ�DQG�0RQLWRULQJ�
&���� 3URFHVV�,PSURYHPHQW�DQG�,QQRYDWLRQ�
&���� 3URFHVV�,PSOHPHQWDWLRQ�

&��� 7HFKQRORJ\�0DQDJHPHQW� &���� 7HFKQRORJ\�3ODQQLQJ�
&���� 5HVHDUFK�DQG�'HYHORSPHQW��,QQRYDWLRQ�0DQDJHPHQW�
&���� 0DUNHWLQJ�DQG�&RPPHUFLDOL]DWLRQ�RI�7HFKQRORJ\�

&��� 3URGXFW�0DQDJHPHQW� &���� 3URGXFW�3ODQQLQJ	�3URGXFW�'DWD�0DQDJHPHQW�
&���� 3URGXFW�6SHFLILFDWLRQV�
&���� 3URGXFW�,QQRYDWLRQ�

&��� .QRZOHGJH�0DQDJHPHQW� &���� (QWHUSULVH�.QRZOHGJH�'HILQLWLRQ�DQG�6WRUDJH�
&���� 8VDJH�RI�.QRZOHGJH�DQG�.QRZOHGJH�7HFKQRORJ\�
&���� .QRZOHGJH�&XOWXUH�DQG�3HUIRUPDQFH�RI�.QRZOHGJH�0DQDJHPHQW�

&��� +XPDQ�5HVRXUFH�0DQDJHPHQW� &���� +XPDQ�5HVRXUFH�3ODQQLQJ��6HOHFWLRQ�DQG�2ULHQWDWLRQ��
&���� 3HUVRQQHO�'HYHORSPHQW�DQG�3HUIRUPDQFH�(YDOXDWLRQ�
&���� 3DUWLFLSDWLRQ�RI�PDQDJHPHQW���ODERXU�UHODWLRQV�DQG�RUJDQL]DWLRQDO�VWUXFWXUH�

&��� (QWHUSULVH�(QYLURQPHQW�� &���� 6XSSOLHUV�
&���� 0DUNHW�DQG�&RPSHWLWRUV��
&���� &XVWRPHUV�

�
4. Technical Background 
 
4.1. Fuzzy DEMATEL Method 
 

7KH� '(0$7(/� PHWKRG� ZDV� GHYHORSHG� E\� *DEXV� DQG� )RQWHOD� �������� ,W� DQDO\]HV� WKH� LQIOXHQWLDO� VWDWXV� DQG�
VWUHQJWK�EHWZHHQ�WKH�IDFWRUV�DQG�FRQYHUWV�WKHP�LQWR�DQ�H[SOLFLW�VWUXFWXUDO�PRGH�RI�D�V\VWHP��/LQ�DQG�:X���������/LQ�DQG�
:X� ������� ������ GHYHORSHG� D� IX]]\� '(0$7(/� PHWKRG� WR� JDWKHU� JURXS� LGHDV� DQG� DQDO\]H� WKH� FDXVH� DQG� HIIHFW�
UHODWLRQVKLS�RI�FRPSOH[�SUREOHPV�LQ�IX]]\�HQYLURQPHQWV��7KH�SURFHGXUH�RI�WKH�IX]]\�'(0$7(/�PHWKRG�LPSOHPHQWHG�
LQ�WKLV�VWXG\�LV�H[SODLQHG�EHORZ��

6WHS����,GHQWLI\�WKH�GHFLVLRQ�JRDO�DQG�VHW�XS�D�FRPPLWWHH��'XULQJ�WKH�JURXS�GHFLVLRQ�PDNLQJ�SURFHVV��GHFLVLRQ�
JRDO�LV�GHFLGHG�ILUVW��DQG�VXEVHTXHQWO\�D�FRPPLWWHH�LV�VHW�XS�IRU�JDWKHULQJ�JURXS�NQRZOHGJH�IRU�SUREOHP�VROYLQJ��

International Science and Technology Conference, Dubai, 13-15 December 2012

40



ISTEC 20
12

6WHS����'HYHORS�WKH�HYDOXDWLRQ�FULWHULD�DQG�GHVLJQ�WKH�IX]]\�OLQJXLVWLF�VFDOH��)RU�HYDOXDWLRQ��VHWV�RI�FULWHULD�DUH�
HVWDEOLVKHG��6LQFH�HYDOXDWLRQ�FULWHULD�KDYH� WKH�QDWXUH�RI�FDXVDO� UHODWLRQVKLS�DQG�XVXDOO\�FRPSULVH�VHYHUDO�FRPSOLFDWHG�
DVSHFWV��DQG�WR�GHDO�ZLWK�WKH�DPELJXLWLHV�RI�KXPDQ�DVVHVVPHQWV��WKH�IX]]\�OLQJXLVWLF�VFDOH�LV�XVHG�LQ�WKH�JURXS�GHFLVLRQ�
PDNLQJ��7KH�GLIIHUHQW�GHJUHHV�RI�LQIOXHQFH�DUH�H[SUHVVHG�ZLWK�ILYH�OLQJXLVWLF�WHUPV�DV�^1R��/RZ��0HGLXP��+LJK��9HU\�
KLJK`�DQG�WKHLU�FRUUHVSRQGLQJ�SRVLWLYH�WULDQJXODU�IX]]\�QXPEHUV�DUH�VKRZQ�LQ�7DEOH���DQG�VHH�)LJ�����
�
�
Table 2. 7KH�FRUUHVSRQGHQFH�RI�OLQJXLVWLF�WHUPV�DQG�OLQJXLVWLF�YDOXHV�

/LQJXLVWLF�WHUPV� /LQJXLVWLF�YDOXHV�
1R�,QIOXHQFH��1�� �������������
/RZ�,QIOXHQFH��/�� ����������������
0HGLXP�,QIOXHQFH��0�� �������������������
+LJK�,QIOXHQFH��+�� �������������������
9HU\�+LJK�,QIOXHQFH��9+�� �������������������

�
Fig. 1��7ULDQJXODU�IX]]\�QXPEHUV�IRU�OLQJXLVWLF�YDULDEOHV��

�

6WHS����$FTXLUH�DQG�DYHUDJH�WKH�DVVHVVPHQWV�RI�GHFLVLRQ�PDNHUV��,Q�WKLV�VWHS��D�JURXS�RI�S�H[SHUW�LV�DVNHG�WR�
DFTXLUH�VHWV�RI�SDLU�ZLVH�FRPSDULVRQV�RI� WKH�FULWHULD�� = {��|� = �,�, … ,�}�E\� OLQJXLVWLF� WHUPV� LQ�RUGHU� WR�PHDVXUH�
WKH�UHODWLRQVKLS�EHWZHHQ�FULWHULD��6R��S�IX]]\�PDWULFHV��෩ �, �෩ �, … ,�෩��ZHUH�REWDLQHG��HDFK�FRUUHVSRQGLQJ�WR�DQ�H[SHUW��
7KHQ��WKH�DYHUDJH�IX]]\�PDWUL[��෩ �LV�FDOFXODWHG�DV�EHORZ�DQG�LV�FDOOHG�WKH�LQLWLDO�GLUHFW�UHODWLRQ�IX]]\�PDWUL[��

�
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ZKHUH��෩�� = (���,���,���) DUH�WULDQJXODU�IX]]\�QXPEHUV���෩����L� �������«��Q��LV�VKRZQ�DV�]HUR�EXW�ZKHQHYHU�LV�
QHFHVVDU\�LW�ZLOO�EH�UHJDUGHG�DV�WULDQJXODU�IX]]\�QXPEHU������������

6WHS� ��� $FTXLUH� WKH� QRUPDOL]HG� GLUHFW�UHODWLRQ� IX]]\�PDWUL[�� %\� QRUPDOL]LQJ� WKH� LQLWLDO� GLUHFW�UHODWLRQ� IX]]\�
PDWUL[��QRUPDOL]HG�GLUHFW�UHODWLRQ�IX]]\�PDWUL[��෩ �LV�REWDLQHG�E\�XVLQJ�
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�
�

4.2. CFCS Defuzzification Method 
 

7KHUH� DUH� VHYHUDO� GHIX]]LILFDWLRQ� PHWKRGV�� 7KH� PRVW� FRPPRQO\� XVHG� GHIX]]LILFDWLRQ� PHWKRG� LV� WKH� &HQWURLG�
�&HQWHU�RI�JUDYLW\��PHWKRG��<DJOHU�DQG�)LOHY���������EXW�WKLV�GRHV�QRW�GLVWLQJXLVK�EHWZHHQ�WZR�IX]]\�QXPEHUV�ZKLFK�
KDYH�WKH�VDPH�FULVS�YDOXH�LQ�VSLWH�RI�GLIIHUHQW�VKDSHV��7KHUHIRUH�&)&6�GHIX]]LILFDWLRQ�PHWKRG�LV�XVHG�VLQFH�LW�FDQ�JLYH�D�
EHWWHU�FULVS�YDOXH�WKDQ�WKH�&HQWURLG�PHWKRG��

&)&6� PHWKRG� LV� JHQHUDWHG� E\� 2SULFRYLF� DQG� 7]HQJ� ������� IRU� PXOWL�FULWHULD� GHFLVLRQ� PDNLQJ� ZKLFK� FDQ�
GLVWLQJXLVK� WZR� V\PPHWULFDO� WULDQJXODU� IX]]\� QXPEHUV� ZLWK� WKH� VDPH� PHDQ�� ZKHUHDV� WKH� &HQWURLG� PHWKRG� GRHV� QRW�
GLVWLQJXLVK�EHWZHHQ�WZR�VXFK�IX]]\�QXPEHUV��&)&6�PHWKRG�FDQ�DOVR�EH�DSSOLHG�ZKHQ�VRPH�YDOXHV�DUH�FULVS�� �� �P� �
X��
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7KH�FULVS�YDOXH�RI�L�WK�FULWHULRQ�FRXOG�EH�GHWHUPLQHG�E\�WKH�IROORZLQJ�IRXU�VWHS�&)&6�DOJRULWKP��
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4.3.  Fuzzy ANP Method 
 

$QDO\WLF�QHWZRUN�SURFHVV��$13��LV�WKH�JHQHUDO�IRUP�RI�DQDO\WLF�KLHUDUFK\�SURFHVV��$+3��DQG�ZDV�SURSRVHG�E\�
6DDW\��������WR�RYHUFRPH�WKH�SUREOHP�RI�LQWHUUHODWLRQ�DPRQJ�FULWHULD�RU�IDFWRUV��7KURXJK�D�VXSHUPDWUL[��ZKRVH�HQWULHV�
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HDFK�RI� LWV�FROXPQV�VXPV� WR�XQLW\��)RU� WKLV� UHDVRQ�� WKLV�PDWUL[�PXVW�EH�QRUPDOL]HG�E\� WKH�FOXVWHU¶V�ZHLJKW� WR�JHW� WKH�
FROXPQ� VXPV� WR� XQLW\�� +HQFH�� WKH� ZHLJKWHG� VXSHUPDWUL[� LV� REWDLQHG� �6DDW\� DQG� 9DUJDV�� ������� 7KH� VXSHUPDWUL[�
UHSUHVHQWDWLRQ�LV�JLYHQ�LQ�)LJ�����
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Fig. 2.�7KH�VXSHUPDWUL[�UHSUHVHQWDWLRQ�

�
�
$13� HTXLSSHG�ZLWK� IX]]\� VHW� WKHRU\� KHOSV� LQ� RYHUFRPLQJ� WKH� LPSUHFLVHQHVV� RU� YDJXHQHVV� LQ� WKH� SUHIHUHQFHV��

)X]]\�VHW�WKHRU\�LV�PRUH�DGYDQWDJHV�WKDQ�WUDGLWLRQDO�VHW�WKHRU\�ZKHQ�GHVFULELQJ�VHW�FRQFHSWV�LQ�KXPDQ�ODQJXDJH��7KH�
)X]]\�$13� �)$13�� PHWKRG� FDQ� HDVLO\� DFFRPPRGDWH� WKH� LQWHUUHODWLRQVKLSV� H[LVWLQJ� DPRQJ� WKH� IXQFWLRQDO� DFWLYLWLHV�
�0RKDQW\�HW� DO����������7DEOH���JLYHV� WKH� IX]]\� OLQJXLVWLF� WHUPV�DQG�FRUUHVSRQGLQJ� WULDQJXODU� IX]]\�QXPEHUV� �7)1V��
ZKLFK�DUH�XVHG�IRU�SDLUZLVH�FRPSDULVRQV��7KH�SDLUZLVH�FRPSDULVRQV�DUH�LPSOHPHQWHG�DFFRUGLQJ�WR�)X]]\�$13�PHWKRG�
ZLWKLQ�HDFK�FOXVWHU�RU�PDLQ�FULWHULD��DQG�DFFRUGLQJ�WR�GHSHQGHQF\�UHODWLRQVKLSV�ZKLFK�DUH�REWDLQHG�IURP�'(0$7(/�LQ�
RUGHU�WR�JHQHUDWH�UHODWLYH�LPSRUWDQFH�ZHLJKWV��

�
�
�

Table 3. 7KH�/LQJXLVWLF�YDULDEOHV�DQG�WULDQJXODU�IX]]\�QXPEHUV�IRU�LPSRUWDQFH�

/LQJXLVWLF�YDULDEOHV� )X]]\�QXPEHU� 7ULDQJXODU�IX]]\�
QXPEHU�

7ULDQJXODU�IX]]\�
UHFLSURFDO�QXPEHU�

(TXDOO\�,PSRUWDQW��(,�� �෨� ���������� ����������
:HHNO\�,PSRUWDQW��:,�� �෨� ���������� ��������������
6WURQJO\�,PSRUWDQW��6,�� �෨� ���������� ����������������
9HU\�,PSRUWDQW��9,�� �෨� ���������� ����������������
$EVROXWHO\�,PSRUWDQW��$,�� �෨� ���������� ����������������
�

�
7KHUH�DUH�PDQ\�IX]]\�$+3�PHWKRGV�IRU�FDOFXODWLQJ�ZHLJKWV�WR�EH�XVHG�LQ�VXSHUPDWUL[�RI�$13��7KHVH�PHWKRGV�

ZHUH� SURSRVHG� E\� YDULRXV� DXWKRUV� LQ� WKH� OLWHUDWXUH� �%XFNOH\�� ������ &KDQJ�� ������ ������ &KHQJ�� ������ 'HQJ�� ������
/HXQJ�	�&DR��������0LNKDLORY��������9DQ�/DDUKRYHQ�	�3HGU\F]���������7KHVH�PHWKRGV�DUH�V\VWHPDWLF�DSSURDFKHV�WR�
WKH�DOWHUQDWLYH�VHOHFWLRQ�DQG�MXVWLILFDWLRQ�SUREOHP�E\�XVLQJ�WKH�FRQFHSWV�RI� IX]]\�VHW� WKHRU\�DQG�KLHUDUFKLFDO�VWUXFWXUH�
DQDO\VLV��<�NVHO�DQG�'D÷GHYLUHQ���������,Q�WKLV�VWXG\��&KDQJ¶V��������H[WHQW�DQDO\VLV�PHWKRG�LV�HPSOR\HG��7KH�H[WHQW�
DQDO\VLV�PHWKRG�LV�GHVFULEHG�EHORZ��
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/HW�� = {��,��, … ,��}�EH� DQ� REMHFW� VHW�� DQG�� = {��,��, … ,��}�EH� D� JRDO� VHW�� $FFRUGLQJ� WR� WKH� PHWKRG��
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ZKHUH�G�LV�WKH�RUGLQDWH�RI�WKH�KLJKHVW�LQWHUVHFWLRQ�SRLQW�G�EHWZHHQ����DQG�����VHH�)LJ������%RWK�YDOXHV�RI��(�� ൒ ��)�
DQG��(�� ൒ ��)�DUH�UHTXLUHG�LQ�RUGHU�WR�FRPSDUH����DQG�����
�
6WHS� ��� 7KH� GHJUHH� SRVVLELOLW\� IRU� D� FRQYH[� IX]]\� QXPEHU� WR� EH� JUHDWHU� WKDQ� N� FRQYH[� IX]]\� QXPEHUV���(� =
�, �, … ,�)�FDQ�EH�GHILQHG�E\�
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�
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Fig. 3.�7KH�LQWHUVHFWLRQ�EHWZHHQ����DQG����
�
4.3. VIKOR Method 
 

9,.25� ZDV� GHYHORSHG� E\� 2SULFRYLF� ������� DQG� 2SULFRYLF� DQG� 7]HQJ� ������� ZLWK� WKH� 6HUELDQ� QDPH��
9OVH.ULWHULMXPVND�2SWLPL]DFLMD�,�.RPSURPLVQR�5HVHQMH��PHDQV�PXOWL�FULWHULD�RSWLPL]DWLRQ�DQG�FRPSURPLVH�VROXWLRQ��
7KH� 9,.25�PHWKRG� ZDV� GHYHORSHG� IRU� PXOWLFULWHULD� RSWLPL]DWLRQ� RI� FRPSOH[� V\VWHPV� DQG� WKLV� PHWKRG� IRFXVHV� RQ�
UDQNLQJ�DQG�VHOHFWLQJ� IURP�D� VHW�RI�DOWHUQDWLYHV��DQG�GHWHUPLQHV�FRPSURPLVH�VROXWLRQV� IRU�D�SUREOHP�ZLWK�FRQIOLFWLQJ�
FULWHULD��ZKLFK�FDQ�KHOS�WKH�GHFLVLRQ�PDNHUV�WR�UHDFK�D�ILQDO�GHFLVLRQ��'HYHORSPHQW�RI�WKH�9,.25�PHWKRG�VWDUWHG�ZLWK�
WKH�IROORZLQJ�IRUP�RI�/S�PHWULF��
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�
�� = � (כ� ି �� )

(�షିכ�)
+ (� െ�) (כ� ି �� )

(�షିכ�)
� �����

ZKHUH�

כ� = ���������ି = כ��������� = ���������ି = ��������

DQG� Y� LV� LQWURGXFHG� DV� WKH� ZHLJKW� IRU� WKH� VWUDWHJ\� RI� PD[LPXP� JURXS� XWLOLW\�� ZKHUHDV� ��� ±� Y�� LV� WKH� ZHLJKW� RI� WKH�
LQGLYLGXDO�UHJUHW��
�

6WHS����5DQN�RU�LPSURYH�WKH�DOWHUQDWLYHV�IRU�D�FRPSURPLVH�VROXWLRQ��2UGHU�WKHP�GHFUHDVLQJO\�E\�WKH�YDOXH�RI�
�������DQG�����3URSRVH�WKH�DOWHUQDWLYH��(�)DV�D�FRPSURPLVH�VROXWLRQ�ZKLFK�LV�DUUDQJHG�E\�WKH�PHDVXUH�PLQ���ZKHQ�
WKH�WZR�FRQGLWLRQV�DUH�VDWLVILHG��
�
C1.�$FFHSWDEOH�DGYDQWDJH��

݈ଶ� ݉ଶ� �ଶ�݈ଵݑ ݉ଵ� �ଵݑ

ଶܯ)ܸ ൒ �(ଵܯ
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�
�(����) െ  �(����) ൒ �/(� െ �)�
�
ZKHUH�P�LV�WKH�QXPEHU�RI�DOWHUQDWLYHV�DQG��(�)�LV�WKH�VHFRQG�SRVLWLRQ�LQ�WKH�DOWHUQDWLYHV�UDQNHG�E\������
�
C2.�$FFHSWDEOH�VWDELOLW\�LQ�GHFLVLRQ�PDNLQJ��$OWHUQDWLYH������PXVW�DOVR�EH�WKH�EHVW�UDQNHG�E\����RU�DQG������
�
,I�RQH�RI�WKH�FRQGLWLRQV�LV�QRW�VDWLVILHG��WKHQ�D�VHW�RI�FRPSURPLVH�VROXWLRQV�LV�SURSRVHG��ZKLFK�FRQVLVW�RI��
�
x $OWHUQDWLYHV������DQG������LI�RQO\�WKH�FRQGLWLRQ�&��LV�QRW�VDWLVILHG��
RU�
x $OWHUQDWLYHV������ ������ �� �� �� ��0��LI� WKH�FRQGLWLRQ�&�� LV�QRW� VDWLVILHG����0��� LV�GHWHUPLQHG�E\� WKH� UHODWLRQ�4���0��� ��

4���0�����'4�IRU�PD[LPXP�0��WKH�SRVLWLRQV�RI�WKHVH�DOWHUQDWLYHV�DUH�FORVH���
�
5. Implementation and Discussion 
 

7KH�FDVH�VWXG\�LV�LPSOHPHQWHG�LQ�6DNDU\D��7XUNH\��)LUVW��LQWHUDFWLRQV�DPRQJ�WKH�PDLQ�FULWHULD�DUH�GHULYHG�DVNLQJ�
H[SHUW�RSLQLRQV�DQG�XVLQJ�IX]]\�'(0$7(/�DSSURDFK��7KHQ�IX]]\�$13�PHWKRG�LV�LPSOHPHQWHG�DFFRUGLQJ�WR�WKH�H[SHUW�
RSLQLRQV� LQ� RUGHU� WR� FDOFXODWH� WKH� ORFDO� ZHLJKWV� RI� WKH� VXE�FULWHULD�� $IWHU� GHWHUPLQLQJ� WKH� ZHLJKWV�� ILYH� 60(V� DUH�
LQYHVWLJDWHG� DQG� JUDGHG� DFFRUGLQJ� WR� HDFK� VXE�FULWHULRQ�� $V� D� UHVXOW�� HDFK� 60(� LV� VFRUHG� EHWZHHQ� �� DQG� ����
LPSOHPHQWLQJ�7236,6�PHWKRG��

7KH� HYDOXDWLRQ� RI� RQH� RI� WKH� H[SHUWV� LQ� WHUPV� RI� WKH� HIIHFW� EHWZHHQ� WKH� FULWHULD� LV� JLYHQ� LQ� 7DEOH� ��� 7KH�
FRUUHVSRQGLQJ�WULDQJXODU�IX]]\�QXPEHUV�IRU�WKH�OLQJXLVWLF�WHUPV�RI�WKH�H[SHUW�DUH�JLYHQ�LQ�7DEOR����7KH�OLQJXLVWLF�WHUPV�
DQG� FRUUHVSRQGLQJ� IX]]\� QXPEHUV� ZKLFK� ZHUH� XVHG� GXULQJ� IX]]\� '(0$7(/� DSSURDFK� ZHUH� JLYHQ� LQ� 7DEOH� ���
6LPLODUO\��DOO�RI�WKH�HYDOXDWLRQV�IURP�WKH�UHVW�RI�WKH�H[SHUWV�DUH�REWDLQHG�DQG�WKHQ�DYHUDJHV�RI�UHODWHG�WULDQJXODU�IX]]\�
QXPEHUV�DUH�FDOFXODWHG�XVLQJ�(T�� �����7KH�DYHUDJH�YDOXHV� DUH�JLYHQ� LQ�7DEOH����7KH�QRUPDOL]HG�GLUHFW�UHODWLRQ� IX]]\�
PDWUL[� LV� REWDLQHG� XVLQJ�(TV�� ��� DQG� ��� DQG� WKH� UHVXOW� LV� VKRZQ� LQ�7DEOH� ���$IWHU� FDOFXODWLQJ� WKH� QRUPDOL]HG� GLUHFW�
UHODWLRQ�IX]]\�PDWUL[��WKH�WRWDO�UHODWLRQ�IX]]\�PDWUL[�LV�REWDLQHG�XVLQJ�(TV���������DQG�����7KH�WRWDO�UHODWLRQ�IX]]\�PDWUL[�
LV�VKRZQ�LQ�7DEOH����

�
Table 4��/LQJXLVWLF�HYDOXDWLRQ�RI�DQ�H[SHUW�LQ�WHUPV�RI�HIIHFW�DPRQJ�WKH�FULWHULD�

� &�� &�� &�� &�� &�� &�� &��
&�� 1� 0� +� +� 9+� 9+� 0�
&�� 0� 1� /� 0� 0� 0� 0�
&�� +� /� 1� +� 0� 0� 0�
&�� +� +� 0� 1� /� /� /�
&�� 9+� +� +� +� 1� 0� +�
&�� +� /� 0� /� 0� 1� 0�
&�� 9+� /� 0� +� 0� 0� 1�

�
Table 5��&RUUHVSRQGLQJ�WULDQJXODU�IX]]\�QXPEHU�IRU�OLQJXLVWLF�HYDOXDWLRQ�

� &�� &�� &�� &�� &�� &�� &��
&�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

�
�
Tablo 6��7KH�LQLWLDO�GLUHFW�UHODWLRQ�IX]]\�PDWUL[�
� &�� &�� &�� &�� &�� &�� &��

&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
�
�
�
�
�
�
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Tablo 7��7KH�QRUPDOL]HG�GLUHFW�UHODWLRQ�IX]]\�PDWUL[�
� &�� &�� &�� &�� &�� &�� &��

&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
�
�
Tablo 8��7KH�WRWDO�UHODWLRQ�IX]]\�PDWUL[�
� &�� &�� &�� &�� &�� &�� &��

&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
�
�

7KH� IX]]\� YDOXHV� LQ� WRWDO�UHODWLRQ� IX]]\� PDWUL[� LV� GHIX]]LILHG� E\� &)&6� PHWKRG� XVLQJ� (TV�� �������� 7KHQ��
(�෩�

��� + �෩�
���) �DQG�(�෩�

��� െ�෩�
���) �YDOXHV� DUH� FDOFXODWHG� DQG� VKRZQ� LQ� 7DEOH� ��� 7KH� WKUHVKROG� YDOXH� LV�

GHWHUPLQHG�DV������DFFRUGLQJ�WR�WKH�H[SHUW�RSLQLRQV��7KH�YDOXHV�DERYH�WKH�WKUHVKROG�DUH�UHSUHVHQWHG�LQ�EROG�LQ�WKH�WDEOH�
ZKLFK� JLYHV� WKH� FDXVH� DQG� HIIHFW� UHODWLRQVKLS� DPRQJ� WKH� FULWHULD�� %\� XVLQJ� WKH� GDWDVHW� ��෩�

��� + �෩�
��� �� DQG�

��෩�
��� െ�෩�

��� �� JLYHQ� LQ� 7DEOH� ��� WKH� FDXVDO� GLDJUDP� FRXOG� EH� SORWWHG� DV� LQ� )LJ� ��� 7KH� LPSDFW� UHODWLRQ� PDS�
LQGLFDWLQJ�FDXVH�DQG�HIIHFW� UHODWLRQVKLS�DPRQJ�PDLQ�FULWHULD�FDQ�EH� LOOXVWUDWHG�DV� LQ�)LJ�����EDVHG�RQ� WKH� LQIRUPDWLRQ�
JLYHQ�LQ�7DEOH����
�
�
Table 9��'HIX]]LILHG�WRWDO�UHODWLRQ�PDWUL[�

� &�� &�� &�� &�� &�� &�� &�� �෩�
���� �෩�

���

+ �෩�
����

�෩�
���

െ�෩�
����

&�� ����� 0.50 0.49 0.50 0.53 0.51 ����� ����� ����� ������
&�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ������
&�� 0.53 ����� ����� 0.51 0.49 ����� ����� ����� ����� �����
&�� 0.52 ����� ����� ����� ����� ����� ����� ����� ����� ������
&�� 0.59 0.51 0.51 0.53 ����� 0.52 0.50 ����� ����� �����
&�� 0.52 ����� ����� ����� ����� ����� ����� ����� ����� ������
&�� 0.51 ����� ����� ����� ����� ����� ����� ����� ����� �����
5෩L

GHI� ����� ����� ����� ����� ����� ����� ����� � � �
�
�
�
�

�
Fig. 3��7KH�LQIOXHQFH�GLDJUDP�RI�WKH�PDLQ�FULWHULD�
�
�
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Fig. 4.�7KH�LPSDFW�UHODWLRQ�PDS�IRU�PDLQ�FULWHULD�

�

$FFRUGLQJ�WR�WKH�FDXVH�DQG�HIIHFW�UHODWLRQVKLS�H[WUDFWHG�IURP�WKH�IX]]\�'(0$7(/�PHWKRG��WKH�ZHLJKWV�RI�WKH�
VXE�FULWHULD�DUH�FDOFXODWHG� IROORZLQJ� IX]]\�$13�DSSURDFK� LQ�RUGHU� WR� IRUP� WKH� VXSHUPDWUL[��)RU�H[DPSOH�� VLQFH� ³&���
6WUDWHJLF�0DQDJHPHQW´� HIIHFWV� ³&���3URFHVV�0DQDJHPHQW´�� WKH� IX]]\� HYDOXDWLRQ�RI� LPSRUWDQFH�RI� VXE�FULWHULD� RI�&��
�&����&���DQG�&����LQ�WHUPV�RI�&���LV�JLYHQ�LQ�7DEOH�����7KHQ�JHRPHWULF�DYHUDJH�LV�WDNHQ�DIWHU�REWDLQLQJ�HYDOXDWLRQV�
RI�WKH�UHVW�RI�WKH�H[SHUWV�LQ�RUGHU�WR�FDOFXODWH�WKH�ORFDO�ZHLJKWV�XVLQJ�(TV�����������7KH�UHVXOW�LV�VKRZQ�LQ�7DEOH�����

7KH�UHVW�RI� WKH�ORFDO�ZHLJKWV�DUH�FDOFXODWHG�LQ� WKH�VDPH�ZD\�EDVHG�RQ�WKH�LQWHUDFWLRQ�GHULYHG�IURP�WKH�IX]]\�
'(0$7(/��7KH�VXSHUPDWUL[�LV�IRUPHG�IRU�WKH�VXE�FULWHULD�DQG�WKH�ORFDO�ZHLJKWV�FDOFXODWHG�DUH�SODFHG�LQWR�WKH�PDWUL[�
DFFRUGLQJO\�� 7KH� XQZHLJKWHG� VXSHUPDWUL[� LV� SUHVHQWHG� LQ� 7DEOH� ���� 7KHQ�� XQZHLJKWHG� VXSHUPDWUL[� LV� QRUPDOL]HG� WR�
WUDQVIRUP�LW�WKH�ZHLJKWHG�VXSHUPDWUL[�LQ�ZKLFK�HDFK�RI�LWV�FROXPQV�VXPV�WR����7KH�SRZHU�RI�WKH�ZHLJKWHG�VXSHUPDWUL[�LV�
WDNHQ� XQWLO� WKH�YDOXHV�RI� HDFK� FROXPQ�DUH� VWDELOL]HG� DQG� HTXDO��7KHVH� FDOFXODWLRQV� DUH� LPSOHPHQWHG�XVLQJ�0$7/$%�
VRIWZDUH�DQG�WKH�OLPLW�VXSHUPDWUL[�LV�REWDLQHG�ZKLFK�LV�JLYHQ�LQ�7DEOH�����$Q\�FROXPQ�RI�WKH�PDWUL[�VKRZV�WKH�ZHLJKWV�
RI�FRUUHVSRQGLQJ�VXE�FULWHULD��

�
�
�

Tablo 10. 3DLUZLVH�FRPSDULVRQ�PDWUL[�RI�DQ�H[SHUW�WHUPV�RI�&����6WUDWHJLF�$QDO\VLV�

/LQJXLVWLF�YDULDEOHV� � )X]]\�QXPEHUV�
� &��� &��� &��� � � &��� &��� &���
&��� (,� 6,� 9,� � &��� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� � (,� :,� � &��� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� � � (,� � &��� ����� ����� ����� ����� ����� ����� ����� ����� �����
�

�

Tablo 11. *HRPHWULF�DYHUDJH�RI�DOO�WKH�H[SHUW�HYDOXDWLRQV��DQG�WKH�ZHLJKWV�

� &��� &��� &��� :L�
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� 0.95 
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� 0.05 
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� 0.00 
�

�

�

�

�

�

�

�

�

&���6WUDWHJLF�
0DQDJHPHQW�

�

&���3URFHVV�
0DQDJHPHQW��

�

�

&���7HFKQRORJ\�
0DQDJHPHQW��

�

�

�

&���.QRZOHGJH�
0DQDJHPHQW��

�

�

�
&���3URGXFW�
0DQDJHPHQW��

�

�

�

�

&���(QWHUSULVH�
(QYLURQPHQW�
0DQDJHPHQW��

�

�

�

�

&���+XPDQ�
5HVRXUFH�

0DQDJHPHQW��
�

�

�
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Tablo 12. 8QZHLJKWHG�VXSHUPDWUL[�

�
&��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &���

&��� �� �� �� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� �� �� �� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� �� �� �� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� �� �� �� �� �� �� �� �� �� ����� ����� ����� �� �� �� �� �� ��
&��� ����� ����� ����� �� �� �� �� �� �� �� �� �� ����� ����� ����� �� �� �� �� �� ��
&��� ����� ����� ����� �� �� �� �� �� �� �� �� �� ����� ����� ����� �� �� �� �� �� ��
&��� ����� ����� ����� �� �� �� �� �� �� �� �� �� ����� ����� ����� �� �� �� �� �� ��
&��� ����� ����� ����� �� �� �� �� �� �� �� �� �� ����� ����� ����� �� �� �� �� �� ��
&��� ����� ����� ����� �� �� �� �� �� �� �� �� �� ����� ����� ����� �� �� �� �� �� ��
&��� ����� ����� ����� �� �� �� ����� ����� ����� �� �� �� ����� ����� ����� �� �� �� �� �� ��
&��� ����� ����� ����� �� �� �� ����� ����� ����� �� �� �� ����� ����� ����� �� �� �� �� �� ��
&��� ����� ����� ����� �� �� �� ����� ����� ����� �� �� �� ����� ����� ����� �� �� �� �� �� ��
&��� ����� ����� ����� �� �� �� ����� ����� ����� �� �� �� �� �� �� �� �� �� �� �� ��
&��� ����� ����� ����� �� �� �� ����� ����� ����� �� �� �� �� �� �� �� �� �� �� �� ��
&��� ����� ����� ����� �� �� �� ����� ����� ����� �� �� �� �� �� �� �� �� �� �� �� ��
&��� ����� ����� ����� �� �� �� �� �� �� �� �� �� ����� ����� ����� �� �� �� �� �� ��
&��� ����� ����� ����� �� �� �� �� �� �� �� �� �� ����� ����� ����� �� �� �� �� �� ��
&��� ����� ����� ����� �� �� �� �� �� �� �� �� �� ����� ����� ����� �� �� �� �� �� ��
&��� �� �� �� �� �� �� �� �� �� �� �� �� ����� ����� ����� �� �� �� �� �� ��
&��� �� �� �� �� �� �� �� �� �� �� �� �� ����� ����� ����� �� �� �� �� �� ��
&��� �� �� �� �� �� �� �� �� �� �� �� �� ����� ����� ����� �� �� �� �� �� ��
�

�

Tablo 13. /LPLW�VXSHUPDWUL[ 

�
&��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &���

&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
&��� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
�
�

$IWHU�FDOFXODWLQJ�WKH�ZHLJKWV�RI�WKH�FULWHULD�� LW� LV� WLPH�WR�LPSOHPHQW�9,.25�PHWKRG��ZKLFK�LV�JRLQJ�WR�VFRUH�
LQVWLWXWLRQDOL]DWLRQ�OHYHO�RI�WKH�60(V�LQYHVWLJDWHG��)LYH�60(V�DUH�LQYHVWLJDWHG�LQ�6DNDU\D�UHJLRQ�DQG�DVVLJQHG�D�VFRUH�
EHWZHHQ� ������ WR� HDFK�60(� IRU� HDFK� FULWHULRQ��7KH� VFRUHV� DUH� JLYHQ� LQ�7DEOH� ������

כ �LV� WDNHQ� DV� ���� VLQFH� LW� LV� WKH�
PD[LPXP�VFRUH�RI�HDFK�FULWHULRQ�DQG���

ି �LV�WDNH�DV���VLQFH�LW�LV�WKH�PLQLPXP�VFRUH�RI�HDFK�FULWHULRQ��
9,.25�PHWKRG� LV� LPSOHPHQWHG� E\� XVLQJ� (T�� �������� LQ� RUGHU� WR� REWDLQ��������DQG����YDOXHV�� � 7DEOH� ���

VKRZV� WKH� UHVXOWV� UDQNHG�E\��������DQG����� ,W� LV� IRXQG�RXW� WKDW�� ILUP�'� LV� WKH�EHVW� LQVWLWXWLRQDOL]HG�RQH� DPRQJ� WKH�
DOWHUQDWLYHV��7KH�UHVW�RI�WKH�60(V�DUH�UDQNHG�DV�$��&��(�DQG�%��
�
�
�
�
�
�
�
�
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Tablo 14. (YDOXDWLRQ�RI�WKH�ILUPV�LQ�WHUPV�RI�WKH�VXE�FULWHULD 

�
$� %� &� '� (� ��

כ � ��
ି �

&��� ����� ����� ����� ����� ������ ���� ��
&��� ����� ���� ����� ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ������ ������ ������ ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ����� ����� ����� ������ ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
&��� ������ ����� ������ ����� ����� ���� ��
&��� ����� ����� ����� ����� ����� ���� ��
�

�
Tablo 15. 5DQNLQJ�WKH�60(V�

��� 5DQN�E\���� 5�� 5DQN�E\�5�� 4�� 5DQN�E\�4��

������ '� ������ $� ������ '�
������ &� ������ '� ������ $�
������ $� ������ (� ������ &�
������ (� ������ &� ������ (�
������ %� ������ %� ������ %�

 
 
6. Conclusion 
 

2QH� RI� WKH� PDLQ� REMHFWLYHV� RI� WKLV� VWXG\� LV� WR� PHDVXUH� LQVWLWXWLRQDOL]DWLRQ� OHYHO� RI� VPDOO� DQG� PHGLXP� VL]HG�
HQWHUSULVHV��60(V���7KH�DVVHVVPHQW�RI�LQVWLWXWLRQDOL]DWLRQ�SURFHVV�LV�EDVHG�RQ�PXOWLSOH�FULWHULD��7KHUHIRUH��PXOWL�FULWHULD�
GHFLVLRQ�PDNLQJ� WHFKQLTXHV� DUH� LPSOHPHQWHG�� 7KH� SURFHVV� DOVR� UHTXLUHV�PRUH� WKDQ� RQH� H[SHUW� RSLQLRQ�� 7KDW� LV� ZK\�
JURXS�GHFLVLRQ�PDNLQJ�DSSURDFK�LV�DSSOLHG�LQ�WKH�PHDVXUHPHQW�PRGHO��

,Q� WKLV� VWXG\�� IX]]\� K\EULG� PXOWL�FULWHULD� GHFLVLRQ� PDNLQJ� DSSURDFK� LV� XVHG� LQ� RUGHU� WR� PHDVXUH�
LQVWLWXWLRQDOL]DWLRQ� UHDGLQHVV� RI� 60(V�� )RU� DFKLHYLQJ� WKLV�� ILUVW� RI� DOO�� FULWHULD� DQG� VXE�FULWHULD� WKDW� LQGLFDWH� WKH�
LQVWLWXWLRQDOL]DWLRQ�UHDGLQHVV�OHYHO�RI�60(V�DUH�GHWHUPLQHG��7KHQ��LQWHUDFWLRQV�DPRQJ�PDLQ�FULWHULD�DUH�GHULYHG�E\�XVLQJ�
IX]]\�'(0$7(/�DSSURDFK��$FFRUGLQJ� WR� WKH� LQIOXHQFH�RI� HDFK� FULWHULRQ�RYHU�RWKHU� FULWHULD�� WKH�ZHLJKWV� RI� WKH� VXE�
FULWHULD� DUH� FDOFXODWHG� REWDLQLQJ� H[SHUWV¶� RSLQLRQ�� DQG� E\� XVLQJ� IX]]\�$13�PHWKRG�� 6HYHUDO� 60(V� DUH� HYDOXDWHG� LQ�
WHUPV�RI�WKH�FULWHULD�SUHGHILQHG�DQG�9,.25�PHWKRG�LV�LPSOHPHQWHG�IRU�PHDVXULQJ�WKH�LQVWLWXWLRQDOL]DWLRQ�OHYHO�RI�WKH�
60(V��7KH�SURSRVHG�DSSURDFK�FDQ�EH�DSSOLHG�IRU�RWKHU�PXOWL�FULWHULD�GHFLVLRQ�PDNLQJ�SUREOHPV��

�
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&KDQJ��'�<����������([WHQW�DQDO\VLV�DQG�V\QWKHWLF�GHFLVLRQ��RSWLPL]DWLRQ�WHFKQLTXHV�DQG�DSSOLFDWLRQV��9RO��������6LQJDSRUH��:RUOG�
6FLHQWLILF��

&KDQJ��'�<����������$SSOLFDWLRQV�RI�WKH�H[WHQW�DQDO\VLV�PHWKRG�RQ�IX]]\�$+3��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK����������
�����

&KHQJ�� &�+�� �������� (YDOXDWLQJ� QDYDO� WDFWLFDO�PLVVLOH� V\VWHPV� E\� IX]]\�$+3� EDVHG� RQ� WKH� JUDGH� YDOXH� RI�PHPEHUVKLS� IXQFWLRQ��
(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK���������������

'HQJ��+����������0XOWLFULWHULD�DQDO\VLV�ZLWK�IX]]\�SDLUZLVH�FRPSDULVRQ��,QWHUQDWLRQDO�-RXUQDO�RI�$SSUR[LPDWH�5HDVRQLQJ����������
�����

+R�� :��5�-��� 7VDL�� &��/��� 7]HQJ�� *��+��� )DQJ�� 6��.��� �������� &RPELQHG� '(0$7(/� WHFKQLTXH� ZLWK� D� QRYHO� 0&'0� PRGHO� IRU�
H[SORULQJ�SRUWIROLR�VHOHFWLRQ�EDVHG�RQ�&$30��([SHUW�6\VWHPV�ZLWK�$SSOLFDWLRQV��������±����

.DKYHFL��7�&�����������øPDODW�LúOHWPHOHULQGH�NXUXPVDOODúPD�YH�NXUXPVDO�PRGHOOHPH��3K'�WKHVLV��6DNDU\D�8QLYHUVLW\��

.DUSX]R÷OX��(����������%�\�\HQ�YH�*HOLúHQ�$LOH�ùLUNHWOHULQGH�.XUXPVDOODúPD��+D\DW�<D\ÕQODUÕ��

.RUNPD]��0�����������.XUXPVDOODúPD�QHGLU�YH�QLoLQ�JHUHNOLGLU"��'�Q\D�*D]HWHVL��
/HH�� :��6��� +XDQJ�� $�<��� &KDQJ�� <�<��� &KHQJ�� &�0��� �������� $QDO\VLV� RI� GHFLVLRQ� PDNLQJ� IDFWRUV� IRU� HTXLW\� LQYHVWPHQW� E\�

'(0$7(/�DQG�$QDO\WLF�1HWZRUN�3URFHVV��([SHUW�6\VWHPV�ZLWK�$SSOLFDWLRQV����������±������
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Abstract In most Photovoltaic (PV) systems, perturbation and observation (P&O) algorithm is 
used for tracking the maximum power point in the output power curve of the photovoltaic systems 
due to its easy implementation. Beside the easy implementation and quick response, P&O 
algorithm has an important disadvantage in oscillation around the maximum power point. This 
disadvantage causes a considerable power loss, which is crucial in PV systems. This paper 
provides a modified P&O algorithm for photovoltaic systems which eliminates undesirable 
oscillation very easily and effectively. In this method, the algorithm sets the power at the 
maximum power point and eliminates the oscillation when the power difference drops under an 
amount of delta. The proposed PV system has been simulated in MATLAB/Simulink and 
simulation results compared with particle swarm optimization method in PV systems. Most 
maximum power tracking applications especially in partial shade conditions use particle swarm 
optimization method to find the global maximum point in the output of the PV system. Therefore, 
the performances of both algorithms are also examined in this study under partial shade 
conditions.  

Key words: Maximum Power Point Tracker, Modified Perturb and Observe Algorithm, 
Oscillation  

. 
Introduction  
   
 

Renewable energy systems are very important issue for our future energy politic. Solar energy is the most important 
renewable energy resource because sun has an endless power source and it can be implement all kind of electrical 
machines easily. As is known, on the output power curve of the Photovoltaic (PV) systems except the partial shaded 
occasion, only one maximum point arises. Therefore, it is necessary to use –MPPT- Maximum Power Point Tracker for 
increasing PV efficiency and obtaining the maximum power through PV.  

The output power of PV module is nonlinear function of temperature, insolation, and thus linear control theory is not 
suitable for MPPTs. There are few MPPT methods have been presented in related literature. The “perturbation and 
observation” (P&O) method with fixed perturbation step, which is well known as the “hill-climbing method,” is widely 
applied in these controllers since the structure of PV generation systems are not complex [1]. 

However, power oscillations always appear in the method under steady states and reduce the efficiency of PV 
module. Some methods for avoiding the problems of the P&O method have been proposed. One of them is the “short-
circuit current method”. Although this method does not have power oscillations like those appearing in the P&O 
method, the power loss may increase since the short-circuit current is measured [2]. 

Furthermore, the variations of the proportionality coefficient between the optimal current of maximum power point 
(MPP) and the short-circuit current due to the temperature changing of PV module could reduce the control 
performance. Another proposed method is fuzzy control that focuses on the nonlinear characteristics of PV module, can 
adjust the perturbation step according to the work point of PV module. Power oscillation with enough small 
perturbation step may be reduced around MPP, however it is necessary to build control rules that meet the output 
characteristics of the PV module, the methods lack versatility. In addition, it takes much time to acquire the maximum 
power (MP) after extending or updating the PV modules. Moreover, there is the “incremental conductance method,” 
which can reduce the oscillation appearing in the ordinary P&O method. This technique searches for the MPP while 
checking the sign of the incremental conductance ( /dI dV ) [3]. 

In PV systems, PV modules are connected in series and parallel to obtain the desired voltage level. However, of all 
the PV arrays, not every module receives the same amount of solar energy (striking of photons on the PV module) at all 
time. There are times where some part of the PV arrays might be shaded by heavy cloud, trees, or nearby buildings. The 
shaded PV cells absorb a large amount of electric power generated by other PV cells that receive high illumination and 
convert it into heat. This situation is called the hot-spot problem, which may damage the PV cells with low illumination. 
In order to relieve the stress on the shaded PV cells, bypass diodes are normally connected in parallel with each PV 
modules. The inserted bypass diodes may cause multiple peaks are established in the P-V characteristic curves under 
partial shaded conditions [4]. 

Classic MPPT algorithms stack in to local maximum partial shade conditions. Herewith, designer needs a global 
maximum search algorithm in multiple peak conditions in PV systems. Particle Swarm Optimization (PSO) method is a 
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global maximum search algorithm which inspired from collective behavior of swarms. PSO algorithm is a robust and 
successful algorithm in PV systems for detecting global maximum point under partial shade conditions. 

In this paper firstly, mathematical model of photovoltaic will be analyzed. In section 3 classical, modified P&O 
MPPT algorithm and PSO algorithms will be introduce and in section 4 simulation and comparison results under 
unshaded conditions between classic and modified P&O MPPT algorithms will be shown. In section 5, simulation and 
comparison results  under partial shade condition between PSO algorithm and modified P&O algorithm will be given. 
The conclusion and comments about simulation results will be discuss in section 6.  
 
 

Mathematical Model of Photovoltaic Cell 

1.  

 

Figure 1. PV Cell equivalent circuit 

 

The simplest model of a PV cell consists of a current source in parallel connection with a diode as shown in figure 1. 
Photo current phI  is directly proportional to solar radiation G. Temperature T and photo current phI  have a linear 
relationship according to equation (1), where ( )ph TrefI   is photo current which corresponds to reference temperature refT . 
Equation (2) gives photo current at reference temperature. is a constant given by (3). In equation (2) and (3) refT is the 
nominal radiation given by PV’s constructor and SCI   is the short circuit current. All symbols are presented on figure 1 
and used in equations refer to a single PV cell.  

  

( ) 0(1 ( ))
refph ph T refI I K T T � � � �           (1) 

( ) ( )refph T SC Tref
ref

GI I
G

 �            (2) 

( ) ( )
0
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I I
K

T T
�

 
�

          (3) 

Diode’s current is given by (4), where CellV  and CellI  are output voltage and current for a single PV cell respectively, 

oI Io is diode’s saturation current, TV  thermal voltage of it and SR  is in series resistance. 

exp 1Cell Cell S
D o

T

V I R
I I

V
ª º§ ·� �

 � �« »¨ ¸
« »© ¹¬ ¼

          (4) 

International Science and Technology Conference, Dubai, 13-15 December 2012

53



ISTEC 20
12

Current SHI  through shunt resistance SHR  according to Ohm’s law is equal to: 

Cell Cell S
SH

SH

V I R
I

R
� �

             (5) 

Taking into account equations (1) – (5) and applying Kirchhoff’s current law, I –V characteristic equation (6) is resulted 
for PV cell:  

exp 1Cell Cell S Cell Cell S
Cell ph o

T SH

V I R V I R
I I I

V R
ª º§ ·� � � �

 � � � �« »¨ ¸
« »© ¹¬ ¼

          (6) 

Substituting in (6) equations (7) and (8) which gives output voltage V and current I respectively for Ns in series and Np 
in parallel PV cells and ignoring current through shunt resistance, equation (9) gives the general I – V characteristic for 
PVs. Equation (10) gives the output power of a PV module consisted of (Ns x Np) cells.    

S CellV N V �            (7) 

P CellI N I �            (8) 

exp 1

S
S

P ph P o
S T

NV I R
PI N I N I

N V

ª º§ ·§ ·� �« »¨ ¸¨ ¸
© ¹« »¨ ¸ � � � �

« »¨ ¸�
« »¨ ¸

© ¹¬ ¼

         (9) 

� �S P Cell CellP N N V I � � �            (10) 

 

Where SN  is the number of cells in series connected in a PV module. Equation (10) is able to be extended for a single 
PV array which consists of a number of PV modules and for a PV farm with many arrays [6]. 

The MATLAB simulation model of a PV module where SN cells in series connected is shown in Fig 2. 
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Figure 2 MATLAB Simulation model of PV module 

 
 
 

 

Classical P&O, Modified P&O and PSO MPPT Algorithms 

Classical P&O Algorithm: 
 
A Classic P&O method is the most simple, which moves the operating point toward the maximum power point 
periodically increasing or decreasing the PV array current by comparing power quantities between in the present and in 
the past. The basic flowchart of the P&O method is illustrated in Fig.  3.  The drawbacks will be analyzed in following 
paragraphs.  

, ,ref ref oldInitialize I I P'

pvMeasure P

?pv oldP P!

ref refI I'  �'

ref ref ref

old pv

I I I

P P

 � '

 

NOYES

Change 
direciton

Continue 
in the 
same 

direciton

 

International Science and Technology Conference, Dubai, 13-15 December 2012

55



ISTEC 20
12

 
Figure 3 The basic flowchart of Classic P&O Algorithm 

 
It was proved that the P&O method control system sometimes deviates from the maximum operating point. When the 
MPP is reached, the P&O method will oscillate around it in case of constant or slowly varying atmospheric conditions. 
This problem can be solved to decrease the perturbation step; however, the tracking response will be slower.  In  case  
of  rapidly  changing  atmospheric conditions, the  P&O method can  occasionally make  the system operation point  far 
from the MPP [6] . 
  
These control problems may be reduce by improving the algorithm. In the following sections, a modified P&O tracking 
algorithm will be presented. 
 
Modified P&O MPPT Algorithm: 
 
Modified P&O algorithm flowchart is shown in Fig 4. Minimum difference in output of PV power is assumed as H  or 

( oldP P P'  � ). This “ H ” value can be assumed as starting variation value of oscillation in the output PV power. This 

value can be determined as “
* *refI V kH  '

”. If the difference between previous and current power is smaller 

than” H ”, the reference current will be reset (
0refI'  

) and so oscillation will be extirpate.  
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Figure 4 The flowchart of Modified P&O algorithm 

 

PSO MPPT Algorithm: 
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The PSO method is a simple and effective metaheuristic approach that can be applied to a multivariable function 
optimization having many local optimal points [7,8,9,10]. Several cooperative agents are used, and each agent shares or 
exchanges information obtained in its respective search process. In this method, each agent moves with a velocity k

iv  
search space, and this movement depends on two factors: 1) its own previous best position and 2) the previous best 
position attained among all the agents. These points are expressed mathematically in two equations which specify the 
velocity and position update of the agent: 
 

1
1 1 2 2

k k
i i besti bestv wv c r p c r g�  � �           (11) 

1 1k k k
i i is s v� � �             (12) 

 

where w  is the learning factor; 1c  and 2c  are positive constants; 1r  and 2r  are the normalized random numbers and 
their range is (0—1). The variable bestip  is used to store the best position that the thi agent has found so far, and its 
position (13), is updated if condition (14) is satisfied. 

k
besti ip s             (13) 
( ) ( )k
i bestif s f p!             (14) 

 
Here f  is the objective function that is maximized in each iteration cycle. The variable bestg is used to store the best 
position attained among the agents. During this optimization process, the agents movement is spread over the search 
space in different directions and for illustration; the trajectory of various quantities for one iteration cycle is drawn in 
Fig. 5. 
 

 
Figure 5 Movement of a PSO agent in search space 

 
MATLAB Simulation model of implementing modified P&O MPPT algorithm in a PV system is shown in Fig 6. In this 
model six PV modules are connected in series for improving the outside power of PV system. 
 
Simulation Results under unshaded conditions 
 
The result of modified P&O MPPT algorithm and comparison between classic P&O algorithm and modified P&O 
algorithm is shown in Fig. 7. 
 

Insolation

MPPT Algorithm

 
Figure 6. MATLAB Simulation model of MPPT algorithm 
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Figure 7. Comparison between classic P&O algorithm and modified P&O algorithm 

 
Instant power variation around MPP between classic Algorithm and the modified P&O algorithm is given in Fig. 8 
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Figure 8 Instant power variation around MPP between classic Algorithm and the modified P&O algorithm 

 
It can be clearly seen from Fig. 7 and fig. 8 that modified P&O MPPT algorithm removes the oscillation around the 
MPP. Also it can be seen from same figures the algorithm is operating properly under different insolations. 
 
Partially shaded condition in PV systems 

 
If a PV array is partially shaded by a building, a tree, and/or clouds, it becomes insufficient for conventional MPPT 

schemes to extract maximum power. If modules with different optimal currents, caused by uneven insolation, are 
connected in series-parallel, MPPs often appear in the power versus voltage characteristic. This is because the optimal 
current of each PV module is nearly proportional to the insolation on it. Under these conditions, the conventional MPPT 
algorithm mostly finds local MPP instead of finding the global MPP. Hence, the generated PV power, as well as the 
overall system efficiency, is low [7]. 
 

A typical PV generation system is composed of several such modules to meet the load power demand. Let us assume 
that one module is fully illuminated, while the second one is partially shaded. Under this condition, the current flowing 
through the two modules is the same as the modules are connected in series, but the current generated by the second 
module is less than that of the fully illuminated module. Hence, the excess current must flow through the bypass diode. 
The V I� characteristics of an individual module as well as the total PV system are shown in Fig. 9 where the existence 
of two MPPs, i.e., the local and global MPPs,  are indicated. If there are more modules, the characteristics under uneven 
insolation are complicated, and may exhibit two or more MPPs. In such cases, it becomes difficult to realize the MPPT 
using conventional methods. Even if it is possible to identify the global MPP, each module cannot be operated at the 
optimal condition, as their optimal current is inherently different at different insolations. 
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Figure 9 Characteristic of Modules connected in series [7] 
 

Simulation results under partial shade Conditions 
 
Simulation results of P&O and PSO algorithms under different partial shade conditions are given below. In figure 10  
the 6th module of the PV system is exposed to shade with 60%. The same figure P-V curve of the system is also shown. 
The maximum power is 423 W under this shade conditions. From Fig.9 it could be clearly seen that the global 
maximum point is appear in the first hill. Therefore, proposed modified P&O algorithm could detect the global maxima 
in this shade condition. P&O and PSO algorithm results are given in Fig. 11. PSO and proposed modified P&O 
algorithms track same maximum power point under these conditions. 
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Figure 10 PV array with 1000 W/m2 solar irradiance with a 60% shade on sixth module. 
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Figure 11 PSO and proposed P&O algorithm results under determined shade conditions 

 
 
A different shade pattern applied to the same 6th moduled PV system. The shade percentages and maximum power 
points (MPP) are shown in Fig. 12. 
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Figure 12 PV array with 1000 W/m2 solar irradiance with a 60% shade on first and second, 45% on third, fourth and 

fifth module. 
 
Under this shade conditions which is given in Fig. 11, proposed modified P&O algorithm will hit the first peak of the 
local MPP. On the other hand, PSO will detect the global MPP in PV characteristic due to its global search behaviour. 
Simulation result of proposed modified P&O algorithm and the PSO algorithm are given in fig. 13. 
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Figure 13 PSO and proposed P&O algorithm results under determined shade conditions 

 
Conclusion and Comments 

 
Proposed modified P&O MPPT algorithm is removed the oscillation around the MPP which is a common problem 

in classical P&O algorithms. This algorithm also can be implemented very easily than the other modified P&O MPPT 
algorithms. Also this algorithm does not intent any additional complicated mathematical equations so this algorithm 
will be as fast as a classic P&O algorithm and implementation process will be extremely easy.  
Modified P&O algorithm has convincing results under unshaded conditions however the results will be considerably 
different under partial shaded conditions. The main reason of this result is about the behavior of P&O algorithms. This 
algorithm is a member of the hill climbing based algorithms which belongs to the family of local search. P&O is an 
iterative algorithm that starts with an arbitrary solution to a problem, then attempts to find a better solution by 
incrementally changing a single element of the solution. If the change produces a better solution, an incremental change 
is made to the new solution, repeating until no further improvements can be found. As a consequence, this behavior 
could reduce the output of the PV system power considerably under partial shade conditions. On the contrary, PSO 
algorithm is a highly convenient algorithm type towards partial shade conditions.   

 
As a result proposed algorithm has a good advantage about removing the oscillation in the classic P&O algorithms. 

Oscillation around MPP is the biggest problem of classic P&O algorithms and this algorithm solves this problem with a 
tiny change under unshaded conditions. However, from the results it could be easily said that under partial shade 
conditions PSO is a better choice for find the global maximum power point. 
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A NEW LAMINATE COMPOSITE SYSTEM: METALLIC-

INTERMETALLIC LAMINATE MATERIAL 
 
�

7XED�<HQHU�
�6DNDU\D�8QLYHUVLW\��(QJLQHHULQJ�)DFXOW\��'HSDUWPHQW�RI�0HWDOOXUJ\�DQG�0DWHULDOV�(QJLQHHULQJ�

�WFHUH]FL#VDNDU\D�HGX�WU��
=H\QHS�g]WHNLQ�

6DNDU\D�8QLYHUVLW\��(QJLQHHULQJ�)DFXOW\��'HSDUWPHQW�RI�0HWDOOXUJ\�DQG�0DWHULDOV�(QJLQHHULQJ�
�J���������#VDNDU\D�HGX�WU��

øEUDKLP�$OWÕQVR\�
�6DNDU\D�8QLYHUVLW\��(QJLQHHULQJ�)DFXOW\��'HSDUWPHQW�RI�0HWDOOXUJ\�DQG�0DWHULDOV�(QJLQHHULQJ�

�LDOWLQVR\#VDNDU\D�HGX�WU��
*|]GH�)�dHOHEL�(IH�

6DNDU\D�8QLYHUVLW\��.DUDVX�9DFRWLRQDO�+LJK�6FKRRO��'HSDUWPHQW�RI�0DFKLQHU\�DQG�0HWDO�7HFKQRORJLHV��
�JFHOHEL#VDNDU\D�HGX�WU��

6DNLQ�=H\WLQ�
6DNDU\D�8QLYHUVLW\��(QJLQHHULQJ�)DFXOW\��'HSDUWPHQW�RI�0HWDOOXUJ\�DQG�0DWHULDOV�(QJLQHHULQJ�

�]H\WLQ#VDNDU\D�HGX�WU��
 
 

Abstract: 0HWDOOLF�LQWHUPHWDOOLF� ODPLQDWH� �0,/�� FRPSRVLWHV� FRQVLVWLQJ� RI�
DOWHUQDWLQJ� OD\HUV� RI� 7D��$O� DQG� WKH� LQWHUPHWDOOLF�$O�7D� KDYH� EHHQ� IDEULFDWHG� E\�
UHDFWLYH� IRLO� VLQWHULQJ� LQ� RSHQ� DWPRVSKHULF� IXUQDFH�� ,Q� WKLV� VWXG\�� WDQWDOXP� DQG�
DOXPLQXP�IRLOV�ZLWK�LQLWLDO�WKLFNQHVVHV�RI������P�ZHUH�XVHG��6LQWHULQJ�SURFHVV�KDV�
FDUULHG� DW� �������� DQG� ���� �&� IRU� �� DQG� ���� KRXUV� XQGHU� ��03D� SUHVVXUH�� 7KH�
DOXPLQLXP� IRLO� ZDV� FRQVXPHG� E\� IRUPLQJ� D� WDQWDOXP� DOXPLQLGH� LQWHUPHWDOOLF�
FRPSRXQG�� 7KXV�� WKH� ILQDO� PLFURVWUXFWXUH� FRQVLVWV� RI� DOWHUQDWLQJ� OD\HUV� RI�
LQWHUPHWDOOLF�FRPSRXQG�DQG�XQUHDFWHG�7D�PHWDO��0LFURVWUXFWXUDO�FKDUDFWHUL]DWLRQV�
RI� SURGXFHG� FRPSRVLWHV� KDYH� FRQGXFWHG� E\� XVLQJ� VFDQLQJ� HOHFWURQ� PLFURVFRSH��
+DUGQHVV�YDOXHV�RI�WHVW�VDPSOHV�KDYH�DOVR�PHDVXUHG�E\�YLFNHUV�LQGHQWDWLRQ�PHWKRG��
 
Key Words:�,QWHUPHWDOOLF��WDQWDOXP�DOXPLQLGH��ODPLQDWH�FRPSRVLWH��VLQWHULQJ�
 

�

Introduction 

,W� LV� ZHOO� NQRZQ� WKDW� WKH� ZLGHVSUHDG� HQJLQHHULQJ� DSSOLFDWLRQ� RI� FHUDPLFV� DQG� RWKHU� KLJKO\� EULWWOH� PDWHULDOV�� H�J��
LQWHUPHWDOOLF� FRPSRXQGV�� LV� VHYHUHO\� OLPLWHG� E\� WKHLU� ORZ� WRXJKQHVV�� $� QXPEHU� RI� WRXJKHQLQJ� VWUDWHJLHV� KDYH� EHHQ�
SURSRVHG�WR�LPSURYH�WKH�FULWLFDO�VWUHVV�LQWHQVLW\�UHTXLUHG�IRU�FUDFN�SURSDJDWLRQ��2QH�RI� WKH�PRVW�HIIHFWLYH�WRXJKHQLQJ�
WHFKQLTXHV�LV� WR�LQWURGXFH�D�GXFWLOH�SKDVH��ZKLFK�UHPDLQV�LQWDFW�DQG�EULGJHV�WKH�FUDFN�IDFHV�LQ�WKH�ZDNH�RI�D�JURZLQJ�
FUDFN��8QGHU�VXFK�D�FLUFXPVWDQFH��WKH�FUDFN�WLS�LV�VKLHOGHG�E\�WKH�FORVXUH�WUDFWLRQ�LPSRVHG�E\�WKH�SODVWLF�GHIRUPDWLRQ�RI�
GXFWLOH� OLJDPHQWV�� ,Q� SDUWLFXODU�� ZKHQ� OD\HUHG� GXFWLOH� SKDVHV� DUH� LQFRUSRUDWHG�� ODPLQDWH� FRPSRVLWHV� FDQ� EH� IRUPHG��
ZKLFK�HQKDQFH�WKH�WRXJKQHVV��2NWD\��������S������������3HQJ��������S�����������
0HWDOOLF�LQWHUPHWDOOLF�FRPSRVLWHV�FDQ�EH�GHVLJQHG�IRU�VWUXFWXUDO�XVH� WR�RSWLPL]H� WKH�XQLTXH�SURSHUWLHV�DQG�EHQHILWV�RI�
WKH�FRQVWLWXHQW�FRPSRQHQWV��UHVXOWLQJ�LQ�PDWHULDOV�WKDW�KDYH�WKH�KLJK�VWUHQJWK�DQG�VWLIIQHVV�RI�WKH�LQWHUPHWDOOLF�SKDVH�DQG�
WKH�KLJK�WRXJKQHVV�RI�WKH�PHWDO��3UR�LQWHUPHWDOOLFV�KDYH�EHHQ�UHLQIRUFHG�ZLWK�SDUWLFOHV��URGV��RU�OD\HUV�RI�GXFWLOH�PHWDOV�
LQ�HIIRUWV�WR�LQFUHDVH�WRXJKQHVV��'XFWLOH�SKDVH�UHLQIRUFHPHQW�RI�EULWWOH�PDWHULDOV�XWLOL]HV�FUDFN�ODPLQDWH�LQWHUDFWLRQV�WR�
JHQHUDWH�D�]RQH�RI�EULGJLQJ�OLJDPHQWV�WKDW�UHVWULFW�FUDFN�RSHQLQJ�DQG�JURZWK�E\�JHQHUDWLQJ�FORVXUH�WUDFWLRQV�LQ�WKH�FUDFN�
ZDNH� DQG� XWLOL]H� WKH� ZRUN� RI� SODVWLF� GHIRUPDWLRQ� LQ� WKH� GXFWLOH� PHWDO� SKDVH� WR� LQFUHDVH� IUDFWXUH� UHVLVWDQFH� RI� WKH�
FRPSRVLWH��'DYLG���������
�
/DPLQDWH�FRPSRVLWHV�DUH�EHLQJ�LQWHQVLYHO\�VWXGLHG�IRU�D�QXPEHU�RI�SRWHQWLDO�DSSOLFDWLRQV��HOHFWURQLF�GHYLFHV��VWUXFWXUDO�
FRPSRQHQWV�� DUPRU�� HWF�� &HUDPLF±FHUDPLF�� PHWDO±FHUDPLF�� PHWDO±PHWDO�� PHWDO±FHUDPLF±LQWHUPHWDOOLF� DQG� PHWDO±
LQWHUPHWDOOLF�V\VWHPV�KDYH�VKRZQ�GHVLUDEOH�SURSHUWLHV��7LH]KHQJ��������S���������,Q�SDUWLFXODU��WKH�7L±$O�7L�V\VWHP�KDV�
D� JUHDW� SRWHQWLDO� IRU� VWUXFWXUDO� DSSOLFDWLRQV� EHFDXVH� RI� LWV� ORZ� GHQVLW\� DQG� H[FHOOHQW� VSHFLILF� PHFKDQLFDO� SURSHUWLHV�
�5RKDWJL��������S������������3ULFH��������S������������
 
7LWDQLXP±WLWDQLXP� WUL�DOXPLQLGH� �7L±$O�7L�� PHWDOOLF±LQWHUPHWDOOLF� ODPLQDWH� �0,/�� FRPSRVLWHV� KDYH� EHHQ� SURGXFHG�
IURP� HOHPHQWDO� WLWDQLXP� DQG� DOXPLQXP� IRLOV� E\� D� QRYHO� RQH�VWHS� SURFHVV� XWLOL]LQJ� D� FRQWUROOHG� UHDFWLRQ� DW� HOHYDWHG�
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WHPSHUDWXUH�DQG�SUHVVXUH��2I� WKH�YDULRXV�SRVVLEOH�DOXPLQLGHV� LQ� WKH�7L±$O� V\VWHP�� WKH� IRUPDWLRQ�RI� WKH� LQWHUPHWDOOLF�
$O�7L�LV� WKHUPRG\QDPLFDOO\�DQG�NLQHWLFDOO\�IDYRUHG�RYHU�WKH�IRUPDWLRQ�RI�RWKHU�DOXPLQLGHV�ZKHQ�UHDFWLQJ�$O�GLUHFWO\�
ZLWK�7L��7KLV�SUHIHUHQWLDO�IRUPDWLRQ�RI�$O�7L�LV�IRUWXLWRXV�DV�LWV�<RXQJ¶V�PRGXOXV������*3D��DQG�R[LGDWLRQ�UHVLVWDQFH�
DUH� KLJKHU�� DQG� WKH� GHQVLW\� ����� J�FP��� ORZHU� WKDQ� WKDW� RI� WKH� RWKHU� WLWDQLXP� DOXPLQLGHV� VXFK� DV� 7L�$O� DQG� 7L$O 
(�5RKDWJL��������S������������=H\WLQ���������
�
,QWHUPHWDOOLF� FRPSRXQGV� EDVHG� XSRQ� DOXPLQLGHV� RI� VHYHUDO� WUDQVLWLRQ� PHWDOV� VXFK� DV� LURQ�� QLFNHO�� WLWDQLXP�� FREDOW��
QLRELXP�� DQG� WDQWDOXP�KDYH�EHHQ� UHFRJQL]HG� DV�SRWHQWLDO� FDQGLGDWHV� IRU� WKH� KLJK�WHPSHUDWXUH� VWUXFWXUDO� DSSOLFDWLRQV��
$PRQJ�YDULRXV�DOXPLQLGHV�RI�WUDQVLWLRQ�PHWDOV��WKH�FRPSRXQGV�LQ�WKH�7D±$O�V\VWHP�KDYH�EHHQ�RI�JUHDW�LQWHUHVW�IRU�WKHLU�
H[FHOOHQW�PHFKDQLFDO�SURSHUWLHV�DQG�KLJK�GHJUHH�RI�VWUXFWXUDO�FRPSOH[LW\��7KH�7D±$O�SKDVH�GLDJUDP�GHSLFWHG�LQ�)LJ����
VKRZV�WKH�H[LVWHQFH�RI�IRXU�DOXPLQLGHV��LQFOXGLQJ�7D�$O��7D$O��7D$O���DQG�7D$O����<HK��������S�����������
�
7KH\�DUH�VWDEOH��UHIUDFWRU\�DQG�UHIOHFWLYH��DQG�KDYH�EHHQ�SURSRVHG�DV�PLUURU�FRDWLQJV�IRU�XVH�LQ�WKH�,5��0HOWLQJ�SRLQW�RI�
�����&�DQG�WKH�GHQVLW\�LV������J�FPñ��%HFDXVH�RI�WKLV�DVSHFWV��WDQWDOXP�DOXPLQLGHV�DUH�FDQ�EH�XVHG�LQ�KLJK�WHPSHUDWXUH�
DSSOLFDWLRQV��KWWS���HQ�ZLNLSHGLD�RUJ��������

7DQWDOXP�DOXPLQXP�V\VWHP�LV�RQH�RI�WKH�PRVW�ZHOO�NQRZQ�LQ�WHUPV�RI�WKH�IRUPDWLRQ�RI�LQWHUPHWDOOLF�SKDVH��7KLV�V\VWHP�
LV� DOVR� LQ� WKH� SULRULW\� DPRQJ� LQ� ODPLQDWH� FRPSRVLWH� V\VWHPV�� 7KH� REMHFWLYH� RI� WKH� SUHVHQW� UHVHDUFK� LV� WR� V\QWKHVL]H�
WDQWDOXP�WDQWDOXP�DOXPLQLGH�PHWDOOLF�LQWHUPHWDOOLF�FRPSRVLWHV�DQG�LWV�PLFURVWUXFWXUDO�FKDUDFWHUL]DWLRQ��

�

Figure 1:�7D�$O�SKDVH�GLDJUDP��<HK��������S����������

�

�

Materials and Method�

7KH�0,/�SURFHVV�FRQVLVWV�RI�VWDFNLQJ�FRPPHUFLDO�SXULW\�DOXPLQXP�DQG�WDQWDOXP�DOXPLQLGH�IRLOV� LQ�DOWHUQDWLQJ�OD\HUV��
7KH�IRLOV�ZHUH�SURYLGHG�IURP�$OID�$HVDU�&RPSDQ\�DQG�WKHLU�SURSHUWLHV�DUH�VKRZQ�LQ�WKH�WDEOH����
�

Table 1:�3URSHUWLHV�RI�IRLOV�XVHG�LQ�H[SHULPHQWV�
)RLO� 7KLFNQHVV��ȝP� 3XULW\����
7D� ���� �����
$O� ���� �����

�
�
7KH�IRLO�GLPHQVLRQV�ZHUH�LQLWLDOO\�VHOHFWHG�WR�FRPSOHWHO\�FRQVXPH�WKH�DOXPLQXP�LQ�IRUPLQJ�WKH�LQWHUPHWDOOLF�FRPSRXQG�
ZLWK�DOWHUQDWLQJ� OD\HUV�RI�SDUWLDOO\� XQUHDFWHG�7D�PHWDO��7KH�GLPHQVLRQV�RI� WKH�SURFHVVHG�VDPSOHV�DUH� LQ� WKH� VKDSH�RI�
SODWHOHWV� DV� ��PPî��PP��6DPSOHV�ZHUH� FOHDQHG�ZLWK� DOFRKRO� DQG� GULHG�EHIRUH� VWDFNLQJ� SURFHVV�� ,Q� HDFK� VWDFN�ZDV�
FRQVLVWLQJ�RI��� WDQWDOXP�DQG���DOXPLQXP� IRLO� DV� LQ� VKRZQ�)LJ��D��$Q� LQLWLDO�SUHVVXUH�RI�����03D� LV�DSSOLHG�DW� URRP�
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WHPSHUDWXUH� WR� HQVXUH� JRRG� FRQWDFW� EHWZHHQ� IRLOV� �)LJ��E��� 6LQWHULQJ� SURFHVV� LV� DSSOLHG� LQ� DQ� RSHQ� DLU�� HOHFWULFDO�
UHVLVWDQFH�IXUQDFH�DW��������������&�IRU���DQG�����KRXUV�IRU�HDFK�WHPSHUDWXUH��
�

�
�
�

Ta
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Ta
Al
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Al
Ta �

�

3UHVVXUH

�
�D�� �E��

�
Figure 2:�D��7DQWDOXP�$OXPLQXP�VWDFN���E��6FKHPDWLF�GLDJUDP�RI�WKH�V\QWKHVLV�DSSDUDWXV��,PDJH�LV�QRW�WR�VFDOH�DQG�

GRHV�QRW�VKRZ�WKH�ORDG�IUDPH��øSHN��������S������������
�
6DPSOHV�ZHUH�JURXQG� DQG�SROLVKHG� XVLQJ� VWDQGDUG�PHWDOORJUDSKLF� WHFKQLTXHV��0LFURVWUXFWXUH� DQDO\VHV�RI� FRPSRVLWHV�
ZHUH�SHUIRUPHG�ZLWK�D�-(2/�-60������PRGHO�VFDQQLQJ�HOHFWURQ�PLFURVFRSH��6(0���7KH�SUHVHQFH�RI�SKDVHV�IRUPHG�
ZLWKLQ�WKH�VLQWHUHG�VDPSOHV�ZDV�GHWHUPLQHG�E\�(QHUJ\�'LVSHUVLYH�6SHFWURVFRS\��('6���0LFURKDUGQHVV�RI�FRPSRVLWHV�
ZHUH�GHWHUPLQHG�XVLQJ� D�/HLFD�:0+7�0RG�PRGHO�9LFNHUV� KDUGQHVV� LQVWUXPHQW�XQGHU� DQ� DSSOLHG� ORDG�RI� ����J� IRU�
LQWHUPHWDOOLF�]RQH��DQG�����J�IRU�PHWDOOLF�]RQH��
 
Results and Discussion 

7KH� W\SLFDO�PLFURVWUXFWXUHV�RI� WKH�0,/�FRPSRVLWHV�DUH� VKRZQ� LQ�)LJ������7KH�SUHVHQFH�RI�GLIIHUHQW� UHJLRQV� LQGLFDWHV�
WKDW� GLIIHUHQW� SKDVHV� LQ� WKH� FRPSRVLWHV�� ,Q� UHODWLYHO\� ORZ� PDJQLILFDWLRQ� �)LJ���D�� LW� LV� VKRZQ� WKDW� IRLOV� DUH� VWDFNHG�
SURSHUO\��)XUWKHUPRUH�� WKH� ODPLQDWHG�FRPSRVLWHV�DUH�ZHOO�ERQGHG��7KHUH� LV�D� V\PPHWULF�FKDQJH� IURP�D� OLJKW�FRORUHG�
SKDVH�WR�DQRWKHU��)ROORZLQJ�WKH�OLJKW�FRORUHG�SKDVH�WKHUH�LV�D�JUH\�FRORUHG�IRUPDWLRQ��VXEVHTXHQWO\��GDUNHU�JUH\�FRORUHG�
SKDVH�DQG�LQ�WKH�FHQWHU�OLQH�D�EODFN�FRORUHG�SKDVH��7KH�OLJKW�FRORUHG�OD\HUV�FRQVLVW�RI�XQUHDFWHG�7D��ZKLFK�DUH�VHSDUDWHG�
E\�WKH�DSSDUHQWO\�GDUNHU�$O�7D�OD\HUV��DV�ZDV�LGHQWLILHG�E\�TXDQWLWDWLYH�('6�DQDO\VLV��)LJ������,Q�PHWDOOLF�LQWHUPHWDOOLF�
FRPSRVLWHV��LQWHUDFWLRQ�LQLWLDOO\�RFFXUV�DW�WKH�LQWHUIDFH�WKHQ�SURJUHVV�DORQJ�WKH�FHQWHU�RI�DOXPLQXP�IRLO�DV�ZHOO�DV�DORQJ�
WDQWDOXP�IRLO��%XW�WKLV�SURJUHVV�UHDFWLRQ�DORQJ�WDQWDOXP�LV�VORZHU�WKDQ�WKDW�RI�LQ�DOXPLQXP��$V�WDQWDOXP�DQG�DOXPLQXP�
UHDFW�ZLWK�HDFK�RWKHU��WKH�LPSXULWLHV�LQ�DOXPLQXP�RU�LQWHUIDFH�RI�7D�$O��VKLIWV�LQ�WKH�IURQW�RI�WKH�UHDFWLRQ��,I�WKH�UHDFWLRQ�
HQGHG�EHIRUH�DOXPLQXP�FRQVXPLQJ�WKHVH�LPSXULWLHV�GHSRVLWHG�LQ�DOXPLQXP��RWKHUZLVH�LQ�FHQWHUOLQH�RI�WKH�LQWHUPHWDOOLF��
%HFDXVH�RI�WKLV�LW�LV�XQGHUVWRRG�WKDW�WKH�FHQWHUOLQH�LV�D�SUREOHPDWLF�]RQH��$V�HYLGHQFH�LQ�ODPLQDWH�FRPSRVLWHV�FHQWHUOLQH�
LV�RQH�RI�WKH�SUHIHUUHG�]RQHV�IRU�WKH�IRUPDWLRQ�RI�FUDFNV���
 

� �
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�
Figure 3:6(0�PLFURJUDSKV�RI�7D�$O�PHWDOOLF±LQWHUPHWDOOLF�FRPSRVLWHV��LQ�WKH�OHIW�VLQWHUHG�DW������&���K��D���;��

�E����;���F����;��LQ�WKH�ULJKW�VLQWHUHG�DW������&������K��D���;���E����;���F����;�

,W�LV�FOHDUO\�VHHQ�LQ�PHWDOOLF�LQWHUPHWDOOLF�7D�$O�FRPSRVLWHV�VLQWHUHG�DW������&�IRU���KRXUV��WKH�PLGGOH�JUH\�EODFN�]RQH�
HVVHQWLDOO\�IRUPHG�E\�YDULRXV�SKDVHV�VXFK�DV�UHVLGXDO�DOXPLQXP��7D$O���$V�WKH�VLQWHULQJ�WLPH�LQFUHDVHV�IURP���KRXUV�WR�
���� KRXUV�� UHVLGXDO� DOXPLQXP� OD\HU� DW� WKH� LQWHUPHWDOOLF� FHQWHUOLQH� GHFUHDVHV��0RUHRYHU� VLQWHULQJ� SURFHVV� LV� EHWWHU� DW�
UHODWLYHO\�KLJK�WHPSHUDWXUH�DQG�WLPH��

� �
�D�� �E��
� �

Figure 4: 6(0�PLFURJUDSKV�RI�7D�7D$O��PHWDOOLF±LQWHUPHWDOOLF�FRPSRVLWHV������&��D����K���;���E������K���;�

�
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� �
�D�� �E��
� �

Figure 5: 6(0�PLFURJUDSKV�RI�7D�7D$O��PHWDOOLF±LQWHUPHWDOOLF�FRPSRVLWHV������&����KRXU���D����;���E����;�

)URP�6(0�PLFURJUDSKV� IRU���������DQG�����&� �)LJ������ LW� LV� VHHQ� WKDW� LQWHUIDFH�RI�PHWDOOLF� WDQWDOXP�DQG� WDQWDOXP�
DOXPLQXP�LQWHUPHWDOOLF�LV�TXLWH�VPRRWK��7R�IRUP�7D�$O�LQWHUPHWDOOLF��UHDFWLRQ�EHWZHHQ�WDQWDOXP�DQG�DOXPLQXP�LQLWLDWH�
ZLWK�QXFOHDWLRQ�LQ�D�QXPEHU�RI�GLIIHUHQW�UHJLRQV��7KHVH�QXFOHXVHV�JURZ�DQG�PHUJH�ZLWK�HDFK�RWKHU��$�ZKROH�DOXPLQLGH�
OD\HU�IRUP�LQ�WKLV�ZD\��6WDEOH�PHWDOOLF�LQWHUPHWDOLF�VWUXFWXUH�RFFXUV�ZKHQ�VXLWDEOH�WHPSHUDWXUH�DQG�WLPH�FRQGLWLRQV�DUH�
SURYLGHG���
�

� �
�

�:W�� �� �� �� �� ��
7D� ���� ������� ������� ������� ������
$O� �� ������� ������� ������� �������

�

�:W� �� �� �� ��
7D� ������� ������ ������ �������
$O� ������� ������� ������� �������

�

�D�� �E��
�
Figure 6: 6(0�('6�DQDO\VLV�RI�7D�$O�PHWDOOLF�LQWHUPHWDOOLF�FRPSRVLWH�VLQWHUHG�DW�����&�IRU���K��D�����;���E������;��
�
$V�LQ�VKRZQ�LQ�)LJ���D��VSRW���LV�ORFDWHG�LQ�WKH�XQUHDFWHG�7D�OD\HU�DQG�VSRWV������DQG���LQ�WKH�$O�7D�OD\HU�ZLWK�GLIIHUHQW�
SRVLWLRQV�� 6RPH� GDUN� SDUWLFOHV�� LGHQWLILHG� DV� UHVLGXDO� $O� DUH� DOVR� REVHUYHG� LQ� WKH� $O�7D� OD\HUV�� )XUWKHUPRUH�� WKH�
ODPLQDWHG� FRPSRVLWHV� DUH� ZHOO�ERQGHG� DQG� UHPDLQ� VRPH� UHVLGXDO� SRURVLW\� LQ� WKH� ILQDO� PLFURVWUXFWXUH� GXH� WR� WKH�
UHODWLYHO\�ORZ�WHPSHUDWXUH�DQG�WLPH��$OVR�LQ�WKLV�('6�DQDO\VHV�VKRZ�WKDW��IRUPDWLRQ�RI�LQWHUPHWDOOLF�KDVQ¶W�FRPSOHWHG�
\HW���
�
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Figure 7: +DUGQHVV�JUDSKLF�RI�7D�$O�PHWDOOLF�LQWHUPHWDOOLF�FRPSRVLWHV�VLQWHUHG�DW����������������&����KRXUV��
�
7KH� FHUDPLF�OLNH� DOXPLQLGH� SKDVHV� �$O�7L� RU� 1L�$O�� JLYH� KLJK� KDUGQHVV� DQG� VWLIIQHVV� WR� WKH� FRPSRVLWH�� ZKLOH� WKH�
XQUHDFWHG� 7L� RU� 1L� SURYLGHV� WKH� QHFHVVDU\� KLJK� VWUHQJWK�� WRXJKQHVV� DQG� GXFWLOLW\� IRU� WKH� V\VWHP� WR� FRQFXUUHQWO\� EH�
IOH[LEOH�� 7KH�PXOWL�OD\HUHG� VWUXFWXUH� RI� WKH� FRPSRVLWH� DOORZV� IRU� YDULDWLRQV� LQ� WKH� OD\HU� WKLFNQHVV� DQG� SKDVH� YROXPH�
IUDFWLRQV�RI�WKH�$O�DQG�7L�RU�1L�FRPSRQHQWV�VLPSO\�WKURXJK�WKH�VHOHFWLRQ�RI�LQLWLDO�WKLFNQHVV��ZKLFK�FRQVHTXHQWO\�DOORZV�
IRU�WKH�RSWLPL]DWLRQ�RI�PHFKDQLFDO�DQG�WKHUPDO�PDQDJHPHQW�SURSHUWLHV�IRU�SUDFWLFDO�DSSOLFDWLRQ��3HQJ������������������
�
�

�

Figure 8: +DUGQHVV�JUDSKLF�RI�7D�$O�PHWDOOLF�LQWHUPHWDOOLF�FRPSRVLWHV�VLQWHUHG�DW����������������&������KRXUV��
�
7KH�PLFURKDUGQHVV�SURILOH�PHDVXUHG�IRU�VHYHUDO�OD\HUV�RI�WKH�FRPSRVLWH�LV�VKRZQ�LQ�)LJ�������$V�NQRZQ��KDUGQHVV�YDOXH�
RI�PHWDOOLF� WDQWDOXP�DQG� LWV� LQWHUPHWDOOLF� VWUXFWXUH� LV�TXLWH�GLIIHUHQW��7KH�DYHUDJH�PLFURKDUGQHVV�YDOXHV� IRU� WDQWDOXP��
DOXPLQXP�DQG�7D$O�� DUH����������DQG����+9��UHVSHFWLYHO\��:KLOH�WKH�KDUGQHVV�RI�WKH�LQWHUPHWDOOLF�OD\HU�LV�KLJKHVW�DW�
WKH�ERUGHU�7D$O��7D��LW�JUDGXDOO\�GHFUHDVHV�WRZDUG�WKH�ERUGHU�7D$O��$O�7KHVH�UHVXOWV�DUH�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�
OLWHUDWXUH�� ,Q� DGGLWLRQ�� UHODWLYHO\� KLJK� WHPSHUDWXUH� DQG� WLPH� LV� DOVR� YHU\� HIIHFWLYH� RQ� VLQWHULQJ� PHWDOOLF�LQWHUPHWDOOLF�
ODPLQDWH�FRPSRVLWH��$V� WLPH� DQG� WHPSHUDWXUH� LQFUHDVH�� WKH�KDUGQHVV�YDOXHV� UDLVH�EHFDXVH�RI�ERQGLQJ� LQ� WKH� LQWHUIDFH�
LPSURYHG�DQG�UHVLGXDO�DOXPLQXP�VWDUWHG�WKH�FRQVXPLQJ��
�

Conclusions 

7KH�FRQFOXVLRQV�RI�WKLV�UHVHDUFK�FDQ�EH�VXPPDUL]HG�DV�IROORZV��
�
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x %\� FRQWUROOLQJ� WKH� GXUDWLRQ� RI� WKH� UHDFWLYH� IRLO� VLQWHULQJ� SURFHVV�� FRPSRVLWHV� FDQ� EH� IDEULFDWHG� LQ� ZKLFK� D�
WDLORUHG� DPRXQW� RI� UHVLGXDO� DOXPLQXP� UHPDLQV� DW� WKH� LQWHUPHWDOOLF� FHQWHUOLQH�� 7KH� UHVXOW� LV� D� ZHOO�ERQGHG�
FRPSRVLWH�ZLWK�D�KLJK�GHJUHH�RI�PLFURVWUXFWXUDO�FRQWURO��

x 7D±$O�7D�PHWDO±LQWHUPHWDOOLF�ODPLQDWH��0,/��FRPSRVLWHV�KDYH�EHHQ�VXFFHVVIXOO\�V\QWKHVL]HG�E\�UHDFWLYH�IRLO�
VLQWHULQJ�WHFKQLTXH�LQ�RSHQ�DLU�DW���������DQG������&�IRU���DQG�����KRXUV�XQGHU���03D�SUHVVXUH��7KH�ODPLQDWHG�
VWUXFWXUH�LV�ZHOO�ERQGHG��QHDUO\�IXOO\�GHQVH��

x 0LFURVWUXFWXUDO� FKDUDFWHUL]DWLRQ� E\�� 6(0� DQG� ('6� LQGLFDWHV� WKDW� $O�7D� LV� WKH� RQO\� LQWHUPHWDOOLF� SKDVH��
7DQWDOXP�DOXPLQLGH�SKDVH�RFFXUV�GXH�WR�WKH�WKHUPRG\QDPLFV�RI�WKH�UHDFWLRQ�EHWZHHQ�7D�DQG�$O��7KH�H[LVWHQFH�
RI� OLTXLG� $O� SKDVH� SOD\V� LPSRUWDQW� UROHV� LQ� WKH� QXFOHDWLRQ� DQG� JURZWK� RI� $O�7D� SDUWLFOHV� DQG� WKH� HYHQWXDO�
IRUPDWLRQ�RI�FRQWLQXRXV�DOWHUQDWLYH�$O�7D�LQWHUPHWDOOLF�OD\HUV��

x 7KH� PHFKDQLF� SURSHUWLHV� RI� KDUGQHVV� RI� WKH� IDEULFDWHG� ODPLQDWHG� FRPSRVLWHV� ZHUH� H[DPLQHG��:KHUHDV� WKH�
KDUGQHVV�RI�PHWDOOLF�DOXPLQXP�DQG�WDQWDOXP�UHVSHFWLYHO\�LV�DERXW���������+9��KDUGQHVV�RI�LQWHUPHWDOOLF�]RQH�
LV�DSSUR[LPDWHO\���������+9��7KH�UHVXOWV�VKRZHG�WKDW�DV�WLPH�DQG�WHPSHUDWXUH�LQFUHDVH��WKH�KDUGQHVV�YDOXHV�
UDLVH�EHFDXVH�RI�ERQGLQJ�LQ�WKH�LQWHUIDFH�LPSURYHG�DQG�UHVLGXDO�DOXPLQXP�VWDUWHG�WKH�FRQVXPLQJ��
�
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A REVIEW ON NATURAL FIBER- EPOXY BASED COMPOSITES 
 

Venkata Parasuram Kommula, Obi Reddy Kanchireddy, Mukul Shukla, Marwala Tshilidzi 
 

 
 
Abstract: Biodegradable nature, good strength per unit weight than most inorganic fillers, lower 
density and their abundance in nature make them attractive as reinforcements of engineering 
polymer systems. On the other hand, they also have some deficiencies such as incompatibility 
with the hydrophobic polymer matrix, the tendency to form aggregates during processing and 
poor resistance to moisture greatly limit the potential use of natural fibers as reinforcements in 
polymers. In this paper, the effects of different chemical treatments on cellulosic fibers that are 
used as reinforcements for thermoset plastics are studied and the results from the literature is 
summarized, focusing final properties of natural fibers with thermoset (epoxy) polymeric matrices 
with respect to their use of physical and chemical treatments for the improvement of fiber-matrix 
interaction.  
Key words:  Reinforcements, chemical treatment.  
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ACACIA DECURRENS (WILLD): AN INVASIVE SPECIES 
IN THE AREA OF EL-KALA (ALGERIAN NORTH-EASTERN) 
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 Ministry of Territory Management and Environment, Algeria, 8 Mohamed Tazairt, Algiers, Algeria 
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       Abstract: In 1970, in the area of El-Kala (Algerian North-eastern), Acacia decurrens plantations in 
10% mixture with Eucalyptus camaldulensis were realized in the degraded zones of cork oak forest. 
Acacia was introduced for its ability to be a fixing nitrogen tree in order to rehabilitate the soil and to 
allow a good emerging of the eucalyptus. However, since about fifteen years, we attend a spectacular 
invasion of the surrounding forest by this exotic tree. In this study, we charted the surfaces occupied 
by acacia, examined its invasive character and its impact on the area, the structure and the plant 
biodiversity of the around cork oak land like on the cork oak mycorrhizal status. The results show that 
Acacia progress in a remarkable way in the cork oak forest. On its way, the ecosystem structure is 
strongly modified and the plant biodiversity reduced significantly. The cork oak mycorrhizal status is 
affected as well. Strategies of control and fight must be taken urgently to slow down the acacia 
progression which constitutes a potential threat of landscape homogenisation in El-Kala area. 

 
Key words: Biological invasion, Acacia decurrens, Cork oak land, Algerian North-eastern. 

 
 
Introduction  
 

In the Algerian North-East, cork oak occupies nearly 230 000 ha. It is a strategic species in regard to its socio-
economical and ecological roles. However, many factors have been contributing to the destruction of this species and its 
forest stand, such as the anthropic pressure increased by the demographic growth which results in the clearing, 
overgrazing, repeated fires, wood and cork oak overexploitation … etc. (Madani  and Al.,  2001). All these factors 
contributed to the reduction of the cork oak land everywhere in Algeria. In front of this established fact, the foresters 
searched to renovate the cork oak land by tests of cork oak plantations or by direct seeding which often showed failures. 
According to them, the introduction of species with fast growth constituted an alternative for the restoration of the forest 
resources and the protection of soils and the environment. It is within this framework that, in the Seventies, the choice 
of two species was decided, Eucalyptus camaldulencis Dehnh and Acacia decurrens Willd were selected to reforest the 
thinning in cork oak land in the North-East Algeria. They were planted at a rate of one acacia for ten eucalyptus. Acacia 
was forseen in order to rehabilitate and to enrich the soil because it is a fixing nitrogen tree. However, these two last 
decades, it was noted a spectacular proliferation of Acacia  decurrens  to the detriment of cork oak and eucalyptus with 
a remarkable reduction of the biodiversity. In this present work, we propose to (i) - chart the surfaces occupied by 
acacia in the canton of Boumalek, (ii)  demonstrate its invasive character  (iii)- estimate its impact on the structure and 
the plant biodiversity of the surrounding cork oak land and on the growth and the mycorrhizal status of young cork oak 
seedlings.  

 
 

Material and methods  
 
Presentation of zone and stations  
 

The study concerned the area of El-Kala (extreme Algerian North-East) (Fig. 1).  It belongs to the wet complex 
of Eastern Numidia (Samraoui and De Belair, 1998) and is entirely included in the national park of El-Kala. Two 
stations were selected there: the station of Brabtia (36°51744N, 008°20363E) who is a natural cork oak forest. With a 
covering rate from 80 to 90%, it contains   all the species of cork oak forest stand. The second station is that of 
Boumalek (36°52220N, 008°21923E), located 2 km far from the first station. Its covering rate is  90%. It is especially 
constituted of Eucalyptus and Acacia with a clear predominance of Acacia in its western limit.  According to the  
meteorological data of the El-Kala station for the period (1985/2010),  the study zone is characterized by  a 
Mediterranean climate  with a maximum temperature  in  August  of  27.01°C  and  a minimal temperature in January  
of  12.61° C  and 70% of mean monthly  air moisture. According to Bagnouls and Gaussen ombrothermic diagram 
(1953) for   the period (1985- 2010), the dry season lasts 5 month whereas it was 4 months for the period (1913/1938), 
this indicates an increase of the drought in this area. As for as the Emberger pluviothermal quotient (1955) for the same 
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periods, it shows that the study zone, moved from soft sub wet bioclimate (Q2 = 103.20) to lime sub humide bioclimate 
(Q 2 = 139, 38). With regard to the soils, those most evolved are under the oaks and the pines, they are brown forest 
soils. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                      Figure 1. Localization of study zone and stations  

 

 
-  Floristic and cartographic study of the stations  

 
In each station, a floristic inventory was established on the diagonal of 400 m2  surface in spring 2010. Each 

species was affected with Abondance/Dominance, Sociability and Presence indices (Braun Blanquet, 1951). Five 
samples were taken randomly in each station.  

The aim of this study is to propose a mapping a soil occupation in the Boumalek station on the basis of satellite 
image and use of the geographical information system (GIS). In our work, we used  three (03) spectral bands of the 
thematic improved cartography instrument (Enhanced Thematic Mapper),  (Landsat ETM  7) recorded on July 2000,  a 
digital terrain model  for obtaining slopes, altitude and exposure maps from data SRTM (Shuttle Radar Topography 
Mission), topographic maps 1/50.000 of the study zone since 1996, one vegetation map of El-Kala national park 
(1/107100) (Saidi, 1999) one receptor GPS and various software such as  ENVI 4.5 of RSI,  MAPINFO 8.0 s, Global 
mapper …etc. In addition, for know the density of Acacia decurrens, two plots of land numbered 400 m2  were 
randomly  selected; one located at northern of Oubeira lake, the other inside the Boumalek station. In each area, the 
total individual number of acacias, cork oak and eucalyptus   was recorded and percentage of presence for each species 
was estimated compared to the total number of the individuals of the 3 species present in the area. 

 
 

-  Effect of soil collected under   Acacia decurrens and   Eucalyptus camaldulensis  on the early growth of  
Quercus suber  and its ectomycorrhizal  status 

 

The objective of this experiment is to verify if the soil on which Acacia decurrens or Eucalyptus camaldulensis 
developed could act on the germination of cork oak seeds, on its early growth and its ectomycorrhizal status.  Cork oak 
acorns were directly subtracted from trees and were superficially disinfected with Hydrogen peroxide (H2Ò2) at 30 
volumes then put in pregermination at darkness at ambient temperature. Six weeks after, the rate of germination was 
calculated then each pre-germinate acorn was transplanted in 2kg pot   repeated 5 times on the following natural soils or 
sterilized twice by autoclaving:  (a) Soil collected under cork oak in Brabtia cork oak forest, (b) Soil collected under 
acacia in the station of Boumalek, (c) Soil collected under eucalyptus in the station of Boumalek. After 5 months of 
growth in environmental conditions, mean height of each seedling was measured.  In the treatments that have not been 
sterilised, ectomycorrrhizal colonization of cork oak  roots was estimated  according to Brundrett  et al.  (1996) method 
and ectomycorrhizal morphotypes was descriped according to Agerer criteria’s (1997).  
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Results                                             
- Map of soil occupation 

 

 Figures 2 and 3 shows the distribution of the various forests stands in the Boumalek station.   We can notice 
that the central part of the map is occupied either by the acacia alone or by acacia in mixture with the cork oak or with 
the eucalyptus.  Acacia invades approximately 452,6 ha, it  tends to move in all directions   by fleeting the bordering 
zones of  Oubeira lake and moves towards North and North-West  where the relief is more  high and sunny as well. The 
estimate of  acacia density  in two 400 m 2 land plots, showed how much this tree threatens the natural formations in the 
area of El-Kala (Fig. 4). In this station, Acacia dominates because of its strong reproduction capacity and with its 
propagation capacities which are multiple (Beddiar et al, 2010). Conscious of the dangers which this species presents,   
the staff of the forests engaged, in 2008, cleansing campaign for cutting operations in the Boumalek station to stop its 
propagation. Separations of the 50 meters firewall type were also installed between the zone affected by the acacia and 
the healthy zones. These very expensive operations showed very poor results, because the acacia began again quickly its 
invasive aspect. So, the separation seemed useless because some trees were found in the healthy zones confirming thus 
the dispersal of its seeds by wind and animals. Floristic inventory indicates also that plant biodiversity decreases 
significantly in the station of Boumalek, up to 75% 
 
    
                                                                                                                                                                                                                                                                                                                                                                                           

                                                                                                           
                                                                                     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Map of soil occupation in Boumalek station 

 

                                         
                               (a)                                               (b)                                                                                                  

 

Figure 3. Surface proportion of the 
various formations in the station of 
Boumalek    
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Figure 4: Acacia decurrens   density in the plot located at Northern Oubeira bank (a) and in the plot located at the center 
of the Boumalek station (b).                Acacia                   Eucalyptus                  Cork oak 

 
 
- Effect of soil collected under   Acacia decurrens and   Eucalyptus camaldulensis on early Quercus suber   growth 
and ectomycorrhizal status  
 
 

Seedlings raised on the oak cork substrate presented a very fast and quite higher growth compared to that of the 
seedlings raised on the natural or sterile soil collected under Acacia like those high on the soil collected under 
eucalyptus (Table 1). The cork oak seedlings growth is reduced to more than 50% in the acacia soil. When microflora 
effect by soil sterilization is removed, growth of cork oak seedlings is even weaker   in this substrate. In the same way 
ectomycorrhizal colonization as well as ectomycorrhizal morhotypes number on the cork oak roots were significantly 
reduced in the substrates of Acacia and Eucalyptus. 

 
Table 1: Growth of six months old cork oaks seedlings on a natural or sterilised soil collected under Acacia, Eucalyptus 
or Cork oak and theirs ectomycorrhizal status 

 
Origin of  
the soil  culture 

Natural Soil Sterilised soil  

 Height 
(cm) 

% of 
ectomycorrhizal 
colonisation 

Numbers of 
ectomycorrhizal 
morphotypes  
 

Height (cm) 

Soil under Acacia 16.7 0 0 13.16 
Soil under eucalyptus 35.14 1, 33 ±1,41 3 22.31 
Soil under cork oak 42.6 19,07 ± 9,83 10 35.15 
 

  

Discussion 
 

Although the two stations of studies (Brabtia and Boumalek) were subjected to the same ecological conditions, 
the results reflect a remarkable difference in their plant specific diversity. In the Boumalek station, more than 1/3 of the 
species are eliminated and those which are able to be maintained are confined with the periphery with a very low 
abundance.  Boumalek station, in the beginning, was a cork oak forest whose clearings were planted by eucalyptus in 
mixture with the acacia. Actually it is currently marked by the predominance of the acacia which modified the structure 
of the forest ecosystem. Acacia occupies   452,6 ha  approximately surface on a total of 1930ha, it proliferates quickly 
at the detriment of the eucalyptus and the cork oak. The only few research on  cartography available on the area (Saidi, 
1999),  does not point out  the presence  of Acacia and refers only to Eucalyptus,  whereas the acacia phenomenon 
invasion started  to appear about  the year  1995.  Very expensive measures of cuts, incineration and avoid-fires 
installation were led by the forest services in order to stop the propagation of this species into 2008. This showed 
failures because of acacia multiplied soon its invasive character by rejecting stock vigorously, by forming suckers and 
reproducing by sowing. This last reproduction mode is much facilitated by fires (Beddiar et al, 2012). It is imperative to 
seek other solutions for stopping this phenomenon. In addition, the experiment of the cork oak seedlings breeding on 
the acacia soil or eucalyptus soil showed that the latter had a depressive effect on the early growth of the cork oak but 
also on abundance and diversity of the symbiotic microflora which is associated with it.  According to Grayston et al. 
(2001), the structure and the functional diversity of the soil microbial communities is closely related to the plant species 
specific composition,  showing thus very narrow interactions in the functioning of the epigeous and hypogenous 
compartments. Kourtev et al. (2003) also has established as quite distinct microbial communities, as well in their 
structure as in their functions, developed under different plant species.  The transformations of the soil microbial 
communities are quoted more and more like major causes supporting the expansion of the invasive plants (Stinson et 
al., 2006). The invasive plants affect mainly the telluric micro-organisms through the modifications in the quantity, 
quality, the periods of contribution of the roots exudates and the litter, thus modifying the contribution of nutriments on 
the soil (Wolfe & Klironomos, 2005). Wolfe & Klironomos (2005) argued the assumption that the modifications 
created in the soil, in particular on the biotic component, by the invasive plant, gives a favourable environment  for its 
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development and this would explain mainly the potential of colonization of certain exotic plants in their introduction 
medium, becoming thus invasive plants.   

 
Conclusion 
 

Acacia decurrens is equipped with a strong reproductive potential by sexual and vegetative way, develops very 
quickly and invades the Boumalek station.  It is a true invading plant involving a reduction of this area biodiversity.  It 
contributes not only to the deterioration of the ectomycorrhizal fungus communities associated with cork oak but also to 
the modifications of soil chemical characteristics because of the quality of its litter. It is imperative to continue this 
study by exploring all the possible ways leading to the comprehension of the invasion phenomenon in El-Kala area. It is 
necessary to recall  the evolution of the acacia propagation  during these last decades  (mapping since its introduction in 
1970 up to day), to try to determine environmental factors likely to be correlated with the propagation of this species, by 
various thematic maps (in correlation with the climate, the soil, the hydrographic system), to extend this study to other 
stations where the phenomenon was announced  in order to define the factors to be taken into account to develop the 
cork oak, to slow down the colonization of the area by the acacias and  to seek  the means to implement to control the 
process of invasion. 
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Abstract: This paper is about the active vibration control of a cantilever beam by piezoelectric 
materials, which called smart beam. Within this paper one may find a brief history of the smart 
structures, the piezoelectricity concept and some examples of piezoelectric materials. But the main 
goal of the paper is to show the relevance between the ANSYS model and experimental model of 
a smart beam. For that goal, APC 856 type piezoelectric patches prepared for the application, 
experiment set up and the ANSYS model of this experiment has been made accordingly. The 
results of the experiment and the computer model showed notable similarity. 
 

  Key words: Smart beam, piezoelectric, PZT, finite element analysis. 
 
Introduction 
 
 Smart structures and systems have become a new interdisciplinary research field in recent years. Fields related to 
this subject are mechanical engineering, electrical engineering, material science and computer science. 
 It has been more than 132 years since the piezoelectricity phenomenon discovered by Jacques and Pierre Curie at 
1880. More and more piezoelectricity theory has been introduced and they used in different kinds of engineering 
applications as the years passed. In recent years, active control of flexible structures using piezoelectric elements 
studied by a lot of researchers. Plumb, J. M., Hubbard Jr., J.E., & Bailey, T. (1987) have used nonlinear control with 
piezofilm for controlling a flexible connection. Piezoelectric transducers experimented by Yousefi-Koma, A., Sasiadek, 
J.Z., & Vukovich, G., (1994a) in active control system of a flexible connection. Beside this, they used LQG controller 
with piezoelements for controlling flexible structures (1994b). Piezoactuators were used as an optimum controller for 
flexible structures by Luis and Crawley (1990). 
 An efficient active control system is depends on actuator and sensor size and placements. One of the most 
important questions in an active control system is to optimize the system by sizing and placing sensors/actuators. 
Kondoh, S., Yatomi, C., & Inoue, K. (1990) introduced a method for finding the optimal positions of the 
sensors/actuators. When they used this method for a flexible beam, they found the system is more sensible for the 
placement of the actuators than the sensors. There are more researches on the optimal positioning of point actuator and 
sensors at the active control of flexible structures (Lindberg and Longman, 1984; Sepulveda and Schmit, 1990; Smith 
and Clark, 1997). 
 Piezoelectric property, which describes the relevance between stress/deformation of the materials and the electric 
field, can be seen in only 21 of the total 32 crystal classes. 10 of these have dipole in their crystal structure that even the 
thermal stretch and contraction can be enough for electric potential to occur on their surface. These materials called as 
pyroelectric material. All pyroelectric materials are piezoelectric, but not all of the piezoelectric materials are 
pyroelectric (Tressler, J. F., Alkoy, S., Newham, R. E., 1995; Ergun C., Yilmaz S., Ozdemir E., Gul O. and Kalenderli 
O., 2006). 
 Solid materials that are not in an electrical field have equal positive and negative loads in their structure. In other 
words, these materials are neutral in electrical load. In theory, this balance should be disturbed by the disturbance in the 
material’s shape or dimension. Crystal symmetry is the most important property that allows this electrical load to occur. 
The response of the piezoelectric material to the mechanical effect is depends on the angle between crystal orientation, 
which defined as the arrangement of the atoms in the crystal structure, and the direction of the elongation by the 
mechanical stress. In other words, mechanical elongations are tensorial and doesn’t show any differences in opposite 
GLUHFWLRQV� �L�H�� � 12ܭ  Electrical polarization and electrical field that occurs in the piezoelectric materials are .(12ܭ
vectorial, and they depend on the characteristic of the material defined by the crystal structure. Thus, the electrical 
polarization a mechanical stress can make on the material depends on the material itself, and it would have a 
characteristic value according to the crystal structure in every other piezoelectric material (Tressler, J. F., Alkoy, S., 
Newham, R. E., 1995; Ergun C., Yilmaz S., Ozdemir E., Gul O. and Kalenderli O., 2006). 
 The ferroelectric property that piezoelectric materials have is the polarization under the high electric field. 
Normally, ferroelectric ceramics have randomly placed poles as they make their total elastic energy minimum. Because 
of these randomly placed poles, ferroelectric materials don’t show piezoelectric property. But, below the Curie 
temperature, when they exposed to a static electric field above a threshold value they gain piezoelectric property. 
During the polarization process, a high electric field (~5kV/cm) attained by applying DC voltage to the electrodes 
placed on the material. During the polarization process, poles rearrange and bring anisotropy to the structure. This 
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anisotropy stays after the electric field is removed and piezoelectric property continues after the polarization process 
(APC International, 2006; Morgan Electro Ceramics, 2007). 
 Mechanical pressure or tension applied on a piezoelectric material disturbs the dipole momentum of the element 
and generates voltage. This phenomenon called the generator behavior and has its uses in ignition systems, dry 
batteries, sensor devices etc. On the contrary, when a voltage applied on the material it stretches or shrinks according to 
the polarization of the voltage and the material. If an AC voltage applies on the piezoelectric material, it stretches and 
shrinks according to the frequency of the sinusoidal wave. This phenomenon called motor behavior and has its uses in 
piezoelectric motors, sound or ultrasound generator devices and many other products (APC International, 2006). 
 
 
Experiment Setup 
 
 APC 856 type piezoelectric material of APC International Company is used for the experiment. Manufacturer’s 
data of APC 865 material has shown on Table 1. 856 type piezoelectric mainly has it uses in actuators, flow meters, 
hydrophones, microphones, pressure sensors and medical screening and diagnosis devices. 
 Powder APC 856 is sintered under appropriate pressure and temperature to prepare the required material. Then 
the material is cut to its specific dimensions (20*5*2mm) by a precision cutter. In this stage, two surfaces of each 
piezoelectric patch have covered by silver conductor liquid. After silver conductor liquid dried the patches are polarized 
under 1200VDC for 60 minutes. After the patches polarized their d33 is measured by a d33 test device. Under the force 
of 250x10-3 the d33 of the material is measured as 420x10-12 C/N. Prepared piezoelectric patches are fixed on their 
positions on the beam by epoxy glue. To achieve a good fix, the parts must be stay clamped under a pressure for a time. 
After the patches are fixed on the surface of the beam, the cables attached to the piezoelectric patches’ open sides by 
aluminum tape.  
 

 
Figure 1: Data acquired from the piezoelectric patch under the free vibration of the beam 

Table 1: APC 856 Type piezoelectric material properties. 
APC 856 

Relative Dielectric Constant (KT) 4100 
Dielectric Dissipation Factor (Dielectric Loss(%)* 2.7 
Curie Point (°C)** 150 
Density (g/cm3) 7.5 
Mechanical Quality Factor 72 
Electromechanical Coupling Factor 

kp 0.65 
k33 0.73 
k31 0.36 
k15 0.65 

Piezoelectric Charge Constant (10-12 C/N or 10-12 m/V) 
d33 620 
-d31 260 
d15 710 

Piezoelectric Voltage Constant (10-3 Vm/N or 10-3 m2/C) 
g33 18.5 
-g31 8.1 
g15 25 
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Young's Modulus (1010 N/m2) 
YE

11 5.8 
YE

33 4.5 
Frequency Constants (Hz*m or m/s) 

NL (longitudinal) --- 
NT (thickness) 1980 

NP (planar) --- 
*At 1 kHz, low field. 
**Maximum operating temperature = Curie point/2. 
 

Fully prepared apparatus are connected to a computer by means of a DAQ card for testing the patches. Data acquired 
from the piezoelectric patch under the free vibration of the beam is shown in Figure 1. After that 30Hz. 370V is applied 
to the actuator patches. In that test, the beam is vibrated on its resonance frequency and  voltage acquired from the 
sensor piezoelectric patch (Figure 2). 

 
Figure 2: Data acquired from the piezoelectric sensor while 370V applied to the actuators 

 
 Actual experiment is setup for forced vibration after testing of the patches and the devices. For this experiment 
the beam is forced by a shaker at its resonance frequency. The sensor voltage is altered for control by means of Matlab 
computer program and a signal amplifier device and transmitted to the actuator patches. A scheme of the experiment set 
up is shown in the Figure 3. 

 
Figure 3: Experiment setup scheme for forced vibration control 

 
 The experimental setup is also modeled in ANSYS computer program for comparison. While modeling at 
ANSYS, piezoelectric ceramics and the beam are chosen as SOLID5 and SOLID45 elements respectively. 
Manufacturer’s data of the piezoelectric material cannot be directly used as inputs of ANSYS program. Thus, some 
transformation was made for these inputs.  

 

International Science and Technology Conference, Dubai, 13-15 December 2012

77



ISTEC 20
12

 
Results 
 
 In this study, a comparison is made between experimental and numerical results. At first, a comparison is made 
for free vibration of the beam for checking purposes. Resulting graph of this comparison is as the Figure 4. 
 Results of this test showed that the sensor voltages are quite similar for experiment and computer model. After 
seeing that result, a new test is made with the same setup under the forced vibration for proportional control. The 
experimental and numerical (ANSYS) results tested individually to see whether the control works on both systems. The 
controlled systems decreased the amplitudes of vibration in both situations, and a comparison between the controlled 
and uncontrolled systems was made. The results of this comparison are shown in Figure 5. Note that Kp is the control 
factor and it is the multiplier of the signal that gained from the sensor patch. Thus, a Kp of 3000 means the signal 
amplified 3000 times before forwarding to the actuator patch. 
 

 

 
Figure 4: Sensor responses of the beam under the free vibration (a)ANSYS, (b)Experiment 

 
 

 

International Science and Technology Conference, Dubai, 13-15 December 2012

78



ISTEC 20
12 Figure 5: Sensor responses of the beam under forced vibration (a)ANSYS, (b)Experiment 

 
 
Conclusions 
 
 The comparison of the numerical (ANSYS) and experimental study shows quite similar results. However, 
control factors of the systems are very different for achieving similar results. Reasons of this difference may be the 
bonding between the piezoelectric patches and the beam, or a disruption of the manufacturing piezo ceramics 
procedure. 
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Abstract: Molecular biological and its application have been used as strong tool for many fundamental and applied 
areas of research, it provides unique and elucidating developmental and understanding of host parasite interaction at 
molecular level and seeking new means of parasite intervention. 
Our researches is focus specifically on recent progress in studying the molecular mechanisms of host parasite 
relationship with special emphasis to nematode as a serious parasite to human, animal and plants. In our research, we 
highlighted on nematodes problem in plants. 
In Egypt and all over the world, Root Knot Nematode is considered as one of the most important pest, many species 
has been identified to cause important problems to most field crops, vegetables and fruit trees. Molecular tools was 
used for nematode identification, Ribosomal DNA for ITs spacer was used to identify different genera of nematode 
while multiplex test from ITs region was determine the different between species.  
The identification of different population and races that exist within root knot population were determine using RAPD 
technology , Dandrogram was developed to provide analysis from the obtained results to describe the relationship 
between different populations. 
Also, RELP technology plays an important role for species analysis; different restriction enzymes have been used to 
identify different species of Root Knot nematode.  
SCAR techniques were used to obtain special markers for each species and Multiplex test from ITs region was used for 
mixed Root Knot population on the same field (population dynamics). 
The most advanced technology is the application of laser capture microdissection (LCM) for expression analysis of 
giant cells that is formed by Root Knot Nematode. Giant cells were collected using (LCM), RNA was extracted and 
used to make a cDNA library and expressed sequence technology (ESTs) were produced and used for gene ontology 
analysis , thus (LCM) allowed for the isolation of tissue enriched for giant cell , providing material suitable for a 
variety of Molecular analysis.  
RNAi has also become available research tool, both in cell culture and in living organisms, because giant cell dsRNA 
introduced into cells can selectively and robustly induce suppression of specific genes of interest. RNAi used for large 
scale screens that systematically shut down each gene in the cell, which can help identify the components necessary for 
a particular cellular process or an event such as cell division. The pathway may also use as practical tool in 
biotechnology and medicine. All previous technology could be applied on most parasites. 
Key words: Molecular techniques – Root Knot Nematode - host parasites interaction 
 
*This project is supported by a grant from Egyptian Ministry of Agriculture  

 
Introduction:  
 During the past few years, rapid advances in molecular biology have affected our understanding of diseases and 
revealed many powerful tools that help in many areas of pests control. The new tools include species, race and pathotype 
identification, population genetics, biological control agents and the design of new pesticides.  
 Our researches is focus specifically on recent progress in studying the molecular mechanisms of host parasite 
relationship with special emphasis to nematode as a serious parasite to human, animal and plants. In our research, we 
highlighted on nematodes problem in plants. 
Root- knot nematode is considered as one of the most serious nematode pests of agricultural and horticultural crops in 
Egypt and most widely distributed group of plant-parasitic nematodes all over the world. An estimated 10% of world 
crop production is lost due to nematode damage. It causes an estimated $80 billion in losses worldwide 
(http://www.cals.ncsu.edu/pgg/dan_webpage/index.htm). Root knot nematode (RKN) attacks cotton, soybean, wheat, 
tomato, potato, pepper and many other important crops, Eissa (1982), reported that losses due to the root-knot 
nematodes in Egypt measured about 25-40% of the estimated total losses of plant parasitic nematodes. 
 A few years ago, root-knot nematodes (Meloidogyne spp.) were difficult to be identified using traditional 
morphological characterization, so alternative identification methods that are easily interpreted are desirable. It is now 
possible to distinguish among root knot nematodes by the use of DNA markers, the big advantage of using DNA that it 
does not change with environmental conditions during a nematode’s lifetime. Consequently, DNA markers are stable 
and useful when applied to identifying nematode species and populations. Various DNA polymorphisms that allow 
identification of the major root-knot nematode species have been described, also polymerase chain reaction (PCR) 
developed technique that has been of particular consequence to molecular genetics, and it allows amplification of 
specific sequences from minute quantities of DNA. The technique is effective with samples containing little biomass; for 
example, it has been used to amplify DNA from single human sperm or from blood stains. 
Restriction fragment length polymorphisms (RFLPs) generated after PCR amplification of ribosomal DNA can be used 
for identification of single root-knot nematode 2nd Juvenile (J2). The technique uses PCR and primers to generate DNA 
fragments that are subsequently subjected to restriction endonuclease digestion, yielding species-specific RFLPs that 
allow discrimination of different root knot nematode species such as M. arenaria, M. chitwoodi, M. incognita, M. 
javanica, and M. hapla. 
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Random amplification of polymorphic DNA (RAPD) assaying the entire genome for DNA markers is a powerful way to 
obtain markers linked to characters of interest. The RAPD assay refers to PCR amplification of target DNA with single 
primers, and hence produces DNA fragments distributed over the entire target DNA pool.  
 RAPD analysis has been used successfully to distinguish between different species of Root Knot Nematode. 
Thus it is desirable to clone species-specific RAPD markers, sequence the clones, and then synthesize larger, more 
stable primers that allow reliable amplification of the diagnostic bands. A distinct dendrogram (UPGMA) will be used to 
show the phylogenetic relationships between root-knot nematodes.  
Genetic variability in nematode populations and their hosts, are just beginning to be documented, because it was not 
important while nematicides were available and, more importantly, because the tools for assessing genotypic variation 
have become available only during the past few years. For each nematode species, genetic markers associated with host 
range or life history characters would be valuable in developing management practices that reduce nematode 
pathogenicity and fitness by allowing monitoring and selection for specific genotypes. 
The next challenge in the application of new technologies is to obtain DNA polymorphisms useful as markers to identify 
pathotypes, races, and geographic isolates of Meloidogyne spp., and several researchers are looking for such markers. 
 Molecular techniques can be also used for nematode population dynamics and management, several root-knot 
nematode species occur in the same field. For example, M. arenaria, M. incognita, often occur together in most fields 
around the world. Part of the difficulty lies in defining the species that are present and their relative proportions, before 
and after rotations. Certain hosts in a rotation series will favor increase of one of the root-knot nematodes, and it is 
difficult to sample such fields accurately with morphology-based nematode identification. So multiplex test can be used 
to determine the population dynamics of mixed populations in the same field. This technique becomes widely used in 
routine diagnostic tests to identify species and to sensitivity differentiate them from each other in field population. It 
depends on the used of four primers in a single PCR reaction, also this test makes it possible to detect species present in 
mixtures in proportions as low as 2 to 5%. 
In conclusion, there are many exciting research opportunities in applied and basic nematology that utilize the new 
approaches and tools of molecular biology. The tools will facilitate research on previously intractable questions in 
nematode biology that have been inaccessible because of technical limitations. Current nematode control options include 
the use of nematicides, cultural practices, resistant cultivars, and crop rotations. In the future, successful integrated 
nematode management will depend on combinations of control tactics to reduce nematode numbers.  Application of 
biotechnology to nematode control tactics will influence applied nematology in diverse ways, from nematode 
identification to the development of resistant cultivars, and will improve effectiveness and increase the number of 
management options available. Increased communication and cooperation between researchers with expertise in applied 
science is necessary to enlarge our understanding of nematode biology and ecology. The outcome will enhance 
development of new nematode management strategies and allow refinement of old techniques. 
 This research has focused upon the important agriculturary root knot nematode to study its distribution all over 
Egypt. So 5000 samples were collected from landed sectors of different governorates .The new molecular technology 
will be used to identify different species races and the distribution of different population. This information will be a 
very helpful tool for IPM program for controlling this destructive pest. we will use cotton plant as important economic 
crop to implement all the advanced technology to obtain the most recent information concerning this valuable crop, It 
was found out that the loss estimates of cotton crop as a result of nematode attack are complicated by the occurrence of 
disease complexes, and the loss caused by each part of the complex is difficult to assess. The root-knot nematode, 
Meloidogyne incognita and the reniform nematode, Rotylenchulus reniformis are regarded as the major nematodes 
attacking cotton in Egypt in both light and heavy soils (Salem, 1970). There is a relationship between Meloidogyne 
incognita and the presence of the fungus Fusarium oxysporum f. vasinfectum  (Salem, 1980).  
 Developing cultivars that resist biotic stresses is one of the major goals of breeding programs of cotton. So, 
molecular markers can help these programs by tagging the important traits, helping in screening the genotypes and 
selecting them throughout the course of breeding programs.  
So the objective of our project is: 

1- Accurate identification of genes, species and population of different nematodes as a major pest in field crops, 
vegetables and fruits in Egypt by using molecular technology. 

2- Investigate root knot nematode problems in cotton as major and economic crop in Egypt and manipulation of 
most advanced technology (LCM) to differentiate between resistant and susceptible cotton cultivars for future 
work (gene silencing technology) 

 
Materials and Methods: 
 Collection of Nematode Samples: Five thousand samples were collected from agricultural sectors of different 
governorates in Egypt (The survey includes agronomics crops, vegetables, cut flowers and fruit trees. The most common 
crops were pea, pepper, potato, strawberry, squash, cucumber and tomato, among the vegetable, and cotton, corn, 
soybean,  peanut and sunflower among other crops also banana, peach and grapevine and ornamentals. 
The samples were handled with care and stored at 10-15C° until the analysis in nematology lab (college of agriculture, 
Fayoum University). 
 Nematodes extraction from the soil samples: Nematode was extracted from the soil sample and was 
recovered according to centrifugal flotation method (Jenkins, 1964). Extracted nematodes were identified to the generic 
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level, and counted under microscope using the Hawksley counting slide.  
Root samples were carefully washed with tap water and cut into small pieces in a Petri dish with 10 ml water. Roots 
were then teased with dissecting needles to collect mature females necessary for species identification and tissue culture 
propagation.   
 Preparation of pure culture from root knot nematode samples: One adult female with one egg mass from 
each sample were propagated under tissue culture condition to insure the purity of the population for each sample that 
will be used for DNA extraction.  
 Preparation of root explant cultures was accomplished according to Haroon et al., (1993). Seeds were sinicated 
for 3 min. in 95% ethanol followed by a 10-min soak in 0.5% sodium hypochlorite and were transferred to sterile 1.5% 
water agar plates where they were maintained for 3 days at 25°C. A 5-mm-long root tip was excised from each seed-
plate (one root tip per plate) containing Gamborg's B-5 medium (Gibco. Grand Island, N.Y.). Each plate was inoculated 
with one egg masse that was extracted from one population of each genera of root knot nematode. All the plates were 
stored in an incubator at 28Cº and three months later 25 females from each dish were isolated for DNA extraction. (Fig. 
1, 2) 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
UFIRST:U UDNA isolation for Root Knot Nematode molecular identification:U DNA isolated from 
different samples was done using GenomicprepTM Cells and Tissue DNA Isolation kit  
(Amersham Pharmacia Biotech, litd, England). Isolated DNA was measured to determine the purity and quality to 
be used for further experiments as following: 
 
  UStep 1: U Ribosomal DNA amplification (ITS) Primers 5367 (5' - TIGATI ACGTCCCTGCC CTTT-3') and 
primer 5368 (5' -TTICACTCGCCGTIACAGG3') were sequences as described by Vrain et al.,(1992) and Vrain (1993). 
The DNA fragments containing the ITS regions were amplified by PCR. The reaction mixtue contained 10 mM Tris, pH 
9.0; 1.5 mM MgCI2; 50mM KCI; 0.01 % (wt/vol) gelatin; 0.1% Trition X-IOO; 100 uM each of dATP dTP dGTP and 
dTTP (Boehringer GmbH, Mannheim, Germany); O.6uM each primer; 0.1 to 10 fig of total DNA or the crude DNA 
extract from 25 females of each isolate; 0.6 units of Taq DNA polymerase (Sphaero Q. Leiden, the Netherlands); and 
deionized water to a volume of 50 µl. The amplification was carried out in a thermal cycler (PCR) DNA 
Initially PCR amplification conditions were as follows: denaturation at 94°C for 2 min, repeated for 20 cycles. A 5-min 
incubation period at 72.Cº followed the last cycle to complete any partially synthesized strands. The fastest available 
transition between each temperature was used (Zijlestra et al., 1995). 
  UStep 2: U ITS-RFLP: Amplified DNA of ITS fragments were digested with Hind I, Hinf I, EcoRI and Dra 1 
restriction enzymes. A master mix was prepared by using 1 µl of selected enzyme, 1.5 µl of matching buffer and 12.5 of 
DNA template (obtained from ITS test). The mixture for each sample was placed in incubator at 37°C for at least 3 
hours or until the second day. The digested DNA was loaded on a 2.5% agarose gel, separated by electrophoresis and 
detected by ethidium bromide staining. 
  UStep 3: U  Species specific (Multiplex) PCR: For conducting the species specific (multiplex) PCR test, 
amplifying segments of the ITS region of each isolate was used. This technique was used to identify root knot nematode 
species by the size of their amplified fragments in a signal PCR reaction. In other words the test was used for direct 
identification of the four species based on length polymorphism. The reverse primer HCFI-28S is the backward primer 
as described by Ferris et al. (1993). 
The reaction mixture contained 10 mM Tris pH 9.0, 3.5mM MgCl2, 50 mM Kcl, 200 uMeach of dATP, dCfP, dGTP, 
and dTTP, 0.4 uM of each forward primers H-18S (5'-CTTGGAGACfGTTGATC3'),CF-ITS(5'-GATTATACGC 
ACAATT), and I-ITS (5TGTAGGACTCTTTAATG 3') and 0.4 uM of the reverse primer HCFI-28S. One unit of Taq 
DNA polymerase (Pharmacia), 3 ng of total DNA or the crude DNA extract from 25 female, was mixed with deionized 
water to a volume of 50ul. PCR cycle was denaturation at 94Cº for 4 min. followed by five cycles at 94Cº for 30s, 55Cº 
for 30s, 72.Cº for 1 min. with a decrease of l Cº per cycle for the annealing temperature followed by 25 cycles at 94Cº 
for 305, 50Cº for 305, and 72Cº for 1 min. 
 

Fig 1: Tomato seeds in water agar Fig 2: plates after 3 months of inoculation with RKN 
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SECOND: Root Knot Nematode associated with cotton plant:  
 Collection of samples: A total of 200 soil and roots samples were collected from cotton fields all over Egypt. 
Each soil sample was composed of three sub-samples obtained from the rhizosphere of the growing plants, by digging 
the soil to a depth of about 30 cm and placed in labeled polyethylene bags. Root samples were also obtained by lifting 
the plants carefully with a trowel and samples were directly sent to the laboratory for nematode extraction and 
identification. The survey included the following cotton cultivars in Giza 45, Giza70, Giza 83, Giza80, Giza 85, Giza 86, 
Giza 88, Giza 89, Giza 90, Giza 91 and Menoufia.  
 Nematodes were extracted from soil and root samples and pure tissue culture were prepared for each population 
as described before. Nematode counts and identification to generic level were based on the morphology of the adult and 
larval forms, described by Harrison and Mai, 1985 and Freckman and Baldwin, 1989.  
 For each genus, population density / 100 cc soil, percentage of frequency occurrence and prominence value 
were calculated according to (Norton, 1978) as follows: -  

  
              

 % Frequency Occurrence (% F.O.) = Number of samples containing a genus X 100. 
                            Total number of collected samples 

Root Staining and Examination: 

 The complete root-system of each seedling of cotton was carefully removed from the soil, washed gently in tap 
water and stained in 0.05% boiling lactophenol acid fuchisin (Franklin 1949) according to (Byrd et al, 1983), and then 
followed by washing in tap water and keeping in plain lactophenol for further differentiation. The pieces of roots were 
putted on one drop of glycerin on the glass slide, pressed slowly and covered it to be examined under the microscope to 
seeing the different stages from the different days post inoculation. 
 

Different steps were conducted after DNA extraction from each population as following:  

 Step 1: Fingerprinting of cotton cultivars for Molecular genetic markers in cotton cultivars  Randomly 
Amplified Polymorphic DNA (RAPD) markers: 

PCR reaction was conducted using ten (10 mer) random primers. List of primer names and their nucleotide sequences 
used in the study as listed in table (1) :  
 
Table (1): 

Primer code Sequence 5 '-3' Primer code Sequence 5 '-3' 
OP- A03 AGTCAG CCAC OP- A07 GAAACGGGTG 
OP- A16 AGCCAGGGAA OP- B01 GTTTCGCTCC 
OP- B05 TGCGCCCTTC OP- C19 GTTGCCAGCC 
OP- D05 TGAGCGGACA OP- Z13 GACTAAGCCC 
OP-K02 GTTTCGCTCC OP-K06 CCCGTCAGCA 

 
 The amplification process were carried out by using Ready – To – Go RAPD Analysis Beads Kit (Amersham 
Pharmacia Biotech, litd, England) for 25 µl PCR mixture.  
25µl mixture of 25 pmol of a single RAPD primer, 50 ng template DNA and the volume were completed to 25 µl by 
distilled water was prepared in 0.5 ml tube. Then the contents of the tube were mixed by gently vortexing. Centrifuge 
briefly to collect the contents at the bottom of the tube. The mixture was added to 0.2 ml PCR tube containing RAPD 
analysis bead in the bottom of the tube. So the contents in the above tube were mixed by gently vortexing. Then 
centrifuge briefly to collect the contents at the bottom of the tube. Finally, the samples were introduced to a Perkin 
Elmer 480 thermocycler (Norwalk, CT) where the following cycle profile was used:  One cycle:(95Co for 5 min) - 45 
cycles each of( 95Co for 1min, 36Co for 1 min, 72Co  for 2 min) 

 After amplification, the banding pattern of the randomly amplified DNA visualized and analyzed. RAPD 
analysis done on agarose gel.  
 Gel analysis: Gels were photographed and scanned with Gel Documentation system image analysis software 
(Bio Rad laboratories, Inc., California, USA).  
 

Step 2: Histopathological changes in cotton roots, cv. Giza 83 as influenced by the infection with the root-knot 
nematode,  M. incognita race 3: 
 

Cotton seeds, cultivar Giza 83 were planted in 20 cm diameter plastic pots filled with steam sterilized loamy 
soil. Two weeks after germination, plants were thinned to one seedling per pot and nematode suspension, containing the 
known numbers of freshly extracted second stage juveniles (Hussey and Barker, 1973), was then pipetted directly 
around the root system of each seedling. Approximately 0, 100, 500, 1000, 2000, 4000, 8000 and 12000 juveniles per 

Population Density (P.D.) = Total numbers of individuals of each genus per 100 cc. 
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plant were used as different levels of initial inoculation. Each inoculation level was replicated three times and all pots 
were arranged on a bench in a greenhouse at temperature degree of 30 ± 5Cº. Sixty days later, plants were harvested and 
data on plant growth was estimated. Infected roots were washed gently, fixed in F.A.A., stained in boiling acid-fuchsin 
lactophenol (Byrd et al., 1983) and then examined under a stereoscopic-microscope to count the embedded different 
developmental stages of the nematode. Soil of each pot was pocessed for nematode extraction to estimate the number of 
nematode in soil. 

 

Step 3: reaction of cotton tissue against the invasion of Root Knot Nematode juveniles to resistant and susceptible 
cultivars. 
Another test was conducted with Giza 83, Giza 90 as two major commercial cultivates to determine their relationship 
with root knot nematode (Race 3) 

 
THIRD: Laser Capture Microdissection (LCM) for Cotton roots 

Samples from the above experiment were taken after 25 days post inoculation (dpi) for both cultivars of cotton  
from  Giza 80 (Resistant) and Giza 90 (susceptible), kept in farmer`s solution (FS) composed of 75% ethanol:25% acetic 
acid (Sass, 1958 and Kerk et al, 2003) the same manner was used for control treatments for preparing of laser capture 
microdissection. 
 Fixation were done to stabilize the cell contents and to preserve histological integrity and detail during tissue 
sectioning, tissue fixation in farmer`s solution (FS) composed of 75% ethanol, 25% acetic acid provided superior quality 
RNA extracted from samples obtained by LCM. 
Ethanol and ecetic acid were used to reduce the amount of sample preparation required to collect the relatively large 
number of LCM samples required to provide sufficient RNA for further analysis. 
Root samples were cut into 1cm squares, placed in different solutions (70% Ethanol, 30% DEPC H2O (Dep`d H2o for 
30 min, 95% Ethanol for 15 min), (100% Ethanol for 15 min (3 times) Also placed samples in different solvents for 
different times (100 proof Ethanol: d-Limonene Hemo-De ,  3:1for 30 min, 1:1 for 30 min, 1:3 for 30 min, 100% 
HemoDe for 3h to o/n, 100% HemoDe for 2-4x    1h). 
 Following steps was placed in the fume hood which include filling tubes 1/2 way with HemoDe and placed 
tubes with sample in incubator at 58°C for 1h, after that add 5-10 ml of paraffin each hour with initial mixing at each 
addition.4-5x. Leaved the tube caps off to allow HemoDe to evaporate, poured off all solution and added pure melted 
paraffin (5 xs at h intervals). Pouring molds was done on silver gradient heat tray placed with aluminum foil and allowed 
to cool at 4°C. 
 Sectioning was done while using paint brush to hold section away from microtome (Fig.3). Add Deped H2O to 
baked, RNase-free slides. Float 1 inch section trail on slide, allow section to spread, with Kim Wipe and tipping slide, 
remove excess H2O, and let sections to dry well the slide that used is LCM slides: Lecia: No. 11505158 Membrane 
Slides: PEN-Membrane 2.0 um, 50 pieces. 
0TThe special LCM slides were covered with a transfer film. The film will later transfer the selected cells after tissue 
acquisition. Prior to sectioning, LCM slides are placed on a 42 degree Celsius slide warmer and are covered with 
RNAse-free water. Small pieces of the sliced ribbon were placed in the water, on top of a glass slide. After drying, the 
tissue adheres to the film. This step was important for later isolation of selected cells. Excess water was removed by 
incubating the slide on the slide warmer. 
0TThe tissue sections are then incubated in xylene incoplin jars to dissolve and remove the paraffin wax. The slides were 
placed on top of a paper towel and air dried; this shows a slide with dried tissue, then the slides were ready for 
examination by LCM system. (Fig. 4) 
0TThe system consists of 2 parts, a microscope and a computer for image display. It has a microscope with an ultraviolet 
laser beam, this ultraviolet laser will be calibrated and the power will be adjusted before capturing the cells of interest 
(Fig. 5) 

 

  Fig 4: LCM slide which contains 
on ribbon of cotton roots 

  Fig. 3: microtome system Fig. 5: LCM, microscope with laser 
and a computer for image display. 
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Results: 

 Five thousands samples of nematode different populations were collected from agriculture sectors of different 
governorates that were considered as its important in crop production in Egypt. The survey covers 47 different crops. 
Results presented show the prominence values of the eleven plant parasitic nematode genera, including ectoparasitic, 
endoparasitic and semiendoparasitic forms, which were recovered from the soil samples. These genera were  
Meloidogyne spp. , Pratylenchus, Helicotylenchus, Hemicycliophora, Hoplolaimus, , Paratylenchus, , Rotylenchulus, 
Tylenchorhynchus, trichadorus, longidorus, tylenchulus and Xiphinema. The root-knot nematode, Meloidogyne; the 
lesion nematode, Pratylenchus; the reniform nematode, Rotylenchulus; the stunt nematode, Tylenchorhynchus and the 
lance nematode, Hoplolaimus were the major nematodes distributed. Data revealed that Meloidogyne, Pratylenchus and 
Rotylenchulus were found with relatively higher frequency of occurrence % (F.O. %), population density (P.D.) and 
prominence values (P.V.). Accordingly, their percentages of occurrence were 24.7, 22.7 and 20.2, of the total collected 
samples, respectively.  

 It was very important to identify all the isolated of Root Knot Nematode, to species , races and population as 
we found out that the majority of crop s is seriously damaged with this group of nematodes, so using this molecular 
techniques is important to design effective and suitable program of IPM for control this pest. (Fig. 6)  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

  

Fig. (6) different crops infested with RKN 

 

Strawberry              Carrot        Bean 
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FIRST: DNA isolation for Root Knot Nematode molecular identification: 
 Step1: ITS Test: 

 After the measurement of all obtained pure DNA from each isolate of root knot nematode, the first test (ITS) 
was conducted for each isolate separately to insure that all the DNA is for root knot nematode. So, primer 5368 and 
5367 were used for amplification of the ITS region, all the root knot isolates from different governorates and districts 
gave one main product of approximately 760bp. This 760 bp PCR product obtained from the amplified ITS region of 
Meloidogyne was shorter than the product reported for other nematodes (Vrain et al., 1992; Zijlestra et al., 1997). (Fig. 
7) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 Step 2: Multiplex Test: 
Sequencing data reveal that the sizes of the cloned amplified ITS regions of M. incognita is 760 bp. First, PCR reactions 
were performed with HC F I – 285 and one of the three forward primers. The sizes of the fragments obtained after 
amplification could be estimated from the sequences. 
The combination of primers H-18S and HCFI - 28S resulted in amplified fragment of 660 bp. this fragment is typical for 
M. hapla. No reaction with any other governorates isolates was shown the amplified fragment of 660bp was recognized. 
PCR with primers ITS and HCFI - 28S resulted in amplification of a 415 bp fragment when M. incognita was used as 
template. The majority from all governorates isolates react with this combination of the primers. (Fig. 8) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Step 3: ITS – RFLP  
 
 
 
 

760bp 

Fig (7): Typical amplification of 760bp polymerase chain reaction – PCR product from 
template of total DNA extracted from Meloidogyne spp. of different isolates from different 

governorates and districts with internal transcribed spacer (ITS) with primers 5367 and 5368. 

Fig (8): Amplification products of multiplex PCR reactions using forward primers H- 18S, I – ITS, EF 
– ITS and the reverse primer in a single PCR reaction with 3ng of template DNA of root knot nematode 
population collected from different governorate of Egypt, when ITS primer sets H-18S/HCFI-28C used 
with M.hapla   the result was 660bp, when ITS Prime sets I-ITS/HCFI-28S used with M.incognita the 
result was 415bp, and when ITS Prime sets H-18S/CF-ITS/HCFI-28S used with M.javanica the result 
was 750bp and when ITS primer sets ITS / HCF1, 28C used in arenaria 
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 ITS regions of all isolates were digested with restriction enzymes. When Hind III was used in RFLP test 
(Restriction fragment length polymorphisms), the size of the DNA fragment obtained was not clear while 520, 200 bp 
bands were cleared when EcoR1 are used with isolates from M.incognita and M.javanica, also two bands were 
recognized at 440 bp and 320bp when Hind I was used with isolates from the same nematodes species. 
These results were typical for M. incognita, and M.javanica confirming the previous findings by Zijlstra et al., (1995 and 
1997). (Fig. 9) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SECOND: Root Knot Nematode associated with cotton plant: It was found out from the simple 
examination using molecular technique that was described before that M.inconita race 3 is the major past in cotton plant 
also Data indicated that the highest prominence value of Meloidogyne spp. was observed with the cv. Giza 90 growing 
areas;  (39.3) followed by the cv. Giza 83; (36.2). 
 

  Step 1: Fingerprinting of cotton cultivars for Molecular genetic markers in cotton cultivars  Randomly 
Amplified Polymorphic DNA (RAPD) markers: 

Randomly amplified polymorphic DNA using PCR (RAPD-PCR) was used to assess the genetic diversity of the six 
selected cotton cultivars, Ten artificial primers was used to determine the fingerprinting of cotton cultivars, clear results 
was obtained from four of these primers as in table (2)  
 
Table 2: Molecular genetic markers for root-knot nematode, M. incognita race 3, resistance based on RAPD-PCR 

with primers OP-C19,  OP-A07, OP-A16 and OP-K06. 
Primer Cultivar Molecular Marker 

1- OP-C19 

Giza 70(S) +396bp and +250bp. 

Giza 83 (S) +1500bp, +700bp and +416bp. 

Giza 80 ( R ) +950bp. 

2- OP-A07 

Giza 70(S) + 550 bp. 

Giza 80 ( R ) +1100bp, +900bp, +800bp and +288bp. 

Giza 91 ( R ) +725bp and +644bp. 

3- OP-A16 

Giza 70(S) +1000bp, -450 bp and +260bp. 

Giza 83 (S) +1000bp and  -450 bp. 

Giza 90 (S) +1412bp, +1000bp, +950bp, +700bp, -450bp and +300bp. 

Giza 80 ( R ) -1000bp,  +450 bp and +250bp. 

Giza 86( R ) -1000bp and  +450 bp. 

M  

Fig (9) Restriction product OF 760 bp polymerase chain reaction 
amplified internal transcribed region of Meloidogyne spp upon 
restriction with Hind I, EcoR1 
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Giza 91 ( R ) -1000bp and  +450 bp. 

5-OP-K06 
 

Giza 70(S) +1075bp, +751bp, -611bp, +510bp, +413bp, +308bp and +255bp. 

Giza 83 (S) +1075bp. 

Giza 90 (S) +1075bp 

Giza 80 ( R ) +3000bp, +2500bp and –1075bp. 

Giza 86( R ) -1075bp. 

Giza 91 ( R ) -1075bp. 
S = Susceptible.           R = Resistant.        (+) = Band is present,           (-) = Band is absent. 
 
 
 Bands generated by each primer varied among genotypes, with a range of 1 to 12 bands. Molecular weight 
(MW) of these bands ranged from 250 to 3000 bp. These primers could produce specific bands, which can be used to 
distinguish the six genotypes. For instance, primer OP-A16 gave specific markers with MW of 260 bp for G1(Giza70), 
950bp; 700bp and 300bp for G3(Giza 90) and 250bp for G4(Giza 80). 
 RAPD-PCR showed also some molecular markers related to the root-knot nematode, M. incognita race 3, such 
as the fragments generated by the primer OP-A16, 450bp which was found to be related to root-knot nematode (RKN) 
resistant and it was absence in the susceptible cultivars and 1000bp which was found to be related to RKN susceptibility 
and it was absence in the resistant cultivars may be considered as positive and negative molecular markers for the root-
knot nematode resistance. The selected six varsities for all RAPD test were Giza 70, Giza 83, Giza 90, Giza 80,Giza 
86, Giza 91 with different primers as indicated in each figures  (Fig. 10, 11, 12, 13) 

      
           10000 
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Fig 10: DNA polymorphism of the six cotton cultivars amplified with primer OP-C19.  
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Fig 11: DNA polymorphism of the six cotton cultivars amplified with primer OP-A07. 
 

Fig. 12: DNA polymorphism of the six cotton cultivars amplified with primer OP-A16. 

 

Fig. 13: DNA polymorphism of the six cotton cultivars amplified with primer OP-K06 91. 
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 RAPD-PCR was used to analyze the genetic diversity of the six studied cotton cultivars, and to assess their 
genetic relationships using similarity index and dendrogram tree. Ten random primers were used to determine RAPD 
polymorphism of the six-cotton Egyptian cultivars. 
Among the 128 amplified fragments across the ten primers, 120 were polymorphic (93.7%). The numbers of amplified 
and polymorphic fragments generated by each primer and the specific markers for the six cotton cultivars. Data of the 
amplified fragments using ten-mer chosen primers for the six cotton cultivars revealed that all primers succeeded in 
amplifying DNA fragments. Polymorphism levels differed from one primer to the other.  Primers OP-K02, OP-K06, 
OP-A07, OP-B01 and OP-Z13 exhibited high polymorphic differences and were useful in cotton cultivar identification.  
 Cluster analysis (similarity matrix) based on RAPD-PCR analysis using UPGAMA computer analysis was 
shown. The highest similarity index recorded was 67.6%, which was observed between the two resistant cotton cultivars 
to the root-knot nematode, M. incognita, Giza 86 and Giza 91 and it was 60.6%, which was observed between the two 
susceptible cotton cultivars to the root-knot nematode, M. incognita, Giza 90(S) and Giza 70 (S), while the lowest 
similarity index recorded was 33.8%, which was observed between the  two cultivars Giza 91 (R) and Giza 83 (S), also 
it was 30.8%, which was observed between the two cultivars Giza 91 (R) and Giza 90 (S).  
 A Dendrogram for genetic relationships among the six cotton cultivars was carried out. The six cotton cultivars 
were separated into two clusters; cluster one included two resistant cotton cultivars Giza 86 and Giza 91, cluster two 
included two sub-clusters; sub- cluster one included resistant cultivar Giza 80 and sub-cluster two included two sub-sub 
clusters; sub-sub cluster one included susceptible cultivar Giza 83, while second sub-sub cluster contained two 
susceptible cotton cultivars (Giza 70 and Giza 90).  This conclusion is in agreement with Multani and Lyon, (1995), 
Tatineni et al., (1996) and Abd El- Ghany and Zaki, (2003). (Fig. 14, 15)  
 

0BVar.             G.1             G.2            G.3           G.4          G.5         G.6 

G.1     1        100.0 
G.2     2        60.6           100.0 
G.3     3         56.2           53.2          100.0 
G.4     4          53.0          55.7           47.1         100.0 
G.5    5           44.2           30.8          33.8          42.4        100.0 
G.6    6            37.2           35.2         42.3          48.5        67.6         100.0 

 

Fig. 14: Similarity matrix among the six cotton cultivars based on RAPD-PCR analysis. 
G.1= Giza 70 (S), G.2= Giza 90 (S), G.3= Giza 83 (S), G.4= Giza 80 (R), G.5= Giza 91(R), G.6= Giza 86(R). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 15: Dendrogram for the genetic distances between the six cotton cultivars based on RAPD-PCR analysis. (1): 
G.70 (S)  (2): G.83 (S) (3) G. 90 (S) (4)G.80 (R)  (5) G. 86 (R) (6) Giza 91 (R 
 Step 2: Histopathological changes in cotton roots, cv. Giza 83 as influenced by the infection with the root-
knot nematode,  M. incognita race 3: 
 Cotton roots infected with the root-knot nematode, M. incognita race 3 exhibited histological responses, 
typically like those of other hosts infected with such nematode. Microscopic examination of stained sections of the 
infected roots indicated that, the infective stage had infected both young and old roots. It was clarify that juveniles had 
penetrated the roots at their tips. Then they migrated in the root cortex and had orientated parallel with the longitudinal 
root axis and their anterior parts towards the vascular region. The advanced duration after inoculation; the fourth stage 
juveniles were observed very close to the stelar region. Likewise, the young females were noticed within the cortical 
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layers, inserting their anterior parts inside a cluster of giant cells. The more advanced stages after inoculation, the egg 
laying females were found with their egg-masses embedded within the root tissues, causing a great pressure on the 
cortical layer, endodermis, pericycle and stelar region. Cell walls of giant cells were thickened and darkly stained; each 
giant cell contained a great number of granulated swollen nuclei, which may be orientated either in a lateral or central 
position.The crushing effect of the exhaustive giant cells and the developing nematodes resulted in malformation and 
destroying of the vascular tissues and their neighboring cells. Such abnormalities in the anatomical structure of the roots 
interfere greatly with the function of the root system. Thus, the water and nutrient absorbing capacity of the root fails to 
supply the vegetative system with its requirements. Fig 16, 17 These results are in agreement with the findings of 
Ibrahim and Massoud (1974), in Egypt, Finley (1981) and Sosa-Moss et al., (1983).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Step 3: reaction of cotton tissue against the invasion of Root Knot Nematode juveniles to resistant and 
susceptible cultivars. 
 The results reveal that the difference between two cultivars resistant Giza 80 and susceptible Giza 90 
respectively, in the shape of giant cells which formed during the interaction between nematode and root plants. (Fig.18 
a, b)  

 
 

 
 
 
 
 
 
 
 
 
 
 

 
(Fig, 18 a, b) sections of microdissection of both resistant and susceptible cotton cultivars (Control).  
 
 
THIRD: Laser Capture Microdissection (LCM) for Cotton roots 
 The slides with tissue sections of both two cultivars of cotton plants susceptible and resistant cultivars were 
examined, a specific software package is used to select the infected cells by moving the cursor, shown by the red line. 
The laser provides enough energy to cut both the transfer film and the tissue. In this case, nematode infected cells are 
selected, the selected infected tissue with adherent film sections drop into the cap of a microfuge tube that is located 
below the tissue sample.  
 The selected cells can be seen in the microfuge tube that is located under the sample. These cells can be further 
used for DNA, RNA or protein extraction and analysis. (Fig. …..) 
 The giant cell undergoes a variety of cytological changes as it differentiates and becomes the feeding site of 
root-knot nematode. From our observation it was clear that there are ongoing molecular changes occurring within the 
giant cell as it differentiates. So we can conclude that the molecular change is different if we compare between the giant 
cells for susceptible plants comparing with the resistant plants, so defiantly the molecular change is different as shown 
from the isolating tissues enriched from giant cell by laser capture microdissection (LCM). (Fig. 19, 20, 21) 

Fig. 17: giant cells contained granulated 
swollen nuclei and dense cytoplasm.  

Fig. 16: Second stage juveniles oriented 
parallel with the longitudinal root axis 
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(Figure, 21) (a) Cutting selected cells by UV laser in the cap of tube (b) A 0.5 ml   Eppendorf microfuge tube is filled 
with 50 ml of a buffer solution that is specific for either DNA, RNA or protein analysis. (c) The cap is placed snugly into 
the microfuge tube. (d) The tube is then inverted so that the buffer is in contact with the cells. (e) After incubation, the 
cells are lysed in the buffer and can be used for molecular analysis.  
 
 
 
 
 
 
 The sections after microdissection of both susceptible and resistant cotton cultivars (Control) show that the 
form of sections without any infection by root-knot nematode.  
These results obtained from the laser capture microdissection technique indicated that the dissection of these cells of 
interest (giant cells) can be used in the future for studies and analysis on DNA, RNA or protein from defined cell 
populations. (Fig. 22 a- b- c-d) 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 (Fig, 20) Show the cap of a microfuge 
tube, which is located below the tissue 
sample 

 (Fig, 19) Show the slide with tissues, 
placed on the slide of microscope. 
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After 25 days post inoculation in susceptible Giza 90, it is shown several giant cells contain the large number of nucleus 
, also the other section shown that the measurement of adult females in the width and the length at which, the width of 
female were 449µm and the length of female were 512µm.    
On the other hand; the resistant Giza 80, after 25 days post inoculation shows a few number of giant cells comparing to 
giant cells which formed in susceptible cotton plants, also the other section shown that the measurement of adult females 
in the width and the length at which, the width of females were 209µm and the length of females were 294µm. (Fig. 23 
a, b)    
 

 
 
 
 
 

 
 
 
 
   
 
 

Discussion 
and Conclusion: 
 
 This research confirms that Root-knot nematode (Meloidogyne spp.) is the major pests in Egypt, causing yield 
losses to many economic crops. There are many research opportunities in basic nematology that utilize the new 
approaches and tools of molecular biology. The tools will facilitate research on previously intractable questions in 
nematode biology, also current nematode control options include the use of nematicides, cultural practices, resistant 
cultivars, and crop rotations. In the future, successful integrated nematode management will depend on combinations of 
control tactics to reduce nematode numbers. Application of biotechnology to nematode control tactics will influence 
applied nematology in diverse ways, from nematode identification to the development of resistant cultivars, and will 
improve effectiveness and increase the number of management options available. Increased communication and 
cooperation between researchers with expertise in applied science is necessary to enlarge our understanding of nematode 
biology and ecology. The outcome will enhance development of new nematode management strategies and allow 
refinement of old technique. 
Concerning to the prominence values (P.V.) calculated for the presence of different genera and nematodes population, 
we could conclude that Meloidogyne was found with relatively high value (36.8) than both Pratylenchus and 
Rotylenchulus, which were found in moderate values; 23.1 and 22.9, respectively. The distribution of these different 
nematode genera, among the surveyed districts was not uniform. It was observed that most of these nematodes did not 
exist in some surveyed localities. However, Meloidogyne, Pratylenchus, Tylenchorhynchus and Hoplolaimus were the 
only four nematode genera encountered in all surveyed districts with relatively higher frequency of occurrence. The 
root-knot nematode, Meloidogyne spp. exhibited the highest occurrence of the endoparasitic nematodes existing in the 
collected samples.  Therefore, it was concluded that the root-knot nematodes, Meloidogyne represented, the major 
nematode pest attacking cotton plants. The highest values of prominence of Meloidogyne spp. amongst Fayoum 
Governorate were recorded in the districts Youssef El-Siddique, El-Fayoum and Abshawai; 46.4, 43.8 and 41.5, 
respectively. While, the lowest values were recorded in the districts, Sennores and Tamia; 25.9 and 29.0, respectively. 
These results are in agreement with those reported by Oteifa (1962), in Egypt, Hillocks and Bridge (1992), in 
Tanzania and Wrather et al., (1992), in Columbia. 

(Fig,23 a) Laser capture microdissection from 
cotton roots sections for susceptible plant Giza 90.  

(Fig,23 b) Laser capture microdissection from 
cotton roots sections for resistant plant Giza 80. 
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 DNA-based molecular markers have been recently integrated in the improvement of several plant systems and 
are expected to play a very important role in the future of plant breeding programs. The revolution of polymerase chain 
reaction (PCR) technique has been initiated as a novel genetic assay based on selective DNA amplification (Saiki et al., 
1983). Randomly amplified polymorphic DNA (RAPD) has been the most widespread DNA analysis during the last 
decade. This analysis is more amenable to automation than conventional analysis. It is simple to perform and preferable 
in experiments when large number of individuals are determined in a few genetic loci. It requires only a small amount of 
DNA and provides a quick method for developing genetic maps. Targeting genetic markers has been explored in genus 
Gossypium mainly at the inter-specific level (Van de ven et al., 1993).  
 Molecular genetic markers for root-knot nematode tolerance based on RAPD-PCR are grouped which 
confirmed the importance of these markers to select the tolerant cultivars instead of long breeding programs. These 
results are in agreement with Van de ven et al., (1993), Bai et al., (1998); Filho et al., (1999) and El-Badawy (2000). 
RAPD-PCR has been used for obtaining molecular markers linked to improved agronomic traits and study plant 
genetic diversity by, Williams et al., (1990); Peterson et al., (1991); Tao et al., (1993); Pammi et al., (1994); Abd-
El-Tawab et al., (1997); Chen et al., (2000) and Hash and Bramel-Cox (2000).  
 Using the obtained data from RAPD-PCR, the genetic relationship among the genotypes under investigation 
was summarized in a dendrogram. It has been noticed that, the two resistant genotype G5 (Giza 86) with G6 (Giza 91) 
had 67.6% similarity. While, the two susceptible genotypes G1(Giza 70) with G3 (Giza 90) showed 60.6% similarity. 
 In general, the eventual incorporation of yield-related traits, and the molecular genetic studies of the six cotton 
cultivars and their genetic diversity are efficient tools for identification and evaluation of these cultivars under the root-
knot nematode stress, which could be used as in marker-assisted selection (MAS) in cotton breeding programs. 
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Future Work: 
 All giant cells that was collected using laser capture microdissection (LCM) technique can be used in the future 
for studies and analysis on DNA, RNA or protein from defined cell populations.  
 Genes will be identified that are expressed in giant cells. Genes expressed in common with syncytial cells 
during nematode infection of soybean roots will be identified.  Cell morphology and biochemistry of the giant cells are 
different from syncytial cells and certainly from uninfected root cells, therefore we expect that several genes expressed 
in giant cells will not be expressed in syncytial cells or will be expressed at different levels.  Promoters of some of these 
genes may allow targeting of agents to block giant cell and syncytial cell maintenance, thus starving the nematode. 
 Our future work will be concentrated in isolating the RNA from LCM derived tissues enriched for giant cell to 
create a cDNA library for cloning and to study gene expression to find out the gene that is formed in resistant cultivars 
for cloning and work future. 
 Further study will include the use of RNA interference (RNAi) as a powerful gene silencing tool to investigate 
genes function, genes expressed in a range of cell types are silenced when preparasitic juvenile of root knot nematode 
take up double strands (ds) RNA that elicits systemic RNAi response, a resistance effect is observed paving the way for 
the potential use of RNAi technique to control Root Knot nematode.  
 We propose to make DNA constructs from orthologs of genes proven to be lethal or stop development of the 
free-living nematode, Caenorhabditis elegans. The orthologs will be from RKN .Several genes known to be associated 
in a pathway or complex will be targeted. The constructs will contain DNA fragments of target genes oriented in 
opposite directions, so when it is transcribed, a dsRNA with hairpin is formed.  Initially, constructs will be screened. 
RKN orthologs of target genes that decrease the development of mature females 80% or more will be used and tested in 
transformed grab and tomato plants. Plants will be transformed with Agrobacterium tumefaciens. The transformed roots 
will be challenged with the appropriate nematode and mature females or galls will be counted and compared to 
untransformed control roots. DNA constructs that prevent or reduce production of mature females will be used to 
generate multiplexed constructs containing multiple gene targets. The results of these experiments may lead to a general 
method for producing broad resistance of crop plants to nematodes. 
 So our main objective for the future work is to broaden resistance of plants to nematodes using gene silencing 
with RNAi. We propose to make DNA constructs targeted to silence RKN genes, transform plant roots and determine if 
the transformed roots develop fewer or no galls. Each DNA construct will be designed against one or multiple gene 
targets of the cyst and RKN to slow or halt the development of the nematode. Plants used in this study represent 
important crops in Egypt and the US and include soybean, tomato, and maize 
So the future work will include: (1) use of gene targets not tried previously; (2) multiplexing targets in the gene 
silencing vector or targeting more than one gene for silencing; (3) targeting more than one gene encoding proteins that 
are involved in a common biochemical pathway or process; (5) for the first time introduces and initiates RNAi gene 
silencing technology for controlling nematodes (6) allowing the application of this same technology toward solving 
other agricultural pest and pathogen problems in Egypt.  
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Abstract: Project management has an important role in terms of time, cost and flexibility. An agent-based 
architecture provides additional robustness, scalability, flexibility that is particularly appropriate for problems 
with a dynamic and distributed nature. Integrated agent based project management covers design and 
construction planning. It is combined with plan execution, tolerating both the design and plan, which may be 
changed as necessary. In this reason, the decision making process requires that the right effects of change need to 
be propagated through the plan and design in dynamic environment. It is difficult to estimate the operation times 
and costs exactly. A numerical simulation is presented at the end of this paper to illustrate the procedures of the 
proposed model. 

 
    Key words: Agent systems, construction activities, project management  
 
 
Introduction 
 
 Agent based project management system includes a design agent, planning agent, knowledge agent, cost estimation 
agent and project manager agent. Agent based system consists of system analysis, program development, testing, 
installation, and user training skills. Main activities of the suggested system include the control and information flow which 
are assisting the whole system in every time.  

Control activity means by which management control operations. In a project management system, control includes 
procedures specified for specific tasks, milestones to mark completion of project phases, and the expertise available within 
the project team to solve problems when they are encountered. Giving information activity provides management with 
measures of how the system is accomplishing its   objectives. Project information systems need to record the current status 
of activities and list   responsibilities, planned and actual durations of activities, and cost expenditures.  

We use multi-agent systems as a technique to support project management in a distributed environment.  All 
information relevant to the project as a whole should be passed to the project manager. Information of interest for other 
team members is often transferred via the project manager as well, even if it is not crucial from the project’s point of view. 
Project Manager agent have been taken on coordinator role. It implements the distribution of the task among the Design 
Agent, Planning Agent, Knowledge Agent and Cost Estimate Agent. 

The next section includes building of model structure in construction activities; then the simulation of the agent based 
project management in random PERT method presented. The last section reviews the conclusion and results. 
 
 
Building of Model Structure 
 

The project management is the organizational structure used by the project manager to get things done. The project 
management system includes the information system to provide project team members with necessary information, because 
coordination between groups is critical to integrate activities. Organizational structure involves procedures to endure 
accurate communication and completeness of activities.  

Elonen and Artto reviews the problem areas in project management in detail. Love and Irani assessment the quality 
cost information mechanism in project management.  Ugwu et al.(2004) design processes the procurement route selection 
and effective communication of design parameters between the stakeholders. They reviewed the steel frame structures of the 
project management.  Tserng and Ling are developed an activity based knowledge management system for contractors. 
They addressed the application of knowledge management the construction phase with IDEF (Integrated DEFinition 
function modeling). Sadeghpour at al. modeled the CAD-based construction sites. They defined the tasks and activities in 
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detail. Kasvi et al. defined the managing knowledge competences in project organizations. They determined the several 
potential outputs. They grouped the knowledge management in four different cases such as knowledge creation, 
administration, dissemination and utilization. Mahaney&Lederer reviews the information systems of the project 
management in agency approach. They determined the goal conflicting in the system and task programming type.  

Multi agent systems are branch of the Distributed Artificial Intelligence. The term of agent represents a hardware 
or more usually software-based computer system that has properties of autonomy, social ability, reactivity, and pro-
activeness. A stronger notion of the agent adopts mentalistic notions, such as knowledge, belief, intention, and obligation 
(Wooldridge and Jennings, 1995) 

Wu et al. suggested public investment project in Chine with quality self-control and co-supervision mechanism. 
Udeaja et al. (2008) described a web-based prototype (CAPRI.NET) that was developed to facilitate the live capture and 
reuse of project knowledge. Xue et al. (2008) suggested the framework, which integrates the construction organizations in 
construction supply chain and multi-attribute negotiation model into a multi-agent system (MAS), provides a solution for 
supply chain coordination in construction through multi-attribute negotiation mechanism on the Internet. Kim and Kim 
(2010) focused on to develop a multi-agent-based simulation system to evaluate the traffic flow of construction equipment 
in construction site. Adhau et al., proposed A multi-agent system for distributed multi-project scheduling which can solve 
complex large-sized multi-project instances without any limiting assumptions regarding the number of activities, shared 
resources or the number of projects. Additionally our approach further allows to random project release-time of projects 
which arrives dynamically over the planning horizon. Hadikusumo et al. used the e-portal system for the construction 
material procurement .They proposed the decentralized database system equipped with electronic agents for material 
procurement. 

We represented the multi agent system that is an implementation of a distributed project management tool. 
Activites, resources, and important functions are represented in a agent‘s task ability. System contains five main agents. 
Among of the agent relations are modeled and evaluated in random PERT method.  

Project level activities, and applied of the methods, commitment, unclear roles and responsibilities are modeled in 
agent based structure. Process of project information in construction is reviewed in probability PERT mechanism. Summary 
of construction activities in MAS system in Table 1, analyzed of the probability PERT approach then obtained the project 
finish time .This procedure repeated in 100 times, and data are evaluated and system decision mechanism obtained the 
average project completion time. Suggested system provides the managing of the project scheduling mechanism. 

Construction projects are complex and time-consuming, which have usually been characterized by their 
complexity, diversity and the non-standard nature of the production. Whatever successful and unsuccessful projects have 
been executed by the general contractors, a valuable record of each one should be kept to identify best and worst company 
practices. During the construction phase of projects, an effective means of improving construction management is to share 
experiences among engineers, which helps to prevent mistakes that have already been encountered in past projects. Drawing 
on experience knowledge, activity-related information or knowledge normally includes specifications/contracts, reports, 
drawings, change orders and data.  

MAS system architecture influences information exchanging patterns and relationships between individual agents. 
One of the advantages of MAS comes from the cooperation among agents. We adopt multi agent system as information 
infrastructure to support project management in a highly distributed environment. The project management agent takes the 
functions of coordinator.  Agent-based systems have the advantage of being more robust, flexible and fault tolerant than 
traditional system. Furthermore, the simple patterns of agent behavior are easier to program. In addition, this approach often 
provides a means to solve problems that have previously been unsolvable and to address problems in way  that is more 
natural, easy and efficient. 

The information and knowledge that relates to the whole project and can be clearly classified into activity units can 
save the category of the project. Inferred knowledge may include process records, problems faced, problems solved, expert 
suggestions, know-how, innovations and notes on experience. Information and knowledge is better saved in activity-based 
units to facilitate classification and searching by the system. Moreover, users may search and refer to related information 
and knowledge from related activities in past projects. 

System decision mechanism are effected the some function as follows; 
• Goals, expected results, scope of project. 
• Plans and schedules: start date, end date, major milestone activities, data items and reports. 
• Management organization: the customer’s organization, their key players, their evaluators, and the decision- makers 
involved in awarding a contract. 
• Operational systems: the procedures of selection of the contractors, what is to be done, when it is to be done, who will do 
it, and how it will be done. 
• Technical approach: technical standards and specications, new technology added and the necessary skills for key persons. 
• Related and future work: the importance of the project to the customer, future work and the customer’s future capital 
expenditure. 
• Competition for the project: who are the competitors and do they have any special advantages? Customer has biased 
toward a particular competitor. 
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Agent based project management includes the processes, tasks and issues to consider in planning and designing for 
construction of building domain, and formulating the knowledge structures and framework for automated knowledge 
acquisition, and learning for constructability assessment in infrastructure design and construction. It describes the use of 
interviewing techniques to understand problem solving and the development of knowledge models for automated 
constructability assessment.  

Constructability assessment is critical to achieving project goals. Consequently, it is often undertaken as part of 
value engineering exercise. The broad goal of a constructability assessment program is to proactively identify potential 
sources of problems especially during the construction and/or installation of a designed facility, and to identify measures 
that would mitigate or minimize the problems and their effects on achieving the project goals. Thus adequate assessment 
and planning for identify some of these issues.  

Upon receiving an order, the project management agent is stimulated, and it activates the system decision 
mechanism.  Within this system, there are choices of building like factories, schools, bridges, houses, blocks, malls, etc.  
Project management in cooperation with the other agents supervises the working of the system.  When it comes to the 
application, one of the choices is taken as a base model, and the simulation process is run with Random PERT. This way, 
we obtain information as to when the project is likely to end.  
 
 
Simulation for Agent Based Project Management 
 

Construction projects are full of the uncertainties, including weather, labor skills, site conditions, and management 
quality. Therefore many probabilistic scheduling models, including program evaluation and review technique (PERT) have 
been proposed in a construction project as uncertain in multi-agent system. Simulation is a very valuable tool for analyzing 
models involving elements described by probability durations. Projects involve interrelated activities, many of which are 
probabilistic. Agent based project management activities are modeled on spreadsheets in Excel. 

Model scheduled earlier involved five agent activities. A through E. Assume that the all activities involve some 
uncertainty. The best way to proceed is to gather statistics on past agent activities (if possible) so that sound data can be 
used to estimate the expected durations and probability distribution for specific activities. Uncertain activities are generated 
using random numbers.  

The PERT method is also based on independence of activity durations. However, this is not true in projects. If one 
activity is late, there is a tendency for management to rush following activities to compensate. This would result in a case of 
negative correlation between durations. There also can be similar underlying causes of lateness that might be positively 
correlated, such as skill shortages. 
PERT addresses the widely recognized uncertainty involved in project management activities, but it makes a rigid 
assumption about the distribution of durations, and the calculation of probability of completion by a specified time 
disregards no critical activities, simulation provides a flexible means of evaluation probability of projects being completed 
by specific time. Any distribution of duration can be assumed. The distribution used should be based on empirical data if 
possible. All activity paths are considered in the simple spreadsheet network. For instance, observed data may not be 
symmetric. The triangular distribution might provide a better fit to such data than does the normal distribution. 
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x Generate Building Specifiications (A1) 
o Building Concept+Design (A11) 
o Drainage Concept+Design (A12) 
o Site Planning (A13) 
o Preliminary Site Envistigation (A14) 

x Perform Preliminary Design (A2) 
o Develop Preliminary (A21) 
o Configurations Consolidate (A22) 
o Building Designs (A23) 
o Select Design (A24) 

x Produce Detai Design (A3) 
o System/Compenent Analyze (A31) 
o System/Compnent Evaluate (A32) 
o System/Component Design (A33) 

o Analyze System/Component Design 
(A34) 

x Determine Construction (B1) 
o Derive Construction Features (B11) 
o Select Requirements Materials (B12) 
o Select Process (B13) 
o Select Major Resources (B14) 
o Estimates (B15) 

x Determine Building Process Sequences (B2) 
o Specify Operations (B21) 
o Sequence Operations (B22) 
o Specify Building Routing (B23) 
o Validation Plan (B24) 

x Engineer New Processes (B3) 
x Develop Tooling Packages (B4) 
x Develop Equipment Instuctions (B5) 

o Specify Tooling Requirements (B51) 
o Generate Operator Instructions (B52) 
o Validate machine and eq.instr. (B53) 

x Finalize Construction Package (B6) 
o Develop Resource Planning Package 

(B61) 
o Develop Scheduling Package (B62) 
o Update Plan Library (B63) 

  

x Define Building Problem (C1) 
o Identify Project Type (C11) 
o Identify Building Mix (C12) 
o Identify Related Buildings (C13) 
o Identify Critical Dates (C14) 
o Identify Target Costs (C15) 
o Identify Construction Constraints (C16) 

x Specify Building & Support Processes (C2) 
x Design Building System (C3) 
x Model and Evaluate System (C4) 
x Define Implementation Plans (C5) 

x     
x     
x       
x    
x     
x     
x     

Design Agent ( A ) Planning Agent ( B ) Knowledge Agent ( C ) 

P   
    

x Estimating Cost of Planning Buildings (E1) 
x Develop Preliminary Cost Estimates (E2) 
x Develop Final Cost Estimates (E3) 
x Identify Target Costs (E4) 

Cost Estimate  
Agent ( E ) 

Figure 1. Agent Based Construction Project Management Activities  
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Figure 2.  Standart building’s process  flow diagram 
 
 
 
 Table 1. Standart building’s project process and considering time values. 

Task Min Mode Max Random Duration Start Finish 

�    Develop Building Plan (D1) 9 8 15 0,4808 10,3303 0 10,33 

* Generate Building Specifiications   (A1)         8,49664 10,33 18,83 

    o   Building Concept+Design (A11) 1 2 3 0,7267 2,26063     

    o   Drainage Concept+Design (A12) 1 1 2 0,8096 1,56368     

    o   Site Planning (A13) 1 3 4 0,4957 2,7245     

    o   Preliminary Site Envistigation (A14) 1 1 2 0,9973 1,94783     

�    Define Building Problem (C1)         12,5656 10,33 22,9 

    o   Identify Project Type (C11) 1 1 2 0,1521 1,07918     

    o   Identify Building Mix (C12) 1 3 3 0,9059 2,90356     

    o   Identify Related Buildings (C13) 1 2 3 0,8802 2,51045     

    o   Identify Critical Dates (C14) 1 1 2 0,3568 1,19803     

    o   Identify Target Costs (C15) 1 3 4 0,7688 3,16711     

    O   Identify Construction Constraints (C16) 1 2 3 0,2501 1,70727     

�          Determine Construction (B1)         9,36559 10,33 19,7 

    o   Derive Construction Features (B11) 1 1 2 0,6111 1,37638     

    o   Select Requirements Materials (B12) 1 2 3 0,792 2,35508     

    o   Select Process (B13) 1 1 2 0,8057 1,55926     

    o   Select Major Resources (B14) 1 3 4 0,4571 2,65602     

      o   Estimates (B15) 1 2 3 0,0877 1,41885     

�   Estimating Cost of Planning Buildings (E1) 2 3 4 0,2675 2,73149 22,896 25,63 

�   Perform Preliminary Design (A2)         8,8183 25,627 34,45 

    o   Develop Preliminary (A21) 1 1 2 0,8857 1,66188     

    o   Configurations Consolidate (A22) 1 3 4 0,4314 2,60881     

    o   Building Designs (A23) 2 3 4 0,7617 3,30957     

    o   Select Design (A24) 1 1 2 0,4194 1,23804     

�    Determine Building Process Sequences (B2)         9,28968 34,446 43,74 

     o   Specify Operations (B21) 1 2 2 0,5826 1,76325     
     
 
 
     o   Sequence Operations (B22) 1 3 4 0,4607 2,66266     

     o   Specify Building Routing (B23) 1 2 3 0,1229 1,49571     

     o   Validation Plan (B24) 1 3 4 0,8669 3,36806     

C2 E2 D2 

C4 

D3 D4 

E4 

D6 
C5 

B6 

D5 
E3 

A3 

B5 

C3 

B3 

B4 B2 A2 
E1 

B1 

C1 

A1 

D1 

 Table 1. Standart building’s project process and considering time values (continue). 
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�    Specify Building & Support Processes (C2) 2 3 5 0,7191 3,70179 43,735 47,44 

�    Develop Preliminary Cost Estimates (E2) 3 5 6 0,8299 5,28566 47,437 52,72 

�    Define Building Jobs (D2) 2 3 4 0,9798 3,799 52,723 56,52 

�    Produce Detai Design (A3)         8,73297 56,522 65,25 

     o   System/Compenent Analyze (A31) 1 2 3 0,6957 2,21992     

     o   System/Compnent Evaluate (A32) 1 1 2 0,016 1,00801     

     o   System/Component Design (A33) 1 2 3 0,9968 2,92017     
     o  Analyze System/Component Design  .                     
.               (A34) 1 2 3 0,9138 2,58487     

�    Design Building System (C3) 3 4 5 0,7062 4,23339 56,522 60,76 

�    Engineer New Processes (B3) 3 5 6 0,3623 4,47442 56,522 61 

�   Develop Tooling Packages (B4) 5 6 7 0,5396 6,04038 56,522 62,56 

�   Develop Equipment Instuctions (B5)         9,808 56,522 66,33 

     o   Specify Tooling Requirements (B51) 1 2 3 0,2297 1,67774     

     o   Generate Operator Instructions (B52) 1 1 2 0,7296 1,48003     

     o   Validate machine and eq.instr. (B53) 1 3 4 0,8785 3,3962     

�    Model and Evaluate System (C4) 2 3 4 0,7218 3,25404 56,522 59,78 

�    Develop Final Cost Estimates (E3) 3 5 6 0,175 4,02464 66,33 70,35 

�    Manage Tooling  & Materials (D3) 2 3 4 0,5113 3,01141 70,354 73,37 

�    Schedule Jobs (D4) 2 3 5 0,8445 4,03423 73,366 77,4 

�    Control of Building (D5) 1 2 3 0,3235 1,8043 77,4 79,2 

�   Finalize Construction Package (B6)         3,37634 79,204 82,58 
     o   Develop Resource Planning Package .                  
.                  (B61) 1 1 2 0,3101 1,16942     

     o   Develop Scheduling Package (B62) 1 3 4 0,0853 1,71521     

     o   Update Plan Library (B63) 1 2 3 0,9468 0,49171     

�    Define Implementation Plans (C5) 3 4 6 0,4107 0,7287 79,204 79,93 

�    Identify Target Costs (E4) 2 3 5 0,2041 0,81088 79,204 80,02 

�    Manage Building Facilities (D6) 2 3 4 0,8365 0,83261 82,581 83,41 
 
 

Conclusions 
 
The main research contributions include the development of conceptual knowledge structures (i.e. concept maps and 

task models) for (i) distributed management of constructability knowledge, (ii) developing intelligent agents, (iii) 
collaborative working, and (iv) a framework for automated knowledge acquisition, teaching and learning, for design and 
construction of steel frames. 

Fig3 represents the standart deviation of the project management finish time. Fig.4 shows the project finish time 
frequency.  
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Figure 3. Represents the standart devision for project finish day.  
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Figure 4. Reprents the project finish time. 
 
 

Agent based project management activities can: (i) minimize travel time; (ii) decrease time and effort spent on material 
handling; (iii) increase productivity; and (iv) improve safety, and hence decrease construction cost and time. Agent based 
planning could be a challenging task that requires good knowledge of different aspects of the construction processes 
involved, as well as related procurement schedules. 
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GHWHUPLQHG�DV��WKH��FRVW���&����4XDOLW\���4����GHOLYHU\���'����7HFKQLFDO�6XSSRUW���7����)OH[LELOLW\���)����

7KH� GHFLVLRQ� KLHUDUFK\� LV� DV� LQ� )LJXUH� ��� 7KH� KLHUDUFK\� FRQVLVWV� RI� WKUHH� OHYHOV�� )LUVW� OHYHO� UHSUHVHQWV� WKH� SXUSRVH��
VHFRQG�OHYHO�FULWHULDV��DQG�WKH�ILQDO�OHYHO�LV�DOWHUQDWLYHV���

�

)LJXUH����$+3�+LHUDUFK\�

$+3�&DOFXODWLRQV��

7KH�ZHLJKWV�RI�WKH�HDFK�FULWHULD�ZHUH�GHWHUPLQHG�E\�$+3������VFDOH�WKDW�LV�SURSRVHG�E\�6DDW\�DQG�SDLUZLVH�FRPSDULVRQ�
PDWULFHV�ZDV�XVHG��6DDW\���������7KH�JHRPHWULF�DYHUDJH�RI�WKH�FRPSDULVRQ�PDWULFHV�GHWHUPLQHG��3DLUZLVH�FRPSDULVRQ�
PDWUL[�RI�WKH�FULWHULD�HVWDEOLVKHG��7DEOH���VKRZV�WKH�SDLUZLVH�FRPSDULVRQ�PDWULFHV��7DEOH���VKRZV�WKH�UHVXOWV�RI�$+3��

7DEOH����3DLUZLVH�&RPSDULVRQ�0DWULFH�

&ULWHULD� &� 4� '� 7� )�
&� ����� ����� ����� ����� �����
4� ����� ����� ����� ����� �����
'� ����� ����� ����� ����� �����
7� ����� ����� ����� ����� �����
)� ����� ����� ����� ����� ��

�

7DEOH����5HVXOWV�RI�$+3�

&ULWHULD� :HLJKWV�
&� �����
4� �����
'� �����
7� �����

Supplier Selection 

FRVW 4XDOLW\ GHOLYHU\ 7HFK��6XS��

1. supplier 2. supplier 3. supplier 4. supplier 

)OH[LELOLW
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�

7KH�YDOXH�RI�Ȝ�DQG�&5�LV�UHVSHFWLYHO\�����DQG��������

�)��3520(7+((�&DOFXODWLRQV�

$IWHU�ZHLJKWLQJ�WKH�FULWHULD�E\�$+3��IRU�WKH�VHOHFWLRQ�SURFHGXUH�)�3520(7+((�XVHG��'XH�WR�WKH�XQFHUWDLQW\�RI�WKH�
YHUEDO�DVVHVVPHQWV�IX]]\�VHWV�ZHUH�XVHG��'HFLVLRQ�PDNHUV�HYDOXDWHG�WKH�DOWHUQDWLYHV�XVLQJ�YHUEDO�VWDWHPHQWV���7DEOH�±���

7DEOH����(YDOXDWLRQ�RI�$OWHUQDWLYH�6XSSOLHUV�ZLWK�9HUEDO�([SUHVVLRQV�

� &� 4� '� 7� )�
�� 6XS�� 6/� /� 9+� (� 9+�
�� 6XS�� 9+� /� +� 6/� 6/�
�� 6XS�� 6+� 6/� +� 6/� 6/�
�� 6XS�� 9/� 9+� +� 9+� 9/�

�(��(TXDO��6/��6OLJKWO\�/RZHU��/��/RZHU��9/��9HU\�/RZ��6+��6OLJKWO\�+LJKHU��+��+LJKHU��9+��9HU\�+LJK��

9HUEDO�DVVHVVPHQWV�WUDQVIRUPHG�WR�WULDQJXODU�IX]]\��QXPEHUV���7DEOH�±���

7DEOH����9HUEDO�$VVHVVPHQWV�7UDQVIRUPHG�7R�7ULDQJXODU�)X]]\��1XPEHUV�

�

7KH� W\SHV�RI� SUHIHUHQFH� IXQFWLRQ�GHWHUPLQHG��7KHUH� DUH� VL[� W\SH�RI� SUHIHUHQFH� IXQFWLRQ� DYDLODEOH�� ,Q� WKLV� VWXG\�� DV� D�
UHVXOW� RI� LQWHUYLHZV�ZLWK� GHFLVLRQ�PDNHUV� WKH� WKLUG� SUHIHUHQFH� IXQFWLRQ� VHOHFWHG��$V� D� UHVXOW� RI� YDULRXV� H[SHULPHQWV�
IXQFWLRQ�SDUDPHWHUV�ZHUH�GHWHUPLQHG�����T� ���DQG�S� ������3DLUZLVH�FRPSDULVRQV�RI�DOWHUQDWLYHV�FDUULHG�RXW��,Q�WKLV�VWHS��
WKH�EDVLF�IX]]\�RSHUDWLRQV�DUH�XVHG��7KH�UHVXOWV�ZHUH�FRQYHUWHG�WR�WKH�FRPSDULVRQ�YDOXHV�����7DEOH�����

�

7DEOH����8QZHLJKWHG�&RPSDULVRQ�0DWUL[�

� &� 4� '� 7� )�
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
���� �� �� �� �� ��
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0DWULFH��FRQYHUWHG�WR�ZHLJKWHG�FRPSDULVRQ�PDWULFH�XVLQJ�FULWHULD�ZHLJKWV���7DEOH����

�

7DEOH�����:HLJKWHG�&RPSDULVRQ�0DWULFH�

� &� 4� '� 7� )�
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� �����

�

'DWDV�DQG�HTXDWLRQ���DQG���ZHUH�XVHG�IRU�WKH�FDOFXODWLRQ�RI�݊���DQG�݊�YDOXHV���7DEOH�����

7DEOH�����݊���DQG��݊��9DOXHV�

� ���6XS�� ���6XS�� ���6XS�� ���6XS�� ݊��� ݊QHW�
���6XS�� ����� ����� ����� ����� ����� ������
���6XS�� ����� ����� ����� ����� ����� ������
���6XS�� ����� ����� ����� ����� ����� ������
���6XS�� ����� ����� ����� ����� ����� �����
݊�� ����� ����� ����� ����� � �

�

)URP�HTXDWLRQV���������������3520(7+((� � � ,� FDOFXODWLRQV�ZDV�PDGH��$V� D� UHVXOW�� ILUVW� VXSSOLHU� LV� EHWWHU� WKDQ� WKH�
VHFRQG�DQG�WKH�WKLUG�VXSSOLHU���7KHUH�ZDV�QR�GLIIHUHQFH�DPRQJ�VHFRQG�VXSSOLHU�DQG�WKLUG�VXSSOLHU��%HFDXVH��������݊���L�� �
݊���L¶����DQG���݊���L�� �݊���L¶���$Q\�FRPSDULVRQ�PDGH�ZLWK�WKH�VXSSOLHU�����)RU�WKH�VXSSOLHU���WKH�YDOXH�RI�݊��LV�ELJJHU�WKDQ�
WKH�RWKHUV�EXW�WKH�YDOXH�RI�݊��DOVR�ELJJHU�WKDQ�RWKHU�VXSSOLHUV¶�YDOXH��

)RU�3520(7+(�,,�WKH�YDOXH�RI�WKH�݊QHW�ZDV�FDOFXODWHG��$FFRUGLQJ�WR�WKH�FDOFXODWLRQV�WKH�6XSSOLHU���LV�WKH�EHVW��VXSSOLHU�
��LV�WKH�VHFRQG��DQG�WKH�VXSSOLHU���DQG���WKH�ODVW�DQG�KDV�D�VDPH�OHYHO���

�

�

�

�

�

�

� �

�

�

)LJXUH����3520(7+((�,,�$VVHVVPHQWV�

3.  Sup. 

݊QHW ������ 

 

1.  Sup. 

݊QHW ������ 

 

4.  Sup. 

݊QHW ������ 

 

2.  Sup. 

݊QHW ������ 

 

International Science and Technology Conference, Dubai, 13-15 December 2012

111



ISTEC 20
12

&RQFOXVLRQV�

,I� VXSSOLHU� VHOHFWLRQ� LV� SHUIRUPHG� FRUUHFWO\�� WKH� HIILFLHQF\� RI� SURGXFWLRQ� V\VWHPV� VLJQLILFDQWO\� LQFUHDVHG�� 'HFOLQH� LQ�
SURGXFW�TXDOLW\��LQVXIILFLHQW�WLPH�IRU�RUGHUV��LQFUHDVLQJ�LQYHQWRULHV��ORQJ�GXUDWLRQV�IRU�VXSSO\�SURFHVV�PD\�EH�WKH�UHVXOWV�
RI�ZRUNLQJ�ZLWK�WKH�ZURQJ�VXSSOLHU��$V�D�UHVXOW��WKHUH�LV�D�ORVV�RI�FXVWRPHUV��LQFUHDVHG�FRVW�DQG�ZDVWH�RI�WLPH��/RQJ��
WHUP�UHODWLRQVKLS�ZLWK�WKH�VPDOO�QXPEHU�RI�VXSSOLHU�LV�SRVVLEOH�E\�ZRUNLQJ�ZLWK�WKH�ULJKW�VXSSOLHU��0XOWLSOH�FRQIOLFWLQJ�
FULWHULDV�DUH�DYDLODEOH�IRU�WKH�SURFHVV�RI�VXSSOLHU�VHOHFWLRQ��7KLV�VLWXDWLRQ�QHFHVVLWDWHV�WKH�XVH�RI�PXOWL�FULWHULD�GHFLVLRQ�
PDNLQJ� WHFKQLTXHV�� ,Q� DGGLWLRQ� YHUEDO� DVVHVVPHQWV� WKDW� DUH� XVHG� IRU� HYDOXDWLRQ� RI� DOWHUQDWLYHV� OHDGV� WR� XQFHUWDLQW\���
+DQGOLQJ�ZLWK�WKH�XQFHUWDLQW\�DQ�LQWHJUDWHG�PHWKRG�WKDW�LQFOXGHV�$+3�DQG�)8==<�3520(7+((�ZDV�XVHG��7KHUH�KDV�
EHHQ� D� ORW� RI� VWXGLHV� DVVLJQHG� WKH� ZHLJKWV� RI� WKH� FULWHULD� LQWXLWLYHO\�� ZH� XVHG� $+3� IRU� WKH� ZHLJKWLQJ� FULWHULDV��
3520(7+((�ZDV�XVHG�IRU�WKH�VHOHFWLRQ�RI�VXSSOLHU��,Q�DGGLWLRQ��WKH�PRGHO�LOOXVWUDWHG�ZLWK�DQ�DSSOLFDWLRQ��7KH�UHVXOWV�
RI�WKH�DSSOLFDWLRQ�ZHUH�WDNHQ�LQWR�FRQVLGHUDWLRQ�E\�WKH�DXWKRULWLHV��

5HIHUHQFHV�

$OEDGYL�$��&KDKDUVRRJKL�6���(VIDKDQÕSRX�$������������'HFLVLRQ�PDNLQJ�LQ�VWRFN�WUDGLQJ��DQ�DSSOLFDWLRQ�RI�SURPHWKHH��
(XURSHDQ�-RXUQDO�2I�2SHUDWLRQ�5HVHDUFK�

$PLQ��6��5D]PL�-���=KDQJ��*�����������6XSSOLHU�VHOHFWLRQ�DQG�RUGHU�DOORFDWLRQ�EDVHG�RQ�IX]]\�6:27�DQDO\VLV�DQG�IX]]\�
OLQHDU�SURJUDPPLQJ��([SHUW�V\VWHPV�ZLWK�DSSOLFDWLRQV�

$UD]��&��g]NDUDKDQ��,�����������6XSSOLHU�HYDOXDWLRQ�DQG�PDQDJHPHQW�V\VWHP�IRU�VWUDWHJLF�VRXUFLQJ�EDVHG��RQ�D�QHZ�
PXOWL�FULWHULD�VRUWLQJ�SURFHGXUH��,QWHUQDWLRQDO�MRXUQDO�RI�SURGXFWLRQ�HFRQRPLFV�

%DOOÕ��6���.DUDVXOX��%�����������(Q�X\JXQ�RWRPRELO�VHoLPL�SUREOHPL�LoLQ�ELU�EXODQÕN�SURPHWKHH�\|QWHPL�X\JXODPDVÕ��
'�(�h��ø�ø�%�)�'HUJLVL�

'D÷GHYLUHQ��0���(��(UDVODQ���������3520(7+((�6ÕUDODPD�<|QWHPL�øOH�7HGDULNoL�6HoLPL��*D]L�hQLYHUVLWHVL�
0�KHQGLVOLN�0LPDUOÕN�)DN�OWHVL�'HUJLVL�

*HQFHU��&���*�USÕQDU�'�����������$QDO\WLF�QHWZRUN�SURFHVV�LQ�VXSSOLHU�VHOHFWLRQ��$SSOLHG�0DWKHPDWLFDO�0RGHOLQJ�

+R��:��;X��;���'H\��3�.�����������0XOWL�FULWHULD�GHFLVLRQ�PDNLQJ�DSSURDFKHV�IRU�VXSSOLHU�HYDOXDWLRQ�DQG�VHOHFWLRQ���D��
OLWHUDWXUH�UHYLHZ���(XURSHDQ�MRXUQDO��RI��2SHUDWLRQDO�5HVHDUFK�

.DKUDPDQ��&���&HEHFL��8���8OXNDQ��=�����������0XOWL�FULWHULD�VXSSOLHU�VHOHFWLRQ�XVLQJ�IX]]\�$+3��/RJLVWLFV�,QIRUPDWLRQ�
0DQDJHPHQW���������S���������

.ÕOÕQFFÕ��2��2QDO��6�����������)X]]\�$+3�DSSURDFK�IRU�VXSSOLHU�VHOHFWLRQ�LQ�D�ZDVKLQJ�PDFKLQH�FRPSDQ\��([SHUW�
V\VWHPV�ZLWK�DSSOLFDWLRQV�

/LQ��5������������$Q�LQWHJUDWHG�PRGHO�IRU�VXSSOLHU�VHOHFWLRQ�XQGHU�IX]]\�VLWXDWLRQ��,QWHUQDWLRQDO�MRXUQDO�RI�SURGXFWLRQ�
HFRQRPLFV�

g]oDNDU��1���'HPLU��+������������%XODQÕN��WRSVLV��\|QWHPL\OH��WHGDULNoL�VHoLPL��<|QHWLP�øVWDQEXO�hQLYHUVLWHVL�øúOHWPH�
)DN�OWHVL�øúOHWPH�øNWLVDGÕ�(QVWLW�V��'HUJLVL�

6DDW\��7����������7KH�$QDO\WLF�+LHUDUFK\�3URFHVV��0F*UDZ��+LOO�,QWHUQDWLRQDO�%RRN�&RPSDQ\��86$�

6DDW\��7�/�����������'HFLVLRQ�PDNLQJ�ZLWK�DQDO\WLF�KLHUDUFK\�SURFHVV��,QWHUQDWLRQDO�-RXUQDO�RI�6HUYLFHV�6FLHQFHV�

6RQHU��6��gQ�W�6�����������0XOWL�FULWHULD�VXSSOLHU�VHOHFWLRQ��$Q�(/(&75(�$+3�DSSOLFDWLRQ��0�KHQGLVOLN�YH�IHQ�
ELOLPOHUL�GHUJLVL�

6XSoLOOHU��$���dDSUD]��2�����������(NRQRPHWUL�YH�øVWDWLVWLN�6D\Õ��������8OXVODUDUDVÕ�(NRQRPHWUL��<|QH\OHP�$UDúWÕUPDVÕ��
øVWDWLVWLN�6HPSR]\XPX�g]HO�6D\ÕVÕ���

7X]ND\D��8�5����������(YDOXDWLQJ�WKH�HQYLURQPHQWDO�HIIHFWV�RI�WUDQVSRUWDWLRQ�PRGHV�XVLQJ�DQ�LQWHJUDWHG�PHWKRGRORJ\�
DQG�DQ�DSSOLFDWLRQ��,QWHUQDWLRQDO�-RXUQDO�RI�(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\�

7X]ND\D��*���g]JHQ��'���*�OV�Q��%�����������0DO]HPH�WDúÕPD�VLVWHPL�DOWHUQDWLIOHULQLQ�GH÷HUOHQGLULOPHVLQGH�EXODQÕN��
SURPHWKHH�\DNODúÕPÕ��'R÷Xú�hQLYHUVLWHVL�'HUJLVL�

hQDO��g�����������$QDOLWLN��KL\HUDUúL�SURVHVL�LOH�\HWNLQOLN�ED]OÕ�LQVDQ�ND\QDNODUÕ�\|QHWLFLVL�VHoLPL��6�OH\PHQ�'HPLUHO�
hQLYHUVLWHVL�øúOHWPH�$QDELOLP�'DOÕ�'RNWRUD�7H]L�
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$1�,17(*5$7('�&2//$%25$7ø9(�$&7ø9ø7<�0$1$*(0(17�02'8/(�)25�(-/($51ø1*��6$8�
$'$0<2�$33/ø&$7ø21�02'(/ 

 
8÷XU�g]EHN��7X÷UXO�7DúoÕ 

 
As technology continues to creep increasingly into our daily lives, education is also impressed 
more by this process with each passing day. Within this context, Web-based education appears as 
a method of education which is applied by plenty of educational institutions today for supporting 
traditional face to face education or particularly aiming at people who want to receive education 
while they are working. Educational research and reviews point out that collaborative learning 
activities such as guided studies or group assignments have significant and growing impact on 
learning. Web-based learning management systems (LMS) in general support collaborative 
activity management at different levels, but most of those systems are substantially not very 
efficient. In this paper, an integrated management module for guided studies is presented. The 
proposed module is part of Sakarya University LMS and has several purposive functions 
including instructor-topic assignment, students’ topic selection, topic-based group creation, 
calendar-restricted reports submission and supervision, instructor-student group communication, 
and scoring. The findiQJV� REWDLQHG� IURP� $GDSD]DUÕ� 9RFDWLRQDO� 6FKRRO� DSSOLFDWLRQ� RI� 6DNDU\D�
University LMS with the proposed module are demonstrated that such a module adds great value 
to learning at a distance and also highly facilitates the management of guided studies for hundreds 
of student groups. 
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An Investigation of Involuntary Electromagnetic Exposure from Base 
Stations in Residential Areas 
 

6XD\E�<HQHU�
'HSDUWPHQW�RI�(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHULQJ�

6DNDU\D�8QLYHUVLW\�
7XUNH\�

V\HQHU#VDNDU\D�HGX�WU�
%DKD�.DQEHUR÷OX�

'HSDUWPHQW�RI�(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHULQJ�
6DNDU\D�8QLYHUVLW\�

7XUNH\�
ENDQEHURJOX#VDNDU\D�HGX�WU�

2VPDQ�dHUH]FL�
'HSDUWPHQW�RI�(OHFWULFDO�DQG�(OHFWURQLFV�(QJLQHHULQJ�

6DNDU\D�8QLYHUVLW\�
7XUNH\�

FHUH]FL#VDNDU\D�HGX�WU�
�
�
�

Abstract:� ,Q� WKLV� VWXG\� WKH� HOHFWURPDJQHWLF� ILHOG� PHDVXUHPHQW� UHVXOWV� RI� %XUVD�1LOXIHU�
GLVWULFW�ZKLFK�KDV�D�SRSXODWLRQ�RI�RYHU���������DUH�SUHVHQWHG��0HDVXUHPHQWV�ZHUH�IRFXVHG�
RQ� EDVH� VWDWLRQV� DQG� FRQWLQXRXV� H[SRVXUH� WR� HOHFWURPDJQHWLF� ILHOGV� RI� OLIH� KDV� EHHQ�
UHYHDOHG�� ,Q� DGGLWLRQ�� WKH� XSZDUG� WUHQG� UHFHQW� \HDUV� LQ� WKH� OHYHO� RI� HOHFWURPDJQHWLF�
UDGLDWLRQ�LQ�WKH�OLIH�RI�WKH�FLW\�LV�LQYHVWLJDWHG��0HDVXUHPHQWV�ZHUH�UHDOL]HG�E\�WKH�6DNDU\D�
8QLYHUVLW\�(OHFWURPDJQHWLF�5HVHDUFK�&HQWHU�ERWK�WKH�OHYHO�RI�D�ZLGH�UDQJH�DQG�IUHTXHQF\�
EDQG�OHYHOV�ZLWK�DGYDQFHG�KDUGZDUH�GHYLFHV��:KHQ�QHHGHG��ORQJ�WHUP�ILHOG�PHDVXUHPHQWV�
ZHUH� FDUULHG� RXW� ZLWK� WKH� HOHFWURPDJQHWLF� DUHD� PRQLWRU�� 7KH� PHDVXUHPHQW� UHVXOWV� ZHUH�
HYDOXDWHG� LQ� WHUPV� RI� ERWK� WKH� DXWKRUL]HG� ERG\� LQ� 7XUNH\� %7.� �,QIRUPDWLRQ� DQG�
&RPPXQLFDWLRQ�7HFKQRORJLHV�$XWKRULW\�� DQG� WKH� ,&1,53� �,QWHUQDWLRQDO�&RPPLVVLRQ� RQ�
1RQ�LRQL]LQJ� 5DGLDWLRQ� 3URWHFWLRQ�� UHJXODWLRQV�� ,Q� DGGLWLRQ�� WKH� OLPLW� YDOXHV� DSSOLHG� LQ�
7XUNH\��FRPSDUHG�ZLWK�WKH�OLPLW�YDOXHV�LQ�IRUFH�LQ�(XURSHDQ�FRXQWULHV��
Key Words:� (OHFWURPDJQHWLF� 5DGLDWLRQ�� (OHFWURPDJQHWLF� 3ROOXWLRQ�� (OHFWURPDJQHWLF�
5DGLDWLRQ�0HDVXUHPHQWV��(OHFWURPDJQHWLF�5DGLDWLRQ�([SRVXUH�/LPLWV�

Introduction 

,Q�WRGD\
V�ZRUOG��WKH�HOHFWURPDJQHWLF�SROOXWLRQ�LQ�RXU�HQYLURQPHQW�PRVWO\�FDXVHG�E\�KLJK�YROWDJH�SRZHU�OLQHV��
5DGLR�79�WUDQVPLWWHUV�DQG�EDVH�VWDWLRQV��7KHVH�UHVRXUFHV�DUH�ORFDWHG�FORVH�WR�DUHDV�ZKHUH�SHRSOH�OLYH�DQG�FDQ�EH�
RSHUDWHG�LQ�XQVXLWDEOH�FRQGLWLRQV��3HRSOH�DUH�DIIHFWHG�E\�WKHVH�HOHFWURPDJQHWLF�VRXUFHV�ZLWKRXW�EHLQJ�DZDUH�RI�
DQG� ZLWKRXW� WKHLU� RZQ� FKRLFHV�� 0HDVXULQJ� DQG� GHWHUPLQLQJ� RI� WKH� HPLWWLQJ� OHYHOV� RI� WKHVH� HOHFWURPDJQHWLF�
VRXUFHV�LV�KLJKO\�LPSRUWDQW��7KHUHE\��GHWHUPLQDWLRQ�RI�WKH�OHYHOV�RI�KXPDQ�H[SRVXUH�DQG�WKH�GHYHORSLQJ�RI�WKH�
FRQWURO�SUHFDXWLRQV�PD\�EH�SRVVLEOH��dHUH]FL��������(XURSHQ�&RPPLVVLRQ�5HSRUW�������:KR�5HSRUW����������
,Q�WKLV�VWXG\��WKH�UHVXOWV�RI�HOHFWURPDJQHWLF� ILHOG�PHDVXUHPHQW�GXULQJ������DQG������RI�%XUVD�1LOXIHU�GLVWULFW�
DUH� SUHVHQWHG� �dHUH]FL�� ������ 1LO�IHU�0XQLFLSDOLW\� �������$IWHU� WKLV� LQWURGXFWLRQ� VHFWLRQ�� LQ� WKH� VHFWLRQ� WZR�
HOHFWURPDJQHWLF� VDIHW\� UHJXODWLRQV� DUH� JLYHQ� DQG� FRPSDUHG�� ,Q� WKH� WKLUG� VHFWLRQ�� PHDVXUHPHQW� PHWKRG� DQG�
GHYLFHV� DUH� SUHVHQWHG��0HDVXUHPHQWV� ZHUH� HVSHFLDOO\� IRFXVHG� RQ� EDVH� VWDWLRQV� DQG� FRQWLQXRXV� H[SRVXUHV� WR�
HOHFWURPDJQHWLF� ILHOGV�RI�OLIH�KDYH�EHHQ�UHYHDOHG��,Q�WKH�IROORZLQJ�VHFWLRQ�PHDVXUHPHQW�UHVXOWV�DUH�JLYHQ�ZLWK�
JUDSKV��$OVR��LQWHUSUHWDWLRQ�RI�WKH�UHVXOWV�DUH�JLYHQ�LQ�WKLV�VHFWLRQ��$QG�ILQDOO\�WKH�LPSRUWDQW�UHVXOWV�RI�WKH�VWXG\�
DUH�JLYHQ�LQ�WKH�FRQFOXVLRQV�VHFWLRQ�
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Electromagnetic Safety Regulations 
6DIHW\� UHTXLUHPHQWV� IRU� OLPLWLQJ� H[SRVXUH� WR� WLPH� YDU\LQJ� HOHFWULF� DQG� PDJQHWLF� ILHOGV� DUH� HQIRUFHG� E\�
UHJXODWLRQV�� $W� WKH� LQWHUQDWLRQDO� OHYHO�� VDIHW\� JXLGHOLQHV� IRU� (0� H[SRVXUH� RI� ZRUNHUV�JHQHUDO� SXEOLF� DQG�
FRQWUROOHG�XQFRQWUROOHG� HQYLURQPHQWV� KDYH� EHHQ� LVVXHG� E\� WKH� ,QWHUQDWLRQDO� &RPPLVVLRQ� RQ� 1RQ�,RQL]LQJ�
5DGLDWLRQ�3URWHFWLRQ��,&1,53�*XLGHOLQHV���$PHULFDQ�1DWLRQDO�6WDQGDUGV�,QVWLWXWH��$16,��RSHUDWHV�DV�D�SDUW�RI�
,QVWLWXWH�RI�(OHFWULF�DQG�(OHFWURQLFV�(QJLQHHULQJ��,(((��IRU�VDIHW\�VWDQGDUGV�RQ�(0)�H[SRVXUHV��:RUOG�+HDOWK�
2UJDQL]DWLRQ��:+2��DQG�)HGHUDO�&RPPXQLFDWLRQ�&RPPLVVLRQ��)&&��DUH�VRPH�RI�WKH�RWKHU�UHJXODUO\�ERDUGV� 
7KHUH� DUH� WZR� UHJXODWLRQV� IRU� (0)¶V� H[SRVXUH� LQ� 7XUNH\�� 7KH� ILUVW� RQH� LV� EHORQJV� WR� 5HSXEOLF� RI� 7XUNH\�
0LQLVWU\�RI�)RUHVWU\�DQG�:DWHU�$IIDLUV��(OHFWURPDJQHWLF�ILHOG�OLPLWV�LQ�WKLV�UHJXODWLRQ�KDYH�EHHQ�JHQHUDWHG�ZLWK�
UHIHUHQFH�WR�WKH�,&1,53�UHJXODWLRQV��7KH�ILUVW�UHJXODWLRQ�LV�UHODWHG�ZLWK�ERWK�(/)�DQG�/)�IUHTXHQF\�EDQG��7KH�
VHFRQG� RQH� LV� SXEOLVKHG� E\� %7.� �,QIRUPDWLRQ� DQG� &RPPXQLFDWLRQ� 7HFKQRORJLHV� $XWKRULW\�� LV� WKH� JHQHUDO�
JXLGHOLQHV�WKDW�HVWDEOLVKHG�VWDQGDUG�YDOXHV�IRU�WHOHFRPPXQLFDWLRQ�HTXLSPHQW�DQG�WRWDO�HQYLURQPHQW��7KH�VHFRQG�
UHJXODWLRQV�DSSOLHG�WKH�VWDQGDUGV�IRU�5)�DQG�0:��*60��IUHTXHQF\�UDQJH��
([SRVXUH� OLPLWV� DW� WKH� (/)	/)� IUHTXHQFLHV� UHFRPPHQGHG� E\� ,&1,53� DQG� DGRSWHG� E\� 5HSXEOLF� RI� 7XUNH\�
0LQLVWU\�RI�)RUHVWU\�DQG�:DWHU�$IIDLUV�LV�JLYHQ�LQ�7DEOH���DQG�7DEOH���UHVSHFWLYHO\��,&1,53��������0LQLVWU\�RI�
)RUHVWU\�DQG�:DWHU�$IIDLUV���������7KH�RWKHU�HOHFWURPDJQHWLF�H[SRVXUH�OLPLWV�DW�5)�IUHTXHQFLHV�ZKLFK�SUHVHQWHG�
LQ�%7.�JXLGHOLQHV�DUH�JLYHQ�LQ�7DEOH����,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQ�7HFKQRORJLHV�$XWKRULW\��������

7DEOH����5HIHUHQFH�OHYHOV�DGRSWHG�E\�,&1,53�IRU�JHQHUDO�SXEOLF�H[SRVXUH�WR�WLPH�YDU\LQJ�HOHFWULF�DQG�PDJQHWLF�
ILHOGV�

Frequency 
Range�

Electric Field Strength 
E (kV/m) 

Magnetic Field Strength H 
(A/m) 

Magnetic Flux Density 
B(T) 

��+]í��+]� �� ���[����I�� �[�����I��
��+]í���+]� �� �[����I� �[�����I�
���+]í���+]� �� ���[���� �[�����
���+]í����+]� ���[����I� ���[���� �[�����
����+]í��N+]� ���[����I� ���[����I� �[�����I�
��N+]í���0+]� ���[����� ��� ���[�����
1RWH��)RU�FDOFXODWLRQV��I�LQ�+]�

7DEOH����5HIHUHQFH�OHYHOV�DGRSWHG�E\�5HSXEOLF�RI�7XUNH\�0LQLVWU\�RI�)RUHVWU\�DQG�:DWHU�$IIDLUV�IRU�JHQHUDO�
SXEOLF�H[SRVXUH�WR�WLPH�YDU\LQJ�HOHFWULF�DQG�PDJQHWLF�ILHOGV�

Frequency Range� Electric Field Strength 
E (V/m) 

Magnetic Field Strength 
H (A/m) 

Magnetic Flux Density 
B(µT) 

!�+]� �� ������ ������
��+]í��+]� ������ ������I�� ������I��
��+]í���+]� ������ �����I� �����I�
������N+]í����N+]� ����I� ��I� ���I�
����N+]í��N+]� ����I� �� �����
��N+]í����N+]� ��� �� �����

�

$�FRPSDULVRQ�WDEOH�DPRQJ�WKH�UHIHUHQFH�OHYHO�RI�7XUNH\��,WDO\�DQG�6ZLW]HUODQG�JLYHQ�LQ�7DEOH����$V�FDQ�EH�VHHQ�
IURP�WKH�WDEOH�OLPLW�OHYHOV�RI�7XUNH\�LV�VHYHQ�HLJKW�WLPHV�JUHDWHU�WKDQ�RWKHU�WZR�FRXQWULHV¶��
�
�
�
�
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7DEOH�����5HIHUHQFH�OHYHOV�DGRSWHG�E\�,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQ�7HFKQRORJLHV�$XWKRULW\�IRU�JHQHUDO�
SXEOLF�H[SRVXUH�WR�WLPH�YDU\LQJ�HOHFWULF�DQG�PDJQHWLF�ILHOGV�

 
 

Frequency 
Range (MHz)�

Electric Field Strength E 
(V/m) 

Magnetic Field Strength H 
(A/m) 

Magnetic Flux Density 
B(µT) 

)RU�RQH�
HTXLSPHQW�

)RU�WRWDO�
HQYLURQPHQW�

)RU�RQH�
HTXLSPHQW�

)RU�RQH�
HTXLSPHQW�

)RU�RQH�
HTXLSPHQW�

)RU�WRWDO�
HQYLURQPHQW�

������±������ ��� ��� ���� �� ���� �����
�����±��� ��� ��� �����I� �����I� �����I� �����I�
��±���� ���I���� ���I���� �����I� �����I� �����I� �����I�
���±����� �� ��� ����� ������ ������ ������
����±������ �����I���� �����I���� ������I���� ������I���� �����I���� ������I����
�����±������� ��� ��� ����� ����� ����� ����

�

7DEOH����&RPSDULQJ�WKH�UHIHUHQFH�OHYHOV�RI�7XUNH\�DQG�(XURSHDQ�&RXQWULHV�

Country� GSM Band Electric Field 
Strength E (V/m) 

7XUNH\��7RWDO�(QYLURQPHQW�� ������
,WDO\��7RWDO�(QYLURQPHQW�IRU�6HQVLWLYH�/RFDWLRQV�� ��
6ZLW]HUODQG� �7RWDO� (QYLURQPHQW� IRU� 6HQVLWLYH�
/RFDWLRQV��

��

Measurements and Measurement Method 
6XUYH\�HTXLSPHQW�XVHG�GXULQJ�PHDVXUHPHQWV�DUH�OLVWHG�LQ�7DEOH����

7DEOH����0HDVXUHPHQW�HTXLSPHQW��

# Meter/Equipment Brand Model Measurement Range 
�� (05�$UHD�0RQLWRULQJ� 1DUGD� $0%������ ��+]�±���*+]�
�� (�)LHOG�3UREH� 1DUGD� (3��%���� ����±������0+]�
�� %URDGEDQG�)LHOG�0HWHU� 1DUGD� 1%0����� ���N+]�±����*+]�
�� (�)LHOG�3UREH� 1DUGD� ()����� ����±������0+]�
�� 6HOHFWLYH�5DGLDWLRQ�0HWHU� 1DUGD� 650������ �N+]�±������0+]�
�� (�)LHOG�3UREH� 1DUGD� (�)LHOG��7�$� ���0+]�±���*+]�
�� (�)LHOG�3UREH� 1DUGD� (�)LHOG��7�$� ����0+]�±���*+]�
�� (�)LHOG�3UREH� 1DUGD� (�)LHOG��6�$� ��N+]�±�����0+]�

�
7KH� VSRW� PHDVXUHPHQWV� ZHUH� SHUIRUPHG� DW� WKH� W\SLFDO� KXPDQ� KHLJKW� ������ P�� DERYH� IURP� WKH� JURXQG� OHYHO�
GXULQJ�RYHU���PLQXWHV�DW�WKH�LQGRRU�HQYLURQPHQWV�RI�WKH�ORFDWLRQV��6SRW�PHDVXUHPHQWV�DQG�LQYHVWLJDWLRQV�ZHUH�
SHUIRUPHG�WR�UHIOHFW�WKH�(05�OHYHO�RFFXUUHG�LQ�WKH�HQYLURQPHQW�YLFLQLW\�RI�WKH�EDVH�VWDWLRQV���
7KH� HOHFWURPDJQHWLF� ILHOGV� DW� 5)�0:� �*60�� EDQG�ZHUH�PHDVXUHG� LQ� IUHTXHQFLHV� EHWZHHQ� ���� N+]� DQG� ���
*+]�� ���0+]�� ����0+]� DQG� ����0+]� *60� IUHTXHQFLHV� ZHUH� HVSHFLDOO\� IRFXVHG� RQ�� &RQWLQXRXV� DQG�
IUHTXHQF\�OHYHO�PHDVXUHPHQW�ZHUH�UHDOL]HG�ZKHQ�QHHGHG���
7KH� GLVWULEXWLRQ� RI� WKH�PHDVXUHG� YDOXHV�� DQDO\VLV� RI� VWDWLVWLFDO� VLWXDWLRQ� DQG� UHYLHZ� LQ� WHUPV� RI� QDWLRQDO� DQG�
LQWHUQDWLRQDO�OLPLWV�ZHUH�JLYHQ�ZLWK�WKH�JUDSKV���

Measurement Results�
,Q� WKLV� VHFWLRQ� WKH�PHDVXUHPHQW� UHVXOWV�DUH�SUHVHQWHG�ZLWK� WKH�JUDSKV��7KH� LQIRUPDWLRQ�FRQWDLQHG� LQ�JUDSKV� LV�
JLYHQ�ERWK�LQ�JUDSK�WLWOHV�DQG�ILJXUH�FDSWLRQV��7KH�PHDVXUHPHQW�YDOXHV�IRU�DOO�PHDVXUHPHQW�ORFDWLRQV�DUH�JLYHQ�
)LJXUH���DQG�)LJXUH���IRU������DQG������UHVSHFWLYHO\��$OVR�OLPLW�OHYHOV�DUH�JLYHQ�ERWK�JUDSKV���
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�
)LJXUH����(OHFWULF�ILHOG�PHDVXUHPHQW�OHYHOV�RI�*60�IUHTXHQFLHV�DW�WKH�ORFDWLRQV�LQ������

�
)LJXUH����(OHFWULF�ILHOG�PHDVXUHPHQW�OHYHOV�RI�*60�IUHTXHQFLHV�DW�WKH�ORFDWLRQV�LQ������
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(OHFWULF�)LHOG��9�P�
/LPLW�/LQH��,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQ�7HFKQRORJLHV�$XWKRULW\�����0+]�IRU�VLQJOH�*60�������9�P�
/LPLW�/LQH��,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQ�7HFKQRORJLHV�$XWKRULW\�����0+]�IRU�(QYLURQPHQW�������9�P�
/LPLW�/LQH��6ZLW]HUODQG�����0+]�IRU�(QYLURQPHQW���9�P�

Electric Field Levels of GSM Frequencies at the Locations (2010)
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/LPLW�/LQH��,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQ�7HFKQRORJLHV�$XWKRULW\�����0+]�IRU�(QYLURQPHQW�������9�P�
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Electric Field Levels of GSM Frequencies at the Locations (2011)
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%\�WKH�UDQJH�RI�WKH�OHYHO�YROXPHV�DQG�WKH�SHUFHQWDJH�GLVWULEXWLRQV�DUH�JLYHQ�LQ�)LJXUH����)LJXUH����)LJXUH���DQG�
)LJXUH���IRU�ERWK�\HDUV���

�

)LJXUH����'LVWULEXWLRQ�RI�HOHFWULF�ILHOG�OHYHOV�DW�*60�IUHTXHQFLHV��������

�
)LJXUH����'LVWULEXWLRQ�RI�HOHFWULF�ILHOG�OHYHOV�DW�*60�IUHTXHQFLHV��������
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�
)LJXUH����3HUFHQWDJH�GLVWULEXWLRQ�RI�HOHFWULF�ILHOG�OHYHOV�DW�*60�IUHTXHQFLHV��������

�

�

)LJXUH����3HUFHQWDJH�GLVWULEXWLRQ�RI�HOHFWULF�ILHOG�OHYHOV�DW�*60�IUHTXHQFLHV��������

�
� �

0-0,3
%5.303

0,31-0,5
%21.97

0,51-0,75
%27.27

0,76-1
%9.848

1,01-2
%18.18

2,01-3
%7.576

3,01-5
%7.576

5,01-10
%2.273

Percentage Distribution of Electric Field Levels at GSM Frequencies (2010)

0-0,3
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%0.6536

Percentage Distribution of Electric Field Levels at GSM Frequencies (2011)
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0LQLPXP��PD[LPXP�DQG�DYHUDJH�OHYHOV�RI�PHDVXUHPHQWV�DUH�JLYHQ�LQ�)LJXUH���IRU�ERWK�WZR�\HDUV�VHSDUDWHO\��
�

�
)LJXUH����0LQ�PD[�DYHUDJH�YDOXHV�RI�HOHFWULF�ILHOG�OHYHOV�DW�*60�IUHTXHQFLHV�

�
$V�FDQ�EH�VHHQ�IURP�WKH�)LJXUH��������DQG�����PHDVXUHPHQWV�ZHUH�UHDOL]HG�LQ������DQG������UHVSHFWLYHO\��
�

�

)LJXUH����1XPEHU�RI�PHDVXUHPHQWV�DW�*60�IUHTXHQFLHV�

�  
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Discussion and Conclusions 

,Q�WKLV�VWXG\��WKH�HOHFWURPDJQHWLF�ILHOG�PHDVXUHPHQW�UHVXOWV�UHDOL]HG�GXULQJ������DQG������LQ�%XUVD�1LOXIHU�DUH�
SUHVHQWHG��,W�LV�UHSRUWHG�����DQG�����PHDVXUHPHQWV�LQ������DQG������UHVSHFWLYHO\��7KH�PHDVXUHPHQW�YDOXHV�IRU�
DOO�SRLQWV�DQG�OHYHOV�DFFRUGLQJ�WR�WKH�OLPLWV�DUH�JLYHQ�JUDSKLFDOO\��,Q�DGGLWLRQ��E\�WKH�UDQJH�RI�WKH�OHYHO�YROXPHV�
DQG�WKH�SHUFHQWDJH�GLVWULEXWLRQV�DUH�JLYHQ�VWXG\��0LQLPXP��PD[LPXP�DQG�DYHUDJH�OHYHOV�RI�PHDVXUHPHQWV�DUH�
JLYHQ�IRU������DQG������VHSDUDWHO\��$OVR�� WKH�UHVXOWV�RI� WKH�OHYHO�RI�FKDQJH�DFFRUGLQJ�WR�WKH�\HDU�E\�\HDU�DUH�
SUHVHQWHG�LQ�WKH�VWXG\��
:LWK� WKLV�GHWDLOHG�DQG� ORQJ�WHUP�ZRUN�� ODUJH�QXPEHU�RI�PHDVXUHPHQWV�ZHUH� UHDOL]HG�GXULQJ� WZR�\HDUV��0DQ\�
VLJQLILFDQW�UHVXOWV�KDYH�EHHQ�REWDLQHG�ZLWK�WKH�DQDO\]LQJ�DQG�HYDOXDWLQJ�RI�WKH�UHVXOW�RI�PHDVXUHPHQWV��)LUVW�RI�
DOO�� LW� FDQ� EH� HDVLO\� VHHQ� WKDW� WKH� OLPLW� YDOXHV� LV� PXFK� JUHDWHU� WKDQ� WKH� UHDO� HQYLURQPHQW� UHVXOWV�� $OPRVW� DOO�
PHDVXUHPHQW� YDOXHV� DUH� ORZHU� WKDQ� HYHQ� VLQJOH� VWDWLRQ� OLPLW� YDOXH� ������9�P��� 7KH� WRWDO� HQYLURQPHQW� OLPLW�
YDOXH�������9�P��LV�SRLQWHG�RXW�DQ�H[WUHPHO\�KLJK�OHYHO��,Q�RXU�RSLQLRQ��FXUUHQW�OLPLW�YDOXHV�VKRXOG�EH�UHYLVHG�
DQG�ORZHUHG��%HFDXVH�RI�WKH�ORZHU�OHYHOV�FDQ�EH�REWDLQHG�DOUHDG\��LW�ZLOO�EH�HDV\�WR�DSSO\�WKLV���
$QRWKHU�LPSRUWDQW�UHVXOW�RI�RXU�ZRUN��WKH�DPRXQW�RI�WKH�HOHFWURPDJQHWLF�ILHOG�OHYHOV�ZHUH�LQFUHDVHG�E\�LQ������
WR�������$FFRUGLQJ�WR�WKH�H[SHULHQFHV�DQG�GDWD�XS�WR�QRZ��DOVR������ZLOO�FRQILUP�WKLV�XSZDUG�WUHQG��
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Abstract: The aim of this study is to examine the effect of project-based learning activities on the fifth grade 
children’s science achievement and their attitudes towards science course for the unit on ‘Sound’, and to 
compare the effectiveness of project-based learning over more traditional teaching methods. The study was 
carried out with 44 fifth grade students at a public primary school in the Northwestern part of Turkey, during 
the spring term of the 2011-2012 academic year. Students were divided into two groups as control group (CG, 
n=22) and experimental group (EG, n=22). Initially, pre-tests (an achievement test and an attitude scale) were 
applied to both the CG and EG. Following the four weeks, the EG was taught using the project-based practices, 
while the CG was taught using more traditional teaching practices. Children in the EG carried out three science 
projects for the science unit on ‘sound’: Bite and hear, making music with glass bottles, and designing a house 
with sound insulation. Then, the post-tests were carried out in order to determine the effect of a project-based 
learning approach on children’s learning. The research findings revealed that children’s science achievement 
significantly improved with the project-based activities, but their attitudes toward science did not change. 
 
Key words: Project-based science, science teaching, sound unit. 

 
 
Introduction 

 
In the last two decades, project-based learning has been an important component of science education. Many 

current curricula emphasized project-based teaching as a favored method for “motivating students and facilitating 
greater retention of learning” (Barak & Raz, 2000, p.28). A great deal of research revealed that the integration of 
inquiry based approaches via project-based studies in science courses improves students’ deeper understanding of 
science (Alozie, Moje, & Krajcik, 2010).  

Through project-based teaching, students find solutions to real world problems by asking open-ended 
questions, designing and conducting investigations, researching problem, gathering information, drawing conclusions 
based on the findings, and reporting results (Schneider, Krajcik, Marx, & Soloway, 2002). Ladewski, Krajcik, and 
Harvey (1994) pointed out that projects require an authentic real-word problem that drive activities and result in a series 
of products related to the problem. Projects represent students’ emerging understandings and allow students to engage 
in investigations.  

One of the crucial factors in learning science is children’s attitude (George, 2006). Koballa and Crawley 
(1985) emphasized that attitude toward science “fulfills basic psychological needs, such as the need to know and the 
need to succeed.” Therefore, attitudes toward science are considered “to influence future behaviors, such as interest in 
working on a science project” (p.224). In sum, as Tamir (1998) stated, teaching style affects both students’ achievement 
and attitudes toward science. In this context, this study explored the effect of project-based learning activities on the 
fifth grade children’s science achievement and attitude towards science for the science unit on ‘Sound’. 
 
Materials and Method 
 
Research design 

In this study, the pre-test post-test control group of quasi-experimental research design was used (Cohen & 
Manion, 2000). 

 
 
 

Participants 
This study was carried out to determine the effect of project-based learning strategies during the spring term of 

the 2011-2012 academic year. Participants consisted of 44 fifth grade students at a public primary school in the 
Uzunköprü-Edirne district located in the Northwestern part of Turkey. Students were divided into two groups, a control 
group (CG, n=22) and experimental group (EG, n=22). The control and experimental groups were regular classrooms.  
   
Measures 
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In this study, data were collected through the use of two instruments; an attitude scale and an achievement test. 
Children’s science achievement was measured by the Light and Sound Achievement Test developed by Salgut (2007). 
Reliability coefficients of this test were determined by the KR-20 method. The KR-20 coefficient of the test was .92 
(Salgut, 2007). Children’s attitude was measured by the Scale for Attitudes towards Science Course which was 
GHYHORSHG�E\�$OWÕnok (2006). The Cronbach alpha reliability coefficient of the attitude scale was .92 �$OWÕQRN�������.  

While the class teacher taught in the CG, the courses in the EG were conducted by the researcher. The 
researcher had participated in science project competitions before, and thus had the experience of the project-based 
learning approach, and knew how to properly conduct children’s project works.   
 
The Application of Teaching Activities 

This study continued five weeks. The first week, initially children were given a brief information about the aim 
of the study and process of conducting a science project. Then, pre-tests consisting of attitude scale and achievement 
test were applied to both the CG and EG. During the following four weeks, the EG was taught using the project-based 
activities in science lessons (a total of four hours per week). As for the CG, science courses were carried out through the 
routine course plans in accordance with Science and Technology course instruction program. The CG followed the 
activities in the fifth grade Science and Technology textbooks. Three science projects conducted with children are 
briefly explained below.  

The first project work children undertake for the unit sound was “Making Music with Glass Bottles”. The 
researcher had requested children to bring identical glass bottles to science course. Using bottles to make music is an 
interesting science project for children, and thereby, explores how volume and liquid affect sound waves. In this project, 
children use only seven-eight empty bottles and some water. The bottles must be all the same, such as empty glass soda 
or fruit juice bottles. At the beginning, children stand eight empty bottles side by side on a table, and then fill the bottles 
with different amounts of water. Fill the bottle on the left with some water, and add water to the next bottle so that the 
water level is a bit higher than in the first bottle. Each bottle must have a little bit more water in it than the bottle to its 
left. There is one variable, which is the amount of water. Initially, using a metal spoon, children tap the each bottle with 
a metal spoon and compare the pitch of the sounds produced. Later, children blow across the each bottle and compare 
the pitch of the sounds produced.  

The second project was about “Making Headphone”. In this project work, children learn how sound travels 
from one matter to other, and how headphones carry the sound from the music player to the ears. Headphones and 
speakers have a similar design. Children have initially taken apart a headphone and observed the components in the 
classroom. Materials needed to make a headphone are a coil of copper wire, a magnet, an audio cable and a dry branch.  

The third project activity was related to “Developing Sound Insulation in Homes”. Children tried to answer the 
question how to reduce sound traveling in a house. Initially, children in groups explored about how to develop sound 
insulation in a house. Later, they put quartz clock in a box and, using everyday materials such as carpeting, cotton, 
fabric or cloth, tried to insulate tic tac sound of quartz clock that should not come out. Sound insulation materials act as 
a sound absorber. The best materials are those that absorb the sound waves effectively: carpeting, cotton, fabrics, cloths, 
cork board, rock wool and fibreboard. Following the third project activity, the post-tests were administrated to both the 
EG and CG in order to reveal the effect of project based activities on children’s achievement and attitude. 
 
Findings 
 

The independent samples t-test compares the mean scores of two groups on a given variable. At the beginning 
of the study, independent samples t-test was used to determine whether two groups were equal in terms of their attitudes 
towards science course and achievement on the ‘sound’ topic. There was not a significant difference between the two 
groups’ pre-test scores [t(42)(likeness)=.749, p>.05; t(42)(participation)=.801, p>.05; t(42)(determination)= -1.257, p>.05; 
t(42)(achievement)=.-072, p>.05] which indicates two groups were equal in terms of students’ attitudes towards science 
course and achievement in the sound subject. 

At the end of the project-based activities, the independent samples t-test was used to determine the differences, 
if any, between the EG and CG scores. The results are given in Table 2 below.  
 

Table 2. Post-test results of the independent samples t-test for students’ attitudes towards science course and 
achievement in the sound topic. 

 
Post-test Groups N Mean Std. Deviation T df P 

Likeness 
Control G. 22 50,00 4,48 -,070 42 ,95 

Experimental G. 22 50,14 8,02    

Participation 
Control G. 22 70,95 8,34 -,581 42 ,56 

Experimental G. 22 72,55 9,76    
Determination Control G. 22 6,23 1,82 -1,508 42 ,14 
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Experimental G. 22 7,18 2,34    

Achievement 
Control G. 22 13,00 4,44 -8,056 33,30 ,00 

Experimental G. 22 21,77 2,52    
 

According to Table 2, there was a significant difference in terms of achievement between the CG and EG 
[t(33.30)= -8.056, p<.001]. However, no significant difference was found between the post-test results of the CG and 
EG for attitudes towards science course [t(42)(likeness)=-.070, p>.05; t(42)(participation)=-.581, p>.05; t(42)(determination)=-
1.508, p>.05]. It is worth noting that although the findings were not significantly higher for attitudes, the mean results 
for the EG was higher. 

 
Conclusions 
 

This study revealed that students carrying out project-based activities had significantly higher achievement 
than those who continued taking routine teaching in science courses. On the other hand, there was not a significant 
difference between the CG and EG for their attitudes towards science course. This indicates that the use of project-
based learning experiences for relatively short term (four weeks) do not lead to a significant increase in students’ 
attitude towards science course. In this study, the researchers realized that children have different levels of interest in 
different project works. It is widely agreed by the educators that children take greater ownership in their projects when 
the project is attracting them, interesting for them. Therefore, teachers who adopt a broad scope for science projects can 
be better able to motivate students whose interests may be in the different topics. This also enables students to build 
connections between their classroom experiences and their interests (Egenrieder, 2007, p.5). 

Given that many studies have found positive relationship between attitude toward science and higher science 
achievement (Oliver & Simpson, 1988; Freedman 1997), teachers should give particular attention to both students' 
attitudes and student-centred teaching strategies in science lessons. Teachers have the responsibility of making the 
curriculum as relevant and as exciting for students as possible (Trumper, 2006). In this context, project-based teaching 
activities may provide great opportunities to students for effective science learning.  

In conclusion, this study supports the view that project-based learning is an effective and motivating strategy 
for students. Science teachers should be encouraged and supported to practice inquiry-based approaches, especially 
project-based science teaching to enhance success of reform efforts in the schools (Schneider, Krajcik, Marx, & 
Soloway, 2002). In this process, teachers’ content knowledge and pedagogical skills are necessary and important for 
successful implementation of new practices and educational reform efforts. However, teachers usually continue to teach 
in their traditional manner even though they use new textbooks and materials (Tal, Krajcik, & Blumenfeld, 2006). 
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AN OPTIMAL CONTROL PROBLEM BY CONTROLLING HEAT SOURCE 
OF THE SURFACE OF TISSUE�

�
5LNKL\D�'KDU��

'HSDUWPHQW�RI�0DWKHPDWLFV��%�3��3RGGDU�,QVWLWXWH�RI�0DQDJHPHQW�DQG�7HFKQRORJ\��.RONDWD��,QGLD�
ULNKL\DBGKDU#\DKRR�FRP�

�
5DQDMLW�'KDU�

5HJLVWUDU��9LG\DVDJDU�8QLYHUVLW\��0LGQDSXU��:HVW�%HQJDO��,QGLD��
UGKDU#PDLO�YLG\DVDJDU�DF�LQ�

�
�3L\DQND�'KDU�

� 'HSDUWPHQW�RI�0DWKHPDWLFV��6LNNLP�0DQLSDO�,QVWLWXWH�RI�7HFKQRORJ\��0DMKLWDU��(DVW�6LNNLP��,QGLD�
��
 

Abstract: $�GLVWULEXWHG�RSWLPDO�FRQWURO�SUREOHP�IRU�D�V\VWHP�GHVFULEHG�E\�ELR�KHDW�HTXDWLRQ�IRU�D�

KRPRJHQHRXV�SODQH�WLVVXH�LV�DQDO\WLFDOO\�LQYHVWLJDWHG�VXFK�WKDW�D�GHVLUHG�WHPSHUDWXUH�RI�WKH�WLVVXH�

DW�D�SDUWLFXODU�SRLQW�RI� ORFDWLRQ�RI� WXPRXU� LQ�K\SHUWKHUPLD�FDQ�EH�DWWDLQHG�DW� WKH�HQG�RI�D� WRWDO�

WLPH�RI�RSHUDWLRQ�RI�WKH�SURFHVV�GXH�WR�LQGXFHG�PLFURZDYH�RQ�WKH�VXUIDFH�RI�WKH�WLVVXH�ZKLFK�LV�

WDNHQ�DV�FRQWURO��+HUH�WKH�WHPSHUDWXUH�RI�WKH�WLVVXH�DORQJ�WKH�OHQJWK�RI�WKH�WLVVXH�DW�GLIIHUHQW�WLPHV�

RI� RSHUDWLRQ� RI� WKH� SURFHVV� DUH� QXPHULFDOO\� FDOFXODWHG� ZKLFK� GLVSOD\� WKH� ULVH� RI� WKH� GHVLUHG�

WHPSHUDWXUH�RI�WKH�WXPRXU�� 

�
Keywords: %LR�KHDW�HTXDWLRQ��K\SHUWKHUPLD��RSWLPL]DWLRQ��PLFURZDYH��WXPRXU��FRQWURO����

�
�
Nomenclature:  
 

F�  � VSHFLILF�KHDW�RI�WLVVXH��-�NJ�R&�
�

K�  � KHDW�WUDQVIHU�FRHIILFLHQW�EHWZHHQ�WKH�VNLQ�DQG�WKH�DPELHQW�DLU�� CWm �� �� �
�

N��  � WKHUPDO�FRQGXFWLYLW\�RI�WLVVXH�� CmW �� �� �
�

/�  � OHQJWK�RI�WKH�WLVVXH��P��
�

[��  � ORFDWLRQ�RI�WKH�WXPRXU��P��
�

F �  � WHPSHUDWXUH���&�
�

aF �  � DUWHULDO�WHPSHUDWXUH���&�
�

�F �  � LQLWLDO�WHPSHUDWXUH���&�
�

X�W��  � WHPSHUDWXUH�RI�WKH�VXUURXQGLQJ�PHGLXP���&�
�


F �  � GHVLUHG�WHPSHUDWXUH�WR�EH�DWWDLQHG���&�
�

7�  � 7RWDO�WLPH�RI�WKH�SURFHVV��V��
�

W��  � VZLWFKLQJ�WLPH��V�
�

4�W��  � RSWLPDO�KHDW�JHQHUDWLRQ�UDWH�GXH�WR�YROXPHWULF�KHDWLQJ��:P���
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U �  � GHQVLW\�RI�WLVVXH��NJ�P���

G �  � GLUDF�±�GHOWD�IXQFWLRQ��

Z �  � SURGXFW�RI�IORZ�DQG�KHDW�FDSDFLW\�RI�EORRG��:�P������&��

4P�  � UDWH�RI�PHWDEROLF�KHDW�JHQHUDWLRQ��:P���

 
 
Introduction�
�
&RPSXWHU�VLPXODWLRQ�SOD\V�D�YLWDO�UROH�LQ�WUHDWLQJ�ULVH�RI�WHPSHUDWXUH�RI�WXPRXU�WR�LW¶V� WKHUDSHXWLF�YDOXH�E\�PHDQV�RI�

RSWLPDO�GLVWULEXWLRQV�RI� WKH�DSSOLHG�KHDW� VRXUFH�DQG�VXUIDFH�FRROLQJ� WHPSHUDWXUH�� ,Q� WKLV� UHVSHFW�� WKH�FRQVLGHUDWLRQ�RI�

SK\VLRORJLFDO�UHVSRQVHV�RI�WKH�SDWLHQW�DW�WKH�WLPH�RI�K\SHUWKHUPLD�WUHDWPHQW��WKH�UHJLRQ�RI�WKH�WLVVXH�DIIHFWHG�E\�WXPRXU��

WKH�DQDWRPLDO�IHDWXUH�RI�WKH�WUHDWHG�SDWLHQW�DQG�EORRG�IORZ�UDWHV�RI�WKH�WLVVXH�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�ZLWK�PXFK�

LPSRUWDQFH�IRU�DFKLHYLQJ�WKH�WHPSHUDWXUH�RI�WKH�WXPRXU�WR�LW¶V�WKHUDSHXWLF�YDOXH�DYRLGLQJ�WKH�GDPDJH�RI�KHDOWK\�WLVVXH�

GXH�WR�RYHUKHDWLQJ���
�

'HQJ�DQG�/LX��������LQYHVWLJDWHG�DQDO\WLFDO�VROXWLRQV�GHVFULEHG�E\�ELR�KHDW�WUDQVIHU�HTXDWLRQ�GXH�WR�WUDQVLHQW�KHDWLQJ�

RQ� WKH� VNLQ� VXUIDFH� ZLWK� WKH� DLG� RI� *UHHQ¶V� IXQFWLRQ� �� 'KDU� DQG� 6LQKD� ������� FDUULHG� RXW� DQDO\WLFDOO\� D� GLVWULEXWHG�

RSWLPDO� FRQWURO� SUREOHP� LQ� D� PXOWLOD\HUHG� WLVVXH� WR� DWWDLQ� GHVLUHG� ULVH� RI� WHPSHUDWXUH� RI� WKH� WXPRXU� E\� FRQWUROOLQJ�

VXUIDFH� FRROLQJ� WHPSHUDWXUH� �� :DJWHU� ������� � PDGH� DQ� LPSRUWDQW� FRQWULEXWLRQ� RQ� RSWLPL]DWLRQ� LQ� SODQH� WLVVXH� E\�

PXOWLSOH�HOHFWUR�±�PDJQHWLF�DSSOLFDLWRUV��%XWNRYDVN\���������KDG�VWXGLHG�WKH�IXQGDPHQWDOV�RI�RSWLPDO�FRQWURO�SUREOHPV�

LQ� GLVWULEXWHG� SDUDPHWHU� V\VWHP��'KDU� DQG�6LQKD� ������� GHYHORSHG� DQ� RSWLPDO� FRQWURO� SUREOHP� DQDO\WLFDOO\� WR� DWWDLQ�

GHVLUHG�WHPSHUDWXUH�RI�WKH�WXPRXU�E\�LQGXFHG�KHDW�VRXUFH�DW�OHDVW�SRVVLEOH�WLPH���
�

$Q� DQDO\WLFDO� LQYHVWLJDWLRQ� ZDV� GHYHORSHG� RQ� FRPSXWDWLRQV� IRU� RSWLPL]DWLRQ� SUREOHPV� LQ� K\SHUWKHUPLD� E\� ILQLWH�

GLIIHUHQFH�PHWKRG��'DV�HW��DO����������.RZDOVNL�DQG�-LQ��������FDUULHG�RXW�DQDO\WLFDOO\�RQ�RSWLPL]DWLRQ�LQ�K\SHUWKHUPLD�

E\� HOHFWUR� ±� PDJQHWLF� DQQXODU� SKDVHG� DUU\D\V�� ,Q� � /RXORX� DQG� 6FRWW� ������� � LQYHVWLJDWHG� D� VWXG\� RQ� WKHUPDO� GRVH�

RSWLPL]DWLRQ� LQ� K\SHUWKHUPLD� XVLQJ� FRQMXJDWH� JUDGLHQW� PHWKRG�� � %DJDULD� DQG� -RKQVRQ� ������� � VWXGLHG� DQDO\WLFDOO\�

RSWLPDO�FRQWURO�SUREOHP� LQ�ELR�KHDW�HTXDWLRQ� WR�DFKLHYH� LGHDO�K\SHUWKHUPLD�FRQGLWLRQ�XVLQJ�H[SOLLFLW� ILQLWH�GLIIHUHQFH�

PHWKRG�� $Q� DQDO\WLFDO� LQYHVWLJDWLRQ� ZDV� SHUIRUPHG� RQ� RSWLPL]DWLRQ� RI� UDGLR� ±� LPPXQRWKHUDS\� LQWHUDWLRQV� ZLWK�

K\SHUWKHUPLD� LQ� � .LQX\D� HW�� DO�� �������� ,Q� FRXUVH� RI� LQYHVWLJDWLRQ� RQ� HPSLULFDO� GRVH� FRQVWUXFLWRQ� IRU� RQFRORJLFDO�

K\SHUWKHUPLD��6]DV]�DQG�9LQF]H��������GHYHORSHG�3HQQHV�HTXDWLRQ�E\�LQGXFLQJ�WKH�HQWLUH�HQHUJ\�EDODQFH���5DSRSRUW�HW��

DO�� ������� � VWXGLHG� RQ� FKHPRWKHUDSHXWLF� LQWHUYHQWLRQ� RQ� WXPRXUV� E\� XOWUDVRXQG�� � /LX� DQG� &KHQ� ������� � VWXGLHG�

DQDO\WLFDOO\� WKH� SUHGLFWLRQ� RI� WHPSHUDWXUH� LQ� WLVVXHV� GHVFULEHG� E\� ELR�KHDW� WUDQVIHU� SUREOHP� LQ� D� EL�OD\HUHG� VSKHULFDO�

WLVVXH� E\� FRQVLGHULQJ� EORRG� SHUIXVLRQ� DQG� PHWDEROLVP�� 6KLK� HW�� DO�� ������� LQYHVWLJDWHG� WKH� IHDVLELOLW\� RI� KHDWLQJ� RQ�

WXPRXU�E\�KLJK�LQWHQVLW\�IRFXVVHG�XOWUDVRXQG�LQ�WKHUPDO�VXUJHU\���

�

.X]QHWVRY���������LQYHVWLJDWHG�RSWLPDO�FRQWURO�SUREOHP�WR�PD[LPL]H�WHPSHUDWXUH�LQ�WKH�WXPRXU�DW�WKH�HQG�RI�WLPH�RI�WKH�

SURFHVV�GXH�WR�VSDWLDO�YROXPHWULF�KHDW�JHQHUDWLRQ�E\�DVVXPLQJ�IL[HG�WRWDO�YROXPHWULF�KHDW�JHQHUDWLRQ�RYHU�WKH�GXUDWLRQ�

RI�WKH�SURFHVV��:LWK�WKH�DLG�RI�FRQMXJDWH�JUDGLHQW�PHWKRG��D�GLVWULEXWHG�RSWLPDO�FRQWURO�SUREOHP�IRU�D�V\VWHP�GHVFULEHG�

E\� ELRKHDW� HTXDWLRQ� LQ� D� KRPRJHQHRXV� SODQH� WLVVXH� GXH� WR� LQGXFHG�PLFURZDYH�ZDV� LQYHVWLJDWHG� E\� �'KDU� DQG�'KDU�

�������DQG�'KDU�HW��DO����������

�

,Q� WKLV� SDSHU�� D� GLVWULEXWHG� RSWLPDO� FRQWURO� SUREOHP� GHVFULEHG� E\� ELR�KHDW� HTXDWLRQ� IRU� D� KRPRJHQHRXV� WLVVXH� LV�
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DQDO\WLFDOO\�LQYHVWLJDWHG�VXFK�WKDW�D�GHVLUHG�WHPSHUDWXUH�RI�WKH�WLVVXH�DW�D�SDUWLFXODU�SRLQW�RI�ORFDWLRQ�RI�WXPRXU�FDQ�EH�

DWWDLQHG�DW�WKH�HQG�RI�WRWDO�WLPH�RI�RSHUDWLRQ�RI�WKH�SURFHVV�E\�PHDQV�RI�FRQWUROOLQJ�LQGXFHG�PLFURZDYH�RQ�WKH�VXUIDFH�RI�

WKH�WLVVXH�ZKHQ�WKH�VXUIDFH�FRROLQJ�WHPSHUDWXUH�LV�FRQVWDQW��+HUH�WKH�VZLWFKLQJ�WLPH�GXULQJ�ZKLFK�WKH�PLFURZDYH�SRZHU�

LV�RSHUDWLYH�KDV�EHHQ�REWDLQHG�E\�XVLQJ�FRQMXJDWH�JUDGLHQW�PHWKRG�XQGHU�FDOFXOXV�RI�YDULDWLRQ���

�

$�QXPHULFDO�WHPSHUDWXUH�GLVWULEXWLRQV�RI�WKH�WLVVXH�DW�GLIIHUHQW�WLPHV�RQ�YDULRXV�YDOXHV�RI�WRWDO�WLPH�RI�RSHUDWLRQ�KDYH�

EHHQ�REWDLQHG�ZKLFK�GLVSOD\V�WKH�ULVH�RI�GHVLUHG�WHPSHUDWXUH�RI�WKH�WXPRXU��

 
Mathematical Analysis 
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&RQVLGHULQJ� X�W�� DV� FRQVWDQW�� WKH� YDOXH� RI� RSWLPDO� FRQWURO�4�W�� FDQ� EH� REWDLQHG� IURP� HTXDWLRQ� �����ZLWK� WKH� KHOS� RI�

HTXDWLRQV��������������������DQG�������

+HUH�ZH�KDYH�DVVXPHG�WKDW�WKH�WLPH�GHSHQGHQW��4�W�� �� ��Wm ��LV�RQO\�FRQWUROODEOH�LQSXW�YDULDEOH�ZKLFK�LV�SLHFHZLVH�

International Science and Technology Conference, Dubai, 13-15 December 2012

130



ISTEC 20
12

FRQVWDQW� IXQFWLRQ� RI� WLPH� WKDW� FKDQJHV� YDOXH� DW� FHUWDLQ� VSHFLILHG� GLVFUHWH� LQVWDQWV� FRQVLGHUHG� DV� VZLWFKLQJ� WLPHV��

�:DJWHU���������

)RU�WKH�VDNH�RI�VLPSOLFLW\�ZH�FRQVLGHU�RQO\�RQH�VSHFLILHG�VZLWFKLQJ�WLPH� � tt ��7KXV��DFFRUGLQJ�WR�HTXDWLRQ������RQH�

FDQ�ZULWH��

��������������������������������������������������������� � ��� �� ��� dxtxtQ
L
\³ � �����

�
ZKHUH�4�W��DVVXPHV�WZR�H[WUHPH�YDOXHV�LQ� ���� �t �DQG� ��� �tT ��DV�RQH�FRQVLGHUV�4�W��D�VLQJXODU�FRQWURO��ZKLFK�FDQ�EH�

REWDLQHG�ZLWK�WKH�KHOS�RI�HTXDWLRQV�������������E\�PHDQV�RI�VLPXODWLRQ��

�

 
Results and Discussions 
�
'DWD�XVHG�LQ�FRPSXWDWLRQ�DUH�JLYHQ�DV�IROORZV���
�
�
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Fig 1 : Temperature(0c) distribution of the tissue along the length of the tissue(mm)
               for Q(t)=338083 wm-3,  0<=t<=500;   Q(t)=9857 wm-3 , 500< =t<=600; 
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Fig 2 : Temperature(0c) distribution of the tissue along the length of the tissue(mm) 
               for Q(t)=316053 wm-3,  0<=t<=700;   Q(t)=10512 wm-3 , 700< =t<=800; 
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Fig 3 : Temperature(0c) distribution of the tissue along the length of the tissue(mm) 
              for Q(t)=305144 wm-3,  0<=t<=900;   Q(t)=10823 wm-3 , 900< =t<=1000; 

 
�
)LJ���GLVSOD\V�WKH�WHPSHUDWXUH�RI�WKH�WLVVXH�DORQJ�WKH�OHQJWK�RI�WKH�WLVVXH�IRU��4�W�� ��������:P���������W����������4�W�� �

�����:P�����������W��������)LJ���GHSLFWV�WKH�WHPSHUDWXUH�RI�WKH�WLVVXH�DORQJ�WKH�OHQJWK�RI�WKH�WLVVXH�VXEMHFW�WR�4��W�� �

�������:P���������W����������4��W�� �������:P�����������W��������,Q�)LJ���WKH�WHPSHUDWXUH�RI�WKH�WLVVXH�DORQJ�LW¶V�OHQJWK�

GXH�WR�WKH�DSSOLFDWLRQ�RI�RSWLPDO�YROXPHWULF�KHDW�JHQHUDWLRQ�UDWH�4��W�� ��������:P���������W����������������4�W�� ��������

������W���������,W�LV�REVHUYHG�WKDW�GHVLUHG�WHPSHUDWXUH����&�DW�WKH�SDUWLFXODU�WXPRXU�SRLQW�[�� �����P�LV�DWWDLQHG�DW�WKH�

HQG�RI�RSHUDWLRQ�RI�WKH�SURFHVV�7� ����V������V�DQG�����V�LQ�)LJ�����)LJ���DQG�)LJ���UHVSHFWLYHO\����

�
)XUWKHU�LW�UHTXLUHV�PHQWLRQLQJ�WKDW�DV� WKH�WRWDO� WLPH�RI�RSHUDWLRQ�RI�WKH�SURFHVV� LQFUHDVHV�IURP�7� ���V�WR�����V�� WKH�

VZLWFKLQJ�WLPH�LQFUHDVHV�ZLWK�WKH�GHFUHDVH�RI��4�W��LQ�WKH�ILUVW�WLPH�VHJPHQW�RI�RSHUDWLRQ�DQG�FRUUHVSRQGLQJ�LQFUHDVH�RI�

4�W�� LQ� WKH� VHFRQG� WLPH�VHJPHQW�RI�RSHUDWLRQ��$JDLQ� WKH� WHPSHUDWXUH�RI� WKH� WLVVXH�RQ� OHIW� VLGH�RI� WKH� WXPRXU� VWHDGLO\�

LQFUHDVHV�DQG�DWWDLQV�WKH�GHVLUHG�WHPSHUDWXUH���R&�RQ�WKH�SRLQW�RI�WXPRXU�DW�WKH�HQG�RI�WKH�SURFHVV��2Q�WKH�ULJKW�VLGH�RI�

WKH�WXPRXU��WKH�WHPSHUDWXUH�UDSLGO\�GHFUHDVHV�WR�DUWHULDO�WHPSHUDWXUH����&�WLOO�WKH�HQG�RI�WKH�SURFHVV�DV�ZH�FRQVLGHU�WKH�

FDVHV�DW�7� ����V���7� ����V�DQG�7� �����V�GLVSOD\HG�LQ�)LJ����)LJ���DQG�)LJ���UHVSHFWLYHO\��7KXV�WKH�WHPSHUDWXUH�RI�WKH�

KHDOWK\�WLVVXH�LV�QRW�EHHQ�RYHUKHDWHG�DERYH���R&���

 
Conclusion   
 
7KLV� DQDO\WLFDO� VWXG\� PD\� EH� H[WHQGHG� IRU� IXUWKHU� GHYHORSPHQWV� FRQVLGHULQJ� GLIIHUHQW� WLPHV� RI� RSHUDWLRQ� DQG� DOVR�

GLIIHUHQW�ORFDWLRQV�RI�WKH�WXPRXU�KDYLQJ�YDULRXV�OHQJWKV�RI�WKH�WLVVXH���

,W�LV�WR�QRWH�WKDW�LQ�WKH�SDSHU�>'KDU�DQG�'KDU������@�WKH�GHVLUHG�WXPRXU�WHPSHUDWXUH�LV�DWWDLQHG�ZLWKLQ�WKH�WRWDO�WLPH�RI�

WKH� RSHUDWLRQ� RI� WKH� SURFHVV� �VZLWFKLQJ� WLPH� W�� �VD\���� +HUH�� WKH� PLFURZDYH� LV� VZLWFKHG� RII� GXULQJ� WKH� VHFRQG� WLPH�

VHJPHQW� �W��� 7�� ��%XW�� LQ� WKLV� SDSHU� WKH� GHVLUHG� WHPSHUDWXUH� RI� WKH� WXPRXU� LV� DWWDLQHG� DW� WKH� HQG� RI� RSHUDWLRQ� RI� WKH�

SURFHVV�DW�WLPH�7��,Q�WKLV�FDVH�WKH�PLFURZDYH�LV�QRW�VZLWFKHG�RII�EXW�LWV�LQWHQVLW\�LV�VXEVWDQWLDOO\�UHGXFHG�LQ�WKH�VHFRQG�

WLPH�VHJPHQW��W���7���
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ANALYSIS OF TRIBOLOGICAL DEFECTS OF CONTACT ELEMENTS 
OUTER LAYERS 

�
�

6WDQLVáDZ�3\WNR���0DUHN�,ZDQLHF��
�$*+�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��)DFXOW\�RI�0HFKDQLFDO�(QJLQHHULQJ��

DQG�5RERWLFV��'HSDUWPHQW�RI�3RZHU�6\VWHPV�DQG�(QYLURQPHQWDO�3URWHFWLRQ�)DFLOLWLHV���
0LFNLHZLF]�$OOH\������������.UDNyZ�

��VBS\WNR#DJK�HGX�SO����LZDQLHF#DJK�HGX�SO��
�
�

Abstract�� ,Q� WKH� SDSHU�� RQ� WKH� H[DPSOHV� RI� GDPDJHV� RI� WKH� RXWHU� OD\HUV� RI� UROOLQJ� EHDULQJ�
HOHPHQWV��JHDUV�DQG�ELR�PHFKDQLFDO�V\VWHPV�WKHUH�DUH�SUHVHQWHG�WKH�LVVXHV�RI�LQWHUDFWLRQV�EHWZHHQ�
FRQWDFW� HOHPHQWV� DQG� WULERORJLFDO� GHIHFWV� RI� WKHLU� RXWHU� OD\HUV�� 5ROOLQJ� EHDULQJV� DQG� JHDUV� DUH�
PDFKLQH�HOHPHQWV�IRU�ZKLFK�VSHFLILF�IULFWLRQ�FRQGLWLRQV�DUH�REVHUYHG��
,Q� RUGHU� WR� SUHVHQW� FKDUDFWHULVWLF� GHIHFWV� RI� FRQWDFW� HOHPHQWV�� WKH� DXWKRUV� GLVFXVVHG� GHIHFWV�
RI�UROOLQJ� EHDULQJV� HOHPHQWV� DQG� ZRUNLQJ� VXUIDFH� RI� WKH� JHDU� WHHWK� ZLWK� FRDWLQJV� PDGH� ZLWK�
WKH�DSSOLFDWLRQ� RI� WKH� 39'� PHWKRG�� OXEULFDWHG� E\� GLIIHUHQW� RLO� W\SHV�� $V� DQ� H[DPSOH�
RI�WKH�ELRPHFKDQLFDO� SUREOHP� WKHUH� LV� SUHVHQWHG� WKH� PRGHO� RI� QRQ� OLQHDU� LQWHUDFWLRQV� EHWZHHQ�
VWRPDWRORJLFDO� LPSODQW� DQG� IRRG� EHLQJ� FKHZHG� DQG� VSDWLDO� VWDWH� RI� VWUHVVHV� DQG� VWUDLQV�
LQ�WKH�LPSODQW�FURZQ��
�

� � Key words:��
�
�
Deformation in the contact point of the rolling elements and formation of pitting 
�

,Q� IDFW�� WKH� SXUH� UROOLQJ� RI� HOHPHQWV� GRHV� QRW� H[LVW� DQG� WKLV� LV� EHFDXVH� HODVWLF� VWHHO� HOHPHQWV� GHIRUP�GXULQJ�
FRQWDFW�)LJ����$V�D�UHVXOW��WKH�PLFURVOLSV�RFFXU��DV�VKRZQ�LQ�)LJ���D��DQG�E���)RU�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�LVVXH��WKHUH�
ZHUH�SUHVHQWHG�WKH�VXUIDFH�LUUHJXODULWLHV�RI�WKH�UROOHU�IRU�SXUH�FRQWDFW�DQG�UROOLQJ�PRWLRQ���

D� ����������������������������������������������������������E��
������������������������������������������������������

  

Figure 1: 'LVSODFHPHQW�RI�WKH�OD\HUV�LQ�WKH�FRQWDFW�DUHD�RI�WKH�F\OLQGHU�ZLWK�KDOI�VSDFH�D��RQO\�QRUPDO�ORDG��E��QRUPDO�
DQG�WDQJHQWLDO�ORDG 

� ,W� IROORZV�IURP�WKH�)LJ����VKRZLQJ� WKH�PRGHO�RI�VXUIDFH� LUUHJXODWLHV� LQ�FRQWDFW�SRLQW�RI�F\OLQGHU�ZLWK� WKH�KDOI�
VSDFH��WKDW�DORQJ�ZLWK�DSSHDUDQFH�RI�WDQJHQWLDO�IRUFH��WKH�YDOXH�RI�PLFURVOLSV�LQ�WKH�FRQWDFW�SRLQW�EHFRPHV�ODUJHU��ZKLFK�
LQFUHDVHV�IULFWLRQ�ZHDU�RI�WKH�VXUIDFH�OD\HU�RI�WKH�UROOLQJ�HOHPHQWV��ZKHQ�WKHUH�LV�QR�JRRG�OXEULFDWLRQ��7KLV�VLWXDWLRQ�FDQ�
RFFXU�LQ�FDVH�RI�XVH�RI�UROOHU�EHDULQJV�EXW�ZH�GHDO�ZLWK�D�FRPSOHWHO\�GLIIHUHQW�VLWXDWLRQ�ZKHQ�D�UROOLQJ�HOHPHQW�VXFK�DV�D�
EDOO�UROOV�LQ�WKH�JURRYH��,Q�WKLV�FDVH��WKH�RXWHU�OD\HUV�LQ�WKH�FRQWDFW�SRLQW�PRYHV��DV�VKRZQ�LQ�)LJ����
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Figure�2:�'LUHFWLRQV�RI�WDQJHQWLDO�IRUFHV�RI�D�EDOO�UROOLQJ�LQ�WKH�JURRYH�D��VPDOO�YDOXH�RI�<RXQJ
V�PRGXOXV��KLJK�
FRHIILFLHQW�RI�IULFWLRQ�E��ODUJH�YDOXH�RI�<RXQJ
V�PRGXOXV�DQG�ORZ�FRHIILFLHQW�RI�IULFWLRQ�

�
� ,Q�RUGHU�WR�UHGXFH�DEUDVLYH�ZHDU��LQ�FHUWDLQ�EHDULQJV�WKH�VXUIDFHV�DUH�FRYHUHG�E\�WKH�KDUG�GLDPRQG�DQG�JUDSKLWH�
QDQRPHWHU�WKLFN�OD\HUV��,I�UROOLQJ�RI�DQ�HOHPHQW�VXFK�DV�UROOLQJ�RI�D�EDOO�DORQJ�WKH�ULQJ�ODVWV�D�YHU\�ORQJ�WLPH��WKH�RXWHU�
OD\HU�ZLOO�QRW�RQO\�EH� VXEMHFWHG� WR�DEUDVLYH�ZHDU�� DV� VKRZQ� LQ�)LJ���DQG�)LJ����EXW�DOVR� LQ� WKH�DUHDV�RI� WKH�PD[LPDO�
HIIRUW��)LJ����RU�LQ�DUHDV�RI�YDULRXV�GHIHFWV�LQ�PDWHULDO�WKH�FUDFNV�ZLOO�DSSHDU��ZKLFK�VSUHDGLQJ�ZLOO�UHDFK�WKH�VXUIDFH�DQG�
DW�WKH�WLPH�RI�DSSO\LQJ�WKH�ORDG��WKH�RLO�RU�JUHDVH�ZLOO�EH�SUHVVHG�LQWR�WKRVH�FUDFNV��7KH�RLO��ZKLFK�KDG�HDUOLHU�D�SRVLWLYH�
LPSDFW��QRZ�LV�FUHDWLQJ�VSOLQWHUV�LQ�WKH�PDWHULDO�VXUIDFH�DQG��FRQVHTXHQWO\��WKH�SURFHVV�FDOOHG�³SLWWLQJ��LV�WDNLQJ�SODFH��
DV�VKRZQ�LQ�)LJ����
�
�
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Figure 3:�,VRFKURQHV�ZLWK�WKH�DUHD�RI�WKH�PD[LPDO�HIIRUW�LQ�FRQWDFW�SRLQW�RI�WKH�F\OLQGHU�VKDSHG�HOHPHQWV��D��DQG�E��
ZKHQ�D�WDQJHQWLDO�IRUFH�7� ���RFFXUV�LQ�WKH�FRQWDFW�SRLQW��ZKHQ�7�����DV�LQ�F��WKHQ�WKH�LVRFKURQH�SDWWHUQ�DQG�WKH�DUHD�RI�

D�PD[LPDO�HIIRUW�ORRNV�DV�VKRZQ�LQ�G��DQG�H��

Figue 4:�6FKHPDWLF�UHSUHVHQWDWLRQ�RI�FUDFN�SURSDJDWLRQ��SLWWLQJ��FDXVHG�E\�RLO�RQ�WKH�UROOLQJ�HOHPHQW�LQ�WKH�FRQWDFW�
SRLQW�

� :KHQ�WKH�ZRUNLQJ�VXUIDFHV�RI�WKH�JHDU�WHHWK�DUH�FRYHUHG�ZLWK�D�OD\HU�REWDLQHG�DV�D�UHVXOW�RI�39'�SURFHVV�� WKH�
FKLSSLQJ�SURFHVV�DW�WKH�VXEVHTXHQW�VWDJHV�IURP�,�WR�,9��LH�XQWLO�SLWWLQJ�LV�LOOXVWUDWHG�LQ�)LJ���>��@��
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�
Figure 5:�
&UDFNV� IRUPHG�
LQ�WKH� FRDWLQJ�

REWDLQHG� E\�
39'� PHWKRG�
XQWLO� SLWWLQJ�
>��@�

6WXGLHV� RI�WKH�
HIIHFW�RI� RLO�RQ�
�SLWWLQJ�� ZHUH�
FDUULHG� RXW�RQ�
WKH�

PRGLILHG�IRXU�EDOO�WHVWHU�7����ZLWK�D�WHVWLQJ�QRGH��DV�VKRZQ�LQ�)LJ����GHVLJQHG�WR�WHVW�QRW�RQO\�WKH�HIIHFWV�RI�OXEULFDQWV�
EXW�DOVR�DSSOLHG�FRDWLQJV�DQG�FRQVWUXFWLRQ�PDWHULDOV�RQ�WKH�IDWLJXH�ZHDU��SLWWLQJ���
�
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�
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Figure 6:�1RGH�DUUDQJHPHQW�RI�D�IRXU�EDOO�WHVWHU�IRU�WHVWLQJ�SLWWLQJ�SKHQRPHQD�D����XSSHU�EDOO������ORZHU�EDOOV���
��±�D�FXS�ZKLFK�DOORZV�IRU�EDOO�UROOLQJ��E��QRGH�SKRWRV�>���@�

�
� $� YHU\� LPSRUWDQW� LVVXH� ZKHQ� FKRRVLQJ� RLO� IRU� EHDULQJV� DQG� JHDUV� LV� WR� XVH� VXFK� (3� RLO� DGGLWLYHV� �DQWL�VHL]H�
DGGLWLYHV�IRU�H[WUHPH�SUHVVXUHV�WR�REWDLQ�D�YHU\�KLJK�VHL]XUH�IRUFH��WKDW�WKH\�GR�QRW�OHDG�WR�WKH�IRUPDWLRQ�RI�SLWWLQJ��,W�
KDV�EHHQ�IRXQG�WKDW� WKRVH�(3�DGGLWLYHV�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�WKH�IRUPDWLRQ�RI�SLWWLQJ��,W�ZDV�FRQILUPHG�E\�WKH�
UHVXOWV�REWDLQHG�PDQ\�\HDUV�DJR�)LJ���>�@�DQG�E\�FXUUHQW�VWXGLHV�RI� ,QVWLWXWH� IRU�6XVWDLQDEOH�7HFKQRORJLHV� ��1DWLRQDO�
5HVHDUFK�,QVWLWXWH�LQ�5DGRP�)LJ���>��@��7KH�UHVXOWV�RI�WKHVH�VWXGLHV�LQGLFDWH�WKDW�WKH�RLOV�ZKLFK�VKRZHG�D�KLJK�VHL]LQJ�
IRUFHV�DIIHFW�DGYHUVHO\�WKH�IRUPDWLRQ�RI��SLWWLQJ���,W�PHDQV�WKDW�WKH�ZRUNLQJ�WLPH�RI�HOHPHQWV�WR�LWV�IRUPDWLRQ�LV�VKRUWHU��
WKDQ�IRU�WKH�RLOV�ZLWKRXW�FHUWDLQ�DGGLWLYHV��$FFRUGLQJ�WR�RXU�NQRZOHGJH��ZH�EHOLHYH�WKDW�WKH\�FDQ�DIIHFW�VXFK�D�FRQGLWLRQ��
FDXVLQJ�D�FKDQJH� LQ�VXUIDFH�HQHUJ\��6XFK�FKDQJHV� LQ�VXUIDFH�HQHUJ\�GXH� WR� WKH�DGVRUSWLRQ�RI�FKHPLFDO�FRPSRXQGV� LV�
NQRZQ�LQ�WKH�OLWHUDWXUH�DV�³5HELQGHU�HIIHFW��>�@���
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Figure 7:�)DWLJXH�FXUYHV�IRU�IRXU�OXEULFDQWV�>�@��XQWLO�DSSHDUDQFH�RI�SLWWLQJ��

�
� ,Q�)LJ����GXUDELOLW\�OLQHV�RI�IRXU�EDOO�WHVWHU��ZLWK�URWDWLQJ�ERWWRP�EDOOV��ZHUH�GHWHUPLQHG�E\�:HLEXOO�GLVWULEXWLRQ�
IRU�GLIIHUHQW�W\SHV�RI�RLO����RLO�ZLWK�JO\FRO����VHPL�IOXLG�JUHDVH����K\SRLG�JHDU�RLO����RLO�IRU���VWURNH�HQJLQHV��
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
�

Fig.8�7KH�UHVXOWV�RI�SLWWLQJ�GHVFULEHG�LQ�>��@�

� $QDO\]LQJ�WKH�UHVXOWV�VKRZQ�LQ�)LJ���LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�EHVW�RLO�RI�WKH�VWXGLHG�RQHV��WDNLQJ�LQWR�DFFRXQW�
WKH��SLWWLQJ��DV�D�UHVXOW�RI�WKH�GHIHFWV��ZDV�RLO�1R���±�ZLWKRXW�(3�DGGLWLYHV��'XUDELOLW\�RI�����RI�EDOOV��LQGLFDWHG�E\�WKH�
V\PERO�/����LV�WKH�WLPH�XQWLO�WKH�FKLSSLQJ�DSSHDUV�RQ�WKH�XSSHU�EDOO�RQ�WKH�UROOLQJ�SDWK��ZKHQ�WKH�OXEULFDQW�DJHQW�ZDV����
±�����PLQ����±������PLQ����±������PLQ����±������PLQXWHV��6LPLODU�WHVW�UHVXOWV�ZHUH�REWDLQHG�E\�:��3LHNRV]HZVNL�LQ�UHFHQW�
\HDUV��ZKLFK�ZHUH�VKRZQ�LQ�)LJ����  
 
Interpretation of Rebinder effect to explain the pitting 

� 7R� H[SODLQ� WKH� �5HELQGHU� HIIHFW���ZH� FRQVLGHU�� ZKDW� LV� WKH� UHODWLRQVKLS� EHWZHHQ� WKH�PHWDO� VWUHQJWK� DQG� WKH�
�VXUIDFH�WHQVLRQ��DQG��VXUIDFH�HQHUJ\���$V�D�VXUIDFH�HQHUJ\�ZH�FRQVLGHU�WKH�PDWHULDO�VWUHQJWK�GXULQJ�LWV�WHDULQJ��DQG�WKH�
VXUIDFH�WHQVLRQ�ZH�XVXDOO\�DVVRFLDWH�ZLWK�VRDS�EXEEOHV�DQG�ZDWHU�FROXPQ�LQ�YHU\�WKLQ�WXEHV���FDSLOODULHV��+RZ��WKHQ��FDQ�
WKHVH�WZR�SURSHUWLHV�RI�PHWDOV�EH�DVVRFLDWHG�ZLWK�HDFK�RWKHU"�,W�ZDV�IRXQG�WKDW� WKH�QDWXUH�RI�WKHVH�WZR�SKHQRPHQD�LV�
YHU\�VLPLODU��7KLV�LV�D�PDQLIHVWDWLRQ�RI�WKH�ELQGLQJ�IRUFHV�EHWZHHQ�DWRPV�RU�PROHFXOHV��

� 7KH�VXUIDFH�WHQVLRQ�ZDV�FODULILHG�LQ�DQ�LQWHUHVWLQJ�ZD\�E\�(�0��5RJHUV�>��@��ZKR�H[SODLQHG�KRZ�OLTXLGV�UHDFK�
WKHLU�VKDSH�RQ�WKH�VXUIDFH�RI�D�VROLG��LH��KRZ�WR�GHWHUPLQH�WKH�FRQWDFW�DQJOH��ZHWWLQJ�DQJOH��DQG�RQ�ZKDW�LW�GHSHQGV��,W�
WXUQV�RXW�WKDW�WKLV�DQJOH�LV�GHSHQGHQW�RQ�WKH�VXUIDFH�WHQVLRQ�RI�WKH�WZR�ERGLHV��)LJ���VKRZV�WKH�VKDSH�RI�D�GURS�RI�OLTXLG�
VSLOOHG�RQ�WKH�SODWH��$V�VKRZQ�LQ�WKLV�ILJXUH��WKH�DGMDFHQW�OLTXLG�SDUWLFOHV�SXOO�WKH�H[WUHPH�SDUWLFOH��&��ZLWK�D�IRUFH�)��
DORQJ� WKH� ELVHFWRU� E\� WKH� HGJH��2Q� WKH� RWKHU� KDQG�� WKH� WDEOH� DWWUDFWV� H[WUHPH� SDUWLFOH� �&��ZLWK� D� IRUFH� )���ZKLFK� LV�
SHUSHQGLFXODU�WR�WKH�WDEOH��7KH�UHVXOWDQW�5�RI�WKHVH�WZR�IRUFHV�LV�GLUHFWHG�DV�VKRZQ�LQ�)LJ��D��6LQFH�WKH�OLTXLG�SDUWLFOHV�
DWWUDFW�WKH�OLTXLG�SDUWLFOH��&��OHVV�WKDQ�D�WDEOH��VR�D�VPDOO�FRQWDFW�DQJOH�Į�LV�EHLQJ�IRUPHG��,W�FDQ�WKHUHIRUH�EH�VLPSO\�VDLG�
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WKDW� WKH� WDEOH�HQDEOH� OLTXLG� WR�EH�VSLOOHG�RQ� LW�� VR�ZHWWLQJ� LV�HIIHFWHG�ZLWK�HDVH��7KLV�SKHQRPHQRQ� LV� LPSRUWDQW� LQ� WKH�
OXEULFDWLRQ� WHFKQRORJ\�� +RZHYHU�� LI� WKH� SDUWLFOH� �&�� LV� DWWUDFWHG� VWURQJHU� WR� WKH� OLTXLG� SDUWLFOHV� �� 5RJHUV� ZURWH� �WKH�
FRXQWU\PHQ� OLNH� LW�PRUH��� WKHQ� WKH� IRUFH� )�� LV� JUHDWHU� WKDQ� WKH� IRUFH� )�� FRPLQJ� IURP� WKH� ERDUG� SDUWLFOHV�� 7KHQ� WKH�
FRQWDFW�DQJOH�FKDQJHV�FRPSOHWHO\��ZKLFK�LV�VKRZQ�LQ�)LJ��E��OHIW�VLGH�RI�WKH�ILJXUH���:HWWDELOLW\�LV�WKHQ�SRRU��7KHUHIRUH��
LQ� PDQ\� FDVHV� WKH� ILEHUV� DQG� PDWHULDOV� DUH� FRYHUHG� ZLWK� LPSUHJQDWLQJ� PDWHULDO�� VR� WKDW� WKH� IRUFH� )�� ZHUH� VPDOO� LQ�
FRPSDULVRQ�WR�)���

�

)LJXUH����7KH�VKDSH�RI�D�GURS�RI�OLTXLG�RI�VPDOO�FRQWDFW�DQJOH�Į���

7KH�VWUHQJWK�DQG�VXUIDFH�WHQVLRQ��VXUIDFH�HQHUJ\��DUH�WKH�SK\VLFDO�SURSHUWLHV��ZKLFK�FKDUDFWHUL]H�ERWK�VROLGV�DQG�OLTXLGV��
,Q� VROLGV� WKH� IRUFHV� RI� DWWUDFWLRQ� EHWZHHQ� DWRPV� HQVXUH� DGHTXDWH�PHWDO� VWUHQJWK� DQG� UHVLVWDQFH� E\� WKH� VKDSH� FKDQJH��
+RZHYHU��WKH�VXUIDFH�WHQVLRQ�LV�FKDUDFWHUL]HG�E\�WKH�WHQGHQF\�WR�UHGXFWLRQ�RI�IUHH�VXUIDFH��)RU�H[DPSOH��D�GURS�RI�OLTXLG�
ZLWK�ORZ�YLVFRVLW\�WDNHV�ZLWK�HDVH�WKH�VSKHULFDO�VKDSH��LQ�RUGHU�WR�DFKLHYH�WKH�VPDOOHVW�DUHD�IRU�D�JLYHQ�YROXPH��)RU�D�
ERG\�ZLWK�WKH�FU\VWDO� ODWWLFH�� IRU�WKH�FDOFXODWLRQ�RI�WKH�VWUHQJWK�3�� LH�D� IRUFH�WR�EUHDN�DQ�HOHPHQW�ZLWK�FURVV�VHFWLRQ���
FP���WKH�YDOXH�RI�FRKHVLYH�IRUFHV�³I´�EHWZHHQ�DGMDFHQW�DWRPV�PXVW�EH�PXOWLSOLHG�E\�WKH�QXPEHU�RI�ERQGV��6R�WKLV�FDQ�EH�
ZULWWHQ�GRZQ�LQ�IROORZLQJ�ZD\��

�fnP  �

,Q�RXU�FDVH��P � �����>G\Q�FP�@ ���� ����>1�PP�@�

� 7KH�VWUHQJWK�RI�UHDO��QRW�SHUIHFW�FU\VWDOV��PDWHULDOV�LV�KXQGUHGV�DQG�RIWHQ�WKRXVDQGV�WLPHV�VPDOOHU��7KH�UHDVRQ�
IRU�WKLV�LV�DQ�LPSHUIHFWLRQ�RI�UHDO�VWUXFWXUH�RI�WKH�VROLG�DQG�WKH�SUHVHQFH�RI�YDULRXV�GHIHFWV�LQ�LW��7KHVH�DUH�PLFUR��DQG�
XOWUD�PLFUR�FUDFNV��JLYLQJ�ULVH�WR�VWUHVV�FRQFHQWUDWLRQV��7KHVH�FUDFNV�DSSHDU�� LQWHU�DOLD�� LQ�DUHDV�RI�WKH�LQFOXVLRQV�DIWHU�
UHSHDWHG�ORDG�RI�D�VROLG��IRU�H[DPSOH�EHIRUH��SLWWLQJ��DQG�WKURXJK�WKH�XQHYHQ�ORDG�RI�FU\VWDO�VWUXFWXUH�DQG�UHVXOWLQJ�VOLSV�
JLYH�ULVH�WR�LQWHUQDO�VWUHVVHV��

7KHUHIRUH��ZH�FDQ�VD\�WKH�IROORZLQJ��

� VWUHQJWK�RI�WKH�PDWHULDO�LV�HTXLYDOHQW�WR�WKH�DWRPLF�ERQG�LQ�PDFURVFRSLF�VFDOH��

� VXUIDFH�WHQVLRQ�FRUUHVSRQGV��LQ�WXUQ��WKH�PDFURVFRSLF�IHDWXUHV�RI�PLFURVFRSLF�YDOXH�RI�SDUDPHWHU��I���GHVFULEHG�
DERYH��

,W�PXVW�EH�UHPHPEHUHG�WKDW�WKH��5HELQGHU�HIIHFW��LV�EDVHG�RQ�WKH�DGVRUSWLYH�VWUHQJWK�UHGXFWLRQ��LH�D�SURFHVV�IDFLOLWDWLQJ�
GHIRUPDWLRQ�DQG�IUDFWXUH�RI�VROLGV�DV�D�UHVXOW�RI�UHGXFLQJ�WKH�VXUIDFH�HQHUJ\�RI�WKH�ERG\��FRQGLWLRQHG�E\�WKH�SK\VLFDO�
DQG� FKHPLFDO� LPSDFW� RI� HQYLURQPHQW�� $� QDWXUH� RI� DGVRUSWLYH� LPSDFW� PDWWHUV�� LI� LW� WDNHV� SODFH� VLPXOWDQHRXVO\� ZLWK�
WHDULQJ�RI�ERQGV�DW�WKH�WLPH�RI�WKHLU�IRUPDWLRQ��LH�³LQ�VWDWX�QDVFHQGL���

Other forms of damage to bearings and the ways to prevent them 

� ,Q�PDQ\�FDVHV��HVSHFLDOO\�LQ�WKH�EHDULQJV�RI�GLIIHUHQW�GULYHV�WKHUH�LV�D�FXUUHQW�IORZ�WKURXJK�EHDULQJV�VXSSRUWLQJ�
WKH�VKDIW��7KH�URRW�FDXVH�RI�WKLV�SKHQRPHQRQ�LV�WKH�DV\PPHWU\�RI�WKH�PDJQHWLF�IOX[�LQ�WKH�PRWRU�RU�LW�DULVHV�DV�D�UHVXOW�
RI�QRW�VKLHOGHG�ZLUHV��:KDW�DUH�WKH�VLJQV�RI�GDPDJH�WR�WKH�EHDULQJV�LQ�WKH�FDVH�RI�FXUUHQW�IORZ"������$�WHQVLRQ�FUHDWHG�DW�

VKRUW�UDQJH�
IRUFHV�

   

ORQJ�UDQJH�
IRUFHV�
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WKH� ERXQGDU\� EHWZHHQ� HOHPHQWV� DQG� OXEULFDQW� FUHDWHV� D� FKHPLFDO� FHOO� DQG� WKH� UHVXOWLQJ� VSDUNV� FDXVH� DQ� LQFUHDVH� LQ�
WHPSHUDWXUH�LQ�DUHDV�RI�D�IORZ��FKDQJH�WKH�SURSHUWLHV�RI�WKH�VWHHO�VR�WKDW�LQLWLDOO\�WLQ\�FDYLWLHV�DUH�EHLQJ�IRUPHG��NLQG�RI�
SLWWLQJ�� DQG� WKH� SHDFHIXO� QDWXUH� RI� EHDULQJ� RSHUDWLRQ� LV� FKDQJLQJ�� ,Q� RUGHU� WR� SUHYHQW� FXUUHQW� IORZ�� D� VSHFLDO� UROOLQJ�
EHDULQJV�ZLWK�FHUDPLF�FRDWLQJ�RQ�WKH�VXUIDFH�RI�RXWHU�ULQJV��LVRODWLQJ�FXUUHQW�IORZ��DUH�PDQXIDFWXUHG��

The concept of lubrication with plastic grease 

� 9HU\�RIWHQ�� WKH�HOHPHQWV�RI� WKH�PDFKLQH�DUH� OXEULFDWHG�ZLWK�SODVWLF�JUHDVH�KDYLQJ� � JUDSKLWH�RU�PRO\EGHQXP�
GLVXOILGH�DGGLWLYHV��7KHQ��WKH�OXEULFDWLQJ�OD\HU�FDQ�EH�LOOXVWUDWHG�DV�VKRZQ�LQ�)LJ�����,W�LV�DOVR�NQRZQ�WKDW�LQ�WKH�FDVH�RI�
OXEULFDWLQJ�ZLWK�SODVWLF�JUHDVH��SURGXFWLRQ�RI�D�WKLFN�OXEULFDQW�OD\HU�LV�PRUH�GLIILFXOW�WKDQ�LQ�WKH�FDVH�RI�OXEULFDWLQJ�ZLWK�
RLO��7KXV�� LQ�PDQ\� FDVHV��ZH� DGG� OXEULFDQWV� VXFK� DV� JUDSKLWH��ZKLFK� VHUYHV� DV� D� WKLFNHQHU�� UHJDUGOHVV�RI� WKH�EDVH�RQ�
ZKLFK�WKH\�DUH�EXLOW��7KH�DGGHG�FU\VWDO�HOHPHQWV�RU�FRPSRXQGV��VXFK�DV�JUDSKLWH��&���PRO\EGHQXP�GLVXOILGH��0R6���RU��
OHVV� IUHTXHQWO\�� WXQJVWHQ�� IRUP� D� EXIIHU� OD\HU� SUHYHQWLQJ� WKH� VHL]XUH� RI� PDFKLQH� SDUWV�� $OVR�� LQ� FRQGLWLRQV� RI� KLJK�
SUHVVXUH�DQG�ORZ�UXEELQJ�YHORFLWLHV�EHWZHHQ�WKH�FRPSRQHQWV�RI�PDFKLQHV��WKHVH�FU\VWDOOLQH�FRPSRXQGV�RU�HOHPHQWV��DUH�
EHLQJ�SODFHG�RQ�WKH�URXJKHQHG�VXUIDFH�RI�WKH�HOHPHQWV�DQG�IRUP�D�OD\HU�RI�VPDOO�ıW�YDOXH��ZKLFK�UHGXFHV�WKH�FRHIILFLHQW�
RI�IULFWLRQ�ȝ��

� 0RO\EGHQXP�GLVXOILGH�DV�D�OXEULFDQW�ZDV�ZLGHO\�LPSOHPHQWHG�DQG�WHVWHG�LQ�WKH����LHV�RI�;;�FHQWXU\��'XH�WR�
LWV�VWUXFWXUH��LW�KDV�D�SURSHUW\�VLPLODU�WR�WKH�JUDSKLWH��ZKLFK�IRUPV�D�OD\HU�RI�ORZ�ıW�YDOXH�RQ�WKH�VXUIDFH�RI�WKH�OXEULFDWHG�
HOHPHQWV�DQG�WKHUHE\�UHGXFHV�WKH�FRHIILFLHQW�RI�IULFWLRQ�ȝ��

�

Figure 10:�/D\HUV�RI�OXEULFDQW�ZLWK�DGGLWLYHV�RI�FU\VWDOV��D��ZLWK�D�VXIILFLHQW�OXEULFDWLQJ�OD\HU��E��ZLWK�D�ERXQGDU\�
OXEULFDQW�OD\HU�>�@�

�

,W�PXVW�EH�UHPHPEHUHG��KRZHYHU�� WKDW� WKH�PHQWLRQHG�DGGLWLYHV��KDYH�WKHLU� OLPLWDWLRQV�LQ�WKH�DSSOLFDWLRQ�GHSHQGLQJ�RQ�
WKH�WHPSHUDWXUH��DV�VKRZQ�RQ�FKDUWV��)LJ�����

�

Figure11:�&KDUWV�RI�IULFWLRQ�FRHIILFLHQW��I ȝ��GHSHQGLQJ�RQ�WKH�WHPSHUDWXUH�IRU�JUDSKLWH�DQG�PRO\EGHQXP�GLVXOSKLGH�
>�@�
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$IWHU�H[FHHGLQJ�FHUWDLQ� WHPSHUDWXUH�YDOXHV�� WKH�DGGLWLYHV� ORVH� WKHLU�SURSHUWLHV�� UHGXFLQJ� WKH�YDOXH�RI� IULFWLRQ�
FRHIILFLHQW�DQG�VRPHWLPHV�LQFUHDVLQJ�LW���

FEM method application to modelling of bone degeneration in the contact bone - hip 
prosthesis 
�
� ,Q�RUGHU�WR�PRGHO�WKH�PHFKDQLVP�RI�FRQWDFW�RI�HOHPHQWV�DQG�WKH�RULJLQ�RI�SDWKRORJLFDO�FKDQJHV�WDNLQJ�SODFH�LQ�
WKH�ERQH�WLVVXH�DIWHU�HQGRSURVWKHVLV�LPSODQWDWLRQ�D�VLPSOH�PHFKDQLFDO�PRGHO�ZDV�VHOHFWHG��7KH�PRGHO�LV�EDVHG�RQ�WKH�
UHVHDUFK� WKDW� KDV� EHHQ� FDUULHG� RXW� E\� +XLVNHV� >�@� DQG� PHFKDQLFDO� SDUW� RI� WKH� PHFKDQR�FRQWURO� PRGHO� SURSRVHG� E\�
3UHQGHUJDVWD�>��@��,Q�WKH�)LJ�����WKHUH�LV�SUHVHQWHG�WKH�3UHQGHUJDVW¶V�DOJRULWKP� 

 
Figure 12: The sequential mechanical-control Prendergast’s algorithm [14] 

 
7KH�)(0�PRGHO�RI�WKH�0RRU�KLS�SURVWKHVLV��)LJ������VXUURXQGHG�E\�ERQH�KDV�EHHQ�EXLOW��+DYLQJ�DSSOLHG�WKH�3RZHOO¶V�
PRGHOV�RI�IRUFHV��WKH�+0+�K\SRWKHVLV�ZDV�XVHG�WR�HVWLPDWH�WKH�FKDQJHV�LQ�VWUHVV�GLVWULEXWLRQ�LQ�SURJUHVVLYHV�VWHSV�RI�
3UHQGHUJDVW¶V�DOJRULWKP��)LJ��������
�

 
Figure 13: FEM model of Moore's hip endoprothesis 

 
� 7KH�UHVXOWV�RI�FDUULHG�RXW�UHVHDUFK�DUH�SUHVHQWHG�LQ�)LJ����������7KH�ERQH�WLVVXH�GHVRUSWLRQ�HIIHFWV�RQO\�WKH�VWUHVV�
GLVWULEXWLRQ�LQ�WKH�FRQWDFW�]RQH��7KH�PRVW�LPSRUWDQW�IDFWRU�WKDW�LQIOXHQFHV�WKH�ORQJ�WHUP�VXFFHVV�RI�LPSODQWDWLRQ�LV�WKH�
SURSHU�VWUHVV�GLVWULEXWLRQ�LQ�WKH�WKLQ�ERQH�OD\HU��UHJDUGOHVV�RI�ZKHWKHU�ZH�DUH�GHDOLQJ�ZLWK�DQ�LQWHUPHGLDWH�OD\HU�RI�ERQH�
FHPHQW� RU� FHPHQWOHVV� FRQQHFWLRQ�� 7KH� SUHVHQFH� RI� KLS� HQGRSURWKHVLV� LQ� WKH� RUJDQLVP� UHVXOWV� LQ� WKH� FKDQJH� RI�
PHFKDQLFDO�VLJQDOV�WR�ZKLFK�WKH�ERQH�WLVVXH�VXUURXQGLQJ�WKH�LPSODQW�LV�VXEMHFWHG��$V�WKH�UHVXOW�G\QDPLF�EDODQFH�FDQ�EH�
GLVWXUEHG�DQG�XQGHVLUDEOH�ZHDNHQLQJ�RI�WLVVXH�FDQ�WDNH�SODFH���
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Figure 14: Stress distribution a) in the femur b) in the homogenous pivot of Moor’s hip endoprothesis.�
 

 
Figure 15: Stress  distribution after sequential launching of mechanical-control Prendergast’s algorithm. 
a) in the bone tissue b) in the endoprothesis pivot. 
 
� 7KH�PRVW�LPSRUWDQW�IDFWRUV�LQIOXHQFLQJ�WKH�ORQJ�WHUP�VXFFHVV�RI�LPSODQWDWLRQ�DUH�WKH�SKHQRPHQD�RI�ORFDO�ERQH�
UHVRUSWLRQ�VXFK�DV�WKH�ULVN�RI�HQGRSURWKHVLV�VODFN�RU�FRPSOLFDWLRQV�WDNLQJ�SODFH�LQ�FDVH�RI�WKH�QHFHVVLW\�RI�UHRSHUDWLRQ�RI�
HQGRSURWKHVLV�LPSODQWDWLRQ��'HFUHDVH�LQ�WKH�GHQVLW\�DQG��ZKDW� IROORZV��GHFUHDVH�LQ�ERQH�WLVVXH�VWUHQJWK��UHVXOWV�LQ� WKH�
ULVN�RI�IUDFWXUH�DQG�GDPDJH�LQ�FDVH�RI�OLPE�RYHUORDG��
�
Conclusions 
�
� ,Q�WKH�SDSHU�WKH�PRVW�LPSRUWDQW�WULERORJ\�SKHQRPHQD�EHWZHHQ�FRQWDFWLQJ�HOHPHQWV�ZHUH�VKRZQ��'HIRUPDWLRQ�LQ�
WKH�+HUW]¶V�FRQWDFW�]RQH�RI�WKH�UROOLQJ�HOHPHQWV�DQG�PLFUR�VOLSV�LQ�WKH�FRQWDFW�SRLQWV��ZKLFK�LQFUHDVH�IULFWLRQ�ZHDU�RI�WKH�
VXUIDFH�OD\HU�RI�WKH�UROOLQJ�HOHPHQWV�ZHUH�FRQVLGHUHG�DV�D� ILUVW�VWDJH�RI�DEUDVLYH�ZHDU�FDXVLQJ�FUDFN�LQLWLDWLRQ�DQG�LWV�
IXUWKHU�SURSDJDWLRQ��SLWWLQJ��EHLQJ�LQWHQVLILHG�E\�RLO�RQ�WKH�UROOLQJ�HOHPHQW�LQ�WKH�FRQWDFW�SRLQWV��7KH�UHVXOWV�RI�WKH�RLO�
LPSDFW�RQ�SLWWLQJ�SKHQRPHQD�ZHUH�REWDLQHG�RQ�WKH�PRGLILHG�IRXU�EDOO�WHVWHU��DQG�SUHVHQWHG�DV�IDWLJXH�FXUYHV�RI�W\SLFDO�
OXEULFDQWV��7KH�YHU\�GLIIHUHQW�FRQWDFW�SKHQRPHQD�REVHUYHG�LQ�ELRPHFKDQLFDO�V\VWHPV�DUH�SUHVHQWHG�RQ�WKH�H[DPSOH�RI�
ERQH�GHJUDGDWLRQ�LQ�WKH�FRQWDFW�ZLWK�KLS�SURVWKHVLV�SLYRW��7KH�)(0�PHWKRG�ZDV�XVHG�IRU�WKH�SXUSRVHV�RI�PRGHOOLQJ�RI�
VWUHVV�VWDWH�LQ�WKH�FRQWDFW�]RQH�RI�ERQH���KLS�SURVWKHVLV��7KH�VHTXHQWLDO�3UHQGHUJDVW¶V�DOJRULWKP�ZDV�DSSOLHG�WR�FDOFXODWH�
WKH�ORQJ�WLPH�FKDQJHV�LQ�ERQH�GHQVLW\�DQG�<RXQJ�PRGXOXV�UHVXOWLQJ�LQ�WKH�ORFDO�ERQH�GHVRUSWLRQ����
�
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Abstract: In order to establish the relationships between the plants communities and 
environmental gradients that prevail in the arid plain of the lower Cheliff, one of the largest salted 
alluvial plain in North Africa, we examined vegetation composition and the environmental 
variables, using 20 species sampled in 111 stands, followed by a direct gradient analysis. 
Classification of the vegetation using modified TWINSPAN classification resulted in the 
recognition of four vegetation units, each of these four units with a definite floristic composition, 
highly significantly different according to ANOSIM test, was linked to a specific habitat. 
Multivariate analyses including detrended correspondence analysis (DCA) and correspondence 
analysis (CCA) showed that vegetation distribution pattern was mainly related to conductivity and 
soil structure. CCA axis 1 (45.7% of variance explained) was mainly positively correlated to 
conductivity, Na+, clay and Ca++, with an exclusive appearance of halophilous species 
characteristic of the extreme salinity conditions. While it was negatively correlated mainly with 
soil structure and pH, these conditions were accompanied by the highest plant diversity in the 
study area, with the appearance of two vegetation units, adding up 13 species belonging to 8 
families. CCA axis 2 (20.1% of variance explained) was positively correlated with soil structure 
and Na+, while it is negatively correlated mainly with Ca++, with the occurrence of three species 
indicating the worst soil structure conditions. 

 
                              Keywords: Anosim, Conductivity, Correspondence analysis, Twinspan, Vegetation units. 
 

Introduction 
           The vegetal association is a plant community, characterized by definite floristic and sociological features and 
grows in uniform habitat conditions (Flahault & Schroter, 1910). As defined by (Westhoff & van der Maarel, 1973), 
these plant communities are recognized by diagnostic species, with a distinct concentration in a particular vegetation 
unit (Chytry & Tichy, 2003). Their presence or abundance is considered to indicate certain site conditions. Indeed, 
vegetation presence or absence is controlled by environmental variables such as soil, topography, and climate 
(McDonald et al., 1996). Among these different environmental factors, soil is normally of great importance. Using 
vegetal species as bio-indicators can be the most important tool to assess soil conditions (Wang, 1995). Our study was 
carried out along the lower Chelif plain, one of the largest salted alluvial plains in North Africa, characterized by 
particular edaphic constraints, harsh climatic adversities, and suffering from serious soil degradation. The apparent 
structural simplicity of plant communities in this area provides an ideal model to study the relationship between edaphic 
factors and plant species. The main purpose of this research was to determine, the strongest edaphic factors affecting the 
occurrence of vegetal species, to extract the main vegetation units independently to the site conditions, and confront 
them to the edaphic factors characterizing the lower-Cheliff. Understanding relationship between ecological variables 
and plant species in this harsh ecosystem helps us to apply these findings in management, reclamation, and development 
of similar regions. 
 

Material and methods 
Study area  
Covering approximately 500 km2 the lower-Cheliff is one of the largest salted alluvial plains of north-western Algeria 
(Figure 1), it’s about 35 km inland from the Mediterranean Sea, with an average altitude of 70 m. The plain is a syncline 
framed by salted marls hills (MC Donald & B.N.E.D.E.R 1990). These geological characteristics, accentuated by an 
arid climate with an average annual temperature of 20° C, a dry period of 7 months, frequent droughts, and minimal 
precipitation (approximately 250 mm/yr), explain the high salinity conditions of the plain. 
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Figure 1. Location of the study area in northern Algeria. 

 

Soil and vegetation sampling 
Phytosociological sampling was recorded during spring 2010 and 2011, by using the Braun-Blanquet seven degree scale 
(Van der Maarel, 1979). A total of 111 relevés were recorded adding up 30 species among which 10 rare species were 
excluded from analysis. For constrained ordination methods, a total of 111 soil samples were also collected, soil 
variables analysed were texture, soil structure (MWD), pH, electrical conductivity (ECe), calcium carbonate (CaCO3), 
Ca++, Cl-, and Na+. Each sampling unit location (latitude, longitude, and altitude) were recorded using a GPS receiver. 

Data analysis 
To simplify the continuum of species composition present in the study area and to aid our understanding of species–
environment relationships, relevés were classified into a few groups by modified two-way indicator species analysis 
(TWINSPAN) classification (Rolecek et al., 2009). Thus, by using this algorithm, homogenous groups are formed; the 
characteristic species of each group were identified by using the phi coefficient of association (Chytry et al., 2002). This 
coefficient is a statistical measure of association which can be used as a measure of fidelity. It is defined as: 

� � � �
p p

p p

N .n n.N
n.N N n . N N

�
)  

� �
     

N = number of relevés in the data set; Np = number of relevés in the particular vegetation unit; n = number 
ofoccurrences of the species in the data set; np = number of occurrences of the species in the particular vegetation unit. 
To examine variation in vegetation assemblage structure among groups, we performed an ANOSIM (Legendre & 
Legendre, 1998) by using Bray-Curtis similarity. Finally, in order to establish the main links between environmental 
variables and vegetation, first, a co-linearity test showed a strong correlation coefficient between sands and silt, Na+ and 
Cl-. Therefore, we chose to eliminate Cl- and silt. Then, the remaining variables were log-transformed. The most 
significant variables according to the individual preselection were, ECe, MWD, pH highly significant (P < 0.01), and 
clay significant (P < 0.05), the remaining variables (Na+, sand, CaCO3, Ca++) were not significant. In order to perform a 
direct gradient analysis, a detrended correspondence analysis (DCA) (Hill & Gauch, 1980) showed that the longest 
gradient was 5.78, thus, the best results are shown by canonical correspondence analysis CCA (ter Braak, 1986 ; Leps & 
Smilauer, 2003). However, CCA is useful technique strongly affected by double zeros (Zuur et al., 2007). In this case, 
according to reference (Legendre & Gallagher, 2001), the best option is to apply a special Chord (Orloci, 1967) or 
Hellinger (Rao, 1995) transformation. 

Results and discussion 
Classification of vegetation 
The application of modified TWINSPAN classification on the 20 species enabled us to distinguish four vegetation units 
(Table 1, Figure 2). These groups were named according to their leading dominant species (those with the highest phi 
coefficient value) as follows: (A) Spergularia marina, (B) Erodium cicutarium, (C) Melilotus officinalis, and (D) Bellis 
perennis. Each of these four vegetation units could easily be linked to a habitat type. 
Vegetation unit A: The 29 samples belonging to this community were characterized by the highest conductivity, Na+, 
Ca++, and clay, the lowest pH and relatively low soil structure. The phi coefficient classification showed that this 
vegetation unit was composed of four diagnostic species, belonging exclusively to Chenopodiaceae and 
Caryophyllaceae, characteristic of the extreme salinity conditions. 
Vegetation unit B: In contrast to the previous vegetation unit, this group of 7 samples presented the best soil structure, 
the highest pH and sand percentage, the lowest conductivity, Ca++, and clay.  
Vegetation unit C: This community included 41 samples moderately salty, with alkaline soil reaction, good soil 
structure, and the lowest Na+ quantity. This vegetation unit includes the largest number of diagnostic species belonging 
to 5 different families (Fabaceae, Asteraceae, Bromeliaceae, Primulaceae, Plantaginaceae). 
Vegetation unit D: This community was represented in 34 samples, characterized by the worst soil structure, the lowest 
CaCO3 percentage, high clay percentage, high Na+ quantity, and moderate salinity.  
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Figure 2. TWINSPAN classification of 111 plots. N indicates the number of plots and the value between brackets 
represent the phi coefficient value in percent. 
 
Table 1: Table of 111 relevés and 20 species, based on fidelity coefficient. Diagnostic species (* p < 0.05, ** p < 0.01, 



�S����������DUH�WKRVH�ZLWK�VLJQLILFDQW�ĳ�YDOXH�DFFRrding to Fisher’s test. 

 
Soil characteristics of each of the four vegetation units were analysed through ANOVA (Table 2). Results indicated that 
among all measured soil parameters, conductivity and pH showed highly significant differences between groups (P < 
0.01), Na+ and soil structure (MWD) showed significant differences (P < 0.05), meaning that vegetation composition 
and distribution in the lower Chelif was highly related to conductivity, pH, soil structure, and Na+. 
 

Table 2 : Mean values with mean standard error and ANOVA F-values of the environmental variables in the sites 
representing the four groups obtained by TWINSPAN. 

 
 Group A Group B Group C Group D F P 

ECe 16.5 ± 1.6 3.3 ± 1 6.5 ± 1.13 8.5 ± 0.94 14.57 0.0001 
pH 7.8 ± 0.03 8.1 ± 0.1 8.0 ± 0.05 7.9 ± 0.04 10.23 0.0001 
Na+ 4 ± 0.47 2.8 ± 0.6 2.8 ± 0.16 3.2 ± 0.27 3.07 0.03 

MWD 0.8 ± 0.04 1.0 ± 0.1 0.9 ± 0.05 0.8 ± 0.03 2.87 0.04 
CaCO3 17.7 ± 0.5 19.1 ± 2 18.1 ± 0.5 16.6 ± 0.4 2.11 0.103 

Ca++ 0.5 ± 0.1 0.3 ± 0.1 0.4 ± 0.04 0.5 ± 0.04 1.88 0.137 
Clay 5.9 ± 0.5 4.7 ± 0.7 4.9 ± 0.33 5.7 ± 0.19 1.63 0.186 
Sand 23.5 ± 1.2 26.6 ± 3 25 ± 1.2 24.2 ± 0.86 0.56 0.642 

 
 

Similarity analysis  
Similarity analysis test (ANOSIM) (Table 3) showed highly significant differences (P < 0.01) in taxonomical 
composition between (A, B), (A, C), (B, C), (C, D), and significant differences (P < 0.05) between (A, D) and (B, D), 
these significant differences indicate the total absence of overlap between vegetation assemblages. These results were 
supported by high significant R values, indicating that similarities between relevés within groups are higher than those 

Vegetation  unit A 
(29 Relevés) 

Vegetation  unit B 
(7 Relevés) 

Vegetation  unit C 
(41 Relevés) 

Vegetation  unit D 
(34 Relevés) 

Spergularia marina (71.9***) 
Suaeda maritima (59.8***) 
Atriplex halimus (46.7***) 
Arthrocnemum macrostachyum (28.2*) 
 
 
 

Erodium cicutarium (87***) 
Onopordum acanthium (75.1***) 
Foeniculum vulgare (42.1*) 
Torilis nodosa (33.1*) 
Lolium multiflorum (24.3*) 
Cirsium vulgare (17.1) 
 

Melilotus officinalis (53***) 
Scolymus hispanicus (44.1***) 
Sinapsis arvensis (36.8***) 
Calendula arvensis (36.2***) 
Anagallis arvensis (33.3**) 
Scorpiurus muricatus (17.4) 
Plantago lanceolata (15.4) 

Bellis perennis (70.5***) 
Phalaris arundinacea (51.4***) 
Peganum harmala (31*) 
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between relevés from different groups. Thus the result of similarity analysis (ANOSIM) showed clear differences in 
taxonomical composition among the different groups. 

 
Table 3: Results of similarity analysis according to Bray-Curtis similarity with p-value (higher matrix) and R-value 

(lower matrix). 
Bray-Curtis similarity P values (** p < 0.01; * p < 0.05) 

A B C D 
R

 v
al

ue
s A  0.005** 0.003** 0.03* 

B 0.788  0.005** 0.01* 
C 0.859 0.395  0.008** 
D 0.694 0.836 0.486  

 

Canonical correspondence Analysis 
The marginal effects indicated that conductivity was the best explanatory variables, followed by soil structure, Na+, pH, 
Ca++, and clay, whereas CaCO3 and sand plays a secondary role. The variance of species occurrence data explained by 
each variable according to the partial CCA was in the following order: ECe = 5.3%, soil structure = 3.3%, pH = 3.1%, 
Na+ = 2.8%, Clay = 2.3 %, Ca++ = 2.2%, CaCO3 = 1.1%, and Sand = 1%. This means that the distribution of vegetal 
species in the lower-Cheliff plain is strongly correlated to conductivity, soil structure and pH.  
The variance of species-environment relationship, explained by the first two canonical axes of the correspondence 
analysis was 65.8%. The first axis with 45.7% of variance explained, was mainly positively correlated to conductivity, 
and then to Na+, clay, and Ca++, with the occurrence of vegetation unit A composed exclusively of Chenopodiaceae and 
Caryophyllaceae, while it was negatively correlated mainly with pH and subsequently to soil structure, these conditions 
were accompanied with the highest plant diversity in the study area (Figure 3), with the appearance of vegetation units 
B and C. The second axis with 20.1% of variance explained was positively correlated with soil structure and Na+, while 
it was negatively correlated mainly with Ca++, with the occurrence of vegetation unit D, indicating the worst soil 
structure. 
 

 
 

Figure 3. CCA biplot showing edaphic variables and vegetation units derived from TWINSPAN. 

Predicting vegetation occurrence according to edaphic variables 
A Gauss model (Jongman et al., 1995) was used to examine the relationships between the different vegetation units 
occurrence, and abiotic habitat variables, especially the most influencing variables. Electrical conductivity, pH, Na P

+
P, 

and soil texture were all statistically significant predictors of species occurrence (P < 0.01) according to chi-square 
approximation. Gauss results (Figure 4) showed that the optimum of vegetation unit A, with respect to electrical 
conductivity was greater than 35 mmhos. Vegetation unit B was highly sensitive to conductivity with an optimum of 
only 1 mmhos, whereas the occurrence of vegetation unit C and D increased to an optimum, respectively of 5.8 and 
10.5 mmhos followed by declining occurrence, the same behavior towards conductivity was shown towards Na P

+
P, the 
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highest optimums were shown respectively by vegetation unit A and D, and the lowest optimums respectively by 
vegetation unit C and B. The best soil structure was indicated by vegetation unit B and C with an optimum of 2 mm 
each, and the worst soil structure was indicated respectively by vegetation unit A (0.45 mm) and unit D (0.65 mm). 
Slightly alkaline soil reactions were shown by vegetation unit B and C (8.78), whereas vegetation unit A and D prefer 
neutral pH.  
 

  

  
Figure 4. Predicted occurrence of the four vegetation units as obtained by Gauss model according to a. conductivity, b. 

soil structure, c. Na+, d. pH 

Conclusion 
 The lower Chelif represents a weakened ecosystem, characterized by particular edaphic constraints and harsh climatic 
adversities. Traditional methods of evaluation of site conditions are expensive and time consuming, especially in areas 
as large as the Lower-Cheliff; thus, recognition of vegetation ecology is the easiest way of decreasing cost and saving 
time in the assessment of environmental conditions. The present study provides fundamental information on the edaphic 
factors affecting vegetation assemblage and distribution in one of the largest arid area in North Africa. We distinguished 
vegetation units composed of halophilous species, distributed throughout the salty grounds and more diverse vegetation 
units, very sensitive to salinity, occupying unsalty to slightly salty grounds. Thus, the assessment of plant communities 
was a useful tool to classify salinity, especially in terms of revealing the spatio-temporal changes of this variable. 
Understanding relationships between environmental variables and vegetation distribution in this area helps us to apply 
these findings in management, reclamation, and development of arid and semi-arid ecosystems.  
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ANALYTICAL METHOD FOR MAGNETIC FIELD COMPUTATION IN 
THE AIR-GAP OF PMSM CONSIDERING SLOTTING EFFECTS AND 

USING COMPLEX RELATIVE AIR-GAP PERMEANCE 
 

%UDKLP�/DGJKHP�&KLNRXFKH��'pSDUWHPHQW�GH�JpQLH�pOHFWULTXH��)DFXOWp�GH�WHFKQRORJLH��8QLYHUVLWp�GH�0¶VLOD��
$OJpULH��/&+%5$+,0#JPDLO�FRP�

6DPLU�0DEUDN��(FROH�1DWLRQDOH�3RO\WHFKQLTXH��/5(�(13���(O�+DUUDFK��%3������������$OJHU��$OJpULH��
0$%5$.�6$0,5#\DKRR�IU�

 
 

Abstract : $Q�DQDO\WLFDO�PRGHO�H[SUHVVLQJ�3060�SHUIRUPDQFHV�LQ�UHVSHFW�WR�VWDWRU�LURQ�UHODWLYH�
SHUPHDELOLW\�LV�SUHVHQWHG��7KH�ÀX[�GHQVLW\�GLVWULEXWLRQ��EDFN�(0)�DQG�HOHFWURPDJQHWLF�WRUTXH�LQ�
WKH� VORWWHG� DLU�JDS� RI� SHUPDQHQW�PDJQHW� PRWRUV� ZLWK� VXUIDFH� PRXQWHG� PDJQHW� EDUV� ZKLFK� DUH�
PDJQHWL]HG�LQ�VKLIWLQJ�GLUHFWLRQ�DUH�FDOFXODWHG�LQ�UHVSHFW�WR�VWDWRU�LURQ�UHODWLYH�SHUPHDELOLW\�XVLQJ�
WZR�GLPHQVLRQDO� ¿HOG� WKHRU\� LQ� SRODU� FRRUGLQDWHV�� 7KH� HIIHFW� RI� VWDWRU� VORWV� LV� LQWURGXFHG� E\�
PRGXODWLQJ� WKH�PDJQHWLF�¿HOG�GLVWULEXWLRQ� LQ� WKH� VORWOHVV� VWDWRU� E\� WKH� FRPSOH[� UHODWLYH� DLU�JDS�
SHUPHDQFH��:LWK� WKLV�FRPSOH[�SHUPHDQFH�� WKH� UDGLDO�DQG� WDQJHQWLDO�FRPSRQHQWV�RI�ÀX[�GHQVLW\�
DUH� FDOFXODWHG�� ,Q� WKH� DQDO\WLFDO� DQG� QXPHULFDO� VWXG\� D� ¿QLWH� QXPEHU� RI�PDJQHW� EDUV��ZKLFK� LV�
FRQVLGHUHG�VXI¿FLHQW�WR�JHW�D�VLQXVRLGDO�PDJQHWL]DWLRQ��LV�XVHG��
�
Key words :$LU�JDS�SHUPHDQFH��FRQIRUPDO�PDSSLQJ��¿QLWH�HOHPHQW��PDJQHWLF�¿HOG��SHUPDQHQW�
PDJQHW�V\QFKURQRXV�PRWRU��

�
Introduction 
�

'HWDLOHG� NQRZOHGJH� RI� WKH� ¿HOG� GLVWULEXWLRQ� LQ� WKH� DLU�JDS� RI� D� SHUPDQHQW�PDJQHW� �30�� PRWRU� LV� RI� JUHDW�
LPSRUWDQFH�IRU�DFFXUDWH�SUHGLFWLRQ�RI�WKH�EDFN�HOHFWURPRWLYH�IRUFH��(0)��DQG�WRUTXH�ZDYHIRUPV��7KH�SUHVHQFH�RI�VWDWRU�
RU�DQG� URWRU� VORWV� KDYH� D� ODUJH� LQÀXHQFH� RQ� WKH� DLU�JDS�PDJQHWLF� ¿HOG� GLVWULEXWLRQ��7KH� FRQVHTXHQFHV� FDQ� EH� WRUTXH�
ULSSOHV�FDXVLQJ�YLEUDWLRQ��QRLVH�DQG�VSHHG�ÀXFWXDWLRQV��

7KH� DLU�JDS� PDJQHWLF� ¿HOG� ZLWK� VORWWLQJ� HIIHFWV� FDQ� EH� HYDOXDWHG� E\� D� YDULHW\� RI� WHFKQLTXHV� >�@�>�@�>�@�
LQFOXGLQJ�DQDO\WLFDO�RU�VHPL�DQDO\WLFDO�PHWKRGV�DV�ZHOO�DV�QXPHULFDO�WHFKQLTXHV�OLNH�¿QLWH�HOHPHQWV�RU�ERXQGDU\�LQWHJUDO�
PHWKRGV�� )LQLWH� HOHPHQWV� JLYH� DFFXUDWH� UHVXOWV� FRQVLGHULQJ� JHRPHWULF� GHWDLOV� DQG� QRQOLQHDULW\� RI�PDJQHWLF�PDWHULDOV��
+RZHYHU�� WKLV�PHWKRG� LV� FRPSXWHU� WLPH� FRQVXPLQJ� DQG�SRRUO\� ÀH[LEOH� IRU� WKH� ¿UVW� VWHS�RI� GHVLJQ� VWDJH�RI� HOHFWULFDO�
PDFKLQHV�>�@��

,Q�WKLV�SDSHU��D�QHZ�DQDO\WLFDO�DSSURDFK�IRU�3060�SHUIRUPDQFHV�FDOFXODWLRQ�YHUVXV�UHODWLYH�SHUPHDELOLW\�VWDWRU�
LURQ�LV�GHYHORSHG��
�

I. ANALYTICAL MODEL 
 

7KH� WZR�GLPHQVLRQDO� PRGHO� FRYHUV� WKH� DLU� JDS�� WKH� PDJQHW� EDUV�� WKH� VWDWRU� VORWV� DQG� WKH� QRQ� PDJQHWLF� RU�
PDJQHWLF�F\OLQGULFDO� URWRU�DQG�VWDWRU�FRUH��DV�VKRZQ�LQ�)LJ�����7KH�PDJQHWLF�FRUH� LQ� URWRU� LV�DVVXPHG� WR�KDYH� LQ¿QLWH�
SHUPHDELOLW\��7KH�FRQGXFWLYLW\�RI�DOO�UHJLRQV�LV�DVVXPHG�WR�EH�]HUR�L�H���HGG\�FXUUHQW�HIIHFWV�DUH�LJQRUHG��
�

�
Fig. 1��&URVV�VHFWLRQ�RI�RQH�SROH�SLWFK�RI�WKH�PRWRU�

7KH�VORWV�DUH�VLPSOL¿HG�WR�D�UHFWDQJXODU�VKDSH��%HFDXVH�RI�SHULRGLFLW\�WKH�PRGHO�QHHGV�RQO\�WR�FRYHU�RQH�SROH�
SLWFK� RI� WKH� PDFKLQH�� 7KH� PDJQHWL]LQJ� EDUV� DQG� WKH� QRQPDJQHWLF� F\OLQGULFDO� URWRU� FRUH� PDWHULDO� DUH� UHSODFHG� E\�
FRQWLQXRXV�DQG�LVRWURSLF�UHJLRQV�KDYLQJ�WKH�VDPH�SHUPHDELOLW\�DV���.�

,Q�WKH�GHYHORSHG�DQDO\WLFDO�DQG�QXPHULFDO�PRGHOV��WKH�QXPEHU�RI�PDJQHW�EDUV�WKDW�ZHUH�XVHG�ZDV�FRQVLGHUHG�WR�
EH�VXI¿FLHQW�WR�JHW�D�VLQXVRLGDO�PDJQHWL]DWLRQ�>�@�>�@��
�
�
�
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)RU� FDOFXODWLRQ� RI� ÀX[� GHQVLW\� GLVWULEXWLRQ� RQ� D� VPRRWK� VWDWRU� VXUIDFH�� WKH� VWDWRU� LV� FRQVLGHUHG� DV� D� VPRRWK�
SDVVLYH�F\OLQGHU��,Q�WKH�URWRU�GRPDLQ��ZH�FKRRVH�WKH�LQWHU�SRODU�D[LV�DV�WKH�RULJLQ�(� = �).�

7KH�SHUPDQHQW�PDJQHW�YROXPH�FRQVLVWV�RI�VPDOO�PDJQHW�EDUV�ZLWK�VKLIWLQJ�GLUHFWLRQ�RI�PDJQHWL]DWLRQ�DORQJ�D�
PDJQHW�SROH�DUF��(DFK�PDJQHW�EDU�PD\�EH�DVVXPHG�WR�EH�LVRWURSLF�ZLWK�XQLIRUP�DQG�ULJLG�PDJQHWL]DWLRQ��ሬሬሬԦ��DQG�KDYLQJ�
D�OLQHDU�GHPDJQHWL]DWLRQ�FKDUDFWHULVWLF��

)RU� WKH� WZR�GLPHQVLRQDO� SUREOHP� WKH� PDJQHWLF� YHFWRU� SRWHQWLDO� �ሬሬሬԦ� ZLOO� KDYH� RQO\� RQH� FRPSRQHQW� LQ� WKH�
GLUHFWLRQ��7KH�ÀX[�GHQVLW\�LV�GHGXFHG�IURP�
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TABLE 1 :3DUDPHWHUV�RI�WKH�H[SHULPHQWDO�PDFKLQH�
3DUDPHWHU� 6\PERO� 9DOXH�>XQLW@�

3HUPDQHQW�PDJQHW�UHPDQHQFH� �� �����7�
5HODWLYH�UHFRLOSHUPHDELOLW\� ��� ��
3KDVH�FXUUHQW� �� �$�
1XPEHU�RI�VORWV� ��� ���
1XPEHU�RI�WXUQV�SHU�FRLO� �� ���
6ORW�RSHQLQJ�ZLGWK� ��� �/����
5DGLXV�RI�WKH�H[WHUQDO�VWDWRU�VXUIDFH� ��� ������PP�
� ��� ������PP�
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II.2. MODEL OF SLOTTING EFFECT IN FLUX DENSITY 
 

7KH�HIIHFW�RI�VORWWLQJ�E\�XVLQJ�UHODWLYH�DLU�JDS�SHUPHDQFH�REWDLQHG�IURP�D�UHDO�FRQIRUPDO�IXQFWLRQ�ZKLFKLV�DEOH�
RQO\�WR�WDNH�LQWR�DFFRXQW�WKH�HIIHFW�RI�VORWWLQJ�LQ�WKH�UDGLDOÀX[�GHQVLW\�E\�PXOWLSO\LQJ�WKH�¿HOG�GLVWULEXWLRQ�LQ�WKH�VORWOHVV�
DLU�JDS�E\�WKLV�SHUPHDQFH�>�@��7KH�PHWKRG�SUHVHQWHG�LQ�WKLV�SDSHUDQG�GHYHORSHG�E\�=DUNR�>�@��>�@�LQ�WKH�FDVH�RI�VORWWHG�
DLU�JDSSHUPDQHQW� PDJQHW� PRWRUV� ZLWK� VLQXV� PDJQHWL]DWLRQ� SURYLGHV� D� PRUH� FRPSOHWH� DQDO\WLFDO� ¿HOG� VROXWLRQ� WKDQ�
GHYHORSHG�E\�=KX� >�@�� DQG�XVHG� LQ� VHYHUDO� RWKHU� SDSHUV� DV�ZHOO>�@±>��@�� DQG� DOORZV�RQH� WR� FDOFXODWH� DFFXUDWHO\�ERWK�
UDGLDO�DQGWDQJHQWLDO�FRPSRQHQWV�RI�WKH�DLU�JDS�ÀX[�GHQVLW\��,W�XVHV�WKHFRPSOH[�QDWXUH�RI�WKH�FRQIRUPDO�WUDQVIRUPDWLRQ�
PRUH�H[WHQVLYHO\�DQGGH¿QHV�WKH�UHODWLYH�DLU�JDS�SHUPHDQFH�DV�D�FRPSOH[QXPEHU�7KLV�PHWKRG�SUHVHQWHG�LQ�GHWDLO�LQ�>�@�
>�@� KDV� EHHQ� XVHG� LQWKLV� SDSHU� WR� FDOFXODWH� ÀX[� GHQVLW\� LQ� WKH� PRWRUV� ZLWK� VXUIDFHPRXQWHG� SHUPDQHQW� PDJQHW� EDUV�
PDJQHWL]HG� LQ� VKLIWLQJ� GLUHFWLRQ�� 7KHUHIRUH�� LQ� WKLV� SDSHU� RQO\� WKH� ¿QDO� VROXWLRQ� LV� JLYHQ�7KH� EDVLF� SULQFLSOH� RI� WKH�
PHWKRG�LV�WR�WUDQVIRUP�WKH�JHRPHWULFVKDSH�LQ�)LJ����LQWR�D�VORWOHVV�DLU�JDS�LQ�ZKLFK�WKH�¿HOG�VROXWLRQ�FDQ�EH�IRXQG�)LJ��
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Fig. 2��%DVLF�VWHSV�UHTXLUHG�IRU�ILQGLQJ�WKH�
ILHOG�VROXWLRQ�LQ�WKH�DLU�JDS�EDVHG�RQ�
FRQIRUPDO�PDSSLQJ�RI�WKH�VORW�RSHQLQJ�

Fig. 3.�6LQJOH�LQ¿QLWHO\�GHHS�VORW�RSHQLQJ�LQ�WKH���
SODQH�

�

�
Fig. 4.�6ORW�RSHQLQJ�LQ�WKH���SODQH��

7KH�YDOXH�RI�� LV�NQRZQ� IURP� WKH�FRRUGLQDWH� LQ� WKH� VORWWHG� DLU�JDS�� ,I� LW� LV� UHTXLUHG� WR�FDOFXODWH� WKH�ÀX[�GHQVLW\�DW� D�
FHUWDLQJHRPHWULF� SRLQW� LQ� WKH� VORWWHG� DLU�JDS�� WKHQ� WKH� YDOXHRI� FRUUHVSRQGLQJ��� FDQ� EH� FDOFXODWHG� IURP�� = �(�)��
ZKHUH���LV�D�QRQOLQHDU�FRPSOH[�IXQFWLRQ�RI����$Q�LWHUDWLYH�WHFKQLTXH�LVUHTXLUHG�WR�VROYH�WKLV�QRQOLQHDU�HTXDWLRQWR�¿QG�
WKH�YDOXH�RI�IRU�WKH�JLYHQ���6LQFH���GHSLFWHG�LQ�)LJ�����LV�D�FRPSOH[�QXPEHU��LW�FDQ�EH�ZULWWHQLQ�WKH�IRUP�� = �� +
�����ZLWK�

�
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Fig. 5.�5DGLDO�����D��DQG�WDQJHQWLDO�����E��FRPSRQHQWV�RI�IOX[�GHQVLW\�LQ�WKH�VORWOHVV�3060�FDOFXODWHG�
DQDO\WLFDOO\�DQG�QXPHULFDOO\�DW�� = (�� + ��)/��ZLWK�� = �
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Fig. 6.$QDO\WLFDOO\�DQG�QXPHULFDOO\�FDOFXODWHG�EDFN�
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Fig. 7.�$QDO\WLFDOO\�DQG�QXPHULFDOO\�FDOFXODWHG�
HOHFWURPDJQHWLF�WRUTXH�LQ�WKH�VORWOHVV�3060�IRU�
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Fig. 8.(IIHFW�RI�VWDWRU�UHODWLYH�SHUPHDELOLW\�RQ�HOHFWURPDJQHWLF�WRUTXH�LQ�WKH�VORWOHVV�3060��
�

III. NUMERICAL MODEL VERIFICATION 
 

,Q� RUGHU� WR� YDOLGDWH� WKH� SURSRVHG� PRGHO�� WKH� DQDO\WLFDO� UHVXOWVKDYH� EHHQ� FRPSDUHG� ZLWK� ��'� ¿QLWH� HOHPHQW�
VLPXODWLRQV�REWDLQHG�IURP�)(00��

�

� �
�D�� �E��

Fig. 10.��D��5HDO�DQG��E��LPDJLQDU\�SDUW�RI�WKH�FRPSOH[�SHUPHDQFH�FDOFXODWHG�DQDO\WLFDOO\�DW�� = (�� + ��)/��

� �
�D�� �E��

Fig. 11.��D��5DGLDO����DQG��E��WDQJHQWLDO����FRPSRQHQWV�RI�IOX[�GHQVLW\�LQ�WKH�VORWOHVV�3060�FDOFXODWHG�
DQDO\WLFDOO\�DQG�QXPHULFDOO\�DW�� = (�� + ��)/��ZLWK�� = �

�ൗ �IRU��� = �����
7KH�PHVKHV� LQ� WKH� DLU�JDS� DQG� LQ� WKH� VORW� UHJLRQV� KDYH� EHHQ� UH¿QHG� XQWLO� FRQYHUJHQW� UHVXOWV�7KH� DQDO\WLFDO�

VROXWLRQV� LQWKH� DLU�JDS� DQG� LQ� WKH� VORW� GRPDLQV� KDYH� EHHQ� FRPSXWHG� ZLWK� D� ¿QLWH� QXPEHU� RI� KDUPRQLF� WHUPV��� DV�
LQGLFDWHG�LQ�7DEOH�,��

7KH�ÀX[�GHQVLW\�GLVWULEXWLRQ�LQ�WKH�PLGGOH�RI�WKH�DLU�JDS�� = (�� + ��)/��GRPDLQ�LV�SORWWHG�LQ�)LJ������7KH�
HIIHFW�RI�WKH�VORWV�DQG�WKH�UHODWLYH�SHUPHDELOLW\�RI�WKH�VWDWRULV�YHU\�FOHDU��

�
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VI. CONCLUSION 
 

$Q� DQDO\WLFDO� PHWKRG� EDVHG� RQ� D� WZR�GLPHQVLRQDO� ¿HOG� DQDO\VLV� DQG� FRPSOH[� FRQIRUPDO� PDSSLQJ� ZDV�
GHYHORSHG�WR�SUHGLFWWKH�QR�ORDG�ÀX[�GHQVLW\�ZDYHIRUP�DQG�WKH�WRUTXH�FKDUDFWHULVWLF�RI�D�3060�ZLWK�VORWWHG�DLU�JDS�DQG�
VKLIWLQJ�PDJQHWL]DWLRQ�GLUHFWLRQ�RI�HDFK�PDJQHW�EDU�FRQVWLWXWLQJ�WKHPDJQHW�SROH�DUF��

7KH�FRQFHSW�RI�FRPSOH[�UHODWLYH�DLU�JDS�SHUPHDQFH�KDVEHHQ�DGRSWHG� WR�DFFXUDWHO\�FDOFXODWH� WKH�DLU�JDS�¿HOG�
IRU� ERWK� UDGLDO� DQG� WDQJHQWLDO� FRPSRQHQWV� RI� WKH� ÀX[� GHQVLW\� LQ� WKH� VORWWHGDLU� JDS�7KH� SURSRVHG� PHWKRG� KDV� EHHQ�
XWLOL]HG�WR�FDOFXODWH�WKHEDFN�(0)�DQG�WKH�HOHFWURPDJQHWLF�WRUTXHZDYHIRUPV�,Q�DOO�VWXGLHG�FDVHV��WKH�UHVXOWV�RI�DQDO\WLFDO�
FDOFXODWLRQV�ZHUH�LQ�YHU\�JRRG�DJUHHPHQW�ZLWK�WKH�UHVXOWV�RI�¿QLWH�HOHPHQW�VLPXODWLRQV��7KLV�SURYH�WKDW� WKH�SURSRVHG�
DQDO\WLFDO�DSSURDFK�LV�UHOLDEOH�IRU���� > �����
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Abstract Interest in medicinal plants, which are natural sources of antimicrobial substances, has 
revived as a consequence of current problems associated with the overuse of antibiotics. In this 
study, the antibacterial activity of methanolic extract of Malva parviflora leaves was tested 
against three referenced bacteria, Staphylococus aureus ATCC 25923, Escherichia coli ATCC 
25922 and Pseudomonas aeruginosa ATCC 27853 and against four pathologic multiresistant 
bacteria, Staphylococus aureus Nº912, Pseudomonas aeruginosa Nº938, Enterococcus faecalis 
Nº908 and Acinetobacter baumannii Nº695 (isolated in the CHU Hospital of Sétif). The disc and 
well techniques were used to determine the minimal inhibition concentration (MIC). The obtained 
results showed that methanolic extract of Malva parviflora leaf exhibited a strong bacteriostatic 
effect against the tested bacteria except Enterococcus faecalis Nº908. The antibacterial effect was 
more pronounced against Staphylococus aureus ATCC 25923 with a MIC of 625µg/ml, followed 
by Staphylococus aureus Nº912 with a MIC of 1250 µg/ml. This effect was less against 
Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853 and Acinetobacter 
baumannii Nº695 with a MIC of 2500 µg/ml. The lowest effect, 5000µg/ml, was registered with 
Pseudomonas aeruginosa Nº938. 

 
  Key words: antibacterial activity, Malva parviflora, MIC, methanolic extract. 

 
Introduction 
 
 The use of higher plants for therapeutic purposes is a common practice since thousands of years (Rios and Recio, 
2005). Thus medicinal plants represented the oldest and the largest form of medication (Robert and Halberstein, 2005). 
Recently interest in medicinal plants, which are natural sources of antimicrobial substances, has revived as a 
consequence of current problems associated with the overuse of antibiotics. This overuse of antibiotics has become the 
major factor for the emergence and dissemination of multi-drug resistant strains of several groups of microorganisms 
(Harbottle et al., 2006; Khan et al., 2009). To face this phenomenon, research was focused on the medicinal and 
aromatic plants which are good sources of compounds with antimicrobial properties (Zerroug et al., 2011). In this 
context, the decoction and the infusion of Malva parviflora L. (family: Malvaceae) is used in folk Algerian medicine to 
treat many infections. The aim of this work was to test the antimicrobial activity of the methanolic extracts of Malva 
parviflora and to determine the minimal inhibition concentration. 
 
Materials and Method 
 
Plant Material 

Malva parvilora was collected in the Wilaya of Borj bouarreridj (East of Algeria) and the Methanolic extract 
was prepared by Pr. BOURICHE H. University Ferhat Abbas of Sétif 1. 
Bacteria Strains 

Three referenced bacteria (Staphylococcus aureus ATCC 25923,  E. coli ATCC 25922 and Pseudomonas 
aeruginosa ATCC 27853) and fours multi resistant bacteria (Staphylococcus aureus N°912, Acinetobacter baumannii 
N° 695, Pseudomonas aeruginosa N° 938 and Enterofaecalis N° 908) from the C.H.U. of Sétif were used is this study. 
Antibacterial Assay 

Direct colony suspensions were made of colonies from 18 to 24 hrs cultures. A spectrophotometer was used to 
standardize the inoculum to obtain a 0.5 McFarland density (approx. 1.5 x 10 P

8
P CFU/mL). After the 0.5 McFarland is 

prepared swabs were allowed to absorb the inoculum and then spread on MULLER HINTON agar medium.  
The crude solution or dilution was tested against the seven mentioned bacteria. To test the antibacterial activity 

the well technique was used, the crude extract (100 mg of dried material was dissolved in 1 ml of sterile distilled water) 
or dilutions (1/2, 1/4 and 1/8) was incorporated to the medium. To determine the Minimal Inhibitory Concentration 
(MIC), a dilution series were made in order to obtain the following concentrations 10000 µg/ml, 5000 µg/ml, 25000 
µg/ml, 1250 µg/ml and 625 µg/ml. Plates were incubated at 37°C for 48h. 
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Results 
 

The methanolic extract inhibited six of the seventh bacteria with different zones of inhibition and had no effect 
against Enterococcus faecalis N° 908. A strong inhibitory effect was registered with the crude extracts with zone of 
inhibition of 34 mm, 30 mm, 28 mm, 25 mm, 23 mm and 16 mm against Pseudomonas aeruginosa ATCC27853, 
Staphylococcus aureus ATCC 25923, Staphylococus aureus Nº 912, Escherichia coli ATCC 25922, Acinetobacter 
baumannii Nº 695 and Pseudomonas aeruginosa Nº 938 respectively. This effect decrease with the dilution (table 1). At 
the dilution 1/8 the methanolic extract had no effect against Staphylococcus aureus ATCC 25923, Staphylococus aureus 
Nº 912, Pseudomonas aeruginosa Nº938, Escherichia coli ATCC 25922 and Acinetobacter baumannii Nº 695 (table 1). 

The results showed that methanolic extract of Malva parviflora leaf exhibited a strong bacteriostatic effect 
against the tested bacteria except Enterococcus faecalis Nº908. The antibacterial effect was more pronounced against 
Staphylococus aureus ATCC 25923 with a MIC of 625µg/ml, followed by Staphylococus aureus Nº 912 with a MIC of 
1250 µg/ml. This effect was less against Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853 and 
Acinetobacter baumannii Nº 695 with a MIC of 2500 µg/ml. The lowest MIC, 5000µg/ml, was registered with 
Pseudomonas aeruginosa Nº938 (Figure 1). 
Discussion 
 

In this study, Malva parviflora methanolic extract inhibited the bacterial growth with differences between 
bacterial strains. This activity is may due to the contents of the methanolic extract, Ferhan et al. (2012), Afolayan et al. 
(2008)and Grierson and Afolayan (1999) reported that this activity is correlated with the content of the extract in 
polyphenol, flavonoid, tannin, alkaloid, phenolic and terpenoides compounds. This activity depends upon several 
factors, plant species, extract preparation, solvent used and bacterial sensitivity (Loziene et al., 2007). Islam et al. 
(2010) reported also that Hexane, chloroform and ethanol extracts of Malva parviflora L., displayed antibacterial 
activity against Bacillus subtilis, Staphylococcus aureus, Escherichia coli and Proteus vulgaris. The obtained results are 
similar to those obtained by Shale et al. (2005), they reported that the Malva parviflora extracts exhibited antimicrobial 
activity against Psuedomonas aeruginosa and Staphylococcus aureus. 
 
Table 1. Malva parviflora methanolic extract Inhibitory effect. 
 
Bacterial strains Diameter of inhibition (mm) 

Crude extract 1/2 1/4 1/8 
Pseudomonas aeruginosa ATCC27853 34 25 23 18 
Staphylococcus aureus ATCC 25923 30 26 13 - 
Staphylococus aureus Nº 912 28 23 12 - 
Escherichia coli ATCC 25922 25 20 15 - 
Acinetobacter baumannii Nº 695 23 18 14 - 
Pseudomonas aeruginosa Nº 938 16 14 08 - 
Enterococcus faecalis N° 908 - - - - 
 
 

 
   Figure 1. Minimal inhibition concentrations of Malva parviflora. 
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ANTI-INFLAMMATORY ACTIVITY OF ACETONIC EXTRACT OF 
PISTACIA LENTISCUS FRUITS 

�
�

+DPPDPD�%RXULFKH
��6DILD�.KDOIDRXL��+LFKHP�0H]LWL�DQG�$EGHUUDKPDQH�6HQRWRU�
'HSDUWPHQW�RI�%LRFKHPLVWU\��)DFXOW\�RI�1DWXUDO�6FLHQFHV�DQG�/LIH���

8QLYHUVLW\�)HUKDW�$EDVV��6pWLI��$OJHULD�

ERXULFKHBKD#\DKRR�IU�

�
�
�

Abstract :�Pistacia lentiscus�/�� �P. lentiscus�� KDV� WUDGLWLRQDOO\�EHHQ�XVHG� DV� D� VWLPXODQW�� IRU� LWV�
GLXUHWLF�SURSHUWLHV��DQG�WR�WUHDW�K\SHUWHQVLRQ��FRXJKV��VRUH�WKURDWV��HF]HPD��VWRPDFK�DFKHV��NLGQH\�
VWRQHV� DQG� MDXQGLFH�� ,Q� WKH�SUHVHQW� VWXG\�� WKH� DQWL�LQIODPPDWRU\� HIIHFW� RI� DFHWRQLF� H[WUDFW� RI�3��
OHQWLVFXV� IUXLWV�ZDV� HYDOXDWHG��7KH�TXDQWLWDWLYH� HVWLPDWLRQ�RI� WRWDO� SKHQROLF� FRPSRXQGV� VKRZHG�
WKDW�WKH�DFHWRQLF�H[WUDFW�LV�ULFK�LQ�SRO\SKHQROV��������������J�*$(�PJ�RI�H[WUDFW��DQG�IODYRQRʀGV�
������������J�4(�PJ�RI�H[WUDFW���7KH�DQWL�LQIODPPDWRU\�DFWLYLW\�RI�P. lentiscus ZDV�HYDOXDWHG�in 
vivo� XVLQJ� WKH� HDU� HGHPD� PRGHO� LQGXFHG� E\� &URWRQ� RLO� DQG� WKH� DLU� SRXFK� PRGHO� LQGXFHG� E\�
/DPEGD�FDUUDJHHQDQ��7KUHH�WUHDWPHQWV�ZHUH�XVHG. 7KH�VLPXOWDQHRXVO\�XVH of WKH�H[WUDFW���PJ�RI�
H[WUDFW�HDU� ZLWK�WKH�LUULWDQW�DJHQW� WKH�WRSLF�XVH�RI��PJ�RI�H[WUDFW�HDU�DQG�RUDO�DGPLQLVWUDWLRQ�RI�
���PJ�RI�H[WUDFW�NJ��KRXU�EHIRUH�WKH�LQGXFWLRQ�RI�WKH�LQIODPPDWLRQ��5HVXOWV�REWDLQHG�VKRZHG�WKDW�
P. lentiscus� H[WUDFW� LQKLELWHG� VLJQLILFDQWO\� WKH� HDU� HGHPD� E\� WKH� SHUFHQWDJHV� RI� ����� ���� DQG�
�����UHVSHFWLYHO\��7KHVH�LQKLELWLRQV�ZHUH�VWDWLVWLFDOO\�VLPLODU�WR�WKH�HIIHFW�RI�LQGRPHWKDFLQ�XVHG�
DV� D� VWDQGDUG� DQWL�LQIODPPDWRU\� DJHQW�� 2Q� WKH� RWKHU� KDQG�� DQ� LQKLELWRU\� DFWLYLW\� RI� OHXNRF\WHV�
PLJUDWLRQ� ZDV� REVHUYHG� LQ� WKH� PXULQH� DLU� SRXFK� H[XGDWH�� 7KH� WUHDWPHQW� E\� DFHWRQLF� H[WUDFW�
��PJ�SRXFK�� GHFUHDVHG� VLJQLILFDQWO\� WKH� QXPEHU� RI� OHXFRF\WHV� LQ� WKH� DLU�SRXFK� ������� 7KLV�
LQKLELWLRQ�ZDV�VWDWLVWLFDOO\�VLPLODU�WR�WKH�HIIHFW�RI�LQGRPHWKDFLQ��)LQDOO\��ZH�FDQ�FRQFOXGH�WKDW�WKH�
DFHWRQLF� H[WUDFW� RI� P. lentiscus� IUXLWV� KDYH� D� FRQVLGHUDEOH� DQWL�LQIODPPDWRU\� DFWLYLW\�� ZKLFK�
VXSSRUW�WKH�XVH�RI�WKLV�SODQW�VSHFLDOO\�WKHLU�IUXLWV�LQ�IRONORULF�PHGLFLQH��
�

� � Key words:�,QIODPPDWLRQ��DQWL�LQIODPPDWRU\��Pistacia lentiscus��SRO\SKHQROV��IODYRQRLGV�
�
�
Introduction  
�

� 0HGLFLQDO� SODQWV� KDYH� UHFHLYHG�JUHDW� LQWHUHVW� LQ�ELRPHGLFDO� UHVHDUFK��7KH\� DUH� FRQVLGHUHG� WR�EH� DQ�
LPSRUWDQW�VRXUFH�RI�WKHUDSHXWLF�FRPSRXQGV�DQG�WKH�WKHUDSHXWLF�EHQHILW�RI�PDQ\�PHGLFLQDO�SODQWV�LV�RIWHQ�DWWULEXWHG�WR�
WKHLU�DQWL�LQIODPPDWRU\�DQG�DQWLR[LGDQW�SURSHUWLHV��6KDKLGL��HW�DO���������7XQyQ�HW�DO����������7KH�SUHVHUYDWLYH�HIIHFW�RI�
PDQ\�SODQW� VSHFLHV� DQG�KHUEV� VXJJHVWV� WKH�SUHVHQFH�RI� ELRDFWLYH� FRPSRXQGV� VXFK� DV� IODYRQRLGV�� SKHQROLF� DFLGV�� DQG�
SKHQROLF� GLWHUSHQHV� �6KDKLGL� HW� DO��� ������ 'XWUD� HW� DO��� ������� Pistacia lentiscus� �P. lentiscus�� /LQQ�� �)DPLO\� ��
$QDFDUGLDFHDH��� FRPPRQO\�NQRZQ�DV�PDVWLF� WUHH�RU�PDVWDJL��RQH�RI� WKH�PDQ\�HYHUJUHHQ�EXVKHV� IRXQG� LQ� WKH�HDVWHUQ�
0HGLWHUUDQHDQ� UHJLRQ� KDV� D� ORQJ� WUDGLWLRQ� LQ� IRON� PHGLFLQH� GDWLQJ� IURP� WKH� WLPHV� RI� WKH� DQFLHQW�� P. lentiscus� KDV�
WUDGLWLRQDOO\�EHHQ�XVHG�DV�D�VWLPXODQW��IRU�LWV�GLXUHWLF�SURSHUWLHV��DQG�WR�WUHDW�K\SHUWHQVLRQ��FRXJKV��VRUH�WKURDWV��HF]HPD��
NLGQH\�VWRQHV�DQG�MDXQGLFH��3DOHYLWFK�DQG�<DQLY���������P. lenticus�JXP�KDG�D�JUHDW�HIIHFW�LQ�KHDOLQJ�RI�PXFRVD��DQG�LWV�
FXUUHQW�XVH�LV�OLPLWHG�WR�WUHDWLQJ�VWRPDFK�DFKHV��KHDUWEXUQ�DQG�UHVSLUDWRU\�SUREOHPV��$OL�6KWD\HK�HW�DO���������/HY�DQG�
$PDU�� ������� $OVR�� DQWL�Helicobacter pylori� DFWLYLW\� KDV� EHHQ� UHSRUWHG� �6HUDILQR� HW� DO��� ������� 7KH� H[WUDFW� RI� WKH�
GLIIHUHQW�SDUWV�RI�WKH�SODQW�VKRZV�YDULRXV�DFWLYLWLHV�OLNH�DQWL�DWKHURJHQLF��DQWL�LQIODPPDWRU\��DQWLR[LGDQW��DQWLPLFURELDO��
K\SRWHQVLYH��DQWLFDQFHU�� DQWL�DUWKULWLV� DQG�DQWL�JRXW�DQG� LQ� WUHDWPHQW�RI�ZRXQG��DQWLDVWKPDWLF�DQG�DQWKHOPLWLF�DFWLYLW\�
�$QVDUL� DQG� 6LGGLTXL�� ������� 3RO\SKHQROV� IURP� WKH� OHDYHV� DUH� JDOOLF� DFLG� DQG� JDOOR\OGHULYDWLYHV� �$EGHZDKDE� HW� DO���
�������IODYRQRO�JO\FRVLGH�DQG�DQWKRF\DQLQV��5RPDQL�HW�DO����������7UDFHV�DPRXQW�RI�P\UFHWLQH�GHULYDWLYH�DQG�FDWHFKLQ�
DUH�DOVR�SUHVHQW��.ÕYFDN�DQG�$ND\���������6RPH�UHSRUWV�DYDLODEOH�LQ�WKH�OLWHUDWXUH��VWXG\LQJ�WKH�DQWLR[LGDQW�SURSHUWLHV�RI�
H[WUDFW�IURP�WKLV�SODQW��%DUDWWR�HW�DO����������DV�ZHOO�DV�WKH�WRWDO�IODYRQRLGV�FRQWHQW��$�OLWWOH�DGGLWLRQDO�UHVHDUFK�H[LVWV�RQ�
P. lenticus� DQWL�LQIODPPDWRU\� HIIHFWV�� 7KHUHIRUH�� WKH� SUHVHQW� VWXG\� ZDV� GHVLJQHG� WR� LQYHVWLJDWH� DQG� HYDOXDWH� WKH�
SKDUPDFRORJLFDO�EDVLV� IRU�WKH�XVH�RI�P. lentiscus� IUXLWV�H[WUDFW� LQ� IRONORUH�PHGLFLQH�IRU�WKH�WUHDWPHQW�RI�LQIODPPDWRU\�
GLVRUGHUV��7KXV��WKH�DQWL�LQIODPPDWRU\�DFWLYLW\�RI�DFHWRQLF�H[WUDFWV�RI�P. lentiscus�IUXLWV�ZHUH�HYDOXDWHG�RQ�WZR�PRGHOV�
RI�DFXWH�LQIODPPDWLRQ��HDU�HGHPD�DQG�DLU�SRXFK��
�
�
Materials and Method 
 

� &KHPLFDOV�DQG�DOO�UHDJHQWV�ZHUH�SXUFKDVHG�IURP�IOXND�DQG�6LJPD��*HUPDQ\��DQG�ZHUH�RI�DQDO\WLFDO�
JUDGH��7KH�SODQW�PDWHULDO��P. lentiscus IUXLWV�ZHUH�FROOHFWHG�LQ�1RYHPEHU������IURP�6NLNGD��$OJHULD��7KH�SODQW�PDWHULDO�
ZDV�LGHQWLILHG�DQG�YRXFKHU�VSHFLPHQ�ZDV�GHSRVLWHG�DW�WKH�ODERUDWRU\�RI�ERWDQ\�LQ�WKH�8QLYHUVLW\�RI�6pWLI��$OJHULD��7KH�
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IUXLWV� ZHUH� FOHDQHG� DQG� IUR]HQ� DW� ���� �� &� XQWLO� XVH�� 6ZLVV� DOELQR�PLFH� ZHLJKLQJ� ��±��� J� ZHUH� SXUFKDVHG� IURP� WKH�
3DVWHXU�,QVWLWXWH�RI�$OJLHUV��$OJHULD��$OO�DQLPDOV�ZHUH�GLYLGHG�LQWR�GLIIHUHQW�JURXSV�HDFK�FRQVLVWLQJ�RI���DQLPDOV��DQG�
ZHUH�DOORZHG�WR�DFFOLPDWL]H�WR�WKH�DQLPDO�URRP�FRQGLWLRQV�IRU���ZHHN�DQG�KDG�IUHH�DFFHVV�WR�IRRG�DQG�ZDWHU�ad libitum��
$QLPDOV�ZHUH�IDVWHG�RYHUQLJKW�SULRU�WKH�H[SHULPHQWV���

7KH�DFHWRQLF�H[WUDFW�IURP�P.lentiscus�IUXLWV�ZDV�SUHSDUHG�E\�PDFHUDWLRQ�RI�����J�RI�FUXVKHG�IUXLWV�ZLWK�����PO�
RI�DFLGLILHG�DFHWRQH�HDX������9�9��DW���&�IRU����K�ZLWK�IUHTXHQW�DJLWDWLRQ��$IWHU�ILOWUDWLRQ��WKH�ILOWUDWH�ZDV�FRQFHQWUDWHG�
XQGHU� UHGXFHG�SUHUHVVXUH�DW����&��7KH� UHVLGXH�ZDV� O\RSKLOL]HG�XVLQJ�D� O\RSKLOL]DWRU� �3+<:(�FKULVD�� WR�JLYH�D�GDUN�
SXUSOH�SRZGHU���

7RWDO� SRO\SKHQRO� FRQWHQWV�ZHUH� HVWLPDWHG� E\�)ROOLQ�&LRFDOWHX�PHWKRG� �/L� HW� DO�� �������3UDFWLFDOO\�� ����O� RI�
)ROLQ� ������ZDV� DGGHG� WR� �����O� RI� H[WUDFW� �������PJ�PO�� RU� JDOOLF� DFLG� �XVHG� DV� VWDQGDUG��� DIWHU� ��PLQ�� �����O� RI�
VRGLXP�FDUERQDWH�1D�&2��VROXWLRQ� �������DUH�DGGHG� WR� WKH� UHDFWLRQ�PHGLXP��$IWHU���K�RI� LQFXEDWLRQ� LQ�GDUNQHVV�DW�
URRP�WHPSHUDWXUH��WKH�DEVRUEDQFH�ZDV�PHDVXUHG�DW����QP��5HVXOWV�ZHUH�H[SUHVVHG�DV��J�RI�*DOOLF�DFLG�HTXLYDOHQW�PJ�
RI�H[WUDFW���J�$*(�PJ�RI�H[WUDFW��� 

7KH�IODYRQRLG�FRQWHQWV�ZHUH�HVWLPDWHG�E\�$O&O��PHWKRG��%DKRUXQ�HW�DO����������2QH�PO�RI�WKH�H[WUDFW��������
PJ�PO��ZDV�DGGHG�WR���PO�RI����PHWKDQROLF�$O&O���$IWHU����PLQ�RI�LQFXEDWLRQ�� WKH�DEVRUEDQFH�ZDV�UHDG�DW�����QP��
5HVXOWV�ZHUH�H[SUHVVHG�DV��J�RI�TXHUFHWLQ�HTXLYDOHQW�PJ�RI�H[WUDFW���J�4(�PJ�RI�H[WUDFW�� 

7KH�DQWL�LQIODPPDWRU\�HIIHFW�RI�DFHWRQLF�H[WUDFW�IURP�P.lentiscus�IUXLWV�ZDV�VWXGLHG�XVLQJ�WZR�PRGHOV�RI�DFXWH�
LQIODPPDWLRQ��&URWRQ�RLO�LQGXFHG�HDU�HGHPD�DQG�HDU�SRXFK�LQ�PLFH���
&URWRQ�RLO�LQGXFHG�HDU�HGHPD�PLFH�ZDV�FRQGXFWHG�LQ�WKUHH�ZD\V� 
1. Simultaneously use of the treatment with the irritant agent: FURWRQ�RLO�LQGXFHG�HDU�HGHPD�ZDV�SHUIRUPHG�DFFRUGLQJ�
WR�WKH�PHWKRG�RI�0DQJD�HW�DO����������&XWDQHRXV�LQIODPPDWLRQ�ZDV�LQGXFHG�WR�WKH�LQQHU�VXUIDFH�RI�WKH�ULJKW�HDU�RI�PLFH�
���PLFH� HDFK� JURXS�� E\� DSSOLFDWLRQ� RI� ��� ȝ/� RI� DFHWRQH� FRQWDLQLQJ� ��� ȝJ� RI�&URWRQ� RLO� DV� LUULWDQW�� 7UHDWHG� DQLPDOV�
UHFHLYHG� WRSLFDOO\� �� PJ�HDU� RI� DFHWRQLF� H[WUDFW� RI� P. lentiscus� IXLWV�� ,QGRPHWKDFLQ� DV� UHIHUHQFH� GUXJ� ZDV� DSSOLHG�
WRSLFDOO\� ����� PJ�HDU��� 7KH� FRQWURO� JURXS� UHFHLYHG� WRSLFDOO\� &URWRQ� RLO� DORQH�� 7KH� WKLFNQHVV� RI� HDUV� ZDV� PHDVXUHG�
EHIRUH�DQG���K�DIWHU�LQGXFWLRQ�RI�LQIODPPDWLRQ�XVLQJ�D�GLJLWDO�PLFURPHWHU��7KH�PLFURPHWHU�ZDV�DSSOLHG�QHDU�WKH�WLS�RI�
WKH�HDU� MXVW�GLVWDO� WR� WKH�FDUWLODJLQRXV� ULGJHV�� DQG� WKH� WKLFNQHVV�ZDV� UHFRUGHG� LQ�PLFURPHWHUV��7R�PLQLPL]H� WHFKQLTXH�
YDULDWLRQV��D�VLQJOH�LQYHVWLJDWRU�SHUIRUPHG�WKH�PHDVXUHPHQWV�WKURXJKRXW�HDFK�H[SHULPHQW��7KH�HGHPD�ZDV�H[SUHVVHG�DV�
DQ�LQFUHDVH�LQ�WKH�HDU�WKLFNQHVV�GXH�WR�&URWRQ�RLO�DSSOLFDWLRQ��7KH�LQKLELWLRQ�RI�WKH�LQIODPPDWLRQ�ZDV�FDOFXODWHG�XVLQJ�
WKH�IROORZLQJ�HTXDWLRQ���
,QKLELWLRQ� ��ǻ7�±�ǻ(���ǻ�7��[������ZHUH�ǻ7��HGHPD�VL]H�RI�WKH�FRQWURO�DQG�ǻ(��HGHPD�VL]H�RI�WKH�WUHDWHG�JURXS�E\�WKH�
H[WUDFW���������������������������������������������������������������������������������������������������������������������������
2.  Topical pretreatment 1 hour before the induction of inflammation:�$�YROXPH�RI����ȝO�RI�DFHWRQH�ZDWHU�VROXWLRQ�
������FRQWDLQLQJ���PJ�RI�H[WUDFW�RU�����PJ�RI�LQGRPHWKDFLQ�ZHUH�DSSOLHG�WRSLFDOO\�RQ�WKH�LQQHU�VXUIDFH�RI�WKH�ULJKW�HDU�RI�
PLFH��2QH�KRXU�DIWHU�DSSOLFDWLRQ�RI�WKH�WUHDWPHQW�����ȝO�O�RI�DFHWRQH�ZDWHU�VROXWLRQ�������FRQWDLQLQJ����PJ�RI�&URWRQ�RLO�
ZDV�DSSOLHG� ORFDOO\�RQ� WKH� LQQHU�VXUIDFH�RI� WKH�ULJKW�HDU�RI�HDFK�PRXVH��7KH�FRQWURO�PLFH�UHFHLYHG�RQO\����ȝO�RI� WKH�
VROXWLRQ�RI�&URWRQ�RLO��7KH�HDU�WKLFNQHVV�ZDV�PHDVXUHG�EHIRUH�WKH�WUHDWPHQW�DQG�WKHQ��K�DQG��K�DIWHU�WKH�LQGXFWLRQ�RI�
LQIODPPDWLRQ��
3. Oral pretreatment 1 hour before the induction of inflammation:�7KUHH�JURXSV�RI�PLFH�ZHUH�UHVSHFWLYHO\�UHFHLYHG�
RUDOO\�����PO�RI�VDOLQH� VROXWLRQ �FRQWURO�JURXS�������PJ�NJ�RI�DFHWRQLF�H[WUDFW�RI�P. lentiscus� IUXLWV�DQG����PJ�NJ�RI�
LQGRPHWKDFLQ��2QH�KRXU�DIWHU����ȝO�RI�DFHWRQH�ZDWHU�VROXWLRQ�������FRQWDLQLQJ����PJ�RI�&URWRQ�RLO�ZDV�DSSOLHG�ORFDOO\�
RQ�WKH�LQQHU�VXUIDFH�RI�WKH�ULJKW�HDU�RI�HDFK�PRXVH��7KH�HDU�WKLFNQHVV�ZDV�PHDVXUHG�EHIRUH�WUHDWPHQW�DQG���K�DQG���K�
DIWHU�WKH�LQGXFWLRQ�RI�LQIODPPDWLRQ� 

7KH� DLU� SRXFKHV� ZHUH� UDLVHG� RQ� WKH� GRUVXP� E\� VXEFXWDQHRXV� LQMHFWLRQ� RI� ��PO� RI� VWHULOH� DLU�� DV� SUHYLRXVO\�
GHVFULEHG��&ROYLOOH�1DVK�DQG�/DZUHQFH���������$IWHU���GD\V��WKH�SRXFKHV�ZHUH�UH�LQIODWHG�ZLWK�����PO�RI�VWHULOH�DLU��2Q�
GD\����LQIODPPDWLRQ�ZDV�LQGXFHG�E\�LQMHFWLRQ�RI����PO�RI�/DPEGD�FDUUDJHHQDQ�VXVSHQVLRQ�����Z�Y��LQ�VDOLQH��LQWR�WKH�
DLU�SRXFK�XQGHU�OLJKW�FKORURIRUP�DQHVWKHVLD��*DPEHUR���������2QH�KRXU�DIWHU������PO�RI�WKH�H[WUDFW���PJ�SRXFK��RU�����
PO� RI� ,QGRPHWKDFLQ� ������PJ�SRXFK�� ZDV� LQMHFWHG�� 7KH� FRQWURO� JURXS� UHFHLYHG� RQO\� ����PO� RI� /DPEGD� FDUUDJHHQDQ�
VXVSHQVLRQ���)RXU�KRXUV�DIWHU�WKH�WUHDWPHQW��WKH�PLFH�ZHUH�VDFULILFHG�E\�FHUYLFDO�GLVORFDWLRQ���7KH�SRXFKHV�ZHUH�IOXVKHG�
E\�����PO�RI�3%6��S+ �����DQG�YLJRURXVO\�PDVVDJH�IRU����VHF��7KH�SRXFKHV�ZHUH�RSHQHG�ZLWK�D�VPDOO�LQFLVLRQ�DQG�WKH�
H[XGDWHV� ZHUH� FROOHFWHG�� 7KH� OHXNRF\WHV� LQ� WKH� IOXLG� ZHUH� FRXQWHG� XVLQJ� KHPRF\WRPHWHU� FRXOWHU� �0,1'5$<�$XWR�
+HPDWRORJ\�$QDO\VHU���

$OO�UHVXOWV�ZHUH�H[SUHVVHG�DV�PHDQ���6(0��7KH�VWDWLVWLFDO�VLJQLILFDQW�RI�WKH�UHVXOWV�DV�DQDO\]HG�E\�WKH�6WXGHQW�
W�WHVW�ZLWK�D�YDOXH�RI�������DUH�FRQVLGHUHG�VLJQLILFDQW��
�
�
Results 
�
� 5HVXOWV� VKRZHG� WKDW� WKH� WKH� DFHWRQLF� H[WUDFW� RI� P. lentiscus� IUXLWV� LV� ULFK� LQ� SRO\SKHQROV� ������� �� ��� �J�
*$(�PJ�RI�H[WUDFW��DQG�IODYRQRʀGV�������������J�4(�PJ�RI�H[WUDFW���

,Q�DLU�HGHPD�PRGHO��WKH�PLFH�LQ�WKH�FRQWURO�JURXS�WKDW�UHFHLYHG�WKH�VROXWLRQ�RI�&URWRQ�RLO�DORQH�GHYHORSHG�DIWHU�
��K�DQG���K�DQ�HDU�HGHPD�FKDUDFWHUL]HG�E\�LQFUHDVHG�WKLFNQHVV�RI���������P�DQG���������P��UHVSHFWLYHO\��0LFH�WUHDWHG�
JURXS�VLPXOWDQHRXVO\�ZLWK�WKH�LUULWDQW�DJHQW�E\�ORFDO�DSSOLFDWLRQ�RI���PJ�HDU�RI�WKH�DFHWRQLF�H[WUDFW�RI�P. lentiscus�IUXLWV�
LQGXFHG�KLJKO\�VLJQLILFDQW�UHGXFWLRQ��S���������RI�LQIODPPDWLRQ�FRPSDUHG�WR�FRQWURO�PLFH��7KH�WKLFNQHVV�RI�WKH�HGHPD�
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�K� DQG� �K� DIWHU� WKH� LQGXFWLRQ� RI� LQIODPPDWLRQ� ZDV� ��� �� �� �P� DIWHU� �� DQG� ��� �� �� �P� DIWHU� �K� �)LJXUH� ���� ZKLFK�
FRUUHVSRQG� WR�DQ� LQKLELWLRQ�RI�����DQG������UHVSHFWLYHO\��7KHVH�YDOXHV�DUH�VWDWLVWLFDOO\�YHU\�FORVH� WR� WKRVH�REWDLQHG�
ZLWK� ,QGRPHWKDFLQ�� ,QGHHG�� PLFH� WUHDWHG� E\� ,QGRPHWKDFLQ� VKRZHG� D� KLJKO\� VLJQLILFDQW� UHGXFWLRQ� �S� �������� LQ� WKH�
LQIODPPDWLRQ��(GHPD�WKLFNQHVV�RI�WKH��K�DQG��K�DIWHU�WKH�LQGXFWLRQ�RI�LQIODPPDWLRQ�ZHUH���������P�DQG���������P��
UHVSHFWLYHO\��ZKLFK�FRUUHVSRQGV�WR�DQ�LQKLELWLRQ�RI�����DQG������UHVSHFWLYHO\����
�

 

 

Figure 1. (IIHFW�RI�WKH�DFHWRQLF�H[WUDFW�RI�P.lentiscus�IUXLWV�DSSOLHG�WRSLFDOO\�DQG�VLPXOWDQHRXVO\�ZLWK�WKH�LUULWDQW�DJHQW�RQ�HDU�HGHPD�
LQ�PLFH��7KH�HGHPD�ZDV�LQGXFHG�E\�WRSLFDO�DSSOLFDWLRQ�RI����ȝJ�RI�&URWRQ�RLO�RQ�WKH�LQQHU�VXUIDFH�RI�WKH�ULJKW�HDU�RI�PLFH��*URXSV�RI�
PLFH�ZHUH�WUHDWHG�ORFDOO\�DQG�VLPXOWDQHRXVO\�ZLWK�FURWRQ�RLO�E\��PJ�HDU�RI�WKH�H[WUDFW�RU����PJ�HDU�RI�,QGRPHWKDFLQ��7KH�FRQWURO�
JURXS�UHFHLYHG�WKH�VROXWLRQ�RI�&URWRQ�RLO�DORQH��(GHPD�LV�H[SUHVVHG�DV�WKH�PHDQ�WKLFNQHVV�LQFUHDVH�RI�HDUV�DIWHU��K�DQG���K�RI�&URWRQ�
RLO�DSSOLFDWLRQ��9DOXHV�DUH�H[SUHVVHG�DV�PHDQV���6(0��n  �����


P ���������16��QRW�VLJQLILFDQW�YHUVXV�WKH�FRQWURO��

$�KLJKO\�VLJQLILFDQW�UHGXFWLRQ��S���������LQ�HDU�HGHPD�LV�REVHUYHG�LQ�PLFH�ORFDOO\�WUHDWHG�E\���PJ�HDU�H[WUDFW���
KRXU�EHIRUH�WKH�LQGXFWLRQ�RI�LQIODPPDWLRQ�FRPSDUHG�WR�FRQWURO�PLFH��7KH�WKLFNQHVV�RI�WKH�HGHPD�ZDV���������P�DIWHU���
K�DQG���������P�DIWHU���K��ZKLFK�FRUUHVSRQG�WR�DQ�LQKLELWLRQ�RI�����DQG������UHVSHFWLYHO\��7KHVH�UDWHV�DUH�VWDWLVWLFDOO\�
VLPLODU�WR�WKRVH�REWDLQHG�ZLWK�,QGRPHWKDFLQ��)LJXUH�����,Q�IDFW��D�KLJKO\�VLJQLILFDQW�UHGXFWLRQ��S���������LQ�HDU�HGHPD�LV�
REVHUYHG�LQ�PLFH�WUHDWHG�ORFDOO\�E\�����PJ�HDU�RI�,QGRPHWKDFLQ���K�EHIRUH�WKH�LQGXFWLRQ�RI�LQIODPPDWLRQ��7KH�WKLFNQHVV�
RI� WKH� HGHPD�ZDV���������P�DIWHU� ��K� DQG���������P�DIWHU� ���ZKLFK� FRUUHVSRQG� WR� DQ� LQKLELWLRQ�RI� ����DQG������
UHVSHFWLYHO\���

�

�
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Figure 2.�(IIHFW�RI�WKH�DFHWRQLF�H[WUDFW�RI�P. Lentiscus�IUXLWV�DSSOLHG�WRSLFDOO\���KRXU�EHIRUH�LQGXFWLRQ�RI�WKH�HDU�HGHPD�LQ�PLFH��7KH�
HGHPD�ZDV�LQGXFHG�E\�WRSLFDO�DSSOLFDWLRQ�RI���ȝJ�RI�&URWRQ�RLO�RQ�WKH�LQQHU�VXUIDFH�RI�WKH�ULJKW�HDU�RI�PLFH��*URXSV�RI�PLFH�ZHUH�
WUHDWHG� ORFDOO\�E\���PJ�HDU�RI� WKH�H[WUDFW�RU�����PJ�HDU�RI� ,QGRPHWKDFLQ���KRXU�EHIRUH� WKH�DSSOLFDWLRQ�RI� WKH� LUULWDQW��7KH�FRQWURO�
JURXS�UHFHLYHG�WKH�VROXWLRQ�RI�&URWRQ�RLO�DORQH��(GHPD�LV�H[SUHVVHG�DV�PHDQ�WKLFNQHVV�LQFUHDVH�RI�HDUV�DIWHU��K�DQG���K�RI�
WKH�LUULWDQW�DJHQW�DSSOLFDWLRQ��9DOXHV�DUH�H[SUHVVHG�DV�PHDQV���6(0��n  �����


P ���������16��QRW�VLJQLILFDQW�YHUVXV�WKH�FRQWURO��
�

,Q�WKH�RUDO�SUHWUHDWPHQW���KRXU�EHIRUH�WKH�LQGXFWLRQ�RI�LQIODPPDWLRQ��WUHDWHG�PLFH�E\�����PJ�NJ�RI�DFHWRQLF�
H[WUDFW of P. Lentiscus�IUXLWV�LQGXFHG�D�KLJKO\�VLJQLILFDQW�UHGXFWLRQ��S���������RI�HDU�HGHPD�FRPSDUHG�ZLWK�PLFH�LQ�WKH�
FRQWURO�JURXS��7KH�VL]H�RI�WKH�HGHPD�ZDV���������P�DIWHU���K�DQG���������P�DIWHU��K��ZKLFK�FRUUHVSRQG�WR�DQ�LQKLELWLRQ�
RI�����DQG������7KHVH�UDWHV�DUH�VWDWLVWLFDOO\� VLPLODU� WR� WKRVH�REWDLQHG�ZLWK�,QGRPHWKDFLQ��)LJXUH���� ,QGHHG� WUHDWHG�
PLFH�ZLWK����PJ�NJ�RI� ,QGRPHWKDFLQ���KRXU�EHIRUH� WKH� LQGXFWLRQ�RI� LQIODPPDWLRQ� VKRZHG�D� VLJQLILFDQW� UHGXFWLRQ� �S�
��������FRPSDUHG�ZLWK�WKH�FRQWURO�JURXS��7KH�HGHPD���K�DIWHU�LQGXFWLRQ�RI�LQIODPPDWLRQ�ZDV���������P�DQG���������P�
DIWHU���K��FRUUHVSRQGLQJ�WR�DQ�LQKLELWLRQ�RI�����DQG������UHVSHFWLYHO\��  

 

 
)LJXUH����(IIHFW�RI�WKH�DFHWRQLF�H[WUDFW�RI�P. Lentiscus�IUXLWV�DSSOLHG�RUDOO\���KRXU�EHIRUH�LQGXFWLRQ�RI�WKH�HDU�HGHPD�LQ�
PLFH���7KH�HGHPD�ZDV�LQGXFHG�E\�WRSLFDO�DSSOLFDWLRQ�RI���ȝJ�RI�&URWRQ�RLO�RQ�WKH�LQQHU�VXUIDFH�RI�WKH�ULJKW�HDU�RI�PLFH��
*URXSV�RI�PLFH�DUH�WUHDWHG�E\�RUDO�DGPLQLVWUDWLRQ�RI�WKH�H[WUDFW������PJ�NJ��RU�,QGRPHWKDFLQ����PJ�NJ����KRXU�EHIRUH�
WKH�DSSOLFDWLRQ�RI�WKH�LUULWDQW��7KH�FRQWURO�JURXS�UHFHLYHG�WKH�VROXWLRQ�RI�&URWRQ�RLO�DORQH��(GHPD�LV�H[SUHVVHG�DV�PHDQ�
WKLFNQHVV�LQFUHDVH�RI�HDUV�DIWHU���K�DQG���K�RI�WKH�LUULWDQW�DJHQW�DSSOLFDWLRQ��9DOXHV�DUH�H[SUHVVHG�DV�PHDQV���6(0��n  �
����


P ���������16��QRW�VLJQLILFDQW�YHUVXV�WKH�FRQWURO��
�

,Q� DLU� 3RXFK�PRGHO�� WKH�PLFH� RI� WKH� FRQWURO� JURXS� GHYHORSHG� DIWHU� �� K� DQ� LQIODPPDWLRQ�ZLWK� LQILOWUDWLRQ� RI�
OHXNRF\WH�E\������[�����FHOOV�PO�RI�H[XGDWH��7UHDWPHQW�E\���PJ�SRXFK�RI�DFHWRQLF�H[WUDFW�RI�P. Lentiscus�IUXLWV�LQGXFHG�
D�VLJQLILFDQW��3��������UHGXFWLRQ�LQ�WKH�QXPEHU�RI�LQILOWUDWLQJ�OHXNRF\WHV�������[�����FHOOV�PO�RI�H[XGDWHV��FRPSDUHG�WR�
FRQWURO�PLFH��7KLV� YDOXH� FRUUHVSRQGV� WR� DQ� LQKLELWLRQ� RI� �����ZKLFK� LV� VLPLODU� WR� WKDW� RI� ,QGRPHWKDFLQ�� ,QGHHG�� WKH�
QXPEHU�RI� OHXNRF\WHV� LQ�PLFH� WUHDWHG�E\�,QGRPHWKDFLQ�ZDV������[�����FHOOV�PO�RI�H[XGDWHV�DIWHU���K�RI� LQGXFWLRQ�RI�
LQIODPPDWLRQ��ZKLFK�FRUUHVSRQGV�WR�DQ�LQKLELWLRQ�RI������)LJXUH������
�
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Figure 4.�(IIHFW�RI� WKH�DFHWRQLF�H[WUDFW�RI�P. Lentiscus� IUXLWV�RQ� WKH�QXPEHU�RI� LQILOWUDWLQJ� OHXNRF\WHV� LQ� WKH�H[XGDWHV��7KH�SRXFK�
LQIODPPDWLRQ�ZDV� LQGXFHG�E\� FDUUDJHHQDQ� ������2QH�KRXU� DIWHU� WKH� LQGXFWLRQ�RI� LQIODPPDWLRQ��PLFH�ZHUH� WUHDWHG�E\� LQMHFWLRQ�RI�
�PJ�3RXFK�RI�WKH�H[WUDFW�RU������PJ�3RXFK�RI�,QGRPHWKDFLQ��7KH�FRQWURO�JURXS�RI�PLFH�UHFHLYHG�RQO\�WKH�VROXWLRQ�RI�FDUUDJHHQDQ��
7KH� FRPSDULVRQ� LV� PDGH� ZLWK� UHVSHFW� WR� WKH� FRQWURO� JURXS�� 9DOXHV� UHSUHVHQW� WKH� PHDQ� �� 6(0� �Q�  � ���� �� 

� 3� ������� 16�� QRW�
VLJQLILFDQW��6WXGHQW
V�W�WHVW���
�
�
Discussion 
 

$FXWH�LQIODPPDWLRQ�LV�FKDUDFWHUL]HG�E\�FODVVLFDO�V\PSWRPV��VXFK�DV�KHDW��UHGQHVV��VZHOOLQJ�DQG�SDLQ��(GHPD�LV�
WKHUHIRUH�D�JRRG�PHDVXUH�RI�LQIODPPDWLRQ�DQG�LV�XVHIXO�IRU�WKH�TXDQWLILFDWLRQ�LQIODPPDWLRQ�LQGXFHG�E\�SKORJLVWLF�DJHQWV�
VXFK�DV�FURWRQ�RLO��7KH�&URWRQ�RLO�LQGXFHG�HDU�HGHPD�PRGHO�KDV�FHUWDLQ�DGYDQWDJHV�IRU�QDWXUDO�SURGXFW�WHVWLQJ�DQG�KDV�D�
JRRG� SUHGLFWLYH� YDOXH� IRU� VFUHHQLQJ� DQWL�LQIODPPDWRU\� DJHQWV� WKDW� FRXOG� EH� XVHIXO� LQ� WKH� WUHDWPHQW� LQIODPPDWRU\�
GLVRUGHUV��7XQyQ�HW�DO����������7KH�HIIHFW�RI�WKH�LUULWDQW�DJHQW��FURWRQ�RLO��LV�GXH�WR�WKH�DFWLYH����2�WHWUDGHFDQR\O�SKRUERO�
DFHWDWH��73$��LW�FRQWDLQV��73$�LQGXFHV�DQ�LQIODPPDWRU\�UHVSRQVH�FKDUDFWHUL]HG�E\�KLJK�SURGXFWLRQ�RI�SUR�LQIODPPDWRU\�
PHGLDWRUV��LQFUHDVHG�YDVFXODU�SHUPHDELOLW\��HGHPD�DQG�QHXWURSKLO�LQILOWUDWLRQ��'HODSRUWH�HW�DO����������7KHVH�FKDQJHV�DUH�
WULJJHUHG�E\�SURWHLQ�NLQDVH�&��ZKLFK�SURPRWHV�DQ�LQFUHDVH�LQ�WKH�DFWLYLW\�RI�SKRVSKROLSDVH�$���3/$����2VNDUVVRQ�HW�DO���
�������3/$��FDWDO\]HV�WKH�K\GURO\VLV�RI�PHPEUDQH�SKRVSKROLSLGV�DUFKLGRQLF�DFLG��ZKLFK�LV�LQYROYHG�LQ�WKH�V\QWKHVLV�RI�
HLFRVDQRʀGHV�� SURVWDJODQGLQV� DQG� OHXNRWULHQHV�� ZKLFK� FRQVWLWXWH� WKH� ILUVW� VWHS� LQ� WKH� LQIODPPDWRU\� UHVSRQVH� �6HUKDQ��
�������

,Q�WKH�SUHVHQW�VWXG\��WKH�WKLFNQHVV�RI�WKH�HGHPD�LV�PHDVXUHG��K�DQG���K�DIWHU�WRSLFDO�DSSOLFDWLRQ�RI�FURWRQ�RLO�WR�
DVVHVV� WKH� DQWL�HGHPDWRXV� HIIHFW� RI� WKH� DFHWRQLF� H[WUDFW� RI�P. lentiscus� IUXLWV�� 6LPXOWDQHRXV� WUHDWPHQW� RI� PLFH� ZLWK�
WRSLFDO�DSSOLFDWLRQ�RI�FURWRQ�RLO�DQG�WKH�DFHWRQLF�H[WUDFW�LQKLELWHG�WKH�HGHPD�IRUPDWLRQ�VLPLODUO\�WR�WKH�SUHWUHDWPHQW�E\�
WKH� H[WUDFW� WRSLFDOO\� RU� RUDOO\� �� K� EHIRUH� WKH� LQGXFWLRQ� RI� WKH� LQIODPPDWLRQ�� 7KLV� UHVXOW� LQGLFDWHV� WKDW� WKHUH� LV� QR�
LQWHUDFWLRQ�EHWZHHQ�WKH�LUULWDQW�DQG�WKH�DQWL�LQIODPPDWRU\�DJHQW��7KH�HDU�HGHPD�WKLFNQHVV����������PHDVXUHG��K�DQG��K�
DIWHU� LQGXFWLRQ� RI� LQIODPPDWLRQ� LV� QRW� VWDWLVWLFDOO\� VLJQLILFDQW�� 7KLV� PHDQV� WKDW� �� KRXUV� DUH� VXIILFLHQW� WR� LQGXFH�
LQIODPPDWLRQ�ZLWK� FURWRQ� RLO�� 7KHVH� UHVXOWV� DUH� LQ� DJUHHPHQW� ZLWK� WKRVH� REWDLQHG� E\�*LQHU�/DU]D� HW� DO�� �������ZKR�
UHSRUWHG�WKDW�WKH�HWKDQROLF�H[WUDFW�RI�WKH�IUXLWV�RI�Pistacia vera��D�VSHFLHV�RI�WKH�VDPH�JHQXV�DV�P. lentiscus��LQKLELWHG�
HGHPD�LQGXFHG�E\�FDUUDJHHQDQ�LQ�PLFH�E\�D�UDWH�RI������7KH�DQWL�LQIODPPDWRU\�HIIHFW�RI�WKH�DFHWRQLF�H[WUDFW�RI�WKH�IUXLW�
RI�P. lentiscus LV�SUREDEO\�DWWULEXWHG�WR�OLSRSKLOLF�VROXEOH�VXEVWDQFHV�WKDW�DUH�DEOH�WR�SHQHWUDWH�WKURXJK�WKH�VNLQ�EDUULHU�
�2NROL�HW�DO���������DQG�H[HUWHG�LWV�DQWL�LQIODPPDWRU\�DFWLYLW\��/LNHO\�FDQGLGDWHV�IRU�WKHVH�DQWL�LQIODPPDWRU\�VXEVWDQFHV�
DUH�IODYRQRLGV��SRO\SKHQROV��ZKLFK�ZHUH�LVRODWHG�IURP�P. lentuscus��,QGHHG��WKH�TXDQWLWDWLYH�HVWLPDWLRQ�RI�WRWDO�SKHQROLF�
FRPSRXQGV�VKRZHG�WKDW�WKH�DFHWRQLF�H[WUDFW�LV�ULFK�LQ�SRO\SKHQROV��������������J�*$(�PJ�RI�H[WUDFW��DQG�IODYRQRʀGV�
������������J�4(�PJ�RI�H[WUDFW���UHVSHFWLYHO\��3KHQROLF�FRPSRXQGV�DUH�NQRZQ�WR�LQWHUDFW�ZLWK�DQG�SHQHWUDWH�WKURXJK�
OLSLG�ELOD\HUV��5LFH�(YDQV���������7KH�DQWL�LQIODPPDWRU\�HIIHFW�RI�WKH�DFHWRQLF�H[WUDFW�RI�WKH�IUXLW�RI�P. lentiscus ZDV�
VLPLODU�WR�WKDW�RI�,QGRPHWKDFLQ��XVHG�DV�VWDQGDUG�DQWL�LQIODPPDWRU\�DJHQW��7KH�PHFKDQLVP�RI�DFWLRQ�RI�LQGRPHWKDFLQ�RQ�
LQIODPPDWLRQ� LV�EDVHG�RQ�LQKLELWLRQ�RI�WKH�V\QWKHVLV�RI�SUR�LQIODPPDWRU\�SURVWDJODQGLQV��+XOO�HW�DO����������7KH�DQWL�
LQIODPPDWRU\�HIIHFW�REVHUYHG�LV�DOVR�SUREDEO\�GXH�WR�WKH�SUHVHQFH�RI�DQWLR[LGDQW�FRPSRXQGV�LQ�WKH�H[WUDFW��$EGHOZDKHG�
HW�DO���������UHSRUWHG�WKDW�WKDW�JDOOLF�DFLG�DQG���������������SHQWDJDOOR\OJOXFRVH��WZR�SRO\SKHQROV�LVRODWHG�IURP�WKH�IUXLWV�
RI�P. lentiscus�IUXLWV�H[KLELW�DQWLR[LGDQW�DFWLYLW\�ZKLFK�LV�DQ�DGGLWLRQDO�DGYDQWDJH�IRU�WKH�DQWL�LQIODPPDWRU\�DFWLYLW\��,Q�
IDFW��<LQJ�HW�DO���������UHSRUWHG�WKDW�WKH�FRQWHQW�RI�IODYRQRLGV�LQ�SODQW�H[WUDFWV��DOORZV�WKHP�WR�DFW�DW�VHYHUDO�OHYHOV�RI�
WKH�LQIODPPDWRU\�UHVSRQVH��
/HXNRF\WH� UHFUXLWPHQW� LQ� LQIODPHG� WLVVXHV� LV� HVVHQWLDO� WR� WKH� LQIODPPDWRU\� UHVSRQVH� WR� FOHDQLQJ� WKH�KRPH� OHVLRQ� DQG�
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WKHUHE\�DGHTXDWH�WLVVXH�UHSDLU��,Q�FRQWUDVW��WKH�H[FHVVLYH�OHXNRF\WH�PLJUDWLRQ�OHDGV�WR�LQIODPPDWRU\�GLVRUGHUV���7KDW�LV�
ZK\�ZH�DUH�LQWHUHVWHG�LQ�FRXQWLQJ�WKH�FHOOV�LQ�D�KRXVHKROG�RI�DFXWH�LQIODPPDWLRQ��FUHDWHG�E\�FDUUDJHHQDQ�LQ�DQ�DLU�SRXFK�
LQ�PLFH��7KH�PLFH�LQ�WKH�FRQWURO�JURXS�GHYHORSHG�DIWHU��K�DQ�LQIODPPDWLRQ�DW�WKH�SRXFK�FKDUDFWHUL]HG�E\�D�KLJK�QXPEHU�
RI� OHXNRF\WHV������[����� OHXNRF\WHV�PO� LQ� WKH�H[XGDWH��&DUUDJHHQDQ�VWLPXODWHV� WKH�UHOHDVH�RI�KLVWDPLQH�DQG�VHURWRQLQ�
IURP�PDVW�FHOOV�� LQLWLDWLQJ�D�FDVFDGH�RI�HYHQWV� WKDW�SURGXFH�RWKHU�PHGLDWRUV� WKDW�FRQWULEXWH� WR� WKH�GHYHORSPHQW�RI� WKH�
DFXWH� LQIODPPDWRU\� UHDFWLRQ� �&X]]RFUHD� HW� DO��� ������� 0LFH� WUHDWHG� E\� DFHWRQLF� H[WUDFW� RI� P. lentuscus� VKRZHG�
VLJQLILFDQW� UHGXFWLRQ� ������ LQ� WKH� QXPEHU� RI� OHXNRF\WHV�� 7KLV� LQKLELWLRQ� LV� VLPLODU� WR� WKDW� RI� ,QGRPHWKDFLQ�� XVHG� DV�
VWDQGDUG�DQWL�LQIODPPDWRU\�DJHQW��6HFRQGDU\�PHWDEROLWHV�LQ�IUXLWV�RI�P.lentiscus LQKLELW� OHXNRF\WH�UHFUXLWPHQW�LQWR�WKH�
FDYLW\� RI� WKH� DLU� SRXFK� SUREDEO\� E\� LQKLELWLQJ� WKH� H[SUHVVLRQ� RI� DGKHVLRQ�PROHFXOHV� RQ� HQGRWKHOLDO� FHOO� DV� UHSRUWHG�
EHIRUH� �$QQp� HW� DO��� ������� 0RUHRYHU�� LW� UHSRUWHG� WKDW� DQWKRF\DQLQV� DQG� JDOOLF� DFLG� LQKLELW� OHXNRF\WH� PLJUDWLRQ� WR�
LQIODPPDWRU\� VLWHV� E\� LQKLELWLQJ� WKH� DGKHVLRQ� PROHFXOHV� ,&$0��� DQG� 9&$0��� DQG� (�VHOHFWLQ� LQ� WKH� YDVFXODU�
HQGRWKHOLDO�FHOOV�� WKLV�LQKLELWLRQ�LV�GXH�WR�LQKLELWLRQ�RI�,/����71)�Į�DQG�1)�ɤ%��7DNDWRVKL�HW�DO���������&DOL[WR�HW�DO���
�������
�
Conclusions 
�

7KH�DFHWRQLF�H[WUDFW�RI�WKH�P. lentiscus DSSOLHG�WRSLFDOO\�RU�DGPLQLVWHUHG�RUDOO\�KDV�D�JRRG�DQWL�LQIODPPDWRU\�
HIIHFW�E\�LQKLELWLQJ�WKH�GHYHORSPHQW�RI�HDU�HGHPD�DQG�WKH�UHFUXLWPHQW�RI�LPPXQH�FHOOV�LQWR�WKH�LQIODPPDWRU\�VLWH��7KH�
DQWL�LQIODPPDWRU\�SURSHUWLHV�RI�P. lentiscus�PD\�EH�H[SODLQHG�LQ�SDUW�E\�WKH�DFWLYLW\�RI�WKH�SRO\SKHQROV�DQG�IODYRQRLGV�
SUHVHQW�LQ�LWV�H[WUDFW��7KLV�DFWLYLWLHV�DVVLJQ�D�SRWHQWLDO�UROH�RI�P. lentiscus�H[WUDFWV�LQ�KXPDQ�KHDOWK�FDUH�DQG�VXSSRUW�WKH�
WUDGLWLRQDO�XVHV�RI�WKLV�SODQW�LQ�WKH�WUHDWPHQW�RI�LQIODPPDWRU\�GLVRUGHUV���
�
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Abstract: New original construction of continuous FB MSZ (Fluidized Bed with Mixed 
Suspension Zone) crystallizer with internal circulation of suspension driven by jet pump fed 
with compressed air was used for continuous reaction crystallization of struvite 
MgNH4PO4Â6H2O from phosphorus fertilizers industry wastewater by magnesium and 
ammonium ions addition. This wastewater of pH < 4 contained 0.445 mass % of phosphate(V) 
ions and impurities: aluminium, calcium, copper, iron, potassium, magnesium, titanium, zinc, 
fluosilicate, fluoride and sulphate(VI) ions. Tests were carried out in 298 K, in stoichiometric 
conditions and at 20% excess of magnesium ions. Crystals of mean size. 27 – 43 Pm were 
produced. Struvite crystals of the largest sizes and acceptable homogeneity were produced at 
20% excess of magnesium ions, at pH 9 and elongated mean residence time of suspension 3600 
s. Corresponding crystal linear growth rate was 8.52�10–9 m/s according to SIG MSMPR (Size 
Independent Growth, Mixed Suspension Mixed Product Removal) kinetic model. Concentration 
of phosphate(V) ions decreased from 0.445 mass % in a feed to 9.3Â10–4 mass % in a 
postprocessed mother solution. In a product, besides main crystalline component – struvite, also 
all impurities from wastewater appeared in a form of hydroxides, phosphates(V) and other salts. 
 
Key words: Struvite, FB MSZ crystallizer, industrial wastewater, continuous reaction 
crystallization, product quality, kinetics, phosphorus recycling. 

 
 
Introduction 
 
 In most DTM (Draft Tube Magma) type crystallizers internal circulation of suspension is an effect of stirrer or 
pump action (Mullin, 1993). These can be, however, alternatively replaced by liquid jet pump devices (Synowiec, 
2008). In typical constructions of liquid jet pump crystallizers (Matynia, 1997) driving agent is a possible fines-free 
mother solution collected from the crystallizer overflow and then redirected through the external circulation pump 
back into the feeding nozzle of a jet pump device. It is possible, however, to replace the circulating mother solution 
with the air (Matynia, 2009). Compressed air (or other gaseous medium) provided into feeding nozzle of a jet pump 
device becomes under these conditions working medium driving the internal circulation and mixing of suspension in 
the apparatus working volume. Troublesome in operating and control elements like crystallizer overflow and external 
circulation loop with the pump become thus unnecessary. 
 Laboratory research stand with a continuous FB MSZ (Fluidized Bed with Mixed Suspension Zone) type 
crystallizer were designed and constructed. This stand is especially destined for the tests concerning effectiveness, 
kinetics and optimisation of continuous reaction crystallization processes of struvite (MgNH4PO4·6H2O, MAP) from 
diluted aqueous solutions, wastewaters, liquid manure, etc. containing phosphate(V) ions (Parsons, 2001; Doyle, 
2002). Chemical recovery of phosphates(V) from various waste solutions can be numbered among phosphorus 
recycling (Le Corre, 2009), and resulting products – sparingly soluble crystalline calcium or magnesium salts – can be 
practically utilized as a mineral fertilizer (de–Bashan, 2004). 
 The FB MSZ type crystallizer of working volume Vw 1.2 dm3 with jet pump fed with compressed air was used. 
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Feeding nozzle of a jet pump was installed inside mixing chamber where compressed air flow was directed downward. 
In a space between the jet pump mixing chamber and crystallizer body pseudofluidal layer of struvite crystals 
self-established. The crystallizer was used for struvite continuous reaction crystallization process using real 
wastewater from phosphorus mineral fertilizers industry (leachate from phosphogypsum slag heap in Z. Ch. POLICE 
S.A., Poland, containing 0.445 mass % of PO4

3–). It was continuously provided with feed solution (wastewater and 
reagents premixed) of the assumed molar ratio [PO4

3–]RM : [Mg2+]RM : [NH4
+]RM as 1 : 1 : 1 or 1 : 1.2 : 1. Process ran 

in a constant temperature 298 K. Influence of pH (8.5 – 10) and mean residence time of suspension in a crystallizer W 
(900 – 3600 s) on the product crystals quality was identified. Fundamental process kinetic parameter values were 
estimated from the product crystal size distributions. The most simplified model of mass crystallization process 
kinetics in a continuous MSMPR (Mixed Suspension, Mixed Product Removal) crystallizer – SIG (Size Independent 
Growth) – was used for the calculations. Characteristics of crystalline products and kinetic calculation results are 
presented and discussed below. 
 
 
Materials and Method 
 
 Scheme of the research stand is presented in Figure 1a. The FB MSZ crystallizer with jet pump driven by 
compressed air was cylindrical tank of diameter D 90 mm and total height H t 330 mm, made with Plexiglas. 
 
a)          b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Scheme of laboratory stand with a continuous FB MSZ crystallizer with a gas–liquid jet pump: working 
volume of crystallizer Vw 1.2 dm3, crystallizer’s geometrical parameters: D 90 mm, H t 330 mm, Hw 220 mm (a). Jet 

pump element in a FB MSZ crystallizer: 1 – feeding nozzle; 2 – confusor; 3 – mixing chamber (b). 
 
 Inside the crystallizer body gas-liquid jet pump was installed, presented schematically in Figure 1b. Feeding 
nozzle of a jet pump was provided with experimentally adjusted, minimal volumetric stream of the compressed air, qve 
0.43 dm3/s, indispensable only to keep all solid particles in a permanent movement. Resulting intensity of suspension 
circulation was thus also minimal. Geometrical proportions within a jet pump system are presented in Figure 1b. 
Owing to relatively small unit power of a feeding gaseous stream, relatively large struvite crystal density (U 1710 
kg/m3) and specific flow hydraulic conditions, the phenomenon of crystal suspension sucking into the mixing chamber 
space is not observed in a crystallizer. In such defined process conditions the pseudofluidal layer of crystals forms in a 
space between mixing chamber and crystallizer body. 
 The raw materials in a continuous struvite reaction crystallization process were: crystalline magnesium 
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chloride hexahydrate MgCl2·6H2O and crystalline ammonium chloride NH4Cl (p.a., POCh, Gliwice, Poland), as well 
as wastewater from phosphorus mineral fertilizers industry (Z.Ch. POLICE S.A., Poland) of pH 3.8 and detailed 
composition presented in Table 1. The reagents (wastewater, MgCl2·6H2O and NH4Cl) were first introduced into the 
mixer, in which the struvite precipitation reaction substrates dosed in a crystalline form dissolved. Mass stream values 
of these reagents resulted from the assumed molar ratio [PO4

3–]RM : [Mg2+]RM : [NH4
+]RM, assumed mean residence 

time W of suspension in a crystallizer working volume and from working volume Vw of the crystallizer used. Clear 
solution of blended and totally dissolved reagents, of pH 3.6 (stoichiometric proportions of the reagents) or 3.5 (20% 
excess of magnesium ions), was introduced via pump into the crystallizer working volume. Crystallizer was also 
provided with aqueous solution of NaOH of concentration 5 mass %, responsible for stabilization of the required pH in 
struvite continuous reaction crystallization environment. Inlet places of reagents and alkalizing solution, as well as 
crystalline product suspension removal port are marked in Figure 1a. Temperature and inflow/outflow streams were 
strictly controlled and adjusted by computer system (BioScadaLab program). 
 
Table 1: Chemical composition of phosphorus mineral fertilizers industry wastewater. 
 

Component Concentration, mass % 
PO4

3– 0.445 
Al 6.4·10–4 

Ca 0.044 
Cu 0.25·10–4 
Fe 8.9·10–4 
K 4.6·10–3 

Mg 0.0306 
Si 5.1·10–3 
Ti 0.2·10–4 
Zn 2.2·10–4 
F– 4.2·10–3 

SO4
2– 0.0703 

 
 The research tests ran in temperature 298 ±0.2 K assuming pH 8.5, 9 or 10 (±0.1) and mean residence time of 
suspension in a crystallizer W 900, 1800 or 3600 s (±20 s). The reagent concentrations in a feed solution were: 
[PO4

3–]RM = 0.445 mass %, [Mg2+]RM = 0.114 mass % and [NH4
+]RM = 0.0844 mass % securing their molar ratio 1 : 1 

: 1 or 0.445, 0.137 and 0.0844 for 20% excess of magnesium ions, appropriately. After stabilisation in a crystallizer the 
predetermined parameter values, process in a steady state ran through 5W. After this time there were determined using 
standard analytical methods: concentration of solid phase in a crystal product suspension (MT), chemical composition 
of mother solution and solid phase (among others: atomic absorption spectrometer iCE 3000, spectrophotometer 
UV–VIS Evolution 300), struvite crystal size distribution (solid particle analyser Beckman Coulter LS 13 320) and 
their habit (computer analysis of scanning electron microscope JEOL JSM 5800LV images). Accuracy of 
measurement data concerning continuous struvite reaction crystallization process in the described laboratory plant 
was estimated to be ca. 10%. 
 Kinetic parameter values of the process were estimated based on the population density distributions n(L) of the 
product crystals (Mullin, 1993). The most simplified kinetic model valid for continuous MSMPR crystallizer, SIG 
kinetic model (Randolph and Larson, 1988), was assumed for the calculations. Equation of crystal population density 
distribution resulting from the assumed SIG kinetic model is in a form of Eq. (1): 
 

� � ¸
¹
·

¨
©
§� 

ĲG
LnLn exp0

       (1) 

 
from which for L = 0 one can determine the nuclei population density n0 value and, from the slope in lnn – L 
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coordinate system, linear crystal growth rate G for the known mean residence time W of suspension in a crystallizer. 
Nucleation rate B can be calculated from Eq. (2): 
 

GnB 0         (2) 
 
 
Results and Discussion 
 
 From FB MSZ crystallizer properly shaped product crystals were removed. Statistical parameter values of size 
distribution of these crystals are presented in Table 2. From the table it results (tests No. 1, 2 and 3 in Table 2), that 
increase in pH of mother solution in a crystallizer from 8.5 to 10 resulted in decrease of crystal mean size Lm from 37.2 
to 26.7 Pm (by ca. 28%). The CV coefficient increased from 90.1 up to 99.3%. Crystal products manufactured under 
pH 10 characterised thus by not only smaller particle sizes, but also their higher variability. With the pH value increase 
nuclei population density also increases (see Table 4), what produces shifts in characteristic sizes of struvite crystals: 
Lm, L50 and Ld towards smaller values. Elongation of mean residence time of suspension in a crystallizer caused, 
however, increase in mean sizes of product crystals, by ca. 18%. Struvite crystals reached mean size Lm 41.8 Pm for 
mean residence time W 3600 s and pH 9. With the mean residence time elongation average supersaturation in solution 
decreased, producing as a result decrease of both kinetic components of the process: nucleation rate of solid phase and 
their linear growth rate values (see Table 4). 
 
Table 2: Influence of selected technological parameters of continuous struvite reaction crystallization process from 
phosphorus mineral fertilizers industry wastewater in FB MSZ crystallizer on the product quality. Process 
temperature: 298 K. 
 

No. 
Process parameters Suspension in crystallizer Crystal characteristic 

pH W MT [PO4
3–]solution [PO4

3–]crystals Lm L50 Ld CV La/Lb 
– s kg crystals/m3 mg/kg mass % Pm Pm Pm % – 

Molar proportions of reagent ions in a feed: [PO4
3–]RM : [Mg2+]RM : [NH4

+]RM = 1 : 1 : 1 
1 8.5 900 10.9 63.0 39.2 37.2 25.3 29.6 90.1 5.2 
2 9 900 11.0 45.0 39.3 35.5 24.6 28.9 92.6 5.0 
3 10 900 11.0 37.6 40.2 26.7 22.6 24.5 99.3 4.7 
4 9 1800 11.1 31.8 40.1 41.7 30.3 36.1 92.6 5.1 
5 9 3600 11.2 22.0 42.0 41.8 31.1 36.8 90.9 5.2 

Molar proportions of reagent ions in a feed: [PO4
3–]RM : [Mg2+]RM : [NH4

+]RM = 1 : 1.2 : 1 
6 9 900 11.3 18.6 39.2 37.9 26.6 30.1 93.9 5.2 
7 9 3600 11.4 9.3 42.1 43.2 33.3 37.2 92.1 5.3 

Lm = Ȉx iL i, where: x i – mass fraction of crystals of mean fraction size L i ; L50 – median crystal size for 50 mass % 
cumulative undersize fraction; Ld – crystal mode size; CV = 100(L84 – L16)/(2L50), where: L84, L16, L50 – crystal sizes 
corresponding to 84, 16 and 50 mass % cumulative undersize fractions. 
 
Longer residence time of crystal population in supersaturated solution caused, however, that their sizes increased 
significantly. In solution of lower average supersaturation crystals grew slower, however more stable. Longer contact 
time of crystal phase with supersaturated mother solution influenced also struvite final crystal size distribution 
advantageously. Homogeneity within product crystal population increased slightly. The CV value decreased from 
92.6 to 90.9%, in spite of increase in intensity of co-running processes of attrition and breakage of crystals with the 
elongation of their residence time in a mixed and circulated suspension. 
 Excess of magnesium ions in relation to phosphate(V) and ammonium ions concentrations in a crystallizer feed 
resulted in increase in mean size Lm of product crystals: from 35.5 to 37.9 Pm (pH 9, W 900 s), as well as from 41.8 to 
43.2 Pm (pH 9, W 3600 s) (tests No. 2 and 6, 5 and 7 in Table 2, respectively). Crystal population homogeneity 
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decreased slightly since the CV values increased from 92.6 to 93.9% and from 90.9 to 92.1%, respectively. In pure 
aqueous solutions of phosphate(V) ions excess of magnesium ions influences final sizes of struvite crystals 
disadvantageously (Kozik, 2012). Presence of impurities in a process system (Table 1) resulted, however, that final 
result of continuous struvite reaction crystallization process was more advantageous (Table 2). Some of ionic 
impurities inhibit struvite nucleation, other can catalyse nuclei or crystals growth, while some other can significantly 
affect their shape and habit (Hutnik, 2011; Hutnik, 2012).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Scanning electron microscope images of struvite crystals produced from phosphorus mineral fertilizers 
industry wastewater in a continuous FB MSZ type crystallizer. Process parameters: [PO4

3–]RM : [Mg2+]RM : [NH4
+]RM 

= 1 : 1 : 1 in a feed, pH 9, W 900 s (a) and [PO4
3–]RM : [Mg2+]RM : [NH4

+]RM = 1 : 1.2 : 1 in a feed, pH 9, W 3600 s (b). 
Magnification: 500u. 

 
 In Figure 2 there are presented the scanning electron microscope images of exemplary product crystals. Diverse 
sizes of struvite crystals are clearly observable. Also other solid particles, co-precipitated from a complex wastewater 
system in the process conditions, are visible. The most often they form agglomerates on the struvite parent crystals 
surfaces. Struvite crystals are just stuck the co-precipitated hydroxides of metal impurities, hydroxyapatite and other 
salts around. Excess of magnesium ions favoured not only production of struvite crystals of larger sizes (Figure 2b), 
but also efficiency of phosphate(V) ions removal from wastewater. Concentration of phosphate(V) ions in a 
postprocessed mother solution [PO4

3–]solution decreased from 45.0 to 18.6 mg/kg (pH 9, W 900 s) and from 22.0 to 9.3 
mg/kg (pH 9, W 3600 s) (see Table 2). The best-formed struvite crystals were produced at low pH value (8.5 – 9), 
elongated mean residence time W (3600 s) and at 20% excess of magnesium ions in a feed solution. In the process 
conditions tested, crystal length La to their width Lb ratio varied from 4.7 to 5.3 (Table 2). The La/Lb simplex values 
were calculated from planimetric measurements covering 50 crystals randomly selected from three different scanning 
electron microscope images of the same product sample. Based on microscope images analysis one can conclude, that 
struvite crystals surface was taken up by solid particles of impurity hydroxides and salts co-precipitated with struvite, 
what produced generation of significant tensions in parent struvite crystals structures. In result numerous crystal 
fractures and cracks, irregular surfaces, deformed edges, presence of characteristic tubular and trough-shaped crystals, 
etc. are observed (Figure 2). Product crystals habit distinctly deviated from the classical shape of struvite crystals 
produced from pure solutions of phosphates(V) (La/Lb ca. 6) or manufactured in the presence of single impurities 
(Hutnik, 2011; Hutnik, 2012). One can assume, that struvite crystal sizes and shapes are the resulting net effect of 
impurities presence in the investigated wastewater system and parameters of struvite continuous reaction 
crystallization process. From the microscope images it also results, that agglomeration within the struvite crystals was 
not significant, while attrition and breakage of crystal phase during their mixing and circulation in a crystallizer can be 
regarded moderate. Generally it speaks advantageously about process conditions established in a crystallizer working 
volume for struvite nucleation and its crystals growth. Original construction of FB MSZ crystallizer (lack of 
moving/rotating parts and elements), its work mode (formation of pseudofluidal crystal layer) and relatively low 
concentration of solid phase in suspension (MT ca. 11 kg of struvite/m3 of suspension) did not contribute to excessive 
attrition and breakage within crystal phase. Considering, however, all components of a complex process of continuous 

100 Pm 
b a 

100 Pm 
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struvite reaction crystallization process in a FB MSZ crystallizer one can conclude, that main factor influencing the 
process course is solution supersaturation, very strongly dependent (assuming constant: feed solution composition, 
process temperature and mixing/circulation intensity) on process environment’s pH and mean residence time of 
suspension in a crystallizer working volume. 
 
Table 3: Chemical compositions of solid phase and mother solution after filtration of crystal suspension removed 
from continuous FB MSZ crystallizer (see Table 2). 
 

Component Concentration in mother solution 
mg/kg 

Concentration in 
solid phase* 

mass % 
PO4

3– 9.3 – 63.0** 39.2 – 42.1** 
Mg2+ 30 – 240 9 – 10 
NH4

+ 75 – 115 6.5 – 7.0 
Al 0.1 – 0.3 (4.8 – 5.5)Â10–2 

Ca < 50 2.5 – 4.0 
Cu 0.02 – 0.10 (0.6 – 1.3)Â10–4 
Fe 0.03 – 0.07 0.10 – 0.20 
K 25 – 39 0.12 – 0.22 
Si 25 – 42 (8.6 – 9.7)Â10–2 
Ti < 0.2 < 2Â10–5 
Zn < 0.5 (1.6 – 1.9)Â10–2 
F– 2 – 24 0.35 – 0.48 

SO4
2– 400 – 560 1.5 – 1.8 

* after drying, without water washing of crystals on a filter 
** see Table 2 

 
 In Table 3 there are presented the components concentration ranges identified in the postprocessed mother 
solution and in solid phase (without water washing of crystals on a filter and after their drying) removed from FB MSZ 
crystallizer (see Table 2). Crystalline product, as it results from Table 3, besides main component MgNH4PO4Â6H2O, 
contained also all impurities present in wastewater, among others: phosphates(V) and metal hydroxides, fluosilicates, 
fluorides and sulphates. From these data analysis it results, that at magnesium ions excess practically total 
precipitation of aluminium, calcium, copper, iron and zinc ions is observed (compare these ions concentrations in raw 
wastewater (Table 1) and in postprocessed mother solution (Table 3)). One can also notice, that phosphate(V) ions 
concentration in a postprocessed mother solution varied from 63.0 (pH 8.5, W 900 s) to 22.0 mg/kg (pH 9, W 3600 s) 
(tests No 1 – 5 in Table 2). These concentration values decreased systematically with the pH raise and with elongation 
of mean residence time W of struvite crystals suspension in a crystallizer. From the comparison it results, that 
phosphate(V) ions concentration decreased even 3-time. It is attributed to struvite solubility decrease with the increase 
in pH of reactive mixture or longer contact time of crystals with the supersaturated solution in a crystallizer (more 
thorough discharge of the generated supersaturation). The [PO4

3–]solution values can be regarded small, thus efficiency 
of phosphate(V) ions removal from feed solution (above 98%) as a fully satisfactory. 
 Excess of magnesium ions with relation to concentration of phosphate(V) and ammonium ions influenced the 
process yield advantageously. Concentration of phosphate(V) ions in a postprocessed mother solution was ca. 2-time 
smaller than in stoichiometric conditions (see tests No 6 and 7 in Table 2). 
 In Figure 3 there are presented the exemplary experimental population density distributions of crystals 
produced at pH 9 and 10 for mean residence time of suspension in a crystallizer 900 s (stoichiometric conditions) and 
at pH 9, W 3600 s (20% excess of magnesium ions). From these distribution courses, presented in lnn – L coordinate 
system it results, that for particles of sizes L > 70 ȝm (pH 8.5 and 9) or L > 30 Pm (pH 10) these dependencies can be, 
with satisfactory precision, approximated with linear function. From Eq. (1) one can calculate linear crystals growth 
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rate G value, and from Eq. (2) their nucleation rate B. 
 
Table 4: Nucleation rate B and crystal linear growth rate G values estimated for continuous struvite reaction 
crystallization process in a FB MSZ crystallizer. Kinetic parameters calculated with SIG MSMPR model. Process 
conditions – see Table 2. 
 

No. 
(see Table 2 
for details) 

Process kinetic parameter values (SIG MSMPR model) 

n(L)*) 
R2 

(for linear 
segment) 

n0 
1/(m m3) 

G 
m/s 

B 
1/(s m3) 

Molar proportions of reagent ions in a feed: [PO4
3–]RM : [Mg2+]RM : [NH4

+]RM = 1 : 1 : 1 
1 n = 7.783Â1014exp(–4.098Â104L) 0.983 7.8Â1014 2.71Â10–8 2.1Â107 
2 n = 1.011Â1015exp(–4.360Â104L) 0.993 1.0Â1015 2.55Â10–8 2.6Â107 
3 n = 1.264Â1016exp(–7.501Â104L) 0.995 1.3Â1016 1.48Â10–8 1.9Â108 
4 n = 4.075Â1014exp(–3.453Â104L) 0.989 4.1Â1014 1.61Â10–8 6.6Â106 
5 n = 4.014Â1014exp(–3.444Â104L) 0.987 4.0Â1014 8.06Â10–9 3.2Â106 
Molar proportions of reagent ions in a feed: [PO4

3–]RM : [Mg2+]RM : [NH4
+]RM = 1 : 1.2 : 1 

6 n = 6.682Â1014 exp(–4.134Â104L) 0.987 6.7Â1014 2.69Â10–8 1.8Â107 
7 n = 3.610Â1014 exp(–3.261Â104L) 0.991 3.6Â1014 8.52Â10–9 3.1Â106 

*) for L > 70 Pm (pH 8.5 and 9), L > 30 Pm (pH 10) 
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Figure 3: Exemplary population density distributions of crystals produced in a FB MSZ type crystallizer fed with a 
phosphorus mineral fertilizers industry wastewater assuming stoichiometric ratio between the main reagents and at 

20% excess of magnesium ions. The points – experimental data, solid lines – values calculated with Eq. (1) (see Table 
4) for crystals of sizes L > 70 Pm (pH 8.5 and 9) and L > 30 Pm (pH 10), dashed lines – linear extrapolations of SIG 

model to L = 0. 
 
 Determined parameters of population density distribution function n(L) (Eq. (1)) for struvite product crystals 
and calculated on this basis G and B values are presented in Table 4. Nonlinearity in population density distribution 
courses for the crystals of size L smaller than 30 or 70 Pm (in a lnn – L coordinate system, Figure 3) points on more 
complex process kinetics than it results from the assumed “linear” SIG MSMPR model. Thus the presented kinetic 
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parameter values of the investigated process should be regarded only as the estimated ones. It especially concerns 
nucleation rate value B calculated with Eq. (2), with the use of strongly devaluated values of nuclei population density 
n0 (n(L) for L = 0). As it results from Figure 3, the differences between n0 values predicted by extrapolation with linear 
SIG MSMPR kinetic model and real population density values for the smallest crystals are in the order of 105. 
Calculated values of nucleation rate B are thus useful only for relative, conventional comparison of the investigated 
process parameter effects on its course and final results. 
 Analyzing the kinetic data presented in Table 4, one can notice regular decrease of struvite crystal linear growth 
rate G with the increase in process environment pH and with elongation of mean residence time of suspension in a 
crystallizer. Generally higher crystal growth rate values are observed for the shortest mean residence times in 
apparatus, what is in accordance with the observations concerning classical continuous mass crystallization processes. 
Exemplary, increase in pH of process environment in a crystallizer from 8.5 to 10 for W 900 s results in decrease of 
linear growth rate of struvite crystals from 2.71Â10–8 to 1.48Â10–8 m/s. It is large decrement of G value (by ca. 45%). It 
is additionally accompanied by significant increase in nuclei population density n0 value, thus nucleation rate B (from 
2.1Â107 to 1.9Â108 1/(s m3)). In result final crystal mean size Lm decreased (37.2 ĺ 26.7 Pm). Elongation of mean 
residence time of suspension in a crystallizer limited struvite nucleation rate B (from 2.6Â107 to 3.2Â106 1/(s m3) for W 
900 ĺ 3600 s, pH 9). Linear crystal growth rate also decreased (G 2.55Â10–8 ĺ 8.06Â10–9 m/s), however longer contact 
time with supersaturated mother solution caused, as it was mentioned earlier, increase in mean struvite crystal size. 
 Excess of magnesium ions in a feed mixture caused advantageous changes in kinetic parameters of struvite 
continuous reaction crystallization process: decrease of nucleation rate and increase in linear crystal growth rate 
(compare: No. 2 and 6, as well as No. 5 and 7 in Table 4). Net effect of all partial interactions within the analysed 
process turned out to be advantageous for manufacturing the product crystals of larger sizes. 
 
 
Conclusions 
 

The research tests of struvite continuous reaction crystallization from phosphorus mineral fertilizers industry 
wastewater in a FB MSZ type crystallizer with internal circulation of suspension driven by jet pump fed with 
compressed air were carried out. Test results can be regarded satisfactory and advantageous. The FB MSZ crystallizer 
worked stable in a continuous work mode. Its original construction (absence of moving or rotating elements) and its 
work mode (formation of pseudofluidal crystals layer) did not arrange excessive attrition and breakage effects within 
the crystal phase. It was concluded, that the product crystals homogeneity was significantly influenced by 
technological process parameters (pH, mean residence time of suspension in a crystallizer, excess of magnesium ions 
in relation to phosphate(V) and ammonium ions in a feed), as well as intrinsic chemical composition of wastewater. 

From FB MSZ crystallizer properly shaped struvite crystals of mean size Lm from ca. 27 to ca. 43 Pm were 
removed. It was experimentally proved, that increase in pH value (from 8.5 to 10) caused decrease of mean crystal size 
(by ca. 28%, Lm 37.2 ĺ 26.7 Pm, W 900 s). Contrary, elongation of mean residence time of suspension in a crystallizer 
from 900 to 3600 s produced significant increase in this size (by ca. 18%, Lm 41.8 Pm at pH 9 and W 3600 s). Products 
of low size homogeneity (CV a 90 – 100%) were removed from the crystallizer. It is a net effect of a complex 
influence of pH and mean residence time of suspension, as well as crystals attrition and breakage on supersaturation 
level in mother solution. 

For the process kinetic parameters estimation the simplest kinetic model developed for ideal MSMPR 
crystallizer was applied. It was concluded, that linear crystal growth rate values of struvite varied within the 8.06·10–9 
– 2.71·10–8 m/s range, while nucleation rate within the 3.2·106 – 1.9·108 1/(sm3) range. With the elongation of mean 
residence time of suspension both kinetic parameter values decreased. With the pH rise nucleation rate increased while 
simultaneously linear growth rate decreased. Reduction of both kinetic parameter, B and G, values with the elongation 
of mean residence time was correlated with increase in mean size Lm of product crystals. Lower values of linear 
growth rate are thus compensated with excess by longer contact time of crystals with supersaturated mother solution. 
Simultaneously decreasing nucleation rate values also advantageously affected the process of crystal phase growth 
and self-establishing in these conditions size distribution of the product suspension. 

Excess of magnesium ions in a process system definitely advantageously influenced the struvite continuous 
reaction crystallization process yield. Concentration of phosphate(V) ions decreased from 0.445 mass % in a feed to 
9.3Â10–4 mass % in a postprocessed mother solution, what can be regarded as a very good result of their removal 
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process from inlet solution. It was accompanied by rise of mean size of product crystals (Lm up to 43.2 Pm), crystal 
linear growth rate (G up to 8.52·10–9 m/s) and nucleation rate decrease (B to 3.1·106 1/(sm3)). 

In crystal product, besides main component – struvite, all impurities originally present in wastewater 
appeared in a form of hydroxides, phosphates(V) and other salts. Aluminium, copper, iron and zinc ions practically 
totally co-precipitated with struvite. Direct application of such crystalline mixture in agriculture is limited, however 
part of these impurities can be regarded as the soil enriching components (nutrients). 
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Abstract: This paper is focused on presenting bankruptcy model IN05. This model was 
designed especially to evaluate the financial health of companies in the Czech Republic and 
reflects the specifics in the Czech market. IN05 is applied to a group of the biggest companies 
in the Czech Republic and assesses their financial stability during the time period 2006-2010. 
Another objective of the article is to analyze the particular components of the index IN05. 
Their interaction with the index IN05 during the reporting period is evaluated by correlation. 
 

  Key words: IN05, crisis, Czech Republic, financial stability, large companies. 
 
 
Introduction 
 
 Overindebtedness of U.S. households (mainly by mortgage loans) led to the collapse of the U.S. real estate 
market in 2007. The crisis spread quickly, because many banks and funds from around the world bought derivatives 
based on U.S. mortgage loans. This loans have become since the year 2007 almost worthless and a wave of 
revaluation of these loans has come in 2008, we have already spoken about the global crisis since this moment. 
Almost every company in the world had to face a decline in demand as a result of the crisis. Companies also had to 
reduce their margins to keep as many customers as possible (Palley 2012). Management of the most companies in 
the Czech Republic underestimated this crisis and responded to it with a delay (Kislingerová 2010). Reactions often 
came up in a situation where the companies had liquidity problems. Under normal circumstances, the companies 
dealed the lack of liquidity through the bank instruments, but the banks responded to the crisis by limitation of the 
credit (Huizinga 2009). This situation thus had necessarily reflect on a reduced financial stability of the companies. 
A deterioration of the financial health of the companies can be documented using the index IN05. This is a 
solvency-bankruptcy model, which is developed specifically for an assessment of the financial stability of medium 
and large enterprises running a business in the Czech Republic. IN05 is designed to reflect not only the financial 
stability of a company but also its future prosperity. The object of evaluation is a group of the largest companies 
which have their company address in the Czech Republic. The biggest companies are selected because they are the 
basic pillars of the domestic economy. Moreover many other producers are bound with them as their suppliers, 
which only adds to their importance for the economy of the Czech Republic.  
 This article aims to demonstrate that the crisis affected the financial stability of these companies. However, 
companies responses (though they came late) for a given situation at least partially restored their original financial 
health. Another aim is to demonstrate the relationship between the varibales of the model and index IN05 and a 
determination of their significance.  
 This article is elaborated as an output of the research project Analýza uplatĖování controllingo-vých nástrojĤ 
a vyhodnocení rozdílĤ v pĜístupu ke controllingu v dobČ krize a v postkrizovém Ĝízení (Analysis of the use of 
controlling tools and the evaluation of different controlling approaches in crisis and after crisis) registrated at FPH 
VŠE in Prague, Czech republic under registration number IGA F3/26/2012. 
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Method 
 
 In this case, we observe 51 largest companies that are registered in the Czech Republic. The companies were 
selected on the basis of the CZECH TOP 100 ranking for the year 2011. There are presented 100 largest companies 
in terms of their annual turnover in a given year in this ranking. As mentioned above, they are the most important 
companies in the region because they form the backbone of the national economy. They are also leaders in their 
fields who have a strong bargaining position with their stakeholders. This allows them to use a wide variety of tools 
that provide them with a financial stability. The data sources are annual reports of the selected companies, which are 
publicly available on the website of the Ministry of Justice Czech Republic www.justice.cz. We use the data for the 
years 2006-2010, which allow to get an overview of a financial stability before the crisis, its changes during the 
crisis and the impact of the company's management steps, which respond to the crisis. 
 First, we must introduce bankruptcy model IN05. This is one of a series of sovency-bankruptcy models IN 
and was created by husband and wife Neumaier. Model accurately describes the business conditions in the Czech 
Republic. Its formula is as follows (Neumaierová 2005): 
IN05 = 0,13(X1) + 0,04(X2) + 3,97(X3) + 0,21(X4) + 0,09(X5) 
where 
IN05 = overall index, 
X1 = total assets/total debt, 
X2 = earnings before interest and taxes/ interest expense, 
X3 = earnings before interest and taxes/total assets, 
X4 = sales/total assets, 
X5 = current assets/short-term liabilities. 
Companies whose value of the index is below the value 0.9 are put in danger of bankruptcy with a probability of 
86%. Values above the 1.6 are financially stable companies with a probability of 67%. Between the values 0.9 and 
1.6 is the so-called “grey zone” where it is not clearly to say whether the company is financially healthy or not. It 
should be noted that in the case of low debt of company, the variable X2 reaches a very high value, that can distort 
the final index value. Therefore, we limit the maximum of the variable X2 at the value of 9. 
 If the formula IN05 model is compared with the other generally respected and used bankruptcy model 
Altman’s Z-Score, we find that there are many similarities. We use the revised Z-score of which the formula is 
(Altman 2000): 
Z’ = 0,717(X1) + 0,847(X2) + 3,107(X3) + 0,420(X4) + 0,998(X5) 
where 
Z’ = overall index, 
X1 = working capital/total assets, 
X2 = retained earnings/total assets, 
X3 = earnings before interest and taxes/total assets, 
X4 = net worth/total debt, 
X5 = sales/total assets. 
As can be seen, in both models are identical two most important variables. In both models, the X3 variable earnings 
before interest and taxes/total assets (Return On Assets) has by far the highest coefficient, which means that it is the 
most important variable for the construction of both models. The X3 variable is even more important in the model 
IN05 than in the Z-Score model, because the X3 variable coefficient is much higher in comparison with the other 
variables coefficients. In both models is identical the second major variable too – sales/total asset. Worth 
mentioning is also the variable X1 in the IN05 model and the variable X4 in the Z-Score model. These variables are 
not identical, but basically express the same information - the share of a foreign capital in the assets of the company. 
 In order to evaluate the general movement of the index IN05 during the time period, we need to filter out 
extreme values that might distort the evaluation. Therefore, we use the quartiles (25 percentil, median, 75 percentil) 
as a basic characteristic of the measured data (Hindls 2007). We calculate the value of index IN05 for each year and 
each company and from this data we calculate all three quartiles for each year. 
 To evaluate the relationship between the index IN05 and its particular variables we are going to use the 
correlation between the index IN05 and each of its particular variables (Hindls 2007). 
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Results 
 
 First of all, we need to evaluate the development of the financial stability in the years 2006-2010. The Figure 
1 shows the development of all quartiles in the time period. 
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Figure 1 IN05 development 

The Figure 1 shows that the crisis really damage the financial stability of companies during the time period 2006-
2010. Since 2007, the decline in the index IN05 values can be seen. It indicates financial problems of companies. In 
2010, the recovery comes and the index values increase. This is a result of the management actions that lead to 
strengthen the financial stability. This conclusion is confirmed by the development of the Z-Score values measured 
for the same companies in the Figure 2 (only quartiles are shown). 
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Figure 2 Z-Score development 

 To assess the development of the particular variables and their relationship with the development of the entire 
index IN05 is used their correlation. The results in the Figure 3 shows that the strongest relationship is between the 
index IN05 and the X3 variable. This relationship is especially affected by the high coefficient of this variable. 
During the time period there is a decline in the margins, which has a significant impact in the numerator (EBIT) of 
the variable. This fact contributes to the decline of the index IN05 most of all. The second major variable is X4, 
which is assigned the second highest coefficient. A decline of the variable is caused by a decline of the sales. 
Interpretation of the X2 variable correlation is problematic. There are only 3 negative correlations and so the 

International Science and Technology Conference, Dubai, 13-15 December 2012

183



ISTEC 20
12

relationship between the X3 variable and the index IN05 seems to be strong. But we have to limit the value of this 
variable in all the years by value 9 in 18 cases. It means, that X2 variable does not change during the years and index 
IN05 does. So we can not assess a mutual relationship between them. 
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Figure 3 Correlation 

 
 
Conclusion 
 
 As we proved in the article, the last global crisis affected the financial stability of the selected Czech largest 
companies. This fact is supported by the values obtained from the index IN05 for the time period 2006-2010. The 
index IN05 is one of a series of sovency-bankruptcy models (similar to the Altman’s Z-Score), which was developed 
specifically for the Czech business environment and took into account local specificities. Between 2008 and 2009 
the values of the index IN05 declined. It meant that the financial stability of companies has been affected by the 
crisis. However, in 2010, there was a slight increase IN05 caused by a response of the companies to the crisis. The 
companies at least partially restored their stability and ensured future prosperity. 
 From the formula of the model IN05 is obvious that a solvency of a company is most affected by two model 
variables which have the highest coefficients: EBIT/total assets and sales/total assets. We also demostrated it by 
using the correlation between the index IN05 and its variables. Both variables had the highest number of positive 
correlations. During the crisis, there was an overall decline in demand, so the sales of the companies decreased. 
Because we researched the largest companies which were not significantly flexible, they could not immediately 
respond to a decline in sales by selling an idle capacity. Therefore, the variable X4 sales/total assets decreased. 
Companies were trying to retain their customers by providing their products and services at a lower price at the 
expense of their margins. This had a negative impact on the EBIT and thus decreased the index EBIT/total assets. 
The crisis has negatively affected both major variables of the index IN05 after year 2008. It can be well seen as a 
decline in the value of the model IN05 in 2008 and 2009. 
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QHGHQOHUL�YDUGÕU��'L÷HU�SHN�oRN�\DSÕ�PDO]HPHVLQH�J|UH��HNRQRPLN�ROPDVÕ��GDKD�NROD\�VHNLO�YHULOHELOLU�ROPDVÕ��IL]LNVHO�YH�
NLP\DVDO�GÕú�HWNLOHUH�GD\DQÕNOÕ�ROPDVÕ��KHU�\HUGH��UHWLOHELOLU�ROPDVÕ�YH��UHWLPGH�GDKD�D]�HQHUML�W�NHWLOL\RU�ROPDVÕ��oHOLN�
GRQDWÕ�LOH�DGDQDVÕQÕQ�L\L�ROPDVÕ��\�NVHN�EDVÕQo�GD\DQÕPODUÕQD�XODúÕODELOLU�ROPDVÕ�YH�oHúLWOL�SLJPHQWOHUOH�UHQN�YHULOHELOLU�
ROPDVÕ�EHWRQX��VW�Q�NÕODQ�|]HOOLNOHULQ�EDúÕQGD�JHOPHNWHGLU�>�@��
�
�
�
�
�
����%HWRQ�.DOLWHVLQLQ�<DSÕGDNL�gQHPL�
�
%HWRQ�� \�N� WDúÕ\ÕFÕ� ELU� PDO]HPHGLU�� 7D]H� EHWRQ�� \HQL� NDUÕOPÕú�� KDPXU� KDOLQGHNL� |]HOOL÷LQL� \DQL� \XPXúDNOÕ÷ÕQÕ�
ND\EHWPHPLú� NROD\FD� VHNLO� YHULOHELOHQ� ELU� PDO]HPHGLU�� %LUNDo� VDDW� LoLQGH� NDWL� KDOH� JHoHQ�� J�QOHUFH� V�UHQ� ELU� V�UHo�
VRQXQGD�VHUWOL÷L�DUWDQ�YH�\HWHULQFH�PXNDYHPHW�ND]DQPÕú�EHWRQD�GD�VHUWOHúPLú�EHWRQ�GHQLU��%HWRQGDQ�EHNOHQHQ��o�WHPHO�
|]HOOLN�YDUGÕU��%XQODU��øúOHQHELOPH��WD]H�EHWRQXQ�|]HOOL÷L�ROXS��WD]H�EHWRQXQ�NROD\�NDUÕúWÕUÕOPDVÕ�YH�\HUOHúWLULOHELOPHVL��
NDUÕúWÕUÕUNHQ�� WDúÕQÕUNHQ� YH� \HUOHúWLULUNHQ� D\UÕúPDPDVÕ�� KRPRMHQOL÷LQL� \LWLUPHPHVLGLU�� 0XNDYHPHW�� 6HUWOHúPLú� EHWRQ�
|]HOOL÷LGLU�� %HWRQ� WDúÕ\ÕFÕ� ELU� PDO]HPH� ROGX÷XQGDQ� LVWHQLOHQ� VÕQÕI� GD\DQÕPÕ� J�YHQOH� VD÷ODPDOÕGÕU�� 'Õú� HWNLOHUH�
GD\DQÕNOÕOÕN��'XUDELOLWH���EX�|]HOOLN�ELU�VHUWOHúPLú�EHWRQ�|]HOOL÷L�ROXS�KDYD��VX�YH�NLP\DVDO�oHYUHQLQ�HWNLVL\OH�GRQPD�
o|]�OPH�� ÕVODQPD�NXUXPD� JLEL� IL]LNVHO� HWNLOHU� YH� KDWWD� EHWRQ� Lo� \DSÕVÕQGD� DJUHJD� YH� oLPHQWR� DUDVÕQGD� ROXúDELOHFHN�
UHDNVL\RQODU�VRQXFX�EHWRQ�QLWHOLNOHULQL�ND\EHGHELOLU��gUQH÷LQ��EHWRQXQ�PXNDYHPHWL�D]DOÕU��JHoLULPOLOL÷L�DUWDU�YH�NROD\�
SDUoDODQDELOLU��%HWRQXQ�EXQD�EHQ]HU�ER]XOPDODUD�GLUHQo�J|VWHUPHVL�JHUHNLU��%XGD�EHWRQXQ�GXUDELOLWHVLGLU��
�
�
����%HWRQGD�$NÕúNDQODVWÕUÕFÕ�.XOODQÕPÕQÕQ�$PDo�YH�<DUDUODUÕ�
�
8\JXODPDGD�JHQHOGH��o�DPDoOD�DNÕúNDQODúWÕUÕFÕODU�NXOODQÕOPDNWDGÕU��%XQODU��
�

x .DWNÕVÕ]�EHWRQOD�D\QL�LVOHQHELOPH\L�VD÷OD\DUDN�VX�oLPHQWR�RUDQÕQÕ�D]DOWÕS��GDKD�\�NVHN�
PXNDYHPHW�HOGH�HWPHN��

x .�WOH�EHWRQODUÕQGD�KLGUDWDV\RQ�ÕVÕVÕQÕ�G�ú�UPHN�LoLQ�oLPHQWR�PLNWDUÕQÕ�D]DOWDUDN�D\QÕ�
LúOHQHELOPH\L�VD÷ODPDN��.DWNÕ�EX�úHNLOGH�NXOODQÕODUDN�GDKD�HNRQRPLN�ELU�EHWRQ�HOGH�HGLOPLú�
ROXU��

x 8ODúÕODPD\DQ��GDU�YH�VÕN�GRQDWÕOÕ��\HUOHUH�NROD\�\HUOHúPH\L�VD÷OD\DELOPHN�LoLQ�
LúOHQHELOLUOLN�DUWWÕUPDN��

�
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%X� NDWNÕODU� VD\HVLQGH� \�NVHN� PXNDYHPHWOL� EHWRQ� �UHWLOPHNWH�� D\QL� ]DPDQGD� G�ú�N� VX�oLPHQWR� RUDQODUÕQGD� QRUPDO�
LVOHQHELOHQ�EHWRQODU�HOGH�HGLOPHNWHGLU��
�
�
��'HQH\VHO�dDOÕúPDODU�YH�'HQH\�6RQXoODUÕ�
�
%X� oDOÕúPDGD� QRUPDO�V�SHU� DNÕúNDQODúWÕUÕFÕ� NDWNÕODUÕQ� DúÕUÕ� GR]GD� NXOODQÕPÕQÕQ� EHWRQ� EDVÕQo� GD\DQÕPÕQD� HWNLVL� \DSD\�
VLQLU� D÷Õ� NXOODQÕODUDN� DUDúWÕUÕOPÕúWÕU��.RQX� LOH� LOJLOL� RODUDN� ODERUDWXYDUGDNL� oHúLWOL� DNÕúNDQODúWÕUÕFÕ� NDWNÕODUOD� EHú�JUXSWD�
RWX]G|UW�NDUÕúÕP�KD]ÕUODQPÕú�YH�EX�NDWNÕODUÕQ��UHWLOHQ�EHWRQODU��]HULQGHNL�ROXPOX�YH�YH\D�ROXPVX]�HWNLOHUL�LUGHOHQPLúWLU��
)DUNOÕ�GR]ODUGD�NDWNÕ�PLNWDUODUÕ�QRUPDO�DNÕúNDQODúWÕUÕFÕGD�������������������YH�V�SHU�DNÕúNDQODúWÕUÕFÕGD��������������
YH� ���� RUDQODUÕQGD� NXOODQÕOPÕúWÕU�� hUHWLOHQ� EHWRQODU� �]HULQGH� ��� J�QO�N� EDVÕQo� GD\DQÕPÕ� GHQH\OHUL� \DSÕODUDN� IDUNOÕ�
RUDQODUGDNL�NDWNÕ�PLNWDUODUÕQÕQ��EHWRQGDQ�DVLO�LVWHQHQ�EDVÕQo�GD\DQÕPÕ�|]HOOL÷L�ROPDVÕ�QHGHQL\OH��NDWNÕ�GH÷LúLPLQLQ�EHWRQ�
PXNDYHPHWL��]HULQGHNL�HWNLVL�LQFHOHQPLúWLU��)DUNOÕ�RUDQODUGDNL�DNÕúNDQODúWÕUÕFÕ�NDWNÕ�PDGGHOHULQLQ�EHWRQ�SHUIRUPDQVÕQD�
HWNLVLQL� DUDúWÕUPDN� �]HUH� ODERUDWXYDUGD� EHú� JUXS� GHQH\� \DSÕOPÕúWÕU�� %X� EHú� JUXS� GHQH\� WRSODP� ��� SDUWL� EHWRQ�
KD]ÕUODQDUDN� \DSÕOPÕúWÕU�� %X� EHWRQODUGD� oLPHQWR�� VX�� DNÕúNDQODúWÕUÕFÕ� NDWNÕ�� ,� QROX� PÕFÕU�� NÕUPD� NXP� YH� GR÷DO� NXP�
NXOODQÕOPÕúWÕU��$JUHJDODUÕQ�NDUÕúÕP�JUDQ�ORPHWULVL�76����¶\D�J|UH�EHOLUOHQPLúWLU��.DUÕúÕPGD�NXOODQÕODQ�PDO]HPHOHU�YH�
HOGH�HGLOHQ�EDVÕQo�GD\DQÕPÕ�GH÷HUOHUL�H÷LWLP�YH�WHVW�VHWL�LoLQ�7DEOR��YH��¶GH�YHULOPLúWLU��
�
�

�
�
�
�

7DEOR����(÷LWLP�VHWL�LoLQ�GHQH\GH�NXOODQÕODQ�PDO]HPHOHU�YH�HOGH�HGLOHQ�VRQXoODU�
�

dLPHQWR��NJ�� 6X��NJ�� .DWNÕ������ $JUHJD��NJ�� ���*�QO�N�'D\DQÕP�
'H÷HUL��0SD��

���� ���� �� ����� �����
���� ���� ���� ����� �����
���� ���� �� ����� �����
���� ���� �� ����� �����
���� ���� �� ����� �����
���� ���� �� ����� �����
���� ���� ��� ����� �����
���� ���� ���� ����� �����
���� ���� �� ����� �����
���� ���� �� ����� �����
���� ���� �� ����� �����
���� ���� ��� ����� �����
���� ���� ���� ����� �����
���� ���� �� ����� ���
���� ���� �� ����� �����
���� ���� ��� ����� �����
���� ���� ���� ����� �����
���� ���� �� ����� �����
���� ���� �� ����� �����
���� ���� ���� ����� �����
���� ���� �� ����� ���
���� ���� �� ����� �����
���� ���� ���� ����� ���
���� ���� �� ����� �����
���� ���� ��� ����� �����
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�

7DEOR����7HVW�VHWL�LoLQ�GHQH\GH�NXOODQÕODQ�PDO]HPHOHU�YH�HOGH�HGLOHQ�VRQXoODU�
�

dLPHQWR��NJ�� 6X��NJ�� .DWNÕ������ $JUHJD��NJ�� ���*�QO�N�'D\DQÕP�
'H÷HUL��0SD��

���� ���� �� ����� �����
���� ���� ��� ����� �����
���� ���� ���� ����� �����
���� ���� ��� ����� �����
���� ���� ���� ����� �����
���� ���� �� ����� ���
���� ���� ��� ����� �����
���� ���� ��� ����� �����
���� ���� �� ����� �����

�
�

����'HQH\VHO�9HULOHULQ�<DSD\�6LQLU�$÷ODUÕQD�8\JXODQPDVÕ�
�
$÷Õ�H÷LWPHN� LoLQ�KD]ÕUODQDQ�H÷LWLP�VHWLQGH�JLUGL� YHNW|U��HOHPDQODUÕ�QRUPDOL]H�HGLOHUHN�D÷¶D� VXQXOPXúWXU��(÷LWLP�VHWL�
GHQH\� VRQXFX� HOGH� HGLOHQ� ��� YHULGHQ� ROXúPDNWDGÕU�� 7HVW� VHWL� LVH� WRSODP� ��� YHULGHQ� UDVJHOH� VHoLOPLú� �� |UQHNWHQ�
ROXúPDNWDGÕU��'D\DQÕP�GH÷HUOHUL�LoLQ���DGHW�JLUGL�NDWPDQÕQGD���DGHW�JL]OL�NDWPDQGD�YH���DGHW�oÕNWÕ�NDWPDQÕQGD�ROPDN�
�]HUH� WRSODP� �� DGHW� Q|URQ� NXOODQÕOPÕúWÕU�� *LUGL� YHNW|U�� HOHPDQODUÕ� �� LOH� �� DUDVÕQGD� QRUPDOL]H� HGLOHFH÷LQGHQ�� JLUGL�
YHNW|U�Q�Q�KHU�HOHPDQÕ�H÷LWLP�VHWLQGH�EXOXQDQ�HQ�E�\�N�GH÷HUH�E|O�QHUHN���LOH���DUDOÕ÷ÕQD�LQGLUJHQPLúWLU��'ROD\ÕVÕ\OD�
JLUGL�YHNW|U��HOHPDQODUÕQGDQ�oLPHQWR�PLNWDUÕ�����LOH��VX�PLNWDUÕ�����LOH��NDWNÕ�PLNWDUÕ����LOH�YH�DJUHJD�PLNWDUÕ�LVH������
LOH� E|O�QHUHN� QRUPDOL]H� HGLOPLúWLU��*L]OL� NDWPDQ� Q|URQ� VD\ÕVÕ� \DSÕODQ� GHQHPHOHU� QHWLFHVLQGH� EHOLUOHQPLúWLU��'D\DQÕP�
GH÷HUOHUL�LoLQ�JHOLúWLULOHQ�D÷�WRSRORMLVL�ùHNLO��¶�GH�YHULOPLúWLU��
�

�
6HNLO����'D\DQÕP�GH÷HUOHUL�LoLQ�JHOLúWLULOHQ�D÷�WRSRORMLVL�

�
�
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2OXúWXUXODQ�WHVW�VHWL�YH�H÷LWLP�VHWL�LoLQ�QRUPDOL]H�HGLOPLú�GH÷HUOHU�7DEOR���YH��¶GH�VXQXOPXúWXU��
�

�
7DEOR����2OXúWXUXODQ�WHVW�VHWL�LoLQ�QRUPDOL]H�HGLOPLú�GH÷HUOHU�

dLPHQWR��NJ��
�*LUGL����

6X��NJ��
�*LUGL����

.DWNÕ������
�*LUGL����

$JUHJD��NJ��
�*LUGL����

���*�QO�N�%DVÕQo�'D\DQÕPÕ�
�0SD���dÕNWÕ��

�� ��������� ���� ��������� ������
��������� ��������� �� �� ���������

�� �������� �� ��������� ���������
�� ��������� ���� ��������� ����

��������� �������� �� �� ������
�� ��������� ����� ��������� ������

��������� ��������� �� �� ������
�� ��������� ����� ��������� �����

��������� ��������� �������� �� ���������
�
2OXúWXUXODQ� H÷LWLP� VHWL� YH� WHVW� VHWL� ELU� SURJUDP��]HULQGH� \DSD\� VLQLU� D÷ODUÕQD� X\JXODQPÕú� YH� DúD÷ÕGDNL� VRQXoODU� HOGH�
HGLOPLúWLU��6HNLO��¶�GH�<DSD\�6LQLU�$÷ÕQÕQ�YHULOHQ�H÷LWLP�VHWL\OH�SUREOHPL�|÷UHQPHVLQL�J|VWHUHQ�JUDILN�YHULOPLúWLU��6HNLO�
�¶GH� LVH�YHULOHQ� WHVW� VHWL� LoLQ�<6$¶�QÕQ� HOGH� HWWL÷L� VRQXoODUOD� ROPDVÕ� JHUHNHQ� VRQXoODUÕQ� NDUúÕODúWÕUÕOPDVÕQÕQ� \DSÕOGÕ÷Õ�
JUDILN�YHULOPLúWLU��*UDILNWHQ�GH�DQODúÕODFD÷Õ�JLEL�<6$�H÷LWLP�YH�WHVW�VHWLQGH�GH�EHOOL�RUDQGD�EDúDUÕOÕ�ROPXúWXU��
�

7DEOR����2OXúWXUXODQ�H÷LWLP�VHWL�LoLQ�QRUPDOL]H�HGLOPLú�GH÷HUOHU�
dLPHQWR��NJ��
�*LUGL����

6X��NJ��
�*LUGL����

.DWNÕ������
�*LUGL����

$JUHJD��NJ��
�*LUGL����

���*�QO�N�%DVÕQo�'D\DQÕPÕ�
�0SD���dÕNWÕ��

�� �� �������� ��������� ���������
��������� ��������� ����� �� ���������
��������� ��������� ���� �� ���������
��������� ��������� ���� �� ������

�� ��������� ���� ��������� ���������
�� ��������� ���� ��������� ������
�� ��������� �� ��������� ������

��������� ��������� ����� �� ���������
��������� �������� ���� �� ���������
��������� ��������� ���� �� ���������

�� ��������� ���� ��������� ���������
�� ��������� �� ��������� ���������

��������� �������� ����� �� ���������
��������� ��������� ���� �� ����
��������� ��������� ���� �� ������
��������� ��������� �� �� ���������

�� ��������� ����� ��������� ���������
�� ��������� ���� ��������� �����
�� ��������� ���� ��������� ������

��������� ��������� ����� �� ���������
��������� ��������� ���� �� �����
��������� ��������� ���� �� ���������

�� ��������� ����� ��������� ����
�� ��������� ���� ��������� ���������
�� ��������� �� ��������� �����
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6HNLO����<6$¶�QÕQ�H÷LWLP�VHWL�|÷UHQPH�JUDIL÷L�>�@�
�
�

�
6HNLO����<6$¶�QÕQ�WHVW�VHWL�VRQXoODUÕ�LOH�GHQH\�VRQXoODUÕQÕQ�NDUúÕODúWÕUÕOPDVÕ�>�@�

�
�

�
�
�
��6RQXoODUÕQ�øUGHOHQPHVL�
�
dDOÕúPDGD�� \DSD\� VLQLU� D÷Õ� NXOODQÕODUDN� IDUNOÕ� RUDQODUGDNL� PDO]HPH� PLNWDUODUÕ� LOH� HOGH� HGLOHQ� EDVÕQo� GD\DQÕP�
GH÷HUOHULQLQ� H÷LWLOPHVL� YH� WHVW� HGLOPHVL� JHUoHNOHúWLULOPLúWLU�� %LU� VRQUDNL� DVDPD� RODUDN� LVH� GH÷LúLN�PDO]HPH�PLNWDUODUÕ�
NXOODQÕODUDN�GD\DQÕP�GH÷HUOHULQLQ�WDKPLQ�HGLOHELOPHVLQLQ�QH�GHUHFH�P�PN�Q�RODFD÷Õ�LQFHOHQHELOHFHNWLU��(÷LWLP�VHWLQLQ�
D÷¶D� |÷UHWLOPHVLQGH� JHUL\H� \D\ÕOPD� DOJRULWPDVÕQGDQ� ID\GDODQÕOPÕúWÕU�� (÷LWLP� 6HWL� VRQXoODUÕ� D÷ÕQ� SUREOHPL� �����
LWHUDV\RQGD�������LOH�����KDWD�PHUWHEHOHULQGH�|÷UHQGL÷LQL�J|VWHUPLúWLU��7HVW�VHWL�VRQXoODUÕ�GD�D÷ÕQ�LVWHQLOHQ�VRQXoODUÕ�
������ LOH� ������ KDWD� LOH� HOGH� HWWL÷LQL� J|VWHUPLúWLU�� (OGH� HGLOHQ� VRQXoODU� D÷ÕQ� \HWHU� \DNODúÕNOÕNWD� VRQXoODU� YHUGL÷LQL�
J|VWHUPLúWLU�� (OGH� HGLOHQ� VRQXoODU� ÕúÕ÷ÕQGD� \DSD\� VLQLU� D÷ODUÕQÕQ� \DSÕ� PDO]HPHVL� DODQÕQGD� ELU� oRN� GHQH\VHO� YHULQLQ�
PDWHPDWLNVHO� PRGHOOHPHVLQH� LPNDQ� YHUHFH÷L� YH� EX� PHWRGXQ� NDUÕúÕP� GL]D\QÕQGD� ROGXNoD� HWNLOL� RODFD÷Õ� YH� EHWRQGDQ�
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WHPHO�RODUDN�LVWHQHQ�HWNLOL�ELU�EDVÕQo�GD\DQÕP�GH÷HUL�ROGX÷XQD�J|UH�RSWLPXP�GD\DQÕP�HOGH�HGLOPHVLQH�ELUoRN�NDWNÕODU�
VD÷OD\DFD÷Õ�G�ú�Q�OPHNWHGLU��
�
�
.D\QDNODU��
�
���g]NXO��+���7DúGHPLU��0�$���7RN\D\��0���8\DQ��0���%HWRQ��7�UNL\H�+D]ÕU�%HWRQ�%LUOL÷L��øVWDQEXO��������
���1HYLOOH��3URSHUWLHV�RI�&RQFUHWH��3LWPDQ�3XEOLVKLQJ��/RQGRQ��������
���6FKPLGW��$���$�0RGXODU�1HXUDO�1HWZRUN�$UFKLWHFWXUH�ZLWK�$GGLWLRQDO�*HQHUDOL]DWLRQ�$ELOLWLHV�IRU�+LJK�'LPHQVLRQDO�
,QSXW�9HFWRUV��0DQFKHVWHU��6HSWHPEHU��������
���(UGR÷DQ��7���%HWRQ��0(78�3UHVV��$QNDUD��������
���%DNNDOR÷OX��0���$úÕUÕ�'R]GD�$NÕúNDQODúWÕUÕFÕ�.DWNÕ�.XOODQÕPÕQÕQ�%HWRQ�g]HOOLNOHULQH�(WNLVL��<�NVHN�/LVDQV�7H]L��
6$8��6DNDU\D��+D]LUDQ��������
���0$7/$%��'RFXPHQWDWLRQ��������1HXUDO�1HWZRUN�7RROER[�+HOS��9HUVLRQ������5HOHDVH�����7KH�0DWK:RUNV��,QF��
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BEHAVIOR OF  STAPHYLOCOCCUS AUREUS  IN A CHEESE PRODUCED  
BY LOCAL LACTIC ACID BACTERIA�

Koïche M.,�'LOPL�%RXUDV�$���%RXFKDNRXU�+���'UDKPRXQH�/. 

/DERUDWRU\�RI�ORFDO�QDWXUDO�ELRUHVRXUFHV��8QLYHUVLW\�+DVVLED%HQERXDOL±�%3�����+D\�(VVDOHP��&KOHI�±�$OJHULD�

Koiche_malika@yahoo.fr , dilmibourasa@hotmail.com  tel:00213773430321 

�
Abstract: Staphylococcus aureus� LV� D� SDWKRJHQLF� EDFWHULXP� WKDW� LQIHFWV� WKH� PLON� DQG� GDLU\�
SURGXFWV�LQFOXGLQJ�FKHHVH��FDXVLQJ�IRRG�ERUQH�LQIHFWLRQV�LQ�KXPDQV��7KH�REMHFWLYH�LV�WR�VFUXWLQL]H�
WKH�JURZWK�DQG�HYROXWLRQ�RI�S. Aureus�LQ�FKHHVH�PDGH�ZLWK�ODFWLF�DFLG�EDFWHULD�LVRODWHG�IURP�ORFDO�
SODQWV� WKDW� DUH� Lactococcus lactis subsp. cremoris� DQG� Lactococcus lactis subsp.lactis� ELRYDU 
diacetylactis. ,Q� WKH� ILUVW� SDUW�� WKH� PLON� WKDW� ZDV� XVHG� LQ� WKH� PDQXIDFWXUH� RI� FKHHVH� ZDV�
FRQWDPLQDWHG� ZLWK� Staphylococcus aureus�� WKH� DQWLPLFURELDO� DFWLYLW\� ZDV� VWXGLHG� vis-à-vis S. 
aureus� DQG� WKH� DQWDJRQLVWLF� HIIHFW� RI� WKH� ODWWHU� DJDLQVW� WKH� ODFWLF� VWUDLQV�� ,Q� WKH� VHFRQG�SDUW��ZH�
SHUIRUPHG� FRXQWV� RI� lactococci DQG�S. aureus� DV� WKH� FRQWDPLQDWHG� FKHHVH� LQ� YDULRXV� VWDJHV� RI�
FKHHVH� SURGXFWLRQ� )URP� FRQWDPLQDWHG�PLON� EHIRUH� PDQXIDFWXUH� RI� FKHHVH�� ZH� KDYH� QRWLFHG� D�
VWHDG\� GHFOLQH� RI� ODFWLF� IHUPHQWV� DIWHU� FXUGOLQJ� DQG� LQ� SDUDOOHO�ZH� KDYH� VHHQ� D� GHFUHDVH� LQ� WKH�
QXPEHU�RI�S. aureus� GXULQJ� WKH�HDUO\� VWDJHV�RI� SURGXFWLRQ� WR� LQFUHDVH� DJDLQ� LQ� WKH� VDOWLQJ��7KH�
UHVXOWV�RI�FRQWDPLQDWHG�FKHHVHV� DIWHU� WKHLU�PDQXIDFWXUH� UHYHDOHG� D� VLJQLILFDQW�GHFUHDVH� LQ� ODFWLF�
VWUDLQV�DQG�WKH�SDWKRJHQLF�VWUDLQ�LQ�ERWK�W\SHV�RI�FKHHVH�DIWHU����DQG����K�RI�WKHLU�FRQWDPLQDWLRQ� 
Lactococci�GRQ
W�KDYH� LQKLELWRU\�DFWLYLW\�vis-à-vis S. aureus��DQG�S. aureus�GLG�QRW� LQKLELW� ODFWLF�
VWUDLQV�XVHG�LQ�WKH�PDQXIDFWXUH�RI�FKHHVH��7KXV��LW�SUHVHUYHV�LWV�FRQWDPLQDWLRQ�DQG�SRVHV�D�ULVN�WR�
KXPDQ�KHDOWK��
�
Key words: Staphylococcus aureus��&RQWDPLQDWLRQ��FKHHVH��ORFDO�ODFWLF�DFLG�EDFWHULD��

�
Introduction   

�� 7KH�ODFWLF�EDFWHULD�KDYH�SUHVHQWHG�D�YHU\�FUXFLDO�UROH�LQ�WKH�PDQXIDFWXUH�RI�IRRG�IHUPHQWHG�VXFK�DV�FKHHVH�IRU�
VHYHUDO� FHQWXULHV�� 7KH� FKHHVH� LV� D� FRPSOH[�PHGLXP�PDGH� XS�PDLQO\� RI� ZDWHU�� FRDJXODWHG� SURWHLQV� DQG�PLON� IDWV� LQ�
ZKLFK����WKH�S+��WKH�DFWLYLW\�RI�ZDWHU��WKH�SRWHQWLDO�RI�R[\GRUHGXFWLRQ��WKH�FRQWHQW�RI�VDOW�DQG�WKH�DFWLYLW\�RI�WKH�PLFUR�
RUJDQLVPV� SUHVHQW� LQ� WKH� OHDYHQV� XVHG�� FRQVWLWXWH� D� IRUP� RI� SURWHFWLRQ� DJDLQVW� WKH� SDWKRJHQLF� RQHV�� Staphylococcus 
aureus�LV�D�SDWKRJHQLF�EDFWHULXP�ZKLFK�FRQWDPLQDWHV�PLON�DQG�WKH�GDLU\�SURGXFWV�ZKRVH�FKHHVH��DQG�IRU�WKLV�UHDVRQ�LW�
SUHVHQWV�D�PDMRU�FRQFHUQ�IRU�DQLPDO�DQG�KXPDQ�KHDOWK�WKURXJKRXW�WKH�ZRUOG��,Q�FHUWDLQ�FRQWH[WV�ZKHUH�ODFWLF�EDFWHULD�
DUH� WKH� QRUPDO� GRPLQDQW� PLFURIORUH�� DV� LQ� FKHHVH,   S. aureus� FRORQL]HV� LW� VRPHWLPHV� DQG� H[SUHVVHV� WKH� IDFWRUV� RI�
YLUXOHQFH� DQG� SURGXFHV� D� IRRG� SRLVRQLQJ�� 7KLV� VWXG\� LV� GHYRWHG� WR� PDQLIHVW� WKH� LQWHUDFWLRQ� EHWZHHQ� WKH� ODFWLF� DFLG�
EDFWHULD�DQG�S.aureus�DQG�WR�VKRZ�WKH�FDSDFLWLHV�RI�LQKLELWLRQ�ZKLFK�WKH�ODFWLF�DFLG�EDFWHULD�FRXOG�KDYH�RQ�WKH�JURZWK�RI�
6. aureus�LQ�WKH�HYHQW�RI�FRQWDPLQDWLRQ�PLON�ZKLFK�LV�XVHG�WR�SURGXFH�FKHHVH�RU�LWV�FRQWDPLQDWLRQ�DIWHU�LWV�SURGXFWLRQ���

�
Materials and Methods   

1. Material  
1.1.  Biological material  

� Milk  

0LON�ZKLFK�KDV�EHHQ�XVHG� LV�D�FRZ�PLON�RI� WKH�0RQWEHOLDUG�)UHQFK�UDFH�KDYLQJ���\HDUV�ROG�� ,W�ZDV�VHOHFWHG�

IROORZLQJ�WKH�VHOHFWLRQV�FDUULHG�RXW�RQ�VHYHUDO�VDPSOHV�LQWHQGHG�IRU�WKH�PDQXIDFWXUH�RI�FKHHVH����

�   Rennet  

&RPPHUFLDO�5HQQHW�SRZGHU�RI�IRUFHV�����������WR�����PJ�RI�&K\PRVLQH����J��7KH�SRZGHU�RI�UHQQHW�LV�VDIHO\�

SUHVHUYHG�IURP�WKH�OLJKW�DQG�PRLVWXUH���

� Lactic acid bacteria  

7KH� ODFWLF� DFLG�EDFWHULD� XVHG� DUH� LVRODWHG� VWDUWLQJ� IURP� IHUPHQWHG�SODQWV� �FDUURWV�� ROLYHV� DQG� FDEEDJHV�� � DQG�
LGHQWLILHG� DW� WKH� ORFDO� QDWXUDO� � ODERUDWRU\� RI� %LRUHVVRXUFHV� � RI� WKH� )DFXOW\� RI� 6FLHQFH� RI� WKH� XQLYHUVLW\�+DVVLED�%HQ�
%RXDOL� � ��&KOHI��$OJHULD� �� � WKH\� � � DUH�Lactococcus lactis subsp. cremoris� DQG�Lactococcus lactis subsp. lactis biovar 
diacetylactis.  
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-  Staphylococcus aureus  

7KH�VWUDLQ�RI��S.aureus��XVHG��ZDV�LVRODWHG�DQG�LGHQWLILHG�DW�WKH�ORFDO�QDWXUDO��ODERUDWRU\�RI�%LRUHVVRXUFHV��RI�WKH�
)DFXOW\�RI�6FLHQFH�RI�WKH�XQLYHUVLW\�+DVVLED�%HQ�%RXDOL���&KOHI��$OJHULD����VWDUWLQJ�IURP��UHG�0HDW�RI�FRZV���

�
 1.2.   Culture media�

���
0��� EURWK� DQG� JHORVH� �UHI��� )$%5,� PV�� )RU� WKH� SUHSDUDWLRQ� RI� WKH� LQRFXOXP� DQG� WKH� HQXPHUDWLRQ� RI� WKH�

ODFWRFRFFL��)RU�Staphylococcus aureus,�ZH�XVHG����WKH�QXWULWLYH�%URWK��UHI���3DVWHXU�LQVWLWXWH�RI�$OJLHUV��IRU�SUHSDUDWLRQ�
RI�SUH�FXOWXUH��*LROLWWL�&DQWRQL��UHI���3DVWHXU�LQVWLWXWH�RI�$OJLHUV��IRU�HQULFKLVVHPHQW�DQG�&KDSPDQ�PHGLXP��UHI���3DVWHXU�
LQVWLWXWH�RI�$OJLHUV��)RU�WKH�HQXPHUDWLRQ�RI��Staphylococcus aureus���
)RU�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�ODFWRFRFFL�DQG��S.aureus����0XHOOHU�+LQWRQ�PHGLD���UHI���)$%5,�PV���LV�XVHG���
2. Methods   

2.1. The examination of the purity of the bacteria  

7KH�H[DPLQDWLRQ�RI�WKH�ODFWLF�EDFWHULD�LV�GRQH�E\�PDFURVFRSLF�DQG�PLFURVFRSLF�REVHUYDWLRQV��WKH�FRORXULQJ�RI�
*UDP� DQG� VHDUFK� IRU� FDWDODVH� DUH� XVHG�� � 7KH� VFUXWLQ\� RI� � S.aureus� � LV� � PDGH� E\� PDFURVFRSLF� DQG� � PLFURVFRSLF�
REVHUYDWLRQV��VHDUFK�RI�FDWDODVH�DQG��WHVW�RI�PDQQLWRO�PRELOLW\��

)RU�WKH�WUDQVSODQWLQJ�RI�WKH�ODFWLF�EDFWHULD���P/�RI�LQRFXOXP�LV�HQVHPHQFHG�LQ����P/�RI�PLON���+RPRJHQL]H�
DQG�ZHOO�VHDOHG�WKH�WXEHV�WKHQ�LQFXEDWHG�DW�����&���GXULQJ����K��

)RU�Staphylococcus aureus�DGG����P/�RI�D�3RWDVVLXP�7HOOXULWH�VROXWLRQ�WR�WKH�PHGLXP�RI�*LROLWWL�&DQWRQL��DQG�
PL[�FDUHIXOO\���&DUU\�DVHSWLFDOO\���P/�E\�GLOXWLRQ�RI�6WDSK\ORFRFFXV aureus�LQ�D�VWHULOH�WXEH��0L[�WKH�PHGLXP�DQG�WKH�
LQRFXOXP��

7KH�LQFXEDWLRQ�LV�GRQH�ZLWK����&�GXULQJ����WR����KRXUV���%H�SUHVXPHG�SRVLWLYH�WKH�WXEHV�KDYLQJ�WUDQVIHUUHG�WR�
EODFN��7R�PDNH�VXUH� WKDW� LW� LV� UHTXLUHG�D�GHYHORSPHQW�RI�Staphylococcus aureus,� WKHVH� WXEHV�ZLOO�EH� WKH� VXEMHFW�RI�D�
FRQILUPDWLRQ� E\� LVRODWLRQ� RQ�$JDU�&KDSPDQ� SUHYLRXVO\�PHOWHG�� FDVWLQJ� SHWUL� GLVKHV� DQG� WKRURXJKO\� GULHG��&KDSPDQ�
ER[HV�WKXV�VHHGHG�ZLOO�EH�LQFXEDWHG�LQ�WKHLU�WXUQ�ZLWK����&�GXULQJ����WR����KRXUV��$IWHU�WKLV�WLPH�WR�ORFDWH�WKH�VXVSHFW�
FRORQLHV�ZLWK�NQRZLQJ�WKH�FRORQLHV�RI�DYHUDJH�VL]H��VPRRWK��EULOOLDQW��SLJPHQWHG�LQ�\HOORZ�DQG�HTXLSSHG�ZLWK�D�FDWDODVH�
DQG�D�FRDJXODVH���
2.2. Study of the antimicrobial effect of Lactococcus sp.  on Staphylococcus aureus   

2.2.1. In vitro  study  

- Preparation of the pre-cultures  

7KH�ODFWLF�DFLG�EDFWHULD�DUH�HQVHPHQFHG�LQ�WXEHV�ZKLFK�FRQWDLQ����P/�RI�0���EURWK��7KH�WXEHV�DUH�LQFXEDWHG�
GXULQJ� ��� K�ZLWK� ��� �&�� �S.aureus   LV� LQRFXODWHG� LQWR� D� WXEH� FRQWDLQLQJ� ���P/�RI� QXWULWLYH� EURWK�� WKLV� WXEH� LV� WKHQ�
LQFXEDWHG�ZLWK�����&�GXULQJ����K������K���

2.2.2. Methods of interaction of  the L actococcus sp. and  Staphylococcus aureus  

7KH�LQWHUDFWLRQ�LV�WHVWHG�DFFRUGLQJ�WR�WKH�PHWKRG�RI�7DGHVVH�et al����������NQRZQ�DV�D�GLVF�PHWKRG�RU�FDUULHV�
JHUP��DQG�WKDW�ZDV�PDGH�LQ�WZR�PDQQHUV���)LUVWO\��GLVFV�DUH�LPSUHJQDWHG�by  S.aureus��DQG�WKH�ODFWLF�DFLG�EDFWHULD�DUH�
FXOWXUHG�RQ�DJDU��DQG�VHFRQGO\��WKH�GLVFV�LPSUHJQDWHG�E\�WKH�ODFWLF�DFLG�EDFWHULD�DQG�S.aureus��HQVHPHQFHG�RQ�DJDU��

2.3. Manufacture of cheese contaminated by  Staphylococcus aureus  

         2.3.1. Raw materials  

x Preparation of milk   

���J�RI�GULHG�PLON� LV�GLVVROYHG� LQ�����P/�RI�GLVWLOOHG�ZDWHU��DQG� WKHQ�SDVWHXUL]HG� LQ�D�0DULH�EDWK�UHJXODWHG�
ZLWK����&�GXULQJ����WR����PLQXWHV��$IWHU�WKDW��PLON�LV�FRROHG�DW����&���
x Preparation of the inoculum  

�(QVHPHQFH�VRPH�FRORQLHV�RI�ODFWLF�DFLG�EDFWHULD��Lc. lactis subsp cremoris� �DQG��Lc. lactis subsp lactis biovar 

diacetylactis " LQ�SUHSDUHG�PLON��HDFK�VWUDLQ�LQ�D�ERWWOH���+RPRJHQL]H�DQG�ZHOO�VHDO�WKH�ERWWOHV�WKHQ�LQFXEDWH�ZLWK�

���&�GXULQJ����KRXUV�� 

x Preparation of lactic ferments. 

3UHSDUH�R�PLON��GULHG�PLON���J�LQ�����P/�RI�GLVWLOOHG�ZDWHU���7DNH���P/�RI�LQRFXOXP�SUHSDUHG�LQ�����P/�RI�SUHSDUHG�

PLON�WKHQ�LQFXEDWHV�DW����&�GXULQJ����WR����KRXUV��

x Preparation of the solution of rennet 

  'LVVROYH��J�RI�UHQQHW�SRZGHU�LQ�����P/�RI�GLVWLOOHG�ZDWHU�DQG�SUHVHUYH�DW���&�GXULQJ�RQH�ZHHN�LQ�PD[LPXP���

x Preparation of dilutions of the inoculum of  Staphylococcus aureus  

International Science and Technology Conference, Dubai, 13-15 December 2012

195



ISTEC 20
12

:H�DVHSWLFDOO\�WDNH�XVLQJ�D�JUDGXDWHG�SLSHWWH���P/�RI�LQRFXOXP�DQG�LQWURGXFH�LW�LQWR�D�VWHULOH�WXEH�FRQWDLQLQJ����P/�

RI�SK\VLRORJLFDO�ZDWHU��WKLV�VROXWLRQ�LV�UHJDUGHG�DV�GLOXWLRQ�������ZLWK�WKH�VDPH�PHWKRG��RQH�REWDLQV�GLOXWLRQV�������������

2.3.2. Stages of the manufacture of cheese  

����:H�FRQGXFWHG� WZR�ZD\V�� � �3UHSDUHG�&KHHVH�VWDUWLQJ�IURP�PLON�FRQWDPLQDWHG�E\� �S.aureus�DQG�&KHHVH�SUHSDUDWLRQ�

WKHQ�LWV�FRQWDPLQDWLRQ�E\��S.aureus���

a/  Preparing cheese starting from contaminated milk by S.aureus  

x Curdling   

� Cheese of the lactic type  

��3DVWHXUL]H���OLWHU�RI�FRZ
V�PLON�LQ�D�0DULH�EDWK�UHJXODWHG�LQ����&�GXULQJ����WR����PLQXWHV���

��&RRO�WKH�PLON�XQWLO�WKH���������&���

��$GG����P/�RI�ODFWLF�OHDYHQ�RI�W\SHV��Lc. lactis subsp cremoris��DQG����P/�RI�ODFWLF�OHDYHQ�RI�W\SH��Lc. lactis subsp 

lactis biovar diacetylactis;  

��(QVHPHQFH�PLON�E\���P/�RI�GLOXWLRQ��������RI�WKH�LQRFXOXP�RI��6WDSK\ORFRFFXV�DXUHXV���

��+RPRJHQL]H�DQG�ZHOO�VHDO�WKH�FRQWDLQHU���

���/HDYH�WKH�FXUGOHG�PLON�DW�D�WHPSHUDWXUH�RI����&�GXULQJ�DSSUR[LPDWHO\����WR����KRXUV�����

� - Cheese of the mixed type  

��&KHHVH�FXUGOLQJ�RI�WKH�PL[HG�W\SH�LV� LGHQWLFDO� WR�WKH�ILUVW� W\SH�RI�FKHHVH��E\�DGGLQJ�����P/���J�����P/��ZLWK�WKH�

VROXWLRQ�RI�UHQQHW�IRU���/�RI�PLON���

��(QVHPHQFH�PLON�E\���P/�RI�GLOXWLRQ�������RI�WKH�LQRFXOXP�RI��Staphylococcus aureus;��

��+RPRJHQL]H�DQG�ZHOO�VHDO�WKH�FRQWDLQHU���

��/HDYH�WKH�FXUGOLQJ�PLON�DW�D�WHPSHUDWXUH�RI����&�GXULQJ�DSSUR[LPDWHO\����WR����KRXUV�����

x Draining   

���$IWHU�WKH�FRDJXODWLRQ�RI�PLON��SXW�WKH�FXUG�RQ�D�ILOWHU���

���/HDYH�FXUG�GUDLQHG�VSRQWDQHRXVO\�GXULQJ����KRXUV���

���5HFRYHU�WKH�ODFWRVHUXP����

x moulding  

���7KH�FXUG�LV�SXW�RXW�RI�PRXOG�DIWHU����KRXUV�RI�GUDLQLQJ���

���0DNH�WKH���VW��UHYHUVDO�RI�WKH�FXUG���

��$IWHU����KRXUV��PDNH�WKH���QG��UHYHUVDO���

x Salting  

��7KH�FXUG�LV�SXW�LQ�EULQH��������RI�1D&O��GXULQJ����WR����PLQXWHV���

��)ROORZ�XS�RI�D�ILQDO�GUDLQLQJ�����KRXUV�DW����&���

x Refining  

-7KH�  UHILQLQJ�DQG�WKH�FRQVHUYDWLRQ�DUH����WR����GD\V�DW����&�

b/ Contaminated cheese by  S.aureus  after its manufacture  

&KHHVH�RI�D�ODFWLF�W\SH�DQG�FKHHVH�RI�D�PL[HG�W\SH�ZLWK�D�FRQFHQWUDWLRQ�RI��������RI�1D&O�DUH�SUHSDUHG�ZLWK�

WKH�VDPH�PDQQHU�DQG�WKH\�DUH�FRQWDPLQDWHG�DIWHU����GD\V�RI�FRQVHUYDWLRQ�E\��S.aureus.�

2.3.3. Enumeration of the lactic acid bacteria and  S.aureus  

7KH� HQXPHUDWLRQ� RI� WKH� ODFWLF� IORUD� DQG� �S.aureus LV� GRQH� DORQJ� � WKH� SULQFLSDO� VWDJHV� RI� WKH�PDQXIDFWRULQJ�
SURFHVV�RI�WKH�FKHHVH��LQLWLDO�/RDG�RI�WKH�LQRFXOXP��&XUGOLQJ��'UDLQLQJ��PRXOGLQJ��GUDLQLQJ��6DOWLQJ��5HILQLQJ��&KHHVH�
EHIRUH�FRQWDPLQDWLRQ���&KHHVH�DIWHU����K�RI�FRQWDPLQDWLRQ��DQG������K�RI�FRQWDPLQDWLRQ���7KH�HQXPHUDWLRQV�DUH�FDUULHG�
RXW�IRU�WKH�WZR�W\SHV�RI�FKHHVHV��ODFWLF�DQG�PL[HG����
3. Results and discussion  
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3.1.  Testing of the purity of the bacteria   
     a/ The lactococci   

$OO�WKH�WDNHQ�FRORQLHV�VWDUWLQJ�IURP�0���DUH�URXQG�RU� � OHQWLFXODU��ZLWK�UHJXODU�FRQWRXUV��ZKLWH�� �RSDTXH��DQG�
VPRRWK�� LQGLFDWLQJ�WKDW� WKHUH� �DUH� � WKH�ODFWRFRFFL�DV�ZDV�FRQILUPHG�E\��/HYHDX�DQG�%RXL[��������� � �*XLUDXG� � ����������
DQG���%DGLV�et al.�����������

$IWHU�*UDP�FRORXUDWLRQ� �� WKH�PLFURVFRSLF� H[DPLQDWLRQ� DOORZHG�XV� WR�QRWLFH� WKH� DVSHFW� RI� WKH� FHOOV� DQG� WKHLU�
PRGH� RI� UHJURXSLQJ��2QO\� WKH� SRVLWLYH�*UDP�EDFWHULD� DUH� UHWDLQHG��7KH�PLFURVFRSLF� DVSHFW� RI� DOO� WKH� VWUDLQV� XVHG� LV�
SUHVHQWHG� LQ� WKH� IRUP�RI� VKHOOV��DV�*XLUDXG�������� LQGLFDWHV� LW�� �7KH� ODFWRFRFFL�RQHV�GR�QRW�KDYH�D�FDWDODVH��ZKLFK� LV�
FRQILUPHG�E\�*XLUDXG���������
b/ Staphylococcus aureus  

'XULQJ�WKH�PDFURVFRSLF�LGHQWLILFDWLRQ�RI��S.aureus��RQ�&KDSPDQ�PHGLXP��WKH�LQVXODWHG�FRORQLHV�DSSHDU�LQ�WKH�
IRUP� VSKHULFDO� RI� JLOGHG� \HOORZ� FRORU��ZLWK� D� UHJXODU� FRQWRXU� �ZLWK� �&DWDODVH� �� DQG�0DQQLWRO�PRELOLW\� �� � DV� LW�ZDV�
LQGLFDWHG�E\�$YULO���������

7KH� IHUPHQWDWLRQ�RI� WKH�PDQQLWRO� UHVXOWV� LQ� WKH� DSSHDUDQFH�RI� D� \HOORZ�FRORU� GXH� WR� WKH� DFLGLILFDWLRQ�RI� WKH�
PHGLXP�� 7KH�PRELOH� EDFWHULD� SURGXFH� GLVRUGHUV� LQ� WKH�PHGLXP� DQG� WKH�PRWLRQOHVV� EDFWHULD� SHUVLVW� PHDGRZV� RI� WKH�
FHQWUDO�SXQFWXUH��*XLUDXG���������7KXV�S.aureus�IHUPHQWV�LQ�DQDHURELRVH�WKH�PDQQLWRO�DQG�LW�LV�PRWLRQOHVV���

$FFRUGLQJ�WR�WKH�UHVXOWV��ZH�FDQ�GHGXFH�WKDW�LW�LV�DERXW�WKH�S.aureus JHUP��7KHVH�UHVXOWV�DUH�VXVWDLQHG�E\�WKRVH�
RI�%DLUG�3DUNHU�WDNHQ�E\�*XLUDXG����������
3.2. Interaction of the lactococcus sp.  and  staphylococcus aureus (in vitro)   

3.2.1.  Inhibition of  S.aureus  by  lactococcus sp.  

$FFRUGLQJ�WR�WKH�UHVXOWV�REWDLQHG��QR�HIIHFW�ZDV�QRWHG��WKH�SXUH�FXOWXUHV�DQG�WKH�PL[HG�FXOWXUHV�RI�ODFWRFRFFL�
GR�QRW�KDYH�DQ�LQKLELWLQJ�DFWLYLW\�RQ�6�DXUHXV��ILJXUHV��DQG�����

7KLV� UHVXOW� LV� QRW� LQ� DJUHHPHQW� ZLWK� WKH� ZRUN� RI� 6FKLOOLQJHU� DQG� /XFNH� ������� ZKLFK� UHYHDOHG� WKDW� WKH�
ODFWRFRFFL�RQHV�KDYH�DQ�LQKLELWLQJ�DFWLYLW\� in vitro��RI�WKH�VWUDLQ�RI S.aureus��7KLV�GLIIHUHQFH�LV�SUREDEO\�UHODWHG�WR�WKH�
RULJLQ�RI� WKH� ORFDO� ODFWLF�DFLG�EDFWHULD�ZKLFK�DUH� LVRODWHG� VWDUWLQJ� IURP� WKH�SODQWV� �FDUURWV�� FDEEDJHV�DQG�ROLYH�EODFN��
ZKHUH�WKH�HFRORJLFDO�QLFKH�LV�QRW�WKH�VDPH�RQH���,Q�WKH�VDPH�FRQWH[W��WKH�ZRUN�RI�<XNVHNGDJ�et al.���������PDQLIHVW�WKH�
FDSDFLW\�RI�ODFWRFRFFL�WR�LQKLELW�S taphylococcus aureus in vitro���
����
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Figure 1: $QWLEDFWHULDO�DFWLYLW\�RI�WKH�SXUH�FXOWXUHV�RI��Lc. cremoris ��$��DQG��Lc. diacetylactis ��%��ZLWK�Staphylococcus aureus��

�

�

�

�

�

 
 
 

Figure 2: $QWLEDFWHULDO�DFWLYLW\�RI�WKH�PL[HG�FXOWXUHV�RI��Lc. cremoris ����Lc. diacetylactis ZLWK�Staphylococcus aureus. 
�

3.2.2. Inhibition of  the lactococcus sp. by  S.aureus  
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:KHQ� WKH�GLVFV�ZHUH� LPSUHJQDWHG�ZLWK�S.aureus� DQG� WKH� ODFWRFRFFL� RQHV�ZHUH� VSUHDG�RXW� RYHU� WKH� DJDU��ZH�
QRWHG�WKDW� WKHUH�LV�QR�LQKLELWLRQ�RI�ODFWRFRFFL�E\� �S.aureus �ILJXUHV���DQG�����ZKLFK�FRQILUPV�WKDW� WKH�ODFWRFRFFL�RQHV�
XVHG� LQ� WKH� PDMRULW\� RI� WKH� FDVHV� DV� SURELRWLF� DJDLQVW� WKH� SDWKRJHQLF� SHUVRQV� LQ� FKDUJH� IRU� JDVWURHQWHULWLV� DUH� QRW�
LQKLELWHG�E\� WKH� ODWWHU�ZKDW� LV�FRQILUPHG�E\� WKH� IRUPHU�ZRUN� �RI�/XTXHW�DQG�&RUULHX� ������� �ZKLFK�VKRZHG� WKDW� WKH�
LQWHVWLQDO��ODFWLF�IORUD�LV��D�ILUVW�OLQH�RI�GHIHQVH��ZKLFK��RSSRVH��WR�WKH�PLFUREHV�DQG�WKH�RWKHU�LQIHFWLRXV�DJHQWV����

�

�������������������� �����
�$� �������������������������������������������������������������%��

Figure 3:�DQWLEDFWHULDO�$FWLYLW\�RI��Staphylococcus aureus�vis-à-vis�RI�SXUH�FXOWXUHV�RI�Lc. cremoris��$��DQG��Lc. diacetylactis��%���
�

�

 
 
 
 
 
 
Figure 4: $QWLEDFWHULDO�DFWLYLW\�RI��Staphylococcus aureus RQ�WKH�PL[HG�FXOWXUHV�RI��Lc. cremoris ����Lc. Diacetylactis��
�
3.3.  Interaction of  the lactococcus sp.  and  staphylococcus aureus in cheese 

          3.3.1. Prepared cheese starting from a milk contaminated by   S.aureus  

           a/ The lactococci    

(QXPHUDWLRQV� RI� WKH� WRWDO� ODFWLF� IORUD�ZHUH� FDUULHG� RXW� DIWHU� HDFK� VWDJH� RI� GHYHORSPHQW� RI� WKH� WZR� W\SHV� RI�
FKHHVH��ODFWLF�DQG�PL[HG��FRQWDPLQDWHG�E\��S.aureus��$IWHU�WKH�FXUGOLQJ�RI�PLON��WKH�QXPEHU�RI�FHOOV�RI�WKH�OHDYHQV�LV�
UHODWLYHO\�KLJK�ZLWK��������[������FHOOV�P/�IRU�FKHHVH�RI�WKH�ODFWLF�W\SH�DQG������[�����FHOOV�P/�IRU�FKHHVH�RI�WKH�PL[HG�
W\SH��7KH�LQFUHDVH�LQ�WKH�OHDYHQV�LV�DOORWWHG�WR�WKH�VXEVWUDWHV�ZKLFK�DUH�ULFK�LQ�QXWULPHQWV�IRU�WKH�ODFWLF�DFLG�EDFWHULD��

�
6XEVHTXHQWO\�DQG�DIWHU�WKH�PRXOGLQJ�DQG�VDOWLQJ��WKH�FRQFHQWUDWLRQ�RI�WKH�OHDYHQV�GHFUHDVHV�UHODWLYHO\�WR�UHDFK�

UHVSHFWLYHO\�����[�����FHOOV�P/�DQG��������[�����FHOOV�P/�IRU�FKHHVH�RI�WKH�ODFWLF�W\SH�DQG������[�����FHOOV�P/�DQG�������
[� ���� FHOOV�P/� IRU� FKHHVH� RI� WKH� PL[HG� W\SH�� 7KHVH� UHVXOWV� DUH� LQ� DJUHHPHQW� ZLWK� WKDW� RI� .LP� HW al.� � ������� ZKR�
REVHUYHG� D� UHGXFWLRQ� LQ� WKH� SRSXODWLRQ� RI� ODFWRFRFFL� LQ� IUHVK� DQG� UHILQHG� FKHHVHV� DIWHU� VDOWLQJ�� 8QGRXEWHGO\�� WKLV� LV�
EHFDXVH�RI�WKHLU�VHQVLWLYLW\�WR�VDOW��DV�ZHOO�DV�WKH�ORVV�RI�D�FHUWDLQ�QXPEHU�RI�EDFWHULD�LQ�WKH�ZKH\�DIWHU�GUDLQLQJ��%\�WKLV�
WRNHQ���0DKDXW��et al.����������VKRZ�WKDW�WKH�FRQWHQW�VRGLXP�FKORULGH�RI�PLONV�RI�FKHHVH�GDLU\�FDQ�LQIOXHQFH�WKH�VXUYLYDO�
RI�WKH�ODFWRFRFFL�RQHV���

�
'XULQJ�UHILQLQJ��WKH�QXPEHU�RI�FHOOV�RI�WKH�OHDYHQV�LQFUHDVHV�DJDLQ�WR�UHDFK�������[�����FHOOV�P/�IRU�FKHHVH�RI�

WKH�ODFWLF�W\SH�DQG�������[�����FHOOV�P/�IRU�FKHHVH�RI�WKH�PL[HG�W\SH��DIWHU���GD\V��ILJXUH�����7KH�EDFWHULDO�FRQFHQWUDWLRQ�
UHPDLQV�KLJK�DIWHU���GD\V�RI� UHILQLQJ�IRU� WKH� WZR� W\SHV�RI�FKHHVH��7KHQ�� WKH�QXPEHU�IDOOV�DJDLQ�DQG� WKLV� LV�GXH� WR� WKH�
H[KDXVWLRQ�RI�WKH�PHGLXP�LQ�QXWULPHQWV�GXULQJ�WKH�ODVW�GD\V�RI�UHILQLQJ��7KLV�UHVXOW�LV�LQ�FRQIRUPLW\�ZLWK�WKH�RQH�WKDW�
KDV� EHHQ� IRXQG� E\� (FN� DQG� *LOOLV� ������� ZKLFK� GHPRQVWUDWH� WKDW� DQ� �� ZHHNV� UHILQLQJ� WR� ���&� UHGXFHG� OLWWOH� WKH�
SRSXODWLRQ�RI�ODFWLF�EDFWHULD��

�
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Figure 5:�(QXPHUDWLRQ�RI�WKH�FKHHVH�OHDYHQV�GXULQJ�WKH�VWDJHV�RI�PDQXIDFWXUH�RI�FKHHVH�FRQWDPLQDWHG�E\��S. aureus�

 

b/  Staphylococcus aureus   

7KH�HQXPHUDWLRQV�RI�WKH�FKHHVH�IHUPHQWV�ZHUH�FDUULHG�RXW�DIWHU�HDFK�VWDJH�RI�GHYHORSPHQW�RI�WKH�WZR�W\SHV�RI�
FKHHVH��ODFWLF�DQG�PL[HG���FRQWDPLQDWHG�E\��S.aureus. 7KH�LQLWLDO�ORDG�RI�S.aureus�LV�����[�����FHOOV����P/�LQ�WKH��WZR�
W\SHV�RI�FKHHVH�� �7KH�UHVXOWV� �REWDLQHG� � LQGLFDWH� WKDW� WKH�QXPEHU� �RI� �S.aureus� IDOOV�FRQVLGHUDEO\�GXULQJ� WKH�VWDJHV�RI�
FXUGOLQJ�DQG�WKH�PRXOGLQJ�IRU�WKH�WZR�W\SHV�RI�FKHHVH�PDQXIDFWXUHG��DQG�DUULYHV�UHVSHFWLYHO\�DW������[�������FHOOV�P/�
DQG������[������FHOOV�P/�IRU�FKHHVH�RI�WKH�ODFWLF�W\SH�DQG�����[������FHOOV�P/�DQG�����[������FHOOV�P/�IRU�FKHHVH�RI�WKH�
PL[HG� W\SH� � � �ILJXUH����� WKLV� UHGXFWLRQ� LV�DOORWWHG� WR� WKH�S+�RI�PLON��)RU� WKLV�YHU\�UHDVRQ��/H\UDO�DQG�9LHUOLQJ��������
VKRZHG�WKDW�WKH�ODFWLF�DFLG�EDFWHULD�IHUPHQW�ODFWRVH�DQG�DFLGLI\�PLON�EHFDXVH�RI�WKH�PDVVLYH�SURGXFWLRQ�RI�ODFWLF�DFLG��
0LON�FRDJXODWHV�ZKHQ�WKH�S+�UHDFKHG�RI�WKH�YDOXHV�OHVV�WKDQ�����ZKLFK�LV�WKH�LVRHOHFWULF�S+�RI�PLON�� 

�
6LPLODUO\��+DWUHGV�DQG�+HUPRQ��������FRQILUP�WKDW�WKH�LQKLELWLRQ�RI��S.aureus  E\�WKH�ODFWLF�SURGXFWLRQ�RI�DFLG�

PXVW� WDNH�SODFH�DIWHU�VHYHUDO�KRXUV� LQ�FKHHVH��$FFRUGLQJ� WR�*LOOLDQG�DQG�6SHHN���������DQWDJRQLVP�WRZDUGV�S.aureus���
UHPDLQV�REYLRXV�ZKHQ�PLON�LV�PDLQWDLQHG�ZLWK�D�S+�RI������,Q�WKH�VDPH�FRQWH[W�0H\UDQG�et al.  �������FRUURERUDWHV�WKDW�
WKH�LQKLELWLRQ�RI��S. aureus��E\�WKH�ODFWLF�DFLG�EDFWHULD�LV�LPSOHPHQWHG�DW�WKH�WLPH�RI�WKH�FRDJXODWLRQ�RI�PLON��

�
�7KH�QXPEHU�RI�S.aureus�LQFUHDVHV�DJDLQ���WR�UHDFK�D�YDOXH�RI������[�����FHOOV�P/�LQ�FKHHVH�RI�WKH�ODFWLF�W\SH�

DQG�������[���� �FHOOV�P/�LQ�FKHHVH�RI�WKH�PL[HG�W\SH�GXULQJ��VDOWLQJ��ILJXUH�����$FFRUGLQJ�WR�+DQ�et al.���������S.aureus��
LV�DQ�HXU\KDOLQH�EDFWHULXP�ZKLFK�LV��DEOH�WR�PXOWLSO\�LQ�PHGLXP�RI�ODERUDWRU\�XS�WR�����RI�1D&O���

��
7KURXJKRXW� UHILQLQJ��ZH� QRWHG� D� UHGXFWLRQ� LQ� WKH�QXPEHU� RI� FHOOV� RI� �S.aureus� � LQ� WKH� WZR� W\SHV�RI� FKHHVH��

ZKLFK�DUULYHV�DW������[�����FHOOV�P/�IRU�FKHHVH�RI�WKH�ODFWLF�W\SH�DQG������[������FHOOV�P/�IRU�FKHHVH�RI�WKH�PL[HG�W\SH��
WKDW�FDQ�EH�H[SODLQHG�E\�D�SURWHRO\WLF�DFWLYLW\��D�UHGXFWLRQ�LQ�WKH�DFWLYLW\�RI�ZDWHU��DZ���DQ�LQFUHDVH�LQ�WKH�HQYLURQPHQWDO�
WHPSHUDWXUH�RU�DQ�H[KDXVWLRQ�RI�PHGLXP�LQ�QXWULPHQWV�����

�
0D\UDQG�DQG�9HUQR]\�5R]DQG��������GLVSOD\HG�WKDW�WKH�SRSXODWLRQ�RI�Staphylococcus aureus�VWDELOL]HV�LWVHOI�

RU�WHQGV�WR�GHFUHDVH�LQ�SDUWLFXODU�GXULQJ�D�ORQJ�UHILQLQJ���%XW�HYHQ�DIWHU����GD\V�WKH�QXPEHU�UHPDLQV�VLJQLILFDQW�IRU�D�
SDWKRJHQLF�EDFWHULXP�VXFK�DV���S.aureus��ZKHUH�WKHLU�SDWKRJHQLF�FKDUDFWHU�LV�GLUHFWO\�UHODWHG�WR�WKH�SUHVHQFH�RI�WR[LQV�
DQG�LWV�LQFLGHQFH�RQ�KXPDQ�KHDOWK�LV�RQO\�SRVVLEOH�IURP�VWDUWLQJ�IURP�D�VWURQJ�FRQWDPLQDWLRQ�������6WDSK����J�RI�FKHHVH��
DQG�HYHQ��WKH�UHJXODWLRQ�FDQ�EH��UHJDUGHG�DV�QRW�VDWLVI\LQJ�D�WKUHVKROG�PRUH�WKDQ���4��6WDSK����J�RI�FKHHVH���
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Figure 6:�(QXPHUDWLRQ�RI�S. aureus GXULQJ�WKH�VWDJHV�RI�PDQXIDFWXUH�RI�FKHHVH�FRQWDPLQDWHG�E\�6. aureus. 

3.3.2. Cheese contaminated by  S.aureus  after its manufacture  

:H�FRQWDPLQDWHG�WKH�WZR�W\SHV�RI�FKHHVH�E\�WKH�S.aureus��VWRFN��DIWHU��WKHLU�PDQXIDFWXUH��WKHQ��ZH�FDUULHG�RXW�
HQXPHUDWLRQV��RI�WKH�ODFWLF�VWUDLQV�DQG���SDWKRJHQLF�VWUDLQ��DIWHU����DQG����KRXUV���

�
a/ The lactococci  

'XULQJ�WKH�VWRUDJH�RI�FKHHVH�ZLWK���&��D�UHGXFWLRQ�LQ�WKH�QXPEHU�RI�FHOOV�LV�UHFRUGHG�DFFRUGLQJ�WR�WLPH��ILJXUH�
�����7KH�FRQFHQWUDWLRQ�UHDFKHV������[�����FHOOV�P/�IRU�FKHHVH�RI�WKH�ODFWLF�W\SH�DQG�������[������FHOOV�P/�IRU�FKHHVH�RI�
WKH�PL[HG�W\SH�DIWHU����GD\V�RI�VWRUDJH��:H�QRWHG�WKDW�WKH�ORDG�RI�WKH�ODFWLF�IORUD�GHFUHDVHV�LQ�WKH�WZR�W\SHV�RI�FKHHVH�
FRQWDPLQDWHG�E\�WKH�S.aureus�VWUDLQ���$FFRUGLQJ�WR�%RUQDUHO�et al.��������GXULQJ�PDUNHWLQJ��WKH�FKHHVH�LV�SUHVHUYHG�DW�
WKH�FROG��D�WHPSHUDWXUH�ZKLFK�KDV�QRW�WR�H[FHHG���&��GXULQJ���PRQWK�RU�PRUH��8QGHU�WKHVH�FRQGLWLRQV��WKH�OHDYHQV�RI�
FKHHVH� GR� QRW� PXOWLSO\�� EXW� WKH\�� QHYHUWKHOHVV�� SUHVHUYH� D� PHWDEROLF� DFWLYLW\�� WKH� UHGXFWLRQ� LV� DOVR� DOORWWHG� WR� WKH�
H[KDXVWLRQ�RI�WKH�PHGLXP�LQ�QXWULPHQWV�DV�WKH�FRPSHWLWLYH�HIIHFW�EHWZHHQ�WKH�VWUDLQV����

 

Figure 7:�(QXPHUDWLRQ�RI�WKH�ODFWLF�DFLG�EDFWHULD�DIWHU��WKH�PDQXIDFWXUH�RI��FRQWDPLQDWHG�FKHHVH��E\��S. aureus��

b/ Staphylococcus aureus     

)ROORZLQJ� WKH� UHVXOWV� PHQWLRQHG� LQ� ILJXUH� ��� ZH� REVHUYHG� D� FRQWLQXRXV� UHGXFWLRQ� LQ� D� QXPEHU� RI� FHOOV� RI��
S.aureus�WR�DUULYH�DW�D�YDOXH�RI�������[�����FHOOV��P/�LQ�FKHHVH�RI�WKH�ODFWLF�W\SH�DQG��������[�����FHOOV���P/�LQ�FKHHVH�RI�
WKH�PL[HG�W\SH�DIWHU���K�RI�WKHLU�FRQWDPLQDWLRQV��$FFRUGLQJ�WR�&DWK\���������WKH�SUHVHQFH�RI�WKH�ODFWLF�DFLG�EDFWHULD�LQ�
WKH� FKHHVH� HFRV\VWHPV� JHQHUDOO\� RSHUDWHV� D� EDUULHU� HIIHFW� RQ� WKH� HVWDEOLVKPHQW� DQG� WKH� JURZWK� RI� � Staphylococcus 
aureus.�$ORQJ�WKH�VDPH�OLQH�RI�WKRXJKW��'XTXHQQH��������UHSRUWV�WKRVH�WHFKQRORJLFDO�DJHQWV�DQG�IDFWRUV�VXFK�DV�UHQQHW��
WKH�OHDYHQV�RI�DFLGLILFDWLRQ�RU�UHILQLQJ��WKH�PHFKDQLFDO�DQG�SK\VLFDO�RSHUDWLRQV��WKH�WHPSHUDWXUHV�RI�PDQXIDFWXUH�DQG�WKH�
FRQGLWLRQV�RI�UHILQLQJ�FDQ�DOVR�LQIOXHQFH�WKH�JURZWK�RI�S. aureus���

�
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Figure 8:�(QXPHUDWLRQ�RI�S. aureus LQ�FKHHVH�FRQWDPLQDWHG�DIWHU�LWV�PDQXIDFWXUH��

 
Conclusions ��

7KH�SXUH�DQG�WKH�PL[HG�FXOWXUHV��RI��Lc. lactis subsp cremoris��DQG��Lc. lactis subsp lactis biovar diacetylactis  
GR�QRW�KDYH�DQ�LQKLELWLQJ�DFWLYLW\��ZLWK�UHVSHFW�WR S.aureus���RI�WKH�VDPH��S.aureus��GLG�QRW�LQKLELW�ODFWLF�DFLG�EDFWHULD�
XVHG�in vitro���

7KH�HQXPHUDWLRQ�RI�ODFWRFRFFL�DQG��S.aureus��GXULQJ�YDULRXV�VWDJHV�RI�FKHHVH�PDNLQJ�PDQXIDFWXUH���ODFWLF�DQG�
PL[HG��VWDUWLQJ�IURP�FRQWDPLQDWHG�PLON�EHLQJ�XVHG�WR�PDQXIDFWXUH�FKHHVH�VKRZHG�D�FRQWLQXRXV�UHGXFWLRQ�LQ�WKH�ODFWLF�
OHDYHQV�DIWHU�FXUGOLQJ�DQG� LQ�SDUDOOHO� WKH�QXPEHU�RI� �S.aureus� � IHOO�GXULQJ� WKH� ILUVW� VWDJHV�RI�PDQXIDFWXUH� WR� LQFUHDVH�
DJDLQ�GXULQJ�VDOWLQJ�DQG�WKDW�IRU�ERWK�W\SHV�RI�FKHHVH��������

7KH�VWXG\�RI� WKH�HYROXWLRQ�RI� WKH� ODFWLF� VWUDLQV�DQG� �S.aureus� LQ� WKH� WZR� W\SHV�RI�FKHHVHV�FRQWDPLQDWHG�DIWHU�
WKHLU�PDQXIDFWXUH�LV�FKDUDFWHUL]HG�E\�D�VLJQLILFDQW�UHGXFWLRQ�LQ�WKH�ODFWLF�VWUDLQV�DQG�SDWKRJHQLF�VWUDLQ�LQ�WKH�WZR�W\SHV�
RI�FKHHVH�DIWHU����K�DQG����K�RI�WKHLU�FRQWDPLQDWLRQV��'HVSLWH�WKLV��WKH�FKHHVH�SUHVHUYHV�LWV�FRQWDPLQDWLRQ�with S.aureus�
LQ�WKH�FRXUVH�RI�WLPH�DQG�UHPDLQV�D�GDQJHU�WR�KXPDQ�KHDOWK��

�
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�

��.LP��-�.����6WDU]DN��0���3UHFNVKRW��*�:���0DUVKDOO��5��HW�%DMSDL��5�.����������&ULWLFDO�UHDFWLRQV�LQ�ULSHQLQJ�RI�FKHHVHV�
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BEHAVIOUR STUDY OF INDUCTION MACHINE WITH 
PRESENCE OF SEVERAL DEFECTS 
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Abstract: 7KH�RQOLQH�GLDJQRVLV�URWRU�DQG�VWDWRU�IDXOWV�LQ�WKH�LQGXFWLRQ�PDFKLQHV�
LQ� RUGHU� WR� UHDFK� D� SUHGLFWLYH� PDLQWHQDQFH� KDYH� SURPSWHG� WKH� UHVHDUFKHUV� WR�
GHYHORS�YDULRXV�WHFKQLTXHV��7KH�ZRUN�LQ�WKHLU�PDMRULW\�LV�EDVHG�RQ�WKH�VLJQDWXUH�
�KDUPRQLF�DQDO\VLV��LQGLFDWRU\�YDOXHV�VXFK�DV�FXUUHQW��WRUTXH�XVLQJ�WKH�WKHRU\�RI�
URWDWLQJ�ILHOGV�DQG�HOHFWULFDO�FLUFXLWV��0RUHRYHU�� WKH�DQDO\VLV�PHWKRGV�RI�VWDWRU�
GHIHFWV�XVLQJ�WKH�VWUXFWXUDO�SDUDPHWHUV�RI�NQRZOHGJH�PRGHO�WR�GHWHFW�DQG�ORFDWH�
GHIHFWV��7KH�NH\�SRLQW�WR�HQVXUH�WKH�HIIHFWLYHQHVV�RI�WKHVH�PHWKRGV�LV�WR�FKRRVH�
D�PRGHO�RI�NQRZOHGJH��,QGHHG��WKH�W\SH�RI�GHIHFW�WKDW�KDV�WR�EH�GHWHFWHG�ZLOO�EH�
EDVHG�RQ�WKH�PRGHO�XVHG��,QLWLDO�ZRUN�UHODWLQJ�SDUDPHWHU�HVWLPDWLRQ�EHJDQ�ZLWK�
UHODWLYHO\� VLPSOH�PHWKRGV�� 7KH� QH[W� VWHS� LV� WKHUHIRUH� QHFHVVDULO\� WR� SDVV� WR� D�
PRUH� NQRZOHGJH�PRGHO�RI�PDFKLQH��ZKLOH� UHWDLQLQJ� WKH� DELOLW\� WR� LGHQWLI\� WKH�
GHVLUHG� SDUDPHWHU�� ,Q� IDFW�� WKH� GLYHUVLW\� RI� GHIHFWV� �VWDWRU�� URWRU� DQG� VXSSO\�
GHIHFWV�� RI� WKH� LQGXFWLRQ� PDFKLQH�� WKH\� FDQQRW� EH� REWDLQHG� E\� WKH� VDPH�
PDWKHPDWLFDO�PRGHO��,QGHHG��HYHU\�IDLOXUH�VKRXOG�EH�PRGHOOHG�VHSDUDWHO\�E\�LWV�
RZQ�PRGHO��
Key words�� � Induction machine, Stator faults, Multi-turns Model, 
Diagnosis.  

�
�
1. Introduction 

,Q�JHQHUDO��WKH�DFWXDO�PDFKLQHV�DUH�NQRZQ�IRU�WKHLU�ZLQGLQJV�DQG�WKHLU�JHRPHWULHV�DUH�WRR�FRPSOH[��7R�OHQG�WKHP�WR�
DQ�DQDO\VLV�WDNLQJ�LQWR�DFFRXQW�WKHLU�H[DFW�FRQILJXUDWLRQV��ZH�PXVW�GHYHORS�D�PRGHO�IRU�HDFK�W\SH�ZKRVH�EHKDYLRU�LV�DV�
FORVH�DV�SRVVLEOH� WR� WKH�DFWXDO�PRGHO� >�@�� �0RGHOLQJ�RI�HOHFWULFDO�PDFKLQHV� LV�D�FULWLFDO�SKDVH�IRU� WKH�REVHUYDWLRQ�DQG�
DQDO\VLV�RI�WKH�YDULRXV�FKDQJHV�LQ�LWV�HOHFWURPHFKDQLFDO�YDULDEOHV�RQ�WKH�RQH�KDQG�DQG�WKH�RWKHU�KDQG�WR�GHYHORS�FRQWURO�
V\VWHPV�DQG�GLDJQRVWLFV��>�@��)RU�WKH�PRGHO�V\VWHP��WKUHH�WDVNV�PXVW�EH�DFFRPSOLVKHG�>���@���
��&KRRVH�WKH�PRGHO���
��'HWHUPLQH�SDUDPHWHUV���
��$QG�LQ�WKH�HQG�YHULI\�LWV�YDOLGLW\��
�
2.  Induction machine modeling in presence of faults 
�

7R�PRGHO�WKH�EHKDYLRU�RI�WKH�VKRUW�FLUFXLWV�EHWZHHQ�FRLOV��ZH�ZLOO�SUHVHQW�DQRWKHU�PHWKRG�IRU�PRGHOOLQJ�RI�WKH�
LQGXFWLRQ�PDFKLQH��WDNLQJ�LQWR�DFFRXQW�WKH�FKDQJLQJ�SDUDPHWHUV�VXFK�DV�UHVLVWRUV�DQG�LQGXFWRUV��L�H��WKH�PDWUL[�LV�VWDWRU�
UHVLVWDQFH�DQG�WKH�RQH�RI�VWDWRU�LQGXFWRUV�DUH�WLPH�YDU\LQJ�>�����������@��7KLV�PRGHO�UHTXLUHV�D�SUHFLVH�DQG�ULJRURXV�VWXG\�
RI�IDXOW�VLJQDWXUHV�RI�WKH�LQGXFWLRQ�PDFKLQH���
,Q� DGGLWLRQ�� WKH� FRQYHQWLRQDO�PRGHOOLQJ�RI� D� WKUHH�SKDVH� LQGXFWLRQ�PDFKLQH� WR� WKH� VWDWRU� DQG� WKH� URWRU�ZRXQG� �LI� WKH�
PDFKLQH� LV� FDJH� PDGH�� ZH� FDQ� FRQVLGHU� WKH� ZLQGLQJ�SKDVH� HTXLYDOHQW��� EDVHG� RQ� WKH� FODVVLFDO� DVVXPSWLRQV���
8QGHU�WKHVH�DVVXPSWLRQV��WKH�PDFKLQH�FDQ�EH�PRGHOOHG�E\�WKH�IROORZLQJ�HTXDWLRQV��
�
��� ����������������������������������������������������
��� ���������������������������������������������������
��� ���������������������������������
��� ������������������������������������
�

�����WKH�YDULDEOHV�� ��� ����� �SUHVHQW�WKH�YROWDJHV��WKH�FXUUHQWV��DQG�WKH�VWDWRU�IOX[��
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7KH�YDULDEOHV� �� �SUHVHQW�WKH�FXUUHQWV�DQG�WKH�URWRU�IOX[��1V�LV�WKH�QXPEHU�RI�WXUQV�LQ�KHDOWK\�

UHJLPH�RI�WKH�LQGXFWLRQ�PDFKLQH��$�VKRUW�FLUFXLW�VWDWRU�OHDGV�WR�D�GHFUHDVH�LQ�WKH�QXPEHU�RI�WXUQV�RI�HDFK�VWDWRU�SKDVH��
8VLQJ�WKH�VDPH�VWHSV�DV�WKRVH�RI�3DUN�WUDQVIRUPDWLRQ�ZH�JHW�WKH�QHZ�WKUHH�SKDVH�PRGHO�ZKLFK�UHSUHVHQWV�WKH�PRGHO�RI�
WKH�LQGXFWLRQ�PDFKLQH�LQ�WKH�SUHVHQFH�RI�IDXOWV�LQ�WKH�VWDWRU��
7KH�JOREDO�PRGHO�E\�FRQVLGHULQJ�DOO�IDFWRUV�RI�GHIHFWV�EHWZHHQ�FRLOV�EHFRPHV��
 
 

� � � � � � � � �

� � � � � � � � �

� � � � � � � �

sa
A sa A sb A sc A ra A rb A rc A sa A sb A sc

sb
B sa B sb B sc B ra B rb B rc B sa B sb B sc

sc
C sa C sb C sc C ra C rb C rb C sa C sb

di K i K i K i G G G V U V U V U
dt

di K i K i K i G G G V U V U V U
dt

di K i K i K i G G G V U V U
dt

 � � � ) � ) � ) � � �

 � � � ) � ) � ) � � �

 � � � ) � ) � ) � � �

� � � � � �

� � � � � �

� � � � � ��

C sc

ra
A sa A sb A sc A ra A rb A rc

rb
B sa B sb B sc B ra B rb B rc

rc
C sa C sb c sc C ra C rb C rc

V U

d f i f i f i H H H
dt

d f i f i f i H H H
dt

d f i f i f i H H H
dt

­
°
°
°
°
°
° �
°
® )°  � � � ) � ) � )
°
° )°  � � � ) � ) � )
°
° )

 � � � ) � ) � )°
¯

�

�
7KH�HTXDWLRQ�RI�PRWLRQ�LV�JLYHQ�E\��

re CCf
dt
dJ � :�: �

 
�
7KH�WRUTXH�LV�JLYHQ�E\�WKH�IROORZLQJ�H[SUHVVLRQ���
�

� � � � � �sr
e sb rc sc rb sa rc sc ra sa rb sb rb

r

MC P i i i i i i
L

ª º ) � ) � ) � ) � ) � )¬ ¼  

 
3 Simulation of the asynchronous machine in normal operation 
�
7KH�DV\QFKURQRXV�PDFKLQH�LV�FRQQHFWHG�WR�WKH�PDLQV�SKDVH��������9��IUHTXHQF\����+]��WKLV�PDFKLQH�VWDUWV�WR�HPSW\��
IRU� DSSO\LQJ� D� UHVLVWLQJ� WRUTXH� �&U�  � ���� 1P�� �W�  � �� VHF���
$W�WLPH�W� ���V�ZH�DSSOLHG�D�WRUTXH�&U� �����1P�
�
�
�
�
�
�
�
���������������������������
�
�
�
    
 
                EOHFWURPDJQHWLF�7RUTXHCem�1�P��������������������������������������   Speed w�UDG�VHF�� 
�
�
�
�
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                      �VWDWRU�FXUUHQW� sai �$�������������������������������������������������VWDWRU�FXUUHQW� sci �$�� 

 
 
 
 
 
 
 
 
 
 
 
 
 

                               rotor�IOX[� ra) �:E��������������������������������������     rotor IOX[� rc) �:E� 
 

)LJXUH���6LPXODWLRQ�UHVXOWV�RI�D�GLUHFW�VWDUW�RI�WKH�PDFKLQH�VXSSOLHG�ZLWK�YROWDJH��IROORZHG�E\�DSSO\LQJ�D�SHUWXUEDWLRQ�RI�
�&U� �����1P���W� ���VHF���

 
'XULQJ�VWDUWXS��D�KLJK�LQUXVK�FXUUHQW�ZKHQ�LW�KDV�H[FHHGHG�H[FHVVLYH�EXW�LW�GLVDSSHDUV�TXLFNO\�DIWHU�D�IHZ�DOWHUQDWLRQV�WR�
JLYH� ULVH� WR� VLQXVRLGDO� FRQVWDQW� DPSOLWXGH� DIWHU� DSSOLFDWLRQ� RI� WKH� ORDG� WKHUH� LV� D� VOLJKW� LQFUHDVH� LQ� WKH� FXUUHQW�� ,W� LV�
QHFHVVDU\� WR�GHYHORS�D�KLJK� WRUTXH� LQ� WKH�ILUVW�PRPHQWV�RI�VWDUWXS��7KLV� WRUTXH� WHQGV� WR�]HUR��DIWHU�DSSOLFDWLRQ�RI� WKH�
ORDG��LW�UHDFKHV�WKH�YDOXH�RI�WRUTXH��:H�VHH�WKDW�VWDUW��WKHUH�LV�D�QHDUO\�OLQHDU�LQFUHDVH�RI�WKH�VSHHG���LW�WHQGV�WRZDUGV�D�
VWHDG\�VWDWH��7KH�DSSOLFDWLRQ�RI�WKH� ORDG��&�U� ����1P��FDXVHV�D�GHFUHDVH�LQ�WKH�URWDWLRQDO�VSHHG�RI�WKH�URWRU�IOX[�IRU�
VDPH��
 
4 Modeling of machine in the abnormal working

 
�
�LQWURGXFHG� LQ�SUHYLRXV�ZRUN��RQH�RI� WKH�PRVW�FRPPRQ�IDXOWV� LQ�HOHFWULFDO�PDFKLQHV� LV� WKH� IDXOW�EHWZHHQ� WXUQV� LQ� WKH�
VWDWRU�ZLQGLQJ��,Q�WKLV�VHFWLRQ��ZH�IRFXV�RQ�WKH�PRGHOLQJ�DQG�VWXG\�RI�IDXOWV�EHWZHHQ�WXUQV�RI�WKH�VWDWRU�ZLQGLQJ��$�IDXOW�
EHWZHHQ�WXUQV�,QGLFDWHV�GHJUDGDWLRQ�RI�WKH�LQVXODWLRQ�EHWZHHQ�WXUQV�RI�D�ZLQGLQJ�RI�WKH�VDPH�SKDVH�RI�WKH�VWDWRU��7KH�
LQVXODWLRQ� IDXOW� LV�PRGHOHG�E\� D� UHVLVWRU� FRQQHFWLQJ� WZR�SRLQWV� RI� WKH� WXUQV�� LWV� YDOXH�GHSHQGV�RQ� WKH� VHYHULW\� RI� WKH�
GHIHFW��
1V� LV� WKH� QXPEHU� RI� WXUQV� LQ� WKH� GLHW� RI� WKH� DV\QFKURQRXV� PDFKLQH�� $� VKRUW�FLUFXLW� VWDWRU� OHDG� WR� D� GHFUHDVH� LQ� WKH�
QXPEHU� RI� WXUQV� RI� HDFK� SKDVH� VWDWRU��
:H�GHILQH�WKH�FRHIILFLHQWV�RI�D�VKRUW�FLUFXLW�WKH�IROORZLQJ��

&RHIILFLHQW�RI�VKRUW�FLUFXLW�RQ�WKH�VWDWRU�SDKVH�� �cc
sa

s

Nk
N

 
  

&RHIILFLHQW�RI�VKRUW�FLUFXLW�RQ�WKH�VWDWRU�SDKVH�� �cc
sb

s

Nk
N

 
  

&RHIILFLHQW�RI�VKRUW�FLUFXLW�RQ�WKH�VWDWRU�SDKVH�� �cc
sc

s

Nk
N

 
  

International Science and Technology Conference, Dubai, 13-15 December 2012

206



ISTEC 20
12

0 0.5 1 1.5 2 2.5 3
0

50

100

150

200

250

300

350

t(s)

vi
te

ss
e 

w(
rd

/s
)

2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3

288

289

290

291

292

293

294

295

296

297

t(s)

vi
te

ss
e 

w(
rd

/s
)

0 0.5 1 1.5 2 2.5 3
-8

-6

-4

-2

0

2

4

6

8

t(s)

co
ur

an
t i

sa
(A

)

0 0.5 1 1.5 2 2.5 3
0

2

4

6

8

10

12

14

16

t(s)

co
up

le
 C

e(
N.

m
)

/H�QXPEHU�RI�WXUQV�RQ�VKRUW�FLUFXLW�� ccN �
7KH�QXPEHU�RI�DFWLYH�WXUQV�IRU�WKH�WKUHH�VWDWRU�SKDVHV�LV�JLYHQ�E\��
 

� � �� �s cc sa s sa sN N N k N f N �  �   
� � �� �s cc sb s sb sN N N k N f N �  �   
� � �� �s cc sc s sc sN N N k N f N �  �   

7KH�PDWUL[>Rs@�>Msr@�>Mrs@�>Mss@HW>Lsf@�GHSHQG�WR�WKUHH�FRHIILFLHQWV � �sa sb scf f f �
 
5. Simulation of machine in the abnormal working: 
 
:H�VLPXODWH�RSHQ�ORRS�DOO�PRGHOV��KHDOWK\��ZLWK�GHIHFWV��WKDW�ZH�KDYH�GHYHORSHG�IRU�WKH�DV\QFKURQRXV�PDFKLQH��
)LJXUHV���DQG���DUH�WKH�VLPXODWLRQ�UHVXOWV�LQ�WKH�SUHVHQFH�RI�IDXOWV��
:H�VWXGLHG�WZR�FDVHV�RI�VKRUW�FLUFXLW�EHWZHHQ�WXUQV�LQ�WKH�VDPH�SKDVH��
��VKRUW�FLUFXLW�EHWZHHQ�WXUQV�������������
��VKRUW�FLUFXLW�EHWZHHQ�WXUQV�����������
$W�WLPH�W� ��V�ZDV�DSSOLHG�WRUTXH�����1P���IROORZHG�E\�D�VKRUW�FLUFXLW�IDXOW�DW�W� ��V��
�
D��6KRUW�FLUFXLW�EHWZHHQ�WXUQV���������RI�WKH�ILUVW�SKDVH��$���
�
 
 
 

 
 
 
 
 
 
 
 
 
 

�������������������������������������������������������������������������6SHHG�w(rad/sec) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

��������������������������stator current sai (A)                                              ��������(lectromagnetic TorqueCem(N.m)                                   
 
 

�
�
�
�
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                         stator current sci (A)�������������������������������������������������������������URWRU flux ra) (Wb) 

Figure.2  results of  12.5 % turns  on short circuit of the phase (A).��

%� 6KRUW�FLUFXLW�RI�����WXUQV�RI�WKH�ILUVW��SKDVH�� 
 

 
 
 
 
 
 
 
 
 
 
 
 

�������������������������������6SHHG�w(rad/sec)                                         �(lectromagnetic TorqueCem(N.m) 
 
 
 
 

�
�
�
�
�
�
�
�
�
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)LJXUH����UHVXOWV�RI������VKRUW�FLUFXLW�RI�WXUQV�RI�SKDVH��$��� 

6.Results Interprtations:  
�
�'XULQJ�DEQRUPDO�RSHUDWLRQ��HOHFWULFDO�YDOXHV�DUH�FKDUDFWHUL]HG�ZLWK�UHVSHFW�WR�WKH�QRUPDO�E\�D�VXGGHQ�FKDQJH�ZKHQ�WKH�
IDXOW�RFFXUV��LQ�RXU�FDVH�WKH�IDXOW�LV�FUHDWHG�DW�WLPH���V��:H�DOVR�QRWH�WKDW�WKH�DPSOLWXGH�RI�WKH�FXUUHQW�LQ�SKDVH�LQIHFWHG�
LV� JUHDWHU� WKDQ� WKH� RWKHU� SKDVHV��
���� 7KH� HOHFWURPDJQHWLF� WRUTXH� RI� WKH� DV\QFKURQRXV� PDFKLQH� LQ� D� VLWXDWLRQ� RI� VKRUW�FLUFXLW� IDXOWV� VWDWRU� KDV� D� YDOXH�
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VXEVWDQWLDOO\�HTXDO�WR�WKDW�LQ�QRUPDO��+RZHYHU��ZH�QRWH�WKDW�WKH�VLJQDO�LV�QRLV\�IURP�WKH�IDXOW��7KHUH�LV�DOVR�D�GHFUHDVH�LQ�
WKH� UDWH� DW� ZKLFK� DSSOLHV� D� GHIDXOW��
����:KHQ�WKHUH�DUH�VKRUW�FLUFXLWHG�ZLQGLQJV��WKH�LQGXFWDQFH�RI�D�VWDWRU�SKDVH�LQIHFWHG�H[FKDQJH��DQG�WKHUHIRUH�WKH�RWKHU�
SKDVH�FXUUHQWV�FKDQJH�EHFDXVH�RI� WKH�PDJQHWLF�FRXSOLQJ��0RUH� WKH�QXPEHU�RI� WXUQV� LQ� VKRUW� �� FLUFXLW�� WKH�JUHDWHU� WKH�
LQFUHDVH� LQ� FXUUHQW� LV� PRUH� VLJQLILFDQW�� $QG� WKH� VSHHG� LQFUHDVH��
ILJXUH���WKLV�UHVXOWV�LQ�WKH�YDULDWLRQ�RI�WKH�URWRU�DQG�VWDWRU�UHVLVWDQFH�����GXH�WR�WKH�KHDWLQJ�RI�WKH�PDFKLQH��$W�WLPH�W� �
�V��%XW�WKHUH�ZLOO�EH�D�����LQFUHDVH�RI�WKHVH�SDUDPHWHUV�WR�WKH�UHVLVWLYH�WLPH�W� ��V��$W�WKDW�WLPH�WDNHV�LWV�QRPLQDO�YDOXH��
7KH�UHVXOWV�VKRZ�WKDW�SULRU�WR�WKH�WLPH��W� ��V���WKDW�LV�WR�VD\�DW�WKH�PRPHQW�RI�UHVLVWLYH�SDUDPHWHU�YDULDWLRQ��QR�YDULDWLRQ�
LQ�WKH�FXUYHV�RI�VSHHG��WRUTXH��FXUUHQW�DQG�IOX[��$W�W� ��V��WKH�SDUDPHWHU�EHFRPHV�UHVLVWLYH�����WR�WKH�QRPLQDO�VHWWLQJ��
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)LJXUH���(IIHFW�RI�YDULDWLRQ�RI�����GH�5V�HW�5U�
 
 
7. Conclusion  
�
,Q� WKLV�ZRUN�� WKH� WKUHH�SKDVHV�PRGHO� LQ� LWV� FODVVLFDO� IRUP�RI� WKH�DV\QFKURQRXV�PDFKLQH�ZDV�REWDLQHG��7KLV�DOORZV� WR�
UHSUHVHQW�WKH�EHKDYLRU�RI�WKH�DV\QFKURQRXV�PDFKLQH�ZLWK�WKH�VWDWRU�LV�EDODQFHG�RU�QRW�DQG�VLPXODWH�IDXOWV�VXFK�DV�VWDWRU�
SKDVH�DQG�FXW�RU�VKRUW�FLUFXLWV�EHWZHHQ�WXUQV�RI�WKH�VDPH�SKDVH��+RZHYHU��HYHQ�LI�WKH�WZR�SKDVH�PRGHO�LV�IDVWHU�EHFDXVH�
RI�WKH�VLPSOLFLW\�RI�WKH�HTXDWLRQV�FDQ�QRW�VLPXODWH�IDXOWV�WKDW�RFFXU�LQ�WKH�VWDWRU��
�
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1DFL�&$*/$5���$\GLQ�'(0,5���0X]DIIHU�(/0$6���+DNDQ�2=785.��YH�$EGXOKDOLP�$..$<$��

�
��6DNDU\D�hQLYHUVLWHVL��0�KHQGLVOLN�)DN�OWHVL��øQúDDW�0�KHQGLVOL÷L�%|O�P���6DNDU\D��7�UNL\H�
��.LOLV���$UDOÕN�hQLYHUVLWHVL��0�KHQGLVOLN�)DN�OWHVL��øQúDDW�0�KHQGLVOL÷L�%|O�P��.LOLV��7�UNL\H�
��6DNDU\D�hQLYHUVLWHVL��7HNQRORML�)DN�OWHVL��øQúDDW�0�KHQGLVOL÷L�%|O�P���6DNDU\D��7�UNL\H�

�

g]HW�� %HWRQDUPH� HOHPDQODUÕQ� GDYUDQÕúÕQÕQ� DQODúÕODELOPHVL� LoLQ� NHVLW� GDYUDQÕúÕQÕQ� ELOLQPHVL�
JHUHNOLGLU��.HVLW�GDYUDQÕúÕ� HQ�JHUoHNoL�RODUDN�PRPHQW�H÷ULOLN� LOLúNLVLQGHQ� L]OHQHELOLU��%HWRQDUPH�
NHVLWLQ�V�QHNOL÷L��GD\DQÕPÕQÕQ�YH�ULMLWOL÷LQLQ�oHúLWOL�HYUHOHUGH�QDVÕO�GH÷LúWL÷L��VDUJÕ�HWNLVL��NDEXN�YH�
oHNLUGHN�EHWRQODUÕQGD�H]LOPHQLQ�EDúOD\ÕS�EDúODPDGÕ÷Õ�YH�ER\XQD�GRQDWÕQÕQ�SHNOHúPHVLQLQ�HOHPDQ�
GDYUDQÕúÕ��]HULQGHNL�HWNLVL�JLEL�ROD\ODU�DQFDN�PRPHQW�H÷ULOLN�LOLúNLVLQGHQ�J|]OHQHELOLU��
�� %LU� EHWRQDUPH� NHVLWWH� PRPHQW�H÷ULOLN� LOLúNLVL� oHúLWOL� YH� NDUPDúÕN� LWHUDV\RQ� \|QWHPOHUL�
NXOODQÕODUDN� WHVSLW� HGLOHELOPHNWHGLU�� %X� LWHUDV\RQ� \|QWHPOHULQLQ� HO� LOH� \DSÕOPDVÕ� YH� X\JXODPDVÕ�
oRN�SUDWLN�ROPD\ÕS��DQFDN�KD]ÕU�SDNHW�SURJUDPODU�NXOODQÕODUDN�HOGH�HGLOHELOPHNWHGLU���
�� %X�oDOÕúPDGD��HNVHQHO�NXYYHW�YH�H÷LOPH�PRPHQWL�HWNLVL� DOWÕQGDNL�EHWRQDUPH�NDUH�NHVLWOHULQ�
PRPHQW�H÷ULOLN� LOLúNLVL� LoLQ� EDVLW� ELU� IRUP�ODV\RQ� |QHULOPLúWLU�� %HWRQDUPH� NHVLWOHULQ� PRPHQW�
H÷ULOLN� LOLúNLVLQLQ�EHOLUOHQPHVLQGH� VDUJÕ� HWNLVL� YH�GRQDWÕQÕQ�SHNOHúPHVL� GH�GLNNDWH� DOÕQPÕú� YH�EX�
IRUP�ODV\RQXQ� JHOLúWLULOPHVLQGH� JHQHWLN� SURJUDPODPD� \|QWHPLQGHQ� \DUDUODQÕOPÕúWÕU�� gQHULOHQ�
IRUP�ODV\RQ��;75$&7�SURJUDPODUÕ� LOH� EXOXQDQ�PRPHQW�H÷ULOLN� VRQXoODUÕ� LOH� NDUúÕODúWÕUÕOPÕú� YH�
HOGH�HGLOHQ�PRPHQW�H÷ULOLN�LOLúNLVL��SHUIRUPDQVÕQÕQ�oRN�L\L�ROGX÷X��EHOLUOHQPLúWLU��
$QDKWDU�.HOLPHOHU��%HWRQDUPH�NHVLW��0RPHQW�H÷ULOLN��*HQHWLN�SURJUDPODPD�
�
�
$EVWUDFW�� ,Q�RUGHU� WR�EH�DEOH� WR�XQGHUVWDQG� WKH�EHKDYLRU�RI� UHLQIRUFHG�FRQFUHWH�PHPEHUV�� FURVV�
VHFWLRQDO�EHKDYLRU�VKRXOG�EH�NQRZQ���&URVV�VHFWLRQDO�EHKDYLRU�FDQ�EH�EHVW�HYDOXDWHG�E\�PRPHQW�
FXUYDWXUH�UHODWLRQVKLS���'XFWLOLW\��FKDQJH�RI�ULJLGLW\�DQG�VWUHQJWK�LQ�GLIIHUHQW�SKDVHV��FRQILQHPHQW�
HIIHFW�� ZKHWKHU� WKH� FUXVKLQJ� KDV� VWDUWHG� RQ� FRQILQHG� DQG� XQFRQILQHG� VHFWLRQV�� HIIHFW� RI� VWUDLQ�
KDUGHQLQJ� � RQ� FURVV� VHFWLRQDO� EHKDYLRU� RQ� ORQJLWXGLQDO� EDUV� FDQ� EH� REVHUYHG� IURP� PRPHQW�
FXUYDWXUH�UHODWLRQVKLS���
�� 2Q�D�UHLQIRUFHG�FRQFUHWH�FURVV�VHFWLRQ�PRPHQW�FXUYDWXUH�UHODWLRQVKLS�FDQ�EH�GHWHUPLQHG�E\�
VRPH� FRPSOLFDWHG� LWHUDWLRQ�PHWKRGV��0DNLQJ� WKHVH� LWHUDWLRQV�PDQXDOO\� LV� YHU\� GLIILFXOW� DQG�QRW�
SUDFWLFDO��6RPH�VSUHDG�VKHHW�SURJUDPV�FDQ�EH�XVHG�IRU�WKLV�SXUSRVH���
�� ,Q�WKLV�VWXG\���VRPH�VLPSOH�IRUPXODV�KDYH�EHHQ�SURSRVHG�IRU�PRPHQW�FXUYDWXUH�UHODWLRQVKLS�
RI�VTXDUH�UHLQIRUFHG�FRQFUHWH�VHFWLRQV�XQGHU�D[LDO�ORDGLQJ�DQG�EHQGLQJ�PRPHQW��&RQILQHPHQW�DQG�
VWUDLQ� KDUGHQLQJ� HIIHFW� RI� UHLQIRUFHPHQW� KDYH� EHHQ� WDNHQ� LQWR� DFFRXQW�� *HQHWLF� SURJUDPPLQJ�
PHWKRG�KDYH�EHHQ�XVHG�WR�GHYHORS�WKDW�IRUPXODV��3URSRVHG�IRUPXODV�KDYH�EHHQ�YHULILHG�ZLWK�WKH�
UHVXOWV�RI�(;75$&7�DQG�WKH\�KDYH�SURYLGHG�JUHDW�DFFXUDF\��
.H\ZRUGV��5HLQIRUFHG�FRQFUHWH�FURVV�VHFWLRQ��0RPHQW�FXUYDWXUH��*HQHWLF�SURJUDPPLQJ�
�
�
�

*LULú�
�
� %HWRQDUPH� \DSÕODUÕQ� GR÷UX� WDVDUODQDELOPHVL� EHWRQDUPH� HOHPDQODUÕQ� GDYUDQÕúÕQÕQ� GR÷UX� DQODúÕODELOPHVLQH�
ED÷OÕGÕU��(OHPDQ�GDYUDQÕúÕQÕ� LVH�NHVLW�GDYUDQÕúÕ�EHOLUOHPHNWHGLU��.HVLW�GDYUDQÕúÕ� NHVLWWH� NXOODQÕODQ�PDO]HPH�YH�NHVLWLQ�
JHRPHWULVLQH� ED÷OÕ� ROXS�� EX� GDYUDQÕúÕQ� L]OHQPHVLQLQ� HQ� JHUoHNoL� \ROODUÕQGDQ� ELULVL� NHVLWLQ� PRPHQW�H÷ULOLN� LOLúNLVLQLQ�
ELOLQPHVLGLU��0RPHQW�H÷ULOLN� LOLúNLVLQLQ� L]OHQPHVL� LOH� EHWRQDUPH� NHVLWLQ� V�QHNOL÷L�� VDUJÕ� HWNLVL�� NHVLW� PXNDYHPHWL� YH�
ULMLWOL÷LQLQ� GH÷LúLPL�� NDEXN� YH� oHNLUGHN� EHWRQODUÕQGD� ROXúDFDN� H]LOPHOHU� YH� ER\XQD� GRQDWÕQÕQ� SHNOHúPHVLQLQ� HOHPDQ�
GDYUDQÕúÕ��]HULQGHNL�HWNLVL�JLEL�NRQXODU�KDNNÕQGD�ELOJL�HGLQLOHELOLU��
� %LU� EHWRQDUPH� NHVLWWH� PRPHQW�H÷ULOLN� LOLúNLVL� oHúLWOL� YH� NDUPDúÕN� LWHUDV\RQ� \|QWHPOHUL� NXOODQÕODUDN� WHVSLW�
HGLOHELOPHNWHGLU��%X�LWHUDV\RQ�\|QWHPOHULQLQ�HO�LOH�\DSÕOPDVÕ�YH�X\JXODPDVÕ�oRN�SUDWLN�ROPD\ÕS��KD]ÕU�SDNHW�SURJUDPODU�
NXOODQÕODUDN�HOGH�HGLOHELOPHNWHGLU���
� %X� oDOÕúPDGD�� PRPHQW�H÷ULOLN� LOLúNLVLQLQ� LWHUDV\RQ� \|QWHPOHUL� NXOODQÕODUDN� HOOH� WHVSLW� HGLOPHVLQLQ� ]RUOX÷X� YH�
SUDWLNWH�KD]ÕU�SDNHW�SURJUDPODUÕQ� WHPLQL�YH�NXOODQÕPÕQGD�NDUúÕODúÕODELOHFHN�VÕNÕQWÕODU�QHGHQL\OH��NXOODQÕPÕ�NROD\��EDVLW�
YH� DOWHUQDWLI� ED]Õ� DPSLULN� IRUP�OOHU� JHOLúWLULOPLúWLU�� %X� oDOÕúPDGD� |QHULOHQ� EX� IRUP�OOHU� JHOLúWLULOLUNHQ� JHQHWLN�
SURJUDPODPDGDQ�\DUDUODQÕOPÕúWÕU��*HQHWLN�SURJUDPODPD��HYULPVHO�JHOLúLPH�GD\DOÕ�RSWLPL]DV\RQ�DOJRULWPDODUÕ�DUDVÕQGD�
\HU�DOPDNWD�YH�VRQ�\ÕOODUGD�P�KHQGLVOLN�oDOÕúPD�DODQODUÕQGD�GD�\D\JÕQ�RODUDN�NXOODQÕOPD\D�EDúODQPÕúWÕU� �.DUD��������
3DOD�YH�GL÷��������*UD\�DW�DO��������7VDL�YH�3DQ��������$PLU�DW�DO��������YH�&KHQ�DW�DO����������
� gQHULOHQ�DPSLULN�IRUP�OOHU�LOH�;75$&7�SURJUDPÕQÕQ�VRQXoODUÕ�NDUúÕODúWÕUÕOPÕú�YH�ROGXNoD�EDúDUÕOÕ�VRQXoODU�HOGH�
HGLOPLúWLU��(OGH�HGLOHQ�EX�VRQXoODU��|QHULOHQ�IRUP�OOHU�LOH�JHUoHNoL�VRQXoODUD�XODúÕODELOGL÷LQL�YH�KHUKDQJL�ELU�ELOJLVD\DU�
SURJUDPÕ�NXOODQPDN�]RUXQGD�NDOÕQPDGDQ�NROD\OÕNOD�NHVLW�GDYUDQÕúÕQÕQ�EHOLUOHQHELOGL÷LQL�J|VWHUPHNWHGLU��
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%HWRQDUPH�NHVLW�LNL�D\UÕ�PDO]HPHGHQ�ROXúWX÷X�LoLQ�KRPRMHQ�ROPD\ÕS��PRPHQW�H÷ULOLN�LOLúNLVLQLQ�WHVSLW�HGLOPHVL�

NROD\�GH÷LOGLU��%HWRQDUPH\L�ROXúWXUDQ�PDO]HPHOHUGHQ�EHWRQXQ�GHIRUPDV\RQ�|]HOOLNOHUL�GR÷UXVDO�HODVWLN�ROPD\ÕS��EDVÕQo�
YH�oHNPH�DOWÕQGD�IDUNOÕOÕN�J|VWHUPHNWHGLU��
� %LU�EHWRQDUPH�NHVLWLQ�PRPHQW�H÷ULOLN�LOLúNLVL��GHQJH�NRúXOODUÕQÕQ�VD÷ODQPDVÕ��X\JXQOXN�NRúXOODUÕQÕQ�VD÷ODQPDVÕ�
YH�PDO]HPHOHU� LoLQ�JHULOPH�úHNLO�GH÷LúWLUPH� LOLúNLOHULQLQ�EHOLUOHQPHVL�ROPDN��]HUH��o�DúDPDOÕ�ELU� o|]�POHPH� LOH�HOGH�
HGLOHELOLU�� *�Q�P�]GH� EX� o|]�POHPHOHU� oRN� ]DPDQ� DOPDVÕ� QHGHQL\OH� ELOJLVD\DU� SURJUDPODUÕ� NXOODQÕODUDN�
\DSÕODELOPHNWHGLU��
� %X� oDOÕúPDGD�� DQDOL]OHUGH� NXOODQÕODQ� EHWRQDUPH� NHVLWOHULQ� PRPHQW�H÷ULOLN� LOLúNLOHUL� ;75$&7� SURJUDPÕ�
\DUGÕPÕ\OD� HOGH� HGLOPLúWLU��0RPHQW�H÷ULOLN� LOLúNLVLQGHQ� HOGH� HGLOHQ� JUDILNOHU� \LQH� D\QÕ� SURJUDP� NXOODQÕODUDN� LGHDOL]H�
HGLOHUHN�KHVDSODPDODUGD�NXOODQÕOPÕúWÕU���
� ;75$&7� SURJUDPÕ� \DSÕVDO� HOHPDQODUÕQ� NHVLW� ED]OÕ� DQDOL]OHULQL� \DSDQ� ELU� SURJUDP� ROXS�� ELU� NHVLWLQ� PRPHQW�
H÷ULOLN�� HNVHQHO� NXYYHW�PRPHQW� YH� NDSDVLWH� \|U�QJHVL� DQDOL]OHULQL� \DSPDNWDGÕU�� %LU� NHVLWLQ� JHRPHWULN� |]HOOLNOHUL� YH�
NHVLWWH�EXOXQDQ�PDO]HPHOHULQ�PRGHOOHUL�JLULOHUHN�LVWHQLOHQ�DQDOL]OHU�\DSÕODELOPHNWHGLU���
� ùHNLO���GH�;75$&7�SURJUDPÕQGD�ROXúWXUXOPXú�EHWRQDUPH�ELU�NHVLW� YH�DQDOL]� VRQXFX�EXOXQDQ�PRPHQW�H÷ULOLN�
LOLúNLVLQL�J|VWHUHQ�JUDILN�YH�LGHDOL]H�HGLOPLú�KDOL�J|VWHULOPLúWLU��
�

�
�

ùHNLO����;75$&7�SURJUDPÕQGD�DQDOL]�VRQXFX�HOGH�HGLOPLú�ELU�PRPHQW�H÷ULOLN�JUDIL÷L�
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*HQHWLN�3URJUDPODPD��*(3��

� ����� \ÕOÕQGD� -RKQ� .R]D� WDUDIÕQGDQ� JHOLúWLULOHQ� *HQHWLN� 3URJUDPODPD�� HOH� DOÕQDQ� SUREOHPLQ� \DSÕ� WDúODUÕQGDQ�
ROXúWXUXODQ�PXKWHPHO�LONHO�o|]�P�WDU]ODUÕQÕQ�EHOLUOL�ELU�X\XP�NULWHULQH�J|UH�HYULOHUHN�P�NHPPHOOHúPHVLQL�DPDoOD\DQ�
HYULPVHO�DOJRULWPD�WHNQL÷LGLU��.R]D��������.R]D���������*HQHWLN�SURJUDPODPD�HYULPVHO�JHOLúLPH�GD\DOÕ�RSWLPL]DV\RQ�
DOJRULWPDODUÕ�DUDVÕQGD�\HU�DOPDNWDGÕU��
� *HQHWLN�SURJUDPODPD�PHWRGRORMLVLQLQ�WHPHOL�JHQHWLN�DOJRULWPD\D�GD\DQPDNOD�ELUOLNWH��NURPR]RP�J|VWHULPL�YH�
JHQHWLN�RSHUDW|UOHU�DoÕVÕQGDQ�IDUNOÕOÕN�J|VWHUPHNWHGLU��*HQHWLN�SURJUDPODPD�ELUH\OHUL�GH÷LúNHQ�ER\XWD�VDKLS�KL\HUDUúLN�
D÷Do� \DSÕVÕQGDGÕU�� *HQHWLN� SURJUDPODPD� GH÷LúNHQ� ER\XWWDNL� D÷Do� \DSÕVÕQGD� ELUH\OHU� �]HULQGH� HYULPVHO� JHOLúLPL�
VD÷ODPDN�DPDFÕ\OD�JHQHWLN�RSHUDV\RQODUÕ�JHUoHNOHúWLULU���
� *(3� GH� ELUH\OHUL� ROXúWXUDELOPHN� LoLQ� LNL� IDUNOÕ� VÕQÕIWDQ� JHOHQ� QHVQHOHU� NXOODQÕOÕU�� %X� QHVQHOHU� WHUPLQDOOHU� YH�
IRQNVL\RQODUGÕU��7HUPLQDOOHU�SUREOHPLQ�WDQÕPODQPDVÕQGD�GR÷UXGDQ�HWNLQ�RODQ�GH÷LúNHQOHU�YH\D�VDELWOHUGLU��)RQNVL\RQODU�
LVH� WHUPLQDOOHUL� EHOOL� ELU� LúOHP� PDQWÕ÷ÕQD� J|UH� ELUOHúWLUPH\H� \DUD\DQ� QHVQHOHUGLU�� )RQNVL\RQODU� YH� WHUPLQDOOHULQ�
KL\HUDUúLN�ELU�DQOD\Õú�LoLQGH�DQODPOÕ�ELU�\DSÕ�ROXúWXUDFDN�úHNLOGH�ELUOHúWLULOPHVL�VRQXFXQGD�ELUH\OHU�ROXúXU��/DQJGRQ�YH�
3ROL�� ������� 2OXúDQ� ELUH\OHULQ� ER\XWX� GHULQOLN� RODUDN� LIDGH� HGLOHQ� YH� LoHULVLQGHNL� IRQNVL\RQ� VD\ÕODUÕQ� WRSODQPDVÕ� LOH�
ROXúDQ�ELU�E�\�NO�NOH�|Oo�O�U��*HQHOOLNOH�EDúODQJÕo�ELUH\�KDYX]X��SRS�ODV\RQX��LoLQ�UDVJHOH�ROXúDQ�\HQL�ELUH\OHU������\D�
GD���GHULQOL÷LQGH�ROPDNWDGÕU���

�

�
ùHNLO����%LU�ELUH\LQ�D÷DoVDO�\DSÕVÕ��[�YH���IRQNVL\RQODUÕ��D��E�YH�����WHUPLQDOOHUL��

�
�

� <HQLGHQ� �UHWLP�� oDSUD]ODPD� YH� PXWDV\RQ� JHQHWLN� LúOHPFLOHUL� LOH� GH÷LúLNOL÷H� X÷UDPÕú� ELU� SRS�ODV\RQGDQ� ELU�
VRQUDNL�SRS�ODV\RQD�KDQJL�ELUH\OHULQ�DNWDUÕODFD÷Õ�VHoLP�LOH�EHOLUOHQLU��6HoLOHQ�ELUH\OHUGHQ�ED]ÕODUÕQÕQ�JHQHWLN�ELU�LúOHPFL�
WDUDIÕQGDQ� GH÷LúLNOL÷H� X÷UDPDGDQ� \HQL� SRS�ODV\RQD� DNWDUÕOPDVÕQD� \HQLGHQ� �UHWLP� GHQLOLU�� +DYX]GDNL� ED]Õ� ELUH\OHULQ�
�HEHYH\QOHULQ�� VHoLOHUHN� HúOHúWLULOPHVL� YH� HEHYH\QOHULQ� JHQ� ELOJLOHULQL� LoHUHQ� \HQL� ELUH\OHULQ� �oRFXNODUÕQ�� �UHWLOPHVL�
oDSUD]ODPD� LúOHPFLVLQLQ� J|UHYLGLU�� %|\OHFH� KHU� oRFX÷XQ� ED]Õ� JHQOHUL� HEHYH\QOHULQGHQ� ELULVL� LOH� D\QÕ� RODFDNWÕU��
3RS�ODV\RQ� LoLQGHQ� UDVWJHOH� VHoLOHQOHULQLQ�ED]Õ� JHQ�GH÷HUOHULQLQ� UDVWJHOH�GH÷LúWLULOPHVL�PXWDV\RQ� LúOHPFLVL� WDUDIÕQGDQ�
\DSÕOÕU��*|OR÷OX�YH�$UVODQ����������
� *HQHWLN� SURJUDPODPDQÕQ� oHúLWOL� X\JXODPDODUÕ� LOH� HOGH� HGLOHQ� VRQXoODUÕ�� .R]D�� ����� YH� /DQJGRQ�� ����¶� GH�
D\UÕQWÕOÕ�ELU�ELoLPGH�\HU�DOPDNWDGÕU��
�
�
6D\ÕVDO�dDOÕúPD�
�
� %X� oDOÕúPDGD�� IDUNOÕ� ER\XWWD� YH�YH\D� IDUNOÕ� GRQDWÕ� RUDQODUÕQD� VDKLS� EHWRQDUPH� NDUH� NHVLWOHULQ� PRPHQW�H÷ULOLN�
LOLúNLVLQLQ� EHOLUOH\HQ� DPSLULN� IRUP�OOHU� JHOLúWLULOPLúWLU� �ùHNLO� ���� 6HoLOHQ� NHVLWOHULQ� ER\XWODUÕ�� GRQDWÕ� oDS� YH� GRQDWÕ�
RUDQODUÕ�76����YH�7'<������GH�YHULOHQ�VÕQÕUODPDODU�GLNNDWH�DOÕQDUDN�VHoLOPLúWLU��.HVLWOHUH�HWNL\HQ�HNVHQHO�NXYYHW��

�
�������7'<���������������� ckcdm fAN d � � � � � � ����

������76�������������������� ckcd fAN d � � � � � � � ����

NRúXOODUÕQÕ�VD÷OD\DFDN�úHNLOGH�EHOLUOHQPLúWLU��

�
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ùHNLO����0RPHQW�(÷ULOLN�JUDIL÷LQLQ�YH�EHWRQDUPH�NHVLWOHULQ�JHQHO�\DSÕVÕ�
�
�
� %X� oDOÕúPDGD� NXOODQÕODQ� W�P� NHVLWOHUGH� EHWRQ� NDOLWHVL� &��� YH� GRQDWÕ� oHOL÷L� 6���� RODUDN� DOÕQPÕúWÕU��0RPHQW�
(÷ULOLN� LOLúNLVLQLQ� WHVSLWLQGH�EHWRQXQ�\DWD\�GRQDWÕODUOD�VDUÕOPÕú�oHNLUGHN�E|OJHVL�YH� VDUJÕVÕ]�NDEXN�NÕVPÕ� LoLQ�0DQGHU��
����� EHWRQ�PRGHOL� NXOODQÕOPÕúWÕU��'RQDWÕ� oHOL÷L� LoLQ� OLWHUDW�UGH� JHQHO� NDEXO� J|UP�ú� GHQH\� VRQXoODUÕQGDQ� HOGH� HGLOHQ�
JHULOPH�ELULP�úHNLO�GH÷LúWLUPH�H÷ULOHULQGHQ�ID\GDODQÕOPÕúWÕU��
� %HWRQ�YH�GRQDWÕ�DUDVÕQGD�WDP�DGHUDQV�ROGX÷X��NHVLWOHULQ�úHNLO�GH÷LúLPLQGHQ�VRQUD��úHNLO�GH÷LúLPLQGHQ�|QFHNL�JLEL�
G�]OHP�RODUDN�NDOGÕNODUÕ�YDUVD\ÕOPÕúWÕU���
� 0RPHQW�H÷ULOLN� LOLúNLVLQLQ� EHOLUOH\HQ� DPSLULN� IRUP�OOHULQ� JHOLúWLULOPHVL� LoLQ� JHQHWLN� SURJUDPODPD� �*(3�� GDQ�
\DUDUODQÕOPÕú�YH�*HQH;SUR7RROV�SURJUDPÕ�NXOODQÕOPÕúWÕU��%X�DúDPDGD�*(3¶WH�NXOODQÕOPDN��]HUH�H÷LWLP�YH� WHVW�VHWOHUL�
ROXúWXUXOPXúWXU��%X�DPDoOD��JHRPHWULN�|]HOOLNOHUL�YH�GRQDWÕ�RUDQODUÕ�IDUNOÕ�WRSODP�����DGHW�EHWRQDUPH�NHVLW�VHoLOPLú�YH�
EX� NHVLWOHULQ� PRPHQW�H÷ULOLN� LOLúNLOHUL� ;75$&7� SURJUDPÕ� NXOODQÕODUDN� EHOLUOHQPLúWLU�� %X� EHWRQDUPH� NHVLWOHULQ� ����
WDQHVL� H÷LWLP� �PDNDOHQLQ� VD\ID� VD\ÕVÕQÕ� ID]OD� DUWWÕUPDPDN� LoLQ� YHULOPHPLúWLU�� YH� ��� WDQHVL� WHVW� VHWL� �7DEOR� ��� RODUDN�
VHoLOPLúWLU���

�

�

�

7DEOR����7HVW�GRV\DVÕ�YHULOHUL�
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�� ����� �������� ��������� ���� ������ ��������� ������ ������� ������

�� ����� �������� ��������� ����� ������ ��������� ������ ������� ������

�� ����� �������� ��������� ���� ������ ��������� ������ ������� ������

�� ����� �������� ��������� ����� ������ ��������� ������ ������� ������

�� ����� �������� ��������� ����� ������ ��������� ������ ������� ������

�� ����� �������� ��������� ���� ������ ��������� ������ ������� ������

��� ����� �������� ��������� ���� ������ ��������� ������ ������� ������

��� ����� �������� ��������� ����� ������ ��������� ������ ������� ������

��� ����� �������� ��������� ���� ������ ��������� ������ ������� ������
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��� ����� �������� ��������� ���� ������ ��������� ������ ������� ������

��� ����� �������� ��������� ���� ������ ��������� ������ ������� ������

��� ����� �������� ��������� ���� ������ ��������� ������ ������� ������

��� ����� �������� ��������� ���� ������ ��������� ������ ������� ������

��� ����� �������� ��������� ���� ����� ��������� ������ ������� ������

��� ����� �������� ��������� ����� ������ ��������� ������ ������� ������

��� ����� �������� ��������� ���� ������ ��������� ������ ������� ������

��� ����� �������� ��������� ����� ������ ��������� ������ ������� ������

��� ����� �������� ��������� ���� ������ ��������� ������ ������� ������

��� ����� �������� ��������� ����� ������ ��������� ������ ������� ������

��� ����� �������� ��������� ���� ������ ��������� ������ ������� ������

��� ����� �������� ��������� ����� ������ ��������� ������ ������� ������
�

7DEOR����3UREOHPLQ�GH÷LúNHQOHUL�YH�*(3�SURJUDPÕ�NRGODUÕ�

*LULú�GH÷LúNHQOHUL� 3URJUDP�NRGX� $oÕNODPD�

K E� G�� .HVLW�%R\XWX��P��

ȡW� G�� %R\XQD�GRQDWÕ�RUDQÕ�����

ȡZ�[ ȡZ�\� G�� <DWD\�GRQDWÕ�RUDQÕ�����

1� G�� (NVHQHO�NXYYHW��N1��

ț\���0\���țX���0X� '�9�� %XOXQPDN�LVWHQHQ�GH÷HUOHU�

�� F��F��F������ hUHWLOHQ�VDELW�NDWVD\ÕODU�

0RPHQW�(÷ULOLN�øOLúNLVL�øoLQ�gQHULOHQ�)RUP�OOHU�

� gQHULOHQ�IRUP�OOHULQ�SHUIRUPDQVÕQÕ�EHOLUOHPHN��]HUH�\DNÕQVDPD�IRQNVL\RQXQGDQ�\DUDUODQÕOPÕúWÕU��%X�oDOÕúPDGD�
\DNÕQVDPD� IRQNVL\RQX� RODUDN� 5�� VHoLOPLúWLU�� gQHULOHQ� PRPHQW�H÷ULOLN� LOLúNLVLQL� EHOLUOH\HQ� DPSLULN� IRUP�OOHUL�� \�]GH�
GRNVDQÕQ��]HULQGH�\DNÕQVDPD��5��������LOH�HOGH�HGHELOPHN�DPDFÕ\OD�VD\ÕVÕ]�YH�X]XQ�V�UHOL�DQDOL]OHU�\DSÕOPÕúWÕU��(Q�L\L�
\DNÕQVDPD�VRQXoODUÕQÕ�YHUHQ�IRUP�OOHU��7DEOR����YH�EX�IRUP�OOHULQ�D÷Do�\DSÕODUÕ�DúD÷ÕGD�VXQXOPXúWXU��ùHNLO��a����
�
�

7DEOR����0RPHQW�(÷ULOLN�LOLúNLVL�LoLQ�|QHULOHQ�IRUP�OOHU��%LULPOHU��N1�YH�P��
�

 N, +  ȡ - ȡ b +  + =-M wty �������������������� �  

eff

y
y EI

M
 N  

�B)(AEIeff �  

 N)-( ȡ,-A t����  
)ȡ b (b,B t�� ���� �

 N, +  ȡ - ȡ b +  + =-M wtu �������������������� � �

�

�����
���

�

¸
¹
·

¨
©
§ � 

 b,
 Nȡ,ț t

u  

� � �

International Science and Technology Conference, Dubai, 13-15 December 2012

215



ISTEC 20
12

� � c

st
t A

A
 U � � � � � � � � � ����

�

� � sb
Asw

w ���
 U � � � � � � � � � ����

�
�

ȡ t ER\XQD�GRQDWÕ�RUDQÕQD�

ȡw KHUKDQJL�ELU�GR÷UXOWXGDNL�\DWD\�GRQDWÕ�RUDQÕ�

Asw KHVDS�\DSÕODQ�GR÷UXOWXGD�DOÕQDQ�ELU�NHVLWWH��[�HNVHQL�LoLQ�$�$�NHVLWL���NHVLWH�JLUHQ�
WRSODP�\DWD\�GRQDWÕ�DODQÕ�

Ast WRSODP�ER\XQD�GRQDWÕ�DODQÕ�

Ac NRORQ�HQ�NHVLW�DODQÕ��E
K���

s HWUL\H�DUDOÕ÷Õ�

b KHVDS�\DSÕODQ�HNVHQ�GR÷UXOWXVXQGDNL�NHVLW�ER\XWX�

N NHVLWH�HWNL\HQ�HNVHQHO�NXYYHW��1RUPDO�.XYYHW��

�
�

�

�

ùHNLO����0\�LoLQ�D÷Do�\DSÕVÕ��5� �������
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ùHNLO����0X�LoLQ�D÷Do�\DSÕVÕ��5� ������� ùHNLO����țX�LoLQ�D÷Do�\DSÕVÕ��5� �������
�

�
6RQXoODU�YH�7DUWÕúPD�
�
� %X� oDOÕúPDGD�� IDUNOÕ� ER\XWWD� YH�YH\D� IDUNOÕ� GRQDWÕ� RUDQODUÕQD� VDKLS� EHWRQDUPH� NDUH� NHVLWOHULQ� PRPHQW�H÷ULOLN�
LOLúNLVLQLQ� EHOLUOH\HQ� DPSLULN� IRUP�OOHU� JHOLúWLULOPLú� YH� VRQXoODU� NDUúÕODúWÕUÕODUDN� |QHULOHQ� IRUP�OOHULQ� SHUIRUPDQVÕ�
EHOLUOHQPLúWLU�� (÷LWLP� YHULOHUL� LoLQ� |QHULOHQ� IRUP�O� VRQXoODUÕ� LOH� ;75$&7� SURJUDPÕ� oÕNWÕODUÕ� NDUúÕODúWÕUÕOGÕ÷ÕQGD��
|QHULOHQ� IRUP�OOHULQ� PRPHQW�H÷ULOLN� LOLúNLVLQL� ���¶QÕQ� �]HULQGH� KDWWD� ���¶\D� YDUDQ� RUDQODUGD� \DNDOD\DELOGL÷L�
J|]OHQPLúWLU��ùHNLO��a�����
� %X�oDOÕúPDGD�|QHULOHQ�EX�EDVLW�DPSLULN� IRUP�OOHU� LOH��EHWRQDUPH�NDUH�NHVLWOHULQ�PRPHQW�H÷ULOLN� LOLúNLOHUL��X]XQ�
LWHUDV\RQ� \|QWHPOHUL� NXOODQÕOPDGDQ� YH� KHUKDQJL� ELU� ELOJLVD\DU� SURJUDPÕQD� LKWL\Do� GX\XOPDGDQ� NROD\OÕNOD�
EHOLUOHQHELOPHNWHGLU�� %LU� EHWRQDUPH� \DSÕ� WDVDUODQÕUNHQ� EHWRQDUPH� NHVLWOHULQ� YH� GROD\ÕVÕ\OD� EHWRQDUPH� HOHPDQODUÕQ�
GDYUDQÕúÕQÕQ�ELOLQPHVL� YH�DQODúÕOPDVÕ�ROGXNoD�E�\�N�|QHP� WDúÕPDNWDGÕU��'ROD\ÕVÕ\OD�EX� oDOÕúPD��EHWRQDUPH�\DSÕODUÕQ�
GDYUDQÕúÕQÕQ�GDKD�L\L�DQODúÕOPDVÕQD�|QHPOL�ELU�NDWNÕ�VD÷OD\DFDNWÕU��
� %X� oDOÕúPD�� GHYDP� HWPHNWH� RODQ� ELU� oDOÕúPDQÕQ� ELU� E|O�P�Q�� ROXúWXUPDNWDGÕU�� <DSÕOPDNWD� RODQ� oDOÕúPDQÕQ�
JHQHOLQGH�� GDLUH�� NDUH� YH� GLNG|UWJHQ� EHWRQDUPH� NHVLWOHULQ� PRPHQW�H÷ULOLN� LOLúNLVLQLQ� EHOLUOH\HQ� DPSLULN� IRUP�OOHU�
JHOLúWLULOPHNWHGLU�� �
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ùHNLO�����gQHULOHQ�țX�IRUP�O�Q�Q�SHUIRUPDQVÕ�D��H÷LWLP�VHWL�E��WHVW�VHWL�

�
� �
.D\QDNODU�
�
$PLU�+RVVHLQ�*DQGRPL��$PLU�+RVVHLQ�$ODYL��0RKDPPDG�*KDVHP�6DKDE�DQG�3DUYLQ�$UMPDQGL��������³Formulation of 
elastic modulus of concrete using linear genetic programming´�-RXUQDO�RI�0HFKDQLFDO�6FLHQFH�DQG�7HFKQRORJ\��������
����a������
�
&KHQ�� +XQJ�0LQJ� �� .DR�� :HL�.R� �� 7VDL�� +VLQJ�&KLK�� �6HS� ������ ³Genetic programming for predicting aseismic 
abilities of school buildings´�(QJLQHHULQJ�$SSOLFDWLRQV�RI�$UWLILFLDO�,QWHOOLJHQFH����������S������������
�
'%<%+<���������'HSUHP�%|OJHOHULQGH�<DSÕODFDN�%LQDODU�+DNNÕQGD�<|QHWPHOLN��dHYUH�9H�ùHKLUFLOLN�%DNDQOÕ÷Õ�
�
(UVR\�8��9H�g]FHEH�*����������6DUÕOPÕú�EHWRQDUPH�NHVLWOHUGH�PRPHQW-H÷ULOLN�LOLúNLVL�DQDOLWLN�ELU�LUGHOHPH��ø02�7HNQLN�
'HUJL�������������\D]Õ������
�
*�-�� *UD\�� '�-�� 0XUUD\�6PLWK�� <�� /L�� .�&�� 6KDUPDQ� DQG� 7�� :HLQEUHQQHU�� ������� ³Nonlinear model structure 
identification using genetic programming´�&RQWURO�(QJLQHHULQJ�3UDFWLFH��9ROXPH����,VVXH�����1RYHPEHU��3DJHV�����±
������
�
*HQH;SUR7RROV�Y������*HS6RIW�FRP�
�
*|OR÷OX�&��YH�$56/$1�<����������*HQHWLN�3URJUDPODPD�øOH�øPDODW�øoLQ�<�]H\�3�U�]O�O�N�0RGHOL�*HOLúWLULOPHVL��*D]L�
hQLY��0�K��0LP��)DN��'HU��&LOW�����1R�������������
�
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,ONHU� )DWLK� .DUD� �������� ³Prediction of shear strength of FRP-reinforced concrete beams without stirrups based 
on genetic programming´�$GYDQFHV�LQ�(QJLQHHULQJ�6RIWZDUH����������S����������-XQ��
�
.2=$��-�5�� ��������Evolution of Emergent Cooperative Behavior Using Genetic Programming�� LQ��3DWRQ�5D\��(G����
&RPSXWLQJ�ZLWK�%LRORJLFDO�0HWDSKRUV��&KDSPDQ	+DOO�����������
�
/DQJGRQ�� :�%�� �������� ³Genetic Programming and Data Structures: Genetic Programming+Data 
Structures=Automatic Programming´��7KH�.OXZHU�,QWHUQDWLRQDO�6HULHV�,Q�(QJLQHHULQJ�DQG�&RPSXWHU�6FLHQFH���
�
/DQJGRQ��:�%��DQG�3ROL��5����������Foundations of Genetic Programming��6SULQJHU�9HUODJ��%HUOLQ��*HUPDQ\��
�
0DQGHU� -�%��� 3ULHVWOH\�0�-�1��� 3DUN� 5�� ��������Theoretical Stress-6H÷LWLP�0RGHO� IRU� &RQILQHd Concrete�� -RXUQDO� RI�
6WUXFWXUDO�(QJLQHHULQJ�
�
0XUDW�3DOD��1DFL�&DJODU��øEDUDKLP�7DQ��<XQXV�g]oHOLN|UV��������³A Simple Formulation for the Fundamental Period 
of Vibration of Braced Steel Frame Structures´�� 3URFHHGLQJV� RI� 6DNDU\D� ,QWHUQDWLRQDO� 6\PSRVLXP� RI� (DUWKTXDNH�
(QJLQHHULQJ��6DNDU\D��7XUNH\������2FWREHU��
�
76�����7���1LVDQ��������%HWRQDUPH�\DSÕODUÕQ�\DSÕP�YH�WDVDUÕP�NXUDOODUÕ��7�UN�6WDQGDUGODUÕ�(QVWLW�V��
�
7VDL��+VLQJ�&KLK� �� 3DQ�� &KDQ�3LQJ�� ������� ³Improving analytical models of circular concrete columns with genetic 
programming polynomials” Genetic Programming and Evolvable Machines��1RY��GRL���������V�����������������
�
;WUDFW� Y������Cross-sectional X structural analysis of components�� � ,PEVHQ� 6RIWZDUH� 6\VWHPV�� ����� %XVLQHVV� 3DUN�
'ULYH��6XLWH�����6DFUDPHQWR��&$�������
�
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(OD]Õ÷��7�UNL\H�

HEUXVSRODW#JPDLO�FRP�
�

g]HW�� )ÕUVDWODUÕ� $UWWÕUPD� YH� 7HNQRORML\L� ø\LOHúWLUPH� +DUHNHWL� �)$7ø+�� 3URMHVL�� %LOLúLP�
7HNQRORMLOHUL� �%7�� � DUDoODUÕQÕQ� H÷LWLP�|÷UHWLP� V�UHFLQGH� GDKD� HWNLQ� NXOODQÕPÕ�� H÷LWLP�
PDWHU\DOOHULQLQ�%7�DUDoODUÕQD�X\JXQ�RODUDN�GH÷LúPHVL�YH�H÷LWLPGH�IÕUVDW�HúLWOL÷LQL�VD÷ODPDN�LoLQ�
JHOLúWLULOHQ�ELU�SURMHGLU��%7�DUDoODUÕQÕQ�HWNLQ�NXOODQÕOPDVÕ�)$7ø+�3URMHVL
QLQ�EDúDUÕ\D�XODúPDVÕQGD�
|QHPOL� ELU� HWNHQGLU��g÷UHWPHQOHU� LVH� EX�%7� DUDoODUÕQÕQ�� H÷LWLP�|÷UHWLPGH� NXOODQÕOPDVÕQGD� DNWLI�
URO� DODFDN� NLúLOHUGLU�� %LOJLVD\DU� YH� g÷UHWLP� 7HNQRORMLOHUL� (÷LWLPL� �%g7(�� %|O�P��� LON� YH� RUWD�
GHUHFHOL� H÷LWLP� NXUXPODUÕQD� %LOLúLP� 7HNQRORMLOHUL� g÷UHWPHQOHUL� \HWLúWLUPHNWHGLU�� %X� oDOÕúPDGD��
%g7(� %|O�P�� |÷UHQFLOHULQLQ� )$7ø+� 3URMHVL� KDNNÕQGDNL� J|U�ú� YH� EHNOHQWLOHULQLQ� EHOLUOHQPHVL�
DPDoODQPDNWDGÕU�� %X� DPDFD� \|QHOLN� RODUDN� )ÕUDW� hQLYHUVLWHVL� %g7(� %|O�P�� ���� YH� ��� VÕQÕI�
|÷UHQFLOHULQH��DUDúWÕUPDFÕODU�WDUDIÕQGDQ�JHOLúWLULOHQ��)$7ø+�3URMHVL�+DNNÕQGDNL�*|U�ú�YH�%HNOHQWL�
$QNHWL�� X\JXODQPÕú� YH� VRQXoODUÕ� GH÷HUOHQGLULOPLúWLU�� $QNHWWH� |÷UHQFLOHULQ�� )$7ø+� SURMHVL�
KDNNÕQGDNL� JHQHO� G�ú�QFHOHUL�� H�LoHULN� JHOLúWLUPH�� %7� DUDoODUÕQÕQ� NXOODQÕPÕ� YH� VRUXQ� o|]PH�
EHFHULOHUL� LOH� LOJLOL�PDGGHOHU� EXOXQPDNWDGÕU��$QNHW� VRQXoODUÕQD� J|UH�%g7(�%|O�P��|÷UHQFLOHUL�
)$7ø+�3URMHVL�+DNNÕQGDNL�*|U�ú�YH�%HNOHQWL�$QNHWLQH��.ÕVPHQ�.DWÕOÕ\RUXP��YH��.DWÕOÕ\RUXP��
DUDOÕ÷ÕQD�GHQN�JHOHQ�FHYDSODU�YHUPLúOHUGLU���

$QDKWDU�.HOLPHOHU��)$7ø+�3URMHVL��%g7(�%|O�P���J|U�úOHU�YH�EHNOHQWLOHU�

6XPPDU\��

� 7KH�3URMHFW�RI�WKH�PRYHPHQW�WR�LQFUHDVH�RSSRUWXQLWLHV�DQG�LPSURYH�WHFKQRORJ\�LQ�WKH�HGXFDWLRQ��)$7,+��LV�D�SURMHFW�WKDW�
ZDV� LPSURYHG� IRU�PRUH� HIIHFWLYH� XVLQJ� ,QIRUPDWLRQ� 7HFKQRORJ\� �,7�� WRROV� LQ� WHDFKLQJ�OHDUQLQJ� SURFHVV�� FKDQJLQJ� RI� HGXFDWLRQDO�
PDWHULDOV�LQ�DFFRUGDQFH�ZLWK�,7�WRROV�DQG�HQVXULQJ�HTXDOLW\�RI�RSSRUWXQLW\�LQ�HGXFDWLRQ��7KH�HIIHFWLYH�XVH�RI�,7�WRROV�LV�DQ�LPSRUWDQW�
IDFWRU� LQ� WKH� VXFFHVV� RI� )$7,+� 3URMHFW�� $V� WR� WKH� WHDFKHUV�� WKH\� DUH� SHRSOH� ZKR� WDNH� DFWLYHO\� D� SDUW� LQ� XVLQJ� RI� WKHVH� WRROV� LQ�
HGXFDWLRQ� DQG� WUDLQLQJ�� &RPSXWHU� (GXFDWLRQ� DQG� ,QVWUXFWLRQDO� 7HFKQRORJLHV� �&(,7�� 'HSDUWPHQW� WUDLQV� ,QIRUPDWLRQ� 7HFKQRORJ\�
7HDFKHUV�RI�SULPDU\�DQG�VHFRQGDU\�HGXFDWLRQDO�LQVWLWXWLRQV��,Q�WKLV�VWXG\��LW�LV�DLPHG�WR�GHWHUPLQH�2SLQLRQV�DQG�([SHFWDWLRQV�DERXW�
)$7,+�3URMHFW� RI� 6WXGHQWV� IURP�'HSDUWPHQW� RI�&(,7�� )RU� WKLV� SXUSRVH�� �2SLQLRQV� DQG�([SHFWDWLRQV� 6XUYH\� RQ�)$7,+�3URMHFW��
GHYHORSHG�E\� UHVHDUFKHV�KDV�EHHQ� LPSOHPHQWHG� WR������DQG���JUDGH�VWXGHQWV� IURP�'HSDUWPHQW�RI�&(,7�DW�)LUDW�8QLYHUVLW\�DQG� LWV�
UHVXOW� KDV� EHHQ� HYDOXDWHG�� ,Q� WKH� VXUYH\�� WKHUH� DUH� LWHPV� UHODWHG� WR� VWXGHQWV
� JHQHUDO� YLHZV� DERXW� )$7,+� 3URMHFW�� H�FRQWHQW�
GHYHORSPHQW��WKH�XVH�RI�,7�WRROV�DQG�WKHLU�SUREOHP�VROYLQJ�VNLOOV��$FFRUGLQJ�WR�WKH�VXUYH\�UHVXOWV��WKH�VWXGHQWV�IURP�'HSDUWPHQW�RI�
&(,7�JDYH�UHVSRQVHV�LQ�WKH�UDQJH�RI�³,�SDUWO\�DJUHH´�DQG�³,�DJUHH´�WR�³2SLQLRQV�DQG�([SHFWDWLRQV�6XUYH\�RQ�)$7,+�3URMHFW�´�

.H\ZRUGV��)$7,+�3URMHFW��'HSDUWPHQW�RI�&(,7��RSLQLRQV�DQG�H[SHFWDWLRQV�

�

���*ø5øù�

� )ÕUVDWODUÕ� $UWWÕUPD� YH� 7HNQRORML\L� ø\LOHúWLUPH� +DUHNHWL� �)$7ø+�� 3URMHVL�� H÷LWLP� �� |÷UHWLPGH� IÕUVDW� HúLWOL÷LQL�
VD÷ODPDN�YH�RNXOODUGD�WHNQRORML�HQWHJUDV\RQXQX�DUWWÕUPDN�DPDFÕ\OD�JHOLúWLULOHQ�ELU�SURMHGLU���2GDEDúÕ���������$ONDQ�YG��
�������)$7ø+�3URMHVL� LVLPOL�oDOÕúPDODUÕQGD��)$7ø+�3URMHVL
QLQ�KHU�ELU�ELOHúHQLQ�E�\�N�ELU�SURMH�ROGX÷XQX�EHOLUWHUHN��
SURMHQLQ�ELOHúHQOHULQL�ú|\OH�VÕUDODPÕúWÕU��'RQDQÕP�YH�<D]ÕOÕP�$OW\DSÕVÕQÕQ�6D÷ODQPDVÕ��(÷LWVHO�H�øoHUL÷LQ�6D÷ODQPDVÕ�YH�
<|QHWLOPHVL�� g÷UHWLP� 3URJUDPODUÕQGD� (WNLQ� %7� .XOODQÕPÕ�� g÷UHWPHQOHULQ� +L]PHW� LoL� (÷LWLPL�� %LOLQoOL�� *�YHQOL��
<|QHWLOHELOLU� YH� gOo�OHELOLU� %7� .XOODQÕPÕQÕQ� VD÷ODQPDVÕ�� 'HPLUHU� YG�� �������� \DSWÕNODUÕ� oDOÕúPDGD�� %LOLúLP�
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7HNQRORMLOHUL� |÷UHWPHQ� DGD\ODUÕQD� )$7ø+� 3URMHVL
\OH� LOJLOL� \DUÕ� \DSÕODQGÕUÕOPÕú� VRUXODU� \|QHOWLOPLúWLU�� � dDOÕúPD�
VRQXFXQGD�%LOLúLP�7HNQRORMLOHUL� �%7��|÷UHWPHQ� DGD\ODUÕQÕQ�)$7ø+�3URMHVL
\OH� LOJLOL� \HWHUOL� ELOJL\H� VDKLS�ROPDGÕNODUÕ�
EHOLUOHQPLúWLU�� g÷UHWPHQ� DGD\ODUÕ� SURMHQLQ� EDúDUÕ\D� XODúDELOPHVL� LoLQ� |÷UHWPHQOHULQ� WHNQRORML� NXOODQÕP� \HWHUOLNOHUL�
NRQXVXQGD�KL]PHW�LoL�H÷LWLPGHQ�JHoLULOHUHN��L\L�ELUHU�WHNQRORML�RNXU�\D]DUÕ�ROPDODUÕ�JHUHNWL÷L��]HULQGH�GXUPXúODUGÕU��

%LOLFL� YG�� ������� (÷LWLPGH� )$7ø+� 3URMHVLQLQ� 6D÷ODPDVÕ� gQJ|U�OHQ� )D\GD� YH� 6RV\DO� (WNLOHU� LVLPOL�
oDOÕúPDODUÕQGD�� � )$7ø+� 3URMHVL
\OH� WRSOXPGDNL� oHúLWOL� VRV\R�N�OW�UHO� RUWDPODUGDQ� JHOHQ� ELUH\OHULQ� ELOJL� YH� LOHWLúLP�
WHNQRORMLOHULQH�HULúLP�YH�NXOODQÕPGDQ�oÕNDQ�IDUNOÕODUÕQ�D]DOWÕODFD÷ÕQÕ��ELOLúLP�WHNQRORMLOHUL�YH�LQWHUQHW�NXOODQÕPÕQÕQ��ONH�
JHQHOLQGH� DUWWÕUÕODUDN� E|OJHOHU� DUDVÕQGDNL� IDUNOÕOÕ÷ÕQ� JLGHULOHELOHFH÷L� VRQXFXQD� XODúPÕúODUGÕU�� øQFL� YH� (UWHQ� ��������
)$7ø+� 3URMHVL� YH� SURMHQLQ� H÷LWLP� DODQÕQGDNL� \DQVÕPDODUÕQÕ� DUDúWÕUPÕúODUGÕU�� %X� DPDo� GR÷UXOWXVXQGD� (OD]Õ÷� LOL�
$ODFDND\D� LOoHVLQGH� DNÕOOÕ� WDKWD�� SURMHNVL\RQ� VLVWHPL� YH� LQWHUQHW� ED÷ODQWÕVÕQÕQ� EXOXQGX÷X� RNXOODUGDNL� |÷UHQFL� YH�
|÷UHWPHQOHUOH�P�ODNDWODU�\DSPÕúODUGÕU��0�ODNDW�VRQXoODUÕQD�J|UH��|÷UHQFLOHULQ�VLVWHPL�oRN�VHYGLNOHUL�|÷UHWPHQOHULQ�LVH�
KL]PHW�LoL�H÷LWLPOHUOH�GDKD�L\L\H�JLGHFHN�ELU�H÷LWLP��|÷UHWLP�V�UHFLQH�XODúDELOHFHNOHUL�VRQXFXQD�XODúPÕúODUGÕU���

.D\DGXPDQ�YG���������\DSWÕNODUÕ�oDOÕúPD�øQFL�YH�(UWHQ
L�GHVWHNOH\LFL�QLWHOLNWHGLU��(÷LWLPGH�)$7ø+�3URMHVLQLQ�
g÷UHWPHQOHULQ�<HWHUOLN�'XUXPODUÕ�$oÕVÕQGDQ� øQFHOHQPHVL� LVLPOL� oDOÕúPDODUÕQGD�� |÷UHWPHQOHUH� \|QHOLN� \�]� \�]H� YH\D�
oHYULP�LoL� KL]PHW�LoL� H÷LWLPOHU� VXQXOPDOÕVÕQGDQ� YH� EX� H÷LWLPOHULQ� V�UHNOL� ROPDVÕQGDQ� EDKVHWPHNWHGLUOHU�� %|\OHOLNOH��
)$7ø+� 3URMHVL
\OH� VÕQÕIODUD� VD÷ODQDQ� GRQDQÕPÕQ� DOW� \DSÕVÕQÕQ�� H÷LWVHO� RODUDN� ROXúWXUXODQ� H�LoHUL÷LQ� YH� ELOLúLP�
WHNQRORMLOHUL\OH� X\XPOX� KDOH� JHWLULOHQ� |÷UHWPHQ� NÕODYX]ODUÕ\OD� ELUOLNWH� |÷UHWPHQOHULQ� WHNQRORML\L� HWNLQ� ELU� úHNLOGH�
NXOODQDELOPHOHUL� P�PN�Q� RODELOHFH÷LQL� EHOLUWPLúOHUGLU�� $\QÕ� ]DPDQGD� 0LOOL� (÷LWLP� %DNDQOÕ÷Õ� �0(%� �� H�LoHULNOHULQ�
JHOLúWLULOPHVL�V�UHFLQGH�|÷UHWPHQOHUH�\DUGÕPFÕ�ROPDVÕ�DPDFÕ\OD�H�LoHULN��(OHNWURQLN�øoHULN��YH�]�NLWDS��=HQJLQOHúWLULOPLú�
.LWDS�� +D]ÕUODPD� YH� øQFHOHPH� .ULWHUOHULQL� EHOLUOHPLú� YH� EXQODUÕ� \D\ÕQODPÕúWÕU�
�KWWS���IDWLKSURMHVL�PHE�JRY�WU�LFHULNHNOHQWL�H�������������SGI���

3URMHQLQ�WHPHO�KHGHIOHULQGHQ�ELUL�%7�DUDoODUÕQÕQ�HQ�YHULPOL�úHNLOGH�NXOODQÕOPDVÕQÕ�VD÷ODPDNWÕU��$NJ�Q���������
%7�DUDoODUÕQÕ�HQ�YHULPOL�NXOODQDFDN�RODQ�NLúLOHU�GH�|÷UHWPHQOHUGLU��dXKDGDU�YH�'XUVXQ
D��������J|UH�%g7(�E|O�P�Q�Q�
WHPHO�DPDFÕ�%7�|÷UHWPHQOHULQL�\HWLúWLUPHN�YH�oD÷GDú�|÷UHWLP�WHNQRORMLOHULQL�NXOODQDUDN�|÷UHQPH�|÷UHWPH�HWNLQOLNOHULQL�
JHOLúWLUPHNWLU�� %LOJLVD\DU� YH� g÷UHWLP� 7HNQRORMLOHUL� (÷LWLPL� �%g7(�� %|O�P�� LON� YH� RUWD� GHUHFHOL� RNXOODUGD� RNXWXODQ�
�%LOJLVD\DU��GHUVOHULQL�YHUHFHN�|÷UHWPHQOHU�\HWLúWLUPHNWHGLU��.DUDO�YH�7LPXoLQ���������

%X�oDOÕúPDGD��%g7(�E|O�P��|÷UHQFLOHULQLQ�)$7ø+�3URMHVL�KDNNÕQGDNL�J|U�úOHULQL�YH�EHNOHQWLOHULQL�EHOLUOHPHN�
DPDFÕ\OD�� DUDúWÕUPDFÕODU� WDUDIÕQGDQ� JHOLúWLULOHQ� �)$7ø+� 3URMHVL� +DNNÕQGDNL� *|U�ú� YH� %HNOHQWL� $QNHWL��� )ÕUDW�
hQLYHUVLWHVL� %g7(� %|O�P�� ���� YH� ��� VÕQÕI� |÷UHQFLOHULQH� X\JXODQPÕúWÕU�� (OGH� HGLOHQ� DQNHW� YHULOHUL� LVWDWLVWLN�
SURJUDPODUÕ\OD�GH÷HUOHQGLULOPLúWLU�YH�VRQXoODU�YHULOPLúWLU��

�
�����$UDúWÕUPDQÕQ�$PDFÕ�YH�3UREOHP�

%X�oDOÕúPDQÕQ�DPDFÕ�%g7(�%|O�P��|÷UHQFLOHULQLQ�)$7ø+�3URMHVL�KDNNÕQGDNL�J|U�ú�YH�EHNOHQWLOHULQLQ�EHOLUOHQPHVLGLU��

%X�DPDo�GR÷UXOWXVXQGD�DUDúWÕUPDGD�DúD÷ÕGDNL�VRUXODUD�FHYDS�DUDQPÕúWÕU���

�� %g7(�%|O�P��|÷UHQFLOHULQLQ�)$7ø+�3URMHVL�KDNNÕQGDNL�J|U�ú�YH�EHNOHQWLOHUL�QHOHUGLU"�
�� %g7(�%|O�P��|÷UHQFLOHULQLQ�FLQVL\HWOHULQH�J|UH�)$7ø+�3URMHVL�KDNNÕQGDNL�J|U�ú�YH�EHNOHQWLOHULQGH�DQODPOÕ�

IDUNOÕOÕN�YDU�PÕGÕU"�
�� %g7(�%|O�P��|÷UHQFLOHULQLQ�VÕQÕIODU�DUDVÕQD�J|UH�)$7ø+�3URMHVL�KDNNÕQGDNL�J|U�ú�YH�EHNOHQWLOHULQGH�DQODPOÕ�

IDUNOÕOÕN�YDU�PÕGÕU"�
�
�����6D\ÕOWÕODU�

(YUHQGHQ� VHoLOHQ� |UQHNOHPLQ� HYUHQL� WHPVLO� HWWL÷L� YDUVD\ÕOPDNWDGÕU�� 9HUL� WRSODPD� DUDFÕ� NDSVDP� JHoHUOLOL÷L�
DoÕVÕQGDQ� \HWHUOLGLU�� )$7ø+� 3URMHVL� +DNNÕQGDNL� *|U�ú� YH� %HNOHQWL� $QNHWLQH�� |÷UHQFLOHU� JHUoHN� G�ú�QFHOHULQL�
\DQVÕWPÕúODUGÕU��

�

�

�

���<g17(0�

�����$UDúWÕUPD�0RGHOL�
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� $UDúWÕUPDGD� WDUDPD�PRGHOLQLQ�ELU� W�U��RODQ�JHQHO� WDUDPD�PRGHOL� NXOODQÕOPÕúWÕU��.DUDVDU
D� J|UH� �������JHQHO�
WDUDPD�PRGHOL��oRN�VD\ÕGD�NLúLGHQ�ROXúDQ�ELU�HYUHQGH��HYUHQ�KDNNÕQGD�JHQHO�ELU�\DUJÕ\D�YDUPDN�DPDFÕ\OD��HYUHQLQ�W�P��
\D� GD� HYUHQGHQ� DOÕQDFDN� ELU� |UQHNOHP� �]HULQGH� \DSÕODQ� WDUDPD� G�]HQOHPHOHULGLU�� %X� oDOÕúPDGD�� � %g7(� %|O�P��
|÷UHQFLOHULQLQ�)$7ø+�3URMHVL�KDNNÕQGDNL�J|U�ú�YH�EHNOHQWLOHUL�DUDúWÕUÕOGÕ÷Õ�LoLQ�EX�PRGHO�NXOODQÕOPÕúWÕU��

�����(YUHQ�YH�gUQHNOHP�

� dDOÕúPDQÕQ� HYUHQLQL� )ÕUDW� hQLYHUVLWHVL� (÷LWLP� )DN�OWHVL� %g7(� %|O�P�� |÷UHQFLOHULQL� ROXúWXUPDNWDGÕU��
dDOÕúPDQÕQ�|UQHNOHPLQL�LVH��)ÕUDW�hQLYHUVLWHVL�(÷LWLP�)DN�OWHVL�%g7(�%|O�P�����������VÕQÕI�|÷UHQFLOHULQGHQ��VHoNLVL]�
\|QWHPOH� EHOLUOHQPLú� ���� |÷UHQFL� ROXúWXUPDNWDGÕU�� $QFDN� WXWDUVÕ]� YH� HNVLN� GROGXUXODQ� ��� DQNHW�� oDOÕúPDQÕQ�
|UQHNOHPLQGHQ�oÕNDUÕOPÕúWÕU�YH�����|÷UHQFL�YHULVL��]HULQGHQ�DQDOL]�\DSÕOPÕúWÕU���

�����9HUL�7RSODPD�$UDFÕ�

� 9HUL� WRSODPD� DUDFÕ� RODUDN� DUDúWÕUPDFÕODU� WDUDIÕQGDQ� JHOLúWLULOHQ� YH� ��� PDGGHGHQ� ROXúDQ� �)$7ø+� 3URMHVL�
+DNNÕQGDNL� *|U�ú� YH� %HNOHQWL� $QNHWL�� NXOODQÕOPÕúWÕU�� *HOLúWLULOHQ� DQNHWWH� LON� �� PDGGH� DQNHWH� NDWÕODQ� |÷UHQFLOHULQ�
GHPRJUDILN� ELOJLOHUL\OH� LOJLOL� RODUDN�� VRQ� ��� PDGGH� LVH� )$7ø+� 3URMHVL� KDNNÕQGDNL� J|U�ú� YH� EHNOHQWLOHULQH� \|QHOLN�
KD]ÕUODQPÕúWÕU��$QNHWLQ�Lo�WXWDUOÕN�NDWVD\ÕVÕ�&URQEDFK�$OSKD�NDWVD\ÕVÕ�LOH�KHVDSODQDUDN������RODUDN�EXOXQPXúWXU���

�����9HULOHULQ�d|]�POHQPHVL�

� gUQHNOHPGHQ�KHVDSODQDQ� LVWDWLVWLNOHUH�GD\DOÕ�RODUDN�HYUHQ�KDNNÕQGD�GR÷UX�NHVWLULPOHULQ�\DSÕOPDVÕQÕ�VD÷OD\DQ�
\|QWHPH� NHVWLULVHO� LVWDWLVWLNOHU� GHQLU� �%�\�N|]W�UN�� ������� %X� oDOÕúPDGD� |UQHNOHP� �]HULQGH� oDOÕúÕOPDVÕ� QHGHQL\OH�
NHVWLULVHO� LVWDWLVWLN� NXOODQÕOPÕúWÕU�� (OGH� HGLOHQ� LVWDWLVWLNVHO� YHULOHU�� LVWDWLVWLNVHO� YHUL� o|]�POHPH� SURJUDPODUÕ\OD�
o|]�POHQPLúWLU��9HULOHULQ�EHWLPVHO�DQDOL]L�LoLQ�IUHNDQV��\�]GH��RUWDODPD��VWDQGDUW�VDSPD��NDUúÕODúWÕUPD�DQDOL]OHUL�LoLQ�LVH�
ED÷ÕPVÕ]�JUXSODUGD�W�WHVWL�YH�YDU\DQV�DQDOL]OHUL�NXOODQÕOPÕúWÕU��/LNHUW�WLSL�VRUXODU���LOH���DUDVÕQGD�GHUHFHOHQGLULOPLú��HOGH�
HGLOHQ�RUWDODPDODU�DúD÷ÕGDNL�JLEL�VÕQÕIODQGÕUÕOPÕúWÕU��

�����±������ .HVLQOLNOH�NDWÕOPÕ\RUXP�
�����±������ .DWÕOPÕ\RUXP�
�����±������ .ÕVPHQ�NDWÕOÕ\RUXP�
�����±������ .DWÕOÕ\RUXP�
�����±������ .HVLQOLNOH�NDWÕOÕ\RUXP�
��

���%8/*8/$5�YH�<2580/$5�

� %X� E|O�PGH� DQNHWH� NDWÕODQ� %g7(�%|O�P�� |÷UHQFLOHULQLQ� GHPRJUDILN� ELOJLOHUL�� �)$7ø+� 3URMHVL�+DNNÕQGDNL�
*|U�ú� YH� %HNOHQWL� $QNHWL�� PDGGHOHULQLQ� DQDOL]L�� � DQNHW� PDGGHOHULQLQ� FLQVL\HWH� YH� VÕQÕIODUD� J|UH� IDUNOÕOÕN� DQDOL]OHUL�
YHULOPLúWLU����

������$QNHWH�.DWÕODQ�%g7(�%|O�P��g÷UHQFLOHULQLQ�'HPRJUDILN�%LOJLOHUL�
$QNHWH�NDWÕODQ�%g7(�%|O�P��|÷UHQFLOHULQLQ�GHPRJUDILN�ELOJLOHULQH�LOLúNLQ�EXOJXODU�EX�E|O�PGH�\HU�DOPDNWDGÕU��

7DEOR����$QNHWH�NDWÕODQ�|÷UHQFLOHULQ�FLQVL\HW�GD÷ÕOÕPÕ�

&LQVL\HW� )UHNDQV� <�]GH���
(UNHN� ���� ������

.DGÕQ�� ���� ������

7RSODP�� ���� ����
� 7DEOR� �¶GHQ� GH� DQODúÕODFD÷Õ� �]HUH� NDWÕOÕPFÕODU� FLQVL\HWOHULQH� J|UH� GHQJHOL� ELU� GD÷ÕOÕP� J|VWHUPLúWLU��7DEOR� ���

$QNHWH�NDWÕODQ�|÷UHQFLOHULQ�PH]XQ�ROGXNODUÕ�OLVH�W�U��GD÷ÕOÕPÕ�

&LQVL\HW� )UHNDQV� <�]GH���
$QDGROX�g÷UHWPHQ�/LVHVL� �� �����
<DEDQFÕ�'LO�$÷ÕUOÕNOÕ�/LVH� �� �����
0HVOHN�/LVHVL� ��� ������
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7HNQLN�/LVHVL� ��� ������
$QDGROX�/LVH� ��� ������
'�]�/LVH� ��� ������
'L÷HU�� ��� �����
7RSODP� ���� ����

� �

7DEOR� �
GH� J|U�OG�÷�� JLEL� DUDúWÕUPD\D� NDWÕODQ�%g7(� E|O�P�� |÷UHQFLOHULQLQ� E�\�N� oR÷XQOX÷XQXQ�'�]� /LVH�
��������� PH]XQX� YH� 0HVOHN� /LVHVL� ��������� 0H]XQX� ROGX÷X� J|U�OPHNWHGLU�� %g7(� E|O�P�� /LVDQV� <HUOHúWLUPH�
6ÕQDYÕ
QGD��/<6��6D\ÕVDO�DODQOD�|÷UHQFL�DOPDNWDGÕU�YH�'�]�/LVH�PH]XQX�|÷UHQFLOHU�OLVH�|÷UHQLPOHUL�V�UHVLQFH�GDKD�ID]OD�
VD\ÕVDO� GHUVOHU� J|UPHNWHGLUOHU��0HVOHN� /LVHVL� |÷UHQFLOHULQLQ� GH� DODQ� WHUFLKOHULQGHQ� GROD\Õ� HN� SXDQ� YHULOPHNWHGLU�� %X�
QHGHQOH� %g7(� E|O�P�� |÷UHQFLOHULQLQ� E�\�N� oR÷XQOX÷X�'�]� /LVH� YH�0HVOHN� /LVHVL� PH]XQX� |÷UHQFLOHUGHQ� ROXúWX÷X�
DQODúÕOPDNWDGÕU���

7DEOR����$QNHWH�NDWÕODQ�|÷UHQFLOHULQ�|÷UHQLP�J|UG�NOHUL�VÕQÕIODUD�J|UH�GD÷ÕOÕPÕ�

6ÕQÕI� )UHNDQV� <�]GH���
���VÕQÕI�� ��� ������
���VÕQÕI� ��� ������
���VÕQÕI� ��� ������

7RSODP� ���� ����
�
� $QNHWH� NDWÕODQ� |÷UHQFLOHULQ� ������
VL� ���� NLúL�� ��� VÕQÕI� |÷UHQFLOHULQGHQ�� ������
X� ���� NLúL�� ��� VÕQÕI�
|÷UHQFLOHULQGHQ�YH�������
VL�����NLúL�����VÕQÕI�|÷UHQFLOHULQGHQ�ROXúWX�7DEOR��¶WHQ�J|U�OPHNWHGLU��

7DEOR����$QNHWH�NDWÕODQ�|÷UHQFLOHULQ�|÷UHQLP�J|UG�NOHUL�|÷UHWLP�W�UOHULQH�J|UH�GD÷ÕOÕPÕ�

g÷UHWLP�7�U�� )UHNDQV� <�]GH���
���g÷UHWLP� ���� ������

���g÷UHWLP�� ���� ������

7RSODP� ���� ����
�
� $QNHWH� \DQÕW� YHUHQ� |÷UHQFLOHULQ� g÷UHWLP� W�UOHULQH� J|UH� GD÷ÕOÕPÕ� 7DEOR� �
WH� J|U�OPHNWHGLU�� $QNHWH� NDWÕODQ�
%g7(�E|O�P��|÷UHQFLOHULQLQ�������
Õ������NLúL�����|÷UHWLP�YH�������
Õ������NLúL�����|÷UHWLP�W�U�QGHGLU���

������$QNHWH�.DWÕODQ�g÷UHQFLOHULQ�)$7ø+�3URMHVL�+DNNÕQGDNL�*|U�ú�YH�%HNOHQWL�%LOJLOHUL�
� $QNHWH�NDWÕODQ�%g7(�E|O�P��|÷UHQFLOHULQLQ�)$7ø+�3URMHVL�KDNNÕQGDNL�J|U�ú�YH�EHNOHQWLOHUL�EX�E|O�PGH�\HU�
DOPDNWDGÕU��
�
7DEOR����$QNHWH�.DWÕODQ�g÷UHQFLOHULQ�)$7ø+�3URMHVLQH�øOLúNLQ�*HQHO�*|U�ú�YH�%HNOHQWLOHUL��
�

)$7ø+�3URMHVLQH�øOLúNLQ�*HQHO�*|U�ú�YH�%HNOHQWLOHUL�$QNHWL�0DGGHOHUL� �ഥ � &HYDS�
$UDOÕ÷Õ�

�� �)$7ø+�3URMHVL�KDNNÕQGD�ELOJL�VDKLEL\LP� ����� .DWÕOÕ\RUXP�
�� �)$7ø+�3URMHVL
QLQ�H÷LWLP�DoÕVÕQGDQ�\DUDUOÕ�RODFD÷ÕQÕ�G�ú�Q�\RUXP� ����� .DWÕOÕ\RUXP�
�� �)$7ø+�3URMHVL
QLQ�EDúDUÕOÕ�RODFD÷ÕQÕ�G�ú�Q�\RUXP� ����� .DWÕOÕ\RUXP�
�� �)$7ø+�3URMHVL\OH�H÷LWLPGH�IÕUVDW�HúLWOL÷LQLQ�JHUoHNOHúHELOHFH÷LQL�G�ú�Q�\RUXP� ����� .DWÕOÕ\RUXP�

�� �)$7ø+�3URMHVL\OH�RNXOODUD�GD÷ÕWÕODQ�%7�DUDoODUÕQÕQ�H÷LWLPGH�HWNLQ�ELU�úHNLOGH�NXOODQÕODFD÷ÕQÕ�G�ú�Q�\RUXP� �����
.ÕVPHQ�

.DWÕOÕ\RUXP�

�� �
)$7ø+�SURMHVL\OH�RNXOODUD�GD÷ÕWÕODFDN�RODQ�GRQDQÕP�YH�\D]ÕOÕPODUÕQ�X\JXQ�
ELoLPGH�NXOODQPD�EHFHULOHUL�LoLQ��g÷UHWPHQOHUH�KL]PHW�LoL�H÷LWLP�YHULOPHVL�
JHUHNWL÷LQL�G�ú�Q�\RUXP�

����� .DWÕOÕ\RUXP�

�� �
%LOLúLP�7HNQRORMLOHUL�g÷UHWPHQOHUL�GÕúÕQGDNL�|÷UHWPHQOHULQ��)$7ø+�SURMHVL\OH�
RNXOODUD�GD÷ÕWÕODFDN�RODQ�GRQDQÕP�YH�\D]ÕOÕPODUÕ�NXOODQPDGD�]RUOXN�
oHNHFHNOHULQL�G�ú�Q�\RUXP�

����� .DWÕOÕ\RUXP�

�� �)$7ø+�SURMHVL�LOH�H÷LWLPFLOHULPL]LQ�GH�ELOLúLP�RNXU\D]DUOÕ÷ÕQÕQ�DUWDFD÷ÕQÕ�G�ú�Q�\RUXP�� ����� .DWÕOÕ\RUXP�
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�� �
)$7ø+�SURMHVL�VD\HVLQGH�JHOLúPLú��ONHOHU�LOH��ONHPL]�DUDVÕQGDNL��%LOLúLP�
7HNQRORMLOHUL�DUDoODUÕQÕQ�NXOODQÕPÕ\OD�LOJLOL�IDUNOÕOÕNODUÕQ�D]DODFD÷ÕQÕ�
G�ú�Q�\RUXP��

����� .DWÕOÕ\RUXP�

��� �
)$7ø+�SURMHVL�NDSVDPÕQGD�H÷LWLP�J|U�S��PH]XQ�RODQ�RUWD|÷UHWLP�
|÷UHQFLOHULQLQ��LOHWLúLP�WHNQRORMLOHULQL�\HWHUOL�G�]H\GH�NXOODQDELOHFH÷LPL�
G�ú�Q�\RUXP��

����� .DWÕOÕ\RUXP�

��� �(÷LWLP�LoHULNOL�GHUVOHUGH�)$7ø+�SURMHVLQLQ�|QHPL�YXUJXODQPÕúWÕU� �����
.ÕVPHQ�

.DWÕOÕ\RUXP�

��� �7HNQLN�LoHULNOL�GHUVOHUGH�)$7ø+�SURMHVLQLQ�|QHPL�YXUJXODQPÕúWÕU� �����
.ÕVPHQ�

.DWÕOÕ\RUXP�
�

� 7DEOR� �¶GH� %g7(� %|O�P�� |÷UHQFLOHULQLQ� )$7ø+� 3URMHVL� KDNNÕQGDNL� JHQHO� J|U�ú� YH� EHNOHQWLOHUL� DQNHWL�
YHULOHULQLQ� DQDOL]OHUL� \HU� DOPDNWDGÕU�� $QNHWH� NDWÕODQ� %g7(� E|O�P�� |÷UHQFLOHUL� EX� PDGGHOHUGHQ�� ³)$7ø+� 3URMHVL
\OH�
RNXOODUGD�GD÷ÕWÕODQ�%7�DUDoODUÕQÕQ�H÷LWLPGH�HWNLQ�ELU�úHNLOGH�NXOODQÕODFD÷ÕQÕ�G�ú�Q�\RUXP´��³(÷LWLP�LoHULNOL�GHUVOHUGH�
)$7ø+� SURMHVLQLQ� |QHPL� YXUJXODQPÕúWÕU´� YH�� ³7HNQLN� LoHULNOL� GHUVOHUGH� )$7ø+� SURMHVLQLQ� |QHPL� YXUJXODQPÕúWÕU´�
PDGGHOHULQH��.ÕVPHQ�.DWÕOÕ\RUXP��DUDOÕ÷ÕQD�GHQN�JHOHQ�FHYDSODU�YHUPLúOHUGLU��g÷UHQFLOHULQ��%7�DUDoODUÕQÕQ�H÷LWLPGH�
HWNLQ�ELU�úHNLOGH�NXOODQÕOPDVÕ�NRQXVXQGD�ND\JÕODUÕQÕQ�ROGX÷X�YH�JHUHN�H÷LWLP�JHUHNVH�WHNQLN�LoHULNOL�GHUVOHUGH�)$7ø+�
SURMHVLQLQ�|QHPLQLQ�\HWHULQFH�YXUJXODQPDGÕ÷Õ�DQODúÕOPÕúWÕU��

7DEOR����$QNHWH�.DWÕODQ�g÷UHQFLOHULQ�<D]ÕOÕP�YH�'RQDQÕP�%LOHúHQLQH�øOLúNLQ�*HQHO�*|U�ú�YH�%HNOHQWLOHUL��
�

<D]ÕOÕP�YH�'RQDQÕP�%LOHúHQLQH�øOLúNLQ�*HQHO�*|U�ú�YH�%HNOHQWLOHUL� �ഥ � &HYDS�
$UDOÕ÷Õ�

��� �)$7ø+�3URMHVL\OH�RNXOODUGD�NXOODQÕODFDN�RODQ�\D]ÕOÕPODUÕ�NXOODQDELOHFH÷LPL�G�ú�Q�\RUXP� ����� .DWÕOÕ\RUXP�

��� �)$7ø+�3URMHVL\OH�RNXOODUGD�NXOODQÕODFDN�RODQ�\D]ÕOÕPODUGD�PH\GDQD�JHOHQ�VRUXQODUÕ�o|]HELOHFH÷LPL�G�ú�Q�\RUXP� ����� .DWÕOÕ\RUXP�

��� �)$7ø+�SURMHVL\OH�RNXOODUD�GD÷ÕWÕODFDN�GRQDQÕPODUÕQ�QHOHU�ROGX÷X�KDNNÕQGD�ELOJL�VDKLEL\LP� ����� .DWÕOÕ\RUXP�

��� �)$7ø+�3URMHVL\OH�RNXOODUGD�NXOODQÕODFDN�RODQ�GRQDQÕPODUÕ�NXOODQDELOHFH÷LPL�G�ú�Q�\RUXP� ����� .DWÕOÕ\RUXP�

��� �)$7ø+�3URMHVL\OH�RNXOODUGD�NXOODQÕODFDN�RODQ�GRQDQÕPODUGD�PH\GDQD�JHOHQ�VRUXQODUÕ�o|]HELOHFH÷LPL�G�ú�Q�\RUXP� ����� .DWÕOÕ\RUXP�

��� �)$7ø+�SURMHVL\OH�RNXOODUD�GD÷ÕWÕODFDN�RODQ�(WNLOHúLPOL�7DKWD¶\Õ�NXOODQDELOHFH÷LPL�G�ú�Q�\RUXP� ����� .DWÕOÕ\RUXP�

��� �)$7ø+�SURMHVL\OH�RNXOODUD�GD÷ÕWÕODFDN�RODQ�oRN�DPDoOÕ�IRWRNRSL�PDNLQHVLQL�NXOODQDELOHFH÷LPL�G�ú�Q�\RUXP� ����� .DWÕOÕ\RUXP�

��� �)$7ø+�SURMHVL\OH�RNXOODUD�GD÷ÕWÕODFDN�RODQ�GRN�PDQ�NDPHUD\Õ�NXOODQDELOHFH÷LPL�G�ú�Q�\RUXP� ����� .DWÕOÕ\RUXP�

��� �)$7ø+�SURMHVL\OH�RNXOODUD�GD÷ÕWÕODFDN�RODQ�WDEOHW�ELOJLVD\DUODUÕ�NXOODQDELOLULP� ����� .DWÕOÕ\RUXP�
� �

$QNHWH�NDWÕODQ�|÷UHQFLOHU��\D]ÕOÕP�YH�GRQDQÕP�ELOHúHQLQH�LOLúNLQ�PDGGHOHUH��.DWÕOÕ\RUXP��DUDOÕ÷ÕQD�GHQN�JHOHQ�
FHYDSODU�YHUPLúOHUGLU��$QNHWLQ�X\JXODQGÕ÷Õ�oDOÕúPD�JUXEXQXQ�%g7(�E|O�P��|÷UHQFLOHULQGHQ�ROXúPDVÕ�YH�EX�E|O�PGH�
RNX\DQ�|÷UHQFLOHULQ�GRQDQÕP�YH�GL÷HU�%7�WHPHOOL�GHUVOHUL�\R÷XQ�ELU�úHNLOGH�J|UPHOHUL�DQNHW�PDGGHOHULQH��.DWÕOÕ\RUXP��
DUDOÕ÷ÕQD� GHQN� JHOHQ� FHYDSODU� YHUPHOHULQGH� HWNLOL� ROGX÷X� G�ú�Q�OPHNWHGLU�� $QNHW� VRQXoODUÕQD� J|UH� DUDúWÕUPDQÕQ�
|UQHNOHPLQL�ROXúWXUDQ�|÷UHQFLOHU��%7�FLKD]ODUÕQÕ�YH�\D]ÕOÕPODUÕ�GDKD�HWNLQ�NXOODQDELOHFHNOHUL��PH\GDQD�JHOHQ�VRUXQODUÕ�
o|]HELOHFHNOHUL�DQODúÕOPDNWDGÕU��

7DEOR����$QNHWH�.DWÕODQ�g÷UHQFLOHULQ�(�LoHULN�%LOHúHQLQH�øOLúNLQ�*HQHO�*|U�ú�YH�%HNOHQWLOHUL��
�

(�LoHULN�%LOHúHQLQH�øOLúNLQ�*HQHO�*|U�ú�YH�%HNOHQWLOHUL� �ഥ � &HYDS�
$UDOÕ÷Õ�

��� � )$7ø+�3URMHVL
QLQ�ELU�ELOHúHQL�RODQ�H�LoHULN�JHOLúWLUPH�KDNNÕQGD�ELOJL�VDKLEL\LP� �����
.ÕVPHQ�

.DWÕOÕ\RUXP�

��� � %LOJLVD\DU�NXOODQÕP�ELOJLPLQ�H�LoHULN�G�]HQOHPHN�LoLQ�\HWHUOLGLU� �����
.ÕVPHQ�

.DWÕOÕ\RUXP�

��� � (WNLOHúLPOL�ELU�H�LoHULN�WDVDUOD\DELOLULP� �����
.ÕVPHQ�

.DWÕOÕ\RUXP�
��� � (÷LWVHO�ND]DQÕPODUÕ�GHVWHNOH\LFL�QLWHOLNWH�H�LoHULN�JHOLúWLUHELOLULP� ����� .DWÕOÕ\RUXP�
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��� � 7HPHO�WDVDUÕP�LONHOHULQH�YH�HOHPDQODUÕQD�X\JXQ��|]J�Q��|]HQOL�YH�HVWHWLN�H�LoHULN�JHOLúWLUHELOLULP� ����� .DWÕOÕ\RUXP�

��� � 'HUVLQ�GH÷HUOHQGLULOPHVL�LoLQ��GHUV�NLWDSODUÕQGDNL�PHYFXW�VRUXODUÕ�HWNLOHúLPOL�KDOH�JHWLUHFHN�úHNLOGH�H�LoHULN�JHOLúWLUHELOLULP� ����� .DWÕOÕ\RUXP�

�
$QNHWH�NDWÕODQ�%g7(�%|O�P��|÷UHQFLOHUL��������YH����QXPDUDOÕ�DQNHW�PDGGHOHULQH�³.ÕVPHQ�.DWÕOÕ\RUXP´������

���YH����QXPDUDOÕ�PDGGHOHUH�LVH�³.DWÕOÕ\RUXP´�DUDOÕ÷ÕQD�GHQN�JHOHQ�FHYDSODU�YHUPLúOHUGLU�����YH����QXPDUDOÕ�PDGGHOHU�
ELOJLVD\DU�GHUVOHUL� LOH� LOJLOL�������������QXPDUDOÕ�PDGGHOHU� LVH�H÷LWLP�YH�ELOJLVD\DU�GHUVOHUL\OH� LOJLOLGLU��$QNHWH�NDWÕODQ�
|÷UHQFLOHUGHQ�����YH����VÕQÕI�|÷UHQFLOHUL�NDWÕOÕPFÕODUÕQ�oR÷XQOX÷XQX�ROXúWXUPDNWDGÕU�����VÕQÕI�|÷UHQFLOHUL�LON���G|QHPGH�
D÷ÕUOÕNOÕ�RODUDN�H÷LWLP�GHUVOHUL�DOGÕNODUÕQGDQ�����VÕQÕI�|÷UHQFLOHUL�LVH����VÕQÕI�|÷UHQFLOHULQH�J|UH�GDKD�D]�ELOJLVD\DU�GHUVL�
DOGÕNODUÕQGDQ��DQDOL]�VRQXFXQX�HWNLOH\HUHN�ELOJLVD\DUOD�LOJLOL�RODQ����YH����QXPDUDOÕ�PDGGHOHULQ�³.ÕVPHQ�.DWÕOÕ\RUXP´�
DUDOÕ÷ÕQD�GHQN�JHOPHVLQL�VD÷ODGÕ÷Õ�V|\OHQHELOLU���
�

��� ��� )$7ø+� 3URMHVL� +DNNÕQGDNL� *|U�ú� YH� %HNOHQWLOHULQLQ� &LQVL\HWH� *|UH� .DUúÕODúWÕUPD�

$QDOL]L�
%X�E|O�PGH�DQNHWH�NDWÕODQ�%g7(�E|O�P��|÷UHQFLOHULQLQ�)$7ø+�3URMHVL�+DNNÕQGDNL�*|U�ú�YH�%HNOHQWLOHULQLQ�

FLQVL\HWH� J|UH� DQODPOÕ� ELU� IDUNOÕOÕN� J|VWHUPHPHNWHGLU�� %X� VRQXo� FLQVL\HWLQ� )$7ø+� 3URMHVL� +DNNÕQGDNL� *|U�ú� YH�
%HNOHQWLOHUL��]HULQGH�HWNLVL�ROPDGÕ÷ÕQÕ�J|VWHUPHNWHGLU��

������)$7ø+�3URMHVL�+DNNÕQGDNL�*|U�ú�YH�%HNOHQWLOHULQ�6ÕQÕIODUD�*|UH�.DUúÕODúWÕUPD�$QDOL]L�
$QNHWH� NDWÕODQ� %g7(� %|O�P�� |÷UHQFLOHULQLQ� VÕQÕIODUD� J|UH� NDUúÕODúWÕUPDODUÕ� \DSÕOPÕúWÕU� YH� EX� E|O�PGH�

NDUúÕODúWÕUPD�VRQXoODUÕ�7DEOR���YH�7DEOR��¶GD�YHULOPLúWLU��

7DEOR����$QNHWH�.DWÕODQ�g÷UHQFLOHULQ�6ÕQÕIODUD�*|UH�.DUúÕODúWÕUPD�$QDOL]L��
0DGGH�� *UXS� 1� � 66� 9DU\DQVÕQ�
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�
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)�

��)$7ø+�3URMHVL\OH�RNXOODUD�
GD÷ÕWÕODQ�%7�DUDoODUÕQÕQ�H÷LWLPGH�
HWNLQ�ELU�úHNLOGH�NXOODQÕODFD÷ÕQÕ�
G�ú�Q�\RUXP�

���6ÕQÕI�� ��� ����� ����� *UXSODUDUDVÕ� ������ �� ����� �����
���6ÕQÕI�� ��� ����� ����� *UXSODULoL� ������� ���� �����
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7RSODPÕ� VG� .DUHOHU�

2UWDODPDVÕ� )�
��)$7ø+�3URMHVL\OH�RNXOODUD�
GD÷ÕWÕODFDN�RODQ�GRQDQÕP�YH�
\D]ÕOÕPODUÕQ�X\JXQ�ELoLPGH�
NXOODQPD�EHFHULOHUL�LoLQ��
g÷UHWPHQOHUH�KL]PHW�LoL�H÷LWLP�
YHULOPHVL�JHUHNWL÷LQL�G�ú�Q�\RUXP�

���6ÕQÕI�� ��� ����� ����� *UXSODUDUDVÕ� ������ �� �����

�����
���6ÕQÕI�� ��� ����� ����� *UXSODULoL� ������� ���� �����
���6ÕQÕI�� ��� ����� ����� 7RSODP� ������� ����

�7RSODP� ���� ����� ����� � � �
0DGGH� *UXS� 1� � 66� 9DU\DQVÕQ�

.D\QD÷Õ�
.DUHOHU�
7RSODPÕ�

VG� .DUHOHU�
2UWDODPDVÕ�

)�

��)$7ø+�3URMHVL�LOH�
H÷LWLPFLOHULPL]LQ�GH�ELOLúLP�
RNXU\D]DUOÕ÷ÕQÕQ�DUWDFD÷ÕQÕ�
G�ú�Q�\RUXP��

���6ÕQÕI�� ��� ����� ����� *UXSODUDUDVÕ� ����� �� ����� �����
���6ÕQÕI�� ��� ����� ����� *UXSODULoL� ������� ���� ����

���6ÕQÕI�� ��� ����� ����� 7RSODP� ������� ���� �
7RSODP� ���� ����� ����� � � �

0DGGH� *UXS� 1� � 66� 9DU\DQVÕQ�
.D\QD÷Õ�

.DUHOHU�
7RSODPÕ�

VG� .DUHOHU�
2UWDODPDVÕ�

)�

��)$7ø+�SURMHVL�VD\HVLQGH�
JHOLúPLú��ONHOHU�LOH��ONHPL]�
DUDVÕQGDNL��%LOLúLP�7HNQRORMLOHUL�
DUDoODUÕQÕQ�NXOODQÕPÕ\OD�LOJLOL�
IDUNOÕOÕNODUÕQ�D]DODFD÷ÕQÕ�
G�ú�Q�\RUXP��

���6ÕQÕI�� ��� ����� ����� *UXSODUDUDVÕ� ����� �� ����� �����
���6ÕQÕI�� ��� ����� ����� *UXSODULoL� ������� ���� �����

���6ÕQÕI�� ��� ����� ����� 7RSODP� ������� ���� �
7RSODP� ���� ����� ����� � � �
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S������
�

7DEOR��¶GHNL�PDGGHOHU�VÕQÕIODU�DUDVÕQGD�DQODPOÕ�IDUNOÕOÕN�J|VWHUPHNWHGLU��%XQXQ�GÕúÕQGDNL�PDGGHOHUGH�DQODPOÕ�
ELU� IDUNOÕOÕN�J|U�OPHPLúWLU��%X� IDUNOÕOÕN� W�P�PDGGHOHUGH���� VÕQÕI�|÷UHQFLOHULQLQ� OHKLQHGLU����� VÕQÕI�|÷UHQFLOHUL����� YH����
VÕQÕI�|÷UHQFLOHULQH�J|UH�GDKD�SR]LWLI�\DNODúPÕúODUGÕU�����VÕQÕI�|÷UHQFLOHUL�����YH����VÕQÕI�|÷UHQFLOHULQH�J|UH�|÷UHWPHQOLN�
PHVOH÷LQH� GDKD� \DNÕQGÕUODU�� g]HOOLNOH� 2NXO� 'HQH\LPL� GHUVL� NDSVDPÕQGD� RNXOODUD� JLGHUHN�� RNXOODUGDNL� LGDUH��
|÷UHWPHQOHU��|÷UHQFL��PHYFXW�DOW\DSÕ��%7�DUDoODUÕ��EX�DUDoODUÕQ�NXOODQÕPÕ�YV�� JLEL�GXUXPODUÕ� \HULQGH�J|]OHGLNOHULQGHQ�
WDEOR��¶GHNL�VRUXODUÕ�FHYDSODUNHQ�ELUD]�GDKD�GHQH\LPOL�\DNODúWÕNODUÕ�G�ú�Q�OHELOLU������

7DEOR����$QNHWH�.DWÕODQ�g÷UHQFLOHULQ�6ÕQÕIODUD�*|UH�.DUúÕODúWÕUPD�$QDOL]L��
0DGGH� *UXS� 1� � 66� 9DU\DQVÕQ�

.D\QD÷Õ�
.DUHOHU�
7RSODPÕ� VG� .DUHOHU�

2UWDODPDVÕ� )�
���)$7ø+�3URMHVL
QLQ�ELU�
ELOHúHQL�RODQ�H�LoHULN�
JHOLúWLUPH�KDNNÕQGD�ELOJL�
VDKLEL\LP�

���6ÕQÕI�� ��� ����� ����� *UXSODUDUDVÕ� ������ �� ������

���������6ÕQÕI�� ��� ����� ����� *UXSODULoL� ������� ���� �����

���6ÕQÕI�� ��� ����� ����� 7RSODP� ������� ����
�

7RSODP� ���� ����� ���� � � �
0DGGH� *UXS� 1� � 66� 9DU\DQVÕQ�

.D\QD÷Õ�
.DUHOHU�
7RSODPÕ� VG� .DUHOHU�

2UWDODPDVÕ� )�
���%LOJLVD\DU�NXOODQÕP�
ELOJLPLQ�H�LoHULN�
G�]HQOHPHN�LoLQ�\HWHUOLGLU�

���6ÕQÕI�� ��� ����� ����� *UXSODUDUDVÕ� ����� �� �����

��������6ÕQÕI�� ��� ����� ����� *UXSODULoL� ������� ���� �����

���6ÕQÕI�� ��� ����� ����� 7RSODP� ������� ����
�

7RSODP� ���� ����� ����� � � �
0DGGH� *UXS� 1� � 66� 9DU\DQVÕQ�

.D\QD÷Õ�
.DUHOHU�
7RSODPÕ� VG� .DUHOHU�

2UWDODPDVÕ� )�
���(WNLOHúLPOL�ELU�H�LoHULN�
WDVDUOD\DELOLULP�

�

���6ÕQÕI�� ��� ����� ����� *UXSODUDUDVÕ� ����� �� �����

��������6ÕQÕI�� ��� ����� ����� *UXSODULoL� ������� ���� ����
���6ÕQÕI�� ��� ����� ����� 7RSODP� ������� ���� �7RSODP� ���� ����� ����� � � �

S������
�

7DEOR� �¶GD� YHULOHQ�PDGGHOHU� VÕQÕIODU� DUDVÕQGD� DQODPOÕ� IDUNOÕOÕN� ROGX÷XQX� J|VWHUPHNWHGLU� YH� EX� IDUNOÕOÕN� W�P�
PDGGHOHUGH���� VÕQÕI� |÷UHQFLOHULQLQ� OHKLQHGLU��%XQXQ�GÕúÕQGDNL�PDGGHOHUGH� DQODPOÕ� ELU� IDUNOÕOÕN� J|U�OPHPLúWLU�� ��� VÕQÕI�
|÷UHQFLOHULQ� OHKLQH� VRQXo� YHUHQ� EX� PDGGHOHU� )$7ø+� 3URMHVL
QLQ� ELU� ELOHúHQL� RODQ� H�LoHULN� JHOLúWLUPH�� � H�LoHULN�
G�]HQOHPHN� LoLQ�\HWHUOL�ELOJL\H�VDKLS�ROPD�YH�HWNLOHúLPOL�ELU�H�LoHULN� WDVDUOD\DELOPH� LOH� LOJLOLGLU�����VÕQÕID�NDGDU�JHOHQ�
|÷UHQFLOHU��(÷LWLPGH�0DWHU\DO�7DVDUÕPÕ�YH�.XOODQÕPÕ��(÷LWLPGH�*UDILN�YH�&DQODQGÕUPD��g÷UHWLP�7DVDUÕPÕ��(÷LWVHO�:HE�
6D\IDVÕ� 7DVDUÕPÕ�� (÷LWVHO� %LOJLVD\DU� 2\XQODUÕ� 7DVDUÕPÕ�� øQWHUQHW� 7DEDQOÕ� 3URJUDPODPD�� dRNOX� 2UWDP� 7DVDUÕPÕ� YH�
hUHWLPL�� øoHULN� YH� g÷UHQPH� <|QHWLP� 6LVWHPL� <D]ÕOÕPODUÕ�� (÷LWLPGH� 0DWHU\DO� *HOLúWLUPH�� dHYULPLoL� (÷LWLP�
8\JXODPDODUÕ�JLEL�GHUVOHU�DOGÕNODUÕ�LoLQ�H�LoHULN�JHOLúWLUPH�YH�G�]HQOHPH�NRQXVXQGD�NHQGLOHULQH�GDKD�ID]OD�J�YHQGLNOHUL�
DQODúÕOPDNWDGÕU��

���6218d�
� %7�DUDoODUÕQÕQ�H÷LWLP�VLVWHPLPL]OH�E�W�QOHúPHVL�YH�YHULPOL�ELU�úHNLOGH�NXOODQÕOPDVÕ�)$7ø+�3URMHVLQLQ�EDúDUÕ\D�
XODúPDVÕQGD� E�\�N� |QHPH� VDKLS� ROGX÷X� G�ú�Q�OPHNWHGLU�� 8\JXODQDQ� DQNHW� VRQXoODUÕQD� J|UH� DQNHWH� NDWÕODQ� %g7(�
E|O�P��|÷UHQFLOHUL� )$7ø+�3URMHVL�+DNNÕQGDNL�*|U�ú�YH�%HNOHQWL�$QNHWLQH� �.ÕVPHQ�.DWÕOÕ\RUXP��YH� �.DWÕOÕ\RUXP��
DUDOÕ÷ÕQD� GHQN� JHOHQ� FHYDSODU� YHUPLúOHUGLU�� $UDúWÕUPD\D� NDWÕODQ� %g7(� %|O�P�� |÷UHQFLOHUL� )$7ø+� 3URMHVL�� )$7ø+�
3URMHVL
\OH� NXOODQÕODFDN� %7� DUDoODUÕQÕQ� NXOODQÕPÕ�� H�LoHULN� YH� H�LoHULN� JHOLúWLUPH� KDNNÕQGD� ELOJL� VDKLEL� ROGXNODUÕ�
V|\OHQHELOLU�� $QFDN� %g7(� %|O�P�� |÷UHQFLOHUL� %7� DUDoODUÕQÕQ� H÷LWLPGH� HWNLQ� NXOODQÕPÕ�� H�LoHULN� JHOLúWLUPH� YH�
G�]HQOHPH� NRQXVXQGD� ND\JÕODUÕQÕQ�ROGXNODUÕ� DQODúÕOPDNWDGÕU��$\UÕFD�%g7(�E|O�P��|÷UHQFLOHULQLQ� )$7ø+�3URMHVL\OH�
RNXOODUGD� NXOODQÕODFDN� RODQ� GRQDQÕP� YH� \D]ÕOÕPODUÕ� NXOODQDELOHFH÷L�� ROXúDELOHFHN� SUREOHPOHUL� GH� o|]HELOHFHNOHUL�
V|\OHQHELOLU��)$7ø+�3URMHVL�+DNNÕQGDNL�*|U�ú�YH�%HNOHQWL�$QNHWL��VÕQÕIODUD�J|UH�DQODPOÕ�IDUNOÕOÕNODU�J|VWHUPHNWHGLU�����
VÕQÕI� |÷UHQFLOHUL�� ��� YH� ��� VÕQÕI� |÷UHQFLOHULQH� J|UH� GDKD� ID]OD� H÷LWLP� YH� %7� GHUVOHUL� J|UG�NOHULQGHQ� GROD\Õ� H�LoHULN�
JHOLúWLUPH� NRQXVXQGD� NHQGLOHULQH� GDKD� ID]OD� J�YHQGLNOHUL� DQNHW� VRQXoODUÕQGDQ� DQODúÕOPDNWDGÕU�� )$7ø+� 3URMHVL
QLQ�
X\JXODQPDVÕQGD�YH�EDúDUÕ\D�XODúPDVÕQGD��%g7(�|÷UHWPHQOHULQLQ�\DQÕ�VÕUD�GL÷HU�EUDQúODUGDNL�|÷UHWPHQOHULQ�GH�HWNLVLQLQ�
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RODFD÷Õ�G�ú�Q�OPHNWHGLU��%X�QHGHQOH��JHOHFHN�oDOÕúPDGD�)$7ø+�3URMHVL�+DNNÕQGDNL�*|U�ú�YH�%HNOHQWL�$QNHWL�(÷LWLP�
)DN�OWHVLQGH�RNX\DQ�GL÷HU�|÷UHQFLOHUH�GH�X\JXODQDUDN�DQNHW�VRQXoODUÕ�GH÷HUOHQGLULOHFHNWLU��

.$<1$./$5��
�
$ONDQ��7���%LOLFL��$���$NGXU��7�(��7HPL]KDQ��2���dLoHN��+������������)ÕUVDWODUÕ�$UWWÕUPD�7HNQRORML\L�ø\LOHúWLUPH�+DUHNHWL�
�)$7ø+��3URMHVL���WK�,QWHUQDWLRQDO�&RPSXWHU�	�,QVWUXFWLRQDO�7HFKQRORJLHV�6\PSRVLXP��(OD]Õ÷�

$NJ�Q��(���<ÕOPD]��(�2���6HIHUR÷OX��6�6��� �������� �9L]\RQ������6WUDWHML�%HOJHVL� YH�)ÕUVDWODUÕ�$UWÕUPD�YH�7HNQRORML\L�
ø\LOHúWLUPH�+DUHNHWL��)$7ø+��3URMHVL��.DUúÕODúWÕUPDOÕ�%LU�øQFHOHPH���$NDGHPLN�%LOLúLP�.RQIHUDQVÕ���0DODW\D�

�
%LOLFL�� $��� �������� � �g÷UHWPHQOHULQ� %LOLúLP� 7HNQRORMLOHUL� &LKD]ODUÕQÕQ� H÷LWVHO� %D÷ODPGD� .XOODQÕPÕQD� YH� (÷LWLPGH�
)$7ø+� 3URMHVLQH� <|QHOLN� *|U�úOHUL�� 6LQFDQ� øO� *HQHO� 0HFOLVL� ø�g�2�� gUQH÷L��� �WK� ,QWHUQDWLRQDO� &RPSXWHU� 	�
,QVWUXFWLRQDO�7HFKQRORJLHV�6\PSRVLXP��(OD]Õ÷�
�

%�\�N|]W�UN�ù�����������6RV\DO�%LOLPOHU�øoLQ�9HUL�$QDOL]L�(O�.LWDEÕ���3HJHP�<D\ÕQFÕOÕN�

�
dXKDGDU��&����'XUVXQ��g�g������������%LOLúLP�7HNQRORMLOHUL�g÷UHWPHQL�$GD\ODUÕQÕQ�*|]�\OH�g÷UHWPHQOLN�0HVOH÷L���
(÷LWLP�7HNQRORMLOHUL�$UDúWÕUPDODUÕ�'HUJLVL���&LOW����6D\Õ����
�
'HPLUHU��9���6DEDQ��$���.�o�N��ù���	�ùDKLQ�� ø�� �������� ³%LOLúLP�7HNQRORMLOHUL�g÷UHWPHQ�$GD\ODUÕQÕQ�)$7ø+�3URMHVL�
+DNNÕQGDNL� *|U�úOHULQLQ� 'H÷HUOHQGLULOPHVL´�� � ,QWHUQDWLRQDO� (GXFDWLRQDO� 7HFKQRORJ\� &RQIHUHQFH� �,(7&��� øVWDQEXO�
hQLYHUVLWHVL��øVWDQEXO�
�
KWWS���IDWLKSURMHVL�PHE�JRY�WU�LFHULNHNOHQWL�H�������������SGI�
�
øQFL�� 1��� (UWHQ�� +��� �������� �� )ÕUVDWODUÕ� $UWWÕUPD� YH� 7HNQRORML\L� ø\LOHúWLUPH� +DUHNHWL� 3URMHVL� YH� 3URMHQLQ� (÷LWLP�
$ODQÕQGDNL�<DQVÕPDODUÕ�����WK�,QWHUQDWLRQDO�&RPSXWHU�	�,QVWUXFWLRQDO�7HFKQRORJLHV�6\PSRVLXP��(OD]Õ÷�
�
.DUDO��+���7LPXoLQ��(�������������%g7(��%X�g÷UHWPHQOL÷LQ�7DQÕPÕ�(NVLN��%g7(�%|O�POHUL�YH�0H]XQODUÕQÕQ�6RUXQODUÕ�
LOH�%X�6RUXQODU�øoLQ�d|]�P�gQHULOHUL����WK�,QWHUQDWLRQDO�&RPSXWHU�	�,QVWUXFWLRQDO�7HFKQRORJLHV�6\PSRVLXP��7UDE]RQ�
�
.DUDVDU��1�����������%LOLPVHO�$UDúWÕUPD�<|QWHPL��1REHO�<D\ÕQFÕOÕN�
�
.D\DGXPDQ��+��� 6ÕUDND\D�0��� 6HIHUR÷OX� 6�6��� �������(÷LWLPGH�)$7ø+�3URMHVLQLQ�g÷UHWPHQOHULQ�<HWHUOLN�'XUXPODUÕ�

$oÕVÕQGDQ�øQFHOHQPHVL���$NDGHPLN�%LOLúLP��øQ|Q��hQLYHUVLWHVL��0DODW\D�

�
2GDEDúÕ��+��)���.X]X��$���8OXX\VDO��%������������)$7ø+�3URMHVLQLQ�7�UNL\H¶GHNL�<DúDP�%R\X�g÷UHQPH�3ROLWLNDODUÕQD�
*HWLUHELOHFH÷L�.DWNÕODU����WK�,QWHUQDWLRQDO�&RPSXWHU�	�,QVWUXFWLRQDO�7HFKQRORJLHV�6\PSRVLXP��(OD]Õ÷�
�
�
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%ø/øùø0�7(.12/2-ø/(5ø�gö5(70(1�$'$</$5,1,1�%ø/*ø6$<$5�
9(�ø17(51(7�%$ö,0/,/,ö,1$�ø/øù.ø1�*g5hù/(5ø�

�
23,1,216�2)�7($&+(5�&$1','$7(6�2)�,1)250$7,21�

7(&+12/2*,(6�$%287�&20387(5�$1'�,17(51(7�$'',&7,21�
)HUKDW�%$+d(&ø�

)ÕUDW�hQLYHUVLWHVL��(÷LWLP�)DN�OWHVL�
%g7(�%|O�P���
(OD]Õ÷�7�UNL\H�

IHUKDWEDKFHFL#KRWPDLO�FRP�
�

2÷X]KDQ�g='(0ø5�
)ÕUDW�hQLYHUVLWHVL��(÷LWLP�)DN�OWHVL�

%g7(�%|O�P���
(OD]Õ÷�7�UNL\H�

RJX]KDQ#ILUDW�HGX�WU�
�
�

g]HW��dD÷ÕPÕ]GD�JHOLúHQ�WHNQRORMLOHULQ�HQ�|QHPOLOHULQGHQ�RODQ�LQWHUQHW�YH�ELOJLVD\DU�WHNQRORMLOHUL�
KD\DWÕPÕ]ÕQ� KHU� DODQÕQGD� NXOODQÕOPDNWDGÕU�� g]HOOLNOH� LQWHUQHW� YH� EXQD� ED÷OÕ� WHNQRORMLOHU�
KD\DWÕPÕ]ÕQ�YD]JHoLOPH]�ELU�SDUoDVÕ�KDOLQH�JHOPLúWLU��$UWÕN�LQVDQODU�J�Q�Q�Q�E�\�N�ELU�E|O�P�Q��
LQWHUQHWWH� Lú� YH� DOÕúYHULú� \DSDUDN�� H�SRVWDODUÕQÕ� RNX\DUDN�� VRV\DO� D÷ODUGD� YDNLW� JHoLUHUHN� \D� GD�
DPDoVÕ]FD�JH]LQHUHN�JHoLUPHNWHGLU��øQWHUQHW�NXOODQÕPÕQÕQ�KHU�JHoHQ�J�Q�DUWDUDN�KHU�W�UO��ELOJL\H�
NROD\OÕNOD� YH� KHUKDQJL� ELU� GHQHWLP� ROPDGDQ� XODúÕOPDVÕ� EHUDEHULQGH� ELUoRN� ROXPVX]� VRQXFX� GD�
JHWLUPHNWHGLU��*�Q�P�]GH�ED]Õ� LQVDQODU� LQWHUQHW� NXOODQÕPÕQÕ� NRQWURO� GÕúÕ� YH�ED÷ÕPOÕ� ELU� ER\XWWD�
\DúDPDNWDGÕUODU��øQVDQODU�ELOJLVD\DU�YH�LQWHUQHW�NXOODQÕPÕ�\�]�QGHQ�GX\JXVDO�VRUXQODU��\RNVXQOXN�
�QHWH�JLUHPHGL÷LQGH�\R÷XQ�JLUPH�LVWH÷L�YH�PHUDN���VRV\DO�LOLúNLOHULQ�D]DOPDVÕ�\D�GD�NHVLOPHVL�JLEL�
VRUXQODUOD� NDUúÕODúDUDN� QHUHGH\VH� LQWHUQHW� ED÷ÕPOÕVÕ� KDOLQH� JHOPLúWLU�� g]HOOLNOH� VRV\DO� SD\ODúÕP�
D÷ODUÕ� YH� RQOLQH� R\XQODUÕQ� V|]� NRQXVX� ROPDVÕ� GROD\ÕVÕ� LOH� �QLYHUVLWH� |÷UHQFLOHUL� LQWHUQHW�
ED÷ÕPOÕOÕ÷ÕQGD� HQ� \�NVHN� ULVNL� WDúÕPDNWDGÕU�� %X� DUDúWÕUPD� ELOLúLP� WHNQRORMLOHUL� |÷UHWPHQ�
DGD\ODUÕQÕQ� LQWHUQHW� ED÷ÕPOÕOÕ÷Õ� LOH� LOJLOL� J|U�úOHULQL� RUWD\D� oÕNDUPDN� DPDFÕ\OD� \DSÕOPÕúWÕU�� %X�
DPDFD�XODúPDN�LoLQ����PDGGHOLN�ELU�DQNHW� IRUPX�JHOLúWLULOPLúWLU��$QNHW� IRUPX�)ÕUDW�hQLYHUVLWHVL�
7HNQLN� (÷LWLP� )DN�OWHVL� %LOJLVD\DU� g÷UHWPHQOL÷L� LOH� (÷LWLP� )DN�OWHVL� %LOJLVD\DU� YH� g÷UHWLP�
7HNQRORMLOHUL� (÷LWLPL� %|O�P�QGH� �%g7(�� RNX\DQ� WRSODP� ���� |÷UHQFL\H� X\JXODQPÕúWÕU�� YHULOHU�
LVWDWLVWLNVHO�RODUDN�o|]�POHQLS�VRQXFD�XODúÕOPÕúWÕU��
�
$QDKWDU�.HOLPHOHU��øQWHUQHW�ED÷ÕPOÕOÕ÷Õ��LQWHUQHW��ELOJLVD\DU��|÷UHWPHQ�DGD\ODUÕ�
�
$EVWUDFW��%HLQJ� WKH�PRVW� VLJQLILFDQW� DGYDQFLQJ� WHFKQRORJLHV� LQ� RXU� HUD�� LQWHUQHW� DQG� FRPSXWHU�
WHFKQRORJLHV�DUH�XVHG�LQ�HYHU\�ILHOG�RI�WKH�OLIH��(VSHFLDOO\�LQWHUQHW�DQG�UHODWHG�WHFKQRORJLHV�KDYH�
EHFRPH�DQ�LQGLVSHQVDEOH�SDUW�RI�WKH�OLIH��1RZ�SHRSOH�VSHQG�PDMRULW\�RI�WKH�GD\�E\�ZRUNLQJ�DQG�
VKRSSLQJ�RQ�WKH�LQWHUQHW��UHDGLQJ�WKHLU�HPDLOV��VSHQGLQJ�WLPH�RQ�VRFLDO�QHWZRUNV��RU�VXUILQJ�ZLWK�
QR�SXUSRVH�� ,QFUHDVLQJ� LQWHUQHW�XVDJH�HYHU\�SDVVLQJ�GD\�DQG�UHDFKLQJ�HYHU\�NLQG�RI� LQIRUPDWLRQ�
HDVLO\� DQG�ZLWKRXW� DQ\� VXSHUYLVLRQ� EULQJ� DORQJ�PDQ\� DGYHUVH� UHVXOWV�� DV�ZHOO��1RZDGD\V� VRPH�
SHRSOH�H[SHULHQFH�LQWHUQHW�XVDJH�LQ�DQ�XQFRQWUROOHG�DQG�DGGLFWHG�ZD\��3HRSOH�KDYH�EHFRPH�DOPRVW�
LQWHUQHW� DGGLFWHG� E\� HQFRXQWHULQJ� SUREOHPV� VXFK� DV� HPRWLRQDO� SUREOHPV�� GHSULYDWLRQ� �IHHOLQJ� D�
SURIRXQG� GHVLUH� WR� FRQQHFW� WR� WKH� LQWHUQHW� DQG� FXULRVLW\�� ZKHQ� QRW� FRQQHFWHG� WR� WKH� LQWHUQHW���
GHFUHDVH� RU� LQWHUUXSWLRQ� LQ� VRFLDO� UHODWLRQV�� GXH� WR� FRPSXWHU� DQG� LQWHUQHW� XVDJH�� 8QLYHUVLW\�
VWXGHQWV� KDYH� WKH� KLJKHVW� ULVN� IRU� LQWHUQHW� DGGLFWLRQ�� HVSHFLDOO\� EHFDXVH� RI� VRFLDO� QHWZRUNV� DQG�
RQOLQH� JDPHV�� 7KLV� VWXG\� ZDV� FRQGXFWHG� WR� LQWURGXFH� RSLQLRQV� RI� WHDFKHU� FDQGLGDWHV� RI�
LQIRUPDWLRQ� WHFKQRORJLHV� DERXW� LQWHUQHW� DGGLFWLRQ�� $� TXHVWLRQQDLUH� IRUP� ZLWK� ��� LWHPV� ZDV�
GHYHORSHG� WR� DFKLHYH� WKLV� SXUSRVH�� 7KH� TXHVWLRQQDLUH�ZDV� FRQGXFWHG� WR� D� WRWDO� RI� ���� VWXGHQWV�
DWWHQGLQJ�DW�WKH�'HSDUWPHQW�RI�&RPSXWHU�DQG�,QVWUXFWLRQDO�7HFKQRORJLHV�LQ�)DFXOW\�RI�(GXFDWLRQ�
DQG�'HSDUWPHQW�RI�&RPSXWHU�7HDFKLQJ�LQ�)DFXOW\�RI�7HFKQLFDO�(GXFDWLRQ�LQ�)ÕUDW�8QLYHUVLW\��7KH�
GDWD�ZHUH�VWDWLVWLFDOO\�DQDO\]HG�DQG�WKHQ�FRQFOXVLRQ�ZDV�UHDFKHG��
.H\�ZRUGV��,QWHUQHW�DGGLFWLRQ��LQWHUQHW��FRPSXWHU��WHDFKHU�FDQGLGDWHV��

�
�
�
*ø5øù�
� %LOLúLP� oD÷Õ� RODUDN� DGODQGÕUÕODQ� J�Q�P�]GH� JHOLúHQ� WHNQRORMLOHU�� DYDQWDMODUÕ� ROGX÷X� JLEL� GH]DYDQWDMODUÕ� GD�
EHUDEHULQGH� JHWLUPHNWHGLU�� <HQL� WHNQRORMLOHU�� KD\DWÕPÕ]Õ� ELU� \DQGDQ� NROD\ODúWÕUÕUNHQ� ELU� \DQGDQ� GD� ROXPVX]� RODUDN�
HWNLOHPHNWHGLU��gUQH÷LQ�JHOLúHQ�WHNQRORMLOHULQ�HQ�|QHPOLOHULQGHQ�RODQ�LQWHUQHW�VD\HVLQGH�]DPDQ�YH�PHNkQ�IDUN�HWPHGHQ�
LOHWLúLP��KDEHUOHúPH��H÷LWLP��EDQNDFÕOÕN�LúOHPOHUL�YE��JLEL�LKWL\DoODUÕPÕ]Õ�JLGHUPH�úDQVÕQD�VDKLS�EXOXQPDNWD\Õ]��$QFDN�
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LQWHUQHW� NXOODQÕPÕQÕQ� DUDo� RODUDN� GH÷LO� GH� ELU� DPDo� KDOLQGH� NXOODQÕOPD\D� EDúODQPDVÕ� GXUXPXQGD� KD\DWÕPÕ]Õ� ROXPVX]�
\|QGH�HWNLOH\HUHN�ELU�ED÷ÕPOÕOÕN�KDOLQH�JHOHELOLU��.DUDPDQ��������&HQJL]KDQ���������
� .|NQDO������¶D� J|UH� LQVDQ� YH� LQVDQÕQ� NLúLOL÷L� EHGHQVHO�� UXKVDO�� WRSOXPVDO� \DSÕODUÕQ�� LúOHYOHULQ� ELUOHúLS�
E�W�QOHúPHVLQGHQ�ROXúXU��%X�E�W�QO�N�LoLQGH�GH÷LúLN�NDWPDQODUGD�\HU�DODQ�\DSÕODU�YH�LúOHYOHU�EXOXQXU��1RUPDO�GDYUDQÕú�
EX� NDWPDQODUGD� EXOXQDQ� \DSÕODUÕQ� YH� LúOHYOHULQ� GHQJHOL�� G�]HQOL� YH� X\XPOX� ROPDVÕ� VRQXFXQGD�� DQRUPDO� GDYUDQÕú� LVH�
GHQJHVL]�� G�]HQVL]� YH� X\XPVX]� ROPDVÕ� VRQXFXQGD� RUWD\D� oÕNPDNWDGÕU�� %X� GXUXPGD� ED÷ÕPOÕOÕ÷Õ� DQRUPDO� ELU� GDYUDQÕú�
RODUDN� WDQÕPODPDN�P�PN�QG�U� \D� GD� ELUH\LQ� IL]LNVHO�� EL\RORMLN� YH� UXKVDO� LúOHYOHUL� �]HULQGH� VRUXQ� \DUDWDUDN�� ELUH\LQ�
GHQJHVLQL�YH�G�]HQLQL�ER]DQ�GDYUDQÕúODUÕQ�E�W�Q�G�U�úHNOLQGH�GH�WDQÕPODPDN�P�PN�QG�U��øOJLOL�OLWHUDW�U�LQFHOHQGL÷LQGH�
ED÷ÕPOÕOÕ÷ÕQ� LNL� WHPHO�G�]H\GH�HOH�DOÕQGÕ÷Õ� J|U�OPHNWHGLU��%XQODUGDQ� LONL�PDGGH�ED÷ÕPOÕOÕ÷Õ� LNLQFLVL� LVH�ELU�GDYUDQÕúD�
RODQ�ED÷ÕPOÕOÕNWÕU��dD\��NDKYH��VLJDUD��oLNRODWD��X\XúWXUXFX�PDGGHOHU��YV��JLEL�PDGGHOHUH�ED÷ÕPOÕOÕN�JHQHO�RODUDN�PDGGH�
ED÷ÕPOÕOÕ÷Õ� NDYUDPÕ� DOWÕQGD� LQFHOHQPHNWHGLU�� %LU� GDYUDQÕúD� ED÷ÕPOÕOÕN� LVH�� EHOLUOL� ELU� GDYUDQÕúÕQ�� DQRUPDO� G�]HQ� YH�
VÕNOÕNOD� VHUJLOHQPHVL� VRQXFX� ELUH\LQ� EHGHQVHO�� SVLNRORMLN� YH� WRSOXPVDO� \DSÕ� YH� LúOHYOHULQGH� GHQJHVLQL� \LWLUPHVL��
G�]HQLQLQ� ER]XOPDVÕ� YH� RUWDPD� X\XP� VD÷OD\DPDPDVÕ� úHNOLQGH� WDQÕPODQDELOHFHN� ED÷ÕPOÕOÕN� W�U�G�U�� %X� QHGHQOH�
J�Q�P�]GH� JHOLúHQ� WHNQRORML� YH� IDUNOÕODúDQ� GDYUDQÕúVDO� GH÷LúLNOLNOHU� GH� ED÷ÕPOÕOÕN� RODUDN� G�ú�Q�OPH\H�
EDúODQPÕúWÕU�*URKRO��������.LQJ�6WRUP���������
� %LOLúLP�oD÷Õ�RODUDN�DGODQGÕUÕODQ�J�Q�P�]GH�HQ�KÕ]OÕ�úHNLOGH�JHOLúHQ�WHNQRORMLN�\HQLOLNOHU�RODUDN�ELOJLVD\DU�YH�
LQWHUQHWL� J|VWHULOPHNWHGLU�� %XQGDQ� ��� \ÕO� HYYHO� ELOJLVD\DU� NXOODQPD\Õ� ELOPHN� ELUH\OHULQ� LVWHNOHULQH� ED÷OÕ\NHQ� EXJ�Q�
ELOJLVD\DU� NXOODQPD\Õ� ELOPHN� ELU� ]RUXQOXOXN� KDOLQH� JHOPLúWLU�� d�QN�� ELOJLVD\DU� YH� LQWHUQHW� WHNQRORMLOHUL� J�QO�N�
\DúDQWÕPÕ]GD�KHU�DQ�NDUúÕPÕ]D�oÕNPDNWDGÕU��7RSOXPXQ�KHU�NHVLPLQGHQ�ELUH\OHU�ELU�úHNLOGH�ELOJLVD\DU�YH�LQWHUQHWL�J�QO�N�
\DúDQWÕODUÕQGD� NXOODQPDN� ]RUXQGD� NDOPDNWDGÕUODU�� .ÕVDFDVÕ�� RUWD\D� oÕNDQ� \HQLOLNOHU� YH� JHOLúHQ� WHNQRORMLOHU� ELUH\OHULQ�
KD\DWÕQD� YH� \DúDP� ELoLPOHULQH� GH÷LúLN� YH� \HQL� ELU� ER\XW� ND]DQGÕUPDNWD� YH� NLúLOHUH� IDUNOÕ� VHoHQHNOHU� VXQPDNWDGÕU�
�1DNLOFLR÷OX���������
� 7HNQRORMLQLQ�JLGHUHN�GDKD�GD�KÕ]OÕ�JHOLúWL÷L�YH�\D\JÕQODúWÕ÷Õ�EX�G|QHPGH�WRSOXPXQ�JHOLúPHVLQGH�YH�\HQLOLNOHUH�
X\XP�VD÷ODPDVÕQGD�YH�D\UÕFD�RUWD\D�oÕNDELOHFHN�ROXPVX]�VRQXoODUÕQ�|Q�QH�JHoLOPHVLQGH�HQ�E�\�N�J|UHYLQ�H÷LWLPFLOHUH�
G�úW�÷�Q��V|\OH\HELOLUL]��%X�QHGHQOH�EX�oDOÕúPDGD�JHOHFHNWHNL�H÷LWLPFLOHULQ��|÷UHWPHQ�DGD\ODUÕQÕQ�LQWHUQHW�ED÷ÕPOÕOÕ÷Õ�
LOH�LOJLOL�J|U�úOHULQL�RUWD\D�oÕNDUPDN�YH�LQWHUQHW�ED÷ÕPOÕVÕ�ROXS�ROPDGÕNODUÕQÕ�|÷UHQPHN�DPDoODQPÕúWÕU��.DUDPDQ��������
6XOHU���������
�
3UREOHP�'XUXPX�
�
� øQWHUQHW�� LQVDQODUÕQ� J�QO�N� KD\DWÕQGD� KHU� JHoHQ� J�Q� GDKD� GD� ID]OD� NXOODQÕOPD\D� EDúODQDQ� ELU� WHNQRORMLGLU��
$QFDN�LQWHUQHWL�NXOODQÕP�RUDQÕ�YH�]DPDQÕ�DUWWÕNoD��NRQWUROO��ELU�úHNLOGH�LQWHUQHWL�NXOODQPDN�ROGXNoD�]RUODúPDNWDGÕU��%X�
GXUXP�LQWHUQHWL�KD\DWÕPÕ]GDQ�oÕNDUPDPÕ]�DQODPÕQD�NHVLQOLNOH�JHOPHGL÷L�JLEL�E|\OH�ELU�úH\�P�PN�Q�GH�GH÷LOGLU��gQHPOL�
RODQ�LQWHUQHWL�GH�NRQWUROO��ELU�úHNLOGH�NXOODQPDNWÕU��%LOJLVD\DU�YH�LQWHUQHW�J�Q�P�]GH�KHPHQ�KHPHQ�KHUNHV�WDUDIÕQGDQ�
EHOLUOL� RUDQODUGD� NXOODQÕOPDNWDGÕU��$QFDN� EX� GXUXP� |]HOOLNOH� ELOLúLP� WHNQRORMLOHUL� DODQÕQGDNL� LQVDQODU� LoLQ� ELUD]� GDKD�
IDUNOÕ�ROPDNWDGÕU��g]HOOLNOH�EX�DODQGDNL�NLúLOHU�JHUHN�J�QO�N�LúOHULQGH�JHUHNVH�PHVOHNL�GXUXPODUÕ�LWLEDUL�LOH�ELOJLVD\DU�YH�
LQWHUQHWL� GDKD� \R÷XQ� ELU� úHNLOGH� NXOODQPDNWDGÕU�� � %LOJLVD\DU� YH� LQWHUQHWL� EX� \R÷XQ� NXOODQÕP� úHNOL� LQVDQODUÕQ� IL]LNVHO�
RODUDN� GD� ELUoRN� UDKDWVÕ]OÕNODUD� \DNDODQPDVÕQD� VHEHS� ROPDNOD� ELUOLNWH� FLGGL� ELU� ED÷ÕPOÕOÕ÷D� GD� VHEHS� ROPDNWDGÕU�� %X�
QHGHQOH� ELOLúLP� WHNQRORMLOHUL� |÷UHQFLOHULQLQ� ELOJLVD\DU� YH� LQWHUQHW� ED÷ÕPOÕOÕ÷Õ� KDNNÕQGD� ELOJL� VDKLEL� ROPDODUÕ� RQODUÕQ�
IL]LNVHO�YH�SVLNRORMLN�VD÷OÕNODUÕ�DoÕVÕQGDQ�VRQ�GHUHFH�|QHPOLGLU���
�
$UDúWÕUPDQÕQ�$PDFÕ�
�
� %X� DUDúWÕUPDQÕQ� DPDFÕ� ELOJLVD\DUÕ� YH� LQWHUQHWL� ROGXNoD� ID]OD� NXOODQDQ� %LOLúLP� 7HNQRORMLOHUL� |÷UHWPHQ�
DGD\ODUÕQÕQ�ELOJLVD\DU�YH�LQWHUQHW�ED÷ÕPOÕOÕ÷Õ�LOLúNLQ�J|U�úOHULQL�EHOLUOHPHNWLU���

�
%X�JHQHO�DPDFD�GD\DOÕ�RODUDN�DúD÷ÕGDNL�DOW�DPDoODU�JHOLúWLULOPLúWLU���

�
� %LOJLVD\DU�g÷UHWPHQOL÷L�g÷UHQFLOHULQLQ�0H]XQL\HW�%LOJLVL�YH�JHQHO�G�ú�QFHOHUL�QHOHUGLU"�
� g÷UHQFLOHULQLQ�%LOJLVD\DU�YH�øQWHUQHW�2UWDPÕ�LOH�LOJLOL�JHQHO�G�ú�QFHOHUL�QHOHUGLU"�
� g÷UHQFLOHULQLQ�øQWHUQHW�2UWDPÕQGD�2\XQ�R\QDPDVÕ�LOH�LOJLOL�JHQHO�G�ú�QFHOHUL�QHOHUGLU"�
� g÷UHQFLOHULQLQ�6RKEHW�YH�6RV\DO�3D\ODúÕP�6LWHOHUL�LOH�LOJLOL�JHQHO�G�ú�QFHOHUL�QHOHUGLU"�
� g÷UHQFLOHULQLQ�$LOH�YH�6RV\DO�dHYUH�LOH�LOJLOL�JHQHO�G�ú�QFHOHUL�QHOHUGLU"�
� g÷UHQFLOHULQLQ�øQWHUQHW�*�YHQOL÷L�LOH�LOJLOL�JHQHO�G�ú�QFHOHUL�QHOHUGLU"�

�
6D\ÕOWÕODU�
�
� %X� oDOÕúPDGD�� |÷UHQFLOHULQ� ELOJLVD\DUÕ� NXOODQPD� \HWHQHNOHUL� YH� LQWHUQHWH� LOLúNLQ� ELOJL� GXUXPODUÕ�� oDOÕúPD�
JUXEXQXQ� ROXúWXUXOPDVÕQGD� \HWHUOL� NDEXO� HGLOPHNWHGLU�� g÷UHQFLOHULQ� YHUL� WRSODPD� DUDFÕQÕ� GR÷UX� YH� VDPLPL�
FHYDSODGÕNODUÕ�� EXQXQOD� ELUOLNWH� )ÕUDW� hQLYHUVLWHVL�� 7HNQLN� (÷LWLP� )DN�OWHVL�� %LOJLVD\DU� g÷UHWPHQOL÷L� YH� (÷LWLP�
)DN�OWHVL�� %LOJLVD\DU� YH� g÷UHWLP� 7HNQRORMLOHUL� (÷LWLPL� %|O�P�� �%g7(�� �� YH� ��� VÕQÕI� |÷UHQFLOHULQLQ�� W�P�%LOJLVD\DU�
g÷UHWPHQOL÷L���YH����VÕQÕI�|÷UHQFLOHULQL�WHPVLO�HGHELOHQ�ELU�SDUoD�RODUDN�G�ú�Q�OP�úW�U���
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6ÕQÕUOÕOÕNODU�
� �
%X�DUDúWÕUPD��DúD÷ÕGD�EHOLUWLOHQ�|]HOOLNOHU�DoÕVÕQGDQ�VÕQÕUODQGÕUÕOPÕúWÕU��
�

�������������|÷UHWLP�\ÕOÕ�LOH�VÕQÕUOÕGÕU��
���dDOÕúPD�JUXEX�)ÕUDW�hQLYHUVLWHVL��7HNQLN�(÷LWLP�)DN�OWHVL��%LOJLVD\DU�g÷UHWPHQOL÷L�YH�(÷LWLP�)DN�OWHVL��%g7(�

E|O�P�QGHNL����YH����VÕQÕI�|÷UHQFL�LOH�VÕQÕUOÕGÕU��
���øVWDWLVWLNVHO�DQDOL]GH�NXOODQÕODFDN�YHULOHU��oDOÕúPDGD�NXOODQÕODQ�YHUL�WRSODPD�DUDFÕ�LOH�WRSODQDQ�YHULOHUOH�VÕQÕUOÕGÕU��

�
<g17(0�
� %X� E|O�PGH�� WHVSLW� HGLOHQ� SUREOHP� ÕúÕ÷ÕQGD� JHUoHNOHúWLULOPHVLQH� NDUDU� YHULOHQ� EX� oDOÕúPDQÕQ� DPDoODUÕQD�
XODúDELOPHVL� LoLQ� NXOODQÕODQ� \|QWHPOHU� DoÕNODQPÕúWÕU�� $UDúWÕUPD� PHYFXW� GXUXPX� YDU� ROGX÷X� úHNOL\OH� EHWLPOHPH\L�
DPDoODGÕ÷ÕQGDQ�EHWLPVHO�WDUDPD�PRGHOL�NXOODQÕOPÕúWÕU���
�
$UDúWÕUPD�*UXEX�
� %X�DUDúWÕUPD�����������|÷UHWLP�\ÕOÕ�EDKDU�G|QHPLQGH��)ÕUDW�hQLYHUVLWHVL��7HNQLN�(÷LWLP�)DN�OWHVL��%LOJLVD\DU�
g÷UHWPHQOL÷L�YH�(÷LWLP�)DN�OWHVL��%LOJLVD\DU�YH�g÷UHWLP�7HNQRORMLOHUL�(÷LWLPL�%|O�P���%g7(����YH����VÕQÕI�|÷UHQFLOHUL�
LOH� \�U�W�OP�úW�U�� dDOÕúPD� JUXEXQXQ� EHOLUWLOHQ� IDN�OWH� YH� E|O�POHUGHQ� ROXúWXUXOPDVÕQÕQ� QHGHQL� LVH� EX� E|O�P�
|÷UHQFLOHULQLQ� ELOJLVD\DU� YH� LQWHUQHW� NXOODQÕP� VHYL\HOHULQLQ� GL÷HU� E|O�P� |÷UHQFLOHULQH� QD]DUDQ� GDKD� ID]OD� ROPDVÕ�
DUDúWÕUPDQÕQ� EX� E|O�POHUGH� JHUoHNOHúWLULOPHVL� DFÕVÕQGDQ� |QHPOL� ELU� HWNL\H� VDKLSWLU��dDOÕúPD� JUXEXQGDNL� YHUL� WRSODPD�
DUDFÕQÕ�FHYDSODPD\Õ�NDEXO�HWPH\HQOHU�YH�KDWDOÕ�FHYDSOD\DQODU�D\UÕúWÕUÕOGÕNWDQ�VRQUD�NDODQ�����|÷UHQFL�DUDúWÕUPD�JUXEXQX�
ROXúWXUPXúWXU���
� $UDúWÕUPD�JUXEXQXQ�JHQHO�SURILOL�WDEOR��¶GH�J|U�OPHNWHGLU��
�

7DEOR����$UDúWÕUPD�*UXEXQXQ�3URILOL�
&LQVL\HW� 1� ��
(UNHN� ��� ������
.DGÕQ� ��� ������
g÷UHQLP�7�U��
,��g÷UHWLP� ��� ������
,,��g÷UHWLP� ��� ������
6ÕQÕI�
��6ÕQÕI� ��� ������
��6ÕQÕI� ��� ������
7RSODP� ���� �������

�
� 7DEOR� �¶GHQ� GH� DQODúÕODFD÷Õ� JLEL� NDWÕOÕPFÕODUÕQ� FLQVL\HW�� |÷UHQLP� W�U�� YH� VÕQÕI� YHULOHULQH� J|UH� GHQJHOL� ELU�
GD÷ÕOÕP�J|VWHUPLúWLU��
�
9HULOHULQ�7RSODQPDVÕ�
� øOJLOL�OLWHUDW�U�WDUDPDVÕQGDQ�HOGH�HGLOHQ�YHULOHU�YH�|÷UHQFLOHUOH�\DSÕODQ�J|U�úPHOHU�QHWLFHVLQGH��¶VÕ�NLúLVHO�ELOJL�YH�
��¶L� OLNHUW� WLSL� VRUXODUGDQ� ROXúDQ� WRSODP� ��� VRUXOXN� ELU� DQNHW� IRUPX� JHOLúWLULOPLúWLU�� *HOLúWLULOHQ� YHUL� WRSODPD� DUDFÕ�
DUDúWÕUPD�JUXEXQD��o�KDIWDOÕN�ELU�V�UHo�LoHULVLQGH�X\JXODQPÕú�YH�W�P�VRQXoODU�HOHNWURQLN�RUWDPD�DNWDUÕOPÕúWÕU��

�
9HULOHULQ�$QDOL]L�
� 9HUL� WRSODPD�DUDFÕQÕQ�DUDúWÕUPD�JUXEXQD�X\JXODQPDVÕ\OD�HOGH�HGLOHQ�YHULOHU� LVWDWLVWLNVHO�DQDOL]H�WDEL� WXWXOPXú�
EX�DPDFD�\|QHOLN�RODUDN� LVWDWLVWLNVHO�YHUL� DQDOL]L�SDNHW�SURJUDPODUÕQGDQ� ID\GDODQÕOPÕúWÕU��9HULOHULQ�o|]�POHQPHVLQGH��
IUHNDQV��\�]GH��RUWDODPD�YH�VWDQGDUW�VDSPD�DQDOL]OHUL�NXOODQÕOPÕúWÕU��.XOODQÕFÕODUÕQ�ELOJLVD\DU�YH�LQWHUQHW�ED÷ÕPOÕOÕ÷ÕQD�
LOLúNLQ�YHULOHULQLQ�o|]�POHQPHVL�YH�\RUXPODQPDVÕ�LoLQ�EHúOL�|OoHN�DUDOÕNODUÕ�DúD÷ÕGDNL�úHNOL\OH�EHOLUOHQPLúWLU��
�
� � .HVLQOLNOH�NDWÕOÕ\RUXP�� ��������������
� � .DWÕOÕ\RUXP�� � ��������������
� � .ÕVPHQ�.DWÕOÕ\RUXP� ��������������
� � .DWÕOPÕ\RUXP�� � ��������������
� � .HVLQOLNOH�NDWÕOPÕ\RUXP�� ��������������
�
%8/*8/$5�9(�<2580/$5�
�
� $UDúWÕUPDQÕQ�EX�E|O�P�QGH�YHUL�WRSODPD�DUDFÕ�LOH�HOGH�HGLOHQ�YH�SUREOHP�GXUXPXQX�GHVWHNOHU�QLWHOLNWH�RODQ�DOW�
DPDoODU�LOH�EX�DOW�DPDoODUD�DLW�LVWDWLVWLNVHO�EXOJXODUD�\HU�YHULOPLúWLU���
�
%LOJLVD\DU�g÷UHWPHQOL÷L�g÷UHQFLOHULQLQ�0H]XQL\HW�%LOJLVL�YH�JHQHO�G�ú�QFHOHUL�
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� .DWÕOÕPFÕODUÕQ�PH]XQ�ROGXNODUÕ� OLVH\L�YH�JHQHO�G�ú�QFHOHULQL�EHOLUWPHOHUL� LoLQ�JHOLúWLULOHQ�YHUL� WRSODPD�DUDFÕQGD�
³0H]XQ�ROGX÷XQX]�/LVH´�úHNOLQGHNL�VRUX\D�|÷UHQFLOHULQ�����¶OXN�E|O�P��³$QDGROX�0HVOHN�/LVHVL´�����¶O�N�E|O�P��
³$QDGROX� /LVHVL´� YH� ³'�]� /LVH´�� ���¶OÕN� NÕVPÕQÕQ� LVH� ³(QG�VWUL� 0HVOHN� /LVHVL´QGHQ� JHOGL÷L�� ��¶OLN� ³)HQ� /LVHVL´�
PH]XQODUÕQÕQ� LVH�E|O�P��HQ�D]� WHUFLK�HGHQ� OLVH�NDWHJRULVLQGH�ROGX÷X�J|U�OPHNWHGLU��%X� VRUX\D�DLW� YHULOHU�7DEOR��¶GH�
J|U�OPHNWHGLU��
�
7DEOR����%|O�P��7HUFLK�(GHQOHULQ�0H]XQ�2OGX÷X�/LVH�

/LVH� 1� ��
)HQ�/LVHVL� �� �����
$QDGROX�/LVHVL� ��� ������
(QG�VWUL�0HVOHN�/LVHVL� ��� ������
$QDGROX�0HVOHN�/LVHVL� ��� ������
'�]�/LVH� ��� ������
'L÷HU�/LVHOHU� �� �����
7RSODP� ���� �������

�
� g÷UHQFLOHULQ� %LOJLVD\DU� g÷UHWPHQOL÷L� E|O�P�Q�� WHUFLK� HWPHOHULQL� HWNLOH\HQ� IDNW|UOHU� DúD÷ÕGDNL� VRUX\OD�
EHOLUOHQPH\H�oDOÕúÕOPÕúWÕU��%X�E|O�P��WHUFLK�HWPH�QHGHQLQL]�LOH�LOJLOL�VRUXGD�|÷UHQFLOHUH�ELUGHQ�ID]OD�VHoLP�\DSPD�KDNNÕ�
YHULOPLúWLU��

�
7DEOR����%|O�P��7HUFLK�(WPH\L�(WNLOH\HQ�)DNW|UOHU�

7HUFLK�1HGHQL� 1� ��
<R÷XQ�øOJLP� ��� ������
øú�RODQDNODUÕQÕQ�)D]ODOÕ÷Õ� ��� ������
dHYUHPGHNLOHULQ�(WNLVL� ��� ������
$LOH�(WNLVL� ��� ������
'L÷HU�� ��� ������
7RSODP� ���
� �������


�%X�VRUXODUGD�NDWÕOÕPFÕODU�ELUGHQ�ID]OD�VHoHQHN�LúDUHWOH\HELOPLúOHUGLU��
� 7DEOR� �¶WHNL� YHULOHU� LQFHOHQGL÷LQGH� |÷UHQFLOHULQ� GDKD� oRN� NHQGL� LOJLOHULQLQ� YH� Lú� RODQDNODUÕQÕQ� ID]OD� ROPDVÕ�
GROD\ÕVÕ� LOH� E|O�P�� WHUFLK� HWWLNOHUL� J|U�OPHNWHGLU�� �g÷UHQFLOHULQ�ELOJLVD\DU�|÷UHWPHQOL÷L� E|O�P�Q�� WHUFLK� HWPHOHULQGH�
DLOHOHULQLQ� GH� |QHPOL� ELU� HWNL\H� VDKLS� ROGX÷X� J|U�OPHNWHGLU��dHYUHQLQ� YH� GL÷HU� HWNLOHULQLQ� LVH� GDKD� D]ÕQOÕN� ELU� GH÷HU�
RODUDN� HWNLVLQLQ� ROGX÷X� V|\OHQHELOLU�� øú� JDUDQWLVLQLQ� ROPDVÕ� YH� |÷UHWPHQOLN� PHVOH÷LQL� VHYPHOHUL� D]ÕPVDQDPD\DFDN�
RUDQODUGD�LúDUHWOHQPLúWLU��%X�GXUXP�|÷UHQFLOHULQ�YH�DLOHOHULQ�%LOJLVD\DU�g÷UHWPHQOL÷L�E|O�P�QGHQ�KDEHUGDU�ROGXNODUÕ�YH�
EX�E|O�P��WHUFLK�HWPHN�LoLQ�\HWHULQFH�ELOJL�VDKLEL�ROGXNODUÕQÕ�J|VWHUPHNWHGLU���
�
� .DWÕOÕPFÕODUÕQ�%LOJLVD\DU�g÷UHWPHQOL÷L�E|O�P�QGHQ�PH]XQ�ROGXNWDQ�VRQUDNL�KHGHILQL]�LOH�LOJLOL�VRUX\D�YHUGLNOHUL�
FHYDSODUD�DLW�YHULOHU� WDEOR��¶WH�J|U�OPHNWHGLU��7DEORGDQ�GD�DQODúÕODFD÷Õ�JLEL�|÷UHQFLOHULQ�E�\�N�ELU�oR÷XQOX÷X�PH]XQ�
ROGXNWDQ�VRQUD�|÷UHWPHQ�ROPDN�LVWHGLNOHULQL�EHOLUWPLúWLU���
�
7DEOR����%|O�PGHQ�PH]XQ�ROGXNWDQ�VRQUDNL�KHGHILQL]�

+HGHILQL]� 1� ��
$NDGHPLN�3HUVRQHOOLN� �� �����
g÷UHWPHQ�ROPDN� ��� ������
g]HO�ELU�úLUNHWWH�oDOÕúPDN� ��� ������
'L÷HU� ��� �����
7RSODP� ���� �������

�
g÷UHQFLOHULQLQ�%LOJLVD\DU�YH�øQWHUQHW�2UWDPÕ�LOH�LOJLOL�JHQHO�G�ú�QFHOHUL�
� g÷UHQFLOHULQ�� ELOJLVD\DU� NXOODQÕPÕ� YH� LQWHUQHW� RUWDPÕQGD� JHoLUGLNOHUL� ]DPDQ� LOH� LOJLOL� OLNHUW� WLSLQGHNL� VRUXODUD�
YHUGLNOHUL�FHYDSODUD�DLW�YHULOHU�WDEOR��¶GH�J|U�OPHNWHGLU���
�
7DEOR����g÷UHQFLOHULQ�LQWHUQHW�RUWDPÕ\OD�LOJLOL�GHUHFHOL�FHYDSODUÕ���

0DGGHOHU� 2UW� 66� &HYDS�DUDOÕ÷Õ�

øQWHUQHW�RUWDPÕQGD�NDODELOHFH÷LP�V�UH�YH�]DPDQÕ�EHOLUOH\HELOL\RUXP� ����� ����� .DWÕOÕ\RUXP�

øQWHUQHWVL]�ELU�J�Q�G�ú�QHPL\RUXP� ����� ����� .ÕVPHQ�
.DWÕOÕ\RUXP�
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øQWHUQHW�LOH�WDQÕúWÕNWDQ�VRQUD��GHUV�QRWODUÕP�ROGXNoD�G�úW��� ����� ����� .DWÕOPÕ\RUXP�
8]XQ� V�UH� ELOJLVD\DU� EDúÕQGD� NDOGÕ÷ÕPGD�� NHQGLPL� IL]LNVHO� RODUDN� UDKDWVÕ]�
KLVVHGL\RUXP� ����� ����� .DWÕOÕ\RUXP�

%LOJLVD\DUÕPÕQ�NHQGL�RGDPGD�ROPDVÕQÕ�WHUFLK�HGHULP�� ����� ����� .DWÕOÕ\RUXP�
�
� 7DEOR��¶GHQ�DQODúÕODFD÷Õ�JLEL�|÷UHQFLOHUH�LQWHUQHW�RUWDPÕQGD�NDODELOHFHNOHUL�V�UH�YH\D�]DPDQÕ�EHOLUOH\HELOPHNWH�
DQFDN� X]XQ� ELU� V�UH� GH� ELOJLVD\DU� YH� LQWHUQHW� EDúÕQGD� ]DPDQ� JHoLUGLNOHULQGH� NHQGLOHULQGH� IL]LNVHO� RODUDN� UDKDWVÕ]OÕN�
KLVVHWPHNWHGLUOHU��$\UÕFD�|÷UHQFLOHU�LQWHUQHWVL]�ELU�J�Q��G�ú�QHPHGLNOHUL�NRQXVXQD�NÕVPHQ�NDWÕOÕUNHQ��ELOJLVD\DUODUÕQÕQ�
NHQGLOHULQH�DLW�ELU�DODQGD�ROPDVÕQÕ�GD�WHUFLK�HWPHNWHGLUOHU���
�
g÷UHQFLOHULQLQ�øQWHUQHW�2UWDPÕQGD�2\XQ�R\QDPDVÕ�LOH�LOJLOL�JHQHO�G�ú�QFHOHUL�
�
� .DWÕOÕPFÕODUÕQ�� LQWHUQHW� RUWDPÕQGD� R\XQ� R\QDPDVÕ� YH\D� ERú� ]DPDQODUÕQÕQ� GH÷HUOHQGLULOPHVL� NRQXVXQGDNL�
G�ú�QFHOHULQL�EHOLUOHPHN�LoLQ���DGHW�OLNHUW�WLSL�VRUX�EXOXQPDNWDGÕU��%X�VRUXODUD�YHULOHQ�FHYDSODUD�DLW�YHULOHU�WDEOR��¶GD�
YHULOPLúWLU��
�
7DEOR����g÷UHQFLOHULQ�LQWHUQHWWH�R\XQ�YH�]DPDQ�JHoLUPH\OH�LOJLOL�GHUHFHOL�FHYDSODUÕ���

0DGGHOHU� 2UW� 66� &HYDS�DUDOÕ÷Õ�

øQWHUQHWWH�úDQV�R\XQODUÕ�R\QDPD\Õ�VHYL\RUXP� ����� ����� .ÕVPHQ�
.DWÕOÕ\RUXP�

øQWHUQHWWH�JHQHOOLNOH�VDYDú�R\XQODUÕ�R\QDPD\Õ�VHYL\RUXP�� ����� ����� .DWÕOPÕ\RUXP�

<DSDFDN�ELU�LúLP�ROPDGÕ÷Õ�]DPDQODUGD�LQWHUQHWH�JLUL\RUXP�� ����� ����� .ÕVPHQ�
.DWÕOÕ\RUXP�

øQWHUQHW�EDúÕQGD�]DPDQÕP�oRN�KÕ]OÕ�JHoL\RU� ����� ����� .DWÕOÕ\RUXP�

%HQL�LQWHUQHWLQ�EDúÕQGD�NDOGÕUGÕNODUÕQGD�PRUDOLP�ER]XOX\RU� ����� ����� .ÕVPHQ�
.DWÕOÕ\RUXP�

�
�
� 7DEOR� �¶GDQ� DQODúÕODFD÷Õ� JLEL� |÷UHQFLOHU� LQWHUQHW� RUWDPÕQGD� LNHQ� ]DPDQÕQ� oRN� KÕ]OÕ� JHoWL÷LQL� EHOLUWPLú� DQFDN�
LQWHUQHW� RUWDPÕQGD�R\XQ�R\QDPD��ERú�YDNLWOHULQL� JHoLUPH� YH� LQWHUQHW� EDúÕQGDQ�NDOGÕUÕOGÕ÷ÕQGD�PRUDOOHULQLQ�ER]XOPDVÕ�
NRQXVXQD� NÕVPHQ� NDWÕOGÕNODUÕQÕ� EHOLUWPLúOHUGLU�� g]HOOLNOH� VDYDú� WDU]Õ� R\XQODUÕ� R\QDPD\Õ� LVH� VHYPHGLNOHULQL�
EHOLUWPLúOHUGLU���
�
g÷UHQFLOHULQLQ�6RKEHW�YH�6RV\DO�3D\ODúÕP�6LWHOHUL�LOH�LOJLOL�JHQHO�G�ú�QFHOHUL�
�
� g÷UHQFLOHULQ��VRKEHW�YH�VRV\DO�SD\ODúÕP�VLWHOHUL�LOH�LOJLOL�OLNHUW�WLSLQGHNL�GHUHFHOL�VRUXODUD�YHUGLNOHUL�FHYDSODUD�DLW�
YHULOHU�WDEOR��¶GH�J|U�OPHNWHGLU��.DWÕOÕPFÕODUÕQ��VRKEHW�YH�SD\ODúÕP�VLWHOHUL�NRQXVXQGDNL�G�ú�QFHOHULQL�EHOLUOHPHN�LoLQ���
DGHW�OLNHUW�WLSL�VRUX�EXOXQPDNWDGÕU���
�
7DEOR����g÷UHQFLOHULQ�6RKEHW�YH�6RV\DO�3D\ODúÕP�VLWHOHUL�LOH�LOJLOL�GHUHFHOL�FHYDSODUÕ���

0DGGHOHU� 2UW� 66� &HYDS�DUDOÕ÷Õ�

øQWHUQHWWH�]DPDQÕPÕQ�E�\�N�ELU�E|O�P�Q��VRKEHW�VLWHOHULQGH�JHoLUL\RUXP� ����� ����� .ÕVPHQ�
.DWÕOÕ\RUXP�

6RKEHW�VLWHOHULQGHNL�LQVDQODUOD�\DSWÕ÷ÕP�VRKEHWLQ�WDGÕQÕ�KLoELU�úH\�YHUPL\RU�� ����� ����� .DWÕOPÕ\RUXP�

øQWHUQHWWH�WDQÕúWÕ÷ÕP�LQVDQODUOD��JHUoHN�KD\DWWD�GD�J|U�ú�\RUXP� ����� ����� .ÕVPHQ�
.DWÕOÕ\RUXP�

6RKEHW�VLWHOHULQGH�NHQGLPL��ROGX÷XPGDQ�IDUNOÕ�WDQÕWÕ\RUXP� ����� ����� .DWÕOPÕ\RUXP�
øQWHUQHWWH� WDQÕúWÕ÷ÕP� LQVDQODUÕQ�� NLúLVHO� |]HOOLNOHUL� �\Dú�� FLQVL\HW�� PHVDIH� YE��� EHQL�
LOJLOHQGLUPL\RU�� ����� ����� .ÕVPHQ�

.DWÕOÕ\RUXP�
øQWHUQHWWH�\D]ÕúÕUNHQ�ED]Õ�NÕVDOWPDODUÕ��RN��PUE��VOP��QEU��YE���NXOODQÕ\RUXP� ����� ����� .DWÕOÕ\RUXP�
øQWHUQHW� RUWDPÕQGD� KHU� W�UO�� LQVDQOD� LVWHGL÷LP� JLEL� LOHWLúLP� NXUGX÷XP� LoLQ� NHQGLPL�
J�YHQGH�KLVVHGL\RUXP�� ����� ����� .ÕVPHQ�

.DWÕOÕ\RUXP�
øQWHUQHWWH�HGLQGL÷LP�DUNDGDúOÕNODUÕ�JHUoHN�KD\DWWD�EXODPÕ\RUXP� ����� ����� .DWÕOPÕ\RUXP�
�
� 7DEOR� �¶GHQ� DQODúÕODFD÷Õ� �]HUH� |÷UHQFLOHU� VRKEHW� VLWHOHULQGH� \DSPÕú� ROGXNODUÕ� VRKEHWLQ� PHPQXQL\HWLQH� YH�
LQWHUQHW� RUWDPÕQGD� HGLQGLNOHUL� DUNDGDúOÕNODUÕQ� JHUoHN� KD\DWWD� EXOXQPDGÕ÷ÕQD� GDLU� G�ú�QFHOHUH� NDWÕOPDGÕNODUÕ�
EHOLUWPLúOHUGLU�� %X� LNL� GXUXPXQ� |÷UHQFLOHU� DoÕVÕQGDQ� J�YHQ� YHUPH\HQ� ELU� GXUXP� ROGX÷X� RUWD\D� NR\XOPXúWXU��$\UÕFD�
NDWÕOÕPFÕODU� ]DPDQÕPÕQ� E�\�N� ELU� E|O�P�Q�� VRKEHW� VLWHOHULQGH� JHoLUPH�� EX� NLúLOHUOH� JHUoHN� KD\DWWD� J|U�úPH�� EX�
NLúLOHULQ�NLúLVHO�|]HOOLNOHUL�YH�NXUXODQ�LOHWLúLPLQ�J�YHQOL÷L�NRQXVXQD�NÕVPHQ�NDWÕOGÕNODUÕQÕ�EHOLUWPLúOHUGLU���
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�
g÷UHQFLOHULQLQ�$LOH�YH�6RV\DO�dHYUH�LOH�LOJLOL�JHQHO�G�ú�QFHOHUL�
�
� g÷UHQFLOHULQ�� LQWHUQHW� RUWDPÕQÕQ� DLOH� YH� VRV\DO� oHYUH� �]HULQGHNL� HWNLVLQL� EHOLUOHPHN� LoLQ� �� DGHW� OLNHUW� WLSL� VRUX�
EXOXQPDNWDGÕU��%X�VRUXODUD�YHULOHQ�FHYDSODUD�DLW�YHULOHU�WDEOR��¶GH�YHULOPLúWLU���
�
7DEOR����g÷UHQFLOHULQ�$LOH�YH�6RV\DO�dHYUH\H�\|QHOLN�GHUHFHOL�FHYDSODUÕ���

0DGGHOHU� 2UW� 66� &HYDS�DUDOÕ÷Õ�

øQWHUQHW�HYLPL]H�JLUGLNWHQ�VRQUD��DLOHPL]GHNL�WDUWÕúPD�YH�VRKEHW�VD\ÕVÕQGD�D]DOPD�ROGX� ����� ����� .DWÕOPÕ\RUXP�
øQWHUQHW�LOH�WDQÕúWÕNWDQ�VRQUD��DUNDGDúODUÕPÕQ�VD\ÕVÕ�ED\D�D]DOGÕ�� ����� ����� .DWÕOPÕ\RUXP�

øQWHUQHW�LOH�WDQÕúWÕNWDQ�VRQUD�NLWDS�RNX\DPÕ\RUXP�� ����� ����� .ÕVPHQ�
.DWÕOÕ\RUXP�

øQWHUQHWOH�X÷UDúÕUNHQ��HYH�JHOHQ�DUNDGDúODUÕPÕ�DWODWÕS��JHUL�J|QGHUL\RUXP� ����� ����� .DWÕOPÕ\RUXP�
�
� .XOODQÕFÕODU�� LQWHUQHW� RUWDPÕQÕQ� DLOHGHNL� VRKEHW� YH� WDUWÕúPD� VD\ÕVÕQGD� D]DOPD� PH\GDQD� JHWLUPHVL� YH� DUNDGDú�
VD\ÕVÕQGD�D]DOPD�ROPDVÕ�GXUXPXQD�NDWÕOPÕ\RUXP�G�]H\LQGH�FHYDS�YHUPLú�ROVDODU�GD�LQWHUQHW�YH�ELOJLVD\DU�RUWDPÕQÕQ�EX�
PDGGHOHUH� |QHPOL� |Oo�GH� HWNL� HWWL÷L� GH� J|U�OPHNWHGLU�� g]HOOLNOH� NDWÕOÕPFÕODUÕQ� LQWHUQHW� LOH� WDQÕúPDGDQ� VRQUD� NLWDS�
RNXPDGD�FLGGL�ELU�HNVLNOL÷LQ�GR÷PDVÕ�J|]H�EDWPDNWDGÕU��
�
g÷UHQFLOHULQLQ�øQWHUQHW�*�YHQOL÷L�LOH�LOJLOL�JHQHO�G�ú�QFHOHUL�
� .DWÕOÕPFÕODUÕQ�� LQWHUQHW�J�YHQOL÷L�YH�\DVDNOÕ� VLWHOHU�NRQXVXQGDNL�G�ú�QFHOHULQL�EHOLUOHPHN� LoLQ���DGHW� OLNHUW� WLSL�
VRUX�EXOXQPDNWDGÕU��%X�VRUXODUD�YHULOHQ�FHYDSODUD�DLW�YHULOHU�WDEOR��¶GD�YHULOPLúWLU��
�
�
7DEOR����g÷UHQFLOHULQ�LQWHUQHW�J�YHQOL÷LQH�\|QHOLN�GHUHFHOL�FHYDSODUÕ���

0DGGHOHU� 2UW� 66� &HYDS�DUDOÕ÷Õ�

øQWHUQHWLPLQ�oHúLWOL�ILOWUHOHPH�SURJUDPODUÕ\OD�HULúLPLPLQ�NÕVÕWODQPDVÕQÕ�LVWHPL\RUXP� ����� ����� .DWÕOÕ\RUXP�
øQWHUQHWL�NXOODQÕUNHQ��GLNNDW�HWPHP�JHUHNHQ�J�YHQOLN�NXUDOODUÕQÕ�ELOL\RUXP� ����� ����� .DWÕOÕ\RUXP�

%D]Õ�LQWHUQHW�VLWHOHULQH�NHVLQOLNOH�JLUPL\RUXP� ����� ����� .ÕVPHQ�
.DWÕOÕ\RUXP�

�
� 7DEOR� �¶GDQ� DQODúÕODFD÷Õ� �]HUH� |÷UHQFLOHU� oHúLWOL� ILOWUHOHPH� SURJUDPODUÕ� LOH� HULúLPLQ� NÕVÕWODQPDVÕ� YH� GLNNDW�
HGLOPHVL� JHUHNHQ� J�YHQOLN� NXUDOODUÕ� KDNNÕQGD� ELOJL� VDKLEL� ROGXNODUÕQD� GDLU� G�ú�QFHOHUH� NDWÕOÕ\RUXP� G�]H\LQGH� FHYDS�
YHUPLúOHUGLU�� $\UÕFD� \DVDNOÕ� YH� HULúLPL� NÕVÕWODQPÕú� VLWHOHUH� JLUPH� NRQXVXQGDNL� G�ú�QFHOHUH� LVH� NÕVPHQ� NDWÕOÕ\RUXP�
G�]H\LQGH�J|U�úOHULQL�ELOGLUPLúOHUGLU���
�
6218d/$5�9(�7$57,ù0$�
$UDúWÕUPDGDQ�HOGH�HGLOHQ�EXOJXODUD�J|UH�DúD÷ÕGDNL�VRQXoODUD�XODúÕOPÕúWÕU��

� $UDúWÕUPD� JUXEXQGD� EXOXQDQ� |÷UHQFLOHU� LQWHUQHW� RUWDPÕQGD� NDODELOHFHNOHUL� V�UH� YH\D� ]DPDQÕ� EHOLUOH\HELOPHNWH�
DQFDN� X]XQ� ELU� V�UH� GH� ELOJLVD\DU� YH� LQWHUQHW� EDúÕQGD� ]DPDQ� JHoLUGLNOHULQGH� NHQGLOHULQGH� IL]LNVHO� RODUDN�
UDKDWVÕ]OÕN� KLVVHWWLNOHULQL� EHOLUWPLúOHUGLU�� $\UÕFD� |÷UHQFLOHU� LQWHUQHWVL]� ELU� J�Q�� G�ú�QHPHGLNOHUL� NRQXVXQD�
NÕVPHQ� NDWÕOÕUNHQ�� EX� NDWHJRULGHNL� |÷UHQFLOHU� LQWHUQHWL� YH\D� ELOJLVD\DUÕ� ED÷ÕPOÕ� GHQHFHN� G�]H\GH�
NXOODQPDNWDGÕU�� � $\UÕFD� LQWHUQHWLQ� NHQGLOHUL� LoLQ� ROPD]VD� ROPD]� G�ú�QFHVLQGHNL� |÷UHQFLOHU� |]HOOLNOH�
ELOJLVD\DUODUÕQÕQ�NHQGLOHULQH�DLW�ELU�DODQGD�ROPDVÕQÕ�GD�WHUFLK�HWPHNWHGLUOHU���

� .DWÕOÕPFÕODUÕQ� EHOLUOL� ELU� NÕVPÕ� LQWHUQHW� EDúÕQGDQ� NDOGÕUÕOGÕNODUÕQGD� PRUDOOHULQLQ� ER]XOGX÷XQX�� D\UÕFD� \DSDFDN�
LúOHUL� ROPDGÕ÷Õ� ]DPDQODUGD� YH� úDQV� R\XQODUÕ� R\QDPDN� LoLQ� LQWHUQHWL� NXOODQGÕNODUÕQÕ� EHOLUWPLúOHUGLU�� ùDQV�
R\XQODUÕQÕQ� LQVDQODUÕ�]DPDQOD�NXPDU�R\QDPDNWDQ�oHNLQPH\HQ�YH�ULVN�DOPD\Õ� VHYHQ� LQVDQODU�KDOLQH�JHWLUPHVL�
D\UÕFD�ERú�]DPDQODUÕQÕ�DPDoVÕ]FD�JHoLUPHOHUL�EX�NLúLOHUL�EDúDUÕVÕ]�LQVDQODU�KDOLQH�JHWLUPHNOH�ELUOLNWH� IDUNÕQGD�
ROPDGDQ�LQWHUQHW�ED÷ÕPOÕVÕ�KDOLQH�GH�JHWLUPHNWHGLU��

� g÷UHQFLOHULQ�ED]ÕODUÕ� LQWHUQHWWH�HGLQGL÷L�DUNDGDúOÕNODUÕ�JHUoHN�KD\DWWD�EXODPDGÕNODUÕQÕ�EHOLUWPLúOHUGLU��%|\OH�ELU�
GXUXP�EX�NLúLOHULQ�VRV\DO�\|QGHQ�]D\ÕI�LQVDQODU�ROGX÷XQX��JHUoHN�KD\DWWD�HGLQHPHGL÷L�DUNDGDúOÕNODUÕ��LQWHUQHWWH�
WDQÕúWÕ÷Õ�LQVDQODUOD�JHUoHNOHúWLUPH\H�oDOÕúWÕ÷ÕQÕ�RUWD\D�NR\PDNWDGÕU�

� g÷UHQFLOHULQ�E�\�N�ELU�oR÷XQOX÷X�LQWHUQHWOHULQLQ�oHúLWOL�ILOWUHOHPH�SURJUDPODUÕ�LOH�ILOWUHOHQPHVLQL�LVWHPHPHNWHGLU��
*HQHO�RODUDN�LVWHGLNOHUL�KHU�VLWH\H�JLUPHN�LVWHGLNOHULQL�LIDGH�HWPLúOHUGLU��

� g÷UHQFLOHULQ�ELU�NÕVPÕ�GD�LQWHUQHWWH�WDQÕúWÕ÷Õ�LQVDQODUOD�\DSWÕ÷Õ�VRKEHWLQ�WDGÕQÕ�KLoELU�úH\GHQ�DODPDGÕNODUÕQÕ�LIDGH�
HWPLúWLU�� %X� GD� RQODUÕQ� WDPDPHQ� LQWHUQHWWHNL� LQVDQODUD� \R÷XQODúPDVÕQD� YH� VRV\DO� RODUDN� JHUoHN� KD\DWWDQ�
X]DNODúPDVÕQD�QHGHQ�ROPDNWDGÕU���

� g÷UHQFLOHU�LQWHUQHWWH�J|UPHGL÷L��WDQÕPDGÕ÷Õ�LQVDQODUOD��FDQODUÕQÕQ�LVWHGL÷L�JLEL�VÕQÕUVÕ]�ELU�LOHWLúLP�NXUGXNODUÕ�LoLQ�
NHQGLOHULQL�J�YHQGH�KLVVHWPHOHULQH�NÕVPHQ�NDWÕOGÕNODUÕQÕ�LIDGH�HWPLúOHUGLU��

� g÷UHQFLOHULQ� E�\�N� ELU� oR÷XQOX÷X� ELOJLVD\DUÕQÕQ� NHQGL� RGDVÕQGD� ROPDVÕQÕ� LVWHPHNWHGLU�� %X� GD� J|VWHUL\RU� NL�
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LQVDQODUÕQ�E�\�N�ELU�oR÷XQOX÷X�DLOHOHULQLQ�J|UPHVLQL�LVWHPHGL÷L�VLWHOHUGH�]DPDQ�JHoLUPHNWHGLU��
� g÷UHQFLOHULQ�ED]ÕODUÕQÕQ�LQWHUQHW�LOH�WDQÕúWÕNWDQ�VRQUD�GHUV�QRWODUÕ�HVNLVLQGHQ�GDKD�N|W��ELU�GXUXPD�JHOGL÷L�LIDGH�

HWPLúWLU�� %X� GD� RQODUÕQ� LQWHUQHWWH� NHQGLOHULQH� \DUDUOÕ� ROPD\DFDN� VLWHOHUGH� ID]ODFD� YDNLW� JHoLUGL÷LQL�
J|VWHUPHNWHGLU��

� g÷UHQFLOHUGHQ�ED]ÕODUÕ�LQWHUQHWWH�WDQÕúWÕ÷Õ�LQVDQODUOD�JHUoHN�KD\DWWD�GD�J|U�úW�÷�Q��LIDGH�HWPLúWLU��%X�GXUXP�VRQ�
GHUHFH� WHKOLNHOLGLU�� 7DQÕPDGÕ÷ÕQÕ]Õ� YH� VDGHFH� LQWHUQHW� RUWDPÕQGD� WDQÕúWÕ÷ÕQÕ]� LQVDQODU� N|W�� QL\HWOL� YH\D� ]DUDU�
YHULFL�NLúLOHU�RODELOLUOHU���*�Q�P�]GH�EX�ROD\ÕQ�X\JXODPDVÕ�ROGXNoD�GD�ID]ODGÕU��

� g÷UHQFLOHULQ�ED]ÕODUÕ�LQWHUQHWLQ�HYOHULQH�JLUPHVL\OH�DLOH�LoHULVLQGH�LOHWLúLPLQ�D]DOGÕ÷ÕQÕ�EHOLUWPHNWHGLU��%X�GD�DLOH�
LoHULVLQGH�ELUELULQGHQ�NRSXN�ELUH\OHU�RODUDN�\HWLúPHPL]H�RUWDP�VD÷ODPDNWDGÕU���

� g÷UHQFLOHULQ� ELU� NÕVPÕ� LQWHUQHWWH� WDQÕúWÕ÷Õ� LQVDQODUÕQ� NLúLVHO� |]HOOLNOHULQL� ELOPHGHQ� NLP� ROXUVD� ROVXQ� DUNDGDúOÕN�
HWPHNWHGLU��%X�GD�RQODUÕQ�]DUDUOÕ� LQVDQODUOD� WDQÕúPDODUÕQD�RUWDP�VD÷OD\ÕS�NHQGLOHULQL�EX� LQVDQODUÕQ�RUWDPÕQGD�
EXOPDVÕQD�QHGHQ�RODELOPHNWHGLU��

� g÷UHQFLOHULQ�ED]ÕODUÕ�GD�LQWHUQHW�LOH�WDQÕúWÕNWDQ�VRQUD�DUWÕN�NLWDS�RNX\DPDGÕNODUÕQÕ�LIDGH�HWPLúWLU��%X�QHGHQOH�DúÕUÕ�
ELU�LQWHUQHW�NXOODQÕPÕ�YH\D�ED÷OÕOÕN�HQ�|QHPOL�DOÕúNDQOÕNODUÕPÕ]Õ�GD�HQJHOOH\HELOPHNWHGLU��

� g÷UHQFLOHULQ� E�\�N� ELU� oR÷XQOX÷X� LQWHUQHWWH� \D]ÕúÕUNHQ� oHúLWOL� NÕVDOWPDODUÕ� NXOODQDUDN� |]� 7�UNoH� NHOLPHOHUL�
NDWOHWPHNWHGLUOHU��%X�GD�]DPDQOD�\DEDQFÕ�NHOLPHOHULQL�7�UNoH¶GH�\HU�DOPDVÕQD�YH�GLOLPL]LQ�ER]XOPDVÕQD�QHGHQ�
RODFDNWÕU��%LOLQGL÷L�JLEL�ELU�PLOOHWLQ�PLOOHW�ROPDVÕ�LoLQ�PXWODND�NHQGLVLQH�DLW�ELU�GLOLQLQ�ROPDVÕ�JHUHNPHNWHGLU��

�
�
.$<1$./$5�
�
.DUDPDQ��0�.����������g÷UHWPHQ�DGD\ODUÕQÕQ�LQWHUQHW�ED÷ÕPOÕOÕ÷Õ�KDNNÕQGDNL�J|U�úOHUL��$NDGHPLN�%LOLúLP�¶���;,�
$NDGHPLN�%LOLúLP�.RQIHUDQVÕ��+DUUDQ�hQLYHUVLWHVL��ùDQOÕXUID��
�
&HQJL]KDQ��&��������%LOJLVD\DU�YH�,QWHUQHW�%D÷ÕPOÕOÕ÷Õ��$UDúWÕUPDODU���1L÷GH�(÷LWLP�)DN�OWHVL�
KWWS���HJLWLP�QLJGH�HGX�WU�DUWLFOHV��SKS"OQJ WU	SJ �����
�
(NLQFL��$UPD÷DQ���$]L]�$QWRQLXV¶XQ�%DúWDQ�dÕNDUÕOPDVÕ��%LU�.|W��$OÕúNDQOÕN�2ODUDN�øQWHUQHW��&2*ø72�'HUJLVL�6D\ÕVÕ��
������
�
*ULIILWKV��0DUN��������*OXHG�WR�WKH�VFUHHQ���$Q�LQYHVWLJDWLRQ�LQWR�WKH�(IIHFWV�RI�LQIRUPDWLRQ�$GGLFWLRQ�:RUOGZLGH��
KWSS���DERXW�UHXWHUV��FRP�UEE�UHVHDUFK�DGGLFWIUDPH�KWPO�
�
*URKRO��-���������,QWHUQHW�$GGLFWLRQ�*XLGH��KWWS���SV\FKFHQWUDO�FRP�QHWDGGLFWLRQ��
�
.LQJ��6WRUP�$���������,V�WKH�LQWHUQHW�$GGLFWLYH��RU�$UH�$GGLFWV�8VLQJ�WKH�,QWHUQHW"�
KWWS���ZHESDJHV�FKDUWHU�QHW�VWRUPNLQJ�LDG�KWPO�
�
.|NQDO��g���������%D÷ÕPOÕOÕN��$ONRO�YH�0DGGH�%D÷ÕPOÕOÕ÷Õ��øVWDQEXO��$OWÕQ�.LWDSODU�
�
1DNLOFLR÷OX��ø�+���øOHWLúLPGHQ�%LOLúLPH���øQWHUQHW�.�OW�U�QGHQ�.HVLWOHU��$NDGHPLN�%LOLúLP������'XPOXSÕQDU�
hQLYHUVLWHVL��.�WDK\D����2FDN���ùXEDW�������
�
6XOHU��-RKQ���������7KH�3V\FKRORJ\�RI�&\EHUVSDFH��KWWS���ZZZ�ULGHU�HGX�XVHUV�VXOHU��SV\F\EHU�F\EDGGLFW�KWPO�
�
KWWS���ZZZ�FQQ�FRP�KHDOWK����������LQWHUQHW�DGGLFWLRQ��
�
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%ø5�/06�'(ö(5/(1'ø50(6ø��022'/(�
$VOÕKDQ�%DEXU�<ÕOPD]�

$PDV\D�hQLYHUVLWHVL�7HNQLN�%LOLPOHU�0<2��
%LOJLVD\DU�3URJUDPFÕOÕ÷Õ�3URJUDPÕ�

$PDV\D�
DVOLKDQ�EDEXU#DPDV\D�HGX�WU�

�
�

$EVWUDFW�$PDV\D�hQLYHUVLWHVL�7HNQLN�%LOLPOHU�0HVOHN�<�NVHN�2NXOX�%LOJLVD\DU�3URJUDPFÕOÕ÷Õ�
3URJUDPÕ�,��9H�,,��|÷UHWLP�,��YH� ,,��VÕQÕI�|÷UHQFLOHULQLQ�oHYULP�LoL�RUWDPGD�\D�GD�GHUV�HVQDVÕQGD�
022'/(�RUWDPÕQÕ�NXOODQPDGÕNODUÕ�KDWWD�EX�RUWDPÕ�ELOPHGLNOHUL�IDUN�HGLOPLúWLU��%X�GXUXP��GHUV�
HVQDVÕQGD�022'/(�RUWDPÕQÕQ�NXOODQÕOPDVÕQD�YH�|÷UHQHQOHULQ�022'/(�LOH� WDQÕúPDVÕQD�RUWDP�
KD]ÕUODPÕúWÕU�� %X� DUDúWÕUPDQÕQ� LON� DPDFÕ�� H÷LWLP� DPDFÕ\OD� NXOODQÕODQ�0RG�OHU�1HVQH�<|QHOLPOL�
'LQDPLN� g÷UHQLP� 2UWDPÕQÕQ� �022'/(��� \D]ÕOÕP� GH÷HUOHQGLUPH� |Oo�WOHUL� GLNNDWH� DOÕQDUDN�
H÷LWVHO� QLWHOLNWH� ELU� GHUV� \D]ÕOÕPÕ� ROXS� ROPDGÕ÷ÕQÕQ� |÷UHQHQOHU� DoÕVÕQGDQ� GH÷HUOHQGLUPHNWLU��
$UDúWÕUPDQÕQ� ELU� GL÷HU� DPDFÕ� LVH� \D]ÕOÕPOD� LOJLOL�PHYFXW� GXUXPX�RUWD\D� NR\PDN� YH� HNVLNOLNOHU��
LKWL\DoODU� YDUVD� EXQODUÕ� JLGHUPH\H� oDOÕúPDNWÕU�� $UDúWÕUPDQÕQ� |UQHNOHPL� 022'/(� \D]ÕOÕPÕQÕ�
NXOODQPD\DQ�� EX� \D]ÕOÕP� KDNNÕQGD� ILNLU� VDKLEL� ROPD\DQ� $PDV\D� hQLYHUVLWHVL� 7HNQLN� %LOLPOHU�
0HVOHN� <�NVHN� 2NXOX� %LOJLVD\DU� 3URJUDPFÕOÕ÷Õ� 3URJUDPÕ� ,�� 9H� ,,�� |÷UHWLP� ,�� 9H� ,,�� VÕQÕI�
|÷UHQFLOHULQGHQ� ROXúPDNWDGÕU�� <DNODúÕN� �o� D\� ER\XQFD� 022'/(� RUWDPÕQGD� LoHULN�� HWNLQOLN��
GX\XUXODU� YE�� SD\ODúÕPODUOD� VHQNURQ� YH� DVHQNURQ� RUWDPGD� NRQX� DQODWÕPÕ� JHUoHNOHúWLULOPLúWLU��
$PDFD�\|QHOLN�RODUDN��WDUDPD�PRGHOL�NXOODQÕOPÕú��|÷UHQHQOHUH�JHoHUOLOLN�YH�J�YHQLOLUOLN�oDOÕúPDVÕ�
\DSÕOPÕú�RODQ�$WHú¶�LQ��������JHOLúWLUGL÷L�<D]ÕOÕP�'H÷HUOHQGLUPH�gOoH÷L�X\JXODQDUDN�YHULOHU�HOGH�
HGLOPLúWLU�� (OGH� HGLOHQ� YHULOHUH� J|UH� |OoHNWH�0RRGOH� RUWDPÕQD� X\JXQ� ROPD\DQ� PDGGHOHU� IDNW|U�
DQDOL]L�\DSÕODUDN�X\JXODPD�GÕúÕQGD�EÕUDNÕOPÕúWÕU��<DSÕODQ�|OoHN�VRQXoODUÕ�6366������SURJUDPÕQGD�
DNWDUÕOPÕú�YH�VRQXoODU�DQDOL]�HGLOPLúWLU��$QDOL]�VRQXoODUÕ�022'/(�RUWDPÕQÕQ�|÷UHQHQOHUH�J|UH��
H÷LWLP� \D]ÕOÕPODUÕQÕQ� VDKLS� ROPDVÕ� JHUHNHQ� |]HOOLNOHUGHQ� H÷LWVHO� |]HOOLNOHUL�� J|UVHO� WDVDUÕP�
|]HOOLNOHUL�� LoHULN�|]HOOLNOHUL��\|QOHQGLUPH�YH�\DUGÕP�|]HOOLNOHUL��NXUXOXP�YH�NXOODQÕP�|]HOOLNOHUL�
EDNÕPÕQGDQ� \HWHUOL� ROGX÷X� DQFDN� oRNOX� RUWDP� |]HOOLNOHUL� EDNÕPÕQGDQ� JHOLúWLULOPHVL� JHUHNWL÷L�
EHOLUOHQPLúWLU��

�
$QDKWDU�.HOLPHOHU��022'/(��(÷LWVHO�<D]ÕOÕP��(÷LWVHO�2UWDP��<D]ÕOÕP�'H÷HUOHQGLUPH�

*LULú��
�
� *�Q�P�]GH�ELOJL\H�XODúPD��ELOJL\L�NXOODQPD��\RUXPODPD�YH�GH÷HUOHQGLUPH��\HQL�ELOJL�ROXúWXUPD�YH�EX�ELOJL\L�
SD\ODúPD�NRQXVXQGD�E�\�N�JHOLúPHOHU�\DúDQPDNWDGÕU��%X�JHOLúPHOHU�H÷LWLPLQ�JHOLúPHVLQL�GHVWHNOHPHNWH�YH�GROD\ÕVÕ\OD�
WRSOXPODUÕQ�JHOLúLPLQH�E�\�N�NDWNÕ�VD÷ODPDNWDGÕU��(÷LWLPL�HWNLOH\HQ�WHNQRORMLN�\HQLOLNOHU�YH�EXOXúODU��KHU�GHIDVÕQGD�ELU�
|QFHNL� VLVWHPH� J|UH� �VW�QO�NOHU� VD÷ODPDNWD�� \HQL� NDYUDPODUÕQ� RUWD\D� oÕNPDVÕQD� QHGHQ� ROPDNWDGÕU�� � � %X� \HQLOLNOHU��
H÷LWLPL�|UJ�Q�H÷LWLP�DQOD\ÕúÕQÕQ�GÕúÕQD�oÕNDUWPÕúWÕU���
� (÷LWLP�YH�WHNQRORML�LQVDQ�\DúDPÕQÕQ�GDKD�HWNHQ�GXUXPD�JHWLULOPHVLQGH�|QHPOL�URO��RODQ�LNL�WHPHO�|÷HGLU��+HU�LNL�
|÷H�GH�LQVDQÕQ�GR÷DO�YH�VRV\DO�oHYUHVLQH�HJHPHQ�ROPD�\ROXQGD�J|VWHUGL÷L�oDEDODUGD�EDúYXUGX÷X�LNL�WHPHO�DUDo�ROPXúWXU�
�$ONDQ���������7HNQRORML\OH�ELUOLNWH�H÷LWLPGH�IDUNOÕ�RUWDPODU�NXOODQÕODUDN�H÷LWLP�|÷UHWLP�V�UHFL�X\JXODQPD\D�EDúODQPÕú�
YH� EXQXQ� VRQXFXQGD� \DúWDQ�� PHVOHNWHQ�� LOGHQ�� N�OW�UGHQ�� �ONHGHQ� ED÷ÕPVÕ]� RODUDN� KHU� ELUH\� LVWHGL÷L� H÷LWLPH�
XODúDELOHFHNOHUL�\DúDP�ER\X�H÷LWLP��V�UHNOL�H÷LWLP�JLEL�ELUoRN�\HQL�NDYUDP�RUWD\D�oÕNPÕúWÕU���
� %X� NDYUDPODUGDQ� X]DNWDQ� H÷LWLPL� LQFHOH\HFHN� ROXUVDN�� IDUNOÕ� ND\QDNODUGD� GH÷LúLN� WDQÕPODUOD� NDUúÕODúPDN�
P�PN�QG�U��gUQH÷LQ��8QLWHG�6WDWHV�'LVWDQFH�/HDUQLQJ�$VVRFLDWLRQ��86'/$������
ÕQ�WDQÕPÕ�úX�úHNLOGHGLU���
�

�8]DNWDQ� H÷LWLP� X\GX�� � YLGHR�� VHV�� � JUDILN�� ELOJLVD\DU�� oRNOX� RUWDP� WHNQRORMLVL� JLEL�
DUDoODUÕQ�\DUGÕPÕ\OD��H÷LWLPLQ�X]DNWDNL�|÷UHQFLOHUH�XODúWÕUÕOPDVÕGÕU��86'/$��|÷UHWPHQ�
YH� |÷UHQFLQLQ� ELUELUOHULQGHQ� FR÷UDIL� RODUDN� X]DN� ROGX÷XQX� EHOLUWHUHN� EX� H÷LWLP�
SURJUDPÕQGD� HOHNWURQLN� DUDoODUÕQ� \D� GD� \D]ÕOÕ� PDWHU\DO� YH� PDWEX� PDO]HPHOHULQLQ�
NXOODQÕOPDVÕ� JHUHNWL÷LQLQ� DOWÕQÕ� oL]HU��8]DNWDQ� H÷LWLP�� |÷UHWPHQOHUL� LoLQH� DODQ� |÷UHWLP�
LOH�|÷UHQFLOHUL�LoLQH�DODQ�|÷UHQLP�ROPDN��]HUH�LNL�WHPHO�E|O�PGHQ�ROXúPDNWDGÕU����

� <DOÕQ¶� D� ������� V������ J|UH�GH� X]DNWDQ� H÷LWLP�� IL]LNVHO� RODUDN� D\UÕ�PHNkQODUGD� RODQ� |÷UHWPHQ� YH� |÷UHQFLOHULQ�
WHNQRORML�\ROX\OD�HWNLOHúLPGH�EXOXQGXNODUÕ�ELU�VLVWHPGLU��
� 8]DNWDQ�H÷LWLP�� IDUNOÕ�RUWDPODUGD�EXOXQDQ�|÷UHQFL�YH�|÷UHWPHQOHULQ��|÷UHQPH�±�|÷UHWPH�IDDOL\HWOHULQL�� LOHWLúLP�
WHNQRORMLOHULQL�YH�SRVWD�KL]PHWOHUL�LOH�JHUoHNOHúWLUGLNOHUL�ELU�H÷LWLP�VLVWHPL�PRGHOLQL�LIDGH�HGHU���øúPDQ��������V������
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� %X� WDQÕPODUÕQ� RUWDN� |]HOOLNOHUL� IDUNOÕ� \HUOHUGH� EXOXQDQ� |÷UHQFL� YH� |÷UHWPHQLQ� VHQNURQ� \D� GD� DVHQNURQ� RODUDN�
LOHWLúLPGH�NXUDUDN�H÷LWLP�|÷UHWLP�IDDOL\HWOHULQL�JHUoHNOHúWLUPHOHULGLU��8]DNWDQ�H÷LWLPGH�DVÕO�DPDo�]DPDQÕ�YH�ND\QDNODUÕ�
HWNLQ�YH�HNRQRPLN�NXOODQDELOPHNWLU��
� øúPDQ¶�D� �������J|UH�ELOLúLP�YH� LOHWLúLP� WHNQRORMLOHULQLQ� VD÷ODGÕ÷Õ� ID\GDODU��J�Q�P�]GH�H÷LWLP� IDDOL\HWOHUL� LoLQ�
|]HOOHúPLú�ZHE�DUDoODUÕQÕQ�NXOODQÕPÕQÕ�DUWWÕUPDNWDGÕU��8]DNWDQ�H÷LWLPLQ�\D\JÕQODúPDVÕ\OD�:HE�����WHNQRORMLOHUL��oHúLWOL�
\D]ÕOÕPODU�� LoHULN� \|QHWLP� VLVWHPOHUL�� |÷UHWLP� \|QHWLP� VLVWHPOHUL� �-RRPOD�� 0RRGOH�� D7XWRU�� 'RNHRV�� ,/,$6� YE��� YH�
H÷LWLP� \D]ÕOÕPODUÕ� \D\JÕQODúPÕúWÕU�� %DúODQJÕoWD� X]DNWDQ� H÷LWLP� DPDFÕ\OD� NXOODQÕODQ� |÷UHWLP� \|QHWLP� VLVWHPOHULQLQ�
�g<6��� GHUV� GHVWHN� RUWDPÕ� RODUDN� NXOODQÕPÕ� \D\JÕQODúPDNWDGÕU�� $\UÕFD� LoHULN� SD\ODúÕPÕ�� |÷UHQFL�|÷UHQFL�� |÷UHQFL� ±�
|÷UHWPHQ��|÷UHWPHQ�±�|÷UHWPHQ��|÷UHWPHQ�±�YHOL�LOHWLúLPLQL�VD÷ODPDN��GH÷HUOHQGLUPH�\DSPDN��ELOJLOHUL�UDSRUODúWÕUPDN�
JLEL�oHúLWOL�DPDoODUOD�NXOODQÕODELOPHNWHGLUOHU����
� *�Q�P�]GH�oR÷X�NXUXP�NHQGL�DODQÕ\OD�LOJLOL�H÷LWLP�YHUPHNWH�\D�GD�H÷LWLP�YHUHQ�NXUXPODUGDQ�GHVWHN�DOPDNWDGÕU��
8]DNWDQ� H÷LWLPOH� H÷LWLP� PDWHU\DOOHULQL� LQWHUQHW� RUWDPÕQD� DNWDUDUDN�� |÷UHQFLOHUL\OH� SD\ODúPDN� LoLQ� SURJUDPODU�
KD]ÕUODPDNWDGÕUODU��(÷LWLP�LoHULNOHULQLQ�LQWHUQHW�RUWDPÕQD�DNWDUÕOPDVÕ��SURJUDPODUÕQ�EDúDUÕOÕ�ELU�úHNLOGH�LúOH\HELOPHVL�YH�
HWNLQ� ELU� H÷LWLPLQ� VD÷ODQDELOPHVL� LoLQ� \HWHUOL� GH÷LOGLU�� (÷LWLP� LoHULNOHULQL� LQWHUQHW� RUWDPÕQD� KD]ÕU� KDOH� JHWLUPHN� YH�
\D\ÕQODPDN�|QHPOL�ELU� DúDPD�ROVD�GD�� LoHULNOHULQ�YH�GL÷HU� W�P� LúOHPOHULQ�NRQWURO��YH�GHQHWLPLQL� \DSDFDN�ELU� VLVWHPH�
LKWL\Do� YDUGÕU��g÷UHQLP�<|QHWLP� 6LVWHPL� �/HDUQLQJ�0DQDJHPHQW� 6\VWHP� � �� � /06�� � GH� EX� QRNWDGD� RUWD\D� oÕNDQ� ELU�
NDYUDPGÕU���%LU�|÷UHQHQLQ�SURJUDPD�ND\ÕW�DúDPDVÕQGDQ��|÷UHQLPLQ�WDPDPODQGÕ÷Õ�V�UH\H�NDGDU�JHoHQ�V�UHoOHULQ�HWNLQ�YH�
J�YHQOL�ELU�úHNLOGH�\�U�W�OPHVLQGHQ�g÷UHQLP�<|QHWLP�6LVWHPL�VRUXPOXGXU��
� 8]DNWDQ�H÷LWLPLQ�JHOLúLPL�H÷LWLP�VLVWHPLPL]L�GH�HWNLOH\HUHN�VLVWHPGH�ELU�WDNÕP�GH÷LúLNOLNOHULQ�\DSÕOPDVÕQD�QHGHQ�
ROPXú��\HQL�WHNQRORMLOHULQ�H÷LWLPOH�DGDSWDV\RQX�VD÷ODQPÕúWÕU��(÷LWLPGH�\HQL�WHNQRORMLOHUL�NXOODQPDN�JHOHQHNVHO�\|QWHPH�
J|UH� GDKD� ID]OD� GX\X� RUJDQÕQD� KLWDS� HWPH\L� EHUDEHULQGH� JHWLULU�� %X� GD� |÷UHQFL� LOJLVLQL� DUWWÕUGÕ÷Õ� JLEL� |÷UHWLPL�
NROD\ODúWÕUÕS�� ]HYNOL� KDOH� JHWLUHUHN� |÷UHQPHQLQ� KÕ]ODQPDVÕQÕ� VD÷ODU� �<DOÕQ�� ������� g÷UHQFLQLQ� LOJLVLQL� DUWWÕUPDN��
|÷UHWLPH�GHVWHN�VD÷ODPDN�DPDFÕ\OD�\D]ÕOÕPODU�NXOODQÕOPDNWDGÕU��
� (÷LWVHO�oRNOX�RUWDP�\D]ÕOÕPÕ�RUWDPÕQGD��|÷UHQFLQLQ�VDGHFH�LoHULNOH�LOJLOHQPHGL÷LQH�D\QÕ�]DPDQGD�WDVDUODQPÕú�ELU�
RUWDPÕ�QDVÕO�NXOODQDFD÷ÕQÕ��\|QOHQGLUHFH÷LQL��EX�RUWDPOD�QDVÕO�EDú�HGHFH÷LQL�GH�|÷UHQGL÷LQH�GH÷LQLOPLúWLU��.DW]���������
� (÷LWVHO� \D]ÕOÕPODU� |QFHGHQ� EHOLUOHQHQ� NULWHUOHUH� X\JXQ� úHNLOGH� JHOLúWLULOPHOL� YH� W�P� EX� NULWHUOHUL� NDSVD\DQ� ELU�
\|QWHP�YH�DUDo�oHUoHYHVLQGH�GH÷HUOHQGLULOPHOLGLU��<D]ÕOÕP�GH÷HUOHQGLUPH�GH�DODQ�\D]ÕQD�EDNÕOGÕ÷ÕQGD�ELUELUL\OH�LOLúNLOL�
GH÷HUOHQGLUPH�NULWHUOHUL�V|]�NRQXVXGXU��$ODQ�\D]ÕQ�LQFHOHQGL÷LQGH�EX�NULWHUOHU�GH÷LúHELOPHNWHGLU��6HIHUR÷OX¶QD��������
J|UH��\D]ÕOÕPODUÕ�GH÷HUOHQGLULOPH�DúDPDVÕQGD�EHOLUOHQHQ�NULWHUOHU�����$PDoODUD�X\XPX�ROPDVÕ������'R÷UXOX÷X������'LOLQ�
DoÕN��|]�YH�DQODúÕOÕUOÕ÷Õ�� ����0RWLYDV\RQX�VD÷OD\ÕFÕ�� ����.DWÕOÕPÕ� WHúYLN�HWPH�|]HOOL÷L�� ����7HNQLN�NDOLWHVL�� ����(WNLOLOLN�
GHUHFHVL�� ���� gQ\DUJÕODUGDQ� DUÕQGÕUÕOPÕú� ROPDVÕ�� ���� .XOODQÕFÕ� NÕODYX]X�� ����� <|QHUJHOHULQ� DoÕNOÕ÷Õ�� ����� <DUDWÕFÕOÕ÷Õ�
WHúYLN�HWPH�|]HOOL÷L�ROPDN��]HUH�RQ�ELU�PDGGHGHQ�ROXúPDNWDGÕU��.D\D��������WDUDIÕQGDQ�|QHULOHQ�\D]ÕOÕP�GH÷HUOHQGLUPH�
NRQWURO� OLVWHVLQGHNL� WHPHO� NULWHUOHU� LVH� �� ���� .XUXOXP� YH� LúOHWLP�� ���� øoHULN�� ���� 6RUJXODPD� WHNQLNOHUL�� ���� øOJL� YH�
V�UHNOLOL÷LQ�VD÷ODQPDVÕ������<DUDWÕFÕOÕN������.XOODQÕFÕ�NRQWURO�������'|Q�W������'H÷HUOHQGLUPH�YH�ND\ÕW�WXWPD������7HNQLN�
NDOLWH�� �����'RN�PDQWDV\RQ�YH�GHVWHN�ROPDN��]HUH�RQ�PDGGHGHQ�ROXúPDNWDGÕU�� �ùDKLQ�YH�<ÕOGÕUÕP� ������� LVH�H÷LWVHO�
\D]ÕOÕPODUGD� |÷UHWLPVHO� X\JXQOXN�� |÷UHWLP� SURJUDPODUÕ\OD� RODQ� X\JXQOXN�� ELoLPVHO� X\JXQOXN� YH� SURJUDPODPD�
X\JXQOX÷X�LOH�GL÷HUOHULQGHQ�IDUNOÕ�RODUDN�³|÷UHQFLQLQ�VWLOL\OH�WXWDUOÕOÕN´�YH�³|÷UHWPHQLQ�VWLOL\OH�WXWDUOÕN´�|Oo�WOHULQH�GH�
\HU�YHUPLúWLU��
� ùLPúHN¶� H� ������� V�����J|UH� \D]ÕOÕP� GH÷HUOHQGLUPHVLQLQ� LNL� WHPHO� QHGHQL� YDUGÕU�� %LULQFLVL�� NHQGL� GHUVOHULQH�
X\JXQ� \D]ÕOÕPÕ� VHoHELOPHN� LoLQ� YDU� RODQ� VHoHQHNOHU� DUDVÕQGD� NDUDU� YHUPH� JHUHNVLQLPL�� GL÷HUL� LVH�� \D]ÕOÕPÕQ� |÷UHWLP�
HWNLQOLNOHULQGH� NXOODQÕOPD\D� GH÷HU� ROXS� ROPDGÕ÷ÕQÕ� NHVWLUPH� JHUHNVLQLPLGLU�� $QFDN� ELU� oRN� DUDúWÕUPD� NULWHUOHUH�
GD\DQGÕUÕOPDGDQ�\DSÕODQ�GH÷HUOHQGLUPHOHULQ�\HWHUVL]�ROGXNODUÕQÕ� YH�EX�QHGHQOH�GH÷HUOHQGLUPH\L�NROD\ODúWÕUDFDN� ³GHUV�
\D]ÕOÕP� GH÷HUOHQGLUPH� IRUPX´� JHOLúWLULOPLúWLU�� <D]ÕOÕPODUÕQ�� X]PDQODU� YH\D� |÷UHWPHQOHU� WDUDIÕQGDQ�� GHUV� \D]ÕOÕP�
GH÷HUOHQGLUPH� IRUPODUÕ� DUDFÕOÕ÷Õ� LOH� GH÷HUOHQGLULOPHVL� |]QHO� RODFD÷ÕQGDQ�� VDGHFH� EX� IRUPODUÕQ� VRQXoODUÕ� LOH� EX�
\D]ÕOÕPODUÕQ�|÷UHWLPH�X\JXQ�QLWHOLNOHUH�VDKLS�ROXS�ROPDGÕ÷ÕQD�NDUDU�YHUPHN�oRN�VD÷OÕNOÕ�VRQXoODU�\DUDWPD]��5HLVHU�YH�
'LFN� ������ *LOO�� 'LFN�� 5HLVHU� YH� =DKQHU� ����D�� *LOO�� 'LFN�� 5HLVHU� YH� =DKQHU� ����E¶GHQ� DNWDUDQ�2UKDQ�� ������� %X�
QHGHQOH�� NXOODQÕODQ� RUWDPODUÕQ� |÷UHWPHQ� YH� X]PDQODU� WDUDIÕQGDQ� GH÷HUOHQGLULOPHVLQH� HN� RODUDN� RUWDPÕ� NXOODQDQ�
|÷UHQFLOHU� WDUDIÕQGDQ� GD� RUWDP� LOH� LOJLOL� J|U�úOHULQ� DOÕQPDVÕ� JHUHNPHNWHGLU�� +D]ÕUODQDQ� RUWDPÕQ� LVWHQLOHQ� KHGHIOHUH�
XODúPDGD� HWNLOL� ELU� DUDo� ROXS� ROPDGÕ÷ÕQÕ� EHOLUOHPHN�� JHOLúWLULOPHVL� YH� G�]HQOHQPHVL� JHUHNHQ� NÕVÕPODUÕQ� EXOXQXS�
EXOXQPDGÕ÷ÕQÕ�WHVSLW�HWPHN�DPDFÕ\OD�RUWDPÕ�NXOODQDQ�|÷UHQFLOHULQ�0RRGOH�RUWDPÕQÕ�GH÷HUOHQGLUPHVL�DPDoODQPDNWDGÕU��
�
�
0DWHU\DO�YH�<|QWHP�
�

(÷LWVHO� \D]ÕOÕP� GH÷HUOHQGLUPH� DPDFÕ\OD� \DSÕODQ� EX� oDOÕúPDGD� WDUDPD� PRGHOL� NXOODQÕOPÕúWÕU�� $UDúWÕUPDQÕQ�
|UQHNOHPLQL�� \DQVÕ]� |UQHNOHPH� \ROX\OD� EHOLUOHQHQ�� $PDV\D�hQLYHUVLWHVL� ����±����� H÷LWLP�|÷UHWLP� \ÕOÕ� J�]� G|QHPL��
7HNQLN�%LOLPOHU�0HVOHN�<�NVHN�2NXOX�%LOJLVD\DU�3URJUDPFÕOÕ÷Õ�3URJUDPÕ� ,��9H� ,,�� |÷UHWLP� ,��9H� ,,�� VÕQÕIWD� |÷UHQLP�
J|UHQ����|÷UHQFL�ROXúWXUPDNWDGÕU���<DNODúÕN��o�D\�ER\XQFD�022'/(�RUWDPÕQGD�LoHULN��HWNLQOLN�SD\ODúÕPÕ��GX\XUXODU�
YE��SD\ODúÕPODUOD�VHQNURQ�YH�DVHQNURQ�RUWDPGD�NRQX�DQODWÕPÕ�JHUoHNOHúWLULOPLúWLU��$PDFD�\|QHOLN�RODUDN��$WHú��������
WDUDIÕQGDQ�KD]ÕUODQDQ�YH�JHoHUOLOL÷L������RODUDN�KHVDSODQDQ�(÷LWVHO�<D]ÕOÕP�'H÷HUOHQGLUPH�gOoH÷L�X\JXODQDUDN�YHULOHU�
HOGH�HGLOPLúWLU���

�
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�
%XOJXODU�YH�<RUXPODU�
�

$WHú¶� LQ� ������� JHOLúWLUPLú� ROGX÷X� |OoHNWH� L\L� ELU� H÷LWLP� \D]ÕOÕPÕQÕQ� QLWHOLNOHULQH� LOLúNLQ� DOW� ER\XWODU�
EHOLUOHQPLúWLU��%X�ER\XWODU������(÷LWVHO�|]HOOLNOHU������*|UVHO�WDVDUÕP�|]HOOLNOHUL������dRNOX�RUWDP�|]HOOLNOHUL������øoHULN��
���� <|QOHQGLUPH� YH� \DUGÕP�� ���� .XUXOXP� YH� NXOODQÕP� úHNOLQGHGLU�� <DSÕODQ� |OoHN� VRQXoODUÕ� 6366� ����� SURJUDPÕQGD�
DNWDUÕOPÕú�YH�VRQXoODU�DQDOL]�HGLOPLúWLU��$QDOL]�VRQXoODUÕ�022'/(�RUWDPÕQÕQ�|÷UHQHQOHUH�J|UH��H÷LWLP�\D]ÕOÕPODUÕQÕQ�
VDKLS� ROPDVÕ� JHUHNHQ� |]HOOLNOHUGHQ� LoHULN�� NXUXOXP� YH� NXOODQÕP� |]HOOLNOHUL� YH� GHVWHN� GRN�PDQODU� DoÕVÕQGDQ� \HWHUOL�
ROGX÷X� EHOLUOHQPLúWLU�� 8]PDQODUÕQ� GH÷HUOHQGLUPHOHUL� DOÕQGÕNWDQ� VRQUD�� SXDQOD\ÕFÕ� J�YHQLUOL÷L� �LQWHU�UDWHU� UHOLDELOLW\��
KHVDSODQPÕúWÕU�� %XQD� J|UH�� |OoH÷LQ� J�YHQLUOL÷L� ����� RODUDN� KHVDSODQPÕúWÕU�� $OID� J�YHQLUOLN� GH÷HULQLQ� E�\�NO�÷��
NRQXVXQGD��1XQQHO\� ������� DOID� GH÷HULQLQ� ����¶GHQ� E�\�N� ROPDVÕ� JHUHNWL÷LQL��*HRUJH� YH�0DOOHU\� ������� LVH� DOIDQÕQ�
����¶GDQ� E�\�N� ROPDVÕ� |OoH÷LQ� J�YHQLUOL÷LQLQ� P�NHPPHO�� ������ ����� DUDVÕ� ROPDVÕ� LVH� L\L� ROGX÷X� úHNOLQGH� LIDGH�
HGLOPLúWLU� �$NW�� ùHQFDQ�� ������� %XQD� J|UH�� $WHú������� WDUDIÕQGDQ� JHOLúWLULOHQ� |OoH÷LQ� J�YHQLUOL÷LQLQ� L\L� G�]H\GH�
ROGX÷XQX�V|\OHPHN�P�PN�QG�U���

<DSÕODQ�JHoHUOLN�YH�J�YHQLUOLN�oDOÕúPDODUÕ�VRQXQGD�JHOLúWLULOHQ�|OoH÷LQ�QLKDL�KDOL����PDGGHGHQ�ROXúPDNWDGÕU��%X�
PDGGHOHU�� H÷LWVHO� |]HOOLNOHU� ������ J|UVHO� WDVDUÕP� |]HOOLNOHUL� ����� oRNOX� RUWDP� |]HOOLNOHUL� ����� LoHULN� ����� \DUGÕP� YH�
\|QOHQGLUPH� ����� NXUXOXP� YH� NXOODQÕP� |]HOOLNOHUL� ����� úHNOLQGH� JUXSODQGÕUÕOPÕúWÕU�� gOoHN� PDGGHOHUL� �� LOH� �� ���� ��
SXDQ�*|]OHQPHGL�� ��� �� SXDQ�=D\ÕI�� ��� �� SXDQ�2UWD�� ��� �� SXDQ�ø\L�� ��� �� SXDQ�dRN� L\L� �� DUDVÕQGD� SXDQODQPDNWDGÕU��
gOoHNWHQ� DOÕQDELOHFHN� HQ� G�ú�N� SXDQ� ��� HQ� \�NVHN� SXDQ� LVH� ���¶G�U�� %X� |OoHN� |UQHNOHP� JUXEXQD� X\JXODQPÕú� YH�
VRQXoODU� 6366� ����� SURJUDPÕQD� JLULOHUHN� DQDOL]� HGLOPLúWLU�� gOoHNWH� \HU� DODQ� ED]Õ� PDGGHOHU� 0RRGOH� RUWDPÕQÕ�
GHVWHNOHPHGL÷LQGHQ�� |÷UHQFLOHULQ� YHUGLNOHUL� FHYDSODU� GR÷UXOWXVXQGD� WHNUDU� IDNW|U� DQDOL]L� \DSÕOPÕú� YH� ED]Õ� PDGGHOHU�
|OoHNWHQ�oÕNDUWÕODUDN�WHNUDU�JHoHUOLN�YH�J�YHQLUOLN�oDOÕúPDVÕ�\DSÕODUDN��|OoHN�0RRGOH�RUWDPÕQÕ�GH÷HUOHQGLUHELOHFHN�úHNOH�
G|Q�úW�U�OP�úW�U��7HNUDUODQDQ�JHoHUOLN�YH�J�YHQLUOLN�oDOÕúPDODUÕ� VRQXQGD�JHOLúWLULOHQ�|OoH÷LQ�QLKDL�KDOL����PDGGHGHQ�
ROXúPDNWDGÕU��%X�PDGGHOHU��H÷LWVHO�|]HOOLNOHU� �����J|UVHO� WDVDUÕP�|]HOOLNOHUL� �����oRNOX�RUWDP�|]HOOLNOHUL� ����� LoHULN������
\DUGÕP�YH�\|QOHQGLUPH������NXUXOXP�YH�NXOODQÕP�|]HOOLNOHUL�����úHNOLQGH�JUXSODQGÕUÕOPÕúWÕU��gOoHN�PDGGHOHUL���LOH�������
�� SXDQ�*|]OHQPHGL�� ��� �� SXDQ�=D\ÕI�� ��� �� SXDQ�2UWD�� ��� �� SXDQ�ø\L�� ��� �� SXDQ�dRN� L\L� �� DUDVÕQGD� SXDQODQPDNWDGÕU��
gOoHNWHQ�DOÕQDELOHFHN�HQ�G�ú�N�SXDQ�����HQ�\�NVHN�SXDQ�LVH����¶�WLU��

9HULOHULQ� DQDOL]LQGH� |÷UHQFLOHULQ� YHUGLNOHUL� WHSNLOHULQ� EHúOL� OLNHUW� WLSL� |OoHNWHQ� HOGH� HGLOPLú� ROPDVÕ� QHGHQL\OH��
0RRGOH�RUWDPÕQÕQ�\HWHUOLN�G�]H\LQL�DoÕNOD\DELOHFHN�SXDQ�DUDOÕNODUÕ�EHOLUOHQPLúWLU��%XQODU��
�

�
�

gUQHNOHP�JUXEXQXQ�YHUPLú�ROGXNODUÕ�FHYDS�DQDOL]LQH�J|UH�KHVDSODQDQ�RUWDODPD�SXDQODU�\XNDUÕGD�YHULOHQ�\HWHUOLN�
G�]H\OHUL�LOH�DoÕNODQPÕúWÕU��%XOJXODU�YH�\RUXPODUGD�KHU�ELU�PDGGH�EX�|Oo�WOHU�GLNNDWH�DOÕQDUDN�\RUXPODQPÕúWÕU��

g÷UHQFLOHU�0RRGOH� RUWDPÕQÕ� H÷LWVHO� |]HOOLNOHU� EDNÕPÕQGDQ� GH÷HUOHQGLUPLú� YH� GH÷HUOHQGLUPH� VRQXoODUÕ� WDEORGD�
J|VWHULOPLúWLU��

�
7DEOR����g÷UHQFLOHULQ�0RRGOH�2UWDPÕQÕQ�(÷LWVHO�g]HOOLNOHULQH�øOLúNLQ�*|U�úOHUL�
�

(÷LWVHO�<D]ÕOÕPÕQ�g]HOOLNOHUL� 1� 6�
�

7RSODP�

+HGHI�NLWOHQLQ�|÷UHQPH�JHUHNVLQLPOHULQH�X\JXQOXN�

���

����� �����

�����

+HGHIOHULQ�X\JXQ�ELoLPGH�EHOLUWLOPHVL� ����� �����
g÷UHQFLOHULQ�|QELOJLOHULQL�VÕQDPDVÕ� ����� �����
<|QHUJHOHULQ�DoÕN�YH�DQODúÕOÕU�ROPDVÕ� ����� �����
6D\ID�EDúOÕNODUÕQÕQ�NRQX\X�\DQVÕWPDVÕ� ����� �����
øVWHQPH\HQ�XQVXUODUGDQ��ÕUN��GLQ�GLO��úLGGHW��VDOGÕUJDQOÕN��NRUNX��
FLQVL\HW�D\UÕPÕ�YE����DUÕQÕN�ROPDVÕ� ����� �����

*HUHNHQ�KHU�GXUXPGD�|÷UHQFL\H�JHUL�ELOGLULP�YHUPHVL� ����� �����
<HWHUOL�PLNWDUGD�DOÕúWÕUPD�YH�X\JXODPD�\DSPD�RODVÕOÕ÷Õ�VXQPDVÕ� ����� �����

�
g÷UHQFLOHU� 0RRGOH� RUWDPÕQÕQ� ³(÷LWVHO� <D]ÕOÕPÕQ� g]HOOLNOHUL´� ER\XWXQGD� KHGHI� NLWOHQLQ� |÷UHQPH�

JHUHNVLQLPOHULQH�X\JXQOXN��|÷UHQFLOHULQ�|QELOJLOHULQL�VÕQDPDVÕ��\HWHUOL�PLNWDUGD�DOÕúWÕUPD�YH�X\JXODPD�\DSPD�RODVÕOÕ÷Õ�
VXQPDVÕ� DoÕVÕQGDQ�����������DUDVÕQGD�GH÷LúWL÷L� J|U�OPHNWHGLU��%X�|]HOOLNOHUH� LOLúNLQ�RUWDODPD�SXDQODU� \HWHUOLN�G�]H\L�
DoÕVÕQGDQ� ³ø<ø´�RODUDN�NDEXO� HGLOPLúWLU��+HGHIOHULQ�X\JXQ�ELoLPGH�EHOLUWLOPHVL�� \|QHUJHOHULQ�DoÕN�YH�DQODúÕOÕU�ROPDVÕ��
VD\ID�EDúOÕNODUÕQÕQ�NRQX\X�\DQVÕWPDVÕ��LVWHQPH\HQ�XQVXUODUGDQ��ÕUN��GLQ�GLO��úLGGHW��VDOGÕUJDQOÕN��NRUNX��FLQVL\HW�D\UÕPÕ�
YE�� �� DUÕQÕN� ROPDVÕ�� JHUHNHQ� KHU� GXUXPGD� |÷UHQFL\H� JHUL� ELOGLULP� YHUPHVL� DoÕVÕQGDQ� ���������� DUDVÕQGD� GH÷LúWL÷L�
J|U�OPHNWHGLU��%X�|]HOOLNOHUH� LOLúNLQ�RUWDODPD�SXDQODU� \HWHUOLN�G�]H\L� DoÕVÕQGDQ� ³�d2.� ø<ø´�RODUDN�NDEXO� HGLOPLúWLU��
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øOJLOL� WDEOR� LQFHOHQGL÷LQGH�|÷UHQFLOHULQ�0RRGOH�RUWDPÕQÕ�H÷LWVHO� \D]ÕOÕPÕQ�|]HOOLNOHUL�EDNÕPÕQGDQ� ³�d2.�ø<ø´�ROGX÷X�
G�ú�QFHVLQGH�ELUOHúWLNOHULQL�J|VWHUPHNWHGLU����X  �������

g÷UHQFLOHU�0RRGOH� RUWDPÕQÕ� J|UVHO� WDVDUÕP� |]HOOLNOHUL� EDNÕPÕQGDQ� GH÷HUOHQGLUPLú� YH� GH÷HUOHQGLUPH� VRQXoODUÕ�
WDEORGD�J|VWHULOPLúWLU��

�
7DEOR����g÷UHQFLOHULQ�0RRGOH�2UWDPÕQÕQ�*|UVHO�7DVDUÕP�g]HOOLNOHULQH�øOLúNLQ�*|U�úOHUL�
�

*|UVHO�7DVDUÕP�g]HOOLNOHUL� 1� 6�
�

7RSODP�

0HWLQOHULQ�JHUH÷LQGHQ�D]�YH\D�ID]OD�ROPDVÕ�

���

����� �����

�����0HQ�OHULQ�X\JXQ�WDVDUODQPDVÕ� ����� �����
'�÷PHOHULQ��EXWRQ��X\JXQ�WDVDUODQPDVÕ� ����� �����
6D\ID�EDúOÕNODUÕQÕQ�\HUOHúLP�DoÕVÕQGDQ�X\JXQOX÷X� ����� �����

�
øOJLOL� WDEOR� LQFHOHQGL÷LQGH� 0RRGOH� RUWDPÕQÕ� J|UVHO� WDVDUÕP� |]HOOLNOHUL� EDNÕPÕQGDQ� |÷UHQFLOHULQ�

GH÷HUOHQGLUPHOHULQLQ�����������DUDVÕQGD�GH÷LúWL÷L�J|U�OPHNWHGLU��%X�|]HOOLNOHUH�LOLúNLQ�RUWDODPD�SXDQODU�\HWHUOLN�G�]H\L�
DoÕVÕQGDQ�³ø<ø´�ROGX÷X�G�ú�QFHVLQGH�ELUOHúWLNOHULQL�J|VWHUPHNWHGLU����X  �������

g÷UHQFLOHU�0RRGOH� RUWDPÕQÕ� J|UVHO� WDVDUÕP� |]HOOLNOHUL� EDNÕPÕQGDQ� GH÷HUOHQGLUPLú� YH� GH÷HUOHQGLUPH� VRQXoODUÕ�
WDEORGD�J|VWHULOPLúWLU��

�
7DEOR����g÷UHQFLOHULQ�0RRGOH�2UWDPÕQÕQ�dRNOX�2UWDP�g]HOOLNOHULQH�øOLúNLQ�*|U�úOHUL�
�

dRNOX�2UWDP�g]HOOLNOHUL� 1� 6�
�

7RSODP�

.XOODQÕODQ�oRNOX�RUWDP�|÷HOHULQLQ��VHV��YLGHR��PHWLQ��DQLPDV\RQ��
VLP�ODV\RQ��UHVLP��YE���DPDFD�X\JXQOX÷X��

���

����� �����

�����

7�P�LúLWVHO�XQVXUODUÕQ��VHV��P�]LN��NRQXúPD�YE���ROPDVÕ� ����� �����
<HWHULQFH�J|UVHO�XQVXUXQ��UHVLP��YLGHR��JUDILN��ROPDVÕ� ����� �����
<HWHULQFH�FDQODQGÕUPDQÕQ��DQLPDV\RQ��ROPDVÕ� ����� �����
9LGHR�JLEL�J|UVHO�XQVXUODU�LoLQ�GXUGXUPD��LOHUL��JHUL��\HQLGHQ�R\QDWPD�
|]HOOLNOHULQLQ�HWNLQ�oDOÕúPDVÕ� ����� �����

6HV��P�]LN�JLEL�LúLWVHO�XQVXUODU�LoLQ�GXUGXUPD��LOHUL��JHUL��\HQLGHQ�
R\QDWPD�|]HOOLNOHULQLQ�HWNLQ�oDOÕúPDVÕ� ����� �����

�
g÷UHQFLOHU�0RRGOH�RUWDPÕQÕQ�³dRNOX�2UWDP�g]HOOLNOHUL´�ER\XWXQGD�W�P�LúLWVHO�XQVXUODUÕQ��VHV��P�]LN��NRQXúPD�

YE���ROPDVÕ��\HWHULQFH�FDQODQGÕUPDQÕQ��DQLPDV\RQ��ROPDVÕ��YLGHR�JLEL�J|UVHO�XQVXUODU�LoLQ�GXUGXUPD��LOHUL��JHUL��\HQLGHQ�
R\QDWPD� |]HOOLNOHULQLQ� HWNLQ� oDOÕúPDVÕ�� VHV�� P�]LN� JLEL� LúLWVHO� XQVXUODU� LoLQ� GXUGXUPD�� LOHUL�� JHUL�� \HQLGHQ� R\QDWPD�
|]HOOLNOHULQLQ� HWNLQ� oDOÕúPDVÕ� DoÕVÕQGDQ� ���������� DUDVÕQGD� GH÷LúWL÷L� J|U�OPHNWHGLU�� %X� |]HOOLNOHUH� LOLúNLQ� RUWDODPD�
SXDQODU� \HWHUOLN� G�]H\L� DoÕVÕQGDQ� ³=$<,)´� RODUDN� NDEXO� HGLOPLúWLU�� <HWHULQFH� J|UVHO� XQVXUXQ� �UHVLP�� YLGHR�� JUDILN��
ROPDVÕ�� NXOODQÕODQ� oRNOX� RUWDP� |÷HOHULQLQ� �VHV�� YLGHR�� PHWLQ�� DQLPDV\RQ�� VLP�ODV\RQ�� UHVLP�� YE��� DPDFD� X\JXQOX÷X�
DoÕVÕQGDQ�����������DUDVÕQGD�GH÷LúWL÷L�J|U�OPHNWHGLU��%X�|]HOOLNOHUH�LOLúNLQ�RUWDODPD�SXDQODU�\HWHUOLN�G�]H\L�DoÕVÕQGDQ�
³257$´�RODUDN�NDEXO�HGLOPLúWLU��

øOJLOL� WDEOR� LQFHOHQGL÷LQGH� 0RRGOH� RUWDPÕQÕ� oRNOX� RUWDP� |]HOOLNOHUL� EDNÕPÕQGDQ� |÷UHQFLOHULQ�
GH÷HUOHQGLUPHOHULQLQ�����������DUDVÕQGD�GH÷LúWL÷L�J|U�OPHNWHGLU��%X�|]HOOLNOHUH�LOLúNLQ�RUWDODPD�SXDQODU�\HWHUOLN�G�]H\L�
DoÕVÕQGDQ�³257$´�ROGX÷X�G�ú�QFHVLQGH�ELUOHúWLNOHULQL�J|VWHUPHNWHGLU����X  �������

g÷UHQFLOHU�0RRGOH� RUWDPÕQÕ� J|UVHO� WDVDUÕP� |]HOOLNOHUL� EDNÕPÕQGDQ� GH÷HUOHQGLUPLú� YH� GH÷HUOHQGLUPH� VRQXoODUÕ�
WDEORGD�J|VWHULOPLúWLU��

�
7DEOR����g÷UHQFLOHULQ�0RRGOH�2UWDPÕQÕQ�øoHULN�g]HOOLNOHULQH�øOLúNLQ�*|U�úOHUL�
�

øoHULN�g]HOOLNOHUL� 1� 6�
�

7RSODP�

øoHULNWH�GR÷UX�ELOJLOHUH�\HU�YHULOPHVL�

���

����� �����

�����

øoHULNWH�J�QFHO�ELOJLOHUH�\HU�YHULOPHVL� ����� �����
.RQXQXQ�GL÷HU�GHUVOHUOH�LOLúNLOHQGLULOPHVL� ����� �����
.RQXQXQ�JHUoHN�\DúDPOD�LOLúNLOHQGLULOPHVL� ����� �����
øoHUL÷LQ�EDVLWWHQ�NDUPDúÕ÷D��VRPXWWDQ�VR\XWD�GR÷UX�G�]HQOHQPHVL� ����� �����
<D]ÕOÕP�LoHUL÷LQH�DLW�ELU�³.D\QDNoD´�E|O�P�Q�Q�ROPDVÕ� ����� �����
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�
g÷UHQFLOHU�0RRGOH�RUWDPÕQÕQ�³øoHULN�g]HOOLNOHUL´�ER\XWXQGD�KHGHI�NLWOHQLQ�øoHULNWH�GR÷UX�ELOJLOHUH�\HU�YHULOPHVL��

øoHULNWH� J�QFHO� ELOJLOHUH� \HU� YHULOPHVL� DoÕVÕQGDQ� ���������� DUDVÕQGD� GH÷LúWL÷L� J|U�OPHNWHGLU�� %X� |]HOOLNOHUH� LOLúNLQ�
RUWDODPD� SXDQODU� \HWHUOLN� G�]H\L� DoÕVÕQGDQ� ³� d2.� ø<ø´� RODUDN� NDEXO� HGLOPLúWLU�� .RQXQXQ� GL÷HU� GHUVOHUOH�
LOLúNLOHQGLULOPHVL�� LoHUL÷LQ� EDVLWWHQ� NDUPDúÕ÷D�� VRPXWWDQ� VR\XWD� GR÷UX� G�]HQOHQPHVL� YH� \D]ÕOÕP� LoHUL÷LQH� DLW� ELU�
³.D\QDNoD´� E|O�P�Q�Q� ROPDVÕ� DoÕVÕQGDQ� ���������� DUDVÕQGD� GH÷LúWL÷L� J|U�OPHNWHGLU�� %X� |]HOOLNOHUH� LOLúNLQ� RUWDODPD�
SXDQODU� \HWHUOLN� G�]H\L� DoÕVÕQGDQ� ³ø<ø´� RODUDN� NDEXO� HGLOPLúWLU�� 'L÷HU� ELU� PDGGH� RODQ� NRQXQXQ� JHUoHN� \DúDPOD�
LOLúNLOHQGLULOPHVL� DoÕVÕQGDQ� ³257$´�RODUDN�NDEXO� HGLOPLúWLU�� øOJLOL� WDEOR� LQFHOHQGL÷LQGH�|÷UHQFLOHULQ�0RRGOH�RUWDPÕQÕ�
LoHULN�|]HOOLNOHUL�EDNÕPÕQGDQ�³ø<ø´�ROGX÷X�G�ú�QFHVLQGH�ELUOHúWLNOHULQL�J|VWHUPHNWHGLU����X  �������

g÷UHQFLOHU�0RRGOH� RUWDPÕQÕ� \|QOHQGLUPH� YH� \DUGÕP� |]HOOLNOHUL� EDNÕPÕQGDQ� GH÷HUOHQGLUPLú� YH� GH÷HUOHQGLUPH�
VRQXoODUÕ�WDEORGD�J|VWHULOPLúWLU��

�
7DEOR����g÷UHQFLOHULQ�0RRGOH�2UWDPÕQÕQ�<|QOHQGLUPH�YH�<DUGÕP�g]HOOLNOHULQH�øOLúNLQ�*|U�úOHUL�
�

øoHULN�g]HOOLNOHUL� 1� 6�
�

7RSODP�

6D\IDODU�DUDVÕ�ED÷ODQWÕODUÕQ��LOHUL��JHUL��DQD�VD\ID��\HWHUOL�ROPDVÕ�
���

����� �����
�����<D]ÕOÕPGD��LúOHYVHO�ELU�\DUGÕP�PHQ�V�Q�Q�ROPDVÕ� ����� �����

(WNLOHúLPOL�ELU�\D]ÕOÕP�KDULWDVÕQÕQ�ROPDVÕ� ����� �����
�
g÷UHQFLOHU�0RRGOH�RUWDPÕQÕQ� ³øoHULN�g]HOOLNOHUL´� ER\XWXQGD� VD\IDODU� DUDVÕ� ED÷ODQWÕODUÕQ� �LOHUL�� JHUL�� DQD� VD\ID��

\HWHUOL�ROPDVÕ�YH�\D]ÕOÕPGD��LúOHYVHO�ELU�\DUGÕP�PHQ�V�Q�Q�ROPDVÕ�DoÕVÕQGDQ�����������DUDVÕQGD�GH÷LúWL÷L�J|U�OPHNWHGLU��
%X�|]HOOLNOHUH� LOLúNLQ�RUWDODPD�SXDQODU� \HWHUOLN�G�]H\L�DoÕVÕQGDQ� ³ø<ø´�RODUDN�NDEXO�HGLOPLúWLU��'L÷HU�ELU�PDGGH�RODQ�
HWNLOHúLPOL�ELU�\D]ÕOÕP�KDULWDVÕQÕQ�ROPDVÕ�DoÕVÕQGDQ�³257$´�RODUDN�NDEXO�HGLOPLúWLU���

øOJLOL� WDEOR� LQFHOHQGL÷LQGH� |÷UHQFLOHULQ� 0RRGOH� RUWDPÕQÕ� LoHULN� |]HOOLNOHUL� EDNÕPÕQGDQ� ³ø<ø´� ROGX÷X�
G�ú�QFHVLQGH�ELUOHúWLNOHULQL�J|VWHUPHNWHGLU����X  �������

g÷UHQFLOHU� 0RRGOH� RUWDPÕQÕ� NXUXOXP� YH� NXOODQÕP� |]HOOLNOHUL� EDNÕPÕQGDQ� GH÷HUOHQGLUPLú� YH� GH÷HUOHQGLUPH�
VRQXoODUÕ�WDEORGD�J|VWHULOPLúWLU��

�
7DEOR����g÷UHQFLOHULQ�0RRGOH�.XUXOXP�YH�.XOODQÕP�g]HOOLNOHULQH�øOLúNLQ�*|U�úOHUL�
�

.XUXOXP�YH�.XOODQÕP�g]HOOLNOHUL� 1� 6�
�

7RSODP�

<D]ÕOÕPÕQ�RWRPDWLN�RODUDN�NXUXOPDVÕ�

���

����� �����

�����

<D]ÕOÕPÕQ�HNUDQ�ER\XWXQXQ�NXOODQÕFÕQÕQ�LVWH÷LQH�J|UH�GH÷LúWLULOHELOPHVL� ����� �����
øVWHQGL÷LQGH�\D]ÕOÕPÕQ�D\DUODUÕQÕ�GH÷LúWLUHELOPHVL� ����� �����
<D]ÕOÕPÕQ�NXOODQÕFÕ�NRPXWODUÕQD�NÕVD�V�UHGH�\DQÕW�YHUPHVL��PHVDM�
J|QGHUPH��\RUXP�\D]PD�YE��� ����� �����

øVWHQPH\HQ�XQVXUODUGDQ��ÕUN��GLQ�GLO��úLGGHW��VDOGÕUJDQOÕN��NRUNX��
FLQVL\HW�D\UÕPÕ�YE����DUÕQÕN�ROPDVÕ� ����� �����

.XOODQÕP�NÕODYX]XQGD�\D]ÕOÕPÕQ�\�NOHQPHVL�YH�oDOÕúWÕUÕOPDVÕ�LOH�LOJLOL�
\|QHUJHOHULQ�\HWHUOL�ROPDVÕ� ����� �����

.XOODQÕP�NÕODYX]XQGD�\D]ÕOÕPÕQ�oDOÕúPDVÕ�LoLQ�JHUHNOL�PLQLPXP�VLVWHP�
JHUHNVLQLPOHULQLQ�ROPDVÕ� ����� �����

.XOODQÕP�NÕODYX]XQGD�\D]ÕOÕP��UHWLFLOHUL\OH�LOHWLúLP�ELOJLOHULQLQ�ROPDVÕ� ����� �����
�
g÷UHQFLOHU�0RRGOH�RUWDPÕQÕQ�³.XUXOXP�YH�.XOODQÕP�g]HOOLNOHUL´�ER\XWXQGD�øVWHQPH\HQ�XQVXUODUGDQ��ÕUN��GLQ��

GLO��úLGGHW��VDOGÕUJDQOÕN��NRUNX��FLQVL\HW�D\UÕPÕ�YE����DUÕQÕN�ROPDVÕ�DoÕVÕQGDQ������RUWDODPD�GH÷HUL�LOH�³d2.�ø<ø´�RODUDN�
NDEXO� HGLOPLúWLU��%X�PDGGH� KDULFLQGH� \HU� DODQ�PDGGHOHULQ� ���������� DUDVÕQGD� GH÷LúWL÷L� J|U�OPHNWHGLU��%X� |]HOOLNOHUH�
LOLúNLQ�RUWDODPD�SXDQODU�\HWHUOLN�G�]H\L�DoÕVÕQGDQ�³ø<ø´�RODUDN�NDEXO�HGLOPLúWLU��øOJLOL�WDEOR�LQFHOHQGL÷LQGH�|÷UHQFLOHULQ�
0RRGOH�RUWDPÕQÕ�H÷LWVHO�\D]ÕOÕPÕQ�|]HOOLNOHUL�EDNÕPÕQGDQ�³ø<ø´�ROGX÷X�G�ú�QFHVLQGH�ELUOHúWLNOHULQL�J|VWHUPHNWHGLU����X 
 �������
�
6RQXo�YH�gQHULOHU�
�

%X� oDOÕúPDGD� $WHú� ������� WDUDIÕQGDQ� JHOLúWLULOPLú� RODQ� (÷LWLP� <D]ÕOÕPÕ� 'H÷HUOHQGLUPH� gOoH÷L� LOH� EHOLUOHQHQ�
|UQHNOHP� JUXEX� WDUDIÕQGDQ� 0RRGOH� RUWDPÕ� GH÷HUOHQGLULOPLúWLU�� %X� GH÷HUOHQGLUPH� VRQXFXQGD� KD]ÕUODQDQ� 0RRGOH�
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RUWDPÕQÕQ� HNVLNOHUL� EHOLUOHQPLú� ROXS� D\QÕ� ]DPDQGD� H÷LWLP� DUDFÕ� RODUDN� HWNLVL� DUDúWÕUÕOPÕúWÕU�� gOoHN� DOWÕ� DOW� E|O�POH�
LQFHOHQPLúWLU���

øON�E|O�PGH�0RRGOH�RUWDPÕ�H÷LWVHO�|]HOOLNOHUL�EDNÕPÕQGDQ�LQFHOHQPLú�YH�JHQHO�RODUDN�X  �����GH÷HUL�LOH�³d2.�
ø<ø´�ROGX÷X�VRQXFXQD�XODúÕOPÕúWÕU��%X�GXUXP�KD]ÕUODQDQ�0RRGOH�RUWDPÕQÕQ�7DEOR��GH�\HU�DODQ�|]HOOLNOHUL�GHVWHNOHGL÷LQL�
J|VWHUPHNWHGLU��

øNLQFL�E|O�PGH�0RRGOH�RUWDPÕ�J|UVHO�WDVDUÕP�|]HOOLNOHUL�EDNÕPÕQGDQ�LQFHOHQPLú�YH�JHQHO�RODUDN�X  �����GH÷HUL�
LOH� ³ø<ø´� ROGX÷X� VRQXFXQD� XODúÕOPÕúWÕU�� %X� GXUXP� KD]ÕUODQDQ� 0RRGOH� RUWDPÕQÕQ� 7DEOR�� GH� \HU� DODQ� |]HOOLNOHUL�
GHVWHNOHGL÷LQL�J|VWHUPHNWHGLU��

ho�QF��E|O�PGH�0RRGOH�RUWDPÕ�oRNOX�RUWDP�|]HOOLNOHUL�EDNÕPÕQGDQ�LQFHOHQPLú�YH�JHQHO�RODUDN�X  �����GH÷HUL�
LOH�³=$<,)´�ROGX÷X�VRQXFXQD�XODúÕOPÕúWÕU��%X�VRQXFD�J|UH�|÷UHQFLOHU�KD]ÕUODQDQ�0RRGOH�RUWDPÕQÕQ��0RRGOH�RUWDPÕQÕQ�
7DEOR�� GH� \HU� DODQ� |]HOOLNOHUL� WDP� RODUDN� GHVWHNOHPHGL÷LQL� J|VWHUPHNWHGLU�� %X� VRQXFD� J|UH�� LoHULNWH� \HWHUL� G�]H\GH�
oRNOX�RUWDP�|÷HVL�NXOODQÕOPDPÕú�\D�GD�LoHULN�DQLPDV\RQ��YLGHR��JUDILN�YE��oRNOX�RUWDP�|÷HVLQH�X\JXQ�ROPD\DELOHFH÷L�
V|\OHQHELOLU��'ROD\ÕVÕ\OD�RUWDPÕQ�JHOLúWLULOPHVL�\D�GD�|OoH÷LQ�G�]HQOHQPHVL�JHUHNHELOLU��

'|UG�QF��E|O�PGH�0RRGOH�RUWDPÕ�LoHULN�|]HOOLNOHUL�EDNÕPÕQGDQ�LQFHOHQPLú�YH�JHQHO�RODUDN�X  �����GH÷HUL� LOH�
³ø<ø´� ROGX÷X� VRQXFXQD� XODúÕOPÕúWÕU�� %X� GXUXP� KD]ÕUODQDQ� 0RRGOH� RUWDPÕQÕQ� 7DEOR�¶� WH� \HU� DODQ� |]HOOLNOHUL�
GHVWHNOHGL÷LQL�J|VWHUPHNWHGLU��

%HúLQFL� E|O�PGH�0RRGOH� RUWDPÕ� \|QOHQGLUPH� YH� \DUGÕP� |]HOOLNOHUL� EDNÕPÕQGDQ� LQFHOHQPLú� YH� JHQHO� RODUDN�X 
 ����� GH÷HUL� LOH� ³ø<ø´� ROGX÷X� VRQXFXQD� XODúÕOPÕúWÕU�� %X� GXUXP� KD]ÕUODQDQ� 0RRGOH� RUWDPÕQÕQ� 7DEOR�¶� WH� \HU� DODQ�
|]HOOLNOHUL�GHVWHNOHGL÷LQL�J|VWHUPHNWHGLU��

$OWÕQFÕ�E|O�PGH�0RRGOH�RUWDPÕ�NXUXOXP�YH�NXOODQÕP�|]HOOLNOHUL�EDNÕPÕQGDQ�LQFHOHQPLú�YH�JHQHO�RODUDN��X  �����
GH÷HUL� LOH� ³ø<ø´�ROGX÷X�VRQXFXQD�XODúÕOPÕúWÕU��%X�GXUXP�KD]ÕUODQDQ�0RRGOH�RUWDPÕQÕQ�7DEOR��GD�\HU�DODQ�|]HOOLNOHUL�
GHVWHNOHGL÷LQL�J|VWHUPHNWHGLU��

���g÷UHQFL� GH÷HUOHQGLUPHVLQH� J|UH�0RRGOH� NXOODQÕODUDN� KD]ÕUODQPÕú� RODQ� RUWDPÕQ� L\L� G�]H\GH� ROGX÷XQX� DQFDN�
ED]Õ�PDGGHOHULQ�GLNNDWH�DOÕQDUDN�RUWDPÕQ�JHOLúWLULOPHVL�JHUHNWL÷LQL�V|\OHPHN�P�PN�QG�U��³ø<ø´�G�]H\LQLQ�DOWÕQGD�RODQ�
PDGGHOHU� LQFHOHQHUHN�� RUWDP� EX� PDGGHOHUL� GHVWHNOH\HFHN� ELoLPGH� JHOLúWLULOHUHN�� |÷UHQFL� GH÷HUOHQGLULOPHVLQH� WHNUDU�
VXQXODELOLU��
�

.D\QDNoD�

$úNDU� 3��� ,OJD]� +��� $OWXQ� $�� �� ������� Learner satisfaction on blended learning�� (/HDGHU� &RQIHUHQFH�� ������ -XQH�
.UDNRZ��3RODQG��&KLQHVH�$PHULFDQ�6FKRODUV�$VVRFLDWLRQ��

%LVKRS��0�-���$PDQNZDWLD��7�%���	�&DWHV��:�0�������). Sound’s use in instructional software to enhance learning: a 
theory-to-practice content analysis��(GXFDWLRQ�7HFKQRORJ\�5HVHDUFK�'HYHORSPHQW (2008)�������±�����

%RXKQLN�� '��� 0DUFXV�� 7�� �������� Interaction in distance-learning courses.� -RXUQDO� 2I� 7KH� $PHULFDQ� 6RFLHW\� )RU�
,QIRUPDWLRQ�6FLHQFH�$QG�7HFKQRORJ\������������������

*LEEV��:���*UDYHV��3��5���	�%HUQDV��5�6����������(YDOXDWLRQ�JXLGHOLQHV�IRU�PXOWLPHGLD�FRXUVHZDUH��Journal of Research 
on Technology in Education, 34�����������

*�]HOOHU�&���.RUNPD]�g����������%LOJLVD\DU�'HVWHNOL�g÷UHWLPGH�%LU�'HUV�<D]ÕOÕPÕ�'H÷HUOHQGLUPHVL� .DVWDPRQX�(÷LWLP�
'HUJLVL��&LOW����1R�����������

.$<$��=HNL��������8]DNWDQ�(÷LWLP��3HJHP�<D\ÕQFÕOÕN���%DVNÕ��$QNDUD��

0XWLDUD��'���=XKDLUL��$��YH�.XUQLDWL��6����������Designing, Developing, Producing and Assuring the Quality of Multi-
Media Learning Materials for Distance Learners: Lessons Learnt from Indonesia's Universitas Terbuka.� ERIC 
ED496534 2QOLQH�6XEPLVVLRQ� �����������WDULKLQGH�ZZZ�HULF�HG�JRY�DGUHVLQGHQ�DOÕQPÕúWÕU��

5RZQWUHH��'HUHN��������Teaching Through Self-Instruction: How to Develop Open Learning Materials��/RQGRQ�.RJDQ�
3DJH��

6KLUDWXGGLQ��1��YH�/DQGRQL��0����������Evaluation of content activities in children’s educational software. (YDOXDWLRQ�
DQG�3URJUDP�3ODQQLQJ, 25 ��������������

6LP��*���0DFIDUODQH��6���	�5HDG��-����������All work and no play: Measuring fun, usability, and learning in software for 
children��&RPSXWHUV�	�(GXFDWLRQ� 46 �����������±�����

ùDKLQ��7��<��YH�<ÕOGÕUÕP��6�������). g÷UHWLP�WHNQRORMLOHUL�YH�0DWHU\DO�*HOLúWLUPH��$QNDUD��$QÕ�<D\ÕFÕOÕN��

86'/$���������United States Distance Learning Association: Definition of distance learning�������������� WDULKLQGH�
KWWS���ZZZ�XVGOD�RUJ�DGUHVLQGHQ�HULúLOGL��
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<DOÕQ��+��ø���������g÷UHWLP�7HNQRORMLOHUL�YH�0DWHU\DO�*HOLúWLUPH��$QNDUD��1REHO�<D\ÕQODUÕ��

gQDO��$���.D\D��$��YH�'UDPDQ��6��6��$oÕN�.D\QDN�.RGOX�dHYULPLoL�(÷LWLP�<D]ÕOÕPODUÕ��$NDGHPLN�%LOLúLP���������

�
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'h=(</(5ø1ø1�ø1&(/(10(6ø�

Nilgün Özgül, +�O\D�dÕQJÕ, +DFHWWHSH�hQLYHUVLWHVL�øVWDWLVWLN�%|O�P���7�UNL\H 

e-posta:    nozgul@hacettepe.edu.tr                   hcingi@hacettepe.edu.tr;                 

g]HW� %X� oDOÕúPDGD�� *D]L� hQLYHUVLWHVL¶QGH� DNDGHPLN� YH� LGDUL� NDGURODUGD� J|UHY� \DSDQ� NDGÕQ�
oDOÕúDQODUÕQ� duygusal tükenme, du\DUVÕ]ODúPD�� G�ú�N� NLúLVHO� EDúDUÕ� GX\JXVX� ER\XWODUÕQGD�
\DúDGÕNODUÕ� W�NHQPLúOLN� G�]H\OHULne etki eden faktörler EHOLUOHQPH\H� oDOÕúÕOPÕúWÕU��Akademik ve 
LGDUL� NDGURODUGD� J|UHY� \DSDQ� ����� oDOÕúDQ� NDGÕQGDQ� �7DEDNDOÕ� 6LVWHPDWLN�gUQHNOHPH³� \|QWHPL�
NXOODQÕODUDN�����oDOÕúDQ�NDGÕQ�|UQHNOHPH�VHoLOPLúWLU��gUQHNOHPH�³.LúLVHO�%LOJL�)RUPX´�LOH�ELUOLNWH�
0DVODFK�YH�-DFNVRQ��������WDUDIÕQGDQ�JHOLúWLULOHQ�YH�(UJLQ��������WDUDIÕQGDQ�7�UNoH\H�X\DUODQDQ�
³0DVODFK� 7�NHQPLúOLN� (QYDQWHUL´� X\JXODQPÕúWÕU�� � dDOÕúPD� VRQXFXQGD� oDOÕúDQ� NDGÕQODUÕQ�
W�NHQPLúOLN� düzeylerine etki eden faktörler birikimli logit modeli ile EHOLUOHQPLúWLU� dDOÕúPD��
devlet üniversitelerinGH�oDOÕúDQ�NDGÕQODUÕQ�VRUXQODUÕQÕQ�GDKD�L\L�WDQÕQPDVÕQD��LúOHULQGH�YHULPOL�YH�
EDúDUÕOÕ�ROPDODUÕQD�NDWNÕGD�EXOXQPDVÕ�DoÕVÕQGDQ�|QHP�WDúÕPDNWDGÕU� 

$QDKWDU� .HOLPHOHU�� � 7�NHQPLúOLN�� %LULNLPOL� /RJLW� 0RGHO�� 0DVODFK� 7�NHQPLúOLN� (QYDQWHUL,               
7DEDNDOÕ�6LVWHPDWLN�gUQHNOHPH 

 

$EVWUDFW� Determination of  Burnout Levels of Working Women in Public Universities in Turkey 
with Cumulative Logit Model 

In this study, factors that affect the burn-out levels of women who are working in academic and 
administrative staff in Gazi University are investigated. Burnout is defined by the three 
interrelated parts: emotional exhaustion, depersonalization and diminished personal 
accomplishment. 298 women are selected with “Stratified Systematic Sampling” method from 
3297 women who are working in academic and administrative staff. The personal information 
form and Maslach Burnout Inventory(MBI) which is developed by Maslach ve Jackson (1981) 
and is adopted into Turkish by Ergin (1992)  is applied to selected women. In the result of the 
study, the factors that affect the burn-out levels are determined with cumulative logit model. This 
study is important to recognize the problems of women who are working in public universities 
and to contribute to be productive and successful in their work. 

.H\�ZRUGV: Burnout level, Cumulative Logit Model, Maslach Burnout Inventory, Stratified 
Systematic Sampling 
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%ø7/ø6�ø/ø¶1ø1�'2ö$/�$)(7/(5�$d,6,1'$1�ø1&(/(10(6ø�9(�g1(5ø/(5��
�

1$785$/�',6$67(56�$1$/<6,6�2)�%,7/,6�3529,1&(�$1'�68**(67,216�
�

(UFDQ�,ù,.����0XKDPPHG�+DPLGXOODK�g=/h.��

�
�%LWOLV�(UHQ�hQLYHUVLWHVL��0�K���0LP��)DN�OWHVL��øQúDDW�0�K��%|O�P����HUFDQELWOLVHUHQ#JPDLO�FRP�

�øQú��0�K���%LWOLV�(UHQ�hQLYHUVLWHVL��<DSÕ�øúOHUL�7HNQLN�'DLUH�%DúNDQÕ��PKR]OXN#EHX�HGX�WU�
�
g=(7�

�hONHPL]� MHRORMLN� |]HOOLNOHUL�� WRSRJUDILN� \DSÕVÕ� YH� LNOLP� |]HOOLNOHUL� QHGHQL\OH� GR÷DO� DIHWOHUL� VÕNoD� \DúD\DQ�
�ONHOHUGHQ�ELULVLGLU��'R÷DO�DIHWOHU�QHGHQ�ROGXNODUÕ�FDQ�ND\EÕ�\DQÕQGD�7�UNL\H�LoLQ�|QHPOL�HNRQRPLN�ND\ÕSODU�
GD�PH\GDQD�JHWLUPHNWHGLUOHU��%LWOLV�WDúÕGÕ÷Õ�ROXPVX]�MHRORMLN��WRSRJUDILN�YH�LNOLP�|]HOOLNOHUL�LOH�GR÷DO�DIHWOHUL�
VÕNoD� \DúD\DQ� ELU� LOGLU�� %XQXQ� \DQÕ� VÕUD� NÕú� D\ODUÕQGD� DúÕUÕ� NDU� \D÷ÕúÕQÕQ� ROPDVÕ� GD� GR÷DO� DIHW� ULVNLQL�
DUWWÕUPDNWDGÕU�� � %X� ED÷ODPGD�� %LWOLV� GR÷DO� DIHWOHU� DoÕVÕQGDQ� LQFHOHQPH\H� GH÷HU� ELU� NRQXPGDGÕU�� � 'R÷DO�
DIHWOHUL�KHQ�]��|QFHGHQ�NHVWLUPHQLQ�P�PN�Q�ROPDGÕ÷Õ�J�Q�P�]GH�DIHWOHUGHQ�GROD\Õ�RUWD\D�oÕNDFDN�ND\ÕSODUÕ�
HQ�D]D�LQGLUPHN�ED÷ODPÕQGD�%LWOLV�LOLQLQ�GR÷DO�DIHWOHU�DoÕVÕQGDQ�LQFHOHPHVL�\DSÕOÕS��%LWOLV�øOLQLQ�DIHW�SURILOL�
oÕNDUÕODUDN� |QHULOHU� JHWLULOPLúWLU�� � $IHW� ULVNOHULQLQ� ELOLQPHVL�� DIHW� |QFHVL�� DQÕ� YH� VRQUDVÕQGD� \DSÕOPDVÕ�
JHUHNHQOHU�YH�DOÕQDFDN�|QOHPOHU�LOH�ROXúDELOHFHN�FDQ�YH�PDO�ND\ÕSODUÕQÕ�HQ�D]D�LQGLUPHN�DoÕVÕQGDQ�|QHP�DU]�
HWPHNWHGLU�� 6RQ� ]DPDQODUGD� PRGHUQ� DIHW� \|QHWLPL�� DIHWH� KD]ÕUOÕNOÕ� ROPDNOD� LOH� ELUOLNWH� DIHWOHUL� |QOHPHQLQ�
|QHPLQL� YXUJXODPDNWDGÕU�� d�QN��� J�Q�P�]GH�� E�\�N� NHQW� PHUNH]OHULQGH� PH\GDQD� JHOHELOHFHN� DIHWOHULQ�
GR÷XUDELOHFH÷L� ND\ÕSODU�� \DUDODUÕQÕQ� GDKL� VDUÕOPDVÕQÕ� P�PN�Q� NÕOPD\DFDN� ER\XWODUGD� RODELOPHNWHGLU��
7�UNL\H�� DIHWOHUH� NDUúÕ� GD\DQÕNVÕ]�KD]ÕUOÕNVÕ]� �ONHOHULQGHQ�ELULGLU��<DNÕQ�JHoPLúH� NDGDU��ONHPL]GH� NXUDNOÕN��
VHO��GHSUHP�YH�WRSUDN�ND\PDVÕ�JLEL�\ÕNÕFÕ�GR÷DO�DIHWOHUH�ELU�|Oo�GH�VH\LUFL�NDOÕQPÕúWÕU��%LWOLV�LOL�YH�LOoHOHULQGH�
GR÷DO� DIHW� YHUL� WDEDQODUÕQÕQ� ROXúWXUXOPDVÕ� LOH� DIHW� ER\XWODUÕQÕQ� RUWD\D� NRQXOPDVÕ�� NDUúÕODúWÕUÕOPDVÕ� YH� DIHW�
NRQXVXQGD� ]DUDU�D]DOWPD� oDOÕúPDVÕ� \DSDQ� NLúL� YH�YH\D� NXUXPODUÕQ� JHoPLúH� DLW� YHULOHUL� GH� GH÷HUOHQGLUHUHN�
GDKD�GR÷UX�YH�X\JXODQDELOLU�SURMHOHU��UHWPHVL�VD÷ODQDFDNWÕU��
�
$QDKWDU�.HOLPHOHU��%LWOLV��GR÷DO�DIHW��GHSUHP��oÕ÷��KH\HODQ��ND\D�G�úPHVL��VHO�
�
�
Abstract��2XU�FRXQWU\�RIWHQ�VXIIHUHG�IURP�QDWXUDO�GLVDVWHUV�GXH�WR�LWV�WKH�WRSRJUDSKLF�VWUXFWXUH���JHRORJLFDO�
DQG� FOLPDWH� FKDUDFWHULVWLFV�� $GGLWLRQ� WR� ORVV� RI� OLIH�� QDWXUDO� GLVDVWHUV� DOVR� FDXVHG� WR� VLJQLILFDQW� HFRQRPLF�
ORVVHV�IRU�7XUNH\��%LWOLV���IUHTXHQWO\�VXIIHUHG�IURP�QDWXUDO�GLVDVWHUV�GXH�WR�LWV�QHJDWLYH�WRSRJUDSKLF�VWUXFWXUH�
��JHRORJLFDO�DQG�FOLPDWH�FKDUDFWHULVWLFV�,Q�DGGLWLRQ�WKHVH�QHJDWLYH�SURSHUWLHV�� �H[WUHPH�VQRZIDOO�GXULQJ�WKH�
ZLQWHU�PRQWKV�ZDV�LQFUHVHG�WKH�ULVN�RI�D�QDWXUDO�GLVDVWHU��,Q�WKLV�VLWXDWLRQ��%LWOLV�LV�ZRUWK\�WR�EH�HYDOXDWHG��E\�
QDWXUDO�GLVDVWHU��,W�ZDV�QRW�SRVVLEOH�WR�SUHGLFW�QDWXUDO�GLVDVWHU�\HW��7KLV�SDSHU�DLPHG�WR�JLYH�RYHUDOO�ILJXUH�
DERXW�QDWXUDO�GLVDVWHU�SURILOH�DQG�RI�%LWOLV�SURYLQFH�DQG�PDGH�VXJJHVWLRQV��.QRZLQJ�GLVDVWHU�ULVNV�DUH�YHU\�
LPSRUWDQW�LQ�WHUPV�RI�PLQLPL]LQJ�WKH�SRVVLEOH�HFRQRPLF�DQG�OLIH�ORVVHV�DQG�WDNLQJ�QHFHVDUU\�SUHFDXWLRQV�IRU�
EHIRUH�� GXULQJ� DQG� DIWHU� WKH� GLVDVWHUV�� 5HFHQWO\� PRGHUQ� GLVDVWHU� PDQDJHPHQW� ZDV� HPSKDVL]HG� GLVDVWHU�
SUHSDUHGQHVV�EXW�DOVR�LPSRUWDQFH�RI�GLVDVWHU�SUHYHQWLRQ��%HFDXVH��WKH�ORVVHV�IURP�QDWXUDO�GLVDVWHUV�WKDW�PD\�
RFFXU� LQ�XUEDQ�FHQWHUV�KDV�EHHQ� �D�VL]H� WKDW�DEOH� WR�UROO�HYHQ��7XUNH\� LV�RQH�RI� WKH�FRXQWULHV� WKDW�ZDV�QRW�
XQYXOQHUDEOH�XQSUHSDUHG� WR� GLVDVWHUV�� &UHDWLQJ� RI� QDWXUDO� GLVDVWHU� GDWDEDVHV� RI� %LWOLV� SURYLQFH� ZLOO� EH�
SURYLGHG�WKDW��SURGXFH�D�PRUH�DFFXUDWH�DQG�YLDEOH�SURMHFWV�E\�HYDOXDWLQJ�KLVWRULFDO�GDWD�E\�SHRSOH�DQG���RU�
LQVWLWXWLRQV�ZKR�ZRUN�RQ�GLVDVWHU�PLWLJDWLRQ���
�
.H\ZRUGV��%LWOLV��QDWXUDO�GLVDVWHU��URFNIDOO��HDUWKTXDNH��ODQGVOLGH��DYDODQFH��IORRG�

�
�

��*ø5øù�
�

.D\QD÷ÕQÕ� \HUGHQ�YH\D�DWPRVIHUGHQ�DODQ�JHUoHNOHúWL÷L� ]DPDQ�FDQ�YH�PDO�ND\EÕQD�QHGHQ�RODQ�GR÷D�ROD\ODUÕQD�
GR÷DO� DIHW� GHQLOPHNWHGLU�� � 'R÷DO� DIHWOHULQ� ROXúXPX� HQJHOOHQHPHPHNWH�� MHRORMLN�� KLGURORMLN� YH� PHWHRURORMLN� N|NHQOL�
RODELOPHNWHGLUOHU��.DGÕR÷OX���������

hONHPL]� MHRORMLN� |]HOOLNOHUL�� WRSR÷UDILN� \DSÕVÕ� YH� LNOLP� |]HOOLNOHUL� QHGHQL\OH� GR÷DO� DIHWOHUL� VÕNoD� \DúD\DQ�
�ONHOHUGHQ�ELULVLGLU��'R÷DO�DIHWOHU�QHGHQ�ROGXNODUÕ�FDQ�ND\EÕ�\DQÕQGD�7�UNL\H�LoLQ�|QHPOL�HNRQRPLN�ND\ÕSODU�GD�PH\GDQD�
JHWLUPHNWHGLUOHU��%X�NRQXGDNL�LVWDWLVWLNOHU�LQFHOHQGL÷LQGH��GR÷DO�DIHWOHULQ�KHU�\ÕO�JD\UL�VDIL�PLOOL�KDVÕODQÕQ���¶L�RUDQÕQGD�
GR÷UXGDQ�HNRQRPLN�ND\ED�\RO�DoWÕ÷Õ�J|U�OPHNWHGLU��$QFDN�GR÷UXGDQ�HNRQRPLN�ND\ÕSODUÕQ�\DQÕQGD�SD]DU�ND\EÕ���UHWLP�
ND\EÕ��LúVL]OLN�JLEL�GROD\OÕ�HNRQRPLN�ND\ÕSODU�GD�J|]�|Q�QGH�EXOXQGXUXOGX÷XQGD�WRSODP�ND\EÕQ�JD\UL�VDIL�PLOOL�KDVÕODQÕQ�
��¶LQGHQ�GDKD�E�\�N�ROGX÷X�WDKPLQ�HGLOPHNWHGLU��g]PHQ���������

dHúLWOL� J�o�� E�\�NO�N� YH� JHQLúOLNWH� ROXúDQ� GR÷DO� DIHWOHU� DOW� \DSÕ�� XODúÕP�� KDEHUOHúPH� VLVWHPOHUL� YH� \|UHQLQ�
HNRQRPLN� \DSÕVÕQÕ� ROD÷DQ� GÕúÕ� ER]PDNOD� EHUDEHU� GR÷DO� DIHWOHUGHQ� VRQUD� ROXúDQ� RQDUÕP� PDVUDIODUÕ\OD� GD� D\UÕFD� KHP�
\|UHQLQ�KHP�GH��ONHQLQ�JHOLúPHVLQL�GR÷UXGDQ�HWNLOHPHNWHGLU����

International Science and Technology Conference, Dubai, 13-15 December 2012

243

mailto:ercanbitliseren@gmail.com
mailto:mhozluk@beu.edu.tr


ISTEC 20
12

� %XQODUÕQ� \DQÕ� VÕUD� FDQ� ND\ÕSODUÕ�� VDNDWOÕN�� |NV�]� NDOPD�� úRN� WHVLUL� \DUDWPDODUÕ�� EXODúÕFÕ� YH� VDOJÕQ� KDVWDOÕNODUÕQ�
ROXúPDVÕQD� VHEHS� YHUPHOHUL�� H÷LWLP�|÷UHWLPLQ� DNVDPDVÕ�� EDUÕQGÕUPD�\HGLUPH�� JL\GLUPH� VRUXQODUÕQÕQ� RUWD\D� oÕNPDVÕ��
LúVL]OL÷LQ�DUWPDVÕ��SVLNRORMLN�VRUXQODUÕQ�RUWD\D�oÕNPDVÕ�DoÕVÕQGDQ�GD�GR÷DO�DIHWOHU�|QHP�ND]DQPDNWDGÕU���

%LWOLV�LOL�YH�LOoHOHUL�GH�WDúÕGÕNODUÕ�ROXPVX]�MHRORMLN��WRSRJUDILN�IDNW|UOHU�QHGHQL�LOH�GR÷DO�DIHWOHUH�GX\DUOÕ�GH÷LOGLU��
%XQXQ�\DQÕ�VÕUD�NÕú�PHYVLPLQGH�NDU�\D÷ÕúÕQÕQ�DúÕUÕ�GHUHFHGH�ROPDVÕ�GR÷DO�DIHW�ULVNLQL�DUWWÕUPDNWDGÕU��%X�ED÷ODPGD�%LWOLV�
LOL¶QLQ�DIHW�SURILOL�D\UÕ�ELU�|QHP�ND]DQPDNWDGÕU���
�

���'2ö$/�$)(7/(5�
�

'R÷DO�DIHW�NDYUDPÕQÕ�GX\XQFD�hONHPL]LQ�DFÕ�JHUoH÷L�RODQ�YH�oR÷XPX]XQ�LON�RODUDN�DNOÕQD�JHOHQ�GHSUHPOHUGLU��
$QFDN�GHSUHPOHULQ�\DQÕ�VÕUD�oHúLWOL�E�\�NO�N�YH�GDKD�N�o�N�DODQODUÕ�HWNLOH\HFHN�RODQ�VHO�EDVNÕQÕ��\DQJÕQ��ND\D�G�úPHVL��
YRONDQ�SDWODPDVÕ��oÕ÷��NXUDNOÕN��IÕUWÕQD��WVXQDPL���<�$�6�6��\�NVHOPHVL�JLEL�DIHWOHUGH�XQXWXOPDPDOÕGÕU���

hONHPL]GH� PH\GDQD� JHOHQ� GR÷DO� DIHWOHULQ����� µLQL� GHSUHPOHU�����¶LQL� KH\HODQODU�� ���¶�Q�� VHOOHU�� ��¶LQL�
ND\D�G�úPHVL�����¶��Q��\DQJÕQODU����¶L�GH�oÕ÷�YH�GL÷HU�DIHWOHU�ROXúWXUPDNWDGÕU��%LUOHúPLú�0LOOHWOHU�.DONÕQPD�3URJUDPÕ��
�������ùHNLO������

����

��

� � �

'HSUHP

+H\HODQ

6HO

.D\D�'�úPHVL

<DQJÕQ

dÕ÷�YH�GL÷HU
DIHWOHU

�
ùHNLO����7�UNL\H¶QLQ�GR÷DO�DIHW�GD÷ÕOÕPÕ�

%LWOLV��'R÷X�$QDGROX¶\X�*�QH\�'R÷X�$QDGROX¶\D�ED÷OD\DQ�ER÷D]�JHoLWOHUL��]HULQGH�NXUXOPXú�������
������
�
GR÷X� ER\ODPODUÕ�� �����
������
� NX]H\� HQOHPOHUL� DUDVÕQGD� \HU� DODQ�� HWUDIÕ� GD÷ODUOD� oHYULOL� WDULKL� ELU� úHKLUGLU� �ùHNLO���
�6HUGDU���������

�

�
ùHNLO������%LWOLV�LOL�YH�\HU�EXOGXUX�KDULWDVÕ�
�

������%LWOLV�øOLQLQ�'HSUHP�7HKOLNHVL��
'HSUHPOHU��Lo�GLQDPLN�V�UHoOHUOH�\HUNDEX÷X�LoHULVLQGH�PH\GDQD�JHOHQ�GHIRUPDV\RQODUÕQ�\DUDWWÕ÷Õ�YH�MHRORMLGH�

ID\�RODUDN�WDQÕPODQDQ�NÕUÕOPDODU�VRQXFX�ROXúDQ�\HU�VDUVÕQWÕODUÕGÕU��'HSUHPLQ�E�\�NO�÷���PDJQLW�G���NÕUÕOPD��ID\ODQPD��
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HVQDVÕQGD�DoÕ÷D�oÕNDQ�HQHUMLQLQ�PLNWDUÕQD�ED÷OÕ�RODUDN�GH÷LúLU��*HQHOGH��ERúDODQ�HQHUML�NÕUÕOPD�PHUNH]LQGHQ�X]DNODúWÕNoD�
JLGHUHN� D]DOÕU�� )DNDW�� ED]HQ� ORNDO� MHRORMLN� \DSÕ� |]HOOLNOHULQGHQ� ND\QDNODQDQ� ROXPVX]� ]HPLQ� NRúXOODUÕ� EX� GXUXPX�
GH÷LúWLUHELOLU�YH�ND\QDNWDQ�X]DN�ROPDVÕQD�UD÷PHQ�GHSUHPLQ�\ÕNÕFÕ�HWNLVLQLQ�EHNOHQHQGHQ�ID]OD�ROPDVÕQD�\RO�DoDELOLU��%X�
QHGHQOH� KHUKDQJL� ELU� E|OJHQLQ� GHSUHP� SRWDQVL\HOL� GH÷HUOHQGLULOLUNHQ� GHSUHPH� \RO� DoDQ� ID\ODUÕQ� �DNWLI� ID\�� YH� \HUHO�
]HPLQ�|]HOOLNOHULQLQ�L\L�ELOLQPHVL�JHUHNPHNWHGLU��$NGHQL]���������

%LWOLV� LOL� DODQODUÕ� LoHUVLQGH� NDODQ�9DQ�*|O���'R÷X�$QDGROX
GD� ROGXNoD� úLGGHWOL� GHIRUPDV\RQODUD� X÷UDPÕú� ELU�
WHNWRQLN�\DSÕ�LoHUVLQGHGLU��$\QÕ�]DPDQGD�|QHPOL�YH�NXUDO�GÕúÕ�QHRWHNWRQLN�XQVXUODU�PHYFXWWXU��%|OJHQLQ�WHNWRQLN�DoÕGDQ�
oRN� DNWLI� ROPDVÕQGDQ� GROD\Õ�� GHSUHP� DNWLYLWHVL� KDY]D� ER\XQFD� YH� 9DQ� *|O�� oHYUHVLQGHNL� E|OJHGH� oRN� \�NVHNWLU�
�+RUDVDQ����������7RNHU����������9DQ�*|O��KDY]DVÕQGD�PH\GDQD�JHOHFHN�\ÕNÕFÕ�GHSUHPOHU�EX�KDY]DGD�EXOXQDQ�%LWOLV�LO�
PHUNH]L�YH�LOoHOHULQL�\DNÕQGDQ�HWNLOH\HFHNWLU��,úÕN���������%X�ED÷ODPGD����(NLP�9DQ�GHSUHPL�%LWOLV�LOLQGH�oRN�úLGGHWOL�
úHNLOGH�KLVVHGLOPLú�YH�FLGGL�KDVDUODUD�\RO�DoPÕúWÕU���

%|OJHOHULQ�GHSUHP�ULVNOHUL�MHRORMLN�RODUDN�EX�ID\ODUÕQ�EHOLUOHQPHVL�LOH�HOGH�HGLOHELOHF÷L�JLEL�GDKD�|QFHNL�GHSUHP�
ND\ÕWODUÕQGDQ�ID\GDODQÕODUDN�WD�EXOXQDELOPHNWHGLU��gQFHGHQ�GHSUHPH�PDUX]�NDOPÕú�E|OJHOHU�JHOHFHNWH�GH�EHQ]HU�úHNLOGH�
GHSUHPOHUGHQ�]DUDU�J|UHFHN�E|OJHOHU�RODUDN�J|U�OPHNWHGLU��&HOHS����������

<�NVHN� VLVPLN� DNWLYLWH\H� VDKLS� RODQ� E|OJHOHUGH� GHSUHPOHULQ� ROXúXPODUÕQÕQ� YH� G|Q�ú� SHUL\RWODUÕQÕQ� WHVSLW�
HGLOPHVL�|QHP�WDúÕPDNWDGÕU��*HoPLúWHQ�J�Q�P�]H�NDGDU�J|]OHQHQ�YH�ND\GHGLOHQ�VD÷OÕNOÕ�GHSUHP�YHULOHUL\OH�JHOHFHNWH�
PH\GDQD�JHOHELOHFHN�GHSUHPOHULQ�ROXúPD�RODVÕOÕNODUÕ�YH�G|Q�ú�SHUL\RWODUÕ� LVWDWLVWLNVHO�PRGHOOHUOH�EHOLUOHQHELOPHNWHGLU��
%X�PRGHOOHU� \DUGÕPÕ� LOH�EHOLUOL�ELU� ]DPDQ�DUDOÕ÷Õ� LoHULVLQGH�KDQJL�E�\�NO�NWH�YH� VÕNOÕNWD�GHSUHPOHULQ�EHNOHQHELOHFH÷L�
EHOLUOHQHELOPHNWHGLU��.DO\RQFXR÷OX���������

%DNDQODU�.XUXOX¶QXQ�����������J�Q�YH���������VD\ÕOÕ�NDUDUÕ\OD�7�UNL\H�'HSUHP�%|OJHOHUL�+DULWDVÕ�DGÕ�DOWÕQGD�
������������ |OoHNOL� RODUDN� \�U�UO�÷H� JLUPLúWLU��3DPSDO� ������� � %X� KDULWD\D� J|UH� %LWOLV�� ��� GHUHFH� GHSUHP� E|OJHVL�
LoHULVLQGH�\HU�DOPDNWDGÕU��%D\��YH�øVN��%DN���������ùHNLO�����

�

�
ùHNLO����%LWOLV�LOL�YH�LOoHOHUL�GHSUHP�E|OJH�KDULWDVÕ��%D\��YH�øVN��%DN�������

�

%LWOLV� LOLQLQ� LoLQGH� EXOXQGX÷X�9DQ�*|O��+DY]DVÕQÕQ� ELU� VÕNÕúPD� E|OJHVLQGH� EXOXQPDVÕ�� � GDKD� |QFH� YRONDQLN�
ROD\ODUÕQ� ROXúPDVÕ� YH� 9DQ� *|O�¶Q�Q� YRONDQLN� KDUHNHWOHUGHQ� HWNLOHQHUHN� ROXúWX÷X� G�ú�Q�OG�÷�QGH� %LWOLV� YH� LOoHOHUL�
GHSUHPVHOOLN�DoÕVÕQGDQ�ROGXNoD�|QHP�ND]DQPDNWDGÕU���

7DULKVHO� GHSUHPOHU�� � ELU� E|OJHQLQ� JHOHFHNWH� NDUúÕ� NDUúÕ\D� NDODELOHFH÷L� ELU� GHSUHP� ULVNLQLQ� KHVDSODQPDVÕQGD�
NXOODQÕODELOHFHN� HQ� |QHPOL� YHULOHUGLU�� %X� ED÷ODPGD� %LWOLV� YH� FLYDUÕQGD� ROXúPXú� WDULKVHO� G|QHP� GHSUHPOHUL� RODVÕ� ELU�
GHSUHPLQ� KDEHUFLVL� RODUDN� \RUXPODQDELOPHNWHGLU�� 6XVNXQ� ELU� G|QHPGHQ� JHoPHNWH� RODQ� IDNDW� DNWLI� WHNWRQL÷LQL� PLNUR�
GHSUHPOHUOH� GHYDP� HWWLUHQ� %LWOLV� YH� FLYDUÕ� JHOHFHNWH� ROXúDELOHFHN� E�\�N� YH� úLGGHWOL� GHSUHPOHULQ� HWNLVL� DOWÕQGDGÕU��
7DULKVHO� GHSUHPOHU� LQFHOHQGL÷LQGH� %LWOLV� YH� FLYDUÕQÕQ� V�UHNOL� DNWLI� ELU� WHNWRQLN� \DSÕ\D� VDKLS� ROGX÷XQX� RUWD\D�
NR\PDNWDGÕU�� $OHWVHO� G|QHPGHNL� GHSUHPOHULQ� D]OÕ÷Õ� YH\D� E�\�NO�NOHULQLQ� D]� ROPDVÕ� %LWOLV� YH� FLYDUÕQÕQ� VXVNXQOX÷X�
DQODPÕ�WDúÕPDNWDGÕU��$QFDN�EX�GXUXP�E|OJHQLQ�GHSUHP�WHKOLNHVLQLQ�ROPD\DFD÷Õ�DQODPÕ�WDúÕPDPDOÕGÕU���
� <|UH� WDúÕGÕ÷Õ� ROXPVX]� MHRORMLN� YH� WRSRJUDILN� IDNW|UOHU� QHGHQL\OH� GHSUHPH� GX\DUOÕ� GH÷LOGLU�� %XJ�QH� NDGDU�
L]OHQHQ� \DSÕODúPDGD� GHSUHPVHOOLN� |÷HVL� E�\�N� |Oo�GH� LKPDO� HGLOPLúWLU�� $QFDN� WHNWRQLN� RODUDN� VRQ� GHUHFH� KDUHNHWOL�
NXúDNODU� LoHULVLQGH� NDODQ� VDKDGD� \DSÕODúPD� HVQDVÕQGD� GHSUHPVHOOLN� IDNW|U�� J|]� |Q�QGH� EXOXQGXUXOPDOÕ� YH� LOJLOL�
úDUWQDPHOHUH�KDVVDVL\HWOH�X\XOPDOÕGÕU���
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+DVDU�YH�FDQ�ND\EÕ�\DUDWDELOHFHN�ELU�GHSUHPGHQ�ND\QDNODQDQ�\HU�KDUHNHWLQLQ�EHOLUOL�ELU�\HUGH�YH�EHOOL�]DPDQ�
SHUL\RGXQGD�PH\GDQD�JHOPH�LKWLPDOL�GHSUHP�WHKOLNHVL�RODUDN�WDQÕPODQPDNWDGÕU��'HSUHP�ULVNL��GHSUHP�QHGHQL�LOH�KDVDU��
PDO�YH�FDQ�ND\EÕ�LKWLPDOL�RODUDN�WDQÕPODQDELOLU��5LVN�úX�VRUXODUÕQ�\DQÕWODUÕQÕQ�WRSODPÕGÕU��1H�E�\�NO�NWH�ELU�GHSUHP��QH�
NDGDU� X]DNOÕNWD�� QDVÕO� ELU� ]HPLQGH�� QH� W�U� ELU� \DSÕGD�� QH� GH÷HUGH� KDVDU� YH� ND\ED� QHGHQ� ROXU"� µ1H� G�]H\GH� WHKOLNH"¶�
VRUXVXQXQ� \DQÕWÕQÕ� DUDUNHQ� \DSÕODFDN� LON� Lú� QHUHGH� GHSUHP� RODELOHFH÷LQL� GHWHUPLQLVWLN� RODUDN� WDQÕPODPDN� \D� GD�
RODVÕOÕNVDO� RODUDN� NHVWLUPHNWLU�� 'HSUHP� WHKOLNHVL�� GHSUHP� ULVNLQLQ� |QHPOL� ELU� |÷HVLGLU� �g]PHQ�������7�UNHOOL��
������(\LGR÷DQ��������� �

<DSÕODQ�VLVPLN�DUDúWÕUPDODU�%LWOLV� LOLQLQ�GHSUHP�WHKOLNHVLQL�RUWD\D�NR\PDNWDGÕU��%LWOLV� LOLQLQ�VLVPLN�DoÕGDQ�ULVN�
WDúÕGÕ÷Õ�ELU�JHUoHNWLU��ùHNLO������
�

�
ùHNLO����7�UNL\H
QLQ�6LVPLN�5LVN�+DULWDVÕ� �����DúÕOPD�RODVÕOÕ÷Õ����\ÕO� HNRQRPLN�|P�U� LoLQ�KHVDSODQDQ�SLN�\HU� LYPHVL�
GH÷HUOHUL����86*6��
�
�����%LWOLV�øOLQLQ�+H\HODQ�7HKOLNHVL����

%LU� \DPDoWDNL� ND\D�� WRSUDN� ]HPLQLQ� YH\D�PROR]ODUÕQ� \DPDo� DúD÷Õ� GR÷UX� KDUHNHW� HWPHVL� VRQXFX� ROXúDQ� ROD\D�
KH\HODQ�GHQLOPHNWHGLU��*|NoHR÷OX���������+H\HODQODU�MHRORMLN��VLVPRORMLN��WRSRJUDILN��LNOLP�|]HOOLNOHUL�YH��\D÷ÕúODU�JLEL��
QHGHQOHUH�ED÷OÕ�ROXúPDNWD�GDKD�oRN�XODúÕP�\DSÕODUÕQD�]DUDU�YHUPHNWH�YH�GL÷HU�DIHWOHUH�J|UH�GDKD�D]�FDQ�YH�PDO�ND\EÕQD�
VHEHS�ROPDNWDGÕUODU���hONHPL]GH�PH\GDQD�JHOHQ�GR÷DO�DIHWOHULQ�����LQL�KH\HODQODU�ROXúWXUPDNWDGÕU����

%LWOLV�LOLQLQ�ROXPVX]�MHRORMLN��WRSRJUDILN��|]HOOLNOHULQLQ�\DQÕQGD�DúÕUÕ�GHUHFHGH�NDU�\D÷ÕúÕ�KH\HODQ�ROXúPD�ULVNLQL�
DUWÕUDQ�IDNW|UOHUGLU��%X�ROXPVX]�IDNW|UOHUGHQ�GROD\Õ�%LWOLV�øOL�KH\HODQ�ULVNL�WDúÕ\DQ�LOOHU�DUDVÕQGD�JHOPHNWHGLU��ùHNLO�����
�
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ùHNLO����7�UNL\H�+H\HODQ�<R÷XQOXN�+DULWDVÕ��$IHW�øúOHUL�*HQHO�0�G�UO�÷���������
�
*�QH\GR÷X�$QDGROX�ELQGLUPH�NXúD÷Õ��]HULQGH�EXOXQDQ�%LWOLV�LOLQLQ�EDWÕVÕQGD�0XWNL�LOoHVL�LOH�GR÷XVXQGD�EXOXQDQ�+L]DQ�
LOoHOHULQGH�KH\HODQ�ROD\ODUÕ�\R÷XQ�RODUDN�J|]OHQPHNWHGLU��
�
�����%LWOLV�øOLQLQ�dÕ÷�7HKOLNHVL��

dÕ÷��JHQHOOLNOH�ELWNL�|UW�V��ROPD\DQ�HQJHEHOL��GD÷OÕN�YH�H÷LPOL�DUD]LOHUGH��YDGL�\DPDoODUÕQGD�WDEDNDODU�KDOLQGH�
ELULNPLú�RODQ�NDU� N�WOHVLQLQ� Lo�YH�YH\D�GÕú� NXYYHWOHULQ�HWNLVL� LOH�EDúOD\DQ�ELU� LON�KDUHNHW� VRQXFX�WHWLNOHQHQ��\DPDoWDQ�
DúD÷Õ\D�GR÷UX�KÕ]OD�ND\PDVÕ�RODUDN�WDQÕPODQÕU��*�UHU���������

dÕ÷ODU�� IDUNOÕ� NDOÕQOÕNODUD� VDKLS� NDU� |UW�V�Q�Q� oHúLWOL� IDNW|UOHULQ� HWNLVL\OH� H÷LP� ER\XQFD� KDUHNHWL� VRQXFXQGD�
RUWD\D�oÕNDU��dÕ÷ODU��\HUOHúLP�ELULPOHUL��GD÷�VSRU�YH�WXUL]P�WHVLVOHUL��NDUD\ROODUÕ��N|\�\ROODUÕ��GHPLU\ROODUÕ��KDEHUOHúPH�YH�
HQHUML� QDNLO� KDWODUÕ�� VDQD\L�� DVNHUL� YH� GL÷HU� EHQ]HUL� WHVLVOHU� LoLQ� E�\�N� WHKOLNHOHU� ROXúWXUGX÷X� JLEL� FDQ� ND\ÕSODUÕQD� GD�
QHGHQ� ROXUODU�� 7�UNL\H¶GH� 'R÷X� YH� *�QH\GR÷X� $QDGROX� E|OJHOHUL� YH� .DUDGHQL]� %|OJHVL¶QLQ� Lo� NHVLPOHULQGH� ELUoRN�
\HUGH� JHUoHNOHúPHNWHGLU��%X� E|OJHOHUGHNL�PH]UD� WLSL� \HUOHúLP�ELULPOHULQLQ� oR÷X� oÕ÷� WHKGLGL� DOWÕQGDGÕU� �*�UHU�� �������
�<DYDú��������

%LWOLV¶WH� DúÕUÕ� NDU� \D÷ÕúODUÕQGDQ� GROD\Õ� oÕ÷�� NDU� VDYUXQWXVX�� |]HOOLNOH� G�]� YH� WRSUDN� oDWÕODUGD� NDU� ELULNLPL� YH�
VDoDNODUGD� VDUNÕW� EX]� ROXúXPX� \�]�QGHQ� \HUOHúLP� ELULPOHULQGH�� KHP� úHKLU�PHUNH]LQH� KHP� GH� NÕUVDO� NHVLPGH� \DúD\DQ�
LQVDQODUÕQ� KD\DWODUÕ� ROXPVX]� \|QGH� HWNLOHQPHNWH�� FLGGL� XODúÕP� VRUXQODUÕ� RUWD\D� oÕNPDNWD�� |O�PO�� WUDILN� ND]DODUÕQD�
VHEHEL\HW�YHUPHNWH���HQHUML�KDWODUÕ�WDKULS�ROPDNWDGÕU���

������ ����� WDULKOHUL� DUDVÕQGD� %LWOLV¶WH� WRSODP� ��� DGHW� oÕ÷� PH\GDQD� JHOPLúWLU�� %X� oÕ÷ODUGD� ��� NLúL� KD\DWÕQÕ�
ND\EHWPLúWLU��%X�G|QHP�DUDVÕQGD�oÕ÷ODUGDQ�GROD\Õ�WRSODP�����NRQXWXQ�QDNOLQH�NDUDU�YHULOPLúWLU��*�UHU���������
� .Õú�D\ODUÕQGD�J|U�OHQ�DúÕUÕ�NDU�\D÷ÕúODUÕ�YH�GRQGXUXFX�VR÷XNODU�QRUPDO�KD\DWÕ�|QHPOL�ELU�|Oo�GH�HWNLOHPHNWHGLU��
%LWOLV�oÕ÷�G�úPH�WHKOLNHVL�YH�ULVNLQLQ�HQ�\�NVHN�ROGX÷X��o�LOGHQ�ELULGLU��ùHNLO������

�
ùHNLO����7�UNL\H¶QLQ�dÕ÷�'D÷ÕOÕP�+DULWDVÕ��$IHW�øúOHUL�*HQHO�0�G�UO�÷���������
�
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.DU� \D÷ÕúÕ� JHQH�� RODUDN�.DVÕP� D\Õ� EDúÕQGD� EDúODPDNWD� YH� 1LVDQ� D\ÕQGD� NDU� NDONPDNWDGÕU�� %X� V�UHQLQ� X]XQ� ROPDVÕ�
%LWOLV¶WH�ULVN�V�UHVLQL�DUWÕUPDNWDGÕU��øO�PHUNH]LQGH�oÕ÷�ULVNLQH�VDKLS�RODQ�LNL�LOGHQ�ELULVLGLU��7DWYDQ�LOoH�PHUNH]LQGH�GH�oÕ÷�
ULVNL�PHYFXWWXU�� øOLQ� W�P� LOoHOHULQH�ED÷OÕ�SHN�oRN�N|\GH�YH�N|\�\ROODUÕQGD�oÕ÷� ULVNL�PHYFXWWXU��%XQXQ�\DQÕQGD��6LLUW�
%LWOLV�NDUD\ROXQGD�oRN�E�\�N�|OoHNOL�oÕ÷ODU�PH\GDQD�JHOPHNWHGLU��
�
�����%LWOLV�øOLQLQ�.D\D�'�úPHVL�7HKOLNHVL���

<D÷ÕúOÕ� PHYVLPOHUGH� YH� NDU� HULPH� G|QHPOHULQGH�� JHFH�J�QG�]� ÕVÕ� IDUNÕQGDQ� GROD\Õ� YH� \HUDOWÕ� VX� WDEODVÕQÕQ�
\�]H\H� \DNÕQ�ROPDVÕ� VHEHEL\OH�� |]HOOLNOH�SDWODWPD� \DSÕODQ� \DUPDODUGD� \HUoHNLPL� HWNLVL\OH�ND\D�G�úPHVL� VRUXQX�RUWD\D�
oÕNPDNWD� YH� |]HOOLNOH� XODúÕP� \DSÕODUÕQÕQ� J�YHQOL÷LQL� YH� ED]HQ� GH� ELQD� W�U�� \DSÕODUÕ� ROXPVX]� RODUDN� HWNLOHPHNWHGLU��
hONHPL]GH�PH\GDQD�JHOHQ�GR÷DO�DIHWOHULQLQ���¶LQL�ND\D�G�úPHOHUL�ROXúWXUPDNWDGÕU��7�UNL\H¶GH������\ÕOÕQGDQ�EHUL�����
ND\D�G�úPHVL�ROD\Õ�PH\GDQD�JHOPLúWLU��$YFÕ��������(UJ�QD\���������

%LWOLV� LOLQGH� \D÷ÕúODUÕQ� |]HOOLNOH� NDU� \D÷ÕúÕQÕQ� oRN� ID]OD� ROPDVÕ�� JHFH�J�QG�]� ÕVÕ� IDUNÕQÕQ� oRN� ROPDVÕ� ND\D�
G�úPHVL�ULVNLQL�DUWWÕUPDNWDGÕU��%X�ED÷ODPGD�%LWOLV�ND\D�G�úPHVL�WHKOLNHVL�EDNÕPGDQ��ONHPL]LQ����LOLGLU��ùHNLO�����

�

�
ùHNLO����7�UNL\H�.D\D�'�úPHVL�<R÷XQOXN�+DULWDVÕ��$IHW�øúOHUL�*HQHO�0�G�UO�÷���������
�

.D\D�G�úPHVL�ROD\ODUÕ�GD�\LQH�*�QH\GR÷X�$QDGROX�ELQGLUPH�NXúD÷ÕQGD��]HULQGH�EXOXQDQ�0HUNH]��0XWNL�YH�
+L]DQ�LOoHOHULQGH�J|]OHQPHNWHGLU��

%LWOLV� úHKLU� PHUNH]LQGH� EXOXQDQ� %LWOLV� .DOHVL�� ND\D� G�úPHOHULQGHQ� GROD\Õ� FDQ� YH� PDO� J�YHQOL÷L� DoÕVÕQGDQ�
WHKOLNHOL�ELU�NRQXPGDGÕU��7HKOLNHQLQ�RUWDGD�NDOGÕUÕODELOPHVL�DPDFÕ�LOH�JHUHNOL�|QOHPOHU�DOÕQDUDN�NDOH�UHVWRUH�HGLOPLúWLU���

�
�����%LWOLV�øOLQLQ�6HO�7HKOLNHVL��

'R÷DO�DIHW�RODUDN� VHO��ELU� DNDUVX\XQ�PXKWHOLI� QHGHQOHU� LOH� \DWD÷ÕQGDQ� WDúDUDN��oHYUHVLQGHNL�DUD]LOHUH�� \HUOHúLP�
ELULPOHULQH�� DOW\DSÕ� WHVLVOHULQH� YH� FDQOÕODUD� ]DUDU� YHUPHN� VXUHWL\OH�� HWNL� E|OJHVLQGH� QRUPDO� VRV\R�HNRQRPLN� IDDOL\HWL�
NHVLQWL\H� X÷UDWDFDN� |Oo�GH� ELU� DNÕú� E�\�NO�÷�� ROXúWXUPDVÕ� ROD\Õ� úHNOLQGH� LIDGH� HGLOPHNWHGLU�� %X� WDQÕPÕ�� GHQL]�
VDKLOOHULQGH�P�FDYLU�E|OJHOHUGHNL�GDOJD�KDUHNHWOHULQGHQ�ND\QDNODQDQ�NÕ\Õ� WDúNÕQODUÕ��J|OOHUGHNL� VHYL\H�GH÷LúLNOLNOHUL� LOH�
GDOJD�HWNLOHULQGHQ�ND\QDNODQDQ�J|O�WDúNÕQODUÕ�YH�EX]XO�HULPH�YH�SDUoDODQPDODUÕQGDQ�ND\QDNODQDQ�EX]�KDUHNHWL�WDúNÕQODUÕ�
LOH�JHQLúOHWPHN�P�PN�QG�U��8úND\���������
� %LWOLV� WRSR÷UDILN�YH�KLGUR�PHWHRURORMLN�|]HOOLNOHUL�EDNÕPÕQGDQ�� VHO� IHODNHWOHUL� DoÕVÕQGDQ�KHU�]DPDQ�KDVVDV�ELU�
NRQXPGDGÕU�� $úÕUÕ� \|UHVHO� \D÷ÕúODUGDQ� YH\D� WRSOX� NDU� HULPHOHULQGHQ� VRQUD� \DúDQDQ� DNDUVX� WDúNÕQODUÕ� %LWOLV� øOLQGH�
NDUúÕODúÕODQ� HQ� \D\JÕQ� VHO� ROD\ODUÕGÕU�� %LWOLV� YH� LOoHOHULQGH� EXOXQDQ� GHUHOHULQ� \D÷ÕúOÕ� PHYVLPOHUGH� WDúNÕQ� GHELVLQLQ�
ID]ODODúPDVÕ�\HU�\HU�WDUÕP�DUD]LOHULQL��NLPL�\HUOHUGH�LVH�\HUOHúLP�ELULPOHULQL�WHKGLW�HWPHNWHGLU���

%LWOLV� HQ� oRN� WDúNÕQ� WHKOLNHVLQH�PDUX]� NDODQ� RQ� LO� DUDVÕQGDGÕU��<ÕOOÕN� VÕNOÕN� RUDQÕ� ������ ROPDNOD� ELUOLNWH� ULVNH�
PDUX]�Q�IXV��������RODUDN�EHOLUOHQPLúWLU��-ø&$��������ùHNLO�����

�
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ùHNLO����hONHPL]LQ�6HO�]DUDUÕ�YH�WHKOLNH�KDULWDVÕ��$IHW�øúOHUL�*HQHO�0�G�UO�÷���������
�
øO� JHQHOLQGH� VX� EDVNÕQÕ� ROD\ODUÕ� \R÷XQ� \DúDQPDNWD� ROXS��0HUNH]��$GLOFHYD]��0XWNL��*�UR\PDN� YH�+L]DQ� LOoHOHULQGH�
GDKD� \R÷XQ� J|]OHQPHNWHGLU�� ����������� YH� ����������� \ÕOODUÕQGD� DúÕUÕ� \D÷ÕúODU� VRQXFX�PH\GDQD� JHOHQ� VX� EDVNÕQÕ� YH�
KH\HODQ�ROD\ODUÕ�E|OJHVHO�RODUDN�ELUoRN�0HUNH]�YH�LOoHOHUGH�\HUOHúLP�ELULPOHULQL�HWNLOHPLúWLU��

$\UÕFD� 7DWYDQ�� $KODW� YH� $GLOFHYD]� LOoHOHULQLQ� VÕQÕUÕ� GXUXPXQGD� RODQ� 9DQ� *|O�¶Q�Q� PDNVLPXP� VX� NRWX�
�������� RODUDN� EHOLUOHQPLú� ROXS�� 9DQ� *|O�� oHYUHVLQGHNL� ����� NRWX� DOWÕQGD� NDODQ� DODQODU� %DNDQODU� .XUXOX¶QFD�
����������� WDULKLQGH� DIHWH� PDUX]� E|OJH� RODUDN� LODQ� HGLOPLúWLU�� %XQD� J|UH� ����� NRWX� NÕ\Õ� NHQDU� oL]JLVL� RODUDN� NDEXO�
HGLOPLúWLU�� <�U�UO�NWH� RODQ� \|QHWPHOL÷H� J|UH� EHOLUOHQPHVL� JHUHNHQ� ��P¶OLN� Y� ���P¶OLN� NÕ\Õ� úHULWOHUL� EX� NRW� WHPHO�
DOÕQDUDN�EHOLUOHQPLúWLU���7%00���������

9DQ�*|O��oHYUHVLQGHNL�WDUÕP�DODQODUÕ�YH�NHQWVHO���NÕUVDO�\HUOHúPHOHU��]HULQGH�X]XQ�\ÕOOÕN��\ÕOOÕN�YH�PHYVLPOLN�
VHYL\H�GH÷LúPHOHUL��E�\�N�HWNLOHUGH�EXOXQPXú�YH�\DSÕODQ�|Oo�POHUH�J|UH��VRQ����\ÕO�LoLQGH�������������J|O�VHYL\HVLQGH�
\DNODúÕN� �� P�� \�NVHOPH� PH\GDQD� JHOPLúWLU�� �������� \ÕOODUÕQGDNL� KÕ]OÕ� \�NVHOPH� VRQXFX� \�]OHUFH� NRQXW� YH� ELQOHUFH�
GHNDU�WDUÕP�DODQÕ�VX�DOWÕQGD�NDOPÕú�YH�|QHPOL�ELU�oHYUHVHO�SUREOHPH�QHGHQ�ROPXúWXU��<ÕOGÕ]���������

�
�
�
�

6218d/$5�9(�g1(5ø/(5�
$IHW�\|QHWLPL��DIHW�|QFHVLQGH�EHNOHQHQ�DIHW�W�U�Q�Q�EHOLUOHQPHVL�YH�DIHWH�J|UH�|QOHP�DOÕQPDVÕ��DIHW�DQÕQGD�DFLO�

NUL]� PDVDODUÕQÕQ� ROXúWXUXOPDVÕ� YH� DIHW� VRQUDVÕQGD� DFLO� GXUXP�P�GDKDOHOHULQLQ� \DSÕOPDVÕ� LOH� X]XQ� YDGHGH� L\LOHúWLUPH�
SROLWLNDODUÕQÕQ� X\JXODQPDVÕQGDQ� ROXúPDNWDGÕU�� %X� QHGHQOH�� DIHW� \|QHWLPLQLQ� ROXúWXUXOPDVÕ� LOH� DIHWH� NDUúÕ� |QFHGHQ�
KD]ÕUOÕN�\DSÕODELOHFHN�YH�]DUDUODU�D]DOWÕODELOHFHNWLU��

hONHPL]GH� DIHW� \|QHWLPL� ³<DUD� 6DUPD´� SROLWLNDVÕ� RODUDN� DOJÕODQPDNWDGÕU�� %LU� DIHW� ROD\ÕQGDQ� KHPHQ� VRQUD�
X\JXODQDQ�NXUWDUPD�YH�LON\DUGÕP��DIHWWHQ�HWNLOHQHQ�DLOHOHUH�DFLO�\DUGÕPODU�LOH�ELUOLNWH�\DSÕODQ�PDGGL�\DUGÕPODU�LOH�VÕQÕUOÕ�
NDOPDNWDGÕU�� $IHW� \|QHWLPLQLQ� HWNLQOL÷L�� \DSÕODQ� EX� oDOÕúPDODUÕQ� EDúDUÕVÕ� YH\D� EDúDUÕVÕ]OÕ÷Õ� LOH� GH÷HUOHQGLULOPHNWHGLU��
$IHW� \|QHWLPLQLQ�EDúOÕFD� J|UHYL� FDQ�YH�PDO� ND\EÕQÕ� D]DOWPDN�YH� XOXVX�GR÷DO�� WHNQRORMLN�YH� LQVDQ� IDNW|UO�� DIHWOHUGHQ�
NRUXPDNWÕU��%XQX� \DSDUNHQ� KD]ÕUOÕNOÕ� ROPD�� NRUXPD��P�GDKDOH�� L\LOHúWLUPH� YH� ]DUDU� D]DOWPD� JLEL� |÷HOHUL� LoHUHQ� ULVNH�
GD\DOÕ��NDSVDPOÕ�ELU�DIHW�YH�DFLO�GXUXP�\|QHWLP�VLVWHPLQGH�KDOND�|QF�O�N�HWPHOL�YH�GHVWHN�YHULOPHOLGLU���

'R÷DO�DIHWOHULQLQ�ROPD\ÕúÕ�YH\D�oRN�X]XQ�]DPDQGDQ�EHUL�WHNUDUODQPDPDVÕ�JHOHFHNWH�GH�EXQXQ�EX�úHNLOGH�GHYDP�
HGHFH÷L� DQODPÕQD� JHOPHPHNWHGLU�� 'ROD\VÕ\OD� GR÷DO� DIHWOHULQLQ� KHU� DQ� RODELOHFH÷L� YH� HQJHOOHQPHVLQLQ� GH� ]RU� RODFD÷Õ�
G�ú�Q�OG�÷�QGH� GR÷DO� DIHWOHU� PH\GDQD� JHOPHGHQ� DOÕQDFDN� WHGELUOHULQLQ� |QHPLQL� RUWD\D� NR\PDNWDGÕU�� 'R÷DO� DIHW�
ELOLQFLQLQ�DUWPDVÕ� LOH� WRSOXPXQ�E�\�N�ELU�NHVLPLQLQ� ³EL¶úH\�ROPD]´�G�ú�QFHVLQGHQ�NXUWXOXS�GDKD� UDV\RQHO�G�ú�QPH\H�
EDúODPDVÕ�VRQXFXQX�GR÷XUDFDNWÕU��%XQXQ�VRQXFX�RODUDN�GD�GR÷DO�DIHWOHULQ�PH\GDQD�JHWLUHFH÷L�]DUDUODU�HQ�DOW�VHYL\HOHUH�
LQGLUJHQHFHNWLU��

.D\ÕSODUÕ� D]DOWPDN� YH�YH\D� HQ� D]D� LQGLUPHN� LoLQ� GR÷DO� DIHW� WHKOLNHVL� RODQ� E|OJHOHUL� WHVSLW� HWPHN� \HWHUOL�
ROPDPDNWDGÕU��%X�DODQODUOD�LOJLOL�\DSÕOPDVÕ�P�PN�Q�LVH�|QOHPOHU�KD\DWD�JHoLULOPHOL�YH�GDKD�GD�|QHPOLVL�GR÷DO�DIHWOHUH�
NDUúÕ�ELOLQoOHQGLULOPH�DPDoOÕ�H÷LWLP�oDOÕúPDODUÕ�\�U�W�OPHOLGLU��
� %LWOLV� WDúÕGÕ÷Õ�ROXPVX]�MHRORMLN�� WRSRJUDILN�YH�LNOLP�|]HOOLNOHUL� LOH�GR÷DO�DIHWOHUL�VÕNoD�\DúD\DQ�ELU� LOGLU��%XQXQ�
\DQÕ� VÕUD� NÕú� D\ODUÕQGD� DúÕUÕ� NDU� \D÷ÕúÕQÕQ� ROPDVÕ� GD� GR÷DO� DIHW� ULVNLQL� DUWWÕUPDNWDGÕU�� � %LWOLV� GR÷DO� DIHWOHU� DoÕVÕQGDQ�
LQFHOHQPH\H�GH÷HU�ELU�NRQXPGDGÕU��$QFDN�\HWHUOL�DUDúWÕUPD�YH�HW�G�Q�\DSÕOPDPÕú�ROPDVÕ�ULVNOHUL�RUWDGDQ�NDOGÕUPDPÕúWÕU��
%X�ED÷ODPGD�Q�IXVXQ�D]�ROPDVÕ�YH�EXQD�ED÷OÕ�RODUDN�\DSÕODúPDQÕQ�D]�ROPDVÕ�GR÷DO�DIHWOHUGHQ�ND\QDNODQDQ�ND\ÕSODUÕQ�
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ID]OD�ROPDPDVÕ�EHONL�GH�DUDúWÕUPDODUÕQ�NÕVÕWOÕ�ROPDVÕQD�VHEHS�ROPXúWXU��$QFDN�ELOLQPHOLGLU�NL�GR÷DO�DIHWOHULQ�ROXúPDPDVÕ�
YH\D�ROXúDQ�ND\ÕSODUÕQ�D]�ROPDVÕ�ROXúDELOHFHN�GR÷DO�DIHWOHUL�YH�EXQODUD�ED÷OÕ�ND\ÕSODUÕ�RUWDGDQ�NDOGÕUPD\DFDNWÕU���

dDUSÕN� NHQWOHúPH�� WDúNÕQ� DODQODUÕQÕQ� JHOLúLJ�]HO� ELQD� W�U�� \DSÕODUOD� LúJDO� HGLOPHVL�� LO� YH� LOoHOHU� oHYUHVLQGHNL�
RUPDQVÕ]�DODQODUGD�WRSUDN�YH�ELWNL�|UW�V�Q�Q�JHOLúHPHPLú�ROPDVÕ�JLEL�QHGHQOHU��WDúNÕQ�DODQODUÕQÕQ�ROXúXPXQGD�|QHPOL�
URO�R\QDPDNWDGÕU��

%LWOLV� LOL� YH� LOoHOHULQGH� \D÷PXU� UHMLPLQLQ� JHQHOGH� NÕVD� V�UHOL� YH� úLGGHWOL� ROPDVÕ� VXODUÕQ� WRSODQPD� V�UHVLQL�
NÕVDOPDNWDGÕU��%X�\�]GHQ��LO�YH�LOoH�oHYUHVLQH�RUPDQ�GLNLOPHOL��GHUH�ÕVODK�oDOÕúPDODUÕQD�GHYDP�HGLOPHOL��\DWD÷Õ�ER]XODQ�
GHUHOHU�WHNUDU�GR÷DO�KDOLQH�JHWLULOPHOL��GHUH�\DWDNODUÕQD�\HWHUL�NDGDU�EHQW�YH�J|OHW��VX�WXWXFXODU��\DSÕOPDOÕGÕU��
� <DSÕODúPD� HVQDVÕQGD� |]HOOLNOH� GR÷DO� DIHWOHULQ� KHU� ELULQLQ� D\UÕ� D\UÕ� LQFHOHQPHVL� KDWWD� ED]Õ� GXUXPODUGD� GR÷DO�
DIHWOHULQ�D\QÕ�DQGD�PH\GDQD�JHOHELOHFH÷L�JHUoH÷L�GH�GLNNDWH�DOÕQPDOÕGÕU��
g]HOOLNOH�\HQL�\HUOHúLP�PHUNH]OHULQLQ�NXUXOPDVÕ�YH�EXQD�ED÷OÕ�RODUDN�PHYFXW�\HUOHúLP�PHUNH]OHULQLQ�GH� WHNUDU�J|]GHQ�
JHoLULOPHVL�KHP�PDGGL�ND\ÕSODU�KHP�GH�FDQ�ND\ÕSODUÕ�DoÕVÕQGDQ�JHOHFH÷H�GDKD�XPXWOD�EDNPDPÕ]Õ�VD÷OD\DFDNWÕU���
�� 'R÷DO� DIHWOHU� VRQXFXQGD� \DúDQDQ� FDQ� ND\ÕSODUÕQÕQ� \DQÕ� VÕUD� oRN� VD\ÕGD� KD\YDQÕQ� WHOHI� ROPDVÕ�� ELQDODUÕQ�
\ÕNÕOPDVÕ�� RUPDQODUÕQ� \RN�ROPDVÕ�� HOHNWULN� YH�KDEHUOHúPH� KDWODUÕQÕQ� WDKULEL�� \ROODUÕQ�NDSDQPDVÕ�� N|SU�OHULQ�\ÕNÕOPDVÕ��
GHUHOHULQ�WÕNDQÕS�WDúNÕQ�WHKOLNHVLQLQ�ROXúPDVÕ�JLEL�|QHPOL�RUDQGD�PLOOL�JHOLU�ND\EÕQD�QHGHQ�RODQ�VRQXoODU�GR÷PDNWDGÕU��
� 'R÷DO�DIHWOHU�VRQUDVÕQGD�NXOODQÕOPDVÕ�]RUXQOX�RODQ�PHYFXW�\DSÕODU�LoLQ�GHWD\OÕ�\DSÕVDO�DQDOL]OHU�JHUoHNOHúWLULOLS�
HNRQRPLN�ROPDVÕ�GXUXPXQGD�GHUKDO�JHUHNOL�J�oOHQGLUPHOHU�\DSÕOPDOÕ�YH\D�J�YHQOL�VRQXo�YHUPH\HQ�\DSÕODU�ELU�DQ�|QFH�
\ÕNWÕUÕOPDOÕGÕU���%X�oDOÕúPDODU�GDKD�VRQUD�GL÷HU�PHYFXW�\DSÕODU�LoLQ�\DSÕOPDOÕGÕU���
� %LWOLV� LO� YH� LOoHOHULQGH� PH\GDQD� JHOHELOHFHN� GR÷DO� DIHWOHUGHQ� GROD\Õ� ROXúDELOHFHN� FDQ� YH� PDO� ND\ÕSODUÕQÕ�
PLQLPXP� VHYL\HGH� WXWPDN� LoLQ� QH� W�U� ELU� ULVN� DOWÕQGD� ROGX÷XQXQ� ELOLQPHVL� YH� \DSÕODFDN� oDOÕúPDODUD� \|Q� YHULOPHVL�
DoÕVÕQGDQ�%LWOLV�LOLQLQ�DIHW�SURILOL�|QHP�ND]DQPDNWDGÕU��
� %�W�Q�EXQODU�J|VWHUPHNWHGLU�NL��GR÷DO�DIHWOHU�NRQXVXQGD�SUREOHPOHU�KHPHQ�o|]�OHELOHFHN�NDGDU�NROD\�GH÷LOGLU��
%HOOL�ELU�SODQ�YH�\�NO��PLNWDUODUGD�HNRQRPLN�J�o�JHUHNOLGLU��$QFDN��VRUXQODUÕ�o|]HELOPHN�LoLQ�GH�X]XQ�YDGHOL�SURMHOHU�
KD]ÕUOD\ÕS�ELU�DQ�|QFH�NDUDUOÕOÕNOD�X\JXODPDN�NDoÕQÕOPD]GÕU��

%LWOLV� LOL� YH� LOoHOHULQGH� GR÷DO� DIHW� YHUL� WDEDQODUÕQÕQ� ROXúWXUXOPDVÕ� LOH� DIHW� ER\XWODUÕQÕQ� RUWD\D� NRQXOPDVÕ��
NDUúÕODúWÕUÕOPDVÕ� YH� DIHW� NRQXVXQGD� ]DUDU� D]DOWPD� oDOÕúPDVÕ� \DSDQ� NLúL� YH�YH\D� NXUXPODUÕQ� JHoPLúH� DLW� YHULOHUL� GH�
GH÷HUOHQGLUHUHN� GDKD� GR÷UX� YH� X\JXODQDELOLU� SURMHOHU� �UHWPHVL�� � \HQL� \HUOHúLP� DODQODUÕ� YH�YH\D� PHYFXW� DODQODUGD�
\DSDFD÷Õ�oDOÕúPDODUGD�JHUHNOL�|QOHPOHUL�DOPDVÕQÕ�VD÷OD\DFDNWÕU���
�

�

.$<1$./$5��
$IHW�øúOHUL�*HQHO�0�G�UO�÷���³�7�UNL\H¶QLQ�'R÷DO�$IHW�+DULWDODUÕ´�������
$NGHQL]�� $��� ³*�QH\GR÷X� $QDGROX� %|OJHVLQLQ� 'HSUHPVHOOL÷L�� .DEXN� YH� hVW� 0DQWR� <DSÕVÕ� YH� 'HSUHP� 5LVNLQLQ�

%HOLUOHQPHVL´�� �$QNDUD�hQLYHUVLWHVL��)HQ�%LOLPOHUL�(QVWLW�V��� -HRIL]LN�0�KHQGLVOL÷L�$QD�%LOLP�'DOÕ��<�NVHN�
/LVDQV�WH]L��$QNDUD�������

$YFÕ��(���³'R÷X�$QDGROX�%|OJHVLQGH�.DUOD�0�FDGHOH�.DUDNWHU�YH�6WUDWHMLOHULQLQ�7UDILN�*�YHQOL÷L�YH�dHYUHVHO�(WNLOHUL�
$oÕVÕQGDQ�$QDOL]L´��.DU�+LGURORMLVL�.RQIHUDQVÕ��������0DUW�������(U]XUXP��V����������

%LUOHúPLú�0LOOHWOHU�.DONÕQPD�3URJUDPÕ��7�UN�$IHW�<|QHWLPLQLQ�*HOLúWLULOPHVLQH�<|QHOLN�%LUOHúPLú�0LOOHWOHU�.DONÕQPD�
3URJUDPÕ�����0DUW������WDULK�YH�������VD\ÕOÕ�5HVPL�*D]HWH�

&HOHS��=���.XPEDVDU��1��� ³<DSÕ�'LQDPL÷L� YH�'HSUHP�0�KHQGLVOL÷LQH�*LULú´�� øVWDQEXO�������6HPD�0DWEDDFÕOÕN�,6%1�
��������������

(UJ�QD\��2���³7�UNL\H¶QLQ�$IHW�3URILOL´���7002%�$IHW�6HPSR]\XPX������$UDOÕN�������$QNDUD��V��������
(\LGR÷DQ��+�����������³7HNWRQLN�YH�'HSUHP�7HKOLNHVL´�����8OXVDO�'HSUHP�0�KHQGLVOL÷L�.RQIHUDQVÕ��'DYHWOL�.RQXúPD���

������0D\ÕV������
*|NoHR÷OX�� &��� (UFDQR÷OX�� 0��� ³+H\HODQ� 'XUD\OÕOÕN� +DULWDODUÕQÕQ� +D]ÕUODQPDVÕQGD� .XOODQÕODQ� 3DUDPHWUHOHUH� øOLúNLQ�

%HOLUVL]OLNOHU´��+DFHWHSH�hQLYHUVLWHVL��\HU�%LOLPOHUL�8\JXODPD�YH�$UDúWÕUPD�0HUNH]L�%�OWHQL��������������V�����
�����

*�UHU��ø���<DYDú�g��0���³$QDGROX¶GD�dÕ÷�6RUXQX´��6LYLO�6DYXQPD�'HUJLVL��<ÕO������V������2FDN�ùXEDW�0DUW������V�������
*�UHU��ø���³7�UNL\H¶GH�<HUOHúLP�<HUOHULQH�<|QHOLN�NDU�YH�dÕ÷�3UREOHPOHUL´��7�UNL\H�0�KHQGLVOLN�+DEHUOHUL��6D\Õ������

����������������������V����������
+RUDVDQ��*���%R]WHSH�*�QH\��$���³2EVHUYDWLRQ�DQG�$QDO\VLV�RI�/RZ�)UHTXHQF\�&UXVWDO�(DUWKTXDNHV�,Q�/DNH�9DQ�DQG�

,WV�9ÕFÕQÕW\��(DVWHUQ�7XUNH\´�-RXUQDO�RI�6HLVPRORJ\�9RO�����������SS�������
,úÕN��(���������³�%LWOLV�ùHKUL�'HSUHP�3HUIRUPDQV�$QDOL]L´��'RNWRUD�7H]L��6DNDU\D�hQLYHUVLWHVL��������������������������)HQ�

%LOLPOHUL�(QVWLW�V������V���
øQWHUQHW�DGUHVL���³��ZZZ�XVJV�JRY���´�
.DGÕR÷OX��0���³$IHW�<|QHWLPL�%HNOHQLOPH\HQL�%HNOHPHN��(Q�.|W�V�Q��<|QHWPHN´��7�&��0DUPDUD�%HOHGL\HOHU�%LUOL÷L�

<D\ÕQÕ��<D\ÕQ�QR����������V���������
.DO\RQFXR÷OX�� h��<��� g]HU��0��)��� ������� ³7�UNL\H
QLQ� 6LVPLVLWHVL�� <�NVHN� 5LVNOL� $ODQODU� YH� 7HNWRQL÷LQH� <HQL� %LU�

<DNODúÕP´��%HúLQFL�8OXVDO�'HSUHP�6HPSR]\XPX��V�����������.RFDHOL��������0DUW�������
.XWDQLV��0��� ³�$IHW�<|QHWLPL�'HUV�1RWODUÕ´��6DNDU\D�hQLYHUVLWHVL�� øQúDDW�0�KHQGLVOL÷L�%|O�P��<DSÕ�$QDELOLP�'DOÕ��

��������V��KWWS���ZZZ�NXWDQLV��VDNDU\D�HGX�WU�OHFWXUHV�$IHW�3')�7$1,7,0B���SGI�
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g]PHQ��%���³øPDU�3ODQÕQD�(VDV�-HRORMLN�-HRWHNQLN�øQFHOHPHN�LoLQ�'HSUHPVHOOL÷LQ�'H÷HUOHQGLULOPHVL\OH�øOJLOL�gQHULOHU´��
����7�UNL\H�-HRORML�.XUXOWD\Õ��������1LVDQ�������$QNDUD���V��

g]PHQ��%����������³$QNDUD�øoLQ�'HSUHP�6HQDU\RVX´��$QNDUD
QÕQ�'HSUHP�7HKOLNHVL�YH�5LVNL�dDOÕúWD\Õ���V��
3DPSDO�6���g]PHQ��%���³7�UNL\H�'HSUHP�%|OJHOHULQLQ�*HOLúLPL´�����8OXVDO�'HSUHP�0�KHQGLVOL÷L�.RQIHUDQVÕ��øVWDQEXO���

V������������(NLP�������
5DSRU�� �%LWOLV� ±$KODW� øOoHVLQLQ� 7DULKL�� .�OW�UHO� YH� 7XULVWLN� 'H÷HUOHULQLQ� $UDúWÕUÕODUDN� (NRQRPLN� YH� 6RV\DO� <|QGHQ�

.DONÕQPDVÕ� LoLQ� $OÕQPDVÕ� *HUHNHQ� gQOHPOHULQ� %HOLUOHQPHVLQH� øOLúNLQ� ������ (VDV� QROX� 0HFOLV� $UDúWÕUPD�

.RPLV\RQXQ�5DSRUX���7�UNL\H�%�\�N�0LOOHW�0HFOLVL��V�VD\ÕVÕ���������V��
6HUGDU��0�7�����������³5�\DODU�ùHKUL�%LWOLV´��%LWOLV�9DOLOL÷L�<D\ÕQODUÕ��1R����%LWOLV������V��
7�&����%D\ÕQGÕUOÕN�YH�øVNDQ�%DNDQOÕ÷Õ��'HSUHP�$UDúWÕUPD�'DLUHVL�%DúNDQOÕ÷Õ�

� 7�&���%D\ÕQGÕUOÕN�YH�øVNDQ�%DNDQOÕ÷Õ������7�UNL\H�'HSUHP�%|OJHOHUL�+DULWDVÕ�
7�&�� øoLúOHUL� %DNDQOÕ÷Õ�� -DSRQ\D� øúELUOL÷L� $MDQVÕ� �-ø&$��� ³7�UNL\H¶GH� 'R÷DO� $IHWOHU� .RQXOX� hONH� 6WUDWHML� 5DSRUX´��

$QNDUD������������V���
7�UNHOOL�1����������³6LVPLN�$÷ODUÕQ�'HSUHP�7HKOLNH�$QDOL]OHULQH�.DWNÕVÕ´�%R÷D]LoL�hQLYHUVLWHVL��.DQGLOOL�5DVDWKDQHVL�

YH�'HSUHP�$UDúWÕUPD� (QVWLW�V��� -HRIL]LN� %|O�P��� ZZZ�HLHV�LWX�HGX�WU�EDUNDOHFWXUH�WXUNHOOLBEDUNDB�����SGI��
�����������

7RNHU��0��� .UDVWHO�� 6��� 'HPLUHO�6FKOXHWHU�� )��� 'HPLUED÷�� (��� ,PUHQ�� &��� ³9ROFDQR�6HLVPLFLW\� RI� /DNH� 9DQ� �(DVWHUQ�
7XUNH\���$�&RPSDUDWLYH�$QDO\VLV�RI��6HLVPLF�5HIOHFWLRQ�DQG�7KUHH�&RPSRQHQW9HORFLW\�6HLVPRJUDP�'DWD�DQG�
1HZ� ,QVÕJKWV� ,QWR� 9ROFDQLF� /DNH� 6HLVPLFLW\´� ,QWHUQDWLRQDO� (DUWKTXDNH� 6\PSRVLXP� � .RFDHOL� ������ ������
2FWREHU�������S����������

8úND\�� 6��� $NVX�� 6��� ³hONHPL]GH� 7DúNÕQODU�� 1HGHQOHUL�� =DUDUODUÕ� YH� $OÕQPDVÕ� *HUHNHQ� gQOHPOHU´�� 70+�� 7�UNL\H�
0�KHQGLVOLN�+DEHUOHUL��6D\Õ��������������������V�����

<DYDú���g�0��� ùDKLQ��'��´� 7�UNL\H¶GH�dÕ÷� =DUDUODUÕQÕ�$]DOWPD�dDOÕúPDODUÕ´�� 7002%�$IHW� 6HPSR]\XPX�� ����$UDOÕN�
������$QNDUD��V�����������

<ÕOGÕ]�� 0��=��� 'HQL]�� 2��� ³.DSDOÕ� +DY]D� *|OOHULQGH� 6HYL\H� 'H÷LúLPOHULQLQ� .Õ\Õ� <HUOHúPHOHULQH� (WNLOHUL�9DQJ|O��
gUQH÷L´��)ÕUDW�hQLYHUVLWHVL�6RV\DO�%LOLPOHU�'HUJLVL��&LOW�������6D\Õ������6D\ID���������(OD]Õ÷������

�
�
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%g7(�gö5(70(1�$'$</$5,1,1�(öø7ø0'(�7(.12/2-ø�
.8//$1,0,1$�<g1(/ø.�g=*h9(1/(5ø�

$Uú��*|U��(EUX�$/%$<5$.�

%LOJLVD\DU�YH�g÷UHWLP�7HNQRORMLOHUL�(÷LWLPL�%|O�P��

6DNDU\D�hQLYHUVLWHVL�

7�UNL\H�

HDOED\UDN#VDNDU\D�HGX�WU�

�

g]HW�� *�Q�P�]� H÷LWLP� VLVWHPLQGH� WHNQRORML� NXOODQÕPÕQÕQ� ROGXNoD� \D\JÕQODúWÕ÷Õ�
J|U�OPHNWHGLU�� %LUoRN� \HQL� WHNQRORMLQLQ� H÷LWLP� VLVWHPLQH� HQWHJUH� HGLOPHVL\OH� ELUOLNWH� EX�
WHNQRORMLOHUL�NXOODQDFDN�RODQ�|÷UHWPHQ�DGD\ODUÕQÕQ�WHNQRORML�NXOODQÕPÕ�NRQXVXQGD�L\L�H÷LWLOPLú�
ROPDODUÕ�JHUHNPHNWHGLU��0HYFXW�|÷UHWPHQOHU�DUDVÕQGD�WHNQRORML�NXOODQÕPÕ�ELOJLOHULQLQ�\HWHUVL]�
ROGX÷X�YH�WHNQRORML�NXOODQÕPÕQD�\|QHOLN�|]J�YHQ�HNVLNOLNOHULQLQ�EXOXQGX÷X�ELOLQPHNWHGLU��%X�
\�]GHQ�%LOJLVD\DU�YH�g÷UHWLP�7HNQRORMLOHUL�(÷LWLPL�|÷UHWPHQ�DGD\ODUÕQÕQ�H÷LWLPGH�WHNQRORML�
NXOODQÕPÕQÕQ�VD÷ODQPDVÕ�YH�\D\JÕQODúWÕUÕOPDVÕ�DoÕVÕQGDQ�WHNQRORML�NXOODQÕPÕ�NRQXVXQGD�\HWHUOL�
ROPDODUÕ� JHUHNWL÷L� G�ú�Q�OPHNWHGLU�� %X� DUDúWÕUPDGD� %g7(� E|O�P�� |÷UHQFLOHULQLQ� H÷LWLPGH�
WHNQRORML� NXOODQPD\D� \|QHOLN� |]J�YHQOHULQL� EHOLUOHPH� DPDoODQPÕúWÕU�� dDOÕúPD� 6DNDU\D�
hQLYHUVLWHVL� (÷LWLP� )DN�OWHVL� %g7(� E|O�P�QGHQ� ���� |÷UHWPHQ� DGD\Õ� LOH� \�U�W�OP�úW�U��
$UDúWÕUPDGD� JHQHO� WDUDPD� PRGHOOHULQGHQ� LOLúNLVHO� WDUDPD� PRGHOL� NXOODQÕOPÕú�� DUDúWÕUPDQÕQ�
|UQHNOHPL� J|Q�OO�O�N� HVDVÕQGD� GD\DOÕ� RODUDN� NROD\� |UQHNOHPH� \|QWHPL\OH� VHoLOPLúWLU��
dDOÕúPDGD� (UGHPLU�� %DNÕUFÕ� YH� (\GXUDQ� WDUDIÕQGDQ� KD]ÕUODQPÕú� RODQ� ³7HNQRORML� 7XWXP�
gOoH÷L´� NXOODQÕOPÕúWÕU�� gOoH÷LQ� JHoHUOLN�J�YHQLUOLN� oDOÕúPDODUÕ� YH� oDOÕúPDGDQ� HOGH� HGLOHQ�
YHULOHU� RUWDODPD�� $QRYD�� &KL6TXDUH� YH� W� WHVWL� LOH� DQDOL]� HGLOPLúWLU�� $UDúWÕUPD� VRQXFXQGD�
|÷UHWPHQ� DGD\ODUÕQÕQ� H÷LWLPGH� WHNQRORML� NXOODQÕPÕQD� \|QHOLN� |]J�YHQ� GX\GXNODUÕ� VRQXFXQD�
XODúÕOPÕúWÕU�� $UDúWÕUPDQÕQ� EXOJXODUÕ� OLWHUDW�UGH� EXOXQDQ� EHQ]HU� DUDúWÕUPD� VRQXoODUÕ\OD�
NDUúÕODúWÕUÕOPÕú�YH�HOGH�HGLOHQ�VRQXoODUD�\|QHOLN�|QHULOHU�JHWLULOPLúWLU��

$QDKWDU�.HOLPHOHU��7HNQRORML��(÷LWLPGH�7HNQRORML��g]J�YHQ��

�

*LULú�

*�Q�P�]�G�Q\DVÕQGD�WHNQRORMLGH�E�\�N�JHOLúPHOHU�PH\GDQD�JHOPLú�YH�EX�GXUXP�\DúDPÕQ�KHU�DODQÕQÕ�
HWNLOHPLúWLU�� =DPDQOD� E�W�Q� G�Q\DGD� \D\JÕQODúDQ� WHNQRORML� H÷LWLP�|÷UHWLP� IDDOL\HWOHULQH� GH� NDWÕOPDNWD�
JHFLNPHPLúWLU�� 7HNQRORML� EHUDEHULQGH� H÷LWLPH� \HQL� X\JXODPDODU� ND]DQGÕUPÕú� YH� EX� VD\HGH� H÷LWLP�|÷UHWLP�
V�UHFLQH� GDKD� NDOLWHOL� ELU� |÷UHWLP� LPNDQÕ� VD÷ODQPÕúWÕU�� $NÕQ¶D� ������� J|UH� KÕ]OD� GH÷LúHQ� YH� JHOLúHQ� WHNQRORML�
H÷LWLP� VLVWHPL� LoLQ� J|UVHO� YH� LúLWVHO� |÷UHWLP� DOWHUQDWLIOHUL� VD÷ODPÕú� YH� EX� GXUXP� |÷UHWLP� SURJUDPODUÕQGD�
\HQLOHQPH�LKWL\DFÕQÕ�GR÷XUPXúWXU��/LWHUDW�UGHNL�DUDúWÕUPDODUD�J|UH�H÷LWLP�WHNQRORMLOHUL�H÷LWLP�VLVWHPLQGH�SR]LWLI�
\|QGH�GH÷LúLPOHU�PH\GDQD�JHWLUHELOPHNWHGLU��*|N��7XUDQ�YH�2\PDQ¶D��������J|UH�ELOJL�YH�LOHWLúLP�WHNQRORMLOHUL�
|÷UHQFLOHULQ� IDUNOÕ� GX\X� RUJDQODUÕQD� KLWDS� HGHUHN� RQODUÕQ� DNWLI� ELU� úHNLOGH� H÷LWLP� V�UHFLQH� NDWÕOPDODUÕQÕ�
VD÷ODPDNWDGÕU��%X�VD\HGH�|÷UHQFLOHULQ�GHUVH�NDUúÕ�LOJL�YH�RGDNODQPD�V�UHOHUL�DUWDELOPHNWHGLU��
2NXOODUGD� WHNQRORML�� GHUV� LoHULNOHULQLQ� |÷UHWLOPHVLQGHQ� EDúND� |GHY� \DSPD� YH� oRFXNODU� LoLQ� R\XQ� R\QDPD� JLEL�
HWNLQOLNOHUGH�GH�NXOODQÕOPDNWDGÕU��0(%���������$QFDN�EX�WHNQRORMLOHULQ�H÷LWLPGH�HWNLOL�ELU�úHNLOGH�NXOODQÕOPDVÕ�
LoLQ� ED]Õ� ELOJLOHUH� VDKLS� ROXQPDVÕ� JHUHNPHNWHGLU�� 7HNQRORML\L� \DNÕQGDQ� WDQÕPD\DQ� |÷UHWPHQOHU� H÷LWLPGH�
WHNQRORML� NXOODQÕPÕ� NRQXVXQGD� \HWHUVL]� NDODELOPHNWHGLU�� g]HOOLNOH� ELOJLVD\DUODUÕQ� H÷LWLP� VLVWHPLQH� JLUPHVL�
WHNQRORML� NXOODQÕPÕQD� \|QHOLN� ELOJL� LKWL\DFÕQÕ� EHUEHULQGH� JHWLUPLúWLU�� 7HNQRORMLQLQ� JHOLúLPL\OH� GDKD� ID]OD�
WHNQRORML��U�Q��H÷LWLP�VLVWHPLQH�GDKLO�HGLOPLú�YH�]DPDQOD�ELOJLVD\DU�|÷UHWPHQL�DoÕ÷Õ�oÕNPÕúWÕU���
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�����\ÕOÕQGD�<g.¶�Q�(÷LWLP�)DN�OWHOHUL�g÷UHWPHQ�<HWLúWLUPH�3URJUDPODUÕQÕQ�<HQLGHQ�'�]HQOHQPHVL�
NDQXQX�LOH�RNXOODUGD�ELOJLVD\DUODU�\D\JÕQODúWÕUÕOPÕú�YH�ELOJLVD\DU�ODERUDWXDUODUÕ�NXUXOPXúWXU��<g.���������.XUW�
YH� 6XODU¶D� ������� J|UH� %LOJLVD\DU� YH� g÷UHWLP� 7HNQRORMLOHUL� (÷LWLPL� %|O�POHUL� ELOJLVD\DU� |÷UHWPHQL� DoÕ÷ÕQÕ�
NDSDWDFDN� YH� |÷UHWLP� WHNQRORMLOHULQL� NXOODQÕODELOHFHN� |÷UHWPHQOHU� \HWLúWLULOPHVL� LoLQ� NXUXOPXúWXU��%X� E|O�PGH�
RNX\DQ� |÷UHQFLOHULQ� EX� WHNQRORMLOHULQ� NXOODQÕPÕQD� \|QHOLN� QH� GHUHFH� |]J�YHQ� VDKLEL� ROGXNODUÕ� VRUXVX� LVH� EX�
DUDúWÕUPDQÕQ�NRQXVX�ROPXúWXU���)HOW]¶H��������J|UH�|]J�YHQ���ELUH\LQ�NHQGL�|]HOOLNOHULQL�GH÷HUOHQGLUHUHN�KHGHIL�
EDúDUDELOPHN�LoLQ�VDKLS�ROGX÷X�SHUIRUPDQV�G�]H\LQH�\|QHOLN�LQDQFÕGÕU��(÷LWLPGH�WHNQRORML�NXOODQÕPÕQD�\|QHOLN�
DUDúWÕUPDODUD�EDNÕOGÕ÷ÕQGD���dXKDGD�YH�<�FHO¶LQ������\ÕOÕQGD�\DSPÕú�ROGXNODUÕ�oDOÕúPD\D�J|UH�ELOJL�WHNQRORMLOHUL�
KDNNÕQGD�ELOJL�VDKLEL�ROPD�|÷UHWPHQ�DGD\ODUÕQÕQ�WHNQRORML�NXOODQÕPÕQD�\|QHOLN�|]J�YHQLQL�DUWÕUPDNWDGÕU��&�UH�YH�
g]GHQHU¶LQ� ������\ÕOÕQGD�|÷UHWPHQOHU��]HULQGH�ELOJL�YH� LOHWLúLP� WHNQRORMLOHULQH�\|QHOLN� WXWXPODUÕQÕQ�|Oo�OG�÷��
DUDúWÕUPDODUÕQGD� LVH� |÷UHWPHQOHULQ� ELOJL� YH� LOHWLúLP� WHNQRORMLOHULQL� \DUDUOÕ� EXOGXNODUÕ� DQFDN� ELOJL� YH� EHFHUL�
JHUHNWLUGL÷LQL� G�ú�QG�NOHUL� EXOJXVX� HOGH� HGLOPLúWLU�� g÷UHWPHQOHU� D\UÕFD� NDODEDOÕN� VÕQÕIODUGD� WHNQRORML\L�
NXOODQPDQÕQ�]RU�RODFD÷ÕQÕ�G�ú�QPHNWHGLUOHU��

%X� DUDúWÕUPDGD� %g7(� E|O�P�� |÷UHQFLOHULQLQ� FLQVL\HW�� \Dú�� VÕQÕI�� OLVH� W�U��� ELOJLVD\DU� VDKLEL� ROXS�
ROPDPDODUÕ� YH� ELOJLVD\DU� NXOODQÕP� \ÕOODUÕ� DoÕVÕQGDQ� H÷LWLPGH� NXOODQÕODQ� WHNQRORMLOHUL� NXOODQPD\D� \|QHOLN�
|]J�YHQOHULQL�EHOLUOHPH�DPDoODQPÕúWÕU��

%X�QHGHQOH�DúD÷ÕGDNL�VRUXODU�FHYDSODQGÕUÕOPD\D�oDOÕúÕOPÕúWÕU��
��� g÷UHWPHQ� DGD\ODUÕQÕQ� H÷LWLPGH� NXOODQÕODQ� WHNQRORMLOHUL� NXOODQPD\D� \|QHOLN� |]J�YHQOHUL� KDNNÕQGDNL�
G�ú�QFHOHUL�KDQJL�VHYL\HGHGLU"�
��� g÷UHWPHQ� DGD\ODUÕQÕQ� H÷LWLPGH� NXOODQÕODQ� WHNQRORMLOHUL� NXOODQPD\D� \|QHOLN� FLQVL\HW�� \Dú�� VÕQÕI�� OLVH� W�U���
ELOJLVD\DU� VDKLEL� ROXS� ROPDPDODUÕ� YH� ELOJLVD\DU� NXOODQÕP� \ÕOODUÕ� DoÕVÕQGDQ� H÷LWLPGH� NXOODQÕODQ� WHNQRORMLOHUL�
NXOODQPD\D�\|QHOLN�|]J�YHQ�G�]H\OHUL�DUDVÕQGD�IDUNOÕOÕN�YDU�PÕGÕU"�
�

0DWHU\DO�YH�0HWRG�
�
$UDúWÕUPD�� ����±����� H÷LWLP�|÷UHWLP� \ÕOÕ� J�]� G|QHPL� 6DNDU\D�hQLYHUVLWHVL�� (÷LWLP� )DN�OWHVL� ��� YH� ��� VÕQÕIWD�
|÷UHQLP� J|UHQ� WRSODP� ���� |÷UHWPHQ� DGD\Õ� LOH� \�U�W�OP�úW�U�� gUQHNOHP� %LOJLVD\DU� YH� g÷UHWLP� 7HNQRORMLOHUL�
(÷LWLPL� $QDELOLP� 'DOÕ¶QGD� |÷UHQLP� J|UHQ� |÷UHWPHQ� DGD\ODUÕQGDQ� ROXúPXúWXU�� dDOÕúPD\D� NDWÕODQ� DGD\ODUGDQ�
���¶X�HUNHN����¶L�LVH�NDGÕQGÕU��
$UDúWÕUPD� EHWLPOH\LFL� QLWHOLNWH� ROXS�� YHULOHU�(UGHPLU�� �%DNÕUFÕ� YH�(\GXUDQ¶ÕQ� ������� JHOLúWLUPLú� ROGX÷X� WXWXP�
|OoH÷L� LOH� WRSODQPÕúWÕU�� gOoHN� ��� PDGGHOLN� EHúOL� /LNHUW� WLSL� 7HNQRORML� 7XWXP� gOoH÷L� �77g�� GLU�� .HVLQOLNOH�
NDWÕOÕ\RUXP� LIDGHVLQGHQ�� NHVLQOLNOH� NDWÕOPÕ\RUXP� LIDGHVLQH� GR÷UX� VÕUDODQPÕú� YH� EX� LIDGHOHU� �� GHQ� �¶H� GR÷UX�
NRGODQPÕúWÕU�� <DSÕODQ� DUDúWÕUPDGD� |OoHN� J�YHQLUOL÷L� ���� EXOXQPXúWXU�� %X� oDOÕúPDGD� GD� J�YHQLUOLN� ����
EXOXQPXúWXU�� %�\�N|]W�UN¶H� ������� J|UH� SVLNRORMLN� WHVWOHUGH� J�YHQLUOLN� NDWVD\ÕVÕ� LoLQ� ���� YH� �VW�� R� |OoH÷LQ�
J�YHQLOLU�ROGX÷XQX�J|VWHUPHNWHGLU��%X�GXUXPGD�����GH÷HUL\OH�|OoH÷LQ�J�YHQLOLU�ROGX÷X�J|U�OPHNWHGLU��
�
(OGH� HGLOHQ� YHULOHU� 6366� ����� LVWDWLVWLN� SURJUDPÕ� NXOODQÕODUDN� DQDOL]� HGLOPLúWLU��+HU� ELU�PDGGHGHQ� HOGH� HGLOHQ�
YHULOHULQ�DULWPHWLN�RUWDODPD�YH�VWDQGDUW�VDSPD�GH÷HUOHUL�EXOXQPXúWXU��
g÷UHWPHQ�DGD\ODUÕQÕQ�FLQVL\HWOHULQLQ�H÷LWLPGH�WHNQRORML�NXOODQPD\D�\|QHOLN�|]J�YHQH�HWNLVLQLQ�ROXS�ROPDGÕ÷Õ�W�
WHVWL�LOH�DQDOL]�HGLOPLúWLU��
gOoHN�PDGGHOHULQLQ�DUDODUÕQGDNL�LOLúNL�J�F��&KL�VTXDUH�WHVWL�NXOODQÕODUDN�RUWD\D�oÕNDUÕOPÕúWÕU���
g÷UHWPHQ�DGD\ODUÕQÕQ�\DúODUÕQÕQ�H÷LWLPGH�WHNQRORML�NXOODQPD\D�\|QHOLN�|]J�YHQH�HWNLVLQLQ�ROXS�ROPDGÕ÷Õ�2QH�
ZD\�$QRYD� WHVWL� LOH� DQDOL]� HGLOPLúWLU�� $QODPOÕ� IDUNOÕOÕ÷ÕQ� KDQL� \DúÕQ� OHKLQH� ROGX÷X� EXOJXVXQD� LVH� 7XNH\� WHVWL�
XODúÕOPÕúWÕU��
g÷UHWPHQ�DGD\ODUÕQÕQ�VÕQÕI��OLVH�G�]H\L��ELOJLVD\DU�NXOODQÕPÕ�YH�ELOJLVD\DUÕQ�YDUOÕ÷ÕQD�LOLúNLQ�ELOJLOHUL�LOH�H÷LWLPGH�
WHNQRORML�NXOODQÕPÕQD�\|QHOLN�|]J�YHQOHULQLQ�LOLúNLVL�2QH�ZD\�$QRYD�WHVWL�LOH�DQDOL]�HGLOPLúWLU��
�
%XOJXODU�YH�<RUXP�
�
<DSÕODQ�DQDOL]OHU�VRQXFXQGD�HOGH�HGLOHQ�EXOJX�YH�\RUXPODU�DúD÷ÕGD�VXQXOPXúWXU��
øON�RODUDN�H÷LWLPGH�WHNQRORML�NXOODQPD\D�\|QHOLN�|]J�YHQOH�LOJLOL�HOGH�HGLOHQ�YHULOHU�FLQVL\HW�DoÕVÕQGDQ�W�WHVWL�LOH�
LQFHOHQPLúWLU���
�
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7DEOR��� g÷UHWPHQ� DGD\ODUÕQÕQ� H÷LWLPGH� WHNQRORML� NXOODQÕPÕQD� \|QHOLN� |]J�YHQOHULQLQ� FLQVL\HW� DoÕVÕQGDQ�
NDUúÕODúWÕUÕOPDVÕQD�LOLúNLQ�W�WHVWL�VRQXoODUÕ�
�

&LQVL\HW� 1� [ � 6� VG� W� 3�

(UNHN� ���� ������� ����� ���� ����� �����
.DGÕQ� ��� ������� ����� � � �
�
%X�DQDOL]�VRQXFXQGD�7DEOR�¶H�J|UH�NDGÕQODUÕQ�� [ N ���������H÷LWLPGH�WHNQRORML�NXOODQÕPÕQD�\|QHOLN�|]J�YHQOHUL�
HUNHNOHUH�� [ H ��������J|UH�DQODPOÕ�GHUHFHGH�GDKD�\�NVHN�EXOXQPXúWXU��S �������
gOoHN� PDGGHOHULQGHQ� LQWHUQHW¶WH� DUDPD� PRWRUODUÕ� �JRRJOH�� DOWDYLVWD� JLEL�� NXOODQDELOPH� LOH� LOJLOL� PDGGHQLQ�
RUWDODPDVÕ� [ � ����EXOXQPXúWXU��%X�GH÷HULQ�NDUúÕOÕ÷ÕQÕQ� LVH�NHVLQOLNOH�NDWÕOÕ\RUXP�ROGX÷X�V|\OHQHELOLU��$\UÕFD�
PDGGHOHUGHQ� ELOJLVD\DUÕ� YH� LQWHUQHWL� DPDoODUÕQD� X\JXQ� RODUDN� GHUVWH� NXOODQDELOPH� LOH� LOJLOL� PDGGHOHUH� GH�
|÷UHQFLOHU� [  ���� GH÷HULQH� \DNÕQ� GH÷HUOHU� YHUPLúOHUGLU� � [ �� ����� [ �� ������ %XUDGDQ� |÷UHQFLOHULQ� JHQHO�
DQODPGD�ELOJLVD\DU�YH�LQWHUQHW�NXOODQÕPÕ�NRQXVXQGD�NHQGLOHULQH�J�YHQ�GX\GXNODUÕ�V|\OHQHELOLU��
gOoHN�PDGGHOHULQGHQ�P�� [ H� ������ [ N� �������P��� [ H� ������ [ N� ��������P��� [ H� �������� [ N� �������P���
[ H�  ������ [ N�  ������� P��� [ H�  ������ [ N�  ������� P��� [ H�  ����� [ N�  �����¶WH� NDGÕQODUOD� HUNHNOHU� DUDVÕQGD�
NDGÕQODU� OHKLQH�DQODPOÕ� IDUNOÕOÕN�EXOXQPXúWXU��%X�PDGGHOHULQ�H÷LWLPGH� WHNQRORML�NXOODQÕUNHQ�oHYUH�NRúXOODUÕ�YH�
PHYFXW� RODQDNODU� NXOODQÕODUDN�� |]J�Q� YH� HNRQRPLN� DoÕGDQ� X\JXQ�� EDVLW� |÷UHQPH�PDWHU\DOOHUL� KD]ÕUOD\DELOPH��
LOHWLúLP�WHNQRORMLOHULQL�DPDoODUÕQD�X\JXQ�RODUDN�GHUVWH�NXOODQDELOPH��|÷UHWLP�PDWHU\DOOHULQL�DPDFÕQD�X\JXQOX÷X�
DoÕVÕQGDQ�GH÷HUOHQGLUHELOPH�� |÷UHWLP�PDWHU\DOOHULQL� YH� DUDo�JHUHoOHULQL� WDVDUÕP� LONHOHULQH�X\JXQOX÷X� DoÕVÕQGDQ�
GH÷HUOHQGLUHELOPH�� ELU� |÷UHWLP� PDWHU\DOLQLQ� QDVÕO� GH÷HUOHQGLULOHFH÷L� LOH� LOJLOL� SODQ� \DSDELOPH�� DPDo�� KHGHI��
GDYUDQÕú� DQDOL]L� \DSÕOPÕú� ELU� GHUVWH�� |÷UHWLOHFHN� NRQXODUÕ� SDUoDODUD� D\ÕUDELOPH� LOH� LOJLOL� ROGX÷X� J|]� |Q�QGH�
EXOXQGXUXOXUVD�ED\DQODUÕQ�HUNHNOHUH�J|UH�H÷LWLPGH�WHNQRORML�NXOODQÕPÕQGD�PDWHU\DO�KD]ÕUODPD�YH�GHUV�SODQODPD�
DúDPDODUÕQD�\|QHOLN�|]J�YHQOHULQLQ�GDKD�\�NVHN�ROGX÷X�J|U�OPHNWHGLU��
� �
(÷LWLPGH� WHNQRORML�NXOODQÕPÕQD�\|QHOLN�|]J�YHQ��ELU�GL÷HU�GH÷LúNHQ�RODQ�\Dú�DoÕVÕQGDQ�2QHZD\�DQRYD�WHVWL� LOH�
LQFHOHQPLúWLU��$QRYD�WHVWL�VRQXoODUÕ�7DEOR���YH�7DEOR��¶GH�\HU�DOPDNWDGÕU��
�
7DEOR� ��� g÷UHWPHQ� DGD\ODUÕQÕQ� \DúODUÕQD� J|UH� H÷LWLPGH� WHNQRORML� NXOODQÕPÕQD� \|QHOLN� |]J�YHQOHULQH� LOLúNLQ�
RUWDODPD�YH�VWDQGDUW�VDSPD�GH÷HUOHUL�
�
<Dú� 1� ;RUW� 6�

��� ��� ������� ������
��� ��� ������� ������
��� ��� ������� ������
��� ��� ������� ������
��� ��� ������� ������
��� �� ������ ������
���� ��� ������� ������
7RSODP�� ���� ������� ������
�
7DEOR��¶�GH�J|U�OG�÷��JLEL�KHU�\DúWDNL�|÷UHWPHQ�DGD\ODUÕQÕQ�H÷LWLPGH�WHNQRORML�NXOODQÕPÕQD�\|QHOLN�|]J�YHQOHUL�
DUDVÕQGD� N�o�N� IDUNOÕOÕNODU� ROGX÷X� J|U�OPHNWHGLU�� %XQODU� DUDVÕQGD� HQ� \�NVHN� |]J�YHQH� VDKLS� RODQ� |÷UHWPHQ�
DGD\ODUÕQÕQ����� [ ��� ��������HQ�D]�|]J�YHQH�VDKLS�RODQ�|÷UHWPHQ�DGD\ODUÕQÕQ����� [ ��� �������\DúÕQGD�ROGX÷X�
J|U�OPHNWHGLU��
� �
7DEOR� ��� g÷UHWPHQ� DGD\ODUÕQÕQ� H÷LWLPGH� WHNQRORML� NXOODQÕPÕQD� \|QHOLN� |]J�YHQOHULQLQ� \DúODUÕ� DoÕVÕQGDQ�
NDUúÕODúWÕUÕOPDVÕQD�LOLúNLQ�$QRYD�WHVWL�VRQXoODUÕ�
�
9DU\DQVÕQ�
.D\QD÷Õ�

.DUHOHU�
7RSODPÕ� VG� .DUHOHU�

2UWDODPDVÕ� )� S�

*UXSODUDUDVÕ� ��������� �� �������� ������ �����
*UXSODULoL� ���������� ���� �������� � �
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7RSODP� ���������� ���� � � �
�
7HN� IDNW|UO�� $QRYD� WHVWL� LOH� XODúÕODQ� VRQXoODUÕQ� \HU� DOGÕ÷Õ� 7DEOR� �¶GH� S� GH÷HULQGHQ� GH� DQODúÕOPDNWDGÕU� NL�
|÷UHWPHQ� DGD\ODUÕQÕQ� H÷LWLPGH� WHNQRORML� NXOODQÕPÕQD� \|QHOLN� |]J�YHQOHUL� DUDVÕQGD� DQODPOÕ� ELU� IDUNOÕOÕN�
EXOXQPDNWDGÕU�� $QODPOÕ� IDUNOÕOÕ÷ÕQ� KDQJL� \DúWD� ROGX÷XQX� LoHUHQ� 7XNH\� WHVWLQH� EDNÕOPÕú� YH� ��� \DúÕQGD� RODQ�
|÷UHWPHQ� DGD\ODUÕQÕQ� ������ \Dú� DUDVÕ� RODQ� |÷UHWPHQ� DGD\ODUÕQD� J|UH� DQODPOÕ� GHUHFHGH� GDKD� G�ú�N� G�]H\GH�
|]J�YHQH�VDKLS�ROGXNODUÕ�EXOJXVXQD�XODúÕOPÕúWÕU��
g÷UHQFLOHUGHQ�IDUNOÕ�VÕQÕIODUGD�ROPD��S �������IDUNOÕ�OLVHGHQ�JHOPH��S �������ELOJLVD\DUODUÕQÕQ�YDUOÕ÷Õ��S ������YH�
ELOJLVD\DU�NXOODQPD�\ÕOÕ��S ������DoÕVÕQGDQ�DUDODUÕQGD�DQODPOÕ�ELU�IDUN�EXOXQPDPÕúWÕU��
�
7DUWÕúPD�
�
$UDúWÕUPD� VRQXFXQGD� J|U�O�\RU� NL� |÷UHQFLOHU� JHQHO� RODUDN� H÷LWLPGH� WHNQRORML� NXOODQÕPÕQD� \|QHOLN� NHQGLOHULQH�
J�YHQ�GX\PDNWDGÕUODU��
$UDúWÕUPD\D� NDWÕODQ� |÷UHWPHQ� DGD\ODUÕQÕQ� H÷LWLPGH� WHNQRORML� NXOODQPD\D� \|QHOLN� |]J�YHQOHULQLQ� |Oo�OG�÷��
VRUXODUGDQ� LQWHUQHW¶WH� DUDPD� PRWRUODUÕ� �JRRJOH�� DOWDYLVWD� JLEL�� NXOODQDELOPH� LOH� LOJLOL� PDGGH\H� |÷UHQFLOHU�
NHVLQOLNOH� NDWÕOGÕNODUÕ� VRQXFX� HOGH� HGLOPLúWLU�� %X� EXOJX� (UGHPLU�� � %DNÕUFÕ�� (\GXUDQ¶ÕQ� ������� EXOJXVX\OD�
|UW�úPHNWHGLU��<LQH�HOGH�HGLOHQ�YHULOHUH�J|UH�|÷UHWPHQ�DGD\ODUÕ�ELOJLVD\DUÕ�YH�LQWHUQHWL�DPDoODUÕQD�X\JXQ�RODUDN�
GHUVWH� NXOODQDELOPH� NRQXVXQGD� NHQGLOHULQ� \HWHUOL� J|UPHNWHGLUOHU�� g÷UHWPHQ� DGD\ODUÕQÕQ� ELOJLVD\DU� YH� LQWHUQHW�
NXOODQÕPÕ� NRQXVXQGD� NHQGLOHULQL� \HWHUOL� J|UPHOHUL� J�Q�P�]GH� ELOJLVD\DUÕQ� YH� LQWHUQHWLQ� \D\JÕQ� RODUDN�
NXOODQÕPÕQD�GROD\ÕVÕ\OD�|÷UHWPHQ�DGD\ODUÕQÕQ�EX�DUDoODUD�DúLQD�ROPDVÕQD�ED÷ODQDELOLU��
$QNHW�PDGGHOHULQGHQ�oHYUH�NRúXOODUÕ�YH�PHYFXW�RODQDNODU�NXOODQÕODUDN��|]J�Q�YH�HNRQRPLN�DoÕGDQ�X\JXQ��EDVLW�
|÷UHQPH� PDWHU\DOOHUL� KD]ÕUOD\DELOPHN�� LOHWLúLP� WHNQRORMLOHULQL� DPDoODUÕQD� X\JXQ� RODUDN� GHUVWH� NXOODQDELOPHN��
|÷UHWLP� PDWHU\DOOHULQL� DPDFÕQD� X\JXQOX÷X� DoÕVÕQGDQ� GH÷HUOHQGLUHELOPHN�� |÷UHWLP� PDWHU\DOOHULQL� YH� DUDo�
JHUHoOHULQL� WDVDUÕP� LONHOHULQH� X\JXQOX÷X� DoÕVÕQGDQ� GH÷HUOHQGLUHELOPHN�� ELU� |÷UHWLP� PDWHU\DOLQLQ� QDVÕO�
GH÷HUOHQGLULOHFH÷L� LOH� LOJLOL� SODQ� \DSDELOPHN�� DPDo�� KHGHI�� GDYUDQÕú� DQDOL]L� \DSÕOPÕú� ELU� GHUVWH�� |÷UHWLOHFHN�
NRQXODUÕ�SDUoDODUD�D\ÕUDELOPHN�LOH�LOJLOL�PDGGHOHU�ED\DQODU�OHKLQGH�GDKD�\�NVHN�oÕNPÕúWÕU��(OGH�HGLOHQ�EX�VRQXFD�
J|UH� ED\DQODUÕQ� HUNHNOHUH� J|UH� H÷LWLPGH� WHNQRORML� NXOODQÕPÕQGD� GHUV� PDWHU\DOOHUL� KD]ÕUOD\DELOPH� YH� GHUV�
SODQODPD�DúDPDODUÕQÕ�JHUoHNOHúWLUPHGH�NHQGLOHULQH�GDKD�ID]OD�J�YHQ�GX\GXNODUÕ�V|\OHQHELOLU��
$UDúWÕUPD\D� J|UH�%g7(� |÷UHWPHQ� DGD\ODUÕQÕQ� H÷LWLPGH� WHNQRORML� NXOODQÕPÕQD� \|QHOLN� |]J�YHQOHUL� NDGÕQODUGD�
GDKD�\�NVHNWLU��
g÷UHWPHQ� DGD\ODUÕQGDQ� ��� \DúÕQGD� RODQODU� ������ \Dú� DUDVÕ� RODQODUD� J|UH� GDKD� G�ú�N� G�]H\GH� |]J�YHQ�
VDKLELGLUOHU�� g÷UHWPHQ� DGD\ODUÕQÕQ� ELOJLVD\DUODUÕQÕQ� ROXS� ROPDPDVÕ� DoÕVÕQGDQ� DUDODUÕQGD� DQODPOÕ� ELU� IDUNOÕOÕN�
EXOXQPDPÕúWÕU��&DQ��<RUXOPD]�YH�.DK\D¶QÕQ��������RNXO|QFHVL�|÷UHWPHQOHU��]HULQGH�\DSWÕNODUÕ�DUDúWÕUPDODUÕQGD�
|÷UHWPHQOHULQ�ELOJLVD\DUODUÕQÕQ�ROPDVÕ�LOH�H÷LWLPGH�ELOJLVD\DU�NXOODQÕPÕQD�\|QHOLN�WXWXPODUÕ�DUDVÕQGD�DQODPOÕ�ELU�
LOLúNL�EXOXQDPDPÕúWÕU��%X�EXOJX�DUDúWÕUPDQÕQ�EXOJXVX\OD�WXWDUOÕGÕU���
g÷UHWPHQ� DGD\ODUÕQGDQ� IDUNOÕ� VÕQÕIODUGD� ROPD�� IDUNOÕ� OLVHGHQ� JHOPH�� ELOJLVD\DUODUÕQÕQ� YDUOÕ÷Õ� YH� ELOJLVD\DU�
NXOODQPD�\ÕOÕ�DoÕVÕQGDQ�DUDODUÕQGD�DQODPOÕ�ELU�IDUNOÕOÕN�EXOXQPDPÕúWÕU��
$UDúWÕUPD�VRQXoODUÕQD�EDNÕOGÕ÷ÕQGD�H÷LWLPGH�WHNQRORML�NXOODQÕPÕ�LOH�LOJLOL�FLQVHO�IDUNOÕOÕNODUÕQ�RUWDGDQ�NDOGÕUÕOPDVÕ�
LoLQ� ED]Õ� HN� HWNLQOLNOHU� \DSÕOPDVÕ� LKWL\DFÕ� KLVVHGLOPHNWHGLU�� %X� HWNLQOLNOHU� WHNQRORML� NRQXVXQGD� |÷UHWPHQ�
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Abstract: This paper presents and analyzes the results of a series of laboratory tests of 
compaction, penetration and free swelling performed on an expansive clay obtained from a site 
situated in Sidi-Aissa city (wilaya of M'sila, Algeria), where important disorders frequently 
appears in the road infrastructures and in the small buildings. Tests results obtained show that the 
parameters values deduced from these tests are concordant and confirm the bearing capacity 
improvement of the expansive clay treated with cement. 
 
Key words: Expansive clay, stabilization, cement, bearing capacity, Proctor, CBR, free swelling. 

 
 
Introduction 
 
 Urban areas of the wilaya of M’sila in Algeria nowadays experience a considerable development because of an 
unceasingly increasing demography, from where its extension towards virgin zones often less favorable than those 
already urbanized. This wilaya is located in a zone classified as semi-arid, characterized by weak precipitations and 
significant variations in temperature between winter and summer (cold and wet winters and hot and dry summers). 
Geology of this zone comprises clays formations characterized by a high variation of volume when the conditions of 
their equilibrium are modified (natural climatic phenomena due to a prolonged dryness, human activity by modification 
of the ground water level because of excessive pumping, configuration of constructions in their environment). A former 
study shows that these natural clays are very over-consolidated, low permeable and very low sensitive to creep 
(Khemissa et al., 2008); their overconsolidation being due to the phenomenon of shrinkage resulting from a more-or-
less thorough desiccation. The use in fills and in base and sub-base courses, in the natural state of this clay, is normally 
not considered. At dry state, it is very difficult to compact since its consistency varies from hard to very hard and, at wet 
state, it is very sticking. However, its employment can be possibly decided on the basis of specific treatment with 
cement. 
 This paper presents the results of a study carried out on expansive clay obtained from a site situated in Sidi-Aissa 
city (wilaya of M’sila, Algeria), where significant disorders frequently appear in the road infrastructures and in the 
small buildings. Study carried out aims at determining the physical and mechanical parameters of this clay treated with 
an artificial Portland cement locally manufactured in Lafarge Company of Hammam Dalâa (wilaya of M’sila, Algeria). 
Influence of treatment on its mechanical properties is then analyzed. 
 
 
Brief Description of the Studied Clay 
 
 The soil samples used were collected between 1.5 and 2.0 m of depth in a waste area intended to receive a 
project of 200 residences located in Sidi-Aissa city (wilaya of M’sila, Algeria). Table 1 gives the identification test 
results carried out on these samples. These low dispersed values for the carried out sampling seem to indicate a 
homogeneous soil massif. The sieve analysis of soil samples tested indicates that they are composed of 15% sand and 
85% fillers (silt+clay), which can be classified, according to Bureau of soils triangular chart for textural classification, 
as silty clay. The Methylene blue values indicate a muddy-clayey soil with traces of montmorillonite. According to 
French classification (Magnan, 1980) compatible to the Unified Soil Classification System (USCS), it is about low 
plastic muddy clay (CL), very consistent with normal activity of its clayey fraction. The modifications of its water 
content are accompanied by shrinkage or swelling. The Casagrande plasticity chart adapted to expansive soils shows 
that this clay is characterized by a weak-to-medium swelling potential according to Dakshanamurthy and Raman (1973) 
and by a medium-to-high swelling potential according to Chen (1988) (Figure 1). Also, classifications of Seed et al. 
(1962), Ranganatam and Santyanarayana (1965), Williams and Donaldson (1980) and Bigot and Zerhouni (2000) 
indicate a medium-to-high swelling potential. In addition, Building Research Establishment classification (BRE-UK 
1980) led to a medium-to-high shrinkage potential. 
 

Table 1. Geotechnical properties for Sidi-Aissa clay (wilaya of M’sila, Algeria) 
 

Parameters Range of variation Mean values 
Natural water content, wnat (%) 14.63-16.20 15.26 
Wet unit weight, �h (kN/m3) 21.26-21.62 21.43 
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Dry unit weight, �d (kN/m3) 18.49-18.68 18.59 
Liquid limit, wL (%) 40.37-48.39 43.80 
Plastic limit, wP (%) 18.14-21.00 19.04 
Plasticity index, IP (%) 21.87-30.25 24.76 
Methylene blue value, VBS (%) 5.23-5.80 5.56 
Over to 0.080 mm 85.31-86.09 85.70 
Over to 2 �m, C2 (%) 24.2-55.0 37.6 
Activity of clay, Ac 0.4-1.7 0.90 
Optimum water content, wopt (%) - 11.1 
Maximum dry density, �d-max - 1.93 
Swelling pressure, �'g (kPa) - 195 
Free swelling, �g (%) - 18.44 
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Figure 1. Classification of Sidi-Aissa clay (wilaya of M’sila, Algeria) 
 
 
Experimental Program and Test Procedures 
 
 Experimental program comprises modified Proctor compaction tests, California bearing ratio tests and free 
swelling tests. These tests were performed on untreated soil (control sample) and on treated soil with various contents of 
an artificial Portland cement called CHAMIL (CPJ-CEM-II/B 32.5 R NA 442). Cement used is locally manufactured in 
Lafarge Company of Hammam Dalâa (wilaya of M’sila, Algeria). Physical and chemical properties for this cement are 
given in table 2. 
 

Table 2. Physical and chemical properties for CHAMIL cement 
 

Physical properties 
Normal consistency of the cement paste 27-31 
Blaine Fineness 4550-5500 � 
Initial setting 120-180 min 
End setting 200-300 min 
Compressive strength at 28 days 3.25-5.25 MPa 

Chemical composition 
Loss on ignition 12-15 % 
Soluble residues 0.8-1.3 % 
Sulfates 1.9-2.1 % 
Magnesium Oxide 1.7-2.1 % 
Chlorides 0.01-0.03 % 
Tricalcic Silicates 55-62 % 
Content alkalis 6.5-8.2 % 
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 Cement contents considered are 0% for untreated sample (control sample), 1%, 2%, 3%, 4%, 5%, 6%, 7% and 
8% by weight for treated samples. The samples were made starting from mixture of the necessary quantity of finely 
crushed dried soil to desired cement content; the whole being intimately mixed at dry then humidified with optimum 
water content wopt (i.e. maximum dry density �d-max corresponding to optimum Proctor). The paste was remixed 
thoroughly before performing the compaction. All tests were conducted at room temperature. 
 Experimental procedures followed in each test type were in conformity as much as possible with the usual 
testing methods. Interpretation techniques of the test results adopted are many inspired from the knowledge obtained on 
clayey soils throughout the world. 
 Figure 2 presents the modified Proctor compaction test results conducted on the clay treated with various cement 
contents under optimum Proctor conditions (wopt and �d-max given on untreated soil). These results constitute a pledge 
of good repeatability of the compaction test and indicate a good reconstitution of the soil under the necessary conditions 
to which the soil massif is expected to be subjected in the field. 
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Figure 2. Compaction test results for various cement contents under optimum Proctor conditions 
 
Test Results and Discussion 
 
 Only the principal results interesting the object of this paper are exposed hereafter, i.e. influence of the cement 
treatment on the strength and deformability properties of compacted expansive clay. 
 
 
Characteristics of swelling 
 
 Figures 3 and 4 present the evolution curves of the swelling pressure of clay and of the corresponding free 
swelling according to the cement content. 
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Figure 3. Swelling pressure of the clay versus cement content 
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Figure 4. Free swelling of the clay versus cement content 

 It can be noted that the swelling pressure of clay and the corresponding free swelling decrease in an appreciable 
way with cement content. This mitigation is due to the soil stabilization by effect of cementing, which seems to indicate 
that the clay becomes insensitive with swelling from 3% of cement content roughly. 
 
 
California Bearing Ratio (CBR) 
 
 Figure 5 presents the load-penetration curves of samples tested before and after their soaking for various 
cement contents. Figure 6 presents the corresponding unsoaked and soaked CBR values according to the cement 
content. 
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Figure 5. Pressure versus penetration curves for various cement contents 
 
 

International Science and Technology Conference, Dubai, 13-15 December 2012

260



ISTEC 20
12

y = 1.6142x + 28.55
R  = 0.7996

y = 5.0739x + 5.79
R  = 0.982

0

10

20

30

40

50

0 1 2 3 4 5 6 7 8

Ca
lif

or
ni

a B
ea

rin
g 

Ra
tio

, C
BR

 (
%

)

Cement content (%)

Unsoaked CBR
Soaked CBR

 
 

Figure 6. Californian bearing ratio values versus cement content 
 
 It can be noted that the unsoaked and soaked CBR values increase linearly with cement content. The treatment 
of this clay with cement is translated, in both cases, by a clear improvement of its bearing capacity and a very sensitive 
lowering of its deformability resulting from an excessive humidification after her compaction under the optimum 
Proctor conditions. 
 
 
Summary and conclusions 
 
 This paper has the aim of characterizing the laboratory behavior of expansive natural clay treated with cement 
for its use in the road works as roadway foundation (fills, base and sub-base courses). Choice of Sidi-Aissa urban site 
(wilaya of M’sila, Algeria) was justified because of its extension towards zones at risk, where significant disorders 
frequently appear in road infrastructures and in small buildings. 
 The soils tested were identified as low plastic muddy clay. Various classifications based on the geotechnical 
properties show that this clay is characterized by a medium-to-high swelling and shrinkage potentials; swelling and 
shrinkage being to some extent due to the mineralogical structure of soils (presence of montmorillonite) and to the 
variations of their water content (cycles of desiccation-humidification of soils). 
 Treatment of this clay was carried out by using an artificial Portland cement locally manufactured in Lafarge 
Company of Hammam Dalâa (wilaya of M’sila, Algeria). Tests results obtained make it possible to show a sensitive 
improvement of the mechanical properties of expansive clay compacted under the optimum Proctor conditions. 
Moreover, it can be noted that the treatment allows: 
- to decrease the swelling pressure of clay and the corresponding free swelling, clay becomes no expansive and better 

compactable; 
- to increase the unsoaked and soaked CBR, allowing of this fact of increasing the bearing capacity of clay and 

reduction of its expansibility. 
Performances acquired by this expansive clay treated with cement get stability, durability and better resistance. 
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Abstract: After the concise information on ceramization phenomena the brief state-of-the-art in the 
field of ceramizable silicone rubber-based composites is presented. Usually the composites are 
made of silicone rubber - silica compounds filled with Ca- or Al-based mineral fillers combined 
with fluxing systems. Phenomenon of ceramization is based on preventing volatiles of thermal 
decomposition of silicone rubber from evacuation by creation of ceramic layer on composite 
surface. Usually, the layer is composed of mineral filer particles, connected by fluxing agent. The 
ceramic barrier created is aimed to protect copper wire inside the cable from melting, being 
additionally strong enough to maintain integrity of electrical circuit. The paper presents 
experimental data on mechanical properties of silicone rubber composites, morphology and strength 
of their ceramized layer and associated thermal characteristics and flammability of materials. The 
results are discussed from the point of view of material composition, kind, size and surface 
modification of mineral fillers.  

   
  Key words: silicone composites, ceramization, mechanical strength, thermal properties. 
 
 
Introduction  
 
 Flame resistant coverings of electrical cables play very important role from the point of view of electrical 
installation performance under fire. Apart obligatory conditions concerning: self-extinguishness, low heat of combustion, 
limited flame expansion and emission of toxic gases, the material for cable coverings should secure the integrity of 
electrical circuits at high temperature. It gives time indispensable for evacuation from buildings or any mean of public 
transportation on fire, supporting working of power supply and steering of fire protection systems. In Europe there are two 
existing standards: EN 50200 and IEC 60331-31:2004, according to which electrical cables are classified from the point 
of view of their fire durability. Time of correct performance of electrical cable, subjected to the action of fire at 
temperature 830 – 870qC, reflects its class of flame resistance, e.g. PH90 - 90 min.  
Materials applied for coverings of PH class electrical cables are silicone rubbers filled with silica, mica (muscovite) and 
other components, able to form relatively quickly compact and stiff protecting coating, strong enough to maintain 
integrity of electrical circuit, even up to melting temperature of metal core [1]. Such materials became commercially 
available from the beginning of running century (Corning Dow and Wacker Chemie). Since that time we are witness of 
permanent progress in the field.  
The paper discusses their influence on ability of silicone rubber – silica composites, additionally containing wollastonite, 
muscovite, calcium and aluminium hydroxides or montmorillonite, to ceramization. The fillers differ according to their 
content, aspect ratio, dimensions and size distribution of particles. Performance of the composites during fire testing has 
been explained based on the results of their thermal analysis (TGA /DSC and microcalorimetry), as well as morphological 
studies (microporosimetry and SEM) and breaking strength analysis of ceramized phase produced during fire or heat 
treatment.  
 
 
Materials and Method  
 
 Four commercial silicone rubber composites of various origin, designated as: F, S, W and N, used for insulation of 
electrical cables, were the subject of our studies. Detailed information on their composition remains confidential. 
Nevertheless, from our previous work 2 it follows, that the materials have similar base made of silicone rubber filled with 
pyrogenic silica in the amount of ca. 50 phr. Another 50 phr of fillers, being admixed to the base, are constituted mineral 
phase, which differs significantly according to composition and the kind of components – Table 1.  
 
 

International Science and Technology Conference, Dubai, 13-15 December 2012

263

mailto:pedzich@agh.edu.pl
mailto:dbielin@p.lodz.pl


ISTEC 20
12

Table 1: Mineral phase components and composition of the silicone composites studied. 
 

Silicone 
composite 

Mineral phase composition [wt %] 
Wollastonite 

CaSiO3 

Qartz 
SiO2 

Kaolinite ZnO Mica 
(Muscovite) 

Gibbsyte 
Al(OH)3 

Portlandite 
CaOH 

F - - - 35.5 64.5 - - 
S - 96.5 3.5 - - - - 
W - - - - - 96.7 3.3 
N 52.0 40.2 7.8 - -   

 
 
 Composites studied were ceramized under various conditions:  
- by firing in an open flame (measured temperature exceeded 1000°C) with 2 min. soaking time, or  
- by heating in a Linntherm (Germany) laboratory furnance, from room temperature up to 600, 800 and 1000°C with 
heating rate of 20°C/min., followed by 20 min. of soaking.  
Methods:  
 Thermal analysis of the composites was performed by Differential Scanning Calorymetry/Thermogravimetry 
(DSC/TG) using a Netzsch STA449F3 Jupiter instrument (Germany), operated with a a heating rate of 20 deg/min.  
Heat releasing rate of the composites was determined by Pyrolysis Combustion Flow Calorimetry (PCFC) with a Fire 
Testing Technology micro-calorimeter (USA), according to ASTM D7309-2007 standard.  
Microstructure of the composites subjected to ceramization was analyzed by Scanning Electron Microscopy (SEM) with 
a FEI & Oxford Instruments Nova Nano SEM 200 apparatus (The Netherlands). Prior toobservations sample crossections 
were carbon coated to avoid charging.  
 Pore size distribution of ceramized composites was determined with a Quantachrome Poremaster 60 mercury 
porosimeter (USA).  
 Shrinkage of the composites due to heat treatment was calculated from changes to the dimensions of cylindrical 
specimens of radius r0 = 16 mm and of height h0 = 14 mm:  
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where: 
h0, r0 – dimensions of virgin sample 
h1, r1 – dimensions of heat treated samples.  
 
 The same heat treated specimens were subjected to compression tests using a Zwick Roell Z2.5 instrument 
(Germany). Mechanical strength of the ceramized composites was each time calculated as an average value 
of 5 determinations. 
 
 
Results and Discussion  
 
 It has been proved that after pyrolysis at high temperature some mineral additives are able to form a ceramizable 
residue in silicone rubber composite [2]. This residue, due to the reaction between inorganic fillers and silica issued from 
the decomposed polymer matrix, forms an eutectic liquid phase at the edges of the fillers, able to penetrate into the matrix 
region [3]. The extent of eutectic formation was shown to be influenced by factors such as particle size and chemical 
composition of the fillers.  
 The residue of fired silicone rubber or silica filled elastomer exhibit a form of white powder. There is no evidence 
of solidification of silica particles, even after heating at 1100qC. However, the addition of mica (ca. 20 phr) results in 
eutectic reaction (starting already at 900qC) between mica particles and silica matrix, producing a liquid phase around 
their surface, what facilitates binding. At lower firing temperatures (600qC) the problem of binding between the product 
of pyrolysis (silica) and filler comes back, what results in formation of fragile surface shield.  
 The problem can be overcome by the addition of certain inorganic materials to the silicone rubber - mica 
composite, e.g. glass frits, zinc oxide, ferric oxide and zinc borate, facilitating formation of a strong ceramic, required 
by electrical cable application, at lower temperature. Hamdani et al. [4, 5] reported on application of Ca-based (CaO, 
Ca(OH)2, calcite – CaCO3, wollastonite – CaSiO3) or Al-based (Al2O3, Al(OH)3, boehmite – AlOOH, mica, 
montmoryllonite) refractory fillers for silicone rubber. In a combination with an adequate selection of flux agents, shifting 
the melting of ceramic phase to lower temperatures, it results in the ceramization process taking place simultaneously to 
degradation of  a polymer matrix. Integral ceramic layer, being created on its surface, prevents volatile products of 
silicone rubber decomposition [6, 7] from evacuation, what makes it porous – Figure 1 [8].  
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Figure 1: Scheme illustrating ceramization process of polymer composites. 
 

 Incorporation of mineral fillers to silicon rubber matrix changes thermal properties of the composites – Figure 2.  
 

a) composite F       b) composite S  

 
c) composite W       d) composite N  
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Figure 2: Results of DSC/TG analysis of the silicone composites studied. 
  
 
 From the results of TG analysis it follows, that the composites studied exhibit different temperature range 
of thermal decomposition of silicone rubber. It means that polymer phase disappears from the system with various 
efficiency, depending on the composition of its mineral phase. The process is practically already finished at ca. 600°C for 
the composite F, needs another 20-30 deg to be completed for the materials W and N, whereas the composite S requires 
temperature even exceeding 800°C. It decides the composition of flux required for each of the composites and determines 
temperature range in which their ceramization process can take place effectively.  
 Admixing of mineral fillers to the silicone base makes heat release rate (HRR) of the composites decreased – 
Figure 3. 
 

 
 

Figure 3: Heat release rate (HRR) of the composites studied. 
 
 The highest effect is observed for the composite S, which represents the lowest heat release values. Despite the 
maximum of HRR curve for the material appears in the shortest time, another maximum in the longest time is present as 
well. The material N combusts at similar time, but more vigorously. The composite F seems to be the worst material, 
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according to flame resistivity. It releases the highest heat in a comparatively short time.  
 SEM analysis of the composites subjected to ceramization makes possible to reveal the influence of heat treatment 
conditions on structure of the materials – Figure 4. 
 Microscopic analysis of samples ceramized in a laboratory furnace at 800°C (see the left column pictures in Figure 
4) demonstrates significant differences among the composites studied. The material N contains the highest amount of 
pores, contrary to other composites, for which pores are more difficult to be identified. Detailed information on pore size 
distribution of the composites studied is presented in Figure 5.  
 
 
 
 
 
 
 
 
 
a) composite F  Furnance / 800°C    Open fire / ca. 1000°C 

  
b) composite S   Furnance / 800°C    Open fire / ca. 1000°C  

  
c) composite W   Furnance / 800°C    Open fire / ca. 1000°C 

  
d) composite N   Furnance / 800°C    Open fire / ca. 1000°C 
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Figure 4: SEM images of the composites studied after ceramization:  
furnance heated at 800°C (left), fired in an open flame (right). 

 
 

 
 

 
Figure 5: Pore size distribution for the composites studied after ceramization at 800°C.  

 
 The porosity of composites N and to small extent S, contrary to the other materials studied, is represented by two 
population of pores: sub-micro and micro ones.  
 Porosity of the composites depends on ceramization conditions (see the right column pictures in Figure 4). 
The smallest pores, of sub-micrometer dimensions, disappear when the materials have been fired directly in a flame. The 
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total degree of material porosity also decreases, what has been found to be dependent on the kind of mineral fillers applied 
[2, 9]. The smallest changes to porosity have been observed for the composites containing wollastonite (N), which 
additionally characterizes themselves by the smallest mass loss accompanied the increase of temperature and heating rate 
[10].  
 Created ceramic phase should exhibit limited thermal shrinkage, what allows to avoid problems concerning 
breaking or delamination of the surface layer from a polymer substrate [11]. Apart good heat insulation, prolonging 
the time to material ignition and the decrease of a heat release during fire, the micro-porous structure has to be strong 
enough to maintain the integrity of an electrical circuit. The comparison between the composites studied is given in Table 
2.  
 
 
Table 2: Mechanical strength and shrinkage parameters of the composites studied after ceramization 
 

Parameters 
 

Composite 

Furnance / 800°C Open fire / ca. 1000°C 
Wh [%] Wr [%] Breaking 

force [N] 
Wh [%] Wr [%] Breaking 

force[N] 
F 78.93 111.84 7.8 83.62 104.23 32.3 
S 91.19 112.35 1480 96.94 103.36 188.0 
W 86.55 107.51 16.3 97.73 110.23 54.4 
N 97.21 108.30 86.0 79.64 92.08 130.0 

 
 
 Thermal conditions of ceramization strongly influence shrinkage and mechanical strength of the composites 
studied. Generally, the higher shrinkage of material the lower strength of ceramized composite. The composite N is the 
only one which shrinks significantly when subjected to direct fire. 
 
 
Conclusions  
 
 Mechanical strength of ceramized composites depends on the kind of minerals and composition of mineral phase 
admixed to a silicone rubber-silica base. Performed investigations allowed us to evaluate the differences in structure of 
ceramic phase being formed. Composites containing muscovite and wollastonite have relatively big porosity, contrary to 
materials with quartz and calcined kaoline as well as aluminium hydroxide, exhibiting low porosity level.  
 The most important for ceramization process is degradation of polymer base, taking place usually in 
the temperature range from 600÷800°C, when mineral components do not interact strongly each other. In a composite for 
which decomposition of silicone rubber can be shifted to higher temperature, ceramized phase created exhibits 
the sub-micron porous structure of the highest durability.  
 Carried out experiments revealed also differences in ceramization effects associated with thermal conditions of the 
process. Ceramization performed in an open flame at ca. 1000°C led to ceramic structures distinctly different in porosity 
and pore size distribution in comparison to the materials gradually heated in a furnance up to 800°C. Generally, firing of 
the composites in an open flame produces materials of low porosity, without small pores. As a result of the process carried 
out at lower temperature in a furnace the highly porous ceramic phase of very wide pore size distribution range is created.  
 It was established that a composite with wollastonite (N) showed the most stable structure and properties. 
Its porosity was the least dependent on thermal conditions of ceramization, leaving considerable amount of sub-micron 
pores up to the highest temperatures. It should be profitable from the application point of view, because of potential 
increase of fracture resistance of ceramized composite and a decrease of its thermal conductivity.  
 Conclusions listed above could be helpful in design of optimal microstructure of silicone composites dedicated for 
fire resistant applications, e.g. in cable industry.  
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Abstract: The aim of our work is to test the antimicrobial effects of essential oil extracted from 
Nigella sativa strains on gram+ and gram- (Staphylococcus aureus, Echerechia coli, Klebsiella). 
The study is based on extraction by steam distillation and analysis of organoleptic and physico-
chemical properties of the essential oil of Nigel. The examination of the organoleptic properties of 
this essential oil shows that it is relatively comparable to those cited in the AFNOR. The anti-
bacterial and antifungal properties of this oil reveal an important anti-microbial effect. Moreover, 
it shows an excellent activity against the Gram + strains studied compared to Gram-strains. The 
essential oil of black cumin possesses a very interesting antimicrobial effect against the 
pathogenic bacteria and fungi studied so far. 
  

Key words: Antimicrobial effect, essential oils, Staphylococcus aureus, medicinal plants. 

Introduction 

Commonly called in the past essences, essential oils are oily substances, very odorous and volatile. They have 
a high biological activity as antibacterial, antiviral, antifungal and antioxidant (Aligramus et al., 2001, Salehi et al., 
2005; Abdelwahab et al., 2011). They are also used in anti-cancer treatment (Sylvestre et al., 2006). 

Essential oils are complex mixtures of products which deriving from the terpenes (monoterpenes and 
sesquiterpenes) which are hydrocarbons of general formula (C5H8)x (Mohamed et al., 2010). The oxygenated 
compounds which are derived from these hydrocarbons are alcohols, aldehydes, esters, ethers, phenols and oxides. 

The aim of this work is to study the molecular composition of the essential oil of Nigel (GC / CM) and its 
inhibitory action against terrible pathogens for humans. 

Material and Methods 

x Extraction of essential oil: The biomass used for the extraction of the essential oil are grains of Nigella 
sativa grown in Syria (2011 harvest). The extraction method is steam distillation, the solvent used is 
diethyl ether. The retrieved essential oils are stored in tinted glass bottles placed in a cool, dry place at 4 ° 
C and protected from light in a Clevenger type apparatus according to the technique described by Simard 
et al. (1988). An organoleptic character set of these oils has been achieved. 

x Chemical analysis of samples: In order to identify their active ingredients, Nigella sativa seeds have been 
studied by photochemistry which revealed that these grains are much richer in secondary metabolites 
whose content varies according to the geographic and climatic conditions as well as the research methods 
(extraction and detection). 
Our essential oil was analyzed on a Hewlett-Packard gas chromatograph of type Agilant 6890N controlled 
by ChemStation (NIST 98) and equipped with a capillary column HP5MS (30m x 0.25 mm x 0.25 Pm) 
coupled to a mass spectrometer (SM) type Agilant 5973. The analytical conditions are as follows: 
- Injection of 0,5 gl in split mode 1/50 
- Injection Temperature 250°C 
- Capillary column HP5MS (30m x 0,25mm x 0,25 �m) 
- Temperature programming: 50°C during 0 min, 4°C/min until 250°C during 30 min. 
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- Flow of carrier gas: Helium (1 ml/min), mass spectrum model Agilant 5973 
- Temperatures: interface (280°C), strains (230°C), quadripole (150°C). 

x Identification of components: The various constituents of the essential oil were identified by comparing 
their mass spectra with those of the compounds of the databases WILLET and NIRST 98, the mass 
spectrometer GC/MS and those of Adams spectral databases. The identification of the molecules was 
confirmed by comparison of their retention indices with those known in the literature (Adams 2001). 
Retention indices of the compounds were calculated using the retention time of a series of n-alkanes using 
a linear interpolation. 

x Study of the antimicrobial effect: The method used is the holder-germs disks. It is based on the principle 
of impregnating disks with oil and seeding petri dishes by the pathogenic bacteria. This method is 
described by Carson et al. (1995). The bacteria used in this work are: Escherechia coli ATCC 25922, 
Enterococcus faecalis 8V, Salmonella typhi, Proteus mirabilis, Pseudomonas aeruginosa ATCC 27583, 
Staphylococcus aureus ATTC 6538, Klebsiella pneumonia. These bacteria are isolated from hospital 
samples. They have been identified in the microbiology laboratory of the Hassiba Benbouali University 
Chlef, Algeria. 

Results and discussions 

Nigella sativa seeds reveal a moisture content of 7.21%. The yield of essential oils is 1.38%. Note that Imikraz 
(2006) obtained a yield of 1.5%, the highest yields of essential oils are collected during the flowering period (May-
June) (Willem, 2004). 

The physical and organoleptic properties provide a means of verification and quality control. The tests are 
determined according to a specific protocol and obeying standards set by AFNOR (1989). The appearance of the oil is 
liquid, oily, clear, and its smell is strong, specific and characteristic of the crushed seed. Its color is greenish yellow. 
Concerning its physical characteristics, it has a density of 0.76 g / l, its refractive index is 1.3770 and its optical rotation 
is 20 °. 

The chemical analysis showed that our oil is rich in monounsaturated fatty acids such as oleic acid. There are also 
monoterpenes such as beta-phellandrene, beta-pineme, the liomoneme, and sesquiterpenes such as caryophylene, 
polyphenols and aromatic aldehydes such as benzaldehyde. We note also the presence of saturated fatty acids such as 
stearic acid and polinic acid and natural antioxidants such as E-vitamin and iron-phosphorus minerals. The results are 
presented in Table I below. 

Component Retention Time (%) 
Beta-phellandrene 8.77 0.12 
Beta-pineme 9.00 0.12 
Limoneme 10.60 0.16 
� terpineme 11.60 0.60 
Linalole 13.10 0.50 
Terpinehol 15.90 0.31 
Geraniol 22.59 0.52 
Caryophyllen 24.04 0.17 
Tetradecanoic acid 34.11 0.11 
Tridecanoic acid 39.15 0.33 
Eicosane 40.00 0.17 
Heneicosane 42.34 0.14 
Phytol 42.50 0.19 
Heptacosane 42.70 0.38 
Hentricontane 42.80 0.12 
Octadecadienoic acid 43.00 0.47 
Oleic acid 43.20 0.51 
Octacosane 43.60 0.80 
Nonahaxacantonic acid 43.75 0.11 
Tricosane 46.70 0.49 
Docosane 47.20 0. 39 
Tetracosane 48.81 0.46 
Tetratriacantane 51.60 0.20 
Docosenamide 58.70 0.53 

Table I: Molecular composition of the essential oil of  Nigella sativa. 
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Concerning the antibacterial effect, the inhibition zones have diameters ranging from 8,33mm for Klebsiella 
pneumonia up to 18mm for Proteus mirabilis. See table II below. 

Bacteria Mean inhibition 
zones 

Appearance of bacterial growth in the 
zone of inhibition after over 48 hours 

incubation 
Escherechia coli 

ATCC 25922 
15±0.05 Positive 

Enterococcus faecalis 8V 8,5±0.15 Positive 
Salmonella typhi 14,8±0.2 Negative 
Proteus mirabilis 18±0.05 Negative 

Pseudomonas aeruginosa ATCC 27583 11,7±0.11 Positive 
Staphylococcus aureus ATTC 6538 12,6±0.03 Positive 

Klebsiella pneumonia 8,33±0.5 Positive 

Table II: Results of the interaction of the essential oil of Nigella sativa with the bacterial strains 

According to Roques et al. (2003), we say that a strain is sensitive if the diameter of the inhibition zone exceeds 
13mm. It is resistant if the disc diameter is 6mm. In between, the strain is called intermediate. Therefore, the most 
sensitive strain is Proteus mirabilis. The most resistant is Klebsiella pneumonia. 

On the basis of the work of Topozada (Topozada et al., 2010), salmonella and pseudomonas bacteria are very 
sensitive to the essential oil of Nigella sativa. Rouibi et al. (2009) reported that with the exception of E-coli ATCC 
25922, other gram- strains are less sensitive than gram+ strains. This resistance is due to the chemical composition of 
the wall which is rich in lipopolysaccharides not allowing the penetration of hydrophilic molecules. 

According to (Agrawal et al., 1979, Aljabre et al., 2005), the essential oil of N. Sativa presents a wide inhibition 
spectrum against many bacterial strains.  

After a 48h incubation of bacteria at 37 °C, the essential oil of Nigella sativa exerted a bacteriostatic action against 
Escherechia coli ATCC 25922, Enterococcus faecalis 8V, Pseudomonas aeruginosa ATCC 27583, Staphylococcus 
aureus ATCC 6538 and Klebsiella pneumonia. By contrast, its action on Enterococcus faecalis and Proteus mirabilis 
8V is bactericidal. 

Finally, we may conclude that the essential oil of Nigella sativa possesses a wide inhibition activity spectrum on 
pathogenic bacteria for humans. A more careful analysis should be performed in vivo in order to determine its real 
effects. 
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ABSTRACT 
An experimental study was carried out in order to determine the thermal properties of new 
materials used in building insulation. We are particularly interested in cork lightweight concrete. 
In this work, the thermal conductivity of the tested samples is determined in terms of moisture, 
density and fibers dosage. The thermal conductivity is measured in the similar conditions as those 
of utilisation. The thermal resistance is obtained by calculation. The obtained results allow us to 
specify the optimal use conditions of the tested materials. 
KEY WORDS 
Thermal properties, thermal conductivity, thermal resistance, insulation material, cork, boxes 
method. 
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Summary: Situated in sub humid to humid climate level.  North Eastern Algeria (the region of El 
Kala) has wet forests composed mainly of alder (Alnus glutinosa) representing the largest natural 
stands of North Africa. 

These wet forests are threatened by extinction due to the apparent reduction of their area, 
caused by a strong human pressure (pumping water, overgrazing, logging, etc.) and changing 
climatic conditions. 

The preservation of these forests that have a significant floristic biodiversity becomes 
imperative and it is in this context that we are working in order to conserve them. 

The particularity of their location: dune alder, lake alder and wadi alder; and their formation 
in contact with alluvial soils are the key points of our work for the conservation of these very 
vulnerable ecosystems. 
 
Keywords: wet forests, alder, riverine forest, biodiversity 

 
 
Introduction 
 

La Numidie orientale présente une concentration de zones humides renfermant chacune des caractéristiques 
différentes : lacs, étangs marais, aulnaies, saulaies, … 
Cette concentration a pour origine l’association d’une série de facteurs naturels favorables :  

� Une pluviométrie abondante entre 800 mm et 1000 mm 
� Un substrat formé d’argiles, de grès et de marnes. 
� Une géomorphologie complexe : la présence du cordon dunaire et la subsidence des plaines qui rendent 

l’écoulement des eaux difficile. 
Tous ces facteurs font de cette zone le siège d’une biodiversité faunistique et floristique remarquable. Cette biodiversité 
a pour origine la situation de la zone dans un carrefour climatique entre le Nord froid et humide et le Sud chaud et sec. 
Toutes les nuances entre ces deux climats existent dans la région. Les étages climatiques humides et subhumides, 
chauds et tempérés se conjuguent pour créer un véritable climat tropical ou au moins sub tropical. (Région du lac des 
Oiseaux)   

Cette situation engendre une mosaïque d’hydro systèmes et d’écosystèmes : alternance de forêts, de dunes, de 
cuvettes, et de lacs.   

Parmi ces écosystèmes  les forets humides qui se développe le long des oueds, dans les dépressions intra et 
inter dunaire et  dans les zones marécageuses 
Ces forêts sont caractérisées par des ripisylves qui sont des formations boisées associées à un cours d’eau, étirées le 
long de ses berges et qui revêtent des physionomies variées selon leur composition floristiques ; et des forets 
marécageuses de surface généralement limitée et qui sont spécifique au zones ou la permanence de l’engorgement en 
eau a façonné des peuplements adaptés à cette contrainte 

La caractérisation de ces écosystèmes n’est pas une fin en soi mais elle devrait plutôt être le point de  départ 
d’une action concrète pour la conservation et l’utilisation rationnelle des zones humides. Aussi tous les éléments sont à 
prendre en considération car le fonctionnement écologique de l’ensemble des zones humides est interdépendant ; il 
existe en effet une interaction amont-aval à l’échelon du bassin versant liée à la circulation de l’eau ; que l’on touche à 
un maillon de la chaîne et c’est tout l’ensemble qui est perturbé. 
Pour des raisons écologiques et socio - économiques, chaque écosystème est à prendre en considération dans le cadre 
d’actions de conservation et de gestion. 
 
Matériels et méthodes 
 
Présentation de la zone d’études. 

Située dans la partie la plus orientale de l’Algérie du Nord, la zone d’étude est limitée au Nord par un cordon 
dunaire qui borde la mer, à l’Ouest par l’oued Seybouse, au Sud et au Sud-Est par les monts de la Cheffia et les monts 
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de la Medjerda, à l’Est par la Kroumirie. Elle est comprise entre la latitude 36° 43’et 36° 57 et la longitude 7° 43’ et 8° 
37’. 

Située entre Annaba et El Kala, elle couvre une surface de 560 km2. Elle s’étend en bandes parallèles à la côte: 
Le cordon dunaire peu développé à l’Ouest (alt. 30 m) devient plus imposant à l’Est (alt. 118 m). 
La chaîne numidique au Sud avec des altitudes croissantes de l’Ouest vers l’Est. 
Entre les deux, une série de plaines qui se rétrécissent vers l’Est et qui sont drainées par l’oued El Kebir. 
Elle se caractérise par un relief  peu élevé et présentant une grande monotonie de forme 

La constitution géologique du sous-sol de la région ne comporte que des terrains nummulitiques datant 
essentiellement du tertiaire et du quaternaire. 
 
Le tertiaire est représenté  par l’Eocène moyen (argile et grès de Numidie localisées sur les bordures, dans les fonds de 
vallées et sur les plaines) 
Le Miocène : (sables conglomérats et bancs d’argile)  
 
Le Quaternaire : est caractérisé par les dépôts fluviatiles, les dépôts marins éolisés, les dépôts actuels. (JOLEAUD 
1936) 

Ainsi les collines sont caractérisées par des grès et des argiles de Numidie : les dunes par des regosols et les 
dépressions par des alluvions et colluvions (Marre 1967) 
 

Le relief de la région d’El-kala est formé par les ensembles géomorphologiques suivant:- 
x Un cordon dunaire au Nord sur les côtes qui s‘étend d’Ouest en Est sur une longueur de 40 km et se prolonge 

vers le Sud jusqu’au Djebel Segleb,  
x De petites imminences gréseuses de relief de faible altitude (180 à 300 m ) qui interrompent à certains 

endroits le cordon dunaire, ainsi qu’un ensemble de collines au Nord, à l’Est et à l’Ouest ne dépassant pas les 
600 m d’altitude . 

x une plaine alluviale et marécageuse, adossée aux collines intermédiaires des monts de Medjerda. 
x Au Sud  s’élève une partie de versant Nord de la chaîne de Medjerda où l’altitude moyenne est de 1100 m 

environ.  
D’une manière générale ce relief  se compose d’une juxtaposition de dépressions, dont le fond est occupé par des 

formations lacustres ou palustres et de hautes collines aux formes variées, dômes, escarpements, alignements de crêtes, 
couvertes par une végétation plus ou moins dense (De bélair. 1990)  
 
Du point de vue climatique : Les données fragmentaires sur la climatologie de la zone ne permettent pas de dresser un 
tableau détaillé des conditions climatiques de ces écosystèmes  particuliers qui bénéficient  de conditions spéciales ou 
microclimat dont on ne cerne pas encore les contours. De manière générale, le climmagramme  d’Emberger 1955, 
montre que la région se situe dans l’étage bioclimatique Sub-humide chaud à la limite de l’étage humide. Elle est 
caractérisée par un hiver froid et humide et un été chaud et sec. (BENYACOUB 1993).  

Malgré des extrema très marqués pour certaines  périodes (m=1.2° et M=49.4° pour El-Kala), la région d’étude 
reste sous l’influence d’un climat méditerranéen nuancé. Hiver doux et humide et Eté relativement sec, l’humidité des 
mois les plus chauds (juin, juillet et aout) reste assez élevée, ce qui atténue le manque de précipitations. (OTHMANI, 
2000)  

La pluviosité annuelle moyenne est appréciable (910 mm pour la station d’El-Kala), mais elle est inégalement 
répartie suivant les saisons, 4% en été, 46% en hiver le reste étant réparti entre les printemps (21%) et l’automne (29%) 
(OTHMANI, 2000). 
 
Du point de vue hydrologie la région est parcourue par un ensemble de chaaba à écoulement intermittent qui se 
concentre pour former des oueds(oued el hout oued Bouaroug) ou qui se jettent dans les dépressions intra et inter 
dunaires 
 
Matériel utilisé 
La carte topographique au 1/25000. 
Des sorties de terrain nous ont permis de faire un inventaire de la végétation 
Des échantillons  de sols pris dans les stations recensées 
Méthode 
Localisation des sites sur les cartes topographiques 
Reconnaissance de la végétation à partir de la flore Quezel et Santa. 
Analyse des sols au laboratoire 
 
Résultats et discussion 
 
Résultats 
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L’analyse des sols au laboratoire a démontrés que les sols des différentes  stations ont substrat sablonneux à 
tendance argileuse ou limoneuse pour les sites ripisylves. Pour les  sites marécageux les sols sont sablonneux très riche 
en matière organique (tourbe). 

La végétation est une végétation stratifiée où les quatre strates sont représentées.  
La végétation représentative des aulnaies est : 
Alnus glutinosa, Fraxinus angustifolia, Ulmus campestris, Laurius nobilis, Salix pedicellata, Salix alba, Tamus 
cominus, Rubus ulmufolius, Smilax aspera, Pteridium aquilinium, Iris pseudo-acorus, Nerium Hedra helix, Osmonda 
regalis, Nerium olander. 

Pour la localisation des différents sites voir tableau 1. 
 

Tab 1 : Localisation et caractéristiques des différents sites. 
 

Aulnaies Coordonnées 
GPS 

Superficie 
ha Alimentation hydrique Sol Végétation 

aulnaie de dement 
errihane 

36°52’N 
8°23’E 

20 Oued dement errihane Sable-limon Aulnaie mixte 

aulnaie de bou 
mouhassen 

36°50’N 
8°03’E 

50 Nappe dunaire Sable-tourbe Aulnaie pure 

aulnaie de bou 
mellek 

36°53’N 
8°20’E 

3,5 Nappe dunaire + source Sable-tourbe Aulnaie pure 

aulnaie d’Oum El-
Agareb 

36°49’N 
8°12’E 

200 Ain bouglez + nappe 
dunaire 

Sable-tourbe Aulnaie pure 

aulnaie du nord de 
lac tonga 

36°52’N 
8°31’E 

37 Lac Tonga Sable-
alluvion-
tourbe 

Aulnaie pure 

aulnaie de sebaa 36°50’N 
8°05’E 

1 Ain sebaoun+ nappe 
dunaire 

Sable-tourbe Aulnaie pure 

aulnaie de berrihane 36°50’N 
8°06’E 

3 Nappe dunaire Sable-tourbe Aulnaie pure 

aulnaie de righia 36°50’N 
8°10’E 

400 Nappe dunaire+oued 
bhaim+oued lahmar 

Sable-tourbe Alnus glutinosa 
dominante 

aulnaie de soug-
regubet 

36°54’N 
8°17’E 

15 Oued reguibet Sable Aulnaie pure 

aulnaie de 
boumerchen  

36°52’N 
8°25’E 

30 Oued boumerchen Sable-argile Aulnaie pure 

aulnaie de degrah  
Melleh 

36°51’N 
8°25’E 

0,5 Oued degrah Sable Aulnaie mixte 

aulnaie d’oued bou 
aroug 

36°52’N 
8°20’E 

1 Oued bou aroug Sable-argile Aulnaie mixte 

aulnaie d’oued El 
Hout Oubeira 

36°52’N 
8°32’E 

0,5 Oued El Hout Sable argile Aulnaie mixte 

aulnaie de bourdime 36°49’N 
8°15’E 

85 Oued bourdime+ lac 
bouredim 

Sable argile Alnus glutinosa 
dominante 

aulnaie d’oued el 
mellah 

36°52’N 
8°20’E 

2 Oued mellah Sable argile Alnus glutinosa 
dominante 

aulnaie d’ain el 
khiar 

36°48’N 
8°20’E 

170 Garaet el ouez Sable-tourbe Aulnaie pure 

 
Discussion 

Pour répondre aux objectifs fixés : conservation et utilisation rationnelle des zones humides, nous nous 
sommes proposés de classer les différents sites suivant la nature de leur alimentation en eau : nappes dunaire, oueds lacs 
En fonction de l’espace étudié, nous distinguerons les hydro système suivants : 

x L’hydro système fluvial, ou les  différents cours d’eau (oueds) entretiennent des zones humides de quatre 
manières différentes : 

� Zone humide constituée par le cours d’eau lui-même. 
� Zone humide des rives du cours d’eau. 
� Zone humide due aux inondations provoquées par les crues des oueds. 

Ces zones humides sont caractérisées par leur temporalité. Ils sont aussi fonction des conditions orographiques (faibles 
pentes, obstacle,…). 

x Hydro système lacustre est lui aussi associé à plusieurs types de zones humides : 
� Le plan d’eau lui-même 
� Les rives du plan d’eau 
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� Les oueds alimentant le plan d’eau 
� Et éventuellement les zones inondées lors de la  montée des eaux lors des fortes précipitations   
x Hydro système dunaire, caractérisé par la présence d’une nappe aquifère de faible profondeur ou affleurant par 

endroit. Ces formations sont soit localisées dans les dépressions inter dunaires ou la nappe d’eau est affleurante, Soit 
situées à la limite du  cordon dunaire, alimentées directement par l’écoulement de la nappe des dunes. 

Ces zones sont tributaires de la nappe des dunes. Elles sont directement en relation avec le volume de pompage 
des puits exploitant cet aquifère. Une exploitation irrationnelle de ce dernier les fragilise  

La zone d’étude ou le réseau hydrographique est en cours de formation (Marre, 1987) est caractérisé par sa 
complexité et les relations qu’il y a entre les différents systèmes.  
 

                          Tab2 : Répartition des sites inventoriés par hydro système 
 

 Site 

Dunaire 

-aulnaie de righia 
-aulnaie d’Oum El-Agareb  
-aulnaie de berrihane  
-aulnaie de sebaa 

Fluvial 
-aulnaie d’ain el khiar  
-aulnaie de bou mouhassen 
-aulnaie de bourdime 

Lacustre 

Tonga 
-aulnaie du nord de lac tonga  
-aulnaie d’oued El Hout 

Oubeira 
-aulnaie de dement errihane  
-aulnaie de boumerchen 
-aulnaie de degrah 

Melah 
-aulnaie de soug-reguibet et oued reguibet 
-aulnaie d’oued el mellah 
- aulnaie d’oued bou aroug  
-aulnaie de bou malek 

 
 
Conclusion 

 
Malgré les conditions favorables à la mise en place et le maintien d’une importante biodiversité ces conditions peuvent 
facilement disparaitre par l’action de facteurs contraires. Dans tous les cas, l’homme serait à l’origine de la dégradation 
progressive de ces forets humides Par une exploitation irraisonnée de l’eau, un défrichement pour l’utilisation des terres 
au profit des cultures un surpâturage anarchique ; l’action anthropique peut amener à une disparition progressive de ces 
écosystèmes le risque est d’autant plus grand que l’action est irréversible. 
Dans ce contexte menaçant pour la biodiversité il est impératif de prendre des mesures urgentes de conservation tout en 
prévoyant des solutions pour une exploitation de ses sites qui soit compatible avec les exigences de la conservation de la 
biodiversité. 
Définir, enfin des enjeux précis et appliquer un programme de gestion rigoureux pour les zones humides 
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Abstract: In 2012 we started a program of chemical analysis on organic extracts of 14 samples of 
fills, adobes, floors and renders, dated AD 200–400, obtained during the excavations of 
monumental earthen buildings at the archaeological site of La Joya, Veracruz, Mexico, located on 
the humid tropical coastal plain of the Gulf of Mexico. The interest in identifying organic 
additives derives from the observation that the conservation conditions of buildings is better than 
expected, considering the mineral composition of construction materials in which smectite 
(montmorillonite), an expansive clay, dominates. This brought us to suspect the presence of 
certain compounds which served as consolidant and/or water-repellent. The organic compounds 
from the building samples are extracted in hexane and methanol, and analyzed by Thin Layer 
Chromatography [TLC], Fourier Transform Infrared Spectroscopy [FTIR], Nuclear Magnetic 
Resonance Spectroscopy [NMR] (1H and 13C) and Mass Spectrometry [MS] (Fast Atom 
Bombardment [FAB+]). The results of these analyses confirm the presence of the same organic 
compounds in all samples, especially more abundant in adobe samples. The compounds identified 
up to now are hydrocarbons, a triglyceride and a sugar. At the same time, the mucilage of plants 
used in the vernacular construction in humid tropical environments in Central America is analyzed 
using a similar process in order to compare it with the organic substances of the original materials. 
The importance of identifying additives in pre-Columbian earthen buildings resides not only in 
understanding what made a tradition of earth construction possible in humid tropical 
environments, which contributes to the history of technology, but also in the possible use of such 
an additive in the conservation of archaeological remains, as well as in modern construction. 
 
Key words: organic additives, archaeology, Veracruz, México, Classic Period, adobe, Nuclear 
Magnetic Resonance Spectroscopy, Fourier Transform Infrared Spectroscopy 

 
 
Introduction 
 
 The archaeological site of La Joya is located on the coastal plain of the Gulf of Mexico, close to the modern city 
and major merchant port of Veracruz. Though the site is occupied since the Olmec period, the monumental earthen 
architecture dates between 200 BC and AD 1000, spanning what is locally called the Late Preclassic and Classic period. 
Excavations in the severely damaged site since 2004 have revealed evidence of a sophisticated building tradition that 
used only raw earth, all the more surprising because of the adverse tropical conditions of heavy rainfall in the summer 
(>1500 mm/year) and strong winds and hurricanes in the winter. Since 2009 a coordinated effort uniting archaeologists, 
architects, engineers, chemists, and biologists, is under way to understand the building technique. Initially we analyzed 
20 structural samples of structure fills, adobes, floors and facings for composition (sediment analysis, petrography, 
X-ray Fluorescence, X-ray Diffraction, FTIR, botanical analysis of chopped grass component), and mechanical 
properties (density, porosity and resistance to compression), the results of which are reported elsewhere (Daneels & 
Guerrero-Baca, 2011 and Liberotti & Daneels, 2012). 
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Figure 1: Layout of the La Joya site in the State of Veracruz (in white), and its location on the Gulf Coast of Mexico 

 
 
 The results showed materials to be of a medium to poor quality. This is especially due to the fact that the mineral 
composition analysis by X-ray diffraction revealed that smectite dominates in the composition of earthen construction 
materials. This is highly expansive clay, very difficult to manage with the strong seasonal variation in humidity 
conditions. This lead us to believe that the mineral mix was combined with a modifier that helped the earthen structure 
to resist the expansion-contraction cycles of smectite due to changes in environmental conditions such as precipitation, 
floods and hurricanes. 
 Organic additives such as fibers and polymers are often added to inorganic materials such as lime, earth, and 
sand to make mortar and adobe blocks. Today we can observe a large variety of natural organic additives used 
especially in vernacular architecture. These additives tend to be considered as “traditional materials” as well as 
“appropriate restoration materials” for archaeological and historical buildings, even though we do not know how long 
those materials have been used as additive. Interpretation of organic substances relies on the information based on local 
practice. Since the mucilage of a cactus called “nopal” (Opuntia ficus-indica) is used for vernacular construction in 
central Mexico (where semiarid conditions prevail)and is widely applied for restoration in Mexico, organic substances 
found in archaeological remains usually are supposed to be nopal mucilage. Although there are native and cultivated 
nopals in the region of La Joya, they are not as abundant as in the central highland of Mexico, due to the humid tropical 
climate. Also, the FTIR analysis of the initial sample series revealed the presence of an agglutinant that did not bear 
close resemblance to nopal mucilage (Daneels & Guerrero 2011). Therefore it was necessary to broaden the scope of 
the investigation. A promising lead comes from Central America,where traditional builders in humid tropical regions 
will use extracts of leaves and stems of the mallow shrub(Sida rhombifolia) or bark of the guacima tree (Guazuma 
ulmifolia) as additive for adobe, and apply it in archaeological restoration as additive for earth paste or as consolidant of 
earthen architecture surface (Ohi & Girón, 2000). 
 The formal research to identify the organic compounds in the pre-Columbian building materials started in 2011, 
testing a facing sample by Nuclear Magnetic Resonance Spectroscopy at The Institute of Chemistry of the National 
Autonomous University of Mexico. The 1H NMR spectra of the methanolic extract from 105g of the sample in 
deuterated methanol (CD3OD) recorded at 400 MHz showed signals of hydrocarbons, as well as signals between į�3 
and 3.8 which indicate the possible existence of a sugar, a signal indicative of a double bond at į�����. This first result 
justified the design of a complete research protocol to identify the pre-Columbian substance that apparently made 
earthen architecture possible in humid tropical environments. In this paper, we present the preliminary results of this 
research. 
 
 
Sample and Method 
 
 Encouraged by the 2011 results, we started a set of analysis based on a new series of 14 pre-Columbian 
construction samples from the La Joya site, consisting of 8 floor layers, 2 facings, 2 adobe and 2 fills, dated to AD 200 
– 400, from two buildings: The North Platform, a palace, and the altar annexed to the main Pyramid (Table 1). These 
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analyses, applied on extracts, are geared towards defining the possible modifiers added to the mineral mix, and were 
carried out by author Dr. Yuko Kita under the supervision of Dr. Alfonso Romo de Vivar at the Institute of Chemistry 
in the National Autonomous University of México. 
 
Table 1: Sample list. Location: La Joya, Municipality of Medellín, Veracruz, Mexico ���Û��¶��¶µ1��Û��¶��¶¶:��870�
zone 14 799799E 2110514N). 
 

No. Structure Description Date 
1 North Platform Base layer and lower floor layer AD 200-400 
2 North Platform 3 layers of the surface floor AD 200-400 
3 North Platform 2 superposed floors (a sandy layer and a loamy layer) AD 200-400 
4 North Platform Adobe found loose in fill AD 200-400 
5 North Platform Superior line of adobe at east perimeter wall AD 200-400 
6 North Platform 4 facings AD 200-400 
7 Pyramid SE Sandy fill under the level of plaza AD 200 
8 Pyramid SE Mixed fill under the floor AD 200 
9 Pyramid SE 2 layers of floor AD 200-400 
10 Pyramid SE 2 layers of floor AD 200-400 
11 Pyramid SE 2 layers of floor AD 200-400 
12 Pyramid SE 2 layers of floor AD 200-400 
13 Pyramid SE 3 layers of floor AD 200-400 
14 Pyramid SE Clayey facing (exfoliated) AD 200-400 

 
 
 The analyses were carried out according to the following procedure: a 300g portion of each ground earthen 
sample was weighed out, soaked in methanol (MeOH), stirred with a glass rod and left to settle for 24 hours to dissolve 
organic components. Then, the sample in methanol was heated up at ± 60°C for 30 minutes, stirred and filtered. This 
process was repeated thrice. The residue was concentrated by rotary evaporator. Each extract was then analyzed by 
Fourier Transform Infrared Spectroscopy [FTIR] and/or 1H NMR. 
 Because the residues obtained from each sample are so scant, it was not possible to run 13C NMR spectra, much 
less with hetero nuclear experiments. But, as all extracts were very similar, they were put together, obtaining a 101.2 
mg combined residue sample, which was mixed with celite and then concentrated. To be able to have a better idea of 
the structures of the diverse components, the extract was separated into each component by column chromatography 
with hexane, ethyl-acetate and methanol. These extracted substances were analyzed by FTIR, 1H NMR, with 
2-dimensional homonuclear experiment: Correlation Spectroscopy [COSY], 13C NMR, with 2-dimensional 
heteronuclear experiment: Heteronuclear Multiple-Quantum Correlation Spectroscopy [HMQC], and 3-dimensional 
heteronuclear experiment: Heteronuclear Multiple-Bond Correlation Spectroscopy [HMBC]. Some samples were 
analyzed also by Mass Spectrometry [MS] (Fast Atom Bombardment [FAB+]). 
 
 
 
Results 
 
 The quantity of residue obtained through the extraction process varied from 0.7mg to 25.1mg; especially the 
adobe blocks, samples no. 4 and 5, contain large amount of organic component. The FTIR spectra reveal the presence of 
variable quantity of esters in a range between 1718 and 1740cm-1. The 1H NMR spectra recorded with deuterated 
chloroform (CDCl3)provide a pattern similar to a fatty acid ester, and with deuterated methanol (CD3OD)the spectra 
reveal the presence of a sugar whose characteristics correspond to methyl pentoses, such as rhamnose or fucose. Besides 
this we detected signalV�RI�DURPDWLF�FRPSRXQGV�DW�į������DQG 7.5 with coupling, and signals at į 5.2 and 5.3 which seem 
to correspond respectively to a triglyceride and to a double bond. 
 The organic components show a complex but very similar composition. Because the quantities are very small to 
run 13C NMR spectra, we decided to combine all extracts in order to be able to separate components by column 
chromatography. The spectra of 1HNMR, 13CNMR, and their correlations such as COSY, HMQC and HMBC of the 
separated components by chromatography do not only support the interpretation of the spectra obtained for the 
individual samples, confirming the presence of hydrocarbons, a triglyceride and a sugar, but also indicate two methyl 
esters, one of them probably butyl phthalate whose signals appear at į�3.6 and 3.8 (Figure 2 - 6). The hydrocarbons and 
the aromatic ester do not look like impurities, since they are abundant in all samples and the impurities of solvents are 
few. 
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Figure 5 (left): The COSY spectrum which indicates the presence of a sugar. 
Figure 6 (right): The HSQC spectrum which indicates the presence of a sugar and a small quantity of a triglyceride. 
 
 
Discussion 
 
 Considering local practices in vernacular architecture in Mexico and other countries of Latin America, such as El 
Salvador and Peru, we expected the presence of some polysaccharide from plants, which brought us to think that the 
hydrocarbons could be impurities. However, hydrocarbons were observed in all samples extracting and rinsing with 
high quality of solvents, therefore they should come from the original samples. We must report that the local inhabitants 
of the La Joya site are currently exploiting the archaeological mounds to extract earth to make brick, and between the 
1980’s and 90’s used a byproduct of petroleum processing as a fuel for the brick kilns. Therefore, some modern 
contamination could be possible, especially for the samples 7-14of the altar annexed to the main Pyramid, as they come 

Figure 2 (left): The COSY spectrum which 
indicates the presence of hydrocarbons, a 
triglyceride and two methyl esters, one of them 
probably butyl phthalate. 

Figure 3 (left below): The HSQC spectrum 
which indicates the presence of hydrocarbons, a 
triglyceride and two methyl esters, one of them 
probably butyl phthalate. 

Figure 4 (right below): The HMBC spectrum 
which indicates the presence of hydrocarbons, a 
triglyceride and two methyl esters, one of them 
probably butyl phthalate. 
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from relatively shallow archaeological strata in an area close to where brick-kilns were in use in the 1990’s. But, as the 
hydrocarbon signature shows up in all the samples, we are quite confident there is no modern contamination. 
 We do not have references on the pre-Columbian use of bitumen as a stabilizer of adobe blocks, but there is 
information on the use of bitumen to waterproof earthen structures and bind adobe blocks in ancient Mesopotamia 
(Barton, 1926; Taylor 1855),the Near East (Hollander, 2000), the Indus Valley and Egypt (Forbes, 1936). Besides, the 
use of water-in-bitumen emulsion is recommended as a good additive for adobe blocks for modern day construction in 
North America (O’Connor, 1973). The raw material was available and known by the ancient Gulf coast cultures since 
the Preclassic period (as early as 1600 B.C.), as there are natural seeps of bitumen along the coastal plains of Veracruz, 
and bitumen was traditionally used on ceramic and wooden objects, as well as building floors, as decoration and 
waterproofing (Belt, 1971;Daneels, 2006;Wendt&Cyphers, 2008).At the site of La Joya itself, there are instances of 
bitumen used as decorative paint on ceramic figurines and vessels dating to the same period as the architectural samples 
studied. 
 Regarding the sugar components found in the samples, these could stem from possible original organic additives. 
To identify them, we are using as an initial comparative base the organic compounds obtained from water extracts of 
leaves and stems of the mallow shrub (Sida rhombifolia) and bark of the guacima tree (Guazuma ulmifolia) which as we 
indicated above are used as additives for adobe blocks in humid tropical regions of Central America. We’re currently 
applying the same analytical procedure to these extracts, and are also producing experimental adobe samples using local 
earth mixed with those organic extract to study their utility and polymerizing effects. Thus we will obtain results 
comparable to those obtained from the pre-Columbian samples. 
Conclusions 
 

It’s been possible to identify hydrocarbons, a triglyceride, methyl pentoses and an aromatic ester in the organic 
extracts of the construction material of the pre-Columbian earthen architecture of La Joya, a Classic period site located 
in a humid tropical environment on the coastal plain of the Gulf of Mexico. At this moment we cannot identify the 
specific source of the original organic additives, but hydrocarbons might come from locally available bitumen, as its use 
is attested in even the earliest Gulf Coast cultures, albeit for different purposes. The other components may be from 
shrubs and trees abundantly available in the region. In both cases, we still have to develop a comparative corpus of local 
resources in order to identify the specific sources, a study that is currently under way. 

The major contribution of our research up to now is to have proven that there is a consistent organic compound 
mix present in the building material of the monumental earthen architecture, as part of a systematic pre-Columbian 
building technique. This sustains our initial hypothesis that earthen construction based on an expansive clay building 
material would not have been viable in the adverse tropical environment without the use of an effective additive. The 
discovery of a hydrocarbon as a binder, though common knowledge in the Old World and still recommended today for 
adobe constructions, had up to now not been reported for Ancient Mexico. This opens up a completely new set of 
perspectives for the research on Pre-Columbian architecture. 
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CHEMICAL PROFILE  AND ANTIFUNGAL ACTIVITY OF ESSENTIAL 
OILS EXTRACTED FROM LEAVES OF CITRUS AURANTIUM AND 

CITRUS SINENSIS (L) OSBECK OF ALGERIA . 
� �
+DPGDQL� IDWLPD� ]RKUD
D� �� $OOHP�5DFKLGDE� ��0H]LDQH�0DOLNDD� �� +RXDUL� $EGHONDGHU� D� �� 6HWWL� %HQDOLD� �� $OL� $URXV�
6DPLUF�DQG�%RXUDL�PHULHPG�
�
�
�

Abstract.�7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�WKH�FKDUDFWHULVWLFV�RI�HVVHQWLDO�RLOV�REWDLQHG�
IURP�OHDYHV�RI�&LWUXV�VLQHQVLV��/��2VEHFN�DQG�&LWUXV�DXUDQWLXP�/��7KH�FKHPLFDO�FRPSRVLWLRQ�
DQG� DQWLIXQJDO� DFWLYLW\� DJDLQVW� ILYH� SK\WRSDWKRJHQLF� IXQJL�� $OWHUQDULD� VRODQL�� )XVDULXP�
R[\VSRUXP� I��VS��DOEHGLQLV�� SHQLFLOOLXP� VS�� $OWHUQDULD� VS� DQG� )XVDULXP� VS� KDYH� EHHQ�
VWXGLHG��(VVHQWLDO� RLOV� KDYH� EHHQ� FKHPLFDOO\� DQDO\]HG� DQG� LGHQWLILHG� E\� *&�06� ZKLOH� WKH�
DJDU� GLOXWLRQ� PHWKRG� ZDV� XVHG� WR� GHWHUPLQH� WKHLU� DQWLIXQJDO� DFWLYLWLHV�� � 7KH� HIIHFW� RI�
PLQLPXP� FRQFHQWUDWLRQ� ZDV� DOVR� � GHWHUPLQHG� �� 7KH� PDLQ� FRQVWLWXHQWV� RI� HVVHQWLDO� RLO� RI�
&LWUXV�VLQHQVLV��/��2VEHFN���ZHUH�ȕ�SLQHQH���������DQG�'��OLPRQHQH�����������,Q�WKH�HVVHQWLDO�
RLO�RI�&LWUXV�DXUDQWLXP�/�WKH�SULQFLSDO�FRPSRQHQWV�ZHUH�OLQDORRO�����������DQG�'�OLPRQHQH���
����������7KH�HVVHQWLDO�RLO�RI��&LWUXV�DXUDQWLXP�/�ZDV�PXFK�PRUH�HIIHFWLYH�WKDQ�WKH�HVVHQWLDO�
RLO� RI� &LWUXV� VLQHQVLV� �/�� 2VEHFN�DQG� KDG� D� PXFK� JUHDWHU� HIIHFW� RQ� � $OWHUQDULD� VRODQL��
)XVDULXP�R[\VSRUXP�I��VS��DOEHGLQLV��$OWHUQDULD�VS�DQG�)XVDULXP�VS���7KHVH�UHVXOWV�LQGLFDWH�
WKDW�HVVHQWLDO�RLOV�FDQ�EH�XVHG�DV�QDWXUDO�IXQJLFLGHV�DJDLQVW�SDWKRJHQLF��IXQJL��
 
Keywords�� � $ O J H U L D � � � &LWUXV� VLQHQVLV� �/�� 2VEHFN�� &LWUXV� DXUDQWLXP�� HVVHQWLDO� RLO����
&*�60� �� DQWLIXQJDO�DFWLYLW\��
�

Introduction�
�
���������6SRLODJH�DQG�IRRG�SRLVRQLQJ�E\�SDWKRJHQLF�IXQJL�DUH�D�PDMRU�HFRQRPLF�SUREOHPV�RI�FURS�DQG�IRRG�SURGXFWLRQ��
$SDUW� IURP� WKHLU� SRWHQWLDO� WR� FDXVH� \LHOG� ORVVHV� DQG� IRRG� GHFD\�� PDQ\� RI� WKHP� UHSUHVHQW� YHU\� VHULRXV� ULVN� WR�
FRQVXPHUV�EHFDXVH�RI�WKHLU�SURGXFWLRQ�RI�GDQJHURXV�VHFRQGDU\�PHWDEROLWHV��7KH�FRQWURO�PHWKRGV�XVHG�ZHUH�EDVHG�
SULPDULO\� RQ� WKH� DSSOLFDWLRQ� RI� FKHPLFDO� IXQJLFLGHV�� ,Q� UHFHQW� \HDUV�� WKH� FRQWURYHUV\� RYHU� WKH� XVH� RI� FKHPLFDOV�
KDUPIXO� WR� KXPDQ� KHDOWK� DQG� WKH� HQYLURQPHQW�KDYH� LQFUHDVHG� WKH�GHEDWH�� WKH\� DWWULEXWH� WKHLU� FDQFHU� ULVN� DQG� WKH�
UHVLGXDO�WR[LFLW\��$RXGRX�� /HRSROG�� -D]HW�'RQJPR��;DYLHU��	 �0RVHV�� �������
7KH� JURZLQJ� DZDUHQHVV� RI� FRQVXPHUV� DERXW� WKH� UHODWLRQVKLS� EHWZHHQ� GLHW� DQG� KHDOWK� LV� UHYROXWLRQL]LQJ� WKH� IRRG�
LQGXVWU\� DQG� WR� MXVWLI\� WKH� VHDUFK� IRU� QHZ� VWUDWHJLHV� DQG� WR� H[SORUH� RWKHU� VDIHU� DOWHUQDWLYHV� DQG� ELRGHJUDGDEOH�
�&RPEULQFN�� 5HJQLHU�� 	� .DPDWRX�� ������� 1HZ� UHVHDUFK� KDV� UDLVHG� WKH� SRVVLELOLW\� RI� XVLQJ� QHZ� FRPSRXQGV�
H[WUDFWHG� IURP� SODQWV� WKDW� FDQ� DFW� DV� QDWXUDO� IXQJLFLGHV� �5HJQDXOW�5RJHU�� ������� 5HFHQW� \HDUV� DQG� IRU� WKH�
HOLPLQDWLRQ� RI� SDWKRJHQLF� PLFURRUJDQLVPV�� WKH� UHVHDUFKHUV� ZHUH� LQWHUHVWHG� LQ� ELRORJLFDOO\� DFWLYH� FRPSRXQGV�
LVRODWHG�IURP�SODQWV�RU�HVVHQWLDO�RLOV����(2V��LQ�WKH�REMHFWLYH�RI�SURYLGLQJ�VROXWLRQV�WR�PDQ\�RI�WKH�FKDOOHQJHV�IDFLQJ�
WKH�DJULFXOWXUDO�SURGXFHUV�DQG�GLVWULEXWRUV��&RPEULQFN�HW�DO����������
6WXGLHV�KDYH�VKRZQ�WKDW�(2V�DQG� WKHLU�FRQVWLWXHQWV�KDYH�VLJQLILFDQW�SRWHQWLDO�DV�DQWLPLFURELDO�DJHQWV��(2V�DUH�RI�
JUHDW� LQWHUHVW�EHFDXVH�RI� WKHLU�ZLGH�DFFHSWDQFH�E\�FRQVXPHUV�� DQG� WKHLU�H[SORLWDWLRQ�RI� SRWHQWLDO�PXOWL�IXQFWLRQDO�
XVHV� �6DZDPXUD� ������9HU\� IHZ� SXEOLFDWLRQV� KDYH� GRFXPHQWHG� WKH� DQWLIXQJDO� DFWLYLW\� RI� (2V� H[WUDFWHG� IURP�
&LWUXV� VLQHQVLV� �/��2VEHFN�DQG�&LWUXV�DXUDQWLXP� �0LVKUD�	�'XEH\��������6KHUPD�	�7ULSDWKL������E��(VSLQD��
6RPROLQRV��/RUDQ��&RQFKHOOR��*DUFLD�3DJDQ� ��������EXW�QR�VWXG\�KDV�EHHQ� UHSRUWHG�RQ� WKH�DQDO\VHV�RI�(2V�DQG�
DQWLIXQJDO�DFWLYLW\�RI�&LWUXV�VLQHQVLV��/��2VEHFN�DQG�&LWUXV�DXUDQWLXP�RFFXUULQJ�LQ�$OJHULD���7KHUHIRUH��WKH�DLPV�RI�
WKH�SUHVHQW�VWXG\�ZHUH��D��WR�H[DPLQH�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�(2V�RI�&LWUXV� VLQHQVLV� �/��2VEHFN�DQG�&LWUXV�
DXUDQWLXP� E\� *&�06� DQG� �E�� WR� GHWHUPLQH� WKH� HIILFDF\� RI� (2V� DJDLQVW� )XVDULXP� R[\VSRUXP� I�VS�� DOEHGLQLV� ��
$OWHUQDULD�VRODQL��$OWHUQDULD�VS�DQG��)XVDULXP�VS��
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2.Materials and Methods 
2.1 Samples  
 
�)UHVK�OHDYHV�RI�&LWUXV�VLQHQVLV��/��2VEHFN�DQG�&LWUXV�DXUDQWLXP�/�XVHG�IRU�WKH�H[WUDFWLRQ�RI�(2V�ZDV�FROOHFWHG�LQ�
WKH�RUFKDUGV�RI�&KOHI��$OJHULD�LQ��0DUFK���1RYHPEHU�������
�6WDQGDUG�FXOWXUHV�
7KH�(2V�ZHUH� LQGLYLGXDOO\� WHVWHG� DJDLQVW�)XVDULXP�R[\VSRUXP� I�VS�� DOEHGLQLV� DQG�3HQLFLOOLXP� VS�� 7KHVH� VSHFLHV�
ZHUH�SURYLGHG�E\�WKH�ODERUDWRU\�RI�3ODQW�3DWKRORJ\��,QVWLWXWH�RI�$JURQRP\��8QLYHUVLW\�RI�&KOHI��$OWHUQDULD�VRODQL�
ZDV� LVRODWHG� IURP� LQIHFWHG� SODQWV�� SRWDWRHV�� DQG� LGHQWLILFDWLRQ� ZDV� PDGH� RQ� WKH� EDVLV� RI� PRUSKRORJLFDO� DQG�
PLFURVFRSLF� FKDUDFWHUV� �5LHXI�� ������� 7KH� RWKHU� WZR� VWUDLQV�� $OWHUQDULD� VS�� )XVDULXP� VS�� IURP� WKH� 0\FRORJ\�
/DERUDWRU\�RI�,139�&KOHI��$OO�VWUDLQV�ZHUH�SXULILHG�DQG�PDLQWDLQHG�RQ�SRWDWR�GH[WURVH�DJDU�PHGLXP��3'$��DW����&�
����&��
2.2 Methods  
2.2.1 Extraction of the essential oil 
�
$ERXW�����J�RI�IUHVK�OHDYHV�RI�&LWUXV�VLQHQVLV��/��2VEHFN�DQG�&LWUXV�DXUDQWLXP��ZHUH�VXEMHFWHG�WR�K\GURGLVWLOODWLRQ�
IRU���K�XVLQJ�D�&OHYHQJHU�W\SH�DSSDUDWXV��7KH�(2�ZDV�GULHG�RYHU�DQK\GURXV�1D�62��DQG�VWRUHG�LQ�D�VHDOHG�YLDO�DW���
��&�XQWLO�DQDO\VLV���
�
2.2.2 GC/MS analysis of essential oil�
�������� 
7KH�DQDO\VLV�RI�WKH�(2�ZDV�FDUULHG�RXW�E\�+3�*&������$�ZLWK�IODPH�LRQL]DWLRQ�GHWHFWRU��),'���XVLQJ�D�FDSLOODU\�
FROXPQ� FRDWHG� ZLWK� ��� SKHQ\O� PHWK\O� VLOR[DQH� ���� P[� ����� PP� [� ����� XP� WKH� ILOP� WKLFNQHVV��� WKH� RYHQ�
WHPSHUDWXUH�ZDV�SURJUDPPHG�IURP������&�IRU���PLQ�� WKHQ�SURJUDPPHG�DW�����&���PLQ� WR�������&��7KH� LQMHFWLRQ�
WHPSHUDWXUH�ZDV�������&��GHWHFWRU�WHPSHUDWXUH�������&��WKH�LQMHFWLRQ�PRGH��VSOLW��LQMHFWHG�YROXPH����PLFUROLWHU�RI�
RLO��7KH�FDUULHU�JDV�ZDV�KHOLXP����PO���PLQ��
�
*&�06�ZDV� FRQGXFWHG� XVLQJ� DQ�$JLOHQW� �����*&�06�FRXSOHG� WR� DQ�$JLOHQW� �����JDV� FKURPDWRJUDSK� HTXLSSHG�
ZLWK� DQ� +3��06� FDSLOODU\� FROXPQ� ���� P� [� ����� PP�� ����� �P� ILOP� WKLFNQHVV��� WKH� RYHQ� WHPSHUDWXUH� ZDV�
SURJUDPPHG� DV� IROORZV�� ��� �� &� IRU� �� PLQ�� WKHQ� JUDGXDOO\� LQFUHDVHG� WR� ����&� DW� WKH� ��&� �� PLQ�� )RU� *&�06�
GHWHFWLRQ��DQ�HOHFWURQ�LRQL]DWLRQ�V\VWHP�ZLWK�LRQL]DWLRQ�HQHUJ\�RI����(9�ZDV�XVHG��+HOLXP�ZDV�XVHG�DV�WKH�FDUULHU�
JDV� DW� D� FRQVWDQW� IORZ� UDWH� RI� �� PO�� PLQ�� 7KH� LGHQWL¿FDWLRQ� RI� WKH� FRPSRQHQWV� ZDV� SHUIRUPHG� RQ� WKH� EDVLV� RI�
FKURPDWRJUDSKLF�UHWHQWLRQ�LQGLFHV�DQG�E\�FRPSDULVRQ�RI�WKH�UHFRUGHG�VSHFWUD�ZLWK�FRPSXWHG�GDWD�OLEUDULHV��1,67�
�������5HWHQWLRQ� LQGLFHV�ZHUH�FDOFXODWHG� IRU�DOO�YRODWLOH�FRQVWLWXHQWV� XVLQJ�D�KRPRORJRXV� VHULHV�RI�Q�DONDQHV�&��
&����K\GURFDUERQV�ZLWK�DV�VWDQGDUG��XQGHU�WKH�VDPH�FKURPDWRJUDSKLF�FRQGLWLRQV�DV�WKRVH�XVHG�IRU�WKH�DQDO\VLV�RI�
(2V��
�
2.2.3 Total phenol content 
�
7KH� WRWDO� SKHQRO� FRQWHQW� � ZDV� GHWHUPLQHG� XVLQJ� WKH� )ROLQH&LRFDOWHX¶V� UHDJHQW� �6LQJOHWRQ�� 2UWRIHU�� 	� /DPXHOD�
5DYHQWRV�� �������
�
2.2.4 Antifungal activity 
 
7KH�IXQJLWR[LFLW\�RI�WKH�(2V�ZDV�WHVWHG�DJDLQVW�$OWHUQDULD�VRODQL��)XVDULXP�R[\VSRUXP�I�VS��DOEHGLQLV��SHQLFLOOLXP�
VS��$OWHUQDULD�VS�DQG�)XVDULXP�VS�E\�WKH�SRLVRQHG�IRRG�WHFKQLTXH��3HUUXFFL��0DQFLDQWL��&RLQW��)ODPLQL��0DUHOOL�	�
0DFFQLRQL��������XVLQJ�SRWDWR�GH[WURVH�DJDU�DV�PHGLXP��5HTXLUHG�TXDQWLWLHV�RI�RLO�VHSDUDWHO\�GLVVROYHG�LQ�����PO�RI�
����Y���Y��7ZHHQ����ZHUH�DGGHG�DVHSWLFDOO\�WR�GLIIHUHQW�3HWUL�GLVKHV�VWHULOL]HG����[�����FP��FRQWDLQLQJ�����PO�3'$�
PHGLD�VR�DV� WR�SURYLGH�WKH�UHTXLUHG�FRQFHQWUDWLRQ�RI�������WR���PJ���PO��)RU�FRQWURO�VHWV� WKH�UHTXLVLWH�DPRXQW�RI�
VWHULOL]HG�GLVWLOOHG�ZDWHU�LQ�SODFH�RI�(2�ZDV�DGGHG�WR�WKH�PHGLXP���
$�IXQJDO�GLVF����PP�GLDPHWHU��RI�WKH�SDWKRJHQLF�IXQJL��FXW�IURP�WKH�SHULSKHU\�RI�VHYHQ�GD\V�ROG�FXOWXUH�ZLWK�WKH�
KHOS�RI�D�FRUN�ERUHU��ZDV�LQRFXODWHG�DVHSWLFDOO\�WR�WKH�FHQWHU�RI�WKH�SRXUHG�3HWUL�SODWHV�RI�WUHDWPHQW�DQG�FRQWURO�VHWV��
7KH�SODWHV�ZHUH�LQFXEDWHG�DW���������&�IRU�VHYHQ�GD\V��'LDPHWHU�RI� IXQJDO�FRORQLHV�RI�WUHDWPHQW�DQG�FRQWURO�VHWV�
ZDV�PHDVXUHG��7KH�SHUFHQWDJH�P\FHOLDO� LQKLELWLRQ�ZDV� FDOFXODWHG�E\� WKH�PHDQ�YDOXH�RI� FRORQ\�GLDPHWHUV� E\� WKH�
IROORZLQJ�IRUPXOD��3DQGH\��&KDQGUD��	�7ULSDWKL���������
3HUFHQWDJH�,QKLELWLRQ���3,���� �^��B�UDGLDO�JURZWK�RI�WUHDWPHQW��PP���UDGLDO�JURZWK�RI�FRQWURO��PP��`�[�����
�
7KH�PLQLPXP�LQKLELWRU\�FRQFHQWUDWLRQ��0,&��RI��WKH�(2V�DJDLQVW�IXQJDO�SDWKRJHQV�ZDV�GHWHUPLQHG�DW�ZKLFK�WKH�RLO�
VKRZHG� DEVROXWH� IXQJLWR[LFLW\�� H[SHULPHQWV� ZHUH� FDUULHG� RXW� E\� WKH� XVXDO� SRLVRQHG� IRRG� WHFKQLTXH� �3DQGH\� 	�
'XEH\���������'LIIHUHQW�FRQFHQWUDWLRQV�RI� WKH�RLO������� WR��� �PJ�PO���ZHUH�SUHSDUHG�E\�GLVVROYLQJ� VHSDUDWHO\� LWV�
UHTXLVLWH�DPRXQW�LQ�����PO�����Y�Y��WZHHQ����DQG�WKHQ�DGPL[LQJ�ZLWK�����PO�RI�3'$��7KH�FRQWURO�VHWV�ZHUH�NHSW�
SDUDOOHO�WR�WKH�WUHDWPHQW�VHWV�ZLWKRXW�(2V��7KH�LQRFXODWHG�3HWUL�SODWHV�ZHUH�LQFXEDWHG�IRU�VHYHQ�GD\V�DW������&��
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�7KH� ORZHVW� FRQFHQWUDWLRQ� ZLWKRXW� REVHUYDEOH� JURZWK� ZHUH� GHILQHG� DV� 0,&�� 7KH� ORZHVW� FRQFHQWUDWLRQ� ZLWKRXW�
YLVLEOH�JURZWK�ZDV�GHILQHG�DV� WKH�0)&�� LQGLFDWLQJ�D�PRUWDOLW\�RI�������RI� WKH�RULJLQDO� LQRFXOXP��7KH�QDWXUH�RI�
WR[LFLW\��IXQJLVWDWLF���IXQJLFLGDO��RI�WKH�(2�ZDV�GHWHUPLQHG�DFFRUGLQJ�WR�7KRPSVRQ���������,QKLELWHG�IXQJDO�GLVFV�
WUHDWHG�ZLWK�(2�ZDV�UHLQRFXODWHG�RQWR�IUHVK�PHGLXP�DIWHU�ZDVKLQJ�ZLWK�GLVWLOOHG�ZDWHU�DQG�WKH�UHYLYDO�RI�JURZWK�
ZDV�REVHUYHG��
�
7KH� VSRUH� FRORQLHV� SUHYLRXVO\� H[SRVHG� WR� WKH� (2� � RI� $OWHUQDULD� VRODQL�� )XVDULXP� R[\VSRUXP� I�VS�� DOEHGLQLV��
3HQLFLOOLXP�VS��$OWHUQDULD�VS�DQG�)XVDULXP�VS�ZHUH�FROOHFWHG�E\�DGGLQJ���PO�RI�VWHULOH�ZDWHU�FRQWDLQLQJ�����PO�����
PO�7ZHHQ����LQ�HDFK�3HWUL�GLVK�DQG�UXE�WKH�VXUIDFH�RI�WKH�FRORQ\�WKUHH�WLPHV�ZLWK�VSUHDGHU�VWHULOH�/�VKDSHG��7KH�
VSRUH�VXVSHQVLRQ�ZDV�FROOHFWHG�DQG�WKHQ�FHQWULIXJHG��$�KDHPRF\WRPHWHU�VOLGH�ZDV�XVHG�WR�FRXQW�WKH�FRQFHQWUDWLRQ�
RI�VSRUHV��7KH�SHUFHQWDJH�LQKLELWLRQ�RI�VSRUH�SURGXFWLRQ���3,V����ZDV�FDOFXODWHG�UHODWLYH�WR�FRQWUROV��
�7KH�KRPRJHQHRXV�VXVSHQVLRQ�FRQWDLQLQJ�VSRUHV�RI�VWUDLQ�����VSRUHV���PO�LQ�HDFK�WXEH��)URP�WKLV�����ȝO�DOLTXRWV�RI�
WKH� VSRUH� VXVSHQVLRQ�ZHUH� LQFXEDWHG� LQ�PHGLXP�$JDU� IUHVK� VWHULOH� GHSUHVVLRQ� VOLGHV�� 6OLGHV� FRQWDLQLQJ� WKH� VSRUHV�
ZHUH�DVVHPEOHG�ZLWK�WKH�EODGH��WKHQ�LQFXEDWHG�LQ�D�PRLVW�FKDPEHU�DW������&�IRU����K�LQ�WKUHH�UHSOLFDWHV��)RU�HDFK�
WUHDWPHQW�� ���� VSRUHV�ZHUH� H[DPLQHG� DQG� VSRUH� JHUPLQDWLRQ�ZDV� DVVHVVHG�E\� ORRNLQJ� IRU� WKH� HPHUJHQFH�RI� JHUP�
WXEHV�� 7KH� VSRUH� JHUP� WXEH� ZKLFK� UHDFKHV� ���� RI� LWV� VL]H�� LV� FRQVLGHUHG� WR� EH� JHUPLQDWHG�� 7KH� SHUFHQWDJH� RI�
LQKLELWLRQ�RI�JHUPLQDWLRQ����3,J���ZDV�FDOFXODWHG�UHODWLYH�WR�FRQWUROV��
�
2.2.5 Statistical analyses 
7KH� DQWLIXQJDO� DFWLYLW\� RI� (2V� RI� &LWUXV� VLQHQVLV� �/�� 2VEHFN� DQG� &LWUXV� DXUDQWLXP� KDV� EHHQ� WHVWHG�� (DFK�
H[SHULPHQW�ZDV�SHUIRUPHG�LQ�WULSOLFDWH�DQG�PHDQ�YDOXHV�ZHUH�FDOFXODWHG��6WDWLVWLFDO�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�
$129$� DQG� GLIIHUHQFHV� EHWZHHQ� PHDQV� ZHUH� GHWHUPLQHG� XVLQJ� WKH� RQH� 'XQFDQ� WHVW� �3� �� ������� $� VWDWLVWLFDO�
DQDO\VLV�VRIWZDUH��6366�YHUVLRQ�������ZDV�XVHG�IRU�GDWD�DQDO\VLV���
�
3.Results and Discussion 
 
3.1 Composition chemical of essential oils of Citrus sinensis (L) Osbeck and Citrus 
aurantium 
�
7KH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DQDO\VLV�RI�YRODWLOH�SURILOHV�RI�(2V�LV�VKRZQ�LQ�7DEOH�����7KHVH�UHVXOWV�VKRZHG�WKDW�
WKHUH� DUH� PDQ\� TXDOLWDWLYH� VLPLODULWLHV� EHWZHHQ� WKH� WZR� (2V�� DOWKRXJK� WKH� TXDQWLWLHV� RI� VRPH� FRUUHVSRQGLQJ�
FRPSRXQGV�DUH�GLIIHUHQW�����FRPSRXQGV�ZHUH�UHFRUGHG� LQ�FRPPRQ�DPRQJ� WKH���� LGHQWLILHG�����FRPSRXQGV�ZHUH�
LGHQWLILHG� LQ� (2� RI�&LWUXV� VLQHQVLV� �/�� 2VEHFN�� UHSUHVHQWLQJ� ������� DJDLQVW� ��� FRPSRXQGV� ��������� WR�&LWUXV�
DXUDQWLXP��7KH�ȕ�SLQHQH�������DQG�'�OLPRQHQH���������ZHUH�WKH�PDLQ�FRPSRXQGV�RI�(2�RI�&LWUXV�VLQHQVLV��/��
2VEHFN� DQG� OLQDORRO� ���������� '� OLPRQHQH� ��������� LQ� &LWUXV� DXUDQWLXP� �� )DGHO� �������� UHFRUGHG� KLJK�
FRQFHQWUDWLRQV�RI�ȕ�SLQHQH��������WR������LQ�WKH�(2V�H[WUDFWHG�IURP�OHDYHV�RI�RUDQJH�YDULHWLHV��:KLOH�/RWD��7RPL��
6HUUD��-DFTXHPRQG��	�&DVDQRYD���������REWDLQ�OLQDORRO�DV�PDMRU�FRQVWLWXHQW�RI�WKH�(2�RI�&LWUXV�DXUDQWLXP��+LJK�
OHYHOV� RI� PRQRWHUSHQH� K\GURFDUERQ� ZHUH� REWDLQHG� IURP� FLWUXV� RLO� � �)DUKDW�� 7L[LHU�� (O� 0DDWDRXL�� 0DLQJRQQDW��
5RPGKDQH�� 	� &KHPDW�� ������ 6HWWDQQL�� 3DOD]]ROR�� *XDUUDVL�� $OHR�� 0DPPLQD�� 0RVFKHWWL�� 	� *HUPDQj� �� �������
6HVTXLWHUSHQHV�WZR�LVRPHUV��=��DQG��(��ȕ���HOHPHQW�DUH�TXDQWLILHG��DQG�WKH�LVRPHU��(��ȕ���FRPSRQHQW�LV�SUHGRPLQDQW�
DW� KLJK� SURSRUWLRQV� ��������� ,Q� WKH� (2� RI�&LWUXV� DXUDQWLXP� RWKHU� FRPSRXQGV�ZHUH� SUHVHQW� DW� OHYHOV� DERYH� ���
SDUWLFXODUO\� OLQDO\O�$FHWDWH� ���������ȕ�3LQHQH����������&DU\RSK\OHQH����������ȕ� ��0\UFHQH��������� ��ȕ�RFLPHQH�
���������7KH�R[\JHQDWHG�PRQRWHUSHQHV�DFFRXQWHG�IRU�DERXW��������RI�WKH�LGHQWLILHG�FRQVWLWXHQWV�RI�WKH�HVVHQWLDO�
RLO�RI�&LWUXV�DXUDQWLXP�DQDO\]HG��
�
3.2 Total phenol content 
 
7KH�WRWDO�SKHQROLF�FRQWHQWV�RI�&LWUXV�VLQHQVLV��/��2VEHFN�DQG�&LWUXV�DXUDQWLXP�(2V�ZHUH�H[SUHVVHG�DV�HTXLYDOHQWV�
RI�*DOOLF�DFLG��*$(��J�PO RI�HVVHQWLDO�RLO���$V�VKRZQ�LQ�)LJXUH����7KH�(2V�RI�&LWUXV�VLQHQVLV��/��2VEHFN�LV�ULFKHU�
LQ�WRWDO�SKHQROLF�FRQWHQW��������*$(��J�PO�RI�(2��DV�RSSRVHG�WR�WKH�HVVHQWLDO�RLO�RI�&LWUXV�DXUDQWLXP��������*$(�
�J�PO RI�(2��  3KHQROLF� FRPSRXQGV� KDYH� YDULRXV� IXQFWLRQV� VXFK� DV� DWWUDFWLQJ�RU� UHSHOOLQJ� LQVHFWV�� DQWLPLFURELDO�
DFWLYLW\�� DQWLYLUDO� DFWLYLW\�� SURWHFWLRQ� DJDLQVW� KDUPIXO� XOWUDYLROHW� UDGLDWLRQ� DQG� SURWHFWLRQ� DJDLQVW� KHUELYRUHV�
�+DUERUQH�	�:LOOLDPV���������
�
3.3 Antifungal activity 
 
�7KH�UHVXOWV�JLYHQ�LQ�7DEOH���VKRZ�WKDW�LQ�JHQHUDO�WKH�(2V�H[KLELW�DQ�LQKLELWRU\�HIIHFW���,Q�WKLV�UHJDUG��(2�RI�&LWUXV�
DXUDQWLXP� UHYHDOHG� D� VWURQJ� LQKLELWLRQ�ZLWK� DOO� IXQJDO� VWUDLQV� WHVWHG��6XVFHSWLELOLW\� WR� IXQJDO�(2V� JHQHUDWHV�KLJK�
SHUFHQWDJHV�RI�LQKLELWLRQ�DQG�VKRZHG�DEVROXWH�WR[LFLW\�������LQKLELWLRQ�RI�P\FHOLDO�JURZWK���&LWUXV� VLQHQVLV� �/��
2VEHFN� (2� VKRZHG� D�ZLGH� VSHFWUXP�RI�DQWLIXQJDO�DFWLYLW\��EHLQJ�PRGHUDWHO\�DFWLYH�DJDLQVW�3HQLFHOOLXP� VS� DQG�
KLJKO\� DFWLYH� DJDLQVW�$OWHUQDULD� VRODQL�� $OWHUQDULD� VS��)XVDULXP�R[\VSRUXP� IVS� DOEHGLQLV� DQG�)XVDULXP� VS��)HZ�
VWXGLHV�KDYH�LQYHVWLJDWHG�WKH�DQWLIXQJDO�DFWLYLW\�RI�(2V�RI�FLWUXV� �6KDUPD� 	� 7ULSDWKL�� ����� D�E���3KLOLSV�� /DLUG�� 	�
$OOHQ�� ��������
�
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7DEOH� �� VKRZV� WKHLU� PLQLPXP� LQKLELWRU\� FRQFHQWUDWLRQ� �0,&�� PJ� �� PO�� DQG� PLQLPXP� IXQJLFLGDO� FRQFHQWUDWLRQ�
�0)&��PJ���PO��DJDLQVW�ILYH�SK\WRSDWKRJHQLF�IXQJL�H[DPLQHG��7�KH�0,&�YDOXHV�FRQILUPHG�WKH�JUHDWHVW�DQWLIXQJDO�
DFWLYLW\�RI�(2V�RI�&LWUXV�DXUDQWLXP��0,&������PJ���PO���IROORZHG�E\�&LWUXV�VLQHQVLV��/��2VEHFN��ZKLFK�VKRZV�D�
IRQJLVWDWLF�LPSRUWDQW�DFWLYLW\�ZLWK�0,&V�UDQJLQJ�IURP�����WR�����PJ���PO��)XVDULXP�VS�DQG�$OWHUQDULD�VS�ZHUH�PRUH�
VXVFHSWLEOH� �0,&�����PJ� ��PO���$OWHUQDULD� VRODQL��ZDV�PRGHUDWHO\� VXVFHSWLEOH� �0,&�����PJ� ��PO�� DQG�)XVDULXP�
R[\VSRUXP� IVS� DOEHGLQLV� �0,&� ���� PJ� �� PO�� ZDV� PRUH� UHVLVWDQW� 3HQLFLOOLXP� VS� ZLWK� �0,&!� ���� PJ� �� PO��7KH�
DVVHVVPHQW�RI�&)0�UHYHDOHG� WKDW�(2V�RI�&LWUXV�DXUDQWLXP�VKRZHG� WKH�KLJKHVW� IXQJLFLGDO�DFWLYLW\�������PJ���PO��
DJDLQVW�$OWHUQDULD�VRODQL��$OWHUQDULD�VS��)XVDULXP�R[\VSRUXP�IVS�DOEHGLQLV�DQG�)XVDULXP�VS���
�5HJDUGLQJ�&LWUXV� VLQHQVLV� �/��2VEHFN�ZDV� VOLJKWO\� OHVV�HIIHFWLYH� �&)0� IURP����� WR!�����PJ� ��PO���)XVDULXP�VS�
�&)0�����PJ���PO��ZDV�PRVW�VHQVLWLYH�IROORZHG�E\�$OWHUQDULD�VS��&)0�����PJ���PO���$OWHUQDULD�VRODQL��&)0�����
PJ���PO���+RZHYHU�)XVDULXP�R[\VSRUXP�IVS�DOEHGLQLV�DQG�3HQLFLOOLXP�VS�ZHUH�PRUH�UHVLVWDQW�VKRZLQJ�D�&)0!�����
PJ� ��PO��7KH� DQWLIXQJDO� DFWLYLW\� RI�(2V� LV� UHSRUWHG�E\� VHYHUDO� VWXGLHV� DQG� VKRZHG� WKDW� WKH� JHQXV� )XVDULXP� DQG�
$OWHUQDULD�DUH�PRUH�VHQVLWLYH�WR�(2V�RI�GLIIHUHQW�RULJLQV�LQFOXGLQJ�FLWUXV��$RXGRX�HW�DO���������6KDUPD�7ULSDWKL�DQG�
������D����/XFLQL��=XQLQR��/RSH]��DQG�=<*$'/2��������UHSRUWHG�WKDW�LQKLELWLRQ�RI�P\FHOLDO�JURZWK�LV�FDXVHG�E\�
PRQRWHUSHQHV�SUHVHQW�LQ�(2V���
7KH� VWURQJ� LQKLELWLRQ� UHFRUGHG� LQ� WKH� (2V� RI�&LWUXV� DXUDQWLXP� PD\� EH� DWWULEXWHG� WR� WKH� SUHVHQFH� RI� OLQDORRO�
����������6HYHUDO�DXWKRUV�KDYH� DWWULEXWHG� WKH�DQWLIXQJDO�DFWLYLW\�RI�FLWUXV�(2V� LQ� WKH�SUHVHQFH�RI� VRPH�PDMRU�
FRPSRQHQWV� VXFK� DV� OLQDORRO�� '�OLPRQHQH� RU� FLWUDO� DQG� RWKHU� �6KDUPD� DQG� 7ULSDWKL� ����� D�� E�� 9LXGD�0DUWRV�
5XL]�1DYDMDV��)HUQDQGH]�/RSH]��	�3HUH]�$OYDUH]����������
�
 7KH� LPSDFW� RI� WKH�(2�RQ� IXQJDO� VSRUXODWLRQ� UHYHDOHG� WKDW� VSRUH�SURGXFWLRQ�ZDV� LQKLELWHG� E\� WKH�(2V� RI�&LWUXV�
VLQHQVLV� �/��2VEHFN��FRPSDUHG� WR�XQWUHDWHG�FRQWUROV��ZLWK� D�GHFUHDVH� LQ� VSRUH�SURGXFWLRQ���������IRU�)XVDULXP��
R[\VSRUXP�I�VS�DOEHGLQLV���������IRU�$OWHUQDULD�VS����������IRU�)XVDULXP�VS�DQG��������IRU�3HQLFLOOLXP�VS��:KLOH�
WKH�HVVHQWLDO�RLO�RI�&LWUXV�DXUDQWLXP��VHHPV�WR�KDYH�D�OHVV�HIIHFWLYH�WKDQ�WKH�(2�RI�&LWUXV�VLQHQVLV��/��2VEHFN��ZLWK�
�������IRU�)XVDULXP�R[\VSRUXP�I�VS�DOEHGLQLV����������IRU�)XVDULXP�VS�DQG��������IRU�3HQLFLOOLXP�VS��)LJXUH��
������7KH�HIIHFW��RI��(2�RI�FLWUXV�RQ�VSRUH�SURGXFWLRQ�ZDV�UHSRUWHG�E\�VHYHUDO�DXWKRUV��6KDUPD�	�7ULSDWKL�������D�E���
&KXWLD�� �%KX\DQ�� �3DWKDN�� �6DUPD�� �	��%RUXDK��������3KLOLSV�� HW�DO��� �������)LJXUH���VKRZV�WKH�LPSDFW�RI�(2�RQ�
VSRUH�JHUPLQDWLRQ��+RZHYHU�� WUHDWPHQWV�ZLWK�(2V�RI�&LWUXV�VLQHQVLV� �/��2VEHFN�DQG�&LWUXV�DXUDQWLXP�KDYH�EHHQ�
WHVWHG�DQG�IRXQG�GLIIHUHQFHV�RQ�VSRUH�YLDELOLW\�RI�WKH�ILYH�IXQJDO�VSHFLHV��0RUHRYHU��WKH�JUHDWHVW�LQKLELWLRQ�RI�VSRUH�
JHUPLQDWLRQ�ZDV�REVHUYHG�LQ�&LWUXV�VLQHQVLV��/��2VEHFN�WR�)XVDULXP�R[\VSRUXP�I�VS�DOEHGLQLV���������$OWHUQDULD�
VS����������DQG�)XVDULXP�VS�����������7KLV�FRXOG�SDUWO\�EH�FRUUHODWHG�ZLWK�WKH�SUHVHQFH�RI�KLJK�FRQFHQWUDWLRQV�RI�
PRQRWHUSHQHV��
7KH�HIIHFWV�RI�(2V�RQ�VSRUXODWLRQ�PD\�UHIOHFW�WKH�HIIHFWV�RI�YRODWLOH�VXEVWDQFHV�HPLWWHG�E\�WKH�RLOV�RQ�WKH�VXUIDFH�RI�
P\FHOLDO� JURZWK�� WKH� WUDQVLWLRQ� WR� WKH� SURGXFWLRQ� RI� VSRUHV� DQG� �� RU� SHUFHSWLRQ� �� VLJQDO� WUDQVGXFWLRQ�PHFKDQLVP�
LQYROYHG�LQ�WKH�WUDQVLWLRQ�IURP�YHJHWDWLYH�WR�UHSURGXFWLYH�GHYHORSPHQW��7KH�GDWD�SUHVHQWHG�KHUH�VKRZ�WKH�SRWHQWLDO�
SRWHQW� LQKLELWRU� RI� WKH� (2V� RI� &LWUXV� VLQHQVLV� �/�� 2VEHFN� DQG� &LWUXV� DXUDQWLXP� YLV�j�YLV� $OWHUQDULD� VRODQL��
)XVDULXP�R[\VSRUXP�I�VS��DOEHGLQLV��$OWHUQDULD�VS�DQG�)XVDULXP�VS�DQG�WKHLU�SRVVLEOH�LQWHJUDWLRQ�LQWR�SURJUDPV�WR�
SURWHFW�DJDLQVW�SK\WRSDWKRJHQLF�IXQJL��
 
Table 1��&KHPLFDO� FRPSRVLWLRQ�RI�&LWUXV� VLQHQVLV� �/��2VEHFN�DQG�&LWUXV�DXUDQWLXP�(2V� IURP�$OJHULD�
DQG��WKHLU�UHODWLYH�SHUFHQWDJHV�RI�WRWDO�FKURPDWRJUDP�DUHD��DQG�.RYDWV�,QGH[��

1RPEHU�
&RPSRQHQW�

�.RYDWHV�LQGH[HV�
5,D������������������5,E�

&LWUXV��
DXUDQWLXP��
���DUHD��

&LWUXV�
VLQHQVLV��
���DUHD��

�� ��KH[HQ����RO� ���� ���� ����� ��
�� Į�7KXMHQH� ���� ���� ����� �����
�� Į��3LQqQH� ���� ���� ����� �����
�� FDPSKHQH� ���� ���� ����� ��
�� ȕ���3LQqQH� ���� ���� ����� �����
�� ȕ���0\UFqQH� ���� ���� ����� �����
�� Į�3KHOODQGUHQH� ����� ����� �� �����
�� ��&DUHQH� ����� ����� ����� �����
�� ������&DUHQH� ����� ����� �� �����
��� '�/LPRQHQH� ����� ����� ����� �����
��� �=��ȕ�2FLPqQH� ����� ����� �� �����
��� �(��ȕ�2FLPqQH� ����� ����� ����� �����
��� Ȗ�7HUSLQHQH� ����� ����� �� �����
��� &LV�VDELQqQH�K\GUDWH� ����� ����� �� �����
��� �&LV�/LQDORRO�R[LGH� ����� ����� ����� ��
��� Į�7HUSLQROHQH� ����� ����� �� �����
��� /LQDORRO� ����� ����� ������ �����
��� &LWURQHOODO� ����� ����� �� �����
��� 7HUSLQHQ���RO� ����� ����� ����� �����
��� Į�7HUSLQHRO� ����� ����� ����� �����
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��� &LWURQHOORO� ����� ����� �� �����
��� 1HURO� ����� ����� ����� ��
��� &LWUDO� ����� ����� ����� �����
��� /LQDO\O�DFHWDWH� ����� ����� ������ ��
��� *HUDQLRO�� ����� ����� ����� �����
��� į���(OHPqQH� ����� ����� ����� ��
��� $FHWDWH�GH�JHUDQ\OH� ����� ����� �� �����
��� �=��ȕ�(OHPHQH� ����� ����� �� �����
��� �(� ȕ���(OHPHQH� ����� ����� ����� �����
��� &DU\RSK\OqQH� ����� ����� ����� �����
��� $URPDGHQGUHQH� ����� ����� ����� ��
��� ȕ�)DPHVHQH� ����� ����� ����� �����
��� D�KXPXOHQH� ����� ����� ����� �����
��� ȕ��6HOLQHQH� ����� ����� �� �����
��� Į���6HOLQHQH� ����� ����� �� �����
��� Į��)DUQHVHQH� ����� ����� �� �����
��� į��&DGLQHQH� ����� ����� ����� ��
��� Ȗ�&DGLQHQH� ����� ����� ����� �����
��� &LV�1HUROLGRO� ����� ����� ������� ��
��� &DU\RSK\OHQH�R[LGH� ����� ����� ������ �����
��� Į�&DGLQRO� ����� ����� ����� ��
��� ȕ�6LQHQVDO� ����� ����� �� �����
��� Į�6LQHQVDO� ����� ����� �� �����
��� 3K\WRO�� ����� ����� ����� ��
� 0RQRWHUSHQH�K\GURFDUERQV� ������ ������
� 2[\JHQDWHG�PRQRWHUSHQHV�� ������ ������
� 6HVTXLWHUSHQH�K\GURFDUERQV� ������ ������
� 2[\JHQDWHG�VHVTXLWHUSHQH�� ������ ������
� $XWUHV�� ������ ��
� 7RWDO��LGHQWLILHG� ����������������� ������

7KH�\LHOGV�RI�WKH�HVVHQWLDO�RLO��ZHUH�&LWUXV�DXUDQWLXP�����������&LWUXV�VLQHQVLV���������5,D��,GHQWL¿FDWLRQ�E\�1,67�
06�OLEUDU\�5,E��5HWHQWLRQ�LQGLFHV�UHODWLYH�WR�&�±&���RQ�WKH�+3��06��FDSLOODU\�FROXPQ��±���QRW�GHWHFWHG�
Table 2��=RQHV�RI�JURZWK�LQKLELWLRQ�LQ�3HUFHQWDJH�,QKLELWLRQ���3,����VKRZLQJ�DQWLIXQJDO�DFWLYLW\�IRU�(2V�RI�&LWUXV�
VLQHQVLV� �/��2VEHFN� DQG�&LWUXV� DXUDQWLXP�� =RQHV� RI� JURZWK� LQKLELWLRQ� YDOXHV� DUH� SUHVHQWHG� DV�PHDQ� �� VWDQGDUG�
GHYLDWLRQ��
�
�
(VVHQWLDO�RLOV�
�
�������������'RVH�PJ�PO��

������������������������3HUFHQWDJH�,QKLELWLRQ���3,���D���PHDQ���6(�Q ���

)XVDULXP�VVS� )XVDULXP�
R[\VSRUXP� IVS�
DOEHGLQLV�

$OWHUQDULD�
VRODQL�

$OWHUQDULD�VS� 3HQLFHOOLXP�VS�

�
�
�
�
�
�
&LWUXV�
VLQHQVLV�
�/�2VEHFN�
��

�� ��������$� ��������$� ��������$� ��������$� ����������$%�

���� ��������$� ����������$� ��������$� ��������$� ��������$%�

���� ��������$� ����������$� ��������$� ��������$� �����������$%�

���� ��������$� ����������$%� �����������$%� ��������$� ����������&�

���� ����������$� ����������%� ����������$%� ���������$� 1�$��

���� ����������&� ����������&� ����������%� ����������&� 1�$��

����� ���������'� ���������&� ���������%� ���������&� 1�$��

����� 1�$�� ���������&� ����������&� ���������&� 1�$��

������ 1�$�� 1�$�� 1�$�� 1�$�� 1�$��

�
�
�
�
�
�
�
&LWUXV�

�� ��������$� ��������$� ��������$� ��������$� ��������$�

���� ��������$� ��������$� ��������$� ��������$� ��������$�

���� ��������$� ��������$� ��������$� ��������$� ��������$�

���� ��������$� ��������$� ��������$� ��������$� ��������$�

���� ��������$� ��������$� ��������$� ��������$� ��������$�
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DXUDQWLXP��
�

���� ��������$� ��������$� ��������$� ��������$� ��������$�

����� ��������$� ��������$� ��������$� ��������$� �����������$�������

����� 1�$�� �������$%� �����������$%������������������$%� ��������%�������

������ 1�$�� ���������%� ����������%� �����������%� 1�$��

� � � � � �
D� 9DOXHV� IROORZHG� E\� VDPH� DOSKDEHWLF� OHWWHUV� DUH� QRW� VLJQLILFDQWO\� GLIIHUHQW� DFFRUGLQJ� WR�$129$� DQG�'XQFDQ¶V�
0XOWLSOH�5DQJH�7HVW��S���������1�$���QRQ�DFWLYH��
Table 3 :�0LQLPDO�LQKLELWRU\�FRQFHQWUDWLRQ��0,&��DQG�0LQLPDO�IXQJLFLGDO�FRQFHQWUDWLRQ��0)&���PJ�PO��
YDOXHV�RI�(2V�RI�&LWUXV�VLQHQVLV��/��2VEHFN�DQG�&LWUXV�DXUDQWLXP�IURP�$OJHULD��
�
)XQJDO�VSHFLHV�
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0,&��PJ�PO��� 0)&��PJ�PO�� 0,&��PJ�PO��� �0)&��PJ�PO��

$OWHUQDULD�VRODQL� ����� �� ����� �����
$OWHUQDULD�VS� ����� ���� ����� �����
)XVDULXP�R[\VSRUXP� IVS�
DOEHGLQLV�

���� !���� ����� �����

)XVDULXP��VS� ����� ���� ����� �����
3HQLFHOOLXP�VS� !���� !���� ���� ����
�
 

 
Figure 1��7KH�DPRXQW��RI�WRWDO�SKHQROLF�FRQWHQW���J�PO�*$(��LQ�HVVHQWLDO�RLOV�RI�&LWUXV�VLQHQVLV��/��2VEHFN�DQG�
&LWUXV�DXUDQWLXP��'DWD�DUH�PHDQV���VWDQGDUG�GHYLDWLRQV��HUURU�EDUV���
�

�
Figure 2�� � 3HUFHQWDJH� LQKLELWLRQ� �FRPSDUHG� ZLWK� FRQWUROV�� RI� VSRUH� SURGXFHG� RI� $OWHUQDULD� VRODQL�� )XVDULXP�
R[\VSRUXP� I�VS�� DOEHGLQLV�� 3HQLFHOOLXP� VS�� $OWHUQDULD� VS� DQG� )XVDULXP� VS� LQ� FRORQLHV� SUHYLRXVO\� H[SRVHG� WR�
HVVHQWLDO� RLOV� RI�&LWUXV� VLQHQVLV� �/��2VEHFN� DQG�&LWUXV� DXUDQWXP��� �'DWD� DUH�PHDQV� �� VWDQGDUG� GHYLDWLRQV� �HUURU�
EDUV���
�
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Figure 3:� 3HUFHQWDJH� LQKLELWLRQ� �FRPSDUHG�ZLWK� FRQWUROV�� RI� VSRUH� JHUPLQDWLRQ� RI�$OWHUQDULD� VRODQL�� )XVDULXP�
R[\VSRUXP�I�VS��DOEHGLQLV��SHQLFLOOLXP�VS��$OWHUQDULD�VS�DQG�)XVDULXP�VS�LQ�FRORQLHV�SUHYLRXVO\�H[SRVHG�WR�HVVHQWLDO�
RLOV�RI�&LWUXV�VLQHQVLV��/��2VEHFN�DQG�&LWUXV�DXUDQWXP��'DWD�DUH�PHDQV���VWDQGDUG�GHYLDWLRQV��HUURU�EDUV���
 
Conclusion�
�
7KLV�VWXG\�VKRZHG�WKDW�HVVHQWLDO�RLOV�RI�&LWUXV�VLQHQVLV��/��2VEHFN�DQG�&LWUXV�DXUDQWLXP�KDYH�VLJQLILFDQW�DQWLIXQJDO�
DFWLYLW\�DQG�FDQ�EH�XVHG�DV�D�SURPLVLQJ�IXWXUH�IRU�WUHDWPHQW�SURJUDPV�IRU�PDQDJLQJ�SODQW�GLVHDVHV�WKDW�HOLPLQDWHV�
WKH�VSUHDG�RI�IXQJL�WHVWHG���6XSSUHVVLRQ�RI�VSRUH�SURGXFWLRQ�E\�(2V�FRXOG�PDNH�D�PDMRU�FRQWULEXWLRQ�WR�OLPLWLQJ�WKH�
VSUHDG� RI� WKH� SDWKRJHQ�� 7KH� XQGHUO\LQJ� PHFKDQLVP� RI� DFWLRQ� RI� (2V� RQ� WKH� VZLWFK� EHWZHHQ� YHJHWDWLYH� DQG�
UHSURGXFWLYH�SKDVHV�RI�GHYHORSPHQW�RI�WKH�IXQJXV�UHPDLQV�WR�EH�XQGHUVWRRG��2XU�UHVXOWV�VKRZHG�WKDW�(2V�RI�&LWUXV�
VLQHQVLV��/��2VEHFN�DQG�&LWUXV�DXUDQWLXP�DQWLIXQJDO�DUH�QDWXUDOO\�YHU\�HIIHFWLYH�DQG�FRXOG�EH�XVHG�DV�D�SRWHQWLDO�
QDWXUDO�IXQJLFLGH�IRU�FRQWURO�RI�IXQJDO�SDWKRJHQV��
�
Acknowledgement: 7KH� DXWKRUV� DUH� JUDWHIXO� WR� $OJHULDQ� 1DWLRQDO� $JHQF\� IRU� WKH� 'HYHORSPHQW� RI� +HDOWK�
5HVHDUFK��$1'56��IRU��VXSSRUWLQJ��ILQDQFLDOO\�7KLV�ZRUN��
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CHEMICAL STUDY OF TWO NATURAL SUBSTANCES 
EXTRACTED FROM MEDICAGO SATIVA GROWN ON 

DIFFERENT SOILS AND ANALYSIS OF THEIR EFFECTS ON THE 
GROWTH OF SOME PATHOGENIC BACTERIA 

0HULHP�%RX]HUDD�%HVVLOD�
'HSDUWPHQW�RI�%LRORJ\��/DERUDWRU\�RI��3ODQW�%LRORJ\�DQG�(QYLURQPHQW�

)DFXOW\�RI�6FLHQFH��8QLYHUVLW\�%DGML�0RNKWDU�RI�$QQDED�������$QQDED��$OJHULD�
m.bessilabouzera@yahoo.fr�

 

Abstract:� 7R� LGHQWLI\� QHZ� SK\WRWKHUDSHXWLF�PROHFXOHV� HFRQRPLFDOO\� DFFHVVLEOH� DQG�ZLWK� DQ� HIIHFWLYH�
ELRORJLFDO�DFWLYLW\�ZH�DUH�LQWHUHVWHG�WR�Medicago sativa�OHDYHV�H[WUDFWV��2XU�ILUVW�REMHFWLYH�LV�WR�DQDO\VLV�
WKH�HGDSKLF�IDFWRU�HIIHFW�RQ�WKH�FKHPLFDO�FKDUDFWHUV�RI�IODYRQRLGV�DQG�VDSRQLQV��7KLV�FRXOG�PDNH�HDVLHU�D�
EHWWHU�FRQWURO�RI� WKH�DVSHFWV�RI� WKHVH�H[WUDFW�ZLWK�D�YLHZ� WR�D�SKDUPDFHXWLFDO�SUHSDUDWLRQ��7KH�VHFRQG�
REMHFWLYH� LV� WR� GHWHUPLQDWH� WKHLU� DQWLEDFWHULDO� HIIHFW� RQ� VRPH� EDFWHULDO� VWUDLQV� NQRZQ� IRU� WKHLU�
SDWKRJHQLFLW\� LQ�KXPDQV��7KH�UHVXOWV�VKRZ�WKDW� WKH�VRLO�KDV�DQ� LPSDFW�RQ� WKH�FKHPLFDO�FRPSRVLWLRQ�RI�
SODQW� H[WUDFWV�7KH� PLFURELDO� WHVWV� WUDQVODWH� VLJQLILFDQW� HIIHFWV�� $PRQJ� WKH� VHQVLWLYLW\� GHJUHHV� YDU\�
EDFWHULDO� VWUDLQV� DQG� SODQW� H[WUDFWV��
7KHVH� UHVXOWV� KDYH� EHHQ� HQFRXUDJHG� WR� SURPRWH� Medicago sativa RQ� DQ� DSSURSULDWH� VRLO� DQG� LW� LV�
QHFHVVDU\� WR� FRQGXFW� DGGLWLRQDO� WHVWV� WR� FRQILUP� WKH� XVH� RI� WKHVH� VXEVWDQFHV� WR� WUHDW� WKH� EDFWHULDO�
LQIHFWLRQ�7KHVH�SUHOLPLQDU\�WHVWV�DOORZ�XV�WR�MXVWLI\�WKH�XVH�RI�WKLV�VSHFLHV�LQ�WUDGLWLRQDO�SKDUPDFRSRHLD�
VXJJHVWLQJ�WKDW�WKHLU�OHDYHV�SRVVHVV�DQ�LQWHUHVWLQJ�DQWLEDFWHULDO�FRPSRXQGV��

 Keywords���Medicago sativa��DFWLYHV�VXEVWDQFHV��IODYRQRwGV��VDSRQLQV��DQWLEDFWHULHQQH�DFWLYLW\�LPSDFW�
GX��IDFWHXU�pGDSKLTXH��

Introduction 
7R� FRSH�ZLWK� WKH� DSSHDUDQFH� RI� WKH� PLFURRUJDQLVPV�� WKDW� VKRZ� D� UHVLVWDQFH� WR� DQWLELRWLFV�� GXH� WR� DQ� H[FHVVLYH� DQG�
XQFRQWUROOHG�XVH�RI�WKRVH�PROHFXOHV��WKH�VFLHQWLVWV�DUH�FRQIURQWHG�WR�VHHN�IRU�QHZ�HIIHFWLYH�DQWLEDFWHULDO�VXEVWDQFHV�DQG�
EURDG�VSHFWUXP��2QH�VWUDWHJ\� IRU� WKLV� UHVHDUFK� LV� WR�H[SORUH� WKH�SODQWV� XVHG� LQ� WUDGLWLRQDO�PHGLFLQH��0HGLFLQDO�SODQWV�
LQH[KDXVWLEOH� VRXUFH� RI� DFWLYH� FRPSRXQGV�� DUH� QRZDGD\V� WKH� PDLQ� VRXUFH� DQG� EDVLV� RI� QXPHURXV� SKDUPDFHXWLFDO�
VSHFLDOWLHV�� +RZHYHU�� ODUJH� QXPEHU� RI� RWKHU� SODQW� VSHFLHV� RFFXUULQJ� LQ� QDWXUH�� LQ� HQRUPRXV� TXDQWLWLHV� DQG� ZLWK�
LQWHUHVWLQJ� WKHUDSHXWLF�SURSHUWLHV�� UHPDLQV�XQWDSSHG�DQG� WKH�PDQ�KDV�QRW�\HW�EHHQ�DEOH� WR� WDNH�DGYDQWDJH�RI� WKHP��,Q�
RUGHU� WR� HQKDQFH� DQG� VWUHDPOLQH� WKHLU� XVH� DQG� WR� LGHQWLI\� PRUH� QDWXUDO� VXEVWDQFHV� ZLWK� HIIHFWLYH� DQG� SRWHQWLDO�
WKHUDSHXWLF�SURSHUWLHV��ZH�DUH�LQWHUHVWHG�LQ�Medicago sativa�VWXG\��RQH�IDEDFHDH�PRUH�NQRZQ�IRU�KLV�LQWHUHVW�LQ�DQLPDO�
IHHG�IRU�LWV�XVH�LQ�SXEOLF�KHDOWK�FDUH�DOWKRXJK�LWV�XVH�LQ�WUDGLWLRQDO�PHGLFLQH�GDWHV�EDFN�KXQGUHGV�RI�\HDUV�LW�ZDV�XVHG�E\�
KHUEDOLVWV�WR�WUHDW�YDULRXV�LQIHFWLRXV�GLVHDVHV��%RXY\HU�������� 7KH�OLWHUDWXUH�VWXG\�UHYHDOHG�WKDW�H[HPSW�IRU�VWXGLHV�RQ�
WKH�FKHPLVWU\�RI�RUJDQV��WKLV�VSHFLHV�KDV�EHHQ�QR�LQYHVWLJDWLRQ�RQ�LWV�ELRORJLFDO�DFWLYLW\��7KH�JRDOV�WKLV�VWXG\�LV�WR�                                                                        �������

�$FKLHYH� D� FKHPLFDO�VFUHHQLQJ� RI� WKH� SODQW� IRU� GHWHUPLQLQJ� WKH� SULQFLSDO� FRPSRXQGV� ZLWK� D� WKHUDSHXWLF� LQWHUHVW�                                                                                                                           
��'HWHUPLQH�WKH�FKHPLFDO�SURILOHV�RI�IODYRQRLGV�DQG�VDSRQLQV�H[WUDFWHG�IURP�OHDYHV�RI�0HGLFDJR�VDWLYD�IURP�GLIIHUHQW�
QDWLYH� VRLOV�� 7KH� LQWHUHVW� LV� WR� DVVHVV� WKH� LPSDFW� RI� HGDSKLF� IDFWRU� RQ� WKHLU� YDULDELOLW\�� 7KLV� FRXOG� IDFLOLWDWH� D� EHWWHU�
FRQWURO�RI� WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DVSHFWV�RI� WKHVH�DFWLYH� VXEVWDQFHV� LQ�RUGHU�RI�SKDUPDFHXWLFDO�SUHSDUDWLRQV��������������������������������������������������������������������������������������������������������������������������������������
��&RQGXFW�DQ�DQDO\VLV�RI�WKH�DQWLEDFWHULDO�DFWLYLW\�LQ�RUGHU�WR�LGHQWLI\�PROHFXOHV�ZLWK�SRWHQWLDO�DQWLEDFWHULDO�SURSHUWLHV��

�

Materials and Methods 

1- Plant material 

� � � � � ,W�FRQVLVWV�RI� OHDYHV�RI�Medicago sativa��7KLV�SODQW� IDPLO\�)DEDFHDH�VSHFLHV� LV�YHU\�ULFK� LQ�SURWHLQ��YLWDPLQV�DQG�
WUDFH�HOHPHQWV��%RXY\HU���������7KLV�SODQW�LV�KHDOWK\�DQG�HFRORJLFDO��ZLWK�VSHFLILF�EDFWHULD�OLYLQJ�LQ�V\PELRVLV�RQ�LWV�
URRW� V\VWHP�� LW� IL[HV� DWPRVSKHULF� QLWURJHQ� QHFHVVDU\� IRU� LWV� JURZWK� DQG� UHTXLUHV� QR� FKHPLFDO� IHUWLOL]HU�                                                                                                                                                                 
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7KH�OHDYHV�RI�WKLV�SODQW�ZHUH�KDUYHVWHG�EHIRUH�WKH�IORZHULQJ�VWDJH�LQ�WKH�$QQDED�UHJLRQ��1RUWK�HDVWHUQ�$OJHULD��LQ�IRXU�
FXOWXUH� VWDWLRQV� ZLWK� GLIIHUHQW� VRLO� FKDUDFWHULVWLFV�� $IWHU� GU\LQJ� LQ� WKH� GDUN� DW� DPELHQW� WHPSHUDWXUH�� WKH� OHDYHV� DUH�
GHWDFKHG�DQG�SRZGHUHG�WR�EH�XVHG�WR�REWDLQ�GLIIHUHQW�H[WUDFW�� 

2- Microbial strains 

����7KH�PLFURELDO�VXSSRUW�XVHG�LV�FRPSRVHG�RI��
����6WUDLQV�RI�5HIHUHQFH��Escherichia coli (ATCC); Staphylococcus aureus��$7&&���Pseudomonas aeruginosa 
�$7&&���

����%DFWHULDO�VWUDLQV�IUHTXHQWO\�LVRODWHG�LQ�KRVSLWDO�DQG�RIWHQ�LPSOLFDWHG�LQ�PDQ\�GLVHDVHV�LQ�KXPDQV��

3 -�Screening Chemical���

�,W�FRQVLVWV�LQ�GHWHFWLQJ�WKH�GLIIHUHQW�IDPLOLHV�RI�FRPSRXQGV�H[LVWLQJ�LQ�WKH�OHDYHV�E\�SUHFLSLWDWLRQ�UHDFWLRQV�RU�FRORULQJ�
XVLQJ�UHDJHQWV�VSHFLILF�WR�HDFK�FODVV�RI�FRPSRXQGV��7KH�UHVXOWV�DUH�QRWHG�SRVLWLYH�����RU�QHJDWLYH������

������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
4- Solutions used�

�7KH�GHFRFWLRQ�LV�REWDLQHG�IURP�DQ�DTXHRXV�GHFRFWLRQ�RI�SRZGHUHG�OHDYHV����J��PL[HG�ZLWK�GLVWLOOHG�ZDWHU����/��DQG�
EURXJKW�WR�ERLOLQJ�IRU����PLQXWHV��7KH�GHFRFWLRQ�RI�����REWDLQHG�ZDV�ILOWHUHG�DQG�FRQFHQWUDWHG�RQ�D�URWDU\�HYDSRUDWRU��������������������������������������������������������������������������������������������������������������������������������������������������������������������
�&UXGH� H[WUDFWV� IODYRQRLGV� DQG� VDSRQLQV�� $IWHU� KLJKOLJKWLQJ� WKH� GLIIHUHQW� IDPLOLHV� RI� FRPSRXQGV� LQ� WKH� OHDYHV� RI�
Medicago sativa��ZH� WDUJHWHG� WKHVH� WZR� IDPLOLHV�� 7KHLU� SUHSRQGHUDQFH� LQ� WKH� OHDYHV� DQG� WKHLU� SRVVLEOH� DQWLPLFURELDO�
DFWLYLWLHV� SUHVXPHG�HQFRXUDJHG� XV� WR� VXEPLW� WKHP� WR� RXU� LQYHVWLJDWLRQ�� 7KHLU� H[WUDFWLRQ� ZDV� FRQGXFWHG� XVLQJ� WKH�
PHWKRG�GHVFULEHG�E\�/HH�& al.,� �������IRU� IODYRQRLGV�DQG�PHWKRG�RI�$SSOHEDXP�	�al.,� �������IRU� WKH�VDSRQLQV��)RU�
PLFURELRORJLFDO� WHVWLQJ� DQG� FKURPDWRJUDSKLF� VWXG\�� WKH� FUXGH� H[WUDFWV� ZHUH� UHFRYHUHG� UHVSHFWLYHO\� ZLWK� '062�
�'LPHWK\OVXOIR[LGH��DQG�DFHWRQH��

 5 - Determination of chemical profiles 
�������7KH�LGHQWLILFDWLRQ�RI�FKHPLFDO�SURILOHV�RI�IODYRQRLGV�DQG�VDSRQLQV�ZDV�FRQGXFWHG�RQ�OHDYHV�FRPLQJ�IURP�WKH�IRXU�
VWDWLRQV��7KH�REMHFWLYH�LV�WR�HYDOXDWH�WKH�LPSDFW�RI�VRLO�W\SH�RQ�WKH�YDULDELOLW\�RI�WKHLU�FKHPLFDO�FRPSRQHQWV��6HSDUDWLRQ�
DQG�LGHQWLILFDWLRQ�RI�VXEVWDQFHV�ZDV�SHUIRUPHG�E\�7/&��WKLQ�OD\HU�FKURPDWRJUDSK\��RQ�VLOLFD�JHO�*���SODWHV��0HUFN���
6SRWV��ȝO�RI�HDFK�VDPSOH�LV�GHSRVLWHG�DW�SRLQW¶V�SLQV�RQ�WKH�HGJH�RI�WKH�SODWH�DQG�LPPHUVHG�LQ�DQ�DSSURSULDWH�HOXHQW��
$IWHU�GHYHORSPHQW�RI� WKH�FKURPDWRJUDP�� WKH�SODWH� LV�GULHG�DW�DPELHQW� WHPSHUDWXUH�DQG� WKHQ�H[DPLQHG� LQ� WKH�89��Ȝ �
���QP�DQG����QP���7KH�UHVXOWV�FRQWDLQ�LQIRUPDWLRQ�RQ�WKH�QXPEHU�RI�FKHPLFDO�FRQVWLWXHQWV�WKHLU�5)��UHWHQWLRQ�IDFWRUV�
RI�FKHPLFDO�FRQVWLWXHQWV��DQG�WKHLU�EHKDYLRU�XQGHU�89�OLJKW��
�
5-Microbiological tests 
��������7KH�DQWLEDFWHULDO�DFWLYLW\�RI�WKH�WHVWHG�VROXWLRQV�ZDV�SHUIRUPHG�RQ�ILOWHU�SDSHU�GLVFV�E\�GLIIXVLRQ�PHWKRG�RQ�VROLG�
PHGLXP��%DXHU�& al����������0XOOHU�+LQWRQ�DJDU�LV�WKH�PHGLXP�XVHG�IRU�WHVWV�RI�EDFWHULDO�VWUDLQV��1RVWUR�& al����������
7KH�PHGLD�DUH�LQRFXODWHG�ZLWK�D�IHZ�PO�RI�WKH�LQRFXOXPV�����&)8���PO��IRU�EDFWHULDO�VSHFLHV��&DYDOOR��������LQ�RUGHU�WR�
FRYHU�WKH�ZKROH�DJDU�VXUIDFH��)LOWHU�SDSHU�GLVFV�ORDGHG�ZLWK�WHVW�VROXWLRQ�DUH�GHSRVLWHG�RQ�WKH�VXUIDFH�GU\�RI�PHGLXP��
$IWHU����K�RI�LQFXEDWLRQ�DW������&��WKH�DQWLEDFWHULDO�DFWLYLW\�LV�PDQLIHVWHG�E\�WKH�DSSHDUDQFH�RI�D�KDOR�RI�LQKLELWLRQ�RI�
EDFWHULDO� JURZWK� DURXQG� WKH� GLVFV� �%DXHU�� ������'XYDU� ������&DUERQHOOH�& al��� ������� LV� FRQVLGHUHG� UHVSHFWLYHO\� DV�
UHVLVWDQW� VWUDLQ� VHQVLWLYH�� KLJKO\� VHQVLWLYH�RU� H[WUHPHO\� VHQVLWLYH� WKDW� KDYLQJ� D�GLDPHWHU�'��PP���PP���'����PP��
��PP��'����PP��'�!���PP���
�'XUDIIRXUG�& al���������3RQFH�& al.,�������������������������������������������������������������������������������������������������������
�
Results and discussion:�

Chemical Screening: 

           Table 1��&KHPLFDO�VFUHHQLQJ�RI�0HGLFDJR�OHDYHV��

�

�

�

�

6DSRQLQV� )ODYRQRLGV� $ONDORLGV� (VVHQWLDO�RLOV� $QWKRF\DQHV� 6WpUROV�DQG�
WKULWHUSHQHV�

�� �� �� �� �� ��
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�,Q�WKLV�ZRUN�LW�DSSHDUV�WKDW�WKH�SK\WRFKHPLFDO�VFUHHQLQJ�EDVHG�RQ�VSHFLILF�WHVWV�DOORZHG�WR�FKDUDFWHUL]H�DW�WKH�
0HGLFDJR�OHDYHV�VRPH�IDPLOLHV�RI�FKHPLFDO�FRPSRXQGV��7DE�����7KHVH�WHVWV�DUH�LQ�DJUHHPHQW�ZLWK�WKH�UHVXOWV�RI�
WKH�OLWHUDWXUH��

 Localization and characteristics of harvesting stations 

Table 2��*HRJUDSKLFDO�VLWXDWLRQ�RI�WKH�KDUYHVW�VWDWLRQV�

 

 

 

�

�

�

�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
Table 3: 3K\VLFR�FKHPLFDO�FKDUDFWHUV�RI�VRLOV�

�

�

�

�

�

�

�

�

�

Chemical profiles of Flavonoids and Saponins��

�

6WDWLRQV� /DWLWXGH� /RQJLWXGH� $OWLWXGH� %LRFOLPDWLF�IORRU�

)HW]DUD� �����1� ����(� ����P� 6XEKXPLG�

$HURSRUW� �����1� ����(� ����P� 6XEKXPLG�

%HVEHV� �����1� ����(� ����P� 6XEKXPLG�

%HQ�PKLGL� �����1� ����(� ����P� 6XEKXPLG�

6WDWLRQV� S+�

+�2�

S+�

.&O�

7H[WXUH� 2UJDQLF�
PDWWHU���

(OHFWULFDO�
FRQGXFWLYLW\�

7RWDO�OLPHVWRQH���
��

)HW]DUD� ����� ����� VDQG\��VOLP\� ����� ����� ���

$HURSRUW� ����� ����� VOLP\�FOD\� ����� ����� ������

%HVEHV� ����� ����� VOLP\�FOD\� ����� ����� ������

%HQ�PKLGL� ����� ����� VOLP\�FOD\� ����� ����� ������
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�

Figure1��&KURPDWRJUDPV�REVHUYHG�XQGHU�89�OLJKW�DW�����QP��$�%HQPKLGL�%�$HURSRUW�&�%HVEHV�'�)HW]DUD��

�

�

�

�

Figure 2��&KURPDWRJUDP�SURILOHV�RI�0HGLFDJR�OHDYHV�FUXG�H[WUDFWV�RI�
GLIIHUHQW�VWXGLHG�VWDWLRQV��&KHPLFDO�FRPSRQHQW�DQG�LWV�5)�DQG�FRORU�
UHVSHFWLYH���

7KH�UHVXOWV�RI�FKURPDWRJUDSK\�YLVXDOL]HG�XQGHU�89�OLJKW��ILJ����VKRZV��
IRU� HDFK� VRLO� W\SH� D� ZHDOWK� LQ� FKHPLFDO� FRPSRXQGV� IODYRQRLGV� DQG�
VDSRQLQV�� +RZHYHU�� WKH� FRPSDULVRQ� RI� ILJXUHV� �� �D�� E�F�G��� UHSUHVHQWLQJ�
WKHLU�UHVSHFWLYH�QXPEHUV��WKHLU�FRORUV�DQG�WKHLU�5)�LQGLFDWH�WKDW�WKHVH�FRPSRXQGV�YDU\�TXDOLWDWLYHO\�DQG�TXDQWLWDWLYHO\�
IURP�VRLO�WR�VRLO��7KHVH�UHVXOWV�LQGLFDWH�WKDW�DOWKRXJK�WKHUH�LV�D�JHRJUDSKLF�XQLW�RI�WKH�VRXUFH�RI�SODQW�PDWHULDO��7DE�����
WKH� FKHPLFDO� FRPSRVLWLRQ� RI� IODYRQRLGV� DQG� VDSRQLQV� LV� VWLOO� GHSHQGHQW� RQ� VRLO� SK\VLFRFKHPLFDO�

FKDUDFWHULVWLFV��7DE�����

Microbiological tests:��
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Figure 3 �&RPSDUHG� DFWLYLW\�RI� WKUHH� H[WUDFWV� RQ�*UDP� ��� �DQG� JUDP� ����EDFWHULDO� JURZWK�� �a��(��&ROL�� �b��(��
&ROL�%/6(����c��(��&ROL��$7&&���d��.OHEVLHOOD�R[\WRFD���e��.�SQHXPRQLDH���f��6HUUDWLD�VS���g��3VHXGRPRQDV�VS���
h��3�DHUXJLQRVD�$7&&�����i ��$FLQHWREDFWHU���j��6WDSK\ORFRFXV�DXUHXV���k���6��HSLGHUPLGLV���l���6�DXUHXV�$7&&��

0LFURELDO�WHVWV�UHYHDO�IRU�HDFK�RI�WKUHH�VROXWLRQV�VWXGLHG�DQ�DQWLEDFWHULDO�DFWLYLW\�ZHOO�GHILQHG�RQ�PRVW�RI�WKH�*UDP��DQG�
*UDP����7KH�LPSRUWDQFH�RI�WKLV�DFWLYLW\�LV�YDULDEOH�GHSHQGLQJ�RQ�WKH�VWUDLQ��ILJ�����

Klebsiela oxytoca� ZDV� YHU\� VHQVLWLYH� WRZDUGV� WKH� WKUHH� VROXWLRQV� SURYHG� YHU\� DFWLYH�� 7KHLU� GLDPHWHUV� RI� ]RQHV� RI�
LQKLELWLRQ�DUH�RI� WKH�RUGHU�RI�����PP������PP�DQG�����PP�UHVSHFWLYHO\� IRU� WKH�GHFRFWLRQ�� IODYRQRLGV�DQG�VDSRQLQV��
:KLOH�Klebsiela pneumonia�KDV�SURYHG�UHVLVWDQW��$SDUW�LWV�HIIHFW�RQ�Klebsiella oxytoca�ZKRVH�VHQVLELOLW\�WRZDUGV�WKH���
VROXWLRQV�DUH�TXLWH�VLPLODU�WKH�GHFRFWLRQ�LV�WKH�DYHUDJH�PRUH�DFWLYH��:LWK�D�FRQFHQWUDWLRQ�RI����RQO\�LWV�DFWLYLW\�DSSHDUV�
VXSHULRU� WR� WKDW� RI� IODYRQRLGV� DQG� VDSRQLQV�� 7KLV� PDUNHG� DFWLYLW\� FRXOG� EH� H[SODLQHG� E\� WKH� FRPELQHG� DFWLRQ� RI�
IODYRQRLGV� DQG� VDSRQLQV� LQ� WKH� GHFRFWLRQ� RU� E\� D� V\QHUJ\� HIIHFW� EHWZHHQ� WKH� GLIIHUHQW� FRQVWLWXHQWV� VROXEOH� LQ� ZDWHU�
EHFDXVH�LQ�WKH�DEVHQFH�RI�FRPSOHWH�FKHPLFDO�VFUHHQLQJ��ZH�FDQ�QRW�H[FOXGH�WKH�SRVVLELOLW\�RI�H[LVWHQFH�LQ�WKH�GHFRFWLRQ�
RI�RWKHU�PROHFXOHV�NQRZQ�IRU�WKLV�W\SH�RI�DFWLYLWLHV�VXFK�DV��WHUSHQRLGV��&HFFKHUHOO��& al.,�������*UDGH�&t al����������
DQG�SKHQROLF�FRPSRXQGV��6ODYLHQDND�	 al����������

�7KHVH�VHQVLWLYLW\�WHVWV�DOORZHG�XV�WR�GHWHUPLQH�WKH�SUHVHQFH�RI�DQ�DQWLEDFWHULDO�DFWLYLW\�LQ�Medicago sativa��7KLV�SODQW�LV�
WUDGLWLRQDOO\�XVHG�WR�WUHDW�UXP��GLJHVWLYH�GLVRUGHUV��DEVFHVVHV�DQG�RWKHU�LQIHFWLRXV�GLVHDVHV��%RXY\HU���������7KHUHIRUH�
LQKLELWLQJ�WKH�JURZWK�RI�EDFWHULD�WHVWHG�SDUWO\�UHVSRQVLEOH�IRU�WKHVH�SDWKRORJLHV��)DXFKqUH�	�$SULO��������ZRXOG�H[SODLQ�
DW�OHDVW�SDUWV�WKH�SODQW�XVLQJ�LQ�WUDGLWLRQDO�PHGLFLQH��

Conclusion 

���������,W�DSSHDUV�IURP�WKLV�VWXG\�WKDW�WKH�SK\WRFKHPLFDO�VFUHHQLQJ�EDVHG�RQ�VSHFLILF�WHVWV�DOORZHG�WR�FKDUDFWHUL]H�VRPH�
IDPLOLHV�RI�FKHPLFDOV�LQ�UHODWLRQ�WR�OLWHUDWXUH�UHVXOWV�������������������������������������������������������������������������������������������������������������������

7KH�VWXG\�RI�FKHPLFDO�SURILOHV�RI�FUXGH�H[WUDFWV�RI�IODYRQRLGV�DQG�VDSRQLQV�LVRODWHG�IURP�WKH�OHDYHV�RI�Medicago sativa�
QDWLYH� VRLOV� RI� GLIIHUHQW� VKRZV� IRU� HDFK� VXEVWDQFH� ULFK� LQ� FKHPLFDO� FRPSRXQGV�� KRZHYHU�� YDULHV� TXDOLWDWLYHO\� DQG�
TXDQWLWDWLYHO\� IURP� RQH� VRLO� WR� DQRWKHU�� 7KLV� VKRZV� WKDW� DOWKRXJK� WKHUH� LV� D� JHRJUDSKLF� XQLW� RI� WKH� VRXUFH� RI� SODQW�
PDWHULDO��KRPRJHQL]DWLRQ�FKHPLFDO�FKDUDFWHULVWLFV�LV�DOO�WKH�VDPH�GHSHQGHQW�HGDSKLF�IDFWRU�    

         7KH�UHVXOWV�RI�PLFURELRORJLFDO�WHVWV�VKRZHG�WKDW�WKH�OHDYHV�RI�Medicago sativa SRVVHVV�FKHPLFDO�PROHFXOHV�ZLWK�
DQWLEDFWHULDO�SRZHU�GHILQHG�RQ�WKH�PDMRULW\�RI�VWUDLQV�WHVWHG��2Q�.OHEVLHOOD�R[\WRFD�WKH�HIIHFW�LV�YHU\�SRWHQWLDO������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

�����������7KRVH� UHVXOWV� KDYH� EHHQ� HQFRXUDJHG� WR� SURPRWH� Medicago sativa� RQ� DQ� DSSURSULDWH� VRLO�� ,W� LV� QHFHVVDU\� WR�
FRQGXFW�DGGLWLRQDO� WHVWV� WR�FRQILUP�WKH�VSHFLILF�XVH�RI� WKH� VWXGLHG�VROXWLRQV� WR� WUHDW� WKH�EDFWHULDO� LQIHFWLRQV�FDXVHG�E\�
EDFWHULD�IRXQG�WR�EH�VHQVLWLYH�WR�RXU�H[WUDFWV�EHFDXVH�WKH�SUHOLPLQDU\�WHVWV�RI�EDFWHULDO�DFWLYLW\�DOORZ�XV�WR�MXVWLI\�WKH�XVH�
RI Medicago sativa LQ� WUDGLWLRQDO� SKDUPDFRSRHLD� VXJJHVWLQJ� WKDW� WKHLU� OHDYHV� SRVVHVV� DQ� LQWHUHVWLQJ� DQWLEDFWHULDO�
FRPSRXQGV�� 
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&DUERQQHOOH�%����'HQLV�)����0DURQLHU�$����3LQRQ�*��HW�9DUFXVV�5�'XUDIIRXUG�&���'¶+HUYLFRXUW�/���/DSUD]�-�&�����������
&DKLHUV� GH� SK\WRWKpUDSLH� FOLQLTXH�� ([DPHQ� GH� ODERUDWRLUH� JDOpQLTXH� (OpPHQWV� 7KpUDSHXWLTXHV� 6\QHUJLTXHV�� �qPH�
(GLWLRQ�0DVVRQ��3DULV������SS�

&DYDOOR�-�'���&KDUGRQ�+���&KLGLDF�&���&KRXWHW3���&RXUYDOLQ�3���'DEHUQDWK�+���'UXJHRQ�+���'XEUHXLO�/���*ROGVWHLQ�)���
-DYDOLHU� 9��� /HFOHUFT� 0�+�� �������� &RPPXQLTXp� GX� FRPLWp� IUDQoDLV� GH� O¶DQWLELRJUDPPH�� 6RFLpWp� IUDQoDLVH� GH�
0LFURELRORJLH��

&HFFKHUHOOL� 3���� &XULQL� 0��� 0DUFRWXOOLR� 0�&�� 0HQJKLQ� $�,���� �������� 6HVTXLWHUSHQH� DFLGV� IURP� 'LWWULFKLD� YLVFRVD��
3K\WRFKHPLVWU\��9RO������Q������3��������������

'XUDIIRXUG� &��� '¶+HUYLFRXUW� /��� /DSSUD]� -�&��� ������ &DKLHUV� GH� SK\WRWKpUDSLH� FOLQLTXH�� ([DPHQ� GH� ODERUDWRLUH�
JDOHQLTXH��(OHPHQWV�WKpUDSHXWLTXHV�V\QHUJLTXHV���qPH�pGLWLRQ�0DVVRQ��3DULV������SS��

'XYDU� -�� HW� 6RXVV\� &�-�� $EUpJpV� DQWLELRWKpUDSLH�� �qPH(GLWLRQ�� 0DVVRQ�� 3DULV�� ����� HW� ����� /HH� <��� +RZDUG� /5���
9LOODORQ�%����������)ODYRQRLGV�DQG�DQWLR[LGDQW�DFWLYLW\�RI� IUHVK�SHSSHU��&DSVLFXP�DQQXXP��FXOWLYDUV��-��)RRG�6FL�����
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CONSTRAINT  MAP  DEVELOPMENT  FOR  HIGH  VOLTAGE 
OVERHEAD  TRANSMISSION  LINES  CONGESTION MANAGEMENT  IN  

DEREGULATED  ELECTRICITY 
Ahmad M AL-Kandaria   Ayman Ahmed Samib       Ahmed Samic         Bader Alkandaria 

                   a: College of Technological Studies, PAAET, Kuwait  
                   b: Senior GIS Analyst Engineer 
                 c: Consultant at Egyptian Electric Utility Regulatory Agency ERA Egypt 

Abstract Congestion management is considered one of the essential functions of the transmission 
system operator (TSO) in the deregulated electricity. Transmission congestion occurs when actual 
or scheduled flows of electricity across a line or piece of equipment are restricted below desired 
levels either by the physical or electrical capacity of the line or by operational restrictions created 
and enforced to protect the security and reliability of the grid. 
At first the critical and conditional congestion areas are identified then designation of one or more 
National Corridors to facilitate relief of transmission congestion in these areas will be executed. 
The specific preliminary corridor alignment details are input into a GIS database. This allowed 
the GIS constraint mapping and analysis to begin. Multiple layers of constraints are researched 
and overlaid onto the routing maps. These layers are overlaid together through the GIS mapping 
software, but required quality control with regard to completeness. Due to the multiple sources of 
information pertaining to each constraint, multiple databases are researched, agency contacts are 
made, and quality review of the data is completed. Much data is eliminated due to level of 
completeness or receipt from non-qualified resources.. 
Key words: congestion management, TSO, constraint map, overhead transmission line routing 

INTRODUCTION 
The electricity industry is characterized by high volatility of demand, non storability of  electricity and strong 
unavoidable network externalities in case of congestion. Due to these characteristics transmission plays a crucial role in 
both supporting market trading and offering a reliable service. The establishment of  (TSO) as a key institution in the 
emerging competitive electricity markets is intended to ensure the necessary level of coordination in grid operations. 
However the extent of centralized control and market management by the TSO is a debated point from both a 
theoretical and practical perspective. A transmission link is congested when net demand exceeds its safe transfer 
capacity. Possible actions to deal with congestion are either a reduction of demand in the congested direction or an 
increase of counter flows in the opposite direction. 
Much of the congestion seen today results from the practice of adhering to reliability limits imposed so as to be 
prepared to withstand contingencies. Without questioning the need for such adherence, there are nonetheless legitimate 
questions about whether we have adequate tools to represent and analyze the complex relationship between 
contingencies and congestion. This relationship needs to be more fully understood. Similarly, some congestion and flow 
restrictions are due to scheduling practices and transmission rights rather than reliability and operational capabilities. 
“Choosing the route for an electric power transmission line requires consideration of a number of factors. The values of 
these factors will usually vary across space. While the exact set of factors to be considered may change in different parts 
of the country, most transmission line routing will require some attention to environmental factors, such as wetlands and 
flood plains, community factors, such as existing neighborhoods and historic sites, and engineering factors, such as 
slope and access. 
Transmission Line Sitting Process 
Sitting a transmission line requires consideration of input from a variety of sources. The sitting wheel illustrates the 
various sources of input considered during this process .Sitting a transmission line is a three-phase process that involves 
mapping resources, identifying opportunities and constraints, and completing an alternative evaluation. 

 
Phase 1  
Available data, information sources, and aerial photography are analyzed to identify opportunities and constraints for 
sitting the transmission line. 
Opportunity Areas: Existing utility line easements, transportation corridors, rangelands, and along section lines or the 
edge of agricultural fields. 
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Avoidance Areas: Residential areas and structures, open water, visually sensitive areas, irrigated agriculture, 
wilderness, conservation areas or other designated lands, and critical plant or wildlife habitat. 

Phase 2 
Phase 2 of the sitting process involves creating an opportunity and constraint composite map to identify regions in the 
project study area that are suitable for routing a transmission line based on the criteria developed for the project. 
Preliminary alternative corridors have been identified by conducting an opportunity and constraint analysis based on the 
sitting criteria. 

 
 

 
Phase 3  
Phase 3, or Route Refinement, consists of a comparative analysis that focuses on the number and type of resources that 
may influence the transmission line alignment within each corridor which typically include the following:  

-Length of transmission line  
-Right-of-way requirements and availability  
-Land use considerations such as visual impacts, proximity to residences, and impact on agricultural activities   as 

well as existing and future land use  
-Environmental resource considerations such as impacts on cultural or biological resources such as wildlife,  
-plants and wetlands  
-Topography  
-Jurisdiction and regulatory considerations  
-Conflicts with airport height restrictions  
-County requirements  
-Cost  

The process involves identification, quantification, and assessment of the environmental consequences, engineering 
needs, and costs that would be expected as a result of implementation of each of the transmission line alternatives. With 
the completion of this phase and considering public and agency input, a preferred route and alternatives are identified 
.Congestion areas of concern are areas where a large-scale congestion problem exists or may be emerging, but more 
information and analysis is needed to determine the magnitude of the problem and the likely relevance of transmission 
and other solutions. The congestion in these areas may be significant, but it does not appear to be of critical importance 
at this time. These areas are shown in Figure1 by light blue arrows. The arrows also indicate where some possible 
transmission solutions have been suggested and the direction of the additional electricity flows that would result . 
 

International Science and Technology Conference, Dubai, 13-15 December 2012

303



ISTEC 20
12 

Figure 1 Critical Congestion Area and Congestion Area of Concern 
Conclusion and recommendations 
The constraint map development is very significant step in congestion management for high voltage overhead 
transmission lines , accordingly and based on the long term forecast of energy source and demand requirements TSO 
can execute in due time the reinforcement action for the transmission network using the created constraint map. The 
role of GIS is used essential to analyze routes for infrastructure expansion and development of constraint map. GIS 
serves as a vehicle for change and resolution in addressing former inadequacies inherent in the manual sitting process 
for linear facilities. This technology allows for comprehensive quantifiable assessment of social, engineering, and 
ecological impacts with the implementation of a consistent and  defensable sitting methodology. Consequently, 
organizations are armed with a tool which enables them to adhere to regulatory policies and secure appropriate 
permissions in an efficient manner, thereby reducing associated time and costs. 
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Abstract   :   In   this   paper,  we   evaluate   a   topology  of   a   three   phase  space   vector   pulse  width  
modulation  based  rectifier,  feeding  a  three-­phase  two  levels  inverter,  associate  to  a  double-­fed  
induction   generator   (DFIG)   in   a   horizontal   axis  wind   turbine   conversion   chain,   to   improve  
power  quality  and  ensure  maximum  participation  of  the  chain  on  the  service  system.  We  take  on  
consideration  the  mathematical  model  of  the  DFIG.  The  results  of  different  simulations  of  the  
whole   conversion   chain,   realized   under   the  MATLAB   /   Simulink,   were   used   to   show   the  
performance  of  the  proposed  control.     

      Key  words:  Control,  wind  turbine,  converter,  PMW,  DFIG.  
  
  
Introduction     
  

Wind  energy  is  clean  energy  that  has  been  a  rapid  development  during  the  last  two  decades.  Wind  energy  seems  to  
be  an   interesting  alternative   that   allows  controlling  the  energy  injected  into  the  network  and  thus  diversifying  the  
energy  markets.  To  be  used  in  numerous  applications  and  respond  to  economic  constraints,  the  chain  of  conversion  of  
this  energy  must  be  robust  and  reliable.  It  must  also  submit  a  better  efficiency  and  be  achieved  at  low  cost.  In  this  aim,  
it   is  necessary  to  extract   the  maximum  wind  power.  The  operating  power  of  the  wind  depends  on  the  intensity  and  
wind  speed  in  particular  the  speed  of  the  turbine  (Tafticht  2003).  

The  technology  used  for  the  production  of  wind  energy  saw  their  first  efforts  will  concentrate  on  the  constant  speed  
operation   for   small   machines   that   are   directly   connected   to   the   mains   through   a   soft   start   to   reduce   switching  
transients.  Given  the  advantages  of  variable  speed  wind  turbines,  the  use  of  large  machines  is  made  possible  because  
of   their   effectiveness   (Janaka   2003).   Among   these   machines,   we   consider   in   this   work   a   doubly   fed   induction  
generator  supplied  with   a  device  of  power   electronics  made  up  mainly   of   a   rectifier   installed   in  cascade  with  an  
inverter.  The  converter  is  dimensioned  with  the  third  of  the  rated  power  of  the  rotor  (Mishra  2009).  

Since   the   chain   of   conversion   thus   requires   bidirectional   converters,   the   rectifiers   containing   IGBT,   GTO   or  
MOSFET,  controlled  in  SVPMW,  has  very  good  advantages  comparing  with  topology  to  diodes.  These  converters  
take  part  in  the  deterioration  of  the   power  quality’  and  the  voltage  of  the  distribution  networks  seen  their  consumption  
of  the  Non-­sinusoidal  currents  (Blasco-­Giménez  2000).        

  

  
Figure  1.     Power  flow  in  bi-­directional  AC/DC  converter.  
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In  addition  to  non-­reversibility  (see  “Fig.  1”)  ,  topology  in  diode  poses  many  disadvantages  like  the  rate  of  the  very  
high   harmonics   and   the   power-­factor   very   low   compared   to   the   rectifiers   with   PWM,   one   which   guarantees   a  
power-­factor  very  high  and  function  in  the  four  (4)  quadrants  (KWON      1999).  

In  this  document  proposing  a  control  of  the  converter  side  rotor  which  enables  us  to  complete  the  direct  control  of  
the  active  and  reactivates  powers  separately,  this  converter  must  be  supplied  with  a  stable  continuous  voltage         ,  this  
voltage  will  be  to  regulate  by  the  controlled  rectifier,  and  the  results  of  simulation  of   this  double  objective  will  be  
presented  and  interpreted.  
  

System  Description     
  

The  wind  system,  whose  diagram  of  the  principle  is  shown  in  “Fig.  2”,  has  been  the  subject  of  our  study.  It  includes  
DFIG,  a   turbine,  which  through  a  multiplier,  drives  the  DFIG,  which  is  directly  connected  to  the  grid  by  the  stator  
where  it  is  also  connected  through  static  three  phase  converters  to  rings  /  brushes  system  of  the  machine  rotor.  

  
Figure  2.     Variable  speed  wind  turbine  studied.     

  

Mathematical  description  of  the  Voltage-­Source  Pwm  Rectifier  
  

The  topology  of   the  rectifier  based  SVPWM  is  presented  in  “Fig.  3”,   it   includes  three  legs  in  each  one  six  fully  
controlled  switches  containing  GTO  or  of  IGBTconnected  to  the  voltage  of  network  egA,  egB,  egC.     

  

Figure  3.     Three-­phase  voltage-­source  PWM  rectifier  

The  instantaneous  states  of  the  power  switches  and  can  be  described  in  a  form  of  equations  (1).  
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Where  the  Ki,  are  the  control  switching  signal.  

The  mathematical  model  of  the  voltage-­source  PWM  rectifier  in  the  d-­q  coordinates  can  be  formulated:     
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(2)  

Assuming  that  the  power  conversion  is  lossless  the  power  balance  of  the  PWM  rectifier  can  be  described  
by  the  nonlinear  differential  equation  (3)  (Blasco-­Giménez  2000)  :  
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The  basic  relationship  between  vectors  of  the  PWM  rectifier  is  presented  in  “Fig.  4”.  

  

  
Figure  4.     Power  flow  in  bi-­directional  AC/DC  converter  

  

Modeling  of  the  DFIG  
  

The  model  is  drawn   in   the  same  manner   as  that  of   the  cage   induction  motor  except   that   the  rotor  voltages  are  
nonzero  (Gaillard,  2010).  In  a  landmark  two-­phase,  the  equations  of  tension  and  flux,  the  generator  can  be  written  as  
follows  (Benelghali  2010).  
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Where,  

  𝐿௦ = 𝐼௦ −  𝑀௦;  𝐿௥ = 𝐼௥ −   𝑀௥   ;   𝑀 = 3 2ൗ 𝑀௦௥                                                                                                                                                                                  (6)  
And  the  mechanical  equation  and  the  torque  of  the  machine  are  given  respectively  by  the  following  terms:  

               𝐽 ௗఆௗ௧ = 𝑇௘௠ − 𝐶௥ − 𝑘௙.𝛺                                                                                                                                                                              (7)  

            𝑇௘௠ = 𝑝 ெ
௅ೞ
(𝐼௥௤𝜙௦ௗ − 𝐼௥ௗ𝜙௦௤)                                                                                                                                                                     (8)  

And,  we  consequently  represent  the  block  diagram  (see  “Fig.  5”).  

  
Figure  5.     Block  diagram  of  the  DFIM  model  

Iverter  control        
  

To  facilitate  the  electrical  production  control  of  the  wind  turbine,  we  carry  out  an  independent  control  of  the  DFIG  
active   and   reactive   powers.   For   this   purpose,   there  are   two   solutions   (Akagi  2001):   The   first   method   consists   in  
neglecting  the  coupling  terms  and  installing  an  independent  regulator  on  each  axis  to  control  the  active  and  reactive  
powers  independently.  This  method  will  be  called  direct  method  because  the  powers  regulators  control  directly  the  
machine  rotor  voltages.  The  second  method  consists  in  taking  into  account   these  coupling  terms  and  compensating  
them  by  carrying  out  a  system  includes  two  loops,  making  the  possibility  of  rotor  powers  and  currents  control.  This  
method  is  called  indirect  method.  This  last  method  will  be  taken  on  consideration.  

The  indirect  method  consists  in  reproducing,  in  opposite  direction,  the  block  diagram  of  the  system  to  be  controlled  
(Ekanayake  2003)  (Lie  Xu  2006).  We  build  a  block  diagram  allowing  thus,  expressing  the  voltages  according  to  the  
powers.  We  end  up  then  to  a  model  which  corresponds  to  that  same  of  the  machine  but   in  opposite  direction.  The  
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indirect  control  will  contain  therefore,  all  the  elements  showed  in  the  DFIG  block  diagram.  

  
Figure  6.     Bloc  diagram  of  indirect  control  with  the  power  loop.  

So  as  to  improve  the  indirect  control,  we  will  incorporate  an  additional  regulation  loop  at  the  powers  in  the  goal  to  
eliminate  the  static  error  while  maintaining  the  system  dynamics  (Dekhane  2012).  

  We  end  to  the  block  diagram  presented  in  “Fig.  6”,  where  we  distinguish  well  the  two  regulation  loop  functions  for  
each  axis,  one  controlling  the  current  and  the  other  power.  

Simulations  and  Discussions  
  

For  simulation,  we  considered  a  variable  wind  according  to  the  figure  simulated  below  in  a  time  of  100s  “Fig.  7”,  
then  we   imposed  variations   in   the  reference  values   the  active  and  reactive  powers  so  validating   the  mathematical  
model  of  the  DFIG  and  testing  the  control  of  the  inverter  in  aim  to  decoupling  between  the  powers  and  to  see  at  the  
same   time   the   behavior   of   rectifier   regarding   the   inverter   as   a   load.   The   figures   below   represent   the   results   of  
simulation.  

“Fig.  8”and  “Fig.  9”,  present  respectively  the  active  and  reactive  power,  it  is  noticed  that,  those  figures  represent  a  
good  pursuit  of  its  reference  and  a  very  good  decoupling.  The  changing  of  one’s  powers  doesn’t  cause  ones  of  other.  
Therefore,   their   control   is   independent.  We  observe  a  dynamics  which  reacts  quickly  and  without   exceeding.  The  
references  are  correctly  followed  and  there  is  no  more  error  on  the  powers.  However  the  response  time  of  the  reactive  
power  is  slightly  long  than  the  active  power  because  of  the  short  time  of  simulation  that  is  require  powerful  calculation  
hardware.  

   “Fig.  10”  shows  the  DC-­voltage  delivered  by  the  controlled  rectifier,  the  voltage  is  constant  and  it  has  kept   its  
value  and  we  see  a  small  variation  in   time  0.2s  and  0.4  due  to  the  power  references  values  changing.  The  rectifier  
presents  a  very  good  dynamics  in  term  of  stability.  
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Figure  7.     Wind  speed  varriation/100s.  

  

Figure  8.     Active  power.  

  

Figure  9.     Reactive  power.  

  

Figure  10.     Dc  voltage  in      dc-­bus  

  

Conclusion  
  

Following   this  work   we   had   in   first   place   approved   by   simulation,   the  mathematical   model   of   a   doubly   fed  
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induction  generator.  Which  we  applied  the  separate  control  powers.  The  results  of  various  performed  simulations  have  
been  commented.  The  indirect  method  for  the  inverter,  indeed  more  complex  for  implement,  offers  an  advantage  for  
the  practical  realization  because  it  integrates  the  rotor  current  regulation  loop,  thus  making  it  possible  to  protect  the  
machine  by  interposing  the  current  limitations.  In  addition,  since  it  has  a  control  loop  rotor  currents,  it  is  easy  to  limit  
the  maximum  current  machine  during  transients  and  abrupt  changes  of  the  load.     

The  SVPWM  control  method  for  the  rectifier  it  is  also  easy  to  realized  where  the  voltage  output  is  ensured  by  a  
reference  value,  which  ensure   the  functionality  objective  of  the  controlled  inverter  and   the  power   flow  in  the  both  
direction  whatever  the  operating  mode  of  the  DFIG  (sub  or  super-­synchronous).  
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ROPDNWDGÕU��%X�VHEHSOH�EX�PRQLW|UOHULQ�UDVWJHOH�ELU�\HUGH�SDUoDODQPDVÕ�VD÷OÕ÷Õ�|QHPOL�úHNLOGH�HWNLOH\HFHNWLU��EX�FDPODUÕQ�
NÕUÕOPDVÕ�YH�GHSRODQPDVÕ�|]HO�SURVHG�UOHU�JHUHNWLUPHNWHGLU� �:HLW]PDQ���������&57�W�SOHULQ������ LQL�FDP�ROXúXU��EX�
GH÷HU�79�YH\D�PRQLW|U�Q�WRSODP�D÷ÕUOÕ÷ÕQÕQ�\DNODúÕN�����
LQH�GHQN�JHOLU���>$QGUHROD�YH�DUN�������D@�YH�>$QGUHROD�YH�
DUN�������E@���&57�LOH�LOJLOL�\DSÕODQ�|QFHNL�oDOÕúPDODU��&57�ER\XQ�YH�KXQL�FDPODUÕ�LoHULVLQGHNL�WRNVLW�PDGGHOHULQ�WHKOLNHOL�
DWÕN�ROGX÷XQX�J|VWHUPLúWLU���>-DQJ�DQG�7RZQVHQG������@��>0XVVRQ�YH�DUN�������@�DQG�>0XVVRQ�YH�DUN�������@��
� (�DWÕN�G�Q\DQÕQ�HQ�KÕ]OÕ�E�\�\HQ�VRUXQODUÕQGDQ�ELULGLU�YH�EX�DWÕNODUÕQ�\DNODúÕN���������$V\D��7DNDVKLPD��������
YH�$IULND��ONHOHUL�JLEL�JHOLúPHNWH�RODQ��ONHOHUH�LKUDo�HGLOPHNWHGLU��*HOLúPHNWH�RODQ��ONHOHUGH�\DQOÕú�\|QHWLP�WHNQLNOHUL�
�:LGPHU� YH� DUN��� ������ QHGHQL\OH� HOHNWURQLN� DWÕN� �1QRURP� YH�2VLEDQMR�� ������ \|QHWLPLQGH� E�\�N� ]RUOXNODUOD� NDUúÕ�
NDUúÕ\D�NDOÕQPDNWDGÕU�������d('�5DSRUXQD�JRUH��(,$��������ho�QF��G�Q\D��ONHOHULQH��%DVHO�(\OHP�$÷Õ��������H�DWÕN�
LKUDFDWÕ�\DVDN�ROGX÷X�LoLQ�VDGHFH�\DVDGÕúÕ�WDúÕPDFÕOÕN�LOH�JLULú�RODELOHFHNWLU��
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(÷LWLP� ROJXVXQXQ� NXUDPVDO� oHUoHYHVL� YH� EXQD� X\JXQ� SUDWLN� \DúDPD� DNWDUÕP� V�UHFL�� LoLQGH�

EXOXQGX÷X�WRSOXP�\DSÕVÕ�YH�PDNUR�|OoHNWHNL�VRV\RORMLN�V|\OHPOHUH�ED÷OÕ�RODUDN�EHOLUOHQPHNWHGLU��

0RGHUQ�]DPDQÕQ�VDQD\L� WRSOXPX� WLSL� LOH�QLWHOHQGLULOPHVL� V�UHFLQGH� LIDGH�HGLOPLú�YH�J�Q�P�]GH�

GH� GHYDP� HWWLULOHQ� NLWOHVHO� H÷LWLP�� VRV\RORMLN� ROJXODUÕ� GD� LoLQH� DODQ� WHPHO� SDUDGLJPDODUD� ED÷OÕ�

RODUDN� V�UHNOL� ELU� G|Q�ú�PH� PDUX]� EÕUDNÕOPDNWDGÕU�� %X� GXUXPXQ� HQ� WHPHOGH� VDYXQXVX� ELU�

WRSOXPVDO� NXUXP� RODQ� H÷LWLPLQ� WRSOXPVDO� GH÷LúLPOHUH� ED÷OÕ� RODUDN� \HQLOHQPH� ]RUXQOXOX÷XGXU��

(÷LWLP�ROJXVX��|QFHOLNOH�SR]LWLYLVW�SDUDGLJPD�LoLQGH�WRSOXPVDO�LKWL\DFD�FHYDS�YHULUNHQ�GDKD�VRQUD�

WRSOXPVDO� \DSÕQÕQ� GH÷LúLP� VH\UL� LoLQGH� SRVW�SR]LWLYLVW� SDUDGLJPDQÕQ� WHPHO� DUJ�PDQODUÕQD� J|UH�

úHNLOOHQPLúWLU�� �%X�JHOLúLP��DoÕNODPD�WHPHOOL�ELU�H÷LWLP��|÷UHQPH�PRGHOLQGHQ�DQODPD�WHPHOOL�ELU�
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oRNN�OW�UO�O�N�� oRNN�OW�UO�� H÷LWLPL� \�NVHOHQ� ELU� H÷LOLP� RODUDN� VXQPDNWDGÕU�� dDOÕúPDGD� WDULKVHO�

V�UHoWH� WRSOXPVDO� \DSÕQÕQ� GH÷LúLPLQH� J|UH� WDQÕPODQDQ� KHU� VRV\RORMLN� ROJXQXQ� H÷LWLP� DQOD\ÕúÕQÕ�

QDVÕO� úHNLOOHQGLUGL÷L�� WHPHOGH� SDUDGLJPDWLN� G|Q�ú�POHU� QRNWDVÕQGDQ� ±H÷LWLPGH� GDYUDQÕúoÕOÕN�
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VHU�YHQL�RUWD\D�NRQDFDNWÕU��

$QDKWDU�.HOLPHOHU��.LWOHVHO�H÷LWLP��%LOJL�WRSOXPX��dRNN�OW�UO�O�N��3R]LWLYL]P��

�

62&,2/2*,&$/�)281'$7,216�2)�08/7,&8/785$/�('8&$7,21�
7KH� WKHRULWLFDO� IUDPH� RI� HGXFDWLRQ� IDFW� DQG� WKH� WUDQVIHU� SHULRG� RI� LW� WR� WKH� SUDFWLFDO� OLIH� LV�

GHWHUPLQHG� E\� GHSHQGLQJ� XSRQ� WKH� VWUXFWXUH� RI� WKH� VRFLHW\� DQG� WKH� PDFUR� VFDOH� VRFLRORJLFDO�

GLVFRXUVHV���7KH�PDVV�HGXFDWLRQ��WKDW�LV�VWDWHG�LQ�WKH�SHULRG�RI�TXDOLILFDWLRQ�RI�LQGXVWULDO�VRFLHW\�LQ�

PRGHUQ�WLPHV�DQG�VWLOO�LV�JRLQJ�RQ�QRZDGD\V��LV�H[SRVHG�WR�D�FRQWLQRXV�FKDQJH��GHSHQGLQJ�RQ�WKH�

EDVLF�SDUDGLJPV�ZKLFK�DOVR�FRYHU�WKH�VRFLRORJLFDO�IDFWV���7KH�EDVLF�GHIHQFH�RI�WKLV�VLWXDWLRQ�LV�WKH�

QHFHVVLW\�RI�HGXFDWLRQDO�UHQHZDO�WKDW�GHSHQGV�RQ�WKH�VRFLRORJLFDO�FKDQJHV��7KH�IDFW�RI�HGXFDWLRQ�

KDV� EHHQ� ILUVWO\� UHVSRQGHG� WR� VRFLRORJLFDO� UHTXLUHPHQW� LQ� SRVLWLYLVW� SDUDGLJP�� WKHQ� VKDSHG�

DFFRUGLQJ� WR� EDVLF� DUJXPHQWV� RI� SRVW�SRVLWLYLVW� SDUDGLJP� LQ� WKH� SHULRG� RI� FKDQJH� RI� VRFLDO�

VWUXFWXUH�� �7KLV�GHYHORSPHQW�FDQ�EH�VWDWHG�DV�D�SHULRG�JRLQJ�IURP�H[SODQDWLRQ�EDVHG�HGXFDWLRQ�

OHDUQLQJ�PRGHO� WR� FRPSUHKHQVLRQ� EDVHG� HGXFDWLRQ�OHDUQLQJ�PRGHO�� 7KH� HGXFDWLRQ� IDFW� WKDW� KDV�

EHHQ�VKDSHG�LQ�WKH�OLJKW�RI�SDUDGLJPDWLF�FKDQJHV�LV�GHILQHG�E\�WKH�H[SUHVVLRQV�OLNH�HGXFDWLRQ�RI�

LQGXVWU\�VRFLHW\��HGXFDWLRQ�RI�LQIRUPDWLRQ�VRFLHW\�DQG�JOREDO�HGXFDWLRQ�WKDW�EULQJ�XQLYHUVDO�YDOXHV�

DULVHG�ZLWK�JOREDOL]DWLRQ�WR�IRUHIURQW���0XOWLFXOWXUDOLVP�WKDW�LV�D�UHVXOW�RI�LPPLJUDWLRQ�IDFW�ZKLFK�

WDNHV�SODFH�E\�WKH�LQFUHDVH�RI�LQWHUQDWLRQDO�FLUFXODWLRQ�ZHE��SUHVHQWV�PXOWLFXOWXUDO�HGXFDWLRQ�DV�DQ�

LQFUHDVLQJ� WUHQG�� ,Q� WKLV� VWXG\�� RQH� FDQ� ILQG� KRZ� VRFLRORJLFDO� IDFWV� VKDSHG� WKH� HGXFDWLRQ�

SHUFHSWLRQ� LQ� WKH� SHULRG� RI� WLPH�� $OVR�� D� GLVFXVVLRQ� RQ� PXOWLFXOWXUDOLVP� IDFW� IURP� SURSHUWLHV�

GHSHQGLQJ�XSRQ� WKH� VRFLHW\� W\SHV�ZLOO�EH�SUHVHQWHG�DQG�DGYHQWXUH�RI�HGXFDWLRQ� WR�PXOWLFXOWXUDO�

HGXFDWLRQ�ZLOO�EH�HPSKDVL]HG���

.H\�:RUGV��0DVV�(GXFDWLRQ��,QIRUPDWLRQ�6RFLHW\��0XOWLFXOWXUDOLVP��3RVLWLYLVP�
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Abstract: Biosolids from de-inking processes are increasingly being used in Quebec (Canada) to 
improve acid soil. The objective of this study is to determine the optimum rates of de-inking 
paper sludge (DPS) for attaining target soil pH values of 5.2 and 5.5 for potato grown on podzolic 
soil. Incubation experiment was conducted during 18 weeks with a coarse textured soil (pH 4.8) 
and increasing rates of CaCO3 or DPS. Results indicate that the amounts of DPS required varied 
from 4.0 to 8.2 dry Mg DPS ha-1 for attaining pH 5.2 and from 7.6 to 15.2 dry Mg DPS ha-1 for 
attaining pH 5.5. The required amount of DPS is proportional to its total CaCO3 equivalent. 

 
Key words: Liming materials, Soil amendment, Soil acidity, Lime requirement. 

 
 
Introduction  
 
 The most common problem associated with acid coarse-textured soils in the province of Quebec (Canada) is 
aluminum (Al) toxicity particularly in soils devoted to potato (Solanum tuberosum L.) cultivation with pH below 5.5. 
Potato producers often attack this problem with soil amendments or liming materials. However, liming acid soils 
devoted to potato cultivation above 5.2 constitute a potential risk of scab disease especially for sensitive cultivars and 
soils infested with S. scabies. Although planting scab-tolerant potato is a reasonable option for dealing with acid soils 
and scab disease, liming is traditionally used to enhance pH to 5.5 in order to reduce Al availability and to improve soil 
productivity. Soils infested with S. scabies may be managed by adjusting the soil pH to a point unfavorable to the scab 
organism (Waterer, 2010). 
 

In Quebec, about 74 000 Mg of primary de-inking paper sludge (DPS) were used in 2010 as soil amendment in 
crop plants (MDDEP 2010). This DPS contains cellulose fibers, removed inks, clay fillers (Barriga et al., 2010), 
coatings of used paper by a de-inking process (Charest and Beauchamp, 2002) and chemical additives added during the 
manufacture of paper, printing, and recycling (Beauchamp et al., 2002). Due to its high content of calcium carbonate, 
DPS may help reduce the use of commercial lime to treat acidic coarse-textured soils. DPS has been used to reduce soil 
acidity and availability of toxic Al (Baziramakenga et al., 2001; Battaglia et al., 2007), to enhance biological 
functioning (Chantigny et al., 1999), and to improve soil fertility (Fierro et al., 1997) and physical properties of soils 
(Trépanier et al., 1996; Chantigny et al., 1999).  
 

Although the optimum pH range commonly reported for potatoes is 5.5 to 7.5 (Smith 1940), a soil pH of 5.2 to 
6.2 is typical for commercial potato production in Quebec (CRAAQ, 2010). Potato is an important crop in Quebec’s 
agricultural economy. The aim of the present experiment was to determine the optimum rates of DPS for attaining target 
sandy loam soil pH values of 5.2 and 5.5. 
 
Materials and Method  
 

Three types of primary de-inking paper sludge (DPS) were collected from three Cascade factories in Canada, 
namely Breakey fibers (DPS1), Candiac (DPS2) and Kingsey Falls (DPS3). DPS were air-dried, mixed, homogenized 
and ground to pass a 2 mm sieve prior to analysis for total C, total N and total Ca. Briefly, DPS1 contained 45% organic 
matter (OM), 0.2% total N and 16.1% total Ca; DPS2 contained 44.0% OM, 0.14% total N and 14.1% total Ca; DPS3 
contained 52.0% OM, 0.12% total N and 12.7% total Ca. The pH was 8.0, 7.8 and 8.2 for DPS1, DPS2 and DPS3, 
respectively. The total calcium carbonate equivalent (TCCE) (BNQ, 2005) was 45.0, 42.0 and 37.5 for DPS1, DPS2 and 
DPS3, respectively. All analyses were done in triplicate. The pH of DPS was measured in deionised water using 1:10 
DPS to water ratio. The Morin sandy loam soil (humo-ferric podzol) used for soil-liming material mixtures was taken 
from Patates Dolbec inc. farm in St-Ubalde (Quebec, Canada). Selected properties of the soil were as follows: sand 
72%; clay 4%, pHwater (1:1 soil:distilled water ratio) 4.8; buffered pH or pHSMP 5.6; organic matter 4%, Mehlich-3-
extractable Al 1888 mg kg-1. 
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Incubation test 

The incubation experiment was planned using randomized block design containing three replicates for each 
test (chemically pure CaCO3 ground to pass a 400 mesh sieve, DPS) and control treatment (without CaCO3 or DPS). 
The treatments consisted of six CaCO3 rates (1.1, 2.2, 3.4, 4.5, 6.7, and 9.0 Mg CaCO3 ha-1) and three rates of DPS: 
Breaky fibers (0.0, 10.0, and 20.0 Mg ha-1, dry basis), Candiac (10.5 and 21.0 Mg ha-1, dry basis) and Kingsey Falls 
(12.0, and 24.0 Mg ha-1, dry basis). One kg of air-dried soil samples were placed into 1.5 L polypropylene recipients 
with drainage holes. A filter paper was deposited in the bottom of each recipient to prevent nutrient leaching. The soil 
was thoroughly mixed with reagent-grade CaCO3 or DPS. Soil samples were moistened until water flows through the 
drainage holes. The moisture was adjusted every week by adding de-ionized water. All treatments were incubated in 
triplicate at 23 ± 2°C for 18 weeks.  

 
Results  
 
 Increasing CaCO3 or DPS rates significantly raised the soil pH after 18 weeks of incubation (Fig. 1). The pH of 
soil amended with CaCO3 or DPS varied from 4.8 to 6.6. Soil samples amended with liming materials (CaCO3 or DPS) 
exhibited the same pH response pattern. The four curves shown in Figure 1 are the best-fit asymptotic regression curves 
describing the relationship between CaCO3 or DPS rates and pH of incubated soil samples. These relationships were 
significantly described (P < 0.05) by means of quadratic model: pH = aX2+bX+C (R2: 0.91-0.99), where X is the rate of 
CaCO3 or DPS rate and a, b and c are constants. Soil pH increased with the rate of DPS in the following order: Breakey 
fibers > Candiac > Kingsey falls. The first target pH of 5.2 is attained by adding 4.0, 5.3 and 8.2 Mg ha-1 of Breakey 
fibers, Candiac and Kingsey falls, respectively. The second target pH of 5.5 is attained by adding 7.6, 10.3 and 15.2 Mg 
ha-1 of Breakey fibers, Candiac and Kingsey falls, respectively. For calcitic limestone, soil pH values of 5.2 and 5.5 
were attained by adding 2.6 and 4.6 Mg CaCO3 ha-1, respectively. The effectiveness of DPS in neutralizing soil acidity 
is negatively proportional to their TCCE value (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Figure 1: Graphic method for determining the amount of CaCO3 and de-inking paper sludge (Breakey 
fibers, Candiac and Kingsey Falls) needed to reach soil pH values of 5.2 and 5.5. 
 
Discussion  
 

Strongly acidic soils and soils with a high buffering capacity often require a large quantity of lime. The amount 
of lime required to raise soil pH to 5.5, noted LR5.5, is usually estimated in Quebec (Canada) by the recommendation 
system using pHSMP as the diagnostic index of lime requirement (Table 1). According to this system, the amount of 
liming material that must be applied to the coarse-textured soil with a pHSMP of 5.6 in order to reach soil pHwater of 5.5 
was 7.1 meq per 100g (Tran and van Lierop, 1982) or 7.8 Mg CaCO3 ha-1 (CRAAQ, 2010), substantially larger than the 
value of 4.6 Mg CaCO3 ha-1 derived from soil-CaCO3-moist incubation LR method (Fig. 1). This amount is somewhat 
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close to 3.8 and 5.3 Mg ha-1 predicted respectively from Webber et al. (1977) and Soon and Bates (1986) equations 
(Table 1). 
 
Table 1: Lime recommendation equations for Canadian mineral soils based on SMP soil-buffer pH. 
 
References Number Provenance Soil type Equilibrium period Equations of lime requirement r2

of samples
Tran and van Lierop (1982) 37 Quebec soils Coarse-textured soils 3 months LR(5.5)* = 4.0 (pHSMP)2 -54.7 (pHSMP) + 188 0.894
Soon and Bates (1986) 24 Ontarian soils Loamy sand to clay 72 hours LR(5.5)* = 3.66 (pHSMP)2 -48.98 (pHSMP) + 164.3 0.828
Webber et al. (1977) 39 Candaian soils Loamy sand to clay 30 days LR(5.5)# = 3.4 (pHSMP) + 23.3 0.740
* LR(5.5) in meq CaCO3 per 100 g soil
# LR(5.5) in t CaCO3 per acre  
 This result indicates that the current recommendation system (Table 1) overestimates the lime requirement of the 
sandy loam soil by 3.2 (7.8-4.6) Mg CaCO3 ha-1. Excess amount of lime can be expected to increase soil pH to 6.0 
rather than target pH value of 5.5 (Fig. 1) which would constitute a potential risk of scab disease especially for sensitive 
cultivars. 
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  Figure 2: Application rates of DPS relative to their total calcium carbonate (TCCE) and target soil pH for 
potato crop.  
 
 As would be expected, Breakey fibers with the highest TCCE (45.0%) had greater effectiveness to attain the 
optimum pH range for potato plant than Candiac with TCCE of 42.0% and Kingsey Falls with TCCE of 37.5%. A one 
percent change in the TCCE of DPS could vary LR5.5 and LR5.2 by one and one half Mg DPS ha-1 (Fig. 2). TCCE 
values are probably related to the origin of recycled paper. Therefore, the amount of DPS required varies, depending on 
liming value of DPS and target pH value for potato crop. 
 
Conclusions  
 

The results indicated that the current Quebec recommendation system overestimate the lime requirement of 
coarse-textured soil.  

The amounts (Mg ha-1, dry basis) of DPS that must be applied to the coarse-textured soil with a pHwater of 4.8 
in order to reach soil pHwater of 5.2 and 5.5 were respectively in the following range: 4.0-8.2 and 7.6-15.2. The amounts 
of DPS were negatively proportional to their TCCE value. Results also revealed that DPS were as efficient as CaCO3 to 
neutralize soil acidity. 
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oHNPH�DUDFÕQÕQ�WXWDUOÕ�ELU�úHNLOGH�NXOODQÕOPDVÕ�JHUHNLU��<DOÕQ������D���

�

'LNNDW� oHNPH� DUDoODUÕ�� PHWQLQ� JHQHO� \DSÕODQGÕUPDVÕQÕ� EHOLUOHPHGH� ROGX÷X� NDGDU� PHWLQGHNL� IDUNOÕ� QRNWDODUÕQ�

YXUJXODQPDVÕQGD� GD� NXOODQÕOPDNWDGÕU�� gUQH÷LQ�� E�\�N� KDUIOHU�� NDOÕQ�� LWDOLN�� DOWoL]JL� YH� UHQN� RNX\XFXQXQ� GLNNDWLQLQ�
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EHOLUOL� ELU� QRNWD\D� YH\D� V|]F�÷H� oHNLOPHVLQGH� NXOODQÕODELOLU�� <D]ÕP� DODQÕ� NÕVÕWODPDVÕ� EX� LúDUHWOHULQ� NXOODQÕOPDVÕQD�

JHQHOOLNOH� HQJHO� ROPDNWDGÕU�� $\UÕFD� oRFXNODUÕQ� YH� E�\�NOHULQ� GLNNDW� HWWL÷L� EX� LúDUHWOHUL� KHU� ]DPDQ� DQODPDGÕNODUÕ��

EXQODUÕQ�DQODPODUÕQÕQ� L]DK�HGLOPHVLQH� LKWL\Do�GX\GXNODUÕ�YH�oRNOX� LúDUHWOHPHQLQ�NDUÕúÕNOÕN�\DUDWWÕ÷Õ�J|U�ú��\D\JÕQ�ELU�

úHNLOGH�NDEXO�HGLOPHNWHGLU��+DUWOH\��������

�
'HUV� NLWDSODUÕQGD� NR\X�� LWDOLN�� UHQNOL�� \D]Õ� oHúLWOHULQLQ�� E�W�QO�÷�� ER]PD\DFDN� ELoLPGH� oDUSÕFÕ� WDVDUODQPÕú�

ROPDVÕ� JHUHNPHNWHGLU�� 'LNNDWL� RGDNODPDN� LoLQ� PHWLQ� LoLQGH� \HQL� YH� |QHPOL� NHOLPH� \D� GD� F�POHOHU� YXUJXODQÕU�� <D]Õ�

ER\XWXQX� GH÷LúWLUPH�� \D]Õ\Õ� UHQNOHQGLUPH�� LWDOLN� \DSPD�� NDOÕQ� \D]PD� YH� NXWX� LoLQH� DOPD� YXUJXODPD� DUDoODUÕQGDQ�

ED]ÕODUÕGÕU�� $OW� oL]PH� VDGHFH� ROXPVX]OXN� ELOGLUHQ� V|]F�NOHUGH� WHUFLK� HGLOPHOLGLU�� 'HUV� NLWDSODUÕQGD� DQD� EDúOÕNODUGD�

E�\�N� KDUI�� PHWLQGH� LVH� N�o�N� KDUI� NXOODQÕOPDOÕGÕU�� 0HWLQ� LoHULVLQGH� E�\�N� KDUI� NXOODQÕOPDVÕ� RNXPD� KÕ]ÕQÕ�

\DYDúODWPDNWD� YH� GLNNDWL� GD÷ÕWPDNWDGÕU�� gQHPOL� NDYUDPODUD� GLNNDW� oHNPHN� LoLQ� \DQ� EDúOÕNODU� NXOODQÕOPDOÕGÕU��

9XUJXODPD�DUDoODUÕQÕ�NXOODQÕPÕQGD�WXWDUOÕ�ROXQPDOÕ�YH�DúÕUÕ\D�NDoÕOPDPDOÕGÕU��.HVHU���������

�

g÷UHQPH� V�UHFLQGH� |QHPOL� ELU� HWNLVL� RODQ� GHUV� NLWDSODUÕQÕQ� QLWHOLNOL� ROPDVÕ� ELU� ]RUXQOXOXNWXU�� d�QN�� GHUV�

NLWDSODUÕ�� |÷UHQFLOHUH� VÕQÕI� LoL� YH� VÕQÕI� GÕúÕ� HWNLQOLNOHUGH� |QHPOL� |Oo�GH� NDWNÕ� VD÷ODPDNWDGÕU�� 'HUV� NLWDSODUÕ� |÷UHWLP�

SURJUDPÕQÕQ� DPDoODUÕQÕ� JHUoHNOHúWLUPHN� LoLQ� |÷UHQFLOHUH� JHUHNHQ�PHVDMÕ� YHUPHVL� JHUHNLU��$QFDN� |÷UHQFLOHULQ� HQ� oRN�

\DUDUODQGÕ÷Õ� WHPHO�ND\QDN�RODQ�GHUV�NLWDSODUÕQÕQ�QLWHOL÷L� LOH� LOJLOL�\DSÕODQ�ELUoRN�DUDúWÕUPDGD�GH÷LúLN�VRUXQODUÕQ�YDUOÕ÷Õ�

RUWD\D� oÕNPÕúWÕU�� $\UÕFD�� LOJLOL� DUDúWÕUPDODU� LQFHOHQGL÷LQGH� GHUV� NLWDSODUÕQÕQ� GLNNDW� oHNPH� DUDoODUÕ� DoÕVÕQGDQ�

GH÷HUOHQGLULOPHGL÷L� J|U�OPHNWHGLU�� %X� QHGHQOH� GHUV� NLWDSODUÕQÕQ� GLNNDW� oHNPH� DUDoODUÕ� DoÕVÕQGDQ� GH÷HUOHQGLULOPHVLQH�

|QHPOL�|Oo�GH�LKWL\Do�GX\XOPDNWDGÕU��

�

$UDúWÕUPDQÕQ� DPDFÕ�� ��� VÕQÕI� VRV\DO� ELOJLOHU� GHUV� NLWDSODUÕQÕ� GLNNDW� oHNPH� DUDoODUÕ� DoÕVÕQGDQ� GH÷HUOHQGLUPHNWLU�� %X�

PDNDOHGH� GLNNDW� oHNPH� DUDoODUÕ�� E�\�N� KDUI� NXOODQPD�� UHQNOL� \D]PD��PHWQL� NR\XODúWÕUPD�� LWDOLN� \D]PD�� DOWÕQÕ� oL]PH��

WÕUQDN�LoLQH�DOPD�YH�WDEOR�oL]JL�NXWX�LoLQH�DOPD�DUDoODUÕ�LOH�VÕQÕUODQGÕUÕOPÕúWÕU��

�

,,��$UDúWÕUPDQÕQ�<|QWHPL��
�

� $UDúWÕUPDQÕQ�PRGHOL��PHWLQ�LQFHOHPHVLQH�GD\DOÕ�QLWHO�ELU�oDOÕúPDGÕU��$UDúWÕUPDQÕQ�oDOÕúPD�HYUHQL�0LOOL�(÷LWLP�

%DNDQOÕ÷Õ� 7DOLP� YH� 7HUEL\H� .XUXOX� %DúNDQOÕ÷Õ¶QFD� RQD\ODQDQ� LON|÷UHWLP� ��� VÕQÕI� 6RV\DO� %LOJLOHU� GHUV� NLWDSODUÕQGDQ�

ROXúPDNWDGÕU�� $OWÕQFÕ� VÕQÕIODUD� \|QHOLN� �� IDUNOÕ� \D\ÕQHYL� WDUDIÕQGDQ� VRV\DO� ELOJLOHU� GHUV� NLWDEÕ� KD]ÕUODQPÕúWÕU� �0(%��

��������$OWÕQFÕ�VÕQÕI�VRV\DO�ELOJLOHU�|÷UHWLP�SURJUDPÕQGD�\HU�DODQ����QLWH�LoHULVLQGH�³.�OW�U�YH�0LUDV´�|÷UHQPH�DODQÕ�YH�

³øSHN�<ROX¶QGD� 7�UNOHU´� �QLWHVL� ND]DQÕP� VD\ÕVÕ� YH� GHUV� VDDWL� V�UHVL� \|Q�QGHQ� HQ� ID]OD� ROGX÷X� LoLQ� ³øSHN�<ROX¶QGD�

7�UNOHU´��QLWHVL�GH÷HUOHQGLULOPLúWLU���

�
9HULOHULQ� WRSODQPDVÕQGD�PHWLQ� LQFHOHPH� \|QWHPL� NXOODQÕOPÕúWÕU��9HUL� WRSODPDN� DPDFÕ\OD� DOW� DPDoODUD� X\JXQ�

RODUDN�VRUX�OLVWHVL�YH�EX�VRUXODUD�X\JXQ�RODUDN�UXEULNOHU�JHOLúWLULOPLúWLU��6RUXODUÕQ�YH�UXEULNOHULQ�JHoHUOLOL÷LQL�VD÷ODPDN�

LoLQ�IDUNOÕ��QLYHUVLWHOHUGH�J|UHYOL���DODQ�X]PDQÕQGDQ�J|U�ú�DOÕQPÕúWÕU��6RUX�OLVWHVL�YH�UXEULNOHU�KD]ÕUODQGÕNWDQ�VRQUD�GHUV�

NLWDSODUÕ�DUDúWÕUPDFÕ�LOH�ELUOLNWH���DODQ�X]PDQÕ�WDUDIÕQGDQ�GH÷HUOHQGLULOPLúWLU��$\UÕFD��GH÷HUOHQGLUPH�V�UHFLQGH�RUWDN�ELU�

VWUDWHML� EHOLUOHQHUHN� \|QWHP� NRQXVXQGD� J|U�ú� ELUOL÷L� VD÷ODQPÕúWÕU�� %X� DúDPDGDQ� VRQUD� X]PDQODU� GHUV� NLWDSODUÕQÕ�

UXEULNOHUH�J|UH�ED÷ÕPVÕ]�RODUDN�GH÷HUOHQGLUPLú�YH�VRQXQGD�SXDQODUÕQ�DULWPHWLN�RUWDODPDODUÕ�DOÕQPÕúWÕU���

�
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9HUL� WRSODPD� DUDFÕ� RODUDN� NXOODQÕODQ� UXEULNOHU� �� VHoHQHNOL� RODUDN� KD]ÕUODQPÕúWÕU�� 'HUV� NLWDSODUÕ� UXEULNOHUGH�

EHOLUWLOHQ�|Oo�WOHUH�J|UH������DUDVÕQGD�ELU�SXDQOD�GH÷HUOHQGLULOPLúWLU�������������KLo�HWNLOL�GH÷LO������������oRN�D]�HWNLOL������

�� ���� RUWD� G�]H\GH� HWNLOL�� ���� �� ���� ROGXNoD� HWNLOL�� ���� �� ���� WDPDPHQ� HWNLOL� RODUDN� \RUXPODQPÕúWÕU��� 9HULOHU�� DOW�

SUREOHPOHUH� J|UH�� KHU� DOW� SUREOHP� GH� NHQGL� LoHULVLQGH� VRUXODUD� YH� UXEULNOHUH� J|UH� JUXSODQGÕUÕODUDN� VXQXOPXúWXU�� %X�

YHULOHUL� GHVWHNOHPHN� DPDFÕ\OD� GHUV� NLWDSODUÕQGDQ� |UQHN� PHWLQOHUH� \HU� YHULOPLú� YH� ELUOLNWH� \RUXPODQPÕúWÕU�� $UDúWÕUPD�

UDSRUX�LoHULVLQGH�GHUV�NLWDSODUÕQÕ�KD]ÕUOD\DQ�\D\ÕQHYOHULQLQ�DGODUÕ��V�UHNOL� WHNUDU�HWPHPHN�LoLQ�DOIDEHWLN�VÕUD\D�J|UH�$��

%��&��'�ELoLPLQGH�NRGODQDUDN�DWÕI�\DSÕOPÕúWÕU���

�

,,,��%XOJXODU�YH�<RUXP��
�

'HUV� NLWDSODUÕQGD�� GLNNDW� oHNPH� DUDoODUÕ� NRQX� EDúOÕNODUÕQGD�� PHWLQ� LoHULVLQGH� JHoHQ� NDYUDP�� WDQÕP� YH�

WDULKOHUGH��VRUXODUGD��DOÕQWÕ�YH�ND\QDN�J|VWHUPHOHUGH�NXOODQÕOPÕúWÕU��'HUV�NLWDSODUÕQGD�GLNNDW�oHNPH�DUDoODUÕQÕQ�NXOODQÕP�

VD\ÕODUÕ�7DEOR¶�GH�VXQXOPXúWXU���

�
7DEOR����'LNNDW�dHNPH�$UDoODUÕQÕQ�.XOODQÕOPD�6D\ÕVÕ�

'LNNDW�dHNPH�$UDoODUÕ� .XOODQÕP�VÕNOÕ÷Õ��I��
$� %� &� '�

%�\�N�KDUIOH�\D]PD� ��� ��� ��� ���
5HQNOL�\D]PD� ��� ��� ��� ���
.R\X�\D]PD� ��� ��� ��� ���
øWDOLN�\D]PD� �� �� �� ��
$OWÕ�oL]LOL�\D]PD� �� �� �� ��
7ÕUQDN�LoLQH�DOPD� ��� ��� ��� ���
7DEOR�oL]JL�LoLQH�DOPD� �� ��� ��� ��

�
7DEOR��¶H�J|UH��PHWLQ�LoLQGH�E�\�N�KDUI�NXOODQPD�HQ�oRN�$��HQ�D]�'�GHUV�NLWDEÕQGD��UHQNOL�\D]Õ�HQ�oRN�&��HQ�D]�

'� GHUV� NLWDEÕQGD�� NR\X� \D]Õ� HQ� oRN� %� HQ� D]� &� GHUV� NLWDEÕQGD� NXOODQÕOPÕúWÕU�� øWDOLN� \D]Õ� HQ� oRN� $� GHUV� NLWDEÕQGD�

NXOODQÕOPÕú��%�YH�&�GHUV�NLWDEÕQGD�NXOODQÕOPDPÕúWÕU��$OWÕ�oL]LOL�\D]Õ�VDGHFH�%�GHUV�NLWDEÕQGD�NXOODQÕOPÕúWÕU��7ÕUQDN�LoLQGH�

DOPD� HQ� oRN� '�� HQ� D]� $� GHUV� NLWDEÕQGD� NXOODQÕOPÕúWÕU�� 7DEOR�oL]JL� LoLQH� DOPD� HQ� oRN� %�� HQ� D]� $� GHUV� NLWDEÕQGD�

NXOODQÕOPÕúWÕU��%X�EXOJXODUD�EDNÕOGÕ÷ÕQGD�GHUV� NLWDSODUÕQGD�GLNNDW� oHNPH�DUDoODUÕ� WXWDUVÕ]� ELoLPGH�NXOODQÕOPÕúWÕU��'HUV�

NLWDSODUÕQGD�GLNNDW�oHNPH�DUDoODUÕQÕQ�NXOODQÕOPDVÕ�LOH�LOJLOL�EXOJXODU�7DEOR��¶GH�VXQXOPXúWXU��

�
�
�
�
�

7DEOR����'LNNDW�dHNPH�$UDoODUÕQÕQ�.XOODQÕOPDVÕ�

� gOo�WOHU� 'HUV�
NLWDSODUÕ� 257��

�� 'LNNDW�oHNPH�DUDoODUÕ�PHWLQ�LoHULVLQGH�WXWDUOÕ�NXOODQÕOPÕú��|QHPOL�ELOJLOHUL�
YXUJXODPÕú�YH�DúÕUÕ\D�NDoÕOPDPÕúWÕU��

������$���
%���
&���
'���
�

��

�� 'LNNDW�oHNPH�DUDoODUÕ�PHWLQ�LoHULVLQGH�oR÷XQOXNOD�WXWDUOÕ�NXOODQÕOPÕú��|QHPOL�
ELOJLOHUL�YXUJXODPÕúWÕU��

�� 'LNNDW�oHNPH�DUDoODUÕ�PHWLQ�LoHULVLQGH�NÕVPHQ�WXWDUOÕ�NXOODQÕOPÕú��DQFDN�|QHPOL�
ELOJLOHUL�YXUJXODPDGD�\HWHUVL]�NDOPÕúWÕU��

�� 'LNNDW�oHNPH�DUDoODUÕ�oRN�D]�\HUGH�WXWDUOÕ�NXOODQÕOPÕú��|QHPOL�ELOJLOHUL�
YXUJXODPDGD�\HWHUVL]�NDOPÕúWÕU��

�� 'LNNDW�oHNPH�DUDoODUÕ�PHWLQ�LoHULVLQGH�WDPDPHQ�WXWDUVÕ]�NXOODQÕOGÕ÷Õ�LoLQ�KLo�
HWNLOL�ROPDPÕúWÕU��

�
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7DEOR��¶H�J|UH��GHUV�NLWDSODUÕQGD��$�%�&�'��GLNNDW�oHNPH�DUDoODUÕ�oRN�D]�\HUGH�WXWDUOÕ�NXOODQÕOGÕ÷Õ�YH�|QHPOL�

ELOJLOHUL�YXUJXODPDGD�\HWHUVL]�NDOGÕ÷Õ�RUWD\D�oÕNPÕúWÕU���

�

%�\�N� +DUI� .XOODQPD��'HUV� NLWDSODUÕQGD� E�\�N� KDUI�� PHWLQ� EDúOÕNODUÕ�� WDEOR�� úLLU�� DOÕQWÕ�� NÕVDOWPDODUGD�� ELOJL� QRWX��

\|QHUJH�YH�WDOLPDW�JLEL�\HUOHUGH�NXOODQÕOPÕúWÕU��
�

$�GHUV�NLWDEÕQGD��DQD�EDúOÕNODUÕQ�WDPDPÕQGD��������DOW�EDúOÕNODUÕQ�ED]ÕODUÕQGD���������WDEOR�EDúOÕNODUÕQGD��DOÕQWÕ�

\DSÕODQ�NLúLOHULQ�VR\DGODUÕQGD�YH�NÕVDOWPDODUGD�E�\�N�KDUI�NXOODQÕOPÕúWÕU��
�
gUQHN���
$QD�EDúOÕN��'(67$1�<$=$1/$5�
$OW�EDúOÕN��2ö8=�.$ö$1�'(67$1,��*gd�'(67$1,��
�
$QD�EDúOÕN��7h5.�%h<h./(5ø�.(1'ø/(5ø1ø�$1/$7,<25�
$OW�EDúOÕN��<XVXI�+DV�+DFLS��.DúJDUOÕ�0DKPXW��*D]QHOL�0DKPXW��$OSDUVODQ��0HOLNúDK�
�
$OÕQWÕ�� ³«=DPDQOD� ED\UDP� KDOLQH� G|Q�úHUHN� JHOHQ� JHOHQHN� J�Q�P�]H� NDGDU� GHYDP� HWPLúWLU�´� 0��
$EG�OKDO�N�d$<��
�
.ÕVDOWPD��³����� VHQHVLQGH� 7�UN� øúELUOL÷L� YH� .DONÕQPD� $MDQVÕ� �7ø.$�� NXUXOGXNWDQ� VRQUD� H÷LWLP� YH� N�OW�U�
DODQÕQGD�ELU�GL]L�oDOÕúPDODU�\DSÕOGÕ�´�
�
gUQHN�7DEOR��
7$5ø+� 257$�$6<$� $5$%ø67$1�
���� ����<ÕOÕQGD�.|N�GHYOHWL�NXUXOGX� ����\ÕOÕQGD�+]��0XKDPPHG�0HNNH¶GH�GR÷GX�

�
%�GHUV�NLWDEÕQGD��DQD�EDúOÕNODUÕQ�WDPDPÕQGD��������DOW�EDúOÕNODUÕQ��������YH�WDEOR�EDúOÕNODUÕQÕQ�ED]ÕODUÕQGD��úLLU�

EDúOÕNODUÕQGD��NÕVDOWPDODUGD��KHU�DQD�EDúOÕNWDQ�VRQUD�³.218<$�+$=,5/,.´��DOW�EDúOÕ÷Õ�YH�NRQX�VRQODUÕQGD�|÷UHQFL\L�

HWNLQOLN� \DSPD\D� \|QOHQGLUHQ� ³.(59$1� DGOÕ� HWNLQOL÷L� \DSÕQÕ]´� JLEL� WDOLPDWODUGD� E�\�N� KDUI� NXOODQÕOPÕúWÕU�� $OÕQWÕ�

\DSÕODQ�NLúLOHULQ�VR\DGODUÕ�N�o�N�KDUIOH�\D]ÕOPÕúWÕU��

gUQHN���
$QD�EDúOÕN��%(/*(/(5ø1�'ø/ø��
$OW�EDúOÕN�25+81�<$=,7/$5,��(5*(1(.21�'(67$1,��8<*85/$5,1�<$ù$0,��.DYLPOHU�*|o���
�
ùLLU�0DUú�EDúOÕ÷Õ��7h5.�6ø/$+/,�.899(7/(5ø�0$5ù,��
.ÕVDOWPD�� ³'LYUL÷L� 8OX� &DPLL¶QLQ� HVWHWLN� WDú� V�VOHPHOHUL�� EX� HVHULQ� 81(6&2¶XQ� LON� NH]� «�� OLVWHVLQH�
JLUPHVLQL�VD÷ODPÕúWÕU�´�
�
$OÕQWÕ���³%�\�N�KD\YDQ�V�U�OHULQH�VDKLS�RODQ�7�UNOHU�µdDGÕU�±�N|\¶�YH\D�µdDGÕU�±�úHKLU¶�KDOLQGH�RWODUÕ�ERO�YH�
NDUÕ�D]�RODQ�GD÷ODUÕQ�J�QHú�J|UHQ�ELU�\HULQL�VHoHU�YH�RUD\D�NRQDUODUGÕ«�´��%DKDHGGLQ�g÷HO��
�
gUQHN�7DEOR�

.g.�7h5.���8<*85� dø1� %ø=$16�
&DQOÕ�KD\YDQ� 3LULQo��SRUVHOHQ� &HYL]�

�
+]��(EXEHNLU�
+]��0XKDPPHG¶LQ�SH\JDPEHUOL÷LQGHQ�|QFH�GH�
DUNDGDúÕ�RODQ�+]��(EXEHNLU�LON�KDOLIHGLU��

+]��gPHU�
+]��(EXEHNLU¶LQ�YHIDWÕ��]HULQH�KDOLIH�VHoLOGL�YH�DGDOHWOL�
\|QHWLPL\OH�NHQGLVLQGHQ�VRQUD�JHOHQ�\|QHWLFLOHUH�J�]HO�
ELU�|UQHN�ROGX�

�
&� GHUV� NLWDEÕQGD�� DQD� EDúOÕNODUÕQ� WDPDPÕ� ������� DOW� EDúOÕNODUÕQ� �������� úLLU� EDúOÕNODUÕQÕQ� YH� DOÕQWÕ� \DSÕODQ� NLúL�

VR\DGODUÕQÕQ�ED]ÕODUÕ�E�\�N�KDUIOH�\D]ÕOPÕúWÕU��7DEOR�EDúOÕNODUÕ�YH�NRQX�VRQODUÕQGDNL�³%LOJL�1RWX´�EDúOÕ÷Õ�N�o�N�KDUIOH�

\D]ÕOPÕúWÕU��

�
gUQHN���
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$QD�EDúOÕN��,ù,.�'2ö8<25�
$OW�EDúOÕN��7�UNOHULQ�øVODPL\HW¶H�*LULúL��%8�9$7$1�.ø0ø1�YH�7h5.�25'868�
�
$QD�EDúOÕN��*(/(1(.6(/�7h5.�6$1$7/$5,�
$OW�EDúOÕN��+DOÕFÕOÕN��dLQLFLOLN�YH�(EUX��
�
ùLLU�EDúOÕ÷Õ��%8�9$7$1�.ø0ø1�YH�.ÕUÕP�ùLLUL��
.ÕVDOWPD��7ø.$�YH�81(6&2��
$OÕQWÕ��2UKDQ�ùDLN�*|N\D\��<ÕOPD]�g=781$��0XVWDID�NHPDO�$7$7h5.��*HQH�/RUJD��
�

'� GHUV� NLWDEÕQGD�� DQD� EDúOÕNODUÕQ� WDPDPÕQGD�� DOW� EDúOÕNODUÕQ� ED]ÕODUÕQGD� ������� E�\�N� KDUI� NXOODQÕOPÕúWÕU��

%XQODUÕQ�GÕúÕQGD�PHWLQ�LoHULVLQGH�E�\�N�KDUI�NXOODQÕOPDPÕúWÕU��

�

%X� |UQHNOHUGHQ� GH� DQODúÕOGÕ÷Õ� JLEL�� GHUV� NLWDSODUÕQGD� \HU� DODQ� DQD� EDúOÕNODUGD� WXWDUOÕ� ELU� úHNLOGH� E�\�N� KDUI�

NXOODQÕOGÕ÷Õ��DQFDN�DOW�EDúOÕNODUGD�KHP�NLWDSODU�DUDVÕQGD�KHP�GH�NLWDS�LoHULVLQGH�WXWDUOÕOÕN�ROPDGÕ÷Õ�J|U�OPHNWHGLU����

�

5HQNOL� <D]Õ�� 'HUV� NLWDSODUÕQGD� UHQNOL� \D]Õ�� EDúOÕNODUGD�� VRUXODUGD� YH� ELOJL� QRWODUÕQGD�� \|QOHQGLULFL� WDOLPDWODUGD�

NXOODQÕOPÕúWÕU���

�

$� GHUV� NLWDEÕQGDNL� DQD� EDúOÕNODUÕQ� WDPDPÕ�� � DOW� EDúOÕNODUÕQ� ED]ÕODUÕ� UHQNOL� \D]ÕOPÕúWÕU�� 0HWLQ� EDúODUÕQGD� YH�

VRQODUÕQGDNL�VRUXODU�VL\DK��PHWLQ�LoHULVLQGH�VRUXODUÕQ�ED]ÕODUÕ�UHQNOL��³ELOJL�QRWODUÕ´�EDúOÕNODUÕ�UHQNOL�\D]ÕOPÕúWÕU����

�

gUQHN���
$QD�EDúOÕN��<,//$5',5�6h5(1�7$7/,�*(/(1(.��
$OW�EDúOÕN��ùHPVL\HVL]�0HVLU�ùHQOL÷L��0HVLU�0DFXQXQXQ�g]HOOLNOHUL��
0HWLQ�EDúÕ�YH�VRQX��³2UGXPX]XQ���ONHPL]�LoLQ�|QHPL�KDNNÕQGD�QHOHU�V|\OH\HELOLUVLQL]"´�
0HWLQ�LoL��³7�UNOHULQ�WDULK�ER\XQFD�³RUGX�PLOOHW´�RODUDN�DGODQGÕUÕOPDVÕQÕQ�VHEHSOHUL�QHOHU�RODELOLU´�
³7LFDUHWLQ�.|N�7�UN�'HYOHWL¶QLQ�HNRQRPLVLQH�QDVÕO�ELU�HWNLVL�ROPXúWXU"´�
�

%� GHUV� NLWDEÕQGDNL� DQD� EDúOÕNODUÕQ� WDPDPÕ�� � DOW� EDúOÕNODUÕQ� ED]ÕODUÕ� UHQNOL� \D]ÕOPÕúWÕU��0HWLQGHNL� W�P� VRUXODU�

VL\DK�� ELOJL� NXWXVX� EDúOÕ÷Õ� UHQNOL�� KD]ÕUOÕN�� J|]GHQ� JHoLUPH� YH� HWNLQOLN� \DSPD� JLEL� WDOLPDW� YH� \|QHUJHOHU� VL\DK�

\D]ÕOPÕúWÕU��0HWLQ�LoHULVLQGHNL�W�P�VRUXODU�QRUPDO�PHWLQ�\D]Õ�UHQJL\OH�\D]ÕOGÕ÷Õ�LoLQ�GLNNDW�oHNPH�|]HOOL÷L�NDOPDPÕúWÕU��

�
gUQHN��
$QD�EDúOÕN���ø6/$0ø<(7�9(�7h5./(5�
$OW�EDúOÕN��+]��0XKDPPHG�'|QHPLQGH�ho�6DYDú��$EEDVLOHU�YH�7�UNOHU��
�

&� GHUV� NLWDEÕQGDNL� DQD� EDúOÕNODUÕQ� WDPDPÕ�� DOW� EDúOÕNODUÕQ� ED]ÕODUÕ�� PHWLQGHNL� VRUXODUÕQ� WDPDPÕ� UHQNOL�

\D]ÕOPÕúWÕU��

�
gUQHN��
$QD�EDúOÕN��,ù,.�'2ö8<25��
$OW� EDúOÕN�� 7�UNOHULQ� øVODPL\HW¶H� *LULúL�� 7�UNOHULQ� 0�VO�PDQOÕ÷Õ� 6HoPHOHULQLQ� 6HEHSOHUL�� � %8� 9$7$1�
.ø0ø1��7h5.�25'868��
�
6RUX�� ³*�Q�P�]GH� 7�UNOHULQ� \R÷XQ� RODUDN� \DúDGÕNODUÕ� \HUOHUGH� KDQJL� GLQ� \D\JÕQGÕU"� 0XVWDID� .HPDO�
$WDW�UN¶�Q�DVNHU�\|Q�\OH�LOJLOL�QH�ELOL\RUVXQX]"´��

�
'� GHUV� NLWDEÕQGD� DQD� EDúOÕNODUÕQ� WDPDPÕ� WXWDUOÕ� ELU� úHNLOGH� UHQNOL�� DOW� EDúOÕNODUGD� VL\DK� RODUDN� \D]ÕOPÕúWÕU���

%DúOÕNWDQ� VRQUDNL� LON� VRUX� UHQNOL�� PHWLQ� LoHULVLQGHNL� GL÷HU� VRUXODU� VL\DK� \D]ÕOPÕúWÕU�� 6L\DK� \D]ÕODQ� VRUXODUÕQ� ED]ÕODUÕ�

NR\XODúWÕUÕOPÕúWÕU��

�
gUQHN��
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$QD�EDúOÕN��8<*85/,ö$�$',1,�9(5(1/(5��
$OW�EDúOÕN��*D]QHOL�'HYOHWL�
�
6RUX��³8\JDUOÕN�LOH�8\JXU�NHOLPHOHUL�DUDVÕQGDNL�EHQ]HUOL÷L�QDVÕO�DoÕNOD\DELOLUVLQL]"´��
³6L]FH�,úÕN�GLQLQLQ�8\JXUODUÕQ�VRV\DO�KD\DWODUÕQD�\DQVÕPDVÕ�QDVÕO�ROPXúWXU"´���
³.D÷DQ�LOH�KDWXQXQ�DGÕQÕQ�WDKWD�JHoLúWH�ELUOLNWH�DQÕOPDVÕ�QH\LQ�J|VWHUJHVLGLU"´�
�

gUQHNOHU� LQFHOHQGL÷LQGH� UHQNOL� \D]ÕQÕQ�� EDúOÕNODUGD�� VRUXODUGD� YH� ELOJL� QRWODUÕQGD�� \|QOHQGLULFL� WDOLPDWODUGD�

NXOODQÕOGÕ÷Õ�J|U�OPHNWHGLU��$QD�EDúOÕNODUÕQ�\D]Õ� UHQJLQGH�GHUV�NLWDSODUÕ� DUDVÕQGD� IDUNOÕOÕN�ROPDVÕQD� UD÷PHQ�D\QÕ� NLWDS�

LoHULVLQGH�UHQNOHU�WXWDUOÕ�NXOODQÕOPÕúWÕU��$OW�EDúOÕNODUGD��VRUXODUGD��\|QHUJH�YH�WDOLPDW�EDúOÕNODUÕQGD�KHP�NLWDSODU�DUDVÕQGD�

KHP�GH�D\QÕ�NLWDS�LoHULVLQGH�WXWDUOÕOÕN�J|U�OPHPHNWHGLU����

�
.R\X� <D]Õ�� 0HWLQ� LoHULVLQGH� JHoHQ� |QHPOL� ELU� NDYUDP�� WDULK�� ROD\�� IRUP�O� YE�� XQVXUODUD� GLNNDW� oHNPHN� LoLQ� LON�

NXOODQÕOGÕNODUÕQGD� \D]Õ� GH÷LúLNOL÷L� \DSÕODUDN� NR\XODúWÕUÕODELOLU�� 'HUV� NLWDSODUÕQGD� NR\X� \D]Õ� NXOODQÕPÕ� LQFHOHQGL÷LQGH�

IDUNOÕ�X\JXODPDODU�J|U�OPHNWHGLU���

�
$�GHUV�NLWDEÕQGD�ED]Õ�NDYUDPODU�����NR\XODúWÕUÕODUDN�YXUJXODQPÕúWÕU��$QFDN��PHWLQ�LoHULVLQGH�LON�GHID�NXOODQÕODQ�

|QHPOL� NDYUDPODU� GLNNDW� oHNPHN� DPDFÕ\OD� WXWDUOÕ� ELU� úHNLOGH� NR\XODúWÕUÕOPDPÕúWÕU�� 0HWLQ� LoHULVLQGH� DOÕQWÕ� \DSÕODQ�

YHFL]HOHULQ�ED]ÕODUÕ��DOÕQWÕODUGDQ�VRQUD�ND\QDN�J|VWHULOHQ�NLúL�DGODUÕQÕQ�W�P��NR\X�\D]ÕOPÕúWÕU���

�

gUQHN��
³%LULQFLVLQH�*�Q��LNLQFLVLQH�$\���o�QF�V�QH�<ÕOGÕ]�DGÕQÕ�NR\GXODU��8\JXUODUÕQ�\XUGXQGD�+XOLQ�LVLPOL�ELU�
GD÷�YDUGÕ��%X�GD÷GDQ�7X÷OD�YH�6HODQJD�DGÕQGD�LNL�ÕUPDN�oÕNDUGÕ�´��

�
%X�F�POHGH�GD÷�LVPL�NR\X�\DSÕOÕUNHQ�ÕUPDN�LVLPOHUL�NR\X�\DSÕOPDPÕúWÕU���

�
³8OXV�YH�NDKUDPDQ�HYODWODUÕQGDQ�ROXúDQ�RUGX�|\OHVLQH�ELUELUL\OH�ELUOHúPLúWLU�NL�G�Q\DGD�YH�WDULKWH�EXQXQ�
|UQHNOHUL�oRN�D]GÕU��%X�XOXVDO�JHUoHNOH�KHU�]DPDQ�|Y�QHELOLUL]�´�0XVWDID�.HPDO�$WDW�UN�
³7�UN�|OG�U�OHELOLU��DPD�DVOD�PD÷OXS�HGLOHPH]�´�1DSRO\RQ�

�
%�GHUV�NLWDEÕQGD�EDúOÕNODUÕQ�GÕúÕQGD�PHWLQ�LoHULVLQGH�KLoELU�NDYUDP��V|]F�N�\D�GD�F�POH�NR\XODúWÕUÕOPDPÕúWÕU���

�
&�GHUV�NLWDEÕQGD�PHWLQ�LoHULVLQGH�VDGHFH�LNL�NDYUDP�NR\XODúWÕUÕODUDN�\D]ÕOPÕúWÕU��$OÕQWÕ�\DSÕODQ�ED]Õ�YHFL]HOHU�

NR\X� \D]ÕOÕUNHQ� ED]ÕODUÕQGD� \D]Õ� GH÷LúLNOL÷L� \DSÕOPDPÕúWÕU�� $OÕQWÕ� \DSÕODQ� NLúL� DGODUÕQÕQ� W�P�� NR\XODúWÕUÕOPÕúWÕU��

$úD÷ÕGDNL� |UQHNWH�� &HODOL� WDNYLPL� YH� .DYLPOHU� *|o�� NR\X� UHQNOH� YXUJXODQPÕú�� DQFDN� +LUD� PD÷DUDVÕ� D\QÕ� úHNLOGH�

YXUJXODQPDPÕúWÕU��

�

gUQHN��
³%X� WDNYLPH� &HODOL� WDNYLPL� GHQLU�� <ÕOODUFD� V�UHQ� EX� ROD\ODUD� .DYLPOHU� *|o�� GHQLU�� 7HN� ELU� \DUDWÕFÕ�
ROGX÷XQX� G�ú�QHQ�+]��0XKDPPHG� ]DPDQ� ]DPDQ�0HNNH� \DNÕQODUÕQGDNL�+LUD�0D÷DUDVÕQD� JLGHUHN� EXUDGD�
G�ú�QFHOHUL\OH�EDú�EDúD�NDOPÕúWÕU�´��

�
³7�UN�DVNHUOHUL�NRUNX�ELOPH]��'�Q\DGD�\HQLOJL�DGÕQGD�ELU�NDYUDP�WDQÕPD]��7�UNOHU�$V\D¶QÕQ�
FHQWLOPHQOHULGLU�´�øQJLOL]�0DUHúDO�)UHQo��
³2UGXPX]��7�UN�ELUOL÷LQLQ��7�UN�NXGUHW�YH�NDELOL\HWLQLQ��7�UN�YDWDQVHYHUOL÷LQLQ�oHOLNOHúPLú�ELU�
LIDGHVLGLU«´�0XVWDID�.HPDO�$7$7h5.��

�
'�GHUV�NLWDEÕQGD�PHWLQ�LoHULVLQGH�NDYUDP��ROD\�YH�WDULKOHUGHQ�ED]ÕODUÕ������NR\X�\D]Õ\OD�YXUJXODQPÕúWÕU��.R\X�

\D]ÕODUDN� YXUJXODQDQ� NDYUDPODUÕQ� WDPDPÕ� D\QÕ� VD\IDGD� \HU� DOPÕúWÕU��0HWLQ� LoHULVLQGHNL� DOÕQWÕODUGD� UHIHUDQV� J|VWHULOHQ�
ND\QDN�DGODUÕ�NR\XODúWÕUÕOPÕúWÕU��

�
gUQHN��
³gOHQ� NLúLOHULQ� DUGÕQGDQ� \X÷� GHQLOHQ� \DV� W|UHQOHUL� \DSÕOÕUGÕ�� 7�UNOHU�� |OG�U�OHQ� G�úPDQÕQ� WDúWDQ� NDEDFD�
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\RQWXOPXú�VXUHWOHULQL�WHPVLO�HGHQ�KH\NHOOHUH�EDOEDO�GL\RUODUGÕ�´���
<X÷�NDYUDPÕ�NR\XODúWÕUÕOÕUNHQ�EDOEDO�NDYUDPÕ�NR\XODúWÕUÕOPDPÕúWÕU��
2÷X]�.D÷DQ�'HVWDQÕ¶QGDQ��9DWDQ��0LOOHW�YH�%D\UDN�6HYJLVL��V����

�
<XNDUÕGD�YHULOHQ�|UQHNOHU�LQFHOHQGL÷LQGH�GLNNDW�oHNPHN�DPDFÕ\OD�NR\X�\D]Õ�KHP�NLWDSODU�DUDVÕQGD�KHP�GH�D\QÕ�

NLWDS�LoHULVLQGH�\HWHUVL]�YH�WXWDUVÕ]�ELoLPGH�NXOODQÕOGÕ÷Õ�J|U�OPHNWHGLU���

�

øWDOLN� <D]Õ�� 0HWLQ� LoHULVLQGH� ELU� NDYUDPD�� F�POH\H�� DOÕQWÕ\D� YE�� GLNNDW� oHNPHN� DPDFÕ\OD� LWDOLN� \D]Õ� NXOODQÕODELOLU��

$QFDN��GHUV�NLWDSODUÕQGD�LWDOLN�\D]Õ\D�oRN�D]�\HU�YHULOGL÷L�J|U�OPHNWHGLU����

��

$�GHUV�NLWDEÕQGD�\HU�DODQ�ED]Õ�NDYUDP�YH�GH\LPOHUGH�����LWDOLN�\D]Õ�NXOODQÕOPÕúWÕU��gUQHN��³hQO��HVHULP�GLYDQ�Õ�

/�JDWL¶W�7�UN��EHQLP�LON�V|]O�N�NLWDEÕPGÕU�´��%�YH�&�GHUV�NLWDSODUÕQGD�LWDOLN�\D]Õ�KLo�NXOODQÕOPDPÕúWÕU��'�GHUV�NLWDEÕQGD�

PHWLQ�LoHULVLQGH�LWDOLN�\D]Õ�ELU�GHID�NXOODQÕOPÕúWÕU��gUQHN��³«6RQ�.HUYDQ�DGOÕ�ELU�SURMH�LOH�LOJLOL�ELOJL\L�\DQGDNL�LQWHUQHW�

KDEHULQGH�J|U�\RUVXQX]�´��

�
%X�EXOJXODUGDQ� GD� DQODúÕODFD÷Õ� JLEL�PHWLQ� LoHULVLQGH� LWDOLN� \D]Õ� ELoLPL� GHUV� NLWDSODUÕQÕQ� KLo� ELULQGH� HWNLOL� YH�

\HWHUOL�ELoLPGH�NXOODQÕOPDPÕúWÕU��

�
$OWÕ�dL]LOL�<D]Õ��0HWLQ�LoHULVLQGH�DOWÕ�oL]LOL�EDúOÕN��NDYUDP�\D�GD�V|]F�N�$��%�YH�'�GHUV�NLWDEÕQGD�NXOODQÕOPDPÕúWÕU��&�

GHUV�NLWDEÕQGD�LVH����DOW�EDúOÕNWD�NXOODQÕOPÕúWÕU��$QD�EDúOÕNODUGDQ�VRQUD�YHULOHQ�.218<$�+$=,5/,.�DOW�EDúOÕNODUÕQÕQ�

�����DOWÕ�oL]LOPLúWLU��%XQODUÕQ�GÕúÕQGD�.DYLPOHU�*|o�Q�Q�6RQXoODUÕ�DOW�EDúOÕ÷ÕQÕQ�DOWÕ�oL]LOPLúWLU��*HQHOOLNOH�ROXPVX]OXN�

ELOGLUHQ� LIDGHOHULQ� DOWÕQÕQ� oL]LOPHVL� |QHULOHELOLU�� 0HWLQ� LoHULVLQGH� NDYUDP� \D� GD� F�POHQLQ� DOWÕQÕ� oL]PHN� \D]Õ� DODQÕQÕ�

GDUDOWPDNWDGÕU��%X�QHGHQOH�NDYUDPÕ�\D�GD�F�POH\L�YXUJXODPDN�DPDFÕ\OD�IDUNOÕ�ELU�GLNNDW�oHNPH�DUDFÕ�NXOODQÕODELOLU���

�

7ÕUQDN� øoLQH� $OPD�� 7ÕUQDN� LúDUHWL� YXUJXODQPDN� LVWHQHQ� ED]Õ� NDYUDP�� GH\LP�� DWDV|]��� YHFL]H�� NRQXúPD�� EDúOÕN� YH�

VRUXODUGD�NXOODQÕOPÕúWÕU��

�

$�GHUV�NLWDEÕQGD�GLNNDW�oHNPHN�LoLQ����NDYUDP����YHFL]H�YH���NRQXúPD�WÕUQDN�LoHULVLQH�DOÕQPÕúWÕU��$\QÕ�VD\ID��

KDWWD�D\QÕ�SDUDJUDI�LoHULVLQGH�WÕUQDN�LúDUHWL�WXWDUVÕ]�NXOODQÕOPÕúWÕU��³0HKPHWoLN´��³2UGX�PLOOHW´��³=DIHU�KDIWDVÕ´��³�øSHN�

\ROX´��³*|o��*|o�´�JLEL�NDYUDPODU�WÕUQDN�LoHULVLQH�DOÕQPÕú��DQFDN�%Hú�%DOÕJ��.XUWNDSDQÕ��.HUYDQ�JLEL�NDYUDPODU�WÕUQDN�

LoLQH�DOÕQPDPÕúWÕU���%D]Õ�NDYUDPODU��RUGX��PLOOHW��LSHN�\ROX��LNLQFL�\D�GD��o�QF��NXOODQÕúÕQGD��ED]Õ�NDYUDPODU��FDKLOL\H��

LVH� KHU� NXOODQÕOÕúÕQGD� WÕUQDN� LoHULVLQH� DOÕQPÕúWÕU�� 0HWLQ� LoHULVLQGHNL� W�P� NRQXúPDODU� YH� YHFL]HOHU� WÕUQDN� LoHULVLQH�

DOÕQPÕúWÕU��

�

%�GHUV�NLWDEÕQGD�����NDYUDP�YH�GH\LP�����YHFL]H�YH����EDúOÕN�WÕUQDN�LoHULVLQH�DOÕQPÕúWÕU��gUQHN��³dDGÕU�N|\´��

³*|oHEH´��³'L\DORJ�<ROX´��³7�UN´��³0�VO�PDQ´��³'|UW�KDOLIH´��³d$',5'$�<$ù$0$.´��³'(9/(7�YH�0ø//(7´�

JLEL�EDúOÕNODU� WÕUQDN� LoLQH�DOÕQPÕúWÕU��.RQDUJ|oHU��PHGHQL\HW��PDUú�JLEL�NDYUDPODU� WÕUQDN� LoHULVLQH�DOÕQPDPÕúWÕU��0HWLQ�

LoHULVLQGHNL�W�P�NRQXúPDODU�YH�YHFL]HOHU�WÕUQDN�LoHULVLQH�DOÕQPÕúWÕU��

�

�&�GHUV�NLWDEÕQGD�����NDYUDP�YH�GH\LP�����YHFL]H� WÕUQDN� LoHULVLQH�DOÕQPÕúWÕU��gUQHN��³NÕúODN´��³DVNHU´�� ³øSHN�

<ROX´�� ³*|N� 7DQUÕ´� JLEL� NDYUDPODU� WÕUQDN� LoHULVLQH� DOÕQÕUNHQ� |UV�� WXUDQ� JLEL� NDYUDPODU� WÕUQDN� LoHULVLQH� DOÕQPDPÕúWÕU��

0HWLQ�LoHULVLQGH�ED]Õ�YHFL]HOHU�NR\X�\D]ÕOPÕú��DPD�WÕUQDN�LoLQH�DOÕQPDPÕú��ED]ÕODUÕ�LVH�NR\X�\D]ÕOPDGDQ�WÕUQDN�LoHULVLQH�

DOÕQPÕú��ED]ÕODUÕ�GD�KHP�NR\X�\D]ÕOPÕú�KHP�GH�WÕUQDN�LoHULVLQH�DOÕQPÕúWÕU���
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�

'�GHUV�NLWDEÕQGD�����NDYUDP�YH�GH\LP�����YHFL]H�YH���ELOJL�WÕUQDN�LúDUHWL�LoLQH�DOÕQPÕúWÕU���gUQHN��³øSHN�<ROX´��

³2UGX�0LOOHW´��7�UN�$QÕWODUÕ�3URMHVL´��³DW´�³úDUNÕ��GDQV´�JLEL�NDYUDPODU�WÕUQDN�LoHULVLQH�DOÕQÕUNHQ�gW�NHQ��7RSUDN�$QD��

.�UN�JLEL�NDYUDPODU� WÕUQDN� LoHULVLQH�DOÕQPDPÕúWÕU��$\UÕFD�³7�UN�$QÕWODUÕ�3URMHVL´�KHU�\D]ÕOGÕ÷Õ�\HUGH� WÕUQDN� LoHULVLQGH�

J|VWHULOPLúWLU��%LQ�<ÕOÕQ�<ROFXOX÷X�����±����´�LIDGHVLQGH�WÕUQDN�DoÕOPDPÕú�DPD�NDSDWÕOPÕúWÕU��

�

7DEOR� ��dL]JL� ��.XWX� øoLQH�$OPD��'HUV� NLWDSODUÕQGD�EHOOL�PHWLQOHULQ� WDEOR�� oL]JL� \D�GD�NXWX� LoHULVLQH� DOPD� VÕNoD� YH�

WXWDUVÕ]�ELU�ELoLPGH�NXOODQÕOPÕúWÕU��

�

$�GHUV�NLWDEÕQGD��KHU�DQD�NRQXGDQ�VRQUD�PHWLQ�EDúÕQGD�YH�VRQXQGD�YHULOHQ�VRUXODU�LOH�PHWLQ�LoHULVLQGHNL�|]HW�

DPDoOÕ�ELOJL�QRWODUÕ� WDEOR�LoLQH�DOÕQPÕúWÕU��7DEOR�LoLQGHNL�PHWLQOHULQ�DUND�SODQÕQGD�UHQN�YH�úHNLO�NXOODQÕOPDVÕ��|]HOOLNOH�

ELOJL�QRWODUÕQÕQ�X]XQ�ROPDVÕ�GLNNDW�oHNPH�|]HOOL÷LQL�D]DOWPÕúWÕU��$\UÕFD�W�P�J|UVHO�|÷HOHU�WDEOR��oL]JL�LoHULVLQH�DOÕQGÕ÷Õ�

LoLQ� VD\ID� LoHULVLQGH� oRN� VD\ÕGD� WDEOR�\D�GD� oL]JL� NXOODQÕOPÕúWÕU��$úD÷ÕGDNL� |UQHNWH�GH�J|U�OG�÷��JLEL� EX�GXUXP�KHP�

HVWHWLNOLN�DoÕGDQ�ROXPVX]�ELU�J|U�QW��\DUDWPÕú�KHP�GH�VÕNÕFÕOÕ÷Õ�YH�PRQRWRQOX÷X�DUWÕUPÕúWÕU���

�
gUQHN��

�

�

�

�

�

�

�

�

�

%�GHUV�NLWDEÕQGD��ED]Õ�VD\IDODUGD�WDEOR��NXWX�LoLQH�DOÕQPÕú�PHWLQH�\HU�YHULOPHPLú��DQFDN�ED]Õ�VD\IDODUGD���YH���

GHID�WDEOR�LoLQH�DOÕQPÕú�PHWLQH�\HU�YHULOPLúWLU��6D\ID�LoHULVLQGH�ELU�GHID�NXOODQÕODQ�YH�LoLQGH�NÕVD�PHWLQOHULQ�\HU�DOGÕ÷Õ�

WDEORODU�GLNNDW�oHNPHGH�HWNLOL�ROPXúWXU��.RQX�VRQODUÕQGD�|÷UHQFL\L�HWNLQOLN�\DSWÕUPD\D�YH\D�WDUWÕúPD\D�\|QOHQGLUPHN�

DPDFÕ\OD� WDOLPDWODU� WDEOR� LoHULVLQH� DOÕQPÕú� YH� EXQODU� W�P� NRQXODUGD� WXWDUOÕ� NXOODQÕOPÕúWÕU�� � $úD÷ÕGDNL� |UQHNWH� GH�

J|U�OG�÷��JLEL�EX�WDEORODU�NÕVD�PHWLQOHUGHQ�ROXúWX÷X�LoLQ�GLNNDW�oHNPH�DoÕVÕQGDQ�HWNLOL�ROPXúWXU��

�
gUQHN��
���������������

�
�

�

�

�

&�GHUV�NLWDSODUÕQGD��ELOJL�QRWODUÕ�WDEOR�LoHULVLQH�DOÕQPÕú��DQFDN�ELOJL�QRWODUÕQÕQ�X]XQ�PHWLQOHUGHQ�ROXúPDVÕ�HWNLOL�

ROPDVÕQÕ�HQJHOOHPLúWLU��%D]Õ�VD\IDODUGD�PHWLQOHULQ�oR÷XQOX÷X� WDEOR� LoHULVLQH�DOÕQGÕ÷Õ� LoLQ�� WDEOR� LoLQH�DOÕQPD\DQ�PHWLQ�

GDKD� oRN� GLNNDW� oHNLFL� ROPXúWXU�� .RQX� EDúODUÕQGD� ED]HQ� |÷UHQFL\L� \|QOHQGLUPHN� DPDFÕ\OD� WDEOR� LoHULVLQGH� N�o�N�

PHWLQOHUH�\HU�YHULOPLúWLU��%XQODUÕQ�|÷UHQFLQLQ�GLNNDWLQL�oHNPHGH�GDKD�HWNLOL�ROGX÷X�V|\OHQHELOLU��$QFDN�DúD÷ÕGD�|UQH÷L�

YHULOHQ�ED]Õ�WDEOR�LoLQH�DOÕQDQ�PHWLQ�NDODEDOÕN�YH�VÕNÕFÕ�ELU�J|U�QW��YHUPHNWHGLU��

�
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gUQHN��
�

�
�
�
�
�
�
�
�
�
�
�
�
�

� %X�PHWQLQ�X]XQ�YH�NDODEDOÕN�ROPDVÕQGDQ�GROD\Õ�WDEOR�LoLQH�DOÕQPDVÕQÕQ�HWNLOL�ROPD\DFD÷Õ�V|\OHQHELOLU��$QFDN�

DúD÷ÕGDNL�|UQHNWH�J|U�OHQ�PHWLQ�GDKD�NÕVD�YH�|]�ROGX÷X�LoLQ�HWNLOL�RODELOLU��

�

gUQHN��
�

�
�
�
�
�
�
�

�

'�GHUV�NLWDEÕQGD��oL]JL�\D�GD� WDEOR�LoHULVLQH�DOÕQDQ�PHWLQ�VD\ÕVÕ�ROGXNoD�D]GÕU��%LUNDo�GHID�PHWLQ�WDEOR��oL]JL�

LoLQH� DOÕQPÕú� YH� EXQODUGD� JHQHOOLNOH� GLNNDWL� oHNPHGH� HWNLOL� ROPXúWXU�� 7DEOR� \D� GD� oL]JL� LoHULVLQH� DOÕQDQ�PHWQLQ� NÕVD�

ROPDVÕ�WDEORODUÕQ�HWNL�J�F�Q��DUWÕUPÕú��DQFDN��PHWQLQ�DUND�SODQÕQGD�YH�VD\ID�LoHULVLQGH�oRN�IDUNOÕ�UHQNOHULQ�NXOODQÕOPDVÕ�

WDEORQXQ�EX�ROXPOX�HWNLVLQL�D]DOWWÕ÷Õ�V|\OHQHELOLU��%X�NRQX\D�\|QHOLN�|UQHN�DúD÷ÕGD�VXQXOPXúWXU��

�
gUQHN��

�
�
�
�
�
�
�
�
�
�

%X� |UQHNOHU� LQFHOHQGL÷LQGH� GHUV� NLWDSODUÕQGD� WDEOR�� oL]JL�NXWXODU� ED]Õ� VD\IDODUGD� VÕNoD� NXOODQÕOGÕ÷Õ�� ED]HQ� GH�

WDEOR�LoHULVLQGH�X]XQ�PHWLQOHUH�\HU�YHULOGL÷L�J|U�OPHNWHGLU��'HUV�NLWDSODUÕQGD�PHWLQ�|UJ�WOH\LFL�RODUDN�NXOODQÕODFDN�NXWX��

N�o�N�� LoLQGHNL� \D]Õ� D]� YH� J|U�Q�P�� JHQHO� VD\ID� WDVDUÕPÕQD� X\JXQ� ROPDOÕGÕU� �<DOÕQ�� ������� 7DEORODU�� oL]JLOHU� \D� GD�

NXWXODU� V�V� DPDoOÕ� JHUHNVL]� oHUoHYHOHU� ELoLPLQGH� NXOODQÕOPDPDOÕGÕU�� *HUHNLUVH� PHWLQGHQ� D\UÕ� RODUDN� GLNNDW� oHNPHVL�

LVWHQHQ�|]HW��VRUX��|\N���VHQDU\R�JLEL�HWNLQOLNOHUGH�VD\ID�WDVDUÕPÕQD�X\JXQ�RODUDN�NXOODQÕOPDOÕGÕU��$OSDQ����������

�
,9��6RQXo�YH�gQHULOHU�

�
'HUV� NLWDSODUÕQGD� GLNNDW� oHNPH� DUDoODUÕ� HWNLOL� NXOODQÕOPDPÕúWÕU�� 'HUV� NLWDSODUÕQGD� GLNNDW� oHNPH� DUDoODUÕQÕQ�

NXOODQÕP� VÕNOÕ÷Õ� GH÷LúPHNWHGLU�� øWDOLN� \D]Õ�$�� E�\�N� KDUI�� NR\X� \D]Õ�� DOWÕ� oL]LOL� YH� WDEOR� LoLQH� DOPD�%�� UHQNOL� \D]Õ�&��

WÕUQDN�LoLQH�DOPD�'�GHUV�NLWDEÕQGD�HQ�VÕN�ELoLPGH�NXOODQÕOPÕúWÕU��'LNNDW�oHNPH�DUDoODUÕ�KHP�GHUV�NLWDSODUÕ�DUDVÕQGD�KHP�
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GH� NLWDS� LoHULVLQGH� oR÷XQOXNOD� \HWHUVL]� YH� WXWDUVÕ]� ELU� ELoLPGH� NXOODQÕOPÕúWÕU��.HVHU¶LQ� ������� \DSWÕ÷Õ� ELU� DUDúWÕUPDGD�

³GLNNDW� RGDNOD\ÕFÕ� V|]F�N� \D� GD� V|]F�NOHULQ� HWNLOL� WDVDUODQPDVÕ´� LONHVLQLQ� W�P� GHUV� NLWDSODUÕQGD� GLNNDWH� DOÕQPDGÕ÷Õ�

VRQXFXQD�YDUÕOPÕúWÕU���

�

'HUV� NLWDSODUÕQÕQ� KD]ÕUODQPDVÕQGD� EDúWD� GLNNDW� oHNPH� DUDoODUÕ� ROPDN� �]HUH� W�P� PHVDM� WDVDUÕP� LONHOHULQH�

X\XOPDOÕ� YH� PHYFXW� GHUV� NLWDSODUÕQGDNL� PHVDM� WDVDUÕPÕ� LONHOHUL� LOH� LOJLOL� KDWDODU� YH� HNVLNOLNOHU� JLGHULOPHOLGLU�� 'HUV�

NLWDSODUÕQÕQ�KD]ÕUODQPDVÕ�YH�GH÷HUOHQGLULOPHVL�V�UHFLQGH�PHVDM�WDVDUÕPÕ�LONHOHUL�ELU�E�W�QO�N�LoLQGH�HOH�DOÕQPDOÕGÕU��'HUV�

NLWDEÕ� KD]ÕUODPD�NRPLV\RQXQX�ROXúWXUDFDN� NLúLOHU� |]HQOH� VHoLOPHOL� YH�EX�NLúLOHU� NLWDS�KD]ÕUODPD� V�UHFLQH�EDúODPDGDQ�

|QFH�PHVDM� WDVDUÕPÕ� LOH� LOJLOL� H÷LWLPH� DOÕQPDOÕGÕU��0HVDM� WDVDUÕP� LONHOHULQH�X\JXQ�RODUDN�KD]ÕUODQPÕú�GHUV� NLWDSODUÕQÕQ�

X\JXODPDGDNL� HWNLOLOLN� GHUHFHVLQLQ� DUDúWÕUÕOPDOÕGÕU�� 0HVDM� WDVDUÕP� LONHOHULQLQ� |÷UHQFL� EDúDUÕVÕQD� RODQ� HWNLVL� IDUNOÕ�

GHUVOHUH�J|UH�DUDúWÕUÕOPDOÕGÕU��

�

� .D\QDNODU�
�

$OSDQ�� *�� ��������'HUV� .LWDSODUÕQGDNL� *UDILN� 7DVDUÕPÕQÕQ� g÷UHQFL� %DúDUÕVÕQD� YH� 'HUVH� øOLúNLQ� 7XWXPODUÕQD� (WNLVL��
<D\ÕQODQPDPÕú�'RNWRUD�7H]L��$QNDUD�hQLYHUVLWHVL�(÷LWLP�%LOLPOHUL�(QVWLW�V����

$OSDQ��*����������'HUV�.LWDSODUÕQGDNL�0HWLQ�7DVDUÕPÕ��7�UN�(÷LWLP�%LOLPOHUL�'HUJLVL�����������������
(úJL�� 1�� �������� øON|÷UHWLP� ��� 6ÕQÕI� %LOJLVD\DU� 'HUV� .LWDSODUÕQÕQ� *|UVHO� 7DVDUÕP� øONHOHULQH� *|UH� 'H÷HUOHQGLULOPHVL��

0LOOL�(÷LWLP�'HUJLVL��6D\Õ�������
+DUWOH\��-����������.LWDS�7DVDUÕPÕ��0HYFXW�'XUXP�YH�*HOHFH÷L��.HHOH�hQLYHUVLWHVL��3VLNRORML�%|O�P���6WDIIRUGVKLUH�6W��

�EJ��øQJLOWHUH��
.HVHU��+�� ��������øON|÷UHWLP����6ÕQÕI�%LOJLVD\DU�'HUV�.LWDSODUÕQÕQ�*|UVHO�7DVDUÕP�øONHUOHULQH�*|UH�'H÷HUOHQGLULOPHVL��

7�UN�(÷LWLP�%LOLPOHUL�'HUJLVL���������
0D\HU�� 5�(�� ������� ,QVWUXFWÕRQDO�0HVVDJH�'HVÕQJ�� ĭOHPLQJ��0�� YH� /HYLH�� ��+�� �(GLW|UV�� � (GXFDWÕRQDO� 7HFKQRORJ\�

3XEOÕFDWÕRQV�(QJOHZRRG�&OÕIIV����%DVNÕ��1HZ�-HUVH\��������
0(%���������7HEOL÷OHU�'HUJLVL��6D\Õ������������0LOOL�(÷LWLP�%DVÕPHYL��$QNDUD��
hQVDO��<��YH�*�QHú�%����������%LU�.LWDS�øQFHOHPH�dDOÕúPDVÕ�gUQH÷L�2ODUDN�0�(�%�øON|÷UHWLP����6ÕQÕI�ĭHQ�%LOJLVL�'HUV�

.LWDEÕQD�ĭL]LN�.RQXODUÕ�<|Q�QGHQ�(OHúWLUHO�%LU�%DNÕú��*�h��*D]L�(÷LWLP�)DN�OWHVL�'HUJLVL����������������
<DOÕQ��+�ø�������D���'HUV�.LWDSODUÕ�7DVDUÕPÕ��0LOOL�(÷LWLP�'HUJLVL��6D\Õ������������
<DOÕQ��+�ø�������(NLP�����E��'HUV�.LWDSODUÕQÕQ�'H÷HUOHQGLULOPHVL�����0LOOL�(÷LWLP�6HPSR]\XPX��.�WDK\D��
<DOÕQ��+�ø����������g÷UHWLP�7HNQRORMLOHUL�YH�0DWHU\DO�*HOLúWLUPH��1REHO�<D\ÕQFÕOÕN��*HQLúOHWLOPLú�����%DVNÕ��$QNDUD��

�
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DESIGN OF SELECTED PARTS OF NON-CONVENTIONAL STIRLING 
ENGINE WITH FIK MECHANISM  

  
�
�

'DOLERU�%DUWD��-XUDM�6DQLJD��0DUWLQ�0UX]HN��0DUWLQ�.HQGUD�
8QLYHUVLW\�RI�=LOLQD�

)DFXOW\�RI�0HFKDQLFDO�(QJLQHHULQJ�
6ORYDNLD�

GDOLERU�EDUWD#IVWURM�XQL]D�VN�
�
�

Abstract: 7KLV� SDSHU� GHDOV� ZLWK� D� GHVLJQ� LPSOHPHQWDWLRQ� RI� 6WLUOLQJ� HQJLQH� ZLWK� D�
QRQ�FRQYHQWLRQDO� ),.� PHFKDQLVP�� FRQWDLQV� D� GHVFULSWLRQ� RI� LWV� RSHUDWLRQ� DQG� GLVFXVVHV� WKH�
SRVVLELOLWLHV�RI�FRPSUHVVLRQ�UDWLR�FKDQJHV��,W�SUHVHQWV�WKH�UHVXOWV�RI�D�UHVHDUFK�IRFXVHG�RQ�LQGLYLGXDO�
SDUWV�RI�WKH�HQJLQH��LQFOXGLQJ�WKH�UHJHQHUDWRU��),.�PHFKDQLVP�DQG�KHDW�WUDQVIHU��7KHVH�UHVXOWV�KDYH�
EHHQ�REWDLQHG�E\�FDOFXODWLRQ��VLPXODWLRQ�DQG�H[SHULPHQWV�SHUIRUPHG�GLUHFWO\�LQ�WKH�VHOHFWHG�HQJLQH�
SDUWV��7KH�)/8(17�VRIWZDUH�ZDV�XVHG�IRU�WKH�VLPXODWLRQ��
�
�

� � Key words:�6WLUOLQJ�HQJLQH��),.��UHJHQHUDWRU��&)'�VLPXODWLRQ�
�
�
Introduction  
�

�2QH� RI� PDQ\� DSSOLFDWLRQV� RI� WKH� SDWHQWHG� ),.� HQJLQH� FRQVWUXFWLRQ� ZLWK� QRQ�FRQYHQWLRQDO� PHFKDQLVP� ZLWK�
D�VZLQJ�SODWH�LV�LWV�PRGLILFDWLRQ�IRU�WKH�6WLUOLQJ�HQJLQH��.XNXFD�HW�DO����������,Q�WKLV�FRQILJXUDWLRQ��WKH�6WLUOLQJ�HQJLQH�XVHV�
DLU��ZKLFK�LV�KHDWHG�LQ�WKH�KHDW�F\OLQGHU�RI�WKH�F\OLQGHU�ZDOO�DQG�F\OLQGHU�KHDG��DV�D�SRZHU�PHGLXP��

�

�
Figure 1:�9LUWXDO�PRGHO�RI�QRQ�FRQYHQWLRQDO�PHFKDQLVP�),.�� � ��±�UHJHQHUDWRU����±FRROHG�F\OLQGHU����±�VZLQJ�SODWH����±�

KHDWHG�F\OLQGHU����±�IO\ZKHHO����±�KHDW�RXWSXW����±�KHDW�LQSXW 
�
7ZR�KHDWHG�DQG�WZR�FRROHG�F\OLQGHUV�FRQQHFWHG�ZLWK�D�UHJHQHUDWRU�IRUP�WKH�EDVLF�FRQFHSW�RI�WKH�6WLUOLQJ�HQJLQH�

ZLWK�WKH�QRQ�FRQYHQWLRQDO�),.�PHFKDQLVP�ZLWK�D�VZLQJ�SODWH��7KH�EDVLF�GLPHQVLRQV�RI�WKH�SLVWRQ�JURXS�ZHUH�WDNHQ�IURP�
WKH�DQ�DLU�FRROHG�YHKLFOH�HQJLQH�ZLWK�F\OLQGHU�GLDPHWHU�RI����PP�DQG�D�VWURNH�RI����PP��:KHQ�GHVLJQLQJ�WKLV�HQJLQH��
WKHRUHWLFDO�FDOFXODWLRQV�ZHUH�XVHG�� � 6XEVHTXHQWO\��WKH�SURSRVDO�RI�WKH�VZLQJ�SODWH�DQG�RWKHU�PDLQ�HQJLQH�GLPHQVLRQV�ZHUH�
PDGH��7KH�SURMHFW�FRQWLQXHG�ZLWK�WKH�FUHDWLRQ�RI��'�PRGHOV�XVLQJ�WKH�&DWLD�9�5���VRIWZDUH��)LJXUH���VKRZV�D�YLUWXDO�
PRGHO�RI�QRQ�FRQYHQWLRQDO�),.�PHFKDQLVP��7KH�RWKHU�SDUWV�DUH�GHVFULEHG�EHORZ��

�
�

Description of constructive units  
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� 7KH�EDVLF�VXSSRUWLQJ�VWUXFWXUH�RI�WKH�HQJLQH�FRQVLVWV�RI�WZR�VWHHO�SODWHV�ZLWK�D�WKLFNQHVV�RI����PP��$W�WKH�WRS�SODWH��
WKHUH�DUH�KROHV�IRU�F\OLQGHUV�DQG�KROHV�IRU�VFUHZV�FRQQHFWLRQ�� �

�
Figure 2:�7RS�SODWH�ZLWK�F\OLQGHUV�DQG�KHDGV� �

�
�

� 7KH�ERWWRP�SODWH�SHUIRUPV�VHYHUDO�IXQFWLRQV��7KH�JHDULQJ�WKDW�LV�WKHUH�LV�XVHG�WR�DVVXUH�NLQHPDWLF�PRYHPHQW�RI�WKH�
VZLQJ�SODWH��7KH�EHDULQJ�KRXVLQJV�ZKHUH�WKH�FUDQNVKDIW�LV�KRXVHG�DUH�WKHUH�WRR�DQG�DOVR�WKH�KROHV�IRU�IDVWHQLQJ�RI�WKH�
VWDELOL]DWLRQ� IHHW�� 7KH� WRS� DQG� ERWWRP� SODWHV� DUH� FRQQHFWHG� ZLWK� IRXU� FDSSHG� SLSH� EHDPV� ZLWK� VKRXOGHU� RQ� WKH� WRS��
,QVHUWLQJ�ZDVKHUV�XQGHU�WKH�WRS�SODWH�FDQ�FKDQJH�WKH�HQJLQH�FRPSUHVVLRQ�UDWLR�DQG�RWKHU�SHUIRUPDQFH�SDUDPHWHUV�DV�ZHOO��
7KH�SODWH�LV�VFUHZHG�ZLWK�IRXU�WKUHDGHG�URGV�0����
�

�
Figure 3:�3LVWRQ�JURXS����±�SLVWRQ����±�WKUHDG�URG�����±�URG�HQG� �

�
�

� 7KH�SLVWRQ�JURXS�RI�6WLUOLQJ�HQJLQH�ZLWK�QRQ�FRQYHQWLRQDO�),.�PHFKDQLVP�ZDV�XVHG�IURP�WKH�DLU�FRROHG�HQJLQH��
7KH�ULEV�RI�WKH�DLU±FRROHG�F\OLQGHUV�DOORZ�UHJXODU�DQG�VWHDGLHU�KHDWLQJ�RI�KHDWHG�F\OLQGHUV�LQ�RUGHU�WR�NHHS�WKH�RSWLPDO�
ZRUNLQJ�WHPSHUDWXUH��2Q�WKH�RWKHU�KDQG�LW�DOORZV�EHWWHU�FRROLQJ�GDZQ�RI�FRROHG�F\OLQGHUV�ZKHUH�WKH�WHPSHUDWXUH�PXVW�EH�
VWDELOH�±�LVRWKHUPDO��
� 7KH�FRQQHFWLQJ�URG�RI�VZLQJ�PHFKDQLVP�FRQVLVWV�RI�WKUHH�SDUWV��WZR�URG�HQGV�6.)�6,���(6�DQG�D�WKUHDG�URG�0����
DV�FDQ�EH�VHHQ�LQ�WKH�ILJXUH����,Q�WKH�PHFKDQLVP�RI�WKH�),.�HQJLQH�WKH�VZLQJ�SODWH�PDNHV�D�PRYHPHQW�LQ�WKUHH�D[HV��
7KHUHIRUH�WKH�FUDQN�EHDULQJV�DQG�SLVWRQ�SLQ�EHDULQJV�XVH�WKH�URG�HQGV��7KH�URG�OHQJWK�LV�YDULDEOH��7KH�GHVLJQHG�OHQJWK�RI�
FRQQHFWLQJ�URG�LV�/� ����PP��.XNXFD�HW�DO����������
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� �
Figure 4:�6ZLQJ�SODWH�ZLWK�URG�HQGV�DQG�JHDU� �

�
�
� 7KH�VZLQJ�SODWH�LQ�WKH�ILJXUH���DQG���WUDQVIHUV�WKH�VWUDLJKW�OLQH�UHFLSURFDWLQJ�PRWLRQ�RI�WKH�SLVWRQ�WR�WKH�FUDQNVKDIW��
,Q�WKH�VZLQJ�SODWH��WKHUH�DUH�EHDULQJ�KRXVLQJV�IRU�FRQLFDO�EHDULQJ��LQ�ZKLFK�WKH�FUDQNVKDIW�LV�VXSSRUWHG��7KH�VDPH�W\SH�RI�
FRQLFDO�EHDULQJV�LV�XVHG�LQ�WKH�ERWWRP�SODWH�� �
�

�
Figure 5:�6ZLQJ�SODWH�ZLWK�URG�HQGV��FUDQNVKDIW��EHDULQJV�DQG�JHDU�ZKHHOV� �

�
�

7KH�SRVLWLRQ�RI�WKH�VZLQJ�SODWH�VWDELOL]HV�WKH�KHOLFDO�JHDULQJ�ZKLFK�WUDQVPLWV�IRUFHV�RQ�WKH�ERWWRP�SODWH�DQG�GHIHQGV�WKH�
URWDWLRQ�RI�WKH�VZLQJ�SODWH�DURXQG�LWV�RZQ�D[LV��7KH�GHVLJQ�RI�WKH�VZLQJ�SODWH�LV�OHWZHLJKW�LQ�RUGHU�WR�DFKLHYH�ORZHU�PDVV�
DQG�ORZHU�LQHUWLD�IRUFHV��
�

�
Figure 6:�&UDQNVKDIW� �

�
�

� 7KH�FUDQNVKDIW�LV�FUDQNHG�LQ�WKH�DQJOH�����±�WKLV�YDOXH�ZDV�FDOFXODWHG��7KH�SLWFK�GLDPHWHU�RI�WKH�F\OLQGHUV�DQG�WKH�
SLVWRQ�VWURNH�ZHUH�XVHG�DV�WKH�LQSXW�GDWD�IRU�FDOFXODWLRQ��7KH�ELJJHU�SLWFK�GLDPHWHU�RI�WKH�F\OLQGHUV��WKH�ORZHU�FUDQNVKDIW�
FUDQN�DW� WKH�FRQVWDQW�SLVWRQ�VWURNH��7KH� IO\ZKHHO� IRU� VWHDG\� UXQQLQJ�RI� WKH�HQJLQH� LV� ORFDWHG� LQ� WKH� ORZHU�HQG�RI� WKH�
FUDQNVKDIW��%HORZ�WKH�IO\ZKHHO��WKHUH�LV�DQ�HQJLQH�VSHHG�VHQVRU�� �
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� $Q� LPSRUWDQW�SDUW�RI�QRQ�FRQYHQWLRQDO�PHFKDQLVP�),.� LV� D�EDODQFLQJ�PHFKDQLVP��%DODQFLQJ�HTXLSPHQW�PXVW�
VHFXUH�WKH�EDODQFH�RI�LQHUWLD�IRUFHV�DQG�PRPHQWV�LQ�WKH�HQJLQH��:KHQ�WKLV�LV�QRW�EDODQFHG��WKH�SDUWLFLSDWLQJ�PDVV�PDNHV�
WKH�UXQQLQJ�DURXQG�WKH�HQJLQH�D[LV�XQVWDEOH��7KH�SURFHVV�RI�EDODQFLQJ�GHSHQGV�RQ�WKH�PDVV�RI�SLVWRQV��FRQQHFWLQJ�URGV��
SLVWRQ�SLQV�DQG�WKH�VZLQJ�SODWH�DQG�RQ�WKH�YDOXHV�RI�EDVLF�NLQHPDWLF�SDUDPHWHUV��%DODQFLQJ�LV�UHDOL]HG�ZLWK�FRXQWHUZHLJKW��
7KH�FRXQWHUZHLJKW�LV�FRQQHFWHG�ZLWK�WKH�FUDQNVKDIW��7KH�UDGLXV�RI�WKH�FRXQWHUZHLJKW�DUP�LV�ELJJHU�WKDQ�WKH�UDGLXV�RI�WKH�
VZLQJ�SODWH��7KH�FRUUHFW�SRVLWLRQ�DQG�PDVV�RI�WKH�FRXQWHUZHLJKW�UHGXFH�WKH�LQHUWLD�IRUFHV�DQG�PRPHQWV��7KH�YDOXHV�RI�
SRVLWLRQ� DQG� PDVV� ZHUH� FDOFXODWHG� IURP� WKH� LQSXW� SDUDPHWHUV�� 7KH� PHWKRGRORJ\� DQG� SURFHVV� RI� FDOFXODWLRQ� RI� ),.�
PHFKDQLVP�EDODQFLQJ�FDQ�EH�IRXQG�LQ�OLWHUDWXUH��.XNXFD�HW�DO���������.XNXFD�HW�DO����������
� 7KH�HQJLQH�ZDV�GHVLJQHG�IRU�PD[LPXP�RSHUDWLQJ�VSHHGV�RI������USP��7KH�PD[LPDO�HQJLQH�SRZHU�GHSHQGV�RQ�WKH�
TXDQWLW\�RI�WKH�LQSXW�KHDW�DQG�WKH�HIILFLHQF\�RI�WKH�UHJHQHUDWRU��7KH�UHJHQHUDWRU�FRQVLVWV�RI�WKH�ERG\�DQG�WKH�ILOOLQJ��)LJXUH�
��VKRZV�WKH�FXW�RI�HQJLQH�� � � � � �

�

�
Figure 7:�&XW�RI�WKH�HQJLQH �

Working principle 
 
� %RWK�KHDWHG�F\OLQGHUV�DUH�KHDWHG�IURP�RXWVLGH�ZLWK�GLUHFWHG�IORZ�RI�KHDW�DLU�IURP�WZR�LQGHSHQGHQW�KRW�DLU�GHYLFHV��
7KH�SDUDPHWHUV�RI�KRW�DLU�GHYLFHV�DUH��SHUIRUPDQFH�����:��DLU�IORZ����O�PLQ�DQG�WHPSHUDWXUH�RI�KHDWHG�DLU�IURP����WR�
����&��$OVR�RWKHU�VRXUFHV�RI�KHDW�FDQ�EH�XVHG�IRU�KHDWLQJ��IRU�H[DPSOH��D�JDV�MHW��)RU�GLUHFWLQJ�WKH�IORZ�RI�KRW�DLU�DURXQG�
WKH� KHDWHG� F\OLQGHU� ZDOOV� ZDV� GHVLJQHG� WKH� F\OLQGHUV� VKHDWKLQJ�� 7KH� OLPLWLQJ� IDFWRU� RI� KHDWLQJ� WKH� F\OLQGHUV� LV� WKH�
WHPSHUDWXUH�DW�WKH�LQWHUQDO�ZDOO�RI�WKH�F\OLQGHU��GXH�WR�WKH�PDLQWDLQLQJ�RI�OXEULFDWLQJ�SURSHUWLHV�RI�RLO��7KH�RLO�FRXOG�QRW�JR�
RYHU�����&��7KH�FRROHG�DQG�KHDWHG�F\OLQGHUV�DUH�FRQQHFWHG�ZLWK�WKH�UHJHQHUDWRU�E\�SLSHV��7KH�SKDVH�VKLIW�EHWZHHQ�WKH�
SLVWRQV�LQ�KHDWHG�DQG�FRROHG�F\OLQGHUV�LV������,Q�RUGHU�WR�DFKLHYH�WKH�KLJKHVW�WKHUPDO�VWDELOLW\�LQ�WKH�F\OLQGHUV��WKH�KLJKHVW�
HQJLQH�HIILFLHQF\�DQG�SHUIRUPDQFH�DQG�WKH�EHVW�KHDW�XWLOL]DWLRQ��WKH�HQJLQH�GHVLJQ�LQFOXGHV�WKH�KHDW�UHJHQHUDWRU�� �
� �
�
Regenerator 
 
� 7KH�EDVLF� UHTXLUHPHQW�IRU� WKH� UHJHQHUDWRU� LV� WR� FDSWXUH� WKH�PD[LPXP�DPRXQW�RI�KHDW� FRQWDLQHG�LQ� WKH� DLU� DV� D�
ZRUNLQJ�PHGLXP�ZKHQ�WKH�KHDWHG�DLU�LV�PRYLQJ�IURP�WKH�KHDWHG�F\OLQGHU��WR�WKH�FRROHG�F\OLQGHU�DQG�WKHQ�WR�UHDEVRUE�LW�
ZKHQ�WKH�FRROHG�DLU�LV�PRYLQJ�IURP�WKH�FRROHG�F\OLQGHU�WR�WKH�KHDWHG�F\OLQGHU��
,W� LV�WKHUHIRUH� QHFHVVDU\� WR� SURSRVH� D�UHJHQHUDWRU�ZLWK�D� VSDFH� ODUJH� HQRXJK�DQG�ZLWK� D� UHDVRQDEOH� YROXPH��ORZHULQJ�
WKH�ILQDO�FRPSUHVVLRQ� HQJLQH� UDWLR� �%LJRV�� 3XVNDU�� ������� 7KH� ILUVW� UHJHQHUDWRU�FRQFHSW�VKRZHG� WKH� QHHG�
WR�V\QFKURQL]H�LWV�VL]H�DQG�WKH�HQJLQH�VSHHG��
� 7KH�VLPXODWLRQ�RI�UHJHQHUDWRU�ZRUN�ZDV�PDGH�E\�)OXHQW�VRIWZDUH��6RMFDN�HW�DO����������
�
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Figure 8:�'LVWULEXWLRQ�RI�WHPSHUDWXUHV�LQ�WKH�F\OLQGHUV�DQG�UHJHQHUDWRU���SRURVLW\�������  
�
�
3URJUDP�)OXHQW�XVH�WKHVH�PDLQ�VWHSV�RI�&)'�DQDO\VLV��

� WKH�EDVLF�IRUPXODWLRQ�RI�WKH�WDVN��SUREOHP�GHILQLWLRQ���
� FUHDWLQJ�D�JHRPHWULF�PRGHO�DQG�WKH�FRQWURO�DUHD��XVH�RI�&$'�V\VWHP���
� FUHDWLQJ�ERXQGDU\�DQG�LQLWLDO�FRQGLWLRQV��
� VHW�WKH�FRUUHFW�SK\VLFDO�PRGHO�ZLWK�UHJDUGV�WR�WKH�VWXGLHG�SUREOHP��
� FUHDWLRQ�DQG�JHQHUDWLRQ�RI�DGHTXDWH�PHVK��VWUXFWXUH��VL]H��RU�ORFDO�FRQFHQWUDWLRQ���
� &)'�FDOFXODWLRQ��WKH�DVVHVVPHQW�RI�FRQYHUJHQFH�VROXWLRQ��HYHQWXDOO\�UHYLHZ�RI�PRGHO�SDUDPHWHUV���
� GDWD�SURFHVVLQJ�WR�REWDLQ�UHVXOWV��
� FRPSDULVRQ�ZLWK�RWKHU�UHVXOWV��H[SHULPHQWDO�ZKHQ�DYDLODEOH���
� FULWLFDO�HYDOXDWLRQ�RI�WKH�REWDLQHG�UHVXOWV��

� ,Q�WKLV�FDVH�ZDV�XVHG�D�VWDQGDUG�WXUEXOHQFH�N�±�İ�PRGHO��7KLV�PRGHO�LV�VLPSOHVW��FRPSOHWH�PRGHO

�RI�WXUEXOHQFH�
ZLWK� WZR�HTXDWLRQ�PRGHOV� LQ�ZKLFK� WKH�VROXWLRQ�RI� WZR�VHSDUDWH� WUDQVSRUW�HTXDWLRQV�DOORZV� WKH� WXUEXOHQW�YHORFLW\�DQG�
OHQJWK�VFDOHV�WR�EH�LQGHSHQGHQWO\�GHWHUPLQHG��7KH�N���İ�VWDQGDUG�PRGHO�LQ�)/8(17�VRIWZDUH�IDOOV�ZLWKLQ�WKLV�FODVV�RI�
WXUEXOHQFH�PRGHO� DQG� KDV� EHFRPH� WKH�ZRUNKRUVH� RI� SUDFWLFDO� HQJLQHHULQJ� IORZ� FDOFXODWLRQV� LQ� WKH� WLPH� VLQFH� LW�ZDV�
SURSRVHG�E\�/DXQGHU�DQG�6SDOGLQJ��5REXVWQHVV��HFRQRP\��DQG�UHDVRQDEOH�DFFXUDF\�IRU�D�ZLGH�UDQJH�RI�WXUEXOHQW�IORZV�
H[SODLQ�LWV�SRSXODULW\�LQ�LQGXVWULDO�IORZ�DQG�KHDW�WUDQVIHU�VLPXODWLRQV��
� )RU� RXU� SUREOHP�ZDV� FUHDWHG��'�JHRPHWU\�RI� F\OLQGHUV�� SLSHV�DQG� UHJHQHUDWRU�LQ� &DWLD�VRIWZDUH��6NHWFK�ZDV�
H[SRUWHG�DV�D�VWHS�ILOH�WR�WKH�*DPELW�SURJUDP��ZKLFK�LV�XVHG�WR�FRPSXWLQJ�JULG�FUHDWLQJ�� �
5HVXOWV�RI��'�VLPXODWLRQV�VKRZHG�WKH�SUREOHPV�ZKLFK�PXVW�EH�VROYHG�LQ��'�VLPXODWLRQ��,W�ZDV�IRXQG�KRZ�WKH�JHRPHWU\�RI�
WKH�UHJHQHUDWRU�LQOHW�DQG�RXWOHW�VHFWLRQV�LQIOXHQFHV�IORZ�LQ�WKH�UHJHQHUDWRU�DQG�KRZ�WR�GHWHUPLQH�WKH�UHJHQHUDWRU�YROXPH�WR�
DYRLG�DQ�H[FHVVLYH�KHDWLQJ�RI�WKH�PHGLXP�LQ�WKH�FROG�F\OLQGHU�DV�VHHQ�LQ�WKH�ILJXUH�����'�VLPXODWLRQ�VKRZHG�DOVR�KRZ�WKH�
SRURVLW\�DQG�PDWHULDO�RI�UHJHQHUDWRU�ILOOLQJ�LQIOXHQFHV�WKH�IXQFWLRQ�RI�UHJHQHUDWRU��
�

 
Figure 9:�0HDVXULQJ�HTXLSPHQW�IRU�PHDVXUHPHQW�RI�IORZ�UHVLVWDQFH�LQ�UHJHQHUDWRU 

� �
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�
� ,W�LV�QHFHVVDU\�WR�NQRZ�WKH�IORZ�UHVLVWDQFH�YDOXHV�FDXVHG�E\�UHJHQHUDWRU�ILOOLQJ�WR�JHW�PRUH�DFFXUDWH�VLPXODWLRQ�
FDOFXODWLRQV�LQ��'�JHRPHWU\��7KHVH�YDOXHV�DUH�LQ�ILJXUH����DQG�WKH\�ZHUH�REWDLQHG�E\�UHDO�PHDVXUHPHQW�RQ�WKH�WHVW�PRGHO�
VKRZQ�LQ�ILJXUH����&RHIILFLHQWV�&��DQG���Į�GHWHUPLQLQJ�WKH�UHJHQHUDWRU�ILOOLQJ�SURSHUWLHV�ZHUH�FDOFXODWHG�IURP�WKH�YDOXHV�
RI�IORZ�UHVLVWDQFH�DV�IROORZV��
([SHULPHQWDO�GDWD�WKDW�LV�DYDLODEOH�LQ�WKH�IRUP�RI�SUHVVXUH�GURS�DJDLQVW�YHORFLW\�WKURXJK�WKH�SRURXV�FRPSRQHQW��FDQ�EH�
H[WUDSRODWHG�WR�GHWHUPLQH�WKH�FRHIILFLHQWV�IRU�WKH�SRURXV�PHGLD� �
7KHQ�D�S�Y�FXUYH�FDQ�EH�SORWWHG�WR�FUHDWH�D�WUHQG�OLQH�WKURXJK�WKHVH�SRLQWV�\LHOGLQJ�WKH�IROORZLQJ�HTXDWLRQ�

�
ǻS� �������Y�����(���Y�

�
ZKHUH�ǻS�LV�WKH�SUHVVXUH�GURS�DQG�Y�� LV�WKH�YHORFLW\��
)RU�WKH�FRHIILFLHQWV�ZH�FDQ�ZULWH�

��,��� = &�
�
�
ȡǻQ�

�
ZLWK�ȡ �������NJ�P��DW�����&HOVLXV��SRURXV�PHGLD�WKLFNQHVV� ǻQ�  ������P��LQHUWLDO�UHVLVWDQFH�IDFWRU� �

&� = ����
�

�.��ି�� =
�
Į
ǻQ�

�
ZLWK�DLU�NLQHPDWLF�YLVFRVLW\��� �����(���P��V��WKH�YLVFRXV�LQHUWLDO�UHVLVWDQFH�IDFWRU� � �

�
�
Į
= �,����ି��

�

�
Figure 10:�)RUPXODWLRQ�RI�SRURXV�PHGLD�FRHIILFLHQWV�LQ�)OXHQW�VRIWZDUH�

�
� �

�
Figure 11:�0HDVXULQJ�HTXLSPHQW�IRU�PHDVXUHPHQW�RI�IORZ�UHVLVWDQFH�LQ�UHJHQHUDWRU 

�
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Cylinders 
�
� ,W�LV�LPSRUWDQW�WR�SXW�D�PD[LPXP�RI�LQSXW�KHDW�LQ�WKH�VKRUWHVW�WLPH��7KH�KHDW�WUDQVIHU�WKURXJK�WKH�F\OLQGHU�ZDOO�DQG�
ULEV�ZDV�VLPXODWHG��7R�DYRLG�WKH�ORFDO�RYHUKHDWLQJ�RI�WKH�F\OLQGHU�IURP�WKH�VRXUFH�RI�KRW�DLU��WKH�GHIOHFWRU��ZKLFK�GLUHFWV�
WKH�KRW�DLU�IORZ�DURXQG�WKH�F\OLQGHUV��KDG�WR�EH�XVHG��7R�HQVXUH�WKH�IORZ�RI�WKH�DLU�WKURXJK�WKH�F\OLQGHU�ULEV�DQG�PRUH�HYHQ�
GLVWULEXWLRQ�RI�WHPSHUDWXUH�RQ�WKH�ZKROH�VXUIDFH�RI�WKH�F\OLQGHU�WKH�VKHDWKLQJ�ZLWK�D�PLQLPXP�JDS���PP��EHWZHHQ�WKH�
F\OLQGHU�ULEV�DQG�VKHDWKLQJ�ZDV�GHVLJQHG��)LJXUH����VKRZV�WKH�DLUIORZ�DURXQG�WKH�F\OLQGHU�DQG�LWV�JXLGDQFH�WR�KRW�DLU�
H[KDXVW��
�

�
Figure 12:�7KH�FRXUVH�RI�YHORFLW\�RI�KRW�DLU�IORZLQJ�EHWZHHQ�WKH�F\OLQGHU�ULEV�

 
 

�
Figure 13:�7KH�FRXUVH�RI�WHPSHUDWXUHV�RI�KHDWHG�DLU�DQG�WKH�F\OLQGHU�WKURXJK�WKH�ULEV� �

�
� $V� VHHQ� LQ� WKH� ILJXUH� ���� DERXW� ����RI� WKH� F\OLQGHU� VXUIDFH� IORZHG� DURXQG� E\� KRW� DLU� UHDFKHV� DSSUR[LPDWHO\�
LGHQWLFDO�WHPSHUDWXUH��DERXW�����.��7KH�ORZHVW�WHPSHUDWXUH�LV�DFKLHYHG�RQ�WKH�EDFN�RI�WKH�KHDWHG�F\OLQGHU��DSSUR[LPDWHO\�
����.��ZKDW�LV�TXLWH�VLJQLILFDQW�WHPSHUDWXUH�GLIIHUHQFH��
�
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12�Figure 14:�7KH�FRXUVH�RI�WHPSHUDWXUHV�RI�KHDWHG�DLU�DQG�WKH�F\OLQGHU�WKURXJK�WKH�YROXPH�EHWZHHQ�WKH�ULEV�� �

�
�

�
Figure 15:�7KH�FRXUVH�RI�WHPSHUDWXUHV�LQVLGH�WKH�KHDWHG�F\OLQGHU�

�
� $V�VHHQ�LQ�ILJXUH�����ZKLFK�VKRZV�WKH�LQQHU�VXUIDFHV�RI�WKH�F\OLQGHU��WKH�EDFN�SDUW�RI�WKH�F\OLQGHU�ZKHUH�PLVV�WKH�
VKHDWKLQJ�DQG�JXLGDQFH�WKH�IORZ�RI�KRW�DLU�UHPDLQ�VLJQLILFDQWO\�FRROHU��%HFDXVH�WKH�VKHDWKLQJ�LV�FRPPRQ�IRU�ERWK�KHDWHG�
F\OLQGHUV�WKH�VLPXODWLRQ�ZDV�VROYHG�DV�V\PPHWULFDO��7KH�VLPXODWLRQ�VKRZHG�WKDW�WKH�GHVLJQHG�VKDSH�RI�VKHDWKLQJ�FDQ�QRW�
HQVXUH�PRUH�HYHQ�KHDWLQJ�RI�WKH�F\OLQGHU�RQ�WKH�ZKROH�VXUIDFH�DQG�WKDW�WKH�KRW�DLU�IORZLQJ�WKH�RSSRVLWH�F\OLQGHU�GR�QRW�
FDXVH�VXIILFLHQW�FKDQJH�RI�WKH�IORZ�LQ�WKH�DUHD�EHWZHHQ�WKH�F\OLQGHU�DQG�WKH�DLU�RXWOHW�RI�WKH�VKHDWKLQJ�� � $V�D�UHVXOW��WKH�KRW�
DLU�ZLOO�EH�QRW�JXLGDQFH�RQ�WKH�EDFN�RI�WKH�KHDWLQJ�F\OLQGHU��7R�DFKLHYH�EHWWHU�WHPSHUDWXUH�GLVWULEXWLRQ�RQ�WKH�F\OLQGHU�
VXUIDFH�ZLOO�EH�QHFHVVDU\�WR�PRGLI\�WKH�VKHDWKLQJ�IRUP�DQG�WR�YHULI\�LW�E\�QH[W�VLPXODWLRQV�� �
�
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12�Figure 16:�7KH�FRXUVH�RI�WHPSHUDWXUHV�LQVLGH�WKH�KHDWHG�F\OLQGHU�ZLWK�ULEELQJ�

�
�
)LJXUH����VKRZV�WKH�KHDWLQJ�RI�WKH�F\OLQGHU�DQG�SLVWRQ�LQ�WKH�FXUUHQW�SRVLWLRQ�LQ�WRS�GHDG�FHQWHU��7KH�VLPXODWLRQ�ZDV�
SHUIRUPHG�DW�D�PRYLQJ�SLVWRQ�DQG�VSHHG�����PLQ����
�

�
Figure 17:�7KH�FRXUVH�RI�WHPSHUDWXUHV�LQ�WKH�FURVV�VHFWLRQ�RI�KHDWHG�F\OLQGHU�ZLWK�ULEELQJ� �

�
 
 
Conclusions  
�

7KH�GHVLJQ�RI�WKH�QRQ�FRQYHQWLRQDO�6WLUOLQJ�HQJLQH�ZLWK�WKH�),.�PHFKDQLVP�ZDV�FUHDWHG�DV�D�SDUW�RI�WKH�9(*$�
���������� SURMHFW�� 7KH� SDSHU� GHVFULEHV� WKH� FXUUHQW� VWDWH� RI� WKH� SURMHFW�� 7KH� SURMHFW¶V� JRDO� LV� WKH� FRQVWUXFWLRQ� RI� D�
IXQFWLRQDO�HQJLQH��7KH�HQJLQH�SDUWV�WKDW�DUH�DOUHDG\�DYDLODEOH�DUH�VKRZQ�LQ�WKH�ILJXUHV�DERYH��6LPXODWLRQV�E\�WKH�)OXHQW�
VRIWZDUH�ZHUH�XVHG�ZKHQ�GHVLJQLQJ�VRPH�KHDW�DIIHFWHG�SDUWV�VXFK�DV�WKH�UHJHQHUDWRU��F\OLQGHUV��F\OLQGHU�VKHDWKLQJ���7KH�
UHJHQHUDWRU�6LPXODWLRQV�VKRZHG�D�QHHG�WR�PRGLI\�VRPH�UHJHQHUDWRU�SDUWV�WR�LPSURYH�WKH�IORZ�DQG�WR�HQVXUH�D�VXIILFLHQW�
UHJHQHUDWRU� RXWSXW�� ,W� ZLOO� EH� QHHGHG� WR� SHUIRUP� D� �'� VLPXODWLRQ� RI� WKH� UHDO� VWDWH� ZLWK� DFFXUDWH� FRPSXWDWLRQ� LQSXW�
FRQGLWLRQV��

/DERUDWRU\�PHDVXUHPHQWV�RI�WKH�IORZ�UHVLVWDQFH�IRU�D�VSHFLILF�UHJHQHUDWRU�W\SH�WKDW�ZHUH�WDNHQ�ZLOO�EH�XVHG�LQ�D�
�'�PRGHO�VLPXODWLRQ�FDOFXODWLRQ��7KH�GHWHUPLQDWLRQ�RI�WKH�KHDW�LQSXW�IRU�WKH�6WLUOLQJ�HQJLQH�IXQFWLRQ�ZDV�DQRWKHU�WDVN�RI�
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WKH�VROXWLRQ��7KDW�ZDV�EDVHG�RQ�WKH�KHDW�WUDQVIHU�VLPXODWLRQ�FDOFXODWLRQV�IRU�WKH�KHDWHG�HQJLQH�F\OLQGHU�ZLWK�WKH�RSWLPDO�
DLUIORZ�RI�KHDWLQJ�PHGLXP�±�KRW�DLU�FRPLQJ�IURP�KHDW�JXQV�WKURXJK�WKH�F\OLQGHU�ULEV��7KH�FDOFXODWLRQV�VKRZHG�LQVXIILFLHQW�
KHDWLQJ�RI�WKH�F\OLQGHU�EDFN�RQ�DSSUR[LPDWHO\�����RI�LWV�FLUFXPIHUHQFH�HYHQ�ZKHQ�WKH�KRW�DLU�IORZ�IURP�DQRWKHU�KHDWHG�
F\OLQGHU�ZDV�WDNHQ�LQWR�DFFRXQW��
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DETERMINATION OF OPTIMUM COLLECTOR SURFACE AREA FOR 
SOLAR ASSISTED HEAT PUMP SYSTEM WITH SIMULATION: ENERGY 

AND EXERGY ANALYSIS�
�
�

øEUDKLP�$70$&$�DQG�6H]JL�.2d$.�
'HSDUWPHQW�RI�0HFKDQLFDO�(QJLQHHULQJ�

)DFXOW\�RI�(QJLQHHULQJ�
$NGHQL]�8QLYHUVLW\��7XUNH\�
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Abstract: (QHUJ\� LV� WKH� SULPDU\� QHHG� IRU� KXPDQ� OLIH� DQG� WKH� UHTXLUHPHQWV� RI� HQHUJ\� LQFUHDVHV�
HYHU\�GD\��(YHQ� WKRXJK� IRVVLO� IXHOV�DUH� WKH�PRVW�FRPPRQ� UHVRXUFH� WR�PHHW� WKRVH� UHTXLUHPHQWV��
DOPRVW� HYHU\� FRXQWU\� LQ� WKH� ZRUOG� DJUHHV� RQ� FRPPRQ� JURXQG� WKDW� HYHQ� LI� WKH\� KDYH� QRW� EHHQ�
GHSOHWLQJ�� YLDEOH� DOWHUQDWLYHV� WR� FRQYHQWLRQDO� VRXUFHV� VKRXOG� EH� IRXQG�� ,W� LV� EHFDXVH� WKDW� WKH�
JUHHQKRXVH� JDVHV� SURGXFHG� E\� WKH� IRVVLO� IXHOV� FDXVHV� JOREDO� ZDUPLQJ�� 7KHUHIRUH�� FOHDQ� DQG�
UHQHZDEOH�HQHUJ\�VRXUFHV�DUH�JHWWLQJ�PRUH�DWWHQWLRQ�� ,Q�DGGLWLRQ�WR� WKH�UHVHDUFK�RYHU�DOWHUQDWLYH�
HQHUJ\�VRXUFHV��V\VWHPV�ZKLFK�DUH�DVVLVWHG�RU�RSHUDWHG�E\�WKHVH�DUH�DOVR�EHLQJ�LQYHVWLJDWHG��+HDW�
SXPSV� DUH� WKH� PRVW� SRSXODU� RI� WKHVH� V\VWHPV� DQG� FRPELQLQJ� VRODU� HQHUJ\� DQG� KHDW� SXPS�
WHFKQRORJ\�LV�D�YHU\�YLDEOH�FRQFHSW��,Q�WKLV�VWXG\��VRODU�DVVLVWHG�KHDW�SXPS�V\VWHP��6$+36��ZLWK�
IODW� SODWH� FROOHFWRUV� LV� LQYHVWLJDWHG� ZLWK� VLPXODWLRQ�� 7KH� FDVH� VWXG\� LV� DSSOLHG� IRU� )HEUXDU\� LQ�
$QWDO\D�� 7XUNH\� DQG� VRODU� UDGLDWLRQ� YDOXHV� LQ� WKH� VHOHFWHG� UHJLRQ� DUH� HVWLPDWHG� ZLWK� WKH�
VLPXODWLRQ��7KH�V\VWHP�LV�GHVLJQHG�WR�PHHW�����N:�KHDWLQJ�ORDG�RI�DQ�RIILFH�EXLOGLQJ�ZLWK�����P��
VXUIDFH�DUHD��7KH�HIIHFW�RI�FKDQJH�LQ�WKH�FROOHFWRU�VXUIDFH�DUHD�RYHU�WKH�VWRUDJH�WDQN�WHPSHUDWXUH��
FRQVXPHG� SRZHU� RI� WKH� FRPSUHVVRU� DQG� &23� RI� KHDW� SXPS� DUH� LQYHVWLJDWHG� IRU� FRQFHUQLQJ�
V\VWHP��,Q�DGGLWLRQ��H[HUJ\�DQDO\VLV�LV�SHUIRUPHG�IRU��������DQG����P��FROOHFWRU�DUHDV�DQG�H[HUJ\�
GHVWUXFWLRQ�UDWHV�RI�WKH�FRPSRQHQWV�DUH�FRPSDUHG��7KH�UHVXOWV�RI�WKH�VLPXODWLRQ�DUH�DOVR�FRPSDUHG�
ZLWK�DYDLODEOH�H[SHULPHQWDO�GDWD�LQ�WKH�OLWHUDWXUH�LQ�RUGHU�WR�SUHVHQW�UHOLDELOLW\�RI�WKH�PRGHO���
�

� � Key words:�VRODU�FROOHFWRU��KHDW�SXPS��HQHUJ\��H[HUJ\��VLPXODWLRQ 
�
Introduction�
�
� :RUOG� LV� UXQQLQJ�RXW�RI� IRVVLO� IXHO� UHVRXUFHV�DQG� WKHLU� VLGH�HIIHFWV�RYHU� WKH�QDWXUH�DUH�JHWWLQJ�XQDFFHSWDEOH��
7KHUHIRUH�� FOHDQ� DQG� VXVWDLQDEOH� HQHUJ\� VRXUFHV� JDLQLQJ� PRUH� DWWHQWLRQ� DQG� EHLQJ� FRQVLGHUHG� DV� WKH� QHZ� VROXWLRQ��
(QHUJ\� HIILFLHQW� DSSOLFDWLRQV� QRW� RQO\� VKRXOG� XVH� WKH� UHQHZDEOH� HQHUJLHV� EXW� DOVR� VKRXOG� EH� GHVLJQHG� WR� XVH�
FRQYHQWLRQDO�HQHUJ\�VRXUFHV�PRUH�HIILFLHQWO\��+HDW�SXPSV�FDQ�PHHW�WKRVH�UHTXLUHPHQWV�E\�PHDQV�RI�WKHLU�WHFKQRORJ\��
+HDW�SXPSV�FDQ�RIIHU�HIILFLHQW�DQG�QDWXUH�IULHQGO\�RSWLRQV�IURP�GRPHVWLF�XVH�WR�LQGXVWULDO�DSSOLFDWLRQV��+HDW�SXPSV�FDQ�
XVH� DLU�� VRLO� RU� JHRWKHUPDO� HQHUJLHV� DV� D� KHDW� VRXUFH� DORQJ� ZLWK� WKH� VRODU� HQHUJ\� ZKLOH� KDYLQJ� ORZ� HOHFWULF� SRZHU�
FRQVXPSWLRQ�� 7KH� XVH� RI� VRODU� HQHUJ\� LV� D� FRQVLGHUDEOH� LQWHUHVW� EHFDXVH� LW� LV� QRQ�SROOXWLRQ�� UHQHZDEOH� DQG� HQGOHVV�
VRXUFH�ZKLFK�FDQ�EH�XVHG�HYHU\ZKHUH���

6HYHUDO�FRPSXWHU�PRGHOV�DQG�H[SHULPHQWDO� VWXGLHV� IRU�GHVFULELQJ� WKH�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�6$+36�
KDYH�EHHQ�SURSRVHG�RYHU�WKH�OLWHUDWXUH��'LNLFL�DQG�$NEXOXW��������2]JHQHU�DQG�+HSEDVOL������E�DQG�%DGHVFX��������,Q�
RUGHU�WR�LPSURYH�WKH�SUHVHQW�XQGHUVWDQGLQJ�RI�WKH�V\VWHP�GLPHQVLRQV�DQG�SURGXFWLYH�XVDJH�RI�VRODU�HQHUJ\��PXFK�PRUH�
LQYHVWLJDWLRQ�VWLOO�KDV�WR�EH�GRQH��$V�D�UHVXOW�RI�FRQWLQXRXV�LQFUHDVH�LQ�WKH�HQHUJ\�FRVWV��WU\LQJ�WR�LPSURYH�WKH�HQHUJ\�
HIILFLHQF\� LV� LQHYLWDEOH�� ,W� LV� H[SHFWHG� WKDW� WKH� VWXGLHV�RQ�KHDW�SXPS� WHFKQRORJLHV�ZLOO� DOORZ� UHVHDUFKHUV� WR� UHDFK� WKH�
VWDWHG�JRDO�DQG�KHOS�LPSURYLQJ�WKH�XVDJH�RI�WKHVH�V\VWHPV���

,Q�WKLV�VWXG\�VRODU�DVVLVWHG�KHDW�SXPS�V\VWHP�ZLWK�IODW�SODWH�FROOHFWRUV�LV�LQYHVWLJDWHG�ZLWK�VLPXODWLRQ��7KH�FDVH�
VWXG\�LV�DSSOLHG�IRU�)HEUXDU\�LQ�$QWDO\D��7XUNH\�DQG�VRODU�UDGLDWLRQ�YDOXHV�LQ�WKH�VHOHFWHG�UHJLRQ�DUH�HVWLPDWHG�ZLWK�WKH�
VLPXODWLRQ��7KH�V\VWHP�LV�GHVLJQHG� WR�PHHW�����N:�KHDWLQJ� ORDG�RI�DQ�RIILFH�EXLOGLQJ�ZLWK�����P��VXUIDFH�DUHD��7KH�
HIIHFW�RI�FKDQJH�LQ�WKH�FROOHFWRU�VXUIDFH�DUHD�RYHU�WKH�VWRUDJH�WDQN�WHPSHUDWXUH��FRQVXPHG�SRZHU�RI�WKH�FRPSUHVVRU�DQG�
&23�RI�KHDW�SXPS�DUH�LQYHVWLJDWHG��,Q�DGGLWLRQ��H[HUJ\�DQDO\VLV�LV�SHUIRUPHG�IRU��������DQG����P��FROOHFWRU�DUHDV�DQG�
H[HUJ\� GHVWUXFWLRQ� UDWHV� RI� V\VWHP� FRPSRQHQWV� DUH� FRPSDUHG�� 7KH� UHVXOWV� RI� WKH� VLPXODWLRQ� DUH� DOVR� FRPSDUHG�ZLWK�
DYDLODEOH�H[SHULPHQWDO�GDWD�LQ�WKH�OLWHUDWXUH�LQ�RUGHU�WR�SUHVHQW�UHOLDELOLW\�RI�WKH�PRGHO���
�
Materials and Method�
�

6RODU� HQHUJ\�PRGHOOLQJ� LV� GHVLJQHG� WR� GHWHUPLQH� KRXUO\� VWRUDJH� WDQN� WHPSHUDWXUHV�� ,Q� RUGHU� WR� HVWLPDWH� WKH�
VWRUDJH� WDQN� WHPSHUDWXUH�� WKH� UDWH� RI� LQVWDQWDQHRXV� UDGLDWLRQ� RQ� D� WLOWHG� VXUIDFH� IRU� VHOHFWHG� UHJLRQ� QHHGV� WR� EH�
FDOFXODWHG��:LWK� WKH� KHOS� RI� WKLV� GDWD�� WKH� DPRXQW� RI� VRODU� UDGLDWLRQ� UHFHLYHG� E\� VRODU� FROOHFWRUV� DQG� WUDQVPLWWHG� WR�
VWRUDJH�WDQN�LV�GHWHUPLQHG��$V�NQRZQ��WKH�VRODU�UDGLDWLRQ�RQ�KRUL]RQWDO�VXUIDFH�GLYLGHV�LQWR���SDUWV��EHDP�DQG�GLIIXVH�
UDGLDWLRQ��%RWK�RI�WKHVH�W\SHV�DUH�GHWHUPLQHG�DQG�XVHG�WR�UHDFK�WKH�YDOXHV�IRU�WLOWHG�VXUIDFHV��,W�VKRXOG�EH�NHSW�LQ�PLQG�
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WKDW�WKHUH�LV�DQ�DGGLWLRQDO�W\SH�RI�VRODU�UDGLDWLRQ�RQ�WLOWHG�VXUIDFHV�FDOOHG�UHIOHFWHG�UDGLDWLRQ��7KH�UHTXLUHG�HTXDWLRQV�WR�
FDOFXODWH�WRWDO�LQVWDQWDQHRXV�UDGLDWLRQ�RQ�WLOWHG�VXUIDFHV�DUH�DV�EHORZ��
�
� � � � � � ��� =  �� ��� � � � � ����
�
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�
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�
6RODU�FROOHFWRUV�DUH�PRGHOOHG�ZLWK�WKH�HTXDWLRQ�VXJJHVWHG�E\�'XIILH�DQG�%HFNPDQ���������

�
��ሶ =  �� [�� (��)� �� െ  �� � (��� െ��) ]�

�
ZKHUH��ሶ �� LV� WKH� XVHIXO� VRODU� HQHUJ\� FROOHFWHG� LQ� FROOHFWRUV���� LV� WKH� FROOHFWRU� DUHD���� (��)� DQG��� �� DUH� WKH�
SURSHUWLHV� RI� FROOHFWRU�� ,Q� WKLV� VWXG\�� VLQJOH� JOD]HG� IODW� SODWH� FROOHFWRUV� ZLWK� VHOHFWLYH� VXUIDFH� DUH� FRQVLGHUHG�� 7KHVH�
SDUDPHWHUV�IRU�WKLV�W\SH�RI�FROOHFWRUV�DUH�DVVXPHG�DV���� (��)� = �.���DQG���� � = �.���,OHUL���������

7KH�6$+36�GHVLJQHG�IRU�WKLV�VWXG\�LQFOXGHV�D�ZDWHU�VWRUDJH�WDQN�ZKLFK�ZRUNV�DV�D�KHDW�VRXUFH�RI�KHDW�SXPS��
7KHUH�LV�D�FRQWLQXRXV�SURFHVV�EHWZHHQ�VRODU�FROOHFWRUV��VWRUDJH�WDQN�DQG�KHDW�SXPS�HYDSRUDWRU��7KH�VWRUDJH�WDQN�JDLQV�
HQHUJ\�IURP�VRODU�FROOHFWRUV�ZKLOH�ORVVHV�HQHUJ\�WR�HYDSRUDWRU�VLPXOWDQHRXVO\��$V�D�UHVXOW�RI�WKH�WHPSHUDWXUH�GLIIHUHQFH�
EHWZHHQ�VWRUDJH� WDQN�DQG� LWV� VXUURXQGLQJV�� WKHUH� LV�DOVR�D�KHDW� ORVV� WR� WKH�DPELHQW�DLU�� ,I� WKH� UDWH�RI�HQHUJ\�JDLQ�DQG�
ORVVHV�IRU�D�WLPH�SHULRG�RI�'W�DUH�DVVXPHG�WR�EH�FRQVWDQW��HTXDWLRQV�FDQ�EH�ZULWWHQ�IRU�HDFK�WLPH�LQWHUYDO�DV�VXJJHVWHG�E\�
'XIILH�DQG�%HFNPDQ���������
�

���,��� =  ���,��� + 
ο�

(� .���)��
 . [�ሶ � െ  �ሶ ���� െ  (� .  �)�� . (��� െ  ��)]�

�
� ,Q� WKLV�HTXDWLRQ���ሶ ����� UHSUHVHQWV� WKH�DPRXQW�RI�HQHUJ\� WKDW� WKH�HYDSRUDWRU�H[WUDFWV� IURP� WKH� VWRUDJH� WDQN��
����LV�WKH�VWRUDJH�WDQN�WHPSHUDWXUH�DW�WKH�PRPHQW�RI�FDOFXODWLRQ�DQG���LV�WKH�VWRUDJH�WDQN�PDVV����SDUDPHWHU�VWDQGV�
IRU�RYHUDOO�KHDW�WUDQVIHU�FRHIILFLHQW�DQG�(�.�)���YDOXH�LV�FRQVLGHUHG�DV������:�.�DV�VXJJHVWHG�E\�'XIILH�DQG�%HFNPDQ�
��������7KH�VFKHPDWLF�GLDJUDP�RI�WKH�V\VWHP�LV�VKRZQ�LQ�)LJ����$V�LW�FDQ�EH�VHHQ�IURP�)LJ���� WKH�KHDW�SXPS�V\VWHP�
XVHG�LQ�WKLV�GHVLJQ�LV�DQ�LQGLUHFW�W\SH�ZKHUHDV�WKHUH�DUH�WZR�DGGLWLRQDO�F\FOHV�WR�WKH�KHDW�SXPS�F\FOH��,W�LV�DVVXPHG�WKDW�
WKH� KHDW� SXPS� F\FOH� XVHV� 5���D� DV� D� ZRUNLQJ� IOXLG� ZKLOH� LWV� ZDWHU� RQ� DGGLWLRQDO� F\FOHV�� 7KH� V\VWHP� RSHUDWHV� ZLWK�
FRQYHQWLRQDO�YDSRXU�FRPSUHVVHG�KHDW�SXPS�F\FOH�DQG�XVHV�VWRUDJH�WDQN�DV�D�KHDW�VRXUFH�ZKLFK�LV�KHDWHG�E\�WKH�VRODU�
FROOHFWRUV��2Q�WKH�FRQGHQVHU�VLGH�RI�WKH�V\VWHP��IDQ�FRLO�XQLW�XVHV�FRQGHQVHU¶V�UHMHFWHG�HQHUJ\�WR�KHDW�WKH�URRP���
�

 
�

�
�
�
�
�
�
�

)LJXUH����6FKHPDWLF�GLDJUDP�RI�WKH�VRODU�DVVLVWHG�KHDW�SXPS�VSDFH�KHDWLQJ�V\VWHP�
�

� 7R� EH� DEOH� WR� DFFRPSOLVK� ILUVW� DQG� VHFRQG� ODZ� DQDO\VLV� RI� WKH� VRODU� DVVLVWHG� KHDW� SXPS� V\VWHP�� VHYHUDO�
DVVXPSWLRQV�KDYH�WR�EH�FRQVLGHUHG��

D� 6WHDG\�VWDWH�DQG�VWHDG\�IORZ�ZLWK�QHJOLJLEOH�SRWHQWLDO�DQG�NLQHWLF�HQHUJ\�HIIHFWV�DQG�QR�FKHPLFDO�UHDFWLRQV�IRU�
DOO�SURFHVVHV��

E� 7KH�GLUHFWLRQV�RI�KHDW�WUDQVIHU�WR�WKH�V\VWHP�DQG�ZRUN�WUDQVIHU�IURP�WKH�V\VWHP�DUH�JLYHQ�SRVLWLYH��
F� 6LQFH� WKH� OHQJWKV� RI� SLSHOLQHV� EHWZHHQ� WKH� FRPSRQHQWV� DUH� DVVXPHG� WR� EH� VKRUW�� WKH� SUHVVXUH� GURSV� DUH�

QHJOLJLEOH��
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����

����
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Table 1 0DVV��HQHUJ\�DQG�H[HUJ\�EDODQFH�HTXDWLRQV��2]JHQHU�DQG�+HSEDVOL�����D��'LQFHU�DQG�5RVHQ�������
�

Mass Balance Energy Balance Exergy Balance 
� � �
σPሶ LQ = σPሶ RXW�� σ(ሶ LQ = σ(ሶ RXW ��

�
σ([ሶ LQ െ σ([ሶ RXW െ σ([ሶ GHVW = ���

� � �ሶ � = �ሶ  ���
�
ȥ =  (K െ  KR) െ  7R (V െ  VR)��
�

 
 

Table 2�7KH�EDODQFH�HTXDWLRQV�RI�PDVV��HQHUJ\�DQG�H[HUJ\�IRU�HDFK�FRPSRQHQW�RI�WKH�V\VWHP��'LNLFL�DQG�$NEXOXW�������
'LQFHU�DQG�5RVHQ�������2]JHQHU�DQG�+HSEDVOL������D��

�
Component Mass analysis Energy analysis Irreversibility analysis 

�
&RPSUHVVRU��,��

�
Pሶ � =  Pሶ �V =  Pሶ � =  Pሶ UHI��

�
:ሶ FRPS =  Pሶ UHI (K� െ  K�)��

�
([ሶ GHVW,FRPS =  Pሶ UHI ൫ȥ� െ  ȥ�൯ +  :ሶ FRPS��
�

&RQGHQVHU��,,�� Pሶ � =  Pሶ � =  Pሶ UHI��
Pሶ � =  Pሶ � =  Pሶ Z, ��
�

4ሶ FRQG =  Pሶ Z,  FS (7� െ  7�) =  Pሶ UHI (K� െ  K�)�� ([ሶ GHVW,FRQG =  Pሶ UHI ൫ȥ� െ  ȥ�൯ +  Pሶ Z,   ൫ȥ� െ  ȥ�൯��

([SDQVLRQ�YDOYH��,,,�� Pሶ � =  Pሶ � =  Pሶ UHI�� K� =  K��� ([ሶ GHVW,YDOYH =  Pሶ UHI ൫ȥ� െ  ȥ�൯��
�

(YDSRUDWRU��,9�� Pሶ � =  Pሶ � =  Pሶ UHI��
Pሶ � =  Pሶ � =  Pሶ Z,, ��
�

4ሶ HYDS =  Pሶ Z,,  FS (7� െ  7�) =  Pሶ UHI (K� െ  K�)�� ([ሶ GHVW,HYDS =  Pሶ UHI ൫ȥ� െ  ȥ�൯ +  Pሶ Z,,   ൫ȥ� െ  ȥ�൯��

)DQ�±�FRLO�XQLW��9�� Pሶ � =  Pሶ � =  Pሶ Z, �� 4ሶ IF =  4ሶ FRQG =  Pሶ Z,  FS (7� െ  7�)��
([ሶ GHVW,IF =   Pሶ Z,   ൫ȥ� െ  ȥ�൯ െ  4ሶ IF  ቆ� െ  

7�
7DLU ,LQ

 ቇ�

� � � �
6WRUDJH�WDQN��9,�� Pሶ � =  Pሶ � =  Pሶ Z,, ��

�
4ሶ VW = 4ሶ HYDS =  Pሶ Z,,  FS (7� െ  7�)�� ([ሶ GHVW,VW =  Pሶ Z,,   ൫ȥ� െ  ȥ�൯ +  Pሶ VRODU ൫ȥ�� െ  ȥ�൯��

�
&ROOHFWRU��9,,��
�

Pሶ � =  Pሶ �� =  Pሶ VRODU�� 4ሶ X =  Pሶ VRODU FS (7�� െ  7�)��
([ሶ GHVW,FROO =  Pሶ VRODU ൫ȥ� െ  ȥ��൯ +  $F ,7  ቆ� െ  

7�
7S

 ቇ�
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� 'XULQJ� WKH�DQDO\VHV�PDVV��HQHUJ\�DQG�H[HUJ\�EDODQFH�HTXDWLRQV�DUH�XVHG� WR�GHWHUPLQH� WKH�DPRXQW�RI�HQHUJ\�
WKDW� WKH� � HYDSRUDWRU�H[WUDFWV� IURP� WKH� VWRUDJH� WDQN�� XVHIXO� VRODU�HQHUJ\�FROOHFWHG� LQ�FROOHFWRUV�DQG�H[HUJ\�GHVWUXFWLRQ�
UDWHV� RI� V\VWHP� FRPSRQHQWV�� 7KH� PDVV�� HQHUJ\� DQG� H[HUJ\� EDODQFH� HTXDWLRQV� DUH� GHILQHG� LQ� 7DEOH� ��� 7KH� EDODQFH�
HTXDWLRQV�RI�PDVV�� HQHUJ\� DQG� H[HUJ\� IRU� HDFK� FRPSRQHQW� RI� WKH� V\VWHP�DUH�REWDLQHG�E\� WKH� HTXDWLRQV�SUHVHQWHG� LQ�
7DEOH���DQG�DUH�GHILQHG�LQ�7DEOH����,Q�RUGHU�WR�DQDO\]H�VRODU�DVVLVWHG�KHDW�SXPS�VSDFH�KHDWLQJ�V\VWHP��D�VLPXODWLRQ�LV�
SURJUDPPHG�E\�XVLQJ�-$9$�ODQJXDJH��7KHUPRG\QDPLF�SURSHUWLHV�RI�HDFK�SRLQW�LQ�WKH�V\VWHP�DUH�HVWLPDWHG�ZLWK�WKH�
KHOS�RI�D�VXE�SURJUDP�WKDW�XVHV�FXELF�OLQHDU�LQWHUSRODWLRQ�PDWKHPDWLFDO�PHWKRG��(QHUJ\�DQG�H[HUJ\�DQDO\VLV�DUH�FDUULHG�
RXW�ZLWK�WKH�GDWD�REWDLQHG�IURP�VXE�SURJUDP��$OO�RI�WKH�FDOFXODWLRQV�DUH�SHUIRUPHG�IRU���KRXU�WLPH�LQWHUYDOV�EHWZHHQ�
������DP�DQG�������SP��)ROORZLQJ�DVVXPSWLRQV�ZHUH�PDGH�LQ�WKH�VLPXODWLRQ�SURJUDP��

D� &RPSUHVVRU¶V�LVHQWURSLF�DQG�PHFKDQLFDO�±�HOHFWULFDO�HIILFLHQFLHV��ȘHOHF�PHFK��DUH�DVVXPHG�WR�EH�����DQG������
UHVSHFWLYHO\��

E� 7KH�ZRUNLQJ�IOXLG�LV�FRQVLGHUHG�WR�EH�VDWXUDWHG�ERWK�DW�WKH�H[LWV�RI�WKH�FRQGHQVHU�DQG�HYDSRUDWRU��
F� ([SDQVLRQ�RI�WKH�ZRUNLQJ�IOXLG�LV�FRQVLGHUHG�WR�EH�LVHQWKDOSLF��
G� 6WRUDJH�WDQN�WHPSHUDWXUH�LV�DVVXPHG�WR�EH�QRQVWUDWLILHG��
H� 7KH�HYDSRUDWLRQ�WHPSHUDWXUH�LV�DVVXPHG�WR�EH����.�OHVV�WKDQ�WKH�VWRUDJH�WDQN�ZDWHU�WHPSHUDWXUH��
I� 7KH�IDQ�±�FRLO�LQOHW�DQG�RXWOHW�ZDWHU�WHPSHUDWXUHV�DUH�WDNHQ�WR�EH�FRQVWDQW�DW����R&�DQG����R&��UHVSHFWLYHO\��
J� 7KH�FRQGHQVLQJ�WHPSHUDWXUH�LV�DVVXPHG�WR�EH����.�KLJKHU�WKDQ�WKH�IDQ�±�FRLO�UHWXUQ�ZDWHU�WHPSHUDWXUH���
K� )ORZ�UDWH�FLUFXODWLQJ�LQ�WKH�FROOHFWRUV�DUH�WDNHQ�WR�EH�������P��K�P��FROOHFWRU�DUHD��

� 7KLV�LQYHVWLJDWLRQ�FRYHUV�WKH�HQYLURQPHQWDO�DQG�DWPRVSKHULF�FLUFXPVWDQFHV�RI�$QWDO\D��ࢥ �����R�1���7XUNH\��
6RODU� UDGLDWLRQ� �,7�� YDOXHV� IRU�$QWDO\D� LQ� )HEUXDU\� DUH� FDOFXODWHG�ZLWK� WKH� VLPXODWLRQ� DQG� IRXQG� RXW� WKDW� WKH� YDOXHV�
FKDQJHG�EHWZHHQ�����DQG�����:�P��ZLWK�WKH�PHDQ�YDOXH�RI�����:�P���7KH�WLOW�DQJOH�RI�WKH�FROOHFWRU�LV�FRQVLGHUHG�DV�
���� ZKLFK� LV� WKH� RSWLPXP� WLOW� DQJOH� IRU� $QWDO\D� LQ� ZLQWHU�� 7KH� RXWSXWV� LQFOXGH� VWRUDJH� WDQN� WHPSHUDWXUH� FKDQJH��
HOHFWULFDO� SRZHU� FRQVXPHG�E\� WKH� FRPSUHVVRU��&23�RI� WKH�KHDW� SXPS�DORQJ�ZLWK� WKH� H[HUJ\�GHVWUXFWLRQ� UDWHV� RI� WKH�
V\VWHP�FRPSRQHQWV��
�
Results and Discussion�
�

7KH�UHVXOWV�IURP�WKH�VLPXODWLRQ�XQGHU�GHWHUPLQHG�GHVLJQ�FRQGLWLRQV�DUH�SUHVHQWHG�LQ�WKLV�VHFWLRQ��7KH�WDQN�VL]H�
IRU�WKH�V\VWHP�LV�DVVXPHG�WR�EH������NJ��7KH�HIIHFW�RI�FROOHFWRU�VXUIDFH�DUHD�RQ�WKH�VWRUDJH�WDQN�WHPSHUDWXUHV��HOHFWULFDO�
SRZHU�FRQVXPHG�E\�FRPSUHVVRU��&23�RI�KHDW�SXPS�DQG�H[HUJ\�GHVWUXFWLRQ�UDWHV�RI�V\VWHP�FRPSRQHQWV�DUH�HVWLPDWHG��
$OO�RI�WKH�FDOFXODWLRQV�DUH�FDUULHG�RXW�IRU�)HEUXDU\��
�

�
�

)LJXUH����7KH�HIIHFW�RI�FROOHFWRU�VXUIDFH�DUHD�RQ�WKH�VWRUDJH�WDQN�WHPSHUDWXUHV�
�

7KH� HIIHFW� RI� FROOHFWRU� VXUIDFH� DUHD� RQ� WKH� VWRUDJH� WDQN� WHPSHUDWXUHV� LV� JLYHQ� LQ� )LJ� ��� $V� H[SHFWHG��
WHPSHUDWXUHV�DUH�LQFUHDVHG�ZLWK�ZLGHU�FROOHFWRU�VXUIDFH�DUHD��'DLO\�PHDQ�WHPSHUDWXUH�RI�WKH�VWRUDJH�WDQN�LV�FDOFXODWHG�DV�
������� ������ DQG� ������ �&� IRU� ���� ��� DQG� ��� P�� FROOHFWRU� VXUIDFH� DUHDV�� UHVSHFWLYHO\�� ,W� LV� REYLRXV� WKDW� WKH� ZLGHU�
FROOHFWRU� VXUIDFH� DUHD� SURYLGHV� PRUH� XVHIXO� HQHUJ\� FROOHFWHG� LQ� WKH� FROOHFWRUV�� WKHUHIRUH� VWRUDJH� WDQN� WHPSHUDWXUH�
LQFUHDVHV��$OWKRXJK�� WKH�RSWLPXP�FROOHFWRU� VXUIDFH�DUHD�QHHGV� WR�EH� VHOHFWHG� WR�SUHYHQW�FROOHFWLQJ� UHGXQGDQW�HQHUJ\��
)LJ�� �� VKRZV� WKH� HIIHFW� RI� FROOHFWRU� VXUIDFH� DUHD� RQ� WKH� HOHFWULFDO� SRZHU� FRQVXPHG� E\� FRPSUHVVRU�� 7KH� FRPSUHVVRU�
SRZHU� FKDQJHG� GHSHQGLQJ� RQ� WKH� VWRUDJH� WDQN� WHPSHUDWXUH� EHFDXVH� WKH� XVHIXO� HQHUJ\� GUDZQ� E\� WKH� HYDSRUDWRU� DOVR�
FKDQJHV��$V�FDQ�EH�VHHQ�IURP�)LJ�����WKH�ZLGHU�FROOHFWRU�VXUIDFH�DUHD�WKDW�UHVXOWHG�DV�KLJKHU�VWRUDJH�WDQN�WHPSHUDWXUHV�
GHFUHDVHG� WKH�HOHFWULFDO�SRZHU�FRQVXPHG�E\� WKH�FRPSUHVVRU��7KH�HIIHFW�RI�FROOHFWRU�VXUIDFH�DUHD�RQ� WKH�&23�RI�KHDW�
SXPS�LV�JLYHQ�LQ�)LJ�����$V�VKRZQ�LQ�)LJ�����&23�YDOXHV�RI�WKH�KHDW�SXPS�DUH�LQFUHDVHG�ZLWK�ZLGHU�FROOHFWRU�VXUIDFH�
DUHD��,Q�DGGLWLRQ�� LW� LV�REYLRXV�IURP�WKH�ILJXUH�WKDW� WKH�PHDQ�&23�YDOXH���������RI�WKH�KHDW�SXPS�LV�ORZHU�IRU����P��
FROOHFWRU�VXUIDFH�DUHD�EXW�WKHUH�LV�D�VPDOO�GLIIHUHQFH�EHWZHHQ�WKH�&23�YDOXHV�GXULQJ�WKH�RSHUDWLRQ�SHULRG�ZKLFK�UHVXOWHG�
DV�PRUH�FRQVLVWHQW�RSHUDWLRQ��
�
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)LJXUH����7KH�HIIHFW�RI�FROOHFWRU�VXUIDFH�DUHD�RQ�WKH�
HOHFWULFDO�SRZHU�FRQVXPHG�E\�FRPSUHVVRU�

�
�

)LJXUH����7KH�HIIHFW�RI�FROOHFWRU�VXUIDFH�DUHD�RQ�WKH�
&23�RI�KHDW�SXPS�
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�
� ,I�WKH����P��FROOHFWRU�VXUIDFH�DUHD�LV�FRQVLGHUHG��LW�FDQ�EH�VHHQ�WKDW�WKH�PHDQ�&23�YDOXH��������LV�KLJKHU�EXW�
WKHUH�LV�D�VLJQLILFDQW�IOXFWXDWLRQ�GXULQJ�WKH�RSHUDWLRQ�SHULRG��$FFRUGLQJ�WR�WKH�)LJ�����WKH�GHVLJQHU�LV�DEOH�WR�GHFLGH�WKH�
RSWLPXP�FROOHFWRU�VXUIDFH�DUHD�IRU�WKH�UHTXLUHG�V\VWHP��)RU�WKH�FXUUHQW�VWXG\�LW�DSSHDUV�DV�WKH����P��FROOHFWRU�VXUIDFH�
DUHD� LV�VXIILFLHQW�EHFDXVH�VHYHUDO�H[SHULPHQWDO�DQDO\VLV�GDWD�VKRZV� WKDW� WKH�&23�YDOXH�RI�VRODU�DVVLVWHG�ZDWHU�VRXUFH�
KHDW� SXPS� V\VWHPV� DUH� XVXDOO\� EHWZHHQ� ����� DQG� ����� �'LNLFL� DQG� $NEXOXW�� ������ 2]JHQHU� DQG� +HSEDVOL�� ����E��
+HSEDVOL� DQG� $NGHPLU�� ������ .XDQJ� HW�� DO��� ������� 7KHUHIRUH�� ��� P�� FROOHFWRU� VXUIDFH� PLJKW� EH� SUHIHUUHG� DV� ZHOO�
GHSHQGLQJ�RQ� WKH�FRVW� OLPLWV�RI� WKH�GHVLJQHU�� ,W� LV�REYLRXV� IURP�WKHVH�UHVXOWV� WKDW� WKH�VL]LQJ�RI� WKH�UHTXLUHG�V\VWHP�LV�
FUXFLDO�LQ�RUGHU�WR�DFFRPSOLVK�HIILFLHQW�V\VWHP�GHVLJQV��
�

�
�

)LJXUH����([HUJ\�GHVWUXFWLRQ�UDWHV�RI�V\VWHP�FRPSRQHQWV�IRU����P��FROOHFWRU�VXUIDFH�DUHD�
�

� ([HUJ\�DQDO\VLV�LV�DQ�LPSRUWDQW�DQG�XVHIXO�WRRO�IRU�V\VWHP�GHVLJQV��$SSO\LQJ�D�G\QDPLF�H[HUJ\�DQDO\VLV�WR�D�
V\VWHP� WKDW� ZLOO� EH� VL]HG�� DOORZV� WKH� GHVLJQHU� WR� VHH� WKH� EHKDYLRXU� RI� V\VWHP� GXULQJ� WKH� HQWLUH� RSHUDWLQJ� SHULRG��
7KHUHIRUH� G\QDPLF� H[HUJ\� DQDO\VLV� LV� SHUIRUPHG� ZLWK� WKH� VLPXODWLRQ� DQG� WKH� H[HUJ\� GHVWUXFWLRQ� UDWHV� RI� V\VWHP�
FRPSRQHQWV�DUH�HVWLPDWHG���

7KH� UHVWULFWHG� GHDG� VWDWH� WHPSHUDWXUH� DQG� SUHVVXUH� DUH� FRQVLGHUHG� DV� ���� �&� DQG� ���� N3D� IRU� ERWK� RI� WKH�
ZRUNLQJ� IOXLGV�5���D�DQG�ZDWHU�GXULQJ� WKH�DQDO\VLV��7KH�UHVWULFWHG�GHDG�VWDWH� WHPSHUDWXUH� LV�FRQVLGHUHG�DV� WKH�PHDQ�
DPELHQW�WHPSHUDWXUH�RI�)HEUXDU\�LQ�$QWDO\D��7XUNH\��([HUJ\�GHVWUXFWLRQ�UDWHV�RI�V\VWHP�FRPSRQHQWV�IRU��������DQG����
P��FROOHFWRU�VXUIDFH�DUHDV�DUH�FDOFXODWHG�ZLWK�WKH�VLPXODWLRQ�DQG�WKH�UHVXOWV�RI�WKH����P��FROOHFWRU�DUHD�LV�JLYHQ�LQ�)LJ�����
,W�FDQ�EH�VHHQ�IURP�)LJ����WKDW�IRU�WKH�KHDW�SXPS�XQLW��WKH�KLJKHVW�LUUHYHUVLELOLW\�RFFXUUHG�LQ�FRPSUHVVRU�DQG�H[SDQVLRQ�
YDOYH� IROORZHG� E\� WKH� FRQGHQVHU� DQG� HYDSRUDWRU�� ,I� WKH� HQWLUH� V\VWHP� LV� FRQVLGHUHG�� VRODU� FROOHFWRUV� KDG� WKH� KLJKHVW�
LUUHYHUVLELOLW\��7KHVH�UHVXOWV�DUH�FRPPRQ�IRU�DOO�GLIIHUHQW�FROOHFWRU�VXUIDFH�DUHDV�FRQVLGHUHG��7KH�LUUHYHUVLELOLW\�RI�WKH�
VRODU�FROOHFWRUV�DQG�VWRUDJH�WDQN�LV� LQFUHDVHG�ZLWK�ZLGHU�FROOHFWRU�VXUIDFH�DUHDV�ZKLOH�LW�GHFUHDVHG�IRU�DOO�RI�WKH�RWKHU�
FRPSRQHQWV��:KHQ� WKH� H[HUJ\�GHVWUXFWLRQ� ILJXUH� LV� DQDO\]HG�� LW� FDQ�EH�REVHUYHG� WKDW� DW� WKH� HQG�RI� RSHUDWLQJ�SHULRG��
FROOHFWRU�DQG�VWRUDJH�WDQN�H[HUJ\�GHVWUXFWLRQ�YDOXHV�DUH�UHDFKHG�WR�]HUR��%XW�LW�LV�FOHDUO\�NQRZQ�WKDW�DQ\�RI�WKH�V\VWHPV�
RU�WKHLU�FRPSRQHQWV�XQGHU�QR�FLUFXPVWDQFH�FRXOG�KDYH�]HUR�H[HUJ\�GHVWUXFWLRQ�ZKLOH�WKHUH�LV�D�WHPSHUDWXUH�GLIIHUHQFH��
7KH�SXUSRVH�KHUH�LV�WR�UHIHU�WR�D�VLWXDWLRQ�WKDW�WKH�LUUHYHUVLELOLW\�LV�DSSURDFKLQJ�WR�]HUR�DV�D�UHVXOW�RI�ORZ�WHPSHUDWXUH�
KHDW� WUDQVIHU��7KH�PRVW� LPSRUWDQW�RXWFRPH� IURP� WKH�G\QDPLF�H[HUJ\�DQDO\VLV� LV� WR�FOHDUO\� VHH� WKH�EHKDYLRXU�RI� VRODU�
FROOHFWRU��,W�LV�REYLRXV�IURP�)LJ����WKDW�DW�WKH�PLGGD\�ZKHQ�WKH�VRODU�UDGLDWLRQ�LV�KLJK��LUUHYHUVLELOLW\�RI�FROOHFWRUV�DUH�
GUDVWLFDOO\� LQFUHDVHG�� ,Q� RUGHU� WR� DYRLG� WKLV� VLWXDWLRQ� LW� FDQ� EH� VXJJHVWHG� WR� XVH� KLJK� WHPSHUDWXUH� ZDWHU� RQ� KLJK�
WHPSHUDWXUH�DSSOLFDWLRQV�ILUVW�DQG�WKHQ�GHOLYHU�WR�WKH�KHDW�SXPS�V\VWHP�JUDGXDOO\���

$V� PHQWLRQHG� EHIRUH�� H[HUJ\� GHVWUXFWLRQ� UDWHV� RI� WKH� KHDW� SXPS� FRPSRQHQWV� DUH� REWDLQHG� DV� FRPSUHVVRU��
H[SDQVLRQ� YDOYH�� FRQGHQVHU� DQG� HYDSRUDWRU� LQ� GHVFHQGLQJ� RUGHU�� 7KHVH� UHVXOWV� DUH� LQ� DFFRUGDQFH� ZLWK� WKH� DYDLODEOH�
H[SHULPHQWDO�GDWD�RYHU�WKH�OLWHUDWXUH��$V�DQ�H[DPSOH��2]JHQHU�DQG�+HSEDVOL���������DUH�DOVR�GHWHUPLQHG�WKDW�WKH�KLJKHVW�
LUUHYHUVLELOLW\�RFFXUV�LQ�FRPSUHVVRU�IROORZHG�E\�FRQGHQVHU�DQG�HYDSRUDWRU�GXH�WR�WKHLU�H[SHULPHQWDO�VWXG\��'LIIHUHQWO\�
IURP�2]JHQHU�DQG�+HSEDVOL¶V�VWXG\��WKH�VHFRQG�KLJKHVW�LUUHYHUVLELOLW\�LV�RFFXUUHG�RQ�H[SDQVLRQ�YDOYH��7KH�UHDVRQ�RI�WKDW�
LV�EHFDXVH�RI�WKH�KLJK�SUHVVXUH�GLIIHUHQFH�EHWZHHQ�LQOHW�DQG�RXWOHW�RI�H[SDQVLRQ�YDOYH�E\�WKH�XVH�RI�5���D�UHIULJHUDQW��,I�
ZH� FRQVLGHU� RYHUDOO� V\VWHP�� LW� LV� FOHDU� WKDW� IDQ� FRLO� XQLWV� DQG� VRODU� FROOHFWRUV� KDYH� KLJK� H[HUJ\� GHVWUXFWLRQ� YDOXHV��
6LPLODU� WR� WKH�KHDW�SXPS� UHVXOWV�� WKHVH�YDOXHV�DUH�DOVR� IDLUO\�FORVH� WR�H[SHULPHQWDO�DQDO\VLV��$V� VKRZQ� LQ�'LNLFL� DQG�
$NEXOXW¶V� ������� H[SHULPHQWDO� DQDO\VLV�ZKHUH� VRODU� FROOHFWRUV� XVHG� DV� D� KHDW� VRXUFH�RI� KHDW� SXPS��KDYH� WKH� KLJKHVW�
H[HUJ\�GHVWUXFWLRQ�UDWHV�RI�DOO�V\VWHP��$V�D�UHVXOW�� LW�FDQ�EH�GHWHUPLQHG�WKDW� WKH�UHVXOWV� IURP�WKH�VLPXODWLRQ�VKRZ�WKH�
VDPH�EHKDYLRXU�DQG�WKH�VLPXODWLRQ�PRGHO�LV�UHOLDEOH��
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Conclusions 
�
� ,Q� WKLV� VWXG\�� VRODU� DVVLVWHG� ZDWHU� VRXUFH� KHDW� SXPS� VSDFH� KHDWLQJ� V\VWHP� LV� DQDO\]HG� ZLWK� WKH� KHOS� RI� D�
VLPXODWLRQ� SURJUDP�� $V� D� UHVXOW� RI� WKH� OLWHUDWXUH� FRPSDULVRQ�� LW� LV� FRQFOXGHG� WKDW� VLPXODWLRQ� SUHGLFWLRQV� DUH� LQ�
DFFRUGDQFH�ZLWK�WKH�H[SHULPHQWDO�GDWD��7KHUHIRUH��LW�FDQ�EH�GHWHUPLQHG�WKDW�WKH�VLPXODWLRQ�PRGHO�LV�UHOLDEOH��6LPXODWLRQ�
SURYLGHV�DGYDQWDJHV�IRU�V\VWHP�GHVLJQV�VXFK�DV�LW�DOORZV�WKH�GHVLJQHU�WR�GHFLGH�PRVW�HIILFLHQW�VRODU�FROOHFWRU�DUHD�IRU�WKH�
UHTXLUHG� V\VWHP� HYHQ� EHIRUH� WKH� LQVWDOODWLRQ�� (QHUJ\� DQG� H[HUJ\� DQDO\VLV� DUH� DQ� DGGLWLRQDO� KHOS� WR� LQYHVWLJDWH�
LUUHYHUVLELOLW\�RI�V\VWHP�FRPSRQHQWV�DQG�DOORZV�GHVLJQHU�WR�PDNH�DGMXVWPHQWV�WR�LQFUHDVH�V\VWHP�HIILFLHQF\��(VSHFLDOO\�
ZLWK� WKH� KHOS� RI� G\QDPLF� H[HUJ\� DQDO\VLV�� RQH� FDQ� DGMXVW� WKH� V\VWHP� RSHUDWLRQ� WR� UHGXFH� WKH� VRODU� FROOHFWRU�
LUUHYHUVLELOLW\�DQG�KDYH�WKH�DGYDQWDJH�RI�XVLQJ�KLJK�WHPSHUDWXUH�ZDWHU�IRU�KLJK�WHPSHUDWXUH�DSSOLFDWLRQV��(YHQWXDOO\��WKH�
VLPXODWLRQ�PRGHO�DQG�UHVXOWV�LV�D�KHOSIXO�JXLGH�WR�HQJLQHHUV�IRU�GHVLJQ�RI�VRODU�DVVLVWHG�KHDW�SXPS�V\VWHPV��
�
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DEVELOPED SEGMENTED-LSB IMAGE STEGANOGRAPHY  
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Abstract: Steganography is one of many techniques that are used to hide secret information to 
prevent any attackers to make damage in this information or use it in illegal form. Classic Least 
Significant Bit (LSB) is the most steganography technique that is using to hide secret information 
in the least significant bit of the pixels in the stego-image. In this paper, the author developed his 
previous Segmented-LSB technique through decreasing the time that is required in the hiding 
operation of the technique. Segmented-LSB technique splits the secret message into set of 
segments that have same length (number of characters), and finding the best matched LSBs of 
pixels in the stego-image to each segment. The main goal of this technique is minimizing the 
number of LSBs that are changed by substituting them with the bits of characters of the secret 
message. This will lead to decrease the distortion (noise) that is occurred in the pixels of the 
stego-image and as result increase the immunity of the stego-image against the visual attack. The 
main weak point of the previous Segmented-LSB technique is the long time that is spending in 
the hiding operation, to find the best matched LSBs of pixels in the stego-image to each pixel, 
when its compare with the Classic Least Significant Bit. In this work, an additional measure is 
used to decrease this time. The recorded results from the experiments show that the developed 
Segmented-LSB technique gives good enhancement to the previous Segmented-LSB technique 
and it really limits the long time problem.  
 
Keywords: Security; Distortion; Embedding; Substitution 

 
Introduction 

 
Recently, steganography is implemented by using digital media. Secret message is embedded inside digital cover 

media like text, images, audio, video or protocols depending upon the requirement and choice of the sender. Compared 
with the other types of steganography, the image steganography is most widely used. The reason behind the popularity 
of image steganography is the large amount of redundant information present in the images that can be easily altered to 
hide secret messages inside them, and because it can take advantage of the limited power of the human visual system 
(HVS). With the continued growth of strong graphics power in computer and the research being put into image based 
steganography, this field will continue to grow at a very rapid pace (Kaur, R. Dhir, 2009, Alvaro Martin, 2005, 
Bhattacharyya, 2009). 

Steganography has a wide range of applications. The major application of steganography is for secret data 
communication. Covert channels in TCP/IP involve masking identification information in the TCP/IP headers to hide 
the true identity of one or more systems. Cryptography is also used for the same purpose but steganography is more 
widely used technique as it hides the existence of secret data. Another application of steganography is feature tagging. 
Captions, annotations, time stamps, and other descriptive elements can be embedded inside an image, such as the names 
of individuals in a photo or locations in a map (Bhattacharyya, 2009, EE. Kisik Chang, 2004).  

The Steganography technique is the perfect supplement for encryption that allows a user to hide large amounts of 
information within an image. Thus, it is often used in conjunction with cryptography so that the information is doubly 
protected; first it is encrypted and then hidden so that an adversary has to first find the hidden information before 
decryption take place. The problem with cryptography is that the encrypted message is obvious. This means that anyone 
who observes an encrypted message in transit can reasonably assume that the sender of the message does not want it to 
be read by casual observers. This makes it possible to deduce the valuable information. Thus, if the sensitive 
information will be transmitted over unsecured channel such as the internet, steganography technique can be used to 
provide an additional protection on a secret message (C. Kessler, 2001, Gandharba Swain, 2010, Hideki Noda, 2006, 
Kathryn, 2007). 

A good technique of image steganography aims at three aspects. First one is capacity (the maximum data that can be 
stored inside cover image). Second one is the imperceptibility (the visual quality of stego-image after data hiding) and 
the last is robustness (C. Kessler, 2001). 

The idea in this paper is that when substitute the LSB of the pixels (in the stego-image) with the bits of all characters 
(in the secret message) as one segment, this will result a large number of changes that are happen in LSB of pixels. It is 
normally come from the truth that it is rarely find a best match between very long sequence of bits of all characters in 
the secret message and the LSB of the pixels in the stego-image. A Segmented-LSB was proposed in this paper to 
overcome this problem by splitting the secret message into set of segments of same length (same number of characters). 
And try to find the best match between the bits of the characters in each segment and the LSB of different sequences of 
pixels in the stego-image. When the proposed Segmented-LSB split the long secret message into number of small 
segments, this will lead to increase the probability of finding best matching between the bits of the characters in the 
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secret message and the LSB of the pixels in the stego-image. The best match between bits will decrease the number of 
LSB of the pixels that are changed when replace the bits of characters in the secret message in it. As a result of that, the 
distortion/noise that will appear in the pixels of the stego-image will be decrease and the immunity of the stego-image 
against the attack by human visual system (HVS) becomes strong.  

 
Related Works 

 
When hiding information inside images usually Least Significant Bit (LSB) method is used. In the LSB method the 

8th bit of every byte of the carrier file is substituted by one bit of every bit of the secret information (Motameni, 2007). 
The LSB method usually does not increase the file size, but depending on the size of the information that is to be hidden 
inside the file, the file can become noticeably distorted. 

Ross J. Anderson and Fabien A.P. Petitcolas argued that every steganographic approach will have its limitations; 
they proposed an information theoretic approach using Shannon’s theory for perfect secrecy (Ross J. Anderson, 1998). 
One can also embed the secret information in frequency domain by using Discrete Wavelet Transform method (Po 
Yuch Chen, 2006). In this method the embedding should be done at high frequency coefficients. P. Mohan Kumar and 
D. Roopa suggested that one can apply block matching procedure to search the highest similarity block for each block 
of the secret image and embed in LSBs of the cover image (P.Mohan Kumar, 2007). Mohammed A.F. AlHusainy 
employed different strategy in image steganography art by mapping the pixels of image to English letters and special 
characters (Mohammed A.F. AlHusainy, 2009). Lisa M Marvel and Charles G Boncelet proposed to hide at the inherent 
noise places (Lisa M Marvel, 1999). Ran-Zan Wang and Yeh-shun Chen also did the two way block matching for image 
in image steganography (Ran-Zan Wang, 2006). But this approach is suspicious to the hackers. Xinpeng Zhang and his 
colleagues proposed an approach called “multibit assignment steganography for palette images”, in which each 
gregarious color that possesses close neighboring color in the palette is exploited to represent several secret bits 
(Xinpeng Zhang, 2008). In reference (Mohammad Ali Bani Younes, 2008) authors have discussed a double substitution 
algorithm for encrypting at sender and decrypting at receiver and the embedding process was at 7th and 8th bit positions 
alternatively. So LSB embedding is no more secured now-a-days. So, new embedding techniques are to be welcomed to 
the steganographic world. Due to the large number of steganographic tools available over the internet, a particular threat 
exists when criminals use steganography to conceal their activities with in digital images in cyber space.  

 
Classic-LSB Image Steganography Technique 

 
The Least Significant Bit (LSB) steganography technique works by representing each character (byte) of the secret 

message as a set of 8-bits (where 1 byte { 8 bits). And then hide/replace the bits of the characters in the least significant 
bit of the pixels in the stego-image. When the secret message has n characters, then LSB technique need at least (n*8) 
pixels in the stego-image to hid the bits of the n characters.  

By substitute LSB of each pixel in the stego-image with one bit (from the 8-bits) of each character in the secret 
message, this replacement operation will cause some distortion/noise in the stego-image. By using Human Visual 
System (HVS), the attackers may doubt that the stego-image contain a secret information in it. In general, whenever the 
length of the secret message (number of characters) increase, then the noise in the stego-image probably will increase as 
a result. This will make a restriction in hiding a very long message in a small stego-image. Therefore, we will tend to 
choose a short message to hide it in a large stego-image to minimize the noise that is happened in the pixels of the 
stego-image and to put aside the doubt about containing the stego-image any secret information. 

Also, when any attacker success to know that the stego-image has a secret message, it is easy to get this message by 
reconstructed it from the LSB of the pixels in the stego-image. 

 
The Developed Segmented-LSB Image Steganography Technique 

 
Mohammed A.F Al Husainy in (Mohammed A.F Al Husainy, 2012) proposed the Segmented-LSB technique. The 

main goal of Segmented-LSB technique is to enhance the performance of the Classic-LSB technique by supporting it 
with three strong points: 
x Decrease the distortion/noise that will be appearing in the pixels of the stego-image. 
x Increase the capability of hiding very long secret message in a small stego-image. 
x Increase the immunity of the stego-image against the Human Visual System (HVS) attacks. 

In the following paragraphs, the explanation of the operations that are doing by the developed Segmented-LSB will 
be given. Two definitions that are used in this technique for secret message and stego-image are listed below: 

A secret message is an English message might be contains alphabetic letters (‘a’…’z’) or numbers (‘0’…’9’) or any 
special symbols like: ('space character', '.', ',', '(', ')'). 

A stego-image, for the purpose of testing, that is candidate to be used in this work is a bitmap images (.bmp) type. In 
general, each file of type (.bmp) is consisting of a header part which is containing much information like (Width and 
Height of the image, number Palette, number of bits for each pixel) followed by the data of the bitmap image pixels, 
follow that usually most image files have many unused bytes that are added by the operating system to keep the size of 
the image file measure (in Kilobyte). The pixels of each image are representing as a two dimensional array, but the 

International Science and Technology Conference, Dubai, 13-15 December 2012

355



ISTEC 20
12

Segmented-LSB technique treat the pixels of the image as a one dimensional array list of bytes, (where each byte has a 
value between (0…255)), by reading the bytes of the two dimensional image row by row and stores them as a one 
dimensional array list.  

Before listing the algorithm’s steps that describe the operations of the developed Segmented-LSB, some data 
structures that are using in the algorithm are defined follow: 
1. MessageB: is a list that contains a binary representation (bits) of all characters in the secret message. The number of 

elements (size) of this list is (n*8), where n is the number of characters in the secret message. 
2. ImageB: is a list of the Least Significant Bit (LSB) of all pixels in the stego-image. The number of elements (size) 

of this list is (m), where m is the size of the image and its equal (Width × Height × Palette). 
3. SegmentLength: is a positive integer number between (2 … (n*8)/2) which represents the length of each segment 

(number of bits) in the SegmentList.  
4. SegmentsList: is a list of segments that is created from the MessageB by splitting it to k segments, where k = (n*8) / 

SegmentLength. And each segment has number of bits equal SegmentLength. 
5. SegmentIndex: is a list of indices, each index represents the first index of a sequence of bits in ImageB that is 

having a best match with the bits of one of the segments in SegmentsList. We must note that there is no overlapping 
between the sequences of match bits in this technique. 

 
Algorithm: Segmented-LSB 
// Hiding Operation 
Step1: Calculate the TotalSize (in byte) that is required to store:  

(1) Length of secret message (number of character) 
(2) SegmentLength 
(3) Size of SegmentList  

Step2: Set an error ratio AcceptedErrorRatio (between 0…100)   
For i = 1 To ( (n*8) / SegmentLength ) 
{ 
 For j = ((TotalSize*8)+1) To m 
 { 

x = 1 
BestMatch = 0 
BestIndex = -1 
w=j 
Initially Assume Error=100; 
While (w < ( j+ SegmentLength)) and (Error>AcceptedErrorRatio)  
{ 

 Find the number of matched bits MBits in Segment[i][x] with the bits of ImageB[w]  
Calculate error ratio Error between the bits of Segment[i][x] and ImageB[w] 

 x = x+1 
w = w+1 

} 
If (MBits > BestMatch) or (Error<AcceptedErrorRatio) 
{ 

BestMatch = MBits 
BestIndex = j 

} 
 } 

SegmentIndex[i] = BestIndex  
Substitute the bits of Segment[i] instead of the bits in ImageB starting at BestIndex  

} 
Step3: Store the bits representation of the above three information in the Least Significant Bit (LSB) at the start of the ImageB list 

(from bit #1 to bit #(TotalSize*8)).  
 

// Extracting Operation 
Step1: Read from the stego-image the information that is stored in Step 4 of the hiding operation. 
Step2: Reconstruct the segments of the secret message by using the extracted information in Step1. 
Step3: Reassembling the all the segments that are constructed in Step2 to regenerate the characters of the secret message. 
 
Experimental Results and Discussion 

 
The performance of the developed Segmented-LSB image steganography technique has been tested by using both 

the Classic-LSB and the developed Segmented-LSB to hide some messages in different (.bmp) images and record the 
results to enable the reader makes a good comparison, in the performance, between these two techniques. Fig. 1 shows 
the stego-images, of different sizes, that are used in the experiments. Table I summarizes the recorder results from the 
experiments using SegmentLength = 10 and AcceptedErrorRatio=1.5%. 

To clarify the effect of SegmentLength on the performance of the proposed Segmented-LSB image steganography 
technique, different selected values of the SegmentLength are used on the above experiments. Fig. 2 shows the effect of 
the SegmentLength on (a) Number of LSB changed, (b) Signal to Noise Ratio (SNR) of the stego-image, (c) Time of 
hiding operation.  
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The required programs to implement the Classic-LSB and the Segmented-LSB techniques are written by using C++ 
programming language and executing them on a computer system of 2.53GHz processor with 4.0 GB memory and 
Microsoft Windows 7 operating system.  

From Table 1, we note that the developed Segmented-LSB success to minimize the time that is spent, through 
exhaustive search to find the best matching between the bits of each segment with all non-overlapped bits sequences in 
the ImageB list, in the hiding operation of the previous Segmented-LSB technique. The error ratio Error measure that 
is used in the developed Segmented-LSB technique helped to speed up the hiding operation without big degradation in 
the performance of the previous Segmented-LSB technique. 

When we see the three parts of Fig. 2, we can note that the developed Segmented-LSB save the stability in the 
performance when the SegmentLength changed: 
x When the SegmentLength increase, the number of LSB changed increase and vice versa. This is because when the 

SegmentLength be large, the possibility of finding best match between bits becomes less. 
x When the SegmentLength increase, the SNR become decrease and vice versa. This is because the value of SNR of 

the stego-image is proportional with the number of LSB changed in the pixels of the stego-image. 
x The time of hiding operation of each image was increase/decrease when the stego-image size changes. It stays 

suitable when the size of the stego-image is small, but it becomes long when the size of the stego-image becomes 
large. This is because the searching time for best matching becomes huge when we using a stego-image of large 
size.  

 
Figure 1: Stego-Images (.bmp) of Size (Width × Height × Palette) 

 

 
Figure 2: The effect of the SegmentLength on (a) Number of LSB changed, (b) Signal to Noise Ratio (SNR) of the 

stego-image, (c) Time of hiding operation. 
 
 
 
 
 
 
 
 

Table 1: Recorded Results of Performance Experiments 
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Conclusion 

 
A good enhancement to the previous Segmented-LSB technique was presented in this paper. The Error measure 

was used in the developed technique to minimize the time that is spent in the exhaustive search in the hiding operation 
of the previous Segmented-LSB. By determine the AcceptedErrorRatio at desired ratio (between 0…100) before doing 
the search to find the best matching between the bits of each segment with all non-overlapped bits sequences in the 
ImageB list. By making a comparison between the calculated Error values with the predetermined AcceptedErrorRatio 
in each round of search, we can exclude unnecessary search round from the hiding operation.  

The recorded results from the experiments showed that the development in the previous Segmented-LSB image 
steganography technique success to minimize the time that is required in the hiding operation without make a big 
degradation in the performance of the previous Segmented-LSB technique.  
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Abstract 

Leukemia is a hematological malignancies including major public 
health problem that trend continues to increase. Etiology luekemia until now not known clearly 
and multifactorial, environmental factors that can induce, including: ionizing 
radiation, various chemical mutagen, carcinogen materials, and chemical drugs. Now entered the 
era of individualized therapy, requires a human approach to genome and technologies that lead 
to DNA sequencing, gene expression and proteomic. with appropriate induction therapy 50% to 
70% achieved complete remission, although still present (<20%) the odds are 
very high occurrence of relapse. Indonesia Country has known traditional medicine that 
uses herbs natural ingredients including wild plants around us, along with the 
development Princip back to nature, because it is more economical, does not cause side 
effects such as chemical drugs. However, there are still many wild plants, the quality and content 
of the compound does not have obvious standards and specifications. Developing a Wildlife 
Gardening and Build of Ecosystem in Around Page Houses For Fitopharmaka Anti Cancer 
(Leukemia), the researchers hope to develop and save natural ecosystems with the advantages of 
wild plants as herbal medicines reasonable of anti-cancer and have any side effects are minimal 

 

Key words: Leukemia, wildlife gardening, back to nature, herbal medicine 
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Introduction 

The incidence trend is expected to increase in the United States in total cancer 
incidence as 1,638,910 new cases and 577.190 deaths from cancer, such as leukemia 47.150 new 
cases and 23.540 deaths, AML 13.780 new cases and 10.200 deaths (siegel et al., 2012). During the 
period 2005-2008 at the General Hospital Dr. Saiful Anwar Malang, of the 251 patients in 
the hematology doing bone marrow aspirate (BMP), there were 125 patients in the diagnosis of 
acute leukemia(Agustini., 2008). The incidence rate estimated third of all new cases of 
leukemia, with appropriate induction therapy 50% to 70% 
achieved complete remission, although still present (<20%) the odds are very high occurrence 
of relapse. Although the prevalence of AML is less than the type of ALL, if not 
immediately treated, there will be deaths due to infection and bleeding that lasts a few weeks to 
months. Therefore, development of more effective therapeutic strategies is essential(Walters, 2005). 
Etiology luekemia until now not known clearly and multifactorial. Environmental 
factors can include: ionizing 
radiation, various chemical mutagen, carcinogen materials, and chemical drugs. Genetic 
changes are considered as the center of the development of leukemia, which affects the number 
of abnormalities (ploidy) and abnormalities of chromosome structure consisting 
of translocations, inversions, deletions, point mutation, and amplification, as well as the failure 
of regulation of transcription factors in cell regulation of homeostasis haematopoitik(Abeloff. D, 
2004) 

Therapeutic approach in the era of individualized therapy, requires a human approach 
to genome and technologies that lead to DNA sequencing, gene 
expression and proteomic gives great hope for the implementation of data genotype-
phenotype against clinic policy process in delivering cancer therapy (Nersting., 2011). Furthermore, 
therapeutic approaches require neoplasms by a combination of rational drugs against targets with a 
variety of cellular pathways and approaches that support the survival of cancer cells (Ocana., 2010). 
In developing countries, including in Indonesia, one of the problem therapy because of the socio-
economic status and parents' behavior toward the success of ALL therapy in children (Mostert S, 
2006). Since ancient country of Indonesia has been known traditional medicine that 
uses herbs natural ingredients including wild plants around us, along with the 
development Princip back to nature, because it is more economical, does not cause side effects such 
as chemical drugs (Sufriadi, 2006), But there are still many wild plants, the quality and content 
of compounds not yet possess a clear standard and specification. 

With the background of that, the researchers intend to develop research with title 
"Developing a Wildlife Gardening and Building Ecosystem Around Page Houses For Fitopharmaka 
Anti Cancer (anti-leukemia), the researchers hope to develop and save natural ecosystems with the 
advantages of wild plants as medicine anti-cancer of herbal that is affordable, effective, smallest 
of risk, the side effects are very small and effectual. 

 

Objectives 

1. Development and improve the effectiveness of wild plants as anti-cancer treatment (anti-
leukemia) 
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2.Develop the cultivation of wild plants in the area to build an ecosystem home page 
3. Increasing awareness of the principles of treatment of back to nature 

Materials and Plan of Work 

Data taken from 2005-2013 in Malang, East Java, there are several sources for cancer incidence 
data, derived from surviellance, epidemiology and program outcomes our dissertation on the area to 
be sampled. In this form of provision of information and education, providing training to 
develop farming of medicinal plants in the garden around it, then test and measure the materials 
and compounds as potential anti-cancer drug 

Future 

the hope of cultivating wild plants as anti-cancer drug fitofarmaka can be produced with the 
principle of back to nature, Further research will be done and measure compounds of wild 
medicinal plants. the same time or simultaneously an act in order to save the ecosystem of the 
surrounding area including improved economic benefits. The results of this study will be 
continued in vitro of clinical trials, the effective dose of anti-cancer potential Compounds. 
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Abstract : In this work, a nanoindentation of cement paste trough a two-dimentional (2-D) 
axisymmetric model was investigated using the capacities of the ANSYS finite element (FE) 
code. The indentation process under consideration involves anhydrous particles and three forms 
of calcium-silicate-hydrate (C-S-H) substrates indented by a rigid indenter under the condition of 
frictionless contact. For the 2-D model, the indenter has a half-angle of 70.3°, and thus has the 
same projected area-depth function as the standard Berkovich indenter. The model have the 
ability to simulate the trapezoidal load history with varying magnitude of peak indentation load, 
study the influence of mechanical properties on indentation response and simulate the 
development of plastic deformation during indentation. The simulation results show that the 
higher plastic deformation normalized over the total deformation was observed in the high density 
(HD) form of C-S-H of cement paste. 

Keywords : Cement paste; Nanoindentation; plastic deformation.          

Introduction 
 

Since many technologies have moved to ever smaller scale, characterization of the intrinsic mechanical 
properties of materials has become more difficult and complicated. Among the techniques to measure the mechanical 
properties of cementitious materials, nanoindentation techniques have been widely used to measure mechanical 
properties, for instance hardness, elastic modulus, creep and plasticity [1]. Recently, different numerical techniques 
have been developed to use in many fields of science and engineering and can be used in indentation problems. Finite 
element technique is used for studying very complex stress–strain fields of cementitious materials like cement paste in a 
nanoindentation process. Some investigators have studied the indentation process using the numerical approach of finite 
element method [2]. The finite element method has been verified to be an effective tool for simulating hardness and 
plasticity measurements. 
In order to gain a better understanding of the plastic deformation of cement paste during the nanoindentation procedure, 
finite element modeling (FEM) was performed and discussed. The indentation modeling was performed with 
commercial ANSYS software [3]. 
 
Plastic deformation of cement paste at nanoscale 

 
In recent molecular model studying the stress-strain behavior of C-S-H model in affine shear deformation 

(strain controlled), Ulm and Pellenq [4] were presented two configurations. The “wet” model, which water present 
particular in the inter-layer space, and the “dry” model, in which all water molecules have been removed. The stress-
strain response shows that the present of water in the inter-layer space leads to a localization of deformation into a 
narrow band defined by a “wet inter-layer”, akin to a fracture process. By contrast, the “dry” model shows a plastic 
deformation behavior, with irreversible (plastic) deformation upon unloading. This shows that there are some strength 
reserves at a molecular scale of C-S-H that could enhance strength and (ductile) deformation behavior of C-S-H. 
Practically, the measurement of the indentation creep and relaxation functions is impeded by the time-independent 
(plastic) deformation of the material beneath the indenter. Such plastic deformation cannot be avoided below a sharp 
probe (e.g., below a Berkovich three-sided pyramidal probe) and often also occurs below spherical and flat punches. 
Plastic deformation results in an increase in indentation depth (at a given load) or in a decrease in load (at a given 
depth). As a consequence, analytical solution overestimates the contact creep compliance and underestimates the 
contact relaxation modulus [5]. Except for materials of high creep compliance, for which the plastic deformation is 
negligible compared to the viscous deformation, and for which the relaxation modulus or the creep compliance of a 
material can be extracted with confidence using viscoelastic solutions [6], neglect of preceding or concurrent plastic 
deformation generally leads to an erroneous estimation of the viscous properties of the material.  
 
Theory 
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Mathematical modeling 
 
Using the Oliver and Pharr method [7], the elastic modulus of the indented sample can be inferred from the initial 
unloading contact stiffness,  i.e., the slope of the initial portion of the unloading curve, as shown in Figure 
1. 
 

 
Figure 1: Loading diagram. 

Based on the relationships developed by Snedden [8] for the indentation of an elastic half-space by any punch that can 
be described as a solid of revolution of a smooth function, a geometry-independent relation involving contact stiffness, 
contact area, and elastic modulus can be derived as follows: 
 

            (1) 

 
Where ��is a constant that depends on the geometry of the indenter. For Berkovich indenter, ���1.034 and Er is the 
reduced elastic modulus, which accounts for the fact that elastic deformation occurs in both the sample and the indenter. 
Er is given by 
 

           (2) 

 
Where E and ��are the elastic modulus and Poisson’s ratio for the sample, respectively, and are the same 
quantities for the indenter. For an indenter with a known geometry, the projected contact area is a function of the 
contact depth. The area function for a perfect Berkovich indenter is given by 
 

           (3) 
 
In case of analytical extraction of elastic properties through nanoindentation data it is possible to assess roughly the 
yield stress as being directly correlated with hardness value according to Tabor [9], and given by the following 
equation: 
 

            (4) 
 
Where coefficient C can change in the range of 2.6-3.0. 
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Finite element modeling 
 

The model consists of the simulation of nanoindentation test of cement paste on 2D planar model using the 
commercial finite element package ANSYS v.11.0. A Berkovich diamond indenter was used to perform the indentation 
test presented in this work. It had a pyramid shape with face angle of 65.27°. For simplicity purposes, the Berkovich 
indenter is commonly modeled as a conical indenter with a semi-apex angle of 70.3 degrees. This gives the same area to 
depth function as that of Berkovich indenter. A square area with dimensions including a base of 600 ȝm, a height of 600 
ȝm was created to represent the cement paste specimens. The indenter and specimen are meshed by 2D structural 
PLANE182 element as shown in Figure 2. 
 

 
Figure 2: FE model of indenter and test specimens. 

 
Nodes along the centerline are constrained to move in x-direction and the nodes at the bottom line are constrained to 
move in x and y-directions. Axisymmetry conditions are applied along the centerline. The interaction of the indenter and 
the specimen is modeled as a contact pair with no friction. Contact element TARGET169 is applied to the Berkovich tip 
and CONTACT172 to the specimen. The specimen were subjected to a trapezoidal Load history with varying 
magnitude of peak indentation load not exceeding 1250µN. the loading, dwelling and unloading periods were kept at 
10, 2 and 10 seconds, respectively applied to the upper portion of the indenter in y-direction and the displacement in y-
direction along the upper line of the specimen is measured. 
 
For the diamond indenter an elastic linear isotropic model with Young modulus  and Poisson ratio 

 was used. For the cement paste, an elastic perfectly plastic material model with Von Mises yield criterion (  
) and Bilinear isotropic time hardening with implicit creep was chosen to extract the creep and plastic strains of the 
material. Based on published cement properties, Indentation modulus, hardness [10] of different phases and Poisson’s 
ratio [11] of cement paste were presented in Table1. 

 

Table 1: Indentation modulus and hardness of different phases of cement paste in GPa. 

Phase Anhydrous LS C-S-H MS C-S-H HS C-S-H 
Property E H E H E H E H 

Mean 132.44 8.36 22.03 0.72 30.42 0.85 38.95 1.21 
 
The load values of the experimental curves were prescribed to viscoelasto-plastic model of indentation in each load step 
(loading, holding and unloading steps). The plastic deformation during indentation normalized over total deformation 
for the each indentation load was calculated as . The distribution curves of this plastic deformation over load 
for each phase of cement paste were dressed and compared with experimental ones. 
 

RESULTS AND DISCUSSIONS 
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With the performance of finite element (FE) analysis, the nanoindentation loading-holding-unloading process 
of anhydrous and three forms of C-S-H cement paste was simulated. Figure 3 shows an example of the load-
displacement curves that resulted from experiment of the high density forms of C-S-H of cement paste together with the 
prediction from the simulation modeling and the input data from Table1. 

 Since the experimental data were used as the basis of the simulation, such as Indentation modulus, hardness 
and Poisson’s ratio, there is a good agreement between the simulation and experimental results. 
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Figure3: Load-indentation depth curves of high density form of C-S-H 

A further study was conducted in order to studying the evolution of the plastic deformation for the anhydrous 
phases and three forms of C-S-H (LD, HD and UHD) of cement paste using the developed FE model. The plastic 
deformation normalized over the total deformation for each load was extracted from the numerical and experimental 
curves as  . Figure 4 shows the comparison of the evolution of plastic deformation normalized over the total 
deformation for the anhydrous phase and the three forms of C-S-H phase of cement paste function of the applied load 
between the experiment and FEM. It is noted that the FEM is able to extract the plastic deformation of different phases 
of cement paste. Normalized plastic deformation was higher in the Medium stiffness (MS) or high density (HD) of C-S-
H phases of cement paste and was lower in the anhydrous phases of cement paste. It is about 75% for the MS (HD) 
forms of C-S-H and 49% for the anhydrous phases which is in good agreement with the experimental ones. 
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Figure 4: Normalized plastic deformation of different phases of cement paste 

Conclusion     

(1) The FE model has been developed to simulate the plastic deformation for different phases of cement paste. 
The model is capable of simulating the loading-holding-unloading stages of the plastic deformation 
behavior during the indentation process.  

(2) Normalized plastic deformation was higher in the Medium stiffness (MS) or high density (HD) of C-S-H 
and was lower in the anhydrous phases of cement paste. 

(3) The applicability of the model has been investigated through nanoindentation of cement paste. The 
simulation results are in good agreement with the experimental ones. 
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Abstract: This work offers options for harvesting and reusing rainwater. In order to know the 
quality of the various rainwaters, microbiological and physical-chemical analyses are 
conducted based on the Mexican standards. The microbiological results showed various types 
of bacteria such as bacilli, cocci, coliforms, among them Escherichia coli and Enterobacter 
aerogenes, while the physical-chemical analyses reported low concentrations of total 
suspended solids (8.9 mg/L), biochemical oxygen demand in five days (2.7 mg/L), chemical 
oxygen demand (6.7 mg/L) and total organic carbon (1.9 mg/L). This work also relates to the 
adaptation of a catchment system in an already build construction with a treatment train 
supplying appropriate water quality.  The analyzed parameters are mostly within NOM-041 
limits; however, treatment is needed to ensure optimum water quality.  The results obtained in 
the instant research show that rainwater purity should not be taken for granted. Before alleging 
that rainwater is drinkable it is important to conduct microbiological analysis in order to 
determine the most appropriate treatment.   

 
Key words: Catchment system, rain, treatment, reuse, quality. 
 

Introduction 
 

In Mexico, water management has traditionally been poor, each family wasting on average 150 L/day due to 
bad habits, increasing thus the average consumption per person to 200 or even 300 L/day, when 100 L/day per head 
should be more than enough for urban domestic use. 
In most urban areas, the appropriate supply of water to meet the growing needs of the population and ensure water 
access equity is an important and urgent challenge for the decision makers. Two solutions are available for ensuring 
water sustainable management. The first one is to find new alternative water resources, while the second is to use 
efficiently the limited water resources on hand. Up to now, the efforts have been focused on the first option and only 
limited attention has been given to the second (Ahmed et al; 2009). 

An example of alternative resource is rainwater. Since only a catchment system is needed, it has some 
advantages such as energy savings because there is no need of extraction process and piping for the distribution 
system or pumping for transportation to the consumption areas. Besides, the treatment conditions for ensuring a 
quality appropriate for human consumption are relatively economical (Amin and Han, 2009). A disadvantage is that 
water availability is limited to high rainfall season and varies depending on the region of the country. Moreover, it 
depends on the size of the catchment area and on the size of the cistern in the building. Another obstacle is that there 
are no reports regarding rainwater quality and thus it should be used carefully for human consumption.   
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Taking into account the advantages and disadvantages of rainwater, as well as data shortages, the objective of 
this research was to determine the quality of rainwater from the southern area of the Federal District. It was also to 
establish an alternative rainwater catchment and treatment process through a system permitting to harvest as much 
water as possible and, after treating it, use it for cleaning, in sanitary buildings and even for personal use and 
drinking purposes. 
 
 
 
Materials and Method 
 

The methodology comprised two phases: the first phase focused on the design and catchment of rainwater 
and the second phase focused on the physical-chemical and microbiological characterization of rainwater. 

Rainwater samples were taken and stored in two harvesting systems currently working located in Tlalpan 
delegation in the medium height Ajusco in the southern zone of Mexico City. The two systems were called house 1 
and house 2. It is marginalized zones were access to water through the supply network is not reliable and thus 
rainwater harvesting could solve the needs of this community. A study was conducted regarding the main 
contaminants present in rainwater. Moreover, five treatment trains were installed and used in order to identify the 
treatments stages leading to rainwater that fulfills the Mexican norm and thus appropriate for human consumption.   

The in site pretreatment, catchment system and storage system for each sample source was different. In Table 
1, the various characteristics of the sample site are listed.   
 
Table 1:  Characteristics of the catchment and storage systems 

Data House 1 House 2 

Address  Becal Mz. 13 Lote 22. Izamal Mz. 22 Lote 17. 

Material of the catchment area  Ferrocement. Cistern rotoplas 600 L. 

Exposition to sun light  Buried in the ground. Cistern exposed to the sun. 

Chlorination  Cloralex 0.5 mL/L. 
Trichloroisocyanuric acid, 10 g per 
10,000 L. 

Filters None. 50 Pm filter. 

Use  
For plant watering, bathrooms and 
cloth washing. 

For all domestic activities. 

In both cases, the catchment system had an interceptor. 
 
The harvested rainwater was submitted to five treatment trains consisting of several stages in order to test 

which was the most appropriate for obtaining drinkable water fulfilling the norm in force and meeting the needs of 
the people.   

Five different trains were designed with different stages for both houses and were assigned a letter for 
reference purposes: 
A) Original sample   
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B) Pump + 50 Pm cellulose paper filter   
C) Pump + 50 Pm cellulose paper filter + granular activated carbon filter   
D) Pump + granular activated carbon filter 
E) Pump + 50 Pm cellulose paper filter + granular activated carbon filter + 50 Pm polypropylene filter + 50 Pm 
activated carbon filter   
F) Pump + 50 Pm cellulose paper filter + granular activated carbon filter + 50 Pm polypropylene filter + 50 Pm 
activated carbon + UV 
 

A 1-L sample was taken in each case, and thus globally twelve samples were obtained that were kept in 0.5-L 
sterile bags for further analysis. 

The samples taken were analyzed on the sampling day in the laboratories. Water quality evaluation was 
determined using three indicators, BOD5, COD and TSS. Moreover, in the case of each sample, total Kjeldhal 
nitrogen and pH analyses were performed. 
 
Figure 1, shows a summary of the second part of the methodology.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Flow chart of the second part of the methodology 
 

The analytical methods used for each parameter are shown in Table 2. 
 
Table 2: Analytical methods used   
Parameter  Analytical Method  Units  
Total coliforms  NMX AA-042-1987 NMP/100 ML 
Total BOD5  NMX AA-028-SCFI-2001 mg/L 
Total COD  NMX AA-030-SCFI-2001 mg/L 
Total solids  NMX AA-034-SCFI-2001 mg/L 

Harvesting  

Transportation   

Sampling  

Analysis  
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Total Kjeldhal nitrogen NMX AA-026-SCFI-2001/EPA 351.2-1978 mg/L 
pH Meter Orion 210A --- 

 
Results and discussion 
 
Microbiological results   
 

The microbiological results showed various types of bacteria such as bacilli, cocci, coliforms, among them 
the genera Bacillaceae, Leuconostoc and Aerococcus, which were reportedly widely distributed in the air, soil and 
water. 

Other species identified in this research was Escherichia coli (E. coli) isolated from the selective medium for 
total coliforms. This is the most commonly bacteria species found in clinical laboratories and its presence has been 
reported in infectious diseases involving human tissues. Transmission is through contaminated foods, water and 
personal contact, the main habitat of this bacterium being the intestinal flora. In the same selective medium, 
Enterobacter aerogenes was found which is widely distributed in the respiratory apparatus, and is known for 
affecting skin wounds and occasionally may cause septicemia (blood poisoning) and meningitis (Lee et al; 2009). 

In countries such as Korea, Nigeria, Australia, New Zealand and others, researchers have been interested in 
rainwater quality, and all the studies conducted, based on their own sampling methodology, coincide in the presence 
of biological indicators such as E. coli and total coliforms from rainwater. For example, in Korea, total coliforms 
(TC) and Escherichia (EC), were found in 91.6% and 72%, respectively, of the samples of harvested rainwater, at 
the upper levels of the guidelines for drinkable water (Lee et. al., 2009). In Australia, 65% of the samples taken from 
rainwater harvested from a roof were positive for E. coli, showing the following concentrations: 20% between 1 and 
10 CFU/100 mL, 18% between 11 and 100 CFU/100 mL, 19% between 101 and 1000 CFU/100 mL and 7% >1001 
CFU/100 mL, while 82% of the samples analyzed were positive for enterococci with the following concentrations: 
18% between 1 and 10 CFU/100 mL, 31% between 11 and 100 CFU/100 mL, 23% between 10 and 1000 CFU/100 
mL and 10% >1001 CFU/100 mL (Ahmed et. al., 2009). Other bacteria genus found in catchment cisterns in India is 
Streptococci with a total of 43 colony forming units (CFU) in non-treated water (Cochran and Ray, 2008). On the 
other hand, in two different sampling zones in Korea, the E. coli indicator was present in 96 and 72% of the samples 
harvested from the rainwater storage system (Amin et al., 2009). 

Australia has reports of pathogen agents contained in harvested rainwater in which bacteria such as 
Salmonella, G. lamblia and L. pneumophila were found, besides E. coli strains (Ryan et al., 2009), while in New 
Zealand, E. coli was present in 12 from 18 samples. 

In Nigeria, various levels of microbiological contamination were found in various samples. All the samples 
contained high concentrations of heterotrophic bacteria (from 5.8X101 to 7.6X103 UFC/mL) while Pseudomonas 
spp ranged from 1.0X10 to 4.0X102 UFC/mL (Nnene, 2000).  
 
Physical-chemical parameters results 
 

The physical-chemical analyses reported low concentrations of total suspended solids (8.9 mg/L), 
biochemical oxygen demand in five days (2.7 mg/L), chemical oxygen demand (6.7 mg/L) and total organic carbon 
(1.9 mg/L). The pH varying from 5.5 to neutral according to the progress of the rainy season reaching a pH 7 and 
maintaining this level till the end of the rainy season.   

In the case of total BOD5, the typical value reported for rain drainage is 100 mg/L, however water is 
considered drinkable if its total BOD5 value is below 5 mg/L. Figure 4 shows that BOD5 values obtained do not 
fulfill the standard except in some cases. When more stages are used in the treatment train, BOD 5 increases 
considerably and it can thus be concluded that the filtration train could have been contaminated with organic 
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material leading to an increase of total BOD 5 when stages were added to the treatment train. However, all the 
samples are below the typical value observed in most waters for human consumption insuring thus that rainwater has 
a low organic concentration.  
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Figure 2: BOD5 variation 

 
In the case of total COD sample, the test was only conducted on the control samples i.e., the samples without 

treatment because the presence of this parameter is considered little probable and this was confirmed since it was 
undetectable in the studied samples.   

With regard to the total solids analysis, the permissible limit according to Mexican Official Standard 
NOM-041-SSA1-1994 is 500 mg/L. The results obtained from both samples are not above the limit established by 
the standard. The values average 120 mg/L. However, there is no reduction in the total solids and it can thus be 
concluded that the treatment train is not appropriate for reducing the total solids contents in rainwater.   

Non-treated rainwater is within the permissible limits according to Mexican Official Standard 
NOM-041-SSA1-1994, but the same case occurs as with regard to the BOD 5 parameter. Nitrogen quantity increases 
with the increase of the stages in the treatment train and thus at some stage of the filtration there must have been a 
large quantity of organic material. Despite the above, in the case of house 1, the treatment train in stages 5 and 6 is 
appropriate since the total nitrogen quantity is not detectable.   

In the case of house 2, the first treatment trains are the ones that best fulfill the limits indicated in Mexican 
Official Standard NOM-041-SSA1-1994. i.e., only the physical treatment reduces considerably the total nitrogen 
quantity present in the sample.   

The permissible limits reported are not over the limits indicated in Mexican Official Standard 
NOM-041-SSA1-1994 with regard to pH ranging from 6.5 to 8.5. 

Currently, all over the world, large-scale efforts are made to harvest rainwater and use it in houses in urban 
zones for various purposes depending on its quality. Some examples are: the Ringdansen Project in Sweden, the 
multipurpose stadiums in Nagoya, and Fukoka Tokyo, Japan, the Millenium Dome Stadium in London, the 
Technological University of Nanyang in Singapore and the group of buildings Daimler Chrysler Potzdamer Platz in 
Berlin, Germany, to mention only a few of them. 
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In Ringdansen, a residential zone located in the southeastern part of Norrköping, Sweden, harvested 
rainwater has been destined to the following uses: WCs, water for cleaning clothing and washing cars as well as 
watering plants.   

In Japan, there are several examples of large-scale rainwater catchment systems. The harvested water is used 
for WCs, and for watering plants. Rainwater catchment areas are 16.000, 25.900 and 35.000 m2, respectively. The 
tank volumes are 1000, 1800 and 1500 m3, respectively. 

The Millenium Dome in London is another example of a large-scale rainwater catchment system. The roof of 
the cupola has a surface of about 100.000 m2, from which water is harvested through hoppers unloading into a series 
of main rings around the entire circumference of the dome. A study of the functioning of the system showed that 
rainwater meets about 10% of the water demand although harvesting is limited because of the site storage.   

The residential area located in the central part of Fornebu, in Oslo, Norway, includes the building of 6 000 
houses. There is an interest for using water as a revitalizing element within the structure of the park vegetation. This 
objective is reached substituting conventional urban drain piping through filters, storage and treatment systems 
designed for natural processes. All this is possible if some hydraulic and water quality criteria are met.    

Conclusions  
 

The best rainwater purification option is the sequence: filtration, activated carbon, ionic exchange, UV 
radiation and ozonization. Various microorganisms that could represent a health hazard are bacteria E. coli and 
Enterobacter aerogenes that, despite their very low concentration, make it necessary to install a treatment system 
before reusing rainwater.  According to NOM-003-SEMARNAT-1997, harvested rainwater fulfills the parameters 
established for direct contact with humans.   
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Abstract: Many countries are facing environment change. This study aims to study the distribution of 
salinity and some nutrient (i.e. N, P, Fe, Mn, Zn and Cu) under recently environment change "climate 
factors, soil factors and human factors" in soils adjacent to North Delta, Idku region, Behra Governorate, 
Egypt between year 1986 and year 2011, whereas about 900 000 ha suffer from salinization problems, 6 % 
of Northern Delta region are salt-affected. Fourteen profiles (thirty nine samples), these representative 
profiles were transects vertical to Idko Lake. The study area is located between 31P

o 
P10'P

 
Pand 31P

0
P 40' N, and 

longitudes 30P

o
P 25' and 31P

0
P   20P

'
P E. The Idko Lake found on distance 1km the Mediterranean Sea. 

The obtained results could be summarized as follows: Weight means to Electric conductivity 
(EC) in year 1986 were different the values in profiles. EC values of the studies soil were decrease with 
increase of soil depths. The highest values of EC were found in most profiles. The EC was between 1.30 to 
51.70 dSmP

-1
P, in comparison with year 2011 in all profiles were between 0.70 to 3.10 dSmP

-1
P very slightly 

saline to non saline. In year 2011 available N in all profiles was medium whereas values were between 
52.88 to 74.32 mg kgP

-1
P. In comparison, in year 1986 available N was very lowest whereas values were 

between 1.20 to 10.6 mg kgP

-1
P. In year 2011 was lowest available P in all profiles. In comparison with, year 

1986 was between high and medium, whereas values were between 3.20 to 44.80 mg kgP

-1
P. Available Fe in 

year 2011 increase in mostly profiles, whereas range was between 2.00 to 32.6 mg kgP

-1
P. In comparison 

with, year 1986 was range was between 2.00 to 14.2 mg kgP

-1
P. Available Mn in year 2011 increases in 

profiles, whereas range was between 2.10 to 5.50 mg kgP

-1
P. In comparison with, year 1986 was range 

between 8.00 to 30.0 mg kgP

-1
P. Data in year 2011 show that range available Zn was 0.45 to 5.60 mg kgP

-1
P. In 

comparison with, year 1986 found profiles between 1.00 to 10.6 mg kgP

-1
P. Available Cu is given in year 

2011 show that highest value was all profiles. Available Cu of the studied profiles was range between 1.00 
to 19.6 mg kgP

-1
P. In comparison with, year 1986 all profiles were high, whereas range was between 3.20 to 

11.8 mg kgP

-1
P. 

 
Keywords: Salinity, nitrogen, phosphorus, iron, manganese, zinc, copper and environment change. 

 
 
Introduction 
 

The world’s population is estimated to increase from six billion about ten billion by 2050. To meet the food 
demand of the growing world population, a large increase in food production is required. Meanwhile, the increases in 
world population will result in a serious pressure on the existing agricultural land through urbanization and intensive 
cultivation (Ismail, 2002). FAO (2003) showed that the majority of salt-affected soils in Egypt are located in the 
Northern centralpart of the Nile Delta and on its Eastern and Western sides. About 900 000 ha suffer from salinization 
problems in cultivated irrigated areas, 6 % of Northern Delta region are salt-affected, 20 % of the Southern Delta and 
Middle Egyptian region and 25 % of the Upper Egypt region. Million hectares of arable land too saline for agriculture 
and hundreds of thousands hectares of agriculture productive land are land are lost annually for food production due to 
salinization (FAO, 2008). The factor affecting land are (climatic factors, soil factors and human factors). The three 
factors called natural or physical factors are affect natural vulnerability or potential degradation. The three factors affect 
the actual degradation (FAO, 1978). Dregne et al. (1995) reported that the land degradation processes occurring in the 
arid region of the world are vegetation, wind and water erosion, salinization and soil compaction. This mentioned that 
the geochemical land degradation processes especially salinization, alkalinization and sodification are broadly occurring 
in the areas like arid and semi-arid climatic zone. Gaddes (1997) found that the following human activities have main 
impacts; poor range management, which leads to over-grazing through overstocking. Cultivation practices on unsuitable 
land area as a result of constant population growth, there is an extension of cultivation to soils less and suitable for this 
purpose (saline). An increase in temperature coupled with reduced rainfall will lead to predominantly up word water  
movement in soils, as currently seen  in the more  arid parts  of  the world and  this  will result  in the accumulation  of 
salts in the upper soil  layers. Such effects will be intensified if poor quality irrigation water is used on agriculture soils. 
Climate change will increase inundation and salinity along coastal regions worldwide, through the influence of sea level 
rise (Pezeshki et al., 1990). The impact of climate change on soil nutrients other than nitrogen, such as phosphorus and 
micronutrients, has largely been neglected (Legros et al., 1994). 

Increasing atmospheric COR2R alone will increase soil organic matter (Loiseau et al., 1994 and USDA, 2009). 
Abou El-Eneni et al. (2008) found that available nitrogen in soil after wheat plant cultivated in clay and calcareous soil 
were presented. The values of available nitrogen in soil after wheat in clay soil increased. Borhamy (2001) found that 
the distribution pattern of available P was almost similar to the obtained for the total amounts. i.e., the highest value was 
obtained from the Nile alluvium, while the lowest one was obtained from the old lacustrine sediment, probably due to 
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the relatively high content of bound P-CaCO3 in the old locustrine sediment. Mortvedt (2008) showed that iron 
deficiencies are found mainly on calcareous (high pH) soils. Cool, weather enhances Fe deficiencies, especially on soils 
marginal levels of available Fe. El-Maghraby et al. (2010) found that on study in the Northern West of Nile Delta 
available Fe varied from 1.8 and 22 mg kg-1. He found negative correlations occurr available Fe and soil pH. Available 
Mn varied from 3.0 to 35.4 mg kg-1. Aavailable Zn varied from 0.2 to 4.6 mg kg-1. Available Cu varied from 1.0 to 32.2 
mg kg-1. This study aims to study the distribution of salinity and some nutrient (i.e. nitrogen, phosphorus, iron, 
manganese, zinc and copper) under recently environment change in some soils adjacent to Idko lake, Behra 
Governorate, Egypt between year (1986) and year (2011). 
 
Materials and method 
                
 The current study was carried out to investigate the distribution of salinity and some nutrient (i.e. 
nitrogen, phosphorus, iron, manganese, zinc and copper) under recently environment change in some soils adjacent to 
Idko Lake, Behra Governorate, Egypt between year (1986) and year (2011). To fulfill this purpose, fourteen profiles 
(thirty-nine samples, according to different layers "Table 3") were dug at different locations to represent physiographic 
units in the area according on a previous study in 1986 (Map 1). The collected soil samples were air dried, crushed, 
sieved to pass a 2mm sieve and preserved for further analyses. The sites of these deposits situated between 31o 10' and 
310 40' N, and longitudes 30o 25' and 310 20' E. The Idko drain on the east, Abou Keir drain on the west, in the north 
found the Idko Lake, the Lake found on distance 1km the Mediterranean Sea and in the south El-Mahmodia canal. 
Meteorological data for the 1986 and 2011in study period are given in Table 1. Electrical conductivity in soil paste 
extract and soluble cations and anions according to Page et al. (1982). Available micronutrients Fe, Mn, Zn and Cu 
were extracted with "NH4HCO3-DTPA" according to Soltanpour(1985) and determined by using Atomic Absorption 
Spectrophotometer apparatus, Perkin Elemer, Model 969AA. Nitrogen was determined by micerokjeldahl method as 
described by Chapman and Pratt (1978). Available phosphor was eastimated colorimetrically according to Olsen et al. 
(1954). Particle size distribution (Table 2) was carried out by pipette method by Gee and Bauder (1986). Statistical 
analysis for soil properties according to Snedecor and Cochran (1980). Oertal and Gille (1963) suggested three 
measures for parameter, namely the weighed mean (W). The weighed mean was calculated as parameter of each layer 
of the solum multiplied by the thickness of the layer and dividing the sum of these products by the total thickness of all 
analyzed  layers. According to those authors the weighed mean is the most satisfactory measure of the parameter status 
of a soil profile. The weighed mean concentration of a parameter is probably determined by pedogenic processes 
(except where the parent material is markedly heterogeneous in element content).                                                                                     
 
 
 
Table 1: Mean monthly temperature, rainfall, relative humidity, evaporation in the studied area to year (1986 and 2011) 
 
Months Temperature 

(C0 ) 
Rainfall 

(mm/month) 
Relative 
humidity 

(%) 

Evaporation 
(mm/day) 

Wind Speed 
(Km) 

1986 2011 
Max Min Mean Max Min Mean 1986 2011 1986 2011 1986 2011 1986 2011 

Jan. 22.00 11.30 16.65 19.60 6.10 12.80 20.25 14.20 47.69 83.00 7.16 2.20 0.772 1.30 
Feb. 22.60 11.96 17.28 20.40 6.30 13.40 18.60 12.90 47.76 83.00 7.32 2.70 0.772 1.40 
Mar. 24.95 13.60 19.28 23.00 7.90 15.40 12.73 6.70 49.17 79.00 8.13 3.50 0.772 1.70 
Apr. 26.10 15.20 20.65 30.10 10.40 20.25 8.66 2.60 53.63 71.00 9.80 5.00 0.824 1.50 
May. 32.70 20.42 26.56 35.20 14.20 24.70 3.64 2.90 57.98 66.00 7.83 6.50 0.824 1.50 
Jun. 33.00 19.93 26.47 38.00 17.00 27.50 0.00 0.00 59.02 69.00 6.97 6.70 0.721 1.50 
July. 31.88 19.12 25.50 43.00 19.00 31.00 0.00 0.00 60.66 75.00 5.50 5.70 0.721 1.30 
Aug. 32.55 18.36 25.46 45.60 18.40 32.00 0.00 0.00 61.38 77.00 4.44 5.00 0.721 1.30 
Sep. 30.61 17.09 23.85 44.90 17.71 31.31 0.17 0.15 55.85 77.00 4.30 4.80 0.824 1.10 
Oct. 31.00 14.96 22.98 33.70 15.60 24.65 0.30 0.21 60.38 78.00 4.23 3.80 0.830 1.00 
Nov. 24.65 13.90 22.00 25.90 12.60 19.25 12.33 6.90 54.33 83.00 3.30 2.80 0.856 1.10 
Dec. 21.11 12.00 16.56 21.70 8.30 15.00 23.60 13.60 54.56 86.00 3.18 2.10 0.877 1.10 

Source: Meteorological survey department, Egypt. 
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Map 1: Location of soil profiles in the studied soil 
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 Table 2: The weight mean to partical size distribution and saturation precent of the studied soils between year (1986 & 
2011) 
 

Location. 
No. 

C. 
Sand% 

F. 
Sand% 

Silt 
% 

Clay 
% 

SP 
 

1986 2011 1986 2011 1986 2011 1986 2011 1986 2011 
1. Shebl.Iz 3.99 1.23 26.46 12.11 25.69 22.37 43.11 64.50 84.00 79.70 
2.AlkaserAlh 9.62 2.89 46.72 17.04 17.53 37.58 26.16 42.48 51.00 81.80 
3.Hawad 6 6.20 1.17 43.02 3.79 21.56 18.21 29.22 76.83 61.00 97.60 
4. Zoqalih.Iz 11.83 4.00 41.48 16.60 15.57 46.80 30.86 32.60 61.00 80.00 
5.Mini.Ba(1) 8.46 1.70 36.12 6.00 23.29 36.80 31.55 55.50 58.00 76.70 
6.Mini.Ba(2) 6.90 1.90 25.66 10.90 22.13 21.20 45.31 66.00 86.00 77.50 
7. Alashrin.Iz 1.31 1.70 28.72 11.90 29.62 26.30 40.36 60.10 62.00 87.90 
8.Alno. Alba 1.26 2.72 42.64 21.58 14.95 36.54 41.50 41.07 80.00 77.92 
9. Sherf.Iz 1.74 1.17 42.13 10.97 23.36 29.00 32.24 59.05 53.00 77.48 
10.Bawadi 0.96 2.40 20.15 9.10 32.14 34.20 46.40 54.30 78.00 79.90 
11. farag.Iz 1.38 0.70 21.39 2.70 33.97 19.30 43.26 77.30 64.00 85.90 
12.Alkanayes 0.92 2.10 16.62 16.10 31.36 32.20 48.77 49.60 74.00 81.80 
13.Idku(1) 3.67 1.60 17.99 9.90 33.32 30.40 45.06 58.10 93.00 83.70 
14.Idku(2) 7.88 1.20 21.97 5.70 20.83 22.20 47.30 70.90 82.00 91.00 

 
Table 3: Location, depth of grand water and cultivated plants of the studied soil profiles 
 

Location. 
Name 

Profile 
No. 

Depths 
cm 

Cultivated plant Depth of grand water (cm) 
1986 2011 

Shebl.Iz 1 0-30,  30-120,  120-150 Wheat 120 150 
Alqasr Alkhdr  2 0-30,  30-120,  120-150 Wheat 120 150 
Hawd.6 3 0-30,  30-120,  120-150 Wheat 120 150 
Zoqalih.Iz 4 0-30,  30-80 Wheat 120 80 
Minishit Basuone 1 5 0-30,  30-70 Wheat 150 70 
Minishit Basuone 2 6 0-30,  30-60 Wheat 150 60 
Al ashrin.Iz 7 0-30,  30-100,  100-150 Wheat 100 150 
ALnoshio Albahri 8 0-30,  30-120,  120-150 Wheat 110 160 
Sherf.Iz 9 0-30,  30-120,  120-160 Wheat 150 160 
Bawadi 10 0-30,  30-120,  120-160 Wheat 150 160 
Farag.Iz 11 0-30,  30-120,  120-160 Wheat 150 160 
Alkanays 12 0-30,  30-120,  120-150 Wheat 85 150 
Idku 1 13 0-30,  30-80,  80-150 Wheat 150 150 
Idku 2 14 0-30,  30-70,  70-150 Wheat 150 150 

 
 
Results and discussions 
 
1. Weight mean of electric conductivity (EC) of the studied soils 1986 and 2011. 

The presented data in Table (4) showed that the weight means to EC dSmP

-1
P values of the studies soil samples in 

year 1986 were different the values in profiles. The highest values of EC were found in profile Idku 2, Idku 1 very 
saline whereas the values were 51.70 and 47.80 dSmP

-1
P respectivly, profile Minishit Basuni 2 was EC vales saline 

whereas values 9.00 dSmP

-1
P, in profiles Alnoshio Albahri, Shebl Izba, Hawad 6 were EC moderately saline whereas 

values 7.80, 6.70, 4.50dSmP

-1 
Prespectivly, P

 
Pand profiles Bawadi, Minishit Basuni 1, Alashrin Izba, Alkanayes and Zoqalih 

Izba were EC slightly saline whereas values 3.20, 3.10, 3.10, 2.70 and 2.40 dSmP

-1
P, respectively, according to Richards 

(1954).  
The profiles "Idku 1 and Idku 2" in year 1986 not cultivation, these profiles cultivated in year 1993 and 

increase human activity along time. The environmental conditions (temperature, evaporation, humidity, groundwater 
table (its depth and salinity) and activity human affect the salt balance of the soil and this is refelected directly on the 
exchangeable sites in soil complex. The range EC due to the long cultivation periods and increasing agriculture activity 
of Idku area, rainfall the rate of in year 1986 was 100.28mm/year, temperature the mean range to in year 1986 was 
24.0CP

o
P and evaporation mean found range in year 1986 was 6.97mm/day.  

 
            In comparison with, data in Table (5) were the weight means to EC dSmP

-1
P values of the studies soil samples in 

year 2011 were different the values in profiles. The highest values of EC were found in profile "Idku 1, Sherf Izba, 
Alnoshio Albahri, Shebl Izba" 2.60, 2.40, 2.30 and 3.10 dSmP

-1
P respectively, this data direction to profiles is very 

slightly saline. Other profiles values EC 0.70, 1.90, 0.70, 0.90, 1.50, 0.70, 1.30, 1.40, 1.80 and 1.60 dSmP

-1
P "Alkaser 

Alakhdar, Hawad 6, Zoqalih Izba, Minishit Basuni 1, Minishit Basuni 2, Alashrin Izba, Bawadi, Farag Izba, Alkanays 
and Idku 2" respectively, this profiles is non saline. The range EC was due to the long cultivation periods and increasing 
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agriculture activity of Idku area, rainfall the rate of in year (2011) 62.40 mm/year, Temperature the mean range to in 
year (2011) 26.56 Co and evaporation mean found range in year (2011) 4.85 mm/day. Areas were classified as non-to 
slightly-saline. This is probably due to it's relatively clay textured grade and well drainage conditions that enhanced the 
removal of the excess salts. Soil salinity is more associated with the inherited accumulations due to the intensive 
weathering, shallow water table, continuous lateral seepage from the relatively high areas and absence of adequate soil 
drainage system. Nadi et al., (2010) showed that ECe values in the Nile alluvial soils were ranged from 0.80 to 12.26 
dSm-1 indicate that the soils are non saline to moderately saline.   
 
Table 4: The weight mean to electric conductivity and soluble ions of the studied soils (1986) 
 

Location. 
No. 

ECe 
dSmP

-1 
Soluble cations (mmolc LP

-1
P) Soluble anions(mmolc LP

-1
P) 

CaP

2+ MgP

2+ NaP

+ KP

+ HCOR3RP

- Cl P

- SOR4RP

2- 

1.Shebl.Iz 6.70 28.2 23.9 30.3 0.80 2.20 24.8 56.2 
2.Alqasr Alkhdar 2.10 7.40 7.40 8.30 0.50 3.50 6.00 14.2 
3.Hawad 6 4.50 7.20 10.9 26.7 0.60 3.30 25.3 16.9 
4.Zoqalih. Iz 2.40 6.50 8.70 13.0 0.60 4.90 7.50 16.4 
5.MinishitBasuni(1) 3.10 19.7 13.2 6.90 0.40 2.30 3.80 40.2 
6.MinishitBasuni(2) 9.00 24.1 20.0 71.0 1.50 2.40 14.4 99.9 
7.Alashrin.Iz 3.10 8.60 6.70 18.7 0.40 3.80 12.6 18.0 
8.Alnoshio AlBahri 7.80 5.90 9.40 63.4 0.90 4.00 45.1 30.6 
9.Sherf.Iz 1.60 5.30 4.30 6.20 1.00 2.30 4.00 9.60 
10.Bawadi 3.20 4.30 4.60 18.7 0.20 4.30 8.80 21.6 
11.Farag.Iz 1.30 5.80 3.50 6.50 0.20 3.90 4.20 7.90 
12.Alkanays 2.70 4.10 4.50 21.7 0.20 3.40 7.30 19.9 
13.Idku(1) 47.8 34.8 111 432.9 9.20 2.30 478.4 87.2 
14.Idku(2) 51.7 49.5 76.8 480.6 8.20 1.00 493.6 120.5 

*No detected COR3RP

2- 
 
Table 5: The weight mean to electric conductivity and soluble ions of the studied soils (2011) 
 

Location. 
No. 

ECRe 
dSmP

-1 
Soluble cations(mmolc LP

-1
P) Soluble anion(mmolc LP

-1
P) 

CaP

2+ MgP

2+ NaP

+ KP

+
 HCOR3RP

- Cl P

- SOR4RP

2- 
1.Shebl.Iz 3.10 7.23 8.15 13.3 0.69 3.92 15.78 9.69 
2.Alqasr Alkhdar 0.70 1.72 1.45 2.90 0.20 1.33 3.28 1.66 
3.Hawad 6 1.90 4.92 3.89 6.91 0.46 2.22 9.67 4.29 
4.Zoqalih.Iz 0.70 1.44 1.07 3.70 0.31 1.13 3.10 2.29 
5.MinishitBasuni(1) 0.90 2.11 2.01 4.58 0.50 1.77 5.19 2.28 
6.MinishitBasuni(2) 1.50 3.52 3.60 5.44 0.22 2.15 6.92 3.70 
7.Alashrin.Iz 0.70 1.40 1.30 3.33 0.34 1.09 3.38 1.91 
8.Alnoshio AlBahri 2.30 4.75 3.58 9.12 0.20 2.30 14.0 4.35 
9.Sherf.Iz 2.40 6.90 6.02 8.60 0.23 3.08 12.8 5.91 
10.Bawadi 1.30 3.44 2.23 5.21 0.43 2.69 5.08 3.54 
11.Farag.Iz 1.40 3.63 3.64 5.75 0.18 2.06 7.41 3.73 
12.Alkanays 1.80 4.84 3.27 8.19 0.16 2.45 10.2 3.86 
13.Idku(1) 2.60 5.71 6.46 9.19 1.90 4.05 13.8 7.35 
14.Idku(2) 1.60 3.01 3.81 4.63 0.52 1.40 6.87 3.69 
*No detected COR3RP

2-
 

 
2. Statistical 0Tanalysis 0Tthe weight mean of soil electric conductivity.  

The presented data in Table (6) show that some statistical parameters of electric conductivity of weight mean 
of the some location in studied soils. Electric conductivity (EC) in mean year (1986) 10.57 increase from year (2011) 
1.64. 

Also, stander deviation (stDev) to electric conductivity EC in year (1986) 16.77 increase from year (2011) 
0.76. Stander deviation (SE) to electric conductivity (EC) in year (1986) 4.48 increase from year (2011) 0.20. 

 
Table 6: Statistical 0Tanalysis 0Tthe weight mean of soil electric conductivity 
 

Maximum Minumim Mean Variable 
2011 1986 2011 1986 2011 1986 
3.10 51.70 0.70 1.30 1.64 10.57 ECP

 
PdSmP

-1 

T SE SE StDev 
Tabulated Test Different 2011 1986 2011 1986 

2.16 2.02 4.43 0.20 4.48 0.76 16.77 
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3. Distribution availability of macronutrients (N and P) in surface layer of the studied soils 1986 comparison with 
2011            
 
         Data presented in Table (7) show that of studied soils available macronutrients in years (1986 and 2011), in year 
(2011) available nitrogen was improved on all profiles, the results indicated that the available nitrogen in all profiles 
were medium. In comparison with, year (1986) available nitrogen was very lowest, because the farmers changed the 
fertilization strategies whereas now farmers added NH4NO3 (N 33%) and Urea (N 46.5%) fertilizers throw through 
year in soil and cultivation crops which help on catch nitrogen on roots for example, clover and bean, these results 
agreement with Abou El-Eneni et al. (2008).  
          Also, to satisfy and meet the objectives of the present study, Table (7) showed that of the studied area in year 
(2011) was lowest available phosphor in all profiles except profile "Alnoshio Albahri" was medium available phosphor. 
In comparison with, year (1986) was between high and medium, because carelessness in phosphor fertilizer, poor range 
management to agriculture the cycle, misuses of irrigation, high temperature help on fast analysis to organic matter and 
cultivation practices were unsuitable land so a cause of consumed of available phosphor (Gaddes, 1997), according to 
be critical level of the studied available plant nutrient (Lindsay and Norvell, 1978). Shalabbi (1977) studying the effect 
of soluble divalent cations Ca2+ and Mg2+ individually on available phosphorus in Egyptian soils (Idku region).  
 
Table 7: Available of nitrogen and phosphor (mg kg-1) in surface layer of the studied soils (1986 & 2011) 
 

Location 
 No.  

N P 
1986 2011 1986 2011 

AV.* Clas.* AV.* Clas.* AV.* Clas.* AV.* Clas.* 
1.Shebl.Iz 3.80 Low 52.88 Medium 5.00 Low 4.00 Low 
2.Alqasr Alkhdar 10.3 Low 65.61 Medium 21.5 High 3.50 Low 
3.Hawad 6 9.60 Low 63.64 Medium 16.0 High 2.80 Low 
4.Zoqalih.Iz 10.6 Low 64.11 Medium 12.2 High 4.30 Low 
5.MinishitBasuni(1) 6.10 Low 61.12 Medium 12.7 High 2.10 Low 
6.MinishitBasuni(2) 5.50 Low 64.06 Medium 3.20 Low 2.70 Low 
7.Alashrin.Iz 8.30 Low 72.15 Medium 18.4 High 3.10 Low 
8.Alnoshio AlBahri 8.30 Low 59.01 Medium 8.40 Medium 7.00 Medium 
9.Sherf.Iz 4.20 Low 64.16 Medium 12.4 High 2.70 Low 
10.Bawadi 7.60 Low 65.11 Medium 10.4 High 3.00 Low 
11.Farag.Iz 7.40 Low 73.00 Medium 8.00 Medium 2.80 Low 
12.Alkanays 8.30 Low 74.32 Medium 44.8 High 2.80 Low 
13.Idku(1) 1.30 Low 61.66 Medium 4.90 Low 2.00 Low 
14.Idku(2) 1.20 Low 67.13 Medium 6.10 Medium 1.90 Low 
*Note: AV.*=available, Clas.*=classification. Critical level of the studied available plant nutrients (mg/kg), after Lindsay and 
Norvell (1978),[N <40.0 Low, 40.0-80.0 Medium, >80.0 High;  P <5.0 Low, 5.0-10.0 Medium, >10.0 High. 

 
4. Distribution of micronutrient availability in surface layer of the studied soils 1986 comparison with 2011            
 

Data in Table (8a&b) showed the AB-DTBA extractable of some micronutrient in surface layers of the studied 
soils in year (2011) and year (1986), the amount of available Fe extracted with DTPA in the studied soils year (2011) 
increase in mostly profiles, whereas range was between 2.00  to 32.6 mg kgP

-1
P. In comparison with, year (1986) was 

range between 2.00 to 14.2 mg kgP

-1
P it could be attributed that the most soil was farms tree guava, it greedy iron fertilizer 

so farmers add iron compounds to collect increase mass production. Also, other layers were range between 1.80 to 4.60 
mg kgP

-1
P amounts of available Fe increased by increasing clay (Nadi et al., 2010). 

The presented data in year (2011) show that standard available Mn in surface layers of studies soils. All 
surface layers in the studies soils were high between range 2.10 to 5.50 mg kgP

-1
P. In comparison with, year (1986) was 

range between 8.00 to 30.0 mg kgP

-1
P. Data showed that ratio of Mn in year (2011) were decrease in comparison year 

(1986). It could be attributed that the because carelessness in organic matter, poor range management to agriculture the 
cycle, misuses of irrigation, high temperature help on fast analysis to organic matter and cultivation practices were 
unsuitable land. The obtained resultes are in agreement with Nadi, et al. (2010) as she found that Mn values in the sand, 
silt and clay fraction in the Nile alluvial soils highest values are detected in the surface layer, while the lowest values 
are associated with the deepest layers.  

Data in year (2011) show that standard available Zn in surface layers of studies soils. Found standard Zn is low 
in some profiles "Hawad 6, Alnoshio Albahri, Sherf Izba and Bawadi" whereas range between 0.45 to 0.71 mg kgP

-1
P. 

Also found profiles standard Zn was medium in profiles "Farag Izba and Idku 1" whereas range 0.98 and 2.20 mg kg P

-1
P 

respectively, ever lasting the profiles is high content whereas range between 1.83 to 5.60 mg kgP

-1
P. In comparison with, 

year (1986) found profiles between medium and high, whereas range between 1.00 to 10.6 mg kgP

-1
P. It could be 

attributed that the lowest amount of silt and organic matter.  
                Data of available copper are given in year (2011) show that highest value was all profiles. Available copper of 
the studied profiles were range from 1.00 to 19.6 mg kgP

-1
P. In comparison with, year (1986) all profiles were high, 

whereas range between 3.2 to 11.8 mg kgP

-1
P. These values are relatively higher than those of El Sayed (1983) and 

International Science and Technology Conference, Dubai, 13-15 December 2012

383



ISTEC 20
12

Rashad (1986) may be due to seepage from Idko lake. Too the availability of soil copper may be due to the presence of 
hydroxyl acid produced by microorganisms from the organic material present in the soils (El Damaty et al., 1973). 
According to the deficiency limits of  available Fe, Mn, Zn and Cu given by Soltanpour (1985) all the studied soils 
contained adequate to high levels of  Fe, Mn, Zn and Cu to support normal plant growth.   
 
Table 8a: Available of some micronutrients (mgkg-1) in surface layers of the studied soils (2011) 
 
 
  
 

Table (8b): Available of some micronutrients (mg kg-1) in surface layers of the studied soils (1986)          
 
  

Conclusion  
 
The results obtained in the study showed that: 
1-The electric conductivity in year 2011 decreased in compares with 1986 
2-Available nitrogen in year 2011 increased in compares with year 1986. However available phosphors in year 2011 
decreased in compares with 1986. 
3-Available iron in year 2011 increased in compares with year 1986. However available manganese, zinc and copper in 
year 1986 increased in compares with 2011. 
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� .DOH�GXYDUODUÕQGDNL�NHVPH�WDúODUÕQ�]DPDQ�LoLQGH�ELQD�WHPHOL�YH\D�\HQL�ELQD�LQúD�HWPHN�LoLQ�V|N�OPHVL��
EXOXQWX� DUDPDN� LoLQ� \DSÕODQ� ELOLQoVL]�� NDoDN� ND]ÕODUGD� \DSÕODQ� WDKULEDWODU�� L\L� QL\HWOH� IDNDW� WHNQL÷LQH� X\JXQ�
ROPD\DQ� RQDUÕP� P�GDKDOHOHUL� YH� ]L\DUHWoLOHU� WDUDIÕQGDQ� \DSÕODQ� UHVLPOHU� YH� \D]ÕODU� LQVDQ� HOL� LOH� \DSÕODQ�
WDKULEDWODU�RODUDN�VÕUDODQDELOLU��ùHNLO������
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ùHNLO����6XU�GXYDUODUÕQD�\DSÕODQ�\DQOÕú�P�GDKDOHOHU�
�

�
.DOH�GXYDUODUÕQGD�oHYUH�úDUWODUÕQGDQ�PH\GDQD�JHOHQ�ER]XOPDODU�GDKD�oRN�LNOLP�úDUWODUÕQD�YH�PDO]HPH�\DSÕVÕQD�
ED÷OÕ� RODUDN� JHOLúPHNWHGLU�� ,VÕQPD�VR÷XPD�� \�]H\VHO� VXODUÕQ� E�Q\H\H� JLUPHVL� YH� GRQPD�o|]�OPH� JLEL� GÕú�
HWNHQOHU� LOH� WDú� YH� ED÷OD\ÕFÕ� PDO]HPHQLQ� NLP\DVDO� YH� IL]LNVHO� |]HOOLNOHULQH� ED÷OÕ� RODUDN� VXU� GXYDUODUÕQGD�
ER]XOPDODU�PH\GDQD�JHOPHNWHGLU��%X�KDVDUODU�� WRSWDQ�YH\D�NÕVPL�J|oPH��G�úH\�oDWODNODU�YH�D\UÕOPDODU��\DWD\�
GHU]OHU�ER\XQFD�KDUHNHWOHU�YH�PDO]HPH�ND\ÕSODUÕ�úHNLOGH�JUXSODQGÕUÕODELOLU���
� +DVDUODUÕQ�EHOLUOHQPHVL�YH�VÕQÕIODQGÕUÕOPDVÕQGD�,&2026�,QWHUQDWLRQDO�6FLHQWLILF�&RPPLWWHH�IRU�6WRQH�
�,6&6��WDUDIÕQGDQ�KD]ÕUODQDQ�³,OOXVWUDWHG�JORVVDU\�RQ�VWRQH�GHWHULRUDWLRQ�SDWWHUQV´�GH�YHULOHQ�WDQÕPODPDODU�YH�
VÕQÕIODQGÕUPDODU�NXOODQÕOPÕúWÕU��,&2026�,6&6���������
�
�����7RSWDQ�YH\D�NÕVPL�J|oPH�
�
� dHYUH�úDUWODUÕQÕQ�HWNLVL�YH�LQVDQODU�WDUDIÕQGDQ�\DSÕODQ�GH÷LúLN�DPDoOÕ�P�GDKDOHOHU�VRQXFXQGD�RUWD\D�oÕNDQ�
VXU� GXYDUODUÕQÕQ� GÕú� \�]H\LQLQ� NÕVPHQ� YH\D� WDPDPHQ� ER]XOPDVÕGÕU� �ùHNLO� �� YH� ���� 6XU� GXYDUODUÕ� WDEDQÕQGD�
\DSÕODQ�ND]ÕODU��GXYDU�J|YGHVLQGHQ�WDú�DOÕQPDVÕ��\D÷PXU�YH�NDU�VXODUÕQÕQ�GXYDU�LoLQGH�LOHUOHPHVL��|]HOOLNOH�NÕú�
D\ODUÕQGD�WHNUDUOÕ�GRQPD�YH�o|]�OPH�LOH�RUWD\D�oÕNDQ�EDVÕQFÕQ�WDú�|UJ�\��YH�ED÷OD\ÕFÕ�PDO]HPH\L�ER]PDVÕ�JLEL�
HWNHQOHU� GXYDUODUÕQ� VWDELOLWHVLQL� ND\EHWPHVLQH� YH� DUNDVÕQGDNL� GROJXODUÕQ� ER]XODUDN� \D\ÕOPDVÕQD� QHGHQ�
ROPDNWDGÕU�� <DSÕGD� GXYDU� LOH� GROJX� DUDVÕQD� JLUHQ� \�]H\VHO� VXODUÕQ� WDKOL\HVL� LoLQ� ELU� GUHQDM� VLVWHPLQLQ�
G�]HQOHQGL÷L� DQODúÕOPDNWDGÕU�� $QFDN� EX� VLVWHPLQ� ]DPDQ� LoLQGH� ER]XOGX÷X� YH� LúOHYLQL� \LWLUGL÷L�
GH÷HUOHQGLULOPLúWLU��ùHNLO���GH�GXYDU�LoLQGH�ELULNHQ�VXODUÕQ�WDKOL\HVL�LoLQ�G�]HQOHQPLú�D]�VD\ÕGDNL�EDUEDNDQGDQ�
ELUL�J|U�OPHNWHGLU��
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ùHNLO����'XYDU�WHPHOLQH�\DNÕQ�G�]HQOHQPLú�EDUEDNDQ�
� �
�����'�úH\�oDWODNODU�YH�D\UÕOPDODU�
�
� 'Õú� HWNHQOHUH� ED÷OÕ� RODUDN� GROJX� WDEDNDODUÕQGD� ROXúDQ� EDVÕQFÕQ� HWNLVL� LOH� EHGHQ� GXYDUODUÕQGD� G�úH\�
GR÷UXOWXGD�PLOLPHWUH�ER\XWXQGD�oDWODNODU�\HU�\HU�GH�VDQWLPHWUH�ER\XWXQD�\DNODúDQ�D\UÕOPDODU�J|]OHQPHNWHGLU��
%X�D\UÕOPDODU�G�úH\�GHU]OHUL�WDNLS�HGHUHN�RUWD\D�oÕNWÕ÷Õ�JLEL�G�]�ELU�GR÷UXOWX�ER\XQFD�WDúODUÕ�NHVHUHN�LOHUOHGL÷L�
GH�J|U�OPHNWHGLU��ùHNLO������
�
�����<DWD\�GHU]OHU�ER\XQFD�KDUHNHWOHU�
�
� %HGHQ� GXYDUODUÕQÕQ� ED÷ÕO� \DWD\� KDUHNHWL� D]� ROPDNOD� ELUOLNWH� WHPHOH� \DNÕQ� E|OJHOHUGH� UDVWODQPDNWDGÕU��
'XYDU� WHPHOLQGH� PH\GDQD� JHOHQ� \HU� GH÷LúWLUPHOHU� YH� ]D\ÕI� GHU]OHU� KDUHNHWOHQPHQLQ� QHGHQOHUL� RODUDN�
GH÷HUOHQGLULOPLúWLU��ùHNLO�������
�
�����'HU]�ERúDOPDVÕ�
�
� 'HU]�ERúDOPDVÕ�HQ�oRN�UDVWODQDQ�KDVDU�W�UOHULQGHQ�ELULGLU��ùHNLO���������YH�����'RQPD�o|]�OPH�JLEL�LNOLP�
úDUWODUÕ�YH�WDú�EORNODUÕQ�\DWD\�G�úH\�KDUHNHWOHUL�VRQXFXQGD�RUWD\D�oÕNPDNWDGÕU��2OXúDQ�ERúOXNODU�VHEHEL�LOH�G�úH\�
\|QGH�NXYYHW�DNWDUÕODPDPDNWD�YH�\DSÕ�VWDELOLWHVL�ER]XOPDNWDGÕU��
�
�����0DO]HPH�ND\ÕSODUÕ��
�
� 0DO]HPH�ND\ÕSODUÕ�� WDú� EORNODUGD� Lo� EDVÕQFÕQ� DúÕUÕ�DUWPDVÕ� VRQXFX� ELUELULQH� WHPDV� HGHQ�N|úHOHUGH� YH\D�
NHQDU�ER\XQFD�WDú�SDUoDODUÕQÕQ�\RQJD�úHNOLQGH�NRSDUDN�D\UÕOPDVÕ��NHVLW�D]DOPDVÕ��RODUDN�J|]OHQPLúWLU����������
PP�GHULQOL÷H�YDUDQ�ND\ÕSODU�WHVSLW�HGLOPLúWLU��%X�KDVDU�W�U��WDú�EOR÷XQ�|UJ��úHNOLQH�YH�GD\DQÕPÕQD�ED÷OÕ�RODUDN�
RUWD\D�oÕNPDNWDGÕU��ùHNLO������
� $\UÕFD�PDO]HPH�ND\ÕSODUÕ�WDú�\�]H\LQGH�G�]HQVL]�úHNLO�YH�IDUNOÕ�ER\XWODUGD�\HUHO�ERúOXNODUÕQ��DOYHROOHU��
ROXúPDVÕ� úHNOLQGH� GH� J|]OHQPLúWLU� �ùHNLO� ����� %R\XWODUÕ� �����PP� GHULQOL÷H� NDGDU� JLGHQ� PDO]HPH� ND\ÕSODUÕ��
DúÕQPDODU� WHVSLW� HGLOPLúWLU�� $úÕQPD�HUR]\RQ� WDúÕQ� IL]LNVHO� YH� NLP\DVDO� |]HOOLNOHULQGHNL� KHWHURMHQ� �KRPRMHQ�
ROPD\DQ�� GD÷ÕOÕPGDQ� RUWD\D� oÕNDQ� ELU� D\UÕúPD� W�U�G�U�� %X� ROJX� GDKD� oRN� VHUW� YH� ERúOXNOX� DODQODUÕ� ELUOLNWH�
E�Q\HVLQGH�EDUÕQGÕUDQ�KHWHURMHQ�\DSÕGDNL�ND\D�EORNODUÕQGD��VHGLPDQWHU�YH�YRONDQLN�ND\DODU��RUWD\D�oÕNPDNWDGÕU��
.XUDN�LNOLPOHUGH�PHWUH�ER\XWXQGD�J|U�OHELOLU�����
�
�
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ùHNLO����6XU�GXYDUODUÕQGD�J|]OHQHQ�G�úH\�oDWODNODU�YH�D\UÕOPDODU�
�

� �
�

ùHNLO����6XU�GXYDUODUÕQGD�J|]OHQHQ�\DWD\�KDUHNHWOHQPHOHU�YH�D\UÕOPDODU�
�
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ùHNLO����6XU�GXYDUODUÕQGD�J|]OHQHQ�GHU]�YH�WHPHO�ERúDOPDODUÕ�
�

���� �
�

ùHNLO����7Dú�EORNODUGD�J|]OHQHQ�PDO]HPH�ND\ÕSODUÕ��NHVLW�D]DOPDODUÕ��
�

��� �
�

��� �
�

ùHNLO�����7Dú�EORNODUGD�J|]OHQHQ�IDUNOÕ�ER\XW�YH�W�UOHUGH�PDO]HPH�ND\ÕSODUÕ��HUR]\RQ��
�
�
�
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���<DSÕQÕQ�2QDUÕP�YH�*�oOHQGLULOPHVL�
�
� %X�E|O�PGH�NDOH�EHGHQ�GXYDUODUÕQÕQ�RQDUÕP�YH�J�oOHQGLULOPHVLQGH�X\JXODQDFDN�\|QWHPOHU�VXQXOPXúWXU��
'DKD�|QFH�EHOLUOHQHQ�KDVDU�W�UOHULQLQ�RQDUÕP�YH�J�oOHQGLULOPHVLQGH�KDQJL�\|QWHPLQ�NXOODQÕODFD÷Õ�DúD÷ÕGD�D\UÕ�
D\UÕ�YHULOPLúWLU��
�
�����<HQL�\DSÕP�
�
� 7RSWDQ� J|oPH� KDVDUODUÕQ� EHOLUOHQGL÷L� E|OJHOHUGH� \HQL� EHGHQ� GXYDUODUÕ� LQúDVÕ� \ROXQD� JLGLOPHOLGLU�� %X�
X\JXODPDGD�GXYDU�J|YGHVL�VD÷ODP�ND\D�]HPLQH�RWXUWXODUDN��PHYFXW�EHGHQ�GXYDUODUÕ�LOH�X\XPOX�ER\XWODUGD�ND\D�
EORNODU� NXOODQÕODUDN� LQúD� HGLOPHOLGLU�� /DERUDWXYDU� GHQH\OHUL� LoLQ� PHYFXW� \DSÕGDQ� DOÕQDQ� WDú� YH� ED÷OD\ÕFÕ�
QXPXQHOHUL� �]HULQGH� \DSÕODQ� GHQH\� VRQXoODUÕ� LOH� X\XPOX� ED÷OD\ÕFÕ� NXOODQÕOPDOÕGÕU�� 'XYDU� LPDODWÕ� VÕUDVÕQGD�
PHYFXW�PROR]� GROJX� LOH� GXYDU� DUDVÕQGD� NDODQ� ERúOXNODU� KDUoOÕ�PROR]� LOH� GROGXUXOPDOÕGÕU�� .ÕVPL� J|oPH� YH\D�
ERúDOPD�RODQ�E|OJHOHUGH�GH�JHUHNHQ�WHPL]OLN�\DSÕOGÕNWDQ�VRQUD�ND\D�EORNODU�\HUOHúWLULOLS�ERúOXNODU�%|O�P������GH�
YHULOHQ� HQMHNVL\RQ� X\JXODPDVÕ� \DSÕODUDN� GROGXUXOPDOÕGÕU�� 'DKD� VRQUD� \�]H\� GHU]OHUL� \DSÕOPDOÕGÕU�� <�]H\�
GHU]OHUL�KLGUROLN�HVDVOÕ�ED÷OD\ÕFÕ�YH\D�WDú�PDO]HPHQLQ�E�Q\HVL�LOH�X\XPOX�JHQOHúHQ�WDPLU�KDUFÕ�LOH�\DSÕODELOLU��
�
�����(QMHNVL\RQ�X\JXODPDVÕ�
�
� (QMHNVL\RQ� LúOHPL� \DSÕ\D� |]J�Q� PHNDQLN� |]HOOLNOHULQL� ND]DQGÕUPDN� LoLQ� oDWODN�ERúOXN� LoLQH� X\JXQ�
IL]LNVHO�YH�NLP\DVDO�|]HOOLNWH�VÕYÕ�PDO]HPH�HQMHNWH�HWPHNWHQ�LEDUHWWLU��(QMHNVL\RQ�LOH�GXYDU�LoHULVLQGH�EXOXQDQ�
ERúOXNODUÕQ� YH� oDWODNODUÕQ� GROGXUXODUDN� GXYDU� NHVLWLQLQ� V�UHNOLOL÷L� VD÷ODQÕU�� %|\OHFH� GXYDU� \�NOHUL� NHVLQWLVL]�
RODUDN�WHPHOOHUH�DNWDUÕOÕU�YH�RODVÕ�G|N�OPHOHU�YH�ND\ÕSODU�HQJHOOHQPLú�ROXU��.XOODQÕODFDN�HQMHNVL\RQ�PDO]HPHVL�
\DSÕ\Õ� ROXúWXUDQ�PHYFXW�PDO]HPHOHUOH� X\XPOX� ROPDOÕGÕU��+LGUROLN� NLUHo� HVDVOÕ� HQMHNVL\RQ�PDO]HPHOHUL� oDWODN�
RQDUÕPODUÕ� LoLQ� HQ� X\JXQ� �U�QOHUGLU�� 'XYDU� LoLQGHNL� ERúOXNODUÕ� GROGXUDELOPHN� LoLQ� NXOODQÕODQ� PDO]HPHQLQ�
LQFHOL÷L�YH�DNÕúNDQOÕN�|]HOOLNOHUL�JHOLúPLú�ROPDOÕGÕU��0HNDQLN�|]HOOLNOHUL�L\L�RODQ�DQFDN�o|]�QHELOHQ�WX]ODU�LoHUHQ�
YH� \�NVHN� KLGUDWDV\RQ� VÕFDNOÕ÷ÕQGD� oLPHQWR� úHUEHWL� \D� GD� HSRNVL� UHoLQHOHULQLQ�NXOODQÕOPDVÕ� DoÕNODQDQ� LONHOHUH�
X\JXQ�ROPDGÕ÷Õ�LoLQ�EX�X\JXODPDODUGDQ�NDoÕQÕOPDOÕGÕU���
� %X�\|QWHP��EX�\DSÕ�LoLQ����PP�GHQ�N�o�N�ND\D�oDWODNODUÕ�LoLQ�X\JXODQDFDNWÕU��%XQXQOD�ELUOLNWH�E�\�N�
ER\XWODUGD�ROXúDQ�GHU]�ERúOXNODUÕQÕ�GROGXUPDN�LoLQ�NR\X�NÕYDPOÕ�HQMHNVL\RQODU�GD�X\JXODQDELOLU��%|O�P�����GH�
³'HU]� ERúDOPDVÕ´� RODUDN� WDQÕPODQDQ� KDVDU� W�U�� GH� EX� X\JXODPD� LOH� RQDUÕOPDOÕGÕU�� 0HYFXW� GXYDU� LoLQGH�
GH÷LúWLULOPHVL�JHUHNHQ�ND\D�EORNODUÕQ�ED÷ODQPDVÕ�LoLQ�GH�EX�\|QWHPGHQ�ID\GDODQÕODELOLU��
�
�����)53��/LIOL�3ROLPHU��oXEXN�X\JXODPDVÕ�
�
� %X�\|QWHPGH�GXYDU�GHU]OHULQGH�������PP�GHULQOLNWH�ERúOXNODU�DoÕODUDN�EX�ERúOXNODUD�|]HO�UHoLQH�\D�GD�
NLUHo�HVDVOÕ�KDUoODU�NXOODQÕODUDN�)53�NDUERQ�oXEXNODU�\HUOHúWLULOLU��ùHNLO������)53�oXEXNODU�LOH�GXYDU�\�]H\LQGH�
ROXúDQ�oHNPH�JHULOPHOHUL�NDUúÕODQPÕú�ROXU��)53�oXEXNODU�oHOLN�GRQDWÕODUD�J|UH�oRN�\�NVHN�PHNDQLN�GD\DQÕPODUD�
VDKLS� YH� NRUR]\RQD� GD\DQÕNOÕ� ROPDODUÕ� QHGHQL\OH� oRN� X]XQ� |P�UO�G�UOHU�� dXEXN� oDSODUÕ� ����� PP� DUDVÕQGD�
GH÷LúHQ�GDLUH�NHVLWOL�YH\D����[���PP�|Oo�OHULQGH�GLNG|UWJHQ�NHVLWOL�RODUDN��UHWLOPHNWHGLU��%$6)����
�

�
�

ùHNLO�����)53�oXEXN�YH�NLUHo�HVDVOÕ�KDUoOD�GXYDU�GHU]OHULQGH�\DSÕODQ�J�oOHQGLUPH��%$6)��
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� %X� \|QWHP�� EX� \DSÕ� LoLQ� EHGHQ� GXYDUODUÕQGD� G�úH\� GR÷UXOWXGD� PH\GDQD� JHOHQ� ��� PP� GHQ� E�\�N�
oDWODNODUÕQ�RQDUÕP�YH�J�oOHQGLULOPHVLQGH�X\JXODQDFDNWÕU��<DWD\�GHU]OHU�ER\XQFD��������FP�DUDOÕNODUOD�YH\D�KHU�
LNL� \DWD\� GHU]GH� ELU� RODFDN� úHNLOGH� G�]HQOHQHFHNWLU�� dDSODUÕ� ��� PP� RODQ� )53� oXEXNODUÕQ� ER\ODUÕ� oDWODN�
ELWLPLQGHQ�LWLEDUHQ���P�GDKD�X]DWÕODUDN�EHOLUOHQHFHNWLU��<HUOHúWLUPH�LúOHPLQGHQ�VRQUD�)53�oXEX÷XQ��]HUL�GHU]�
GROJXVX�LOH�WDPDPHQ�NDSDWÕODFDNWÕU��%X�\|QWHP�LOH�%|O�P�����GH�³'�úH\�oDWODNODU�YH�D\UÕOPDODU´�YH�%|O�P�����
³<DWD\�GHU]OHU�ER\XQFD�KDUHNHWOHU´�GH�WDQÕPODQDQ�KDVDUODUÕQ�RQDUÕP�YH�J�oOHQGLULOPHVLQGH�X\JXODQPDOÕGÕU��
�
���0DO]HPH�ND\ÕSODUÕQÕQ�RQDUÕPÕ�
�
� %|O�P�����GH�³0DO]HPH�ND\ÕSODUÕ´�RODUDN� WDQÕPODQDQ�KDVDU� W�UOHULQLQ�RQDUÕPÕ� LoLQ�%|O�P���GH�YHULOHQ�
\|QWHPOHU� ELUOLNWH� YH\D� D\UÕ� D\UÕ� X\JXODQDELOLU�� 0DO]HPH� ND\EÕQÕQ� ROGX÷X� GXUXPODUGD� oDWODNOÕ� \DGD� VHUEHVW�
SDUoDODU�WHPL]OHQGLNWHQ�VRQUD�ERúOX÷D�X\JXQ�\HQL�NHVPH�WDú�EORN�NHVLOHUHN�\HUOHúWLULOPHOL��HQMHNVL\RQ�\|QWHPL�
LOH� GHU]OHUL� GROGXUXOPDOÕGÕU�� *HUHNWL÷L� GXUXPODUGD� )53� oXEXNODU� NXOODQÕODUDN� GD� J�oOHQGLUPH� \DSÕODELOLU��
(WUDIÕQGDNL�ERúOXNODU�HQMHNVL\RQ�\|QWHPL�LOH�GROGXUXOPDOÕGÕU��
�
���6RQXo��
�
� $QDGROX¶GDNL� HQ� HVNL� N�OW�U� YDUOÕNODUÕPÕ]GDQ� ELUL� RODQ� 6LYDV� 'LYUL÷L� .DOHVL� EDNÕPVÕ]OÕNWDQ� YH� N|W��
NXOODQÕPGDQ�GROD\Õ�\RN�ROPD\D�\�]�WXWPXúWXU���'LYUL÷L�NDOHVL�LoLQ�\DSÕODQ�U|O|YH��KDVDU�EHOLUOHPH��UHVWRUDV\RQ�
YH�EXQODUD�ED÷OÕ�RODUDN�|QHULOHQ�RQDUÕP�J�oOHQGLUPH�\|QWHPOHULQLQ�X\JXODQPDVÕ�LOH�NDOHQLQ�\DSÕVDO�J�YHQOL÷LQLQ�
VD÷ODQPDVÕ�� DúÕQGÕUÕFÕ�� ER]XFX� LNOLP� úDUWODUÕQD� NDUúÕ� GDKD� GD\DQÕNOÕ� KDOH� JHWLULOPHVL� VD÷ODQPÕú� RODFDNWÕU��
=L\DUHWoLOHUH�YH� WXUL]PH�DoÕOPDVÕ��WDKULEDWÕQ�GXUGXUXOPDVÕ�YH�JHOHFHN�NXúDNODUD�XODúPDVÕ� GD�E|\OHFH�P�PN�Q�
RODFDNWÕU��
�
���7HúHNN�U��
�
<D]DU��NDOH�SODQODUÕ�LoLQ�³'LYUL÷L�NDOHVL�U|OHYH�UHVWRUDV\RQ�YH�UHVWLW�V\RQ�SURMHVL´�P�HOOLIOHUL�0LPDU�+DVDQ�
)HY]L�dh*(1�YH�<��0LPDU��5HVWRUDV\RQ�8]P��0HKPHW�(PLQ�<,/0$=¶D�WHúHNN�U�HGHU��
�
���.D\QDNODU��
�
d�JHQ��+��)���<ÕOPD]��0��(�����������.LúLVHO�*|U�úPH�
�
%HWWL��0���2UODQGR��0���9LJQROL��$���������6WDWLF�EHKDYLRXU�RI�DQ�,WDOLDQ�0HGLHYDO�&DVWOH��'DPDJH�DVVHVVPHQW�
E\�QXPHULFDO�PRGHOOLQJ��3DJHV�������������&RPSXWHUV�DQG�6WUXFWXUHV������
�
%UDQFR��0���*XHUUHLUR��/�����������6HLVPLF�UHKDELOLWDWLRQ�RI�KLVWRULFDO�PDVRQU\�EXLOGLQJV��3DJHV������������
(QJLQHHULQJ�6WUXFWXUHV������
�
'R÷DQJ�Q��$���6H]HQ��+����������6HLVPLF�YXOQHUDELOLW\�DQG�SUHVHUYDWLRQ�RI�KLVWRULFDO�PDVRQU\�PRQXPHQWDO�
VWUXFWXUHV��3DJHV��������(DUWKTXDNHV�DQG�6WUXFWXUHV��9RO�����1R�����
�
,&2026�,6&6����������,OOXVWUDWHG�JORVVDU\�RQ�VWRQH�GHWHULRUDWLRQ�SDWWHUQV��,&2026�,QWHUQDWLRQDO�6FLHQWLILF�
&RPPLWWHH�IRU�6WRQH��,6&6��
�
6HQWKLYHO��5���/RXUHQoR��3��%�����������)LQLWH�HOHPHQW�PRGHOOLQJ�RI�GHIRUPDWLRQ�FKDUDFWHULVWLFV�RI�KLVWRULFDO�
6WRQH�PDVRQU\�VKHDU�ZDOOV��3DJHV������������(QJLQHHULQJ�6WUXFWXUHV������
�
$6,5�352-(����������6LYDV�'LYUL÷L�.DOHVL�5|O|YH��5HVWLW�V\RQ�gQHULVL��5HVWRUDV\RQ�3URMHVL��$6,5�352-(�
5HVWRUDV\RQ�øQúDDW�0�K��0LP��7LF��YH�6DQ��/WG��ùWL��
�
%$6)�����������7DULKL�<DSÕ�2QDUÕP�YH�*�oOHQGLUPH�5HKEHUL��6D\ID�����%$6)�<DSÕ�.LP\DVDOODUÕ�6DQ��$�ù��
�
8UDO��$���2UXo��ù���'R÷DQJ�Q��$���7XOXN��ø����������7XUNLVK�KLVWRULFDO�DUFK�EULGJHV�DQG�WKHLU�GHWHULRUDWLRQV�DQG�
IDLOXUHV��3DJHV��������(QJLQHHULQJ�)DLOXUH�$QDO\VLV��9ROXPH�����,VVXHV��±���

International Science and Technology Conference, Dubai, 13-15 December 2012

395

http://www.sciencedirect.com/science/article/pii/S1350630707000180
http://www.sciencedirect.com/science/article/pii/S1350630707000180


ISTEC 20
12

DUAL TYPE COMPLEMENTARY COLORED ELECTROCHROMIC 
DEVICES BASED ON POLY(2,5-DITHIENYLPYRROLE) DERIVATIVES 

 

 
Pinar Camurlu*, Cemil Gültekin 

Akdeniz University, Department of Chemistry, 07058, Antalya, Turkey 

 

Abstract In this study, four different, dual type polymer electrochromic devices (ECDs) based on 

homopolymers and copolymers of 4-(2,5-di-thiophen-2-yl-pyrrol-1-yl)-N-(ferrocenyl methyl)-

phenylamine (SNS-An-Fc) and 1-(2-ethyl-hexyl)-2,5-di-thiophen-2-yl-2,3-dihydro-1H-pyrrole 

(SNS-HE) were constructed. ECDs were assembled in ITO/poly(SNS-R)//PEDOT/ITO 

configuration and characterized for their performance via spectroelectrochemistry, switching, 

coloration efficiency, open circuit, stability studies and colorimetry measurements. Generally, the 

switching speeds and stability of ECDs having copolymers as their active layer were found to be 

higher than the devices of corresponding homopolymers. Among all the ECDs P(SNS-An-Fc-co-

EDOT)/PEDOT device had relatively higher stability and it retained about 84 % of its optical and 

electrical activity even after 1000 cycles.  

 

 

Keywords: dual type electrochromic device, dithienylpyrrole; poly(3,4-ethylenedioxythiophene);  
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DUNES SAND BEHAVIOR UNDER TRIAXIAL LOADS 
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Faculty of Technology, M’sila University, P.O. Box 166 Ichbilia 28000 M’sila, Algeria 
Corresponding Author: khemissa@univ-msila.dz 

 
 

Abstract: This paper has the aim of characterizing the behavior of a dunes sand collected in 
Boussaâda city (wilaya of M’sila, Algeria), where important disorders were observed in the road 
works and in the small buildings. Triaxial drained shear tests results performed on this sand using 
a servo-controlled triaxial press are presented and described. Simulation results of the sand 
behavior using two hyperbolic models and their application to calculate the bearing capacity of 
strip footing resting on a sand massif of geotechnical characteristics comparable with those of 
Boussaâda dunes sand are also presented and analyzed. It is concluded that the numerical results 
are concordant with the experimental results for the considered hyperbolic models. But, these two 
models lead to bearing capacity values lower than those given by Terzaghi’s formula. 
 
Key words: Dunes sand, triaxial drained shear test, hyperbolic model, simulation, strip footing. 

 
 
Introduction 
 
 Urban areas of Boussaâda city (wilaya of M’sila, Algeria) extends more and more towards of dunes sand zones 
less favorable than those already urbanized, from where appearance more or less important of some disorders in the 
constructions founded on their surface. These disorders come essentially from the active lateral earth pressures exerted 
by the sand dunes on the low parts of the constructions and by the settlements of the subjacent massif. 
 This paper aims at characterizing the experimental and numerical behavior of a dunes sand collected in northern 
zone of Boussaâda city (wilaya of M’sila, Algeria), where important constructions (buildings, roads, houses, etc) were 
built these last years. Triaxial drained shear tests results obtained on this soil using a servo-controlled triaxial press are 
presented and its critical state behavior is analyzed. Numerical simulation results conducted on this sand using Duncan 
et al. (1980) and Schanz et al. (1999) hyperbolic models are also presented and analyzed. Calculation results of a strip 
footing anchored in a sand massif of characteristics comparable with those of Boussaâda dunes sand is finally 
examined. 
 
 
Experimental approach 
 
 The experimental data used here are extracted from a rheological study carried out on samples collected near an 
elementary school in Boussaâda city, whose foundations were anchored in a sand massif resulting from a stacking of 
dunes on a few meters of depth. In addition to classification tests, the carried out experimental program comprised five 
triaxial drained shear tests performed by using a servo-controlled triaxial press. Implemented experimental procedures 
in these tests were in conformity as much as possible with Algerian testing methods (comparable to French testing 
methods). Interpretation techniques of the test results are many inspired from the knowledge obtained on sand soils 
throughout the world. Table 1 gives the identification characteristics values of Boussaâda dunes sand. These values 
indicate that it is about clean and well-graded sand. Table 2 gives the properties values of resistance and deformability 
of this sand deduced from shear curves corresponding to the triaxial drained shear test results above mentioned (figure 
1). It can be noted that the shear curves do not present a peak, but tend towards an asymptote. They characterize the 
typical behavior of meanly dense sands, whose shear strength is defined by the ultimate deviator stress. Corresponding 
volumetric strain curves present an initial contractance followed quickly of a phase of marked enough dilatancy. 
Corresponding strain paths confirm in addition the drained behavior of samples during the tests. These results confirm 
the essential of knowledges acquired on the behavior of sands. They show in addition that the behavior parameters of 
this sand are largely influenced by the initial conditions of compactness in which it is and by confining stress to which it 
is subjected. 
 

Table 1. Identification characteristics of Boussaâda dunes sand 
 

Parameters Symbols Range of variation Mean values 
Dry unit weight dJ  (kN/m3) 15.27 – 15.31 15.3 

Specific unit weight sJ  (kN/m3) 25.50 – 25.70 25.6 
Sand equivalent with piston E.S.P (%) 78.8 – 94.2 91.5 
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visual E.S.V (%) 86.7 – 93.0 90.7 
Maximum void ratio emax 0.67 – 0.68 0.67 
Minimum void ratio emin 0.49 – 0.50 0.50 
Coefficient of uniformity Cu - 1.83 
Coefficient of curvature Cc - 1.08 

 
 

Table 2. Mechanical properties of Boussaâda dunes sand 
 

Test CID-1 CID-2 CID-3 CID-4 CID-5 
�3 (kPa) 35 50 75 100 150 
ID (%) 59 59 59 56 56 
( �1-�3)ult (kPa) 118.1 157.1 225.3 305.3 496.0 
E0.2 (MPa) 22.3 31.5 50.1 62.3 90.6 
E50 (MPa) 18.4 28.7 50.1 51.3 76.7 
� 0.26 0.33 0.36 0.31 0.26 
����� 10.7 11.7 11.7 11.0 11.3 
�Ĩ����   38   
�3 – confining stress,  ID – density index,  ( �1-�3)ult – ultimate deviator stress, 
E0.2 –secant modulus corresponding to 0.2 % from axial strain, 
E50 –secant modulus corresponding to 50 % from ultimate deviator stress, 
� – Poisson’s ratio,  � – dilatancy angle, �' – effective interne friction angle 

 
 
Numerical modeling 
 
 Structural computation has for a long time been approached from the standpoint of stability. However, 
incorporating deformations prior to rupture proves to be increasingly necessary in studies of geotechnical structures. 
Various mathematical formulations are proposed to characterize the behavior of soils. These formulations are based on 
the stress-strain relations according to the principles of continuum mechanics and to experimental data gathered starting 
from usual laboratory test results. However, because of spatial and temporal variability of in-situ geotechnical 
properties of soils, rare are the formulations whose experimental validity would be complete. Duncan et al. (1980) and 
Schanz et al. (1999) hyperbolic models are two typical examples of the behavior models adapted to sands. These two 
models, characterized by the Mohr-Coulomb failure criterion, were developed in order to describe the behavior of sands 
for which the stress state depends on both the current strain state and the stress path followed, yet time is not included 
explicitly. Their parameters are fully identifiable on typical laboratory tests and easy to implement within geotechnical 
computer codes. The principal results of their use for simulation of the triaxial drained shear test and calculation of a 
strip footing resting on a sand massif of geotechnical characteristics comparable with those of Boussaâda dunes sand are 
presented and analyzed hereafter. 
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Figure 1. Triaxial drained shear tests results for Boussaâda dunes sand 
 
 
Constitutive models 
 
 Theoretical bases of Duncan et al. (1980) and Schanz et al. (1999) hyperbolic models and their application are 
described in detail within the cited reference publications. Also, only parameters interesting the object of this paper are 
pointed out hereafter. 
 
Duncan et al. (1980) model 
 
 This model relies upon a stress-strain elastic relation of the hyperbolic type as well as on Mohr-Coulomb failure 
criterion. It is defined by a tangent elastic modulus Et for loading shear phase (figure 2a), a modulus Eur for unloading-
reloading shear phase (figure 2b) and a tangent bulk modulus Kt. These parameters are given by the following 
expressions: 

 i

2

3

31f
t E

)'sin'cos'c(2
))('sin1(R1E »
¼

º
«
¬

ª
MV�M
V�VM�

�        (1) 

with � �na3ahi ppKE V  as the initial tangent Young’s modulus and Rf=(�1-�3)f/( �1-�3)ult the failure ratio (taken 
equal to 0.9 as a default value), 
 � �na3aurur ppKE V          (2) 

 � �ma3abt ppKK V          (3) 
in which c' represents the drained cohesion, �' the effective interne friction angle, Kh, Kb, Kur, n and m experimental 
parameters and pa a reference pressure (taken equal to atmospheric pressure patm=101.4 kPa). 
 Duncan et al. (1980) hyperbolic model contains nine parameters: Kh, Kb, Kur, n, m, Rf, c', �' and pa. 
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Figure 2. Shear curve representation for Duncan et al. (1980) model 

 
 
Schanz et al. (1999) model 
 
 This model relies upon a stress-strain hardening elastoplastic relation of the hyperbolic type as well as on Mohr-
Coulomb failure criterion (Hardening Soil Model). It is defined by a secant modulus E50 corresponding to 50% of the 
ultimate deviator stress for loading shear phase, a modulus Eur for unloading-reloading shear phase (figure 3a) and a 
oedometric compressibility modulus Eoed (figure 3b). These parameters are given by the following expressions: 

 
m

ref
3ref

5050 p'cot'c
'cot'cEE »

¼

º
«
¬

ª
�M
Vc�M

         (4) 

 
m

ref
3ref

urur p'cot'c
'cot'cEE »

¼

º
«
¬

ª
�M
Vc�M

         (5) 

 
m

ref
1ref

oedoed p'cot'c
'cot'cEE »

¼

º
«
¬

ª
�M
Vc�M

         (6) 

in which ref
50E , ref

urE  (=3 ref
50E  as a default value) and ref

oedE  represent the reference stiffness moduli corresponding to the 
reference confining pressure pref (taken equal to atmospheric pressure patm=101.4 kPa), c' the drained cohesion, �' the 

effective interne friction angle and m an experimental parameter (taken equal to 0.5 for sands and silts). 
The deviator stress at failure is given by the following expression (Mohr-Coulomb failure criterion): 

 � �
'sin1

'sin2)'cot'c( 3f31 M�
M

Vc�M V�V        (7) 

and the ultimate deviator stress is equal to: 
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with Rf represents the failure ratio (taken equal to 0.9 as a default value). 
 Schanz et al. (1999) hyperbolic model contains nine parameters: ref

50E , ref
urE , ref
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Figure 3. Shear and oedometric compressibility curves representation for Schanz et al. (1999) model 
 
 
Design parameters 
 
 Tables 3 and 4 give the parameters values of Duncan et al. (1980) and Schanz et al. (1999) hyperbolic models 
retained for a simulation program of the triaxial drained shear test identical to the carried out experimental program. 
 

Table 3. Parameters values of Duncan et al. (1980) model 
 

���(kPa) E (MPa) � Kh Kur n Kb m c' (kPa) �Ĩġ��� Rf pa (kPa) 
  35 22.3 0.26 625 625 0.97 9.09 1.37 0 38 0.9 101.4 
  50 31.5 0.33 625 625 0.97 9.09 1.37 0 38 0.9 101.4 
  75 50.1 0.36 625 625 0.97 9.09 1.37 0 38 0.9 101.4 
100 62.3 0.31 625 625 0.97 9.09 1.37 0 38 0.9 101.4 
150 90.6 0.26 625 625 0.97 9.09 1.37 0 38 0.9 101.4 

 
 

Table 4. Parameters values of Schanz et al. (1999) model 
 

�� (kPa) ref
50E  (MPa) � m ref

oedE  (MPa) c' (kPa) �' (° ) � (° ) Rf préf (kPa) 
  35 18.4 0.26 0.5   27.3 0 38 10.7 0.9 101.4 
  50 28.7 0.33 0.5   46.6 0 38 11.7 0.9 101.4 
  75 50.1 0.36 0.5   84.2 0 38 11.7 0.9 101.4 
100 51.3 0.31 0.5   86.4 0 38 11.0 0.9 101.4 
150 76.7 0.26 0.5 110.8 0 38 11.3 0.9 101.4 

 
 
Simulation of the triaxial drained shear test 
 
 Geometrical model consists of a cylinder of twinge 2 (diameter D=10 cm and height h=20 cm) identical to that 
of sample submitted for testing. Mesh of this model consists of triangular finite elements and its loading comprises a 
confining phase by application of isotropic stress followed by a shear phase by application of an increasing axial stress 
while the radial stress is maintained fixed until the rupture. Figure 4 presents the numerical results of the triaxial drained 
shear test and their comparison with the experimental results. 
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Figure 4. Experimental and calculated triaxial drained shear curves for Boussaâda dunes sand 
 
 
 Simulation of the triaxial drained shear test performed on Boussaâda dunes sand seems to give satisfactory 
results as well for the nonlinear elastic Duncan et al. (1980) model as for the hardening elastoplastic Schanz et al. 
(1999) model. Results of this simulation are also in concord with the experimental results. However, the best agreement 
is obtained with Schanz et al. (1999) model, because of the dilating behavior of material and the plastic strains 
developed starting from a certain threshold of loading of the geometrical model. Then, we can think that the two models 
can be indifferently used to characterize the behavior of the sands subjected to small deformations. While for the great 
deformations, Schanz et al. (1999) model seem to better be appropriate for the plastic designs. The behavior models, 
compared between-them, do not give concordant results inevitably, because of the possible differences in their 
relevance. However, the shift observed between the experimental and simulated curves corresponding to the most 
relevant model of between-them result from the influence of the selected values of certain mechanical parameters which 
characterize it. 
 
 
Application to the strip footing calculation 
 
 Geometrical model consist of a strip footing of width B=1 m resting directly on a horizontally sand massif of 
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geotechnical characteristics comparable with those of Boussaâda dunes sand. The selected side borders are sufficiently 
far away from the foundation so that the conditions at the borders do not have any influence on behavior of the model. 
Calculations carried out interest two cases of figures: 
- a flexible strip footing, represented by a uniform condition of pressure applied directly to the surface of the massif 

(vertical and horizontal displacements being free and the pressure applied growing continuously until the rupture); 
- a rigid strip footing, represented by a condition of imposed vertical displacement (horizontal displacement being 

free and vertical displacement growing continuously until the rupture). 
Calculations of bearing capacity were carried out under the two-dimensional conditions. They related to strip footing 
resting directly on a sand massif of characteristics comparable with those of Boussaâda dunes sand. Purpose of these 
calculations are to compare results obtained by the hardening elastoplastic Schanz et al. (1999) model and the perfectly 
plastic elastic Mohr-Coulomb model with results of the calculations obtained by Terzaghi’s theory of bearing capacity 
(Terzaghi’s formula). Figure 5 presents the loading curves for the flexible and rigid strip footings according to Mohr-
Coulomb and Schanz et al. (1999) models and their comparison with the bearing capacity calculated by Terzaghi’s 
formula. 
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Figure 5. Calculated loading curves 
 For a given footing type, the ultimate stress values calculated by Mohr-Coulomb model are higher than those 
calculated by Schanz et al. (1999) model. For a given behavior model, evolution of the load applied to the footing 
according to corresponding settlement is higher for the flexible footing than for the rigid footing. The ultimate stresses 
determined by two models remain however lower than the limit stress determined by Terzaghi’s formula. This probably 
comes owing to the fact that the model of behavior makes it possible to take again part of the efforts, the footing being 
then charged. Analysis of settlements does not show notable differences between the behaviors of a rigid footing and a 
flexible footing. However, we can note that the parameters of initial state (Young’s modulus E and Poisson's ratio �) 

and the parameter of dilatancy � have a considerable effect on the loading curve. 
 
 
Conclusion 
 
 This paper had as a finality to characterize the behavior of a dunes sand collected in northern zone of Boussaâda 
(wilaya of M’sila, Algeria), where important disorders frequently appear in the road works and in the small buildings. 
This sand is identified like as clean and well-graded sand and is characterized by dilating behavior typical of meanly 
dense sands. Simulation of the triaxial drained shear test carried out on this sand seems to give satisfactory results so 
much for the nonlinear elastic Duncan et al. (1980) model that for the hardening elastoplastic Schanz et al. (1999) 
model. Numerical results are concordant with the experimental results. However, the best agreement is obtained with 
Schanz et al. (1999) model, because of the dilating behavior of material and the plastic strains developed starting from a 
certain threshold of loading. Sensitivity analysis to the mechanical parameters (not presented here) seems nevertheless 
to indicate that the Schanz et al. (1999) model is more sensitive to the variations of its constitutive parameters than the 
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Duncan et al. (1980) model, in which case the interpretation of the numerical results must be carried out with much 
prudence. Calculation results of a strip footing resting on a sand massif of geotechnical characteristics comparable with 
those of Boussaâda dunes sand make it possible to confirm that the plastic design is sedentary than calculation at limit 
equilibrium of it. 
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VLVPLN� GDYUDQÕúÕQÕ� EHOLUOHU�� (÷HU�� \DSÕQÕQ� V|Q�P� HQHUMLVL�� GHSUHPLQ� \DSÕ\D� X\JXODGÕ÷Õ� HQHUMLGHQ� E�\�NVH�� ELQD\D�
GÕúDUÕGDQ�X\JXODPÕú�RODQ�GHSUHP�HQHUMLVL�V|Q�POH�GHQJHOHQPLú�ROXU��6|Q�P�HQHUMLVLQLQ��GHSUHPLQ�X\JXODPÕú�ROGX÷X�
HQHUMLGHQ� N�o�N� ROPDVÕ� KDOLQGH� LVH�� V|Q�P� HQHUMLVL� LOH� GHSUHPLQ� X\JXODPÕú� ROGX÷X� HQHUML� DUDVÕQGDNL� IDUN�� KLVWHULN�
HQHUML�LOH�GHQJHOHQLU��%X�IDUN�\DSÕQÕQ�V�QHNOL÷LQL�WDQÕPODU��*LRQFX���������

dHOLN�\DSÕODU��JHQHO�RODUDN�GHSUHPH�GD\DQÕNOÕ�YH� V�QHN�GDYUDQÕúD� VDKLS�ROGXNODUÕQGDQ� WHUFLK�HGLOHQ�\DSÕ� W�UOHULGLU��
)DNDW�QDVÕO�NL�ELU�\DSÕ�PDO]HPHVL�RODUDN�oHOL÷LQ�V�QHNOL÷L�LoLQH�NRQXODQ�NDUERQ�PLNWDUÕQD�ED÷OÕ�LVH��oHOLN�ELU�\DSÕQÕQ�
V�QHNOL÷L�GH�oHOLN�PDO]HPHQLQ�V�QHNOLN�G�]H\LQLQ�\DQÕ�VÕUD� VLVWHPLQ�JHRPHWULVLQH�GH�ED÷OÕGÕU��%X�\DSÕODUÕQ�\DSÕVDO�
HOHPDQODUÕQÕQ� �NRORQ�� NLULú�� YH� EX� \DSÕVDO� HOHPDQODUÕQ� ELUOHúLP� E|OJHOHULQLQ� \DQDO� \�NOHU� DOWÕQGD� \HWHUOL� V�QHNOL÷H�
VDKLS� ROPDODUÕ� LoLQ� WDúÕ\ÕFÕ� VLVWHPLQ� oHYULPVHO� HWNL� DOWÕQGD� HQHUML� W�NHWHQ� E|OJHOHULQLQ� ID]OD� ROPDVÕ� JHUHNPHNWHGLU��
)DNDW�� \DSÕQÕQ� SODVWLN� GDYUDQÕúÕ�� SODVWLN� GHIRUPDV\RQXQ� ROXúPDVÕQGDQ� VRQUD� \DSÕGD� SODVWLNOHúPH\HQ� E|OJHOHUH�
\HQLGHQ�GD÷ÕWÕOGÕ÷Õ�YDUVD\ÕODQ�NHVLW�WHVLUOHULQH�ED÷OÕ�ROGX÷X�LoLQ��WDKPLQ�HGLOHQ�J|oPH�\�N�QH�HULúLOPHVL��SODVWLNOHúHQ�
NHVLWOHUGHNL� SODVWLN� PDIVDOODUÕQ� NRQXPX� LOH� LOJLOLGLU�� %X� QHGHQOH�� SODVWLN� PDIVDOÕQ� GDYUDQÕúÕ� YH� NRQXPX� V�QHNOLN�
PLNWDUÕQÕ�YH�GD\DQÕPÕ�HWNLOHPHNWHGLU�*LRQFX���������

3ODVWLN� DQDOL]GH� LVWHQHQ�� GD\DQÕPGD� D]DOPD� ROPDNVÕ]ÕQ� E�\�N� G|QPHOHULQ� ROPDVÕGÕU�� )DNDW� HOHPDQODUGD� JHYUHN�
NÕUÕOPD�� ORNDO� EXUNXOPD� YH� H÷LOPHOL�EXUXOPD� JLEL� QHGHQOHUOH� E�\�N� SODVWLN� G|QPHOHUH� XODúÕODPD]�� $\UÕFD�� oHOLN�
\DSÕODU�WDVDUODQÕUNHQ�GH÷LúLN�QHGHQOHUGHQ�GROD\Õ�EXUXOPD�G�]HQVL]OL÷LQH�VDKLS�RODELOHFH÷L�JLEL�oRN�G�]HQOL�YH�KLoELU�
\DSÕVDO� G�]HQVL]OL÷H� VDKLS� ROPDGDQ� WDVDUODQDQ� \DSÕODU� ELOH� oHúLWOL� X\JXODPD� KDWDODUÕQGDQ� GROD\Õ� GHSUHP� DQÕQGD�
EXUXOPDOÕ�GDYUDQÕú�VHUJLOH\HELOPHNWHGLU�*LRQFX��������$\UÕFD�� WDúÕ\ÕFÕ�VLVWHP�HOHPDQODUÕQGD��EXUNXOPD�YH\D�LNLQFL�
PHUWHEH� HWNLOHU� \DSÕGD� VWDELOLWH� ND\EÕQD� QHGHQ� ROPDNWDGÕU�� 'HSUHPH� GD\DQÕNOÕ� oHOLN� WDúÕ\ÕFÕ� VLVWHP� WDVDUÕPÕQGD��
\HWHUOL�\DWD\�ULMLWOL÷LQ�YH�\�NVHN�V�QHNOLN�G�]H\LQLQ�VD÷ODQDELOPHVL�EX�QHGHQOH�oRN�|QHPOLGLU��dHOLN�\DSÕODUGD�\DWD\�
ULMLWOLN��oHOLN�oDSUD]�SHUGHOL�VLVWHPOHU�LOH�VD÷ODQPDNWDGÕU�*LRQFX��������
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'ROD\ÕVÕ\OD� oHOLN� \DSÕODUÕQ� \DQDO� NXYYHW� RODUDN� \DSÕ\D� HWNL\HQ� GHSUHP� NXYYHWOHULQH� NDUúÕ� \DSÕVDO� WDVDUÕP� HVDVODUÕ�
\DSÕQÕQ�\DQDO�NXYYHWOHUH�NDUúÕ�GD\DQÕPÕ�WHPHOLQH�GD\DQPDNWDGÕU��<DSÕQÕQ�GHSUHP�\�NOHULQH�NDUúÕ�GD\DQÕNOÕ�ROPDVÕQÕ�
VD÷OD\DQ�SHN�oRN�\DSÕVDO�X\JXODPDODUÕQ�EDúÕQGD�oHOLN�SHUGH�VLVWHPOHUL�JHOPHNWHGLU��dHOLN�SHUGH�NXOODQÕPÕ�KDILIOLN�YH�
V�QHNOLN� DoÕVÕQGDQ� \DSÕ� GDYUDQÕúÕ� LoLQ� DYDQWDM� VD÷ODPDNWDGÕU�� dHOLN� SHUGH� NXOODQÕPÕ� GXUXPXQGD� GLNNDW� HGLOPHVL�
JHUHNHQ�KXVXV��\DSÕ�GDYUDQÕúÕ�LoLQ�X\JXQ�oDSUD]�VLVWHPLQLQ�YH�oHOLN�SURILOOHULQLQ�VHoLPLGLU��dHOLN�\DSÕODUÕ�WDVDUODUNHQ��
\DSÕGD�NXOODQÕODFDN�SHUGH� VLVWHPL� \DSÕQÕQ�GHSUHP�\�NOHUL� DOWÕQGDNL� GDYUDQÕúÕQÕ� E�\�N�|Oo�GH�GH÷LúWLUPHNWHGLU��%X�
GH÷LúLP��\DSÕQÕQ�EX�\�NOHUH�GDKD�GD\DQÕNOÕ�ROPDVÕ�DoÕVÕQGDQ�ROXPOX�HWNL�J|VWHUPHNWHGLU��%X�QHGHQOH��\DSÕVDO�SHUGH�
VHoLPL�ROGXNoD�|QHPOLGLU���

%X� oDOÕúPDGD� JHRPHWULN� G�]HQVL]OL÷L� RODQ� \DSÕQÕQ� GDLUHVHO� NHVLWOL� GLDJRQDO� YH� WHUV� 9� PHUNH]L� oDSUD]Õ� LOH�
J�oOHQGLULOPHVL�LOH�VD÷ODQDQ�SHUIRUPDQV�DUWÕúÕ�LQFHOHQPLúWLU��$\UÕFD�oDOÕúPD�NDSVDP�DoÕVÕQGDQ��PHUNH]L�oHOLN�oDSUD]OÕ�
SHUGHOHUL�� GR÷UXVDO� ROPD\DQ� \DSÕ� GDYUDQÕúÕQÕ� YH� o|]�POHPHVLQL� LoHUPHNWHGLU��0HUNH]L� oHOLN� oDSUD]OÕ� SHUGH�RODUDN��
'HSUHP�%|OJHOHULQGH�<DSÕODFDN�%LQDODU�+DNNÕQGD�<|QHWPHOLN� �'%<%+<�� ����¶LQGH�PDGGH� ���� WH� ³0HUNH]L� YH�
'ÕúPHUNH]�dHOLN�dDSUD]OÕ�3HUGHOHU´�EDúOÕ÷Õ�DOWÕQGD�YHULOHQ�PHUNH]L�oHOLN�oDSUD]�W�UOHUL�HOH�DOÕQPÕúWÕU��

�
dHOLN�dDSUD]OÕ�3HUGH�6LVWHPOHU�YH�7�UN�'HSUHP�<|QHWPHOL÷LQLQ�.RúXOODUÕ��
�
dHOLN�oDSUD]OÕ�SHUGHOHU��PDIVDOOÕ�ELUOHúLPOL�YH\D�PRPHQW�DNWDUDQ�oHUoHYHOHU�LOH�EXQODUD�PHUNH]L�YH�GÕúPHUNH]�RODUDN�
ED÷ODQDQ�oDSUD]ODUGDQ�ROXúDQ�\DWD\�\�N�WDúÕ\ÕFÕ�VLVWHPOHUGLU��%X�W�U�VLVWHPOHULQ�\DWD\�\�N�WDúÕPD�NDSDVLWHOHUL��H÷LOPH�
GD\DQÕPODUÕQÕQ� \DQÕQGD�� GDKD� oRN� YH\D� W�P�\OH� HOHPDQODUÕQ� HNVHQHO� NXYYHW� GD\DQÕPODUÕ� LOH�
VD÷ODQPDNWDGÕU�'%<%+<���������

dHOLN�oDSUD]OÕ�SHUGHOHU��oDSUD]ODUÕQ�G�]HQLQH�ED÷OÕ�RODUDN�LNL\H�D\UÕOÕUODU���

�D��0HUNH]L�dHOLN�dDSUD]OÕ�3HUGHOHU��

�E��'ÕúPHUNH]�dHOLN�dDSUD]OÕ�3HUGHOHU��

%X�oDOÕúPDGD�PHUNH]L�oHOLN�oDSUD]ODU�ùHNLO��¶GH�J|VWHULOPLúWLU��$\UÕFD�oDOÕúPDGD�NDSVDP�ELUD]�GDKD�N�o�OW�OP�ú�YH�
GLDJRQDO�YH�WHUV�9�PHUNH]L�oDSUD]ODU��]HULQGH�oDOÕúÕOPÕúWÕU��

�
�

ùHNLO���0HUNH]L�dHOLN�dDSUD]OÕ�3HUGHOHU��'%<%+<�������
�

dDSUD]ODUÕQ�oHUoHYH�G�÷�P�QRNWDODUÕQD�PHUNH]L�RODUDN�ED÷ODQGÕ÷Õ�0HUNH]L�dHOLN�dDSUD]OÕ�3HUGHOHU�V�QHNOLN�G�]H\L�
\�NVHN� YH\D� V�QHNOLN� G�]H\L� QRUPDO� VLVWHP� RODUDN� ER\XWODQGÕUÕODELOLUOHU�� 6�QHNOLN� G�]H\L� \�NVHN� PHUNH]L� oHOLN�
oDSUD]OÕ�SHUGHOHU��EDVÕQo�HOHPDQODUÕQÕQ�ED]ÕODUÕQÕQ�EXUNXOPDVÕ�KDOLQGH�GDKL��VLVWHPGH�|QHPOL�|Oo�GH�GD\DQÕP�ND\EÕ�
PH\GDQD� JHOPH\HFHN� úHNLOGH� ER\XWODQGÕUÕOÕUODU�� %X� VLVWHPOHULQ� ER\XWODQGÕUÕOPDVÕQGD� X\JXODQDFDN� NXUDOODU�
'%<%+<������%|O�P�����¶GD�YHULOPLúWLU�'%<%+<��������

�
�
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dDOÕúPDQÕQ�.DSVDPÕ�
�
$QDOL]OHU� 6DS����� VRQOX� HOHPDQ� SURJUDPÕ� NXOODQÕODUDN� \DSÕOPÕúWÕU�� 6DS� ����� SURJUDPÕ� LOH� \DSÕODUÕQ� GR÷UXVDO�
ROPD\DQ� GDYUDQÕúÕQÕ� WHPVLO� HGHQ�� \DSÕ� NDSDVLWH� H÷ULVLQLQ� �SXVKRYHU� H÷ULVL�� HOGH� HGLOPHVL� ELU� WDNÕP� NDEXOOHU� LOH�
P�PN�QG�U�6$3���������<DWD\�\�NOHU�DOWÕQGD�JHUoHN�\DSÕ�GDYUDQÕúÕQD�\DNÕQ�o|]�P�\DSPDN�LoLQ�\DSÕ�VLVWHPOHULQLQ�
o|]�POHQPHVLQGH� PDO]HPHQLQ� JHUoHN� GDYUDQÕúÕ� YH� \DSÕ� JHRPHWUL� GH÷LúLPOHUL� J|]� |Q�QH� DOÕQGÕ÷ÕQGDQ� GR÷UXVDO�
ROPD\DQ�VWDWLN�DQDOL]�NXOODQÕOPÕúWÕU��dDOÕúPDGD��VLPHWULN�ROPD\DQ�G�]OHP�ELU�oHUoHYHGH��\DSÕQÕQ�GR÷UXVDO�ROPD\DQ�
GDYUDQÕúÕQÕ�ROXPOX�HWNLOH\HFHN�GDLUH�HQNHVLWLQH�VDKLS�PHUNH]L�oDSUD]�SHUGH�W�U�Q�Q�EHOLUOHQPHVL�KHGHIOHQPHNWHGLU��
dDOÕúPD�NDSVDPÕQGD�ùHNLO��¶GH�J|U�OHQ�oHUoHYH� WLSL� LQFHOHQPLúWLU��%X�oHUoHYH�KHP�\DWD\GD�KHP�G�úH\GH�VLPHWULN�
ROPD\DQ�G�]HQVL]�oHUoHYH�WLSLGLU��

<DSÕ��dHUoHYH�

�

<DSÕ��'LDJRQDO�dDSUD]� <DSÕ��7HUV�9�dDSUD]�

� �

�
ùHNLO����dDSUD]OÕ�YH�oDSUD]VÕ]�G�]OHP�oHUoHYHOHU�

�
'�úH\�\�NOHU�HWNLVL�DOWÕQGD�\DSÕGD�PDIVDOODúPD�ROXúPDPDVÕ�LoLQ�NRORQODUÕQ�NLULúOHUGHQ�GDKD�ULMLW�ROPDVÕ�JHUHNWL÷L�LoLQ�
VHoLOHQ� oHUoHYH� VLVWHPOHULQGH� NRORQ� NHVLWOHULQLQ� DWDOHW�PRPHQWL� YH� NHVLW� DODQÕ�� NLULú� NHVLWOHULQH� RUDQOD� GDKD� E�\�N�
DOÕQPÕúWÕU��$oÕNOÕN�PHVDIHOHUL� [� \|Q����PHWUH�� ]� \|Q����PHWUHGLU��.LULúOHULQ��]HULQH��� W�P¶� OLN� oL]JLVHO� G�úH\� \�N�
WDQÕPODQPÕúWÕU��.RORQODU� LoLQ� ,3(�����NLULúOHU� LoLQ�,3(����SURILOOHUL�VHoLOPLúWLU��dHOLN�PDO]HPH�DNPD�GD\DQÕPÕ� LVH�
����� W�FP�¶�GLU��dHUoHYH\H�HNOHQHQ�oHOLN�SHUGH� VLVWHPOHUL��'%<%+<�����¶GH�EDKVL�JHoHQ�0HUNH]L�dHOLN�dDSUD]OÕ�
3HUGHOHUGHQ�VHoLOPLúWLU���

�
dHOLN�<DSÕODUGD�3HUIRUPDQV�.DYUDPÕ�YH�.DEXOOHU�
�
'HSUHPH� GD\DQÕNOÕ� \DSÕ� WDVDUODUNHQ�� GHSUHPLQ� \DSÕGDQ� LVWH\HFH÷L�PDNVLPXP� NXYYHW� J|UH� YH\D� GHSUHPLQ� \DSÕGDQ�
WDOHS� HWWL÷L� V�QHNOL÷H� J|UH� WDVDUÕP� \DSPDN� P�PN�QG�U�� 'HSUHPLQ� \DSÕGDQ� LVWH\HFH÷L� PDNVLPXP� NXYYHWH� J|UH�
WDVDUÕP� RODQ� GD\DQÕPD� J|UH� WDVDUÕPGD�� GHSUHPLQ� LVWHGL÷L� PDNVLPXP� NXYYHW� HVDV� DOÕQGÕ÷ÕQGDQ�� \DSÕ� PDOL\HWL� oRN�
\�NVHN� YH� WDúÕ\ÕFÕ� NHVLWOHU� E�\�N�ROPDNWDGÕU��'HSUHPLQ� LVWHGL÷L�PDNVLPXP�NXYYHWH�J|UH�GH÷LO�� GHSUHPLQ� \DSÕGDQ�
WDOHS� HWWL÷L� V�QHNOL÷H� J|UH� WDVDUÕP� LVH� V�QHNOLN� NDELOL\HWL� \�NVHN� oHOLN� PDO]HPHGHQ� \DSÕODQ� ELU� \DSÕ� LoLQ� GDKD�
DYDQWDMOÕ� RODFDNWÕU�� 'HSUHP� \�NOHULQLQ� GHSUHP� \|QHWPHOLNOHULQGH� \HU� DODQ� WDúÕ\ÕFÕ� VLVWHP� GDYUDQÕú� NDWVD\ÕVÕ\OD�
D]DOWÕOPDVÕ� EX� QHGHQOH� \DSÕOÕU��<DSÕ� LoLQ� SHUIRUPDQV� NDYUDPÕ� GD� EX� QRNWD� GD� EDúODU��'%<%+<� ����� \H� J|UH� ELU�
ELQDQÕQ� SHUIRUPDQVÕ� GR÷UXVDO� HODVWLN� \|QWHPOHU� �HúGH÷HU� GHSUHP� \�N�� \|QWHPL�� PRG� ELUOHúWLUPH� \|QWHPL�� YH\D�
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GR÷UXVDO� HODVWLN�ROPD\DQ� \|QWHPOHU� �DUWÕPVDO� HúGH÷HU�GHSUHP�\�N�� \|QWHPL�� DUWÕPVDO�PRG�ELUOHúWLUPH� \|QWHPL�YH�
]DPDQ�WDQÕP�DODQÕQGD�KHVDS�\|QWHPL��LOH�KHVDSODQDELOLU�.XWDQLV����������

'R÷UXVDO� HODVWLN� ROPD\DQ� KHVDS� \|QWHPOHULQLQ� DPDFÕ�� YHULOHQ� ELU� GHSUHP� LoLQ� V�QHN� GDYUDQÕúD� LOLúNLQ� SODVWLN�
úHNLOGH÷LúWLUPH� LVWHPOHUL� LOH� JHYUHN� GDYUDQÕúD� LOLúNLQ� Lo� NXYYHW� LVWHPOHULQLQ� KHVDSODQPDVÕGÕU��'DKD� VRQUD� EX� LVWHP�
E�\�NO�NOHUL�� '%<%+<� ����� E|O�P� �¶GH� WDQÕPODQPÕú� EXOXQDQ� úHNLOGH÷LúWLUPH� YH� Lo� NXYYHW� NDSDVLWHOHUL� LOH�
NDUúÕODúWÕUÕODUDN��NHVLW�YH�ELQD�G�]H\LQGH�\DSÕVDO�SHUIRUPDQV�GH÷HUOHQGLUPHVL�\DSÕODFDNWÕU�.XWDQLV����������

'%<%+<������%|O�P�����GH��PHYFXW�ELQDODUÕQ�GH÷HUOHQGLULOPHVLQGH�YH�J�oOHQGLUPH�WDVDUÕPÕQGD�NXOODQÕOPDN��]HUH�
�o�GHSUHP�WHKOLNHVL�WDQÕPODQPÕúWÕU��7DQÕPODQDQ�ELULQFL�GHSUHP�G�]H\L��\DSÕODUÕQ�VHUYLV�|P�UOHUL�ER\XQFD�PH\GDQD�
JHOHELOPHVL�RODVÕOÕ÷Õ� ID]OD�RODQ��J|UHOL�RODUDN�VÕN�DQFDN�úLGGHWL�oRN�\�NVHN�ROPD\DQ�GHSUHP�\HU�KDUHNHWOHULQL� LIDGH�
HWPHNWHGLU��%X�GHSUHPLQ����\ÕOGD�DúÕOPD�RODVÕOÕ÷Õ������EXQD�NDUúÕ�JHOHQ�G|Q�ú�SHUL\RGX�LVH����\ÕOGÕU��øNLQFL�GHSUHP�
G�]H\L�� \DSÕODUÕQ� VHUYLV� |P�UOHUL� ER\XQFD�PH\GDQD� JHOHELOPHVL� RODVÕOÕ÷Õ� oRN� ID]OD� ROPD\DQ�� VH\UHN� DQFDN� úLGGHWOL�
GHSUHP� \HU� KDUHNHWOHULQL� LIDGH� HWPHNWHGLU�� %X� GHSUHPLQ� ��� \ÕOGD� DúÕOPD� RODVÕOÕ÷Õ� ����� EXQD� NDUúÕ� JHOHQ� G|Q�ú�
SHUL\RGX�LVH�����\ÕOGÕU��ho�QF��GHSUHP�G�]H\L��\DSÕODUÕQ�PDUX]�NDODELOHFH÷L�HQ�úLGGHWOL�GHSUHP�\HU�KDUHNHWLQL�LIDGH�
HWPHNWHGLU�� %X� oRN� VH\UHN� GHSUHPLQ� ��� \ÕOGD� DúÕOPD� RODVÕOÕ÷Õ� ���� EXQD� NDUúÕ� JHOHQ� G|Q�ú� SHUL\RGX� LVH� �����
\ÕOGÕU�'%<%+<��������

7DúÕ\ÕFÕ�HOHPDQODUÕQ�NHVLWOHUL�HODVWLN�JHULOPH\H�XODúVD�ELOH�JHQHO�RODUDN�ELU�GD\DQÕP�ID]ODOÕ÷ÕQD�VDKLSWLU��%X�GD\DQÕP�
ID]ODOÕ÷Õ�� oHOL÷LQ� X]D\DELOHQ� ELU� PDO]HPH� ROPDVÕQGDQ� ND\QDNODQPDNWDGÕU�� $\UÕFD� EX� GD\DQÕP� ID]ODOÕ÷Õ�� \DSÕ�
VLVWHPLQLQ�W�U�QH�YH�\�NH�ED÷OÕ�RODUDN�GH÷LúLU��%LU�\DSÕQÕQ�JHUoHN�GDYUDQÕúÕQÕQ�EHOLUOHQPHVL�LoLQ�ED]Õ�\DNÕQVDPDODU�
YH�EX�\DNÕQVDPDODU�ED]Õ�NDYUDPODU�LoHULU�EXQODU�DúD÷ÕGD�DoÕNODQPÕúWÕU��

6�QHN�\DSÕODUGD�HODVWLN�|WHVL�LGHDOOHúWLUPH�ùHNLO��¶�GH�J|VWHULOGL÷L�JLELGLU��ùHNLOGH�\HU�DODQ�IH��PDNVLPXP�NXYYHW��I\��
GD\DQÕP� NXYYHWL�� IG�� WDVDUÕP� NXYYHWLQL�� XG�� WDVDUÕP� \HU� GH÷LúWLUPH\L�� X\�� GD\DQÕP� NXYYHWLQH� NDUúÕOÕN� JHOHQ� \HU�
GH÷LúWLUPH\L�� XH�� HODVWLN� \HU� GH÷LúWLUPH\L�� XPDN�� \DSÕQÕQ� PDNVLPXP� \DSDFD÷Õ� \HU� GH÷LúWLUPH\L� VLPJHOHPHNWHGLU��

6�QHNOLN��
\

PDN

X
X

=P �� GD\DQÕP� ID]ODOÕ÷Õ��
G

\

I
I

' = �� WDúÕ\ÕFÕ� VLVWHP� GDYUDQÕú� NDWVD\ÕVÕ�� '5 .= P � ED÷ÕQWÕODUÕ\OD�

KHVDSODQÕUODU��

�

ùHNLO����dHOLN�\DSÕGD�HODVWLN�|WHVL�LGHDOOHúWLULOPLú�GDYUDQÕú�

�
dHOLN� \DSÕODU�� PDUX]� NDOGÕNODUÕ� \�NOHU� DOWÕQGD� GR÷UXVDO� ROPD\DQ� GDYUDQÕú� VHUJLOHUOHU�� %X� GDYUDQÕúODUÕQÕ� LIDGH�
HGHELOPHN� LoLQ� IDUNOÕ� o|]�P� \|QWHPOHUL� NXOODQÕOPDNWDGÕU�� *HUoH÷H� HQ� \DNÕQ� \DSÕ� GDYUDQÕúÕQÕ� VDSWD\DELOPHN� LoLQ�
LNLQFL� PHUWHEH� SODVWLN� o|]�POHPH� \DSÕOPDVÕ� JHUHNPHNWHGLU�� dHúLWOL� DQDOL]OHULQ� JHUoHN� \DSÕ� GDYUDQÕúÕQD�
\DNÕQVDNOÕNODUÕ�ùHNLO���GHNL�JLELGLU��ùHNLO��¶GH�NHVLNOL�oL]JL��JHUoHN�\DSÕ�GDYUDQÕúÕQÕ�WHPVLO�HWPHNWHGLU��
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ùHNLO����dHúLWOL�DQDOL]�\|QWHPOHUL�YH�JHUoHN�\DSÕ�GDYUDQÕúÕ�&KDQ������

3ODVWLN� PDIVDO�� GR÷UXVDO� ROPD\DQ� o|]�POHPHGH� NHVLW� PRGHOLQLQ� GDYUDQÕúÕQÕ� WHPVLO� HWPHNWHGLU�� 'DYUDQÕúÕQ�
WDQÕPODQPDVÕ�LoLQ�LNL�IDUNOÕ�NXOODQÕP�\DNODúÕPÕ�YDUGÕU���
<D\ÕOÕ� SODVWLN� PDIVDO;� \DSÕ� VLVWHPOHULQGHNL� WDúÕ\ÕFÕ� HOHPDQODUÕQ� \�NOHUH� PDUX]� NDOPDVÕ� VRQXFX� ROXúDQ� DNPDQÕQ�
HOHPDQ�ER\XQFD�JHUoHNOHúWL÷L�YDUVD\ÕPÕ�\DSÕOÕU���
<R÷XQODúWÕUÕOPÕú� SODVWLN� PDIVDO�� \DSÕ� VLVWHPOHULQGHNL� WDúÕ\ÕFÕ� HOHPDQODUÕQ� \�NOHUH� PDUX]� NDOPDVÕ� VRQXFX� ROXúDQ�
DNPDQÕQ�HOHPDQÕQ�ELU�QRNWDVÕQGD�PH\GDQD�JHOGL÷L�YDUVD\ÕPÕ�\DSÕOÕU���
<DWD\�\�NOHU�DOWÕQGD�\HWHUL�NDGDU�V�QHNOLN�J|VWHUHQ�VLVWHPOHUGH�GR÷UXVDO�ROPD\DQ�úHNLO�GH÷LúWLUPHOHULQ�SODVWLN�PDIVDO�
DGÕ�YHULOHQ�EHOLUOL�NHVLWOHUGH�WRSODQGÕ÷Õ��EXQXQ�GÕúÕQGDNL�E|OJHOHUGH�VLVWHPLQ�GR÷UXVDO�HODVWLN�RODUDN�GDYUDQGÕ÷Õ�NDEXO�
HGLOLU��%X�KLSRWH]H�SODVWLN�PDIVDO�KLSRWH]L�GHQLU��%X�NDEXO�Q�\DSÕODELOPHVL�LoLQ�SODVWLN�GHIRUPDV\RQODUÕQ�WRSODQGÕ÷Õ�
E|OJH� oRN� E�\�N� ROPDPDOÕGÕU�� 3ODVWLN� DQDOL]�� HOH� DOÕQDQ� \DSÕ� VLVWHPLQGHNL� \DSÕVDO� HOHPDQODUD� DLW� NHVLW� ]RUODUÕQÕQ�
PDO]HPHQLQ�JHULOPH�úHNLO�GH÷LúWLUPH�H÷ULVLQGH�EXOXQDQ�GR÷UXVDO�E|OJH�GÕúÕQGDNL�NÕVPÕQD�\�N�WDúÕWÕOPDVÕ�GXUXPXQGD�
\DSÕODQ�o|]�POHPHGLU�$OÕFÕR÷OX��������

�
6RQOX�(OHPDQ�0RGHOOHPHOHUL�
�
<DSÕQÕQ�GR÷UXVDO�ROPD\DQ�o|]�POHPHVLQGH�LON�|QFH�G�úH\�\�NOHULQ�DQDOL]L�JHUoHNOHúLU�YH�EX�DQDOL]�VRQUDVÕQGD�úHNLO�
�¶GH� J|U�OHQ� \DSÕ� HOHPDQODUÕQD� DLW� WDEDQ� NHVPH� NXYYHW� ±� oDWÕ� \HU� GH÷LúWLUPHVL� GH÷HU� oLIWOHUL� EXOXQXU�� <DWD\� \�N�
HWNLVLQGHNL�DQDOL]�LVH��EX�JHULOPHOL�GXUXPXQ�VRQUDVÕQGD�JHUoHNOHúWLULOLU��<DWD\�\�N�KHU�DGÕPGD�ELU�PLNWDU�DUWWÕUÕODUDN�
\DSÕGD�GHIRUPDV\RQODU�ROXúWXUXOXU��%X�o|]�POHPH�QHWLFHVLQGH� ùHNLO��¶GD�J|VWHULOHQ� WRSODP� WDEDQ�NHVPH�NXYYHW� ±�
oDWÕ�\HU�GH÷LúWLUPHVL�GH÷HU�oLIWOHUL�KHVDSODQÕU���

�

�

�

�

�

�

�

�

ùHNLO����'�]OHP�oHUoHYHQLQ�SXVK�RYHU�H÷ULVL�
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7DEOR� �¶GH� oDSUD]� LODYH� HGLOPHPLú� oHUoHYHQLQ� KHUELU� HOHPDQÕQGD� ROXúDQ� NXYYHWOHU� YH� KDVDU� SDUDPHWUHOHUL�
J|VWHULOPLúWLU��

7DEOR���'�]OHP�oHUoHYHQLQ�PDIVDOODúPD�ELOJLOHUL�

(OHPDQ� 3��WRQ��
3ODVWLN�8��

�FP��
0���WFP��

3ODVWLN�5��

�UDG��

.DUDNWHU�

3�0�

+DVDU�

�)(0$��

.RORQ����$OW�� ������� �������� �������� ������� %DVÕQo�dHNPH� ��*.�

.RORQ����$OW�� ������� �������� �������� ������� %DVÕQo�dHNPH� ��*.�

.LULú����6RO�� ���� ���� �������� ������� dHNPH� $<���&*�

.LULú����6D÷�� ���� ���� ��������� �������� %DVÕQo� $<���&*�

.LULú����6RO�� ���� ���� �������� ������� dHNPH� $<���&*�

.LULú����6D÷�� ���� ���� ��������� �������� %DVÕQo� $<���&*�

.LULú����6RO�� ���� ���� �������� ������� dHNPH� $<���&*�

.LULú����6D÷�� ���� ���� ��������� �������� %DVÕQo� $<���&*�

.LULú����6RO�� ���� ���� �������� ������� dHNPH� $<���&*�

.LULú����6D÷�� ���� ���� ��������� �������� %DVÕQo� $<���&*�

.LULú����6RO�� ���� ���� �������� ������� dHNPH� $<���&*�

.LULú����6D÷�� ���� ���� ��������� �������� %DVÕQo� $<���&*�

�

7DEOR� �¶GH� \HU� DODQ� KDVDU� V�WXQX�� )(0$¶� GD� EXOXQDQ� KDVDU� VÕQÕU� GH÷HUOHULQL� J|VWHUPHNWHGLU�� %XUDGDNL� $<�� $QL�
\�NOHPHQLQ�NÕVDOWPDVÕ�ROXS��PLQLPXP�KDVDU�ROGX÷XQX�LúDUHW�HWPHNWHGLU��&*��&DQ�J�YHQOL÷LQLQ�NÕVDOWPDVÕ�ROXS��RUWD�
GHUHFHGH� KDVDU� ROGX÷XQX� LúDUHW� HWPHNWHGLU��*.��*|oPHQLQ� NRUXQPDVÕ� NÕVDOWPDVÕ� ROXS�� LOHUL� GHUHFHGH� KDVDUÕ� LúDUHW�
HWPHNWHGLU�� )(0$����¶� GD� EX� KDVDU� VHYL\HOHUL� oHNPH� NDUDNWHUL� LoLQ�$<�������&*����*.���� EDVÕQo� NDUDNWHUL� LoLQ����
$<��������&*�����*.����RODUDN�WDQÕPODQPÕúWÕU�)(0$��������
dHUoHYHOHULQ� GR÷UXVDO� ROPD\DQ� VWDWLN� DQDOL]LQLQ� JHUoHNOHúWLULOHELOPHVL� LoLQ� ELU� \DQ� \�N� úDEORQX� WDQÕPODQPDOÕGÕU��
%XQXQ�LoLQ�PRGDO�DQDOL]GHQ�\DUDUODQÕOPÕúWÕU��<DQ�\�N�úDEORQX�RODUDN�[�\|Q��KkNLP�SHUL\RGXQD�NDUúÕ�JHOHQ�\DSÕ�PRG�
úHNLOOHUL�oDSUD]�\DSÕOPDPÕú�VLVWHPGH��������GLDJRQDO�oDSUD]�\DSÕOPÕú�VLVWHPGH��������WHUV�9�X\JXODQPÕú�oHUoHYHGH�
SHUL\RW�������RODUDN�EXOXQPXúWXU��

�

��

��

��

��

��

� � �� �� �� ��

7D
ED
Q�
.
HV
P
H�.

XY
YH
WL�
�W�
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ùHNLO����'LDJRQDOLQ�YH�7HUV�9�oDSUD]�W�UOHULQLQ�WDEDQ�NHVPH�NXYYHWL��oDWÕ�GHSODVPDQ�GH÷HUOHUL�
�

$QDOL]OHU� VRQXFX� HOGH� HGLOHQ� YHULOHU� ÕúÕ÷ÕQGD�� SHUGH� WHUWLSOHULQLQ� YH� NXOODQÕODQ� GL\DJRQDO� HQ� NHVLWOHULQLQ� \DSÕ�
SHUIRUPDQVÕQD� HWNLOHUL� NDUúÕODúWÕUÕOPÕúWÕU�� <DSÕ� SHUIRUPDQV� H÷ULOHUL� HOGH� HGLOPLúWLU�� %X� H÷ULOHU� DOWÕQGD� NDODQ� DODQ�
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\DSÕQÕQ� V|Q�POHGL÷L� HQHUML� PLNWDUÕQÕ� J|VWHUPHNWHGLU�� %X� DODQ� QH� NDGDU� E�\�N� ROXUVD� \DSÕ� R� NDGDU� ID]OD� HQHUML�
V|Q�POHPHNWHGLU�� ùHNLO� �¶GD� \DSÕVDO� G�]HQVL]OL÷L� RODQ� oHUoHYH�� IDUNOÕ� SHUGH� W�UOHUL� LoLQ� NÕ\DVODQPÕúWÕU�� 7DEOR� �� YH�
7DEOR� �¶GH� oDSUD]OÕ� VLVWHPOHULQ� oDSUD]� LODYH� HGLOPLú� oHUoHYHQLQ� KHUELU� HOHPDQÕQGD� ROXúDQ� NXYYHWOHU� YH� KDVDU�
SDUDPHWUHOHUL�J|VWHULOPLúWLU��

7DEOR����'LDJRQDO�oDSUD]OÕ�oHUoHYFHQLQ�PDIVDOODúPD�ELOJLOHUL�

(OHPDQ� 3��WRQ��
3ODVWLN�8��

�FP��
0���WFP��

3ODVWLN�5��

�UDG��

.DUDNWHU�

3�0�

+DVDU�

�)(0$��

.RORQ����$OW�� ������ ����� �������� ������� %DVÕQo�dHNPH� $<���&*�

.RORQ����hVW�� ����� ������� ��������� �������� dHNPH�%DVÕQo� ��$<�

.RORQ����$OW�� ������� ������ �������� ������� %DVÕQo�dHNPH� ��*.�

.LULú����6RO�� ���� ���� ������� ������� dHNPH� ��$<�

.LULú����6D÷�� ���� ���� ��������� �������� %DVÕQo� $<���&*�

.LULú����6RO�� ���� ���� ������� ������� dHNPH� ��$<�

.LULú����6D÷�� ���� ���� ��������� �������� %DVÕQo� $<���&*�

.LULú����6D÷�� ���� ���� �������� �������� %DVÕQo� $<���&*�

'L\DJRQDO����hVW�� ������ ������ ���� ���� %DVÕQo� ��*.�

'L\DJRQDO����$OW�� ������ ������ ���� ���� %DVÕQo� ��*.�

'L\DJRQDO����hVW�� ������ ������ ���� ���� %DVÕQo� ��*.�

'L\DJRQDO����$OW�� ������ ������ ���� ���� %DVÕQo� ��*.�

'L\DJRQDO����hVW�� ������ ������ ���� ���� %DVÕQo� ��*.�

'L\DJRQDO����$OW�� ������ ������ ���� ���� %DVÕQo� ��*.�

'L\DJRQDO����hVW�� ������ ������ ���� ���� %DVÕQo� ��*.�
'L\DJRQDO����$OW�� ������ ������ ���� ���� %DVÕQo� ��*.�
'L\DJRQDO����hVW�� ������� ������ ���� ���� %DVÕQo� ��*.�
'L\DJRQDO����$OW�� ������� ������ ���� ���� %DVÕQo� ��*.�

�

6RQOX�HOHPDQ�LOH�\DSÕODQ�o|]�POHPHGH�oHUoHYH�JHRPHWULOHUL�ROXúWXUXOPXú�YH�G�úH\�\�NOHPHOHU�WDQÕPODQPÕúWÕU��<DSÕ�
HOHPDQODUÕ� LoLQ� SODVWLN� NHVLW� WDQÕPODPDODUÕ� \DSÕOPÕúWÕU�� EX� WDQÕPODPDGD� NLULúOHULQ� H÷LOPH�PRPHQWL� �0��� HWNLVLQGH��
NRORQODUÕQ� HNVHQHO� \�N� YH� H÷LOPH� PRPHQWL� �3�0��� HWNLVLQGH�� SHUGH� HOHPDQODUÕQ� LVH� HNVHQHO� \�N� �3�� HWNLVLQGH�
PDIVDOODúDFD÷Õ�|Q�J|U�OP�úW�U���

7DEOR����7HUV�9�oDSUD]OÕ�oHUoHYHQLQ�PDIVDOODúPD�ELOJLOHUL�

(OHPDQ� 3��WRQ��
3ODVWLN�8��

�FP��
0���WFP��

3ODVWLN�5��

�UDG��

.DUDNWHU�

3�0�

+DVDU�

�)(0$��

'L\DJRQDO����hVW�� ������� ������ ���� ���� %DVÕQo� ��*.�
'L\DJRQDO����$OW�� ������� ������ ���� ���� %DVÕQo� ��*.�
'L\DJRQDO����hVW�� ������� ������ ���� ���� %DVÕQo� ��*.�
'L\DJRQDO����$OW�� ������� ������ ���� ���� %DVÕQo� ��*.�
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6RQXoODU�

�
dHOLN�\DSÕODUGD�\DSÕ�GDYUDQÕúÕQÕ�ROXPOX�\|QGH�L\LOHúWLUPHN�YH�\DQ�\�NOHU�DOWÕQGD�SHUIRUPDQVÕQÕ�DUWWÕUPDN�DPDFÕ�LOH�
oHOLN�SHUGH�NXOODQÕPÕ�ROGXNoD�|QHPOLGLU��dHOLN�SHUGH�WHUWLEL�YH�SHUGHGH�NXOODQÕODFDN�NHVLW�JHRPHWULVL�\DSÕ�GDYUDQÕúÕQÕ�
|QHPOL�|Oo�GH�GH÷LúWLUPHNWHGLU��%X�QHGHQOH�\DSÕ\Õ�ROXúWXUDQ�oHUoHYHOHU�J|]�|Q�QH�DOÕQDUDN�KHP�SHUGH�WHUWLEL�KHP�GH�
SHUGH�SURILO�NHVLWL�VHoLPL�|QHP�WDúÕPDNWDGÕU��

$QDOL]OHU� VRQXFX� HOGH� HGLOHQ� YHULOHU� ÕúÕ÷ÕQGD�� NXOODQÕODQ� GDLUHVHO� HQ� NHVLW� LOH� ROXúWXUXODQ� GLDJRQDO� YH� WHUV�9� SHUGH�
W�UOHULQLQ� \DSÕ� SHUIRUPDQVÕQD� HWNLOHUL� NDUúÕODúWÕUÕOPÕúWÕU�� %X� H÷ULOHU� DOWÕQGD� NDODQ� DODQ� \DSÕQÕQ� V|Q�POHGL÷L� HQHUML�
PLNWDUÕQÕ�J|VWHUPHNWHGLU��%X�DODQ�QH�NDGDU�E�\�N�ROXUVD�\DSÕ�R�NDGDU�ID]OD�HQHUML�V|Q�POHPHNWHGLU��$\QÕ�HQNHVLWH�
VDKLS�IDUNOÕ�SHUGH�W�UOHUL�EX�NULWHU�GH�J|]�|Q�QH�DOÕQDUDN�NÕ\DVODQPÕúWÕU��

(ODVWLN�VÕQÕU�GXUXPXQGDNL�PDNVLPXP�GHSODVPDQ�NÕVWDV�DOÕQGÕ÷ÕQGD��
x 3HUGH�WHúNLOL�GDLUH�NHVLWOL�GL\DJRQDO�VHoLOPHVL�GXUXPXQGD�HODVWLN�VÕQÕU������FP�RODUDN�KHVDSODQPÕúWÕU��
x 3HUGH�WHúNLOL�GDLUH�NHVLWOL�WHUV�9�VHoLOPHVL�GXUXPXQGD�HODVWLN�VÕQÕU������FP�RODUDN�KHVDSODQPÕúWÕU��
x 3HUGH�WHúNLOL�GDLUHVHO�NHVLWOL�GLDJRQDO�VHoLOPHVL�GXUXPXQGD�oHUoHYH�HQ�HVQHN�GDYUDQÕúD�VDKLS�ROPDNWDGÕU���
x 3HUGH�WHúNLOL�GDLUHVHO�NHVLWOL�WHUV�9�VHoLOPHVL�GXUXPXQGD�oHUoHYH�ULMLW�GDYUDQÕúD�VDKLS�ROPDNWDGÕU��

�
.D\QDNODU�
�
$PHULFDQ�6RFLHW\�2I�&LYLO�(QJLQHHUV��3UHVWDQGDUG�$QG�&RPPHQWDU\�)RU�7KH�6HLVPLF�5HKDELOLWDWLRQ�2I�%XLOGLQJV���
��������)HGHUDO�(PHUJHQF\�0DQDJHPHQW�$JHQF\��:DVKLQJWRQ��'�&���)(0$������
$OÕFÕR÷OX��%����������0HUNH]L�dHOLN�dDSUD]OÕ�<DSÕODUGD�8\JXQ�dDSUD]�.HVLWL�YH�*HRPHWULVLQLQ�YH�dDSUD]�7�U�Q�Q�
%HOLUOHQPHVL��6DNDU\D�hQLYHUVLWHVL��)HQ�%LOLPOHUL�(QVWLW�V���<�NVHN�/LVDQV�7H]L�
&KDQ�� 6�/��� &KXÕ�� 3�3�7���������� 1RQ�/LQHDU� 6WDWLF� $QG� &\FOLF� $QDO\VLV� RI� 6WHHO� )UDPHV� :LWK� 6HPL�5LMLG�
&RQQHFWLRQV��(OVHYÕHU��
&RPSXWHUV� $QG� 6WUXFWXUHV� ,QF��� &VÕ� $QDO\VLV� 5HIHUHQFH� 0DQXDO� )RU� 6DS�������������� (WDEV�� 6DIH�� %HUNHOH\��
&DOLIRUQLD��86$��
'XUPXú��*����������dHOLN�dHUoHYH�<DSÕODUÕQÕQ�'R÷UXVDO�2OPD\DQ�'HSUHP�'DYUDQÕúÕ��,VSDUWD��7XUNH\��
'HSUHP�%|OJHOHULQGH�<DSÕODFDN�%LQDODU�+DNNÕQGD�<|QHWPHOLN��7�&��%D\ÕQGÕUOÕN�YH�øVNkQ�%DNDQOÕ÷Õ����������
(UNDQ��g����������øOHUL�<DSÕ�6WDWL÷L�'HUV�1RWODUÕ��ø7h��
*LRQFX��9���0D]]RODQL��0��)����������'XFWLOLW\�RI�6HLVPLF��5HVLVWDQW�6WHHO�6WUXFWXUHV��&DQDGD��86$�
.XWDQLV�� 0��� �������� 3HUIRUPDQVD� 'D\DOÕ� 7DVDUÕP� YH� 'H÷HUOHQGLUPH� <|QWHPOHULQLQ� 'HSUHP� 6RQUDVÕ� 7�UNL\H¶GH�
*|]OHQHQ�<DSÕ�3HUIRUPDQVODUÕ�LOH�.DUúÕODúWÕUÕODUDN�*HOLúWLULOPHVL��7h%ø7$.�3URMH�1R�����0�����6DNDU\D��
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Abstract-� ,Q� WKLV� ZRUN�� ZH� SURSRVH� D� PXOWL�LQSXW� PXOWL�RXWSXW� IHHGEDFN� OLQHDUL]DWLRQ�
EDVHG�FRQWUROOHU�IRU�D�TXDGURWRU�KHOLFRSWHU��&RQWUDU\�WR�WKH�SURSRVHG�FRQWUROOHUV�LQ�WKH�
OLWHUDWXUH��ZKHUH�IHHGEDFN�OLQHDUL]DWLRQ�LV�DSSOLHG�WR�WKH�4XDGRWRU�LQ�6,62�IRUP�WR�GHDO�
ZLWK� HDFK� RQH� RI� LW¶V� VXEV\VWHPV�� WKH� SURSRVHG� FRQWUROOHU� FRQVLGHUV� WKH� SUREOHP� DV� D�
0,02� FRQWURO� GHVLJQ�� 6LQFH� WKH� FRQWURO� PDWUL[� LV� VLQJXODU�� G\QDPLF� IHHGEDFN�
OLQHDUL]DWLRQ� LV� XVHG� WR� FRPSXWH� WKH� FRQWURO� ODZV�� )XUWKHUPRUH�� WR� DOOHYLDWH� WKH�
FRQVWUDLQW�RI�VWDWHV�PHDVXUHPHQW��LQ�WKLV�ZRUN��RQO\�WKH�RXWSXWV�DUH�FRQVLGHUHG�DYDLODEOH�
IRU�PHDVXUDEOH��6WDELOLW\�RI�WKH�FORVHG�ORRS�LV�JXDUDQWHHG�DORQJ�ZLWK�DFKLHYLQJ�H[FHOOHQW�
SHUIRUPDQFH�ZKLFK�LV�VKRZQ�E\�VLPXODWLRQ��
 
Keywords—�IHHGEDFN�OLQHDUL]DWLRQ��TXDGURWRU��'\QDPLF�PRGHOOLQJ�

 
1   Introduction 
�

$XWRQRPRXV� 8QPDQQHG� $LU� YHKLFOHV� �8$9�� DUH� LQFUHDVLQJO\� SRSXODU� SODWIRUPV�� GXH� WR� WKHLU� XVH� LQ� PLOLWDU\�
DSSOLFDWLRQV��WUDIILF�VXUYHLOODQFH��HQYLURQPHQW�H[SORUDWLRQ��VWUXFWXUH�LQVSHFWLRQ��PDSSLQJ�DQG�DHULDO�FLQHPDWRJUDSK\��LQ�
ZKLFK� ULVNV� WR� SLORWV� DUH� RIWHQ� KLJK�� 5RWRUFUDIW� KDV� DQ� HYLGHQW� DGYDQWDJH� RYHU� IL[HG�ZLQJ� DLUFUDIW� IRU� YDULRXV�
DSSOLFDWLRQV� EHFDXVH� RI� WKHLU� YHUWLFDO� ODQGLQJ�WDNH�RII� FDSDELOLW\� DQG� SD\ORDG�� $PRQJ� WKH� URWRUFUDIW�� TXDGURWRU�
KHOLFRSWHUV� FDQ� XVXDOO\� DIIRUG� D� ODUJHU� SD\ORDG� WKDQ� FRQYHQWLRQDO� KHOLFRSWHUV� GXH� WR� IRXU� URWRUV�� 0RUHRYHU�� VPDOO�
TXDGURWRU�KHOLFRSWHUV�SRVVHVV�D�JUHDW�PDQHXYHUDELOLW\�DQG�DUH�SRWHQWLDOO\�VLPSOHU�WR�PDQXIDFWXUH��)RU�WKHVH�DGYDQWDJHV��
TXDGURWRU�KHOLFRSWHUV�KDYH�UHFHLYHG�PXFK�LQWHUHVW�LQ�8$9�UHVHDUFK�>�@�����
7KH�TXDGURWRU�LV�DQ�XQGHUDFWXDWHG�V\VWHP�ZLWK�VL[�RXWSXWV�DQG�IRXU�LQSXWV��DQG�WKH�VWDWHV�DUH�KLJKO\�FRXSOHG��0DQ\�

HIIRUWV� KDYH� EHHQ� PDGH� WR� FRQWURO� TXDGURWRU� KHOLFRSWHU� DQG� VRPH� VWUDWHJLHV� KDYH� EHHQ� GHYHORSHG� WR� VROYH� WKH� SDWK�
IROORZLQJ�SUREOHPV�IRU�WKLV�W\SH�RI�V\VWHPV��,Q�>�@��WKH�TXDGURWRU�KDV�EHHQ�FRQWUROOHG�LQ���'2)�E\�FODVVLFDO�LQGHSHQGHQW�
3'�FRQWUROOHUV��,Q�>�@�WKH�DXWKRUV�GHYHORSHG�D�3,'�FRQWUROOHU�LQ�RUGHU�WR�VWDELOL]H�DOWLWXGH�DQG�LQ�>�@�D�3,'�FRQWUROOHU�DQG�
D�/4�FRQWUROOHU�ZHUH�SURSRVHG�WR�VWDELOL]H�WKH�DWWLWXGH��7KH�3,'�FRQWUROOHU�VKRZHG�WKH�DELOLW\�WR�FRQWURO�WKH�DWWLWXGH�LQ�
WKH� SUHVHQFH� RI� PLQRU� SHUWXUEDWLRQ� DQG� WKH� /4� FRQWUROOHU� SURYLGHG� DYHUDJH� UHVXOWV�� ,Q� >�@�� WKH� DXWKRUV� SURSRVHG� D�
FRPELQDWLRQ�RI� WKH�EDFNVWHSSLQJ� WHFKQLTXH�DQG�D�QRQOLQHDU� UREXVW�3,�FRQWUROOHU��7KH� LQWHJUDO�DFWLRQ�JDLQ� LV�QRQOLQHDU�
DQG�EDVHG�RQ�D�VZLWFKLQJ� IXQFWLRQ� WKDW�HQVXUHV�DUREXVW�EHKDYLRXU� IRU� WKH�RYHUDOO�FRQWURO� ODZ�� � ,Q�>�@��D�%DFNVWHSSLQJ�
)X]]\� /RJLF� FRQWUROOHU� DQG� %DFNVWHSSLQJ� /HDVW� 0HDQ� 6TXDUH� FRQWUROOHU� DV� QHZ� DSSURDFKHV� WR� FRQWURO� WKH� DWWLWXGH�
VWDELOL]DWLRQ�RI�4XDGURWRU�ZHUH�SUHVHQWHG��
0DQ\�EDFNVWHSSLQJ�EDVHG�DQG�IHHGEDFN�OLQHDUL]DWLRQ�EDVHG�FRQWUROOHUV�KDYH�EHHQ�GHYHORSHG�WR�FRQWURO�WKH�TXDGURWRU�LQ�
��'2)��,Q�>����@�D�IXOO�VWDWH�EDFNVWHSSLQJ�WHFKQLTXH�EDVHG�RQ�WKH�/\DSXQRY�VWDELOLW\�LV�SUHVHQWHG��,Q�>�@�SUHVHQWHG�WKH�
%DFNVWHSSLQJ�$SSURDFK�IRU�&RQWUROOLQJ�D�TXDGURWRU�8VLQJ�/DJUDQJH�)RUP�'\QDPLFV�,Q�DGGLWLRQ��WZR�QHXUDO�QHWZRUNV�
DUH� LQWURGXFHG� WR� HVWLPDWH� WKH� DHURG\QDPLF� FRPSRQHQWV�� RQH� IRU� DHURG\QDPLF� IRUFHV� DQG� WKH� RWKHU� IRU� DHURG\QDPLF�
PRPHQWV�� ,Q� >��@�D�PL[HG� UREXVW� IHHGEDFN� OLQHDUL]DWLRQ�ZLWK� OLQHDU� f*+ � FRQWUROOHU� LV�SURSRVHG�� ,Q� >��@� WKH�FRQWURO�
VWUDWHJ\� LQFOXGHG� IHHGEDFN� OLQHDUL]DWLRQ� FRXSOHG� ZLWK� D� 3'� FRQWUROOHU� IRU� WKH� WUDQVODWLRQDO� VXEV\VWHP� DQG� D�
EDFNVWHSSLQJ�EDVHG� 3,'� QRQOLQHDU� FRQWUROOHU� IRU� WKH� URWDWLRQDO� VXEV\VWHP� RI� WKH� TXDGURWRU�� $� UREXVW� DGDSWLYH�IX]]\�
FRQWURO�LV�SHRSRVHG�,LQ�>��@��7KLV�FRQWUROOHU�VKRZHG�JRRG�SHUIRUPDQFH�DJDLQVW�VLQXVRLGDO�ZLQG�GLVWXUEDQFH��,Q�>��@�DQ�
LQWHJUDO�SUHGLFWLYH�DQG�QRQOLQHDU� f+ �FRQWURO�VWUDWHJ\�WR�VROYH�WKH�SDWK�IROORZLQJ�SUREOHP�IRU�D�TXDGURWRU�KHOLFRSWHU�LV�
SUHVHQWHG��
&RQWUDU\�WR�WKH�FRQWUROOHUV�RI�WKH�4XDGURWRU�SURSRVHG�LQ�WKH�OLWHUDWXUH��ZKHUH�PXOWLSOH�6,62�IHHGEDFN�OLQHDUL]DWLRQ�

EDVHG�FRQWUROOHUV�ZHUH�GHYHORSHG�� LQ� WKLV�ZRUN��ZH�SUHVHQW�D� �0,02�IHHGEDFN� OLQHDUL]DWLRQ�FRQWUROOHU��6LQFH�FRQWURO�
PDWUL[� LV� VLQJXODU�� G\QDPLF� IHHGEDFN� OLQHDUL]DWLRQ� FRQWUROOHU� LV� GHULYHG�� � )XUWKHUPRUH�� WR� DOOHYLDWH� WKH� FRQVWUDLQW� RI�
VWDWHV�PHDVXUHPHQW�� LQ� WKLV�ZRUN�� RQO\� WKH� RXWSXWV� RI� WKH�4XDGURWRU� DUH� FRQVLGHUHG� DYDLODEOH� IRU�PHDVXUHPHQW�� 7KLV�
SDSHU� LV� VWUXFWXUHG� DV� IROORZV�� ,Q� 6HFWLRQ� ��� WKH� RSHUDWLQJ� SULQFLSOH� RI� WKH�4XDGURWRU� DQG� LWV� G\QDPLF� HTXDWLRQV� DUH�
SUHVHQWHG�� ,Q� 6HFWLRQ� ��� D� IHHGEDFN� OLQHDUL]DWLRQ� FRQWUROOHU� LV� GHVLJQHG�� 6HFWLRQ� �� SUHVHQWV� DQ� REVHUYHU� GHVLJQ� WR�
HVWLPDWH�XQPHDVXUHG�VWDWHV��6LPXODWLRQ�UHVXOWV�DUH�JLYHQ�LQ�6HFWLRQ����DQG�6HFWLRQ���FRQFOXGHV�SDSHU��
�

2    Quadrotors Dynamics Modeling��

=(*+/$&+(�6DPLU������6$,*$$�'MDPHO������.$5$�.DPHO������%28*8(55$�$EGHUUDKPHQ�����
  

����'HSDUWPHQW�RI�(OHFWURQLFV��)DFXOW\�RI�7HFKQRORJ\��8QLYHUVLW\�RI�0VLOD�%3�����,FKELOLD�������$OJHULD�
����'HSDUWPHQW�RI�(OHFWURQLFV��)DFXOW\�RI�(QJLQHHULQJ�6FLHQFHV��8QLYHUVLW\�RI�%OLGD��$OJHULD�

�

]HJKODFKHBVDPLU#\DKRR�IU��VDLJDDBGM#\DKRR�IU�
�

DYNAMIC FEEDBACK LINEARIZATION STRATEGY 
BASED LUNBERGER OBSERVER FOR A 6 DOF 

QUADROTOR HELICOPTER IN VERTICAL FLIGHT  �
�

�
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,Q�WKLV�VHFWLRQ�ZH�ZLOO�GHVFULEH�WKH�G\QDPLFDO�PRGHO�IRU�WKH�TXDGURWRU�PLQL�DLUFUDIW�XVLQJ�WKH�(XOHU�/DJUDQJH�
DSSURDFK��D�VNHWFK�RI�WKH�TXDGURWRU�URWRUFUDIW�V\VWHP�VWXGLHG�LQ�WKLV�VWXG\�LV�VKRZQ�LQ�)LJ�����ZKHUH�WKH�(XOHU�DQJOHV�DQG�
WKH�FDUWHVLDQ�FRRUGLQDWH� IUDPH�DUH�VKRZQ��7KH�HTXDWLRQV�RI�PRWLRQ�DUH�JLYHQ� LQ�����DQG� WKH�YDOXHV�RI�VRPH�YDULDEOHV�
VHHQ�DUH�WDEXODWHG�LQ�7DEOH����>��@�
�

/HW� ����� =<;2( GHQRWH�DQ�LQHUWLDO�IUDPH��DQG� ����� ]\[2% c �GHQRWH�D�IUDPH�ULJLGO\�DWWDFKHG�WR�WKH�TXDGURWRU��
�
�
�
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�
�
�

�
�
�
�
�
�
�
�

Fig 1�*HQHUDO�YLHZ�RI�WKH�TXDGURWRU�
�

:H�ZLOO�PDNH�WKH�IROORZLQJ�DVVXPSWLRQV��
�

x �7KH�TXDGURWRU�VWUXFWXUH�LV�ULJLG�DQG�V\PPHWULFDO��
x �7KH�FHQWHU�RI�PDVV�DQG�µR¶�FRLQFLGHV��
x �7KH�SURSHOOHUV�DUH�ULJLG��
x �7KUXVW�DQG�GUDJ�DUH�SURSRUWLRQDO�WR�WKH�VTXDUH�RI�WKH�
���������SURSHOOHUV�VSHHG��
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�

LI �LV�WKH�WKUXVW�JHQHUDWHG�E\�WKH�L�WK�PRWRU�� �!LN LV�D�FRQVWDQW�DQG� LZ �LV�WKH�DQJXODU�VSHHG�RI�PRWRU�L���
�

LP � 0RWRU�ZHLJKW� �����NJ�

EP � %DWWHU\�ZHLJKW� �����NJ�
P� 7RWDO�ZHLJKW�RI�WKH�TXDGURWRU�� �����NJ��
O � 'LVWDQFH�IURP�PRWRUV�WR�WKH�FHQWUH�

RI�JUDYLW\��
������NJ�

J� *UDYLWDWLRQDO�DFFHOHUDWLRQ��� ����� �� VP �
�

Table 1�3K\VLFDO�SDUDPHWHUV�RI�WKH�TXDGURWRU��
�

7KHQ�WKH�HTXDWLRQV�UHSUHVHQWHG�LQ�����FDQ�EH�UHZULWWHQ�LQ�YHFWRU�IRUP�DV������
�

�

� � � �8;(;'; � �� ����� � � ��������������
�
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3   Feedback Linearization Control Strategy  
�

7KH�REMHFWLYH�RI�WKLV�VHFWLRQ�LV�WR�UHYLHZ�WKH�WHFKQLTXHV�WKDW�FDQ�EH�DSSOLHG�WR�GHYHORS�D�QRQOLQHDU�FRQWUROOHU�
IRU� WKH� TXDGURWRU� V\VWHP�� 7KH� WHFKQLTXH� LV� EDVHG� RQ� WKH� FRQVWUXFWLRQ� RI� D� QRQOLQHDU� LQYHUVH� G\QDPLF� FRQWUROOHU�
GHVFULEHG�LQ�>��@��IRU�D�V\VWHP�RI�WKH�IRUP��

�

� � � �8;J;I; � � ������������������������������������������������
� �;+<  ����������������������������������������������������������������������������������������������������

:KHUH� � �;I �DQG� � �;J �DUH�YHFWRU�ILHOGV�LQ� Q5 ��8�LV�WKH�LQSXW�DQG�<�LV�WKH�RXWSXW��
7KH�FRQWURO�GHVLJQ�SURFHVV�LV�WR�ILQG�DQ�LQWHJHU� U DQG�D�VWDWH�IHHGEDFN�
�

� � � �9;;8 ED � �������������������������������������������
�

:KHUH�9� LV�D�QHZ�FRQWURO�YDULDEOH�D DQG� E �DUH�VPRRWK�IXQFWLRQV�GHILQHG�LQ�D�QHLJKERUKRRG�RI�VRPH�SRLQW� Q5[ �� �
DQG� � � �� z[E VXFK�WKDW�WKH�FORVHG�ORRS�V\VWHP������������DQG������

� � � � � � � �� �9;;;J;I; ED �� � ������������������������
KDV�WKH�SURSHUW\�WKDW�WKH�ȡ�WK�RUGHU�GHULYDWLYH�RI�WKH�RXWSXW�LV�JLYHQ�E\��
�

9\  U ������ *�W ������������������������������������������������������
�

:KHUH� * LV�DQ�RSHQ�LQWHUYDO�FRQWDLQLQJ�W ���7KLV�SUREOHP�LV�WHUPHG�DV��ORFDO��LQSXW�RXWSXW�IHHGEDFN�OLQHDUL]DWLRQ��7KH�
SRLQW� �[ �DURXQG�ZKLFK�WKH�OLQHDUL]DWLRQ�LV�SHUIRUPHG�LV�FDOOHG�WKH�DQDO\VLV�SRLQW��7KH�DERYH�LGHD�FDQ�EH�LPSOHPHQWHG�
E\�VXFFHVVLYHO\�GLIIHUHQWLDWLQJ�WKH�RXWSXW� � �;+<  DV�

� �;+<  � ������������������������������������������������������
� � � �;+/< I � ������������������������������������������������
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:KHUH� � �;+/NI �LV�FDOOHG�WKH�/LH�GHULYDWLYH�RI� � �;+/NI
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DQG�SURYLGHG�WKDW�WKH�LQWHJHU�ȡ�H[LVWV�DQG� � �;+// IJ
��U ��LQ�WKH��

QHLJKERUKRRG� RI� � �[ � HTXDWLRQ� ����� FDQ� HDVLO\� REWDLQHG�� ,Q� WKLV� FDVH� WKH� V\VWHP� KDV� D� UHODWLYH� GHJUHH� LQ� WKH�
QHLJKERUKRRG�RI�� �[ 7KH�IXQFWLRQV� � �[D �DQG� � �[E �RI�HTXDWLRQ������FDQ�EH�REWDLQHG�GLUHFWO\�IURP�HTXDWLRQ������DV�
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)URP�HTXDWLRQ�������ZH�VHH�WKDW�WKH�LQYHUVLRQ�EDVHG�FRQWURO�ODZ������KDV�WKH�FDSDELOLW\�LQ�VKDSLQJ�WKH�RXWSXW�
UHVSRQVH�E\�VLPSO\�GHVLJQLQJ�WKH�QHZ�FRQWURO�9�WR�JHW�WKH�GHVLUHG�RXWSXW��+RZHYHU��VLQFH�WKH�LQYHUVLRQ�EDVHG�FRQWURO�
ODZ�LV�RQO\�EDVHG�RQ�WKH�V\VWHP
V�LQSXW�RXWSXW�G\QDPLFV��LW�PD\�IDLO�WR�UHVXOW�LQ�D�VWDEOH�FORVHG�ORRS�V\VWHP��7KLV�FDQ�
KDSSHQ� LI� WKH� FRQWUROOHG� V\VWHP� LV� QRQ�PLQLPXP�SKDVH�� 7KH� TXDGURWRU� RXWSXW� G\QDPLF� FDQ� SODFHG� LQ� VWDWH� VSDFH� DV�
HTXDWLRQ� ������1RWH� WKDW� WKH�PDWUL[�PXOWLSO\LQJ� WKH� FRQWURO� > @ 7X8 \TM WWW a�a�a� LV� VLQJXODU�ZKLFK� LPSOLHV� WKDW� WKHUH� LV� QR�
VWDWLF�VWDWH� IHHGEDFN� WKDW�ZLOO� OLQHDUL]H� ������ ,Q� WKLV�FDVH�ZH�PXVW�XVH�G\QDPLF� LQYHUVLRQ�DQG� WKLV�FDQ�EH�DFKLHYHG�E\�
G\QDPLF�H[WHQVLRQ�RU�VLPSO\�E\�SODFLQJ�WZR�LQWHJUDWRU�EHIRUH�X�LQSXW��7KXV�GLIIHUHQWLDWLQJ�HTXDWLRQ�����WZR�PRUH�WLPHV�
ZH�REWDLQ�WKH�IROORZLQJ�RXWSXW�G\QDPLFV�IRU�WKH�TXDGURWRU��
�
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FKRLFH�RI�WKH�REVHUYHU�SDUDPHWHUV� LMN �EHWZHHQ�FRQYHUJHQFH�VSHHG�RI�WKH�HVWLPDWLRQ�HUURU� H �WR�]HUR�DQG�UREXVWQHVV�ZLWK�
UHVSHFW�WR�GLVWXUEDQFHV��
��7KH�IUDPHZRUN�RI�WKH�TXDGURWRU�FRQWURO�V\VWHP�ZLWK�WKH�SURSRVHG�IHHGEDFN�OLQHDUL]DWLRQ�LV�SUHVHQWHG�LQ�)LJ����
 
 
 
5   Simulation results �
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6   Conclusion  
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,Q� WKLV�SDSHU��ZH�SUHVHQWHG�VWDELOL]LQJ�FRQWURO� ODZV� V\QWKHVLV�E\�G\QDPLF� IHHGEDFN� OLQHDUL]DWLRQ��)LUVWO\��ZH�
VWDUW�E\�WKH�GHYHORSPHQW�RI�WKH�G\QDPLF�PRGHO�RI�WKH�TXDGURWRU�WDNLQJ�LQWR�DFFRXQW�WKH�GLIIHUHQW�SK\VLFV�SKHQRPHQD�
LPSRVHG� WR� WKH� V\VWHP�PRWLRQV�� WKLV� VD\V� WKHVH� FRQWURO� ODZV� DOORZHG� WKH� WUDFNLQJ� RI� WKH� YDULRXV� GHVLUHG� WUDMHFWRULHV�
H[SUHVVHG� LQ� WHUP�RI� WKH�FHQWHU�RI�PDVV�FRRUGLQDWHV�RI� WKH� V\VWHP� LQ� VSLWH�RI� WKH�FRPSOH[LW\�RI� WKH�SURSRVHG�PRGHO��
$IWHU�ZH�DUH�LQWHUHVWHG�WR�WKH�GHYHORSPHQW�RI�D�QRQOLQHDU�REVHUYHU�LQ�RUGHU�WR�EH�DEOH�WR�HVWLPDWH�XQPHDVXUHG�VWDWHV��$V�
SURVSHFWV�ZH�KRSH� WR�GHYHORS�RWKHU�FRQWURO� WHFKQLTXHV�DQG�RWKHU�NLQGV�RI�QRQOLQHDU�REVHUYHU� LQ�RUGHU� WR� LPSURYH� WKH�
SHUIRUPDQFHV�DQG�WR�HQVXUH�JRRG�QDYLJDWLRQ�RI�VXFK�V\VWHPV�LQ�HYROXWLRQDU\�DQG�FRQVWUDLQHG�HQYLURQPHQW��
�
�
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Abstract: The relationships between economic growth, energy consumption, and environmental pollution 
have received increasing attention in recent energy, economics and CO2 emission literature. The United 
Arab Emirates (UAE) has the world's fifth largest proven reserves of crude oil, and fourth largest reserves 
of natural gas. The federal economy depends for one third of its Gross Domestic Product (GDP) on 
petroleum and gas mining downed from 74% in 1980s. The UAE is an oil exporting country and the 
second largest source of its revenue is re-exports which is roughly one third of total merchandise exports. 
The manufacturing sector in the country is large and dynamic, largely based on activities in Jebel Ali free 
zones located in Dubai. The main sources of energy consumed both in industry and personally are 
petroleum and natural gas. That is why, per capita CO2 of the country is relatively higher than most of the 
countries in the world. The main objective of this study is to investigate the existence and direction of 
Granger causality between economic growth, energy consumption, and CO2 emissions in the UAE. A 
dynamic time series model was utilized by using data for 1975-2008 periods. According to results there 
were unidirectional causal relationships running from energy consumption per capita to CO2 emission per 
capita. Evidence shows that there were no cointegration relationships in GDP versus CO2 and GDP 
versus Energy. Therefore, the UAE government can pursue environmental and energy conservation 
policies in the long run without impeding economic growth. 

Keywords: GDP, CO2 Emission, Energy Consumption, Granger Causality, Cointegration. 

Introduction 
Energy consumption and environmental pollution are considered two main factors cause global warming and 
climate change. But on the other hand, there seems to be a strong relationship between energy consumption, 
environmental pollution and Gross Domestic Product (GDP). Such relationships have attracted many researchers in 
the recent decades. As living standards increase the energy consumption is expected to increase which causes 
environmental degradation.     

The causal relationship between energy use and economic growth; environmental pollution and economic growth 
have been considerable research topics in the literature. The researchers generally used the causality test to analyze 
such relationships both in single country base (Chang, 2010; Hatzigeorgiou, Polatidis, & Haralambopoulos, 2011; 
Ozturk & Acaravci, 2010; Zhang & Cheng, 2009) and multiple countries bases (Chontanawat, Hunt, & Pierse, 2008; 
Coondoo & Dinda, 2002).  

In addition to the relationship between GDP and energy consumption the researcher such as Shafik & 
Bandyopadhyay (1992), Panayotou (1993) , and Grossman & Krueger (1994)  realized a relationship between GDP 
and environmental pollution and called it Environmental Kuznets Curve (EKG). According to the EKG there is an 
inverted U-shape relationship between GDP and environmental pollution. Such relationship can be different 
depending on different levels of economic development and different regions of the world. By using EKG concept 
the researchers have found different kind of relationship between GDP and environmental pollutions. While some of 
them found a valid EKG (inverted U-shape) between GDP and environmental pollutions (Esteve & Tamarit, 2011; 
He & Richard, 2010; Jalil & Mahmud, 2009), some found U-shape (Akbostanci, Turut-Asik, & Tunc, 2009; Friedl 
& Getzner, 2003) and some others such as  Lantz and Feng (2006) found no evidence to support the EKG 
hypothesis. 

Greenhouse gas emission (GHG), mainly CO2, pollute environment and are considered to be the main causes of 
global warming. All economic activities such as production, value adding, distribution, retailing, and etc. need 
energy consumption and as a result of that GHG occurs and pollute environment. Energy is one of the most 
important contributors to economic growth but at the same time causes GHG. Several countries signed the Kyoto 
Protocol and promised to decrease their emission levels. Some researchers (Esteve & Tamarit, 2011; He & Richard, 
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2010; Jalil & Mahmud, 2009) have proved that initially as per capita income increases environmental degradation 
intensifies, but at the later levels of economic growth it tends to subside (Kuznet Curve = Inverted U-Shape). They 
have also shown that the sustainable development can be achieved via efficient energy use (energy conservation) 
and greener production (decreasing of environmental pollution).  

The UAE has the world's fifth largest proven reserves of crude oil, and fourth largest reserves of natural gas 
reserves. The federal economy depends for one third of its GDP on petroleum and gas mining downed from 74% in 
1980s. The UAE is an oil exporting country and the second largest source of its revenue is re-exports which is 
roughly one third of total merchandise exports. The manufacturing sector in the country is large and dynamic, 
largely based on activities in Jebel Ali free zones located in Dubai. The main sources of energy consumed both in 
industry and personally are petroleum and natural gas. That is why, per capita CO2 of the country is relatively 
higher than most of the countries in the world (WorldBank, 2012).  

Having high values of GDP, energy consumption, and CO2 emission per capita in the UAE make us to ask the 
question: Is it possible to have economic growth while implementing environmental and energy conservation 
policies in the UAE?  

The authors have found two article in the literature one of which conducted by Al-Iriani (2006) and analyzed the 
relationship between energy and GDP for GCC countries by using panel causality. According to his results there 
was a unidirectional causal effect of GDP on energy consumption in GCC countries. The second article was written 
by Al-Mulali (2012). The factors affecting CO2 emission were analyzed in 12 Middle Eastern countries by using 
panel data as well. According to the results of Al-Mulali’s study the total primary energy consumption, foreign 
direct investment net inflows, GDP, and total trade were important factors increasing CO2 emission. The researchers 
are not aware of such studies focused on the UAE.  As for this study, the relationships between energy consumption 
and GDP; CO2 emission and GDP; CO2 and energy are analyzed by using time series data.  

The main objective of this study is to investigate the existence and direction of Granger Causality between economic 
growth, energy consumption, and carbon emissions in UAE. The Specific objectives are to 

- check stationary of time series data, 
- analyze cointegration between variables, 
- analyze causal relationship in GDP versus CO2, GDP versus Energy, and CO2 versus Energy- emission and 

to determine the direction of it, 
- line up some recommendations to decision makers.   

Materials and Method 
Annual time series data for the UAE from 1975 to 2008 was taken from world development indicator database, the 
World Bank (2012). The real GDP in US dollars according to year 2000 constant prices was converted to the per 
capita real GDP. The per capita real GDP is used a proxy for economic growth. The proxy of environmental 
pollution was CO2 and calculated as metric tons per capita. Per capita energy consumption was measured as 
kilogram of oil equivalent.  

After organizing the data two statistical procedures were followed before conducting Granger Causality test. The 
first procedure was Stationary and/or Unit Root Test. As defined by Hill et al., “a time series yt is stationary if its 
mean and variance are constant over time, and if the covariance between two values from the series depends only on 
the length of time separating the two values, and not on the actual times at which the variables are observed”(Hill, 
Griffiths, Lim, & Adkins, 2008). There are many different tests to check whether a series is stationary or 
nonstationary. The Phillips-Perron unit root test is one of well-known and used extensively in literature. In this test 
nonparametric statistical method is used to take care of serial correlations in error terms without adding lagged 
difference terms (Gujarati, 2003). 

No constant no trend   οݕ௜௧ = ௜௧ିଵݕ௜ߛ + ௜௧ݒ                (1) 

With constant but no trend  οݕ௜௧ = D௜ + ௜௧ିଵݕ௜ߛ + ௜௧ݒ                (2) 

With constant and with trend οݕ௜௧ = D௜ + ௜௧ିଵݕ௜ߛ + ௜௧ߣ +  ௜௧              (3)ݒ

ߛ :଴ܪ     = 0 and  ܪଵ: ߛ < 0 

Where y stands for GDP per capita (i=1) or CO2 emission per capita (i=2) or energy consumption per capita (i=3)  
Phillips-Perron unit root tests were conducted to check if the data are stationary or nonstationary.  
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Once the time series variables checked for their stationary one can easily conduct cointegration test. As  indicated by 
Hill et al., (2008) because of spurious problem nonstationary time-series variables should not be used in regression 
analysis. The exception to this rule is cointegration. According to Engle and Granger (1987) any linear combination 
or difference of nonstationary variables can be stationary and if such case exists the variables are said to be 
cointegrated. Following Hill et al. one variable is regressed on the other one as indicated in the following equation. 

௧ݕ   = ଵߚ + ௧ݔଶߚ + ݁௧                  (4) 

The ݕ௧  and ݔ௧ can be tested for cointegration through the stationary test of their residuals via equation 5 by using a 
Dickey-Fuller test. 

݁௧ = ௧ݕ െ ଵߚ െ ௧                                (5)ݔଶߚ
   

The test for cointegration is basically testing the stationary of residuals from equation 6. 

  ݁௧ = ௧ݕ െ ଵߚ െ  ௧                  (6)ݔଶߚ

The test for cointegration is basically testing the stationary of residuals 

  ο Ƹ݁௧ = ߛ Ƹ݁௧ିଵ +  ௧                  (7)ݒ

Where ο Ƹ݁௧ = Ƹ݁௧ െ Ƹ݁௧ିଵ. The t (or tau) statistics is examined for estimated slope coefficient.  

Once the cointegration relationship between the variables is confirmed then the Granger Causality test can be 
conducted.  In order to test the causality running from independent variable (x) to dependent variable (y) equation 8 
is used. 

௧ݕ   = ଵߤ + σ ௧ିଵݕ௜ߚ + σ ௜௡ߣ
௝ୀଵ

௠
௜ୀଵ ௧ିଵݔ + ௧               (8)ݑ

  

:଴ܪ   ଵߣ = ଶߣ = ڮ = ௡ߣ = 0  

F-test is conducted from the OLS estimation of equations 8 and 9:  

௧ݕ   = ܿ௧ + σ ௜௡ߛ
௜ୀଵ ௧ି௜ݕ + ݁௧                (9) 

Their respective sum of squared residuals are compared (ܴܵ ଵܵ = σ ො௧ଶ்ݑ
௧ୀଵ  and ܴܵܵ଴ = σ Ƹ݁ ௧ଶ்

௧ୀଵ ) via F or F2 test.  

  ଵܵ = (ோௌௌబିோௌௌభ)/௣
ோௌௌభ/(்ିଶ௣ିଵ)

ܶ,௣ܨ~ െ ݌2 െ 1              (10) 

If the test statistic is greater than the specified critical value, then reject the null hypothesis that y does not Granger-
cause x.  

It is worth noting that with lagged dependent variables, as in Granger-causality regressions, the test is valid only 
asymptotically. An asymptotically equivalent test is given by  

  ଵܵ = ்(ோௌௌబିோௌௌభ)
ோௌௌభ

~Fଶ(݌)               (11) 

Granger-causality tests are very sensitive to the choice of lag length and to the methods employed in dealing with 
any non-stationarity of the time series.  

Results and Discussion 
The descriptive statistics of the variables are given in Table 1. As can be seen from the Table GDP per capita is 
ranged from $25574 to $61375 with an average value of $39698. The proxy of environmental pollution was CO2 
and calculated as metric tons per capita. The value of CO2 emission per capita is ranged from 16 to 64 with an 
average value of 33. Per capita energy consumption was measured as kilogram of oil equivalent and ranged from 
3631 to 12608 with an average of 9868.  

The logarithmic values of gross domestic product per capita (GDPPC), energy consumption per capita 
(ENERGYPC), and CO2 emission per capita (CO2PC) are plotted in Figures 1a, 1b and 1c, respectively. 
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Table 1. Descriptive Statistics of Variables (1975 – 2008). 
Variables Minimum Maximum Mean Std. Deviation Skewness Kurtosis 

GDP Per Capita 25574.00 61375.00 39697.65 10247.57 0.94 -0.57 

CO2 emission Per Capita 15.95 63.50 33.31 10.25 1.44 2.50 

ENERGY Use Per Capita 3631.00 12608.00 9868.47 2489.31 -1.19 0.43 
 

  
Figure 1a. GDP Per Capita. 
 

Figure 1b. CO2 Emission Per Capita. 
  

Figure 1c. Energy Consumption Per Capita. 
     

The results of Phillips-Perron unit root tests on each of the variables are given in Table 2. In order to check the 
stationary of variables, random walk model without drift, random walk model with drift, and random walk model 
with drift and slope were used. According to results only energy consumption per capita variables are stationary 
when random walk with drift equation is used. The all other series are non-stationary at their level but stationary at 
their first differences irrespective of using the three models. Since the variables are becoming stationary after the 
first difference one can say the time series variables are integrated of order 1 (I(1)). As indicated above, the 
stationary of variables are a pre-requisite for both Augmented Dickey-Fuller and Phillips-Ouliaris cointegration and 
then the Granger Causality tests. 

Table 2. Phillips-Perron Unit Root Test. 

 Level Difference 
Variables Ĳ0 ĲD ĲT Ĳ0 ĲD ĲT 
GDP Per 
Capita -1.7094 -0.8460 -1.7999 -4.1664* -4.4817* -4.4027* 

Energy 
Consumption 
Per Capita 

1.5149 -4.8920* -2.3442 -4.6390* -4.8925* -7.2344* 

CO2 
Emission Per 
Capita 

-0.9909 -2.5878 -3.0092 -5.9962* -6.0434* -6.0624* 

* Indicates that unit root in the first differences are rejected at 0.01 level. 
- Ĳ0,  ĲD, DQG�ĲT indicate tau-statistics of random walk without drift and without slope, with drift, and with slope, respectively 
- Critical values are -1.94 (5%), -2.56 (1%) without drift and without slope; -2.86 (5%), and -3.43 (1%) with drift; -3.41 (5%), and -

3.96 (1%) with slope (Russell & MacKinnon, 1993)    
 
The first differences of the variables are given in Figures 2a, 2b, and 2c as well. By looking to the level and first 
differences of variables plotted for each case one can see how the data became stationary.   

 

   
Figure 2a. Difference in GDP Per Capita. 

  
Figure 2b. Difference in CO2 Emission Per 

Capita. 
Figure 2c. Difference in Energy Consumption 

Per Capita. 
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Since the variables are non-stationary and share common integration properties, long-run relationship between the 
selected variables were analyzed. Three different bi-variate models were conducted as follows: 

- Growth in GDP versus CO2 emission,  
- Growth in GDP versus energy consumption, and  
- Energy consumption versus CO2 emission. 

Augmented Dickey-Fuller and Phillips-Ouliaris cointegration tests were conducted and the results are given in Table 
3. The corresponding Figures (3a, 3b, and 3c) are given after Table 3, respectively. According to cointegration tests 
there was no cointegration in GDP versus CO2 and GDP versus energy. There was cointegration only between 
energy consumption per capita and CO2 per capita.  

Table 3. Results of Cointegration Test. 
Models  Augmented Dickey- Fuller Tau Phillips-Ouliaris Tau Decision 
GDP versus Energy 
Consumption -1.60 -1.51 No Cointegration 

GDP versus CO2 
Emission -2.12 -2.08 No Cointegration 

Energy versus CO2 
Emission -3.59* -3.58* Cointegrated 
* Indicates cointegration at 0.05 level. 
-  Critical values are -3.96 (1%), -3.37 (5%)  and -3.07 (10%)taken from J. Hamilton (1994)    

 
Figure 3a.GDP versus CO2.  

 
Figure 3b. GDP versus Energy. 
 
 

 
Figure 3c. CO2 versus Energy.  

In order to see the relationship between GDP and CO2; GDP and energy; CO2 and energy the variables are plotted 
in the Figures 4a, 4b, and 4c, respectively.  
 

  
Figure 4a. Differences of GDP and CO2. Figure 4b. Differences of GDP and Energy. Figure 4c. Differences of CO2 and Energy.

Having no cointegration relationship between GDP and energy; GDP and CO2 seems that implementing energy 
conservation policies and decreasing the environmental pollution does not affect the growth of the UAE economy. 
There was cointegration between CO2 and energy consumption. Having such relationship between CO2 and energy 
make us think an indication of causal relationship between their time series variables. Since there were no 
cointegration between GDP and energy; GDP and CO2, the Granger Causality test was conducted only between 
energy consumption and CO2 emission.  The results of the causality test are given in Table 4. According to the 
results there is a unidirectional causal relationship running from energy consumption to CO2 emission.   
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Table 4. Results of Causality Test. 
Dependent Variables Sort of Causation (Independent Variables)  Sort of Causation (Independent Variables) 

CO2 Energy  CO2 Energy 
F-statistics  Fଶ-statistics 

CO2  - 2.82**  - 6.62* 
Energy  0.31 -  0.74 - 
* indicates significance at 0.05 level 
** indicates significance ad 0.10 level  

The results of this study are somehow similar to the results gathered by Al-Iriani (2006) and Al-Mulali (2012). 
According to the results of this study, it seems that the energy conservation policies, suggested by Al-Iriani as well, 
will not hurt GDP in the UAE. Having unidirectional causal effect of energy on CO2 emission is similar to the study 
conducted by Al-Mulali who found a positive effect of energy consumption on increase in CO2 emission. Given 
such results we can suggest energy conservation policies to decrease the CO2 emission without hurting GDP growth 
in the UAE.  

Conclusions 
In order to encourage environmental protection and energy conservation policies, the relationships between GDP, 
energy consumption, and CO2 emission have been extensively studied in literature. Some researchers did not found 
positive impacts of energy consumption and CO2 emission on economic growth.  According to results of this study, 
there were no cointegration relationship in GDP versus CO2 and GDP versus energy. But on the other hand, there 
was cointegration and a unidirectional causal relationship running from energy to CO2 emission. It seems that one of 
the main reasons of having high CO2 per capita is due to the consumption of energy. Therefore, reducing 
environmental pollution and implementing energy conservation policies will not cause a decrease in GDP per capita 
in the UAE. Beside efficient use of current energy, contribution of more renewable energy sources to economy can 
make the country to have a cleaner environment. 
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Introduction 
�
� ([FHVVLYH� G\QDPLF� ORDGLQJ� GXULQJ� VWURQJ� JURXQG� PRWLRQ� FDXVHV� LQ� HQRUPRXV� VWUHVV� DQG� GHIRUPDWLRQ� RQ�
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NH\�DSSOLFDWLRQV��VXFK�DV�QDWXUDO�JDV�RLO�WUDQVPLVVLRQ��WHOHFRPPXQLFDWLRQ�DQG�ZDWHU�VXSSO\��'DPDJHV�WR�VPDOO�SLSHOLQHV�
ZHUH�REVHUYHG�LQ�VRPH�HDUWKTXDNHV�VXFK�DV������1LLJDWD�DQG�$ODVND�HDUWKTXDNHV�KRZHYHU�IHZHU�GDPDJHV�ZHUH�JHQHUDOO\�
UHSRUWHG�WR�ODUJH�XQGHUJURXQG�VWUXFWXUHV�FRPSDUHG�WR�VXUIDFH�VWUXFWXUHV��2Q�WKH�RWKHU�KDQG��UHDO�SHUIRUPDQFH�RI�UHFHQW�
SURMHFW�RI�QHZ�HQHUJ\�FRUULGRUV�VXFK�DV�6RXWKHUQ�&DXFDVXV��(DVWHUQ�7XUNH\�QDWXUDO�JDV�SLSHOLQHV�VWLOO�XQNQRZQ�XQGHU�
VWURQJ�JURXQG�PRWLRQ��7KHVH�YLWDO�XQGHUJURXQG�VWUXFWXUHV�ZLOO�DIIHFW�WKH�HQYLURQPHQW�H[WHQVLYHO\�DQG�WKH�FRXQWULHV�WKDW�
GHSHQG�RQ�WKHP��6XVWDLQDELOLW\��GXUDELOLW\�DQG�VHFXULW\�RI�WKHVH�SLSHOLQHV�DUH�YHU\�FULWLFDO�IRU�DOO�HDUWK�KDELWDQWV��7KXV��
UHFHQWO\��HDUWKTXDNH�LQGXFHG�GDPDJHV�IROORZHG�E\�VHYHUH�HDUWKTXDNHV�DQG�HDUWKTXDNH�FRUUHVSRQGLQJ�UHVLVWDQFH�GHVLJQ�
KDYH�UHFHLYHG�FRQVLGHUDEOH�DWWHQWLRQ�E\�WKH�DXWKRUV��+DOO�DQG�2¶5RXUNH��������/LX�DQG�6RQJ��������LQ�PDQ\�FRXQWULHV��
�
� 7KHUH�FDQ�EH�WZR�ZD\�IRU�UHGXFLQJ�WKH�UHVSRQVH�RI�SLSHOLQH�DV��,��E\�PRGLI\LQJ�WKH�ZDYH�GLVVLSDWLRQ�FKDUDFWHULVWLFV�
RI�WKH�VRLO�GHSRVLW�XQGHUQHDWK�RI�SLSHOLQH��DQG�E��E\�SDUWLDOO\�LQWHUUXSWLQJ�WKH�VSUHDGLQJ�RI�ZDYHV�LQWR�WKH�XQGHUVWUXFWXUH�RU�
E\�SURYLGLQJ�WKH�VWUXFWXUH�PRUH�GDPSLQJ�E\�PHDQV�RI�LQVWDOODWLRQ�FHUWDLQ�GHYLFHV�VXFK�DV�DGGLWLRQDO�EDVH�LVRODWLRQ�V\VWHPV�
ZKLFK�FDQ�EH�YHU\�FRVWO\�� ,W� LV�DOVR�SRVVLEOH� WR�PRGLI\� WKH�G\QDPLF� WUDQVPLWWLQJ�EHKDYLRU�RI� ORFDO�VXE�VRLO� WKURXJK�D�
FRPSOH[�PHFKDQLVP�RI�ZDYH�UHIOHFWLRQ�DQG�PRGH�DOWHUDWLRQ�DURXQG�WKH�YLEUDWLRQ�VRXUFH�E\�FRQVWUXFWLQJ�D�VXLWDEOH�ZDYH�
EDUULHU�DW�WKH�ERWWRP�RI�SLSHOLQH��*|NWHSH�HW�DO����������9DULRXV�QXPHULFDO�WHFKQLTXHV�IRU�DQDO\]LQJ�WKH�LQIOXHQFHV�RI�VRLO�
KHWHURJHQHLW\�DQG�OD\HULQJ�RQ�WKH�YLEUDWLRQ�VFUHHQLQJ�E\�PHDQV�RI�WUHQFK�DQG�ZDYH�LPSHGLQJ�EDUULHUV�DUH�LQYHVWLJDWHG�E\�
WKH�DXWKRUV��%HVNRV�HW�DO���������/HXQJ�HW�DO���������.OHLQ�HW�DO���������7DNHPL\D������D�E��&KRXZ�DQG�6FKPLG��������
$GDP�DQG�&KRXZ��������3IODQ]�HW�DO���������$GDP�DQG�(VWRUII��������dHOHEL�HW�DO���������dHOHEL�DQG�*|NWHSH��������WR�
FRPSDUH� ZLWK� WKH� IHZ� H[SHULPHQWDO� VWXGLHV� ZKLFK� DUH� FDUULHG� RXW� IXOO� VFDOH� WHVWV� RQ� VLWH� DQG� ODERUDWRU\� PRGHO�
LQYHVWLJDWLRQV�RQO\�IRU�SDUWLFXODU�FDVHV��:RRGV��������+DXSW��������$KPDG�DQG�$O�+XVVDLQL��������)RUFKDS�DQG�9HUELF��
�������
�
� ,Q�WKLV�SDSHU�D�:,%��ZKLFK�EHKDYHV�DV�DUWLILFLDO�EHGURFN��FRQFUHWH�LQ�WKLV�VWXG\���LV�WHVWHG�DV�DQ�LVRODWRU�WR�UHGXFH�
UHVSRQVHV�RI�EXULHG�SLSHOLQHV�XQGHU�HDUWKTXDNH�VWURQJ�JURXQG�PRWLRQ���'�QXPHULFDO�ILQLWH�HOHPHQW�PHWKRG�LV�XVHG�IRU�
LQYHVWLJDWLRQV��,W�LV�EXULHG�KRUL]RQWDOO\�XQGHUQHDWK�RI�WUHQFK�EHORZ�WKH�SLSHOLQHV�WR�EH�SURWHFWHG�LQ�YDULRXV�GHSWKV�DV�VHHQ�
LQ�)LJ�����$�SDUDPHWULF�VWXG\�FDUULHG�RXW�IRU�RSWLPXP�GHSWK��
�
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�
Figure 1:�6FKHPDWLF�GLDJUDP�RI�WKH�FRQVLGHUHG�VRLO�VWUXFWXUH�PRGHO�ZLWK�ZDYH�LPSHGLQJ�EDUULHU�

�
�
Numerical Model 
�
� 6RLO�VWUXFWXUH�LQWHUDFWLRQ��ZDYH�SURSDJDWLRQ��GHILQLQJ�UHDOLVWLF�PDWHULDO�SURSHUWLHV�RI�WKH�ORFDO�VRLO�FRQGLWLRQ�DQG�
DGHTXDWH�VRIWZDUH�IRU�WKH�QXPHULFDO�DQDO\VLV�KDYH�IXQGDPHQWDO�LQIOXHQFH�RQ�VRLO�UHODWHG�ILQLWH�HOHPHQW�DQDO\VLV��
�
� ,Q�RUGHU�WR�DQDO\]H�WKH�ZDYH�SURSDJDWLRQ�RI�VXUIDFH�YLEUDWLRQV�LQ�WKH�VRLO��DQG�WR�SUHGLFW�WKH�PLWLJDWLRQ�RI�EXULHG�
SLSHOLQHV�UHVSRQVHV�SURGXFHG�E\�DQ�HDUWKTXDNH�H[FLWDWLRQ�WKH�SURSRVHG�PRGHO�DQG�LWV�FRPSXWDWLRQDO�ZRUN�DV�QXPHULFDO�
VLPXODWLRQ� ZLWK� ZDYH� SURSDJDWLRQ� LQ� WKH� VRLO� DUH� SHUIRUPHG� XVLQJ� ILQLWH� HOHPHQW� DQDO\VLV� E\� WKH� FRPSXWHU� SURJUDP�
�%ULQNJUHYH�HW�DO����������
�
� 6SHFLDO�ERXQGDU\�FRQGLWLRQV�QDPHG�DV�DEVRUEHQW�ERXQGDULHV��ZKLFK�FDQ�DEVRUE�WKH�HQHUJ\�ZDYHV��ZHUH�VSHFLILHG�
WR�ERWK�WKH�YHUWLFDO�DQG�KRUL]RQWDO�PRGHO�ERXQGDULHV�WR�DYRLG�VSXULRXV�UHIOHFWLRQ�RI�ZDYHV�EDFN�LQWR�WKH�VRLO�PHGLXP��7KH�
PHFKDQLFDO� EHKDYLRU� RI� WKH� XQGHUO\LQJ� VRLO�PHGLXP� FRQVLGHUHG� LQ� WKH�PRGHO� LV� VLPXODWHG� E\� DQ� HODVWR�SODVWLF�0RKU�
&RXORPE� PRGHO� XQGHU� SODQH�VWUDLQ� FRQGLWLRQV�� ����� 8SODQG� (DUWKTXDNH� DFFHOHUDWLRQ� UHFRUG� LV� FRQVLGHUHG� DV� LQSXW�
PRWLRQ�� �
�
� :DYH�LPSHGLQJ� EDUULHU� EXULHG� LQ� YDULRXV� GHSWK� DUH� FRQVLGHUHG� DV� UHGXFWLRQ� PHDVXUH� WR� UHYHDO� WKH� RSWLPDO�
JHRPHWULFDO�SURSHUWLHV��7KH�)(�GLVFUHWL]DWLRQ�RI�WKH�VRLO�VWUXFWXUH�V\VWHP�ZLWK�D�:,%�LV�VKRZQ�LQ�)LJ�����7KH�REVHUYDWLRQ�
SRLQW��$��FKRVHQ�IRU�LQYHVWLJDWLRQ�LV�RQ�WKH�WRS�RI�WKH�EXULHG�SLSHOLQH�DV�VKRZQ�LQ�WKH�VDPH�ILJXUH��7KH�HVVHQWLDO�PDWHULDO�
SDUDPHWHUV�FRQVLGHUHG� LQ�)(�PRGHO� IRU� WKH�XQGHUO\LQJ�DQG�ILOOLQJ� VRLO� WRJHWKHU�ZLWK�VWHHO�SLSHOLQH�DUH� VXPPDUL]HG� LQ�
7DEOHV������
�
�
�

Table 1:�3URSHUWLHV�RI�VRLO�IRU�XQGUDLQHG�)(�0RKU�&RXORPE�PRGHO��*DPEHU������� 
�

Parameter Symbol Unit Magnitude 
 

7RWDO�XQLW�ZHLJKW� Ȗ� �N1�P��� ������
0DVV�GHQVLW\� ȡ� �0J�P��� �����
<RXQJ¶V�PRGXOXV� (� �N3D�� ���������
6KHDU�PRGXOXV� *� �N3D�� ���������
3RLVVRQ¶V�UDWLR� Ȟ� �� �����
&RQVWUDLQHG�PRGXOXV� 0� �N3D�� ���������
&RPSUHVVLRQ�ZDYH�YHORFLW\� 9S� P�V� ��������
6KHDU�ZDYH�YHORFLW\� 9V� P�V� �������
5D\OHLJK�GDPSLQJ�ZLWK�DOSKD�FRHIILFLHQW� Į� �� ������
5D\OHLJK�GDPSLQJ�ZLWK�EHWD�FRHIILFLHQW� ȕ� �� �����
9RLG�UDWLR� H� �� �����
&RKHVLRQ� F� �N3D�� �����
)ULFWLRQ�DQJOH� ¡� ���� ������
'LODWDQF\�DQJOH� ȥ� ���� �����
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,QWHUIDFH�VWUHQJWK�UHGXFWLRQ�IDFWRU� 5LQWHU� �� �����
�

�
Table 2:�3URSHUWLHV�RI�ILOOLQJ�VRLO�RI�EXULHG�SLSHOLQH�IRU�XQGUDLQHG�)(�0RKU�&RXORPE�PRGHO��=DQHWD��������

 
�

�
�
�
�
�
�
�
�
�
�
�
�
�

�
Table 3:�3URSHUWLHV�RI�VWHHO�SLSHOLQH�IRU�)(�HODVWLF�SODWH�HOHPHQW�

 
 
 
 
 
 
 
 
 
 
 
Results 
 
� ,Q�RUGHU�WR�REWDLQ�WKH�LQIOXHQFH�RI�D�ZDYH�LPSHGLQJ�EORFN�DV�DQ�LVRODWRU�ZKHQ�FRQVWUXFWHG�XQGHUQHDWK�RI�SLSHOLQH�LQ�
YDULRXV�GHSWKV��D�SDUDPHWULF�LQYHVWLJDWLRQ�KDV�EHHQ�SHUIRUPHG�IRU�UHGXFLQJ�DGYHUVH�HIIHFWV�RI�HDUWKTXDNH�YLEUDWLRQV��
*|NWHSH�HW�DO���������SURSRVHG�D�:,%��LQYHVWLJDWHG�YDULRXV�WKLFNQHVVHV�IURP����FP�WR�����FP�DQG�D����FP�WKLFNQHVV�ZDV�
FKRVHQ�IRU�JLYHQ�EHVW�SHUIRUPDQFH��,Q�WKH�FXUUHQW�VWXG\�GHSWKV�RI�HPEDQNPHQW�����������������DQG�����FP�DUH�H[DPLQHG��
6HOHFWHG�PDWHULDO�SURSHUWLHV�RI�WKH�FRQFUHWH�EORFN�DUH�JLYHQ�LQ�7DEOH����
�

Table 4:�3URSHUWLHV�RI�FRQFUHWH�ZDYH�LPSHGLQJ�EORFN��:,%��IRU�)(�HODVWLF�PRGHO�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
� 0L[WXUH�RI�JUDYHO�DQG�VDQG�ILOOLQJ�VRLO�LV�XVHG�IRU�WKH�GHSWK�RI�HPEDQNPHQW��$�GLPHQVLRQOHVV�SDUDPHWHU�ZKLFK�LV�
REWDLQHG�IURP�WKH�UDWLR�RI�GHSWK�RI�HPEDQNPHQW��K��WR�KHLJKW�RI�WUHQFK��+��LV�GHULYHG�DQG�SURSRVHG�IRU�WKH�RSWLPXP�
WKLFNQHVV��7KH�KHLJKW�RI�WUHQFK�ZKLFK�LV�HTXDO�WR�����FP�LV�DVVXPHG�DV�VXPPDWLRQ�RI�WKH�UDGLXV�RI�SLSHOLQH�DQG�ILOOLQJ�

Parameter Symbol Unit Magnitude 
 

7RWDO�XQLW�ZHLJKW� Ȗ� �N1�P��� ������

0DVV�GHQVLW\� ȡ� �0J�P��� �����

<RXQJ¶V�PRGXOXV� (� �N3D�� �[����

'DPSLQJ�IDFWRUV� Į��ȕ� �� �����

3RLVVRQ¶V�UDWLR� Ȟ� �� �����

Soil type Mixture of 
gravel and 

sand 

Uniform fine 
sand 

Uniform well-graded 
sand 

0DVV�'HQVLW\��0J�P��� ����� ����� �����
<RXQJ¶V�0RGXOXV�N3D�� ������ ������ ������

3RLVVRQ¶V�5DWLR����� ����� ����� �����
)ULFWLRQ� � $QJOH����� ������ ������ ������

&RKHVLRQ��N3D�� ����� ����� �����

Parameter Symbol Unit Magnitude 
 

7RWDO�XQLW�ZHLJKW� Ȗ� �N1�P��� ������

0DVV�GHQVLW\� ȡ� �0J�P��� �����

<RXQJ¶V�PRGXOXV� (� �N3D�� ���[����

'DPSLQJ�IDFWRUV� Į��ȕ� �� �����

3RLVVRQ¶V�UDWLR� Ȟ� �� �����
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XSVLGH�GRZQ�RI�WKH�SLSHOLQH�DV����FP�XQLIRUP�ILQH�VDQG�DQG�����FP�PL[WXUH�RI�JUDYHO�DQG�VDQG�LV�VKRZQ�)LJ�����7KHUHIRUH�
K�+�UDWLRV�IRU�����������������DQG�����FP�GHSWK�RI�HPEDQNPHQW�DUH������������������������DQG������UHVSHFWLYHO\��
�
� 9HUWLFDO�GLVSODFHPHQWV�UHFRUGHG�DIWHU�G\QDPLF�DQDO\VLV�ZLWKRXW�:,%�DQG�IRU�YDULRXV�K�+�UDWLRV�DUH�VKRZQ�LQ�)LJ��
��� 7KH� UDWLR� ZLWK� ����� UHVXOWV� LQ� WKH� EHVW� DWWHQXDWLRQ� FRQVLGHULQJ� SHDN� JURXQG� GLVSODFHPHQW� �3*'��� $Q\� GHSWK� RI�
HPEDQNPHQW� VHHPV� HIIHFWLYH� FRPSDUHG� ZLWKRXW�:,%�� ,W� LV� VHHQ� WKDW� ��� FP� LV� WKH� PRVW� HIIHFWLYH� GHSWK� ZKHUH� ����
UHGXFWLRQ�LV�DFKLHYHG�RQ�WKH�SLSHOLQH��
�
� 2Q�WKH�RWKHU�KDQG��WKHUH�LV�QR�FKDQJH�DW�DOO�RQ�KRUL]RQWDO�GLVSODFHPHQWV��'LVSODFHPHQWV�DUH�SORWWHG�DQG�VKRZHG�DV�
RQH�FHQWLPHWHU�VKLIWHG�IRU�EHWWHU�YLVXDOL]DWLRQ��)LJ������$ERXW���FP�WRWDO�GLVSODFHPHQWV�DUH�VHHQ�LQ�HDFK�FDVH�ZKLFK�PHDQV��
WKH�:,%�KDV�QR�HIIHFW�LQ�KRUL]RQWDO�GLVSODFHPHQW��
�

�

�

�

�

�
�

Figure 2:�5HFRUGV�RI�YHUWLFDO�GLVSODFHPHQWV�GHSHQGLQJ�RQ�YDULRXV�K�+�UDWLRV�DW�SRLQW�$�
�

�  
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Figure 3:�5HFRUGV�RI�KRUL]RQWDO�GLVSODFHPHQWV�GHSHQGLQJ�RQ�YDULRXV�K�+�UDWLRV�DW�SRLQW�$��UHFRUGV�DUH�VKLIWHG���FP��
 
� 7KH�KRUL]RQWDO� DFFHOHUDWLRQ� UHFRUGV� DUH�SORWWHG� LQ�)LJ�� �D��6LPLODU� WHQGHQF\� LV� VHHQ� IRU� DOO� UDWLRV��7KH�YHUWLFDO�
DFFHOHUDWLRQV�DUH�DOVR�VKRZQ�LQ�)LJ���E��7RS�ZDYHIRUP�VKRZV�DFFHOHUDWLRQ�ZLWKRXW�:,%�ZKHUH�WKH�ZDYHIRUPV�XQGHUQHDWK�
GHPRQVWUDWHV�ZLWK�GLIIHUHQW�GHSWK�RI�HPEDQNPHQW��$FFRUGLQJ�WR�SHDN�JURXQG�DFFHOHUDWLRQ��3*$���EHVW�UHVXOW�LV�DFTXLUHG�
IURP�WKH�:,%�IRU������RI�K�+�UDWLR�� �
�

�
�
�

�
�
�
�
�
�
�
�
�
�
�
�

�
Figure 4:�5HFRUGV�RI�KRUL]RQWDO�DFFHOHUDWLRQ��D��DQG�RI�YHUWLFDO�DFFHOHUDWLRQ��E��GHSHQGLQJ�RQ�YDULRXV�K�+�UDWLRV�DW�SRLQW�

$��UHFRUGV�DUH�VKLIWHG�����FP�V��DQG����FP�V��UHVSHFWLYHO\��
�

 
� :H�LQWURGXFH�D�UHGXFWLRQ�IDFWRU�ZKLFK�LV�GHILQHG�ZLWK�IROORZLQJ�HTXDWLRQ��
 

�������������� = ����
����

,   �������������� = ����
����

                                  ����
�

ZKHUH�LQGH[HV�W�LV�IRU�YDULRXV�K�+�UDWLRV�DQG�F�LV�VWDQGV�IRU�ZLWKRXW�:,%��5HODWLRQV�RI�UHGXFWLRQ�IDFWRUV��5)��ZLWK�K�+�
UDWLRV�IRU�DFFHOHUDWLRQ�DQG�GLVSODFHPHQW�UHVXOWV�DUH�VKRZQ�LQ�)LJ���D�E�� �
 
� 5DWLR�RI������JDYH�WKH�VPDOOHVW�5)�IRU�3*'�DQG�3*$�LQ�WKH�DQDO\VHV��)RU�WKH�IRUPHU��D�YHU\�SURPLVLQJ�UHGXFWLRQ�LV�
DFKLHYHG�ZLWK�����DQG� WKH� ODWWHU� LV�VXFFHHGHG�����UHGXFWLRQ� LQ�YHUWLFDO�DFFHOHUDWLRQ�� ,QWHUHVWLQJO\��RQO\�K�+ ����� LV�
ELJJHU� WKDQ� ����� LQ� KRUL]RQWDO� DFFHOHUDWLRQ� ZKLFK� PHDQV� ZDYH� EDUULHU� LV� DPSOLILHG� DURXQG� ��� IRU� WKLV� GHSWK� RI�
HPEDQNPHQW�DV�VHHQ�)LJ�����
�
� $V�IRU�KRUL]RQWDO�DFFHOHUDWLRQ�����FP�HPEDQNPHQW�PDGH�EHVW�LVRODWLRQ�ZLWK������*|NWHSH�HW�DO���������SUHYLRXVO\�
IRXQG�WKDW����FP�:,%�LV�EHWWHU�WKDQ�WKH����FP�DFFRUGLQJ�WR�KRUL]RQWDO�DQG�YHUWLFDO�3*$��QRW�LQ�3*'���:H�VKRZHG�WKDW�LI�
WKH����FP�:,%�DSSOLHG�WR����FP�GHSWK��WKH�UHGXFWLRQ�LV�EHWWHU�FRPSDUHG�ZLWK�WKH�SHUIRUPDQFH�RI����FP�:,%��

a 

b 
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�
Figure 5:�5HGXFWLRQ�IDFWRUV�GHSHQGLQJ�RQ�YDULRXV�K�+�UDWLRV�DW�WKH�SRLQW�$��9HUWLFDO�DQG�KRUL]RQWDO��D��GLVSODFHPHQWV��E��

DFFHOHUDWLRQ��5)�DUH�GLPHQVLRQOHVV��
�
� $QDO\]LQJ� WKH�DOO� FDVHV�� D�JHQHUDO� WHQGHQF\� LV� LQIHUUHG� WKDW�HPSOR\PHQW�RI�ZDYH� LPSHQGLQJ�EDUULHU� IRU�EXULHG�
SLSHOLQHV�LV�D�YHU\�HIIHFWLYH�DSSOLFDWLRQ�WR�UHGXFH�WKH�YLEUDWLRQ��+RZHYHU�D�VSHFLDO�FDUH�VKRXOG�EH�WDNHQ�IRU�DPSOLILFDWLRQ�
FDVHV�EHIRUH�DSSOLFDWLRQ��
�
Conclusion 
� (DUWKTXDNHV�KDYH�FDXVHG�FRORVVDO�FDVXDOWLHV�DQG�VHYHUH�GDPDJHV�WR�HQJLQHHULQJ�VWUXFWXUHV�DQG�HVSHFLDOO\�OHDGLQJ�
WR�VXEVWDQWLDO�HFRQRPLF�ORVV�WR�WKH�XQGHUJURXQG�VWUXFWXUHV�DQG�RU�LQIUDVWUXFWXUHV��6HFXULW\��VXVWDLQDELOLW\��DQG�GXUDELOLW\�
RI�WKHVH�SLSHOLQHV�DUH�YHU\�YLWDO�IRU�PDQ\�UHDVRQV�7KH�UHVSRQVH�RI�OLIHOLQH�HQJLQHHULQJ�XQGHU�HDUWKTXDNH�H[FLWDWLRQ�ZKLFK�
SUHVHQW�D�ULVN�IRU�SRSXODWLRQ�DQG�HQYLURQPHQW�LV�LQIOXHQFHG�E\�GHIRUPDELOLW\�RI�WKH�EXULHG�SLSHOLQHV�VXFK�DV�XVHG�LQ�QDWXUDO�
JDV�WUDQVPLVVLRQ��HVSHFLDOO\�LQ�FDVH�RI�YHU\�VRIW�JURXQG�FRQGLWLRQV��$�SDUDPHWULF�LQYHVWLJDWLRQ�KDV�EHHQ�H[HFXWHG�WR�REWDLQ�
WKH�LQIOXHQFH�RI�D�ZDYH�LPSHGLQJ�EORFN�DV�DQ�LVRODWRU�ZKHQ�FRQVWUXFWHG�EHORZ�SLSHOLQH�IRU�UHGXFLQJ�DGYHUVH�HIIHFWV�RI�
HDUWKTXDNH�YLEUDWLRQV��9DULRXV�GHSWK�RI�HPEDQNPHQW�IRU�WKH�DUWLILFLDO�EHGURFN��FRQFUHWH�EORFN��DUH�LQYHVWLJDWHG�E\�XVLQJ�
�'�ILQLWH�HOHPHQW�PHWKRG��,W�LV�IRXQG�WKDW�HYHQ����FP�GHSWK�RI�HPEDQNPHQW�ZLWK����FP�WKLFNQHVV�RI�WKH�EORFN�FDQ�UHGXFH�
WKH�SHDN�JURXQG�DFFHOHUDWLRQ�DQG�GLVSODFHPHQW��,W�LV�FRQFOXGHG�WKDW�ZDYH�LPSHQGLQJ�EDUULHU�FDQ�EH�XVHG�LQ�SUDFWLFH�LQ�WKH�
ILHOG��
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 Abstract: In this study, lateritic nickel ore was activated mechanically in a planetary mill for 
different ball-to-mass ratios and the changes in the ore structure and thermal behavior of the ore 
were investigated by means of X-ray diffraction (XRD), scanning electron microscopy (SEM), 
particle size analysis and thermal analysis (TG-DTA). The results showed that particle size 
decreased and amorphization in the ore structure was occured with increment of the ball-to-mass 
ratio. The transformation of goethite to hematite in thermal behavior of laterite started to occur 
during mechanical activation. 

  Key words: Lateritic nickel ore, mechanical activation, thermal behavior. 
 
 
Introduction  
 
 Nickel oxides (laterites) and nickel sulphides comprise the two types of ores used in industrial practice for nickel 
production. Today world nickel supply is covered predominantly by sulphide ores (60% against 40% by laterites. By 
taking into consideration that any additional nickel demand is expected to be mainly satisfied by mining of laterite 
deposits, the optimization of the metallurgical laterite processing methods constitutes a great challenge for the nickel 
industry and there is an increasing focus on the processing of the huge reserves of nickel-rich laterite ores due to declining 
global reserves of nickel sulphides (Zevgolis et al., 2000; King, 2005; Tunç et al., 2012a). 
 The mechanical activation of minerals makes it possible to reduce their decomposition temperature or causes 
such a degree of disordering that the thermal activation may be omitted entirely. In this process, the complex influence of 
surface and bulk properties occurs. The mineral activation leads to a positive influence on the reaction kinetics, an 
increase in surface area and further phenomena. Mechanical activation by high energy milling is an innovative procedure 
that improves the efficiency of mineral processing because of several factors, most importantly the formation of new 
surfaces and the creation of lattice defects. High energy ball milling can induce, at room temperature, some chemical 
reactions that normally occur at very high temperatures (Balaz, 2008; Tromans et al., 2001; Apaydin et al., 2011). 
 In this study, the effects of ball-to-mass ratio during mechanical activation on the structure and thermal behavior 
of a Turkish lateritic nickel ore were investigated with X-ray diffraction (XRD), particle size analysis, scanning electron 
microscopy (SEM) and thermal analysis (TG/DTA). 
 
Materials and Method 
 
 The mechanical activation of lateritic nickel ore from Manisa-Gördes (Turkey) was performed in a Planetary 
Mono Mill Pulverisette 6 under the following conditions: the weight and diameter of tungsten carbide (WC) balls were 
200 g and 10 mm respectively; the grinding bowl was 250 mL WC; the grinding times was 30 min; the speed of the main 
disk was 600 rev.min-1; the grinding process was dry. Ball-to-mass ratios during mechanical activation were 10, 20, 30 
and 40.  
 
 X-ray diffraction analysis was performed using a Rigaku Ultima X-UD\�GLIIUDFWRPHWHU�DQG�&X�.Į�UDGLDWLRQ��$�
JEOL 6060 LV scanning electron microscope (SEM) was used for morphological analysis of the non-activated and 
activated samples. DTA was performed using TA Instruments SDTQ 600 at heating rate of 10°C.min-1 under atmospheric 
conditions and Mikrotrac S3500 was used for particle size distribution analysis.  
 
Results and Discussion 
 
 X-ray diffraction patterns of non-activated laterite and activated with different ball-to-mass ratios are given in 
Figure 1. Quartz and goethite are the major phases while hematite presents as minor phase. When laterite was subjected to 
mechanical activation for different ball-to-mass ratios during milling, peak broadening and decreasing of intensity 
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occurred. This fact is the result of crystal lattice imperfections and disorderings. Crystalline size becomes smaller than 
about one micron by mechanical activation. During high-energy milling, the size of crystals decreased to some critical 
values. Further energy supply to these crystals of limiting size causes further deformation of crystals, energy 
accumulation in the volume or at the surface of crystals and subsequently amorphization. There is not only one effect 
occurring during the milling process. Because of the contact between powder – ball and attrition between 
powder-ball-bowl, local temperatures may be increase for higher rev (Tunç et al., 2012a; Balaz, 2000; Tunç et al., 2012b). 
  

 
 

Figure 1. X-ray diffraction patterns of non-activated and activated laterite  
ore with different ball-to-mass ratios  

 
 
 Scanning electron micrographs (SEM) and particles size analysis of the samples were given in Figure 2-4. It was 
clear that the particle size decreased during mechanical activation.  SEM analysis is in good agreement with particle size 
distribution data, given in Table 1. Defining of particle size distribution by using three percentiles is common practice. 
These are the cumulative distributions of particle size correspond to 10%, 50%, 90% and specified as d10, d50, d90. They 
are taken directly from mass-based cumulative particle size distribution (German, 2007). Mechanical activation results in 
smaller particle than the non-activated one when focused on d90 cumulative distribution, but when d50 column is taken 
into account, the particles become larger. Increases in the particle size with mechanical activation may be due to the 
agglomeration of the particles. When the particle is milled, its surface area increased because of the crushing and forming 
new surfaces become more reactive.  
 

Table 1. Particle size analysis of non-activated and activated laterite samples 

Ball-to-mass ratio  d10 (µm) d50(µm) d90 (µm) 
Non-activated 1,103 35,65 120,20 

10 0,635 2,711 36,67 
20 0,646 3,320 33,49 
30 0,644 3,600 30,80 
40 0,668 5,781 32,68 
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Figure 2. SEM micrograph and particle size analysis of non-activated ore 
 

 
 

 
Figure 3. SEM micrograph and particle size analysis of activated ore (ball-to-mass ratio: 20) 

 

  
 

Figure 4. SEM micrograph and particle size analysis of activated (ball-to-mass ratio: 40) 
 
 Thermal analysis (TG/DTA) of the non-activated and activated laterite with different ball-to-mass ratios are 
given in Figure 5 and 6. For the non-activated lateritic nickel ore, the weight losses in two steps exist at 120°C and 280°C, 
belonging to evaporation of humadity and dehydroxylation of goethite into hematite respectively. The temperature of 
dehydroxylation for pure goethite varied between 274 and 305°C, depending on particle size and crystallinity. O’Connor 
et al.(2006) stated that the transformation of goethite to hematite occurred between 210 and 370°C in limonitic laterite. 
Pickles (2004) also stated that the goethite – hematite transformation occurred after 250°C in limonitic laterite. 
Mechanical activation resulted in disappearing the second endothermic peak corresponding to transformation. From these 
results it can be said that goethite transformation into hematite needs lower energy than the original one for activated 
samples because of the accumulated energy from mechanical activation and there is a probability for transformation 
which occur during milling.  
 

 
Figure 5. Thermogravimetric analysis (TG) of the samples 
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Figure 6. Differantial thermal analysis (DTA) of the samples 
 
 
Conclusions  
 
 Increasing in ball-to-mass ratio during mechanical activation caused amorphization and structural disordering in 
laterite. Particle size of the ore was decreased. Dehydroxylation reaction, which is transformation of goethite to hematite, 
occurred during milling and the peak of dehydroxylation in thermal analysis (DTA) disappeared, due to the structural 
disordering in laterite.   
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EFFECTS OF CONTROLLER ON SYSTEM CHARACTERISTICS AND AN 
APPLICATION ON SHIP PROPULSION SYSTEM  

  
�

0XKDPPHW�6X��)DWLK�&�QH\G�.RUNPD]��)XDW�$ODUoLQ�
�

Abstract: 6\VWHP�FKDUDFWHULVWLFV�JLYH�LQIRUPDWLRQ�DERXW�DQ�DSSOLHG�V\VWHP�ZKLFK�LV�FRQWUROOHG�E\�
D� FRQWUROOHU��6R� LW� LV� LPSRUWDQW� WR� VHOHFW� DQ� DFFXUDWH� FRQWUROOHU� DQG� DGMXVW� LWV� SDUDPHWHUV�� ,Q� WKLV�
VWXG\�� WKH� HIIHFW� RI� FRQWUROOHU� RQ� V\VWHP� FKDUDFWHULVWLFV� KDV� EHHQ� LQYHVWLJDWHG�� 7KUHH� GLIIHUHQW�
FRQWUROOHU� FRQVLGHUHG� DQG� FRPSDUHG�� QDPHO\�� WKH� FRQYHQWLRQDO� 3,'� �3URSRUWLRQDO�,QWHJUDO�
'HULYDWLYH���)X]]\�3,'�DQG�K\EULG�3,'��7KH�FODVVLFDO�3,'�DQG�WKH�)X]]\�3,'�FRQWUROOHU�KDYH�EHHQ�
FRPELQHG�E\�GLUHFWO\�DW�K\EULG�3,'�FRQWUROOHU��$�VDPSOH�SURFHVV�DQG�D�UHDO�VKLS�SURSXOVLRQ�V\VWHP�
VLPXODWHG�� DQG� LW� KDV� VHHQ� WKDW� XVLQJ� WKH� K\EULG� 3,'� FRQWUROOHU� SURYLGHV� EHWWHU� V\VWHP�
FKDUDFWHULVWLFV�ZKHQ�FRPSDUHG�WR�WKH�FRQYHQWLRQDO�3,'�RU�WKH�)X]]\�3,'�FRQWUROOHU�DSSOLFDWLRQV��
�

� � Key words: 6\VWHP�FKDUDFWHULVWLFV��K\EULG�FRQWUROOHU��)X]]\�3,'�FRQWUROOHU��VKLS�SURSXOVLRQ�V\VWHP��
�
�
Introduction 
�

3,'�FRQWUROOHUV�KDYH�EHHQ�XVHG� LQ� IHHGEDFN�DSSOLFDWLRQV� IRU�D� ORQJ� WLPH�DV�D� UHVXOW�RI�HIIHFWLYH�DQG� IOH[LEOH�
ZRUN��)XUWKHUPRUH��LWV�EDVLF�VWUXFWXUH�SURYLGHV�HDVLHU�XVLQJ�TXLWH�DOO�V\VWHPV�DOVR�LQ�IXWXUH��+RZHYHU��3,'�FRQWUROOHUV�
KDYH� QRW� JLYHQ� GHVLUHG� UHVXOW� LQ� V\VWHP� FKDUDFWHULVWLFV� DW� VRPH� DSSOLFDWLRQV� DQG� QRW� HIIHFWLYH� LQ� QRQ�OLQHDU� V\VWHPV��
'LIIHUHQW�FRQWUROOHUV�GHVLJQHG�RQH�RI�ZKLFK�LV�)X]]\�FRQWUROOHU��7KLV�FRQWUROOHUV�WKDW�RFFXU�NQRZOHGJH�EDVHG�QRQ�OLQHDU�
FKDUDFWHULVWLFV�KDYH�JHQHUDOO\�XVHG�LQ�QRQ�OLQHDU�V\VWHPV��,Q�RUGHU�WR�DYRLG�WKH�QHJDWLYH�HIIHFWV�WKH�WZR�FRQWUROOHUV�KDYH�
EHHQ�FRPELQHG��QDPHO\��K\EULGL]DWLRQ��
�� 9DULRXV�VWUXFWXUHV�RI�K\EULG�FRQWUROOHU�H[LVW�LQ�OLWHUDWXUH��%UHKP��7��DQG�5DWWDQ��.�6���������LQYHVWLJDWHG�WZR�
IX]]\� ORJLF�3,'�FRQWUROOHUV� �)X]]\� ORJLF�3'�DQG�3,�� WKDW� XVH� VLPSOLILHG�GHVLJQ� VFKHPHV��)X]]\�K\EULG�FRQWURO�XVLQJ�
VLPSOLILHG� LQGLUHFW� LQIHUHQFH�PHWKRG�ZDV� SUHVHQWHG� LQ�2WVXER� HW� DO�� ��������2K� HW� DO�� ������� GHVLJQHG� K\EULG� IX]]\�
FRQWUROOHUV�EDVHG�RQ�JHQHWLF�DOJRULWKPV�DQG�HVWLPDWLRQ� WHFKQLTXHV��(UHQRJOX�HW�DO�� �������FRPELQHG� WKH�FODVVLFDO�3,'�
DQG�IX]]\�FRQWUROOHU�E\�D�EOHQGLQJ�PHFKDQLVP��

9LEUDWLRQ�FDQ�EH�RFFXUUHG�EHFDXVH�RI�D[LDO�UXQ�RXW�DQG�XQVWDEOH�ZRUNLQJ�DW�VKLS�SURSXOVLRQ�V\VWHPV��7KHUH�DUH�
VRPH�VWXGLHV�RQ�WKLV�YLEUDWLRQ�WR�FRQWURO�LQ�OLWHUDWXUH��$ODUoLQ�)���������VWXGLHG�D�FRQWDLQHUVKLS�\DZ�DQG�UROO�DXWRSLORWV�
EDVHG� RQ� )X]]\� /RJLF� FRQWUROOHUV�� +H� GHPRQVWUDWHG� WKDW� WKH� DXWRSLORWV� XVLQJ� )X]]\� /RJLF� FRQWUROOHUV� FDQ� SURYLGH�
VLJQLILFDQW� SHUIRUPDQFH� DGYDQWDJHV� ZKHQ� FRPSDUHG� WR� WKH� FRQYHQWLRQDO� DXWRSLORWV� WKURXJK� WKH� VLPXODWLRQ� UHVXOWV�
REWDLQHG��6KX�HW�DO���������H[SUHVVHG�WRUVLRQDO�DQG�D[LDO�YLEUDWLRQV�RI�WKH�HQJLQH�FUDQNVKDIW�ZLWK�5D\OHLJK�GLIIHUHQWLDO�
PHWKRG��7KH�HQJLQH�FUDQNVKDIW�ZDV�PRGHOHG�DV�D�PDVV�VSULQJ�V\VWHP�WR�REWDLQ�HDVLO\�QDWXUDO�IUHTXHQF\�RI�WRUVLRQDO�DQG�
D[LDO�YLEUDWLRQV��&DOFXODWHG�UHVXOWV�ZHUH�FRPSDUHG�ZLWK�PHDVXUHG�UHVXOWV�DQG�LW�LV�UHFRJQL]HG�WKDW�WRUVLRQDO�YLEUDWLRQ�KDV�
DQ� HQRUPRXV� HIIHFW� RQ� D[LDO� YLEUDWLRQ� WKDW� FDXVHV� QRLVH� DQG� YLEUDWLRQ� LQ� HQJLQH�� '\OHMNR� HW� DO�� ������� LQYHVWLJDWHG�
RSWLPL]DWLRQ� RI� D� UHVRQDQFH� FKDQJHU� WR� PLQLPL]H� WKH� YLEUDWLRQ�� $Q� RSWLPL]DWLRQ� VFKHPH� LQYROYLQJ� D� JHQHWLF� DQG� D�
JHQHUDO� QRQOLQHDU� FRQVWUDLQHG� DOJRULWKP� ZDV� XVHG� WR� PLQLPL]H� WZR� ¿WQHVV� IXQFWLRQV� DVVRFLDWHG� ZLWK� WKH� YLEUDWLRQ�
WUDQVPLVVLRQ� WR� WKH� KXOO� RYHU� D� ORZ�IUHTXHQF\� UDQJH� WUDQVPLVVLRQ� LQ�PDULQH� YHVVHOV��*U]DG]LHOD� ������� FDUULHG�RXW� D�
VWXG\�E\�XVLQJ�0DWODE�6LPXOLQN��LQ�ZKLFK�D�SURSHOOHU�VKDIW�V\VWHP�KDV�IRXU�GHJUHHV�RI�IUHHGRP��0RGHO�ZDV�HVWDEOLVKHG�
E\� XVLQJ� WKH� )LQLWH� (OHPHQW� 0HWKRG� �)(0��� WKH� SURSHOOHU� VKDIW� VSHHG� UDQJHV� LQ� GLIIHUHQW� IUHTXHQF\� YDOXHV� ZHUH�
GHWHUPLQHG� DFFRUGLQJ� WR� GLIIHUHQW� IRUPV� RI� VXSSRUW�� 6LPXODWLRQ� UHVXOWV� VKRZHG� D� PD[LPXP� ���� HUURU� ZLWK� WKH�
PHDVXUHG�YDOXHV�FRQYHUJHV��.RUNPD]�)��&��DQG�$ODUoLQ�)�� �������FRQWUROOHG�D� VKLS� VKDIW� WRUVLRQDO� YLEUDWLRQ�YLD�3,'�
FRQWUROOHU�ZKLFK�ZDV�SHUIRUPHG�WR�SURSHOOHU�VKDIW�V\VWHP��DQG�FRPSDUHG�ZLWK�XQFRQWUROOHG�V\VWHP���

7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�FRQWUROOHUV�RQ�V\VWHP�FKDUDFWHULVWLFV��7KHQ��RQ�D�UHDO�
DSSOLFDWLRQ�DERXW� VKLS�SURSXOVLRQ� V\VWHPV�ZHUH� VLPXODWHG� DQG�DQDO\]HG� WKURXJK� WKH�FRQYHQWLRQDO��)X]]\� DQG�+\EULG�
3,'�FRQWUROOHUV���
Conventional PID Controller �
 
� $V� VKRZQ� LQ�)LJ�� �� V\VWHP�FKDUDFWHULVWLFV� WKDW� FRQVLVW� RI� RYHUVKRRW�� VHWWOLQJ� WLPH�� ULVH� WLPH� DQG� VWHDG\�VWDWH�
HUURU�KDYH�FULWLFDO�LQIRUPDWLRQ�DERXW�V\VWHP���
2YHUVKRRW�LV�WKH�PD[LPXP�SHDN�YDOXH�RI�WKH�UHVSRQVH�FXUYH�PHDVXUHG�IURP�WKH�GHVLUHG�UHVSRQVH�RI�WKH�V\VWHP��6HWWOLQJ�
WLPH�LV�WKH�WLPH�UHTXLUHG�IRU�WKH�UHVSRQVH�FXUYH�WR�UHDFK�DQG�VWD\�ZLWKLQ�D�UDQJH�RI�FHUWDLQ�SHUFHQWDJH��XVXDOO\����RU�
����RI�WKH�ILQDO�YDOXH��2Q�WKH�RWKHU�KDQG��ULVH�WLPH�LV�WKH�WLPH�IRU�D�FXUYH�WR�JR�IURP�����WR�����RI�LWV�UHIHUHQFH�YDOXH��
%HVLGH��VWHDG\�VWDWH�HUURU�LV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�LQSXW�DQG�RXWSXW�RI�D�V\VWHP�LQ�WKH�OLPLW�DV�WLPH�JRHV�WR�LQILQLW\�
�2JDWD��.�����������

7KH�SDUDPHWHUV�RI�3,'�FRQWUROOHU�FDXVH�GLIIHUHQW�LQIOXHQFHV�RQ�V\VWHP�FKDUDFWHULVWLFV��7KH�SURSRUWLRQDO�EORFN�
SURYLGHV�DQ�RYHUDOO�FRQWURO�DFWLRQ��DQG�WKH�LQWHJUDO�EORFN�UHGXFHV�VWHDG\�VWDWH�HUURUV��2Q�WKH�RWKHU�KDQG��WKH�GHULYDWLYH�
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EORFN�LPSURYHV�WUDQVLHQW�UHVSRQVH��7DEOH���DOVR�VKRZV�WKH�HIIHFWV�RI�LQFUHDVLQJ�D�SDUDPHWHU�LQGHSHQGHQWO\��-LQJKXD��=���
�������7KH�FORVHG�ORRS�V\VWHP�ZLWK�FRQYHQWLRQDO�3,'�FRQWUROOHU�LV�VKRZQ�LQ�)LJ����

�

�
Figure 1: 6\VWHP�FKDUDFWHULVWLFV��

�
�

�

�

�

�

�

Figure 2:�&ORVHG�ORRS�V\VWHP�ZLWK�FRQYHQWLRQDO�3,'�FRQWUROOHU��2JDWD��.����������
�

*HQHUDOO\��WUDQVIHU�IXQFWLRQ�RI�FODVVLFDO�3,'�FRQWUROOHU�LV�JLYHQ�EHORZ��

��(�) =
 � ቂ� + �

��
(�)�׬ + ��

��(�)
��

ቃ                                                                                                                                           (�)���
�
7KH�/DSODFH�WUDQVIRUP�RI�3,'�FRQWUROOHU�JLYHQ�LQ�����EHFRPHV��
�

��(�) =  ��+
��
�

+ ���                                                                                                                                                              (�)�
�
Table 1��(IIHFWV�RI�LQFUHDVLQJ�D�SDUDPHWHU�LQGHSHQGHQWO\��-LQJKXD��=���������
�

3DUDPHWHU� 2YHUVKRRW� 6HWWOLQJ�WLPH� 5LVH�WLPH� 6WHDG\�VWDWH�HUURU�

3URSRUWLRQDO��.S�� ,QFUHDVH� 0LQRU�&KDQJH� 'HFUHDVH� 'HFUHDVH�
,QWHJUDO������.L�� ,QFUHDVH� ,QFUHDVH� 'HFUHDVH� (OLPLQDWH�
'HULYDWLYH���.G�� 'HFUHDVH� 'HFUHDVH� 0LQRU�&KDQJH� 0LQRU�&KDQJH�

�
�
Fuzzy PID Controller�
�

)X]]\�3,'�FRQWUROOHUV� LQ� OLWHUDWXUH� FDQ�EH�FODVVLILHG� LQWR� WKUHH�PDMRU�FDWHJRULHV�DV�GLUHFW�DFWLRQ� W\SH��)X]]\�
JDLQ�VFKHGXOLQJ�W\SH��DQG�K\EULG�W\SH�)X]]\�3,'�FRQWUROOHUV��(UHQRJOX�HW�DO���������7KH�EORFN�GLDJUDP�RI�)X]]\�3,'�
FRQWUROOHU�LV�VKRZQ�LQ�)LJ������
�
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�
� � � � � � � � �� � �������X�
� � � � � � � � � � � �
�
�
�
�
�

Figure 3��7KH�)X]]\�3,'�&RQWUROOHU�VWUXFWXUH��*X]HOND\D��0��HW�DO���������
�
�

.G�DQG�.L�DUH�FRQVWDQW�WKDW�DIIHFW�GLUHFWO\�GHULYDWLYH�DQG�LQWHJUDO�EORFNV�RI�)X]]\�VWUXFWXUH��UHVSHFWLYHO\��Į�DQG�
ȕ�DUH�DOVR�FRQVWDQW�WKDW�DIIHFW�WKH�DFWXDWHG�HUURU���

7KH� VHOHFWHG� )X]]\� ORJLF� FRQWUROOHU� LV� 6XJHQR� W\SH�� DQG� XVHV� WKH� SURGXFW±VXP� LQIHUHQFH� PHFKDQLVP� DQG�
ZHLJKWHG�DYHUDJH�GHIX]]LILFDWLRQ�PHWKRG��7KH�VWUXFWXUH�RI� WKH�)X]]\�3,'�FRQWUROOHU��ZKLFK�KDV�WZR�LQSXWV��DQ�RXWSXW�
DQG� RQH� UXOH� EDVH��7KH� LQSXWV� DUH� WKH� HUURU� H� DQG� WKH� FKDQJH� RI� HUURU�GH��$V� VKRZQ� LQ� )LJ�� �� XQLIRUPO\� GLVWULEXWHG�
WULDQJXODU�PHPEHUVKLS�IXQFWLRQV�ZHUH�XVHG� IRU� LQSXW�YDULDEOHV��7KH� OLQJXLVWLF� OHYHOV�DVVLJQHG� WR� WKH� LQSXW�YDULDEOHV�H�
DQG�GH�WKDW�LV�JLYHQ�DV�IROORZV��
/��ODUJH��/0��ODUJH�PHGLXP��0��PHGLXP��60��VPDOO�PHGLXP��6��VPDOO��)RU�WKH�RXWSXW�YDULDEOH�X��VLQJOHWRQ�PHPEHUVKLS�
IXQFWLRQV�ZHUH�GHILQHG�7KH�)X]]\�3,'�FRQWUROOHU�UXOH�EDVH�FRPSRVHG�RI������[���UXOHV�DV�VKRZQ�LQ�7DEOH���ZKLFK�4LDR�
DQG�0L]XPRWR��������KDV�JLYHQ�WKH�V\PPHWULFDO�UXOH�EDVH��7KH�FRQWURO�VXUIDFH�RI�WKH�)X]]\�3,'�FRQWUROOHU�LV�DOVR�JLYHQ�
LQ�)LJ�����

�
���������� ������������6���������60�������������0����������/0�������0�

�
�
�
�

�
������������������������������������������������������������������

                                             Figure 4��7KH�PHPEHUVKLS�IXQFWLRQV�RI�H�DQG�GH�
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'HULYDWLYH�
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�
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Table 2��)X]]\�&RQWURO�5XOHV��4LDR�DQG�0L]XPRWR�� ������
e/de S SM M LM L 

S ��� ����� ����� ����� ��

SM ����� ����� ����� �� ����

M ����� ����� �� ���� ����

LM ����� �� ���� ���� ����

L �� ���� ���� ���� ��

�
�

�
�
�
�

Figure 5��7KH�FRQWURO�VXUIDFH�RI�WKH�)X]]\�3,'�FRQWUROOHU�
�

,Q� K\EULG� 3,'� FRQWUROOHU� WKH� FRQYHQWLRQDO� 3,'� FRQWUROOHU� DQG� )X]]\� 3,'� FRQWUROOHU� KDYH� EHHQ� FRPELQHG�
GLUHFWO\�DV�VKRZQ�LQ�)LJ�����6R�DV�WR�PDNH�D�IDLU�FRPSDULVRQ��WKH�FRQWURO�UXOHV�RI�K\EULG�3,'�FRQWUROOHU�KDYH�WDNHQ�WKH�
VDPH�UXOHV�DV�)X]]\�3,'�FRQWUROOHUV��

�
�
�
5HI������������������������������������������������������������������������������������������������������ � � � 2XWSXW�

� �������������������������������������������
� �����������������������������������������������������������������������������������������

�
�
�
�

Figure 6��%ORFN�GLDJUDP�RI�FORVHG�ORRS�V\VWHP�ZLWK�K\EULG�W\SH�)X]]\�3,'�FRQWUROOHU��2K�HW�DO��������
�
�

Ship Propulsion System 
 
7KH� HQWLUH� SURSXOVLRQ� SRZHU� SODQW� RI� VKLS�� DV� IURP� PDLQ� HQJLQH� WKURXJK� SURSHOOHU�� DOO� GULYHOLQHV� FDXVH�

YLEUDWLRQV�PRUH�WKDQ�RQH�D[LV��7KH�PRVW�LQIOXHQWLDO�YLEUDWLRQ�LV�WRUVLRQDO�YLEUDWLRQ��7KH�FRQVLGHUHG�VKLS�SURSXOVLRQ�SODQW�
ZKLFK�LV�VKRZQ�LQ�)LJXUH����KDYH�EHHQ�SHUIRUPHG�YLD�FRQWUROOHUV��

7KH�PXOWL�GHJUHH�RI�IUHHGRP�V\VWHP�FDQ�EH�VROYHG�E\�(QHUJ\�0HWKRGV��RQH�RI�ZKLFK�LV�/DJUDQJH�HTXDWLRQV��
�
G
GW
μ7
μTL

െ
μ7
μTL

+
μ8
μTL

+
μ'
μTL

= 4L                                                                                                                                                     (�)�

�
7��8��'�DQG�4L�DUH�WRWDO�NLQHWLF�HQHUJ\�RI�D�V\VWHP��FKDQJH�RI�SRWHQWLDO�HQHUJ\�RI�D�V\VWHP�ZLWK�UHVSHFW�WR�LWV�

SRWHQWLDO� HQHUJ\� LQ� WKH� VWDWLF�HTXLOLEULXP� SRVLWLRQ�� WRWDO� GDPSLQJ� HQHUJ\� DQG� JHQHUDOL]HG� QRQ�SRWHQWLDO� PRPHQWV��
UHVSHFWLYHO\��$QDO\]LQJ�RI�HTXDWLRQV�RI�PRWLRQ�ZLWK�/DJUDQJH�� WKH� WUDQVIHU� IXQFWLRQV�FDQ�EH�GHWHUPLQHG�DV�QXPEHUHG�
����DQG������

 

�

Table 3: 0DLQ�HQJLQH�SURSHUWLHV�
0$1���/������� 9DOXHV�

3LVWRQ�6WURNH� ���FP�

&\OLQGHU�ERUH� ���FP�

1XPEHU�RI�F\OLQGHUV� ��

3RZHU� �����.:�

6SHHG� ����USP�
�

 

&RQY�)X]]\�3,'�HQWLRQDO�3,'�
& W OO �

�

&RQYHQWLRQDO�3,' 

)X]]\�3,' 

6\VWHP�
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Figure 7��0DLQ�HQJLQH�DQG�SRZHU�SODQW��0$1��������
�
�

�� =
�.�� ���+ �.�����

�.������� + �.������� + �.�������� + �.������+ �.������ 
                                                                        (�)�

�
�

�� =
�.������� + �.�����+ �.�����

�.������� + �.������� + �.�������� + �.������+ �.������ 
                                                                        (�)�

�
�
Simulations and Analysis 
 
� ,Q�RUGHU�WR�UHFRJQL]H�WKH�HIIHFWV�RI�SDUDPHWHU�RI�FRQWUROOHUV�D�VHFRQG�RUGHU�VWDEOH�V\VWHP�*V�ZDV�DVVXPHG��
�

�� =
�

(� + �)(� + �)                                                                                                                                                                      (�)�

�
7KH� HIIHFWV� RI� FRQWUROOHUV� DUH� VKRZQ� LQ�)LJ�� ���1H[W�� WKH� SURSHOOHU� DQG� WKH� VKDIW� V\VWHPV�KDYH�EHHQ� DSSOLHG�

WKURXJK�FRQWUROOHUV�DV�VKRZQ�LQ�)LJ����DQG�)LJ������UHVSHFWLYHO\��
�

Table 4:�6\VWHP�FKDUDFWHULVWLFV�RI�WKH�VDPSOH�V\VWHP�
7KH�VDPSOH�V\VWHP� 2YHUVKRRW� 6HWWOLQJ�WLPH��V�� 5LVH�WLPH�V�� 6WHDG\�VWDWH�HUURU�

&RQYHQWLRQDO�3,'� ������>�����V�@� ���� ����� ��

)X]]\�3,'� �� ����� !��� �������

+\EULG�&RQWUROOHU� �����>�����V�@� ���� ����� ��

�
Figure 8��7KH�HIIHFWV�RI�FRQWUROOHUV�RQ�VDPSOH�V\VWHP�

�
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Figure 9��7KH�HIIHFWV�RI�FRQWUROOHUV�RQ�VKLS�SURSHOOHU�V\VWHP�

 Figure 10��7KH�HIIHFWV�RI�FRQWUROOHUV�RQ�VKLS�VKDIW�V\VWHP�
,W�LV�REYLRXVO\�VHHQ�LQ�7DEOH���WKDW�HYHQ�WKRXJK�K\EULG�FRQWUROOHU�FDXVHV�RYHUVKRRW��LW�KDV�WKH�EHVW�VROXWLRQ�HDFK�

V\VWHP� FKDUDFWHULVWLFV� H[FHSW� RYHUVKRRW�� $OWKRXJK� )X]]\� 3,'� FRQWUROOHU� GRHV� QRW� SURGXFH� DQ� RYHUVKRRW�� LW� GRHV� QRW�
UHVSRQVH� DV� ZHOO� DV� K\EULG� FRQWUROOHU�� 7DEOH� �� LQGLFDWHV� WKDW� FRQWUROOHUV� KDYH� WKH� VDPH� LQIOXHQFHV� RQ� V\VWHP�
FKDUDFWHULVWLFV�LQ�VKLS�SURSXOVLRQ�V\VWHP���

�
Table 5:�6\VWHP�FKDUDFWHULVWLFV�RI�WKH�VKLS�SURSHOOHU�V\VWHP�
7KH�6KLS�3URSHOOHU�6\VWHP� 2YHUVKRRW� 6HWWOLQJ�WLPH�V�� 5LVH�WLPH�V�� 6WHDG\�VWDWH�HUURU�

3URSHOOHU� 6KDIW� 3URSHOOHU� 6KDIW� 3URSHOOHU� 6KDIW� 3URSHOOHU� 6KDIW�
&RQYHQWLRQDO�3,'� �� �� ������ ����� ������ ������ �� ��

)X]]\�3,'� �� �� ������� ������ !���� !���� ������� �������
+\EULG�&RQWUROOHU� �� �� ������ ������ ������ ������ �� ��

�
Table 6: 7KH�HIIHFWV�RI�FRQWUROOHU�RQ�V\VWHP�FKDUDFWHULVWLFV��

,QIOXHQFH� 2YHUVKRRW� 6HWWOLQJ�WLPH�V�� 5LVH�WLPH�V�� 6WHDG\�VWDWH�HUURU�
3RVLWLYH� (DFK� +\EULG� +\EULG� &RQYHQWLRQDO��+\EULG�
1HJDWLYH� 1RQH� )X]]\� )X]]\� )X]]\�

�
�
Conclusions  
�
� ,Q� WKLV� VWXG\�� HIIHFWV� RI� FRQWUROOHU� RQ� V\VWHP� FKDUDFWHULVWLFV� ZHUH� LQYHVWLJDWHG�� DQG� DQ� DSSOLFDWLRQ� RQ� VKLS�
SURSXOVLRQ�V\VWHP�ZDV�DSSOLHG��6\VWHP�FKDUDFWHULVWLFV�WKDW�KDYH�LPSRUWDQW�LQIRUPDWLRQ�DERXW�V\VWHP�DUH�GHWHUPLQHG�RU�
DGMXVWHG�YLD�FRQWUROOHUV��7KH�PRVW�FRPPRQO\�XVHG�FRQWUROOHU�LV�3,'�FRQWUROOHUV�ZKLFK�DUH�QRW�DGHTXDWH�ODVW�GHFDGHV��6R�
LQWHOOLJHQW�FRQWUROOHU�DV�)X]]\�3,'�KDV�EHHQ�VWDUWHG�WR�XVH�LQVWHDG�RI�RU�ZLWK�WKH�FRQYHQWLRQDO�3,'�FRQWUROOHU��7KXV��LQ�
WKLV�SDSHU�WKH�FRQYHQWLRQDO�3,'�DQG�)X]]\�3,'�FRQWUROOHUV�ZHUH�FRPELQHG�GLUHFWO\�ZKLFK�QDPHG�K\EULG�FRQWUROOHU��7KH�
VLPXODWLRQV�GRQH�RQ�D�VDPSOH�DQG�VKLS�SURSXOVLRQ�V\VWHPV�XVLQJ�WKH�K\EULG�3,'�FRQWUROOHU�KDYH�SURYLGHG�EHWWHU�V\VWHP�
UHVSRQVHV� LQ� WHUPV� RI� V\VWHP� FKDUDFWHULVWLFV�� $V� VKRZQ� LQ� 7DEOH� ��� K\EULG� 3,'� FRQWUROOHU� LV� FRPSDUHG� WR� WKH�
FRQYHQWLRQDO�3,'�RU�WKH�)X]]\�FRQWUROOHU�DSSOLFDWLRQV��&RQVHTXHQWO\��WKH�VLPXODWLRQ�UHVXOWV�KDYH�VKRZQ�WKDW�WKH�K\EULG�
VWUXFWXUH�KDV�SURYLGHG�D�JRRG�DQG�HIIHFWLYH�SHUIRUPDQFH�RQ�V\VWHP�FKDUDFWHULVWLFV��
References �
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$ODUoLQ�� )�� �������� )X]]\� /RJLF� DQG� 0RGHO� 5HIHUHQFH� &RQWURO� RI� 6KLS� 5ROO� 6WDELOL]DWLRQ� 8VLQJ� )LQ� $FWXDWRU��
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�
*X]HOND\D��0���(NVLQ��,���<HVLO��(����������6HOI�WXQLQJ�RI�3,'�W\SH�IX]]\�ORJLF�FRQWUROOHU�FRHIILFLHQWV�YLD�UHODWLYH�UDWH�
REVHUYHU��(QJLQHHULQJ�$SSOLFDWLRQV�RI�$UWLILFLDO�,QWHOOLJHQFH������SS����±�����
�
-LQJKXD�=�����������3,'�&RQWUROOHU�7XQLQJ��$�6KRUW�7XWRULDO��0HFKDQLFDO�(QJLQHHULQJ��3XUGXH�8QLYHUVLW\��
�
.RUNPD]�� )��&���$ODUoLQ�� )�� ��������3,'�&RQWURO�2I�$�6KLS� 6KDIW�7RUVLRQDO�9LEUDWLRQ�� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�
$GYDQFHV�DQG�&KDOOHQJHUV�LQ�0DULQH�1RLVH�DQG�9LEUDWLRQ��*ODVJRZ��6FRWODQG��8QLWHG�.LQJGRP���SS�����������
�
0$1�'LHVHO����������3URMHFW�*XLGH�IRU�0DULQH�3ODQWV��$XVEXUJ���
�
2JDWD��.�����������0RGHUQ�&RQWURO�(QJLQHHULQJ��1HZ�-HUVH\��3UHQWLFH�+DOO���WK�(GLWLRQ���
�
2K��6�.���/HH��'���3HGU\F]��:���.LP��'����������7KH�JHQHWLF�GHVLJQ�RI�K\EULG�)X]]\�FRQWUROOHUV��$Q�,QW��-��&\EHUQHWLFV�
DQG�6\VWHPV�����SS����������
�
2WVXER��$���+D\DVKL��.���0XUDNDPL��6���0DHGD��0��� ��������)X]]\�K\EULG�FRQWURO� XVLQJ�VLPSOLILHG� LQGLUHFW� LQIHUHQFH�
PHWKRG��)X]]\�6HWV�DQG�6\VWHPV������SS����������
�
4LDR�� :�=��� 0L]XPRWR�� 0��� �������� 3,'� W\SH� )X]]\� FRQWUROOHU� DQG� SDUDPHWHUV� DGDSWLYH� PHWKRG�� )X]]\� 6HWV� DQG�
6\VWHPV������SS���±����
�
6KX��*���/LDQJ�;��DQG�:DQJ�<�� �������� � ,QYHVWLJDWLRQ�RQ�&RXSOHG�7RUVLRQDO�D[LDO�9LEUDWLRQ�RI�&UDQNVKDIW�%DVHG�RQ�
5D\OHLJK�'LIIHUHQWLDO�0HWKRG��6DH�LQWHUQDWLRQDO��7LDQMLQ���
�
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())(&76�2)�1�%87$12/�$1'�,623523+</�$/&2+2/��,3$��±�
',(6(/�)8(/�)8(/6�,1�$�',(6(/�(1*,1(� �

�
�

+DQEH\�+D]DU� �
'HSDUWPHQW�RI�$XWRPRWLYH�(QJLQHHULQJ��7HFKQRORJ\�)DFXOW\��)LUDW�8QLYHUVLW\��7XUNH\�

KDQEH\KD]DU#KRWPDLO�FRP�
�
�

$EVWUDFW��$Q�H[SHULPHQWDO�VWXG\�LV�FRQGXFWHG�WR�HYDOXDWH�WKH�HIIHFWV�RI�XVLQJ�EOHQGV�RI�GLHVHO�
IXHO� ZLWK� HLWKHU� Q�EXWDQRO� LQ� SURSRUWLRQV� RI� ���� ����� ���� DQG� ���� RU� LVRSURSK\O� DOFRKRO�
�,3$�� LQ� ��� �E\� YRO���� 7KH� HIIHFW� RI� DGGLWLYH� PDWHULDOV� RQ� GLHVHO� HQJLQH� ZDV� H[DPLQHG�
H[SHULPHQWDOO\� LQ�D� WKUHH�F\OLQGHU��GLUHFW� LQMHFWLRQ�GLHVHO�HQJLQH� UXQQLQJ�DW�D�FRQVWDQW� VSHHG�
�����USP�DW�GLIIHUHQW�ORDGV��,Q�RUGHU�WR�SUHYHQW�SKDVH�VHSDUDWLRQ����GRGHFDQRO�ZDV�DGGHG�LQWR�
WKH� PL[WXUH�� )URP� WKH� UHVXOWV�� LW� ZDV� VHHQ� WKDW� WKH� &2�� +&� DQG� VPRNH� GHQVLW\� HPLVVLRQ�
GHFUHDVHG��12[�HPLVVLRQ�LQFUHDVHG�ZLWK�WKH�LQFUHDVH�LQ�Q�EXWDQRO�DPRXQW��
�
.H\�ZRUGV��'LHVHO�HQJLQH��Q�EXWDQRO��LVRSURSK\O�DOFRKRO��H[KDXVW�HPLVVLRQV�
�
g]HW�%X�GHQH\VHO�oDOÕúPDGD��KDFLPVHO�RODUDN����LVRSURSLO�DONRO�LoHUHQ��������������YH�����
Q�EXWDQRO� GL]HO� \DNÕW� NDUúÕPODUÕQÕQ� HWNLOHUL� DUDúWÕUÕOPÕúWÕU�.DWNÕ� PDGGHOHULQLQ� HWNLOHUL� �o�
VLOLQGLUOL��GLUHNW�HQMHNVL\RQOX�GL]HO�ELU�PRWRUGD�VDELW������GHYLU�YH�IDUNOÕ�PRWRU�\�NOHULQGH�WHVW�
HGLOPLúWLU��<DNÕW�LoHULVLQGHNL�ID]�D\UÕúÕPODUÕQÕ�|QOHPHN�LoLQ����GRGHNDQRO�LODYHVL�\DSÕOPÕúWÕU��
6RQXoODUGD�&2�� � LV�HPLV\RQODUÕQÕQ�D]DOGÕ÷Õ��12[��+&�HPLV\RQODUÕQÕQ�DUWWÕ÷Õ�WHVSLW�HGLOPLúWLU��
�
$QDKWDU�NHOLPHOHU��'L]HO�PRWRU�Q�EXWDQRO��LVRSURSLO�DONRO��HJ]R]�HPLV\RQX�

�
�
*LULú� �
�
� øoWHQ�\DQPDOÕ�PRWRUODU��LFDGÕQGDQ�VRQUD�oRN�KÕ]OÕ�ELU�JHOLúPH�J|VWHUHUHN�HQG�VWULGH�oRN�|QHPOL�ELU�\HUH�VDKLS�
ROPXúODUGÕU�� %X� PRWRUODUGD� \DNÕW� RODUDN� SHWURO� �U�QOHUL� NXOODQÕOPDNWDGÕU�� dRN� \DNÕQ� ELU� JHOHFHNWH� SHWURO�Q�
W�NHQHFH÷LQLQ� RUWD\D� oÕNPDVÕ� EX� \DNÕWODUÕQ� \HULQL� DODELOHFHN� DOWHUQDWLI� \DNÕW� DUDPD� oDOÕúPDODUÕ� KÕ]ODQGÕUPÕúWÕU��
gQFHGHQ� EHUL� YDU� RODQ� DOWHUQDWLI� \DNÕW� NXOODQPD� oDOÕúPDODUÕ� KÕ]� ND]DQPÕú� YH� NUL]� G|QHPOHUL� VRQUDVÕQGD� |QHPOL�
|Oo�GH� \DYDúODPD� J|VWHUPLúWLU�� øoWHQ� \DQPDOÕ� PRWRUODUGD� DOWHUQDWLI� \DNÕW� RODUDN� JD]� YH\D� VÕYÕ� \DNÕWODU�
NXOODQÕODELOPHNWHGLU�� *D]� \DNÕW� RODUDN� /3*� �6ÕYÕODúWÕUÕOPÕú� 3HWURO� *D]Õ�� YH� GR÷DO� JD]�� VÕYÕ� \DNÕW� RODUDN� HWDQRO��
PHWDQRO� YH� oHúLWOL� ELWNLVHO� \D÷ODUÕQ� �%<�� PRWRUODUGD� NXOODQÕPÕ� LOH� LOJLOL� ELU� oRN� DUDúWÕUPD� \DSÕOPDNWDGÕU�� %XML�
DWHúOHPHOL� PRWRUODUGD� /3*� YH� GR÷DO� JD]� NXOODQÕPÕ� \D\JÕQODúPDNWD�� HWDQRO� YH� PHWDQROXQ� LVH� \DOQÕ]� EDúÕQD� \DGD�
EHQ]LQ�LOH�oHúLWOL�RUDQODUGD�NDUÕúWÕUÕODUDN�NXOODQÕPÕ�LOH�LOJLOL�oDOÕúPDODUGD�\�U�W�OPHNWHGLU��'L]HO�PRWRUODUÕQGD�LVH�JD]�
\DNÕW�RODUDN�GR÷DO�JD]�SLORW�\DNÕW�LOH�ELUOLNWH�NXOODQÕOÕUNHQ��%<¶ODU�YH�EXQODUGDQ�HOGH�HGLOHQ�HWLO�YH�PHWLO�HVWHUOHU�LVH�
\DOQÕ]�EDúÕQD�\DGD�oHúLWOL�RUDQODUGD�GL]HO�\DNÕW�LOH�NDUÕúWÕUÕODUDN�WHVW�HGLOPHNWHGLU��7�UNL\H¶GH�SHWURO��UHWLPL��W�NHWLPH�
J|UH� ROGXNoD� D]GÕU��hONHPL]GH� W�NHWLOHQ� HQHUML� ND\QDNODUÕQD� EDNÕOGÕ÷ÕQGD� HQ� ID]OD�PLNWDU� SHWUROGH� J|U�OPHNWHGLU��
0HYFXW�SHWURO�KDY]DODUÕPÕ]GDQ��UHWLOHFHN�SHWURO�PLNWDUÕ�VÕQÕUOÕ�ROGX÷XQGDQ� � DQFDN�\HQL�SHWURO�KDY]DODUÕQ�EXOXQPDVÕ�
JHUHNLU��%XQODUD� LODYH�RODUDN�SHWURO�Q�EHOLUOL�ELU� UH]HUYH�GD\DOÕ� VRQOX�ND\QDN�ROPDVÕ��PHYFXW�PRWRU� WHNQRORMLVLQGH�
ID]OD� ELU� GH÷LúLNOLN� \DSPDGDQ� SHWUROH� DOWHUQDWLI� RODFDN� \HQL� \DNÕWODUÕQ� YH� SHWURO� UH]HUYOHULQGHQ� PRWRUODU� LoLQ�
NXOODQÕODELOHFHN�\HQL�\DNÕW�NDUÕúÕPODUÕQÕQ�DUDúWÕUÕODUDN�NXOODQÕOPDVÕQÕ�]RUXQOX�KDOH�JHWLUPLúWLU��+D]DU���������

%X�oDOÕúPDGD��ELU�GL]HO�PRWRUGD�GL]HO� \DNÕWÕQÕQ� LoHULVLQH�KDFLPVHO�RODUDN�EHOLUOL�RUDQODUGD�Q��EXWDQRO� NDWNÕVÕ� LODYH�
HGLOPLú�YH�GL]HO�\DNÕW�NDUúÕPODUÕQÕQ�HWNLOHUL�DUDúWÕUÕOPÕúWÕU��
�
�
�
�
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<|QWHP�YH�0HWRG� �
�
� 'HQH\VHO� oDOÕúPDODUD� EDúODPDGDQ� WHVW� PRWRUXQXQ� JHQHO� EDNÕPODUÕ� \DSÕúPÕúWÕU�� 0RWRUXQ� \DNÕW� HQMHNW|UOHUL�
V|N�OHUHN� NRQWUROOHUL� \DSÕOPÕúWÕU�� 7�P� \DNÕW� WHVWOHUL� PRWRUGD� KHUKDQJL� ELU� PRGLILNDV\RQ� \DSÕOPDGDQ�
JHUoHNOHúWLULOPLúWLU��0RWRU� VWDQGDUW� GL]HO� \DNÕW� LOH� ELU� V�UH� \�NV�]� oDOÕúWÕUÕOPÕú� YH� VRQUD� PRWRU� RSWLPXP� oDOÕúPD�
VÕFDNOÕ÷ÕQD�JHOGLNWHQ�VRQUD�PRWRUD����0:�������±��0:�������±����0:�������±���0:������� � GH÷HUGHNL���D\UÕ�
NDGHPHGH�\�N�X\JXODQPÕúWÕU��%X�LúOHP�LNL�GHID�WHNUDU�HGLOPLú�YH�|Oo�OHQ�GH÷HUOHULQ�RUWDODPDVÕ�KHVDSODQPÕúWÕU��%LU�
\DNÕW� W�U�� LoLQ� |Oo�POHU� WDPDPODQGÕNWDQ� VRQUD�PRWRU� GXUGXUXOXS�� ELU� V�UH� EHNOHQGLNWHQ� VRQUD� GL÷HU� \DNÕW� W�U�� LOH�
oDOÕúPD\D� JHoLOPLúWLU�� 'HQH\VHO� oDOÕúPDGD� \XNDUGD� EHOLUWLOHQ� GH÷LúNHQ� \�N� GH÷HUOHULQGH� g]J�O� <DNÕW� 7�NHWLPL�
�JU�NZ�K��� � +&��SSP���&2������12[��SSP�� � YH�'XPDQ�\R÷XQOX÷X��LV��GH÷HUOHUL�|Oo�OP�úW�U��

.XOODQÕODQ�WHVW�|Oo�P�FLKD]ODUÕ��

�� (J]R]�(PLV\RQ�gOo�P�&LKD]Õ�
'HQH\OHUGH�HJ]R]�JD]ODUÕQÕQ�DQDOL]L�LoLQ�&$3(/(&� � &$3������JD]�DQDOL]�FLKD]Õ�NXOODQÕOPÕúWÕU��%X�FLKD]�KDFLPVHO�
RODUDN�+&�YH� � 12[�µL� � SSP�FLQVLQGHQ�&2��&2��YH�2��µ\L� ���FLQVLQGHQ�WHVSLW�HWPHNWHGLU��7DEOR��¶�GH�KDVVDVL\HW�
|]HOOLNOHUL�YHULOPLúWLU��

7DEOR����(J]R]�HPLV\RQ�|Oo�P�FLKD]ÕQÕQ�|Oo�P�DUDOÕ÷Õ�YH�KDVVDVL\HW�GH÷HUOHUL�

�

3DUDPHWUH� gOoPH�DUDOÕ÷Õ� +DVVDVL\HW�

+&� ��±�������SSP� �SSP�

&2� ��±������ ��������

&2�� ��±�������� ������

2�� ��±�������� �������

/$0%'$� ���±����� ������

12[� ��±������SSP� ��SSP�

�

�� 'XPDQ�gOo�P�&LKD]Õ��
'XPDQ�|Oo�P��LoLQ�&$3������'�GL]HO�GXPDQ�|OoHU�NXOODQÕOPÕúWÕU��/&'�JUDILN�HNUDQOÕGÕU��%X�FLKD]�HJ]R]�

JD]ODUÕQGDNL� GXPDQ� NR\XOX÷XQX� KHP� ���� KHP� �P±��� FLQVLQGHQ� |OoHELOPHNWHGLU�� &LKD]ÕQ� |Oo�P� DUDOÕ÷Õ� YH�
KDVVDVL\HWL�7DEOR��¶�GH�YHULOPLúWLU�� �

7DEOR����'XPDQ�|Oo�P�FLKD]Õ�|Oo�P�DUDOÕ÷Õ�YH�KDVVDVL\HW�GH÷HUOHUL�

�

�

�

�

3DUDPHWUH� gOoPH�DUDOÕ÷Õ� +DVVDVL\HW�

1� ��±������� ������

.� �����±������P±�� �����P±��
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�

7DEOR����'HQH\OHUGH�NXOODQÕODQ�PRWRUXQ�WHNQLN�|]HOOLNOHU�

0$5.$6,� *(132:(5��*17�����

7LSL� 6HQNURQ�)ÕUoDVÕ]�

$NWLI�*�F�� �����.:�

$NÕP�'D÷ÕOÕPÕ� /����/���/��

*HULOLPL� ��������9�

*HULOLP�7ROHUDQVÕ� ����

'D\DQÕPÕ� �8�����9�0LQLPXP������9ROW�

�

�

�

ùHNLO����'HQH\VHO�oDOÕúPDGD�NXOODQÕODQ�PRWRUXQ�úHPDWLN�UHVPL��

�
6RQXoODU�YH�WDUWÕúPD� �
�
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ùHNLO����g]J�O�\DNÕW�W�NHWLPLQLQ�PRWRU�\�N�QH�J|UH�GH÷LúLPL��

ùHNLO��¶�GH�VDELW�GHYLU��GH÷LúNHQ�PRWRU�\�N�QH�J|UH�|]J�O�\DNÕW� W�NHWLPL�GH÷LúLPL�J|U�OPHNWHGLU�� øoWHQ�
\DQPDOÕ� PRWRUODUGD� |]J�O� \DNÕW� W�NHWLPL� �]HULQGH�� \DNÕWÕQ� IL]LNVHO� YH� NLP\DVDO� |]HOOLNOHUL� YH� \DQPD�
YHULPL� |QHPOL� ELU� HWNL\H� VDKLSWLU�� ùHNLOGH� J|U�OG�÷�� JLEL� WHVW� \DNÕWODUÕ� LoHULVLQGH� Q�EXWDQRO� RUDQÕQÕQ�
DUWPDVÕ\OD� EHUDEHU� |]J�O� \DNÕW� W�NHWLPLQLQ� DUWWÕ÷Õ� J|U�OPHNWHGLU�� 1�EXWDQRO� YH� LVRSURSLO� DONRO�Q� ÕVÕO�
GH÷HULQLQ�VWDQGDUW�GL]HO�\DNÕWÕQD�JRUH�G�ú�N�ROPDVÕ��Q�EXWDQRO�NDWNÕODUÕQGD�|]J�O�\DNÕW�W�NHWLPLQLQ�\�NVHN�
oÕNPDVÕQD�QHGHQ�ROGX÷X�G�ú�Q�OPHNWHGLU��<DSÕODQ�GL÷HU�EX�J|U�ú��GHVWHNOHPHNWHGLU��g]HU����������

7HVW� \DNÕWODUÕ� LQFHOHQGL÷LQGH�� ��� Q�EXWDQRO� \DNÕWÕQÕQ� �� ����� D]DOPD� J|VWHUGL÷L�� DQFDN� GL÷HU� WHVW�
\DNÕWODUÕQÕQ� LVH�DUWDQ�Q�EXWDQRO�RUDQÕ\OD�|]J�O�\DNÕW� W�NHWLPLQLQ�DUWWÕ÷Õ� WHVSLW�HGLOPLúWLU��(Q�E�\�N�DUWÕú��
���� Q�EXWDQRO� WHVW� \DNÕWÕQGD����� RODUDN� WHVSLW� HGLOPLúWLU�� $\QÕ� úHNLOGH� Q�EXWDQRO� \R÷XQOX÷XQXQ� GL]HO�
\DNÕWÕQD� JRUH� G�ú�N� ROPDVÕ� D\QÕ� oÕNÕú� J�F�Q�� HOGH� HGLOPHVL� LoLQ� VLOLQGLUOHU� LoHULVLQH� GDKD� ID]OD� \DNÕW�
J|QGHULOPHVLQH�QHGHQ�ROGX÷X�G�ú�Q�OPHNWHGLU��

�

�

ùHNLO����'XPDQ�\R÷XQOX÷XQXQ�PRWRU�\�N�QH�J|UH�GH÷LúLPL��
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g]HOOLNOH�GL]HO�PRWRUODUÕQÕQ�HJ]R]�HPLV\RQODUÕQGD�\�NVHN�RUDQGD�J|U�OHQ�LV��ELU�HNVLN�\DQPD��U�Q�G�U��
'XPDQ� \R÷XQOX÷XQXQ� \DSÕVÕ�� DOHYGHNL� \HULQH� JRUH� IL]LNVHO� YH� NLP\DVDO� RODUDN� IDUNOÕOÕN� J|VWHUPHNWHGLU 
�%RUDQ��������7UHH���������

ùHNLO��¶�GH�GXPDQ�\R÷XQOX÷XQXQ�VDELW�PRWRU�GHYUL��GH÷LúNHQ�\�NH�J|UH�GH÷LúLPL�J|U�OPHNWHGLU��$OoDN�
PRWRU�\�NOHULQGH�E�W�Q�WHVW�\DNÕWODUÕ�LoLQ�GXPDQ�\R÷XQOX÷XQXQ�G�ú�N�oÕNWÕ÷Õ�J|U�OPHNWHGLU��%X�GXUXP��
G�ú�N� PRWRU� \�NOHULQGH� \DQPD� RGDVÕQGDNL� KDYD� KDUHNHWOLOL÷LQLQ� YH� \DQPD� RGDVÕ� VÕFDNOÕ÷ÕQÕQ� G�ú�N�
ROPDVÕ\OD� L]DK� HGLOHELOLU�� <�NVHN� PRWRU� \�NOHULQGH� LVH� E�W�Q� WHVW� \DNÕWODUÕ� LoLQ� GXPDQ� \R÷XQOX÷XQXQ�
DUWWÕ÷Õ�J|U�OPHNWHGLU��$UWDQ�PRWRU�\�N�\OH�EHUDEHU�\HWHUVL]�VXUH��G�ú�N�\DQPD�YHULPL�YH�]HQJLQ�NDUÕúÕP�
ROXúXP�� GXPDQ� \R÷XQOX÷XQXQ� DUWWÕUGÕ÷Õ� G�ú�Q�OPHNWHGLU�� 7HVW� \DNÕWODUÕ� LoHULVLQGHNL� Q�EXWDQRO� RUDQÕQÕQ�
DUWPDVÕ\OD�EHUDEHU��VWDQGDUW�GL]HO�\DNÕWÕQD�JRUH�LV�ROXúXPXQXQ�D]DOPDVÕ��GL]HO�\DNÕWÕQD�JRUH�&�+�RUDQÕQÕQ�
G�ú�N� ROPDVÕ\OD� L]DK� HGLOHELOLU�� 6WDQGDUW� GL]HO� \DNÕWÕQD� J|UH� HQ� ID]OD� D]DOPD����� Q�EXWDQRO� \DNÕWÕQGD�
�������RODUDN�WHVSLW�HGLOPLúWLU�� � � �

�

ùHNLO����12[�HPLV\RQXQ�PRWRU�\�N�QH�J|UH�GH÷LúLPL��

12[�ROXúXPXQXQ�WHPHO�VHEHEL��\DQPD�HVQDVÕQGDNL�D]RWXQ�RNVLWOHQPHVLGLU��1LWULN�RNVLW��12��YH�QLWURMHQ�
GLRNVLW� �12���� 12[� HPLV\RQX� RODUDN� JUXSODQGÕUÕODQ� 12�� PRWRU� VLOLQGLUL� LoHULVLQGH� �UHWLOHQ� QLWURMHQLQ�
EDVNÕQ�RNVLWLGLU��12[�HPLV\RQX�JHQHOOLNOH������R.¶�QLQ��]HULQGHNL�VÕFDNOÕNODUGD�PH\GDQD�JHOLU��g]HOOLNOH�
2�¶QLQ� EXOXQGX÷X� E|OJHOHUGHNL� VÕFDNOÕ÷ÕQ� \�NVHNOL÷L� YH� EX� VÕFDNOÕNWD� NDOPD� V�UHVL� ROGXNoD� HWNLOLGLU�
(+H\ZRRG���������ùHNLO��¶H�EDNÕOGÕ÷ÕQGD�VWDQGDUW�GL]HO�\DNÕWÕQD�LODYH�HGLOHQ�Q�EXWDQRO�RUDQÕQÕQ�DUWPDVÕ\OD�
EHUDEHU�12[�HPLV\RQXQGD�oRN�D]GD�ROVD�ELU�D]DOPD�J|U�OPHNWHGLU��%X�G�ú�ú�Q�EDúOÕFD�VHEHEL��Q�EXWDQRO�
YH� LVRSURSLO� DONRO�Q�VWDQGDUW� GL]HO� \DNÕWÕQD�J|UH� HQHUML� LoHUL÷LQLQ�G�ú�N�ROPDVÕQGDQ�GROD\Õ�\DQPD� VRQX�
VÕFDNOÕ÷ÕQÕ�G�ú�UPHVLGLU��1��EXWDQRO�NDUÕúÕPODUÕQÕQ�VWDQGDUW�GL]HO�\DNÕWÕQD�JRUH�12[�ROXúXPXQXQ�G�ú�N�
oÕNPDVÕQÕQ� GL÷HU� ELU� VHEHEL� GH� DUWDQ� NDUÕúÕP� RUDQÕ� LOH� RUDQWÕOÕ� RODUDN� Q�EXWDQRO�Q� EXKDUODúPD� ÕVÕVÕQÕQ�
\�NVHN� ROPDVÕQGDQ�GROD\Õ� VLOLQGLUOHU� LoHULVLQGH� � GDKD� oRN� ÕVÕ� oHNHUHN� \DQPD� VRQX� VÕFDNOÕ÷Õ� YH� EXQXQOD�
ELUOLNWH� EDVÕQFÕQÕQ� G�ú�UPHVLGLU�� <DSÕODQ� GL÷HU� oDOÕúPDODU� EX� VRQXFX� GHVWHNOHPHNWHGLU� �g]HU�� ������
5DNRSRXORV���������(OGH�HGLOHQ�VRQXoODUGD��VWDQGDUW�GL]HO�\DNÕWÕQD�JRUH�HQ�ID]OD�G�ú�ú�����Q��EXWDQRO�WHWV�
\DNÕWÕQGD�������RODUDN�WHVSLW�HGLOPLúWLU��

�
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ùHNLO����&2�HPLV\RQXQ�PRWRU�\�N�QH�J|UH�GH÷LúLPL��

&2� ROXúXPX� \DNÕWÕQ� HNVLN� \DQPDVÕQGDQ� ND\QDNODQPDNWDGÕU�� <DQPD� RGDVÕ� LoHULVLQGHNL� \DNÕWÕQ� WDP�
\DQPDVÕ� GXUXPXQGD� NDUERQ� ELOHúLPLQLQ� WDPDPÕ� &2�¶� \H� G|Q�ú�U�� <DQPD� RGDVÕQGD� NDUERQ� PRQRNVLW�
�&2��HPLV\RQX�JHQHOOLNOH�\DNÕW�KDYD�RUDQÕ\OD�FRQWURO�HGLOPHNWHGLU��+H\ZRRG���������'L]HO�PRWRUODUÕQGD�
\DQPD�ROD\ÕQÕ�HWNLOH\HQ�YH�\DQPD\Õ�GHYDP�HWWLUHQ��\DQPD�E|OJHVLQGHNL�VÕFDNOÕN��EDVÕQo��NDUÕúÕP�RUDQÕ�YH�
RNVLMHQ� PLNWDUÕQÕ� EHOLUOH\HQ� \HUHO� NRúXOODUGÕU� �0RUHO�� ������ +D]DU�� ������� ùHNLO� �¶� GH� VWDQGDUW� GL]HO�
\DNÕWÕQÕQ� LoHULVLQGHNL�Q�EXWDQRO�RUDQÕQ� DUWPDVÕ\OD�EHUDEHU�&2�HPLV\RQXQXQ�D]DOGÕ÷Õ�J|U�OPHNWHGLU��%X�
ROXúXPXQ�EDúOÕFD�VHEHEL��Q�EXWDQRO�NDWNÕVÕQÕQ�LoHULVLQGHNL�NDUERQ��&��PLNWDUÕ�VWDQGDUW�GL]HO�\DNÕWÕQD�JRUH�
GDKD�G�ú�N�ROPDVÕ\OD�L]DK�HGLOHELOLU��$\UÕFD�Q�EXWDQRO�NDWNÕVÕQÕQ�LoHULVLQGHNL�RNVLMHQ�\R÷XQOX÷X�VWDQGDUW�
GL]HO�\DNÕWÕQD�JRUH�ID]OD�ROPDVÕ��\DQPD�RGDVÕ�LoHULVLQGHNL�NLP\DVDO�WHSNLPHGHNL�&2�ROXúXPXQX�D]DOWWÕ÷Õ�
G�ú�Q�OPHNWHGLU��7HVW�VRQXoODUÕQGD��VWDQGDUW�GL]HO�\DNÕWÕQD�JRUH�HQ�ID]OD�&2�HPLV\RQX�G�ú�ú�������Q��
EXWDQRO�WHVW�\DNÕWÕQGD������RODUDN�WHVSLW�HGLOPLúWLU��

�

�

�

ùHNLO����+&�HPLV\RQXQ�PRWRU�\�N�QH�J|UH�GH÷LúLPL��
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+&�HPLV\RQX�ROXúXPXQXQ�HVDV�VHEHEL��\DQPD�RGDVÕ�LoHULVLQGHNL�\DNÕWÕQ�NÕVPHQ�YH\D�E�\�N�ELU�NÕVPÕQÕQ�
\DQPDPDVÕGÕU��ùHNLO��¶�GD�J|U�OG�÷��JLEL��VWDQGDUW�GL]HO�\DNÕWÕQD�JRUH����Q�EXWDQRO�\DNÕWÕ�KDULo�GL÷HU�WHVW�
\DNÕWODUÕ� LoLQ� +&� HPLV\RQXQXQ� DUWWÕ÷Õ� J|U�OPHNWHGLU�� 7HVW� \DNÕWODUÕ� LoHULVLQGHNL� Q�EXWDQRO� NDWNÕVÕQÕQ�
DUWPDVÕ\OD�EHUDEHU�+&�HPLV\RQXQXQ�DUWPDVÕQÕQ�HVDV� VHEHEL�� Q�EXWDQRO�Q� VHWDQ�VD\ÕVÕQÕQ�� YLVNR]LWHVLQLQ�
YH�\R÷XQOX÷XQXQ�G�ú�N�ROGX÷X�G�ú�Q�OPHNWHGLU�� � 7HVW�VRQXoODUÕQGD��VWDQGDUW�GL]HO�\DNÕWÕQD�JRUH�HQ�ID]OD�
+&�HPLV\RQX�DUWÕúÕ������Q��EXWDQRO�WHVW�\DNÕWÕQGD��������RODUDN�WHVSLW�HGLOPLúWLU�� �

6RQXoODU�
�
'HQH\�VRQXoODUÕQD�JRUH��WHVW�\DNÕWODUÕ� LQFHOHQGL÷LQGH�����Q�EXWDQRO�\DNÕWÕQÕQ��������D]DOPD�J|VWHUGL÷L��
DQFDN� GL÷HU� WHVW� \DNÕWODUÕQÕQ� LVH� DUWDQ� Q�EXWDQRO� RUDQÕ\OD� |]J�O� \DNÕW� W�NHWLPLQLQ� DUWWÕ÷Õ�� WHVW� \DNÕWODUÕ�
LoHULVLQGHNL�Q�EXWDQRO�RUDQÕQÕQ�DUWPDVÕ\OD�EHUDEHU��VWDQGDUW�GL]HO�\DNÕWÕQD�JRUH�LV��12[��&2�HPLV\RQXQXQ�
D]DOGÕ÷Õ��+&�HPLV\RQXQXQ�DUWWÕ÷Õ�WHVSLW�HGLOPLúWLU��
�
5HIHUHQFHV� �
�
%RUDQ��(����������'L]HO�PRWRUODUÕQGD�ED]Õ�LúOHWPH�SDUDPHWUHOHULQLQ�LV�ROXúXPX�YH�PRWRU�SHUIRUPDQVÕQD�HWNLOHUL�
�]HULQH�ELU�DUDúWÕUPD��<�NVHN�/LVDQV�7H]L��*D]L�hQLYHUVLWHVL��)HQ�%LOLPOHUL�(QVWLW�V���
�
+D]DU��+���������� � <DNÕW�2ODUDN�$\oLoHN�0HWLO�(VWHU�.XOODQÕODQ�%LU�'L]HO�0RWRUXQGD�3HUIRUPDQV�YH�(PLV\RQXQ�
øQFHOHQPHVL��'XPOX�3ÕQDU�hQLYHUVLWHVL�)HQ�%LOLPOHUL�'HUJLVL��SS��������������
�
+D]DU��+����������&KDUDFWHUL]DWLRQ�DQG�HIIHFW�RI�XVLQJ�FRWWRQ�PHWK\O�HVWHU�DV�IXHO�LQ�D�/+5�GLHVHO�HQJLQH���(QHUJ\�
&RQYHUVLRQ�DQG�0DQDJHPHQW��YRO������SS�����������
+H\ZRRG��-�%����������,QWHUQDO�&RPEXVWLRQ�(QJLQH�)XQGDPHQWDOV��0F*UDZ�+LOO��1HZ�<RUN��
�
0RUHO��7����������.HULEDU��%OXPEHUJ��3�1��DQG�)RUW��(�)���([DPLQDWLRQ�RI�NH\�LVVXHV�LQ�ORZ�KHDW�UHMHFWLRQ� � HQJLQHV��
6$(�7HFKQLFDO�3DSHU��1R���������
�
g]HU��6����������%�WDQRO�NXOODQÕPÕQÕQ�GL]HO�PRWRU�SHUIRUPDQVÕ�YH�HJ]R]�HPLV\RQODUÕQD�HWNLOHULQLQ�GHQH\VHO�RODUDN�
DUDúWÕUÕOPDVÕ��<�NVHN�OLVDQV�WH]L�.DUDE�N�hQLYHUVLWHVL��
�
5DNRSRXORV�� � '�&�����������&RPEXVWLRQ�DQG�HPLVVLRQV�RI�FRWWRQVHHG�RLO�DQG�LWV�ELR�GLHVHO�LQ�EOHQGV�ZLWK�HLWKHU�
Q�EXWDQRO�RU�GLHWK\O�HWKHU�LQ�+6',�GLHVHO�HQJLQH��)XHO��YRO�������SS�����������
�
7UHH��'�5���DQG�6YHQVVRQ��.����������6RRW�SURJUHVVHV�LQ�FRPSUHVVLRQ�LJQLWLRQ�HQJLQHV��3URJUHVV�LQ�(QHUJ\�DQG�
&RPEXVWLRQ�6FLHQFH��YRO������SS�����������
� �
�
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(öø7ø0�3$<'$ù/$5,1,1�'hùh1&(/(5ø1(�*g5(�2.8//$5,1�
(7.ø/ø�2.8/�g=(//ø./(5ø1(�6$+ø3�2/0$�'h=(</(5ø�

�
<UG��'Ro��'U��&HODO�*h/ù(1�

)DWLK�hQLYHUVLWHVL�(÷LWLP�)DN�OWHVL�(÷LWLP�%LOLPOHUL�%|O�P��
(÷LWLP�<|QHWLPL�7HIWLúL�3ODQODPDVÕ�YH�(NRQRPLVL�$QDELOLP�'DOÕ�%DúNDQÕ�

øVWDQEXO�7�UNL\H�
FHODOJXOVHQ#JPDLO�FRP�

�
$\VHO�$7(ù�

)DWLK�hQLYHUVLWHVL�6RV\DO�%LOLPOHU�(QVWLW�V��
(÷LWLP�<|QHWLPL�7HIWLúL�3ODQODPDVÕ�YH�(NRQRPLVL�$QDELOLP�'DOÕ�<�NVHN�/LVDQV�g÷UHQFLVL�øVWDQEXO�7�UNL\H�

DWHV�D\VHO#\DKRR�FRP�
�

(PLQH�*�UHU�%$+$',5�
)DWLK�hQLYHUVLWHVL�6RV\DO�%LOLPOHU�(QVWLW�V��

(÷LWLP�<|QHWLPL�7HIWLúL�3ODQODPDVÕ�YH�(NRQRPLVL�$QDELOLP�'DOÕ�<�NVHN�/LVDQV�g÷UHQFLVL�øVWDQEXO�7�UNL\H�
�HJXUHU#KRWPDLO�FRP�

�
g]HW�%X� DUDúWÕUPD�� LONRNXO� YH� RUWDRNXO� G�]H\LQGHNL� RNXOODUÕQ�� HWNLOL� RNXO� |]HOOLNOHULQH� VDKLS� ROPD�

G�]H\OHULQL� H÷LWLP� SD\GDúODUÕQGDQ� \|QHWLFL�� |÷UHWPHQ�� |÷UHQFL� YH� YHOLOHULQ� J|U�úOHUL� GR÷UXOWXVXQGD�

EHOLUOHPHN� DPDFÕ\OD� \DSÕOPÕúWÕU�� 2NXOODUÕQ� HWNLOLOL÷L�� RNXOXQ� KHGHIOHULQH� XODúPD� GHUHFHVL\OH� YH�

SD\GDúODUÕQÕQ� LKWL\DoODUÕQÕQ� NDUúÕODQPD� G�]H\L\OH� |Oo�OG�÷�� LoLQ�� E|\OH� ELU� DUDúWÕUPD� \DSÕOPDVÕQD�

LKWL\Do� GX\XOPXúWXU�� $UDúWÕUPD� YHULOHULQH� GD\DOÕ� RODUDN� HWNLOL� RNXOODUOD� LOJLOL� oÕNDUÕPODU� \DSÕOPDVÕ�

KHGHIOHQHQ� DUDúWÕUPD�� WDUDPD�PRGHOLQGH� GHVHQOHQPLúWLU��9HULOHULQ� WRSODQPDVÕQGD� LVH��0RUWLPRUH¶XQ�

�������HWNLOL�RNXO�IDNW|UOHULQH�LOLúNLQ�VÕQÕIODPDVÕ�HVDV�DOÕQDUDN��DUDúWÕUPDFÕODU�WDUDIÕQGDQ������\ÕOÕQGD�

JHOLúWLULOHQ�³(WNLOL�2NXO�g]HOOLNOHUL�$QNHWL´�NXOODQÕOPÕúWÕU��$UDúWÕUPDGD�HWNLOL�RNXOXQ�³|÷UHQFL´��³RNXO�

oHYUHVL�YH�YHOL´��³RNXO�\|QHWLPL´�YH�³|÷UHWPHQ´�ER\XWODUÕ�HOH�DOÕQDUDN�GH÷HUOHQGLULOPLúWLU��$UDúWÕUPD�

VRQXoODUÕQD�J|UH�� HQ� HWNLOL� RNXO� ER\XWXQXQ�JHQHO� DULWPHWLN�RUWDODPDODUD� �& �� J|UH� ³����´�G�]H\L\OH�

³|÷UHWPHQ´�ER\XWX�ROGX÷X�J|U�OP�úW�U��(Q�D]�HWNLOL�EXOXQDQ�HWNLOL�RNXO�ER\XWX�LVH��³������´�G�]H\L\OH�

³RNXO� oHYUHVL� YH� YHOL´� ER\XWX� RODUDN� EHOLUWLOPLúWLU�� %X� VRQXoODUD� GD\DOÕ� RODUDN� RNXOODUÕPÕ]GD� RNXO�

oHYUH�YHOL�LOLúNLOHULQLQ�JHOLúWLULOPHVL�JHUHNWL÷L�|QHULOPHNWHGLU��

�

$QDKWDU�.HOLPHOHU��(WNLOL�2NXO��<|QHWLFL��g÷UHWPHQ��9HOL��(÷LWLP��3D\GDú��

*LULú�

����¶ODUGD� %DUQDUG� � HWNLOLOL÷L� |UJ�W�Q� KHGHIOHULQH� XODúPD� GHUHFHVL� RODUDN� WDQÕPODUNHQ�HWNLQOL÷L� LVH� |UJ�W�
SD\GDúODUÕQÕQ� LKWL\DoODUÕQÕQ� NDUúÕODQPD� G�]H\L� RODUDN� WDQÕPODPÕúWÕU�6FKUHHQV� LVH� HWNLQOL÷L� HQ� D]� PDOL\HWOH� HQ� L\L\H�
XODúPD� G�]H\L� RODUDN� WDQÕPODPÕúWÕU�(WNLOLOL÷LQ� IDUNOÕ� EDNÕú� DoÕODUÕQD� J|UH� SHN� oRN� WDQÕPÕ� ROPDNOD� ELUOLNWH� NXUDPVDO�
oHUoHYHOHUH� X\DQ� QHW� ELU� WDQÕPÕ� \DSÕODPDPÕúWÕU�$QFDN� oRN� ER\XWOX� ELU� NDYUDP� ROGX÷X� NRQXVXQGD� J|U�úELUOL÷L�
VD÷ODQPÕúWÕU�(WNLOLOL÷LQ� NXUDPVDO� oHUoHYHOHUH� X\DQ� ELU� WDQÕPÕQÕQ� � \DSÕODPDPÕú� ROPDVÕ� HWNLOL� RNXOX� WDQÕPODPD\Õ� GD�
]RUODúWÕUPÕúWÕU��.ORSI�YH�GL÷HUOHULQH�J|UH��������HWNLOL�RNXO��|÷UHQFLOHULQ�ELOLúVHO��GX\XúVDO��SVLNRPRWRU�YH�HVWHWLN�DODQGD�
JHOLúPHOHULQLQ� VD÷ODQDELOPHVL� LoLQ� G�]HQOHQPLú� RSWLPXP� |÷UHQPH� RUWDPÕQD� VDKLS� RODQ� RNXO� RODUDN�
WDQÕPODPÕúWÕU�%URRNRYHU������� LVH� HWNLOL� RNXOXQ� WHPHOLQGH� IÕUVDW� HúLWOL÷L� ROGX÷X� J|U�ú�QGHQ� \ROD� oÕNDUDN�HWNLOL� RNXOX�
VDGHFH� VHoLOPLú� |÷UHQFLOHULQ� GH÷LOGH� W�P� |÷UHQFLOHULQ� WHPHO� EHFHULOHUL� ND]DQDELOGL÷L� RNXO� RODUDN� WDQÕPODPÕúWÕU�
�%DOFÕ�������� %X� � DUDúWÕUPDGD� LVH� HWNLOL� RNXO� \DUDWDQ� IDNW|UOHULQ� <DNXSOX� .HPDO� $UÕNDQ� øONRNXO� YH� RUWDRNXOX¶XQGD�
EXOXQXS� EXOXQPDGÕ÷ÕQÕQ� GH÷HUOHQGLUPHVL� 0RUWLPRUH¶XQ������� EHOLUOHPLú� ROGX÷X� IDNW|UOHU� DoÕVÕQGD�
GH÷HUOHQGLULOHFHNWLU�0RUWLPRUH¶XQ� HWNLOL� RNXO� IDNW|UOHULQGHQ� ELUL� RODQ� � PHVOHNVHO� OLGHUOLN� �� \|QHWLFLQLQ� DoÕN� YH� QHW�
KHGHIOHU� EHOLUOHPHVLQH�� EX� KHGHIOHUL� EHOLUOHUNHQ� GH� H÷LWLP� SD\GDúODUÕQÕQ� ILNLUOHULQL� DOPDVÕQÕ� YH� � NÕVPHQ� RQODUÕ� GD�
\|QHWLPH� NDWPDVÕQÕ� |QJ|U�U� �dHOLN�������%X�GD�EL]H�\|QHWLúLP�NDYUDPÕQÕ� KDWÕUODWPDNWDGÕU��<|QHWLúLP� LVH� \|QHWLPLQ��
LOHWLúLPLQ�YH�HWNLOHúLPLQ�ELUOHúLPLQGHQ�ROXúWXUPDNWDGÕU�<|QHWLFLQ�RNXOGDNL�SHUVRQHOOH�NXUGX÷X�DoÕN�LOHWLúLP�EHUDEHULQGH�
HWNLOHúLPL�JHWLUHFH÷LQGHQ��\|QHWLúLPLQ�LKWL\Do�GX\GX÷X�GR÷DO�ELU�RUWDP�ROXúDFDNWÕU��<|QHWLúLPLQ�VD÷ODGÕ÷Õ�GR÷DO�RUWDP�
VD\HVLQGH� RUWDN� KHGHIOHU� ROXúXU�� EX� KHGHIOHU� LVH� E�W�Q� SD\GDúODUÕQ� HWUDIÕQGD� ELUOHúHFH÷L� � RUWDN� � ELU� YL]\RQD� oHUoHYH�
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oL]PLú�ROXU��ùLúPDQ��������%HOLUOHQHQ� oHUoHYH\H�J|UH�PLV\RQ� WDQÕPODQÕS�KDUHNHWH�JHoLOLU�3D\GDúODU� WDUDIÕQGDQ� � NDEXO�
HGLOPLú� PLV\RQD� XODúPD� oDEDVÕ� ROXPOX� ELU� RNXO� LNOLPLQL� ROXúWXUXU�� 2OXPOX� RNXO� LNOLPL� LVH� PHVOHNWDú� LOLúNLVLQL� YH�
LúELUOLNoL� oDOÕúPD\Õ� EHUDEHULQGH� JHWLULU�$\GÕQ�������� %|\OH� ELU� RUWDP� LVH� VDGHFH� |÷UHQFLOHULQ� GH÷LO� E�W�Q� SHUVRQHOLQ�
|÷UHQHFH÷L� YH� V�UHNOL� NHQGLQL� JHOLúWLUHELOHFH÷L� V�UHFL� EDúODWDFDNWÕU�� %DúOD\DQ� EX� V�UHoWH� LVH� W�P� H÷LWLP� SD\GDúODUÕ�
|÷UHQPH\H�\R÷XQODúDFD÷ÕQGDQ�|÷UHQPH�]DPDQÕQÕQ� �PDNVLPL]DV\RQX�NHQGLOL÷LQGHQ�VD÷ODQPÕú�RODFDNWÕU��%X� LVH�EDúDUÕ�
RGDNOÕ� ELU� RNXO� N�OW�U�Q�� � EHUDEHULQGH� JHWLUHFHNWLU�� 2OXúDQ� EDúDUÕ� RGDNOÕ� N�OW�UGH� KHGHIOHU� DoÕN� RODFD÷ÕQGDQ� L\L�
\DSÕODQGÕUÕOPÕú� VÕQÕI� LoL� V�UHoOHU� VD\HVLQGH� � KHGHIOHUH� XODúÕODFDNWÕU� �dHOLN�������� � %DúDUÕ� RGDNOÕ� RNXO� N�OW�U�Q�Q� YDU�
ROGX÷X� RNXOODUGD� EHOLUOHQHQ� KHGHIOHUH� XODúPDN� LoLQ� H÷LWLP� SD\GDúODUÕQÕQ� ELUELUOHULQGHQ� \�NVHN� EHNOHQWL� LoHULVLQGH��
ROPDODUÕ� WHPHO�J|VWHUJHGLU��3D\GDúODU�NDUúÕOÕNOÕ�RODUDN�EX�EHNOHQWLOHULQ�IDUNÕQGDGÕUODU� �$\GR÷DQ�YH�+HOYDFÕ������V����
�����%X�IDUNÕQGDOÕN�LVH�DoÕN�YH�DGLO�GLVLSOLQ�YH�JHUL�EHVOHPH�LOH�SHNLúWLULOLU���3HNLúWLUPHQLQ�\|Q��SR]LWLI�ROGX÷XQGDQ�EXQX�
ROXPOX� SHNLúWLUPH� RODUDN� DGODQGÕUPDN� P�PN�QG�U�� 2OXPOX� SHNLúWLUPH� LOH� |÷UHQFL� SHUIRUPDQVÕ� DUWÕUÕOÕUNHQ� �� GL÷HU�
\DQGDQ�GD�|÷UHQFLQLQ� V�UHo� LoLQGHNL� �JHOLúLP�SHUIRUPDQVÕ� \|QHWLOPLú�ROXU��g÷UHQFL�SHUIRUPDQVÕ�GH÷HUOHQGLUPHOHUL� LVH�
RNXO� SHUIRUPDQVÕQD� G|Q�W� ROPDNWDGÕU�� g÷UHQFL� SHUIRUPDQVÕQÕQ� \|QHWLPL� |÷UHQFLQLQ� VRUXPOXOXN� DOPDVÕQÕ�
JHUHNWLUPHNWHGLU�ùLúPDQ��������*HOLúLP�\|QHWLPLQH�J|UH�|÷UHQFL\H�YHULOHQ�VRUXPOXOXNODU�|÷UHQFLQLQ�NHQGLQH�J�YHQLQL�
DUWÕUDUDN�RWRNRQWURO�Q��VD÷ODPDNWDGÕU�<XNDUÕGD�V|]�NRQXVX�HGLOHQ�IDNW|UOHU�JHUoHNOHúWLULOGL÷LQGH�RNXO�W�P�SHUVRQHOL\OH�
|÷UHQHQ�ELU�|UJ�W�RODFDNWÕU��2NXO�GHQLOHQ�H÷LWLP�|UJ�WOHULQLQ�|÷UHQHQ�|UJ�W�RODUDN�HWNLOLOL÷L��RNXO�SD\GDúODUÕQÕQ�RNXOXQ�
DPDoODUÕQÕ�RSWLPXP�VHYL\HGH�JHUoHNOHúWLULS�HQ�X\JXQ�|÷UHQPH�RUWDPODUÕQÕ�ROXúWXUPDVÕ�LOH�P�PN�Q�RODFDNWÕU��.DSODQ��
���������%X�LVH�RNXOD�GD\DOÕ�SHUVRQHO�JHOLúWLUPHQLQ�|Q�Q��DoDFDNWÕU�$VODQ�YH�%H\FLR÷OX������V�����������

0HWRG�
�
<DNXSOX� .HPDO� $UÕNDQ� øONRNXO¶XQXQ� YH� 2UWDRNXOX¶QXQ� 3HWHU� 0RUWLPRUH¶XQ� ������� HWNLOL� RNXO� IDNW|UOHULQH�

�%DOFÕ�������V�����J|UH�GH÷HUOHQGLULOPHVL�DPDoODQDQ�EX�DUDúWÕUPDGD��H÷LWLP�SD\GDúODUÕQÕQ��\|QHWLFL��|÷UHWPHQ��|÷UHQFL�

YH�YHOL�� RNXOX�|÷UHQFL� ER\XWXQD�� RNXO� oHYUHVL� YH�YHOL� ER\XWXQD�� RNXO� \|QHWLPL�ER\XWXQD�YH�|÷UHWPHQ�ER\XWXQD�J|UH�

GH÷HUOHQGLUPHOHULQH� EDNDUDN� RNXOXQ� HWNLOLOL÷L� KDNNÕQGD� ELU� \DUJÕ\D� XODúPDNWÕU��$\UÕFD� EX� \DUJÕ\D� YHUL� WRSODPDN� LoLQ�

RNXO�PHPXUHVL��RNXO�DLOH�ELUOL÷L�EDúNDQÕ��RNXO�KL]PHWOLOHUL�YH�J�YHQOLN�J|UHYOLVL�LOH�J|U�ú�OP�úW�U��

(÷LWLP� SD\GDúODUÕQÕQ� G�ú�QFHOHULQH� J|UH� <DNXSOX� .HPDO� $UÕNDQ� øONRNXOX¶QXQ� YH� 2UWDRNXOX¶QXQ� HWNLOL� RNXO�

|]HOOLNOHULQH� QH� GHUHFH� VDKLS� ROGX÷X� EHWLPOHQPHN� LVWHQPHNWHGLU�� $UDúWÕUPD� YDURODQ� ELU� GXUXPX� RUWD\D� NR\PDN� LoLQ�

\DSÕOPÕú�ELU�oDOÕúPDGÕU��

<DNXSOX�.HPDO�$UÕNDQ� øONRNXOX¶QXQ� YH�2UWDRNXOX¶QXQ� W�P�|÷UHWPHQOHUL� YH� LGDUHFLOHUL� oDOÕúPD� JUXEXQD�GDKLO�

HGLOPLúWLU��%LU�RNXO�P�G�U��YH�LNL�RNXO�P�G�U��\DUGÕPFÕVÕ��LOH�WRSODP�RWX]EHú�|÷UHWPHQ�DUDúWÕUPDQÕQ�oDOÕúPD�JUXEXQX�

ROXúWXUPXúWXU��

%X�|÷UHWPHQOHULQ�RQ\HGL�WDQHVL�LONRNXO�E|O�P�QGHQ��RQVHNL]�WDQHVL�RUWDRNXO�E|O�P�QGHQ�GLU��

$\UÕFD� oDOÕúPD� JUXEXQGDNL� |÷UHQFLOHULQ� WHVSLWL� LoLQ�� RNXO� LGDUHVLQGHQ� LONRNXO� YH� RUWDRNXO� |÷UHQFLOHULQLQ� LVLP�

OLVWHVL� DOÕQPÕú� YH� EX� OLVWHGHQ� KHU� GRNX]XQFX� |÷UHQFL� WHVSLW� HGLOHUHN� oDOÕúPD� JUXEXQD� GDKLO� HGLOPLúWLU�øONRNXO�

E|O�P�QGHNL�WRSODP�|÷UHQFL�VD\ÕVÕ�EHú\�]RQVHNL]�YH�RUWDRNXO�E|O�P�QGHNL�|÷UHQFL�VD\ÕVÕ�LVH��o\�]GRNX]�GXU��øONRNXO�

E|O�P�QGHQ�\LUPL�|÷UHQFL��RUWDRNXO�E|O�P�QGHQ�RWX]�o�|÷UHQFL�oDOÕúPD�JUXEXQD�GDKLO�HGLOPLúWLU��$UDúWÕUPD�YHULOHULQLQ�

WDUDIVÕ]�ROPDVÕ�LoLQ�OLVWHGHQ�EX�\ROOD�VHoLP�\DSÕOPÕúWÕU��

dDOÕúPD�JUXEXQD�GDKLO�HGLOHFHN�YHOLOHULQ�WHVSLWL�LoLQ��oDOÕúPD�JUXEXQD�GDKLO�HGLOHQ��|÷UHQFLOHULQ�YHOLOHUL�ROPDPDVÕ�

LoLQ�� |÷UHQFL� LVLP� OLVWHVLQGHQ� KHU� RQXQFX� |÷UHQFLQLQ� YHOLVL� JUXED� GDKLO� HGLOPLúWLU�� øONRNXO� E|O�P�QGHNL� WRSODP� YHOL�

VD\ÕVÕ�EHú\�]RQVHNL]�YH�RUWDRNXO�E|O�P�QGHNL�YHOL�VD\ÕVÕ�LVH��o\�]GRNX]�GXU��øONRNXO�E|O�P�QGHQ�\LUPL�YHOL��RUWDRNXO�

E|O�P�QGHQ�RWX]�o� YHOL� oDOÕúPD� JUXEXQD�GDKLO� HGLOPLúWLU��$UDúWÕUPD� YHULOHULQLQ� WDUDIVÕ]� ROPDVÕ� LoLQ� OLVWHGHQ�EX� \ROOD�

VHoLP�\DSÕOPÕúWÕU��

$UDúWÕUPDGD�EHú�E|O�PGHQ�ROXúDQ�YH�KHU�E|O�P�Q�LoLQGH�EHú�VRUX�EXOXQDQ�DQNHW��\|QHWLFL��|÷UHWPHQ��|÷UHQFL�YH�

YHOLOHUH�X\JXODQPÕúWÕU��%X� DQNHWH� H÷LWLP�SD\GDúODUÕQÕQ�RNXOX�EHú�NDWHJRULGH�GH÷HUOHQGLUPHOHUL� LVWHQPHNWHGLU��%XQODU��

|÷UHQFL�ER\XWX��RNXO�oHYUHVL�YH�YHOL�ER\XWX��RNXO�\|QHWLPL�ER\XWX�YH�|÷UHWPHQ�ER\XWXGXU��'HVWHN�SHUVRQHOL��RNXO�DLOH�

ELUOL÷L� EDúNDQÕ�� J�YHQOLN� J|UHYOLVL� YH� RNXO� PHPXUHVLQH� DQNHW� X\JXODQPDPÕúWÕU�� *|U�úPH� \ROX\OD� �� GHVWHN� SHUVRQHOL��

RNXO�DLOH�ELUOL÷L�EDúNDQÕ��J�YHQOLN�J|UHYOLVL�YH�RNXO�PHPXUHVLQGHQ�ILNLUOHUL�DOÕQPÕúWÕU��
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9HULOHULQ� \RUXPODQPDVÕQGD� KHU� ELU� PDGGH\H� LOLúNLQ� RODUDN� KHVDSODQDQ� RUWDODPD�� R� PDGGHQLQ� JHUoHNOHúPH�

G�]H\LQLQ�J|VWHUJHVL�RODUDN�DOÕQPÕúWÕU��%LOJL�WRSODPDN�DPDFÕ\OD�X\JXODQDQ�DQNHW�HWNLOL�RNXOXQ�|÷UHQFL��RNXO�oHYUHVL�YH�

YHOL��RNXO�\|QHWLPL�YH�|÷UHWPHQ�ROPDN��]HUH�G|UW�ER\XWXQGDQ�PH\GDQD�JHOPHNWHGLU��$QNHW�IRUPXQGD�KHU�ER\XW�LoLQ�EHú�

PDGGH�EXOXQPDNWDGÕU��%XQODU�NDUúÕVÕQGD�GHQHNOHULQ�YHUHELOHFH÷L�WHSNLOHUGH��o�NDWHJRULGH�WRSODQPÕú�ROXS��EX�NDWHJRULOHU�

³NDWÕOÕ\RUXP´�� ³� D]� NDWÕOÕ\RUXP´� YH� ³NDWÕOPÕ\RUXP´� úHNOLQGH� G�]HQOHQPLúWLU�� 6HoHQHNOHU� ³NDWÕOÕ\RUXP´� LoLQ� ��� ³D]�

NDWÕOÕ\RUXP�³�LoLQ���YH�³�NDWÕOPÕ\RUXP´�LoLQ���ELoLPLQGH�SXDQODQGÕUÕOPÕúWÕU��

�

$QNHWWH�NLúLVHO�GH÷LúNHQOHUH�\HU�YHULOPHPLúWLU��8\JXODQDQ�DQNHW�|UQH÷L�DúD÷ÕGDNL�JLELGLU��

(WNLOL�2NXO¶XQ�³g÷UHQFL´�%R\XWXQD�øOLúNLQ�'H÷HUOHQGLUPHVL�

� *HQHO�RODUDN�EX�RNXOGDNL�|÷UHQFLOHU�«�� .DWÕOÕ\RUXP� $]�
NDWÕOÕ\RUXP� .DWÕOPÕ\RUXP�

�� %DúDUÕOÕ�RODELOHFHNOHULQH�LQDQÕUODU�YH�EDúDUÕ�LOH�LOJLOL�
EHNOHQWLOHUL�\�NVHNWLU��

� � �

�� %LUOLNWH� YH� LúELUOL÷L� LoLQGH� oDOÕúPD� \DSPD\D�
\DWNÕQGÕUODU��

� � �

�� *|UHY�YH�VRUXPOXOXNODUÕ�NRQXVXQGD�ELOLQoOLGLUOHU�� � � �

�� +DNODUÕQGD�YHULOHQ�NDUDUODUGD� V|]�KDNODUÕ�ROGX÷XQX�
ELOLUOHU��

� � �

�� 2NXO� RUWDPÕQGD� |÷UHWLOHQOHULQ� oR÷XQX�
|÷UHQHELOLUOHU��

� � �

(WNLOL�2NXO¶XQ�³2NXO�oHYUHVL�YH�9HOL´�%R\XWXQD�øOLúNLQ�'H÷HUOHQGLUPHVL�

� *HQHO�RODUDN�EX�2NXOXQ�oHYUHVL�YH�
YHOLOHUL�««««� .DWÕOÕ\RUXP� $]�

NDWÕOÕ\RUXP� .DWÕOPÕ\RUXP�

�� 9HOLOHU� RNXO� YH� H÷LWLP�|÷UHWLPOH� LOJLOL� NDUDUODUGD�
V|]�VDKLELGLUOHU��

� � �

�� 9HOLOHU�� RNXOOD� LOJLOL� úLND\HW� �� |QHUL� YH� ILNLUOHULQL�
RNXOD�oHNLQFH�GX\PDGDQ�ELOGLULUOHU��

� � �

�� 9HOLOHU� RNXOD�PDGGL� YH�PDQHYL� NDWNÕGD� EXOXQPD\Õ�
LVWHUOHU��

� � �

�� g÷UHQFL�GLVLSOLQL�NRQXVXQGD�DLOHOHU�RNXOD�GHVWHNWLU�� � � �
�� 2NXO�YH�|÷UHWPHQOHU�YHOLOHU�WDUDIÕQGDQ�VÕNoD�]L\DUHW�

HGLOLU��
� � �

�

(WNLOL�2NXO¶XQ�³2NXO�<|QHWLPL´�%R\XWXQD�øOLúNLQ�'H÷HUOHQGLUPHVL�

� *HQHO�RODUDN�EX�RNXOXQ�\|QHWLPL�««�� .DWÕOÕ\RUXP� $]�
NDWÕOÕ\RUXP� .DWÕOPÕ\RUXP�

�� 2NXOGDNL� H÷LWLP� YH� |÷UHWLP� V�UHFLQL� GHQHWOHU� YH�
GH÷HUOHQGLULU��

� � �

�� +HU�W�UO��EDúDUÕ\Õ�|G�OOHQGLULU�� � � �
�� 6ÕQÕI�]L\DUHWOHUL�\DSDU�YH�RNXOOXQ�KHU�ELULPLQGH�VÕN�

J|U�O�U��
� � �

�� 2NXOGDNL� oDOÕúPD� RUWDPODUÕQÕQ� L\LOHúWLULOPHVLQGH�
oDED�VDUI�HGHU��

� � �

�� dHYUH� YH� YHOLOHULQ� RODQDNODUÕQÕ� X\JXQ� úHNLOGH�
GH÷HUOHQGLULU��

� � �

(WNLOL�2NXO¶XQ�³g÷UHWPHQ��´�%R\XWXQD�øOLúNLQ�'H÷HUOHQGLUPHVL�

� *HQHO�RODUDN�EX�RNXOXQ�|÷UHWPHQOHUL�«��� .DWÕOÕ\RUXP� $]�
NDWÕOÕ\RUXP� .DWÕOPÕ\RUXP�

�� (÷LWLP� |÷UHWLPOH� LOJLOL� NRQXODUGD� LúELUOL÷L�
LoLQGHGLUOHU��

� � �

�� +HU� W�UO�� EDúDUÕ\Õ� DUWÕUDELOHFHNOHULQH� LQDQÕUODU� YH�
|÷UHQFLOHULQ�EDúDUÕOÕ�ROPDVÕQÕ�EHNOHUOHU���

� � �

�� 6RUXPOXOXN�GX\JXODUÕ�\�NVHNWLU�� � � �
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�� g÷UHQFLOHU�LoLQ�|UQHN�GDYUDQÕúODU�VHUJLOHUOHU�� � � �
�� 'HUVOHUL� LOH� LOJLOL� \HQL� \|QWHP� YH� WHNQLNOHUL� WDNLS�

HGHU�YH�VÕQÕI�RUWDPÕQGD�X\JXODUODU��
� � �

�
�
6RQXoODU�
�
(÷LWLP�3D\GDúODUÕQÕQ�(WNLOL�2NXO¶XQ�³2NXO�<|QHWLPL´�%R\XWXQD�øOLúNLQ�'H÷HUOHQGLUPHVL�
�
� � <|QHWLFL�

& �

g÷UHWPHQ�

& �

g÷UHQFL�

& �

9HOL�

�& ��
�� 6ÕQÕIODUÕ�]L\DUHW�HGLS�|÷UHWPHQOHUH�UHKEHUOLN�

\DSDU��
�

��������

�

���������

�

��������

�

���������
�� %DúDUÕ�GH÷HUOLGLU�YH�|G�OH�OD\ÕNWÕU��� ������ ��������� �������� ���������
�� dDOÕúDQODUÕQ�RNXOD�ED÷OÕOÕ÷ÕQÕ�VD÷OD\DUDN��

E�W�QOHúWLULFL�N�OW�U�ROXúWXUPD\D�oDOÕúÕU�
�

�������

�

���������

�

��������

�

���������
�� g÷UHWPHQOHUOH�ROGX÷X�NDGDU�|÷UHQFL�YH�

YHOLOHUOH�GH�LOHWLúLP�LoLQGHGLU��
�

�����

�

���������

�

��������

�

����������
�� (÷LWLP�YH�|÷UHWLPH�LOLúNLQ�|÷UHWPHQ�YH�

|÷UHQFLOHUGHQ�EHNOHQWLOHUL�\�NVHNWLU��
�

����

�

��������

�

�������

�

����
�

g÷UHWPHQOHU�KDULo�GL÷HU�SD\GDúODU��\|QHWLFLOHULQ�VÕQÕIODUÕ�VÕN�]L\DUHW�HGLS�|÷UHWPHQOHUH�UHKEHUOLN�HWWWL÷L�J|U�ú�QH�
NDWÕOGÕNODUÕQÕ� EHOLUWPLúWLU� YH� RUWDODPDODUÕ� LNL� YH\D� LNLQLQ� �]HULQGH� oÕNPÕúWÕU�$QFDN� |÷UHWPHQOHU�� EX� PDGGH\H� ����¶OÕN�
FHYDS�RUWDODPVÕ\OD�oRN�ID]OD�NDWÕOPDGÕNODUÕQÕ�EHOLUWPLúOHUGLU��

%DúDUÕ� GH÷HUOLGLU� YH� |G�OH� OD\ÕNWÕU� PDGGHVLQH� SD\GDúODUÕQ� KHSVLQLQ� NDWÕOGÕNODUÕQÕ� LNLQLQ� �VW�QGH� RODQ� FHYDS�
RUWDODPDODUÕQGDQ� DQODPDNWD\Õ]�øGDUHFLOHU� EX� PDGGH\H� HQ� oRN� NDWÕODQ� SD\GDúODUGÕU�øGDUHFLOHULQ� EX� PDGGH� LoLQ� FHYDS�
RUWDODPDVÕ��¶W�U��

(÷LWLP�SD\GDúODUÕ��RNXO�LGDUHVLQLQ�oDOÕúDQODUÕQ�RNXOD�ED÷OÕOÕ÷ÕQÕ�VD÷OD\DUDN�E�W�QOHúWLULFL�ELU�N�OW�U��ROXúWXUPD\D�
oDOÕúWÕ÷ÕQÕ�G�ú�QPHNWHGLU�7�P�SD\GDúODUÕQ�NRQX\OD�LOJLOL�PDGGH\H�YHUGLNOHUL�FHYDSODUÕQ�RUWDODPDVÕ��¶QLQ��]HULQGHGLU��

2NXO� \|QHWLPLQLQ� |÷UHWPHQOHUOH� ROGX÷X� NDGDU� |÷UHQFL� YH� YHOLOHUOH� GH� LOHWLúLP� LoLQGH� ROGX÷X� J|U�ú�QH� W�P�
SD\GDúODU�NDWÕOPÕúWÕU�g÷UHWPHQ�|÷UHQFL�YH�YHOLOHULQ�FHYDSODUÕQÕQ�RUWDODPDVÕ��¶QLQ��]HULQGHGLU�<|QHWLFLOHULQ�FHYDSODUÕQÕQ�
RUWDODPDVÕ�LVH��¶W�U�<DQL�\|QHWLFLOHU�EX�PDGGH\H�WDPDPHQ�NDWÕOGÕNODUÕQÕ�EHOLUWPLúOHUGLU��

(÷LWLPLQ� W�P� SD\GDúODUÕ�RNXO� \|QHWLPLQLQ� |÷UHQFL� YH� |÷UHWPHQOHUGHQ� EHNOHQWLVLQLQ� \�NVHN� ROGX÷X� J|U�ú�QH�
NDWÕOPÕúWÕU�<|QHWLFLOHU� KDULo� W�P� SD\GDúODUÕQ� FHYDSODUÕ� RUWDODPDVÕ� �¶QLQ� �]HULQGHGLU�<|QHWLFLOHULQ� FHYDSODUÕQÕQ�
RUWDODPDVÕ�LVH���ROXS�\|QHWLFLOHU�EX�PDGGH\H�WDPDPHQ�NDWÕOGÕNODUÕQÕ�EHOLUWPLúWLU��

2NXO� DLOH� ELUOL÷L� EDúNDQÕ� GD� EX� E|O�PGHNL�PDGGHOHU� KDNNÕQGD� ROXPOX� J|U�ú� ELOGLUPLúWLU�<|QHWLPLQ� SHUVRQHOLQ�
RNXOD� ED÷OÕOÕ÷ÕQÕ� DUWWÕUPDN� LoLQ� ]DPDQ� ]DPDQ� SURJUDPODU� G�]HQOHGL÷LQL� EHOLUWPLúWLU�%X� SURJUDPODUD� |UQHN� RODUDN�
�ELUOLNWH�RNXOGD�\HPHN�\HPH�YH\D�KHU�VHQH�|÷UHWPHQOHU�J�Q��LoLQ�KD]ÕUODQDQ�V�USUL]�LNUDPODUÕ�J|VWHUPLúWLU�$\UÕFD�KHU�
VHQH� |÷UHWPHQOHU� J�Q�QGH� |÷UHWPHQOHU� � RNXO� NDSÕVÕQGDQ� JLUHUNHQ� NHQGLOHULQH� oLoHN� YHULOPHVLQL� GH� |UQHN�
J|VWHUPLúWLU�<LQH� \DUÕúPDODUGD� GHUHFH� DODQ� |÷UHQFLOHULQ� EDúDUÕODUÕQÕQ� |G�OOHQGLULOGL÷LQL� ]DPDQ� ]DPDQ� RNXO�
LGDUHVLQLQ�NHQGLOHULQGHQ�GHVWHN�LVWHGL÷LQL�V|]OHULQH�HNOHGL��

2NXO�PHPXUHVL� GH� RNXO� DLOH� ELUOL÷L� EDúNDQÕQD� NDWÕOGÕ÷ÕQÕ� YH� KHU� NRQXGD� \|QHWLPLQ� RNXO� SHUVRQHOLQH� \DUGÕPFÕ�
ROPD\D�oDOÕúWÕ÷ÕQÕ�EHOLUWPLúWLU��
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*�YHQOLN�J|UHYOLVL� LVH�LGDUH�LOH�LOJLOL�ROXPOX�J|U�ú�ELOGLULS�|]HOOLNOH�RNXO�\|QHWLPL�YH�YHOLOHU�DUDVÕQGDNL�LOLúNL\L�
WDNGLU� HWWL÷LQL� EHOLUWPLúWLU�*|]OHPOHGL÷L� GL÷HU� RNXOODUGD�\|QHWLP� YHOL� LOLúNLVLQLQ� EX� NDGDU� DoÕN� YH� QHW� ROPDGÕ÷ÕQÕ�
J|U�úOHULQH�HNOHPLúWLU��

.DQWLQ�SHUVRQHOL�LVH�LGDUHQLQ�NHQGLOHUL\OH�LOJLOHQGL÷LQL�YH�GHVWHN�ROGX÷XQX�EHOLUWPLúWLU��øGDUHQLQ�KDQJL��U�QOHULQ�
VDWÕOÕS��VDWÕOPDPDVÕ�JHUHNWL÷L�NRQXVXQGD�J|U�ú�ELOGLUGL÷LQL�HNOHPLúWLU��

(÷LWLP�3D\GDúODUÕQÕQ�(WNLOL�2NXO¶XQ�³g÷UHWPHQ��´�%R\XWXQD�øOLúNLQ�'H÷HUOHQGLUPHVL�
�
� � <|QHWLFL�

& �

g÷UHWPHQ�

& �

g÷UHQFL�

& �

9HOL�

& �
�� (÷LWLP�|÷UHWLPOH�LOJLOL�NRQXODUGD�LúELUOLNoL�

oDOÕúPD\D�|QHP�YHULUOHU��
�

�������

�

���������

�

���������

�

����������
�� %�W�Q�|÷UHQFLOHULQ�WHPHO�EHFHULOHUL�

|÷UHQHELOHFH÷LQH�LQDQÕUODU��
�

�����

�

��������

�

��������

�

����������
�� g÷UHQFLOHUGHQ�EHNOHQWLOHUL�\�NVHNWLU�� ������� �������� ��������� ����������
�� 0HVOHNL�\|QGHQ�JHOLúPH\H�|QHP�YHULUOHU�� ����� �������� �������� �����������
�� .XOODQGÕ÷Õ�|÷UHWLP�WHNQLNOHUL�|÷UHQPH�

KHGHIOHULQH�X\JXQGXU��
�

����

�

��������

�

��������

�

��������
�

�7�P�SD\GDúODU�|÷UHWPHQOHULQ�LúELUOLNoL�oDOÕúPD\D�|QHP�YHUGLNOHUL�J|U�ú�Q��LoHUHQ�PDGGH\H��¶QLQ��]HULQGH�ELU�
RUWDODPD�LOH�NDWÕOPÕúODUGÕU�����¶OLN�ELU�RUWDODPD�LOH�|÷UHQFLOHU�EX�PDGGH\H�HQ�oRN�NDWÕODQ�SD\GDú�ROPXúODUGÕU��

�����g÷UHWPHQOHULQ�W�P�|÷UHQFLOHULQ�WHPHO�EHFHULOHUL�ND]DQDELOHFH÷LQH�LQDQGÕNODUÕ�J|U�ú�QH�W�P�SD\GDúODU�
NDWÕOPÕúODUGÕU�<|QHWLFLOHU�LVH���RUWDODPD�LOH�EX�PDGGH\H�WDPDPHQ�NDWÕOGÕNODUÕQÕ�EHOLUWPLúWLU��

�����7�P�SD\GDúODU�|÷UHWPHQOHULQ�|÷UHQFLOHUGHQ�EHNOHQWLOHULQLQ�\�NVHN�ROGX÷X�J|U�ú�QH�NDWÕOPÕúODUGÕU�%X�
PDGGH\H����¶OÕN�RUWDODPD�LOH�HQ�oRN�YHOLOHU�NDWÕOPÕúWÕU��

�����g÷UHWPHQOHULQ�PHVOHNL�\|QGHQ�JHOLúPH\H�|QHP�YHUGLNOHUL�J|U�ú�QH�W�P�SD\GDúODU�LNLQLQ��]HULQGH�FHYDS�
RUWDODPDVÕ�LOH�NDWÕOGÕNODUÕQÕ�EHOLUWPLúOHUGLU�<|QHWLFLOHU����RUWDODPD�LOH�EX�PDGGH\H�WDPDPHQ�NDWÕOGÕNODUÕQÕ�
EHOLUWPLúOHUGLU��

����g÷UHWPHQOHULQ�NXOODQGÕNODUÕ�|÷UHWLP�WHNQLNOHULQLQ�|÷UHQPH�KHGHIOHULQH�X\JXQ�ROGX÷X�J|U�ú�QH�W�P�SD\GDúODU�
NDWÕOPÕúODUGÕU�<|QHWLFLOHULQ�EX�PDGGH�LoLQ�FHYDS�RUWDODPDVÕ���ROXS�\|QHWLFLOHU�EX�J|U�úH�HQ�D]�NDWÕODQ�SD\GDú�
ROPXúODUGÕU�g÷UHQFLOHU�LVH�����¶OLN�FHYDS�RUWDODPDVÕ�LOH�EX�J|U�úH�HQ�oRN�NDWÕODQ�SD\GDú�ROPXúODUGÕU��

���2NXO�DLOH�ELUOL÷L�EDúNDQÕ�LVH�RNXOGD�]�PUH�|÷UHWPHQOHUL�DUDVÕQGD�LúELUOLNoL�ELU�oDOÕúPDQÕQ�ROGX÷XQX�|]HOOLNOH�
GHUVWH�NXOODQÕODELOHFHN�PDWHU\DOOHUL�SD\ODúWÕNODUÕQÕ��V|\OHGL�<LQH�|÷UHWPHQOHULQ�|÷UHQFLOHULQ�EDúDUÕOÕ�RODFD÷ÕQD�LOLúNLQ�
EHNOHQWLOHULQLQ��|÷UHQFLOHUL�YH�YHOLOHUL�PRWLYH�HWWL÷LQL�J|]OHPOHGL÷LQL�EHOLUWWL��

��2NXO�PHPXUHVL�LVH�RNXO�DLOH�ELUOL÷LQLQ�J|U�úOHULQH�NDWÕOGÕ÷ÕQÕ�EHOLUWHUHN��|÷UHQFL�PRWLYDV\RQXQX�VD÷ODPDGD�
|÷UHWPHQOHULQ�EHOLUJLQ�ELU�HWNLVL�ROGX÷XQX�J|U�úOHULQH�HNOHGL��

(÷LWLP�3D\GDúODUÕQÕQ�(WNLOL�2NXO¶XQ�³g÷UHQFL´�%R\XWXQD�øOLúNLQ�'H÷HUOHQGLUPHVL�
�
� � <|QHWLFL�

& �
g÷UHWPHQ�

& �
g÷UHQFL�

& �
9HOL�
& �

�� %DúDUÕOÕ�ROPD�NRQXVXQGDNL�EHNOHQWLOHUL�
\�NVHNWLU��

�
���������

�
��������

�
���������

�
����������

�� .HQGLOHUL\OH�LOJLOL�NDUDUODU�DOÕQÕUNHQ�V|]�
KDNNÕQD�VDKLSWLUOHU��

�
��������

�
��������

�
���������

�
����������
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�� .HQGLOHULQGHQ�EHNOHQHQL��ELOLUOHU�� �
��������

�
��������

�
��������

�
����������

�� 2NXOGDNL�]DPDQODUÕQÕQ�oR÷XQX�|÷UHQPH�
HWNLQOLNOHULQH�D\ÕUÕUODU��

�
������

�
��������

�
�������

�
�����������

�� øúELUOL÷L�LoLQGH�oDOÕúPD\D�YH�VRUXPOXOXN�
DOPD\D�LVWHNOLGLUOHU��

�
�������

�
�������

�
��������

�
����������

�

��������(÷LWLP�SD\GDúODUÕQÕQ�KHSVL�|÷UHQFLOHULQ�EDúDUÕOÕ�ROPD�NRQXVXQGDNL�EHNOHQWLOHULQLQ�\�NVHN�ROGX÷XQD�
LQDQPDNWDGÕU�%�W�Q�SD\GDúODUÕQ�YHUGLNOHUL�FHYDSODUÕQ�RUWDODPDODUÕ��¶QL��]HULQGHGLU�<|QHWLFL�YH�YHOLOHU�LVH�EX�PDGGH\H�
HQ�oRN�NDWÕODQ�SD\GDú�ROPXúODUGÕU�+HU�LNL�SD\GDúÕQ�FHYDSODUÕ�RUWDODPDODUÕ����¶WLU��

���������(÷LWLP�SD\GDúODUÕQÕQ��|÷UHQFLOHULQ�NHQGLOHUL\OH�LOJLOL�NDUDUODU�DOÕQÕUNHQ�V|]�VDKLEL�ROGXNODUÕQD�LQDQFÕ�\�NVHNWLU�%X�
PDGGH\H�HQ�oRN�NDWÕODQ�SD\GDú�|÷UHQFL�YH�YHOLOHU�ROPXúWXU�+HU�LNL�SD\GDúÕQ�FHYDSODUÕ�RUWDODPDODUÕ�����¶WLU��

��������g÷UHWPHQ�|÷UHQFL�YH�YHOLOHU��|÷UHQFLOHULQ�NHQGLQGHQ�EHNOHQHQL�ELOGLNOHUL�NRQXVXQGD�KHP�ILNLUGLUOHU�$QFDN�
\|QHWLFLOHULQ�RUWDODPDVÕ�����oÕNPÕúWÕU�<|QHWLFLOHU��|÷UHQFLOHULQ�NHQGLOHULQGHQ�EHNOHQHQL�ELOGLNOHUL�ILNULQH�oRN�ID]OD�
NDWÕOPDGÕNODUÕQÕ�J|VWHUPHNWHGLU��

�������(÷LWLP�SD\GDúODUÕ��|÷UHQFLOHULQ�RNXOGDNL�]DPDQODUÕQÕQ�oR÷XQX�|÷UHQPH�HWNLQOLNOHULQH�D\ÕUGÕNODUÕ�NRQXVXQGD�KHP�
ILNLUGLU�3D\GDúODUÕQ�FHYDS�RUWDODPDODUÕ�oRN�IDUNOÕOÕN�J|VWHUPHPHNWHGLU�%X�PDGGH\H�����µOLN�FHYDS�RUWDODPDVÕ�LOH�
|÷UHQFLOHU�ROPXúWXU��

����������(÷LWLP�SD\GDúODUÕ�|÷UHQFLOHULQ�LúELUOL÷L�LoLQGH�oDOÕúPD\D�YH�VRUXPOXOXN�DOPD\D�LVWHNOL�ROGXNODUÕ�J|U�ú�QGH�KHP�
ILNLUGLU�����¶OLN�RUWDODPD�LOH�YHOLOHU��EX�PDGGH\H�HQ�oRN�NDWÕODQ�SD\GDú�ROPXúODUGÕU��

�������2NXO�DLOH�ELUOL÷L�EDúNDQÕQÕQ�GD�|÷UHQFL�ER\XWXQD�LOLúNLQ�GH÷HUOHQGLUPHOHUL�ROXPOXGXU�$QFDN�|÷UHQFLOHULQ�
NHQGLOHUL\OH�LOJLOL�NDUDUODU�DOÕQÕUNHQ��V|]�KDNNÕQD�VDKLS�ROGXNODUÕ�J|U�ú�QH��NÕVPHQ�NDWÕOGÕ÷ÕQÕ�EHOLUWPLúWLU�'L÷HU�
PDGGHOHULQ�KHSVLQH�NDWÕOGÕ÷ÕQÕ�EHOLUWPLúWLU��

�������2NXO�PHPXUHVL�LVH�|÷UHQFLOHULQ�YHULOHQ�|]HOOLNOHULQ�KHSVLQL�WDúÕGÕ÷ÕQÕ�V|\OHPHNOH�ELUOLNWH�HQ�oRN�Lú�ELUOL÷L�LOH�
oDOÕúPD�|]HOOL÷L�J|VWHUGLNOHULQL�V|]OHULQH�HNOHPLúWLU��

2NXO�KL]PHWOLOHUL�LVH�|÷UHQFLOHUOH�LOJLOL�ROXPVX]�ELU�GH÷HUOHQGLUPHGH�EXOXQPDPÕúODUGÕU�0DGGHOHUH�NDWÕOGÕNODUÕQÕ�
EHOLUWPLúOHUGLU��

�������2NXO�NDQWLQ�LúOHWPHFLOHUL��LVH�|÷UHQFLOHULQ�ELOLQoOL�ELUHU�W�NHWLFL�ROGXNODUÕQÕ�DOGÕNODUÕ��U�QOHULQ�PDUNDVÕQD�YH��UHWLP�
WDULKLQH�|QHP�YHUGLNOHULQL�EHOLUPLúWLU��%DKoHGH�|÷UHQFLOHUL�L]OHGL÷LQGH��LVH�ELUOLNWH�YDNLW�JHoLUPHNWHQ�KRúODQGÕNODUÕQÕ�YH�
ELUELUOHULQH�\DUGÕPFÕ�ROGXNODUÕQÕ�J|]OHPOHGL÷LQL�EHOLUWPLúWLU��

(÷LWLP�3D\GDúODUÕQÕQ�(WNLOL�2NXO¶XQ�³2NXO�oHYUHVL�YH�9HOL´�%R\XWXQD�øOLúNLQ�'H÷HUOHQGLUPHVL�
�
� � <|QHWLFL�

& �
g÷UHWPHQ�

& �
g÷UHQFL�

& �
9HOL�
& �

�� 9HOLOHU�RNXOXQ�NHQGLOHULQGHQ�QHOHU�
EHNOHGL÷LQL�ELOLU�YH�EX�GR÷UXOWXGD�RNXOD�
GHVWHN�ROPD\D�oDOÕúÕUODU�

�
��������

�
��������

�
����������

�
����������

�� 9HOLOHUOH��RNXO�DUDVÕQGD�DoÕN�ELU�LOHWLúLP�
YDUGÕU��

������ �������� ��������� ���������

�� 9HOLOHU�ELOLQoOL�YH�VRUXPOXOXN�VDKLELGLU�� �������� �������� �������� ����������
�� g÷UHQFL�GLVLSOLQL�NRQXVXQGD�RNXO�YH�DLOH�

ELUELULQH�GHVWHNWLU���
�
�������

�
��������

�
�������

�
����������

�� 2NXO�YH�|÷UHWPHQ�]L\DUHWLQL�VÕN�\DSDUODU�� ����� �������� �������� ����������
�

�������<|QHWLFL�|÷UHQFL�YH�YHOLOHU��YHOLOHULQ�RNXOXQ�NHQGLOHULQGHQ�QHOHU�EHNOHGL÷LQL�ELOGL÷LQL�YH�RNXOD�EX�GR÷UXOWXGD�GHVWHN�
ROPD\D�oDOÕúWÕNODUÕ�J|U�ú�QH�NDWÕOGÕNODUÕQÕ�EHOLUWPLúOHUGLU�+HSVLQLQ�RUWDODPDVÕ��¶QLQ��]HULQGHGLU�g÷UHWPHQOHU�LVH�
����¶OLN�FHYDS�RUWDODPDVÕ�LOH�oRN�ID]OD�EX�J|U�úH�NDWÕOPDGÕNODUÕQÕ�EHOLUWPLúWLU�
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�������(÷LWLPLQ�W�P�SD\GDúODUÕ�YHOLOHU�LOH�RNXO�DUDVÕQGD�DoÕN�ELU�LOHWLúLP�ROGX÷X�NRQXVXQGD�KHP�ILNLUGLU�%X�PDGGHGH�W�P�
SD\GDúODUÕQ�FHYDS�RUWDODPDVÕ�LNLQLQ��]HULQGHGLU�<|QHWLFLOHUL�FHYDS�RUWDODPDVÕ�LVH��¶W�U�%X�LVH�\|QHWLFLOHUL�EX��PDGGH\H�
WDPDPHQ�NDWÕOGÕNODUÕQÕ�J|VWHUPHNWHGLU��

������9HOLOHULQ�ELOLQoOL�YH�VRUXPOXOXN��VDKLEL�ROGX÷XQX�EHOLUWHQ�PDGGH\H�YHOL�YH�|÷UHQFLOHULQ�YHUGLNOHUL�FHYDSODUÕQ�
RUWDODPDODUÕ��¶QLQ��]HULQGH�LNHQ�|÷UHWPHQ�YH�\|QHWLFLOHULQ�YHUGLNOHUL�FHYDSODUÕQ�RUWDODPDODUÕ��¶QLQ�DOWÕQGDGÕU�<|QHWLFL�
YH�|÷UHWPHQOHU��YHOLOHULQ��\HWHULQFH�ELOLQoOL�YH�VRUXPOXOXN�VDKLEL�ROPDGÕNODUÕQÕ�G�ú�QPHNWHGLU��

��������<|QHWLFL�|÷UHQFL�YH�YHOLOHU��|÷UHQFL�GLVLSOLQL�NRQXVXQGD�RNXO�YH�DLOHQLQ�ELUELULQH�GHVWHN�ROGX÷XQX�G�ú�QPHNWH�
DQFDN�|÷UHWPHQOHU�EX�J|U�úH�NDWÕOPDPDNWDGÕU�g÷UHWPHQOHULQ�EX�PDGGH\H�YHUGLNOHUL�FHYDSODUÕQ�RUWDODPDVÕ�����¶GÕU��

��������<|QHWLFL�|÷UHQFL�YH�YHOLOHU��YHOLOHULQ�RNXO�YH�|÷UHWPHQ�]L\DUHWLQL�VÕN�\DSWÕ÷ÕQÕ�G�ú�QPHNWHGLU�<|QHWLFLOHULQ�EX�
PDGGH\H�YHUGLNOHUL�FHYDSODUÕQ�RUWDODPDVÕ���|÷UHQFLOHULQ�YH�YHUGLNOHUL�FHYDSODUÕQ�RUWDODPDVÕ�����¶GLU�$QFDN�
|÷UHWPHQOHULQ�YHUGLNOHUL�FHYDSODUÕQ�RUWDODPDVÕ�LVH�����¶W�U�<DQL�|÷UHWPHQOHU�YHOLOHULQ�RNXO�YH�|÷UHWPHQ�]L\DUHWLQL�VÕN�
\DSPDGÕNODUÕQÕ�G�ú�QPHNWHGLU��

���������2NXO�DLOH�ELUOL÷L�EDúNDQÕ�LVH�YHOLOHU�DUDVÕQGD�RNXOD�KHU�W�UO��NRQXGD�GHVWHN�RODELOHFHN�ELOLQoOL�YHOLOHU�ROGX÷X�JLEL�
]DPDQ�]DPDQ�ELOLQoVL]�YHOLOHUOH�GH�NDUúÕODúWÕNODUÕQÕ�EHOLUWWL�$QFDN�YHOLOHULQ�JHQHOOLNOH�RNXOD�GHVWHN�ROPD\D�oDOÕúWÕNODUÕQÕ�
�RNXOXQ�ER\D�EDGDQD�JLEL�ED]Õ�LúOHULQL��FUHWVL]�\DSWÕNODUÕQÕ�EHOLUWWL�$\UÕFD�HNLP�D\Õ�LoLQGH�\DSÕODQ��������RNXO�DLOH�ELUOL÷L�
WRSODQWÕVÕQD�NDWÕOÕPÕQ�\�NVHN�ROGX÷XQX�EHOLUWHUHN�EXQXQGD�YHOLOHULQ�ELOLQoOL�ROGX÷X�NRQXVXQGD�ELU�J|VWHUJH�RODELOHFH÷LQL�
EHOLUWWL��

�������2NXO�PHPXUHVL�LVH�RNXO�DLOH�ELUOL÷L�EDúNDQÕQD�NDWÕOGÕ÷ÕQÕ�EHOLUWHUHN��|]HOOLNOH�ELULQFL�VÕQÕI�YHOLOHULQLQ�RNXOD�PDGGL�
PDQHYL�GHVWHN�YHUPH�NRQXVXQGD�GDKD�LVWHNOL�ROGXNODUÕQÕ�EHOLUWWL��

��������2NXO�KL]PHWOLOHUL�GH�YHOLOHUOH�LOJLOL�PDGGHOHU�KDNNÕQGD�ROXPOX�J|U�ú�EHOLUWWLOHU�2NXO�J�YHQOLN�J|UHYOLVL�LVH�YHOLOHULQ�
JHQHOOLNOH�VDEDKODUÕ�RNXOD�oRFXNODUÕQÕ�NHQGLOHULQLQ�EÕUDNWÕ÷ÕQÕ�YH�EX�V�UH�LoLQGH�oRFXNODUÕ\OD�LOHWLúLPOHULQLQ�L\L�ROGX÷XQX�
J|]OHPOHGL÷LQL�EHOLUWWL��

�

7DUWÕúPD�

%X� � DUDúWÕUPDGD� LVH� HWNLOL� RNXO� \DUDWDQ� IDNW|UOHULQ� <DNXSOX� .HPDO� $UÕNDQ� øONRNXOX¶QGD� YH� 2UWDRNXOX¶QGD�

EXOXQXS�EXOXQPDGÕ÷ÕQÕQ�GH÷HUOHQGLUPHVL�0RUWLPRUH¶XQ��������EHOLUOHPLú�ROGX÷X�IDNW|UOHU�DoÕVÕQGD�GH÷HUOHQGLULOPLúWLU���

0HVOHNVHO� OLGHUOLN� DoÕVÕQGDQ� V|]�NRQXVX�RNXOODUD�EDNWÕ÷ÕPÕ]GD�� RNXO� \|QHWLPLQLQ� KHGHIOHULQLQ�ROGX÷XQX�YH�EX�

KHGHIOHULQ� KHP�|÷UHQFL� KHP� GH�|÷UHWPHQOHULQ�PRWLYDV\RQXQX� DUWWÕUGÕ÷ÕQÕ� J|UPHNWH\L]��2NXOODUGDNL� |÷UHWPHQ�|÷UHQFL�

YH� YHOLOHULQ� RNXO� \|QHWLPL� ER\XWXQGD� GH÷HUOHQGLUPHOHULQLQ� RUWDODPDODUÕQÕQ� KHPHQ� KHSVL� �¶QLQ� �]HULQGHGLU�6DGHFH�

|÷UHWPHQOHU� RNXO� \|QHWLPLQLQ� ]L\DUHWOHULQL� YH� UHKEHUOL÷LQL� \HWHUOL� J|UPHPHNWHGLU�g÷UHWPHQOHULQ� V|]�NRQXVX�PDGGH\H�

LOLúNLQ�FHYDS�RUWDODPDODUÕ�����¶WLU��

g÷UHWPHQOHU� ER\XWXQGD� LVH� \LQH� SD\GDúODUÕQ� GH÷HUOHQGLUPH� RUWDODPDODUÕQÕQ� KHSVL� �¶QLQ� �]HULQGH� oÕNPÕúWÕU��

<|QHWLFL�� |÷UHQFL� YH� YHOLOHU�� |÷UHWPHQOHULQ� PHVOHNL� \|QGHQ� \HWHUOL� ROGXNODUÕQÕ� YH� V�UHNOL� JHOLúPH\H� DoÕN� ROGXNODUÕQÕ�

EHOLUWPLúOHUGLU��

6|]� NRQXVX� RNXOODUÕQ� YL]\RQ� YH� DPDoODUÕ� H÷LWLP� SD\GDúODUÕ� DUDVÕQGD� NDEXO� J|UP�ú� GXUXPGDGÕU� NL� DQNHWWHNL�

VRUXODUD�YHULOHQ�FHYDSODUÕQ�QHUHGH\VH� W�P�QGH�ELU� WXWDUOÕOÕN�ROGX÷X�J|U�OPHNWHGLU��2NXOODU�GD�KHGHI�ELUOL÷L� VD÷ODQPÕú�

GXUXPGDGÕU��g÷UHWPHQOHU�DUDVÕQGD�LúELUOL÷L�ROGX÷X�JLEL�]�PUHOHU�DUDVÕQGD�GD�LúELUOL÷L�ROGX÷X�KHP�DQNHW�VRQXoODUÕQGDQ�

KHP�GH�J|U�úPH�\ROX\OD�ILNLUOHULQH�EDúYXUXODQ�GL÷HU�SD\GDúODUÕQ�DoÕNODPDODUÕQGDQ�DQODúÕOPDNWDGÕU��

g÷UHQPH�RUWDPÕ�DoÕVÕQGDQ�EDNDFDN�ROXUVDN��V|]�NRQXVX�RNXOODUGD�ROXPOX�ELU�RNXO�LNOLPL�ROGX÷XQX�YH�EXQXQGD�

PHVOHNWDú�LOLúNLVLQH�SR]LWLI�ELU�\|QGH�NDWNÕVÕ�ROGX÷XQX�V|\OHPHN�P�PN�QG�U��%X�J|U�úH��KHP�DQNHW�VRQXoODUÕQGDQ�KHP�

GH� SD\GDúODUÕQ� J|U�úOHULQGHQ� XODúÕOPDNWDGÕU�� $\UÕFD�YHOL� LOH� RNXO� DUDVÕQGD� GD� LúELUOL÷L� ROGX÷X�SD\GDúODU� WDUDIÕQGDQ�

EHOLUWLOPLúWLU�NL�V|]�NRQXVX�RNXOODUGD�VDGHFH�|÷UHWPHQOHU�DUDVÕQGD�GH÷LO�GL÷HU�SD\GDúODU�DUDVÕQGD�GD�LúELUOL÷L�YDUGÕU�%X�
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LúELUOL÷L� LVH�RNXOODUÕQ� \DUDUÕQD�NXOODQÕODELOPHNWHGLU�*HUHNWL÷LQGH� � YHOLOHU� RNXOODUD�ND\QDN� VD÷OD\DELOPHNWH� YH\D�GLUHNW�

RODUDN�NHQGLOHUL�RNXOODUD�\DUGÕP�HGHELOPHNWHGLU�%X�LVH�KHU�LNL�RNXO�LoLQGH�WDNGLUH�úD\DQ�ELU�GXUXPGXU�dR÷X�RNXO�ND\QDN�

\HWHUVL]OL÷LQGHQ�\DNÕQÕUNHQ�V|]�NRQXVX�RNXOODUGD�EX�GXUXP�YHOL�GHVWH÷L\OH�NÕVPHQ�KDOOHGLOHELOPLú�GXUXPGDGÕU��

g÷UHWLP� YH� |÷UHQPH\H� \R÷XQODúPD� DoÕVÕQGDQ� EDNDFDN� ROXUVDN� KHU� LNL� RNXO� NDGURVXQXQ� EDúDUÕ\D� RGDNODQPÕú�

ROGX÷XQX��EXQXQ�LoLQGH�LúELUOL÷L�LoLQGH�oDOÕúWÕNODUÕ�KHP�J|]OHQPLúWLU�KHP�GH�DQNHW�VRQXoODUÕ�LOH�GHVWHNOHQPLúWLU��

+HGHI� |÷UHWPH� IDNW|U�QH� J|UH� V|]� NRQXVX� RNXOODU� KDNNÕQGD� ILNLU� EHOLUWHFHN� ROXUVDN�� KHGHIOHULQ� QHW� ROGX÷X� YH�

|÷UHQFLOHULQ� NHQGLOHULQGHQ� EHNOHQHQL� ELOGLNOHULQL� V|\OHPHN� P�PN�QG�U�2NXO� LGDUHVL� GÕúÕQGD� GL÷HU� W�P� SD\GDúODU�

|÷UHQFLOHULQ� NHQGLQGHQ� EHNOHQHQL� ELOGLNOHUL� NRQXVXQGD� KHP� ILNLUGLUOHU�2NXO� LGDUHVLQLQ� V|]� NRQXVX� PDGGH\OH� LOJLOL�

GH÷HUOHQGLUPH�RUWDODPDVÕ�����oÕNPÕúWÕU��

<�NVHN�EHNOHQWL�IDNW|U��DoÕVÕQGDQ�RNXOODU�KDNNÕQGD�ELU�J|U�ú�EHOLUWHFHN�ROXUVDN�SD\GDúODUÕQ�ELUELUOHUL�KDNNÕQGD�

\�NVHN� EHNOHQWL\H� VDKLS� ROGXNODUÕ� V|\OHQHELOLU�� %X� RNXOODUGD� VDGHFH� |÷UHQFLOHUGHQ� GH÷LO� |÷UHWPHQOHUGHQ� GH� \�NVHN�

EHNOHQWLOHU�V|]�NRQXVXGXU��

2OXPOX� SHNLúWLUPH� IDNW|U�QH� J|UH� RNXOODUÕ� GH÷HUOHQGLUHFHN� ROXUVDN�� RNXOODUGD� DoÕN� ELU� GLVLSOLQ� DQOD\ÕúÕQÕQ�

ROGX÷XQX�YH�EX�DQOD\ÕúÕ�VD÷ODPDN� LoLQ�KHU� LNL�RNXOXQ�YH�YHOLOHULQLQ�ELUELULQH�GHVWHN�ROGX÷XQX�V|\OHPHN�P�PN�QG�U��

$QNHWWH� NRQX\OD� LOJLOL� YHULOHQ� FHYDSODUÕQ� RUWDODPDODUÕ� EXQX� GHVWHNOHU� QLWHOLNWHGLU�� <LQH� V|]� NRQXVX� RNXOODUGD� EDúDUÕ�

GH÷HUOLGLU�YH�|G�OH�OD\ÕNWÕU�2NXOODU�EHOLUOL�\DUÕúPDODUGD�GHUHFH\H�JLUHQ�|÷UHQFLOHUL�|G�OOHQGLUPHNWHGLU�*HoHQ�\ÕO�LONRNXO�

E|O�P�QGHQ�UHVLP�GDOÕQGD�ELU�LOoH�ELULQFLVL�YH�LNL�LOoH�LNLQFLVL�oÕNPÕúWÕU�%X�VHQH�LVH�\LQH�D\QÕ�GDOGD�ELU�LOoH�ELULQFLOL÷L�YH�

ELU�GH�LOoH�LNLQFLOL÷L�YDUGÕU�2NXO��UHVLP�DODQÕQGD�|÷UHQFLOHUH�GHVWHN�VD÷ODPDN�LoLQ�D\QÕ�RNXOXQ�RUWDRNXO�NÕVPÕQGD�J|UHY�

\DSDQ�J|UVHO�VDQDWODU�|÷UHWPHQLQGHQ�GHVWHN�DOPÕúWÕU�$\UÕFD�KHU�D\�KHU�VÕQÕIWDQ�ELU�|÷UHQFL�D\ÕQ�|÷UHQFLVL�VHoLOHUHN�RNXO�

SDQRVXQD�UHVPL�YH�DGÕ�DVÕOPDNWDGÕU��

*HOLúLPLQ� \|QHWLPL� IDNW|U�� DoÕVÕQGDQ� V|]� NRQXVX� RNXOODUOD� LOJLOL� J|U�ú� EHOLUWHFHN� ROXUVDN�� |÷UHQFLOHULQ�

SHUIRUPDQVODUÕQÕQ� JHOLúLPL\OH� LOJLOL� |÷UHWPHQOHU� DUDVÕQGD� LúELUOLNoL� ELU� oDOÕúPDQÕQ� ROGX÷XQX� YH� RNXO� LGDUHVLQLQ�

oDOÕúPDODUÕQÕQ�GD�EXQX�GHVWHNOHU�QLWHOLNWH�ROGX÷XQX�V|\OHPHN�P�PN�QG�U��

g÷UHQFL�KDN�YH�VRUXPOXOXNODUÕ�DoÕVÕQGDQ�V|]�NRQXVX�RNXOODUÕ�GH÷HUOHQGLUHFHN�ROXUVDN��|÷UHQFLOHULQ�VRUXPOXOXN�

DOPD\D� LVWHNOL� ROGXNODUÕQÕ� V|\OH\HELOLUL]�� $QNHWLQ� V|]� NRQXVX� PDGGHVLQH� H÷LWLP� SD\GDúODUÕQÕQ� KHSVLQLQ� YHUGL÷L�

FHYDSODUÕQ�RUWDODPDVÕ��¶QLQ��]HULQGH�oÕNPÕúWÕU��

g÷UHQFLOHULQ� NHQGL� EDúDUÕODUÕ\OD� LOJLOL� VRUXPOXOXN� VDKLEL� ROGXNODUÕQÕ� GD� V|\OHPHN� P�PN�QG�U�� d�QN�� ³�

|÷UHQFLOHULQ� EDúDUÕOÕ� ROPD� NRQXVXQGDNL� EHNOHQWLOHUL� \�NVHNWLU� ³� PDGGHVLQH� SD\GDúODUÕQ� KHSVLQLQ� �¶QLQ� �]HULQGH� ELU�

RUWDODPD�LOH�NDWÕOGÕ÷ÕQÕ�J|UPHNWH\L]��

6|]�NRQXVX�RNXOODUÕQ�|÷UHQHQ�ELU�|UJ�W�ROXS�ROPDGÕ÷Õ� KDNNÕQGD�ELU�ELOJL� YHUHFHN�ROXUVDN��|÷UHQFLOHU� LoLQ�HYHW�

|÷UHQHQ� ELU� |UJ�WW�U� GHPHN� P�PN�QG�U�� $QNHW� VRQXoODUÕQD� J|UH� |÷UHWPHQOHULQ� PHVOHNL� \|QGHQ� JHOLúPH\H� |QHP�

YHUGLNOHULQL� V|\OHPHN� P�PN�QG�U�� øOJLOL� PDGGH\H� SD\GDúODUÕQ� YHUGLNOHUL� FHYDSODUÕQ� RUWDODPDODUÕ� �¶QLQ� �]HULQGHGLU��

$QFDN� PHVOHNL� LOHUOHPH� GDKD� oRN� \HQL� ELU� úH\� |÷UHQHQ� ELU� |÷UHWPHQLQ� |÷UHQGL÷LQL� GL÷HU� PHVOHNWDúÕ� LOH� SD\ODúPDVÕ�

VRQXFX�VD÷ODQPDNWDGÕU��

�

6RQXoODU�

�����7�P�ER\XWODUÕQ�NHQGL�DUDVÕQGD�D÷ÕUOÕNOÕ�RUWDODPDODUÕQÕ�DOGÕ÷ÕPÕ]GD�RUWD\D�oÕNDQ�WDEOR��

x <|QHWLFL�%R\XWX���������
x g÷UHWPHQ�%R\XWX��������
x g÷UHQFL�%R\XWX��������
x 2NXO�dHYUHVL�YH�9HOL�%R\XWX�������
�
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������<XNDUÕGDNL�WDEOR\X�\RUXPOD\DFDN�ROXUVDN�DQNHWH�NDWÕODQ�H÷LWLP�SD\GDúODUÕQD�J|UH�ELU�RNXOX�HWNLOL�RNXO�\DSDQ�
HQ�|QHPOL�ER\XWX�|÷UHWPHQGLU�%XQX��VÕUDVÕ\OD�\|QHWLFL�RNXO�oHYUHVL�YH�YHOL�ER\XWX�YH�|÷UHQFL�ER\XWX�L]OHPHNWHGLU��

�����*HQHO�ELU�GH÷HUOHQGLUPH�\DSDFDN�ROXUVDN�<DNXSOX�.HPDO�$UÕNDQ�øONRNXOX�YH�RUWDRNXOX�HWNLOL�RNXOXQ�SHN�oRN�
|]HOOL÷LQL� WDúÕPDNWDGÕU�6|]�NRQXVX�RNXOGD�DoÕN�DNDGHPLN�DPDoODUÕQ� �|÷UHQFL�KDNNÕQGD�\�NVHN�EHNOHQWLQLQ��ROXPOX�ELU�
RNXO� LNOLPLQLQ�WRSOXPVDO� GHVWHN� YH� NDWÕOÕPÕQ�SD\GDúODU� DUDVÕQGD� DoÕN� ELU� LOHWLúLPLQ� YH� LúELUOL÷LQLQ� ROGX÷XQX�
V|\OH\HELOLUL]�%XQODUÕQ� ROXúPDVÕQGD� LVH� RNXO� \|QHWLPLQLQ� E�W�QOHúPH\L� VD÷OD\ÕFÕ� ELU� N�OW�U� ROXúWXUPD� JD\UHWL�
\DWPDNWDGÕU��

�

.D\QDNoD�

$<',1��øQD\HW���������$OWHUQDWLI�2NXOODU��3HJHP�$NDGHPL�<D\ÕQODUÕ��$QNDUD��

$<'2ö$1�øVPDLO�YH�+(/9$&,��0�$NLI��������(WNLOL�2NXO�YH�(WNLOL�2NXO�0�G�U�QH�øOLúNLQ�g÷UHWPHQ�

*|U�úOHUL�8úDN�hQLYHUVLWHVL�6RV\DO�%LOLPOHU�'HUJLVL��������������������

$6/$1��0DKLUH�YH�%(<&ø2ö/8��.DGLU��������2NXO�*HOLúLPLQGH�7HPHO�'LQDPLN�2ODUDN�'H÷LúLP�YH�<HQLOHúPH�2NXO�

<|QHWLFLOHUL�YH�g÷UHWPHQOHULQ�5ROOHUL�<�]�QF��<ÕO�hQLYHUVLWHVL��(÷LWLP�)DN�OWHVL�'HUJLVL��+D]LUDQ�������&LOW�9,,��

6D\Õ�,�����������

%$/&,��$OL���������(WNLOL�2NXO�YH�2NXO�*HOLúWLUPH�.XUDP�8\JXODPD�YH�$UDVWÕUPD��3HJHP�$NDGHPL�<D\ÕQODUÕ�$QNDUD��

d(/ø.��9HKEL��������2NXO�.�OW�U��YH�<|QHWLPL��3HJHP�$NDGHPL�<D\ÕQODUÕ��$QNDUD��

d(/ø.�� 9HKEL� �������� (÷LWLPVHO� /LGHUOLN�3HJHP� $NDGHPL� <D\ÕQODUÕ�$QNDUD�d(/ø.7(1�� 0XVWDID�� �������� ³(WNLOL�
2NXOODUGD�.DUDU�6�UHFL´��0LOOL�(÷LWLP�'HUJLVL�6D\Õ�����

.DSODQ��)�VXQ����������³$QDGROX�/LVHOHULQLQ�(WNLOL�2NXO�2OPD�g]HOOLNOHULQL�.DUúÕODPD�'�]H\L��$QNDUD�øO�gUQH÷L´��*D]L�
hQLYHUVLWHVL��<D\ÕPODQPDPÕú�<�NVHN�/LVDQV�7H]L��$QNDUD��

ùLù0$1��0HKPHW���������(÷LWLPGH�0�NHPPHOOLN�$UD\ÕVÕ��(WNLOL�2NXOODU��3HJHP�$NDGHPL<D\ÕQODUÕ��$QNDUD��

ùLù0$1��0HKPHW���������g÷UHWLP�/LGHUOL÷L�3HJHP�$NDGHPL�<D\ÕQODUÕ�$QNDUD��

�
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(öø7ø0�7(.12/2-ø6ø�67$1'$57/$5,1,1��1(76��7h5.ø<(
'(�
8<*8/$1$%ø/ø5/øöø�

�
øVPDLO�7RQEXOR÷OX�
(QIRUPDWLN�%|O�P��

<ÕOGÕ]�7HNQLN�hQLYHUVLWHVL�
7�UNL\H�

LVPDLOW#\LOGL]�HGX�WU�
�
�

g]HW�� (÷LWLP� WHNQRORMLVL� ELU� oRN� \HQLOLNOH� H÷LWLP� RUWDPODUÕQGD� \HU� EXOPDNWDGÕU�� $QFDN� H÷LWLP�
WHNQRORMLOHULQLQ� �ONHPL]� G�]H\LQGH� ELU� VWDQGDUGL]DV\RQX� EHOLUOHQPHPLúWLU�� %X� oDOÕúPD�
oHUoHYHVLQGH� � ,67(� �,QWHUQDWLRQDO� 6RFLHW\� IRU� 7HFKQRORJ\� LQ� (GXFDWLRQ�� NXUXPX� WDUDIÕQGDQ�
EHOLUOHQHQ� � 1(76� �1DWLRQDO� (GXFDWLRQDO� 7HFKQRORJ\� 6WDQGDUWV�� VWDQGDUWODUÕ� oHUoHYHVLQGH�
7�UNL\H
GH� \DSÕODQ� oDOÕúPDODU� DUDúWÕUÕOPÕúWÕU�� <DSÕODQ� OLWHUDW�U� WDUDPDVÕ� VRQXFXQGD� 1(76�
VWDQGDUWODUÕQÕQ�7�UNL\H
GH�X\JXODQDELOLUOL÷L�LQFHOHQPLú�YH�|QHULOHUGH�EXOXQXOPXúWXU��
�

� � $QDKWDU�.HOLPHOHU��1(76��(÷LWLP�7HNQRORMLVL�6WDQGDUWODUÕ��(÷LWLP�7HNQRORMLVL�
�

*LULú�
�
� %LOJLVD\DU� WHNQRORMLOHUL� H÷LWLPLQ� KHU� DODQÕQGD� \HU� EXOPDNWDGÕU�� *HOLúHQ� YH� GH÷LúHQ� WHNQRORMLOHU� KÕ]OD� H÷LWLP�
WHNQRORMLVLQH�DGDSWH�ROPDNWD�YH�|÷UHWLP�RUWDPÕQD�\DQVÕPDNWDGÕU��(÷LWLP�RUWDPÕQGD�J|UHY�\DSDQ�|÷UHWPHQOHULQ��|÷UHQHQ�
|÷UHQFLOHULQ� YH� RNXO� \|QHWLFLOHULQLQ� H÷LWLP� RUWDPÕQGDNL� WHNQRORML� EHFHULOHUL�� JHoLUGLNOHUL� H÷LWLP� V�UHoOHULQLQ�
IDUNOÕOÕ÷ÕQGDQ�GROD\Õ�IDUNOÕOÕNODU�ROXúWXUPDNWDGÕU��
� *�Q�P�]GH� ELOJL� |÷UHWLPLQLQ� GDKD� HWNLOL� QDVÕO� JHUoHNOHúWLULOHELOHFH÷L� NRQXVXQGD� ELOJLVD\DU� WHNQRORMLOHUL� oRN�
|QHPOL� ELU� \HU� WXWPDNWDGÕU�8úXQ�� ������� )DNDW� H÷LWLP� WHNQRORMLVL� VDGHFH� ELOJLVD\DU� WHNQRORMLVL� DQODPÕQD�
JHOPHPHNWHGLU�g÷UHQFL� LOH� |÷UHWLOHFHN� NRQX� DUDVÕQGDNL� HWNLOHúLPLQ� |÷UHQFLQLQ� DQOD\DFD÷Õ� G�]H\H� LQGLUJHQPHVLQH�
\DUGÕPFÕ�RODQ�KHU�W�U�DUDo�YH�JHUHo�H÷LWLP�WHNQRORMLVLQLQ�oDOÕúPD�DODQÕ�LoHULVLQGHGLU�$NSÕQDU���������
� g÷UHWPHQOHULQ� H÷LWLP� WHNQRORMLOHULQLQ� NXOODQÕPÕQD� \|QHOLN� WXWXPODUÕ�� EX� WHNQRORMLOHULQ� NXOODQÕPÕ� \|Q�QGHNL�
H÷LOLPOHULQL�GH�HWNLOHPHNWHGLU��+DQGDO����������$NNR\XQOX�GD��������|÷UHWPHQOHULQ�WHNQRORMLN�ELOJLOHULQLQ��WHNQRORML\H�
NDUúÕ� WXWXPODUÕQÕ� HWNLOHGL÷LQL� YH� WHNQRORMLOHUGHQ� KDEHUGDU� ROGXNODUÕ� |Oo�GH� |÷UHWPHQOHULQ� WHNQRORML\L� NXOODQGÕNODUÕQÕ�
LIDGH� HWPHNWHGLU�� *�Q�P�]GH� D\QÕ� \HUGH�� D\QÕ� EUDQúWD� J|UHY� \DSPDODUÕQD� NDUúÕQ�� LNL� IDUNOÕ� |÷UHWPHQLQ� GHUVOHULQGH�
H÷LWLP�WHNQRORMLOHULQGHQ�ID\GDODQPD�úHNLOOHUL�GH÷LúHELOPHNWHGLU��%XQXQ�HQ�|QHPOL�QHGHQOHULQGHQ�ELUL�|÷UHWPHQOHULQ�EX�
NRQXGD�H÷LWLP�DOPDPÕú�ROPDODUÕGÕU�6XJDU��������dRNODU�YH�.X]X���������
�
1(76�1HGLU"�

$PHULND�%LUOHúLN�'HYOHWOHUL¶QGH�RUWD\D�oÕNDQ�YH�W�P�G�Q\D\D�\D\ÕODQ�8OXVDO�(÷LWLP�7HNQRORMLVL�6WDQGDUWODUÕ��1DWLRQDO�
(GXFDWLRQDO�7HFKQRORJ\�6WDQGDUGV�±�1(76��H÷LWLP�WHNQRORMLOHULQLQ�NXOODQÕPÕ�NRQXVXQGD�H÷LWLP�V�UHFLQLQ�ELUH\OHUL�RODQ�
|÷UHWPHQ�� |÷UHQFL� YH� \|QHWLFLOHUH�ELU� UHKEHU�RODUDN�NDEXO�HGLOHELOLU�� �1(76� VWDQGDUWODUÕ� |÷UHWPHQ� �1(76�7��� |÷UHQFL�
�1(76�6��YH�\|QHWLFL��1(76�$��VWDQGDUWODUÕ�LOH�H÷LWLP�RUWDPÕQÕQ�H÷LWLP�WHNQRORMLOHUL�DoÕVÕQGDQ�QHOHUL�LoHUPHVL�JHUHNWL÷L�
YH�QDVÕO�ROPDVÕ�JHUHNWL÷LQL�VWDQGDUWODUOD�LIDGH�HWPHNWHGLU��,67(��EX�VWDQGDUWODUÕ�EHOLUOH\HUHN�H÷LWLP�WHNQRORMLVLQLQ�H÷LWLP�
V�UHFLQGH�X\JXODQPDVÕQD�NDWNÕ�VD÷ODPDNWDGÕU��

1(76�$�

8OXVODUDUDVÕ� (÷LWLP� 7HNQRORMLOHUL� 7RSOXOX÷X� �,QWHUQDWLRQDO� 6RFLHW\� IRU� 7HFKQRORJ\� LQ� (GXFDWLRQ� �� ,67(��� 2NXO�
<|QHWLFLOHUL� øoLQ� 8OXVDO� (÷LWLP� 7HNQRORMLVL� 6WDQGDUWODUÕ¶QGD� �7KH� 1DWLRQDO� (GXFDWLRQDO� 7HFKQRORJ\� 6WDQGDUGV� IRU�
$GPLQLVWUDWRUV���1(76�$��RNXO�\|QHWLFLOHULQLQ�WHNQRORML�OLGHUOL÷L�UROOHULQL���ER\XW�DOWÕQGD�EHOLUOHPLúWLU�6H]HU���������
%X�ER\XWODU�NÕVDFD�úX�úHNLOGH�|]HWOHQPLúWLU��
/LGHUOLN�YH�9L]\RQ��7HNQRORML�OLGHUL�RODUDN�RNXO�\|QHWLFLOHUL��SD\GDúODUÕ�LOH�ELUOLNWH�WHNQRORML�KHGHIOHUL�JHOLúWLUPHOLGLUOHU��
%X� V�UHoWH� RNXO� \|QHWLFLOHUL� SD\GDúODUÕ� LOH� LúELUOL÷L� VD÷ODPDOÕ�� JHUHNOL� RUWDPÕ� ROXúWXUPDOÕ� YH� JHUHNVLQLP� GX\GXNODUÕ�
ND\QDNODUÕ�WHPLQ�HWPHOLGLUOHU��
g÷UHQPH� YH� g÷UHWLP�� 2NXO� \|QHWLFLOHUL�� |÷UHQFLOHULQ� �VW� G�]H\� G�ú�QPH� EHFHULOHULQL� YH� LúELUOL÷LQL� GHVWHNOH\HFHN�
|÷UHQPH�oHYUHOHUL�VD÷ODPDOÕGÕUODU��
gOoPH� YH�'H÷HUOHQGLUPH��2NXO� \|QHWLFLOHUL��|÷UHQFLOHUL��SHUVRQHOL�YH�H÷LWLP�RUWDPÕQÕ� WHNQRORML�GHVWHNOL� \|QWHPOHUOH�
L]OHPHOL�YH�GH÷HUOHQGLUPHGLUOHU��
'HVWHN��<|QHWLP�YH� øúOHPOHU��2NXO� \|QHWLFLOHUL�RNXOGD�EXOXQDQ� W�P�GHVWHN� VLVWHPOHUL�� DUDoODU�� D÷��\D]ÕOÕP��SHUVRQHO�
KDUFDPDODUÕ�YH�DOÕQDQ�NDUDUODUÕQ�GX\XUXOPDVÕ�JLEL�LúOHPOHULQ�WHNQRORML�GHVWHNOL�RODUDN�\�U�W�OPHVLQL�VD÷ODPDOÕGÕUODU��
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9HULPOLOLN� YH� 0HVOHNL� 8\JXODPD�� 2NXO� \|QHWLFLOHULQLQ� YHULPOLOL÷L� DUWÕUPD� YH� LOHWLúLP� NRQXODUÕQGD� WHNQRORML\L�
NXOODQDUDN�GL÷HU�SHUVRQHOH�PRGHO�ROPDVÕ�JHUHNPHNWHGLU��
7RSOXPVDO��<DVDO� YH�(WLN�.RQXODU��2NXO�\|QHWLFLOHUL� WHNQRORML\H�HULúLPGH�YH�J�YHQOL�NXOODQÕPGD�HúLWOL÷L�VD÷ODPDOÕ��
WHNQRORML�NXOODQÕPÕ�LOH�LOJLOL�WRSOXPVDO��\DVDO�YH�HWLN�NRQXODUÕ�GLNNDWH�DOPDOÕGÕUODU��
�
,67(¶QLQ������\ÕOÕQGD�RNXO�\|QHWLFLOHUL�LoLQ�EHOLUOHGL÷L�VWDQGDUWODUÕ������\ÕOÕQGD�J�QFHOOHQPLúWLU��*�QFHOOHQHQ�1(76�$�
VWDQGDUWODUÕ�DúD÷ÕGD�\HU�DOPDNWDGÕU���
9L]\RQHU�/LGHUOLN��2NXO�\|QHWLFLOHUL��GH÷LúLP�VXUHFLQGH�EDúDUÕ\D�XODúPDN�YH�WHNQRORMLQLQ�H÷LWLP�RUWDPODUÕQD�HWNLOL�ELU�
ELFLPGH�ND\QDúWÕUÕOPDVÕQÕ� VD÷ODPDN� LoLQ�RUWDN�ELU� KHGHILQ� JHOLúWLULOPHVLQH� YH� X\JXODQPDVÕQD� OLGHUOLN� HWPHOLGLUOHU��%X�
DPDoOD� RNXO� \|QHWLFLOHUL�� EHOLUOHQHQ� KHGHIOHU� GR÷UXOWXVXQGD� WHNQRORML\OH� E�W�QOHúWLULOPLú� SODQODU� JHOLúWLUPHOL� YH�
X\JXODPDOÕGÕUODU��
'LMLWDO� dD÷� g÷UHQPH� .�OW�U��� 2NXO� \|QHWLFLOHUL� ELOLúLP� FD÷ÕQGD� |÷UHQFLOHULQ� YDU� RODQ� JHUHNVLQLPOHULQH� X\JXQ�
|÷UHQPH� RUWDPODUÕ� JHOLúWLUPHOLGLUOHU�� %X� DPDoOD�� WHNQRORMLQLQ� |÷UHWLP� SURJUDPÕQD� ND\QDúWÕUÕOPDVÕQÕ� VD÷ODPDODUÕ� YH�
WHNQRORML\OH�GRQDWÕOPÕú�|÷UHQFL�PHUNH]OL�RUWDPODUÕ�ROXúWXUPDODUÕ�JHUHNPHNWHGLU��
0HVOHNv� 8\JXODPDGD� 0�NHPPHOOLN�� 2NXO� \|QHWLFLOHUL�� |÷UHWPHQOHUL� J�oOHQGLUHQ� \HQLOLNoL� ELU� |÷UHQPH� RUWDPÕ�
ROXúWXUPDOÕ�YH�RQODUÕQ�JHUHNVLQLPOHUL�GR÷UXOWXVXQGD�WHNQRORMLN�ND\QDNODUÕ�VD÷ODPDOÕGÕUODU��gWH�\DQGDQ�RNXO�\|QHWLFLOHUL��
WHNQRORMLQLQ� NXOODQÕPÕ\OD� LOJLOL� V�UHNOL� KL]PHW�LoL� H÷LWLPOHU� G�]HQOHPHOHUL� YH� \HQL� WHNQRORMLOHULQ� HWNLOHULQL�
GH÷HUOHQGLUPHOHUL�JHUHNPHNWHGLU��
6LVWHPOL�ø\LOHúWLUPH��2NXO�\|QHWLFLOHUL��RNXOODUÕQGD�ELOLúLP�WHNQRORMLOHUL�X\JXODPDODUÕQÕ�EDúDUÕOÕ�ELU�ELFLPGH�NXOODQDUDN��
RNXOODUÕQÕQ� OLGHU� ELU� GXUXPD� JHOPHVLQL� VD÷ODPDOÕGÕUODU�� %X� DPDoOD� RNXO� \|QHWLFLOHUL�� |÷UHQPH� KHGHIOHULQLQ� HQ� �VW�
G�]H\GH�JHUoHNOHúPHVL�LoLQ�GH÷LúLP�VXUHFLQL�SODQOÕ�ELU�ELFLPGH�\|QHWPHOLGLUOHU��$\UÕFD�RNXO�\|QHWLFLOHUL��|÷UHWPHQOHULQ�
SHUIRUPDQVÕQÕ�GH÷HUOHQGLUPHOLGLUOHU��
'LMLWDO� 9DWDQGDúOÕN��2NXO� \|QHWLFLOHUL�� WRSOXPVDO�� \DVDO� YH� HWLN� NRQXODUÕQÕQ� DQODúÕOPDVÕQD� \DUGÕPFÕ� ROPDOÕGÕUODU�� %X�
ED÷ODPGD�RNXO� \|QHWLFLOHULQLQ�� WHNQRORML� ND\QDNODUÕQD� HúLW� HULúLP� VD÷ODPDODUÕ�� EX� WHNQRORMLOHULQ�\DVDO�� HWLN� YH�J�YHQOL�
NXOODQÕPÕQÕ�GHVWHNOHPHOHUL�YH�EX�NRQXGD�PRGHO�ROPDODUÕ�JHUHNPHNWHGLU��$\UÕFD�RNXO� \|QHWLFLOHUL�ELOLúLP� WHNQRORMLOHUL�
DUDFÕOÕ÷Õ\OD��HYUHQVHO�VRUXQODUOD�LOJLOHQHQ�ELU�RNXO�N�OW�U��JHOLúLPLQH�\DUGÕPFÕ�ROPDODUÕ�GD�EHNOHQPHNWHGLU�6H]HU��������
�
1(76�7��

� 8OXVODUDUDVÕ� (÷LWLP� 7HNQRORMLOHUL� %LUOL÷L� �7KH� ,QWHUQDWLRQDO� 6RFLHW\� IRU� 7HFKQRORJ\� LQ� (GXFDWLRQ�,67(��
|÷UHWPHQOHULQ�H÷LWLP� WHNQRORMLVL� VWDQGDUWODUÕQÕ�EHOLUOHPLú�� VLWHVLQGH�\D\ÕQODPÕúWÕU�� ,67(¶\H�J|UH�|÷UHWPHQ�VWDQGDUWODUÕ��
WHNQRORML� RNXU\D]DUÕ� ROPD\Õ�� GHUVOHULQGH� WHNQRORML\L� NXOODQDELOPH\L�� |÷UHQFLOHULQL� WHNQRORML\L� NXOODQPD\D�
\|QHOWHELOPH\L�� |÷UHQPH� oHYUHVLQL� |÷UHQFLOHULQ� WHNQRORML\L� NXOODQDELOHFHNOHUL� ELoLPGH� G�]HQOH\HELOPH\L� YH�
PHVOHNWDúODUÕ�LOH�øQWHUQHW��]HULQGHQ�Lú�ELUOL÷L�\DSDELOPH\L��,67(�������,67(��������NDSVDPDNWDGÕU��
� ,67(¶QLQ�|÷UHWPHQ�VWDQGDUWODUÕ�LQFHOHQGL÷LQGH��|÷UHWPHQOHULQ�ELU�\DQGDQ�WHNQRORML�NXOODQDELOHQ�ELU�\DQGDQ�GD�
VÕQÕI� RUWDPÕQÕ� |÷UHQFLOHULQLQ� WHNQRORML\L� NXOODQDELOHFHNOHUL� úHNLOGH� G�]HQOH\HELOHQ� EHFHULOHUH� VDKLS� ROPDODUÕ� JHUHNWL÷L�
DQODúÕOPDNWDGÕU��g÷UHWPHQOHU�DoÕVÕQGDQ�EX�EHFHULOHUH�VDKLS�ROPDN��PHVOHNWDúODUÕ\OD�GDKD�ID]OD�HWNLOHúLPGH�EXOXQPDODUÕ�
DQODPÕQD� JHOPHNWHGLU� �$NNR\XQOX�� ������� gWH� \DQGDQ� ,67(�� XOXVDO� H÷LWLP� WHNQRORMLOHUL� VWDQGDUWODUÕ� YH� SHUIRUPDQV�
J|VWHUJHOHUL��1DWLRQDO�(GXFDWLRQ�7HFKQRORJ\�6WDQGDUGV��1(76�7��DQG�3HUIRUPDQFH�,QGLFDWRUV�IRU�7HDFKHUV��EDúOÕNOÕ�ELU�
oDOÕúPDVÕQGD�|÷UHWPHQOHU�LoLQ�ELU�GL]L� WHNQRORML�RNXU�\D]DUOÕ÷Õ�VWDQGDUGÕ�YH�SHUIRUPDQV�J|VWHUJHVL� WDQÕPODPÕúWÕU��%XQD�
J|UH�E�W�Q�|÷UHWPHQOHULQ�DúD÷ÕGDNL�VWDQGDUWODUÕ�NDUúÕODPDODUÕ��
EHNOHQPHNWHGLU��,67(��������$NWDUDQ��6HIHUR÷OX���������
�
���g÷UHQFLOHULQ�|÷UHQPHOHULQL�NROD\ODúWÕUPDN�YH�\DUDWÕFÕOÕNODUÕQÕ�WHúYLN�HWPHN��g÷UHWPHQOHU�DODQ�ELOJLOHULQL��|÷UHQPH�
|÷UHWPH�V�UHoOHULQL�YH�WHNQRORML\L�NXOODQDUDN�\�]�\�]H�YH�VDQDO�RUWDPODUGD�|÷UHQFLOHULQ�|÷UHQPHOHULQL��\DUDWÕFÕOÕNODUÕQÕ�
YH�\HQLOLNoL�|]HOOLNOHULQL�JHOLúWLUHFHN�HWNLQOLNOHU�G�]HQOHUOHU��
���%LOJL��GLMLWDO��oD÷ÕQÕQ�JHUHNOHULQH�X\JXQ�|÷UHQPH�\DúDQWÕODUÕ�YH�GH÷HUOHQGLUPH�HWNLQOLNOHUL�WDVDUODPDN�YH�JHOLúWLUPHN��
g÷UHWPHQOHU�� HWNLOL� |÷UHQPHOHULQ�JHUoHNOHúPHVL� LoLQ� oD÷GDú�|÷UHQPH�DUDoODUÕ� YH�ND\QDNODUÕ\OD�E�W�QOHúWLULOPLú�|]J�Q�
|÷UHQPH�HWNLQOLNOHUL�WDVDUODU��JHOLúWLULU�YH�GH÷HUOHQGLULUOHU��
���%LOJL��GLMLWDO��oD÷ÕQGD�oDOÕúPD�YH�|÷UHQPH�NRQXVXQGD�PRGHO�ROPDN��g÷UHWPHQOHU��\HQLOLNoL�ELU�PHVOHN�DGDPÕ�RODUDN�
ELOJL�WRSOXPXQXQ�JHUHNOHULQH�X\JXQ�ELU�úHNLOGH�oDOÕúÕU��EXQD�X\JXQ�ELOJL�YH�EHFHULOHU�VHUJLOHUOHU��
��� %LUH\OHUL�� ELOJL� �GLMLWDO�� WRSOXPX� �\HVL� ELU� ELUH\LQ� WDúÕPDVÕ� JHUHNHQ� VRUXPOXOXNODUOD� LOJLOL� RODUDN� WHúYLN� HWPHN� YH�
RQODUD�PRGHO�ROPDN��6�UHNOL�JHOLúHQ�YH�GH÷LúHQ�ELOJL�WRSOXPXQGD�\HUHO�YH�HYUHQVHO�WRSOXPVDO�VRUXQODU�YH�VRUXPOXOXNODU�
NRQXVXQGD�ELOJL�VDKLEL�RODQ�|÷UHWPHQOHU�PHVOHN�\DúDPODUÕQGD�HWLN�YH�\DVDO�NXUDOODUD�X\PD\D�|]HQ�J|VWHULUOHU��
��� 0HVOHNL� JHOLúLP� YH� OLGHUOLN� HWNLQOLNOHULQH� NDWÕOPDN�� g÷UHWPHQOHU�� V�UHNOL� ELU� úHNLOGH� PHVOHNL� RODUDN� NHQGLOHULQL�
JHOLúWLULU��\DúDP�ER\X�|÷UHQPH�NRQXVXQGD�PRGHO�ROXU��oDOÕúWÕNODUÕ�RNXOODUGD�HOHNWURQLN��GLMLWDO��DUDo�YH�ND\QDNODUÕ�HWNLOL�
ELU�úHNLOGH�NXOODQDUDN�OLGHUOLN�GDYUDQÕúODUÕ�VHUJLOHUOHU��
� $%'
GH� EX� VWDQGDUWODUD� J|UH� |÷UHWPHQ� DGD\ODUÕQÕQ� |÷UHWPHQOLN� VHUWLILNDVÕQD� VDKLS� RODELOPHOHUL� LoLQ� EX�
VWDQGDUWODUÕ� NDUúÕODPÕú� ROPD� NRúXOX� DUDQPDNWDGÕU�� %X� GD�� E�W�Q� |÷UHWPHQ� DGD\ODUÕQÕQ� WHNQRORML� � VWDQGDUWODUÕQÕ� YH�
WHNQRORML� SHUIRUPDQV� J|VWHUJHOHULQL� NDUúÕOD\DELOPHOHUL� LoLQ� KL]PHW� |QFHVLQGH� \HWLúWLULOPHOHUL� JHUHNWL÷L� DQODPÕQD�
JHOPHNWHGLU�� %X� ED÷ODPGD�<g.� WDUDIÕQGDQ�� oD÷GDú� |÷UHWPHQ� \HWLúWLUPH� SURJUDPODUÕQGD� EXOXQPDVÕ� JHUHNHQ� XQVXUODU�
J|]� |Q�QGH� EXOXQGXUXODUDN� JHUoHNOHúWLULOHQ� \HQLGHQ� \DSÕODQPD� oDOÕúPDODUÕ� NDSVDPÕQGD� ����� \ÕOÕQGD� ELOJLVD\DU� GHUVL�
(÷LWLP�)DN�OWHVL�SURJUDPODUÕQD�HNOHQPLúWLU��'DKD�VRQUD��%LOJLVD\DU����GHUVL�GH�SURJUDPODUD�HNOHQHUHN� W�P�|÷UHWPHQ�
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DGD\ODUÕQÕQ�HQ�D]�LNL�DGHW�ELOJLVD\DU�GHUVL�DOPDODUÕ�VD÷ODQPÕúWÕU��%X�\|Q�\OH�<g.¶�Q�\DSWÕ÷Õ�oDOÕúPDODU�,67(�EHQ]HUL�
ELU�VWDQGDUGD�XODúPDGD�ELU�DúDPD�RODUDN�J|U�OHELOLU�6HIHUR÷OX��������
� %LOLP� YH� WHNQRORML� V�UHNOL� RODUDN� JHOLúPHNWH� YH� EX� GXUXP� WRSOXPVDO� \DúDPGD� ELUoRN� úH\L� GH÷LúWLUPHNWHGLU��
gUQH÷LQ�,67(¶QLQ������\ÕOÕQGD�EHOLUOHGL÷L�VWDQGDUWODU�GH÷LúHQ�G�Q\DGD�RUWD\D�oÕNDQ�\HQL�LKWL\DoODU�J|]�|Q�QH�DOÕQDUDN�
�����\ÕOÕQGD�GH÷LúWLULOPLúWLU��7RSOXPVDO�\DúDPGD�\DúDQDQ�GH÷LúLNOLNOHULQ�PHVOHNL�\DúDPD�GD�\DQVÕPDODUÕ�RODFDNWÕU��%X�
\�]GHQ�\HQL�GXUXPODUD�X\XP�oDOÕúPDODUÕQÕQ�V�UHNOL�ELU�úHNLOGH�\DSÕOPDVÕ�JHUHNLU��%X�QHGHQOH�PHVOHNL�JHOLúLP�NDYUDPÕQÕ�
WDUWÕúPDN�\DUDUOÕ�RODFDNWÕU��
� �����\ÕOÕQGD�G�]HQOHQHQ�1(76�7���EDúOÕN�YH��EX�EDúOÕNODUÕQ�DOWÕQGD����J|VWHUJH�\HU�DOPDNWDGÕU���
1(76�7���g÷UHWPHQOHUH�<|QHOLN�g÷UHWPHQOHUH�<|QHOLN�8OXVDO�(JLWLP�7HNQRORMLVL�6WDQGDUWODUÕ��1(76��������dHYLUHQ��
dRNODU��������
7�P�|÷UHWPHQOHU�DúD÷ÕGDNL�SHUIRUPDQV�J|VWHUJHOHUL�YH�VWDQGDUWODUÕ�NDUúÕOD\DELOLU�QLWHOLNWH�ROPDOÕGÕUODU��
,��7HNQRORMLN�øúOHPOHU�YH�.DYUDPODU�%LOJLVL�
g÷UHWPHQOHU�WHNQRORMLN�LúOHPOHUL�YH�NDYUDPODUÕ�HWNLOL�ELU�úHNLOGH�LIDGH�HGHELOLUOHU�YH\D�JHUoHNOHúWLUHELOLUOHU��
,,��g÷UHQPH�2UWDPODUÕ�LOH�g÷UHQPH�<DúDQWÕODUÕQÕQ�3ODQODQPDVÕ�YH�7DVDUODQPDVÕ�
g÷UHWPHQOHU�WHNQRORML�GHVWHNOL�HWNLOL�|÷UHWLP�RUWDPODUÕ�YH�\DúDQWÕODUÕQÕ�SODQODU�YH�WDVDUODUODU��
,,,��g÷UHQPH��g÷UHWLP�YH�(÷LWLP�3URJUDPÕ�
g÷UHWPHQOHU�|÷UHQFL�|÷UHQPHOHULQL�HQ��VW�G�]H\H�oÕNDUWPDN�LoLQ�WHNQRORML�LOH�NXOODQÕODELOHFHN�\|QWHP�YH�VWUDWHMLOHUL�
LoHUHQ�|÷UHWLP�SODQODUÕQÕ�X\JXODUODU��
,9��gOoPH�YH�'H÷HUOHQGLUPH�
g÷UHWPHQOHU�IDUNOÕ�YH�HWNLOL�|OoPH�GH÷HUOHQGLUPH�VWUDWHMLOHULQL�NROD\ODúWÕUPDN�LoLQ�WHNQRORML\L�NXOODQÕUODU��
9��9HULPOLOLN�YH�0HVOHNL�8\JXODPDODU�
g÷UHWPHQOHU�YHULPOLOLNOHULQL�DUWÕUPDN�YH�PHVOHNL�GHQH\LPOHULQL�]HQJLQOHúWLUPHN�LoLQ�WHNQRORML\L�NXOODQÕUODU��
9,��6RV\DO��(WLN��<DVDO�YH�øQVDQL�.RQXODU�
g÷UHWPHQOHU�LON|÷UHWLP�RNXOODUÕQGD�WHNQRORML�NXOODQÕPÕ�LOH�LOLúNLOL�RODELOHFHN�VRV\DO��HWLN��\DVDO�YH�LQVDQOD�LOJLOL�NRQXODUÕ�
DQODU�YH�X\JXODPDODUÕQGD�EXQODUÕ�X\JXODUODU��
�
1(76�6�
� �
� (÷LWLP� WHNQRORMLVL� NXOODQÕPÕQGD� |÷UHQFLOHULQ� QHOHU� \DSPDODUÕ� JHUHNWL÷LQL� RUWD\D� NR\DQ� ER\XW� LVH�1(76�6� LOH�
VWDQGDUWODúWÕUÕOPÕúWÕU��1(76�6¶QLQ�3����RODUDN�DGODQGÕUÕODQ�DQDRNXOX�G|QHPGHQ�RUWD|÷UHWLP�����VÕQÕID�NDGDU�RODQ�H÷LWLP�
G�]H\LQH�DLW�VWDQGDUWODUÕ�NDSVDPDNWDGÕU��%X�JUXS�LoHULVLQGH�EXOXQDQ�|÷UHQFLOHU�JHOLúLP�G�]H\OHULQH�X\JXQ�RODUDN���IDUNOÕ�
NDWHJRULGH� WRSODQPÕú�� EXQD� J|UH� VWDQGDUWODU� ROXúWXUXOPXú�� DQDRNXOX� |÷UHQFLOHUL� LOH� OLVH� |÷UHQFLOHULQLQ� H÷LWLP�
WHNQRORMLOHULQL� NXOODQÕPODUÕ� NRQXVXQGD� D\QÕ� G�]H\GH� ROPD\DFDNODUÕ� GLNNDWH� DOÕQPÕúWÕU�� %X� G|UW� NDWHJRUL�� ��� VÕQÕIWDQ�
|QFHNL�|÷UHQFLOHU�LoLQ�VWDQGDUWODU�*UDGHV�3UH.�±��������YH����VÕQÕIODU�DUDVÕ�|÷UHQFLOHU�LoLQ�VWDQGDUWODU��*UDGHV���±��������YH�
���VÕQÕIODU�DUDVÕ�|÷UHQFLOHU�LoLQ�VWDQGDUWODU��*UDGHV���±����YH�VRQ�RODUDN����YH�����VÕQÕIODU�DUDVÕ�|÷UHQFLOHU�LoLQ�VWDQGDUWODU�
�*UDGHV������¶GÕU��

1(76�6� VWDQGDUWODUÕ� RUWD\D� NR\DUNHQ�� |÷UHQFLOHULQ� VDKLS� ROPDVÕ� JHUHNHQ� H÷LWLP� WHNQRORMLVL� VWDQGDUWODUÕQÕ� ��
EDúOÕNWD� YH� KHU� ELU� VWDQGDUW� LoLQ� G|UGHU� SHUIRUPDQV� J|VWHUJHVL� EHOLUWPLúWLU� �1(76�6�� ������� ,67(¶QLQ� LON� GHID� �����
\ÕOÕQGD� \D\ÕPODGÕ÷Õ�� 1(76�6� �g÷UHQFLOHU� øoLQ� 8OXVDO� (÷LWLP� 7HNQRORMLOHUL� 6WDQGDUWODUÕ�� SURMHVLQGH�� G�Q\D� JHQHOLQGH�
NDEXO�J|UHQ�EX�H÷LWLP�WHNQRORMLVL�VWDQGDUWODUÕ�|÷UHQFLOHULQ�����\�]\ÕO�EHFHULOHULQL�ND]DQPDODUÕ�YH�NXOODQPDODUÕ�DoÕVÕQGDQ�
|QHPOLGLU���,67(¶QLQ�|÷UHQFL�VWDQGDUWODUÕQÕ�VRQ�RODUDN������\ÕOÕQGD�J�QFHOOHGL÷L�V�U�P��1(76�6��1(76�6���������EX�
oDOÕúPDQÕQ� |OoH÷LQH� ND\QDNOÕN� HWPHNWHGLU�� $úD÷ÕGD� 1(76� WDUDIÕQGDQ� |÷UHQFLOHU� LoLQ� EHOLUOHQPLú� H÷LWLP� WHNQRORMLVL�
VWDQGDUWODUÕ�OLVWHOHQPLúWLU�*�URO�YH�'L÷HUOHUL���������

g÷UHQFLOHU�LoLQ�H÷LWLP�WHNQRORMLVL�VWDQGDUWODUÕ��
x <DUDWÕFÕOÕN�YH�LOHUL�J|U�úO�O�N���
x øOHWLúLP�YH�LúELUOLNOL�oDOÕúPD���
x $UDúWÕUPD�YH�ELOJL\H�XODúPD���
x (OHúWLUHO�G�ú�QPH��SUREOHP�o|]PH�YH�NDUDU�YHUPH���
x 7HNQRORML\L�RUWDN�NXOODQDQ�NLúLOHU��
x 7HNQRORML�HWNLQOLNOHUL�YH�NDYUDPODUÕ����

�
1(76�dHUoHYHVLQGH�7�UNL\H
GH�<DSÕODQ�dDOÕúPDODU�

� <DSÕODQ� oDOÕúPDGD� 7�UNL\H
GH� 1(76� VWDQGDUWODUÕ� WHPHO� DOÕQDUDN� \DSÕODQ� oDOÕúPDODUÕ� LQFHOHQPLúWLU��
� dRNODU� ������ $QDGROX� hQLYHUVLWHVLQGHNL� �g÷UHWPHQ� DGD\ODUÕQÕQ� H÷LWLP� WHNQRORMLVL� VWDQGDUWODUÕ� LOH� LOJLOL�
|]\HWHUOLNOHULQLQ�EHOLUOHQPHVL��LVLPOL��|÷UHWPHQ�DGD\ODUÕQÕQ�J|U�úOHUL�GR÷UXOWXVXQGD�H÷LWLP�IDN�OWHOHULQGH�YHULOHQ�H÷LWLP�
WHNQRORMLVL� LOH� LOJLOL� H÷LWLPLQ� LOJLOL� VWDQGDUWODU� DoÕVÕQGDQ� GH÷HUOHQGLULOPHVL�� �QLYHUVLWHOHUGHNL� GXUXPXQ� EHOLUOHQPHVL� YH�
FLQVL\HW� LOH� |÷UHQLP� J|U�OHQ� E|O�P� DoÕVÕQGDQ� VDKLS� ROXQDQ� |]\HWHUOLNOHULQ� IDUNOÕODúÕS� IDUNOÕODúPDGÕ÷ÕQÕQ� EHOLUOHQPHVL�
DPDFÕ\OD� \DSWÕ÷Õ� GRNWRUD� WH]LQGH� H÷LWLP� IDN�OWHOHULQGH� |÷UHQLP� J|UHQ� |÷UHWPHQ� DGD\ODUÕQÕQ� H÷LWLP� WHNQRORMLVL�
VWDQGDUWODUÕ�DoÕVÕQGDQ�\�NVHN�G�]H\GH�|]\HWHUOL÷H�VDKLS�ROGXNODUÕQÕ�EHOLUOHPLúWLU��7H]LQ�GL÷HU�VRQXoODUÕ�úX�úHNLOGHGLU��
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�g÷UHWPHQ� DGD\ODUÕ� H÷LWLP� V�UHFLQGH� |]HOOLNOH� WHPHO� G�]H\� RODUDN� DGODQGÕUÕODELOHFHN� GDKD� \D\JÕQ�
ELOLQHQ� WHNQRORMLOHULQ� NXOODQÕPÕ� NRQXVXQGD� NHQGLOHULQL� \�NVHN� GHUHFHGH� \HWHUOL� J|UP�úOHUGLU��gOoPH�
GH÷HUOHQGLUPH�KL]PHWOHULQGH�WHNQRORML�GDKD�oRN�JHOHQHNVHO�|OoPH�GH÷HUOHQGLUPH�EHFHULOHULQH�\|QHOLN�
DOJÕODQÕUNHQ�� SHUIRUPDQVD� GD\DOÕ� |OoPH� GH÷HUOHQGLUPH� KL]PHWOHULQGH� |÷UHWPHQ� DGD\ODUÕ� NHQGLOHULQL�
GDKD�D]�\HWHUOL�EXOPXúODUGÕU��øQWHUQHW�NXOODQÕPÕQÕQ�|Q�SODQD�oÕNWÕ÷Õ�YHULPOLOLN�YH�PHVOHNL�X\JXODPDODU�
DOW�ER\XWX�HQ�\HWHUOL�ROXQDQ�DOW�ER\XWWXU��6RV\DO��HWLN��\DVDO�YH�LQVDQL�NRQXODU�LOH�ELUH\VHO�IDUNOÕOÕNODUD�
YH� |]HO� LKWL\DoODUD� J|UH� |÷UHWLPL� SODQODPD� DOW� ER\XWXQGD� |÷UHWPHQ� DGD\ODUÕ� HPSDWLN� H÷LOLPOHUL�
GR÷UXOWXVXQGD� NHQGLOHULQL� \�NVHN� G�]H\GH� \HWHUOL� J|UG�NOHULQL� EHOLUWPLúOHUGLU�� hQLYHUVLWHOHUH� J|UH�
JHUHN�IDNW|U�JHQHOLQGHQ�JHUHNVH�DOW�ER\XWODUÕ�DoÕVÕQGDQ�|÷UHWPHQ�DGD\ODUÕ�\�NVHN�|]\HWHUOL÷H�VDKLSWLU��
&LQVL\HW�DoÕVÕQGDQ�H÷LWLP�WHNQRORMLVL�VWDQGDUWODUÕ�JHQHOLQGH�|]\HWHUOLNOHU�GH÷LúPHPHNWHGLU��$QFDN�DOW�
ER\XWODU�DoÕVÕQGDQ�LQFHOHQGL÷LQGH�WHNQRORMLN�LúOHPOHU�YH�NDYUDPODU�ELOJLVL��VRV\DO��HWLN��\DVDO�YH�LQVDQL�
NRQXODUÕ�DOW�ER\XWODUÕQGD�HUNHNOHU�NHQGLOHULQL�GDKD�\HWHUOL�J|U�UNHQ��YHULPOLOLN�YH�PHVOHNL�X\JXODPDODU�
DOW� ER\XWXQGD� NDGÕQODU� NHQGLOHULQL� GDKD� \HWHUOL� EXOPDNWDGÕU�g÷UHQLP� J|U�OHQ� E|O�PH� J|UH�
LQFHOHQGL÷LQGH�LVH�%LOJLVD\DU�YH�g÷UHWLP�7HNQRORMLOHUL�g÷UHWPHQOL÷L�E|O�P�Q�Q�KHP�|OoHN�JHQHOLQGH��
KHP�GH�|OoH÷LQ�W�P�DOW�ER\XWODUÕQGD�IDUNOÕOÕN�RUWD\D�NR\GX÷X�J|U�OPHNWHGLU��0DWHPDWLN�|÷UHWPHQOL÷L�
E|O�P��GH�KHP�|OoHN�JHQHOLQGHQ��KHP�GH�oR÷X�DOW�ER\XWWD�DOGÕ÷Õ�G�ú�N�|]\HWHUOLN�SXDQÕ�LOH�IDUNOÕOÕ÷ÕQ�
ROXúPDVÕQGD�|QHPOL�ELU�HWNHQ�ROPXúWXU���
�

� 6HIHUR÷OX� �������� �6WDQGDUWODU� YH� %LOLúLP� 7HNQRORMLOHULQGHNL� *HOLúPHOHU� ,úÕ÷ÕQGD� g÷UHWPHQOHULQ� 6�UHNOL�
0HVOHNL� (÷LWLPL�� LVLPOL� oDOÕúPDVÕQGD� 0(%
LQ� EHOLUOHPLú� ROGX÷X� |÷UHWPHQ� \HWHUOLNOHUL� LOH� 1(76�7� VWDQGDUWODUÕQÕQ�
|UW�úW�÷���NÕVÕPODUD�YH�NDUúÕODúWÕUPDODUÕQD�\HU�YHUPLúWLU��$\UÕFD�VWDQGDUWODUÕQ�|÷UHWPHQOHULQ�QLWHOLNOHULQL�\�NVHOWWL÷LQL�YH�
VÕQÕIWD� GDKD� HWNLOL� ROPDODUÕQÕ� VD÷ODPD\D� \|QHOLN� oDEDODUÕ� EHUDEHULQGH�JHWLUGL÷LQL� EHOLUWPLúWLU��dDOÕúPDVÕQGD��ONHPL]GH�
|÷UHWPHQ� VWDQGDUWODUÕQD� G|Q�N� \DSÕODQ� G�]HQOHPHOHULQ� GHWD\ODUÕQD� \HU� YHUPLúWLU�� g÷UHWPHQOHULQ� HWNLOL� RODELOPHVLQLQ�
\ROXQX�� JHUHN� KL]PHW� |QFHVL� JHUHN� KL]PHW� LoLQGH� NHQGLVLQL� JHOLúWLUHFHN� RODQDNODUD� VDKLS� ROPDVÕQD� ED÷ODPÕúWÕU��
dDOÕúPDGD�VWDQGDUWL]DV\RQODUÕQ�|÷UHWPHQOHU��]HULQGH�NL�\DQVÕPDODUÕQD�YH�VRQXoODUÕQD�GD�\HU�YHULOPLúWLU��

*�URO�YH�GL÷HUOHULQLQ����������g÷UHWPHQ�$GD\ODUÕQD�*|UH�(÷LWLP�)DN�OWHOHULQGH�(÷LWLP�7HNQRORMLVL�6WDQGDUWODUÕ�
9H� 3HUIRUPDQV�*|VWHUJHOHULQLQ�8\JXODQPD�'XUXPX� �)ÕUDW�hQLYHUVLWHVL�gUQH÷L��� LVLPOL� oDOÕúPDGD� )ÕUDW�hQLYHUVLWHVL��
WHNQLN� H÷LWLP� YH� H÷LWLP� IDN�OWHVL� |÷UHQFLOHULQLQ� XOXVDO� H÷LWLP� WHNQRORMLVL� VWDQGDUWODUÕQD� YH� SHUIRUPDQV� J|VWHUJHOHULQH�
\|QHOLN�GXUXPODUÕ�EHOLUOHQPH\H�oDOÕúÕOPÕúWÕU��$UDúWÕUPDGD�,67(��,QWHUQDWLRQDO�6RFLHW\�IRU�7HFKQRORJ\�LQ�(GXFDWLRQ�¶QLQ�
|÷UHQFLOHU� LoLQ� EHOLUOHPLú� ROGX÷X� 1(76� �1DWLRQDO� (GXFDWLRQDO� 7HFKQRORJ\� 6WDQGDUGV�� XOXVDO� H÷LWLP� WHNQRORMLVL�
VWDQGDUWODUÕ�YH�SHUIRUPDQV�J|VWHUJHOHUL�oDOÕúPDVÕQGDQ�7�UNoH\H�X\DUODQPÕúWÕU���dDOÕúPDGD�H÷LWLP�WHNQRORMLVL�VWDQGDUWODUÕ�
YH�SHUIRUPDQV�J|VWHUJHOHUL�DQNHWL�KDOLQH�JHWLULOPLúWLU��7RSODPGD�����NLúL\H�DQNHW�X\JXODQPÕúWÕU��$UDúWÕUPD�VRQXFXQGD��
|÷UHWPHQ� DGD\ODUÕQÕQ� H÷LWLP� WHNQRORMLVL� VWDQGDUWODUÕ� YH� SHUIRUPDQV� J|VWHUJHOHUL� DoÕVÕQGDQ� NHQGLOHULQL� RUWD� G�]H\LQ�
�VW�QGH� \HWHUOL� J|UG�NOHUL� VDSWDQPÕúWÕU�� %XQXQOD� ELUOLNWH�� IDN�OWHOHU� YH� E|O�POHU� DUDVÕQGD� DQODPOÕ� IDUNOÕOÕN� ROPDGÕ÷Õ�
J|U�OP�úW�U��
� dRNODU� YH� GL÷HUOHUL� �������� �g÷UHWPHQ�$GD\ODUÕQÕQ� 8\JXOD\DELOHFHNOHUL� gOoPH�'H÷HUOHQGLUPH�<DNODúÕPODUÕ�
øOH�gOoPH�GH÷HUOHQGLUPH�$PDoOÕ�7HNQRORML�.XOODQÕP�g]\HWHUOLNOHUL��LVLPOL�oDOÕúPDGD�|÷UHWPHQ�DGD\ODUÕQÕQ�DOWHUQDWLI�YH�
JHOHQHNVHO� |OoPH�GH÷HUOHQGLUPH� \DNODúÕPODUÕQGDQ� PHVOHN� \DúDPODUÕQGD� KDQJLOHULQL� X\JXOD\DELOHFHNOHUL� LOH� |OoPH� YH�
GH÷HUOHQGLUPH�DPDoOÕ�WHNQRORML�NXOODQÕPÕ�NRQXVXQGD�NHQGLOHULQL�QH�NDGDU�\HWHUOL�J|UG�NOHULQL�EHOLUOHPHN�DPDoODQPÕúWÕU��
<DSÕODQ�oDOÕúPD�VRQXoODUÕ�úX�úHNLOGHGLU��

��
�*HOHQHNVHO� |OoPH�GH÷HUOHQGLUPH� \DNODúÕPODUÕQÕQ� oR÷XQGD� NHQGLOHULQL� ³\HWHUOL´� J|UPHOHULQH� NDUúÕQ��
DOWHUQDWLI� \DNODúÕPODUGD� �SURMH�� J|]OHP�� �U�Q� GRV\DVÕ�� SUREOHP� o|]PH� YH� J|U�úPH� JLEL�� NHQGLOHULQL�
³GDKD� \HWHUOL´� J|UP�úOHUGLU�g÷UHWPHQ� DGD\ODUÕ� |OoPH�GH÷HUOHQGLUPH� DPDoOÕ� WHNQRORML� NXOODQÕPÕ�
NRQXVXQGD�GD�NHQGLOHULQL�³LOHUL´�G�]H\GH�\HWHUOL�EXOPXúODUGÕU��gOoPH�GH÷HUOHQGLUPH�DPDoOÕ�WHNQRORML�
NXOODQÕPÕ�NRQXVXQGD�HUNHN�DGD\ODU�NDGÕQ�DGD\ODUD��NDOGÕ÷Õ�\HUGH�ELOJLVD\DU�RODQ�DGD\ODU�ROPD\DQODUD��
NDOGÕ÷Õ� \HUGH� LQWHUQHW� HULúLPL� RODQ� DGD\ODU� LVH� ROPD\DQODUD� J|UH� NHQGLOHULQL� WHNQRORML� NXOODQÕPÕ�
NRQXVXQGD�³GDKD�\HWHUOL´�J|UP�úOHUGLU��g÷UHWPHQOLN�SURJUDPODUÕ�DUDVÕQGD�|]�\HWHUOLNOHU�EDNÕPÕQGDQ�
DQODPOÕ� ELU� IDUNOÕOÕN� EXOXQPDNWDGÕU���
�

� dRNODU� YH� 2GDEDúÕ� � ������� �(÷LWLP� 7HNQRORMLVL� 6WDQGDUWODUÕ� $oÕVÕQGDQ� g÷UHWPHQ� $GD\ODUÕQÕQ� gOoPH� 9H�
'H÷HUOHQGLUPH� g]\HWHUOLNOHULQLQ� %HOLUOHQPHVL�� LVLPOL� oDOÕúPDVÕQGD� 1(76�7� VWDQGDUWODUÕ� DoÕVÕQGDQ� DUDúWÕUPDGD�
GH÷HUOHQGLUPHGH� EXOXQPXúWXU�� $UDúWÕUPD� VRQXFXQGD� H÷LWLP� WHNQRORMLVL� VWDQGDUWODUÕ� DoÕVÕQGDQ� |÷UHWPHQ� DGD\ODUÕQÕQ�
|OoPH� YH� GH÷HUOHQGLUPH� KL]PHWOHULQGH� NHQGLOHULQL� L\L� G�]H\GH� \HWHUOL� J|UG�NOHUL� VRQXFXQD� XODúÕOPÕúWÕU��g]\HWHUOLNOHU�
NRQXVXQGD�FLQVL\HW�|QHPOL�ELU�GH÷LúLNOL÷H�QHGHQ�ROPD]NHQ��|÷UHQLP�J|U�OHQ��QLYHUVLWH�YH�|÷UHQLP�J|U�OHQ�E|O�PH�J|UH�
VDKLS� ROXQDQ� |OoPH�GH÷HUOHQGLUPH� |]\HWHUOLNOHULQLQ� IDUNOÕODúWÕ÷Õ� J|U�OP�úW�U��%LOJLVD\DU� YH�g÷UHWLP�7HNQRORMLOHUL� LOH�
6ÕQÕI�g÷UHWPHQOL÷L�E|O�POHUL�|÷UHWPHQ�DGD\ODUÕ�EX�NRQXGD�NHQGLOHULQL�GDKD�\HWHUOL�J|U�UNHQ��0DWHPDWLN�g÷UHWPHQOL÷L�
E|O�P��|÷UHWPHQ�DGD\ODUÕ�GDKD�D]�\HWHUOL�J|UP�úOHUGLU��
� .XUW� YH� GL÷HUOHUL� ������� �(YDOXDWÕRQ� 2I� 7KH� 6NÕOOV� 2I� .���� 6WXGHQWV� 5HJDUGÕQJ� 7KH� 1DWÕRQDO� (GXFDWÕRQDO�
7HFKQRORJ\� 6WDQGDUGV� )RU� 6WXGHQWV� �1HWV
6�� ,Q� 7XUNH\�� LVLPOL� oDOÕúPD� VRQXFXQGD� |÷UHQFLOHULQ� H÷LWLP� WHNQRORMLOHUL�
VWDQGDUWODUÕ� DoÕVÕQGDQ�RUWD� VHYL\HGH�ROGX÷XQX� WHVSLW� HWPLúOHUGLU��$\UÕFD�oDOÕúPDGD�NHQGL�ELOJLVD\DUODUÕ� LOH�|÷UHQFLOHULQ�
LQWHUQHWH�HULúHELOPHVL�YH�HEHYH\QOHULQ�H÷LWLP�G�]H\LQLQ�|÷UHQFLOHULQ�H÷LWLP�WHNQRORMLOHUL�EHFHULOHUL�JHOLúWLUPH�QRNWDVÕQGD�
HWNLOHGL÷L�YH�\DUGÕPFÕ�ROGX÷X�VRQXFXQX�RUWD\D�NR\PXúWXU��
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� $NSÕQDU� �������� �(÷LWLP� 7HNQRORMLVL\OH� øOJLOL� g÷UHQPH\L� (WNLOH\HELOHFHN� %D]Õ� (WPHQOHUH� .DUúÕ� g÷UHWPHQ�
<DNODúÕPODUÕ��LVLPOL�oDOÕúPDVÕQGD�|÷UHWLPL�HWNLOH\HFHN�HWNHQOHUL�WHVSLW�HWPH\L�DPDoODPÕúWÕU��$UDúWÕUPDFÕ�oDOÕúPDGD��
�� .DGÕQ� |÷UHWPHQOHU� |÷UHWLPLQ� EDúDUÕVÕQÕ� HWNLOH\HELOHFHN� OLWHUDW�UGH� JHQLú� NDEXO� J|UHQ� ED]Õ� HWPHQOHUL� HUNHN�

|÷UHWPHQOHUGHQ�GDKD�ID]OD�|QHPVHPHNWHGLU��
�� +L]PHWLoL�H÷LWLPOHUH�J|Q�OO��NDWÕODQ�|÷UHWPHQOHU�KL]PHWLoL�H÷LWLPOHUL�GDKD�ID]OD�|QHPVHPHNWHGLUOHU��
�� g÷UHQFL� \HWHQH÷LQLQ� L\L� ELU� |÷UHWLPOH� JHOLúHELOHFH÷LQL�� VÕQÕIWD� oRN� VRUX� VRUXOPDVÕQÕQ� |÷UHWLPLQ� HWNLQOL÷LQL�

D]DOWPD\DFD÷ÕQÕ�� |÷UHWPHQOL÷LQ� GR÷XúWDQ� JHOHQ� ELU� \HWHQHN� ROPDGÕ÷ÕQÕ� YH� |÷UHQPH� RUWDPÕ� HVWHWL÷LQLQ� |÷UHQPH\L�
HWNLOHGL÷LQL�G�ú�QHQ�|÷UHWPHQOHU�|÷UHQLP�DUDo�JHUHoOHULQH�GDKD�ID]OD�|QHP�YHUPHNWHGLU�

VRQXoODUÕQD��XODúPÕúWÕU���
� .DUDO�YH�%HULJHO�������(÷LWLP�)DN�OWHOHULQLQ�g÷UHWPHQOHULQ�7HNQRORML\L�(÷LWLPGH�(WNLQ�2ODUDN�.XOODQDELOPH�
<HWHUOLOLNOHUL�h]HULQH�(WNLOHUL�9H�d|]�P�gQHULOHUL��LVLPOL�oDOÕúPDVÕQGD�|÷UHWPHQOHULQ�WHNQRORML\L�H÷LWLPGH�NXOODQPDODUÕ�
YH� WHNQRORML\H�EDNÕú� DoÕODUÕQÕ� |OoPH\L� LoHUHQ� VRUXODUGDQ�ROXúDQ�ELU� DQNHW� DUDFÕOÕ÷Õ� LOH� � YHULOHU� WRSODQPÕúWÕU��$UDúWÕUPD�
VRQXQGD�HOGH�HGLOHQ�EXOJXODUD�J|UH�|÷UHWPHQOHU�H÷LWLPGH�WHNQRORML\L�NXOODQPDNWD�YH�\HQL�WHNQRORMLN�JHOLúPHOHUL�H÷LWLPH�
DGDSWH� HWPHGH� VRUXQODU� \DúDPDNWD� YH� \DúDGÕNODUÕ� VRUXQODUÕQ� o|]�P�Q�Q� (÷LWLP� )DN�OWHOHULQGH� DODFDNODUÕ� H÷LWLPOH�
DúÕODELOHFH÷LQL�EHOLUWPHNWHGLUOHU��
� 6H]HU���������øON|÷UHWLP�2NXO�<|QHWLFLOHULQLQ�7HNQRORML�/LGHUOL÷L�5ROOHULQH�øOLúNLQ�<HWHUOLNOHUL��LVLPOL�\�NVHN�
OLVDQV� WH]LQGH� � \|QHWLFLOHULQ�1(76�$� VWDQGDUWODUÕQGDQ� OLGHUOLN� UROOHUL� �]HULQGH� úHNLOOHQPLú� WHNQRORML� OLGHUOL÷L� UROOHULQH�
LOLúNLQ� \HWHUOLNOHUL� EHOLUOHQPLúWLU�� $UDúWÕUPDQÕQ� VRQXoODUÕ� ú|\OHGLU�� 2NXO� \|QHWLFLOHULQLQ� YH� |÷UHWPHQOHULQ� J|U�úOHULQH�
J|UH�� RNXO� \|QHWLFLOHULQLQ� WHNQRORML� OLGHUOL÷L� UROOHULQLQ� DOW� ER\XWODUÕ� RODQ� ³*HOLúLP� YH� 'H÷HUOHQGLUPH´�� ³'HVWHN´��
³3ODQODPD� YH� 'HQHWLP´� YH� ³(WLN� YH� *�YHQOLN´� UROOHULQL� \HULQH� JHWLUPH� G�]H\OHULQLQ� \�NVHN� ROGX÷X� EHOLUOHQPLúWLU��
0HVOHNv� NÕGHP�GH÷LúNHQL� DoÕVÕQGDQ�RNXO� \|QHWLFLOHULQLQ� J|U�úOHUL� DUDVÕQGD� ³*HOLúLP� YH�'H÷HUOHQGLUPH´�� ³'HVWHN´�YH�
³3ODQODPD�YH�'HQHWLP´�DOW�ER\XWODUÕQGDNL�UROOHULQL�\HULQH�JHWLUPHOHULQH�LOLúNLQ�DQODPOÕ�IDUNOÕODúPDODU�EXOXQXUNHQ��³(WLN�
YH� *�YHQOLN´� DOW� ER\XWXQGDNL� UROOHULQH� LOLúNLQ� DQODPOÕ� ELU� IDUNOÕODúPD� EXOXQPDPÕúWÕU�� (÷LWLP� GXUXPX� GH÷LúNHQL�
DFÕVÕQGDQ�RNXO�\|QHWLFLOHULQLQ�WHNQRORML�OLGHUOL÷L�UROOHULQH�LOLúNLQ�J|U�úOHUL�DUDVÕQGD�DQODPOÕ�ELU�IDUNOÕOÕN�EXOXQPDPÕúWÕU��
� (UJLúL���������%LOJL�7HNQRORMLOHULQLQ�2NXOGD�(WNLQ�.XOODQÕPÕ�øOH�øOJLOL�2NXO�<|QHWLFLOHULQLQ�7HNQRORMLN�
<HWHUOLNOHULQLQ�%HOLUOHQPHVL��.ÕUÕNNDOH�øOL�gUQH÷L���LVLPOL�\�NVHN�OLVDQV�WH]LQGH��úX�VRQXoODUD�XODúPÕúWÕU��
��� 2NXO� \|QHWLFLOHUL�� ELOJLVD\DU� YH� GL÷HU� ELOJL� WHNQRORMLOHULQL� WDQÕPD� YH� NXOODQPD� ER\XWX� LOH� RNXOODUÕQGD� ELOJL�
WHNQRORMLOHULQLQ�HWNLQ�ELU�úHNLOGH�NXOODQÕOPDVÕQÕ�VD÷ODPD�ER\XWXQGD�NHQGLOHULQL�\HWHUOL�RODUDN�J|UPHNWHGLUOHU���
��� 2NXO� \|QHWLFLOHULQLQ�� WHPHO� ELOJLVD\DU� NXOODQÕP� EHFHULOHUL� NRQXVXQGDNL� \HWHUOLNOHULQLQ� GDKD� ID]OD�� VXQX� KD]ÕUODPD��
HOHNWURQLN�WDEOR�\D]ÕOÕPODUÕ��HOHNWURQLN�SRVWD�NXOODQÕPÕ�NRQXODUÕQGD�GDKD�D]�\HWHUOL�ROGXNODUÕ�J|U�OP�úW�U��
���2NXO�\|QHWLFLOHULQLQ�RNXOXQ�\|QHWLP�V�UHoOHUL�LOH�LOJLOL�LúOHUGH�ELOJLVD\DUGDQ�GDKD�oRN�\DUDUODQGÕNODUÕ��H÷LWLP�|÷UHWLP�
RUWDPODUÕQGD�� N�W�SKDQH� YH� UHKEHUOLN� VHUYLVL� JLEL� ELULPOHUGH� LVH� ELOJLVD\DU� NXOODQÕPÕQD� GDKD� D]� GHVWHN� YHUGLNOHUL�
J|U�OP�úW�U��
��� 2UWD|÷UHWLP� RNXOODUÕQGD� J|UHY� \DSDQ� \|QHWLFLOHU� LOH� LON|÷UHWLP� RNXOODUÕQGD� J|UHY� \DSDQ� \|QHWLFLOHULQ� WHNQRORMLN�
\HWHUOLNOHUL�DUDVÕQGD�RUWD|÷UHWLP�RNXO�\|QHWLFLOHUL�OHKLQGH�DQODPOÕ�IDUNODU�EXOXQPXúWXU��
��� %LOJLVD\DU� YH� GL÷HU� ELOJL� WHNQRORMLOHULQL� WDQÕPD� YH� NXOODQPD� ER\XWXQGDNL� \HWHUOLNOHUGH� RNXO� P�G�UOHUL� LOH� P�G�U�
\DUGÕPFÕODUÕ�DUDVÕQGD�DQODPOÕ�IDUNODU�EXOXQPXú��P�G�U�\DUGÕPFÕODUÕQÕQ�\HWHUOLNOHULQLQ�GDKD�\�NVHN�ROGX÷X�J|U�OP�úW�U��
���%LOJLVD\DU�YH�GL÷HU�ELOJL�WHNQRORMLOHULQL�WDQÕPD�YH�NXOODQPD�ER\XWXQGDNL�\HWHUOLNOHUGH�VÕQÕI�|÷UHWPHQL�RODQ�\|QHWLFLOHU�
LOH�JHQHO�ELOJL�YH�PHVOHN�GHUVOHUL�|÷UHWPHQL�RODQ�\|QHWLFLOHU�DUDVÕQGD�DQODPOÕ� IDUNODU�EXOXQPXúWXU��$QODPOÕ�IDUN�JHQHO�
ELOJL�YH�PHVOHN�GHUVOHUL�|÷UHWPHQL�RODQ�\|QHWLFLOHU�OHKLQGHGLU��
��� 2NXO� \|QHWLFLOHULQLQ� WHNQRORMLN� \HWHUOLNOHUL� |÷UHQLP� GXUXPX� DoÕVÕQGDQ� GH÷HUOHQGLULOGL÷LQGH�� |Q� OLVDQV� YH� OLVDQV�
PH]XQX�\|QHWLFLOHU�DUDVÕQGD�DQODPOÕ�IDUNODU�EXOXQPXúWXU��%X�IDUNODU�OLVDQV�PH]XQODUÕ�OHKLQGHGLU��
��� 2NXO� \|QHWLFLOHULQLQ� WHNQRORMLN� \HWHUOLNOHUL� \|QHWLFLOLN� NÕGHPOHULQH� J|UH� GH÷HUOHQGLULOGL÷LQGH� LVH�� HVNL� YH� \HQL�
\|QHWLFLOHU�DUDVÕQGD�GD�DQODPOÕ�IDUNODU�EXOXQPXúWXU��%X�IDUNODUÕQ�\HQL�\|QHWLFLOHU�OHKLQGH�ROGX÷X�J|U�OP�úW�U��
� �
�
6RQXoODU�

� $UDúWÕUPD� oHUoHYHVLQGH� \DSÕODQ� oDOÕúPDODU� LQFHOHGL÷LQGH� H÷LWLP� VLVWHPL]� LoHULVLQGH� |÷UHQPH�� |÷UHWPH� YH�
\|QHWLP� V�UHFLQGH� H÷LWLP� WHNQRORMLOHULQH� \HU� YHULOGL÷L� J|U�OP�úW�U�� )DNDW� �ONHPL]GH� EX� NRQX\D� DLW� VWDQGDUW�
JHOLúWLULOHPHGL÷LQGHQ� GROD\Õ� |÷UHQPH�� |÷UHWPH� YH� \|QHWLPVHO� DQODPGD� IDUNOÕODúPDODU� WHVSLW� HGLOPLúWLU�� 7HNQRORML�
\DQVÕPDODUÕQÕ� KRPRMHQ� ELU� úHNLOGH� H÷LWLP� VLVWHPLPL]GH� X\JXODPDPÕ]� JHUHNPHNWHGLU�� $%'
GH� JHOLúWLULOHQ� 1(76�
VWDQGDUWODUÕ� øQJLOWHUH��dLQ��$YXVWUDO\D� YH�ELUoRN�$YUXSD��ONHOHULQLQ� \DSWÕ÷Õ� JLEL� D\QHQ�NDEXO� HGLS�X\JXODQDELOLU� YH\D�
ED]Õ� �ONHOHULQ� JHUoHNOHúWLUGL÷L� JLEL� � 1(76� VWDQGDUWODUÕ� WHPHO� DOÕQÕS� NHQGL� �ONHPL]� LoLQ� EXQXQ� �]HULQGHQ� X\DUODPD�
\DSÕODUDN� ELU� �8OXVDO� (÷LWLP� 7HNQRORMLVL� � 6WDQGDUWODUÕ�� ROXúWXUXODELOLU�� 6WDQGDUWODUÕQ� �ONHPL]GH� ROXúWXUXOXS� WHPHO�
DOÕQPDVÕ�|÷UHQPH�RUWDPÕQÕQ�YD]JHoLOPH]L�KDOLQH�JHOHQ�H÷LWLP�WHNQRORMLOHULQLQ�ELU�G�]H\�oHUoHYHVLQGH�|÷UHWPHQ��|÷UHQFL�
YH�\|QHWLFLOHU�DoÕVÕQGDQ�RUWDN�ELU� WHPHO�DOÕQDUDN�úHNLOOHQGLULOPHVLQL� VD÷OD\DFDNWÕU��*HOLúHQ� WHNQRORMLQLQ�KHU�JHoHQ�J�Q�
|÷UHWLP�KD\DWÕQD�\DQVÕPDODUÕQÕ�DUWÕUGÕ÷Õ�JHUoH÷L�GH�EX��
VWDQGDUWODUÕQ�ROXúWXUXOPDVÕQÕQ�|QHPLQL�J|VWHUPHNWHGLU��
�
8\JXODPD\D�G|Q�N�|QHULOHU��

x g÷UHWPHQ�DGD\ODUÕQD��ONHPL]�WDUDIÕQGDQ�EHOLUOHQPLú�VWDQGDUWODUD�J|UH�VHUWLILNDV\RQ�LúOHPL�X\JXODQDELOLU��
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x g÷UHWPHQ� YH� \|QHWLFLOHUH� �ONHPL]� WDUDIÕQGDQ� ROXúWXUXODFDN� VWDQGDUWODUÕ� ND]DQDELOHFHNOHUL� HWNLOL� � KL]PHW� LoL�
H÷LWLPOHU�G�]HQOHQHELOLU��

�
�����
.D\QDNoD�

$NNR\XQOX��%���������g÷UHQFLOHULQ�ELOJLVD\DUD�NDUúÕ�WXWXPODUÕ��(÷LWLP�YH�%LOLP�'HUJLVL������������������

$NSÕQDU��<����������(÷LWLP�7HNQRORMLVL\OH�øOJLOL�g÷UHQPH\L�(WNLOH\HELOHFHN�%D]Õ�(WPHQOHUH�.DUúÕ�g÷UHWPHQ�
<DNODúÕPODUÕ��The Turkish Online Journal of Educational Technology – TOJET July 2004. ,661������������YROXPH���
,VVXH���$UWLFOH�����

dRNODU��$��1����9XUDO��/����	�ùDKLQ�<��/�����������g÷UHWPHQ�$GD\ODUÕQÕQ�8\JXOD\DELOHFHNOHUL�gOoPH�'H÷HUOHQGLUPH�
<DNODúÕPODUÕ�øOH�gOoPH�'H÷HUOHQGLUPH�$PDoOÕ�7HNQRORML�.XOODQÕP�g]\HWHUOLNOHUL��$GÕ\DPDQ�Üniversitesi Sosyal 
Bilimler Enstitüsü Dergisi.�<ÕO�����6D\Õ�����$UDOÕN��������

dRNODU��$��1��	��2GDEDúÕ�+��)����������(÷LWLP�7HNQRORMLVL�6WDQGDUWODUÕ�$oÕVÕQGDQ�g÷UHWPHQ�$GD\ODUÕQÕQ�gOoPH�9H�
'H÷HUOHQGLUPH�g]\HWHUOLNOHULQLQ�%HOLUOHQPHVL��6HOoXN�hQLYHUVLWHVL�$KPHW�.HOHúR÷OX�(÷LWLP�)DN�OWHVL�'HUJLVL���6D\Õ�����
6D\ID���������������

dRNODU��$��1�����������g÷UHWPHQ�$GD\ODUÕQÕQ�(÷LWLP�7HNQRORMLVL��6WDQGDUWODUÕ�øOH��øOJLOL�g]\HWHUOLNOHULQLQ�%HOLUOHQPHVL��
�<D\ÕQODQPDPÕú�'RNWRUD�7H]L����$QDGROX�hQLYHUVLWHVL��(VNLúHKLU��

dRNODU��$��1��	��2GDEDúÕ��+�)����������(÷LWLP�7HNQRORMLVL�6WDQGDUWODUÕ�$oÕVÕQGDQ�g÷UHWPHQ�$GD\ODUÕQÕQ�gOoPH�YH�
'H÷HUOHQGLUPH�g]\HWHUOLNOHULQLQ�%HOLUOHQPHVL��6HOoXN�hQLYHUVLWHVL�$KPHW�.HOHúR÷OX�(÷LWLP�)DN�OWHVL�'HUJLVL���6D\Õ�����
6D\ID��������������

dRNODU��$��1��	�.X]X��$����������g÷UHWPHQOHULQ�7HNQRORML\L�(÷LWLPGH�.XOODQPDODUÕQD�<|QHOLN�6WDQGDUW�2OXúWXUPD�
dDEDODUÕ�1HWV��(ULúLP�$GUHVL��KWWS���SXEOLFDWLRQV�LHW�F�QHW�LHWF�����SGI��(ULúLP�7DULKL�������������

(UJLúL�.����������%LOJL�7HNQRORMLOHULQLQ�2NXOGD�(WNLQ�.XOODQÕPÕ�øOH�øOJLOL�2NXO�<|QHWLFLOHULQLQ�7HNQRORMLN�<HWHUOLNOHULQLQ�
%HOLUOHQPHVL��.ÕUÕNNDOH�øOL�gUQH÷L����<D\ÕQODQPDPÕú�<�NVHN�/LVDQV�7H]L��.ÕUÕNNDOH�hQLYHUVLWHVL��.ÕUÕNNDOH��

*�URO���$����<DYX]DOS��1���%D÷oDFÕ�)��	�6HUKDWOÕR÷OX�%����������g÷UHWPHQ�$GD\ODUÕQD�*|UH�(÷LWLP�)DN�OWHOHULQGH�
(÷LWLP�7HNQRORMLVL�6WDQGDUWODUÕ�YH�3HUIRUPDQV�*|VWHUJHOHULQLQ�8\JXODQPD�'XUXPX��)ÕUDW�hQLYHUVLWHVL�gUQH÷L���9th 
International Educational Technology Conference (IETC2009).��$QNDUD��7�UNL\H��

+DQGDO��%����������7HDFKHUV¶�,QVWUXFWLRQDO�%HOLHIV�$ERXW�,QWHJUDWLQJ�(GXFDWLRQDO�7HFKQRORJ\��8QLYHUVWL\�RI�6RXWKHUQ�
4XHHQVODQG�(OHFWURQLF�3XEOLVK��(ULúLP�$GUHVL��KWWS���ZZZ�XVT�HGX�DX�HOHFWSXE�H�
MLVW�GRFV�9RO�B1R��&RPPHQWDU\�7HDFKHUVBLQVBEHOLHIV�KWP�(ULúLP�7DULKL�������������
�
,67(����������,QWHUQDWLRQDO�6RFLHW\�IRU�7HFKQRORJ\�LQ�(GXFDWLRQ���1DWLRQDO�(GXFDWLRQDO�7HFKQRORJ\�6WDQGDUGV�)RU�
7HDFKHUV���(ULúLP�$GUHVL���KWWS���ZZZ�LVWH�RUJ�VWDQGDUGV��QHWV�IRU�WHDFKHUV��(ULúLP�7DULKL��������������

,67(����������,QWHUQDWLRQDO�6RFLHW\�IRU�7HFKQRORJ\�LQ�(GXFDWLRQ���1DWLRQDO�(GXFDWLRQDO�7HFKQRORJ\�6WDQGDUGV�)RU�
7HDFKHUV���(ULúLP�$GUHVL���KWWS���ZZZ�LVWH�RUJ�VWDQGDUGV��QHWV�IRU�WHDFKHUV��(ULúLP�7DULKL��������������

,67(����������,QWHUQDWLRQDO�6RFLHW\�IRU�7HFKQRORJ\�LQ�(GXFDWLRQ���1DWLRQDO�(GXFDWLRQDO�7HFKQRORJ\�6WDQGDUGV�)RU�
$GPLQLVWUDWRUV���(ULúLP�$GUHVL���KWWS���ZZZ�LVWH�RUJ�VWDQGDUGV��(ULúLP�7DULKL��������������

.XUW��$��$����dRNODU��$�1����.ÕOÕoHU�.��	��<ÕOGÕUÕP��<�����������(YDOXDWÕRQ�RI�7KH�6NLOOV�RI�.����6WXGHQWV�5HJDUGLQJ�
7KH�1DWÕRQDO�(GXFDWLRQDO�7HFKQRORJ\�6WDQGDUGV�)RU�6WXGHQWV��1HWV
6��,Q�7XUNH\���The Turkish Online Journal of 
Educational Technology – TOJET July 2008.�,661������������YROXPH���,VVXH���$UWLFOH����

.DUDO��+��	�%HULJHO��0����������(÷LWLP�IDN�OWHOHULQLQ�|÷UHWPHQOHULQ�WHNQRORML\L�H÷LWLPGH�HWNLQ�RODUDN�NXOODQDELOPH�
\HWHUOLOLNOHUL��]HULQH�HWNLOHUL�YH�o|]�P�|QHULOHUL��(ULúLP�$GUHVL��KWWS�������������������HIGHUJL�GRZQORDG����SGI��(ULúLP�
7DULKL��������������

1(76�6����������1DWLRQDO�(GXFDWLRQDO�7HFKQRORJ\�6WDQGDUGV�IRU�6WXGHQWV��(ULúLP�$GUHVL���
KWWS���ZZZ�LVWH�RUJ�VWDQGDUGV��QHWV�IRU�VWXGHQWV��(ULúLP�7DULKL��������������

6HIHUR÷OX��6��6����������<HWHUOLNOHU��VWDQGDUWODU�YH�ELOLúLP�WHNQRORMLOHULQGHNL�JHOLúPHOHU�ÕúÕ÷ÕQGD�|÷UHWPHQOHULQ�V�UHNOL�
PHVOHNL�H÷LWLPL��(÷LWLPGH�<DQVÕPDODU�,;��7�UNL\H
QLQ�g÷UHWPHQ�<HWLúWLUPH�dÕNPD]Õ�8OXVDO�6HPSR]\XPX�������VV������
�����
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6H]HU��%����������øON|÷UHWLP�2NXO�<|QHWLFLOHULQLQ�7HNQRORML�/LGHUOL÷L�5ROOHULQH�øOLúNLQ�<HWHUOLNOHUL���<D\ÕQODQPDPÕú�
<�NVHN�OLVDQV�WH]L���$QNDUD�hQLYHUVLWHVL��$QNDUD��

6XJDU��:����������$SSO\LQJ�+XPDQ�&HQWHUHG�'HVLJQ�WR�7HFKQRORJ\�,QWHJUDWLRQ��-RXUQDO�RI�&RPSXWLQJ�LQ�7HDFKHU�
(GXFDWLRQ����������������

8úXQ��6����������%LOJLVD\DU�'HVWHNOL�g÷UHWLPLQ�7HPHOOHUL��1REHO�<D\ÕQHYL��$QNDUD��

� �

�
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(öø7ø0'(�/(*2�/2*2�8<*8/$0$/$5,�9(�7h5.ø<(¶'(.ø�
'85808�

�
�

%DUÕú�d8.85%$ù,�
'HSDUWPHQW�RI�&RPSXWHU�$QG�,QVWUXFWLRQDO�7HFKQRORJLHV�(GXFDWLRQ�

%DUWÕQ�8QLYHUVLW\�
7XUNH\�

EFXNXUEDVL#EDUWLQ�HGX�WU�
�
�

g]HW�� /(*2�/2*2� X\JXODPDODUÕ�� /(*2� SDUoDODUÕ� LOH� SURJUDPODQDELOLU� ELU� D\JÕW� �1;7�� 5&;�
JLEL��� VWHS� PRWRUODU� YH� oHúLWOL� |]HOOLNWHNL� VHQV|UOHU� ELUOHúWLULOHUHN� ROXúWXUXODQ� PHNDQLN� DUDFÕQ�
�URERWLFV��� \LQH� /(*2� SDUoDODUÕ� ROXúWXUXOPXú� RUWDPGD� EHOLUOL� LúOHPOHUL� \HULQH� JHWLUPHVL� LoLQ�
SURJUDPODQPDVÕ� YH� R� LúOHPOHUL� \HULQH� JHWLUPHVLQLQ� VD÷ODQPDVÕ� úHNOLQGH� JHUoHNOHúPHNWHGLU�� %X�
SURJUDPODPD� LúOHPL� /2*2� SURJUDPODPD� GLOL� LOH� \DSÕOPDNWDGÕU�� 6R\XW� NDYUDPODUÕQ� |÷UHWLOPHVL�
V�UHFLQGH� NXOODQÕODELOLU� ELU� X\JXODPD� RODQ� /(*2�/2*2� X\JXODPDODUÕ�� oRFXNODUÕQ� ]LKLQVHO�
\DSÕODUÕQÕQ� YH�PRWRU� EHFHULOHULQLQ� JHOLúPHVLQH� GH� E�\�N� NDWNÕODU� VD÷ODPDNWDGÕU��g]HOOLNOH� QHVQH�
WDVDUÕPÕ�� SURJUDPODPD� YH� X\JXODPD� V�UHoOHULQLQ� WDPDPÕQGD� oRFXNODUÕQ� DNWLI� URO� �VWOHQPHVL� YH�
NRQWURO�Q�oRFXNWD�ROPDVÕ�GD�/(*2�/2*2�X\JXODPDODUÕQÕQ�|QHPLQL�DUWWÕUPDNWDGÕU��%X�YH�EHQ]HUL�
|]HOOLNOHULQGHQ�GROD\Õ�/(*2�/2*2�X\JXODPDODUÕ� H÷LWLP�|÷UHWLP� V�UHFLQGH�GH�NXOODQÕOPDNWDGÕU�
YH� NXOODQÕPÕ� JLGHUHN� \D\JÕQODúPDNWDGÕU�� %X� oDOÕúPDGD�� G�Q\D� JHQHOLQGH� H÷LWLP�|÷UHWLP�
RUWDPODUÕQGD�\D\JÕQ�RODUDN�NXOODQÕODQ�/(*2�/2*2�X\JXODPDODUÕ�LOH�LOJLOL�OLWHUDW�U�LQFHOHQPLú�YH�
HOGH� HGLOHQ� YHULOHU� GR÷UXOWXVXQGD� H÷LWLP�|÷UHWLP� V�UHFLQGH� NXOODQÕODQ� /(*2�/2*2�
X\JXODPDODUÕQÕQ�7�UNL\H¶GHNL�GXUXPX�WDUWÕúÕOPÕúWÕU���
�

� � $QDKWDU�.HOLPHOHU��/(*2��/2*2��|÷UHWLP��/(*2�/2*2�X\JXODPDODUÕ��
�
�
*LULú�
�
� /(*2�� oHúLWOL� UHQNOHUGHNL� \DSÕ� SDUoDODUÕQGDQ� ROXúDQ�� �]HULQGHNL� JLULQWL� YH� oÕNÕQWÕODU� YDVÕWDVÕ\OD� ELUELUOHULQH�
NROD\FD� NHQHWOHQHELOHQ� YH� KHPHQ� KHPHQ� KHU� úH\LQ� LQúD� HGLOPHVLQH� RODQDN� YHUHQ� ELU� R\XQFDN� oHúLGLGLU�� ����� \ÕOÕQGD�
'DQLPDUND¶GD��UHWLPL�EDúOD\DQ�/(*2��JHOLúHUHN�J�Q�P�]H�NDGDU�JHOPLú�YH�W�P�G�Q\D�WDUDIÕQGDQ�WDQÕQDQ�ELU�R\XQFDN�
KDOLQH�JHOPLúWLU������¶OL�\ÕOODUD�JHOLQGL÷LQGH�LVH��/(*2�H÷LWVHO��U�Q�GHSDUWPDQÕ�NXUXOPXúWXU��0RUWHQVHQ����������'DKD�
VRQUD� /(*2� SDUoDODUÕQD� SURJUDPODQDELOLU� �5&;�� 17;� JLEL�� DUDoODU� HNOHQPLú� YH� /2*2� �/DQJXDJH� RI� *UDSKLFDO�
2XWSXW��SURJUDPODPD�GLOL�LOH�ELU�DUDGD�NXOODQÕOPD\D�EDúODQPÕúWÕU��%|\OHFH�/(*2�/2*2�X\JXODPDODUÕ�RUWD\D�oÕNPÕúWÕU��
� /(*2�/2*2�X\JXODPDODUÕ��/2*2�SURJUDPÕQÕQ�NDSOXPED÷D� LOH�oDOÕúPDVÕ� WHPHOLQH�GD\DQDQ��/(*2�SDUoDODUÕ�
LOH� SODVWLN� N�o�N� \DSÕ� PDWHU\DOOHULQLQ�� SURJUDPODQDELOLU� WX÷ODODUÕQ�� N�SOHULQ�� GLúOLOHULQ�� PRWRUODUÕQ�� PDNDUDODUÕQ��
VHQV|UOHULQ�YH�GL÷HU�oHúLWOL�SDUoDODUÕQ�NRPELQDV\RQX�VRQXFXQGD�ROXúDQ��/2*2�SURJUDPODPD�GLOL�LOH�ELUOLNWH�NXOODQÕODQ�
X\JXODPDODUGÕU��0F'DQLHO���������/(*2�/2*2�X\JXODPDODUÕQGD�LON�|QFH�JHQHOOLNOH�ELU�GXUXP�YH\D�SUREOHP�RUWD\D�
NRQPDNWDGÕU��%X�GXUXPODU�/(*2�SDUoDODUÕQGDQ�ROXúDQ�ELU�VLVWHPOH�|÷UHQFLOHUH�VXQXODELOHFH÷L�JLEL� IDUNOÕ�\|QWHPOHUOH�
GH� �V|]O��� \D]ÕOÕ�� J|UVHO� YE��� |÷UHQFLOHUH� VXQXODELOPHNWHGLU��%X� GXUXP� YH\D� SUREOHPH� ED÷OÕ� RODUDN� |÷UHQFLOHU� /(*2�
SDUoDODUÕ� LOH� QDVÕO� ELU�PHNDQL]PD� RUWD\D� NR\PDODUÕ� YH� EX�PHNDQL]PD\Õ� QDVÕO� KDUHNHW� HWWLUPHOHUL� JHUHNWL÷LQH�� �/2*2�
SURJUDPODPD� GLOL� LOH�� GROD\ÕVÕ\OD� LOJLOL� GXUXP� YH\D� SUREOHPOH� QDVÕO� EDúD� oÕNDFDNODUÕQD� LOLúNLQ� NDUDUODU� YHUPHNWHGLU��
9HUGLNOHUL� EX� NDUDUODU� GR÷UXOWXVXQGD� /(*2�/2*2� X\JXODPDVÕQÕ� JHOLúWLULS� LúOHPL� WHVW� HWPHNWH� YH� VRQXFX�
J|UHELOPHNWHGLUOHU��(÷HU� WHVW� VRQXFX�EDúDUÕOÕ� ROPDGÕ\VD� WHNUDU� G�ú�Q�O�S�\HQL� ELU� o|]�P�|QHULVL� RUWD\D� NRQPDNWD� YH�
LúOHPOHU�WHNUDUODQPDNWDGÕU��/(*2�/2*2�X\JXODPD�V�UHFLQLQ�KHU�DúDPDVÕQGD�|÷UHQFL�DNWLI�URO��VWOHQPHNWH�YH�VRQXFD�
XODúPDNWD�� W�P� X\JXODPD� ER\XQFD� NRQWURO� |÷UHQFLGH� ROPDNWDGÕU�� %X� ED÷ODPGD�� /(*2�/2*2� X\JXODPDODUÕQÕQ��
|÷UHQFLOHULQ�VÕQÕUVÕ]FD�G�ú�QPHOHULQL�VD÷ODGÕ÷Õ�YH�G�ú�QFHOHULQL�KD\DWD�JHoLUPHOHULQH�RODQDN�YHUGL÷L�V|\OHQHELOLU��dD\ÕU��
��������
� *�Q�P�]� |÷UHQPH� RUWDPODUÕQGD� oHúLWOL� WHNQRORMLOHU� ELU� DUDGD� NXOODQÕODUDN� |÷UHQPH� HWNLQOLNOHUL�
G�]HQOHQHELOPHNWHGLU��)DUNOÕ�WHNQRORMLOHULQLQ�ELU�DUDGD�NXOODQÕOPDVÕ\OD�RUWD\D�oÕNDQ��U�QOHU�|÷UHQFLOHULQ�SUREOHP�o|]PH�
V�UHoOHULQLQ�oHúLWOL�DúDPDODUÕQÕ�GHVWHNOHPHNWH�YH�|]HOOLNOH�WHNQRORML�WDEDQOÕ�IDDOL\HWOHU�|÷UHQFLOHULQ�NDUúÕODúÕODQ�GXUXPX�
IRUP�OH�HWPHOHULQH��DUGÕQGDQ�EX�GXUXPX�WHVW�HWPHOHULQH�RODQDN�WDQÕPDNWDGÕU��%|\OHFH�R�GXUXPOD�LOJLOL�VRQXoODU�RUWD\D�
oÕNDUPDODUÕQD�YH�JHQHOOHPHOHUGH�EXOXQPDODUÕQD�RODQDN�WDQÕQÕU��(UEDú���������%X�WHNQRORMLOHU�H÷LWVHO�DPDoOÕ�JHOLúWLULOPLú�
DUDoODUGDQ�ROXúPDVÕQÕQ�\DQÕ�VÕUD�R\XQFDNODU��ELOJLVD\DU�SURJUDPODUÕ�YH�EHQ]HUL�IDUNOÕ�DPDoODUOD�JHOLúWLULOPLú�DUDoODUGDQ�
GD�ROXúPDNWDGÕU��/(*2�/2*2�X\JXODPDODUÕ�GD��IDUNOÕ�WHNQRORMLOHULQLQ�ELU�DUDGD�NXOODQÕOPDVÕ\OD�RUWD\D�oÕNDQ�X\JXODPD�
DUDoODUÕQGDQGÕU��
� /(*2�� R\XQ� DPDoOÕ� JHOLúWLULOPLú� ELU� �U�Q� ROPDVÕQÕQ� \DQÕQGD� oRFXNODUÕQ� ]LKLQVHO� \DSÕODUÕQÕQ� YH� PRWRU�
EHFHULOHULQLQ� JHOLúPHVLQH� |QHPOL� NDWNÕODU� VD÷ODPDNWDGÕU�� %LU� |÷UHQPH� GLOL� RODQ� /2*2�� J|UVHO� oÕNWÕ� GLOL� DQODPÕQD�
JHOPHNWHGLU�YH�VR\XW�ROJXODUÕ�|÷UHWPHN�LoLQ�oRFX÷XQ�EHOLUOL�ELU�\DúD�JHOPHVLQLQ�JHUHNPHGL÷L��IDUNOÕ�X\JXODPDODUOD�VR\XW�
NDYUDPODUÕQ� |÷UHWLOHELOHFH÷L� G�ú�QFHVLQGHQ� \ROD� oÕNDUDN� /2*2� SURJUDPODPD� GLOL� JHOLúWLULOPLúWLU� �<L÷LW�� �������
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(WNLOHúLP�RODQD÷Õ��HVQHN�YH�PRG�OHU�ROPDVÕ��|÷UHQPH�LoLQ�ELU�DUDo�RODUDN�JHOLúWLULOHQ�/2*2�SURJUDPODPD�GLOLQLQ�|QH�
oÕNDQ� |]HOOLNOHULQGHQGLU� �5HGLFN�� ������� /2*2� VD\HVLQGH� |÷UHQFLOHU� \DUDWÕFÕOÕNODUÕQÕ� YH� ELOJLVD\DU� SURJUDPODPD�
\HWHQHNOHULQL�JHOLúWLUPLúOHUGLU��øúPDQ���������/(*2�YH�/2*2�X\JXODPDODUÕ�ELU�DUDGD�NXOODQÕOPDVÕ\OD�ELUOLNWH�ELOJLVD\DU�
GHVWHNOL�\D]ÕOÕPODU�NXOODQÕODUDN�VR\XW�NDYUDPODUOD�LOJLOL�EHQ]HWLPOHULQ�YH�|÷UHQFLOHULQ�DNWLI�ELU�úHNLOGH�|÷UHQPH�V�UHFLQH�
NDWÕOPDODUÕQD� LPNDQ� YHUHQ� FDQODQGÕUPDODUÕQ� NXOODQÕOPDVÕ� LOH� |÷UHQFLOHULQ� DQODPDNWD� J�oO�N� oHNWLNOHUL� NDYUDPODUÕ�
]LKLQOHULQGH� GDKD� NROD\� \DSÕODQGÕUPDODUÕQÕ� VD÷OD\DELOHQ� ELOJLVD\DU� GHVWHNOL� |÷UHWLP� X\JXODPDODUÕQD� ELU� \HQLVL�
HNOHQPLúWLU��.DUDPXVWDIDR÷OX��$\GÕQ��YH�g]PHQ����������
� /(*2�/2*2� X\JXODPDODUÕ� NXOODQÕODUDN� G�Q\D� JHQHOLQGH� ELUoRN� H÷LWLP�|÷UHWLP� DNWLYLWHVL� G�]HQOHQPHNWHGLU�
��0F'DQLHO��������0F:KRUWHU��������%HLVVHU��������0RMLFD��������7LDQ��������$GDPV�YH�.HHQH��������-DUYLQHQ��������
&KDPEHUV��&DUERQD�YH�5H[���������$QFDN�7�UNL\H¶GH�oRN�D]�/(*2�/2*2�X\JXODPDODUÕ�LOH�JHUoHNOHúWLULOPLú�H÷LWLP�
|÷UHWLP� DNWLYLWHOHUL� EXOXQPDNWDGÕU� �dD\ÕU�� ������� /(*2�/2*2� X\JXODPDODUÕQÕQ� |÷UHQFLOHUH� VD÷ODGÕ÷Õ� ROXPOX�
|]HOOLNOHU� GLNNDWH� DOÕQGÕ÷ÕQGD� 7�UNL\H¶GHNL� /(*2�/2*2� X\JXODPDODUÕQÕQ� VD\ÕVÕQÕQ� DUWWÕUÕOPDVÕ� JHUHNOLOL÷L� RUWD\D�
oÕNPDNWDGÕU��%X�GR÷UXOWXGD�oDOÕúPDGD��G�Q\D�JHQHOLQGH�YDU�RODQ�H÷LWLP�|÷UHWLP�RUWDPODUÕQGD�NXOODQÕODQ�/(*2�/2*2�
X\JXODPDODUÕ� LOH� LOJLOL� DODQ�\D]ÕQ� LQFHOHQPLú�YH�HOGH�HGLOHQ�YHULOHU�GR÷UXOWXVXQGD�H÷LWLP�|÷UHWLP�V�UHFLQGH�NXOODQÕODQ�
/(*2�/2*2�X\JXODPDODUÕQÕQ�7�UNL\H¶GHNL�GXUXPX�WDUWÕúÕOPÕúWÕU��

�
'�Q\D�*HQHOLQGH�(÷LWLP�g÷UHWLP�2UWDPODUÕQGDNL�/(*2�/2*2�8\JXODPDODUÕ��
�

'�Q\D� JHQHOLQGH� /(*2�/2*2� X\JXODPDODUÕ� LOH� ELUoRN� H÷LWLP�|÷UHWLP� DNWLYLWHVL� JHUoHNOHúWLULOPHNWHGLU�� %X�
DNWLYLWHOHU� JHQHOOLNOH� |÷UHQFLOHULQ� ELOLúVHO� \DSÕODUÕQGDNL�� PRWLYDV\RQODUÕQGDNL�� SUREOHP� o|]PH� EHFHULOHULQGHNL� YH�
EDúDUÕODUÕQGDNL� GH÷LúPHOHUL� LQFHOH\HQ� oDOÕúPDODU� úHNOLQGH� ROPDNWDGÕU�� %X� E|O�PGH� G�Q\D� JHQHOLQGH� H÷LWLP�|÷UHWLP�
RUWDPODUÕQGD�JHUoHNOHúWLULOPLú�/(*2�/2*2�X\JXODPDODUÕ�LOH�LOJLOL�DODQ�\D]ÕQ�LQFHOHPHVL�YHULOPLúWLU��

øON|÷UHWLP� |÷UHQFLOHULQH� \|QHOLN� JHUoHNOHúWLULOHQ� ELU� oDOÕúPDGD�� /(*2�/2*2� X\JXODPDODUÕQÕQ� |÷UHQFLOHULQ�
ELOLPVHO� V�UHo� EHFHULOHULQL� YH� VLVWHPOHULQLQ� JHOLúWLULOPHVL\OH� LOLúNLVL� LQFHOHQPLúWLU�� %X� ED÷ODPOD� GHQH\VHO� ELU� oDOÕúPD�
JHUoHNOHúWLULOPLú�YH�|Q� WHVW�±� VRQ� WHVW� LOH�YHULOHU� WRSODQÕS�DQDOL]�HGLOPLúWLU��$QDOL]� VRQXoODUÕQD�J|UH�|Q� WHVW�±� VRQ� WHVW�
GH÷HUOHUL�DUDVÕQGD�DQODPOÕ�ELU�IDUNOÕOÕN�YDUGÕU��/(*2�/2*2�X\JXODPDODUÕQD�NDWÕODQ�|÷UHQFLOHULQ�G�ú�QPH�EHFHULOHUL�LOH�
ELOLPVHO� V�UHo�EHFHULOHUL�ROXPOX�\|QGH�JHOLúPLúWLU��$\UÕFD��EX�X\JXODPDODU� VRQXFXQGD�|÷UHQFLOHULQ� VLVWHPOHUL� DQOD\ÕúÕ�
JHOLúPLúWLU��6XOOLYDQ���������
� øúLWPH� HQJHOOL� |÷UHQFLOHU� LOH� \DSÕODQ� oDOÕúPDGD�� SUREOHP� o|]PH� EHFHULOHUL� LOH� GLOVHO� LIDGHOHUL� IDUN� HWPHOHULQL�
VD÷OD\DFDN�/(*2�/2*2�X\JXODPDODUÕ�JHOLúWLULOPLúWLU��%Hú�RWXUXPOXN�/(*2�/2*2�X\JXODPDVÕ�V�UHVLQFH�|÷UHQFLOHU�
NDPHUD� LOH� ND\ÕW� DOWÕQD� DOÕQPÕúWÕU�� +HU� RWXUXPGD� NDWÕOÕPFÕODU� /2*2� NRPXWODUÕ� YH� /(*2� \DSÕODUÕ� LOH� /(*2�/2*2�
DNWLYLWHVLQL� WDPDPODPÕúODU�� 9HULOHU� JUXS� oDOÕúPDVÕ� EHFHULOHUL�� GLO�� ]DPDQ� \|QHWLPL� YH� FLQVL\HW� WHPDODUÕ� DOWÕQGD� DQDOL]�
HGLOPLúWLU�� dDOÕúPDQÕQ� VRQXFXQGD�� |÷UHQFLOHULQ� JUXS� oDOÕúPDVÕQD� \|QHOLN� EHFHULOHUL�� GLO� EHFHULOHUL� YH� ]DPDQ� \|QHWLPL�
EHFHULOHUL� JHOLúPLú�� FLQVL\HWLQ� EHFHULOHULQ� JHOLúPHVLQH� HWNLVL� ROPDGÕ÷Õ� J|U�OP�úW�U�� $\UÕFD�� |÷UHQFLOHULQ� DNDGHPLN�
EHFHULOHULQLQ�JHOLúWLULOPHVL�LoLQ�JHUHNOL�RODQ�EHFHULOHUL�ND]DQGÕ÷Õ�J|U�OP�úW�U��0F'DQLHO���������
� %HLVVHU� WDUDIÕQGDQ� ������� JHUoHNOHúWLULOHQ� oDOÕúPDGD�� LON|÷UHWLP� G�]H\LQGH� oHúLWOL� \DúODUGD� |÷UHQFLOHULQ�
EXOXQGX÷X�VÕQÕIWD��/(*2�/2*2�WHNQRORMLVL�NXOODQDUDN�ELOJLVD\DU�NXOODQPD�HWNLQOL÷L�JHUoHNOHúWLULOPLúWLU��NÕ]�YH�HUNHN�
|÷UHQFLOHU��|÷UHWPHQLQ�WHúYLN�HGLFL�|÷UHQPH�VWUDWHMLVL�LOH�ELOJLVD\DU�PHUNH]OL�SUREOHP�o|]PH�HWNLQOLNOHULQL�\DSPÕúODUGÕU��
dDOÕúPDQÕQ� VRQXFXQGD�� NÕ]ODUÕQ� WHNQRORMLN� VÕQÕIODUGD� ELOJLVD\DU� WHNQRORMLVLQL� NXOODQPD\D� \|QHOLN� |]\HWHUOLNOHULQLQ�
|QHPOL�GHUHFH�DUWWÕ÷Õ�YH�DOJÕODUÕQÕQ�ROXPOX�\|QGH�JHOLúWL÷L�J|U�OP�úW�U��
� 0F:KRUWHU� ������� WDUDIÕQGDQ� JHUoHNOHúWLULOHQ� oDOÕúPDGD�� �QLYHUVLWH� ELOJLVD\DU� SURJUDPFÕOÕ÷Õ� GHUVLQGHNL�
X\JXODPDGD�|]G�]HQOH\LFL�|÷UHQPH�LOH�/(*2�0LQGVWRUPV�5RERWLF�DNWLYLWHOHUL�DUDVÕQGDNL�|÷UHWPH�LOH�LOJLOL�ED÷ODQWÕODUÕ�
DoÕNODPDN� DPDoODQPÕúWÕU�� %X� GR÷UXOWXGD� |÷UHQFLOHULQ� PRWLYDV\RQODUÕ�� |÷UHQPH� VWUDWHMLOHUL� YH� GHUVLQ� DPDoODUÕQÕ�
JHUoHNOHúWLUPHOHUL� LQFHOHQPLúWLU�� dDOÕúPDQÕQ� VRQXFXQGD� LNL� JUXS� DUDVÕQGD� DQODPOÕ� ELU� IDUNOÕOÕN� EXOXQDPDPÕúWÕU�� %X�
GXUXPXQ�VHEHEL�RODUDN��\HWHUVL]�VD\ÕGD�/(*2�PDO]HPHVLQLQ�YH�NXOODQÕODELOLU�URERWXQ�ROPDVÕ�YHULOPLúWLU��$QFDN��\DSÕODQ�
DQNHWH� J|UH� |÷UHQFLOHULQ� /(*2� DNWLYLWHOHUL� VÕUDVÕQGD� H÷OHQGLNOHUL�� /(*2� NXOODQDUDN� ELUoRN� |÷UHQPH� DUDFÕ� \D� GD�
HWNLQOL÷LQL� |÷UHQPH� RUWDPODUÕQGD� ELUoRN� \ROOD� NXOODQÕODELOHFH÷L� VRQXFXQD� XODúÕOPÕúWÕU�� $\UÕFD�� /(*2� �QLYHUVLWH�
G�]H\LQGH�ELOJLVD\DU�SURJUDPFÕOÕ÷Õ�GHUVL�|÷UHWLPL�LoLQ�HWNLOL�ELU�DUDo�ROGX÷X�J|U�OP�úW�U��
� <DSÕODQ� \DUÕ� GHQH\VHO� ELU� oDOÕúPDGD�� ���� ��� 6ÕQÕI� |÷UHQFLVL� LOH� �� D\OÕN� ELU� SURMH� JHUoHNOHúWLULOPLúWLU�� 3URMHGH�
/(*2�/2*2�X\JXODPDVÕ��GLMLWDO�KLND\H�DQODWÕPÕ�YH�PDUEOH�PD]H�R\XQX� WHNQRORMLOHULQLQ�NXOODQÕOPÕúWÕU��$UDúWÕUPDQÕQ�
VRQXFXQD� J|UH� |÷UHQFLOHULQ� �VW� G�]H\� HOHúWLUHO� G�ú�QPH� EHFHULOHULQLQ� ROXPOX� HWNLOHQGL÷L� YH� EX� �o� WHNQRORMLN� H÷LWLP�
ELULPLQLQ� NXOODQÕOPDVÕQÕQ� NDGÕQODUD�GDKD� oRN� ID\GD� VD÷ODGÕ÷Õ� J|U�OP�úW�U� �0RMLLFD�� �������3XOORFN� WDUDIÕQGDQ� �������
|÷UHQFLOHULQ� ELOLúVHO� \HWHQHNOHULQL� YH� RNXOD� \|QHOLN� WXWXPODUÕQÕ� LQFHOHPHN� LoLQ� /(*2�/2*2� ELOJLVD\DU� JUXEX� LOH�
NRQWURO� JUXEXQXQ� NXOODQÕOGÕ÷Õ� ELU� GHQH\VHO� oDOÕúPD� JHUoHNOHúWLULOPLúWLU�� dDOÕúPDQÕQ� VRQXFXQD� J|UH� GHQH\� YH� NRQWURO�
JUXSODUÕ�DUDVÕQGD�DQODPOÕ�ELU�IDUNOÕOÕN�oÕNWÕ÷Õ�J|U�OP�úW�U��%X�IDUNOÕOÕN�/(*2�/2*2�JUXEX�OHKLQHGLU��
� � �
7�UNL\H¶GHNL�(÷LWLP�g÷UHWLP�2UWDPODUÕQGD�/(*2�/2*2�8\JXODPDODUÕ��
�

'�Q\D� JHQHOLQGH� /(*2�/2*2� X\JXODPDODUÕ� oRN� \D\JÕQ� RODUDN� NXOODQÕOPDVÕQD� UD÷PHQ� 7�UNL\H¶GH� GXUXP�
D\QÕ� GH÷LOGLU�� <DSÕODQ� DODQ� \D]ÕQ� WDUDPDVÕ� VRQXFXQGD� oRN� D]� VD\ÕGD� 7�UNL\H¶GHNL� H÷LWLP�|÷UHWLP� RUWDPODUÕQGD�
JHUoHNOHúWLULOPLú� /(*2�/2*2� X\JXODPDVÕQD� UDVWODQÕOPÕúWÕU� �dD\ÕU�� ������� � /LWHUDW�UGH� /(*2� LOH� LOJLOL� \DSÕOPÕú�
oDOÕúPDODU�EXOXQPDVÕQD�UD÷PHQ��H÷LWLP�|÷UHWLP�RUWDPODUÕQGD�/(*2�NXOODQÕODUDN�JHUoHNOHúWLULOHQ�ELU�ELOLPVHO�oDOÕúPD\D�
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UDVWODQÕODPDPÕúWÕU��$QFDN��/2*2�SURJUDPODPD�GLOLQLQ�NXOODQÕOGÕ÷Õ�ELUoRN�oDOÕúPD\D�UDVWODQÕOPÕúWÕU� �%DNL�YH�g]SÕQDU��
������dDWDOR÷OX�YH�%DúHU��������.DUDNÕUÕN�YH�'XUPXú��������<L÷LW�YH�$NGHQL]��������<L÷LW�YH�.XUQD]����������

7�UNL\H¶GHNL� H÷LWLP�|÷UHWLP� RUWDPODUÕQGDNL� /(*2�/2*2� X\JXODPDVÕ� RODQ� oDOÕúPDGD�� /(*2�/2*2� LOH�
GHVWHNOHQPLú�|÷UHQPH�RUWDPÕQÕQ� LON|÷UHWLP����6ÕQÕI� |÷UHQFLOHULQLQ�ELOLPVHO� V�UHo�EHFHULVL� YH�EHQOLN� DOJÕVÕ� �]HULQGHNL�
HWNLOHUL� LQFHOHQPLú�� /(*2�/2*2� LOH� GHVWHNOHQPLú� |÷UHQPH� RUWDPÕQÕQ� |÷UHQFLOHULQ� JHOLúLPL� LoLQ� |QHPOL� RODQ� EHQOLN�
DOJÕVÕ� YH�ELOLPVHO� V�UHo�EHFHULVL� �]HULQGH�ROXPOX� HWNLOHUL� EXOXQGX÷X� J|U�OP�úW�U� �dD\ÕU�� �������7�UNL\H¶GHNL� H÷LWLP�
|÷UHWLP�HWNLQOL÷L�RODUDN�JHUoHNOHúWLULOPLú�EDúND�ELU�/(*2�/2*2�X\JXODPDVÕQD�UDVWODQÕODPDPÕúWÕU��$QFDN�������\ÕOÕQGD�
SLORW� X\JXODPD\OD� EDúOD\ÕS� ����� \ÕOÕQGD� W�P� G�Q\DGD� ³)LUVW� /HJR� /HDJXH´� �)//�� LVLPOL� ELU� \DUÕúPD�
JHUoHNOHúWLULOPHNWHGLU� �)LUVW� /(*2� /HDJXH��� %X� \DUÕúPD� NDSVDPÕQGD� HQ� ID]OD� ��� |÷UHQFL� YH� ELU� WDNÕP� NRoX� YH�
GDQÕúPDQÕQGDQ� ROXúDQ� JUXSODU� URERW� R\XQX� YH� ELU� SURMH� JHUoHNOHúWLUHUHN� YH� )//� WHPHO� GH÷HUOHULQH� VDKLS� oÕNDUDN�
\DUÕúÕUODU��

)//� URERW� R\XQXQGD� WDNÕPODU� EHOOL� J|UHYOHU� \DSDFDN� RWRQRP� ELU� URERW� PH\GDQD� JHWLULUOHU� YH� RQX�
SURJUDPODUODU��3URMHGH�LVH�WDNÕPODU��R�\ÕO�EHOLUOHQHQ�WHPD\D�X\JXQ�RODUDN�LU�VRUXQ�WDQÕPOD\ÕS��DUDúWÕUPD�\DSÕS��o|]�P�
�UHWLS�� SD\ODúÕPODUGD� EXOXQXUODU�� )//� WHPHO� GH÷HUOHUL� RODUDN� GD� |÷UHQFLOHULQ� WDNÕP� oDOÕúPDODUÕQD� EDNÕOPDNWDGÕU�� %X�
oDOÕúPDODU� WDNÕP�NRoX� YH�GDQÕúPDQÕ� UHKEHUOL÷LQGH�|÷UHQFLOHU� WDUDIÕQGDQ� KD]ÕUODQPDNWDGÕU��%�W�Q�EX� oDOÕúPD�ER\XQFD�
|÷UHQFLOHU�ELOLP�YH�WHNQRORMLQLQ�\DúDPD�ROXPOX�NDWNÕODUÕQÕ�GDKD�L\L�DQODUODU�YH�DúD÷ÕGDNL�EHFHULOHUL�HOGH�HGHUOHU��%LOLP�
.DKUDPDQODUÕ���������

x .DWÕOÕPFÕ�WDNÕP�oDOÕúPDVÕ�
x $UDúWÕUPD�EHFHULVL�
x %H\LQ�IÕUWÕQDVÕ�EHFHULVL�
x 7DUWÕúPD�EHFHULVL�
x 2UWDN�o|]�P�EHFHULVL�
x øOHWLúLP�EHFHULVL�
x 6XQXP�EHFHULVL�
����� \ÕOÕQGDQ� EX� \DQD� JHUoHNOHúWLULOHQ� \DUÕúPD\D� ����� \ÕOÕQGD� 7�UNL\H¶GH� GDKLO� ROPXúWXU� YH� EX� \ÕO� \DUÕúPD�

7�UNL\H¶GHNL� ��� \DUÕúPD� JHUoHNOHúWLULOPLúWLU�� +HU� \ÕO� oHúLWOL� GHYOHW� RNXOODUÕ�� |]HO� RNXOODU� YH� oHúLWOL� |÷UHQFL� YDNÕI� YH�
NXO�SOHULQGHQ� )//¶\H� NDWÕOPDN� LVWH\HQOHU� WDNÕPODUÕQÕ� NXUDUDN� \DUÕúPDODUD� NDWÕOPDNWDGÕU�� 7�UNL\H¶GH� H÷LWLP�|÷UHWLP�
RUWDPODUÕQGD�JHUoHNOHúWLULOHQ�/(*2�/2*2�X\JXODPDODUÕQÕQ�D]OÕ÷ÕQGDQ�GROD\Õ�EX�\DUÕúPDQÕQ�JHUoHNOHúWLULOPHVL�YH�\DUÕúPD\D�
HWNLQ�NDWÕOÕPODUÕQ�VD÷ODQPDVÕ�|÷UHQFLOHULQ�JHOLúPHVLQH�NDWNÕODU�VD÷OD\DFD÷ÕQGDQ�|W�U��|QHP�DU]�HWPHNWHGLU��
�
6RQXo�YH�7DUWÕúPD��
�
� /(*2�/2*2� |÷UHQPH� RUWDPODUÕ� WDPDPHQ� |÷UHQFL� PHUNH]OLGLU� YH� KHP� NHQGL� NHQGLOHULQH� YH� NHQGL� |÷UHQPH�
KÕ]ODUÕQGD�|÷UHQPHOHUL�KHP�GH�JUXS�oDOÕúPDVÕ\OD�|÷UHQPHOHUL�DoÕVÕQGDQ�HWNLOL�RUWDPODUGÕU��$NoD\��$\GR÷GX��<ÕOGÕUÕP��
YH� ùHQVR\�� ������� $\UÕFD� JUXS� oDOÕúPDVÕ� \DSÕODUDN� JHUoHNOHúWLULOHQ� HWNLQOLNOHU� LOH� |÷UHQFLQLQ� LúELUOLNOL� oDOÕúPD�
EHFHULOHULQLQ�JHOLúPHVLQH�NDWNÕODU�VD÷OD\DFD÷Õ�V|\OHQHELOLU��
� /(*2�/2*2�RUWDPÕ�|÷UHQFLOHU�LoLQ�NRQIRUOX��H÷OHQFHOL�YH�NHQGLOHULQL�UDKDW�KLVVHWWLNOHUL�ELU�RUWDPGÕU��-DUYLQHQ��
������� 6ÕQÕI� RUWDPÕQGD� /(*2�/2*2� X\JXODPDODUÕ� JHUoHNOHúWLULOHUHN� VÕQÕIODUÕ� QRUPDO� ELU� VÕQÕI� KDYDVÕQGDQ� NXUWDUÕS��
|÷UHQFLOHULQ�NHQGLOHULQL�GDKD�UDKDW�KLVVHWWLNOHUL�YH�|÷UHQLUNHQ�H÷OHQGLNOHUL�RUWDPODU�RUWD\D�NRQDELOLU��
� 8\JXODPD� ER\XQFD� NRQWURO�Q� |÷UHQFLGH� ROPDVÕ� YH� W�P� V�UHo� ER\XQFD� |÷UHQFLQLQ� DNWLI� URO� �VWOHQPHVLQGHQ�
GROD\Õ�� /(*2�/2*2� X\JXODPDODUÕ� |÷UHQFLOHULQ� DQODPDNWD� J�oO�N� oHNWLNOHUL� NDYUDPODUÕ� ]LKLQOHULQGH� GDKD� NROD\�
\DSÕODQGÕUPDODUÕQÕ�VD÷ODPDNWDGÕU� �.DUDPXVWDIDR÷OX��$\GÕQ��YH�g]PHQ��������dD\ÕU���������'ROD\ÕVÕ\OD�EX�HWNLQOLNOHU�
IDUNOÕ� |÷UHQPH� HWNLQOLNOHUL� LOH� ELUOLNWH� VXQXODUDN� VÕQÕID� WDúÕQDELOLU�� %|\OHFH� |÷UHQFLOHULQ� \HQL� |÷UHQGLNOHUL� ELOJLOHUL�
\DSÕODQGÕUPDVÕ�YH�|÷UHQPHQLQ�NDOÕFÕ�ROPDVÕ�\|Q�QGH�HWNLOL�X\JXODPDODU�JHUoHNOHúWLULOHELOLU��
� /(*2�/2*2�X\JXODPDODUÕ� LOH�|÷UHQFLOHU� IDUNOÕ� WHNQRORMLOHULQ�ELU�DUDGD�NXOODQÕOPDVÕ\OD�JHUoHNOHúHQ�HWNLQOLNOHU�
ROGX÷X� LoLQ� |÷UHQFLOHULQ� SUREOHP� o|]PH� EHFHULOHULQLQ� JHOLúPHVLQH� NDWNÕODU� VD÷ODPDNWDGÕU� �(UEDú�� ������� /LQGK� YH�
+ROJHUVVRQ� WDUDIÕQGDQ� ������� \DSÕODQ� DUDúWÕUPD\D� J|UH� SUREOHP� o|]PH\H� \|QHOLN� HWNLQOLNOHUL� VHYHQ� |÷UHQFLOHULQ�
EDúDUÕODUÕQGD� DUWPD� ROGX÷X� J|U�OP�úW�U�� %X� EDNÕPGDQ� /(*2�/2*2� X\JXODPDODUÕQÕQ� H÷LWLP�|÷UHWLP� RUWDPODUÕQGD�
NXOODQÕOPDVÕQÕQ� |÷UHQFLOHULQ� EDúDUÕODUÕQÕ� GD� ROXPOX� \|QGH� HWNLOH\HFH÷L� V|\OHQHELOLU�� $\UÕFD�� EX� HWNLQOLNOHU� VD\HVLQGH�
RUWD\D�oÕNDQ�|÷UHQPH�RUWDPODUÕ� LOH�GH�|÷UHQFLOHULQ�\DUDWÕFÕNODUÕQÕQ�JHOLúPHVLQH�ROXPOX�\|QGH�HWNLOHQPHNWHGLU� �øúPDQ��
��������
� /(*2�/2*2�DNWLYLWHOHUL�LOH�|÷UHQFLOHU�NHQGL�|÷UHQPHOHULQGHQ�VRUXPOX�KDOH�JHOPHNWHGLUOHU�YH�NHQGL�NHQGLOHULQH�
|÷UHQHFHNOHULQGHQ� GROD\Õ� GDKD� DQODPOÕ� |÷UHQPHOHU� VD÷ODQPDNWDGÕU� �+LOWXQHQ� YH� -DUYLQHQ�� ������� 6XOOLYDQ� WDUDIÕQGDQ�
������� \DSÕODQ� DUDúWÕUPDQÕQ� VRQXFXQD� J|UH� H÷LWLP�|÷UHWLP� RUWDPODUÕQGD� /(*2�/2*2� X\JXODPDODUÕQÕQ� |÷UHQFLOHUH�
VXQGX÷X�DYDQWDMODUÕ�úX�úHNLOGH�VÕUDODPÕúWÕU��

x =HQJLQ�DUDoODUÕQ�ROGX÷X�ELU�RUWDP��
x $QÕQGD�JHUL�ELOGLULP�RODQD÷Õ�
x 6ÕQÕUODQGÕUÕOPDPÕú�YH�JHQLúOHWLOPLú�VRUJXODPD�LOH�KHU�úH\L�WHVW�HWPH�LPNDQÕ�
x 6�UHNOL�RODUDN�WHVW�HWPH�LPNDQÕ�VXQPDVÕQGDQ�GROD\Õ�NROD\FD�KDWD�D\ÕNODPD�RODQD÷Õ�

� (÷LWVHO� ELU� DUDo� RODUDN� /(*2�/2*2� X\JXODPDODUÕ� |÷UHQFLOHULQ� ELOLPVHO� SUHQVLSOHUL� GDKD� L\L� DQODPDODUÕQÕ�
VD÷ODPDN�LoLQ�|QHPOL�ELU�URO��VWOHQPHNWHGLU��&KDPEHUV��&DUERQD�YH�0XUUD\���������%X�X\JXODPDODU��|÷UHQFLOHUH�oHúLWOL�
IHQ�� PDWHPDWLN� YH� WDVDUÕP� DODQODUÕQGD� WDVDUÕP�� URERW� \DSÕPÕ� YH� SURJUDPODPD� \DSPD� RODQD÷Õ� VXQPDNWDGÕU�� $\UÕFD��
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|÷UHQFLOHU� ELOJLVD\DU� SURJUDPFÕOÕ÷Õ�� PHNDQLN� WDVDUÕP�� IL]LN�� PDWHPDWLN�� KDUHNHW�� oHYUHVHO� IDNW|UOHU� YH� LúELUOLNOL� JUXS�
RUWDPÕQGD�SUREOHP�o|]PH�NRQXODUÕQGD�\DUDWÕFÕNODUÕQÕ�NHúIHGHELOPHNWHGLUOHU��&KDPEHUV��&DUERQD�YH�5H[���������
� hONHPL]GH� )//� \DUÕúPDODUÕ� \DSÕOPDVÕQD� UD÷PHQ� KHQ�]� oRN� ID]OD� ELOLQPHPHNWHGLU�� %XQD� UD÷PHQ� HWNLOL�
NDWÕOÕPODUÕQ�VD÷ODQGÕ÷Õ�V|\OHQHELOLU��$QFDN��)//¶\H�NDWÕODQ�JUXSODU�GHYOHW�RNXOX�JUXSODUÕQGDQ�GDKD�oRN�|]HO�RNXOODU�YH�
YDNÕIODU� YH�|÷UHQFL� NXO�SOHULQLQ�ROXúWXUGX÷X�JUXSODUGÕU��'HYOHW� RNXOODUÕQÕQ�)//¶\H� NDWÕOPD�YH�KD]ÕUODQPD�NRQXVXQGD�
GHVWHNOHQPHVL�JHUHNPHNWHGLU�� �
� '�Q\DGD�oRN�\D\JÕQ�NXOODQÕPÕ�YH�ELUoRN�DYDQWDMÕ�ROPDVÕQD�NDUúÕQ�H÷LWLP�|÷UHWLP�RUWDPODUÕQGD�JHUoHNOHúWLULOHQ�
/(*2�/2*2�X\JXODPDODUÕ��ONHPL]GH�oRN�D]�VD\ÕGDGÕU��%X�VHEHSWHQ�GROD\Õ�RNXOODUGD�/(*2�/2*2�X\JXODPDODUÕQD�
\HU�YHULOHELOHFHN�RODQDNODUÕQ�VD÷ODQPDVÕ�YH�GHVWHNOHQPHVL�|÷UHQFLOHULQ�ELOLúVHO�YH�PRWRU�EHFHULOHULQLQ�ROXPOX�ELU�úHNLOGH�
JHOLúPHVL�VD÷ODQPDVÕ�DoÕVÕQGDQ�|QHULOPHNWHGLU��
� � �
.D\QDNoD��
�
$GDPV��%�7��YH�.HHQH��-�)����������Traction And Ballasting Experiments Using Lego MindStorms. $PHULFDQ�6RFLHW\�
)RU�(QJLQHHULQJ�(GXFDWLRQ�$QQXDO�&RQIHUHQFH�YH�([SRVLWLRQ��
�
$NoD\��6���$\GR÷GX��0���<ÕOGÕUÕP��+��ø���YH�ùHQVR\��g����������)HQ�(÷LWLPLQGH�øON|÷UHWLP����6ÕQÕIODUGD�dLoHNOL�%LWNLOHU�
.RQXVXQXQ�g÷UHWLPLQGH�%LOJLVD\DU�'HVWHNOL�g÷UHWLPLQ�g÷UHQFL�%DúDUÕVÕQD�(WNLVL��.DVWDPRQX�(÷LWLP�'HUJLVL���������
���������
�
%DNL��$��YH�g]SÕQDU��ø����������/RJR�'HVWHNOL�*HRPHWUL�g÷UHWLPL�0DWHU\DOLQLQ�g÷UHQFLOHULQ�$NDGHPLN�%DúDUÕODUÕQD�
(WNLOHUL�YH�g÷UHQFLOHULQ�8\JXODPD�øOH�øOJLOL�*|U�úOHUL��+DFHWWHSH�(÷LWLP�)DN�OWHVL�'HUJLVL���������������
�
%HLVVHU��6�5����������An Examination Of  Gender Differences In Elementary Constructionist Classrooms Using 
Lego/Logo Instruction. &ODVVURRP�,QWHJUDWLRQ�2I�7\SH�,,�8VHV�2I�7HFKQRORJ\�,Q�(GXFDWLRQ��
�
%LOLP�.DKUDPDQODUÕ�������������7�UNL\H�7XUQXYDODUÕ�����-�����³<DúODQDQ�1�IXVD�*HQo�d|]�POHU´�.Ro�(O�.LWDEÕ�����
.DVÕP������WDULKLQGH�%LOLP�.DKUDPDQODUÕ��KWWS���ZZZ�ELOLPNDKUDPDQODUL�RUJ�GRNXPDQ����NRFBHOBNLWDEL�SGI�
DGUHVLQGHQ�DOÕQGÕ�
�
&KDPEHUV��-�0���&DUERQD��0��YH�0XUUD\��+����������Developing Conceptual Understanding Of Mechanical Advantage 
Through The Use Of Lego Robotic Technology.�$XVWUDODVLRQ�-RXUQDO�2I�(GXFDWLRQDO�7HFKQRORJ\������������������
�
&KDPEHUV��-�0���&DUERQD��0��YH�5H[��0����������Scaffolding Knowledge Construction Through Robotic Technology: A 
Middle School Case Study.�(OHFWURQLF�-RXUQDO�)RU�7KH�,QWHJUDWLRQ�2I�7HFKQRORJ\�,Q�(GXFDWLRQ������������
�
dDWDOR÷OX��(��YH�%DúHU��0����������(÷LWLPGH�'HUEHVW�$oÕN�.D\QDN�.RGOX�<D]ÕOÕPODUÕQ�.XOODQÕOPDVÕ��.'(�gUQH÷L��
øON|÷UHWLP�2QOLQH��������
�
dD\ÕU��(����������Lego-/RJR�øOH�'HVWHNOHQPLú�g÷UHQPH�2UWDPÕQÕQ�%LOLPVHO�6�UHo�%HFHULVL�YH�%HQOLN�$OJÕVÕ�h]HULQH�
Etkisinin Belirlenmesi.�<�NVHN�/LVDQV�7H]L��$QNDUD��*D]L�hQLYHUVLWHVL�(÷LWLP�%LOLPOHUL�(QVWLW�V���
�
(UEDú��.��$����������Çoklu Gösterimlerle Problem Çözme ve Teknolojinin Rolü��7KH�7XUNLVK�2QOLQH�-RXUQDO�RI�
(GXFDWLRQDO�7HFKQRORJ\���������
�
)LUVW�/(*2�/HDJXH���WDULK�\RN���First LEGO League History�����.DVÕP������WDULKLQGH�)//��
KWWS���ILUVWOHJROHDJXH�RUJ�FKDOOHQJH�KLVWRU\�DGUHVLQGHQ�DOÕQGÕ�
�
+LOWXQHQ��-��YH�-DUYLQHQ��(����������Automation Technology In Elementary Technology Education. -RXUQDO�2I�,QGXVWULDO�
7HDFKHU�(GXFDWLRQ���������
�
øúPDQ��$����������g÷UHWLP�7HNQRORMLOHUL�YH�0DWHU\DO�*HOLúWLUPH��øVWDQEXO��'H÷LúLP�<D\ÕQODUÕ�
�
-DUYLQHQ��(����������The Lego-Logo Learning Environment in Technology Education: An Experiment In A Finnish 
Context. -RXUQDO�2I�7HFKQRORJ\�(GXFDWLRQ��������
�
.DUDNÕUÕN��(��YH�'XUPXú��6����������An Alternative Approach To Logo-Based Geometry.�7XUNLVK�2QOLQH�-RXUQDO�2I�
(GXFDWLRQDO�7HFKQRORJ\��������
�
.DUDPXVWDIDR÷OX��2���$\GÕQ��0���YH�g]PHQ��+����������%LOJLVD\DU�'HVWHNOL�)L]LN�(WNLQOLNOHULQLQ�g÷UHQFL�
.D]DQÕPODUÕQD�(WNLVL��%DVLW�+DUPRQLN�+DUHNHW�gUQH÷L��7KH�7XUNLVK�2QOLQH�-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\���������
�
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.RoR÷OX��d���YH�.|\PHQ��h����������g÷UHQFLOHULQ�+LSHURUWDP 7DVDUÕPFÕVÕ�2ODUDN�.DWÕOGÕ÷Õ�g÷UHQPH�dHYUHVLQLQ�
<DUDWÕFÕ�'�ú�QPH\H�(WNLVL��7KH�7XUNLVK�2QOLQH�-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\�����������
�
/LQGK��-��YH�+ROJHUVVRQ��+����������Does Lego Training Stimulate Pupils’ Ability To Solve Logical Problems.�-RXUQDO�
RI�&RPSXWHUV�YH�(GXFDWLRQ���������
�
0F'DQLHO��$�5����������How A Group of Elementary Deaf Students Interact With LEGO LOGO Activities: A Case 
Study. 'RNWRUD�7H]L��.QR[YLOOH��7KH�8QLYHUVLW\�RI�7HQQHVVHH��
�
0F:KRUWHU��:�,����������The Effectiveness of Using LEGO Mindstroms Robotic Activities To Influence Self-Regulted 
Learning In A University Introductory Computer Programming Course. 'RNWRUD�7H]L��8QLYHUVLW\�RI�1RUWK�7H[DV��
�
0RMLFD��.�'����������Ordered Effects Of Technology Education Units On Higher-Order Critical Thinking Skills Of 
Middle School Students. 'RNWRUD�7H]L��3DFH�hQLYHUVLWHVL��
�
0RUWHQVHQ��7��)����������LEGO History Timeline��.DVÕP����������WDULKLQGH�/(*2��KWWS���DERXWXV�OHJR�FRP�HQ�XV�OHJR�
JURXS�WKHBOHJRBKLVWRU\��DGUHVLQGHQ�DOÕQGÕ��
�
5HGLFN��0�%����������Math On A Sphere: Implementing A Programming Language For Learners.�<�NVHN�/LVDQV�7H]L��
8QLYHUVLW\�2I�&RORUDGR��
�
6XOOLYDQ��)�5����������Robotics And Science Literacy: Thinking Skills, Science Process Skills And Systems 
Understanding.�-RXUQDO�2I�5HVHDUFK�,Q�6FLHQFH�7HDFKLQJ������������������
�
7LDQ��<����������Simulation For LEGO Mindstorms Robotics.�<�NVHN�/LVDQV�7H]L��/LQFROQ�8QLYHUVLW\��
�
<L÷LW��1����������)L]LNWH�ELOJLVD\DU�'HVWHNOL�.XOODQÕP�'HUVLQH�\|QHOLN�%LU�5HKEHW 0DWHU\DO�*HOLúWLUPH�dDOÕúPDVÕ��
g÷UHWPHQ�(÷LWLPL�,,��9��8OXVDO�)HQ�%LOLPOHUL�YH�0DWHPDWLN�(÷LWLPL�6HPSR]\XPX��2'7h��$QNDUD��
�
<L÷LW��1��YH�$NGHQL]��$�5����������)L]LN�g÷UHWLPLQGH�%LOJLVD\DU�'HVWHNOL�(WNLQOLNOHULQ�g÷UHQFL�.D]DQÕPODUÕ�h]HULQH�
Etkisi: Elektrik 'HYUHOHUL�gUQH÷L��*D]L�hQLYHUVLWHVL�*D]L�(÷LWLP�)DN�OWHVL�'HUJLVL�����������������
�
<L÷LW��1��YH�.XUQD]��0�$����������%LOJLVD\DU�'HVWHNOL�%HQ]HúLP�9H�&DQODQGÕUPD�8\JXODPD�gUQHNOHULQLQ�(WNLOL�
g÷UHQPH�øOH�øOLúNLVL��g÷UHWPHQ�(÷LWLPL�,��9��8OXVDO�)HQ�%LOLPOHUL�9H�0DWHPDWLN�(÷LWLPL�.RQJUHVL��
�
�
�
�
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(/$67$6(�,1+,%,7,21�$1'�$17,2;,'$17�$&7,9,7,(6�2)�&2&2$�
32'�(;75$&7�

$]LOD��$�.����$]ULQD��$����
��3X]LDK��+����$PLQ��,���DQG�1XU�$]LODK��$���

��&RFRD�,QQRYDWLRQ�	�7HFKQRORJ\�&HQWUH��0DOD\VLDQ�&RFRD�%RDUG���
37�������1LODL�,QGXVWULDO�$UHD��������1LODL��1HJHUL�6HPELODQ��0DOD\VLD�

�
��'HSDUWPHQW�RI�1XWULWLRQ�DQG�'LHWHWLFV��)DFXOW\�RI�0HGLFLQH�DQG�+HDOWK�6FLHQFHV���

8QLYHUVLWL3XWUD�0DOD\VLD��������830�6HUGDQJ��6HODQJRU��0DOD\VLD�
�

�/DERUDWRU\�RI�+DODO�6FLHQFH�5HVHDUFK��+DODO�3URGXFWV�5HVHDUFK�,QVWLWXWH���
8QLYHUVLWL3XWUD�0DOD\VLD��������830�6HUGDQJ��6HODQJRU��0DOD\VLD�

�

FRUUHVSRQGLQJ�DXWKRU��7HO��������������������)D[�������������������

(PDLO��D]ULQD#PHGLF�XSP�HGX�P\��D]LHOD#NRNR�JRY�P\�
�
�

$%675$&7�
&RFRD�SRG��DQ�RXWHU�SDUW�RI�FRFRD�IUXLW� �7KHREURPD�FDFDR�� WKDW�EHLQJ�GLVFDUGHG� LQWR�SODQWDWLRQ�
IORRU�GXULQJ�H[WUDFWLRQ�RI�EHDQV�IRU�FRFRD�SURFHVVLQJ�� �3RRU�PDQDJHPHQW�RI� WKH�GLVFDUGHG�SRGV�
OHDGV�WR�SODQW�GLVHDVH�WR�FRFRD�IUXLWV�VXFK�DV�EODFN�SRG�GLVHDVH���,Q�WKLV�VWXG\��FRFRD�SRG�H[WUDFW�
ZDV� LQYHVWLJDWHG� IRU� LWV� DQWLR[LGDQW� SURSHUWLHV� �'33+�� )5$3� DQG� ȕ�FDURWHQH� EOHDFKLQJ� DVVD\V��
DQG�DQWL�ZULQNOHV�DFWLYLWLHV� �SRUFLQH�SDQFUHDV�HODVWDVH�DVVD\�� LQ� WKH� VHDUFK� IRU� LWV�DSSOLFDWLRQ�DV�
FRVPHFHXWLFDO�LQJUHGLHQWV��([FHOOHQW�DQWLR[LGDQW�SURSHUWLHV��(&���RI��������J�PO�E\�'33+�DVVD\��
(&��DW�������J�PO�E\�)5$3�DVVD\�DQG�(&���DW�������J�PO�E\�ȕ�FDURWHQH�EOHDFKLQJ�DVVD\��DQG�
KLJK�SRWHQWLDO�RI�HODVWDVH�LQKLELWLRQ��,&�� �������ZHUH�REVHUYHG�LQGLFDWLQJ�LWV�SRWHQWLDO�DV�DFWLYH�
LQJUHGLHQWV�IRU�DQWL�ZULQNOHV�SURGXFW��

�
,1752'8&7,21�
(ODVWLQ�IRUPV�H[WUDFHOOXODU�PDWUL[�VWUXFWXUH�ZLWK�FROODJHQ�VWUHQJWKHQV�WKH�GHUPDO�OD\HU�UHVXOWLQJ�VXSSOH�DQG�VPRRWK�VNLQ���
+RZHYHU��WKH�QDWXUDOO\�SUHVHQFH�RI�HODVWDVH��D�UHVSRQVLEOH�HQ]\PH��GHJUDGHV�WKH�HODVWLQ�ILEURXV�SURWHLQ�LQ�KXPDQ�ZKHQ�
DFWLYDWHG� E\�89� OLJKW� GXULQJ� H[SRVXUH� DQG� UHDFWLYH� R[\JHQ� VSHFLHV� �526��� � 7KH� FDSDELOLW\� RI� HODVWDVH� HQ]\PH�ZDV�
GHVFULEHG�H[WHQVLYHO\�E\�.LP��HW�DO�����������0XNKHUMHH��������DOVR�UHSRUWHG�RQ�PHFKDQLVP�RI�VNLQ�ZULQNOHV�IRUPDWLRQ�
DQG� UROH� RI� SODQW� ELRDFWLYH� FRPSRXQGV�� VXFK� DV� FDWHFKLQ�� HSLFDWHFKLQ� DQG� JDOOLF� DFLG�� DV� DQWL�ZULQNOHV� DJHQW���
3RO\SKHQROLF� VXEVWDQFHV� IURP� SODQWV� ZHUH� UHSRUWHG� WR� GHOD\� VNLQ� DJLQJ� E\� 526�� LQ�YLWUR� �5XWWHU�� HW� DO�� ������ DQG�
H[KLELWHG� 89�UDGLDWLRQ� SURWHFWLRQ� �1LFKROV� DQG� .DWL\DU�� ������7KHVH� FRPSRXQGV� KDYH� KLJK� DQWLR[LGDQW� DFWLYLW\� DV�
UHSRUWHG� E\� (YDQV� DQG� -RKQVRQ� ������� DV� SKHQROLF� FRPSRXQGV� VXFK� DV� FDWHFKLQ�� HSLFDWHFKLQ�� TXHUFHWLQ� DQG�
NDHPSIHUROKDG�UHGXFHG�R[LGDWLYH�VWUHVV� UHODWHG�HIIHFWV� VXFK�DV� VNLQ�ZULQNOHV�DQG�SKRWRDJLQJ��-XQJ��HW�DO��������7KXV�
DQWLR[LGDQW� DFWLYLW\� RI� SODQW� SKHQROLF� H[WUDFW� RIIHUV� DQ� DOWHUQDWLYH� VRXUFH� RI� LQJUHGLHQWV� LQ� SURGXFLQJ� QDWXUDO� DQWL�
ZULQNOHV�FUHDP��%DXPDQQ��������0DVDNL���������
�
,Q� FRFRD�SURFHVVLQJ�SODQW�� DEXQGDQW� RI�ZDVWH� LV� FUHDWHG�ZKLFK� FDQ�EH� WXUQHG� LQWR� YDOXH�DGGHG� HQG�SURGXFWV�� � ,W�ZDV�
HVWLPDWHG� WKDW� RQO\� ���� IURP� WRWDO� ZHLJKW� RI� IUHVK� FRFRD� IUXLWV� ZHUH� XVHG� WR� SURGXFH� FRFRD� EHDQV� IRU� FRFRD� DQG�
FKRFRODWH�SURFHVVLQJ�� �2WKHU�SDUWV�� LQFOXGLQJ�WKH�SRGV��DUH�GLVFDUGHG���+RZHYHU��GHVSLWH�RI�EHLQJ�WKURZQ�DZD\��FRFRD�
SRGV� KDV� EHHQ� XVHG� DV� VRXUFHV� RI� IHUWLOL]HU�� DQLPDO� IHHG� DQG� SURGXFWLRQ� RI� DFWLYDWHG� FDUERQ� �)LVDO�� ������� � 2WKHU�
SRWHQWLDO�XVHV�RI�FRFRD�SRGV�LV�LQ�SURGXFLQJ�JXP��6DPXHO���������SRWDVK�LQ�VRDS�PDNLQJ�DV�ZHOO�DV�FRORUDQW��)LJXHLUD��
HW� DO�� ������ $]LOD�� ������� � 9ULHVPDQQ� HW� DO�� ������� UHSRUWHG� WKDW� FRFRD� SRGV� FRQWDLQHG� ����±����� PJ� JDOOLF� DFLG�
HTXLYDOHQW�RI� VROXEOH�SKHQROLF��������FDUERK\GUDWH���������OLJQLQ��������VXJDUV�������SURWHLQ�DQG�������PLQHUDOV���
6LPLODU�DPRXQW�RI� WRWDO�SKHQROLF�FRQWHQW� �����������PJ�JDOOLF�DFLG�HTXLYDOHQW�J�H[WUDFW��ZDV�UHSRUWHG�E\�$]LOD�HW�DO��
�����D��ZLWK�WRWDO�IODYRQRLG�FRQWHQW�RI�����������PJ�UXWLQ�HTXLYDOHQW�J�H[WUDFW���7KXV��FRFRD�SRG�H[WUDFW�FDQ�EH�XVHG�
DV�D�QHZ�VRXUFH�RI�DFWLYH�LQJUHGLHQWV�LQ�PDNLQJ�FRVPHFHXWLFDO��IXQFWLRQDO�FRVPHWLF��SURGXFW���+HQFH��DQ�LQYHVWLJDWLRQ�
WKDW�WXUQ�SODQW�ZDVWH�LQWR�D�QHZ�YDOXH�DGGHG�SURGXFW�LV�ZRUWK�FDUULHG�RXW�E\�ILUVW�LGHQWLI\LQJ�WKH�DQWLR[LGDQW�DQG�HODVWDVH�
LQKLELWLRQ�SURSHUWLHV�RI� WKH�FRFRD�SRG�H[WUDFW�XVLQJ� LQ�YLWUR�PHWKRGV��SULRU� WR� IRUPXODWLRQ�RI�D�FRVPHFHXWLFDO�SURGXFW�
VXFK�DV�IRU�DQWL�ZULQNOH�HIIHFW��
�
0$7(5,$/6�$1'�352&('85(6�
6DPSOH�SUHSDUDWLRQ�
5LSH� FRFRD�SRG�ZDV� FROOHFWHG� UDQGRPO\� IURP�&RFRD�5HVHDUFK�	�'HYHORSPHQW�&HQWUH� LQ� -HQJND��3DKDQJ��0DOD\VLD��
GXULQJ�H[WUDFWLRQ�RI�EHDQV�IRU�IHUPHQWDWLRQ���7KH�SRG�ZDV�ULQVHG�ZLWK�ZDWHU�DQG�FKRSSHG�LQWR��FP����7KH�FKRSSHG�SRG�
ZDV�WKHQ�GULHG�XQGHU�VXQOLJKW�DQG�JURXQG�WR��PP�PHVK�VL]H�� �$IWHU�VLHYHG���J�RI�SRZGHU�IRUP�VDPSOH�ZDV�H[WUDFWHG�
XVLQJ���PO�RI� DTXHRXV� HWKDQRO� �����Y�Y��+PEJ��� IRU� ���PLQXWHV� DW� ��R&� LQ�ZDWHU� EDWK� VKDNHU� ����USP��� �'HFDQWHG�
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SRUWLRQ� ZDV� ILOWHUHG�� HYDSRUDWHG� XQWLO� GU\QHVV� DQG� ZHLJKHG�� � 7KH� H[WUDFW� ZDV� UH�GLVVROYHG� LQ� HWKDQRO� SULRU� WR� VHULDO�
GLOXWLRQ�RI�����������J�PO�IRU�GHWHUPLQDWLRQ�RI�DQWLR[LGDQW�DQG�HODVWDVH�LQKLELWLRQ�SURSHUWLHV��
�
'33+�VFDYHQJLQJ�DVVD\�DQG�(&���
$QWLR[LGDQW� DFWLYLW\� E\� ����GLSKHQ\O���SLFU\OK\GUD]\O� �'33+�� &��+�1�2��� $OGULFK�� 0:� ������J�PRO�DVVD\� DV�
GHVFULEHG� E\� 3DWLO�HW� DO�� �������.LP�� HW� DO�� ��������0XVWDID�HW� DO�� �������� .LP�� HW� DO�� ������� ZDV� LPSOHPHQWHG� ZLWK�
PRGLILFDWLRQV�� � ,Q�EULHI�� WKH�'33+�VWRFN�VROXWLRQ�ZDV�SUHSDUHG�E\�GLVVROYLQJ����0�RI�'33+�LQ�HWKDQRO�� �6ROXWLRQ�RI�
'33+�ZDV�PDGH�E\�GLOXWLQJ����PO�RI�'33+�VWRFN�VROXWLRQ�ZLWK��PO�HWKDQRO�DQG����PO�'062���7KHQ������O�RI�'33+�
VROXWLRQ�ZDV�DGGHG� WR����O�VDPSOH�DW�GLIIHUHQW�FRQFHQWUDWLRQ��VKDNH�DQG� OHIW� LW� WR� UHDFW� IRU�DW� OHDVW����PLQXWHV�EHIRUH�
PHDVXULQJ� WKH� DEVRUEDQFH� DW� ���QP�� � *DOOLF� DFLG� VWDQGDUG� ZDV� XVHG� DV� SRVLWLYH� FRQWURO�� � %ODQN� ZDV� HWKDQRO� ZLWK�
DGGLWLRQ�RI�'33+�VROXWLRQ��/HH��HW�DO�����������&DOFXODWLRQ�RI�(&����WKH�FRQFHQWUDWLRQ�QHHGHG�WR�UHGXFH�'33+�E\������
ZDV� REWDLQHG� XVLQJ� OLQHDU� UHJUHVVLRQ� �0DU[HQ�� HW� DO��� ������ RQ� WKH� JUDSK� SORWWHG� RI� WKH� UHPDLQLQJ�'33+�SHUFHQWDJH�
YHUVXV� FRQFHQWUDWLRQ� UDWLR�RI� VDPSOH� WR�'33+�� �6PDOO� YDOXH�(&��� LQGLFDWHV� ORZ�FRQFHQWUDWLRQ�RI� VDPSOH� UHTXLUHG� WR�
H[KLELW�DQWLR[LGDQW�DFWLYLW\�E\�WKH�DVVD\��
�
)5$3�DVVD\�DQG�(&��
0HWKRG�RI�FRQGXFWLQJ�)5$3�DVVD\�IRU�FRFRD�SRG�H[WUDFW�ZDV�FDUULHG�RXW�ZLWK�PRGLILFDWLRQ�RI�PHWKRG�IURP�%HQ]LH�DQG�
6WUDLQ� �������� 6]ROORVL�� HW� DO���������.DWDOLQLF�� HW� DO�� ��������$UQRXV�� HW� DO�� �������� 3XOLGR�� HW� DO�� ��������%XE�� HW� DO��
�������� � ,Q�EULHI�� IHUULF� FKORULGH� VROXWLRQ�ZDV�PDGH�E\�GLVVROYLQJ���P0�RI�)HUULF� FKORULGH� LQ���P0�FLWULF� DFLG�ZLWK�
GLVWLOOHG� ZDWHU�� � 737=� VROXWLRQ� ZDV� SUHSDUHG� E\� GLVVROYLQJ� �� P0� RI� 737=� LQ� ����0� K\GURFKORULF� DFLG�� � 6WDQGDUG�
FDOLEUDWLRQ�FXUYH�ZDV�REWDLQHG�E\�GLIIHUHQW�FRQFHQWUDWLRQ�RI�)H62���+�2������±�����P0)H��,,�����7R�PHDVXUH�WKH�)5$3�
YDOXH����ȝO�RI�VDPSOH�RU�VWDQGDUG�ZDV�DGGHG�WR�����ȝO�RI�737=�VROXWLRQ�DQG�PHDVXUH�DW����QP�IRU�LQLWLDO�UHDGLQJ�XVLQJ�
PLFUR�SODWH� UHDGHU�� �)HUULF� FKORULGH� VROXWLRQ� ���ȝO��ZDV� DGGHG� DQG�PHDVXUHPHQW�ZDV� FDUULHG�RXW� DW� LPPHGLDWH�� �7KH�
VDPSOH�ZDV�LQFXEDWHG�IRU����PLQXWHV�������R&��ZLWK�LQWHUYDO�PHDVXUHPHQW�IRU�����PLQXWHV���7KH�UHVXOW�ZDV�FRPSDUHG�
ZLWK� JDOOLF� DFLG� DQG� DVFRUELF� DFLG�� �(&�� LV� HTXLYDOHQW� FRQFHQWUDWLRQ����ZKHUH� HTXLYDOHQW� FRQFHQWUDWLRQ�RI� WKH� H[WUDFW�
ZLWK�UHGXFLQJ�DELOLW\�HTXLYDOHQW�WR���PPRO�)H��,,��/��H[SUHVVHG�DV��J�PO��3XOLGR��HW�DO����������+LJKHU�YDOXH�LQGLFDWHG�
ORZHU�DQWLR[LGDQW�DFWLYLW\��ZKLFK�PHDQV�KLJK�FRQFHQWUDWLRQ�RI�H[WUDFW�ZDV�QHHGHG�WR�UHGXFH���PRO�RI�)H��,,,��WR�)H��,,��
UHIHUULQJ�WR�WKH�PHFKDQLVP�RI�DQWLR[LGDQW�FRPSRXQG�WR�)5$3�DVVD\��
�
Ǻ�FDURWHQH�EOHDFKLQJ�DVVD\�DQG�(&���
7KLV�DVVD\�ZDV�FDUULHG�RXW�XVLQJ�PHWKRG�E\�2WKPDQ��HW�DO����������)XNXPRWR��HW�DO����������5RGULJXHV��HW�DO����������
-D\DSUDNDVKD�� HW� DO�� ��������ZLWK� VRPH�PRGLILFDWLRQV�� �6ROXWLRQ�RI�ȕ�FDURWHQH�ZDV�SUHSDUHG�E\�GLVVROYLQJ��PJ�RI�ȕ�
FDURWHQH� SRZGHU� �03�%LRPHGLFDOV�� //&�� LQ� ����O� FKORURIRUP�� � ,PPHGLDWHO\�� ���PO� RI� OLQROHLF� DFLG� �6$)&�6LJPD�
$OGULFK��ZDV�DGGHG�IROORZHG�E\��PO�RI�7ZHHQ�����0HUFN����7KHQ����PO�RI�GLVWLOOHG�ZDWHU�ZDV�DGGHG�DQG�WKH�PL[WXUH�
ZDV�YRUWH[�YLJRURXVO\�XQWLO� WKH� HPXOVLRQ� WXUQ� LQWR� FOHDU� VROXWLRQ�� � ,Q����ZHOO�PLFUR�SODWH�� ���O�RI� GLOXWHG� VDPSOH� RU�
VWDQGDUG� ZDV� SLSHWWHG� DQG� DGGHG� ZLWK� ����O� RI� ȕ�FDURWHQH� VROXWLRQ�� �0HDVXUHPHQW� ZDV� FDUULHG� RXW� DW� ���QP� DIWHU�
LQFXEDWLRQ�DW���R&�IRU����PLQXWHV�� �0RQLWRULQJ�RI�WKH�GHJUDGDWLRQ�ZDV�FDUULHG�RXW�DW�DQ�LQWHUYDO�RI����PLQXWHV�IRU�DW�
OHDVW� �� KRXUV� RU� ORQJHU� WR� GHWHUPLQH� WKH� GHJUDGDWLRQ� UDWH�� � 'HJUDGDWLRQ� UDWH� �'5�� ZDV� FDOFXODWHG� E\� WKH� IROORZLQJ�
HTXDWLRQ�� '5�  � >OQ� �D�E�@�W�� ZKHUH�� D� LV� LQLWLDO� DEVRUEDQFH� DW� WLPH� ��� E� LV� DEVRUEDQFH� DW� WLPH� W� DQG� W� LV� WLPH� RI�
PHDVXUHPHQW�� �7KH�DQWLR[LGDQW�DFWLYLW\�E\�ȕ�FDURWHQH�EOHDFKLQJ�DVVD\�ZDV�FDOFXODWHG�DV�DQWLR[LGDQW�DFWLYLW\��$$��� �
>�'5&�±�'56��'5&@�[�����ZKHUH�'5&�LV�GHJUDGDWLRQ�UDWH�RI�FRQWURO�DQG�'56�LV�GHJUDGDWLRQ�UDWH�RI�VDPSOH�RU�VWDQGDUG���
(IIHFWLYH� FRQFHQWUDWLRQ� DW� ���� �(&���� LV� FRQFHQWUDWLRQ� RI� H[WUDFW� QHHGHG� WR� H[KLELW� ���� DQWLR[LGDQW� DFWLYLW\� DQG�
REWDLQHG� E\� SORWWLQJ� JUDSK� RQ� DQWLR[LGDQW� DFWLYLW\� YHUVXV� FRQFHQWUDWLRQ� UDWLR� RI� VDPSOH� WR� ȕ�FDURWHQH�,Q� DGGLWLRQ��
EXW\ODWHG� K\GUR[\WROXHQH� �%+7��0:�������J�PRO��ZDV� XVHG� DV� VWDQGDUG�GXH� WR� LQHIIHFWLYH� JDOOLF� DFLG� DQG� DVFRUELF�
DFLG�DV�SRVLWLYH�FRQWURO�LQ�ȕ�FDURWHQH�EOHDFKLQJ�DVVD\���1HJDWLYH�FRQWURO�ZDV�HWKDQRO�VROXWLRQ�ZLWK�ȕ�FDURWHQH�VROXWLRQ��
�
(ODVWDVH�LQKLELWLRQ�DVVD\�DQG�,&���
6XEVWUDWH�1�6XFFLQ\O�$OD�$OD�$OD�S�QLWURDQLOLGH� �6$1$��6LJPD�$OGULFK��0:��������J�PRO��ZDV�XVHG� IRU� WKLV�DVVD\�
XVLQJ� PHWKRG� E\� /HH� DQG� &KRL� �������� 7KULQJ�� HW� DO�� �������� .LP�� HW� DO�� ��������0RRQ�� HW� DO�� �������� ZLWK� VHYHUDO�
PRGLILFDWLRQV���7KH�VXEVWUDWH��������P0��ZDV�GLVVROYHG�LQ��PO�RI�GLPHWK\OVXOIR[LGH��'062��0HUFN��DQG�GLOXWHG�ZLWK�
��PO� RI� DTXHRXV�PHWKDQRO� �����Y�Y�� DQG�+(3(6�EXIIHU� ����0��&DOELRFKHP��0:������J�PRO�� WR�PDNH� D� VXEVWUDWH�
VROXWLRQ�� � 3RUFLQH� SDQFUHDV� HODVWDVH� HQ]\PH� �33(�� 6LJPD�$OGULFK�� ZDV� GLVVROYHG� LQ� ZDWHU� DW� FRQFHQWUDWLRQ� RI�
�����J�PO���,Q����ZHOO�PLFUR�SODWHV�����O�RI�GLOXWHG�FRFRD�SRG�H[WUDFW�ZDV�SLSHWWHG�LQWR�ZHOO�ZLWK�DGGLWLRQ�RI����O�33(�
DQG� OHIW� IRU� ��� PLQXWHV� DW� ��R&�� � 7KH� VXEVWUDWH� VROXWLRQ� DW� ����O� ZDV� DGGHG� LQWR� ZHOO� DQG� PHDVXUHG� DW� ���QP�
ZDYHOHQJWK�IRU�LQLWLDO�PHDVXUHPHQW�IROORZHG�E\�LQFXEDWLRQ�DW���R&�IRU����PLQXWHV���5HDGLQJ�ZDV�PRQLWRUHG�DW�HYHU\���
PLQXWHV� IRU� ���PLQXWHV�� �*DOOLF� DFLG� DQG� DVFRUELF� DFLG� LQ� VHULDO� GLOXWLRQ�ZDV� XVHG� DV� SRVLWLYH� FRQWURO�� � ,QKLELWLRQ� RI�
HODVWDVH�ZDV�FDOFXODWHG�E\�WKH�IROORZLQJ��,QKLELWLRQ����� �>��%�$@�[������ZKHUH�$�LV�HQ]\PH�DFWLYLW\�ZLWKRXW�H[WUDFW�DQG�
%� LV�HQ]\PH�DFWLYLW\�ZLWK�H[WUDFW���,QKLELWLRQ�FRQFHQWUDWLRQ�DW������,&����ZDV�REWDLQHG�XVLQJ�OLQHDU�UHJUHVVLRQ�RQ�WKH�
JUDSK�SORWWHG�RI�LQKLELWLRQ�SHUFHQWDJH�YHUVXV�UDWLR�FRQFHQWUDWLRQ�RI�WKH�H[WUDFW�WR�HQ]\PH�FRQFHQWUDWLRQ��
�
6WDWLVWLFDO�DQDO\VLV�
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0LQLWDE�6RIWZDUH�YHUVLRQ������ZDV�XVHG�IRU�VWDWLVWLFDO�DQDO\VLV�ZKHUH�DSSURSULDWH���$OO�GDWD�ZHUH�H[SUHVVHG�DV�PHDQ���
VWDQGDUG�GHYLDWLRQ�� �7ZR�VDPSOHVW�WHVW�ZDV�XVHG� WR�YHULI\� WKH�GLIIHUHQFH�RI�YDOXH�REWDLQHG�IRU�VDPSOHV�DQG�VWDQGDUGV�
XVHG�LQ�WKLV�VWXG\���6LJQLILFDQW�GLIIHUHQFH�ZDV�FRQVLGHUHG�DW�S�OHYHO�RI��������
�
5(68/76�
'33+�VFDYHQJLQJ�DVVD\�DQG�(&���
3ULQFLSDOO\�� '33+� DVVD\� ZDV� XVHG� WR� PHDVXUH� WKH�
VFDYHQJLQJ�RI�VWDEOH�UDGLFDO�VSHFLHV�E\� DQWLR[LGDQWV�
�3XOLGR�� HW� DO�� ������� � 7KHUHIRUH��
GHWHUPLQDWLRQ� RI� VFDYHQJLQJ� HIIHFW� ZDV� FDUULHG�
RXW� WR� WKH� H[WUDFW� RI� FRFRD� SRG�� � $W� ����J�PO��
WKH� VFDYHQJLQJ� HIIHFW� RI� FRFRD� SRG� H[WUDFW� ZDV�
���������� ZKLFK�� KRZHYHU�� ZDV� VLJQLILFDQWO\�
ORZHU�WKDQ�JDOOLF�DFLG��������������
�

7R�XQGHUVWDQG�PRUH�RQ�WKH�DQWLR[LGDQW� DFWLYLW\�
XVLQJ� '33+� DVVD\�� HIIHFWLYH�
FRQFHQWUDWLRQ� ZDV� GHWHUPLQHG� �)LJXUH� ���� � ,W� ZDV�
LQGLFDWHG�WKDW�FRFRD�SRG�KDV�ORZ�(&�����$OWKRXJK�WKH�(&���YDOXH�ZDV�WZR�IROGV�OHVVHU�WKDQ�WKH�JDOOLF�DFLG��7DEOH�����LW�
H[KLELWHG� JRRG� DQWLR[LGDQW� DFWLYLW\�� � ,W� ZDV� VXJJHVWHG� WKDW� WKH� DQWLR[LGDQW� DFWLYLW\� LQ� FRFRD� SRG� H[WUDFW� ZDV� GXH� WR�
SUHVHQFH� RI� FRORU� SLJPHQWV�� � 7KH� SLJPHQWV� LQ� WKH� IUXLW� SRGV� FDQ� EH� WKH� UHVXOWV� RI� ELRDFWLYH� FRPSRXQGV� VXFK� DV�
FKORURSK\OO��FDURWHQRLGV�DQG�SKHQROLFV��/DQFDVWHU��������ZKLFK�FRQWULEXWHG�WR�WKH�REVHUYHG�DQWLR[LGDQW�DFWLYLW\����
�
)5$3�DVVD\�DQG�(&��
7KLV� DVVD\� LV� UHODWHG� WR� UHGXFLQJ� DELOLW\� RI� DQWLR[LGDQW� FRPSRXQG�
LQ�WKH�H[WUDFW�WR�WKH�IHUULF�LRQ��3ULRU��HW�DO����������)5$3� YDOXH� RI�
FRFRD�SRG�H[WUDFW�DW�����J�PO�ZDV�FRPSDUHG�ZLWK�JDOOLF� DFLG� DQG�
DVFRUELF� DFLG� �)LJXUH� ���� � ,W� ZDV� LQGLFDWHG� WKDW� DW� WKLV�
FRQFHQWUDWLRQ��������������PRO�)H��,,,��ZDV�UHGXFHG� WR� )H�,,�� LQ�
WKH� SUHVHQFH� RI� FRFRD� SRG� H[WUDFW�� ZKLFK� ZDV�
VLJQLILFDQWO\� ORZHU� WKDQ� JDOOLF� DFLG�� ������������PRO� )H�,,��/�
DQG�DVFRUELF�DFLG��������������PRO�)H�,,��/����
�
:KHQ�(&�ZDV�GHWHUPLQHG��WKH�UHVXOW�LQGLFDWHV�WKDW�FRFRD� SRG�

H[WUDFW�KDV�(&� ������J�PO���7KH�YDOXH�ZDV�HYHQ�ORZHU� LQ�
FRPSDULVRQ� ZLWK� JDOOLF� DFLG� DV� D� VWDQGDUG� �(&� ������PRO�/�� DV� ZHOO� DV� DVFRUELF� DFLG� �(&� ������J�PO��� � 7KLV�
UHYHDOHG�WKDW�FRFRD�SRG�H[WUDFW�KDV�JRRG�DQWLR[LGDQW�DFWLYLW\�E\�)5$3�DVVD\��
�
ȕ�FDURWHQH�EOHDFKLQJ�DVVD\�DQG�(&���
'HJUDGDWLRQ� UDWH� RI� ȕ�FDURWHQH� VROXWLRQ� LQ� WKH� SUHVHQFH� RI�
FRFRD�SRG�H[WUDFW��ODEHOOHG������DQG�JDOOLF�DFLG� DW�
FRQFHQWUDWLRQ� RI� ����J�PO� LV� DV� SORWWHG� LQ� )LJXUH� ����
$FFRUGLQJ� WR� 2WKPDQ�� HW� DO�� �������� ORZ� GHJUDGDWLRQ�
UDWH� RI� D� FRQWURO� LQGLFDWHV� D� UHODWLYHO\� KLJKHU� DQWL� R[LGDQW�
DFWLYLW\� RI� D� VDPSOH� LQ� SURWHFWLQJ� RLO�IDW� EDVHG� LQJUHGLHQWV���
,Q� WKLV� VWXG\�� JRRG� GHJUDGDWLRQ� UDWH� RI� FRFRD� SRG� H[WUDFW�
ZDV� H[KLELWHG� UHVXOWLQJ� WR� KLJK� DQWLR[LGDQW� DFWLYLW\� DW�
WKLV�FRQFHQWUDWLRQ���������������LQ�FRPSDULVRQ� ZLWK� JDOOLF�
DFLG� ��������������� DOWKRXJK� ORZHU� WKDQ�%+7�
���������������

)LJXUH����'HWHUPLQDWLRQ�RI�HIIHFWLYH�FRQFHQWUDWLRQ�DW�����XVLQJ�'33+�DVVD\�

)LJXUH����'HJUDGDWLRQ�UDWH�RI�E�FDURWHQH�LQ�WKH�SUHVHQFH�RI�FRFRD�SRG�
H[WUDFW��JDOOLF�DFLG�DQG�%+7�DW����XJ�PO�

)LJXUH����$QWLR[LGDQW�DFWLYLW\�XVLQJ�)5$3�DVVD\�DW�����J�PO�
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(IIHFWLYH�FRQFHQWUDWLRQ�RI�FRFRD�SRG�H[WUDFW�WR�LQKLELW�����GHJUDGDWLRQ�RI�ȕ�FDURWHQH��(&����ZDV�GHWHUPLQHG�DW�������
RU�������J�PO���7KLV�YDOXH�ZDV�ORZHU�WKDQ�FRQFHQWUDWLRQ�QHHGHG�IRU�JDOOLF�DFLG�VWDQGDUG�������J�PO��DOWKRXJK�KLJKHU�
WKDQ�%+7��7DEOH�����LQGLFDWLQJ�D�SURPLVLQJ�SRWHQWLDO�DV�DQWLR[LGDQW�DJHQW�E\�LQKLELWLRQ�RI�OLSLG�SHUR[LGDWLRQ��3XOLGR��HW�
DO����������,W�FDQ�EH�VXJJHVWHG�WKDW�WKH�DQWLR[LGDQW�DFWLYLW\�REVHUYHG�ZDV�FRQWULEXWHG�E\�QXPHURXV�FRPSRXQGV�WKDW�DFW�
V\QHUJLVWLFDOO\�LQ�WKH�FRFRD�SRG�H[WUDFW��
�
(ODVWDVH�LQKLELWLRQ�DVVD\�DQG�,&���
'XULQJ� UHDFWLRQ� RU� FOHDYDJH� RI� S�QLWURDQLOLGH� VXEVWUDWH�
ZLWK�HODVWDVH�� WKH� VXEVWUDWH�ZLOO�GHJUDGH� LQWR�S� QLWURDQLOLQH�
ZKLFK�LV�\HOORZ�LQ�FRORU�WKDW�FDQ�EH�PHDVXUHG�DW� ���QP���
7KHUHIRUH��IRU�\HOORZLVK�H[WUDFW� OLNH�FRFRD�SRG�� FRUUHFWLYH�
PHDVXUHPHQW� �DEVRUEDQFH� DW� ���QP� VXEWUDFWHG� VDPSOH� DQG�
VROYHQW�� PXVW� EH� FDUULHG� RXW� LQ� SDUDOOHO� ZLWK�
PHDVXUHPHQW� RI� HODVWDVH� DFWLYLW\� WR� DYRLG� IDOVH� SRVLWLYH�
UHVXOWV�� � )LJXUH� �� VKRZV� WKH� SHUFHQWDJH� LQKLELWLRQ�
RI� FRFRD� SRG� H[WUDFW� LQ� FRPSDULVRQ�ZLWK� JDOOLF� DFLG��
DVFRUELF� DFLG� DQG� %+7� VWDQGDUGV� DW�
FRQFHQWUDWLRQ� RI� ����J�PO�� � %+7� KDV� WKH� KLJKHVW�
HODVWDVH� LQKLELWLRQ� �������������� DFWLYLW\� DPRQJ� WKH�
WHVWHG� H[WUDFW� DQG� VWDQGDUGV�� � $OWKRXJK� ORZHU� WKDQ� %+7��
WKH� FRFRD� SRG� H[WUDFW� �������������� KDV�
VLJQLILFDQWO\� KLJKHU� HODVWDVH� LQKLELWLRQ� DFWLYLW\� ZKHQ�
FRPSDUHG�ZLWK�DVFRUELF�DFLG���������������DQG� JDOOLF� DFLG�
��������������DW�WKLV�FRQFHQWUDWLRQ��

�
7KH� LQKLELWLRQ� SHUFHQWDJH� RI� FRFRD� SRG� H[WUDFW� ZDV� FDOFXODWHG� XVLQJ� OLQHDU� UHJUHVVLRQ� REWDLQHG� IURP� WKH� JUDSK� RI�
LQKLELWLRQ� SHUFHQWDJH� YHUVXV� UDWLR� VDPSOHV� WR� 33(� FRQFHQWUDWLRQ� XVHG� LQ� WKLV� VWXG\�� � ,Q� WKLV� H[SHULPHQW�� WR� LQKLELW�
�����J�PO�33(�DFWLYLW\�DW������WKH�FRQFHQWUDWLRQ�RI�FRFRD�SRG�H[WUDFW�UHTXLUHG�ZDV��������J�PO��GRXEOHG�WKH�DVFRUELF�
DFLG���������J�PO��DQG�VLJQLILFDQWO\�KLJKHU� WKDQ�%+7��������J�PO��� �+RZHYHU�� WKH�FRQFHQWUDWLRQ�RI�HODVWDVH�HQ]\PH�
XVHG� LQ� WKLV� H[SHULPHQW� ZDV� KLJKHU� FRPSDUHG� WR� FRQFHQWUDWLRQ� XVHG� E\� .LP�� HW� DO� �������� .LP�� HW� DO� ��������
6KDVUDEXGKH�� HW� DO� �������� /HH� ������� DW� FRQFHQWUDWLRQ� RI� ��J�PO�� � $OVR�� GLIIHUHQW� FRQFHQWUDWLRQ� RI� VXEVWUDWH� ZDV�
XWLOL]HG�LQ�WKLV�VWXG\�������P0��ZKHUHDV�WKH�SUHYLRXVO\�PHQWLRQHG�VWXGLHV�ZHUH�XVLQJ����P0�RI�6$1$���7R�FRQVLGHU�
HTXLYDOHQW�FRPSDULVRQ�ZLWK�DYDLODEOH�HODVWDVH�LQKLELWLRQ�YDOXH�LQ�RWKHU�UHVHDUFK�ZRUNV��ZH�UHFRPPHQG�FDOFXODWLQJ�WKH�
,&��� YDOXH�E\�PXOWLSO\LQJ� YDOXH�REWDLQHG� DW� ,&���ZLWK� UDWLR�RI� ���P0�VXEVWUDWH� WR� FRQFHQWUDWLRQ�RI� VXEVWUDWH� LQ� WKLV�
H[SHULPHQW���7KHUHIRUH��DV�VKRZQ�LQ�7DEOH����WKH�FRFRD�SRG�H[WUDFW��,&�� �������LQKLELWHG�33(�DFWLYLW\�VLPLODU�WR�JDOOLF�
DFLG��,&�� ��������ZKLFK�ZDV�ORZHU�WKDQ�DVFRUELF�DFLG��,&�� �������DQG�%+7��,&�� ��������

7DEOH����(ODVWDVH�LQKLELWLRQ�DQG�DQWLR[LGDQW�SURSHUWLHV�RI�FRFRD�SRG�H[WUDFW�

6DPSOH�
(ODVWDVH� ȕ�FDURWHQH� '33+� )5$3�

,&���
&RQFHQWUDWLRQ�
��J�PO��DW�,&���

(&���
&RQFHQWUDWLRQ�
��J�PO��DW�(&���

(&���
&RQFHQWUDWLRQ�
��J�PO��DW�(&���

(&���J�PO��

3RG� ������ ������� ������ ������ ������ ������ ������
*DOOLF�DFLG� ������ ������� ������ ����� ������ ����� ������
%+7� ������ ������ ������ ����� �� �� ��

$VFRUELF�DFLG� ������ ������� �� �� �� �� ������
�
&21&/86,21�
(ODVWDVH�LQKLELWLRQ�DFWLYLW\�RI�FRFRD�SRG�H[WUDFW�ZDV�LQ�SURSRUWLRQ�WR�WKH�DQWLR[LGDQW�DFWLYLW\�EDVHG�RQ�WKH�,&����(&���
DQG� (&�� YDOXHV�� ZKHUH� KLJK� DQWLR[LGDQW� DFWLYLW\� OHDGV� WR� JRRG� LQKLELWLRQ� RI� HODVWDVH�� � 7KH� FUXGH� H[WUDFW� FRQWDLQLQJ�
YDULRXV�FRPSRXQGV�DFWV�V\QHUJLVWLFDOO\�WRZDUGV�WKH�WHVWHG�LQ�YLWUR�V\VWHP�SURYLGLQJ�WKH�SRWHQWLDO�DFWLYLWLHV���7KH�H[WUDFW�
ZDV�HYHQ�KDYH�EHWWHU�SHUIRUPDQFH�DV�DQWLR[LGDQW�ZKHQ�FRPSDUHG�ZLWK�JDOOLF�DFLG�XVLQJ�ȕ�FDURWHQH�DQG�)5$3�DVVD\��
DOWKRXJK� JDOOLF� DFLG� DFWV� EHWWHU� DV� 526� VFDYHQJHU� �'33+� DVVD\��� � +RZHYHU�� WKH\� KDYH� VLPLODU� HODVWDVH� LQKLELWLRQ�
DFWLYLW\�� 1HYHUWKHOHVV�� WKH� UHVXOWV� VXJJHVWHG� WKDW� FRFRD� SRG� H[WUDFW� KDV� JRRG� SRWHQWLDO� IRU� HODVWDVH� LQKLELWLRQ� DQG�
DQWLR[LGDQW�SURSHUWLHV�IRU�GHYHORSPHQW�RI�VNLQ�DQWL�ZULQNOH�LQJUHGLHQW�DQG�HIIRUWV�DUH�DOUHDG\�XQGHUZD\�WR�IRUPXODWH�WKH�
SURGXFW����
�
$&.12:/('*(0(17�
7KH�DXWKRUV�ZRXOG�OLNH�WR�H[WHQG�WKHLU�JUDWLWXGH�WR�0DOD\VLDQ�&RFRD�%RDUG�IRU�SURYLGLQJ�WKH�IDFLOLWLHV�DQG�IXQGLQJ�WR�
FDUU\� RXW� WKLV� VWXG\�� 7KH� DFNQRZOHGJHPHQW� DOVR� JRHV� WR� 8QLYHUVLWL� 3XWUD� 0DOD\VLD� IRU� DVVLVWDQFH� LQ� H[SHUWLVH� DQG�
FRQVXOWDWLRQ�WR�DFFRPSOLVK�WKH�H[SHULPHQWDO�ZRUN��
�
5()(5(1&(6�
$UQRXV��$���0DNULV��'�3���.HIDODV��3������������&RUUHODWLRQ�RI�SLJPHQW�DQG�IODYRQRLG�FRQWHQW�ZLWK�DQWLR[LGDQW�SURSHUWLHV�LQ�VHOHFWHG�

DJHG�UHJLRQDO�ZLQHV�IURP�*UHHN���-��)RRG�&RPS�$QDO���������������
$]LOD��$�.���$]ULQD��$���$PLQ��,���3X]LDK��+���6LWL�6DOZD��$�*���1XU�$]LODK��$�������D����$QWLR[LGDQW�SURSHUWLHV�RI�FRFRD�SRG�H[WUDFW�

IRU� GHYHORSPHQW� RI� KDODO� FRVPHFHXWLFDO� FUHDP�� � 3RVWHU� SUHVHQWDWLRQ� DW�:RUOG� +DODO� 5HVHDUFK� 6XPPLW�� ���WK� $SULO�� .XDOD�
/XPSXU�&RQYHQWLRQ�&HQWUH��

)LJXUH����(ODVWDVH�LQKLELWLRQ�SHUFHQWDJH�RI�FRFRD�SRG�H[WUDFW�LQ�
FRPSDULVRQ�ZLWK�JDOOLF�DFLG��DVFRUELF�DFLG�DQG�%+7�DW����XJ�PO�
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$]LOD��$�.���$]ULQD��$���1XU�$]LODK��$�������E����$QWLR[LGDWLYH�SURSHUWLHV�RI�FRFRD�SRG�KXVN�DQG�LWV�SRWHQWLDO�XVH�LQ�FRVPHFHXWLFDO�
SURGXFWV���3RVWHU�SUHVHQWDWLRQ�DW�,QWHUQDWLRQDO�&RFRD�5HVHDUFK�&RQIHUHQFH��,&5&��������WK�2FWREHU��<DRXQGH��&DPHURRQ��

$]LOD��$�.���1XU�$]LODK��$����������$QWKRF\DQLQ�IURP�FRFRD�SRG�KXVNV��SDUW���±�([WUDFWLRQ�E\�DFLGLILHG�PHWKDQRO��3DSHU�SUHVHQWHG�
DW�0DOD\VLDQ� ,QWHUQDWLRQDO� &RFRD� &RQIHUHQFH� ����� �0,&&¶����� �����WK� -XO\�� 6XQZD\� 3\UDPLG� &RQYHQWLRQ�&HQWUH�� .XDOD�
/XPSXU��

%DXPDQQ��/����������6NLQ�DJHLQJ�DQG�LWV�WUHDWPHQW���-��3DWKRORJ\����������������
%HQ]LH��,�)�)���6WUDLQ��-�-������������7KH�IHUULF�UHGXFLQJ�DELOLW\�RI�SODVPD��)5$3��DV�D�PHDVXUH�RI�³DQWLR[LGDQW�SRZHU´��7KH�)5$3�

DVVD\���$QDO�%LRFKHP��������������
%XE�� $��� :DW]O�� %��� $EUDKDPVH�� /��� 'HOLQFH�� H�� +��� $GDP�� 6��� :HYHU�� -��� 0X�OOHU�� +��� 5HFKNHPPHU�� *��� �������� � 0RGHUDWH�

,QWHUYHQWLRQ�ZLWK�&DURWHQRLG�5LFK�9HJHWDEOH�3URGXFWV�5HGXFHV�/LSLG�3HUR[LGDWLRQ�LQ�0HQ��-�1XWU�������������
(YDQV��-�$��DQG�-RKQVRQ��(�-�����������7KH�UROH�RI�SK\WRQXWULHQWV�LQ�VNLQ�KHDOWK���1XWULHQWV��������������
)LJXHLUD��$���HW�DO�����������1HZ�3URGXFWV�IURP�7KHREURPD�&DFDR��6HHG�3XOS�DQG�3RG�*XP���1HZ�FURSV��1HZ�<RUN��:LOH\��
)LVDO��$������������$FWLYDWHG�&DUERQV�IURP�&RFRD�3RG�+XVNV�8QGHU�&KHPLFDO�$FWLYDWLRQ�ZLWK�+�32���(IIHFW�RI�&2��DV�2[LGL]LQJ�

$JHQW���$EVWUDFWV�0DOD\VLDQ�&RFRD�,QWHUQDWLRQDO�&RFRD�&RQIHUHQFH������������
-XQJ��.���6DFKHU��0���%OXPH��*���-DQEHQ��)��DQG�+HUUOLQJ��7K�����������+RZ�DFWLYH�DUH�ELRFRVPHWLFV�LQJUHGLHQWV"� �62):�-RXUQDO��

����������
.DWDOLQLF��9���0LORV��0���.XOLVLF��7���-XNLF��0�����������6FUHHQLQJ�RI����PHGLFLQDO�SODQW�H[WUDFWV�IRU�DQWLR[LGDQW�FDSDFLW\�DQG�WRWDO�

SKHQROV���)RRG�&KHPLVWU\���������±�����
.LP�� -�+��� %\XQ�� -�&��� %DQGL�� $�.�5��� +\XQ�� &�*��� /HH�� 1�0��� �������� � &RPSRXQGV� ZLWK� HODVWDVH� LQKLELWLRQ� DQG� IUHH� UDGLFDO�

VFDYHQJLQJ�DFWLYLWLHV�IURP�&DOOLVWHPRQ�ODQFHRODWXV���-�0HGLFLQ�3ODQWV�5HV�������������������
.LP��0�0��� 7D��4�9���0HQGLV��(���5DMDSDNVH��1��� -XQJ��:�.���%\XQ��+�*��� -HRQ��<�-�� DQG�.LP�� 6�.�� �������� � 3KORURWDQQLQV� LQ�

(FNORQLD�FDYD�H[WUDFW�LQKLELW�PHWDOORSURWHLQDVH�DFWLYLW\���/LIH�6FLHQFHV�����������������
.LP��<�+���&KXQJ��&�%���.LP��-�*���.R��.�,���3DUN��6�+���.LP��-�+���(RP��6�<���.LP��<�6���+ZDQJ��<�,���.LP��.�+������������$QWL�

ZULQNOH�DFWLYLW\�RI�=L\XJO\FRVLGH�,�LVRODWHG�IURP�D�6DRQJXLVRUED�RIILFLQDOLV�URRW�H[WUDFW�DQG�LWV�DSSOLFDWLRQ�DV�D�FRVPHFHXWLFDO�
LQJUHGLHQW���%LRVFL��%LRWHFKQRO��%LRFKHP�������������������

/HH��.��:���.LP��<�-���/HH��+�<���/HH��&�<������������&RFRD�KDV�PRUH�SKHQROLF�SK\WRFKHPLFDOV�DQG�D�KLJKHU�DQWLR[LGDQW�FDSDFLW\�
WKDQ�WHDV�DQG�UHG�ZLQH���-��$JULF��)RRG�&KHP������������������

/HH��.�.���&KRL��-�'�����������$UHFD�FDWHFKX�/��H[WUDFW��,��(IIHFWV�RQ�HODVWDVH�DQG�DJLQJ���-��&RVPHW��6FL����������������
0DU[HQ�� .��� 9DQVHORZ�� .�+��� /LSSHPHLHU�� 6��� +LQW]H�� 5��� 5XVHU�� $��� +DQVHQ�� 8�3�� �������� � 'HWHUPLQDWLRQ� RI� '33+� UDGLFDO�

2[LGDWLRQ� FDXVHG� E\� PHWKDQROLF� H[WUDFWV� RI� VRPH� PLFURDOJDH� VSHFLHV� E\� OLQHDU� UHJUHVVLRQ� DQDO\VLV� RI� VSHFWURSKRWRPHWULF�
PHDVXUHPHQWV�6HQVRUV����������������

0DVDNL��+�����������5ROH�RI�DQWLR[LGDQWV�LQ�WKH�VNLQ��$QWL�DJLQJ�HIIHFWV���-�'HUP�6F��������������
0RRQ��-�<���<LP��(�<���6RQJ��*���/HH��1�+���+\XQ��&�*�����������6FUHHQLQJ�RI�HODVWDVH�DQG�W\URVLQDVH�LQKLELWRU\�DFWLYLW\�IURP�-HMX�

,VODQG�SODQWV���(XU$VLD�-�%LR6FL�������������
0XVWDID��2���5HHVH��5�1���$UWHPLR��=��7���6FKHHUDQV��-�&���0LOOHU��$�5������������0RGLILHG�����$]LQR�ELV���HWK\OEHQ]RWKLD]ROLQH���

VXOIRQLF�DFLG��$%76��PHWKRG�WR�PHDVXUH�DQWLR[LGDQW�FDSDFLW\�RI�VHOHFWHG�VPDOO�IUXLWV�DQG�FRPSDULVRQ�WR�IHUULF�UHGXFLQJ�
DQWLR[LGDQW�SRZHU��)5$3��DQG����¶�GLSKHQ\O���SLFU\OK\GUD]\O��'33+��PHWKRG���-��$JULF��)RRG�&KHP������������������

1LFKROV��-�$��DQG�.DWL\DU��6�.�����������6NLQ�SKRWRSURWHFWLRQ�E\�QDWXUDO�SRO\SKHQROV��DQWL�LQIODPPDWRU\��DQWL�R[LGDQW�DQG�'1$�
UHSDLU�PHFKDQLVPV���$UFK��'HUPDWRO�5HV������������������

2WKPDQ��$���,VPDLO��$���*KDQL��1���$���$GHQDQ��,�����������$QWLR[LGDQW�FDSDFLW\�DQG�SKHQROLF�FRQWHQW�RI�FRFRD�EHDQV���)RRG�&KHP���
����������������

3DWLO��<���6RPDQ��*���6KLQH\��3���:DJOH��$������������(YDOXDWLRQ�RI�,Q�9LWUR�$QWLR[LGDQW�$FWLYLW\�RI�+HUEDJH�RI�$URPDWLF�3ODQWV���-�
&HOO�7LVVXH�5HV��������������������

3ULRU��5�/���:X��;���6FKDLFK��.�����������6WDQGDUGL]HG�PHWKRGV�IRU�GHWHUPLQDWLRQ�RI�DQWLR[LGDQW�FDSDFLW\�DQG�SKHQROLFV�LQ�IRRGV�DQG�
GLHWDU\�VXSSOHPHQWV���-�$JULF�)RRG�&KHP������������������

3XOLGR�� 5��� %UDYR�� /��� &DOL[WR�� )�6��� �������� � $QWLR[LGDQW� DFWLYLW\� RI� GLHWDU\� SRO\SKHQROV� DV� GHWHUPLQHG� E\� PRGLILHG� IHUULF�
UHGXFLQJ�DQWLR[LGDQW�SRZHU�DVVD\���-��$JULF��)RRG�&KHP������������������

5XWWHU��.���6HOO��'�5���)UDVHU��1���2EUHQRYLFK��0���=LWR��0���6WDUNH�5HHG��3��DQG�0RQQLHU��9�0�����������*UHHQ�WHD�H[WUDFW�
VXSSUHVVHV�WKH�DJH�UHODWHG�LQFUHDVH�LQ�FROODJHQ�FURVVOLQNLQJ�DQG�IOXRUHVFHQW�SURGXFWV�LQ�&��%/���PLFH���,QW��-��9LWDP��1XWU��
5HV�������������������

6DKDVUDEXGKH��$���'HRGKDU��0�����������$QWL�K\DOXURQLGDVH��DQWL�HODVWDVH�DFWLYLW\�RI�*DUFLQLD�LQGLFD���,QWHUQDWLRQDO�-RXUQDO�RI�
%RWDQ\�����������������

6DPXHO��<�.�&������������&UXGH�*XP�IURP�&RFRD�RI�0DOD\VLDQ�2ULJLQ��3DUW����5KHRORJLFDO�3URSHUWLHV���0DOD\VLDQ�&RFRD�-RXUQDO��
���������

6]ROORVL�� 5��� 9DUJD�� ,�6��� �������� � 7RWDO� DQWLR[LGDQW� SRZHU� LQ� VRPH� VSHFLHV� RI� /DELDWDH� �$GDSWLRQ� RI� )5$3� PHWKRG��$FWD� %LRO�
6]HJHGLHQ���������������������,Q�3URFHHGLQJV�RI�WKH��WK�+XQJDULDQ�&RQJUHVV�RQ�3ODQW�3K\VLRORJ\��6��3����

7KULQJ��7�6�$��+LOL��3���1DXJKWRQ��'�3�����������$QWL�FROODJHQDVH��DQWL�HODVWDVH�DQG�DQWL�R[LGDQW�DFWLYLWLHV�RI�H[WUDFWV�IURP����SODQWV���
%0&�&RPSOHPHQWDU\�DQG�$OWHUQDWLYH�0HGLFLQH���������GRL�����������������������

9ULHVPDQQ��/�&���$PERQL��5�'�GH�0��&���3HWNRZLF]��&�/�GH�2�����������&DFDR�SRG�KXVNV��7KHREURPD�FDFDR�/����FRPSRVLWLRQ�DQG�
KRW�ZDWHU�VROXEOH�SHFWLQV���,QG��&URSV�	�3URG������������������

�
�
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g]HW: %X� oDOÕúPDGD�� $GDSD]DUÕ� E|OJHVL� LoLQ� �VW\DSÕODUÕQ� WDVDUÕPÕQGD NXOODQÕOPDN üzere elastik 
]HPLQH� RWXUDQ� \�]H\VHO� úHULW� WHPHOOHU� LoLQ� \DWD\� YH� G�úH\� GR÷UXOWXODUGD dinamik empedans 
oDUSDQODUÕ HOGH� HGLOPLúWLU�� dDOÕúPDGD� |QFHOLNOH� GLQDPLN� DQDOL]OHUGH� NXOODQÕODFDN� 6RQOX� (OHPDQ�
0RGHOLQLQ� �6(0�� GR÷UXODPDVÕ� \DSÕOPÕúWÕU�� %XQXQ� LoLQ� OLWHUDW�UGHNL� PHYFXW� VWDWLN� HPSHGDQV�
IRQNVL\RQODUÕ� NXOODQÕOPÕúWÕU�� $GDSD]DUÕ� E|OJHsindeki faUNOÕ� ]HPLQ� GXUXPODUÕ J|]� |Q�QH� DOÕQDUDN�
DQDOL]OHU�\DSÕOPÕú�YH�PRGHOLQ�JHoHUOLOL÷L�VD÷ODQPÕúWÕU��6WDWLN�GXUXP�LoLQ�VD\ÕVDO�PRGHO�GR÷UXODPDVÕ�
\DSÕOGÕNWDQ�VRQUD�GLQDPLN�DQDOL]OHUH�JHoLOPLúWLU��+DUPRQLN�\�N�HWNLVL�DOWÕQGD�oDOÕúPDODU \DSÕOÕUNHQ�
sonlu eleman boyXWXQXQ�X\JXQOX÷X��JHRPHWULN�YH�PDO]HPH�V|Q�P��HWNLVL GH�GLNNDWH�DOÕQPÕúWÕU��  
 

  $QDKWDU�.HOLPHOHU� sonlu elemanlar \|QWHPL��\DSÕ-]HPLQ�HWNLOHúLPL, empedans IRQNVL\RQODUÕ,  
  enerji \XWXFX�VÕQÕUODU 
 
 
*LULú�
 
6RQ� \ÕOODUGD�\DSÕODQ� DUDúWÕUPDODU� LOH� ELUOLNWH��VW� \DSÕODUÕQ� �EDUDM�� Q�NOHHU� santraller, köprü ve viyadükler, binalar vb.) 
WDVDUÕPÕQGD�� EX� \DSÕODUÕQ� RWXUGXNODUÕ� ]HPLQLQ� �VW� \DSÕ� GDYUDQÕúÕQÕ� E�\�N� RUDQGD� HWNLOHGL÷L� J|U�OP�úW�U�� <DSÕ-zemin 
HWNLOHúLPL�RODUDN� WDQÕPODQDQ� EX�GXUXPX�o|]�POHPHN� LoLQ� IDUNOÕ� \DNODúÕPODU� YH� IRUP�ODV\RQODU� JHOLúWLULOPLúWLU� Genel 
RODUDN� ³'R÷UXGDQ� o|]�P� \DNODúÕPÕ´� YH� ³$OWVLVWHP� \DNODúÕPÕ´� RODUDN� LNL� IDUNOÕ� \|QWHP� ÕúÕ÷ÕQGD� E�W�Q� oDOÕúPDODU�
\DSÕOPDNWDGÕU�� 'R÷UXGDQ� o|]�P� \DNODúÕPÕQGD� \DSÕ� YH� ]HPLQ� E|OJHVL� RUWDN� RODUDN� HOH� DOÕQPDNWDGÕU�� $OWVLVWHP�
\DNODúÕPÕQGD�LVH�\DSÕ�YH�]HPLQ�E|OJHVL�D\UÕ�D\UÕ�GH÷HUOHQGLULOPHNWH��HWNLOHúLP�E|OJHVLQGH�EHOLUOL�IRQNVL\RQODUOD�EX�D\UÕ�
\DSÕODU�ELUOHúWLULOPHNWHGLU��$\GÕQR÷OX���������(PSHGDQV�GH÷HUOHUL�DOWVLVWHP�\DNODúÕPÕ�LOH�HOGH�HGLOPLú�IRQNVL\RQODUGÕU��
Dünyada Amerika (FEMA 356) ve Almanya (DGGT, 2002) JLEL��ONHOHUGH�EX�IRQNVL\RQODU�WDVDUÕPODUGD�NXOODQÕOPDNWDGÕU� 
=HPLQ� RUWDPÕQÕQ� úHNLOGH÷LúWLUPH� |]HOOL÷LQL� LIDGH� HGHQ� EX� IRQNVL\RQODUÕQ� EHOLUOHQPHVLQGH� DQDOLWLN� YH\D� \DUÕ� DQDOLWLN�
o|]�P�\|QWHPOHUL�NXOODQÕODUDN�IDUNOÕ�WHPHO�WLSOHUL�LoLQ�oDOÕúmaODU�\DSÕOPÕúWÕU��  Günümüzde bu yöntemlere ilave olarak 
VÕQÕU�HOHPDQODU�YH�VRQOX�HOHPDQODU�JLEL�Q�PHULN�o|]�P�\|QWHPOHUL��EX�LNL�\|QWHPL�GH�NDSVD\DQ�NDUPD��PHOH]��WHNQLNOHU�
kullaQÕOPDNWDGÕU� 

dHOHEL�YH�GL÷����������VÕQÕU�HOHPDQ�\|QWHPLQL�NXOODQDUDN�IUHNDQV�E|OJHVLQGH�oDOÕúPDODU�\DSPÕú�]HPLQ�RUWDPÕQÕQ�HODVWLN�
ROPDVÕ� GXUXPXQGD� \�]H\VHO� YH�J|P�O�� WHPHO�GXUXPODUÕ� LoLQ�GLQDPLN� HPSHGDQV� IRQNVL\RQODUÕQÕ�malzemenin Poisson 
RUDQÕQD� ED÷OÕ� RODUDN� KHVDSODPÕúODUGÕU��$\QÕ� úHNLOGH�'RPLQJH]� YH�5RHVVHW� ������� VÕQÕU� Hlemanlar yöntemi ile elastik 
zePLQOHU� LoLQ� GLNG|UWJHQ� WHPHOOHUH� DLW� HPSHGDQV� IRQNVL\RQODUÕQÕ� HOGH� HWPLúOHUGLU�� Dobry ve Gazetas (1986), 
oDOÕúPDODUÕQGD� IDUNOÕ� JHRPHWULN� úekillere sahip gömülü olmayan temeller için empedans IRQNVL\RQODUÕQÕQ kesin 
çözümlerini KHVDSODPÕúODUGÕU��0LWD�YH�/XFR��������J|P�O��NDUH�temellerin ED÷ODúÕN�|WHOHQPH-G|QPH�WLWUHúLPOHULQL�HOGH�
HWPHN� LoLQ� NDUPD� o|]�P� WHNQL÷LQL� NXOODQPÕúODUGÕU� Bu analitik ve yarÕ� DQDOLWLN� o|]�P� \|QWHPOHULQLQ� \DQÕ� VÕUD� VRQOX�
HOHPDQODU�\|QWHPL�NXOODQÕODUDN�GLNG|UWJHQ�WHPHOOHULQ�J|P�O��ROPDVÕ�durumunda GD�oDOÕúPDODU�\DSÕOPÕú�YH�fonksiyonlar 
KHVDSODQPÕúWÕU (Wolf ve Song 1997). $\UÕFD�*D]HWDV� YH�5RHVVHW ������� WDEDNDOÕ� ]HPLQ�RUWDPÕQGD� úHULW� WHPHOOHU� LoLQ�
WLWUHúLP� DQDOL]OHUL� \DSPÕúWÕU� 6S\UDNRV� YH� &KDRMLQ� ������� oDOÕúPDODUÕQGD� VRQOX� HOHPDQ� YH� VÕQÕU� HODPDQ� \|QWHPlerini 
beraber kullanarak WDEDNDOÕ�]HPLQ�RUWDPÕQGD�úHULW�WHPHOOHULQ�GLQDPLN�DQDOL]LQL�LQFHOHPLúlerdir��dDOÕúPDODUÕQGD�temelin 
ULMLWOL÷LQLQ�� N�WOHVLQLQ� YH� J|P�OPH� GXUXPXQXQ� HWNLVLQH� GH� EDNÕOPÕúWÕU� 7VDL� YH� GL÷�� ������� GLQDPLN� ULMLWOL÷LQ� WLWUHúLP�
ND\QD÷ÕQÕQ�IUHNDQVÕQD�ED÷OÕ�ROPDVÕ�GXUXPX�KDUHNHW�GHQNOHPLQLQ�o|]�P�Q��]RUODúWÕUGÕ÷ÕQGDQ�HPSHGDQV�IRQNVL\RQODUÕQÕ�
IUHNDQVWDQ�ED÷ÕPVÕ]�WDQÕPODPÕúODUGÕU� 

hONHPL]GH�ELQD�WDVDUÕPÕQGD�]HPLQLQ�HWNLVL�NDEDFD�WDQÕPODQPÕú�RODQ�³VWDWLN�\DWDN�NDWVD\ÕODUÕ´�LOH�HOH�DOÕQPDNWDGÕU��%XUDGD�
\DSÕ�LOH�]HPLQ�DUDVÕQGDNL�HWNLOHúLP�VDELW�ELU�\DWDN�NDWVD\ÕVÕ�\ROX\OD�WDQÕPODQÕU��%X�GH÷HU�WHPHO�WDEDQ�EDVÕQFÕ�GD÷ÕOÕPÕQD�
YH�WHPHOLQ�úHNLO�GH÷LúWLUPHVLQH�ED÷OÕGÕU��(ODVWLN�]HPLQH�RWXUDQ�NLULúOHU�WHRULVLQH�GD\DQDQ�EX�\|QWHPOH�V�UHNOL�WHPHOOHULQ�
kesit tesirleri hesaplanabilmektedir (Bowles 1996)��7HPHO�WDEDQ�EDVÕQFÕ�GD÷ÕOÕPÕQÕQ�GR÷UX�ELU úHNLOGe elde edilmesi ve 
WHPHOLQ� � úHNLO� GH÷LúWLUPHVLQLQ� KHVDSODQPDVÕ� oRN� ]RU� ROGX÷XQGDQ� KHVDSODQDQ� \DWDN� NDWVD\ÕVÕ� GH÷HULQLQ� GR÷UX� VRQXFX�
YHUPHVL�SHN�P�PN�Q�GH÷LOGLU��$\UÕFD�EX�NDWVD\ÕODU�VDGHFH�VWDWLN�GXUXP�LoLQ� WDQÕPODQPÕú�YH�G�úH\�\�N�HWNLVL�DOWÕQGD�
ROXúDFDN�Lo�NXYYHWOHULQ�KHVDEÕQGD�NXOODQÕOPDNWDGÕU��%�\�N�RUDQGD�NXYYHWOL�GHSUHPOHULQ�PH\GDQD�JHOGL÷L�.X]H\�$QDGROX�
ID\�KDWWÕ��]HULQGH�EXOXQDQ�$GDSD]DUÕ�E|OJHVL�]HPLQ�|]HOOLNOHUL�EDNÕPÕQGDQ�GD�oRN�|]HO�ELU�\DSÕ\D�VDKLSWLU��%X�\�]GHQ�
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3�W� 3��6LQ�ZW��

A 

Homojen ortam 

*��Q��U�

3�W� 3��6LQ�ZW��
.�WOHVL]�úHULW�WHPHO 

A 

z 

x 

|]HOOLNOH�ELQDODUÕQ�Geprem etkisL�DOWÕQGD�NL�GDYUDQÕúÕ�LQFHOHQLUNHQ�NDED�\DNODúÕPODU�\HULQH�]HPLQ�HWkilerini daha gerçekçi 
\DQVÕWDQ��SURMH�P�KHQGLVOHULQLQ�NROD\FD�NXOODQDELOHFHNOHUL�HPSHGDQV�IRQNVL\RQODUÕQÕQ�NXOODQÕOPDVÕ�GDKD�WXWDUOÕ�VRQXoODU�
verecektir.  

%X� oDOÕúPDGD� ELQDODUÕQ� RWXUGXNODUÕ� ]HPLQL� LIDGH� HGHQ�� OLWHUDW�UGH� úHULW� WHPHOOHU� LoLQ� JHOLúWLULOPLú� VWDWLN� HPSHGDQV�
IRQNVL\RQODUÕ�UHIHUDQV�DOÕQDUDN�$GDSD]DUÕ�E|OJHVLQLQ�oHúLWOL�]HPLQ�|]HOOLNOHULQL�VD÷OD\DQ�6RQOX�(OHPDQ�0RGHOL��6(0��
JHOLúWLULOPLú� YH� EX�PRGHO� IDUNOÕ� ]HPLQ� E|OJHOHUL LoLQ� \DWD\� YH� G�úH\� GR÷UXOWXODUGD� GR÷UXODQPÕúWÕU� Statik durum için 
GR÷UXODQDQ�6(0�NXOODQÕODUDN�GHSUHPLQ�HWNLQ� IUHNDQV�GH÷HUOHULQH�J|UH���-��+]�� WDQÕPODQPÕú�ER\XWVX]� IUHNDQVD�ED÷OÕ��
\DWD\�YH�G�úH\�GR÷UXOWXODUGD�$GDSD]DUÕ�E|OJHVL�LoLQ�NXOODQÕODFDN�GLQDPLN�HPSHGDQV�oDUSDQODUÕ�HOGH�HGLOPLúWLU� 

 
6D\ÕVDO�0RGHOLQ�.XUXOPDVÕ�YH�6WDWLN�'XUXP�øoLQ�'R÷UXODQPDVÕ�
�
6LVWHPGHNL�\DWD\�YH�G�úH\�HWNLOHUL�J|UHELOPHN�DPDFÕ�LOH�G�]OHP - úHNLOGH÷LúWLUPH problemi olarak kurulan sonlu eleman 
VLVWHPLQLQ�GR÷UXOX÷XQX�WDQÕPODPDN�LoLQ�VWDWLN�HWNL�DOWÕQGD�\DUÕ�VRQVX]�HODVWLN�RUWDPODUD�RWXUDQ�WHPHO�ULMLWOL÷LQL�LIDGH�HGHQ�
IRQNVL\RQODU�NXOODQÕODFDNWÕU�(Gazetas, 1991). �

6RQOX�HOHPDQ�PRGHOL�G�]OHP�úHNLOGH÷LúWLUPH�SUREOHPL�RODUDN�HOH�DOÕQGÕ÷Õ�LoLQ�GR÷UXODPDGD�ER\XWODUÕ��%[�/ RODQ�úHULW�
temeller için verilen fonksiyonlarÕ�GLNNDWH�DOÕQPÕúWÕU���%XUDGD�WHPHOLQ�\DWD\GDNL�JHQLúOL÷L��%��G�]OHPH�GLN�GR÷UXOWXGDNL�
JHQLúOL÷L� LVH� �/¶GLU�� *D]HWDV� ������� WDUDIÕQGDQ� JHOLúWLULOHQ�� HODVWLN� ]HPLQH� RWXUDQ� úHULW� WHPHOOHU� LoLQ� \DWD\� YH� G�úH\�
HPSHGDQV�IRQNVL\RQODUÕ�Tablo 1’de YHULOPLúWLU� %XUDGD�WHPHOLQ�RWXUGX÷X�]HPLQLQ�|]HOOLNOHUL�RODUDN�*; kayma modülünü, 
Q��SRLVVRQ�RUDQÕQÕ�LIDGH�HWPHNWHGLU��  
 
7DEOR��� (ODVWLN�]HPLQH�RWXUDQ�úHULW�WHPHOOHU�LoLQ�HPSHGDQV�IRQNVL\RQODUÕ 

ùHULW�7HPHO�øoLQ�(PSHGDQV�)RQNVL\RQODUÕ���/of) 

'�úH\��]� ��

��
=
�.���
�െ Q

 

Yatay (x) ��

��
=

��
�െ Q

 

 

%X�oDOÕúPDGD�3OD[LV��'�V���VRQOX�HOHPDQODU�SURJUDPÕ�NXOODQÕODUDN�$GDSD]DUÕ�E|OJHVL�LoLQ�VWDWLN�HPSHGDQV�IRQNVL\RQODUÕ�
GR÷UXODQDFDN� YH� GR÷UXODPDVÕ� \DSÕODQ�PRGHO� \DUGÕPÕ� LOH� IUHNDQVD� ED÷OÕ� GLQDPLN� |WHOHQPH� ULMLWOLNOHUL� HOGH� HGLOHFHNWLU��
(PSHGDQV�IRQNVL\RQODUÕQÕQ�GR÷UX�ELU�úHNLOGH�Hlde edilebilmesi için kurulacak sonlu eleman modelinde (SEM) analizlere 

HWNL� HGHQ� E�W�Q� SDUDPHWUHOHU� GHWD\OÕ� ELU� úHNLOGH�
incelenmeli ve model bu incelemeler sonucunda en 
X\JXQ�úHNLOGH�NXUXOPDOÕGÕU��<DSÕODFDN�6(0µQLQ�úHPDWLN�
J|U�Q�P��ùHNLO��¶GH�J|VWHULOPLúWir. 

 

 

 

 

 

 

�
�
�

ùHNLO��� <DSÕ-]HPLQ�HWNLOHúLPL�SUREOHPLQLQ�PRGHOOHQPHVL 
�
Plaxis �'�SURJUDP�DUDFÕOÕ÷Õ�LOH� 

x� 6ÕQÕU�úDUWODUÕ 
x� Malzeme özellikleri 
x� d|]�P�D÷Õ�\R÷XQOX÷X��PHVK� 

a)� Gerçek durum b)� 6D\ÕVDO�0RGHO 
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x� Malzeme sönümü ve geometrik sönüm 
JLEL� \DSÕ-]HPLQ� GLQDPLN� HWNLOHúLPL� SUREOHPLQLQ� o|]�P�ne etki eden temel parametreler HOH� DOÕQDELOPHNWHGLU�� %X�
oDOÕúPDGD�NL�problem için belirtilen parametreler tek WHN�LQFHOHQPLúWLU��0RGHOde yük-temel-]HPLQ�VLVWHPL�G�]OHP�úHNLO�
GH÷LúWLUPH�analizi NXOODQÕODUDN�LGHDOL]H�HGLOPLúWLU��ùHNLO��E���=HPLQ�E|OJHVLQLQ�D\UÕNODúWÕUÕOPDVÕQGD����JHULOPH�QRNWDVÕQD�
VDKLS����G�÷�P�QRNWDOÕ��oJHQ úHNOLQGH�VRQOX�HOHPDQ�WLSL�NXOODQÕOPÕúWÕU��ùHNLO���� 

  
(a)� *HULOPH�QRNWDODUÕ (b)� '�÷�P�QRNWDODUÕ 

ùHNLO��� Üçgen eleman 

Kurulan modelde �%=2 m JHQLúOL÷LQGH YH� ����� P� NDOÕQOÕ÷ÕQGD� EHWRQDUPH� úHULW WHPHO� NXOODQÕOPÕúWÕU�� %DúODQJÕo�
SDUDPHWUHOHULQL�EHOLUOHPHN�DPDFÕ�LOH�$GDSD]DUÕ�E|OJHVL�LoLQ�HQ�ROXPVX]�PDO]HPH�GXUXPX�GLNNDWH DOÕQPÕúWÕU (Sert 2003). 
0RGHOGH�NXOODQÕODQ�WHPHO�YH�]HPLQ�PDO]HPHOHULQLQ�|]HOOLNOHUL�7DEOR��¶GH�YHULOPLúWLU� %XUDGD�]HPLQ�RUWDPÕ için lineer 
PDO]HPH�GDYUDQÕúÕ�HOH�DOÕQDUDN�VD\ÕVDO�PRGHO�ROXúWXUXOPXúWXU. 
 
7DEOR��� Malzemelerin mekanik özellikleri 

3DUDPHWUH� %R\XW� 7HPHO� =HPLQ�
Elastisite Modülü (() [kN/m2] 3.107 20000 
3RLVVRQ�2UDQÕ��Q) [-] 0.2 0.35 
%LULP�+DFLP�$÷ÕUOÕN��J) [kN/m3] 24.5 18.5 

6WDWLN�GXUXP�LoLQ�GR÷UXODPD�\DSÕOPDVÕQD�UD÷PHQ��GLQDPLN�GXUXPGD�VÕQÕU�úDUWODUÕQÕQ, malzeme ve geometrik sönümün ve 
VRQOX�HODPDQ�ER\XWODUÕQÕQ�HWNLVL�|QHP�ND]DQGÕ÷ÕQGDQ��GÕú�\�N�RODUDN��JHQOL÷L�����N1�YH�deprem hareketinin etkin frekans 
DUDOÕ÷ÕQÕ� GD� LoHULVLQH� DODQ� I= 10 Hz  IUHNDQVÕQGD� bir harmonik yük kuOODQÕODUDN� PRGHOH� HWNL� HGHQ� SDUDPHWUHOHU�
LQFHOHQPLúWLU� 6D\ÕVDO� PRGHOGH� VRQXoODUÕQ� WXWDUOÕOÕ÷Õ� YH� GR÷UXOXN� G�]H\L� DoÕVÕQGDQ� VRQOX� HOHPDQ� ER\XWXQXQ� �'K) üst 
GH÷HUL�HQ�NÕVD�GDOJD�ER\XQD��OPLQ��J|UH�VÕQÕUODQGÕUÕOPÕúWÕU��.XKOHPH\HU�DQG�/\VPHU������� 

ο� ൑
O���
�

=
��

�.�����
� (1) 

%XUDGD��N�oDUSDQ�VDELWL�VRQOX�HOHPDQ�WLSLQH�YH�NXOODQÕODQ�úHNLO�IRQNVL\RQXQD�ED÷OÕ��d kd ���DUDOÕ÷ÕQGD�GH÷LúPHNWHGLU��
'LQDPLN�\�NH�DLW�HQ�E�\�N�IUHNDQV�GH÷HUL�IPDNV LOH�J|VWHULOPLúWLU� =HPLQ�RUWDPÕQÕQ�ND\PD�GDOJD�KÕ]ÕQÕ� YM ifade etmektedir. 
dDOÕúPDQÕQ�DPDFÕQD�J|UH�HQ�X\JXQ�GH÷HUOHU�DOÕQDUDN��PDNVLPXP�IUHNDQV�YH�µN¶�GH÷HUOHUL��NXOODQÕODFDN�VRQOX�HOHPDQODUÕQ�
PDNVLPXP�ER\XWX�VD\ÕVDO�RODUDN�EHOLUOHQPLúWLU��'K d ������P���*HOLúWLULOHQ�o|]�P�\|QWHPLQGH�VLVWHPGHQ�GÕúDUÕ\D�GR÷UX�
ya\ÕODQ� YH� ]HPLQLQ� VRQVX]OX÷X� QHGHQL� LOH� ]HPLQ� RUWDPÕQGD� ND\ERODQ� HQHUML\L� WDQÕPODPDN� LoLQ� E|OJHQLQ� VÕQÕUODUÕQGD�
HúGH÷HU� DQODPGD� NXOODQÕODQ�� UDG\DV\RQ� V|Q�P�� DGÕ� YHULOHQ� YH� PDO]HPH� V|Q�P�� LOH� LOJLVL� EXOXQPD\DQ� ELU� V|Q�P�
PHNDQL]PDVÕ�NXOODQÕOPÕúWÕU��Viskoz sön�POH\LFL�W�U��RODQ�EX�VÕQÕU�úDUWODUÕQGD��VR÷XUPD�HWNLVLQL�G�]HQOHPHN�LoLQ�ER\XWVX]�
L\LOHúWLUPH� NDWVD\ÕODUÕ� �F� ve F��� NXOODQÕOPDNWDGÕU�� %DVÕQo� GDOJDVÕ� VÕQÕUODUD� GLN� JHOGL÷L� LoLQ� OLWHUDW�UGH� �/\VPHU� YH�
.XKOHPH\HU�������%ULQNJUHYH�YH�GL÷��������F� ��DOÕQPDVÕ�X\JXQ�J|U�OP�úW�U��.D\PD�GDOJDVÕQÕQ�VÕQÕUODUGD�UDV\RQHO�
|Oo�GH�JHoLULPOLOL÷LQL�VD÷ODPDN� LoLQ�F�=0.2-����DUDOÕ÷ÕQGD� WDYVL\H�HGLOPLútir �%ULQNJUHYH�YH�GL÷���������6RQOX�HOHPDn 
E|OJHVLQLQ� ER\XWODUÕ� RODUDNGD�� VÕQÕU� úDUWODUÕ� GDOJDODUÕQ� \DQVÕPDVÕQÕ� HQJHOOH\HFHN� úHNLOGH� WDQÕPODQPDVÕQD UD÷PHQ�
OLWHUDW�UGHNL��5RVVHW�YH�.DXVHO��������EX�VÕQÕU�\HUOHULQLQ��VW\DSÕGDQ�HQ�D]�WHPHO�WDEDQ�JHQLúOL÷LQLQ��–���NDWÕ�NDGDU�X]DNWD�
G�]HQOHQPHVL� WDYVL\HVLQH� X\XOPXú� YH� D\UÕNODúWÕUÕODQ� E|OJH�� ��� P� JHQLúOL÷LQGH� ��� P� \�NVHNOL÷LQGH� RODFDN� úHNLOGH�
VHoLOPLúWLU��0DO]HPH�V|Q�P��RODUDN�UD\OHLJK�V|Q�P����) GLNNDWH�DOÕQPÕúWÕU��%XUDGD�D��N�WOH�NDWÕOÕP�NDWVD\ÕVÕQÕ�E� LVH�
ULMLWOLN� NDWÕOÕP� NDWVD\ÕQÕ� LIDGH� HWPHNWHGLU�� <DSÕODQ� DUDúWÕUPDODUD� J|UH� \DSÕ-]HPLQ� HWNLOHúLP� SUREOHPOHULQGH� PDO]HPH�
söQ�P�QH�N�WOHQLQ�NDWNÕVÕ�LKPDO�HGLOHFHN�VHYL\HGHGLU��+DVKDVK�YH�3DUN��������%X�QHGHQOH�GLQDPLN�DQDOL]�E|O�P�QGH�
N�WOH�NDWÕOÕP�NDWVD\ÕVÕ�GLNNDWH�DOÕQPD\DFDNWÕU� 5LMLWOLN�NDWÕOÕP�NDWVD\ÕVÕ� LVH�GLQDPLN�DQDOL]GH�NXOODQÕODFDN�PDO]HPHQLQ�
GR÷DO�WLWUHúLP�IUHNDQVODUÕQD�ED÷OÕ�RODUDN�KHVDSODQPÕúWÕU��+DVKDVK�YH�3DUN������. 
Statik analizler, dLQDPLN�GXUXP�LoLQ�EHOLUOHQHQ�D\UÕNODúWÕUÕOPÕú�E|OJH�ER\XWODUÕ�YH�VRQOX�HOHPDQ�D÷�\R÷XQOX÷X�NXOODQÕODUDN�
\DSÕODFDNWÕU��$GDSD]DUÕ� E|OJHVL� LoLQ� VWDWLN� GXUXPGD�PRGHOLQ� GR÷UXODPDVÕ� \DSÕOÕUNHQ� E|OJH�merkezinde 1999 Kocaeli 
GHSUHPL�VRQUDVÕ�\DSÕOPÕú�VDKD�GHQH\OHUL�\DUGÕPÕ\OD�HOGH�HGLOPLú�]HPLQ�|]HOOLNOHUL�NXOODQÕOPÕú böylece modelin geçHUOLOL÷L�
daha VD÷ODP� WHPHOH�RWXUWXOPXúWXU. $QDOL]OHUGH�$GDSD]DUÕ�E|OJHVL� LoLQ���� IDUNOÕ� QRNWDGD�\DSÕODQ�JHRWHNQLN�oDOÕúPDODU�
VRQXFXQGD�HOGH�HGLOHQ�]HPLQ�|]HOOLNOHUL�NXOODQÕOPÕúWÕU��<RXG�YH�GL÷��2000, BUD\�YH�GL÷������). 

& D0�E.� (2) 
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ùHNLO����=HPLQ�|]HOOLNOHUL�LoLQ�GHQH\�\DSÕODQ�QRNWDODU 
 
 

7DEOR��� $GDSD]DUÕ bölgesi malzeme özellikleri  
�

Malzeme * [kN/m2] U [t/m3] YV [m/s] Q [-] 

$GDSD]DUÕB$ 14450 2 85 0.4984 
$GDSD]DUÕB% 68450 2 185 0.4923 
$GDSD]DUÕB&� 64800 2 180 0.4927 
$GDSD]DUÕB&� 48050 2 155 0.4946 
$GDSD]DUÕB' 42050 2 145 0.4953 
$GDSD]DUÕB* 28800 2 120 0.4968 
$GDSD]DUÕB- 36450 2 135 0.4959 

$GDSD]DUÕB�-11 39200 2 140 0.4956 
$GDSD]DUÕB�-24 45000 2 150 0.4949 
$GDSD]DUÕB�-41 57800 2 170 0.4935 
$GDSD]DUÕB�-42 36450 2 135 0.4959 
�
<DWD\� YH� G�úH\� \�N� HWNLVL� DOWÕQGD� PRGHOLQ� GDYUDQÕúÕ� LQFHOHQPLú� YH� VRQOX� HOHPDQ� DQDOL]OHULQGHQ� HOGH� HGLOHQ� rijitlik 
IRQNVL\RQODUÕ ile Ga]HWDV¶ÕQ� WDQÕPODGÕ÷Õ� ULMLWOLN IRQNVL\RQODUÕ���� IDUNOÕ� ]HPLQ� W�U�� LoLQ�KHVDSODQPÕúWÕU��+HVDSODQDQ�EX�
GH÷HUOHU�GR÷UXOWXVXQGD�NXUXODQ�PRGHOLQ�\DWD\�YH�G�úH\�GR÷UXOWX�LoLQ�\HWHUOL�GHUHFHGH�GR÷UXOXN�J|VWHUGL÷L�ùHNLO���YH�ùHNLO�
5’de görülmektedir. 
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ùHNLO��� Zemin türüne göre yDWD\�ULMLWOL÷LQ�GH÷LúLPL 

'LQDPLN�'XUXP�LoLQ�1�PHULN�$QDOL]�
 
0RGHO�GR÷UXODPDVÕ� \DSÕOGÕNWDQ� VRQUD� \DWD\� YH�G�úH\�GR÷UXOWXODUGD�GLQDPLN� ULMLWOLN� DQDOL]OHUinde $GDSD]DUÕ� E|OJHVLQL�
WHPVLO�HGHFHN�]HPLQ�|]HOOLNOHUL�NXOODQÕODFDNWÕU��.XOODQÕODFDN�]HPLQ�SDUDPHWUHOHUL��\DSÕODQ�JHRWHNQLN�oDOÕúPDODUÕQ�\DQÕ�
VÕUD�6HUW��������YH�%RZOHV¶WDQ��������DOÕQPÕúWÕU��=HPLQ�|]HOOLNOHUL�DúD÷ÕGD�YHULOPLúWLU� 
 
7DEOR��� 3DUDPHWULN�oDOÕúPDODUGD�NXOODQÕODQ�]HPLQ�|]HOOLNOHUL 

<R÷XQOXN U [t/m3] 2 
3RLVVRQ�2UDQÕ Q [-] 0.4968 

Elastisite Modülü ( [kN/m2] 86216 

Kayma modülü * [kN/m2] 28800 

.D\PD�GDOJD�KÕ]Õ YV [m/s] 120 
 

Plaxis 2D Dynamic SURJUDPÕQGD�\DSÕODQ�oDOÕúPDODUGD��GLQDPLN�\�N�Q�IUHNDQV�GH÷HUL�RODUDN��GHSUHP�KDUHNHWLQLQ�HWNLQ�
IUHNDQV�LoHUL÷LQLQ�N�o�N�GH÷HUOHUGH�ROPDVÕ�QHGHQL\OH� � IUHNDQV�DUDOÕ÷Õ���- ��+]�YH�IUHNDQV�DUWÕPÕ�LVH�'I = 0.5 Hz olarak 
DOÕQPÕúWÕU�� 'LQDPLN� HWNL� VRQXFXQGD� PDO]HPH� GDYUDQÕúÕQD� ED÷OÕ� WHSNLOHU� HOGH� HGLOGLNWHQ� VRQUD� $GDSD]DUÕ� E|OJHVL� LoLQ�
GLQDPLN� ULMLWOLN� NDWVD\ÕODUÕ� ER\XWVX]� IUHNDQV� SDUDPHWUHVLQH� �D��� ED÷OÕ� RODUDN� \DWD\� YH� G�úH\� \�N� GXUXPODUÕ� LoLQ� HOGH�
HGLOPLúWLU��ùHNLO������� %R\XWVX]�IUHNDQV�SDUDPHWUHVL�DúD÷ÕGDNL�GHQNOHPOH�WDQÕPODQÕU� 

�� =
Y.�
��

� (3) 

<XNDUÕGDNL�GHQNOHPGH�Y��GÕú�\�N�Q�DoÕVDO�IUHNDQVÕQÕ��%��úHULW�WHPHO�\DUÕ�JHQLúOL÷LQL�YH�YV ��]HPLQLQ�ND\PD�GDOJD�KÕ]ÕQÕ�
ifade etmektedir. 
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Burada N] G�úH\�GR÷UXOWX�LoLQ�GLQDPLN�ULMLWOLN�NDWVD\ÕVÕQÕ��.'] KHU�ELU�IUHNDQV�GH÷HULQGHNL�GLQDPLN�\�N�LoLQ�KHVDSODQDQ�
ULMLWOL÷L��.6] LVH�VWDWLN�GXUXPGDNL�ULMLWOL÷L�LIDGH�HWPHNWHGLU� *UDILN�LQFHOHQGL÷LQGH�KHVDS�HGLOHQ�ER\XWVXz IUHNDQV�DUDOÕ÷ÕQGD�
dinamik çarpan 2.5’e kadar oÕNPDNWDGÕU �ùHNLO���. $\UÕFD�ER\XWVX]�IUHNDQVÕQ�N�o�N�GH÷HUOHUL�LoLQ��������GDKD�\�NVHN�ELU�
oDUSDQ�YDU�LNHQ������¶H�NDGDU�ELU�D]DOPD�J|U�OP�ú�GDKD�VRQUD�WHNUDUGDQ�DUWPD�H÷LOLPLQH�JLUPLúWLU� 
 
 

�
�
�
�
�
�
�
�
�
�
ùHNLO��� %R\XWVX]ODúWÕUÕOPÕú \DWD\�GLQDPLN�HPSHGDQV�IRQNVL\RQODUÕQÕQ�IUHNDQV�SDUDPHWUHVLQH�ED÷OÕ�GH÷LúLPL 

�� =
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Denklem 5’de� N[ \DWD\� GR÷UXOWX� LoLQ� GLQDPLN� ULMLWOLN� NDWVD\ÕVÕQÕ, .'[ KHU� ELU� IUHNDQV� GH÷HULQGHNL� GLQDPLN� \�N� LoLQ�
KHVDSODQDQ� ULMLWOL÷L�� .6[ LVH� VWDWLN� GXUXPGDNL� ULMLWOL÷L� ifade etmektedir. Dinamik analizlerden elde edilen sonuçlara 
EDNÕOGÕ÷ÕQGD���dD�d����DUDOÕ÷ÕQGDNL�ER\XWVX]�IUHNDQV�GH÷HUL�LoLQ�GLQDPLN�\DWD\�ULMLWOLN�D�¶D�ED÷OÕ�RODUDN�GDOJDOÕ�ELU�VH\LU�
L]OHPHNWH� IDNDW� LQFHOHQHQ� IUHNDQV� DUDOÕ÷ÕQÕQ� WDPDPÕQGD� VWDWLN� HPSHGDQV� GH÷HUOHULQLQ �VW�QGH� NDOPDNWDGÕU �ùHNLO� ��. 
<DWD\�YH�G�úH\�GR÷UXOWX�LoLQ�HOGH�HGLOHQ�GLQDPLN�oDUSDQODU�LQFHOHQGL÷LQGH��D\QÕ�IUHNDQV�SDUDPHWUHOHULQGH�EHQ]HU�GDYUDQÕú�
VHUJLOHGLNOHUL� J|U�OP�úW�U�� )DNDW� G�úH\� GR÷UXOWX� LoLQ� NDWVD\Õ� GH÷HUOHULQLQ� \DWD\� GR÷UXOWX\D� J|UH� GDKD� E�\�N� ROGX÷X�
J|U�OP�úW�U� 
 
6RQXoODU� �
�
%X� oDOÕúPDGD�� DNWLI� YH� NXYYHWOL� ELU� ID\� KDWWÕ� �]HULQGH� EXOXQDQ�$GDSD]DUÕ� E|OJHVL� LoLQ� SURMH�P�KHQGLVOHULQLQ� GHSUHP�
etkisindeki \DSÕ�GDYUDQÕúODUÕQÕ, zeminin etkisini GDKD�JHUoHNoL�ELU�úHNLOGH�HOH�DODFDNODUÕ�GLQDPLN�HPSHGDQV�IRQNVL\RQODUÕ�
JHOLúWLULOPLúWLU�� %X� GH÷HUOHU� \DUGÕPÕ� LOH� ]HPLQ� HWNLVL� VWDWLN� YH\D� GLQDPLN� DQDOL]� \DSDUNHQ� GDKD� EDVLW� ELU� úekilde ele 
DOÕQDELOHFHNWLU�� +HUKDQJL� ELU� GHSUHP� KDUHNHWL� HWNLVLQGH� ELU� \DSÕ� WDVDUODQGÕ÷ÕQGD�� LOJLOL� GHSUHPLQ� IUHNDQV� LoHUL÷LQH�
EDNÕODUDN�X\JXQ�GLQDPLN�ULMLWOLN�GH÷HUOHUL�DOÕQDELOHFHNWLU��$\UÕFD��EX�\DNODúÕP��ONHPL]GH�VÕNOÕNOD�NXOODQÕOPDNWD�RODQ�fakat 
PHNDQLN�DoÕGDQ�JHUoHNoL�ROPD\DQ�\DWDN�NDWVD\ÕODUÕQD�NDUúÕ�ELU�DOWHUQDWLI�RODUDN�VXQXOPDNWDGÕU� 
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Abstract: This led us to make our contribution to the development of modified electrodes by immobilization on their 
surface chemical microstructures.The synthesis of metal particles-polymer composites were done by different 
approaches. One of them is the synthesis and characterization of the monomer pyrrole-succinic acid with complexing 
properties, with two carboxylic groups present in the monomer. 
The electrochemical study showed the possibility on one hand that the preparation of stable films of controlled size 
and on the other hand, the inclusion of metallic particles of copper and nickel in the film of poly [pyrrole-succinic 
acid] by electroreduction and complexation of metal cations. 

 
Keywords : Modified electrodes, Polypyrrole, Nickel, Complexation, Electrocatalysis. 
 
Introduction 
 
The inclusion of small metal particles in organic matrix, particularly polymers, is attracting increasing research efforts 
[1]. Studies on the incorporation by electrochemical reduction of metal particles with catalytic properties in polymer 
films have been mainly devoted to the incorporation of noble metals (Pt, Pd, Rh) [2]. However, only few examples are 
found in the literature concerning the inclusion in polymer films of particles of non-noble transition metals such as 
nickel, copper or cobalt [3]. This composite material can be applied as cathode electrocatalytic hydrogenation of both ketones and 
enones and showed a good electrocatalytic activity [4]. 
 
Experimental 
Synthesis of monomer 
 
 (3-pyrrol-1-ylpropyl)succinic acid (was synthesized as follows: a solution of n-BuLi in hexanes, was added  to i-
Pr2NH dissolved in THF. The mixture was stirred, then mono-tert-butylsuccinate dissolved in THF was added 
dropwise. The reaction vessel was warmed to 0 °C, stirred at this temperature for two hours, and cooled again to –78 °C 
before N-(3-bromopropane-1-yl)pyrrole was added drop wise. The reaction vessel was then allowed to warm to room 
temperature and stirred. The solid residue was partitioned between and water. The organic layer was then dried with 
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The crude mixture was purified by 
chromatography on silica gel to afford 2-[(3-pyrrol-1-yl)propyl]tert-butylsuccinate as an oily residue (yield 70%).  
A solution of 2-[(pyrrole-1-yl)propyl]tert-butylsuccinate and KOH in absolute ethanol was refluxed for two days at 75 
°C. After cooling the mixture to room temperature the solvent was removed under reduced pressure and the residue was 
partitioned between dichloromethane and water .The biphasic mixture was protected from light, cooled at 0 °C with an 
ice bath and stirred vigorously. Aqueous 1 mol L-1 HCl was then added drop wise until the pH reached a value between 
2-3. The organic phase was then collected and the aqueous phase was extracted with dichloromethane and diethyl ether. 
The organic fractions were collected, dried over anhydrous sodium sulfate, filtered and the solvent was evaporated 
under reduced pressure to afford the product as a light brown solid material. (yield 59%).  
 
 
                                                                               Pyrrole-succinic acid monomer 
 
 
 
 
 
Electrodes, electrochemical cell and instrumentation 
 
All electrochemical experiments were carried out using an EGG PAR model 273 potentiostat equipped with an x-y 
recorder. A standard three-electrode cell was used for analytical experiments. Potentials are referred to the Ag|AgCl in 3 
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mol L-1 KCl reference electrode in aqueous electrolytes, and to the Ag|Ag+10–2 mol L-1 in CH3CN + 0.1 mol L-1 TBAP 
in acetonitrile electrolyte. Glassy carbon disc electrodes (3 mm diameter, from CH Instruments) were polished with 1-
µm diamond paste. For FT-IR measurements, films were grown on a 0.5 cm2 Pt foil. Spectra were recorded using a 
Perkin-Elmer GX spectrophotometer equipped with a variable angle specular reflectance accessory. All experiments 
were run at room temperature under an argon atmosphere. 
 
Preparation of the modified electrodes 
 
The polymer films were grown from unstirred solutions of monomer (4 x10–3 mol L-1) in CH3CN containing 0.1 mol L-1 
TBAP as supporting electrolyte, by potentiostatic oxidative electropolymerization at 0.85-0.90 V vs Ag|Ag+ 0.01 mol 
L-1. Polymerization experiments were controlled through the anodic charge recorded during the electrolysis. The 
amount of pyrrole units in the films and thus, the apparent surface coverage in complexing units (¥L, mol cm–2) were 
determined after transfer of the modified electrodes into monomer-free CH3CN electrolyte from the integration of the 
polypyrrole oxidation wave recorded at low scan rate (10 m V s–1).  
For electrocatalytic hydrogenations, polymer films were grown on carbon felt (RVC 2000, 65 mg cm–3, from Le 
Carbone Lorraine) electrodes (20 x25 x�4 mm). Procedures used for the incorporation of nickel metal into the different 
polymeric matrices will be described in the results and discussion section. 
 
Electrocatalytic hydrogenation procedure 
 
Electrocatalytic hydrogenations were carried out in a H-shaped three-compartment cell. The carbon felt electrodes 
modified with nickel-polymer composite films were placed in the cathodic compartment filled with 50 mL of a 
deaerated equivolumic water-methanol solution containing 0.1 mol L-1 NaCl + 0.1 mol L-1 H3BO3 (initial pH 5.3). The 
potential was maintained at –1.2 V for several min (hydrogen evolution). The current was then fixed at 20 mA and the 
substrate (1 mmol) was added. The working potential stabilized at around –1 V in these experimental conditions. The 
reaction progress was followed by periodic withdrawals. Samples were extracted with diethylether and analyzed by GC. 
The identification of products was based on GC comparison with authentic samples. 
 
Results and Discussion 
Electrochemical behavior of the pyrrole-succinic acid 
 
The electrochemical behavior of the pyrrole-succinic acid in CH3CN + 0.1 mol L-1 TBAP is shown in figure 1. Cyclic 
voltammetry curves exhibit the regular irreversible oxidation peak at 1 V/ Ag|Ag+ 0.01 mol L-1 (figure1 a) and an 
irreversible reduction peak (Epc ca. –1.2 V on Pt) attributed to the reduction of the protons of the carboxylic acid 
groups (figure 1 b). 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1 : Cyclic voltammetry curve recorded at a carbon (curve a) 
and platinum (curve b) disc electrode (3 mm diameter) in CH3CN + 
0.1 mol L-1 TBAP scan rate = 0.1 V s –1.  
 
Poly pyrrole-succinic acid films can be grown on platinum and 
carbon electrodes by cycling over the –0.4 V to 0.9 V potential range 
(figure 2 a), or by controlled-potential oxidation at 0.85 V (Ag|Ag+ 
0.01 mol L-1) (figure 2 b). Films with apparent surface coverage (GL) 
around 10–7 mol cm–2 could be obtained with polymerization yields 
above 50%. 
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Figure 2 : Cyclic voltammetry curve of pyrrolesuccinic acid recorded at a carbon disc electrode (3 mm diameter) in 
CH3CN + 0.1 mol L-1 TBAP scan  rate = 0.1 V s–1.  
A : successif balayage   B : after oxidation at 0.85 V (Ag|Ag+ 0.01 mol L-1), charge passed 6 mC.  
 
Deposition of nickel in polypyrrole-succinic acid films 
Electrochemical behavior of nickel 
 
The electrochemical behavior of nickel sulfate in H2O + 0.1 mol L-1 Na2SO4 and 0.1 mol L-1 succinic acid is shown in 
figure 3. Cyclic voltammetry curves exhibit the regular irreversible reduction peak at -1,4 V/ Ag|Ag+   attributed to the 
deposition of the nickel ions  and an oxidation peak at  1,6 Vcorresponding to the oxidation of nickel metal reduced. 

 
 

 
Figure 3 : Cyclic voltammetry curve recorded at a carbon disc electrode (3 mm diameter) in 0.1 mol L-1 H3BO3 (pH 
5.5) containing 1 mmol L-1 NiSO4 and 0,1mol L-1 succinic acid; scan  rate = 0.1 V s–1. 
 
The complexation ability of succinic acid towards transition metal cations is weaker than that of malonic acid. In 
particular, it is known that succinic acid forms with nickel(II) a NiL complex characterized by a lower complexation 
constant (logȕ1 = 1.6) than the corresponding nickel-malonic acid complex (logȕ1 = 3.2). The effective complexation 
of nickel(II) cations and the electroreductive deposition of nickel metal in polypyrrole-succinic acid films has been 
demonstrated following the same basic procedure. C|polymere modified electrodes have been soaked in aqueous NiSO4 
(0.1 mol L-1, pH 5.5), thoroughly rinsed and reduced at –1.4 V in 0.1 mol L-1 Na2SO4 containing 0.1 mol L-1 H3BO3. 
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Then the anodic nickel metal dissolution was studied by CV in clean Na2SO4 + H3BO3 electrolyte. A typical curve, 
characterized by a strong nickel anodic stripping peak at 1.5 V is shown in figure 4. It confirms the successful 
deposition of nickel metal in polypyrrole-succinic acid films using the complexation-electroreduction procedure. 
 

 

 

 

 
 
 
 
 
 
 
Figure 4 : Anodic stripping wave in 0.1 mol L-1 Na2SO4 for nickel metal deposited in a polysuccinic acid film (GL = 
10,7 × 10–8 mol cm–2) soaked for 30 min in 0.1 mol L-1 NiSO4 (pH 5.2), then reduced at –1.4 V in clean 0.1 mol L-1 
Na2SO4, pH 5.4; scan  rate = 0.01 V s–1. 
 
 
Electrocatalytic hydrogenation at Ni-polysuccinic acid cathodes 
 
The main results of the electrocatalytic hydrogenation of 2-cyclohexenone are summarized in Table 1. 
The poly(pyrrole-succinic acid)-nickel electrode material shows a catalytic activity very similar to that observed at 
poly(pyrrole-malonic acid)-Ni(0) film modified electrodes. Moreover, the polymere-nickel electrode material appeared 
rather stable.  
 
Table 1 : ECH of 2-cyclohexenone at C|polymere-Ni(0) cathodesa 
 

entry cathodeb N°manip Products 
 

4F Product 
yieldc / % 

Current 
efficiencyd / % 

1 eC/Polysuccinique-Ni 

2 incorporations de nickel 

02 Cyclohexanone 

cyclohexanol 

43 

57 

  78  

2 eC/Polysuccinique-Ni 

2 incorporations de nickel 

05 Cyclohexanone 

cyclohexanol 

66,6 

  32 

  65 

 

 
aCarried out in 50 mL of water-methanol equimolar mixtures containing 0.1 mol L-1 NaCl + 0.1 mol L-1 H3BO3 (initial 
pH 5.3) and 1 mmol of cyclohexenone; electrolysis current 20 mA (–0.9 V < Eapp < –1.0 V).    b20 × 25 × 4 mm 
modified carbon felt electrodes. cGC yield, measured after the consumption of 4 electrons per molecule of 2-
cyclohexenone. dCalculated taking into account that reduction of 2-cyclohexenone to cyclohexanone and cyclohexanol 
requires 2 and 4 electrons, respectively. eNickel deposition by complexation (30 min in 0.1 mol L-1 NiSO4, pH 5)-
reduction (–1.4 V in 0.1 mol L-1 Na2SO4 + 0.1 mol L-1 H3BO3, pH 5) in a film containing ca.1.8 × 10–5 mol of succinic 
acid units. 
Conclusion 
 
In this work, an effective dispersion of nickel particles into s electrogenerated functionalized polypyrrole were 
investigated, by electroreduction of nickel(II) cations complexed into poly(pyrrole-carboxylate) films. The 
electrocatalytic activity and the operational stability of various composite electrode materials have been evaluated in the 
course of the electrocatalytic hydrogenation of ketones and enones in aqueous media. The main result is that cathodes 
synthesized by the electroreduction of nickel(II) ions complexed into polycarboxylate films are characterized by a 
higher catalytic activity and a significant improvement of the operational stability. Moreover, the complexing 
polycarboxylate matrix may act as a stabilizer to prevent metal particles from aggregation, which can also be 
responsible of the better operational stability observed for these cathodes. 
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Work is now in progress to manipulate the catalytic properties of the nanocomposites through the interaction of the 
nickel surface with functional groups of the polymer. One of our main objectives is to achieve enantioselective 
electrocatalytic hydrogenation with nickel-based cathodes synthesized using polymer films containing optically active 
polycarboxylate ligands. 
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 In the petrochemical's sector, where the market evolves incessantly around new processes 
and functions, companies are forced to be continuously innovative by acquiring or 
developing technologies. This is a crucial element in the competitive strategy of any 
enterprise. The ongoing integration between the Saudi market and the international 
market liberalizes and enhances the competitive pressure within companies, in particular 
joint ventures and alliances. As well as, it increases technological development needs. 
This study was conducted to evaluate the role of Joint Venture for technology transfer in 
petrochemicals at Jubail Industrial City, Saudi Arabia. A questionnaire was developed to 
collect the necessary data from joint-ventures companies. Seventeenth companies 
completed and returned the questionnaire. The obtained data were analyzed using SPSS 
package. The results indicate that several Technologies including product, process, 
marketing, organizational, strategic, and systematic have been successfully transferred to 
the Petrochemical industry in Saudi Arabia. The majority of these technologies have been 
transferred mainly through joint venture companies. Joint venture companies consider and 
control many internal and external aspects to assure a successful technology transfer.  
Association with suitable partner, commitment of the top management, education and 
training, flexible organizational culture, intra-organization coordination and use of 
information and communication technology are essential ingredients of any technology 
transfer process. Also, the results show that patents play a main role in increasing profits 
for the joint venture companies. Language is considered as the major factor in creating a 
gap toward success in Joint Venture.  

 

Key words: Product technology transfer, process technology transfer, strategic technology transfer, marketing technology 
transfer, top management,  education and training, flexible organizational culture and barriers to technology transfer. 
 
 

1. Introduction 
 

Transfer of technology is more than just the moving of high-tech equipment from the developed to the 
developing world, or within the developing world. Moreover, it encompasses far more than equipment and other 
so-called “hard” technologies.  It also includes total systems and their component parts, including know-how, 
goods and services, equipment, and organizational and managerial procedures. Thus, technology transfer is the 
suite of processes encompassing all dimensions of the origins, flows and uptake of know-how, experience and 
equipment amongst, across and within countries, stakeholder organizations and institutions (Gately, 2011). 
Multinational enterprises have a number of options for technology transfer. These include contractual 
arrangements, such as technology licensing agreements, joint ventures, technical assistance and management 
contracts, turnkey projects and direct foreign investment in wholly-owned subsidiaries or affiliates. Transfers 
also occur, for example, through education of students abroad and through trade in capital goods between 
unrelated parties. Technology transfer can be understood as the process by which technology moves from one 
physical or geographic location to another for the purpose of application towards an end product (Simon and 
Herman, 2001). Nevertheless, the transfer process can take place either domestically from one sector to another 
or from one country to another covering the required knowledge, experiences and skills.  

Technology transfer may comprise some or all of the following: fabricated materials and capital goods such 
as machines, instruments, equipment and the rest of the technology and its necessities such as design and 
execution works; preparation of feasibility studies for projects, including technological experiences and skills 
comprising knowledge relating to production, patents, documents, drawings, operation programs, maintenance 
instructions, training and education activities (Bresman, Birkinshaw, and Nobel, 2010). 

A joint venture is a strategic alliance where two or more parties, usually businesses, form a partnership to 
share markets, intellectual property, assets, knowledge, and of course, profits (Patton and Rayan, 2009).  This 
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partnership can develop between two big parties in an industry. It can also occur between two small businesses, 
which believe partnering will help them successfully compete against their bigger competitors. Likewise, 
companies with identical products and services can also join forces, to penetrate markets they otherwise would 
not take on, without investing tremendous resources. Furthermore, due to local regulations, some markets can 
only be penetrated via joint venturing with other local businesses.  In some cases, a large company will form a 
joint venture with a smaller business, empowering it to quickly acquire critical intellectual property, technology, 
or resources otherwise hard to obtain, despite adequate cash at their disposal (Raff and others, 2009).   

Saudi Arabia is a pioneer in the field of petrochemicals in the Middle East region. Over the last two decades 
it has built itself from a modest beginning into a position of strength (Al Dabibi, 2003). One of the unique 
characteristics of the petrochemical industry is the great interaction between feedstock, technologies, products 
and by products. For the production of many petrochemicals, there may be more than one process of technology 
involving different combinations of feedstock and by products. To date, out of the distribution of foreign direct 
investment by major foreign companies in Saudi Arabia, it is mainly chemicals and petrochemical companies 
which have contributed 60% of the total. Wilson (2004) and others concluded that ExxonMobil is the largest 
foreign investor in Saudi Arabia, accounting for 23% of the total foreign direct investment, with a total 
cumulative investment exceeding $14 billion. There exist giants such as the state owned Saudi Aramco and 
Saudi Basic Industries Corporation, ranking among the world's largest petrochemical products. 

 
 

2. Literature Review 
 

Technology transfer framework attempts to incorporate economic, social, and political influences that affect 
the ability of different corporations to both create new knowledge and deploy that knowledge in economically 
useful ways and thereby contribute to economic growth and prosperity.  The objective mostly is to build a more 
general understanding of firm–industry relationships and their role in knowledge-based innovation systems 
(Bercovitz and Feldman, 2006). Olayan (2004) said that understanding technology may only be acquired by 
training, education, experimentation, research and previous experience. There are two main approaches with 
regard to the types of technology that need to be transferred: vertical and horizontal transfer. Vertical technology 
transfer is transference from general to specialized levels, or transference from the scientific level to the final 
product form. Whereas, horizontal technology transfer is transference from one country to another, or from one 
application to another, e. g. uses of warfare technology to the civilian sector.   

Kogut (2006) said that joint ventures can be summarized as an instrument of organizational learning and 
movement of knowledge. In light of this, Muller and Schnitzer (2006) examined why multinational firms would 
prefer to enter joint venture agreements albeit the fear of spillovers.  It was summarized with one phrase only: 
Knowledge Movement. Thus, the clear direct policies like taxation have always been taken into consideration, 
particularly for the new born international joint ventures companies. Furthermore, a joint venture company is set 
when a host country influences an international one to share its knowledge, development, objectives and 
existing technologies towards the achievement of both parties’ benefits and success. (Roy and Oliver, 2009). An 
overlooked factor affecting the success or failure of international joint ventures is the effectiveness of the 
leadership. Obviously, the main feature of leadership teams in a joint venture, are in its demand to identify ways 
to improve the manpower’s effectiveness. Blalock and Gerlter (2008) had identified five key elements of the 
joint venture leadership - team composition, process, structure, incentives, and the leader’s behaviour which has 
important implications toward joint venture success. Their analysis was based on the literature regarding top 
management teams, cross-cultural behaviour, international joint ventures, and their own in-depth interviews 
with leadership teams, from international joint ventures. Hagedoorn and Schkaenraad (2006) studied the 
strategic technology partnering between firms, and it has become a growing subject of interest, to both 
companies experimenting with this mode of economic organization and researchers from a wide variety of 
academic disciplines. Also, the effort was made to measure the effect of strategic technology partnering on 
companies engaged in such joint efforts.  

High-technology industries have led the way in the globalization of international business in recent years. 
Success often depends on how well a firm transfers technology to another firm or market in a foreign country 
(Keller, 2008). Abdul Wahab and others (2010) stated that the inter-firm technology transfers through 
international joint ventures, have significantly contributed to a higher degree of local innovation 
performance/capabilities, technological capabilities, competitive advantage, organizational learning 
effectiveness, productivity, technological development of local industry, and the economic growth of the host 
country. Since the focus of inter-firm in developing countries has shifted to the degree of technology transfer, 
organizations in developing countries are attempting to assess not only the significant role of technology transfer 
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in strengthening their corporate and human resource performance, but also to influence other critical variables. 
These variables include the size of the multinational company, age of joint ventures, country of origin, and the 
multinational company type of industries. Contractor and Woodly (2010) proved that the effective knowledge 
transfer process, monitoring the opportunity, maximizing the joint venture synergetic values, technology 
providers, and the share is equal with the net benefits; all these elements can be controlled systematically and 
implemented successfully, based on how tight or loose the relationship is between the joint venture’s partners 
according to their own decision and the global and/or local market status. 

Al Ghamdi (2008) said that the transfer of technology process aims to: reduce the country's dependence on 
oil and to utilize national resources more efficiently, and to investigate the factors affecting the transfer and the 
conditions related to the technology in question - the receiving entities are also analyzed. Keller (2008) stated 
that many of the important factors are ambiguous by nature and difficult to measure. For instance, the 
technology to be transferred and the target markets may be changing, estimating costs and prices can be 
difficult, and the competition may consist of only a small number of firms or governments. Several critical 
factors may be external to the firms involved, such as political, cultural, and economic conditions. It is 
important, under these conditions, for management to have a good understanding of the international technology 
transfer process and the barriers and bonds that determine success. The success of the technology transfer 
among joint venture companies is always been measured by the degree of the technology transferred to the local 
party.  Furthermore, a joint venture is the most efficient mechanism to insert any new technologies, skills, or 
knowledge.  However, to make this process occur smoothly and easily, the parties need to conform to the 
relationship quality and mutual trust and the degree of tacit explicit knowledge (Abdul-Wahab et al., 2011). 
Henrik and others (2010) concluded in their case study that the success of technological know-how occurs when 
it is facilitated by excellent communication, visits and meetings between the partners on a regular basis.  

Caves (2003) stated that one way of viewing a multinational enterprise in Saudi Arabia, is as an economic 
institution that owns, in whole or in part, controls and manages income-generating assets in more than one 
country. However, normally multinational corporations (MNCs) possess some advantages enabling them to 
produce and compete successfully in an unfamiliar foreign environment. A number of technologies have been 
imported into the Kingdom of Saudi Arabia. This experience has affirmed the conviction that technology can 
make an invaluable contribution to the growth of the Kingdom of Saudi Arabia. However, in doing so the 
Kingdom of Saudi Arabia, like other nations, faces some questions of possible obstacles, trials and errors during 
the course of industrial development and technology transfer. These can be addressed by utilizing science and 
technology efficiently to develop many sectors, improving output of industry, developing standards and status of 
national manpower and its utilization. (Al Ankari, 2004) 

Gately and others (2011) analyzed Saudi Arabia’s growth in oil consumption, and they found that the oil 
consumption domestically is nearly 3 million barrels/day, which is one-fourth of the total production. Moreover, 
they concluded the rapid growth in consumption is 57% annually, which is 50% faster than the income growth, 
which in turn will challenge Saudi Arabia’s abilities to increase its oil exports. Additionally, Jinagl and Chao 
(2010) supported the above statements by examining the Sahara oil reservoir in B Block of Saudi Arabia, and 
came up and said that it has very low porosity and permeability. However, Saudi is forming a three-way joint 
venture as a n-butnol plant in Jubail industrial city in the east of Saudi Arabia, as well as another JV between 
Saudi Aramco and Dow Chemicals being formed in the near future, in order to build the largest petrochemicals 
complex in the Middle East – this, will also be located in Jubail industrial city (Young, 2011). The Gulf 
Petrochemicals and Chemicals Association’s annual report which was published in 2008, aimed to provide a 
comprehensive information source, which would cover developments in all countries of the Gulf. The report 
assured that Saudi Arabia continues to lead capacity development in the region with activity.  As the Saudi 
government encourages economic diversification, the kingdom is now moving firmly upstream into refining and 
downstream to industrial development (Tracy and others, 2011). Over the past 10 years, there was a huge 
expansion of petrochemical production in the Middle East - two essential factors were responsible: (1) the 
availability of feedstock at low prices as a consequence of the large oil production, (2) the strategic location of 
the Middle East enabled the area to supply the Atlantic and Far East needs of petrochemicals, in particular the 
enormous demands from China. (Seddon and Duncan, 2010). 

Saudi Arabia was the first country of the Gulf Cooperation Council, to implement an offset related 
investment program with foreign contractors, to help build its technological and human capital through 
technology transfer. Ramady (2005) examined the various offset programs undertaken and compares these with 
private sector non-offset joint venture investments, to assess the effectiveness of technology transfer in the 
petrochemical sector using a model of technology transfer "packaging comprehensiveness". The results 
indicated a greater degree of technology transfer for the offset related programs, but the current Saudi 
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educational structure needs to be directed towards science based subjects in order for such technology transfers 
to become self sustaining and high value job generating in the future. (Mathews, 2003). 

 
 

3. Research Problem 
 
With the exception of Saudi Basic Industries Corporation projects, about 70% of all the current petrochemical 

projects in Saudi Arabia are joint ventures with major chemical companies. Literature review based assessments 
of joint ventures in Saudi Arabia, indicated that these businesses are enjoying comfortable monetary benefits 
from economic endeavours in Saudi Arabia. Nevertheless, there seems to be insufficient information available 
on the impact of these joint ventures on technology transfer in terms of know-how, employment, and adoption. 
Lack of incentive or mandatory clauses may also act as an obstacle to joint venture agreements. 

 
 

4. Research Significance 
 
- The government desires to build strong and lasting industrial sectors to benefit from the country's 

available capital plants, which are considered major assets for the country. Assessing the problems 
facing this industry will help in eliminating them and syncing industrialization with advanced 
technology attainable through technology transfer. 

- The success of the petrochemicals industry in the Kingdom of Saudi Arabia is very important to 
achieve the government's plan of diversifying the country's revenues. 

- Transferring the petrochemicals technology into the Kingdom of Saudi Arabia is an attempt to promote 
Saudi development and training in this sector, as well as, the indigenous petrochemicals industry in the 
Kingdom. The creation of such a sector would give a boost to the Saudi economy as it would bring 
high value and high technology jobs to the region. 

- Study the open door policy to further foreign direct investment into Saudi Arabia, from established 
global energy and petrochemicals firms.  Examining joint ventures should allow considerable 
technology transfer, though their sheer size will also necessitate more diversified and imaginative 
financing solutions. 

  
 

5. Research Objectives 
 
The main objective of this research is to evaluate the role of joint venture for technology transfer in 
petrochemicals at Jubail industrial city, Saudi Arabia. To accomplish the main objectives, the following sub-
objectives are to be met: 
-   Go over the current situation for technology transfer through joint venture in petrochemicals at Jubail 
industrial city, Saudi Arabia, 
-   Determine the causes and effects facing technology transfer processes within petrochemical joint venture 
companies in the Kingdom 
 

6. Research Methodology 
Based to the objectives of this work, the research methodology was descriptive using comprehensive survey 

of the literature. A quantitative research methodology was also used, with a questionnaire presented to and 
completed from top management, such as CEO's and whoever is involved in the decision-making process.  

 
6.1. Tools for Data Collection and Statistical Analysis 

 
 Based on several previous studies related to the study area, a first draft of survey tool "Questionnaire" was 
developed. The questionnaire was e-mailed to a number of academics and experts with experience in technology 
management. They were asked to evaluate the relevant contents of the questionnaire, its language, accuracy, 
completeness, clarity and reliability. The final form of questionnaires was distributed via E-mails in order to 
collect data from the respondents. The data were be collected from top management, such as CEO's and 
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whoever is involved in the decision-making process of both representative of joint venture through a structured 
questionnaire and direct interviews as appropriate, whereas no significant difference between the two parties. 
The collected data were then analyzed and conclusions were delivered. Statistical Product and Service Solution 
(SPSS) version 16.0 for windows was used for the statistical analysis of the data collected by questionnaires. 
Microsoft Excel 2007 software was used to manage, process, and present the data. 
 
 

6.2. Research Population 
 

The population in this research consists of petrochemicals companies located in Jubail Industrial City in 
Saudi Arabia, which are listed on the Saudi Arabian General Investment Authority and Chamber of Commerce 
and Industry. The population was taken as companies located in Jubail Industrial City, which are 31 companies, 
and some of them operate in different locations yet they have representative and/or support office at Jubail 
Industrial City.  

 
 

6.3. Research Sample 
 

28 questionnaires were sent via E-mails to CEO's and planning directors, who were representing their joint 
ventures companies in Saudi Arabia. They were requested to participate by completing the questionnaire. 
However, the final retrieved number of responses was 17 out of 28 with percentage of (60.7%).  

 
 

6.4. Statistical Test for the Tool 
6.4.1. Reliability Analysis for Cause and Effect of Technology Transfer  

A reliability analysis procedure was applied to make sure that the implemented tool was reliable in measuring 
the underlying elements. The reliability criterion (Cronbach alpha) of each section was calculated and presented 
in table (1). The analysis indicates that all factors have coefficients alpha ranged from (0.75) to (0.92). 
Therefore, values of calculated alpha in this research work indicate high levels of reliability. 

 

6.4.2. Statistical Validity Analysis for Cause and Effect of Technology Transfer  

To verify the validity of the study tool, the Pearson’s Coefficient of Correlation between the main scale and the 
subscales are calculated as shown in table (2). Table (2) shows that the calculated Pearson’s coefficient of 
correlation for the ten sub sections of this scale are between (0.499) for the fifth section and (0.910) for the ninth 
section. Since the correlation coefficient is (r > 0), it shows that correlation coefficient is positive and 
significantly different from zero. These results show that there is a statistically linear significant relation 
between the variables. This indicates that the study tool has the validity to meet the research objectives. 

 

Table (1)  Values of Cronbach's alpha for Cause and Effect of Technology Transfer 

Number Sub Scale Cronbach's 
alpha 

1 Technology(s) that the company has transferred to Saudi Arabia 0.75 
2 How the company attained technology transfer 0.79 

3 
Abandoning or delaying projects due to non feasibility or lack of resources and 
information 0.78 

6 Potential aspects that facilitate easiness in acceptance of Technology Transfer 0.87 
7 Potential aspects that facilitate easiness in implementation of Technology Transfer 0.92 
8 Potential sources of information which contribute in Technology Transfer process  0.86 
9 Factors influencing the Technology Transfer success within the firm 0.85 
10 Incentives that play a main role to increase the profit for the company 0.88 
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Table (2) Pearson’s Coefficient Correlation for “Cause and Effect of Technology Transfer Process” and its 
subscales 

Number Sub Scale Pearson’s 
Correlation 

1 Technology(s) that the company has transferred to Saudi Arabia 0.936(**) 
2 How the company attained technology transfer 0.708(**) 
3 Abandoning or delaying projects due to non feasibility or lack of resources and 

information 0.818(**) 

4 Effectiveness in receiving transfer technology 0.508(*) 
5 Saudi government policies revolving around joint venture agreements favour 

technology transfer 0.499(*) 

6 Potential aspects that facilitate easiness in acceptance of Technology Transfer 0.710(**) 
7 Potential aspects that facilitate easiness in implementation of Technology Transfer 0.596(*) 
8 Potential sources of information which contribute in Technology Transfer process 

flow 0.673(**) 

9 Factors influencing the Technology Transfer success within the firm 0.910(**) 
10 Incentives that play a main role to increase the profit for the company 0.695(**) 
 
 

7. Results and Discussion 
7.1 Cause and Effect of Technology Transfer Process 

7.1.1 Types of technologies that the joint venture company has transferred to Saudi Arabia 
 

To determine the technologies that the joint venture company has transferred to Saudi Arabia, the frequencies 
and percentages for the responses of the sample on  the question “What is (are) the technology(s) that the joint 
venture company has transferred to Saudi Arabia” are calculated as shown in table (3). 

Table (3) Technologies that the Joint Venture Company has transferred to Saudi Arabia 

No Technology Yes No Chi-
Square Df Sig. Freq. Percent Freq. Percent 

1 Product Technology Transfer 5 29.4% 12 70.6% 2.882 1 0.090 
2 Process Technology Transfer 7 41.2% 10 58.8% .529 1 0.467 
3 Marketing Technology Transfer 9 52.9% 8 47.1% .059 1 0.808 
4 Organizational Technology Transfer 11 64.7% 6 35.3% 1.471 1 0.225 
5 Strategic Technology Transfer 12 70.6% 5 29.4% 2.882 1 0.090 
6 Systematic Technology Transfer 11 64.7% 6 35.3% 1.471 1 0.225 

The results in table (3) show that the “Strategic Technology Transfer” is the most kind of technology that has 
been transferred to Saudi Arabia through the surveyed companies with a percentage of (70.6%) of the sample. 
Jabar and other (2011), said that this element usually get the highest percentage due to the direction that the 
companies have adopted, that help to modify the way of thinking from technology transfer philosophy into 
organizational learning philosophy, which is an antecedent of technology transfer and new product 
development. This is followed by “Organizational Technology Transfer” and “Systematic Technology Transfer” 
with the same percentage (64.7%) of the sample. The researchers think that Joint Ventures companies are 
clearly targeting to transfer new management methods more than transferring processes, products or else, and 
that might be for the weakness in the training programs, research and development, or the ability to start 
producing new products and new processes.  
 
 

7.1.2 The Mechanism of Attaining Technology Transfer in the Joint Venture Company  
 

To define the mechanism of attaining technology transfer in the Joint Venture Company, the researchers 
calculated frequencies and percentages for the responses of the sample as shown in table (4). It can be concluded 
from the table that most of the companies investigated in the study have attained technology transfer in 
collaboration with another enterprise with a percentage of (70.6%). Lichtenthaler (2010), justified that most of 
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the companies, especially who are in industrial market, always tend to head for open innovation and inter-
organizational technology transfer, in other words alliances and licensing with technological firms. The results 
VKRZ� VLJQLILFDQW� GLIIHUHQFHV� DW� �Į ������ LQ� WKH� UHVSRQVHV� IRU� WKH� EHQHILW� RI� WKH� FRPSDnies who attained 
technology transfer by themselves as shown in table (4). 
 

Table (4) Methods of technology transfer  

No Phrase Yes No Chi-
Square df Sig. Freq. Percent Freq. Percent 

1 Mainly by your Organization 1 5.9% 16 94.1% 13.235 1 0.000 
2 In collaboration with another enterprise 12 70.6% 5 29.4% 2.882 1 0.090 
3 Mainly by another Organization 5 29.4% 12 70.6% 2.882 1 0.090 

 

7.1.3 Effectiveness of Saudi Manpower in Receiving Technology Transfer  
 

The results show that six companies of the respondents said they are strongly agree that the Saudi technical 
manpower are effective in receiving transfer technology with the highest percentage (35.3%) and (23.5%) of the 
sample agreed with the statement. Ahmad (2007) said that the oil companies worldwide are looking for ways to 
improve operations in order to stimulating production increasing and costs reduction. Therefore, companies 
focused on addressing the technical quality of the local manpower and started to improve it through several 
English, American, Canadian, and Australian expertise. Then, by the end of 2004, the technical manpower 
efficiency in Saudi Aramco was improved up to 64% while the costs were reduced to 39%. Table (5) shows the 
results. 
 

Table (5) The effectiveness of Saudi technical manpower in technology ransfer 
Strongly 
Disagree Disagree Uncertain Agree Strongly Agree Chi-

Square df Sig. 
Freq. Percent Freq. Percent Freq. Percent Freq. Percent Freq. Percent 

0 0 2 11.8 5 29.4 4 23.5 6 35.3 2.059 3 .560 
  
 
7.1.4 The Saudi Government policies around Joint Venture Agreements favor Technology 

Transfer 
 
The results show that six companies said that the Saudi Government policies revolving around joint venture 

agreements favor technology transfer with a percentage of (35.3%) of the sample, whereas eleven companies 
(64.7%) didn’t agree with this statement, as shown in table (6). Aldridge and Audrestch (2010) said that, several 
references since the 21st century began, Saudi Arabia had set many policies that concerning technology transfer 
mechanisms and processes, but it was obviously that those policies are not even closely related to oil, gas, and 
petrochemicals sectors. In addition, there were policies that control and confined the foreign investment in 
Saudi, which makes the Kingdom unhealthy environment to attract the investors to deploy new technologies and 
develop them.  

 
Table (6) The Saudi Government’s policies revolving around joint venture agreements 

Yes No Chi-
Square df 

Sig. 
Freq. Percent Freq. Percent  

6 35.3 11 64.7 1.471 1 .225 
 
 
7.1.5 The Potential Aspects that Facilitate Acceptance of Technology Transfer  

 
To determine the potential aspects that facilitate acceptance of technology transfer, the means and standard 

deviations for the responses of sample on the question: “What are the potential aspects that facilitate acceptance 
of technology transfer?" are calculated as shown in table (7). The results revealed that the first potential aspect 
that facilitate acceptance of technology transfer is collaborating with suitable external partners (Means=4.824, 
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SD=0.393). In fact, this factor came in the beginning due to the partnership parties most likely tend to 
understand each business philosophy and cultural perspectives, and these could be considered essential elements 
to achieve a successful cooperation, especially if both parties are from different cultural background;   then the 
trust and transparency are playing very important role to make technology transfer process done successfully. In 
the second place came the aspect “Management Commitment and Support” (Means=4.353, SD=0.606) followed 
by the aspect “Education and training” (Means=4.235, SD=1.201). “Flexible Organizational Culture” came in 
the fourth potential aspect that facilitate acceptance of technology transfer (Means=4.176, SD=0.529).  
 

Table (7) The potential aspects that facilitate acceptance of technology transfer 
No Phrase Means (5) SD Sort 
1 Management Commitment and Support 4.353 0.606 2 
2 Flexible Organizational Culture 4.176 0.529 4 
3 Focus on long term gains when compared to short term profits 4.125 0.719 5r 
4 Collaborating with suitable external partners. 4.824 0.393 1 
5 Intra-Organization Coordination 3.625 0.619 9 
6 Use of Information and Communication Technology 'ICT' 3.438 1.031 10 
7 Having clear objectives and criteria for technology transfer. 4.118 1.111 7 
8 Recruiting compatible talent and securing the required competencies. 4.125 1.204 5r 
9 Education and training. 4.235 1.201 3 
10 Competitors and other Organizations in your sector. 3.882 1.166 8 
 Total 4.090   
 
 

7.1.6 The Potential Aspects that Facilitate Implementation of Technology Transfer  
 
To determine the potential aspects that facilitate implementation of Technology Transfer, the means and 

standard deviations for the response of sample are calculated as shown in table (8). The results show that three 
potential aspects “Focus on long term gains when compared to short term profits”, “Flexible Organizational 
Culture” and “Collaborating with suitable external partners” are chosen as the first aspect that facilitate 
implementation of technology transfer, and here we can see that both partners of the Joint Venture are looking 
for their long and short term benefits, considering that the culture they are going to deal with as a major factor, 
too. Where choosing the convenient partner is an essential factor to make the success for this process. These 
three aspects had the same means (M=4.353). In the fourth place came the aspect “Management Commitment 
and Support”.  
 

Table (8) The potential aspects that facilitate implementation of technology transfer 
No Phrase Means (5) SD Sort 
1 Management Commitment and Support 4.294 0.470 4 
2 Flexible Organizational Culture 4.353 0.702 1r 
3 Focus on long term gains when compared to short term profits. 4.353 0.702 1r 
4 Collaborating with suitable external partners. 4.353 0.862 1r 
5 Intra Organization Coordination 3.588 1.004 5r 
6 Use of Information and Communication Technology ‘ICT’ 3.588 0.795 5r 

 Total 4.088   
 
 

7.1.7 The Sources of Information which Contribute in Technology Transfer Process 
 
Means and standard deviations for the responses of the sample are calculated to determine their opinion about 

the potential sources of information which contribute in technology transfer process as shown in table (9). The 
results show that the study sample thinks that the first potential source of information which contributes in 
Technology Transfer process is “Market sources such as Suppliers, Customers, Competitors, Consultants and 
Commercial lab/R&D canters” (M= 4.353. SD=0.862).  This is followed by two statements in the second place 
which are “Intra Organizational information and use of 'ICT'” and “Government or public research institutes” 
(M=4.235). The fourth source was “Universities and Higher education and institutions” (M=3.938, SD=1.237).  
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Table (9) The sources of information which contribute in technology transfer 
No Phrase Means (5) SD Sort 
1 Intra Organizational information and use of 'ICT'. 4.235 0.437 2r 

2 arket sources such as Suppliers, Customers, Competitors, Consultants 
nd Commercial lab/R&D canters. 4.353 0.862 1 

3 Universities and Higher education and institutions. 3.938 1.237 4 
4 Government or public research institutes. 4.235 1.348 2r 
5 Professional Conferences, Journals and Meetings. 3.529 0.875 5 
6 Fairs and Exhibitions. 3.412 0.939 6r 
7 Professional or Industry Associations. 3.412 0.939 6r 

 Total 3.873   
 
 

7.1.8 The Factors Influencing the technology transfer success within the Joint Venture Company  
 
To identify the level of the respondents agreement on some potential factors influencing the technology 

transfer success within the firm, means and standard deviations for the responses of the sample are calculated. 
As shown in table (10), “Training and development programs” is the first potential factor influencing the 
technology transfer success (M=4.235, SD=0.903). The training might be the most important element that 
influences technology transfer positively, only if it is been conducted continuously for constant improvement to 
the manpower and ongoing technology development opportunities. The second factor is “Market awareness of 
Technology Transfer” (M=4.188, SD=0.911). Two factors came in the third place with the same Means (4.176) 
and SD (0.883 and 1.015). These factors are “Inclination towards creative behaviour and idea generation.” and 
“Improvement of decision-making, communication, working environment, frame work”. This was followed by 
the factors “Value of the product and productivity efficiency” and “Emphasis on in-house and extramural 
research and development” with means of (4.133 and 4.059) respectively.  
 

Table (10) The factors influencing the technology transfer success within the joint venture 
No Phrase Means (5) SD Sort 
1 Entrepreneur’s commitment. 3.882 0.858 7 
2 Inclination towards creative behaviour and idea generation. 4.176 0.883 3r 

3 Improvement of decision-making/communication/working 
environment/tram work. 4.176 1.015 3r 

4 Competitive advantage. 3.625 1.088 10 
5 Training and development programs. 4.235 0.903 1 
6 Emphasis on in-house and extramural research and development. 4.059 1.088 6 
7 Market awareness of Technology Transfer. 4.188 0.911 2 
8 High sale potential. 3.250 1.065 12 
9 Value of the product and productivity efficiency. 4.133 0.990 5 

10 Effecting the development of the economy 3.647 0.996 9 
11 Create new industries or expand the existing. 3.706 0.772 8 
12 Investment returns increment. 3.294 1.047 11 
13 Product quality increment. 2.941 1.029 16 
14 Customer satisfaction increment. 3.000 1.061 15 
15 Potential of learning. 3.176 0.883 14 
16 Overcomes ownership restrictions and cultural distance. 3.235 0.903 13 

 Total 3.670   
 

7.1.9  The Incentives for  Increasing the Profit of the Joint Venture Company. 

To determine these incentives, the means and standard deviations for the responses of the sample on the 
question about the role of these incentives in increasing the profit for the joint venture company are calculated 
as shown in table (11). The results show that “patents” came in the first place (M=4.353, SD=0.606) as an 
incentive that can play a main role in increasing the profit for the joint venture company. Ramady (2010) said 
that Saudi government is funding and supporting all the concerned institutions that have research and 
development or strategic alliances with technological providers. The government is also playing an essential role 
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to commercialize new patents within the Kingdom, as this was one of the requirements for Saudi Arabia to join 
the trade world organization (WTO). The second place was taken by the incentive “Design Registration” 
(M=3.882, SD=0.993). “Trade Marks” came in the third place with a means of (3.875) and SD (1.204).  

 
Table (11) The incentives for increasing the profit for the joint venture company 

No Phrase Means (5) SD Sort 
1 Patents 4.353 0.606 1 
2 Design Registration 3.882 0.993 2 
3 Trade Marks 3.875 1.204 3 
4 Copy Right 2.400 0.986 7 
5 Secrecy/Confidentiality Agreements 3.412 1.326 6 
6 First Mover Advantage 3.588 0.795 4r 
7 Complexity of Design 3.588 0.795 4r 

 Total 3.585   
 
 

7.2 Technology Transfer Barriers in The Kingdom of Saudi Arabia 
 
The respondents were asked to indicate the level of their agreement on some factors that are considered 

barriers to technology transfer to Saudi Arabia. The means and standard deviations for the responses of the 
sample are calculated as shown in the table (12). The results show that amongst sixteen chosen factors, the 
respondents thought that the culture and language factors are the first potential factors that considered barriers to 
technology transfer to Saudi Arabia (Means= 4.647 SD= 0.606). The second factor is the “Differences in 
policies and procedures” with a means of (4.235) and SD (1.252). The factor “Lack of appropriate contractual 
terms and conditions” is categorized as the third barrier (M=4.118, SD=1.166). The two factors “Absence of 
National Plans for Science and Technology Development” and “Governmental Policies” came in the fourth 
place with the same means (4.059). This was followed by “Market Domination by Established Enterprises” and 
“Lack of Communications and Coordination” with the same means (M=4.000). 

Table (12) Technology Transfer Barriers in The Kingdom of Saudi Arabia 

No Phrase Means (5) SD Sort 

1 Culture/Language Barriers 4.647 0.606 1 
2 Lack of time 3.353 1.057 13 
3 Inadequate training 3.471 1.231 12 
4 Lack of funding provisions 3.250 1.183 14 
5 Differences in policies and procedures 4.235 1.252 2 
6 Market Domination by Established Enterprises 4.000 1.323 6r 
7 Geographical differences 3.941 1.144 8 
8 Lack of appropriate contractual terms and conditions 4.118 1.166 3 
9 Lack of Information and Technology 3.235 1.252 15 

10 Weak and/or Lack of Infrastructure 2.471 0.943 16 
11 Lack of Qualified Personnel 3.500 1.095 11 
12 Lack of Communications and Coordination 4.000 0.791 6r 
13 Difficulty in Finding Suitable Partner for JV 3.765 0.970 9 
14 Lack of Market Information 3.529 1.125 10 

15 
Absence of National Plans for Science And Technology 
Development 4.059 0.966 4r 

16 Governmental Policies 4.059 1.249 4r 
 Total 3.727   
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7.3 Analysis of Variance and T-Test  
Analysis of variance was carried out to identify any significant differences at (Į ����) in the role the role of 

joint venture for technology transfer in petrochemicals industry at Jubail Industrial City, Kingdom Of Saudi 
Arabia considering the six independent variables namely: the nature of business, the joint venture company's 
market, the capital of the company, the annual revenue, the total number of employees and  the percentage of 
Saudi nationals working in the company. 
 

7.3.1 The Nature of Business 

 According to the nature of business whether it is manufacturing or trading, the results show that there are 
VLJQLILFDQW� GLIIHUHQFHV� DW� �Į ������ LQ� WKH� HIIHFWLYHQHVV� LQ� UHFHLYLQJ�  technology transfer and in favouring 
technology transfer by the Saudi government policies revolving around joint venture agreements. It could be 
that the policies which facilitate transferring technologies need to be more discussed in terms of technology 
WUDQVIHU�LQ�SHWURFKHPLFDO�VHFWRU���+RZHYHU��UHVXOWV�GLGQ¶W�UHYHDO�DQ\�VLJQLILFDQW�GLIIHUHQFHV��Į ������LQ�WKH�RWKHU�
causes that are assumed to affect the technology transfer process. 

7.3.2 The Joint Venture Company's Market 

The results show that there are significant differences at  �Į ������LQ�WKH�incentives that play a main role to 
increase the profit for the company ascribed to the joint venture company's market, and this might be because 
the patent is always an attractive factor to the investors for joint venture and to commercialize it into the 
international market. But there are no significant differences in the cause and effect of technology transfer 
process according to the other subscales. 
 

7.3.3 The Capital of the Company 

The results show that there are no significant differences DW���Į ������in the cause and effect of technology 
transfer process according to the capital of the company. 
 

7.3.4 The annual revenue of the company. 

7KH� UHVXOWV� VKRZ� WKDW� WKHUH� DUH� QR� VLJQLILFDQW� GLIIHUHQFHV� DW� � �Į ������ LQ� WKH� FDXVH� DQG� HIIHFW� RI� WHFKQRORJ\�
transfer process according to the annual revenue of the company. 

7.3.5 The Total Number of Employees 

7KH� UHVXOWV� VKRZ� WKDW� WKHUH� DUH� QR� VLJQLILFDQW� GLIIHUHQFHV� DW� �Į ������ LQ� WKH� FDXVH� DQG� HIIHFW� RI� WHFKQRORJ\�
transfer process according to the total number of employees in the company. 
 

7.3.6 The Percentage of Saudi Nationals Working in the Company 

7KH� UHVXOWV� VKRZ� WKDW� WKHUH� DUH� VLJQLILFDQW� GLIIHUHQFHV� DW� �Į ������ LQ� WKH� SRWential aspects that facilitate 
implementation of technology transfer according to the percentage of Saudi Nationals working in the company, 
and this might be because setting plans and procedures is mostly more easier than executing them. But there are 
no significant differences in the cause and effect of technology transfer process according to the other subscales. 

 

 
8. Summary and Conclusions 
 
Technology transfer is a crucial and a dynamic factor in social and economic development. The industry's 
adopted business model, therefore, has entailed setting up joint ventures with leading global players. Al-Ghamdi 
(1987) illustrated that joint venture transfers more technology than direct foreign investment. With the exception 
of SABIC projects, almost all the current petrochemical projects in Saudi Arabia about 70% are joint ventures 
with major chemical companies (Al-Sa'doun, 2006). The technology transfer, as much as it seems to be simple 
in words, as much as it is quite complex and full of much opposition such as advantages, impacts, income, 
barriers, knowledge and difficulties. It might be because it is a rapidly changing process and may face several 
factors that block it or slow it down.  

International Science and Technology Conference, Dubai, 13-15 December 2012

501



ISTEC 20
12

In the Petrochemical industry, several technologies including product, process, marketing, organizational, 
strategic, and systematic have been successfully transferred to Saudi Arabia mainly through joint venture 
companies. Joint venture companies consider and control many internal and external aspects to assure a 
successful technology transfer.  The conclusion can be summarized in:  

1. “Strategic Technology Transfer” is the most kind of technology that has been transferred to Saudi 
Arabia. 

2. The majority of the petrochemical companies in Saudi Arabia have attained technology transfer in 
collaboration with another enterprise. 

3. “Collaborating with suitable external partners”, “Management Commitment and Support”, “Education 
and training”, “Flexible Organizational Culture”, “Competitors and other organizations”, “Intra-
Organization Coordination” and “Use of Information and Communication Technology” sequentially 
ordered as the factors that facilitate in acceptance of technology transfer. 

4. “Focus on long term gains when compared to short term profits”, “Flexible Organizational Culture” 
and “Collaborating with suitable external partners”, “Management Commitment and Support”,  
“Organization Coordination” and “Use of Information and Communication Technology” are major 
factors that facilitate in implementation of technology transfer. 

5. “Market sources such as Suppliers, Customers, Competitors, Consultants and Commercial lab/R&D 
centers”, “Intra Organizational information and use of 'ICT'”, “Government or public research 
institutes”, “Universities and Higher education and institutions” and “Professional Conferences, 
Journals and Meetings” are major sources of information which contribute to technology transfer 
process. 

6. “Training and development programs”, “Market awareness of Technology Transfer”, “Inclination 
towards creative behavior and idea generation”, “Improvement of decision-making, communication, 
working environment, frame work” and “Value of the product and productivity efficiency” are major 
factors in influencing the technology transfer success within a firm. 

7. Patents, as an incentive, play a main role in increasing profits for the joint venture companies. 
8. The majority of the joint ventures consider “Culture” “Language”, “Differences in policies and 

procedures”, “Lack of appropriate contractual terms and conditions”, “Absence of National Plans for 
Science and Technology Development” as the top barriers to technology transfer to Saudi Arabia. 
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EVALUATION OF ZINC-RICH EPOXY PAINT PERFORMANCE BY 
ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY 

 
Nadia HAMMOUDA a, *, H. Chadli b, G. Guillemotc, K. Belmokre a 
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/LOOH�����ERXOHYDUG�/RXLV�;,9�������/LOOH�&HGH[���)UDQFH�

 
Abstract:  Electrochemical impedance spectroscopy (EIS) in the l00 kHz-10 mHz 
frequency range was employed as the main electrochemical technique to study the 
corrosion protection behaviour of zinc rich epoxy paint in 3% NaCl solution. The EIS 
results obtained at the open-circuit corrosion potential have been interpreted using a model 
involving the impedance of particle to particle contact to account for the increasing 
resistance between zinc particles with immersion period, in addition to the impedance due 
to the zinc surface oxide layer and the electrical resistivity of the binder. Galvanic current 
and GF�potential measurements allowed us to conclude that the cathodic protection effect 
of the paint takes some time to be achieved. The loss of cathodic protection is due to a 
double effect: the decrease of the Zn/Fe area ratio due to Zn corrosion and the loss of 
electric contact between Zn to Zn particles. Even when the cathodic protection effect by 
Zn dust become weak, the substrate steel is still protected against corrosion due to the 
barrier nature of the ZRP film reinforced by Zn. 
 
Keywords�� zinc-rich epoxy paints, cathodic protection, electrochemical impedance 
spectroscopy, corrosion mechanisms. 

  
Introduction 
The application of zinc-rich primers on ferrous substrates is a very efficient method of anticorrosion protection. 
They are used in many aggressive media: sea water, marine and industrial environments. It is a common fact that 
in order to achieve a long-life coating system, a zinc primer needs to be applied as the first coat. For solvent-
based zinc-rich paints (ZRPs), it seems to be established that, at least at the beginning of immersion, zinc 
particles provide a cathodic protection of the steel substrate [1,2]. Then, a long term protection develops due to 
the formation of zinc corrosion products, reinforcing the barrier effect of the paint [1,3]. 
The metallic zinc content in the dry film is a very important parameter to be emphasized in the technical 
specifications of zinc-rich paints. However, as observed by Lindquist HW�DO.,   [4] this parameter is not the only 
factor determining the performance of this kind of paint. For exemple, Fragata [5] Del Amo [6] and Pereira [7] 
verified that the chemical nature of the binder and the zinc particle size are also very important. 
The zinc dust (spherical or lamellar shape, or a combination of both) is dispersed in an inorganic (usually 
orthosilicates) or organic binder (usually epoxies) [8]. These particles must be in electrical contact between 
themselves and the metallic substrate in order to ensure a well-established electrical conduction within the 
coating. In such conditions of percolation, a galvanic coupling is created between zinc and the substrate (steel) 
which is nobler than the zinc. Then, zinc can preferentially dissolve, acting as a sacrificial pigment, and allowing 
a cathodic protection of the substrate. Many studies [9–19] exist in literature and relate the protection 
mechanisms and degradation processes of such coatings. 
Physico-chemical properties and corrosion resistance of solvent-based zinc-rich paints ZRPs strongly depend on 
pigment volume concentration (PVC), shape and size of zinc dust [19, 20]. In common liquid ZRP, zinc is 
usually introduced as spherical pigments with a mean diameter ranging from 5 to 10 µm. To ensure good 
electrical contacts between zinc pigments and the steel substrate, a high pigment concentration is required 
(usually above 60 % by volume in solvent-based zinc-rich paints ZRPs) [19]. A major drawback of classic 
solvent-based paint is the emission of volatile organic compounds (VOC), which contribute to atmospheric 
pollution. Since the 1970s, powder coatings are often preferred, because they are composed of dry thermosetting 
powders (without organic solvent) and more environmental abiding.  
The aim of this work was to study the protective mechanisms of a single coat solvent-based zinc-rich paints 
ZRPs. Primer coating panels were applied on sandblasting steel and were studied when immersed in artificial 3% 
NaCl solution. Open circuit potential and electrochemical impedance spectroscopy measurements were recorded 
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to study changes in the coating properties with the exposure time. The distribution of the zinc particles in the 
epoxy binder – which controls the porosity – is considered as the main factor affecting the electrolyte penetration 
within the coating. Moreover, Raman spectroscopy was used to analyze zinc corrosion products. This study 
reveals that the behavior of solvent-based zinc-rich paints ZRPs is different from powder coating. This is mainly 
attributed to the high porosity of solvent-based zinc-rich paints ZRPs, due to their low wetting ability, which 
insulates some of the zinc particles. However, cathodic protection is active and provides the sealing of the 
coating pores. Finally, it is found that the barrier effect is lower than the one usually observed with powder 
coating. S.E.M. observations have also been employed to illustrate the non-homogeneity of our paints. The main 
objective is to propose a model of EIS results accounting for the zinc particles distribution and mechanisms of 
water entrance within the coating. 
 
Experimental part 
Sample material and preparation 
The metallic substrate was A283C steel (according to NF10027 standard) in conformity with the norm API 
(American Petroleum Industry), used in the storage reservoirs of the Algerian crude oil, the chemical 
composition of the tested steel is given in Table 1 . Before coating application, the metallic substrate was 
sandblasted to Sa 2.5 (Swedish Standard SIS 05 59 00/67) (roughness Ra 6.2 µm) or polished with emery paper 
up to G 400. Commercial epoxy-ZRPs were immediately applied onto steel panels using a brush or a roller (Fig. 
1). Once cured, the samples were stocked in a desiccator until the moment of testing. The coating thickness was 
measured using an Elcometer gauge and was found around 80 µm for all panels, the composition of the coating 
is proprietary information. 
 

Table 1. Chemical composition of A283C steel (% in weight) 
C Mn S P Cu Si 
0.24 0.9 0.04 0.035 0.2 0.4 

 
 
 
 
 
 
 
 
 
 
Figure 1: Cross-section of the studied ZRP. (a) Prior to exposition. The observed white particles are due to the 
spherical zinc particles. (b) After 360 days of immersion in NaCl 3%. Substrate steel is seen as the white region 
at the top of micrography. 
 
Coated panels were cut out (100 cm×60 cm×4 cm) and an electrical wire was added in order to allow 
electrochemical measurements. With the aim to achieve the electrochemical measures in the best conditions it 
has been suited that the areas of about 15 cm2 exposed to the electrolytic solution were sufficient. It seemed 
necessary to use a surface of paint relatively big in contact with electrolytic solution in order to compensate the 
insulating role of the sample as the thickness of the film grows. Mansfeld reports in a technical document [21] a 
study of Kendig and Scully suggesting the use of samples covered with a ratio area / thickness of the coating of 
at least 104 to assure satisfactory electrochemical measurement.   
   
Samples were exposed under open circuit potential conditions in NaCl aqueous solution normally aired and none 
agitated whose concentration is 30 g/l for electrochemical impedance.  
 
 
 

a b 

GX500 GX110 
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Electrochemical impedance spectroscopy measurements       
The Electrochemical Impedance Spectroscopy (EIS) measurement is carried out in a 3% NaCl solution, using a 
potentiostat/galvanostat EG&G A273. A frequency response analyser Solartron FRA 1260 connected to an 
electrochemical interface Solartron SI 1287 was used to perform EIS measurements. A filter (Kemo VBF 8) was 
also employed to improve the signal to noise ratio. The frequency domain covered was 100 kHz to 10 mHz with 
the frequency values spaced logarithmically (five per decade). The width of the sinusoidal voltage signal applied 
to the system was 10 mV. All the measurements were performed at the open circuit potential and at different 
immersion times. The electrolyte was confined in a glass tube which was fixed to the painted surface by an O-
shaped ring. The total tested area was 15 cm2. Platinum gauze of large area was used as a counter electrode. All 
the potentials in the current article are referred to saturated calomel electrode (SCE). During the intervals 
between EIS measurements, the painted specimen was kept in the electrolyte cell without reference electrode. 
The cell design for EIS measurement was described in detail in a previous work [22]. 
 
Characterization of wash primer coatings 
FTIR analysis 
The FTIR spectra of zinc rich epoxy paint were taken with SHIMATZU 8000�VpULH�� FTIR Spectrometer using 
ATR attachment in the range 4000–450 cmí1. 
 
Micro-Raman spectroscopy 
Cross sections of the zinc-rich epoxy paint were polished and analyzed ex situ by micro-Raman spectroscopy 
after immersion. Fresh polishing with 1 µm diamond paste was performed just before Raman analysis. Fig.2 
shows cross-section obtained by scanning electron microscopy of the ZRP. Only zinc particles (spherical) are 
observable. This figure shows that the distribution of the spherical pigments is quite inhomogeneous while zinc 
plates are uniformly distributed. Raman spectrophotometer (Labram from Jobin Yvon with an optical 
microscope from Horiba) was equipped with a HeNe laser (632.81 nm); the output power was 0.97 mW at the 
sample. A confocal hole set at 200 µm allowed an analyzed depth lower than 10 µm on transparent products. A 
80 ULWD objective from Olympus was used to select the analyzed area. Raman spectra were only acquired on 
spherical zinc particle frontier.  
 
 
 
 
 
 
�
�
�
�
�
 

 
 

Figure 2 :Cross section SEM micrography of the coating where 
spherical zinc particle are visible.�
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Results and discussion 

Electrochemical properties of sandblasted steel (
2
126D ) 

To the analysis of the curves (Fig 3), we note a continuous deterioration of the sandblasted steel to Sa 2.5 
provoking a change in the state of the metallic surface. It can for example, to cover of corrosion products, 
weakly adhesive which provoke a stability of the free corrosion potential, the value was around -0.684 V/SCE. 
The diagrams of Nyquist determined to different time of immersion, in the 3% NaCl solution normally aired and 
non agitated are represented on the Fig. 3, the values of the different parameters are gathered in the table 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3:Evolution of Nyquist diagrams as a function of immersion time 

in 3% NaCl solution for the sandblasted steel (Sa 2.5). 
 
The values of the electrolyte resistance Re are very weak, of the order of �� ȍFP�, what shows that the middle is 
very conductive. 
 
To the analysis of the impedance diagrams, since the first hours of immersion of the metallic substrate, we 
register a rapid evolution of the charge transfer resistance Rct of the sandblasted steel, we note that at the 
beginning of the immersion the value of the charge transfer resistance Rct only makes increase until to the fourth 
days of immersion (96 hours), it means that the process governing the kinetics is under control of load transfer. 
According to the Fig. 4 we notes that the charge transfer resistance Rct evolves cyclically with time of immersion 
(growth then decrease) this state of fact to been signalled already by certain author [23, 24-25].    
The tracing of the double layer capacitance Cdl curve as a function of exposure time from the values arranged in 
the Fig.4, show an increase of the capacity of double layer Cdl since the first hours of exposure. This growth is 
more or less important (3.810 to 4.505 mF.cm-2) translating the deterioration of steel thus, but beyond the 
seventh day (168 hours) of immersion it decreases suddenly (2.892 mF.cm-2), we think that the slowing of the 
decrease of the double layer capacitance Cdl would be due to the formation of corrosion products (Fig.4) forming 
a film more or less adhesive to the substrat playing the role of a gate, beyond 216 hours the capacity of double 
layer fluctuates weakly that we can consider like steady.   
 

Table 2. Parameters values extracted from the fitting procedure.

 
7LPH��GD\V��

 
5H��ȍ�FP���

 
5FW��.ȍ�FP�� 

 
&GO��P)�FP�� 

0 h 17.97 1.044 3.810 
2 13.53 3.804 4.183 
4 13.14 3.532 4.505 
7 13.77 2.201 2.892 
8 14.53 4.460 3.568 
9 14.51 5.877 2.707 

11 13.65 1.706 2.331 
14 14.67 2.991 2.218 
15 14.95 5.532 2.876 
18 14.28 2.597 2.450 
22 16.02 2.546 2.500 
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This situation has already been met, at the time of our survey with the different states of naked surface. This 
phenomenon observed by Duprat [26], has been assigned to the porous nature of corrosion products formed at 
the free corrosion potential and present at the metallic interface (Fig.5). 
The model of equivalent circuit proposed and presented in Fig.6 could be used to represent the electrochemical 
behaviour of our samples after immersion in 3% NaCl solution, in this circuit Re is the resistance of electrolyte 
�ȍ�FP2), Rct WKH�FKDUJH�WUDQVIHU�UHVLVWDQFH��ȍ�FP2) Cdl  the double layer capacitance (F.cm-2). 
 
 
 
 
 
 
 
�
�
�
�
 
 

Figure 6: Equivalent circuit used to model sandblasted steel (Sa 2.5) during immersion in 3% NaCl solution. 
 
EIS behavior of zinc rich epoxy paint  
 
Zinc-rich primers can only protect the steel cathodically when the zinc particles in the primer have electric 
contact to the steel substrate. Only the zinc particles in direct contact with the steel substrate, or connected 
through other zinc particles, will contribute to the cathodic protection. It is therefore necessary to have a large 
amount of zinc dust in the coating. 
The potential of ZRP is approximately í1.160 V/SCE, while the steel substrate used here has a potential of 
approximately í0.65 V/SCE. The measured potentials are mixed potentials between the steel substrate and the 
“active” zinc-pigments, and will depend on the area ratio between the two. If only few zinc-pigments are active, 
the anode area will be small, and the potential will be close to that of the steel. On the other hand, if the area of 
active zinc particles is large, the potential will be close to that of zinc. 
The Nyquist impedance diagrams for the ZRP coated panels obtained in the aerated 3% NaCl solution as a 
function of immersion time are shown in Fig. 7a. Two time constants (two loops) were clearly defined at the 
beginning of the exposure, that become more and more distinct as the immersion time increases, which 
corresponds well with the model shown in Fig.10 one in the high frequency range (Fig. 7b) which is related to 
the coating properties followed by a second one at lower frequencies which is related to the corrosion process 

R�e�
C�d�

Electrochemical double layer�

R�
C�dl�

Electrolyte� Substrat�

Rct�

 

Figure 4: Variation of Rct and Cdl with time of exposure. 

 

Figure 5:  Cross section SEM micrograph  
on sandblasted steel (Sa2.5). 
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[27, 28]. At high frequencies, the impedance reduces to one or two semicircles with diameters of charge transfer 
resistance and pore resistance. At lower frequencies, a Warburg impedance develops on the Nyquist plot by a 
straight line superimposed at 45° to both axes, which shows a shielding effect on mass transport of reactants and 
products. The shape of the impedance plot suggests that the ZRP corrosion changes from charge transfer control 
process to diffusion control process during time of immersion. By considering the morphology and the EIS of 
the ZRP, the impedance first decreased for few days showing the zinc particles activation before an increase 
related to the zinc corrosion products formation. 
 

 
 

 
 
 
 
 
 
 

 
 
 

Figure 7: Electrochemical impedance spectroscopy diagrams for ZRP as a function  
of immersion time in aerated 3% NaCl solution. 

 
The fitting of EIS data was performed by Zview software (Scribners Associates, USA) using different electrical 
equivalent circuits which include two time constants [29,30].  
Another difference with previous studies on ZRPs was found in the visual observation of panels during 
immersion. Usually, zinc corrosion products are clearly observed as white scale at the ZRP panel surfaces [31] 
(Fig.8a). These new products would be maintained within the coating at the neighbourhood of the corroded zinc 
particles. Moreover, they could also contribute to the isolation of zinc particles as a protective barrier which 
reduces the corrosion rate of zinc and the coating porosity. Fig. 8b shows the visual appearance of zinc rich 
epoxy paint coated panel after 180 days (six months) of immersion where the whiteness related to the zinc 
corrosion products was not observed. It means that after zinc corroded, zinc corrosion products were not able to 
reach the coating/electrolyte interface, the surface appears damaged with the presence of the red rust due to a 
progressive attack informing on the state of steel substrat, at this stage of deterioration, the coating lost all its 
protective properties. 
 
 
  
 
 
 
 
 
 

 
 
 
 
 

Figure 8:Visual aspect of zinc rich epoxy paint after six months of immersion 
in 3% NaCl solution. 
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�
Ecor  evolution 
 
According to Abreu HW� DO�� [2], the evolution of the free corrosion potential (cor allows to follow the 
electrochemical activity of the ZRP. It is believed that the electrochemical processes occurring in such systems 
are the oxidation of zinc particles ( q=Q=Q 22 �o �  ) and the reduction of dissolved oxygen ( 

�o�� 2+p2+2 442 22 ). The authors reported that the (cor evolution for liquid ZRP coated samples is in 
close relationship with the ratio of active areas (zinc/steel) and allows to define the cathodic protection (CP) 
duration which is the period where (cor remains lower than í0.86 V/SCE, a value corresponding to the 
commonly accepted criterion of a maximum Fe2+ concentration of 10-6 M. In other words, the increase in this 
potential corresponds to the decrease of the electroactive zinc area which means the decrease of the cathodic 
protection intensity. This is generally attributed to the isolation of the zinc particles by the zinc corrosion 
products in the coating. 
Fig.9 shows the (cor evolution with time of coated steel substrates with Zinc rich epoxy paint. It can be seen that 
(cor was cathodic between í1.0 and í0.8 VSCE during the six months of entire immersion, this result could be 
due to a high zinc particles amount. This shows that the zinc particles in the primers were electrochemically 
active with a high number of electrical contacts between zinc particles. This high percolation means that zinc 
pigments improve a good electrical contact which implies that the steel substrate was under a good CP. That 
means that a higher part of the zinc particles was involved in a percolation process. 

 
 
 
 
 
 
 

 
 
 
 
 
However, as the CP duration is due to the activation of zinc particles by the electrolyte penetration, it also means 
that the zinc dissolution is reduced or that galvanic contact was lost after six months of immersion in 3% NaCl 
solution, some small spots of iron rust are detected on the film surface, indicating that the iron corrosion process 
started some days before. For our zinc-rich primers, it has been observed that zinc corrosion products precipitate 
inside the coating, around the zinc particles that originated them, blocking the pores of the coating and therefore 
increasing its barrier resistance [32]. After the test the latter sample was covered with red rust in a limited area. 
Probably the primer was very thin there, so that the zinc particles were consumed and the steel started to corrode.  
 
Equivalent circuit for the EIS simulation 
 
The electrical circuits that are used to simulate the EIS results are shown in Fig. 10. By considering the 
morphology and the EIS of the ZRP, the corrosion process and its equivalent circuit are proposed. At the 
beginning of the immersion, the model circuit was proposed by the combination of Randles type equivalent 
circuits for a porous paint film [33] and an intact paint film [34], as shown in Fig. 10a.  
In the case of Fig. 10a, the nature of the zinc rich epoxy paint enables the coating to be modelled as an ideal 
capacitance &I�in parallel with the ionic resistance 5I�through the coating. 

 
 
 

 
Figure 9: Variations in corrosion potential with time for ZRP exposed 

in 3% NaCl solution at ambient temperature. 
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Figure 10: Electrical circuits used to simulate the EIS results. 

 
In the same way the presence of a metal surface without chemical pretreatment together with the iron 
electrochemical dissolution reaction which involves a single time constant, enables the metal-paint interface to 
be considered as a resistance (the charge transfer resistance 5FW��in parallel with the double layer capacitance &GO 
(the double layer capacitance on quite a rough surface). In this example the suggested model is simple but it is in 
good agreement with the experimental result (Fig.10b). Moreover, after about 180 days of immersion we can 
observe the appearance of a diffusion tail at the lowest frequencies (Fig.10c). In most of the cases, a circuit 
including diffusion impedance through a layer of finite thickness [2] gave the best agreement between 
experimental and calculated curves. This circuit describes a degraded coating with a weak charge transfer [35]. 
 
Micro-Raman spectroscopy 
In order to understand the behaviour of zinc rich epoxy paint, complementary analyzes were carried out. Raman 
spectroscopy analyzes were performed after 180 days (6 months) of immersion of the zinc rich epoxy paint. This 
technique allows to identify locally zinc corrosion products inside the coatings. Representative spectra obtained 
for our sample are shown in Fig. 11(a) and (b). In fig. 11(a), a characteristic peak was observed at 543 cm-1 
which was attributed to a non-stoichiometric oxide Zn1+xO [36, 37], which is detected on some particles of zinc 
to some micrometers of the electrolyte/coating interface whereas only the metallic zinc is detected on the other 
particles. This shape of the non-stoichiometric zinc oxide Zn1+xO, where zinc ion is in interstitial position had 
been observed by Tzolov and DOOL [38]. 
 
 
 
  

 
 
 
 
 
 
 
 
 
 

Figure 11: Raman spectrum of zinc particles near the interface film/electrolyte 
after six months of immersion in 3% NaCl solution. 

 
Other corrosion products were detected inside the coatings and their characteristic wavenumbers (Fig. 11b). We 
detected additional peaks at 240.5, 392.2 and 409.7 cm-1 attributed to VLPRQNROOHȧWH�>�=Q��2+�2·ZnCl2·H2O] a 
kind of zinc corrosion products, we detected also additional peak at 1340 cm-1. The oxidized forms were first 
observed at the solution/ coating interface and progressed towards the steel substrate as the immersion duration 
increased. 
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�
FTIR spectral characterization 
 
The FTIR spectrum of the zinc rich epoxy paint is shown in Fig. 12. The peaks around  
850 cmí1, 1250 cmí1, 1510 cmí1, 1600 cmí1 and 1460 cmí1 are due to the resin epoxy. The film is found to be 
hydrated by the presence of peak at 3400 cmí1 due to O–H absorption band.  

 
 
From FTIR spectra result, it can be concluded that the synthesised zinc rich epoxy paint was under a conductive 
form, which is represented in the Fig.13. 

 
Figure 13:Structural formula of the zinc rich epoxy paint. 

SEM analysis 
 
Cross section S.E.M. micrographs of several ZRP samples exposed to the electrolyte for different time are shown 
in Fig.14. It was clearly observed that the coating presented zones which did not contain zinc particles. 
Moreover, it can be seen that the zinc particle shape varied significantly from spherical to elongated forms. Most 
of the zinc particles were not in direct contact with the substrate. These observations about the zinc particles 
distribution were considered to analyse EIS spectra. 
Fig .14a and b represents a testing panel covered with the oxidation products after exposure to 3% NaCl solution. 
The oxidation of zinc in the coating creates the so-called “white corrosion”; the shapes of damage were under 
Cracks and scaling damage. Sealing of pores in a spherical zinc-pigmented coating. Which is necessary to secure 
the barrier protection of the substrate. The scheme outlines the possible reactions at the appearance of oxidation 
zinc products; these products are of alkaline nature and can manifest themselves in the neutralization protection 
mechanism [39,40].  
 
 
 
 
 
 
 
 

Figure 12:  FTIR spectra of zinc rich epoxy paint (ZRP). 
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Figure 14: SEM pictures of zinc rich epoxy paint in 3% NaCl solution. 
�
Conclusion 
 
- There is no doubt that zinc-rich primers offer a very efficient method of anticorrosion protection .Zinc offers 
threefold protection since it seals the underlying metal from contact with its corrosive environment, provides 
galvanic protection and “repairs” minor damage in a coating forming a barrier to further electrochemical action . 
- Corrosion protection properties of zinc-rich epoxy primer coated carbon steel was studied and characterised in 
3% NaCl solution. The EIS diagrams showed clearly two capacitive loops, however, classical equivalent circuits 
used to monitor coating degradation were unable to provide satisfying fitting results. It was found that the 
cathodic protection was maintained for six months, due to a low percolation process combined to a low porosity, 
the reason is high zinc content and poor weldability.  
- The good performance of ZRP coatings during immersion can also be explained by the retention of zinc 
corrosion products into the coating which allow improving barrier properties. However, it is important to 
remember that the zinc-rich paint effectiveness does not depend solely on electrochemical factors. There are 
other factors such as mechanical properties (cohesion, adhesion to Sa 2.5, flexibility, etc) that are very important. 
So, the addition of auxiliary pigments should be controlled carefully in order not to impair the film’s physical 
and chemical characteristics. 
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FACTORS AFFECTING LEISURE TIME ACTIVITIES ACCORDING TO VOCATIONAL 

HIGH SCHOOL STUDENTS  
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Abstract 

7KH� PDLQ� SUREOHP� RI� WKLV� VWXG\� LV� WR� SURYH� WKH� UHDVRQV� ZK\� YRFDWLRQDO� KLJK� VFKRRO� VWXGHQWV�

FDQQRW�VSHQG�WKHLU�OHLVXUH�WLPH��,Q�WKH�GLUHFWLRQ�RI�WKLV�PDLQ�SUREOHP��VXE�SUREOHPV�RI�WKH�VWXG\�LV�

WR�SURYH�WKH�UHDVRQV�ZK\�YRFDWLRQDO�KLJK�VFKRRO�VWXGHQWV�FDQQRW�VSHQG�WKHLU�OHLVXUH�WLPH�ZLWK�DQ�

DFWLYLW\�³DFFRUGLQJ�WR�WKH�YDULDEOHV�VXFK�DV�FODVV�OHYHO��JHQGHU��UHJLRQ�WKDW�SDUHQWV�OLYH��HFRQRPLF�

FRQGLWLRQV� RI� WKH� SDUHQWV�� HGXFDWLRQDO� EDFNJURXQG� RI� PRWKHU� DQG� IDWKHU�� ,Q� WKLV� UHVHDUFK��

GHVFULSWLYH� UHVHDUFK� PHWKRG� KDV� EHHQ� XVHG� LQ� JHQHUDO� VFUHHQLQJ� PRGHO�� 7KH� SRSXODWLRQ� RI� WKH�

VWXG\�FRPSULVHV�RI��������9RFDWLRQDO�+LJK�6FKRRO�VWXGHQWV�ZKR�DUH�VWLOO�DWWHQGLQJ��7KH�VDPSOH�

RI� WKH� VWXG\�FRPSULVHV�RI������VWXGHQWV��7KH� UHDVRQV�ZK\� WKH\� FDQQRW� VSHQG� WKHLU� OHLVXUH� WLPH�

ZLWK�DQ�DFWLYLW\�DFFRUGLQJ�WR�9RFDWLRQDO�+LJK�6FKRRO�VWXGHQWV�DUH�SXW�LQ�RUGHU�IURP�KLJK�WR�ORZ��,�

GR� QRW� KDYH� HQRXJK� WLPH��P\� DFKLHYHPHQW� LV� GHFUHDVLQJ�� ZH� DUH� QRW� LQVWUXFWHG� E\� WKH� VFKRRO��

DFWLYLWLHV�DUH�QRW�RUJDQL]HG�LQ�P\�VFKRRO��ZH�DUH�QRW�LQVWUXFWHG�E\�RXU�WHDFKHUV��P\�SDUHQWV�GR�QRW�

DOORZ�PH�DQG�P\�SDUHQWV�GR�QRW�KDYH�HQRXJK�LQFRPH��

Key words: /HLVXUH�7LPH��2XW�RI�6FKRRO�7LPH��)UHH�7LPH��9RFDWLRQDO�+LJK�6FKRRO��(GXFDWLRQ��

6WXGHQW��

�

1. Introduction 

,W�PD\�EH�VDLG�WKDW�VLQFH�WKH�HDUO\�DJHV�RQH�WKH�PRVW�LPSRUWDQW�DIIDLUV�RI�KXPDQ�OLIH�LV�VSHQGLQJ�WKHLU�OHLVXUH�

WLPH�ZLWK� XVHIXO� DFWLYLWLHV�� ,Q� FRQWUDVW� WR� SDVW�� FRQWUROOLQJ� RI� FKLOGUHQ� E\� ERWK� SDUHQWV� DQG� VFKRROV� LV� JHWWLQJ� KDUGHU��

)DFWRUV� VXFK� DV� VRFLDO� HQYLURQPHQW� DQG� LQWHUQHW�� ZULWWHQ�YLVXDO�PHGLD� KDYH� VWDUWHG� WR� EH�PXFK�PRUH� GRPLQDQW� WKDQ�

SDUHQWV�DQG� WKH� VFKRROV�� ,Q� WKLV�FRQWH[W�� WKH� IRXQGDWLRQV�RI�PDNLQJ�D�KDELW�RI� VSHQGLQJ� WKHLU� OHLVXUH� WLPH�ZLWK�XVHIXO�

DFWLYLWLHV�DQG�WXUQLQJ�LQWR�DWWLWXGHV�DV�IURP�SHUVRQ¶V�VFKRRO�DJH�PXVW�EH�RQH�RI�WKH�EDVLF�IXQFWLRQV�RI�IRUPDO�HGXFDWLRQ��

,W�LV�H[SOLFLW�WKDW�VWXGHQWV¶�VSHQGLQJ�WKHLU�OHLVXUH�WLPH�ZLWK�XVHIXO�DFWLYLWLHV�ZLOO�PDNH�D�JUHDW�FRQWULEXWLRQ�WR�VWXGHQWV¶�

FDQDOL]LQJ� LQGLYLGXDO� DQG� DFDGHPLF� VXFFHVV� E\� LPSURYLQJ� WKHPVHOYHV�� ,W� LV� DSSDUHQW� WKDW� WKLV� NLQG� RI� DFWLYLWLHV� KDV�

FRQWULEXWLRQ� LQWHQGHG� IRU� WKH� VWXGHQWV¶� DVVXPLQJ� UHVSRQVLELOLW\�� KDYLQJ� SRVLWLYH� LQWHUSHUVRQDO� UHODWLRQV�� FUHDWLYLWLHV��

DFDGHPLF�VXFFHVVHV�DQG�VHOI�DFWXDOL]DWLRQV��2Q�WKH�RWKHU�VLGH��LQ�WKH�HGXFDWLRQ�RI�\RXWKV�ZKR�DUH�WDNLQJ�D�VWHS�WRZDUGV�

DGXOWKRRG�� HYDOXDWLQJ� WKHLU� RXW�RI�VFKRRO� WLPH�ZLWK� DFWLYLWLHV� IRU� WKHLU� QRW� KHDGLQJ� IRU� EDG� KDELWV� WR� EH� IRUPHG� WKHLU�

SHUVRQDOLWLHV�� LQ� WKHLU� KHDWKV¶� EHLQJ�SURWHFWHG�DQG� WKHLU�SUHSDULQJ�D�EHWWHU� IXWXUH� LV�TXLWH� LPSRUWDQW� �'HPLU�	�'HPLU��

������7HU]LR÷OX�	�<D]ÕFÕ��������7H]FDQ���������



�7KLV�VWXG\�KDV�EHHQ�JHQHUDWHG�IURP�RQH�SDUW�RI�SRVW�JUDGXDWH�WKHVLV�VXSHUYLVHG�E\�VHFRQG�DXWKRU��
�7HDFKHU��0$��RND\�VHFLO#KRWPDLO�FRP�
�$VVRF��3URI��6DNDU\D�8QLYHUVLW\�)DFXOW\�RI�(GXFDWLRQ��7XUNH\��RIWXWNXQ#KRWPDLO�FRP�
�
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� 6SHQGLQJ� IUHH� WLPH� KDV� EHFRPH� DQ� LPSRUWDQW� VXEMHFW� LQ� PDQ\� FRXQWLHV� RI� WKH� ZRUOG�� )UHH� WLPH� KDV� VRPH�

DGYDQWDJHV� VXFK� DV�� FUHDWLYLW\�� SOHDVXUH�� VDWLVIDFWRU\�� HQKDQFLQJ� SHUVRQDO� VDWLVIDFWLRQ�� GHYHORSLQJ� SK\VLFDO�PHQWDO�

SV\FKRORJLFDO�FDSDFLW\�DQG�OHDGLQJ�HQWHUWDLQPHQW��'HPLUHO�	�+DUPDQGDU��������6D÷ODP�6DI|]��������'HPLU�	�'HPLU��

������� 7KH� PDLQ� DLP� RI� HGXFDWLRQ� LV� WR� WUDLQ� JRRG� SHRSOH�� JRRG� FLWL]HQV�� ,Q� WKLV� FRQWH[W�� WKH� SULPDU\� IXQFWLRQ� RI�

HGXFDWLRQDO�LQVWLWXWLRQV�LV�WR�WUDLQ�\RXWKV�DV�FRPSHWHQW�DGXOWV�RI�WKH�IXWXUH��WR�SURYLGH�WKHLU�FRPSDWLELOLW\�WR�WKH�VRFLDO�

OLIH�DQG�WR�JDLQ�WKHP�GHPRFUDWLF�DQG�PRUDO��g]HU��*HOHQ�	�gFDO��������<HWLú���������

7KH�PRVW� LPSRUWDQW� IDFWRUV� IRU�SURJUDPLQJ� WKH� VWXGHQWV¶�RXW�RI�VFKRRO� WLPH�DUH� VFKRROV�DQG�SDUHQWV��3DUHQWV�

VKRXOG�NQRZ�WKDW�VRFLDO�DFWLYLWLHV�DUH�XVHIXO�IRU�WKHLU�FKLOGUHQ�DQG�VFKRRO�ZRUNV�FDQQRW�VXSHUVHGH�WKHVH�DFWLYLWLHV�DORQH��

,I�WKH�FKLOG�KDV�EHHQ�JLYHQ�HQRXJK�WLPH�WR�VWXG\��KDELW�RI�SUHSDULQJ�WKHLU�ZHHNO\�SURJUDP�VKRXOG�EH�JDLQHG�E\�JLYLQJ�

SHUPLVVLRQ�WR�KLV�KHU�VSDULQJ�HQRXJK�WLPH�WR�SOD\��KDYH�D�JRRG�WLPH���6FKRROV��KRZHYHU��VKRXOG�EH�WKH�SODFH�ZKHUH�WKH�

VWXGHQWV� FDQ� VSHQG� WKHLU� RXW�RI�VFKRRO� WLPH�� $W� WKH� HQG� RI� WKH� VFKRRO� KRXUV�� ZLWK� VRFLDO� HYHQWV� DQG� UHFUHDWLRQDO�

DFWLYLWLHV��VWXGHQWV�VKRXOG�EH�HQFRXUDJHG�WR�VSHQG�WKHLU�IUHH�WLPH�HIILFLHQWO\�DQG�WKH�VWXGHQWV�VKRXOG�EH�LQ�WKH�KDELW�RI�

WKHVH� DFWLYLWLHV� DQG� VKRXOG� UHIOHFW� WKHLU� \RXWKV� DQG� DGXOWKRRGV� SHULRG� �.ÕUNSÕQDU�� ������ 7H]FDQ�� ������� )RU� WKHVH�

UHDVRQV��LQ�WKH�IXWXUH�LQ�RUGHU�WR�EH�WKH�VWXGHQWV¶�EHLQJ�LQGLYLGXDOV�ZKR�KDYH�FRPSOHWHG�WKHLU�SHUVRQDOLWLHV��EH�DEOH�WR�

WDNH�VRFLDO�UHVSRQVLELOLWLHV��VSHQG�WLPH�HIILFLHQWO\��DUH�DZD\�IURP�KDUPIXO�KDELWV��WKH\�VKRXOG�OHDUQ�WR�XVH�WKHLU�RXW�RI�

VFKRRO� WLPH� DFFXUDWHO\� �0LQLVWU\� RI� 1DWLRQDO� (GXFDWLRQ�� ������� ,Q� WKLV� IUDPHZRUN�� LW� LV� WKRXJKW� WKDW� WKLV� VWXG\� ZLOO�

SURYLGH� FRQWULEXWLRQV� LQ� WHUPV�RI� NQRZOHGJH� DV� D� VRXUFH� WR� WKH� VFKRRO� DGPLQLVWUDWRUV�� WHDFKHUV�� SDUHQWV�� FLYLO� VRFLHW\�

LQVWLWXWLRQV��ORFDO�DGPLQLVWUDWLRUV�DQG�RWKHU�UHOHYDQWV���

7KH� PDLQ� SUREOHP� RI� WKH� VWXG\� ³$FFRUGLQJ� WR� 9RFDWLRQDO� +LJK� 6FKRRO� VWXGHQWV�� WKH� GHWHUPLQDWLRQ� RI� WKH�

UHDVRQV� RI� WKHLU� RXW�RI�VFKRRO� WLPH�´� 6XE�SUREOHPV� RI� WKH� UHVHDUFK�� KRZHYHU�� DUH� WKHVH�� KRZ� DUH� WKH� UHDVRQV� RI� WKH�

9RFDWLRQDO�+LJK�6FKRRO�VWXGHQWV¶�QRW�EHLQJ�DEOH�WR�VSHQG�WKHLU�RXW�RI�VFKRRO�WLPH�DFFRUGLQJ�WR�³FODVV�OHYHO��JHQGHU��WKH�

SODFH�ZKHUH�WKH�SDUHQWV�OLYH��HFRQRPLF�VLWXDWLRQ�RI�WKH�SDUHQWV��HGXFDWLRQDO�OHYHO�RI�IDWKHU�DQG�PRWKHU�YDULDEOHV"´�

�

2. Methodology 

,Q�WKLV�UHVHDUFK��GHVFULSWLYH�UHVHDUFK�PHWKRG�LQ�JHQHUDO�VFUHHQLQJ�PRGHO�KDV�EHHQ�XVHG��7DUJHW�SRSXODWLRQ�RI�

WKH� VWXG\� KDV� FRQVLVWHG� RI� ������� VWXGHQWV�� DWWHQGLQJ� WKH� 9RFDWLRQDO� +LJK� 6FKRROV�� � 6DPSOH� RI� WKH� VWXG\�� ����

FRQILGHQFH� ��� PDUJLQ� RI� HUURU� DFFXUDF\�� KDV� FRQVLVWHG� RI� ����� VWXGHQWV� GHWHUPLQHG� E\� UDWLR� VDPSOLQJ� IURP� WKHVH�

VFKRROV�� %XW�� � GDWD� DQDO\VLV� KDYH� EHHQ� PDGH� WKURXJK� �RYHU�� WKH� UHVW� ����� VXUYH\V� DIWHU� WKH� RQHV� ZKLFK� ZHUH� ILOOHG�

LQDSSURSULDWHO\��

,Q� UHVHDUFK�� WKH� �WK� VHFWLRQ� RI� WKH� VXUYH\� ³)RUPV� RI� WKH� VWXGHQWV¶� VSHQGLQJ� WKHLU� RXW�RI�VFKRRO� WLPH� DQG� WKH�

IDFWRUV�DIIHFWLQJ�WKHVH�IRUPV´�KDV�EHHQ�XVHG�LQ�RUGHU�WR�GHWHUPLQH�WKH�IRUPV�RI�WKH�9RFDWLRQDO�+LJK�6FKRRO�VWXGHQWV¶�

RXW�RI�VFKRRO�WLPH�DQG�WKH�IDFWRUV�DIIHFWLQJ�WKHVH�IRUPV�DV�GDWD�FROOHFWLRQ�WRROV��7KH��VW�VHFWLRQ�RI�WKH�VXUYH\�FRPSULVHV�

SHUVRQDO� LQIRUPDWLRQ�� ,Q� �QG� VHFWLRQ�� �� FDVHV� KDYH� EHHQ� JLYHQ� WKH� UHDVRQV� ZK\� WKH� VWXGHQWV� FDQQRW� WDNH� SDUW� LQ� WKH�

DFWLYLWLHV�LQ�WKHLU�RXW�RI�VFKRRO�WLPH��$V�WKLV�VHFWLRQ���WK�VHFWLRQ��KDV�WKH�FODVVLILFDWLRQ�SURSHUW\��UHOLDELOLW\�ZRUN�KDV�QRW�

EHHQ�VWXGLHG��

�
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3. Findings  

3.1.What are the reasons of the Vocational High School students’ not being able to spend their 

out-of-school time with any activities? findings relating to this basic problem 

7DEOH����7KH�UHDVRQV�RI�WKH�9RFDWLRQDO�+LJK�6FKRRO�VWXGHQWV¶�QRW�EHLQJ�DEOH�WR�VSHQG�WKHLU�RXW�RI�VFKRRO�WLPH�

� n % 

,�GRQ¶W�KDYH�HQRXJK�WLPH� ���� �����

0\�DFKLHYHPHQW�LV�GHFUHDVLQJ� ���� �����

:H�DUH�QRW�LQVWUXFWHG�E\�WKH�VFKRRO� ���� �����

$FWLYLWLHV�DUH�QRW�RUJDQL]HG�LQ�P\�VFKRRO� ���� �����

:H�DUH�QRW�LQVWUXFWHG�E\�RXU�WHDFKHUV� ���� �����

0\�SDUHQWV�GRQ¶W�DOORZ� ���� �����

0\�SDUHQWV�GRQ¶W�KDYH�HQRXJK�PRQH\� ���� �����

$FFRUGLQJ�WR�7DEOH����WKH�UHDVRQV�RI�QRW�EHLQJ�DEOH�WR�VSHQG�WKHLU�RXW�RI�VFKRRO�WLPH�LQ�UHJDUG�WR�9RFDWLRQDO�

+LJK�6FKRRO�VWXGHQWV�DUH�OLNH�WKHVH�IURP�WRS�WR�OHDVW��PD[LPXP�WR�PLQLPXP���³,�GRQ¶W�KDYH�HQRXJK�WLPH�����������P\�

DFKLHYHPHQW� LV�GHFUHDVLQJ� ����������ZH�DUH�QRW� LQVWUXFWHG�E\� WKH� VFKRRO� ���������� DFWLYLWLHV�DUH�QRW�RUJDQL]HG� LQ�P\�

VFKRRO�����������ZH�DUH�QRW�LQVWUXFWHG�E\�RXU�WHDFKHUV�����������0\�SDUHQWV�GRQ¶W�DOORZ����������DQG�0\�SDUHQWV�GRQ¶W�

KDYH�HQRXJK�PRQH\�����������

�

3.2. “How are the reasons of the Vocational High School students’ not being able to spend 

their out-of-school time with any activities” according to gender? 

7DEOH����7KH�UHDVRQV�RI�QRW�EHLQJ�DEOH�WR�VSHQG�WLPH�DFFRUGLQJ�WR�³JHQGHU´�YDULDEOH�

5HDVRQV�RI�QRW�WDNLQJ�SDUW�
LQ�DFWLYLW\� *HQGHU�

<HV� 1R�
Q� �� Q� ��

,�GRQ¶W�KDYH�HQRXJK�WLPH�
*LUO� ���� ������� ���� �������
%R\� ���� ������� ���� �������

0\�SDUHQWV�GRQ¶W�DOORZ�
*LUO� ��� ������� ���� �������
%R\� ���� ������� ���� �������

0\�SDUHQWV�GRQ¶W�KDYH�
HQRXJK�PRQH\�

*LUO� ��� ������� ���� �������
%R\� ���� ������� ���� �������

$FWLYLWLHV�DUH�QRW�RUJDQL]HG�
LQ�P\�VFKRRO�

*LUO� ��� ������� ���� �������
%R\� ���� ������� ���� �������

0\�DFKLHYHPHQW�LV�
GHFUHDVLQJ�

*LUO� ���� ������� ���� �������
%R\� ���� ������� ���� �������

:H�DUH�QRW�LQVWUXFWHG�E\�
RXU�WHDFKHUV�

*LUO� ��� ������� ���� �������
%R\� ���� ������� ���� �������

:H�DUH�QRW�LQVWUXFWHG�E\�
WKH�VFKRRO�

*LUO� ��� ������� ���� �������
%R\� ���� ������� ���� �������

$FFRUGLQJ�WR�WKH�JHQGHU�YDULDEOH��WKH�UHDVRQV�RI��WKH�9RFDWLRQDO�+LJK�6FKRRO�VWXGHQWV¶�QRW�EHLQJ�DEOH�WR�WDNH�

SDUW� LQ� DQ� DFWLYLW\� DUH� OLNH� WKHVH�� DW� PRVW� VFKRRO� ER\V�� ,� GRQ¶W� KDYH� HQRXJK� WLPH� ��������� P\� SDUHQWV� GRQ¶W� DOORZ�

��������� P\� SDUHQWV� GRQ¶W� KDYH� HQRXJK� PRQH\� ��������� DFWLYLWLHV� DUH� QRW� RUJDQL]HG� LQ� P\� VFKRRO� ��������� P\�

DFKLHYHPHQW� LV� GHFUHDVLQJ� ���������ZH� DUH� QRW� LQVWUXFWHG� E\� RXU� WHDFKHUV� �������� DQG�ZH� DUH� QRW� LQVWUXFWHG� E\� WKH�

VFKRRO������������
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3.3. How are “The reasons of the Vocational High School students’ not being able to spend 

their out-of-school time with any activities”according to class level? 

7DEOH����7KH�UHDVRQV�RI�QRW�EHLQJ�DEOH�WR�VSHQG�WLPH�DFFRUGLQJ�WR�³FODVV�OHYHO´�YDULDEOH�

5HDVRQV�RI�QRW�WDNLQJ�
SDUW�LQ�DFWLYLW\� &ODVV�/HYHO�

<HV� 1R�
Q� �� Q� ��

,�GRQ¶W�KDYH�HQRXJK�
WLPH�

�� ���� ������� ��� �������
��� ���� ������� ���� �������
��� ���� ������� ���� �������
��� ��� ������ ��� ������

0\�SDUHQWV�GRQ¶W�DOORZ�

�� ��� ������� ���� �������
��� ��� ������� ���� �������
��� ��� ������� ���� �������
��� ��� ������ ��� ������

0\�SDUHQWV�GRQ¶W�KDYH�
HQRXJK�PRQH\�

�� ��� ������� ���� �������
��� ��� ������� ���� �������
��� ��� ������� ���� �������
��� ��� ������ ��� ������

$FWLYLWLHV�DUH�QRW�
RUJDQL]HG�LQ�P\�VFKRRO�

�� ��� ������� ���� �������
��� ���� ������� ���� �������
��� ��� ������� ���� �������
��� ��� ������ ��� ������

0\�DFKLHYHPHQW�LV�
GHFUHDVLQJ�

�� ��� ������� ���� �������
��� ���� ������� ���� �������
��� ���� ������� ���� �������
��� ��� ������ ��� ������

:H�DUH�QRW�LQVWUXFWHG�
E\�RXU�WHDFKHUV�

�� ��� ������� ���� �������
��� ��� ������� ���� �������
��� ��� ������� ���� �������
��� ��� ������� ��� ������

:H�DUH�QRW�LQVWUXFWHG�
E\�WKH�VFKRRO�

�� ��� ������� ���� �������
��� ���� ������� ���� �������
��� ���� ������� ���� �������
��� ��� ������ ��� ������

$FFRUGLQJ�WR�WKH�FODVV�OHYHO�YDULDEOH�� WKH�UHDVRQV�RI� � WKH�9RFDWLRQDO�+LJK�6FKRRO�VWXGHQWV¶�QRW�EHLQJ�DEOH�WR�

WDNH�SDUW�LQ�DQ�DFWLYLW\�DUH�OLNH�WKHVH��DW�PRVW���WK�JUDGH�VWXGHQWV��,�GRQ¶W�KDYH�HQRXJK�WLPH����������P\�SDUHQWV�GRQ¶W�

DOORZ�����������P\�SDUHQWV�GRQ¶W�KDYH�HQRXJK�PRQH\����������DFWLYLWLHV�DUH�QRW�RUJDQL]HG�LQ�P\�VFKRRO����������P\�

DFKLHYHPHQW�LV�GHFUHDVLQJ����������ZH�DUH�QRW�LQVWUXFWHG�E\�WKH�VFKRRO������������WK�JUDGH��ZH�DUH�QRW�LQVWUXFWHG�E\�RXU�

WHDFKHUV����������

�

3.4. “How are the reasons of the Vocational High School students’ not being able to spend 

their out-of-school time with any activities” according to the place where parents live? 

7DEOH����7KH�UHDVRQV�RI�QRW�EHLQJ�DEOH�WR�VSHQG�WLPH�DFFRUGLQJ�WR�³WKH�SODFH�ZKHUH�SDUHQWV�OLYH´�YDULDEOH�

5HDVRQV�RI�QRW�WDNLQJ�
SDUW�LQ�DFWLYLW\�

7KH�SODFH�ZKHUH�WKH�
SDUHQWV�OLYH�

<HV� 1R�
Q� �� Q� ��

,�GRQ¶W�KDYH�HQRXJK�WLPH� &LW\� ���� ������� ���� �������
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&RXQW\�� ���� ������� ���� �������
7RZQ�� �� ������ ��� ������
9LOODJH�� ��� ������ ��� ������

0\�SDUHQWV�GRQ¶W�DOORZ�

&LW\� ��� ������� ���� �������
&RXQW\� ��� ������� ���� �������
7RZQ� �� ������ ��� ������
9LOODJH� ��� ������ ���� ������

0\�SDUHQWV�GRQ¶W�KDYH�
HQRXJK�PRQH\�

&LW\� ��� ������� ���� �������
&RXQW\� ��� ������� ���� �������
7RZQ� �� ������ ��� ������
9LOODJH� ��� ������� ��� ������

$FWLYLWLHV�DUH�QRW�
RUJDQL]HG�LQ�P\�VFKRRO�

&LW\� ���� ������� ���� �������
&RXQW\� ��� ������� ���� �������
7RZQ� �� ������ ��� ������
9LOODJH� ��� ������ ��� ������

0\�DFKLHYHPHQW�LV�
GHFUHDVLQJ�

&LW\� ���� ������� ���� �������
&RXQW\� ���� ������� ���� �������
7RZQ� �� ������ ��� ������
9LOODJH� ��� ������ ��� ������

:H�DUH�QRW�LQVWUXFWHG�E\�
RXU�WHDFKHUV�

&LW\� ���� ������� ���� �������
&RXQW\� ��� ������� ���� �������
7RZQ� �� ������ ��� ������
9LOODJH� ��� ������ ��� ������

:H�DUH�QRW�LQVWUXFWHG�E\�
WKH�VFKRRO�

&LW\� ���� ������� ���� �������
&RXQW\� ��� ������� ���� �������
7RZQ� �� ������ ��� ������
9LOODJH� ��� ������ ��� ������

$FFRUGLQJ�WR�WKH�SODFH�ZKHUH�WKH�SDUHQWV�OLYH�YDULDEOH�� WKH�UHDVRQV�RI� � WKH�9RFDWLRQDO�+LJK�6FKRRO�VWXGHQWV¶�

QRW� EHLQJ� DEOH� WR� WDNH� SDUW� LQ� DQ� DFWLYLW\� DUH� OLNH� WKHVH�� DW� PRVW� VWXGHQWV� OLYLQJ� LQ� FLWLHV�� ,� GRQ¶W� KDYH� HQRXJK� WLPH�

��������� 0\� SDUHQWV� GRQ¶W� KDYH� HQRXJK� PRQH\� ��������� DFWLYLWLHV� DUH� QRW� RUJDQL]HG� LQ� P\� VFKRRO� ��������� P\�

DFKLHYHPHQW� LV� GHFUHDVLQJ� ���������ZH� DUH� QRW� LQVWUXFWHG� E\� RXU� WHDFKHUV� �������� DQG�ZH� DUH� QRW� LQVWUXFWHG� E\� WKH�

VFKRRO����������VWXGHQWV�OLYLQJ�LQ�FRXQWLHV��0\�SDUHQWV�GRQ¶W�DOORZ����������

�

3.5. “How are the reasons of the Vocational High School students’ not being able to spend 

their out-of-school time with any activities” according to the economic situation of the 

parents? 

7DEOH����7KH�UHDVRQV�RI�QRW�EHLQJ�DEOH�WR�VSHQG�WLPH�DFFRUGLQJ�WR�³WKH�HFRQRPLF�VLWXDWLRQ�RI�WKH�SDUHQWV´�YDULDEOH�

5HDVRQV�RI�QRW�WDNLQJ�
SDUW�LQ�DFWLYLW\�

7KH�HFRQRPLF�
VLWXDWLRQ�RI�WKH�

SDUHQWV�

<HV� 1R�

Q� �� Q� ��

,�GRQ¶W�KDYH�HQRXJK�
WLPH�

*RRG�� ���� ������� ���� �������
0HGLXP�� ���� ������� ���� �������
3RRU�� ��� ������ ��� ������

0\�SDUHQWV�GRQ¶W�
DOORZ�

*RRG� ��� ������� ���� �������
0HGLXP� ���� ������� ���� �������
3RRU� ��� ������� ��� ������

0\�SDUHQWV�GRQ¶W�KDYH� *RRG� �� ������ ���� �������
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HQRXJK�PRQH\� 0HGLXP� ���� ������� ���� �������
3RRU� ��� ������� ��� ������

$FWLYLWLHV�DUH�QRW�
RUJDQL]HG�LQ�P\�

VFKRRO�

*RRG� ��� ������� ���� �������
0HGLXP� ���� ������� ���� �������
3RRU� ��� ������ ��� ������

0\�DFKLHYHPHQW�LV�
GHFUHDVLQJ�

*RRG� ��� ������� ���� �������
0HGLXP� ���� ������� ���� �������
3RRU� ��� ������ ��� ������

:H�DUH�QRW�LQVWUXFWHG�
E\�RXU�WHDFKHUV�

*RRG� ��� ������� ���� �������
0HGLXP� ���� ������� ���� �������
3RRU� ��� ������ ��� ������

:H�DUH�QRW�LQVWUXFWHG�
E\�WKH�VFKRRO�

*RRG� ��� ������� ���� �������
0HGLXP� ���� ������� ���� �������
3RRU� ��� ������ ��� ������

�

$FFRUGLQJ� WR� WKH� HFRQRPLF� VLWXDWLRQ� RI� WKH� SDUHQWV� YDULDEOH�� WKH� UHDVRQV� RI� � WKH� 9RFDWLRQDO� +LJK� 6FKRRO�

VWXGHQWV¶�QRW�EHLQJ�DEOH� WR� WDNH�SDUW� LQ�DQ�DFWLYLW\�DUH� OLNH� WKHVH�� VWXGHQWV�ZKR�DUH�SHUFHLYHG� WKHLU�SDUHQWV¶�HFRQRPLF�

VLWXDWLRQV� DV� PHGLXP�� ,� GRQ¶W� KDYH� HQRXJK� WLPH� ���������0\� SDUHQWV� GRQ¶W� DOORZ� ���������0\� SDUHQWV� GRQ¶W� KDYH�

HQRXJK�PRQH\����������DFWLYLWLHV�DUH�QRW�RUJDQL]HG�LQ�P\�VFKRRO����������P\�DFKLHYHPHQW�LV�GHFUHDVLQJ����������ZH�

DUH�QRW�LQVWUXFWHG�E\�RXU�WHDFKHUV���������DQG�ZH�DUH�QRW�LQVWUXFWHG�E\�WKH�VFKRRO����������

3.6. “How are the reasons of the Vocational High School students’ not being able to spend 

their out-of-school time with any activities” according to the educational level of mother?  

7DEOH����7KH�UHDVRQV�RI�QRW�EHLQJ�DEOH�WR�VSHQG�WLPH�DFFRUGLQJ�WR�³WKH�HGXFDWLRQDO�OHYHO�RI�PRWKHU´�YDULDEOH�

5HDVRQV�RI�QRW�WDNLQJ�SDUW�
LQ�DFWLYLW\� 7KH�HGXFDWLRQDO�OHYHO�RI�PRWKHU�

<HV� 1R�
Q� �� Q� ��

,�GRQ¶W�KDYH�HQRXJK�WLPH�

1RW�HGXFDWHG� ��� ������ ��� ������
3ULPDU\�VFKRRO�JUDGXDWH� ���� ������� ���� �������
6HFRQGDU\�VFKRRO�JUDGXDWH� ���� ������� ���� �������
+LJK�VFKRRO�JUDGXDWH� ���� ������� ���� �������

8QLYHUVLW\�JUDGXDWH� ��� ������ ��� ������
2WKHU�� �� ������ �� ������

0\�SDUHQWV�GRQ¶W�DOORZ�

1RW�HGXFDWHG� �� ������ ��� ������
3ULPDU\�VFKRRO�JUDGXDWH� ���� ������� ���� �������
6HFRQGDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������

+LJK�VFKRRO�JUDGXDWH� ��� ������� ���� �������

8QLYHUVLW\�JUDGXDWH� �� ������ ��� ������

2WKHU� �� ������ �� ������

0\�SDUHQWV�GRQ¶W�KDYH�
HQRXJK�PRQH\�

1RW�HGXFDWHG� �� ������ ��� ������
3ULPDU\�VFKRRO�JUDGXDWH� ���� ������� ���� �������
6HFRQGDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������
+LJK�VFKRRO�JUDGXDWH� ��� ������� ���� �������
8QLYHUVLW\�JUDGXDWH�� �� ������ ��� ������

2WKHU� �� ������ �� ������

$FWLYLWLHV�DUH�QRW�RUJDQL]HG�
LQ�P\�VFKRRO�

1RW�HGXFDWHG� �� ������ ��� ������
3ULPDU\�VFKRRO�JUDGXDWH� ���� ������� ���� �������
6HFRQGDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������
+LJK�VFKRRO�JUDGXDWH� ��� ������� ���� �������
8QLYHUVLW\�JUDGXDWH� ��� ������ ��� ������
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2WKHU� �� ������ �� ������

0\�DFKLHYHPHQW�LV�
GHFUHDVLQJ�

1RW�HGXFDWHG� ��� ������ ��� ������
3ULPDU\�VFKRRO�JUDGXDWH� ���� ������� ���� �������
6HFRQGDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������
+LJK�VFKRRO�JUDGXDWH� ��� ������� ���� �������
8QLYHUVLW\�JUDGXDWH� ��� ������ ��� ������

2WKHU� �� ������ �� ������

:H�DUH�QRW�LQVWUXFWHG�E\�
RXU�WHDFKHUV�

1RW�HGXFDWHG� �� ������ ��� ������
3ULPDU\�VFKRRO�JUDGXDWH� ���� ������� ���� �������
6HFRQGDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������
+LJK�VFKRRO�JUDGXDWH� ��� ������� ���� �������
8QLYHUVLW\�JUDGXDWH� �� ������ ��� ������

2WKHU� �� ������ �� ������

:H�DUH�QRW�LQVWUXFWHG�E\�WKH�
VFKRRO�

1RW�HGXFDWHG� �� ������ ��� ������
3ULPDU\�VFKRRO�JUDGXDWH� ���� ������� ���� �������
6HFRQGDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������
+LJK�VFKRRO�JUDGXDWH� ��� ������� ���� �������

8QLYHUVLW\�JUDGXDWH� �� ������ ��� ������

2WKHU� �� ������ �� ������

�

$FFRUGLQJ�WR�WKH�HGXFDWLRQDO�OHYHO�RI�PRWKHU�YDULDEOH��WKH�UHDVRQV�RI��WKH�9RFDWLRQDO�+LJK�6FKRRO�VWXGHQWV¶�QRW�

EHLQJ�DEOH�WR�WDNH�SDUW�LQ�DQ�DFWLYLW\�DUH�OLNH�WKHVH��VWXGHQWV�ZKRVH�PRWKHUV�DUH�SULPDU\�VFKRRO�JUDGXDWH��,�GRQ¶W�KDYH�

HQRXJK�WLPH����������0\�SDUHQWV�GRQ¶W�DOORZ����������0\�SDUHQWV�GRQ¶W�KDYH�HQRXJK�PRQH\����������DFWLYLWLHV�DUH�QRW�

RUJDQL]HG�LQ�P\�VFKRRO����������P\�DFKLHYHPHQW�LV�GHFUHDVLQJ����������ZH�DUH�QRW�LQVWUXFWHG�E\�RXU�WHDFKHUV���������

DQG�ZH�DUH�QRW�LQVWUXFWHG�E\�WKH�VFKRRO�����������

�

3.7. “How are the reasons of the Vocational High School students’ not being able to spend 

their out-of-school time with any activities” according to the educational level of father? 

$FFRUGLQJ�WR�WKH�HGXFDWLRQDO�OHYHO�RI�IDWKHU�YDULDEOH��WKH�UHDVRQV�RI��WKH�9RFDWLRQDO�+LJK�6FKRRO�VWXGHQWV¶�QRW�

EHLQJ�DEOH� WR� WDNH�SDUW� LQ�DQ�DFWLYLW\�DUH� OLNH� WKHVH��VWXGHQWV�ZKRVH�IDWKHUV�DUH�SULPDU\�VFKRRO�JUDGXDWH�� ,�GRQ¶W�KDYH�

HQRXJK�WLPH�����������0\�SDUHQWV�GRQ¶W�DOORZ����������0\�SDUHQWV�GRQ¶W�KDYH�HQRXJK�PRQH\�����������DFWLYLWLHV�DUH�

QRW� RUJDQL]HG� LQ�P\� VFKRRO� ���������P\� DFKLHYHPHQW� LV� GHFUHDVLQJ� ��������� ZH� DUH� QRW� LQVWUXFWHG� E\� RXU� WHDFKHUV�

��������DQG�ZH�DUH�QRW�LQVWUXFWHG�E\�WKH�VFKRRO����������

�

�

�

�

�

�

�
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7DEOH����7KH�UHDVRQV�RI�QRW�EHLQJ�DEOH�WR�VSHQG�WLPH�DFFRUGLQJ�WR�³WKH�HGXFDWLRQDO�OHYHO�RI�IDWKHU´�YDULDEOH�

5HDVRQV�RI�QRW�WDNLQJ�SDUW�
LQ�DFWLYLW\� �7KH�HGXFDWLRQDO�OHYHO�RI�IDWKHU�

<HV� 1R�
Q� �� Q� ��

,�GRQ¶W�KDYH�HQRXJK�WLPH�

1RW�HGXFDWHG� �� ������ ��� ������
3ULPDU\�VFKRRO�JUDGXDWH� ���� ������� ���� �������
6HFRQGDU\�VFKRRO�JUDGXDWH� ���� ������� ���� �������
+LJK�VFKRRO�JUDGXDWH� ���� ������� ���� �������

8QLYHUVLW\�JUDGXDWH� ��� ������ ��� ������
2WKHU� �� ������ �� ������

0\�SDUHQWV�GRQ¶W�DOORZ�

1RW�HGXFDWHG� �� ������ ��� ������
3ULPDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������
6HFRQGDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������

+LJK�VFKRRO�JUDGXDWH� ��� ������� ���� �������

8QLYHUVLW\�JUDGXDWH� ��� ������ ��� ������

2WKHU� �� ������ �� ������

0\�SDUHQWV�GRQ¶W�KDYH�
HQRXJK�PRQH\�

1RW�HGXFDWHG� �� ������ ��� ������
3ULPDU\�VFKRRO�JUDGXDWH� ���� ������� ���� �������
6HFRQGDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������
+LJK�VFKRRO�JUDGXDWH� ��� ������� ���� �������

8QLYHUVLW\�JUDGXDWH� ��� ������ ��� ������
2WKHU� �� ������ �� ������

$FWLYLWLHV�DUH�QRW�RUJDQL]HG�
LQ�P\�VFKRRO�

1RW�HGXFDWHG� �� ������ ��� ������
3ULPDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������
6HFRQGDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������
+LJK�VFKRRO�JUDGXDWH� ��� ������� ���� �������
8QLYHUVLW\�JUDGXDWH� ��� ������ ��� ������

2WKHU� �� ������ �� ������

0\�DFKLHYHPHQW�LV�
GHFUHDVLQJ�

1RW�HGXFDWHG� �� ������ �� ������
3ULPDU\�VFKRRO�JUDGXDWH� ���� ������� ���� �������
6HFRQGDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������
+LJK�VFKRRO�JUDGXDWH� ��� ������� ���� �������
8QLYHUVLW\�JUDGXDWH� ��� ������ ��� ������

2WKHU� �� ������ �� ������

:H�DUH�QRW�LQVWUXFWHG�E\�
RXU�WHDFKHUV�

1RW�HGXFDWHG� �� ������ ��� ������
3ULPDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������
6HFRQGDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������
+LJK�VFKRRO�JUDGXDWH� ��� ������� ���� �������
8QLYHUVLW\�JUDGXDWH� ��� ������ ��� ������

2WKHU� �� ������ �� ������

:H�DUH�QRW�LQVWUXFWHG�E\�WKH�
VFKRRO�

1RW�HGXFDWHG� �� ������ ��� ������
3ULPDU\�VFKRRO�JUDGXDWH� ���� ������� ���� �������
6HFRQGDU\�VFKRRO�JUDGXDWH� ��� ������� ���� �������
+LJK�VFKRRO�JUDGXDWH� ���� ������� ���� �������

8QLYHUVLW\�JUDGXDWH� ��� ������ ��� ������

2WKHU� �� ������ �� ������

 

4. Conclusion, Discussion and Suggestions  

,Q�WKLV�UHVHDUFK��LW�KDV�EHHQ�DLPHG�WR�UHYHDO�WKH�UHDVRQV�RI��WKH�9RFDWLRQDO�+LJK�6FKRRO�VWXGHQWV¶�QRW�EHLQJ�DEOH�

WR�VSHQG�WKHLU�RXW�RI�VFKRRO�WLPH��³,�GRQ¶W�KDYH�HQRXJK�WLPH�DQG�P\�DFKLHYHPHQW�LV�GHFUHDVLQJ´�DUH�WKH�EDVLF�UHDVRQV�RI�

WKH�9RFDWLRQDO�+LJK�6FKRRO�VWXGHQWV¶�QRW�EHLQJ�DEOH�WR�VSHQG�WKHLU�RXW�RI�VFKRRO�WLPH�ZLWK�DQ\�DFWLYLWLHV��7KLV�RXWFRPH�

SURYHV� WKDW� VWXGHQWV� WDNH� WKH� EHVW� SDUW� RI� WKHLU� IUHH� WLPH� WR� VWXG\�EHFDXVH�RI� WHVWLQJ� V\VWHP� LQ�7XUNH\� DQG� DFDGHPLF�

VXFFHVV��
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,Q� WHUPV� RI� UHVHDUFK� RXWFRPHV�� WKHVH� DUH� WKH� VXJJHVWLRQV�� ��� $FWLYLWLHV� VKRXOG� EH� LQFOXGHG� LQ� FXUULFXOXP�

�LQVWUXFWLRQDO�SURJUDP��LQ�RUGHU�IRU�WKH�VWXGHQWV�WR�VSHQG�WKHLU�RXW�RI�VFKRRO�WLPH�HIILFLHQWO\�����3DUHQWV�DGPLQLVWUDWRUV�

DQG�WHDFKHUV�VKRXOG�EH�UDLVHG�DZDUHQHVV�RI�WKLV�VXEMHFW�����7HVWLQJ�V\VWHP�VKRXOG�EH�UHVWUXFWXUHG��

7KH�VXJJHVWLRQV� WKDW�DUH� IRU� WKH�IXWXUH�UHVHDUFK�GHSHQGLQJ�RQ� WKH�UHVHDUFK�RXWFRPHV�PLJKW�EH� WKHVH�����7KLV�

UHVHDUFK�FDQ�EH�DSSOLHG�WR�RWKHU�KLJK�VFKRROV�DQG�\RXWKV�RXW�RI�VFKRRO�����5HVHDUFKHV�VKRXOG�EH�GRQH�LQ�RUGHU�WR�SURYLGH�

DZDUHQHVV�IRU�WKH�WHUP�³RXW�RI�VFKRRO�WLPH´�EHLQJ�SHUFHLYHG��

LITERATURE 

 

dHWLQND\D��*�����������0LOOL�3DUNODUÕQ�%LU�5HNUHDV\RQ�$ODQÕ�2ODUDN�'�]HQOHQPHVL�9H�<|QHWLOPHVL��%LU�0RGHO�gQHULVL��
<D\ÕQODQPDPÕú�<�NVHN�/LVDQV�7H]L��$NGHQL]�hQLYHUVLWHVL��$QWDO\D���

'HPLU�� &��� 	�'HPLU�� 1�� �������� %LUH\OHULQ� %Rú� =DPDQ� )DDOL\HWOHULQH� .DWÕOPDODUÕQÕ� (WNLOH\HQ� )DNW|UOHU� øOH� &LQVL\HW�
$UDVÕQGDNL�øOLúNL��/LVDQV�g÷UHQFLOHULQH�<|QHOLN�%LU�8\JXODPD��(JH�$NDGHPLN�%DNÕú�'HUJLVL����������������

'HPLUHO�� 0�� 	� +DUPDQGDU�� '�� �������� hQLYHUVLWH� g÷UHQFLOHULQLQ� 5HNUHDV\RQHO� (WNLQOLNOHUH� .DWÕOÕPODUÕQGD� (QJHO�
2OXúWXUDELOHFHN�)DNW|UOHULQ�%HOLUOHQPHVL��8OXVODU�DUDVÕ�øQVDQ�%LOLPOHUL�'HUJLVL������������������

*|NPHQ��'���.Dú��2�� YH�9XUJXQ�� )�� ��������0HVOHNL� YH�7HNQLN�g÷UHWLP�<|QHWLPL� 6�UHFL� øo�'HQHWLP�5DSRUX��0LOOL�
(÷LWLP�%DNDQOÕ÷Õ���

.ÕUNSÕQDU��0�� �������� /LVH� 6RQ� 6ÕQÕIWDNL� g÷UHQFLOHULQ� %Rú� =DPDQ� )DDOL\HWOHULQH� .DWÕOÕP� %LoLPOHULQLQ� $UDúWÕUÕOPDVÕ�
�0X÷OD�øOL�gUQH÷L���<D\ÕQODQPDPÕú�\�NVHN�OLVDQV�WH]L��0X÷OD�hQLYHUVLWHVL�6RV\DO�%LOLPOHU�(QVWLW�V���0X÷OD���

0LQLVWU\�RI�1DWLRQDO�(GXFDWLRQ��0LOOL�(÷LWLP�%DNDQOÕ÷Õ�����������7�UNL\H�&XPKXUL\HWL�0LOOL�(÷LWLP�%DNDQOÕ÷Õ��7�UNL\H�
&XPKXUL\HWL�2UPDQ�YH�6X�øúOHUL�%DNDQOÕ÷Õ��7�UNL\H�%HOHGL\HOHU�%LUOL÷L�9H�.DWÕOÕPFÕ��*|Q�OO���%HOHGL\HOHU�
øúELUOL÷LQGH� *HOLúWLULOHQ� ³2NXOODU� +D\DW� 2OVXQ´� SURMHVL� X\JXODPD� SURWRNRO����
KWWS���ZZZ�PHE�JRY�WU�RNXOODUKD\DWROVXQ�������0D\ÕV�����¶GH�LQGLULOGL���

g]HU�� %��� *HOHQ�� ø�� 	� � gFDO�� 6�� �������� øON|÷UHWLP� øNLQFL� .DGHPH� g÷UHQFLOHULQLQ� %Rú� =DPDQ� 'H÷HUOHQGLUPH�
$OÕúNDQOÕNODUÕQÕQ�*�QO�N�3UREOHP�d|]PH�%HFHULOHULQH�(WNLVLQLQ�øQFHOHQPHVL��0XVWDID�.HPDO�hQLYHUVLWHVL�
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Abstract: This paper presents feature extraction of the electrocardiogram (ECG) for the 
detection of normal (N), atrial premature contraction (APC), ventricular bigeminy (B), 
ventricular trigeminy (T), left bundle brunch block (LBBB), right bundle brunch block 
(RBBB) and supraventricular tachyarrhythmia (SVTA) types. Data was attained from the 
MIT-BIH arrhythmia database. In feature extraction was used Pan-Tompkins algorithm and 
was written code. Features based on the ECG waveform shape such as RR intervals, QRS 
amplitude, QRS area, QRS width was obtained from of the electrocardiogram. 
 
Key words: Feature extraction, Pan-Tompkins algorithm, and arrhythmia. 

 
 

Introduction 
 

Electrocardiogram (ECG) is one of the most widely used methods for diagnosis of heart disease. Emerging signs 
and ECG rhythm is called arrhythmia, and heart malformations provide important information about the disease. 
The recording produced by this noninvasive procedure is termed as ECG.  
(http://en.wikipedia.org/wiki/Electrocardiography). 
 
ECG is electrical manifestation of the contractile activity of the heart. It was recorded with surface electrodes on 
the limbs or chest. ECG: most commonly known & used biomedical signal. The rhythm of the heart in terms of 
beats per minute (bpm) may be estimated by counting the readily identifiable waves. ECG wave shape is altered 
by cardiovascular diseases and abnormalities: myocardial ischemia and infarction, ventricular hypertrophy, and 
conduction problems (Rangayyan, R. M,2002) 
 
An ECG records the electrical activity of the heart (http://www.heartsite.com/html/electrical_activity.html). ECG 
records consist of external noise due to the patient’s movements (muscle contraction, breathing...) change the 
relative positions of the electrodes, for that the baseline has a wavy path. Therefore variation in the baseline, the 
detection of QRS complexes will be more dif cult.  
 
An arrhythmia is an irregular heartbeat - the heart may beat too fast (tachycardia), too slowly (bradycardia), too 
early (premature contraction) or too irregularly (fibrillation). Arrhythmias are heart-rhythm problems - they 
occur when the electrical impulses to the heart that coordinate heartbeats are not working properly, making the 
heart beat too fast/slow or inconsistently.  Many heart arrhythmias are harmless. We all occasionally experience 
irregular heartbeats, which may feel like a racing heart or fluttering. Some arrhythmias, however, especially if 
they veer too far from a normal heartbeat or result from a weak or damaged heart, may cause troublesome and 
even potentially fatal symptoms (http://www.medicalnewstoday.com/articles/8887.php) 
 
Therefore variation in the baseline, the detection of QRS complexes will be more dif cult. Arrhythmia types 
which N, APC, B, T, LBBB, RBBB and SVTA types are difficult to detection. Therefore The Pan - Tompkins 
algorithm is the most widely used and the often cited algorithm for the extraction of QRS complexes from the 
ECG signal (C. Pavlatos,2004). 
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Recognition of Electrocardiogram (ECG) heartbeat arrhythmias is an important area in biomedical signal 
processing. In the past few years, many algorithms have been proposed for the automated classification of the 
ECG signals (S. Palreddy,1997, J. Rodr´ıguez,2005). 
 
 
Method 
 
Data Source 
 
In the 1970s Beth Israel Hospital (BIH) and Massachusetts Institute of Technology (MIT) collaborated in 
research into arrhythmia. From hospital record stwenty three recording were picked at random from a set of 
4000. Twenty five record swith abnormal ECG was also collect for the same data. This is done on purpose for 
research, as out of forty eight records you would not usually get twenty five abnormal records. Each record was 
independently noted with an explanation, to include background information on the subjects, including their 
medications. Each record is thirty minutes long and was digitized at 360 samples per second: this gives 
648,000samples in a 30 minute record (www.physionet.org) 
 
In this study, records include 11 men aged 41 to 73 years and 14 women aged 23 to 83 years totally 25 patients 
data. The records numbers of arrhythmias are given in Table1. 
 
 
 
 
 
 
 
 
 
 
 

Table1. Records of arrhythmias. 
 
MIH_BIH database records were sampled at 360 hz. 
 
Pan Tompkins Algorithms 
 
Pan - Tompkins algorithm was developed in 1985 by Jiapu Pan and Willis J.Tompkins. Algorithm was 
developed a real-time algorithm for detection of the QRS complexes of ECG signals. It reliably recognizes QRS 
complexes based upon digital analyses of slope, amplitude, and width. In Pan-Tompkins algorithms sample rate 
of 200 samples/s, the window is 30 samples wide (150ms). The width of the window is determined empirically ( 
Jiapu P., W. J. Tompkins,1985). 
 
The threshold value is determined between 0.1 and 0.2. � In this study, data required to sample at 200 hz or 
window width select to 54 (150ms) owing to MIH_BIH database records 360 hz sample. 
 
In this study, instead of sample 200hz sample frequency 360 hz was taken and change windows width. 30 or 54 
of windows width empirical and don’t appears to very important. But it is a very important change in the 
threshold was observed. Arrhythmia types morphologic attributes different. Depend upon arrhythmia type 
threshold change to determination R point was very important.  
 
In ECG signal identified qualifications are given in Figure1.  
 
 

Arrhythmias Records 
APC 232 
B 106,119,223,233 
LBBB 109,111 
Normal 100,101,103,106,112,114,115,116,121,122,231,222 
RBBB 118,124,212,231 
SVTA 223 
T 106,119,223,201,208,233 
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JLGLOPHVL� GDKD� X\JXQ� J|U�OPHNWHGLU� >���@�� $QFDN� \DSÕODFDN� EX� ORNDO� GH÷LúLNOLNOHU� VRQXFX� ROXúDFDN� \HQL� ELUOHúLP�
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ELUOHúWLUPH� \HUOHULQLQ� PHWDO� OHYKDODUOD� J�oOHQGLULOPHVL� X\JXODQDQ� ELU� o|]�PG�U�� $QFDN� PHWDO� OHYKDODUOD� \DSÕODQ�
J�oOHQGLUPHOHUGH�]DPDQOD�EDNÕPD� LKWL\Do�GX\XOPDVÕ��J�oOHQGLULOHQ�E|OJHOHUGH�J|U�QW��NLUOLOL÷L�ROXúWXUPDVÕ� YH�\DSÕ\D�
HNVWUD� \�N� JHWLUPHVL� JLEL� J|]� DUGÕ� HGLOHPH\HFHN� GH]DYDQWDMODU� VÕUDODQDELOLU� >���@�� 7HNQRORMLN� JHOLúPHOHUOH� EX�
GH]DYDQWDMODUÕQ� WDPDPÕQÕQ� YH\D� ELU� NÕVPÕQÕQ� JLGHULOPHVLQL� VD÷OD\DFDN� �U�QOHU� DUDVÕQGD� ILEHU� WDNYL\HOL� SODVWLNOHU� \HU�
DOPDNWDGÕU��/LWHUDW�UGH�)53¶OHUOH�DKúDS�J�oOHQGLUPH�NRQXVXQGD�ELUoRN�oDOÕúPD�\DSÕOPÕú�D\UÕFD�\DSÕODQ�EX�oDOÕúPDODU�
VRQXFXQGD�WDYVL\H�HGLOHQ�EX�WHNQLNOHU�X\JXODPDGD�GD�\HULQL�EXOPXúWXU��ùHNLO�����
�

�
ùHNLO����)53�LOH�DKúDS�J�oOHQGLUPH�X\JXODPDVÕ�|UQH÷L�>�@�

�
'DKD� |QFH� \DSWÕ÷ÕPÕ]� oDOÕúPDODUGD� H÷LOPH\H� oDOÕúDQ� YH� NHUWPHOL� ER\� ELUOHúWLUPHOHUOH� ELUOHúWLULOPLú� HOHPDQODUÕQ�
J�oOHQGLUPHVLQGH� FDP� YH� NDUERQ� HO\DI� WDNYL\HOL� SODVWLNOHU� NXOODQÕOPÕú� YH� ELUOHúWLUPH� E|OJHOHULQLQ� J�oOHQGLULOPHVLQGH�
EDúDUÕOÕ� VRQXoODU�HOGH�HGLOPLúWLU� >����@��%X�oDOÕúPDGD�GD��DKúDS�\DSÕODUGD�oHNPH\H�oDOÕúDQ�HOHPDQODU�&DP�YH�NDUERQ�
WDNYL\HOL�SODVWLN�oXEXNODUOD�J�oOHQGLULOPLúWLU��
dHNPH\H�oDOÕúDQ�HOHPDQODUÕQ�J�oOHQGLULOPHVL��ER\XW�VRUXQX�RODQ�\DQL�LVWHQLOHQ�HEDWODUGD�WHPLQ�HGLOPHVL�]RU�RODQ�DKúDS�
\DSÕ�HOHPDQODUÕQÕQ�GDKD�N�o�N�ER\XWODUOD�GDKD�|]J�Q�WDVDUÕPODUD�NDYXúPDVÕQÕ�VD÷OD\DFDNWÕU��$QFDN�JHUHNOL�X]XQOXN�YH�
HEDWODUGDNL� HOHPDQODUÕQ� �UHWLPLQGH� \DSÕODFDN� J�oOHQGLUPHOHULQ� X\JXODPD� VDKDVÕQGD�� KHP� \DSÕPÕ� NROD\�� KHP� oDS�
GH÷LúLNOL÷L� ROXúWXUPDGDQ� LVWHQHQ� GD\DQÕPÕ� VD÷OD\DELOHFHN� KHP� GH� DKúDS� HVWHWL÷LQL� YH� VÕFDNOÕ÷ÕQÕ� NRUX\DFDN� ELU�
J�oOHQGLUPH� GHWD\Õ� WDVDUÕPÕ� JHUHNPHNWHGLU��%X� QHGHQOH� J�oOHQGLUPH�� X\JXODPD� DODQODUÕQGD� VÕNoD� NXOODQÕODQ� NHUWPHOL�
ER\�ELUOHúWLUPHOHU��]HULQGH�DKúDS�J|U�Q�P��ER]PD\DFDN�úHNLOGH�\DSÕ�HOHPDQÕ��]HULQH�DoÕODQ�NDQDOODUD�FDP�YH�NDUERQ�
HO\DI�WDNYL\HOL�SODVWLNOHU�\HUOHúWLULOHUHN�X\JXODQPÕúWÕU���
<DSÕODQ�oDOÕúPDGD�|QFHOLNOL�RODUDN�PDVLI�DKúDS�oHNPH�PXNDYHPHWL�GH÷HUOHUL�WHVSLW�HGLOPLú�GDKD�VRQUD�GL÷HU�GHQH\�WLSL�
VRQXoODUÕ� PDVLI� DKúDS� QXPXQHOHUOH� NDUúÕODúWÕUÕOPÕúWÕU�� 'HQH\VHO� oDOÕúPDODUGD� DVÕO� RODUDN� Xo� XFD� HNOHQHUHN� \DSÕODQ�
NHUWPHOL�ER\�ELUOHúWLUPHGH�ROXúDQ�OLI�V�UHNVL]OL÷L�RUWDGDQ�NDOGÕUÕODUDN�ELUOHúWLULOPH�\DSÕOPDPÕú�PDVLI�DKúDSWD�HOGH�HGLOHQ�
oHNPH�GD\DQÕPÕ�GH÷HUOHULQH�XODúÕOPDVÕ�KHGHIOHQPLúWLU��
�
���0DWHU\DO�YH�0HWRW�
�
�����$KúDS�

�
'HQH\� |UQHNOHULQLQ� KD]ÕUODQPDVÕQGD� NXOODQÕODQ� PDVLI� D÷Do� PDO]HPH�� 6DNDU\D� E|OJHVLQGHNL� NHUHVWH� LúOHWPHOHULQGHQ�
UDVWJHOH�VHoLP�\|QWHPL�LOH�WHPLQ�HGLOPLúWLU��'HQH\VHO�oDOÕúPDODUGD�NXOODQÕODFDN�DKúDS�PDO]HPH�VHoLPLQGH�����VÕQÕI�VDUÕ�
oDP�NHUHVWHQLQ��QRUPDO�E�\�PH�J|VWHUPLú��NXUXWXOPXú��NXVXUVX]�� OLIOHUL�G�]J�Q��EXGDNVÕ]��DUGDNVÕ]��PDQWDU�YH�E|FHN�
]DUDUODUÕQD�X÷UDPDPÕú�ROPDVÕQD�|]HQ�J|VWHULOPLúWLU�>��@���
�����(SRNVL�

�
*HUHN� DKúDS� \�]H\OHULQ� ELUOHúWLULOPHVLQGH� JHUHNVH� &)53� oXEXNODUÕQ� DKúDS� \�]H\OHUH� \DSÕúWÕUÕOPDVÕQGD� øQFH�
X\JXODPDODU�LoLQ�|]HO�RODUDN�JHOLúWLULOPLú��oLIW�ELOHúHQOL�\DSÕúWÕUPD�YH�PRQWDM�PDO]HPHVL�RODUDN��UHWLOHQ�7HNQRERQG�����
WLSL�HSRNVL�NXOODQÕOPÕúWÕU��
7HNQRERQG� ���� HSRNVL� UHoLQHVL�� LQFH� WLS� X\JXODPDODUGD�� NDWÕ� PDO]HPHOHULQ� SDUODN� \�]H\OHUH� \DSÕúWÕUÕOPDVÕQGD�
NXOODQÕODQ��NLP\DVDOODUD�NDUúÕ�GD\DQÕNOÕ��EHWRQD��DKúDED��oHOL÷H�YH�SODVWLN�PDO]HPHOHUH�P�NHPPHO�\DSÕúPD�VD÷OD\DQ��
LVWHQHQ� PHNDQLN� PXNDYHPHWH� oRN� KÕ]OÕ� XODúDQ� ELU� HSRNVLGLU�� dLIW� ELOHúHQOL� RODUDN� �UHWLOHQ� 7HNQRERQG� ���� HSRNVL�
X\JXODQÕUNHQ��RUDQWÕOÕ�RODUDN�KD]ÕUODQPÕú�$�YH�%�ELOHúHQL��\DYDú�GHYLUOL�NDUÕúWÕUÕFÕ\OD�ELUELULQH�NDUÕúWÕUÕOÕU��.DUÕúWÕUPD\D�
KRPRMHQ� JUL� ELU� UHQN� DODQD� NDGDU� GHYDP� HGLOLU�� .XOODQDELOHFHN� NDGDU� PDO]HPH� X\JXODPD� |PU�� J|]� |Q�QGH�
EXOXQGXUDUDN� YH� RUDQODUÕQD� J|UH� KD]ÕUODQÕU�� +D]ÕUODQDQ� NDUÕúÕP� ÕVSDWXOD� LOH� \DSÕúWÕUÕODFDN� \�]H\H� oRN� LQFH� úHNLOGH�
V�U�O�U��<�]H\�X\JXODPDODUÕQGD�PDO]HPHQLQ�ELU�P�GGHW�NHQGLQL�oHNPHVL�EHNOHQGLNWHQ�VRQUD�KDYD�ERúOX÷X�NDOPD\DFDN�
úHNLOGH�YH�P�PN�QVH�SUHVOHQHUHN�\DSÕúWÕUÕOÕU�>��@��
�
�����&DP�(O\DI�7DNYL\HOL�3ODVWLN��*)53��

�
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*)53� PDO]HPHQLQ� �VW�Q� PHNDQLN� GD\DQÕPÕQÕQ� \DQÕ� VÕUD�� KDILIOL÷L�� NRUR]\RQ� GD\DQÕPÕ�� G�ú�N� \R÷XQOXN� YH�
GD\DQÕP�\R÷XQOXN� RUDQÕQÕQ� \�NVHNOL÷L�� G�ú�N� ÕVÕ� LOHWNHQOL÷LQH� VDKLS� ROPDVÕ�� X]XQ� \ÕOODU� EDNÕP� YH� ER\D� JLEL� HN� ELU�
KL]PHWH� LKWL\Do� GX\PDPDVÕ�� �UHWLPLQ� G�ú�N� Lú� J�F�� LOH� \DSÕODELOLU� ROPDVÕ�� NROD\� NHVLOHELOLU� YH� LúOHQHELOLU� ROPDVÕ��
NDUPDúÕN�JHRPHWUL\H�VDKLS�úHNLOOHULQ�NROD\OÕNOD��UHWLOHELOLU�ROPDVÕ��IDUNOÕ�PHNDQLN�|]HOOLNOHU�HOGH�HWPHN�LoLQ��IDUNOÕ�HO\DI�
NDWPDQODUÕ� YH� NRPELQDV\RQODUÕ� LOH� �UHWLOHELOLU� ROPDVÕ� JLEL� |]HOOLNOHULQGHQ� GROD\Õ� *)53� SURILOOHUL� LQúDDW� VHNW|U�QGH�
|]HOOLNOH�J�oOHQGLUPH�oDOÕúPDODUÕQGD�ELUoRN�PDO]HPHQLQ�DOWHUQDWLIL�ROPD�\|Q�QGH�KÕ]OD�LOHUOHPHNWHGLU�>��@��
3L\DVDGD�IDUNOÕ�úHNLO�YH�HEDWODUGD��UHWLOHQ�*)53�SURILOOHU�LoHULVLQGHQ�\DSÕODFDN�J�oOHQGLUPH�oDOÕúPDVÕQD�X\JXQ�HEDW�YH�
IRUP�DUDúWÕUÕOPÕú� VRQXo�RODUDN����� FP�oDSÕQGD�GDLUH� NHVLWOL�*)53�QXPXQHOHUL�� �ONHPL]GH�NRPSR]LW�PDO]HPH��UHWLPL�
\DSDQ�(VD�.LP\D�0HWDO�6DQD\L�YH�7LFDUHW�/WG��ùWL��ILUPDVÕQGDQ�WHPLQ�HGLOPLúWLU���

�
�����.DUERQ�(O\DI�7DNYL\HOL�3ODVWLN��&)53��

�
*�oOHQGLUPH�oDOÕúPDODUÕQGD�NXOODQÕODQ� ILEHU� WDNYL\HOL�SODVWLNOHULQ� VHoLPLQGH�JHQHOOLNOH��VW�Q�GD\DQÕP�|]HOOLNOHULQGHQ�
GROD\Õ� NDUERQ� HO\DI� WDNYL\HOL� SODVWLNOHU� WHUFLK� HGLOPHNWHGLU� >��@�� %X� QHGHQOH� oDOÕúPDPÕ]GD� SL\DVDGD� IDUNOÕ� úHNLO� YH�
HEDWODUGD��UHWLOHQ�&)53�SURILOOHU� LoHULVLQGHQ� \DSÕODFDN� J�oOHQGLUPH�oDOÕúPDVÕQD�X\JXQ� HEDW� YH� IRUPGD� YH� FDP�HO\DI�
WDNYL\HOL�SODVWLNOHUOH�D\QÕ�ER\XWWD�RODFDN�úHNLOGH���ONHPL]GH�NRPSR]LW�PDO]HPH��UHWLPL�\DSDQ�(VD�.LP\D�0HWDO�6DQD\L�
YH�7LFDUHW�/WG��ùWL��ILUPDVÕQGDQ�WHPLQ�HGLOPLúWLU���
�
�����'HQH\�1XPXQHOHULQLQ�+D]ÕUODQPDVÕ�

�
$KúDS� ELUOHúWLUPH� E|OJHOHULQLQ� J�oOHQGLULOPHVLQGH� NXOODQÕODQ� �� PP� oDSÕQGDNL� *)53� YH� &)53� oXEXNODU� ��� FP�
X]XQOX÷XQGD�NHVLOPLúWLU��(OHPDQ�ER\ODUÕQÕQ�HúLW�ROPDVÕ�YH�PDO]HPHOHULQ�NHVLPL�HVQDVÕQGD�]DUDU�J|UPHPHVLQH�GLNNDW�
HGLOPLúWLU�� ùDKLW� QXPXQHOHU�� ��[��� PP� ER\XWODUÕQGD� YH� ���� PP� X]XQOX÷XQGD� ��� 6ÕQÕI� NXUXWXOPXú�� oDWODNVÕ]� YH�
EXGDNVÕ]� VDUÕoDPGDQ� OLI� \|QOHULQH� SDUDOHO� RODFDN� úHNLOGH� KD]ÕUODQPÕúWÕU�� %X� QXPXQHOHUOH�� ELUOHúWLUPH� \DSÕOPÕú�
QXPXQHOHULQ� oHNPH� PXNDYHPHWL� NÕ\DVODPDVÕQGD� úDKLW� QXPXQH\L� ROXúWXUDFDN� PDVLI� DKúDS� GHQH\L� \DSÕOPÕúWÕU�� 0DVLI�
DKúDS�QXPXQHOHU� WHN�SDUoDGDQ�ROXúDQ�YH�KHUKDQJL�ELU�ELUOHúWLUPH�V|]�NRQXVX�ROPD\DQ�QXPXQHOHUGLU�� øNLQFL�DúDPDGD�
PDVLI� DKúDSOD� D\QÕ� ER\XWODUGD�� DQFDN� RUWDGDQ� NHUWPHOL� ER\� ELUOHúWLUPH� \|QWHPL� LOH� ELUOHúWLULOPLú� LNL� SDUoD� DKúDSWDQ�
ROXúDQ�QXPXQHOHU�KD]ÕUODQPÕúWÕU��ùHNLO�����+D]ÕUODQDQ�QXPXQHOHULQ�ELUOHúWLUPH�\�]H\OHUL�oLIW�ELUOHúLPOL�7HNQRERQG�����
HSRNVL�LOH�ELUOHúWLULOHUHN����VDDW�SUHV�DOWÕQGD�WXWXOPXúWXU��
�

�
ùHNLO����.HUWPHOL�ER\�ELUOHúWLUPHOL�DKúDS�QXPXQH�

�
ho�QF�� DúDPDGD� NHUWPHOL� ER\� ELUOHúWLUPH� \DSÕOPÕú� QXPXQHOHULQ� KHU� LNL� \�]H\LQH� WHN� YH� oLIW� NDQDOODU� DoDUDN� EX�
NDQDOODUD�HSRNVL�LOH�FDP�YH�NDUERQ�HO\DI�WDNYL\HOL�oXEXNODU�\DSÕúWÕUÕOPÕú���IDUNOÕ�PDO]HPHGHQ���IDUNÕ� WLSWH�QXPHQHOHU�
KD]ÕUODQPÕúWÕU��ùHNLO�����1XPXQH�LVLPOHQGLUPHOHUL�YH�VHPEROOHUL�DúD÷ÕGDNL�WDEORGD�YHULOPLúWLU��7DEOR������
���

�
ùHNLO����)53�oXEXNODUOD�ROXúWXUXOPXú�GHQH\�QXPXQHOHUL�

�
7DEOR����1XPXQH�LVLPOHUL�YH�VHPEROOHUL�

1XPXQH�$GÕ� 6HPERO�
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0DVLI�$KúDS�1XPXQHOHU� 67��
.HUWPHOL�%R\�%LUOHúWLUPHOL�1XPXQHOHU� 67��
7HN�dXEXN�&DP�(O\DI�<DSÕúWÕUÕOPÕú�1XPXQHOHU� 67��
dLIW�dXEXN�&DP�(O\DI�<DSÕúWÕUÕOPÕú�1XPXQHOHU� 67��
7HN�dXEXN�.DUERQ�(O\DI�<DSÕúWÕUÕOPÕú�1XPXQHOHU� 67��
dLIW�dXEXN�.DUERQ�(O\DI�<DSÕúWÕUÕOPÕú�1XPXQHOHU� 67��

�
+D]ÕUODQDQ�W�P�QXPXQHOHU�LOJLOL�7�UN�VWDQGDUWODUÕQD�>�����������@�X\JXQ�RODUDN�KD]ÕUODQPÕú�ROXS�KHU�ELU�GHQH\�QXPXQH�
WLSLQGHQ��¶HU�DGHW�QXPXQH�KD]ÕUODQDUDN�GHQH\H�WDEL�WXWXOPXúWXU��

�
���%XOJXODU�
�
'HQH\VHO� oDOÕúPDODUGD� ��� WRQOXN� oHNPH� GHQH\L� FLKD]Õ� NXOODQÕOPÕúWÕU�� dHNPH� GHQH\L� G�]HQH÷L� úHNLO� �¶WH� YHULOPLúWLU��
<DSÕODQ�GHQH\OHUGH�oHNPH�KÕ]Õ���PP�GN�RODUDN�DOÕQPÕúWÕU��<DSÕODQ�oDOÕúPDGD� LON�RODUDN�PDVLI�DKúDS�QXPXQH�oHNPH�
PXNDYHPHWL�GH÷HUOHUL�WHVSLW�HGLOPLú�GDKD�VRQUD�IDUNOÕ�GHQH\�WLSL�VRQXoODUÕ�PDVLI�DKúDS�QXPXQHOHUOH�NÕ\DVODQPÕú�YH�KHU�
QXPXQH�oHúLGL�LoLQ�RUWDODPD�JHULPH�GH÷HUOHUL�WHVSLW�HGLOPLúWLU��8o�XFD�\DSÕODQ�NHUWPHOL�ER\�ELUOHúWLUPHVLQGH�ROXúDQ�OLI�
V�UHNVL]OL÷L�RUWDGDQ�NDOGÕUÕODUDN�PDVLI�DKúDSWD�HOGH�HGLOHQ�oHNPH�JHULOPHVL�GD\DQÕPD�XODúÕOPD�KHGHIOHQPLúWLU��
�

�
ùHNLO����dHNPH�'HQH\L�'�]HQH÷L�

�
*HUHN� ELUOHúWLULOPLú� QXPXQH� GHQH\� VRQXoODUÕ� JHUHNVH� J�oOHQGLULOPLú� DKúDS� QXPXQHOHULQ� oHNPH� JHULOPHOHULQL�
NÕ\DVODPDN� DPDFÕ\OD�� �úDKLW� QXPXQH�� ELUOHúWLUPH� \DSÕOPDPÕú� PDVLI� DKúDS� �67��� QXPXQHOHUOH� \DSÕODQ� �� DGHW� oHNPH�
GHQH\OHULQGH� RUWDODPD� oHNPH� JHULOPHVL� ����� 1�PP�� RODUDN� WHVSLW� HGLOPLúWLU�� $KúDS� \DSÕ� HOHPDQODUÕQÕQ�
ELUOHúWLULOPHVLQGH� VÕNOÕNOD� NXOODQÕODQ�� JHOHQHNVHO� ELUOHúWLUPH� \|QWHPOHULQGHQ� ELUL� RODQ� YH� \DSÕPÕ� GL÷HU� ELUOHúWLUPH�
WHNQLNOHULQH�J|UH�GDKD�NROD\�X\JXODQDQ�NHUWPHOL�ER\�ELUOHúWLUPH�LOH�J�oOHQGLUPH�\DSÕOPDNVÕ]ÕQ�HSRNVL�LOH�\DSÕúWÕUÕODUDN�
ELUOHúWLULOPLú�QXPXQHOHUH� �67��� oHNPH� WHVWL� X\JXODQPÕúWÕU��%X�GHQH\OHU� VRQXFXQGD� HOGH� HGLOHQ�JHULOPH�GH÷HUL��PDVLI�
DKúDS�JHULOPHVL� LOH�NÕ\DVODQGÕ÷ÕQGD�����NDW�GDKD�N�o�N�RODQ�����1�PP��RODUDN�HOGH�HGLOPLúWLU� �ùHNLO����� øVWHU� \DSÕGD�
NXOODQÕODFDN�\HQL�DKúDS�HOHPDQODUÕQÕQ�ER\XW� \HWHUVL]OL÷L� LVWHU� UHVWRUDV\RQ�oDOÕúPDODUÕQGD�\DSÕODFDN�SDUoD�GH÷LúLPLQGH�
ER\� ELUOHúWLUPHOHULQ� \DSÕOPDVÕ� NDoÕQÕOPD]GÕU� YH� LNL� QXPXQH� DUDVÕQGDNL� GD\DQÕP� IDUNÕ� J|]� |Q�QH� DOÕQGÕ÷ÕQGD� GD� V|]�
NRQXVX�RODQ�ER\�ELUOHúWLUPHGH�ELUOHúWLUPH�E|OJHOHULQ�J�oOHQGLULOPHVL�JHUHNOLOL÷L�RUWD\D�oÕNPDNWDGÕU���
�

�
ùHNLO����0DVLI�DKúDS�QXPXQHOHUL�LOH�\DSÕúWÕUÕODUDN�ELUOHúWLULOPLú�DKúDS�QXPXQHOHULQ�oHNPH�JHULOPHOHUL�
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�
*�Q�P�]GH� DKúDS� \DSÕ� HOHPDQODUÕQÕQ� J�oOHQGLULOPHVLQGH� VÕNOÕNOD� NXOODQÕODQ� YH� WHNQRORMLN� \|QWHPOHULQGHQ� ELUL� RODQ�
ILEHU� WDNYL\HOL� SODVWLNOHUOH� DKúDS� J�oOHQGLUPH� WHNQLNOHULQLQ� ELUOHúLP� E|OJHOHULQGHNL� SHUIRUPDQVÕQÕQ� NÕ\DVODQPDVÕ�
DPDFÕ\OD�SL\DVDGD�HQ�\D\JÕQ�NXOODQÕODQ�FDP�YH�NDUERQ�WDNYL\HOL�SODVWLNOHU�NXOODQÕOPÕúWÕU��gQFHOLNOH�FDP�HO\DI�WDNYL\HOL�
SODVWLNOHUOH�ELUOHúLP�\�]H\LQL�RUWDOD\DFDN�úHNLOGH�KHU�\�]H\H�WHN�YH�oLIW�*)53�oXEXN�NXOODQÕODUDN�KD]ÕUODQDQ�QXPXQHOHU�
�]HULQGH� \DSÕODQ� oHNPH� GHQH\L� VRQXFXQGD�� WHN� oXEXNOX� QXPXQHOHULQ� �67��� oHNPH� PXNDYHPHWL� ����� 1�PP��� oLIW�
oXEXNOX� QXPXQHOHULQ� �67��� oHNPH� PXNDYHPHWL� ��� 1�PP�� ROGX÷X� WHVSLW� HGLOPLúWLU�� %X� GH÷HUOHU� \DSÕúWÕUÕODUDN�
ELUOHúWLULOPLú� QXPXQHOHUH� J|UH� NÕ\DVODQGÕ÷ÕQGD� oHNPH� GLUHQFL� GD\DQÕPÕQÕQ� WHN� oXEXNOX� *)53� J�oOHQGLUPHVLQGH� ����
NDW��oLIW�oXEXNOX�*)53�J�oOHQGLUPHVLQGH�LVH�����NDW�oHNPH�JHULOPHVL�DUWÕúÕ�HOGH�HGLOPLúWLU��ùHNLO������

�

�
ùHNLO����%LUOHúWLULOPLú�DKúDS�LOH�WHN�YH�oLIW�*)53�LOH�J�oOHQGLULOPLú�QXPXQHOHULQ�oHNPH�JHULOPHOHUL�

�
6RQ� RODUDN� NDUERQ� HO\DI� WDNYL\HOL� SODVWLNOHUOH� J�oOHQGLULOPLú� QXPXQHOHUGH�� ELUOHúLP� \�]H\LQL� RUWDOD\DFDN� úHNLOGH� KHU�
\�]H\H� WHN� YH� oLIW� &)53� oXEXN� \DSÕúWÕUÕOPÕúWÕU��1XPXQHOHU� �]HULQGH� \DSÕODQ� oHNPH� GHQH\L� VRQXFXQGD�� WHN� oXEXNOX�
QXPXQHOHULQ� �67��� oHNPH�PXNDYHPHWL� ���1�PP��� oLIW� oXEXNOX� QXPXQHOHULQ� �67��� oHNPH�PXNDYHPHWL� �����1�PP��
ROGX÷X� WHVSLW� HGLOPLúWLU�� %X� GH÷HUOHU� GH� \DSÕúWÕUÕODUDN� ELUOHúWLULOPLú� QXPXQHOHUH� J|UH� NÕ\DVODQGÕ÷ÕQGD� oHNPH� GLUHQFL�
GD\DQÕPÕQÕQ�WHN�oXEXNOX�&)53�J�oOHQGLUPHVLQGH�����NDW��oLIW�oXEXNOX�&)53�J�oOHQGLUPHVLQGH�LVH���NDW�GDKD�\�NVHN�
ELU�oHNPH�JHULOPHVL�HOGH�HGLOPLúWLU��ùHNLO�����
�

�
ùHNLO����%LUOHúWLULOPLú�DKúDS�LOH�WHN�YH�oLIW�&)53�LOH�J�oOHQGLULOPLú�QXPXQHOHULQ�oHNPH�JHULOPHOHUL�

�
6RQXoODUÕQ�GDKD� L\L� LUGHOHQHELOPHVL�DoÕVÕQGDQ�<DSÕODQ�KHU�GHQH\�JXUXEX� LoLQ��QXPXQHOHULQ�D\UÕ�D\UÕ�oHNPH�JHULOPHVL�
GH÷HUOHUL� DOÕQDUDN� W�P� QXPXQHOHU� LoLQ� RUWDN� ELU� oHNPH� JHULOPH� JUDIL÷L� ROXúWXUXOPXúWXU� �ùHNLO� ���� $\UÕFD� W�P�
QXPXQHOHUH�DLW�RUWDODPD�JHULOPH�GH÷HUOHUL�WDEOR��¶GH�YHULOPLúWLU���
�
�
�

�
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7DEOR����'HQH\H�WDEL�WXWXODQ�W�P�QXPXQHOHULQ�RUWDODPD�oHNPH�JHULOPHVL�GH÷HUOHUL�
1XPXQH�$GÕ� 6HPERO� dHNPH�'D\DQÕPÕ�

�1�PP���
0DVLI�$KúDS�1XPXQHOHU� 67�� �����
.HUWPHOL�%R\�%LUOHúWLUPH�LOH�<DSÕúWÕUÕOPÕú�1XPXQHOHU� 67�� ����
7HN�dXEXN�&DP�(O\DI�<DSÕúWÕUÕOPÕú�1XPXQHOHU� 67�� �����
dLIW�dXEXN�&DP�(O\DI�<DSÕúWÕUÕOPÕú�1XPXQHOHU� 67�� ���
7HN�dXEXN�.DUERQ�(O\DI�<DSÕúWÕUÕOPÕú�1XPXQHOHU� 67�� ���
dLIW�dXEXN�.DUERQ�(O\DI�<DSÕúWÕUÕOPÕú�1XPXQHOHU� 67�� �����

�

�
ùHNLO����'HQH\H�WDEL�WXWXODQ�W�P�DKúDS�QXPXQHOHULQLQ�oHNPH�JHULOPHOHUL�

�
���6RQXo�YH�'H÷HUOHQGLUPH�
�
$KúDS�ELUOHúLP�E|OJHOHULQLQ�J�oOHQGLULOPHVL�DPDFÕ\OD�\DSÕODQ�EX�oDOÕúPDGD��$KúDS�HOHPDQODUÕQ�ELUOHúLP�GHWD\ODUÕQÕQ�
*)53�YH�&)53�LOH�J�oOHQGLULOPHVL�DPDoODQPÕúWÕU��%LULQFL�DúDPDGD�úDKLW�QXPXQHOHU�LOH�ELUOHúWLUPH�\DSÕOPÕú�QXPXQHOHU�
NDUúÕODúWÕUÕOPÕú�YH�ELUOHúLP�E|OJHOHULQ�oHNPH�GD\DQÕPÕ��]HULQGHNL�ROXPVX]�HWNLQLQ�ER\XWX�RUWD\D�oÕNDUÕOPÕúWÕU�� øNLQFL�
DúDPDGD� EX� ROXPVX]OX÷X� JLGHUHELOPHN� DGÕQD� FDP� YH� NDUERQ� HO\DI� oXEXNODU� NXOODQÕODUDN� DKúDS� ELUOHúLP�E|OJHOHULQLQ�
J�oOHQGLULOPHVL�YH�ELUOHúWLUPH�\DSÕOPDPÕú�PDVLI�E�W�Q�DKúDEÕQ�oHNPH�GD\DQÕPÕQD�XODúÕOPDVÕ��]HULQGH�oDOÕúÕOPÕúWÕU��
<DSÕODQ�EX�GHQH\VHO�oDOÕúPDODU�VRQXFXQD�J|UH��
�� �+D]ÕUODQDQ� IDUNOÕ� GHQH\� QXPXQHOHULQGH�PDVLI� DKúDS� QXPXQHOHUH� J|UH� oHNPH� JHULOPHVL� EDNÕPÕQGDQ� HQ� G�ú�N�

RODQÕ�KLo�J�oOHQGLUPH�\DSÕOPDPÕú�HSRNVL�LOH�\DSÕúWÕUÕODUDN�ELUOHúWLULOPLú�QXPXQHOHUGLU��*�oOHQGLUPH�\DSÕOPDPÕú��
HSRNVL�LOH�ELUOHúWLULOPLú�QXPXQHOHU�LOH�PDVLI�DKúDEÕQ�oHNPH�JHULOPHVLQLQ�DQFDN����¶VLQH�XODúÕODELOPLúWLU��

�� 0DVLI�DKúDS�GD\DQÕPÕ�J|]�|Q�QH�DOÕQGÕ÷ÕQGD��
D� *)53� oXEXNODUOD� \DSÕODQ� J�oOHQGLUPHGH�� WHN� oXEXN� NXOODQÕPÕQGD������� RUDQÕQGD� L\LOHúWLUPH� VD÷ODQPÕú��

oLIW�oXEXN�NXOODQÕPÕQGD�LVH�������RUDQÕQGD�L\LOHúWLUPH�VD÷ODQPÕúWÕU���
E� &)53�oXEXNODUOD�\DSÕODQ�J�oOHQGLUPHGH��WHN�oXEXN�NXOODQÕPÕQGD�������RUDQÕQGD�L\LOHúWLUPH�VD÷ODQPÕú��oLIW�

oXEXN�NXOODQÕPÕQGD�LVH�������RUDQÕQGD�L\LOHúWLUPH�VD÷ODQPÕúWÕU���
�� *�oOHQGLULOPH� \DSÕOPDPÕú� \DSÕúWÕUPDOÕ� ELUOHúWLUPHOHUH� J|UH� *)53� NXOODQÕPÕQGD� �� ���¶OLN� oHNPH� JHULOPHVL�

DUWÕúÕ��&)53�NXOODQÕPÕQGD�LVH�����¶OLN�oHNPH�JHULOPHVL�DUWÕúÕ�HOGH�HGLOPLúWLU���
�� *)53�LOH�&)53�oXEXNODUOD�\DSÕODQ�J�oOHQGLUPHOHU�ELUELUL\OH�NÕ\DVODQGÕ÷ÕQGD�KHU�QH�NDGDU�NDUERQ�HO\DI�oHNPH�

PXNDYHPHWL� FDP� HO\DI� oHNPH� PXNDYHPHWLQGHQ� oRN� GDKD� \�NVHN� ROVD� GD� QXPXQHOHU� LQFHOHQGL÷LQGH� KHU� LNL�
JUXSWD�GD�HO\DI�oXEXNODU�]DUDU�J|UPHPHNWH�YH�HSRNVLGHQ�VÕ\ÕUÕOPDNWDGÕU��%X�QHGHQOH�NXOODQÕODQ�PDO]HPHQLQ�FDP�
YH\D� NDUERQ� HO\DI� ROPDVÕ� oHNPH� GD\DQÕPÕQD� oRN� ID]OD� HWNL� HWPHPLú�� RUWD\D� oÕNDQ� N�o�N� GD\DQÕP� DUWÕúÕQÕQ�
HSRNVLQLQ�NDUERQ�HO\DID�GDKD�L\L�\DSÕúPDVÕ�VRQXFX�ROXúDQ�DGHUDQV�IDUNÕ�ROGX÷X�DQODúÕOPÕúWÕU��

�� *)53�YH�&)53�NXOODQÕPÕ� LOH� LOJLOL� GH÷HUOHQGLUPH� \DSÕOGÕ÷ÕQGD�� J�Q�P�]GH� NDUERQ� HO\DIÕQ� NJ� IL\DWÕ� ���(XUR�
LNHQ�FDP�HO\DIÕQ�ELULP�IL\DWÕ�LVH�����(XUR¶GXU��'HQH\OHU�VRQXFXQGD�NDUERQ�HO\DI�NXOODQÕPÕQGD�HOGH�HGLOHQ�VÕQÕUOÕ�
RUDQGDNL� DUWÕú� ELULP� IL\DWOD� NDUúÕODúWÕUÕOGÕ÷ÕQGD� FDP� HO\DI� NXOODQÕPÕQÕQ� GDKD� X\JXQ� ROGX÷X�� |WH� \DQGDQ� FDP�
HO\DIÕQ� GR÷DO� UHQJL� NDUERQ� HO\DID� J|UH� DKúDED� GDKD� \DNÕQ� ROPDVÕ� D\UÕFD� FDP� HO\DIÕQ� �UHWLP� DúDPDVÕQGD�
UHQNOHQGLULOHELOPH�|]HOOL÷LQGHQ�GROD\Õ�DKúDS�J�oOHQGLUPHOHUGH�FDP�HO\DI�NXOODQÕPÕQÕQ�GDKD�X\JXQ�J|U�OP�úW�U���

�
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�� $NJXO�� 7��� 6DULEL\LN�� 0��� $SD\�� $�� &�� �������� ³,QYHVWLJDWLRQ� RI� %HQGLQJ� %HKDYLRXU� RI� 7LPEHU� &RQQHFWLRQ�
6WUHQJWKHQ�:LWK�&DUERQ�)LEHU�%DU´�H�-RXUQDO�RI�1HZ�:RUOG�6FLHQFHV�$FDGHP\��(QJLQHHULQJ�6FLHQFHV��9ROXPH����
1XPEHU����33������������

�� $NJ�O� 7��� 6DULEL\LN� 0�� DQG� $SD\� $�� �������� 5HLQIRUFHPHQW� 2I� 7LPEHU� &RQQHFWLRQ� $UHDV� :LWK� *ODVV� )LEHU�
5HLQIRUFHG�3ODVWLF���WK�,QWHUQDWLRQDO�$GYDQFHG�7HFKQRORJLHV�6\PSRVLXP��������0D\��.DUDE�N��7XUNH\�

�� *HQWLOOH� &�� 6YHFRYD� '�� 5L]NDOOD� 6+�� �������� 7LPEHU� EHDPV� VWUHQJWKHQHG� ZLWK� *)53� EDUV�� GHYHORSPHQW� DQG�
DSSOLFDWLRQV��-�&RPSRV�&RQVWU���������±����

�� $ODP� 3�� $QVHOO�0�� 6PHGOH\� '�� �������� )OH[XUDO� SURSHUWLHV� RI� VWHHO� DQG� )53� UHLQIRUFHG� /9/� FRPSRVLWHV�� ,Q��
3URFHHGLQJV�RI�WKH�HLJKWK�ZRUOG�FRQIHUHQFH�WLPEHU�HQJLQHHULQJ��/DKWL��YRO��,,,��S�����±���

�� 6WHLJHU�5�����������)LEHU�5HLQIRUFHG�3ODVWLFV��)53��øQ�7LPEHU�6WUXFWXUHV��(03$��'�EHQGRUI��6ZLW]HUODQG��

�� 0HLHUKRIHU� 8�$��� �������� %HQGLQJ� DQG� WHQVLRQ� MRLQWLQJ� RI� WLPEHU� E\� XVH� RI� KLJKVWUHQJWK� ILEUH� PDWHULDO�� �LQ�
*HUPDQ��6FKZHL]HU�,QJHQLHXU�XQG�$UFKLWHNW�6,�$������1U������S�����±�����

�� &KHQ�&�-���0HFKDQLFDO�%HKDYLRU�2I�)LEHUJODVV�5HLQIRUFHG�7LPEHU�-RLQWV��/RXLVLDQD��8VD�

�� *�QD\�5����������*HOHQHNVHO�$KúDS�<DSÕODU�6RUXQODUÕ�9H�d|]�P�<ROODUÕ��%LUVHQ�<D\ÕQHYL��øVWDQEXO�

�� 6DULEL\LN�0���$NJ�O�7�����������³*)53�%DU�(OHPHQWV�IRU�&RQQHFWLRQV�6WUHQJWKHQLQJ�6\VWHP�LQ�7LPEHU´�6FLHQWLILF�
5HVHDUFK�DQG�(VVD\V�9RO����������SS�������������

��� $NJ�O�7���6DULEL\LN�0���$SD\�$��DQG�6DULEL\LN�$��� �������³%HQGLQJ�$QDO\VLV�RI�7LPEHU�&RQQHFWLRQ�6WUHQJWKHQ�
ZLWK�*ODVV�)LEHU�5HLQIRUFHG�3ODVWLF´��VW�,QWHUQDWLRQDO�6\PSRVLXP�RQ�6XVWDLQDEOH�'HYHORSPHQW��,66'¶�����������
MXO��6DUDMHYR��%RVQD�

��� gUV�<����������.HVNLQ�+���$÷Do�0DO]HPH�%LOJLVL��$WODV�<D\ÕQODUÕ��øVWDQEXO�

��� øQWHUQHW�VLWHVL��2FDN�������ZZZ�WHNQR\DSL�FRP�WU���

��� øQWHUQHW�VLWHVL��2FDN�������ZZZ�VWURQJZHOO�FRP��

��� g1(1�<��+���������� �<DSÕODUÕQ�'HQHWLPL��<DSÕODUÕQ�'HSUHPGH�'DYUDQÕúODUÕ�9H�*�oOHQGLULOPHVL�øVWDQEXO�.�OW�U�
hQLYHUVLWHVL��øVWDQEXO�

��� 76������$KúDS�<DSÕODUÕQ�+HVDS�9H�<DSÕP�.XUDOODUÕ��7�UN�6WDQGDUWODUÕ�(QVWLW�V���$QNDUD�������

��� 76�������$KúDS�%LUOHúWLUPHOHU��7HULPOHU�7DQÕPODU���7�UN�6WDQGDUWODUÕ�(QVWLW�V���$QNDUD�������

��� 76�������$KúDS�%LUOHúWLUPHOHU��.DYHODOÕ�%LUOHúWLUPH�.XUDOODUÕ��7�UN�6WDQGDUWODUÕ�(QVWLW�V���$QNDUD�������
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Abstract:  Concrete is the most widely used structural material in the world. For a variety of 
reasons, much of this concrete is cracked. The reason for concrete cracking may be attributed to 
structural, environmental or economic factors, but most of the cracks are formed due to the 
inherent weakness of the material to resist tensile forces. It is now well established that steel fibre 
reinforcement offers a solution to the problem of cracking by making concrete tougher and more 
ductile. An experimental investigation was undertaken to evaluate the potential of fibers in 
controlling expansion and damage for concrete subjected to sulfate attack. Cylindrical 
(100X200mm) and prism concrete specimens (70X70X300mm) were prepared at w/c of 0.4 with 
and without different percentage of hooked steel (0.5-2%), brass coated steel (0.5-2%), and a 
blend of both at 1% each. Specimens were subjected to cyclic sulfate treatment in 5% NaR2RSOR4R. 
During the immersion period for about 4 month, expansion measurements were acquired for 
prisms whereas compressive mechanical properties of the concrete cylinders were obtained and 
compared to those of controls. The results showed that concrete prepared with fibers had higher 
compressive strength, modulus of elasticity, and toughness compared to those of plain concrete.  

Key words: Fiber, concrete, sulphate attack, expansion, damage 

Introduction  
 

            Concrete is the material of choice for the construction of structures exposed to extreme conditions whether it be 
offshore oil platforms in icy water or hazardous containment vessels buried in the earth. As demand for construction in 
harsh environments increases, so do the desired service lives of these structures. Typically, concrete structures are 
designed to perform, with minimal maintenance, 50 to 100 years. Concrete containment vessels, which may be hold 
chemical and radioactive waste, are designed for 500 year service lives and a desire exists to extend the expected 
service life to 1000 years. Sulfates present in soils, groundwater, sea water, decaying organic matter, and industrial 
effluent surrounding a concrete structure pose a major threat to the long term durability of the concrete exposed to these 
environments. Sulfate attack of concrete may lead to cracking, spalling, increased permeability, and strength loss. Thus, 
resistance of concrete to sulfate attack is integral to ensure satisfactory performance over long periods. (Paulo J.M. 
Monteiroa, Kimberly E. Kurtis, 2003).          

            Recently, fibers (steel or synthetic) have been used on a wide scale in concrete and mortar. Fields of using fiber 
reinforced concrete include highways and airfield pavement, hydraulic structures, tunnel lining and more. The addition 
of the steel fibers significantly improves many of the engineering properties of mortar and concrete, notably impact 
strength and toughness. Tensile strength, flexural strength, fatigue strength and ability to spalling are also enhanced. 
Moreover, addition of the fibers makes concrete more homogeneous and isotropic and therefore it is transformed from a 
brittle to a more ductile material (Paul K, Polivka M, Metha M.K., 1981). Also the use of steel fibers in concrete helped 
reducing expansion or contraction of concrete due to creep or shrinkage and increased resistance to cracking (Houde J, 
Prezeau A, Roux R, 1987). 

 

 
Materials and Method 
         Different fiber reinforced concrete mixtures were prepared at w/c ratio of 0.40 using Type I ordinary cement with 
coarse limestone aggregate, a mixture of fine limestone and silica sand and different volumetric fractions of brass-
coated steel (BCS), hooked steel (HS) and a mixture of both (HBCS) fibers . Cylindrical (100x200mm) and prism 
(70x70x300 mm) specimens were prepared from these mixtures, and cured in water for seven days at 23 P

o
PC before 

treated in 5% NaR2RSOR4R . Specimens were divided into seven groups according to the type and content of fibers used, as 
shown in table 1 and 2. Control specimens from same mixtures were cured in lime water, and those which designated 
for sulfate attack treatment were subjected to cycles of immersion in 5% NaR2RSOR4R solution followed by drying using a 
special conditioning unit for about 4 month in three stages (Stage I (45days), Stage II (90days), Stage III (128days)). 
The unit consists of a treatment and a storage tanks that are connected by a two-way pumping system. The temperature 
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was set at 40°C during immersion and drying cycles of two days each. The compressive mechanical properties were 
evaluated for control cylinder specimens as well as for those subjected to different stages of sulfate treatment whereas 
length changes and cracking initiation and extent were monitored using the prisms specimens. The experimental results 
obtained for control and sulfate-treated concrete specimens were compared to determine the effectiveness of the fibers 
in controlling the expansion and preventing cracking; hence maintaining mechanical properties under sulfate attack. 

Table 1: Testing Groups 
Group Fiber Type Fiber content 

A - 0 
B BCS 0.5% 
C BCS 1% 
D BCS 2% 
E HS 0.5% 
F HS 1% 
G HS 2% 
H mixed 2%(1%+1%) 

 
Table 2: The physical properties of fibers used in the experiment: 

 
Type of 

fiber 

 
Geometrical 
configuration 

 
Fy(Mpa) 

Specific 
gravity 
(g/cm3) 

Fiber 
diameter 

(mm) 

Fiber 
Length 
(mm) 

Aspect 
ratio 

(Lf/LD) 
BCS  2950 7.8 0.15 6 40 
HS 

 
1172 7.8 0.5 30 60 

 
Results 
Evaluation of cracking and expansion in concrete prisms: 
  Time to cracking: 
       The results indicate that the specimens of plain concrete cracked after only 40 days of immersion in the sulfate 
solution. Longer immersion times were needed for the mixtures with fibers reaching as high as 95 days. The use of BCS 
fibers at contents of 0.5, 1, and 2% contributed more than corresponding contents of HS fibers to delaying the time to 
cracking. The blend of BCS and HS was less significant than BCS or HS fibers separately in delaying time to cracking. 
 
Cracks: patterns and continuity: 
       Plain concrete experienced higher cracking extent than that of fibrous mixtures with BCS, HS, or the blend of BCS 
and HS fibers, as shown in the figure below.  Also the results showed that cracks were observed to be short and 
randomly distributed in specimens with BCS fibers yet continuous and branched for those with plain concrete. The 
prisms with HS fibers experienced more continuity in their cracks as compared to those with BCS. 
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Figure 1: The cracking patterns for prisms specimen at the end of stage II and III 

 
 
Expansion-Time history  
     The expansion rate was the lowest during the period 0-16 days, the highest during 20-100 days, and almost 
negligible after 105 days. The results showed that plain concrete had higher expansion than fibrous concrete. It is seen 
that the expansion reduction for the mixtures with HS fibers at volumetric fractions of 0.5, 1, and 2 % was higher than 
other mixtures. The use of HS fibers at a volumetric fraction of 1.0 % was much more effective in reducing ultimate 
expansion, due to sulfate attack, than at that at 2 %. 
  
Effect of Sulfate Attack on the Mechanical Proprieties of Fiber Reinforced Concrete (stress -strain 
diagram): 
      The stress-strain diagrams for standard cylinders pertaining to groups A through H at the different stages of sulfate 
attack treatment are shown in figs (2-9), respectively. The curves showed a typical trend behavior represented in linear 
followed by non-linear trend behavior. The curves of the stress-strain diagrams representing control and sulfate treated 
specimens were matched until certain stress level and diverged thereafter. The stress level at divergence varied upon the 
fiber's type and content. For example, the stress level for plain concrete at stage I and II was at 10 MPa as compared to 
30, 30, and 50 MPa for concrete with BCS fibers at volumetric fractions of 0.5, 1, and 2%, respectively. The 
corresponding values for concrete with HS were 10, 20, 20 MPa, respectively. The stress level for the concrete prepared 
using the blend of BCS and HS was about 10 MPa. As sulfate treated continued, the compressive strength (ultimate 
stress) was reduced while the strain at peak stress increased. 
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Figure 2: Stress strain curve: Group A 

  
Figure 3: Stress strain curve: Group B ( 0.5% BCFS) 

 
Figure 4: Stress strain curve: Group C (1% BCSF) 
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Figure 5: Stress strain curve: Group D (2% BCSF) 

 
Figure 6: Stress strain curve: Group E (0.5% HS) 

 
Figure 7: Stress strain curve: Group F (1% HS) 
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Figure 8: Stress strain curve: Group G (2% HS) 

 
Figure 9: Stress strain curve: Group H (2% HBCS) 

 
    The characteristics of stress-strain diagrams of concern in this study are compressive strength (ultimate stress), secant 
modulus of elasticity. The secant modulus of elasticity is defined as slope of a line drawn from the origin to a point on 
the stress-strain curve corresponding to a 40% of ultimate strength. These characteristics are summarized in Table 3. 
 
       Table 3: Cylinders compressive strength (ultimate stress) and secant modulus of elasticity  

 Plain 
concrete 

BCSF HS HBCS 

Group 0% 0.5% 1% 2% 0.5% 1% 2% 2% 
Compressive Strength (Mpa) 

Untreated  61.0 67.5 69.0 76.0 62.4 67.4 73.7 72.0 
Stage I 51.1 60.2 65.1 75.2 54.0 64.2 72.5 70.1 
Stage II 41.9 54.3 63.4 71.2 50.4 62.8 70.7 66.7 
Stage III 31.1 48.3 57.7 63.4 39.3 56 64.2 57.5 

Modulus of Elasticity (Gpa)  
Untreated  30.2 38.6 39.7 37.1 34.5 38.1 37.2 36.3 

Stage I 24.3 36.6 38.2 36.7 28.9 37.0 35.7 33.8 
Stage II 21.3 36.0 36.1 35.4 25.8 33.7 33.1 31.3 
Stage III 16.5 31.4 34.2 34.3 22.6 31.4 31.1 28.5 

Discussion 
Cracking and expansion in concrete prisms:       
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 Time to cracking: The longer immersion times that needed for the mixtures with fibers to crack is referred to the 
crack-arresting action of fibers. Those kept their properties in the concrete matrix and bond with concrete up to 
cracking. 
 
 Cracks: patterns and continuity: Resulting cracking on the surface of the specimens can be attributed to the 
formation of ettringite and conversion of calcium hydroxide and calcium silicate hydrates into gypsum that resulted in 
volume expansion. This led to cracking and reduction of strength and modulus of elasticity of concrete. Moreover, the 
wetting and drying cycles adopted in the sulfate treatment resulted in the accumulation and repetitive crystallization of 
sulfate in the pore system, which created additional internal pressure. The use of BCS fibers contributed to arresting 
cracking better than HS fibers because of the formers higher intensity in the concrete matrix. 
 
Expansion-Time history: The significant reduction in expansion in the fibrous mixtures as compared to that of plain 
concrete may be attributed to the fibers arresting crack capability that was combined with the increased rigidity of the 
fibrous mixture. The higher reduction in expansion by HS fibers is due to higher anchorage of former fibers with the 
cement matrix. 
 
        Effect of Sulfate Attack on the Mechanical Proprieties of Fiber Reinforced Concrete (stress -
strain diagram): 
          
       Results of Table 3 indicated that concrete with and without fibers experienced a decrease in their compressive 
strength that was proportional to immersion period (stages I through III). The compressive strength was reduced after 
stage III by as much as 50% for plain concrete. Lower reductions were reported for the mixtures with HS and BCS 
fiber. The use of fibers in concrete was of great benefit in reducing loss of compressive strength of fibrous concrete 
under sulfate attack.  
      The immersion in the NaR2RSOR4R solution resulted in continuous loss of stiffness. The reduction in elastic modulus at 
the three stages of sulfate treatment was lower for BCS and HS fibers as compared to that for plain concrete due to the 
crack arresting capability of used fibers. The results indicated that increasing the fiber content up to a volumetric 
fraction of 1 % resulted in reducing damage in concrete significantly. However, raising the fiber volumetric fraction to 
2 % had sometimes negative impact on the compressive strength and the modulus of elasticity of concrete under sulfate 
attack. This may be referred to the increase in fiber-fiber interaction, which weakened the contribution for fibers 
maintaining the fibrous mixtures rigidity and limiting cracking 
    The blend of HS and BCS fibers at 1% (by vol.) each showed similar contribution to maintaining the compressive 
strength as that of HS and BCS at 1% (by vol.). 
 
Conclusions 
      The following conclusions can be drawn from the experimental results: 
1. Cracking intensity and continuity on the surfaces of prism specimens increased with the time of exposure. Those with 
plain concrete experienced higher expansion and cracking intensity under sulfate as compared to that of concrete with 
fibers. 
2. The use of steel fibers contributed to delaying crack initiation in concrete proportional to fiber content. Brass coated 
steel fiber, although were more effective in delaying cracking as compared to Hooked steel fiber, was less effective in 
preventing cracking continuity. 
3-The stress-strain diagram for plain and fiber reinforced concrete showed no change in its trend behavior after 
exposure to sulfate attack.  
4-The reductions in compressive strength and modulus of elasticity were less for the mixtures with fibers as compared 
to those with plain concrete. 
5- The results of this investigation indicated the advantages of using steel fibers in reducing concrete expansion, 
delaying crack initiation, and reducing result damage; hence allow maintaining high proportion of the mechanical 
properties of concern. 
 
Acknowledgements 
I acknowledge the support and help of the technicians at the Materials and Structural Laboratories in Civil Engineering 
Department. 
 
References 
 
Paulo J.M. Monteiroa, Kimberly E. Kurtis. Time to failure for concrete exposed to severe sulfate attack. Cement and 
Concrete Research 2003; 33: 987-993. 
 
Paul K, Polivka M, Metha M.K. Properties of fiber reinforced shrinkagecompensating concrete. ACI Journal 1981; 
72:448-492. 

International Science and Technology Conference, Dubai, 13-15 December 2012

543



ISTEC 20
12

 
Houde J, Prezeau A, Roux R. Creep of concrete containing fibers and silica fume. Fiber Reinforced Concrete Properties 
and Application 1987; 71:101-118. 
 

International Science and Technology Conference, Dubai, 13-15 December 2012

544



ISTEC 20
12

FLUORIDE CONTENT OF WATER AND SOME FOODS OF ENDEMIC 

FLUOROSIS REGION OF ALGERIA 
SENATOR  Abderrahmane 

Department of Biochemistry, Faculty of SNV University of Ferhat Abbas Sétif 1, Algeria 

E-mail senatordz@yahoo.fr 

Mobile: (+ 213) 7 74 99 17 00 

 
Abstract 
At a small daily dose, fluoride is healthy and recommended to prevent dental caries, but at high 

levels it causes fluorosis. A large region in south-east of Algeria, represents an endemic fluorosis 

zone. The fluoride concentration was determined in water, some vegetables and some varieties of 

dates by the potentiometric method. Fluoride level in water was found to be (2.5 mg/ml) four fold 

higher than the content in water in the non-endemic regions (Setif city). This concentrations are 

not as high (2,5 mg/ml) as that reported in Uttar-Pradesh in India (13,5 mg/ml) for example. 

However, water is the major cause of fluorosis because of the hot and dry climate of this region. 

The locally cultivated vegetables are also very rich in fluoride, they accumulate variable but high 

rate of fluoride in their tissues, ranging from 8 mg in carrot to 22 mg in pepper per kg of dry 

matter (DM). Such concentrations are 2 to 6 fold higher than that of the non-endemic region. 

Dates contain approximately 2,5 mg/kgDM without any significant differences between varieties. 

According to these results, the daily intake can be estimated at 10 mg. However, this intake can be 

multiplied by a factor of 2 to 3 according to eating habits, work conditions, season, origin of 

foods and tea consumption. This intake is very high and represents a potential health hazard to 

bone and teeth. Calcium and magnesium contents of the same samples determined by Atomic 

Absorption Spectroscopy did not show any relationship with fluoride content.  
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g]HW��%LU� LPJHGHNL� KHUKDQJL� ELU� E|OJHQLQ� LVWDWLVWLNVHO� |]HOOLNOHUL� \DYDú� \DYDú� GH÷LúL\RUVD� YH\D�
\DNODúÕN� RODUDN� SHUL\RGLNVH�� LPJHQLQ� R� E|OJHVL� GRNX� |]HOOL÷L� J|VWHUL\RU� GHPHNWLU�� 'RNX�� GR÷D�
LPJHOHUL�� X\GX� IRWR÷UDIODUÕ� YH� EL\RPHGLNDO� LPJHOHU� JLEL� ELUoRN� LPJHQLQ� DQDOL]LQGH� NXOODQÕODQ�
ROGXNoD� |QHPOL� ELU� NDUDNWHULVWLNWLU��'RNXOX� LPJHOHULQ� VÕQÕIODQGÕUÕOPDVÕQGD� NDUúÕODúÕODQ� HQ� E�\�N�
J�oO�N�� EX� W�U� LPJHOHULQ� \HWHULQFH� NDUDNWHUL]H� HGLOHELOPHVL� LoLQ� JHUHNOL� RODQ� \|QWHPOHULQ�
JHOLúWLULOPHVLQGH�\DúDQDQ�J�oO�NOHUGLU��%X�oDOÕúPDGD� IUDNWDO�ER\XW�YH�DúÕUÕ�|÷UHQPH�PDNLOHUL� LOH�
GRNXOX� LPJHOHULQ�VÕQÕIODQGÕUÕOPDVÕ�JHUoHNOHúWLULOHFHNWLU��gQHULOHQ�VLVWHPGH� IUDNWDO�ER\XW�|]QLWHOLN�
oÕNDUÕPÕ� LoLQ�� DúÕUÕ� |÷UHQPH� PDNLQHOHUL� LVH� VÕQÕIODQGÕUÕFÕ� RODUDN� NXOODQÕODFDNWÕU�� *HUoHNOHúWLULOHQ�
GHQH\VHO� oDOÕúPDODUGD� |QHULOHQ� \|QWHPLQ� � �� ��� FLYDUÕQGD� ELU� EDúDUÕP� HOGH� HWWL÷L� J|U�OP�úW�U��
$\UÕFD�HOGH�HGLOHQ�VRQXoODU�GDOJDFÕN�WDEDQOÕ�YH�GL÷HU�ELU�\|QWHP�LOH�NDUúÕODúWÕUÕOPÕúWÕU���
�
$QDKWDU�.HOLPHOHU��)UDNWDO�DQDOL]��GRNXOX�LPJHOHULQ�VÕQÕIODQGÕUÕOPDVÕ��DúÕUÕ�|÷UHQPH�PDNLQHOHUL�
�
�
$EVWUDFW�� ,I� WKH�VWDWLVWLFDO�SURSHUW\�RI�DQ\� UHJLRQ� LQ�DQ� LPDJH�YDULHV� VORZO\�RU�DOPRVW�SHULRGLF��
WKDW�SDUW�RI�WKH�LPDJH�LV�VDLG�VKRZLQJ�D�WH[WXUHG�SURSHUW\��7H[WXUH�LV�DQ�LPSRUWDQW�FKDUDFWHULVWLF��
ZKLFK� LV� XVHG� LQ� DQDO\VLV� RI� YDULRXV� LPDJHV� VXFK� DV� QDWXUDO� LPDJHV�� VDWHOOLWH� SKRWRJUDSKV� DQG�
ELRPHGLFDO�LPDJHV��7KH�PDMRU�GLIILFXOW\�HQFRXQWHUHG�LQ�WKH�FODVVLILFDWLRQ�RI�WH[WXUHG�LPDJHV��VXFK�
LPDJHV�DUH�UHTXLUHG�WR�EH�VXIILFLHQWO\�FKDUDFWHUL]HG�E\�GLIILFXOWLHV�LQ�WKH�GHYHORSPHQW�RI�PHWKRGV��
,Q�WKLV�VWXG\��ZH�XVHG�WKH�IUDFWDO�GLPHQVLRQ�DQG�H[WUHPH�OHDUQLQJ�PDFKLQH�IRU�FODVVLILFDWLRQ�RI�WKH�
JUD\� VFDOH� WH[WXUH� LPDJHV�� ,Q� WKH� SURSRVHG� PHWKRG�� WKH� IUDFWDO� GLPHQVLRQ� LV� XVHG� IRU� IHDWXUH�
H[WUDFWLRQ� DQG� WKH� H[WUHPH� OHDUQLQJ� PDFKLQH� LV� XVHG� IRU� FODVVLILFDWLRQ� SXUSRVHV�� %DVHG� RQ� WKH�
H[SHULPHQWDO�VWXGLHV��WKH�SURSRVHG�VFKHPH�\LHOGHG�DOPRVW������VXFFHVV�UDWH�IRU�JUD\�OHYHO�WH[WXUH�
LPDJHV��0RUHRYHU��ZH�FRPSDUHG�RXU�PHWKRG�ZLWK�D�ZDYHOHW�EDVHG�PHWKRGRORJ\���
�
.H\�ZRUGV��)UDFWDO�DQDO\VLV��WH[WXUH�LPDJH�FODVVLILFDWLRQ��H[WUHPH�OHDUQLQJ�PDFKLQH�

�
�
��*ø5øù�
�

%LU� LPJHGHNL� KHUKDQJL� ELU� E|OJHQLQ� LVWDWLVWLNVHO� |]HOOLNOHUL� \DYDú� \DYDú� GH÷LúL\RUVD� YH\D� \DNODúÕN� RODUDN�
SHUL\RGLNVH�� LPJHQLQ� R� E|OJHVL� GRNX� |]HOOL÷L� J|VWHUL\RU� GHPHNWLU� �7XFHU\DQ�� ������� 'RNXOX� LPJHOHU�� GR÷D� LPJHOHUL��
X\GX� IRWR÷UDIODUÕ� YH� EL\RPHGLNDO� LPJHOHU� JLEL� ELUoRN� DODQGD� NXOODQÕODQ� ROGXNoD� |QHPOL� ELU� NDUDNWHULVWLNWLU� �+DUDOLFN��
�������'RNX�WLSL�LPJHOHULQ�DQDOL]L�LoLQ�oHúLWOL�\|QWHPOHU�JHOLúWLULOPLúWLU��øVWDWLVWLNVHO�WHPHOOL�\|QWHPOHU�GRNX�DQDOL]LQGH�
VÕNoD�NXOODQÕOÕUODU��=KDDQJ���������'L÷HU�WDUDIWDQ�0DUNRY�5DVVDO�$ODQODUÕ��05$���YH�*LEEV�5DVVDO�$ODQODUÕ��*5$��JLEL�
RODVÕOÕNVDO� \|QWHPOHU� GH� EX� DPDoOD� NXOODQPDNWDGÕU�� 6RQ� ]DPDQODUGD� GRNX� WLSL� LPJHOHULQ� DQDOL]LQGH� IUDNWDO� DQDOL]�
�.HOOHU��������YH�GDOJDFÕN�G|Q�ú�P��JLEL�oRNOX�o|]�Q�UO�NO��]DPDQ�IUHNDQV�\|QWHPOHULQH�RODQ�LOJL�DUWPÕúWÕU��ùHQJ�U��
������ ùHQJ�U�� ������� 'RNX� WLSL� LPJHOHUL� WDP� RODUDN� DQDOL]� HWPHN�� VÕQÕIODQGÕUPDN� YH� E|O�WOHPHN� LoLQ� EX� LPJHOHUL�
\HWHULQFH�NDUDNWHUL]H�HGHELOHFHN�|]QLWHOLNOHULQ�oÕNDUÕOPDVÕ�JHUHNPHNWHGLU���

'RNX�VÕQÕIODQGÕUPD�SUREOHPLQLQ�o|]�P�QH�NDWNÕGD�EXOXQDFDN�SHN�oRN�\|QWHP�OLWHUDW�UGH�PHYFXWWXU��:HV]ND�
YH� GL÷��� )RXULHU� J�o� VSHNWUXPX� |]QLWHOLNOHUL� YH� LNLQFL� GHUHFHGHQ� JUL� VHYL\HVL� LVWDWLVWLNVHO� |]HOOLNOHUL� YH� D\UÕFD� ELULQFL�
GHUHFHGHQ� LVWDWLVWLNVHO� |]HOOLNOHUL� NXOODQDUDN� GRNX� VÕQÕIODQGÕUPD� LoLQ� NDUúÕODúWÕUPDOÕ� ELU� oDOÕúPD� JHUoHNOHúWLUPLúOHUGLU�
�:HV]ND�� ������� 0XQHHVZDUDQ� YH� GL÷��� GRNX� J|U�QW�OHUL� LoLQ� G|QG�UPHGHQ� YH� |OoHNOHQGLUPHGHQ� ED÷ÕPVÕ]� \HQL�
|]QLWHOLNOHU�|QHUPLúOHUGLU��0XQHHVZDUDQ���������gQHULOHQ�\|QWHPGH�GH÷LúPH]�|]QLWHOLN�oÕNDUÕPÕ�LoLQ�0HNVLND�úDSNDVÕ��
*DXVV� YH� RUWRJRQDO� GDOJDFÕN� DLOHOHUL� NXOODQÕOPÕúWÕU�� /L� YH� GL÷��� GRNX� VÕQÕIODQGÕUPD� LoLQ� GL\DGLN� GDOJDFÕN�� GDOJDFÕN�
oHUoHYH�YH�*DERU�GDOJDFÕN�|]QLWHOLNOHULQL�KHP�ELUH\VHO�KHP�GH�NRPELQH�RODUDN�NXOODQPÕúODUGÕU�/L���������6ÕQÕIODQGÕUÕFÕ�
RODUDN� LVH� 'HVWHN�9HNW|U�0DNLQHOHULQL� �'90�� NXOODQÕOPÕúWÕU�� <LQH� GRNX� VÕQÕIODQGÕUPD� LoLQ� '90� YH� D\UÕN� GDOJDFÕN�
oHUoHYH� G|Q�ú�P�� NXOODQÕODUDN�� G|QG�UPHGHQ� ED÷ÕPVÕ]� |]QLWHOLN� oÕNDUÕPÕ�.ZRN� YH� GL÷��� WDUDIÕQGDQ� |QHULOPLúWLU� �/L��
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�������$ULYD]KDJDQ� YH� GL÷��� GDOJDFÕN� G|Q�ú�P�� LVWDWLVWLNVHO� |]QLWHOLNOHUL�� GDOJDFÕN� Hú� ROXúXP�PDWULVL� |]QLWHOLNOHUL� YH�
EXQODUÕQ�NRPELQDV\RQODUÕQÕ�NXOODQDUDN�IDNOÕ�|]QLWHOLN�YHNW|UOHUL�LOH�GRNX�VÕQÕIODQGÕUPÕúODUGÕU��gQHULOHQ�\|QWHPGH�EDVLW�
ELU� PHVDIH� VÕQÕIODQGÕUÕFÕVÕ� NXOODQÕOPÕúWÕU� �$ULYD]KDJDQ�� �������0RMVLORYLF� YH� GL÷��� GRNXODUÕQ� NDUDNWHUL]H� HGLOPHVLQGH�
NXOODQÕODQ� D\UÕúÕP� ILOWUHVLQLQ� QH� NDGDU� |QHPOL� ROGX÷XQX� YH� GRNXODUÕ� NDUDNWHUL]H� HGHFHN� EDVNÕQ� |]QLWHOLN� YHNW|U�Q�Q�
WD\LQ� HGLOPHVLQL� DUDúWÕUPD�PDNDOHOHULQGH� J|VWHUPLúOHUGLU� �0RMVLORYLF�������� dDOÕúPDGD� ��� DGHW� %URGDW]� GRNX� |UQH÷L�
NXOODQÕOPÕúWÕU�� 8\JXODPD� VRQXoODU� LOH� NXOODQÕODQ� D\UÕúÕP� ILOWUHVLQLQ� GRNXODUÕQ� |]HOOLNOHULQLQ� oÕNDUÕOPDVÕQGDNL� HWNLVL�
RUWD\D�NRQPXúWXU��dDOÕúPDGD�HQ�X\JXQ����DGHW�D\UÕúÕP�ILOWUHVL� WHVSLW�HGLOPLúWLU��&KHQ�YH�GL÷���GRNX�VÕQÕIODQGÕUPD�LoLQ�
|QHULOHQ�ILOWUHOHPH�PHWRWODUÕQÕQ�SHUIRUPDQVODUÕQÕ�GH÷HUOHQGLUHQ��NDUúÕODúWÕUPDOÕ�ELU�oDOÕúPD�JHUoHNOHúWLUPLúOHUGLU��&KHQ��
������� dDOÕúPDGD� LQFHOHQHQ� ILOWUHOHPH� \|QWHPOHUL�� )RXULHU� G|Q�ú�P��� X]DPVDO� ILOWUH�� *DERU� ILOWUHVL� YH� GDOJDFÕN�
G|Q�ú�P�G�U��dDOÕúPDQÕQ�GHQH\VHO�VRQXoODUÕ�LOH�GDOJDFÕN�G|Q�ú�P�Q�Q��VW�QO�÷��J|VWHULOPLúWLU��:DQJ�YH�/LX�GRNXODUÕ�
WDQÕPODPDN�LoLQ�oRNOX�o|]�Q�UO�N�ELU�05$�PRGHOL�|QHUPLúOHUGLU��:DQJ���������%X�PRGHO�KHP�05$¶�QÕQ�DYDQWDMÕQÕ�
KHP� GH� oRNOX� o|]�Q�UO�÷�Q� DYDQWDMÕQÕ� WHN� ELU� PRGHOGH� ELUOHúWLUHUHN�� GRNX� VÕQÕIODQGÕUPD� LoLQ� GD\DQÕNOÕ� ELU� \DSÕ�
ROXúWXUPXúWXU��%X�PRGHO�GH�D\UÕFD�KHP�\�NVHN�JHoLUHQ�KHP�GH�DOoDN�JHoLUHQ�ELOHúHQOHU�NXOODQÕOPÕúWÕU���

%X� oDOÕúPDGD� IUDNWDO� ER\XW� YH� DúÕUÕ� |÷UHQPH� PDNLOHUL� LOH� GRNXOX� LPJHOHULQ� VÕQÕIODQGÕUÕOPDVÕ�
JHUoHNOHúWLULOHFHNWLU��gQHULOHQ�VLVWHPGH�IUDNWDO�ER\XW�|]QLWHOLN�oÕNDUÕPÕ�LoLQ��DúÕUÕ�|÷UHQPH�PDNLQHOHUL�LVH�VÕQÕIODQGÕUÕFÕ�
RODUDN� NXOODQÕODFDNWÕU�� )UDNWDO� DQDOL]LQ� GRNXOX� LPJHOHULQ� NDUDNWHUL]H� HGLOPHVLQGH� HWNLOL� ROGX÷X� ELOGLULOPLúWLU�� 'L÷HU�
WDUDIWDQ�DúÕUÕ�|÷UHQPH�PDNLQHOHUL�\HQL�|QHULOHQ�ELU�VÕQÕIODQGÕUÕFÕ�ROXS��\DSD\�VLQLU�D÷ODUÕ�VÕQÕIODQGÕUÕFÕODUÕQÕQ�SDUDPHWUH�
ED÷ÕPOÕOÕ÷ÕQÕ� YH� LWHUDWLI� \DSÕVÕQD� HWNLOL� DOWHUQDWLI� ELU� \DSÕ� RODUDN� |QHULOPLúWLU�� 'HQH\VHO� oDOÕúPDODU� LoLQ� IDUNOÕ� YHUL�
WDEDQODUÕQGDQ� DOÕQDQ� GRNXOX� LPJHOHU� NXOODQÕODFDN� YH� |QHULOHQ� \|QWHPLQ� EDúDUÕPÕ� GH÷LúLN� SDUDPHWUHOHU� LOH�
GH÷HUOHQGLULOHFHNWLU��$\UÕFD�HOGH�HGLOHQ�VRQXoODU�GDOJDFÕN�WDEDQOÕ�YH�GL÷HU�ELUNDo�\|QWHP�LOH�NDUúÕODúWÕUÕODFDNWÕU�����

%X�oDOÕúPD�úX�úHNLOGH�|]HWOHQHELOLU��%|O�P��¶GH�)UDNWDO�DQDOL]�YH�$úÕUÕ�g÷UHQPH�0DNLQHVL��$g0��KDNNÕQGD�
JHQHO� ELOJLOHU� YHULOPLúWLU�� %|O�P� �¶WH� EX� oDOÕúPDGD� NXOODQÕODQ� g]QLWHOLN� dÕNDUÕPÕ� YH� 6ÕQÕIODQGÕUPD� \|QWHPL�
DoÕNODQPÕúWÕU��%|O�P��¶WH�GRNXOX� LPJHOHULQ� VÕQÕIODQGÕUPD�GHQH\VHO� oDOÕúPD� VRQXoODUÕ� YHULOPLúWLU��%|O�P��¶WH� LVH� HOGH�
HGLOHQ�VRQXoODU�LUGHOHQPLúWLU��
�
�
���7(25ø.�%ø/*ø/(5�
�

�����)UDNWDO�$QDOL]�
�
)UDNWDOODU�� |NOLG� JHRPHWULVLQLQ� NDUDNWHUL]H� HGHPHGL÷L� GR÷DO� \DSÕODUÕ� PRGHOOHPHN� LoLQ� NXOODQÕODQ� G�]HQVL]�

JHRPHWULN�\DSÕODUGÕU��.HOOHU��������7�UNR÷OX���������)UDNWDO�%R\XW��)%���)UDNWDO�JHRPHWULQLQ�|QHPOL�ELU�PDWHPDWLNVHO�
SDUDPHWUHVLGLU�� )%�� |OoHNOHQGLUPHGHQ� YH� EDNÕú� DoÕVÕ� ED÷ÕPVÕ]� |QHPOL� ELU� |]QLWHOLNWLU�� � )%�� ELoLP�� GRNX�� VD\Õ�� UHQN��
WHNUDUODQPD�� EHQ]HUOLN�� UDVVDOOÕN�� G�]HQOLOLN� YH� KHWHURMHQOLN� JLEL� ELU� LPJHQLQ� |]QLWHOLNOHULQL� WDQÕPODPDNWD� NXOODQÕODQ�
WDQÕPOD\ÕFÕ�|]HOOLNOHUL�QLFHOOHúWLULU��7�UNR÷OX���������%X�QHGHQOH��)%�ELUoRN�PHGLNDO�GRNX�|]QLWHOLNOHULQL�\RUXPODPDNWD�
NXOODQÕODQ� ELU� DUDo� ROPXúWXU� �7�UNR÷OX�� ������� (Q� \D\JÕQ� )%� KHVDSODPD� \|QWHPL� RODUDN� NXWX� VD\PD� \|QWHPL�
NXOODQÕOPDNWDGÕU��%X�\|QWHPGH�úHNLO�YH\D�J|U�QW��EHOLUOL�ELU�E�\�NO�NWHNL�NXWXODUOD�NDSODQÕU��.XWXODUÕQ�IDUNOÕ�|OoHNOHUL�
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\DNODúDELOLU��σ ฮRM െ WMฮ = �1෩
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���g=1ø7(/ø.�d,.$5,0,�9(�6,1,)/$1',50$��
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NXOODQÕOPÕúWÕU�� ùHNLO� �¶GH� EX� LPJHOHU� J|VWHULOPLúWLU�� %X� LPJHOHULQ� KHU� ELUL� LoLQ� ELUELUL\OH� |UW�úHQ� UDVJHOH� ��� DGHW�
��î��¶O�N� LPJH� E|OJHVL� ROXúWXUXOPXúWXU�� +HU� ELU� LPJH� LoLQ� HOGH� HGLOHQ� EX� ��î��¶O�N� LPJH� E|OJHOHULQLQ� ��� DGHGL�
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GH÷LúNHQ�ER\XWOX�ND\DQ�ELU�SHQFHUH�NXOODQÕU��3HQFHUHQLQ�KHU�ELU�SR]LV\RQXQGD�PDNVLPXP�YH�PLQLPXP�JUL�VHYL\HOHULQLQ�
IDUNÕQD�ED÷ÕPOÕ� OLQHHU�ROPD\DQ�ELU�NHUQHO�IRQNVL\RQX�oDOÕúWÕUÕOÕU��'DKD�VRQUD�HOGH�HGLOHQ�LPJHOHULP�KHU�ELU�SLNVHOL� LoLQ�
OLQHHU� UHJUHV\RQ� NXOODQÕODUDN�)%� LPJHVL� KHVDSODQÕU�� 6RQ� RODUDN�)%� LPJHVLQLQ� RUWDODPD�� VWDQGDUW� VDSPD� YH� ODNXQDULWH�
|]QLWHOLNOHUL�KHVDSODQDUDN�|]QLWHOLN�YHNW|U��ROXúWXUXOXU��$O�.DGL���������
�
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Abstract For maintaining sustainable development of a country academia-industry collaboration 
is essential. Although this is an accepted and well-managed practice in almost all universities of 
developed countries, this is not simple and easy for a developing country. This paper highlights 
the challenges and opportunities of such initiative for the latter class. The framework of a 
collaborative research and development institute is outlined in this paper. The components of such 
institute and its implementation steps are also described here. The financial implications of 
establishing such an institute is also hinted in the paper.  

 
Keywords: Collaborative Reseatch, Research and Development, Innovative learning/Teaching ; 

1. Introduction 

 In order to increase efficiency, accuracy and transparency, advanced systems incorporating high-tech products of 
different nature are used in many sectors of a country. R.V. Engelan (2007) has illustrated few examples in this regard. 
Unfortunately, in almost all cases in developing countries like Bangladesh we have to depend on foreign products and 
experts to install and in some cases, to maintain the systems. Because of lack of research and development facilities for 
advanced system, we could not reach at that level at which we can develop the advanced systems on our own. 
Sometimes it is concluded that we are not capable of producing and developing high-tech product and advanced 
systems. This is not true because we have very meritorious young generation who has proved their talent through 
various activities. 
 
 Like developed countries, we need to establish a strong collaboration between the universities and the industries. 
The growth of Silicon Valley (2004) is an outcome of such initiative of collaboration between university and industries. 
In Bangladesh, we are lagging behind in establishing such collaboration. This is because of the fact that, in one hand, 
industrialists find it easy to import goods from abroad rather than producing them indigenously here. On the other hand, 
our academia has not been able to establish the confidence of the industrialist that industry-standard items can be 
produced in the country. But for last few years that idea, to a substantial extent, has been changed. At Institute of 
Information and Communication Technology (IICT) of BUET, a few products have been developed completely locally 
and finally marketed in the country. In the midst of limited scope and facilities, IICT of BUET has been carrying out 
research on advanced system development since 2001. It received momentum when a project on Prepaid Electricity 
Meter received first prize in an international industrial design competition. Industrial product development effort started 
with the development of commercial prepaid electricity meters [S.M.L. Kabir et al, (2003)], twenty thousands of which 
have been installed in Uttara area. Then, prepaid gas meters [T.H. Khan et al (2009)] have been developed and five 
thousands of them are being used in Lalmatia, Mohammadpur area. Finally Electronic Voting Machines [R. Laskar 
(2011)] were developed and they were used in Chittagong, Narayanganj and Comilla city corporation and Norshingdi 
municipality elections by Bangladesh Election Commission.  
 
 But, the path that IICT followed is not the ideal way of establishing academia-industry collaboration. In all three 
cases, the items were developed under turn-key projects of making final products. For that reason, separate R & D could 
not be carried out in proper way. In ideal case, there should be a research and development phase having some 
prototype production. But in these cases there was no such separate fund allocated for research. This was absent 
because of the fact that the concept of developing product through R & D was very new in our country. Although not 
ideal, the three product development attempts have moved us forward in establishing the confidence to our industrialist. 
It is now thought that if R&D is done even better products can be produced in our country. This proposal of establishing 
an Institute of Collaborative Research and Development (ICRD) is aimed at developing an institute of Research and 
Development that will allow researchers to work freely for making prototypes of hiTech products, having field tested 
and finally handing over to the industries for mass production.  
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 The main objective of creating ICRD is to form a world class educational establishment for research and 
development on state-of-the-art technology. This will establish a platform not only to teach a large number of students 
on how to use the modern technology in carrying it out to the door-step of the people but also to create a great 
opportunity to directly contribute to this nation in particular and to the world in general. S. M. L. Kabir (2010) 
demonstrated how that can be achieved in Bangladesh. 
 
 In order to fulfil the objective, the first step would be to create infrastructural facilities for carrying out research for 
HiTech product development in the country. The second step is to hire very renowned researchers and associates for 
running the institute. The third step is to run different short and long term programs and projects. The final step is to 
take necessary steps for its sustainability.  
 
2. Collaborative Research 
 
2.1 Collaboration between university and international & national industries 
 
 The achievement of IICT, BUET shows that if attempted under a right platform, products for the benefit of the 
people can be developed in the university. A case study for Malaysia is presented by VV.R.C. Gobinaraja (2010). If the 
students, engineers can be properly motivated, made them acquainted with the state of the art technology and finally an 
environment can be created for them to work, products designed and developed by a university can be produced in the 
industries. The three products mentioned earlier are finally in the process of production in three companies of the 
country. The ICRD will be developed in such a way that industries are motivated to work with the university for 
developing modern products through research. 
 
2.2 Collaboration between university and international & national research organizations  
 
 In many cases, in order to bring a quick research output up to a certain level, helps will be necessary from world 
famous research organizations. Collaboration with them will be essential to exchange knowledge between the 
professionals of the two parties. This transfer can fruitfully be executed in the form of faculty and/or student exchange 
or by taking joint-venture project development or by inviting renowned researchers from those organizations for short 
term programs.  
  
2.3 Collaboration between university and international & national funding agencies 
 
 In many cases, international and/or national funding agencies become interested to fund different creative and 
productive initiative by a university. They also float different projects to be executed by different organizations. If a 
world class research and development environment and manpower can be ensured, ICRD will be able to attract funding 
agencies to place projects under their different development programs. 
 
2.4 Collaboration between university and international & national universities  
 
 The universities are established mainly for higher teaching and research. In reality, most of them remained confined 
mainly with the teaching only, little are done in research domain. This is mainly because of non-availability of huge 
funds necessary for HiTech research and lack of qualified manpower. But if a university can establish one world-class 
institute for research, many of other universities can collaborate with it to have joint researches using common platform. 
In this respect, the university in leading will be benefited not only by enriching their capacity through sharing research 
with others but also by having a financial gain through this collaboration. 
     
2.5 Collaboration between university and the Government 
 
 Government of a country is a large client for using the products of a research institute. We can cite the examples of 
Bangladesh Agricultural Rice Institute (BARI) who are leading in providing our different highly economical rice 
products for the country.  In most of the cases, government is providing funds for the research and facilitating the use of 
the research outcome in home and abroad. Similarly in engineering field, ICRD will provide various products which our 
government can directly patronize for use in the country. 
 
3. Learning and teaching components 
 
3.1 Academic Programs 
 
 ICRD should run different academic programs for two reasons. The first reason is that a large number of manpower 
is necessary for maintaining the trends of HiTech product development created by the institute. The second benefit will 
be achieved by generating a continuous guaranteed cash flow for running the institute. The academic program at the 
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postgraduate diploma, Masters and PhD level programs will be offered by the institute. It is expected that every year 
almost 200 students will enrol in the programs. The postgraduate diploma program will have duration of one year while 
Masters and PhD programs will be of one and half and three years durations respectively. 
 
 Apart from long programs there will be short term courses in different areas running all over the year. Their 
duration of each course will be in between 4 to 6 weeks. 
 
3.2 Incubation Centre 
 
 Graduating students of the university should highly be encouraged to start innovative self-employed business by 
developing innovative technical products. But, being fresh, they are not capable of starting a new business. So, just after 
graduation they need assistance for starting such initiatives. Like many universities of the world, ICRD will provide 
incubation centres having the facilities for the outgoing students to have a space in the institute with the internet, 
laboratory, business consultation, funding, different administrative facility etc. Elbert et al (2010) exhibits how the 
incubation centres have benefited in four countries. 
 
 The duration of their stay in an incubation centre will be approximately 6 months. Within that time the student or 
student group must find their own place of business outside ICRD. By providing the facilities to the graduates, the 
benefits of ICRD are of many folds. First of all, graduates from the university will never remain jobless. Second, more 
and more ideas leading to future works will be generated. Third, the relationship that establishes between the new 
entrepreneurs and ICRD will create the opportunity for having joint-effort for new product development.  
 
3.3 Centre of excellence 
 
 ICRD, from the very beginning will be established with a goal of making this institute as a centre of excellence in 
the university. So, in all respect e.g., in appointment, in purchasing, in infrastructure development etc. quality has to be 
ensured. Just after its establishment attempt must be taken to make the institute accredited by one or more international 
bodies. Since this is an education institute and at the same time a product development institute, both academic and 
industrial standardization practices must be followed in ICRD. 
 
4. Administrative and Infrastructural Components 
 
4.1 Board of Governors 
 
 The university shall form a governing body for making time to time policies for running the ICRD. Vice 
Chancellor will be the chairman of BOG. The Pro-VC, representatives from few renowned industries/ companies, from 
UGC, from education ministry and from teaching staff of the institute will be the members of the BOG. The director of 
the institute will be the member-secretary of the body. 
  
4.2 Manpower Setup 
 
 The following manpower is proposed for smooth operation of the institute. As the progress becomes in positive 
direction the set up can be revised in order to fulfill the demands. 
 
a) Professor and Director - 1 (one) 
b) Associate Professor and Deputy Director - 2 (two) 
c) Assistant Professor - 4 (four)  
d) Lecturer – 10 (Ten) 
e) Project Managers - As when necessary [assigned from the faculty of the university as their additional duty] 
f) Manager (Academia-Industrial linkage)  - 1 (one) 
g) Manager (Technical)- 1 (one) 
h) Assistant Manager (Technical) - 2 (two) 
i) Accounts cum Administrative Officer  - 1 (one) 
j) Technical Officer - 2 (two) 
k) Technician - 3 (three) 
l) Peon - 2 (two) 
 
4.3 Laboratory development 
 
 The laboratories that are essential at the primary stage of the establishment of ICRD are listed below: 
 
a) Embedded System Lab 
b) Wireless Communication Lab 
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c) Advanced Electronics Lab 
d) VLSI Lab 
e) Mobile application development Lab 
  
4.4 Infrastructural setup  
 
 The space required will be used for the following purposes: 
 
a) institute’s office,  
b) staffs’ rooms,  
c) laboratory rooms,  
d) meeting cum video conference room,  
e) library,  
f) incubation centres 
g) collaborators’ room, etc. 
 
5. Financial Components 
 
5.1Annual Expenditure 
 
 The expenditure area can be divided into two parts. The one time expenditure includes the laboratory setup cost, 
furniture and decoration cost. Whereas, the recurring expenditure includes salaries, rent for spaces, investment cost for 
projects (to be regained from the income of the projects), office expenses, consumables, utility costs, etc. 
  
5.2 Annual Income 
 
 The income areas are as follows: 
 
a) Postgraduate degree programs 
b) Short Courses 
c) Projects through 
  i) collaboration with the Industries  
 ii) collaboration with international funding agencies 
iii) collaboration with the government  
iv) collaboration with other universities 
 v) collaboration with other research organizations 
 
6. Conclusion 
 
 In this paper, a framework is drawn on the background, objectives and components for developing a Collaborative 
Research and Development (ICRD) Institute in a developing country. If a university is interested to establish ICRD, the 
outline will help her in taking the decision. Once decided, based on the framework detail elaboration and analysis 
should be worked out. 
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NDWNÕ�LVH�SL\DVDGD�\D\JÕQ�RODUDN�NXOODQÕODQ�;�JHoLULPVL]OLN�NDWNÕVÕGÕU��$JUHJD�NDUÕúÕPÕ��NÕUPD�NXP��GR÷DO�NXP����QR¶OX�
NÕUPD� WDú� YH� �� QR¶OX� NÕUPD� WDú� DJUHJDODUÕQGDQ� ROXúWXUXOPXúWXU�� � %� UHIHUDQV� H÷ULVLQH� \DNÕQ� DJUHJD� JURQXO�PHWULVL�
NXOODQÕOPÕúWÕU��'HQH\VHO�oDOÕúPDODUGD�NXOODQÕOPDN��]HUH�KD]ÕUODQDFDN�EHWRQ�QXPXQHOHULQGH�NXOODQÕODFDN�DJUHJDODUÕQ�%�
H÷ULVLQH�\DNÕQ�ROXS�ROPDGÕ÷ÕQÕ�EHOLUOHPHN�DPDFÕ\OD�HOHN�DQDOL]OHUL�\DSÕOPÕúWÕU��ùHNLO������
�

�� �
ùHNLO�����(OHN�DQDOL]LQLQ�\DSÕOPDVÕ�

�
�����%HWRQ�.DUÕúÕPÕ�YH�%HWRQ�g]HOOLNOHUL�
�
%HWRQ� NDUÕúÕPODUÕQGD�PXWODN� KDFLP� HVDVÕQD� X\JXQ� RODUDN� KHVDSODU� \DSÕOPÕú�� %HWRQ� ���� NJ�P�� oLPHQWR� GR]OX� RODFDN�
úHNLOGH� �UHWLOPLúWLU�� <DSÕODQ� EX� GHQHPHGH� NDWNÕVÕ]� �úDKLW�� EHWRQ� YH� JHoLULPVL]OLN� VD÷OD\DQ� NDWNÕ\Õ� IDUNOÕ� RUDQODUGD�
NXOODQPDN��]HUH� WRSODP��� NDUÕúÕP��UHWLOPLúWLU��%HWRQODUÕQ� o|NPH�GH÷HUOHULQLQ������ FP�GH� VDELW� WXWXODFDN� úHNLOGH� VX�
PLNWDUODUÕ�D\DUODQPÕúWÕU��hUHWLOHQ�NRQWURO�YH�NDWNÕOÕ�EHWRQODUÕQ���P�¶�QH�JLUHQ�JHUoHN�PDO]HPH�PLNWDUODUÕ�YH�WD]H�EHWRQ�
|]HOOLNOHUL�DúD÷ÕGDNL�WDEOR��¶GH�YHULOPLúWLU��
�������������������������������
�
�
�
�
7DEOR������P�¶�H�*LUHQ�0DO]HPH�0LNWDUODUÕ�YH�7D]H�%HWRQ�g]HOOLNOHUL�
�

%HWRQ�.RGX� ���
�ùDKLW��

���������
.DWNÕOÕ��

�������
.DWNÕOÕ��

���������
.DWNÕOÕ��

�������
.DWNÕOÕ��

dLPHQWR��NJ�� ���� ���� ���� ���� ����
6X��NJ�� ���� ���� ���� ���� ����
'�.XP���NJ�� ���� ���� ���� ���� ����
.�.XP���NJ�� ���� ���� ���� ���� ����
1R����0ÕFÕU���NJ�� ���� ���� ���� ���� ����
1R����0ÕFÕU����NJ�� ���� ���� ���� ���� ����
.DWNÕ�0LNWDUÕ����� <RN� ����� ��� ����� ���
6X���dLPHQWR�� ����� ����� ����� ����� ����
d|NPH���FP�� ��� ��� ��� ��� �����
%LULP�$÷ÕUOÕN��NJ�P��� ����� ����� ����� ����� �����
+DYD�0LNWDUÕ����� ���� ���� ���� ���� ����
��1ROX�'HQHPH��� .DWNÕVÕ]�RODUDN�\DSÕODQ�NRQWURO�EHWRQXGXU�
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.DUÕúÕP� KHVDEÕ� VRQXFX� HOGH� HGLOHQ� YH� \XNDUÕGDNL� WDEORGD� YHULOHQ� PDO]HPH� PLNWDUODUÕ� GLNNDWH� DOÕQDUDN� PLNVHUOHUGH�
KD]ÕUODQDQ�EHWRQ� KDUFÕ� ��î��î���FP¶OLN� \D÷ODQPÕú�N�S� NDOÕSODUD� \HUOHúWLULOHUHN� JHUHNOL� VÕNÕúWÕUPD� YH� \�]H\� LúOHPOHUL�
\DSÕOPÕúWÕU���ùHNLO������
�

�
ùHNLO����%HWRQ�KDUFÕQÕQ�NDOÕSODUD�\HUOHúWLULOPHVL�

�
.DOÕSODUD� \HUOHúWLULOHQ� EHWRQ� ��� VDDW� EHNOHGLNWHQ� VRQUD� NDOÕSWDQ� oÕNDUÕODUDN�� N�U� KDYX]XQGD�� VX� LoHULVLQGH� �� J�Q�
EHNOHWLOPLúWLU��.�U�KDYX]XQGDQ���J�Q�VRQXQGD�oÕNDUÕOÕS���J�Q�GÕúDUÕGD��RGD�VÕFDNOÕ÷ÕQGD��EHNOHWLOPLú�GDKD�VRQUD�WHNUDU���
J�Q�ER\XQFD�N�U�KDYX]XQD�EÕUDNÕOPÕúWÕU��ùHNLO������

�

�
ùHNLO����%HWRQ�QXPXQHOHULQLQ�N�U�KDYX]XQD�\HUOHúWLULOPHVL�

���'HQH\VHO�oDOÕúPDODU�
�
���� %DVÕQo�'HQH\OHUL�

�
+D]ÕUODQDQ�GHQH\�QXPXQHOHUL����J�Q�VRQXQGD�N�U�KDYX]XQGDQ�oÕNDUÕODUDN�EDVÕQo�GHQH\LQH� WDEL� WXWXOPXúWXU� �ùHNLO������
'HQH\OHU� VRQXFXQGD� HOGH� HGLOHQ�PDNVLPXP�\�N�QXPXQHQLQ� \�]H\� DODQÕQD�E|O�QHUHN�QXPXQHOHULQ�EDVÕQo�JHULOPHOHUL�
EXOXQPXúWXU��%DVÕQo�JHULOPHOHUL�ED÷ÕQWÕVÕ�DúD÷ÕGDNL�IRUP�O��¶GH�YHULOPLúWLU��
�

ı�
A
P

 � � � � � � � � � ����� ��������������

ı  �*HULOPH��1�PP��� P  �<�N��1���A  �.HVLW�$ODQÕ��PP���

��� �����

��1ROX�'HQHPH�� *HoLULPVL]OLN�VD÷OD\DQ�EHWRQ�NDWNÕVÕGÕU������RUDQÕQGD�NXOODQÕOPÕúWÕU��
��1ROX�'HQHPH�� *HoLULPVL]OLN�VD÷OD\DQ�EHWRQ�NDWNÕVÕGÕU����RUDQÕQGD�NXOODQÕOPÕúWÕU��
��1ROX�'HQHPH�� *HoLULPVL]OLN�VD÷OD\DQ�EHWRQ�NDWNÕVÕGÕU������RUDQÕQGD�NXOODQÕOPÕúWÕU��
��1ROX�'HQHPH�� *HoLULPVL]OLN�VD÷OD\DQ�EHWRQ�NDWNÕVÕGÕU����RUDQÕQGD�NXOODQÕOPÕúWÕU��
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ùHNLO����%HWRQ�QXPXQHOHULQ�EDVÕQo�GHQH\OHULQLQ�\DSÕOPDVÕ�
�
<DSÕODQ�KHVDSODPDODU�VRQXFXQGD�HOGH�HGLOHQ�QXPXQHOHULQ����J�QO�N�RUWDODPD�EDVÕQo�GD\DQÕPODUÕ�WDEOR�¶GH�YHULOPLúWLU��
�

�
ùHNLO����1XPXQHOHULQ�RUWDODPD�EDVÕQo�GD\DQÕPODUÕ�JUDIL÷L�

�
7DEOR����1XPXQHOHULQ����*�QO�N�RUWDODPD�EDVÕQo�GD\DQÕP�VRQXoODUÕ�

%DVÕQo�'D\DQÕPÕ�
�1�PP��� �� �� �� �� ��

����*�Q��1�PP��� ����� ����� ����� ����� �����

��1ROX�'HQHPH�� .DWNÕVÕ]�RODUDN�\DSÕODQ�NRQWURO�EHWRQXGXU�
��1ROX�'HQHPH�� *HoLULPVL]OLN�VD÷OD\DQ�EHWRQ�NDWNÕVÕGÕU������RUDQÕQGD�NXOODQÕOPÕúWÕU��
��1ROX�'HQHPH�� *HoLULPVL]OLN�VD÷OD\DQ�EHWRQ�NDWNÕVÕGÕU����RUDQÕQGD�NXOODQÕOPÕúWÕU��
��1ROX�'HQHPH�� *HoLULPVL]OLN�VD÷OD\DQ�EHWRQ�NDWNÕVÕGÕU������RUDQÕQGD�NXOODQÕOPÕúWÕU��
��1ROX�'HQHPH�� *HoLULPVL]OLN�VD÷OD\DQ�EHWRQ�NDWNÕVÕGÕU����RUDQÕQGD�NXOODQÕOPÕúWÕU��

'HQH\� VRQXoODUÕ� HOGH� HGLOHQ� EDVÕQo� GD\DQÕPODUÕ� DoÕVÕQGDQ� LQFHOHQGL÷LQGH� NDWNÕ� PLNWDUÕ� DUWWÕNoD� EHWRQXQ� EDVÕQo�
GD\DQÕPÕQÕQ� DUWWÕ÷Õ� J|U�OPHNWHGLU�� 1XPXQHOHU� LoHULVLQGH� HQ� \�NVHN� EDVÕQo� JHULOPHVL� GH÷HULQL� �� �� RUDQÕQGD�
JHoLULPVL]OLN�VD÷OD\DQ�NDWNÕ�PDGGHVL�LoHUHQ�QXPXQHOHU�YHUPLúWLU��%X�QXPXQHOHUGH�úDKLW�QXPXQHOHUH�J|UH�����RUDQÕQGD�
EHWRQ�EDVÕQo�GD\DQÕPÕQGD�DUWÕúÕ�WHVSLW�HGLOPLúWLU���
��
���� 6X�(PPH�'HQH\L�

�
6X� HPPH� GHQH\L� EHWRQ� NDOÕSODUGDQ� oÕNDUÕOGÕNWDQ� VRQUD� �� J�Q� N�U� KDYX]XQGDQ� EHNOHWLOPLú� DUGÕQGDQ� N�U� KDYX]XQGDQ�
oÕNDUÕODUDN� GÕú� \�]H\OHUL� KDILIoH� NXUXODQPÕú� YH� ���J� KDVVDVL\HWOL� WHUD]LGH� WDUWÕOPÕú� YH� QXPXQH� D÷ÕUOÕNODUÕ� ND\ÕW� DOWÕQD�
DOÕQPÕúWÕU��$\QÕ�QXPXQHOHU�GDKD�VRQUD���J�Q�ER\XQFD�VÕFDN�ELU�RUWDPGD�EHNOHWLOPLú�WHNUDU�N�U�KDYX]D�NRQPDGDQ�D\QÕ�
WHUD]LGH� WDUWÕOPÕú� YH� NXUX� D÷ÕUOÕNODUÕ� ND\GHGLOPLúWLU�� <DSÕODQ� EX� |Oo�POHU� VRQXFX� QXPXQHOHULQ� VX� HPPH� PLNWDUODUÕ�
DúD÷ÕGDNL�IRUP�O��¶GHQ�HOGH�HGLOPLúWLU��LOH�|Oo�OP�úW�U��
�

�
Wo

WoWshAs �
 �� � � � � � � ����� ��������� ������

As  �$÷ÕUOÕNoD�VX�HPPH������Wo  �1XPXQHQLQ�NXUX�D÷ÕUOÕ÷Õ��JU���Wsh  �6X\D�GR\JXQ�QXPXQHQLQ�KDYDGDNL�D÷ÕUOÕ÷Õ��JU��
�
.�S� QXPXQHOHULQ� WDUWÕ� VRQXFXQGD� HOGH� HGLOHQ� NXUX� YH� \Dú� D÷ÕUOÕNODUÕ� \XNDUGDNL� IRUP�OH� J|UH� KHVDSODQDUDN� KHU� ELU�
QXPXQH�JUXEXQXQ�RUWDODPD�VX�HPPH�PLNWDUODUÕ�EXOXQPXúWXU��%XOXQDQ�EX�GH÷HUOHU�ùHNLO���YH�7DEOR��¶WH�YHULOPLúWLU���
�
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�
ùHNLO����1XPXQHOHULQ�RUWDODPD�VX�HPPH�JUDIL÷L�

�
7DEOR�����6X�(PPH�0LNWDUODUÕ�

6X�HPPH�����
�� �� �� �� ��
���� ���� ����� ���� ����

��1ROX�'HQHPH�� .DWNÕVÕ]�RODUDN�\DSÕODQ�NRQWURO�EHWRQXGXU�
��1ROX�'HQHPH�� *HoLULPVL]OLN�VD÷OD\DQ�EHWRQ�NDWNÕVÕGÕU������RUDQÕQGD�NXOODQÕOPÕúWÕU��
��1ROX�'HQHPH�� *HoLULPVL]OLN�VD÷OD\DQ�EHWRQ�NDWNÕVÕGÕU����RUDQÕQGD�NXOODQÕOPÕúWÕU��
��1ROX�'HQHPH�� *HoLULPVL]OLN�VD÷OD\DQ�EHWRQ�NDWNÕVÕGÕU������RUDQÕQGD�NXOODQÕOPÕúWÕU��
��1ROX�'HQHPH�� *HoLULPVL]OLN�VD÷OD\DQ�EHWRQ�NDWNÕVÕGÕU����RUDQÕQGD�NXOODQÕOPÕúWÕU��

�
<DSÕODQ�VX�HPPH�GHQH\L�VRQXFXQGD�QXPXQHOHULQ�VX�HPPH�RUDQODUÕ�NDUúÕODúWÕUÕOGÕ÷ÕQGD�HQ�D]�VX�HPPH�RUDQÕ�\LQH�����
RUDQÕQGD� JHoLULPVL]OLN� VD÷OD\DQ� NDWNÕ�PDGGHVL� LoHUHQ� QXPXQHOHUGHQ� HOGH� HGLOPLúWLU�� %X� QXPXQHOHU� úDKLW� QXPXQHOHUH�
J|UH�����RUDQÕQGD�GDKD�D]�VX�HPPLúWLU��
�
�
�
�
���6RQXo�YH�'H÷HUOHQGLUPH��
�
<DSÕODQ�oDOÕúPDODU�VRQXFXQGD�HOGH�HGLOHQ�GHQH\�VRQXoODUÕQD�J|UH��

���)DUNOÕ�GR]DMODUGD�NL�JHoLULPVL]OLN�NDWNÕVÕ\OD��UHWLOPLú�EHWRQODUGD��D\QÕ�LúOHQHELOPHQLQ�VD÷ODQDELOPHVL�LoLQ�IDUNOÕ�VX�
PLNWDUODUÕQD�JHUHNVLQLP�GX\XOPXúWXU��%X�VRQXoODUD�J|UH�HQ�D]� VX�JHUHNVLQLPL��GROD\ÕVÕ\OD�HQ�G�ú�N�VX�oLPHQWR�RUDQÕ�
���RUDQÕQGD�NXOODQÕODQ�JHoLULPVL]OLN�NDWNÕVÕ\OD�HOGH�HGLOPLúWLU��

���%DVÕQo�GD\DQÕPODUÕQD�EDNÕOGÕ÷ÕQGD��HQ�E�\�N�EDVÕQo�GD\DQÕPÕ�GH÷HUL�JHoLULPVL]OLN�NDWNÕVÕ����RUDQÕQGD�NXOODQÕODQ�
QXPXQHOHUGHQ�HOGH�HGLOPLúWLU��%X�VRQXo��VX�oLPHQWR�RUDQÕQÕQ�GL÷HU�NDUÕúÕPODUD�J|UH�GDKD�G�ú�N�ROPDVÕ�LOH�DoÕNODQDELOLU��

���<DSÕODQ�EX�GHQHPHOHUGH��KDYD�PLNWDUODUÕQD�EDNÕOGÕ÷ÕQGD�NXOODQÕODQ�NDWNÕODUÕQ�KHSVL�úDKLW�QXPXQH�NDUÕúÕPÕQD�J|UH�
GDKD�ID]OD�KDYD�V�U�NOHPHNWHGLU��

���%HWRQODUÕQ� ELULP� KDFLP� D÷ÕUOÕNODUÕQD� EDNÕOGÕ÷ÕQGD� LVH�� HQ� \�NVHN� ELULP� KDFLP� D÷ÕUOÕ÷Õ� úDKLW� QXPXQH� EHWRQXQGD�
HOGH�HGLOPLúWLU��*HoLULPVL]OLN�VD÷OD\DQ�NDWNÕ�LOH�\DSÕODQ�EHWRQODUÕQ�ELULP�KDFLP�D÷ÕUOÕ÷ÕQÕQ�G�ú�N�oÕNPDVÕQÕQ�VHEHEL�LVH�
NDWNÕQÕQ�KDYD�V�U�NOHPHVLGLU��

��� .XOODQÕODQ� NDWNÕ� W�UOHUL� EHWRQXQ� VX� JHoLULPOLOL÷LQL� D]DOWDUDN� UXWXEHW� YH� QHP� WXWPD� DoÕVÕQGDQ� ROXPOX� HWNL�
J|VWHUPLúOHUGLU��

��� *HoLULPVL]OLN� NDWNÕODUÕQÕQ� HQ� WHPHO� HWNLVL� NDUÕúÕPGDNL� VX�oLPHQWR� RUDQÕQÕ� G�ú�UHUHN� EHWRQXQ� KHP� EDVÕQo�
GD\DQÕPÕQÕ�DUWÕUPÕú�KHP�GH�VX�JHoLULPVL]OL÷L�VD÷ODPÕúWÕU��

�
.D\QDNODU�
�

�� $N\RO�.����������6X�<DOÕWÕPÕ�YH�.LP\DVDO�.DWNÕ�0DGGHOHULQLQ�%HWRQ�*HoLULPVL]OL÷LQH�(WNLVLQLQ�$UDúWÕUÕOPDVÕ��
6DNDU\D�hQLYHUVLWHVL��)HQ�ELOLPOHUL�(QVWLW�V���<�NVHN�/LVDQV�7H]L�

�� .RFDWDúNÕQ��)����������%HWRQ�7HNQRORMLVL��ø7h�<D\ÕQODUÕ��øVWDQEXO��6D\Õ������

�� %LULFLN� +�� ������� 6X� *HoLULPVL]OL÷LQLQ� 3X]RODQ� 0DO]HPH� LOH� $]DOWÕOPDVÕ�� ø7h� øQúDDW� )DN�OWHVL� <D\ÕQODUÕ��
øVWDQEXO�

�� 3RZHUV�� 7�� &�� �������� 7KH� 6SHFLILF� 6XUIDFH� $UHD� RI� +\GUDWHG� &HPHQW� 2EWDLQHG� )URP� 3HUPHDELOLW\� 'DWD��
0DWHU��&RQVW��9RO�����1R����
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�� <�]HU�1����������6X�*HoLULPVL]OL÷LQLQ�'RQDWÕ�.RUR]\RQXQD�(WNLVL��ø7h�øQúDDW�)DN�OWHVL�<D\ÕQODUÕ��øVWDQEXO��

�� 8\DQ�0����������%HWRQ�YH�+DUoODUGD�.ÕOFDOOÕN�2OD\Õ��ø7h�<D\ÕQODQ�'RNWRUD�7H]L�

�� 3RVWDFÕR÷OX��%����������<DSÕ�0DO]HPHVL�'HUVOHUL��ø7h�<D\ÕQODUÕ�øVWDQEXO�
�

�� .|NVDO�g����������<DSÕ�%LOJLVL��%LOLP�<D\ÕQODUÕ�

�� $XVNHUQ�� $��� +RUQ�� :�� �������� &DRLOODU\� 3RURVLW\� LQ� +DUGHQHG� &HPHQW� 3DVWH�� -RXUQDO� RI� 7HVWLQJ� DQG�
(YDOXDWLRQ��9RO�O�

�
�
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*(=*ø1�52%27/$5�ødø1�.2180/$1',50$�9(�+$5ø7$/$0$�
352%/(0/(5ø��

352%/(06�2)�/2&$/,=$7,21�$1'�0$33,1*�)25�02%,/(�52%276�
<XQXV�6$1785��0XKDPPHG�)DWLK�7$/8�

%LOJLVD\DU�0�KHQGLVOL÷L�%|O�P��
øQ|Q��hQLYHUVLWHVL�

^\VDQWXU���IDWLKWDOX`#JPDLO�FRP�
�
�
�

g]HW�

2WRQRP� JH]JLQ� URERWODU� J|UHYOHULQL� \HULQH� JHWLUPHN� LoLQ� JH]LQLP� VÕUDVÕQGD� |QFHOLNOL� RODUDN�
NRQXPODUÕQÕ� EHOLUOHPHOLGLU�� 5RERW� NRQXPXQXQ� EHOLUOHQHELOPHVL� LoLQ� RGRPHWULN� YHULOHU�� DOJÕOD\ÕFÕ�
|Oo�POHU�YH�KDULWD�ELOJLOHUL�ELUOLNWH�NXOODQÕOPDNWDGÕU���+DULWD�ELOJLVL��oHYUHQLQ�VD\ÕVDO�ELU�PRGHOLQL�
LIDGH�HGHU�YH�EDúODQJÕoWD�URERWD�YHULOHELOHFH÷L�JLEL�URERWXQ�KDUHNHWL�VÕUDVÕQGD�GD�ROXúWXUXODELOLU��
(ú� ]DPDQOÕ� NRQXPODQGÕUPD�YH�KDULWDODPD� �(.9+�� \|QWHPL� LOH�ELOLQPH\HQ�ELU� oHYUHQLQ�KDULWDVÕ�
oÕNDUÕOÕUNHQ�D\QÕ� ]DPDQGD�URERW�NRQXPX�GD�EHOLUOHQHELOPHNWHGLU��%X�oDOÕúPDGD��(.9+�\|QWHPL�
YH� NRQXPODQGÕUPD�� \RO� SODQODPD�� HQJHOOHUGHQ� NDoÕQPD�� KDULWDODPD� SUREOHPOHUL� D\UÕQWÕOÕ� ELU�
úHNLOGH�LQFHOHQPLú�YH�|QHULOHQ�o|]�P�\|QWHPOHUL�\DSÕODUÕQD�J|UH�VÕQÕIODQGÕUÕOPÕúWÕU���
�

$EVWUDFW�

'XULQJ� QDYLJDWLRQ�� DXWRQRPRXV�PRELOH� URERWV� KDYH� WR� ORFDOL]H� WKHLU� RZQ� SRVLWLRQV� WR� SHUIRUP�
WKHLU�WDVNV��%\�IXVLQJ�WKH�RGRPHWULF�GDWD��PHDVXUHPHQWV�DFTXLUHG�IURP�VHQVRUV�DQG�PDS�IHDWXUHV��
LW� LV� SRVVLEOH� WR� ORFDOL]H� WKH� URERW� SRVLWLRQ��7KH�PDS� LQIRUPDWLRQ� UHSUHVHQWV� D� GLJLWDO�PRGHO� RI�
HQYLURQPHQW� DQG� LW� HLWKHU� FDQ� EH� JLYHQ� WR� URERWV� LQ� LQLWLDOL]DWLRQ� RU� FUHDWHG� GXULQJ� PRWLRQ��
6LPXOWDQHRXV� ORFDOL]DWLRQ� DQG� PDSSLQJ� �6/$0�� PHWKRG� FDQ� VLPXOWDQHRXVO\� EXLOG� PDSV� RI�
XQNQRZQ� HQYLURQPHQWV� DQG� FRPSXWH� FXUUHQW� URERW� SRVLWLRQ�� ,Q� WKLV� VWXG\�� 6/$0� PHWKRG� DQG�
ORFDOL]DWLRQ��SDWK�SODQQLQJ��REVWDFOH�DYRLGDQFH�DQG�PDSSLQJ�SUREOHPV�KDYH�EHHQ�LQYHVWLJDWHG�LQ�
GHWDLO�DQG�SURSRVHG�VROXWLRQ�PHWKRGV�KDYH�EHHQ�FODVVLILHG�DFFRUGLQJ�WR�WKHLU�VWUXFWXUHV��

�
�� *LULú�

5RERWODU�EXOXQGXNODUÕ�RUWDPÕ�GHQHWOH\HFHN�DOJÕOD\ÕFÕODUD��EX�DOJÕOD\ÕFÕODUGDQ�JHOHQ�ELOJLOHUL�LúOH\LS�VRQXo�oÕNDUDQ�LúOHP�ELULPOHULQH�YH�
LúOHP�VRQXoODUÕQÕ�oÕNÕúD�DNWDUDELOHFHN�KDUHNHW�PHNDQL]PDODUÕQD�VDKLS�HOHNWURPHNDQLN�VLVWHPOHUGLU�>�@��
�
3UDWLNWH�SHN�oRN�DODQGD�NXOODQÕODQ�JH]JLQ�URERWODU�\DSÕVDO�RODUDN��WHNHUOHNOL��SDOHWOL��EDFDNOÕ�YH�NDQDWOÕ�RODUDN�WDVDUODQDELOPHNWHGLU�>�@��
.XOODQÕPODUÕ�HQ�\D\JÕQ�RODQ�WHNHUOHNOL�JUXED�Lú�PHUNH]OHUL��KDVWDQH��P�]H�YH�EXQD�EHQ]HU�\HUOHUGH�J�YHQOLN��WHPL]OLN�YH�WDúÕPD�JLEL�
DODQODUGD�NXOODQÕODQ�URERWODU�>�@�YH�V�U�F�V�]�RWRPRELOOHU�>�@�|UQHN�RODUDN�YHULOHELOLU��)HODNHW�GXUXPODUÕQGD�ND]D]HGH�DUDPD�NXUWDUPD�
oDOÕúPDODUÕ�LoLQ�\ÕODQ�EHQ]HUL�URERW�>�@�ELU�EDúND�JUXED�|UQHN�RODUDN�YHULOHELOLU��$UDúWÕUPD��NHúLI��J|]HWOHPH��DUDPD��NXUWDUPD�YH�WDNLS�
JLEL�X\JXODPDODUGD�VX�DOWÕ�>�@�YH�SRS�OHUOL÷L�\ÕOODU� LoHULVLQGH�DUWPD\D�GHYDP�HGHQ� LQVDQVÕ]�KDYD�DUDoODUÕ� �ø+$��RODUDN�DGODQGÕUÕODQ�
XoDQ�URERWODU�>�@�|UQHN�YHULOHELOLU��
�
0RELO�URERWODUGDQ��VW�G�]H\GH�ID\GDODQPDN�LoLQ�RWRQRP�ROPDVÕ�EHNOHQPHNWHGLU��2WRQRP��URERWXQ��]HULQGHNL�DOJÕOD\ÕFÕODUGDQ�JHOHQ�
YHULOHUL�\RUXPOD\DUDN�ELU�RSHUDW|UH�LKWL\Do�GX\PDGDQ�NRQXPXQX�EHOLUOHPHVL��KHGHI�QRNWD\D�YDUPDN�LoLQ�\RO�SODQODPDVÕ�\DSPDVÕ�YH�
KDUHNHW�HWWL÷L�RUWDPÕQ�KDULWDVÕQÕ�ROXúWXUPDVÕ�YH�YH\D�J�QFHOOHPHVL�DQODPÕQD�JHOPHNWHGLU�>�@��
�
%X� DODQGD� X\JXODPD� JHOLúWLUPHN� LoLQ� EHQ]HWLP� RUWDPODUÕ� \D� GD� JHUoHN� URERWODU� NXOODQÕODELOLU�� *HUoHN� URERWODU� �]HULQGH� X\JXODPD�
\DSPDGDQ� |QFH� EHQ]HWLP� RUWDPODUÕQGD� oDOÕúPDN� ]DPDQ� YH� HQHUML� ND\EÕQÕ� |QOH\HFHNWLU�� 6|]� NRQXVX� EHQ]HWLP� RUWDPODUÕ� >�@� GD�
LQFHOHQPLúWLU��
�

�� .RQXPODQGÕUPD�
�

5RERWXQ� LoLQGH� KDUHNHW� HGHFH÷L� IL]LNVHO� RUWDP� KDNNÕQGD� KHU� W�UO�� HQJHO� YH� KHGHIOHUL� EDUÕQGÕUDQ� ELOJL\H� ³'�Q\D� 8]D\Õ´� DGÕ�
YHULOPHNWHGLU� >��@�� %X� X]D\� LoHULVLQGH� KDUHNHW� HGHQ� URERWXQ� ³EHQ� QHUHGH\LP"´� VRUXVXQD� YHUGL÷L� FHYDS�
³NRQXPODQGÕUPD�ORFDOL]DWLRQ�´� RODUDN� DGODQGÕUÕOPDNWDGÕU� >��@�� 0�]HGH� HVHUOHUL� WDQÕWPDNOD� J|UHYOL� ELU� URERWXQ� WDP� RODUDN� KDQJL�
HVHULQ�|Q�QGH�GXUGX÷X�NRQXPODQGÕUPD�SUREOHPLQH�ELU�|UQHNWLU��%LU�NDUD�URERWXQXQ�NRQXPX�'HQNOHP��¶�GH�NL�JLEL��PRGHOOHQHELOLU��
%XUDGD���,����URERWXQ�NRQXPXQX���LVH�\|Q�Q��VLPJHOHPHNWHGLU��
�
�� = [��,��, �� ]��� ����
�
.RQXP� EHOLUOHPH� LúOHPL� LoLQ� NXOODQÕODQ� HQ� \D\JÕQ� \|QWHPOHU� RODVÕOÕ÷D� GD\DOÕ� \|QWHPOHUGLU� >�����@���� YH��� ELUELULQGHQ� ED÷ÕPVÕ]�
ROD\ODU� ROPDN� �]HUH�� <� ROD\Õ� JHUoHNOHúWL÷LQGH� ;� ROD\ÕQÕQ� ROPD� RODVÕOÕ÷Õ��(�|�)� úHNOLQGH� J|VWHULOLU� YH� %D\HV� IRUP�O�QH� J|UH�
DúD÷ÕGDNL�JLEL�IRUP�OL]H�HGLOHELOLU���

International Science and Technology Conference, Dubai, 13-15 December 2012

562

mailto:fatihtalu%7d@gmail.com


ISTEC 20
12

�
�(�|�) = �(�|�)�(�)

�(�)
�� ����

�
%XUDGDQ�\ROD� oÕNDUDN�� JHOLúWLULOHQ� ³PDUNRY� ]LQFLUL´� \DNODúÕPÕQGD� URERWXQ��� DQÕQD�NDGDU�RODQ�NRQXP�ELOJLOHUL� HVDV� DOÕQDUDN��+ ��
DQÕQGDNL�NRQXPX��'HQNOHP��¶WHNL�JLEL�LIDGH�HGLOLU��'HQNOHP��¶WH�LVH�%D\HV�NXUDOODUÕ�NXOODQÕODUDN�5RERWXQ��+ ��DQÕQGDNL�NRQXPX�
VDGHOHúWLULOPLú� RODUDN� YHULOPHNWHGLU�� %HQ]HU� úHNLOGH� URERWXQ� DQOÕN� NRQXPX� ������ DQÕQD� NDGDU� \DSÕODQ� |Oo�POHUL���� YH� GHQHWLP�
JLUGLOHULQL��� �LOH�J|VWHULUVHN�URERW�NRQXPX�EX�GH÷LúNHQOHUH�J|UH�'HQNOHP��¶WHNL�JLEL�KHVDSODQDELOLU�>�����@��
�
�൫��ା�ห��,�� …��൯ =��(��ା�|��)�� ����
�
�(��ା�) ����� (��)� (��|���ା)�׬�= ����
�
�൫��ห��,��൯ = ,���൫��ห׬ ��ି�,��൯ �൫��ห��ି�,��൯  ����� ����
�
5RERWXQ� X]D\� LoHULVLQGH� EXOXQGX÷X� NRQXPXQX� KHVDSODPDN� LoLQ� DOJÕOD\ÕFÕODUGDQ� JHOHQ� ELOJLOHU� YH� RGRPHWUL� ELOJLVL� NXOODQÕODELOLU��
2GRPHWUL� ELOJLVL� ELU� NDUD� URERWX� LoLQ� WHNHUOHN� G|Q�ú� VD\ÕVÕ� RODUDN� G�ú�Q�OHELOLU�� 7HNHUOHN� G|Q�ú� VD\ÕVÕ� YH� oDSÕ� ELOLQGL÷LQH� J|UH�
URERWXQ�EDúODQJÕo�NRQXPXQD�J|UH�QH�NDGDU�\RO�DOGÕ÷Õ�KHVDSODQDELOHFHNWLU� >�@��gOo�POHUGHQ�ND\QDNODQDQ�RGRPHWUL�KDWDVÕ�NRQXPXQ�
\DQOÕú� KHVDSODQPDVÕQD� \RO� DoDFDNWÕU�� %XGD� ]DPDQOD� DUWDQ� ELU� KDWDOÕ� NRQXP� KHVDSODPD\D� VHEHS� RODFDNWÕU�� %X� GXUXPD� ³.RQXP�
.DoÕUPD�3UREOHPL´�DGÕ�YHULOPHNWHGLU�>��@��

��
%LU� EDúND� \|QWHP�� URERW� NRQXPXQXQ� X]D\� LoHULVLQGH� NRQXPX� ELOLQHQ� QHVQHOHU� YH� PHVDIH� |OoHU� DOJÕOD\ÕFÕODUGDQ� JHOHQ� ELOJLOHUL�
NXOODQDUDN� KHVDSODQPDVÕGÕU� >��@�� ³1HZWRQ� g]\LQHOHPHOL� .RQXPODQGÕUPD´� DGÕ� YHULOHQ� EX� \|QWHP�� D\QÕ� ]DPDQGD� RGRPHWULN�
VLVWHPOHUGHNL�KDWD�RUDQÕQÕ�GD�D]DOWPDNWDGÕU��5RERWXQ�\|Q�ELOJLVLQL�HOGH�HWPHN�LoLQ�LVH�HOHNWURQLN�SXVXOD�NXOODQÕOPDNWDGÕU�>��@���

�
.RQXP�EHOLUOHPH� LúOHPL� LoLQ�J�Q�P�]GH�NXOODQÕODQ� HQ�\D\JÕQ� \|QWHPOHUGHQ�RODQ�*36�ELUNDo�PHWUH�KDWD�SD\Õ\OD� NRQXP�ELOJLVLQL�
YHUHELOPHNWHGLU��.RQXP�EHOLUOHPHN�LoLQ�*36�NXOODQPDN�J|]HWOHPH�DPDFÕ\OD�NXOODQÕODQ�DoÕN�DODQGD�KDUHNHW�HGHQ�ELU�ø+$�LoLQ�X\JXQ�
ELU�o|]�P�RODELOHFHNNHQ��ELQD�LoHULVLQGH�WDúÕPD�J|UHYL�JHUoHNOHúWLUHQ�ELU�URERW�LoLQ�\HWHUOL�ROPDPDNWDGÕU�>��@���
�
.HQWVHO��NÕUVDO�YH�NDSDOÕ�DODQODUGD�X\GX�VLQ\DOOHULQLQ�NHVLQWL\H�X÷UDPDVÕ�*36�NXOODQDQ�X\JXODPDODUGD�SUREOHPOHUH�VHEHS�ROPDNWDGÕU��
%X� QHGHQOH� *36� VLVWHPL� LQHUVL\DO� DOJÕOD\ÕFÕODUOD� �HOHNWURQLN� SXVXOD�� LYPH|OoHU�� GHVWHNOHQPHNWHGLU�� ,QHUVL\DO� 1DYLJDV\RQ� VLVWHPL�
�,16�� YH� *36� NÕ\DVODQGÕ÷ÕQGD��*36� VLVWHPOHUGH� KDWD� ]DPDQGDQ� ED÷ÕPVÕ]�� ,16� |Oo�POHULQGH� LVH� KDWD� ]DPDQOD� DUWPDNWDGÕU�� .ÕVD�
]DPDQ�DUDOÕNODUÕQGD�,16�HWNLQ�VRQXoODU�YHUHELOLUNHQ��*36�GDKD�X]XQ�]DPDQ�DUDOÕNODUÕQGD�HWNLQ�VRQXoODU�YHUPHNWHGLU��%|\OHFH�\�NVHN�
KDVVDVL\HW�JHUHNWLUHQ�GDKD�GR÷UX�NRQXPODQGÕUPD�ELOJLVLQH� LKWL\Do�GX\DQ�VLVWHPOHUGH�*36�,16�HQWHJUDV\RQX�J�YHQLOLU�YH�HWNLQ�ELU�
o|]�PG�U�>��@���
�

�� <RO�3ODQODPD�
�

5RERWXQ� ELU� EDúODQJÕo� NRQXPXQGDQ� EHOLUOHQHQ� KHGHI� \D� GD� KHGHIOHUH� KDUHNHW� HGHUNHQ� L]OH\HFH÷L� \ROXQ� EHOLUOHQPHVL� LúOHPL� ³<RO�
3ODQODPD� �3DWK� 3ODQQLQJ�´�� ³QDYLJDV\RQ´� \D� GD� ³URWDODPD´� RODUDN� DGODQGÕUPDVÕQD� UD÷PHQ� GDKD� oRN� \RO� SODQODPD� RODUDN�
EHQLPVHQPLúWLU�>�������@��<RO�SODQODPD�LúOHPL�³HYUHQVHO�SODQODPD´�YH�³\HUHO�SODQODPD´�ROPDN��]HUH�LNL\H�D\UÕOPDNWDGÕU��(YUHQVHO�
SODQODPDGD�URERWXQ�KDUHNHW�HGHFH÷L�X]D\OD� LOJLOL�\ROODUÕ��HQJHOOHUL��X]D\� LoHULVLQGHNL�QHVQHOHU�YH�EX�QHVQHOHULQ�NRQXPODUÕ�JLEL� W�P�
ELOJLOHULQ�URERW�WDUDIÕQGDQ�|QFHGHQ�ELOLQGL÷L�YDUVD\ÕOÕU��(YUHQVHO�SODQODPDGD�V|]�NRQXVX�KDULWD��SURJUDPFÕ�\D�GD�RSHUDW|U�WDUDIÕQGDQ�
URERW�KDIÕ]DVÕQD�\�NOHQLU��%|\OHFH�URERW�KDUHNHWH�EDúODPDGDQ�\RO�SODQÕQÕ�ROXúWXUDELOLU��*HQHOOLNOH�WHPL]OLN��QHVQH�WDúÕPD�YH�J�YHQOLN�
DPDFÕ\OD�NXOODQÕODQ�URERWODU�>��@�|QFHGHQ�ELOLQHQ�ELU�RUWDPGD�KDUHNHW�HWPHNWH��GROD\ÕVÕ\OD�HYUHQVHO�SODQODPD�NXOODQÕOPDNWDGÕU��'L÷HU�
\|QWHP�RODQ�\HUHO�SODQODPDGD�LVH�URERW�WDQÕPDGÕ÷Õ�ELU�RUWDP�LoHULVLQGH�KDUHNHW�HWPHNWHGLU��<DQL�URERW�KDUHNHW�HGHFH÷L�X]D\�KDNNÕQGD�
|QVHO�ELU�ELOJL\H�VDKLS�GH÷LOGLU���

5RERWXQ�PDQHYUD� \DSDELOHFH÷L�� HQJHOOHU� GÕúÕQGD� NDODQ� DODQD� ³6HUEHVW�8]D\´� GHQLOPHNWHGLU�� 6HUEHVW� X]D\�� KDULWD� LoHULVLQGH� ELU� DOW�
N�PHGLU��URERWXQ�\RO�SODQODPD�NDSVDPÕQGD�L]OH\HFH÷L�J�]HUJDK�LVH�VHUEHVW�X]D\ÕQ�ELU�DOW�N�PHVL�ROPDNWDGÕU��<RO�SODQODPD��WHNQLN�
RODUDN�EDúODQJÕo�NRQXPX�LOH�KHGHI�NRQXPX�DUDVÕQGD�VHUEHVW�X]D\�LoHULVLQGHNL�RSWLPDO�\ROXQ�EXOXQPDVÕGÕU��<RO�SODQODPD�WHNQLNOHUL�
.ODVLN�� 2ODVÕOÕ÷D� GD\DOÕ� YH� 6H]JLVHO� ROPDN� �]HUH� �o� JUXS� DOWÕQGD� LQFHOHQHELOLU�� 5DIHW� $NVR\� YH� 6HIHU� .XUQD]� WDUDIÕQGDQ� \DSÕODQ�
oDOÕúPDGD� URERW�PDQHYUDODUÕQD� LOLúNLQ�����������\ÕOODUÕ� DUDVÕQGD�\D\ÕPODQDQ� oDOÕúPDODU� LQFHOHQPLú�YH� oDOÕúPDODUGD�NXOODQÕODQ�\RO�
SODQODPD�WHNQLNOHULQLQ�LVWDWLVWL÷L�oÕNDUÕOPÕúWÕU�>�@��

<RO�SODQODPD�LOH�LOJLOL�oDOÕúPDODU�LQFHOHQGL÷LQGH�JHQHWLN�DOJRULWPD�>����@��EXODQÕN�PDQWÕN�WDEDQOÕ�>��@��NODVLN�>��@��VH]JLVHO�\|QWHPH�
GD\DOÕ�$
�DOJRULWPDVÕ�LVH�>�����@�GD�NXOODQÕOPÕúWÕU��ùHNLO��¶GH�$
�DOJRULWPDVÕQD�DLW�ELU�PDWODE�SURJUDPÕ�oÕNWÕVÕ�YHULOPHNWHGLU�>��@��
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�
ùHNLO����$
�DOJRULWPDVÕ�LOH�\RO�EXOPD�

�
�� (QJHOGHQ�6DNÕQPD�

�

*H]JLQ� URERWXQ� JH]LQLPL� V�UHVLQFH� \RO� �]HULQGH� HQJHOOHUOH� oDUSÕúPD� LKWLPDOL� EXOXQPDNWDGÕU�� 5RERW� DOJÕOD\ÕFÕODUGDQ� JHOHQ� YHULOHUL�
\RUXPOD\DUDN� HQJHO� DOJÕODPD� LúOHPLQL� JHUoHNOHúWLUPHOL� YH� oDUSÕúPD� ROPDGDQ� KHGHIH� LOHUOHPHVLQL� VD÷OD\DFDN� ELU� GDYUDQÕú�
VHUJLOHPHOLGLU��%X�GDYUDQÕú�³HQJHOGHQ�NDoÕQPD´�RODUDN�ELOLQPHNWHGLU��6HOLP�<DQQLHU�WDUDIÕQGDQ�\DSÕODQ�oDOÕúPDGD��PRELO�URERW�LoLQ�
G|UW� NDWPDQOÕ� ELU� GHQHWLP� VLVWHPL� |QHULOPLúWLU�� %X� VLVWHPGH� NDWPDQODUGDQ� ELUL� HQJHO� WHVSLWL� YH� oDUSÕúPD� LúOHPL� LoLQ� D\UÕOPÕúWÕU��
gQHULOHQ�VLVWHPGH�HQJHOGHQ�NDoÕQPD�LúOHPL�³SRWDQVL\HO�DODQ�PHWRGX´�NXOODQÕOPÕúWÕU��%X�PHWRWWD�KHU�ELU�HQJHOLQ�URERW��]HULQGH�LWLFL�
ELU� NXYYHW� X\JXODGÕ÷Õ� YDUVD\ÕOÕU�� %|\OHFH� URERW� HQJHOH� \DNODúWÕNoD� EX� NXYYHW� E�\�\HUHN� URERWXQ� KÕ]ÕQÕ� G�ú�UHFHN� YH� \|Q�Q��
GH÷LúWLUHFHNWLU�>��@��

2VPDQ�3DUODNWXQD�YH�(OLI�(UR÷OX� WDUDIÕQGDQ�\DSÕODQ�oDOÕúPDGD��PRELO� URERWXQ�|Q�YH�DUNDVÕQGD�KHUELUL�����GHUHFH\L� WDUD\DELOHQ���
DGHW� VRQDU� PHVDIH� DOJÕOD\ÕFÕ� NRQXPODQGÕUÕOPÕúWÕU�� 5RERWXQ� JH]LQLPL� VÕUDVÕQGD� IDUNOÕ� DOJÕOD\ÕFÕODUGDQ� JHOHQ� ELOJLOHU� \RUXPODQDUDN�
GXYDU�EXOPD��GXYDU�WDNLEL��HQJHOOHUGHQ�NDoÕQPD�YH�N|úH�G|Q�úOHUL�LúOHPOHUL�LoLQ�URERW�GDYUDQÕú�PRGHOOHUL�JHOLúWLULOPLúWLU�>��@��

hON�� <�FHO� YH� 7�OD\� <ÕOGÕUÕP� WDUDIÕQGDQ� WDVDUODQDQ� JH]JLQ� URERWWD�� �� DGHW� PHVDIH� |OoHU� DOJÕOD\ÕFÕ� NXOODQÕOPÕú�� HQJHOOHUGHQ� X]DN�
GXUPDVÕ�LoLQ�³NHQGL�NHQGLQL�RUJDQL]H�HGHQ�KDULWDODU��620�´�\|QWHPL�NXOODQÕOPÕúWÕU��620�\|QWHPL��HQJHOOHUH�RODQ�RNOLW�X]DNOÕNODUÕQÕQ�
LNL�NDWPDQOÕ�ELU�\DSD\�VLQLU�D÷ÕQD�JLULú�RODUDN�YHULOPHVL�YH���\D�GD���úHNOLQGH�LNL�ER\XWOX�ELU�oÕNÕú�HOGH�HGLOPHVL�úHNOLQGH�oDOÕúÕU��+HU�
ELU�oÕNÕú��ELU�YHNW|U�Q��VLPJHOHPHNWHGLU��%|\OHFH�URERW�ND]DQDQ�oÕNÕúÕ�VLPJHOH\HQ�YHNW|U�GR÷UXOWXVXQGD�\|Q�GH÷LúWLUPHNWHGLU�>��@��

���+DULWDODPD�

5RERWXQ�KDUHNHW�HWWL÷L�X]D\�LoLQGH�RUWDPÕQ�VD\ÕVDO�ELU�PRGHOLQLQ�oÕNDUÕOPDVÕ�LúOHPL�KDULWDODPD�RODUDN�WDQÕPODQDELOLU�>��@��+DULWDODPD�
LúOHPL�KDUHNHWOL�QHVQHOHULQ�EXOXQGX÷X�GLQDPLN�ELU�RUWDPD�DLW�YDU�RODQ�ELU�KDULWDQÕQ�URERWXQ�KDUHNHWL�VÕUDVÕQGD�J�QFHOOHQPHVL�\D�GD�
³\HUHO�SODQODPD´�VLVWHPL�LOH�KDUHNHW�HGHQ�ELU�URERWXQ�ELUWDNÕP�UHIHUDQV�ELOJLOHUH�VDKLS�ROPDGDQ�RUWDP�KDULWDVÕQÕ�oÕNDUPDVÕ�úHNOLQGH�
JHUoHNOHúHELOLU��%X�GXUXPGD� URERW� Hú� ]DPDQOÕ� RODUDN�KHP�NHQGL� NRQXPXQX� WDKPLQ�EHOLUOHPH\H� oDOÕúDFDN�KHP�GH�RUWDP�KDULWDVÕQÕ�
oÕNDUDFDNWÕU�� %X� NDYUDP� OLWHUDW�UGH� ³Hú� ]DPDQOÕ� NRQXP� EHOLUOHPH� YH� KDULWDODPD�6/$0�´� RODUDN� ELOLQPHNWHGLU>�����@�� ùHNLO� �� GH�
|UQHN�ELU�KDULWD�J|VWHULOPLúWLU��VODP�NRQXVX�LOH�LOJLOL�FDQOÕ�ELU�DQLPDV\RQ�>��@�GH�L]OHQHELOLU��

2UWDP� KDULWDVÕ� oÕNDUÕOPDVÕ� DPDFÕ\OD� URERW� �]HULQGH� QHVQHOHULQ� NRQXP� YH� X]DNOÕNODUÕQÕ� |OoHELOPHN� LoLQ� JHOLúWLULOHQ� \|QWHPOHUGH�
NDPHUD� YH� PHVDIH� |Oo�P�QGH� NXOODQÕODQ� DOJÕOD\ÕFÕODU� NXOODQÕOPDNWDGÕU�� .DPHUD� NXOODQDUDN� LPJH� LúOHPH� WHNQLNOHUL\OH� KDULWD�
oÕNDUPDGDNL� HQ� E�\�N� SUREOHP� LúOHP� \�N�G�U� EX� QHGHQOH� JHUoHN� ]DPDQOÕ� oDOÕúDQ� \�NVHN� PDOL\HW� JHUHNWLUHQ� X\JXODPDODUGD�
NXOODQÕODELOPHNWHGLU���

�

ùHNLO����6/$0�

.DPHUD� \HULQH�PHVDIH� |Oo�P�QGH� NXOODQÕODQ� RSWLN�� VRQDU� YH� OD]HU� DOJÕOD\ÕFÕODUÕ� NXOODQPDN� GDKD� D]� LúOHP� \�N�� JHUHNWLUPHNWHGLU��
2SWLN� DOJÕOD\ÕFÕODU� X\JXQ� PDOL\HWOHUH� VDKLS� ROPDVÕQD� UD÷PHQ� X]XQ� PHVDIHOHUGH� YHULPOL� GH÷LOOHUGLU�� OD]HU� DOJÕOD\ÕFÕODU� X]XQ�
PHVDIHOHUGH�GH�HWNLQ�ROPDODUÕQD�UD÷PHQ�PDOL\HWOHUL�\�NVHNWLU��6RQDU�DOJÕOD\ÕFÕODU��VHV�GDOJDVÕQÕQ�ELU�QRNWD\D�J|QGHULOLS�JHUL�JHOPH�
V�UHVLQH�ED÷OÕ�RODUDN�PHVDIHQLQ�|Oo�OPHVL�SUHQVLEL\OH�oDOÕúÕUODU��'HQNOHP��
GD����PHVDIH\L�����\DQNÕODQDQ�VHV�GDOJDVÕQÕQ�WRSODP�XoXú�
V�UHVLQL����LVH�VHV�GDOJDVÕQÕQ�KÕ]ÕQÕ�J|VWHUPHNWHGLU��
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6RQDU� DOJÕOD\ÕFÕODU� NXOODQDUDN� RUWDP� KDULWDVÕQÕQ� ROXúWXUXOPDVÕ� �]HULQH� ELUoRN� oDOÕúPD� JHUoHNOHúWLULOPLúWLU� >�����@�� 6RQDU�
DOJÕOD\ÕFÕODUGD� NDUúÕODúÕODQ� HQ� E�\�N� SUREOHP� ³oDSUD]� HWNLOHQPH´� DGÕ� YHULOHQ�� ELU� DOJÕOD\ÕFÕQÕQ� J|QGHUGL÷L� VHV� GDOJDVÕQÕ� NHQGLVLQLQ�
GH÷LO�GH�EDúND�ELU�DOJÕOD\ÕFÕQÕQ�DOPDVÕ�GXUXPXGXU��%X�SUREOHP�GDKD�oRN�N|úHOHUGH�ROXúPDNWD�YH�QHVQHQLQ�ROGX÷XQGDQ�GDKD�X]DNWD�
DOJÕODQPDVÕQD� VHEHS� ROPDNWDGÕU� >��@�� dDSUD]� HWNLOHQPH� SUREOHPL�� VRQDU� DOJÕOD\ÕFÕODUGDQ� JHOHQ� ELOJL\OH� NDPHUDGDQ� DOÕQDQ� J|U�QW��
ELOJLVLQLQ�ELUOLNWH�NXOODQÕODUDN�o|]�OHELOPHNWHGLU�>��@��$\VXQ�7Dú\DSÕ�dHOHEL�WDUDIÕQGDQ�\DSÕODQ�oDOÕúPDGD��HQJHO�WHVSLWL� LoLQ�WDUDPD�
WHPHOOL�oDOÕúDQ�VRQDU�NXOODQÕOPÕúWÕU��7DUDPD�WHPHOOL�oDOÕúDQ�VRQDUODUGD�VHV�GDOJDODUÕ�VDDW�\|Q��YH\D�WHUVL�\|QGH�N�o�N�DoÕ�DUWÕúODUÕ�LOH�
J|QGHULOPHNWH��E|\OHFH�����GHUHFH\L�NDSVD\DQ�LPJHOHU�ROXúWXUXODELOPHNWHGLU�>�@��� �

(UGR÷DQ�'85� WDUDIÕQGDQ� JHUoHNOHúWLULOHQ� oDOÕúPDGD� LVH� HQJHO� WHVSLWL� LoLQ� NDPHUDGDQ� HOGH� HGLOHQ� J|U�QW�OHU�0$7/$%� RUWDPÕQGD�
JHUoHNOHúWLULOHQ�ELU�\D]ÕOÕPOD��VD\ÕVDO�ELU�YHNW|UH�G|Q�úW�U�OP�ú�EX�ELOJLOHUGH�oRN�NDWPDQOÕ�ELU�\DSD\�VLQLU�D÷ÕQD�JLULú�RODUDN�YHULOHUHN�
QHVQH�DOJÕODPD�LúOHPL�JHUoHNOHúWLULOPLúWLU�>��@��

$OJÕOD\ÕFÕ�YH�YH\D�NDPHUD�NXOODQÕODUDN�HQJHO�YH�NRQXP�DOJÕODPD�LúOHPL�JHUoHNOHúWLULOGL÷LQGH�EX�ELOJLOHULQ�KDULWDGD�J|VWHULOPHVL�LoLQ�
PHWULN�YH� WRSRORMLN�ROPDN��]HUH� LNL� \|QWHP�NXOODQÕOPDNWDGÕU>��@��0HWULN�\|QWHPGH�RUWDP�EHOOL� VD\ÕGD�K�FUHOHUH�E|O�QHUHN�PDWULV�
úHNOLQGH� WHPVLO� HGLOLU�ùHNLO� ���� EX�PDWULV� J|VWHULPLQH� Õ]JDUD� DGÕ� GD� YHULOPHNWHGLU�� ,]JDUD� J|VWHULPLQGH� VDWÕU� YH� V�WXQODU� KDULWDGDNL�
NRQXPX��K�FUH�GH÷HUOHUL�LVH�R�NRQXPGD�ELU�HQJHO�ROXS�ROPDGÕ÷ÕQÕ�J|VWHUPHNWHGLU��%X�\|QWHPGH�K�FUH�GH÷HUOHUL��o�IDUNOÕ�\|QWHPOH�
J�QFHOOHQHELOPHNWHGLU�� ³%D\HV� J�QFHOOHPH´� \|QWHPLQGH�� ELU� K�FUHQLQ�GROX�\D�GD�ERú�ROPD�RODVÕOÕ÷Õ� WDKPLQ� HGLOPHNWHGLU� >��@��%X�
\|QWHPH� J|UH� K�FUH� WRSODPODUÕ� �� RODFDN� úHNLOGH�� RODVÕOÕN� GH÷HUOHUL� DWDQÕU�� %D\HV� J�QFHOOHPHOL� Õ]JDUD�PHWRGX� LOH� KDULWD� ROXúWXUPD�
>����������@¶GD�NXOODQÕOPÕúWÕU��

'HPSVWHU�6KDIHU�\DNODúÕPÕQGD�K�FUHOHU�GROX��ERú�\D�GD�GXUXPX�ELOLQPL\RU�RODELOLU��+HU��o�GXUXP�LoLQ�RODVÕOÕN�GH÷HUOHUL�WRSODPÕ�\LQH�
��ROPDNWDGÕU��+LVWRJUDPPLF�LQ�0RWLRQ�0DSSLQJ��+,00��\DNODúÕPÕQGD��K�FUH�GH÷HUL������DUDVÕ�WDP�VD\ÕODUOD�LIDGH�HGLOLU�>��@��

ùHNLO����,]JDUD�WDEDQOÕ�KDULWD�ROXúWXUPD�

'L÷HU�KDULWD�ROXúWXUPD�\|QWHPL�RODQ�WRSRORML��oL]JH���ELOJLVD\DU��HNRQRPL��KDEHUOHúPH�JLEL�ELUoRN�DODQGD�NXOODQÕOPDNWDGÕU��%LU�oL]JH�
G�÷�POHU� YH� NHQDUODUGDQ� ROXúPDNWDGÕU�� +DULWD� J|VWHULPLQGH� G�÷�POHU� EDúODQJÕo�� KHGHI� \D� GD� RUWDPGD� EXOXQDQ� QHVQHOHULQ�
NRQXPODUÕQÕ��NHQDUODU�LVH�G�÷�POHU�DUDVÕQGDNL�\ROODUÕ�J|VWHUPHNWHGLU��<|QO��oL]JHOHUGH�RNODU�LNL�G�÷�P�DUDVÕQGDNL�ED÷ODQWÕ�\|Q�Q��
VLPJHOHPHNWHGLU��$÷ÕUOÕNOÕ� oL]JHOHUGH�oL]JH�GH÷HUOHUL� LNL�QRNWD�DUDVÕQGDNL�\RO�PDOL\HWLQL� VLPJHOHPHNWHGLU��+DULWDODPD�\DSDUNHQ� LNL�
QRNWD�DUDVÕQGDNL�PHVDIH�NHQDU�D÷ÕUOÕ÷Õ�RODUDN�EHOLUOHQHELOLU��dL]JHOHUL�VD\ÕVDO�RODUDN�URERW�KDIÕ]DVÕQGD�GHSROD\DELOPHN�LoLQ�³ELWLúLNOLN�
PDWULVL´� \D� GD� ³NRPúXOXN� PDWULVL´� LQGHQ� \DUDUODQÕOÕU� >��@�� dL]JH� \|QWHPL� LOH� KDULWDODU� DUDoODUGD� VÕNOÕNOD� NXOODQÕODQ� *36� WDEDQOÕ�
QDYLJDV\RQ�FLKD]ODUÕQGD�NXOODQÕOPDNWDGÕU��ùHNLO��¶WH�\|QO��D÷ÕUOÕNOÕ�ELU�oL]JH�YH�NRPúXOXN�PDWULVL�YHULOPHNWHGLU��

ùHNLO����<|QO��D÷ÕUOÕNOÕ�|UQHN�ELU�oL]JH�YH�NRPúXOXN�PDWULVL�

8\JXODPD� JHOLúWLUPH� V�UHFLQGH� KDQJL� \|QWHP� NXOODQÕOÕUVD� NXOODQÕOVÕQ� VLVWHP� PXWODND� DOJÕOD\ÕFÕ� |Oo�POHULQGHQ� ND\QDNODQDQ� ELU�
J�U�OW�\H�VDKLS�ROPDNWDGÕU�YH�EX�J�U�OW�GH�VLVWHPGH�PXWODND�PRGHOOHQPHOLGLU��.DOPDQ�ILOWUHVL�GR÷UXVDO�VLVWHPOHU�LoLQ�LNL�DúDPDOÕ�YH�
WHNUDUOÕ�ELU� WDKPLQ�DOJRULWPDVÕGÕU�� øON�DúDPD�³WDKPLQ´�DúDPDVÕGÕU�� VLVWHPLQ�HOGHNL�YHULOHUH�J|UH�ELU� VRQUDNL�DGÕPÕ� WDKPLQ�HGLOPH\H�
oDOÕúÕOÕU��øNLQFL�DúDPD�´GR÷UXODPD´�RODUDN�DGODQGÕUÕOÕU��%X�DúDPDGD�WDKPLQ�GH÷HUOHUL�|Oo�POHUOH�GR÷UXODQÕU��'HQNOHP��¶GH��.DOPDQ�
ILOWUHVL� LoLQ� WDKPLQ� PRGHOL� YHULOPHNWHGLU�� %XUDGD� ��� VLVWHPLQ� GXUXPXQX�� ��ି�� |QVHO� GXUXPX�� ��ି�� JDXVV� GD÷ÕOÕPOÕ� VLVWHP�
J�U�OW�V�Q��LIDGH�HWPHNWHGLU����PDWULVL��VLVWHPLQ�GXUXP�JHoLú�PDWULVLGLU���

�� = ���ି� + ��ି��� � � � ����
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'HQNOHP��¶GH��.DOPDQ� ILOWUHVL� LoLQ�|Oo�P�PRGHOL�J|VWHULOPHNWHGLU��(úLWOLNWH�YHULOHQ�����JDXVV�J�U�OW�V�Q���� LVH�|Oo�P�PDWULVLQL�
LIDGH�HWPHNWHGLU�>�����@��

.DOPDQ� ILOWUHVL� URERWXQ�EDúODQJÕo�SR]LV\RQXQGD�ND\PD�ROPDPDVÕ�GXUXPXQGD�HWNLQ�ROPDNWDGÕU� >�@��.DOPDQ� ILOWUHVLQGHNL�HQ�E�\�N�
SUREOHP�� oHYUHQLQ� GH÷LúPHVLQH� ED÷OÕ� RODUDN� RUWD\D� oÕNDQ� ³YHUL� LOLúNLOHQGLUPH´� SUREOHPLGLU�� .DOPDQ� ILOWUHVLQH� DOWHUQDWLI� RODUDN�
³EHNOHQWL� HQ� E�\�OWPH´� DOJRULWPDODUÕ� YHUL� LOLúNLOHQGLUPH� SUREOHPLQH� o|]�P� VXQPDNOD� EHUDEHU� JHUoHN� ]DPDQOÕ� RODUDN�
oDOÕúDPDPDNWDGÕU� >��@�� %LU� GL÷HU� SUREOHP� LVH� NDOPDQ� ILOWUHVLQLQ� GR÷UXVDO� ROPD\DQ� VLVWHPOHUGH� NXOODQÕODPDPDVÕGÕU�� %X� DPDoOD�
JHOLúWLULOHQ�³JHQLúOHWLOPLú�NDOPDQ�ILOWUHVL´�GR÷UXVDO�ROPD\DQ�VLVWHPOHUL�PRGHOOHPHGH�NXOODQÕODELOLU�>��@��

6/$0�SUREOHPLQLQ�HOH�DOÕQGÕ÷Õ�LON�\ÕOODUGDQ�J�Q�P�]H�NDGDU�D÷ÕUOÕNOÕ�RODUDN�RODVÕOÕ÷D�GD\DOÕ�PHWRWODU�NXOODQÕOPÕú�YH�VLVWHP�NDOPDQ�
ILOWUHVL\OH�PRGHOOHQPLúWLU��6/$0�SUREOHPLQGH�LNL�WHPHO�GH]DYDQWDM�EXOXQPDNWDGÕU��%LULQFLVL��.DOPDQ�ILOWUHVLQGH�YHUL�LOLúNLOHQGLUPH�
VRUXQX��GL÷HUL�LVH�KDULWD�E�\�NO�÷�QH�ED÷OÕ�RODUDN�DUWDQ�LúOHP�NDUPDúÕNOÕ÷ÕGÕU��6/$0�YH�.DOPDQ�ILOWUHVL\OH�ELUOLNWH�SDUoDFÕN�V�]JHFL�
>�����@� DOJRULWPDODUÕQÕQ� ELUOHúWLULOPHVL� HVDVÕQD� GD\DQDQ� IDVW6/$0� DOJRULWPDVÕ� KHP� YHUL� LOLúNLOHQGLUPH� SUREOHPLQH� HWNLQ� o|]�P�
�UHWHELOPHNWH�KHP�GH�6/$0¶GH��൫��൯ RODQ�DOJRULWPD�KHVDSODPD�NDUPDúÕNOÕ÷ÕQÕ��(����)¶H�G�ú�UPHNWHGLU�>�����@��

���6RQXoODU�

%X� oDOÕúPDGD�� RWRQRP� URERW� X\JXODPDODUÕQÕQ� HQ� |QHPOL� SUREOHPOHULQGHQ� ELUL� RODQ� ³Hú� ]DPDQOÕ� NRQXPODQGÕUPD� YH� KDULWDODPD´�
SUREOHPLQLQ� o|]�P��� XOXVDO� YH� XOXVODUDUDVÕ� DUDúWÕUPDODUÕQ� LQFHOHQPHVL�� VÕQÕIODQGÕUÕOPDVÕ� YH� |QHULOHQ� \|QWHPOHULQ� NDUúÕODúWÕUPDODUÕ�
\DSÕODUDN�� HOGH� HGLOHQ� ELOJLOHU� EX� DODQGD� LOHUOHPH� ND\GHWPHN� LVWH\HQ� \HQL� DUDúWÕUPDFÕODUÕQ� LVWLIDGHOHULQH� VXQXOPXúWXU����
.RQXPODQGÕUPD�� \RO� SODQODPD�� HQJHOGHQ� NDoÕQPD� YH� KDULWDODPD� SUREOHPOHUL� D\UÕ� D\UÕ� E|O�POHU� KDOLQGH� HOH� DOÕQPÕú� NXOODQÕODQ�
\|QWHPOHU�DYDQWDM�YH�GH]DYDQWDMODUÕ�LOH�ELUOLNWH�VXQXOPXúWXU���

���.D\QDNODU�

>�@�dHOLN��2���<L÷LWHU��(���6HGHI��+���³.DEORVX]�$÷�7DEDQOÕ�*H]JLQ�.HúLI�5RERWX��.DúLI´�������
>�@�6D÷ÕUR÷OX��ù���<ÕOPD]��1���%D\UDN��0���³*HQHO�$PDoOÕ�:HE�7DEDQOÕ�0RELO�5RERW�6XQDU´��*D]L�hQLY��0�K�0LP�)DN��'HU��&LOW�����
1R������������������
>�@� 3DUODNWXQD�� 2��� (UR÷OX�� (��� ³*H]JLQ� 5RERWODUGD� 8OWUDVRQLN� 0HVDIH� $OJÕOD\ÕFÕODUOD� 5RERW� 'DYUDQÕúODUÕQÕQ� .RQWURO�� YH� dHYUH�
+DULWDODPD´��(VNLVHKLU�2VPDQJD]L�hQLYHUVLWHVL�0�K�0LP�)DN�'HUJLVL�&�;;��6���������
>�@�6WDYHQV��'���7KUXQ�6���³$�6HOI�6XSHUYLVHG�7HUUDLQ�5RXJKQHVV�(VWLPDWRU�IRU�2II�5RDG�$XWRQRPRXV�'ULYLQJ´��6WDQGIRUG�$UWLILFDO�
,QWHOOLJHQFH�/DERUDWRU\����������������
>�@�dRQNXU��(�ù���7ROD��$�7���³<ÕODQ�%HQ]HUL�5RERWODU�øoLQ�%LU�<|U�QJH�3ODQODPD�$OJRULWPDVÕ´������
>�@�dHOHEL�$�7��*�OO��0�.���(UW�UN��6���³*|U�QW�OHPH�6RQDUÕ� LOH�<DNDODQDQ�*|U�QW�OHUGH�%XODQÕN�0DQWÕN�7HPHOOL�(QJHO�7HVSLWL´��
6,8������
>�@�%U\VRQ��0���6XNNDULHK���6��³%XLOGLQJ�D�5REXVW�,PSOHPHQWDWLRQ�RI�%HDULQJ�2QO\�,QHUWLDO�6/$0�IRU�D�8$9´�������
>�@� $NVR\�� 5��� .XUQD]�� 6��� ³6HNW|UHO� *ULG� 7HPHOOL� 0LYKHUOHPH� <|QWHPL� YH� *HQHWLN� $OJRULWPDODUOD� øQVDQVÕ]� .DUD� $UDFÕ�
1DYLJDV\RQX´��+DYDFÕOÕN�YH�8]D\�7HNQRORMLOHUL�'HUJLVL�������������������
>�@�g]NDQ��0���<D]ÕFÕ���$���3DUODNWXQD��2���´�2WRQRP�5RERW�6LVWHPOHUL�LoLQ�(÷LWLP�$UDoODUÕ´�������
>��@�$OS��2���³*H]JLQ�5RERWODUGD�(ú�$QOÕ�+DULWDODPD�YH�.RQXP�%HOLUOHPH´��<�NVHN�/LVDQV�7H]L��%DúNHQW�������
>��@�7KUXQ��6���)R[��'���%XUJDUG��:���³$�SUREDELOLVWLF�DSSURDFK�WR�FRQFXUUHQW�PDSSLQJ�DQG�ORFDOL]DWLRQ�IRU�PRELOH�URERWV´��0DFKLQH�
/HDUQLQJ������������������
>��@�7KUXQ��6���)R[��'���%XUJDUG��:���'HOODHUW��)���³5REXVW�0RQWH�&DUOR�/RFDOL]DWLRQ�IRU�0RELOH�5RERWV´�������
>��@�%D\]DQ��ù���³$UDo�5RWDODUÕQÕQ�(Q�.ÕVD�<RO�$OJRULWPDODUÕ�.XOODQÕODUDN�%HOLUOHQPHVL�YH��1HW�6LP�ODV\RQX´��<�NVHN�/LVDQV�7H]L��
�����
>��@�7D\IXQ�$\WDFÜ�7��%DUVKDQ��%���³.Õ]ÕO�|WHVL�$OJÕOD\ÕFÕODUOD�3R]LV\RQGDQ�%D÷ÕPVÕ]�<�]H\�7DQÕPD�YH�.RQXPODQGÕUPD´�������
>��@�'R÷UX���$�2����8OX÷WHNLQ��1���'XFKHQH��&���0XVWLHUH��6���³$UDo�1DYLJDV\RQ�6LVWHPOHUL�øoLQ�*�]HUJDKD�'D\DOÕ�+DULWD�7DVDUÕPÕ´��
�����
>��@� %HúGRN�� (��� g]oHOLN�� $�(��� ³.DOPDQ� )LOWUHOHPH� <|QWHPL\OH� 2WRQRP� +DYD� $UDo� 1DYLJDV\RQXQGD� *36�,16� (QWHJUDV\RQX´��
7002%�+DULWD�YH�.DGDVWUR�0�KHQGLVOHUL�2GDVÕ�����7�UNL\H�+DULWD�%LOLPVHO�YH�7HNQLN�.XUXOWD\Õ�������
>��@�.�o�NFH\ODQ��2����<�NVHO��7���6H]JLQ��$���³(QLQH�$UDPD�$OJRULWPDVÕ�.XOODQÕODUDN�(Q�.ÕVD�<RO�3UREOHPLQLQ�d|]�P�Q�Q�/HJR�
0LQGVWRUP�LOH�*HUoHNOHQPHVL´�������
>��@� 2ULROR�� *��� ³5HDO�7LPH� 0DS� %XLOGLQJ� DQG� 1DYLJDWLRQ� IRU� $XWRQRPRXV� 5RERWV� LQ� 8QNQRZQ� (QYLURQPHQWV´�� ,(((�
75$16$&7,216�21�6<67(06�������������������� �
>��@�$\GÕQ��6���7HPHOWDú��+��´�0RELO�URERWODUGD�GLIHUDQVL\HO�HYULP�LOH�RSWLPDO�\|U�QJH�SODQODPD´��LW�GHUJLVL�G�P�KHQGLVOLN���������
���������
>��@�6DIILRWWL��$���³7KH�8VHV�RI�)X]]\�/RJLF�LQ�$XWRQRPRXV�5RERW�1DYLJDWLRQ´�������
>��@�0DVHKLDQ�� �(���6HGLJKL]DGHK��'���³&ODVVLF�DQG�+HXULVWLF�$SSURDFKHV� LQ�5RERW�0RWLRQ� �3ODQQLQJ�±�$�&KURQRORJLFDO�5HYLHZ´��
:RUOG�$FDGHP\�RI�6FLHQFH�������
>��@�/LNKDFKHY���0���)HUJXVRQ��'��*RUGRQ��*���6WHQW]��$���7KUXQ��6���³$Q\WLPH�'\QDPLF�$
��$Q�$Q\WLPH��5HSODQQLQJ�$OJRULWKP��,Q�
3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$XWRPDWHG�3ODQQLQJ�DQG�6FKHGXOLQJ��,&$36�´�������
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>��@�6HR��:���2N��6���$KQ��-���.DQJ��6���0RRQ��%����³$Q�(IILFLHQW�+DUGZDUH�$UFKLWHFWXUH�RI�WKH�$�VWDU�$OJRULWKP�IRU�WKH�6KRUWHVW�3DWK�
6HDUFK�(QJLQH´��������
>��@KWWS���ZZZ�PDWKZRUNV�IU�PDWODEFHQWUDO�ILOHH[FKDQJH�������D�D�VWDU�VHDUFK�IRU�SDWK�SODQQLQJ�WXWRULDO�
>��@�<DQQLHU�� 6��� ùDEDQRYLo��$���2QDW��$��´�0RELO�5RERWODU� øoLQ�(QJHOGHQ�6DNÕQGÕUDQ� YH�+HGHIH�<|QOHQGLUHQ�.DWPDQOÕ�'HQHWLP�
<|QWHPL´�������
>��@�3DUODNWXQD��2���(UR÷OX��(���g]NDQ��0���<D]ÕFÕ��$���³6RQDU�$OJÕOD\ÕFÕODU�.XOODQDUDN�2UWDPÕQ�+DULWDVÕQÕQ�2OXúWXUXOPDVÕ´�������
>��@� <�FHO�� h��� <ÕOGÕUÕP�� 7��� ³*H]JLQ� 5RERW� 7DVDUÕPÕ� YH� .HQGL� .HQGLQH� 2UJDQL]H� 2ODQ� +DULWDODU� LOH� 5RERWXQ� (QJHOOHUGHQ�
8]DNODúPDVÕ´�������
>��@�<DYX]���6����$PDV\DOÕ��0�)�����%DOFÕODU�0����%LOJLQ��*����'LQo��7���.XUW��=���³(ú�=DPDQOÕ�.RQXP�%HOLUOHPH�YH�+DULWD�2OXúWXUPD�
$PDoOÕ�2WRQRP�ELU�5RERW´�������
>��@6FKXOW]�� $��� $GDPV�� :��� <DPDXFKL�� %��� ³,QWHJUDWLQJ� ([SORUDWLRQ�� /RFDOL]DWLRQ�� 1DYLJDWLRQ� DQG� 3ODQQLQJ� ZLWK� D� &RPPRQ�
5HSUHVHQWDWLRQ�´�$XWRQRPRXV�5RERWV�����±����������������
>��@�2UDO��+���³6LPXOWDQHRXV�/RFDOL]DWLRQ�DQG�0DSSLQJ�7HFKQLTXHV�2UDO�([DP´�������
>��@KWWS���ZZZ�VRFLHW\RIURERWV�FRP�LPDJHV�VHQVRUVB,56/$0�JLI�
>��@� <HQLOPH]�� /��� 7HPHOWDú�� +��� ³0RELO� 5RERWODUGD� 8OWUDVRQLN� 'X\DoODUOD� � *HUoHN� =DPDQGD� .RQXP� .HVWLULPL´�� øVWDQEXO�
hQLYHUVLWHVL�0�KHQGLVOLN�)DN�NWHVL��������������������
>��@�7HPHOWDú��+���'XU��(���.XUQD]��6���³2SWLN�$NÕúÕQ�+HVDSODQPDVÕ�YH�<DSD\�6LQLU�$÷ODUÕ� LOH�<RUXPODQDUDN�0RELO�5RERWODU� øoLQ�
(QJHO�7HVSLWL�YH�.DoÕQPD�'DYUDQÕúÕQGD�.XOODQÕOPDVÕ´��+DYDFÕOÕN�YH�8]D\�7HNQRORMLOHUL�'HUJLVL�������������������
>��@�%DUVKDQ��%���³'LUHFWLRQDO�3URFHVVLQJ�RI�8OWUDVRQLF�$UF�0DSV�DQG�LWV�&RPSDULVRQ�ZLWK�([LVWLQJ�7HFKQLTXHV´��7KH�,QWHUQDWLRQDO�
-RXUQDO�RI�5RERWLFV�������
>��@�$QNÕúKDQ��+���(IH�0���³(ú�=DPDQOÕ�.RQXP�%HOLUOHPH�YH�+DULWD�2OXúWXUPD\D�.DOPDQ�)LOWUH�<DNODúÕPODUÕ´��'LFOH�hQLYHUVLWHVL�
0�KHQGLVOLN�)DN�OWHVL�������������������
>��@� <DYX]�� � 6��� .XUW�� =��� %LoHU��0�6HUGDU��� ³*HQLúOHWLOPLú� .DOPDQ� )LOWUHVL� <|QWHPLQH� 'D\DOÕ� (ú� =DPDQOÕ� .RQXP�%HOLUOHPH� YH�
+DULWDODPD�$OJRULWPDVÕ´��,(((��������
>��@�6WDFKQLVV��&���*ULVHWWL��*���%XUJDUG��:���´�5HFRYHULQJ�3DUWLFOH�'LYHUVLW\�LQ�D�5DR�%ODFNZHOOL]HG�3DUWLFOH�)LOWHU�IRU�6/$0�$IWHU�
$FWLYHO\�&ORVLQJ�/RRSV´��3URFHHGLQJV�RI�WKH������,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�DQG�$XWRPDWLRQ�%DUFHORQD�������
>��@�<ÕOPD]��6���.D\ÕU��+�(���.DOHFL��%���3DUODNWXQD��2���³*H]JLQ�5RERWODUGD�3DUoDFÕN�6�]JHFL�7DEDQOÕ�.RQXPODQGÕUPD�<|QWHPLQGH�
$OJÕOD\ÕFÕ�9HUL�+DVVDVL\HWL�$QDOL]L´�������
>��@�.RN��0���%DUVKDQ��%���³øQVDQVÕ]�+DYD�$UDoODUÕ�LoLQ�(ú�DQOÕ�.RQXPODQGÕUPD�YH�+DULWDODPD´��6,8������
>��@� �0RQWHPHUOR��0��� 7KUXQ�� 6��� ³6LPXOWDQHRXV�/RFDOL]DWLRQ� DQG�0DSSLQJ�ZLWK�8QNQRZQ�'DWD�$VVRFLDWLRQ�8VLQJ�)DVW6/$0´��
�����
�
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(PLQH�$<',1���0XKDUUHP�$.7$ù��(OLI�$ö&$.2&$�
6DNDU\D�hQLYHUVLWHVL�

7�UNL\H�
HPLQHE#VDNDU\D�HGX�WU��PXKDUUHPD#VDNDU\D�HGX�WU��HOLIG#VDNDU\D�HGX�WU�

�
�

g]HW�(QG�VWUL�\DSÕODUÕQÕQ�E�\�N�ELU�E|O�P��oHOLN�NRQVWU�NVL\RQGDQ�ROXúXU�YH�RODVÕ�ELU�GHSUHPGH�
EX�oHOLN�HQG�VWUL�\DSÕODUÕQ�J|oPHPLú�DPD�KDVDU�J|UP�ú�HOHPDQODUÕ�ROPDNWDGÕU��%XQODUÕQ�KÕ]OÕ�YH�
HWNLOL�ELU�úHNLOGH�RQDUÕOÕS��WHVLVOHULQ�KL]PHWH�DoÕOPDVÕ��ONH�HNRQRPLVL�DoÕVÕQGDQ�|QHPOLGLU��$\UÕFD�
oHOLN� DOW� \DSÕ� HOHPDQODUÕQÕQ� �N|SU�� YV��� DFLO� GXUXPODUGD� oRN� NÕVD� V�UHGH� RQDUÕODUDN� KL]PHWH�
DoÕOPDVÕ��DIHW�VRQUDVÕ�\DUGÕPODUÕQ�\HULQH�XODúWÕUÕOPDVÕ�DoÕVÕQGDQ�|QHP�DU]�HWPHNWHGLU��/LWHUDW�UGH�
KDVDU�J|UP�ú�oHOLN�HOHPDQODUÕQ�|QFH�ÕVÕWÕOÕS�VRQUD�GD�SUHVOHQHUHN�RQDUÕOPDVÕ�|QHULOPHNWHGLU�������
+DQVKLQ�$ZDML� �-DSRQ\D�� GHSUHPLQGHQ� VRQUD� EHQ]HU� X\JXODPDODU� \DSÕOPÕúWÕU�� %X� W�U� RQDUÕPODU�
oHOLN�HOHPDQODUGD�ULMLWOLN�D]DOPDVÕQD�VHEHS�ROGX÷XQGDQ�GROD\Õ�VHUYLV�\�NOHUL�DOWÕQGD�JHoLFL�RODUDN�
WDYVL\H� HGLOPHNWHGLU�� *HoLFL� RODQ� EX� RQDUÕPODUÕ� NDOÕFÕ� NÕOPDN� DPDFÕ\OD� ÕVÕO� LúOHP� X\JXODQDQ�
E|OJHOHUH� NDUERQ� ILEHU� WDNYL\HOL� SROLPHUOHU� �&)53�� \DSÕúWÕUÕODUDN� RQDUÕP� \DSÕODELOPHNWHGLU�� %X�
oDOÕúPDGD�� ÕVÕO� LúOHPOHU� VRQXFX� oHOLN� PDO]HPHGH� ROXúDFDN� GD\DQÕP� YH� ULMLWOLN� ND\ÕSODUÕ� &)53�
HNOHQHUHN�JLGHULOPLúWLU��dDOÕúPDGD�\DSÕODQ�GHQH\OHUGH�NDUERQ�ILEHU�WDNYL\HOL�SROLPHUOHU�HNOHQHUHN�
KD]ÕUODQDQ� oHOLN� SODNDODU� NXOODQÕOPÕúWÕU�� $\UÕFD� \�]H\� HWNLVLQL� J|UHELOPHN� DPDFÕ� LOH� ED]Õ� oHOLN�
SODNDODUD�NXPODPD�LúOHPL�\DSÕOPÕúWÕU��'HQH\VHO�YHULOHUH�GD\DQDUDN�ÕVÕO�LúOHP�J|UHQ�oHOLN�SODNDODUD�
J�oOHQGLUPH�\DSÕODUDN�NDOÕFÕ�ELU�RQDUÕP�PHWRGX�|QHULOPLúWLU���
�

� � $QDKWDU�NHOLPHOHU��&)53��ÕVÕO�LúOHP��oHOLN�SODNDODU��NDOÕFÕ�RQDUÕP��
�
�
*LULú��
�
� 'HSUHP� YH� DQL� \�NOHPHOHU� JLEL� HNVHQHO� \�NOHU� DOWÕQGD� QDULQ� RODQ� oHOLN� \DSÕ� HOHPDQODUÕQGD� \HUHO� EXUNXOPDODU�
PH\GDQD� JHOHELOPHNWHGLU� �ùHNLO� ���� %X� HOHPDQODU� EXUNXOPD� VRQXFX� NDUDUVÕ]� GHQJH� KDOLQH� JHoHELOHNWHGLU�� %X� W�U�
HOHPDQODU�LoLQ�KDVDU�ROXúDQ�E|OJH\H�ÕVÕO�LúOHP�X\JXODQDUDN�\XPXúDWÕOPDVÕ�YH�SUHVOHPH�LúOHPL�X\JXODQDUDN�JHRPHWULVLQLQ�
G�]HOWLOPHVL� |QHULOPHNWHGLU� �.LP� YH� +LURKDWD�� ������� $QFDN� EX� LúOHP� VRQXFXQGD� oHOLN� HOHPDQODUÕQ� \�N� WDúÕPD�
NDSDVLWHOHULQGH�YH� ULMLWOLNOHULQGH�D]DOPD�PH\GDQD�JHOPHNWHGLU��%X�VHEHSOH�� ÕVÕO� YH�SUHVOHPH� LúOHPL� LOH� \DSÕODQ�RQDUÕP�
JHoLFL�ELU�o|]�PG�U��%|\OH�GXUXPODU�LoLQ�NDOÕFÕ�ELU�RQDUÕP�úHNOL�JHOLúWLULOHELOLU���
�

�
ùHNLO�����%DVÕQo�HOHPDQODUÕQGD�\HUHO�EXUNXOPD��

�
.LP� YH� +LURKDWD� �������� DUWÕ� NHVLWOL� oHOLN� EDVÕQo� HOHPDQODUÕQÕQ� |QFHOLNOH� HNVHQHO� EDVÕQo� \�N�� X\JXOD\DUDN�

EXUNXOPDVÕ�VD÷ODQPÕú��GDKD�VRQUD�GHIRUPH�RODQ�HOHPDQODUD�ÕVÕO�LúOHP�YH�SUHVOHPH�LOH�G�]HOWLOHUHN�WHNUDU�HNVHQHO�EDVÕQo�
\�N��LOH�WHVW�HWPLúOHUGLU��(OGH�HGLOHQ�VRQXoODUGD�EX�LNL�GXUXPGD�PDNVLPXP�\�N�WDúÕPD�NDSDVLWHVL�EDNÕPÕQGDQ�|QHPOL�
ELU� IDUN�EXOXQPDGÕ÷Õ�� DQFDN�PH\GDQD�JHOHQ�DUWÕN�JHULOPHOHUGHQ�GROD\Õ� ÕVÕO� LúOHP�X\JXODQDQ�HOHPDQODUÕQ� ULMLWOLNOHULQGH�
D]DOPD�PH\GDQD�JHOGL÷LQL�J|]OHPOHPLúOHUGLU��+LURKDWD�YH�GL÷HUOHUL���������ÕVÕO�YH�SUHVOHPH�LúOHPL�X\JXODQDQ�DUWÕ�NHVLWOL�
oHOLN�HOHPDQODUÕ�EXUNXOPD�GHQH\LQH�WDEL� WXWDUDN�\�N�YH�G�úH\�GHSODVPDQ�YHULOHUL�HOGH�HWPLúOHUGLU��3UHVOHPH�LúOHPLQLQ�
OHYKD� ELUOHúLP� QRNWDODUÕQGD� WDP� RODUDN� \DSÕODPDPDVÕ� YH� EXQXQ� VRQXFX� RODUDN� NDOÕFÕ� GHSODVPDQODUÕQ�
JLGHULOHPHPHVLQGHQ� GROD\Õ� HOHPDQODUÕQ� EDVÕQo� DOWÕQGD� GDYUDQÕúODUÕQÕQ� GH÷LúPHNWH� ROGX÷XQX� J|VWHUPLúOHUGLU�� .LP� YH�
+LURKDWD� ��������\DSWÕNODUÕ� oDOÕúPDGD�� LoL�ERú�RODQ�NDUH�NHVLWOL� oHOLN�NRORQODU�NXOODQPÕúODUGÕU��%X�NRORQODUD�EXUNXOPD�
GHQH\LQLQ� DUGÕQGDQ� ÕVÕO� YH� SUHVOHPH� LúOHPL� X\JXODPÕúODUGÕU�� .RORQODUÕQ� PDNVLPXP� \�N� WDúÕPD� NDSDVLWHOHULQGH� oRN�
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|QHPOL�ELU�GH÷LúLNOLN�ROPDGÕ÷ÕQÕ��EXUNXOPD�PRGODUÕQÕQ�GH÷LúWL÷LQL��NDOÕFÕ�JHULOPHOHU�YH�VHUWOLNWHNL�GH÷LúLNOLOHU�QHGHQL\OH�
HOHPDQÕQ� EXUNXOPD� \�N�� DOWÕQGDNL� GDYUDQÕúÕQÕQ� GH÷LúWL÷LQL� KHP� GHQH\� KHPGH� VRQOX� HOHPDQODU� PRGHOLQL� ROXúWXUDUDN�
J|VWHUPLúOHUGLU�� 'ROD\ÕVÕ\OD� RQDUÕP� LoLQ� \DSÕODQ� EX� LúOHPOHU� VRQUDVÕQGD� NHVLW� ULMLWOL÷LQGH� D]DOPD�� RODVÕ� EXUNXOPD�
PRGXQGD� GH÷LúLNOLN� YH� JHRPHWULN� NXVXUODUGD� DUWÕú� ROPDNWDGÕU�� *�YHQ� �������� oHOLN� SODNDODUÕQ� \HUHO� EXUNXOPD�
SHUIRUPDQVODUÕQÕ� DUWÕUPDN� �]HUH� oHOLN� SODNDODUD� FDP� ILEHU� WDNYL\HOL� SROLPHUOHU� HNOHPLú� YH� HOHPDQODUÕQ� EDVÕQo�
SHUIRUPDQVODUÕQÕQ� ���� DUWWÕ÷ÕQÕ� UDSRUODPÕúWÕU�� +DUULHV� YH� GL÷HUOHUL� �������� \DSÕVDO� oHOLN� NHVLWOHULQ� EDVÕQo� DOWÕQGD�
NDUDUOÕOÕN� GXUXPODUÕQÕ� DUWÕUPDN� DPDFÕ\OD� KHP�&)53� KHP� GH�*)53� NXOODQPÕú� YH� |]HOOLNOH� NHVLWOHULQ� \HUHO� EXUNXOPD�
GDYUDQÕúÕQGD�ROXPOX�NDWNÕODU�VD÷ODGÕNODUÕQÕ�EHOLUWPLúOHUGLU���

%X� oDOÕúPDGD�� OLWHUDW�UGH� JHoLFL� RODUDN� |QHULOHQ� ÕVÕO� YH� SUHVOHPH� LúOHPL� LOH� \DSÕODQ� RQDUÕPÕ� NDOÕFÕ� KDOH�
JHWLUHELOPHN� LoLQ� &)53� SODNDODU� NXOODQÕOPDVÕ� |QHULOPLúWLU�� %X� VD\HGH� D]DODQ� GD\DQÕP� YH� ULMLWOLNOHU� DUWÕUÕOPÕúWÕU��
dDOÕúPDGD� X\JXODPD� NROD\OÕ÷Õ�� HNRQRPL� YH� E�W�Q� oHOLN� HOHPDQ� NHVLWOHULQLQ� SODNODUÕQ� ELUOHúWLULOPHVL� VRQXFX� ROXúWX÷X�
JHUoH÷LQGHQ� \ROD� oÕNÕODUDN� N�o�N� |OoHNOL� oHOLN� SODNDODUGDQ� ROXúDQ� GHQH\� QXPXQHOHUL� VHoLOPLúWLU�� <�]H\� HWNLVLQL�
J|UHELOPHN�DPDFÕ�LOH�oHOLN�SODND��]HULQH�NXPODPD�LúOHPL�\DSÕOPÕúWÕU��.DOÕFÕ�RQDUÕPGD�&)53�SODNDODUÕQ�NXOODQÕOPDVÕQÕQ�
GD\DQÕPD�HWNLVL�GHQH\OHU�LOH�J|VWHULOPLúWLU��
�
'HQH\�'�]HQH÷L��
�

(NVHQHO� EDVÕQo� GHQH\L� \DSDELOPHN� LoLQ�� HNVHQHO� EDVÕQo� PDNLQDVÕ�� GHSODVPDQ� |OoHU�� YHUL� WRSODPD� FLKD]Õ� YH�
YHULOHULQ� DNWDUPD� FLKD]Õ� FLKD]Õ� NXOODQÕOPÕúWÕU� �ùHNLO� ���� 'HQH\OHUGHQ� HOGH� HGLOHQ� YHULOHU� ELOJLVD\DUD� DNWDUÕOPÕúWÕU��
.XOODQÕODQ� HNVHQHO� EDVÕQo� PDNLQDVÕ� ����� N1� NDSDVLWHOLGLU�� 'HSODVPDQ� |OoPH� FLKD]ODUÕ� \DWD\� YH� G�úH\� GR÷UXOWXGDNL�
GHSODVPDQODUÕ� |OoHELOPHN� LoLQ� LNL� DGHW� NXOODQÕOPÕúWÕU�� <DWD\� GR÷UXOWXGDNL� FLKD]� GHQH\� QXPXQHVLQLQ� \DWD\� YH� G�úH\�
GR÷UXOWXVXQGD� WDP� RUWD� NÕVPD� \HUOHúWLULOPLúWLU�� '�úH\� GR÷UXOWXGDNL� FLKD]� LVH� DOW� PHVQHW� UHIHUDQV� DOÕQDUDN�
\HUOHúWLULOPLúLGLU�� 9HUL� WRSODPD� LoLQ� NXOODQÕODQ� FLKD]� HNVHQHO� EDVÕQo� PDNLQDVÕ� YH� GHSODVPDQ� |OoHUOHULQ� ED÷ODQGÕ÷Õ�� ��
NDQDOGDQ� YHUL� DODELOHQ�� VDQL\HGH� �� YHUL\L� ND\GHGHELOHQ� NDSDVLWHGHGLU��$\UÕFD� |]HO� ELU� \D]ÕOÕP� LOH� YHULOHUL� ELOJLVD\DUD�
DNWDUPDNWDGÕU��
�

�
�

ùHNLO����(NVHQHO�EDVÕQo�GHQH\�G�]HQH÷L�YH�|Oo�P�FLKD]ODUÕ�
�
'HQH\�1XPXQHOHULQLQ�+D]ÕUODQPDVÕ�
�

dHOLN�3ODNDODU��dHOLN� \DSÕODUGD�NXOODQÕODQ�E�W�Q� HOHPDQODU� SODNDODUÕQ�ELUOHúWLULOPHVL� VRQXFXQGD�ROXúPDNWDGÕU��
'ROD\ÕVÕ\OD� SODNDODU� NXOODQÕODUDN� \DSÕODFDN� RODQ� GHQH\OHU� LOH� oHOLN� SURILOOHULQGH� PH\GDQD� JHOHFHN� GDYUDQÕúODU� HOGH�
HGLOHELOLU��%X�QHGHQOH�\DSÕODQ�GHQH\OHUGH�oHOLN�SODNDODU�NXOODQÕOPÕúWÕU��3ODNDODUD�\�NOHPHQLQ�HúLW�\DSÕODELOPHVL�YH�GHQH\�
G�]HQH÷LQGH�GHQJHGH�GXUDELOPHVL�LoLQ�DOW�YH��VW�WDUDIODUÕQGDQ�EDúOÕNODU�HNOHQPLúWLU��%X�úHNLOGH�GHQH\�QXPXQHOHUL�DOW�YH�
�VW�NÕVÕPODUÕQGDQ�ND\QDNODQPÕúWÕU��.XOODQÕODQ�SODNDODUÕQ�ER\XWODUÕ�GHQH\�G�]HQH÷LQH�ED÷OÕ�RODUDN�b:����PP��t:���PP�YH�
L:�����PP�RODUDN�VHoLOPLúWLU��ùHNLO�����%X�úHNLOGH�E�W �����/�E ������RODQ�oHOLN�SODNDODU�KD]ÕUODQPÕúWÕU��+D]ÕUODQDQ�EX�
SODNDODU�HNVHQHO�EDVÕQo�GHQH\L�LOH�EXUNXOPXúWXU��

�

(NVHQHO�%DVÕQo�
0DNLQDVÕ� 9HUL�WRSODPD�

FLKD]Õ�

'LMLWDO�GHSODVPDQ�
|OoPH�FLKD]Õ�
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�
�

ùHNLO����dHOLN�SODND�GHQH\�QXPXQHOHUL�
�
� ,VÕO� øúOHP�YH�'�]HOWPH��(NVHQHO� EDVÕQo�GHQH\L� LOH� EXUNXODQ�SODNDODUD� HVNL� úHNOLQLQ� YHULOPHVL� DPDFÕ� LOH� ÕVÕO� YH�
SUHVOHPH�LúOHPL�X\JXODQPÕúWÕU��,VÕO�LúOHP�RNVL�JD]�DOHYL�LOH�YHULOPLúWLU��%X�VÕUDGD�oHOLN�PDO]HPHQLQ��G|Q�ú�P�VÕFDNOÕ÷Õ�
RODQ� $�� ����a���� &��� GH÷HULQH� XODúPDPDVÕ� LoLQ� VÕFDNOÕN� |Oo�P�� \DSÕOPÕúWÕU�� %X� LúOHP� LoLQ� WKHUPRFRXSOH� FLKD]Õ�
NXOODQÕOPÕúWÕU�� 6ÕFDNOÕNODU� G�]HQOL� RODUDN� KHP� FLKD]� HNUDQÕQGDQ�� KHPGH� FLKD]GD� WRSODQDQ� YHULOHULQ� ELOJLVD\DUD�
DNWDUÕOPDVÕ�LOH�NRQWURO�HGLOPLúWLU��%X�FLKD]������LOH��������&�DUDOÕ÷ÕQGD�|Oo�P�\DSDELOHFHN�NDSDVLWHGHGLU�YH�������DGHW�
YHUL\L�ND\GHGHELOPH�|]HOOL÷LQH�VDKLSWLU��

,VÕO� LúOHP� X\JXODPDVÕQÕQ� KHPHQ� DUGÕQGDQ� SUHVOHPH� LúOHPLQH� JHoLOPLúWLU�� %|\OHFH� SODNDODUGD� EXUNXOPD� úHNOL�
RUWDGDQ�NDOGÕUÕOPÕú�YH�oHOLN�SODNDODUÕQ� úHNLOOHUL�G�]HOWLOPLúWLU� �ùHNLO����� �$\UÕFD�JHUoHNWH�GH�\HUHO�EXUNXOPD�PH\GDQD�
JHOHQ�oHOLN�SODNDODUD�\HULQGH�EX�LúOHP�X\JXODQDELOLU��

�
�

� �
D�,VÕO�LúOHP�YH�WKHUPDO�FRXSOH�LOH�|Oo�P�DOÕQPDVÕ� E�,VÕO�LúOHP�VRQUDVÕ�HOHPDQÕQ�SUHVOHQHUHN�G�]HOWLOPHVL�

ùHNLO����dHOLN�3ODNDODUD�DLW�ÕVÕO�LúOHP�YH�SUHVOHPH�LúOHPL�X\JXODPD�DGÕPODUÕ�
�

.XPODPD�� dHOLN� SODNDODUD� NDOÕFÕ� RQDUÕP� \DSDELOPHN� LoLQ� &)53� HOHPDQ� \DSÕúWÕUÕOPDVÕQGD� \�]H\� HWNLVLQL�
J|UHELOPHN�DPDFÕ�LOH�NXPODPD�LúOHP�\DSÕOPÕúWÕU��%X�VD\HGH�NXOODQÕODQ�\DSÕúWÕUÕFÕ�LOH�oHOLN�SODND�DUDVÕQGD�KHUKDQJL�ELU�
GH÷LúLNOLN�ROXS�ROPD\DFD÷Õ�J|]OHQPLúWLU��ùHNLO��¶�WH�NXPODQPÕú�oHOLN�HODPDQD�DLW�UHVLP�J|U�OPHNWHGLU��
�

�
ùHNLO����dHOLN�SODNDODUD�NXPODPD�LúOHPL�\DSÕOPDVÕ�

�
&)53� <DSÕúWÕUPD�� ,VÕO� LúOHP� X\JXODQPD\DQ� YH� X\JXODQDQ� oHOLN� SODNDODUD� HN� RODUDN� ELUGH� NXPODPD� LúOHPL�

\DSÕODQ� SODNDODUD� &)53� \DSÕúWÕUÕOPÕúWÕU�� .XOODQÕODQ� &)53� ��� PP� JHQLúOL÷LQGH�� ���� PP� \�NVHNOL÷LQGH� YH� ���� PP�
NDOÕQOÕ÷ÕQGDGÕU��<DSÕúWÕUPD�LúOHPLQGH�GDKD�|QFH�PHNDQLN�|]HOOLNOHUL�EHOLUWLOHQ�\DSÕúWÕUÕFÕ�NXOODQÕOPÕúWÕU��hUHWLFL�ILUPDQÕQ�
EHOLUWWL÷L� RUDQODUGD�YH�RGD� VÕFDNOÕ÷ÕQGD�PLNVHU� NXOODQÕODUDN�KRPRMHQ�RODFDN� úHNLOGH�KD]ÕUODQPÕúWÕU��+D]ÕUODQDQ� HSRNVL�
&)53� \�]H\OHULQH� KRPRMHQ� ELU� úHNLOGH� P�PN�Q� ROGX÷XQFD� D\QÕ� NDOÕQOÕNWD� V�U�OP�úW�U�� <DSÕúWÕUÕFÕ� V�U�OHQ� &)53�
HOHPDQODU�ùHNLO��¶�GD�J|VWHULOGL÷L�JLEL��o�DGHW�\DQ�\DQD�ERúOXNVX]�YH�oHOLN�SODND�NHQDUODUÕQD����PP�PHVDIHGH�RODFDN�
úHNLOGH� \DSÕúWÕUÕOPÕúWÕU�� <DSÕúWÕUÕFÕQÕQ� KRPRMHQ� RODUDN� \D\ÕOPDVÕQÕ� VD÷ODPDN� DPDFÕ\OD� LúNHQFH� GHQLOHQ� DOHWOHU� LOH�
VÕNÕúWÕUÕOPÕúWÕU��ùHNLO�����

�
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ùHNLO����<DSÕúWÕUPD�YH�VÕNÕúWÕUPD�LúOHPOHUL�
�

dHOLN�\�]H\H�\DSÕúWÕUÕODQ�&)53�¶OHU��UHWLFL� ILUPDQÕQ�\DSÕúWÕUÕFÕ� LoLQ�EHOLUWWL÷L� VHUWOHúPH� V�UHVL�GROXQFD\D�NDGDU�
LúNHQFH�DOHWOHUL�LOH�VÕNÕúWÕUÕOPÕúWÕU��%X�V�UH�GROGX÷XQGD�LúNHQFH�DOHWOHUL�V|N�OP�úW�U�YH�QXPXQHOHU�GHQH\�\DSÕOPD\D�KD]ÕU�
KDOH�JHOPLúWLU��ùHNLO������

,VÕO� LúOHPOL� YH� LúOHPVL]�� NXPODPDOÕ� YH� NXPODPDVÕ]� ROPDN� �]HUH� �� DGHW� GHQH\� JUXEX� ROXúWXUXOPXúWXU�� +HU� ELU�
GHQH\� JUXEXQGDQ� LNLúHU� DGHW� QXPXQHOHU� KD]ÕUODQPÕúWÕU�� 1XPXQHOHUH� &��� &��� &+�� YH� &+�� LVLPOHUL� YHULOPLúWLU�� %X�
LVLPOHUGHQ��C1:�KHUKDQJLELU� ÕVÕO� LúOHP�J|UPHPLú��UHIHUDQV��oHOLN�SODNDQÕQ��]HULQH�&)53�\DSÕúWÕUDODQ��C2:�KHUKDQJLELU�
ÕVÕO� LúOHP�J|UPHPLú��UHIHUDQV��oHOLN�SODNDQÕQ��]HULQH�NXPODPD�LúOHPL�\DSÕOGÕNWDQ�VRQUD�&)53�\DSÕúWÕUDODQ��CH1:� ÕVÕO�
LúOHP� J|UP�ú� �ÕVÕO�� oHOLN� SODNDQÕQ� �]HULQH� &)53� \DSÕúWÕUDODQ��CH2:� ÕVÕO� LúOHP� J|UP�ú� �ÕVÕO�� oHOLN� SODNDQÕQ� �]HULQH�
NXPODPD�LúOHPL�\DSÕOGÕNWDQ�VRQUD�&)53�\DSÕúWÕUDODQ�QXPXQHOHUL�WHPVLO�HWPHNWHGLUOHU��

�

� � � �
ùHNLO����+D]ÕUODQDQ�GHQH\�JUXSODUÕ�

�
'HQH\OHUGH�.XOODQÕODQ�0DO]HPHOHULQ�g]HOOLNOHUL�
�

,VÕO� LúOHP� J|UP�ú� oHOLN� SODNDODUD� \DSÕODFDN� RODQ� NDOÕFÕ� RQDUÕP� GHQH\OHULQGH�� LON� |QFH� KHUKDQJL� ELU� ÕVÕO� LúOHP�
J|UPHPLú�oHOLN�SODNDODUD�HNVHQHO�EDVÕQo�GHQH\�\DSÕODUDN�EXUNXOPDODUÕ�VD÷ODQPÕúWÕU��'DKD�VRQUD�EXUNXODQ�EX�SODNDODU�
RNVL�JD]� DOHYL� LOH� ÕVÕWÕODUDN� \XPXúDWÕOPÕú� YH� KHPHQ� DUGÕQGDQ� SUHVOHQPLúWLU�� %X� úHNLOGH� � SODNDQÕQ� LON� úHNOLQL� DOPDVÕ�
VD÷ODQPÕúWÕU�� ,VÕO� LúOHP� J|UHQ� SODNDODUD� \DSÕúWÕUÕFÕ� NXOODQÕODUDN�&)53� �NDUERQ� ILEHU� WDNYL\HOL� SROLPHUOHU�� HNOHQPLúWLU��
'HQH\OHUGH�NXOODQÕODQ�oHOLN��&)53�YH�\DSÕúWÕUÕFÕ�PDO]HPHOHULQH�DLW�PHNDQLN�|]HOOLNOHU�\DSÕODQ�GHQH\OHUGHQ�YH��UHWLFL�
ILUPDODUGDQ�DOÕQPÕúWÕU��.XOODQÕODQ�PDO]HPHOHUH�DLW�|]HOOLNOHU�DúD÷ÕGD�VÕUD�LOH�YHULOPLúWLU��
�

dHOLN��'HQH\OHUGH�NXOODQÕODQ�oHOLN�OHYKDODU�LoLQ�6W����oHOL÷L�NXOODQÕOPÕúWÕU��+HUKDQJL�ELU�ÕVÕO�LúOHP�X\JXODQPD\DQ�
oHOLNOHU� ³5HIHUDQV´�� ÕVÕO� LúOHP�X\JXODQDQ� oHOLNOHU� LVH� ³,VÕO´� RODUDN� DGODQGÕUÕOPÕúWÕU��0DO]HPHQLQ�PHNDQLN�|]HOOLNOHULQL�
EHOLUOHPHN� DPDFÕ� LOH� \DSÕODQ� HNVHQHO� oHNPH� GHQH\L� LoLQ� GHQH\� QXPXQHOHULQGHQ� �oHU� DGHW� |UQHNOHU� DOÕQPÕúWÕU��$OÕQDQ�
|UQHNOHU�$670�$��������������VWDQGDUGÕQD�J|UH�ER\XWODQGÕUÕOPÕúWÕU��<DSÕODQ�GHQH\�VRQXFXQGD�KHP�UHIHUDQV�KHP�GH�
ÕVÕO� oHOLN� QXPXQHOHU� LoLQ� JHULOPH�úHNLO� GH÷LúWLUPH� JUDILNOHUL� HOGH� HGLOPLúWLU�� (OGH� HGLOHQ� VRQXoODU� 7DEOR� �¶� GH�
J|VWHULOPLúWLU��
�
7DEOR����5HIHUDQV�YH�,VÕO�oHOLN�QXPXQHOHULQ�PHNDQLN�|]HOOLNOHUL��

� 5HIHUDQV� ,VÕO�
(ODVWLVLWH�0RG�O���03D�� ������� �������
$NPD�'D\DQÕPÕ��03D�� ���� ����

�
&)53�� 'HQH\OHUGH� NXOODQÕODQ� &)53� HOHPDQODU�� NRUR]\RQ� ULVNL� ROPD\DQ�� oRN� \�NVHN� GD\DQÕPD� VDKLS�� KDILI��

VÕQÕUVÕ]� ER\GD� LPDO� HGLOHELOHQ� YH� EX� VD\HGH� HN� \DSÕOPDVÕQD� LKWL\Do� GX\XOPD\DQ�� NROD\� WDúÕQDQ�� P�NHPPHO� \RUXOPD�
GD\DQÕPÕQD�VDKLS��NDWPDQODU�KDOLQGH�X\JXODQDELOHQ�|]HOOLNOHUH� VDKLSWLU��'HQH\OHUGH�NXOODQÕODQ�&)53�SODNDODU����PP�
JHQLúOL÷LQGH�� ���� PP� NDOÕQOÕ÷ÕQGD� YH� ���� PP� X]XQOX÷XQGDGÕU�� %X� SODNDODUÕQ� PHNDQLN� |]HOOLNOHULQLQ� EHOLUOHQPHVL�
DPDFÕ\OD��QXPXQH�ER\XWODUÕ�LOJLOL�VWDQGDUWODUD��$670�'������0����������76�(1�,62�������������76�(1�,62�������
������ YH� GHQH\� úDUWODUÕQD� X\JXQ� úHNLOGH� KD]ÕUODQPÕú� �o� DGHW� QXPXQH� oHNPH� GHQH\LQH� WDEL� WXWXOPXúWXU�� (OGH� HGLOHQ�
VRQXoODU�7DEOR��¶GH�J|VWHULOPLúWLU��
�

&�� &�� &+�� &+��

dHOLN�3ODND� &)53�
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7DEOR����&)53�QXPXQHOHULQ�PHNDQLN�|]HOOLNOHUL��
� &)53�

(ODVWLVLWH�0RG�O����03D�� �������
dHNPH�'D\DQÕPÕ���03D�� �����

�
<DSÕúWÕUÕFÕ��+XQWVPDQ�$UDOGLWH�$:�����LVLPOL�\�NVHN�PXNDYHPHW�YH�WRNOX÷D�VDKLS�RODQ�EX�HSRNVL�\DSÕúWÕUÕFÕ�YH�

VHUWOHúWLULFL�ROPDN��]HUH�LNL�ELOHúHQOLGLU��%LOHúHQOHU��UHWLFL�ILUPDQÕQ�EHOLUWWL÷L�PLNWDUODUGD������RUDQÕQGD���KRPRMHQ�RODUDN�
NDUÕúWÕUÕOPÕúWÕU��<DSÕúWÕUÕFÕQÕQ�NXUXPD�V�UHVL�LNL�J�QG�U��<DSÕúWÕUÕFÕ\D�DLW�|]HOOLNOHU�7DEOR��¶�WH�YHULOPLúWLU��
�
7DEOR����<DSÕúWÕUÕFÕ�|]HOOLNOHUL�

� (ODVWLVLWH�0RG�O���03D�� <R÷XQOXN��JU�FP���
<DSÕúWÕUÕFÕ� ����� �����

�
'HQH\�6RQXoODUÕ�YH�'H÷HUOHQGLUPH�

�
<XNDUÕGD� EHOLUWLOHQ� GHQH\� G�]HQH÷L� LOH� LON� |QFH� 5HIHUDQV� YH� ,VÕO� GHQH\� QXPXQHOHUL� HNVHQHO� EDVÕQo� GHQH\L�

\DSÕOPÕúWÕU�� %X� QXPXQHOHU� VDGHFH� oHOLN� SODNDODUGDQ� ROXúPDNWDGÕU� YH� KHUKDQJL� ELU� &)53� LOH� J�oOHQGLUPH� LúOHPL�
\DSÕOPDPÕúWÕU�� 'HQH\OHUGHQ� HOGH� HGLOHQ� YHULOHU� LOH� KHU� LNL� W�U� QXPXQH� LoLQ� \�N�\DWD\� YH� G�úH\� GHSODVPDQ� JUDILNOHUL�
oL]LOPLúWLU��ùHNLO�����%X�JUDILNOHU�LQFHOHQGL÷LQGH�ÕVÕO�LúOHP�X\JXODQDQ�oHOLN�SODNDODUÕQ�\�N�WDúÕPD�NDSDVLWHOHULQGH�����¶�
OLN�ELU�GD\DQÕP�D]DOPDVÕ�ROGX÷X�J|U�OPHNWHGLU��

�

� �

�

�

ùHNLO���5HIHUDQV�YH�,VÕO�oHOLN�SODNDODUÕQ�\�N�GHSODVPDQ�JUDILNOHUL�
�

$]DODQ�GD\DQÕPÕ�DUWWÕUPDN�DPDFÕ�LOH�KD]ÕUODQDQ�&���&���&+���&+��LVLPOL�&)53�LOH�J�oOHQGLULOHQ�oHOLN�SODNDODUÕQ�
HNVHQHO�EDVÕQo�GHQH\OHUL�\DSÕOPÕúWÕU��HOGH�HGLOHQ�YHULOHULQ�JUDILNOHUL�KD]ÕUODQPÕúWÕU��%X�JUDILNOHU�YH�QXPXQHOHULQ�GHQH\�
VRQUDVÕ� J|U�QW�OHUL� ùHNLO� �¶� GD� YHULOPLúWLU�� *UDILNOHU� KHU� ELU� GHQH\� JUXEX� LoLQ� D\UÕ� D\UÕ� YH� ELU� DUDGD� RODFDN� úHNLOGH�
J|VWHULOPLúWLU��
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ùHNLO����&)53�LOH�J�oOHQGLULOHQ�oHOLN�SODNDODUD�DLW�\�N�GHSODVPDQ�JUDILNOHUL�
�

(OGH� HGLOHQ� YHULOHU� ÕúÕ÷ÕQGD� E�W�Q� QXPXQHOHUH� DLW� PDNVLPXP� \�NOHU�� UHIHUDQV� YH� ÕVÕO� QXPXQHOHU� LOH�
NDUúÕODúWÕUÕOGÕ÷ÕQGD�7DEOR��¶�WHNL�VRQXoODU�HOGH�HGLOPLúWLU��%X�VRQXoODUD�J|UH�&)53�HNOHQHQ�E�W�Q�GHQH\�QXPXQHOHULQGH�
GD\DQÕP�YH�ULMLWOLN�DUWÕúÕ�VD÷ODQPÕúWÕU��
�
7DEOR����*�oOHQGLULOPLú�SODNDODUÕQ�UHIHUDQV�YH�ÕVÕO�QXPXOHUH�J|UH�DUWÕú�\�]GHOHUL�

� 0D[LPXP�<�N��
�N1��

��$UWÕú�
�,VÕOD�*|UH��

��$UWÕú�
�5HIHUDQVD�*|UH��

&�� ������ ����� �����

&�� ������ ����� �����

&+�� ������ ����� ����

&+�� ������ ����� �����

5HIHUDQV� ������ ���� ����

,VÕO� ������ ���� ����

���
6RQXoODU�

�
(OGH�HGLOHQ�VRQXoODU�LQFHOHQGL÷LQGH�DúD÷ÕGDNL�VRQXoODU�HOGH�HGLOPLúWLU��

x *HQHOOLNOH�HOHPDQODUÕQ�oHNPH�E|OJHOHULQGH�NXOODQÕODQ�&)53�HOHPDQODUÕQ�HNVHQHO�EDVÕQo�\�N��DOWÕQGD�GD�
HWNLOL�ROGX÷X�J|U�OP�úW�U��

x .XPODPD�LúOHPL�\DSÕODQ�HOHPDQODUÕQ��\DSÕOPD\DQODUD�J|UH�GD\DQÕPODUÕQÕQ�G�ú�N�ROGX÷X�WHVSLW�HGLOPLúWLU��
x +HUKDQJL� ELU� ÕVÕO� LúOHP� \DSÕOPDPÕú� oHOLN� SODNDODUD�� \XNDUÕGD� EHOLUWLOHQ� NHVLWWH� YH� ER\XWODUGD� &)53� LOH�
J�oOHQGLUPH�\DSÕOGÕ÷ÕQGD��������RUDQÕQGD�ELU�GD\DQÕP�DUWÕúÕ�VD÷ODQPÕúWÕU��

x ,VÕO�LúOHP�\DSÕODQ�oHOLN�SODNDODUD��\LQH�EHOLUWLOHQ�NHVLWWH�YH�ER\XWODUGD�&)53�LOH�J�oOHQGLUPH�\DSÕOGÕ÷ÕQGD�
�������RUDQÕQGD�ELU�GD\DQÕP�DUWÕúÕ�HOGH�HGLOPLúWLU��

x <HUHO� EXUNXOPD� KDVDUÕ� ROXúPXú� oHOLN� HOHPDQODUD� ÕVÕO� YH� SUHVOHPH� LúOHPLQLQ� DUGÕQGDQ� &)53� HODPDQ�
\DSÕúWÕUÕOPDVÕ�LOH�NDOÕFÕ�ELU�RQDUÕP�\DSÕODELOHFH÷L�VRQXFXQD�YDUÕOPÕúWÕU��

�
�
�
7HúHNN�U��
�
� <D]DUODU�����������������SURMH�QXPDUDVÕ�YH�³+DVDU�J|UHQ�oHOLN�SODNODUÕQ�ÕVÕO� LúOHP�LOH�RQDUÕOPDVÕ�YH�&)53�LOH�
J�oOHQGLULOPHVL´� LVLPOL� DUDúWÕUPD� SURMHVLQL� GHVWHNOH\HQ� 6DNDU\D� hQLYHUVLWHVL� %LOLPVHO� $UDúWÕUPD� 3URMHOHUL� .RPLV\RQ�
%DúNDQOÕ÷ÕQD�WHúHNN�UOHULQL�VXQDUODU��
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.D\QDNODU��
�
+LURKDWD��0���.LP��<�&�� ��������'RPLQDQW�)DFWRUV�'HFLGLQJ�&RPSUHVVLYH�%HKDYLRU�2I�&UXFLIRUPFROXPQ�3URMHFWLRQ�
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Abstract  The study was conducted to evaluate and compare the scavenging efficiency of in-vivo 
and in-vitro grown Brassica campestris var. Sarsoon, for the uptake of  Lead and Chromium( two 
major components of inorganic contaminants in the tanneries contaminated soils) using  Atomic 
Absorption Spectroscopy. In vitro plants were grown on MS basal medium containing 2,4-D (2.5 
mg/l ).Both in-vivo and  hardened in-vitro grown  plants were  shifted to contaminated soil near 
Kasur Tanneries. After  6o days of growth in this contaminated soil, the plants bioassays were  
subjected to Atomic Absorption Spectroscopy for the estimation of  lead  and Chromium 
uptake.The in-vivo grown  Brassica  plants absorbed much  lesser amount of both the metals(2.69 
&1.62ppm) as compared to in-vitro grown plants which showed higher ranges(4.61 &2.69 ppm) 
of  Pb and Cr  respectively. The results supported our idea that, in future, the  in-vitro grown  
hyper accumulator plants specially weeds can be used as an effective and better tool of 
phytoremediation ( compared to field grown ones) for the removal of heavy metals through their 
rhizosphere scavenging action, from the contaminated  lands on a wider scale. 
 
Keywords.    Phytoremediation, In- vitro grown plants, Lead , Chromium, Inorganic  

           contaminants, Scavanging  evaluation. 
 

 
Introduction 
Tanning industry always gives rise to serious environmental problems in countries lacking implementation of 
environmental regulations. Currently, the contamination of the environment by by–products of rural and mining 
industries is  the most threatening problem. District Kasur in Punjab Province of Pakistan represents such an area, 
which is being spoiled by tanning industry due to deposition of its lethal exudates in the local soils, damaging their 
biological life on a wider scale. 

Hundreds of thousands of acres of country’s lands area are disturbed and polluted by these contaminants.Some of these 
lands are in remote locations making cleanup very difficult. Others have minimal funds  for cleanup  or  are  so large  
that  cleanup  becomes economically   impractical.There is a need  for  low energy green technologies  that can be 
applied at these sites. 

 Phytoremediation is  considered as the most emerging field of environmental biotechnology. Most of the soil 
contaminants can be removed by many other physical methods but the heavy metal pollution of vast cultivated land  is a 
serious threat to the agricultural biology because of their prolonged stay in the soil.The plants roots have natural ability 
to absorb the heavy metals of the soil thus behaving as   phytoremediates. Metals uptake  using plants provides an  
environmental friendly solution of the soil pollution, which is  a low cost, in-situ  process, energized by  solar energy   
(McCutcheon and Schnoor, 2003). 
 Many plants species behave as hyper accumulators of the metals, depending upon their scavenging efficiency, and 
ability to accumulate these metals in the different cellular compartments of their cells.The metals pass through the root  
cell membrane  to the symplast, inside the cell, then metals could be passed to the vacuoles, (where they are degraded 
enzymatically)  by membrane metal transporters, and are  deposited there with the help of metallothioneins  i:e metal-
binding proteins. 
Heavy metals  replace other essential metals in pigments inside the cellular structure, destroying  the natural balance of 
these molecules (Manios et al., 2003).  They may cause oxidative stress too, especially transition metals  like Fe2+/3+ and 
Cu+/2+ (Rivetta et al., 1997). 
 Plant tissue culture provides a  selected environment  for  the evaluation of many limiting factors. It is in extensive use 
nowadays, to obtain variants with  variable  tolerance to  different  biotic stresses (Ben-Hayyim, 1987; Santos-Díaz and 
Ochoa-Alejo, 1994). This technique is also found to be useful for  cultured  plant organs  to know  the metal 
accumulation properties  by  each  separate plant  part  e:g the  removal of Sr2+ using shoots of Solanum laciniatum 
(Kartosentono et al., 2001), and Cd hyper-accumulation  by roots of Thlaspi caerulescens (Nedelkoska and Doran, 
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2000).   
Atomic Absorption Spectroscopy is an alternative, simple and rapid technique for quantitative isolation of the 

group of eight elements (Al, Ca, Cd, Cu, Fe, Mg, Pb and Zn) from vegetable material (Wieteska et al.,1998). The 
proposed method allows to obviate the organic matrix destruction stage, shortens  the analyte dissolution time, reduce 
cost, and minimize hazards of loss and contamination. Therefore main objective of the present study is to evaluate and 
compare  the Lead and chromium uptake by in vivo and in vitro grown B.compestris  var Sarson with the help of 
Atomic Absorption Spectroscopy (AAS). 

The present research was aimed to study the accumulation of heavy metals ( Pb & Cr) in the plant body of 
B.Campestris. It can help identify the comparative  efficiency potential of plants to remediate the metals from the 
contaminated soil in which they were cultivated.This study also examined the growth performance and physiological 
responses of these plants under contamination stress. 

            So by employing this method, one may be able to find the effect of heavy metal contamination to the plant body as well 
as to give practical implementation of phytoremediative  use of tissue cultured plants and their future prospects on a 
wider scale in future. 

 
 
Materials  and  Methods 
 
This piece of work was divided into two steps: 
 

1. The in-vivo and in -vitro growth of B.campestris var Sarson and the hardening of  
the in-vitro B.compestris and  its transfer, along wit in-vivo  grown B.campestris,  to  the Pb and Cr  polluted 
soils of  Kasur  tanneries for a period of  60 days. 
 

        2.  Estimation of Lead and Chromium uptake  by these plant( grown in 
      contaminated soil) using Atomic Absorption Spectroscopy.  
 

1. The in-vivo and  in -vitro growth of B.campestris. 
 
For  in-vivo growth  the certified seeds of B.campestris were sown in the normal soil of  Lcw university and were grown 
for 60 days. For  the in -vivo growth, the explants were taken from the wild  B.campestris, were cultured   and then 
subcultured  in the  PGRs optimium  media for 60 days. 
 For the in-vitro growth, following protocol was followed. 
 

a.  Medium and Phyto Growth Regulators (PGRs):  
 

MS (Mrashaige and Skoog, 1962) basal medium was used. Different   PGRs  were used separately and  in  
combinations in MS basal medium as follows to select the best one.  

 i. 2, 4-D,2.5mg/l  
 ii. BAP, 0.5mg/l 
 iii. NAA,1.0mg/l 
 iv. 2, 4-D,2.5mg/l+BAP,0.5mg/l 
 

b. Physical  Factors: 
 

Sucrose was added to medium at 3% concentration (30g/l).The optimum temperature required for culture environment 
was maintained at 25r2qC. The cultures were incubated at 16 hours light period (under cool light fluorescent tubes,with 
light intensity of 2000-3000 lux) and the pH of the medium was adjusted between 5.6-5.7. 
 

c. Hardening  and shifting of the plants to the  Kasur Tanneries contamoinated soil 
  

 In vitro grown plants were shifted to the sterilized soil of different grades and  and  
 gradually  to the normal regular soil  in order to harden the plants.These plants and other set of field grown plants were 
shifted to the contaminated soil near Tanneries located in vicinity of Kasur city . 
 
 

d.  Plan of experiment and data recording: Three sets of each experiment were designed with three replica of each 
experiment. The cultured explants were observed after inoculation and the contamination percentage, percentage of 
callus formation and number of frequency of micro-propagated plants per explants after given culture period was 
worked out.Mean deviation was calculated  after using SPSS software(Levesque,2007) following Steel et al (1997). 
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2. Estimation of Lead  and Chromium  uptake by  in-vivo and in-vitro B.campestris using Atomic Absorption 

Spectroscopy (AAS)  after their shifting to Pb and Cr  contaminated soils: 
Atomic Absorption Spectroscopy (AAS) provides accurate quantitative analysis for metals in water, sediments, soils or 
rocks.Samples are analyzed in solution form, so solid samples must be leached or dissolved prior to analysis.The second 
step of the study was to estimate the Lead  and Chromium uptake by B.campestris( Phyto remediation) using AAS. All 
chemicals and reagents used in the study were of analytical grade and were used without further purification. Solutions 
were prepared in double distilled water. 
a. Preparation of Biomass: Elements in plants parts cannot be detected directly by atomic absorption spectroscopy, so 
solutions for plants were prepared by wet digestion method and then samples were analyzed to determine the 
concentration of metal ions. After collecting leaves of plant they were washed with double distilled water to remove 
dust from plant. These leaves were then dried in an oven. The dried plants were then digested. The same procedure was 
done with in vitro grown plants except that regenerated plants were not sterilized. 
b. Methods for digestion: The dried plant leaves were weighed separately and 5.0g of then was taken in a round 
bottom flask. The dried material was ashed in crucible muffle furnace at 500C for 1 hour . The  residue was then wet 
digested by Hcl/HNo3 5ml (1:3) and heated till dryness. After drying 5ml of HNO3 was added in the same beaker and 
heated for 5-10 minutes. The  volume was adjusted up to 50 ml with double distilled water and then  was  filtered . The 
sample solutions were ready to be aspirated in AAS. These sample solutions of in vivo and in vitro grown leaves were 
kept at 4°C with UV protection in amber bottles. 
.    

 

Results and Discussion 

 
It was found that among all the PGRs and their combinations 2, 4-D was the best PGR for the invitro growth of 

Brassica campestris. The effect of different concentration of the 2, 4-D (mg/l) on in vitro growth of Brassica campestris  

in MS medium using different explants is given in table 1 and text figure 1. Twenty-five cultures were inoculated for 

each explant and the best response was observed in leaf  explants and  gave maximum percentage of  invitro growth i.e. 

79% in the medium containing 2, 4-D (2.5 mg/l), whereas the minimum percentage i.e. 46% was found in 2, 4-D 

(1.0mg/l).Nodal  explants gave highest percentage of growth i.e. 68% in 2, 4-D (2.5 mg/l), while in medium containing 

2, 4-D (1.0mg/l) showed a lowest percentage of growth i.e. 33%. The bud explants showed the maximum percentage of 

growth i.e. 66% in 2, 4-D (2.5mg/l), whereas the minimum percentage of growth i.e. 37% was found in 2, 4-D 

(1.0mg/l). Internode explants gave the maximum percentage of growth i.e. 52% in the medium containing 2, 4-D 

(2.5mg/l), while the minimum growth i.e. 22% was found in 2, 4-D (1.0mg/l).  

 
Table.1:Effect of different concentration of 2,4-D (mg/l) on in vitro growth of  

              Brassica campestris  using different explants. 

 
Sr. no. Expalnts 

    Used 

2,4-D(mg/l) 

used 

Number  

of cultures 

inoculated 

Callogenesis and 

micropropagation 

mean (%) 

LSD 

value 

I. Leaf 1.0 25   33±0.51cd  

 

1.46 
1.5 25   42±0.58c 

2.0 25   53±0.57b 

2.5 25   79±0.34a 

3.0 25   56±0.22b 
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 ii. Node 1.0 25   46±0.11cd  

 

1.23 
1.5 25   51±0.39c 

2.0 25   62±0.41b 

2.5 25   68±0.21a 

3.0 25   66±11b 

iii. Bud 1.0 25   37±57cd  

 

1.67 
1.5 25   46±0.58c 

2.0 25 54±0.31b 

2.5 25 66±0.47a 

3.0 25 52±0.37b 

iv. Internodes 1.0 25 22±0.99cd  

 

1.83 
1.5 25 31±0.52c 

2.0 25 43±0.41b 

2.5 25 52±0.32a 

3.0 25 46±1.32b 

± =Standard error of the mean  

The mean with different letter in each column are significantly different according to Duncan’s multiple range test 

(0.005p value) 
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As far as, physical factors were concerned, it was noted that maximum  and minimum in vitro growth, i.e 79%  and 
20% were seen at 25r2qC   and 18r2qC respectively (Table 2). It was also observed that  Brassica campestris  in liquid 
medium gave only 5% in vitro growth. Whereas, solidified medium (using Difco-Bacto agar as solidifying agent) gave 
79% in -vitro growth for the plant (Table 3). The effect of different photoperiods was also observed and it was 
concluded that 16hrs photoperiod (3000 lux) showed 80% in vitro growth and zero hour photoperiod (complete dark) 
gave minimum, i.e.10% in vitro growth rate of the plant (Table 3). Most suitable pH value for in vitro growth was found 
to be 5.7 with 79% i. e maximum percentage. Where as for pH 5.9 minimum, i.e. 25% in vitro growth was noted for 
Brassica campestris.  

Table 2: Effect of temperatures & pH on in vitro growth of leaf  explants of Brassica campestris in MS medium 
using 2, 4-D,2.5mg/l. 

 
 
 
 
 
 

 

 

 

Table 3; Effect of  Agar Solidified  medium & Photoperiod on in vitro growth of  

                 leaf explants of Brassica campestris in MS medium using 2,4-D,2.5mg/l 

 

S.N
o  

 Physical factors Maximum% 
In vitro growth (% mean) 

1. 16 hrs Photoperiod (3000 
lux) 

79r2.60 

3. Agar Solidified Medium 79r1.78 

On the basis of observations made for physical factors and nature of media it was concluded that maximum in vitro 
growth i.e 79% was seen at 25r2qC and minimum in vitro growth of Brassica campestris,  i. e 20% was observed at 
18r2qC. The agar solidified MS medium supplemented with 2,4-D ( 2.5mg/l) gave 79% in vitro growth. Ebrahim, et al. 
(2000) reported influence of medium, solidification and pH value on in- vitro micropropagtion  of shoot tip explants. 
The effect of different pH ranges on in -vitro growth of B.campestris were also studied during the present piece of 
work. It was observed that the most suitable pH range was 5.7 for in vitro growth (Table 2). At this pH, callus formation 
was 80% where as 5.9 pH gave minimum growth (25%). Ebrahim, et al. (2000) studied the effect of pH on the in -vitro 
growth of Maranta leuconeura. A medium  with pH of 5.7 resulted in the maximum multiplication rate, shoot strength 
and leaves differentiation. Maranta leuconeura can be successfully micropropagated at pH 5.7 irrespective  of nature of 
media, either it is liquid or solid . 
The effect of different photoperiods on micropropagation of Brassica campestris was also recorded. It was observed 
that the most suitable photoperiod was 16 hours.. At this photoperiod 79% in -vitro growth was observed and the 
minimum photoperiod result was 10% at 0hours photoperiod. In 2004, Morini, et.al. (1991) studied the effect of 
different photoperiods on in-vitro growth of  plum rootstock.Three photoperiods i:e16h (control), 12h and 8h were 
applied,with a PAR of 39 mol m-2 sec-1. Tips collected from in- vitro established shoots were used. Growth medium was 
MS. Shoot proliferation after 45 days of growth was not statistically different between 12 h and 16 h of light, while the 
8-h photoperiod gave a much lower rate of shoot formation. 
The second step of this research work was to determine concentration of two mineral elements i.e; Lead  (Pb)  and 
Chromium (Cr) in in vivo and in vitro grown plant tissues of B.campestris after their shifting to the Kasur tanneries 
contaminated fields so that their comparison may be carried out. 
In in vivo grown Brassica campestris gave Lead and Chromium uptake up to 1.21 and 1.62 ppm. Where as in in vitro 
grown  Brassica campestris uptake  for Lead (Pb) Chromium (Cr)  uptake was found to be 2.69& 4.61ppm respectively.  
The concentration of Chromium (Cr) and Lead (Pb) was determined by Yuwai et al; (1991) in in vivo grown plant 
tissues of Brassicaeae. According to them was Chromium (Cr) 3.54ppm and Lead (Pb) was 5.97ppm. One of the major 
factors influencing trace mineral uptake in plants is the composition of the soil.  
This study also leads to the conclusion that in vitro grown plants  can behave as natural scavengers if planted to the 
chemically polluted soils on large scale in future. 
 
Table. 4:Concentration of Cr and Pb   in In-vivo plant material of B.campestris  

              determined by Atomic Absorption Spectrometry (AAS) 

S.N
o 

 Physical factors Ranges Maximum 
%In vitro growth (% mean) 

1. Temeprature  (qC) 25r2 79 r1.93 

2. pH  5.7 79r2.08a 
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Plant used Plant tissue Heavy metal Concentration(ppm) Mean% 

 

   Field grown 

   Brassica 

   campestris  

 

 

 

 

Leaf Explants 

 

 

Pb 

 

2.21 

2.21 

2.21 

 

 

2.21±0.000 

 

 

Cr 

 

1.62 

1.62 

 

1.62 

 

1.62±0.000 

Table. 5: Concentration of Cr and Pb   in In-vitro  plant material of B.campestris determined by Atomic 

Absorption Spectrometry (AAS) 

Plant used Plant tissue Heavy metal Concentration(ppm) Mean% 

 

In vitro grown 

Brassica campestris  

 

 

 

 

Leaf Explants 

 

 

Pb 

 

4.61 

4.61 

4.61 

 

4.61±0.000 

 

Cr 

 

 

2.69 

2.69 

2.69 

 

 

2.69±0.000 

 
 Table 4 and 5 show that Lead (Pb)  and  Chromium (Cr) both are in high quantity in in vitro  grown plant tissues as 

compared to in vivo grown plant tissues which indicate that the composition of the media and soil plays an important 

role in mineral uptake of plants.This study also leads to the conclusion that in vitro grown plants can behave as natural 

scavengers if planted to the chemically polluted soils.In future, the purified in- vitro grown hyper accumulator plants  

can be used as the natural phytoremediates and heavy metal scavangers of the toxic elements e:g Pb and Cr, for the 

treatment of contaminated and polluted   agricultural lands  on  commercial  scale. 
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Abstract The present project includes a comprehensive study of multiple parameters 
(morphology, anatomy (LM & SEM), palynology (LM & SEM), Organoleptography, UV and IR 
analysis,solubility, fluorescence and chemical analysis of the selected medicinal plants of family 
Solanaceae. i.e. Datura stramonium L., Solanum nigrum L. and Withania somnifera L. The 
present research has been carried out to update the inventory of existing natural drug plants of the 
country. Anatomical studies carried out have also been successful to identify the species from the 
taxonomic point of view. A variety of characters like epidermal cells, subsidiary cells, guard cells, 
trichomes, macro-hairs, micro-hairs and stomata can be used as a tool for the taxonomic grouping 
of different species. Pollen characters in the all the three taxa have been helpful to distinguish the 
taxa at species as well as at generic level. The organoleptic, ultra violet, infra red and chemical 
analysis of the taxa showed a lot of variation among them. and can be used as a taxonomic tool 
for the identification and authentication of the taxa. It is concluded that Pakistan is quite rich in 
medicinal plants but no systematic attempt has been made to work on these natural resources 
properly. Many of the plans which are used for various ailments have either not been properly 
investigated or the findings have not been correlated with the phytochemical and pharmacological 
studies. The present research work gave a comprehensive detail of the systematics along with the 
pharmacognosy of the selected taxa which can be used as an aid in the identification and 
exploration of the medicinal wealth of the Pakistan. 
Key words: Solanaceae, Chemosystemaic analysis, Leaf epidermal anatomy, Pollen analysis, 
organoleptography, UV & IR analysis. 

 
Introduction 
 

Solanaceae is a large Family with around 3000-4000 species in 90 different genera, found in most temperate 
and tropical regions, (NHM 2008). It is a family mainly of herbs, with a few shrubs and trees, (ITIS, 1999). In Pakistan 
14 genera and 52 species of Solanaceae are present of which 27 species are native, 6 naturalized and the others 
exclusively cultivated or found occasionally. The Solanaceae family is characteristically ethnobotanical that is 
extensively utilized by humans. Medicinally, members of Solanaceae have been prized and used throughout history 
(NHM 2008). About 400-600 medicinal plant species are estimated to exist in Pakistan, (ITIS 1999).  

 
Among the medicinally important species of Solanaceae, Solanum nigrum L. is a fairly common herb or short-

lived perennial shrub. The plant has a long history of medicinal usage, dating back to ancient Greece. This plant's leaves 
are used to treat mouth ulcers. The fruit is also used for diabetes. (NHM 2008). Datura are potent medicinal members of 
the Solanaceae family, relatives of other well known narcotic plants Varied species of Datura have been used in 
traditional medicine worldwide, primary among them Datura innoxia, Datura metel, and Datura stramonium. Datura 
has been employed as both a medicinal and ceremonial plant in many diverse cultures including Chinese, Indian, 
Mexican and Native Americans of the Southwest. Datura has played a major role in religious rites and medicine. 
(Richard, 2002). Withania somnifera is also known as Ashwagandha. The herbal root extract has been traditionally used 
as a tonic and as a sedative. The leaves, berries and tubers of Ashwagandha have been in use for centuries as a home 
remedy and the extract is an important part of Indian Ayurvedic medicine. (NHM 2008). In Pakistan medicinal plants 
are primarily used by tibia dawakhanas (medical centers of indigenous physicians known as hakims). Unfortunately, 
very little attention has been paid to the pharmacognostic and ethno-botanical aspect of plants, as hakims are only 
concerned with the floral and vegetative parts of medicinal plants without any regard to their botanical characteristics, 
or distribution in the various ecological zones of Pakistan. In Pakistan 80% of the people belonging to the rural areas 
still depends upon the herbal medicines (Anonymous, 2008). In the recent years, more efforts have been made to 
document the traditional knowledge. 

Although a lot of work has been carried out on Solanum nigrum, Datura stramonium and Withania somnifera 
but still there are certain gaps which are needed to be carried out in continuation of previous work. In this study these 
species were screened out for taxonomic characterization for correct identification. The pharmacognostic analysis of 
these medicinal plants might lead to the discovery of new herbal drugs. This study was first time done with reference to 
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the applications of multiple parameters and helps to identify the species, which are capable of multiple uses, as well as 
alternative products such as medicines. 
Materials and methods  

Sr 
no. 

Investigations Methodology 

1 Anatomical Analysis 
LM & SEM 

Leaves samples were prepared according to the method of Shaheen et al., 2010. Leaves 
were soaked in lactic acid for a few minutes to make them soft and unfolded. Fully 
developed leaves were placed in test tubes containing 70% hot lactic acid and 30% 
ammonia solution and boiled for about 50-60 minutes to soften the leaves. The abaxial 
and adaxial slides of the leaves were prepared and observed by using Light Microscopy 
and Scanning Electron Microscopy. 

2 Palynological Analysis 
LM & SEM 

The method was followed by Wodehouse technique Ronald (2000). The pollen fertility 
was carried out by employing the techniques used by Meo and Khan (2004). 

3 Organoleptic 
Analysis 

Organoleptic analysis involved the use of sight, smell, taste, touch and macroscopy of 
crude drugs to evaluate plant materials often comparing the properties of a known sample 
with those of a reference standard. Material for organoleptic analysis was procured from 
herbal shops and collected from the field. All parts of herbal drugs including, wood bark, 
roots, rhizomes, leaves, stems, fruit, flowers and seeds of problematic medicinal plants 
were identified by examining macro-morphological characters. 

4 Microphpotographs 
LM & SEM 

Microphpotographs of leaves and pollen samples were taken by Nikon (FX-35) Camera 
equipped light microscope and Scanning Electron Microscope 

5 Phytochemical Analysis Detection of alkaloids, glycosides, tannins, starch grains, Anthraquinones, saponins, fixed 
and volatile oils and acid hydrolysis is done by following the method British 
Pharmacopoeia, 1999. 

6. Fluorescence and 
Solubility Screening of 
Powdered Drug 

5 gram powdered drug was mixed in 20 ml sulphuric acid, hydrochloric acid, acetic acid, 
and water to analyze the fluorescence and solubility of the herbal drugs.  

 
Results: 
     Datura stramonium L. 

Syn:  Datura tatula L. 
Datura stramonium var. tatula (Willd.) Clarke 
 

Common Name(s) Thornapple, Stramonium, Datura, Devil's Apple, Jamestown-weed, Jimson-
weed, Stinkweed, Devil's Trumpet, Apple of Peru. 

Anatomical Analysis 
(LM & SEM) 

In abaxial epidermis, the leaf epidermal cells are of polygonal type, thick 
smooth walled, average length of epidermal cells is 125 (90-160) µm and the 
average width is 110 (80-140) µm, stomata are few in number, stomatal type 
is diacytic, number of stomata per unit area is 4, all the stomata are open and 
no closed stomata are present, average length of guard cells is 27.5 (25-30) 
µm and average width of guard cells is 6 (5-7) µm, average length of 
subsidiary cells is 120 (90-150) µm and the average width is 40 (50-90) µm. 
Micro-hairs are present having an average length of 12.5 (10-15) µm. 
Trichomes , macro-hairs and silica bodies are absent. In adaxial epidermis, 
the leaf epidermal cells are of polygonal type, average length of epidermal 
cells is 93 (90-96) µm and the average width is 66.5 (60-73) µm, stomata are 
in abundance, stomatal type is diacytic or paracytic, number of stomata per 
unit area is 15, open stomata are 11 and 4 closed stomata are present, average 
length of guard cells is 42.5 (40-45) µm and average width of guard cells is 
9.5 (7-12) µm, average length of subsidiary cells is 120 (90-150) µm and the 
average width is 40 (50-90) µm. Trichomes , macro-hairs, micro-hairs and 
silica bodies are absent. (Plate 1a, 1b, 1c, 1d). 

Palynological Analysis 
(LM & SEM) 

In equatorial view, the pollen are circular and semi-circular. In polar view, the 
pollen are semi-angular, prolate and spheroidal (Plate 1f, 1g). Polar diameter 
is 172 µm (109-234 µm) and equatorial diameter is 165 µm (140-179 µm). 
P/E ratio is 1.4 and exine thickness is 1 µm entine thickness is 1.2 (0.9-1.3). 
Colpi length 22 (20-24). Colpi width is 50.5 (48-54).inter-cellular difference is 
10 (8-12). Percentage of pollen fertility in this species is 78.66% (Fig 2). 
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Organoleptographic 
Analysis 

Seeds are used. Colour is marvel brown and has bitter oily taste. Smell is 
pleasant. The shape of seeds is semicircular and smooth having a length of 
0.1-0.2 cm and 0.1-02 cm width. (Plate 1i). 

Fluorescence and 
Solubility in Different 
Solvents 

Actual colour of the powdered material is marvel brown but colour changes in 
different solvents, becomes copper in distilled water, brown in sulphuric acid, 
leather brown in hydrochloric acid, beige in acetic acid and leaf green in nitric 
acid. While performing cold test the powdered material is insoluble in all the 
solvents except sulphuric acid and hydrochloric acid but becomes soluble in 
acetic acid and remains insoluble in nitric acid during hot test. 

Chemical Analysis Alkaloids, glycosides, starch grains, tannins, anthraquinone, saponins and ferric 
chlorides were present whereas fixed and volatile oils were absent. 

Folk Medicinal Uses Used in the past as a pain killer and also in the treatment of insanity, fevers, 
diarrhea and skin diseases. 

 

  
Plate 1(a). Abaxial side showing microhairs (LM) b). Adaxial side showing stomata (LM) 

  
c).  Abaxial side showing epidermal cells and d). Open stomata with guard cells (SEM) 

stomata (SEM) 

  
e). Pollen Fertility (LM)    f). Polar view (LM) 

  
g). Patches on pollen (SEM)   h). Pollen sculpturing (SEM) 
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i). Seeds under visible light   j). Seeds under UV light 

 

 
k). Seeds under IR light 
 
Solanum nigrum (Linn) 
Syn: Solanum rubrum auct. non L. 
Solanum villosum (L.) Moench 
 

Common Name(s) Night shade, makko 
Anatomical Analysis 
(LM & SEM) 

In abaxial epidermis, the leaf epidermal cells are irregular shaped, smooth 
thick walled, average length of epidermal cells is 50 (40-60) µm and the 
average width is 35 (30-40) µm, stomata are present, stomatal type is 
anisocytic, number of stomata per unit area is 11, open stomata are 4 and 7 
closed stomata are present, average length of guard cells is 13 (10-16) µm and 
average width of guard cells is 4.5 (2-7) µm, average length of subsidiary cells 
is 115 (80-150) µm and the average width is 75 (50-100) µm. Trichomes are 
present, number of trichome per unit area is 1, the average length of trichomes 
is 200 (180-220) µm. Silica bodies are absent. In adaxial epidermis, the leaf 
epidermal cells are irregular shaped, average length of epidermal cells is 45.25 
(30-60.5) µm and the average width is 25 (20-30) µm, stomata are present, 
stomatal type is diacytic, number of stomata per unit area is 6, open stomata 
are 2 and 4 closed stomata are present, average length of guard cells is 30.25 
(20-40.5) µm and average width of guard cells is 7.75 (5-10.5) µm, average 
length of subsidiary cells is 110 (100-120) µm and the average width is 70 
(50-90) µm. Multicellular micro-hairs are present, average length of micro-
hairs is 47.75 (35.5-60) µm and the average width is 8 (5-11) µm. Silica 
bodies are absent. (Plate 2a, 2b, 2c, 2d). 

Palynological Analysis 
(LM & SEM) 

In equatorial view, the pollen are circular and semi-circular (Plate 2h). In 
polar view, the pollen are semi-angular, prolate and spheroidal. Polar diameter 
is 103.4 µm (102.2-103µm) and equatorial diameter is 107.3 µm (101.1-107.3 
µm). P/E ratio is 1.0 and exine thickness is 0.9 µm (0.9-1 µm) and entine 
thickness is 1.2. Colpi length is 11 and colpi width is 22.7. Pore is endoporus. 
Percentage of pollen fertility in this species is 78.66% (Fig 2). 

Organoleptographic 
Analysis 

Dried fruit is used. Colour of fruit is rose wood and has sweet taste and 
unpleasant smell, shape is round and smooth less. It is circular in shape and 
diameter is about 0.02 to 0.03 cm. (Plate 2i). 

Fluorescence and 
Solubility in Different 
Solvents 

Actual colour of the powdered material is rose wood but colour changes in 
different solvents, becomes sonora in distilled water, brown in sulphuric acid, 
brown in hydrochloric acid, zest in acetic acid and leaf green in nitric acid. 
While performing cold test the powdered material is insoluble in all the 
solvents except sulphuric acid but becomes soluble during hot test. 

Chemical Analysis Alkaloids, glycosides, starch grains, tannins, anthraquinone, saponins and 
ferric chlorides were present whereas fixed and volatile oils were absent. 

International Science and Technology Conference, Dubai, 13-15 December 2012

586

http://www.efloras.org/florataxon.aspx?flora_id=5&taxon_id=200020611


ISTEC 20
12

Folk Medicinal Uses The plant has emollient, diuretic, antiseptic and laxative properties. It shows 
protective effect on the liver and hepatoprotective activity in cases of toxicity 
induced by drugs and chemicals. It is also effective in the treatment of 
cirrhosis of the liver. Sometimes the fresh juice of this herb is used for curing 
fever and alleviating pain. 

Plate 2(a). Abaxial side showing trichomes (LM) b). Adaxial side showing irregular shaped epidermal cells 
(LM) 

c). Epidermal cells and stomata (SEM)  d). Trichome (SEM) 

e). Circular shaped pollen (LM)  f). Pollen showing thick exine (LM) 

g). Equatorial view (SEM) h). Granulated sculpturing (SEM) 

i). Fruit under visible light j). Fruit under UV light 
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 k). Fruit under IR light 

 
 
Withania somnifera (L.) 

 Syn:Physalis somnifera L. 
 Withania kansuensis Kuang & A. M. Lu 
 
Common Name(s) Winter-cherry, ashwagandha, Indian ginseng, Ajagandha, Kanaje hindi, 

Amukkara in Tamil. 
Anatomical Analysis 
(LM & SEM) 

In abaxial epidermis, the leaf epidermal cells are irregular shaped having 
thick undulate walls, average length of epidermal cells is 160 (130-190) µm 
and the average width is 72.5 (65-80) µm, stomata are present, stomatal type 
is anisocytic and diacytic, number of stomata per unit area is 3, open stomata 
are 2 and 1 closed stomata is present, average length of guard cells is 42.5 (25-
60) µm and average width of guard cells is 20 (10-30) µm, average length of 
subsidiary cells is 130 (100-160) µm and the average width is 85 (80-90) µm. 
Multicellular micro-hairs are present having an average length of 25 (20-30) 
µm. Silica bodies are absent. In adaxial epidermis the leaf epidermal cells are 
irregular shaped having thick undulate walls, average length of epidermal cells 
is 155 (120-190) µm and the average width is 70 (60-80) µm, stomata are 
present, stomatal type is anisocytic and diacytic, number of stomata per unit 
area is 5, open stomata are 4 and 1 closed stomata is present , average length 
of guard cells is 40 (20-60) µm and average width of guard cells is 20 (10-30) 
µm, average length of subsidiary cells is 130 (110-150) µm and the average 
width is 65 (60-70) µm. Multicellular micro-hairs are present having an 
average length of 40 (30-50) µm. Silica bodies are absent (3a, 3b, 3c, 3d). 

Palynological Analysis 
(LM & SEM) 

In equatorial view, the pollen are circular and semi-circular. In polar view, the 
pollen are semi-angular, prolate and spheroidal (Plate 3e, 3f, 3g, 3h). Polar 
diameter is 195.9 µm (211.6-180.2 µm) and equatorial diameter is 155 µm 
(175.5-134.9 µm). P/E ratio is 1.3 and exine thickness is 1.1 (.9-1.1 µm). 
Entine thickness 1.5. intercelluler differences is 9.9 (7.8-12). Colpi length is 
44.5 and colpi width is 83.4. Percentage of pollen fertility in this species is 
79.66% (Fig 2). 

Organoleptographic 
Analysis 

Dried parts of root are used. Colour of root is yellowish brown or light brown, 
its outer surface is bugg to grey yellow with longitudinal wrinkles and in the 
center soft and solid mass with scattered pores. Smell is unpleasant like 
horse’s smell and taste is bitter and acrid. Lenth ranges from 0.9-1.5 cm and 
diameter is 0.3 cm. (Plate 3i) 

Fluorescence and 
Solubility in Different 
Solvents 

Actual colour of the powdered material is Camel colour but colour changes in 
different solvents, becomes copper in distilled water, brown in sulphuric acid, 
mustard in hydrochloric acid, pale cream in acetic acid and honey-dew in 
nitric acid. While performing cold test the powdered material is soluble in all 
the solvents except sulphuric acid but becomes soluble in all solvents during 
hot tests. 

Chemical Analysis Alkaloids, glycosides, starch grains, tannins, anthraquinone, saponins and 
ferric chlorides were present whereas fixed and volatile oils were absent. 

Folk Medicinal Uses Used to treat bronchitis, asthma, constipation, ulcer and scabies. 
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a). Abaxial side showing stomata (LM)  b). Adaxial side showing microhairs (LM) 

c). Stomata (SEM)  d). Microhairs (SEM) 

e). Equatorial view (LM)  f). Porate pollen (LM) 

g). Tricolporate pollen (SEM)  h). Pollen Cleave (SEM) 

i). Roots under visible light j). Roots under UV light  
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 k). Roots under IR light 
 
Discussion: 
 
Epidermal Leaf Anatomy: 
 

The present study described the biological significance and implications of leaf anatomical characteristics of 
the three species studied. It also discussed the extent to which leaf epidermal features might be utilized in the systematic 
consideration in view of their perceived similarities in structural and reproductive biology. The walls of the epidermal 
cells of the two species (Datura stramonium and Solanum nigrum) are smooth and thick whereas Withania somnifera 
showed the thick undulate walls. The distribution of stomata varied in the taxa studied. In Datura stramonium the 
number of stomata per unit area is 4, in Solanum nigrum 11 and in Withania somnifera 3. Rogers and Ogg, (2001) 
reported that stomata number is two to three-fold higher on abaxial than on adaxial epidermis of the Solanum species. 
(S. nigrum, S. sarrachoides, S. americanum and S. ptycanthum). Stomatal type showed variation in the species studied. 
In Datura stramonium stomata are diacytic, in Solanum nigrum stomata are anisocytic and in Withania somnifera 
stomata are diacytic and anisocytic. (Plate 3a, 3c). Seithe and Anderson (1982) reported that stomata are anomocytic to 
anisocytic in S. nigrum. Microhairs are seen in almost all the taxa studied. These hairs differed in form, length and 
width. Glandular hairs were not numerous. Mostly hairs seen are multicellular as in S. nigrum and W. somnifera. (Plate 
2e, 3d) Seithe and Anderson et al., (2002) investigated hair morphology of some species from the genus Solanum, but 
not in S. nigrum. Silica bodies were absent in all the taxa studied. It is well known that the leaf, compared with the other 
vegetative organs, is the best and fastest to react to changes in the environment. The influence of different ecological 
factors on plant organisms is best reflected on leaf morphological and anatomical structure. The present study provided 
the anatomical structure of leaves with the aim of determining their structural adaptations. 
 
Palynology: 
 

Pollen morphology of the family Solanaceae is quite heterogenous. Most striking variation is found in the 
shape class and apertural types. The greatest variation is observed in pollen morphology of the Solanaceae species 
which lies in the size of their pollen wall. Exine thickness ranged from 1.4(1.3-1.5) µm -1.8(1.7-1.9) µm. among the 
species studied. Withania somnifera showed the highest value whereas Solanum .nigrum showed the lowest value. 
Datura stramonium showed the highest intine thickness i.e. 1.5(1-2) µm whereas Solanum .nigrum showed the lowest 
value i.e. 1(0.5-1.5) µm. Exine and intine thickness are prominent features in this study. Nwachukwu and Okeke (2001) 
reported that pollen grains are very helpful in assigning the status of plant since pollen grain wall has specific 
characters. Pollen size is variable among the species. It was observed that the pollen grain of Solanum .nigrum is 
smaller in size 43.25(42.5-44) µm and pollen grain of the Withania somnifera is larger in size 46.5(45-48) µm in polar 
diameter where as in equatorial view the size ranged from 41.5 (40.5-42.5) µm to 45(44-46) µm. Solanum .nigrum 
appears to be the smallest in size whereas Datura stramonium is the largest. The colpi length ranged from 21.5(21-22) 
µm to 23(22-24) µm. Solanum nigrum showed the highest where as Withania somnifera showed the lowest value. (Fig. 
1). This variation in size may be due to indiscriminate mating leading to hybridization. This is not surprising since 
previous workers have made similar observations in other groups of angiosperm. The pollen grains of the species 
studied showed similarities in their pollen attributes of wall sculpture, aperture, and symmetry. The pollen grain of each 
species is radially symmetrical, iso diametric and isopolar. These results corroborate with the findings of Nwachukwu 
and Okeke (2001) according to which the pollen of Solanaceae is grain polar & radially symmetrical. The pollen shape 
is found to be more or less circular to semi-circular and angular in polar view and angular, semi angular spheroidal, 
elliptic and oval in equatorial view in the species studied. Further more, similarities are found in aperture type 
(tricolporate), and wall structure (scabrate) of the pollen grain of species studied. P/E ratio ranged from 1 to 1.4 among 
the species. The pollen grains are monoporate and psilate (smooth). The pore position is endoporus in Solanum nigrum 
and Withania somnifera where as exoporus in Datura stramonium.  The taxonomic significance of pollen morphology 
in Solanaceae is more or less obscure. Sometimes different tribes or sub tribes have similar type of pollen or vice versa 
and sometimes species referred to the same genera and tribe have different type of pollen. 
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Fig 1. Palynological Distinctions Among Different Species of 
Family Solanaceae
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UV, IR And Organoleptic Analysis: 
 

The Solanaceae family is characteristically ethno-botanical that is, extensively utilized by humans. It is an 
important source of food, spice and medicine. Organoleptic evaluation with the advanced microscopic equipments 
provides more accuracy for botanical authentication. (Jackson and Snowdown, 2000). The analysis of market samples 
of Datura stramonium collaborates with the samples collected from different localities of Lahore. Seeds are semi 
circular and smooth surfaced. (Plate 1i). But the colour of seeds of market samples (marvel brown colour) differs with 
the fresh having dark brown to black colour. These results are similar to the findings of Davihazy, 2004. In case of 
solanum nigrum the market samples revealed the presence of non smooth surface and semi circular fruit. (Plate 2i). 
Market fruit is dried therefore its shape becomes semicircular while the fresh fruit is circular shiny and have smooth 
surface. In case of Withania somnifera market sample collaborates with actual sample. The outer surface of roots is 
bugg to grey yellow with longitudinal wrinkles and in the center soft, solid mass with scattered pores whereas fresh 
roots are brownish grey with long fleshy tubers. (Plate 3i). These results are in accordance with the Seithe and Anderson 
(2009). 
 
Fluorescence and Chemical Analysis: 

 
The present research work was confined to the macro, microscopic features of the powdered drug and their 

solubility and fluorescence analysis. The powdered drug of all the three species were soluble in all the solvents by cold 
and hot tests except Datura stramonium which was soluble in all the solvents except nitric acid and it did not retain its 
original marvel brown colour on dry filter paper and in various solvents by cold and hot tests. Dastagir and Haq (2005) 
also reported similar results of Datura stramonium on solubility in different solvents. In all the three selected plant 
species alkaloids, glycosides, starch grains, tannins, anthraquinone, saponins and ferric chlorides were present whereas 
fixed and volatile oils were absent. These findings were in agreement with the Dweck, 2007. 

 
Conclusion: 
 

The present study was a step towards preparing a systematic inventory of selected medicinal plants of family 
Solanaceae. Medicinal plants face the problems in their identification due to confusion in nomenclature, taxonomic 
ranking, and differentiation of various species at specific level sometimes at generic level also, but these problems can 
be overcome by using classical and applied approaches of taxonomy. The present account includes the comprehensive 
study of these approaches. Classical approaches are morphology, anatomy, palynology, UV and IR analysis and 
organoleptography whereas the applied approaches include their chemical analysis. While studying anatomical features 
a lot of variation was observed in the stomata type of the selected taxa. All the three taxa can be distinguished easily on 
the basis of pollen features, which were found useful in the delimitation of the taxa. UV and IR and organoleptographic 
analysis also showed a lot of variations among the selected taxa. The fluorescence, solubility and chemical analysis was 
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also done in order to delimit the taxa. All these parameters showed successful findings and can be helpful for the 
identification, authentication and classification of the selected plants. All the available records are listed and mapped. 
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HUMAN MOTION ANALYSIS WITH ARTIFICIAL NEURAL NETWORK 
USING THE KINECT SENSOR 

�
�

&HPLO�2]���0LQJ�&��/HX��
�6DNDU\D�8QLYHUVLW\��&RPSXWHU�(QJLQHHULQJ�'HSDUWPHQW��6DNDU\D�8QLYHUVLW\��7XUNH\�

�0LVVRXUL�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��0HFKDQLFDO�DQG�$HURVSDFH�(QJLQHHULQJ�'HSDUWPHQW��5ROOD��0LVVRXUL��
86$�

FR]#VDNDU\D�HGX�WU��POHX#PVW�HGX��

Abstract:� ,Q� WKLV�VWXG\�D�UHDO�WLPH�KXPDQ�PRWLRQ�FODVVLILFDWLRQ�V\VWHP�LV�GHYHORSHG�E\�XVLQJ�$UWLILFLDO�

1HXUDO�1HWZRUNV��$11���7KH�V\VWHP�XVHV�D�0LFURVRIW�.LQHFW�WR�H[WUDFW�WKH�KXPDQ�PRWLRQ�IHDWXUHV���7KH�

[��\��]�YDOXHV�RI�KXPDQ�VNHOHWRQ�MRLQWV�DUH�REWDLQHG�IURP�WKH�.LQHFW�XVLQJ�0LFURVRIW�.LQHFW�/LEUDU\�DQG�

0LFURVRIW�F���7KH�GDWD�REWDLQHG�IURP�WKLV�GHYLFH�DUH�SURFHVVHG�E\�QRLVH�UHGXFWLRQ��IHDWXUH�H[WUDFWLRQ�DQG�

FODVVLILFDWLRQ�PRGXOHV��7KH�QHXUDO�QHWZRUN�LV�XVHG�DV�D�FODVVLILHU��7KH�WHVW�UHVXOWV�VKRZ�WKDW�WKH�GHYHORSHG�

V\VWHP�FDQ�EH�VXFFHVVIXOO\�XVHG�LQ�WKH�UHFRJQLWLRQ�RI�KXPDQ�PRWLRQ��7KLV�V\VWHP�LV�IOH[LEOH�DQG�RSHQ�IRU�

IXWXUH�H[WHQVLRQV��

�
Keywords:�+XPDQ�0RWLRQ�$QDO\VLV��0LFURVRIW�.LQHFW��$UWLILFLDO�1HXUDO�1HWZRUN��1DWXUDO�,QWHUIDFH�
�
�
Introduction 
�

$QDO\VLV�RI��'�KXPDQ�PRWLRQ�LV�DQ�LPSRUWDQW�WRRO�IRU�YDULRXV�LQWHUDFWLYH�V\VWHPV�XVHG�LQ�YLUWXDO�UHDOLW\��YLGHR�
JDPHV�� DQLPDWLRQ� PRYLHV�� PHGLFDO� DQDO\VLV�� VFLHQWLILF� YLVXDOL]DWLRQ�� SXSSHWU\�� DQG� JHVWXUH�EDVHG� FRQWURO�� 7R� UHDOL]H�
VXFK� LQWHUDFWLRQ�� WKH� V\VWHP�KDV� WR�HVWLPDWH�PRWLRQ�SDUDPHWHUV�RI�KXPDQ�ERGLHV� LQ� UHDO�WLPH��$Q�HIILFLHQW��'�KXPDQ�
PRWLRQ�DQDO\VLV�V\VWHP�VKRXOG�EH�DEOH�WR�UHFRJQL]H�DQG�XQGHUVWDQG�WKH�KXPDQ�EHKDYLRU�IURP�REVHUYDWLRQV�DORQH��7KLV�
WDVN� LV�YHU\�GLIILFXOW��DQG�PLVLQWHUSUHWDWLRQV�DQG�PLVWDNHV�DUH�YHU\�FRPPRQ��7KH�HIILFLHQW�KXPDQ�DFWLYLW\�PRQLWRULQJ�
V\VWHP�VKRXOG�DOVR�SURYLGH�LQGHSHQGHQW�PRYHPHQW�DELOLW\�DQG�D�VHFXUH�HQYLURQPHQW�WR�WKH�XVHU��

5HDO�WLPH�KXPDQ�ERG\�WUDFNLQJ�UHVHDUFK�FDQ�EH�FDWHJRUL]HG�LQWR�WKUHH�PDMRU�FODVVHV���L��FRPSXWHU�YLVLRQ�EDVHG��
�LL��VSHFLDO�GHYLFH��VXFK�DV�D�GDWD�JORYH��EDVHG��DQG��LLL��D�FRPELQDWLRQ�RI�WKH�WZR�FODVVHV��2]�DQG�/HX���������0RVW�RI�
WKH�YLVLRQ�EDVHG�KXPDQ�PRWLRQ�FDSWXUH�V\VWHPV�KDYH�PXOWLSOH�FDPHUDV�ZKLFK�DUH�VSHFLDOO\�ORFDWHG��7KH�XVHU�ZHDUV�D�
VSHFLDO�ERG\�VXLW�DQG�SODFHV�PDUNHUV�RQ�YDULRXV�SDUWV�RI� WKH�VXLW� WR�FDSWXUH� WKH�PRYHPHQW�RI� WKH� MRLQWV� LQ� WKH�KXPDQ�
ERG\��=KDQJ�HW�DO����������5HFHQWO\��LQ�SDUDOOHO�WR�WKH�GHYHORSPHQW�RI�WKH�FRPSXWHU�KDUGZDUH�DQG�VRIWZDUH��VRPH�IXOO\�
LPDJH�IHDWXUH�EDVHG� PRWLRQ� FDSWXULQJ� V\VWHPV� ZLWKRXW� VXFK� UHVWULFWLRQV� KDYH� EHHQ� GHYHORSHG� DV� D� FRPSXWHU� YLVLRQ�
DSSOLFDWLRQ��)LD]�DQG�,MD]����O���6YHQGVHQ�DQG�$OEX��������<H�HW�DO����������

0DUNHU�OHVV� PRWLRQ� FDSWXUH� WHFKQRORJ\� KDV� EHHQ� KDUQHVVHG� IRU� VHYHUDO� \HDUV� WR� WUDFN� KXPDQ� PRYHPHQWV� IRU�
GHYHORSLQJ� YDULRXV� DSSOLFDWLRQV�� 6KLPRVDND� HW� DO�� ������� LQWURGXFHG� D� UREXVW� IUDPHZRUN� IRU� PXOWLSOH� SHRSOH� SRVH�
WUDFNLQJ�� 7KH� QRWDEOH� DVSHFWV� RI� WKHLU� DSSURDFK� DUH� UHDO�WLPH� HQVXULQJ� VSHHG� �XS� WR� ��� ISV��� DQG� IOH[LELOLW\� WRZDUGV�
YDULRXV� FRPSOH[�PRWLRQV� DQG� HQYLURQPHQWV�� 7KHLU� IUDPHZRUN� VXFFHVVIXOO\� REWDLQV�PXOWLSOH� ERG\� SRVH� HVWLPDWLRQ� LQ�
UHDO�WLPH� HYHQ� ZKHQ� FRQWDFWV� EHWZHHQ� SHRSOH� RFFXUV� LQ� WKH� VFHQH�� ZKLFK� LV� QRW� DGGUHVVHG� LQ� WKH� FRQYHQWLRQDO�
DSSURDFKHV�� 7KH\� GHPRQVWUDWHG� WKH� HIIHFWLYHQHVV� RI� WKHLU� DSSURDFK� ZLWK� H[SHULPHQWV� RQ� LQGRRU� FOXWWHUHG� VFHQH�
VHTXHQFHV�� 5DI� HW� DO�� ������� SUHVHQWHG� D� PDUNHU�OHVV� �'� PRWLRQ� FDSWXUH� V\VWHP� EDVHG� RQ� D� YROXPH� UHFRQVWUXFWLRQ�
WHFKQLTXH�RI�QRQ�ULJLG�ERGLHV��,W�GHSLFWHG�D�QHZ�DSSURDFK�IRU�SRVH�HVWLPDWLRQ�LQ�RUGHU�WR�ILW�DQ�DUWLFXODWHG�ERG\�PRGHO�
LQWR� WKH� FDSWXUHG� UHDO�WLPH� LQIRUPDWLRQ�� 7KH\� DLPHG� DW� DQDO\]LQJ� DWKOHWH¶V� PRYHPHQWV� LQ� UHDO�WLPH� ZLWKLQ� D� �'�
LQWHUDFWLYH� JUDSKLFV� V\VWHP�� :DQJ� HW� DO�� ������� SURYLGHG� D� FRPSUHKHQVLYH� VXUYH\� RI� UHFHQW� GHYHORSPHQWV� RQ� JDLW�
UHFRJQLWLRQ�DSSURDFKHV��7KHLU�VXUYH\�HPSKDVL]HG�RQ�WKUHH�PDMRU�LVVXHV�LQYROYHG�LQ�D�JHQHUDO�JDLW�UHFRJQLWLRQ�V\VWHP��
QDPHO\�� JDLW� LPDJH� UHSUHVHQWDWLRQ�� IHDWXUH� GLPHQVLRQDOLW\� UHGXFWLRQ�� DQG� JDLW� FODVVLILFDWLRQ�� $OVR�� D� UHYLHZ� RI� WKH�
DYDLODEOH� SXEOLF� JDLW� GDWDVHWV� ZDV� JLYHQ�� 7KHLU� FRQFOXVLRQ� RXWOLQHG� D� QXPEHU� RI� UHVHDUFK� FKDOOHQJHV� DQG� SURYLGHG�
SURPLVLQJ�IXWXUH�GLUHFWLRQV�IRU�WKH�ILHOG��

5HFHQWO\�ZLWK� WKH� ODXQFK�RI�0LFURVRIW�.LQHFW� UHVHDUFKHUV�KDYH�EHHQ�NHHQO\� LQWHUHVWHG� LQ�GHYHORSLQJ�DSSOLFDWLRQV�
XVLQJ�WKLV�GHYLFH��6RX]D�6DQWRV�HW�DO���������-LQJ�HW�DO���������-DODO�HW�DO����������6LQFH�.LQHFW�FRVWV�DERXW�������LW�LV�D�
ORZ�FRVW�DQG�JRRG�VXEVWLWXWH�IRU�WKH�FRPSDUDWLYHO\�H[SHQVLYH�RWKHU�YLVLRQ�EDVHG�PRWLRQ�FDSWXUH�V\VWHPV��$OWKRXJK�LW�LV�
GHVLJQHG� IRU� KRPH� HQWHUWDLQPHQW�� EXW� QXPHURXV� DSSOLFDWLRQV� FDQ� EH� GHYHORSHG� ZLWK� WKH� FDSDELOLWLHV� RI� .LQHFW�� 7KH�
VNHOHWRQ�GDWD�RI�D�KXPDQ�EHLQJ�WUDFNHG�E\�D�VLQJOH�.LQHFW�GHYLFH�LV�HQRXJK�WR�REWDLQ�WKH�KXPDQ�PRWLRQ�VLPXODWLRQ�LQ�
PDQ\�FDVHV��,Q�WKH�VWXG\�SUHVHQWHG�LQ�WKH�SUHVHQW�SDSHU��D�KXPDQ�PRWLRQ�DQDO\VLV�V\VWHP�LV�GHVLJQHG�ZLWK�DQ�$UWLILFLDO�
1HXUDO�QHWZRUN�XVLQJ�.LQHFW�VHQVRU���
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System Hardware  
�
2QH�RI�WKH�SULPDU\�PHDQV�E\�ZKLFK�ZH�SK\VLFDOO\�FRQQHFW�WR�WKH�ZRUOG�LV�WKURXJK�RXU�OLPEV��HVSHFLDOO\�WKH�KDQGV��

:H�SHUIRUP�PRVW�RI�RXU�HYHU\GD\�WDVNV�ZLWK�WKHP��KRZHYHU��DORQJ�ZLWK�RXU�KDQGV��ZH�DOVR�UHO\�RQ�GHYLFHV�VXFK�DV�D�
PRXVH��NH\ERDUG��RU�MR\VWLFN�WR�ZRUN�ZLWK�D�FRPSXWHU�DQG�FRPSXWHU�DSSOLFDWLRQV��9LUWXDO�5HDOLW\�LQSXW�GHYLFHV�OLNH�GDWD�
JORYH��PRWLRQ�WUDFNHU��DQG�.LQHFW�FRXOG�RYHUFRPH�WKH�OLPLWDWLRQV�RI�WKHVH�GHYLFHV��6WXUPDQ�DQG�=HOWHU��������2]�DQG�
/HX���������+RZHYHU��PRVW�FRPPHUFLDOO\�DYDLODEOH�YLUWXDO�UHDOLW\�GHYLFHV�DUH�YHU\�H[SHQVLYH���

7KH�.LQHFW� VHQVRU� �VHH� )LJXUH� ���ZDV� GHYHORSHG� IRU� WKH�0LFURVRIW�;ER[� ���� YLGHR� JDPH� SODWIRUP� �0LFURVRIW��
5HGPRQG��:DVKLQJWRQ���7KHQ�LW�ZDV�WUDQVIHUUHG�WR�WKH�SHUVRQDO�FRPSXWHUV�DQG�WKLV�GHYLFH�RIIHUV�SRUWDEOH���'�PRWLRQ�
FDSWXUH�FDSDELOLWLHV�WKDW�FDQ�RYHUFRPH�WKH�OLPLWDWLRQV�RI�PRVW�H[LVWLQJ�V\VWHPV��7KH�.LQHFW�ZDV�GHVLJQHG�WR�DOORZ�XVHUV�
WR�LQWHUDFW�ZLWK�WKH�JDPLQJ�V\VWHP�ZLWKRXW�WKH�QHHG�IRU�D�WUDGLWLRQDO�KDQGKHOG�FRQWUROOHU��,QVWHDG��WKH�VHQVRU�UHFRJQL]HV�
WKH�XVHU¶V�JHVWXUHV�DQG�YRLFH�FRPPDQGV���

7KH�NH\�WR�JHVWXUH�UHFRJQLWLRQ�LV�WKH�GHYLFH¶V�³GHSWK�FDPHUD´�ZKLFK�FRQVLVWV�RI�DQ�LQIUDUHG�ODVHU�SURMHFWRU�DQG�DQ�
LQIUDUHG�YLGHR�FDPHUD�PRXQWHG�ZLWKLQ�WKH�VHQVRU�EDU��7KH�V\VWHP�XVHV�WKH�LQIUDUHG�FDPHUD�WR�GHWHFW�D�VSHFNOH�SDWWHUQ�
SURMHFWHG� RQWR� REMHFWV� LQ� WKH� VHQVRU¶V� ILHOG� RI� YLHZ�� 7KH� .LQHFW� LV� DEOH� WR� FUHDWH� D� ��'� PDS� RI� WKHVH� REMHFWV� E\�
PHDVXULQJ� GHIRUPDWLRQV� LQ� WKH� UHIHUHQFH� VSHFNOH� SDWWHUQ�� 7KH� VHQVRU� EDU� DOVR� KRXVHV� D� FRORU� YLGHR� FDPHUD� ZKLFK�
SURYLGHV�FRORU�GDWD�WR�WKH�GHSWK�PDS���7KH�VHQVRU�EDU�DOVR�FRQWDLQV�DQ�DUUD\�RI�IRXU�PLFURSKRQHV�DQG�LV�FRQQHFWHG�WR�D�
PRWRUL]HG�EDVH�WKDW�DOORZV�WKH�VHQVRU�EDU�WR�EH�WLOWHG�XS�DQG�GRZQ��7KH�WHFKQRORJ\�ZDV�GHYHORSHG�E\�3ULPH6HQVH��7HO�
$YLY��,VUDHO��DQG�LV�GLVFORVHG�LQ�GHWDLO�LQ�WKHLU�SDWHQWV��)UHHGPDQ�HW�DO�����������

�

� �
)LJXUH����7KH�0LFURVRIW�.LQHFW��

�
 
 
Feature Extraction 

�
7KH�[��\��]�YDOXHV�RI�WZHQW\�ERG\�MRLQWV�DUH�FDSWXUHG�XVLQJ�WKH�.LQHFW�VHQVRU��7KH�QDPHV�RI�WKHVH�MRLQWV�DUH�JLYHQ�

LQ� )LJXUH� ���ZKLFK� DOVR� VKRZV� WKH� MRLQWV� GDWD� DQG� IHDWXUH� YHFWRUV�PHDVXUHG� E\�.LQHFW�� %HIRUH� VWDUWLQJ� WKH� UHDO�WLPH�
FODVVLILFDWLRQ�RU�GDWD�FROOHFWLRQ��HYHU\�VLJQHU�KDV�WR�HVWDEOLVK�KLV�RZQ�UHIHUHQFH�SRLQWV��7KHVH�XVHU�UHIHUHQFH�SRLQWV�DUH�
FDSWXUHG�IURP�WKUHH�VWDWLF�XVHU�SRVWXUHV�LQFOXGLQJ�WKH�7�SRVH��DUPV�DUH�UDLVHG�DQG�SDUDOOHO�WR�JURXQG���VWDQGLQJ�SRVWXUH��
DQG�D�SRVWXUH�ZLWK�DUPV�LQ�IURQW�RI�WKH�ERG\�DQG�SDUDOOHO�WR�JURXQG��7KLUWHHQ�IHDWXUH�GDWD�DUH�XVHG��'XULQJ�WKH�7�SRVWXUH�
D�YLUWXDO�UHFWDQJOH�LV�GUDZQ��7KH�GLVWDQFH�EHWZHHQ�WKH�VKRXOGHU�FHQWHU�DQG�WKH�FHQWUDO�KLS�MRLQW�JLYHV�WKH�ZLGWK�RI�WKH�
UHFWDQJOH��DQG�WKH�[�YDOXHV�RI�WKH�FRRUGLQDWHV�RI�WZR�KDQGV�JLYH�WKH�OHQJWK�RI�UHFWDQJOH��:KHQ�XVHUV�PRYH�WKHLU�KDQGV��
DQRWKHU�UHFWDQJOH�LV�GUDZQ�EHWZHHQ�KDQGV�DQG�FHQWUDO�KLSV��7KHVH�MRLQWV�GHWHUPLQH�WKH�FRUQHU�RI�WKH�UHFWDQJOH��)RXU�RI�
WKH� IHDWXUHV� GDWD� DUH� WKH� DUHDV� RI� WKHVH� IRXU� UHFWDQJOHV�� 6HYHQ� RI� RXU� IHDWXUH� YHFWRUV� DUH� GLVWDQFHV� EHWZHHQ� MRLQWV��
GLVWDQFH� EHWZHHQ� FHQWHU� KLS� DQG� ULJKW� DQNOH�� GLVWDQFH� EHWZHHQ� ULJKW� KDQG� DQG� VSLQH�� GLVWDQFH� EHWZHHQ� OHIW� KDQG� DQG�
VSLQH��GLVWDQFH�EHWZHHQ�ULJKW�HOERZ�DQG�VSLQH��GLVWDQFH�EHWZHHQ�OHIW�HOERZ�DQG�VSLQH��GLVWDQFH�EHWZHHQ�FHQWHU�KLS�DQG�
OHIW�NQHH��DQG�GLVWDQFH�EHWZHHQ�FHQWHU�KLS�DQG�ULJKW�NQHH����
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Artificial Neural Network (ANN) Model 
�

$� EDFNSURSDJDWLRQ� DOJRULWKP� LV� XVHG� IRU� WUDLQLQJ� WKH� $11� PRGHO�� � 7KH� EDVLF� VWUXFWXUH� DQG� IRUPXODWLRQ� RI�
EDFNSURSDJDWLRQ� LV� VXPPDUL]HG� KHUH�� 7UDLQLQJ� D� QHXUDO� QHWZRUN� LQYROYHV� FRPSXWLQJ� ZHLJKWV� VR� DV� WR� JHW� DQ� RXWSXW�
UHVSRQVH�WR�WKH�LQSXW�ZLWKLQ�DQ�HUURU�OLPLW��7KH�LQSXW�DQG�WDUJHW�YHFWRUV�PDNH�XS�D�WUDLQLQJ�SDLU��7KH�EDFNSURSDJDWLRQ�
DOJRULWKP�LQFOXGHV�WKH�IROORZLQJ�VWHSV��/LSSPDQ���������

�� 6HOHFW�WKH�ILUVW�WUDLQLQJ�SDLU�DQG�DSSO\�WKH�LQSXW�YHFWRU�WR�WKH�QHW��
�� &DOFXODWH�WKH�QHW�RXWSXW��
�� &RPSDUH�WKH�DFWXDO�RXWSXW�ZLWK�WKH�FRUUHVSRQGLQJ�WDUJHW�DQG�ILQG�WKH�HUURU��
�� 0RGLI\�WKH�ZHLJKWV�VR�DV�WR�UHGXFH�WKH�HUURU��

7KHVH�VWHSV�DUH�UHSHDWHG�XQWLO�WKH�HUURU�IDOOV�ZLWKLQ�WKH�DFFHSWHG�OLPLW��,Q�6WHS����WKH�RXWSXW�VHWV�IRU�WHVW�LQSXWV�DUH�
FDOFXODWHG��,I�WKH\�DUH�QHDUO\�WKH�VDPH�DV�WKH�H[SHFWHG�VHWV�ZLWKLQ�WKH�SUHVFULEHG�HUURU�UDQJH��WKHQ�LW�LV�FRQVLGHUHG�WKDW�
WKH�QHW�KDV�OHDUQHG�WKH�SUREOHP��DQG�WKH�ILQDO�ZHLJKWV�DUH�VWRUHG�VR�WKDW�WKH\�FDQ�EH�UHXVHG�ZKHQ�QHHGHG��7KH�GHYHORSHG�
$11� KDV� D� PXOWL�OD\HU� IHHGIRUZDUG� VWUXFWXUH� DV� VKRZQ� LQ� )LJXUH� ��� 7KH� YDULDEOH� GHILQLWLRQV� DUH� JLYHQ� DV� IROORZV�
�$EXODI\D��������1DUHQGD���������/ ����LQSXW�OD\HU��/ ���KLGGHQ�OD\HU��/ ���RXWSXW�OD\HU��:��ML��ZHLJKW�PDWUL[�EHWZHHQ�
WKH�LQSXW�OD\HU�DQG�WKH�KLGGHQ�OD\HU��:��WM��ZHLJKW�PDWUL[�EHWZHHQ�WKH�KLGGHQ�OD\HU�DQG�WKH�RXWSXW�OD\HU��%��M��ELDV�YDOXHV�
RI�KLGGHQ�QHXURQV��DQG�%��W��ELDV�YDOXHV�RI�RXWSXW�QHXURQV���

)LJXUH����$�PXOWL�OD\HU�IHHGIRUZDUG�QHW�VWUXFWXUH�

�

(TXDWLRQ�����JLYHV�WKH�RXWSXW�RI�WKH�KLGGHQ�OD\HU��

I1 

I2 

. 

. 

. 

In 

w2,kmw1,mn
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y2,2 
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Design of Human Motion Analysis System with ANN 
�
7KH�V\VWHP�VRIWZDUH�ZULWWHQ�ZLWK�0LFURVRIW�&��KDV�IRXU�PRGXOHV��GDWD�FDSWXULQJ��GDWD�VHOHFWLQJ��$11�FODVVLILHU�

WUDLQLQJ�DQG�WHVWLQJ��DQG�UHDO�WLPH�PRWLRQ�FODVVLILFDWLRQ��7KH�GDWD�FDSWXULQJ�PRGXOH�WUDFNV��WKH�XVHU�VNHOHWRQ�MRLQW�GDWD�
LQ��'�FRRUGLQDWH�V\VWHP�ZLWK�.LQHFW�XVLQJ�0LFURVRIW�.LQHFW�/LEUDU\�DQG�VWRUH�WKH�FDSWXUHG�GDWD�LQ�WKH�GDWDEDVH�ZKHQ�
WKH� XVHUV� PRYH� WKHLU� DUPV� DQG� OHJV�� 1RW� DOO� RI� WKH� FDSWXUHG� GDWD� DUH� VXLWDEOH� IRU� FODVVLILFDWLRQ�� 7KHUHIRUH�� WKH� GDWD�
FODVVLILHU�PRGXOH�LV�XVHG�IRU�PDQXDO�FODVVLILFDWLRQ�RI�WKH�KXPDQ�PRWLRQ�WR�SUHSDUH�WUDLQLQJ�DQG�WHVWLQJ�GDWD�IRU�WKH�$11�
PRGHO�� 7KH� UHFRUGHG� KXPDQ� VNHOHWRQ� LV� UHSOD\HG� VWHS� E\� VWHS�� ,I� WKH� GDWD� DUH� JRRG� IRU� D� FHUWDLQ� FODVV�� WKH� H[WUDFWHG�
IHDWXUH�YHFWRU�RI�WKH�FXUUHQW�VNHOHWRQ�GDWD�LV�VWRUHG�LQ�DQ�LQSXW�ILOH�DQG�WKH�FODVVLILFDWLRQ�VFULSW�LV�UHFRUGHG�WR�DQ�RXWSXW�
ILOH��)LJXUH���VKRZV�D�EORFN�GLDJUDP�RI�WKH�GDWD�VHOHFWLQJ�PRGXOH��

�

�

�

�

�

�

�

�

�

�

)LJXUH����%ORFN�GLDJUDP�RI�WKH�GDWD�VHOHFWLQJ�PRGXOH�

7KH�$11�FODVVLILHU� WUDLQLQJ� DQG� WHVWLQJ�PRGXOH�ZRUNV�RQ�0DWODE��7UDLQLQJ�DQG� WHVWLQJ�$11�FODVVLILHU�PRGHO�
SDUDPHWHUV�DUH�VWRUHG�LQ�D�ILOH�IRU�IXWXUH�XVH�ZLWK�WKH�UHDO�WLPH�PRWLRQ�FODVVLILFDWLRQ�PRGXOH��:KHQ�WKH�UHDO�WLPH�PRWLRQ�
FODVVLILFDWLRQ� PRGXOH� VWDUWV�� ILUVW� WKH� $11� FODULILHU� GDWD� DUH� UHDG� IURP� WKH� GDWD� ILOH� DQG� WKHQ� D� UHDO�WLPH� PRWLRQ�
UHFRJQLWLRQ�ORRS�VWDUWV��:KHQHYHU�WKH�XVHU
V�KDQG�PRWLRQV�DUH�ODUJHU�WKDQ�D�WKUHVKROG�YDOXH��WKH�VNHOHWRQ�MRLQW�GDWD�DUH�
FDSWXUHG� E\�.LQHFW� DQG� ��� IHDWXUHV� DUH� H[WUDFWHG�� )LYH� WLPH� LQVWDQW� IHDWXUH� YHFWRUV� DUH� XVHG� DV� LQSXWV� IRU� WKH�$11�
PRGHO�� ZLWK� WKH� WRWDO� LQSXWV� EHLQJ� ���� $�0XOWL�OD\HU� IHHGIRUZDUG�$11�PRGHO� FODVVLILHV� WKH� XVHU� PRYHPHQWV� WR� ���
FODVVHV�VXFK�DV�VLWWLQJ��VWDQGLQJ��UDLVLQJ�ULJKW�KDQG��UDLVLQJ�OHIW�KDQG��HWF��7KH�$11�FODVVLILHU�PRGHO�KDV����LQSXW�����
KLGGHQ��DQG����RXWSXW�QHXURQV��)LJXUH���VKRZV�WKH�KXPDQ�PRWLRQ�FODVVLILFDWLRQ�PRGXOH�EORFN�GLDJUDP��

�

�
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)LJXUH����7KH�5HDO�WLPH�PRWLRQ�FODVVLILFDWLRQ�PRGXOH�EORFN�GLDJUDP��

Test Results 
�

7KH� KXPDQ�PRWLRQ� UHFRJQLWLRQ� V\VWHP� LV� WUDLQHG�ZLWK� ��� VDPSOHV� RI� GDWD� IURP���� KXPDQ� DFWLRQV��ZKLFK� DUH�
FROOHFWHG�ZLWK�WKH�.LQHFW��$W�WKH�WHVWLQJ�VWDJH��UHDO�WLPH�GDWD�DUH�DOVR�XVHG��,Q�WRWDO������DFWLRQV����[����LQ�WKH�WUDLQLQJ�
VHW�DUH�XVHG�IRU�WKH�WHVW��7UDLQLQJ�DQG�WHVWLQJ�GDWD�DUH�DFTXLUHG�IURP�VHYHUDO�SHRSOH�ZKLOH�WKH\�WU\�WR�SHUIRUP�WKH�VDPH�
SRVWXUH�� �7KHUHIRUH��GDWD� IURP�GLIIHUHQW�SHRSOH�FRXOG�YDU\��7KH� WHVWLQJ� UHVXOWV�DUH�JLYHQ� LQ�7DEOH���� ,Q� WKLV� WDEOH�� WKH�
µXQNQRZQC�FRPH�IURP�WKH�RXWSXW�VHOHFWLRQ�SURFHGXUH�ZKLOH�WKH�RXWSXW�GHFRGLQJ�EORFN�GHWHUPLQHV�WKH�PD[LPXP�RXWSXW�
RI�WKH�$11��WKH�FRUUHVSRQGLQJ�LQGH[�RI�WKH�RXWSXW�YHFWRU�LV�WKH�UHFRJQL]HG�PRWLRQ�FODVV��$�WKUHVKROG�YDOXH�LV�XVHG�IRU�
WKH�RXWSXW�� DQ\�RXWSXW� XQGHU� WKLV� WKUHVKROG� LV� UHJDUGHG� DV�DQ�XQNQRZQ�� ,I� WKH� WKUHVKROG�YDOXH� LV� LQFUHDVHG�� XQNQRZQ�
VLJQV� ZLOO� DOVR� LQFUHDVH�� RWKHUZLVH�� ZKHQ� WKH� WKUHVKROG� YDOXH� LV� GHFUHDVHG�� WKH� QXPEHU� RI� PLVUHFRJQL]HG� VLJQV� ZLOO�
LQFUHDVH��

7DEOH����$11�WHVW�UHVXOWV�IRU�+XPDQ�PRWLRQV�UHFRJQLWLRQ��

� 'DWD�IRU�HDFK��
PRWLRQ�

7RWDO�WHVW�GDWD� 0LVVHG�
�XQNQRZQ��

0LVUHFRJQL]HG� 5HFRJQL]HG�

6LQJOH�XVHU� ��� ������[���� ��� ��� ����

6HYHUDO�XVHU� ��� ������[���� ��� ��� ����

Conclusion 
�
7KH�GHYHORSPHQW�DQG�HYDOXDWLRQ�RI�D�KXPDQ�PRWLRQ�FODVVLILFDWLRQ�V\VWHP�LV�GHVFULEHG�LQ�WKLV�SDSHU��7KH�GDWD�IURP�

D�.LQHFW�DUH�SURFHVVHG�E\�D�QRLVH�UHGXFWLRQ��IHDWXUH�H[WUDFWLRQ��DQG�D�FODVVLILFDWLRQ�QHWZRUN��7KLUWHHQ�LPSRUWDQW�IHDWXUHV�
DUH� H[WUDFWHG� IRU� HYHU\� KXPDQ� DFWLRQ� DQG� ILYH� WLPH� LQVWDQWV� RI� WKH� YHFWRU� DUH� XVHG�� 1HXUDO� QHWZRUNV� DUH� XVHG� DV� D�
FODVVLILHU� RI� WKHVH� IHDWXUH� YHFWRUV�� 7KH� V\VWHP� LV� WUDLQHG� DQG� WHVWHG�� DQG� WKH� WHVW� UHVXOWV� LQGLFDWH� WKDW� WKH� UHFRJQLWLRQ�
DFFXUDF\�LV�DERXW������
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��������M�HQJDSSDL���������������������

(��6RX]D�6DQWRV��(��$��/DPRXQLHU��DQG�$��&DUGRVR��³,QWHUDFWLRQ�LQ�$XJPHQWHG�5HDOLW\�(QYLURQPHQWV�8VLQJ�.LQHFW�´�
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$QDO\VLV´��3URFHHGLQJV�RI�,(((���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,PDJH�3URFHVVLQJ��6HSWHPEHU�������
�
-��:DQJ��0��6KH��DQG�6��1DKDYDQGL��³$�5HYLHZ�RI�9LVLRQ�EDVHG�*DLW�5HFRJQLWLRQ�0HWKRGV�IRU�+XPDQ�,GHQWLILFDWLRQ�´�
'LJLWDO�,PDJH�&RPSXWLQJ��7HFKQLTXHV�DQG�$SSOLFDWLRQV��SS�����������������
�
-��6YHQGVHQ�DQG�$��%��$OEX��$QDO\VLV�RI�3DWWHUQV�RI�0RWRU�%HKDYLRU�LQ�*DPHUV�ZLWK�'RZQ�6\QGURPH��������
�
-��7RQJ��-��=KRX��/��/LX��=��3DQ��DQG�+��<DQ��³6FDQQLQJ��'�)XOO�+XPDQ�%RGLHV�8VLQJ�.LQHFWV�´�,(((�7UDQVDFWÕRQV�RQ�
9ÕVXDOÕ]DWÕRQ�DQG�&RPSXWHU�*UDSKÕFV��9RO������1R�����SS�����������������

0��6KLPRVDND��<��6DJDZD��7��6DWR�DQG�7��0RUL��0XOWL�SHRSOH�3RVH�7UDFNLQJ�WKURXJK�9R[HO�6WUHDPV��,&0(��������
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�
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�
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6HQVRUV�´�,(((�7UDQVDFWLRQV�RQ�,QIRUPDWLRQ�7HFKRQROJ\�LQ�%LRPHGLFÕQH��9RO������1R�����SS�����������������
�
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12Abstract: 7KLV�SDSHU�SUHVHQWV�D�QHZ�K\EULG�ILHOG�RULHQWHG�VOLGLQJ�PRGH�UREXVW�FRQWURO�EDVHG�KLJK�

JDLQ�IOX[�REVHUYHU�IRU�D�KLJK�SHUIRUPDQFH�LQGXFWLRQ�PRWRU��,0��GULYH��7KLV�FRQWURO�WHFKQLTXH�LV�
REWDLQHG�E\�WKH�FRPELQDWLRQ�EHWZHHQ�WKH�ILHOG�RULHQWHG�DQG�WKH�VOLGLQJ�PRGH�FRQWURO�VWUDWHJ\�DQG�
SUHVHQW� UHPDUNDEOH� G\QDPLF� SHUIRUPDQFHV� MXVW� DV� D� JRRG� UREXVWQHVV� ZLWK� UHVSHFW� WR� WKH� ,0�
SDUDPHWHUV�YDULDWLRQV�DQG�ORDG�WRUTXH��$�KLJK�JDLQ�IOX[�REVHUYHU�LV�DOVR�SUHVHQWHG�DQG�DVVRFLDWHG�
LQ�RUGHU�WR�HVWLPDWH�WKH�URWRU�IOX[�E\�RQO\�XVLQJ�PHDVXUHPHQWV�RI�WKH�VWDWRU�YROWDJHV�DQG�FXUUHQWV��
6LPXODWLRQV�UHVXOWV�DUH�SURYLGHG�WR�HYDOXDWH�WKH�FRQVLVWHQF\�DQG�WR�VKRZ�WKH�HIIHFWLYHQHVV�RI�WKHVH�
K\EULG�FRQWURO�VWUDWHJ\�DQG�WKH�SHUIRUPDQFH�RI�WKH�KLJK�JDLQ�IOX[�REVHUYHU�LQ�,0�GULYH�V\VWHP��

Keywords- ,QGXFWLRQ� PRWRU�� ILHOG� RULHQWHG� FRQWURO�� VOLGLQJ� PRGH� FRQWURO�� K\EULG� FRQWURO��
UREXVWQHVV��KLJK�JDLQ�REVHUYHU��

120(1&/$785(��

rs� ��������������6WDWRU��URWRU�LQGH[��
ED � �������������)L[HG�VWDWRU�UHIHUHQFH�IUDPH�LQGH[HV��
M�� iV �������������9ROWDJH��FXUUHQW��IOX[��

��� MLL rs ����6WDWRU��URWRU��0XWXDO��LQGXFWDQFH��

rs RR � �����������6WDWRU��URWRU�UHVLVWDQFH��

rs TT � �����������6WDWRU��URWRU�WLPH�FRQVWDQW��
��:Z ����������(OHFWULF��URWRU��VSHHG��

V �����������������7RWDO�OHDNDJH�FRHIILFLHQW��

pn ���������������3ROH�SDLU�QXPEHU����
s ������������������'HULYDWH�RSHUDWLRQ�

�Ö�xx� �������������7LPH�GHULYDWLYH��HVWLPDWHG��YDOXH��
ref �������������5HIHUHQFH�VXEVFULSW��

I. INTRODUCTION

��,QGXFWLRQ�PRWRUV��,0V���GXH�WR�WKH�FKDUDFWHULVWLFV�RI�WKHLU�QRQOLQHDU�G\QDPLFV��FRQVWLWXWH�DQ�LQWHUHVWLQJ�WHVW�EHG�IRU�WKH�
V\QWKHVLV�RI�DGYDQFHG�FRQWURO� ODZV��0RUHRYHU��,0V�DUH�ZLGHO\�XVHG�LQ�LQGXVWULDO�DSSOLFDWLRQV��6RPH�RI�WKH�UHDVRQV�RI�
WKHLU� VXFFHVV� DUH� WKHLU� VLPSOH� PHFKDQLFDO� FRQVWUXFWLRQ�� WKHLU� ORZ� PDLQWHQDQFH� UHTXLUHPHQWV�� DQG� WKH� ORZHU� FRVW�
FRPSDUHG�WR�RWKHU�GHYLFHV��VXFK�DV�'&�RU�VWHSSHU�PRWRUV�>�@���

���,Q�WKH�ODVW�IHZ�GHFDGHV��DEXQGDQW�UHVHDUFK�DQG�GHYHORSPHQW�HIIRUWV�IRU�,0�FRQWURO�WHFKQRORJ\�KDYH�EHHQ�PDGH��7KH�
PRVW� SRSXODU� KLJK� SHUIRUPDQFH� ,0� FRQWURO� WHFKQLTXH� LV� NQRZQ� DV� YHFWRU� FRQWURO� �9&��� SURSRVHG� E\� +DVVH� DQG�
%NDVFKNH�>�@��9&�RI�LQGXFWLRQ�PRWRU�DFKLHYHV�GHFRXSOHG�WRUTXH�DQG�IOX[�G\QDPLFV�OHDGLQJ�WR�LQGHSHQGHQW�FRQWURO�RI�
WKH�WRUTXH�DQG�IOX[�DV�IRU�D�VHSDUDWHO\�H[FLWHG�'&�PRWRU�>�@��

���+RZHYHU�� WKH�GHFRXSOLQJ�FRQWURO�IHDWXUH�FDQ�EH�DGYHUVHO\�DIIHFWHG�E\�ORDG�GLVWXUEDQFHV�DQG�SDUDPHWHU�YDULDWLRQV�LQ�
WKH�PRWRU�VR�WKDW�WKH�YDULDEOH�VSHHG�WUDFNLQJ�SHUIRUPDQFH�RI�DQ�,0�LV�GHJUDGHG��,Q�JHQHUDO��ERWK�FRQYHQWLRQDO�3,�DQG�
3,'� FRQWUROOHUV� KDYH� WKH� GLIILFXOW\� LQ� PDNLQJ� WKH� PRWRU� FORVHO\� IROORZ� D� UHIHUHQFH� VSHHG� WUDMHFWRU\� XQGHU� WRUTXH�
GLVWXUEDQFHV��,Q�WKLV�UHJDUG��DQ�HIIHFWLYH�DQG�UREXVW�VSHHG�FRQWUROOHU�GHVLJQ�LV�QHHGHG�>�@��

���,Q� WKH� UHVHQW� SDVW� \HDUV�� WKH� 60&� VWUDWHJLHV� KDYH� UHFHLYHG� ZRUOGZLGH� LQWHUHVW�� DQG� PDQ\� WKHRUHWLFDO� VWXGLHV� DQG�
DSSOLFDWLRQ�UHVHDUFKHV�DUH�UHSRUWHG�>�@��,W�LV�NQRZQ�WKDW�WKH�60&�FDQ�RIIHU�VXFK�SURSHUWLHV�DV�LQVHQVLWLYLW\�WR�SDUDPHWHUV�
YDULDWLRQV��H[WHUQDO�GLVWXUEDQFH�UHMHFWLRQ��IDVW�G\QDPLF�UHVSRQVH��DQG�VLPSOLFLW\�RI�GHVLJQ�DQG�LPSOHPHQWDWLRQ�>�@��

HYBRID FIELD ORIENTED-SLIDING MODE ROBUST CONTROL 
USING HIGH GAIN OBSERVER  

FOR INDUCTION MOTOR 

+��0HNNL������2��%HQ]LQHE�����DQG�'��%RXNKHWDOD���
�8QLYHUVLW\�RI�0¶VLOD��%�3�����,FKELOLD�0¶VLOD��$OJHULD��

��8QLYHUVLW\�RI�%OLGD��5RXWH�GH�6RXPDD��$OJHULD���
�(FROH�1DWLRQDOH�3RO\WHFKQLTXH��(13���%3������(OKDUUDFK��$OJHU��$OJHULD��

(�PDLO��PHNNL�KDP]D#\DKRR�IU����2PDUBEHQ]LQHE#\DKRR�IU��DQG�GERXNKHWDOD#\DKRR�IU�
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���,W� LV� NQRZQ� WKDW� WKH� VOLGLQJ� PRGH� FRQWURO� LV� D� YHU\� HIIHFWLYH� DSSURDFK� LQ� GHDOLQJ� ZLWK� LW�� +RZHYHU� LQ� SUDFWLFDO�
DSSOLFDWLRQV�� D� SXUH� VOLGLQJ�PRGH� FRQWURO� VXIIHUV� WKH� FKDWWHULQJ� SUREOHP�� 7KH� FKDWWHULQJ� RFFXUV� PDLQO\� GXH� WR� WKH�
VZLWFKLQJ�ZLWK�LQILQLWH�VSHHG�FDQQRW�EH�VDWLVILHG�>�@��,Q�RUGHU�WR�UHGXFH�RU�RYHUFRPH�WKDW�SUREOHP��WZR�PHWKRGV�ZHUH�
SURSRVHG�LQ�>�@�DQG�>�@��,Q�WKLV�SDSHU��D�K\EULG�FRQWUROOHU�LV�FUHDWHG�E\�HPEHGGLQJ�D�)2�FRQWURO�LQWR�WKH�VOLGLQJ�PRGH�
FRQWURO��7KLV�PDNHV�WKH�3,�FRQWURO�UREXVW�WR�FKDQJHV�LQ�WKH�LQGXFWLRQ�PRWRU�GULYH�DQG�VXSSUHVV�WKH�FKDWWHULQJ�WR�JHW�JRRG�
SHUIRUPDQFHV�IRU�FRQWURO�V\VWHP���

���6HYHUDO�DSSURDFKHV�IRU�WKH�VHQVRUOHVV�FRQWURO�RI�LQGXFWLRQ�PRWRUV�KDYH�EHHQ�SURSRVHG�LQ�WKH�OLWHUDWXUH��VHH�>�@���7KH�
FRQWURO�ODZ�GHSHQGV�RQ�XQPHDVXUHG�VWDWHV��D�QRQOLQHDU�REVHUYHU�VKDOO�EH�V\QWKHVL]HG�LQ�RUGHU�WR�DFKLHYH�WKH�HVWLPDWLRQ�
REMHFWLYH� >��@�� 7KH� +LJK�JDLQ� REVHUYHU� LV� PRUH� DGHTXDWH� IRU� QRQ� OLQHDU� DQG� REVHUYDEOH� V\VWHPV�� LQ� ZKLFK� ZH� FDQ�
FODVVLI\�WKH�LQGXFWLRQ�PRWRU�>��@��
���,Q�WKLV�VWXG\�WKH�REVHUYHU�W\SH�XVHG�KHUH�LV�WKH�+LJK�JDLQ�REVHUYHU��REWDLQHG�E\�PRQLWRULQJ�RQO\�WKH�VWDWRU�FXUUHQW�DQG�
VWDWRU�YROWDJHV�WR�HVWLPDWH�WKH�QHFHVVDU\�FRQWURO�YDULDEOHV��ZKLFK�LV�WKH�URWRU�IOX[����

7KLV�SDSHU� LV�JRLQJ� WR�VKRZ�WKH� WKHRUHWLFDO�RI� WKH� VHQVRUOHVV�KLJK�SHUIRUPDQFH� LQGXFWLRQ�PRWRU�GULYH�FRQWURO�XVLQJ�D�
K\EULG� FRQWURO� VWUDWHJ\� ZKLFK� SUHVHQWHG� E\� D� FRPELQDWLRQ EHWZHHQ WKH� FRQYHQWLRQDO� ILHOG� RULHQWHG� FRQWURO� DQG� WKH�
VOLGLQJ�PRGH�FRQWURO�VWUDWHJ\�WR�PDNHV�WKH�3,�FRQWURO�UREXVW�WR�FKDQJHV�LQ�WKH�LQGXFWLRQ�PRWRU�GULYH�DQG�VXSSUHVV�WKH�
FKDWWHULQJ�WR�JHW�JRRG�SHUIRUPDQFHV�IRU�WKH�FRQWURO�VWUDWHJ\��7KLV�FRQWURO�VWUDWHJ\�ZLOO�EH�DVVRFLDWHG WR�D�KLJK�JDLQ�IOX[�
REVHUYHU��6LPXODWLRQ�WHVWV�LQ�WHUPV�RI�VSHHG�DQG�WRUTXH�UHVSRQVHV�KDYH�EHHQ�FDUULHG�RXW�RQ�WKH�VDPH�LQGXFWLRQ�PRWRU�
GULYH�WR�HYDOXDWH�WKH�FRQVLVWHQF\�DQG�WKH�SHUIRUPDQFH�RI�WKH�SURSRVHG�DSSURDFKHV���

II. INDUCTION MOTOR MODEL

7KH�VHWWLQJ�LQ�WKH�VWDWH�IRUP�RI�WKH�LQGXFWLRQ�PRWRU�PRGHO�DOORZV�WKH�VLPXODWLRQ�RI�WKH�ODWWHU��LQ�D�VWDWLRQDU\�UHIHUHQFH�
D�E� IUDPH�FKRRVLQJ� XV� OLNH� VWDWHV� YDULDEOHV� WKH� VWDWRU� FXUUHQWV�� URWRU� IOX[� DQG� WKH�PHFKDQLF� VSHHG� : � >��@��$QG� OLNH�FRQWURO�YHFWRU�WKH�VWDWRU�WHQVLRQV��7KH�PRGHO�RI�WKH�,0�LV�JLYHQ�E\�WKH�VWDWH�IRUP�>��@�����
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III. HYBRID FIELD ORIENTED-SLIDING MODE ROBUST CONTROL
)RU�KLJK�SHUIRUPDQFH�FRQWURO�� ILHOG�RULHQWHG�FRQWURO� LV� WKH�PRVW�ZLGHO\�XVHG�FRQWURO�VWUDWHJ\�>��@��:KHUH� WKH�6OLGLQJ�
0RGH�&RQWURO��60&��WKHRU\�LV�DQ�HIIHFWLYH�FRQWURO�VWUDWHJ\�LQ�PRGHUQ�FRQWURO�WKHRU\�DV�IRU�LWV�UREXVWQHVV�DQG�VLPSO\�
UHDOL]DWLRQ� >��@�� 'XH� WR� LWV� RUGHU� UHGXFWLRQ�� GLVWXUEDQFH� UHMHFWLRQ�� VWURQJ� UREXVWQHVV�� DQG� VLPSOH� LPSOHPHQWDWLRQ� E\�
PHDQV�RI�SRZHU�FRQYHUWHU��LV�RQH�RI�WKH�SURVSHFWLYH�FRQWURO�PHWKRGRORJLHV�IRU�LQGXFWLRQ�PRWRUV�>��@��,Q�WKLV�VHFWLRQ��D�
FRQWUROOHU� LV� GHVLJQHG� E\� FRPELQLQJ� WKH� ILHOG� RULHQWHG� FRQWURO� �)2&� PHWKRG� ZLWK� 6OLGLQJ� 0RGH� &RQWURO� �60&��
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PHWKRG�� 7R� WDNH� WKH� EHVW� FKDUDFWHULVWLFV� DQG� WR� VROYH� WKH� SUREOHPV� RI� WKH� WZR� FRQWURO� VWUDWHJ\� >�@� >�@�� 7KH� GHVLJQ�
SURFHGXUH�LV�EDVHG�RQ�WKH�ZHOO�NQRZQ�DVVXPSWLRQ�RI�FXUUHQW�IHG�,0�>��@��

A. Principle of field-oriented control: 

7KH�REMHFWLYH�RI�)2&�LV�WR�KDYH�DQ�HOHFWURPDJQHWLF�WRUTXH�SURSRUWLRQDO�WR�WKH�VWDWRU�FXUUHQW�RI�WKH�PRWRU��DV�LQ�WKH�FDVH�
RI�D�'&�PDFKLQH��ZLWK�DQ�DLP�RI�FRQWUROOLQJ�WKH�HOHFWURPDJQHWLF�WRUTXH�DQG�FRQVHTXHQWO\�WKH�PHFKDQLFDO�PRWRU�VSHHG�
>��@��7KLV�PHWKRG�FRQVLVWV� LQ�RULHQWLQJ�URWRU�IOX[�DFFRUGLQJ�WR�WKH�GLUHFWLRQ�RI�WKH�UHYROYLQJ�D[LV��d���ZKLFK�PDNHV�LW�
SRVVLEOH�WR�WUDQVIRUP�WKH�PRWRU�PRGHO�JLYHQ�E\�����LQ�WKH�UHIHUHQFH�PDUN�WXUQLQJ�� dq ��>��@��,Q�WKHVH�QHZ�FRRUGLQDWHV��
7KH�URWRU�SRVLWLRQ�LV�GHILQHG�E\�WKH�DQJOH� sT DV�IROORZV��
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�B. Hybrid control strategy: 
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A. Flux and Speed regulator:��
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B. Direct and Quadrature currents regulator:�

$FFRUGLQJ�WR�WKH�GHULYDWLYH�RI�WKH�FXUUHQWV�VXUIDFHV�ZH�FDQ�JHQHUDWH�WKH�WHQVLRQ�RQ�WKH��G�T��D[LV���

���� °̄
°
®
­

 � 

 � 

�

�

���

���

xxS

xxS
d

d

���

���

������������������������������������������
�����

� �

� �

� � �

� � �

� � �

� � �

r
eq sqeq

r
eq sdeq

u V x f x
b

u V x f x
b

­   �°°� ®
°   �
°̄

�

�

���������������������������

����

�

�

:KHUH�����
¯
®
­

��� 
�� 

�������

������

��
��

xxaxaxxf
xaxxaxf

s

s

Z
Z �

:H�HQVXUH�WKH�DWWUDFWLYH�FRQWURO�ODZ�E\��

�������������
� �

� �

� �

� �
sqn

sdn

V k eval S

V k eval S

 ­°
®

 °̄ �������������������������������������

�k DQG� �k DUH�SRVLWLYH�FRQVWDQWV��)LQHO\�ZH�JHW���

������������� °̄
°
®
­

�  

�  

sdnsdeqsdnom

sqnsqeqsqnom

VVVu

VVVu

�

�

��������������������������

,Q� WKLV� VWXG\�� WKH� eval EORFN� XVXDOO\� LV� DQ\� IXQFWLRQ� RI� WKH� IROORZLQJ� IDPLO\�� VLJQ�� UHOD\� RU� OLQHDU�ZLWK� VDWXUDWLRQ� DV�
VKRZQ�LQ�)LJXUH���%RWK�WKH�VLJQ�DQG�WKH�UHOD\�IXQFWLRQV�GR�QRW�SHUIRUP�DFFXUDWHO\�LQ�D�GLVFUHWH�WLPH�V\VWHP��UHVXOWLQJ�LQ�
RVFLOODWLRQV� DQG� XQGHVLUHG� FKDWWHULQJ��$� OLQHDU� IXQFWLRQ�ZLWK� D� SURSHU� JDLQ� SURYLGHV�PXFK� EHWWHU� UHVXOWV� LQ� UHGXFLQJ�
RVFLOODWLRQV�ZKLOH�VWLOO�PDLQWDLQLQJ�WKH�SURSHUWLHV�RI�VOLGLQJ�PRGH�>��@��
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IV. CURRENT-FLUX HIGH GAIN OBSERVER

,Q� WKH� IROORZLQJ�� WKH� SXUSRVH� LV� WR� GHVLJQ� D� FXUUHQW�IOX[� KLJK�JDLQ� REVHUYHU� EDVHG� RQ� D� JHQHUDO� FODVV� RI� VOLGLQJ�
PDQLIROG� Sc�� ,Q� WKH� VHTXHO�� � �Ö Ö� �x x � GHQRWH� WKH� REVHUYHG� FXUUHQWV�� � �Ö Ö� �x x � WKH� REVHUYHG� IOX[�� � � �Öre x x � � DQG�

� � �Öre x x � �WKH�FXUUHQW�REVHUYDWLRQ�HUURU�� � � �Öre x x � �DQG� � � �Öre x x � �WKH�IOX[�REVHUYDWLRQ�HUURU�>�����@��

7KH�FXUUHQWV��x���x����WKH�URWRU�VSHHG�:�DQG�WKH�FRQWURO�LQSXWV��u���u���DUH�DVVXPHG�DYDLODEOH�E\�PHDVXUH��7KH�REVHUYHU�LV�
FRQVLGHUHG�DV�D�FRS\�RI�WKH�LQGXFWLRQ�PRWRU�HOHFWULF�HTXDWLRQV�ZKHUH�WKH�:�VSHHG�LV�WDNHQ�DV�D�WLPH�YDU\LQJ�SDUDPHWHU��7KHUHIRUH��
WKH�IROORZLQJ�REVHUYHU�LV�SURSRVHG�>��@��
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1)� 7KH�FXUUHQW�DQG�IOX[�REVHUYDWLRQ�HUURUV��er���er���er���er���DUH�H[SRQHQWLDOO\�VWDEOH��

2)� 7KH�FORVHG�ORRS�V\VWHP�REWDLQHG�XVLQJ�WKH�K\EULG�FRQWURO�DQG�WKH�KLJK�JDLQ�REVHUYHU�LV�LQWHUQDOO\�VWDEOH��
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,W� FOHDUO\� DSSHDUV� WKDW� WKH� IOX[� REVHUYDWLRQ� HUURUV� er�� DQG� er�� H[SRQHQWLDOO\� FRQYHUJH� WR� ]HUR�� 7KH� REVHUYDWLRQV� HUURUV�
G\QDPLFV�ZLOO�EH�VWDEOH�LI�RQO\�LI�ZH�WDNH� �� !q DQG �� !q ��

2 ed Condition:��

7KH�FRQYHUJHQFH�RI�WKH�IOX[��er��DQG�er���DQG�WKH�FRQWUROOHG�RXWSXW�HUURUV��e��DQG�e����WR�]HUR�GRHV�QRW�LPSOLHV�WKDW�WKHVH�
YDULDEOHV�ZLOO�WHQG�WR�]HUR�ZKHQ�WKH�REVHUYHG�IOX[�LV�XVHG�LQVWHDG�RI�WKH�UHDO�IOX[�LQ�WKH�FRQWURO�ODZ��$�VXIILFLHQW�FRQGLWLRQ�
IRU� WKH� JOREDO� VWDELOLW\� RI� WKH� RYHUDOO� V\VWHP� FRQWURO�REVHUYHU� LV� WKDW� ERWK� FRQWURO� ODZ� DQG� WKH� XVHG� REVHUYHU� HQVXUH�
H[SRQHQWLDO�VWDELOLW\�>��@��7KLV�FRQGLWLRQ�LV�VDWLVILHG�LQ�RXU�FDVH��

VI. SIMULATION RESULTS

1XPHULFDO�VLPXODWLRQV�KDYH�EHHQ�FDUULHG�RXW��RQ�D����������N:�LQGXFWLRQ�PRWRU�GULYH�ZKLFK�UDWLQJV�DUH�VXPPDUL]HG�LQ�
WKH�DSSHQGL[��WR�DQDO\]H�WKH�K\EULG�FRQWUROOHU�SHUIRUPDQFH�ZLWK�WKH�+LJK±JDLQ�URWRU�IOX[�REVHUYHU��

     Test 1:�6SHHG�DQG�IOX[�WUDFNLQJ�DUH�FKHFNHG�IRU�QR�ORDG�WRUTXH�DQG�QR�SDUDPHWHU�YDULDWLRQV�FDVH��6LPXODWLRQ�UHVXOWV�
DUH�LOOXVWUDWHG�E\�)LJ����,W�FDQ�EH�QRWLFHG�WKDW�ERWK�FRQWURO�DSSURDFK�HQVXUH�JRRG�IOX[�DQG�VSHHG�WUDFNLQJ���
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Test 2:�6SHHG�DQG�IOX[�WUDFNLQJ�DUH�QRZ�FKHFNHG�LQ�WKH�FDVH�RI�DQ�XQNQRZQ�ORDG�WRUTXH��7L� ��7nom��DSSOLHG�EHWZHHQ�t�
 ��VHF�DQG�t� ��VHF��7KH�FRQWURO�SHUIRUPDQFHV�DUH�LOOXVWUDWHG�E\�)LJ�����

Test 3:� ,Q�)LJ���� VLPXODWLRQV�KDYH�EHHQ�FDUULHG�RXW�ZLWK�����YDULDWLRQ� LQ�DOO� WKH� UHVLVWLYH�SDUDPHWHUV� �Rs� Rr�� VWDUWLQJ�
IURP�t� ��VHF�WLOO�t� ��VHF��

Test 4:� ,Q� WKLV�FDVH��ZH�KDYH�XVHG� WKH�HVWLPDWHG� IOX[�
LQVWHDG� RI� WKH� UHDO� RQH� LQ� WKH� )2�6OLGLQJ� PRGH� FRQWURO�

ODZV� �)LJ����� 7KH� XVHG� REVHUYHU� LV� WKH� DERYH�GLVFXVVHG� KLJK�JDLQ� RQH��7KH� REWDLQHG� UHVXOWV� DUH� TXLWH� JRRG� DQG� YHU\�
HQFRXUDJLQJ��

V. CONCLUSION 
7KLV�SDSHU�GHVFULEHV�D�VHQVRUOHVV�K\EULG�ILHOG�RULHQWHG�VOLGLQJ�PRGH�FRQWURO�VWUDWHJ\�IRU�D�KLJK�SHUIRUPDQFH�LQGXFWLRQ�
PRWRU�GULYH��7KH�+\EULG�FRQWURO�WHFKQLTXH�KDV�EHHQ�VHOHFWHG�VLQFH�LW�KDV�EHHQ�SURYHQ�WR�RIIHU�WKH�EHVW�SHUIRUPDQFH�RYHU�
WKH� HQWLUH� VSHHG� UDQJH� DQG� WR� HQVXUH� LQGXFWLRQ� PRWRU� GULYH� RSHUDWLRQ� FRQWLQXLW\�� $PRQJ� WKHVH�� D� SUDFWLFDO� DGDSWLYH�
VHQVRUOHVV� WHFKQLTXH� �+LJK±JDLQ� REVHUYHU�� KDV� EHHQ� XVHG� WR� HVWLPDWH� URWRU� IOX[�� &RPSXWHU� VLPXODWLRQV� RQ� D� ��N:�
LQGXFWLRQ�PRWRU�GULYH�VKRZ�WKH�IHDVLELOLW\�DQG�UREXVWQHVV�RI�WKH�SURSRVHG�VHQVRUOHVV�FRQWURO�VWUDWHJ\���
�
APPENDIX 

Rated Values 3RZHU� ����� ��.:��
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6HUDS�.D]DQ���0XVWDID�$NSÕQDU���$OL�*�OED÷���*|]GH�<ROFX��
�

�%LOJLVD\DU�0�KHQGLVOL÷L�%|O�P���6DNDU\D�hQLYHUVLWHVL��7�UNL\H��
VFDNDU#VDNDU\D�HGX�WU� � � � � � � � DNSLQDU#VDNDU\D�HGX�WU� � � � � � � DJXOEDJ#VDNDU\D�HGX�WU�

� � � � � � � � J\ROFX#VDNDU\D�HGX�WU�
�

�
g]HW�� 6ÕFDNOÕN� YH� QHP� RUDQÕQÕQ� J�Q�Q� IDUNOÕ� ]DPDQODUÕQGD� YH� ]DPDQD� ED÷OÕ� RODUDN� GH÷LúWL÷L�
ELOLQPHNWHGLU�� %X� oDOÕúPDGD� ]DPDQÕQ� �VDDWLQ�� VÕFDNOÕN� YH� QHP� �]HULQGHNL� HWNLVL� DUDúWÕUÕOPÕúWÕU��
6LVWHP�JLUGLOHUL�VÕFDNOÕN�YH�QHP��oÕNWÕ�LVH�]DPDQGÕU��dDOÕúPDGD�6DNDU\D�LOLQH�DLW�VÕFDNOÕN�YH�QHP�
RUDQÕ� YHULOHUL� DOÕQÕS� 0DNLQH� g÷UHQPHVL� \|QWHPOHUL� NXOODQÕODUDN� KHP� J�Q� LoLQGHNL� VDDW� GLOLPL�
WDKPLQL�� KHP� GH� VÕQÕIODQGÕUÕFÕODUÕQ� SHUIRUPDQVODUÕQÕQ� NDUúÕODúWÕUÕOPDVÕ� \DSÕOPÕúWÕU�� 6ÕQÕIODQGÕUÕFÕ�
RODUDN� LNL� IDUNOÕ� \|QWHP� NXOODQÕOPÕúWÕU�� %LULQFLVL�� 2ODVÕOÕNVDO� 6LQLU� $÷Õ� \|QWHPL�� LNLQFLVL� LVH�
.�0HDQV� N�PHOHPH� DOJRULWPDVÕ� YH� (Q�<DNÕQ�.RPúX� VÕQÕIODQGÕUÕFÕVÕQÕQ� ELUOHúWLULOGL÷L� KLEULW� ELU�
\|QWHPGLU��<DSÕODQ�X\JXODPDODU�VRQXFX�2ODVÕOÕNVDO�6LQLU�$÷Õ�<|QWHPLQLQ�GL÷HU�\|QWHPH�J|UH�GDKD�
L\L�SHUIRUPDQV�J|VWHUGL÷L�J|U�OP�úW�U��
�

� � $QDKWDU�.HOLPHOHU��øNOLP��2ODVÕOÕNVDO�6LQLU�$÷ODUÕ��.�PHDQV��(Q�\DNÕQ�NRPúX��
�
�

&RPSDULVRQ�RI�0DFKLQH�/HDUQLQJ�0HWKRGV�RQ�(VWLPDWLRQ�RI�7LPH�ZLWK�&OLPDWH�'DWD�
�

$EVWUDFW��,W�LV�NQRZQ�WKDW�WHPSHUDWXUH�DQG�KXPLGLW\�UDWHV�FKDQJH�DW�GLIIHUHQW�WLPHV�RI�WKH�GD\�WKXV�
LW� GHSHQGV� RQ� WKH� WLPH�� ,Q� WKLV� VWXG\� WKH� HIIHFW� RI� WKH� WLPH� �KRXU�� RQ� WKH� GD\� WHPSHUDWXUH� DQG�
KXPLGLW\�LV�LQYHVWLJDWLQJ��6\VWHP�LQSXWV�DUH�PHDVXUHG�GD\�WHPSHUDWXUH�DQG�KXPLGLW\��DQG�RXWSXW�LV�
WLPH��KRXU��� �7KH�GD\�RI�WKH�KRXU�LV�HVWLPDWHG�ZLWK�WKH�PDFKLQH�OHDUQLQJ�DOJRULWKP�XVLQJ�KRXUO\�
WHPSHUDWXUH�DQG�KXPLGLW\�GDWD�RI�6DNDU\D�FLW\��7KHQ�PDFKLQH�OHDUQLQJ�DOJRULWKP�SHUIRUPDQFHV�DUH�
FRPSDUHG��� 7ZR�FODVVLILHUV�DUH�XVHG��ILUVW�RQH�LV�D�3UREDELOLVWLF�1HXUDO�1HWZRUN��DQG�VHFRQG�RQH�LV�
D�KLEULW�DOJRULWKP�ZKLFK�LV�1HDUHVW�1HLJKERU�FODVVLILHUV�ZLWK�.�PHDQV�FOXVWHULQJ�DOJRULWKP��,W�ZDV�
VHHQ�WKDW�3UREDELOLVWLF�1HXUDO�1HWZRUN�SHUIRUPV�EHWWHU�UHVXOW�WKDQ�RWKHU�PHWKRG�� �
�
.H\ZRUGV��&OLPDWH��3UREDELOLVWLF�1HXUDO�1HWZRUN��.�PHDQV��1HDUHVW�QHLJKERXU��

�� *LULú� �
�
� 0DNLQH� |÷UHQPHVL� ELOJLVD\DUODUÕQ� |UQHN� YHUL� \D� GD� JHoPLú� GHQH\LPL� NXOODQDUDN� ELU� |Oo�WH� J|UH� EDúDUÕPODUÕQÕ�
DUWWÕUDFDN� ELoLPGH� SURJUDPODQPDVÕGÕU� �$OSD\GÕQ�� ������� 6RQ� \LUPL� \ÕOGÕU�0DNLQH�g÷UHQPHVL�� ELOJL� WHNQRORMLVLQLQ� HQ�
E�\�N� GHVWHNOHULQGHQ� ELUL� YH� KHU� QH� NDGDU� IDUN� HWPHVHN� GH� KD\DWÕPÕ]ÕQ� ELU� SDUoDVÕ� KDOLQH� JHOPLúWLU�� (OGH� HGLOHQ� YHUL�
PLNWDUÕQÕQ�DUWPDVÕ�LOH��GDKD�EDúDUÕOÕ�YHUL�DQDOL]OHULQLQ�JHUoHNOHúWLULOPH�JHUHNVLQLPOHUL�RUWD\D�oÕNPÕúWÕU��6PROD��������� �
� ,VÕWPD��VR÷XWPD��KDYDODQGÕUPD�YH�J�QHú�HQHUMLVL�VLVWHPOHULQLQ�SURMHOHQGLULOPHVL�LNOLP�YHULOHULQH�GD\DQPDNWDGÕU��
øNOLP� YHULOHUL� EX� VLVWHPOHULQ� VLP�ODV\RQXQGD�� HQHUML� DQDOL]OHULQGH�� NDSDVLWHOHULQLQ�YH� X\JXQOXNODUÕQÕQ�EHOLUOHQPHVLQGH�
JHUHNOLGLU� �6DLG�� ������� *�Q�P�]GH� KDYD� WDKPLQL� oDOÕúPDODUÕ� GD� 0DNLQH� |÷UHQPHVL� \|QWHPOHUL� NXOODQÕODUDN�
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NXOODQPÕúWÕU�� 6KDUPD� YH� DUNDGDúODUÕ� ������� 'HVWHN� 9HNW|U� 0DNLQHOHUL� \|QWHPLQLQ� KDYD� WDKPLQL� �]HULQGHNL� HWNLVLQL�
DUDúWÕUPÕúODUGÕU�� � &RILQR�YH�DUNDGDúODUÕ��������%D\HV�$÷ODUÕ�\|QWHPLQL�NXOODQDUDN�KDYD�WDKPLQL��]HULQGH�RODVÕOÕNVDO�ELU�
PRGHO�oÕNDUPÕúODUGÕU��/L�YH�DUNDGDúODUÕ��������\DSWÕNODUÕ�oDOÕúPDGD�IÕUWÕQD�ROD\ODUÕQÕQ�WHVSLWLQGH�.�PHDQV�YH�'%6&$1�
N�PHOHPH�DOJRULWPDODUÕQÕ�NXOODQDUDN�EX�LNL�\|QWHPLQ�SHUIRUPDQVÕQÕ�NDUúÕODúWÕUPÕúODU�YH�'%6&$1�DOJRULWPDVÕQÕQ�GDKD�
EDúDUÕOÕ�VRQXoODU�YHUGL÷LQL�WHVSLW�HWPLúOHUGLU��
� 6ÕFDNOÕN�YH�QHP�RUDQÕQÕQ�J�Q�Q�IDUNOÕ�]DPDQODUÕQGD�YH�]DPDQD�ED÷OÕ�RODUDN�GH÷LúWL÷L�ELOLQPHNWHGLU��%X�oDOÕúPDGD�
VÕFDNOÕN� YH�QHP�YHULOHUL� NXOODQÕODUDN� ]DPDQ� �VDDW�� WDKPLQL� \DSÕOPÕúWÕU��6DNDU\D� LOLQH� DLW� VDDWOLN� VÕFDNOÕN� YH�QHP�RUDQÕ�
YHULOHUL� DOÕQÕS� 2ODVÕOÕNVDO� 6LQLU� $÷Õ� VÕQÕIODQGÕUÕFÕVÕ� YH� .�PHDQV� N�PHOHPH� DOJRULWPDVÕ� LOH� ELUOLNWH� (Q� <DNÕQ� .RPúX�
VÕQÕIODQGÕUÕFÕVÕ� KLEULW� \|QWHPL� NXOODQÕODUDN� KHP� J�Q� LoLQGHNL� VDDW� GLOLPL� WDKPLQL�� KHP� GH� EX� VÕQÕIODQGÕUÕFÕODUÕQ�
SHUIRUPDQVODUÕQÕQ�GH÷HUOHQGLULOPHVL�\DSÕOPÕúWÕU��
� �
�
�� .XOODQÕODQ�<|QWHPOHU� �
���� 2ODVÕOÕNVDO�6LQLU�$÷Õ�
�
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%LU�2ODVÕOÕNVDO�6LQLU�$÷Õ��26$���o�NDWPDQGDQ�ROXúPDNWDGÕU��*LULú�NDWPDQÕ��KHU�ELUL�ELU�|]QLWHOL÷L�WHPVLO�HGHQ�P�DGHW�
|]QLWHOLN�YHNW|U��LoHUPHNWHGLU��*LULú�NDWPDQÕQGD�EXOXQDQ�YH�|]QLWHOLNOHUL�WHPVLO�HGHQ�EX�G�÷�POHU��KHU�VDNOÕ�G�÷�P�JLULú�
|]QLWHOLN�YHNW|U��RODQ�[¶L�WDPDPHQ�DODFDN�úHNLOGH�VDNOÕ��RUWD��NDWPDQGDNL�KHU�G�÷�PH�ED÷ODQÕU��6DNOÕ�G�÷�POHU�KHU�ELUL�
ELU� VÕQÕIÕ� J|VWHUHFHN� úHNLOGH� N�PHOHUH� D\UÕOPDNWDGÕU��*LULú� NDWPDQÕQGDNL� G�÷�POHULQ� D÷ÕUOÕN� YHNW|UOHUL� H÷LWLP� N�PHVL�
RODUDN�YHULOHQ�|]QLWHOLN�YHNW|UOHUL�RODUDN�EHOLUOHQLU��$úD÷ÕGD�YHULOHQ�ùHNLO��¶GH�M�DGHW�VÕQÕIÕ�WDQÕ\DQ�ELU�26$¶QÕQ�\DSÕVÕ�
J|U�OPHNWHGLU��dHNOL�YH�8]XQR÷OX��������� �

�

�

ùHNLO����2ODVÕOÕNVDO�VLQLU�D÷Õ�PRGHOL�

O�VÕQÕIÕQÕQ�N�PHVLQGHNL�KHU�VDNOÕ�G�÷�P�O��VÕQÕIWDNL�NHQGLVLQH�DLW�|]QLWHOLN�YHNW|U�\OH�EHOLUOHQHQ�ELU�*DXVV�LúOHYL�LOH�
LOLúNLOLGLU�YH�KHU�|]QLWHOLN�YHNW|U�QH�LOLúNLQ�ELU�*DXVV�LúOHYL�EXOXQPDNWDGÕU��%LU�VÕQÕID�DLW�N�PHGHNL�E�W�Q�*DXVV�LúOHYOHUL��
LúOHYVHO� GH÷HUOHULQL� VDGHFH� EX� VÕQÕID� DLW� RODQ� oÕNÕú� NDWPDQÕQD� \ROODU�� 6RQXo� RODUDN� oÕNÕú� NDWPDQÕQGD� O� oÕNÕú� G�÷�P��
EXOXQXU�� �

O�VÕQÕIÕQÕQ�oÕNÕú�G�÷�P�QGH��O�VÕQÕIÕ�LoLQ�E�W�Q�*DXVV�GH÷HUOHUL�WRSODQÕU�YH�WRSODP�|OoHNOHQLU��%X�VD\HGH�WRSODP�
LúOHYL��ELULP�LúOHY�ROXU�YH�WRSODP�ELU�RODVÕOÕN�\R÷XQOXN�LúOHYL�KDOLQH�JHOLU��+HUKDQJL�ELU� O�JLULú�YHNW|U��LoLQ� M��6ÕQÕIÕQ� L��
|]QLWHOLN�YHNW|U��LOH�LOJLOL�*DXVV�GHQNOHPOHUL�P�YHNW|U�ER\XWX�ROPDN��]HUH�DúD÷ÕGDNL�úHNLOGH�YHULOHELOLU��

�

��(�) = [�/ට(����)�]�{ିฮ�ି���ฮ
�
/(���)}� � � � � � � � � � ����

'HQNOHPGHNL�ı�GH÷HUL�D\QÕ�N�PHGHNL�|]QLWHOLN�YHNW|UOHUL�DUDVÕQGDNL�RUWDODPD�PHVDIHQLQ�\DUÕVÕ�RODUDN�YH\D�KHU�ELU�
|UQHN� LoLQ�� LOJLOL� |UQHNWHQ� EX� |UQH÷H� HQ� \DNÕQ� GL÷HU� ELU� |UQHN� YHNW|UH� RODQ� X]DNOÕ÷ÕQ� \DUÕVÕ� RODUDN� DOÕQDELOLU�� M�� oÕNÕú�
G�÷�P��� M�� N�PHGHNL� VDNOÕ� G�÷�POHUGHQ� DOÕQDQ� GH÷HUOHUL� WRSODU�� EXQD� NDUÕúÕN� *DXVVODU� YH\D� 3DU]HQ� SHQFHUHVL�
GHQPHNWHGLU��%X�WRSODPODU�DúD÷ÕGDNL�GHQNOHPGH�YHULOHQ�úHNLOGH�WDQÕPODQDELOLU��

�

��(�) = ቈ� ට൫����൯�ൗ ቉� �Τ σ �{ିฮ�ି���ฮ
�
/(���)}

� � � � � � ����

�
%X� LIDGH� GH� [� JLULúH� YHULOHQ� ELU� |]QLWHOLN� YHNW|U�G�U�� ı� *DXVV� LúOHYL� LoLQ� D\DUODQDELOHQ� ELU� \XPXúDWPD�

SDUDPHWUHVLGLU��VWDQGDUW�VDSPD���|]QLWHOLN�YHNW|UOHULQLQ�ELUELULQGHQ�QH�NDGDU�IDUNOÕODúWÕ÷ÕQÕQ�ELU�|Oo�W�G�U��+HUKDQJL�ELU�
JLULú�YHNW|U��[�oÕNÕú�NDWPDQÕQGDNL�KHU�ELU�*DXVV�WRSODP�LúOHYLQH�X\JXODQÕU�YH�LúOHYOHUGHQ�HQ�E�\�N�GH÷HUH�VDKLS�RODQÕ�
VHoLOHUHN�JLULú�YHNW|U�Q�Q�VÕQÕIÕQD�NDUDU�YHULOLU�� �

26$¶QÕQ� HQ� E�\�N� DYDQWDMÕ� H÷LWLPLQLQ� KÕ]OÕ� YH� oÕNÕúODUÕQ� RODVÕOÕNVDO� ROPDVÕGÕU�� 'H]DYDQWDMÕ� LVH� E�W�Q� H÷LWLP�
N�PHVLQL�G�÷�P�RODUDN�LoHULU�YH�EXQGDQ�GROD\Õ�D÷�ER\XWX�E�\�U��%X�\�]GHQ�E�\�N�ER\XWOX�YHNW|UOHU�LOH�LúOHP�\DSDU�� �
�
�
���� .�PHDQV�$OJRULWPDVÕ�
�

(Q�HVNL�N�PHOHPH�PHWRWODUÕQGDQ�ELUL�RODQ�N�PHDQV�DOJRULWPDVÕQÕQ�JHQHO�PDQWÕ÷Õ�Q�DGHW�YHUL�QHVQHVLQGHQ�ROXúDQ�ELU�
YHUL� VHWLQL�� JLULú� SDUDPHWUHVL� RODUDN� YHULOHQ� N� DGHW� N�PH\H� E|O�POHPHNWLU�� $PDo�� JHUoHNOHúWLULOHQ� E|O�POHPH� LúOHPL�
VRQXQGD�HOGH�HGLOHQ�N�PHOHULQ��N�PH�LoL�EHQ]HUOLNOHULQLQ�PDNVLPXP�YH�N�PHOHU�DUDVÕ�EHQ]HUOLNOHULQLQ�PLQLPXP�ROPDVÕQÕ�
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VD÷ODPDNWÕU�� .�PH� EHQ]HUOL÷L�� N�PHQLQ� D÷ÕUOÕN� PHUNH]L� RODUDN� NDEXO� HGLOHQ� ELU� QHVQH� LOH� N�PHGHNL� GL÷HU� QHVQHOHU�
DUDVÕQGDNL�X]DNOÕNODUÕQ�RUWDODPD�GH÷HUL�LOH�|Oo�OPHNWHGLU��+DQ�YH�.DPEHU��������%HUNKLQ���������

.�PHDQV�DOJRULWPDVÕQÕQ�LúOHP�EDVDPDNODUÕ�ú|\OHGLU��
�� $GÕP��øON�N�PH�PHUNH]OHUL�EHOLUOHQLU��%XQXQ�LoLQ�LNL�IDUNOÕ�\RO�YDUGÕU��%LULQFL�\RO�QHVQHOHU�DUDVÕQGDQ�N�PH�VD\ÕVÕ�

RODQ� N� DGHW� UDVWJHOH� QRNWD� VHoLOPHVLGLU�� øNLQFL� \RO� LVH�PHUNH]� QRNWDODUÕQ� W�P� QHVQHOHULQ� RUWDODPDVÕ� DOÕQDUDN�
EHOLUOHQPHVLGLU��

�� $GÕP��+HU�QHVQHQLQ�VHoLOHQ�PHUNH]�QRNWDODUD�RODQ�X]DNOÕ÷Õ�KHVDSODQÕU��(OGH�HGLOHQ�VRQXoODUD�J|UH�W�P�QHVQHOHU�
N�DGHW�N�PHGHQ�NHQGLOHULQH�HQ�\DNÕQ�RODQ�N�PH\H�\HUOHúWLULOLU��

�� $GÕP��2OXúDQ�N�PHOHULQ�\HQL�PHUNH]�QRNWDODUÕ�R�N�PHGHNL�W�P�QHVQHOHULQ�RUWDODPD�GH÷HUL�LOH�GH÷LúWLULOLU��
�� $GÕP��0HUNH]�QRNWDODU�GH÷LúPH\LQFH\H�NDGDU����YH����DGÕPODU�WHNUDUODQÕU��

�
�

���� (Q�<DNÕQ�.RPúX�.XUDOÕ�
�

(OLPL]GH� [L� |U�QW�OHUL� �QRNWD��<M� VÕQÕIODUÕ� LOH� GR÷UX� RODUDN� LOLúNLOHQGLULOPLú� |UQHNOHU� EXOXQGX÷XQX� V|\OHPLúWLN��
6H]JLVHO�RODUDN��D\QÕ� M�VÕQÕIÕ� LOH�LOLúNLOL�RODQ�[�|U�QW�OHULQLQ�ELUELUOHULQH�EHQ]HU��\DNÕQ��ROGXNODUÕQÕ�V|\OH\HELOLUL]��$\QÕ�
VÕQÕI�|U�QW�OHUL�JHQHOOLNOH�ELU�E|OJHGH�N�PHOHúLUOHU�� �

%X� GXUXP�� VÕQÕIODQGÕUÕOPDPÕú� [� |U�QW�OHULQL� HQ� \DNÕQ� NRPúXVX� RODQ� M� VÕQÕIÕQD� DWDPDQÕQ� ROXPOX� VRQXoODU�
�UHWHFH÷LQH�LúDUHW�HGHU�� �

%DVLW� VÕQÕIODQGÕUPD� NXUDOODUÕQGDQ� EX� ELoLPLQGHNL� RODQÕ� (Q� <DNÕQ� .RPúX� <DNODúÕPÕ� RODUDN� DGODQGÕUÕOÕU� YH�
PDWHPDWLNVHO�RODUDN�'HQNOHP��¶GHNL�JLEL�LIDGH�HGLOLU�� �
(÷HU�DúD÷ÕGDNL�HúLWOLN�VD÷ODQÕUVD��[
Q��[¶LQ�HQ�\DNÕQ�NRPúXVXGXU��
�

PLQ�G�[L�[�� �G�[
Q�[�� � � � � ����

(Q�\DNÕQ�NRPúX�\DNODúÕPÕ�[�|U�QW�V�Q�Q�VÕQÕIÕQÕ��[�|U�QW�V�QH�HQ�\DNÕQ�RODQ�|U�QW�Q�Q�VÕQÕIÕ�RODUDN�EHOLUOHPH�
\DNODúÕPÕGÕU��6ÕQÕIÕ�EHOLUOHQHQ�|U�QW��LOH�NRPúX�|U�QW��D\QÕ�VÕQÕID�DLW�GH÷LOOHU�LVH�KDWD�V|]�NRQXVXGXU��%X�\DNODúÕP�VDGHFH�
HQ�\DNÕQ�NRPúX�LOH�VÕQÕIODQGÕUPD�\DSDU��|QFHGHQ�VÕQÕIODQGÕUÕOPÕú�GL÷HU�|U�QW�OHUL�|QHPVHPH]��'XGD�YH�DUNDGDúODUÕ������� �

�

�� 8\JXODPD�6RQXoODUÕ�YH�.XOODQÕODQ�<|QWHPOHULQ�.DUúÕODúWÕUÕOPDVÕ�
�

%X�X\JXODPDGD� JLULú� LoLQ� VÕFDNOÕN� YH� QHP� YH� oÕNÕú� LoLQ� ]DPDQ� �VDDW�� YHULOHULQL� NXOODQDQ� LNL� D\UÕ� VÕQÕIODQGÕUPD�
PRGHOL�ROXúWXUXOPXúWXU��6ÕQÕIODQGÕUÕFÕ�RODUDN�26$�VÕQÕIODQGÕUPD�\|QWHPL�LOH�.�PHDQV�N�PHOHPH�YH�(Q�<DNÕQ�.RPúX�
VÕQÕIODQGÕUÕFÕVÕQÕQ� ELUOLNWH� NXOODQÕOGÕ÷Õ� KLEULW� \|QWHP� NXOODQÕOPÕú� YH� EX� LNL� \|QWHPLQ� SHUIRUPDQVODUÕ� NDUúÕODúWÕUÕOPÕúWÕU��
ùHNLO��¶GH�\DSÕODQ�X\JXODPDQÕQ�|]HWL�J|VWHULOPLúWLU��8\JXODPDGD�WRSODP������YHUL�NXOODQÕOPÕúWÕU������¶GHQ�����¶H�NDGDU�
RODQ�\D]�D\ODUÕ�YHULOHUL�H÷LWLP�������\D]�D\ODUÕ�YHULOHUL�LVH�WHVW�LoLQ�D\UÕOPÕúWÕU��%LU�WDP�J�Q���HúLW�SDUoD\D�E|O�QHUHN���
VDDWWH�ELU�DOÕQDQ�VÕFDNOÕN�YH�QHP�YHULOHUL�JLULúOHUGH�VDDWOHU�LVH�oÕNÕúODUGD�NXOODQÕOPÕúWÕU�� �

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

ùHNLO����<DSÕODQ�X\JXODPDQÕQ�|]HWL�
�

Veri 

K-means ile kümeleme 

�Ŷ�ǇĂŬŦŶ�ŬŽŵƔƵ�ŝůĞ�
ƐŦŶŦĨůĂŶĚŦƌŵĂ 

O^��ŝůĞ�ƐŦŶŦĨůĂŶĚŦƌŵĂ 

^ŦŶŦĨůĂŶĚŦƌŵĂ�ƐŽŶƵĕůĂƌŦŶŦŶ�
ŬĂƌƔŦůĂƔƚŦƌŦůŵĂƐŦ 
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�
ùHNLO����.�PHDQV�N�PHOHPH�DOJRULWPDVÕ�VRQXFXQGD�ROXúDQ�VÕFDNOÕN�QHP�GD÷ÕOÕP�JUDIL÷L�

gQFHOLNOH�26$�\|QWHPL�LOH�VÕFDNOÕN�YH�QHP�GH÷HUOHULQGHQ�ROXúDQ������WDQH�H÷LWLP�YHULVL�LOH�H÷LWLP�\DSÕOPÕúWÕU��
'DKD�VRQUD�����WDQH�WHVW�YHULVL� LOH�VRQXoODU�WHVW�HGLOPLúWLU��8\JXODPDODU�0DWODE�SURJUDPÕ�NXOODQÕODUDN�\DSÕOPÕúWÕU��%X�
\|QWHPOH� ���� WDQH� YHULQLQ� ���� WDQHVL� GR÷UX� RODUDN� EXOXQPXúWXU�� 'ROD\ÕVÕ� LOH� YHULOHULQ� ������¶VL� GR÷UX� RODUDN�
NHVWLULOPLúWLU�� �

'DKD�VRQUD�.�PHDQV�N�PHOHPH�DOJRULWPDVÕQÕQ�DUGÕQGDQ�(Q�<DNÕQ�.RPúX�VÕQÕIODQGÕUÕFÕVÕ�\|QWHPL�ELUOHúWLULOHUHN�
NXOODQÕOPÕúWÕU��gQFHOLNOH�VÕFDNOÕN�YH�QHP�GH÷HUOHULQGHQ�ROXúDQ������WDQH�H÷LWLP�YHULVL�.�PHDQV�DOJRULWPDVÕ�LOH���JUXED�
N�PHOHQPLúWLU��ùHNLO��¶GH�.�PHDQV�N�PHOHPH�DOJRULWPDVÕ�VRQXFXQGD�ROXúDQ�VÕFDNOÕN�QHP�GD÷ÕOÕP�JUDIL÷L�J|VWHULOPLúWLU��
'DKD�VRQUD�KHU�JUXSWD�KHU� VDDW�YHULVLQGHQ�NDo� WDQH�ROGX÷X�7DEOR��¶GH�J|VWHULOGL÷L� JLEL� KHVDSODQPÕúWÕU��+HU�JUXS� LoLQ�
KHVDSODQDQ�VDDW�GH÷HUOHULQGHQ�PDNVLPXP�RODQ�VDDW�GH÷HUL�R�JUXED�DWDQPÕúWÕU��%X�LúOHP�GH�7DEOR��¶GH�J|VWHULOPLúWLU��'DKD�
VRQUD�GD�WHVW�YHULOHUL�LOH�(Q�<DNÕQ�.RPúX�DOJRULWPDVÕ�NXOODQÕODUDN�YHULOHULQ�VÕQÕIODQGÕUÕOPDVÕ�JHUoHNOHúWLULOPLúWLU��øúOHP�
VRQXFXQGD�����WDQH�WHVW�YHULVLQLQ�����WDQHVLQLQ�GR÷UX�RODUDN�EXOXQGX÷X�WHVSLW�HGLOPLúWLU��'ROD\ÕVÕ�LOH�EX�KLEULW�\|QWHPOH�
YHULOHULQ�������µL�GR÷UX�RODUDN�NHVWLULOPLúWLU�� � �

�
�

7DEOR����.�PHDQV�N�PHOHPH�DOJRULWPDVÕ�VRQXFXQGD�KHU�JUXSWD�KHU�VDDW�YHULVLQGHQ�NDo�WDQH�ROGX÷X�
� �

*UXSODU�6DDWOHU� �� �� �� ��� ��� ��� 7RSODP�
�� �� �� ���� ���� �� �� ����
�� ���� ��� �� ��� ��� ���� ����
�� ���� ���� ��� ��� ��� ���� ����
�� ��� ���� ��� ��� ���� ��� ����
�� �� ��� ��� ��� ���� ��� ����

�� �� ��� ���� ���� ��� �� ����

7RSODP� ���� ���� ���� ���� ���� ���� �����

0

20

40

60

80

100

120

0,00 5,00 10,00 15,00 20,00 25,00 30,00 35,00 40,00 45,00

N
em

 

^ŦĐĂŬůŦŬ 'ƌƵƉ�ϭ 'ƌƵƉ�Ϯ 'ƌƵƉ�ϯ 'ƌƵƉ�ϰ 'ƌƵƉ�ϱ 'ƌƵƉ�ϲ

*UXSODU� 6DDWOHU�
�� ������ �
�� ������ �
�� ������ � �
�� ������ � �
�� ������ � �
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�
�

7DEOR����.�PHDQV�N�PHOHPH�DOJRULWPDVÕ�VRQXFXQGD�JUXSODUD�NDUúÕOÕN�JHOHQ�VDDWOHU�
�

�
�
�
�
�
�
�

�� 6RQXoODU� �
� �

� %X�oDOÕúPDGD�6DNDU\D�LOLQH�DLW�VÕFDNOÕN�YH�QHP�YHULOHUL�DOÕQDUDN�PDNLQH�|÷UHQPHVL�\|QWHPOHUL�LOH�]DPDQ�GLOLPL�
NHVWLULPL�\DSÕOPÕú�YH�NXOODQÕODQ�VÕQÕIODQGÕUÕFÕODUÕQ�SHUIRUPDQVODUÕ�NDUúÕODúWÕUÕOPÕúWÕU��6ÕQÕIODQGÕUÕFÕ�RODUDN�LNL�IDUNOÕ�\|QWHP�
NXOODQÕOPÕúWÕU��%LULQFLVL��2ODVÕOÕNVDO�6LQLU�$÷Õ�\|QWHPL��LNLQFLVL�LVH�.�0HDQV�N�PHOHPH�DOJRULWPDVÕ�YH�(Q�<DNÕQ�.RPúX�
VÕQÕIODQGÕUÕFÕVÕQÕQ�ELUOHúWLULOGL÷L�KLEULW�ELU�\|QWHPGLU��<DSÕODQ�X\JXODPDODU�VRQXFXQGD�2ODVÕOÕNVDO�6LQLU�$÷Õ�\|QWHPLQLQ�
GDKD� L\L� SHUIRUPDQV� J|VWHUGL÷L� J|U�OP�úW�U�� .HVWLULP� RUDQODUÕQÕQ� G�ú�N� ROPDVÕ� ELUNDo� VHEHEH� ED÷ODQDELOLU�� %LULQFLVL�
H÷LWLP� VHWL� LoLQ� ���������� YHULOHUL� NXOODQÕODUDN� WHVW� VHWLQGH� ����� YHULOHUL� NHVWLULOPH\H� oDOÕúÕOPÕúWÕU�� )DUNOÕ� VHQHOHUGH�
GDYUDQÕúODU�IDUNOÕ�RODELOLU��øNLQFLVL�NXOODQÕODQ�YHULOHULQ�oRN�ROPDVÕQGDQ�YH�GH÷HUOHULQ�ELUELULQH�\DNÕQ�ROPDVÕQGDQ�GROD\Õ�
N�PHOHPH� VRQXFX� RUWD\D� oÕNDQ� JUXSODU� Lo� LoH� JHoPLúWLU�� 'ROD\ÕVÕ� LOH� WHVWOHUGH� \DQOÕú� JUXED� VÕQÕIODQGÕUPD� KDWDVÕ� LOH�
NDUúÕODúÕOPÕúWÕU��$\UÕFD�VÕQÕI�VD\ÕVÕ���RODUDN�VHoLOPLúWLU��%X�UDNDP�D]DOWÕOGÕ÷ÕQGD�NHVWLULP�RUDQODUÕQÕQ�\�NVHOHFH÷L�DoÕNWÕU�� � �
�� 7HúHNN�U�

�
%X�oDOÕúPDGD�NXOODQÕODQ�YHULOHUL�VD÷OD\DQ�$*'$ù¶D�WHúHNN�U�HGHUL]��
�

�� .D\QDNODU� �
�
$OSD\GÕQ��(�����������<DSD\�g÷UHQPH��%R÷D]LoL�hQLYHUVLWHVL�<D\ÕQHYL��

$QGHUV�.�+�����������$�+LHUDUFKLFDO�*UDSK�&OXVWHULQJ�$SSURDFK�WR�)LQG�*URXSV�RI�'DWD��,QVWLWXWH�RI�&DUWRJUDSK\�DQG�
*HRLQIRUPDWLFV�8QLYHUVLW\�RI�+DQQRYHU��
�
%HUNKLQ�3�����������6XUYH\�RI�&OXVWHULQJ�'DWD�0LQLQJ�7HFKQLTXHV��6DQ�-RVH��&DOLIRUQLD��86$��$FFUXH�6RIWZDUH�,QF���
�
&RILQR��$��6���&DQR��5���6RUGR��&��YH�*XWL�HUUH]��-��0����������� �%D\HVLDQ�1HWZRUNV�IRU�3UREDELOLVWLF:HDWKHU�3UHGLFWLRQ��
LQ�(&$,�������3URFHHGLQJV�RI�WKH���WK�(XURSHDQ�&RQIHUHQFH�RQ�$UWLILFLDO�,QWHOOLJHQFH��,26�3UHVV�������������

dHNOL�6���8]XQR÷OX��&�3�����������2ODVÕOÕNVDO�6LQLU�$÷ODUÕ�øOH�.DRWLN�'HYUH�dÕNÕúÕ�gU�QW�OHULQLQ�6ÕQÕIODQGÕUÕOPDVÕ�������
,(((���WK�6LJQDO�3URFHVVLQJ�DQG�&RPPXQLFDWLRQV�$SSOLFDWLRQV�&RQIHUHQFH��6,8��������SS�����������
�
'XGD��5��2���+DUW�3��(���6WRUN��'��*�����������3DWWHUQ�&ODVVLILFDWLRQ����QG�HG���:LOH\�,QWHUVFLHQFH��SS����������� �
�
/L��;���5DPDFKDQGUDQ��5���0RYYD��6���*UDYHV��6���3ODOH��%��YH�9LMD\DNXPDU��1�����������6WRUP�&OXVWHULQJ�IRU�'DWD�GULYHQ�
:HDWKHU�)RUHFDVWLQJ����WK�&RQIHUHQFH�RQ�,,36��$06��
�
0DF4XHHQ�-�����������6RPH�0HWKRGV�IRU�&ODVVLILFDWLRQ�DQG�$QDO\VLV�RI�0XOWLYDULDWH�2EVHUYDWLRQV��%HUNHOH\��8QLYHUVLW\�
RI�&DOLIRUQLD�3UHVV��
�
2ODL\D�� )��� �������� $SSOLFDWLRQ� RI�'DWD�0LQLQJ� 7HFKQLTXHV� LQ�:HDWKHU� 3UHGLFWLRQ� DQG�&OLPDWH�&KDQJH� 6WXGLHV�� ,�-��
,QIRUPDWLRQ�(QJLQHHULQJ�DQG�(OHFWURQLF�%XVLQHVV�����������

6DLG��6��$��0�� YH�.DGUL��+��0��� �������*HQHUDWLRQ�RI�5HSUHVHQWDWLYH�:HDWKHU�<HDU�'DWD� IRU�6XLGL�$UDELD��$SSOLHG�
(QHUJ\��9RO������SS�����������
�
6KDUPD��1���6KDUPD��3���,UZLQ��'��YH�6KHQR\��3�����������3UHGLFWLQJ�6RODU�*HQHUDWLRQ�IURP�:HDWKHU�)RUHFDVWV�8VLQJ�
0DFKLQH�/HDUQLQJ��3URFHHGLQJV�RI�WKH�6HFRQG�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6PDUW�*ULG�&RPPXQLFDWLRQV�
�6PDUW*ULG&RPP���%UXVVHOV��%HOJLXP��
�

�� ������ � �
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6PROD��$��	�9LVKZDQDWKDQ��6�9�1�����������,QWURGXFWÕRQ�7R�0DFKÕQH�/HDUQÕQJ�� � &DPELULGJH�XQLYHUVLW\�SUHV�� �
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ø/(7øùø0�$5$d/$5,1$�2/$1�%$ö,0/,/,ö,1�87$1*$d/,.�9(�
<$/1,=/,.�'8<*8681$�(7.ø6ø�

�
g÷U�*|U��0XVWDID�g]WXQo
�

6DNDU\D�hQLYHUVLWHVL��
R]WXQF#VDNDU\D�HGX�WU�

�
�
�

g]HW�� %X� DUDúWÕUPD� \DOQÕ]OÕN� YH� XWDQJDoOÕN� GX\JXVXQXQ�� SUREOHPOL� FHS� WHOHIRQX� NXOODQÕPÕQÕ�
DUWWÕUÕS� DUWWÕUPDGÕ÷ÕQÕQ� EHOLUOHQPHVLQH� \|QHOLNWLU�� hQLYHUVLWH� |÷UHQFLOHULQH� \|QHOLN� \DSÕODQ� EX�
DUDúWÕUPDGD� GH÷LúNHQOHUGHQ� ELULQLQ� ED÷ÕPOÕ�� GL÷HUOHULQLQ� ED÷ÕPVÕ]� RODUDN� HOH� DOÕQGÕ÷Õ� oRNOX�
UHJUHV\RQ� GHVHQL� NXOODQÕOPÕúWÕU�� dDOÕúPDGD�� �QLYHUVLWH� |÷UHQFLOHULQLQ� 3UREOHPOL� &HS� 7HOHIRQX�
.XOODQÕP� G�]H\OHUL� ED÷ÕPOÕ� �\RUGDQDQ�� GH÷LúNHQ� RODUDN� DOÕQPÕúWÕU�� $UDúWÕUPDGD� 3UREOHPOL� &HS�
7HOHIRQX� .XOODQÕP� gOoH÷L�� 8&/$� <DOQÕ]OÕN� gOoH÷L� YH� 8WDQJDoOÕN� gOoH÷L� NXOODQÕOPÕúWÕU��
$UDúWÕUPD� EXOJXODUÕQD� J|UH� \RUGD\ÕFÕ� GH÷LúNHQOHU� RODUDN� HOH� DOÕQDQ� XWDQJDoOÕN� YH� \DOQÕ]OÕN�
NRUHODV\RQODUÕ� LQFHOHQGL÷LQGH� XWDQJDoOÕN� YH� \DOQÕ]OÕN� DUDVÕQGD� DQODPOÕ� ELU� LOLúNL� YDUOÕ÷Õ�
EHOLUOHQPLúWLU��8WDQJDoOÕN�YH�\DOQÕ]OÕN�LOH�3UREOHPOL�&HS�7HOHIRQX�NXOODQÕPÕ�DUDVÕQGD�DQODPOÕ�ELU�
LOLúNL�VDSWDQPÕúWÕU��$UDúWÕUPD�VRQXFXQGD�\DOQÕ]OÕN�YH�XWDQJDoOÕN�DUWWÕNoD�SUREOHPOL�FHS�WHOHIRQXQD�
\|QHOLPLQGH�DUWWÕ÷Õ�EHOLUOHQPLúWLU����
�
$QDKWDU�.HOLPHOHU��3UREOHPOL�&H�7HOHIRQ�%D÷ÕPOÕOÕ÷Õ��8WDQJDoOÕN�'X\JXVX��<DOQÕ]OÕN�'X\JXVX�

�
�� *ø5øù�

�
7HNQRORMLN� �U�QOHUGHQ� ELUL� RODQ� PRELO� WHOHIRQODU�� LQWHUQHW�� ELOJLVD\DU� YE�� LOHWLúLP� DUDoODUÕ� JLEL� J�QO�N� \DúDPÕPÕ]ÕQ�
D\UÕOPD]�ELU�SDUoDVÕQÕ�ROXúWXUPDNWDGÕU��gQHPOL�ELU�JHUHNVLQLP�DUDFÕ�RODQ�PRELO�WHOHIRQODU�\DúDPÕPÕ]GD�R�GHQOL�\HU�HWPLú�
NL�� NXOODQÕFÕODU� PRELO� WHOHIRQX� \DQODUÕQGD� ROPDGÕ÷Õ� ]DPDQ� NHQGLQL� ERúOXNWD� YH� DGHWD� \DOQÕ]� KLVVHWPHNWHGLU�� <HGLGHQ�
\HWPLúH�KHU�NHVLPLQ�NXOODQGÕNODUÕ�PRELO�WHOHIRQODU��\DOQÕ]FD�LOHWLúLPL�VD÷ODPDPDNWD��LoHUL÷LQGHNL�SURJUDPODU�QHGHQL\OH�
ELUoRN� ELUH\LQ� H÷OHQFH� DPDoOÕ� ]DPDQ� JHoLUGLNOHUL� WHNQRORMLN� �U�QOHUGLU�� *HOLúWLULOHQ� \D]ÕOÕPODU� VD\HVLQGH� N�o�N� ELU�
ELOJLVD\DU�ROPD�|]HOOL÷L�GH�WDúÕ\DQ�PRELO�WHOHIRQODUÕQ�ED÷ÕPOÕ÷Õ�DUWWÕUGÕ÷Õ�G�ú�Q�OPHNWHGLU���
�
%LUH\OHUGH�PRELO� WHOHIRQ�ED÷ÕPOÕOÕ÷ÕQÕQ�ROXúPDVÕ� LOH� LOJLOL� oHúLWOL� \DNODúÕPODU� EXOXQPDNWDGÕU��*ULIILWKV� ������ெ� H�J|UH�
KH\HFDQ�YHUHQ�KHU�úH\�ED÷ÕPOÕOÕN�\DSPDNWDGÕU��%X�DoÕGDQ�EDNÕOGÕ÷ÕQGD�PRELO�WHOHIRQ�NXOODQÕPÕ�ELUoRN�|]HOOL÷L�LOH�ELUH\H�
KH\HFDQ�YHUGL÷LQGHQ�R�NLúLGH�ED÷ÕPOÕOÕN�ROXúWXUDELOPHNWHGLU��%LKHY\RUL]P��'DYUDQÕúoÕ��EDNÕú�DoÕVÕQGDQ�PRELO� WHOHIRQ�
ED÷ÕPOÕOÕ÷Õ�úX� úHNLOGH�DoÕNODQDELOPHNWHGLU��%X�\DNODúÕPD�J|UH��H÷HU�ELU�GDYUDQÕúÕQ�DUGÕQGDQ�GR\XP�YH�KRúD�JLGHQ�ELU�
GXUXP� HOGH� HGLOL\RUVD� �ROXPOX� SHNLúWLUHo�� \D� GD� ELU� GDYUDQÕú� JHUJLQOLN� YH� VÕNÕQWÕ� JLEL� ROXPVX]� ELU� GDYUDQÕúWDQ�
NXUWXOPD\D� �ROXPVX]� SHNLúWLUPH�� \DUGÕPFÕ� ROX\RUVD�� R� GDYUDQÕú� DUWPDNWD� YH� NLúL� GDKD� VRQUD� KD]� DOPDN� \D� GD�
ROXPVX]OXNWDQ� NXUWXOPDN� LoLQ� R� GDYUDQÕúÕ� \DSPD\D� GHYDP� HWPHNWHGLU� �&�FHOR÷OX�������� %LKHY\RUL]P� �'DYUDQÕúoÕ��
\DNODúÕP� DoÕVÕQGDQ� EDNÕOGÕ÷ÕQGD�� PRELO� WHOHIRQ� NXOODQÕPÕ� KHP� NXOODQDQ� ELUH\OHUH� NXOODQÕP� VRQXFXQGD� LKWL\DoODUÕQÕ�
NDUúÕODGÕ÷Õ�LoLQ�KD]�YHUPHNWH��KHP�GH�RQODUÕ�VWUHV�YH\D�WDúÕGÕ÷Õ�ND\JÕODUGDQ�NXUWDUPDNWDGÕU���
�
'XUXPX�DoÕNODPDGD�NXOODQÕODELOHFHN�\DNODúÕPODUGDQ�ELU�GL÷HUL�GH�-DFREV��������XQ�ED÷ÕPOÕOÕN�JHQHO�WHRULVLGLU��-DFREV¶D�
J|UH� G�ú�N� \D� GD� \�NVHN� X\DUÕPODU�� G�ú�N� |]� VD\JÕ� YH� ROXPVX]� HUNHQ� oRFXNOXN� \DúDQWÕODUÕ� QHJDWLI� GX\JXODUD� QHGHQ�
ROPDNWD� YH� ELUH\LQ� KRPHRVWDWLN� GHQJHVLQL� ER]PDNWDGÕU�� %X� QHGHQOH�� NLúLOHU� EX� QHJDWLI� GX\JXODUGDQ� NDoPDN� YH�
KRPHRVWDWLN�GHQJH\L�VD÷ODPDN� LoLQ�ED÷ÕPOÕOÕN�\DUDWDQ�GDYUDQÕúODUD�\|QHOPHNWHGLUOHU� �-DFREV���������<�NVHN�G�]H\GH�
PRELO�WHOHIRQ�NXOODQDQ�NLúLOHULQ�G�ú�N�|]�VD\JÕ�G�]H\LQH�VDKLS�ROGXNODUÕ�YH�EX�NLúLOHULQ�|]�VD\JÕODUÕQÕ�DUWWÕUDELOPHN�LoLQ�
PRELO�WHOHIRQXQX�VÕNOÕNOD�NXOODQGÕNODUÕ�J|U�OP�úW�U��3KLOOLSV��2JHLO�YH�%ODV]F]\QVNL���������
�
7RSOXPVDO� OLWHUDW�UGH�³\DOQÕ]OÕN´�NDYUDPÕ�ELUH\LQ� WHN�EDúÕQD�ROPD�GXUXPX�RODUDN�ELOLQPHNWHGLU��dHúLWOL� OLWHUDW�UGH� LVH�
NDYUDP� JHQHOGH� �ELUH\LQ� \DúDPDNWD� ROGX÷X� VRV\DO� LOLúNLOHU� LOH� \DúDPDN� LVWHGL÷L� LOLúNLOHU� DUDVÕQGD� J|U�OHQ� IDUNWDQ� YH�
oHOLúNLGHQ� GROD\Õ� RUWD\D� oÕNDQ�� UDKDWVÕ]� HGLFL�� SVLNRORMLN� ELU� GXUXP�� �3HSODX� YH� 3HUOPDQ�� ������ úHNOLQGH�
WDQÕPODQPDNWDGÕU��%X� \|Q�\OH� GH÷HUOHQGLULOGL÷LQGH� \DOQÕ]OÕN�� WRSOXP� OLWHUDW�U�QGH� DOJÕODQGÕ÷Õ� JLEL� ELUH\LQ� WHN� EDúÕQD�
ROPD�GXUXPX�NDGDU�EDVLW�ELU�GX\JX�GH÷LOGLU��%X�LIDGHOHUGHQ�GH�DQODúÕODFD÷Õ�JLEL�\DOQÕ]OÕN�GX\JXVXQXQ�WHPHOLQL��\DúDQDQ�
VRV\DO�LOLúNLOHULQ�\HWHUVL]OL÷L�YH�EX�LOLúNLOHUGHQ�VD÷ODQPDN�LVWHQHQ�GR\XP�VHYL\HVLQLQ�G�ú�N�ROXúX�EHOLUOH\HELOPHNWHGLU���
�
�
(UJHQOHU� �]HULQGH� \DOQÕ]OÕN� GX\JXVXQX� DUDúWÕUDQ�0RRUH� YH� 6FKXOW]� ������� HUJHQOHULQ� WHOHYL]\RQ� L]OHPH� YH\D� P�]LN�
GLQOHPH�� PHúJXO� RODFDN� ELUúH\� EXOPD� YH� ELULOHUL\OH� NRQXúPD� \DSDUDN� \DOQÕ]OÕNOD� EDúHWPHGH� EX� \|QWHPOHUL� VÕNOÕNOD�
NXOODQÕOGÕ÷ÕQÕ�EHOLUOHPLúWLU���
�
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hONHPL]GH��QLYHUVLWH� |÷UHQFLOHULQLQ� \DOQÕ]OÕN�GX\JXODUÕQÕQ�EHOLUOHQPHVLQH� \|QHOLN� DUDúWÕUPD� \DSDQ�'HPLU� �������� LVH�
|QHPOL� VD\ÕODELOHFHN� EXOJXODUD� UDVWODPÕúWÕU�� %XOJXODUD� EDNÕOGÕ÷ÕQGD�� (UNHN� |÷UHQFLOHULQ� NÕ]ODUGDQ�� DNDGHPLN� \|QGHQ�
EDúDUÕVÕ]�RODQODUÕQ�EDúDUÕOÕ�RODQODUGDQ��VHUEHVW�]DPDQÕQÕ�WHN�EDúÕQD�JHoLUHQOHULQ�EDúNDODUÕ\OD�JHoLUHQOHUGHQ��D\OÕN�JHOLULQL�
VRV\DO� HWNLQOLNOHU� LoLQ� \HWHUOL� J|UPH\HQOHULQ� \HWHUOL� J|UHQOHUGHQ�� oHYUHVLQGHQ� VRV\DO� GHVWHN� DOPD\DQODUÕQ� GHVWHN�
DODQODUGDQ�� \DNÕQ� DUNDGDúÕ� D]� RODQODUÕQ� DUNDGDúÕ� oRN� RODQODUGDQ�� \HQL� VRV\DO� LOLúNLOHU� NXUPD\D� LVWHNVL]� RODQODUÕQ�
LVWHNOLOHUGHQ�� VRV\DO� EHFHULOHULQL� \HWHUVL]� J|UHQOHULQ� EHFHULOHULQL� \HWHUOL� J|UHQOHUGHQ�� VRUXQODUÕQÕ� EDúNDODUÕ� LOH�
SD\ODúPD\DQODUÕQ�VRUXQODUÕQÕ�EDúNDODUÕ�LOH�SD\ODúDQODUGDQ��GDKD�ID]OD�\DOQÕ]OÕN�GX\JXVXQX�\DúDGÕNODUÕQÕ�J|]OHPOHPLúWLU��
�
8WDQJDoOÕN� GX\JXVX�� NLúLOHU� DUDVÕ� LOLúNLOHUL� HWNLOH\HQ� |QHPOL� ELU� VRUXQGXU�� 8WDQJDoOÕN�� EDúNDODUÕQÕQ� EXOXQGX÷X� \HUGH�
\DúDQDQ�WHGLUJLQOLN�YH�NÕVÕWODQPD�GX\JXVX�RODUDN�WDQÕPODQPDNWDGÕU��-RQHV��%ULJJV�	�6PLWK���������8WDQJDoOÕN�ELUH\LQ�
\HQL� LQVDQODUOD� WDQÕúPDVÕQÕ�� \HQL� DUNDGDúODU� HGLQPHVLQL� YH� GH÷LúLN� \DúDQWÕODUGDQ� ]HYN� DOPDVÕQÕ� J�oOHúWLUHQ� HQ� |QHPOL�
HWPHQ�RODUDN�J|U�OPHNWHGLU��=LPEDUGR��������(Qo��������XWDQJDoOÕ÷Õ��EDúNDODUÕ� LOH�RODQ�LOLúNLOHU�VÕUDVÕQGD�GX\XODQ�YH�
GR÷UX�GDYUDQÕúODUÕ� NHWOH\HQ� UDKDWVÕ]� HGLFL� GX\JX�RODUDN� WDQÕPODPDNWDGÕU��&DUGXFFL� �������GH� LVH�XWDQJDoOÕ÷Õ�� ELUH\OHU�
DUDVÕ� LOLúNLOHU�VÕUDVÕQGD�\DúDQDQ�DúÕUÕ�VÕNÕOJDQOÕNWDQ��EHQOLN�VD\JÕVÕQÕQ�G�ú�N�ROPDVÕ�YH�UHGGHGLOPH�NRUNXVXQGDQ�RUWD\D�
oÕNDQ�NLúLOHUDUDVÕ�ELU�VRUXQ�RODUDN�LIDGH�HWPHNWHGLU��8WDQJDoOÕ÷ÕQ�HYUHQVHO�ELU�NDYUDP�ROGX÷X��D\QÕ�RUDQGD�\DúDQPDVD�YH�
D\QÕ�úHNLOGH�WDQÕPODQPDVD�GD�XWDQJDoOÕ÷ÕQ�KHU�N�OW�UGH�YDU�ROGX÷X�|QH�V�U�OPHNWHGLU��&DUGXFFL	�=LPEDUGR���������
�
�+HQGHUVRQ	� =LPEDUGR� ������ 8WDQJDoOÕ÷ÕQ� WRSOXPX� ROXúWXUDQ� ELUH\OHULQ� |QHPOL� ELU� E|O�P�QGH� \DúDQDQ� ELU� VRUXQ�
RODUDN�J|UPHNWH��$PHULND¶GD�XWDQJDoOÕN��]HULQH�\DSÕODQ�ELU�DUDúWÕUPDGD��DUDúWÕUPD�NDSVDPÕQD�DOÕQDQ�ELUH\OHU�DUDVÕQGD�
NHQGLVLQL�XWDQJDo�RODUDN�WDQÕPOD\DQODUÕQ�RUDQÕQÕQ�����¶OHUH�NDGDU�\�NVHOGL÷L�J|U�OG�÷�Q��EHOLUWPHNWHGLU��
�
8WDQJDoOÕ÷Õ� IDUNOÕ� \|QOHUGHQ� GH÷HUOHQGLUHQ� oDOÕúPDODU� EXOXQPDNWDGÕU��8WDQJDoOÕN� NRUNX�� LOJL�� JHUJLQOLN�YH� KRúD� JLWPH�
JLEL� GX\JXODUÕQ�ELU� NDUÕúÕPÕ�RODUDN�KLVVHGLOLU��)L]\RORMLN�RODUDN� WD� NDOS� DWÕúÕQGD�YH� NDQ� EDVÕQFÕQGD� DUWÕú� EX�GX\JXODUD�
HúOLN� HGHU� �+\VRQ	� 9DQ� 7ULHVWH�� ������� $\UÕFD� XWDQJDoOÕNWD� KX]XUVX]OXN�� HQJHOOHQPH� YH� ND\JÕ� WHSNLOHUL� NHQGLVLQH�
\|QHOLN�DúÕUÕ�IDUNÕQGDOÕN�YH�EDúNDODUÕQÕQ�\DQÕQGD�VHVVL]�NDOPD�ROGXNoD�EHOLUJLQGLU��-RQHV��%ULJJV�	�6PLWK���������
�
��%RRWK��%DUOHWW	�%RKQVDFN�������<DOQÕ]�|÷UHQFLOHUL��E�\�N�ELU�RODVÕOÕNOD� VRV\DO�RODUDN�NÕVÕWODQPÕú�YH�GROD\ÕVÕ\OD�GD�
NLúLOHU� DUDVÕ� LOHWLúLP�EHFHULOHUL� JHOLúPHPLú�ELUH\OHU� RODUDN�QLWHOHPHNWHGLU��8WDQJDoOÕN�GX\JXVX� WDúÕ\DQ� NLúLOHULQ� VRV\DO�
RUWDPODUGD�\HWHULQFH�\HU�DOPDPDODUÕ�QHGHQL\OH�oRN�D]�DUNDGDúD�VDKLS�ROGXNODUÕ�YDUVD\ÕOPDNWDGÕU��%X�GXUXPXQ�LVH�RQODUÕ�
GDKD�ID]OD�\DOQÕ]OÕ÷D�LWHFH÷L�ELOLQPHNWHGLU��8WDQJDo�ELUH\OHULQ�\DOQÕ]OÕ÷D�LWLOPHOHULQLQ�QHGHQOHULQGHQ�ELULVL�GH�DNUDQODUÕ�
WDUDIÕQGDQ�UHGGHGLOPHOHULGLU��5HGGHGLOPH��XWDQJDo�ELUH\OHULQ�VRV\DO�RUWDPODUD�JLUPHPHOHULQGHQ�YH�VRV\DO�EHFHULOHULQLQ�
\HWHUVL]� ROPDVÕQGDQ� ND\QDNODQPDNWDGÕU� �&DUGXFFL� ������� 8WDQJDo� ELUH\OHU� VRV\DO� RUWDPODUGDQ� X]DN� GXUPDQÕQ� GR÷DO�
VRQXFX�RODUDN�\DOQÕ]OÕ÷D�PDKNXP�ROXUODU��&DUGXFFL�	�=LPEDUGR���������
�
<XUW�GÕúÕQGD�XWDQJDoOÕNOD�LOJLOL�oRN�VD\ÕGD�DUDúWÕUPD�\DSÕOGÕ÷Õ�J|]OHQPHNWHGLU��7�UNL\H�GH�LVH�J�QGHOLN�\DúDPGD�VÕNoD�
NXOODQÕODQ�XWDQJDoOÕ÷ÕQ�ELOLPVHO�DoÕGDQ�ROGXNoD�\HQL�ROGX÷X�J|U�OPHNWHGLU��*�QJ|U�������*|NoH��������
�
3UREOHP�&�POHVL�
�
<DOQÕ]OÕN�YH�XWDQJDoOÕN�GX\JXVX�3UREOHPOL�&HS�7HOHIRQX�NXOODQÕPÕQÕ�DUWWÕUPDNWD�PÕGÕU"�
�
$UDúWÕUPDQÕQ�gQHPL�
�
6D\ÕOWÕODU�
8\JXODQDQ�3UREOHPOL�&HS�7HOHIRQX�%D÷ÕPOÕOÕ÷Õ�gOoH÷L��8&/$�<DOQÕ]OÕN�gOoH÷L� YH�8WDQJDoOÕN�gOoH÷LQH�|÷UHQFLOHULQ�
GR÷UX�FHYDSODU�YHULOGLNOHUL�NDEXO�HGLOPHNWHGLU��
�
6ÕQÕUOÕOÕNODU�
�
%X�DUDúWÕUPD�hQLYHUVLWH�|÷UHQFLOHUL�LOH�VÕQÕUODQGÕUÕOPÕúWÕU��
�
<g17(0�
�
$UDúWÕUPDQÕQ�0RGHOL�
�
$UDúWÕUPD�� 3UREOHPOL� &HS� 7HOHIRQX� .XODQÕPÕQÕQ�� VHoLOPLú� ED]Õ� GH÷LúNHQOHUOH� RODQ� LOLúNLVLQL� DoÕNODPD\D� G|Q�N�
NRUHODV\RQHO� ELU� oDOÕúPDGÕU�� .RUHODV\RQ� GHVHQOHULQGH� DUDODUÕQGD� LOLúNL� RODQ� �o� GH÷LúNHQ� GH� ELUELUL� LoLQ� \RUGD\ÕFÕ�
ED÷ÕPVÕ]� GH÷LúNHQ� NRQXPXQGDGÕU�� %X� GH÷LúNHQOHUGHQ� KDQJLVLQLQ� ED÷ÕPVÕ]� GH÷LúNHQ� KDQJLVLQLQ� ED÷ÕPOÕ� GH÷LúNHQ�
RODFD÷Õ��SUDWL÷H�YH�DUDúWÕUPDQÕQ�DPDFÕQD�J|UH�WD\LQ�HGLOLU��%X�DUDúWÕUPDGD�GH÷LúNHQOHUGHQ�ELULQLQ�ED÷ÕPOÕ��GL÷HUOHULQLQ�
ED÷ÕPVÕ]�RODUDN�HOH�DOÕQGÕ÷Õ�oRNOX�UHJUHV\RQ�GHVHQL�NXOODQÕOPÕúWÕU��dDOÕúPDGD���QLYHUVLWH�|÷UHQFLOHULQLQ�3UREOHPOL�&HS�
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7HOHIRQX� .XOODQÕP� G�]H\OHUL� ED÷ÕPOÕ� �\RUGDQDQ�� GH÷LúNHQ� RODUDN� DOÕQPÕúWÕU�� g÷UHQFLOHULQ� ED÷ÕPOÕOÕN� G�]H\OHUL�
³3UREOHPOL�&HS�7HOHIRQX�.XOODQÕP�gOoH÷L´� LQGHQ� HOGH� HGLOHQ� SXDQODUÕGÕU��g÷UHQFLOHULQ� ED÷ÕPOÕOÕNODUÕ� �]HULQGH� HWNLVL�
DUDúWÕUÕODQ�ED÷ÕPVÕ]�GH÷LúNHQOHU�\D�GD�IDNW|UOHU�DúD÷ÕGD�YHULOPLúWLU��
�
��<DOQÕ]OÕN�G�]H\L��8&/$�\DOQÕ]OÕN�|OoH÷L�LOH�HOGH�HGLOHQ�SXDQGÕU��
��8WDQJDoOÕN�|OoH÷L�LOH�HOGH�HGLOHQ�SXDQGÕU��
�
(YUHQ�
6DNDU\D�hQLYHUVLWHVL�|÷UHQFLOHUL�ROXúWXUPDNWDGÕU��
�
gUQHNOHP�
6DNDU\D�hQLYHUVLWHVL�(÷LWLP�)DN�OWHVL�YH�)HQ�(GHEL\DW�)DN�OWHVL�|÷UHQFLOHUL�ROXúWXUPDNWDGÕU��
�
9HULOHULQ�7RSODQPDVÕ�
�
$UDúWÕUPD� YHULOHULQLQ� WRSODQPDVÕ� DúDPDVÕQGD� ���������� (÷LWLP� YH�g÷UHWLP� G|QHPLQGH� 6DNDU\D�hQLYHUVLWHVL� (÷LWLP�
)DN�OWHVL�YH�)HQ�(GHEL\DW�)DN�OWHVL¶QGH�|÷UHQLP�J|UHQ�WRSODP�����|÷UHQFL\H�DQNHW�X\JXODQPÕúWÕU��$QNHWH�NDWÕODQODUÕQ�
�����¶�Q��NÕ]�|÷UHQFLOHU��������¶VLQL�LVH�HUNHN�|÷UHQFLOHU�ROXúWXUPDNWDGÕU��
�
9HUL�7RSODPD�$UDoODUÕ�
�
$UDúWÕUPDGD�3UREOHPOL�&HS�7HOHIRQX�.XOODQÕP�gOoH÷L��8&/$�<DOQÕ]OÕN�gOoH÷L�YH�8WDQJDoOÕN�gOoH÷L�NXOODQÕOPÕúWÕU��
�
��3UREOHPOL�&HS�7HOHIRQX�.XOODQÕPÕ�gOoH÷L�
�
3UREOHPOL�0RELO�7HOHIRQ�.XOODQÕP�gOoH÷L�%LDQFKL�YH�3KLOOLSV�WDUDIÕQGDQ�JHOLúWLULOPLú�YH�|OoH÷LQ�JHoHUOLN�YH�J�YHQLUOL÷L�
WHVW� HGLOPLúWLU� �%LDQFKL� YH� 3KLOOLSV� ����� ��� gOoHN� ��� PDGGH� RODUDN� \D\ÕPODQPÕúWÕU�� gOoH÷LQ� |]J�Q� IRUPXQXQ� Lo�
J�YHQLUOLN� KHVDSODQPDVÕQGD� &URQEDFKெV� $OSKD� ����� RODUDN� KHVDSODQPÕúWÕU�� %X� VRQXo� |OoH÷LQ� ROGXNoD� \�NVHN� ELU�
J�YHQLUOL÷H� VDKLS� ROGX÷XQX�� Lo� WXWDUOÕOÕN� DoÕVÕQGDQ� VHoHQHNOHULQ� KRPRMHQ� ROGX÷X� YH� SUREOHPOL� WHOHIRQ� NXOODQÕPÕ�
\DSÕVÕ\OD� ROGXNoD� LOLúNLOL� ROGX÷XQX� RUWD\D� NR\PDNWDGÕU�� *�YHQLUOLNOH� LOJLOL� EDúND� ELU� oDOÕúPDGD� SUREOHPOL� WHOHIRQ�
NXOODQÕPÕ\OD� KDIWDOÕN� WHOHIRQD� KDUFDQDQ� ]DPDQ� DUDVÕQGDNL� LOLúNL\H� EDNÕOPÕúWÕU�� $UDúWÕUPDGD� NXOODQÕODQ� 3HDUVRQ�
NRUHODV\RQ�NDWVD\ÕVÕ�KHVDSODPDVÕQGD�NRUHODV\RQ�NDWVD\ÕVÕQÕQ�U �����S�������VRQXFX�HOGH�HGLOPLúWLU��%X�VRQXo�SUREOHPOL�
WHOHIRQ�NXOODQÕPÕ\OD�KDIWDOÕN�WHOHIRQ�LoLQ�KDUFDQDQ�]DPDQ�DUDVÕQGD�J�oO��ELU� LOLúNL�ROGX÷X�J|VWHUPHNWHGLU��*HoHUOLN�LOH�
LOJLOL� oDOÕúPDGD�� SUREOHPOL� WHOHIRQ� NXOODQÕPÕ� |OoH÷L� JHoHUOL÷L� YH� J�YHQLUOL÷L� \�NVHN� RODQ� EDúND� ELU� PRELO� WHOHIRQ�
ED÷ÕPOÕOÕ÷Õ� |OoH÷L� LOH� ELUOLNWH� NXOODQÕOPÕúWÕU�� øNL� X\JXODPD� DUDVÕQGDNL� NRUHODV\RQ� NDWVD\ÕVÕ� U ����� 3�����RODUDN�
KHVDSODQPÕúWÕU�� %X� NDWVD\Õ� LNL� |OoHN� DUDVÕQGD� J�oO�� ELU� LOLúNLQLQ� ROGX÷XQX� RUWD\D� NR\DU�� $\UÕFD� |OoH÷LQ� WHN� ER\XWOX�
ROGX÷X�YH����PDGGHGHQ�ROXúDQ�EX�\DSÕVÕ�WRSODP�YDU\DQVÕQ�������ெLQL�DoÕNODPÕúWÕU��%LDQFKL�YH�3KLOOLSV���������gOoH÷LQ�
X\DUODPD�oDOÕúPDODUÕQÕQ�\DSÕODELOPHVL�LoLQ�JHUHNOL�L]LQ��|OoH÷L�JHOLúWLUHQ�$GULDQD�%LDQFKL�YH�-DPHV�*��3KLOOLSVெ�GHQ�H�
SRVWD� \ROX\OD� DOÕQGÕNWDQ� VRQUD� |OoHNOH� LOJLOL� X\DUODPD� oDOÕúPDODUÕQD� EDúODQPÕúWÕU� 3UREOHPOL�0RELO� 7HOHIRQ�.XOODQÕP�
gOoH÷L� ��� PDGGH� RODUDN� ROXúWXUXOGXNWDQ� VRQUD� X]PDQ� J|U�ú�� DOÕQDUDN� JHUHNOL� G�]HOWPHOHU� \DSÕOPÕúWÕU�� gOoH÷LQ�
GROGXUXOPD�V�UHVL�\DNODúÕN����GDNLND�V�UPHNWHGLU��gOoH÷L�GROGXUDFDN�RODQ�NLúLOHU�|OoHNWH�\HU�DODQ�KHU�ELU�LIDGH\H�LOLúNLQ�
NDWÕOPD�G�]H\OHULQL��%HQL�KLo�WDQÕPODPÕ\RU�����LOH�EHQL�oRN�L\L�WDQÕPOÕ\RU�����DUDVÕQGDQ�LúDUHWOHPHNWHGLUOHU��øúDUHWOHPHGH�
|OoHNWHQ�HQ�G�ú�N����HQ�\�NVHN�����SXDQ�DOÕQDELOPHNWHGLU��3XDQODUÕQ�\�NVHN�ROXúX�SUREOHPOL�PRELO�WHOHIRQ�NXOODQÕPÕQÕQ�
GD�\�NVHN�ROGX÷XQ�RUWD\D�NR\DU���ùDU��$��+���,úÕNODU��$����������
�
gOoH÷LQ� 7�UNoH\H� oHYULOPHVL� LúOHPL� DUDúWÕUPDFÕODU� WDUDIÕQGDQ� JHUoHNOHúWLULOPLúWLU�� $UDúWÕUPDFÕODU� WDUDIÕQGDQ� \DSÕODQ�
oHYLULGHQ� VRQUD� |]J�Q�PDGGH�� oHYULOHQ�PDGGH� YH� \DSÕODFDN� |QHUL\L� LoHUHQ� ELU� \DSÕ� úHNOLQH� oHYULOHQ� |OoHN� X]PDQODUD�
J|U�ú� DOPDN� LoLQ� GD÷ÕWÕOPÕúWÕU�� 8]PDQ� J|U�ú�� LoLQ� 5HKEHUOLN� YH� SVLNRORMLN� GDQÕúPD� ����� øQJLOL]FH� ����� 7�UNoH� �����
%LOJLVD\DU�YH�g÷UHWLP�7HNQRORMLOHUL�����YH�gOoPH�'H÷HUOHQGLUPH�����DODQODUÕQGD�oDOÕúDQ���DNDGHPLV\HQH�VXQXOPXúWXU��
8]PDQ�J|U�ú��LoLQ�YHULOHQ�IRUPXQ�KHU�ELU�PDGGHVL�LoLQ�X\JXQ�YH�X\JXQ�GH÷LO�LIDGHVLQH�\HU�YHULOPLú�YH�X]PDQODUGDQ�KHU�
ELU�PDGGHQLQ�X\JXQ�ROXS�ROPDGÕ÷Õ� LúDUHWOHQPHVL� LVWHQPLúWLU��8]PDQODU� GLO� YH� DODQ� X]PDQÕ�RODUDN� LNL� JUXED� D\UÕODUDN�
J|U�úOHUL�GH÷HUOHQGLULOPLúWLU��+HU�ELU�PDGGH� LoLQ�����RUDQÕQGD�X\JXQOXN�DUDQPÕú�YH�EX�RUDQÕQ�DOWÕQGD�RODQ�PDGGHOHU�
X]PDQODUGDQ� DOÕQDQ� |QHULOHU� GR÷UXOWXVXQGD� G�]HOWLOPLúWLU��gOoH÷LQ� \DSÕVÕ�%HQL� KLo� WDQÕPODPÕ\RU� ����� ELUD]� WDQÕPOÕ\RU�
�����ROGXNoD�L\L�WDQÕPOÕ\RU������L\L�WDQÕPOÕ\RU�����YH�oRN�L\L�WDQÕPOÕ\RU�����úHNOLQGH�KD]ÕUODQPÕúWÕU��%X�GH÷LúLNOLNOHUGHQ�
VRQUD�|OoHN�D\QÕ�X]PDQODUD�WHNUDU�GD÷ÕWÕODUDN�J|U�úOHUL�DOÕQPÕú�YH�W�P�PDGGHOHULQ�HQ�D]�����RUDQÕQGD�X\JXQ�ROGX÷X�
VRQXFX�HOGH�HGLOPLúWLU���ùDU��$��+���,úÕNODU��$����������
�
���8&/$�<DOQÕ]OÕN�gOoH÷L�
�
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8&/$�<DOQÕ]OÕN�gOoH÷L��<g���5XVVHO��3HSODX�YH�)HUJXVRQ��������WDUDIÕQGDQ�JHOLúWLULOPLú�RODQ�8&/$��<DOQÕ]OÕN�gOoH÷L�
�8QLYHUVLW\� RI� &DOLIRUQLD� /RV�$QJHOHV� � /RQHOLQHVV� 6FDOH��� GDKD� VRQUD�5XVVHO�� 3HSODX� YH� � &XWURQD� ������� WDUDIÕQGDQ�
J|]GHQ�JHoLULOPLú�YH�|OoH÷LQ��PDGGHOHUL�\DUÕVÕ�ROXPOX��\DUÕVÕ�ROXPVX]�RODFDN�úHNLOGH��WHNUDU�G�]HQOHQPLúWLU��DNW��'HPLU��
������� gUQH÷LQ� |OoHN� PDGGHOHULQGHQ� ELUL�� ³.HQGLPL� oHYUHGHNL� LQVDQODUOD� X\XP� � LoLQGH� KLVVHGL\RUXP´� úHNOLQGHGLU��
gOoH÷LQ�X\DUODPD�oDOÕúPDVÕ�'HPLU�WDUDIÕQGDQ��������\DSÕOPÕú��Lo�WXWDUOÕOÕN��NDWVD\ÕVÕ��Į� ������WHVW�WHNUDU�WHVW��J�YHQLUOL÷L�
U� ������RODUDN�EXOXQPXúWXU��
�
8&/$�\DOQÕ]OÕN�|OoH÷L���¶X�G�]����¶X� WHUV�\|QGH�NRGODQPÕú����PDGGHGHQ�ROXúPDNWDGÕU��%LUH\OHUGHQ�PDGGHOHUGH�\HU�
DODQ� GXUXPODUÕ� QH� VÕNOÕNOD� \DúDGÕNODUÕQÕ� G|UWO�� /LNHUW� WLSL� |OoHN� �]HULQGH� EHOLUWPHOHUL� LVWHQPHNWHGLU�� gOoHN� ROXPOX�
\|QGHNL�LIDGHOHUL�LoHUHQ�PDGGHOHUH��³KLo�\DúDPDP´����³QDGLUHQ�\DúDUÕP´����³ED]HQ�\DúDUÕP´����³VÕN�VÕN�\DúDUÕP´��SXDQ��
ROXPVX]�LIDGHOHUL�LoHUHQ�PDGGHOHUH�LVH�EXQXQ�WDP�WHUVL�RODUDN��³KLo�\DúDPDP´����³QDGLUHQ�\DúDUÕP´����³ED]HQ�\DúDUÕP´�
���³VÕN�VÕN�\DúDUÕP´���SXDQ�YHULOHUHN�SXDQODQPDNWDGÕU��
�
���8WDQJDoOÕN�gOoH÷L�
�
g÷UHQFLOHULQ� XWDQJDoOÕN� G�]H\L�� *�QJ|U� ������� WDUDIÕQGDQ� JHOLúWLULOHQ� ��� PDGGHOLN� ³8WDQJDoOÕN� gOoH÷L´� NXOODQÕODUDN�
EHOLUOHQPLúWLU�� %LUH\OHULQ� XWDQJDoOÕN� G�]H\OHULQL� RUWD\D� NR\PDN� DPDFÕ\OD� RULMLQDOL� &KHHN� YH� %XVV� WDUDIÕQGDQ� �����
\ÕOÕQGD���PDGGHOLN�RODUDN�JHOLúWLULOHQ�YH�GDKD�VRQUD������ WH�&KHHN� WDUDIÕQGDQ�PDGGH�VD\ÕVÕ����H�oÕNDUÕODQ�XWDQJDoOÕN�
|OoH÷L�³6\QHVV�6FDOH´�NXOODQÕOPÕúWÕU��2ULMLQDO�|OoH÷LQ�JHoHUOLN�oDOÕúPDVÕQGD�|Oo�W�|OoHN�\|QWHPL�VHoLOPLú�YH�|Oo�W�|OoHN�
RODUDN�6RV\DO�.D\JÕ�gOoH÷L�NXOODQÕOPÕúWÕU��6RQXo�RODUDN�
XWDQJDoOÕNOD� VRV\DO� NDoÕQPD� DUDVÕQGD� ����� VRV\DO� ND\JÕ� DUDVÕQGD���� NRUHODV\RQ� EXOXQPXúWXU�� $\UÕFD�� ELUH\OHUH�
³XWDQJDoOÕN�VL]LQ�LoLQ�QH�NDGDU�SUREOHPGLU"´�VRUXVX�VRUXOPXú�YH�DOÕQDQ�\DQÕWODUOD�XWDQJDoOÕN�|OoH÷L�SXDQODUÕ�DUDVÕQGD�����
NRUHODV\RQ�HOGH�HGLOPLúWLU��gOoH÷LQ�J�YHQLUOLN�oDOÕúPDVÕQGD�Lo�WXWDUOÕ÷Õ�VDSWD\DELOPHN�LoLQ�KHVDSODQDQ�&URQEDFK�DOID�����
RODUDN�EXOXQPXúWXU��gOoH÷LQ�J�YHQLUOL÷LQL�VDSWDPDN�LoLQ�LNLQFL�\|QWHP�RODUDN�WHVW�WHNUDU�WHVW�\|QWHPL�NXOODQÕODUDN�|OoHN�
���J�Q�DUD\OD�LNL�NH]�X\JXODPÕú�YH�LNL�X\JXODPD�DUDVÕQGDNL�NRUHODV\RQ�����RODUDN�EXOXQPXúWXU��
7�UNL\H¶GH� XWDQJDoOÕN� |OoH÷L� *�QJ|U� ������� WDUDIÕQGDQ� 7�UNoH\H� X\DUODQPÕú�� JHoHUOLN� YH� J�YHQLUOL÷L�
JHUoHNOHúWLULOPLúWLU�� gOoH÷LQ� X\DUODPD� oDOÕúPDODUÕQGD� LON� EDVDPDN� RODUDN� |OoHN� |QFH� 7�UNoH\H� oHYULOPLú�� oHYLULVL�
\DSÕODQ� EX� |OoHNWHNL� LIDGHOHULQ� ³XWDQJDoOÕ÷Õ´� \DQVÕWÕS� \DQVÕWPDGÕ÷ÕQÕ� |OoPHN� LoLQ� X]PDQ� J|U�ú�QH� EDúYXUXOPXúWXU��
øNLQFL�EDVDPDNWD�������QLYHUVLWH�|÷UHQFLVLQH��NHQGLOHULQL�KDQJL�GXUXPODUGD�XWDQJDo�KLVVHWWLNOHULQH"�øOLúNLQ�DoÕN�XoOX�ELU�
VRUX� VRUXODUDN� ELU� OLVWH� ROXúWXUXOPXúWXU�� g÷UHQFLOHULQ� YHUGLNOHUL� FHYDSODUGDQ� ROXúWXUXODQ� YH� &KHHN¶LQ� XWDQJDoOÕN�
|OoH÷LQGHNL�PDGGHOHUOH�D\QÕ�\D�GD�EHQ]HU�RODQ�PDGGHOHU�oÕNDUWÕOPÕú�YH�|÷UHQFLOHULQ�YHUGLNOHUL�FHYDSODUGDQ�HOGH�HGLOHQ���
PDGGH��&KHHN¶LQ����PDGGHOLN�|OoH÷LQH�HNOHQPLú����PDGGHOLN�\HQL�ELU�|OoHN�ROXúWXUXOPXúWXU��*�QJ|U���������|OoH÷LQ��
WHVWLQ� WHNUDUÕ� \|QWHPL� LOH� HOGH� HGLOHQ� J�YHQLUOLN� NDWVD\ÕVÕQÕ� ����� Lo� WXWDUOÕ÷Õ� VDSWDPDN� DPDFÕ\OD� KHVDSODQDQ�&URQEDFK�
$OID�NDWVD\ÕVÕQÕ� ����RODUDN�EXOPXúWXU��gOoH÷LQ�JHoHUOL÷L� LoLQ� ³%HQ]HU�gOoHNOHU�*HoHUOL÷L´�\|QWHPL�X\JXODQPÕú� YH�EX�
DPDoOD�³6RV\DO�'XUXPODUGD�.HQGLQL�'H÷HUOHQGLUPH�
(QYDQWHUL´�NXOODQÕOPÕú��DUDGDNL�LOLúNL�����RODUDN�EXOXQPXúWXU��<DSÕ�JHoHUOL÷L�DPDFÕ\OD�\DSÕODQ�IDNW|U�DQDOL]L��|OoH÷LQ�WHN�
ER\XWOX�RODUDN�GH÷HUOHQGLULOHFH÷L�VRQXFXQD�YDUÕOPÕúWÕU��8WDQJDoOÕN�|OoH÷L�����PDGGHGHQ�ROXúDQ�YH�ELUH\OHULQ�NHQGLOHULQL�
QH�NDGDU�XWDQJDo�RODUDN�DOJÕODGÕNODUÕQÕ�RUWD\D�NR\DELOHFHNOHUL�GX\JX�YH�GDYUDQÕúODUD�\|QHOLN� LIDGHOHULQ�\HU�DOGÕ÷Õ��¶OL�
OLNHUW� WLSL� ELU� |OoHNWLU��gOoHN�� ELUH\OHUGHQ�|OoHNWHNL� LIDGHOHULQ�NDUúÕVÕQGD�EXOXQDQ� ³%DQD�+Lo�8\JXQ�'H÷LO� ´�� ³8\JXQ�
'H÷LO´�� ³.DUDUVÕ]ÕP´�� ³%DQD� 8\JXQ´�� ³� %DQD� dRN� 8\JXQ´� VHoHQHNOHULQGHQ� ELULVLQL� VHoPHOHUL� LVWHQHUHN�
X\JXODQPDNWDGÕU��8WDQJDoOÕN�|OoH÷L��³%DQD�+Lo�8\JXQ�'H÷LO�´�VHoHQH÷LQH����%LU���³8\JXQ�'H÷LO´�VHoHQH÷LQH����øNL��
³.DUDUVÕ]ÕP´� VHoHQH÷LQH� �� �ho��� ³� %DQD�8\JXQ´� VHoHQH÷LQH� �� �'|UW��� ³%DQD�dRN�8\JXQ´� VHoHQH÷LQH� �� �%Hú�� SXDQ�
YHULOHUHN� SXDQODQPDNWDGÕU�� gOoHNWHQ� DOÕQDELOHFHN� HQ� \�NVHN� SXDQ� ����� HQ� G�ú�N� SXDQ� LVH� ��� GÕU�� %LUH\LQ� SXDQÕQÕQ�
\�NVHN�ROPDVÕ��NHQGLVLQL�³XWDQJDo´�RODUDN�DOJÕODGÕ÷ÕQÕ�J|VWHUPHNWHGLU��
��
�
9HULOHULQ�$QDOL]L�
�
%8/*8/$5�YH�<2580/$5�
�
7DEOR����3UREOHPOL�&HS�7HOHIRQX�.XOODQÕPÕQÕQ�<RUGDQPDVÕQD�øOLúNL�dRNOX�5HJUHV\RQ�$QDOL]L�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

'H÷LúNHQ� %� � 6WDQGDUW�ȕ� 7� 3� øNLOL� .ÕVPL�
� � � � ����+DWD� � � � � ���U� ����U�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
6DELW� � ������ � ������ � ��� ������ ���� ���� �������
�
8WDQJDoOÕN� ����� � ����� � ����� ������ ����� ����� ����� �
�
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<DOQÕ]OÕN� ������� � ����� � ����� ������ ����� ����� �����
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
5 ������� � ��������������)������� ��������� 8WDQJDoOÕN�±�<DOQÕ]OÕN��U ������
5� ������� � � 3 ����� � 8WDQJDoOÕN��3UREOHPOL�&HS�7HOHIRQX��.XOODQPD��U ��������
� � � � � � �<DOQÕ]OÕN���3UREOHPOL�&HS�7HOHIRQX��.XOODQPD��U ��������� �
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
�
�
�
$UDúWÕUPDGD�\RUGD\ÕFÕ�GH÷LúNHQOHU�RODUDN�HOH�DOÕQDQ�XWDQJDoOÕN�YH�\DOQÕ]OÕN�NRUHODV\RQODUÕ�LQFHOHQGL÷LQGH�XWDQJDoOÕN�YH�
\DOQÕ]OÕN� DUDVÕQGD� �U ����� SR]LWLI� \|QGH� DQODPOÕ� ELU� LOLúNL� YDUOÕ÷Õ� EHOLUOHQPLúWLU�� %XQXQ� DQODPÕ� XWDQJDoOÕN� DUWWÕ÷ÕQGD�
\DOQÕ]OÕNWD�DUWPDNWDGÕU��8WDQJDo�RODQ�ELUH\OHULQ�\DOQÕ]OÕ÷Õ� WHUFLK�HWWLNOHUL�DUNDGDú�EXOPDNWD�YH�R�oHYUHGH�EXOXQPDNWDQ�
X]DN�GXUGXNODUÕ�J|U�OPHNWHGLU��
�
8WDQJDoOÕN�YH�3UREOHPOL�&HS�7HOHIRQX�NXOODQÕPÕ�DUDVÕQGD��U �����SR]LWLI�\|QGH�DQODPOÕ�ELU�LOLúNL�YDUGÕU��%XQXQ�DQODPÕ�
GD� XWDQJDoOÕN� DUWWÕ÷ÕQGD� SUREOHPOL� FHS� WHOHIRQX� NXOODQÕPÕ� GD� DUWPDNWDGÕU�� 8WDQJDo� RODQ� ELUH\OHULQ� VRV\DO� RUWDPODUGD�
EXOXQPDNWDQ��]DPDQODUÕQÕ�JUXS�LoHULVLQGH�JHoLUPHNWHQ�]L\DGH��SUREOHPOL�FHS�WHOHIRQODUÕQD�\|QHOGLNOHUL�YH��]DPDQODUÕQÕ�
EX�úHNLOGH�GH÷HUOHQGLUGLNOHUL�J|U�OPHNWHGLU����
�
<DOQÕ]OÕN� YH� 3UREOHPOL� &HS�7HOHIRQX� DUDVÕQGD� GD� �U ����� SR]LWLI� \|QGH� DQODPOÕ� ELU� LOLúNL� EXOXQPDNWDGÕU���%X� GXUXP�
GH÷HUOHQGLULOGL÷LQGH� \DOQÕ]OÕN� DUWWÕ÷ÕQGD� SUREOHPOL� FHS� WHOHIRQX� NXOODQÕPÕ� GD� DUWPDNWDGÕU�� 9HULOHUGHQ� HOGH� HGLOHQ�
EXOJXODUD� J|UH� JHQHO� RODUDN� EDNÕOGÕ÷ÕQGD� XWDQJDoOÕN� YH� \DOQÕ]OÕN� GXUXPXQXQ� SUREOHPOL� FHS� WHOHIRQX� NXOODQÕPÕQÕ�
DUWWÕUGÕ÷Õ�J|]OHQPHNWHGLU��
�
�
6218d�9(�g1(5ø/(5�
�
7�P� G�Q\DGD� ROGX÷X� JLEL� 7�UNL\H¶GH� GH� ELUH\OHULQ� \DúDGÕNODUÕ� XWDQJDoOÕN� GX\JXVXQGDQ� KRúQXW� ROPDGÕNODUÕ�
ELOLQPHNWHGLU��(UJHQOLN�G|QHPL�XWDQJDoOÕ÷ÕQ�\R÷XQ�RODUDN�J|U�OG�÷��YH�XWDQJDo�ELUH\OHULQ�HQ�oRN�HWNLOHQGL÷L�G|QHPGLU��
'ROD\ÕVÕ\OD� HUJHQOL÷LQ� VRQ� G|QHPLQGH� YH� \HWLúNLQOL÷LQ� EDúODQJÕFÕQGD� EXOXQDQ� �QLYHUVLWH� |÷UHQFLOHUL� LoLQ� XWDQJDoOÕN�
ROGXNoD� FLGGL� ELU� VRUXQGXU�� <DSWÕ÷ÕPÕ]� DUDúWÕUPDGD� XWDQJDoOÕN� YH� \DOQÕ]OÕN� DUDVÕQGD�� XWDQJDoOÕN� YH� SUREOHPOL� FHS�
WHOHIRQX� NXOODQÕPÕ� YH� \DOQÕ]OÕNOÕ� SUREOHPOL� FHS� WHOHIRQX� DUDVÕQGD� DQODPOÕ� LOLúNLOHU� EHOLUOHQPLúWLU�� .LúLOHUGH� YDU� RODQ�
\DOQÕ]OÕNODUÕ� YH� XWDQJDoOÕN� GXUXPODUÕQÕQ� SUREOHPOL� FHS� WHOHIRQX� NXOODQÕPÕQÕ� DUWWÕUGÕ÷Õ� J|U�OPHNWHGLU�� hQLYHUVLWH�
|÷UHQFLOHULQLQ� XWDQJDoOÕN� YH� \DOQÕ]OÕN� JLEL� ROXPVX]� GX\JXODUÕQ� �VWHVLQGHQ� JHOHELOPHOHUL�� XWDQJDoOÕ÷ÕQ� YH� \DOQÕ]OÕ÷ÕQ�
RUWD\D�oÕNPDVÕQÕ�HQJHOOH\HELOPHOHUL�LoLQ��|QFH�XWDQJDoOÕ÷ÕQ�YH�\DOQÕ]OÕ÷ÕQ�QH�ROGX÷XQX�YH�\DúDPODUÕQÕ�QDVÕO�HWNLOHGL÷LQL�
ELOPH\H�YH�EXQXQ��VWHVLQGHQ�JHOHELOPHN�LoLQ�QH�W�U�\DUGÕPODU�DODELOHFHNOHULQL�ELOPH\H�JHUHNVLQLPOHUL�YDUGÕU���
�
%X�oHUoHYHGH��|÷UHQFLOHULQ�EX�ROXPVX]OXNODUOD�EDúD�oÕNDELOPHOHUL�LoLQ�|QFHOLNOH�SVLNRORMLN�GDQÕúPD�YH�UHKEHUOLN�\DUGÕPÕ�
|QHULOHELOLU�� 8WDQJDoOÕN� YH� \DOQÕ]OÕN� GX\JXVXQXQ� DUWPDVÕ� LOH� ELUOLNWH� SUREOHPOL� FHS� WHOHIRQX� NXOODQÕPÕQD� \|QHOLN�
ED÷ÕPOÕOÕ÷ÕQ� DUWPDVÕ� |÷UHQFLOHULQ� ]DPDQODUÕQÕQ� E�\�N� ELU� NÕVPÕQÕ� FHS� WHOHIRQX� LOH� JHoLUGLNOHULQL� J|VWHUPHNWHGLU�� %X�
GXUXP� RQODUÕQ� ERú� ]DPDQODUÕQÕ� HWNLOL� YH� YHULPOL� NXOODQPDODUÕQD� HQJHO� ROPDNWDGÕU�� $\QÕ� ]DPDQGD� VRV\DOOHúPHVLQLQ�
|Q�QGH�|QHPOL�ELU� HQJHO� WHúNLO� HWPHNWH��|÷UHQFLOHULQ�NLWDS�RNXPD�� VSRU�\DSPD�YH�GHUVOHULQH�G�]HQOL� oDOÕúPDODUÕQÕ�GD�
HQJHOOHPHNWHGLU��hONHPL]GH�JLGHUHN�\D\JÕQODúDQ�PRELO� WHOHIRQ�NXOODQÕPÕ� LONRNXO� VHYL\HVLQGH�|÷UHQFLOHUH�NDGDU� LQPLú�
GXUXPGDGÕU�� 3UREOHPOL� FHS� WHOHIRQX� NXOODQÕPÕQD� VÕQÕUOÕPD� JHWLULOPHVL� JHUHNPHNWHGLU�� <�NVHN|÷UHWLP� NXUXPODUÕQGD�
|÷UHQLP� J|UHQ� |÷UHQFLOHULQ� VRV\DO� HWNLQOLNOHUH� NDWÕOPDODUÕ� VD÷ODQPDOÕ�� GDQÕúPDQOÕN� KL]PHWOHUL� LOH� |]HOOLNOH� |÷UHQFL�
NLúLOLN�KL]PHWOHULQLQ�VD÷OÕNOÕ�ELU�úHNLOGH�\�U�W�OPHVL�|QHULOPHNWHGLU���
�
%XQGDQ� VRQUD� \DSÕODFDN� DUDúWÕUPDODUGD� LVH� \�NVHN|÷UHWLP� NXUXPODUÕQÕQ� EXOXQGX÷X� LOOHU�� RNXOODUÕQ� NRQXúODQGÕUÕOGÕ÷Õ�
NDPS�V�DODQODUÕ��øO�LOoH�PHUNH]L��YH��QLYHUVLWHOHULQ�|÷UHQFL\H�VD÷ODGÕ÷Õ�RODQDNODU�YE�GH÷LúNHQOHU�HOH�DOÕQDUDN��\DOQÕ]OÕN�
YH�XWDQJDoOÕN�GXUXPODUÕQD�HWNLVL�DUDúWÕUÕOPDOÕ��EX�GH÷LúNHQOHULQ�SUREOHPOL�FHS�WHOHIRQX�NXOODQÕPÕQÕ�DUWWÕUÕS�DUWWÕUPDGÕ÷Õ�
LQFHOHQPHVL�|QHULOPHNWHGLU��
�

7$57,ù0$�
�
hONHPL]GH� YH� G�Q\DGD� \DOQÕ]OÕN� YH� XWDQJDoOÕN� �]HULQH� \DSÕODQ� oHúLWOL� DUDúWÕUPDODUGD� |QHPOL� EXOJXODU� HOGH� HGLOPLúWLU��
=LPEDUGR���������XWDQJDoOÕ÷ÕQ� VRV\DO� LOLúNL\L�HWNLOHPH�ELoLPLQL�DoÕNODUNHQ�³8WDQJDoOÕN��QHW�ELU� úHNLOGH�G�ú�QPH\L�YH�
HWNLOL� ELU� úHNLOGH� LOHWLúLP� NXUPD\Õ� J�oOHúWLUPHNWHGLU´� úHNOLQGH� LIDGH� HWPHNWHGLU�� 8WDQJDo� ELUH\OHU� VRV\DO� \DúDQWÕGD��
LoLQGH� EXOXQGXNODUÕ� RUWDPOD� \D� GD� GL÷HU� LQVDQODUOD� GH÷LO�� V�UHNOL� RODUDN� NHQGL� GDYUDQÕúODUÕ\OD� LOJLOHQLUOHU��.HQGLOHULQH�
\|QHOLN�ROXPVX]�LQDQoODUÕQÕ�KDWÕUOD\ÕQFD�L\LFH�JHULOLUOHU�YH�XWDQJDoOÕNODUÕ�DUWDU��&DUGXFFL�	�=LPEDUGR���������
�
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%L]LP�\DSWÕ÷ÕPÕ]�DUDúWÕUPDGD�XWDQJDo�|÷UHQFLOHULQ�DUNDGDúODUÕ�LOH�VRV\DO�RUWDPODUÕ�SD\ODúPDNWDQ�]L\DGH�SUREOHPOL�FHS�
WHOHIRQXQD�\|QHOPHOHUL�DUNDGDúODUÕ�LOH�HWNLOL�ELU�úHNLOGH�LOHWLúLP�NXUPDNWDQ�NDoÕQGÕNODUÕQÕ�J|VWHUPHNWHGLU��(OGH�HWWL÷LPL]�
EX�EXOJXGD�GL÷HU�DUDúWÕUPD�EXOJXODUÕQÕ�GHVWHNOHPHNWHGLU���
�
�
�.R]DQR÷OX�������� 6RV\DO� EHFHUL� H÷LWLP� SURJUDPÕQÕQ� HUJHQOHULQ� XWDQoOÕN� G�]H\L� �]HULQGHNL� HWNLVLQLQ� HOH� DOÕQGÕ÷Õ� ELU�
DUDúWÕUPDGD� XWDQJDoOÕNOD� EDú� HGHELOPHGH� VRV\DO� EHFHUL� H÷LWLP� SURJUDPÕQÕQ� HUJHQOHULQ� XWDQJDoOÕN� G�]H\OHUL� �]HULQGH�
ROXPOX� \|QGH� HWNLOL� ROGX÷X� J|U�OP�úW�U�� <DSÕODQ� EX� DUDúWÕUPD� VRQXFXQD� EDNÕOGÕ÷ÕQGD� \�NVHN|÷UHWLP� |÷UHQFLOHULQH�
\|QHOLN�VRV\DO�EHFHUL�H÷LWLPL�SURJUDPODUÕQÕQ�KD]ÕUODQÕS�YH�|÷UHQFLOHULQ�SURJUDPD�NDWÕOPDODUÕQÕQ�VD÷ODQPDVÕ�GXUXPXQGD�
XWDQJDoOÕN�GX\JXVX�G�]H\OHULQGH�|QHPOL�ELU�D]DOPD�RODFD÷Õ�G�ú�Q�OPHNWHGLU��%X�GXUXP�D\QÕ�]DPDQGD�SUREOHPOL�FHS�
WHOHIRQXQD�ED÷ÕPOÕOÕ÷Õ�GD�D]DWODWDFDNWÕU����
�
/LVH�|÷UHQFLVL�HUJHQOHU�DUDVÕQGD�\DOQÕ]OÕN�GX\JXVX��EDúHWPH�\|QWHPOHUL�YH�\DOQÕ]OÕ÷ÕQ�LQWLKDU�G�ú�QFHVL�YH�JLULúLPL�LOH�
RODQ�LOLúNLVLQL�LUGHOH\HQ�ELU�oDOÕúPDGD�JHQoOHU�DUDVÕQGD�\DOQÕ]OÕN�GX\JXODUÕQÕQ�ROGXNoD�\D\JÕQ�ROGX÷XQX�J|U�OPHNWHGLU��
$UDúWÕUPDGD�³.HQGLQL]L�oRN�\DOQÕ]�KLVVHWWL÷LQL]�DQODU�ROX\RU�PX"´�VRUXVXQX�DUDúWÕUPD\D�NDWÕODQ�|÷UHQFLOHULQ����¶L�HYHW�
ROX\RU�GL\H�\DQÕWODGÕ÷Õ�J|U�OP�úW�U��(VNLQ��������%L]LP�DUDúWÕUPDPÕ]GD�HUJHQOLN�YH�\HWLúNLQOLN�DUDVÕQGDNL�ELU�G|QHPL�
\DúD\DQ��QLYHUVLWH�|÷UHQFLOHULQGH�\DOQÕ]OÕN�GX\JXVXQXQ�GHYDP�HWWL÷L�J|U�OPHNWHGLU���
�
.$<1$.d$�
�
�%RRWK��5���'��%DUWOHWW�	�-��%RKQVDFN���������$Q�([DPLQDWLRQ�RI�WKH�5HODWLRQVKLS�%HWZHHQ�+DSSLQHVV��/RQHOLQHVV�DQG�
6K\QHVV�LQ�&ROOHJH�6WXGHQWV��-RXUQDO�RI�&ROOHJH�6WXGHQW�'HYHORSPHQW�������������������
�
�&DUGXFFL��-��%�	�=LPEDUGR��*�)���������$UH�<RX�6K\"�3V\FKRORJ\�7RGD\����������������
�
�&DUGXFFL��-��%����������6K\QHVV��7KH�1HZ�6ROXWLRQ��3V\FKRORJ\�7RGD\�����������������
�
�&�FHOR÷OX��'���������øQVDQ�YH�GDYUDQÕúÕ��øVWDQEXO��5HP]L�.LWDSHYL�<D\ÕQODUÕ��
�
�'HPLU��$�hQLYHUVLWH�g÷UHQFLOHULQLQ�<DOQÕ]OÕN�'�]H\OHULQL�(WNLOH\HQ�%D]Õ�(WPHQOHU���<D\ÕQODQPDPÕú�'RNWRUD�7H]L��
+DFHWWHSH�hQLYHUVLWHVL��$QNDUD��������
�
�(Qo��0���������5XKELOLP�7HULPOHUL�6|]O�÷���$QNDUD��7�UN�'LO�.XUXPX�<D\ÕQÕ�
�
�(VNLQ�0�������(UJHQOLNWH�<DOQÕ]OÕN��%DúHWPH�<|QWHPOHUL�YH�<DOQÕ]OÕ÷ÕQ�øQWLKDU�'DYUDQÕúÕ�LOH�øOLúNLVL�.OLQLN�3VLNL\DWUL�
'HUJLVL��������������
�
�*|NoH��6����������/LVH�g÷UHQFLOHULQLQ�8WDQJDoOÕN�'�]H\OHULQLQ�<RUGDQPDVÕ��<D\ÕQODQPDPÕú�<�NVHN�/LVDQV�7H]L��
$QNDUD��*D]L�hQLYHUVLWHVL��(%(��
�
�*�QJ|U��$����������8WDQJDoOÕN�gOoH÷LQLQ�*HOLúWLULOPHVL�*HoHUOLN�YH�*�YHQLUOLN�dDOÕúPDODUÕ��7�UN�3VLNRORMLN�'DQÕúPD�
YH�5HKEHUOLN�'HUJLVL�����������������
�
�*ULIILWKV��0�� '�� �������� ,QWHUQHW� JDPEOLQJ�� ,VVXHV�� FRQFHUQV� DQG� UHFRPPHQGDWLRQV�� -RXUQDO� RI� &\EHU3V\FKRORJ\� 	�
%HKDYLRU�����������������
�
�+HQGHUVRQ��/�	�=LPEDUGR��)�*����������6\QHVV��(QF\FORSHGLD�RI�0HQWDO�+HDOWK���6DQ�'LHJR��$FDGHPLF�3UHVV��
�
�+\VRQ�� &�0� 	� 7ULHVWH�� .�9�� �������� 7KH� 6K\� &KLOG�� $5&� 3URIHVVLRQDO� 6HUYLFHV� *URXS� �(5ø&� 3URFHVVLQJ� DQG�
5HIHUHQFH�)DFLOLW\���('���������
�
�-DFREV��'�)����������(YLGHQFH�IRU�D�FRPPRQ�GLVVRFLDWLYH�OLNH�UHDFWLRQ�DPRQJ�DGGLFWV��-RXUQDO�RI�*DPEOLQJ�%HKDYLRU��
�������������
�
-RQHV��:�+���%ULJJV��6�5�	�6PLWK��7�*����������6K\QHVV��&RQFHSWXDOL]DWLRQ�DQG0HDVXUHPHQW��-RXUQDO�RI�3HUVRQDOLW\�
DQG�6RFLDO�3V\FKRORJ\��������������������
�
�.R]DQR÷OX�7��������8WDQJDoOÕNOD�%Dú�(GHELOPHGH�6RV\DO�%HFHUL�(÷LWLP�3URJUDPÕQÕQ�(UJHQOHULQ�8WDQJDoOÕN�'�]H\OHUL�
h]HULQGHNL�(WNLVL�<�NVHN�/LVDQV�7H]L��dXNXURYD�hQLYHUVLWHVL�6%(�
�
�0RRUH�'��6FKXOW]�15��������/RQHOLQHVV�DW�DGROHVFHQFH��FRUUHODWHV��DWWULEXWLRQV��DQG�FRSLQJ��-�<RXWK�DQG�$GROHVFHQVH��
������������
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�
�3HSODX�� /�$�� DQG�'�� 3HUOPDQ�� �/RQHOLQHVV�� $� 6RXUFHERRN� RI� &XUUHQW� 7KHRU\�� 5HVHDUFK� DQG� 7KHUDS\��� 1HZ�<RUN��
:LOH\�,QWHUVFLHQFH��������
�
�3KLOOLSV�� -��*���2JHLO��5��3��	�%ODV]F]\QVNL��$�� ��������(OHFWURQLF� LQWHUHVWV� DQG�EHKDYLRUV� DVVRFLDWHG�ZLWK�JDPEOLQJ�
SUREOHPV��,QW�-�0HQW�+HDOWK�$GGLFWLRQ���������������
�
�ùDU��$��+���,úÕNODU��$�����������3UREOHPOL�PRELO�WHOHIRQ�NXOODQÕP�|OoH÷LQLQ�7�UNoH\H�X\DUODPDVÕ��,QWHUQDWLRQDO�-RXUQDO�
RI�+XPDQ�6FLHQFHV�>2QOLQH@�����������������
�
�=LPEDUGR��*�3����������6K\QHVV��:KDW�LV�LW�DQG�ZKDW�WR�GR�DERXW�LW��5HDGLQJ��0$��$GGLVRQ�:HVOH\�3XEOLVKLQJ�
&RPSDQ\��
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,03$&7�2)�$,5�32//87,21�21�7+(�/,&+(1�)/25$�,1�7+(�5(*,21�
2)�$11$%$��($67�2)�$/*(5,$��

6HUUDGM�$OL�$KPHG�0RQLD���%RXPHGULVV�]LQH�HGGLQH���6OLPDQL�UDFKLG�

/DERUDWRU\�RI�3ODQW�%LRORJ\�DQG�(QYLURQPHQW�

%LRORJ\�'HSDUWPHQW�

%$'-,�0RNKWDU�8QLYHUVLW\�

$QQDED��$OJHULD�

6HUUDGM�PRQLD#JPDLO�FRP�

� �

$EVWUDFW��7KH�REMHFWLYH�RI�RXU�ZRUN�LV�VXPPDUL]HG�RQ�WKH�VWXG\�RI�WKH�LPSDFW�RI�DLU�SROOXWLRQ�RQ�
WKH�OLFKHQ�IORUD�LQ�WKH�UHJLRQ�RI�$QQDED�DQG�PRUH�SUHFLVHO\�DW�WZR�DUHDV�LVRSROOXWLRQ�ZKRVH�SXULW\�
LQGH[�UDQJHV�IURP�DWPRVSKHULF�����WR������WR�]RQH�,�DQG�����WR�����IRU�]RQH�,,��)RU�WKLV�ZH�XVHG�WKH�
WHFKQLTXH�RI�WUDQVSODQWDWLRQ�DGYRFDWHG�E\�'HUXHOOH�DQG�6HPDGL�LQ������7KH�UHVXOWV�ZH�REWDLQHG�
IROORZLQJ� WKH� DVVD\� RI� FKORURSK\OO� DQG� SURWHLQ� LQ� WZR� VSHFLHV Parmelia caperata� DQG�3DUPHOLD�
SHUODWD�WUDQVSODQW�DW�VL[�VLWHV��DV�ZHOO�DV�DW�WKH�HO�.DOD��WDNHQ�OLNH�D�ZLWQHVV���UHIOHFW�WKH�SUHVHQFH�
RI�QLWURJHQ�W\SH�RI�SROOXWLRQ�LQ�RXU�UHJLRQ��ZKLFK�DFWV�DV�D�IHUWLOL]HU�RQ�FKORURSK\OO�OHYHOV�DW�WKH�
VLWHV�PRVW�IUHTXHQWHG�E\�WUDIILF��6��DQG�6���FRPSDUHG�WR�WKH�FRQWURO�DQG�WKH�RWKHU�VLWHV��6��DQG�6��
�� WR� ORZ� YDOXHV�� DQG� DSSHDUDQFH� RI� D� VWUHVV� LQ� UHODWLRQ�ZLWK� WKLV� SROOXWLRQ��ZKLFK� UHVXOWV� LQ� DQ�
LQFUHDVH�LQ�SURWHLQ�DW�WKH�VDPH�VLWHV�

2EVHUYDWLRQV�LQ�ELQRFXODU�DQG�KLVWRORJLFDO�VHFWLRQV�RI�WKH�WKDOOXV�RI�WKHVH�WUDQVSODQWV�FRQILUP�RXU�
UHVXOWV� DOVR� UHIOHFW� WKH� GHWHULRUDWLRQ� RI� RXU� OLFKHQ� IORUD� XQGHU� WKH� LQIOXHQFH� RI� D� FRFNWDLO� RI�
SROOXWDQWV�DW�WKH�$QQDED�UHJLRQ�
.H\�ZRUGV����$LU�SROOXWLRQ��OLFKHQ�ELRPRQLWRULQJ��LPSDFW��FKORURSK\OOV���SURWHLQV�GRVDJH�

,QWURGXFWLRQ��

7KH�WHUP�SROOXWLRQ�UHIHUV�WR�DOO�GLVFKDUJHV�RI�WR[LF�FRPSRXQGV�WKDW�PDQ�UHOHDVHV�LQWR�WKH�HFRVSKHUH��EXW�DOVR�VXEVWDQFHV�
ZKLFK��ZLWKRXW� EHLQJ� UHDOO\�GDQJHURXV� WR� OLYLQJ�RUJDQLVPV�� KDYH� D�GLVUXSWLYH� LQIOXHQFH�RQ� WKH� HQYLURQPHQW�� ,Q�RWKHU�
ZRUGV��SROOXWLRQ�LV�DQ�DGYHUVH�FKDQJH�LQ�WKH�QDWXUDO�HQYLURQPHQW��ZKLFK�FDQ�DIIHFW�KXPDQV�DQG�SODQWV��,W�FDQ�DOVR�DIIHFW�
E\�DOWHULQJ�WKH�SK\VLFDO�HQYLURQPHQW��LWV�UHFUHDWLRQDO�SRVVLELOLWLHV�RU�GLVILJXULQJ�QDWXUH���$��6HPDGL��������
6LQFH������WKH�0LQLVWU\�RI�6SDWLDO�3ODQQLQJ�DQG�(QYLURQPHQW�LQVWDOOHG�DW�WKH�FLW\�RI�$QQDED��1RUWK�HDVWHUQ�$OJHULD��D�
V\VWHP� IRU�PRQLWRULQJ� WKH� TXDOLW\� RI� DLU� LQ� XUEDQ� DUHDV�� 7KLV� FRQWURO� LV� FDOOHG�6$0$�6$),$�JHQHUDOO\� SURYLGHG� E\�
VHQVRU�QHWZRUNV�SK\VLFRFKHPLFDO�FKDUDFWHULVWLFV�WKDW�PHDVXUH�FRQFHQWUDWLRQV�RI�YDULRXV�SROOXWDQWV���7OLOL�1��HW�DO��������
���7KH�FLW\�RI�$QQDED�LV�RQH�RI�WKH�PRVW�SROOXWHG�FLWLHV�LQ�$OJHULD�GXH�WR�WKH�H[LVWHQFH�RI�ODUJH�LQGXVWULDO�FRPSOH[HV�VXFK�
DV�LURQ�DQG�VWHHO�FRPSOH[�RI�(O�+DMDU�DQG�SKRVSKDWH�IHUWLOL]HU�FRPSOH[��,Q�DGGLWLRQ��LW�LV�NQRZQ�IRU�LWV�GHQVH�URDG�WUDIILF�
DQG�WKH�RYHUFURZGLQJ�WKDW�KDV�OHG�UHVHDUFKHUV�WR�VWXG\�DLU�TXDOLW\�DQG�WKH�HIIHFWV�RI�SROOXWLRQ�LQ�WKH�UHJLRQ���$��6HPDGL��
�������
���6HYHUDO�WHFKQLFV�KDYH�EHHQ�LPSOHPHQWHG�IRU�WKH�GHWHFWLRQ�DQG�HYDOXDWLRQ�RI�DLU�SROOXWLRQ��$PRQJ�WKHVH�WHFKQLFV��ZH�
QRWH� WKH� SK\VLFR�FKHPLFDO� WHFKQLFV� WKDW� FRQWLQXRXVO\� PHDVXUH� WKH� FRQFHQWUDWLRQV� RI� YDULRXV� SROOXWDQWV� WKH� FDVH� RI�
�6$0$�6$),$��DQG�ELRORJLFDO� WHFKQLTXHV�WKDW�XVH�WKH�SODQW�RU�SODQW�SDUW�DV�D�ELR�LQGLFDWRU��HJ�OLFKHQV���$��6HPDGL��
������
���7KH�KLJK�FRVW�RI�PHDVXULQJ�GHYLFHV�ZLOO�QHYHU�FRYHU�WKH�ZKROH�WHUULWRU\��7KH�XVH�RI�OLYLQJ�RUJDQLVPV�DQG�LQ�SDUWLFXODU�
IRU�WKH�DVVHVVPHQW�RI�DLU�TXDOLW\��WKH�OLFKHQ�ELRPRQLWRULQJ�VKRXOG�EH�D�WRRO�RI�FKRLFH��/LFKHQV�DUH�IRXQG�HYHU\ZKHUH�DQG�
WKHLU�GLIIHUHQFHV�LQ�VHQVLWLYLW\�WR�SROOXWDQWV�ZH�FDQ�XVH�WR�DVVHVV�WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GHYHORSPHQW�RI�PDQ\�
FLUFOHV���*DYHULDX[�-��3��������
����,Q�WKH�VDPH�FRQWH[W�VXPPDUL]HV�WKH�SXUSRVH�RI�RXU�ZRUN�LV�WR�VWXG\�WKH�LPSDFW�RI�SROOXWLRQ�RQ�WKH�OLFKHQ�IORUD�DQG�
WKXV�WKH�HQYLURQPHQW��
�
0DWHULDOV�DQG�0HWKRGV�
����3UHVHQWDWLRQ�RI�WKH�VWXG\�DUHD��

��������$QQDED�LV�D�FRDVWDO�WRZQ�LQ�QRUWKHDVWHUQ�RI�$OJHULD��LW�LV�ERXQGHG�WR�WKH�VRXWK��HDVW�DQG�ZHVW�UHVSHFWLYHO\�E\�WKH�
SURYLQFHV�RI��*XHOPD��6NLNGD�DQG�(O�7DUI����LW�FRYHUV�D�
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$UHD�RI���������NP��ILJ����

�
)LJXUH����ORFDOL]DWLRQ�RI�ZLOD\D�RI�$QQDED��$QQDED�6WDWH��
�,WV� LQGXVWULDO� DQG� LWV� VWDWXV� DV� FDSLWDO� RI� VWHHO�� PDNH� LW� RQH� RI� WKH� PRVW� SROOXWHG� DUHDV� RI� WKH� FRXQWU\�� �&KDIIDL� DQG�
0RXUGL��������
�����

���&OLPDWLF�GDWD�RI�$QQDED��
�����/LNH�RWKHU�FRDVWDO�DUHDV�RI�$OJHULD��$QQDED�WKLV�ZKROH�WUDLWV�0HGLWHUUDQHDQ�W\SHV�ZLWK�ELRFOLPDWLF�]RQHV��VXE�KXPLG�
DQG�KXPLG�ZLFK�PHDQV�D�ZHW�VRIW�DQG�PRLVW�GU\�VHDVRQ��
�����6RPH�FOLPDWLF�SDUDPHWHUV�DUH�FRQVLGHUHG�LQ�RXU�VWXG\�EHFDXVH�WKH\�KDYH�D�SDUWLFXODUO\�LPSRUWDQW�UROH�LQ�WKH�GLIIXVLRQ�
DQG�GLOXWLRQ�RI�LPSXULWLHV��7DEOH����
�
��������7HPSHUDWXUH��
�����$QQDED�LV�FKDUDFWHUL]HG�E\�PLOG�WHPSHUDWXUHV�LQ�ZLQWHU�DQG�KRW�LQ�VXPPHU��ZLWK�D�PD[LPXP�WHPSHUDWXUH�DYHUDJH�RI�
��������&�DQG�D�PLQLPXP�WHPSHUDWXUH�DYHUDJH�RI���������&�GXULQJ�WKH�SHULRG�����������
�
�����5DLQIDOO��
����5DLQ��VQRZ�DQG�RWKHU�IRUPV�RI�SUHFLSLWDWLRQ�UHDOL]H�ZDVKLQJ��DEVRUSWLRQ�DQG�GULYH�WR�WKH�IORRU�RI�LPSXULWLHV�IURP�WKH�
DLU��WKH�DYHUDJH�DQQXDO�UDLQIDOO�GXULQJ�WKH�SHULRG�����������LV���������
��7KH�PRQWK�RI�'HFHPEHU�LV�WKH�ZHWWHVW�ZLWK�D�YDOXH�RI�����ZKLOH�WKH�PLQLPXP�YDOXH�ZDV�UHFRUGHG�LQ�-XO\�ZLWK����
������������
�
�����+XPLGLW\��
��,Q�$QQDED�UHJLRQ�WKH�KXPLGLW\�LV�YHU\�KLJK�WKURXJKRXW�WKH�\HDU��LW�LV���������GXULQJ�WKH�SHULRG���������������:HEVLWH�
���
�
����,QGXVWU\�6HFWRUV��
�
��%\�LWV�VWUDWHJLF�SRVLWLRQ�$QQDED�KDV�D�EDVLF�LQGXVWULDO�SURFHVVLQJ�RI�ORFDO�UDZ�PDWHULDOV�VXFK�DV�LURQ�RUH��WKLV�LV�PDLQO\�
EDVHG�RQ� WKH�VWHHO�FRPSOH[��PHWDO�VWHDO�� WKH� ODUJHVW�VWHHO�FRPSOH[� LQ�$IULFD� ODUJHVW�SKRVSKDWH�IHUWLOL]HU��$60,'$/��
DQG�ROG�PHWDO�SURFHVVLQJ�ZRUNVKRSV��IHUUURYLDO��WKHQ�FRPHV�WKH�FRPHUFLDO�DFWLYLW\�DUHD��LQGXVWULDO�DUHDV��WKHVH�EDVHV�DUH�
DW�WKH�RULJLQ�RI�VHYHUDO�OLTXLG�HIIOXHQWV�DQG�DWPRVSKHULF��%OLGD�DQG�7LDLELD��������
�����5HOHDVHV�FRPSOH[��PHWDO�VWHHO��
���
���7KLV�FRPSOH[�GLVFKDUJHV�WR�SDUWLFXODWHV�ZKLFK�DUH�PDLQO\�LURQ�R[LGHV�DQG�VLOLFD�FRPSRXQGV�DORQJ�ZLWK�YDULRXV�UDUH�
PHWDOV�VXFK�DV�WKDOOLXP�GXH�WR�YHU\�KLJK�HPLVVLRQV�GHSRVLWHG�WR�7XQLVLD�
���7KH�HIIOXHQW�JDVHRXV�SURGXFWV�DUH�FRPSULVHG�PDLQO\�RI�VXOIXU��R[LGHV�RI�FDUERQ��QLWURJHQ�DQG�WUDFH�IOXRULQH��7DEOH����
�
�
�
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7DEOH����(PLVVLRQV�FRPSOH[��PHWDO�VWHHO��
5HMHFWHG�SURGXFWV� 4XDQWLWLHV�WRQQH���\HDU�
2UJDQLF�PDWHULDOV� ���

DPPRQLD� �����
3KHQRO� �����

6XOIXU�R[LGH� �����
6XVSHQGHG�VROLGV� �����

'XVW� �����
�

����5HOHDVHV�RI�SKRVSKDWH�IHUWLOL]HU�FRPSOH[��$60,'$/��

����7KH�FRPSOH[�SKRVSKDWH�IHUWLOL]HU��$VPLGDO��UHMHFWV�TXDQWLWLHV�RI�SROOXWDQWV�LQ�WKH�DWPRVSKHUH��WKH�QDWXUH�RI�WKHVH�
SROOXWDQWV�LV�YHU\�YDULHG�DFFRUGLQJ�WR�HDFK�XQLW��7KHVH�TXDQWLWLHV�HVWLPDWHG�DERYH�SUH�SURMHFW�RI�WKH�:RUOG�%DQN��7DEOH�
���

�

7DEOH����'LVFKDUJH�RI�$VPLGDO�EHIRUH�WKH�GUDIW�:RUOG�%DQN�

8QLWV� 3ROOXWDQWV� 4XDQWLWLHV�WRQQH���\HDU�
�

1LWUDWH� 1R��
�

��

6XOIXULF�DFLG� 1K�� �����
�

3KRVSKRULF�DFLG� 6R�� �����
�

3KRVSKRJ\SVXP� 1SN� ������
�

$PPRQLXP�QLWUDWH�
�

)OXRULQH�
QLWUDWHV�

�������
��XJ�P��
������

�
�

7DEOH�����5HMHFWLRQV�GLVFKDUJHV��RI�$VPLGDO���DIWHU�WKH�SURMHFW�RI�WKH�:RUOG�%DQN��6HUUDGM��������

8QLWpV� 3ROOXDQWV� 4XDQWLWHV��WRQQH�DQ��
1LWUDWH� 1R�� ����

$FLGH�VXOIXULTXH� 1K�� �����
$FLGH�SKRVSKRULTXH� 6R�� ��
3KRVSKRSJpQH� �� 1SN�

�
��

1LWUDWH�±DPPRQLXP� )OXRU�
GXVW�

QLWUDWHV��1R���

�����
��XJ�P��
����
�

�

�

��FXUUHQW�RI�URDG�WUDIILF��

������7KH�ZLOD\D�RI�$QQDED�E\�LWV�JHRJUDSKLF�SRVLWLRQ��D�FURVVURDGV��DQG�GHYHORSPHQW�ZDV�REVHUYHG�WR�WKLV�GD\�D�KLJKO\�
SRODUL]HG�WUDIILF�HVSHFLDOO\�DW� WKH�FLW\�DQG�HVSHFLDOO\�LQ�WKH�ODVW�\HDUV��VHH�$QQH[��WKLV�ZH�ZLOO�FRQILUP�WKURXJK�UHFHQW�
VWDWLVWLFV�ZH�KDYH�JDWKHUHG�DW�WKH�GLUHFWLRQ�RI�WUDQVSRUW��WKHVH�GDWD�UHSUHVHQW�D�WRWDO�RI�YHKLFOHV�RI�DQ\�FDWHJRU\�LQFUHDVH�
IURP�RQH�\HDU�WR�DQRWKHU��ZDV�UHFRUGHG�LQ���������������YHKLFOHV������������LQ���������������LQ������DQG�D�WRWDO�RI�
��������YHKLFOHV�LQ�������
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���(SLGHPLRORJ\��
�����
������$FFRUGLQJ�WR�D�VXUYH\�PDGH�E\�/��%HOIDUKL�LQ������LQ�$QQDED��WKH�ULVN�RI�DVWKPD�DUH�ODUJHO\�GXH�WR��$LU�3ROOXWLRQ�
ZLWK�����KXPLGLW\�������DQG�IDFWRUV��WREDFFR��������+HUHGLW\�������DQG�PHGLFDO�GUXJV�������
,Q�RXU�VLGH��ZH�FRXOG�JHW�WKLV�\HDU�YHU\�LQWHUHVWLQJ�VWDWLVWLFV��
��2I�FDQFHU�LQ�RXU�UHJLRQ�WKDW�DUH�OLVWHG�LQ�WKH�6FKHGXOH�LQ�HIIHFW�DW�WKH�&+8�RI�$QQDED�OXQJ�FDQFHUV�DIIHFW�LQGLYLGXDOV�
RI�GLIIHUHQW�DJHV����\HDUV�DQG����\HDUV��ZLWK�D�SHUFHQWDJH�RI�������
��2I�WKH�HVWLPDWHG�DVWKPD�DWWDFNV�DW�WKH�SHGLDWULF�FOLQLF�6DLQW�7KpUqVH�VHH�$QQH[�GXULQJ������7KHUH�DUH�FULVHV�RI������
DQG�LQFUHDVHG�LQ������WR�UHDFK�D�YDOXH�RI��������VHH�DSSHQGL[��
�
����0HWKRG�RI�VDPSOLQJ��
����5RRWVWRFN��

%LR�LQGLFDWRU�VSHFLHV�RI�ORZ�SROOXWLRQ��ORZ�UHVLVWDQFH�

��

����������������������������       Parmelia caperata                                           Parmelia perlata��6LWH�ZHE����

7DEOH����6\VWHPDWLF�SRVLWLRQ�RI�Parmelia caperanta�DQG�Parmelia perlata��

�
V\VWHPDWLF�SRVLWLRQ�

Parmelia caperata Parmelia perlata 
�

3K\OXP��/LFKHQV�
&ODVV��$VFROLFKHQV�
2UGHU��OHFDQRUDOHV���
&\FORFDUSDOHV�

)DPLO\��3DUPpOLDFpHV�
*HQUH��Parmelia�
6SHFLHV��caperata�

3K\OXP��/LFKHQV�
&ODVV��$VFROLFKHQV�
2UGHU��OHFDQRUDOHV���
&\FORFDUSDOHV�

)DPLO\��3DUPpOLDFpHV�
*HQUH��Parmelia 
6SHFLHV��perlata�

�

�

����7UDQVSODQWDWLRQ�7HFKQLFV��

����� 7KH� ILUVW� WUDQVSODQWDWLRQ� RI� HSLSK\WLF� OLFKHQV�ZHUH�PDGH� VHYHUDO� \HDUV� DJR� LQ� WKH� FLW\� RI�0XQLFK�$UQROG� ������
�������VLQFH�ERWK�WHFKQLFV�ZHUH�XVHG�

¾ 7KH�ILUVW�ZDV�GHYHORSHG�E\�%URGR������HOOH�LQYROYHV�JUDIWLQJ�D�GLVF�VXSSRUWLQJ�D�OLFKHQ�RQ�EDUN�RI�WKH�VDPH�
VSHFLHV�SKRURSK\WH�

¾ 7KH�VHFRQG�LV�WR�SUHVHQW�LQ�SROOXWHG�WKDOOXV�EUDQFKHV�FRYHUHG�ZLWK�HSLSK\WHV��6HPDGL�DQG�'HUXHOOH�������
����� ,Q� RXU� VWXG\� ZH� IROORZHG� WKH� VHFRQG� DSSURDFK� LV� WR� VD\� ZH� FROOHFWHG� EUDQFKHV� FRYHUHG� WKDOOXV� RI� WZR� VSHFLHV��
Parmelia perlata Parmelia caperata�DQG�LQ�WKHLU�FRPPXQLWLHV�RI�RULJLQ�LH�GULOO�ERXJRXV�OHYHO�RI�(O�.DOD�FRQVLGHUHG�DQ�
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XQSROOXWHG�DUHD�DQG�ZH�WUDQVIHUUHG�DW�GLIIHUHQW�VLWHV�DOUHDG\�PHQWLRQHG��7KHVH�EUDQFKHV�ZLWK�D�OHQJWK�RI����FP�$���DUH�
VHW�XVLQJ�D�VWULQJ�WR�D�KHLJKW�RI�����WR���P�DERYH�WKH�JURXQG�IRU���PRQWKV��
7KH� REVHUYDWLRQ� RI� WUDQVSODQWHG� HSLSK\WHV� XVHG� WR� VWXG\� WKH� GDPDJH� FDXVHG� GXULQJ� WKH� SHULRG� RI� H[SRVXUH� WR� WKH�
SROOXWHG�HQYLURQPHQW��
�
����6HOHFWLRQ�RI�VLWHV��

��������)ROORZLQJ�D�VWXG\�PDGH�E\�WKH�,3$��%HQJUDLW�/HPERXE�6�	�1��������ZKLFK�DOORZHG�XV�WR�KDYH���LVR�SROOXWLRQ�
DUHDV�FRYHULQJ�WKH�1RUWK�(DVW�$QQDED��)LJ�����RXU�VLWHV�VWXGLHV�DUH�SODFHG�LQ�WKHVH�WZR�DUHDV�DV�IROORZV��
�����7UDQVSODQWV�RI�RXU��� OLFKHQ�VSHFLHV� �Parmelia caperata�DQG�Parmelia perlata��ZHUH�SODFHG�DW�VWDWLRQV���DQG���DUH�
SDUW�RI�WKH�DUHD�LVRSROOXWLRQ�,,�E\�FRQV�VWDWLRQV���������DQG���DUH�SDUW�RI�WKH�LVRSROOXWLRQ�]RQH�,��ZLWKRXW�IRUJHWWLQJ�RXU�
FRQWURO�DUHD�RU�(O�.DOD�JURZ�QDWXUDOO\�RXU�WZR�OLFKHQ�VSHFLHV�

�
)LJXUH����/RFDWLRQ�RI�WKH�VWXG\�DUHD��%HQJUDLW�/HPERXE�6�	�1��������

¾ =RQH�,��
,3$�ZKLFK�YDULHV�IURP�����WR������7KLV�LV�WKH�PRVW�SROOXWHG�DUHD�RFFXSLHV����VWDWLRQV��SDUW�RI�WKH�FLW\�RI�$QQDED�DQG�WKH�
WRZQ�RI�(O�%RXQL��

¾ �=RQH�,,��
,3$�ZKLFK�UDQJHV�IURP�����WR�����RFFXSH���VWDWLRQV��+GMDUHGLVV�ZHVWHUQ�VHFWRU��DQG�UHJLRQ�RI�WKH�FRPPRQ�0KLGL�%HQ�
'
(O�7DUI��
�������:H�PDGH�VR�WR�KDYH�VLWHV�ZLWK�D�GHJUHH�RI�WUDIILF�UDQJLQJ�IURP�VWURQJ�WR�ZHDN�DQG�ZH�VHOHFWHG�VL[�VLWHV��6LGL�$LVVD��
5RDG�FRUDO�%D\�%ULGJH�:KLWH�&LW\�$UH�VDIVDI��2XHG�)RUFKD��&LW\�EHODLG�EHOJDFHP�LQ�2XHG�)RUFKD��DQG�7DEOH�����EHORZ�
VKRZV�WKH�ORFDWLRQ�RI�WKHVH�VLWHV�
�
7DEOH����'LIIHUHQW�VLWHV�RI�WUDQVSODQWDWLRQ�
���

6LWHV� /RFDWLRQ�
:LWQHVV�

�
(O�NDOOD�

6LWH��
�6LGL�$LVVD��

7UHH����,Q�D�JDUGHQ�RI�D�VPDOO�KRXVH�DQG�DZD\�IURP�
WKH�URDG�
7UHH����ORFDWHG�QHDU�D�VPDOO�\DUG�
7UHH����6DPH�DV�WKH�RQH�WUHH�RQ�SULYDWH�SURSHUW\�IURP�
WKH�URDG�

6LWH��
�5RDG�RI�%DLH�RI�&RUDLOOHXUV��

7UHH����WKH�WUHH�DW�WKH�HGJH�RI�D�VPDOO�URDG�OLWWOH�
IUHTXHQWHG�E\�YHKLFOHV�

Zone samples lichen transplants 
witness 

Areas 
transplantions 
lichen samples 
polluted 

International Science and Technology Conference, Dubai, 13-15 December 2012

625



ISTEC 20
12

��7UHH����IRXQG�DW�D�QHDUE\�FRQVWUXFWLRQ�VLWH�
7UHH����7UHHV�DORQJ�D�VPDOO�URDG�OLWWOH�IUHTXHQWHG�E\�
YHKLFOHV�

6LWH���
�3RQW�EODQF��

7UHH����ORFDWHG�QHDU�WKH�URXQGDERXW�ZKLFK�LV�KLJKO\�
IUHTXHQWHG�E\�GLIIHUHQW�YHKLFOHV��
7UHH���DUH�ZLWKLQ�WKH�FDPSXV�RI�WKH�URXQGDERXW��EXW�LW�
GRHV�QRW�H[FOXGH�WKH�ODUJH�DWWHQGDQFH�RI�DOO�W\SHV�RI�
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)LJXUH����VSDWLDO�YDULDWLRQV�RI�SURWHLQV�DW�WKH�OHYHO�RI�WKH�WUDQVSODQWV�RI�Parmelia caperata 
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$FFRUGLQJ�WR�WKH�UHVXOWV�SURILWV�LOOXVWUDWHG�LQ�WKH�ILJ���ZH�OHW�XV�UHJLVWHU�UHFRUG�DQ�LQFUHDVH�RI�WKH�UDWH�RI�SURWHLQ�DW�WKH�
OHYHO�RI�DOO� WKH�VLWHV�ZLWK�FRPSDUHG�ZLWK�WKH�ZLWQHVV��ZH�QRWLFH�WKDW� WKH�UDWH�RI�SURWHLQ�LV�PRUH�UDLVHG�LQ�WKH�VWDWLRQ���
ZLWK� FRPSDUHG� ZLWK� WKH� ZLWQHVV�� ZLWK� DQ� DYHUDJH� YDOXH� RI� �����XJ� �� J�� FRQWUDU\� WR� WKH� VWDWLRQ� �� ZH� QRWLFH� D� OLJKW�
LQFUHDVH�ZLWK�DQ�DYHUDJH�YDOXH�GH�����XJ���J��7KH�UDWH�RI�SURWHLQ�LV�OHVV�UDLVHG�LQ�WKH�VWDWLRQ���EHFDXVH�WKUHH�WUHHV�DUH�
WDNHQ� DZD\� IURP� WKH� LQIOXHQFH� RI� WKH� URDG� DQG� PRUH� UDLVHG� DW� WKH� OHYHO� RI� WKH� VWDWLRQ�� EHFDXVH� WUHHV� FDUU\LQJ� RXU�
WUDQVSODQWV�DUH�VLWXDWHG�DW�WKH�HGJH�RI�D�URDG�ZKLFK�FURVVHV�WKH�VWXGLHG�VWDWLRQ�
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7DEOH�����7HVWV�RI�VLPXOWDQHLW\�RI�'XQQHWW�IRU�SURWHLQV�DW�Parmelia caperata�

6WDWLRQ� 0R\HQQH� 'LIIpUHQFH�GHV�
PR\HQQHV�DYHF�OH�
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7DEOH�����WHVWV�RI�VLPXOWDQHLW\�RI�'XQQHWW�IRU�SURWHLQV�DW�Parmelia perlata�

6WDWLRQ� 0R\HQQH� 'LIIpUHQFH�GHV�
PR\HQQHV�DYHF�OH�

WpPRLQ�

7�REVHUYp� 9DOHXU�DMXVWp�GH�3�
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$FFRUGLQJ� WR� WKH� WHVW� RI�'XQQHWW�� WDE� ������ WKHUH
V� QRW� LQ� DQ\� VLJQLILFDQW� GLIIHUHQFH�RI� SURWHLQV� LQ� WKH� WUDQVSODQWV� RI�
Parmelia caperata�DQG�Parmelia perlata�DW�WKH�OHYHO�RI�DOO�WKH�VLWHV�ZLWK�FRPSDUHG�ZLWK�WKH�ZLWQHVV��

'LVFXVVLRQV�

'XULQJ�GHYHORSPHQW�RI�WKH�OLFKHQ�WKDOOXV��ERWK�SDUWQHUV�XQGHUJR�D�FRPSOH[�VHULHV�RI�PRUSKRORJLFDO��ELRFKHPLFDO�DQG�
SK\VLRORJLFDO� FKDQJHV�� UHVXOWLQJ� LQ� D� QHZ�RUJDQLVP�ZLWK� QRYHO� IHDWXUHV� �&KDSPDQ� DQG�0DUJXOOLV�� ������%DUUHQR��
��������

/LFKHQ�DEVRUEV�ZDWHU�DQG�QXWULHQW�SDVVLYHO\�IURP�WKHLU�HQYLURQPHQW��%HFDXVH�RI�WKLV�OLFKHQV�DUH�SDUWLFXODUO\�VHQVLWLYH�WR�
HQYLURQPHQWDO� IDFWRUV� VXFK� DV� WHPSHUDWXUH�� ZDWHU� DYDLODELOLW\�� DQG� DLU� SROOXWDQWV� DQG�RU� /LFKHQV� DUH� DOVR� VXLWDEOH�
ELRPRQLWRUV� GXH� WR� WKHLU� VHQVLWLYLW\� WR� SROOXWLRQ�� 6HYHUDO� IDFWRUV� FRQWULEXWH� WR� WKLV� VHQVLWLYLW\�� :DWHU� DQG� JDV� DUH�
H[FKDQJHG�RYHU�WKH�HQWLUH�OLFKHQ�WKDOOXV��%HFDXVH�WKH\�ODFN�URRWV��OLFKHQV�GR�QRW�KDYH�DFFHVV�WR�VRLO�QXWULHQW�SRROV�DQG�
PXVW�GHSHQG�RQ�GHSRVLWLRQ��ZDWHU�VHHSLQJ�RYHU�VXEVWUDWH�VXUIDFHV��DWPRVSKHULF�DQG�RWKHU�FRPSDUDWLYHO\�GLOXWH�VRXUFHV�
RI�QXWULHQWV��7KXV��WKHLU�WLVVXH�FRQWHQW�ODUJHO\�UHIOHFWV�DWPRVSKHULF�VRXUFHV�RI�QXWULHQWV�DQG�FRQWDPLQDQWV��/LFKHQV�DOVR�
ODFN�WKH�SURWHFWLYH�WLVVXHV�RU�FHOO�W\SHV�QHFHVVDU\�WR�PDLQWDLQ�FRQVWDQW�LQWHUQDO�ZDWHU�FRQWHQW� 
�0DQ\� OLFKHQV� SDVV� WKURXJK� PXOWLSOH� ZHWWLQJ� DQG� GU\LQJ� F\FOHV� GXULQJ� D� GD\�� :KHQ� K\GUDWHG�� QXWULHQWV� DQG�
FRQWDPLQDQWV�DUH�DEVRUEHG�RYHU�WKH�HQWLUH�VXUIDFH�RI�WKH�OLFKHQ� 
�-HQLIHU�HW�DO���������� 
7KH� VXEVWDQFHV� DFFXPXODWH� LQ� OLFKHQ� IURP� WKH� HQYLURQPHQW� WKURXJK� YDULHW\� RI� PHFKDQLVPV LQFOXGLQJ� SDUWLFXODWH�
WUDSSLQJ�� LRQ�H[FKDQJH��H[WUDFHOOXODU�HOHFWURO\WH�DGVRUSWLRQ��DQG�K\GURO\VLV�DQG� LQWUD�FHOOXODU�XSWDNH�� �1LHERHU�HW�DO���
������ 
&XUUHQWO\� /LFKHQ� WUDQVSODQWV� DUH� XVHG� WR� DVVHVV� DLU� TXDOLW\� LQ� DUHDV� ZKHUH� OLFKHQV� DUH� DEVHQW� RU�
VSDUVH���5LFKDUGVRQ�������3HDUVRQ�������� 
�$FFRUGLQJ� WR��$URUD� DQG� DO� ��� RQ� ������ SROOXWDQWV� VXFK� DV�� WKH� R]RQH� �� 2���� WKH� QLWURJHQ� R[LGH� �� 12[�� DQG� WKH�
VXOSKXULF�GLR[LGH���62���SDUWLFLSDWH�DFWLYHO\� LQ� WKH� IRUPDWLRQ�RI� WKH�IUHH�UDGLFDOV�� LQ�RWKHU�ZRUGV� IDYRU� WKH�R[LGL]LQJ�
VWUHVV��7KH�%LRPDUNHUV�RI�R[LGL]LQJ�VWUHVV�DUH�WKH�FKORURSK\OO��WKH�SURWHLQV�DQG�WKH�HQ]\PHV��
,Q� WKH� RSWLPDO� FRQGLWLRQV� RI� JURZWK� RI� YHJHWDEOHV�� QXPHURXV� SURFHVVHV� PHWDEROLF� SURGXFH� UHDFWLYH� VSHFLHV� RI� WKH�
R[\JHQ��(52��EXW�ZLWK�D�UDWH�RI�ORZ�SURGXFWLRQ��7KLV�IRUPDWLRQ�RI�(52�LV�D�QRUPDO�FRQVHTXHQFH�RI�WKH�PHWDEROLVP�WR�
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WKH� SKRWRV\QWKHWLF� FHOOV� ZKLFK� SURGXFH� DQG� FRQVXPH� SHUPDQHQWO\� RI� WKH� GLR[\JHQH�� 7KH� V\VWHP� RI� WUDQVSRUW� RI�
HOHFWURQV�LQ�WKH�PHPEUDQH�RI�WK\ODNRwGHV�LV�D�PDMRU�VRXUFH�RI�(52��/DJDGLF�DQG�DO����RQ��������
7KH�R[LGL]LQJ�VWUHVV�DSSHDUV�LQ�D�FHOO�ZKHQ�WKH�EDODQFH�EHWZHHQ�WKH�(52�DQG�WKH�DQWLR[LGDQW�GHIHQVH�V\VWHPV�LV�EURNHQ�
LQ�IDYRU�RI�WKH�R[LGL]LQJ�VWDWH���*RXGDEOH�DQG�)DYLHU��RQ��������$Q�LPEDODQFH�EHWZHHQ�WKH�SURGXFWLRQ�RI�(52�DQG�WKH�
PHFKDQLVPV� RI� DQWLR[LGL]LQJ� GHIHQVH� /HDGV� WR� DQ� R[LGL]LQJ� VWUHVV� ZKLFK� FDQ� SXOO� PROHFXODU� DQG� FHOOXODU� FKDQJHV�
�*RXGDEOH�DQG�)DYLHU��RQ�������%ORNKLQD�DQG�DO���RQ��������
,Q�RXU�VWXG\�ZH�XVHG�DV�ELRPDUNHUV�WKH�FKORURSK\OO�DQG�WKH�SURWHLQV�DQG�UHVXOWDWV�UHJLVWHUHG�DW�WKH�OHYHO�RI�WDEOHV������
LQGLFDWHV�D�KLJK�FRQFHQWUDWLRQ�RI�FKORURSK\OO�D��E�DQG�D�E��PDLQO\�DW�WKH�OHYHO�RI�VLWHV�VLWXDWHG�DW�WKH�OHYHO�RI�WKH�]RQH�RI�
LVRSROOXWLRQ�,�DQG� WKLV�]RQH�RI�ZKLFK� WKH�,3$�YDULHV� IURP����� WR����� LV�VXEMHFW� LQ� IDFW� WR�GLYHUVH�VRXUFHV�RI�SROOXWLRQ�
VXFK� DV�� WKH� XUEDQL]DWLRQ�� WKH� LQGXVWULDOL]DWLRQ� SUHVHQWHG� E\� WKH� GLVFKDUJHV� RI� WKH� FRPSOH[� RI� SKRVSKDWHG� IHUWLOL]HUV�
$60,'$/�DV�ZHOO� DV�X�Q� URDG� WUDIILF� LQWHQVH�DW� WKH� OHYHO� RI� WKH�XUEDQ�DUHD�RI�$QQDED��ZKLOH� WKH�GHJUDGDWLRQ�RI� WKH�
FKORURSK\OO�LV�JHQHUDOO\�FRUUHODWHG�LQ�WKH�LQWHQVLW\�RI�WKH�SROOXWLRQ��*DUW\�DQG�DO����RQ�������DQG�FRQFHQWUDWLRQV�UDLVHG�
E\�VXOIDWH��*DUW\�DQG�DO����������

6LPLODU�UHVXOWV�ZHUH�REVHUYHG�DW�WKH�OHYHO�RI�WKH�RWKHU�VSHFLHV�RI�3DUPHOLD��LW�LV�DQ�HWXGH�ZKLFK�ZDV�PDGH�E\�9RQ�$UE�
DQG� %UXQROG� LQ� ����� WKH� FRQWHQW� LQ� FKORURSK\OO� RI� 3DUPHOLD� VXOFDWD� QHDU� %LHQQH�� 6ZLW]HUODQG� DQG� LQ� WKH� 1RUWK� RI�
6ZLW]HUODQG�ZDV�PRUH�UDLVHG�LQ�VDPSOHV�EHLQJ�LQ�WKH�SROOXWHG�XUEDQ�]RQHV�WKDW�LQ�WKH�UHPRWH�]RQHV��7KH�VDPH�\HDU�LQ�
�����6¡FKWLQJ�VXUYH\HG� WKH� WLVVXH�QLWURJHQ�FRQWHQW�RI� UHLQGHHU� OLFKHQV� LQ�'HQPDUN�� ,Q�XQSROOXWHG�DUHDV�� WLVVXH� OHYHOV�
ZHUH�������������ZKLOH�LQ�DUHDV�RI�ZHW�GHSRVLWHG�DFLGLW\��YDOXHV�ZHUH��������������DQG�YLVLEOH�LQMXU\�FRXOG�EH�IRXQG��
7KH�QLWURJHQRXV�FRPSRQHQW�RI�DFLG�UDLQ�FDQ�SURGXFH�D�IHUWLOL]HU�HIIHFW�RQ�OLFKHQV�DQG�FDXVH�IORULVWLF�FKDQJHV���

$QRWKHU�PRUH�UHFHQW�VWXG\�PDGH�LQ�WKH�8QLWHG�6WDWHV�LQGLFDWHV�WKDW�WKH�DEVHQFH�RI�OLFKHQV�VHQVLWLYH�WR�WKH�SROOXWLRQ�LQ�
WKH�SROOXWHG�VLWHV�LV�LQ�FOHDU�FRQWUDVW�ZLWK�WKH�YLVLEOH�LPSURYHPHQW�RI�WKH�SK\VLRORJLFDO�VWDWH�RI�WKH�WROHUDQW�OLFKHQV�IRU�
WKH�SROOXWLRQ��EXW�FRPSDWLEOH�ZLWK�WKH�KLJK�ORDG�RI�WLVVXHV�LQ�QLWURJHQ�DQG�LQ�VXOIXU�DW�WKH�OHYHO�RI�WKHVH�SROOXWHG�VLWHV��
�+�6�<��5D��/�+��*HLVHU��5�)�(��&UDQJ����������

$OVR�SURWHLQV�DV�ELR�PDUNHUV�UHJLVWHU�YHU\�KLJK�YDOXHV�DW�WKH�OHYHO�RI�DOO�WKH�VLWHV�ZLWK�FRPSDUHG�ZLWK�WKH�ZLWQHVV�WKLV�
UHIOHFWV�YHU\�ZHOO�WKH�H[LVWHQFH�RI�D�JHQHUDO�VWUHVV�DW�WKH�OHYHO�RI�RXU�WUDQVSODQWV�OLFKHQLTXHV��)DEXUp����������

,QGHHG��WKH�VWXG\�ZKLFK�ZDV�PDGH�LQ������E\�6HUUDGM�$OL�$KPHG�RQ�WKH�HVWLPDWLRQ�RI�WKH�DFLG�SROOXWLRQ�DW�WKH�OHYHO�RI�
WKH�UHJLRQ�RI�$QQDED�E\�XVLQJ�VHYHUDO�SDUDPHWHUV�VXFK�DV��PHDVXUHV�RI�WKH�62��DQG�12[�LQ�WKH�DWPRVSKHUH��WKH�S+�RI�
UDLQV��S+�RI� WKH�EDUNV�RI�Fraxinus angustifolia� DQG�Xanthoria parietina�DV�ELR� LQGLFDWRUV�� LQGLFDWHV� WKDW�RXU� UHJLRQ� LV�
LQGHHG�VXEMHFW�WR�DQ�DFLG�SROOXWLRQ�FDXVHG�E\�VXOIXU�GLR[LGHV�DQG�QLWURJHQ�R[LGHV�DQG�WKDW�WKHVH�ODVW�\HDUV�WKH�EURDGFDVWV�
RI� QLWURJHQ� R[LGHV� H[FHHG� IURP� D� JUHDW� GLVWDQFH� WKRVH� RI� VXOIXU� GLR[LGHV� WKLV� LV� FHUWDLQO\� RI� IRU� WKH� URDG� WUDIILF� WKH�
LQWHQVLW\�RI�ZKLFK�GHWHULRUDWHV�LQ�WKH�GD\WLPH�LQ�GD\��
�

��0RUSKRORJLFDO�'HVFULSWLRQV�RI�WKH�YDULRXV�WUDQVSODQWHG�VSHFLHV�
$LU�SROOXWLRQ�HIIHFWV�RQ��WKH�WUDQVSODQWV�RI�Parmelia caperata�DQG�Parmeelia perlata��
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�����������������������������������������������������������6,7(���75((���

:LWK�UHJDUG�WR�WKH�ZLWQHVV�WKH�WKDOOXV�RI�WKH�WUDQVSODQWV�RI�WKHVH�VLWHV�GRHV�QRW�XQGHUJR�D�ORW�RI�PRGLILFDWLRQ�H[FHSW�DQ�
DEVHQFH�RI�VRPH�SDUWV�DQG�WKH�SUHVHQFH�RI�RQH�RU�WZR�GHQVH�VSRWV��EHFDXVH�WKH\�DUH�VLWXDWHG�IDU�IURP�URDGV�RU�PHDGRZV�
EXW�OLWWOH�IUHTXHQWHG�E\�OHW�FRQYH\�
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�
6,7(���75((���

:H�REVHUYH�DQ�XQVWLFNLQJ�RI�WKH�WKDOOXV�RI�Parmelia caperata��SUHVHQFH�RI�ILQH�ZULQNOHV��WKH�WKDOOXV�EHFRPHV�VR�IUDJLOH�
DQG�EUHDNDEOH��FRORU�GDUNHU�ZLWK�EURZQ�SUHVHQFH�RI�VSRWV��DEVHQFH�RI�VRUDOLH��
Parmelia perlata�WKDOOXV�FRORU�GDUNHU�WKDQ�WKH�FRQWURO��WKH�DOPRVW�WRWDO�DEVHQFH�RI�UHSURGXFWLRQV�ERGLHV��WKH�VRUDOLHV��
�
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�
6,7(���75((���

$W�WKH�OHYHO�RI�WKHVH�VLWHV���DQG���Parmelia perlata�LV�YHU\�GDUN�DQG�WKH�caperata�EHFRPHV�GULHU�DQG�XQVWXFN�IURP�WKH�
VXSSRUW�WKHVH�VLWHV�DUH�DIIHFWHG�E\�D�URDG�KLJK�WUDIILF��
�
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6,7(���75((���

6WDWLRQV���DQG���UHSUHVHQW�D�VLWH�WR�YHU\�KLJK�URDG�PRYHPHQW��GLVFRORUDWLRQ�RI�WUDQVSODQWV�
$� P\ULDG� RI� SROOXWLRQ� HIIHFWV� RQ� OLFKHQV� KDYH� EHHQ� GHVFULEHG�� $W� WKH� OHYHO� RI� WKH� ZKROH� SODQW�� LQYHVWLJDWRUV� KDYH�
GHVFULEHG� GHFUHDVHV� LQ� WKDOOXV� VL]H� DQG� IHUWLOLW\� �'H:LW� ������ .DXSSL� ������ 6LJDO� 	� 1DVK� ������� EOHDFKLQJ� DQG�
FRQYROXWLRQ� RI� WKH� WKDOOXV� �6LJDO�	�1DVK� ������� UHVWULFWLRQ� RI� OLFKHQ� RFFXUUHQFH� WR� WKH� EDVH� RI� YHJHWDWLRQ� �6LJDO�	�
1DVK�������1HHO��������DQG�PRUWDOLW\�RI�VHQVLWLYH�VSHFLHV��'H:LW�������'HQLVRQ�	�&DUSHQWHU��������

��2EVHUYDWLRQV�XQGHU�ELQRFXODU�PLFURVFRSH��
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0DUJLQDO�3UHVHQFH�RI��UHSURGXFWLYH�RUJDQV�WKH�VRUDOLHV�ZKLFK�DUH�YHU\�GHYHORSHG�WUDLQLQJ�DQ�HGJH�UROOHG�XS�LQ�WKH�VKDSH�
RI�SHDUO�UHDFKHV�E\�WKH�WKDOOXV�RI�Parmelia�caperata�DQG�perlata�ZLWQHVV��

 

�

$OPRVW�WRWDO�DEVHQFH�RI�VRUDOLHV�RQ�WKH�WKDOOH�RI�HVSHFHV�VLWXDWHG�DW�WKH�OHYHO�RI�WKH�6LWH�����������������������������������������������������������������������������������������������������������������������������������������

�����

�

6XFNHUV�RI�Parmelia caperata�DQG Perlata�WHPRLQ�IL[HG�ZHOO�WR�WKH�WUXQN�JUDFH�LQ�UKL]LQHV�
6XFNHU�RI�QHFURVHG�Parmelia caperata�DQG�FDUU\LQJ�GHIRUPDWLRQV�LQ�WKH�IRUP�RI�ILQH�ZULQNOHV�6LWH���
�
�
�
�
���+LVWRORJLFDO�&XSV�
�
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��������������������������������������������������������
�������������������&URVVGH�VHFWLRQ�RI��Parmelia  �������������������FURVVGH�VHFWLRQ�RI�Parmelia�
                      Caperata�FRQWURO�[����������������������������������� caperata�SROOXWHG��[������������
�����������
�
�

�
�������������������&URVVGH�VHFWLRQ�RI�VRUDOLHV�RI���������������������������������&URVVGH�VHFWLRQ�RI�VRUDOLHV�RI�
�������������������Parmelia caperata��FRQWURO�[���������������������������������Parmelia caperata�SROOXWHG�[������������
�

�
������������������������&URVVGH�VHFWLRQ�RI�Parmelia������������������������������&URVVGH�VHFWLRQ�RI�Parmelia �
                           perlata �FRQWURO��[����������������������������������������������perlata�SROOXWHG��[���
�
$FFRUGLQJ�WR�WKHVH�KLVWRORJLFDO�FXSV�FXWWLQJV��ZH�QRWLFH�WKDW� WKH�VWUXFWXUH�RI�WKH�WKDOOH�RI���OLFKHQLTXHV�VRUWV�VSHFLHV��
GHYHORSLQJ�QDWXUDOO\�DW�WKH�OHYHO�RI�HO�NDOD���WHPRLQ���FRQVWLWXHQW�YHU\�GHYHORSHG�K\SKHV�D�P\FpOLXP�PXGGOHG��RQ�WKH�
RWKHU� KDQG� WKH� VRUWV�VSHFLHV�� WUDQVSODQWHG� DW� WKH� OHYHO� RI� WKH� VLWH� �� IRU� H[DPSOH�SUHVHQWV� D� KpWpURPqUH� VWUXFWXUH�ZLWK�
SUHVHQFH� RI� JRQLGLHV� DQG�� SUHVHQWV� D� UHOD[DWLRQ�VODFNHQLQJ�� RI� K\SKHV� DQG� D� OLJKW� GHFUHDVH� RI� OHQJWK�� RWKHUZLVH� VDLG�
K\SKHV�EHFRPHV�YHU\�VKRUW�DQG�VR�WKH�WKDOOH�ORVHV�LWV�LQLWLDO�VWUXFWXUH��

$OVR�IRU�RUJDQV�RI�YHJHWDWLYH�UHSURGXFWLRQV�VRUDOLHV�LV�QHFURVHG�E\�WKH�HIIHFW�RI�WKH�SROOXWLRQ��

0LFURVFRSLF�HIIHFWV�GHVFULEHG�LQFOXGH�UHGXFWLRQ�LQ�WKH�QXPEHU�RI�DOJDO�FHOOV�LQ�WKH�WKDOOXV��+RORSDLQHQ��������
XOWUDVWUXFWXUDO�FKDQJHV�RI�WKH�WKDOOXV��+DOH�������+RORSDLQHQ�������3HDUVRQ�������  
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&RQFOXVLRQ��

7KH�DOWHUDWLRQ�RI�WKH�DLU�DQG�WKH�WUDQVIRUPDWLRQ�RI�WKH�HQYLURQPHQW�UHODWHG�DFWLYLWLHV��0DQ�LV�LQFUHDVLQJO\�DW�WKH�KHDUW�RI�
WKH�FRQFHUQV�RI�JRYHUQPHQW�DJHQFLHV�UHVSRQVLEOH�IRU�HQYLURQPHQWDO�SURWHFWLRQ�

7KLV�VWXG\�DLPV�WR�FKDUDFWHUL]H�WKH�LPSDFW�RI�SROOXWLRQ�DPRVSKHULTXH�OLFKHQ�IORUD�RI�UHJLRQV�G
$QQDED��ZKLFK�UHVXOWHG�
LQ�D�VWUHVV��

��*HQHUDOO\��WKH�FRQWHQW�RI�FKORURSK\OO�LQ�WUDQVSODQWV�RI�3DUPHOLD�3DUPHOLD�SHUODWD�FDSHUDWD�DQG�WHQGV�WR�LQFUHDVH�DW�WKH�
PRVW�SROOXWHG�VWDWLRQV��6�������DQG�����WKH�VDPH�LQFUHDVH�LQ�SURWHLQ�OHYHOV�DW�WKH�VDPH�WUDQVSODQWV�FRQWDPLQDWHG�VLWHV�LV�
GXH�WR�WKH�H[FHVVLYH�SUHVHQFH�RI�12[�DQG�62��JHQHUDWHG�E\�GLIIHUHQW�VRXUFHV�RI�SROOXWLRQ�VXFK�DV�KLJK�XUEDQL]DWLRQ��
LQGXVWULDOL]DWLRQ�DQG�HYHQ�WKH�LQWHQVLW\�RI�WUDIILF�DW�WKH�WRZQ�RI�$QQDED��

��7KH�HIIHFW�RI�SROOXWLRQ�RQ�OLFKHQV�UHVXOWV�LQ�D�FKDQJH�LQ�PRUSKRORJ\�DQG�KLVWRORJ\��7KHVH�FKDQJHV�DUH�GXH�WR�SROOXWLRQ��
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Abstract : Air pollution especially of lead has steadily evolved over time, due to the increase in the number 
of vehicles on the market. Our research is based primarily on the use of a species phanérogamique 
"Cupressus sempervirens" as bioindicator of air pollution on the three major highways serving the city of 
Annaba. An appropriate sampling strategy, a spatio-temporal monitoring and measurement of physiological 
parameters by the combined determination of lead allowed us to assess not only the state of air quality but 
also the impact of this pollution generated by heavy traffic in this region.  
Statistical analysis of results brings up correlations ranging from significant to very highly significant 
between the measured parameters and lead levels in the bio indicator by site and months of experimentation.. 
 
Key words: pollution, lead (shot), Cupressus sempervirens, bio indication, bio accumulation, road traffic, 
Annaba. 
 
 

Introduction 
   
  The air pollution arouses since a few years an interest growing as well among the leaders as within the 
population. The technological progress and the development of the branch of industry by way of the fast push of the 
urbanization are at the origin of a ceaselessly increasing infringement towards the air quality. Among the sources 
(springs) of pollution, we can quote the means of transportation, in particular the motor vehicles. 
In Algeria and especially in the region is from the country, there is for several years a progressive problem of 
atmospheric pollution in particular plombique bound to important road networks (Semadi et Decormis, 1986 ; Maizi, 
2006). In the region of Annaba, it is easy (well-to-do) to notice that we have a real problem of pollution on one hand 
because of the existence of a very important motor vehicle population (car fleet) with regard to the crossed distances, 
and on the other hand certain topographic and climatic characteristics which create a climate convenient to the 
development of the pollution (Alioua, 2001 ; Boureghda, 2004). Since the seventies of numerous searches (researches) 
were led on the use of the indicator and organic vegetables as the bio accumulators of the pollution in particular that 
some heavy metals (Semadi et Deruelle, 1993; Alioua et al., 2008). Our search on the study of the pollution plombique 
of automobile origin in the region of Annaba by using in a relevant way bio-indicators, in particular cypress in the 
objective to characterize the environmental state of the environment studied by bringing to light a plombique pollution 
bound to the road traffic, to study the impact of this last one on the morphology and the physiology of the used 
vegetable and to propose bio relevant indicators of this pollution. 
 
Materials and methods 
 
  The city of Annaba is considered as being one of the cities the most polluted on the national territory 
and in the North of Africa, the main broadcasting(issuing) source(spring) of the lead(shot) is the road traffic which 
evolves in a disturbing rhythm. 
The problem of the atmospheric pollution to Annaba bound(connected) to the presence of several industrial units and to 
the intense road traffic is deteriorated(aggravated) by its geographical position (in basin), factor(mailman) which favors 
the accumulation and the stagnation of atmospheric pollutants and exposes(explains) consequently the inhabitants to a 
sanitary risk. 
The city is structured around a main center, the city center. This last one desired by the citizen, as well as by the planner 
is the space the most frequented by the city. The central space of the city does not take care only of the population of 
Annaba but also the populations of the bordering urban areas(conglomerations), all the activities are there present of 
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businesses, presence of markets (walked(worked) El Hattab) presence of offices(desks), presence of stations(resorts) of 
taxis, presence of station(resort) of public transportation (Hacini-Chikh, 2008).  
The population of the wilaya of Annaba did not stop increasing during these last years to reach(affect) 650 000 
inhabitants where we register(record) moreover an annual average of growth closely 1,01 % and an irregular 
distribution of the population with a variation of the density from a municipality to the other one. The axis Annaba - 
Sidi Amar and El Bouni represents the sites where the majority of the population are concentrated (44, 65 % to Annaba, 
20, 04 % to El Bouni and 12, 80 % to Sidi Amar).  
The socioeconomic characteristics (commercial, industrial, university pole and the quality of the services are factors 
limiting some distribution of the population (P.D.A.U., 2008). 
Nowadays we find an automobile city, the annual growth rate of car registration documents is only increasing year by 
year especially between year 2002 and 2003 or the rate increases considerably 0,92 it passes in 3,57 (Hacini-Chikh, 
2008). In 2005, the vehicle of tourism is 68 % with regard to the other ways of transportation. Compared with the other 
Algerian wilayas Annaba is classified second after the capital with a park automobile reaching(affecting) 100 000 
vehicles (P.D.A.U., 2008), With 94 passenger cars for 1000 inhabitants and exceed(overtake) widely Constantine and 
Oran which(who) are respectively 79 and 81 cars for 1000 inhabitants (Semaly – Transurb in Hacini-Chikh, 2008).  
Since 2003 we would have an acceleration of motorization (+ 9 %), this acceleration rose during the last years when we 
registered respectively an increase (+ 14 %) in 2004 and (+ 42 %) between years (on 2004 and 2008). 
 
1- Presentation of the zone of study: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Geographical localization of the region of study ( Annaba). 
 
 
 
2- The climatic parameters:: 
 

 Certain climatic parameters are considered in our study because they have a role particularly mattering 
in the distribution and the dilution of the impurities. 
- The city of Annaba presents in general Mediterranean features of type with bioclimatic floors sub humid and wet. 
- She(it) is characterized by soft temperatures in winter, warm in summer with an annual average temperature of 
17.89°C, an annual average maximal temperature of 23.78°C and finally an annual minimal temperature of 12.76°C and 
plentiful precipitation, the annual pluviometry is of 654,64mm. 
- The wind rose allowed us to bring to light a dominant direction of the Southwest North-East wind (Figure 2). 
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The city of Annaba is situated 
east of Algeria between the 
latitudes (36 30) the North and 
(37 30) the North, and the 
longitudes (07 20) is and (08 
40) is, with 12 municipalities 
of a total surface of 1411.98 
Km2. She is limited by the 
Mediterranean Sea to the 
North, the wilaya of Skikda on 
the West, that of Guelma to the 
South and El Tarf in the East 
(Figure 1). 
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Figure 2: The wind rose of Annaba established on an average of 10 years (on 1999 - 2008). 
 
 
3- Choice of the sites of surveillance and the bio accumulators of the pollution: 
3.1- Choice of sites 
 

 Generally, for better connaitre the levels of pollution, it is important to set up networks of taking, by 
trying to choose well exposed sites, in number sufficient(self-important). The analysis of the built-up area of Annaba 
allows to distinguish in the global scale three expanding main trunk roads of growths and development and which 
converge on the city center of Annaba:  
- The axis RN 16 which connects the big and former(ancient) two poles Annaba and El Hadjar, 
- The axis RN 44 - is connecting Annaba with El Tarf, 
- The axis RN 44 - the West connecting  Annaba to Constantine. 
 
The road stitch of the urban area is marked by three radial roads, the RN44 is which goes on the scale of the city center 
by penetrating the West and the RN 16 which goes on by the North-south axis and The RN 44 - is.  
 
The evaluation of the levels of pollution near the axes of traffic is a complex exercise, considering the numerous factors 
to be considered in this scale. The concentrations in pollutants registered in border of way indeed depend on local 
emissions generated by the car traffic (depending themselves on conditions of traffic and on the composition of the 
motor vehicle population parameters influencing the dispersal of pollutants (local meteorology and configuration of 
public road network(garbage dump)) and levels of thorough concentration of the surrounding zones.  
 
We chose three sites localized on three main highways harming the urban area of Annaba (Figure 3): 
x Site 1: (R.N. 44): Annaba-El Tarf, he is approximately 4 km in the Southeast of Annaba. 
x Site 2: (R.N. 16): Annaba-EL Hadjar. He was chosen in 5 km in the South of Annaba.  
x Site 3: (R.N. 44): Annaba-Constantine: he was realized in 3 km in the Southwest of Annaba. 
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3.2- Choice of the botanical species: 
 
  Our choice concerned a phanérogamique sort “in situ “, it is about the cypress (Cupressus 
sempervirens), it is the most representative vegetable of the region. 
This vegetable is homéohydre, that is the moisture content of the vegetable remains relatively constant during all its 
existence, whatever are the variations of the hygrometric state of the air(sight) and the moisture content of the ground 
(Gorenflot, 1998). 
 
4- Appreciation of the road traffic: 
 
  The counting of vehicles was made at the level of our three sites of study in the region of Annaba. We 
chose a site of just counting of vehicles next to the phanérogamique sort chosen, object of our study. This counting was 
thus made at the rate of three times a day, once quite week, the monthly average being taken into account and it during 
07 months as from the month of Mars 2008. 
 
 
5- Technique of takings of samples: 
 

Site 1 

Site 2 

Site 3 

2 km 

Figure 3 : Geographical location of the sites of study 1, 2 and 3 on three main 
highways harming the city of Annaba 
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  To realize our sampling, we operated at a height varying 1, 50 m and 2 m of the ground. We took, 
every time 10 in 20 sepals around of the tree at the level of man to have a homogeneous average sample. 

The taken samples are placed in plastic labeled bags carrying all the indications (in particular date and place of taking), 
closed by means of an elastic(rubber band) to limit the losses of water by evapotranspiration until the arrival to the 
laboratory. 

 

6- Analytical techniques: 

 

- After drying of samples in the steam room in 105°C, they are carefully crushed, put in piluliers where they are treated 
by the peroxide of hydrogen (hydrogen peroxide) until complete mineralization. The recent dosages of the lead were 
made by using the technique of spectrophotometry of atomic absorption ( S.A.A). The measures were made from the 
solutions of 20ml of nitric acid for 2 %. For the same solution, three measures are made, the average being considered. 
Before proceeding to the dosage of the lead in samples, it is necessary to establish at first a curve of calibration from the 
solutions of lead known concentrations. The results are directly read on the device if it is preset according to the 
indications of the builder or on the curve of calibration in microgram of lead. The used device is a spectrophotometry 
(Perkin-Elmer model 400) - For the dosage of the chlorophyll, we used the method proposed by (Rao & Le Blanc, 
1965), the used device is the spectrophotometer in two wavelengths 645nm and 663nm (GenesysTM 8). 

- The method used for the dosage of the proline is the one (Troll & Lindsley, 1955) Simplified, finalized by (Dreier & 
Göring, 1974). The used device is the spectrophotometer in the wavelength 528nm (GenesysTM 8). 

- Having taken the fresh samples, we weighed 1.5gr of fresh material then put in the steam room in 105 °C during 72 
hour to determine the dry material. So the report M.F. / M.S. An idea onto the purity of the air of the site in question, 
more is defined to give us the air is pure is more the development of the vegetable is normal that is the Fresh material is 
in its optimum on the other hand if the air is polluted it entrained of the demonstrations of chloroses, necroses to the 
detriment of the Fresh material (Semadi, 1983). 

 

7- Statistical analysis of the data: 

  The tests of analysis of the variance in two criteria of classification were used to make a comparison 
for every characteristic between sites on one hand and between months of experiment on the other hand (Dagnelie, 
1999). All the calculations were realized by the command of stepwise of the software MINITAB.  

 

Results  

1- Variation of the monthly average of the road traffic during rush hours near 03 main highways. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 4: Variation of the monthly average of the road traffic at the level of three 
axes harming the urban area of Annaba during rush hours by Cupressus 

sempervirens 

 
Especially at the level of the axis 2 (Fig. 4). 
This is bound to the environment of the axis 
and to its characteristics (surrounded with 
several important equipment’s: commercial, 
industrial, urban areas etc.), thus the axis 2 
seems the most frequented. 
The analysis of the variance in two criteria 
of classification relative to the 
spatiotemporal variation of the road traffic 
at the level of three axes harmingthe urban 
area of Annaba during rush hours shows that 
this last one is significant in the space (p = 
0,000 ***) and in the time  ( P = 0,000 ***). 
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2- Results obtained to the bio indicator: 
2-1- Lead 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
2.2- The chlorophyll: 
 

 
 
 
 
 
2.3- La proline : 
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For the cypress, the accumulation of the lead is 
very clear some is the site; it increases 
gradually between June and September (Fig. 
5). Although at the level of the site 2 the 
vegetable seems to accumulate more lead, this 
is certainly connected to the volume of road 
traffic as well as has the environment of the 
site.   
The analysis of the variance in two criteria of 
classification relative to the spatiotemporal 
variation of the lead(shot) accumulated by 
Cupressus sempervirens show that this last one 
is very highly significant in the time(weather) 
(p = 0,000 ***) but it is only significant in the 
space (p = 0,011 *). 

Figure 5: Spatiotemporal variation of the lead accumulated  
by Cupressus sempervirens 

Further to the results obtained as regards the 
average content of the chlorophyll ( ab ) at 
Cupressus sempervirens and represented by 
the fig. 6, we notice a fluctuating variation 
during the months of study by all the sites. 
It's the same for the comparison of the 
spatiotemporal variation of the chlorophyll  
(ab) at Cupressus sempervirens who shows 
that there is a very highly significant 
variation in the space (p = 0,000 ***) and in 
the time (0,000 ***). That is the content in 
chlorophyll to the vegetable depends on the 
position of the site and on the time of 
exposure although the more the time of 
exposure is long and the more the content in 
chlorophyll is less. 
 
 

Figure 6: Spatiotemporal variation of the chlorophyll (ab)  
at Cupressus sempervirens 
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2.4- MF/MS : 
 

  
 
 
 
 
Discussion 
 
  Considering its geographical position (in basin), Annaba is a coastal city characterized by a high rate 
of humidity throughout the year, an important pluviometry with the risks of temperature inversion which create a 
climate convenient to the development of the pollution.  
Concerning the relative results in bio surveillance of the pollution plombique near main highways, we notice that: by 
comparison of the volume of traffic long-distance truck driver at the level of three axes for the same schedules of 
counting, we notice at first by the sites 1 and 3 that there is so difference according to the schedules of counting, on the 
other hand the difference is smelt at the level of the site 2 where the road traffic seems more intense during rush hours. 
Indeed this site harms the city El Bouni, the urban areas of El Hadjar, Sidi Amar, Chaïba, the University and the steel-
making Complex as well as the other destinations towards Guelma and Souk Ahras; this is understandable by the 
importance of these urban areas and infrastructures harmed by these strongly frequented roads. 
Concerning the accumulation of the lead(shot), the results(profits) which we obtained demonstrate well the presence of 
a strong plombique pollution of automobile origin, revealed to the cypress (Cupressus sempervirens) at the level of the 
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According to the results illustrated in the 
fig. 7, we notice that the rate of the proline 
at Cupressus sempervirens increases from 
the first taking, this increase persists until 
the seventh taking; this is probably due to 
the stress of the vegetable provoked by the 
accumulation of pollutants. 
The comparison of the content average of 
the proline at Cupressus sempervirens 
shows that the variation of the proline is 
very highly significant in the time (p = 
0,000 ***) when in the space (p = 0,000 
***), stalled means that the contents it 
proline vary according to time and of the 

 
Figure 7 : Variations spatiotemporal of the proline  

at Cupressus sempervirens 
  

La figure 8 show that the report MF / MS 
at present Cupressus sempervirens of the 
fluctuations from March till June then 
stabilizes the rest of the months of study. 
We also notice that there is no big variation 
between both sites 1 and 3. This is doubtless 
due to the sustainability of the always green 
sort.   
As regards the comparison of the 
spatiotemporal variation of the relationship 
MF / MS at Cupressus sempervirens, we 
notice that it is not significant in the space  
(P = 0,220) whereas it is very highly 
significant in the time (p = 0.000 ***). 
 

Figure 8 : Variations spatiotemporal of the report  
MF / MS at Cupressus sempervirens. 
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site 2, where the road traffic is the most intense, Cupressus sempervirens accumulates 268,33 µg / g the September. 
These results denote a strong accumulation to the sorts in the persistent foliage. 
This is approved by (Madany and al., 1990) which demonstrate that the emitted particles are better got by the rough 
surfaces where embossed and the presence of a pilosity which favors their retention that by the smoother skins where 
covered with cuticles for the same site and the same exposure in the automobile pollution. So (Little and Martin, 1974), 
notice that the rough sheets can collect ten times more lead(shot) than the smoother sheets. Par ailleurs, nous 
enregistrons une accumulation temporelle nette de plomb entre le mois de mai et le mois de septembre, soit pendant la 
période de sécheresse. Nous considérons en général que les précipitations durant le mois de mars et avril ont tendance à 
lessiver les polluants particulaires au niveau du feuillage, ce qui va influencer la concentration en plomb accumulé. 
Thus dusts, containing heavy metals, accumulate on the air parts, particularly the sheets. This deposit of surface of 
leaves can be qualified as latent pollution because the cuticle is considered as a waterproof barrier which opposes to the 
penetration in leaves. (Arvik et Zimdahl, 1974) Showed that very fine lead particles could penetrate into stomate, but it 
is improbable that big lead quantities penetrate in this way and this process can be responsible only for a low part of the 
contamination of leaves by the lead. 
However, when leaves age, the efficiency of this barrier is distorted, it appears microphone cracks and pollutants which 
remain normally on-surface can easily penetrate. Therefore, lead particles put deposited on the surface of leaves do not 
practically penetrate inside and can be easily washed. 
This upper vegetable indeed shows of the air quality thanks to its power accumulator. However this last rest always 
function of the nature of the species (its morphology, its vegetative cycle), of the exposure time, the intensity of the 
pollution, and to the environmental factors such as the direction of winds, the precipitation, the humidity .etc.  The 
spatiotemporal follow-up of the moderate physiological parameters (content in chlorophyll, it proline and the report MF 
/ MS), indeed testifies of the air quality of every site. 
The follow-up of the counting of vehicles on three road main trunk roads harming(serving) the urban 
area(conglomeration) of Annaba demonstrated well to us the volume of road traffic the most marked on the 
R.N.16Annaba - El-Hadjar and not insignificant on the other axes. The statistical processing allowed well us to classify 
its main highways. 
 
Conclusion 
 
  The explanation of all these results integrates all the parameters of the environment, susceptible to 
influence on one hand the dispersal of pollutants such as the topography of sites, the direction and the wind speed, the 
situation of the road: the case of the axis 2, where the road is taken by the urban areas of El Bouni and Sidi Amar, the 
infrastructures of the industrial park thus pollutants tend to stagnate around the road. So the presence of trees near the 
road is also a factor of retention of pollutants. And on the other hand, the variation of the physiological parameters of 
the used vegetables of which the lead is a part but is not the only person in charge, so the other pollutants can interferes 
view the presence of several polluting infrastructures. However, all the species of a perimeter affected by a pollution do 
not react in the same way to pollutants. They are intrinsic factors in plants, morphological where physiological, which 
determine the resistance, the tolerance where the sensibility of plants. Other factors bioticks aged-related, at the 
physiological stage can intervene in the sensibility of vegetables in this plombique pollution. 
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�
Abstract: �,Q�RUGHU�WR�ILQG�D�VROXWLRQ�WR�WKH�SUREOHP�RI�ZLQGVKLHOGV�GDPDJHG�E\�VDQGVWRUPV�LQ�WKH�
6DKDUDQ�UHJLRQV�RI�$OJHULD��VDQGEODVWLQJ�WHVWV�ZHUH�FRQGXFWHG�LQ�ODERUDWRU\�RQ�D�VRGD�OLPH�JODVV�
LQ�LWV�DV�UHFHLYHG�VWDWH�DQG�ZKHQ�VWUHQJWKHQHG�E\�WKHUPDO�WUHDWPHQW��7KH�VDQG�SDUWLFOHV�ZHUH�
SURMHFWHG�E\�DQ�DLU�IORZ�ZLWK�D�VSHHG�RI����.P�K�DQG�D�VDQG�PDVV�IORZ�RI����J�PLQ��7KH�LPSDFW�
DQJOH�ZDV�PDLQWDLQHG�DW������7KH�HURVLRQ�WHVWV�VKRZ�WKDW�WKH�URXJKQHVV�5D�IRU�WKH�DV�UHFHLYHG�
JODVV�LQFUHDVHV�XQWLO�D�PD[LPDO�YDOXH�RI�������P�DIWHU�EHLQJ�HURGHG�ZLWK�D�PDVV�RI�����J��RI�VDQG��
7KH�VWUHQJWKHQHG�JODVV�URXJKQHVV�UHDFKHV�WKH�VDPH�YDOXH��������P��EXW�XVLQJ�D�PDVV�WZLFH�KLJKHU�
�����J���7KH�RSWLFDO�WUDQVPLVVLRQ�GHFUHDVHV�VKDUSO\�IRU�WKH�DV�UHFHLYHG�JODVV�IURP�����WR�����
DIWHU�EHLQJ�HURGHG�ZLWK�����J�RI�VDQG��7KH�VWUHQJWKHQHG�JODVV�UHDFKHV�WKH�VDPH�OHYHO�RI�WKH�
RSWLFDO�WUDQVPLVVLRQ��EXW�DIWHU�EHLQJ�HURGHG�ZLWK�D�PDVV�RI�����J���
0LFURVFRSLF� REVHUYDWLRQV� VKRZ� WKDW� WKH� LQGXFHG� GDPDJH� LV� VLPLODU� WR� WKDW� RI� WKH� ZLQGVKLHOGV�
H[SRVHG� WR�UHDO�VLWXDWLRQV� LQ� WKH�6DKDUD��7KH�HURVLRQ� LV�RI�EULWWOH�NLQG�DQG� WKH�PDWHULDO� UHPRYDO�
PHFKDQLVP�LV�LQ�IRUP�RI�FKLSSLQJ�RU�FUDWHUV��7KH�PRUSKRORJ\�RI�WKLV�FKLSSLQJ�FRUUHVSRQGV�WR�WKDW�
LV�XVXDOO\�REVHUYHG�RQ�JODVV�ZKHQ�VXEPLWWHG�WR�9LFNHUV�LQGHQWDWLRQ���
�����
Key Words��6DQGEODVWLQJ��JODVV��HURVLRQ��URXJKQHVV��RSWLFDO�WUDQVPLVVLRQ��

�
1. INTRODUCION : 

�
7KH�XVXDO�ZD\�XVHG�IRU�UHGXFLQJ�LPSDFW�GDPDJH�RQ�JODVV�LV�WR�SXW�LWV�VXUIDFH�LQ�FRPSUHVVLRQ��7KLV�FDQ�EH�DFKLHYHG�E\�
WKHUPDO� WHPSHULQJ�� LRQ�H[FKDQJH��YLWUHRXV� HQDPHOOLQJ�RU�E\�FODGGLQJ�ZLWK�D�PDWHULDO�RI� ORZHU� WKHUPDO�H[SDQVLRQ� >�@��
7KH� WKHUPDO� WHPSHULQJ�RU� FODGGLQJ�PHWKRGV�JLYH� D� UHODWLYHO\� WKLFN� FRPSUHVVLYH� VXUIDFH� OD\HU� LQ� FRPSDULVRQ�ZLWK� WKH�
WZR�RWKHU�PHWKRGV��,W�ZDV�VKRZQ�WKDW�WKH�FRPSUHVVLYH�VXUIDFH�VWUHVV�ILHOG�SURGXFHG�E\�WKHUPDO�JODVV�WHPSHULQJ�GRHV�QRW�
LPSURYH�VLJQLILFDQWO\� WKH�JODVV�HURVLRQ� UHVLVWDQFH� WR�VKDUS�SDUWLFOHV� >�@�DV�ZDV�QRWLFHG� LQ� VDQG�EODVWLQJ�RU�E\�9LFNHUV�
LQGHQWDWLRQ��EXW�LW�FRXOG�FHUWDLQO\�LPSURYH�WKH�PDWHULDO�HURVLRQ�UHVLVWDQFH�FDXVHG�E\�+HUW]LDQ�FUDFNLQJ��7KH�H[WHQW�RI�WKH�
ODWHUDO�FUDFNV�SURGXFHG�E\�9LFNHUV� LQGHQWDWLRQ�FDQ�EH�PRUH�SURQRXQFHG� LI� WKH�JODVV� LV� WKHUPDOO\� WHPSHUHG�>�@�� �2WKHU�
VWXGLHV�VKRZHG�WKDW�JODVV�WHPSHULQJ�FDQ�KDYH�D�VPDOO�HIIHFW�RQ�LWV�KDUGQHVV�DQG�LWV�HODVWLFLW\�PRGXOXV�E\�UHGXFLQJ�WKHP�
ZKLOH�WKH�IUDFWXUH�WRXJKQHVV�VHHPV�WR�UHPDLQ�XQFKDQJHG�>����@�7KLV�HIIHFW�LV�GXH�WR�WKH�PRUH�RSHQ�VWUXFWXUH�RI�WKH�JODVV�
REWDLQHG�E\�UDSLG�FRROLQJ���
,RQ�H[FKDQJH�LV�D�FKHPLFDO�WUHDWPHQW�ZKLFK�FRQVLVWV�RI�H[FKDQJLQJ�VPDOO�LRQV�E\�ODUJHU�LRQV�LQ�WKH�JODVV�VXUIDFH�XVLQJ�D�
PROWHQ�VDOW�EDWK��7KH�H[SDQVLRQ�RI�WKH�JODVV�VWUXFWXUH�JHQHUDWHV�D�FRPSUHVVLRQ�DW�WKH�VXUIDFH�DQG�D�EDODQFLQJ�WHQVLRQ�LQ�
WKH�LQWHULRU��7KLV�WUHDWPHQW�LV�VLPSOH�EXW�FRVWO\�ZKHQ�XVHG�LQGXVWULDOO\��$FFRUGLQJ�WR�,��:��'RQDOG�>�@�WKH�WKLFNQHVV�RI�
WKH�FRPSUHVVLYH� OD\HU�YDULHV� IURP�D� IHZ�PLFURPHWHUV�XS� WR� VHYHUDO�KXQGUHGV�PLFURPHWHUV� LQ�GHSHQGHQFH�RI� WKH�JODVV�
FRPSRVLWLRQ��WKH�WUHDWPHQW�FRQGLWLRQV�DQG�WKH�VDPSOH�WKLFNQHVV��$PRQJ�WKH�PDLQ�DGYDQWDJHV�RI�WKLV�WUHDWPHQW�LV�WKDW�ZH�
FDQ�REWDLQ�KLJKHU�PHFKDQLFDO�VWUHQJWKV�DQG�DYRLG�JODVV�GLVWRUVLRQ�VLQFH�LW� LV�XVXDOO\�PDGH�DW�D�WHPSHUDWXUH�ORZHU�WKDQ�
WKH� WUDQVLWLRQ� SRLQW�� 7R� RXU� NQRZOHGJH�� WKH� HIIHFWV� RI� VWUXFWXUDO� FKDQJHV� REWDLQHG� E\� FKHPLFDO� VWUHQJWKHQLQJ� RU� E\�
FRDWLQJ� WHFKQLTXHV� RQ� WKH� PHFKDQLFDO� SURSHUWLHV� �.,&�� +Y�� (�� DQG� WKXV� RQ� WKH� JODVV� HURVLRQ� UHVLVWDQFH�� DUH� QRW�
FRPSOHWHO\�HVWDEOLVKHG�>����@���
�
2.  EXPERIMENTAL PROCEDURE��
�
2.1. Characteristic of the glass and sample preparation���$���PP�WKLFN�VRGD�OLPH�VLOLFD�IODW�JODVV�ZDV�XVHG�LQ�RXU�WHVWV��
,W�ZDV�GHOLYHUHG�E\�$OJHULDQ�FRPSDQ\�RI�JODVV��JODVV�$IULFD��-LMHO���7KH�VDPSOHV�ZHUH�FXW�IURP�WKH�VDPH�SODWH��
7KH�IROORZLQJ�WDEOHV�VKRZ�WKH�DYHUDJH�FKHPLFDO�FRPSRVLWLRQ�RI�JODVV�XVHG�DQG�VRPH�SK\VLFDO�SURSHUWLHV��
Table 1.�0HDQ�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�JODVV�XVHG�
�
2[LGHV� 6L2�� &D2� 1D�2� 0J2� $O�2�� )H�2�� 2WKHUV�
0DVV����� ������ ����� ������ ����� ����� ������ ������
�
Table 2.��6RPH�RI�WKH�SK\VLFDO�JODVV�SURSHUWLHV��
�
3URSHUWLHV� 9DOXHV�
7KHUPDO�GLODWDWLRQ�FRHIILFLHQW�Į��� ���������.���
<RXQJ�PRGXOXV�(�� ���*3D�
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3RLVVRQ¶V�FRHIILFLHQW�Ȟ�� �����
'HQVLW\�ȡ�� �����J�FP��
7UDQVLWLRQ�WHPSHUDWXUH�7J� �����&�

 
3.  RESULTS AND DISCUSSION 
 
3.1 Influence of thermal quenching on the erosion resistance. 
 
:H� KDYH�� WKHUPDOO\� KDUGHQHG� WKH� VDPSOHV� DW� WKH� $OJHULDQ� FRPSDQ\� RI� JODVV� �JODVV�$IULFD�� -LMHO�� XVLQJ� D� KRUL]RQWDO�
WHPSHULQJ�IXUQDFH��7KH�WHPSHULQJ�WHPSHUDWXUH���������ZDV�IROORZHG�E\�UDSLG�FRROLQJ�ZLWK�FRPSUHVVHG�DLU���
,Q� WKLV� LQGXVWULDO� IXUQDFH�� WKH�PLQLPXP�GLPHQVLRQV� UHTXLUHG� IRU�TXHQFKLQJ�DUH����[���PP�� ��0DVV� ORVV� IRU� VDPSOHV�
WKHUPDOO\�WRXJKHQHG�ZDV�IRXQG�LQVLJQLILFDQW�DFFRUGLQJ�WR�WKH�EDODQFH�XVHG��7KH�VDPSOHV�DUH�EHWWHU�VXLWHG�IRU�VWUHQJWK�
WHVWV��7KDW�LV�ZK\�ZH�GHWHUPLQHG�WKH�EHQGLQJ�VWUHQJWK��
�
3.2   Strength of thermally tempered glass 
 
,Q�RUGHU�WR�H[DPLQH�WKH�HIIHFW�RI�WKHUPDO�TXHQFKLQJ�EHKDYLRU�RI�WKH�PHFKDQLFDO�VWUHQJWK��IRXU�SRLQW�EHQGLQJ�WHVWV�ZHUH�
FRQGXFWHG�RQ�WZR�VHWV�RI�UHVSHFWLYHO\�DQQHDOHG�DQG�KHDW�WUHDWHG�VDPSOHV���7KHVH��WHVWV�ZHUH�SHUIRUPHG�RQ�D�6KHQFN�W\SH�
WHQVLOH�WHVWLQJ�PDFKLQH���7KH�DYHUDJH�WHQVLOH�VWUHQJWK�REWDLQHG�IURP�D�EDWFK�RI�ILIWHHQ�VDPSOHV�ZDV�UHVSHFWLYHO\�ıU� ����
�����03D�DQG�ıU� �����������03D�IRU�DQQHDOHG�DQG�WHPSHUHG�JODVV���
6XEVHTXHQWO\��ZH�FRQGXFWHG�D�VKRFN�WHVW�RI�D�IDOOLQJ�VWHHO�EDOO�RI�PDVV�����J�IURP�D�KHLJKW�RI���P��,Q�IDFW�,62������
UHFRPPHQGV�D�VWHHO�EDOO�RI�����J�DQG�D�GURS�KHLJKW�RI���RU������P��:H�IRXQG�WKDW�FUDFN�LQLWLDWLRQ�VWDUWV�ZLWKLQ�WKH�EDOO�
WDUJHW� FRQWDFW� DUHD� DQG� WKHQ� SURSDJDWH� LQ� DOO� GLUHFWLRQV� IRUPLQJ� D� ODUJH� QXPEHU� RI� VPDOO� QRQ�VKDUS� IUDJPHQWV�� � 7KH�
IUDJPHQWDWLRQ�RFFXUV�WKURXJKRXW�DOO�WKH�JODVV�YROXPH��7KLV�LV�RQH�RI�WKH�DGYDQWDJHV�RI�WKHUPDOO\�WHPSHUHG�JODVV�ZKLFK�
SURWHFWV�YHKLFOH�GULYHUV�IROORZLQJ�DFFLGHQWV�WKDW�KDSSHQ�VR�VXGGHQ�DQG�XQH[SHFWHG��,Q�WHUPV�RI�FRPSDULVRQ��7DNDKDVKL�
>�@� IRXQG� DQ� DYHUDJH� VWUHQJWK�RI� ����03D�DQG� DQ� DSSDUHQW� WRXJKQHVV� � ����03D�P�RQ�D����PP� WKLFNQHVV� WKHUPDOO\�
WHPSHUHG�JODVV���
&RXQWLQJ�WKH�QXPEHU�RI�IUDJPHQWV�SHU�XQLW�DUHD��ZH�IRXQG�DQ�DYHUDJH�RI�����IUDJPHQWV�SHU����FP���$FFRUGLQJ�WR�,62�
�����RQ�FDU�ZLQGRZV��LW�LV�UHFRPPHQGHG�D�QXPEHU�RI�IUDJPHQWV�EHWZHHQ����DQG�����SHU����FP��IRU�D�JRRG�TXDOLW\�RI�
WKHUPDO�TXHQFKLQJ��SURYLGHG�WKDW�QR�IUDJPHQW�H[FHHGV�DQ�DUHD�RI�����FP���DQG�D�OHQJWK�RI�����FP��=DU]\FNL�>��@�KDG�
UHSRUWHG� WKDW� WKH� GHJUHH� RI� IUDJPHQWDWLRQ� GHSHQGV� RQ� WKH� GHQVLW\� RI� HODVWLF� HQHUJ\� VWRUHG� LQ� WKH� WKHUPDO� TXHQFKLQJ��
,QGHHG��D�KLJK�GHJUHH�RI�WKHUPDO�TXHQFKLQJ�OHDGV�WR�IXUWKHU�IUDJPHQWDWLRQ��
�
3.3  - Roughness: 
 
)LJXUH���VKRZV�WKH�DYHUDJH�URXJKQHVV�5D�YHUVXV�WKH�SURMHFWHG�PDVV�RI�VDQG��QRW�FXPXODWLYH����,W�LV�IRXQG�WKDW�WKH�SHDN�
RI�5D�IRU�DQQHDOHG�JODVV�LV�DERXW������PLFURQV��7KLV�YDOXH�LV�UHDFKHG�IRU�����J�SURMHFWHG�PDVV�RI�VDQG��:KLOH�IRU�D�JODVV�
UHLQIRUFHG�WKHUPDO�TXHQFKLQJ��WKH�FXUYH�RI�WKH�URXJKQHVV�5D�LV�SUDFWLFDOO\�EHORZ�WKDW�RI�WKH�DQQHDOHG�FRQGLWLRQ�DQG�
UHDFKHG�LWV�SHDN�RI������PLFURQV�IRU�����J�SURMHFWHG�PDVV�RI�VDQG��)RU�FRPSDULVRQ��%XLMV�>��@�IRXQG�DQ�DYHUDJH�
URXJKQHVV�5D� ���PLFURQV�DQG�D�PD[LPXP�URXJKQHVV�5W� ����P�IRU�D�VSHHG�RI�����P���V�DQG�D�VL]H�RI����PLFURQV�RI�WKH�
SDUWLFOHV��
:KHQ�WKH�SHDNV�DUH�UHDFKHG��WKH�URXJKQHVV�GURSV�VOLJKWO\�DQG�FRQWLQXHV�WR�RVFLOODWH�DV�D�VLQH�ZDYH�RI�VPDOO�DPSOLWXGH�
DURXQG�WKLV�OHYHO��7KLV�SUREDEO\�FRUUHVSRQGV�WR�WKH�FUHDWLRQ�RI�D�QHZ�URXJK�VXUIDFH�OD\HU���7KH�RSWLFDO�TXDOLW\�LV�KLJKO\�
GHSHQGHQW�RQ�WKLV�QHZ�OD\HU��7KRVH�GHIHFWV�JRYHUQ�WKH�JHRPHWULF�VXUIDFH�OLJKW�VFDWWHULQJ�DQG�WUDQVPLVVLRQ�ORVV�
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Figure 1:�9DULDWLRQ�RI�WKH�URXJKQHVV�5D��PLFURQV��RI�DQQHDOHG�JODVV�DQG�WKHUPDOO\�WRXJKHQHG�JODVV�YHUVXV�WKH�SURMHFWHG�
PDVV�����������RI�VDQG�

 
3.4 Optical Transmission:    
�
3DUDOOHO�WR�WKH�PHDVXUHPHQW�RI�URXJKQHVV��ZH�PHDVXUHG�WKH�ORVV�RI�WUDQVPLVVLRQ�E\�XVLQJ�D�OLJKW�EHDP�RI�OHQJWK�����QP��
)LJXUH��� VKRZV� WKH�GLIIHUHQFH�EHWZHHQ� WKH� WUDQVPLVVLRQ�FXUYH�RI�DQ�DQQHDOHG�JODVV�DQG� WKDW�RI�D� WKHUPDOO\� WHPSHUHG�
JODVV��7KH�WUDQVPLVVLRQ�ORVV�RI�DQ�DQQHDOHG�JODVV� IHOO�IURP������WR�����DW�����J�RI�SURMHFWHG�VDQG��WKHQ�LW�JRHV�WR�D�
OHYHO� WKDW� UHIOHFWV� WKH� VWDWH� RI� VDWXUDWLRQ�� 7KLV� EHDULQJ� LV� FRQWULEXWLQJ� WR� WKH� WUDQVPLVVLRQ� ORVV� FXUYH� RI� D� WKHUPDOO\�
WHPSHUHG�JODVV� DW� WKH�SRLQW� FRUUHVSRQGLQJ�����J�RI� SURMHFWHG� VDQG��7KLV� LV� D� JRRG� LQGH[��ZKLFK� UHIOHFWV� WKH�SRVLWLYH�
FRQWULEXWLRQ�RI�WKHUPDO�TXHQFKLQJ�DQG�LWV�DELOLW\�WR�SURORQJ�WKH�VHUYLFH�OLIH�RI�D�JODVV�HURGHG�E\�VDQG�SDUWLFOHV�SURMHFWHG��
:LODQWHZLF]�HW�DO��>��@�UHSRUWHG�WKDW�WKH�ODWHUDO�FUDFNV�WKDW�JRYHUQ�WKH�RSWLFDO�TXDOLW\�RI�JODVV�DUH�ORQJHU�IRU�D�FKHPLFDOO\�
WHPSHUHG� JODVV� DV� D� KHDW� WHPSHUHG� JODVV�� 7KHVH� DXWKRUV� DGGHG� WKDW� DIWHU� VDQGEODVWLQJ� JODVV�UHLQIRUFHG� WKHUPDO�
WHPSHULQJ��DQQHDOLQJ�DQG�FKHPLFDO��PHFKDQLFDO�VWUHQJWK�GHWHUPLQHG�IRU�WKHUPDOO\�WHPSHUHG�JODVV�IHOO�DERXW�����RI�LWV�
LQLWLDO� YDOXH�� EXW� UHPDLQV�KLJKHU� WKDQ� WKDW� RI� D� FKHPLFDOO\� WHPSHUHG�JODVV� �FRPSUHVVHG� OD\HU� �����PLFURQV�� DQG� DQ�
DQQHDOHG�JODVV��ZKLFK�IHOO�E\�����DQG�����RI�WKHLU�LQLWLDO�YDOXHV���
,Q�WKH�VDPH�ILHOG�7HOOLQJ�HW�DO��>��@�IRXQG��IRU�FHUDPLF�PDWHULDOV�XVHG�DV�LQIUDUHG�ZLQGRZV�LQ�DHURQDXWLFV�DQG�UHLQIRUFHG�
E\�D�OD\HU�RI�=Q6��WKH�WUDQVPLVVLRQ�ORVV�LV�DERXW������7KLV�ORVV�LV�SURSRUWLRQDO�WR�WKH�VL]H�DQG�VSHHG�RI�HURVLYH�SDUWLFOHV��
$QRWKHU� FRQILUPDWLRQ�PDGH� E\� -LOEHUW� >��@�ZKLFK� LQGLFDWHG� WKDW� WKH� WUDQVPLVVLRQ� ORVV� RI� ZLQGRZV� =Q6� HURGHG� VDQG�
SDUWLFOHV�RI����PLFURQV�DW�D�VSHHG�RI����P�V�GXULQJ����VHFRQGV�ZDV�DERXW������:KLOH�WKLV�ORVV�LV����IRU�D�VSHHG�RI����
P��V��6R�VSHHG�LV�WKH�PRVW�UHOHYDQW�SDUDPHWHU�WR�WKH�HURVLRQ�RI�PDWHULDOV�E\�VROLG�SDUWLFOHV��
�
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Figure 2��&RPSDULVRQ�RI�WUDQVPLVVLRQ�ORVV�RI�WZR�JODVVHV�WUHDWHG�E\�DQQHDOLQJ�DQG�WKHUPDOO\�WHPSHUHG�

�
 
3.5 Effect of fracture toughness 
 
��,Q�WKLV�VWXG\��ZH�FRPSDUHG�WKH�OHQJWKV�RI�FUDFNV�SURGXFHG�IRU�WKH�VDPH�FKDUJH�DQG�XQGHU�WKH�VDPH�FRQGLWLRQV��)LJXUH���
VKRZV�WKDW�XS�WR�D�ORDG�RI�����1��UDGLDO�RU�ODWHUDO�FUDFNV�ZHUH�QRW�REVHUYHG�IRU�WKHUPDOO\�WHPSHUHG�JODVV��7KH�LQLWLDWLRQ�
RI�FUDFNV�RFFXUV�IRU�ORDGV�VOLJKWO\�KLJKHU�WKDQ�����1��7KLV�VKRZV�WKDW�WKH�UHVLVWDQFH�WR�FUDFNLQJ�DQG�HURVLRQ�UHVLVWDQFH�
DUH� VLJQLILFDQWO\� LPSURYHG�� ,Q� WKH� FDVH� RI� FKHPLFDOO\� WHPSHUHG� JODVV�� WKHUH� LV� IRUPDWLRQ� RI� UDGLDO� FUDFNV� DQG� ODWHUDO�
FUDFNV�IROORZHG�E\�FKLSSLQJ�IRU�ORDGV�EHORZ�����1��7KLV�VWURQJO\�DIIHFWV�WKH�RSWLFDO�TXDOLW\�DQG�DHVWKHWLFV�RI�WKH�JODVV��
$OWKRXJK�IRU�DQ�DQQHDOHG�JODVV��WKHUH�LV�IRUPDWLRQ�RI�UDGLDO�FUDFNV�ZLWKRXW�UDSLG�GHYHORSPHQW�RI�ODWHUDO�FUDFNV�OHDGLQJ�
WR�FKLSSLQJ��7KLV�PXFK�LQIOXHQFH�RQ�WKH�PHFKDQLFDO�VWUHQJWK�RI�JODVV��)URP�WKHVH�PLFURJUDSKV��LW�VHHPV�FOHDU�WKDW�WKH�
WKHUPDO� TXHQFKLQJ� WUHDWPHQW� LV� EHVW� VXLWHG� WR� UHVLVW� WKH� LQLWLDWLRQ� DQG� SURSDJDWLRQ� RI� UDGLDO� FUDFNV� DQG� ODWHUDO� WR�
PRGHUDWH�ORDGV��7KHUHIRUH��LW�SUHVHUYHV�WKH�PHFKDQLFDO�VWUHQJWK�DQG�RSWLFDO�TXDOLW\�E\�UHGXFLQJ�WKH�VL]H�RI�WKH�GHIHFW���
�7KLV�UHVXOW�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKDW�RI�+ROWPDQQ�HW�DO��>��@�ZKLFK�LQGLFDWHG�WKDW�WKH�WKHUPDOO\�WHPSHUHG�JODVV�LV�
PRUH�UHVLVWDQW�DJDLQVW�HURVLRQ�EHFDXVH�RI�LWV�KLJK�DSSDUHQW�WRXJKQHVV��:HOOPDQ�>���@�DOVR�UHSRUWHG�WKDW�HURVLRQ�LV�QRW�
JRYHUQHG� E\� WKH� UHODWLYH� KDUGQHVV� RI� WKH� SDUWLFOH� HURVLRQ� DQG� WKH� WDUJHW�� EXW� E\� WKHLU� UHODWLYH� WHQDFLW\�� (YDQV� DQG�
:LHGHUKRUQ�>��@�ERWK�IRXQG�WKDW�WKH�WRXJKQHVV�RI�D�PDWHULDO�LV�WKH�PRVW�LPSRUWDQW�IDFWRU�LQIOXHQFLQJ�WKH�UHVLVWDQFH�WR�
HURVLRQ���$FFRUGLQJ�WR�:LODQWHZLF]�HW�DO��>��@��WKLV�YHU\�SRVLWLYH�EHKDYLRU�RI�WKH�WKHUPDOO\�WHPSHUHG�JODVV�ZLWK�UHVSHFW�
WR�UHVLVWDQFH�WR�HURVLRQ�LV�DWWULEXWHG�WR�WKH�GHSWK�RI�WKH�OD\HU�FRPSUHVVLRQ�UHPDLQV�DQ�HVVHQWLDO�HOHPHQW�LQ�WKH�SURFHVV�RI�
WHDULQJ�PDWHULDO��
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Figure 3��0LFURJUDSKV�VKRZLQJ�WKUHH�JODVVHV�LQGHQWHG�E\�WKH�VDPH�ORDG�����1�
D��DQQHDOLQJ��E��FKHPLFDOO\�WRXJKHQHG��F��WKHUPDOO\�WRXJKHQHG���SKRWRV������P�[�����P��

 
CONCLUSION: 
 
,Q�FRQFOXVLRQ��IURP�WKH�H[SHULPHQWDO�UHVXOWV��LW�DSSHDUV�WKDW�WKH�KDUGQHVV�KDV�QR�SRVLWLYH�HIIHFW�IRU�KROGLQJ�DJDLQVW�
HURVLRQ��7KH�IUDFWXUH�WRXJKQHVV�UHPDLQV�D�NH\�SDUDPHWHU�WKDW�JRYHUQV�WKH�UHVLVWDQFH�WR�FUDFNLQJ�DQG�HURVLRQ��
�
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Abstract: In this work we have realized a test on onion (Allium cepa) in order to check the effects 
of treated water on some natural substances. Two treatments were chosen, firstly irrigation by 
treated wastewater, compared to a second one which is with treated water as a “check”. The tests 
concerned the chlorophyll content, soluble sugar and proline. We have found that, the total 
chlorophyll content has been superior in the treated plants. This shows the ability of plants to react 
favourably under worn water irrigation. The soluble sugars, were often taken as reference's 
tolerance, to abiotic stress, were accumulated more than at leaves and roots level of the treated 
plants. The content of proline at the leaves and roots of the treated plants were superior to check, 
leading to the probable explanation that there is an ability of the cultivars to sustain abiotic 
conditions. Eventhough the results that have been obtained are somewhat positive in the 
expression of the varieties, a wareness has to be considered. Numerous studies and experiments 
have permitted these last decades, to establish standards more and more precise when it comes to 
deal with treated wastewater in agriculture purpose. 
 
Key words: Treated water, Chlorophyll, Soluble sugar, Proline, Abiotic stress, Tolerance. 

 

Introduction 
 
 Nowadays water is beaming more and more rare and especially in African countries that‘s why we are supposed 
to conserve it and to use it with more care; but unfortunately people have found a new source for their needs even if it is 
a wrong one which is “untreated wastewater” used in irrigation of crops by 10%worldwide, according to a first study on 
irrigation wastewater (Scott et al, 2004). 
 This practice is often hidden and which is banned in many countries. But Algeria has experienced in recent 
decades, rapid population growth, massive urbanization and development of industrial activities, which generated 
significant production of wastewater, especially in urban centers. The volume of wastewater discharged through the 
sewer is estimated at nearly 660 million m3 per year; only 18% undergo a purification process part (Bouziani, 2000). 
 The wastewater is a significant potential resource, are totally lost every year and almost no strategy is developed 
for recovery. Capacity for wastewater treatment is very low. The agglomerated population connected to a sewage 
treatment plant is only 8% in Algeria (INESGA, 1994).  
 There is a significant shortfall in provision of infrastructure purification (Bent, 1996). In consequence the lack of 
drinking water would push farmers to use wastewater from urban development, agriculture and industry for irrigation of 
vegetable crops, including onions, in the region of Guelma (Eastern Algeria). 
 This study aims to determinate the impact of wastewater on some physiological and biochemical parameters of 
onion (Allium cepa). 
 
Materials and methods 
 
 In order to dose: the DB05, DCO, MES, orthophosphates, nitrates and nitrites: Cereals onion are planted in pots 
8at 9 plants / pot are irrigated with wastewater from the city of Guelma. Nine other pots were, prepared under the same 
conditions, are irrigated with tap water and used as check. Irrigating  place every 3 days at a rate of 300 ml of water per 
each pot.7 leaf stages, samples of leaves, stems and roots are made for different analysis: Soluble sugars, proline and 
total protein. 
 Chlorophyll contents were spectrophotometrically determined. For this purpose, onion leaves were cut into small 
pieces with a shredder. Then 1 gram shredded sample was taken and pest led in 80% of acetone and filtered with coarse 
filter paper. This liquid was completed up 10 ml with 80% of acetone. Then these samples were placed in a 
spectrophotometer (Arnon 1949).  
 The determination of soluble sugars was carried out using the method of (Schields and Burnett 1960), it is also 
called the method of anthrone in sulfuric acid medium. Proline was quantified using the technique of Troll and Lindsley 
(1955) simplified and developed by Dreier (1973) and amended by Monneveux and Nemmar (1987). The total proteins 
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were assayed by the method of Bradford (1976).  
 All collected data in this study were subjected to analysis of variance (ANOVA) appropriate for a split plot 
design. Mean separation of treatments was accomplished using Least Significant Difference (LSD) test. Probability 
levels lower than 0.05 or 0.01 were held to be significant. MSTAT-C statistical analysis software was used to analyze 
data (Dagnelie, 1998). 
 
Results 
 

 
Figure 1: Effects of treated wastewater on chlorophyll (a), (b) and (a + b) in Cotyledon fall stage. 

 
¾    The mean levels of chlorophyll (a), chlorophyll (b) and chlorophyll (a + b) are less important in the control 

plants than plants treated with sewage. 
 

 
Figure 2 Effects of wastewater on the content of soluble sugars in Cotyledon fall stage. 

¾ The average content of soluble sugars in the control is higher than that of plants irrigated with water from 
the city of Guelma. 

0

100

200

300

400

500

600

700

800

900

1000

Chlorophyll (a) Chlorophyll (b) Chlorophyll (a+b)

C
hl

or
op

hy
ll 

 (µ
g/

g)
 

Control Treated wastewater

0

1

2

3

4

5

6

7

8

Stems Roots Leaves

So
lu

bl
e 

su
ga

rs
 c

on
te

nt
 (µ

g/
g)

 Control Treated wastewater

* 

* 

International Science and Technology Conference, Dubai, 13-15 December 2012

659



ISTEC 20
12 Figure 3: Effects of wastewater on the total protein content of onion in Cotyledon fall stage. 

¾ For total protein, in the leaves, it was recorded a higher content in plants treated with wastewater compared 
to control plants. 

Discussion 

 The physico-chemical analyses of wastewater from the city of Guelma have shown that some of the results meet 
usually accepted. 
According to Slater (1974), pollution by sewage increases the resistance to penetration of molecules of the atmosphere. 
On the other hand, soluble sugars play a protective role. These simple sugars are involved in the mechanisms of 
adjustment and stress tolerance. 
 Proline is an amino acid in water and soluble in alcohol and readily oxidized by ninhydrin.  It is accumulates in 
the plant when metabolic control is disrupted by adverse environmental conditions. Proline is known as a biomarker 
(Lagadic et al., 1997). Its content varies depending on the species and can be accumulated at high levels in tolerant 
species (Driouich et al., 2001). We observed an increased rate of proline in stems and roots in plants irrigated with 
wastewater, compared to the control ones. In contrast, in leaves, proline content is higher in the control. 
 The total proteins in stems show a higher content in plants treated with wastewater compared to control plants. In 
this case, the amount of protein increases to form the enzymes that play a fundamental role in the attack of pollutants 
in the cell (the role of self-defense). 
        According Senderman (1982), in the presence of external factors such as water, the plant increases its protein 
synthesis, particularly phytochelatins, whose role is detoxification. In contrast, in stems and roots, total protein content 
is high for the plants watered with wastewater compared to those irrigated with tap one. 
   
Conclusion 

 Soluble sugars, are used as a repository of abiotic stress tolerance, they have been accumulated much more in 
plants irrigated with tap water. For total protein content is higher in treated plants compared to the control level of the 
stems. The proline content is higher in plants irrigated with water from the city of Guelma compared to the 
control level of stems and roots. 
 Osmoprotectors, such as free proline and soluble sugars have increased with abiotic stress. This enables us to 
confirm tolerance role or adaptative pathway. 
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Abstract: The use of auxiliary information in sample survey results in considerable improvement 
in the precision of estimators of population mean. Many sampling schemes depend on the 
population information about the auxiliary variable. When information on the auxiliary variable is 
not available, double sampling scheme is used. When obtaining information on the auxiliary 
variable, this sampling method is cost-effective and more preferable in application. In this paper 
we propose exponential estimators using auxiliary variable(s) for estimating the finite population 
mean in double sampling. The mean square error (MSE) equations of the proposed estimators are 
obtained and comparison is made with some of existing estimators in both simple random and 
double sampling. We find theoretical conditions that the proposed estimators are more efficient 
than the other estimators. In addition, these conditions are supported by a numerical example. In 
numerical example, Ministry of National Education data is used. Study variable is the number of 
students who achieved to enter the university by OSS exam in 2006, first auxiliary variable is the 
number of high schools and second auxiliary variable is the number of preparation courses for 
OSS exam.  

Key words: Double Sampling, Auxiliary variable, Exponential estimation, Efficiency. 

Introduction  

           In the sampling theory, it is very common to use of auxiliary information to increase the precision of estimators. 
The ratio and regression methods have been widely used when auxiliary information is avaliable.  In the literature, a 
number of authors introduced many ratio and regression type estimators by using general linear transformation of 
auxiliary variable. For recent development, exponential estimators are widely studied by authors. Bahl and Tuteja(1991) 
introduced the exponential ratio and product-type estimators. 

          However the knowledge on population mean of the auxiliary variable can not be avaliable in every study. When 
the absence of the knowledge on the auxiliary variable two-phase (double)sampling is the alternative sampling scheme. 
The two-phase sampling is a powerful and cost effective (economical) procedure for finding the reliable estimate in first 
phase sample for the unknown parameters of the auxiliary variable x. Recently, Singh et al(2007) adapted the 
exponential ratio and product-type estimators in double sampling.   We here give the notations about double sampling 
and various ratio and product estimators of population mean in Section 2. We propose generalized exponential ratio 
type estimator and regression estimator in Section 3. In Section 4, The proposed estimators are compared with other 
existing estimators in the literature and the we obtain certain conditions that proposed estimators found to be more 
efficient than their competitor estimators. In Section 5, the theoretical results are supported by a numerical example. In 
Section 6, we give conclusions. 

2. Notations and Various Existing Estimators 

           Consider a finite population U = U1, U2 ,…, UN  of size N units. Let y denotes the study variable taking the 
values yi on the unit Ui(i=1, 2, …, N) and Y be its unknown population mean. Let  (x,z) denote the  auxiliary variables 
taking the values (xi, zi) on the unit Ui(i=1, 2, …, N) positively correlated with y and  )Z,X(  be its unknown 
population means.   

           Its well known that when the population mean of the auxiliary variable is not known double sampling is used. 
Double sampling is consist of two phase. In the first phase, a sample s’ of fixed size n’ is drawn by random sampling 
without replacement (SRSWOR) from the finite population to estimate the mean of auxiliary variable. The sample is 
drawn in the first phase is named primary sample and expressed by s’.  The usual practise is to estimate mean of 
auxiliary variable by the sample mean. But second auxiliary variable can be used to estimate the mean of auxiliary 
variable. In this case, both x and z are estimated in primary sample. In the second phase, a sample s � �'ss �  of fixed size 
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n is drawn SRSWOR from the primary sample(s’)  to estimate the mean of study variable. The sample is drawn in the 
second phase is named sub sample and expressed by s.   

When information is not available on the auxiliary variable, x, that is positively correlated with the study variable, y, the 
classical ratio estimator is a widely used estimator to estimate the population mean, Y , in two phase sampling as 
follows: 

x
xyyR
c

                                                                                                (1)  

Where xc  is the primary sample mean of auxiliary variable, y  and x  are the sub sample mean of study and auxiliary 
variables, respectively. It is well known that the MSE equation of the classical ratio estimator is given by 

 

� � � �> @yx
2
x

*2
y

2
R K21CȜCȜYyMSE ��#                                                              (2) 

where 
x

y
yxyx C

C
K U ,

N
1

n
1Ȝ � ; 

n
1

n
1Ȝ*

c
� ,  n’ is the primary sample size; n is the sub sample size, N is the 

number of units in the population, Uyx is the population correlation coefficient between the auxiliary and the study 
variables, xC  and yC  are the population coefficients of variation of auxiliary and study variables, respectively.  

When auxiliary variable, x, is negatively correlated with the study variable, y, the product estimator is used to estimate 
the population mean, Y , in double sampling as follows: 

x
xyyP c

                                                                                                               (3)  

It is well known that the MSE equation of the product estimator  is given by 

 � � � �> @yx
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x

*2
y

2
P K21CȜCȜYyMSE ��#                                                         (4) 

 

 

Bahl and Tuteja(1991) suggested the following exponential ratio estimator 

 ¸̧
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xXexpyy BTR                                                                                    (5)  

and the exponential product estimator 
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xX
XxexpyyBTP                                                                       (6)  

where exp is the exponential function. The MSE equations of these estimator can be given by respectively 
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Singh and Vishwakarma (2007) suggested the following modified exponential ratio estimator in double sampling 
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xxexpyySR                                                                                            (9)  

and the modified exponential product estimator in double sampling 
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xxexpyySP                                                                                          (10)  

The MSE equations of these estimator can be given by respectively    
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            � � � �> @yx
2
x
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2
SP CCȜCȜYyMSE ��#                                                                   (12) 

In sampling literature, the authors rarely consider the exponential estimators in double sampling scheme. For this 
reason, we improved the exponential estimators proposed in double sampling using the ratio and regression methods in 
this study. 

 

 

3. Suggested Exponential Estimators in Double Random Sampling 

    We improve new exponential estimators in double sampling. Firstly, we propose generalized exponential 
ratio estimator in double sampling using Singh and Vishwakarma(2007) estimators. Secondly, we propose 
exponential regression estimator with using two auxiliary variables in double sampling. 

3.1. Suggested Generalized Exponential Ratio Estimator in Double Random Sampling 

Replacing generalized ratio estimator instead of sample mean and combining Singh and Vishwakarma(2007) 
estimators, given in (9) and (10) we improved a generalized exponential ratio estimator as follows 
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1CN                                        (13) 

Where  Ȗ�LV�DQ\�NQRZQ�FRQVWDQW�DQG��z is a transformation of the auxiliary variable x as ȕxĮz � . 

So we have  

¿
¾
½

� 
�c c

ȕxĮz
ȕxĮz

                                                                                              (14) 

Here � �0Į z and ȕ  are either any known constants or functions of any known population parameters of auxiliary 
variable x such as standard deviation, coefficient of variation, coefficient of skewness, coefficient of kurtosis, 
coefficient of correlation, etc.   

To obtain the MSE equation for the proposed estimator, we write  

   � �0e1Yy � , � �1e1Xx � , � �1e1Xx c� c                                                                 (15) 

such that                                                                                
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Expressing (13) in terms of e’s we have 
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Where ȕXĮ
XĮș

�
   

Assuming 1e1 � , expanding the right hand side of (17) and retaining terms up to second degree of e’s and  we have 
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Squaring both sides of (18), retaining terms of e’s up to second degree and taking expectation, we get the MSE of 1CNy  
to the first degree of approximation, as  
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, we get the optimum value of Ȗ  as 
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By this way, when Ȗ  is replaced in (19), the minimum MSE of the proposed estimator can be written as   

            � � � �yx
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y
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3.2. Suggested Exponential Regression Estimator in Double Random Sampling 
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            Replacing regression estimator instead of sample mean and using Singh and Vishwakarma(2007) estimators, 
given in (9) we improved a exponential regression estimator as follows 
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12CN                                                            (22) 

Where 21 ȖandȖ  are any known constants. xc and zc are the primary sample mean of first and second auxiliary variables 
respectively; y is the sub sample mean of study variable, x  and z  are the sub sample means of auxiliary variables. 

Expressing (22) in terms of e’s we have 
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Expanding the right hand side of (23) and retaining terms up to second degree of e’s and we have 
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Squaring both sides of (24) and taking expectation, we get the MSE of 2CNy  to the first degree of approximation, as  
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To minimize � �2CNyMSE , we have the following equations:  
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Solving these two equations simultaneously, the optimum values of 21 ȖandȖ are respectively, 
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By this way, when 21 ȖandȖ  are replaced in (25), the minimum MSE of the proposed estimator can be written as   
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4. Efficiency Comparisons in Double Sampling 
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            In this section, we obtain the efficiency conditions for the proposed estimators by comparing the MSE of the 
proposed estimators with the MSE of the sample mean, traditional ratio estimator, product estimator and the ratio and 
product estimators suggested by Bahl and Tuteja (1991) and Singh and Wishvakarma(2007). 

 We first compare the MSE of the proposed estimator 1CNy  , given in (21), with MSE of the existing estimators 

y , Ry , Py , BTRy , BTPy , SRy , SPy . 

It is well known that under simple random sampling without replacement (SRSWOR) the variance of the sample mean 
is 

 � � 2
y

2CYȜyV  .                          (30) 

From (30) and (21), we have the condition 

 � � � �yVyMSE 1CN �   

 0ȡCYȜ 2
yx

2
y

2* !                                                   (31)  

The condition (31) is always satisfied, the proposed estimator 1CNy is always more efficient than the sample mean.  

 

From (2) and (21), we have the condition 

 � � � �R1CN yMSEyMSE �   

 � � 0CȡCYȜ 2
yyxx

2* !�                                         (32)  

The condition (32) is always satisfied, the proposed estimator 1CNy  is always more efficient than the classical ratio 

estimator Ry .  

From (4) and (21), we have the condition 

 � � � �P1CN yMSEyMSE �   

 � � 0CȡCYȜ 2
yyxx

2* !�                                          (33)  

The condition (33) is always satisfied, the proposed estimator 1CNy  is always more efficient than the product estimator 

Py .  

From (7) and (21), we have the condition 
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When the condition (34) is satisfied, the proposed estimator 1CNy is more efficient than  Bahl and Tuteja(1991) 

exponential ratio estimator BTRy .  

From (8) and (21), we have the condition 

 � � � �BTP1CN yMSEyMSE �   
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When the condition (35) is satisfied, the proposed estimator 1CNy  is more efficient than  Bahl and Tuteja(1991) 

exponential product estimator BTPy .  

 

From (11) and (21), we have the condition 

 � � � �SR1CN yMSEyMSE �   

 � � 0CCȡCCȡ xyyx
2
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 The condition (36) is always satisfied, the proposed estimator 1CNy  is always more efficient than Singh and 

Vishwakarma(2007) exponential ratio estimator SRy .  

From (12) and (21), we have the condition 

 � � � �SP1CN yMSEyMSE �   

 � � 0CCȡCCȡ xyyx
2

xyyx !��                                           (37)  

 The condition (37) is always satisfied, the proposed estimator 1CNy  is always more efficient than the Singh and 

Vishwakarma(2007) exponential product estimator SPy .  

 We now compare the MSE of the proposed estimator 2CNy  , given in (29), with MSE of the existing 

estimators y , Ry , Py , BTRy , BTPy , SRy , SPy . 

From (30) and (29), we have the condition 
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The condition (38) is always satisfied, the proposed estimator 2CNy is always more efficient than the sample mean.  

From (2) and (29), we have the condition 

 � � � �R2CN yMSEyMSE �   
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2
yz.x !��                                          (39)  

When the condition (39) is satisfied, the proposed estimator 2CNy is  more efficient than the classical ratio estimator 

Ry .  

 

From (4) and (29), we have the condition 
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When the condition (40) is satisfied, the proposed estimator 2CNy  is more efficient than the product estimator Py .  

From (7) and (29), we have the condition 

 � � � �BTR2CN yMSEyMSE �   

 0CK
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1ȡ 2
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2
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¨
©
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When the condition (41) is satisfied, the proposed estimator 2CNy is more efficient than Bahl and Tuteja(1991) 

exponential ratio estimator BTRy .  

From (8) and (29), we have the condition 

 � � � �BTP2CN yMSEyMSE �   
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When the condition (42) is satisfied, the proposed estimator 2CNy  is more efficient than  Bahl and Tuteja(1991) 

exponential product estimator BTPy .  

From (11) and (29), we have the condition 

 � � � �SR2CN yMSEyMSE �   

 � � 0CK1ȡ 2
xyx

2
yz.x !��                                                          (43)  

 The condition (43) is satisfied, the proposed estimator 2CNy  is more efficient than Singh and Vishwakarma(2007) 

exponential ratio estimator SRy .  

 

 

From (12) and (29), we have the condition 

 � � � �SP2CN yMSEyMSE �   

              � � 0CK1ȡ 2
xyx

2
yz.x !��                                                                                    (44)  

 The condition (44) is satisfied,  the proposed estimator 2CNy  is  more efficient than Singh and Vishwakarma(2007) 

exponential product estimator SPy .  

           Thus, finally we conclude from the efficiency comparisons that the generalized exponential ratio estimator 1CNy  

is always more efficient than the estimator y , Ry , Py , SRy , SPy ; also more efficient than the estimator 

BTRy , BTPy on certain conditions.  The exponential regression estimator 2CNy is also more efficient than the existing 
estimators on certain conditions. 

5. Numerical Example 

              We use data taken from Ministry of National Education to compare efficiencies between the existing and 
proposed estimators in the simple and double random samplings, respectively. The data set consists of  923 districts of 
Turkey.  This data set concerns the number of students who achieved to enter the university by OSS exam in 2006 as 
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the study variable, the number of high schools as the first auxiliary variable  and the number of preparation courses for 
OSS exam as the second auxiliary variable.  

In Table 1, we give some values about the population.  

         Table 1 Population Values concerning Y: the number of students who achieved to enter the  university by OSS 

exam in 2006, X: the number of high schools, Z: the number of preparation courses for OSS exam  (N=923) 

46,729Y   30,8X   87,2Z   

2808381S2
y   908,148S2

x   236,113S2
z   

2973,2Cy   4699,1Cx   7073,3Cz   

93,0ȡyx   733,0ȡyz   667,0ȡxz   

 

 We compute the MSE values of sample mean, classical ratio estimator, Bahl-Tuteja(1991) estimator, Singh and 
Vishwakarma(2007) estimator and proposed estimators using the equations (2), (7), (11), (21) and (29) respectively. We 
could not compute the MSE values of product estimators SPBTPP y,y,y  because of the positive correlation between the 
study variable and auxiliary variable. Using these MSE values we compute the relative efficiency for the estimators, say 

Ŷ , with respect to the sample mean by 
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¹
·¨

©
§

 ¸
¹
·¨

©
§

ŶMSE

yMSEŶRE   , 2NC1NCSRBTRR y,y,y,y,y,yŶ   .    

These relative efficiency values are shown in Table 2. Applying double sampling, we use various sample sizes to see 
the relative efficiency values of the estimators related to sample size.  

 We observe that the most efficient estimator is the  proposed exponential regression estimator and after the most 
efficient estimator is proposed exponential ratio estimator. In addition, we should denote that we use various sample 
sizes for computing the relative efficiency of estimators and the relative efficiency of proposed estimators increases 
when the sample size is larger.  

Table 2  Relative efficiency of estimators in double sampling. 

Estimators n’=506 n’=765 

n=182 n=350 n=200 n=447 

sample � �y  100 100 100 100 

Classical Ratio � �Ry  78 110 116 286 

Bahl-Tuteja � �BTRy  60 133 60 197 

Singh and Vishwakarma � �SRy  36 75 37 118 

Proposed Est.1 � �1NCy  103 118 166 358 

Proposed Est.2 � �2NCy  108 121 188 384 

 

6. Conclusion 

We improve  new ratio  and regression estimators using exponential function for the population mean in double 
sampling using the estimators suggested in Singh and Vishwakarma(2007). Theoretically and numerically, we 
demonstrate that the proposed estimators in double sampling have the smallest MSE values in certain conditions and for 
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a specific data set. These proposed exponential estimators also would be adapted to stratified random sampling and the 
other sampling methods. 
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INDIRECT FIELD ORIENTED CONTROL OF INDUCTION MOTOR (IM) DRIVE USING FUZZY LOGIC 
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Abstract: The aim of this paper is to present a new control technique for an induction motor (IM) 

drive by using fuzzy control. The configuration and design of a fuzzy logic controller of indirect 

field oriented control of induction motor is investigated. The fuzzy logic controller (FLC) is 

employed in the outer loop. Different experiments using MATLAB/SIMULINK are demonstrated 

to achieve the best controller. The performances of the proposed FLC-based IM drive are 

investigated and compared to those obtained from the conventional PI controller-based drive at 

different dynamic operating conditions such as sudden change in command speed, step change in 

load, etc., in order to verify the robust of the fuzzy logic controller. 
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INFLUENCE OF (PB-FNSB) ON MECHANICAL PROPERTIES OF PZT 
CERAMICS 
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Constantine, Route Ain El Bey, Constantine (25000)- ALGERIE. 
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Introduction: Lead zirconate titanate Pb(ZrxTi1-x)O3 piezoelectric ceramics are one of the most used industrial 
piezoelectric materials. The compositions close to the morphotropic phase boundary (MPB) have been extensively 
exploited [1]. The excellent piezoelectric properties make it a promising material for ferroelectric memory, actuator, 
optoelectronic, and electromechanical transducer applications. However, these extensive properties are dependent 
primarily, on their chemical composition and, in particular, on the Zr/Ti concentration ratio and the presence of 
impurities (Doping), such additions improve the properties of PZT and in some cases decrease their aging effect, the 
ions of Pb+2, Zr+4 and Ti+4 were partly substituted by other ions. Today, industry is increasingly focusing on micro 
devices we need information on the mechanical properties, such as the Young’s modulus [2]. The goal of our 
investigation was to study the effect of doping on the elastic properties. 
 
        The general formula of the materials studied was Pb( ZrX,Ti1-X)O3 –0.1Pb(Fe, Ni, Sb)O3 or PZT-PbFNSb, with x 
= 0.47, 0.46, 0.45, 0.44, 0.43, 0.41 and 0,39. Reagent-grade oxide powders, Pb3O4, ZrO2, TiO2, Fe2O3, NiO and 
Sb2O5 among the given composition, were weighted by mole ratio and the powders were mixed  using a conventional 
method of sintering. This process is similar to those employed in the preparation of the perovskite-like PZT-PFNSb 
powders as described [3], The powders were pressed into 12 mm in diameter and 1.5 mm thick pellets under 150 MPa, 
which were sintered at various temperatures from 950°C to 1180 °C for 3h in lead-protected atmosphere. 
  
         The densitie of sintered samples were measured by helium pycnometer (AccuPyc 1330 Micromeritics). The 
crystallographic structure of the samples was examined by powder X-ray diffraction (XRD). The average of PZT grain 
size was determined by the linear intercept method from the SEM image of the surfaces of thermally etched samples. 
The Fourier  
 
Transform Infrared Spectroscopy (FTIR) was  used   in order  to  identifying types of chemical bonds. We have 
analyzed by acoustic microscopy, the    longitudinal and transverse velocity to reach the elastic properties (Young's 
modulus, Poisson's coefficient, Compressibility and coefficient of Columbus) of PZT-PbFNSb material. 
 

 

 

 

 

 

 

 
        Figure : Microstructure of PZT-PbFNSb ceramic. 
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INFLUENCE OF FERMENTATION CONDITION & ALKALI TREATMENT 
ON THE POROSITY AND THICKNESS OF BACTERIAL CELLULOSE 

MEMBRANES. 

� (OKDP��(VPDHHO��$O�6KDPDU\� $PLU��.KDODI��$O��'DUZDVK�

'HSDUWPHQW�RI�)RRG�6FLHQFH��&ROOHJH�RI�$JULFXOWXUH��8QLYHUVLW\�RI�%DJKGDG��%DJKGDG��$EX�*KUDLE��

&RQWDFW�SHUVRQ��H�PDLO�DPLUNDOGDUZDVK#\DKRR�FRP�

$EVWUDFW��7KH�REMHFW�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�SURGXFH�EDFWHULDO�FHOOXORVH��%&��PHPEUDQHV�DQG�
VWXG\LQJ� WKH�HIIHFW�RI�FDUERQ�VRXUFH�� WLPH�DQG�FRQGLWLRQV�RI� LQRFXODWLRQ�� W\SH�RI�DONDOL�XVHG�IRU�
SXULILFDWLRQ�DQG�WKH�PHWKRG�RI�GU\LQJ�RQ� LWV�SRURVLW\�DQG� WKLFNQHVV�RI� WKH� UHVXOWDQW�PHPEUDQHV��
$FHWREDFWHU�[\OLQXP�ZDV�LVRODWHG�IURP�ORFDO�URWWHQ�MXLFH��DQG�XVHG�IRU�PHPEUDQH�SURGXFWLRQ��

7KH� KLJKHVW� SRURVLW\� ZDV� DWWDLQHG� ZKHQ� VXFURVH� ZDV� XVHG� DV� D� VRXUFH� RI� FDUERQ� FRPSDUHG� WR�
JOXFRVH�� IUXFWRVH� DQG� JO\FHURO�� +RZHYHU�� IUXFWRVH�� JOXFRVH� DQG� JO\FHURO� UHVXOWHG� LQ� KLJKHU� S+�
YDOXH� IRU� WKH�PHGLXP�XVHG� DV�PHGLXP� IRU� EDFWHULDO� JURZWK��8VLQJ� JO\FHURO� DV� WKH� VROH� FDUERQ�
VRXUFH�JDYH�WKH�KLJKHVW�EDFWHULDO�FHOOXORVH�DQG�ELRPDVV��J�O��DV�FRPSDUHG�WR�JOXFRVH��IUXFWRVH�DQG�
VXFURVH��6PDOO�LQRFXODWLRQ�OHG�WR�KLJK�SRURVLWLHV�DQG�ORZHVW�WKLFNQHVV�RI�WKH�UHVXOWDQW�PHPEUDQHV��
3RURVLW\� RI� PHPEUDQHV� ZDV� DIIHFWHG� E\� WKH� W\SH� RI� DONDOL� XVHG� IRU� WKH� SXULILFDWLRQ� RI� WKH�
PHPEUDQHV��$SSOLFDWLRQ�RI�.���&2���IRU�SXULILFDWLRQ�JDYH�WKH�KLJKHVW�SRURVLW\�ZKLOH�1D�2+�JDYH�
WKH�ORZHVW�SRURVLW\��+RW�DLU��GU\LQJ�RI�WKH�PHPEUDQH�UHVXOWHG�LQ�WKH�ORZHVW�SRURVLW\�DV�FRPSDUHG�
ZLWK�IUHH]H�GU\LQJ�PHWKRG�ZKLFK�GLG�QRW�FDXVH�DQ\�GDPDJH�WR�WKH�SRURVLW\�RI�WKH�PHPEUDQH��

.H\�ZRUGV��%DFWHULDO�FHOOXORVH�PHPEUDQH��7KLFNQHVV�DQG�SRURVLW\��$FHWREDFWHU�[\OLQXP�

Introduction: 

%DFWHULDO� FHOOXORVH� LV� D� SURPLVLQJ� QDWXUDO� SRO\PHU� EHORQJV� WR� VSHFLILF� SURGXFWV� RI� SULPDU\� PHWDEROLVP� �� 5HWHJL� HW�
DO�������� &HOOXORVH� LV� V\QWKHVL]HG� E\� EDFWHULD� EHORQJV� WR� WKH� JHQHUD� RI� $FHWREDFWHU�� 5KL]RELXP�� $JUREDFWHULXP��
3VXHGRPRQDV�DQG�6DUFLQD� �9X�HW�DO���������0DQ\�VWUDLQ�RI�$��[\OLQXP�DUH�FDSDEOH�RI�SURGXFLQJ�FHOOXORVH� LQ�YDU\LQJ�
DPRXQWV�DQG�JURZLQJ�RQ�ZLGH�YDULHWLHV�RI�VXEVWUDWHV�OLNH�JOXFRVH��VXFURVH��IUXFWRVH��LQYHUW�VXJDU��HWKDQRO�DQG�JO\FHURO�
�:KLWH�DQG�%URZQ��������&HOOXORVH�SURGXFWLRQ�E\�$���[\OLQXP�KDG�EHHQ�QRWHG�ERWK�LQ�VWDWLF�DV�ZHOO�DV�DJLWDWHG�FXOWXUHV�
�&KDR� HW� DO�� ������7KH� PRVW� HIILFLHQW� SURGXFHU� LV� JUDP�QHJDWLYH� DQG� DFHWLF� DFLG� EDFWHULD� �� $FHWREDFWHU� � [\OLQXP�
�UHFODVVLILHG�DV�*OXFRQREDFWHU�[\OLQXP���<DPDQDND�HW�DO��������7KH�EDFWHULD�ZDV�DSSOLHG�DV�D�PRGHO�PLFURRUJDQLVP�IRU�
EDVLF� DQG� DSSOLHG� VWXGLHV� RQ� FHOOXORVH�� $FHWREDFWHU� [\OLQXP� LV� ZLGHO\� GLVWULEXWHG� LQ� QDWXUH� DQG� LV� D� FRPPRQ�
FRQWDPLQDQW�LQ�WKH�LQGXVWULDO�SURGXFWLRQ�RI�YLQHJDU�E\�$FHWREDFWHU�DFHWL���$FHWREDFWHU��[\OLQXP�KDV�EHHQ�LVRODWHG�IURP�
URWWLQJ�IUXLWV��YHJHWDEOHV�DQG�E\�IHUPHQWLQJ�FRFRQXW�ZDWHU��-DJDQQDWK�HW�DO��������

3UHVHQWO\�%&�LV�UHFHLYLQJ�JUHDW�DWWHQWLRQ�DQG�EHLQJ�ZLGHO\�LQYHVWLJDWHG�DV�D�QHZ�W\SH�RI�VFDIIROG�PDWHULDO�GXH�WR�LWV�ILQH�
ILEHU�QHW�ZRUN��ELRFRPSDWLELOLW\���KLJK�ZDWHU�KROGLQJ�FDSDFLW\���KLJK�WHQVLOH�VWUHQJWK��3XWUD�HW�DO���������KLJK�FU\VWDOOLQH�
��KLJK�GHJUHH�RI�SRO\PHUL]DWLRQ��KLJK�SXULW\� ��HODVWLFLW\��GXUDELOLW\��QRQ��WR[LF�DQG�QRQ��DOOHUJLF�+HL������%DFNGDKO�HW�
DO�������6KHULI�DQG�.D]XKLNR������(O�6DLHG�HW�DO������/LHW�HW�DO������0DU]LHK�DQG�$OL������'HQLVH�HW�DO��������

,Q� IRRG� DSSOLFDWLRQV� WKH�%&�ZDV� � � XVHG� DV� DQ� DGGLWLYH�� HPXOVLILHU�� GLHWDU\� ILEHU�� HGLEOH� SUHVHUYDWLYH� DQG� DV� D� EDUULHU�
DJDLQVW�EDFWHULDO�JURZWK��3DFKHFR�HW�DO��������'HQLVH�HW�DO����������5HFHQWO\��%&�LV�XVHG�LQ�PDQ\�VSHFLDO�DSSOLFDWLRQV�
VXFK�DV�D�VFDIIROG�IRU�WLVVXH�HQJLQHHULQJ�RI�FDUWLODJHV�DQG�EORRG�YHVVHOV��<DPDQDND�HW�DO�������.OHPQ�HW�DO�������������
DV�ZHOO�DV�IRU�DUWLILFLDO�VNLQ�IRU�WHPSRUDU\�FRYHULQJ�RI�ZRXQGV��.U\VW\QRZLF]��DQG�%LHOHFN��������3XULILHG�DQG�GULHG�%&�
ZDV�FRQYHUWHG�WR�D�PHPEUDQH�WR�EH�XVHG�LQ�WKH�VHSDUDWLRQ�SURFHVVHV�VXFK�DV�XOWUDILOWHUDWLRQ��JDV�SHUPHDWLRQ�DQG�YDSRU�
SHUPHDWLRQ��DQG�XVHG�LQ�SDSHU�PDQXIDFWXUH��/X]�HW�DO�������.XDQ�HW�DO��������:H�EHOLHYH�WKDW�FXOWXUH�FRQGLWLRQV�VXFK�
DV�W\SH�RI�VWUDLQ���WHPSHUDWXUH�RI�JURZWK���FDUERQ�VRXUFH��S+�DQG�WKH�PHWKRG�RI�JHO�SXULILFDWLRQ�ZHDWKHU�LW�LV�GRQH�E\�
FKHPLFDO�DJHQW��FRQFHQWUDWLRQ��WHPSHUDWXUH�RU�H[SRVLWLRQ�WLPH�SRVVLEO\�DIIHFWHG�WKH�SK\VLFDO�SURSHUWLHV�RI�WKH�UHVXOWDQW�
PHPEUDQHV��

7KH�DLP�RI�WKH�SUHVHQW�ZRUN�ZDV�WR�HYDOXDWH�WKH�HIIHFW�RI�JURZWK�FRQGLWLRQV�DQG�WKH�PHWKRGV�RI�SXULILFDWLRQ�RQ�VRPH�RI�
SK\VLR�±�FKHPLFDO�DQG�WUDQVSDUHQW�SURSHUWLHV�RI�WKH�UHVXOWDQW�PHPEUDQHV��
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Materials and Methods: 

�� 6WRFN�FXOWXUH�
7KH�RUJDQLVP�H[SORLWHG�IRU�WKH�SURGXFWLRQ�RI�FHOOXORVH�LQ�WKLV�VWXG\�ZDV�D�VWUDLQ�RI�$FHWREDFWHU�[\OLQXP�$-����
ZKLFK�ZDV�LVRODWHG�IURP�ORFDO�URWWHQ�DSSOH�MXLFH��7KH�FXOWXUHV�ZHUH�PDLQWDLQHG�RQ�WRPDWR�DJDU�VODQWV�DQG�ZHUH�
UHDFWLYDWHG�HYHU\�PRQWK��
7RPDWR�PHGLXP�ZDV�FRPSRVHG�RI����J�O�JOXFRVH���J�O�SHSWRQH���J�O�\HDVW�H[WUDFW�DQG�����E\�YROXPH�WRPDWR�
MXLFH�DW�S+������6WRFN�FXOWXUHV�ZHUH�VWRUHG�DW��ƕ&�DFFRUGLQJ�WR�0DU]LHK�DQG�$OL���������

�� ,QRFXOXPV�SUHSDUDWLRQ�
$�FXOWXUH�PHGLXP�FRPSRVHG�RI����JOXFRVH�������SHSWRQH�������\HDVW�H[WUDFW�������VRGLXP�SKRVSKDWH�
PRQREDVLF�DQG�������FLWULF�DFLG��7KLV�PHGLXP�ZDV�DXWRFODYHG�DW����ƕ&�IRU����PLQXWHV��$IWHU�FRROLQJ�WR�
URRP�WHPSHUDWXUH��WKH�PHGLXP�ZDV�LQRFXODWHG�ZLWK�����PO�RI�WKH�VWRFN�FXOWXUH�DQG�LQFXEDWHG�LQ�D�VKDNHU�
LQFXEDWRU�ZLWK�WKH�XVH�RI�����USP�VHW�DW���ƕ&�IRU���K�DQG�S+������7KH�RUJDQLVPV�ZHUH�KDUYHVWHG�E\�
FHQWULIXJDWLRQ�DW�������USP�IRU����PLQ�DQG�UH�VXVSHQGHG�LQ�OLTXLG�PHGLXP�WR�SUHSDUH�WKH�VXVSHQVLRQ�RI�
EDFWHULD��

�� 0HPEUDQHV�IRUPDWLRQ�
0HPEUDQHV�ZHUH�SUHSDUHG�XVLQJ�GLIIHUHQW�FDUERQ�VRXUFHV�LQFOXGLQJ�JOXFRVH��IUXFWRVH��VXFURVH�RU�JO\FHURO�
���J�O��ZLWK���J�O�\HDVW�H[WUDFW�����J�O�SHSWRQH����J�O�GLVRGLXP�SKRVSKDWH�DQG����PO�O�DFHWLF�DFLG��7KH�PHGLD�
ZDV�DXWRFODYHG�DW����ƕ&�IRU����PLQXWHV��LQRFXODWHG�ZLWK����RI�WKH�SUHYLRXVO\�SUHSDUHG�EDFWHULD�DQG�LQFXEDWHG�
DW����ƕ&�IRU���GD\V��
7KH�HIIHFW�RI�LQFXEDWLRQ�SHULRG�ZDV�VWXGLHG�XVLQJ�PHGLXPV�FRQWDLQHG�JOXFRVH�DV�FDUERQ�VRXUFH�XVLQJ���RI�
LQFXOFDWLRQ�YROXPH�IURP�WKH�IHUPHQWDWLRQ�PHGLXP�DIWHU�����������DQG����GD\V��0HPEUDQHV�ZHUH�DOVR�SUHSDUHG�
XVLQJ�GLIIHUHQW�SHUFHQWDJHV�RI�LQRFXOXPV�����������DQG������<LHOG�RI�FHOOXORVH��SRURVLW\�DQG�WKLFNQHVV�RI�WKH�
UHVXOWDQW�EDFWHULDO�FHOOXORVH�PHPEUDQHV�ZHUH�VWXGLHG��7KH�S+�YDOXHV�IRU�HDFK�PHGLXP�ZHUH�PHDVXUHG�GXULQJ�
IHUPHQWDWLRQ��

�� 3XULILFDWLRQ�
$IWHU���GD\V�RI�FXOWLYDWLRQ��%&�ZDV�KDUYHVWHG�DQG�SXULILHG�E\�VRDNLQJ�LQ�D�VROXWLRQ�RI����1�1D2+�DW���ƕ&�IRU�
�K�WR�UHPRYH�WKH�EDFWHULDO�FHOO�DQG�RWKHU�PHGLXP�FRPSRQHQWV��7KHQ�DIWHU��PHPEUDQHV�ZHUH�SXULILHG�E\�
6RGLXP�K\GUR[LGH��SRWDVVLXP�K\GUR[LGH��VRGLXP�FDUERQDWH�RU�SRWDVVLXP�FDUERQDWH�WR�VWXG\�LWV�HIIHFW�RQ�
SRURVLW\�RI�PHPEUDQHV��7KH�SXULILHG�EDFWHULDO�FHOOXORVH�PHPEUDQHV�ZHUH�WKHQ�GULHG�HLWKHU�LQ�DQ�DLU��GU\LQJ�
RYHQ�DW���ƕ&�RU�E\�IUHH]H��GU\LQJ��3RURVLWLHV�RI�WKH�GULHG�EDFWHULDO�FHOOXORVH�PHPEUDQHV�ZHUH�GHWHUPLQHG��IRU�
PHPEUDQHV�GULHG�E\�HLWKHU�KRW�DLU�RU�IUHH]H�GU\LQJ�PHWKRGV��
Analytic methods: 
�� 0HDVXUHPHQW�RI�ELRPDVV�

$IWHU�WKH�LQFXEDWLRQ�SHULRGV��WKH�FXOWXUH�EURWK�ZDV�FHQWULIXJHG�DW������J�IRU����PLQ��7KH�EDFWHULDO�
FHOOXORVH�SHOOHWV�ZHUH�DGGHG�WR���PO�����0��SRWDVVLXP�DFHWDWH�EXIIHU��S+����7HQ�PO�RI�����FHOOXORVH�
VROXWLRQ�ZDV�DGGHG�DQG�LQFXEDWHG�DW���ƕ&�ZLWK�VKDNLQJ�DW�����USP�IRU��K�WR�K\GURO\]H�%&��.RXGD�HW�DO��
������7KHQ��WKH�UHVXOWDQW�VROXWLRQ�ZDV�FHQWULIXJHG�DW������J�IRU����PLQ��7KH�SUHFLSLWDWH�ZDV�GULHG�LQ�DQ�
RYHQ�DW���ƕ&�RYHU�QLJKW�DQG�WKHQ�ZHLJKWHG�WR�GHWHUPLQH�WKH�ELRPDVV��

�� 3RURVLW\�
3RURVLW\�ZDV�FDOFXODWHG�XVLQJ�WKH�HTXDWLRQ�RI�.LGDRND�HW�DO�����������
3RURVLW\�� ��ZHW�ZHLJKW�±�GU\�ZHLJKW����ZHW�ZHLJKW�±ZHLJKW�LQ�ZDWHU��[�����
'ULHG�EDFWHULDO�FHOOXORVH�PHPEUDQHV�ZHUH�VRDNHG�LQ�GHLRQL]HU�ZDWHU�IRU�PRUH�WKDQ���K�DW�URRP�
WHPSHUDWXUH��DQG�WKH�ZHLJKW�LQ�ZDWHU�ZDV�PHDVXUHG�E\�KDUQHVVLQJ�WKH�VDPSOH�LQ�DGYLFH�ZKLFK�VXVSHQGHG�
WKH�VDPSOH�LQ�ZDWHU��0DQFLQL�HW�DO��������

�� 7KLFNQHVV�
7KLFNQHVV�RI�HDFK�EDFWHULDO�FHOOXORVH�PHPEUDQH�ZDV�PHDVXUHG�DW�WHQ�GLIIHUHQW�SRVLWLRQV�E\�D�WKLFNQHVV�
JDXJH��DQG�WKH�YDOXHV�ZHUH�DYHUDJHG��

Results and discussion: 

 
Effect of carbon sources on porosity of bacterial cellulose membranes 
�
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)LJXUH�����VKRZHG�WKDW�WKH�KLJKHVW�SRURVLW\�������RI�%&�PHPEUDQH�ZDV�DWWDLQHG�ZKHQ�VXFURVH�ZDV�XVHG�DV�D�
VRXUFH�RI�FDUERQ�DV�FRPSDUHG�WR�JOXFRVH��IUXFWRVH�DQG�JO\FHURO�ZKLFK�JDYH�ORZHU�SHUFHQWDJH�RI�SRURVLW\������
����DQG������UHVSHFWLYHO\��1DNDL�HW�DO��������ZDUUDQWHG�WKDW�EHFDXVH��$��[\OLQXP�KDV�QR�VXFURVH�V\QWKHWDVH��
WKHUHIRUH��DW�OHDVW�IRXU�HQ]\PDWLF�VWHSV�LQ�WKH�SDWK�ZD\�IURP�VXFURVH�WR�JHW��8'3��JOXFRVH��2Q�WKH�RWKHU�KDQG�
XVLQJ�VXFURVH�DV� WKH� VROH�RI�FDUERQ�VRXUFH� OHG� WR� OLPLWHG�JURZWK�RI�EDFWHULD�DV�FRPSDUHG� WR�JOXFRVH��7DEOH�
���)HZHU� DPRXQWV�RI�PLFURILEULOHV�ZHUH�SURGXFHG��ZKLFK� H[SODLQV� WKH� OHDVW� FHOO�PDVV�� WKH� ORZHVW� WKLFNQHVV�
ZLWK�KLJKHVW�SRURVLW\��%DFWHULDO�FHOOXORVH�PHPEUDQH�KDG� WKH� ORZHVW�SRURVLW\�ZKHQ�JO\FHURO�ZDV�XVHG�DV� WKH�
VROH�FDUERQ�VRXUFH��7DEOH� ���� VKRZHG� WKDW� WKH� ORZHVW�S+�ZDV�DWWHQGHG�ZKHQ� VXFURVH�ZDV�XVHG�DV�D�FDUERQ�
VRXUFH���+RZHYHU��IUXFWRVH��JOXFRVH��DQG�JO\FHURO�UHVXOWHG�KLJKHU�S+�YDOXHV�SURSRUWLRQDOO\��
:KHQ�JO\FHURO�ZDV�XVHG�DV�D� VRXUFH�RI�FDUERQ� WKHUH�PLJKW�EH�QR�JOXFRQLF�DFLG�SURGXFWLRQ�GXULQJ�JO\FHURO�
PHWDEROLVP��-RQDV�DQG�)DUDK�������,W�ZDV�IRXQG�WKDW�ZKHQ�JO\FHURO�ZDV�XVHG�DV�WKH�VROH�FDUERQ�VRXUFH��WKH�
%&�DQG�ELRPDVV� �J�O��ZHUH�KLJKHU�DV�FRPSDUHG�ZLWK�RWKHU�FDUERQ�VRXUFHV��7KH� ILEULOV�RI�%&�IURP�JO\FHURO�
PHGLXP�ZHUH�HQWDQJOHG�ZLWK�HDFK�RWKHU� UHVXOWLQJ� LQ�D�GHQVHU� UHWLFXODWHG�VWUXFWXUH� WKDQ� WKRVH�REWDLQHG�IURP�
JOXFRVH� PHGLXP� �-XQJ� HW� DO��������:KHQ� JOXFRVH� ZDV� XVHG� DV� WKH� VROH� FDUERQ� VRXUFH�� WKH� %&� \LHOG� DQG�
ELRPDVV� ZHUH� KLJKHU� WKDQ� WKDW� IRU� RWKHU� UHPDLQLQJ� FDUERQ� VRXUFH�� 'XH� WR� WKHVH� UHVXOWV� DQG� GXH� WR� WKH�
DYDLODELOLW\�RI�JOXFRVH��LW�ZDV�XVHG�DV�WKH�VROH�FDUERQ�VRXUFH�GXULQJ�WKH�IROORZLQJ�VWHSV�RI�WKLV�VWXG\��

                                                
      Fig.1 Effect of Carbon source on porosity and thickness of Bacterial Cellulose membrane  produced after 8 days of 

cultivation with 5% (v/v) inoculation Volume .             
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7DEOH����7KH�HIIHFW�RI�FDUERQ�VRXUFH�RQ�EDFWHULDO�FHOOXORVH�\LHOG�DQG�ELRPDVV�RI�$FHWREDFWHU�[\OLQXP��
 

Carbon source Bacterial cellulose 
     Yield(g/l) 

  Biomass (g/l)    Final pH 

Sucrose 4.23 2.10 3.9 
glucose 7.52 3.24 4.5 

fructose 7.21 3.10 4.1 
glycerol 8.52 4.50 5.2 

  
 
Effect of inoculation volume on porosities and thickness of bacterial cellulose membranes 
�
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7KH� HIIHFW� RI� LQRFXODWLRQ� VL]H�RQ�SRURVLWLHV� DQG� WKLFNQHVVHV�RI�%&�PHPEUDQHV� LV� VKRZQ� LQ� ILJXUH� ���6PDOO�
LQRFXODWLRQ� OHG� WR� KLJK� SRURVLWLHV� DQG� ORZHVW� WKLFNQHVV� RI� %&� PHPEUDQHV�� 7KH� UHVXOWV� VKRZHG� WKDW� WKH�
SRURVLWLHV� RI� EDFWHULDO� FHOOXORVH�PHPEUDQHV�GURSSHG� IURP����� WR�����ZLWK� LQFUHDVLQJ� LQRFXODWLRQ� YROXPH�
�Y�Y��IURP���WR����7KH�UHVXOWV�VKRZHG�WKDW�WKH�FHOO�JURZWK�LQFUHDVHG�ZLWK�LQFUHDVLQJ�VL]H�RI�LQRFXOXPV�DQG�
WKDW�OHG�WR�LQFUHDVLQJ�%&�SURGXFWLRQ���*HQHUDOO\��WKH�SURGXFWLRQ�RI�ODUJH�QXPEHU�RI�PLFUR�ILEULOV�RIWHQ�OHG�WR�D�
FRPSDFW�VWUXFWXUH�DQG� ORZHU�SRURVLW\�IRU� WKH�%&�PHPEUDQH��7KLV� LQGLFDWHG� WKH�SRVVLELOLW\�RI�SURGXFWLRQ�RI�
%&�PHPEUDQH�ZKLFK�KDYH�ZLGH�UDQJH�RI�SRURVLW\�GHSHQGLQJ�RQ�WKH�SXUSRVH�RI�%&�PHPEUDQH�DSSOLFDWLRQV��
 
 

 

�������������������������)LJ����(IIHFW�RI�LQRFXODWLRQ�YROXPH�RQ�FHOO�JURZWK��%LRPDVV��RI�$��[\OLQXP���SRURVLW\��
WKLFNQHVV�DQG�\LHOGV�RI�WKH�EDFWHULDO���FHOOXORVH�PHPEUDQHV�������

                                                                                                                                                                               
    

The Effect of culture time on porosity and thickness of bacterial cellulose membrane. 

)LJXUH���VKRZHG�WKH�HIIHFW�RI�FXOWXUH�WLPH�RQ�WKH�SRURVLW\�DQG�WKLFNQHVV�RI�EDFWHULDO�FHOOXORVH�PHPEUDQH��,Q�
WKH� ILUVW�GD\�RI�FXOWLYDWLRQ� WKHUH�ZDV�QR�FHOOXORVH�SURGXFWLRQ��'XULQJ�FXOWLYDWLRQ�� WKH�SRURVLWLHV�RI�EDFWHULDO�
FHOOXORVH�ZHUH�GHFUHDVHG�VXFFHVVLYHO\�IURP�WKH�VHFRQG�GD\�WR�WKH�HQG�RI�LQFXEDWLRQ�SHULRG�RI���GD\V��'XULQJ�
FXOWLYDWLRQ�� WKH�\LHOG�RI�%&��FHOO�PDVV�DQG�WKLFNQHVV�ZHUH� LQFUHDVHG�ZLWK�LQFUHDVLQJ�WLPH�RI�FXOWXUH�JURZWK��
EXW�SRURVLWLHV�ZHUH�GHFUHDVHG�GXH�WR�WKH�DFFXPXODWLRQ�RI�PRUH�ILEULOV��7KH�VHFUHWHG�FHOOXORVH�ZDV�UDQGRPO\�
GHSRVLWHG�EHKLQG�WKH�PRYLQJ�PLFUR�RUJDQLVP�WR�SURGXFH�FHUWDLQ�SRURVLW\�RI�FHOOXORVH�PHPEUDQHV�ZLWK�WKUHH�±�
GLPHQVLRQDO� QHWZRUN�� 7KH� PRYHPHQW� RI� VLQJOH� FHOOV� ZDV� FDXVHG� E\� WKH� LQYHUVH� IRUFHV� RI� WKH� VHFUHWLRQ� RI�
FHOOXORVH�QDQR�ILEHUV����+HVVH�DQG�.RQGR��������
:DWDQDEH� DQG� <DPDQDND� ������� IRXQG� WKDW� R[\JHQ� WHQVLRQ� LQ� WKH� JDVHRXV� SKDVH� XQGHU� VWDWLF� FXOWXUH�
FRQGLWLRQV�DIIHFWHG�QHWZRUN�IRUPDWLRQ�RI�%&��DQG�WKH�GHQVLW\�RI�QHWZRUN�LQ�WKH�JHODWLQRXV�PHPEUDQH�FRXOG�EH�
FRQWUROOHG��7KHQ�E\�FKDQJLQJ�R[\JHQ�WHQVLRQ�ZH�FDQ�SURGXFH�EDFWHULDO�FHOOXORVH�PHPEUDQHV�ZLWK�WKH�GHVLUHG�
SRURVLWLHV�IRU�YDULRXV�DSSOLFDWLRQV��
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� � � �                                              
                              )LJ����(IIHFW�RI�FXOWXUH�WLPH�RQ�SRURVLW\��WKLFNQHVV��\LHOGV��RI�EDFWHULDO�FHOOXORVH���������������������������������������������������������������

� 0HPEUDQHV�DQG�FHOO�JURZWK��%LRPDVV��RI�$��[\OLQXP�$-���ZLWK�LQRFXODWLRQ���YROXPH�RI������
� � �

Effect of alkali treatment on porosities of bacterial cellulose membranes 
 
7UHDWLQJ�EDFWHULDO�FHOOXORVH�PHPEUDQHV�ZLWK�YDULRXV�DONDOLQH�VROXWLRQV�UHVXOWHG�LQ�LQFUHDVHV�LQ�WKH�SRURVLW\�RI�
WKH�PHPEUDQHV� �)LJXUH� ���7KHVH� UHVXOWV� LQGLFDWHG� WKDW� WKH� GLDPHWHU� RI�PHPEUDQH P



PV� ILEULOV�ZHUH� DIIHFWHG� E\�

DONDOLQH�VROXWLRQ�LQ�D�GHJUHH��GHSHQGLQJ�RQ�RI�DONDOLQH�VROXWLRQ��3RURVLWLHV�RI�EDFWHULDO�FHOOXORVH�PHPEUDQHV�
ZHUH�IRXQG�WR�EH�GHSHQGLQJ�DOVR�RQ�WKH�W\SH�RI�DONDOLQH�VROXWLRQ�DQG�LW�VKRZHG�GLIIHUHQW�SRURVLW\�DUUDQJHG�LQ�
GHVFHQGLQJ�DV�.R�R&2R�R�1ޓ�DR�R&2R�R�1ޓ�+2.�ޓ�D2+��7KH�GLDPHWHU�RI�1D2+�±�WUHDWHG�ULEERQV�RI�%&�ZKLFK�KDG�
WKH�ORZHVW�SRURVLW\�ZDV�LQ�D�UDQJH�RI����±�����QP��ZKLOH�IRU�.R�R&2R�R�WUHDWHG�ULEERQV�RI�%&�KDG�WKH�KLJKHVW�
SRURVLW\� DQG�ZDV� LQ� D� UDQJH� RI� ��� ±� ���� QP��'LIIHUHQFHV� LQ� SRURVLWLHV� RI� %&� WUHDWHG�ZLWK� GLIIHUHQW� DONDOL�
SUREDEO\� JDYH� KLJKHU� VZHOOLQJ� ILEULOV� RI� %&�� 7KHVH� UHVXOWV� ZHUH� GXH� WR� LQFUHDVHV� LQ� GLDPHWHU� RI� ILEULOV�
HVSHFLDOO\� WKH�PHPEUDQH� WKDW�ZDV� WUHDWHG�ZLWK�1D2+�� WKXV�HIIHFWLYH�SRUH� VL]H�DYDLODEOH� LQ� WKH�PHPEUDQHV��
�*HRUJH�HW�DO��������%ULJLG�HW�DO��������:HLKXD�HW�DO��������
 
 

 

            Fig-4- Porosity of bacterial cellulose membranse treated with different alki solution. 
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Effect of drying method on porosities of bacterial cellulose membranes: 
 
0HWKRG�RI�GU\LQJ�RI�%&�PHPEUDQHV�DIIHFWHG�SRURVLW\�RI�WKH�PHPEUDQH��0HPEUDQHV�ZKLFK�ZHUH�GULHG�E\�KRW�
DLU�KDG�WKH�ORZHVW�SRURVLW\�������DV�FRPSDUHG�WR�IUHH]H�±�GU\LQJ�PHWKRG��������)LJ������)UHH]H�±�GU\LQJ�ZDV�
HIIHFWLYH�LQ�SUHYHQWLQJ�WKH�VKULQNDJH�RI�SRUHV�GXULQJ�GU\LQJ��0DUDEL�DQG�6DJX\�������6YHQVVRQ�HW�DO��
������7KH�FROODSVH�ZDV�YHU\�VHYHUH�ZKHQ�KRW�DLU�GU\LQJ�ZDV�XVHG�IRU�GU\LQJ�RI�WKH�KLJK�ZDWHU�FRQWHQW�
PDWHULDOV�RI�WKH�PHPEUDQH��ZKLOH�WKH�FROODSVH�ZDV�XVXDOO\�QHJOLJLEOH�ZKHQ�IUHH]H�GU\LQJ�PHWKRG�ZDV�XVHG�IRU�
GU\LQJ�VLPLODU�PHPEUDQHV��.DUDWKDQRV�HW�DO����������
 
    

 

 

    Fig. 5 Effect of drying method on porosity of bacterial cellulose  membranes.                                    
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Abstract The work is to study the behavior of two couples metal used in industry, at the 
enterprise level algal (The Algerian company of Aluminium). Especially in lifts where we meet 
the couple roller (steel XC35 or XC48), in the delivery state (gross) and the rail steel XC55. 
During operation, the roller wear and replacement is expensive. Our study is to investigate the 
wear of the roller, using a tribometer (pin- disc) available in the Mechanical Engineering 
Laboratory at the University of Constantine (Algeria). Wear is studied as a function of heat 
treatment of the roller. The results of various tests carried out show that heat treatment plays a 
vital role in changing the hardness of the roller and therefore the operating time of the roller. The 
discussion is based mainly on observations and microstructural analyzes of interfacial 
phenomenon a resulting from friction. 
Finally we have reached a technical solution that can dramatically reduce a roller wear. 
 
Keywords Microhardness, heat treatment, microstructure, wear, surface finish. 

 
1. Introduction 
 
Tribology is interested in studying and interpreting scientific experimental facts, it deals with many aspects of friction, 
lubrication and wear. Note that 11% of total energy consumption of the United States for example, is lost to friction. 
Stefan Korcek (Ford) and Masami Nakada (Toyota) believe that choosing appropriate technologies necessarily involves 
the tribology [1]. The friction and wear of friction surfaces resulting result, most often during operation, by geometrical 
modifications, physicochemical transformations, by material removal or by an increase in temperature. Its aspects, the 
friction and wear are complex phenomena whose study requires multiple approaches [1,2]. The presence of wear in the 
body can cause a reduction in the effectiveness of the mechanical system or be responsible for the invalidity of such 
system [3]. Although the specifies a roller which moves on a rail, a remarkable amount of wear is usually observed in 
the field of industrial application. 
The objective of this work is to study the wear behavior of couples turning XC48/XC55 and XC35/XC55 and taking 
into account the microstructure and hardness of the roller, using a tribometer type pin- disc. 
 
2. Materials used 
 
2.1. Material pin 
     The pin is a steel rod XC35 (140HV) or XC48 (224HV), untreated. 
2.2  Material disc 
    The disc is a circular plate steel XC55 treated hardness 45HRC. 
 
 
2.3. Chemical composition of materials 
 
  
 
 
 
 
 
 

Table 1 : Chemical composition of materials 
 

Acier Element C Si Mn P S Cr Mo Ni Al 

XC48 % 0,51 0,40 0,8 0,007 0,015 0,13 0,02 0,14 0,02 

XC35 % 0,33 0,25 0,74 0,007 0,008 0,10 0,01 0,03 0,02 
XC55 % 0,54 0,43 0,70 0,03 0,03 0,15 0,02 0,06 0,008 
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2.4. Experimental equipment 
     The experimental device is a type TE91 tribometer (Figure 1). The pin is fixed in a hole with a locking screw on a 
load arm aluminum. It is loaded against a disc by masses of variable weight. The disc is mounted on a base which 
rotates at variable speeds. 
 

 
1: Recorder; 2: Display unit; 3 Loading Arm, 4 Load applied; 5 Disc. 

 
Figure 1: TE91 tribometer type. 

 
The figure 2 shows the contact pin-disc and track generated 

 
Figure 2: Contact pin-disc. 

3.Results 
3.1.Test procedure 
     Each test lasts two hours, in an ambient atmosphere. The steels used are couples XC35et XC48 (untreated and 
treated) with XC55 (treated). The heat treatments performed in our study are the tempering (850 °C for XC35 and 
830°C for XC48) and hardening (450 °C). 
3.2. Variation of the wear as a function of time 
     Note first that for these tests, we maintained the force applied to a value at 13 N, and sliding velocity to a value 0.24 
m / s. 
     The figure 3 gives the variation of the U wear (in mass loss of the pin in 10 -3 kg). It is seen that all curves have the 
look identical, they are substantially straight slope characterized during the first 40 minutes, then bend slightly and then 
return to their initial inclinations after 80 minutes of operation of the tribological system. 
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Figure 3: Evolution of wear: (a) XC35 and XC48 untreated;   (b) XC48  
and XC35 treated (32HRC). 

 
 
3.3. Effect of hardness on the wear 
     Were conducted operations income at different temperatures in order to have multiple hardness values of the pin 
(Figure 4). 
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Figure 4: Effect of hardness on the wear of pins ( N = 13N and V = 0.24 m / s). 
 
     Figure 4 shows the variation of wear is inversely proportional to the hardness of the steel used. Note that the steel 
XC48 has a wear resistance higher than the strength of steel XC35. 
 
4. Discussion of Results 
     For a load and speed data, the wear U of the pins is generally a linear function over time (Figure 3).  
While running at the beginning of sliding, Surface roughness of the couple are rapidly changing.The highest asperities 
of a rough surface by plastic deformation are crushed and partly torn off. After lapping, the surfaces become almost 
polished and have small undulations which justifies the slow growth and stationary wear. On the other hand, sees a very 
smooth surface roughness increase because of plowing by asperities of the because of plowing by asperities of the 
opposite surface, which will consequently increase again wear. 
     The increase in mass loss of untreated pins is attributed to their structure feritoperlitique which is characterized by 
low hardness (Figure 4). Note that the couple has a XC48/XC55 wear resistance higher than the resistance of the couple 
XC35/XC55.  
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(a)               (b) 
 
Figure 5: Micrograph of untreated steels: (a) XC48 (b) XC35. 
 

     The application of heat treatment (hardening and tempering) increases the hardness of the material and hence the 
wear resistance. Hardness is based on the microstructure of steels and the percentage of cementite (Figure 6). 
Martensitic structures obtained after heat treatment shows that as the grains of steel are more for the hardness increases. 
The wear resistance also increases proportionally with the content of cementite [4].  

            
(a)                                            (b)   

           Figure 6: Microstructure of steel (x500), with hardness 32 HRC: (a) XC48 (b) XC35. 
 
SEM observations of the worn face of the slug show a certain roughness, with furrows plowed. we see tire debris, and 
accumulated well before chipping agglomerates of fine particles of  oxides  (Figure 7). 
The oxides thus formed film, reduces the shearing force at the contact, and promotes the sliding wear tends to decrease 
due to the plasticity of the film. 
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                                      (a)                                                                                   (b) 

Pins XC48 worn surfaces: (a) XC48 Treaty; (b) untreated XC48 
 
 

             
                                    (a)                                                                               (b) 

Pins XC35worn surfaces: (a) XC48 Treaty; (b) untreated XC48 
Figure 7: Worn surfaces of the pins 

5. Conclusion 
      We studied by means of a machine-disk evolution pawn wear two pins of steel XC48 and XC35 or rubbing on a 
hard steel XC55. 
      It was shown that the wear is caused by the adhesion surfaces and plowing of surface roughness tangled by the 
opposite surface. The application of heat treatment (hardening followed by tempering) increases the hardness of the 
treated materials. The wear is inversely proportional to hardness. 
      Finally, we note that the steel most suitable and best used for the manufacture of rollers is the steel XC48 treaty 
because of its high resistance to wear. 
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%LUH\VHOFL� +D\DWÕQD�DQODP�YHUPHN��� +D\DWÕQD�DQODP�YHUPHN�� .HQGLQL�PHúJXO�HWPHN�
øúOHYL� +D\DWÕQD�KDUHNHW�NDWPDN��� +D\DWÕQD�KDUHNHW�NDWPDN�� +D\DWÕQD�NH\LI�NDWPDN�
�� .HQGLQL�PHúJXO�HWPHN� .HQGLQL�PHúJXO�HWPHN� ��
�� �� +D\DWÕQD�NH\LI�NDWPDN� ��
dDOÕúPDQÕQ� 7RSOXPD�NDWNÕGD�EXOXQPDN� 7RSOXPD�NDWNÕGD�EXOXQPDN��� 'LQL�J|UHYLQL�\DSPDN�
1RUPDWLI� 6DNÕQPDN� 6DNÕQPDN��� 6DNÕQPDN�
øúOHYL� 'LQL�J|UHYLQL�\DSPDN� 'LQL�J|UHYLQL�\DSPDN� ��
�� '�]HQLQL�NXUPDN� '�]HQLQL�NXUPDN� ��
dDOÕúPDQÕQ� *HoLPLQL�WHPLQ�HWPHN��� *HoLPLQL�WHPLQ�HWPHN��� *HoLPLQL�WHPLQ�HWPHN���
'�Q\HYL� 6WDW��ND]DQPDN� 6WDW��ND]DQPDN� 6WDW��ND]DQPDN���
øúOHYL� +D\DWÕQD�NH\LI�NDWPDN� �� %LOJL�HGLQPHN�NXOODQPDN���
�� �� �� 6HYGL÷L�LúL�\DSPDN���
�� �� �� 7RSOXPD�NDWNÕGD�EXOXQPDN���
�

$UDúWÕUPDPÕ]Õ� 7�UNL\H� øVWDWLVWLN� .XUXPX� øVWDQEXO� %|OJH� 0�G�UO�÷�� oDOÕúDQODUÕQD� \DSWÕ÷ÕPÕ]� LoLQ� WHRULN�
oHUoHYH\L�ROXúWXUXUNHQ�oDOÕúDQODUD�\DSÕOPÕú�IDNW|U�DQDOL]L�VRQXoODUÕQÕ�JUXS���GLNNDWH�DOGÕN��

�
7DEOR���*UXS���LoLQ�IDNW|U�DQDOL]L�VRQXoODUÕ�

d�%ø5(<6(/&ø�ø�� d�1250$7ø)�ø�� d�'h1<(9ø�ø��
6��� 6�� 6��
6�� 6�� 6��
6�� �� 6��
6�� �� 6���
�� �� 6��
�

�
)DNW|U�DQDOL]L�\DSÕOGÕNWDQ�VRQUD�YH�IDNW|U�ER\XWODUÕ�ROXúWXUXOXS�LVLPOHQGLULOGLNWHQ�VRQUD�EDNÕODFDN�KLSRWH]OHU��

�
D� +R��.DGÕQ�YH�HUNHNOHULQ�KHU�ELU�ER\XWD�YHUGLNOHUL�FHYDSODUÕQ�RUWDODPDODUÕ�HúLWWLU��
E� �
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F� +R���%R\XWODU�DUDVÕQGD�GR÷UXVDO�LOLúNL�\RNWXU��
�

G� +R��&LQVL\HW�YH�|÷UHQLP�GXUXPX�GH÷LúNHQOHUL�ELUELULQGHQ�ED÷ÕPVÕ]GÕU��
�

H� +R��+HU� ELU� ER\XWD� YHULOHQ� FHYDSODU� LNL� IDNW|UH� YHULOHQ� FHYDSODU� |÷UHQLP�GXUXPXQD� J|UH� GH÷LúLNOLN�
J|VWHUPH]��

�
�
7HYU�]��7XUJXW��dLQNR�� ������¶GDQ� DOÕQDQ� ��� VRUX� LOH� DQNHWLPL]LQ� LON���� VRUXVX�ROXúWXUXOPXúWXU� EXQODU� D\QÕ�

]DPDQGD�IDNW|U�DQDOL]L�\DSDFD÷ÕPÕ]�VRUXODUGÕU������6RUX�LVH�LON����VRUXGDNL�oDOÕúPD�DPDoODUÕQGDQ�KDQJLVLQLQ�HQ�|QHPOL�
ROGX÷X\OD�LOJLOLGLU�YH�VRQ���VRUX�LVH�GHPRJUDILN�|]HOOLNOHUL�ROXúWXUDQ�\Dú��FLQVL\HW��JHOLU�YH�H÷LWLP�GXUXPX�LOH�LOJLOLGLU��
$QNHW�JPDLO�H�SRVWD�DGUHVLQGHNL�G|N�PDQODU�NÕVPÕQGD�KD]ÕUODQDUDN�NXUXPVDO�H�SRVWD�DUDFÕOÕ÷Õ\OD�OLQN�RODUDN�GHQHNOHUH�
\ROODQPÕúWÕU��

�

$QDOL]OHU�YH�%XOJXODU�

�
dDOÕúPD� DPDoODUÕQÕQ� DOW� ER\XWODUÕQÕ� WHVSLW� HWPHN� DPDFÕ\OD� IDNW|U� DQDOL]L� \DSÕOPÕúWÕU�� 9HUL� VHWLQLQ� IDNW|U�

DQDOL]LQH�X\JXQOX÷XQXQ�WHVW�HGLOPHVL�LoLQ��.DLVHU�0H\HU�2ONLQ��.02��|UQHNOHP�\HWHUOLOL÷L�WHVWL�YH�%DUWOHWW�N�UHVHOOLN�
WHVWL�X\JXODQPÕú��.02�GH÷HUL�����¶QLQ��]HULQGH�ROGX÷X�YH�%DUWOHWW�WHVWL�GH������|QHP�GHUHFHVLQGH�DQODPOÕ�ROGX÷XQGDQ�
YHUL�VHWL�IDNW|U�DQDOL]LQH�X\JXQ�EXOXQPXúWXU��.02 �������&KL�VTXDUH�%DUWOHWW�WHVW����� ���������S ��������

7HPHO� ELOHúHQOHU� \|QWHPL� YH� 9DULPD[� G|QG�UPH� \|QWHPL� NXOODQÕODUDN� VRUXODU� DQDOL]� HGLOPLúWLU�� gUQHNOHPH�
\HWHUOLOL÷L� |Oo�V�� ����� GH÷HULQLQ� DOWÕQGD� NDODQ�� IDNW|U� DOWÕQGD� WHN� NDODQ�� ELUELULQH� \DNÕQ� IDNW|U� D÷ÕUOÕNODUÕ� RODQ� VRUXODU�
DQDOL]GHQ�oÕNDUÕODUDN��J�YHQLOLUOLN�DQDOL]LQGH�J�YHQLOLUOLN�G�]H\LQL�G�ú�UHQ�VRUXODU�DQDOL]GHQ�oÕNDUÕODUDN�\DSÕODQ�IDNW|U�
DQDOL]LQGH� |]GH÷HUOHUL� �� YH� �]HULQGH� RODQ� �� IDNW|U� HOGH� HGLOPLúWLU�� 7RSODP� DoÕNODQDQ� YDU\DQV� �������� RODUDN�
EXOXQPXúWXU�� )DNW|UOHU� VÕUDVÕ\OD�� ³dDOÕúPDQÕQ� %LUH\VHOFL� øúOHYL´� YH� ³dDOÕúPDQÕQ� 6WDW�NRFX� øúOHYL´� RODUDN�
DGODQGÕUÕOPÕúWÕU��)DNW|UOHULQ� LoVHO� WXWDUOÕOÕNODUÕQÕQ� KHVDSODQPDVÕQGD�&URQEDFK� DOID�GH÷HUOHUL� NXOODQÕOPÕúWÕU� �EX�GH÷HUOHU�
VÕUDVÕ\OD��������������GLU���
�
7DEOR���7hø.�oDOÕúDQODUÕQÕQ�)DNW|U�DQDOL]L�VRQXoODUÕ�
�
)$.7g5h1�$',� � 6258�ø)$'(6ø� )$.7g5��

$ö,5/,./$5,�
)$.7g5h1�
�$d,./$<,&,/,ö,����

�
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�
�

dDOÕúPDQÕQ�%LUH\VHOFL��
øúOHYL�
�
�
�
�
�
�
�
�

�

+D\DOOHULQL�JHUoHNOHúWLUPHN��
NLúLVHO�]HYN�YH�KRELOHULQL�WDWPLQ�
HWPHN��JH]LS�H÷OHQPHN��
DPDFÕ\OD�oDOÕúPDN�
�
�
+D\DWÕQD�\|Q�YHUPHN��KD\DWWD�
ELUúH\OHU�\DSDELOPLú�ROPDN�YH�
PDQHYL�GR\XP�HOGH�HWPHN��
DPDFÕ\OD�oDOÕúPDN�
�
+D\DWÕQD�KDUHNHW�NDWPDN��VRV\DO�
LOLúNLOHU�JHOLúWLUPHN��
\HWHQHNOHULQL�NXOODQPDN�YH�
LQVDQODUD�\DUGÕP�HWPHN��
DPDFÕ\OD�oDOÕúPDN�
�
øúLQGHQ�]HYN�DODUDN�VHYGL÷L�
PHVOH÷L�\DSPDN��DPDFÕ\OD�
oDOÕúPDN�
�
9DNLW�JHoLUPHN��EHGHQLQL�YH�
]LKQLQL�PHúJXO�HWPHN��]DPDQÕQÕ�
GH÷HUOHQGLUPHN��DPDFÕ\OD�
oDOÕúPDN�
�
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�
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�
�
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�
�
dDOÕúPDQÕQ�1RUPDWLI�
�����������øúOHYL�

.HQGLQH�ELU�\XYD�NXUPDN��NHQGL�
LúLQL�NXUPDN��G�]HQOL�ELU�KD\DW�
V�UPHN�YH�\HQL�QHVLOOHUL�
V�UG�UHELOPHN��DPDFÕ\OD�
oDOÕúPDN�

�
6WDW��YH�SUHVWLM�VDKLEL�ROPDN��
WRSOXPGD�NDEXO�J|U�S�VD\JÕ�
ND]DQPDN��NDUL\HU�VDKLEL�ROPDN��
RWRULWH�YH�J�o�ND]DQPDN��
DPDFÕ\OD�oDOÕúPDN��

�

���������������
�
�
�
�
�
�
���������������
�
�
�
�
�
�
�
�
�
����������������

7RSODP�
�
.DLVHU�0H\HU�2ONLQ�gOoHN��
*HoHUOLOL÷L���
�
%DUWOHWW�.�UHVHOOLN�7HVWL����������������������������������������������
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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�
�����������������
�
����������������
�
����������������

�
�
�
�����.L�NDUH���������
�����6G�������

���3�GH÷HUL��������

�

�
�

�
�

�
D���+R��.DGÕQ�YH�HUNHNOHULQ�ELUH\VHOFL�ER\XWD�YHUGLNOHUL�FHYDSODUÕQ�RUWDODPDODUÕ�HúLWWLU��
6LJ�� ������!������ROGX÷X� LoLQ�+R� KLSRWH]L� NDEXO� HGLOLU� \DQL� NDGÕQ�YH� HUNHNOHULQ�ELUH\VHOFL� ER\XWD�YHUGLNOHUL�

FHYDSODUÕQ�RUWDODPDODUÕ�HúLWWLU��
�

D���+R��.DGÕQ�YH�HUNHNOHULQ�VWDW�NRFX�ER\XWD�YHUGLNOHUL�FHYDSODUÕQ�RUWDODPDODUÕ�HúLWWLU��
6LJ��������!�����ROGX÷X�LoLQ�+R�KLSRWH]L�NDEXO�HGLOLU�\DQL�NDGÕQ�YH�HUNHNOHULQ�VWDW�NRFX�ER\XWD�YHUGLNOHUL�FHYDSODUÕQ�
RUWDODPDODUÕ�HúLWWLU��

�

7DEOR���)DNW|U�DQDOL]L�VRQXFX�RUWD\D�oÕNDQ�ER\XWODUOD�LOJLOL�FLQVL\HWH�J|UH�W�WHVWL�WDEORVX�

�

� � 1� 2UW�� 6WG��6DS�� W�GH÷HUL� S�GH÷HUL�

�
%LUH\VHO�%��

.DGÕQ�
(UNHN�

���
���

�����
�����

�����
����� ������

�
������

�
�

6WDW�NRFX�
%��

.DGÕQ�
(UNHN�

���
���

�����
�����

�����
����� ������

�
������

�
�

.DGÕQ� YH� HUNHN� oDOÕúDQODUÕQ� dDOÕúPDQÕQ� %LUH\VHO� %R\XWX¶QD� YH� dDOÕúPDQÕQ� 6WDW�NRFX� %R\XWX¶QD� YHUGLNOHUL�
FHYDSODUÕQ� NDUúÕODúWÕUÕOPDVÕ� LoLQ� \DSÕODQ� W�WHVWL� VRQXFXQGD� FLQVL\HW� DoÕVÕQGDQ� ELU� IDUNOÕOÕN� EXOXQPDPÕúWÕU� �� VÕUDVÕ\OD�
W���� �������S ������YH� � W���� �������S ���������%XQD�J|UH�RUWDODPDODUD�EDNÕOGÕ÷ÕQGD�NDGÕQ�YH�HUNHNOHULQ� IDNW|UOHUH�
YHUGLNOHUL�FHYDSODUGD�FLQVL\HW�DoÕVÕQGDQ�ELU�IDUNOÕOÕN�\RNWXU��
�

International Science and Technology Conference, Dubai, 13-15 December 2012

691



ISTEC 20
12

E��+R��%LUH\VHOFL�ER\XW�GH÷LúNHQL�LOH�VWDW�NRFX�ER\XW�GH÷LúNHQL�DUDVÕQGD�GR÷UXVDO�LOLúNL�\RNWXU��
6LJ��'H÷HUL��������������GHQ�N�o�N�ROGX÷X� LoLQ�+R�KLSRWH]L� UHGGHGLOLU��.RUHODV\RQ�NDWVD\ÕVÕQÕQ�KLSRWH]� WHVWLQLQ������
VHYL\HVLQGH�DQODPOÕ�ROGX÷XQX�YH�������]D\ÕI�YH�SR]LWLI�ELU�LOLúNL�ROGX÷XQX�V|\OH\HELOLUL]���
�

F��+R��&LQVL\HW�YH�|÷UHQLP�GXUXPX�GH÷LúNHQOHUL�ELUELULQGHQ�ED÷ÕPVÕ]GÕU��
6LJ�� ������ !� ����� ROGX÷X� LoLQ� +R� KLSRWH]L� NDEXO� HGLOLU� \DQL� FLQVL\HW� YH� H÷LWLP� GXUXPX� GH÷LúNHQOHUL� ELUELULQH�
ED÷ÕPVÕ]GÕU��.DGÕQ�YH�HUNHNOHULQ�H÷LWLP�VHYL\HVL�DUDVÕQGD�DQODPOÕ�ELU�IDUN�\RNWXU�
�

G���+R��%LUH\VHOFL�ER\XWD�YHULOHQ�FHYDSODU�|÷UHQLP�GXUXPXQD�J|UH�GH÷LúLNOLN�J|VWHUPH]��

G���+R��6WDW�NRFX�ER\XWD�YHULOHQ�FHYDSODU�|÷UHQLP�GXUXPXQD�J|UH�GH÷LúLNOLN�J|VWHUPH]��

�

.UXVNDO�:DOOLV�7HVWL�VRQXoODUÕQD�J|UH�6LJ��'H÷HUOHUL�KHU�LNL�IDNW|U�LoLQGH������WHQ�E�\�NW�U��VLJ��������YH�VLJ��
������� \DQL� +R� KLSRWH]L� NDEXO� HGLOLU�� LNL� IDNW|UH� YHULOHQ� FHYDSODUÕQ� |÷UHQLP� GXUXPXQD� J|UH� GH÷LúLNOLN� J|VWHUPHGL÷L�
NDUDUÕQD�YDUÕOÕU��

�
7DEOR��(Q�dRN�7HUFLK�(GLOHQ�dDOÕúPD�$PDoODUÕ�

�
6RUX����

� )UHNDQV� <�]GH� *HoHUOL�<�]GH� .�P�ODWLI�<�]GH�

� ����� �� ����� ����� �����

����� �� ���� ���� �����

����� ��� ����� ����� �����

����� �� ���� ���� �����

����� �� ���� ���� �����

����� �� ���� ���� �����

����� �� ���� ���� �����

����� �� ���� ���� �����

����� �� ���� ���� �����

������ �� ���� ���� �����

������ �� ���� ���� �����

������ �� ���� ���� ������

7RSODP� ��� ������ ������ �
�

$QNHWLPL]LQ� ���� 6RUXVXQGD� ��� DGHW� oDOÕúPD� DPDFÕQGDQ� HQ� oRN� KDQJLVLQL� WHUFLK� HWWLNOHUL� VRUXOPXúWXU� YH� ���
NLúL�����������6RUX\X�ROXúWXUDQ�³JHoLPLQL�WHPLQ�HWPHN´�GH÷LúNHQL�LOH�LOJLOL�FHYDEÕ�WHUFLK�HWPLúWLU��(Q�oRN�WHUFLK�HGLOHQ�
���$PDo�LVH���NLúL��������LOH�³WRSOXPD�NDWNÕ´�LOH�LOJLOL�DPDoWÕU��
�
$UDúWÕUPDQÕQ�VRQXoODUÕ�
�

dDOÕúPD� DPDoODUÕQÕ� |OoPHN� LoLQ� LOH� LOJLOL� OLWHUDW�UGH� NXOODQÕODQ� ��� VRUXOXN� |OoHN� NXOODQÕOPÕúWÕU� YH� EX� DPDoOD�
7�UNL\H�øVWDWLVWLN�.XUXPX�øVWDQEXO�%|OJH�0�G�UO�÷�¶Q�Q����NDGDU�oDOÕúDQÕQD�DQNHW�\DSÕOPÕúWÕU��

$UDúWÕUPD\D�NDWÕODQ�NLúLOHUGHQ�VRUXODUD��¶GHQ��¶\D�NDGDU����+Lo�|QHPOL�GH÷LO����dRN�D]�|QHPOL����%LUD]�|QHPOL��
��2OGXNoD�|QHPOL����dRN�|QHPOL����)D]ODVÕ\OD�|QHPOL��DUDOÕNWD�FHYDSODU�YHUPHOHUL�LVWHQPLúWLU��

dDOÕúPD� DPDoODUÕQÕQ� DOW� ER\XWODUÕQÕ� WHVSLW� HWPHN� DPDFÕ\OD� IDNW|U� DQDOL]L� \DSÕOPÕúWÕU�� 9HUL� VHWLQLQ� IDNW|U�
DQDOL]LQH�X\JXQOX÷XQXQ�WHVW�HGLOPHVL�LoLQ��.DLVHU�0H\HU�2ONLQ��.02��|UQHNOHP�\HWHUOLOL÷L�WHVWL�YH�%DUWOHWW�N�UHVHOOLN�
WHVWL�X\JXODQPÕú��.02�GH÷HUL�����¶QLQ��]HULQGH�ROGX÷X�YH�%DUWOHWW�WHVWL�GH������|QHP�GHUHFHVLQGH�DQODPOÕ�ROGX÷XQGDQ�
YHUL�VHWL�IDNW|U�DQDOL]LQH�X\JXQ�EXOXQPXúWXU��.02 �������&KL�VTXDUH�%DUWOHWW�WHVW����� ���������S ��������

7HPHO� ELOHúHQOHU� \|QWHPL� YH� 9DULPD[� G|QG�UPH� \|QWHPL� NXOODQÕODUDN� VRUXODU� DQDOL]� HGLOPLúWLU�� gUQHNOHPH�
\HWHUOLOL÷L� |Oo�V�� ����� GH÷HULQLQ� DOWÕQGD� NDODQ�� IDNW|U� DOWÕQGD� WHN� NDODQ�� ELUELULQH� \DNÕQ� IDNW|U� D÷ÕUOÕNODUÕ� RODQ� VRUXODU�
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DQDOL]GHQ�oÕNDUÕODUDN��J�YHQLOLUOLN�DQDOL]LQGH�J�YHQLOLUOLN�G�]H\LQL�G�ú�UHQ�VRUXODU�DQDOL]GHQ�oÕNDUÕODUDN�\DSÕODQ�IDNW|U�
DQDOL]LQGH� |]GH÷HUOHUL� �� YH� �]HULQGH� RODQ� �� IDNW|U� HOGH� HGLOPLúWLU�� 7RSODP� DoÕNODQDQ� YDU\DQV� �������� RODUDN�
EXOXQPXúWXU�� )DNW|UOHU� VÕUDVÕ\OD�� ³dDOÕúPDQÕQ� %LUH\VHOFL� øúOHYL´� YH� ³dDOÕúPDQÕQ� 6WDW�NRFX� øúOHYL´� RODUDN�
DGODQGÕUÕOPÕúWÕU��)DNW|UOHULQ� LoVHO� WXWDUOÕOÕNODUÕQÕQ�KHVDSODQPDVÕQGD�&URQEDFK� DOID�GH÷HUOHUL� NXOODQÕOPÕúWÕU� �EX�GH÷HUOHU�
VÕUDVÕ\OD��������������GLU���

dDOÕúPDPÕ]GD� LON���� VRUX� oDOÕúPDQÕQ� DPDoODUÕQGDQ� KHU� ELULQL� WHPVLO� HWPHNWHGLU� YH� OLWHUDW�UGHNL� GDKD�|QFHNL�
oDOÕúPDODUGD� EX� ��� VRUXQXQ� ELUH\VHO�� QRUPDWLI� YH� G�Q\HYL� ER\XW� DOWÕQGD� WRSODQGÕ÷ÕQÕ� J|UP�úW�N�� 7�UNL\H� øVWDWLVWLN�
.XUXPX� øVWDQEXO� %|OJH� 0�G�UO�÷�� oDOÕúDQODUÕ� LOH� \DSWÕ÷ÕPÕ]� oDOÕúPDGD� IDNW|U� DQDOL]L� VRQXFX� �� VRUX� DQDOL]� GÕúÕ�
NDOPÕúWÕU��*HUL�NDODQ���VRUXGDQ���WDQHVL�|QFHNL�oDOÕúPDODUGDNL�ELUH\VHO�ER\XWD�oRN�EHQ]HGL÷L�LoLQ�³oDOÕúPDQÕQ�ELUH\VHO�
ER\XWX´�DGÕQÕ�DOPÕúWÕU�KD\DWÕQD�DQODP�YHUPHN��KD\DWÕQD�KDUHNHW�NDWPDN��NHQGLQL�PHúJXO�HWPHN��KD\DWÕQD�NH\LI�NDWPDN��
VHYGL÷L� LúL� \DSPDN�� 6RUX� ���� 6RUX� ��� 6RUX� ��� 6RUX� ��� 6RUX���� DQFDN� GL÷HU� ER\XW� �� GH÷LúNHQGHQ� ROXúPDNWDGÕU� YH�
³oDOÕúPDQÕQ�VWDW�NRFX�ER\XWX´�DGÕQÕ�DOPÕúWÕU�'�]HQLQL�NXUPDN��VWDW��ND]DQPDN��6RUX�����6RUX����(Q�oRN�KDQJL�DPDFÕQ�
WHUFLK� HGLOGL÷L� LOH� LOJLOL� VRUXGD� ³JHoLPLQL� WHPLQ� HWPHN´� LOH� LOJLOL� FHYDEÕQ� WHUFLK� HGLOGL÷LQL� J|U�\RUX]� \DQL� oDOÕúDQODUÕQ�
E�\�N�ELU�oR÷XQOX÷X�NHQGL�JHoLPOHULQL�VD÷ODPDN�LoLQ�oDOÕúÕ\RUODU�GL\HELOLUL]��������6RUX������

7HYU�]¶�Q�oDOÕúDQODUOD�\DSWÕ÷Õ�oDOÕúPDVÕQÕ�7hø.�øVWDQEXO�%|OJH�0�G�UO�÷��oDOÕúDQODUÕ� LOH�\DSWÕ÷ÕPÕ]�oDOÕúPD�
LOH� NÕ\DVODUVDN� EL]LP� oDOÕúPDQÕQ� ELUH\VHO� ER\XWX� RODUDN� DGODQGÕUGÕ÷ÕPÕ]� ER\XWX� GL÷HU� oDOÕúPDGD� ROXúWXUDQ� LIDGHOHUOH�
D\QÕGÕU�WHN�IDUN�EL]GH�EX�JUXSWD�RODQ�³VHYGL÷L�LúL�\DSPDN´�LOH�LOJLOL�LIDGH�7HYU�]¶�Q�oDOÕúPDVÕQGD��oDOÕúPDQÕQ�G�Q\HYL�
LúOHYL�DGÕQÕ�YHUGL÷L�ER\XWWD�\HU�DOPÕúWÕU��$\UÕFD�R�ER\XWWD�³JHoLPLQL�WHPLQ�HWPHN´���³VWDW��ND]DQPDN´��EL]GH�oDOÕúPDQÕQ�
VWDW�NRFX�LúOHYL�DGÕQÕ�YHUGL÷LPL]�ER\XWWD�\HU�DOPDNWDGÕU���³ELOJL�HGLQPHN�NXOODQPDN´���³WRSOXPD�NDWNÕGD�EXOXQPDN´�\HU�
DOPDNWDGÕU��%L]LP�oDOÕúPDPÕ]GD�VWDW�NRFX�ER\XW�DGÕQÕ�YHUGL÷LPL]�ER\XWX�³VWDW��ND]DQPDN´�LIDGHVL�LOH�ROXúWXUDQ�GL÷HU�
LIDGH�³VDNÕQPDN´�LOH�LOJLOL�LIDGHGLU�YH�7HYU�]¶�Q�oDOÕúPDVÕQGD�³GLQL�J|UHYLQL�\DSPDN´�LOH�EHUDEHU�³VDNÕQPDN´�LOH�LOJLOL�
LIDGH�oDOÕúPDQÕQ�QRUPDWLI�ER\XWXQX�ROXúWXUPDNWDGÕU���7HYU�]��7XUJXW��dLQNR����������
�

6RQXo�

�
7�UNL\H� øVWDWLVWLN�.XUXPX� øVWDQEXO� %|OJH�0�G�UO�÷�¶QGH� \DSWÕ÷ÕPÕ]� oDOÕúPDGD� RUWD\D� oÕNDQ� LON� ER\XW� RODQ�

ELUH\VHOFL� ER\XWX� oDOÕúDQODUÕQ� ELUH\VHO� DQODPGD� NHQGLOHUL� LOH� LOJLOL� JHOLúLPOHU� LoLQ� oDOÕúWÕNODUÕQÕ� V|\OH\HELOLUL]�� øNLQFL�
ER\XW� RODQ� VWDW�NRFX� ER\XWX� LVH� JHoPLú� WRSOXPODUGDQ� EHUL� V�UH� JHOHQ� YH� GHYDP� HGHQ� VWDW�� HOGH� HWPH�� DLOH� NXUPD��
QHVLOOHUL� GHYDP� HWWLUPH� JLEL� QHUHGH\VH� WRSOXP� WDUDIÕQGDQ� ]RUXQOX� NDEXO� HGLOHQ� JHOLúPHOHU� LoLQ� oDOÕúWÕNODUÕQÕ�
V|\OH\HELOLUL]�� (Q� oRN� WHUFLK� HGLOHQ� oDOÕúPD� DPDFÕQÕQ� JHoLPLQL� WHPLQ� HWPHN� LOH� LOJLOL� ROPDVÕQÕQ� QHGHQL� LVH� oDOÕúPD�
úDUWODUÕQÕQ� oRN� L\L� ROPDVDGD� LQVDQODUÕQ� EX� LúH� YH� EXUDGDQ� ND]DQDFDNODUÕ� SDUD\D� JHUoHNWHQ� LKWL\DoODUÕ� ROGX÷XQX� YH�
|QFHOLNOHULQLQ�EX�ROGX÷XQX�V|\OHPHN�GR÷UX�ROXU��

�

.D\QDNoD�

�
%HXNPDQ��7��/����������7KH�HIIHFW�RI�VHOHFWHG�YDULDEOHV�RQ�OHDGHUVKLS�EHKDYLRXU�ZLWKLQ�WKH�IUDPHZRUN�RI�D�
WUDQVIRUPDWLRQDO�RUJDQLVDWLRQ�SDUDGLJP��8QLYHUVLW\�RI�3UHWRULD��3UHWRULD��8QSXEOLVKHG�'RFWRUDO�'LVVHUWDWLRQ��
KWWS���XSHWG�XS�DF�]D�WKHVLV�DYDLODEOH�HWG�������������������

�
�

'|NPHQ��h��������<DUÕQD�.LP�.DODFDN"(YUHQOH�8\XPODúPD�6�UHFLQGH�9DUROPDN��*HOLúPHN��8]ODúPDN��6LVWHP�
<D\ÕQFÕOÕN��øVWDQEXO���

�
�

)UHQFK��-��5��3���.DKQ��5����������$�3URJUDPPDWLF�$SSURDFK�WR�6WXG\LQJ�WKH�,QGXVWULDO�(QYLURQPHQW�DQG�0HQWDO�
+HDOWK��-RXUQDO�RI�6RFLDO�,VVXHV�������������

�
�

1RUG��:��5���%ULHI��$��3���$WLHK��-��0���YH�'RKHUW\��(��0����������6WXG\LQJ�PHDQLQJV�RI�ZRUN��7KH�FDVH�RI�ZRUN�
YDOXHV��,Q�%ULHI��$��YH�1RUG��:���(GV����0HDQLQJV�RI�RFFXSDWLRQDO�ZRUN��$�FROOHFWLRQ�RI�HVVD\V��/H[LQJWRQ��
/H[LQJWRQ�%RRNV���

�

6LSDKL��%����<XUWNRUX��6����dLQNR��0����������6RV\DO�%LOLPOHUGH�6366¶OH�9HUL�$QDOL]L��%HWD�%DVÕP��øVWDQEXO��
�
�

7HYU�]��6��DQG�7XUJXW��7����������dDOÕúPD�$PDoODUÕQÕQ�7HVELWL�YH�dDOÕúPD�$PDoODUÕ�7HVWLQLQ�*HOLúWLULOPHVL��gQHUL�
'HUJLVL������������������

�
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�
7HYU�]��6����7XUJXW��7����dLQNR��0����������%LU�0HUDNÕQ�3HúLQGH��$PDo¶WDQ�%DúDUÕ¶\D�%HWD�%DVÕP��øVWDQEXO����

�
�
�

=HGHFN��6����������&RPPHQWDU\�RQ�'LYHUVLW\�DQG�:RUN�)DPLO\�9DOXHV��DNWDUDQ�(DUOH\�YH�(UH]���������1HZ�
3HUVSHFWLYHV�RQ�,QWHUQDWLRQDO�,QGXVWULDO���2UJDQL]DWLRQDO�3V\FKRORJ\������������1HZ�/H[LQJWRQ�3UHVV�6DQ�
)UDQFLVFR���
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INTELLIGENT DATA MINING FOR AUTOMATIC FACE RECOGNITION�

$KPHG�5DJDE��6RXPD\D�<DFRXW��0RKDPHG�6DODK�2XDOL�

'HSDUWPHQW�RI�$SSOLHG�0DWKHPDWLFV�DQG�,QGXVWULDO�(QJLQHHULQJ�
eFROH�3RO\WHFKQLTXH�GH�0RQWUpDO��&DQDGD�

$KPHG�UDJDE#SRO\PWO�FD��6RXPD\D�\DFRXW#SRO\PWO�FD��PVRXDOL#SRO\PWO�FD� �
�
�

Abstract��7KH�DGYDQFHPHQW�LQ�FRPSXWHU�VFLHQFH�DQG�LQIRUPDWLRQ�WHFKQRORJ\�LV�RQH�RI�WKH�PRVW�
LPSRUWDQW�FKDUDFWHULVWLFV�RI�WKH�FHQWXU\��2QH�RI�WKH�LPSRUWDQW�FRQVHTXHQFHV�RI�WKLV�DGYDQFHPHQW�
LV�WKH�DYDLODELOLW\�RI�KXJH�QXPEHU�RI�DXWRPDWHG�GDWDEDVHV�ZKLFK�DUH�ZDLWLQJ�WR�EH�H[SORLWHG��7KLV�
H[SORLWDWLRQ�ZLOO� OHDG�WR�NQRZOHGJH�GLVFRYHU\�ZKLFK�ZLOO�KHOS� WKH�GHFLVLRQ�PDNLQJ�SURFHVVHV� LQ�
PDQ\� ILHOGV�� ,Q� WKLV� SDSHU� D� NQRZOHGJH� GLVFRYHU\�� GDWD� PLQLQJ�� DUWLILFLDO� LQWHOOLJHQW� WHFKQLTXH�
FDOOHG�/RJLFDO�$QDO\VLV� RI�'DWD� �/$'�� LV� LQWURGXFHG� DQG� DSSOLHG� WR� WKH�ZHOO� NQRZ�SUREOHP�RI�
IDFH� UHFRJQLWLRQ�� .QRZOHGJH� GLVFRYHUHG� LQ� WKH� IRUP� RI� SDWWHUQV� LV� VDYHG� DQG� WKHQ� XVHG� LQ� D�
PDFKLQH� OHDUQLQJ� V\VWHP� LQ�RUGHU� WR� LGHQWLI\� WKH� DOUHDG\� OHDUQHG� IDFHV�� DQG� WR�GLVWLQJXLVK� WKHP�
IURP�XQNQRZQ�IDFHV��7KH�UHVXOWV�VKRZ�WKDW�/$'�LV�SURPLVLQJ�DSSURDFK�WR�SDWWHUQ�UHFRJQLWLRQ��

Key words: 'DWD�PLQLQJ��NQRZOHGJH�GLVFRYHU\��DUWLILFLDO�LQWHOOLJHQFH��IDFH�UHFRJQLWLRQ��/RJLFDO�
$QDO\VLV�RI�'DWD��

�
1. Introduction  
�

7KH� LQFUHDVH� LQ� WKH� QXPEHU� RI� GDWDEDVHV� LQ� PDQ\� ILHOG� FUHDWH� QHZ� FKDOOHQJHV� WR� UHVHDUFKHUV� LQ� GLIIHUHQW� ILHOG�� ,W� LV�
UHSRUWHG�LQ��:LWWHQ��)UDQN��	�+DOO��������WKDW�WKH�DPRXQW�RI�VWRUHG�GDWDEDVHV�GRXEOHV�HYHU\����PRQWKV��,W�LV�GLIILFXOW�RU�
HYHQ� LPSRVVLEOH� WR� MXVWLI\� WKH� VWRUDJH� RI� WKLV� DPRXQW� RI� GDWD� LQ� DQ\� TXDQWLWDWLYH� VHQVH�� ,QVWHDG�� WKH� LPSRUWDQW�
LQIRUPDWLRQ� VKRXOG� EH� H[WUDFWHG� IURP� WKH� GDWD�� 7KLV� RSHUDWLRQ� LV� FDOOHG� NQRZOHGJH� GLVFRYHU\� VLQFH� WKHUH� LV� XVXDOO\�
FHUWDLQ�DPRXQW�RI�XVHIXO�LQIRUPDWLRQ�WKDW�LV�SRWHQWLDOO\�LPSRUWDQW�LQ�HDFK�GDWDEDVH�DQG�QHHG�WR�EH�GLVFRYHUHG�� �

� 'DWD�PLQLQJ�LV�GHILQHG�DV�WKH�SURFHVV�RI�DXWRPDWLF�H[SORUDWLRQ�DQG�H[WUDFWLRQ�RI�WKH�NQRZOHGJH�IURP�
WKH�GDWD��*RUXQHVFX���������7KH�LGHD�LV�WR�EXLOG�FRPSXWHU�SURJUDPV�WKDW�UHILQH�WKH�GDWDEDVHV�DXWRPDWLFDOO\��$PRQJ�WKH�
H[WUDFWHG�SDWWHUQV��VRPH�ZLOO�EH�WULYLDO�DQG�QRQ�LQWHUHVWLQJ��RWKHUV��RQ�WKH�RWKHU�KDQG��ZLOO�JHQHUDO�DQG�FDQ�FRQWULEXWH�WR�
DFFXUDWH�SUHGLFWLRQ�RI� IXWXUH�GDWD� �5\RR�	�-DQJ���������7KH�SDWWHUQV�GLVFRYHUHG�PXVW� EH�PHDQLQJIXO�DQG�KDYH�VRPH�
DGYDQWDJH� LQ� DQ� HFRQRPLF� VHQVH�� )URP� HFRQRPLFDO� SRLQW� RI� YLHZ�� RQH� RI� WKH� PRVW� LPSRUWDQW� UHTXLUHPHQWV� IRU� WKH�
SDWWHUQV� LV� WKH� FRPSUHKHQVLYHQHVV� �LQWHUSUHWDELOLW\��� 6RPH� SDWWHUQV� DUH� FRPSUHKHQVLEOH� �DOVR� FDOOHG� WUDQVSDUHQW� RU�
LQWHUSUHWDEOH�RU�VWUXFWXUDO��ZKLOH�VRPH�RI�WKHP�DUH�LQFRPSUHKHQVLEOH��FDOOHG�EODFN�ER[�SDWWHUQV���)URP�WKH�SHUIRUPDQFH�
SRLQW�RI�YLHZ��ERWK�RI�WKHP�FDQ�PDNH�JRRG�SUHGLFWLRQV��%LVKRS���������7KH�DGYDQWDJH�RI�XVLQJ�FRPSUHKHQVLEOH�SDWWHUQV�
LV� WKHLU� VWUXFWXUDO� UHSUHVHQWDWLRQ� WKDW� FDQ� EH� H[DPLQHG� WR� LQIRUP�RQ� IXWXUH� HYHQWV�� ,Q� RWKHU�ZRUGV�� WKH\� FDQ� KHOS� WKH�
DQDO\VW�DV�ZHOO�WKH�GHFLVLRQ�PDNHU�WR�H[SODLQ�VRPHWKLQJ�DERXW�WKH�GDWD�LQ�DQ�H[SOLFLW�ZD\��%RUHV�HW�DO����������
'DWD� PLQLQJ� LV� D� WRSLF� RI� LQFUHDVLQJ� LQWHUHVWV� WKDW� LQYROYHV� OHDUQLQJ� LQ� D� SUDFWLFDO� VHQVH�� 5HVHDUFKHV� VXSSRUWHG� E\�
LQWHUQDWLRQDO� DJHQFLHV�� LQGXVWU\� DQG� DFDGHPLD� DUH� IRFXVLQJ� RQ� GHVLJQLQJ� PRUH� HIIHFWLYH� DQG� LQWHOOLJHQW� GDWD� PLQLQJ�
WHFKQLTXHV��%R]GRJDQ���������

0DFKLQH�OHDUQLQJ�SURYLGHV�WKH�WHFKQLFDO�EDVLV�RI�GDWD�PLQLQJ��PDFKLQH�OHDUQLQJ�LV� WKH�WHFKQRORJ\�IRU�PLQLQJ�
NQRZOHGJH�IURP�GDWD���%LVKRS���������,W�UHOLHV�RQ�WKH�DYDLODELOLW\�RI�GDWD�DQG�GUDZ�RQ�OHDUQLQJ�VWUDWHJLHV�IURP�WKH�DUHD�
RI�FRPSXWDWLRQDO�LQWHOOLJHQFH��VWDWLVWLFDO�SDWWHUQ�FODVVLILFDWLRQ��DQG�RWKHUV��%LVKRS���������7KH�ZRUG�OHDUQLQJ�PHDQV�WKDW�
WKHVH�WHFKQLTXHV�OHDUQ�IURP�WKH�FKDQJHV�DSSHDULQJ�LQ�WKH�GDWD�LQ�D�ZD\�WKDW� LPSURYHV�WKHLU�SHUIRUPDQFH�LQ�WKH�IXWXUH��
7KXV� OHDUQLQJ� LV� WLHG� WR� SHUIRUPDQFH� HQKDQFHPHQW�� %DVHG� RQ� WKLV� OHDUQLQJ� SURFHVV�� WKH� OHDUQLQJ� WHFKQLTXHV� FDQ� EH�
HPSOR\HG�WR�PDS�GDWD�LQWR�GHFLVLRQ�PRGHO�LQ�RUGHU�WR�SURGXFH�SUHGLFWLQJ�RXWSXW�IURP�QHZ�GDWD��7KH�GHFLVLRQ�PRGHO�LV�
FDOOHG�FODVVLILHU��%LVKRS��������� �

7KHUH�DUH�WZR�DSSURDFKHV�IRU�PDFKLQH�OHDUQLQJ��VXSHUYLVHG�OHDUQLQJ�DQG�XQVXSHUYLVHG�OHDUQLQJ��%LVKRS���������
,Q� VXSHUYLVHG� OHDUQLQJ�� WKH� SXUSRVH� LV� WR� LQIHU� WKH� GHFLVLRQ� PRGHO� IURP� ODEHOHG� GDWD�� ,Q� XQVXSHUYLVHG� OHDUQLQJ�� WKH�
OHDUQLQJ�WHFKQLTXH�LV�IHG�ZLWK�RQO\�XQODEHOHG�REMHFWV��WKHUH�LV�QR�D�SULRUL�ODEHO��� �

/RJLFDO�DQDO\VLV�RI�GDWD� �/$'�� LV�D�VXSHUYLVHG�GDWD�PLQLQJ�PHWKRGRORJ\�� ,W�ZDV� LQWURGXFHG�E\� WKH�JURXS�RI�
UHVHDUFKHUV� RI� 587&25� DW� 5XWJHUV� 8QLYHUVLW\� LQ� 86$� �%RUHV�� HW� DO��� ������� /RJLFDO� $QDO\VLV� RI� 'DWD� �/$'�� LV� D�
FRPELQDWRULDO� DQG� RSWLPL]DWLRQ� EDVHG� PHWKRG� XVHG� LQ� PDQ\� DSSOLFDWLRQV� VXFK� DV� RLO� H[SORUDWLRQ�� GHWHFWLRQ� DQG�
SUHGLFWLRQ� RI� VRPH� GLVHDVHV� �%RUHV�� HW� DO��� ������� /$'�ZDV� LQWURGXFHG� WR� WKH� ILHOG� RI� FRQGLWLRQ� EDVHG�PDLQWHQDQFH�
�&%0��DV�D�QHZ�DSSURDFK�IRU�DXWRPDWLF�GLDJQRVLV�RI�IDXOWV�LQ�UROOLQJ�EHDULQJV��0RUWDGD��<DFRXW��	�/DNLV���������/$'�
ZDV� DOVR� DEOH� WR� UHSURGXFH� KXPDQ� H[SHUWLVH� LQ� GHWHFWLQJ� DQG� DQDO\]LQJ� WKH� SKHQRPHQRQ� RI� URJXH� FRPSRQHQWV� LQ�
DLUSODQHV� �0RUWDGD�� &DUUROO�� <DFRXW�� 	� /DNLV�� ������� ,Q� WKH� DLUOLQHV� LQGXVWU\�� /$'� ZDV� DSSOLHG� WR� HVWLPDWH� WKH�
RYHUERRNLQJ� OHYHO� E\�SUHGLFWLQJ� WKH� VKRZ� UDWHV�RI� SDVVHQJHUV� �'XSXLV��*DPDFKH��	�3DJp�� �������/$'� LV� DSSOLHG� WR�
GHYHORS�FUHGLW�ULVN�UDWLQJ�PRGHOV�IRU�HYDOXDWLQJ�WKH�FUHGLW�TXDOLW\�RI�EDQNV��+DPPHU��.RJDQ��	�/HMHXQH��������� �

2QH�RI�WKH�DGYDQWDJHV�RI�/$'�RYHU�PDQ\�GDWD�PLQLQJ�WHFKQLTXHV�LV� WKH�LQWHUSUHWDELOLW\��WUDQVSDUHQF\��RI�LWV�
SDWWHUQV�� ,Q�RWKHU�ZRUGV��/$'�FDQ�JHQHUDWH�SDWWHUQV� WKDW�FDQ�EH�HDVLO\� LQWHUSUHWHG�DQG� WUDQVODWHG� LQWR�UXOHV�ZKLFK�DUH�
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EHQHILFLDO�WR�WKH�GHFLVLRQ�PDNHUV��%RUHV��HW�DO����������/$'�LV�QRW�GHSHQGLQJ�RQ�DQ\�VWDWLVWLFDO�DQDO\VLV��WKLV�LV�DQRWKHU�
LPSRUWDQW�DGYDQWDJH�WKDW�PDNHV�LW�FDSDEOH�RI�GHDOLQJ�ZLWK�WKH�GDWD�WKDW�DUH�KLJKO\�FRUUHODWHG��ZLWKRXW�WKH�QHHG�WR�VDWLVI\�
DQ\�VWDWLVWLFDO�DVVXPSWLRQV�� �

7KH�PDLQ�REMHFWLYH�RI�WKLV�SDSHU�LV� WR�DSSO\�/$'�WR�WKH�ILHOG�RI�IDFH�UHFRJQLWLRQ��7KH�DLP�KHUH�LV� WR�EXLOG�D�
VLQJOH�PXOWL�FODVV�GHFLVLRQ�PRGHO�WKDW�UHFRJQL]HV�WKH�LPDJHV�RI�GLIIHUHQW�REMHFWV��7KLV�PRGHO�FDQ�HIIHFWLYHO\�GHDO�ZLWK�
PXOWLSOH� FKDQJHV� LQ� IDFLDO� H[SUHVVLRQ�� 7KH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 7KH� PXOWL�FODVV� /$'� GHFLVLRQ� PDNLQJ�
DSSURDFK�SURSRVHG�KHUH�LV�SUHVHQWHG�LQ�WKH�QH[W�VHFWLRQ��,Q�VHFWLRQ����WKH�H[SHULPHQWDO�UHVXOWV�REWDLQHG�E\�XVLQJ�/$'�
ZLWK�D�NQRZQ�GDWDVHW�WKDW�LV�HPSOR\HG�WR�WUDLQ�DQG�WHVW�GLIIHUHQW�IDFH�UHFRJQLWLRQ�WHFKQLTXHV��6HFWLRQ���GLVFXVVHV�WKHVH�
UHVXOWV�ZKLOH�VHFWLRQ���FRQFOXGHV�WKH�SDSHU��
�
2. Logical Analysis of Data  
�

/$'� LV� D� FRPELQDWRULDO� DQG� RSWLPL]DWLRQ�PHWKRG� WKDW� HYROYHG� DV� DQ� HIIHFWLYH� FODVVLILFDWLRQ� WHFKQLTXH� WKDW� UHOLHV� RQ�
H[WUDFWLQJ�SDWWHUQV�IURP�ELQDUL]HG�GDWD�LQ�RUGHU�WR�IRUPXODWH�GHFLVLRQ�UXOHV�WKDW�FODVVLI\�GDWD�LQWR�PRUH�WKDQ�RQH�FODVV� �
�%RUHV�� HW� DO��� ������� /$'� ZDV� XVHG� DV� D� %RROHDQ� WHFKQLTXH� WR� LGHQWLI\� WKH� FDXVHV� RI� D� FHUWDLQ� HYHQW� WKURXJK�
LQYHVWLJDWLQJ�D�VHW�RI�IDFWRUV�UHSUHVHQWLQJ�DOO�WKH�SRVVLEOH�FDXVHV�RI�WKDW�HYHQW��&UDPD��+DPPHU��	�,EDUDNL���������,W�LV�
XVHG� WR� H[WUDFW� NQRZOHGJH� IURP� D� GDWDVHW� FRQVLVWLQJ� RI� REVHUYDWLRQV� WKDW� FDQ� EH� UHSUHVHQWHG� DV� ELQDU\� RU� QXPHULFDO�
YHFWRUV�� (DFK� YHFWRU� LV� FRPSRVHG� RI� WKH� YDOXHV� RI� FHUWDLQ� FKDUDFWHULVWLF� IHDWXUHV��� 2ULJLQDOO\�� /$'� ZDV� XVHG� DV�
WZR�FODVV�FODVVLILFDWLRQ�WHFKQLTXH��GLFKRWRPL]HU���%RUHV��HW�DO����������7KH�REVHUYDWLRQV�DUH�FODVVLILHG�DV�HLWKHU�SRVLWLYH�
�ାRU� QHJDWLYH� �ି ZKHUH� �ାDQG� �ି� DUH� WKH� VHWV� RI� SRVLWLYH� DQG� QHJDWLYH� REVHUYDWLRQV�� UHVSHFWLYHO\� LQ� WKH� WUDLQLQJ�
GDWD� VHW���$� VSHFLILF� FKDUDFWHULVWLF� RI�/$'� LV� WKH� H[WUDFWLRQ� RI� D� VHW� RI� SDWWHUQV�ZKLFK� DUH� WKH� LQWHUDFWLRQV� EHWZHHQ�
IHDWXUHV� IRU� HLWKHU� SRVLWLYH� RU� QHJDWLYH� REVHUYDWLRQV� LQ� WKH� GDWDVHW�� $FFRUGLQJO\�� /$'� FDQ� EH� XVHG� DV� SDWWHUQ�EDVHG�
FODVVLILHU�RI�QHZ�REVHUYDWLRQV�WKDW�DUH�QRW�LQFOXGHG�LQ�WKH�RULJLQDO�GDWDVHW��%RUHV��HW�DO���������� �

/LNH� WKH� FRQYHQWLRQDO� WZR�FODVV� /$'�� WKH� PXOWL�FODVV� /$'� GHFLVLRQ� PDNLQJ� DSSURDFK� FRPSRVHG� RI� WKUHH�
VWHSV�� GDWD� ELQDUL]DWLRQ�� SDWWHUQ� JHQHUDWLRQ�� DQG� WKHRU\� IRUPDWLRQ�� ,Q� ZKDW� IROORZV�� ZH� SUHVHQW� WKH� VWHSV� RI� WKH�
PHWKRGRORJ\�RI�/$'�ZKLFK� JHQHUDWHV� DQ� HQWLUH� VHW� RI� SDWWHUQV� IRU� D� VLQJOH�GLFKRWRP\� IRU� WKH� WZR�FODVVHV��7KHQ�ZH�
H[SODLQ� KRZ� WR� JHQHUDWH� D� VHW� RI� PXOWL�FODVV� SDWWHUQV� WKDW� FDQ� EH� XVHG� WR� FUHDWH� WKH� GHFLVLRQ� PRGHO� LQ� WKH� WKHRU\�
IRUPDWLRQ�VWHS�RI�WKH�PXOWL�FODVV�/$'�DSSURDFK��
�

2.1. Data binarization 
�

7KH� ELQDUL]DWLRQ� SURFHGXUH� LQ� �0RUWDGD�� HW� DO��� ������ LV� SUHVHQWHG� LQ� WKLV� SDSHU�� DV� WKH� ILUVW� VWHS� LQ� /$'�
PHWKRGRORJ\�� 7KH� GDWD� ELQDUL]DWLRQ� VWHS� LQYROYHV� WKH� WUDQVIRUPDWLRQ� RI� QXPHULFDO� GDWD� WR� ELQDU\� GDWD� XVLQJ� D�
ELQDUL]DWLRQ� WHFKQLTXH� WKDW� WUDQVIRUPV� HDFK� QXPHULFDO� IHDWXUH� LQWR� D� VHW� RI� ELQDU\� DWWULEXWHV�� 7KH� ELQDUL]DWLRQ� RI� D�
FRQWLQXRXV�QXPHULFDO�IHDWXUH ���DQG�WKH�QXPEHU�RI�ELQDU\�DWWULEXWHV�QHHGHG�WR�UHSODFH�LW�DUH�GHSHQGHQW�RQ�WKH�QXPEHU�
RI�GLVWLQFW�YDOXHV�RI� �� LQ�WKH�WUDLQLQJ�GDWD�VHW��7KH�ELQDUL]DWLRQ�SURFHGXUH�VWDUWV�E\�UDQNLQJ��LQ�DVFHQGLQJ�RUGHU��DOO�WKH�
GLVWLQFW�YDOXHV�RI�WKH�QXPHULFDO�IHDWXUH� �� DV�IROORZV��

��
(�) < ��

(�) < ڮ < ��
(�)                   (� ൑ �)�

:KHUH� � LV�WKH�WRWDO�QXPEHU�RI�GLVWLQFW�YDOXHV�RI�QXPHULFDO�IHDWXUH� �� DQG� �� LV�WKH�WRWDO�QXPEHU�RI�REVHUYDWLRQV�� �
7KHQ� D� FXW�SRLQW� Į$,M� LV� LQWURGXFHG� EHWZHHQ� HDFK� SDLU� RI� YDOXHV� WKDW� EHORQJ� WR� GLIIHUHQW� FODVVHV�� 7KH� FXW�SRLQW� LV�
FDOFXODWHG�E\�DYHUDJLQJ�WKH�WZR�YDOXHV�DV��
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �    ��,� = (��

(�) + ��
(�ା�))/�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

:KHUH�WKH�VXSHUVFULSW��L��UHIHUV�WR�WKH�RUGHU�RI�WKH�GLVWLQFW�YDOXH�RI�$�DQG�M�UHIHUV�WR�D�VSHFLILF�IHDWXUH�� � ��
(�) א �ା� DQG�

��
(�ା�) א �ି� DQG� YLFH� YHUVD��$� ELQDU\� DWWULEXWH� �� LV� WKHQ� IRUPHG� IURP� HDFK� FXW�SRLQW�� (DFK� FXW�SRLQW� ��,�� KDV� D�

FRUUHVSRQGLQJ�ELQDU\�DWWULEXWH� ���,�  ZLWK�LV�GHILQHG�DV��

� � � � � � � � � � � � � � � � � � � � � � �  ���,� = ൜
�      ��   �� ൒ ��,�
�      ��   �� < ��,�

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����
$V�D�UHVXOW�RI�WKLV�ELQDUL]DWLRQ�SURFHVV��WKH�QXPEHU�RI�ELQDU\�DWWULEXWHV�WKDW�PDNH�XS�WKH�ELQDUL]HG�WUDLQLQJ�VHW�LV�HTXDO�WR�
WKH�QXPEHU�RI�FXW�SRLQWV�JHQHUDWHG�IRU�HDFK�QXPHULFDO�IHDWXUH�LQ�WKH�WUDLQLQJ�GDWD�VHW��
�

2.2. Pattern generation  
�

3DWWHUQV�JHQHUDWLRQ�LV�WKH�NH\�EXLOGLQJ�EORFN�LQ�/$'�GHFLVLRQ�PRGHO��7KLV�VWHS�LV�HVVHQWLDO�LQ�LGHQWLI\LQJ�WKH�SRVLWLYH�
DQG�QHJDWLYH�SDWWHUQV�IURP�WKH�ELQDUL]HG�GDWDVHW�RI�SRVLWLYH�DQG�QHJDWLYH�REVHUYDWLRQV��7KH�DFFXUDF\�RI�/$'�GHFLVLRQ�
PRGHO�GHSHQGV�RQ�WKH�W\SH�RI�JHQHUDWHG�SDWWHUQV��5\RR�	�-DQJ���������
�

i. Definitions and characteristics of Patterns 
�

$�SRVLWLYH��QHJDWLYH��SDWWHUQ�LV�GHILQHG�DV�DQ�HOHPHQWDU\�FRQMXQFWLRQ�RI�VRPH�RI�OLWHUDOV�WKDW�LV�WUXH�IRU�DW�OHDVW�
RQH�SRVLWLYH��QHJDWLYH��REVHUYDWLRQ�DQG�IDOVH�IRU�DOO�QHJDWLYH��SRVLWLYH��REVHUYDWLRQV�LQ�WKH�WUDLQLQJ�GDWD�VHW��%RUHV��HW�
DO��� �������$� OLWHUDO� LV� D�%RROHDQ�YDULDEOH� �� RU� LWV� QHJDWLRQ� �ഥ ��(DFK�ELQDU\� DWWULEXWH� ��� LQ� WKH� WUDLQLQJ� VHW� FDQ�EH�
UHSUHVHQWHG� LQ� D� SDWWHUQ�E\� D� OLWHUDO� ��� RU� LWV� QHJDWLRQ� �ഥ�� �� ZKHUH� ��� � LV� XVHG� IRU� �� = � DQG� �ഥ�� IRU �� = ���
7KH�GHJUHH� �� RI�D�SDWWHUQ� LQGLFDWHV� WKH�QXPEHU�RI� OLWHUDOV�XVHG� LQ� LWV�GHILQLWLRQ��$�SDWWHUQ� LV� VDLG� WR�FRYHU� D�FHUWDLQ�
REVHUYDWLRQ� LI� LW� LV� WUXH� IRU� WKDW� SDUWLFXODU� REVHUYDWLRQ� �%RUHV�� HW� DO��� ������� 7KH� VHW� RI� REVHUYDWLRQV� FRYHUHG� E\� WKH�
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SDWWHUQ� � LV� GHQRWHG� DV� ���(�).� $� KLJK� GHJUHH� SDWWHUQ� LV� PRUH� OLNHO\� WR� FRYHU� VPDOO� SURSRUWLRQ� RI� REVHUYDWLRQV��
ZKLOH� SDWWHUQ�ZLWK� D� ORZ�GHJUHH� LV�PRUH� OLNHO\� WR�KDYH�KLJKHU� FRYHUDJH� �5\RR�	� -DQJ�� ������� ,Q� WKH� WHVWLQJ�GDWDVHW��
PLVFODVVLILHG�REVHUYDWLRQV�DUH�UHVXOWV�RI�JHQHUDWLQJ�KLJK�GHJUHH�SDWWHUQV�ZKLOH�XQFODVVLILHG�REVHUYDWLRQV�DUH�UHVXOWV�RI�
ORZ�GHJUHH�SDWWHUQV��5\RR�	�-DQJ��������� �

�

ii. Pattern generation approaches  
�

3DWWHUQV�DUH�WKH�FRUQHU�VWRQHV�LQ�/$'�PHWKRGRORJ\��,Q�WKH�OLWHUDWXUH��WKHUH�DUH�WKUHH�FRPPRQ�DSSURDFKHV�IRU�
SDWWHUQ�JHQHUDWLRQ��HQXPHUDWLRQ�EDVHG�DSSURDFKHV��%RUHV��HW�DO���������+DPPHU��.RJDQ��6LPHRQH��	�6]HGPiN���������
KHXULVWLF� DSSURDFKHV� �+DPPHU� 	� %RQDWHV�� ������� DQG� 0L[HG� ���� ,QWHJHU� DQG� /LQHDU� 3URJUDPPLQJ� �0,/3�� EDVHG�
PHWKRGV��0RUWDGD��HW�DO���������5\RR�	�-DQJ��������� �

7KH�0,/3�EDVHG�DSSURDFKHV�SURSRVHG� LQ��5\RR�	�-DQJ��������FDQ�JHQHUDWH�XVHIXO�SDWWHUQV� WKDW�DUH�RSWLPDO�
ZLWK� UHVSHFW� WR� YDULRXV� VHOHFWLRQ� SUHIHUHQFHV� �VLPSOLFLW\�� VHOHFWLYLW\�� DQG� HYLGHQWLDO� �+DPPHU�� HW� DO��� �������� 7KH�
SURFHGXUH� IRU� JHQHUDWLQJ� RQH� SRVLWLYH� �QHJDWLYH�� SDWWHUQ� LV� IRUPXODWHG� DV� DQ� 0,/3� PD[LPL]DWLRQ� SUREOHP�� ,W� FDQ�
JHQHUDWH�VWURQJ�SULPH�SDWWHUQV�ZKLFK�PDNH�/$'�FODVVLILHU�JHQHUDOL]H�EHWWHU�RQ�QHZ�REVHUYDWLRQV��7KH�H[SHULPHQWDWLRQV�
LQ�WKDW�SDSHU�VKRZ�WKDW�WKH�JHQHUDWHG�VWURQJ�SULPH�SDWWHUQV�FDQ�UHGXFH�WKH�QXPEHU�RI�XQFODVVLILHG�REVHUYDWLRQV��5\RR�	�
-DQJ���������7KH�DSSURDFK�FDQ�DOVR�JHQHUDWH�VWURQJ�VSDQQHG�SDWWHUQV�DQG�KHQFH�WKH�FODVVLILHU� LV� OLNHO\�WR�EH�UREXVW�WR�
QRLV\�REVHUYDWLRQV��UHGXFH� WKH�QXPEHU�RI�PLVFODVVLILHG�REVHUYDWLRQV���5\RR�	�-DQJ���������7KH�0,/3�EDVHG�PHWKRG�
SURSRVHG� LQ� �0RUWDGD�� HW� DO��������� LV� D�PRGLILHG� YHUVLRQ� RI� WKH� DSSURDFK� LQWURGXFHG� LQ� �0RUWDGD�� HW� DO��� �������7KH�
PRGLILFDWLRQ�DLPV�DW�PD[LPL]LQJ�WKH�GLYHUVLW\�RI�SDWWHUQV�JHQHUDWHG�IURP�WKH�VDPH�WUDLQLQJ�GDWD�VHW�ZLWKRXW�D�VLJQLILFDQW�
LQFUHDVH�LQ�WUDLQLQJ�WLPH��WKXV�LQFUHDVHV�WKH�FODVVLILFDWLRQ�SRZHU�LQ�WKH�WZR�FODVV�SUREOHPV�� �

7KH� JHQHUDWLRQ� RI� SRVLWLYH� DQG� QHJDWLYH� SDWWHUQV� LQ� WZR�FODVV� /$'� PRGHO� LV� H[WHQGHG� WR�PXOWL�FODVV� /$'�
GHFLVLRQ�PRGHO��$Q�H[WHQVLRQ� WR�PXOWL�FODVV�DSSOLFDWLRQV� WKDW� LQYROYHV� WKH�PRGLILFDWLRQ�RI� WKH�DUFKLWHFWXUH�RI�/$'� LV�
SURSRVHG�LQ��0RUWDGD��<DFRXW��	�/DNLV���������7KH�SURSRVHG�PHWKRG�KDV�WKH�DGYDQWDJH�WKDW�LW�JHQHUDWHV�D�OHVV�FRPSOH[�
GHFLVLRQ� PRGHO� ZKLFK� KDV� D� EHWWHU� H[HFXWLRQ� WLPH� �0RUWDGD�� HW� DO��� ������� ,Q� WKDW� SDSHU�� WKH� SURFHGXUH� IRU� SDWWHUQ�
JHQHUDWLRQ�LQ�PXOWLFODVV�GDWDVHW�VWDUWV�E\�FUHDWLQJ�HPSW\�VHWV�RI�SDWWHUQV� ���� IRU�HDFK�SDLU�RI�FODVVHV� (��,��)� ZKHUH�
,� א {�,�, . .�}� � ് ���DQG� �� LV�WKH�WRWDO�QXPEHU�RI�FODVVHV��7KH�VHWV ���� DUH�JHQHUDWHG�WKURXJK�PXOWLSOH�VROXWLRQV�
RI�WKH�0,/3�EDVHG�RQ�WKH�VLQJOH�SDWWHUQ�JHQHUDWLRQ�DOJRULWKP�SUHVHQWHG�LQ��0RUWDGD��HW�DO���������� �
�

2.3. Theory formation 
7KH�ILQDO�VWHS�LQ�WKH�/$'�GHFLVLRQ�PRGHO�LV�WKH�WKHRU\�IRUPDWLRQ��)RU�WKH�FRQYHQWLRQDO�WZR�FODVV�/$'�GHFLVLRQ�

PRGHO��WKH�JHQHUDWHG�SRVLWLYH�DQG�QHJDWLYH�SDWWHUQV�DUH�VHOHFWHG�DQG�WKHQ�XVHG�WR�FUHDWH�D�PRGHO�FDOOHG�WKH�GLVFULPLQDQW�
IXQFWLRQ�WKDW�JHQHUDWHV�D�VFRUH�UDQJLQJ�EHWZHHQ����DQG���� � 7KH�GLVFULPLQDQW�IXQFWLRQ�XVHG�LQ��0RUWDGD��HW�DO���������
JHQHUDWHV�D�VFRUH�IRU�HDFK�FODVV�DQG�WKHUHIRUH�WKH�WHVWHG�REVHUYDWLRQ�EHORQJV�WR�WKH�FODVV�ZLWK�WKH�KLJKHVW�VFRUH�� �
�

3. Experimental Results  
�

� ,Q�WKLV�VHFWLRQ��ZH�H[SODLQ�KRZ�PXOWL�FODVV�/$'�GHFLVLRQ�PRGHO�FDQ�EH�XVHG�LQ�WKH�ILHOG�RI�IDFH�UHFRJQLWLRQ��$�
GHVFULSWLRQ� RI� WKH� SUH�SURFHVVLQJ� PHFKDQLVPV� XVHG� KHUH� IRU� H[WUDFWLQJ� IHDWXUHV� IURP� WKH� LPDJHV� RI� RQH� RI� WKH� IDFH�
GDWDVHW�LQ�WKH�ILHOG�LV�SUHVHQWHG��7KH�SHUIRUPDQFH�RI�PXOWL�FODVV�/$'�GHFLVLRQ�PRGHO�LV�FRPSDUHG�ZLWK�RWKHU�FRPPRQ�
IDFH�UHFRJQLWLRQ�WHFKQLTXHV�� �
�

3.1. Japanese Female Facial Expression (JAFFE) database 
�

L� 3UH�SURFHVVLQJ�DQG�IHDWXUHV�H[WUDFWLRQ�
�

� 7KH� UHVXOWV� SUHVHQWHG� LQ� WKLV� VHFWLRQ� ZHUH� DOO� SHUIRUPHG� RQ� -DSDQHVH� )HPDOH� )DFLDO� ([SUHVVLRQ� �-$))(��
GDWDEDVH�/\RQV��$NDPDWVX��.DPDFKL��*\RED��	�%XG\QHN���������7KH�GDWDEDVH�FRQWDLQV�����LPDJHV�RI�GLIIHUHQW�IDFLDO�
H[SUHVVLRQV��7KH�LPDJHV�DUH�WDNHQ�IRU����-DSDQHVH�IHPDOH�PRGHOV��(DFK�LPDJH�LV�UHSUHVHQWHG�DV����î����SL[HOV��7KH�
SUH�SURFHVVLQJ�RI�WKH�LPDJHV�LV�SHUIRUPHG�E\�UHVL]LQJ�WKH�LPDJHV�WR����î����SL[HOV��,Q�RUGHU�WR�HYDOXDWH�WKH�DFFXUDF\�
RI�WKH�PRGHO��ZH�KDYH�DSSOLHG�WKH�VWDQGDUG����IROG�FURVV�YDOLGDWLRQ�PHWKRG��:LWWHQ��HW�DO����������7KH�(LJHQIDFHV�DQG�
)LVKHU)DFHV�DUH�H[WUDFWHG�IURP�WKH�WUDLQLQJ�LPDJHV��%HOKXPHXU��+HVSDQKD��	�.ULHJPDQ���������7KH�SURSRVHG�PRGHO�LV�
FRPSDUHG� WR� VRPH� FRPPRQ� FODVVLILFDWLRQ� WHFKQLTXHV�� LQVWDQW� EDVHG� �,%���%D\HVLDQ�� VXSSRUW� YHFWRU�PDFKLQHV� �690���
PXOWL�OD\HU� SHUFHSWURQ�QHXUDO� QHWZRUN� �0/3�11�� �:LWWHQ�� HW� DO��� ������� 7KH� DOJRULWKPV� IRU� VXFK� WHFKQLTXHV� DUH�
LPSOHPHQWHG�LQ�WKH�SXEOLFO\�DYDLODEOH�:HND�VRIWZDUH�SDFNDJH��%RXFNDHUW�HW�DO����������
�

LL� 3HUIRUPDQFH�FRPSDULVRQ�
 

7KH� SHUIRUPDQFH� FRPSDULVRQ� EHWZHHQ�PXOWL�FODVV� /$'� DQG� WKHVH� FODVVLILFDWLRQ� WHFKQLTXHV� LV� VKRZQ� LQ� 7DEOH� �� DQG�
7DEOH� ��� 7DEOH� �� VKRZV� WKDW� WKH� DFFXUDF\� LV� HQKDQFHG� ZKHQ� WKH� QXPEHU� RI� (LJHQIDFHV� LQFUHDVHG�� ,Q� 7DEOH� ��� WKH�
SHUIRUPDQFH� LV�VKRZQ� IRU� WKH�)LVKHU)DFHV��7KH�REMHFWLYH� LV� WR�VWXG\� WKH� LPSDFW�RI�FKDQJLQJ� WKH�QXPEHU�RI�H[WUDFWHG�
IHDWXUH��(LJHQIDFHV�DQG�)LVKHU)DFHV��RQ�WKH�/$'�FODVVLILFDWLRQ�DFFXUDF\��
�

Table 1��(LJHQIDFHV�ZLWK�,%��%D\HVLDQ��690��0/3��DQG�PXOWL�FODVV�/$'�RQ�-$))(�GDWDEDVH�
Number of Eigenfaces �� �� �� �� ��� ��� ���
0LQLPDO�'LVWDQFH� � FODVVLILHU��,%�� �������� �������� �������� ������� ������� ������� ����
.�1HDUVW�1HLJKERU��. ��� �������� �������� �������� �������� ������� ������� �������
0XOWL�/D\HU�3HUFHSWURQ��0/3�� �������� �������� �������� ������� ������� 100 100 
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690�ZLWK�5DGLDO�%DVLV�)XQFWLRQ� �������� �������� �������� �������� �������� �������� ��������
%D\HVLDQ��0D[LPXP�3RVWRULRU��0$3�� �������� �������� �������� �������� ������� ������� �������
0XOWL�FODVV�/$'� �������� �������� �������� �������� ������� ������� 100 
�
Table 2:�)LVKHU)DFHV�ZLWK�,%��%D\HVLDQ��690��0/3��DQG�PXOWL�FODVV�/$'�RQ�-$))(�GDWDEDVH�
Number of Fisherfaces �� �� �� �� ��
0LQLPDO�'LVWDQFH� � FODVVLILHU��,%�� �������� ������� 100 100 100 
.�1HDUVW�1HLJKERU��. ��� �������� ������� 100 100 100 
0XOWL�/D\HU�3HUFHSWURQ��0/3�� �������� ������� 100 100 100 
690�ZLWK�5DGLDO�%DVLV�)XQFWLRQ� �������� ������� 100 100 100 
%D\HVLDQ��0D[LPXP�3RVWRULRU��0$3�� �������� ������� 100 100 100 
0XOWL�FODVV�/$'� 80.4878 100 100 100 100 
�

� 7KH� VRIWZDUH� FEP/$'� LV� LPSOHPHQWHG� LQ� &��� SURJUDPPLQJ� ODQJXDJH� DW� eFROH� 3RO\WHFKQLTXH� GH�0RQWUpDO��
&DQDGD��6DODPDQFD��������LV�DGDSWHG�WR�GHDO�ZLWK�WKH�VSHFLDO�DSSOLFDWLRQ�RI�/$'�WR�IDFH�UHFRJQLWLRQ��7KH�PXOWL�FODVV�
/$'�GHFLVLRQ�PRGHO�LV�WUDLQHG�DQG�WHVWHG�XVLQJ�WKH�WUDLQLQJ�LPDJHV�RI�WKH�GDWDVHW�PHQWLRQHG�DERYH�� �
�
4. Conclusions 
  

7KLV�SDSHU�DLPV�DW� H[SORULQJ� DQ� LQWHOOLJHQW� IDFH� UHFRJQLWLRQ� WHFKQLTXH� WKDW�HPSOR\V�D�GDWDEDVH� IURP�IDFH� UHFRJQLWLRQ�
OLWHUDWXUH�� (LJHQIDFHV� DQG� )LVKHUIDFHV� DUH� DSSOLHG� WR� H[WUDFW� WKH� UHOHYDQW� LQIRUPDWLRQ� IURP� WKH� LPDJHV� ZKLFK� DUH�
LPSRUWDQW� IRU� UHFRJQLWLRQ��:H� GHVFULEHG� KRZ� WR� SURSRVH� WKH�PXOWL�FODVV� /$'� FODVVLILHU� DV� D� GHFLVLRQ�PRGHO� IRU� WKH�
SXUSRVH� RI� IDFH� UHFRJQLWLRQ�� 7KH� VWXG\� VKRZV� KRZ�PXOWL�FODVV� /$'� DQG� FDQ� EH� XWLOL]HG� DQG� KRZ� LW�PLJKW� EH� XVHIXO�
FRPSDUHG�WR�RWKHU�IDFH�UHFRJQLWLRQ�WHFKQLTXHV��$V�D�ILQDO�FRQFOXVLRQ��WKH�PXOWL�FODVV�/$'� LV�D�SURPLVLQJ�DSSURDFK�LQ�
WKH�ILHOG�RI�SDWWHUQ�FODVVLILFDWLRQ�DQG�LPDJH�SURFHVVLQJ�LQ�SDUWLFXODU�ZKHQ�LW� LV�XVHG�ZLWK�HIILFLHQW�DSSURDFKHV�VXFK�DV�
)LVKHUIDFHV�WKDW�JXDUDQWHHV�KLJK�GLVFULPLQDWLYH�SRZHU�DPRQJ�WKH�FODVVHV��7KLV�PRWLYDWHV�XV�WR�DSSO\�PXOWL�FODVV�/$'�DV�
DQ�LPDJH�FODVVLILFDWLRQ�WHFKQLTXH�LQ�WKH�FRQWH[W�RI�FRQGLWLRQ�EDVHG�PDLQWHQDQFH�LQ�WKH�IXWXUH��
�
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�
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%LVKRS��&�0����������3DWWHUQ�UHFRJQLWLRQ�DQG�PDFKLQH�OHDUQLQJ��9RO������VSULQJHU�1HZ�<RUN��
%RUHV��(���+DPPHU��3�/���,EDUDNL��7���.RJDQ��$���0D\RUD]��(���	�0XFKQLN��,����������$Q�LPSOHPHQWDWLRQ�RI�

ORJLFDO�DQDO\VLV�RI�GDWD��.QRZOHGJH�DQG�'DWD�(QJLQHHULQJ��,(((�7UDQVDFWLRQV�RQ������������������ �
%RXFNDHUW��5�5���)UDQN��(���+DOO��0�$���+ROPHV��*���3IDKULQJHU��%���5HXWHPDQQ��3���	�:LWWHQ��,�+����������

:(.$���([SHULHQFHV�ZLWK�D�-DYD�2SHQ�6RXUFH�3URMHFW��7KH�-RXUQDO�RI�0DFKLQH�/HDUQLQJ�5HVHDUFK��
��������������� �

%R]GRJDQ��+����������6WDWLVWLFDO�GDWD�PLQLQJ�DQG�NQRZOHGJH�GLVFRYHU\��&KDSPDQ�	�+DOO�&5&��
&UDPD��<���+DPPHU��3�/���	�,EDUDNL��7����������&DXVH�HIIHFW�UHODWLRQVKLSV�DQG�SDUWLDOO\�GHILQHG�%RROHDQ�

IXQFWLRQV��$QQDOV�RI�2SHUDWLRQV�5HVHDUFK������������������ �
'XSXLV��&���*DPDFKH��0���	�3DJp��-�)����������/RJLFDO�DQDO\VLV�RI�GDWD�IRU�HVWLPDWLQJ�SDVVHQJHU�VKRZ�UDWHV�

DW�$LU�&DQDGD��-RXUQDO�RI�$LU�7UDQVSRUW�0DQDJHPHQW���������������� �
*RUXQHVFX��)����������'DWD�0LQLQJ��&RQFHSWV��PRGHOV�DQG�WHFKQLTXHV��9RO�������6SULQJHU��
+DPPHU��3�/���	�%RQDWHV��7�2����������/RJLFDO�DQDO\VLV�RI�GDWD²DQ�RYHUYLHZ��IURP�FRPELQDWRULDO�

RSWLPL]DWLRQ�WR�PHGLFDO�DSSOLFDWLRQV��$QQDOV�RI�2SHUDWLRQV�5HVHDUFK������������������� �
+DPPHU��3�/���.RJDQ��$���	�/HMHXQH��0�$����������$�ORJLFDO�DQDO\VLV�RI�EDQNV¶�ILQDQFLDO�VWUHQJWK�UDWLQJV��

([SHUW�6\VWHPV�ZLWK�$SSOLFDWLRQV�� �
+DPPHU��3�/���.RJDQ��$���6LPHRQH��%���	�6]HGPiN��6����������3DUHWR�RSWLPDO�SDWWHUQV�LQ�ORJLFDO�DQDO\VLV�RI�

GDWD��'LVFUHWH�$SSOLHG�0DWKHPDWLFV������������������ �
/\RQV��0�-���$NDPDWVX��6���.DPDFKL��0���*\RED��-���	�%XG\QHN��-����������7KH�-DSDQHVH�IHPDOH�IDFLDO�

H[SUHVVLRQ��-$))(��GDWDEDVH��
0RUWDGD��0�$���&DUUROO��7���<DFRXW��6���	�/DNLV��$����������5RJXH�FRPSRQHQWV��WKHLU�HIIHFW�DQG�FRQWURO�XVLQJ�

ORJLFDO�DQDO\VLV�RI�GDWD��-RXUQDO�RI�,QWHOOLJHQW�0DQXIDFWXULQJ�������� �
0RUWDGD��0�$���<DFRXW��6���	�/DNLV��$����������)DXOW�'LDJQRVLV�RI�3RZHU�7UDQVIRUPHUV�8VLQJ�/RJLFDO�

$QDO\VLV�RI�'DWD��$33/,&$%,/,7<�$1'�,17(535(7$%,/,7<�2)�/2*,&$/�$1$/<6,6�2)�'$7$�
,1�&21',7,21�%$6('�0$,17(1$1&(������ �

0RUWDGD��0�$���<DFRXW��6���	�/DNLV��$����������'LDJQRVLV�RI�URWRU�EHDULQJV�XVLQJ�ORJLFDO�DQDO\VLV�RI�GDWD��
-RXUQDO�RI�4XDOLW\�LQ�0DLQWHQDQFH�(QJLQHHULQJ������������������ �
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5\RR��+�6���	�-DQJ��,�<����������0LOS�DSSURDFK�WR�SDWWHUQ�JHQHUDWLRQ�LQ�ORJLFDO�DQDO\VLV�RI�GDWD��'LVFUHWH�
$SSOLHG�0DWKHPDWLFV������������������� �

6DODPDQFD��'����������7KH�ORJLFDO�DQDO\VLV�RI�GDWD�DSSOLHG�WR�FRQGLWLRQEDVHG�PDLQWHQDQFH��0VF�WKHVLV��
eFROH�3RO\WHFKQLTXH��0RQWUpDO��&DQDGD�� � � �

:LWWHQ��,�+���)UDQN��(���	�+DOO��0�$����������'DWD�0LQLQJ��3UDFWLFDO�PDFKLQH�OHDUQLQJ�WRROV�DQG�WHFKQLTXHV��
0RUJDQ�.DXIPDQQ��
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INVESTIGATION OF CHANGES OF PRE-SERVICE TEACHERS’ 
OPINIONS ABOUT ENVIRONMENTAL EDUCATION WITH DRAWING 

ANALYSIS�
�

g]J�O�.HOHú��)XQGD�9DUQDFÕ�8]XQ��1DLP�8]XQ�
$NVDUD\�8QLYHUVLW\��)DFXOW\�RI�(GXFDWLRQ�

7XUNH\�
R]JXONHOHV#JPDLO�FRP��IXQGDYDUQDFL#KRWPDLO�FRP��QDLPX]XQ#\DKRR�FRP�

�
�

Abstract:�7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�WKH�SURMHFW�³1DWXUH�(GXFDWLRQ�LQ�
,KODUD� 9DOOH\� �$NVDUD\�� DQG� ,WV� 6XUURXQGLQJ� $UHD� ,,,´� VXSSRUWHG� E\� 7KH� 6FLHQWLILF� DQG�
7HFKQRORJLFDO�5HVHDUFK�&RXQFLO�RI�7XUNH\��78%,7$.��RQ�WKH�SUH�VHUYLFH�WHDFKHUV¶�HQYLURQPHQWDO�
RSLQLRQV�� 'UDZLQJV� ZHUH� XVHG� WR� FROOHFW� GDWD� LQ� WKH� SUHVHQW� VWXG\�� 7ZR� TXHVWLRQV� ZHUH� DVNHG�
SUH�VHUYLFH� WHDFKHUV� WR�GHWHUPLQH� WKHLU�RSLQLRQV�DERXW�HQYLURQPHQW�DQG�HQYLURQPHQWDO�HGXFDWLRQ�
EHIRUH�WKH�SURMHFW�DQG�DW�WKH�HQG�RI�WKH�SURMHFW��7KH�SUHVHQW�VWXG\�LV�DQ�DWWHPSW�WR�VHHN�DQVZHUV�WR�
WKHVH�TXHVWLRQV�DVNHG�WR�SUH�VHUYLFH�WHDFKHUV�³,Q�ZKDW�NLQG�RI�HQYLURQPHQW�GR�\RX�ZDQW�WR�OLYH"�
3OHDVH�GUDZ�LW´�DQG�³:KDW�NLQG�RI�HQYLURQPHQWDO�HGXFDWLRQ�GR�\RX�ZDQW�WR�JLYH�WR�\RXU�VWXGHQWV"�
3OHDVH�GUDZ�LW´��7KHQ��WKH�RSLQLRQV�RI�WKH�VWXGHQWV�H[SUHVVHG�LQ�WKHLU�GUDZLQJV�DUH�FROOHFWHG�XQGHU�
WKH� VXLWDEOH� FDWHJRULHV�� 7KH� RSLQLRQV� RI� WKH� SUH�VHUYLFH� WHDFKHUV� DUH� FRQFHSWXDOL]HG� XQGHU� WKH�
HPHUJLQJ�FDWHJRULHV�DQG�WDEOHV�RI�IUHTXHQFLHV�DUH�IRUPHG�IRU�WKH�FRQFHSWV�� �
�

� � Key words:�GUDZLQJV��HQYLURQPHQWDO�HGXFDWLRQ��SUH�VHUYLFH�WHDFKHUV�
�

Introduction  
(QYLURQPHQWDO�HGXFDWLRQ�LV�WKH�SURFHVV�RI�UHFRJQL]LQJ�YDOXHV�DQG�FODULI\LQJ�FRQFHSWV�LQ�RUGHU�WR�GHYHORS�VNLOOV�DQG�

DWWLWXGHV� QHFHVVDU\� WR� XQGHUVWDQG� DQG� DSSUHFLDWH� WKH� LQWHUUHODWHGQHVV� DPRQJ� PDQ�� KLV� FXOWXUH� DQG� KLV� ELRSK\VLFDO�
VXUURXQGLQJV��81(6&2�81(3���������9DULRXV�HQYLURQPHQWDO�HGXFDWLRQ�SURJUDPV��ILHOG�WULSV��WUHNNLQJ��FDPSLQJ��DQG�
DGYHQWXUH� DFWLYLWLHV�� KHOS� FKLOGUHQ� WR� GHYHORS� HIIHFWLYH� UHODWLRQV� ZLWK� WKHLU� QDWXUDO� HQYLURQPHQW�� WR� LPSURYH� WKHLU�
VHQVLWLYLW\�WRZDUGV�WKH�QDWXUH��DQG�WKHLU�VRFLDO�UHODWLRQV��3DOPEHUJ�	�.XUX���������7KH�LPSRUWDQFH�RI�VXPPHU�FDPSV�LQ�
UDLVLQJ� VWXGHQWV¶� DZDUHQHVV�RI� HQYLURQPHQWDO� YDOXHV� DQG� OHDUQLQJ� WKH� QDWXUDO� SURFHVVHV� LQ� WKHLU� QDWXUDO� HQYLURQPHQWV�
�'UHVQHU�	�*LOO���������DQG�WKH�LPSRUWDQFH�RI�HFRORJLFDO�SURJUDPV�LQ�FUHDWLQJ�SRVLWLYH�FKDQJHV�LQ�WKHLU�HQYLURQPHQWDO�
EHKDYLRU��%RJQHU�������� � DUH�HPSKDVL]HG��:KHQ�JURXSV�UHFHLYHG�LQIRUPDWLRQ�RQ�HQYLURQPHQWDO�LVVXHV�DQG�DSSURSULDWH�
DFWLRQ�VWUDWHJLHV�� WKH\�VKRZHG�DQ�LQFUHDVH�LQ�HQYLURQPHQWDOO\�UHVSRQVLEOH�EHKDYLRU�DQG�DQ�LQFUHDVHG�XQGHUVWDQGLQJ�RI�
HQYLURQPHQWDO� DFWLRQ� �-RUGRQ�� +XQJHUIRUG� 	� 7RPHUD�� ������ 1HZKRXVH�� ������� 'LUHFW� H[SHULHQFH� ZLWK� D� YDULHW\� RI�
HQYLURQPHQWDO�DFWLRQ�VWUDWHJLHV�DQG�OLIHVW\OHV�WKDW�KHOS�WR�DPHOLRUDWH�HQYLURQPHQWDO�SUREOHPV��VXFK�DV�WKH�XVH�RI�VRODU�
HQHUJ\�WR�KHDW�ZDWHU��LV�DOVR�LPSRUWDQW�LI�VWXGHQWV�DUH�WR�OHDUQ�QHZ�EHKDYLRUV��5ROH�PRGHOLQJ��XVH�RI�FDVH�VWXGLHV��DFWLYH�
SDUWLFLSDWLRQ�LQ�DQ�HQYLURQPHQWDO�DFWLRQ�SURMHFW��DQG�SDUWLFLSDWLRQ�LQ�VLPXODWLRQV�RI�HQYLURQPHQWDO�LVVXH�UHVROXWLRQ�DUH�DOO�
WHFKQLTXHV�WKDW�FDQ�GHYHORS�DFWLRQ�VNLOOV��'UHVQHU	�*LOO���������

7KHUH� DUH� ��� QDWLRQDO� SDUNV� LQ� 7XUNH\� �9DUQDFÕ� 8]XQ�� ������� %DVHG� RQ� WKH� DSSOLFDWLRQV� LQ� $PHULFD�� QDWXUH�
HGXFDWLRQ�ZDV�LQLWLDWHG�LQ�7HUPHVVRV��.DFNDU��.D]GDJL��DQG�*RUHPH�QDWLRQDO�SDUNV�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�SURMHFW�
FDOOHG� ³6FLHQWLILF�(QYLURQPHQWDO�(GXFDWLRQ� LQ�1DWLRQDO� 3DUNV´� E\�/DQG�6HD�$WPRVSKHUH� DQG�(QYLURQPHQW�5HVHDUFK�
*URXS�RI�78%,7$.�LQ������LQ�7XUNH\��2]DQHU�	�<DOFLQ��������.HOHú���������7KHUH�LV�D�ORW�RI�UHVHDUFK�ORRNLQJ�DW�WKH�
HIIHFWV�RI�QDWXUH�HGXFDWLRQ�SURJUDPV�FDUULHG�RXW�LQ�QDWLRQDO�SDUNV�RQ�VWXGHQWV¶�HQYLURQPHQWDO�NQRZOHGJH��DWWLWXGHV��DQG�
EHKDYLRUV��+RZHYHU��WKH�QXPEHU�RI�VWXGLHV�GHDOLQJ�ZLWK�LQ�ZKDW�NLQG�RI�HQYLURQPHQW�SUH�VHUYLFH�WHDFKHUV�ZDQW�WR�OLYH�DQG�
ZKDW� NLQG� RI� HQYLURQPHQWDO� HGXFDWLRQ� WKH\�ZDQW� WR� JLYH� WR� WKHLU� VWXGHQWV� LV� TXLWH� OLPLWHG��7KHUHIRUH�� IROORZLQJ� WZR�
TXHVWLRQV�ZHUH�GLUHFWHG�WR�WKH�SUH�VHUYLFH�WHDFKHUV�EHIRUH�WKH\�SDUWLFLSDWHG�LQ�D�QDWXUH�HGXFDWLRQ�SURJUDP�� �

�,Q�ZKDW�NLQG�RI�HQYLURQPHQW�GR�\RX�ZDQW�WR�OLYH"�3OHDVH�GUDZ�LW��
�:KDW�NLQG�RI�HQYLURQPHQWDO�HGXFDWLRQ�GR�\RX�ZDQW�WR�JLYH�WR�\RXU�VWXGHQWV"�3OHDVH�GUDZ�LW�� �

7KH�UHVSRQVHV�WR�WKHVH�TXHVWLRQV�ZHUH�VRXJKW�WKURXJK�GUDZLQJV��'UDZLQJV�DUH�D�ZD\�WR�ILQG�RXW�OHDUQHUV¶�SUHYLRXV�
H[SHULHQFHV�RU�ZKDW�WKH\�KDYH�OHDUQW�DERXW�D�VXEMHFW��.RUNPD]���������7KXV��GUDZLQJV�PD\�EH�HIIHFWLYH�LQ�SURYLGLQJ�
VWXGHQWV� ZLWK� RSSRUWXQLWLHV� WR� LPSURYH� WKHLU� REVHUYDWLRQDO� VNLOOV� DQG� DOORZLQJ� WKHP� WR� XQGHUVWDQG� WKH� QDWXUDO� ZRUOG�
�'HPSVH\�	�%HW]���������

Materials and Method 
6WXG\�JURXS� �

7KH� VWXG\�JURXS� FRQVLVWV� RI� ���SUH�VHUYLFH� WHDFKHUV� VWXG\LQJ� LQ���GLIIHUHQW� GHSDUWPHQWV� �SUHVFKRRO� HGXFDWLRQ��
SULPDU\�HGXFDWLRQ��VRFLDO�VWXGLHV��VFLHQFH�DQG�SK\VLFV��RI�WKH�HGXFDWLRQ�IDFXOWLHV�RI����XQLYHUVLWLHV�ZKR�SDUWLFLSDWHG�LQ�
QDWXUH�HGXFDWLRQ�SURJUDP�FDUULHG�RXW�RQ����$XJXVW����6HSWHPEHU������ZLWK�WKH�VXSSRUW�RI�78%,7$.�����������RI�WKH�
SDUWLFLSDQWV�DUH�JLUOV�DQG����������DUH�ER\V�� �
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$FWLYLWLHV�FDUULHG�RXW�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�QDWXUH�HGXFDWLRQ�

:LWK�WKLV�SURMHFW��ZKHUH�DFWLYH�OHDUQLQJ�PHWKRGV�ZHUH�XVHG��WKH�SUH�VHUYLFH�WHDFKHUV�ZHUH�LQWURGXFHG�WR�JHRORJLFDO��
JHRPRUSKRORJLF��IORUDO��IDXQDO�DQG�FXOWXUDO�IHDWXUHV�RI�WKH�QDWXUDO�HQYLURQPHQW�DQG�WR�WKH�SUREOHPV�VWHPPLQJ�IURP�WKH�
PDVV�WRXULVP�DFWLYLWLHV�WDNLQJ�SODFH�LQ�WKH�UHJLRQ��,Q�WKLV�UHVSHFW��VRPH�ILHOG�VWXGLHV�ZHUH�FDUULHG�RXW�RQ�WKH�YROFDQLF�
VWUXFWXUH�DURXQG�,KODUD�9DOOH\�DQG�+DVDQ�0RXQWDLQ��%HVLGHV�ILHOG�VWXGLHV��VRPH�DFWLYLWLHV�LQ�D�FODVVURRP�VHWWLQJ�ZHUH�DOVR�
FDUULHG�RXW��,Q�WKH�FODVVURRP�VHWWLQJ��FUHDWLYH�GUDPD�DFWLYLWLHV�ZHUH�SHUIRUPHG�IRU�WKH�SUH�VHUYLFH�WHDFKHUV�WR�JHW�WR�NQRZ�
HDFK�RWKHU�DQG�WDNH�LQGLYLGXDO�UHVSRQVLELOLWLHV�� � � � �

'DWD�FROOHFWLRQ�LQVWUXPHQWV� �

7KH�SUHVHQW�VWXG\�FRQVLVWV�RI�WZR�SDUWV��,Q�WKH�ILUVW�SDUW��ZKDW�ZDV�H[SHFWHG�IURP�WKH�SUH�VHUYLFH�WHDFKHUV�ZDV�WR�
WKLQN�DERXW�WKHLU�GUHDP�HQYLURQPHQW�ZKHUH�WKH\�ZDQW�WR�OLYH�DQG�WKHQ�GUDZ�ZKDW�WKH\�WKRXJKW��,Q�WKH�VHFRQG�SDUW��WKH�DLP�
ZDV�WR�HOLFLW�WKH�RSLQLRQV�RI�WKH�SUH�VHUYLFH�WHDFKHUV�DERXW�WKH�HQYLURQPHQWDO�HGXFDWLRQ�WKH\�DUH�SODQQLQJ�WR�JLYH�LQ�WKH�
IXWXUH��)RU�WKLV�SXUSRVH��WKH�VDPH�TXHVWLRQV�ZHUH�DVNHG�RQ�WKH�ILUVW�DQG�ODVW�GD\V�RI�WKH�VWXG\�� �

'DWD�DQDO\VLV�

7KH� RSLQLRQV� HPSKDVL]HG� LQ� WKH� GUDZLQJV� RI� WKH� SUH�VHUYLFH� WHDFKHUV� ZHUH� VHSDUDWHO\� FRQFHSWXDOL]HG� E\� WKH�
UHVHDUFKHU��7KHQ�WKH�WDEOHV�RI�IUHTXHQFLHV�VKRZLQJ�KRZ�PDQ\�WLPHV�D�FRQFHSW�ZDV�UHSHDWHG�E\�WKH�VWXGHQWV�ZHUH�IRUPHG��
7KHQ�� WKH� FRQFHSWXDOL]DWLRQV� RI� WKH� UHVHDUFKHUV� SHUIRUPHG� VHSDUDWHO\� ZHUH� EURXJKW� WRJHWKHU� WR� VXEVXPH� WKHP� XQGHU�
FRPPRQ�FDWHJRULHV��7KH�GDWD�REWDLQHG�LQ�WKLV�ZD\�ZHUH�WKHQ�LQWHUSUHWHG�� �

Results  
,Q�WKLV�VHFWLRQ��WKH�SUH�VHUYLFH�WHDFKHUV¶�RSLQLRQV�DERXW�HQYLURQPHQW�DQG�HQYLURQPHQWDO�HGXFDWLRQ�DUH�SUHVHQWHG�

EHIRUH�DQG�DIWHU�WKH�QDWXUH�HGXFDWLRQ�WKH\�ZHUH�LQYROYHG�LQ�� �
� The Pre-service Teachers’ Opinions about Environment and Environmental Education before Nature 
Education  

7KH�UHVSRQVHV�RI�WKH�SUH�VHUYLFH�WHDFKHUV�JLYHQ�WR�³,Q�ZKDW�NLQG�RI�HQYLURQPHQW�GR�\RX�ZDQW�WR�OLYH"�3OHDVH�GUDZ�
LW´�ZHUH�FODVVLILHG�XQGHU�WKH�FDWHJRULHV�SUHVHQWHG�LQ�7DEOH����$V�FDQ�EH�VHHQ�LQ�7DEOH����WKH�SUH�VHUYLFH�WHDFKHUV¶�UHVSRQVHV�
JLYHQ�WR�WKLV�TXHVWLRQ�EHIRUH�WKH\�SDUWLFLSDWHG�LQ�WKH�QDWXUH�HGXFDWLRQ�SURMHFW�DUH�FROOHFWHG�XQGHU�ILYH�FDWHJRULHV��2XW�RI�
WKHVH�FDWHJRULHV��QDWXUDO�OLIH�DQG�VXVWDLQDEOH�OLIH�FDWHJRULHV�FDPH�WR�WKH�IRUH�� �

�
Table 1: 7KH�SUH�VHUYLFH�WHDFKHUV¶�UHVSRQVHV�JLYHQ�WR�WKH�TXHVWLRQ�³,Q�ZKDW�NLQG�RI�HQYLURQPHQW�GR�\RX�ZDQW�WR�

OLYH"�3OHDVH�GUDZ�LW�´ 
Categories f % 

1DWXUDO�OLIH� ��� ������

6XVWDLQDEOH�OLYLQJ� ��� ������

(PRWLRQDO�GLPHQVLRQ� �� ������

7KH�XVH�RI�UHQHZDEOH�HQHUJ\�VRXUFHV� �� �����
3ROOXWLRQ� �� �����

�
,Q�ILJXUH����WKH�FRQFHSWV�IUHTXHQWO\�PHQWLRQHG�E\�WKH�SUH�VHUYLFH�WHDFKHUV�LQ�HDFK�FDWHJRU\�DUH�YLVXDOL]HG�� �

Figure 1:�&RJQLWLYH�PDS� RI� WKH� UHVSRQVHV� RI� WKH� SUH�VHUYLFH� WHDFKHUV� JLYHQ� WR� WKH� TXHVWLRQ� ³,Q�ZKDW� NLQG� RI�
HQYLURQPHQW�GR�\RX�ZDQW�WR�OLYH"�3OHDVH�GUDZ�LW�´�
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7KH�SUH�VHUYLFH�WHDFKHUV¶�UHVSRQVHV�JLYHQ�WR�WKH�VHFRQG�TXHVWLRQ�ZHUH�VHSDUDWHO\�LQYHVWLJDWHG�E\�WKH�UHVHDUFKHUV�

DQG�WKHQ�SXW�LQWR�FHUWDLQ�FDWHJRULHV��7KHQ��WDEOHV�RI�IUHTXHQF\�VKRZLQJ�KRZ�PDQ\�WLPHV�HDFK�FRQFHSW�ZDV�UHSHDWHG�E\�WKH�
VWXGHQWV�ZHUH�FRQVWUXFWHG��7KHQ��WKH�FRQFHSWXDOL]DWLRQV�RI�WKH�UHVHDUFKHUV�SHUIRUPHG�VHSDUDWHO\�ZHUH�EURXJKW�WRJHWKHU�WR�
VXEVXPH�WKHP�XQGHU�FRPPRQ�FDWHJRULHV��7KH�GDWD�REWDLQHG�LQ�WKLV�ZD\�DUH�SUHVHQWHG�LQ�WDEOHV�EHORZ�� �

 
 1R�DLU�
SROOXWLRQ�

 

 

1R�VWUHDP�
SROOXWLRQ�

5DGLDWLRQOHVV�
Pollution 

 3URWHFWLRQ�RI�
WKH�R]RQH�OD\HU�

 
 

6RODU�HQHUJ\�

 

 

6RODU�SDQHOV�

:LQG�
HQHUJ\�

Using sustainable 
energy sources 

Emotional 
dimension �

 
8VHIXO�

 

7KH�VRXQG�RI�
JXQILUH�ZHUH�
QRW�KHDUG�

 

 

1R�FDQFHU� �
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Table 2: 7KH�SUH�VHUYLFH�WHDFKHUV¶�UHVSRQVHV�JLYHQ�WR�WKH�TXHVWLRQ�³:KDW�NLQG�RI�HQYLURQPHQWDO�HGXFDWLRQ�GR�\RX�ZDQW�WR�JLYH�
WR�\RXU�VWXGHQWV"�3OHDVH�GUDZ�LW�´�

Categories f % 
$FWLYH�OHDUQLQJ� ��� ������
+DQGV�RQ�WUDLQLQJ� ��� ������
3DUHQW�WUDLQLQJ� �� ������
&RQWHQW�RI�FRXUVHV� �� ������
3UH�VFKRRO�HGXFDWLRQ� �� �����
3XEOLF�HGXFDWLRQ� �� �����

$V�FDQ�EH�VHHQ�LQ�7DEOH����WKH�SUH�VHUYLFH�WHDFKHUV¶�UHVSRQVHV�JLYHQ�WR�WKLV�TXHVWLRQ�³:KDW�NLQG�RI�HQYLURQPHQWDO�
HGXFDWLRQ�GR�\RX�ZDQW�WR�JLYH�WR�\RXU�VWXGHQWV"�3OHDVH�GUDZ�LW�´�EHIRUH�WKH\�SDUWLFLSDWHG�LQ�WKH�QDWXUH�HGXFDWLRQ�SURMHFW�
DUH�FROOHFWHG�XQGHU�VL[�FDWHJRULHV��2XW�RI�WKHVH�FDWHJRULHV��DFWLYH�OHDUQLQJ�DQG�KDQGV�RQ�WUDLQLQJ�FDPH�WR�WKH�IRUH�� �

7KH�FRJQLWLYH�PDS�RI�WKH�SUH�VHUYLFH�WHDFKHUV¶�UHVSRQVHV�WR�WKH�TXHVWLRQ�³:KDW�NLQG�RI�HQYLURQPHQWDO�HGXFDWLRQ�
GR�\RX�ZDQW�WR�JLYH�WR�\RXU�VWXGHQWV"�3OHDVH�GUDZ�LW�´�LV�SUHVHQWHG�LQ�7DEOH����$QG�WKH�FDWHJRULHV�SUHVHQWHG�LQ�7DEOH���DUH�
YLVXDOL]HG� LQ�)LJXUH���� ,Q� WKHVH�FRJQLWLYH�PDSV�� WKH�FRQFHSWV�PHQWLRQHG�E\� WKH�SUH�VHUYLFH� WHDFKHUV� LQ� UHODWLRQ� WR� WKH�
FDWHJRULHV�DUH�YLVXDOL]HG�� �

Figure 2: &RJQLWLYH�PDS�RI� WKH�SUH�VHUYLFH� WHDFKHUV¶� UHVSRQVHV� WR� WKH�TXHVWLRQ� ³:KDW� NLQG�RI� HQYLURQPHQWDO�
HGXFDWLRQ�GR�\RX�ZDQW�WR�JLYH"�3OHDVH�GUDZ�LW�´�
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The Pre-service Teachers’ Opinions about Environment and Environmental Education after Nature Education  

)ROORZLQJ�WKH�QDWXUH�HGXFDWLRQ��WKH�SUH�VHUYLFH�WHDFKHUV�ZHUH�DVNHG�WR�GUDZ�WR�UHVSRQG�WKH�ILUVW�TXHVWLRQ�DQG�WKHQ�
WKH�RSLQLRQV�HPSKDVL]HG�LQ�WKHVH�GUDZLQJV�ZHUH�VHSDUDWHO\�FDWHJRUL]HG��7KHQ��WKH�WDEOHV�RI�IUHTXHQF\�VKRZLQJ�KRZ�PDQ\�
WLPHV�HDFK�FRQFHSW�ZDV�UHSHDWHG�E\�WKH�VWXGHQWV�ZHUH�IRUPHG��7KHQ��WKH�FRQFHSWXDOL]DWLRQV�RI�WKH�UHVHDUFKHUV�SHUIRUPHG�
VHSDUDWHO\�ZHUH�EURXJKW�WRJHWKHU�WR�VXEVXPH�WKHP�XQGHU�FRPPRQ�FDWHJRULHV��7KH�GDWD�REWDLQHG�LQ�WKLV�ZD\�DUH�SUHVHQWHG�
LQ�WDEOHV�EHORZ�� �

Table 3: 7KH�SUH�VHUYLFH�WHDFKHUV¶�UHVSRQVHV�JLYHQ�WR�WKH�TXHVWLRQ�³,Q�ZKDW�NLQG�RI�HQYLURQPHQW�GR�\RX�ZDQW�WR�OLYH"�
3OHDVH�GUDZ�LW�´ 

Categories f % 
6XVWDLQDEOH�OLYLQJ� ��� ������
1DWXUHO�OLIH� ��� ������
7KH�XVH�RI�UHQHZDEOH�HQHUJ\�VRXUFHV� ��� ������

$V�FDQ�EH�VHHQ�LQ�7DEOH����WKH�SUH�VHUYLFH�WHDFKHUV¶�UHVSRQVHV�WR�WKH�TXHVWLRQ�³,Q�ZKDW�NLQG�RI�HQYLURQPHQW�GR�\RX�
ZDQW� WR� OLYH"�3OHDVH�GUDZ� LW�´�DIWHU� WKH\�SDUWLFLSDWHG� LQ� WKH�SURMHFW�DUH�FROOHFWHG�XQGHU� WKUHH�FDWHJRULHV��2XW�RI� WKHVH�
FDWHJRULHV��VXVWDLQDEOH�OLIH�DQG�QDWXUDO�OLIH�FDWHJRULHV�FDPH�WR�WKH�IRUH��3ROOXWLRQ�DQG�DIIHFWLYH�FDWHJRULHV�HPSKDVL]HG�E\�
WKH�SUH�VHUYLFH�WHDFKHUV�EHIRUH�WKH\�SDUWLFLSDWHG�LQ�WKH�SURMHFW�ZHUH�QRW�PHQWLRQHG�DIWHU�WKH�SURMHFW�� �

7KH�SUH�VHUYLFH�WHDFKHUV¶�UHVSRQVHV�WR�WKH�TXHVWLRQ�³,Q�ZKDW�NLQG�RI�HQYLURQPHQW�GR�\RX�ZDQW�WR�OLYH"�3OHDVH�GUDZ�
LW�´�ZHUH�FROOHFWHG�XQGHU�FDWHJRULHV�LQ�7DEOH���DQG�WKH\�ZHUH�YLVXDOL]HG�LQ�)LJXUH����7KH�FRJQLWLYH�PDSV�FRQFHUQLQJ�WKH�
FRQFHSWV�H[SUHVVHG�E\�WKH�SUH�VHUYLFH�WHDFKHUV�XQGHU�WKH�FDWHJRULHV�RI�VXVWDLQDEOH�OLIH��QDWXUDO�OLIH�DQG�UHQHZDEOH�HQHUJ\�
DUH�SUHVHQWHG�EHORZ�� �

�
Figure 3: 7KH�FRJQLWLYH�PDS�RI�WKH�SUH�VHUYLFH�WHDFKHUV¶�UHVSRQVHV�WR�WKH�TXHVWLRQ�³,Q�ZKDW�NLQG�RI�HQYLURQPHQW�

GR�\RX�ZDQW�WR�OLYH"�3OHDVH�GUDZ�LW´� �

 
 

 

 

7KHRUHWLFDO�
LQIRUPDWLRQ�IURP�
WKH�LQWHUQHW�DQG�

ERRNV�

Course contents 

 

 

1DWXUH�
FRXUVH�

,QFUHDVLQJ�WKH�QXPEHU�RI�
FRXUVHV�LQ�HQYLURQPHQWDO�

FRQWHQW� $GGLWLRQ�RI�
HOHFWLYH�FRXUVHV�

$VVRFLDWLRQ�ZLWK�
WKH�KLVWRU\�DQG�
JHRJUDSK\�

International Science and Technology Conference, Dubai, 13-15 December 2012

705



ISTEC 20
12

�
�

�

�

Natural life 
&OHDQ�
QDWXUH�

 
)ORZHU�

 

 

 
7UHH�

 +RXVHV�LQ�
WKH�QDWXUH�

%DODQFH�RI�
WKH�HFRV\VWHP�

+DUPRQ\�
ZLWK�QDWXUH�

 

Sustainable life 

�

 2UJDQLF�
IRRG�

 

 

 

 

 

(TXDO�
GLVWULEXWLRQ�RI�

VRXUFHV�

5HF\FOLQJ�

/RFDO�IRRG�

%LNH�SDWKV�

6PDUW�
KRXVHV�

6XVWDLQDELOLW\�

6PDOO�HFRORJLFDO�
IRRWSULQW�

 3URWHFWLRQ�RI�
QDWXUDO�EDODQFH� �

�

� �&OHDQ�ZDWHU� =HUR�ZDVWH�

3HDFH�

International Science and Technology Conference, Dubai, 13-15 December 2012

706



ISTEC 20
12

�

�

7KH�SUH�VHUYLFH�WHDFKHUV¶�UHVSRQVHV�WR�WKH�VHFRQG�TXHVWLRQ�ZHUH�VHSDUDWHO\�DQDO\]HG�E\�WKH�UHVHDUFKHUV�DQG�ZHUH�
SXW�XQGHU�FHUWDLQ�FDWHJRULHV��7KHQ��WKH�WDEOHV�RI�IUHTXHQF\�VKRZLQJ�KRZ�PDQ\�WLPHV�HDFK�FRQFHSW�ZDV�UHSHDWHG�E\�WKH�
VWXGHQWV�ZHUH�FRQVWUXFWHG��7KHQ��WKH�FRQFHSWXDOL]DWLRQV�RI�WKH�UHVHDUFKHUV�SHUIRUPHG�VHSDUDWHO\�ZHUH�EURXJKW�WRJHWKHU�WR�
VXEVXPH�WKHP�XQGHU�FRPPRQ�FDWHJRULHV��7KH�GDWD�REWDLQHG�LQ�WKLV�ZD\�DUH�SUHVHQWHG�LQ�WDEOHV�EHORZ�� �

Table 4: The pre-service teachers’ responses given to the question “What kind of environmental education do you 
want to give to your students? Please draw it”. 

Categories f % 
+DQGV�RQ�WUDLQLQJ� ��� ������
$FWLYH�OHDUQLQJ� � ��� ������
&RQWHQWV�RI�FRXUVHV� �� �����
3DUHQW�WUDLQLQJ� � �� �����
3XEOLF�HGXFDWLRQ� �� �����

$V� FDQ� EH� VHHQ� LQ� 7DEOH� ��� WKH� SUH�VHUYLFH� WHDFKHUV¶� UHVSRQVHV� WR� WKH� TXHVWLRQ� ³:KDW� NLQG� RI� HQYLURQPHQWDO�
HGXFDWLRQ� GR� \RX�ZDQW� WR� JLYH� WR� \RXU� VWXGHQWV"� 3OHDVH� GUDZ� LW�´�ZHUH� FROOHFWHG� XQGHU� ILYH� FDWHJRULHV��2XW� RI� WKHVH�
FDWHJRULHV��DSSOLHG�HGXFDWLRQ��DFWLYH�OHDUQLQJ�DQG�FRXUVH�FRQWHQWV�FDWHJRULHV�FDPH�WR�WKH�IRUH��7KH�SUH�VHUYLFH�WHDFKHUV¶�
UHVSRQVHV�WR�WKH�TXHVWLRQ�³:KDW�NLQG�RI�HQYLURQPHQWDO�HGXFDWLRQ�GR�\RX�ZDQW�WR�JLYH�\RXU�VWXGHQWV"�3OHDVH�GUDZ�LW´�ZHUH�
FROOHFWHG� XQGHU� FDWHJRULHV� LQ� 7DEOH� �� DQG� WKH\� ZHUH� YLVXDOL]HG� LQ� )LJXUH� ��� 7KH� FRQFHSWV� H[SUHVVHG� LQ� WKH� UHODWHG�
FDWHJRULHV�DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�FRJQLWLYH�ILJXUHV��  

Figure 4:�&RJQLWLYH�PDS�RI� WKH�SUH�VHUYLFH� WHDFKHUV¶� UHVSRQVHV� WR� WKH�TXHVWLRQ� ³:KDW� NLQG�RI� HQYLURQPHQWDO�
HGXFDWLRQ�GR�\RX�ZDQW�WR�JLYH�WR�\RXU�VWXGHQWV"�3OHDVH�GUDZ�LW�´� �
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Discussion, Conclusions and Suggestions  
�

,W�ZDV�IRXQG�WKDW�WKH�SUH�VHUYLFH�WHDFKHUV¶�UHVSRQVHV�WR�WKH�TXHVWLRQ�³,Q�ZKDW�NLQG�RI�HQYLURQPHQW�GR�\RX�ZDQW�WR�
OLYH"� 3OHDVH� GUDZ� LW´� FRQFHQWUDWHG� RQ� QDWXUDO� OLIH� DQG� VXVWDLQDEOH� OLIH� FRQFHSWV�� � 8QGHU� WKH� FDWHJRU\� RI� QDWXUDO� OLIH��
KDUPRQ\�ZLWK�QDWXUH��EDODQFH�RI�HFRV\VWHP��IUHH�OLYLQJ�RI�DQLPDV��UHVSHFW�WR�OLYLQJ�WKLQJV��WUHHV��VHDV�DQG�FOHDQ�QDWXUH�
FRQFHSWV� ZHUH� H[SUHVVHG�� 8QGHU� WKH� FDWHJRU\� RI� VXVWDLQDEOH� OLIH�� VXVWDLQDELOLW\�� RUJDQLF� QXWULHQWV�� SXULI\LQJ� SODQWV��
KDUPRQ\�EHWZHHQ�WHFKQRORJ\�DQG�QDWXUH��UHF\FOLQJ��ORFDO�IRRGV��F\FOLQJ�SDWKV��KDUPRQ\�ZLWK�QDWXUH�DQG�VWDWH�VXEVLGLHV�
FRQFHSWV�ZHUH�H[SUHVVHG��8QGHU�WKH�DIIHFWLYH�GLPHQVLRQ��WKH�SUH�VHUYLFH�WHDFKHUV�PHQWLRQHG�WKH�FRQFHSWV�RI�XWLOL]DWLRQ�RI�
UHQHZDEOH�HQHUJ\�UHVRXUFHV�DQG�SROOXWLRQ��)ROORZLQJ�WKH�QDWXUH�HGXFDWLRQ��RQ�WKH�RWKHU�KDQG��WKH�SUH�VHUYLFH�WHDFKHUV¶�
UHVSRQVHV�WR�WKH�VDPH�TXHVWLRQV�ZHUH�FROOHFWHG�XQGHU�WKUHH�FDWHJRULHV�FDOOHG�VXVWDLQDEOH�OLIH��QDWXUDO�OLIH�DQG�UHQHZDEOH�
HQHUJ\�UHVRXUFHV��'LIIHUHQW�IURP�ZKDW�HPHUJHG�SULRU�WR�WKH�DSSOLFDWLRQ��XQGHU�WKH�FDWHJRU\�RI�VXVWDLQDEOH�OLIH��SHDFH��]HUR�
ZDVWH��VPDOO�HFRORJLF�IRRW�WUDFHV�DQG�HTXDO�GLVWULEXWLRQ�RI�UHVRXUFHV�ZHUH�H[SUHVVHG��7KLV�VKRZV�WKDW�WKH�SDUWLFLSDQWV¶�
LQIRUPDWLRQ�DERXW�WKH�EDVLF�SULQFLSOHV�RI�VXVWDLQDEOH�OLIH�HQKDQFHG�DIWHU�WKH\�SDUWLFLSDWHG�LQ�WKH�VWXG\��8QGHU�WKH�FDWHJRU\�
RI�QDWXUDO�OLIH��RQ�WKH�RWKHU�KDQG��WKH\�PHQWLRQHG�WKH�EDODQFH�RI�HFRV\VWHP��+RZHYHU��ZKLOH�WKH\�PHQWLRQHG�WKH�XWLOL]DWLRQ�
RI�UHQHZDEOH�HQHUJ\�UHVRXUFHV�EHIRUH�DQG�DIWHU�WKH�DSSOLFDWLRQ��WKH\�RQO\�IRFXVHG�RQ�ZLQG�DQG�VRODU�HQHUJ\�� �

 

 (PSDWK\�
FRXUVH�

 5HODWLQJ�WR�
RWKHU�FRXUVHV�

Course contents 

 

Hands-on 
training 

7ULS�WR�
SURWHFWHG�
DUHDV�

 
2EVHUYDWLRQ�

 

  

2XWGRRU�
VSRUWV�

1DWXUH�
HGXFDWLRQ�
SURMHFW�

([SHULPHQWDO�
VWXGLHV�

(GXFDWLRQ�LQ�
QDWXUH�

 *URZLQJ�
RUJDQLF�
IRRG�

International Science and Technology Conference, Dubai, 13-15 December 2012

708



ISTEC 20
12

,W�ZDV�REVHUYHG�LQ�WKH�SUH�VHUYLFH�WHDFKHUV¶�UHVSRQVHV�WR�WKH�TXHVWLRQ�³:KDW�NLQG�RI�HQYLURQPHQWDO�HGXFDWLRQ�GR�
\RX�ZDQW�WR�JLYH"�3OHDVH�GUDZ�LW�´��HPSKDVLV�ZDV�SXW�RQ�WKH�FRQFHSWV�VXFK�DV�DFWLYH�OHDUQLQJ��KDQGV�RQ�WUDLQLQJ��SDUHQWDO�
HGXFDWLRQ�� FRXUVH� FRQWHQWV�� SUH�VFKRRO� HGXFDWLRQ� DQG� SXEOLF� HGXFDWLRQ�� 8QGHU� WKH� FDWHJRU\� RI� DFWLYH� OHDUQLQJ�� WKH�
SUH�VHUYLFH�WHDFKHUV�PHQWLRQHG�RUJDQL]LQJ�FRPSHWLWLRQV��FUHDWLYH�GUDPD�DQG�OHDUQLQJ�E\�GRLQJ�DQG�H[SHULHQFLQJ��8QGHU�
WKH�FDWHJRU\�RI�DSSOLHG�HGXFDWLRQ��WKH\�PHQWLRQHG�WKH�FRQFHSWV�RI�ILHOG�WULSV��REVHUYDWLRQV��DQG�HQYLURQPHQWDO�HGXFDWLRQ�
SURMHFWV�� � 8QGHU�WKH�FDWHJRU\�RI�FRXUVH�FRQWHQWV��WKH\�HPSKDVL]HG�HOHFWLYH�FRXUVHV�DQG�LQFUHDVLQJ�WKH�QXPEHU�RI�FRXUVHV�
ZLWK�DQ�HQYLURQPHQWDO�FRQWHQW��)ROORZLQJ�WKH�QDWXUH�HGXFDWLRQ�� WKH\�UHSHDWHG�WKH�FRQFHSWV�VXFK�DV�DSSOLHG�HGXFDWLRQ��
DFWLYH�OHDUQLQJ��FRXUVH�FRQWHQWV��SDUHQWDO�HGXFDWLRQ�DQG�SXEOLF�HGXFDWLRQ��'LIIHUHQW�IURP�WKH�UHVSRQVHV�WKH\�JDYH�EHIRUH�
WKH�VWXG\�XQGHU�WKH�FDWHJRU\�RI�DSSOLHG�HGXFDWLRQ��WKH\�PHQWLRQHG�WKH�FRQFHSWV�RI�VSHFLDOO\�SURWHFWHG�VLWHV��QDWXUH�VSRUWV��
JURZLQJ� RUJDQLF� IRRGV� DQG� H[SHULPHQWDO� VWXGLHV�� 8QGHU� WKH� FDWHJRU\� RI� DFWLYH� OHDUQLQJ�� WKH� FRQFHSWV� RI�
VWXGHQW�FHQWHUHGQHVV�� DFWLYLW\�EDVHG�DQG�DOWHUQDWLYH�PHWKRGV�DQG� WHFKQLTXHV�ZHUH�HPSKDVL]HG��8QGHU� WKH�FDWHJRU\�RI�
FRXUVH�FRQWHQWV��WKH\�PHQWLRQHG�WKH�FRQFHSWV�RI�WKH�FRXUVH�RI�HPSDWK\�DQG�UHODWLQJ�WR�RWKHU�FRXUVHV�� �

)ROORZLQJ� WKH� QDWXUH� HGXFDWLRQ�� WKH� VFRSH� RI� WKH� SUH�VHUYLFH� WHDFKHUV¶� UHVSRQVHV� WR� WKHVH� WZR� TXHVWLRQV� ZDV�
H[SDQGHG��,W�ZDV�IRXQG�WKDW�GHSHQGLQJ�RQ�WKH�HGXFDWLRQ�JLYHQ�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�SUHVHQW�VWXG\��WKH�SUH�VHUYLFH�
WHDFKHUV¶�RSLQLRQV�LPSURYHG��7KH�FRQFHSWV�H[SUHVVHG�E\�WKH�SUH�VHUYLFH�WHDFKHUV�LQ�WKHLU�GUDZLQJV�VKRZ�WKDW�WKH�QDWXUH�
HGXFDWLRQ�KDV� LQFUHDVHG� WKH�SDUWLFLSDQWV¶�NQRZOHGJH�DERXW� HQYLURQPHQW��7KH� ILQGLQJV�RI�PDQ\�VWXGLHV�FDUULHG�RXW�RQ�
HQYLURQPHQWDO�HGXFDWLRQ�VXSSRUW�WKLV�ILQGLQJ��)LQGLQJV�RI�%HQHGLFW��������GHILQLQJ�DFWLYH�OHDUQLQJ�DV�WKH�NH\�WR�DFKLHYLQJ�
DIIHFWLYH��HWKLFDO�DQG�EHKDYLRUDO�REMHFWLYHV�RI�HQYLURQPHQWDO�HGXFDWLRQ�DQG�WKRVH�RI�%DOODQW\QH�DQG�3DFNHU��������VWDWLQJ�
WKDW�LQWHUDFWLRQ�ZLWK�QDWXUH�LV�DQ�HIIHFWLYH�VWUDWHJ\�FRQFXU�ZLWK�WKH�ILQGLQJV�RI�WKH�SUHVHQW�VWXG\��(DWRQ��������VWDWHG�WKDW�
OHDUQLQJ�H[SHULHQFHV�RFFXUULQJ�LQ�RSHQ�DLU�DUH�EHWWHU�WKDQ�LQ�FODVV�OHDUQLQJ�H[SHULHQFHV�LQ�WHUPV�RI�LPSURYLQJ�FRJQLWLYH�
VNLOOV��.HOHú��8]XQ� DQG�9DUQDFÕ�8]XQ� ������� UHSRUWHG� WKDW� QDWXUH� HGXFDWLRQ�SURJUDPV� KDYH� VLJQLILFDQW� LQIOXHQFHV�RQ�
SHRSOH¶V� HQYLURQPHQWDO� FRQVFLRXVQHVV�� DWWLWXGHV�� DQG� EHKDYLRUV� DQG� HQKDQFH� UHWHQWLRQ�� 'HPLUVR\� HPSKDVL]HG� WKH�
LPSRUWDQFH�RI�ILHOG�ZRUNV�E\�VD\LQJ�³ILHOG�ZRUNV�KDYH�UHVXOWHG�LQ�PDQ\�SHRSOH�EHFRPLQJ�VFKRODUV��%XW�ZH�KDYH�QRW�EHHQ�
DEOH�WR�H[SODLQ�WKLV�IDFW�WR�DQ\ERG\��:H�KDYH�QRW�EHHQ�DEOH�WR�PDNH�LW�ZLGHVSUHDG´��<DQÕN��������� �

,Q�OLJKW�RI�WKH�ILQGLQJV�RI�WKH�SUHVHQW�VWXG\��LW�LV�VXJJHVWHG�WKDW�VXFK�SURMHFWV�VXSSRUWHG�E\�7h%ø7$.�VKRXOG�EH�
H[SDQGHG�DQG�DQVZHUV�VKRXOG�EH�VRXJKW�WR�WKH�TXHVWLRQ�³ZKDW�W\SH�RI�HQYLURQPHQWDO�HGXFDWLRQ�VKRXOG�EH�JLYHQ"´��  
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Abstract : An experimental study was conducted to investigate the convection heat transfer 
through a horizontal rectangular channel equipped the bottom wall with 8x2 porous blocks made of 
aluminum alloy. Porous blocks were placed on copper plates subjected to uniform heat flux. 
Open-celled aluminum blocks have different pore densities of 10, 20 and 40 PPI (Pore Per Inch). 
The whole channel surfaces were insulated. The experimental parametric study was made for foam 
aspect ratios of 0.5, 0.75 at Reynolds number 4241 and Grashof number 5.0x108. The effects of 
pore density and Aluminum-foam block height were reported. Obtained results show that row 
averaged-Nusselt number increases with decreasing pore density and increase with increasing 
aspect ratio of the foam blocks. As a result of comparison, aluminum foam having pore density of 
10 PPI and aspect ratio of 0.75 shows higher thermal performance than those of 20 and 40 PPI. 
 
Key words: Porous block, electronic cooling, convection heat transfer. 

. 
 
Introduction  
 
 Along with the development of technology, need for new materials in heat transfer applications become 
necessary. Porous metal foams having large surface area to volume ratio and to intense mixing of the flow are using 
many heat transfer applications such as, compact heat exchangers, heat pipe technology, integrated circuit of electronic 
equipment and so.  

Among the thermal performance enhancement schemes, one of the promising techniques is the application of 
metal porous materials. Because they have the advantages of high thermal coefficient, high permeability, high 
heat-sinking capability and intense mixing of fluid flow. All electronic equipments have widely bad performance if their 
temperature exceeds certain limits. One of the ways to overcome the overheating of the chips is to augment the 
convective heat transfer by using extended heat transfer surfaces as well as by a cooling flow. Among the most usable 
materials to augment the heat transfer rate are copper or aluminum porous materials. The introduction of porous 
materials in channels has also been the subject of few studies. Cui (2001) et al., investigated forced convection flow 
through a porous channel with discrete heat sources on the upper wall. They made an experimental study and measured 
the temperatures along the heated channel wall with different heat fluxes and they calculated the local Nusselt numbers 
at different Reynolds numbers. An experimental investigation of forced and mixed convection heat transfer in a 
foam-filled horizontal rectangular channel was performed by Kurtbas (2009) et al. They investigated the heat transfer 
characteristics of open-cell metal foams with different pore densities (10, 20 and 30 PPI). Also, they compared the 
obtained results of all cases to that of the empty channel and literature. Another study was conducted by Kim (2001) et 
al., who made an experimental study to investigate impact of presence of aluminum foam on the forced flow and 
convective heat transfer in an asymmetrically heated channel. Paek (2000) et al., experimentally studied the effective 
thermal conductivity and permeability of aluminum foam materials. The permeability of aluminum foams was 
determined from the measured data of pressure drop. The effective thermal conductivity of the aluminum foam was little 
affected by the increase of pore density. Ko and Anand (2003) conducted a study on heat transfer enhancement in a 
rectangular channel by using porous baffle made up of aluminum foam. Baffles were mounted on top and bottom walls 
in a staggered fashion.  The obtained results showed that the use of porous baffles resulted in heat transfer enhancement 
as high as 300% compared to heat transfer in straight channel with no baffles. Mixed convection heat transfer from 
arrays of discrete flush-mounted heat sources that subjected to uniform heat flux and put in lower and upper surfaces of 
a horizontal channel was investigated experimentally by Dogan (2005) et al. From these experimental studies, 
row-averaged surface temperature and Nusselt number distributions of the discrete heat sources were obtained. The 
results revealed that top and bottom heater surface temperatures increase with increasing Grashof number. Bea (2012) et 
al., conducted numerical computations for mixed convection in a channel with porous blocks. In their study, the heat 
flux from the most upstream heater was varied in a sinusoidal form, while the others had a constant heat flux. They 
reported the effects of pore density and of porous block height. Chikh (1998) et al., showed that the use of porous blocks 
may alter substantially the flow pattern and may improve heat transfer rate for optimal values of thermo-physical 
properties of the porous medium. 

In the present work, an experimental study is carried out for an adiabatic horizontal channel where the lower 
surface on which equipped with intermitted aluminum porous blocks having different pore densities (10, 20 and 40 PPI). 
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This is the more realistic situation because of the fact that, 8x2 aluminum heat sinks configuration in a channel is chosen. 
Each aluminum-porous block is subjected to uniform heat flux. Experiments are conducted for different aluminum porous 
blocks aspect ratio of 0.50 and 0.75, respectively. 
 
 
Materials and Method  
 

 A summary of that information is presented below. Fig.1. shows a schematic representation of the experimental 
set-up.  

 

 
Figure 1: Schematic diagram of the experimental set-up (measures in mm) 

The flow rate was measured with a hot wire anemometer (Testo 425) with an accuracy of 5%. A control valve was 
used to control the flow rate. The test section is isolated from the blower acoustically and mechanically with a damping 
chamber and flexible hosing. At the channel entrance, a nozzle with flow straightener was used in order to suppress 
turbulence and achieve steady, laminar flow conditions with a uniform velocity distribution at the channel entrance. The 
flow straightener was made of 5 mm diameter and 50 mm long plastic hoses, 250 in total. In addition, a filter is used for 
the incoming air. The nozzle is made of a 0.5 mm thick aluminum sheet and has been designed to eliminate flow 
separation, minimize turbulence, and provide a uniform velocity profile at the channel entrance. 

The test section is a bottom heated rectangular duct with a cross section of 40 mm in height and 150 mm in width. 
The inlet section before the test section was used to achieve hydrodynamic boundary layer thickness which was greater 
than or close to the half of the channel height. Sides, the top and bottom entry, and exit regions of the duct are constructed 
of 5 mm thick plexi-glass. The top and sides of the channel were insulated with 50 mm Styrofoam. The bottom wall of the 
test section is made of 5 mm thick pure Teflon (PTFE) (k =0.25 W/m K) in which the heat sources extended by aluminum 
porous blocks were embedded. This heated section was insulated with 20 mm Glasswool (Izopan) and 50 mm Styrofoam 
(k=0.028 W/m K). Distribution of discrete aluminum porous blocks in the test section is shown in Fig. 2 with all the 
necessary dimensions. Aluminum porous blocks dimensions are 25x25xL mm. Here, L is the block height and gets the 
different value of 20 and 30 mm. Porous blocks having pore density of 10, 20 and 40 PPI were used in the experiments. 
The heating elements were electrically insulated and the resulting assembly was screwed to the copper plates using a heat 
sink compound providing the least possible contact resistance. Aluminum porous blocks were placed on these copper 
plates in the same way. The heater blocks were equipped with 30 gauge copper-constantan thermocouples one for each 
and at the center of the block. Electric current was provided to the heaters via a variac and a parallel connection board. 
TECHNIC VC-9808 multimeter with accuracy of ±0.5% for voltage and ±0.2% for resistance was utilized for this 
purpose. The whole process was controlled with a computer program developed specially for this experimental study. It 
was observed that experimental conditions reach a steady-state condition after approximately 3 to 4 h 

 

 
Figure 2: Layout and dimensions of aluminum porous blocks and schematic of block assembly (measures in mm) 

.  
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The particulars of the porous blocks are displayed in Table 1. The parameters to specify the porous blocks are the porosity, 
i.e., the volumetric fraction of void inside porous block, the pore density in pores per inch (PPI) and the permeability, i.e., 
the flow conductance (Kim et al., 2000) The permeability decreases as the pore density increases.  
 
Table 1 : Particulars of the Aluminum porous blocks. 

Specimen Porosity (H) Pore density (PPI) Permeability(m2) 

1(Al-6101) 0.912 10 7.73x10-8 

2(Al-6101) 0.906 20 4.93x10-8 

3(Al-6101) 0.914 40 2.40x10-8 

 
The amount of heat dissipation from each of the porous blocks in one row was very close to each other for all the 

experiments. Under this condition, experimental data were reduced in terms of a row-averaged Nusselt number for 
heater row j as given below. 

 
   

(1)   
 
 

 In this equation, Qcj and Asj are total values for each heater row j. The hydraulic diameter Dh, was used as the 
characteristic length as given below: 

 
                                           (2)  

  
Here Ac is the cross-sectional area and P is the perimeter of the channel. The bulk-mean temperature Tb was 

calculated from an energy balance applied to a control volume comprising one row of heat sinks together with 
non-heated sections. All thermophysical properties were evaluated at this bulk-mean temperature. Ts is the 
row-averaged surface temperature calculated from the thermocouple measurements. As is the total heater area in one 
row. Qc is the corrected heat dissipation rate, which represents the heat transferred to the fluid directly by convection 
through the heater face. Qc was calculated from an energy balance as given below: 

 

(3) 

 

The results of experiments showed that the radiation losses never exceeded 5% of total power dissipated. 
Therefore it was neglected in the calculations. 

In these calculations, first the total heat addition from the resistance heaters was calculated from: 
           

  (4) 

 
where V is the voltage drop across the heater and R is the resistance of the heater. From this value Qc was 

calculated by subtracting losses due to conduction and radiation. Qcondj is the sum of conduction heat transfer rate from 
channel walls to insulation material 

Here, Tb the arithmetic average of the bulk-mean fluid temperature for two adjacent rows was calculated from: 

     

                            (5) 

Other dimensionless numbers affecting the heat transfer are: 
The Reynolds number: 

 
   

                                               (6) 
 

The modified Grashof number: 
  

               (7) 
 
 

where, qc is the average convection heat flux for all the heaters. 

R
VQ jtot

2
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In order to determine the reliability of the experimental results an uncertainty analysis was conducted on all 
measured quantities as well as the quantities calculated from the measurement results. Uncertainties were estimated 
according to the standard procedures reported in the literature. Overall, the uncertainty in the Nusselt number is around 
±5.2% and for the Grashof number it is around ±4.4%, which is primarily due to uncertainties in the convective heat flux 
values. Uncertainty in the Reynolds number is around ±3.1%. 

 
Results and Discussions 
 
 The effect of porous block aspect ratio on heat transfer is illustrated in Figure 4 for Re=4241 and Gr*=5x108. 
The heat transfer rate is enhanced substantially as the aspect ratio increases. In Fig. 4(a) it can be observed clearly that 
Nusselt number values increase with increase of aspect ratio especially for 10 PPI porous blocks. At the beginning of the 
heated section, the row averaged Nusselt number variations show a forced convection thermal entry region 
characteristic. After the second row, Nusselt number slightly increases because of buoyancy effect which accelerates 
development of the secondary flow. In Fig. 4(b), for 20 PPI porous blocks, the difference between two aspect ratio 
decreases and Nusselt number values close up to each other along the row in the channel. As shown Fig 4(c) 
row-averaged Nusselt number values take almost the same values and very little fluctuation is observed in Nusselt 
number through downstream for 40 PPI.  For blocks with low permeability or high porosity, recirculation flow appear 
between the blocks and prevent fluid from going through the next row as mentioned numerical study of Chick (1998) et 
al. Therefore the row averaged-Nusselt number repeats itself downstream of the channel. Consequently, aluminum 
porous blocks having pore density of 10 PPI show higher heat transfer rate compared with 20 and 40 PPI due to its large 
surface area to volume ratio and intense mixing of fluid flow.  
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Figure 4 : Effect of various aspect ratios on Nusselt number for (a) Al 10PPI, (b) Al 20 PPI and (c) Al 40 PPI 
Fig. 5 represents the row averaged-Nusselt number for different aspect ratio of blocks having pore densities of 

10, 20 and 40 PPI. It can be seen from the Fig 5(a), Nusselt number values are very close to each other for all pore 
densities for AR=0.50. However, in Fig 5(b) all blocks having different pore densities represent larger Nusselt number for 
aspect ratio of 0.75 along the rows. At the beginning of the heated section, the row averaged Nusselt number variations 
show a forced convection thermal entry region characteristic. Nusselt number at first row of the porous block increases 
appreciably as the pore density decreases. This can be explained by noting that the flow resistance decreases as the pore 
size increases, which gives rise to an increased penetration of fluid into the porous block. After the second row Nusselt 
number slightly increases because of buoyancy effect which accelerates development of the secondary flow. But for the 
block 4-8, enhancement of heat transfer is not significant. For these blocks, there exist inter block recirculation flows, 
which weaken the penetration of fluid into the blocks. At the downstream of the rows in the channel, the penetration of 
fluid into the block is minimal, and convective heat transfer is decreased within the block as mentioned the numerical 
study of Bae (2012) and Chick (1998). In Fig. 5(b), the difference between row averaged-Nusselt number values increases 
with decreasing pore densities for aspect ratio of 0.75. Accordingly, the pore density of 10 PPI and aspect ratio of 0.75 
porous blocks higher thermal performance than 20 and 40 PPI for the same aspect ratio and the same condition.  
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Figure 5 : Effect of various pore densities on Nusselt number for AR=0.50 and AR=0.75, respectively. 
 
 
Conclusions  
 

Experiments were conducted to study heat transfer enhancement in a rectangular channel by using aluminum 
porous blocks having different pore densities of 10, 20 and 40 PPI. Aluminum foams were mounted on bottom wall of the 
channel in the order of 2x8. Experiments were conducted in Reynolds number 4241 and Grashof number 5x108. Aspect 
ratio was varied from 0.50 to 0.75.  For the aspect ratio of 0.75, all foams higher heat transfer performance at the inlet of 
the heated section which is affected forced convection flow. According to data obtained from this work, heat transfer 
increases especially for the foam of lower pore density (10 PPI). Heat transfer enhancement at the middle section of the 
row was affected buoyancy flow for 10 PPI and aspect ratio of 0.75. Heat transfer enhancement at the downstream heaters 
is minor because of the recirculating flow between the foam blocks. 
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EULQJLQJ� WKH� SHUIRUPDQFH� YDOXH� WR� WKH� WDUJHW� YDOXH�� ,WV� RWKHU� DGYDQWDJH� LV� WKDW� WKH� RSWLPXP� ZRUNLQJ� FRQGLWLRQV�
GHWHUPLQHG�IURP�WKH�ODERUDWRU\�ZRUN�FDQ�DOVR�EH�UHSURGXFHG�LQ�WKH�UHDO�SURGXFWLRQ�HQYLURQPHQW��
3UHFDVW�FRQFUHWH�FRQVLVWV�RI�FRQFUHWH��D�PL[WXUH�RI�FHPHQW��ZDWHU��DJJUHJDWHV�DQG�DGPL[WXUHV��WKDW�LV�FDVW�LQWR�D�VSHFLILF�
VKDSH�DW�D�ORFDWLRQ�RWKHU�WKDQ�LWV�LQ�VHUYLFH�SRVLWLRQ����7KH�FRQFUHWH�LV�SODFHG�LQWR�D�IRUP��W\SLFDOO\�ZRRG�RU�VWHHO��DQG�
FXUHG� EHIRUH� EHLQJ� VWULSSHG� RI� WKH� IRUP�� XVXDOO\� WKH� IROORZLQJ� GD\�� 7KHVH� FRPSRQHQWV� DUH� WKHQ� WUDQVSRUWHG� WR� WKH�
FRQVWUXFWLRQ�VLWH�IRU�HUHFWLRQ�LQWR�SODFH���3UHFDVW�FRQFUHWH�FDQ�EH�SODQW�FDVW�RU�VLWH�FDVW��EXW�WKLV�ERRN�GHDOV�VSHFLILFDOO\�
ZLWK�SODQWHG�FDVW�FRQFUHWH��3UHFDVW�FRQFUHWH�RIIHUV�D�ZLGH�UDQJH�RI�EHQHILWV�DQG�DGYDQWDJHV�WR�WKH�GHVLJQHU�WR�KHOS�PHHW�
DOO�RI�WKH�RZQHU¶V�JRDOV��3UHFDVW�FRQFUHWH¶V�PRVW�GUDPDWLF�EHQHILW�PD\�EH�WKH�VSHHG�ZLWK�ZKLFK�LW�FDQ�EH�GHVLJQHG��FDVW��
GHOLYHUHG��DQG�HUHFWHG��7KLV�FDQ�HQVXUH� WKDW�SURMHFWV� VWD\�RQ�VFKHGXOH�DQG�PHHW� WLJKW�GHDGOLQHV��3UHFDVW�FRQFUHWH�FDQ�
VSHHG�WKH�FRQVWUXFWLRQ�SURFHVV�LQ�D�YDULHW\�RI�ZD\V�>�@���
&HUDPLF�ZDVWH� IURP� FHUDPLF� DQG� FRQVWUXFWLRQ� LQGXVWULHV� LV� RQH� RI� WKH�PRVW� LPSRUWDQW� SDUWV� LQ� WKH� JOREDO� YROXPH� RI�
FRQVWUXFWLRQ� DQG� GHPROLWLRQ�ZDVWH� �&':��� 7KH�&HUDPLF�ZDVWH� IURP� FHUDPLF� DQG� FRQVWUXFWLRQ� LQGXVWULHV� LV� D�PDMRU�
FRQWULEXWH�WR�&':��UHSUHVHQWLQJ�D�VHULRXV�HQYLURQPHQWDO��WHFKQLFDO��DQG�HFRQRPLFDO�SUREOHP�RI�QRZDGD\V�VRFLHW\�>�@��
$V�D�UHVXOW��UHFHQW�\HDUV�KDYH�ZLWQHVVHG�ULVLQJ�VRFLDO�FRQFHUQ�DERXW�WKH�SUREOHP�RI�ZDVWH�PDQDJHPHQW�LQ�JHQHUDO��DQG�
LQGXVWULDO�ZDVWH�DQG�ZDVWH�IURP�WKH�FRQVWUXFWLRQ�LQGXVWU\�LQ�SDUWLFXODU��7KLV�SUREOHP�LV�EHFRPLQJ�LQFUHDVLQJO\�DFXWH�GXH�
WR� WKH� JURZLQJ� TXDQWLW\� RI� LQGXVWULDO�� FRQVWUXFWLRQ� DQG� GHPROLWLRQ�ZDVWH� JHQHUDWHG� GHVSLWH� WKH�PHDVXUHV�ZKLFK� KDYH�
EHHQ� WDNHQ� LQ� UHFHQW� \HDUV� DW�(XURSHDQ�&RPPXQLW\�� QDWLRQDO� DQG� UHJLRQDO� OHYHOV� DLPHG� DW� FRQWUROOLQJ� DQG� UHJXODWLQJ�
ZDVWH�PDQDJHPHQW��LQ�DFFRUGDQFH�ZLWK�VXVWDLQDEOH�GHYHORSPHQW�SROLFLHV�DQG�WKH�.\RWR�3URWRFRO�>�@��
7KXV� WKH�REMHFWLYH�RI� WKH�SUHVHQW� VWXG\� LV� WR� ILQG�RXW� WKH�RSWLPXP�PL[�GHVLJQ� IRU�PDNLQJ�EULFN� VR�DV� WR�DFKLHYH� WKH�
PD[LPXP�FRPSUHVVLYH�VWUHQJWK��7KH�H[SHULPHQWV�ZHUH�GHVLJQHG�XVLQJ�DQ�/��VWDQGDUG�RUWKRJRQDO�DUUD\�FRQVLGHULQJ�WKH�
SURFHVV�SDUDPHWHUV�VXFK�DV�ZDWHU�ELQGHU�UDWLR��FHUDPLF�ZDOO�WLOH��FRDUVH�VDQG��DQG�VWRQH�GXVW�DQG�HDFK�ZLWK�WKUHH�OHYHOV��
5HVXOWV�GHULYHG�IURP�VWDWLVWLFDO�DQDO\VLV�RI�WKH�H[SHULPHQWDO�GDWD�ZHUH�SUHVHQWHG��EDVHG�RQ�7DJXFKL¶V�SDUDPHWHU�GHVLJQ�
WHFKQLTXH�� $IWHU� H[SHULPHQWDO� VWXGLHV� RYHU� PDWHULDOV� OLNH� FRQFUHWH�� PHFKDQLFDO� SURSHUWLHV� VXFK� DV� VWUHQJWK� HWF�� ZDV�
H[SODLQHG� E\� XVLQJ� GLIIHUHQW� RUWKRJRQDO� DUUD\� 7DJXFKL� 'HVLJQ� >���@�� 2QO\�:DWHU�&HPHQW� UDWLR� � �:�&�� � LV� WKH� PRVW�
HIIHFWLYH� YDULDEOH� DFFRUGLQJ� WR� RWKHU� YDULDEOHV� DQG� LV� GHWHUPLQHG� LQ� WKH� H[SHULPHQW� UHVXOWV� >�@�� 7KH� RSWLPL]DWLRQ� RI�
FRQFUHWH�IUHH]LQJ�UHVLVWDQFH�ZDV�LQYHVWLJDWHG�E\�FRQWUROOLQJ�UHVSRQVH�YDULDEOHV��EHQGLQJ�DQG�SUHVVXUH�VWUHQJWKV��7KHVH�
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PHFKDQLFDO� SURSHUWLHV� RQ� IDLOXUH� OLIH� RI� FRQFUHWH� ZDV� VKRZQ� ERWK� RI� WKHP� DUH� HIIHFWLYH� RQ� WKH� FRQFUHWH� IUHH]LQJ�
UHVLVWDQFH�DQG�DOVR�WKHUH�DUH�OLQHHU�UHODWLRQVKLS�EHWZHHQ�EHQGLQJ�DQG�SUHVVXUH�VWUHQJWKV�>�@��
�
([SHULPHQWDO�'HVLJQ�7DJXFKL�0HWKRGRORJ\�
�
7KH�REMHFWLYH�RI�WKH�µµ7DJXFKL�PHWKRG¶¶�LV�WR�REWDLQ�SURGXFWV��RU�SURFHVVHV��PRUH�UREXVW�XQGHU�YDU\LQJ�HQYLURQPHQWDO�
FRQGLWLRQV� DQG� WR� FRQVLGHU� WKH� YDULDELOLW\� LQ� WKH� SURGXFWV¶� FRPSRQHQWV� �VXE�SURGXFWV��� 7KH� 7DJXFKL� PHWKRG� DIWHU�
EULQJLQJ�WKH�PHDQ�SHUIRUPDQFH�RI�SURGXFWV�WR�VRPH�WDUJHWHG�YDOXHV�KDV�VKRZQ�WKDW�H[SHULPHQWDO�GHVLJQV�FRXOG�EH�XVHG�
WR�PDNH�WKH�YDULDELOLW\�DURXQG�WKH�WDUJHWHG�YDOXH�PLQLPXP��$FFRUGLQJ� WR�7DJXFKL�� WKH�SHUIRUPDQFH�RI�D�SURGXFW��L�H��
RSWLPXP�ZRUNLQJ�FRQGLWLRQV��PD\�EH�DIIHFWHG�E\�
�
���(QYLURQPHQWDO�FRQGLWLRQV�LQ�ZKLFK�LW�LV�JRLQJ�WR�EH�XVHG�DQG�
���&RPSRQHQWV�XVHG�LQ�LWV�SURGXFWLRQ��
�
7KXV��ZKHQ�GHWHUPLQLQJ�WKH�RSWLPXP�ZRUNLQJ�FRQGLWLRQV��HQYLURQPHQWDO�FRQGLWLRQV�LQ�ZKLFK�WKH�SURGXFW�ZLOO�EH�XVHG�
DQG�GHWDLOV�RI�LWV�FRPSRQHQWV�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW��7KH�SDUDPHWHUV�DIIHFWLQJ�WKH�SURGXFW�PD\�EH�GLYLGHG�LQWR�
WZR�JURXSV�DV�IROORZV��
�
���&RQWUROODEOH�DQG�
���8QFRQWUROODEOH��
�
%HFDXVH� RI� WKH� YHU\� KLJK� FRVW�� LQVWHDG� RI� GHWHUPLQLQJ� XQFRQWUROODEOH� SDUDPHWHUV� DQG� UHPRYLQJ� WKHP�� YDOXHV� RI�
FRQWUROODEOH� SDUDPHWHUV��ZKLFK�ZLOO� UHGXFH� WKH� QHJDWLYH� HIIHFWV� RI� XQFRQWUROODEOH�SDUDPHWHUV�� VKRXOG�EH� LQYHVWLJDWHG��
&RQWUROODEOH�SDUDPHWHUV�FDQ�IXUWKHU�EH�GLYLGHG�LQWR�WKUHH�JURXSV�ZLWK�UHVSHFW�WR�WKHLU�HIIHFWV�RQ�WKH�SHUIRUPDQFH�RI�WKH�
SURGXFW�>�@��
�
���&RQWURO�SDUDPHWHUV��
���$GMXVWPHQW�SDUDPHWHUV��DQG�
���,QHIIHFWLYH�SDUDPHWHUV��
�
0DWHULDOV�DQG�0HWKRG�
�
,Q� WKLV� VWXG\��DYDLODELOLW\�RI� FHUDPLF�ZDOO� WLOH�ZDVWHV� LQ�FRQFUHWH�SURGXFWLRQ�KDV�EHHQ� LQYHVWLJDWHG�� )RU� WKLV�SXUSRVH��
H[SHULPHQWV�ZHUH�PDGH�WZR�VDPSOHV�SURGXFHG�IRU�GHWHUPLQLQJ�SK\VLFDO�DQG�PHFKDQLFDO�IHDWXUHV�RI�FRQFUHWHV�SURGXFHG�
WKURXJK� XVLQJ� ZDOO� WLOH� ZDVWHV� DV� DJJUHJDWH�� � 3UHVVXUH� DQG� EHQG� VWUHQJWK� DQG� ZHDULQJ� WHVWV� ZHUH� PDGH� WR� SURGXFH�
FRQFUHWHV��
$FKLHYH�WR�RSWLPL]DWLRQ�RI�PL[�SURSRUWLRQV�RI�SUHFDVW�FRQFUHWH��YDULDEOH�PDWHULDO��FRQWDLQV�GLIIHUHQW� IDFWRUV�DQG� OHYHO�
ZHUH� XVHG�� DUH� JLYHQ� LQ� WKH� 7DEOH� ��� ,Q� H[SHULPHQWDO� VWXGLHV�� �� GLIIHUHQW� FRQWURO� IDFWRUV� ZHUH� XVHG� DQG� WKHVH� DUH�
ZDWHU�ELQGHU�UDWLR��ZDOO� WLOH�ZDVWH��FRDUVH�DJJUHJDWH�DQG�VWRQH�SRZGHU�� (DFK�FRQWURO�IDFWRU�LV� LQ���OHYHOV�DQG�JLYHQ�LQ�
7DEOH����2UWKRJRQDO�VHTXHQFH�ZDV�XVHG�LQ�H[SHULPHQWDO�VWXGLHV��7KH�XVH�RUWKRJRQDO�VHTXHQFH�LV�/�� �����DQG�JLYHQ�LQ�
7DEOH����
7DEOH����0DWHULDOV�XVHG�LQ�WKH�H[SHULPHQWV�DUH�JLYHQ�WR�SURGXFWLRQ�SURSHUWLHV�DQG�VWDQGDUGV�>���@�

0DWHULDOV� 'HVFULSWLRQ�
&HPHQW�

�
�

,Q�H[SHULPHQWDO�VWXGLHV��&(0�,������5�3RUWODQG�&HPHQW�KDYLQJ�76�(1�������VWDQGDUG�DQG�
SDFNDJHG� LQ� ��� NJ� EDJV� SURGXFHG� E\� &HPHQW� )DFWRU\� �18+�dø0(172�� LQ� +HUHNH� ZDV�
XVHG� �

$JJUHJDWH�
1R�,,�VWRQH�FKLSV�RI�ZKLFK�XQLW�ZHLJKW�LV������NJ�P���VWRQH�SRZGHU�RI�ZKLFK�XQLW�ZHLJKW�LV�
����� NJ�P�� DQG� ZDOO� WLOH� EUHDNLQJV� KDYLQJ� ����� NJ�P�� XQLW� VL]H� RI� QR� ,� VWRQH� FKLSV� LV�
PD[LPXP���PP��ZDOO�WLOH�VL]H���VL]H�RI�QR�,,�VWRQH�FKLS�LV����PP����

:DWHU� ,Q�FKHPLFDO�DQDO\VLV�RI�PDLQV�ZDWHU��LW�KDV�EHHQ�VHHQ�WKDW�WKH�ZDWHU�LV�DSSURSULDWH�IRU�PL[LQJ�
ZDWHU�TXDOLILFDWLRQV�LQ�³76������&RQFUHWH�3URGXFWLRQ��3RXULQJ�DQG�0DLQWHQDQFH�5XOHV´��

�
7DEOH����7KH�IDFWRUV�DQG�OHYHOV�DUH�XVHG�LQ�WKH�H[SHULPHQWV�DFFRUGLQJ�WR�7DJXFKL�0HWKRG�

)DFWRUV� /HYHO��� /HYHO��� /HYHO���
$�&HPHQW�:DWHU�UDWLR� ���� ���� ����

%�:DOO�WLOH����� ��� ��� ���
&�&RDUVH�DJJUHJDWH����� ��� ��� ���
'�6WRQH�SRZGHU����� ��� ��� ���

�
7DEOH����/�������6WDQGDUG�RUWKRJRQDO�VHTXHQFH�

([SHULPHQW�QR�� )DFWRU�$� )DFWRU�%� )DFWRU�&� )DFWRU�'�
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�� �� �� �� ��
�� �� �� �� ��
�� �� �� �� ��
�� �� �� �� ��
�� �� �� �� ��
�� �� �� �� ��
�� �� �� �� ��
�� �� �� �� ��
�� �� �� �� ��

�
3URGXFWLRQ�RI�&RQFUHWH��
�
)RU�WKH�SXUSRVH�RI�GHWHUPLQLQJ�SK\VLFDO�DQG�PHFKDQLFDO�IHDWXUHV�RI�FRQFUHWHV�WR�EH�XVHG�LQ�WKH�VWXG\��FXEH�VDPSOHV�RI�
GLPHQVLRQV� DV� ��[��[��� FP� DQG� EHDP� VDPSOHV� RI� GLPHQVLRQV� DV� ��[��[��� FP�ZHUH� SURGXFHG��2QO\� RQH� FXUH� ZDV�
DSSOLHG�IRU�SURGXFLQJ�VDPSOHV��SHULRG�RI�WKLV�FXUH�LV����GD\V�DQG�NHSW�ZDLWLQJ�DW�6WDQGDUG�FXUH�FRQGLWLRQV��LQ�VDWXUDWHG�
ZDWHU�RI�������&�VXLWDEOH�IRU�OLPH���'XULQJ�H[SHULPHQWV��YLHZV�RGG�VDPSOHV�LQ�FXUH�EDWK�DUH�VKRZQ�LQ�)LJXUH����7HVWV�
PDGH�WR�KDUGHQHG�FRQFUHWH�DUH�DV�IROORZV��
�

�� &RPSUHVVLYH�VWUHQJWK�
�� %HQGLQJ�VWUHQJWK�
�� 3UHVHQFH�RI�ZHDULQJ�UHVLVWDQFHV�

�

�
)LJXUH����.HHSLQJ�VDPSOHV�ZDLWLQJ�LQ�FXUH�EDWK�
�
&RPSUHVVLRQ�6WUHQJWK�0HDVXUHPHQWV�
�
&RPSUHVVLYH� VWUHQJWK� RI� FRQFUHWH� LV� FDOOHG� DV� UHVLVWDQFH� FDSDELOLW\� RI� FRQFUHWH� XQGHU� D[LDO� SUHVVXUH� ORDG� IRU� QRW� LV�
EURNHQ��PD[LPXP�VWUHVV�IRUPHG�LQ�FRQFUHWH�ZLWK�WKH�LQIOXHQFH�RI�D[LDO�SUHVVXUH�ORDG��DQG�DQ�H[DPSOH�FRPSUHVVLRQ�KDV�
EHHQ�JLYHQ�LQ�)LJXUH����
�

International Science and Technology Conference, Dubai, 13-15 December 2012

719



ISTEC 20
12�

)LJXUH����&RPSUHVVLRQ�VWUHQJWK�WHVW�RI�FRQFUHWH�PDWHULDO�
�

,W�ZLOO�HQDEOH�WR�KDYH�DQ�RSLQLRQ�RQ�GHWHUPLQLQJ�WKH�ORDG�DPRXQW�WKDW�FRQFUHWH�VDPSOHV�DW�FHUWDLQ�DJHV�ZLOO�EH�DEOH�WR�
FDUU\�DQG�WKH�ORDG�WKDW�WKH�FRQFUHWH�SURGXFHG�ZLWK�WKH�VDPH�PL[WXUH�LQ�DQ�DFWXDO�DSSOLFDWLRQ�ZLOO�EH�DEOH�WR�FDUU\�>��@���
7KHVH�H[SHULPHQWV�RI� �����DQG����GD\V�FDUULHG�RXW�EDVHG�RQ�76������KDYH�EHHQ�SHUIRUPHG�LQ�GHIRUPDWLRQ�FRQWUROOHG�
FRQFUHWH�DQG�FHPHQW�WHVW�SUHVV��0$7(�EUDQG��KDYLQJ������WRQV�FDSDFLW\��7KH�VPRRWKHVW�VXUIDFH�RI�VDPSOHV�ZDV�SODFHG�
RQWR�WKH�SUHVV�WDEOH�DV�FRQWDFWLQJ�WR�SUHVV�WDEOH�DQG�DV�FRQFUHWH�SRXULQJ�GLUHFWLRQ�LV�KRUL]RQWDO�DQG�EUHDNLQJ�ORDGV�ZHUH�
FDOFXODWHG�� � &RPSUHVVLYH� VWUHQJWKV� RI� VDPSOHV� ZHUH� REWDLQHG� E\� GLYLGLQJ� EUHDNLQJ� ORDGV� REWDLQHG� ZLWK� WKH� KHOS� RI�
&RPSUHVVLYH�VWUHQJWK�HTXDOLW\���LQWR�WKH�VXUIDFH�DUHD�PHDVXUHG�DW�WKH�EHJLQQLQJ�RI�WKH�H[SHULPHQW�>��@��
�
�� =

�
�
� � � � � � � � � � � �������� � �(T����� �

,Q�HTXDWLRQ���� WHUPV�DUH�ıE��&RPSUHVVLYH�UHVLVWDQFH��3��EUHDNLQJ� ORDG��$��DUHD�RI� WKH�VXUIDFH�RQ�ZKLFK�SUHVVXUH�ZDV�
DSSOLHG��
�
%HQGLQJ�6WUHQJWK�0HDVXUHPHQWV�
�
%HQGLQJ� VWUHQJWK� RI� FRQFUHWH� LV� GHWHUPLQHG� WKURXJK� D� VLPSOH� EHDP�PHWKRG� ORDGHG� IURP�RQH�WKLUG� SRLQWV� RYHU� EHDP�
VDPSOHV��VLPSOH�EHDP�PHWKRG�ORDGHG�IURP�PLGGOH�SRLQW�DQG�D�VDPSOH�EHQG�LV�JLYHQ�LQ�)LJXUH����%HQGLQJ�VWUHQJWK�RI�D�
FRQFUHWH�VDPSOH�LV�FDOFXODWHG�E\�XVLQJ�WKH�IROORZLQJ�IRUPXODV��>��@��
�
,Q�VLPSOH�EHDP�PHWKRG�ORDGHG�IURP�RQH�WKLUG�SRLQWV��LI�EUHDNLQJ�RFFXUUHG�LQ�RQH�WKLUG�PLGGOH�SDUW���
�
� = �×�

�×��
� � � � � � � � � � � � � � �(T�����

�
,I�EUHDNLQJ�RFFXUUHG�RQ�RXW�RI�RQH�WKLUG�PLGGOH�SRLQW��
�

� ×� = ��×�
�×��

R� � � � � � � � � � � � � �(T�����
�
IRUPXOD�LV�XVHG��+HUH��
ı� �7HQVLOH�VWUHQJWK�LQ�EHQG���NJI�FPð��
( �(ODVWLF�PRGXOXV�RI�PDWHULDO��03D��
3� �7KH�ELJJHVW�ORDG�DW�WKH�EUHDNLQJ�PRPHQW�RQ�H[SHULPHQWDO�SUHVV���NJI��
/� �&OHDUDQFH�EHWZHHQ�ORDGLQJ�WDEOH�EDVLV���FP��
K� �$YHUDJH�ZHLJKW�RI�EUHDNLQJ�HGJH���FP��
D� �$YHUDJH�GLVWDQFH�EHWZHHQ�EUHDNLQJ�OLQH�DQG�QHDUE\�EDVLV���FP���
�
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)LJXUH�����$SSOLHG�FRQFUHWH�VSHFLPHQ�RI�D�EHQGLQJ�VWUHQJWK�PHDVXUHPHQW�
�

�

�
:HDU�/RVV�0HDVXUHPHQWV�
�
$EUDVLRQ�UHVLVWDQFH�LV�D�PRVW�LPSRUWDQW�FKDUDFWHULVWLF�RI�FRQFUHWH�IORRUV�DQG�SDYHG�VXUIDFHV��7KH�$EUDVLRQ�UHVLVWDQFH�RI�
FRQFUHWH�SDYHPHQWV�LV�D�VXUIDFH�SURSHUW\�WKDW�LV�PDLQO\�GHSHQGHQW�RQ�WKH�TXDOLW\�RI�WKH�VXUIDFH�OD\HU�FKDUDFWHULVWLFV��7KH�
WRS�����PP�LV�WKH�PRVW�LPSRUWDQW�SDUW�IRU�WKH�DEUDVLRQ�UHVLVWDQFH�RI�WKH�FRQFUHWH�SURGXFW��&HPHQW�FRQWHQW��ZDWHU�FHPHQW�
UDWLR�� FHPHQW� W\SH�� DJJUHJDWH� W\SH�� WKH� XVH� RI� SLJPHQWV� DQG� FXULQJ� UHJLPH� DUH� WKH� IDFWRUV� WKDW� LQIOXHQFH� DEUDVLRQ�
UHVLVWDQFH�>��@��
�
&RQFUHWH� VSHFLPHQV� SUHSDUHG� DV� UHFWDQJOH� VDPSOHV� RI� �[�FP�ZHUH� FDOFXODWHG� RQ� GDLO\� SRVW�FXUH� DEUDVLRQ� UHVLVWDQFH�
FRQFUHWH�DEUDVLYHQHVV�WHVW�HTXLSPHQW��)LJXUH�����7KH�DEUDVLRQ�UHVLVWDQFHV�RI�WKH�SURGXFHG�FRQFUHWH�VDPSOHV�ZHUH�PDGH�
DW�����ORRS�DQG����USP�URWDWLRQDO�VSHHG���
�

�
)LJXUH����:HDU�VSHFLPHQV�RI�FRQFUHWH�
�
,Q� VWUXFWXUDO� HQJLQHHULQJ�� HVSHFLDOO\� VWRQH� VWUXFWXUHG� HOHPHQWV� DUH� LQIOXHQFHG�E\� DEUDVLRQ� HYHQW��7KHUHIRUH��PDWHULDOV�
XVHG�LQ�SODFHV�VXFK�DV�FRQFUHWH�URDG��DLUSRUW��VWDLUV��IORRULQJV��HWF��VKRXOG�EH�UHVLVWDQW�WR�DEUDVLRQ�>��@���
�
5HVXOWV�DQG�'LVFXVVLRQ�
�
7KH�DLP�RI�WKLV�SDSHU�LV�WKH�DVVHVVPHQW�RI�WKH�SURSHUWLHV�RI�FRQFUHWH�ZKLFK�XVH�ZDVWH�FHUDPLF�DV�DQ�DJJUHJDWH�SDUWLDO�
VXEVWLWXWH�� 7R� DFKLHYH� WKLV�� FRPSUHVVLRQ� UHVLVWDQFH�� EHQGLQJ� VWUHQJWK� DQG� ZHLJKW� ORVV� PHDVXUHPHQW� WR� HQVXUH� WKDW�
IXQGDPHQWDO� SDUDPHWHUV� QHHGHG� LQ� WKH� GHVLJQ� DUH� HYDOXDWHG�� 7KH� GDWD� LQ� WKH� 7DEOH� �� LQGLFDWH� WKDW� WKH� &RPSUHVVLRQ�
UHVLVWDQFH��EHQGLQJ�VWUHQJWK�DQG�ZHLJKW�ORVV�PHDVXUHPHQW�UHVXOWV�GHSHQGLQJ�RQ�WKH�H[SHULPHQWDO�GHVLJQ�PDWUL[��
�
7DEOH����&RPSUHVVLRQ�UHVLVWDQFH��EHQGLQJ�VWUHQJWK�DQG�ZHLJKW�ORVV�PHDVXUHPHQW�UHVXOWV�GHSHQGLQJ�RQ�WKH�H[SHULPHQWDO�
GHVLJQ�PDWUL[�

7HVW� 3UHVVXUH�
VWUHQJWK���

3UHVVXUH�
VWUHQJWK���

3UHVVXUH�
VWUHQJWK���

%HQGLQJ�
6WUHQJWK���

%HQGLQJ�
6WUHQJWK���

%HQGLQJ�
6WUHQJWK���

:HLJKW�
/RVV���
����

:HLJKW�
/RVV���
����
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7�� ���� ���� ���� ����� ����� ����� ����� �����
7�� ���� ���� ���� ����� ����� ����� ����� �����
7�� ���� ���� ���� ����� ����� ����� ����� �����
7�� ���� ���� ���� ����� ����� ����� ����� �����
7�� ���� ���� ���� ����� ����� ����� ����� �����
7�� ���� ���� ���� ����� ����� ����� ����� �����
7�� ���� ���� ���� ����� ����� ����� ����� �����
7�� ���� ���� ���� ����� ����� ����� ����� �����
7�� ���� ���� ���� ����� ����� ����� ����� �����

�
,Q� H[SHULPHQWDO� VWXGLHV�� FHPHQW�ZDWHU� UDWLR� �)DFWRU� $�� DSSHDUV� DV� WKH� PRVW� HIIHFWLYH� IDFWRU�� :LWK� WKH� LQFUHDVH� LQ�
FHPHQW�ZDWHU�UDWLR��WKH�FRPSUHVVLRQ�UHVLVWDQFH�LQFUHDVHV��WRR��7KH�PRVW�LPSRUWDQW�IDFWRU�IROORZLQJ�FHPHQW�ZDWHU�UDWLR�
LV� VWRQH�SRZGHU� �)DFWRU�'��� ,QFUHDVH� LQ� VWRQH�SRZGHU�DPRXQW� OHDGV� WR�GHFUHDVH� LQ�SUHVVXUH� UHVLVWDQFH�DW�KLJK� OHYHOV��
'XH�WR�FKDQJLQJ�VHWWLQJ�WLPH�DULVLQJ�IURP�K\GUDWDWLRQ�KHDW�FKDQJH��DGGLWLRQ�RI�VWRQH�SRZGHU�RYHU�PHGLXP�OHYHO�SOD\V�
DQ�HIIHFWLYH�UROH�LQ�GHFUHDVH�RI�SUHVVXUH�UHVLVWDQFH�FDXVLQJ�VHJUHJDWLRQ�� %DVHG�RQ�WKH�PHDVXUHPHQW�UHVXOWV��UHJUHVVLRQ�
DQDO\VLV�KDV�EHHQ�GHWHUPLQHG�DQG�JLYHQ�LQ�WKH�(TXDWLRQ����7KHUH�LV�D�������KDUPRQ\�EHWZHHQ�REWDLQLQJ�YDULDEOHV�DQG�
FRUUHODWLRQ�� 7KLV� FDVH� LV� WKH� LQGLFDWLRQ� RI� UHOLDELOLW\� RI� PHDVXUHPHQW� UHVXOWV�� DQG� DOVR� DGMXVWHG� 5� YDOXH� LV� IRXQG�
DSSUR[LPDWHO\�������E\�XVLQJ�0LQLWDE�6RIWZDUH��
�
$YHUDJH�&RPSUHVVLRQ�UHVLVWDQFH� ������±������'�±������&��������%��������$� � � � �(T�����
�

�
)LJXUH����0DLQ�HIIHFWV�RI�&RPSUHVVLYH�VWUHQJWK�DFFRUGLQJ�WR�6�1�UDWLR�UHVXOWV��
�

�
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)LJXUH����&RPSDULVRQ�RI�FRPSUHVVLYH�VWUHQJWK�UHVXOWV�
�
7KH�UHVXOWV�RI�YDULDQFH�DQDO\VLV�DUH�JLYHQ�LQ�WKH�7DEOH����%HWZHHQ�����FRQILGHQFH�LQWHUYDO��DFFXUDF\�RI�WHVW�UHVXOWV�LV�
H[SUHVVHG��%HVLGHV��SULPDULO\�$�DQG�'�IDFWRUV�KDYH�EHHQ�GHWHUPLQHG�DV�DQ�HIIHFWLYH�IDFWRU�RQ�FRPSUHVVLRQ�VWUHQJWK��
�
7DEOH����7KH�UHVXOWV�RI�YDULDQFH�DQDO\VLV�
�

� 6RXUFH� 'HJUHH�RI�IUHHGRP�
�')��

6XP�VTXDUH�
�66��

0HDQ�VTXDUH�
�06��

)�WHVW�
YDOXH�

3�
IDFWRU�

36�
5HJUHVVLRQ� �� �������� ������� ������ ������
5HVLGXDO�(UURU� �� ������� ������ � �
7RWDO� �� �������� � � �

%6�
5HJUHVVLRQ� �� �������� ������� ����� ������
5HVLGXDO�(UURU� �� ������� ������� � �
7RWDO� �� �������� � � �

:/�
5HJUHVVLRQ� �� �������� �������� ����� ������
5HVLGXDO�(UURU� �� �������� �������� � �
7RWDO� �� �������� � � �

�
,Q�H[SHULPHQWDO�VWXGLHV��FHPHQW�ZDWHU�UDWLR��)DFWRU�$��DSSHDUV�DV�WKH�PRVW�HIIHFWLYH�IDFWRU�RQ�EHQG�UHVLVWDQFH��:LWK�WKH�
LQFUHDVH� LQ�FHPHQW�ZDWHU� UDWLR�� WKH�EHQG� UHVLVWDQFH� LQFUHDVHV�� WRR�� 7KH�PRVW� LPSRUWDQW� IDFWRU� IROORZLQJ�FHPHQW�ZDWHU�
UDWLR�LV�VWRQH�SRZGHU��)DFWRU�'��� ,QFUHDVH�LQ�VWRQH�SRZGHU�DPRXQW�OHDGV�WR�GHFUHDVH�LQ�EHQG�UHVLVWDQFH�DW�KLJK�OHYHOV��
&ORVH�FRUUHODWLRQV�DUH�REVHUYHG�EHWZHHQ�FRPSUHVVLRQ�VWUHQJWK�DQG�EHQG�UHVLVWDQFH�UHVXOWV��
�

�
)LJXUH����0DLQ�HIIHFWV�RI�EHQGLQJ�VWUHQJWK�DFFRUGLQJ�WR�6�1�UDWLR�UHVXOWV�

�
�

�
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)LJXUH����&RPSDULVRQ�RI�EHQGLQJ�VWUHQJWK�UHVXOWV�
�
%DVHG� RQ� WKH� PHDVXUHPHQW� UHVXOWV�� UHJUHVVLRQ� DQDO\VLV� KDV� EHHQ� GHWHUPLQHG�� 7KHUH� LV� DQ� ������ KDUPRQ\� EHWZHHQ�
REWDLQLQJ�YDULDEOHV�DQG�FRUUHODWLRQ��)RUPXODWLRQ�REWDLQHG�WKURXJK�UHJUHVVLRQ�DQDO\VLV�LV�VKRZQ�EHORZ��
�
$YHUDJH�%HQG�UHVLVWDQFH� ������������$��������%�±������&�±������'� � � � � �(T�����
�
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)LJXUH����0DLQ�HIIHFWV�RI�ZHDU�ORVV�DFFRUGLQJ�WR�6�1�UDWLR�UHVXOWV�

�

)LJXUH����&RPSDULVRQ�RI�ZHDU�UHVXOWV�DVVRFLDWHG�ZLWK�:HLJKW�/RVV�GDWD�DQG�VSHFLPHQV�
�
)RUPXODWLRQ�REWDLQHG�DV�D�UHVXOW�RI�UHJUHVVLRQ�DQDO\VLV�LV�DV�IROORZV��
�
:HDU�/RVV� ���������������'���������&�±��������%�±�������$�� � � � � � �(T�����
�
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)LJXUH�����/LQHDU�GHFUHDVH�RI�UHODWLRQVKLS�EHWZHHQ�$EUDVLRQ�ORVV�3UHVVXUH�VWUHQJWK��
�
7KH�RSWLPDO�FRPELQDWLRQV�RI�WKH�WKUHH�UHVSRQVH�YDULDEOHV��&RPSUHVVLYH�VWUHQJWK��EHQGLQJ�VWUHQJWK�DQG�DEUDVLRQ�ORVV��LV�
WKH�VDPH�DV�$�%�&�'���:KHQ�WKH�H[SHULPHQW�KDV�GRQH�DW�WKLV�SURGXFWLRQ�FRQGLWLRQV��WKH�UHVXOWV�ZLOO�EH�VHHQ�WKDW�PXFK�
EHWWHU��7R�GR�WKLV��D�FRQILUPDWLRQ�WHVW�VKRXOG�EH�SHUIRUPHG��+RZHYHU��WKH�UHVXOWV�RI�DQDO\VLV�IRU�WKH�SUHVHQW�H[SHULPHQW�
GDWD�DUH�JLYHQ�LQ�WKH�FRQFOXVLRQ��
�
&RQFOXVLRQV�
�
x :KHQ� FRPSDUHG� WR� IXOO� IDFWRULDO� GHVLJQV�� QXPEHU� RI� WHVWV� KDV� EHHQ� VLJQLILFDQWO\� UHGXFHG� E\� XVLQJ� 7DJXFKL�

0HWKRG�DQG�RUWKRJRQDO�VHTXHQFHV��:KLOH�������WHVW�VKRXOG�KDYH�EHHQ�PDGH�LQ�D�IXOO�IDFWRULDO�GHVLJQ�DW���IDFWRUV�
ZLWK���OHYHOV��WKH�QXPEHU�RI�WHVWV�KDV�EHHQ�UHGXFHG�WR���YLD�7DJXFKL�0HWKRG��:KHQ�UHFHLYLQJ���PHDVXUHPHQWV�LV�
SODQQHG�IRU�HDFK�WHVW��WKH�QXPEHU�RI�VDPSOHV�FDXVHV�KLJK�FRVWV�SURYLGHG�WKDW�WKHUH�LV����[���FRPSUHVVLRQ��EHQG��
ZHDU�� VDPSOHV�� +RZHYHU�� WKH� QXPEHU� RI� VDPSOHV� DV� D� UHVXOW� RI� H[SHULPHQWDO� GHVLJQ� YLD� 7DJXFKL� KDV� EHHQ�
UHGXFHG�DV���[� ����

�
x ,Q�FRPSUHVVLRQ��EHQG�VWUHQJWK��WKH�PRVW�LPSRUWDQW�IDFWRUV�EHWZHHQ�SURFHVV�YDULDEOHV�DUH�FHPHQW�ZDWHU�UDWLR�DQG�

VWRQH�SRZGHU�DPRXQW�DGGHG�LQWR�WKH�PL[WXUH��UHVSHFWLYHO\���&HPHQW�ZDWHU�UDWLR�LQFUHDVH�VWUHQJWK�LV�LQFUHDVHG���
�

x 7KH�KLJKHVW�FRPSUHVVLRQ�DQG�EHQG�VWUHQJWK�DQG�WKH�ORZHVW�DEUDVLRQ�ORVV�KDV�EHHQ�REWDLQHG�GXULQJ�7��DQG�7��WHVW�
VHULHV��,Q�WKLV�FRQWH[W��FHPHQW�ZDWHU�UDWLR�LV������VWRQH�SRZGHU�UDWLRQ�RI�WKH�PL[WXUH�VKRXOG�EH������

�
x 7KH�ORZHVW�DEUDVLRQ�ORVV�KDV�EHHQ�REWDLQHG�GXULQJ�7��WHVW�VHULHV��,Q�WKLV�FRQWH[W��FHPHQW�ZDWHU�UDWLR��LV������VWRQH�

SRZGHU�UDWLRQ�RI�WKH�PL[WXUH�VKRXOG�EH������
�

x :LWK�WKH�LQFUHDVH�RI�FRPSUHVVLRQ�UHVLVWDQFH��DEUDVLRQ�ORVV�LV�GHFUHDVHG���
�

x :KHQ�LW�LV�DVVHVVHG�LQ�WHUPV�RI�PHFKDQLFDO�VWUHQJWK�IHDWXUHV�RI�EOHQGHG�FRQFUHWH�PL[WXUH��LW�KDV�EHHQ�GHFLGHG�WR�
FDUU\�RXW�SURGXFWLRQ�GHSHQGLQJ�RQ�7��SDUDPHWHUV�DV�D�UHVXOW�RI�RSWLPL]DWLRQ���

�
x 7KH�REWDLQHG�UHVXOWV�IURP�WKLV�UHVHDUFK��ZRXOG�KRSHIXOO\�EH�LQLWLDO�FRQWULEXWLRQV�WR�WKH�XVH�RI�SUHFDVW�FRQFUHWH�

�
$FNQRZOHGJHPHQWV��
�
:H�DUH�KRSHIXO� WR�.RFDHOL�8QLYHUVLW\�0HWDOOXUJ\� DQG�0DWHULDO�(QJLQHHULQJ�'HSDUWPHQW� IRU� WKHLU� VXSSRUW� GXULQJ�RXU�
VWXG\��

5HIHUHQFHV�
�

[1 ]. 'HVLJQLQJ� ZLWK� 3UHFDVW� DQG� 3UHVWUHVVHG� &RQFUHWH�� KWWS���ZZZ�SFL�RUJ�ILOHV�3&,B':3BELQGHUBFK��SGI�� �
3UHFDVW�3UHVWUHVVHG�&RQFUHWH�,QVWLWXWH��3&,���������
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[5 ]. ùDKLQ�� 5��� 3RODW� 5��� ,FHOOL�� 2��� dHOLN�� &��� �������� 'HWHUPLQDWLRQ� RI� WUDQVPLVVLRQ� IDFWRUV� RI� FRQFUHWHV� ZLWK�
GLIIHUHQW� ZDWHU�FHPHQW� UDWLR�� FXULQJ� FRQGLWLRQ�� DQG� GRVDJH� RI� FHPHQW� DQG� DLU� HQWUDLQLQJ� DJHQW�� $QQDOV� RI�
1XFOHDU�(QHUJ\�����SS�����±�������
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7XUNLVK��
[11 ]. 76� ������ �������� %HWRQ� �� %DVÕQo� GHQH\� QXPXQHOHULQLQ� KD]ÕUODQPDVÕ�� KÕ]ODQGÕUÕOPÕú� N�UH� WDEL� WXWXOPDVÕ� YH�

GHQH\OHUL��,Q�7XUNLVK��
[12 ]. *�QLQGL�� ø��� �������� <XPXUWDOÕN� 6XJ|]�� 8oXFX� .�O�� øoHUHQ� %HWRQODUÕQ� %DVÕQo�� (÷LOPH� YH� $úÕQPD�

'D\DQÕPODUÕQÕQ�$UDúWÕUOPDVÕ��dXNXURYD�hQLYHUVLWHVL�)HQ�%LOLPOHUL�(QVWLW�V���<�NVHN�/LVDQV�7H]L��,Q�7XUNLVK��
[13 ]. $VODQWDú��2��� � ��������6WXG\�RQ�$EUDVÕRQ�5HVLVWDQFH�RI�&RQFUHWH�3DYLQJ�%ORFNV�� �7KH�*UDGXDWH�6FKRRO�2I�

1DWXUDO�$QG�$SSOÕHG�6FÕHQFHV�2I�0ÕGGOH�(DVW�7HFKQÕFDO�8QÕYHUVÕW\�
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ø6/$0ø�ø/ø0/(5ø1�(öø7ø0ø1'(�7(.12/2-ø1ø1�.8//$1,0,
�

0XKDPPHG�$\GÕQ�

(÷LWLP��

(÷LWLP��ELU�WRSOXPXQ�VWDQGDUWODUÕQÕ��LOPLQL��LQDQoODUÕQÕ�YH�N�OW�U�Q��EX�ED÷ODPGD�W�P�ELULNLPLQL��ELUH\H�DoÕN�ELU�
úHNLOGH� YH\D� GROD\OÕ� RODUDN�� GR÷XPXQGDQ� |O�P�QH� NDGDU� RODQ� V�UHo� LoHULVLQGH� DNWDUPD� H\OHPLQH� YHULOHQ� DGGÕU��
'ROD\ÕVÕ\OD�KHU�ELUH\�LVWH\HUHN�YH\D�LVWHPH\HUHN�EX�V�UHFLQ�ELU�SDUoDVÕ�ROPDNWDGÕU���

%X�V�UHFLQ�LON�DúDPDVÕQÕ�ELUH\H�HEHYH\QL�WDUDIÕQGDQ�YHULOHQ�YH�KD\DWÕQÕQ�LOHUOH\HQ�G|QHPOHULQL�GH�GLUHNW�RODUDN�
HWNLOH\HQ� WHPHO�H÷LWLP�V�UHFL�ROXúWXUPDNWDGÕU��(÷LWLP�V�UHFLQLQ�ELU� VRQUDNL�DúDPDVÕQÕ� LVH�RNXO� YE�NXUXPODUGD�YHULOHQ�
H÷LWLP� WHúNLO� HWPHNWHGLU�� %LUH\LQ� RNXO� YE� NXUXPODUGD� DOPÕú� ROGX÷X� H÷LWLP�� DLOH� LoL� H÷LWLPGHQ� WDPDPHQ� IDUNOÕ� ROXS�
|÷UHWPHQOHU�HúOL÷LQGH�EHOOL�ELU�P�IUHGDW�GDKLOLQGH�YHULOLU����

%LUH\H��|÷UHWPHQOHU�WDUDIÕQGDQ�YHULOHQ�H÷LWLPL�NODVLN�YH�PRGHUQ�H÷LWLP�ROPDN��]HUH�LNL\H�D\ÕUPDN�P�PN�QG�U��
%X�D\UÕPGD�EHOLUOH\LFL�XQVXU�LVH�PRGHUQ�DQODPÕ\OD�WHNQRORMLGLU��.ODVLN�H÷LWLP�PHWRGXQGD�ELUH\�ELU�|÷UHWPHQLQ�H÷LWLP�
KDONDVÕQD�GDKLO�ROXU��|÷UHWPHQLQ�QH]DUHWLQGH�ELU�PHVHOH�HOH�DOÕQÕU�YH�YDU�RODQ�VRUXODUD�FHYDSODU�YHULOPH\H�oDOÕúÕOÕUGÕ���%X�
H÷LWLP�VLVWHPLQL��$QWLN�<XQDQ�YH�øVODP�0HGHQL\HWLQGH�J|UPHN�P�PN�QG�U��0RGHUQ�H÷LWLP�PHWRGXQGD�LVH�|÷UHWPHQ�
ELOJL�DNWDUÕFÕ�ROPD\D�GHYDP�HWPHNOH�ELUOLNWH�LúLQ�LoLQH�WHNQRORML�GH�JLUPLúWLU��0RGHUQ�H÷LWLP�PHWRGXQGD��KHP�HEHYH\Q�
KHP�GH�|÷UHWPHQOHU� WDUDIÕQGDQ�YHULOHQ� H÷LWLP�HVQDVÕQGD�GXUXPD� J|UH� IDUNOÕ� ELUoRN�PDWHU\DO� NXOODQÕODELOPHNWHGLU��%X�
GXUXP�|÷UHWPHQH�YH\D�HEHYH\QH�H÷LWLP�YHUPH��ELUH\H�GH�DNWDUÕODQ�NRQX\X�DQODPD�NRQXVXQGD�\DUGÕPFÕ�ROPDNWDGÕU���

%X� ED÷ODPGD� PRGHUQ� DQODPÕ\OD� WHNQRORMLQLQ� H÷LWLPGHNL� \HULQL� J|]� DUGÕ� HWPHPHN� YH� P�PN�Q� ROGXNoD� GD�
ID\GDODQPDN�JHUHNLU��

7HNQRORML��

7HNQRORML��ELUH\LQ�KD\DWÕQÕ�NROD\ODúWÕUPD�QRNWDVÕQGD�LKWL\DFD�X\JXQ�DOHW�YH�HGHYDWÕQ�LQúD�HGLOPHVL�LoLQ�JHUHNHQ�
ELOJL�YH�NDELOL\HWWLU��%X�ED÷ODPGD�WHNQRORML��LQVDQR÷OXQXQ�\HU\�]�QGH�YDU�ROGX÷X�LON�DQGDQ�LWLEDUHQ�LQVDQ�KD\DWÕQÕQ�KHU�
VDIKDVÕQGD�YDUOÕ÷ÕQÕ�V�UG�UP�úW�U���

7HNQRORMLQLQ� EL]L� LOJLOHQGLUHQ� WDUDIÕ� GDKD� oRN� VDQD\L� GHYULPL\OH� ELUOLNWH� VRQ� LNL� \�]\ÕOGD� HOGH� HGLOHQ� ELOLPVHO�
ELULNLPGLU�� %X� ELOLPVHO� ELULNLPLQ� GR÷DO� ELU� VRQXFX� RODUDN� LQVDQ� KD\DWÕ� ELUoRN� DODQGD� LQDQÕOPD]� ELU� úHNLOGH� GH÷LúLPH�
X÷UDPÕúWÕU��%X�GH÷LúLP�KLo�ú�SKHVL]�NHQGLVLQL�H÷LWLP�DODQÕQGD�GD�J|VWHUPLúWLU��

%X�ELOGLULGH�EL]�WHNQRORMLQLQ�ELUH\LQ�LVODPL�H÷LWLPL��]HULQGHNL�HWNLOHULQL�HOH�DOÕS�DoÕNODPD\D�oDOÕúDFD÷Õ]��

�

øVODPL�øOLPOHULQ�(÷LWLPLQGH�7HNQRORMLQLQ�.XOODQÕPÕQÕQ�)D\GDODUÕ�

(÷LWLP� \XNDUÕGD� GD� EHOLUWWL÷LPL]� JLEL� LQVDQ� KD\DWÕQÕQ� D\UÕOPD]� ELU� SDUoDVÕGÕU�� %XQD� ED÷OÕ� RODUDN� GD� H÷LWLP�
LQVDQR÷OXQXQ� YDU� ROGX÷X� LON� DQGDQ� LWLEDUHQ� LQVDQ� KD\DWÕQGD� YDUOÕ÷ÕQÕ� V�UG�UPHNWHGLU�� *HQHO� DQODPÕ\OD� KHU� G|QHPLQ�
úDUWODUÕQD� J|UH� WHNQRORML� GH�� H÷LWLP� IDDOL\HWLQGHQ� D\ÕUW� HGLOHPH\HFH÷L� LoLQ�� LON� H÷LWLP� IDDOL\HWL\OH� ELUOLNWH� LQVDQ�
KD\DWÕQGDNL�\HULQL�DOPÕúWÕU�GL\HELOLUL]���

7HNQRORMLQLQ� H÷LWLPLQ� D\UÕOPD]� ELU� SDUoDVÕ� ROGX÷XQX� L]DK� HWWLNWHQ� VRQUD� EX� D\UÕOPD]OÕ÷ÕQ� øVODPL� LOLPOHULQ�
H÷LWLPLQGH� GH� ROPDVÕ� ELU� JHUHNOLOLNWLU��1LWHNLP� KHU� G|QHPGH� WHNQRORML� R� G|QHPLQ� úDUWODUÕQD� J|UH�PHYFXWWXU� YH� GR÷DO�
RODUDN� ELUH\OHULQ� H÷LWLPLQGH� NXOODQÕOPÕúWÕU�� %X� GXUXP� øVODP�0HGHQL\HWL� LoLQGH� JHoHUOLGLU�� %X� ED÷ODPGD� WHNQRORMLGHQ�
ID\GDODQPDGDQ� YHULOHQ� øVODPL� ELU� H÷LWLP� HNVLN� YH� \HWHUVL]GLU�� 'ROD\ÕVÕ\OD� J�Q�P�]� úDUWODUÕQGD� PRGHUQ� WHNQRORMLQLQ�
øVODPL�LOLPOHULQ�H÷LWLPLQGH�NXOODQÕOPDVÕ�NDoÕQÕOPD]�ELU�]RUXQOXOXNWXU��

dRFX÷D�9HULOHQ�øVODPL�(÷LWLP�


�3URI��'U��0XKDPPHG�$\GÕQ��6DNDU\D�hQLYHUVLWHVL��øODKL\DW�)DN�OWHVL�g÷UHWLP�h\HVL��
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%LUH\LQ� H÷LWLPLQLQ� DLOH� LoLQGH� GDKD� GR÷GX÷X� DQGDQ� LWLEDUHQ� EDúODGÕ÷ÕQÕ� \XNDUÕGD� YXUJXODPÕúWÕN��+HU� HEHYH\Q��
oRFX÷XQX�NHQGL�G�Q\D�J|U�ú�QH�J|UH�\HWLúWLUPH�KDNNÕQD�VDKLS�ROGX÷XQD�J|UH�0�VO�PDQ�ELU�HEHYH\Q�GH�GR÷DO�RODUDN�
NHQGL�oRFXNODUÕQD� øVODPL�ELU� H÷LWLP�YHUPH�KDNNÕQD� VDKLSWLU�YH�EXQD�PHFEXUGXU��.RQXPX]OD�DODNDOÕ�RODUDN�HEHYH\QLQ�
oRFXNODUÕQD�YHUGLNOHUL� øVODPL� H÷LWLPGH� WHNQRORML�QDVÕO�NXOODQÕOPDOÕGÕU"�dRFX÷D�YHULOPHN� LVWHQHQ�GLQL�ELU�ELOJL��NÕVD�YH�
WHNUDUÕ�ERO�RODQ�DQODúÕOÕU�úDUNOÕODU��H÷LWLFL�oL]JL�ILOPOHU��UHVLPOL�NLWDSODU��EDVLW�ELOJLVD\DU�R\XQODUÕ�YDVÕWDVÕ\OD�|÷UHWLOHELOLU��
)DNDW�EXQODUÕQ�KHSVL�HEHYH\Q�NRQWURO�QGH�ROPDOÕGÕU��

%X�ED÷ODPGD�oRFX÷D�øVODPL�ELU�H÷LWLP�YHUHFHN�DQQH�EDEDQÕQ�GD�GLQL�ELOJLVLQLQ�QH�GHUHFH�L\L�ROGX÷X�GD�|QHPOL�ELU�
NRQXGXU��%X�NRQXGD�NHQGLOHULQL� \HWHUVL]� J|UHQ� HEHYH\QOHU� LQWHUQHW�� WHOHYL]\RQ�� UDG\R� JLEL� J|UVHO�PHG\DQÕQ� \DQÕ� VÕUD�
GHUJL�� NLWDS� JLEL� \D]ÕOÕ� PHG\D\OD� GD� GLQL�PHVHOHOHU� KDNNÕQGD� ELOJL� HGLQHELOLUOHU�� %XQD� HN� RODUDN� øOPL� \HWHUOLOL÷L� RODQ�
NLPVHOHULQ� LQWHUQHW� YDVÕWDVÕ\OD� VRUXODQ� VRUXODUD� FHYDS� YHUGLNOHUL� LQWHUQHW� VLWHOHULQLQ� ROPDVÕ� GD� D\UÕ� ELU� QLPHWWLU�� %X�
VLWHOHUH�|UQHN�RODUDN�ZZZ�IHWYDPHFOLVL�FRP�J|VWHULOHELOLU��

2NXOODUGD�7HNQRORMLQLQ�.XOODQÕPÕ�9H�øVODPL�øOLPOHU�

$LOHVLQGHQ�DOGÕ÷Õ�H÷LWLPOH�UHVPL�DQODPGD�RNXO�oD÷ÕQD�JHOPLú�ELU�ELUH\LQ�øVODPL�H÷LWLPLQGH�RNXOXQ�oRN�|QHPOL�ELU�
\HUL� YDUGÕU�� $LOHVLQGHQ� DOGÕ÷Õ� øVODPL� H÷LWLPLQ� �]HULQH� RNXOGD� KLoELU� úH\� HNOHQPHGL÷L� WDNGLUGH� ELUH\LQ� GLQL� KLVVL\DWÕ��
ELOJLVL� HNVLN�NDODELOPHNWH�YH� EX�GD�GLQH�NDUúÕ� ODXEDOL� ELU� ELUH\LQ�RUWD\D� oÕNPDVÕQD� VHEHS�RODELOPHNWHGLU��2NXOODUGDNL�
GLQL� H÷LWLPLQ� HNVLN� ROPDVÕQGDQ� |W�U�� HEHYH\QH�� oRFXNODUÕQÕ� GLQL� DQODPGD� Do� EÕUDNPDPD� KXVXVXQGD� E�\�N� J|UHYOHU�
G�úPHNWHGLU��%X�ED÷ODPGD� øVODPL� H÷LWLPGH� WHNQRORMLQLQ� NXOODQÕOPDVÕQÕQ� HKHPPL\HWLQLQ� \DQÕQGD�EX�PHVHOH�GH�E�\�N�
VRUXQODU� WHúNLO� HWPHNWHGLU�� %L]� EX� P�KLP� \DUD\D� LúDUHW� HWWLNWHQ� VRQUD� RNXOODUGD� \D� GD� EHQ]HUL� NXUXPODUGD� øVODPL�
LOLPOHULQ�H÷LWLPLQGH�WHNQRORMLQLQ�QDVÕO�NXOODQÕOPDVÕ�JHUHNWL÷LQH�GH÷LQPH\H�GHYDP�HGL\RUX]��

*�Q�P�]�7�UNL\H¶VLQGH�H÷LWLP�DODQÕQGD�VRQ�RQ�\ÕOGD�FLGGL�DWÕOÕPODU�ROPXú�YH�VRQ�SURMHOHUOH�ELUOLNWH�WHNQRORMLQLQ�
H÷LWLP� DODQÕQGDNL� HWNLQOL÷L� DUWWÕUÕOPD\D� oDOÕúÕOPÕúWÕU�� %X� oDOÕúPDODUGDQ� ELU� WDQHVL� YDU� NL� øVODPL� LOLPOHULQ� H÷LWLPLQGH�
NXOODQÕOPDVÕ�]RUXQOX�RODQ�ELU�SURMH�RODQ�)$7ø+�SURMHVLGLU��%X�SURMH\OH�ELUOLNWH�|÷UHQFL�WDEOHW�ELOJLVD\DUÕQGDQ�GHUVOHULQL�
KHP�J|UVHO�KHP�LúLWVHO�RODUDN�WDNLS�HGHELOPHNWHGLU��%X�GD�|÷UHQFL\H�PHVHOHOHUL�GDKD�L\L�NDYUDPD�NRQXVXQGD�\DUGÕPFÕ�
ROPDNWDGÕU�� $\QÕ� úHNLOGH� |÷UHWPHQLQ� NXOODQPÕú� ROGX÷X� DNÕOOÕ� WDKWD�� SURMHNVL\RQ� FLKD]Õ�� ELOJLVD\DU� YH� LQWHUQHW� JLEL�
WHNQRORMLN�DOHWOHU��GHUVLQ�DQODWÕPÕ��GHUVH�KDNLP�ROPD�JLEL� NRQXODUGD�|÷UHWPHQH�\DUGÕPFÕ�ROPDNWDGÕU��g÷UHWPHQ��GHUVL�
DQODWWÕ÷Õ� HVQDGD�� DQODWWÕ÷Õ� NRQX\OD� DODNDOÕ� KLoELU� D\UÕQWÕ\Õ�� D]� |QFH� VD\PÕú� ROGX÷XPX]� WHNQRORMLN� DOHWOHU� \DUGÕPÕ\OD�
NDoÕUPDPDNWDGÕU�� gUQHN� YHUHFHN� ROXUVDN�� 'HUV� HVQDVÕQGD� DQODWÕODQ� ELU� PHVHOH\OH� DODNDOÕ� NDID\D� WDNÕODQ� ELU� KXVXV�
ROGX÷XQGD� LQWHUQHW� YDVÕWDVÕ\OD�NRQX� DoÕNOÕ÷D� NDYXúDELOPHNWH�YH�|÷UHQFLQLQ�NDIDVÕQGD� NRQXODU� GDKD� VRPXW�ELU� úHNLOGH�
RWXUDELOPHNWHGLU�� )DWLK� SURMHVLQLQ� \DQÕ� VÕUD� GHUVL� DQODWDQ� |÷UHWPHQLQ� VHVLQLQ� ND\GHGLOPHVL� YH� EX� VHV� ND\ÕWODUÕQÕQ�
|÷UHQFLOHUH� YHULOPHVL� \D� GD� DQODWÕODQ� GHUVLQ� \D]ÕOÕ� GRN�PDQ� KDOLQH� JHWLULOPHVL� GH� GHUVLQ� GDKD� VRQUD� WHNUDUÕ� DoÕVÕQGDQ�
HKHPPL\HW�WHúNLO�HWPHNWHGLU���

øVODPL�LOLPOHULQ�H÷LWLPLQGH�GH�\XNDUÕGD�EDKVHWWL÷LPL]�úHNOL\OH�WHNQRORMLGHQ�ID\GDODQÕOGÕ÷Õ�WDNGLUGH�øVODPL�LOLPOHUH�
YDNÕI� ROPXú� ELUH\OHULQ� \HWLúPHVL� P�PN�Q� ROXU�� %X� QRNWDGD� RNXOODUGD�� NXUDQ� NXUVODUÕQGD�� PHGUHVHOHUGH�� LODKL\DW�
IDN�OWHOHULQGH�|÷UHWPHQOHUH�oRN�Lú�G�úPHNWH�YH�WHNQRORML\L�\DNÕQGDQ�WDNLS�HWPHOHUL�JHUHNPHNWHGLU��

øVODPL�øOLPOHULQ�(÷LWLPLQGH�7HNQRORML�1DVÕO�.XOODQÕOPDOÕGÕU"�

øVODPL� LOLPOHULQ� H÷LWLPLQH� |UQHN� RODUDN� ]LNUHGLOPHVL� JHUHNHQ� LON� NRQX� .XUDQ� H]EHUL� H÷LWLPLGLU�� .XUDQ¶Õ�
H]EHUOHPHGH�\DUGÕPFÕ�ELUoRN�ELOJLVD\DU�SURJUDPÕ��LQWHUQHW�VLWHVL�PHYFXWWXU��%X�WLS�SURJUDPODU�KHUKDQJL�ELU�RNX\XFXQXQ�
VHVLQL� WHNUDU�� WHNUDU� GLQOHPH� �]HULQH� oDOÕúPDNWDGÕU�� %X� ED÷ODPGD� KDIÕ]OÕN� H÷LWLPLQLQ� NDoÕQÕOPD]Õ� RODQ� WHNUDU� KDIÕ]OÕN�
KRFDVÕQÕQ�HúOL÷LQGH�EX�WLS�SURJUDPODUOD�\DSÕODELOLU��øVODPL�LOLPOHUL�|÷UHQHQ�ELU�NLPVH�LoLQ�JHUHNOL�RODQ�$UDSoD\Õ�SUDWLN�YH�
PRGHUQ�DQODPGD�|÷UHQPHN�GH� WHNQRORMLN� LPNDQODUÕQ�JHQLú�ROPDVÕ�VHEHEL\OH�QLVSHWHQ�NROD\GÕU��$UDSoDVÕQÕ�JHOLúWLUPHN�
LVWH\HQ� ELU� NLPVH� LQWHUQHW� YDVÕWDVÕ\OD� LVWHGL÷L� PDWHU\DOH� XODúDELOPHNWH� LVWHGL÷L� YLGHR\X� L]OH\HELOPHNWHGLU�� %XQXQ�
\DQÕQGD�DNOÕQD�ELOPHGL÷L�ELU�NHOLPH�WDNÕOGÕ÷ÕQGD�RQOLQH�V|]O�N�VLWHOHULQL�NXOODQÕS�EX�LKWL\DFÕQÕ�JLGHUHELOPHNWHGLU��'L÷HU�
øVODPL� LOLPOHUH� JHOLQFH�� LOLP� WDOHEHVL� ELU� NLPVH\H� E�\�N� NROD\OÕNODU� VD÷ODPDVÕQGDQ� GROD\Õ� ùDPLOH� JLEL� SURJUDPODU�
ROGXNoD� |QHPOLGLU�� ùDPLOH� EHQ]HUL� SURJUDPODU� ELQOHUFH� LOPL� NLWDEÕ� LKWLYD� HWPHOHULQGHQ� GROD\Õ� KHUKDQJL� ELU� PHVHOH�
KDNNÕQGD� \D]ÕOPÕú� V|\OHQPLú� QH� YDUVD� LOLP� WDOHEHVLQLQ� |Q�QH� VHUPHNWHGLU�� %|\OH� ELU� LPNDQ� ELUH\H� øVODPL� LOLPOHUL�
|÷UHQPH�IDDOL\HWL�HVQDVÕQGD�ELOJL\H�HULúHELOPH�NROD\OÕ÷Õ�WDQÕPDNWDGÕU��

7HNQRORMLQLQ� øVODPL� LOLPOHULQ� H÷LWLPH� ID\GDODUÕQGDQ� ELUL� GH� úXGXU�� .ODVLN� PHWRWOD� LúOHQHQ� ELU� GHUV� HVQDVÕQGD�
NDUúÕODúÕODQ�ELU�PHVHOHQLQ�PRGHUQ�NDUúÕOÕ÷ÕQÕQ�QH�ROGX÷XQX�|÷UHQPHGH�WHNQRORML�E�\�N�NROD\OÕNODU�VD÷ODPDNWDGÕU��%XQD�
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|UQHN�RODUDN�úXQX�YHUHELOLUL]��)ÕNÕK�NLWDSODUÕQGD�JHoHQ�GLUKHP�NDYUDPÕQÕQ�NDUúÕOÕ÷ÕQÕQ�QH�ROGX÷XQX�ELOPHGHQ�JHoPHN��
NRQXQXQ� |÷UHQFLQLQ� NDIDVÕQGD� WDP�RODUDN� RWXUPDPDVÕQD� QHGHQ� ROXU��'HUV� HVQDVÕQGD� LQWHUQHW� YDVÕWDVÕ\OD� GLUKHPLQ� QH�
ROGX÷XQX�YH�NDo�JUDPD�NDUúÕOÕN�JHOGL÷LQL�|÷UHQPHN�YH�GHUVL��GLUKHPLQ�QH�ROGX÷XQX�ELOHUHN�LúOHPHN�|÷UHQFLQLQ�NRQX\X�
GDKD�L\L�DQODPDVÕQD�\DUGÕPFÕ�ROXU���

%LU� GL÷HU� PHVHOH� GH�� KHUKDQJL� ELU� LOPL� NRQX� KDNNÕQGD� PXDVÕU� $OLPOHULQ� J|U�úOHULQLQ� QH� ROGX÷XQX� ELOPHN� R�
PHVHOH\H� GDKD� JHQLú� ELU� SHUVSHNWLIWHQ� EDNPD� RODQD÷Õ� YHULU�� d�QN�� ELULQLQ� \DNDODGÕ÷Õ� LQFHOL÷L� |E�U�� \DNDOD\DPDPÕú�
RODELOLU�� %X� QRNWDGD� |÷UHWPHQH� LOPL� DQODPGD� J�QGHPL� WDNLS� HWPHN� YH� QHOHU� NRQXúXOGX÷XQX� QHOHU� oL]LOGL÷LQL� ELOPHN�
G�úPHNWHGLU��%XQXQ�\DQÕQGD�DOLPOHULQ�NRQXúWXNODUÕ�PHVHOHOHU�GH�LQVDQODUÕQ�J�QFHO�VRUXQODUÕQÕQ�QHOHU�ROGX÷X�KDNNÕQGD�
|÷UHWPHQH� ILNLU� YHUHELOLU�� %X� ED÷ODPGD� øVODPL� LOLPOHUL� |÷UHQHQ� ELUH\H� GH� J�QGHPL� WDNLS� HWPH� DoÕVÕQGDQ� \DUGÕPFÕ�
RODELOPH�LPNDQÕQD�VDKLS�ROXU��

�

.D\QDN�(VHUOHULQ�'LMLWDO�.�W�SKDQHOHUGH�%LU�$UD\D�*HWLULOPHVL�

<XNDUÕGD�EDKVHWWL÷LPL]�JLEL�ùDPLOH�EHQ]HUL�SURJUDPODUGD�ELU�DUD\D�JHWLULOHQ�ND\QDNODU�\D�GD�LQWHUQHW�RUWDPÕQGD�
ROXúWXUXOPXú� DQVLNORSHGLOHU� |÷UHQFL\H� E�\�N� NROD\OÕNODU� VD÷ODPDNWDGÕU�� )DNDW� EX� ELOJLOHU� GH÷LúWLULOHELOLU� ROGX÷XQGDQ�
WH\LGL� JHUHNPHNWHGLU�� %X� VRUXQ� øVODPL� HVHUOHULQ� WDUDQPDVÕQÕ� YH� GLMLWDO� RUWDPD� SGI� \D� GD� UHVLP� RODUDN� DNWDUÕOPDVÕQÕ�
]RUXQOX�NÕOPDNWDGÕU��%|\OH�ELU�oDOÕúPD�GLMLWDO�RUWDPGD�XODúÕODQ�ELOJLQLQ�J�YHQLOLUOL÷LQL�WH\LW�HWWL÷L�LoLQ�LKWL\Do�DQÕQGD�EX�
GLMLWDO� N�W�SKDQHOHUH� UDKDWOÕNOD� EDúYXUXODELOLU�� .DOGÕ� NL� EX� VLVWHPLQ� G�Q\DQÕQ� ELUoRN� \HUGH� NXOODQÕOGÕ÷Õ� ELU� YDNÕDGÕU��
%L]LP� GH� EX� VLVWHPL� NXOODQPDPÕ]� øVODPL� LOLPOHUL� |÷UHWPH� YH� |÷UHQPH� DoÕVÕQGDQ� |QHPOLGLU�� $\UÕFD� GLMLWDO� RUWDPD�
DNWDUÕODQ� N�W�SKDQHOHUGH� EXOXQDQ� NLWDSODU� ELOJLVD\DU� JLEL� RUWDPODUD� LQGLULOGL÷L� WDNGLUGH� LQWHUQHWLQ� YH� N�W�SKDQHQLQ�
ROPDGÕ÷Õ�\HUOHUGH�GH�ELOJL\H�XODúPDN�YH�NDID\D�WDNÕODQ�ELU�PHVHOH\H�o|]�PH�NDYXúWXUPDN�GD�|QHPOL�ELU�NRQXGXU��

øVODPL�øOLPOHULQ�(÷LWLPLQGH�6RV\DO�0HG\D�

�øVODPL�LOLPOHULQ�H÷LWLPLQGH�IDFHERRN��WZLWWHU�JLEL�SRS�OHU�\D\ÕQ�D÷ODUÕQÕ�NXOODQPDN�WHNQRORMLQLQ�VXQPXú�ROGX÷X�
EX� LPNDQODUGDQ� ID\GDODQPDN� LQVDQODUD� XODúPD� DoÕVÕQGDQ� |QHP� DU]� HWPHNWHGLU�� 6RQ� ���� \ÕOOÕN� V�UHo� LoHULVLQGH� VRV\DO�
PHG\D� JLGHUHN� HWNLQOL÷LQL� DUWÕUPÕú� KDWWD� E�\�N� LQVDQ� NLWOHOHULQL� KDUHNHWH� JHoLUHELOHQ� ELU� NXYYHWH� XODúPÕúWÕU�� 6RV\DO�
PHG\D\Õ�EXJ�Q�DNWLI�RODUDN�ELUoRN�GLQL�OLGHU�NXOODQPDNWDGÕU��g\OH�NL�NÕVD�ELU�V�UH�|QFH�3DSD�����%HQHGLFW�ELOH���GLOGH�
\D\ÕQ�\DSDQ�UHVPL�WZLWWHU�KHVDEÕ�DoPÕúWÕU��%X�GLOOHULQ�DUDVÕQGD�$UDSoD�ROPDVÕ�GD�GLNNDWH�GH÷HU�EDúND�ELU�KXVXVWXU��%X�
VRV\DO�PHG\DQÕQ�QH� NDGDU� HKHPPL\HW� VDKLEL� ROGX÷XQX� J|VWHUPH�DoÕVÕQGDQ� WDNGLUH� úD\DQ�ELU� |UQHNWLU��+DO� E|\OH� LNHQ�
LOLP� HKOL� NLPVHOHULQ� GH� GHUV� YHUGLNOHUL� HVQDGD� WHNQRORMLN� LPNDQODUÕ� NXOODQPDODUÕQÕQ� \DQÕQGD� JHQLú� LQVDQ� NLWOHOHULQH�
XODúDELOPHOHUL�LoLQ�VRV\DO�PHG\D\Õ�NXOODQPDODUÕ�|QHP�DU]�HWPHNWHGLU��

7�P�\OH�7HNQRORML\H�7HVOLP�(GLOPLú�%LU�øVODPL�(÷LWLPLQ�=DUDUODUÕ�

%LUH\L�� øVODPL� LOLPOHULQ� H÷LWLPL� KXVXVXQGD� WHNQRORML\L� LúLQ� LoLQH� oRN� ID]OD� GDKLO� HWPHN� KHP� |÷UHWPHQGH� KHP�
|÷UHQFLGH�WHPEHOOLN�KDVÕO�ROPDVÕQD�QHGHQ�ROXU��2�\�]GHQ�WHNQRORMLGHQ�ID\GDODQPDOÕ�IDNDW�NODVLN�PHWRGXQ�XQVXUODUÕQÕ�GD�
J|]�DUGÕ�HWPHPHOL\L]��g÷UHWPHQLQ� VDGHFH�GLMLWDO�RUWDPGDNL�ELOJLOHUGHQ� ID\GDODQPDVÕ�YH�|÷UHQFLVLQL�GH�EX�QRNWDGD� L\L�
LGDUH� HGHPHPHVL� KHU� LNL� WDUDIÕQ� GD� ND\QDNODUD� DúLQD� ROPDPDVÕ� SUREOHPLQL� EHUDEHULQGH� JHWLULU�� .D\QDNODUD� LQPHGHQ�
\DSÕODQ�H÷LWLP�QH�NDGDU�LOPL�RODELOLU"�7HNQRORMLGHQ�ID\GDODQPDN��ND\QDNODUÕQ�ELU�NHQDUD�DWÕOÕS�WDUDIODUÕQD�EDNÕOPDPDVÕ�
DQODPÕQD�JHOPHPHOLGLU���

$\QÕ�]DPDQGD�NODVLN�H÷LWLP�PHWRGXQX�J|]�DUGÕ�HGLS�WHNQRORMLN�LPNDQODUÕQ�|Q�P�]H�NR\PXú�ROGX÷X�NROD\OÕNODU�
VRQXFXQGD�|÷UHWPHQ�YH�|÷UHQFL�KD]ÕUD�NRQDU�YH�DUDúWÕUPD�UXKX�N|UHOLU��2\VDNL�DUDúWÕUPD��øVODPL�LOLPOHUGH�YD]JHoLOPH]�
ELU�XQVXUGXU��

øOPL�XVXOOHUGHQ�KDEHUVL]�YH� VDGHFH�GLMLWDO�RUWDPGDQ� ID\GDODQÕODUDN�\DSÕODQ�H÷LWLP�EHUDEHULQGH�ELUoRN�KDWD\Õ�GD�
JHWLULU��+HP�ELOJLQLQ�GLMLWDO�RUWDPD�DNWDUÕOPDVÕ�HVQDVÕQGD�ELUoRN�KDWD�RODELOHFH÷L�JLEL�KHP�GH�|÷UHQFLQLQ�NHQGL�EDúÕQD�EX�
ND\QDNODUD�EDúYXUPDVÕ�KDWDOÕ�ELUoRN�ELOJLQLQ�VDQNL�LOPL�ELU�ELOJL�NDEXO�HGLOPHVL�NDoÕQÕOPD]�ELU�VRQXoWXU���

6RQXo�

øVODPL� LOLPOHULQ� H÷LWLPLQGH� WHNQRORMLQLQ� HWNLVL� J|]� DUGÕ� HGLOPHPHOL� IDNDW� PHUNH]H� GH� RWXUWXOPDPDOÕGÕU��
7HNQRORMLQLQ� ELUoRN� ID\GDVÕ� ROGX÷X� \DQ� HWNLOHULQLQ� GH� ROGX÷XQX� ELOPHN� LKWL\DWOÕ� ROPD� DoÕVÕQGDQ� HKHPPL\HW� DU]�
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HWPHNWHGLU��øVODPL�LOLPOHULQ�H÷LWLPLQGH�LúLQGH�WHFU�EHOL�NLPVHOHU�|÷UHWPHQ�RODUDN�VHoLOPHOL�YH�EX�NLPVHOHULQ�QH]DUHWLQGH�
H÷LWLP� YHULOPHOLGLU�� d�QN�� øVODPL� LOLPOHU� KDVVDVL\HW� JHUHNWLUHQ� NRQXODUÕ� LKWLYD� HWPHNWHGLUOHU�� %XQXQ� \DQÕ� VÕUD� H÷LWLP�
YHUHFHN� RODQ� LOLP� HKOL� NLPVHOHULQ� GHUV� YHUPHOHULQGHQ� HYYHO� GLMLWDO� YHULOHUL� ND\QDNODUÕQGDQ� NHVLQOLNOH� NÕ\DV� HWPHOL� YH�
|÷UHQFLQLQ�NXOODQÕPÕQD�|\OH�YHUPHOLGLU��

øVODPL� LOLPOHULQ� H÷LWLPLQGHNL� WHPHO� KHGHI� LOLP� HKOL� ELU� QHVOLQ� \HWLúWLULOPHVL� ROPDOÕGÕU�� g]HOOLNOH� J�Q�P�]GH�
J�QDKÕQ�\D\JÕQODúPDVÕ�YH�J�QDKD�XODúPDQÕQ�NROD\ODúPDVÕ��EL]L�NXOODQPDN�]RUXQGD�ROGX÷XPX]�WHNQRORML\L�ELU�NH]�GDKD�
DNWLI� úHNLOGH� NXOODQPD\D�PHFEXU�EÕUDNPDNWDGÕU��0H\GDQÕ� LOLP�HKOL� LQVDQODU� GROGXUPD]� LVH�ELUH\OHULQ�JD\UL� øVODPL�ELU�
úHNLOGH� \HWLúWLULOPHVL� LúWHQ� ELOH� GH÷LOGLU��%X� QRNWDGD� GLQL� NRQXODUD� YDNÕI� LOLP� HUEDEÕQD� E�\�N� J|UHY� G�úPHNWHGLU��%X�
ED÷ODPGD�WHNQRORML�ERú�JHoLOHPH]�ELU�\HUH�YH�|QHPH�VDKLSWLU��7HOHYL]\RQ��LQWHUQHW��VRV\DO�PHG\D��DNÕOOÕ�WDKWD��WDEOHW�YE�
DNOÕPÕ]D� JHOHQ� KHU� W�UO�� WHNQRORMLN� XQVXU� N|W�\H� GH� DOHW� RODELOLU�� H÷HU� EL]� NXOODQÕUVDN� L\L\L� |÷UHQPH� YH� |÷UHWPH�
NRQXVXQGD�L\L\H�GH�DOHW�RODELOLU��%X�\ROGD�oDOÕúPDN�YH�oDEDODPDN�EL]GHQ��PXYDIIDNL\HW�$OODK¶WDQGÕU��
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İstanbul  kent  içi  yol  ağlarındaki  trafik  kazaları,  risk  bölgelerinin  belirlenmesi  

ve  alınması  gereken  tedbirler  
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Özet:   Dünya’da   olduğu   gibi   Türkiye’de   de   yük   ve   yolcu   taşımacılığının   büyük   kısmı  
karayolları   tarafından   karşılanmakta   ve   bu   açıdan   karayolları   pahalı   bir   yatırım   olmaktadır.  
Kentlerin  artan  nüfus  potansiyeli  ve  yerleşim  bölgelerinin  büyümesi,  kent  içi  ulaşım  ihtiyacını  
artırmaktadır.   Ulaşımın   sağlanmasında   kullanılan   motorlu   taşıt   sayılarının   artması,   trafik  
kazalarının   da   artmasına   yol   açmıştır.   Trafik   kazaları,   beraberinde   ekonomik,   sosyal   ve  
çevresel   etkiler   bakımından   telafisi   çok   zor   olan   sorunlar   doğurmaktadır.   Bu   çalışmada,  
Türkiye’deki  kazalar  ele  alınarak,  İstanbul  özelinde,  kent  içi  trafik  kazaları,  nedenleri,  alınması  
gereken  tedbirler  ve  risk  bölgeleri  belirlenmiştir.  Çalışma  kapsamında,  meydana  gelen  kazalar  
tespit  ve  analiz  edilerek  sırasıyla  kazaya  sebep  olan  unsurlar  istatistiksel  olarak  ele  alınmıştır.  
Ayrıca,  İstanbul  kent  içi  karayollarında  kaza  nedenleri  ve  sonuçları  araştırılmış,  risk  bölgeleri  
tespit  edilerek  trafik  kazalarının  azaltılması  için  öneri  ve  yöntemler  sunulmuştur.  
  

Anahtar  kelimeler:  Trafik  kazaları,  İstanbul,  Karayolu  taşımacılığı  
  
  

Abstract:   The   majority   of   cargo   and   passenger   transportation   is   covered   by   highways   in  
Turkey   as  well   as   in   the  world.   In   this   respect,   the   highways   are   accepted   as   an   expensive  
investment.  The  need  for  urban  transportation  is  increased  by  the  increasing  population  in  the  
cities  and  the  growth  of  the  residential  areas.  Increase  in  the  number  of  motor  vehicles  used  in  
the   transportation   has   led   to   increase   the   number   of   accidents.   Traffic   accidents   lead   to  
economic,  social  and  environmental  problems  which  are  not  easily  compensated.  In  this  study,  
the  accidents  occurred   in  Turkey  are  discussed.  Moreover;;   the  reasons,   the  measures  and  the  
risk  areas  for  the  traffic  accidents  occurred  in  Istanbul  also  are  determined.  The  accidents  also  
are   identified  and  analyzed  with  this   study  and  then  the   factors   that  caused   the  accidents  are  
evaluated  statistically.  Also,  the   reasons  and   the   results   of   the  accidents  are   investigated.  By  
identifying  the  risk  areas,  various  suggestions  and  methods  are  developed  in  order  to  decrease  
the  number  of  accidents.  

  
Keywords:  Traffic  accidents,  İstanbul,  Road  transportaion  

  

  
Giriş  

  
   Dünya   devletlerinin   birçoğunda   olduğu   gibi   trafik   kazaları   hem   Türkiye   hem   de   İstanbul   için   önemli  
problemlerin  başında  gelmektedir.  Türkiye  ve  İstanbul’da  yük  ve  yolcu  taşımacılığının  büyük  bir  kısmı  karayolları  
tarafından  karşılanmaktadır.  Bu  bakımdan  karayolları  pahalı  bir  yatırım  olmakta  ve  kaynakların  en  optimum  şekilde  
kullanılması   gerekmektedir.   Dünyadaki   metropol   kentler   arasında   gösterilen   İstanbul,   Asya   ve   Avrupa   kıtalarını  
birbirine   bağlayan   stratejik   öneme   sahip   bir   konumda   yer   almakta   ve   nüfus   yoğunluğu   itibariyle   birçok  Avrupa  
ülkesinden  daha  büyük  bir  konumda  olduğu  görülmektedir.  İstanbul’daki  karayolu  ağ,ı  şehrin  büyümesi  ile  gelişme  
eğilimi   göstermiştir.   Geçmişten   günümüze   tarihi   süreçte   hep   önemini   koruyarak   bir   çok   medeniyete   evsahipliği  

International Science and Technology Conference, Dubai, 13-15 December 2012

731



ISTEC 20
12

  

  

yapmış  bir  kent  olan  İstanbul,  her  zaman  önemini  korumuştur.  Sosyal  ve  kültürel  yapısı  ile  turizm  merkezi  olması,  
ulusal  ve  uluslararası  kapsamda  sanayi  ve   ticari   faaliyetlerini   yürütüldüğü  bir  konumda  bulunması,   trafiğin   yoğun  
olmasına   ve   dolayısıyla   ulaştırma   problemlerinin   de   yaşanmasına   yol   açmıştır.   Nüfus   ve   taşıt   trafiğinin   artışına  
paralel   olarak   sosyal   problemlerden   biri   olan   trafik   kazaları   da   artma   eğilimi   göstermiş,   bu   bakımdan   kazaların  
artması  can  ve  mal  kaybı  olarak  sıkıntılara  yol  açmaktadır  (Akgüngör,  A.P.,  2008;;  Karakaş,  A.S.,  Akçay,  C.,  2011)  
   Trafik   kazalarıyla   ilgili   araştırmacıların   birçoğu   kaza   istatistik   verileri   kullanarak   modeller   sunmuştur.        
Smeed   (1949)  yaptığı   çalışmada,   farklı   ülkelerden   elde  ettiği   trafik   verileriyle   ölümcül   kaza   sorunlarını   nüfus  ve  
taşıt  sayısı  oranlarına  göre  belirlemiş  ve  kendi  modelini  geliştirmiştir.  Mekky  (1985)  araştırmasında,  gelişmekte  olan  
ülkelerde   taşıtlardaki   hızlı   artışların   ölüm   oranlarına   etkilerini   incelemiştir.   Zeeger’e   göre   (1987),   şerit   genişliği  
arttıkça   yaralı   ve   hasarlı   kaza   oranları   düşerken,   ölümcül  kaza   oranlarında   büyük   bir   değişim   olmamaktadır.  Bu  
duruma   bakılırsa,   yollardaki   şerit   genişlemeleri   araçların   süratlerinde   artışlara   yol   açarak,   taşıt   sürücülerinin  
dikkatlerinin  dağılması  ve  manevra  kabiliyetlerinin  yavaşlamasıyla  kaza  riskini  çoğaltmaktadır.  Partkaya  (1984)  ise,  
iş,  nüfus  ve  iş  verileri  kullanılarak  kaza  tahmin  modeli  geliştirmiştir  
   İstanbul  Metropoliten  Alanı  Kentsel  Ulaşım  Ana  Planı  (İUAP,  2011)  tarafından  hazırlanan  raporda,  İstanbul  
nüfusunun   yaklaşık   13   milyon   olması   ve   kentsel   gelişme   paralelinde   karayolu   ağı   ve   motorlu   taşıt   ihtiyacını  
arttırmış,   taşıt   sayısı   2   milyona   yaklaşmıştır.   Bu   bakımdan   yolcu   taşımacılığında   en   büyük   karayolları   taşıtları  
oluşturmakta,  diğer  ulaşım  araçları  motorlu   taşıtlarla  karşılaştırıldığında   yetersiz  kalmaktadır.   İstanbul’da   yaşanan  
trafik   kazaları   can   ve   mal   kaybına   yol   açmakta   ve   ülke   olarak   büyük   ekonomik   kayıplara   yol   açmaktadır.   Bu  
durumu  en  asgari  düzeyde  tutmak  için  bir  takım  caydırıcı  tedbirlerin  alınması  gerekmektedir.  
   Kentlerin   nüfus   potansiyeli   olarak   büyümesi,   ulaşım   ihtiyacını   arttırmakta,   planlı   ve   doğru   yapılaşma   ile  
kentleşmenin  olduğu  alanlarda  bu  ihtiyaçlar  karşılanmakta,   eski  kent  merkezlerinin  ve  çarpık  kentleşmenin  olduğu  
alanlarda  ise  mevcut  durum  itibariyle  ulaşım  yetersiz  kalıp,    problemler  yaşanmaktadır.  Plansız  yapılaşmanın  yoğun  
olduğu   alanlarda,   karayolu   taşıtlarının   kullanması   için   ayrılan   yolların   dar   ve   yetersiz   olması,   park   sorunu  
oluşturarak  trafik  sıkışıklığına  ve  kazaların  oluşmasına  neden  olmaktadır.  
   Sunulan   çalışmada   Türkiye   ve   İstanbul’daki   kazaların   tespitine   yönelik   yıllara   göre   istatistiksel   analizler  
yapılmıştır.   Sırasıyla   trafik  kazalarına  neden  olan   unsurlar   belirlenmiş,   trafik  kazalarının   iyileştirilmesine   yönelik  
çeşitli   öneri   ve   yöntemler   geliştirilmiştir.   Kapsam   olarak   yıllık   periyotlardaki   kazalar   baz   alınmış,   nedenleri   ve  
sonuçları  araştırılarak  kazaya  neden  olan  risk  bölgeleri  belirlenmiştir.  
   İstanbul   kenti,   Türkiye   genelinde   özellikle   kırsal   kesimden   kentlere   göçün   yoğun   bir   şekilde   yaşandığı  
şehirlerin  başında  gelmektedir.  Nüfusunda  ciddi  derecede  artışların  olması  paralelinde  şehrin  ihtiyaçlarında  da  artış  
eğilimi  görülmüştür.  1970  yılından  2009  yılına  kadar  İstanbul’da  %327,79’luk  bir  nüfus  artışı  görülmüş,  yaklaşık  40  
yıllık  süre  zarfında,  Türkiye’deki  payı  %8,5’tan  %17,7’ye  çıkmıştır  (Tablo  1).  
  

Tablo  1:  İstanbul’un  yıllara  göre  nüfus  değişimi  (IUAP,  2011)  
  

Yıllar   Nüfus   Türkiye  Payı  (%)  
1970   3.019.032   8,8  
1980   4.741.890   10,6  
1990   7.309.190   13,0  
2000   10.018.735   14,8  
2005   11.608.349   15,9  
2009   12.915.158   17,7  

  
  
   Yolcu  taşımacılığında  dünya  ülkelerinin  birçoğunda  karayollarıyla  yapılan  yolcu  taşımacılığı  ön  sıralarda  yer  
almaktadır.   Otomobil   kullanım   oranları   olarak   ilk   sırayı   yaklaşık   %85   ile   Amerika   Birleşik   Devletleri   alırken,  
ardından  sırasıyla  Avrupa  Birliği  Ülkeleri  ve  Japonya  gelmektedir.  Toplu  taşıma  aracı  olarak  otobüs  kullanımında                                                                  
yaklaşık   %55   ile   Çin   Halk   Cumhuriyeti   ilk   sırada   bulunurken,   ardından   Rusya   Federasyonu   gelmektedir.   Yük  
taşımacılığında   ulaşım   tipi   olarak   demiryolu   kullanımının   ön   sırada   olduğu   görülmekte,   en   büyük   oran   %65   ile                                                                                                                  
Çin   Halk   Cumhuriyeti’ni   Rusya   ve   Amerika   Birleşik   Devletleri   takip   etmektedir.   Karayolu   ile   yapılan   yük  
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taşımacılığında   ise   Japonya   yaklaşık   %55   ile   ön   sırada   yer   almakta   ve   ardından   Avrupa   Birliği   Ülkeleri                            
gelmektedir  (Şekil  1).  

           

             

Şekil  1:  Yolcu  ve  yük  taşımacılığının  ulaşım  türlerine  göre  dağılımı  (Karaşahin,  2010)  
  
  
Araştırma  Metodu    
  
   Çalışmada;;   maddi   hasar,   yaralanma   ve   can   kayıplarına   karşı   kazaların   önüne   geçecek   tedbirler   alınması  
amacı   hedef   seçilmiştir.   Çalışma   kapsamında,   İstanbul,   kent   içi   yük   ve   yolcu   taşımacılığında   yaşanan   kazalar  
istatistiksel  olarak  ele   alınmış  ve  Türkiye’de  yaşanan  toplam  kazalarla  karşılaştırılması  yapılmıştır.  Sırasıyla   trafik  
kazalarına   neden   olan   unsurlar   belirlenmiş,   trafik   kazalarının   iyileştirilmesine   yönelik   çeşitli   öneri   ve   yöntemler  
geliştirilmiştir.  Ayrıca  belli  periyotlardaki  kazalar  baz  alınarak  nedenleri  ve  sonuçları  araştırılıp  kazaya  neden  olan  
risk  bölgeleri  belirlenmiştir.  
   Trafik  kazalarına  yönelik  İstanbul  Emniyet  Müdürlüğü  Trafik  Denetleme  Müdürlüğü  kapsamında  yıllık  trafik  
kazaları   verilerinden   faydalanılmıştır.   Trafik   kazalarına   karşı   tedbir   amaçlı   verilen   eğitimsel   faaliyetlerle   ilgili  
İstanbul  Büyükşehir  Belediyesi  Trafik  Müdürlüğü  istatistiksel  verilerinden  yararlanılmıştır.  
  
  
Türkiye  Yıllık  Trafik  Kaza  Verileri  ve  Yol  Açtığı  Unsurlar              
  
   Türkiye’de   her   yıl   meydana   gelen   trafik   kazalarında   maddi   hasarlar   meydana   gelmekte,   binlerce   insan  
yaralanmakta,   sakat   kalmakta   ve   yaşamını   yitirmektedir.   Bu   durum,   ülke   ekonomisinde   büyük   sıkıntılara   yol  
açmaktadır.  Şekil  2’de  trafik  polisi  sorumluğu  bölgesinde  Türkiye’de  meydana  gelen  kaza  verileri  görülmekte,  Şekil  
3’de  ise  kaza  sonucu  yaralanma  ve  ölüm  vakalarının  yıllık  değişimleri  gösterilmiştir.      

Türkiye’de   1997-­2010   yılları   dönemini   kapsayan   14   yıl   içinde   yaklaşık   8440273   kişi   yaşamını   yitirmiş,  
1728594  kişi  yaralanmış,  49100  kişi  ise  hayatını  kaybetmiştir.  Kaza  sayısında  yıllara  göre  artışlar  yaşanmış,  2001,  
2002  ve  2003  yılları  döneminde  yaralanma  ve  ölüm  oranlarında  düşme  olmasına  rağmen  sonraki  yıllarda  yaralanma  
ve   ölüm   oranlarında   artış   görülmüş,   2008,   2009,   2010   dönemlerinde   ise   ölüm   oranlarında   düşüş   görülmüştür.  
Yaralanma   sayısındaki   artışa   rağmen   ölüm   oranlarının   düşmesinde   araçlardaki   güvenlik   unsurlarının   arttırılması  
etkili  olmuştur  (Şekil  2-­3).  
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Şekil  2:  Türkiye’de  Yıllık  Periyotlarda  Meydana  Gelen  Kaza  Sayıları                                                                                                                                                                
                                                                                                        (Akçay,  C.,  Karakaş,  S.,2011;;  İUAP,  2011)  
  

  

       

  

Şekil  3:  Türkiye’deki    Yıllık    Periyotlardaki    Trafik    Kazası    Sonucu    Yaralanma  ve    Ölüm    Sayısı    İstatistikleri                                                        
                            (EGM,  2006;;  TUİK,  2010)  
  
  
   Trafik  güvenliği  için  gereken  önlemlerin  alınmaması  durumunda,  sonraki  yıllardaki  kaza  sayısı,  yaralanma  ve  
can  kayıplarında  artışların  olması  kaçınılmazdır.  Stratejik  bir   yaklaşımla  sorunun  kaynağı  olarak  trafik  kazalarının  
azaltılması   ve   yaşanacak   travmaların   giderilmesi   için   yalnızca   yasal   düzenlemeler   ve   günlük   önlemlerle  
yetinilmemeli,  sorunların  çözümlerinde  planlı  ve  kararlı  yaklaşımla  sonuca  gidilmelidir  (Karakaş,  A.S.,  Akçay,  C.,  
2011).  
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Trafik  Kazası  Türleri  ve  Kaza  İstatistiklerinin  Karşılaştırılması  

  
   Trafik   kazalarına   ilişkin   veriler   İstanbul   Emniyet   Genel   Müdürlüğü   kaza   veritabanlarında   kayıt   altında  
tutulmaktadır.  Trafik  kazaları  olarak   yaralanma  ve  ölüm  vakalarının   yaşanmadığı  maddi  hasarlı  görülen  kazalarda  
İstanbul  tüm  Türkiye  genelinde  %30’dan  fazla  bir  paya  sahiptir.  Yaralanmaların  yaşandığı  kazalarda  aynı  paya  sahip  
olup,  yıllık  ölümlü  kaza  sayısı  Türkiye’de  2.581  iken  İstanbul’da  262’dir  (İUAP,  2011).    
   Araçların  ve  yolların  güvenliklerinin  arttırılmasına  rağmen  her  yıl   toplam  kaza  sayısı  ve  buna  paralel  olarak  
maddi   hasarlı   kaza   sayısı   artmaktadır.  Bu   durum   trafiğe   çıkan   taşıt   sayısı   artışı   ve   taşıt   teknolojilerinde   yaşanan  
gelişmelere  bağlı  hız  performanslarının  yüksek  olmasının  kullanım  durumunu  da  etkilemesinden  kaynaklanabilir.        

  
Tablo  2:  Türkiye  ve  İstanbul  Trafik  Kazaları  İstatistikleri  (İUAP,  2011,  EGM,  2006,  İEM,  2006)  

  
KAZALAR   TÜRKİYE   İSTANBUL   PAY  (%)  

Ölümlü  kaza   2,581   262   10  
Yaralanmalı  kaza   76,615   8,193   11  
Mal  hasarlı  kaza   585,344   209,544   36  

Toplam   664,54   217,999   33  
Ölen  kişi   3,365   282   8  
Yaralı  kişi   135,224   12,809   9  

Mal  hasarı  (TL)   1,152,919,799   349,279,296   30  
  
  
   Yıllık  periyotlardaki  İstanbul’da  yaşanan  trafik  kazaları  ve  kazalar  sonucu  meydana  gelen  yaralanan  ve  ölen  
kişi   sayıları  Tablo  3’te  gösterilmiştir.   Bu   verilere   göre   her   yıl  kaza   sayısı   ve  maddi   hasarlı   kasa   sayısı   artmakta,  
ölümlü  kaza   sayısı   2002   yılında   azalırken,   yaralanma   görülen  kaza   sayısı   2003   yılında   azalmış   ve  2004   yılından  
itibaren  tekrar  artma  eğilimi  göstermektedir.  
   Trafik   kazalarında   ölen   ve   yaralanan   kişilere   bakıldığında   ise   her   yıl   iki   değişkenin   de   artış   gösterdiği  
görülmektedir  (İUAP,  2011)        
    

Tablo  3:  İstanbul’daki  Trafik  Kazaları  ve  Ölen,Yaralan  Kişilerin  Yıllara  Göre  Değişimi  
                                                                            (İUAP,  2011,  EGM,  2006,  İEM,  2006)  
  

Yıllar   Ölümlü    
kaza  sayısı  

Yaralanmalı  
kaza  sayısı  

Maddi   hasarlı  
kaza  sayısı  

Toplam    
kaza  sayısı  

Ölen  kişi    
sayısı  

Yaralanan  
kişi  sayısı  

2002   248   6.168   138.507   144.923   282   9.281  
2003   217   6.377   146.063   152.657   268   9.691  
2004   236   6.262   155.771   162.269   270   9.795  
2005   244   7.178   179.459   186.881   277   11.528  
2006   262   8.193   209.544   217.999   282   12.809  

  
  
İstanbul  Özelinde  Kaza  Türleri  ve  Sebepleri  
  
   İstanbul’da   kazaların   oluşum   türünde   birçok   faktör   etkili   olmaktadır.   Kazalarda   sürücü,   yolcu   ve   yaya  
parametreleri   en  fazla   etki  eden  unsurlardır.  Kazalarda  çoğunlukla  yandan  çarpma  veya  çarpışma,   yayaya  çarpma,  
yoldan  çıkma  ve  arkadan  çarpma  ön  plana  çıkmaktadır  (Tablo  4).    
   Kaza  oluşum   türlerindeki  dağılım  bakımından   en   fazla  %27,44’lük  bir  oranda   yandan  çarpma  ve  çarpışma  
şeklinde  kazalar  görülmektedir.  Yayaya  çarpma  şeklinde  görülen  kazalar  %18,63  ile  önemli  bir  oranda  yer  almakta  
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dolayısıyla   bu   durum   yayaya   öncelik   verilmediğinin   ve   trafik   kurallarına   uyulmadığının   bir   göstergesidir.   Diğer  
kaza   oluşum   türleri   olarak   %13,0   ile   yoldan   çıkma,   %10,03’lük   bir   oranda   ise   arkadan   çarpma   ve   %10,05   ile  
devrilme  şeklinde  görülen  kazalar  bulunmaktadır  (Şekil  4).    
    
  
                                                    Tablo  4:  İstanbul’daki  Kaza  Oluşum  Türleri  (İUAP,  2011,  EGM,  2006,  İEM,  2006)  

  
Kazaların  Oluşumlarına  GöreTürleri   Yıllık  

Yandan  Çarpma  veya  Çarpışma   23.469  
Yayaya  Çarpma   15.933  
Yoldan  Çıkma   11.120  
Arkadan  Çarpma   8.809  
Devrilme     8.598  
Karşılıklı  Çarpışma     7.332  
Sabit  Cisme  Çarpma   6.308  
Duran  Araca  Çarpma   2.835  
Hayvana  Çarpma   507  
Araçtan  Düşen  İnsan     492  
Araçtan  Düşen  Cisim     115  

Toplam   85.518  
  
  

  
  

Şekil  4:  İstanbul’da  Meydana  Gelen  Trafik  Kazası  Oluşum  Şekilleri  (İUAP,  2011,  İEM,  2006)  
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   Türkiye,   trafik   kazaları   açısından   Dünya’da   önde   gelen   ülkeler   arasında   yer   almaktadır.   Trafik   kazaları;;  
sürücü,   yolcu,   yaya,   yol   ve   araçların   sebep   olduğu   unsurlardan   kaynaklanan   çeşitlilik   göstermektedir.   Trafik  
kazalarında   insanların   neden   olduğu   kusurlar   %90-­95’lik   bir   orana   sahiptir.   Alkollü   araç   kullanılması,   trafik  
işaretlerine   dikkat   edilmemesi,   trafik   kurallarına   uyulmaması,   psikolojik   olarak   ruhsal   bozukluğun   bulunması,    
dikkatsiz,   yorgun   ve  uykusuz  araç   kullanımıyla  %85’lik   bir  oranla   sürücüler   ilk   sırada   yer   almaktadır.  Yayaların  
sebep   olduğu   kazalar  %10  oran   ile   ikinci   sırayı   oluşturup,   yayaların  dikkatsizliği,   dalgın   oluşu,   trafik   kurallarına  
uymaması,   alkollü   olması,   reflekslerin   zayıf   olduğu   yaşlılık   dönemleri   ve   dikkatsizliğin   yoğunlaştığı   çocukluk  
dönemlerinde   yaygın   olarak   görülmektedir.   Yol   kusuru   olarak   karayolunda   işaretlendirmelerin   eksik,   uygun   yere  
konulmaması   ve   yapılmamış   olması,   karayolu   bakımlarının   zamanında   yapılmaması,   yolun   yetersiz   kalması   ve  
amacı  dışında  kullanılması  ile  yollar  %2-­4’lük  bir  payı  oluşturmaktadır.  Araçlar  %2’lik  bir  oranda  yer  alıp,  araçların  
bakımsız,  eski  ve  teknik  bakımdan  yetersiz  olması  kazalarda  etkili  olmaktadır.  İklim  koşulları  %1-­2  oranında  trafik  
kazalarında   yer   almakta,   hava   şartlarının   çok   sıcak,   soğuk,   sis,   yağmur   şeklinde   olması   ve   yolların   buzlanması  
kazalara  davetiye  çıkartmaktadır  (Şekil  5).  
  

  
  Şekil  5:  Trafik  kazalarına  sebep  olan  unsurlar  (Karakaş,  A.S.,  Akçay,  C.,  2011,  EGM,  2006,  TUİK,  2010)  
  
  
   Kazalarda   hayatını   kaybeden  kişilere   bakıldığında   en  büyük   pay   yayalarda  görülmektedir.  Bu  durum  kaza  
oluşum  türleri  içerisinde  önemli  bir  yere  sahip  olan  yayaya  çarpma  ile  paralellik  göstermektedir  (Tablo  5).  Ölen  kişi  
sayılarında  %46  ile  yayalar  birinci   sırada,  %33  oran  ile  sürücüler   ikinci  sırada   yer  almaktadır  (Şekil  6).  Kazalarda  
yaralanan   kişilerde   ise,   %43’lük   bir   oranla   yolcular   en   büyük   oranda   yer   alıp,   sürücülerde  %41’lik   bir   oran   ile  
kazalarda  yaralanma  bakımından  yüksek  bir  değerde  yer  almaktadır  (İEM,  2006).  
  

Tablo  5.  Kaza  Mağdurları  Dağılımları  (İUAP,  2011,  İEM,  2006)  
  

Mağdurlar   Kazalarda  Ölen  Kişi  Sayıları   Kazalarda  Yaralanan  Kişi  Sayıları  

Sürücü   93   5.190  
Yolcu   60   5.452  
Yaya   129   2.167  
Toplam   282   12.809  

  

  

International Science and Technology Conference, Dubai, 13-15 December 2012

737



ISTEC 20
12

  

     
  

Şekil  6:  Kaza  Mağduru  Dağılımları  (İUAP,  2011,  İEM,  2006)  
  
  
Trafik  Kazası  Önlenmesine  Yönelik  Tedbirler  

  
   İstanbul  kent   içi  ulaşımında  meydana  gelen   trafik  kazaları   beraberinde  birçok  problemlere   yol   açmaktadır.  
Kazalarda  can  ve  mal  kaybı   ile  birlikte   trafik  akışında  ciddi  boyutlarda  trafik  sıkışıklığı  görülmektedir.  Bu  duruma  
mahal  vermemek  için  yollarda  çeşitli  ıslah  çalışmaları  ile  trafik  güvenliği  çalışmalarının  yürütülmesi  gerekmektedir.  
Trafik  kaza  sayısını  düşürmek  için  Milli  Trafik  Güvenlik  Programı  başlamış  ve  eylem  planı  geliştirilmiştir.  Program  
kapsamında  Trafik  kazalarına  yönelik   ıslah  çalışmaları   tespit  edilen  317’den  daha  fazla  kara  noktalarda  başlatılmış  
ve  bu  noktaların  iyileştirilmesi  ile  olumlu  sonuçlar  elde  edilmiştir  (İUAP,  2011).  
   Kara   noktalar,   yol   tasarımındaki   hatalar,   trafik   işaretlerinin   yetersizliği,   sürücülerin   uygun   olmayan  
davranışlarda   bulunmasına   yol   açan   alanların   kullanılması   gibi   nedenlerden   kaynaklanmaktadır.   Kara   noktaların  
iyileştirilmesi   yaralanma   ve   ölüm   vakası   sayısında   önemli   ölçüde   düşüşlere   yol   açmıştır.   Kara   noktalarıyla   ilgili  
İstanbul   Büyükşehir   Belediyesi   2003   yılında   bir   analiz   yapmıştır.   D100   karayolu   çevresinde   Üsküdar-­Kadıköy  
Bölgesinde  548  metre  mesafe  içinde  iki  veya  daha  fazla  kazanın  meydana  geldiği  bölgeler  kara  nokta  alanları  olarak  
belirlenmiştir  (İUAP,  2011,  İBB,  2009).      
   Toplum  bilincinin  geliştirilmesi  ve   trafik  eğitimi  çalışmaları   faaliyetleri  kazaları  önlemede  etkili   olan  diğer  
bir  unsur  olmuştur.   Trafik   kazalarının  gerçekleşme  nedenlerine   bakıldığında   kazaların  %95’inin   insan   hatasından  
kaynaklandığı   görülmektedir.   Bu   durum   trafik   eksikliğinin   ciddi   boyutlarda   olduğunu   göstermektedir   (Karakaş,  
A.S.,  Akçay,  C.,  2011,  Akçay,  C.,  Karakaş,  A.S.,  2011,  İUAP,  2011).  Eğitim  amaçlı  olarak  okullarda,  isteğe  bağlı  
sivil  ve  kamu  kurumlarında  trafik  eğitimleri  verilmektedir.    
   Yürütülen  eğitim  çalışmalarında  yüksek  derece  verim  elde  edilip,  öğretilen  bilginin  kalıcı  olması  için  kaliteli  
bir   hizmet   sunulması   gerekmekte,   bu   kapsamda   trafik   eğitim   parkları,   gezici   trafik   eğitim   araçları   ve   trafik  
eğitimiyle  ilgili  yazılı  ve  görsel  eğitim  dokümantasyonları  hazırlanarak  birçok  merkeze  ulaşılması  hedeflenmektedir  
(Karakaş,  A.S.,  Akçay,  C.,  2011,  Akçay,  C.,  Karakaş,  A.S.,  2011,  İUAP,  2011).    
   Trafik   kazalarıyla   ilgili   caydırıcı   unsur   olarak   trafik   uygulamaları   yapılmakta,   trafikte   denetlemelerin  
sıklaştırılması  ve  ceza  miktarlarının  yüksek  olması  tedbirleri  uygulanmaktadır.    
   Kısa  mesafelerde  motorlu  taşıt  kullanma  yerine  yaya  ve  bisiklet  ulaşımının  desteklenmesi,  uzun  mesafelerde  
ise   toplu   taşıma   araçlarının   özendirilmesi   ile   otomobille   yapılan   seyahat   yoğunluğunun   azaltılması   önem   arz  
etmektedir.  
   Toplu   ulaşım   aracı   kullanan   taksi,   otobüs   ve   minibüs   gibi   motorlu   taşıtlarda   bekleme,   yolcu   indirme   ve  
bindirme   sırasında   yolların   kapasitesinin   düşürülerek   trafiğin   yavaşlatılmasının   önüne   geçilmesi,   yol  
güzergahlarında  uygun  bekleme  yerleri  ve  duraklarının  planlanması  ve  kentte  hizmet  eden  taksilerin  gelişigüzel  kent  
içinde   trafik   içinde   yer   almamalarına   özen   gösterilmesi,   kaza   risklerinin   azaltılması   bakımından   önem   arz  
etmektedir.  
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Değerlendirme    

  

   Bu  çalışmada,   belli   periyotlarda   İstanbul   kent   içinde  meydana   gelen   trafik  kazalarının   nedenleri,   sonuçları  
analiz   edilerek   risk   bölgeleri   tespit   edilmiş   ve   alınması   gereken   tedbirler   ele   alınmıştır.   Kazalarda   maddi   hasar  
miktarı,   yaralı   ve   ölü   sayılarında   çarpıcı   sonuçlar   elde   edilmiştir.   2001   yılının   trafik   güvenliği   yılı   olması   ve  
tedbirlerin   alınması,  bu  dönemdeki  kazaları  önlemede  caydırıcı   etken  olmuştur.  Kazaların  nedenleri  olarak   teknik  
nedenler  ile  sosyal  ve  toplumsal  sebepler  birlikte  değerlendirilmelidir.  
  
Risk  bölgeleri  bakımından  kazalar;;  
  
•   Yolun  geometrisi  bakımından;;  eğimsiz,  düz,  geçit  ve  kavşak  olmayan  yollarda  daha  sık  görülmektedir.  
•   Yolların  yüzey  durumu  olarak  en  çok  kaza;;  kuru  yüzeylerde  olup,  ıslak  yüzeylerde  ise  azımsanmayacak    

sayıda  meydana  gelmektedir.  
•   Kaza  oluş  yeri  olarak  en  çok  kent  içi  ve  şehirlerarası  yollarındaki  kazalar  öne  çıkmaktadır.  
•   Yolun  kaplama  cinsi  bakımından  en  fazla  kaza,  asfalt  kaplamalı  zeminlerde  meydana  gelmiş,  2006  yılı    

kazaların  en  fazla  görüldüğü  yıl  olmuştur.  En  az  kaza  ise  2002  yılında  görülmüş,  bu  durumun  nedeni  ise  2001  
yılının  trafik  güvenliği  yılı  olmasının  etkili  olmasından  kaynaklanmaktadır  (Karakaş,  A.S.,  Akçay,  C.,    2011).  
  

   Kazalarda  araçların  teknik  bakımdan  cinsleri,  kullanım  amaçları  ve  cinsleri  de  kazaların  oluşumunda  önemli  
etkendir.   Araç   cinsi   olarak   en   fazla   kaza   taşıt   sayısı   ve   sürat   bakımından   diğerlerine   göre   daha   üstün   olan  
otomobillerde  görülmüş,  bunu  sırasıyla  yük  taşımacılığında  yaygın  kullanılan  kamyonetler  ve  yolcu  taşımacılığında  
kullanılan  minibüsler  takip  etmiştir.  Diğer  araç  cinsleri  bunların  oransal  dağılımından  çok  daha  küçüktür.  
  
İstanbul’daki  kaza  nedenleri  teknik  nedenler  dışında  toplum  ve  sosyal  açıdan;;    
  
   1)    Toplumsal  bilinçsizlik  
   2)    Eğitimsizlik  
   3)    Denetim  yetersizliği  

4)   Sürücü  belgesinin  herkese  verilmesi  
5)   Dikkatsizlik    
6)   Yasalardaki  boşluk  
7)   Ahlaki  ve  kültürel  değerlerin  yitirilmesi  
8)   Yanlış  örnek  alma  
9)   Cezaların  caydırıcı  olmaması    
10)    Karşılıklı   saygının   olmaması   şeklinde   sıralanabilir   (Karakaş,   A.S.,   Akçay,   C.,2011,   Tunç,   A.,   2003,  

TMMOB,  2003).  
  
  

Sonuçlar  

  

   Ulaşım  sistemleri,  trafik  sıkışıklığını  önlemek  ve  akışı  kolaylaştırarak  en  az  maliyetle  en  fazla  alana  ulaşmak  
amacıyla   oluşturulmaktadır   (İUAP,   2011).   Türkiye’nin   nüfus   olarak   en   yoğun   kenti   İstanbul,   coğrafi   konumu  
itibariyle   stratejik   bir   noktada   bulunması   nedeniyle   sanayi   ve   ticari   faaliyetlerinin   yoğun   olduğu  bir   konumdadır.  
Anılan  özelliklerinden  dolayı  ulaşım  sistemi  olarak  karayolu,  raylı  sistem  ve  deniz  yolu  ulaşım  sistemleri  çeşitlilik  
göstermektedir.   Artan   nüfus   ve   yeni   yerleşim   bölgelerinde   konut   ve   iş   yeri   alanlarının   artması   ile   ulaşım  
sistemlerinin   gelişme   göstermesi   ve   çeşitlilik   arz   etmesi   gerekmektedir.   Bu   bakımdan   karayolu   sistemi   olarak  
otoyollar,   kent   merkezi   dışındaki   karayolu   bağlantıları,   ana   ve   ara   alterlerin   yol   ağı   olarak   iyileştirilmesi  
gerekmektedir.  Karayolu  ağının  geliştirilmesinde  karayolu  belirli  kesimlerinin  genişletilerek  özel  ve  toplu  taşımanın  
kolaylaştırılması,  tek  yön  uygulaması  ve  yeni  yol  çalışmalarının  yapılması,  karayolu  ağının  işleyişine  önemli  etkileri  
olmaktadır.  Kazaların   teknik  bakımdan  önlenebilmesi   için  yol  ağı   tasarımında  kesintisiz   trafik  akışının  sağlanması  
ve  ana-­ara  alter  bağlantılarının  kolay  bir  şekilde  gerçekleştirilmesi  gerekmektedir.  Yollarda  trafik  uyarı  levhalarının  
ve  trafik  işaretlerinin  kullanılması,  bölünmüş  yolların  ve  otoyolların  yapılması  zorunludur.  Ulaşım  tipi  olarak  yük  ve  
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yolcu   taşımacılığı   olarak   yükün   büyük   çoğunluğunun   karayolları   tarafından   karşılanması   yerine,   raylı   sistem   ve  
deniz  yolu  ulaşımının  da  yaygınlaştırılarak  dengenin  sağlanması  gerekmektedir.        
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HVWDEOLVKPHQWV� LV� D� PDMRU� SDUW� RI� WKLV� HPSOR\PHQW�� :LWK� WKLV� VWXG\� LW� LV� H[SHFWHG� WR� SUHVHQW� WKH�
VSHFLILFV�RI�WKH�HPSOR\HHV�ZRUNLQJ�LQ�WKLV�DFFRPPRGDWLRQ�VHFWRUV�VXFK�DV�VH[��GHSDUWPHQW��HGXFDWLRQ��
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�
� øQVDQODUÕQ� \HU� GH÷LúWLUPH� IDDOL\HWOHUL� LON� oD÷ODUGDQ� J�Q�P�]H� NDGDU� V�UHNOL� DUWPÕúWÕU�� øQVDQODU� NLPL� ]DPDQ�
PHUDN� GX\JXVXQGDQ�� NLPL� ]DPDQ� H÷OHQPHN�� GLQOHQPHN� YH\D� DOÕúYHULú� \DSPDN� DPDFÕ\OD� EXOXQGXNODUÕ� \HUGHQ� EDúND�
\HUOHUH�GR÷UX�KDUHNHW�HGHUOHU��%X�W�U�VH\DKDWOHU�]DPDQOD�WXUL]P�DGÕ\OD�DQÕOPD\D�EDúODQPÕúWÕU��%X�oDOÕúPD�LOH�NRQDNODPD�
WHVLVOHULQGH�oDOÕúDQ�SHUVRQHOLQ�FLQVL\HW��oDOÕúWÕNODUÕ�E|O�P��H÷LWLP�GXUXPX�JLEL�|]HOOLNOHULQLQ�EHOLUOHQPHVL��SHUVRQHO�YH�
WXUL]P� VHNW|U�� LOH� LOJLOL� GH÷HUOHQGLUPHOHULQ� RUWD\D� NRQXOPDVÕ� DPDoODQPÕúWÕU�� %X� DPDoOD�� øVWDQEXO� JHQHOLQGH� ����
NRQDNODPD�WHVLVL�LOH�DQNHW�X\JXODPDVÕ�JHUoHNOHúWLULOPLúWLU��
�
� dDOÕúPDQÕQ� LON� E|O�P�QGH� WXUL]P� NDYUDPÕ�� WXUL]P� VHNW|U�Q�Q� \DSÕVÕ�� WXUL]P� VHNW|U�Q�Q� |QHPL� YH� NHQWVHO�
WXUL]PGHQ� EDKVHGLOPLú�� G�Q\DGDNL�� 7�UNL\H¶GHNL� YH� øVWDQEXO¶GDNL� WXUL]P� KDUHNHWLQLQ� JHOLúLPL� RUWD\D� NRQXOPXú� YH�
WXUL]P� VHNW|U�� LOH� LOJLOL� ELOJLOHU� YHULOPLúWLU�� 'DKD� VRQUD� NRQDNODPD� WHVLVOHULQH� X\JXODQDQ� DQNHW� oDOÕúPDVÕ� LOH� LOJLOL�
DoÕNODPDODU�\DSÕOPÕú��DQNHW�X\JXODQDQ�|UQH÷LQ�VHoLPLQH�\|QHOLN�\|QWHP��DQNHWLQ�X\JXODQPD�úHNOL�YH�DQNHW�VRUX�IRUPX�
LOH�LOJLOL�ELOJLOHU�YHULOPLúWLU��6RQ�E|O�PGH��DQNHWWHQ�HOGH�HGLOHQ�YHULOHU�DQDOL]�HGLOHUHN�RUWD\D�oÕNDQ�EXOJXODU�VXQXOPXúWXU��
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�
� 7XUL]P� NDYUDPÕ� LOH� LOJLOL� ELUoRN� WDQÕPODPD� YDUGÕU�� .RQX\D� H÷LOHQOHULQ� KDUHNHW� QRNWDODUÕQÕQ� D\QÕ� ROPDPDVÕ��
NRQX\D�\DNODúÕP�DoÕODUÕQÕQ�YH�|QHP�YHUGLNOHUL�XQVXUODUÕQ� IDUNOÕ�ROPDVÕ� WXUL]PLQ�oHúLWOL� WDQÕPODUÕQÕQ�RUWD\D�oÕNPDVÕQD�
QHGHQ�ROPXúWXU��7RVND\���������7XUL]PLQ�LON�WDQÕPÕ�*X\HU�)HXOHU�WDUDIÕQGDQ������\ÕOÕQGD�\DSÕOPÕúWÕU��%X�DUDúWÕUPDFÕODU�
WXUL]PL��³JLWWLNoH�DUWDQ�KDYD�GH÷LúLPL�YH�GLQOHQPH�JHUHNVLQPHOHUL��GR÷D�YH�VDQDWOD�EHVOHQHQ�J|]�DOÕFÕ�J�]HOOLNOHUL�WDQÕPD�
LVWH÷LQH�� GR÷DQÕQ� LQVDQODUD� PXWOXOXN� YHUGL÷L� LQDQFÕQD� GD\DQDQ� YH� |]HOOLNOH� WLFDUHW� YH� VDQD\LQLQ� JHOLúPHVL� YH� XODúÕP�
DUDoODUÕQÕQ� NXVXUVX]� KDOH� JHOPHOHULQLQ� ELU� VRQXFX� RODUDN� XOXVODUÕQ� YH� WRSOXOXNODUÕQ� ELUELULQH� GDKD� oRN� \DNODúPDVÕQD�
RODQDN�YHUHQ�PRGHUQ�oD÷D�|]J��ELU�ROD\�´�RODUDN�WDQÕPODPÕúODUGÕU��.R]DN��1��YH�GL÷HUOHUL���������*�Q�P�]GH�HQ�oRN�
V|]��HGLOHQ�YH�2(&'�WDUDIÕQGDQ�GD�EHQLPVHQHQ�WDQÕP�LVH��3URI��'U��:DOWHU�+XQ]LNHU
LQ������\ÕOÕQGD�\DSWÕ÷Õ�WDQÕPGÕU��
%X� WDQÕPD� J|UH� WXUL]P�� SDUD� ND]DQPD� DPDFÕQD� GD\DQPD\DQ� YH� GHYDPOÕ� NDOÕú� ELoLPLQH� G|Q�úPHPHN� ND\GÕ\OD��
\DEDQFÕODUÕQ�ELU�\HUGH�NRQDNODPDODUÕQGDQ�YH�ELU�\HUH�VH\DKDWOHULQGHQ�GR÷DQ�ROD\�YH�LOJLOHULQ�W�P�G�U��hUJHU���������%X�
WDQÕP� GDKD� VRQUD� 8OXVODUDUDVÕ� %LOLPVHO� 7XUL]P� 8]PDQODUÕ� &HPL\HWL�$,(67�� YH� '�Q\D� 7XUL]P� gUJ�W��:72��
WDUDIÕQGDQ�GD�NDEXO�HGLOPLúWLU��
�
� *�Q�P�]GH� ³7XUL]P´� NDYUDPÕQÕQ� LQVDQODUD� LON� oD÷UÕúWÕUGÕ÷Õ� DQODP�RWHOOHU� YH�EXUDODUD� WDWLO�� H÷OHQFH�YH�GL÷HU�
DPDoODUOD� EDúND� \HUOHUGHQ�JHOHQ� \HUOL� YH� \DEDQFÕ� WXULVWOHUGLU��7XUL]P�NDYUDPÕQD� \�NOHQHQ�EX� DQODP��EHOOL� ELU� RUDQGD�
GR÷UX�ROPDNOD�ELUOLNWH�|QHPOL�ELU�|Oo�GH�GH�HNVLNWLU��7XUL]P�IDUNOÕ�IDDOL\HWOHU��KL]PHWOHU�YH�VHNW|UOHUOH�Lo�LoH�JLUPLúWLU�YH�
GROD\ÕVÕ\OD� WXUL]P� ROD\ÕQÕ� EXQODUOD� ELU� E�W�Q� RODUDN� G�ú�QPHN� JHUHNPHNWHGLU�� 7XUL]P� VHNW|U�� |]HOOLNOH� XODúWÕUPD��
NRQDNODPD� WHVLVOHUL�� DOÕúYHULú� YH� GL÷HU� IDDOL\HWOHU� ROPDN� �]HUH� �o� DOW� VHNW|UGHQ� ROXúPDNWDGÕU�� 'L÷HU� DQD� VHNW|UOHUOH�
LNWLVDGL�DQODPGDNL� LOLúNLVL� LVH�ROGXNoD�\R÷XQGXU��%X�DQODPGD�ELU� WXUL]P�WDQÕPÕ�YHUPHN�JHUHNLUVH�� WXUL]P�VHNW|U���NDU�
DPDFÕ�J�WPH\HQ�WXUL]P�RUJDQL]DV\RQODUÕ��SD]DUODPD�IDDOL\HWOHUL��SHUDNHQGH�VDWÕú�PD÷D]DODUÕ�YH�GL÷HU�oHúLWOL�HWNLQOLNOHU�
JLEL�ELUELULQGHQ�IDUNOÕ�KL]PHW�YH�IDDOL\HWOHULQ�ELU�úHPVL\H�DOWÕQGD�WRSOD\DQ��NRUX\XFX��X\DUÕFÕ�YH�V�U�NOH\LFL�ELU�HQG�VWUL�
NROXGXU��7XUL]P�VHNW|U�Q�Q�\DSÕVÕQÕ�ROXúWXUDQ�LVOHWPHOHU�JHQHO�RODUDN�DúD÷ÕGDNL�JLEL�VÕQÕIODQGÕUÕODELOLU�8]XQ����������

��.RQDNODPD�øúOHWPHOHUL��2WHO��PRWHO��SDQVL\RQ��WDWLO�N|\���NDPSLQJ��DSDUW�RWHO��NDSOÕFD�YH�WHUPDO�WHVLVOHUL�JLEL�
WXULVWOHULQ�NRQDNODPD�LKWL\DFÕQD�FHYDS�YHUHQ�LVOHWPHOHUL�NDSVDU��

��8ODúWÕUPD�øúOHWPHOHUL��.DUD�\ROX��GHQL]�\ROX��GHPLU�\ROX�YH�KDYD�\ROX�LOH�XODúÕPÕ�VD÷OD\DQ�LúOHWPHOHU�LOH�WXU�
RSHUDW|UOHULQL�YH�VH\DKDW�DFHQWHOHULQL�NDSVDU��

��<DQ�+L]PHW�øúOHWPHOHUL��.RQDNODPD�LúOHWPHOHUL�E�Q\HVL�GÕúÕQGD�\HU�DODQ�YH�WXULVWOHUH�\HPH�LoPH�KL]PHWOHUL�
YHUHQ�LúOHWPHOHU��KHGL\HOLN�Hú\D�VDWDQ�LúOHWPHOHU��GLVNRODU��EDUODU��NDIHOHU��JHFH�NXO�SOHUL��P�]HOHU��DOÕú�YHULú�PHUNH]OHUL�
JLEL� WXUL]PH�\DUGÕPFÕ�QLWHOLNWHNL�LúOHWPHOHUL�NDSVDU��7XUL]P�VHNW|U�Q�Q�PHUNH]LQGH�\HU�DODQ�WXUL]P�LúOHWPHOHUL��JHoLFL�
ELU�V�UH�\HU�GH÷LúWLUPH�ROD\ÕQÕQ�JHUHNWLUGL÷L�VH\DKDW��NRQDNODPD��\HPH�LoPH�YH�EHQ]HUL�
JHUHNVLQLPOHUL� NDUúÕODPDGD� VRQ� GHUHFH� |QHPOLGLU�� 7XUL]P� KHU� QH� NDGDU� ELU� KL]PHW� VHNW|U�� RODUDN� GH÷HUOHQGLULOVH� GH��
XODúWÕUPD� LúOHWPHOHUL�� NRQDNODPD� LVOHWPHOHUL� YH� KDWWD� WDUÕP� LVOHWPHOHUL� LOH� ELUOLNWH� DVOÕQGD�ELU� E�W�QG�U��%X� KDOL\OH�GH�
GL÷HU�KL]PHW�VHNW|UOHULQGHQ�D\UÕOPDNWD�YH�NHQGLQH�KDV�|]HOOLNOHU�J|VWHUHQ�ELU�\DSÕ�VHUJLOHPHNWHGLU��
�
� 7XUL]P�W�P�G�Q\DGD�JLGHUHN�DUWDQ�ELU�|QHPOH�JHOLúPHNWHGLU��%LUoRN�VHNW|U�JHOHFHNWH�YDU�ROPD�VDYDúÕ�YHULUNHQ��
GR÷DO� DIHWOHU�� Q�NOHHU� ND]DODU�� VDOJÕQ� KDVWDOÕNODU� YH� VDYDú� JLEL� ROD÷DQ�VW�� JHOLúPHOHU� ROPDGÕNoD�� WXUL]P� JHULOHPH�
WHKOLNHVL�J|VWHUPH\HQ�ELU� VHNW|U�RODUDN�NDUúÕPÕ]D�oÕNPDNWDGÕU� �%R]���������*�Q�P�]GH� WXUL]PLQ�\DUDWWÕ÷Õ� HNRQRPLN��
VRV\DO��N�OW�UHO�YH�SROLWLN�HWNLOHU���ONH�HNRQRPLOHULQGH�YH�|]HOOLNOH�XOXVODUDUDVÕ�HNRQRPLN�YH�SROLWLN�LOLúNLOHUGH�|QHPOL�
VRQXoODU�GR÷XUPDNWDGÕU��%X�GXUXP�\DOQÕ]��XOXVODUDUDVÕ�WXUL]P�KDUHNHWOHULQGHQ�E�\�N�SD\�DODQ�JHOLúPLú��ONHOHUGH�GH÷LO��
D\QÕ� ]DPDQGD� JHOLúPHNWH� RODQ� �ONHOHUGH� GH� WXUL]PH� YHULOHQ� |QHPL� DUWÕUPDNWDGÕU��g]HOOLNOH� JHOLúPHNWH� RODQ� �ONHOHULQ�
NDUúÕODúWÕNODUÕ� HNRQRPLN� VRUXQODUÕQ� YH� GDU� ER÷D]ODUÕQ� DúÕOPDVÕQGD�� JHUHNOL� RODQ� G|YL]� JLUGLVLQL� VD÷ODPD�� \HQL� JHOLU�
\DUDWPD�YH�LVWLKGDP�RODQDNODUÕQÕ�DUWÕUPD�|]HOOL÷L�LOH�WXUL]P�|QFHOLNOL�ELU�VHNW|U�KDOLQH�JHOPLúWLU��8OXVODUDUDVÕ�NXUXOXúODU��
JHUL� NDOPÕú� YH� JHOLúPHNWH� RODQ� �ONHOHUH� HNRQRPLN� NDONÕQPDODUÕQÕ� DQFDN� SODQOÕ� YH� HWNLQ� ELU� WXUL]P� SROLWLNDVÕ�
X\JXODPDODUÕ� LOH� JHUoHNOHúWLUHELOHFH÷LQL� V|\OHPHNWH�� EX� \ROOD� HNRQRPLN� NDONÕQPDVÕQÕ� JHUoHNOHúWLUPLú� �ONH� RODUDN�
øVSDQ\D�|UQH÷L�YHULOPHNWHGLU��gWH�\DQGDQ�V|]�NRQXVX�NXUXOXúODU��7�UNL\H¶QLQ�WXUL]P�LoLQ�HOYHULúOL�ELU�SRWDQVL\HOH�VDKLS�
ROGX÷XQX��EX�QHGHQOH�HNRQRPLN�NDONÕQPDVÕQÕ�WXUL]P�\ROX�LOH�WDPDPOD\DELOHFH÷LQL�EHOLUWPHNWH�YH�WXUL]PLQ��ONHPL]�LoLQ�
QH� GHQOL� |QHPOL� ROGX÷XQX� YXUJXODPDNWDGÕUODU� �.|U�No��� ������� 7XUL]P�� EXJ�Q� �ONHOHULQ� HNRQRPLN� \DSÕODQPDODUÕQÕ�
VD÷ODUNHQ��\LQH�EX��ONHOHULQ�VRV\DO�YH�N�OW�UHO�\DSÕODUÕQGD�GD�HWNLOL�YH�|QHPOL�ELU�\HUH�VDKLSWLU��7XUL]PLQ�VRV\R�N�OW�UHO�
HWNLOHUL� WXUL]P� V�UHFL� LoLQGH� ELU� DUD\D� JHOHQ� WXULVW� YH� \HUOL� KDONÕQ� WRSOXPVDO� LOLúNLOHU� LoLQGH� ³NDUúÕ� NDUúÕ\D� JHOPHOHUL´�
VRQXFX�RUWD\D�oÕNPDNWDGÕU��g]GHPLU���������%LOLQGL÷L�JLEL� WXUL]P��JHOLúPLú��ONHOHUGHQ�JHOLúPHNWH�RODQ��ONHOHUH�GR÷UX�
JHUoHNOHúPHNWH� YH� EX� LOLúNLOHU� D÷ÕQGD� WXULVWOHU� GH� JHOLúPLú� �ONHOHULQ� GH÷HUOHULQLQ� WDúÕ\ÕFÕVÕ� NRQXPXQGDGÕU�� %X� \ROOD�
WXUL]P�� JHOLúPLú� WRSOXPODUÕQ� GH÷HUOHULQL� \D\JÕQODúWÕUDUDN� HYUHQVHOOHúWLUPHNWHGLU�� %X� EDNÕPGDQ�� WXULVWOHULQ� \DEDQFÕ� ELU�
�ONH\H� JHOPHVL\OH� GR÷DQ� VRV\DO� HWNLOHúLP� YH� GH÷LúPH\L�� WXUL]P� ROD\ÕQÕQ� GR÷XúXQGD� YH� ROXúXPXQGD� HWNHQ� RODQ�
VRV\RORMLN�IDNW|UOHUL�YH�WXUL]P�ROD\ÕQÕQ�\RO�DoWÕ÷Õ�HWNLOHUL�J|]�DUGÕ�HWPHPHN�JHUHNLU��1DVÕU����������
�
� '�Q\DGD� WXUL]P� KDUHNHWL� DUWDQ� ELU� H÷LOLP� L]OHPHNWHGLU�� %XQXQ� HQ� WHPHO� VHEHEL� JHOLúHQ� XODúÕP� YH� LOHWLúLP�
WHNQRORMLOHUL� ROVD� GD� �FUHWOL� WDWLO� KDNNÕQÕQ� \D\JÕQODúDUDN� ERú� ]DPDQÕQ� DUWPDVÕ�� JHOLUOHULQ� DUWPDVÕ� YH� NLúLOHU� DUDVÕQGDNL�
JHOLUOHULQ� GDKD� GHQJHOL� KDOH� JHOPHVL�� NRQDNODPD� ELoLPOHULQLQ� \D\JÕQODúPDVÕ� YH� oHúLWOLOL÷L�� WDQÕWPD�� UHNODP� YH� KDONOD�
LOLNVLOHU�IDDOL\HWOHULQLQ�ROXPOX�HWNLVL��LNLQFL�NRQXWODUÕQ�\D\JÕQODúPDVÕ��WRSOXPGD�WDWLO�G�ú�QFHVLQLQ�\D\JÕQODúPDVÕ��SDNHW�
WXUODUÕQ�\D\JÕQODúPDVÕ�YH�WDOHS�J|UPHVL��VÕQÕU�JHoLú�LúOHPOHULQGH�UHVPL�LúOHPOHULQ�D]DOPDVÕ��WDWLOLQ�ELU�O�NV�RODUDN�GH÷LO�
ELU�LKWL\Do�RODUDN�J|U�OPH\H�EDúODQPDVÕ�GD�WXUL]P�KDUHNHWOHULQLQ�DUWPDVÕQD�QHGHQ�RODQ�GL÷HU�HWNHQOHUGLU��6LYLO����������
�
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ùHNLO����<ÕOODUD�*|UH�'�Q\D�7XUL]P�+DUHNHWL�

�
'�Q\D�7XUL]P�gUJ�W�Q�Q�������������YHULOHULQGHQ�GHUOHQHUHN�ROXúWXUXODQ�ùHNLO��¶GH�J|U�OG�÷��JLEL�G�Q\DGDNL�WXUL]P�
KDUHNHWL�JHQHO�RODUDN�DUWDQ�H÷LOLP�J|VWHUPHVLQH�UD÷PHQ�]DPDQ�]DPDQ�EX�KDUHNHW�oHúLWOL�QHGHQOHUOH�\DYDúODPDNWD�\D�GD�
D]DOPDNWDGÕU�� .�UHVHO� HNRQRPLN� NUL]� YH� +�1�� YLU�V�QGHQ� ND\QDNODQDQ� VDOJÕQ� KDVWDOÕN� ú�SKHVL� ����� \ÕOÕQGD� WXUL]P�
KDUHNHWLQLQ�����¶H�J|UH�FLGGL�úHNLOGH�D]DOPDVÕQD�QHGHQ�ROPXúWXU��'�Q\D�7XUL]P�gUJ�W������������
�
� 7DULKL�YH�N�OW�UHO�PLUDVÕ� LOH�ELUOLNWH�GR÷DO�ND\QDNODUÕ�GD�E�\�N�ELU�]HQJLQOLN�J|VWHUHQ�7�UNL\H�|]HOOLNOH������
\ÕOÕQGDQ�VRQUD�WXUL]P�SRWDQVL\HOLQLQ�GH÷HUOHQGLUHELOPHVL�DPDFÕ�LOH�WXUL]P�\DWÕUÕP�YH�JLULúLPOHULQH�VD÷ODQDQ�GHVWHNOHUOH�
YH�WDQÕWÕP�oDEDODUÕ�LOH�EHUDEHU�WXUL]P�VHNW|U��HNRQRPLN�YH�VRV\DO�\DVDPGD�D÷ÕUOÕNOÕ�RODUDN�\HU�DOPD\D�EDúODPÕúWÕU��%R]��
�������%XQD�SDUDOHO�RODUDN�������\ÕOÕQGDQ�VRQUD�7�UNL\H¶\L�]L\DUHW�HGHQ�\DEDQFÕ�WXULVW�VD\ÕVÕ�YH�\DEDQFÕ�]L\DUHWoLOHUGHQ�
HOGH�HGLOHQ�JHOLU�\ÕOODU�LWLEDUL�LOH�KÕ]OÕ�ELU�úHNLOGH�DUWDQ�H÷LOLP�J|VWHUPHNWHGLU��%XQXQOD�EHUDEHU�WXUL]P�VHNW|U��E�\�N�ELU�
JHOLPVH� J|VWHUHUHN�� �ONHQLQ� HNRQRPLN� VÕNÕQWÕODU� \DúDGÕ÷Õ� G|QHPOHUGH� E�\�N� ELU� G|YL]� JLUGLVL� VD÷OD\DUDN� G|YL]�
LKWL\DFÕQÕQ� JLGHULOPHVLQGH�� LúVL]OL÷LQ� D]DOWÕOPDVÕQGD�� |GHPHOHU� ELODQoRVXQXQ� L\LOHúWLULOPHVLQGH� |QHPOL� ELU� SD\D� VDKLS�
ROPXúWXU��
�
�
�
dL]HOJH����<ÕOODUD�J|UH�\DEDQFÕ�WXULVW�VD\ÕVÕ�YH�WXUL]P�JHOLUL�
�

<ÕOODU� <DEDQFÕ�=L\DUHWoL�
6D\ÕVÕ��%LQ�.LúL��

<ÕOOÕN�'H÷LúLP�
����

<DEDQFÕ�=L\DUHWoL�
+DUFDPDVÕ��0LO\RQ����

<ÕOOÕN�
'H÷LúLP�����

����� ������� ����� ������ �
����� ������� ����� ������ ����
����� ������� ����� ������ ����
����� ������� ���� ������ �����
����� ������� ����� ������� �����
����� ������� ����� ������� �����
����� ������� ����� ������� �����
����� ������� ����� ������� �����
����� ������� ����� ������� �����
����� ������� ���� ������� �����
������ �������� ���� �������� �����

�.D\QDN��7�UNL\H�øVWDWLVWLN�.XUXPX�7XUL]P�9HULOHULQGHQ�������������YHULOHULQGHQ�GHUOHQPLúWLU����
�
7�UNL\H� øVWDWLVWLN� .XUXPX�����������¶QXQ� YHULOHULQGHQ� GHUOHQHUHN� ROXúWXUXODQ� dL]HOJH� �¶GH�� ����� LOH� ����� \ÕOODUÕ�
DUDVÕQGD��7�UNL\H¶\L� ]L\DUHW� HGHQ� \DEDQFÕ� WXULVW� VD\ÕVÕQD�� \DEDQFÕ� WXULVWOHULQ�7�UNL\H¶GH� NL� KDUFDPDODUÕQD� YH� EXQODUÕQ�
\ÕOOÕN�GH÷LúLP�\�]GHOHULQH�\HU�YHULOPLúWLU��
�
� $V\D� YH� $YUXSD� NÕWDODUÕQÕQ� NHVLúPH� QRNWDVÕQGD� \HU� DODQ� øVWDQEXO� WDULKL�� N�OW�UHO�� GR÷DO� YH� LNWLVDGL�
|]HOOLNOHULQGHQ� GROD\Õ� G�Q\DQÕQ� |QHPOL� PHUNH]OHULQGHQ� ELULGLU�� '�Q\DQÕQ� HQ� NDODEDOÕN� úHKLUOHULQGHQ� RODQ� øVWDQEXO�
|]HOOLNOH�����¶OHUGHQ�VRQUD�NHQWLQ�VRV\DO��HNRQRPLN�YH�N�OW�UHO�KD\DWÕQÕQ�FDQODQPDVÕ\OD�EHUDEHU�NHQWH�RODQ�LOJL�DUWPD\D�
EDúODPÕúWÕU�� g]HOOLNOH� VRQ� \ÕOODUGD� oHúLWOL� XOXVODUDUDVÕ� VSRU�� VDQDW� IDDOL\HWOHUL� G�]HQOHQPHVL�� XOXVODUDUDVÕ� HNRQRPLN��
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ELOLPVHO�� N�OW�UHO� YH� ILQDQVDO� HWNLQOLNOHULQ� JHUoHNOHúWLULOPHVL�� oHúLWOL� IXDU�� IHVWLYDO� YH� NRQJUHOHULQ� DUWPDVÕ� NHQWLQ�
XOXVODUDUDVÕ� WDQÕQÕUOÕ÷ÕQÕ� DUWÕUDUDN� \DEDQFÕODUÕQ� LOJLVLQLQ� DUWPDVÕQD� QHGHQ� ROPXúWXU� �ùDKLQ�� ������� 7�UNL\H� øVWDWLVWLN�
.XUXPXQXQ� ������������ YHULOHULQH� J|UH� øVWDQEXO¶D� JHOHQ� \DEDQFÕ� ]L\DUHWoL� VD\ÕVÕ� KHU� \ÕO� DUWPDNWDGÕU�� ����� \ÕOÕQGD�
øVWDQEXO¶D�JHOHQ�\DEDQFÕ�]L\DUHWoL�VD\ÕVÕ�����������NLúL�LNHQ�������\ÕOÕQGD�EX�UDNDP�����������NLúL\H�\�NVHOPLúWLU�������
\ÕOÕQGD� øVWDQEXO¶D� JHOHQ� \DEDQFÕ� ]L\DUHWoL� VD\ÕVÕ� 7�UNL\H¶\H� JHOHQ� \DEDQFÕ� ]L\DUHWoL� VD\ÕVÕ� RUDQÕ������� LNHQ� EX� RUDQ�
�����\ÕOÕQGD������¶GLU�������LOH������\ÕOODUÕ�DUDVÕQGD�øVWDQEXO¶D�JHOHQ�\DEDQFÕ�]L\DUHWoL�VD\ÕVÕ�\ÕOOÕN�RUWDODPD������¶OÕN�
DUWÕú� J|VWHUPLúWLU��(Q�E�\�N� DUWÕú� ELU� |QFHNL� \ÕOD� J|UH������¶OÕN� DUWÕúOD� ����� \ÕOÕQGD�ROPXúWXU�� øVWDQEXO��$QWDO\D¶GDQ�
VRQUD�HQ�ID]OD�\DEDQFÕ�]L\DUHWoLQLQ�JLULú�\DSWÕ÷Õ�LOGLU��
�
�
�<g17(0�
�
� %X� oDOÕúPDGD�� øVWDQEXO� LOLQGHNL� NRQDNODPD� WHVLVOHULQLQ� \DSÕODUÕ� LOH� LOJLOL� ED]Õ� |]HOOLNOHULQ� EHOLUOHQPHVL��
NRQDNODPD� WHVLVOHULQGH� oDOÕúDQ� SHUVRQHOLQ� FLQVL\HW�� oDOÕúWÕNODUÕ� E|O�P�� H÷LWLP� GXUXPX�� \Dú�� oDOÕúPD� V�UHVL� JLEL�
|]HOOLNOHULQLQ�EHOLUOHQPHVL�� WHVLVOHUGH�oDOÕúDQ�SHUVRQHO�YH�WXUL]P�VHNW|U��LOH�LOJLOL�GH÷HUOHQGLUPHOHULQ�RUWD\D�NRQXOPDVÕ�
DPDoODQPDNWDGÕU�� $\UÕFD� HOGH� HGLOHQ� YHUL� LOH� NRQDNODPD� WHVLVOHULQLQ� oHúLWOL� NULWHUOHUH� J|UH� IDUNOÕODUÕ� EHOLUOHQPH\H�
oDOÕúÕOPDNWDGÕU�� %X� DPDoOD� ��� VRUXGDQ� ROXúDQ� ELU� VRUX� IRUPX�� VHoLOHQ� |UQHNOHPGHNL� NRQDNODPD� WHVLVOHULQH�
X\JXODQPÕúWÕU�� øVWDQEXO� LOLQGHNL�����DGHW� WXUL]P�LúOHWPH�EHOJHVLQH� VDKLS�YH�����DGHW�EHOHGL\H� LúOHWPH�EHOJHVLQH�VDKLS�
WRSODP������NRQDNODPD�WHVLVL�DUDúWÕUPDQÕQ�SRS�ODV\RQXQX�ROXúWXUPDNWDGÕU���
�
� 'DKD� |QFH� GH� EHOLUWLOGL÷L� �]HUH�� WXUL]P� LúOHWPH� EHOJHOL� NRQDNODPD� WHVLVOHUL� LoLQ� \DWDN� VD\ÕODUÕ� HOGH� HGLOPLú�
ROPDVÕQD� UD÷PHQ� EHOHGL\H� EHOJHOL� NRQDNODPD� WHVLVOHUL� LoLQ� \DWDN� VD\ÕODUÕ� HOGH� HGLOHPHPLúWLU�� %X� DPDoOD�� |Q� oDOÕúPD�
\DSÕODUDN� |UQHNOHP� E�\�NO�÷�Q�Q� EHOLUOHQPHVLQGH� JHUHNOL� RODQ� \DWDN� VD\ÕODUÕQÕQ� VWDQGDUW� VDSPDVÕ� YH� DULWPHWLN�
RUWDODPDVÕ� WDKPLQ� HGLOPLúWLU�� %HOHGL\H� LúOHWPH� EHOJHOL� NRQDNODPD� WHVLVOHULQLQ� \DWDN� VD\ÕODUÕQÕQ� VWDQGDUW� VDSPD� YH�
DULWPHWLN� RUWDPD� WDKPLQOHUL� LOH� WXUL]P� EHOJHOL� NRQDNODPD� WHVLVOHULQLQ� \DWDN� VD\ÕODUÕQÕQ� VWDQGDUW� VDSPD� YH� DULWPHWLN�
RUWDODPDODUÕ�dL]HOJH��¶GH�YHULOPLúWLU��
�
�
�
�
�
�
dL]HOJH����øúOHWPH�EHOJHVLQH�J|UH�NRQDNODPD�WHVLVOHULQH�DLW�ELOJLOHU��
�

.RQDNODPD�7HVLVL�
7HVLV�
6D\ÕVÕ�

6WDQGDUW�
6DSPD�

$ULWPHWLN�
2UWDODPD�

øúOHWPH�%HOJHOL�� ���� ������� ������
%HOHGL\H�%HOJHOL� ���� ������ ������

�
dL]HOJH� �¶GHNL� GH÷HUOHUH� J|UH� NRQDNODPD� WHVLVOHULQLQ� YDU\DV\RQ� NDWVD\ÕVÕ� �&9�� ������� RODUDN� WDKPLQ� HGLOPLúWLU��
9DU\DV\RQ� NDWVD\ÕVÕ� ELU� SRS�ODV\RQ� YH� |UQH÷H� DLW� ELULPOHULQ� GH÷HUOHULQLQ� KRPRMHQ� YH\D� KHWHURMHQ� ROXS� ROPDGÕ÷ÕQÕ�
J|VWHUPHVL� EDNÕPÕQGDQ� |QHPOLGLU�� 9DU\DV\RQ� NDWVD\ÕVÕ� ���¶GHQ� E�\�N� ROGX÷X� LoLQ� WDEDNDOÕ� WHVDG�IL� |UQHNOHPH�
\|QWHPL�NXOODQÕOPÕúWÕU��(VLQ��$\GÕQ��%DNÕU��*�UE�]VHO��<DPDQH�dHYLUL����������6RUX�IRUPX��o�E|O�PGHQ�ROXúPDNWDGÕU��
%LULQFL� E|O�PGH� NRQDNODPD� WHVLVLQLQ� JHQHO� \DSÕVÕ� LOH� LOJLOL� ELOJLOHULQ� WRSODQPDVÕ�� LNLQFL� E|O�PGH� LVOHWPHGH� oDOÕúDQ�
SHUVRQHOLQ� \DSÕVÕ� LOH� LOJLOL� ELOJLOHULQ� WRSODQPDVÕ� YH� VRQ� RODUDN� �o�QF�� E|O�PGH� LúOHWPHQLQ� YH� VHNW|U�Q�
GH÷HUOHQGLULOPHVLQH�\|QHOLN�ELOJLOHULQ�WRSODQPDVÕ�DPDoODQPDNWDGÕU��
�
� $QNHW� \ROX� LOH�HOGH�HGLOHQ�YHULOHU�NXOODQÕODUDN�oDOÕúPDQÕQ�SRS�ODV\RQXQX�ROXúWXUDQ������NRQDNODPD� WHVLVLQH�
\|QHOLN�RODUDN�WDKPLQOHU�YH�oÕNDUÕPODU�\DSÕOPÕúWÕU��%X�oÕNDUÕP�YH�WDKPLQOHU�5�3URJUDPÕ�DUDFÕOÕ÷Õ�LOH�\DSÕOPÕúWÕU��$QDOL]�
VRQXFXQGD�RUWD\D�oÕNDQ�WDKPLQ�YH�oÕNDUÕPODU�EXOJXODU�E|O�P�QGH�VXQXOPXúWXU��$QNHW�VRUX�IRUPXQXQ�LON�NÕVPÕQÕQ�����
VRUXVXQGDQ� HOGH� HGLOHQ� YHULOHU� NXOODQÕODUDN�� SRS�ODV\RQGD� oDOÕúDQ� WRSODP� SHUVRQHO� VD\ÕVÕ� YH� dL]HOJH� �¶GH� GHWD\ODUÕ�
YHULOHQ�WDEDNDODUGD�oDOÕúDQ�WRSODP�SHUVRQHO�VD\ÕODUÕQÕQ�WDKPLQOHUL�\DSÕOPÕúWÕU��$QNHW�VRUX�IRUPXQXQ�LNLQFL�NÕVPÕQGD�\HU�
DODQ�VRUXODUGDQ�HOGH�HGLOHQ�YHULOHU�NXOODQÕODUDN��SRS�ODV\RQGDNL�oDOÕúDQODUÕQ�oHúLWOL�|]HOOLNOHULQH�J|UH�\�]GHOLN�WDKPLQOHU�
\DSÕOPÕúWÕU��gUQH÷LQ�SRS�ODV\RQGD�oDOÕúDQ�SHUVRQHOLQ�FLQVL\HWOHULQH�\|QHOLN�\�]GHOLN� WDKPLQOHU�\DSÕOPÕúWÕU��$\UÕFD�EX�
E|O�PGHNL� YHULOHU� NXOODQÕODUDN�� NRQDNODPD� WHVLVOHULQLQ� DLW� ROGXNODUÕ� VÕQÕIODUÕQ� |]HOOLNOHULQLQ� \DNÕQOÕNODUÕ� J|]� |Q�QH�
DOÕQDUDN�ROXúWXUXODQ�JUXSODU�DUDVÕQGD��oDOÕúDQ�SHUVRQHOLQ�|]HOOLNOHULQH�J|UH�IDUOÕOÕNODU�ROXS�ROPDGÕ÷Õ�VÕQDQPÕúWÕU��%XUDGD��

����*UXS����YH���\ÕOGÕ]OÕ�RWHOOHUL��
����*UXS������YH���\ÕOGÕ]OÕ�RWHOOHU�LOH�EXWLN�RWHOOHU�YH�|]HO�WHVLVOHUL��
����*UXS��%HOHGL\H�LúOHWPH�EHOJHOL�NRQDNODPD�WHVLVOHULQL�
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LIDGH�HWPHNWHGLU��*UXSODU��NRQDNODPD� WHVLVOHULQLQ�DLW�ROGXNODUÕ� VÕQÕIODUÕQ�|]HOOLNOHULQLQ�\DNÕQOÕNODUÕ�J|]�|Q�QH�DOÕQDUDN�
ROXúWXUXOPXúWXU�� %X� JUXSODUD� J|UH� oDOÕúÕODQ� SHUVRQHOLQ� |]HOOLNOHUL� NDUúÕODúWÕUÕOPÕúWÕU�� gUQH÷LQ� EX� �o� JUXSWD� oDOÕúDQ�
SHUVRQHOLQ�FLQVL\HWOHULQLQ�RUDQODUÕ�DUDVÕQGD�LOLúNL�ROXS�ROPDGÕ÷Õ�VÕQDQPÕúWÕU��
�
�
%8/*8/$5�
�
� $QNHW�X\JXODQDQ�����NRQDNODPD�WHVLVLQH�DLW�ED]Õ�|]HOOLNOHU�DúD÷ÕGDNL�oL]HOJHGH�YHULOPLúWLU��
�
dL]HOJH����gUQHNOHPGHNL�NRQDNODPD�WHVLVOHULQLQ�VÕQÕI�YH�W�UOHULQH�J|UH�GD÷ÕOÕPODUÕ�
�

7HVLVLQ�7�U�YH�
6ÕQÕIÕ�

*583/$5�

7RSODP� 7RSODP�
����

%HOHGL\H�
øúOHWPH�
%HOJHOL�

7XUL]P�øúOHWPH�%HOJHOL�
<DWDN�.DSDVLWHVL�

������� �������� �������� �����
2WHO�<ÕOGÕ]�<RN�� ��� �� �� �� �� ��� �����
��<ÕOGÕ]OÕ�2WHO� �� �� �� �� �� �� ����
��<ÕOGÕ]OÕ�2WHO� �� �� �� �� �� �� ����
��<ÕOGÕ]OÕ�2WHO� �� �� �� �� �� ��� �����
��<ÕOGÕ]OÕ�2WHO� �� �� �� �� �� ��� �����
��<ÕOGÕ]OÕ�2WHO� �� �� �� �� ��� ��� �����
%XWLN�2WHO� �� �� �� �� �� �� ����
g]HO�7HVLV� �� �� �� �� �� �� ����
7RSODP� ��� ��� ��� ��� ��� ���� ����
�
�
dL]HOJHGH� J|U�OG�÷�� �]HUH� |UQHNOHPGHNL� NRQDNODPD� WHVLVOHULQLQ� �� ����¶VLQL� %HOHGL\H� øVOHWPH� %HOJHOL� NRQDNODPD�
WHVLVOHUL� ROXúWXUPDNWDGÕU�� gUQHNOHPGHNL� EHú� \ÕOGÕ]OÕ� RWHOOHULQ� RUDQÕ� �����¶WXU�� gUQHNOHPGH� �� DGHW� EXWLN� RWHO�
EXOXQPDNWDGÕU��<DWDN� NDSDVLWHVL� ���¶GHQ� ID]OD� RODQ�7XUL]P� øVOHWPH�%HOJHOL� NRQDNODPD� WHVLVOHULQLQ� WDPDPÕ� �� \ÕOGÕ]OÕ�
RWHOOHUGLU��<DWDN�NDSDVLWHVL� ���� LOH� ���� DUDVÕQGD�RODQ� NRQDNODPD� WHVLVOHULQLQ� oR÷XQOX÷XQX�G|UW� YH�EHú� \ÕOGÕ]OÕ� RWHOOHU�
ROXúWXUPDNWDGÕU��%X�JUXSWD���DGHW�|]HO�WHVLV�EXOXQPDNWDGÕU��
�
� $QNHW�VRUX�IRUPXQGDQ�HOGH�HGLOHQ�YHULOHUHN�NXOODQÕODUDN��SRS�ODV\RQ�LOH�LOJLOL�YH�LVOHWPH�EHOJHVL�D\ÕUÕPÕQD�J|UH�
YH�\DWDN�NDSDVLWHVLQH�J|UH�ROXúWXUXODQ�DOW�JUXSODUD�J|UH�oDOÕúDQ�SHUVRQHO�VD\ÕVÕ�WDKPLQ�HGLOPLúWLU��øú�VDKLEL�YH�RUWDNODU��
�FUHWVL]� oDOÕúDQ� DLOH� IHUWOHUL� YH� LVOHWPH\H� \DUGÕPFÕ� IDDOL\HWOHU� LoLQ� GÕúDUÕGDQ� VD÷ODQDQ� KL]PHWOHUGH� oDOÕúDQODU� GD� GDKLO�
ROPDN� �]HUH� NRQDNODPD� WHVLVOHULQGH� oDOÕúDQ� SHUVRQHO� WDKPLQ� HGLOPLúWLU�� 7DKPLQOHULQ� VWDQGDUW� KDWDODUÕ� SDUDQWH]� LoLQGH�
YHULOPLúWLU�� �
�
dL]HOJH����øVWLKGDP�HGLOHQ�SHUVRQHO�VD\ÕVÕQD�LOLúNLQ�WDKPLQOHU�

�� %HOHGL\H�
øúOHWPH�%HOJHOL�

7XUL]P�øúOHWPH�%HOJHOL��<DWDN�.DSDVLWHVL�� 7RSODP�������� �������� �������� �����
øVWLKGDP�(GLOHQ�7RSODP�
.LúL�6D\ÕVÕ�

������
���������

�����
���������

�����
���������

������
���������

�����
����������

������
����������

7HVLV�6D\ÕVÕ� ���� ���� ��� ��� ��� ������
øVWLKGDP�(GLOHQ�2UWDODPD�
.LúL�6D\ÕVÕ� ���� ����� ����� ������ ������ �����

�� ����� ����� ����� ����� ����� ����
�
dL]HOJHGH� J|U�OG�÷�� JLEL� � øVWDQEXO� LOLQGH�� oDOÕúPDQÕQ� SRS�ODV\RQXQX� ROXúWXUDQ� ����� NRQDNODPD� WHVLVLQGH� WRSODP����
����NLúLQLQ�oDOÕúWÕ÷Õ�WDKPLQ�HGLOPLúWLU��<DWDN�NDSDVLWHVL����¶QLQ��]HULQGH�RODQ����WHVLVWH�WRSODP�������NLúLQLQ�oDOÕúWÕ÷Õ�
WDKPLQ�HGLOPLúWLU��øVWLKGDPÕQ������¶�Q��ROXúWXUDQ���������DUDVÕ�\DWDN�NDSDVLWHOL�NRQDNODPD�WHVLVOHUL�LVWLKGDPD�HQ�oRN�
NDWNÕ�\DSDQ�JUXS�RODUDN�WDKPLQ�HGLOPLúWLU��%X�WHVLVOHUGH�oDOÕúDQ�WRSODP�NLúL�VD\ÕVÕ�������NLúL�RODUDN�WDKPLQ�HGLOPLúWLU��
%HOHGL\H� LúOHWPHOL�EHOJHOL�NRQDNODPD�WHVLVOHULQLQ� VD\ÕVÕ� WXUL]P�LúOHWPHOL�EHOJHOL�NRQDNODPD�WHVLVOHULQLQ�\DNODúÕN���NDWÕ�
ROPDVÕQD�UD÷PHQ�WRSODP�oDOÕúDQODUÕQ������¶LQLQ�WXUL]P�LúOHWPH�EHOJHOL�WHVLVOHUGH�oDOÕúWÕ÷Õ�WDKPLQ�HGLOPLúWLU���
�
� ùHNLO��¶GH�oDOÕúPDQÕQ�SRS�ODV\RQXQX�ROXúWXUDQ�NRQDNODPD� WHVLVOHULQGH�oDOÕúDQ�SHUVRQHOLQ�FLQVL\HWOHULQH�J|UH�
\�]GHOLN�WDKPLQOHUL�YHULOPLúWLU��3DUDQWH]�LoLQGH�YHULOHQ�GH÷HUOHU�LOJLOL�\�]GHOLN�WDKPLQLQ�VWDQGDUW�KDWDVÕQÕQ�WDKPLQLGLU��
�
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12�ùHNLO����dDOÕúDQODUÕQ�FLQVL\HWOHULQH�J|UH�\�]GHOLN�WDKPLQOHUL�

�
ùHNLOGHQ�GH�J|U�OG�÷���]HUH�NRQDNODPD� WHVLVOHULQLQ�E�\�N� oR÷XQOX÷XQX� HUNHNOHULQ�ROXúWXUGX÷X� WDKPLQ� HGLOPHNWHGLU��
3RS�ODV\RQXPX]GDNL�NRQDNODPD�WHVLVOHULQGH�oDOÕúDQODUÕQ�������¶ÕQÕQ�NDGÕQ�������¶ÕQÕQ�HUNHN�ROGX÷X�WDKPLQ�HGLOPLúWLU��
�

�
ùHNLO����dDOÕúDQODUÕQ�E|O�POHULQH�J|UH�\�]GHOLN�WDKPLQOHUL�����

�
ùHNLO��¶GH�J|U�OG�÷���]HUH�NRQDNODPD�WHVLVOHULQGH�oDOÕúDQODUÕQ�E�\�N�oR÷XQOX÷XQXQ�NDW�KL]PHWOHUL�E|O�P�QGH��\L\HFHN�
LoHFHN� VHUYLVL� E|O�P�QGH� YH� |Q� E�UR� E|O�P�QGH� oDOÕúWÕNODUÕ� WDKPLQ� HGLOPHNWHGLU�� 3RS�ODV\RQGDNL� NRQDNODPD�
WHVLVOHULQGH�SHUVRQHOLQ�������¶Q�Q�\L\HFHN�YH�LoHFHN�VHUYLVLQGH�������¶Q�Q�NDW�KL]PHWOHUL�E|O�P�QGH�������¶LQLQ�LVH�
|Q�E�UR�E|O�P�QGH�oDOÕúWÕ÷Õ�WDKPLQ�HGLOPHNWHGLU��
�
� $úD÷ÕGDNL� úHNLOGH� oDOÕúPDQÕQ� SRS�ODV\RQXQX� ROXúWXUDQ� NRQDNODPD� WHVLVOHULQGH� oDOÕúDQ� SHUVRQHOLQ� H÷LWLP�
GXUXPODUÕQD�J|UH� \�]GHOLN� WDKPLQOHUL� YHULOPLúWLU��3DUDQWH]� LoLQGH� YHULOHQ�GH÷HUOHU� LOJLOL� \�]GHOLN� WDKPLQOHULQ� VWDQGDUW�
KDWD�WDKPLQOHULGLU��
�
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�
ùHNLO����dDOÕúDQODUÕQ�H÷LWLP�GXUXPODUÕQD�J|UH�\�]GHOLN�WDKPLQOHUL�����

�
ùHNLO� �¶WH� J|U�OG�÷�� JLEL� NRQDNODPD� WHVLVOHULQGH� oDOÕúDQODUÕQ� E�\�N� oR÷XQOX÷X� OLVH� PH]XQXGXU�� 3RS�ODV\RQGDNL�
NRQDNODPD� WHVLVOHULQGH� oDOÕúDQODUÕQ� �����¶XQXQ� OLVH� PH]XQX� ROGX÷X� WDKPLQ� HGLOPLúWLU�� � dDOÕúDQODUÕQ� ����¶XQXQ�
LON|÷UHWLP�RUWDRNXO� GDKLO��PH]XQX� ROGX÷X�������¶VLQLQ� LONRNXO�PH]XQX� ROGX÷X���� ����¶ÕQÕQ� �QLYHUVLWHOHULQ� |QOLVDQV�
E|O�POHULQGHQ�PH]XQ�ROGX÷X�YH������¶VLQLQ��QLYHUVLOHULQ�OLVDQV�E|O�POHULQGHQ�PH]XQ�ROGX÷X�WDKPLQ�HGLOPHNWHGLU��
�

dL]HOJH� �¶GH� JUXS� YH� H÷LWLP� GXUXPXQD� J|UH� JUXSODU� LoLQGHNL� \�]GHOLN� RUDQODUÕQÕQ� WDKPLQOHUL� YHULOPLúWLU�� 3DUDQWH]�
LoLQGHNL�GH÷HUOHU�\�]GHOLN�WDKPLQOHULQ�VWDQGDUW�KDWD�WDKPLQOHULQLQ�GH÷HUOHULGLU��
�

dL]HOJH����*UXS�YH�(÷LWLP�'XUXPXQD�*|UH�*UXSODU�øoLQGHNL�<�]GHOLN�2UDQ�7DKPLQOHUL������

�� ��*UXS� ��*UXS� ��*UXS�

2NXPD�<D]PD�%LOPH\HQ� ����
�������

����
�������

����
�������

'LSORPD�<RN��2NXU�<D]DU�� �����
�������

�����
�������

�����
�������

øONRNXO� �����
�������

�����
�������

�����
�������

øON|÷UHWLP� �����
�������

�����
�������

�����
�������

/LVH� �����
�������

�����
�������

�����
�������

hQLYHUVLWH�gQOLVDQV�� �����
�������

����
�������

�����
�������

hQLYHUVLWH��/LVDQV�� �����
�������

��
�������

����
�������

<�NVHN�/LVDQV�'RNWRUD� ����
�������

����
�������

����
�������

�
�

dL]HOJH� �¶WH� J|U�OG�÷�� �]HUH� E�W�Q� JUXSODUGD�� oDOÕúDQ� SHUVRQHOLQ� E�\�N� oR÷XQOX÷X� OLVH� PH]XQXGXU�� ��*UXSWD�
oDOÕúDQODUÕQ������¶VLQLQ����*UXSWD�oDOÕúDQODUÕQ������¶QLQ����*UXSWD�oDOÕúDQODUÕQ������¶Q�Q�OLVH�PH]XQX�ROGX÷X�WDKPLQ�
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HGLOPHNWHGLU�� ��*UXSWDNLOHULQ� �����¶ÕQÕQ� �QLYHUVLWHOHULQ� |Q� OLVDQV� E|O�POHULQGHQ� PH]XQ� ROGX÷X� WDKPLQ� HGLOLUNHQ��
��*UXSWDNLOHULQ�����¶QLQ� ��*UXSWDNLOHULQ������¶Q�Q� �QLYHUVLWHOHULQ� |Q� OLVDQV� E|O�POHULQGHQ�PH]XQ� ROGXNODUÕ� WDKPLQ�
HGLOPHNWHGLU����*UXSWDNLOHULQ������¶�Q�Q��QLYHUVLWHOHULQ�OLVDQV�E|O�POHULQGHQ�PH]XQ�ROGX÷X�WDKPLQ�HGLOPHNWHGLU����
ùHNLOGH�oDOÕúPDQÕQ�SRS�ODV\RQXQX�ROXúWXUDQ�NRQDNODPD�WHVLVOHULQGH�oDOÕúDQ�SHUVRQHOLQ�PHVOHNL�H÷LWLP�GXUXPODUÕQD�J|UH�
\�]GHOLN�WDKPLQOHUL�YHULOPLúWLU��3DUDQWH]�LoLQGH�YHULOHQ�GH÷HUOHU�LOJLOL�\�]GHOLN�WDKPLQOHULQ�VWDQGDUW�KDWD�WDKPLQOHULGLU��
�

�
ùHNLO����dDOÕúDQODUÕQ�PHVOHNL�H÷LWLP�GXUXPODUÕQD�J|UH�\�]GHOLN�WDKPLQOHUL�����

ùHNLO� �¶WH� J|U�OG�÷�� �]HUH� NRQDNODPD� WHVLVOHULQGH� oDOÕúDQODUÕQ� E�\�N� oR÷XQOX÷X� PHVOHNL� H÷LWLP� DOPDPÕúWÕU��
3RS�ODV\RQGDNL�NRQDNODPD�WHVLVOHULQGH�oDOÕúDQODUÕQ������¶LQLQ�WXUL]P�YH\D�RWHOFLOLN�LOH�LOJLOL�PHVOHNL�H÷LWLP�DOPDGÕ÷Õ�
WDKPLQ� HGLOPHNWHGLU�� dDOÕúDQODUÕQ� �� ����¶XQXQ� WXUL]P� YH\D� RWHOFLOLN� LOH� LOJLOL� PHVOHNL� OLVHOHUGHQ� PH]XQ� ROGX÷X�� ��
����¶QLQ�WXUL]P�YH\D�RWHOFLOLN�LOH�LOJLOL��QLYHUVLWHOHULQ�|QOLVDQV�E|O�POHULQGHQ�PH]XQ�ROGX÷X��������¶VLQLQ�WXUL]P�YH\D�
RWHOFLOLN�LOH�LOJLOL�PHVOHNL�NXUV�H÷LWLPL�DOGÕ÷Õ��WDKPLQ�HGLOPHNWHGLU�����
�

�
ùHNLO����dDOÕúDQODUÕQ�\DúODUÕQD�J|UH�\�]GHOLN�WDKPLQOHUL�����

�
ùHNLO� ���¶WHQ� J|U�OG�÷�� �]HUH� NRQDNODPD� WHVLVOHULQGH� oDOÕúDQODUÕQ� E�\�N� oR÷XQOX÷X� ��� LOH� ��� \Dú� DUDVÕQGDGÕU��
3RS�ODV\RQGDNL�NRQDNODPD�WHVLVOHULQGH�oDOÕúDQODUÕQ������¶VLQLQ����LOH����\Dú�DUDVÕQGD�ROGX÷X��������¶�Q�Q�����LOH����
\Dú�DUDVÕQGD�ROGX÷X�������¶XQXQ����LOH����\Dú�DUDVÕQGD�ROGX÷X�WDKPLQ�HGLOPHNWHGLU��
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�
dL]HOJH��¶GD�JUXS�YH�\Dú�GXUXPXQD�J|UH�JUXSODU�LoLQGHNL�\�]GHOLN�RUDQODUÕQÕQ�WDKPLQOHUL�YHULOPLúWLU��3DUDQWH]�LoLQGHNL�
GH÷HUOHU�\�]GHOLN�WDKPLQOHULQ�VWDQGDUW�KDWD�WDKPLQOHULQLQ�GH÷HUOHULGLU��

dL]HOJH����*UXS�YH�<Dú�'XUXPXQD�*|UH�*UXSODU�øoLQGHNL�<�]GHOLN�2UDQ�7DKPLQOHUL������

�� ��*UXS� ��*UXS� ��*UXS�

���<DúÕQGDQ�.�o�N� ����
�������

����
�������

����
�������

������<Dú�$UDVÕ� �����
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������<Dú�$UDVÕ� �����
�������

�����
�������

�����
�������
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������<Dú�$UDVÕ� �����
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�����
�������

������<Dú�$UDVÕ� ����
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�����
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����
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������<Dú�$UDVÕ� ����
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�������

���<DúÕQGDQ�%�\�N� ����
�������

����
�������

����
�������

�

dL]HOJH��¶GD�J|U�OG�÷��JLEL�E�W�Q�JUXSODUGD����\DúÕQGDQ�N�o�N�YH����\DúÕQGDQ�E�\�N�oDOÕúDQODUÕQ�RUDQODUÕ�GL÷HU�\Dú�
JUXSODUÕQD� J|UH�GDKD�G�ú�NW�U��%�W�Q�JUXSODU� LoLQ���� LOH� ���\Dú� DUDVÕQGD� oDOÕúDQODUÕQ�RUDQÕ� GL÷HU� \Dú�JUXSODUÕQD�J|UH�
GDKD�ID]ODGÕU����*UXSWD�oDOÕúDQODUÕQ������¶QLQ����*UXSWD�oDOÕúDQODUÕQ������¶VÕQÕQ����*UXSWD�oDOÕúDQODUÕQ������¶LQLQ����
LOH����\Dú�DUDVÕQGD�ROGX÷X�WDKPLQ�HGLOPHNWHGLU������
�
$QNHW� VRQXFXQD� J|UH� NRQDNODPD� WHVLVOHULQGH� oDOÕúDQODUÕQ� ���¶�Q�Q� V�UHNOL� oDOÕúDQ�� ��¶�Q�Q� JHoLFL� oDOÕúDQ� ROGX÷X�
WDKPLQLQH�XODúÕOPÕúWÕU��*HUHN�7�UNL\H�øVWDWLVWLN�.XUXPXQXQ��UHWWL÷L�GL÷HU�YHULOHUGHNL�JHQHO�oHUoHYH�JHUHNVH�GH�VHNW|UHO�
LVWLKGDPD�LOLúNLQ�J|]OHPOHU�EX�YHULQLQ�LQDQGÕUÕFÕOÕ÷ÕQD�ú�SKH�G�ú�UPHNWHGLU��
�

$QNHW� X\JXODPDVÕQGD� NXOODQÕODQ� VRUX� IRUPXQXQ� VRQ� E|O�P�� NRQDNODPD� WHVLVOHULQH� LOLúNLQ� ED]Õ� YHULOHULQ�
GHUOHQPHVLQL� DPDoODPDNWDGÕU�� � %XQD� J|UH� NRQDNODPD� WHVLVOHULQLQ� \HWNLOLOHULQLQ� ���¶�� oDOÕúWÕNODUÕ� WHVLVLQ� SHUVRQHO�
VD\ÕVÕQÕQ�\HWHUOL�ROGX÷XQX�����¶VÕ�\HWHUVL]�ROGX÷XQX�EHOLUWPLúWLU��<LQH�NRQDNODPD�WHVLVL�\HWNLOLOHULQLQ�EH\DQODUÕQD�J|UH�
NRQDNODPD� WHVLVOHULQLQ� �����¶VLQGH� oDOÕúDQODUÕQ� PHVOHNL� H÷LWLP� G�]H\L� \HWHUOL�� �����¶VÕQGD� \HWHUVL]� ROGX÷X� WDKPLQ�
HGLOPHNWHGLU�� .RQDNODPD� WHVLVL� \HWNLOLOHULQGHQ� HOGH� HGLOHQ� ELU� GL÷HU� YHUL�� WHVLVOHULQ� �����¶VLQGH� LúEDúÕ� H÷LWLPL�
YHULOGL÷LGLU�� 7HVLV� \HWNLOLOHULQLQ������¶VÕ� VHNW|UGH� NUL]� ROGX÷XQX�������¶�� NUL]� ROPDGÕ÷ÕQÕ� EH\DQ� HWPLúOHUGLU�� 6HNW|U�
\HWNLOLOHULQLQ������¶VL��WXUL]P�VHNW|U�Q�Q�JHOHFH÷LQLQ�PHYFXW�GXUXPD�J|UH�GDKD�L\L�RODFD÷ÕQÕ�EHOLUWLUNHQ�������¶VL�D\QÕ�
NDODFD÷ÕQÕ�������¶VÕ�GDKD�N|W��RODFD÷ÕQÕ�EH\DQ�HWPLúOHUGLU��

�
�
6218d�9(�'(ö(5/(1'ø50(�
�

g]HOOLNOH�WHNQRORMLN�YH�HNRQRPLN�JHOLúPHOHU��EX�GH÷LúLPOHUOH�EHUDEHU�WRSOXPXQ�VRV\DO�\DSÕVÕQÕQ�GD�GH÷LúPHVL��
WXUL]P�KDUHNHWLQLQ�G�Q\DGD�V�UHNOL�RODUDN�DUWPDVÕQD�QHGHQ�ROPXúWXU��%XJ�Q��WXUL]P�KDUHNHWL��E�\�N�HNRQRPLN�N�UHVHO�
NUL]OHU�� VDOJÕQ� KDVWDOÕNODU� \D� GD� E�\�N� IHODNHWOHU� ROPDGÕ÷Õ� V�UHFH� N�o�OPH� WHKOLNHVL� ROPD\DQ� ELU� KDUHNHW� RODUDN�
J|U�OPHNWHGLU��7�UNL\H�EX�KDUHNHWWHQ�|QHPOL�SD\�DODQ��ONHOHUGHQ�ELULGLU��g]HOOLNOH�����¶OL�\ÕOODUÕQ�RUWDODUÕQGDQ�LWLEDUHQ�
WXUL]PLQ� 7�UNL\H¶GH� ELU� SROLWLND� RODUDN� EHQLPVHQPHVL� LOH� EHUDEHU� �ONH\H� JHOHQ� \DEDQFÕ� ]L\DUHWoL� VD\ÕVÕ� \ÕOODU� LoLQGH�
V�UHNOL�RODUDN�DUWDQ�ELU�H÷LOLP�J|VWHUPLúWLU��7XUL]P�KDUHNHWLQLQ�VRQ�\ÕOODUGDNL�GH÷LúLPL�LQFHOHQGL÷LQGH��7�UNL\H¶\H�JHOHQ�
\DEDQFÕ� WXULVW� VD\ÕVÕQGDNL� \ÕOOÕN� RUWDODPD� GH÷LúLP�� '�Q\D¶GDNL� XOXVODUDUDVÕ� WXULVW� JHOLúOHULQLQ� RUWDODPD� GH÷LúLPLQLQ�
ROGXNoD��]HULQGHGLU��%XQXQ�VRQXFX�RODUDN�������\ÕOÕ�LWLEDUL�LOH�7�UNL\H�G�Q\DGD�HQ�ID]OD�\DEDQFÕ�WXULVW�oHNHQ�\HGLQFL��
WXUL]PGHQ�HQ�ID]OD�JHOLU�HOGH�HGHQ�GRNX]XQFX��ONH�NRQXPXQGDGÕU��
�

'�Q\D¶GD�WXUL]P�KDUHNHWLQGHQ�EX�GHQOL�|QHPOL�SD\�DODQ�7�UNL\H¶QLQ�$QWDO\D¶GDQ�VRQUD�HQ�oRN�\DEDQFÕ�WXULVW�
oHNHQ� úHKUL� øVWDQEXO¶GXU�� øVWDQEXO� WDULKL�� N�OW�UHO�� GR÷DO� YH� LNWLVDGL� |]HOOLNOHULQGHQ� GROD\Õ� G�Q\DQÕQ� HQ� |QHPOL�

International Science and Technology Conference, Dubai, 13-15 December 2012

749



ISTEC 20
12

PHUNH]OHULQGHQ�ELULGLU��%XQXQ�\DQÕQGD�|]HOOLNOH� VRQ�\ÕOODUGD�oHúLWOL� XOXVODUDUDVÕ� VSRU�� VDQDW� IDDOL\HWOHUL�G�]HQOHQPHVL��
XOXVODUDUDVÕ�HNRQRPLN��ELOLPVHO��N�OW�UHO�YH�ILQDQVDO�HWNLQOLNOHULQ�JHUoHNOHúWLULOPHVL��oHúLWOL�IXDU��IHVWLYDO�YH�NRQJUHOHULQ�
DUWPDVÕ�NHQWLQ�XOXVODUDUDVÕ� WDQÕQÕUOÕ÷ÕQÕ�DUWÕUDUDN�\DEDQFÕODUÕQ�LOJLVLQLQ�DUWPDVÕQD�QHGHQ�ROPXúWXU�������YH������\ÕOODUÕ�
DUDVÕQGD� 7�UNL\H¶\H� JHOHQ� \DEDQFÕ� ]L\DUHWoLOHULQ� VD\ÕODUÕ� LQFHOHQGL÷LQGH�� øVWDQEXO¶D� JLULú� \DSDQ� \DEDQFÕ� WXULVW�
VD\ÕVÕQGDNL� \ÕOOÕN� RUWDODPD� DUWÕVÕQ� D\QÕ� G|QHPGH� KHP� $QWDO\D¶\D� KHP� GH� 7�UNL\H¶\H� JLULú� \DSDQ� \DEDQFÕ� ]L\DUHWoL�
VD\ÕVÕQÕQ�\ÕOOÕN�RUWDODPD�DUWÕú�KÕ]ÕQGDQ�GDKD�ID]OD�ROGX÷X�J|U�OPHNWHGLU��
7XUL]P� KDUHNHWLQLQ� ]DPDQ� LoLQGH� V�UHNOL� RODUDN� DUWDQ� ELU� H÷LOLP� J|VWHUPHVL�� WXUL]P� VHNW|U�Q�Q� V�UHNOL� RODUDN�
E�\�PHVLQH�YH�EX�VHNW|U�Q�G�Q\D�HNRQRPLVL��]HULQGHNL�HWNLOHULQLQ�GH�oR÷DOPDVÕQD�QHGHQ�ROPDNWDGÕU��%XJ�Q�G�Q\DGDNL�
JHOLULQ�|QHPOL�GHQLOHFHN�ELU�NÕVPÕ�G�Q\D�WXUL]P�KDUHNHWLQGHQ�VD÷ODQPDNWDGÕU��7XUL]P�VHNW|U��EXJ�Q�ELUoRN�JHOLúPHNWH�
RODQ��ONH�LoLQ�|QHPOL�ELU�JHOLU�ND\QD÷ÕGÕU��
�

7XUL]P� VHNW|U�� SHN� oRN� IDDOL\HW� LOH� Lo� LoH� JLUPLúWLU�� 7XUL]P� IDDOL\HWLQH� NDWÕODQ� LQVDQODUÕQ� JHoLFL� ELU� V�UH�
NRQDNODPD�� \HPH�� LoPH�� YE�� LKWL\DoODUÕQÕ� NDUúÕODPDN� DPDFÕ\OD� X÷UDGÕNODUÕ� NRQDNODPD� WHVLVOHUL� WXUL]P� VHNW|U�Q�Q� HQ�
|QHPOL� ELOHúHQOHULQGHQGLU�� 7�UNL\H¶GHNL� WXUL]P� KDUHNHWLQLQ� DUWPDVÕ� LOH� EHUDEHU� 7�UNL\H¶GHNL� NRQDNODPD� WHVLVOHULQLQ�
VD\ÕODUÕ�� EXQD� ED÷OÕ� RODUDN� \DWDN� YH� RGD� VD\ÕODUÕ� GD� |QHPOL� úHNLOGH� DUWPÕúWÕU�� 7�UNL\H¶GH� YH� øVWDQEXO¶GD� KHU� LKWL\DFD�
FHYDS�YHUHELOHFHN�QLWHOLNWH� IDUNOÕ� W�UGH�YH�VÕQÕIWD�SHN�oRN�NRQDNODPD�WHVLVL�YDUGÕU��%XJ�Q��NRQDNODPD�WHVLVOHUL�|QHPOL�
VD\ÕODELOHFHN�ELU�LVWLKGDP�ND\QD÷ÕGÕU��3HN�oRN�IDUNOÕ�QLWHOLNWH�LQVDQ�NRQDNODPD�WHVLVOHULQGH�oDOÕúPDNWDGÕU��%X�oDOÕúPDQÕQ�
DPDoODUÕQGDQ�ELUL�øVWDQEXO¶GDNL�NRQDNODPD�WHVLVOHULQGH�oDOÕúDQ�SHUVRQHOLQ�ED]Õ�QLWHOLNOHULQLQ�EHOLUOHQPHVLGLU��dDOÕúPDQÕQ�
SRS�ODV\RQXQX�������\ÕOÕ�7HPPX]�D\Õ�LWLEDUL� LOH�øVWDQEXO¶GDNL�WXUL]P�LúOHWPH�EHOJHVLQH�YH�EHOHGL\H� LúOHWPH�EHOJHVLQH�
VDKLS������NRQDNODPD� WHVLVL� ROXúWXUPDNWDGÕU��gUQHNOHP�EHOLUOHQLUNHQ��SRS�ODV\RQ�EHú� WDEDND\D�E|O�QP�úW�U��7XUL]P�
LúOHWPH� EHOJHOL� NRQDNODPD� WHVLVOHUL� \DWDN� VD\ÕVÕ� NDSDVLWHVLQH� J|UH� G|UW� WDEDND�� EHOHGL\H� LúOHWPH� EHOJHOL� NRQDNODPD�
WHVLVOHUL� ELU� WDEDND� ROPDN� �]HUH� SRS�ODV\RQ� EHú� WDEDND\D� D\UÕOPÕúWÕU�� <DWDN� VD\ÕVÕQÕQ� RUWDODPDVÕQÕQ� WDKPLQL� ED]�
DOÕQDUDN�� ���� J�YHQ� DUDOÕ÷Õ� YH� RUWDODPDGDQ� ��� VDSPD� LOH� |UQHNOHP� E�\�NO�÷�� 1H\PDQ� \|QWHPL� LOH� ���� RODUDN�
EHOLUOHQPLúWLU��7DEDND�E�\�NO�NOHUL� EHOLUOHQGLNWHQ� VRQUD� øO�7XUL]P�0�G�UO�÷��� øOoH�%HOHGL\HOHUL� YH� úHKLU� UHKEHULQGHQ�
DGUHVOHUL� YH� XQYDQODUÕ� HOGH� HGLOHQ� NRQDNODPD� WHVLVOHUL� WHVDG�IL� RODUDN� oDOÕúPDQÕQ� |UQHNOHPLQL� ROXúWXUPXúWXU��
gUQHNOHPGHNL�NRQDNODPD�WHVLVOHULQH�DQNHW�X\JXODQGÕNWDQ�VRQUD�X\JXQ�\|QWHPOHU�NXOODQÕODUDN�NRQDNODPD�WHVLVOHULQH�YH�
WHVLVOHUGH�oDOÕúDQ�SHUVRQHOH�\|QHOLN�EXOJXODU�HOGH�HGLOPLúWLU��(OGH�HGLOHQ�YHULOHU�NXOODQÕODUDN�\DSÕODQ�DQDOL]�VRQXFXQGD��
oDOÕúPDQÕQ� SRS�ODV\RQXQX� ROXúWXUDQ� ����� WHVLVWH� WRSODP� ������ NLúLQLQ� oDOÕúWÕ÷Õ� WDKPLQ� HGLOPLúWLU�� %HOHGL\H� LúOHWPH�
EHOJHVLQH� VDKLS� NRQDNODPD� WHVLVOHULQLQ� VD\ÕVÕ� WXUL]P� LúOHWPH� EHOJHVLQH� VDKLS� NRQDNODPD� WHVLVOHULQLQ� \DNODúÕN� LNL� NDWÕ�
ROPDVÕQD� UD÷PHQ� NRQDNODPD� WHVLVOHULQGH� oDOÕúDQODUÕQ� \DNODúÕN��� ��¶QLQLQ� WXUL]P� LúOHWPH� EHOJHVLQH� VDKLS� NRQDNODPD�
WHVLVOHULQGH�oDOÕúWÕ÷Õ�WDKPLQ�HGLOPLúWLU��7XUL]P�LúOHWPH�EHOJHVLQH�VDKLS�NRQDNODPD�WHVLVOHULQLQ�KHP�\DWDN�NDSDVLWHOHULQLQ�
GDKD�ID]OD�ROPDVÕ�KHP�GH�VXQGXNODUÕ�KL]PHWOHULQ�GDKD�oHúLWOL�ROPDVÕ�EX�GXUXPXQ�EDVOÕFD�QHGHQLGLU��
�

.RQDNODPD� WHVLVOHULQGH� oDOÕúDQ� SHUVRQHOLQ� oR÷XQOX÷XQX� HUNHNOHU� ROXúWXUPDNWDGÕU�� 7HVLVOHULQ� DLW� ROGXNODUÕ�
VÕQÕIODUÕQ�|]HOOLNOHULQLQ�\DNÕQOÕNODUÕ�J|]�|Q�QH�DOÕQDUDN�ROXúWXUXODQ�JUXSODU�DUDVÕQGD�NRQDNODPD�WHVLVOHULQGH�oDOÕúDQODUÕQ�
RUDQODUÕQD� J|UH� DQODPOÕ� ELU� IDUN� ROGX÷X� WHVSLW� HGLOPLúWLU�� %HOHGL\H� LúOHWPH� EHOJHVLQH� VDKLS� NRQDNODPD� WHVLVOHUL� NDGÕQ�
oDOÕúDQÕ�RUDQÕQÕQ�HQ�D]�ROGX÷X�JUXS�RODUDN�J|]H�oDUSPDNWDGÕU��.RQDNODPD�WHVLVOHULQGH�oDOÕúDQODUÕQ�E�\�N�oR÷XQOX÷XQXQ�
NDW�KL]PHWOHUL��\L\HFHN��LoHFHN�VHUYLVL�YH�|Q�E�UR�E|O�POHULQGH�oDOÕúWÕNODUÕ�WDKPLQ�HGLOPLúWLU��.RQDNODPD�WHVLVOHULQLQ�DLW�
ROGXNODUÕ� VÕQÕIODUÕQ� |]HOOLNOHULQLQ� \DNÕQOÕNODUÕ� J|]� |Q�QH� DOÕQDUDN� ROXúWXUXODQ� JUXSODU� DUDVÕQGD�� oDOÕúÕODQ� E|O�PH� J|UH�
DQODPOÕ� IDUN� ROGX÷X� EHOLUOHQPLúWLU�� g]HOOLNOH� EHOHGL\H� LúOHWPH� EHOJHVLQH� VDKLS� NRQDNODPD� WHVLVOHULQGH� oDOÕúDQODUÕQ�
oDOÕúWÕNODUÕ�E|O�POHUH�J|UH�RUDQODUÕ�GL÷HU� LNL� JUXSWDNL�RUDQODUD�J|UH� IDUNOÕOÕN�J|VWHUPHNWHGLU��g]HOOLNOH�|Q�E�UR�YH�NDW�
KL]PHWOHULQGH�oDOÕúDQODUÕQ�RUDQÕ�EHOHGL\H� LúOHWPH�EHOJHVLQH� VDKLS�NRQDNODPD�WHVLVOHULQGH�GL÷HU�JUXSODUGDNL�NRQDNODPD�
WHVLVOHULQH�J|UH�GDKD�ID]OD�LNHQ�\L\HFHN��LoHFHN�VHUYLVL�YH�\L\HFHN��UHWLPL�E|O�P�QGH�oDOÕúDQODUÕQ�RUDQÕ�GL÷HU�JUXSODUGDQ�
GDKD�D]GÕU��

�
�.RQDNODPD� WHVLVOHULQGH� OLVH� PH]XQX� RODQODUÕQ� oR÷XQOXNWD� ROGX÷X� J|U�OPHNWHGLU�� dDOÕúDQODUÕQ� �oWH� ELULQGHQ�

ID]ODVÕQÕQ� OLVH�PH]XQX� ROGX÷X� WDKPLQ� HGLOPLúWLU��.RQDNODPD� WHVLVOHULQGH� oDOÕúDQODUÕQ� E�\�N� E|O�P�Q�Q� WXUL]P� YH\D�
RWHOFLOLN� LOH� LOJLOL� PHVOHNL� H÷LWLP� DOPDGÕ÷Õ� WDKPLQ� HGLOPLúWLU��0HVOHNL� H÷LWLP� DODQODUÕQ� E�\�N� oR÷XQOX÷X� WXUL]P� YH\D�
RWHOFLOLN� LOH� LOJLOL� PHVOHN� OLVHOHULQGHQ� PH]XQ� ROPXúWXU�� .RQDNODPD� WHVLVOHULQLQ� DLW� ROGXNODUÕ� VÕQÕIODUÕQ� |]HOOLNOHULQLQ�
\DNÕQOÕNODUÕ� J|]� |Q�QH� DOÕQDUDN� ROXúWXUXODQ� JUXSODU� DUDVÕQGD�� oDOÕúDQODUÕQ� H÷LWLP� GXUXPXQD� J|UH� DQODPOÕ� IDUN� ROGX÷X�
EXOJXVXQD� XODúÕOPÕúWÕU�� g]HOOLNOH� ELULQFL� JUXSWD� \HU� DODQ� NRQDNODPD� WHVLVOHULQLQ� \DQL� �� YH� �� \ÕOGÕ]OÕ� NRQDNODPD�
WHVLVOHULQGH� oDOÕúDQODUÕQ�PHVOHNL� H÷LWLP� DOPD\DQODUÕQ� RUDQÕ� GL÷HU� LNL� JUXED� J|UH� GDKD� G�ú�N� ROGX÷X��PHVOHN� OLVHVL� YH�
�QLYHUVLWHOHULQ� PHVOHNL� |Q� OLVDQV� E|O�POHULQGHQ� PH]XQ� RODQODUÕQ� RUDQODUÕQÕQ� GDKD� ID]OD� ROGX÷X� WHVSLW� HGLOPLúWLU��
.RQDNODPD�WHVLVOHULQGH�oDOÕúDQODUÕQ�E�\�N�oR÷XQOX÷XQXQ����LOH����\Dú�DUDVÕQGD�ROGX÷X�WDKPLQ�HGLOPLúWLU��.RQDNODPD�
WHVLVOHULQLQ� DLW� ROGXNODUÕ� VÕQÕIODUÕQ� |]HOOLNOHULQLQ� \DNÕQOÕNODUÕ� J|]� |Q�QH� DOÕQDUDN� ROXúWXUXODQ� JUXSODU� DUDVÕQGD��
oDOÕúDQODUÕQ�\DVODUÕQD�J|UH�DQODPOÕ�ELU�IDUN�ROPDGÕ÷Õ�J|U�OP�úW�U��
�

.RQDNODPD� WHVLVOHULQGH� oDOÕúDQODUÕQ� oRN� E�\�N� oR÷XQOX÷XQXQ� V�UHNOL� oDOÕúDQ� ROGX÷X� WDKPLQ� HGLOPLúWLU��
.RQDNODPD� WHVLVOHULQLQ� DLW� ROGXNODUÕ� VÕQÕIODUÕQ� |]HOOLNOHULQLQ� \DNÕQOÕNODUÕ� J|]� |Q�QH� DOÕQDUDN� ROXúWXUXODQ� JUXSODU�
DUDVÕQGD��oDOÕúDQODUÕQ�V�UHNOLOLN�GXUXPXQD�J|UH�DQODPOÕ�ELU�IDUN�ROGX÷X�YHULVLQH�XODúÕOPÕúWÕU��g]HOOLNOH�%HOHGL\H�øúOHWPH�
%HOJHVLQH�VDKLS�NRQDNODPD�WHVLVOHULQGH�JHoLFL�RODUDN�oDOÕúDQODUÕQ�RUDQÕQÕQ�GDKD�ID]OD�ROGX÷X�EHOLUOHQPLúWLU��.RQDNODPD�
WHVLVOHULQLQ� E�\�N� oR÷XQOX÷XQXQ� oDOÕúDQ� VD\ÕVÕQÕQ� \HWHUOL� ROGX÷X� WDKPLQ� HGLOPLúWLU�� dDOÕúDQ� VD\ÕVÕQÕQ� HQ� H]� \HWHUOL�
ROGX÷X�E|O�POHU�RODUDN�|Q�E�UR�E|O�P��YH�NDW�KL]PHWOHUL�E|O�POHUL�ROGX÷X�WDKPLQ�HGLOPLúWLU��<L\HFHN�YH�LoHFHN�VHUYLVL�
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E|O�POHULQGH� oDOÕúDQODUÕQ� VD\ÕODUÕQÕQ� \HWHUOL� EXOXQPD� RUDQODUÕ� VDKLS� ROXQDQ� LVOHWPH� EHOJHVLQH� J|UH� DQODPOÕ� úHNLOGH�
IDUNOÕOÕN�J|VWHUPHNWHGLU��%HOHGL\H�LúOHWPH�EHOJHVLQH�VDKLS�NRQDNODPD�WHVLVOHULQLQ�\L\HFHN�LoHFHN�VHUYLVLQGHQ�oDOÕúDQODUÕQ�
VD\ÕODUÕ� WXUL]P� LúOHWPH� EHOJHVLQH� VDKLS� NRQDNODPD� WHVLVOHULQLQ� D\QÕ� E|O�P�QGH� oDOÕúDQODUÕQ� VD\ÕODUÕQD� J|UH� GDKD� D]�
\HWHUOL�ROGX÷X�EXOXQPXúWXU���
�
.RQDNODPD� WHVLVOHULQLQ� \DNODúÕN� �oWH� ELULQGH�PHVOHNL� H÷LWLP� DODQ� SHUVRQHO� oDOÕúPDGÕ÷Õ� WDKPLQ� HGLOPLúWLU��.RQDNODPD�
WHVLVOHULQLQ� oR÷XQOX÷XQGD� PHVOHNL� H÷LWLP� DOPÕú� SHUVRQHOLQ� H÷LWLP� G�]H\LQLQ� \HWHUOL� ROGX÷X� WDKPLQ� HGLOPLúWLU��
.RQDNODPD� WHVLVOHULQLQ� |Q� E�UR�� NDW� KL]PHWOHUL� YH� \L\HFHN� YH� LoHFHN� E|O�POHULQGH� oDOÕúDQ� PHVOHNL� H÷LWLP� DOPÕú�
SHUVRQHOLQ�\HWHUOLOL÷L�HQ�D]�RODQ�E|O�POHU�RODUDN�WDKPLQ�HGLOPLúWLU��.RQDNODPD�WHVLVOHULQLQ�oR÷XQOX÷XQGD�LúEDúÕ�H÷LWLPL�
YHULOGL÷L�WDKPLQ�HGLOPLúWLU��.RQDNODPD�WHVLVOHULQLQ�|Q�E�UR��NDW�KL]PHWOHUL�YH�\L\HFHN�LoHFHN�VHUYLVL�E|O�POHULQGH�LúEDVÕ�
H÷LWLPLQLQ� GL÷HU� E|O�POHUH� J|UH� GDKD� ID]OD� YHULOGL÷L� WDKPLQ� HGLOPLúWLU�� 6DKLS� ROXQDQ� LVOHWPH� EHOJHVLQH� J|UH� |Q� E�UR�
E|O�P�QGH�LúEDVÕ�H÷LWLPL�YHULOPH�RUDQODUÕ�DUDVÕQGD�DQODPOÕ�IDUN�ROGX÷X�WHVSLW�HGLOPLúWLU��7XUL]P�LVOHWPH�EHOJHVLQH�VDKLS�
NRQDNODPD�WHVLVOHULQGH�EX�E|O�POHUGH�LúEDVÕ�H÷LWLPL�YHULOPH�RUDQÕ�EHOHGL\H�LúOHWPH�EHOJHOL�NRQDNODPD�WHVLVOHULQH�J|UH�
GDKD� ID]OD� ROGX÷X� WDKPLQ� HGLOPLúWLU�� .RQDNODPD� WHVLVOHULQLQ� \HWNLOLOHULQLQ� E�\�N� oR÷XQOX÷X� WXUL]P� VHNW|U�QGH� NUL]�
ROPDGÕ÷ÕQÕ�EH\DQ�HWPLúWLU��6DKLS�ROXQDQ�EHOJH\H�J|UH�VHNW|UGH�NUL]LQ�YDUOÕ÷Õ�LOH�LOJLOL�G�ú�QFHOHU�DUDVÕQGD�DQODPOÕ�IDUN�
ROGX÷X�J|U�OP�úW�U��g]HOOLNOH�EHOHGL\H�LúOHWPH�EHOJHVLQH�VDKLS�NRQDNODPD�WHVLVOHULQLQ�VHNW|UGH�NUL]LQ�YDU�ROGX÷XQD�GDLU�
G�ú�QFHVL� RODQ� \HWNLOLOHULQ� RUDQÕ�� WXUL]P� LúOHWPH� EHOJHVLQH� VDKLS� NRQDNODPD� WHVLVOHULQLQ� VHNW|UGH� NUL]LQ� YDU� ROGX÷XQD�
GDLU�G�ú�QFHVL�RODQ�\HWNLOLOHULQ�RUDQÕQD�J|UH�GDKD�ID]ODGÕU��.RQDNODPD�WHVLVOHULQLQ�oR÷XQOX÷XQXQ�VHNW|UGH�NUL]�ROPDVÕ�
GXUXPXQGD� SHUVRQHO� VD\ÕVÕQÕ� D]DOWPDGÕ÷Õ� WDKPLQ� HGLOPLúWLU�� 6HNW|UGHNL� NUL]� G|QHPOHULQGH� HQ� ID]OD� NDW� KL]PHWOHUL� YH�
\L\HFHN��LoHFHN�VHUYLVL�E|O�POHULQGH�SHUVRQHO�D]DOWÕOGÕ÷Õ�EXOJXVX�RUWD\D�oÕNPÕúWÕU��.RQDNODPD�WHVLVOHULQLQ�\HWNLOLOHULQLQ�
oR÷XQOX÷X� WXUL]P� VHNW|U�Q�Q� JHOHFH÷LQLQ� GDKD� L\L� RODFD÷ÕQÕ� EHNOHPHNWHGLUOHU�� 7XUL]P� LVOHWPH� EHOJHVLQH� VDKLS�
NRQDNODPD� WHVLVOHULQLQ� \HWNLOLOHULQLQ�EHOHGL\H� LVOHWPH�EHOJHVLQH� VDKLS� NRQDNODPD� WHVLVOHULQLQ� \HWNLOLOHULQH� J|UH� WXUL]P�
VHNW|U�Q�Q� JHOHFH÷L� NRQXVXQGD� GDKD� L\LPVHU� ROGXNODUÕ� EHOLUOHQPLúWLU�� *HQHO� RODUDN� EDNÕOGÕ÷ÕQGD� |]HOOLNOH� EHOHGL\H�
LúOHWPH� EHOJHVLQH� VDKLS� NRQDNODPD� WHVLVOHUL� LOH� WXUL]P� LúOHWPH� EHOJHVLQH� VDKLS� NRQDNODPD� WHVLVOHUL� DUDVÕQGD� SHUVRQHO�
\DSÕVÕ�EDNÕPÕQGDQ�DQODPOÕ�IDUNOÕOÕNODU�EXOXQPXúWXU��
�
5()(5$16/$5�
�
%$+$5��2���.2=$.��0���������7XUL]P�(NRQRPLVL��'HWD\�<D\ÕQFÕOÕN��$QNDUD�
�
%2=��&���������'�Q\D¶GD�7XUL]P�(QG�VWULVLQGH�øVWLKGDP�YH�dDOÕVPD�6DUWODUÕ��<�NVHN�
/LVDQV�7H]L��7�&��0DUPDUD�hQLYHUVLWHVL�6RV\DO�%LOLPOHU�(QVWLW�V���øVWDQEXO�
�
'h1<$�785ø=0�g5*h7h�81:72���������81:72�7RXLVP+LJKOLJKWV������
(GLWLRQ�>2QOLQH@��KWWS���ZZZ�H�XQZWR�RUJ�FRQWHQW�P��S���IXOOWH[W�SGI��>=L\DUHW�7DULKL��
����������@�
�
.2=$.��1���.2=$.��0��$���.2=$.��0���������7XUL]P��øONHOHU�YH�.DYUDPODU��'HWD\�
<D\ÕQFÕOÕN��$QNDUD�
�
.g5h.dh��1���������7XUL]PLQ�7�UNL\H�(NRQRPLVL�øoLQGH�<HUL�1H�2OPDOÕGÕU"��
$QDWROLD�'HUJLVL��6D\Õ����6D\ID�����BVWDQEXO�
�
1$6,5��1���7XUL]P�.�UHVHOOHVPH�øOLVNLVL�YH�7HNHOOHVPH�(JLOLPOHUL��7�&��7XUL]P�
%DNDQOÕJÕ�,,��7XUL]P�6XUDVÕ�%LOGLULOHUL����&LOW��$QNDUD�
�
g='(0B5��0���������7XUL]PLQ�7�UNL\H¶QLQ�6RV\R�(NRQRPLN�<DSÕVÕQD�(WNLOHUL��$QNDUD�
�
ù$+ø1��*���������7XUL]PGH�0DUND�.HQW�2OPDQÕQ�gQHPL��øVWDQEXO�gUQHJL��$QNDUD��
<�NVHN�/LVDQV�7H]L��$QNDUD�hQLYHUVLWHVL�6RV\DO�%LOLPOHU�(QVWLW�V��
�
726.$<��7���������7XUL]P��7XUL]P�2OD\ÕQD�*HQHO�<DNODVÕP��'HU�<D\ÕQODUÕ��øVWDQEXO�
�
7h5.ø<(�ø67$7ø67ø.�.85808��������7XUL]P�øVWDWLVWLNOHUL�������$QNDUD�
�
8/862<��%��������(OLI�(UJX¶QXQ�5|SRUWDMÕ��9DWDQ�*D]HWHVL��������������>2QOLQH@��
KWWS���KDEHU�JD]HWHYDWDQ�FRP�+DEHU����������*XQGHP��>=L\DUHW�7DULKL������������@�
�
h5*(5��6���������*HQHO�7XUL]P�%LOJLVL��$NGHQL]�hQLYHUVLWHVL��������$QWDO\D�
�
<$0$1(��7���������³7HPHO�gUQHNOHPH�<|QWHPOHUL´��/LWHUDW�U�<D\ÕQFÕOÕN��øVWDQEXO��
�dHYLUHQ��(6ø1��$���$<',1��&���%$.,5��0�$���*h5%h=6(/��(���
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øù/(70(/(5'(�d$ö'$ù�6$ö/,.�<g1(7ø0ø�ødø1�øù�6$ö/,ö,��øù<(5ø�
+(.ø0/øöø�9(�øù�6$ö/,ö,�+(0ùø5(/øöø�

�
<UG�'Ro�'U�*|NKDQ�2)/82ö/8����

øNWLVDGL�YH�øGDUL�%LOLPOHU�)DN�OWHVL�����������������

%�OHQW�(FHYLW�hQLYHUVLWHVL����������������������������������

=RQJXOGDN�7�UNL\H�

JRIOXRJOX#\DKRR�FRP����������������������������������������������������

�

<UG�'Ro�'U�6LQHP�620812ö/8�

6D÷OÕN�+L]PHWOHUL�0<2�

8OXGD÷�hQLYHUVLWHVL�

%XUVD�7�UNL\H�

VVRPXQRJOX#\DKRR�FRP�

�

g]HW��6D÷OÕN�� �]HULQGH� |QHPOH� GXUXOPDVÕ�� NRUXQPDVÕ� YH� JHOLúWLULOPHVL� JHUHNHQ� NRQXODUGDQ� ELUL�
RODUDN� NDEXO� HGLOPHNWH� YH� VD÷OÕN� KL]PHWL�� LQVDQ� VD÷OÕ÷ÕQD� ]DUDU� YHUHQ� HWPHQOHULQ� RUWDGDQ�
NDOGÕUÕOPDVÕ�� WRSOXPXQ�EX�HWPHQOHULQ�ROXPVX]�HWNLOHULQH�NDUúÕ� NRUXQPDVÕ�YH�KDVWDOÕNODUÕQ� WHGDYL�
YH� UHKDELOLWH� HGLOPHVL� LoLQ� YHULOHQ� KL]PHWOHULQ� E�W�Q�Q�� LoHUPHNWHGLU�� øQVDQODUÕQ� oDOÕúPD�
RUWDPÕQGD� JHoLUGLNOHUL� V�UHQLQ� X]XQ� ELU� G|QHPL� NDSVDGÕ÷Õ� G�ú�Q�OG�÷�QGH�� VD÷OÕN� YH�
J�YHQOLNOHUL\OH� LOJLOL� VRUXQODUOD� NDUúÕODúPDODUÕ� GD� NDoÕQÕOPD]� ROPDNWDGÕU�� dDOÕúPD� KD\DWÕQÕQ�
JHWLUGL÷L� EX� VRUXQODU�� oDOÕúDQODUÕQ� VD÷OÕN� NDSDVLWHOHULQLQ� \�NVHOWLOPHVL� YH� VD÷OÕNODUÕQGDNL�
ER]XOPDODUÕQ�|QOHQPHVL� DPDFÕQD�\|QHOLN�RODUDN�\�U�W�OHQ� Lú� VD÷OÕ÷Õ� DODQÕQGDNL� JHOLúPHOHULQ�KÕ]�
ND]DQPDVÕQÕ� GD� EHUDEHULQGH� JHWLUPLúWLU�� øúOHWPHOHUGH� YHULOHQ� VD÷OÕN� KL]PHWL�� Lú\HULQLQ� YH\D�
LúOHWPHQLQ�GDKD�VD÷OÕNOÕ�YH�J�YHQOL�ELU�RUWDP�KDOLQH�JHWLULOHUHN��oDOÕúDQODUÕQ�VD÷OÕ÷ÕQÕQ�NRUXQPDVÕ�
YH�JHOLúWLULOPHVL�DPDFÕ�LOH�Lú\HUL�YH\D�LúOHWPH�GÕúÕQGDNL�PHVOHN�JUXSODUÕ�WDUDIÕQGDQ�VD÷ODQDQ�WÕEEL�
YH� WHNQLN� KL]PHWOHULQ� E�W�Q�� RODUDN� LIDGH� HGLOPHNWHGLU�� � øúOHWPHOHUGH� Lú\HUL� KHNLPLQLQ� ROPDVÕ��
ND]D�YH�VÕN�J|U�OHQ�KDVWDOÕNODUD�ED÷OÕ�RODUDN�RUWD\D�oÕNDQ�LúJ�F��YH�LúJ�Q��ND\ÕSODUÕQÕQ�PLQLPL]H�
HGLOPHVLQH�LPNDQ�YHUGL÷L�JLEL��WD]PLQDW��WHGDYL�YH�UHKDELOLWDV\RQ�PDOL\HWOHULQLQ�GH�NRQWURO�DOWÕQGD�
WXWXOPDVÕQD� E�\�N� NDWNÕ� VD÷ODPDNWDGÕU�� øú� VD÷OÕ÷Õ� KHPúLUHOL÷L� GH�� oDOÕúDQODUÕQ� VD÷OÕ÷ÕQÕQ�
NRUXQPDVÕ�� JHOLúWLULOPHVL� YH� VD÷OÕNOÕ� oDOÕúPD� oHYUHVLQLQ� ROXúWXUXOPDVÕ� LoLQ� \�U�W�OHQ� IDDOL\HWOHUL�
LoHUPHNWHGLU�� øú� VD÷OÕ÷Õ�� Lú\HUL� KHNLPOL÷L� YH� Lú� VD÷OÕ÷Õ� KHPúLUHOL÷L� IDDOL\HWOHUL� LOH� oDOÕúDQODUÕQ�
IL]LNVHO�YH�UXKVDO�VD÷OÕN�GXUXPODUÕQÕ�HQ��VW�G�]H\H�JHWLULOPHVL�DPDoODQPDNWD��LúOHWPHOHULQ�oD÷GDú�
VD÷OÕN� \|QHWLPL� YH� LúOHWPHFLOLN� QRUPODUÕ� LOH� XOXVODU� DUDVÕ� oDOÕúPD� VWDQGDUWODUÕQD� X\JXQ� KDUHNHW�
HWPHVL� P�PN�Q� ROPDNWDGÕU�� %X� QHGHQOH�� Lú� VD÷OÕ÷Õ�� Lú\HUL� KHNLPOL÷L� YH� Lú� VD÷OÕ÷Õ� KHPúLUHOL÷L�
IDDOL\HWOHULQLQ�NRRUGLQHOL�ELU�úHNLOGH�\�U�W�OPHVL�E�\�N�|QHP�WDúÕPDNWDGÕU��

%X� G�ú�QFHOHU� oHUoHYHVLQGH� KD]ÕUODQDQ� oDOÕúPDGD� Lú� VD÷OÕ÷Õ�� Lú\HUL� KHNLPOL÷L� YH� Lú� VD÷OÕ÷Õ�
KHPúLUHOL÷L�NRQXODUÕQD�GH÷LQLOHUHN�7�UNL\H¶GHNL�PHYFXW�GXUXPD�YH�JHOLúPHOHUH�\HU�YHULOPLúWLU��

$QDKWDU�NHOLPHOHU��6D÷OÕN��Lú�VD÷OÕ÷Õ��Lú�J�YHQOL÷L��Lú\HUL�KHNLPOL÷L��Lú�VD÷OÕ÷Õ�KHPúLUHOL÷L��

*LULú�

7RSOXPODUÕQ� GDKD� KÕ]OÕ� E�\�PHN� YH� J�oOHQPHN� LoLQ� HWNLOL� VD÷OÕN� KL]PHWLQL� JHOLúWLULS� X\JXODPD\D� JHoLUPH�
\|Q�QGHNL�oDEDODUÕ�LOH�VD÷OÕ÷Õ�ROXPVX]�\|QGH�HWNLOH\HQ�IDNW|UOHULQ�RUWDGDQ�NDOGÕUÕOPDVÕQD�LOLúNLQ�\DSÕODQ�G�]HQOHPHOHU��
Lú� VD÷OÕ÷Õ� DODQÕQGDNL� JHOLúPHOHULQ� RUWD\D� oÕNPDVÕ� VRQXFXQX� GR÷XUPXúWXU�� øú� VD÷OÕ÷Õ� YH� Lú� VD÷OÕ÷Õ� DODQÕQGDNL� VRUXQODU��
'�Q\D� 6D÷OÕN� gUJ�W�� �'6g�� YH� 8OXVODU� DUDVÕ� dDOÕúPD�gUJ�W�� �,/2�� WDUDIÕQGDQ� GD� |QHPOL� J|U�OHUHN� HOH� DOÕQPÕú� YH�
VRQXoWD�Lú�VD÷OÕ÷ÕQÕQ�DPDoODUÕQD�\|QHOLN�RODUDN�ED]Õ�G�]HQOHPHOHU�\DSÕOPÕúWÕU��%XQD�J|UH�DPDoODQDQ��oDOÕúDQODUÕQ�VD÷OÕN�
NDSDVLWHOHULQLQ� \�NVHOWLOPHVL�� oDOÕúPD� RUWDPÕQÕQ� ROXPVX]� NRúXOODUÕQD� ED÷OÕ� RODUDN� RUWD\D� oÕNDQ� VD÷OÕNWDNL� ER]XOPDQÕQ�
|QOHQPHVL��oDOÕúDQODUÕQ�IL]LNVHO�YH�UXKVDO�\HWHQHNOHULQH�X\JXQ�LúOHUGH�oDOÕúWÕUÕOPDVÕ�YH�RSWLPDO�YHULPLQ�\DNDODQPDVÕGÕU��
6D÷OÕN� KDNNÕQÕQ� W�P� LQVDQ� KDNODUÕQÕQ� PHUNH]LQGH� \HU� DOGÕ÷Õ� YH� oDOÕúDQODUÕQ� VD÷OÕN� ULVNOHULQLQ� GHQHWOHQGL÷L� Lú�
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RUWDPODUÕQGD�oDOÕúPD�KDNNÕQD�VDKLS�ROGX÷X�G�ú�QFHVL�GH��EX�NRQXGD�\�U�W�OHQ�IDDOL\HWOHULQ�DUWDUDN�|QHP�ND]DQPDVÕQÕ�
EHUDEHULQGH� JHWLUPLúWLU�� %X� DoÕGDQ� EDNÕOGÕ÷ÕQGD�� WRSOXPXQ� E�\�N� ELU� NHVLPLQL� ROXúWXUDQ� oDOÕúDQODUÕQ�� VD÷OÕ÷ÕQÕQ�
NRUXQPDVÕ��JHOLúWLULOPHVL�YH� V�UG�U�OPHVLQH�\|QHOLN�RODUDN�\�U�W�OHQ� Lú�VD÷OÕ÷Õ�YH�J�YHQOL÷L� IDDOL\HWOHULQLQ��ONH�JHQHO�
VD÷OÕN�KL]PHWLQGHQ�ED÷ÕPVÕ]�RODUDN�GH÷HUOHQGLULOPHVL�GH�P�PN�Q�ROPDPDNWDGÕU��$OWPWHSH��������V��������������

dDOÕúPD�NRúXOODUÕQÕQ�JHOLúPHVLQH�YH� WHNQRORMLN� LOHUOHPHOHUH�SDUDOHO�RODUDN�RUWD\D�oÕNDQ� ULVNOHU�� oR÷X�$YUXSD�
�ONHVLQGH� LúYHUHQOHULQ� YH� |]HOOLNOH� E�\�N� LúOHWPH� VDKLSOHULQLQ� Lú� VD÷OÕ÷Õ� YH� J�YHQOL÷L� DODQÕQGD� ELUWDNÕP�G�]HQOHPHOHU�
\DSPDVÕQÕQ� \DVDODUFD� ]RUXQOX� KDOH� JHWLULOPHVLQH� QHGHQ� ROPXúWXU� �$OWPWHSH�� ������ V������� ����� \ÕOÕQGD� 7RULQR¶GD�
LP]D\D� DoÕODQ� $YUXSD� 6RV\DO� ùDUWÕ� EX� DODQGD� \DSÕODQ� G�]HQOHPHOHU� LoLQ� WHPHO� ELU� |UQHN� RODUDN� NDEXO� HGLOPHNWH� YH�
*�YHQOL� YH� 6D÷OÕNOÕ� dDOÕúPD� .RúXOODUÕ� +DNNÕ� EDúOÕNOÕ� ��0DGGHVL¶QGH� NRQX\D� LOLúNLQ� ED]Õ� G�]HQOHPHOHUH� \HU�
YHULOPHNWHGLU��%XQD�J|UH�� Lú� J�YHQOL÷L�� Lú� VD÷OÕ÷Õ� YH�oDOÕúPD�RUWDPÕ�KDNNÕQGD� WXWDUOÕ�ELU�XOXVDO�SROLWLND�ROXúWXUXOPDVÕ��
oDOÕúPD�RUWDPÕQÕQ�GR÷DVÕQGDQ�ND\QDNODQDQ�WHKOLNHOHULQ�VHEHSOHULQLQ�HQ�D]D�LQGLULOHUHN�KDVWDOÕN�YH�ND]DODUÕQ�|QOHQPHVL�
YH� Lú� VD÷OÕ÷Õ� KL]PHWOHULQLQ� JHOLúWLULOPHVL� YE�� DODQODUGD� \DSÕODQ� G�]HQOHPHOHU� E�\�N� |QHP� WDúÕPDNWDGÕU�
�LQVDQKDNODULPHUNH]L�ELOJL�HGX�WU��� dDOÕúDQODUÕQ� VD÷OÕNODUÕQÕQ� NRUXQPDVÕ� YH� VD÷OÕNOÕ� ELU� RUWDPGD� oDOÕúPDODUÕQD� LOLúNLQ�
G�]HQOHPHOHULQ�\DSÕOPDVÕ�D\QÕ�]DPDQGD�øú�+XNXNXQXQ�J�QFHO�YH�|QHPOL�NRQXODUÕ�DUDVÕQGD�\HU�DOPDNWD��EX�GXUXP�GD��
Lú\HUL�KHNLPOL÷LQLQ�|QHPOL�ELU�XQVXU�RODUDN�NDEXO�HGLOPHVLQH�\RO�DoPDNWDGÕU��.DUDJ|]��������V�������

dDOÕúDQ� VD÷OÕ÷ÕQÕQ� |Q� SODQD� oÕNWÕ÷Õ�� VD÷OÕ÷ÕQ� NRUXQPDVÕ�� JHOLúWLULOPHVL� YH� VD÷OÕNOÕ� ELU� oDOÕúPD� RUWDPÕQÕQ�
VD÷ODQPDVÕ�DPDFÕQD�\|QHOLN�RODUDN�\�U�W�OHQ�IDDOL\HWOHULQ�ELU�GL÷HU�D\D÷ÕQÕ�GD�Lú�VD÷OÕ÷Õ�KHPúLUHOL÷L�ROXúWXUPDNWDGÕU��%X�
DoÕGDQ�EDNÕOGÕ÷ÕQGD�Lú�VD÷OÕ÷Õ�KHPúLUHVL��Lú�ND]DODUÕQÕQ�YH�PHVOHN�KDVWDOÕNODUÕQÕQ�|QOHQPHVL��VD÷OÕN�H÷LWLPL�YE��J|UHYOHUL�
\HULQH�JHWLUPHNWHGLU��*�OHU�YH�.XELOD\��������V�������

øú�VD÷OÕ÷Õ�YH� Lú�J�YHQOL÷L�DODQÕQGD�\�U�W�OHQ�oDOÕúPDODUÕQ��|QOHPHQLQ� Lú\HULQGH�EDúODPDVÕ� WHPHOLQH�GD\DQGÕ÷Õ�
G�ú�Q�OG�÷�QGH��Lú\HUOHULQLQ�Lú�VD÷OÕ÷Õ�YH�Lú�J�YHQOL÷L�NRQXVXQGD�|UJ�WOHQPHVLQLQ��NRQX\D�LOLúNLQ�DOÕQDELOHFHN�|QOHPOHU�
DoÕVÕQGDQ� E�\�N� |QHP� WDúÕGÕ÷Õ� J|U�OPHNWHGLU�� gUJ�WOHQPHVLQL� VD÷ODP� WHPHOOHUH� RWXUWDQ� LúOHWPHOHULQ�� Lú� ND]DODUÕ� YH�
PHVOHN�KDVWDOÕNODUÕQÕQ�|QOHQPHVL�NRQXVXQGD�GDKD�EDúDUÕOÕ�ROGX÷X�JHUoH÷LQGHQ�KDUHNHW�HGLOGL÷LQGH�LVH��Lú�VD÷OÕ÷Õ��Lú\HUL�
KHNLPOL÷L� YH� Lú� VD÷OÕ÷Õ� KHPúLUHOL÷L� NRQXODUÕQD� J|VWHULOHQ� LOJLQLQ� QHGHQL� GDKD� QHW� RODUDN� DQODúÕOPDNWDGÕU�� %X�
G�ú�QFHOHUGHQ� KDUHNHWOH� KD]ÕUODQDQ� EX� oDOÕúPDGD� GD�� Lú� VD÷OÕ÷Õ�� Lú\HUL� KHNLPOL÷L� YH� Lú� VD÷OÕ÷Õ� KHPúLUHOL÷L� NRQXODUÕQD�
GH÷LQLOHUHN��7�UNL\H¶GHNL�PHYFXW�GXUXPD�YH�JHOLúPHOHUH�\HU�YHULOPHVL�DPDoODQPÕúWÕU��
�
øú\HUL�+HNLPOL÷L�
�

,/2�WDUDIÕQGDQ�Lú\HUL�KHNLPOL÷LQH�LOLúNLQ�RODUDN�\DSÕODQ�WDQÕPD�EDNÕOGÕ÷ÕQGD��LúoLOHULQ�JHUHN�LúOHULQGHQ�JHUHNVH�
LúLQ�\DSÕOGÕ÷Õ�NRúXOODUGDQ�ND\QDNODQDELOHFHN�KHU�W�UO��]DUDUGDQ�NRUXQPDVÕ��LúLQ�LúoL\H�X\JXQ�KDOH�JHWLULOPHVL�YH�LúoLOHULQ�
IL]LNVHO� YH� UXKVDO� L\LOLN� KDOOHULQLQ� VD÷ODQPDVÕ� YH� V�UG�U�OPHVL� DPDFÕ\OD� \�U�W�OHQ� KL]PHWOHU� úHNOLQGH� WDQÕPODQGÕ÷Õ�
J|U�OPHNWHGLU��'HYHEDNDQ��������V������

���.DVÕP� ����� WDULKOL� YH� ������ VD\ÕOÕ� 5HVPL�*D]HWH¶GH� \D\ÕPODQDUDN� \�U�UO�÷H� JLUHQ� øú\HUL� +HNLPOHULQLQ�
*|UHY�� <HWNL�� 6RUXPOXOXN� YH� (÷LWLPOHUL� +DNNÕQGDNL� <|QHWPHOL÷H� J|UH� GH� Lú\HUL� KHNLPL� Lú� VD÷OÕ÷Õ� YH� J�YHQOL÷L�
KL]PHWOHUL� NDSVDPÕQGD�� UHKEHUOLN� YH� GDQÕúPDQOÕN�� VD÷OÕN� J|]HWLPL�� H÷LWLP� YH� ELOJLOHQGLUPH� J|UHYOHULQL� \DSPDNOD�
\�N�PO�G�U��%X�oHUoHYHGH�EDNÕOGÕ÷ÕQGD� Lú\HUL�KHNLPL�� Lú�VD÷OÕ÷Õ�YH�J�YHQOL÷LQLQ�JHOLúWLULOPHVL� LoLQ� LúYHUHQH� WDYVL\HGH�
EXOXQPDN�� Lú\HULQGH� VD÷OÕ÷D� ]DUDUOÕ� ULVNOHUL� GH÷HUOHQGLUPHN�� NRUX\XFX� VD÷OÕN� PXD\HQHOHULQL� \DSPDN�� EXODúÕFÕ�
KDVWDOÕNODUÕQ� NRQWURO�� LoLQ� |QOHPH� YH� ED÷ÕúÕNODPD� oDOÕúPDODUÕQÕ� \�U�WPHN�� Lú� ND]DVÕQD� X÷UD\DQ� YH�PHVOHN� KDVWDOÕ÷ÕQD�
\DNDODQDQ�oDOÕúDQODUÕQ�UHKDELOLWDV\RQXQX�VD÷ODPDN�YH�Lú�VD÷OÕ÷Õ�YH�J�YHQOL÷L�NRQXVXQGD�H÷LWLP�YHUPHN�YE��IDDOL\HWOHUL�
V�UG�UPHNWHGLU� �KWWS���ZZZ�WWE�RUJ�WU��� øú\HUL� KHNLPL� V�UHNOL� RODUDN� HQ� D]� ��� LúoL� oDOÕúWÕUÕODQ� Lú\HUOHULQGH�� 6RV\DO�
6LJRUWDODU� .XUXPX¶QFD� VD÷ODQDQ� WHGDYL� KL]PHWOHUL� GÕúÕQGD�� LúoLOHULQ� VD÷OÕN� GXUXPODUÕQÕ� GHQHWOHPHN�� LON� \DUGÕP�� DFLO�
WHGDYL� YH� GL÷HU� NRUX\XFX� VD÷OÕN� KL]PHWOHULQL� \�U�WPHN� �]HUH� J|UHY� \DSPDNWDGÕU�� <DVDO� G�]HQOHPHOHU� DoÕVÕQGDQ�
EDNÕOGÕ÷ÕQGD� Lú\HUL� KHNLPL�� LúYHUHQLQ�� 8PXPL� +ÕI]ÕVVÕKKD� .DQXQX¶QXQ� ����� YH� 6RV\DO� 6LJRUWDODU� .DQXQX¶QXQ�
����0DGGHOHULQH�J|UH�\�N�PO��EXOXQGX÷X�KHNLP�VD÷ODPD�]RUXQOXOX÷X�QHGHQL\OH��NHQGLVL\OH�KL]PHW�V|]OHúPHVL�\DSÕODQ�
Lú�KHNLPOL÷L�DODQÕQGD�EHOLUOL�GHQH\LP�VDKLEL�KHNLP�RODUDN�LIDGH�HGLOPHNWHGLU��'HPLUFLR÷OX��������V�������øú\HUL�KHNLPL�
RODUDN�J|UHYOHQGLULOHFHN�KHNLPOHULQ�%DNDQOÕN�WDUDIÕQGDQ�YHULOHQ�Lú\HUL�KHNLPOL÷L�VHUWLILNDVÕQD�VDKLS�ROPDVÕ�EHNOHQPHNWH��
EX� VHUWLILNDQÕQ� GD� DQFDN� Lú�P�IHWWLúOL÷L� \DSÕOPDVÕ�� Lú� VD÷OÕ÷Õ� ELOLP� X]PDQOÕ÷Õ� YH\D� GRNWRUDVÕQÕQ� WDPDPODQPDVÕ�� Lú� YH�
PHVOHN�KDVWDOÕNODUÕ�NRQXVXQGD�\DQ�GDO�X]PDQOÕ÷ÕQÕQ�DOÕQPDVÕ�YH�Lú\HUL�KHNLPOL÷L�VHUWLILND�SURJUDPÕQGD�EDúDUÕOÕ�ROXQPDVÕ�
GXUXPXQGD�ND]DQÕODFD÷Õ�LIDGH�HGLOPHNWHGLU��'HYHEDNDQ��������V��������

øú\HUL�KHNLPL��LúYHUHQLQ�VRUXPOXOX÷XQGD�RODQ�LúoL�VD÷OÕ÷ÕQÕQ�NRUXQPDVÕQD�\|QHOLN�RODUDN�KHU�NRQXGD�J|U�ú�YH�
ELOJLVL�LOH�LúYHUHQH�GDQÕúPDQOÕN�\DSPDNWDGÕU��*|UHYL�GR÷UXGDQ�LQVDQ�VD÷OÕ÷ÕQÕQ�NRUXQPDVÕQD�\|QHOLN�ROGX÷X�LoLQ��NHQGL�
DODQÕQD� LOLúNLQ� X\JXODPDODU� NRQXVXQGD� HPLU� DOPDPDVÕ�� IDDOL\HWOHULQL� \HULQH� JHWLUPH� DPDFÕ� LOH� \DSWÕNODUÕQGDQ� GROD\Õ�
PD÷GXU�ROPDPDVÕ��PHVOHNL�VÕUODUÕ�VDNOD\DELOPHVL�YH�VDGHFH�PHVOHNL�YLFGDQÕQD�WDEL�RODUDN�J|UHYLQL�\DSPDVÕ�E�\�N�|QHP�
WDúÕPDNWDGÕU��%X�DoÕGDQ�EDNÕOGÕ÷ÕQGD��Lú\HUL�KHNLPOL÷LQLQ�GR÷DVÕ�JHUH÷L�PHVOHNL�ED÷ÕPVÕ]OÕ÷ÕQÕQ�VD÷ODQPDVÕ��LúYHUHQ�YH�
LúoLOHUH� NDUúÕ� GD� JHUHNWL÷LQGH� ED÷ÕPVÕ]OÕ÷ÕQÕ� NRUX\DELOPHVL� EHNOHQPHNWHGLU�� %XQXQ� \DQÕQGD� Lú\HUL� KHNLPL�� Lú�
V|]OHúPHVLQGHNL� ED÷ÕPOÕOÕN� XQVXUXQXQ� VRQXFX� RODUDN�� LúYHUHQH� LGDUL� NRQXODUGD� ED÷ÕPOÕ� RODUDN� J|UHY� \DSPDNWD�� EX�
GXUXPD�ED÷OÕ�RODUDN�GD�Lú\HUL�KHNLPLQLQ�oHúLWOL�J�oO�NOHUOH�NDUúÕ�NDUúÕ\D�NDOPDVÕ�YH�NDU�DPDFÕ�J�GHQ�YH�UHNDEHWH�GD\DOÕ�
ELU� LúOHWPH� RUWDPÕQGD� J|UHY� \DSPDVÕ� V|]� NRQXVX� ROPDNWDGÕU�� %X� DoÕGDQ� EDNÕOGÕ÷ÕQGD� Lú\HUL� KHNLPL�� LúoLOLN� VÕIDWÕ� LOH�
KHNLPOLN� PHVOH÷LQL� ED÷GDúWÕUPDN� GXUXPXQGD� ROGX÷X� JLEL�� WÕEEL� GHRQWRORML� NXUDOODUÕ� YH� PHVOHNL� ED÷ÕPVÕ]OÕN� LONHVLQL�
LúYHUHQH�NDUúÕ�GD�NRUXPDN�]RUXQGDGÕU��øú\HUL�KHNLPLQLQ�J|UHY�\DSWÕ÷Õ�Lú\HUL�VD÷OÕN�ELULPLQLQ�RUJDQL]DV\RQX�YH�\|QHWLPL�
LQFHOHQGL÷LQGH�GH��EX�IDDOL\HWOHULQ�\�U�W�OPHVLQLQ� LúYHUHQH�EÕUDNÕOGÕ÷Õ�J|U�OPHNWHGLU��%X�GXUXP��NRQX\D� LOLúNLQ� IDUNOÕ�
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EDNÕú�DoÕODUÕQÕQ�JHOLúWLULOPHVLQH�QHGHQ�ROPDNWD�YH�LúYHUHQOHU�WDUDIÕQGDQ��]DPDQ�]DPDQ�Lú\HUL�KHNLPOL÷LQLQ�JHUHNVL]�ELU�
\�N�� KDWWD� VDNÕQFDOÕ� YH� SDKDOÕ� EXOXQPDVÕ� VRQXFXQX� GD� EHUDEHULQGH� JHWLUPHNWHGLU�� +DWWD� ED]Õ� LúYHUHQOHUH� J|UH�� Lú\HUL�
KHNLPOL÷LQLQ� HWNLQOL÷LQL� VD÷ODPDN�� LúOHWPHQLQ� J|UHYOHUL� DUDVÕQGD� \HU� DOPDGÕ÷Õ� JLEL�� LúOHWPHQLQ� \DUDUÕQD� GD� NDEXO�
HGLOPHPHNWHGLU��*�]HO��������V�������

7�UNL\H¶GH�\DSÕODQ�VRQ�G�]HQOHPHOHU�LQFHOHQGL÷LQGH��Lú\HUL�KHNLPOHULQLQ�J|UHY��\HWNL��VRUXPOXOXN�YH�H÷LWLPOHUL�
KDNNÕQGDNL� \|QHWPHOLN� oHUoHYHVLQGH��7RSOXP�6D÷OÕ÷Õ�0HUNH]OHULQGH� �760�� Lú\HUL� KHNLPOL÷L� KL]PHWL� VXQXODELOPHVLQH�
LOLúNLQ�G�]HQOHPHOHULQ�\DSÕOGÕ÷Õ� J|U�OPHNWHGLU��%XQD�J|UH�760��dDOÕúPD�YH�6RV\DO�*�YHQOLN�%DNDQOÕ÷Õ¶QGDQ� ³øú\HUL�
+HNLPOL÷L�+L]PHWL�<HWNL�%HOJHVL´QL�DOPDVÕ�GXUXPXQGD��Lú\HUL�KHNLPOL÷L�KL]PHWLQH�LKWL\Do�GX\DQ�LúOHWPHOHUH�EX�KL]PHWL�
YHUHELOHFHNWLU��ZZZ�VDJOLN�JRY�WU����

øú\HUL� KHNLPOL÷LQLQ� EDúOÕ� EDúÕQD� ELU� KHNLPOLN� X÷UDúÕ� RODUDN� NDEXO� HGLOPHVL�� Lú\HUL� NRúXOODUÕ� LOH� LúoL� VD\ÕODUÕ�
J|]HWLOHUHN�Lú�VD÷OÕ÷Õ�|UJ�WOHQPHVLQLQ�VD÷ODQPDVÕ�VXQXODQ�KL]PHWLQ�HWNLQOL÷L�DoÕVÕQGDQ�E�\�N�|QHP�WDúÕPDNWDGÕU��%LULQFL�
EDVDPDN� NRUX\XFX� YH� WHGDYL� HGLFL� VD÷OÕN� KL]PHWL� YHUHQ� Lú\HUL� KHNLPOL÷LQLQ�� JHUHNOL� H÷LWLPL� DOPÕú� LVWHNOL� KHNLPOHULQ�
WHPHO� X÷UDú� DODQÕ� RODUDN� EHOLUOHQPHVLQLQ� GH�� EX� DODQGD� \�U�W�OHQ� KL]PHWOHULQ� EDúDUÕ\D� XODúPD� úDQVÕQÕ� \�NVHOWHFH÷L�
G�ú�Q�OPHNWHGLU��6RV\DO�*�YHQOLN�.XUXPX�E�Q\HVLQGH�oDOÕúDQ�X]PDQ�YH�SUDWLV\HQ�KHNLPOHU�EDúWD�ROPDN��]HUH��ELULQFL�
EDVDPDN�VD÷OÕN�KL]PHWOHULQGH�J|UHY�DODQ�W�P�KHNLPOHULQ�PHVOHN�KDVWDOÕNODUÕ�YH�LOJLOL�PHY]XDWÕ�|÷UHQPHOHULQH�\|QHOLN�
H÷LWLPOHULQ� YH� PHVOHN� KDVWDOÕNODUÕ� X]PDQOÕ÷ÕQÕQ� V�UHNOL� WÕS� H÷LWLPL� DQOD\ÕúÕ� LOH� \�U�W�OPHVLQLQ� GH� ROXPOX� VRQXoODU�
GR÷XUDFD÷Õ� LIDGH� HGLOPHNWHGLU��*HQHO� WÕS�X\JXODPDODUÕ� oHUoHYHVLQGH�� LúoL� VD÷OÕ÷Õ� DoÕVÕQGDQ�GHQHWOH\LFL� J|UHYLQL� HQ� L\L�
úHNLOGH�\HULQH�JHWLUHFHN�RODQODU�KHNLPOHU�ROGX÷X�LoLQ��dDOÕúPD�%DNDQOÕ÷Õ�øú�7HIWLú�.XUXOX�LoLQGH��KHNLP�Lú�P�IHWWLúOHULQ�
JHUHNOL�YH�\HWHUOL�VD\ÕGD�LVWLKGDPÕQÕQ�VD÷ODQPDVÕQD�LOLúNLQ�G�]HQOHPHOHULQ�\DSÕOPDVÕQÕQ�GD�V�UHFH�NDWNÕVÕ�V|]�NRQXVXGXU�
�.DUDGD÷� Y�G�� ������ V������ $\UÕFD�� PHVOHN� KDVWDOÕNODUÕ� KDVWDQHOHUL� YH� KHNLP� Lú� P�IHWWLúL� LVWLKGDPÕ\OD� J�oOHQGLULOPLú�
GHQHWLP� |UJ�WOHQPHVLQLQ� IRQNVL\RQHO� KDOH� JHWLULOPHVLQLQ�� HQ� D]� HOOL� LúoL� VÕQÕUÕ� ROPDNVÕ]ÕQ� W�P� Lú\HUOHULQL� NDSVD\DFDN�
RUWDN�VD÷OÕN�ELULPOHULQLQ�G�]HQOHQPHVL�YH�|UJ�WOHQPHVLQLQ�� Lú�VD÷OÕ÷Õ�|UJ�WOHQPH�EDVDPDNODUÕQÕQ�ELUELUOHUL�YH�GHQHWLP�
|UJ�W�\OH�HúJ�G�PO��oDOÕúPDVÕQÕQ�oDOÕúDQ�VD÷OÕ÷ÕQÕ�ROXPOX�\|QGH�HWNLOH\HFH÷L�G�ú�Q�OPHNWHGLU��ùLúOL��������V�������

�
øú�6D÷OÕ÷Õ�+HPúLUHOL÷L�
�

øú� VD÷OÕ÷Õ� KHPúLUHOL÷L� oDOÕúDQÕQ� VD÷OÕ÷ÕQÕ� NRUXPD\Õ�� JHOLúWLUPH\L� YH� VD÷OÕNOÕ� oDOÕúPD� RUWDPÕ� ROXúWXUPD\Õ�
DPDoODPDNWDGÕU�� øú� VD÷OÕ÷Õ� KHPúLUHVL�� HSLGHPL\RORML�� WRNVLNRORML�� HQG�VWUL\HO� KLM\HQ�� Lú� J�YHQOL÷L� YE�� NRQXODUGD� ELOJL�
WHPHOLQH� VDKLS� ROPDNOD� ELUOLNWH�� X\JXODPDGD� EDNÕP� YHULFL�� EDNÕPÕ� \|QHWLFL�� H÷LWLPFL� YH� GDQÕúPDQOÕN� UROOHULQL�
�VWOHQPHNWHGLU��øúoL�YH�(VLQ��������V�������

øú� VD÷OÕ÷Õ� KHPúLUHVL�� Lú� VD÷OÕ÷Õ� YH� J�YHQOL÷L� VLVWHPLQLQ� |QHPOL� XQVXUODUÕQGDQ� ELUL� RODUDN� NDEXO� HGLOPHNWH� YH�
VDQD\LOHúPLú� �ONHOHU� DoÕVÕQGDQ� LON� X\JXODPD� |UQHNOHULQLQ� ���� \�]\ÕOGDQ� LWLEDUHQ� J|U�OPH\H� EDúODQGÕ÷ÕQD� LúDUHW�
HGLOPHNWHGLU��øON�Lú�VD÷OÕ÷Õ�KHPúLUHVLQLQ������\ÕOÕQGD�$PHULND
GD�J|UHY�\DSWÕ÷Õ�YH�LúoLOHUH�VD÷OÕNOÕ�\DúDP�DOÕúNDQOÕNODUÕ��
oRFXN�EDNÕPÕ��LON\DUGÕP�KL]PHWOHUL�YE��NRQXODUGD�KL]PHW�YHUGL÷L�YH�KDVWD�RODQ�LúoLOHUL�GH�HYOHULQGH�]L\DUHW�HWWL÷L�LIDGH�
HGLOPHNWHGLU�� *HoHQ� ]DPDQD� SDUDOHO� RODUDN�� YHULOHQ� EX� KL]PHWOHULQ� JHOLúWL÷L� YH� LúoLOHULQ� LúH� GHYDPVÕ]OÕNODUÕQÕQ�
D]DOWÕODUDN�� RQODUÕQ� GDKD� �UHWNHQ� NÕOÕQPDVÕQD� \|QHOLN� oDEDODUÕQ� EHQLPVHQGL÷L� HOGH� HGLOHQ� GL÷HU� ELOJLOHU� DUDVÕQGD� \HU�
DOPDNWDGÕU�� ����� \ÕOÕQD� JHOLQGL÷LQGH� LVH�� Lú� VD÷OÕ÷Õ� KHPúLUHOL÷LQH� LOLúNLQ� LON� |]HO� H÷LWLP� SURJUDPÕ� %RVWRQ�
hQLYHUVLWHVL¶QGH� EDúODWÕOPÕú� YH� ����
OHUGHQ� LWLEDUHQ� ELUoRN� �QLYHUVLWHGH� VDQD\L� KLM\HQL� SURJUDPODUÕ� LoLQGH� VDQD\L�
KHPúLUHOL÷L� H÷LWLPOHUL� \�U�W�OP�úW�U��%X�oDOÕúPDQÕQ�DOWÕQGD�\DWDQ� WHPHO�QHGHQ�RODUDN�GD��KHPúLUHOLN�X\JXODPDODUÕQGD�
IDUNOÕOÕNODU� ROPDVÕ�� KHPúLUHOHULQ� WRSOXP� ND\QDNODUÕQÕ� NXOODQPDQÕQ� |QHPLQLQ� IDUNÕQGD� ROPDPDVÕ� YH� Lú\HUL� KHPúLUHVL�
DoÕVÕQGDQ� YHULOHQ� H÷LWLPLQ� YH� NXUVODUÕQÕQ� \HWHUVL]� NDOPDVÕ� J|VWHULOPHNWHGLU�� %X� VHEHSOHUOH� EDúODWÕODQ� Lú� VD÷OÕ÷Õ�
KHPúLUHOL÷L� oDOÕúPDODUÕ�� J�Q�P�]GH� ELQOHUFH� VD÷OÕN� oDOÕúDQÕQÕ� E�Q\HVLQH� GkKLO� HWPLú� RUJDQL]H� YH� E�\�N� PHVOHN�
|UJ�WOHULQL�ROXúWXUPXúWXU��$NÕQ��������V�������

6RQ�\ÕOODUGDNL�JHOLúPHOHUH�NDGDU��W�]�N�YH�\|QHWPHOLNOHUOH�G�]HQOHQHQ�ELU�]RUXQOXOXN�RODUDN�J|U�OHQ�Lú�VD÷OÕ÷Õ�
KHPúLUHOL÷LQLQ� 7�UNL\H¶GH� QH� \D]ÕN� NL� LVWHQLOHQ� QLWHOL÷H� NDYXúPDGÕ÷Õ� LIDGH� HGLOPHNWHGLU�� %XQXQ� DOWÕQGD� \DWDQ� WHPHO�
QHGHQLQ�� VD÷OÕN� DODQÕQGDNL� W�P�\DSÕODQPDQÕQ� Lú\HUL� KHNLPOL÷L� �]HULQGHQ� \�U�W�OPHVL� YH�GDKD� DOW� G�]H\GHNL� ELULPOHUH�
JHUHNHQ� |QHPLQ� J|VWHULOPHPHVL� ROGX÷X� G�ú�Q�OPHNWHGLU�� %X� GXUXPXQ� VRQXFXQGD� Lú� VD÷OÕ÷Õ� KHPúLUHOL÷L�� Lú� VD÷OÕ÷ÕQD�
LOLúNLQ�\HWHUOL�ELOJL�YH�EHFHUL�ELULNLPLQH�VDKLS�ROPD\DQ�KDVWDQH�KHPúLUHOHUL�WDUDIÕQGDQ�\�U�W�OP�ú��$NÕQ��������V������EX�
GD� GDKD� oRN� WHGDYL� HGLFL� KL]PHWOHUH� RGDNODQÕOPDVÕ� VRQXFXQX� GR÷XUPXúWXU��%X� NRQXGD� \DSÕODQ� DUDúWÕUPDODU� Lú� VD÷OÕ÷Õ�
KHPúLUHVL� RODUDN� J|UHY� \DSDQ� KHPúLUHOHULQ� H÷LWLP� HNVLNOLNOHUL� VHEHEL\OH� NHQGLOHULQGHQ� EHNOHQHQ� J|UHYOHUL� LVWHQGLN�
G�]H\GH� \HULQH� JHWLUHPHGLNOHULQL� RUWD\D� NR\PDNWDGÕU�� 7�UNL\H� DoÕVÕQGDQ� EDNÕOGÕ÷ÕQGD�� EXJ�QH� NDGDU� Lú� VD÷OÕ÷Õ�
KHPúLUHOL÷LQLQ� JHOLúLPLQLQ� \HWHUOL� G�]H\GH� ROPDPDVÕ�� PHVOH÷LQ� NHQGL� LoLQGHNL� JHOLúPH� V�UHFL� LOH� GH� \DNÕQGDQ� LOJLOL�
J|U�OPHNWH�� KHPúLUHOLN� PHVOHN� |UJ�WOHUL� YH� �QLYHUVLWHOHULQ� Lú� VD÷OÕ÷Õ� KHPúLUHOL÷LQH� |]J�� PH]XQL\HW� VRQUDVÕ� H÷LWLP�
SURJUDPODUÕQÕ�JHOLúWLUPHPLú�ROPDODUÕQÕQ�GD�EX�V�UHFL�ROXPVX]�HWNLOHGL÷LQH�GLNNDW�oHNLOPHNWHGLU��(PLUR÷OX��������V������

øú\HUL�6D÷OÕN�%LULPOHUL�YH�øú\HUL�+HNLPOHULQLQ�*|UHYOHUL� LOH�dDOÕúPD�8VXO�YH�(VDVODUÕ�+DNNÕQGD�<|QHWPHOL÷H�
J|UH�Lú�VD÷OÕ÷Õ�KHPúLUHVLQLQ�J|UHYOHUL���

x øú� VD÷OÕ÷Õ� YH� J�YHQOL÷L� LOH� LOJLOL� VRUXQODUÕQ� VDSWDQPDVÕ� YH� |QFHOLNOHULQ� EHOLUOHQPHVL� oDOÕúPDODUÕQGD� Lú\HUL�
KHNLPLQH�\DUGÕPFÕ�ROPDN���

x dDOÕúDQODUÕQ�VD÷OÕN�G�]H\OHUL�LOH�LOJLOL�YHUL�WRSODQPDVÕ��ND\GHGLOPHVL��LúH�JLULú�YH�SHUL\RGLN�PXD\HQH�IRUPXQXQ�
GROGXUXOPDVÕ�YH�IL]LNL�PXD\HQH�VÕUDVÕQGD�Lú\HUL�KHNLPLQH�\DUGÕPFÕ�ROXQPDVÕ���

x øú\HULQGH�VD÷OÕN�WDUDPDODUÕQÕQ�\DSÕOPDVÕ�YH�ú�SKHOL�YDNDODUÕQ�KHNLPH�VHYN�HGLOPHVL���
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x *HEH�YH�HP]LNOL�NDGÕQODUÕQ�L]OHQPHVL��]DUDUOÕ�PDGGHOHUGHQ�NRUXQPDVÕ�LoLQ�oDOÕúPDODUÕQ�\DSÕOPDVÕ��oRFXN�EDNÕP�
KL]PHWOHUL�LOH�LOJLOL�oDOÕúPDODUÕQ�SODQODQPDVÕ��\�U�W�OPHVL�YH�NRQWURO�Q�Q�VD÷ODQPDVÕ��

x dDOÕúDQODUÕQ�KDVWDQH\H�VHYN�HGLOPHVL��WHGDYLVLQLQ�L]OHQPHVL�YH�UHKDELOLWDV\RQ�KL]PHWOHULQH�NDWÕOPDVÕ��
x <DUGÕPFÕ�VD÷OÕN�KL]PHWOHULQLQ�SODQODQPDVÕ��GH÷HUOHQGLULOPHVL��L]OHQPHVL�YE��IDDOL\HWOHULQ�\�U�W�OPHVLQGH�Lú\HUL�

KHNLPLQLQ�|QHULOHUL�GR÷UXOWXVXQGD�oDOÕúÕOPDVÕ�YH�JHUHNOL�ND\ÕWODUÕQ�WXWXOPDVÕ��
x øON�\DUGÕP�KL]PHWOHULQLQ�RUJDQL]DV\RQX�YH�\�U�W�OPHVL�VÕUDVÕQGD�Lú\HUL�KHNLPLQH�\DUGÕPFÕ�ROXQPDVÕ���
x øú\HULQGH�oDOÕúDQODUÕQ�VD÷OÕN�H÷LWLPLQGH�J|UHY�DOÕQPDVÕ�úHNOLQGH�VÕUDODQPDNWDGÕU��(PLUR÷OX��������V�������

øú� VD÷OÕ÷Õ� KL]PHWOHULQLQ� HWNLQ� ELU� úHNLOGH� \�U�W�OPHVLQGH�� \HWHUOL� H÷LWLP� DOPÕú� KHPúLUHOHULQ� URO�Q�Q� E�\�N�
ROGX÷X� LIDGH� HGLOPHNWH�� |]HOOLNOH� JHOLúPLú� �ONHOHUGH� Lú� VD÷OÕ÷Õ� KHPúLUHOL÷LQLQ� ELOLPVHO�� WHNQRORMLN� YH� WRSOXPVDO�
JHOLúPHOHUGHQ� HWNLOHQHUHN�E�\�N�ELU� GH÷LúLP� LoLQH�JLUGL÷LQH�GLNNDW� oHNLOPHNWHGLU��<DSÕODQ� DUDúWÕUPDODU� VRQXFXQGD�� Lú�
VD÷OÕ÷Õ�KHPúLUHOHULQLQ�HWNLOL�ELU�ELoLPGH�IDDOL\HWWH�EXOXQPDODUÕQD�ED÷OÕ�RODUDN�� LúH�GHYDPVÕ]OÕNODUÕQ�D]DOGÕ÷Õ��NRUX\XFX�
YH�GDQÕúPDQOÕN�KL]PHWL�DODQ�LúoLOHULQ�VD\ÕVÕQÕQ�GD�DUWÕú�J|VWHUGL÷L�LIDGH�HGLOPHNWHGLU��%HúHU��������V������
�
6RQXo��
�

*�Q�P�]GH�Lú�VD÷OÕ÷Õ�YH�Lú�J�YHQOL÷L�IDDOL\HWOHULQLQ�Lú\HUOHUL�YH�LúOHWPHOHU�G�]H\LQGH�\DSÕODQGÕUÕOPDVÕ�E�\�N�
|QHP� WDúÕPDNWD�� EX� oDOÕúPDODUÕQ� WHPHOLQL� Lú\HUOHULQGH� NXUXODQ� Lú� VD÷OÕ÷Õ� YH� Lú� J�YHQOL÷L� ELULPOHUL� ROXúWXUPDNWDGÕU�� øú�
VD÷OÕ÷Õ� YH� Lú� J�YHQOL÷L� oDOÕúPDODUÕQÕQ� DODQÕQÕQ� JHQLúOHPHVLQH� SDUDOHO� RODUDN� GD�� � EX� DODQGD� KL]PHW� YHUHQ� PHVOHN�
JUXSODUÕQÕQ� YH� WDúÕPDVÕ� JHUHNHQ� |]HOOLNOHULQ� DUWPDVÕ� YH� \�U�W�OPHVL� JHUHNHQ� J|UHY�� \HWNL� YH� VRUXPOXOXNODUÕQ� GD�
oHúLWOHQPHVL� V|]� NRQXVX� ROPDNWDGÕU��%X�PHVOHN� JUXSODUÕ� LQFHOHQGL÷LQGH�� Lú\HUL� KHNLPL�� Lú� VD÷OÕ÷Õ� KHPúLUHVL�� J�YHQOLN�
X]PDQÕ��SVLNRORJ��HUJRQRPLVW��VRV\DO�KL]PHW�X]PDQÕ�YE��PHVOHN�JUXSODUÕQÕQ�LON�DNOD�JHOHQ�PHVOHNOHU�DUDVÕQGD�\HU�DOGÕ÷Õ�
J|U�OPHNWHGLU���

6D÷OÕN� DODQÕQGD� J|UHY� \DSDQ� oDOÕúDQODUÕQ� IDDOL\HWOHULQL� \HULQH� JHWLULUNHQ� GLNNDW� HWPHOHUL� JHUHNHQ� HQ� |QHPOL�
QRNWD��HNLS�\DNODúÕPÕ�LoLQGH�KDUHNHW�HGLOPHVL�JHUHNWL÷LGLU��dD÷GDú�VD÷OÕN�\|QHWLPLQLQ�VD÷ODQPDVÕQGD��HWNLOL�YH�YHULPOL�
VD÷OÕN� KL]PHWLQLQ� VXQXOPDVÕQGD�� oDOÕúDQODUÕQ� VD÷OÕ÷ÕQÕQ� NRUXQPDVÕ� YH� JHOLúWLULOPHVLQGH�� VD÷OÕN� VHNW|U�� oDOÕúDQODUÕQÕQ�
ELOJL�� EHFHUL�� \HWNL� YH� VRUXPOXOXNODUÕ� DoÕVÕQGDQ� ELUELULQL� WDPDPODPDODUÕ� JHUHNWL÷LQLQ� ELOLQFLQGH� ROPDODUÕ� \DúDPVDO� ELU�
|QHP�WDúÕPDNWDGÕU��

øú\HUL�KHNLPL��Lú�VD÷OÕ÷Õ�YH�J�YHQOL÷LQLQ�VD÷ODQPDVÕ�DoÕVÕQGDQ�WHPHO�VRUXPOXOX÷D�VDKLS�ROPDNWD�YH�|UJ�WOHQPH�
DoÕVÕQGDQ�|QHPOL�J|UHY��\HWNL�YH�LúOHYOHUL�\�U�WPHNWHGLU��øú\HUL�KHNLPOL÷LQLQ�N�o�N�YH�RUWD�|OoHNOL�Lú\HUOHULQGH�LNLQFL�ELU�
PHVOHNL� X÷UDú� RODUDN� \HULQH� JHWLULOPHVL� YH� |]O�N� KDNODUÕQD� LOLúNLQ� VRUXQODU� \DúDQPDVÕ� ELUH\VHO� Lú� KXNXNX� DoÕVÕQGDQ�
WDUWÕúPDODUÕ�GD�EHUDEHULQGH�JHWLUPHNWHGLU��øú\HUL�KHNLPOHULQLQ�Lú�VD÷OÕ÷Õ�YH�Lú�J�YHQOL÷L�DODQÕQGDNL�VRUXPOXOXNODUÕQÕ�GDKD�
HWNLOL�ELU�úHNLOGH�V�UG�UHELOPHOHUL�LoLQ��NDUúÕODúÕODQ�EX�VRUXQODUÕQ�o|]�POHQPHVLQLQ�|QHPOL�ROGX÷X�G�ú�Q�OPHNWHGLU��

øú�VD÷OÕ÷Õ�YH�Lú�J�YHQOL÷L�KL]PHWOHULQLQ�JHOLúWLULOPHVLQGH�VDGHFH�Lú\HUL�KHNLPLQLQ�GH÷LO��Lú�VD÷OÕ÷Õ�KHPúLUHVLQLQ�
GH� |QHPOL� ELU� HWNLVL� EXOXQPDNWD�� NRQX\D� LOLúNLQ� VDKLS� ROXQDQ� ELOJL� ELULNLPL� YH� EHFHUL� VXQXODQ� KL]PHWOHULQ� HWNLQOL÷LQL�
DUWÕUPDNWDGÕU��%X�QHGHQOH�OLVDQV�H÷LWLPLQLQ�Lú�VD÷OÕ÷Õ�KHPúLUHOL÷L�OLVDQV�VW��H÷LWLP�SURJUDPÕ�LOH�JHOLúWLULOPHVL��Lú�VD÷OÕ÷Õ�
YH�J�YHQOL÷LQH�LOLúNLQ�IDDOL\HWOHULQ�SODQODQPDVÕ��GH÷HUOHQGLULOPHVL��GHQHWOHQPHVL�YH�\|QOHQGLULOPHVLQGH�Lú\HUL�KHNLPL�LOH�
\DSÕFÕ�ELU�LúELUOL÷L�LoLQGH�ROXQPDVÕ�E�\�N�|QHP�WDúÕPDNWDGÕU��%X�VD\HGH�oDOÕúPD�RUWDPÕQGD�J|U�OHQ�VD÷OÕN�VRUXQODUÕQÕQ�
RUWDGDQ� NDOGÕUÕOPDVÕQD� \|QHOLN� |QOHPOHULQ� DOÕQPDVÕ� LOH� oDOÕúDQODUÕQ� VD÷OÕ÷ÕQÕQ� NRUXQPDVÕ� YH� JHOLúWLULOPHVLQH� \|QHOLN�
HWNLOL�G�]HQOHPHOHULQ�\DSÕOPDVÕ�P�PN�Q�RODELOHFHNWLU���
�

.D\QDNoD�

$NÕQ��/�� �������� øú�6D÷OÕ÷Õ�YH� øú�*�YHQOL÷LQGH� øú\HULQLQ�gUJ�WOHQPHVL��$QNDUD��$QNDUD�hQLYHUVLWHVL�+XNXN�)DN�OWHVL�
'HUJLVL���6D\Õ����

$OWPWHSH��<����������.�o�N�gOoHNOL�øúOHWPHOHUGH�øú\HUL�+HNLPOLN�+L]PHWOHUL���� ������ ����DUVLY�PPR�RUJ�WU�SGI�������SGI���
�6RQ�(ULúLP�����.DVÕP��������

$YUXSD�6RV\DO�ùDUWÕ��LQVDQKDNODULPHUNH]L�ELOJL�HGX�WU��6RQ�(ULúLP�����.DVÕP��������

%HúHU��$����������øú�6D÷OÕ÷Õ�(÷LWLPLQGH�hQLYHUVLWHOHULQ�5RO���=RQJXOGDN�.DUDHOPDV�hQLYHUVLWHVL��,,��øú�6D÷OÕ÷Õ�YH�øú\HUL�
+HPúLUHOL÷L�6HPSR]\XPX��

'HPLUFLR÷OX�� 0�� �������.DUúÕODúWÕUPDOÕ� +XNXNWD� YH� 7�UNL\H¶GH� øúoL� 6D÷OÕ÷Õ� YH� øú\HUL� +HNLPOL÷L�� .HPDO� 2÷X]PDQ¶D�
$UPD÷DQ��$QNDUD��

'HYHEDNDQ��1����������g]HO�6D÷OÕN�øúOHWPHOHULQGH�øú�6D÷OÕ÷Õ�YH�*�YHQOL÷L��<D\ÕPODQPDPÕú�'RNWRUD�7H]L��ø]PLU��'RNX]�
(\O�O�hQLYHUVLWHVL��6RV\DO�%LOLPOHU�(QVWLW�V�����

(PLUR÷OX��2��1����������øúoLOHULQ�øú�6D÷OÕ÷Õ�+L]PHWOHULQGHQ�%HNOHQWLOHUL�YH�øú\HUL�+HPúLUHVLQLQ�øú�6D÷OÕ÷Õ�YH�*�YHQOL÷L�
dDOÕúPDODUÕQGDNL�<HUL��$QNDUD��7�UN�+HPúLUHOHU�'HUJLVL��&�����6D\Õ����
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(PLUR÷OX��2���<ÕOGÕ]��$����������øú\HUL�+HPúLUHOL÷L��$QNDUD��

*�OHU�� 1��� .XELOD\� *�� �������dLPHQWR� )DEULNDVÕQGD� dDOÕúDQ� øúoLOHULQ� 6D÷OÕN� 6RUXQODUÕQÕQ� %HOLUOHQPHVL�� &�h��
+HPúLUHOLN�<�NVHNRNXOX�'HUJLVL��&����6D\Õ������������

*�]HO�� $�� �������� Dünyada ve ÜlNHPL]GH� øú\HUL� +HNLPOL÷LQH� <DNODúÕP�� 6RUXQODU� YH� d|]�P� gQHULOHUL�� $QNDUD��
8OXVODUDUDVÕ�YH�8OXVDO�+XNXN�6LVWHPLQGH�øú\HUL�+HNLPOL÷L�6HPSR]\XPX�����0D\ÕV������77%�<D\ÕQODUÕ�$QNDUD��

øúoL��)���(VLQ�0�1����������%LU�øú\HULQGHNL�øú�6D÷OÕ÷Õ�+HPúLUHOL÷L�*LULúLPOHULQLQ�2PDKD�+HPúLUHOLN�*LULúLP�ùHPDVÕ�øOH�
'H÷HUOHQGLULOPHVL��'(8+<2�('��&����6D\Õ�������������

øú\HUL�+HNLPOHULQLQ�*|UHY��<HWNL��6RUXPOXOXN�YH�(÷LWLPOHUL�+DNNÕQGD�<|QHWPHOLN���
KWWS���ZZZ�WWE�RUJ�WU�PHY]XDW�LQGH[�SKS"RSWLRQ FRPBFRQWHQW	YLHZ DUWLFOH	LG ����\��6RQ�(ULúLP����.DVÕP��������

.DUDGD÷��.�g��$NNXUW��ø���(UVR\��1��������� �DerlemH��$QNDUD��7RSOXP�YH�+HNLP��0D\ÕV�+D]LUDQ��&�����6D\Õ����

.DUDJ|]��9����������øú\HUL�+HNLPOL÷L�.XUXPX�YH�8\JXODPD�6RUXQODUÕ��$h()+'�&�����6D\Õ��������������

ùLúOL� =��������� øú� 6D÷OÕ÷Õ� gUJ�WOHQPHVL� YH� øú\HUL� +HNLPOL÷L�� <D\ÕQODQPDPÕú� 'RNWRUD� 7H]L�� ø]PLU�� 'RNX]� (\O�O�
hQLYHUVLWHVL��6RV\DO�%LOLPOHU�(QVWLW�V���

7HPHO� øú� 6D÷OÕ÷Õ�+L]PHWOHULQLQ�8\JXODPD�8VXO� YH�(VDVODUÕ�+DNNÕQGD�<|QHUJH�� KWWS���ZZZ�VDJOLN�JRY�WU�75�GRV\D���
������K�\RQHUJH�SGI��6RQ�(ULúLP�����.DVÕP��������
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g]HW� .DEORVX]� D÷� WHNQRORMLOHULQLQ� JHOLúPHVL� LOH� NDSVDPD� DODQODUÕ� DUWPDNWDGÕU�� .DSVDPD� DODQÕ�
DUWWÕNoD� EXQXQ� SDUDOHOLQGH� NDEORVX]� D÷� J�YHQOL÷LQGH� GH� JHOLúPHOHU� KÕ]OD� DUWPDNWDGÕU�� )DNDW�
NDEORVX]� D÷ODUGD�EX�JHOLúPHOHUH� UD÷PHQ�ED]Õ� J�YHQOLN� DoÕNODUÕ� \D\ÕQODQPDNWDGÕU� %X�oDOÕúPDGD�
NDEORVX]�D÷� WHNQRORMLOHULQGH��NDEORVX]�\HUHO�DODQ�D÷ODUÕQGD�NXOODQÕODQ�NDEORVX]�D÷�FLKD]ODUÕQGDQ�
yönlendirici(rRXWHU��YH�PRGHPOHULQ�oR÷XQGD�EXOXQDQ��J�YHQOLN�YH�NDEORVX]�D÷D�ED÷ODQWÕ�LúOHPOHUL�
NRQXVXQGD� WHFU�EHVL� ROPD\DQ� VRQ� NXOODQÕFÕODUÕQ� NDEORVX]� D÷D� NROD\FD� ED÷ODQPDODUÕQÕ� VD÷OD\DQ�
.DEORVX]�.RUXPDOÕ�6HWXS� �:36� - (Wi-IL�3URWHFWHG�6HWXS���PHNDQL]PDVÕQGD�SDWODN�YHUHn DoÕ÷Õ��
bu DoÕ÷ÕQ�JLGHULOPHVL�LoLQ�\DSÕOPDVÕ�JHUHNHQOHU� WHKGLW�HWWL÷L�NDEORVX]�D÷ODUÕQ�J�YHQOL÷L�KDNNÕQGD�
|QHUL�YH�o|]�POHU�HOH�DOÕQPÕúWÕU� 

�����������������������������$QDKWDU�6|]F�NOHU��.DEORVX]�$÷ODU��*�YHQOLN��(ULúLP�1RNWDVÕ��<|QOHQGLULFL��:36 

 
*LULú�
 

.DEORVX]�D÷ODUÕQ�NXOODQÕPÕ�J�Q�P�]GH�oRN�\D\JÕQODúPÕúWÕU��%XQXQ�VRQXFX�RODUDN�ELUoRN�NDEORVX]�D÷�FLKD]Õ�
�UHWLOPLúWLU�� g]HOOLNOH� HY� NXOODQÕFÕODUÕ� YH� N�o�N� RILV� RUWDPODUÕ� LoLQ� NDEORVX]� PRGHP�� NDEORVX]� HULúLP� QRNWDODUÕ� YH�
kablosuz yönlendiriciler çok kullanÕOPDNWDGÕU�� %X� RUWDPODUGD� NDEORVX]� J�YHQOL÷L� VD÷ODPDN� YH� D÷D� GDKLO� ROPDN� LoLQ�
EHOLUOL� SURWRNRO� YH� SROLWLNDODU� L]OHQPHNWHGLU�� %XQODU� GDKD� oRN� NDEORVX]� D÷� \DSÕODQGÕUPDVÕQÕ� ELOHQ� YH� ELOJLVD\DUÕ� L\L�
NXOODQDQ�NXOODQÕFÕODU�LoLQGLU��%XQODUD�|UQHN�YHUPHN�JHUHNLUVH WEP(Wired Equivalent Privacy), WPA(Wi-Fi Protected 
Access), WPA-2(Wi-)L� 3URWHFWHG� $FFHVV� ,,�� úLIUHOHPH� SURWRNROOHUL�� 0$&� �0HGLD� $FFHVV� &RQWURO�� Filtreleme, 
SSID(Service Set Identification) gizlemedir.(Gezgin ve %XOXú�� ����) Fakat bu konularda fazla bilgisi olmayan 
NXOODQÕFÕODUÕQ� D÷D�GDKLO� ROPDVÕ�� D÷ NRQILJ�UDV\RQODUÕ� YH�J�YHQOL÷L� LoLQ�:L-IL�$OOLDQFH� oDOÕúPD� JUXEX� WDUDIÕQGDQ������
\ÕOÕQGD�:36� DGÕQGD� ELU� RSVL\RQHO� VHUWLILND� SURJUDPÕ GL]D\Q� HGLOPLúWLU��+DOL� KD]ÕUGD� SURJUDPÕQ� \D\ÕQODQGÕ÷Õ�+D]LUDQ�
2007’den beri 200’den fazla üründe Wi-IL� 6HUWLILNDVÕ� PHYFXW� GXUXPGDGÕU� (Wi-fi Alliance, 2012) WPS bize ikisi 
opsiyonel G|UW�ED÷ODQWÕ�úHNOL�VXQPDNWDGÕU��%XQODUGDQ�LNLVL�YH�HQ�oRN�NXOODQÕODQODUÕ�3,1�3HUVRQDO�,GHQWLILFDWLRQ�1XPEHU��
yöntemi�� :36� G�÷PH� \|QWHPLGLU�� 2SVL\RQHO� RODUDN� NXOODQÕODQ� GL÷HU� \|QWHPOHUGH� 5DG\R� )UHNDQVÕ� LOH� 7DQÕPODPD�
teknolojisi (RFID – 5DGLR�IUHTXHQF\�,GHQWLILFDWLRQ��NXOODQÕOD�ELOLQLU (Wikipedia,2012)  yada bir USB bellek sayesinde 
X\JXODPD� oDOÕúWÕUÕODELOPHNWHGLU�� � '|UW� \|QWHPL� G�ú�QG�÷�P�]GH� LON� 3,1� \|QWHPL� W�P� VHUWLILNDVÕ� EXOXQDQ� FLKD]ODUGD�
EXOXQPDVÕ� JHUHN�ELU�|]HOOLNWLU�� øNLQFL� \|QWHPGH� LVH�:36�EXWRQX�D÷�FLKD]ÕQGD�EXOXQPDVÕ�JHUHNLU� IDNDW� LVWHPFL� WDUDIWD�
:36�G�÷PH�ROPDVÕ�]RUXQOX�GH÷LOGLU��$UDOÕN�����¶GH�$%'�%LOJLVD\DU�$FLO�'XUXP�+D]ÕUOÕN�7DNÕPÕ��86-&(57��\DSWÕ÷Õ�
ELU� X\DUÕGD� :36� VLVWHPLQGH� EXOXQDQ� ELU� DoÕN� GROD\ÕVÕ� LOH� VDOGÕUJDQODUÕQ� NDEORVX]� D÷� úLIUHQL]L� HOH� JHoLUHELOHFH÷LQL�
ELOGLUPLúWLU�(US CERT, 2012) %X� X\DUÕGD�:36� SURWRNRO��� NDEORVX]� D÷ODU� NRQXVXQGD� ELOJLVL� ROPD\DQ� NXOODQÕFÕODUÕQ�
FLKD]ODUÕQÕ�D÷D�NROD\FD�GDKLO�HGHELOPHVLQL�YH�D÷��]HULQGH�J�YHQOLN�VD÷OD\DQ�ELU�\DSÕ�ROPDVÕQD�UD÷PHQ�3,1�GR÷UXODPD�
VLVWHPLQGH�\HU�DODQ�ELU�WDVDUÕP�KDWDVÕ�\�]�QGHQ�VDOGÕUJDQODU��GR÷UX�3,1
L�HOGH�HGHELOPHN�LoLQ�NDED�NXYYHW�EUXWH�IRUFH��
VDOGÕUÕVÕ� LOH� VLVWHPH� VDOGÕUPDNWDGÕU�� %X� VDOGÕUÕODU� 3,1¶L� HOGH� HWPHQLQ� V�UHVLQL� E�\�N� RUDQGD� D]DOWDELOPHNWHGLU�� +DWD�
VD\HVLQGH�VDOGÕUJDQODU�VHNL]�KDQHGHQ�ROXúDQ�3,1
LQ�LON G|UW�KDQHVLQLQ�QH�]DPDQ�GR÷UX�ROGX÷XQX�\DNDOD\DELOPHNWHGLU��
%XQXQ� \DQÕQGD� ED]Õ� D÷D� FLKD]ODUÕQGD� EHOLUOL� VD\ÕGD� \DQOÕú� 3,1�JLULúLQGHQ� VRQUD� VLVWHPLQ� JHUHNOL� NLOLW�PHNDQL]PDVÕQD�
VDKLS� ROPDVÕ� VLVWHPL� NRUXUNHQ�� ED]Õ� D÷� FLKD]ODUÕ� EX� NLOLW� PHNDQL]PDVÕQD� VDKLS� ROPDGÕNODUÕ� \�]�QGHQ� NDED� NXYYHW�
VDOGÕUÕVÕQD�NDUúÕ�NRUXPDVÕ]�NDOPDNWDGÕU� 
:L�)L�.RUXPDOÕ�.XUXOXP��:36���:L��)L�3URWHFWHG�6HWXS��
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:36�������\ÕOÕQGD�:L-IL�$OOLHQFH�WDUDIÕQGDQ�GL]D\Q�HGLOLS�SL\DVD\D�V�U�OHQ�RSVL\RQHO�ELU�VHUWLILND�SURJUDPÕGÕU��
:36��D÷�J�YHQOL÷L��D÷D�GDKLO�ROPD�YH�D÷Õ�D\DUODPD�NRQXVXQGD�ELOJLVL�D]�RODQ�NXOODQÕFÕODUÕQ�EX� LúOHPOHUL�\DSDELOPHVL�
LoLQ�HY�YH�N�o�N�RILVOHU�LoLQ�WDVDUODQPÕúWÕU��:36�G|UW�ED÷ODQWÕ�úHNOL�VXQPDNWDGÕU� (En.Wikipedia,2012)  
�
3,1�0HWKRGX�
  

PIN methodu, yeni kablosuz cihaz �U�QGH�J|U�QW�OHQHELOLU�\D�GD�HWLNHW�RODUDN�EX�3,1�RNXQDELOLU�ROPDOÕGÕU��%X�
3,1� QXPDUDVÕ� D÷ÕQ� HULúLP� QRNWDVÕQD� ZHE� DUD� \�]�QGHQ� JLULOPHOLGLU�� 6ÕUDVÕ\OD� VRQUD� LVWHPFL\H� JLULOPHOLGLU�� %X�PHWRW�
WHPHOGLU��+HU�VHUWLILNDOÕ��U�QGH�EXOXQPDOÕGÕU� 
 

 
 

ùHNLO��� WPS-3,1�'HVWHNOL�%LU�(ULúLP�1RNWDVÕ(Viehböck,2011) 
 

 
ùHNLO��� WPS-3,1�PHWRGXQGD�.DEORVX]�(ULúLP�1RNWDVÕ�LOH�.DEORVX]�øVWHPFL�DUDVÕQGDNL�7RNDODúPD� 

 
%DVÕODELOLU���'�÷PH�0HWKRGX�
�

6RQ� NXOODQÕFÕODU� LoLQ� HQ� NXOODQÕúOÕ� YH� NROD\� NXUXOXP� \DSÕVÕ� :36¶� GH� WDQÕPODQPÕú� RODQ� 3%6¶GLU�� Birçok 
NDEORVX]� D÷� FLKD]Õ� �UHWHQ� ILUPDODU� SEV� GHVWH÷L� VXQPDNWDGÕU�� %XQXQ� LoLQ� JHUHNOL� RODQ� (ULúLP� QRNWDVÕ� YH� NDEORVX]�
istemcide fiziksel olarak bir WPS butonu bulXQPDVÕGÕU��$úD÷ÕGDNL�úHNLOGH�ELU�(ULúLP�QRNWDVÕ�FLKD]ÕQGD�:36�G�÷PHVL�
görülmektedir. (PCLabs ,2012) 
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ùHNLO��� :36�'HVWHNOL�=\[HO�:DS�����.DEORVX]�(ULúLP�1RNWDVÕ 

 
3%6�LOH�NXUXOXPGD�|QHPOL��� LúOHP�YDUGÕU��%XQODU�&LKD]ODUÕQ�DOJÕODQPDVÕ��&LKD]ODUÕQ�J|U�úPHVL�YH�FLKD]ODUÕQ�

D÷D� ND\ÕW� ROPD� LúOHPOHULGLU�� :36� GHVWHNOL� LVWHPFL� LOH� :36� GHVWHNOL� NDEORVX]� HULúLP� QRNWDVÕ� DUDVÕQGDNL� LúOHPOHU�
DúD÷ÕGDNL�úHNLOGH�DoÕNODQPDNWDGÕU� 

 

 
ùHNLO��� WPS – 3%6�PHWRGXQGD�.DEORVX]�(ULúLP�1RNWDVÕ�LOH�.DEORVX]�øVWHPFL�DUDVÕQGDNL�7RNDODúPa  

 
%X� VLVWHP� \DSÕODQGÕUÕOPDVÕQGDQ� VRQUD� DUWÕN� ELOLQHQ� �� PHVDM� LOH� NDEORVX]� D÷GD� GR÷UXODPD� \DSÕODQ� :L-Fi 

.RUXPDOÕ� (ULúLP�:L-Fi Protected Access-:3$�� WRNDODúPDVÕ� EDúODU� (Johansson ve Krantz, 2007) 6RQXo� RODUDN� D÷D�
GkKLO�ROPD�LúOHPOHUL�ELWWLNWHQ�VRQUD�DUWÕN LVWHPFL�LQWHUQHW�YH�GL÷HU�RODQDNODUÕQGDQ�\DUDUODQDELOPHNWHGLU� 
�
<DNÕQ�$ODQ�øOHWLúLP�0HWKRGX�

 
%X�PHWKRGX�LVWHPFL�YH�HULúLP�QRNWDVÕ�DUDVÕQGD�ED÷ODQWÕ\D�RODQDN�VD÷ODU��<DSÕOPDVÕ�JHUHNHQ�EDVLWWLU��øVWHPFL\L��

HULúLP� QRNWDVÕQÕQ� \DQÕQD� JHWLUPHNWLU�� %|\OHOLNOH� EX PHWRW� GD� oDOÕúDQ� FLKD]ODU� ED÷ODQWÕ\D� JHoPHNWHGLU�� %X� PHWRW�
RSVL\RQHOGLU�YH�5),'�LOH�LOLúNL�ELU�\DSÕVÕ�PHYFXWWXU� 
�
86%�0HWKRGX�

 
%X�PHWRWWD��\HQL�LVWHPFL�LOH�D÷ÕQ�HULúLP�QRNWDVÕ�DUDVÕQGD�YHUL�WUDQVIHU�HWPHN�LoLQ�86%�IODVK EHOOHNOHUL�NXOODQÕOÕU��

86%�LOH�X\JXODPD�SURJUDPODUÕ�oDOÕúWÕUÕODUDN�KHU�LNL�FLKD]ÕQ�ELUELUL�LOH�LOHWLúLPL�VD÷ODQPDNWDGÕU�%X�PHWRWWD�opsiyoneldir, 
fakat GDKD�RQD\ODQPDPÕúWÕU��� 

 
:36�$oÕ÷Õ�YH�.DED�NXYYHW�$WD÷Õ�
�

:36�3,1�PHNDQL]PDVÕQGD�LNL� WDQH�WDVDUÕP KDWDVÕ�J|U�OPHNWHGLU��%XQODUGDQ�ELULQFLVL��øVWHPFL 3,1�JLUGL÷LQGH�
\DQL� GÕúVDO� ELU� RSVL\RQGD� VLVWHP� 3,1� VD÷ODPDNWDQ� KDULo� ELU� GR÷UXODPD� JHUHNWLUPH]�� %XGD� EX� sistemin kaba kuvvet 
VDOGÕUÕVÕ�RODUDN�GD�ELOLQHQ��D\QÕ DQGD�ELQOHUFH� úLIUH�GHQHQHUHN�GR÷UX� úLIUH� WHVSLW� HGLOPH\H�oDOÕúÕOGÕ÷Õ�ELU� VDOGÕUÕ� W�U�QH�
]D\ÕI�ROGX÷X�DQODPÕQD�JHOPHNWHGLU� (Allar, 2011)   
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ùHNLO���  :36�2SVL\RQODUÕ(Viehböck,2011) 

 
 øNLQFLVL�LVH�:/$1�NXUXOXPX�|]HOOL÷LQH�VDKLS�PRGHPOHULQ�3,1�QXPDUDODUÕ���KDQHOLGLU�YH�EX�NRG��ƍHU�UDNDP�LOH���JUXED�
D\UÕOPDNWDGÕU��  

 
ùHNLO���  3,1�<DSÕVÕ(Viehböck,2011) 

 
��KDQHOL�ELU�3,1�NRGXQXQ�RODVÕ�NRPELQDV\RQX���8  �������������FLYDUÕQGDGÕU��%X�ELU�PIN’in tahmin edilebilmesi için 
����\ÕO�JLEL�ELU�V�UH\H�oÕNDELOHFH÷L�DQODPÕQD�JHOPHNWHGLU��)DNDW�3,1��¶HU�UDNDP���JUXED�D\UÕOGÕ÷ÕQGD��oDUSÕFÕ�ELU�úHNLOGH�
VDOGÕUJDQÕQ� LúL� NROD\ODúPDNWDGÕU�� ��8  RODQ� NRPELQDV\RQ� GH÷HUL� ��4 +104  � ������� NRPELQDV\RQ� GH÷HULQH�
JHULOHPHNWHGLU��'DKDVÕ� ��ELW� GH÷HUL� GH� VD÷ODPD�ELWL� �FKHFNVXP��ROGX÷X� LoLQ� VDOGÕUJDQÕQ� 3,1�\DNDODPDVÕ� LoLQ�GHQHPH�
kombinasyonu 104 +103 = 11.000’e gerilemektedir. (Allar, 2011) %X� úX� DQODPD� JHOPHNWHGLU� NL� ELU� VDOGÕUJDQ� ELUNDo�
VDDWWH� 3,1¶L� HOGH� HGHELOLU�� (÷HU� 3,1� �� UDNDP� NRPELQDV\RQX� LoLQGH� ROVD\GÕ�� � EX� V�UHo� J�QOHUFH� GHQHPH� \DQÕOPD� LOH�
GHYDP�HGHELOLUGL��:36�3,1�GR÷UXODPDVÕQGD�ED]Õ�QRNWDODUGD�KDWD�ROXúWX÷XQGD��HULúLP�QRNWDVÕ�ELU�($3-1$&.�PHVDMÕ�
\ROODU��%X�PHVDMÕ� DODQ� VDOGÕUJDQ�3,1¶LQ�E|O�POHULQLQ�GR÷UXOX÷X�KDNNÕQGD�ELOJL�HGLQHELOPHNWHGLU��$úD÷ÕGD� VDOGÕUJDQÕQ�
\DSWÕ÷Õ�DWD÷ÕQ�DNÕú�GL\DJUDPÕ�J|U�OPHNWHGLU� 
 

 
 

ùHNLO���  :36�3,1��]HULQGH�.DED�.XYYHW�$WD÷Õ�DNÕú�'L\DJUDPÕ (Viehböck,2011) 
 

 
6DOGÕUJDQ�EX�VDOGÕUÕGD�LNL�úH\L�QHW�DQODPDNWDGÕU� 
 

•  (÷HU�0��J|QGHUGL÷LQGH��HULúLP QRNWDVÕQGDQ�1$&.�PHVDMÕ�DOÕ\RUVD�3,1¶LQ�LON���UDNDPÕQÕQ�GR÷UX�ROPDGÕ÷ÕQÕ�
DQODPDNWDGÕU� 

•  (÷HU� 0�� J|QGHUGL÷LQGH�� HULúLP QRNWDVÕQGDQ� 1$&.� PHVDMÕ� DOÕ\RUVD� 3,1¶LQ� LNLQFL� �� UDNDPÕQÕQ� GR÷UX�
ROPDGÕ÷ÕQÕ�DQODPDNWDGÕU� (Viehböck,2011) 

 
6RQXoODU�YH�gQHULOHU�
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�
Bu oDOÕúPDGD�GD�J|U�OG�÷��JLEL�VRQXo�RODUDN�NDED�NXYYHW�DWDNODUÕ�:36�PHNDQL]PDVÕQGD�EXOXQDQ�oDOÕúPDGD�

DQODWWÕ÷ÕPÕ]� DoÕN� \�]�QGHQ� ED]Õ� \|QOHQGLULFL�� HULúLP� QRNWDODUÕ� YH� PRGHPOHU� �]HULQGH� HWNLOL� ROPDNWDGÕU�� %X� DoÕ÷Õ�
NDSDWPDN�YH�D÷�J�YHQOL÷LQL]L�VD÷ODPDN�DGÕQD�ED]Õ�LúOHPOHU�\DSÕODELOPHNWHGLU��gWH�\DQGDQ�XQXWXOPDPDOÕGÕU�NL�NDEORVX]�
D÷ODU� ROVXQ�� D÷� J�YHQOL÷L� ROVXQ� \�]GH� \�]�J�YHQOLN� VD÷ODPDN�P�PN�Q�ROPDPDNWDGÕU��%X� oDOÕúPDGD�NL�:36�DoÕ÷ÕQD�
NDUúÕ�D÷ÕQÕ]Õ�NRUXPDN�LoLQ�DOÕQDFDN�WHGELU�YH�|QHULOHU�DúD÷ÕGD�VÕUDODQPÕúWÕr. (Chip Online, 2012)  

 
• WPS destekli bir modem ya da \|QOHQGLULFL�DOÕQPDPDVÕ�G�ú�Q�OHELOLU�� 
• &LKD]ÕQÕ]ÕQ�66,G�\D\ÕQÕQÕ NDSDWÕODbilinir. 
• Mac Filtrelemesi kullanabilinir. �*H]JLQ�YH�%XOXú������� 
• 8]XQ�YH�UDNDP��NDUDNWHU�NDUÕúÕPÕ�úLIUHOHU�NXOODQÕODbilinir. 
• )DNDW�:36�GHVWHNOL�ELU�PRGHP�YH\D�\|QOHQGLULFL�NXOODQÕ\RUVDQÕ]�:36
\L�NDSDWPDN�G�ú�Q�OHELOLU�  
• Firmwareinizi güncelleyebilirsiniz. Böylece D÷�FLKD]ÕQÕ]Õ�J�YHQOL�ELU�V�U�PGH�oDOÕúDELOLU� 
• WPS'yi desteklemeyen alternatif bir Firmware NXOODQÕOD�ELOLQLU� (TeaKolik,2012) 
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Özet 

7ÕS� DODQÕQGD� NXOODQÕODQ� YHUL� PDGHQFLOL÷L� X\JXODPDODUÕ�� YHUL� DPEDUODUÕ�� � NDUPDúÕN� WHULPOHU�� oRN�
VD\ÕGD� KDVWD� \D� GD� SRWDQVL\HO� KDVWDGDQ� HOGH� HGLOHQ� oRN� E�\�N� VD\ÕGD� YHULOHUGHQ� ROXúPDNWDGÕU��
.DUDU�GHVWHN�VLVWHPL�NXOODQÕODUDN�EDKVL�JHoHQ�YHULOHUL� L\L�DQDOL]� HGHUHN��GR÷UX�NDUDU� YHUHELOPHN�
ROGXNoD�|QHPOLGLU��%X�oDOÕúPDGD��NDGÕQODUGD�GHPLU�HNVLNOL÷LQH�ED÷OÕ�NDQVÕ]OÕN�WDQÕVÕQD�LOLúNLQ�ELU�
YHUL� DPEDUÕ� NXOODQÕODUDN�� *LQL� DOJRULWPDVÕ� LúOHWLOPHNWH� YH� WÕEEL� NDUDU� D÷DFÕ� HOGH� HGLOPHNWHGLU��
.DUDU�D÷DFÕQÕQ�EDúDUÕVÕ�52&�DQDOL]L�LOH�LUGHOHQPHNWH�YH�VRQXoODUÕ�DoÕNODQPDNWDGÕU���
�
Anahtar Kelimeler:�'HPLU�HNVLNOL÷L�DQHPLVL��YHUL�PDGHQFLOL÷L��JLQL�DOJRULWPDVÕ��DQHPL�WHúKLVL��
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DIAGNOSIS OF IRON DEFICIENCY ANEMIA WOMEN REGARDING 

  A STUDY OF DATA MINING 
 
 

Abstract  

,Q�WKH�PHGLFLQH�XVHG�GDWD�PLQLQJ�DSSOLFDWLRQV�ZKLFK�FRQVLVWLQJ�GDWD�ZDUHKRXVHV��FRPSOH[�WHUPV��D�ODUJH�QXPEHU�RI�GDWD�
REWDLQ�IURP�ODUJH�QXPEHUV�RI�SDWLHQWV�RU�SRWHQWLDO�SDWLHQWV��8VLQJ�D�GHFLVLRQ�VXSSRUW�V\VWHP��PHQWLRQ�GDWD�FRUUHFW�DQDO\]LQJ�
LV�YHU\�LPSRUWDQW�WR�JLYH�WKH�ULJKW�GHFLVLRQ��,Q�WKLV�VWXG\��GLDJQRVH�LURQ�GHILFLHQF\�DQHPLD�LQ�ZRPHQ�UHODWHG�E\�XVLQJ�GDWD�
ZDUHKRXVH��RSHUDWHG�*LQL�DOJRULWKP�DQG�REWDLQHG�PHGLFDO�GHFLVLRQ� WUHH��7KH�VXFFHVV�RI� WKH�GHFLVLRQ� WUHH� LV�HYDOXDWHG�E\�
52&�DQDO\VLV�DQG�WKH�UHVXOWV�GHVFULEHV��

Keywords: ,URQ�GHILFLHQF\�DQHPLD��GDWD�PLQLQJ��JLQL�DOJRULWKP��DQHPLD�GLDJQRVLV��

 

*LULú 

.DQVÕ]OÕN�� NDQGDNL�NÕUPÕ]Õ�NDQ�K�FUHOHULQLQ�PLNWDUÕQÕQ�YH\D�KHPRJORELQ�RUDQÕQÕQ�QRUPDOGHQ�GDKD�D]�ROPDVÕ�
úHNOLQGH� WDQÕPODQPDNWDGÕU�� 7HGDYL� HGLOPHGL÷L� GXUXPGD� ELUoRN� GH÷LúLN� NDOS� KDVWDOÕNODUÕQÕQ� ROXúPDVÕQD� QHGHQ�
ROPDNWDGÕU�� $QHPL� KDVWDODUÕ� \DúDPODUÕQÕ� ROPDVÕ� JHUHNWL÷L� úHNLOGH� GHYDP� HWWLUHPHPHNWH�� Y�FXW� IRQNVL\RQODUÕQGDNL�
G�]HQVL]OLN�QHGHQL\OH�GH�DQHPL�KDVWDODUÕQÕQ�|O�P�RUDQODUÕ�DUWPDNWDGÕU��

����� \ÕOÕ� 78,.� LVWDWLVWLNOHULQH� J|UH� GHPLU� HNVLNOL÷LQH� ED÷OÕ� NDQVÕ]OÕN� WDQÕVÕ� NRQDQ� NDGÕQ� KDVWDODU�� W�P�
KDVWDOÕNODU� DUDVÕQGD��� ����� OLN� ELU� \HUH� VDKLSWLU� �7XLN�� ������� %X� VDGHFH� \DWDUDN� WHGDYL� RODQ� KDVWD� VD\ÕVÕGÕU��$\DNWD�
WHGDYL� HGLOHQ� KDVWD� VD\ÕVÕQÕQ� GDKD� oRN� ROGX÷X� WDKPLQ� HGLOPHNWHGLU�� 'HPLU� HNVLNOL÷L� GH� NDQVÕ]OÕ÷ÕQ� HQ� |QHPOL�
VHEHSOHULQGHQ� ELULVL� ROGX÷X� ELOLQPHNWHGLU� �/LQNHU�� ������� � &ODUN� �������� $PHULND¶GD� GHPLU� HNVLNOL÷LQH� ED÷OÕ� RODUDN�
JHUoHNOHúHQ� NDQVÕ]OÕN� GH÷HUOHULQL� ���������� \ÕOODUÕ� LoLQ�� ������ \Dú� DUDVÕ� NDGÕQODUGD������ ������ \Dú� LoLQ����� ��� YH�
\XNDUÕ�LoLQ�GH����RODUDN�LIDGH�HWPLúWLU��dRFXNODUGD�YH�HUNHNOHUGH�LVH�EX�RUDQODUÕQ�GDKD�G�ú�N�ROGX÷X�J|U�OP�úW�U���

g]HOOLNOH� WÕEEL� YHUL� WDEDQODUÕQGD� YHUL� DQDOL]L�� NDUDU� GHVWHN� VLVWHPOHULQLQ� ROXúWXUXOPDVÕ�� \|QHWLP� ELULPLQGH�
ELOJLOHUH�HWNLOL�YH�KÕ]OÕ�ELU�úHNLOGH�XODúÕODELOPHVL�EDNÕPÕQGDQ�ELOJLVD\DUODU�X]PDQODUD�E�\�N�NROD\OÕNODU�VD÷ODPDNWDGÕU��
%X�KHGHI�GR÷UXOWXVXQGD�|QFHGHQ�ELOLQPH\HQ�� LON�EDNÕúWD� IDUN�HGLOHPH\HQ�� YHUL� LoLQGH�JL]OL� NDOPÕú�DQODPOÕ� YH�GH÷HUOL�
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ELOJLOHU�HOGH�HGLOHELOPHVLQGHQ�GROD\Õ�YHUL�PDGHQFLOL÷L�HWNLOL�ELU�o|]�P�ROPXúWXU�� �g]HOOLNOH�VÕQÕIODQGÕUPD� LúOHPL�� WÕEEL�
NDUDU�GHVWHN�VLVWHPOHULQGH�|QHPOL�ELU�\HU�WXWDU���.DUDU�D÷DoODUÕ�GD�VÕQÕIODQGÕUPD�\|QWHPOHULQGHQ�ELULGLU���*LQL��7ZRLQJ��
,'���&����JLEL�SHN�oRN�NDUDU�D÷DFÕ�DOJRULWPDVÕ�JHOLúWLULOPLúWLU��+DQG�YH�GL÷HUOHUL���������

%X�oDOÕúPDGD�GHPLU�HNVLNOL÷LQH�ED÷OÕ�NDQVÕ]OÕN�WDQÕVÕ�DPDFÕ�LOH�.DUDU�D÷DFÕ�*LQL�DOJRULWPDVÕ�LOH�JHOLúWLULOPLú�YH��
�������GR÷UXOXNOD�WDQÕ�VD÷ODQPÕúWÕU��

 

Metot 

Veri KD\QD÷Õ 

=RQJXOGDN�'HYOHW�+DVWDQHVL¶QLQ������\ÕOÕQD�DLW������DGHW�NDGÕQ�KDVWDVÕQÕQ�GHPLU�HNVLNOL÷LQH�ED÷OÕ� NDQVÕ]OÕN�
WDQÕVÕQD�\|QHOLN�ODERUDWXYDU�NDQ�DQDOL]�VRQXoODUÕ�NXOODQÕOPÕúWÕU��%X�YHULOHU�����NDQVÕ]OÕN�YDU�������NDQVÕ]OÕN�\RN�WDQÕVÕ�
LoHUPHNWHGLU�� �<ÕOPD]� YH� %R]NXUW�� ������� � 5%&�� +*%�� +&7�� 0&9�� 0&+�� 0&+7� GH÷HUOHULQL� LoHUHQ� ODERUDWXYDU�
YHULOHUL�LOH�)HHG�IRUZDUG�QHWZRUNV��))1���&DVFDGH�IRUZDUG�QHWZRUNV��&)1���'LVWULEXWHG�GHOD\�QHWZRUNV��''1���7LPH�
GHOD\�QHWZRUNV��7'1���3UREDELOLVWLF�QHXUDO�QHWZRUN��311��YH�/HDUQLQJ�YHFWRU�TXDQWL]DWLRQ��/94��\DSD\�VLQLU�D÷ODUÕQÕ�
NXOODQPÕúODU� YH� VRQXoODUÕQÕ� LUGHOHPLúOHUGLU�� %X� oDOÕúPDGD� GD� NXOODQÕODQ� ODERUDWXYDU� YHULOHULQGH� \HU� DODQ� KHPDWRORMLN�
SDUDPHWUHOHU�7DEOR��¶�GH�EHOLUWLOPLúWLU�������

7DEOR� ��� 'HPLU� HNVLNOL÷LQH� ED÷OÕ� NDQVÕ]OÕN� LoLQ� KHPDWRORMLN� SDUDPHWUHOHU� �g]DVODQ� DQG� 'HOLEDúÕ������<ÕOPD]� DQG�
%R]NXUW���������

Parametre $oÕNODPD 'H÷HUOHU 
5%&� .ÕUPÕ]Õ�.DQ�+�FUHOHUL��5HG�%ORRG�&HOOV�� ������
+*%� +HPRJORELQ� ������
+&7� +HPDWRNULW�� ������
0&9� $QD�.RUSXVNXOHU�+DFPL��0HDQ�&RUSXVFXODU�9ROXPH�� �������
0&+� $QD�.RUSXVNXOHU�+HPRJODELQ��0HDQ�&RUSXVFXODU�+HPRJORELQ�� ������
0&+&� $QD� .RUSXVNXOHU� +HP�� � +DFPL� �0HDQ� &RUSXVFXODU� +HPRJORELQ�

&RQFHQWUDWLRQ��
������

�

Yöntem 

*LQL� $OJRULWPDVÕ�� LNLOL� E|O�QPHOHU� úHNOLQGH� JHUoHNOHúHQ� ELU� VÕQÕIODQGÕUPD� \|QWHPL� ROXS�� LNLOL� \LQHOHPHOL�
E|O�POHPH�LoLQ�HQ�L\L�ELOLQHQ�NXUDOODUGDQGÕU��+HU�ELU�D÷Do�IDUNOÕ�ELU�VWLO�LOH�JHOLúLU��$OJRULWPD�QLWHOLN�GH÷HUOHULQLQ�VRO�YH�
VD÷GD�ROPDN��]HUH�LNLOL�E|O�QPHOHU�úHNOLQGH�D\UÕOPDVÕ�WHPHOLQH�GD\DQÕU�g]NDQ��������

�/L��6RO�GDOGDNL�L�JUXEXQGDNL�|UQHN�OHULQ��VD\ÕVÕ�

5L��6D÷�GDOGDNL�L�JUXEXQGDNL�|UQHN�OHULQ��VD\ÕVÕ�

N��6ÕQÕIODUÕQ�VD\ÕVÕ�

7��'�÷�PGHNL�|UQHNOHU�

_7VRO _���������6RO�GDOGDNL�|UQHN�OHULQ��VD\ÕVÕ�

_7VD÷_��������6D÷�GDOGDNL�|UQHN�OHULQ��VD\ÕVÕ�

�

7DQÕPODPDODUÕ�LOH�DúD÷ÕGDNL�ED÷ÕQWÕODU�KHVDSODQDELOHFHNWLU��

¦
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¸
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�
+HU�ELU�M�QLWHOL÷L�LoLQ�Q��|÷UHQPH�VHWLQGHNL�HOHPDQ�VD\ÕVÕ�ROPDN��]HUH�DúD÷ÕGDNL�ED÷ÕQWÕ�KHVDSODQÕU��
�
*LQL�M��� ���

�
�
���_7VRO_*LQLVRO�����_7VD÷_*LQLVD÷���

�

Performans DH÷HUOHQGLUPH 

�

%X� oDOÕúPDQÕQ� SHUIRUPDQVÕ� LoLQ� 52&� �5HFHLYHU� 2SHUDWLQJ� &KDUDFWHULF�� DQDOL]LQGHQ� ID\GDODQÕOPÕúWÕU�� 52&�
DQDOL]L� ,,��'�Q\D� 6DYDúÕ� VÕUDVÕQGD�%ULWDQ\D¶GD� UDGDUGD� WHVSLW� HGLOHQ� VLQ\DOOHULQ� GR÷UX� WDQÕPODQPDVÕ�� GRVW� YH� G�úPDQ�
D\UÕPÕQÕQ�VD÷ODQPDVÕ�LoLQ�JHOLúWLULOPLúWLU�YH������\ÕOÕQGD�WÕSWD�NDUDU�YHUPHGH�NXOODQÕPÕ�|QHULOHUHN�������\ÕOÕQGD�PHGLNDO�
J|U�QW�OHPH� FLKD]ODUÕQGD� NXOODQÕPÕQÕ� VD÷ODPÕúWÕU�� 6RQUDNL� \ÕOODUGD� WÕSWD� WDQÕ� WHVWOHULQLQ� SHUIRUPDQVÕQÕQ�
GH÷HUOHQGLULOPHVLQGH� NXOODQÕPÕ� JLGHUHN� \D\JÕQODúPÕúWÕU>�@�� 7DQÕ� WHVWOHULQGH� ROXPOX� \D� GD� ROXPVX]� NDUDUÕQ� GR÷UXOXN�
GHUHFHVL� |QHPOLGLU�� 3R]LWLI� \D� GD� QHJDWLI� NDUDUODUÕQ� KHU� ELUL� LoLQ� GR÷UXOXN� G�]H\LQL� J|VWHUHQ� |Oo�WOHU� YDUGÕU>�@�� 52&�
DQDOL]L�GH�EX�|Oo�WOHUL�EXOPD\Õ�VD÷ODU���

�

7DEOR����52&�DQDOL]L�LoLQ�NXOODQÕODQ�SDUDPHWUHOHU�

� Gerçek Durum 
Test 
Sonucu 

Pozitif Negatif Toplam 

3R]LWLI� 'R÷UX�SR]LWLI��'3�� <DQOÕú�3R]LWLI�<3�� �'3�<3��
1HJDWLI� <DQOÕú�1HJDWLI��<1�� 'R÷UX�1HJDWLI�'1�� �<1�'1��
7RSODP� �'3�<1�� �<3�'1�� �'3�<1�<3�'1��

�

7DEOR��¶\HU�DODQ�EX�SDUDPHWUHOHU�DúD÷ÕGDNL�JLEL�DoÕNODQDELOLU��

'3��*HUoHN�GXUXP�SR]LWLINHQ�WHVW�VRQXFX�GD�SR]LWLI�oÕNDQ�GXUXPODU�

<1��*HUoHN�GXUXP�SR]LWLINHQ�WHVW�VRQXFX�QHJDWLI�oÕNDQ�GXUXPODU�

<3��*HUoHN�GXUXP�QHJDWLINHQ�WHVW�VRQXFX�SR]LWLI�oÕNDQ�GXUXPODU�

'1��*HUoHN�GXUXP�QHJDWLINHQ�WHVW�VRQXFX�GD�QHJDWLI�oÕNDQ�GXUXPODU�

%X�52&�SDUDPHWUHOHUL�NXOODQÕODUDN�GR÷UXOXN�GH÷HUL�DúD÷ÕGDNL�IRUP�OOH�KHVDSODQÕU��

'R÷UXOXN���'3�'1�����'3�<3�<1�'1��

%X� oDOÕúPDGD� ����� DGHW� YHUL� WHPL]OHQGLNWHQ� VRQUD� NDODQ� ����� DGHW� YHUL� �� NXWX\D� UDVWJHOH� RODUDN� D\UÕOPÕú� YH� �� NXWX�
H÷LWLP� YH���NXWX� WHVW� RODVÕOÕNODUÕQÕQ� W�P��GH÷HUOHQGLULOHUHN�RUWDODPD�GR÷UXOXN�GH÷HUOHUL� HOGH� HGLOPLúWLU��7DEOR��¶GH���
NXWX�LoLQ�RODVÕ�GXUXPODU�YH�GR÷UXOXN�GH÷HUOHUL�YH�RUWDODPD�GR÷UXOXN�GH÷HUL�J|VWHULOPHNWHGLU��

�

7DEOR����'HPLU�HNVLNOL÷LQH�ED÷OÕ�NDQVÕ]OÕN�YHULOHUL�LoLQ�'R÷UXOXN�GH÷HUOHUL�

.XWX�VHoLPL�NXWX������ND\ÕW��NXWX�������NXWX�������� �
2UWDODPD�GR÷UXOXN�GH÷HUL�

�
������

(÷LWLP� 7HVW� 'R÷UXOXN����
�� .XWX���.XWX��� ���.XWX��� �����
�� .XWX����.XWX��� ���.XWX��� �����
�� .XWX����.XWX��� ���.XWX��� �����
�
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ùHNLO� �¶GH� � �� QROX� H÷LWLP� YH� WHVW� VHWL� LoLQ� 5DSLGPLQHU� SURJUDPÕ� LOH� HOGH� HGLOPLú� NDUDU� D÷DFÕ�
J|VWHULOPHNWHGLU�5DSLGPLQHU��������%X� NDUDU� D÷DFÕ� �� QXPDUDOÕ� IROG� LOH� WHVW� HGLOGL÷LQGH������� OLN�ELU� GR÷UXOXNOD� WDQÕ�
\DSDELOHFHN�NXUDOODUÕ�LoHUPHNWHGLU�

� �

ùHNLO����'HPLU�HNVLNOL÷LQH�ED÷OÕ�NDQVÕ]OÕN�YHULOHUL�LoLQ�HOGH�HGLOHQ�NDUDU�D÷DFÕ�

 

Sonuç 

%X� oDOÕúPDGD�� NDGÕQODUGD� GHPLU� HNVLNOL÷LQH� ED÷OÕ� NDQVÕ]OÕN� KDVWDOÕ÷Õ� DUDúWÕUÕOÕUNHQ�� EX� KDVWDOÕNOD� LOJLOL� EHQ]HU�
EHOLUWLOHUL� J|VWHUHQ� NLúLOHULQ� |QFHGHQ� ND\ÕWOÕ� ELOJLOHUL� GR÷UXOWXVXQGD� ELU� YHUL� PDGHQFLOL÷L� oDOÕúPDVÕ� \DSÕOPÕú�� *LQL�
DOJRULWPDVÕ� X\JXODQDUDN� NDUDU� D÷DFÕ� oÕNDUÕOPÕúWÕU�� %X� D÷Do� YH� NXUDOODUÕ� VD\HVLQGH� \HQL� KDVWDODUÕQ� KDQJL� JUXED� JLUGL÷L�
J|U�OHELOPHNWHGLU�� � .DUDU� D÷DoODUÕ� EHOLUOHPHGH� NXOODQÕODQ� GL÷HU� YHUL�PDGHQFLOL÷L� DOJRULWPDODUÕ� GD� EX� YHULOHU� �]HULQGH�
GHQHQHELOLU�YH�RODVÕ�EDúDUÕODUÕ�\�NVHN�J|U�OPHNWHGLU��

9HUL� PDGHQFLOL÷L� NXOODQÕOÕS� ROXúWXUXODFDN� NDUDU� D÷DFÕ� oDOÕúPDVÕQGD� |UQHN� VD\ÕVÕ� oR÷DOGÕNoD� HOOH� oDOÕúPDN�
ROGXNoD� X]XQ� YH� ]DKPHWOL� RODELOHFH÷LQGHQ� EX� WLS� oDOÕúPDODUGD� \D]ÕOÕPODU� NXOODQPDN� YH� E�\�N� VD\ÕGD� QLWHOLN� LoHUHQ�
|÷UHQPH�VHWLQH�FHYDS�YHUHELOHFHN�SURJUDPODUGDQ�\DUDUODQPDN��VRQXoODUÕQ�GDKD�GR÷UX�YH�NÕVD�V�UHGH�DOÕQPDVÕ�DoÕVÕQGDQ�
GDKD�ID\GDOÕ�RODFDNWÕU�����

 

Kaynaklar 

(UWRUVXQ��$��'���%D÷�%���8]DU��*���7XUDQR÷OX�0��$���52&�(÷ULVL�<|QWHPL�øOH�7DQÕ�7HVWOHULQLQ�3HUIRUPDQVODUÕQÕQ�
'H÷HUOHQGLULOPHVL��KWWS���WLS�EDVNHQW�HGX�WU�HJLWLP�PH]XQL\HWRQFHVL�FDOLVPDJUS�RJUVPS]VQP��������SGI�

+DQG��'���0DQQLOD��+���6P\WK��3���3ULQFLSOHV�RI�GDWD�PLQLQJ��0,7�3UHVV��������

/LQNHU��&�$���&XUUHQW�0HGLFDO�'LDJQRVLV�	�7UHDWPHQW���&KDSWHU�����SDJH������������

g]DVODQ��(��'HOLEDúÕ��7���7XVHP�%RRN�7XVHP�3XEOLVKHU���������������

g]NDQ��<���9HUL�0DGHQFLOL÷L�<|QWHPOHUL��3DSDW\D�<D\ÕQFÕOÕN��������

5DSLGPLQHU��KWWS���UDSLG�L�FRP�FRQWHQW�YLHZ�����������(ULúLP�7DULKL��������������
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6XVDQ�)��&ODUN��,URQ�'HILFLHQF\�$QHPLD�1XWULWLRQ�LQ�&OLQLFDO�3UDFWLFH��$PHULFDQ�6RFLHW\�IRU�3DUHQWHUDO�DQG�(QWHUDO�
1XWULWLRQ����������������KWWS���QFS�VDJHSXE�FRP�FRQWHQW����������IXOO�SGI�KWPO�������

7XLN����KWWS���ZZZ�WXLN�JRY�WU�3UH+DEHU%XOWHQOHUL�GR"LG ������(ULúLP�7DULKL��������������

<ÕOPD]��=���%R]NXUW��0�5���'HWHUPLQDWLRQ�RI�:RPHQ�,URQ�'HILFLHQF\�$QHPLD�8VLQJ�1HXUDO�1HWZRUNV��-RXUQDO�RI�
0HGLFDO�6\VWHP��-XO\�������
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KARAÇAM (3ø186�1ø*5$ ARNOLD) ORMANLARINDA RAKIMIN  
,36�6(;'(17$786 �%2(51(5��3238/$6<218�h=(5ø1(�(7.ø6ø� 

 
�
�

(URO�$NNX]X����������������+LGD\HW�*�]HO��
.DVWDPRQX�hQLYHUVLWHVL�

2UPDQ�)DN�OWHVL�
7�UNL\H�

��HDNNX]X#NDVWDPRQX�HGX�WU��
��K�JX]HO��#KRWPDLO�FRP�

�
�

Özet: �2QLNL�GLúOL�oDP�NDEXNL�E|FH÷L���Ips sexdentatus��%RHUQHU���$YUXSD��.X]H\�$V\D�YH�8]DN�
'R÷X¶QXQ�ELU�E|O�P�QGH�ODGLQ�YH�oDP�W�UOHULQLQ�HQ�|QHPOL�WDKULSoL�W�UOHULQGHQ�ELULVLGLU��øNOLP�YH�
WRSR÷UDILN� |]HOOLNOHU� I. sexdentatus¶XQ� SRSXODV\RQ� GLQDPL÷LQL� \DNÕQGDQ� HWNLOHPHNWHGLU�� %X�
oDOÕúPDGD�� LNL� IDUNOÕ� UDNÕPGD� �DOW�� ����� P�� �VW�� ����� P��� � I. sexdentatus� SRSXODV\RQXQXQ�
E�\�NO�÷�� YH� ]DUDUOÕQÕQ� ER\ODUÕQÕQ� NDUúÕODúWÕUÕOPDVÕ� \DSÕOPÕúWÕU�� %X� DPDo� LoLQ� DUDúWÕUPD� DODQÕ�
RODUDN� .DVWDPRQX�'LNPHQ� 2UPDQ� øúOHWPH� ùHIOL÷L� VHoLOPLúWLU�� $UDúWÕUPDGD� ��� DGHW� oRN� KXQLOL�
IHURPRQ�WX]D÷Õ�KHU�ELULQH�EHúHU�DGHW�ROPDN��]HUH�LNL�IDUNOÕ�NDUDoDP��Pinus nigra�$UQROG��GHQHPH�
DODQÕQD� DVÕOPÕúWÕU�� 7X]DNODU� ����¶QLQ� +D]LUDQ�$÷XVWRV� D\ODUÕ� DUDVÕQGD� ����� J�QO�N� SHUL\RWODU�
KDOLQGH�NRQWURO�HGLOPLúWLU��(OGH�HGLOHQ�VRQXoODU�� \DNDODQDQ� I. sexdentatus’ODUÕQ� VD\ÕVÕ� YH�ER\ODUÕ�
DoÕVÕQGDQ�LNL�UDNÕP�DUDVÕQGD�KHUKDQJL�ELU�IDUN�ROXS�ROPDGÕ÷ÕQÕ�WHVSLW�HWPHN�LoLQ�DQDOL]�HGLOPLúWLU�����������������
 
Anahtar Kelimeler: Ips sexdentatus��\�NVHOWL��3LQXV�QLJUD��7�UNL\H�   

 
 
 

EFFECTS OF ELEVATION ON ,36�6(;'(17$786 (BOERNER) 
POPULATIONS IN   

AUSTRIAN PINE (3,186�1,*5$ ARNOLD) FORESTS 
 
 
 

(URO�$NNX]X�������������+LGD\HW�*�]HO��
)DFXOW\�RI�)RUHVWU\�

.DVWDPRQX�8QLYHUVLW\�
7XUNH\�

��HDNNX]X#NDVWDPRQX�HGX�WU��
��K�JX]HO��#KRWPDLO�FRP�

�
�
Abstract:�6L[�WRRWKHG�EDUN�EHWOH��Ips sexdentatus��%RHUQHU���LV�RQH�RI�WKH�PRVW�GHVWUXFWLYH�SHVWV�RI�VSUXFH�DQG�
SLQH� VSHFLHV� LQ� (XURSH�� 1RUWKHUQ� DQG� VRPH� SDUW� RI� )DU� (DVW� $VLD�� 3RSXODWLRQ� G\QDPLFV� RI� I. sexdentatus� DUH�
FORVHO\�DIIHFWHG�E\�FOLPDWLF�DQG�WRSRJUDSKLF�FRQGLWLRQV�LQ�D�JLYHQ�DUHD��,Q�WKLV�VWXG\��ZH�H[DPLQHG�WKH�DEXQGDQFH�
DQG�ERG\�OHQJWK�RI�I. sexdentatus�EHWZHHQ� WZR�GLIIHUHQW�HOHYDWLRQ� OHYHOV� �ORZ�������P��KLJK������P���)RU� WKLV�
SXUSRVHV�� WKH� VWXG\� DUHD�ZDV� VHOHFWHG� IURP� WKH�PDQDJHPHQW� ]RQH� RI�'LNPHQ�)RUHVW� (QWHUSULVH� LQ�.DVWDPRQX�
3URYLQFH�RI�7XUNH\��$�WRWDO�RI����PXOWLIXQQHO�SKHURPRQH�WUDSV�ZHUH�GHSOR\HG�LQ���VWXG\�SORWV����WUDSV�IRU�HDFK��
GRPLQDWHG�E\�$XVWULDQ�3LQH��Pinus nigra�$UQROG���7UDS�FRQWHQWV�ZHUH�FROOHFWHG�DW���WR����GD\�LQWHUYDOV�IURP�-XQH�
WR�$XJXVW��������7KH� ILQGLQJV�ZHUH� DQDO\]HG� WR�GHWHUPLQH� LI� WKHUH�ZDV� D�GLIIHUHQFH�EHWZHHQ� WKH� WZR�GLIIHUHQW�
HOHYDWLRQ�OHYHOV�FRQFHUQLQJ�WKH�DEXQGDQFH�DQG�ERG\�OHQJWK�RI�I. sexdentatus�������������
�
�
Key words:�Ips sexdentatus��HOHYDWLRQ��Pinus nigra��7XUNH\����
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.$5$5�$ö$&,�7(.1øöø1ø1�7ø52ø'�+$67$/,ö,1,1�7$1,6,1'$�
.8//$1,/0$6,1$�ø/øù.ø1�%ø5�d$/,ù0$�

1LO�IHU�<XUWD\��
Q\XUWD\#VDNDU\D�HGX�WU�

�

0�)DWLK�$GDN��
IDWLKDGDN#VDNDU\D�HGX�WU�

�

'HQL]�'XUDO��
GGXUDO#VDNDU\D�HGX�WU�

�

6R\GDQ�6HUWWDú��
Q\XUWD\#VDNDU\D�HGX�WU�

�
�%LOJLVD\DU�0�K��%|O�P��
6DNDU\D�hQLYHUVLWHVL���

7�UNL\H�

�
�

g]HW� �9HULOHULQ� VÕQÕIODQGÕUPD� \|QWHPOHULQGHQ� ELUL� GH� NDUDU� D÷DoODUÕGÕU�� .DUDU� D÷DoODUÕQÕQ�
ROXúWXUXOPDVÕQGD�oRN�VD\ÕGD�|÷UHQPH�\|QWHPL�PHYFXWWXU��%XQODUGDQ�ELULVL�GH�*LQL�DOJRULWPDVÕGÕU��
%X�oDOÕúPDGD�8&,�YHUL�VHWOHULQGHQ�WLURLG�YHUL�VHWL��]HULQGH�\DSÕODQ�ELU�NDUDU�D÷DFÕ�X\JXODPDVÕ�YH�
EX�X\JXODPDQÕQ�WLURLG�KDVWDOÕ÷ÕQÕQ��WHúKLVLQGHNL�SHUIRUPDQVÕ�LUGHOHQPLúWLU���

$QDKWDU�NHOLPHOHU��.DUDU�D÷DFÕ��*LQL�DOJRULWPDVÕ���7LURLG�WDQÕVÕ�

�

$�678'<�21�86(�2)�'(&,6,21�75((�0(7+2'�,1�7+(�',$*126,6�
2)�7+<52,'�',6($6(�

�

$EVWUDFW�'HFLVLRQ� WUHH� LV� RQH� RI� WKH� PHWKRGV� RI� GDWD� FODVVLILFDWLRQ�
DQG� FRQWDLQV�PDQ\� OHDUQLQJ� DOJRULWKPV��*LQL� LV� RQH� RI� WKHVH� DOJRULWKPV��8&,� WK\URLG� GDWD� VHWV�
ZHUH� XVHG� LQ� WKLV� VWXG\�� GHYHORSHG� D� GHFLVLRQ� WUHH� RQ� WKLV� GDWD� VHWV� DQG� SHUIRUPDQFH� RI� WKH�
GHFLVLRQ�WUHH�DUH�LQYHVWLJDWHG�IRU�GLDJQRVLV�WK\URLG�GLVHDVH���

.H\ZRUGV��'HFLVLRQ�WUHH��*LQL�$OJRULWKP��7K\URLG��GLDJQRVLV���

�

,QWURGXFWLRQ�

'DWD� PLQLQJ� LQ� 0HGLFLQH� LV� GLIIHUHQW� IURP� GDWD� PLQLQJ� LQ� RWKHU� ILHOGV� EHFDXVH� WKH� GDWD� LV� KHWHURJHQHRXV��
0HWKRGV�RI�PHGLFDO�GDWD�PLQLQJ�KDYH�WR�WDNH�GDWD�UHVRXUFHV�LQ�D�KHWHURJHQHRXV�PDQQHU�GXH�WR�ERWK�WHFKQLFDO�DQG�VRFLDO�
UHDVRQV� �&LRV� DQG�0RRUH�� ������� ,Q� D� VWXG\�� D� GDWD�PLQLQJ�RQ� WZR�GLIIHUHQW�PHGLFDO� GDWD� VHW� LV� GRQH� E\� XVLQJ� WKUHH�
GLIIHUHQW� )X]]\�PHWKRGV�ZKLFK� GR� QRW� DSSHDU� LQ� FRPPHUFLDO� SURJUDPV��7KH� VWXG\� KDV� VKRZQ� WKDW� WKH� IX]]\�PHWKRG�
JLYHV�VDWLVIDFWRU\�UHVXOWV��*KD]DYL�DQG�/LDR���������,Q�WKH�FDVHV�ZKHUH�WKH�QXPEHU�RI�GDWD�VHW�LV�OLPLWHG��UHOLDELOLW\�RI�
GDWD�PLQLQJ� LV� HQVXUHG�XVLQJ� WKH�PHWKRG�RI�(IURQ�%RRWVWUDS��%\� � XVLQJ�ERRWVWUDS� DSSURDFK�� UHOLDELOLW\�SRLQWV� FDQ�EH�
GHWHUPLQHG�IRU�VPDOO�GDWD�VHWV��6PLWK�HW�DO���������%HOOD]]L�DQG�=XSDQ��������KDYH�VWDWHG�WKDW�WKH�SUHGLFWLYH�GDWD�PLQLQJ�
KDV�EHFRPH�D�QHFHVVDU\� WRRO� GXULQJ�PHGLFDO� UHVHDUFK��7KURXJK� D�GDWD�PLQLQJ� KDV�GRQH�ZLWK�XVLQJ� WZR�VWDJH� �:DQG�
PHWKRG� DQG� .�PHDQV� PHWKRG�� FOXVWHULQJ� DOJRULWKP� DQG� GHFLVLRQ� WUHH� DQDO\VLV� LQ� (PHUJHQF\� GHSDUWPHQW� RI� 7DLZDQ�
0HGLFDO�&HQWHU��WKH�QXUVHV�DUH�EHWWHU�WKDQ�GRFWRUV�LQ�DEQRUPDO�GLDJQRVLV��/LQ�HW�DO����������3DWLHQWV�RI�FKURQLF�DVWKPD�
VKRXOG� EH� IROORZHG� FRQVWDQWO\� WR� DYRLG� VXGGHQ� DWWDFNV�� 7R� SUHGLFW� WKLV� VLWXDWLRQ� RI� SDWLHQWV�� /HH� HW� DO�� ������� KDV�
GHYHORSHG�D�GDWD�PLQLQJ�PHWKRG�WKDW�DQDO\VHV�ELR�VLJQDOV�DQG�HQYLURQPHQWDO�IDFWRUV��,Q�WKLV�PHWKRG��D�WHPSODWH�EDVHG�
GHFLVLRQ� WUHH�DQG� WHPSODWH�EDVHG�FODVV�DVVRFLDWLRQ�UXOH�KDYH�FRQVWUXFWHG��7KH�GDWD�VHW�RI�DOOHUJLF�DVWKPD�SDWLHQWV� LQ�D�
KRVSLWDO�LQ�7DLZDQ�KDV�EHHQ�XVHG�WR�JHW�UHVXOWV��DQG�FRQVHTXHQWO\�KLJK�DFFXUDF\�UDWH�ZDV�IRXQG�LQ�SUHGLFWLRQ�RI�FKURQLF�
DVWKPD�DWWDFNV��$�GDWD�PLQLQJ�VWXG\�KDV�EHHQ�PDGH�LQ�7DLZDQ�E\�XVLQJ�D�ZHE�EDVHG�UHSRUWLQJ�V\VWHP�RQ�����SDWLHQWV��
'XULQJ� WKH� VWXG\�� ILUVWO\�� IHDWXUH� VHOHFWLRQ� SURFHVV� KDV� EHHQ� DSSOLHG� DQG� WKHQ� ��� FULWLFDO� IDFWRUV� KDYH� EHHQ� XVHG� WR�
HVWLPDWH�GHSHQGHQW�YDULDEOHV�� �7R�GHYHORS� IRUHFDVWLQJ�PRGHO�DERXW�FULWLFDO� VLWXDWLRQV�RI�SDWLHQWV��QHXUDO�QHWZRUN�ZDV�
XVHG�DQG�FRPSDUHG�ZLWK�PXOWLSOH�YDULDEOH�ORJLVWLF�UHJUHVVLRQ�E\�/HH�HW�DO����������7KHUHIRUH�LW�ZDV�REVHUYHG�WKDWQHXUDO�
QHWZRUNV�JDYH�EHWWHU�UHVXOWV�WKDQ�WKH�IRUPHU�PHWKRG��$QRWKHU�VWXG\�GRQH�E\�'HOHQ�HW�DO����������QHXUDO�QHWZRUNV�DQG�
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GHFLVLRQ�WUHHV�XVHG�RQ����DWWULEXWHV�DQG�������LWHPV�IRU�SUHGLFWLRQ��7KH�ODUJH�VFDOH�FOLQLFDO�GDWD�LV�EDVLF�H[SHULPHQWDO�
GDWD� IRU� PHGLFDO� UHVHDUFK�� :LWK� XVLQJ� � D� ZDUH� KRXVH� ZKLFK� KDV� EHHQ� JHQHUDWHG� IRU� WUDGLWLRQDO� &KLQHVH� PHGLFLQH��
H[SHULPHQWDO�GDWD�KDV�EHHQ�REWDLQHG��=KRX�HW�DO����������'LDO\VLV�SDWLHQWV�JHQHUDOO\�UHTXLUH�UH�WUHDWPHQW�EHFDXVH�RI�QRW�
KHDOWK\� WUHDWPHQW� FRQGLWLRQV� DQG� ORQJ� WHUP� GLDO\VLV� WUHDWPHQW�<HK� HW� DO��� ������KDYH� GHYHORSHG� D� V\VWHP� E\� XVLQJ�
GHFLVLRQ�WUHHV�LQ�GDWD�PLQLQJ�WR�FRQWURO�WUHDWPHQW�FRQGLWLRQV�RI�GLDO\VLV�SDWLHQWV�DQG�UHSRUW�HPHUJHQF\�WUHDWPHQW�EHIRUH�
KRVSLWDO�FRQWURO��

,Q�WKLV�VWXG\��GHFLVLRQ�WUHH�LQ�GDWD�PLQLQJ�KDV�EHHQ�XVHG�EHFDXVH�RI�WKH�VXFFHVV�RI�GHFLVLRQ�WUHHV�DV�PHQWLRQHG�
DERYH�LQ�PHGLFDO�DUHDV��7KH�DLP�RI�WKLV�VWXG\�LV�WR�GLDJQRVH�WK\URLG�GLVHDVH��

�

0HWKRG�

'DWD�6RXUFH�

�

7KHUH� DUH� D� ORW� RI�ZRUNV�ZKLFK� LQWHQG�SURYLGLQJ�GHFLVLRQ� VXSSRUW� RQ� WK\URLG�GLDJQRVLV��$UWLILFLDO� LQWHOOLJHQFH�
WHFKQLTXHV� DUH�ZLGHO\� XVHG� LQ� WKHVH�ZRUNV��3RODW� HW� DO���������PDGH� FODVVLILFDWLRQ�E\�XVLQJ� DUWLILFLDO� LPPXQH� V\VWHP�
ZLWK� IX]]\� WR�GLDJQRVH� WK\URLG�DQG�REWDLQHG�����DFFXUDF\��.RGD]�HW�DO���������DFTXLUHG��������DFFXUDF\�ZLWK� WKHLU�
DUWLILFLDO�LPPXQH�V\VWHP���7HPXUWDV���������H[DPLQHG�0/11�ZLWK�/0����[�)&����311����[)&����/94����[)&���DQG�
0/11�ZLWK�/0�����[)&���311�����[)&��DQG�/94�����[)&��PRGHOV¶�SHUIRUPDQFH�IRU�WKH�GLDJQRVLV�RI�WK\URLG�DQG�
JDLQHG�VXFFHVVIXOO�UHVXOWV��2Q�RWKHU�VWXG\��.HOHú�DQG�.HOHú�����������������DFFXUDF\�KDV�JDLQHG�ZLWK�(67''�H[SHUW�
V\VWHP�IRU�WK\URLG�GLVHDVH��RQ�GLDJQRVLV��'R÷DQWHNLQ�HW�DO�����������DWWDLQHG��������DFFXUDF\�ZLK�$'67*��DXWRPDWLF�
GLDJQRVLV� V\VWHP�EDVHG� RQ� WK\URLG� JODQG���2Q� WKHLU� VXEVHTXHQW�ZRUN��'R÷DQWHNLQ� HW� DO�� �������� GHYHORSHG� DQ� H[SHUW�
V\VWHP�ZLWK�XVLQJ� �*HQHUDOL]HG�'LVFULPLQDQW�$QDO\VLV�DQG�:DYHOHW�6XSSRUW�9HFWRU�0DFKLQH�6\VWHP��*'$B:690��
PHWKRG��DQG�REWDLQHG�D�FODVVLILFDWLRQ�ZLWK��������DFFXUDF\�IRU�WKH�GLDJQRVLV�RI�WK\URLG���

� /HDUQLQJ�VHW�LV�WKH�WKURLG�GDWD�VHW�LQ�8&,�GDWDEDVH����DWWULEXWHV�YDOXHV�LQ�WKLV�GDWD�DUH�VKRZQ�LQ�WDEOH����7KHUH�DUH�
��LQSXWV�DQG���FODVV�DWWULEXWH��&ODVVHV�DUH�GHWHUPLQHG�DV��QRUPDO��K\SHU�DQG�K\SR�8FL��������'DWD�QXPEHUV�LQ�HDFK�FODVV�
DUH���
�
� &ODVV�����QRUPDO�� ����
� &ODVV�����K\SHU�� ���
� &ODVV�����K\SR�� ���
�

7DEOH���7K\URLG�GDWD�VHW�DWWULEXWHV�

$WWULEXWH�QXPEHU� $WWULEXWH�YDOXH�

�� 7��UHVLQ�XSWDNH�WHVW�

�� 7RWDO�6HUXP�WK\UR[LQ�DV�PHDVXUHG�E\�WKH�LVRWRSLF�GLVSODFHPHQW�PHWKRG��
�� 7RWDO�VHUXP�WULLRGRWK\URQLQH�DV�PHDVXUHG�E\�UDGLR�LPPXQRDVVD\��
�� EDVDOWK\URLG�VWLPXODWLQJ�KRUPRQH��76+��DV�PHDVXUHG�E\�UDGLR�LPPXQR�DVVD\��

�� 0D[LPDO�DEVROXWH�GLIIHUHQFH�RI�76+�YDOXH�DIWHU�LQMHFWLRQ�RI�����PLFURJUDPV�RI�
WK\URWURSLQ�UHOHDVLQJ�KRUPRQH�DV�FRPSDUHG�WR�WKH�EDVDO�YDOXH�

�� &ODVV�DWWULEXWH���� �QRUPDO���� �K\SHU���� �K\SR��
�

)RUPLQJ�'HFLVLRQ�7UHH�

� *HQHUDOO\��GDWD�PLQLQJ�PHWKRGV�DUH�GLYLGHG�LQWR�WZR�FDWHJRULHV��3UHGLFWLRQ�0HWKRGV�DQG�'HVFULSWLRQ�0HWKRGV��
&ODVVLILFDWLRQ� LV� UHIHUHG�DV� WKH�GHFRPSRVLQJ�RI�GDWD� LQWR� LWV� FRPPRQ�DWWULEXWHV��&ODVVLILFDWLRQ� LV�EDVHG�RQ�D� OHDUQLQJ�
DOJRULWKP��7KH�LGHD�LV�WKH�FUHDWLQJ�RI�FODVVLILFDWLRQ�PRGHO��,W�FDQ�EH�GHVFULEHG�DV�WKH�SURFHVV�RI�GHWHUPLQLQJ�XQNQRZQ�
FODVV�RI�DQ\�GDWD��'HFLVLRQ�WUHHV�DUH�RQH�RI�WKH�FODVVLILFDWLRQ�PHWKRGV��$�WHVW�VHW� LV�XVHG�WR�GHWHUPLQH�WKH�DFFXUDF\�RI�
PRGHO��7KH�JLYHQ�GDWD�LV�GLYLGHG�LQWR�WZR�SDUWV�DV�OHDUQLQJ�VHW�DQG�WHVW�VHW���/HDUQLQJ�VHW�LV�XVHG�WR�JHQHUDWH�WKH�PRGHO��
DQG�WHVW�VHW�LV�XVHG�WR�YHULI\�WKH�PRGHO��'LIIHUHQW�DOJRULWPV�KDYH�EHHQ�LPSURYHG�WR�FUHDWH�GHFLVLRQ�WUHHV��2QH�RI�WKHVH�LV�
*LQL�$OJRULWKP����
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� *LQL� $OJRULWKP� LV� D� FODVVLILFDWLRQ� PHWKRG� ZKLFK� LV� LPOHPHQWHG� DV� ELQDU\� VHJPHQWDWLRQ�� ,W¶V� D� ZHOO�NQRZQ�
DOJRULWKP� IRU� ELQDU\� UHFXUVLYH� VXEGLYLVLRQ�� (YHU\� WUHH� RFFXUV� ZLWK� D� GLIIHUHQW� VW\OH��$OJRULWKP� LV� EDVHG� RQ� GLYLGLQJ�
DWWULEXWH�YDOXHV�DV�OHIW�DQG�ULJKW�VLGH��g]NDQ��������

� ,Q� WKLV� VWXG\�� ���� GDWD� LV� GLYLGHG� LQWR� �� VXEGLYLVLRQ�� *LQL� $OJRULWKP� LV� XVHG� IRU� �� WLPHV�� �� VXEGLYLVLRQ� IRU�
OHDUQLQJ�DQG���VXEGLYLVLRQ�IRU�WHVW��2QH�RI�WKH�REWDLQHG�WUHHV�LV�JLYHQ�LQ�ILJXUH�����6HH�$SSHQGL[�$�IRU�RWKHU�WUHHV����

�

)LJXUH�����'HFLVLRQ�WUHH�E\�XVLQJ���SDUWLWLRQHG�OHDUQLQJ�IRU�7K\URLG�GDWD��

�

(YDOXDWH�WKH�'HFLVLRQ�7UHH�52&�DQDO\VLV�

52&��5HFHLYHU�2SHUDWLQJ�&KDUDFWHULF��DQDO\VLV�LV�D�VWDWLVWLFDO�HYDOXDWLRQ�PHWKRG�LQ�RUGHU�WR�HOLPLQDWH�WKH�GLVDGYDQWDJHV�
RI�GLDJQRVH�E\�XVLQJ�D�YDOXH�RI� WKH� VHQVLWLYLW\�DQG�VSHFLILFLW\� �7RPDN�DQG�%DFN���������7KH�DFFXUDF\�RI�SRVLWLYH�RU�
QHJDWLYH�GHFLVLRQ�LV�LPSRUWDQW�IRU�GLDJQRVWLF�WHVWV��7KHUH�DUH�FULWHULD�WR�VKRZ�WKH�DFFXUDF\�IRU�HDFK�SRVLWLYH�DQG�QHJDWLYH�
GHFLVLRQV���

7DEOH����3DUDPHWHUV�IRU�52&�$QDO\VLV�

� 5HDO�&DVH� ([SODQDWLRQ�
7HVW�5HVXOW� 3RVLWLYH� 1HJDWLYH� 7RWDO� 73��:KLOH� UHDO� FDVH� LV� SRVLWLYH�� WKH� WHVW�

UHVXOW�LV�SRVLWLYH��3RVLWLYH� 7UXH�3RVLWLYH�
�73��

)DOVH�3RVLWLYH�
�)3��

�73�)3��

1HJDWYH� )DOVH�1HJDWLYH� 7UXH�1HJDWLYH� �)1�71��
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�)1�� �71�� )1��:KLOH� UHDO�FDVH� LV�SRVLWLYH�� WKH� WHVW�
UHVXOW�LV�QHJDWLYH��

)3��:KLOH�UHDO�FDVH�LV�QHJDWLYH�� WKH�WHVW�
UHVXOW�LV�SRVLWLYH�

71��:KLOH�UHDO�FDVH�LV�QHJDWLYH��WKH�WHVW�
UHVXOW�LV�QHJDWLYH��

7RWDO� �73�)1�� �)3�71�� �73�)1�)3�71��

�

$FFXUDF\���73�71�����73�)3�)1�71��

6HQVLWLYLW\��73�73�)1�

6SHFLILFLW\��71�71�)3�

�

� 6HQVLWLYLW\�VSHFLILHV�WKH�DELOLW\�RI�WKH�WHVW�WR�VHSDUDWH�WKH�SRVLWLYH�FDVHV�IURP�WKH�UHDO�SRVLWLYH�FDVHV��6SHFLILFLW\�
FDQ� EH� UHIHUUHG� WKH� DELOLW\� RI� WKH� WHVW� WR� VHSDUDWH� WKH� QHJDWLYH� FDVHV� IURP� WKH� UHDO� QHJDWLYH� FDVHV��7KH� YDOXHV� RI� WKH�
VHQVLWLYLW\� DQG� VSHFLILFLW\� GHWHUPLQH� KRZ�ZHOO� WKH� WHVW� VHSDUDWHV� WKH� UHOHYDQW� RU� QRQ� UHOHYDQW� FDVHV�ZLWK� LQYHVWLJDWHG�
FRQGLWLRQV�IURP�HDFK�RWKHU��'LULFDQ���������

$FFRUGLQJ�WR�WKHVH�GHILQLWLRQV��WKH�UHVXOWV�RI�VHQVLWLYLW\��DFFXUDF\�DQG�VSHFLILFLW\�WKDW�DUH�REWDLQHG�IRU�WKH�GHFLVLRQ�WUHH�
LQ�ILJXUH����DUH�VKRZQ�LQ�WDEOH�����:KLOH�SUHSDULQJ�WDEOH����WKH�FDVHV�WKDW�DUH�VSHFLILHG�LQ�WDEOH����DUH�FRQVLGHUHG�DW�HYHU\�
WHVW�VWDJHV��7KH�JHQHUDO�REWDLQHG�YDOXHV�DUH�������IRU�DFFXUDF\��������IRU�VHQVLWLYLW\��DQG��������IRU�VSHFLILFLW\��

7DEOH����7KH�XVLQJ�FULWHULD�WR�FDOFXODWH�WKH�DFFXUDF\�

2ULJLQDO�5HVXOW�� 'HFLVLRQ�7UHH�5HVXOW�
+\SHU�� 1RUPDO�� +\SR�

+\SHU� 73� )1� )1�
1RUPDO� )3� 71� 71�
+\SR� )3� 71� 71�
�

7DEOH����$FFRUGLQJ�WR�WHVW�UHVXOWV��YDOXHV�RI�WKH�DFFXUDF\��VHQVLWLYLW\�DQG�VSHFLILFLW\�

7HVW�1R� %DVLF�
9DULDEOH�

$FFXUDF\����� $YHUDJH� WHVW�
DFFXUDF\�����

$YHUDJH�
RYHUDOO�
DFFXUDF\�
����

6HQVLWLYLW\� $YHUDJH�
RYHUDOO�
VHQVLWLYLW\�
����

6SHFLILFLW\� $YHUDJH�
RYHUDOO�
VSHFLILFLW\�
����

�� +\SHU� �����
�����

�����

�����
�

�����

�����
�

�����

�� QRUPDO� �����
�� +\SR� �����
�� +\SHU� �����

����� �����
�

�����
��� QRUPDO� �����

�� +\SR� �����
�� +\SHU� �����

����� ����� ������� QRUPDO� �����
�� +\SR� �����
�

5HVXOW�

2QH�RI� WKH�GHYHORSLQJ� ILHOGV� RI� GDWD�PLQLQJ� XVDJH� LV� WKH�PHGLFLQH��0DQ\�GDWD� FDQ�EH� REWDLQHG� IURP�PDQ\�SHRSOH¶V�
ODERUDWRU\�UHVXOWV�DQG�RSHUDWLRQV��7KURXJK�YDULRXV�DOJRULWKPV��GHFLVLRQ�WUHHV�FDQ�EH�DFFHVVHG�ZLWK�XVLQJ�WKHVH�GDWD��,Q�
WKLV�VWXG\��D�GHFLVLRQ� WUHH� LV�GHYHORSHG�IRU�GLDJQRVLV�RI� WK\URLG�GLVHDVH��DQG� WKH�SHUIRUPDQFH�RI� WKLV� WUHH� LV�DQDO\]HG��
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2EWDLQHG�GHFLVLRQ�WUHHV�GR�QRW�GLIIHU�IURP�HDFK�RWKHU�LQ�WHUPV�RI�WKHLU�SHUIRUPDQFHV��$OO�RI�WKHVH�WUHHV�FDQ�EH�XVHG�IRU�
WK\URLG�GLDJQRVLV���

�

5HIHUHQFHV�

$OL� .HOHú�� $\W�UN� .HOHú� �������� (67''�� ([SHUW� V\VWHP� IRU� WK\URLG� GLVHDVHV� GLDJQRVLV�� ([SHUW� 6\VWHPV� ZLWK�
$SSOLFDWLRQV���������±�����

&KDR�+XL�/HH��-HVVLH�&KLD�<X�&KHQ��9LQFHQW�6��7VHQJ����������$�QRYHO�GDWD�PLQLQJ�PHFKDQLVP�FRQVLGHULQJ�ELR�VLJQDO�
DQG� HQYLURQPHQWDO� GDWD�ZLWK� DSSOLFDWLRQV�RQ� DVWKPD�PRQLWRULQJ� ��&RPSXWHU�0HWKRGV�DQG�3URJUDPV� LQ�%LRPHGLFLQH��
������������

'LULFDQ�$����������(YDOXDWLRQ�RI�WKH�GLDJQRVWLF�WHVW
V�SHUIRUPDQFH�DQG�WKHLU�FRPSDULVRQV��&HUUDKSDúD�-�0HG�����������
��������

'XUVXQ�'HOHQ��&KULVWLH�)XOOHU��&KDUOHV�0F&DQQ��'HHSD�5D\� ��������$QDO\VLV�RI� KHDOWKFDUH�FRYHUDJH��$�GDWD�PLQLQJ�
DSSURDFK��([SHUW�6\VWHPV�ZLWK�$SSOLFDWLRQV����������������

(VLQ� 'R÷DQWHNLQ�� $NLI� 'RJDQWHNLQ�� 'HU\D� $YFL� �������� $Q� DXWRPDWLF� GLDJQRVLV� V\VWHP� EDVHG� RQ� WK\URLG� JODQG��
$'67*��([SHUW�6\VWHPV�ZLWK�$SSOLFDWLRQV����������±�����

(VLQ�'R÷DQWHNLQ��$NLI�'RJDQWHNLQ��'HU\D�$YFL���������$Q�H[SHUW�V\VWHP�EDVHG�RQ�*HQHUDOL]HG�'LVFULPLQDQW�$QDO\VLV�
DQG�:DYHOHW�6XSSRUW�9HFWRU�0DFKLQH�IRU�GLDJQRVLV�RI�WK\URLG�GLVHDVHV��([SHUW�6\VWHPV�ZLWK�$SSOLFDWLRQV��������±�����

)H\]XOODK�7HPXUWDú���������$�FRPSDUDWLYH�VWXG\�RQ�WK\URLG�GLVHDVH�GLDJQRVLV�XVLQJ�QHXUDO�QHWZRUNV��([SHUW�6\VWHPV�
ZLWK�$SSOLFDWLRQV��������±�����

+DOLIH�.RGD]��6HUDO�g]úHQ��$KPHW�$UVODQ���6DOLK�*�QHú���������0HGLFDO�DSSOLFDWLRQ�RI�LQIRUPDWLRQ�JDLQ�EDVHG�DUWLILFLDO�
LPPXQH�UHFRJQLWLRQ�V\VWHP��$,56���'LDJQRVLV�RI�WK\URLG�GLVHDVH��([SHUW�6\VWHPV�ZLWK�$SSOLFDWLRQV����������±�����

-LQQ�<L� <HK�� 7DL�+VL� :X�� &KXDQ�:HL� 7VDR� �������� 8VLQJ� GDWD� PLQLQJ� WHFKQLTXHV� WR� SUHGLFW� KRVSLWDOL]DWLRQ� RI�
KHPRGLDO\VLV�SDWLHQWV��'HFLVLRQ�6XSSRUW�6\VWHPV��������������

.HPDO�3RODW��6HUDO�ùDKDQ��6DOLK�*�QHú���������$�QRYHO�K\EULG�PHWKRG�EDVHG�RQ�DUWLILFLDO�LPPXQH�UHFRJQLWLRQ�V\VWHP�
�$,56��ZLWK�IX]]\�ZHLJKWHG�SUH�SURFHVVLQJ�IRU�WK\URLG�GLVHDVH�GLDJQRVLV��([SHUW�6\VWHPV�ZLWK�$SSOLFDWLRQV��������±
������

�.U]\V]WRI�-��&LRV��*��:LOOLDP�0RRUH���������8QLTXHQHVV�RI�PHGLFDO�GDWD�PLQLQJ��$UWLILFLDO�,QWHOOLJHQFH�LQ�0HGLFLQH���
���������

0�5��6PLWK��;��:DQJ��5�0��5DQJD\\DQ���������(YDOXDWLRQ�RI�WKH�VHQVLWLYLW\�RI�D�PHGLFDO�GDWD�PLQLQJ�DSSOLFDWLRQ�WR�
WKH�QXPEHU�RI�HOHPHQWV�LQ�VPDOO�GDWDEDVHV���%LRPHGLFDO�6LJQDO�3URFHVVLQJ�DQG�&RQWURO��������������

g]NDQ��<���9HUL�0DGHQFLOL÷L�<|QWHPOHUL��3DSDW\D�<D\ÕQFÕOÕN��������

5LFFDUGR� %HOOD]]L�� %OD]� =XSDQ� �������� � 3UHGLFWLYH� GDWD� PLQLQJ� LQ� FOLQLFDO� PHGLFLQH�� &XUUHQW� LVVXHV� DQG� JXLGHOLQHV��
,QWHUQDWLRQDO�-RXUQDO�RI�0HGLFDO�,QIRUPDWLFV�������������

6HDQ�1��*KD]DYL��7KXQVKXQ�:��/LDR���������0HGLFDO�GDWD�PLQLQJ�E\�IX]]\�PRGHOLQJ�ZLWK�VHOHFWHG�IHDWXUHV��$UWLILFLDO�
,QWHOOLJHQFH�LQ�0HGLFLQH���������������

7LQJ�7LQJ�/HH��&KLHK�<X�/LX��<D�+XL�.XR��0DU\�(WWD�0LOOV��-LDQ�*XR�)RQJ��&KH\X�+XQJ���������$SSOLFDWLRQ�RI�GDWD�
PLQLQJ�WR�WKH�LGHQWLILFDWLRQ�RI�FULWLFDO�IDFWRUV�LQ�SDWLHQW�IDOOV�XVLQJ�D�ZHE�EDVHG�UHSRUWLQJ�V\VWHP���,QWHUQDWLRQDO�-RXUQDO�
RI�0HGLFDO�,QIRUPDWLFV��������������

720$.�� /��� %(.�<�� �������� øúOHP� .DUDNWHULVWLN� (÷ULVL� $QDOL]L� 9H� (÷UL� $OWÕQGD�.DODQ�$ODQODUÕQ� .DUúÕODúWÕUÕOPDVÕ��
-RXUQDO�RI�([SHULPHQWDO�DQG�&OLQLFDO�0HGLFLQH��9RO�����QR����V��������
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GLDJQRVLV� RI� (PHUJHQF\� 'HSDUWPHQW� WULDJH� H[SORUHG� ZLWK� GDWD� PLQLQJ� WHFKQRORJ\�� $Q� (PHUJHQF\� 'HSDUWPHQW� DW� D�
0HGLFDO�&HQWHU�LQ�7DLZDQ�WDNHQ�DV�DQ�H[DPSOH��([SHUW�6\VWHPV�ZLWK�$SSOLFDWLRQV����������������

;XH]KRQJ�=KRX��6KLER�&KHQ��%DR\DQ�/LX��5XQVXQ�=KDQJ��<LQJKXL�:DQJ��3LQJ�/L��<XIHQJ�*XR��+XD�=KDQJ��=KX\H�
*DR�� ;LXIHQJ� <DQ� �������� � 'HYHORSPHQW� RI� WUDGLWLRQDO� &KLQHVH� PHGLFLQH� FOLQLFDO� GDWD� ZDUHKRXVH� IRU� PHGLFDO�
NQRZOHGJH�GLVFRYHU\�DQG�GHFLVLRQ�VXSSRUW��$UWLILFLDO�,QWHOOLJHQFH�LQ�0HGLFLQH���������������
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Abstract:The aim of this study is to give information about KETEM’s (Cancer Early Diagnosis, 
Screening and Education Center) role for cervical cancer screening in Turkey.  Cervical cancer is the 
leading cause of cancer related death among women in Turkey like the other developing countries. 
Pap smear has an important value in the early diagnosis of cervical cancer that is a serious problem in 
women health. It was determined that the number of women who had a Pap smear was increasing 
with age, duration of marriage, number of birth, knowledge about Pap smear and perception of risk 
for cervical cancer.  

Keywords: Cervical cancer, cancer screening, pap smear,public awareness 
Introduction 

Cervical cancer is the 3rd most frequent type of cancers in women, after breast and rectal cancers. As 
recommended by the World Health Organization (WHO), necessary is the establishment and implementation of a 
national program on breast cancer and cervical cancer, which are prevalent in Turkey, and in which screening programs 
are efficient and cost-effective in reducing mortality and morbidity. KETEM conducts screening programs for breast, 
cervix, and colorectal cancers with “Early detection saves lives” catchword in Turkey. At the end of the 2008, 84 
KETEM was established in Turkey. Phsicians, nurses, midwifes, X-ray technicians work in this centers. Aged between 
35-65 years women, screen with pap test quinquennially like suggested by the Ministry of Health. Colposkopi is done 
as a result of suspicious Pap Smear test. Also KETEM organises the public health educations about cancer screening, 
healthy feeding and physical exercises. 

In order to organize trainings aiming to inform the health personnel and the public on the issue of cancer and to 
raise awareness, to provide diagnosis in early stages through population based screening programs (on breast, cervical, 
colorectal cancers etc.) on identified risk groups in line with established screening standards. There is at least one 
KETEM in each province of Turkey. Each KETEM is integrated to one of the governmental hospitals in these provinces 
with the recent investments, now the total number of KETEMs reached to 122 across the whole country. Each KETEM 
is designed to render services for 250,000 populations. As such, the number of KETEMs is planned to be increased to 
280 in total by the end of 2015.  

Each KETEM performs population based screening for breast and cervical cancers according to national 
guidelines. Even though screening services are provided free of charge to those who do not possess necessary health 
insurance.  
  The Ministry of Health plans incorporation of family physicians into the population based cancer screenings. 
In Turkey, every citizen has a family physician. According to the estimates, if 2 patients are screened per day by a 
family physician, it totals 10 million people to be screened annually. Accordingly, 2012-2013 will be an integration 
year for KETEMs and family physicians for cancer screening. Additionally MoH will conduct several HPV Primary 
screening studies and according to the results, national screening policies may be adapted for primary HPV screening. 

Since introduction of cytologic screening for cervical cancer using the Papanicolaou (Pap) test in the 1950s, the 
incidence of invasive cervical cancer in the United States has fallen more than 100%. Cervical cancer screening has 
successfully decreased cervical cancer incidence and mortality(Mishra, Pimple, & Shastri, 2011, p.125). The 
fundamental goal of cervical cancer screening is to prevent morbidity and mortality from cervical cancer. The optimal 
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screening strategy should identify those cervical cancer precursors likely to progress to invasive cancers(maximizing 
the benefits of screening) and avoid the detectionand unnecessary treatment of transient HPV infectionand its associated 
benign lesions that are not destined to become cancerous (minimizing the potential harms associated with screening 
(Saslow, 2012,p.517). Public health program such as screening women for precancerous changes,treating and follow-up 
care at early stages of the disease can potentially protect women from developing cervical cancer and thus reducing  the 
incidence, morbidity and mortality from this condition (Jacqueline, & Christina, 2000). 

.Based on literature, we recommend that an intense public health campaign be conducted on a recurring basis; 
providing cervical cancer education with emphasis on its etiology, risk factors and methods of prevention.  Public 
service announcements promoting Pap smear test utilization and its benefits should be carried out by the government 
and other non-governmental organizations and schools alone or in conjunction with the government.  Policies that 
encourage doctors to recommend the procedure to their female patients who meet the necessary requirements for 
commencing Pap smear test screening should be instituted.  Policies should also be put in place that encourage or as 
appropriate mandate that all women coming for antenatal services are provided with the options of a Pap smear test.  
Cervical cancer education needs to be properly packaged so that the message delivered is complete.  Finally facilities 
capable of carrying out Pap smear test be established, and more opportunistic screenings be done so that as many 
eligible women as possible can get at least one Pap smear test(Hyacinth HI,2012, p.1).  

Reis (2012,p.1469) stated that education that addresses culture-specific beliefs could be effective in increasing 
cervical cancer screening utilization among Turkish women. Culture-specific information could focus on not only the 
importance of receiving screening when one does not have symptoms but also the strategies to overcome the emotional 
discomfort and practical difficulties. 

It is also important that health care workers are well nformed about the national policy and develop 
institutional policy to implement national policy on Pap smear. Nurses have an important role in cancer prevention and 
health education (Ertem, 2009, p. 737). Therefore, knowledge and awareness of cervical cancer are the most important 
for our women, who were educated by nurses. For ultimate effectiveness the screening programs have to integrated with 
the overall reproductive and primary health care programs. 
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Özet %X� oDOÕúPDGD�� W�UE�ODQV� ROXúWXUDUDN� WHUPDO� VÕQÕU� WDEDND\Õ� LQFHOWPHN� YH� ÕVÕ� WUDQVIHULQL�
DUWÕUPDN�DPDFÕ\OD�Lo�LoH�ERUXOX�ÕVÕ�GH÷LúWLULFLVLQLQ�Lo�ERUXVXQD�\DUÕNOÕ�NRQLN�KDOND�HOHPDQODU�
\HUOHúWLULOHUHN� HOHPDQODUÕQ� ÕVÕ� GH÷LúWLULFL� SHUIRUPDQVÕ� �]HULQGHNL� HWNLVL� GHQH\VHO� RODUDN�
DUDúWÕUÕOGÕ���'HQH\OHUGH�ÕVÕ�WUDQVIHU�HGLOHQ�DNÕúNDQ�RODUDN�VX�YH�VX\D�ÕVÕ�WUDQVIHU�HGHQ�DNÕúNDQ�
RODUDN�GD�KDYD�NXOODQÕOGÕ��'HQH\OHU��|QFH�ERú�ERUX�ROPDN��]HUH�����YH�����PP�DGÕPODUÕQGDNL�
\DUÕNOÕ�NRQLN�HOHPDQODU�ÕVÕ�GH÷LúWLULFLVLQLQ�Lo�ERUXVXQD�\HUOHúWLULOHUHN������LOH�������DUDVÕQGD�
GH÷LúHQ�5H\QROGV� VD\ÕODUÕQGD�KHP�SDUDOHO� KHP�GH� ]ÕW�DNÕú� LoLQ�JHUoHNOHúWLULOGL��<DUÕNOÕ� NRQLN�
HOHPDQ�LoHUPH\HQ�W�UE�ODW|UV|]��ÕVÕ�GH÷LúWLULFLVL�LOH�\DUÕNOÕ�NRQLN�HOHPDQ�LoHUHQ�W�UE�ODW|UO���
ÕVÕ� GH÷LúWLULFLVL� GH÷HUOHUL� NDUúÕODúWÕUÕOGÕ÷ÕQGD�� W�UE�ODW|UV|]� GXUXPD� QD]DUDQ� W�UE�ODW|UO��
GXUXPGD�RUWDODPD�RODUDN�ÕVÕ�WUDQVIHULQGHNL�����OLN�DUWÕúD�NDUúÕOÕN�V�UW�QPH�ND\ÕSODUÕQGD�GD���
NDW��DUWÕú�ROPXúWXU��$\UÕFD��\DSÕODQ�L\LOHúWLUPH�WHNQL÷LQLQ�WHUPRGLQDPLN�DoÕGDQ�DYDQWDMOÕ�ROXS�
ROPDGÕ÷ÕQÕ� EHOLUOHPHN� LoLQ� HQWURSL� �UHWLPL� KHVDSODQPÕú� YH� HQWURSL� �UHWLPLQGH� GH� RUWDODPD�
RODUDN������FLYDUÕQGD�D]DOPD�ROGX÷X�EHOLUOHQPLúWLU� 
�
 
Anahtar Kelimeler� ,VÕ�GH÷LúWLUJHFL��<DUÕNOÕ�NRQLN�KDOND�HOHPDQODU��ÕVÕ�WUDQVIHUL�� �6�UW�QPH�
IDNW|U� 

 
 

*LULú 
 
)DUNOÕ�VÕFDNOÕNWDNL�LNL�DNÕúNDQ�DUDVÕQGD�ÕVÕ�WUDQVIHULQL�VD÷OD\DQ�VLVWHPOHU�RODUDN�WDQÕPODQDQ�ÕVÕ�GH÷LúWLULFLOHUL��WHPHOGH�
ÕVÕWPD� YH� VR÷XWPD� ROPDN� �]HUH� VDQD\LQLQ� ELUoRN� DODQÕQda(otoPRWLY�� KDYDFÕOÕN�� HOHWURQLN�� NLP\D� YE� JLEL�� \D\JÕQ�
RODUDN� NXOODQÕOPDNWDGÕU�� ,VÕ� WUDQVIHULQL� DUWÕUPD\D� ilgi, özellikle HQG�VWUL\HO� JHOLúPH� LOH� RUDQWÕOÕ� RODUDN� KÕ]OD�
DUWPDNWDGÕU�� � 6RQ� \ÕOODUGD� KHU� NRQXGD� ROGX÷X� JLEL� ÕVÕ� GH÷LúWLULFLOHUL� NRQXVXQGD� GD� PDO]HPH� Ye enerji tasarrufu 
yapmak DPDFÕ\OD� ELUoRN� oDOÕúPD� \DSÕOPDNWDGÕU�� dDOÕúPDODUGD� NXOODQÕODQ� WHNQLNOHU�� aktif�GÕú� NXYYHWOHUH� LKWL\Do�
gösteren) ve pasif�GÕú� NXYYHWOHUH� LKWL\Do� J|VWHUPH\HQ��  olmak üzere iki NÕVPD� D\UÕOPDNWDGÕU��   Aktif tekniklerin 
büyük bölümü y�]H\� WLWUHúLPL�� DNÕúNDQ� WLWUHúLPL�� HOHNWURVWDWLN� DODQODU�� HQMHNVL\RQ�� HPPH�YH�PHNDQLN� \DUGÕPFÕODU�
JLEL� JUXSODUGÕU�� 3DVLI� WHNQLN� WLSOHUL� LVH� G|QPHOL� DNÕúODU�� JHQLúOHWLOPLú� \�]H\OHU�� S�U�]O�� \�]H\OHU�� VLVWHPH�
\HUOHúWLULOPLú� YH� \HUOHUL� GH÷LúWLULOHELOHQ� ÕVÕ� WUDQVIHULQL� DUWWÕUÕFÕ� W�UE�ODW|U� HOHPDQODUÕ� LOH� JD]� YH\D� VÕYÕODU� LoLQ� NDWNÕ�
PDGGHOHUL�JLEL�JUXSODUGÕU �<ÕOPD]�YH�DUN�������3URPYRQJH�YH�(LDPVD������  ,VÕ�WUDQVIHULQL�DUWÕUPDN�LoLQ�ÕVÕ�WUDQVIHU�
NDWVD\ÕVÕQÕQ� L\LOHúWLULOPHVL� VXUHWL\OH� Lo� LoH�ERUXOX� ÕVÕ� GH÷LúWLULFLOHULQLQ� Lo� ERUXVX� LoHULVLQH�GH÷LúLN� WLS� YH� úHNLOOHUGH�
HOHPDQODU� \HUOHúWLULOHUHN� oDOÕúPDODU� \DSÕOPÕúWÕU� =KX� YH� DUNDGDúODUÕ(1993) W�UE�ODQVOÕ� NDQDO� DNÕúÕQGD� W�UE�ODW|U�
oHúLWOHULQLQ�ÕVÕ�WUDQVIHUL�YH�DNÕú�ND\ÕSODUÕQGDNL�HWNLOHULQL�DUDúWÕUPÕú�YH�RUWDODPD�ÕVÕ�WUDQVIHUL����-���DUDVÕQGD�DUWWÕ÷Õ�
J|U�OP�úW�U(Zhu ve ark. 1993). $OJLIUL� YH�%KDUGZDM� LVH� WHVW� NÕVPÕQÕQ� JLULúLQGH� \HU� DODQ� E�N�OP�ú� NÕVD� úHULWOHULQ�
PH\GDQD�JHWLUGL÷L�W�UE�ODQVOÕ�G|QPHOL�DNÕúWDNL�ÕVÕ�WUDQVIHU�NDUDNWHULVWLNOHULQLQ�DQDOLWLN�ELU�LQFHOHPHVLQL�\DSWÕODU(Algifri ve 
ark., 1988).  <ÕOPa]� YH� DUNDGDúODUÕ(1999) ÕVÕ� GH÷LúWLULFLVL� LoHULVLQH� IDUNOÕ� DoÕODUD� J|UH� D\DUODQDELOHQ� W�UE�ODW|U�
\HUOHúWLUHUHN�D]DODQ�G|QPHOL�DNÕúGD�türbülatörün V�UW�QPH�IDNW|U��YH�ÕVÕ�WUDQIHUL��]HULQGHNL�HWNLVLQL�GHQH\VHO�RODUDN�
inceOHPLúOHUGLU� Pervane tip türbülatör ile d|QPHOL�DNÕú�ROXúWXUDUaN�ÕVÕ�WUDQVIHULQL�DUWÕUPDN�LoLQ�\DSÕODQ�oDOÕúPDODUGD 
$UJXQKDQ�YH�DUNDGDúODUÕ(2007)’QÕQ�oDOÕúPDVÕ�� Lo�LoH�ERUXOX�ÕVÕ�GH÷LúWLUJHFLQGH�ERUX�JLULúLQH�G|QHO�DNÕú�ROXúWXUPDN�
�]HUH�\HUOHúWLULOHQ�W�UE�ODW|UOHULQ�ÕVÕ�WUDQVIHULQH�YH�EDVÕQo�G�ú�ú�QH�HWNLVL�GHQH\VHO�RODUDN�DUDúWÕUÕOPDVÕ�LOH�LOJLOLGLU��
%X� DPDoOD� Lo� LoH� ERUXOX� ÕVÕ� GH÷LúWLUJHFLQLQ� Lo� ERUXVX� JLULúLQH� ���� DoÕOÕ� YH� �[�� PP� HEDGÕQGD� G�]J�Q� YH� oDSUD]�
VÕUDODQPÕú�GLNG|UWJHQ�JHRPHWULOL�GHOLNOHU�EXOXQDQ NDQDWOÕ�W�UE�ODW|UOHU�\HUOHúWLULOHUHN��W�UE�ODW|UOHULQ�ÕVÕ�WUDQVIHUL�YH�
EDVÕQo� G�ú�ú�QH� HWNLOHUL� IDUNOÕ�5H\QROGV� VD\ÕODUÕQGD� SDUDOHO� YH� ]ÕW� \|QO�� DNÕú için  GHQH\VHO� RODUDN� LQFHOHQPLúWLU� 
Behçet(1993), IDUNOÕ�DGÕPODUD�VDKLS�LNL�oHúLW�W�UE�ODQV�ROXúWXUXFX�eleman(helisel yay ve konik halka türbülatör)’Õ�ÕVÕ�
de÷LúWLULFLVLQH�\HUOHúWLUHUHN������LOH��5���DUDVÕQGD�GH÷LúHQ�RH\QROV�VD\ÕODUÕGDNL�HOHPDQODUÕQ�ÕVÕ�WUDQVIHUL�YH�EDVÕQo�
ND\EÕ�HWNLVLQL�WHUPRGLQDPLN�DQDOL]�\DSDUDN�DUDúWÕUPÕúWÕU�  .�o�N�YH�DUNDGDúODUÕ������� ERUX�JLULúLQH�\HUOHúWLUGLNOHUL�
EHú�DGHW�NRQLN�\�]H\�KDONDOÕ� W�UE�ODW|U� LOH� W�UE�ODQVOÕ� DNÕúWD�\DSPÕú�ROGXNODUÕ�GHQH\VHO� oDOÕúPDGD� ÕVÕ� WUDQVIHULQGH��
����DUWÕú�VD÷ODPÕúODUGÕU� 'XUPXú(2004)��Lo�LoH�ERUXOX�ÕVÕ�GH÷LúWLULFLQLQ�Lo�ERUXVX�LoHULVLQH�NHVLN�NRQLN�W�rbülatörler 
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\HUOHúWLULOHUHN�\DSWÕ÷Õ�GHQH\VHO�oDOÕúPDGD�� W�UE�ODW|UOHULQ� ÕVÕ� WUDQVIHUL��EDVÕQo�ND\EÕ�YH�HQHUML� DQDOL]Lni LQFHOPLúWLU� 
Konik-KDOND� W�UE�ODW|U� NXOODQÕODUDN� ����� LOH� ������ DUDVÕQGD� GH÷LúHQ� 5H\QROGV� VD\ÕODUÕQGD� \DSÕODQ� GHQH\VHO�
oDOÕúPDGD������H�NDGDU�ÕVÕ�WUDQVIHULQGH�DUWÕú�VD÷ODQPÕúWÕU(Promvonge, 2008). Yakut ve Sahin(2004), IDUNOÕ�NRQLNOLN�
DoÕODUÕQÕ� ED]� DODUDN� GH÷LúLN� NRQLN� W�UE�ODW|UOHU� LoLQ� W�UE�ODW|UOHULQ� ÕVÕ� WUDQVIHUL� YH� EDVÕQo� G�ú�P�� �]HULQGHNL�
HWNLOHULQL� LQHOHQPLúOHU� 6ÕFDN� DNÕúNDQ�RODUDN� KDYD� YH� VR÷XN� DNÕúNDQ�RODUDN� VX� NXOODQÕOÕS� ,VÕ� WUDQVIHULQL� DUDúWÕUPDN�
DPDFÕ\OD� \DSÕODQ�GL÷HU� oDOÕúPDODUGD�$\KDQ� YH� DUN�� ������dRPDNOÕ� YH� DUN�� ������ ,EHN�� ������� ÕVÕ� GH÷LúWLULFLQLQ� Lo�
ERUXVX� LoHULVLQH� IDUNOÕ� oDS�� DGÕP� YH� NRQLNOLN� DoÕVÕ� ED]� DOÕQDUDN� EHOLUOL� bir düzene göre gruplar halinde daralan-
JHQLúOH\HQ�\�]H\OHU�VLOLQGLULN�ERUX�LoHULVLQH�\HUOHúWLULOHUHN�GHQH\VHO�oDOÕúPDODU�\DSÕOPÕúWÕU��dDOÕúPDODUGD�HOGH�HGLOHQ�
VRQXoODUD� J|UH� ÕVÕ� WUDQVIHULQGH� ����-���� YH� EDVÕQo� G�ú�P�QGH� GH� �� NDW� LOH� ��� NDW� DUDVÕQGD� GH÷LúHQ� DUWÕúODU�
JHUoHNOHúPLúWLU� . 
%LU� ÕVÕ� GH÷LúWLULFLVLQLQ� HNRQRPLN� WDVDUÕPÕ� |QHPOL� ROXS�� FLKD]ÕQ� ÕVÕO� ND]DQFÕQÕQ� \DQÕQGD� ERUXODUGDNL� DNÕúNDQÕQ�
SRPSDODQPDVÕ� LoLQ�JHUHNOL� HQHUML� VDUIL\DWÕQÕQ�GD�GLNNDWH�DOÕQPDVÕ� JHUHNLU� 6LVWHPOHULQ�RSWLPXP�oDOÕúPD�DUDOÕ÷ÕQÕQ�
beOLUOHQPHVL�HQWURSL�UHWLP�ELULPLQLQ�KHVDSODQPDVÕ�LOH�P�PN�Q�ROPDNWDGÕU��,VÕ�GH÷LúWLULFL�HWNLQOL÷LQL�DUWÕUPDN�LoLQ�ÕVÕ�
WUDQVIHU�ND\ÕSODUÕ�YH�V�UWL�QPH�ND\ÕSODUÕQÕ�D]DOWDUDN�HQWURSL��UHWLP�ELULPL�PLQLPL]H�HGLOPHVL�LOH�RSWLPXP�ER\XWODU�
belirlenebilir(Çakmak ve <ÕOGÕ]��������dDNPDN�YH�DUN�������.  
%X� oDOÕúPDGD�� Lo� LoH� ERUXOX� ELU� ÕVÕ� GH÷LúWLULFLVLQGHNL� ÕVÕ� WUDQVIHUL� YH� EDVÕQo� G�ú�P�� GHQH\VHO� RODUDN� DUDúWÕUÕOGÕ��
7�UE�ODQV�ROXúWXUDUDN� ÕVÕ� WÕUDQVIHULQL�DUWWÕUÕFÕ� HOHPDQ�RODUDN, ELUELUOHUL� LOH�ED÷ODQWÕOÕ�����YH�����PP DGÕPODUÕQGDNL�
\DUÕNOÕ� NRQLN�KDOND� HOHPDQODU� NXOODQÕOGÕ��.XODQÕODQ� W�UE�ODQV�ROXúWXUXFX elemanlar, ÕVÕ� WUDQVIHULQL� DUWÕUÕUNHQ�EDVÕQo�
G�ú�P�Q��DUWÕUPDNWDGÕU� $QFDN�EDVÕQo�G�ú�P�Q�Q�DUWPDVÕ�LVWHQPH\HQ�ELU�GXUXPGXU��%X�QHGHQOH�NRQLN�HOHPDQODUÕQ�
oHYUHVLQH�\DUÕNODU�DoÕODUDN�EDVÕQo�G�ú�P�nün  DUWÕúÕ�HQJHOOHQHUHN minimum seviyeye indirLOPHVL�VD÷ODQGÕ. <DSÕODQ�
LúOHPLQ�WHUPRGLQDPLN�RODUDN�DYDQWDMOÕ�ROXS�ROPDGÕ÷ÕQÕ�EHOLUOHPHN�DPDFÕ\OD da VLVWHPLQ�HQWURSL��UHWLPL�KHVDSODQGÕ.                                            

 
 
'HQH\�'�]HQH÷L�YH�'HQH\VHO�<|QWHP 
 

ùHNLO� ��GH�GHQH\�G�]HQH÷LQLQ� úHPDWLN�J|U�Q�P��YHULOPLúWLU��'HQH\�G�]HQH÷L�� � KDYD� IDQÕ�� HOHNWULNOL� KDYD�
ÕVÕWÕFÕVÕ��SDUDOHO�YH�]ÕW�DNÕúOÕ�ÕVÕ�GH÷LúWLULFLVL���EDVÕQo�|OoHU�������YH�����PP�DGÕPODUD�VDKLS�\DUÕNOÕ�NRQLN�HOHPDnlar,  
VX�WDQNÕ�YH�GL÷HU�\DUGÕPFÕ�HOHPDQODU�LOH�|Oo�P�D\JÕWODUÕQGDQ�PH\GDQD�JHOPLúWLU��ùHNLO��
GH�J|U�OG�÷��JLEL�SDUDOHO�YH�
]ÕW�DNÕúOÕ�RODFDN�úHNLOGH�WDVDUODQDQ�YH�KDYDGDQ�VX\D�ÕVÕ�WUDQVIHULQLQ�JHUoHNOHúWL÷L�ÕVÕ�GH÷LúWLULFLVL��oDSODUÕ�IDUNOÕ�Lo�LoH�
JLUPLú�LNL�ERUX�VLVWHPLQGHQ�ROXúPDNWDGÕU���dHOLNWHQ�LPDO�HGLOPLú�GÕú�ERUX�LoHULVLQH�LoDSÕ����PP���HW�NDOÕQOÕ÷Õ���PP�
YH�ER\X������PP�RODQ�oHOLN�ERUX�\HUOHúWLULOPLúWLU��øoHULVLQGH�VÕFDN�DNÕúNDQ�JHoHQ�Lo�ERUX�GÕú�ERUX�LoHULVLQH�WLWL]OLNOH�
PHUNH]OHQPLúWLU�� ,VÕ� GH÷LúWLULFL� GHYUHVL� ÕVÕ� LOHWNHQOL÷L� G�ú�N� RODQ� PDO]HPHOHUOH� \DWDNODQDUDN� HVDV� DNÕú� GHYUHVL� LOH�
LUWLEDWÕ� VD÷ODQPÕúWÕU��dHYUH\H� RODQ� ÕVÕ� WUDQVIHULQL� HQJHOOHPHN� LoLQ� GH� ÕVÕ� GH÷LúWLULFLVL� L]ROH�PDGGHVL� �FDP� \|Q��� LOH�
WDPDPHQ�L]ROH�HGLOPLú�YH�GÕú�NÕVPÕ�DO�PLQ\XP�IRO\X�LOH�NDSODQDUDN�oHYUH�LOH�ÕVÕ�WUDQVIHUL�|QOHQPLúWLU��øo�YH�GÕú�ERUX�
DUDVÕQGD� DNDQ� VR÷XN� DNÕúNDQÕQ� SDUDOHO� YH� ]ÕW� DNÕúÕ� YH� VX� GHELVLQLQ� D\DUODPDVÕ� VLVWHPH� LODYH� HGLOHQ� YDQDODU� LH�
VD÷ODQPÕúWÕU� 

øON�|QFH�GHQH\�G�]HQH÷LQLQ� OLWHUDW�UGHNL�ERú� � ÕVÕ�GH÷LúWLULFL�VRQXoODUÕQÕ� VD÷OD\ÕS� VD÷ODPDGÕ÷ÕQÕ�DUDúWÕUPDN��
LoLQ� � NDOLEUH� GHQH\OHUL� \DSÕOPÕúWÕU�� 6RQXoODUÕQ� � J�YHQLUOLOL÷LQL� � VD÷ODPDN� DoÕVÕQGDQ� � GHQH\� � G�]HQH÷LQLQ��
SHUIRUPDQVODUÕ� � � OLWHUDW�UGH� YHULOHQ� ED÷ÕQWÕODUD� X\JXQ� � VRQXoODU� � HOGH� � HGLOGLNWHQ� � VRQUD� GHQH\� � � VRQXoODUÕQÕQ����
DOÕQPDVÕQD� � � � EDúODQPÕúWÕU�� � � � %Rú� ERUXGD� HOGH� HGLOHQ� VRQXoODU� LOH� OLWHUDW|U� VRQXoODUÕ� NDUúÕODúWÕUÕOGÕ÷ÕQGD� ����-10 
DUDVÕQGD�GH÷LúHQ�ELU�KDWD�SD\ÕQÕQ�ROX÷X�J|U�OP�úW�U��%XQXQ�VHEHEL� LVH� VLVWHPGHNL�NDoDNODU�YH�|Oo�P�KDWDODUÕQGDQ�
RODELOHFH÷L�WDKPLQ edimektedir 

 

International Science and Technology Conference, Dubai, 13-15 December 2012

778



ISTEC 20
12

 
 

ùHNLO��: 'HQH\�G�]HQH÷LQLQ�úHPDWLN�UHVPL 
 

 

                        
 

ùHNLO��:  ,VÕ�GH÷LúWLULFLVLQH�\HUOHúWLULOHQ�\DUÕNOÕ�NRQLN-KDOND�\�]H\�HOHPDQODUÕQ� genel boyut parametreleri
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'HQH\� G�]HQH÷LQGH� ÕVÕ� WUDQVIHU� HGLOHQ� DNÕúNDQ� RODUDN� VHoLOHQ� VX�� ELU� GLQOHQPH� WDQNÕQGDQ� NHQGL� VHUEHVW�
G�ú�V��LOH�DOÕQDUDN�ÕVÕ�GH÷LúWLULFLVLQH�JLUPHNWHGLU��$\UÕFD�VX\XQ�GHELVL�ELU�YDQD�\DUGÕPÕ\OD�D\DUODQDELOPHNWHGLU��6X\D�
ÕVÕ� DNWDUDQ� DNÕúNDQ�RODUDN� VHoLOHQ� KDYD�� KDYD� IDQÕ� WDUDIÕQGDQ�RUWDPGDQ� HPLOHUHN� KDYD� ÕVÕWÕFÕVÕQD� J|QGHULOPHNWHGLU��
%XUDGD�LVWHQHQ�VÕFDNOÕ÷D�NDGDU��ÕVÕWPD�VLVWHPH�ED÷OÕ�YDU\DN�\DUGÕPÕ\OD�\DSÕOPDNWDGÕU��6LVWHPH�JLUHQ�KDYD�PLNWDUÕ�GD��
ELU��YDQD��\DUGÕPÕ\OD��D\DUODQDUDN��ÕVÕWÕFÕ\D�J|QGHULOPHNWHGLU���,VÕWÕFÕGD�ÕVÕQDQ�KDYD�WHNUDU�RUWDPD�YHULOPHNWHGLU���Su  
LVH� ÕVÕ� GH÷LúWLULFLVLQLQ� Lo� ERUXVX� LOH� GÕú� � ERUXVX� � � DUDVÕQGDNL� � NDQDOGDQ� � � DNDUDN� ÕVÕQPDNWDGÕU�� ,VÕ� WUDQVIHULQLQ�
L\LOHúWLULOPHVL� DPDFÕ\OD� GHQH\� G�]HQH÷LQGH� NXOODQÕODQ� \DUÕNOÕ� NRQLN-KDOND� HOHPDQODUÕQ� JHQHO� ER\XWODUÕ� úHNLO-2 de 
YHULOPLú�RODQ�ELUELUOHUL� LOH�ED÷ODQWÕOÕ� IDUNOÕ� LNL� � DGÕPGD����PP�YH����PP��YH� W ���PP�NDOÕQOÕ÷ÕQGDNL�DO�PLQ\XP��
VDoGDQ���LPDO�HGLOPLúWLU��� 

'HQH\OHU�� |QFH� ERú� ERUX� ROPDN� �]HUH� IDUNOÕ� DGÕPODUGDNL� \DUÕNOÕ� NRQLN� HOHPDQODU� ÕVÕ� GH÷LúWLULFLVLQH�
\HUOHúWLULOHUHN��VLVWHP�ÕVÕ�EDNÕPÕQGDQ�NDUDUOÕ�KDOH�JHOGLNWHQ�VRQUD�\DSÕOPÕúWÕU��6LVWHPH�JLUHQ�KDYD�PLNWDUÕ�PDNVLPXP�
ROPDVÕ�LoLQ�ÕVÕWÕFÕ��LOH�IDQ��DUDVÕQGDNL��YDQD���WDPDPHQ���DoÕODUDN���LON���|Oo�POHUH�EDúODQPÕúWÕU��|Oo�POHU����GDNLNDGD�
ELU� IDUNOÕ� �GHELOHU� � LoLQ�DOÕQPÕúWÕU�� ,VÕ�G÷LúWLULFLVLQH� �JLren-oÕNDQ� �KDYD� �YH� �VX\XQ�VÕFDNOÕNODUÕ� LOH� ÕVÕ�GH÷LúWLULFLVLQLQ��
JLULú� YH� oÕNÕúÕQGD� KDYD� WDUDIÕQGDNL� FLGDU� VÕFDNOÕNODUÕ� EDNÕU-NRQVWDQWDQ� � WHUPRHOHPDQ� oLIWL� NXOODQÕODUDN� ELU� GLMLWDO��
VÕFDNOÕN��|OoHUL��\DUGÕPÕ�LOH��|Oo�OP�úW�U��'HQH\�G�]HQH÷LQH��JLUHQ�VX�GHbisi  dereceli  bir  kap  ve kronometre  ile  
EXOXQPXúWXU�� �$\UÕFD� GHQH\� HOHPDQODUÕQÕQ� JLULú-oÕNÕúÕ� DUDVÕQGDNL� EDVÕQo� IDUNÕ� � EDVÕQo� |OoHU�0DJQHWLF�'LIIHUHQWLDO�
3UHVVXUH� *DJHV�� \DUGÕPÕ\OD� EHOLUOHQPLúWLU�� +HU� ELU� GHQH\� ����� LOH� ������ DUDVÕQGD� GH÷LúHQ� �� IDUNOÕ� 5H\QROGV�
VD\ÕVÕQGD�JHUoHNOHúWLULOPLúWLU 

 
 
'HQH\�6RQXoODUÕQÕQ�+HVDEÕ 
 

'HQH\��|Oo�POHULQLQ���KHVDSODQPDVÕQGD���NXOODQÕODQ���KDYDQÕQ�IL]LNVHO�|]HOOLNOHUL���ÕVÕ��GH÷LúWLULFLVLQH��JLUHQ-
oÕNDQ��KDYDQÕQ�DUÕWPHWLN�RUWDODPD�VÕFDNOÕNODUÕQD��J|UH��DOÕQPÕúWÕU���+HUELU�GXUXP�LoLQ�VX\XQ�N�WOHVHO�GHELVL��KDYDQÕQ�
VX\D��YHUGL÷L��ÕVÕ�PLNWDUÕ��KDYDQÕQ��N�WOHVHO��GHELVL���KDYD��KÕ]Õ���KDYD��LoLQ�5H\QROGV��VD\ÕVÕ����ORJDULWPLN���RUWDODPD�
VÕFDNOÕN� � IDUNÕ�� �KDYDQÕQ� � ÕVÕ� � WDúÕQÕP� �NDWVD\ÕVÕ�� �1XVVHOW� VD\ÕVÕ� YH� � HQWURSL� ��UHWLPL� �GH÷HUOHUL� � LoLQ� �KHVDSODPDODU�
\DSÕOPÕúWÕU�� 
 
7HUPRGLQDPL÷LQ�ELULQFL�NDQXQXQD�J|UH��VÕFDN�DNÕúNDQÕQ�YHUGL÷L�ÕVÕ�VR÷XN�DNÕúNDQ�WDUDIÕQGDQ�WUDQVIHU�HGLOGL÷L�NDEXO�
HGLOHUHN�SDUDOHO�DNÕúOÕ�ÕVÕ�GH÷LúWLULFLVL�LoLQ�DOÕQDQ�YH\D�YHULOHQ�ÕVÕ�PLNWDUÕ� 
 

)()(mQ h VoVJ3VVKoKJ3K 77&P77& � �                  (1)      
 
ED÷ÕQWÕVÕ�LOH�YH�KDYD�LoLQ�5H\QROGV�VD\ÕVÕ�LVH 
 

 mU .dRe
Ȟ

                                 (2) 

HúLWOL÷L�LOH�KHVDSODQPÕúWÕU� 
 
2UWDODPD�ÕVÕ� WUDQVIHUL�NDWVD\ÕVÕ��DNÕúNDQODU�DUDVÕQGD�WUDQVIHU�HGLOHQ�ÕVÕ�PLNWDUÕQÕQ�DNÕú�NHVLWL�YH�ORJDULWPLN�RUWDODPD�
VÕFDNOÕN�IDUNÕQD�E|O�QPHVL�LOH�EXOXQPXúWXU�� 
 

  
m

m TA
Qh
'

                       (3)         

 
%XUDGDNL�$��VÕFDN�DNÕúNDQÕQ�JHoWL÷L�NHVLW�DODQÕQÕ�YH��ǻ7m LVH�KDYD�LOH�GXYDU�DUDVÕQGDNL�ORJDULWPLN�RUWDODPD�VÕFDNOÕN�
IDUNÕ�ROXS�úX�úHNLOGH�LIDGH�HGLOPHNWHGLU������ 
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'                     (4)                       

2UWDODPD�1XVVHOW�VD\ÕVÕ�� LQFH�FLGDU�\DNODúÕPÕQGDQ�ERUX�NDOÕQOÕ÷ÕQÕQ� ÕVÕO�GLUHQFL� LKPDO�HGLOHUHN�YH�\DOQÕ]FD�DNÕúNDQ�
VÕFDNOÕ÷ÕQGDQ�ID\GDODQÕOPDN�VXUHWL\OH��� 
�

  m
m

hNu G
N

                            (5) 
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7HRULN�1XVVHW�6D\ÕVÕ�DúD÷ÕGD�YHULOHQ��'LWWXV-%RHOWHU�HúLWOL÷LQGHQ�\DUDUODQÕODUDN�KHVDSODQPÕúWÕU>�8]. 
 
NuT = 0,023 Re0,8  Pr1/3                (6) 
 
,VÕ�GH÷LúWLULFL�LOH�oHYUH�DUDVÕQGD�ÕVÕ�WUDQVIHUL�LKPDO�HGLOHUHN�VLVWHPH�DLW�HQWURSL���UHWLPL�GH÷HUL��LVH�� 
 
ĝ� �PhCphln(Thç/Thg)+ msCpsln(Tsç/Tsg)-[mh(v/T)hǻ3h + ms(v/T)sǻ3s]                        (7) 
 
ED÷ÕQWÕVÕ�NXOODQÕODUDN��KHVDSODQPÕúWÕU(Yüncü, 1990). 
 
 
Sonuçlar ve WDUWÕúPD 
 

IVÕ�GH÷LúWLULFLlerinde ÕVÕ�WDQIHUIHU�DUWÕúÕQÕ�EHOLUOH\HQ�GH÷HU�1XVVHOW�VD\ÕVÕGÕU��ùHNLO��¶GH�ioL�ERú�ÕVÕ�GH÷LúWLULFLVL�
ile \DUÕNOÕ�NRQLN�HOHPDQ�\HUOHúWLULOPLú�ÕVÕ�GH÷LúWLULFL�LoLQ�1XVVHOW�VD\ÕVÕQÕQ�QRPLQDO�5H\QROGV�VD\ÕVÕQD�ED÷OÕ�GH÷LúLPL�
J|VWHULOPLúWLU��ùHNLOGHQ�GH�J|U�OG�÷��JLEL�\DUÕNOÕ�NRQLN�HOHPDQODUÕQ�NXOODQÕOPDVÕ�VRQXFX�PH\GDQD�JHOHQ�� W�UE�ODQV�
QHGHQL\OH�VÕQÕU�WDEDND�LQFHOHUHN�ÕVÕ�WUDQVIHULQGH�DUWÕú�ROPXúWXU�� 
 

Parallel flow
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Counter flow
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ùHNLO��:  1XVVHOW�VD\ÕVÕQÕQ�5H\QROGV�6D\ÕVÕ�LOH�GH÷LúLPL 

 
<DUÕNOÕ� NRQLN� HOHPDQ� LoHUHQ� ÕVÕ� GH÷LúWLULFLVL� LOH� \DUÕNOÕ� NRQLN� HOHPDQ� LoHUPH\HQ� ÕVÕ� GH÷LúWLULFLVL�

NDUúÕODúWÕUÕOGÕ÷ÕQGD��RUWDODPD��RODUDN�1XVVHOW�VD\ÕVÕQGD�LoL�ERú�ÕVÕ�GH÷LúWLULFLVLQH�J|UH�SDUDOHO�DNÕúWD��ELULQFL�WLS�\DUÕNOÕ 
NRQLN�HOHPDQGD�������LNLQFL�WLS�\DUÕNOÕ�NRQLN�HOHPDQGD�������DUWÕú�VD÷ODQÕUNHQ�]ÕW�DNÕúWD�VÕUDVÕ\OD�����YH�����DUWÕú�
oOPXúWXU�� �'�ú�N�5H\QROGV� VD\ÕODUÕQGD� \DUÕNOÕ� NRQLN� HOHPDQODUÕQ� ÕVÕ� WUDQVIHUL� �]HULQGHNL� HWNLVL� D]� ROPDNWD� DQFDN�
5H\QROGV� VD\VÕVÕQÕQ� DUWPDVÕ� EX� HWNL� JLGHUHN� DUWPDNWDGÕU�� 7�P� GH÷HUOHULQ� RUWDOPDVÕ� DOÕQGÕ÷ÕQGD� ÕVÕ� WUDQVIHULQGH�
PH\GDQD�JHOHQ�DUWÕú�PLNWDUÕ�����FLYDUÕQGD�ROPXúWXU� 

 
 ùHNLO� �¶GH� ÕVÕ� GH÷LúWLULFLVL� ER\XQFD� EDVÕQo� � G�ú�ú�� � � QRPLQDO� � 5H\QROGV� VD\ÕVÕQÕQ� � IRQNVL\RQX� � RODUDN��

oL]LOPLúWLU��<DUÕNOÕ�Nonik eleman bulunduran ÕVÕ�GH÷LúWLULFLVLQLQ��EDVÕQo��ND\ÕSODUÕ�ile LoL�ERú�ÕVÕ�GH÷LúWLULFLVLQLQ�EDVÕQo�
ND\ÕSODUÕ�NDUúÕODúWÕUÕOGÕ÷ÕQGD�\DNODúÕN�D\QÕ�5H\QROGV�VD\ÕODUÕQGD�SDUDOHO�DNÕú�GXUXPX�LoLQ� birinci tip konik elemanda  
%245, ikinci tip konik elemanda ise %160, ]ÕW� DNÕúGD� LVH� VÕUDVÕ\OD� ������ YH����� DUWÕú� ROPXúWXU�� ùHNLO� �� GHNL�
JÕUDILNOHU� LQFHOHQGL÷LQGH� \DUÕNOÕ konik halka yüzey elemanlarÕQ� DGÕPÕ� DUWPDVÕ� LOH� EDVÕQo� ND\ÕSODUÕQGD� GD� � D]DOPD�
olmaROGX÷X�J|U�OHFHNWLU�  

,VÕ�WUDQVIHUL�LúOHPOHUL�GR÷DO�RODUDN�WHUVLQPH]�V�UHNOL�HQWURSL��UHWHQ��YH��\DUDUOÕ�HQHUML\L�\RN�HGHQ�LúOHPOHUGLU��
%X� QHGHQOH� ÕVÕ� WUDQVIHUL� LúOHPOHULQLQ� \DUDUOÕ� HQHUML\L� QDVÕO� LVUDI� HWWL÷LQL� YH� EX� LVUDIÕ� HQ� D]D� LQGLUPHN� LoLQ� QHOHULQ�
\DSÕOPDVÕ�JHUHNWL÷LQL�ELOPHN�YH�NRQYHNVL\RQOD�ÕVÕ�WUDQVIHULQGH�HQWURSL��UHWLPLQL�HQ�D]D�LQGLUPHNOH�P�PN�QG�U(Ko 
ve Ting 2005, Behçet ve ark., 2011, Argunhan ve ark., 2011,). %LU� ÕVÕ� GH÷LúWLULFLVL� LQFHOHQLUNHQ� LNLQFL� NDQXQD�
GD\DQDQ� HQWURSL� �UHWLPL� ELULPL� LOH� DoÕNODQPDVÕ�� HQHUMLQLQ� YHULPOL� ELU� úHNLOGH� NXOODQÕOPDVÕ� DoÕVÕQGDQ� \DUDUOÕ�
RODFD÷ÕQGDQ� � úHNLO� �
GH� LVH� � IDUNOÕ� DGÕPODUGDNL� \DUÕNOÕ� konik halka yüzey elemanlara ait   entropi  üretiminin   
5H\QROGV� VD\ÕVÕQD� ED÷OÕ� RODUDN� GH÷LúLPL� oL]LOPLúWLU�� ùHNLOlerGHQ� GH� J|U�OHFH÷L� JLEL� konik eleman LoHUPH\HQ� ÕVÕ�
GH÷LúWLULFLVLQLQ��HQWURSL��UHWLPL�NRQLN�HOHPDQ�LoHUHQ�ÕVÕ�GH÷LúWLULFLVLQH�J|UH� KHU�LNL�GXUXPGD�GD�GDKD�ID]OD�ROPXúWXU��
Yani türbüODW|UOHULQ� NXOODQÕOPDVÕ� LOH� HQWURSL� �UHWLPLQGH� D]DOPD� PH\GDQD� JHOPLúWLU�� %X� D]DOPD� PLNWDUÕ� ortalama 
olarak SDUDOHO� DNÕú� GXUXPGD %15,4 olurken ]ÕW� DNÕú� GXUXPXQGD� ����� ROPXúWXU�� 'ROD\ÕVÕ\OD� NRQLN� HOHPDQODUÕQ�
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NXOODQÕOPDVÕ\OD�HQWURSL��UHWLPLQGH�PH\GDQD�JHOHQ�D]DOPD�GLNNDWH�DOÕQGÕ÷ÕQGD�\DUÕNOÕ�NRQLN�HOHPDQODUÕQ�NXOODQÕOPDVÕ�
ile \DSÕODQ� L\LOHúWLUPH�WHNQL÷L����WHUPRGLQDPLN���RODUDN����DYDQWDMOÕ����ROGX÷X�V|\OHQHELOLU� 
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Counter flow
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ùHNLO��: %DVÕo�G�ú�ú�Q�Q��5H\QROGV�6D\ÕVÕ�LOH�GH÷LúLPL 
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Counter flow
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ùHNLO��: Entropi Üretiminin  Re\QROGV�6D\ÕVÕ��LOH�GH÷LúLPL 
Sonuç 
 
6RQXo� ROUDUDN� \DUÕNOÕ� NRQLN� W�UE�ODW|UOHU� Lo� LoH� ERUXOX� ÕVÕ� GH÷LúWLULFLVLQLQ� � Lo� ERUXVXQXQ� LoHULVLQH� \HUOHúWLULOHUHN�
\DSÕODQ�oDOÕúPDGD�türbülatörler VD\HVLQGH�DNÕúNDQD�W�UE�ODQV�ND]DQGÕUÕODUDN�ÕVÕ�WUDQVIHULQGH�L\LOHúPHOHU VD÷ODQPÕúWÕU� 
7�UE�ODW|UO�� ÕVÕ� GH÷LúWLULFLVL� LOH� W�UE�ODW|UV�]� ÕVÕ� GH÷LúWLULFLVL� NDUúÕODúWÕUÕOGÕ÷ÕQGD�� Würbülatörlerin sisteme ilave 
edilmesi ile DNÕúNDQD� ND]DQGÕUÕODQ� W�UE�ODQV LOH� W�UUE�ODW|UV�]� ÕVÕ� GH÷LúWLULFLVLQH� QD]DUDQ ÕVÕ� WUDQVIHULQGH ortalama 
olarak, %.70 FLYDUÕQGD artma ROPXúWXU�� %X�DUWPD�PLNWDUÕ�SDUDOHO�DNÕú�GXUXPXQD�QD]DUDQ�]ÕW�DNÕúWD��6,67 daha fazla 
ROPXúWXU��(QWURSL��UHWLPL��ÕVÕ�WUDQVIHUL�LúOHPOHULQLQ�NXOODQÕODELOLUOLOL÷LQLQ�ELU göstergesidir. Bu nedenle, EX�oDOÕúPDGD�
ÕVÕ� GH÷LúWLULFLVLQH� \HUOHúWLULOHQ� \DUÕNOÕ� NRQLN� W�UE�ODW|UOHUin enropi üretimi �]HULQGHNL� HWNLVL� LQFHOHQPLú� YH�
türbüllatörsüz duruma göre türbülatörlü durumda entropi ürtiminde RUWDODPD� RODUDN� � ���� FLYDUÕQGD� D]DOPD�
VD÷ODQPÕúWÕU��7�UE�ODW|UO��VLVWHPOHULQ�SDVLI�\|QWHPOH� ÕVÕ� WUDQVIHULQLQ� L\LOHúWLULOPHVL�DoÕVÕQGDQ�ROGXNoD�HWNLOL�ROGX÷X�
YH� LúOHWPH� DoÕVÕQGDQ� ID\GDOÕ� ROGX÷X� J|U�OPHNWHGLU�� %|\OHFH�� W�UE�ODQV� ROXúWXUXFX� HOHPDQODUÕQ NXOODQÕPÕ� LOH� GDKD�
N�o�N�ER\XWOX� VLVWHPOHULQ� WDVDUÕPÕ� VD÷ODQDELOGL÷L� JLEL� VLVWHPLQ� YHULPL� L\LOHúWLULOHUHN� HQHUML� W�NHWLPLQLQ� D]DOWÕOPDVÕ�
P�PN�Q�RODFDNWÕU� 
 
 
Semboller 
 
Cp  �6DELW�EDVÕQoWDNL�|]J�O�ÕVÕ�-�NJ.� 
d�  %RUX�oDSÕ��PP� 
ǻTM  /RJDULWPLN�RUWDODPD�VÕFDNOÕN�IDUNÕ���&� 
KP  2UWDODPD�ÕVÕ�WUDQVIHU�NDWV\ÕVÕ��:�P2 K) 
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k = ,VÕ�LOHWLP�NDWVD\ÕVÕ��:�P�.� 
/� �,VÕ�GH÷LúWLUicisi boyu(m) 
mh  �+DYDQÕQ�N�WOHVHO�GHELVL��NJ�V� 
ms = Suyun kütlesel debisi (kg/s) 
Nu = Nusselt number 
ǻ3� �%DVÕQo�G�ú�P���Pa) 
3 =<DUÕNOÕ�NRQLN�HOHPDQ DGÕPÕ��PP� 
3U� �3UDQGWO�VD\ÕVÕ 
Qh� +DYDQÕQ�YHUGL÷L�ÕVÕ���:� 
QV� 6X\XQ�DOGÕ÷Õ�ÕVÕ��:� 
5H� �5H\QROGV�VD\ÕVÕ 
ĝ� �(QWURSL��UHWLPL 
Thg  �+DYD�JLULú�VÕFDNOÕ÷Õ���&� 
Thç = +DYD�oÕNÕú�VÕFDNOÕ÷Õ���&� 
Tsg �6X�JLULú�VÕFDNOÕ÷Õ���&� 
Tsç  �6X�oÕNÕú�VÕFDNOÕ÷Õ���&� 
U�  �2UWDODPD�DNÕúNDQ�KÕ]Õ�P�V� 
Ȟ = Kinematik viskozite(m2/s) 
ȡ = Özgül kütle(kg/m3)  
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)ÕUDW�8QLYHUVLW\�'HSDUWPHQW�RI�,QIRUPDWLFV��(OD]Õ÷�7XUNH\�

HUKDQDNEDO#ILUDW�HGX�WU�
)ÕUDW�hQLYHUVLWHVL�0�K��)DN��<D]ÕOÕP�0�KHQGLVOL÷L�%|O�P���(OD]Õ÷�7�UNL\H�

)ÕUDW�8QLYHUVLW\�)DFXOW\�RI�(QJLQHHULQJ��'HSDUWPHQW�RI�6RIWZDUH�(QJLQHHULQJ��(OD]Õ÷�7XUNH\�
PXVWDIDXODV#ILUDW�HGX�WU�

�
�

g]HW�� %�\�N� NXUXP� YH� NXUXOXúODUGD� JHOHQ� JLGHQ� HYUDNODUÕQ� WDNLEL� YH� ND\ÕW� V�UHoOHUL� NXUXP�
SHUVRQHOOHUL� LoLQ� ROGXNoD� E�\�N� ELU� VRUXQ� WHúNLO� HWPHNWHGLU�� %HOJHOHULQ� ND\EROPDVÕ�� ]DPDQÕQGD�
LúOHP�\DSÕODPDPDVÕ��LVWHQLOHQ�HYUDND�DQÕQGD�XODúÕOPDPDVÕ�HQ�E�\�N�VRUXQODUÕQ�EDúÕQGDGÕU��<DSÕODQ�
oDOÕúPD� LOH� NXUXPODUGD� HYUDNODUÕQ� HOHNWURQLN�RUWDPD�DNWDUÕOPDVÕ� VD÷ODQDUDN�� EHOLUWLOHQ� VRUXQODUÕQ�
RUWDGDQ�NDOGÕUÕOPDVÕ�DPDoODQPÕúWÕU��dDOÕúPD�ZHE�WDEDQOÕ�RODUDN�JHUoHNOHúWLULOPLúWLU��øVWHPFL�VXQXFX�
PLPDULVL� NXOODQPDGDQ� LQWHUQHW� ED÷ODQWÕVÕ� YH� ZHE� WDUD\ÕFÕVÕ� EXOXQDQ� KHUKDQJL� ELU� ELOJLVD\DUGDQ�
NXOODQÕODELOPHVL� VD÷ODQPÕúWÕU�� %|\OHFH� NXUXP� YH� NXUXOXúODUÕQ� KHUKDQJL� ELU� GRQDQÕP�PDOL\HWL� YH�
LQVDQ�ND\QD÷ÕQD�JHUHN�GX\PDGDQ�NXOODQPDVÕ�DPDoODQPÕúWÕU��9HUL�WDEDQÕ�\|QHWLP�RODUDN�06�64/�
6HUYHU��SURJUDPODPD�GLOL�RODUDN�$63�$FWLYH�6HUYHU�3DJHV��NXOODQÕOPÕúWÕU��*HUoHNOHúWLULOHQ�\D]ÕOÕP�
ELU�GHYOHW��QLYHUVLWHVLQGH�NXOODQÕOPDNWDGÕU��
�

� � $QDKWDU�.HOLPHOHU��(YUDN�7DNLS��<D]ÕOÕP��:HE�7DEDQOÕ�<D]ÕOÕPODU�
�

$EVWUDFW�� ,Q� ODUJH� FRUSRUDWLRQV� DQG� LQVWLWXWLRQV� WUDFNLQJ� DQG� FDWDORJLQJ� SURFHVVHV� RI�
FRUUHVSRQGHQFH� GRFXPHQWV� DUH� FDXVLQJ� WURXEOHV� IRU� WKH� VWDII� ZRUNLQJ� WKHUH�� 'LVDSSHDULQJ�
GRFXPHQWV��RYHUGXH�SURFHVVHV�DQG�GLVDELOLW\�WR�JHW�WKURXJK�WR�D�UHFRUG�LQ�WLPH�DUH�FKLHIV�DPRQJ�WKH�
ELJJHVW�SUREOHPV�� ,Q� WKLV� VWXG\�� LW� LV�DLPHG� WR�SXW� WKHVH�PHQWLRQHG�SUREOHPV�DZD\�E\�PHDQV�RI�
GHOLYHULQJ�UHFRUGV�IURP�GHVN�WR�HOHFWURQLF�HQYLURQPHQW��7KH�VWXG\�KDV�EHHQ�SHUIRUPHG�DV�D�ZHE�
EDVHG�DSSOLFDWLRQ��7KH�VWXG\�KDV�HQDEOHG� WKLV�DSSOLFDWLRQ� WKURXJK�DQ\�FRPSXWHU�ZLWK�DQ� LQWHUQHW�
FRQQHFWLRQ�DQG�D�ZHE�EURZVHU�ZLWKRXW�FOLHQW�VHUYHU�DUFKLWHFWXUH��$V�D�FRQVHTXHQFH��LW�LV�DLPHG�WKDW�
FRUSRUDWLRQV�DQG�LQVWLWXWLRQV�KDYH�WKH�DYDLODELOLW\�WR�XVH�WKH�DSSOLFDWLRQ�ZLWKRXW�WKH�QHHG�WR�H[WUD�
VWDII�DQG�DQ\�QHZ�KDUGZDUH�FRVW��06�64/�6HUYHU�KDV�EHHQ�XVHG�DV�GDWDEDVH�PDQDJHPHQW��DQG�$63�
�$FWLYH�6HUYHU�3DJHV��KDV�EHHQ�XVHG�DV�SURJUDPPLQJ�ODQJXDJH��7KH�RXWFRPH�VRIWZDUH�LV�FXUUHQWO\�
EHLQJ�XVHG�LQ�D�VWDWH�XQLYHUVLW\��
�

� � �
� � .H\ZRUGV��'RFXPHQW�7UDFNLQJ��6RIWZDUH��:HE�%DVHG�6RIWZDUH�
�
���*LULú�
�
� *�Q�P�]GH�LQWHUQHW�YH�WHNQRORMLOHULQGHNL�KÕ]OÕ�JHOLúPHOHU�EHUDEHULQGH�ELUoRN�ID\GD\Õ�JHWLUPLúWLU��%X�ID\GDODUÕQ�
NXOODQÕODELOHFH÷L�ELU�DODQGD��NDPX�NXUXP�YH�NXUXOXúODUÕQGD�\ÕOODUGÕU�NODVLN�\|QWHPOHUOH�JHUoHNOHúWLULOHQ�HYUDN�YH�EHOJH�
LúOHPOHULQLQ�GLMLWDO�RUWDPD�DNWDUÕOPDVÕ�\|QWHPLGLU��.ÕOÕoDUVODQ����������g]HOOLNOH�NDPX�NXUXPODUÕQGD�YH�ELUoRN�Lú�DODQÕQGD�
LKWL\Do� GX\XODQ� LúOHPOHU� ELOJLVD\DUODU� �]HULQGHQ� YH� ZHE� RUWDPÕQGDQ� \DSÕOPDNWDGÕU�� .XUXPODUÕQ� EX� DODQGD� HQ� E�\�N�
LKWL\DFÕ�ELOJL�YH�EHOJHOHULQLQ�VDNODQDELOPHVL�� LVWHQLOGL÷LQGH�XODúÕODELOPHVL�YH�G�]HQOL�DUúLYOHQHELOPHVLGLU��%X�LKWL\DoODU�
GR÷UXOWXVXQGD�NXUXP�ELOJL�LúOHP�ELULPOHUL�EX�VRUXQODUD�o|]�P��UHWPHN�LoLQ�V�UHNOL�oDED�J|VWHUPHNWHGLU��

(YUDN�NDYUDPÕ�V|]O�N�DQODPÕ�RODUDN�ND÷ÕW�\DSUDNODUÕ��EDVÕOÕ�ND÷ÕW��NLWDS�VD\IDODUÕ��\D]ÕOPÕú�NLWDSODU��PHNWXSODU�
YH\D�\D]ÕODU�RODUDN�LIDGH�HGLOPHNWHGLU��7�UN�'LO�.XUXPX�7�UNoH�6|]O�N��� � 'L÷HU�ELU�DQODPÕ�YH�EL]LP�LoLQ�|QHPOL�RODQ�LVH�
5HVPL�NXUXPODUGD�LúOHP�J|UHQ�EHOJHOHUGLU��%X�NDSVDP�LoHULVLQH�NXUXPODU�DUDVÕ�\D]ÕúPDODU��JHUoHN�NLúL�LOH�NXUXP�\DGD�
NXUXP� LOH� JHUoHN� NLúLOHU� DUDVÕQGDNL� W�P�EHOJHOHU� JLUPHNWHGLU� ������� VD\ÕOÕ�5HVPL�*D]HWH��� � %X� \D]ÕODUÕQ� DPDFÕ� ELOJL�
LVWH÷L��ELOJL�YHUPH��EHOJH�LVWHPH�YE��úHNLOOHUGH�RODELOPHNWHGLU��� �

(YUDN�WDNLS�NDYUDPÕ�LVH�ELU�NXUXPD�JHOHQ�\D�GD�NXUXPGDQ�oÕNDQ�HYUDNODUÕQ�W�P�V�UHoOHULQLQ�ND\ÕW�DOWÕQD�DOÕQPDVÕ�
YH�WDNLS�HGLOPHVL�RODUDN�WDQÕPODQPDNWDGÕU��(YUDNÕQ�W�U�QH�YH�DPDFÕQD�EDNÕOPDNVÕ]ÕQ�GHYOHW�NXUXPODUÕQÕQ�HYUDNÕQ�W�P�
GRODúÕPÕQÕ� ND\ÕW� DOWÕQD� DOPDVÕ� JHUHNPHNWHGLU�� .D\ÕW� DOWÕQD� DOPD� LúOHPL� HYUDNODUÕQ� oHúLWOL� D\ÕUW� HGLFL� |]HOOLNOHUL� LOH�
VD÷ODQPDNWDGÕU�� �
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.ODVLN� \|QWHPOHU� LOH� HYUDN� WDNLS� YH� ND\ÕW� �(7.�� LúOHPOHUL� NXUXPODUGD� HYUDN� ND\ÕW� GHIWHUOHULQGH� \DGD� EDVLW�
ELOJLVD\DU�GRV\DODUÕQGD�\DSÕOPDNWDGÕU��%X�\|QWHPOHUGH�V�UHo�LúOHVH�GH�ELUoRN�LVWH÷L�NDUúÕODPDNWDQ�ROGXNoD�\RNVXQGXU��
gUQH÷LQ�KHUKDQJL�ELU�HYUDND�XODúÕOPDN�LVWHQGL÷LQGH�HYUDN�DUúLYGHNL�GHIWHUOHUGHQ�DUDQDFDN��ND\ÕW�QXPDUDODUÕ�YH�EHQ]HUL�
ELOJLOHUH�XODúÕOGÕNWDQ�VRQUD��HYUDNÕQ�G|QJ��V�UHFLQGHNL�W�P�GHIWHUOHUGHQ�DNÕEHWL�LOH�LOJLOL�ELOJLOHUH�XODúÕOPD\D�oDOÕúÕODFDNWÕU��
%XGD�]DPDQ��GR÷UXOXN��KÕ]OÕ�HULúLP�JLEL�ELUoRN�GXUXPD�HQJHO�ROPDNWDGÕU�� �
(OHNWURQLN� RODUDN� HYUDNODUÕQ� ND\ÕW� YH� WDNLS� LúOHPOHULQLQ� \DSÕOPDVÕ� GXUXPXQGD� HYUDNÕQ� NXUXPGDNL� W�P� V�UHoOHULQLQ�
ELOJLVD\DUODU� �]HULQGHQ� WDNLS� HGLOHELOPHVL�� VDNODQDELOPHVL�� LVWHQLOGL÷LQGH�XODúÕODELOPHVL� VD÷ODQDELOPHNWHGLU��%X� DODQGD�
GDKD�|QFHGHQ�\DSÕODQ�oDOÕúPDODUGD�JHQHOOLNOH�o|]�P�QHVQH�WDEDQOÕ�\D]ÕOÕP�o|]�POHUL\OH�VD÷ODQPD\D�oDOÕúÕOPÕúWÕU��1HVQH�
WDEDQOÕ� JHUoHNOHúWLULOHQ� \D]ÕOÕPODU� NXUXPODUD� EHOLUOL� ID\GDODU� VD÷ODVD� GD�� LVWHQLOHQ� \HUGH� YH� ]DPDQGD� ELOJL\H�
XODúÕODPDPDVÕ�� NXOODQÕFÕ� ELOJLVD\DUODUÕQD� NXUXOPDVÕ� JHUHNOLOL÷L�� EHOLUOL� GRQDQÕP� DOW\DSÕVÕ� JHUHNVLQLPL� JLEL� VRUXQODUÕ�
EHUDEHULQGH�JHWLUPLúWLU��<ÕOGÕ]WHSH���������%X�oDOÕúPDGD�NXUXPODUÕQ�EHOLUWLOHQ�VRUXQODUÕQÕ�RUWDGDQ�NDOGÕUDFDN�ZHE�WDEDQOÕ�
ELU� HYUDN�ND\ÕW� YH� WDNLS� \D]ÕOÕPÕ�JHUoHNOHúWLULOPLúWLU��<D]ÕOÕPGD�YHUL� WDEDQÕ� RODUDN�06�64/� VHUYHU�� SURJUDPODPD�GLOL�
RODUDN�GD�$63�SURJUDPODPD�GLOL�NXOODQÕOPÕúWÕU��<D]ÕOÕP�HOHNWURQLN�LP]D�HQWHJUDV\RQX��%R\DFÕ��������YH�GL÷HU�NXUXPODUOD�
HYUDN�DOÕúYHULúLQLQ�VD÷ODQDELOPHVL�LoLQ�JHOLúWLULOHELOHFHN�\DSÕGDGÕU��
�
���(YUDN�7DNLS�YH�.D\ÕW�6�UHFL�
�
� .XUXPODUGD�(7.� V�UHoOHUL� EHOLUOL� ELU� VLVWHPDWL÷H� J|UH� LúOHPHNWHGLU��.XUXPODU� NHQGLOHULQH� JHOHQ� YH� JLGHQ� W�P�
HYUDN�ELOJLOHULQH�EHOLUOL�]DPDQODUGD�LKWL\Do�GX\DELOPHNWHGLU��.XUXPXQ�\DSWÕ÷Õ�\D]ÕúPDODU�oR÷XQOXNOD�ELU�|QFHNL�\D]ÕQÕQ�
GHYDPÕ�\DGD�FHYDEÕ�QLWHOL÷LQGHGLU��<ÕOGÕ]WHSH���������.XUXPD�JHOHQ�HYUDN�DQD�HYUDN�ND\ÕW�ELULPL�WDUDIÕQGDQ�DOÕQPDNWD�YH�
EXUDGDQ� KHGHI� DOW� ELULPOHUH� J|QGHULOPHNWHGLU�� $OW� ELULPOHUH� JLGHQ� HYUDNODU� H÷HU� EDúND� ELU� DOW� ELULPH� J|QGHULOPHVL�
JHUHNL\RUVD� GL÷HU� DOW� ELULPH�� NXUXPGDQ� GÕúDUÕ\D� JLWPHVL� JHUHNL\RUVD� HYUDN� ND\ÕW� ELULPLQH� J|QGHULOHUHN� KHGHILQH�
J|QGHULOPHNWHGLU��6�UHFLQ�LúOH\LúL�ùHNLO��¶GH�J|VWHULOPHNWHGLU��*HUoHNOHúWLULOHQ�\D]ÕOÕP�LOH�EHOLUWLOHQ�V�UHoOHUGHNL�HYUDN�
ND\ÕW�ELULPLQLQ�YH�DOW�ELULPOHULQ�NXOODQÕPÕ�VD÷ODQPDNWDGÕU��.XUXPGDQ�NXUXP�GÕúÕQD�J|QGHULOHFHN�HYUDNODU�LVH�HYUDN�ND\ÕW�
ELULPLQGHQ�KHGHILQH�J|QGHULOPHNWHGLU��$\UÕFD�HYUDNODU�NXUXP�LoL�HYUDN�GD�RODELOPHNWHGLU��$OW�ELULPGHQ�oÕNDQ�HYUDN�EDúND�
ELU�DOW�ELULPH�JLWPHVL�JHUHNOLOL÷LQGH�KHGHI�RODUDN�GL÷HU�DOW�ELULP�\D]ÕODUDN�HYUDN�ND\ÕW�ELULPLQH�X÷UDPDGDQ�DOW�ELULPOHU�
DUDVÕQGD�HYUDN�DOÕú�YHULúL�VD÷ODQDELOPHNWHGLU�� �
�

�
ùHNLO����.XUXPGDNL�HYUDN�DNÕú�V�UHFL�

� %HOLUWLOHQ� V�UHoOHUGHNL� NXUXPODUÕQ� \DúDGÕ÷Õ� ELUoRN� VRUXQ� EXOXQPDNWDGÕU�� +HUKDQJL� ELU� WDULK�� ELULP� \DGD� VD\Õ�
QXPDUDVÕQD�VDKLS�ELU�HYUDN�DUDQPDN�LVWHQGL÷LQGH�HYUDN�GHIWHUOHUGHQ�HO�LOH�DUDQDUDN�DUúLYGHNL�\HULQH�YH\D�HYUDNÕQ�QHUHGH�
ROGX÷X�ELOJLVLQH�XODúÕODUDN�HYUDND�XODúÕOPD\D�oDOÕúÕOÕU��%XGD�NXUXP�DoÕVÕQGDQ�ROGXNoD�]DKPHWOL�YH�]RU�ELU�V�UHoWLU��%D]Õ�
GXUXPODUGD�NXUXPD�JHOHQ� HYUDNÕQ�ND\EROPDVÕ� \DGD�EXOXQDPDPDVÕ� GD� UDVWODQÕODQ�ELU� GL÷HU� SUREOHPGLU��$\UÕFD�NXUXP�
GÕúÕQGDQ� KHUKDQJL� ELU� HYUDNÕQ� GXUXPX� LOH� LOJLOL� ELOJL� HGLQLOPHN� LVWHQGL÷LQGH� NODVLN� \|QWHPOHUOH� KHUKDQJL� ELU� o|]�P�
EXOXQDPDPDNWDGÕU�� (7.� LúOHPL� JHOLúWLULOHQ� ZHE� WDEDQOÕ� \D]ÕOÕP� �]HULQGHQ� \DSÕOGÕ÷ÕQGD� EHOLUWLOHQ� VRUXQODU� RUWDGDQ�
NDONPÕú�ROPDNWDGÕU�� �
� *�Q�P�]GH� ELUoRN� NXUXPGD� W�P� Lú� V�UHoOHULQGH� ELOJLVD\DUODU� DNWLI� RODUDN� NXOODQÕOPDNWDGÕU�� %XQXQ� QHGHQL�
ELOJLVD\DUODUÕQ�NXOODQÕPÕQGDQ�GR÷DQ�ID\GDODUÕQ�Lú�VDKLSOHULQH�YH\D�NXUXP�\|QHWLFLOHULQH�E�\�N�NROD\OÕNODU�VD÷ODPDVÕGÕU��
%LOJLQLQ� DQDOL]� HGLOHELOPHVL�� UDSRUODPDODU� \DSÕODELOPHVL� YH� LVWHQLOGL÷L� ]DPDQ� XODúÕODELOPHVL� EX� ID\GDODUÕQ� EDúÕQGD�
JHOPHNWHGLU��.XUXPODUGD�GL÷HU�Lú�V�UHoOHULQGH�NXOODQÕOPDNWD�RODQ�KDOL�KD]ÕUGD�ELU�ELOJLVD\DU�DOW\DSÕVÕ�PHYFXWWXU��(N�ELU�
\DWÕUÕP�PDOL\HWL�JHWLUPHGHQ��PHYFXW�ND\QDNODU��]HULQGHQ�(7.�V�UHoOHULQLQ�\DSÕOPDVÕ�ú�SKHVL]�NL�NXUXPD�ELUoRN�DYDQWDM�
VD÷ODPDNWDGÕU�� <D]ÕOÕPÕQ� ZHE� WDEDQOÕ� JHOLúWLULOPLú� ROPDVÕ�� NXOODQÕFÕ� ELOJLVD\DUODUÕQGD� NL� ELU� ZHE� WDUD\ÕFÕ\OD�
NXOODQÕODELOPHVL�DQODPÕQD�JHOPHNWHGLU��%XGD�NXUXPD�KHUKDQJL�ELU�HN�PDOL\HW�JHWLUPHPHNWHGLU�� �
�
�
���:HE�7DEDQOÕ�(7.�<D]ÕOÕPÕQÕQ�<DSÕVÕ�

(95$.� (95$.�.$<,7�
%ø5ø0ø�

$/7�%ø5ø0/(5�

$/7�%ø5ø0/(5�

$/7�%ø5ø0/(5�
*HOHQ�(YUDN�

*LGHQ�(YUDN�

$OW�%LULPH�
*|QGHULOHQ�(YUDN�

$OW�%LULPGHQ�
*HOHQ�(YUDN�

$OW�%LULPH�
*|QGHULOHQ�(YUDN�

$OW�%LULPGHQ�
*HOHQ�(YUDN�

$OW�%LULPOHU�
$UDVÕ�(YUDN�

$OW�%LULPOHU�
$UDVÕ�(YUDN�

International Science and Technology Conference, Dubai, 13-15 December 2012

786



ISTEC 20
12

�
� *HOLúWLULOHQ� \D]ÕOÕP�ZHE� WDEDQOÕ� RODUDN� oDOÕúPDNWDGÕU��%DVLW�ZHE� DUD� \�]OHUL\OH� LOHUL� VHYL\H�ELOJLVD\DU�ELOJLVLQH�
VDKLS�ROPD\DQ�SHUVRQHOLQ�NXOODQÕPÕQD�RODQDN�WDQÕPDNWDGÕU��<D]ÕOÕP���DQD�E|O�PGHQ�ROXúPDNWDGÕU��%XQODU��
�

� .XOODQÕFÕ�*LULú�(NUDQÕ�
� %LULP�(NOHPH�
� *HOHQ�(YUDN�.D\ÕW�
� *LGHQ�(YUDN�.D\ÕW�
� (YUDN�7DNLEL�
� 'HWD\OÕ�$UDPD�
� 5DSRUODPD�

�
úHNOLQGHGLU�� �
�
�
�����.XOODQÕFÕ�*LULú�(NUDQÕ�
� �
� 6LVWHPGH�\|QHWLFL�WDUDIÕQGDQ�WDQÕPODQDQ�NXOODQÕFÕQÕQ��NXOODQÕFÕ�DGÕ�YH�úLIUHVL�LOH�JLULú�\DSWÕ÷Õ�DQD�JLULú�HNUDQÕGÕU��
.XOODQÕFÕ�EX�HNUDQÕ�JHoWLNWHQ�VRQUD�\D]ÕOÕPÕ�NXOODQPD\D�EDúOD\DELOPHNWHGLU��.XOODQÕFÕ�JLULú�HNUDQÕQÕQ�J|U�QW�V��ùHNLO�
�¶GH�J|VWHULOPLúWLU�� �
�
�

�
ùHNLO����.XOODQÕFÕ�*LULú�(NUDQÕ�

� �
� .XOODQÕFÕ�JLULúLQGHQ�JHoLOGLNWHQ�VRQUD��\D]ÕOÕPGD�ELU�PHQ��DoÕOPDNWD�YH�NXOODQÕFÕ�PHQ���]HULQGH�LVWHGL÷L�LúOHPOH�
LOJLOL�VHoLPL�\DSDUDN�LOHUOHPHNWHGLU�

�
�����%LULP�(NOHPH�
� �
� %LULP� HNOHPH� VHoHQH÷L� NXUXPGD� EXOXQDQ� YH� \D]ÕOÕPÕ� NXOODQDFDN� RODQ� ELULPOHULQ� HNOHQGL÷L� E|O�PG�U��
.XUXP�\|QHWLFL�EXUDGDQ��ELULPLQ�DGÕQÕ�JLUHUHN�WDQÕPODPD�\DSDELOPHNWHGLU��(NOHQHQ�ELULP�GDKD�VRQUD�NXUXP�LoHULVLQGH�
(7.�V�UHFLQGH�NXOODQÕODFDN�DOW�ELULP�RODUDN�NXOODQÕODELOHFHNWLU��%LULP�HNOHPH�V�UHFLQLQ�DUD�\�]�J|U�QW�V��ùHNLO��¶GH�
J|VWHULOPLúWLU�� �
�
�

�
ùHNLO����%LULP�(NOHPH�$UD�\�]�*|U�QW�V��

International Science and Technology Conference, Dubai, 13-15 December 2012

787



ISTEC 20
12

�����*HOHQ�(YUDN�.D\ÕW�
�
� *HOHQ�HYUDN�ND\ÕW�E|O�P��NXUXPD�JHOHQ�\DGD�DOW�ELULPOHU�DUDVÕQGDQ�JHOHQ�HYUDNODUÕQ�VLVWHPH�ND\GHGLOGL÷L�\HUGLU��
(YUDN�ND\ÕW�DOWÕQD�DOÕQÕUNHQ�HYUDNÕQ�ND\ÕW�WDULKL�YH�EHOJH�QXPDUDVÕ�VLVWHP�WDUDIÕQGDQ�RWRPDWLN�YHULOPHNWHGLU��(YUDN�ND\ÕW�
HGLOLUNHQ�GL÷HU�ELOJL�RODUDN�� �

x %HOJHQLQ�WDULKL�
x %HOJHQLQ�*HOHQ�6D\Õ�QXPDUDVÕ�
x %HOJHQLQ�7�U��
x %HOJHQLQ�g]HWL�
x *|QGHULOHFHN�%LULP�
x %HOJH�(N�VD\ÕVÕ�
x 9DUVD�YH�WDUD\ÕFÕGDQ�WDUDQPÕúVD�%HOJHQLQ�NHQGLVL�

JLEL�ELOJLOHU�JLULOGLNWHQ�VRQUD�HYUDN�VLVWHPH�ND\GHGLOPHNWHGLU�� �
�
�

�
ùHNLO����*HOHQ�(YUDN�.D\ÕW�$UD�\�]�*|U�QW�V��

6LVWHPH�ND\GHGLOHQ�HYUDN�J|QGHULOHFHN�ELULPGH�VHoLOHQ�ELULPLQ�NXOODQÕFÕ�HNUDQÕQGD�J|U�QHFHNWLU��%|\OHFH�HYUDN�ND\ÕW�
ELULPLQH�JHOHQ�HYUDN�ELOJLOHUL�DOÕQGÕNWDQ�VRQUD�KHGHI�ELULPH�J|QGHULOPLú�ROPDNWDGÕU��*HOHQ�HYUDNÕQ�ND\ÕW�LúOHPLQLQ�
\DSÕOGÕ÷Õ�DUD�\�]�J|U�QW�V��ùHNLO��¶GH�J|VWHULOPLúWLU�� �
�

�����*LGHQ�(YUDN�.D\ÕW�
�
� *LGHQ�HYUDN�ND\ÕW�E|O�P��NXUXPGDQ�J|QGHULOHQ�\DGD�DOW�ELULPOHUH�JLGHQ�HYUDNODUÕQ�VLVWHPH�ND\GHGLOGL÷L�\HUGLU��
%X�E|O�PGH�GH�JHOHQ�HYUDN�ND\ÕW�E|O�P�QGHNL�D\QÕ�ELOJLOHU�VLVWHPH�ND\GHGLOHUHN�HYUDN�LOJLOL�ELULPH�J|QGHULOPHNWHGLU�� �
�
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�
ùHNLO��¶GH�JLGHQ�HYUDN�ND\ÕW�LúOHPLQLQ�DUD�\�]�J|U�QW�V��J|VWHULOPHNWHGLU�� �
�
�����(YUDN�7DNLEL�
�
� (YUDN�WDNLEL�E|O�P��ELULPOH�LOJLOL�HYUDNODUÕQ�V�UHoOHULQLQ�NRQWURO�YH�WDNLS�HGLOGL÷L�ELULPGLU��<D]ÕOÕPÕQ�NXOODQÕOGÕ÷Õ�
ELULPGHNL�NXOODQÕFÕ�NHQGL�ELULPL\OH�DODNDOÕ��DOGÕ÷Õ�\DGD�J|QGHUGL÷L��HYUDNODUÕ�HYUDN�WDNLEL�DODQÕQGDQ�NRQWURO�HGHELOPHNWH�
YH�GXUXPXQ�J|UHELOPHNWHGLU��(YUDN�WDNLS�LúOHPL�JHOHQ�YH�JLGHQ�HYUDNODU�LoLQ�D\UÕ�D\UÕ�\DSÕOPDNWDGÕU��%LULPH�JHOHQ�\DGD�
J|QGHULOHQ�HYUDNODUÕQ�WDNLELQLQ�\DSÕOGÕ÷Õ�DUD\�]�J|U�QW�V��ùHNLO��¶GD�J|VWHULOPLúWLU�� �
�

�
ùHNLO����*HOHQ�*LGHQ�(YUDN�7DNLEL�$UD�\�]�*|U�QW�V��

.XOODQÕFÕ� JHOHQ� HYUDNODUÕ\OD� LOJLOL� GXUXPODUÕQÕ� J|UPHN� LVWHGL÷L� HYUDNÕQ�ELOJLVLQH� WÕNOD\DUDN� HYUDN� LOH� LOJLOL� DOW�
ELOJLOHUH�YH�LúOHPOHUH�XODúDELOPHNWHGLU��%|\OHFH�HYUDN��]HULQGH�NXUXPGDNL�GL÷HU�ELULPOHUGH�\DSÕODQ�LúOHPOHU�J|U�OP�ú�
RODFDNWÕU��%LU�HYUDNÕQ�DOW�ELOJLOHUL\OH�LOJLOL�HNUDQ�J|U�QW�V��ùHNLO��¶GH�J|VWHULOPHNWHGLU�� �
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ùHNLO����(YUDN�DOW�ELOJL�HNUDQÕ�

�
�
�����'HWD\OÕ�$UDPD�
�
� 'HWD\OÕ� DUDPD� E|O�P�� NXUXPXQ� ND\ÕWODUÕQGD� EXOXQDQ� HYUDNODU� LoHULVLQGH� DUDPD� \DSDELOGL÷L� YH� HYUDN� LOH� LOJLOL�
ELOJLOHUH� XODúWÕ÷Õ� E|O�PG�U�� 7DULK� DUDOÕ÷Õ�� JHOHQ� EHOJHOHU� \DGD� JLGHQ� EHOJHOHUGHQ�� EHOJH� W�U��� RNXQDQ� \DGD� RNXQPD\D�
EHOJHOHU�DUDVÕQGDQ�NXOODQÕFÕ�\|QHWLFL�DUDPD�\DSDUDN�LVWHGL÷L�HYUDND�XODúPDVÕ�VD÷ODQPDNWDGÕU��$UDPD�VRQXFXQGD�NXOODQÕFÕ�
HNUDQÕQ�EHOJH�OLVWHVL�J|U�QW�OHQPHNWH�YH�EHOJH�VHoLOGL÷LQGH�EHOJH\OH�LOJLOL�DOW�ELOJLOHUH�XODúÕODELOPHNWHGLU��'HWD\OÕ�DUDPD�
HNUDQÕQÕQ�J|U�QW�V��ùHNLO��¶GH�J|VWHULOPLúWLU�� �
�

�
ùHNLO����'HWD\OÕ�$UDPD�(NUDQ�*|U�QW�V��

�����5DSRUODPD�
�
� 5DSRUODPD�E|O�P��NXUXPXQ�EHOLUOL�]DPDQODUGD�ND\ÕWODUÕQGDNL�HYUDN�HQYDQWHULQLQ�oÕNWÕ�DODUDN�VDNOD\DELOPHVLQH�
RODQDN� WDQÕQDQ� E|O�PG�U�� %X� E|O�PGH� NXOODQÕFÕ�\|QHWLFL� EHOLUOL� WDULK� DUDOÕNODUÕ�� ELULP�� JHOHQ�JLGHQ� EHOJHOHU� JLEL�
VHoHQHNOHUGHQ� VHoLP� \DSDUDN� LVWHPLú� ROGX÷X� ND\ÕWODUÕ� H[FHO� IRUPDWÕQGD� HOGH� HGHELOPHNWHGLU��%|\OHFH� NXUXPXQ� HYUDN�
HQYDQWHUL� \D]ÕFÕ� oÕNWÕVÕ� RODUDN� LVWHQLOGL÷LQGH� DOÕQDELOPHNWHGLU�� 5DSRUODPD� LúOHPLQLQ� HNUDQ� J|U�QW�V�� ùHNLO� �¶GD�
J|VWHULOPLúWLU�� �
�
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�
ùHNLO����5DSRUODPD�øúOHP�(NUDQ�*|U�QW�V��

���6RQXo�
�
� 6RQXo�RODUDN�|]HOOLNOH�NDPX�NXUXP�YH�NXUXOXúODUÕQGD�HYUDN�WDNLS�YH�ND\ÕW�LúOHPOHULQLQ�HO�LOH�GHIWHUOHUH�\D]ÕOPDVÕ�
\ROX\OD� \DSÕOPDVÕ� ROGXNoD� ]DKPHWOL� YH� ELUoRN� ID\GDGDQ� \RNVXQ� \|QWHPOHUGLU�� %LOJLVD\DU� WHNQRORMLOHULQLQ� EX� NDGDU�
JHOLúWL÷L�J�Q�P�]GH�EX� LúOHPOHULQ�NODVLN�\|QWHPOH�\DSÕOPDVÕ�YDU�RODQ� LPNDQODUÕ� NXOODQPDPDN�DQODPÕQD�JHOPHNWHGLU��
(7.�V�UHFLQLQ�ELOJLVD\DU�GHVWHNOL�KDOH�JHWLULOPHVL�W�P�NXUXPODUGD�LVWHQHQ�YH�ROPDVÕ�JHUHNHQ�ELU�\DSÕ\D�JHOPLúWLU��%LUoRN�
\D]ÕOÕP��UHWHQ�ILUPD�EX�NRQX\OD�LOJLOL�o|]�POHU�VXQVD�GD�\D]ÕOÕPODUÕQ�ZHE�WDEDQOÕ�ROPD\ÕúÕ��NXUXPXQ�LúOH\LúLQH�X\JXQ�
ROPDPDVÕ��E�\�N�PDOL\HWOHU�oÕNDUPDVÕ�GHYOHW�NXUXPODUÕQGD�ID]OD�UD÷EHW�J|UPHPHVLQH�QHGHQ�ROPXúWXU��*HQHOOLNOH�E�\�N�
|]HO�VHNW|U�NXUXOXúODUÕQGD�WHUFLK�HGLOPHNWHGLU��%X�QHGHQOH�JHUoHNOHúWLULOHQ�\D]ÕOÕP�LOH�EDVLW��\DWÕUÕP�PDOL\HWL�ROPD\DQ��
LOHUL�GHUHFH�ELOJLVD\DU�ELOJLVL�JHUHNWLUPHGHQ�GHYOHW�NXUXPODUÕQÕQ�VRUXQODUÕ�o|]�OPH\H�oDOÕúÕOPÕúWÕU��<D]ÕOÕPÕQ�ZHE�WDEDQOÕ�
ROPDVÕ� KHUKDQJL� ELU� LQWHUQHW� ED÷ODQWÕVÕ� RODQ� \HUGHQ� NXOODQÕPÕQD�� ELOJLVD\DU� GHVWHNOL� ROPDVÕ� LVWHQLOGL÷LQGH� HYUDND� KÕ]OÕ�
XODúÕOPDVÕQÕ�� HYUDN� ND\ÕSODUÕQÕ� YH� DUúLYOHPH� JLEL� VRUXQODUÕ� RUWDGDQ� NDOGÕUPDNWDGÕU�� <D]ÕOÕPÕQ� JHOLúWLULOPHVL� V�UHFLQGH�
HOHNWURQLN� LP]D� HQWHJUDV\RQX�� NXUXPD� JHOHQ� \DGD� JLGHQ� W�P� HYUDNODUÕQ� KÕ]OÕ� WDUD\ÕFÕODU� LOH� ND\ÕW� DOWÕQD� DOÕQPDVÕ�
DPDoODQPDNWDGÕU�� �
� �
�
���5HIHUDQVODU�
�
7�UN�'LO�.XUXPX�*�QFHO�7�UNoH�6|]O�N��KWWS���ZZZ�WGN�JRY�WU�75��Türk Dil Kurumu��
�
7�&��%DNDQODU�.XUXOX���������5HVPL�<D]ÕúPDODUGD�8\JXODQDFDN�(VDV�YH�8VXOOHU�+DNNÕQGD�<|QHWPHOLN��������VD\ÕOÕ�
5HVPL�*D]HWH��$QNDUD��
�
<ÕOGÕ]WHSH��(����������(YUDN�.D\ÕW��7DNLS�<D]ÕOÕPÕ��$NDGHPLN�%LOLúLP�,;��'XPOXSÕQDU�hQLYHUVLWHVL��.�WDK\D��
�
.ÕOÕoDUVODQ��+���%�\�NDEDOÕ�� 6���$NWHQHU��1�� ��������hQLYHUVLWH�%LOJL� 6LVWHPLQGH� ,QWHUQHW�8\JXODPDODUÕ�'HQH\LPOHUL��
$NDGHPLN�%LOLúLP�������.RQ\D��
�
%R\DFÕ��$���8ODú��0���.DUDEDWDN��*���$NEDO��(����������.DPS�V�D÷ODUÕQ�HOHNWURQLN�LP]D\D�HQWHJUDV\RQX�LoLQ�RSWLPXP�
o|]�POHU��$NDGHPLN�%LOLúLP�,;��'XPOXSÕQDU�hQLYHUVLWHVL��.�WDK\D�� �
�
�
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�(UKDQ�$.%$/�

)ÕUDW�hQLYHUVLWHVL�(QIRUPDWLN�%|O�P���(OD]Õ÷�7�UNL\H�
)ÕUDW�8QLYHUVLW\�'HSDUWPHQW�RI�,QIRUPDWLFV��(OD]Õ÷�7XUNH\�

D\WXJER\DFL#ILUDW�HGX�WU�
)ÕUDW�hQLYHUVLWHVL�(QIRUPDWLN�%|O�P���(OD]Õ÷�7�UNL\H�

)ÕUDW�8QLYHUVLW\�'HSDUWPHQW�RI�,QIRUPDWLFV��(OD]Õ÷�7XUNH\�
HUKDQDNEDO#ILUDW�HGX�WU�

�
�

g]HW��7HNQRORMLQLQ�KÕ]OÕ�JHOLúLPL�LOH�ELUOLNWH�NXUXPODU�YH�ELUH\OHU�LoLQ�ELOJL�SD\ODúÕPÕ��NXOODQÕPÕ�YH�\HQL�
ELOJLOHULQ� HOGH� HGLOPHVLQGH� \|QHOLN� RODUDN� ELOLúLP� WHNQRORMLOHULQLQ� NXOODQPDVÕ� YD]JHoLOPH]� ELU� KDOH�
JHOPLúWLU�� %X� ED÷ODPGD� ELOLúLP� WHNQRORMLOHUL� NXOODQÕODUDN� YHULOHQ� KL]PHWOHULQ� KÕ]OÕ�� NDOLWHOL�� G�ú�N�
PDOL\HWOL�YH�HQ�|QHPOLVL�NHVLQWLVL]�ROPDVÕ�JHUHNOLOL÷L�DoÕNWÕU��.XUXPODUÕQ�NHVLQWLVL]�KL]PHW�YHUHELOPHVL�
LoLQ�YHUL� ND\EÕQÕQ�|QOHQPHVL� |QHPOL� ELU� SDUDPHWUHGLU��9HULQLQ�KHUKDQJL�ELU� VHEHSOH�ER]XOPDVÕ� YH\D�
ND\EROPDVÕ� NXUXPODUD� FLGGL� ]DUDUODU� YHUHELOPHNWHGLU�� 9HUL� ND\EÕQÕ� |QOHPHN� LoLQ� YHULOHULQ� G�]HQOL�
RODUDN� \HGHNOHQPHVL� JHUHNPHNWHGLU�� %LOJL� LúOHP� ELULPOHULQLQ� HQ� |QHPOL� VRUXQODUÕQGDQ� ELULVL�
\HGHNOHQHFHN�YHULOHULQ�YH�VXQXFXODUÕQ�EHOLUOHQPHVL��\HGHNOHPH�SHUL\RWODUÕQÕQ�ROXúWXUXOPDVÕ��\HGHNOHULQ�
GHSRODQDFD÷Õ� DODQODUÕQ� WHVSLWL� NRQXVXGXU�� .XUXPODUÕQ� ELOLúLP� WHNQRORMLOHULQL� NXOODQDUDN� YHUPLú�
ROGXNODUÕ� KL]PHWOHUH� J|UH� X\JXODPD� oHúLWOLOL÷L�� VXQXFX� KDYX]XQGDNL� oHúLWOLOLN�� \HGHNOHQHFHN� RODQ�
GRV\DODUÕQ� ER\XWX�� PDOL\HW� YH� \HGHNOHPH� LoLQ� KDUFDQDQ� Lú� J�F�� ELOJL� LúOHP� ELULPOHULQLQ� LúLQL�
]RUODúWÕUPDNWDGÕU��%X�VHEHSOH�\HGHNOHQHFHN�RODQ�YHULOHULQ�VÕQÕIODQGÕUÕOPDVÕ�YH�ND\ÕSVÕ]�ELU�\HGHNOHPH�
SODQÕ� ROXúWXUXOPDOÕGÕU�� %X� oDOÕúPDGD� NXUXPODUÕQ� YHUL� ND\EÕQGDQ� GROD\Õ� KL]PHWOHULQLQ� NHVLQWL\H�
X÷UDPDPDVÕ�LoLQ�ROXúWXUXODQ�\HGHNOHPH�\|QWHPOHULQH�GH÷LQLOHUHN�NXUXPODUÕQ�ELOLúLP�DOW\DSÕVÕQD�X\JXQ�
RODUDN�ELU�\HGHNOHPH�PRGHOL�RUWD\D�NRQDFDNWÕU��

$QDKWDU� .HOLPHOHU�� <HGHNOHPH� PLPDULOHUL�� YHUL� E�W�QO�÷��� RSWLPL]DV\RQ�� YHUL� \HGHNOHPH��
\HGHNOHPH�DOW\DSÕVÕ�

$EVWUDFW�� :LWK� UDSLG� GHYHORSPHQWV� LQ� WHFKQRORJ\�� XVDJH� RI� LQIRUPDWLRQ� WHFKQRORJLHV� KDV� EHHQ�
LQGLVSHQVDEOH� IRU�NQRZOHGJH�VKDULQJ�DQG�XVDJH�DQG� WR� UHDFK�FXUUHQW�NQRZOHGJH� IRU� LQVWLWXWLRQV�DQG�
LQGLYLGXDOV��,Q�WKLV�FRQWH[W��XVLQJ�LQIRUPDWLRQ�WHFKQRORJLHV��LW�LV�REYLRXV�WKDW�WKH�VHUYLFHV�JLYHQ�VKRXOG�
EH�UDSLG��TXDOLILHG��ORZ�FRVW�DQG�PRVW�LPSRUWDQWO\�XQLQWHUUXSWHG��3UHYHQWLRQ�RI�GDWD�ORVV�LV�DQ�LPSRUWDQW�
SDUDPHWHU�IRU�WKH�LQVWLWXWLRQV�WR�JLYH�XQLQWHUUXSWHG�VHUYLFHV��7KH�EUHDNXS�DQG�ORVV�RI�WKH�GDWD�EHFDXVH�RI�
DQ\�UHDVRQ�FRXOG�JLYH�VHULRXV�GDPDJH�WR�WKH�LQVWLWXWLRQV��,Q�RUGHU�WR�SUHYHQW�GDWD�ORVV��GDWD�VKRXOG�EH�
EDFNHG� XS� UHJXODUO\�� 2QH� RI� WKH� PRVW� LPSRUWDQW� SUREOHPV� GDWD� SURFHVVLQJ� XQLWV� HQFRXQWHU� LV� WR�
GHWHUPLQH� WKH�GDWD�DQG�VHUYHUV� WR�EH�EDFNHG�XS�� WR� LQVWDOO�EDFNXS�SHULRGV�DQG� WR�HVWDEOLVK� WKH�DUHDV�
ZKHUH�WKH�EDFNXSV�ZRXOG�EH�VWRUHG��$FFRUGLQJ�WR�WKH�VHUYLFHV�WKH�LQVWLWXWLRQV�JLYH�E\�XVLQJ�LQIRUPDWLRQ�
WHFKQRORJLHV�� DSSOLFDWLRQ� YDULHWLHV�� YDULHW\� LQ� VHUYHU� SRRO�� WKH� VL]H� RI� WKH� ILOHV� WR� EH� EDFNHG� XS��
ZRUNIRUFH�XVHG�IRU�FRVW�DQG�EDFNXS�PDNH�WKH�SHUIRUPDQFH�RI�GDWD�SURFHVVLQJ�XQLWV�GLIILFXOW��7KHUHIRUH��
FODVVLILFDWLRQ�RI� WKH�GDWD� WR�EH�EDFNHG�XS�DQG�D� ORVVOHVV�EDFNXS�SODQ�VKRXOG�EH�HVWDEOLVKHG�� � ,Q� WKLV�
VWXG\��PHQWLRQLQJ�EDFNXS�PHWKRGV� LQVWDOOHG�QRW� WR� LQWHUUXSW�WKH�VHUYLFHV�EHFDXVH�RI�GDWD� ORVV�RI� WKH�
LQVWLWXWLRQV��D�EDFNXS�PRGHO�FRQVLVWHQW�ZLWK� WKH� LQIRUPDWLFV� LQIUDVWUXFWXUH�RI� WKH� LQVWLWXWLRQV�ZLOO�EH�
LQWURGXFHG��

.H\ZRUGV��%DFNXS�DUFKLWHFWXUH��GDWD�LQWHJULW\��RSWLPL]DWLRQ��GDWD�EDFNXS��EDFNXS�LQIUDVWUXFWXUH�

�� *LULú�

*�Q�P�]GH�ELOLúLP�WHNQRORMLOHUL�NXOODQÕODUDN�GHSRODQPÕú�YHULOHULQ�KHUKDQJL�ELU�VHEHSOH�ER]XOPDVÕ�YH\D�ND\EROPDVÕ�
NXUXPODUÕQ�oDOÕúPD�V�UHoOHUL��]HULQGH�KD\DWL�ULVN�ROXúWXUPDNWDGÕU���1DNDPXUD��������%LUoRN�NXUXP�PXKWHPHO�\DúDQDFDN�
RODQ� DUÕ]D� \DGD� YHUL� ND\ÕSODUÕ� VRQUDVÕ� LoLQ� \DSÕOPDVÕ� JHUHNHQOHU� LOH� LOJLOL� EHOLUOL� ELU� SURVHG�U� ROXúWXUPDPÕú� YH� KDWWD�
|QFHVLQGH� ELU� \HGHNOHPH� o|]�P�� ROXúWXUPDPÕúWÕU�� %X� \�]GHQ� ELOJL� ND\ÕSODUÕQÕQ� HQ� D]D� LQGLULOPHVL� LoLQ� NXUXPODUÕQ�
oDOÕúPD� V�UHoOHULQH� YH� DOW\DSÕODUÕQD� X\JXQ� RODUDN� \HGHNOHPH� SURVHG�UOHULQLQ� EHOLUOHQHUHN� \HGHNOHPH� PRGHOLQLQ�
ROXúWXUXOPDVÕ� YH� G�]HQOL� ELU� úHNLOGH� \HGHNOHPH� LúOHPLQLQ� JHUoHNOHúWLULOPHVL� JHUHNPHNWHGLU�/LX�� ������� <LQH� ELUoRN�
NXUXPGD�X]PDQ�SHUVRQHO�VD\ÕVÕQÕQ�\HWHUVL]�ROPDVÕQGDQ�GROD\Õ�YHUL�\HGHNOHPH�LúOHPOHULQLQ�E�\�N�LúJ�F��ND\EÕQD�QHGHQ�
ROPDNWDGÕU�� �
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%X�oDOÕúPDGD�X]PDQ�ELOLúLP�SHUVRQHOL�\HWHUVL]�RODQ�NXUXPODU�LoLQ�\HGHNOHPH�\|QWHPOHULQH�GH÷LQLOHUHN�EDVLW�DQODPGD�
\HGHNOHPH�LúOHPOHULQLQ�KHUKDQJL�ELU�LúJ�F��KDUFDPDGDQ�\DSÕOPDVÕQD�RODQDN�VD÷OD\DFDN�ELU�PRGHO��]HULQGH�GXUXODFDNWÕU��

�� 9HUL�<HGHNOHPH�0RGHOLQLQ�2OXúWXUXOPDVÕ�

.XUXP� LoLQ� X\JXODQDFDN� RODQ� \HGHNOHPH� PRGHOLQLQ� \DSÕVÕ� NXUXPXQ� DOW\DSÕVÕQD�� X\JXODPD� oHúLWOLOL÷LQH��
\HGHNOHQHFHN� RODQ� YHUL� PLNWDUÕQD�� \HGHNOHPH� VÕNOÕ÷ÕQD�� PDOL\HW� YH� Lú� J�F�� JLEL� NULWHUOHUH� J|UH� GH÷LúLNOLN�
J|VWHUHELOPHNWHGLU��%LU�NXUXPGD�ROXúWXUXODFDN�YHUL�\HGHNOHPH�PRGHOL�ùHNLO��¶GH�J|VWHULOPLúWLU��

�

ùHNLO����9HUL�<HGHNOHPH�0RGHOL�6�UHoOHUL�

���� � 6LVWHP�$QDOL]L�

<HGHNOHPH� LúOHPLQGH� |QFHOLNOL� RODUDN� \HGHNOHQHFHN� RODQ� YHULOHULQ� WHVSLWL� VRQ� GHUHFH� |QHPOLGLU�� %X� \�]GHQ� LON�
DúDPDGD�KDQJL�X\JXODPDODUÕQ�YH�KDQJL�VXQXFXODUÕQ�\HGHNOHQHFH÷LQLQ�WHVSLWLQLQ�\DSÕOPDVÕ�JHUHNPHNWHGLU��%X�DúDPDGD�
\DúDQDQ� HQ� |QHPOL� ]RUOXN� VXQXFXODUÕQ� YH� X\JXODPD� KDYX]XQXQ� oHúLWOLOL÷LGLU�.DZDL�� ������� .XUXPODUGD� ELUGHQ� oRN�
VXQXFX� RODELOLU�� %X� VXQXFXODUÕQ� LúOHWLP� VLVWHPOHUL� IDUNOÕOÕN� J|VWHUHELOLU�� 6XQXFXODUGD� EDUÕQGÕUÕODQ� X\JXODPDODUD� J|UH�
\HGHNOHQPHVL�JHUHNHQ�YHUL� WLSOHUL�YH�\DSÕODUÕ� IDUNOÕOÕN�J|VWHUHELOLU��%XGD�\HGHNOHQHFHN�RODQ�GRV\D� W�UOHULQLQ�oHúLWOLOL÷L�
DQODPÕQD�JHOPHNWHGLU��<LQH�VXQXFX�LoHULVLQGH�VDQDOODúWÕUPD�\DSÕOPÕú�RODELOLU��%XGD�ELU�VXQXFX�LoHULVLQGH�ELUGHQ�oRN�YH�
ELUELULQGHQ� WDPDPHQ� IDUNOÕ� X\JXODPDODU� LoLQ� ROXúWXUXOPXú� LúOHWLP� VLVWHPL� ROPDVÕ� DQODPÕQD� JHOPHNWHGLU�� $\UÕFD�
\HGHNOHQHFHN�RODQ�YHULOHU�VXQXFXODUÕQ�LoHULVLQGH�GH÷LOGH�GHSRODPD�DODQODUÕ��]HULQGH�GH�RODELOLU��%X�\�]GHQ�\HGHNOHPH�
PRGHOLQLQ�ROXúWXUXODELOPHVL�LoLQ�VXQXFX�YH�X\JXODPDODUÕQ�DQDOL]�HGLOHUHN�KDQJL�YHULOHULQ�\HGHNOHQHFH÷L�WHVSLW�HGLOPHOLU��

���� � <HGHNOHPH�7�U�Q�Q�%HOLUOHQPHVL�

<HGHNOHQHFHN�RODQ�YHULOHU�WHVSLW�HGLOGLNWHQ�VRQUD�\HGHNOHPH�LúOHPL�\DSÕODFDN�GRV\DQÕQ�\DSÕVÕQD�J|UH�\HGHNOHPH�W�U��
VHoLOPHOLGLU�� 7DP� \HGHNOHPH�� IDUN� \HGHNOHPH� YH� DUWDQ� \HGHNOHPH� ROPDN� �]HUH� �o� \HGHNOHPH� W�U��
EXOXQPDNWDGÕU�'LQoNDQ���������

x 7DP�<HGHNOHPH��<HGH÷L� DOÕQDFDN�RODQ� YHULQLQ�ELU� E�W�Q� RODUDN�NRS\DODQPDVÕ� LúOHPLGLU��%X� W�U� \HGHNOHPH�
JHQHOOLNOH�DUúLY�DPDoOÕ�GRV\D�\HGHNOHPHVL�LoLQ�NXOODQÕOPDNWDGÕU��%X�\HGHNOHPH�W�U�QGH�\HGHNOHQPLú�GRV\DQÕQ�
ER\XWX�RUMLQDO�GRV\D�ER\XWX�LOH�D\QÕGÕU��%X�VHEHSOH�\HGHNOHPH�V�UHFL�GRV\D�ER\XWX�LOH�GR÷UX�RUDQWÕOÕ�ELU�úHNLOGH�
DUWPDNWDGÕU�.DZDL��������� �

��$úDPD� 6LVWHP�$QDOL]L��6XQXFX�YH�8\JXODPD�KDYX]XQXQ�DQDOL]L�

��$úDPD� <HGHNOHPH�W�U�Q�Q�EHOLUOHQPHVL�

��$úDPD� <HGHNOHPH�3HUL\RWODUÕQÕQ�ROXúWXUXOPDVÕ�

���$úDPD� 'HSRODPD�DODQÕQÕQ�WHVSLWL�

��$úDPD� <HGHNOHQHFHN�RODQ�YHULQLQ�VÕNÕúWÕUÕOPDVÕ�

��$úDPD� +L\HUDUúLN�GHSRODPD�\DSÕVÕQÕQ�ROXúWXUXOPDVÕ�

��$úDPD� <HGH÷LQ�ROXúWXUXOPDVÕ�

���$úDPD� 9HUL�GR÷UXOX÷XQXQ�NRQWURO��
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x )DUN�<HGHNOHPH��%X�\|QWHPGH�|QFHGHQ�DOÕQPÕú�\HGHN�LOH�R�DQ�LoHULVLQGH�DOÕQDFDN�RODQ�\HGHN�DUDVÕQGDNL�IDUN�
YHULOHU� \HGHNOHQPHNWHGLU�� )DUN� \HGHNOHPH� ORJ� GRV\DODUÕ� JLEL� YHUL� ER\XWXQXQ� V�UHNOL� RODUDN� GH÷LúWL÷L�
X\JXODPDODUGD� NXOODQÕOPDNWDGÕU�� $PDo� V�UHNOL� RODUDN� GH÷LúHQ� GRV\DQÕQ� ELU� EHQ]HU� NRS\DVÕQÕQ� GHSRODPD�
DODQÕQGD� VDNODQPDVÕGÕU�� %X� \HGHNOHPH� W�U�QGH� VDGHFH� ELU� |QFHNL� \HGHNOHPH� LúOHPLQGHQ� IDUNODU� GHSRODPD�
DODQÕQD� J|QGHULOHFH÷L� LoLQ� WDP� \HGHNOHPH\H� J|UH� oRN� GDKD� KÕ]OÕ� ELU� úHNLOGH� \HGHNOHPH� LúOHPL�
JHUoHNOHúWLULOHELOPHNWHGLU��)DUN�\HGHNOHPH�\DSÕODELOPHVL�LoLQ�LON�\HGHNOHPH�LúOHPLQGH�WDP�\HGHNOHPH�LúOHPLQLQ�
JHUoHNOHúWLULOPLú�ROPDVÕ�JHUHNPHNWHGLU�'LQoNDQ��������� �

x $UWDQ�<HGHNOHPH��$UWDQ�\HGHNOHPH�\|QWHPL�IDUN�\HGHNOHPH�LOH�EHQ]HU�ELU�\DSÕGDGÕU��$UWDQ�\HGHNOHPHQLQ�WHN�
IDUNÕ�VDGHFH�YHUL��]HULQGH�\DSÕODQ�GH÷LúLNOLNOHULQ�\HGHNOHQPHVLGLU�� � %X�\HGHNOHPH�W�U��HQ�\�NVHN�\HGHNOHPH�
KÕ]Õ�� HQ� D]� GHSRODPD� DODQÕ� NXOODQÕPÕQD� VDKLS� ROPDVÕQD� UD÷PHQ� DQD� GRV\DGDNL� ER]XOPDGDQ� GROD\Õ� \HGHN�
GRV\DGDQ�DQD�GRV\D\Õ�WHNUDU�ROXúWXUPD�DQODPÕQGD�HQ�]RU�RODQ�\|QWHPGLU�.DZDL���������

.XUXPODU� DQDOL]� V�UHFLQGH� EHOLUOHPLú� ROGXNODUÕ� \HGHNOHQHFHN� RODQ� YHULOHUL� EX� DúDPDGD� KDQJL� \HGHNOHPH� W�U�� LOH�
\HGHNOH\HFHNOHULQL�EHOLUOHPHVL�GHSRODPD�DODQÕQGD�FLGGL�DQODPGD�WDVDUUXI�VD÷OD\DFDNWÕU��

���� � <HGHNOHPH�3HUL\RWODUÕQÕQ�2OXúWXUXOPDVÕ�

<HGHNOHPH�DOW\DSÕVÕ�ROXúWXUXOXUXOPDVÕ�YH�\DSÕODFDN�RODQ�\DWÕUÕPÕQ�EHOLUOHQPHVL�LoLQ�HQ�|QHPOL�NULWHU�\HGHNOHQHFHN�
RODQ� YHULOHULQ� \HGHNOHPH� SHU\RWODUÕQÕQ� KHVDEÕ� YH� EX� KHVDED� X\JXQ� RODUDN� \HGHNOHPH� PLPDULVLQLQ�
EHOLUOHQPHVLGLU�'LQoNDQ���������%X�LúOHP�LoLQ�|QFHOLNOH�\HGHNOHQHFHN�RODQ�GRV\DODU�X\JXODPDQÕQ�\DSÕVÕQD�YH�NXOODQÕP�
VÕNOÕ÷ÕQD�J|UH�NDWHJRULOHUH�D\UÕOPDOÕGÕU��gUQH÷LQ�ELU�IWS�VXQXFXVXQGDNL�GRV\DODU�H÷HU�oRN�ID]OD�GH÷LúLNOLN�J|VWHUPL\RU�LVH�
KDIWDGD�ELU�\HGHNOHQL\RUNHQ�ELU�YHULWDEDQÕ�VDDWOLN�SHU\RWODU�LOH�\HGHNOHQPHVL�JHUHNHELOLU��%X�\�]GHQ�\HGHNOHQHFHN�RODQ�
GRV\DODUÕQ� \HGHNOHPH� SHU\RWODUÕQÕQ� EHOLUOHQPHVL� VRQ� GHUHFH� |QHPOLGLU�� $\UÕFD� EX� LúOHP� VRQXQGD� KD]ÕUODQDFDN� RODQ�
RWRPDWLN�\HGHNOHPH�LoLQ�J|UHY�WDQÕPODUÕ�LOH�Lú�J�F��DQODPÕQGD�GD�E�\�N�WDVDUUXI�VD÷ODQPÕú�RODFDNWÕU��

���� � 'HSRODPD�$ODQÕQÕQ�7HVSLWL� �

<HGHNOHQHFHN� RODQ� YHUL� E�\�NO�÷�QH�� |QHPLQH�� NXUXPXQ� \DSÕVÕQD�� PDOL\HWH�� ELOJL� LúOHP� DOW\DSÕVÕQD� J|UH� IDUNOÕ�
úHNLOOHUGH�\HGHNOHQHELOPHNWHGLU��'HSRODPD�DODQÕQÕQ�WHVSLWL�DúDPDVÕ�\HGHNOHPH�PRGHOLQLQ�\|QHWLOHELOLUOL÷L�DoÕVÕQGDQ�HQ�
|QHPOL�EDúOÕNODUÕQGDQGÕU��<HGHNOHPH�LúOHPL�V�U�F�OHU��]HULQGHQ�WH\S�\DGD�GLVNOHUH�\DSÕODELOHFH÷L�JLEL��VXQXFXQXQ�NHQGL�
�]HULQGHNL� ELU� DODQD�� D÷� �]HULQGHNL� EDúND� ELU� VXQXFX\D� KDWWD� J�Q�P�]�Q� J�QFHO� \HGHNOHPH� V�UHoOHULQGHQ� RODQ� EXOXW�
�]HULQGHNL�ELU�QRNWD\D�\DSÕODELOLU�6WHSKHQ���������'HSRODPD�DODQODUÕQÕQ�\DSÕVÕQD�J|UH�\HGHNOHPH�LúOHPL��o�IDUNOÕ�úHNLOGH�
\DSÕPDNWDGÕU��

������ 7H\S��'9'�6�U�F�OHUL�h]HULQGHQ�<HGHNOHPH�� �

%X� \HGHNOHPH� W�U�� JHQHOOLNOH� WHN� ELU� VXQXFXQXQ� YH\D� ELU� X\JXODPDQÕQ� \HGH÷L� DOÕQÕUNHQ� NXOODQÕOPDNWDGÕU��
<HGHNOHQHFHN�RODQ�YHUL�VXQXFX��]HULQGHNL�WH\S�\DGD�'9'�V�U�F�OHUL��]HULQGHQ�PDQ\HWLN�RUWDPODUD�ND\GHGLOPHNWHGLU��
%X�LúOHP�Lú�J�F�Q�Q�\R÷XQOX÷X��\HGHNOHPH�V�UHFLQLQ�WDNLEL�JLEL�ELUoRN�]RUOXN�VHEHEL�LOH�E�\�N�VLVWHPOHUGH�NXOODQÕúOÕ�
GH÷LOGLU��

������ <HUHO�$ODQ�$÷Õ�h]HULQGHNL�%LU�$ODQD�<HGHNOHPH�� �

*�Q�P�]GH� HQ� VÕN� NXOODQÕODQ� \|QWHP� D÷� �]HULQGHNL� ELU� \HGHNOHPH� VXQXFXVXQD� \DGD� \HGHN� GHSRODPD� DODQÕQD�
YHULOHULQ� \HGHNOHQPHVL� LúOHPLGLU�0LOOHU�� ������� %X� LúOHP� KHP� D÷� �]HULQGHQ� YHULQLQ� DNWDUÕOPDVÕ� LúOHPLQLQ� GDKD� KÕ]OÕ�
JHUoHNOHúPHVL�KHPGH�\HGHNOHPH�SHU\RWODUÕQÕQ�]DPDQODQPÕú�J|UHYOHU��]HULQGHQ�RWRPDWLN�ELU�úHNLOGH�\DSÕOPDVÕ�DoÕVÕQGDQ�
LON�\|QWHPH�J|UH�oRN�GDKD�KÕ]OÕ�YH�J�YHQLOLU�ELU�\|QWHPGLU��%X�\|QWHPGH�VLVWHP��]HULQGHNL�\HGHNOHQHFHN�W�P�VXQXFX�YH�
GRV\DODUÕQ�\HGHNOHPH�LúOHPL��\HGHNOHPH�VXQXFXVX��]HULQGHNL�GLVNOHUH�YH\D�\HGHNOHPH�VXQXFXVX��]HULQGHQ�WDQÕPODQPÕú�
RODQ�GHSRODPD�D\JÕWODUÕQD�\DSÕOÕU��%X�LúOHP�ORJ�VXQXFXVX�\DGD�YHULWDEDQÕ�VXQXFXVX�JLEL�|]HOOLNOH�\HGHNOHPH�SHUL\RWODUÕ�
VÕN� RODQ� YHULOHULOHULQ� \HGHNOHQPHVL� LúOHPLQL� � VRQ� GHUHFH� NROD\ODúWÕUPDNWDGÕU�� <HUHO� DODQ� D÷Õ� �]HULQGHNL� ELU� DODQD�
\HGHNOHPH�LúOHPLQLQ�JHUoHNOHúWLULOPHVL�ùHNLO��¶GH�J|VWHULOPHNWHGLU��
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ùHNLO����<HUHO�$ODQ�$÷Õ�h]HULQHNL�%LU�$ODQD�<HGHNOHPH�

������ %XOXW�h]HULQGHNL�%LU�$ODQD�<HGHNOHPH�� �

.XUXPXQ�|OoH÷LQLQ�E�\�PHVL�YH�IDUNOÕ�ORNDV\RQODU�LoHULVLQGH�ELULPOHULQLQ�ROXúPDVÕ�VXQXFXODUÕQ�YH�X\JXODPDODUÕQ�
GD÷ÕWÕN� ELU� \DSÕ� ROXúWXUDUDN� JHQLúOHPHVLQH� QHGHQ� ROPDNWDGÕU�� %XGD� KHU� \HUHO� DODQ� D÷Õ� LoLQ� ELU� \HGHNOHPH� DOW\DSÕVÕ�
ROXúWXUXOPDVÕ� DQODPÕQD� JHOPHNWHGLU��<HUHO� DODQ� D÷Õ� �]HULQGHNL� ELU� DODQD� \HGHNOHPH�PRGHOL� WHN� ELU� D÷� LoHULVLQGH� YHUL�
\HGHNOHPH� \DSDUNHQ� ELUoRN� DYDQWDM� VXQPDVÕQD� UD÷PHQ� IDUNOÕ� \HUHO� D÷ODU� �]HULQGHQ� \HGHNOHQPHVL� JHUHNOLOL÷L� RUWD\D�
oÕNWÕ÷ÕQGD�LKWL\DoODUD�NDUúÕOÕN�YHUHPHPHNWH�\DGD�PDOL\HW�oRN�DUWPDNWDGÕU�6WHSKHQ���������$\UÕFD�\HUHO�DODQ�D÷Õ�LoHULVLQGH�
oRN� ID]OD� YHUL� GHSRODPD� YH� EX� YHULOHULQ� \HGHNOHQPHVL� JHUHNL\RUVD� \�NVHN� SHUIRUPDQVOÕ� YHUL� GHSRODPD� FLKD]ODUÕ� YH�
VXQXFXODU�NXOODQÕOPDVÕ�JHUHNPHNWHGLU��%XGD�\�NVHN�VDWÕQ�DOPD�PDOL\HWOHULQL�RUWD\D�oÕNDUPDNWDGÕU�-RVHI���������%XQD�HN�
RODUDN� ELUOLNWH� |P�UOHUL� VÕQÕUOÕ� RODQ� EX� FLKD]ODUÕ� EDUÕQGÕUPDN� LoLQ� X\JXQ� IL]LNVHO� RUWDP� VD÷ODPD�� HQHUML� YH� SHUVRQHO�
JLGHUOHUL�IDUNOÕ�\HUHO�DODQ�D÷ODUÕ��]HULQGHNL�YHULOHULQ�\HGHNOHPH�V�UHFLQL�ROGXNoD�]RUODúWÕUPDNWDGÕU��

7HNQRORMLQLQ� YH� LQWHUQHW� DOW\DSÕVÕQÕQ� JHOLúPHVL� LOH� ELUOLNWH� E�\�N� NXUXPODUÕQ� IDUNOÕ� ORNDV\RQODUGDNL� YHULOHULQL�
\HGHNOHPH�LKWL\DFÕQÕ�\HUHO�DODQ�D÷Õ��]HULQGHNL�\HGHNOHPH�DODQÕ��]HULQH�\DSPDN�\HULQH�LQWHUQHW�EXOXWX��]HULQGHNL�RUWDN�ELU�
DODQD�\HGHNOHPH�VLVWHPOHULQLQ�NXUXOPDVÕ�YH�W�P�VXQXFX�YH�X\JXODPDODUÕQ�\HGHNOHULQLQ�EX�DODQD�\DSÕOPDVÕ�GDKD�FD]LS�
KDOH�JHOPLúWLU��%XOXW��]HULQGHNL�ELU�DODQD�\HGHNOHPH�LúOHPLQLQ�JHUoHNOHúWLULOPHVL�ùHNLO��¶WH�J|VWHULOPLúWLU��

�
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ùHNLO����%XOXW�h]HULQGHNL�%LU�$ODQD�<HGHNOHPH�

%XOXW� �]HULQGHNL� ELU� DODQD� \HGHNOHPH� DOW\DSÕVÕ� ROXúWXUXOPDVÕQÕQ� \HUHO� DODQ� D÷Õ� �]HULQGH� \HGHNOHPH� DOW\DSÕVÕ�
ROXúWXUXOPDVÕQD�J|UH�ELUoRN�DYDQWDMÕ�EXOXQPDNWDGÕU��%XQODU��

x %XOXW�\HGHNOHPH�DOW\DSÕVÕ�LoLQ�LON�NXUXOXP�YH�VDWÕQ�DOPD�PDOL\HWL�\RNWXU��%XQXQ�\HULQH�GHSRODPD�DODQÕ�NLUDODPD�
\ROXQD�JLGLOPHNWHGLU��

x &LKD]ODUÕQ�DUÕ]DODQPDVÕ�YH\D�\HQL�FLKD]ODUD�LKWL\Do�GR÷PDVÕ�HN�PDOL\HW�JHWLUPH]��
x %XOXW�\HGHNOHPH�VLVWHPLQLQ�LoLQGH�\HGHNOHPH�YH�NXUWDUPD�VLVWHPOHULGH�EXOXQPDNWDGÕU��
x <HGHNOHPH�LoLQ�SHUVRQHO�YH\D�KHUKDQJL�ELU�LúJ�F��JHUHNPH]��
x '�Q\DQÕQ�KHU�WDUÕIÕQGDNL�NXUXP�ORNDV\RQODUÕQÕQ�D\QÕ�DODQD�\HGHN�DOPDVÕ�VD÷ODQÕU��<LQH�D\QÕ�úHNLOGH�G�Q\DQÕQ�

KHU�WDUDIÕQGDQ�EXUDGDNL�GHSRODPD�DODQODUÕQD�HULúLP�P�PN�QG�U��

úHNOLQGH�VÕUDODQDELOLU��0G���������%XOXW��]HULQGHNL�ELU�DODQD�\HGHNOHPH�DOW\DSÕVÕ�ROXúWXUPDQÕQ�EX�DYDQWDMODUÕQD�UD÷PHQ�
ELUoRN�WD�GH]DYDQWDMÕ�EXOXQPDNWDGÕU��%XQODU��

x %XOXW��]HULQGH�YHUL�GHSRODPDN�LoLQ�E�\�N�EDQW�JHQLúOL÷LQH�LKWL\Do�GX\XOPDNWDGÕU��%X�\HGHNOHPH�LúOHPL�\HUHO�
DODQ�D÷Õ�LoHULVLQGHNL�\HGHNOHPH�LúOHPLQH�J|UH����LOD�����NDW�DUDVÕQGD�GDKD�\DYDúWÕU��

x .�UHVHO�LQWHUQHW�NHVLQWLOHUL�\DúDQGÕ÷ÕQGD�\HGHNOHPH�VLVWHPLQH�XODúÕODPD]��
x %XOXW��]HULQGHNL�YHUL�GHSROPD�DODQODUÕ�NÕVÕWOÕ�RODELOLU��
x .XUXP�LoLQ�|]HO�RODQ�GRV\DODUÕQ�NXUXP�GÕúÕQGD�ELU�RUWDPGD�VDNODQPDVÕ�YHUL�J�YHQOL÷LQL�WHKOLNH\H�VRNPDNWDGÕU��

úHNOLQGHGLU��6HDQ���������.XUXP�LKWL\Do�DQDOL]LQGHQ�oÕNDQ�VRQXFD�J|UH�EXOXW��]HULQGHNL�ELU�GHSRODPD�DODQÕQD�\DGD�NHQGL�
\HUHO�DODQ�D÷Õ��]HULQGHNL�ELU�DODQD�\HGHNOHPH�VLVWHPL�NXUDELOLU��<DGD�ROXúDELOHFHN�IHODNHWOHUH�NDUúÕ�LNL�\|QWHPLQ�NDUPDVÕ�
ELU�\DSÕ�ROXúWXUDELOLU��

���� � <HGHNOHQHFHN�2ODQ�9HULQLQ�6ÕNÕúWÕUÕOPDVÕ�

<HGHNOHQHFHN�RODQ�YHULOHU�\HGHNOHPH�W�U�QH�WDP�\HGHNOHPH�VHoLOPLú�LVH�VÕNÕúWÕUÕODUDN�GHSRODPD�DODQÕ��]HULQGH�GDKD�
D]� \HU� NDSODPDVÕ� VD÷ODQDELOLU��%X� ED÷ODPGD� \HGHNOHPH� LúOHPL� JHUoHNOHúWLULOLUNHQ� DQDOL]� V�UHFLQGH� \HGHNOHQHFHN� RODQ�
GRV\DODUÕQ� VÕNÕúWÕUPD� LúOHPL� \DSÕOÕS� \DSÕOPD\DFD÷ÕQÕQ� EHOLUOHQPHVL� |QHPOLGLU�0LOOHU�� ������� $\UÕFD� DUúLY� DPDoOÕ�
VDNODQDFDN� RODQ� EX� W�U� GRV\DODUÕQ� VÕNÕúWÕUPD� LúOHPL� LOH� ELUOLNWH� úLIUHOHQPHVLGH� YHULQLQ� JL]OLOL÷L� DoÕVÕQGDQ� |QHP�
WDúÕPDNWDGÕU��%X� DúDPDGD� VÕNÕúWÕUÕODFDN�RODQ�YHULOHULQ� KDQJLOHULQLQ� úLIUHOHQHFH÷LQLQ� WHVSLW� HGLOHUHN� úLIUHOHPH� LúOHPLQLQ�
GRV\D\D�X\JXODQPDVÕ�JHUHNPHNWHGLU��

�
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���� +L\HUDUúLN�'HSRODPD�$ODQÕQÕQ�2OXúWXUXOPDVÕ�

.XUXPODUÕQ� E�\�PHVLQH� SDUDOHO� RODUDN� \HGHNOHQHFHN� YHUL� ER\XWXGD� DUWPDNWDGÕU�� $UWDQ� YHUL� ER\XWX�� VXQXFX� YH�
X\JXODPD�oHúLWOLOL÷LQL�EHUDEHULQGH�JHWLUPHNWHGLU��<HGHNOHQHFHN�RODQ�YHULOHUGH�EHOOL�ELU�VLVWHPDWLN�ROXúWXUXOPDPÕú�LVH�ELU�
V�UH� VRQUD� ROXúWXUXODQ� \HGHNOHULQ� DUúLYOHUL� G�]HQVL]OHúPH\H� EDúOD\DFDN� YH� DOÕQPÕú� RODQ� \HGHNOHULQ� EXOXQPDVÕQGD� ELU�
WDNÕP�]RUOXNODU�\DúDQDFDNWÕU��%X�DQODPGD�ROXúWXUXODFDN�RODQ�\HGHNOHU�|QFHGHQ�EHOLUOHQHFHN�SDUDPHWULN�LVLPOHQGLUPHOHU�
LOH� ROXúWXUXOPDOÕGÕU�� gUQH÷LQ� \HGH÷LQ� ROXúWXUXODFD÷Õ� GL]LQ� LVPLQGH� \HGH÷L� DOÕQDFDN� RODQ� X\JXODPDQÕQ� DGÕ�� KDQJL�
VXQXFXGDQ� DOÕQDQ� \HGHN� ROGX÷XQX� EHOLUWHQ� ELU� SDUDPHWUH�� ROXúWXUPD� WDULKL� YH� JHUHNL\RUVD� YHUVL\RQ� QXPDUDVÕ� JLEL�
SDUDPHWUHOHU�ROPDOÕGÕU��<LQH�\HGHNOHQPLú�GRV\DQÕQ�DGÕQGD�GRV\DQÕQ�|Q�LVPL��ROXúWXUPD�WDULKL��X\JXODPD�WLSL��YHUVL\RQ�
QXPDUDVÕ��\HGHNOHPH�WLSL�JLEL�EHOOL�SDUDPHWUHOHUL�EDUÕQGÕUPDOÕGÕU��%X�VD\HGH�ROXúWXUXODFDN�RODQ�\HGHNOHPH�VLVWHPLQGH��
ROXúWXUXOPXú�RODQ�\HGH÷L�EXOPDN�oRN�GDKD�NROD\ODúDFDNWÕU��

���� <HGH÷LQ�2OXúWXUXOPDVÕ�

%X�DúDPDGD�EHOLUOHQHQ�NULWHUOHUH�J|UH�\HGHN�LVWHQLOHQ�DODQD�ROXúWXUXOPDOÕGÕU��%X�LúOHP�NXUXPXQ�\DSÕVÕQD�J|UH�ELU�
SHUVRQHO�WDUDIÕQGDQ�\DSÕODELOHFH÷L�JLEL�N�o�N�VLVWHPOHUGH�]DPDQODQPÕú�J|UHYOHU�LOH�RWRPDWLN�KDOH�JHWLULOHELOLU��.XUXPXQ�
E�\�NO�÷�QH� J|UH� \HGHNOHPH� SURJUDPODUÕQGDQ� \DUDUODQÕODELOLU� \DGD� EXOXW� �]HULQGH� \HGHNOHPH� \DSÕODFDNVD� Lú� J�F��
ROPDNVÕ]ÕQ�X]DNWDNL�GHSRODPD�DODQÕ�LoLQ�ROXúWXUXODFDN�J|UHYOHU�YH�\HGHNOHPH�SURJUDPODUÕ�LOH�EX�LúOHP�JHUoHNOHúWLULOHELOLU��

���� 9HUL�'R÷UXOX÷XQXQ�.RQWURO��

<HGHNOHPH�LúOHPL�ELU�SURJUDP�DUDFÕOÕ÷Õ�LOH�RWRPDWLN�RODUDN�JHUoHNOHúWLULOL\RUVD��\HGHNOHPH�LúOHPL�JHUoHNOHúLUNHQ�D÷�
�]HULQGH�ROXúDFDN�KHUKDQJL�ELU�DNVDNOÕNWDQ�GROD\Õ�\HGHNOHPH�LúOHPL�WDP�RODUDN�JHUoHNOHúPH\HELOLU�\DGD�GRV\D�ER]XOPXú�
RODELOLU�&KDNUDYDUWK\���������<HGHNOHPH� V�UHFLQGHNL�EX�GXUXP�GRV\D�NRQWURO�HGLOPHGLNoH� IDUN�HGLOHPH]��%X�\�]GHQ�
\HGHNOHQPLú�GRV\DODUÕQ�EHOOL�SHUL\RWODU�LOH�NRQWURO�HGLOPHVL�VRQ�GHUHFH�|QHPOLGLU��

�

�

�� 6RQXo�

.XUXPODUÕQ� ELOLúLP� DOW\DSÕODUÕQGD� ROXúDELOHFHN� EHNOHQPHGLN� GXUXPODU� NDUúÕVÕQGD� YHUL� ND\ÕSODUÕ� YH� EXQD� SDUDOHO�
RODUDN� \DúDQDFDN� ]DUDUODUÕ� HQ� D]D� LQGLUPHN� DPDFÕ� LOH� VXQXFX� YH� NXUXPVDO� YHULOHULQLQ� G�]HQOL� RODUDN� \HGHNOHQPHVL�
JHUHNPHNWHGLU��%X� \�]GHQ�NXUXPODU� DOW\DSÕODUÕQD�YH�E�\�NO�NOHULQH�J|UH�ZHE�� X\JXODPD�� YHULWDEDQÕ�� IWS�� ORJ�YE�JLEL�
VXQXFXODUÕ� �]HULQGHNL� GRV\DODUÕ� \HGHNOHPHVL� NULWLN� |QHPH� VDKLSWLU�� %X� oDOÕúPDGD� NXUXPODUÕQ� NHQGL� \DSÕODUÕQD� X\JXQ�
RODUDN�ELU�\HGHNOHPH�PRGHOLQL�ROXúWXUPDVÕ�YH�\HGHNOHPH�DOW\DSÕVÕQÕ�EX�PRGHOH�J|UH�úHNLOOHQGLUPHVL�JHUHNOLOL÷L�RUWD\D�
NRQXOPXúWXU��6RQXo�RODUDN�IDUNOÕ�DPDoODU�LoLQ�ROXúWXUXOPXú�VXQXFXODUÕQ�YH�X\JXODPDODUÕQ�DQDOL]�HGLOHUHN�KDQJL�YHULOHULQ�
\HGHNOHQPHVL�JHUHNOLOL÷LQLQ�WHVSLWL��\DSÕODQ�\HGHNOHPHQLQ�KDQJL�W�U�\HGHNOHPH�RODFD÷ÕQÕQ�RUWD\D�NRQPDVÕ��\DSÕODFDN�RODQ�
\HGHNOHPH�LúOHPLQGH�\HGHNOHQHFHN�GRV\DODUÕQ�\HGHNOHPH�SHUL\RWODUÕQÕQ�WHVSLW�HGLOHUHN�NDWHJRULOHUH�D\UÕOPDVÕ�JHUHNOLOL÷L��
NXUXPODUÕQ� E�\�NO�÷�QH� X\JXQ� \HGHNOHPH� PLPDULVLQH� NDUDU� YHULOPHVLQLQ� VRQ� GHUHFH� |QHPOL� ROGX÷XQD�� YHULOHULQ�
VÕNÕúWÕUÕODUDN� \HGHNOHPH� VXQXFXVXQGD� GDKD� D]� \HU� NDSOD\DFD÷ÕQD�� \HGHNOHQPLú� GRV\DODUD� GDKD� UDKDW� ELU� HULúLP� LoLQ�
KL\HUDUúLN�ELU�GHSRODPD�\DSÕVÕQÕQ�ROXúWXUXOPDVÕ�YH�\HGHNOHQPLú�YHULQLQ�GR÷UXOX÷XQXQ�WHVSLW�HGLOPHVL�JHUHNWL÷L�RUWD\D�
oÕNPÕúWÕU��

�
�� 5HIHUDQVODU�
�
1DNDPXUD��6���4LDQ��&���)XNXPRWR��6���1DNDJDZD��7���������2SWLPDO�EDFNXS�SROLF\�IRU�D�GDWDEDVH�V\VWHP�ZLWK�
LQFUHPHQWDO�DQG�IXOO�EDFNXSV��0DWKHPDWLFDO�DQG�&RPSXWHU�0RGHOOLQJ���SS�������������
�
/LX��%��-���=KRX��0�=���'RFXPHW��-���������8WLOL]LQJ�GDWD�JULG�DUFKLWHFWXUH�IRU�WKH�EDFNXS�DQG�UHFRYHU\�RI�FOLQLFDO�LPDJH�
GDWD��2ULJLQDO�5HVHDUFK�$UWLFOH�&RPSXWHUL]HG�0HGLFDO�,PDJLQJ�DQG�*UDSKLFV���SS����������
�
.DZDL��+���6DQGRK��+���������$Q�HIILFLHQW�EDFNXS�ZDUQLQJ�SROLF\�IRU�D�KDUG�GLVN��&RPSXWHUV�	�0DWKHPDWLFV�ZLWK�
$SSOLFDWLRQV���SS������������
�
'LQoNDQ��$����������9HUL�<HGHNOHPH�.ÕODYX]X��8OXVDO�(OHNWURQLN�YH�.ULSWRORML�$UDúWÕUPD�(QVWLW�V����SS��������
�
6WHSKHQ��5��6���1DP��.��7�� � �������&KDSWHU�����:$1�2SWLPL]DWLRQ�LQ�WKH�3ULYDWH�&ORXG��3ULYDWH�&ORXG�&RPSXWLQJ���SS��
���������
�
0LOOHU��'�'���������&KDSWHU���±�%DFNXS�*HWWLQJ�6WDUWHG�ZLWK�2SHQ906�6\VWHP�0DQDJHPHQW���SS���������
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�
-RVHI��6���-RKDQQHV�0���$OH[DQGHU�6����������&UHDWLQJ�RSWLPDO�FORXG�VWRUDJH�V\VWHPV��)XWXUH�*HQHUDWLRQ�&RPSXWHU�
6\VWHPV�
�
0G��7��.���6KDZNDW�$OL��$�%�0���6DOHK��$��:���������$�VXUYH\�RQ�JDSV��WKUHDW�UHPHGLDWLRQ�FKDOOHQJHV�DQG�VRPH�WKRXJKWV�
IRU�SURDFWLYH�DWWDFN�GHWHFWLRQ�LQ�FORXG�FRPSXWLQJ��)XWXUH�*HQHUDWLRQ�&RPSXWHU�6\VWHPV���SS�����������
�
6HDQ��0���=KL��/���6XEKDM\RWL��%���-XKHQJ��=���$QDQG��*��������&ORXG�FRPSXWLQJ���7KH�EXVLQHVV�SHUVSHFWLYH��
'HFLVLRQ�6XSSRUW�6\VWHPV���SS����������
�
&KDNUDYDUWK\��6��5���$JQLKRWKUL�6��5���������$�VHUYHU�EDFNXS�PRGHO�ZLWK�0DUNRYLDQ�DUULYDOV�DQG�SKDVH�W\SH�VHUYLFHV��
(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK���SS�����������
�
�
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�

1HUPLQ�$N\HO�
6DNDU\D�hQLYHUVLWHVL�

*H\YH�0HVOHN�<�NVHNRNXOX�
7h5.ø<(�

QDN\HO#VDNDU\D�HGX�WU�
�
�

g]HW�� �8OXVODUDUVÕODúPD\OD�ELUOLNWH� LúOHWPH� IDDOL\HW�YH� IRQNVL\RQODUÕQGDQ�ELU�oR÷XQGD� L\LOHúWLUPH�
YH�G�]HQOHPHOHULQ�\DSÕOPDVÕ� LKWL\DFÕ�J�QGHPH�JHOPLú�ROXS� LúOHWPH� OLWHUDW�U�QH�JLUHQ�YH�JLGHUHN�
|QHP�ND]DQDQ�NDYUDPODUGDQ�ELUL�GH�NXUXPVDO�\|QHWLPGLU��.XUXPVDO�\|QHWLPLQ�|]�QGH�úLUNHWOHULQ�
\|QHWLP� NXUXOX� �\HOHUL�� \|QHWLFLOHUL�� oDOÕúDQODUÕ� YH� LOHWLúLP� NXUGX÷X� �o�QF�� NLúL� YH� NXUXOXúODU�
DUDVÕQGDNL� LOLúNLOHULQ� EHOLUOL� VWDQGDUWODU� YH� NXUDOODU� oHUoHYHVLQGH� V�UG�U�OPHVL� JHUHNWL÷L�
YXUJXODQPDNWDGÕU�� 0XKDVHEH�� LúOHWPHOHUGH� SDUDVDO� QLWHOLN� WDúÕ\DQ� ROD\ODUÕ� ND\GHWPHN��
VÕQÕIODQGÕUPDN�� |]HWOHPHN� YH� DQDOL]� HWPHN� VXUHWL\OH� LOJLOLOHUH� ELOJL� YHUPH\L� DPDoOD\DQ� ELU� ELOJL�
VLVWHPL� ROXS� PXKDVHEHGH� �UHWLOHFHN� ELOJLOHU� úLUNHWOHULQ� IDDOL\HWOHULQLQ� VRQXoODUÕQÕQ�
GH÷HUOHQGLULOPHVLQGH� |QHPOL� \HU� WXWPDNWDGÕU�� � <|QHWLPH� NDUDU� DOPDGD� \DUGÕPFÕ� RODFDN� GR÷UX��
G�U�VW��J�YHQLOLU�ELOJLQLQ��UHWLOPHVL�DQFDN�KDWD�YH�KLOHOHULQ�ROPDGÕ÷Õ�J�YHQLOLU�ILQDQVDO�WDEORODU�LOH�
P�PN�QG�U�� %X� oDOÕúPDGD� NXUXPVDO� \|QHWLP� YH� ILQDQVDO� WDEORODUÕQ� J�YHQLOLUOL÷LQLQ� |QHPL�
�]HULQGH� GXUXODUDN� ILQDQVDO� WDEORODUÕQ� J�YHQLOLUOL÷LQL� HWNLOH\HQ� XQVXUODUGDQ� ELUL� RODQ� KLOH� HOH�
DOÕQPÕúWÕU�����

� � $QDKWDU�.HOLPHOHU��.XUXPVDO�\|QHWLP��ILQDQVDO�WDEORODUÕQ�J�YHQLOLUOL÷L��PXKDVHEH�KLOHOHUL�
�
�
�
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.h/7h5/(5$5$6,/,.�9(�.h5(6(//(ù0(�6h5(&ø1'(�(öø7ø0�
�

� � � � � � � � � �
(UWX÷UXO�$\GÕQ�

'R÷X�$NGHQL]�hQLYHUVLWHVL�
(÷LWLP�)DN�OWHVL�7�UNoH�(÷LWLPL�%|O�P���*D]LPD÷XVD�..7&�

HUWXJUXO�D\GLQ#HPX�HGX�WU��HUWXJUXOD\GLQ#JPDLO�FRP��
�
�

$EVWUDFW��0XOWLFXOWXUDO�LV�D�QRWLRQ�WKDW�UHFRJQL]HV�FR�H[LVWHQFH�RI�GLIIHUHQW�FXOWXUHV�LQ�
WKH�VDPH�HQYLURQPHQW��7KLV�QRWLRQ�KDV�D�UHDFWLRQ�DWWLWXGH�ZLWKLQ�LWVHOI��DQG�LW�DOVR�UHYHDOV�WKH�QHHG�
IRU� PRGHUQLW\� WKDW� PXOWLFXOWXUDO� HGXFDWLRQ� UHIHUV� WR� LQ� WKH� ��VW� FHQWXU\� HGXFDWLRQ� V\VWHP�� 7KLV�
FHQWXU\� JLYHV� ZD\� WR� FUHDWLRQ� RI� D� QHZ� HQYLURQPHQW� IRU� FUHDWLRQ� RI�PXOWLFXOWXUDO� VRFLHWLHV� E\�
PHDQV�RI�WKH�GHYHORSPHQW�RI�QHZ�WHFKQRORJ\�WRROV��SUROLIHUDWLRQ�RI�OLYLQJ�FRQGLWLRQV�DQG�VRFLDO�
UHODWLRQV�� PLJUDWLRQV� DQG� SRSXODWLRQ� JURZWK�� 7RJHWKHU� ZLWK� QHZ� DGYDQFHV� LQ� LQIRUPDWLRQ�
WHFKQRORJLHV�DQG�FKDQJHV�DQG�GHYHORSPHQWV�LQ�PXOWLFXOWXUDO�HWKRV��LW�VHHPV�WKDW�HGXFDWLRQ��ZKLFK�
KDV� DQ� DFWLYH� UROH� LQ� JOREDOL]DWLRQ�� IRUFHV� LQGLYLGXDOV� WR� HPEDUN� RQ� QHZ� TXHVWV�� ,Q� WKLV� QHZ�
FHQWXU\�� WKH�ULVH�RI�QHZ�OHDUQLQJ�QHHGV�EULQJV�DORQJ� WKH�QHHG�IRU�HGXFDWLQJ� LQGLYLGXDOV�ZKR�DUH�
FRPSHWHQW� LQ� XVLQJ� WHFKQRORJ\�� ZKR� FDQ� VXJJHVW� VROXWLRQV� WR� ZRUOG� SUREOHPV� DQG� YRLFH� QHZ�
LGHDV��DQG�ZKR�FDQ�WDNH�GHFLVLRQV�LQ�DFFRUGDQFH�ZLWK�VRFLHWDO�ULJKWV��UXOHV�DQG�UHJXODWLRQV���

%HLQJ�UHJDUGHG�DV�RQH�RI� WKH�FHQWUDO�QRWLRQV�RI�VRFLDO�SV\FKRORJ\��DWWLWXGH�GHWHUPLQHV�
WKH� IUDPHZRUN� RI� LQGLYLGXDOV¶� EHKDYLRUV�� $WWLWXGH� FKDQJH�V��� ZKLFK� FDQ� DOVR� EH� GHILQHG� DV�
FRJQLWLYH� FRQVLVWHQF\�RU�PHVVDJH�OHDUQLQJ� DSSURDFK�� VKRXOG�EH� FRQVLGHUHG�ZLWKLQ� WKH� FRJQLWLYH�
PDSSLQJ�RI�PXOWLFXOWXUDO�HGXFDWLRQ��7KH�DLP�RI�WKH�SUHVHQW�VWXG\�LV�WR�GUDZ�LQIHUHQFHV�EHORQJLQJ�
WR� IXWXUH� WKURXJK� WKH� DQDO\VLV� RI� WKHRULHV� DQG�SUDFWLFDO� VDPSOHV�RI� VXFK�YDOXHV� DQG� FRQFHSWV� DV�
VRFLDO�HJR�DQG�LGHQWLW\��VRFLDO�LQIOXHQFH�DQG�FDXVDOLW\��DQG�VRFLDO�FRQVWUXFWLRQ�RI�UHDOLW\����

.H\ZRUGV�� 0XOWLFXOWXUDOLVP�� FXOWXUDO� DGDSWDWLRQ�� FRH[LVWHQFH�� JOREDOL]DWLRQ��
LQWHUFXOWXUDO�SV\FKRORJ\��VRFLDO�FRQVWUXFWLRQ�RI�UHDOLW\�

�
g]HW��dRN�N�OW�UO�O�N��PXOWLFXOWXUDO���ELU� WRSOXPGD�\HU�DODQ� IDUNOÕ�N�OW�UOHULQ�

ELU� DUDGD� \DúDPDVÕQD� RQD\� YHUHQ� ELU� WDQÕQPD� �UHFRJQLWLRQ�� ROJXVXGXU�� øoHUL÷LQGH� ELU�
WDYÕU�WXWXP�EDUÕQGÕUDQ�EX�\DNODúÕP��;;,��\�]\ÕO�H÷LWLP�VLVWHPLQGH�oRN�N�OW�UO��H÷LWLPLQ�
EDúYXUGX÷X� \HQLOLN� LKWL\DFÕQÕ� GD� DoÕ÷D� oÕNDUPDNWDGÕU�� <DúDGÕ÷ÕPÕ]� \�]\ÕO�� G�Q\DQÕQ�
\HQL� WHNQRORMLOHU� DUDFÕOÕ÷Õ\OD� GH÷LúWLULOPHVL�� VRV\DO� LOLúNL� YH� \DúDPD� ELoLPOHULQLQ�
oR÷DOPDVÕ��Q�IXV�JHOLúLPL�YH�J|oOHUOH��oRN�N�OW�UO��WRSOXP�\DSÕODUÕQÕQ�ROXúPDVÕQD�RUWDP�
KD]ÕUODPÕúWÕU���
.�UHVHOOHúPHGH�HWNLQ�URO��RODQ�H÷LWLPLQ��oRN�N�OW�UO��RUWDP�YH�LOHWLúLP�WHNQRORMLOHULQGH�
\DúDQDQ�JHOLúPHOHUOH�ELUOLNWH��WRSOXP�YH�ELUH\OHUL�\HQL�DUD\ÕúODU�JHOLúWLUPH\H�]RUODGÕ÷ÕQÕ�
J|VWHUPHNWHGLU��%X�\HQL�\�]\ÕOGD��|÷UHQPH�LKWL\DoODUÕQÕQ�GH÷LúNHQOL÷L�GH÷LúPHVL��G�Q\D�
SUREOHPOHULQH�o|]�POHU��UHWHELOHQ��WRSOXPVDO�KDN�YH�NXUDOODUD�X\JXQ�NDUDUODU�YHUHELOHQ��
WHNQRORML\H� KkNLP�� \HQL� ILNLUOHU� |QHUHELOHQ� ELUH\OHU� \HWLúWLUPHN� ]RUXQOXOX÷XQX� GD�
EHUDEHULQGH�JHWLUPHNWHGLU���
�
6RV\DO� SVLNRORMLQLQ� PHUNH]v� NDYUDPODUÕQGDQ� ELUL� VD\ÕODQ� WXWXP� �DWWLWXGH��� ELUH\OHUGHNL�
PHYFXW�GDYUDQÕúODUÕQ�oDWÕVÕQÕ�EHOLUOHU��%LOLúVHO�WXWDUOÕOÕN�\DNODúÕPÕ�\D�GD�PHVDM�|÷UHQPH�
\DNODúÕPÕ� GL\H� |]HWOH\HFH÷LPL]� WXWXP� GH÷LúLPOHULQL�� oRN�N�OW�UO�� H÷LWLPLQ� ]LKLQVHO�
KDULWDVÕ�LoLQGH�HOH�DOPDN�JHUHNLU���
%X�oDOÕúPDPÕ]GDNL�WHPHO�DPDo��VRV\DO�EHQOLN��oDOÕúPD��VRV\DO�HWNL��NLPOLN��QHGHQVHOOLN�
YH�VRV\DO�JHUoHNOL÷LQ� LQúDVÕ� �VRFLDO�FRQVWUXFWLRQ�RI� UHDOLW\��JLEL�GH÷HU�YH�\DNODúÕPODUOD�
|UW�úHQ� WHRUL� YH� X\JXODPD� |UQHNOHUL\OH� DQDOL]� \DSDUDN�� JHOHFHN� \ÕOODUD� DLW� oHúLWOL�
oÕNDUÕPODUGD�EXOXQPDNWÕU���

$QDKWDU� .HOLPHOHU�� dRN� .�OW�UO�O�N�� .�OW�UHO� 8\XP�� %LUOLNWH� <DúDPDN��
.�UHVHOOHúPH��.�OW�UOHUDUDVÕ�3VLNRORML��6RV\DO�.DUúÕODúWÕUPD��6RV\DO�*HUoHNOL÷LQ�øQúDVÕ���

�

*LULú�
.�UHVHOOHúPHGH�HWNLQ�URO��RODQ�H÷LWLPLQ��oRN�N�OW�UO��RUWDP�YH�LOHWLúLP�WHNQRORMLOHULQGH�\DúDQDQ�JHOLúPHOHUOH�ELUOLNWH��
WRSOXP� YH� ELUH\OHUL� \HQL� DUD\ÕúODU� JHOLúWLUPH\H� ]RUODGÕ÷ÕQÕ� J|VWHUPHNWHGLU�� %X� \HQL� \�]\ÕOGD�� |÷UHQPH� LKWL\DoODUÕQÕQ�
GH÷LúNHQOL÷L�GH÷LúPHVL��G�Q\D�SUREOHPOHULQH�o|]�POHU��UHWHELOHQ��WRSOXPVDO�KDN�YH�NXUDOODUD�X\JXQ�NDUDUODU�YHUHELOHQ��
WHNQRORML\H�KkNLP��\HQL�ILNLUOHU�|QHUHELOHQ�ELUH\OHU�\HWLúWLUPHN�]RUXQOXOX÷XQX�GD�EHUDEHULQGH�JHWLUPHNWHGLU���
�
.�UHVHOOHúPH�VRQUDVÕQGD�WRSOXPODU�DUDVÕQGD�KHP�E�W�QOHúPH��KHP�GH�IDUNOÕODúPD�J|]H�oDUSPDNWDGÕU��.�UHVHOOHúPHQLQ�
PH\GDQD�JHWLUGL÷L�KÕ]OÕ�GH÷LúLP�YH�RQXQ�RUWD\D�NR\GX÷X�LVWLNUDUVÕ]OÕN�ELUoRN�SUREOHPL�GR÷XUPDNWDGÕU��%XQODUÕQ�EDúÕQGD�
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GD��oRN�GLOOL�YH�oRN�N�OW�UO��\DSÕ��GHPRJUDILN�\DSÕQÕQ�GH÷LúLPL�YH�GH÷LúLPGHQ�ND\QDNODQDQ�EHOLUVL]OLN�JHOPHNWHGLU��gWH�
\DQGDQ��N�UHVHOOHúPHQLQ�\RO�DoWÕ÷Õ�N�OW�UOHU�DUDVÕQGDNL�X\XP�\D�GD�E�W�QOHúPH��H÷LWLP��Lú�YH�oDOÕúPD�GH÷HUOHUL�DoÕVÕQGDQ�
ED]Õ�ROXPOX�LúDUHWOHUL�NDUúÕPÕ]D�oÕNDUÕU��%|\OHOLNOH��DoÕNOÕN��HVQHNOLN��GX\DUOÕOÕN�JLEL�WH]OHU��UHNDEHW�YH�LúELUOL÷L�H÷LOLPOHUL�
RUWD\D�oÕNDU��
�
%X� oDOÕúPDPÕ]GDNL� WHPHO� DPDoODUÕQ� EDúÕQGD�� N�OW�UOHUDUDVÕ� \D� GD� IDUNOÕ� N�OW�UOHULQ� ELU� DUDGD� YH� KL\HUDUúL� LoLQGH�
WDQÕPODQPDGDQ�\DúD\DELOHFH÷L�ELU�\DSÕ\Õ�o|]�POHPHN�JHOPHNWHGLU��%XQXQ�GÕúÕQGD��VRV\DO�EHQOLN��oDOÕúPD��VRV\DO�HWNL��
NLPOLN��QHGHQVHOOLN�YH�VRV\DO�JHUoHNOL÷LQ�LQúDVÕ��VRFLDO�FRQVWUXFWLRQ�RI�UHDOLW\��JLEL�GH÷HU�YH�\DNODúÕPODUOD�|UW�úHQ�WHRUL�
YH�X\JXODPD�|UQHNOHUL\OH�DQDOL]�\DSDUDN��JHOHFHN�\ÕOODUD�DLW�oHúLWOL�oÕNDUÕPODUGD�G�ú�QFHVLQGH\L]��
�
dRN�N�OW�UO�O�N� �PXOWLFXOWXUDO���ELU� WRSOXPGD�\HU�DODQ� IDUNOÕ�N�OW�UOHULQ�ELU� DUDGD�\DúDPDVÕQD�RQD\�YHUHQ�ELU� WDQÕQPD�
�UHFRJQLWLRQ��ROJXVXGXU��øoHUL÷LQGH�ELU�WDYÕU�WXWXP�EDUÕQGÕUDQ�EX�\DNODúÕP��;;,��\�]\ÕO�H÷LWLP�VLVWHPLQGH�oRN�N�OW�UO��
H÷LWLPLQ� EDúYXUGX÷X� \HQLOLN� LKWL\DFÕQÕ� GD� DoÕ÷D� oÕNDUPDNWDGÕU�� <DúDGÕ÷ÕPÕ]� \�]\ÕO�� G�Q\DQÕQ� \HQL� WHNQRORMLOHU�
DUDFÕOÕ÷Õ\OD� GH÷LúWLULOPHVL�� VRV\DO� LOLúNL� YH� \DúDPD� ELoLPOHULQLQ� oR÷DOPDVÕ�� Q�IXV� JHOLúLPL� YH� J|oOHUOH�� oRN� N�OW�UO��
WRSOXP�\DSÕODUÕQÕQ�ROXúPDVÕQD�RUWDP�KD]ÕUODPÕúWÕU���
�
dRN� N�OW�UO�� \D� GD� oRN� N�OW�UH� GD\DOÕ� H÷LWLPL�� H÷LWLP� VLVWHPLQGHNL� PHYFXW� HNVLNOLN� YH� D\UÕPFÕOÕN� SUDWLNOHUL� �]HULQH�
\DSÕODQ� HOHúWLULGHQ� RUWD\D� oÕNDQ� ELU� EDNÕú� DoÕVÕ� RODUDN� WDQÕPOD\DELOLUL]�� )DUNOÕ� GLO�� N�OW�U� YH� GLQOHUH� PHQVXS� RODQ�
J|oPHQOHULQ� EDWÕ� WRSOXPODUÕQGDNL� \HUOHúLN� YH� NDOÕFÕ� \DúDPD� JHoPHVL\OH� ELUOLNWH�� oRN� N�OW�UO�� WRSOXP� \DSÕODUÕ�
ROXúPXúWXU��%|\OHFH��EDVNÕQ�N�OW�U�LOH�EX�EDVNÕQOÕ÷ÕQ�\DQÕ�EDúÕQGD�IDUNOÕ�N�OW�UOHULQ�YDUOÕ÷Õ��IHQRPHQ�LOH�ROJX�DUDVÕQGDNL�
oL]JLGH�\HULQL�DOPÕúWÕU���
�
.�UHVHOOHúPH�VRQUDVÕQGD�WRSOXPODU�DUDVÕQGD�KHP�E�W�QOHúPH��KHP�GH�IDUNOÕODúPD�J|]H�oDUSPDNWDGÕU��.�UHVHOOHúPHQLQ�
PH\GDQD�JHWLUGL÷L�KÕ]OÕ�GH÷LúLP�YH�RQXQ�RUWD\D�NR\GX÷X�LVWLNUDUVÕ]OÕN�ELUoRN�SUREOHPL�GR÷XUPDNWDGÕU��%XQODUÕQ�EDúÕQGD�
GD��oRN�GLOOL�YH�oRN�N�OW�UO��\DSÕ��GHPRJUDILN�\DSÕQÕQ�GH÷LúLPL�YH�GH÷LúLPGHQ�ND\QDNODQDQ�EHOLUVL]OLN�JHOPHNWHGLU��gWH�
\DQGDQ��N�UHVHOOHúPHQLQ�\RO�DoWÕ÷Õ�N�OW�UOHU�DUDVÕQGDNL�X\XP�\D�GD�E�W�QOHúPH��H÷LWLP��Lú�YH�oDOÕúPD�GH÷HUOHUL�DoÕVÕQGDQ�
ED]Õ�ROXPOX�LúDUHWOHUL�NDUúÕPÕ]D�oÕNDUÕU��%|\OHOLNOH��DoÕNOÕN��HVQHNOLN��GX\DUOÕOÕN�JLEL�WH]OHU��UHNDEHW�YH�LúELUOL÷L�H÷LOLPOHUL�
RUWD\D�oÕNDU��
�
;;,��\�]\ÕO��G�Q\DQÕQ�\HQL�WHNQRORMLOHU�DUDFÕOÕ÷Õ\OD�GH÷LúWLULOPHVL��VRV\DO�LOLúNL�YH�\DúDPD�ELoLPOHULQLQ�oR÷DOPDVÕ��Q�IXV�
JHOLúLPL�YH�J|oOHUOH��oRN�N�OW�UO��WRSOXP�\DSÕODUÕQÕQ�ROXúPDVÕQD�RUWDP�KD]ÕUODPDNWDGÕU��dRN�N�OW�UO�O�N��N�UHVHOOHúPH�
YH�LOHWLúLP�WHNQRORMLOHULQGH�\DúDQDQ�JHOLúPHOHU��KHP�WRSOXPX��KHP�GH�ELUH\OHUL�\HQL�DUD\ÕúODU�JHOLúWLUPH\H�]RUODPÕúWÕU��
%LUOLNWH�\DúDPDN�LVH��ELUH\L��GL÷HU�LQVDQODUOD�D\QÕ�NXUDOODUÕ�L]OHPH�YH�D\QÕ�GH÷HUOHUL�SD\ODúPD\D�J|W�UP�úW�U���
�
dRN� N�OW�UO�� H÷LWLPLQ� WHPHOLQGH�� E�W�Q� ELUH\OHULQ�� NHQGL� SRWDQVL\HOLQL� RUWD\D� NR\DELOPHOHUL� YH� WRSOXPD� DNWLI� RODUDN�
NDWÕOPDODUÕ�LoLQ�GLO��GLQ��N|NHQ��ÕUN�YH�FLQVL\HWH�EDNÕOPDNVÕ]ÕQ�HúLW�IÕUVDWODUD�VDKLS�RODELOPH�ILNUL�\DWPDNWDGÕU��=DWHQ��oRN�
N�OW�UO��\DNODúÕPGD��LNL�\D�GD�GDKD�oRN�N�OW�U��NDUúÕOÕNOÕ�HWNLOHúLPLQ�VRQXQGD�GH÷LúLPH�X÷UDU�YH�\HQL�GLQDPLNOHU�RUWD\D�
oÕNDU���
�
=RUXQOX� DVLPLODV\RQX� |QJ|UPH\HQ� oRN� N�OW�UO�� H÷LWLPLQ� Lo� LoH� ROGX÷X� SUREOHPOHUGHQ� ELUL� GH�� oRN� GLOOH� \DSÕODQ�
H÷LWLPGLU��%X�GXUXPGD��ELUH\LQ�oRN�GLOOL�YH�oRN�N�OW�UO��DWPRVIHU�LoLQGH�ND\EROPD�ULVN�YH�HQGLúHVL�YDUGÕU��%X�\�]GHQ�
GH��N�UHVHO�WRSOXP�G�]OHPLQGH�KHUKDQJL�ELU�JUXEXQ�NLPOL÷LQL�ROGX÷X�JLEL�VDYXQPD\D�oDOÕúPDVÕ��R�WRSOXOXN�LoHULVLQGHNL�
\HUL� KkNLP� JUXSODUÕQ� GD\DWWÕ÷Õ� ELU� GÕúODQPD� VLVWHPLQFH� WDQÕPODQPDVÕQGDQ� |W�U��� JUXEXQ� NHQGLQL� PDUMLQDOOHúPLú� YH�
JHWWRODúPÕú�ELU�YDURúD�PDKNXP�HGHELOHFH÷L�G�ú�QFHVL�J�QFHOOL÷LQL�NRUXPDNWDGÕU���

�

.DYUDPVDO�dHUoHYH���
�
.�UHVHOOHúPH� LOH�ELUOLNWH�GH÷LúHQ� WRSOXP�\DSÕODUÕ��ELUH\LQ�JHOLúLP�YH� H÷LWLPLQGH�� LQWHUDNWLI� GHVWHNOH�
SHN�oRN�ND\QD÷D�NÕVD�]DPDQGD�XODúPD�EDúWD�ROPDN��]HUH��oRN�NDQDOOÕ�ELOJL�DNÕú�YH�GHVWH÷LQL�GHYUH\H�VRNDU��%|\OHFH��
WRSOXPODUÕQ� NHQGLVLQL� ROXúWXUDQ� ELUH\OHUH� EHOOL� ELU� N�OW�U�� DNWDUPD�ND]DQGÕUPD�� H÷LWLP� \ROX\OD� ELOJLOHULQ� VRUJXODQÕúÕ��
PRWLYDV\RQ��oDED�YH�SUREOHP�o|]HELOPH�LONHOHUL�NHQGLQL�DoÕ÷D�oÕNDUÕU���
�
dRN�N�OW�UO�� H÷LWLP� RUWDP� YH� V�UHoOHUL� LOH� oRN� N�OW�UO�� ELU� WRSOXPGD� \DúDPDN�� J|oH� GD\DOÕ� KDUHNHWOLOLN� YH� GH÷LúLP�
ROJXVXQX�EHUDEHULQGH�JHWLUGL÷L�LoLQ�VDGHFH�H÷LWLPL�GH÷LO��VRV\RORML\L�GH�LOJLOHQGLUHQ�ELU�GXUXPGXU��%LUH\OHULQ�WRSOXPVDO�
NXUXP� YH� NRQXPODQÕúÕQGDNL� GH÷LúLP� YH� G|Q�ú�POHUL� HOH� DODQ� VRV\RORJODU�� J|oOHULQ� PH\GDQD� JHWLUGL÷L� oRN� N�OW�UO��
WRSOXP� \DSÕODUÕ� LoLQGH� N�OW�U�� NLPOLN� YH� oRN� N�OW�UO�O�N� JLEL� NDYUDPODU� �]HULQGH� GXUXUODU�� 7RSOXPELOLPFLOHU�� EX�
NDYUDPODUÕ� GD�NDSVD\DQ� H÷LWLP� VLVWHPLQH� \|QHOLN�SROLWLNDODU� LOH� J|oH�GD\DOÕ� WRSOXPVDO� GH÷LúLPL�GH� DQDOL]� HGHUOHU��%X�
WRSOXPVDO� GH÷LúLPOHUL� GH÷HUOHQGLUPHN� YH� GH÷LúLPOHULQ� JHWLUGL÷L� \HQL� GXUXPODUD� D\DN� X\GXUPDN� LVH� EDúOÕ� EDúÕQD� ELU�
DUDúWÕUPD�LQFHOHPH�DODQÕGÕU���
�
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7�UNL\H¶QLQ�$YUXSD�%LUOL÷L��\HOLN�V�UHFL��SHN�oRN�NRQX�EDúOÕ÷ÕQÕQ�\DQÕQGD�H÷LWLPH�\|QHOLN��WXWXP��|Oo��YH�GH÷LúLPOHULQ�
GH�GLNNDWH�DOÕQPDVÕ�JHUHNWL÷LQL�RUWD\D�oÕNDUPÕúWÕU��$UWÕN��ONHPL]GH��G�Q\D�SUREOHPOHULQH�o|]�POHU��UHWHELOHQ��WRSOXPVDO�
KDN�YH�NXUDOODUD�X\JXQ�NDUDUODU�YHUHELOHQ�� WHNQRORML\H�KkNLP��\HQL�ILNLUOHU�|QHUHELOHQ�ELUH\OHU�\HWLúWLUPHN�]RUXQGD\Õ]��
%X�GXUXP�VDGHFH�7�UNL\H�LoLQ�GH÷LO��$YUXSD¶GD�\DúD\DQ�7�UNOHU�LoLQ�GH�JHoHUOLGLU���
�
%LOLPVHO� YH� WHNQRORMLN� JHOLúPHOHULQ� KÕ]OÕ� \DúDQGÕ÷Õ� ;;,�� \�]\ÕOGD�� 7�UNL\H¶QLQ� $YUXSD¶\OD� E�W�QOHúPHVL� |QHPOLGLU��
=DWHQ�� oRN� N�OW�UO�� YH� N�UHVHOOHúHQ� G�Q\DGD�� EDWÕ� G�Q\DVÕQÕQ� DQWURSRORMLN� H÷LOLPOHULQL� \DQVÕWDQ� SVLNRORMLN� ELOJLOHULQ�
oHúLWOL� N�OW�UOHUGH� VÕQDQPDVÕ�� LQFHOHQHQ� ROJXODUÕQ� IDUNOÕ� N�OW�UOHUGHNL� J|U�Q�úOHULQLQ� RUWD\D� NRQPDVÕ� QRNWDVÕQGD��
$YUXSDOÕ�7�UNOHUH�|]HO�J|UHYOHU�G�úPHNWHGLU��
�
)DUNOÕ�PLOOHW�YH�N�OW�UOHULQ�ELUELUOHULQL�\DNÕQGDQ�WDQÕPODUÕQÕQ�]RUXQOX�úDUWÕ�RODQ�NDUúÕOÕNOÕ� LOHWLúLP��WDULKVHO�GHQH\LP�YH�
N�OW�UH�GD\DOÕ�HWNLOHúLP��|]�YH�\DEDQFÕ�N�OW�UOHU�DUDVÕQGDNL�ED÷ODQWÕ\Õ�NROD\ODúWÕUPDNWDGÕU���.L��LOHWLúLP��ELU�]LKQLQ�GL÷HU�
]LKLQOHUL� HWNLOHPH� \ROODUÕQÕQ� WDPDPÕ� |]HOOL÷L\OH�� NLúLOHUDUDVÕ� LOLúNLOHULQ� SUHQVLSOHULQL� GH� EHOLUOHPLú� ROXU��+HP�ELUH\OHU��
KHP� WRSOXPVDO� JUXSODU�� KHP� GH� XOXVDO� N�OW�UOHU�� EDúODQJÕoWD� NHQGLOHULQH� \DEDQFÕ� RODQÕ� NHQGL� JHOLúWLUGLNOHUL� \DúD\Õú�
ELOJLVL� oHUoHYHVLQGH� WDQÕ\DUDN� GH÷HUOHQGLULUOHU�� gWH� \DQGDQ�� WDQÕúPD� RUWDP� YH� úDUWODUÕ�� NHQGLOHULQH� \DEDQFÕ� RODQÕ�
WDQÕPD\Õ�YH�WDQÕPODPD\Õ�NROD\ODúWÕUÕU���
�
*�Q�P�]GH� 3DULV�� /RQGUD�� %U�NVHO�� %HUOLQ� YH� $PVWHUGDP� JLEL� $YUXSD¶QÕQ� E�\�N� NHQWOHUL� oRN� N�OW�UO�� úHKLUOHU�
GXUXPXQD�JHOPLúWLU��+HP�EX�NHQWOHUGH��KHP�GH�$YUXSD¶QÕQ�GL÷HU�PHUNH]OHULQGH�N�OW�UOHUDUDVÕ�|÷UHQLP��ELU�oDOÕúPD�YH�
|÷UHWLP�LONHVL�RODUDN�HOH�DOÕQÕS��|÷UHWLP�SURJUDPODUÕQÕQ�N�OW�UOHULQ�ELUELUOHULQL�ROGX÷X�JLEL�NDEXOOHQPHVL�VD÷ODQPDOÕGÕU��
%X�ED÷ODPGD��VRQ�\ÕOODUGD�%HOoLND¶GDNL��QLYHUVLWHOHUGH�7�UNoH�DoÕOÕPÕQÕQ�ROGX÷XQD�PHPQXQL\HWOH�WDQÕN�ROPDNWD\Õ]���
�
.�OW�UOHUDUDVÕ� |÷UHQPH�� XOXVDOOÕ÷ÕQ� \DQÕ� VÕUD�� HYUHQVHO� GH÷HUOHUL� |]�PVHPH� YH� RQODUÕ� EHQLPVH\LS� VDYXQPD� ELOLQFL�
ND]DQGÕUÕU��%X�QHGHQOH��IDUNOÕ�WRSOXPODUÕQ�NHQGL�|]�N�OW�UOHULQL�NRUX\DELOPHOHUL��RQODUÕQ�NHQGL�DQD�GLOOHULQL�WDP�YH�GR÷UX�
RODUDN� |÷UHQHELOPHOHUL� VRQXFXQGD� N�OW�UOHUDUDVÕ� |÷UHQPH� ROXPOX� \|QGH� JHOLúHFHNWLU�� dRN� N�OW�UO��oRN� GLOOL� \DúD\Õú�
úDUWODUÕQD��DOW�NLPOLN�YH�N�OW�UOHUL�GH�NRUX\DUDN��LoLQGH�EXOXQXODQ�úDUWODUD�X\XP�VD÷ODPDN�HVDV�YH�|QHPOLGLU��
�
;;�� \�]\ÕOGD� SR]LWLYL]P�� YDU�ROXúoXOXN�� HOHúWLUHO� WHRUL�� SRVW�PRGHUQL]P� JLEL� G�ú�QFH� DNÕPODUÕQGDQ� HWNLOHQHQ� H÷LWLP�
J|U�úOHUL�YH�H÷LWLP�ELOLP�\DNODúÕPODUÕ�EXOXQPDNWDGÕU��6RV\RORML�YH�SVLNRORML� DODQODUÕ�� oRN�N�OW�UO�O�N� WHUPLQRORMLVLQLQ�
EDúWD�NLPOLN��HYUHQVHOOLN�YH�|]J�UOHúPH�DoÕOÕPODUÕQÕ�\DNÕQGDQ�DQDOL]�HGHU��<HQL�ELU�GLO�|÷UHQPHGH�WHPHO�EHFHULOHULQ�QHOHU�
ROGX÷X��GLO�|÷UHQPH�V�UHFL�LOH�N�OW�UHO�IDUNOÕOÕNODU�DUDVÕQGDNL�ED÷ODQWÕQÕQ�WHVSLWL��LNLQFL�ELU�GLO�|÷UHWLPLQGH�KDQJL�|÷UHWPH�
PRGHOOHULQLQ�|QH�oÕNDFD÷Õ�H÷LWLP�ELOLPOHUL�NDGDU��WRSOXPELOLP�YH�SVLNRORML\L�GH�\DNÕQGDQ�LOJLOHQGLUPHNWHGLU���
�
.�UHVHOOHúPH�LOH�ELUOLNWH��ELOLP�YH�WHNQRORMLGHNL�KÕ]OÕ�JHOLúPHOHU��LQVDQ�YH�WRSOXPODUÕ�GD�GH÷LúWLUPHNWHGLU��dRN�N�OW�UO��
ELU� WRSOXPXQ� JHUoHNOHULQH� X\JXQ� RODUDN� H÷LWLP�|÷UHWLP� SOkQ� YH� SURJUDPODUÕQÕQ� KD]ÕUODQPDVÕ� JHUHNPHNWHGLU��%LUH\OHU�
DUDVÕQGD��N�OW�UOHUDUDVÕ�|÷UHQPH\H�D\NÕUÕ�ROPD\DQ�ELU�ELoLPGH���|Q�\DUJÕVÕ]�GDYUDQPD��GH÷LúLN�JUXSODUD�DLW�|÷UHQFLOHUH�
IÕUVDWODU�VXQPD�JLEL�oRN�N�OW�UF��\DNODúÕPODU�HVDV�DOÕQPDOÕGÕU���
�

%XOJXODU���
�

'�Q\D��]HULQGHNL�N�OW�UHO�DNÕú��N�UHVHOOHúPHQLQ�N�OW�UH�GD\DOÕ�\DQÕQÕ�GD�RUWD\D�oÕNDUPÕúWÕU��$UWÕN��N�OW�UH�DLW�GH÷HUOHU��
LQWHUQHW� YH� WHNQRORMLQLQ� VD÷ODGÕ÷Õ� RODQDNODU� DUDFÕOÕ÷Õ\OD�� |QFHNL� G|QHPOHUOH� NÕ\DVODQPD\DFDN� |Oo�� YH� VHUEHVWOLNOH�
G�Q\D\Õ�GRODúPDNWDGÕU��hVWHOLN�EX�\HQL�GXUXP��LQVDQ�KD\DWÕQÕ�GH÷LúWLUPH�YH�\|QOHQGLUPHGH�HWNLOL�ROPDNWDGÕU��g\OH�NL��
EXJ�Q��RUWD\D�oÕNDQ�N�UHVHO�N�OW�U�GH÷HUOHU�YH�Q�IXV�KDUHNHWOHUL��J|o���\XUWWDúOÕN�YH�XOXVDO�NLPOLN�NDYUDPODUÕQÕQ�\HQLGHQ�
WDQÕPODQPDVÕQD�QHGHQ�RODFDN�ER\XWD�JHOPLúWLU���
�
*�Q�P�]GH��N�OW�UHO�³W�UGHú´OLN��WHN�N�OW�UO�O�N�\D�GD�N�OW�UHO�W�UGHúOLN�WH]LQL�VDYXQDQ�WHRULV\HQOHUOH��oRN�N�OW�UO�O�N�
YH�oRN�GLOOLOLN�WH]LQL�VDYXQDQODU�DUDVÕQGD�FLGGL�J|U�ú�D\UÕOÕ÷Õ�RUWD\D�oÕNPÕúWÕU��*HOLúHQ�N�UHVHO�N�OW�UGH�µD\QÕ�ROPD¶�LOH�
µIDUNOÕ� ROPD¶� DUDVÕQGD� JHULOLP� \DúDQPDNWDGÕU�� 6RV\DO� WHRULV\HQ� )UDQFLV� )XNX\DPD�� N�OW�UHO� N�UHVHOOHúPH\L�� ELU�
GHPRNUDVL�YH� VHUEHVW�SL\DVDQÕQ�\D\ÕOPDVÕ\OD�HúGH÷HU�J|UG�÷�QGHQ�ROXPOX�YH� L\LPVHU�ELU�GXUXP�RODUDN�GH÷HUOHQGLULU��
�6WHJHU���������gWH�\DQGDQ��)XNX\DPD�JLEL�G�ú�QPH\HQ�ED]Õ�WHRULV\HQOHU�LVH��EDWÕ�QRUP�YH�\DúDPD�ELoLPOHULQLQ�GDKD�
VDYXQPDVÕ]�GXUXPGDNL�N�OW�UOHUL�EDVWÕUGÕ÷ÕQÕ�G�ú�QPHNWHGLU���
�
hONHPL]GH� VRV\RORML� ELOLPLQLQ�NXUXFXVX�RODQ�=L\D�*|NDOS�� KHU�PLOOHWLQ�NHQGLQH� DLW�GH÷HU� \DUJÕODUÕQÕQ�ROGX÷XQXQ� YH�
EXQODUÕQ� µN�OW�U¶� úHPVL\HVL� DOWÕQGD� WRSOXPGD� \HU� HGLQGL÷LQLQ� DOWÕQÕ� oL]HU� �*|NDOS�� ������� %XQD� SDUDOHO� RODUDN�� oRN�
N�OW�UO�O�N�� DNÕO� IHOVHIHVL�� SVLNRORML� YH� SROLWLND� DODQODUÕQGD� FLGGL� oDOÕúPDODUD� LP]D� DWDQ� &KDUOHV� 7D\ORU� GD�� IDUNOÕ�
N�OW�UOHULQ��WRSOXOXNODUÕQ�PRGHUQ�ELU�WRSOXP�LoLQGH�RQXUODUÕQGDQ�WDYL]�YHUPHNVL]LQ�ELU�DUDGD�\DúD\DELOPHOHULQL�VDYXQXU��
dRN� N�OW�UO�O�N�� H÷LWLP�N�OW�U� ED÷ODPÕQGD� G�ú�Q�OG�÷�QGH�� KkNLP� LGHRORML� WDUDIÕQGDQ� KHP� E�\�N� ELU� WHKOLNH� RODUDN�
J|U�OHELOLU� DQFDN�� =L\D� *|NDOS¶ÕQ� GH� YXUJX� \DSWÕ÷Õ� QRNWDGD� |QHPOL� ELU� ND]DQÕP� RODELOLU�� .H]D�� ELU� GHYOHW� VÕQÕUODUÕ�
LoHULVLQGH�\DúD\DQ�IDUNOÕ�N�OW�UHO�\DSÕODUÕQ�LQVDQv�GH÷HUOHULQ��VW�YH�WHPHO�DPDo�GR÷UXOWXVXQGD�NHQGL�GH÷HU�\DUJÕODUÕ�YH�
N�OW�UHO� \DSÕODUÕ� YH� GLOOHUL� oHUoHYHVLQGH� |]J�U� EÕUDNÕOPDVÕ�� GHPRJUDILN� \|QGHQ� KkNLP� \DSÕQÕQ� WHPHOOHULQLQ� VD÷ODP�
NDOPDVÕQD�YH�H÷LWLPGHQ�EHNOHQHQ�oRN�J|U�úO�O�÷�Q��L\L\H�YH�J�]HOH�JLGLúLQ�NDSÕODUÕQÕ�DoDU��.L��NHQGL�\XUWWDúODUÕQD�µKHU�
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DQ¶�ELU� D]ÕQOÕN�ROGX÷XQX�KDWÕUODWDQ� \DSÕVDO� YH� KXNXNVDO� oHUoHYH� LOH� NÕVPv� DVLPLODV\RQ�� ELUH\OHUL� GDKD� WXWXFX�YH�NHQGL�
LoLQGH�\DQOÕú�\|QHOLPOHUH�JLGHQ�ELU�\ROD�VHYN�HGHU���

�

6RQXo���
dRN�N�OW�UO��WRSOXPODUÕQ�RUWD\D�oÕNÕúÕ��oRN�N�OW�UO��H÷LWLP�RUWDPODUÕQÕ�GD�EHUDEHULQGH�JHWLUPLúWLU��.�UHVHOOHúPH�YH�J|o�
JLEL�ELULQFL�GHUHFHGHQ�IDNW|UOHU��oRN�N�OW�UO��WRSOXPODUÕQ�H÷LWLP�VWUDWHMLVL�SODQODPDVÕQD�\RO�DoPÕúWÕU���
�
dRN� N�OW�UO�� H÷LWLPGH� HQ� |QHPOL� VRUXQODU� JHQHOOLNOH�� X\XP� V�UHFL� HVQDVÕQGD� \DúDQPDNWDGÕU�� %DWÕOÕ� �ONHOHUH� \HUOHúHQ�
DLOHOHULQ� oRFXNODUÕ� |]HOOLNOH� LON� J�QOHUGH� µ\DOQÕ]OÕN¶� GX\JXVX\OD� NDUúÕ� NDUúÕ\D� NDOPDNWDGÕU��$\UÕFD�� |÷UHQFLOHULQ� NHQGL�
ELOJLVLQL� X\JXODPD\D� NR\PDGDNL� WDNLS� HGHFH÷L� |Oo�WOHUH� GDLU� �|Oo�WVHO�� NXUDOODUD� EDúYXUDELOLU�� .DOGÕ� NL�� SHGDJRML� YH�
SVLNRORML� DODQODUÕQGD� \DSÕODQ� DUDúWÕUPDODU�� |÷UHQFLOHULQ� IL]LNVHO� YH� UXKVDO� UDKDWODPD� �SVLNRORMLN� GHVWHN�� HVQDVÕQGD�
|÷UHQPH�SRWDQVL\HOLQLQ�DUWWÕ÷ÕQÕ�J|VWHUPLúWLU���
�
.DWÕOÕPFÕ� PHUNH]OL� ELU� SHGDJRML� SUHQVLELQL� EHQLPVH\HQ� oRN� N�OW�UO�� H÷LWLP�� N�o�N�KRPRMHQ� JUXSODUOD� H÷LWLP�|÷UHWLP�
\DSPDN� YH� N�OW�UOHUDUDVÕ� SURMHOHU� \�U�WHUHN�� oRN� N�OW�UO�O�N� YH� oRN� GLOOLOL÷LQ� GR÷XUGX÷X� SUREOHPOHUH� o|]�P�
JHWLUPHOLGLU��(OHúWLUHO�H÷LWLP�WHRULVL��H÷LWLP�|÷UHWLP�HVQDVÕQGD��HWQLN��FLQVL\HW��VÕQÕI�JLEL�D\UÕPODUD�EDúYXUXOPDVÕ�VRV\DO�
ELOLQo� YH� SHGDJRMLN� RWRULWHQLQ� LONHOHULQH� D\NÕUÕ� EXOXU�� %X� QRNWDGD�� EDúWD� $%'� YH� .DQDGD� ROPDN� �]HUH�� øQJLOWHUH��
$OPDQ\D�JLEL�oRN�XOXV�\D�GD�oRN�N�OW�UO���ONHOHUGH�RNXO�|QFHVL�VÕQÕIODUÕQD�\|QHOLN�³DQWL�D\UÕPFÕOÕN´�H÷LWLP�SURJUDPÕ�
X\JXODGÕ÷ÕQÕ��*�YHQ��������KDWÕUODWPDNWD�\DUDU�YDUGÕU��gWH�\DQGDQ��ELUH\OHUL�YH�N�OW�UOHUL�ELUHU�µSD]DU¶�\D�GD�µW�NHWLFL¶�
RODUDN�G�ú�QHQ�N�UHVHO�J�oOHULQ�H÷LWLPH�oL]PH\H�oDOÕúWÕNODUÕ�µID\GDFÕ¶�\DNODúÕPODUÕQ�oRN�N�OW�UO��H÷LWLP�DQOD\ÕúÕQD�NHW�
YXUDFDNODUÕ�VRUXQXQX�GD�o|]�POHPHN�JHUHNLU���

�

5HIHUDQVODU��
%D\OLV��-��	�6PLWK��6����������7KH�JOREDOL]DWLRQ�RI�ZRUOG�SROLWLFV�±�DQ�LQWURGXFWLRQ�WR�LQWHUQDWLRQDO�UHODWLRQV���
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LEAN SERVICE AND APPLICATION OF MRI-TOMOGRAPHY IMAGING 
CENTER 

7LMHQ�gYHU�g]oHOLN��
'HSDUWPHQW�RI�,QGXVWULDO�(QJLQHHULQJ�

6DNDU\D�8QLYHUVLW\�(VHQWHSH�&DPSXV�6HUGLYDQ��
7XUNH\�

WRYHU#VDNDU\D�HGX�WU�
�

'LGHP�*�OHU\�]��
JXOHU\X]GLGHP#KRWPDLO�FRP�

Abstract:� ,Q� WKLV� VWXG\�� 0DJQHWLF� 5HVRQDQFH� �05,�� DQG� 7RPRJUDSK\� ,PDJLQJ� &HQWHU� RI� DQ�
(GXFDWLRQ� DQG� 5HVHDUFK� KRVSLWDO� ZDV� LQYHVWLJDWHG� IURP� D� V\VWHP� GHYHORSPHQW� SRLQW� RI� YLHZ�� DQG�
SURFHVVHV� FDXVLQJ� ZDVWH� ZHUH� LGHQWLILHG�� 'XULQJ� DQDO\VLV� SKDVH�� LW� ZDV� IRXQG� WKDW� ZDVWH�FDXVLQJ�
SURFHVVHV�DULVH�IURP�ZDLWLQJ�RI�SDWLHQWV�GXH�WR�GHILFLHQFLHV�RI�WKH�DSSRLQWPHQW�V\VWHP��6WDUWLQJ�ZLWK�
WKH� OHDQ� PDQDJHPHQW� SKLORVRSK\� DQG� XVLQJ� WRROV� DQG� WHFKQLTXHV� RI� OHDQ� VHUYLFH� QRWLRQ�� WKHVH�
SURFHVVHV�ZHUH�UHGHVLJQHG�DQG�ZDVWH�ZDV�SUHYHQWHG�E\�DOVR�WDNLQJ�WKH�UHVLVWDQFH�DQG�FULWLFDO�VXFFHVV�
IDFWRUV�HQFRXQWHUHG�GXULQJ� OHDQ�DSSOLFDWLRQ�SURFHVV� LQWR�FRQVLGHUDWLRQ��)RU� WKLV�SXUSRVH��GLIIHUHQFHV�
RI� LQFRPLQJ�SDWLHQWV�� W\SHV�RI�RSHUDWLRQV��SUHSDUDWLRQ�SHULRGV�DQG�F\FOH� WLPHV�ZHUH�DQDO\]HG�DQG�D�
QHZ�DSSRLQWPHQW�PRGHO�ZDV�SURSRVHG��

�

Key Words: /HDQ� 0DQDJHPHQW� 6\VWHPV�� /HDQ� 6HUYLFH�� /HDQ� +HDOWKFDUH�� 05,�7RPRJUDSK\�
,PDJLQJ�&HQWHU 

Introduction 
,Q�WKH�UHFHQW�\HDUV��RUJDQL]DWLRQV�DWWDFK�DV�PXFK�LPSRUWDQFH�WR�VHUYLFH�DQG�FXVWRPHU�VDWLVIDFWLRQ�DV�WKH\�DWWDFK�

WR�SURILWDELOLW\��DQG�WKH\�EHQHILW�IURP�YDULRXV�WHFKQLTXHV��WHFKQRORJLHV�DQG�SRLQWV�RI�YLHZ�LQ�RUGHU�WR�PHHW�H[SHFWDWLRQV�
RI�G\QDPLF�GHPDQG�� VKRUW�RSHUDWLRQ�GHOLYHU\�SHULRG��KLJK�TXDOLW\�DQG� ORZ�FRVW�DQG� WR�PDLQWDLQ� WKHLU� H[LVWHQFH��/HDQ�
SURGXFWLRQ�DQG�/HDQ�7KLQNLQJ�LQ�WKLV�UHJDUG�DUH�GHHPHG�DV�D�QHDUO\�LQGLVSHQVDEOH�DSSURDFK��/HDQ�7KLQNLQJ�LV�D�ZD\�
GHVLJQHG� WR� GHILQH� WKH� YDOXH�� WR� OLQH� XS� WKH� DFWLRQV� WKDW� FUHDWH� YDOXH� LQ� D� PDQQHU� WKDW� ZLOO� JLYH� WKH� EHVW� UHVXOW�� WR�
LPSOHPHQW�WKHVH�DFWLYLWLHV�XQLQWHUUXSWHGO\�DQG�LQ�DQ�LQFUHDVLQJO\�HIILFLHQW�IDVKLRQ��,Q�EULHI��/HDQ�7KLQNLQJ�LV�OHDQ��VLQFH�
LW�VKRZV�WKH�ZD\�WR�GHULYH�PRUH�ZLWK�LQFUHDVLQJO\�ORZHU�HIIRUWV��OHVV�HTXLSPHQW��OHVV�WLPH�DQG�OHVV�VSDFH��DQG�WKHUHE\�LW�
FRQYHUJHV�PRUH�WR�WKH�H[DFW�ZLVKHV�RI�WKH�FXVWRPHU���:RPDFN��-RQHV���������7RGD\��VHUYLFH�RULHQWHG�VHFWRUV�JDLQ�PRUH�
VLJQLILFDQFH� DQG� JURZLQJ� HQWHUSULVHV� DLP� DW� SURILW� PD[LPL]DWLRQ� E\� HOLPLQDWLQJ� ZDVWH�� /HDQ� 7KLQNLQJ� HVVHQWLDOO\�
IRFXVHV� RQ� GHILQLQJ� DFWLYLWLHV� WKDW� GR� QRW� FUHDWH� YDOXH� LQ� WKH� VHUYLFHV� DQG� SURGXFWLRQ� VHFWRUV� DQG� UHPRYLQJ� ZDVWH�
�:RPDFN���������

/HDQ�VHUYLFH�LV�XVH�RI�EDVLF�SULQFLSOHV�RI�OHDQ�SURGXFWLRQ�LQ�WKH�VHUYLFHV�VHFWRU��/HDQ�SURGXFWLRQ�SKLORVRSK\�WKDW�
SURYLGHG�VXFFHVVIXO�UHVXOWV�LQ�WKH�PDQXIDFWXULQJ�LQGXVWU\�KDV�VWDUWHG�WR�EH�XVHG�LQ�WKH�VHUYLFH�VHFWRUV�LQ�WKH�UHFHQW�\HDUV��
$SSOLFDWLRQ�RI�/HDQ�7KLQNLQJ�LV�QHZ�DQG�EHLQJ�DGRSWHG�E\�KHDOWK��ORJLVWLFV�DQG�HQWHUSULVHV�WKDW�VHOO�IDVW�VHUYLFHV�DW�WKH�
ILUVW�VWDJH��(IH���������
 
Lean Management in the Hospitals 

([LVWHQFH�RI�RUJDQL]DWLRQV��WKHLU�VXUYLYDO�DQG�ERRVWLQJ�RI�WKHLU�PDUNHW�VKDUHV�LQ�WRGD\¶V�FRPSHWLWLYH�FRQGLWLRQV�LV�
SRVVLEOH�E\�UHVSRQGLQJ�WR�FXVWRPHU�GHPDQGV�LQ�WKH�IDVWHVW�DQG�DFFXUDWH�ZD\�SRVVLEOH��DERYH�HYHU\WKLQJ�HOVH��+RVSLWDOV��
ZKLFK� FDUU\� RXW� DFWLYLWLHV� RQ� KXPDQV� WKDW� DGG� YDOXH�� FDQQRW� DOZD\V� UHVSRQG� WR� WKH� GHPDQGV� RI� SDWLHQWV� RU� FDQQRW�
UHVSRQG�LPPHGLDWHO\�DQG�WKLV�JLYHV�ULVH�WR�SOHQW\�RI�ZDLWLQJ�WLPH��0DMRU�UHDVRQV�RI�WKHVH�ZDLWLQJ�WLPHV�DUH�ERWWOHQHFNV�
DQG�ZDVWH� LQ� WKH� V\VWHP��:KHQ� RQH� FRQVLGHUV� WKDW� SHRSOH� H[SHFWLQJ� VHUYLFH� IURP� KRVSLWDOV� DUH�PRVWO\� SDWLHQWV�� LW� LV�
QDWXUDO� WKDW� WKH\� HDVLO\� JHW� GLVVDWLVILHG� DV� WKH\� GR� QRW� KDYH� WKH� HQGXUDQFH� DQG� WLPH� WR� ZDLW�� )RU� WKHVH� UHDVRQV��
ERWWOHQHFNV�LQ�WKH�V\VWHP�VKRXOG�EH�TXLFNO\�IL[HG��HIILFLHQF\�RI�VR�H[SHQVLYH�UHVRXUFHV�VKRXOG�EH�LQFUHDVHG�DQG�ZDVWH�
VKRXOG�EH�HOLPLQDWHG��+HUH��OHDQ�WRROV�DQG�WHFKQLTXHV�FRPH�WR�WKH�KHOS�RI�KRVSLWDOV��ZKLFK�DUH�XVHG�LQ�OHDQ�SURGXFWLRQ�
EXW�WRGD\�UHFHLYH�LQWHUHVW�LQ�WKH�VHUYLFHV�VHFWRUV�DV�ZHOO��,Q�RXU�FRXQWU\��XVH�RI�/HDQ�7KLQNLQJ�SKLORVRSK\�LQ�WKH�VHUYLFH�
VHFWRUV��HVSHFLDOO\�WKH�KHDOWK�VHFWRU��LV�QRW�VR�FRPPRQ��ZKHUHDV�LQ�WKH�ZRUOG��HVSHFLDOO\�LQ�WKH�8QLWHG�6WDWHV��WKH�\HDUV�
ZKHQ�DSSOLFDELOLW\�RI�/HDQ�7KLQNLQJ�WR�WKH�KHDOWK�VHFWRU�ZDV�GLVFXVVHG�DUH�OHIW�EHKLQG�DQG�PDQ\�KRVSLWDOV�LPSOHPHQWHG�
OHDQ�WUDQVIRUPDWLRQ�VXFFHVVIXOO\�DQG�REWDLQHG�SRVLWLYH�UHVXOWV��7KDW�LV�EHFDXVH��/HDQ�+HDOWK�FDQ�WXUQ�IURP�D�JRDO�LQWR�

International Science and Technology Conference, Dubai, 13-15 December 2012

804

mailto:tover@sakarya.edu.tr


ISTEC 20
12

UHDOLW\�RZLQJ�WR�WKH�QHHG�WR�GR�³PRUH�ZRUN´�ZLWK�³OHVV�UHVRXUFHV´�LQ�SDUDOOHO�WR�WKH�HFRQRPLF�FKDQJH�LQ�WKH�ZRUOG�DQG�
LQFUHDVHG�IRFXV�RQ�UDLVLQJ�VDIHW\�DQG�TXDOLW\�DORQJ�ZLWK�SHUIRUPDQFH��*UDEDQ���������

,W�PD\�EH�XVHIXO�WR�KDYH�D�FRPPRQ�WHUPLQRORJ\�LQ�LGHQWLI\LQJ�ZDVWH����W\SHV�RI�ZDVWH�GHILQHG�IRU�WKH�SURGXFWLRQ�
VHFWRU�FDQ�EH�XVHG�DV�D� XVHIXO� IUDPHZRUN� LQ� LGHQWLI\LQJ� WKH�ZDVWH� LQ� WKH�KRVSLWDOV��+RZHYHU�� VLQFH�KRVSLWDOV� LQYROYH�
SURFHVVHV�WKDW� IRFXV�RQ�KXPDQV��KXPDQ�SRWHQWLDO� LV�DGGHG�DV�DQ�HLJKWK�W\SH�RI�ZDVWH��0HOWRQ���������7KHUH�DUH�HLJKW�
W\SHV�RI�ZDVWH�GHILQHG�IRU�KRVSLWDOV��7KHVH�DUH��

9 'HIHFWV�
9 2YHUSURGXFWLRQ��
9 8QQHFHVVDU\�0RYHPHQW�RI�0DWHULDOV�
9 :DLWLQJ�
9 ([FHVVLYH�6WRFN�
9 8QQHFHVVDU\�0RYHPHQW�RI�3HRSOH�
9 2YHU�SURFHVVLQJ�
9 +XPDQ�3RWHQWLDO�

Materials and Method  
6LWH� RI� WKH� VWXG\� LV� WKH� 05,� DQG� 7RPRJUDSK\� LPDJLQJ� FHQWHU� RI� DQ� (GXFDWLRQ� DQG� 5HVHDUFK� +RVSLWDO�� 7KH�

QXPEHU�RI�SDWLHQWV�LV�KLJK��VLQFH�WKH�LPDJLQJ�FHQWHU�RIIHUV�VHUYLFHV�LQ�D�VWDWH�KRVSLWDO��ZKLFK�LV�D�IXOO�IOHGJHG�KRVSLWDO��
7KH�FHQWHU�RIIHUV�VHUYLFHV������LQ�WKUHH�VKLIWV�RI���KRXUV��)XOO�VHUYLFH�IORZ�RI�SDWLHQWV�WKDW�FRPH�WR�WKH�LPDJLQJ�FHQWHU��
IURP� UHJLVWUDWLRQ� WR� WKH� GLVFKDUJH�� ZDV� DQDO\]HG�� 'XULQJ� DQDO\VLV�� SUREOHPV� ZHUH� LGHQWLILHG�� DQG� UHDVRQV� RI� WKH�
SUREOHPV�ZHUH�LQYHVWLJDWHG�E\�JRLQJ�GRZQ�WR�WKH�URRW�FDXVHV��$�V\VWHP�WKDW�ZRXOG�SURYLGH�D�VROXWLRQ�WR�WKHVH�SUREOHPV�
ZDV�GHVLJQHG�DQG�DSSOLFDWLRQ�UHVXOWV�ZHUH�GLVFXVVHG��
Identification of the problems 

3URFHVV�RI�LGHQWLI\LQJ�DQG�UHVROYLQJ�SUREOHPV�LV�WRXJK�MRE�GXH�WR�FRPSOH[LW\��GLIILFXOW\�RI�FKRRVLQJ�DOWHUQDWLYHV��
DPELJXLW\�DQG�WKH�ULVN�LW�LQYROYHV��'XH�WR�WKHVH�GLIILFXOWLHV��EHVW�ZD\�WR�VROYH�D�FRPSOH[�SUREOHP�LV�WR�XVH�DQ�HIIHFWLYH�
GHFLVLRQ�PDNLQJ�SURFHVV��(QJLQ���������$W�WKLV�VWDJH��PHWKRG�RI�IDFH�WR�IDFH�PHHWLQJ�ZLWK�WKH�HPSOR\HHV�DQG�SDWLHQWV�
ZDV� XVHG��:RUN� IORZ�PDSV�ZHUH� VWXGLHG�� DQG� XSSHU�PDQDJHPHQW�� HPSOR\HHV� DQG� SDWLHQWV� ZHUH�PHW� WR� LGHQWLI\� WKH�
SUREOHPV��%XW��WKH�ELJJHVW�SUREOHP�VHHQ�ZDV�ZDLWLQJ�RI�WKH�SDWLHQWV��3DWLHQWV�KDG�WR�ZDLW�D�ORW�IRU�WKH�RSHUDWLRQ�HYHQ�LI�
WKH\�FRPH�DW�WKH�WLPH�RI�DSSRLQWPHQW��ZKLFK�FDXVHG�GLVVDWLVIDFWLRQ�DQG�SUREOHPV��

:DLWLQJ�WLPH�FDQ�LQ�JHQHUDO�EH�GHILQHG�DV�WKH�WLPH�GXULQJ�ZKLFK�QR�RSHUDWLRQ�LV�GRQH��,W�LV�HDV\�WR�LGHQWLI\�D�ODFN�
RI�DFWLRQ�DV�ZDVWH��EXW�LW�LV�GLIILFXOW�WR�GLIIHUHQWLDWH�ZDLWLQJ�WLPHV��3DWLHQWV�XVXDOO\�ZDLW�LQ�WKH�FOLQLFV�GXH�WR�EDG�ZRUN�
IORZ�RU�EDG�SURJUDPPLQJ��)RU�SDWLHQWV��ZDLWLQJ� WLPH� LV� WKH� WLPH� WKH\�ZDLWHG� WR� UHDFK� WKH� VWHS� WKDW�DGGV�YDOXH� LQ� WKH�
SDWLHQW�WRXU��,Q�D�KRVSLWDO��LW�LV�QRW�RQO\�SDWLHQWV�ZKR�ZDLW��DW�WKH�VDPH�WLPH�PDQ\�PDWHULDOV�ZDLW�GXULQJ�PXFK�RI�WKH�WLPH�
LQVWHDG�RI�EHLQJ�XVHG�LQ�YDOXH�DGGLQJ�ZRUNV��7KH�UHDVRQ�IRU�WKH�ZDLWLQJ�WLPHV�LV�WKDW�ZRUN�LV�GRQH�DJJUHJDWHO\�ZLWKLQ�
WKH� VHUYLFH� DQG� WKDW� WKH� ZRUNIORZ� GRHV� QRW� FRPSO\� ZLWK� WKH� ILUVW� LQ�ILUVW� RXW� UXOH� �*UDEDQ�� ������� ,Q� 7DEOH� ���
DSSRLQWPHQWV�LQ�D�SHULRG�RI�RQH�PRQWK�LV�LQYHVWLJDWHG�DQG�DYHUDJH�GHOD\V��DYHUDJH�ZDLWLQJ�WLPH�RI�WKH�ODVW�SDWLHQW��FDQ�
EH�VHHQ��$SSRLQWPHQWV�JLYHQ�E\�WKH�FHQWHU�GXULQJ�D�RQH�PRQWK�WLPH�ZDV�LQYHVWLJDWHG�DQG�ZDLWLQJ�WLPH�RI�WKH�ODVW�SDWLHQW�
DW�WKH�HQG�RI�WKH�GD\�ZDV�FDOFXODWHG�XVLQJ�WKHVH�DSSRLQWPHQW�OLVWV��
�
Table 1.�0RQWKO\�DSSRLQWPHQW�GHOD\�SHULRGV�

Delay Period (Hours) Number of days Percentage (%) 
�� �� ���
���� �� ���
���� ��� ���
!��� �� ��

�
$V�VHHQ�LQ�WKH�WDEOH��ODVW�SDWLHQW�ZDLWV�IRU���KRXU�GXULQJ���GD\V��IRU���KRXUV�GXULQJ���GD\V��IRU���KRXUV�GXULQJ����

GD\V�DQG�IRU�PRUH�WKDQ���KRXUV�GXULQJ���GD\V��:KHQ�DYHUDJH�RI�WKHVH�ILJXUHV�LV�WDNHQ��GDLO\�DYHUDJH�ZDLWLQJ�WLPH�LV�����
PLQXWHV���
Identifying the reasons for the problems�

,Q� RUGHU� WR� LGHQWLI\� WKH� UHDVRQV� IRU� ZDLWLQJ� SUREOHPV� RI� SDWLHQWV� LQ� WKH� LPDJLQJ� FHQWHU�� )LVK� %RQH� 'LDJUDP�
�&DXVH�(IIHFW�$QDO\VLV��XVHG�LQ�WKH�GHFLVLRQ�PDNLQJ�DQG�SUREOHP�VROYLQJ�VWDJHV�RI�/HDQ�3URGXFWLRQ�DSSOLFDWLRQV�ZDV�
XVHG��

�
Fish bone diagram�

$�ILVK�ERQH�GLDJUDP�VKRZV�WKH�UHODWLRQVKLS�EHWZHHQ�FDXVHV�DQG�HIIHFWV��,Q�JHQHUDO��LW�LV�XVHG�WR�UHGXFH�D�SUREOHP�
WR� D� IHZ� EDVLF� SUREOHPV� DQG� IRFXV� RQ� WKHVH� SRWHQWLDO� EDVLF� SUREOHPV�� )LVK� ERQH� GLDJUDP�ZDV� ILUVW� XVHG� LQ� ����� E\�
3URIHVVRU�.DRUX� ,VKLNDZD� LQ� WKH�TXDOLW\�DSSOLFDWLRQV� LQ� -DSDQ� �ùHQJ�O��������� ,Q�)LJXUH����RQH�FDQ�VHH� WKH� ILVK�ERQH�
GLDJUDP�SUHSDUHG�WR�ILQG�D�VROXWLRQ�WR�WKH�TXHVWLRQ�³:K\�GR�SDWLHQWV�ZDLW�IRU�D�ORQJ�WLPH"´�ZLWK�WKH�HPSOR\HHV�RI�WKH�
LPDJLQJ�FHQWHU�DQG�WR�JR�GRZQ�WR�URRW�FDXVHV�RI�WKLV�SUREOHP��
�
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Figure 1��)LVK�%RQH�'LDJUDP�
$FFRUGLQJ�WR�WKH�ILVKERQH�GLDJUDP�FUHDWHG��UHDVRQV�IRU�ZDLWLQJ�RI�SDWLHQWV�DUH�HORQJDWLRQ�RI�UHJLVWUDWLRQ�WLPHV��

WKH�IDFW�WKDW�DSSRLQWPHQWV�DUH�QRW�JLYHQ�DFFRUGLQJ�WR�WKH�WLPH�QHHGHG�IRU�LPDJLQJ�DQG�DFFRUGLQJ�WR�WKH�W\SHV�RI�LPDJLQJ��
WKH� IDFW� WKDW� LQSDWLHQWV� DQG� HPHUJHQF\� SDWLHQWV� DUH� QRW� VHSDUDWHG�� LQVXIILFLHQF\� RI� QXPEHU� RI� VWDII�� LQVXIILFLHQF\� RI�
QXPEHU�RI�GHYLFHV��WKH�IDFW�WKDW�SDWLHQWV�DUH�QRW�VXIILFLHQWO\�LQIRUPHG��VSHFLDO�UHTXHVWV�RI�WKH�GRFWRUV��SDWLHQWV�NHHSLQJ�
WHFKQLFLDQV� EXV\� DQG� OHQJWK\� SUHSDUDWLRQ� WLPHV�� (OLPLQDWLRQ� RI� WKHVH� LGHQWLILHG� SUREOHPV� ZLOO� FRQWULEXWH� WR� OHDQ�
WUDQVIRUPDWLRQ�� %XW�� WU\LQJ� WR� VROYH� DOO� RI� WKH� SUREOHPV� ZLOO� OHDG� WR� IDLOXUH� WR� LGHQWLI\� WKH� URRW� FDXVHV� DQG� DOORZ�
UHSHWLWLRQ�RI�WKHVH�SUREOHPV��)RU�WKLV�UHDVRQ��LW�VKRXOG�EH�GHWHUPLQHG�VROYLQJ�ZKLFK�SUREOHPV�ZLOO�FRQWULEXWH�PRUH�WR�
WKH�OHDQ�WUDQVIRUPDWLRQ��3DUHWR�DQDO\VLV�ZDV�FRQGXFWHG�IRU�WKLV�SXUSRVH��

�
�
�

Pareto analysis�
7KLV� DSSURDFK� ODLG� RXW� E\� ,WDOLDQ� HFRQRPLVW� 3DUHWR� LQ� ����� DQG� ODWHU� LPSOHPHQWHG� E\� 0�� &�� /RUHQW]� ZDV�

RULJLQDOO\�GHYHORSHG�WR�VKRZ�WKH�LQFRPH�GLVWULEXWLRQ��,W�LV�-��0��'XUDQ�ZKR�DGDSWHG�WKLV�WR�TXDOLW\�SUREOHPV�E\�PDNLQJ�
LW�D�VLJQLILFDQW�PLQRULW\�LQVLJQLILFDQW�PDMRULW\�SULQFLSOH�DQG�JDYH�LW� WKH�QDPH�³3DUHWR�DQDO\VLV´��g]FDQ���������3DUHWR�
DQDO\VLV�GDWD�WDEOH�EDVHG�RQ�WRWDO�ZHLJKWV��FXPXODWLYH�ZHLJKWV��SHUFHQWDJHV�DQG�FXPXODWLYH�SHUFHQWDJHV�DFFRUGLQJ�WR�WKH�
YRWHV�RI�WKH�HPSOR\HHV�LV�VKRZQ�LQ�7DEOH����

�
Table 2��3DUHWR�DQDO\VLV�GDWD�WDEOH�

3UREOHPV� 1XPEHU�
RI�YRWHV�

3HUFHQWDJH� &XPXODWLYH�
1XPEHU�RI�
9RWHV�

&XPXODWLYH�
SHUFHQWDJH�

/LWWOH�WLPH�UHVHUYHG�IRU�
HPHUJHQF\�SDWLHQWV�LQSDWLHQWV�

�� �������� �� ���������

,PDJLQJ�WLPHV�RI�DSSRLQWPHQWV� �� ������� ��� ��������

,PDJLQJ�W\SHV�RI�DSSRLQWPHQWV� �� �������� ��� ���������
/HQJWK\�SUHSDUDWLRQ�WLPHV� �� �������� ��� ���������

,QVXIILFLHQF\�RI�QXPEHU�RI�VWDII� �� �������� ��� ���������
,QVXIILFLHQF\�RI�QXPEHU�RI�
GHYLFHV�

�� �������� ��� ���������

3DWLHQWV�LQVXIILFLHQWO\�LQIRUPHG� �� �������� ��� ���������
6SHFLDO�UHTXHVWV�RI�GRFWRUV� �� �������� ��� ��

�
$FFRUGLQJ�WR�WKH�SDUHWR�GLDJUDP��WKHUH�DUH���SUREOHPV�WKDW�GLIIHUHQWLDWH�IURP�RWKHUV�DQG�FRQVWLWXWH������RI�DOO�

SUREOHPV��0DNLQJ�LPSURYHPHQWV�LQ�WKHVH���SUREOHPV�ZLOO�DIIHFW�UHVXOWV�RI�OHDQ�WUDQVIRUPDWLRQ�PRUH��
Solution of Problems and Application 

$FFRUGLQJ�WR�WKH�SDUHWR�DQDO\VLV��RI�WKH�SUREOHPV�RI�DOORFDWLQJ�OLWWOH�WLPH�WR�HPHUJHQF\�SDWLHQWV�DQG�LQSDWLHQWV��
IDLOXUH� WR� JLYH� DSSRLQWPHQWV� DFFRUGLQJ� WR� LPDJLQJ� WLPHV� DQG� DFFRUGLQJ� WR� LPDJLQJ� W\SHV� DQG� OHQJWK� RI� SUHSDUDWLRQ�
WLPHV��ILUVW�WKUHH�VHHP�WR�DULVH�IURP�EDG�SODQQLQJ��,QYHVWLJDWLRQ�ZDV�FRQGXFWHG�WR�LGHQWLI\�WKH�URRW�FDXVH�RI�WKH�SUREOHP�
RI�OHQJWK\�SUHSDUDWLRQ�WLPHV��DQG�DW� WKH�HQG�RI�PHDVXUHPHQWV�LW�ZDV�IRXQG�WKDW�PHDVXUHPHQW�WLPHV�ZHUH�QRW�ORQJ�EXW�
SUHSDUDWLRQ�RSHUDWLRQV�ZHUH�RYHUO\�UHSHDWHG��6R�WKH�UHDO�SUREOHP�LV�QRW�WKH�OHQJWK�RI�SUHSDUDWLRQ�SHULRG�EXW�UHSHWLWLRQ�RI�
SUHSDUDWLRQ�VWDJHV�� ,I� VLPLODULWLHV�FDQ�EH� LGHQWLILHG� LQ� WKH�SUHSDUDWLRQ�SKDVH�DQG�VLPLODU�ZRUNV��LPDJLQJ��FDQ�EH�GRQH�
VXFFHVVLYHO\��ZDVWH�ZLOO�EH�PLQLPL]HG��(YHQWXDOO\�� WKH� UHDVRQ�EHKLQG� WKH� IDFW� WKDW�SUHSDUDWLRQ�SHULRGV�DUH� OHQJWK\� LQ�
WRWDO� LV� VWLOO� WKH� EDG� SODQQLQJ� RI� WKH� DSSRLQWPHQWV�� 7KH� VROXWLRQ� WKDW� ZLOO� HOLPLQDWH� DOO� �� LGHQWLILHG� SUREOHPV� LV� WR�
UHGHVLJQ�WKH�DSSRLQWPHQW�V\VWHP��
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*URXS�7HFKQRORJ\��*7��LV�D�SURGXFWLRQ�SKLORVRSK\�EDVHG�RQ�JURXSLQJ�RI�SURGXFWV�DFFRUGLQJ�WR�WKHLU�VLPLODULWLHV�
LQ�SURGXFW�GHVLJQ�DQG�SURGXFWLRQ��E\�PDNLQJ�XVH�RI�VLPLODULWLHV�DPRQJ�SURGXFWV��:KLOH�LPSOHPHQWLQJ�*7��VLPLODU�SDUWV�
DUH�JURXSHG� LQ�³SDUW�JURXSV´��(DFK�JURXS�ZLOO�KDYH�VLPLODU�GHVLJQ�DQG�SURGXFWLRQ�IHDWXUHV��7KXV��SURFHVVLQJ�RI�HDFK�
PHPEHU�RI�D�JURXS�ZLOO�EH�VLPLODU��g]oHOLN���������6WDUWLQJ�ZLWK�WKH�*7�GHILQLWLRQ��SUHSDUDWLRQV�FDQ�EH�JURXSHG�EDVHG�
RQ� VLPLODULWLHV��:RUNV� �LPDJLQJ�� WKDW� KDYH� VLPLODU� SUHSDUDWLRQ� SKDVHV� ZLOO� EHORQJ� WR� WKH� VDPH� JURXS�� 7KHUH� DUH� ���
GLIIHUHQW� 05,� W\SHV� WKDW� FDQ� EH� KDQGOHG� LQ� WKH� LPDJLQJ� FHQWHU�� 3UHSDUDWLRQ� RI� WKH� GHYLFH� IRU� LPDJLQJ� FRQVLVWV� RI�
FKDQJLQJ� WKH�FRLO�����GLIIHUHQW� W\SHV�DUH� LPDJHG�XVLQJ���GLIIHUHQW�FRLOV��7KHUHIRUH��JURXSLQJ�ZRUNV� WKDW�XVH� WKH�VDPH�
FRLO� WRJHWKHU� ZLOO� UHPRYH� WKH� SURFHVV� RI� FKDQJLQJ� WKH� FRLO� DQG� UHGXFH� WKH� SUHSDUDWLRQ� WLPH�� 7KHUH� DUH� �� GLIIHUHQW�
LPDJLQJ�JURXSV��,W�ZDV�DLPHG�WR�UHGHVLJQ�WKH�DSSRLQWPHQW�V\VWHP�EDVHG�RQ�WKHVH�JURXSV��,Q�RUGHU�WR�DYRLG�UHSHWLWLRQ�RI�
SUHSDUDWLRQ��DSSRLQWPHQWV�ZLOO�IROORZ�RQH�DQRWKHU�LQ�WKH�VDPH�WLPH�UDQJH�GXULQJ�WKH�GD\�IRU�05,�W\SHV�ZLWKLQ�WKH�VDPH�
JURXS��ZKLFK�ZLOO�HOLPLQDWH�WKH�QHHG�WR�FKDQJH�WKH�FRLO��$OVR��HPHUJHQF\�SDWLHQWV�ZLOO�EH�UHVHUYHG�WLPH�ZLWKLQ�WKH�GD\��
ZKLFK�ZLOO�UHGXFH�WKH�WLPH�DULVLQJ�IURP�HPHUJHQF\�KRVSLWDOV��3DWLHQWV�FRPLQJ�WR�WKH�LPDJLQJ�FHQWHU�ZHUH�REVHUYHG�IRU�
���GD\V��$QG�ZKHQ�GDWD�RI����GD\V�ZDV�DQDO\]HG��IROORZLQJ�ZDV�IRXQG��

,PDJLQJ� FHQWHU� SURYLGHV� VHUYLFHV� IRU� ��� KRXUV�� ����� SDWLHQWV� FDPH� IRU�05� LPDJLQJ� LQ� ��� GD\V�� ,PDJLQJ� LV�
SHUIRUPHG�IRU����SDWLHQWV�GDLO\�RQ�DYHUDJH��%XW��DYHUDJH�RI�����SDWLHQWV�DUH�JLYHQ�DSSRLQWPHQWV��DQG�DSSRLQWPHQWV�RI�
UHPDLQLQJ�SDWLHQWV�DUH�FDQFHOOHG�E\�SKRQH��'LVWULEXWLRQ�RI������E\�JURXSV�LV�VKRZQ�LQ�7DEOH����

�
Table 3��*URXS�GLVWULEXWLRQV�

*URXSV� 7RWDO�SDWLHQWV� 3HUFHQWDJH����
�VW�*URXS� ���� �����
�QG�*URXS� ����� �����
�UG�*URXS� ���� �����
�WK�*URXS� ���� �����
�WK�*URXS� ���� �����
�WK�*URXS� ��� �����
�WK�*URXS� ��� �����

�
�
$IWHU�DQDO\]LQJ�WKH�QXPEHU�RI�LQFRPLQJ�SDWLHQWV�E\�JURXS��LQ�RUGHU�WR�DYRLG�ZDLWLQJ�UHVXOWLQJ�IURP�HPHUJHQF\�

SDWLHQWV�� LQFRPLQJ�HPHUJHQF\�SDWLHQWV�DQG� WKH� JURXS�RI� WKHVH�HPHUJHQF\�SDWLHQWV�ZHUH� LQYHVWLJDWHG��'XULQJ����GD\V�
���� HPHUJHQF\� SDWLHQWV�LQSDWLHQWV� FDPH�� �����RI� WKHVH� HPHUJHQF\� SDWLHQWV� EHORQJ� WR� �WK� JURXS�� �����EHORQJ� WR� �QG�
JURXS�������EHORQJ�WR��WK�JURXS�DQG�����EHORQJ�WR��UG�JURXS��1R�HPHUJHQF\�SDWLHQW�FDPH�IRU��VW���WK�DQG��WK�JURXSV��
'LVWULEXWLRQ�RI�HPHUJHQF\�SDWLHQWV�E\�JURXS�LV�DV�IROORZV��HPHUJHQF\�SDWLHQWV�FRQVWLWXWH������RI��QG�JURXS��������RI��UG�
JURXS���������RI��WK�JURXS�DQG�������RI��WK�JURXS��1R�HPHUJHQF\�SDWLHQW�FDPH�IRU��VW���WK�DQG��WK�JURXSV��$YHUDJH�F\FOH�
WLPH�IRU�HDFK�JURXS�ZDV�FDOFXODWHG��7KHVH�SHULRGV�DUH����PLQXWHV�IRU��VW�JURXS�����PLQXWHV�IRU��QG�JURXS�����PLQXWHV�IRU�
�UG�JURXS�����PLQXWHV� IRU��WK�JURXS�����PLQXWHV� IRU��WK�JURXS�����PLQXWHV� IRU��WK�JURXS�DQG����PLQXWHV� IRU��WK�JURXS��
'DLO\� WLPH� WR� EH� DOORFDWHG� E\� JURXS�� DQG� QXPEHU� RI� SDWLHQWV� RQ� DSSRLQWPHQW� DQG� QXPEHU� RI� HPHUJHQF\� SDWLHQWV�
FDOFXODWHG�EDVHG�RQ�F\FOH�WLPHV��DFFRUGLQJ�WR�WKH�LQIRUPDWLRQ�DW�KDQG��DUH�VKRZQ�LQ�7DEOH�����

 
Table 4��1XPEHU�RI�SDWLHQWV�RQ�DSSRLQWPHQW�DQG�SHULRGV�

*URXSV�
(PHUJHQF\�
SDWLHQWV�

1XPEHU�RI�
SDWLHQWV�WR�

JLYH�
DSSRLQWPHQWV�

1XPEHU�
RI�SDWLHQWV�

$YHUDJH�
VHUYLFH�WLPH�

�PLQ��

$YHUDJH�
SUHSDUDWLRQ�
SHULRG��PLQ��

�VW�*URXS� �� �� �� ��� ��
�QG�*URXS� �� ��� ��� ��� ��
�UG�*URXS� �� �� ��� ��� ��
�WK�*URXS� �� ��� ��� ��� ��
�WK�*URXS� �� �� �� ��� ��
�WK�*URXS� �� �� �� ��� ��
�WK�*URXS� �� �� �� ��� ��

�
�
6LQFH�WKH�SUHSDUDWLRQ�SURFHVV�ZLOO�EH�SHUIRUPHG�RQFH�RQO\��WRWDO�WLPH�QHHGHG�IRU�JURXSV��

$YHUDJH�VHW�XS�WLPH��7VX�
$YHUDJH�VHUYLFH�3HULRG���7F�
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$YHUDJH�1XPEHU�RI�$SSRLQWPHQWV��5+6�
7RWDO�WLPH�IRU�L¶WK��JURXS��$L�
$L� �7VX����5+6�L�î�7F������
�

,I� WRWDO� WLPHV�QHHGHG� IRU�JURXSV�DUH�FDOFXODWHG�XVLQJ� WKH� IRUPXOD� ��������PLQXWHV� LV� QHHGHG� IRU��VW�JURXS������
PLQXWHV�IRU��QG�JURXS������PLQXWHV�IRU��UG�JURXS������PLQXWHV�IRU��WK�JURXS�����PLQXWHV�IRU��WK�JURXS�����PLQXWHV�IRU��WK�
JURXS�DQG����PLQXWHV�IRU��WK�JURXS���7RWDO������PLQXWHV�VKRXOG�EH�SURJUDPPHG�IRU�DSSRLQWPHQWV�EDVHG�RQ�WKH�QXPEHU�
RI�SHRSOH�LQ�WKH�JURXSV�DQG�UHPDLQLQJ�����PLQXWHV�VKRXOG�EH�GLVWULEXWHG�ZLWKLQ�WKH�GD\�IRU�HPHUJHQF\�SDWLHQWV��7KLV�
ZD\�� HYHQ� LI� HPHUJHQF\� SDWLHQWV� FRPH� RQH� DIWHU� DQRWKHU�� WKH� SDWLHQW�ZKR�ZLOO�ZDLW�PRVW�ZLOO�ZDLW� IRU� ����PLQXWHV��
ZKLFK� LV� D� QHDUO\� LPSRVVLEOH� SUREDELOLW\�� $OVR�� HYHQ� LQ� VXFK� FDVH�� DYHUDJH� ZDLWLQJ� WLPH� ZLOO� EH� UHGXFHG� IURP� ����
PLQXWHV�WR�����PLQXWHV��ZKLFK�PHDQV�D�UHGXFWLRQ�RI����������

,Q�WKH�FXUUHQW�VLWXDWLRQ��QXPEHU�RI�SDWLHQWV�ZKR�FDQ�EH�VHUYHG�GDLO\�LV�����%\�UHGXFLQJ�WKH�WRWDO�SUHSDUDWLRQ�WLPH��
QXPEHU� RI� SDWLHQWV� WKDW� FDQ� EH� VHUYHG� GDLO\� LQFUHDVHG� WR� ���� ZKLFK� LV� DQ� LQFUHDVH� RI� ������ ��� 7KLV� LQFUHDVH� ZLOO�
FRQVLGHUDEO\�ERRVW� WKH�SURILWV��(YHQ�ZKHQ�QR�HPHUJHQF\�SDWLHQWV�FRPH�����SDWLHQWV�ZLOO�EH�VHUYHG��DQG� WKLV�ZLOO�VWLOO�
PHDQ�DQ�LQFUHDVH�RI���������%XW��LW�LV�DOPRVW�LPSRVVLEOH�LQ�D�KRVSLWDO��D�G\QDPLF�V\VWHP��WKDW�DQ\�SURFHVV�ZLOO�UHPDLQ�
XQXVHG���

7LPH�UDQJHV�DUUDQJHG�E\�JURXSV��ZKHQ�DSSRLQWPHQW�VFKHGXOH�LV�DUUDQJHG�DFFRUGLQJ�WR�JURXSV��LV�VKRZQ�LQ�7DEOH�
������RPLWWLQJ� WKH�HPHUJHQF\�SDWLHQWV��+LJKHVW�QXPEHU�RI� SDWLHQWV�FRPHV� IRU��QG�JURXS��*LYLQJ� WKH�DSSRLQWPHQWV� IRU�
JURXSV�ZLWK�WKH�KLJKHVW�QXPEHU�RI�SDWLHQWV�GXULQJ�GD\OLJKW�ZLOO�DOORZ�HDVLHU�FRPPXQLFDWLRQ�ZLWK�WKH�GRFWRUV��)RU�WKLV�
UHDVRQ�����KRXUV�LV�VFKHGXOHG�LQ�WKH�RUGHU�RI��QG�JURXS���WK�JURXS���UG�JURXS���WK�JURXS���VW�JURXS���WK�JURXS�DQG��WK�JURXS���
,I�WKH�SHULRG�RI�����PLQXWHV�DOORFDWHG�IRU�HPHUJHQF\�SDWLHQWV�FDQ�EH�GLVWULEXWHG�DFFRUGLQJ�WR�SDWLHQW�QXPEHUV�RI�JURXSV��
ZDVWH�ZLOO�EH�PLQLPL]HG��$SSRLQWPHQW�VFKHGXOH�WKDW�LQYROYH�WKH�HPHUJHQF\�SDWLHQW�SHULRGV�LV�VKRZQ�LQ�7DEOH����

 
Table 5��$SSRLQWPHQW�WLPH�UDQJHV�

*URXS�
6WDUWLQJ�
7LPH�

(QGLQJ�
7LPH�

1XPEHU�
RI�

SDWLHQWV�
�VW�*URXS� ������ ������ ���
�QG�*URXS� ������ ������ ���
�UG�*URXS� ������ ������ ��
�WK�*URXS� ������ ������ ��
�WK�*URXS� ������ ������ ��
�WK�*URXS� ������ ������ ��
�WK�*URXS� ������ ������ ��

Conclusions 
3UHVHQW�VLWXDWLRQ�DQG�VLWXDWLRQ�DIWHU�WKH�UHGHVLJQHG�DSSRLQWPHQW�V\VWHP�DUH�FRPSDUHG�LQ�7DEOH����

�
Table 6���&RPSDULVRQ�'DWD�

�� &XUUHQW�6LWXDWLRQ� )XWXUH�6LWXDWLRQ� &RPSDULVRQ�

$YHUDJH�1XPEHU�RI�3DWLHQWV� ��� ��� ��������LQFUHDVH�
7RWDO�3UHSDUDWLRQ�3HULRG��PLQ�� ���� ��� ��������GHFUHDVH�
:DLWLQJ�SHULRG��PLQ�� ���� ������ !���������GHFUHDVH�

 
:LWK�WKH�QHZ�DSSRLQWPHQW�V\VWHP�WKDW�LV�GHVLJQHG�RQ�WKH�EDVLV�RI�UHGXFLQJ�SUHSDUDWLRQ�WLPHV�DQG�ZDLWLQJ�SHULRGV�

DULVLQJ� IURP� HPHUJHQF\� SDWLHQWV� E\� GLYLGLQJ� WKH� ZRUNV� LQWR� JURXSV�� DYHUDJH� QXPEHU� RI� LPDJLQJ� RSHUDWLRQV� KDV�
LQFUHDVHG� E\� ���������$Q� LQFUHDVH� RI� ��������ZLOO� VXEVWDQWLDOO\� ERRVW� WKH� SURILWV�� 7RWDO� SUHSDUDWLRQ� WLPH� KDV� EHHQ�
UHGXFHG�E\����������5HGXFWLRQ� LQ� WKH�ZDLWLQJ�SHULRGV�ZLOO�EH���������DW� WKH� ORZHVW��:LWK� WKLV�QHZ�V\VWHP�� IORZ�RI�
SDWLHQWV�LPSURYHV�� LPDJLQJ�WLPHV�VSHHG�XS�DQG�FDSDFLW\�LV�XVHG�LQ� WKH�EHVW�ZD\��$OVR��FRVW��ZDVWH��ZDLWLQJ�WLPHV�DQG�
SHULRGV� SDWLHQWV� NHSW� LQ� WKH� SURFHVV� DUH� UHGXFHG�� DQG� LW� EHFDPH� SRVVLEOH� WR� GR� PRUH� LPDJLQJ� DQG� HIILFLHQF\� KDV�
LPSURYHG��0RYHPHQW� RI� WKH� WHFKQLFLDQV� ZKR� NHSW� UHSHDWLQJ� WKH� VDPH� SURFHVV� ZDV� PLQLPL]HG�� ZKLFK� ERRVWHG� WKHLU�
PRWLYDWLRQ��
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�
(QJLQ��%���5HVHDUFK�DQG�5HSRUW�:ULWLQJ�7HFKQLTXHV��/HFWXUH�1RWHV��6DNDU\D�8QLYHUVLW\��6DNDU\D�������
�
*UDEDQ��0���/HDQ�+RVSLWDO��2SWLPLVW�3XEOLFDWLRQV��øVWDQEXO������
�
0HOWRQ��7���7KH�%HQHILWV�2I�/HDQ�0DQXIDFWXULQJ��:KDW�/HDQ�7KLQNLQJ�+DV�7R�2IIHU�7KH�3URFHVV�,QGXVWULHV��&KHPLFDO�

(QJLQHHULQJ�5HVHDUFK�$QG�'HVLJQ������D�����������������
�
g]FDQ�6���3DUHWR�$QDO\VLV��2QH�2I�6WDWLVWLFDO�3URFHVV�&RQWURO�7HFKQLFV��$QG�$Q�$SSOLFDWLRQ�LQ� WKH�&HPHQW�,QGXVWU\��

&XPKXUL\HW�8QLYHUVLW\��-RXUQDO�RI�(FRQRPLFV�DQG�$GPLQLVWUDWLYH�6FLHQFHV�����������������
�
g]oHOLN�gYHU��7���*URXS�7HFKQRORJ\��/HFWXUH�1RWHV��6DNDU\D�8QLYHUVLW\��6DNDU\D�������
�
ùHQJ�O��6���7RWDO�TXDOLW\�PDQDJHPHQW�LQ�KHDOW�FDUH�LQGXVWU\��,VWDQEXO�7HFKQLFDO�8QLYHUVLW\��,QVWLWXWH�RI�WKH�1DWXUDO�DQG�

$SSOLHG�6FLHQFHV��0V�7KHVLV��,VWDQEXO�������
�
:RPDFN�� -��� -RQHV��'��7���5RRV��'���7KH�0DFKLQH�7KDW�&KDQJHG�7KH�:RUOG��5DZVRQ�$VVRFLDWHV��1HZ�<RUN��1�<���

�����
�
:RPDFN��-�3���-RQHV��'���/HDQ�7KLQNLQJ��2SWLPLVW�3XEOLFDWLRQV��øVWDQEXO������
�
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Abstract: Napier grass (Pennisetum Purpureum) fibre strands were extracted using mechanical 
retting process and these extracted fibre strands were treated with NaOH solution with various 
proportions (5, 10, and 15% w/v) to improve their surface morphology and enhance the bonding 
capacity with resins. Composite specimens were prepared using untreated and NaOH treated fibre 
strands as reinforcement and epoxy resin as a matrix material. The impact of alkali treatment on 
mechanical properties were evaluated. Quantitative results from this study will be useful for 
further and more accurate design of Napier grass fiber reinforced composite materials for various 
applications. 
Key words: Composite, Alkali treatment, Napier grass 

   
 
Introduction  
 
 Over the last few decades, natural fibers have attracted attention as substitutes for synthetic fibers in 
composites production, largely due to increased emphasis on sustainability. Density of natural fibers is low and specific 
strength is high. Further, they are cheap, renewable, non-abrasive, and their specific properties are comparable with the 
commonly used glass fibers. Natural fiber composites exhibit excellent mechanical properties. Environment friendly 
character is very important for the acceptance of natural fibers in engineering markets, like automotive and 
construction. Presently automobile manufacturers like BMW and Mercedes are beginning to incorporate hemp fiber 
composites into their car components [1]. Natural fibers consists lignin and hemicelluloses, which will influence their 
adhesion to polymer matrix. The alkali treatment of the natural fiber removes lignin and hemicellulose from the surface 
[2]. Alkali treatment of the natural fiber chemically modifies the fiber surface and removes the impurity from it [3-4]. 
Napier grass (Pennisetum Purpureum) is a tall grass widely grown in the African continent. The structural, chemical, 
mechanical and thermal properties of these fibers are reported earlier [5 - 6]. In the present work Napier grass fiber 
strands were treated with up to 15% alkali concentration (w/v) and composites were prepared using untreated, 5, 10 and 
15% alkali treated Napier grass fiber strands as reinforcement and epoxy resin as matrix material to study the influence 
of alkali treatment on the mechanical properties. 
 
Materials and Method  
 
Materials 

Extracted Napier grass fiber strands, sodium hydroxide, Acetic acid, Araldite LY 556 and hardener HY 951. 
 
Fiber extraction 
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Napier grass fiber strands belonging to the Poaceae family were extracted from the stem using mechanical 
retting process. The separated fiber strands were washed thoroughly with distilled water and dried in the sun to ensure 
maximum moisture removal.   
 
Alkali treatment 

Some of these dried strands were cut into 20 mm length and treated with 5, 10 and 15% aqueous sodium 
hydroxide (NaOH) solutions at room temperature for 2 hours, maintaining a liquor ratio of 20:1 to remove the 
hemicellulose and other unwanted materials from the fiber strands. 
 
Composite preparation 

From the previous studies, it is evident that the epoxy laminates are dimensionally stable and free from internal 
stresses due to their low cure shrinkage [7, 8]. Epoxy (LY 556) of density 1.15 g/cm3 matrix and hardener (HY951) of 
density 0.98 g/cm3 were used to fabricate the composite. The weight ratio of 10:1.5 was used to mix epoxy and hardener 
respectively. In the present work, the composite laminates were prepared with weights of 10, 15, 20, 25 and 30% of 
untreated and alkali treated Napier grass fiber strands. Prepared epoxy resin poured in to fill up the glass mould after 
spreading the chopped Napier grass fibers randomly. These laminates were allowed to cure for 24 hours at room 
temperature. Finally, the laminates are subjected to post curing for 3 hours at 100ºC in an oven. Two important factors 
such as alkali treatment and fiber loading (weight %) were considered as important factors in present work. Test 
specimens were prepared from these laminates after the curing process, as per the ASTM standards. 
 
Mechanical testing  

The standards used for tensile, flexural and impact test were ASTM-D 3039/D 3039M, ASTM-D 790-03 and 
ASTM-D 256-05, respectively. To achieve a statistically significant result for each condition, ten specimens were tested 
to evaluate the mechanical properties. The tensile and three-point bending (flexural) tests were conducted using 
ISTRON 3369 Universal Testing machine at a crosshead speed of 5 and 2mm/min respectively. M/s PSI Instruments 
make impact testing machine was used to conduct Izod impact test. 
 
Scanning Electron Microscopy 

Samples from each untreated and alkali treated specimens were cryogenically cooled and instantly subjected to 
brittle fracture. The fractured surfaces of these samples were coated with carbon and the micrographs of the fractured 
composites are recorded using X-Max (Oxford instruments) Scanning electron microscope operating with secondary 
electron imaging at 10kV.  
 
 
Results and discussion  
 

The SEM micrographs of untreated, and alkali treated fiber strand reinforced epoxy composites are presented 
in Figs. 1 and 2. In Fig. 1(a), untreated Napier grass fibers appear to be free of any matrix materials adhering to them, 
thus indicating poor fiber matrix adhesion causing brittle failure and leaving debris on the fiber surface. In Fig. 1(b), 5% 
alkali treated composite shows some cavities absent and many polymer particles bonded chemically to the fiber surface. 
In Fig.2 (a), the fracture surface of 10% alkali treated fiber composites shows good mechanical interlocking between 
fiber and matrix. In Fig. 2(b) 15%, alkali treated Napier grass strands reinforced composite shows very few fibers on the 
fracture surface due to the fiber cover up by the matrix material. These micrographs show that the fiber matrix adhesion 
is improved with percentage of alkali treatment up to 10%. 
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Figure 1: SEM micrograph of (a) untreated and (b) 5% alkali treated fiber reinforced epoxy composite 
 

 
 

Figure 2: SEM micrograph of (a) 10% alkali and (b) 15% alkali treated fiber-reinforced epoxy composite 
 

The effect of alkali treatment and fiber loading on tensile modulus of Napier grass-epoxy composites was 
determined and those were reported in Fig. 3. Surface modification of Napier grass fiber by alkali treatment improved 
the chemical bonding and helped to withstand high tensile load by the composites made out of them. From Fig. 3 it can 
be observed that the tensile modulus increases with an increase in fiber loading up to 20%. This is because of the 
reinforcing effect of the fibers, leading to a uniform stress distribution. However, tensile modulus was found to decrease 
for fiber loading above 20%, generally, for higher fiber loading, non-uniform stress transfer results due to fiber 
agglomeration in the matrix. The short length and random orientation of the fibers are might be two major factors, 
which are responsible for this behavior. 
 
 
 
 
 
 
 

a b 

c d 
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Figure 3: Tensile Modulus of Napier grass-epoxy composites 
 

The percentage increase in tensile modulus (presented in parenthesis) over the matrix was found to be as 
follows: untreated (25%), 5% alkali treated (30%), 10% alkali treated (32%) and 15% alkali treated (28%). Thus, the 
tensile modulus is found to be maximum when the fibers are treated with 10% alkali. The highest tensile modulus was 
found to be 2957MPa for 20% fiber loading with 10% alkali treated fiber reinforced composites. 
The flexural properties were also studied to assess the performance of these composites against bending loads. The 
flexural modulus of untreated, 5% alkali, 10% alkali, and 15% alkali treated fiber reinforced composites with fiber 
loading of 10, 15, 20, 25 and 30%are presented in Fig. 4.It can be concluded from the results that the trend of flexural 
modulus is similar to that of the tensile modulus. The % increase in flexural modulus (presented in parenthesis) over the 
matrix are as follows: untreated (20%), 5% alkali treated (24%), 10% alkali treated (27%) and 15% alkali treated (24%). 
Thus, the flexural modulus is also found to be maximum when the fibers are treated with 10% alkali. The highest 
flexural modulus is 3578 MPa for 20% fiber loading with 10% alkali treated fiber reinforced composites. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Flexural Modulus of Napier grass fiber-epoxy composites 
 
The impact strength of untreated and alkali treated fiber-epoxy composites are presented in Fig. 5. The impact strength 
was improved up to 20% fiber loading, and started to decline later due to the interfacial bonding between the fibers and 
matrix. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Impact strength of Napier grass-epoxy composites 
 

The % increase in impact strength (presented in parenthesis) over the matrix are as follows: untreated (49%), 
5% alkali treated (54%), 10% alkali treated (59 %) and 15% alkali treated (55%). Thus, the impact strength is found to 
be maximum when the fibers are treated with 10% alkali and at 20% of fiber loading. From the above results, it is 
conclusively evident that the chemical modification of fiber strands by alkali treatment improved interfacial fiber-
matrix bonding leading to an increase in mechanical properties of the composites. 
 
 
Conclusion  
 

In the present work, mechanical properties of Napier grass fiber-epoxy composites were investigated. Alkali 
treatment had significant effect on the fiber structure and, as a result, on composite mechanical properties such as 
tensile modulus, flexural modulus and impact strength. The morphology of composites was studied using scanning 
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electron microscopy. The interfacial bonding between matrix and reinforcement was found to be improved by surface 
modification of fibers. From this study, it is evident that 10% alkali treated fibers at 20% loading give the best results 
for short length and random oriented Napier grass fiber-epoxy composites. The alkali treatment of the Napier grass fiber 
strands was found to refine its mechanical properties and this favors its application in the composite industry. 
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oDOÕúDELOPHOHULQL�HQJHOOH\HQ�HQ�|QHPOL�XQVXUODUGDQ�ELUL�KLo�ú�SKHVL]�NDOLIL\H�Lú�J�F��HNVLNOL÷LGLU��

%X� HNVLNOL÷L� JLGHUPHGH� L\L� ELU� PHVOHNL� WHNQLN� H÷LWLP� VLVWHPL� YH� HWNLQ� \|QWHPOHUH� LKWL\Do�

GX\XOPDNWDGÕU��%X�oDOÕúPDGD�HWNLOL�ELU�PHVOHNL�WHNQLN�H÷LWLP�LoLQ��\|QWHP�YH�ND\QDN�NXOODQÕPÕ�LOH�

PHVOHNL� WHNQLN� H÷LWLPLQ� WDUDIODUÕ� \DQL� |÷UHQFL�� |÷UHWPHQ� YH� LúYHUHQ� NHVLPL� DUDVÕQGDNL� LOHWLúLP�

VHYL\HVLQLQ� R\QDGÕ÷Õ� URO� YH� EXQXQ� � SL\DVD\D� X\XPGDNL� HWNLOHUL� RUWD� |÷UHWLP� ED]ÕQGD�

WDUWÕúÕOPDNWDGÕU�� �7DUWÕúPDGD��7�UN�PHVOHNL� WHNQLN� H÷LWLP� VLVWHPLQLQ� WDUDIODUÕ� DUDVÕQGDNL� LOHWLúLP�
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J|U�OPHNWHGLU�� %X� GXUXPXQ� PHVOHNL� WHNQLN� H÷LWLPLQ� SHUIRUPDQVÕ� �]HULQGH� ROXPVX]� ELU� HWNL\H�
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ILQDQFLDO�PDUNHWV� EHJDQ� VHHLQJ� D�QHZ�HFRQRPLF� HUD� WKDW� HOLPLQDWHV� WKH� UHVWULFWLRQV�RI� WLPH� DQG�

VSDFH�� ZKLFK� KDV� WKH� SHULRG� RI� JOREDO� FRPSHWLWLRQ�� 7KLV� NHHQ� WR� WDNH� SDUW� LQ� WKH� FRPSHWLWLRQ��

EXVLQHVVHV�FDQ�ZRUN�HIIHFWLYHO\�DQG�HIILFLHQWO\�SRVVLEOH���7RGD\��EXVLQHVVHV�FDQ�ZRUN�HIIHFWLYHO\�

DQG� HIILFLHQWO\� GHSHQGV� RQ� WKH� VLQH� TXD� QRQ� RI� VRPH� HOHPHQWV�� WKH� PRVW� LPSRUWDQW� UHDVRQ� RI�

LQHIILFLHQW� SHUIRUPDQFH� DW� HQWHUSULVHV�� � LV� WKH� ODFN� RI� VNLOOHG� ODERU�� )RU� WKH� VROXWLRQ� D� JRRG�

YRFDWLRQDO�HGXFDWLRQ�DQG�WUDLQLQJ�V\VWHP�DQG�HIILFLHQW��PHWKRGV�DUH�QHHGHG���,Q�WKLV�VWXG\�XVLQJ�RI�

UHVRXUFHV�DQG�PHWKRGV�IRU�HIILFLHQW�YRFDWLRQDO�HGXFDWLRQ�DQG�WUDLQLQJ���WKH�UROH�RI�FRPPXQLFDWLRQ�

EHWZHHQ� WKH�SDUWQHUV� RI� YRFDWLRQDO� HGXFDWLRQ� DQG� WUDLQLQJ� IRU� YRFDWLRQDO� HGXFDWLRQ� DQG� WUDLQLQJ�

FRPSDWLEOH�ZLWK�WKH�PDUNHW��RQ�WKH�EDVLV�RI�VHFRQGDU\�HGXFDWLRQ�ZLOO�EH�GLVFXVVHG��2EVHUYHG�WKDW�

EHWZHHQ� WKH� �FRPLQLFDWLRQ� OHYHO�RI� WKH�7XUNLVK�YRFDWLRQDO�HGXFDWLRQ�DQG� WUDLQLQJ� �SDUWLHV� ORZHU�

WKDQ� WKH�VXFFHVIXO�FRXQWULHV¶�FRPLQLFDWLRQ� OHYHO��7KRXJKW� WKDW� WKLV�VWLXDWLRQ�KDV�QHJDWLYH�HIIHFWV�

RQ�7XUNLVK�YRFDWLRQDO�HGXFDWLRQ�DQG�WUDLQLQJ�SHUIRUPDQFH���

.H\�ZRUGV��YRFDWLRQDO�HGXFDWLRQ�DQG�WUDLQLQJ��HGXFDWLRQ��PDUNHW��SURGXFWLYLW\���
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*LULú�

.�UHVHO� UHNDEHWLQ� \DSÕVÕQGD� PH\GDQD� JHOHQ�� � ]DPDQ� YH� PHNDQ� XQVXUODUÕQÕ� WDúÕPD\DQ�� VÕQÕUODUÕ� NDOGÕUDQ� ELU� GH÷LúLP�

E�\�NWHQ� N�o�÷H� W�P� LúOHWPHOHUL� HWNLOHPHNWHGLU�� %X� GH÷LúLP� ILUPDODUÕQ� GÕúDUÕGD� ROXS� ELWHQOHUL� XPXUVDPDGDQ� NHQGL�

NDEXNODUÕ�\D�GD�\HUHO� Lú�DODQODUÕQGD�YDUOÕNODUÕQÕ�GHYDP�HWWLUPH�úDQVODUÕQÕ�RUWDGDQ�NDOGÕUPÕúWÕU��6DGHFH�XOXVDO�SD]DUODUD�

ED÷OÕ� NDOVDODU� GDKL�� KHP� XOXVDO� KHP� GH� XOXVODUDUDVÕ� UDNLSOHUL� NDUúÕVÕQGD� D\DNWD� NDODELOPHQLQ� J�oO�÷�Q�� IDUN� HGHQ�

LúOHWPHOHU�� \HUHO� SL\DVDODUGDQ� JOREDO� SL\DVDODUD� GR÷UX� ELU� \|QHOLP� J|VWHUPLúOHUGLU�� %|\OHFH� LúOHWPHOHU� KHU� W�UO��

IDDOL\HWOHULQL�YH�\DWÕUÕPODUÕQÕ�G�Q\D�UHNDEHWL�DoÕVÕQGDQ�G�ú�Q�S�GH÷HUOHQGLUPHN�GXUXPXQGD�NDOPÕúODUGÕU���%X�UHNDEHWWH�

YDU�ROPDQÕQ�HQ�|QHPOL�úDUWODUÕQGDQ�ELUL�LúOHWPHOHULQ��L\L�\HWLúPLú�NDOLIL\H�LQVDQ�J�F�QH�VDKLS�ROPDVÕGÕU���

0DNUR�DQODPGD�J�oO��ELU�HNRQRPL� LoLQ�\�NVHN� LVWLKGDP�G�ú�N� LúVL]OLN�VHYL\HVLQLQ�JHUHNOLOL÷L�DoÕVÕQGDQ�EDNWÕ÷ÕPÕ]GD���

PHYFXW� LúVL]OLN� VRUXQXQXQ� oDOÕúPD� oD÷ÕQGDNL� Q�IXVXQ� NDOLIL\H� LúJ�F�� DoÕ÷ÕQÕ� NDUúÕOD\DPD\DFDN� úHNLOGH� YDVÕIVÕ]�

LúJ�F�QGHQ�ROXúPDVÕ�\DWPDNWDGÕU�� � �0HYFXW� LúJ�F�Q�Q�HNVLN�YH�YHULPVL]�oDOÕúPDVÕ�GD�D\UÕFD�ELU�JL]OL� LúVL]OLN�ND\QD÷Õ�

RODUDN� RUWDGÕU�� hUHWLPLQ� HQ� |QHPOL� JLUGLVL� RODQ� LQVDQ� ND\QD÷Õ� LOH� J�Q�P�]�Q� YD]JHoLOPH]L� RODQ� ELOJLVD\DUODUD� D\QÕ�

SHUVSHNWLIWHQ�EDNÕODELOPHNWHGLU��%XQD�J|UH�ELOJLVD\DUODUÕQ�V�UHNOL�JHOLúHQ�YH�GH÷LúHQ�WHNQRORML� LOH�KDFNHUODUÕQ� �YH�N|W��

DPDoOÕ� \D]ÕOÕPODUÕQ� HWNLOHUL� NDUúÕVÕQGD� LúOHUOL÷LQL� ND\EHWPHPHVL� YH� \�NVHN� SHUIRUPDQV� LoLQ� V�UHNOL� � KHP� GRQDQÕPVDO��

KHP� \D]ÕOÕPVDO� RODUDN� V�UHNOL� J�QFHOOHQGL÷LQL� J|U�U�]�� %DVLW� DQODPGD� ELOJLVD\DUÕPÕ]GDNL� DQWLYLU�V� SURJUDPÕQÕ� ELOH�

KHPHQ�KHU�J�Q�J�QFHOOHPHNWH\L]��%X�GXUXPGD�LQVDQ�ND\QD÷Õ�GD�V�UHNOL�GH÷LúHQ�YH�JHOLúHQ�WHNQRORML���UHWLP�ELOJLVL�YH�

UHNDEHW�DoÕVÕQGDQ�J�QFHOOHQPHOLGLU��$NVL�KDOGH�LúJ�F�Q�Q�PHYFXW�YDVÕIODUÕQÕQ�GD�ELU�|QHPL�NDOPD\DFDNWÕU��øúOHWPHOHULQ�

UHNDEHW� HGHELOLU� YHULPOLOLN� � G�]H\OHULQGH� oDOÕúPDVÕ�� Lú� SL\DVDVÕQGD� LúOHWPHOHU� LoLQ� VÕUDGDQ� ROPD\DQ�� VD÷ODGÕ÷Õ� NDWNÕ�

QHGHQL\OH�|QHP�WDúÕ\DQ�J�oO��ELU�LúoL�VÕQÕIÕ�ROXúDELOPHVL��LoLQ�NDOLIL\H�LúJ�F��DoÕ÷ÕQÕQ�NDUúÕODQPDVÕ�JHUHNWL÷L�GH�DoÕNWÕU��

%X�DoÕ÷Õ�NDUúÕODPDN�GD�J�oO��YH�J�QFHO�ELU�PHVOHNL�WHNQLN�H÷LWLP�VLVWHPLQH�YH�HWNLOL�\|QWHPOHUH�LKWL\Do�GX\XOPDNWDGÕU���

$QFDN� PHVOHNL� WHNQLN� H÷LWLPLQ� SL\DVD� LKWL\DoODUÕQÕ� QH� NDGDU� HWNLQ� NDUúÕODGÕ÷ÕQÕQ� J|VWHUJHVL� VDQD\LFL� LKWL\DoODUÕQÕ�

RODELOGL÷LQFH�L\L�NDUúÕOD\DQ�PH]XQODU�YH�VDQD\LFLQLQ�RQODUGDQ�GX\GX÷X�PHPQXQL\HWWLU��%|\OH�ELU�\DSÕQÕQ�ROXúXPXQGD�

PHVOHNL� WHNQLN� H÷LWLP� PRGHOOHUL�� EXQODUÕ� EDúDUÕOÕ� X\JXOD\DQ� �ONHOHU� YH� EX� �ONHOHUGH� RNXO� VDQD\L� LOHWLúLPL� LOH� LOJLOL�

ELOJLOHUH�J|]�DWPDN�YH�EXQODUÕ��ONHPL]GHNL�GXUXPOD�NDUúÕODúWÕUPDN�ID\GDOÕ�RODFDNWÕU��

0HVOHNL�7HNQLN�(÷LWLP�0RGHOOHUL�

ùDKLQNHVHQ¶H� J|UH� oD÷ÕPÕ]GD�PHVOHNL� YH� WHNQLN� H÷LWLP� VLVWHPL�� oHúLWOL� �ONHOHUGH� GHPRJUDILN� IDNW|U�� � HQG�VWUL� \DSÕVÕ��

KL]PHWOHU� VHNW|U��� GHYOHWLQ� \|QHWLP� � úHNOL�� ILQDQVPDQ� RODQDNODUÕ�� � JHOHQHNOHU�� WDULKL� HYULPL� JLEL� oRN� GH÷LúLPH� ED÷OÕ�

RODUDN�oHúLWOL��úHNLOOHUGH��\�U�W�OPHNWHGLU��%X�oHúLWOLOL÷L�oÕUDNOÕN�H÷LWLPLQH�GD\DOÕ�VLVWHPOHU��RNXOD�GD\DOÕ�VLVWHPOHU��KHP�

RNXOD�KHP�Lú\HULQH�GD\DOÕ�VLVWHP�LNLOL�VLVWHP��úHNOLQGH�VÕQÕIODQGÕUPDN�P�PN�QG�U��ùDKLQNHVHQ�����������������

'DKD� ID]OD� NDEXO� J|UG�÷�� G�ú�Q�OHQ� ELU� GL÷HU� VÕQÕIODQGÕUPD\D� J|UH� G�Q\DGD� X\JXODQDQ� H÷LWLP� VLVWHPOHULQGH��

K�N�PHWOHULQ�PHVOHNv�YH�WHNQLN�H÷LWLPGHNL�URO��EDNÕPÕQGDQ��PDNUR�G�]H\GH��o�WHPHO�\DNODúÕP�YDUGÕU��SL\DVD�PRGHOL��

RNXO� �E�URNUDWLN�� PRGHOL�� LúELUOL÷L� PRGHOL�� 3L\DVD� PRGHOLQGH� PHVOHNv� YH� WHNQLN� H÷LWLP� LúOHWPHOHU� YH� |]HO� H÷LWLP�

NXUXPODUÕQFD� VD÷ODQÕU�� K�N�PHWLQ� URO�� oRN� D]GÕU�� %�URNUDWLN� PRGHOGH� K�N�PHW� SODQODPD�� \|QHWLP� YH� GHQHWLP�

EDNÕPÕQGDQ�PHVOHNv�YH�WHNQLN�H÷LWLPLQ�WHN�VRUXPOXVXGXU��øúELUOL÷L�PRGHOLQGH�K�N�PHW��PHVOHNv�YH�WHNQLN�H÷LWLPL�|]HO�

VHNW|U� LOH� LúELUOL÷L� \DSDUDN� JHUoHNOHúWLULU�� %X� VLVWHPH� K�N�PHWoH� GHVWHNOHQHQ� YH� GHQHWOHQHQ� SL\DVD� PRGHOL� GH�

GHQHELOLU��%DOR÷OX�����������%X�ELOJLOHUL�WDEOR�KDOLQH�JHWLUHUHN�úX�úHNLOGH�LIDGH�HGHELOLUL]��

�
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%�URNUDWLN�0RGHO��RNXO�D÷ÕUOÕNOÕ�� $]� dRN�
øúELUOL÷L�0RGHOL�
�K�N�PHW�GHQHWLPOL�SL\DVD�PRGHOL��
� (úLW�3D\ODúÕPOÕ� (úLW�3D\ODúÕPOÕ�

�

%D]Õ�hONHOHUGH�0HVOHNL�7HNQLN�(÷LWLP�

$OPDQ\D¶GD�0HVOHNL�7HNQLN�(÷LWLP�

³'XDOLVW�LNLOL��6LVWHP´�RODUDN�DGODQGÕUÕODQ�$OPDQ�PHVOHNv�H÷LWLP�VLVWHPL�HVDV�RODUDN�WHRULN�H÷LWLP�LOH�X\JXODPDOÕ�H÷LWLP�

SURJUDPODUÕQÕQ� E�W�QOHúWLULOGL÷L� ELU� WHPHOH� RWXUWXOPXúWXU�� $YUXSD� 7RSOXOX÷X� LoLQGH� HQ� JHOLúPLú� PHVOHNv� H÷LWLP�

VLVWHPOHULQGHQ�ELULQH�VDKLS�RODQ�$OPDQ�VLVWHPLQL�J�oO��NÕODQ�XQVXU��H÷LWLP�LOH�LVWLKGDP�DUDVÕQGD�JHOLúWLULOPLú�RODQ�VÕNÕ�

X\XPGXU��$\NDo����������

øNLOL�VLVWHP�RODUDN�WDQÕQDQ�PHVOHNL�H÷LWLP�VLVWHPL�OLVH�oD÷Õ�|÷UHQFLOHULQLQ�\DNODúÕN�����JLEL�E�\�N�ELU�|÷UHQFL�GLOLPLQL�

NDSVDU�� øNLOL� VLVWHPGH� NHQGL� H÷LWLPLQL� WDPDPODGÕNWDQ� VRQUD�� NDWÕOÕPFÕODUÕQ� oR÷XQOX÷X� GDKD� VRQUD� ELU� XVWD� \D� GD� LúoL�

RODUDN�LVWLKGDP�HGLOHELOLU���%XQODUGDQ�EHOLUOL�NRúXOODU�DOWÕQGD�QLWHOLNOL�YH�\�NVHN�RUWDODPDOÕ�RODQODUÕQD�\�NVHN�|÷UHQLPH�

GHYDP�HWPHOHUL�LoLQ�L]LQ�YHULOLU���6&+1(',(5�YH�'L÷HUOHUL����������

�øúOHWPH� LoL� H÷LWLPOH�� ELU�PHVOHN� RNXOXQGD� KDIWDGD� ���� J�Q� V�UHOL� WHRULN� H÷LWLPLQ� ELUOLNWH� \�U�W�OG�÷��'XDOLVW� 6LVWHP�

GDKD� VRQUD� V�UG�U�OHFHN� RODQ� PHVOH÷H� \|QHOLN� GHQH\LP� VD÷ODPDNWD� YH� EX� W�U� H÷LWLPGHQ� JHoHQ� JHQoOHU� DoÕVÕQGDQ�

LVWLKGDP� LPNkQODUÕ� DUWPDNWDGÕU�� 0HVOHNv� H÷LWLPLQ� oRN� \D\JÕQ� ROGX÷X� $OPDQ\D¶GD� JHQHO� GLSORPDODUÕQ� YH� PHVOHN�

GLSORPDODUÕQÕQ�ELULQLQ�GL÷HULQGHQ�GDKD��VW�Q�ROGX÷XQXQ�V|\OHQPHVL�V|]�NRQXVX�GH÷LOGLU���$\NDo������������

øNLOL�VLVWHPLQ�HQ�J�oO��\DQODUÕQGDQ�ELUL��\�NVHN�NDWÕOÕPÕQ�GHUHFHVL�YH�LúYHUHQOHU�YH�GL÷HU�VRV\DO�RUWDNODU�DGÕQD�VLVWHPLQ�

VDKLSOHQLOPHVLGLU�� 8OXVDO� YH� H\DOHW� ED]ÕQGD� EHOHGL\H� YH� úLUNHWOHUGHQ� ROXúDQ� NDUPDúÕN� ELU� D÷� WDUDIÕQGDQ� NRQWURO� YH�

GHQJHVL� VD÷ODQDQ� LúYHUHQOHULQ� � NÕVD� YDGHOL� LKWL\DoODUÕ� LoLQ� KHGHIOHUGH� GHIRUPH� RODPDGDQ� GDKD� JHQLú� YH� X]XQ� YDGHOL�

H÷LWLP� YH� HNRQRPLN�KHGHIOHUH�G|Q�N�ELU� VLVWHP� V|]�NRQXVXGXU�� �+RHFNHO� YH�6FKZDUW]� ����������=DWHQ�$OPDQ\D¶QÕQ�

PHVOHNL� WHNQLN�H÷LWLP�NRQXVXQGD�|QH�oÕNPDVÕQGD�EX� VDKLSOHQPH�YH�SURVHG�UOHULQ�GLVLSOLQOL� úHNLOGH�\HULQH�JHWLULOPHVL�

ELULQFLO�|QHP�WDúÕPDNWDGÕU���

øVYHo¶GH�0HVOHNL�7HNQLN�(÷LWLP�

øVYHo¶GH�2UWD|÷UHWLP�øNLQFL�'HYUHVLQGH�g÷UHQFL�YH�YHOLOHU�\|QHOWPH�VRQXFX��
�XQFX�VÕQÕIWD�E|O�P�VHoPHNWH�|]J�UG�UOHU��

g÷UHQFLOHU� GRNX]XQFX� VÕQÕIÕQGDNL� E|O�POHULQH� J|UH�RUWD� |÷UHWLP� LNLQFL� GHYUH�RNXOODUÕQD� �J\PQDVH�� IDFNVNROD�� GHYDP�

HGHU��*\PQDVH
�QLQ�IDUNOÕ�SURJUDPODUÕ�|÷UHQFLOHULQ�EHOLUOL�VD\ÕGD�RUWDN�GHUVOHU�DOPDODUÕQD�YH�E|O�P�VHoPHOHULQH�RODQDN�

YHULU�� )DFNVNROD�� J\PQDVH� YH� PHVOHNL� H÷LWLP� DUDVÕQGD� JHoLú� RODQDNODUÕ� RNXO� \|QHOWPHVLQL� ]RUXQOX� NÕOPDNWDGÕU��

2UWD|÷UHWLPLQ� LNLQFL� GHYUHGH� \|QHOWPH�� HNRQRPLQLQ� JHUHNVLQLPOHUL�� |÷UHQFLOHULQ� LVWHNOHUL� YH� �ONHQLQ� ND\QDNODUÕ� J|]�

|Q�QGH� EXOXQGXUXODUDN� \DSÕOÕU�� %XQD� J|UH� JHQHOOLNOH�� ���� 
� L� J\PQDVH
� OHUH� ���
� L� PHVOHN� RNXOODUÕQD� �H
� FROHV�

SURIHVVLRQQHOOHV�� ��O
L� GH� X]PDQODúPÕú� PHVOHN� RNXOODUÕQD� �H
� FROHV� SURIHVVLRQQHOOHV� VSHFLDOLHHV�� \|QHWLOLUOHU��$GD� YH�

hVW�Q�����������
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øVYHo¶WH�PHVOHNv�H÷LWLPH�|QHPOL�ELU�ND\QDN�DNWDUÕOPDNWDGÕU��øVYHo�H÷LWLP�VLVWHPLQGH�V�UHNOL�\HQLOLNOHU�\DSÕOPDNWDGÕU��øú�

NRQXPXQGDNL� H÷LWLP� |]HOGLU��$PD� oR÷X� ILUPD� GHYOHWWHQ� EX� DPDoOD� E�\�N�PLNWDUODUGD� ILQDQVPDQ� GHVWH÷L� DOPDNWDGÕU��

%XQX�PHVOHNv�H÷LWLPGH�YH�EXQODUÕQ�|Oo�OHULQL�JHOLúWLUPHNWH�NXOODQPDNWDGÕU���:/)��oDOÕúPD�\DúDPÕ�IRQX��PHVOHNv�H÷LWLP�

ILQDQVPDQÕQÕ� GHVWHNOH\HFHN� EX� GHVWH÷LQ� EDúDUÕOÕ� ROXS� ROPDGÕ÷ÕQÕ� GH÷HUOHQGLUHFHN� ILUPDODU� EXOPDNWDGÕU�� øú� SL\DVDVÕ�

PHVOHN� H÷LWLPLQL� GHVWHNOHPHNWHGLU�� $\UÕFD� PHVOHNv� RNXOODUGD� \HWLúWLUGLNOHUL� |÷UHQFLOHU� EX� SL\DVDQÕQ� LKWL\DoODUÕQÕ�

G�ú�QHUHN�KD]ÕUODPDNWDGÕUODU���$\NDo������������

)LQODQGL\D¶GD�0HVOHNL�7HNQLN�(÷LWLP�

)LQODQGL\D� (÷LWLP� VLVWHPLQGH� GH� øVYHo� H÷LWLP� VLVWHPLQGHNL� JLEL� GRNX]� \ÕOOÕN� ]RUXQOX� H÷LWLP� V|]� NRQXVXGXU�� =RUXQOX�

H÷LWLPLQ�VHNL]LQFL�VÕQÕIÕQGDQ�LWLEDUHQ�PHVOHN�VHoLPL�NRQXVXQGD�GDQÕúPDQOÕN�\DSÕOÕU��g÷UHQFLQLQ�J�oO��YH�]D\ÕI�\DQODUÕ�

\DSÕODQ�WHVWOHU�YH�NLúLVHO�J|U�úPHOHUOH�RUWD\D�oÕNDUÕOÕU��0HVOHNOHULQGH�SUDWLN�\DSDFDNODUÕ�ELU�Lú\HUL�EXOPDGD�|÷UHQFLOHUH�

\DUGÕPFÕ� ROXQXU�� 'RNX]XQFX� VÕQÕIWD� JHQHO� YH\D� PHVOHN� OLVHVLQH� EDúYXUXGD� JHUHNOL� HYUDNODUÕQ� KD]ÕUODQPDVÕQGD�

|÷UHQFLOHUH�\DUGÕP�HGLOLU���'XUVXQ����������

0HVOHNL�2UWD|÷UHWLP� LNLQFL� GHYUH� H÷LWLP� YH� |÷UHWLPL� J|UHQ� |÷UHQFLOHU� GH� �QLYHUVLWH� JLULú� VÕQDYÕQD� JLUHELOPHNWHGLUOHU��

0HVOHNL� H÷LWLP� YH� |÷UHWLP� \HGL� IDUNOÕ� H÷LWLP� DODQÕQÕ�� ���� IDUNOÕ� oDOÕúPD� SURJUDPÕQÕ� LoHUHQ� ��� PHVOHNL� \HWHUOLOL÷L�

NDSVDPDNWDGÕU��dDOÕúPDODUÕQ�NDSVDPÕ��o�\ÕOGÕU������NUHGL���0(%����������

+HU� PHVOHNL� \HWHUOLOLN� HQ� D]� ��� NUHGLOLN� NÕVPÕ� úLUNHWOHUGH� X\JXODPD� ROPDN� �]HUH�� GLO�� ELOLP� JLEL� WHPHO� YH� VHoPHOL�

NRQXODUÕ� LoHUPHNWHGLU�� dDOÕúPDODU� |÷UHQFL� GDQÕúPDQOÕ÷ÕQÕ� YH� ELU� ILQDO� SURMHVLQL� GH� LoHUHQ� ]RUXQOX� YH� VHoPHOL� ELU� GL]L�

oDOÕúPDGDQ� ROXúPDNWDGÕU�� g÷UHQFL� EHFHULOHUL� YH� \HWHUOLNOHUL� KHU� oDOÕúPD� PRG�O�Q�Q� WDPDPODQPDVÕQÕQ� DUGÕQGDQ�

GH÷HUOHQGLULOPHNWHGLU�� <HWHUOLOLN� VHUWLILNDVÕ� ELUH\VHO� oDOÕúPD� SODQÕQD� GkKLO� HGLOPLú� RODQ� W�P� oDOÕúPDODUÕQ�

WDPDPODQPDVÕQÕQ�DUGÕQGDQ�YHULOPHNWHGLU��(NLQFL�YH�gWHU�������������2NXO�PHUNH]OL�7HPHO�0HVOHNL�7HNQLN�(÷LWLPLQLQ�

EDúOÕFD�ILQDQV|U��GHYOHWWLU��%X�VLVWHP�\HUHO�YHUJLOHU�\ROX\OD�ROXúDQ�EHOHGL\H�ILQDQVÕ\OD�GHVWHNOHQPHNWHGLU��'HYOHW�D\UÕFD�

NUHGL� YHUPH� \ROX\OD� H÷LWLPH� NDWÕODQ� NLúLOHUL� GH� GHVWHNOHPHNWHGLU�� 7HPHO� 0HVOHNL� 7HNQLN� (÷LWLPH� NDWÕODQODU� |]HO�

EDQNDODUFD�WDKVLV�HGLOHQ�NUHGLOHUGHQ�GH�ID\GDODQPDNWDGÕU��dHWLQ����������

0HVOHN� H÷LWLPL� LoLQ�ELU� ³2NXO�3URJUDPÕ�.XUXOX´�ROXúWXUXOPXúWXU��%X�NXUXOXQ��\HOHUL�� RNXO� YH� ILUPD� WHPVLOFLOHULQGHQ�

ROXúXU��%X� NXUXO� Lú\HULQGH� JHUoHNOHúWLULOHFHN�PHVOHN� H÷LWLPLQLQ� DNÕúÕ� YH� KHGHIOHUL� LoLQ� SODQODU� \DSDU�� 7�P�|÷UHQFLOHU�

ELUH\VHO� GHUV� SODQÕQD� X\JXQ� RODUDN� �o� \ÕOOÕN�PHVOHN� H÷LWLPL� VRQXQGD� \HWHUOLOLN� EHOJHVL� \DQL�PHVOHN� GLSORPDVÕ� DOÕUODU��

%XQXQ� \DQÕ� VÕUD� OLVH� ELWLUPH� VÕQDYÕQD� GD� JLUHELOLUOHU�� �'XUVXQ���������� %XUDGD� EDKVHGLOHQ� 2NXO� SURJUDPÕ� NXUXOX�

�ONHPL]GHNL� X\JXODPDGD� \HU� DODQ� LO� LVWLKGDP� YH�PHVOHNL� H÷LWLP� NXUXOODUÕQÕQ� GDKD�PLNUR� YH� WDP� \HULQGHQ� L]OHPH� YH�

|QHUL�JHWLUPH�LPNDQÕ�JHWLUHQ�oRN�GDKD�HWNLOL�ELU�\DSÕGÕU��

�

�

7�UNL\H¶GH�0HVOHNL�7HNQLN�(÷LWLP�

7�UNL\H¶GH�0HVOHNL�7HNQLN�(÷LWLP���\ÕOOÕN�PHVOHN� OLVHOHUL�� WHNQLN� OLVH�� HQG�VWUL�PHVOHN� OLVHOHUL��NÕ]�PHVOHN� OLVHOHUL�YH�

EXQODUÕQ�$QDGROX�OLVHVL�YHUVL\RQODUÕQGDQ�ROXúPDNWDGÕU��%X�NXUXPODUGD�VRQ�VÕQÕIWD�KDIWDGD��o�J�Q�Lú\HUL�VWDM�X\JXODPDVÕ�

LOH�|÷UHQFLOHULQ�SUDWLN�\DSPDODUÕ�DPDoODQPÕúWÕU��<DQL�JHQHO�DQODPGD�VLVWHP�RNXO�D÷ÕUOÕNOÕGÕU��hONHPL]GH��PHVOHNL�WHNQLN��

H÷LWLPH�J�QFHO� VWDQGDUWODU�ND]DQGÕUPD�YH� L\LOHúWLUPH�VD÷ODQPDVÕ�DPDFÕ\OD� VRQ�\ÕOODUGD�X\JXODQDQ�0HVOHNL�(÷LWLP�9H�

g÷UHWLP� 6LVWHPLQLQ� *�oOHQGLULOPHVL� 3URMHVL� 0(*(3� LOH� ELUOLNWH� EHOLUOHQHQ� � \HQL� \DNODúÕP� NDSVDPÕQGD� 7�UNL\H
GH�
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\DSÕODQ� oDOÕúPDODUGDQ� Lú� SL\DVDVÕ� � LKWL\Do� DQDOL]L� YH�0HVOHN� VWDQGDUWODUÕQÕQ� J|]GHQ� JHoLULOPHVL� ROGXNoD� |QHPOLGLU�� Lú�

SL\DVDVÕ� � LKWL\Do�DQDOL]L�ED÷ODPÕQGD�$U]D�J|UH�GH÷LO��DU]�� WDOHS�GHQJHVLQL�HVDV�DODQ� Lú�SL\DVDVÕQÕQ� LVWHGL÷L�\HWHUOLNOHUH�

J|UH� GRQDWÕOPÕú�� \HUHO�� E|OJHVHO� YH� XOXVDO� G�]H\GH� Lú� J�F�� LKWL\DoODUÕQÕ� NDUúÕOD\DQ� ELU� Lú� SL\DVDVÕ� DQDOL]L� \DSÕOPÕúWÕU��

$QDOL]�VRQXoODUÕ�SURJUDPD�\DQVÕWÕOPÕúWÕU��0HVOHN�VWDQGDUWODUÕQÕQ�J|]GHQ�JHoLULOPHVL�ED÷ODPÕQGD�LVH�0HVOHN�6WDQGDUWODUÕ�

.XUXOX��06.�� WDUDIÕQGDQ�KD]ÕUODQDQ�����PHVOHN�VWDQGDUGÕ�0LOOv�(÷LWLP�%DNDQOÕ÷Õ��VRV\DO�RUWDN� WHPVLOFLOHUL��XOXVDO�YH�

XOXVODUDUDVÕ� X]PDQODU� LOH� ELUOLNWH� \HQLGHQ� J|]GHQ� JHoLULOPLúWLU�� ���
\H� \DNÕQ� PHVOHN� VWDQGDUGÕ� UHYL]H� HGLOPLú� YH\D�

\HQLOHUL� JHOLúWLULOPLúWLU�� 8OXVDO� YH� XOXVODU� DUDVÕ� X]PDQODUFD� XOXVODUDUDVÕ� PHVOHN� VWDQGDUGÕ� IRUPDWÕ� ROXúWXUXOPXúWXU��

�$OWÕQ������������

0(*(3� NDSVDPÕQGD� JHOLúWLULOHQ� H÷LWLP� VWDQGDUWODUÕQD� ED÷OÕ� RODUDN� ROXúWXUXODQ� oHUoHYH� SURJUDPODU� GR÷UXOWXVXQGD�

PRG�OHU� \DSÕGD� H÷LWLP� |÷UHWLP� SURJUDPODUÕ� KD]ÕUODQPÕúWÕU�� g÷UHWLP� SURJUDPODUÕQD� ED÷OÕ� RODUDN� |÷UHWPHQ� NÕODYX]X�

KD]ÕUODQPÕúWÕU�����JHQLú�DODQGD�����GDO�SURJUDPÕ�7DOLP�YH�7HUEL\H�.XUXOXQFD�RQD\ODQDUDN�����������H÷LWLP�|÷UHWLP�

\ÕOÕQGD� W�P� 7�UNL\H
GH� X\JXODQPD\D� NRQPXúWXU��� $OWÕQ��������������� 0RG�OHU� P�IUHGDW� PHVOHNL� VWDQGDUW� YH�

NDGHPHOHUH�GD\DOÕ��NDWÕOÕPFÕQÕQ�DODFD÷Õ�DQD�GHUVOHU��JHQHO�GHUVOHU�YH�WHNQLN�GHUVOHUL�J|VWHUHQ�ELU�GHUV�\DSÕVÕQGD��V�UHVL��

PRG�O�VD\ÕVÕ�YH�NUHGL�PLNWDUODUÕ�EHOOL�RODQ�P�IUHGDWÕ� LoHUHQ�YH�EX�P�IUHGDWÕ�\HWHUOLOL÷H�GD\DOÕ�VRQXoODUD�J|W�UHELOPHVL�

LoLQ� X\JXQ� |÷UHWLP� PDWHU\DOOHUL� LOH� GHVWHNOHQPHVLGLU�� %HOLUOHQHQ� PHVOHNL� VWDQGDUWODUD� GD\DOÕ� JHOLúWLULOHFHN� PRG�OHU�

SURJUDPODU�� LOJLOL� VHNW|U�� JHQHO� P�G�UO�NOHU� YH� 7DOLP� YH� 7HUEL\H� .XUXOX� %DúNDQOÕ÷Õ� LOH� LúELUOL÷L� LoHULVLQGH�

\DSÕOPÕúWÕU���$OWÕQ�����������

3URMH� NDSVDPÕQGD� RNXO� VDQD\L� LOLúNLOHUL� J�oOHQGLULOPH\H� oDOÕúÕOPÕúVD� GD� EX� NRQXGD� HVDV� J|UHY� HVNL� DGÕ� LOH� LO�PHVOHNL�

WHNQLN� H÷LWLP� NRPLV\RQODUÕ�� \HQL� DGÕ� LOH� LO� LVWLKGDP� YH� PHVOHNL� WHNQLN� H÷LWLP� NXUXOODUÕ�� RNXO� VDQD\L� LOLúNLOHULQL� FDQOÕ�

WXWPD� YH� LKWL\DoODUÕ� PLOOL� H÷LWLP� EDNDQOÕ÷ÕQD� DNWDUPD� NRQXVXQGD� \HWNLOL� RUJDQODUGÕU�� .XUXO�� YDOLQLQ� EDúNDQOÕ÷ÕQGD��

EHOHGL\H�EDúNDQÕ��E�\�NúHKLU�EHOHGL\HVL�EXOXQDQ� LOOHUGH�E�\�NúHKLU�EHOHGL\H�EDúNDQÕ�YH\D�JHQHO�VHNUHWHUL�\D�GD�JHQHO�

VHNUHWHU� \DUGÕPFÕVÕ�� LO� |]HO� LGDUHVL� JHQHO� VHNUHWHUL�� LO� PLOOv� H÷LWLP�P�G�U��� LO� VDQD\L� YH� WLFDUHW�P�G�U��� � LO� WLFDUHW� YH�

VDQD\L� RGDVÕ� EDúNDQÕ� YH\D� EDúNDQODUÕ�� LúoL� NRQIHGHUDV\RQODUÕQGDQ� ELUHU� WHPVLOFL�� LúYHUHQ� NRQIHGHUDV\RQODUÕQGDQ� ELUHU�

WHPVLOFL��6DNDWODU�.RQIHGHUDV\RQXQGDQ�ELU�WHPVLOFL��LO�HVQDI�YH�VDQDWNkUODU�RGDODUÕ�ELUOL÷L�EDúNDQÕ��LOGH�EXOXQDQ�\�NVHN�

|÷UHWLP�NXUXPODUÕQÕQ�oDOÕúPD�HNRQRPLVL�YH�HQG�VWUL�LOLúNLOHUL�E|O�P��YH\D�PHVOHNL�WHNQLN�H÷LWLP�E|O�POHULQGHQ�YDOLQLQ�

EHOLUOH\HFH÷L�ELU�|÷UHWLP��\HVLQGHQ�ROXúXU��.XUXOXQ�J|UHYOHUL� DUDVÕQGD�EXOXQDQ�HQ�|QHPOL�PDGGHOHU� úXQODUGÕU��5HVPL�

*D]HWH�������

D��øOLQ�LVWLKGDP�YH�PHVOHNL�H÷LWLP�SROLWLNDVÕQÕ�ROXúWXUPDN��

E�� øOLQ� PXKWHOLI� VHNW|U� YH� EUDQúWDNL� LúJ�F�� YH� PHVOHNL� H÷LWLP� LKWL\DFÕQÕ� EHOLUOHPHN� �]HUH� LúJ�F�� SL\DVDVÕ� DQDOL]OHUL�

\DSPDN�\DSWÕUPDN��LO�G�]H\LQGH�LúJ�F��SL\DVDVÕ�ELOJL�VLVWHPL�LOH�L]OHPH�±�GH÷HUOHQGLUPH�VLVWHPLQL�ROXúWXUXS�X\JXODPDN��

EX� DPDoOD� JHUHNWL÷LQGH� LOJLOL� DODQ� X]PDQODUÕQGDQ� NRPLV\RQODU� ROXúWXUPDN�� EXQODUÕQ� J|UHY� WDQÕPODUÕ� oHUoHYHVLQGH�

KD]ÕUODGÕNODUÕ� UDSRUODUÕ� GH÷HUOHQGLUPHN�� \D\ÕQODPDN� YH� JHUHNWL÷LQGH� LOJLOL� %DNDQOÕN�� NDPX� NXUXP� YH� NXUXOXúODUÕQD�

VXQPDN��

F��0LOOv� (÷LWLP� %DNDQOÕ÷ÕQFD� J|QGHULOHQ� PHVOHNL� YH� WHNQLN� H÷LWLP� oHUoHYH� SURJUDPODUÕQÕQ� LúJ�F�� SL\DVDVÕ� DUDúWÕUPD�

VRQXoODUÕQD�J|UH�LOLQ�LKWL\DoODUÕ�GR÷UXOWXVXQGD�G�]HQOHQPHVL�LoLQ�J|U�ú�ELOGLUPHN��

o��0HVOHNL�YH�WHNQLN�H÷LWLP�X\JXODPDODUÕQGD�RUWD\D�oÕNDQ�X\XúPD]OÕNODUÕQ�o|]�P�QH�\DUGÕPFÕ�ROPDN��

G�� 0HVOHNL� H÷LWLP�� LúJ�F�� YH� LVWLKGDP� NRQXODUÕQGD� NXUXP� YH� NXUXOXúODUGDQ� JHOHFHN� J|U�ú� YH� |QHULOHUL� LQFHOHPHN��

GH÷HUOHQGLUPHN�YH�VRQXoODQGÕUPDN��
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H�� øO�G�]H\LQGH� LVWLKGDPÕ�NRUX\XFX��JHOLúWLULFL�YH� LúVL]OL÷L�|QOH\LFL� WHGELUOHUL�EHOLUOHPHN�YH�JHUH÷L� LoLQ� LOJLOL�NXUXP�YH�

NXUXOXúODUD�ELOGLUPHN��

I�� øúJ�F��SL\DVDVÕ�DUDúWÕUPD�VRQXoODUÕ�GD�GLNNDWH�DOÕQDUDN� øO�0LOOv�(÷LWLP�0�G�UO�÷��YH�.XUXP� WDUDIÕQGDQ�KD]ÕUODQDQ�

LúJ�F��\HWLúWLUPH�IDDOL\HWOHULQH�LOLúNLQ�SODQODUÕ�RQD\ODPDN�YH�EXQODUÕQ�X\JXODPD�VRQXoODUÕQÕ�L]OHPHN��

J��0HVOHNL�YH�WHNQLN�H÷LWLPLQ�JHOLúWLULOPHVLQH�LOLúNLQ�WDP�J�Q�WDP�\ÕO�H÷LWLP�X\JXODPDVÕ�LOH�LOJLOL�J|U�ú�ELOGLUPHN��

÷�� øúJ�F�� LKWL\Do�DQDOL]OHUL� VRQXoODUÕQÕ�GD�GLNNDWH�DODUDN�� LOGH�EXOXQDQ� W�P�PHVOHNL�YH� WHNQLN�H÷LWLP�YHUHQ�RNXO�YH\D�

NXUXPODUÕQ�E�Q\HVLQGH�\HU�DODFDN�DODQ�YH�GDOODUÕQ�EHOLUOHQPHVL��NÕVD��RUWD�YH�X]XQ�YDGHGH�LOLQ�PHVOHNL�YH�WHNQLN�H÷LWLP�

RNXO� \DWÕUÕPODUÕQÕQ� SODQODQPDVÕ� LOH� EHUDEHU� H÷LWLPL� \DSÕODFDN� DODQ� YH� GDO� LKWL\DoODUÕQÕ� EHOLUOH\HUHN�� 0LOOv� (÷LWLP�

%DNDQOÕ÷ÕQD�J|U�ú�VXQPDN��

.XUXO�� KHU� \ÕO� 2FDN�� 1LVDQ�� 7HPPX]� YH� (NLP� D\ODUÕQGD� WRSODQÕU�� $\UÕFD�� EDúNDQÕQ� oD÷UÕVÕ� �]HULQH� ROD÷DQ�VW�� GH�

WRSODQDELOLU��.XUXO���\H�VD\ÕVÕQÕQ�VDOW�oR÷XQOX÷X�LOH�WRSODQÕU���UHVPL�JD]HWH�������

6RQXo���

*HQHO�DQODPGD�DODQGD�EDúDUÕOÕ�EXOXQDQ��ONHOHULQ�PHVOHNL�H÷LWLP�VLVWHPOHUL�LQFHOHQGL÷LQGH���X\JXODQDQ�VLVWHPLQ�RNXO�\D�

GD�LúOHWPH�D÷ÕUOÕNOÕ�PRGHO�ROPDVÕ�EDúDUÕ\Õ�JHWLUHQ�WHPHO�IDNW|U�RODUDN�J|]H�oDUSPDPDNWDGÕU��2NXO�D÷ÕUOÕNOÕ�VLVWHP�\�NVHN�

DOW\DSÕ�YH�H÷LWLP�PDWHU\DOL�PDOL\HWLQH�� Lú\HUL� D÷ÕUOÕNOÕ� VLVWHP� LVH�G�ú�N�PDOL\HWH� VDKLSWLU��$QFDN�KHU� LNL�PRGHOGHQ�GH�

\XNDUÕGD� DQODWÕOGÕ÷Õ� JLEL� EDúDUÕOÕ� |UQHNOHU� oÕNPDVÕ�� PDOL\HWOHULQ� EDúDUÕGD� ELULQFLO� |QHPGH� ROPDGÕ÷ÕQÕ� J|VWHUPHNWHGLU��

%DúDUÕOÕ�VLVWHPOHULQ�RUWDN�|]HOOL÷L�|]HO�VHNW|U�\D�GD�VDQD\L�LOH�J�oO��LOHWLúLP�YH�LúELUOL÷L�RODUDN�NDUúÕPÕ]D�oÕNPDNWDGÕU���

%X�LúELUOL÷L�$OPDQ\D¶GD�XOXVDO�YH�H\DOHW�ED]ÕQGD�EHOHGL\H�YH�úLUNHWOHUGHQ�ROXúDQ�ELU�D÷�WDUDIÕQGDQ�VD÷ODQPDNWDGÕU��%X�

D÷� X]XQ� YDGHOL� HNRQRPLN� KHGHIOHUL� JHUoHNOHúWLUPHN� LoLQ� WDYL]� YHUPH\HQ�� VDEÕUOÕ� YH� VDKLSOHQPHFL� ELU� \DSÕGÕU�� $\QÕ�

úHNLOGH� øVYHo� |UQH÷LQGH� PHVOHNL� WHNQLN� H÷LWLP� |÷UHQFLVL� YH� PH]XQODUÕQÕ� LVWLKGDP� LoLQ� GHYOHW� WDUDIÕQGDQ� |]HO� VHNW|UH�

VXQXODQ�NUHGL�YH�WHúYLN�JLEL�LPNDQODU�EX�ED÷ÕQ�J�oO��ELU�LOHWLúLPH�VDKLS�ROPDVÕQD�\DUGÕPFÕ�ROPDNWDGÕU��%X�LOHWLúLPLQ�HQ�

J�oO��ROGX÷X�|UQHN�)LQODQGL\D¶GÕU��)LQODQGL\D¶GD�KHU�RNXOGD�EXOXQDQ�RNXO�YH�|]HO�VHNW|U�WHPVLOFLOHULQGHQ�ROXúDQ�RNXO�

SURJUDPÕ�NXUXOX�PHVOHNL�WHNQLN�H÷LWLPGH�LúELUOL÷L�YH�o|]�POHUL�VD÷ODPDGD�VHNW|UHO�YH�E|OJHVHO�ER\XWWDQ�oRN�GDKD�PLNUR�

ELU�G�]H\H�LQGLUJH\HQ�DGHWD�EXWLN�o|]�P�PHUNH]OHUL�ER\XWXQGDGÕU��

�

hONHPL]GH� LVH� KHU� QH� NDGDU� H÷LWLP� VWDQGDUWODUÕQÕQ� PRGHUQOHúWLULOPHVL� LoLQ� SLORW� X\JXODPDODUOD� |]HO� VHNW|U� YH� GHYOHW�

DUDVÕQGD�LúELUOL÷L�VD÷ODQPD\D�oDOÕúÕOPÕú�LVH�GH�EX�GXUXP�JHQHOH�\DQVÕWÕODPDPÕúWÕU��2NXO�VDQD\L�LúELUOL÷LQL�YH�LOHWLúLPLQL�

J�oOHQGLUPH��LOH�J|UHYOL�LO�LVWLKGDP�YH�PHVOHNL�WHNQLN�H÷LWLP�NXUXOODUÕ��ONH�oDSÕQGD�DNWLI�oÕNWÕ�VD÷OD\DPDPDNWDGÕU��%X�

GXUXPXQ�DOWÕQGD�\DWDQ�QHGHQOHUH�EDNWÕ÷ÕPÕ]GD����NXUXO�WRSODQWÕODUÕQD�NDWÕOPD�]RUXQOXOX÷X�ROPDVÕQD�NDUúÕQ����NDWÕOPDPD�

GXUXPXQGD� KHUKDQJL� ELU� � \DSWÕUÕPÕQ� ROPDPDVÕ�� J|Q�OO�� KDUHNHW� HWPH� ELOLQFL� YH� WRSOXPVDO� ID\GD� VD÷ODPD� UHIOHNVLQLQ�

]D\ÕI�ROPDVÕ��JLEL�GXUXPODUGDQ�GROD\Õ�|]HO�VHNW|U�DNWLI�NDWNÕGDQ�X]DNODúPDNWDGÕU��$\UÕFD�EX�GXUXP�EX�W�U�NXUXOXúODUÕQ�

X\JXQ� DOW� \DSÕ� ROVD� GD� HWNLOL� LOHWLúLPL� VD÷ODPDNWDQ� X]DN� NDOPDODUÕQD� QHGHQ� ROPDNWDGÕU�� 7�P� EX� VD\ÕODQODU� ÕúÕ÷ÕQGD�

EDúDUÕOÕ�\DQL�SL\DVD�X\XPXQX�VD÷ODPÕú�ELU�PHVOHNL�WHNQLN�H÷LWLP�\DSÕVÕ�LoLQ��PRGHO��\|QWHP�YH�LPNDQODUGDQ�oRN���J�oO��

RNXO�VDQD\LFL�LOHWLúLPLQLQ�GDKD�HWNLOL�ELU�URO�R\QDGÕ÷Õ�DoÕNoD�J|U�OPHNWHGLU��hONHPL]�J|]�|Q�QH�DOÕQGÕ÷ÕQGD�EX�LOHWLúLPL�

NXYYHWOHQGLUPH� YH� EX� NRQXGDNL� ELOLQFL� DUWÕUPD� \|Q�QGH� DWÕODFDN� DGÕPODUÕQ�PHVOHNL� WHNQLN� H÷LWLPGH� SL\DVD� X\XPXQD�

GDKD�ID]OD�NDWNÕ�VD÷OD\DFD÷Õ�V|\OHQHELOLU��%X� LOHWLúLPL�VD÷ODPDGD�VRUXPOXOXN�|÷UHQFL��|÷UHWPHQ�YH� LúYHUHQ�ER\XWXQGD�
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WRSOXPXQ�oRN�GDKD�\D\JÕQ�ELU�NHVLPLQH�DLW�ROVD�GD�EX�NRQXGDNL�L\LOHúPH�YH�ELOLQoOHQPHOHU�EDKVHWWL÷LPL]�LO�LVWLKGDP�YH�

PHVOHNL�WHNQLN�H÷LWLP�NXUXOODUÕ�JLEL�WHPVLO�YH�\|QHWLP�J�F��RODQ��QRNWDODUGDQ�EDúODPDN�]RUXQGDGÕU��

.D\QDNODU�

�� $'$�� ù��� h67h1�� $��� ³ø69(d� (öø7ø0� 6ø67(0ø1ø1� ø1&(/(10(6ø´�� $WDW�UN� hQLYHUVLWHVL� .k]ÕP�

.DUDEHNLU�(÷LWLP�)DN�OWHVL�'HUJLVL��VD\Õ����(U]XUXP������

�� $/7,1��5���³0HVOHNL�(÷LWLP�6LVWHPLQGH�<HQL�(÷LOLPOHU�YH�0RG�OHU�6LVWHP´��0(%�<D\ÕQODUÕ��$QNDUD�������

�� $\NDo��1HFGHW��³7�UNL\H¶�GH�YH�%D]Õ�$YUXSD�hONHOHULQGH�0HVOHNL�7HNQLN�(÷LWLP���$OPDQ\D��)UDQVD���øVYLoUH���

øVSDQ\D��<XQDQLVWDQ�gUQH÷L�´��0LOOL�(÷LWLP�'HUJLVL���6D\Õ����������$QNDUD������

�� %$/2ö/8��=HNDL�� ³7�UNL\H¶GH�(÷LWLP� ��6RUXQODU� YH�'H÷LúLPH�<DSÕVDO�8\XP� �gQHULOHUL�´�7h6ø$'�<D\ÕQÕ���

øVWDQEXO������

�� d(7ø1�� ù��� ³0HVOHNL� YH�7HNQLN�(÷LWLPLQ�)LQDQVPDQÕ� � �)UDQVD�� )LQODQGL\D��'DQLPDUND� YH�7�UNL\H�gUQH÷L�´��

0LOOL�(÷LWLP�'HUJLVL���6D\Õ����������$QNDUD�������

�� '85681��+���%���³$YUXSD¶QÕQ�(÷LWLPGH�0RGHO�hONHVL��)LQODQGL\D´�*h9(1'(5�(÷LWLP�%�OWHQL�'HUJLVL�\ÕO���

VD\Õ����$QNDUD�������

�� (.ø1&ø�� $��� g7(5�� g��� 0��� ³)ø1/$1'ø<$¶'$� (öø7ø0� 9(� gö5(70(1� <(7øù7ø50(�

6ø67(0ø�dDOÕúPD�=L\DUHWL�5DSRUX�´��'LFOH�hQLYHUVLWHVL�g<*(0�g÷UHWPHQ�<HWLúWLUPH�YH�*HOLúWLUPH�0HUNH]L�

\D\ÕQODUÕ�'L\DUEDNÕU������KWWS���GXDESR�GLFOH�HGX�WU�R\JHP�GRV\D�)LQODQGL\DB5DSRUX�SGI��

�� +RHFNHO�� .��� � 6FKZDUW]�� 5��� ³/HDUQLQJ� IRU� -REV� 2(&'� 5HYLHZV� RI� 9RFDWLRQDO� (GXFDWLRQ� DQG� 7UDLQLQJ�

*HUPDQ\´���2(&'������KWWS���ZZZ�RHFG�RUJ�GDWDRHFG��������������SGI���������������

�� ³øO�øVWLKGDP�9H�0HVOHNL�(÷LWLP�.XUXOODUÕ�dDOÕúPD�8VXO�9H�(VDVODUÕ�+DNNÕQGD�<|QHWPHOLN´��5HVPL�*D]HWH��
VD\Õ��������$QNDUD������������

��� 0(%�� ³$YUXSD¶GDNL�(÷LWLP�6LVWHPOHUL�h]HULQH�g]HW�%HOJHOHU��)LQODQGL\D´��0(%�0(*(3�$%�'RN�PDQODUÕ��

$QNDUD�������KWWS���ZZZ�PHJHS�PHE�JRY�WU�PHJHS�JHQHO�DE�XONHOHU�]LS��������������

��� 6&+1(',(5�� 8��� +��� .5$86(�� 0��� :2//�� &��� ³9RFDWLRQDO� (GXFDWLRQ� $QG� 7UDLQLQJ� ,Q� *HUPDQ\� 6KRUW�

'HVFULSWLRQ´��&('()23�3DQRUDPD�VHULHV��������2IILFH�IRU�2IILFLDO�3XEOLFDWLRQV�RI�WKH�(XURSHDQ�&RPPXQLWLHV��

/X[HPERXUJ������

��� ù$+ø1.(6(1���$OL����������(÷LWLPGH�LNLOL�6LVWHP��2NXO�Lú\HUL�LúELUOL÷LQH�'D\DOÕ�6LVWHP����$QNDUD�

hQLYHUVLWHVL�(÷LWLP�%LOLPOHUL�)DN�OWHVL�'HUJLVL��&LOW�����6D\Õ����$QNDUD������
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MICROSTRUCTURE AND INTERFACE ANALYSIS OF NI3AL 
INTERMETALLIC ALLOY COATING ON AISI 304 STEEL BY PTA 

PROCESS 
 

�øO\DV�6RPXQNLUDQ���6RQHU�%X\WR]���%�OHQW�.XUW�
�)LUDW�8QLYHUVLW\��)DFXOW\�RI�7HFKQRORJ\��'HSDUWPHQW�RI�0HWDOOXUJ\�DQG�0DWHULDOV�(QJLQHHULQJ��������(OD]LJ��7XUNH\�

�1HYVHKLU�8QLYHUVLW\��)DFXOW\�RI�(QJLQHHULQJ��'HSDUWPHQW�RI�0DWHULDOV�(QJLQHHULQJ��1HYVHKLU�7XUNH\�

&RUUHVSRQGLQJ�DXWKRU��6RQHU�%X\WR]��VEX\WR]#JPDLO�FRP��

�

Abstract ,Q� WKLV� VWXG\�� DQ� DXVWHQLWLF� VWDLQOHVV� VWHHO� ZDV� FRDWHG� ZLWK�1L�$O� LQWHUPHWDOOLF� DOOR\��

'HSRVLWLRQ�OD\HUV�IRUPHG�IURP�$,6,�����VWDLQOHVV�VWHHO�E\�SODVPD�WUDQVIHU�DUF��37$��SURFHVV�DW�

����� ���� DQG� ���� $� FXUUHQWV� YDOXHV� DQG� DUJRQ� JDV� ZDV� XVHG� IRU� ERWK� SODVPD� DQG� SURWHFWLYH��

$QDO\VHV�RI�PLFURKDUGQHVV��6(0��(';�DQG�;�UD\�ZHUH�FDUULHG�RXW�LQ�RUGHU�WR�H[DPLQH�VXUIDFH�

DQG�LQWHUIDFH�FKDUDFWHULVWLFV�RI�WKH�FRDWLQJ�OD\HUV��,W�ZDV�IRXQG�WKDW�WKH�SULPHU�1L�$O�SKDVH�DQG�

VHFRQGDU\� 1L$O� SKDVH� H[LVWHG� LQ� WKH� 1L�$O� DOOR\� FRDWLQJ� REWDLQHG� E\� 37$� SURFHVV� DW� ���� $�

FXUUHQW�� )URP� WKH� UHVXOWV�� LW�ZDV� VHHQ� WKDW� LQFUHDVHG� FXUUHQW� YDOXHV� FDXVHG� WR� WKH� FUDFNV� LQ� WKH�

FRDWLQJ�OD\HU�DQG�DOVR�DIIHFWHG�WKH�FRDWLQJ�OD\HU�DQG�LQWHUIDFH�PLFURVWUXFWXUH���

�

Keywords:�37$�FRDWLQJ��1L�$O��0LFURVWUXFWXUH��

�

Introduction 
7KH� GHPDQGV� RQ� WKH� OLIHWLPH� DQG� VXUIDFH� SHUIRUPDQFH� RI� WKH� PDWHULDOV� DUH� FRQWLQXRXVO\� LQFUHDVLQJ�� 7KXV��

GLIIHUHQW�VXUIDFH�FRDWLQJ�WHFKQLTXHV�KDYH�EHHQ�XVHG�WR�LPSURYH�VXUIDFH�SURSHUWLHV�RI�PDWHULDOV��6XUIDFH�SURSHUWLHV�DQG�

TXDOLW\� GHSHQG� VWURQJO\� XSRQ� WKH� VHOHFWHG� DOOR\V� DQG� GHSRVLWLRQ� SURFHVVHV� >���@�� 7KH� XVH� RI� SODVPD� WUDQVIHUUHG� DUF�

WHFKQLTXH�IRU�GHSRVLWLRQ�RI�KLJK�SHUIRUPDQFH�FRDWLQJV�KDV�EHHQ�DWWHPSWHG�E\�PDQ\�UHVHDUFKHUV�>���@��)DEULFDWLQJ�KLJK��

ZHDU�UHVLVWDQW�FRDWLQJV�RQ�WKHLU�VXUIDFHV�LV�DQ�HIILFLHQW�DSSURDFK�WR�LPSURYH�WKH�VXUIDFH�SURSHUWLHV�RI�PHWDOOLF�PDWHULDO�

ZLWKRXW�DIIHFWLQJ�VHULRXVO\�WKH�SURSHUWLHV�RI�WKH�VXEVWUDWH�PDWHULDOV��>�����@��3ODVPD�WUDQVIHUUHG�DUF��37$��SURFHVV�FDQ�

EH�GHILQHG�DV�D�JDV�VKLHOGHG�DUF�ZHOGLQJ�SURFHVV�ZKHUH�WKH�FRDOHVFHQFH�RI�PHWDOV�LV�DFKLHYHG�YLD�WKH�KHDW�WUDQVIHUUHG�E\�

DQ�DUF�WKDW� LV�FUHDWHG�EHWZHHQ�D�WXQJVWHQ�HOHFWURGH�DQG�D�VXEPDWHULDO��7KH�DUF�LV�FRQVWULFWHG�E\�D�FRSSHU�DOOR\�QR]]OH�

RULILFH�WR�IRUP�D�KLJKO\�FROOLPDWHG�DUF�FROXPQ��7KH�SODVPD�LV�IRUPHG�WKURXJK�WKH�LRQL]DWLRQ�RI�D�SRUWLRQ�RI�WKH�SODVPD�

�RULILFH��JDV�>��@��

1L�$O�KDV�H[FHOOHQW�FRUURVLRQ�DQG�R[LGDWLRQ�UHVLVWDQFH� LQ�D�ZLGH�UDQJH�RI� WHPSHUDWXUHV�RZLQJ� WR�IRUPDWLRQ�RI�KLJKO\�

VWDEOH� DOXPLQD� R[LGH� OD\HU� RQ� WKH� VXUIDFH��$OVR��1L�$O� NHHSV� LWV� SKDVH� VWDELOLW\� XS� WR� KLJK� WHPSHUDWXUHV� FORVH� WR� LWV�

PHOWLQJ� SRLQW� >��@�� � $XVWHQLWLF� VWDLQOHVV� VWHHO� LV� D� ZLGHO\� XVHG� HQJLQHHULQJ� DOOR\� LQ� OLTXLG�KDQGOLQJ� V\VWHPV� DQG�

K\GUDXOLF�PDFKLQHU\�EHFDXVH�RI�LWV�H[FHOOHQW�FRUURVLRQ�UHVLVWDQFH��JRRG�SURFHVVLELOLW\��DQG�UHODWLYHO\�ORZ�FRVW��+RZHYHU��

WKH\�H[KLELW�KLJK�WRXJKQHVV�DQG�JRRG�R[LGDWLRQ�UHVLVWDQFH�RQO\�XS�WR�WKH�WHPSHUDWXUHV�RI�QHDUO\������&�>�����@���

,Q� WKLV�SDSHU��37$�ZHOG�VXUIDFLQJ�SURFHVV�ZDV�DGRSWHG� WR�SURGXFH�FRPSRVLWH�FRDWLQJ�RQ�$,6,�����VWDLQOHVV�

VWHHO�VXEVWUDWH�XVLQJ�1L�$O�LQWHUPHWDOOLF�DOOR\��0LFURVWUXFWXUDO�FKDUDFWHULVWLFV�RI�WKH�FRDWLQJ�OD\HU�DQG�WKH�LQWHUIDFH�RI�

1L�$O� LQWHUPHWDOOLF� DOOR\� DQG� VWDLQOHVV� VWHHO� ZHUH� FKDUDFWHUL]HG� XVLQJ� VFDQQLQJ� HOHFWURQ� PLFURVFRS\� �6(0��� ;�UD\�

DQDO\VLV��('6���;�UD\�GLIIUDFWLRQ��;5'��DQG�HQHUJ\�GLVSHUVLYH�DQDO\LVLV�DQG�PLFURKDUGQHVV�PHDVXUHPHQWV���

Experimental procedure 
,Q�WKLV�VWXG\��1L�$O�LQWHUPHWDOOLF�DOOR\�URG�RI���PP�GLDPHWHU�DQG�WKH�$,6,�����VWDLQOHVV�VWHHO�IODW�EDU�RI����PP�

WKLFN� ZHUH� XVHG� DV� FRDWLQJ� DQG� VXEVWUDWH� PDWHULDO� UHVSHFWLYHO\�� $,6,� ���� 6WDLQOHVV� VWHHO� VSHFLPHQV� ZHUH� FXW� WR� WKH�
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GLPHQVLRQV����î����î����PP���SROLVKHG�ZLWK�����JULW�6L&�DEUDVLYH�SDSHU�DQG�ULQVHG�ZLWK�HWK\O�DOFRKRO�SULRU�WR�FRDWLQJ���

7DEOH��� VKRZV� WKH� FKHPLFDO� FRPSRVLWLRQV�RI� WKH�PDWHULDOV��7KH�RSHUDWLQJ�SULQFLSOH�RI� 37$�SURFHVV� LV� VFKHPDWLFDOO\�

VKRZQ� LQ�)LJ�����6XUIDFH�FRDWLQJ�SURFHGXUH�ZDV� UHDOL]HG� WKDW�GLIIHUHQW� WKUHH�FXUUHQW�YDOXHV�ZHUH�XVHG��3DUDPHWHUV�RI�

37$�ZHOG�VXUIDFLQJ�SURFHVV�DUH�JLYHQ�LQ�7DEOH����

 
Tablo 1.���&KHPLFDO�FRPSRVLWLRQV�RI�WKH�FRDWLQJ�DQG�VXEVWUDWH�PDWHULDOV�

�

$OOR\�
&RPSRVLWLRQ�����

&� &U� 1L� 0R� 6L� 0Q� 3� 6� $O� )H�

1L�$O� ������ ������ %DO� ������ ����� ������ ������ ������� ������ �����

$,6,����� ����� ����� ����� ���� ����� ���� ����� ������ �� %DO��

�

�

�
Figure 1.�6FKHPDWLF�DSSHDUDQFH�RI�37$�FRDWLQJ�PHWKRG��

�
:KHQ�WKH�SODVPD�DUF�WUDQVIHUHG�WKH�VXUIDFH�RI�WKH�VSHFLPHQ��WKH�FRDWLQJ�PDWHULDO�ZDV�PHOWHG�VLPXOWDQHRXVO\�

DQG�PHOWHG�FRDWLQJ�OD\HU�RFFXUHG�RQ�WKH�VXEVWUDWH�PDWHULDO�VXUIDFH��7KXV��D�QRYHO�FRDWLQJ�OD\HU��ZKLFK�LV�PHWDOOXUJLFDOO\�

ERQGHG�WR�VXEVWUDWH�DQG�KDV�UDSLGO\�VROLGLILHG�PLFURVWUXFWXUH��ZDV�IDEULFDWHG���

�

Table 2. 37$�ZHOG�VXUIDFLQJ�SURFHVV�H[SHULPHQWDO�SDUDPHWHUV�
�
$UF�FXUUHQW��$�� ����������������

6KLHOG�JDV�IORZ��$U��O�PLQ�� ���

3ODVPD�JDV�IORZ��$U��O�PLQ�� ����

'LDPHWHU�RI�HOHFWURGH��PP�� ����

7UDYHO�VSHHG��PP�V�� ����

7RUFK�JDS��PP�� ��
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�
0HWDOORJUDSKLF� H[DPLQDWLRQ� RI� WKH� FRDWLQJ� OD\HU� DQG�� WKH� LQWHUIDFH� RI� FRDWLQJ� OD\HU� DQG� VXEVWUDWH� PDWHULDO�

LQYROYHG�SUHSDULQJ�WUDQVYHUVH�VHFWLRQV�IROORZHG�E\�JULQGLQJ�DQG�SROLVKLQJ�WR���PP�GLDPRQG�SDVWH��)RU�PLFURVWUXFWXUDO�

H[DPLQDWLRQ�� WKH� VSHFLPHQV� ZHUH� HWFKHG� HOHFWURO\WLFDOO\� LQ� D� VROXWLRQ� RI� ��� PO� +12�� DQG� ��� PO� SXUH� ZDWHU�� 7KH�

PLFURVWUXFWXUHV�RI�WKH�VSHFLPHQV�ZHUH�LQYHVWLJDWHG�E\�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0���WKH�HQHUJ\�GLVSHUVLYH�;�

UD\��(';��DQG�;5'�DQDO\LVLV��0LFURKDUGQHVV�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�E\�D�/HLFD�PLFURKDUGQHVV�WHVWHU�XQGHU�D�

ORDG�RI����J���

�

Results and Discussions 

�
)LJ����VKRZV�WKH�W\SLFDO�VXUIDFH�PLFURVWUXFWXUH�RI�WKH�DOOR\HG�OD\HUV�ZLWK�WKUHH�GLIIHUHQW�FXUUHQWV�YDOXHV��,W�FDQ�

EH�VHHQ�WKDW�WKH�ZLGWK�RI�HIIHFWLYH�FRDWLQJ�OD\HUV�LV����������DQG�����PP�DW����������DQG�����$�UHVSHFWLYHO\��,QFUHDVLQJ�

FXUUHQW�YDOXHV�ZHUH�FDXVHG�WR�KLJKHU�PL[�UDWLR�EHWZHHQ�DOOR\HG�OD\HU�DQG�VXEVWUDWH�PDWHULDO��1R�FUDFNV�RU�SRUHV�ZHUH�

VHHQ�ERWK�LQ�WKH�DOOR\HG�OD\HU�DQG�LQWHUIDFH�DW�WKH�����$�FXUUHQW��,W�LV�FOHDUO\�VHHQ�LQ�)LJXUH���D���%XW��WKH�PLFURFUDFNV�

FDXVHG�DW�WKH�FRDWHG�OD\HUV�ZLWK�LQFUHDVLQJ�DUF�FXUUHQW�YDOXH��,W�LV�FOHDUO\�VHHQ�LQ�)LJ�����E��DQG�)LJ����F���7KLV�FDQ�EH�

DWWULEXWHG� WR� D� FRPELQDWLRQ� RI� IDFWRUV�� LQFOXGLQJ� KLJK� WKHUPDO� UHVLGXDO� VWUHVVHV� XQGHU� UDSLG� VROLGLILFDWLRQ� DQG� KLJK�

WHPSHUDWXUH�QRQ�HTXLOLEULXP�SKDVHV�JHQHUDWHG�>��@��6LQFH�SRO\FU\VWDOOLQH�1L�$O�LV�EULWWOH�EHFDXVH�RI�WKH�EULWWOHQHVV�RI�

WKH� JUDLQ�ERXQGDULHV�� ,Q� DGGLWLRQ� ORZ� WKHUPDO� FRQGXFWLYLW\�RI� VWDLQOHVV� VWHHO� LV� WKURXJKW� WR�EH� DQRWKHU� UHDVRQ� IRU� WKH�

FUDFNV��ZKLFK�LW�OLPLW�KHDW�WUDQVIHU�IURP�WKH�LQWHUPHWDOOLF�DQG�FRQVHTXHQW�WKHUPDO�VWUHVVHV�ORDGHG���

 

�D��

Coating layer 

AISI 304 stainless steel substrate 

1.2 mm 
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�E��

�

�F��

Figure 2��6(0�PLFURJUDSKV�RI�FRDWLQJ�OD\HU�GHSWKV�DW�WKH�����$��D�������$��E��DQG�����$��F��FXUUHQWV��

)LJXUH���VKRZV�6(0�LPDJH�RI�WKH�HWFKHG�FURVV�VHFWLRQ�RI�WKH�1L�$O�LQWHUPHWDOOLF�DOOR\�GHSRVLWHG�E\�WKH�37$�

SURFHVV�DW�����$�FXUUHQW�YDOXH��)URP�WKH�)LJXUH����D���WZR�GLIIHUHQW�SKDVH�DUH�VHHQ�DV�PDWUL[�DQG�SUHFLSLDWH�SKDVHV��7KLV�

VLWXDWLRQ�FOHDUO\�LV�VKRZQ�DW�WKH�PDJQLILHG�PLFURJUDSK�LQ�WKH�)LJ�����E���7KH�(';�UHVXOWV�WDNHQ�IURP�$�DQG�%�SRLQWV�LQ�

)LJ�����E��DUH�VKRZQ�LQ�)LJXUH����F��DQG��G���7KH�FRPSRVLWLRQ�RI�DOOR\HG�OD\HU�PDLQ�PDWHULDO�FRQVLVWV�RI��������1L�������

AISI 304 stainless steel substrate 
�

1.8 mm 

Coating layer 

Microcrack 

2.6 mm 

Coating layer 

Microcrack 
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��$O�DQG��������)H��)URP�WKH�1L�$O�ELQDU\�SKDVH�GLDJUDP��WKXV�FRPSRVLWLRQV�ZHUH�GHWHUPLQHG�DV�1L�$O�SKDVH�IRU�$�

SRLQW�DQG�1L$O�SKDVH�IRU�%�SRLQW��7KH�SUHFLSLDWH�SKDVH�FRPSRVLWLRQ�LQWR�WKH�FRDWLQJ�OD\HU�ZDV�GHWHUPLQHG�DV��������1L��

������$O�DQG�������)H�IURP�WKH�(';�UHVXOW��7KH�1L$O�SKDVH�ZLWK�VPDOO�YROXPH�IUDFWLRQ�LV�GLVWULEXWHG�QRQ�XQLIRUPO\�

LQ�WKH�1L�$O�PDWUL[��7KLV�SKDVH�ZDV�DOVR�FDXVHG�WR�UHODWLYHO\�VPDOOHU�JUDLQ�VL]H���

�

�

�D��

�

�E��

A 

B 
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�

������ ���������������������

�F��������������������������������������������������������������������������������G���
Figure 3.�6(0�PLFURJUDSK�RI�FRDWLQJ�OD\HU�DW�WKH�����$��

�
)LJ����D��VKRZV� WKH�PLFURVWUXFWXUH�RI� WKH�DOOR\HG� OD\HU�XVLQJ�����$�FXUUHQW��:KHQ� WKH�HPSOR\HG�DUF�FXUUHQW�

UHDFKHV� ���� $�� SUHFLSLDWHG� SKDVHV� DUH� GLVSHUVHG� LQWR� WKH� FRDWLQJ� OD\HU� PDWUL[� DQG� LW¶V� FRQWHQWV� DUH� GHFUHDVHG�� 7KLV�

VLWXDWLRQ�FDQ�EH�FODULILHG�E\�LQFUHDVLQJ�KHDW�LQSXW�DQG�PL[HG�DOOR\LQJ�HOHPHQWV�IURP�WKH�$,6,�����VWDLQOHVV�VWHHO��7KH�

PDWUL[�SKDVH�IRU�����$�FXUUHQW�FRQVLVW�RI��������7L���������)H��������&U�DQG�������$O�IURP�(';�DQDO\VLV�WDNHQ�LQ�WKLV�

ILHOG� �)LJ�� �� �E���� 7KLV� FRPSRVLWLRQ� ZDV� GHWHUPLQHG� WR� EH� Ȗ� SKDVH� E\� )H�&U�1L� WHUQDU\� SKDVH� GLDJUDP�� 7KLV� UHVXOW�

VKRZHG�WKDW�LQ�WKH�KLJK�FXUUHQWV�DV�����$��1L�$O�LQWHUPHWDOOLF�DOOR\�QRW�IRUPHG��

�

�D��

A point 
B point 

A 
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Figure 4.�6(0�PLFURJUDSK�RI�FRDWLQJ�OD\HU�DW�WKH�����$��

�

�)LJ����D��DQG��E��VKRZV�WKH�PLFURWUXFWXUH�RI�DOOR\HG�OD\HU�IRU�����$��7KH�LQWHUIDFH�PLFURJUDSKV�RI�WKH�DOOR\HG�

OD\HU�DQG�VXEVWUDWH�PDWHULDO�DUH�VHHQ�LQ�)LJ������

�

�D��

A point 
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�

�E��
Figure 5.�6(0�PLFURJUDSK�RI�FRDWLQJ�OD\HU�DW�WKH�����$��

7KH�ZLGWK�RI�WKH�LQWHUIDFH�]RQH��ZKLFK�IRUPHG�ZLWK�UDSLG�VROLGLILFDWLRQ��ZDV���ȝP�IRU�����$�DQG����ȝP�IRU�WKH�

FXUUHQWV�RI�����$��)LJ����E��DQG�)LJ����F����7KH�ZLGWK�RI�KHDW�DIIHFWHG�]RQHV��+$=��ZDV�DSSUR[LPDWHO\����ȝP�����ȝP�

DQG����ȝP�IRU����������DQG�����$�UHVSHFWLYHO\���

�

�D��

AISI 304 stainless steel substrate 
�

Coating layer 
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�

�E��

�

�F��
Figure 6.�6(0�PLFURJUDSK�RI�FRDWLQJ�OD\HU�DQG�VXEVWUDWH�PDWHULDO�LQWHUIDFH�DW�DW�WKH�����$��D�������$��E��DQG�����$��F��

FXUUHQWV��

7KH�;5'�SDWWHUQ�RI�WKH�1L�$O�FRDWLQJ�OD\HU�DW�WKH�����$�LV�VKRZQ�LQ�)LJ�����7KH�GHVLUHG�SURGXFW�1L�$O�LV�WKH�

SUHGRPLQDQW�SKDVH�LQ�WKH�DOOR\HG�OD\HU��,Q�DGGLWLRQ��1L$O�SKDVH�ZDV�IRUPHG�LQ�WKH�FRDWLQJ�OD\HU�DV�VHFRQG�SKDVH��7KLV�

UHVXOW�DOVR�VXSSRUWHG�WKH�PLFURVWUXFWXUDO�UHVXOWV��

AISI 304 stainless steel substrate 
�

AISI 304 stainless steel substrate 
�

Coating layer 

Coating layer 
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Figure 7��;�UD\�SURILOH�RI�WKH�1L�$O�FRDWLQJ�OD\HU�IRU�����$��

�

7KH�PLFURKDUGQHVV� WHVW� UHVXOWV� WDNHQ� IURP� WKH� FRDWLQJ� OD\HU� VXIDFH� WRZDUGV� VXEVWDUWH�PDWHULDO� DUH� VKRZQ� LQ�

)LJ�����

�
Figure 8.�0LFURKDUGQHVV�GLVWULEXWLRQ�IURP�WKH�FRDWLQJ�OD\HU�VXUIDFH�WR�WKH�VXEVWUDWH�PDWHULDO��

�

)URP�WKH�ILJXUH�LW�LV�FOHDUO\�VKRZQ�WKDW�LQUHDVHG�ZHOGLQJ�FXUUHQWV�UHGXFH�WKH�FRDWLQJ�OD\HU�KDUGQHVV��7KLV�UHVXOW�

FDQ� EH� H[SODQHG� ZLWK� LQFUHDVHG� KHDW� LQSXW� DFFRUGLQJ� WR� LQFUHDVHG� ZHOGLQJ� FXUUHQWV�� ,QFUHDVHG� KHDW� LQSXW� FDXVHG� WR�

KLJKHU� PL[WXUH� UDWLR� EHWZHHQ� FRDWLQJ� DQG� VXEVWUDWH� PDWHULDOV�� 7KHUHIRUH�� LQFUHDVHG� )H� DQG� &U� DGGLWLRQ� UHGXFHG� WKH�
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KDUGQHV�RI�FRDWLQJ�OD\HU��)URP�WKH�FRDWLQJ�OD\HU�PLFURVWUXFWXUH�DQG�(';�UHVXOW�LQ�)LJ����LW�LV�FOHDUO\�VKRZQ�WKDW�KLJKHU�

KHDW�LQSXW�FDXVHG�WR�Ȗ�SKDVH�IRUPDWLRQ�LQ�WKH�FRDWLQJ�OD\HU��

�

Conclusions 
�

1L�$O� LQWHUPHWDOOLF� DOOR\� ZDV� FRDWHG� RQ� DQ� DXVWHQLWLF� VWDLQOHVV� VWHHO� VXUIDFH� E\� SODVPD� WUDQVIHU� DUF� �37$��

SURFHVV��7KH�IROORZLQJ�UHVXOWV�ZHUH�REWDLQHG��

��� 7KH� FRDWLQJ� OD\HU� WKLFNQHVV� RI� ����� ���� DQG� ���� PP� DW� ����� ���� DQG� ����$� FXUUHQWV�� UHFSHFWLYHO\� ZHUH�

REWDLQHG��

���0LFURFUDFNV� LQ� WKH�FRDWLQJ� OD\HU�RFFXUUHG�DW� WKH�����DQG�����$�FXUUHQW�YDOXHV��7KLV�FDQ�EH�KLJK� WKHUPDO�

UHVLGXDO�VWUHVVHV�XQGHU�UDSLG�VROLGLILFDWLRQ�DQG�KLJK�WHPSHUDWXUH�QRQ�HTXLOLEULXP�SKDVHV�JHQHUDWHG��

���,Q�WKH�LQFUHDVHG�FXUUHQWV��1L�$O�LQWHUPHWDOOLF�DOOR\�QRW�IRUPHG���

���7KH�PLFURKDUGQHVV�RI�FRDWLQJ�OD\HUV�GHFUHDVHG�ZLWK�WKH�LQFUHDVHG�FXUUHQW�YDOXHV����
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>��@�1XQRPXUD�<��.DQHQR�<��7VXGD�+�DQG�7DNDVXJL�7��3KDVH�UHODWLRQ�DQG�PLFURVWUXFWXUH�LQ�PXOWL�SKDVH�LQWHUPHWDOOLF�

DOOR\V�EDVHG�RQ�1L�$O±1L�7L±1L�9�SVHXGR�WHUQDU\�DOOR\�V\VWHP���,QWHUPHWDOOLFV����������������

>��@�0DKRQH\�0:�DQG�%DPSWRQ�&&��$60�KDQGERRN��9ROXPH�����0DWHULDOV�3DUN��2+���������SS������
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>��@�%X\WR]�6��0LFURVWUXFWXUDO�SURSHUWLHV�RI�6L&�EDVHG�KDUGIDFLQJ�RQ�ORZ�DOOR\�VWHHO��6XUIDFH�DQG�&RDWLQJV�7HFKQRORJ\�

������������������

>��@� +D]DU�� +�� �&KDUDFWHUL]DWLRQ� DQG� HIIHFW� RI� XVLQJ� FRWWRQ� PHWK\O� HVWHU� DV� IXHO� LQ� D� /+5� GLHVHO� HQJLQH��� (QHUJ\�
&RQYHUVLRQ�DQG�0DQDJHPHQW��������������������������
�
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MODELING INTERNET ROUTING PROTOCOLS AND SCALABILITY 
EVALUATION 

 
 

)DWLK�dHOLN��$KPHW�=HQJLQ��%DUÕú�7Do\ÕOGÕ]��+�VH\LQ�(NL]��$\KDQ�.LUD]�
7HFKQRORJ\�)DFXOW\�
6DNDU\D�8QLYHUVLW\�

7XUNH\�
D]HQJLQ#VDNDU\D�HGX�WU�

 
 
Abstract: 3DSHU� SUHVHQWV� D� GLVFUHWH� HYHQW� VLPXODWLRQ� �'(96�� EDVHG� FRPSDUDWLYH� SHUIRUPDQFH�
DQDO\VLV� EHWZHHQ� 263)� DQG� 5,3� WRJHWKHU� ZLWK� %*3� SURWRFRO� E\� XVLQJ� '(96�6XLWH�� 6HYHUDO�
QHWZRUN�PRGHOV� DUH� GHVLJQHG� DQG� FRQILJXUHG� UHVSHFWLYHO\� ZLWK�263)�� 5,3� DQG� FRPELQDWLRQ� RI�
%*3�� LQ� RUGHU� WR� HYDOXDWH� 263)� DQG� 5,3V� VFDODELOLW\� SHUIRUPDQFH�� (YDOXDWLRQV� RI� SURSRVHG�
URXWLQJ�SURWRFROV�DUH�SHUIRUPHG�EDVHG�RQ� WKH�PHWULFV�VXFK�DV�H[HFXWLRQ� WLPH��FRQYHUJHQFH� WLPH��
WXUQDURXQG� WLPH�� WKURXJKSXW� DQG� HIILFLHQF\� DFURVV� LQFUHDVLQJ� VL]H� DQG� FRPSOH[LW\� WKURXJK� WKH�
VLPXODWHG� QHWZRUN�PRGHOV�� 7KH� HYDOXDWLRQ� UHVXOWV� VKRZ� WKDW�263)� URXWLQJ� SURWRFRO� SURYLGHV� D�
EHWWHU�VFDODELOLW\�SHUIRUPDQFH�WKDQ�5,3�URXWLQJ�SURWRFRO�IRU�,QWHUQHW�DSSOLFDWLRQV�  
�
.H\ZRUGV��'(96��'(96�6XLWH��263)��5,3��%*3��,QWHUQHW���
�
�

Introduction  
 

,Q� WKLV� SDSHU�� ZH� GHYHORSHG�'(96�EDVHG� SURWRFRO� PRGHOV� IRU� 5,3�� 263)� DQG� %*3� IRU� DGGUHVVLQJ� WKH� PDLQ�
FKDOOHQJHV� LQ� VFDODELOLW\� RI� WKHVH� SURWRFROV� LQ� WKH� ,QWHUQHW�� 'XULQJ� WKH� H[SHULPHQWV�� '(96�EDVHG� GLVFUHWH� HYHQW�
VLPXODWLRQ� VRIWZDUH�� NQRZQ� DV� '(96�6XLWH� .LP�� 6DUMRXJKLDQ� DQG� (ODPYD]KXWKL� �������� KDV� EHHQ� VXFFHVVIXOO\�
PDQLSXODWHG� DV� GRPDLQ�QHXWUDO� VLPXODWLRQ� VRIWZDUH��$SDUW� IURP� WKDW�� LW� RIIHUV� HDV\�JUDSKLFDO� DQG� WUDFNDEOH� LQWHUIDFH��
DGGLWLRQDOO\� E\� SURYLGLQJ� DQ� H[WHQVLYH� OLEUDU\� RI� FRPSRQHQWV� IRU� GHVLJQLQJ� VLPXODWLRQ� PRGHO� PRUH� UHOLDEO\� DQG�
HIILFLHQWO\�� 'HYHORSHG� '(96�6XLWH� 263)� DQG� 5,3� IUDPHZRUNV� SURYLGH� YLVXDOL]DWLRQ�� DGYDQFHG� WUDFNLQJ� FDSDELOLW\��
UHXVDELOLW\� DQG� FRPSRQHQW�EDVHG�PRGHO� GHVLJQ��6XEVHTXHQWO\�� WKH� UHVHDUFK� LQYHVWLJDWHV�KRZ�ZHOO� WKH�263)�DQG�5,3�
SURWRFROV�UHVSRQG�WR�YDULRXV�,QWHUQHW�SHUIRUPDQFH�PHWULFV��VXFK�DV�H[HFXWLRQ�WLPH��HIILFLHQF\��FRQYHUJHQFH��HQG�WR�HQG�
GHOD\�DQG�WKURXJKSXW��6XFK�DQDO\VLV�LV�LPSRUWDQW�VLQFH�LW�IDFLOLWDWHV�LQ�GHWHUPLQLQJ�WKH�PRVW�VXLWDEOH�DQG�UREXVW�,QWHUQHW�
SURWRFROV� LQ� D� SURSRVDO� WR� RSWLPL]LQJ� WKH� WUDIILF� JRDOV� LQ� WKH� ,QWHUQHW�� 7KH� UHVHDUFK� DOVR� H[DPLQHV� DQG� FRPSDUHV� WKH�
URXWLQJ� SHUIRUPDQFH� RI� SURWRFROV� XQGHU� D� YDULHW\� RI� QHWZRUN� FRQGLWLRQV� DQG� VFDOHV�� $� QXPEHU� RI� LPSRUWDQW� V\VWHP�
SDUDPHWHUV�VXFK�DV�QHWZRUN�VL]H��QXPEHU�RI�QRGHV�SHU�$6��QXPEHU�RI�OLQNV�SHU�QRGHV�DQG�WRSRORJ\�PRGHO�DUH�WDNHQ�LQWR�
FRQVLGHUDWLRQ��7KH� FKDQJHV�RI� VXFK�SDUDPHWHUV� DUH�PDGH� WR� UHDOL]H�GLIIHUHQW� UHDOLVWLF� ,QWHUQHW� VFHQDULRV� DV�ZHOO� DV� WR�
HYDOXDWH�WKH�H[WHQW�RI�WKHLU�LPSDFW�RQ�QHWZRUN�DQG�URXWLQJ�SURWRFROV�SHUIRUPDQFH�VXFK�DV�VFDODELOLW\��
�
 
DEVS Formalism  
 

'LVFUHWH�HYHQW�V\VWHP�VSHFLILFDWLRQ��'(96��IRUPDOLVP�LV�D�QRYHO�DSSURDFK�IRU�PRGHOLQJ�G\QDPLF�V\VWHPV�DQG�LV�
GHYHORSHG�E\�=HLJOHU�=HLJOHU��3UDHKRIHU�DQG�.LP��������� ,Q�'(96�� WLPH�SDVVHV�RQO\�ZKHQ�D�QHZ�HYHQW�RFFXUV��7KLV�
DSSURDFK� LV� ZHOO� VXLWHG� IRU� IRUPDOO\� GHVFULELQJ� FRQFXUUHQW� SURFHVVLQJ� DQG� WKH� HYHQW�GULYHQ� QDWXUH� RI� DUELWUDU\�
FRQILJXUDWLRQ� RI� QHWZRUNHG� FRPSRQHQWV�� 7KLV�PRGHOLQJ� DSSURDFK� VXSSRUWV� V\VWHP� WKHRUHWLF�� IRUPDOL]HG�� KLHUDUFKLFDO�
DQG�PRGXODU�PRGHO�FRQVWUXFWLRQ��GLVWULEXWHG�H[HFXWLRQ��DQG�WKHUHIRUH�FKDUDFWHUL]LQJ�FRPSOH[��ODUJH�VFDOH�V\VWHPV�ZLWK�
DWRPLF�DQG�FRXSOHG�PRGHOV��)ROORZLQJ�SURSHUWLHV�DUH�PDLQ� UHDVRQV� WR�PDNH�XVH�RI�'(96� IRUPDOLVP� LQ�RXU�QHWZRUN�
PRGHOLQJ�HIIRUW���
�

�� $Q� HYHQW�EDVHG� HIILFLHQW� DSSURDFK�� '(96� DSSURDFK� LV� GHYHORSHG� DV� DQ� H[WHQVLRQ� RI� WKH� 0RRUH� PDFKLQH�
IRUPDOLVP��=HLJOHU���������'(96�IRUPDOLVP�LV�D�NLQG�RI�ILQLWH�VWDWH�DXWRPDWRQ�DSSURDFK�LQ�ZKLFK�VWDWHV�DQG�
RXWSXWV�DUH�FUHDWHG�E\�WKH�FXUUHQW�VWDWH�DQG�WKH�LQSXWV��$V�FRQWUDU\�WR�RWKHU�ILQLWH�VWDWH�DSSURDFKHV��'(96�KDV�
EURXJKW� QHZ� FRQFHSWV� WR� VLPXODWLRQ� FRPPXQLW\� VXFK� DV� VWDWH� OLIHVSDQ� DQG� D� KLHUDUFKLFDO� FRQFHSW�� 7KHVH�
LQQRYDWLRQV�KDYH�UHQGHUHG�SRVVLEOH�WR�FUHDWH�YHU\�HIILFLHQW�VLPXODWLRQ�VRIWZDUH���

�� 6WURQJ� FRXSOLQJV� DPRQJ� FRPSRQHQWV�� ,Q� WKH� '(96� FRPSRQHQW� FRQQHFWLRQ� DUFKLWHFWXUH�� D� EDVLF� HQWLW\� LV� D�
FRPSRQHQW�FDOOHG�DWRPLF�PRGHO��(DFK�DWRPLF�PRGHO�RZQV�RQH�RU�PRUH�FRPPXQLFDWLRQ�SRUWV��%\�WKH�ZD\��WZR�
DWRPLF�PRGHOV�DUH�FRQQHFWHG�E\�³ZLULQJ´�WKHLU�SRUWV�WRJHWKHU��'(96�IRUPDOLVP�UHOLHV�RQ�QHWZRUN�PRGHOV�WR�
IDFLOLWDWH�HQWLW\�RU�PHVVDJH�PRYHPHQW�DQG�GHFLVLRQ�PDNLQJ���

�� 0RGXODU�DQG�KLHUDUFKLFDO�GHVLJQ��'(96�DXWRQRPRXV�FRPSRQHQW�DUFKLWHFWXUH�\LHOGV�WR�GHVLJQ�KLJKO\�PRGXODU�
DQG�KLHUDUFKLFDO�V\VWHP��7KLV�VFKHPH�SURYLGHV�D�PDQDJHDEOH�V\VWHP�DFURVV�LQFUHDVLQJ�VL]H�DQG�FRPSOH[LW\��,Q�
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SDUWLFXODU��IRU�ODUJH�VFDOH�QHWZRUN�DSSOLFDWLRQV�� WKLV�SURSHUW\�LV�QHHGHG�WR�GHVLJQ�VFDODEOH�PHWKRGV��,Q�'(96�
LPSOHPHQWDWLRQV��PRGHOV�� WKHLU�VLPXODWRUV�DQG�H[SHULPHQWDO�IUDPHV�DUH�DOO�GLVWLQFW�HQWLWLHV�DQG�WKHLU�VRIWZDUH�
UHSUHVHQWDWLRQV�DUH�DOVR�PRGXODU���

�� 2EMHFW�RULHQWDWLRQ��2EMHFW�RULHQWHG�GHVLJQ�LV�WRGD\¶V�PRVW�SRSXODU�SURJUDPPLQJ�SDUDGLJP��2EMHFW�RULHQWDWLRQ�
\LHOGV� WR� VLPSOHU�� FRQFUHWH�� UREXVW�� IOH[LEOH� DQG� PRGXODU� VRIWZDUH� LPSOHPHQWDWLRQV�� '(96� H[SORLWV� WKHVH�
SURSHUWLHV�WR�FUHDWH�D�VXFFHVVIXO�DQG�PDQDJHDEOH�VLPXODWLRQ�DSSOLFDWLRQ���

�� (DV\�WR�DEVWUDFW��'(96�SURYLGHV�DEVWUDFWLRQ�DQG�VLPSOLILFDWLRQ�PHFKDQLVPV�DV�ZLGH�DV�WR�PRGHOLQJ�REMHFWLYHV��
:KHQ�PRGHOLQJ�XOWLPDWHO\�FRPSOH[�DQG�G\QDPLF� V\VWHPV�� VLPSOLILFDWLRQ�PHFKDQLVPV�EHFRPH� LPSRUWDQW� IRU�
WKH�VDNH�RI�EXLOGLQJ�VFDODEOH�V\VWHPV���

�� $XWRPDWHG� SDUDOOHO�UHDO�WLPH� H[HFXWLRQ�� '(96� FDQ� PDQDJH� SDUDOOHOLVP� �&KRZ�� ������� ,W� KDV� D� VSHFLILF�
IXQFWLRQ�IRU�SDUDOOHO�RFFXUUHG�HYHQWV�ZKLFK�RUGHUV�HYHQWV�DFFRUGLQJ�WR�VRPH�FULWHULD��'(96�DOVR�VXSSRUWV�IRU�
UHDO�WLPH�H[HFXWLRQ��'(96�EDVHG�VLPXODWRUV�FDQ�SHUIRUP�VLQJOH�KRVW��GLVWULEXWHG�DQG�UHDO�WLPH�H[HFXWLRQ���

�� ,QWHURSHUDWLRQ�DQG�UHXVH��'(96�VLPXODWRUV�FDQ�UXQ�RYHU�YDULRXV�PLGGOH�ZDUHV�VXFK�DV�03,��+/$�DQG�&25%$�
6DUMRXJKLDQ�DQG�=HLJOHU�������,Q�D�W\SLFDO�'(96�GHVLJQ��D�YDULHW\�RI�PRGHO�FRPSRQHQWV�FDQ�EH�UHXVHG��7KLV�
PD\� UHGXFH� GHYHORSPHQW� WLPHV� DQG� SURYLGH� WR� IRFXV� RQ� KLJKHU� OHYHOV��0RGHO� UHSRVLWRULHV� DQG� H[SHULPHQWDO�
IUDPHV�FDQ�EH�FUHDWHG��PDLQWDLQHG�DQG�WKH\�DUH�UHDG\�WR�UHXVH���

'HYHORSHG�'(96�QHWZRUN�PRGHOV�FDQ�EH�H[HFXWHG�XVLQJ�'(96�6XLWH�VLPXODWLRQ�HQJLQH��6DUMRXJKLDQ���������$V�
DQ� H[WHQVLRQ� RI� '(96-$9$�� '(96�6XLWH� LV� DQ� REMHFW� RULHQWHG� UHDOL]DWLRQ� RI� SDUDOOHO� '(96� DQG� LWV� DVVRFLDWHG�
VLPXODWRUV��7KH�PDLQ�FRPSRQHQWV�RI�WKH�VLPXODWLRQ�SDFNDJH�DUH�VLPYLHZ��'(96�WUDFNLQJ�(QYLURQPHQW��DQG�WLPHYLHZ�
.LP��6DUMRXJKLDQ�DQG�(ODPYD]KXWKL����������
�
�
Routing Protocols for Internet  
 

5RXWLQJ�SURWRFROV�LQ�WKH�QHWZRUN�V\VWHPV�FDQ�EH�VSOLW� LQWR�WZR�PDLQ�FDWHJRULHV�� OLQN�VWDWH�URXWLQJ�DQG�GLVWDQFH�
YHFWRU� URXWLQJ��6WHHQVWUXS���������&XUUHQWO\�� LQ�SDUWLFXODU� IRU� ,QWHUQHW�� OLQN� VWDWH�SURWRFROV�DUH�XVHG�IRU� LQWUDQHW�ZKLOH�
GLVWDQFH�YHFWRU�SURWRFROV�DUH�XVHG�IRU�LQWHU�JDWHZD\�LQWHUDFWLRQV��7DQHQEDXP����������

5RXWLQJ�,QIRUPDWLRQ�3URWRFRO��5,3��LV�ZLGHO\�GHSOR\HG�URXWLQJ�SURWRFRO�IRU�,QWHUQHW�ZKLFK�LV�EDVHG�RQ�GLVWDQFH�
YHFWRU�URXWLQJ�DOJRULWKP��+HQGULN���������+DYLQJ�DQ�RSHQ�IUDPHZRUN�DQG�HDV\�WR�GHSOR\�DUFKLWHFWXUH��5,3�DUH�EHFRPH�
SRSXODU� LQ� WRGD\¶V� QHWZRUN� GHYLFHV�� KRZHYHU� LW� GRHV� QRW� PHHW� UHTXLUHPHQWV� RI� FXUUHQW� ODUJH�VFDOH� QHWZRUN� V\VWHPV�
�6WHHQVWUXS����������

2SHQ�6KRUWHVW�3DWK�)LUVW�SURWRFRO� �263)��DV�RQH�RI� WKH�IDPRXV� OLQN�VWDWH� URXWLQJ�SURWRFRO� LV�DQ�RSHQ�VWDQGDUG�
URXWLQJ� SURWRFRO� DQG� D� SDUWLFXODUO\� HIILFLHQW� LQWHULRU� JDWHZD\� �,*3�� URXWLQJ� SURWRFRO� WKDW� LV� IDVWHU� WKDQ� URXWLQJ�
LQIRUPDWLRQ�SURWRFRO��5,3��ZKLFK�LV�RQH�RI�WKH�PRVW�NQRZQ�NLQGV�RI�WKH�GLVWDQFH�YHFWRU�SURWRFROV�IDPLO\��)RUFH���������
,W�XVHV�WKH�'LMNVWUD�DOJRULWKP�ZKHQ�HVWLPDWLQJ�WKH�VKRUWHVW�SDWKV��'LMNVWUD����������

%RUGHU� *DWHZD\� 3URWRFRO� �%*3�� LV� DQ� LQWHU�$XWRQRPRXV� 6\VWHP� �$6�� URXWLQJ� SURWRFRO� ZKLFK� SURYLGHV� WR�
H[FKDQJH� QHWZRUN� UHDFKDELOLW\� LQIRUPDWLRQ� ZLWK� RWKHU� $XWRQRPRXV� 6\VWHPV� �6WHHQVWUXS�� ������� 7KLV� H[FKDQJHG�
LQIRUPDWLRQ�FRQWDLQV�WKH�OLVW�RI�$XWRQRPRXV�6\VWHPV�WKDW�%*3�SDFNHW�WUDYHUVHV��8VLQJ�WKLV�LQIRUPDWLRQ��D�JUDSK�RI�$6�
FRQQHFWLYLW\�LV�FRQVWUXFWHG�E\�ZKLFK�URXWLQJ�GHFLVLRQV�FDQ�EH�PDGH�DFFRUGLQJ�WR�GLVWDQFH�YHFWRU�DOJRULWKP���
�
�
Network Model  
 

,Q�RUGHU�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�WKH�URXWLQJ�SURWRFROV��D�QHWZRUN�PRGHO�LV�GHYHORSHG�RQ�WRS�RI�WKH�'(96�
6XLWH�6LPXODWLRQ�9LHZHU��'HYHORSHG�VLPXODWRU�KDV�D�KLHUDUFKLFDO�DQG�PRGXODU�GHVLJQ�LQKHULWHG�IURP�XQGHUO\LQJ�'(96�
PRGHOLQJ� IRUPDOLVP��%HLQJ�DQ�REMHFW�RULHQWHG� LPSOHPHQWDWLRQ�RI� WKH�'(96�IRUPDOLVP��'(96�6XLWH�KDV�D�KLJK� OHYHO�
XVHU� LQWHUIDFH� WKDW� LV� EXLOW� DV� RI� -DYD� .LP�� 6DUMRXJKLDQ� DQG� (ODPYD]KXWKL� �������� +LHUDUFKLFDO� VWUXFWXUH� RI� WKH�
GHYHORSHG�VLPXODWRU�LV�GLYLGHG�LQWR�WKUHH�OHYHOV��7KHVH�DUH�QHWZRUN�DSSOLFDWLRQ�OHYHO��QRGH�OHYHO�DQG�HYHQW�SURFHVV�OHYHO���
�
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�
)LJXUH����5,3�'(96�QHWZRUN�PRGHO�LQ�'(96�6XLWH�VLPXODWLRQ�YLHZHU��
�
�

7KH�QHWZRUN�PRGHOV�DUH�JHQHUDOL]HG�WR�PRGHO�D�ZLGH�UDQJH�RI�QHWZRUN�WHFKQRORJLHV�LQ�D�VLQJOH�PRGHO��)LUVW�RI�
DOO��GHYLFHV�EHORQJLQJ� WR� WKH� ILUVW� OD\HU�RI� VHYHQ�VHJPHQW�26,� OD\HUV�DUH�PRGHOHG��7KHVH�KDUGZDUH�GHYLFHV�DUH� OLQNV��
TXHXHV�� QHWZRUN� LQWHUIDFH� FDUGV� �1,&�� DQG� WKH� QRGHV�� '(96� IRUPDOLVP� DQG� LWV� DVVRFLDWHG� WRROV� DUH� VHOHFWHG� IRU�
PRGHOLQJ�VXFK�D�GLVWULEXWHG�V\VWHP�VLQFH�'(96�HQDEOHV�WKH�PRGHOHU�WR�VSHFLI\�V\VWHPV�LQ�V\VWHP�WKHRUHWLF�PDQQHU�DQG�
\LHOGV�KLHUDUFKLFDO�DQG�PRGXODU�GHYHORSPHQWV��IDFLOLWDWLQJ�WR�PRGHO�GLVWULEXWHG�V\VWHPV�ZLWK�LQWHOOLJHQW�FRPSRQHQWV�DQG�
RYHUFRPH� WKH� FRPSOH[LW\��'(96� GHILQLWLRQV� RI� WKH� QHWZRUN�PRGHO� FDQ� EH� IRXQG� LQ� �=HQJLQ�� ������ DQG� =HQJLQ� DQG�
6DUMRXJKLDQ����������

1RGH� OHYHO� LV� DQ� LQWHUQDO� LQIUDVWUXFWXUH� RI� WKH� QHWZRUN� OHYHO� DXWRQRPRXV� V\VWHP�� 6LQFH� D� W\SLFDO� QHWZRUNHG�
V\VWHP�FDQ�RQO\�EH�FKDUDFWHUL]HG�DV�QRGHV�DQG�OLQNV�� LW� LV�VWDUWHG�WR�GHYHORS�QHWZRUN�PRGHO�E\�VSHFLI\LQJ�WKHVH�EDVLF�
FRPSRQHQWV� XVLQJ� SDUDOOHO� '(96� DWRPLF� PRGHO�� 7KDQNV� WR� '(96� FRPSRQHQW� VWUXFWXUH� IOH[LELOLW\�� D� QRGH� FDQ� EH�
URXWHUV��ZRUNVWDWLRQV��VDWHOOLWH�DQG�VR�RQ��

3URFHVV�OHYHO�DUH�XVHG�WR�VSHFLI\�WKH�DWWULEXWH�RI�WKH�QRGH�PRGHO�E\�XVLQJ�'(96�PRGHO�VSHFLILFDWLRQV�DQG�VRXUFH�
FRGH�-DYD�ZKLFK�LV� LQVLGH�WKH�QRGH�PRGHOV��)LJXUH���GHSLFWV�D�QRGH¶V�VWDWH�FKDUW� LQ�ZKLFK�VWDWHV�DUH�RQO\�FKDQFHG�YLD�
LQWHUQDO� DQG� H[WHUQDO� WUDQVLWLRQV��$V� VHHQ� LQ� WKH� ILJXUH�� D� QRGH¶V�263)� EHKDYLRU� LV� DEVWUDFWHG� WR� WHQ� VWDWHV� WR�PLPLF�
263)� EHKDYLRU�� )RU� H[DPSOH�� ZKHQ� D� QRGH� LV� LQ� ´LGOH´� VWDWH� LI� LW� UHFHLYHV� D� SDFNHW� DQG� LWV� TXHXH� LV� IXOO�� WKHQ� VWDWH�
FKDQJHV�WR�´FRQJHVWHG´���
�
�
Formalization of the RIP-DEVS model  
 

%HVLGHV� 263)� PRGHO� GHILQLWLRQ�� 5,3� SURWRFRO� LV� DOVR� DQDO\]HG� DQG� PRGHOHG� XVLQJ� 'LVFUHWH� (YHQW� 6\VWHP�
6SHFLILFDWLRQ�DQG�LPSOHPHQWHG�LQ�'(96�6XLWH�6LPXODWLRQ�9LHZHU��)LUVW�RI�DOO��DV�LQ�WKH�263)�FDVH�DERYH��ZKROH�5,3�
ORJLF�LV�VSOLW�LQWR�WKH�VXE�IXQFWLRQV�DQG�SURFHGXUHV��)ROORZLQJ�DUH�SKDVHV�WKURXJK�ZKLFK�FRPSOHWH�5,3�EHKDYLRU�FDQ�EH�
LPSOHPHQWHG���

�� 5RXWH� 5HTXHVW� 3KDVH�� ,Q� WKLV� SKDVH�� URXWHUV� SHULRGLFDOO\� DGYHUWLVH� WKHLU� GLVWDQFH� WR� WKH� GHVWLQDWLRQ� WR� WKHLU�
QHLJKERUV�VLPLODUO\�WR�KHOOR�SURWRFRO�LQ�WKH�263)�FDVH��$IWHU�LQLWLDOL]DWLRQ�SURFHVV��D�W\SLFDO�5,3�URXWHU�XVHV�
5HTXHVW�PHVVDJH� WR� JHW� QHLJKERU¶V� URXWLQJ� LQIRUPDWLRQ�� 2Q� UHFHLYLQJ� 5HTXHVW�� 5,3� URXWHU� IORRGV�5HVSRQVH�
PHVVDJHV�SHULRGLFDOO\���

�� 5RXWLQJ� 7DEOH� 8SGDWH� 3KDVH�� (YHU\� 5,3� URXWHU� PDLQWDLQV� D� URXWLQJ� WDEOH� WR� URXWH� WKH� GDWD� SDFNHWV�� ,Q� RXU�
URXWLQJ� WDEOH� LPSOHPHQWDWLRQ�� WKHUH� LV�RQO\�RQH� URXWLQJ�HQWU\� IRU�HDFK�GHVWLQDWLRQ��7KLV� LQIRUPDWLRQ� LQFOXGHV�
WKH� VKRUWHVW� SDWK� WR� WKH� GHVWLQDWLRQ�� QH[W� URXWHU� DORQJ� WKH� SDWK� WR� WKH� GHVWLQDWLRQ� DQG� WKH� FRVW� YDOXH�� 2Q�
UHFHLYLQJ� DQ� DGYHUWLVHPHQW� PHVVDJH�� WKH� URXWHU� HVWLPDWHV� ZKHWKHU� UHFHLYHG� URXWHV� FDQ� EH� XVHG� RU� QRW�� ,I�
UHFHLYHG�URXWHV�FRQWDLQ�QHZ�LQIRUPDWLRQ�RU�URXWHV��WKHQ�WKH�URXWHU�XSGDWHV�LWV�URXWLQJ�WDEOH��

�� )ORRGLQJ�3KDVH��:KHQHYHU�D�URXWHU�XSGDWHV�LWV�URXWLQJ�WDEOH��LW�JRHV�WKURXJK�WKH�DGYHUWLVLQJ�QHLJKERU�ZLWK�WKLV�
QHZO\�REWDLQHG�LQIRUPDWLRQ���

�� 0HVVDJH� )RUZDUGLQJ� 3KDVH�� :KHQ� D� QHZ� URXWH� LV� HVWDEOLVKHG�� D� URXWHU� FDQ� URXWH� RU� IRUZDUG� D� PHVVDJH�
FRQWDLQLQJ�WKLV�QHZ�LQIRUPDWLRQ�WR�LWV�QHLJKERUV���

�
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)LJXUH����)LQLWH�VWDWH�GLDJUDP�RI�D�QRGH�UXQQLQJ�263)�SURWRFRO���
�
�
Simulation Experiments  
 

,Q� WKLV� SDSHU�� D� QHWZRUN� VLPXODWRU� RQ� WKH� '(96�6XLWH� 6LPXODWLRQ�9LHZHU� KDV� EHHQ� GHYHORSHG� DQG� XVHG� DV� D�
SURWRFRO�HYDOXDWLRQ�IUDPHZRUN��'(96�6XLWH�LV�D�VLPXODWRU�EXLOW�RQ�WRS�RI�GLVFUHWH�HYHQW�V\VWHPV�VSHFLILFDWLRQ��'(96��
IRUPDOLVP�DQG� LW� VLPXODWHV� WKH� V\VWHP�EHKDYLRU� E\�PRGHOLQJ� HDFK� HYHQW� LQ� WKH� V\VWHP� DQG�SURFHVVHV� LW� WKURXJK�XVHU�
GHILQHG�SURFHVVHV�.LP��6DUMRXJKLDQ�DQG�(ODPYD]KXWKL���������,Q�RUGHU�WR�LQYHVWLJDWH�SHUIRUPDQFH�RI�WKH�VLPXODWRU�LQ�
ODUJH�VFDOH�PRGHOV�DQG�WKH�,QWHUQHW��D�VHULHV�RI�VLPXODWLRQ�H[SHULPHQWV�DUH�GRQH�XVLQJ�5,3�DQG�263)�DV�ZHOO�DV�WKH�%*3�
PRGHOV�DV�GHVFULEHG�LQ�SUHYLRXV�VHFWLRQV��([SHULPHQWV�DUH�FRQGXFWHG�LQ�&RUH�'XR�PDFKLQH�UXQQLQJ�DW����*+]�ZLWK���
*%5$0� DQG� 8EXQWX� ������ELW� RSHUDWLQJ� V\VWHP�� /DUJH�VFDOH� '(96� FRXSOHG� PRGHOV� XS� WR� WKRXVDQGV� QRGHV� DUH�
JHQHUDWHG�XVLQJ�LQWHJUDWHG�%5,7(�WRSRORJ\�JHQHUDWRU�DQG�WKHQ�PHDVXUHG�DQG�UHSRUWHG�WKH�VLPXODWRU�RXWFRPHV��,Q�WKH�
IROORZLQJ� WDEOH�DQG�JUDSKV�� WKHVH� UHVXOWV�DUH�JLYHQ� LQ�GHWDLO� WR� VKRZ�GHYHORSHG�PRGHOV� DQG�VLPXODWRU¶V�SHUIRUPDQFH��
2YHU�WHQ�WKRXVDQGV�QRGHV��-DYD�9LUWXDO�PDFKLQH�LV�UHSRUWHG�RXW�RI�PHPRU\�HUURU�IRU�263)�'(96�VLPXODWRU��ZKLOH�RYHU�
DSSUR[LPDWHO\� QLQH� WKRXVDQGV� QRGHV�� 5,3�'(96�PRGHO� UHSRUWV� WKH� VDPH�PHVVDJH�� &RQVHTXHQWO\�� H[SHULPHQWV� ZHUH�
GRQH�ZLWKLQ�WKHVH�VFDOHV���

�
�
�

Table 1��&RPSDULVRQ�RI�263)�DQG�5,3�SURWRFROV�VFDODELOLW\�FKDUDFWHULVWLFV�
�
1XPEHU�
RI�QRGHV�

1XPEHU�
RI�$6�

1XPEHU�
RI�QRGHV�
SHU�$6�

/RJLFDO�
FRQYHUJHQFH�
WLPH��VWHSV��

(IILFLHQF\����� $YHUDJH� $YHUDJH� 6LPXODWLRQ�

WKURXJKSXW� WXUQDURXQG� ORJLFDO�

�.ESV�� WLPH��VHF�� WLPH��VWHSV��
263)� 5,3� 263)� 5,3� 263)� 5,3� 263)� 5,3� 263)� 5,3�

��� �� ��� ��� ��� �������� ���� ����� ����� ������ ������ ����� �����
��� �� ��� ���� ��� �������� ���� ����� ����� ������ ������ ����� �����
��� �� ��� ���� ���� �������� ���� ����� ����� ������ ������ ����� �����
��� �� ��� ���� ���� ������� ����� ����� ����� ����� ������ ����� �����
��� �� ��� ���� ���� �������� ���� ����� ����� ������� ������ ����� �����
��� �� ��� ���� ���� ������� ����� ����� ����� ����� ����� ����� �����
���� �� ���� ���� ���� ������� ����� ����� ����� ����� ������ ����� �����
���� �� ��� ���� ���� ������� ����� ����� ����� ������ ������ ����� �����
���� ��� ��� ���� ���� �������� ���� ����� ����� ������� ������ ����� �����
���� �� ��� ���� ���� ������� ����� ����� ����� ������ ������ ����� �����
���� ��� ��� ���� ���� ������� ����� ����� ����� ������ ������ ����� �����
���� �� ��� ���� ���� ������� ����� ����� ����� ������ ������ ����� �����
���� ��� ��� ���� ���� ������� ����� ����� ����� ����� ������ ����� �����

 

startup 

congested 

subnetting 

�KHOOR "�KHOOR�/6$�DQG�GDWD� LI�TXHXH�KDV�
HQRXJK�VSDFH�

"�KHOOR�/6$�DQG�GDWD� 

LI�TXHXH�LV�IXOO�

LI�TXHXH�LV�HPSW\�

LI�TXHXH�LV�HPSW\�

LI�TXHXH�LV�HPSW\�

idle 

flooding 

LI�TXHXH�LV�HPSW\�

�SDFNHW 

�SDFNHW 

�/6$ 

�/6$ 

�KHOOR 

queuing 

LI��/6$�LV�QHZ 
�/6$ 

new LSA 
added 

"SDFNHW 

"SDFNHW 

getting 
route 

"SDFNHW 

"SDFNHW "SDFNHW 

LI��SDFNHW�LV�
GLVFDUGHG 

�SDFNHW 

LI�SDFNHW�
GHVWLQDWLRQ�LV�QRW�
HTXDO�WR�DGGUHVV 

�SDFNHW 
LI�SDFNHW�
GHVWLQDWLRQ�LV�
HTXDO�WR�DGGUHVV 

LI��/6$�LV�QHZ 
�/6$ 

�SDFNHW 

LI�SDFNHW�
GHVWLQDWLRQ�LV�QRW�
HTXDO�WR�DGGUHVV 

�SDFNHW 
LI�SDFNHW�
GHVWLQDWLRQ�LV�
HTXDO�WR�DGGUHVV 

LI�TXHXH�LV�QRW�HPSW\�
�KHOOR 

�KHOOR 

�/6$ 

LI�TXHXH�LV�HPSW\�

LI�TXHXH�LV�QRW�HPSW\�

�/6$ 
�KHOOR 

LI�TXHXH�LV�QRW�HPSW\�

�SDFNHW LI�TXHXH�LV�QRW�HPSW\��SDFNHW LI�TXHXH�LV�QRW�HPSW\�

�SDFNHW 
LI�SDFNHW�GHVWLQDWLRQ�LV�HTXDO�WR�DGGUHVV 

LI�SDFNHW�GHVWLQDWLRQ�LV�QRW�HTXDO�WR�DGGUHVV 

International Science and Technology Conference, Dubai, 13-15 December 2012

837



ISTEC 20
12

���� �� ��� ���� ���� ������� ����� ����� ����� ������ ������ ����� �����
���� �� ���� ����� ���� ������� ����� ����� ����� ������ ����� ����� �����
���� ��� ��� ���� ���� ������ ��� ����� ����� ����� ������ ����� �����
���� ��� ��� ���� ���� �������� ����� ����� ����� ������� ������ ����� �����
���� ��� ��� ����� ���� ������� ����� ����� ����� ������ ������ ����� �����
����� ��� ���� ����� ���� ������� ��� ����� ����� ������ ������ ����� �����
����� ��� ��� ���� ���� ������� ����� ����� ����� ������ ������ ����� �����
����� ���� ��� ���� ���� �������� ����� ����� ����� ������� ������ ����� �����
����� ���� ��� ����� ���� ������� ����� ����� ����� ������ ������ ����� �����
����� ��� ��� ����� ���� ������� ����� ����� ����� ������ ������ ����� �����
����� ���� ��� ����� ���� ������� ����� ����� ����� ������� ������ ����� �����
����� ��� ��� ���� ���� ������� ����� ����� ����� ������ ������ ����� �����
����� ���� ��� ����� ���� ������ ����� ����� ����� ������� ������ ����� �����
����� ��� ��� ���� ���� ������� ����� ����� ����� ������ ������ ����� �����
����� ��� ���� ����� ����� ������� ��� ����� ����� ������ ������ ����� �����
����� ���� ��� ����� ���� �������� ����� ����� ����� ������� ����� ����� �����
����� ���� ��� ���� ���� ����� ���� ����� ����� ������ ������ ����� �����
����� ���� ��� �� ���� �� ����� �� ����� �� ������ �� �����
����� ���� ��� �� ����� �� ����� �� ����� �� ������ �� �����
������ ���� ���� ����� �� ������� �� ���� �� ������� �� ����� ��

 
Conclusion and Future Work 
  

7KH�FRPSDUDWLYH�DQDO\VLV�KDV�EHHQ�GRQH�LQ�WKH�VDPH�QHWZRUN�FRQILJXUDWLRQV�ZLWK�GLIIHUHQW�SURWRFROV�IRU�UHDO�WLPH�
DSSOLFDWLRQV��3HUIRUPDQFH�KDV�EHHQ�PHDVXUHG�RQ� WKH�EDVLV�RI�VRPH�SDUDPHWHUV� WKDW�DLPHG� WR�ILJXUH�RXW� WKH�HIIHFWV�RI�
VFDODELOLW\� RQ� URXWLQJ� SURWRFROV�� 1HWZRUN� VFDODELOLW\� FDQ� EH� HQKDQFHG� E\� UHGXFLQJ� QHWZRUN� FRQYHUJHQFH� WLPH� DQG�
GHFUHDVLQJ�RYHUKHDG�RI�WKH�URXWHUV��,Q�RXU�SDSHU��LPSOHPHQWDWLRQ�RI�5,3�VKRZV�WKDW�QHWZRUN�FRQYHUJHQFH�WLPH�LV�PXFK�
IDVWHU� WKDQ� 263)� QHWZRUNV� EHFDXVH� 5,3� QHWZRUN� OHDUQV� WKH� WRSRORJ\� LQIRUPDWLRQ� DQG� XSGDWHV� IDVWHU� WKDQ� 263)��
+RZHYHU��5,3¶V�HIILFLHQF\�LV�VLJQLILFDQWO\�ORZ�LQ�ODUJHU�QHWZRUNV��,Q�WKH�FRQWH[W�RI�HIILFLHQF\��ZH�IRXQG�WKDW�HIILFLHQF\�
LQ�WKH�5,3�QHWZRUN�LV�OHVV�WKDQ�263)��,Q�FRPSDULVRQ��WKH�VLPXODWLRQ�UHVXOWV�KDYH�VKRZQ�WKDW�WKH�WKURXJKSXW�LQ�WKH�263)�
QHWZRUN� LV� KLJKHU� WKDQ� 5,3� QHWZRUNV�� 7KH� VLPXODWLRQ� UHVXOWV� KDYH� VKRZQ� WKDW� HQG� WR� HQG� GHOD\� RI� 5,3� QHWZRUN� LV�
UHODWLYHO\� OHVV� WKDQ�263)�QHWZRUNV��$V�D� UHVXOW��GDWD�SDFNHWV� LQ�5,3�QHWZRUN�UHDFK� IDVWHU� WR� WKH�GHVWLQDWLRQ��$QRWKHU�
SHUIRUPDQFH�PHWULFV�IRU�URXWLQJ�SURWRFRO�HYDOXDWLRQ�LV�SDFNHW�GHOD\�YDULDWLRQ��ZKLFK�PHDVXUHV�WKH�GLIIHUHQFHV�EHWZHHQ�
WKH�GHOD\V�RI�SDFNHWV��7KH�SHUIRUPDQFH�RI�SDFNHW�GHOD\�YDULDWLRQ�IRU�5,3�LV�EHWWHU�WKDQ�263)�IRU�ODUJH�VFDOH�QHWZRUNV��
,Q�VPDOO�QHWZRUNV��WKHVH�YDOXHV�DUH�DOPRVW�VDPH���

&RQVHTXHQWO\��LQ�WKLV�ZRUN��WKH�FRPSDUDWLYH�SHUIRUPDQFH�DPRQJ�5,3�DQG�263)�URXWLQJ�SURWRFROV�IRU�ODUJH�VFDOH�
DSSOLFDWLRQV� KDV� EHHQ� DQDO\]HG�� %\� FRPSDULQJ� WKHVH� SURWRFROV� SHUIRUPDQFHV�� ZH� KDYH� FRPH� DFURVV� WKDW� WKH�
LPSOHPHQWDWLRQ�RI�263)�URXWLQJ�SURWRFROV�LQ�WKH�QHWZRUN�SHUIRUPV�EHWWHU�WKDQ�5,3��L�H���263)�FDQ�VFDOH�XS�WR�������
QRGHV��ZKLOH�5,3�LV�DERXW��������,Q�IXWXUH��D�UHVHDUFK�ZRUN�FDQ�EH�GRQH�RQ�WKH�H[SOLFLW�IHDWXUHV�RI�ERWK�263)�DQG�5,3�
LQ�D�SDUDOOHO�DQG�GLVWULEXWHG�HQYLURQPHQW���
�
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Abstract: The aim of this study was modelling of formed operating capacity of Mersin Port 
depending on annual handling quantity. Being of model variables complex and inappreciable 
required that the system should be examined by fuzzy logic approach. When compared traditional 
approaches, fuzzy logic is the approach which impressively explains relationship between input 
and output variables. Fuzzy logic approach is based on definition of relationship between 
variables with formed fuzzy rule base by fuzzication of numeric values belonging to input and 
output variables and obtaining a crisp value by defuzzication of output value generated in the 
system. For this study, while input variables were annual loading and unloading quantities, output 
variable was capacity usage ratio of the port. Model is proposing a fuzzy relation between annual 
handling amount of port and formed port capacity, and describing variation of port capacity as 
proportional. Furthermore, the model maximizes effectiveness of port operating by planning of 
annual target handling amount for port considering formed capacity. 
 
Keywords: Fuzzy logic, port handling, Mersin port. 

 
 
Introduction 
 
 Regarding its geographic location, maritime should be the leading sector for Turkey in order to improve foreign 
trade, integrate with world economy and achieve other economic aims. World trade fleet is about 800 million of dead 
weight tons (DWT) and trade capacity of the fleet exceeds 300 billion dollars. However, when related data compared 
for Turkish maritime, the ratio is a negligible value, such as 1.5 %. 
 Ports are generally infrastructural facilities which are large scale and require great budgets. Effective utilization 
of port capacity is very important when primary target is recovery of financial resources spent at construction and 
operation stages as soon as possible. Rapid recovery is possible by effective utilization of capacity. It can be seen at the 
literature that simulation models are developed, oriented for rising of formed port capacity (White et al., 1994; Thiers 
and Janssens, 1998; Wang et al., 2004). Bruzzone and Signorile (1998) have examined planning of port operations, 
which are directly related with capacity, by genetic algorithms and simulation techniques in their study. Knatz (2006) 
have mentioned redevelopment process in case of being port capacity more or less than planned and developed plans 
applicable for Long Beach and Los Angeles Ports. Dekker et al. (2003) have shown a different approach and 
investigated financing sources for increasing capacity and their direct and indirect effects on society. Wang et al. (2004) 
have developed a different approach by analyzing of maritime and port operations using risk analysis and decision-
support system.  Studies are generally focused on directly increasing of capacity.  
 The developed fuzzy model have a prototype model characteristic due to emphasizing effective usage of formed 
capacity rather than increasing of port capacity. Furthermore, the model provides great advantages to achieve plannings 
and investments for targeted-operating capacity. 
 
 
Mersin Port 
 
 The Mersin Port of  is located at the east of Mediterranean region, 36º46’20’’ north latitudes and 36 º 39’00’’ 
east longitudes . After the economical decisions on 24 January 1980, the Mersin Port of got the feature of an ideal 
transit port between the world and Middle East as a result of improving of railway and highway lines. The Mersin Free 
Trade Zone, which holds a place inside of the Mersin Port, has the property of being a distribution center for expensive 
import products.   
 
  
 
Technical Properties and Capacity of The Mersin Port  
 
 The port is being surrounded by breakwaters, made up two different forms, to protect it from south and west 
winds. The distance between both breakwaters’ ends is 275 meters forming inlet and outlet gate. The breakwater at the 
west side is build up by rubble mound and has the length of 1 539 meters. The concrete breakwater at the east side has 
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the length of 2 933 meters. Besides, a submerged breakwater is available. There are 589 000 square meters open and 35 
032 square meters closed storage areas (Table 1). Container terminal is formed on an area of 251 350 square meters and 
its daily handling capacity is 8 474 TEU (Twenty-foot Equivalent Unit) as full and empty. Annual container storage 
capacity is 203 376 TEU.  
 

Table 1: Characterictics of the Mersin Port. 
 

Property Capacity (in a year) 
Ship acceptance capacity 3 273 ship 
Container loading/unloading capacity 4 427 000 tons 
Different commodity loading/unloading capacity 2 304 700 tons 
Bulk solid loading/unloading 350 600 tons 
Storage capacity in closed area  562 992 tons 
Storage capacity in open area  8 109 024 tons 

 
 
Overview of Fuzzy Logic 
 
 Zadeh (1965) has firstly suggested fuzzy logic concept and base lines of fuzzy logic are formed through 
developing this concept by many scientists (Patyra and Mlynek, 1996). The first fuzzy logic application has started with 
performing of fuzzy control of a steam engine by Mamdani in 1974. Especially, America and Japan have been achieved 
different fuzzy logic applications in many commercial and industrial areas (Kosko, 1996). After suggesting of fuzzy-set 
based fuzzy logic concept, diverse books have been gained to the literature, explaining the concepts of this area and 
different applications (Klir et al., 1995; Jang et al., 1996; Sugeno and Kank; 1988). Depending on the particular 
structure of the consequent proposition, three main types of fuzzy models are distinguished as: 

1. Linguistic fuzzy model (Zadeh, 1973; Mamdani, 1977) (Mamdani type) 
2. Fuzzy relation model (Pedryez, 1984; Yi and Chung, 1993) 
3. Takagi-Sugeno (TS) fuzzy model (Takagi and Sugeno, 1985) (Sugeno type) 

One of the great advantages of fuzzy logic in respect of statistical methods is that it does not need too many 
retroactive data. It doesn’t affected from extreme-high or extreme-low values in a small data set and can use logical-
linguistic terms. It is a fitting approach due to those reasons.   
 Forming of a fuzzy logic model consists of 4 steps: 

1. Fuzzification: Fuzzy subsets and numerical intervals are described belonging to input and output variables and 
linguistic terms related with study are assigned to fuzzy subsets. 

2. Rule definition: Logical rule network is formed between input and output variables. Rule base are generally 
formed with IF and THEN logical terms 

3. Aggregation: The rules are mathematically evaluated and the results of all of the rules combined in a process 
called aggregation. 

4. Defuzzification: The result of each rule is digitized by defuzzification mechanism regarding membership 
degree of input variables.       

 
 
Prototype Fuzzy Logic Model   
 

It was accepted in the model that the most effective input parameters were loading and unloading variables. Data 
interval of model consisted of performed loading and unloading amounts between 1963 and 2005 years. Data were 
firstly evaluated in monthly time interval, but more agreeable results were obtained from annual time interval. As seen 
in Table 2, standard deviation of data composing input variables are high especially for unloading variable. This 
situation, complicating analysis by time series (ARMA-ARIMA models)   decreases the reliability of developing model.  

 
Table 2: The statistical parameters of input and output data. 

 
Data  Average  Std. Dev. Skewness Max. Min. 
Loading (tons/year) 3 801 362 1 521 747 0,221892 6 622 193 1 376 750 
Unloading (tons/year) 5 638 882 2 075 793 0,434463 11 186 650 1 866 542 

 
The number, the form and over the full range of possible value of membership functions are usually formed by 

expert opinion and experience, statistical range and base logical grouping. The maximum and minimum values of 
variables in the model were obtained from digitizing of data between 1963 and 2005 years, taken form Turkish State 
Railways and Mersin Chamber of Shipping. Forming of membership functions were achieved by means of statistical 
scattering and expert opinion. Trapezoid shaped membership function was firstly tried, but gauss shaped membership 
function was determined as the best suitable type for model. The order of fuzzy linguistic term was very low, low, 
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medium, high and very high for input variables (loading and unloading amounts), while very bad, bad, medium, good 
and very good for output variables (capacity), consecutively.      

 Rule base of model was composed by loading and unloading data belonging to 1963 towards 2005 years 
and expert knowledge and experience. Complete rule base consisted of 125 rules. But only meaningful rules were 
determined to avoid too many rules complicating the model. Meanwhile, all rules had the degree of support of 1.0. So, 
all of the rules in the model contributed to the solution equally. Some part of the rule base, formed for model, was 
shown in Table 3. 

    
Table 3: Partial rule base of the model. 

 
Number of the rule If Degree of 

support 
Then 

Loading Unloading Capacity 
1 Very low Very low  1.0 Very bad  
2 Very low Low 1.0 Bad 
3 Low  Low  1.0 Bad  
4 Low  Medium  1.0 Medium 
5 Medium Medium  1.0 Medium  
6 Medium  High  1.0 Good  
7 High Low  1.0 Medium 
8 High High  1.0 Good 
9 Very high Low  1.0 Good  

10 Very high Very high  1.0 Very high 
 

 In this study, annual capacity of the port was consequently determined by individually analyzing of loading and 
unloading data. For instance, loading and unloading values belonging to 1981 year was analyzed by the model. The 
values of handled commodity amount of the port in 1981 year were given in Table 4.  
 

Table 4: Summary of the data sets used in the sample. 
 

Sample data (year)  Data  Amount (tons/year) 

1981 Loading  1 767 317 
Unloading  5 361 081 

 
CoA defuzzification mechanism was used in the developed fuzzy model. It was determined that 25 percentage of 

formed port capacity, regarding handling amount, was used in 1981 year. Data have triggered some rules of previously 
formed rule base related with their numerical values. Taking into consideration of data in sample, triggered rules in rule 
base and their degrees of support were given in Figure 4. Performed rules under their degree of support were 
defuzzicated and capacity usage ratio was found as 25% (crisp value). 
 Three-dimensioned view of the model regarding rule base defined for fuzzy model could be seen in Figure 5. 
Capacity usage ratio determined by fuzzy model, regarding loading and unloading values belonging to selected sample 
data set, could be also seen.     

 
 

Figure 1: 3D system analysis for fuzzy model 
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Results and Discussion 
 
 In fuzzy model, a data set of Mersin Port for 43 years was analyzed. As a result of analysis, it was determined 
that port capacity had a rising trend for both input parameters (Figure 2). Formed port capacity had dramatically fallen 
between 1975 and 1979 years. Moreover, port operations had closed to stop. The reason of that rapid fall was that 
Turkey had operated Cyprus Peace Operation in 1975 year and the operation showed secular and negative effect.  
Similarly, the port had showed a fall trend between 1990 and 1996 years. Despite the fact that loading capacity was 
about 65%, port had been operated at 50% of its formed capacity. That stationary period in port capacity resulted from 
Gulf Crisis in 1990 and Gulf War between Iraq and 28 allied counties, in leadership of United States of America, in 
1990-1991 years. Despite the fact that Turkey was not a member of allied forces, secular effects of war and 
consecutively laid embargoes had negatively affected economy and maritime trade of Turkey. The negative effects of 
the war lightened in following 5 years and, rising port investments and revision operations provided perfectly usage of 
formed capacity. 
     

Capacity versus Loading-Unloading

0

10

20

30

40

50

60

70

80

90

100

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

Years

%

Capacity
Loading
Unloading

 
 

Figure 2: Formed Capacity Usage  for 43 years in The Mersin Port 
 
Conclusion 
 
 In this study, a fuzzy model, which determines usage ratio of formed capacity of a port regarding its annual 
handling amount, has been developed. The fuzzy model has been applied to the handled commodity amount of the 
Mersin Port between 1963 and 2005 years and, formed capacity of the port was calculated in those years. The model 
has been developed on the basis that it would be revised when formed capacity would increase and would be adapted to 
any port operation. Furthermore, the model could determine the required handling amount, necessary for reaching to its 
planned capacity, in two ways: loading and unloading.   
 Only evaluating of rising loading and unloading amounts from year to year without formed capacity couldn’t 
mean that port has been used effectively. It is a necessity that a port should be operated with a model which also 
considers the formed capacity. From this aspect, effective usage of formed capacity of the Mersin Port hasn’t been 
achieved in past due to economical crisis and wars. The developed fuzzy model has great importance owing to the fact 
that it provides effective capacity usage by forming a true and trusted relation between formed capacity and annual 
handling amount in port operations.    
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ABSTRACT Visual Tracking Decomposition (VTD) is an object tracking technique that includes 
principle components of observation and motion models. In this paper we have utilized 4 
observation models (hue, saturation, and intensity) and 2 motion models (smooth and abrupt 
movements) for moving vehicle tracking in video sequences. Before initialized VTD algorithm, 
Gaussian Mixture Model (GMM) is employed for background extraction. The proposed tracking 
algorithm has been tested for challenging scenarios such as scale variation, different moving 
objects on the scene, obstacle by the other objects, and more than one moving vehicles in the 
frame. In the following Figures, results of the tracking algorithm are demonstrated for different 
cases: 

 
1- Vehicle blocked by tree - VTD method 

 
 

GMM and VTD method  

 
2 – Size changes on vehicle  

 
 

3 – Camera noise 

 
 
 

Keywords: Vehicle Tracking, Gaussian Mixture Model,Visual Tracking Decomposition. 
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JHoHUOLOLN�V�UHVLQL�NÕVDOWPDNWDGÕU���8]D\���������
� 0XKDVHEH� PHVOHN� PHQVXEX�� E�Q\HVLQGH� \HU� DOGÕ÷Õ� LúOHWPH\L�� UDNLSOHULQL� YH� oHYUHQLQ� GXUXPXQX�� IDDOL\HW�
J|VWHUHQ� GL÷HU� LúOHWPHOHULQ� \HU� DOGÕ÷Õ� oHYUH\L� YH� EX� oHYUHQLQ� úDUWODUÕQÕ� JOREDO� ELU� EDNÕú� DoÕVÕ\OD� LUGHOHPHOLGLU��
*OREDOOHúPH�� ELOJLQLQ� VD\ÕODUD� G|Q�ú�P��� G�]HQOH\LFL� YH� GHQHWOH\LFL� NXUXPODUÕQ� GD� LoLQGH� EXOXQGX÷X� LúOHWPH�
SD\GDúODUÕQÕQ�VD\ÕVÕQÕQ�KÕ]OD�DUWPDVÕ�PHVOHN�PHQVXEXQGDQ�EHNOHQWLOHUL�úHNLOOHQGLUPHNWHGLU��0HVOHN�PHQVXSODUÕ��VDGHFH�
E�Q\HVLQGH�\HU�DOGÕNODUÕ�LúOHWPHOHU�YH�GHYOHW�LoLQ�GH÷LO�NDPX�LoLQ�ILQDQVDO�YH�ILQDQVDO�ROPD\DQ�ELOJLOHU��UHWHELOPHOL�YH�
LOJLOLOHUH�VXQDELOPHOLGLU��%X�EHNOHQWLOHU�GDKD�ID]OD�KHVDS�VRUXPOXOX÷XQX�YH�EX�GD�VRQXo�RODUDN�W�P�WRSOXPODUGD�QLWHOLNOL�
PXKDVHEH�PHVOHN�PHQVXSODUÕQD�RODQ�WDOHEL�DUWWÕUPDNWDGÕU���,QWHUQDWLRQDO�$FFRXQWLQJ�(GXFDWLRQ�6WDQGDUWV�������������
�
���0XKDVHEH�(÷LWLPL�
�
� 0XKDVHEH� H÷LWLPL�� J�Q�P�]GH� WLFDUL� LúOHWPHOHULQ� ILQDQVDO� YH� ILQDQVDO� ROPD\DQ� LúOHPOHULQH� DLW� EHOJHOHULQLQ�
WRSODQPDVÕ��ND\GHGLOPHVL��VÕQÕIODQGÕUÕOPDVÕ��|]HWOHQPHVL�YH�LOJLOLOHUH�UDSRU�KDOLQGH�VXQXOPDVÕQÕ�� ��UHWLP�PDOL\HWOHULQLQ�
EHOLUOHQPHVL�YH�JHOHFH÷LQ�SODQODQPDVÕQÕ�VD÷OD\DFDN�WHRULN�YH�SUDWLN�H÷LWLP�YHUPH\L�JHUHNWLUPHNWHGLU��%DúND�ELU�LIDGH�LOH�
PXKDVHEH� H÷LWLPL� YH� PHVOH÷L� LúOHWPH� IDDOL\HWOHULQLQ� LúOHWPH� oHYUHVLQGH� PH\GDQD� JHOHQ� GH÷LúPHOHUL� PXKDVHEH� ELOJL�
VLVWHPLQH� HNVLNVL]�� GR÷UX�� ]DPDQÕQGD�� NDUúÕODúWÕUÕODELOLU� YH� WXWDUOÕ� RODUDN� ND\GHGLOPHVLQL� JHUHNWLUPHNWHGLU��*HOLúPHOHU�
ÕúÕ÷ÕQGD�PXKDVHEH�H÷LWLPL�YH�PHVOH÷L�HNRQRPLN��WHNQRORMLN��KXNXN�YE��GH÷LúLP�YH�JHOLúPHOHUH�X\XP�VD÷ODPDNWDGÕU��
� 0XKDVHEH�H÷LWLPL�VD\HVLQGH�|÷UHQFLOHU��HNRQRPLN�YH�VRV\DO�ROD\ODUÕQ� LúOHWPH�YH��]HULQGHNL�HWNLOHULQL�V�UHNOL�
J|]� |Q�QGH� EXOXQGXUPDODUÕQÕ�� JHoPLú� SHUIRUPDQVÕQ� GH÷HUOHQGLULOPHVL�� JHOHFH÷H� LOLúNLQ� SODQODUÕQÕQ� \DSÕOPDVÕQGD�
\DUGÕPFÕ�RODFDN�ELOJL�ELULNLPLQL�ND]DQÕU��0XKDVHEH�PHVOH÷L�YH�H÷LWLPL�EX�ER\XWODUÕ�LOH�V�UHNOL�|÷UHQPH�WDEDQOÕ��UHNDEHW�
ER\XWX� LOH� KÕ]OÕ� G�ú�QPH� YH� KDUHNHW� HGHELOPH�� \DVDO� ER\XWX� LOH� LúOHPOHULQ� KXNXNL� ER\XWODUÕQÕQ� J|]� |Q�QGH�
EXOXQGXUXOPDVÕQÕ�JHUHNWLUPHNWHGLU��%X�GXUXP�D\QÕ�]DPDQGD�VWUHV�YH�]DPDQ�\|QWHPLQL�GH�LoHUPHNWHGLU���
� 0XKDVHEH�LúOHPOHUL��PXKDVHEHQLQ�WHPHO�NDYUDPODUÕ��JHQHO�NDEXO�J|UP�ú�PXKDVHEH�LONH�YH�VWDQGDUWODUÕ�YH�PDOL�
WDEOR�G�]HQOHPH�LONHOHUL�YE��PXKDVHEH�PHY]XDWÕQÕQ�\DQÕQGD�PHVOHN�NDQXQODUÕ��YHUJL�NDQXQODUÕ��WLFDUHW��VHUPD\H�SL\DVDVÕ�
NDQXQX� YH� WHNQRORMLN� JHOLúPHOHUGHQ� HWNLOHQPHNWHGLU�� %X� GXUXPGD� PXKDVHEH� H÷LWLPLQGH� PXOWLGLVLSOLQHU� ELU� H÷LWLP�
DQOD\ÕúÕQÕQ�EHQLPVHQPHVLQL�]RUXQOX�NÕOPDNWDGÕU��$NVL� WDNGLUGH�HWNLQ�YH�YHULPOL�ELU�PXKDVHEH�H÷LWLPLQGHQ�V|]�HWPHN�
P�PN�Q�ROPD\DFDNWÕU��
��
����0XKDVHEH�(÷LWLPLQLQ�7DULKoHVL�
�
� *�Q�P�]GH�|]HOOLNOH�XOXVODUDUDVÕ�VWDQGDUWODUD�VDKLS�ELU�PXKDVHEH�H÷LWLPL�oHUoHYHVL�PHYFXW�GH÷LOGLU��hONHOHULQ�
PXKDVHEH�VLVWHPOHULQL�ROXúWXUDQ�ELUH\OHULQ�VDKLS�ROGX÷X�PXKDVHEH�H÷LWLP�G�]H\L�YH�NDOLWHVL�ELU��ONHGHQ�GL÷HULQH�J|UH�
IDUNOÕOÕN� J|VWHUPHNWHGLU��*HOLúPHNWH� RODQ� ELUoRN� �ONHGHNL�PHYFXW�PXKDVHEH� VLVWHPL� LOH�PXKDVHEH� H÷LWLP� VLVWHPL�� EX�
�ONHOHULQ� \DNÕQ� HNRQRPLN� YH� VL\DVDO� LOLúNLGH� EXOXQGX÷X� YH\D� JHoPLúWH� V|P�UJHVL� ROGX÷X� JHOLúPLú� �ONHOHUGHNL�
VLVWHPOHUGHQ� |QHPOL� |Oo�GH� HWNLOHQPLúWLU�� *HOLúPHNWH� RODQ� ELU� �ONH� RODQ� 7�UNL\H¶GH� GH� PXKDVHEH� H÷LWLPL� GR÷UXGDQ�
KHUKDQJL� ELU� �ONHGHQ� WUDQVIHU� HGLOPHPLú� ROPDNOD� EHUDEHU�� &XPKXUL\HW¶LQ� LODQÕQD� NDGDU� )UDQVD� HNRO��� &XPKXUL\HW¶LQ�
LODQÕQGDQ� ����¶ODUD� NDGDU� $OPDQ� HNRO�� YH� ����¶ODUGDQ� EXJ�QOHUH� NDGDU� YH� KDOHQ� $PHULND¶GDQ� HWNLOHQGL÷L�
J|U�OPHNWHGLU��d�U�N���������
� 7�UNL\H¶GH� LON� PXKDVHEH� H÷LWLPL� ����� \ÕOÕQGD� NXUXOPXú� RODQ� ³0HNWHE�L� 0�ONL\H\L� ùDKDQH´� RNXOXQGD�
EDúODPÕúWÕU��(Q� JHQLú�PXKDVHEH� H÷LWLPL� LVH������\ÕOÕQGD� NXUXODQ� ³+DPLGL\H�<�NVHN�7LFDUHW�0HNWHEL´QGH�YHULOPLúWLU�
�g]GR÷DQ���������&XPKXUL\HW�G|QHPLQGH� LON�DúDPDGD��QLYHUVLWHOHUGH�PXKDVHEH�H÷LWLPL�YHUHQ�N�UV�OHU�ROXúWXUXOPXú��
����¶OÕ�\ÕOODUÕQ�EDúODUÕQGDQ�LWLEDUHQ�GH�EX�H÷LWLPL�YHUHQ�RNXOODUÕQ�VD\ÕVÕ�KÕ]OD�DUWPÕúWÕU��%H\D]ÕWOÕ���������
�
����0XKDVHEH�(÷LWLPLQLQ�(WNLQOL÷L�YH�<HWHUOLOL÷L�
�
� '�Q\DGD�\�NVHN�|÷UHWLP�NXUXPODUÕQGD�YHULOHQ�PXKDVHEH�SURJUDPODUÕQÕ�DNUHGLWH�HGHQ�ED÷ÕPVÕ]�ELU�NXUXP�RODQ�
$PHULNDQ� øúOHWPH� )DN�OWHOHUL� %LUOL÷L� $NUHGLWDV\RQ� .RQVH\L� �$FFUHGLWDWLRQ� &RXQFLO� RI� WKH� $PHULFDQ� $VVHPEO\� RI�
&ROOHJLDWH�6FKRROV�RI�%XVLQHVV��$$&6%���\�NVHN�|÷UHWLP�NXUXPODUÕQGD�ELUH\OHULQ�ND]DQGÕNODUÕ�ELOJL�YH�EHFHULOHU�RODUDN�
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LIDGH�HGLOHELOHFHN�oÕNWÕQÕQ��UHWLOGL÷L�H÷LWLP�VLVWHPLQLQ�WHPHO�RODUDN��|÷UHQFLOHU��|÷UHWLP�HOHPDQODUÕ��ILQDQVDO�ND\QDNODU��
H÷LWLP�SURJUDPODUÕ�YH�IL]LNL�DOW\DSÕ�WDUDIÕQGDQ�HWNLOHQGL÷LQL�EHOLUOHPLú�YH�DNUHGLWDV\RQ�VWDQGDUWODUÕQÕ�EX�NULWHUOHUH�J|UH�
ROXúWXUPXúWXU��dHOLN�	�*�UGDO���������
� (÷LWLPLQ� HWNLQOL÷L� LOH� LOJLOL� \DSÕODQ� oDOÕúPDODUGDNL� EDNÕú� DoÕODUÕQÕQ� ELUELULQGHQ� IDUNOÕOÕN� J|VWHUGL÷L�
J|U�OPHNWHGLU�� dDOÕúPDODUGD� NXOODQÕODQ� JLUGLOHU�� H÷LWLP� KDUFDPDODUÕQGDQ�� |÷UHQFLOHULQ� VRV\R�HNRQRPLN� ELOJLOHULQH��
|÷UHWLP�HOHPDQÕ�PDDúODUÕQGDQ��VÕQÕI�E�\�NO�NOHULQH�NDGDU�JHQLú�ELU�\HOSD]HGH�\HU�DOÕUNHQ�oÕNWÕODU�GD�D\QÕ�úHNLOGH�E�\�N�
IDUNOÕOÕN�J|VWHUPLúWLU��dDOÕúPDODUGD�NXOODQÕODQ�GH÷LúNHQOHU�YH�NXOODQÕODQ�\|QWHPOHULQ�GH�D\QÕ�úHNLOGH�IDUNOÕOÕN�J|VWHUGL÷L�
J|U�OPHNWHGLU�� dDOÕúPDODUGDNL� \DNODúÕPODU�� �QLYHUVLWH�� E|O�P� YH� ELUH\VHO� RODUDN� |÷UHQFLOHU� ED]ÕQGD�
JUXSODQGÕUÕODELOPHNWHGLU��%D\D]ÕWOÕ�	�dHOLN���������
� 0XKDVHEH� H÷LWLPL� LOH� LOJLOL� OLWHUDW�UH� EDNÕOGÕ÷ÕQGD� $GOHU� ������¶LQ�� PXKDVHEH� H÷LWLPLQLQ� JHOLúWLULOPHVLQH�
\|QHOLN�|QHULOHUGH�EXOXQGX÷X�J|U�OPHNWHGLU��%X�oDOÕúPDGD�HWNLQ�|÷UHWPH�YH�|÷UHQPH\H�\|QHOLN�H÷LWLP�NRQXODUÕQGDNL�
LKWL\DoODUD� |QHP� YHULOPHVL� JHUHNWL÷L� EHOLUWLOPLúWLU�� (÷LWLPFLOHULQ�� WRSOXPXQ� JHOLúPHVLQH� NDWNÕ� VD÷OD\DELOHFHN�� JHUHNOL�
X\XP� VD÷OD\DELOPH� \HWHQH÷LQH� VDKLS� YH� ³QDVÕO� |÷UHQLOPHVL� JHUHNWL÷LQL� |÷UHQPLú´� PH]XQODU� \HWLúWLUPHVL� JHUHNWL÷LQL�
YXUJXOD\DQ�.HOO\�YH�GL÷HUOHUL���������P�IUHGDW��]HULQGH�E�W�QVHO�ELU�\DNODúÕP�RUWD\D�NR\PXúODUGÕU��
� :LMHZDUGHQD� YH� &RRUD\� �������� \DSWÕNODUÕ� oDOÕúPDGD� �ONHOHULQ� PXKDVHEH� H÷LWLPLQL� NDUúÕODúWÕUPÕú��
$YXVWUDO\D¶GD� ILQDQVDO� PXKDVHEH� H÷LWLPL� �]HULQH� D÷ÕUOÕN� YHULOLUNHQ�� -DSRQ\D¶GDNL� H÷LWLPGH� \|QHWLP� PXKDVHEHVLQH�
D÷ÕUOÕN�YHULOGL÷L�VRQXFXQD�XODúPÕúWÕU���
� 6WRORZ\� YH�7HQHQKDXV� ������¶H� J|UH� XOXVODUDUDVÕ�PXKDVHEH� H÷LWLPLQH� LOLúNLQ� IDUNOÕ� \DNODúÕPODU� LQFHOHQHUHN��
$YUXSD� �ONHOHUL� oHUoHYHVLQGH� GH÷HUOHQGLULOPLúWLU��hONHOHU� DUDVÕQGDNL� IDUNOÕOÕNODUÕQ� YH� oRN� XOXVOX� úLUNHWOHULQ�PXKDVHEH�
ER\XWODUÕQÕQ�GLNNDWH�DOÕQDUDN�PXKDVHEH�H÷LWLPLQGH�NXOODQÕOPDVÕQÕQ�HWNLOL�RODFD÷Õ�\|Q�QGH�VRQXoODUD�XODúÕOPÕúWÕU���
� %HDWWLH� YH� GL÷HUOHUL� ������¶H� J|UH� ILQDQVDO� PXKDVHEH� H÷LWLPLQLQ� JHOLúWLULOPHVL� DPDFÕ\OD� \DSÕODQ� ED]Õ�
oDOÕúPDODUGD�LVH�VD÷ODQDQ�J|UVHO�ELOJLOHULQ�PHWLQVHO�ELOJLOHUGHQ�H÷LWLPVHO�ID\GDODUÕ�EDNÕPÕQGDQ�GDKD�KÕ]OÕ�VRQXo�YHUGL÷L�
RUWD\D�oÕNPÕúWÕU��
�
���.DUL\HU�.DYUDPÕ�
�
� .DUL\HU��ELUH\LQ� Lú� \DúDQWÕVÕQGDNL�DNWLYLWH�� VRUXPOXOXN�� WXWXP�YH�GDYUDQÕúODUÕQ�JHOLúLPL�RODUDN� WDQÕPODQDQ�ELU�
NDYUDPGÕU�� øQVDQ� oDOÕúPD� \DúDPÕQD� EDúODGÕ÷Õ� J�QGHQ� LWLEDUHQ� EHOLUOL� ED]Õ� JHUHNVLQLPOHULQL� NDUúÕODPDN� LoLQ� LúLQGH�
LOHUOHPHN�YH�KL\HUDUúLN�\DSÕGD�\�NVHOPHN�LVWHU��)L]\RORMLN��J�YHQOLN��VRV\DO�DoÕGDQ�GR\XP��WRSOXP�LoLQGH�VD\JÕ�J|UPH�
JHUHNVLQLPL� YH� VRQ� RODUDN� ELUH\LQ� NHQGL� LVWHNOHULQL� JHUoHNOHúWLUPHN� LVWHPHVL� NDUL\HU� \DSPD� ROJXVXQXQ� HQ� WHPHO�
QHGHQOHULGLU��7DúoÕ���������.DUL\HU��NLúLQLQ�Lú�\DúDPÕ�ER\XQFD�HGLQGL÷L�LúH�LOLúNLQ�GHQH\LP�YH�HWNLQOLNOHUOH�LOJLOL�RODUDN�
DOJÕODGÕ÷Õ�WXWXP�YH�GDYUDQÕúODU�GL]LVL��ELU�LQVDQÕQ�oDOÕúDELOHFH÷L�VHQHOHU�ER\XQFD�KHUKDQJL�ELU�Lú�DODQÕQGD�GHYDPOÕ�RODUDN�
LOHUOHPHVL�� GHQH\LP� YH� \HWHQHN� ND]DQPDVÕGÕU� �'HPLUWDú� YH� *�QHú�� ������� *�Q�P�]� PRGHUQ� \|QHWLP� DQOD\ÕúÕQGD�
LúOHWPHOHULQ� LQVDQ� ND\QDNODUÕQGDQ� \DUDUODQDELOPHOHUL� LoLQ� NDUL\HU� JHOLúWLUPH� SURJUDPODUÕQD� \HU� YHUPHOHUL�� JHUHN�
RUJDQL]DV\RQHO�HWNLQOLN��JHUHNVH�oDOÕúDQÕQ�Lú�WDWPLQLQLQ�VD÷ODQPDVÕ�DoÕVÕQGDQ�ROGXNoD�E�\�N�|QHP�WDúÕPDNWDGÕU��.DUL\HU�
JHOLúWLUPH�VLVWHPLQLQ�LNL�DOW�EDVDPD÷Õ�EXOXQPDNWDGÕU��NDUL\HU�SODQODPD�YH�NDUL\HU�\|QHWLPL��
�
����.DUL\HU�3ODQODPD�
�
� .DUL\HU�SODQODPD��oDOÕúDQODUÕQ�GH÷HUOHUL�YH�LKWL\DoODUÕ�LOH�Lú�GHQH\LPOHUL�YH�IÕUVDWODUÕ�DUDVÕQGD�HQ�X\JXQ�LOLúNL\L�
NXUPD\Õ� DPDoOD\DQ� ELU� VRUXQ� o|]PH� YH� NDUDU� DOPD� V�UHFLGLU�� dDOÕúDQODUÕQ� GDKD� PXWOX� YH� YHULPOL� ROPDODUÕQÕ� VD÷ODU��
*HOHFH÷LQL�WDKPLQ�HGHELOHQ��NHQGLVLQL�QH\LQ�EHNOHGL÷LQL�ELOHQ��DPDFÕQÕ�RQD�J|UH�EHOLUOH\HQ��\�NVHN�PRWLYDV\RQD�VDKLS��
NHQGLQL�LúLQH�DGD\DQ�oDOÕúDQODU��UHWLU���%DUXWFXJLO���������.DUL\HU�SODQODPDVÕ�ELUWDNÕP�V�UHoOHUGHQ�ROXúPDNWDGÕU��%XQODU�
�g]HO���������

¾ .LúLQLQ�ELOJL��EHFHUL��LOJL��GH÷HU�\DUJÕVÕ��J�oO��YH�J�oV�]�\|QOHULQLQ�GH÷HUOHQGLULOPHVL��
¾ .DUL\HU�SODQODUÕQGD�\HU�DODQ�ELUH\VHO�DPDoODU�LOH�|UJ�WVHO�DPDoODU�DUDVÕQGD�oDWÕúPDQÕQ�PLQLPL]H�HGLOPHVL��
¾ 2UJDQL]DV\RQ�LoL�GÕúÕ�NDUL\HU�RODQDNODUÕQÕQ�WDQÕPODQPDVÕ��
¾ .ÕVD��RUWD�YH�X]XQ�G|QHPOL�KHGHIOHU�VDSWDPDVÕ��
¾ .DUL\HU�SODQODUÕQÕQ�KD]ÕUODQPDVÕ��
¾ 3ODQODUÕQ�X\JXODQPDVÕ�V�UHoOHULQL�LoHULU��

� %HOLUOL� V�UHoOHUGHQ� ROXúDQ� NDUL\HU� SODQODPDVÕ� \DSÕOGÕNWDQ� VRQUD� ELUH\LQ� NDUL\HULQH� QDVÕO� \|Q� YHUHFH÷L�
EHOLUOHQPHOLGLU��%XQXQ�LoLQ�HQ�|QHPOL�NDYUDP�NDUL\HU�\|QHWLPLGLU��
�
����.DUL\HU�<|QHWLPL�
�
� .DUL\HU�\|QHWLPL��ELUH\LQ�NDUL\HU�SODQODUÕ�GR÷UXOWXVXQGD�EHOLUOHQHQ�V�UHoOHUL�X\JXODPD\D�NR\PDVÕGÕU��%XUDGD�
DPDo�NDUL\HU�KHGHIOHULQL�JHUoHNOHúWLUPH\L�VD÷OD\DFDN�IDNW|UOHUL�YH�]DPDQÕ�EDúDUÕOÕ�RODUDN�\|QHWPHNWLU��.DUL\HU�\|QHWLPL�
LOH�LOJLOL�OLWHUDW�UGH�ELUoRN�WDQÕP�\HU�DOPDNWDGÕU��
� %DUXWFXJLO� ������¶H� J|UH� NLúLQLQ� NHQGLVL� YH� oHYUHVL� LOH� LOJLOL� IDUNÕQGDOÕ÷Õ� DUWÕUDUDN� NDUL\HU� DPDoODUÕQÕ�
EHOLUOHPHVLQL��JHULELOGLULP�DOPDVÕQÕ�YH�NDUL\HULQGHNL�LOHUOHPH\L�HOH�DODQ�ELU�V�UHoWLU���
� 'RQDOG� YH� DUNDGDúODUÕ� ������¶QD� J|UH�� ELUH\VHO� YH� |UJ�WVHO� DPDoODUÕ� X\XPODúWÕUPD� \ROX\OD� SODQODQDQ� YH�
JHUoHNOHúWLULOHQ�IDDOL\HWOHUGLU���
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� $\WDo� ������¶D� J|UH�� SHUVRQHOLQ� ELUH\VHO� NDUL\HU� SOkQODUÕQÕ� |UJ�W�Q� GHVWHNOHPHVL� YH� X\XPODúWÕUÕOPDVÕQÕ�
LoHUPHNWHGLU�� .DUL\HU� \|QHWLPL� JHUHN� SHUVRQHOLQ� PHVOHN� KD\DWÕQÕQ� SOkQODPDVÕ� JHUHNVH� EX� SOkQODUÕQ� H\OHPH�
JHoLULOPHVLGLU���
� :DONHU�YH�*XWWHUGLGJH�������¶D�J|UH��|UJ�WOHULQ�oDOÕúDQODUÕQ�\HWHQHNOHULQL��LOJL�DODQODUÕQÕ�YH�oÕNDUODUÕQÕ�DQDOL]�
HWPHOHULQH�\DUGÕPFÕ�ROPDVÕ�YH�NDUL\HU�JHOLúWLUPH�IDDOL\HWOHULQLQ�SODQODQPDVÕGÕU��
� .DUL\HU�\|QHWLPLQLQ�EHOOL�EDúOÕ�ELUWDNÕP�DPDoODUÕ�YDUGÕU��%X�DPDoODU��$UPVWURQJ���������

¾ <|QHWLPLQ�EDúDUÕVÕQÕ�DUWÕUPDN�LoLQ�RUJDQL]DV\RQ�LKWL\DoODUÕQÕ�WHVSLW�HWPHN��
¾ .DYUDPD�J�F��RODQ�ELUH\OHUH��KHUKDQJL�ELU�VRUXPOXOXN�G�]H\LQGH�H÷LWLP�YHUPHN��
¾ %LUH\OHULQ� \HWHQHN� YH� LVWHNOHULQL� |UJ�W� LOH� X\XPOX� RODUDN� J|UHY� YH� VRUXPOXOXNODUÕQÕ� \HULQH� JHWLUPHVLQL�

VD÷ODPDN�VXUHWL\OH�EDúDUÕOÕ�ELU�NDUL\HU�LPNDQÕ�VXQPDNWÕU��
� $PDoODUÕ� EHOLUOHQHQ� ELU� NDUL\HU� \|QHWLPL�� ELU� LKWL\DFÕQ� EHOLUOHQPHVL� YH� NDUL\HU� DUDúWÕUPDVÕ� LOH� EDúODU�� %X�
DúDPDGD� NLúL�� NHQGLVL� YH� oHYUHVL� LOH� LOJLOL� ELOJLOHULQ� IDUNÕQGD� ROPD\D� oDOÕúPDNWDGÕU��.HQGLVLQLQ� IDUNÕQGD� ROPD�� NLúLVHO�
GH÷HUOHUL�� LQDQoODUÕ�� LKWL\DoODUÕ�� DPDoODUÕ�� LVWHNOHUL� YH� \HWHQHNOHUL� KDNNÕQGD� REMHNWLI� GH÷HUOHQGLUPH� \DSDELOPH\L� LIDGH�
HGHUNHQ��oHYUHVLQLQ� IDUNÕQGD�ROPD� LVH�� NLúLQLQ� LOJLOHQGL÷L� LúLQ�JHUHNOHULQL� YH�YDU�RODQ� Lú� IÕUVDWODUÕQÕ� WDQÕPDVÕ�DQODPÕQD�
JHOLU��%DUXWFXJLO���������
� .DUL\HU�\|QHWLPL�LOH�ELU�oDOÕúDQ�PHYFXW�EXOXQGX÷X�NRQXPXQ�IDUNÕQGD�ROXU��NHQGLVL�LoLQ�ELU�VRQUDNL�DGÕPGD�QH�
ROGX÷XQX� ELOLU�� Lú� JHOHFH÷LQL� |QJ|U�U� YH� JHOLúPH� VH\ULQH� X\JXQ� KD]ÕUOÕNODUÕ� \DSDELOLU� NÕVDFDVÕ� NHQGLVLQL� JHOHFH÷H�
KD]ÕUODPD�IÕUVDWÕQÕ�\DNDODU��
� 6RQXo� RODUDN� NDUL\HU� JHOLúLPLQGH� LNL� NDYUDP� oRN� |QHPOLGLU�� gQFHOLNOH� oDOÕúDQ� NLúLQLQ� NDUL\HU� SODQODPDVÕ�
\DSÕOÕU��DUGÕQGDQ�|UJ�W�E�Q\HVLQGH�EX�NRQXGD�\DSDFD÷Õ�oDOÕúPDODU�LOH�NDUL\HU�\|QHWLPLQL�JHUoHNOHúWLUPLú�ROXU��
�
���.DUL\HU�6HoLPL���0XKDVHEH�(÷LWLPL�øOLúNLVL�
�
� 0XKDVHEH� H÷LWLPL� LOH� JHQHO� DQODPGD�PHVOHNL� NDUL\HU� VHoLPLQGH� |QFHOLNOH� µKD\DW� ER\X� |÷UHQPH¶� IHOVHIHVLQLQ�
EHQLPVHQPHVL�|÷UHWLOPHNWHGLU��d�QN��PXKDVHEH��JHoPLúLQ�ELOJL�ELULNLPL�YH�WHFU�EHVLQL�JHOLúHQ�YH�GH÷LúHQ�Lú�YH�oHYUH�
NRúXOODUÕQD� X\XP� VD÷OD\DUDN�� LúOHWPHOHUL� JHOHFH÷H� WDúÕPD\Õ� VD÷OD\DFDN� ELOJL� VLVWHPLGLU�� 6LVWHPLQ� VD÷OÕNOÕ� LúOHPHVL� LVH�
WDP��GR÷UX��WXWDUOÕ��NDUúÕODúWÕUÕODELOLU�YH�LKWL\DFD�X\JXQ�ELOJL��UHWLPL�LOH�V|]�NRQXVX�RODFDNWÕU��
� 0XKDVHEH� H÷LWLPLQLQ� EDúDUÕVÕ� oRN� GLVLSOLQOL� ELU� H÷LWLPL� JHUHNWLUPHNWHGLU�� gUQH÷LQ�� HWNLQ� YH� YHULPOL� ELU�
PXKDVHEH� H÷LWLPL� LoLQ�PDWHPDWLN�� LVWDWLVWLN�� �UHWLP� \|QHWLPL�� VD\ÕVDO� \|QWHPOHU� YE�� GHUVOHULQ� \DQÕQGD�KXNXN�YH�YHUJL�
ELOJLVL��ELOLúLP�WHNQRORMLOHULQH�KDNLP�ROPD��HNRQRPLN�YH�VL\DVL�JHOLúPHOHUL�\HUHO��XOXVDO�YH�JOREDO�RODUDN�WDNLS�HGHELOPH�
\HWHQH÷L� JHUHNWLUPHNWHGLU�� %X� GXUXP� |÷UHQFLQLQ� PHVOHNL� NDUL\HULQL� SODQODPDVÕQGD�� EXJ�Q� YH� JHOHFHNWH� \DSDELOHFH÷L�
LúOHUH�LOLúNLQ�DQDOLWLN�G�ú�QPH��oRN�\|QO��DQDOL]�HGHELOPH��PHVOHNL�RODUDN�J�oO��YH�]D\ÕI�\|QOHULQL�|QJ|U�POH\HELOPH��Lú�
KD\DWÕQGD�EDúDUÕOÕ�RODELOPHN�LoLQ�\DSPDVÕ�YH�\DSPDPDVÕ�JHUHNHQ�LúOHPOHUL�SODQODPDVÕ�YH�X\JXODPDVÕ�NRQXVXQGD�JHUHNOL�
PHOHNHOHUL�ND]DQGÕUPDNWDGÕU��
� 0XKDVHEH�H÷LWLPL�LOH�|÷UHQFLOHUH�KXNXN�H÷LWLPL�LOH�ELUOLNWH�PHVOHNL�HWLN�NRGODU�GD�|÷UHWLOPHNWHGLU��%X�VD\HGH�
|÷UHQFLQLQ� NDUL\HU� VHoLPLQGH� JHUHN� UHNDEHW� LoLQGH� ROGX÷X� ELUH\OHUOH� RODQ� LOLúNLOHULQGH� JHUHNVH� oDOÕúWÕ÷Õ� RUJDQL]DV\RQ�
E�Q\HVLQGH� VDGHFH�NHQGLVLQLQ�YH� oDOÕúWÕ÷Õ� RUJDQL]DV\RQXQ�PHQIDDWLQL� GH÷LO� W�P� WRSOXPXQ�PHQIDDWLQL� J|]HWHFHN� Lú� YH�
LúOHPOHU�\DSPDVÕ�WHPLQ�HGLOLU��
� 0XKDVHEH�H÷LWLPLQGH��RUJDQL]DV\RQODUÕQ�EHOLUOL�G|QHPOHUGH�\DSWÕ÷Õ�SODQODU� LOH�DOGÕNODUÕ�NDUDUODUD�ED÷OÕ�RODUDN�
\DSÕODQ� IDDOL\HWOHULQ� PDOL� VRQXoODUÕ� RUWD\D� NRQPDNWDGÕU�� 3ODQODUOD� ILLOL� VRQXoODU� DUDVÕQGD� VDSPDODU� YDUVD� QHGHQOHUL�
EHOLUOHQLU�YH�G�]HOWLFL�SROLWLNDODU�RUWD\D�NRQXU��KHGHIOHULQ�JHUoHNOHúWLULOPHVL�LoLQ�oDED�VDUI�HGLOLU��
� g÷UHQFLQLQ�NDUL\HU�VHoLPLQGH�EHOLUOHGL÷L�KHGHIOHU�LOH�PHVOHNL�KD\DWÕ�ER\XQFD�EHOLUOL�SHUL\RWODU�KDOLQGH�NHQGLVLQL�
NRQWURO� HWPHVL�� PHYFXW� GXUXPXQX� YH� JHOHFHNWH� ROPDVÕ� PXKWHPHO� NRQXPXQX� J|]GHQ� JHoLUPHVL� JHUHNLU�� 0HYFXW�
GXUXPXQD�J|UH�\HQLGHQ�NDUL\HU�SODQODPDVÕ�\DSPDVÕ�JHUHNLU��
� 6RQXo� RODUDN�� PXKDVHEH� H÷LWLPL� |÷UHQFLQLQ� NDUL\HU� VHoLPL� YH� SODQODPDVÕQGD� PHYFXW� NRúXOODUÕ� \|QHWHELOPH��
JHOHFH÷L�|QJ|U�POHPH��NDUL\HULQLQ�EDúDUÕOÕ�\|QHWLPL�YH�\HWHQHNOHULQL�RUWD\D�NR\PDVÕ�NRQXVXQGD�SODQODPD��DQDOL]�HWPH��
X\JXODPD��NRQWURO�YH�\RUXPODPD�NRQXODUÕQGD�GHVWHN�ROPDNWDGÕU��
�
���0XKDVHEH�(÷LWLPLQLQ�g÷UHQFLQLQ�.DUL\HU�6HoLPLQGHNL�(WNLVLQLQ�øQFHOHQPHVL�
�
����$UDúWÕUPDQÕQ�$PDFÕ�
�
� øNWLVDGL�øGDUL�%LOLPOHU�)DN�OWHVL¶QGH�RNX\DQ�|÷UHQFLOHULQ�JHOHFH÷H�LOLúNLQ�NDUL\HU�SODQODUÕQÕQ�ROXúWXUXOPDVÕQGD�
PXKDVHEH�H÷LWLPLQLQ�HWNLVLQL�|OoPH\H�\|QHOLNWLU��
�
�
����$UDúWÕUPDQÕQ�gUQHNOHPL�YH�.ÕVÕWODU�
�
� $UDúWÕUPDQÕQ�|UQHNOHPL��$NVDUD\�hQLYHUVLWHVL�øNWLVDGL�øGDUL�%LOLPOHU�)DN�OWHVL��øø%)��|÷UHQFLOHULGLU��$UDúWÕUPD�
|UQHNOHPL�����|÷UHQFLGHQ�ROXúPDNWDGÕU��$UDúWÕUPD\D�����|÷UHQFL�NDWÕOPÕúWÕU���

$UDúWÕUPDQÕQ�NÕVÕWODUÕ��
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¾ 0XKDVHEH�H÷LWLPL�\R÷XQOXNOX�RODUDN�øø%)¶GH�J|VWHULOGL÷L�LoLQ�VHoLOPLúWLU��
¾ øNWLVDGL� øGDUL� %LOLPOHU� )DN�OWHVL� E�Q\HVLQGH� LVH� LúOHWPH�� LNWLVDW� YH� NDPX� \|QHWLPL� EXOXQPDNWDGÕU�� .DPX�

\|QHWLPLQGH� \HWHUOL� PXKDVHEH� H÷LWLPL� V|]� NRQXVX� ROPDGÕ÷Õ� LoLQ� |UQHNOHP� GÕúÕQGD� WXWXOPXúWXU�� øNWLVDW�
E|O�P�Q�Q����YH����VÕQÕI�|÷UHQFLOHUL�ROPDGÕ÷Õ�LoLQ�|UQHNOHP�GÕúÕQGD�WXWXOPXúWXU���

¾ øúOHWPH� YH� LNWLVDW� E|O�P�� |÷UHQFLOHUL� LoHULVLQGH�PXKDVHEH� H÷LWLPLQLQ� E�\�N� ELU� NÕVPÕQÕ� DOPÕú� ��� YH� ��� VÕQÕI�
|÷UHQFLOHUL�|UQHNOHPH�NDWÕOPÕúWÕU��

��
����8\JXODPD�
�
������7DQÕWÕFÕ�%LOJLOHU�
�
� $UDúWÕUPD� $NVDUD\� hQLYHUVLWHVL� øø%)� LúOHWPH� E|O�P�� ��� YH� ��� 6ÕQÕI� |÷UHQFLOHUL� �]HULQGH� \DSÕOPÕúWÕU��
$UDúWÕUPD\D�����|÷UHQFL�NDWÕOPÕú�ROXS������NLúL�������ED\�YH�����NLúL�������LVH�ED\DQGÕU��$UDúWÕUPD\D�NDWÕODQODUGDQ�
����NLúLQLQ�������\Dú�RUWDODPDVÕ�������DUDVÕGÕU��
�

7DEOR����������7DQÕWÕFÕ�%LOJLOHU�
7DQÕWÕFÕ�
%LOJLOHU�

)UHNDQV� <�]GH� *HoHUOL�
<�]GH�

.�P�ODWLI�
<�]GH�

��&LQVL\HWLQL]� � � � �
�����D��%D\� ���� ����� ����� �����
�����E��%D\DQ� ���� ����� ����� ������
���<DúÕQÕ]� � � � �
�����D��������� ���� ����� ����� �����
�����E��������� ��� ���� ���� ������
���6ÕQÕI� � � � �
�����D�����VÕQÕI� ���� ����� ����� �����
�����E�����VÕQÕI� ���� ����� ����� ������

�
� �
������*�YHQLOLUOLN�$QDOL]L�
�

7DEOR����������*�YHQLOLUOLN�$QDOL]L�

&URQEDFK
V�$OSKD� 1�RI�,WHPV�

����� ���
�

�
� <DSÕODQ�DUDúWÕUPDGD��PLVVLQJ�GH÷HUOHULQH�VDKLS�VRUXODU�J|]�DUGÕ�HGLOHUHN�J�YHQLOLUOLN�KHVDSODQPÕúWÕU��%XOXQDQ�
&URQEDFK¶V�$OSKD�NDWVD\ÕVÕQD�J|UH�DUDúWÕUPDQÕQ�J�YHQLOLUOL÷L�������¶W�U��
�
�
�
�������+LSRWH]�7HVWOHUL�
�
� <DSÕODQ�DUDúWÕUPDGD��PXKDVHEH�H÷LWLPLQLQ�NDUL\HU��]HULQGHNL�HWNLVLQL�|OoPHN� LoLQ����VRUX�&RPSXWH�9DULDEOH�
VHoHQH÷L�LOH�ELUOHúWLULOHUHN�\HQL�ELU�YHUL�V�WXQX�HOGH�HGLOPLú�YH�WHVWOHU�EX�YHULOHU�ÕúÕ÷ÕQGD�JHUoHNOHúWLULOPLúWLU��
� 0XKDVHEH� H÷LWLPLQLQ� NDUL\HU� VHoLPLQH� HWNLVLQL�� PXKDVHEH� DODQÕQGD� NDUL\HU� \DSPD\Õ� G�ú�QHQOHUOH��
G�ú�QPH\HQOHU�DoÕVÕQGDQ�GH÷HUOHQGLUPHN�LoLQ�ED÷ÕPVÕ]�|UQHNOHP�7�WHVWL�\DSÕOPÕú�YH�DúD÷ÕGDNL�VRQXoODUD�XODúÕOPÕúWÕU��
�
7DEOR����������*UXS�øVWDWLVWLNOHUL�

� 0XKDVHEH�DODQÕQGD�NDUL\HU�\DSPD\Õ�
G�ú�Q�\RU�PXVXQX]"�

1� 0HDQ� 6WG��
'HYLDWLRQ�

6WG��(UURU�
0HDQ�

PXKDVHEHBHJLWLPLBHWNL�
(YHW� ���� ������� ������� �������

+D\ÕU� ���� ������� ������� �������
�
�
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� ���� NLúL� PXKDVHEH� DODQÕQGD� NDUL\HU� \DSPD\Õ� G�ú�QPHNWH� LNHQ� ���� NLúL� LVH� EX� DODQGD� NDUL\HU� \DSPD\Õ�
G�ú�QPHPHNWHGLU��
�

+R��0XKDVHEH� H÷LWLPLQLQ� |÷UHQFLOHULQ� NDUL\HUOHUL� �]HULQH� HWNLOHULQLQ� RUWDODPDVÕ�� PXKDVHEH� DODQÕQGD� NDUL\HU�
\DSPD\Õ�G�ú�QHQ�YH�G�ú�QPH\HQOHU�DUDVÕQGD�IDUNOÕOÕN�J|VWHUPH]��

+���0XKDVHEH� H÷LWLPLQLQ� |÷UHQFLOHULQ� NDUL\HUOHUL� �]HULQH� HWNLOHULQLQ� RUWDODPDVÕ�� PXKDVHEH� DODQÕQGD� NDUL\HU�
\DSPD\Õ�G�ú�QHQ�YH�G�ú�QPH\HQOHU�DUDVÕQGD�IDUNOÕOÕN�J|VWHULU��

� � � � � � � � � � �7DEOR����������,QGHSHQGHQW�6DPSOHV�7HVW��%D÷ÕPVÕ]�gUQHNOHP�7�7HVWL��

��

/HYHQH
V�7HVW�IRU�
(TXDOLW\�RI�
9DULDQFHV� W�WHVW�IRU�(TXDOLW\�RI�0HDQV�

)� 6LJ�� W� GI�
6LJ�����
WDLOHG��

0HDQ�
'LIIHUHQFH�

6WG��(UURU�
'LIIHUHQFH�

����&RQILGHQFH�
,QWHUYDO�RI�WKH�
'LIIHUHQFH�

/RZHU� 8SSHU�
PXKDVHEHBHJLWLPLBHWNL� (TXDO�

YDULDQFHV�
DVVXPHG�

������ ����� ������� ���� ����� �������� ������� �������� ��������

(TXDO�
YDULDQFHV�
QRW�
DVVXPHG�

�� �� ������� �������� ����� �������� ������� �������� ��������

�
� �������W�GH÷HULQH�NDUúÕOÕN�JHOHQ�6LJ�GH÷HUL�������������ROGX÷XQGDQ�+R�KLSRWH]L�UHG��+��KLSRWH]L�NDEXO�HGLOLU��
<DQL�WDEOR��������¶\H�J|UH�PXKDVHEHGH�NDUL\HU�\DSPD\Õ�G�ú�QHQOHU�PXKDVHEH�H÷LWLPLQLQ�NDUL\HU�SODQODPDGDNL�HWNLVLQL�
GDKD�|QHPOL�J|UPHNWHGLU��
� 0XKDVHEH� H÷LWLPLQLQ� NDUL\HU� �]HULQGHNL� HWNLVLQLQ�� PXKDVHEH� DODQÕQGD� NDUL\HU� \DSPD\Õ� G�ú�QHQOHU� LoLQ� QH�
DQODP�WDúÕGÕ÷ÕQÕ�WHVW�HWPHN�DPDFÕ\OD�3DLUHG�6DPSOH�7�WHVWL�\DSÕOPÕú�YH�DúD÷ÕGDNL�VRQXoODUD�XODúÕOPÕúWÕU��
�

7DEOR����������3DLUHG�6DPSOHV�6WDWLVWLFV�

� 0HDQ� 1� 6WG��'HYLDWLRQ� 6WG��(UURU�0HDQ�

3DLU���
PXKDVHEHBHJLWLPLBHWNL� ������� ���� ������� �������

.D]DQo�SRWDQVL\HOL� ������� ���� �������� �������

3DLU���
PXKDVHEHBHJLWLPLBHWNL� ������� ���� ������� �������
$LOHQLQ�HWNLVL� ������ ���� ������� ������

3DLU���
PXKDVHEHBHJLWLPLBHWNL� ������� ���� ������� �������
6RV\DO��VWDW�� ������� ���� �������� �������

3DLU���
PXKDVHEHBHJLWLPLBHWNL� ������� ���� ������� �������
0HVOHNL�GR\XP� ������� ���� �������� �������

3DLU���
PXKDVHEHBHJLWLPLBHWNL� ������� ���� ������� �������
øOJL�YH�\HWHQHN� ������� ���� �������� �������

3DLU���
PXKDVHEHBHJLWLPLBHWNL� ������� ���� ������� �������
g÷UHWLFL�HWNLVL� ������� ���� �������� �������

3DLU���
PXKDVHEHBHJLWLPLBHWNL� ������� ���� ������� �������
øú�WHFU�EHVL� ������� ���� �������� �������

3DLU���
PXKDVHEHBHJLWLPLBHWNL� ������� ���� ������� �������

.ROD\�Lú�EXODELOPH�LPNDQÕ� ������� ���� �������� �������
�
�

+R��0XKDVHEH� H÷LWLPLQLQ� |÷UHQFLOHULQ� NDUL\HUOHUL� �]HULQH� HWNLOHULQLQ� RUWDODPDVÕ�� PXKDVHEH� DODQÕQGD� NDUL\HU�
\DSPD\Õ�G�ú�QHQ�YH�G�ú�QPH\HQOHU�DUDVÕQGD�IDUNOÕOÕN�J|VWHUPH]��

+���0XKDVHEH� H÷LWLPLQLQ� |÷UHQFLOHULQ� NDUL\HUOHUL� �]HULQH� HWNLOHULQLQ� RUWDODPDVÕ�� PXKDVHEH� DODQÕQGD� NDUL\HU�
\DSPD\Õ�G�ú�QHQ�YH�G�ú�QPH\HQOHU�DUDVÕQGD�IDUNOÕOÕN�J|VWHULU��
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�
7DEOR����������3DLUHG�6DPSOHV�7HVW�

��

3DLUHG�'LIIHUHQFHV�

W� GI�
6LJ�����
WDLOHG��0HDQ�

6WG��
'HYLDWLRQ�

6WG��(UURU�
0HDQ�

����&RQILGHQFH�,QWHUYDO�RI�
WKH�'LIIHUHQFH�

/RZHU� 8SSHU�
3DLU����PXKDVHEHBHJLWLPLBHWNL���
.D]DQo�SRWDQVL\HOL�

�������� �������� ������� �������� �������� ������� ���� �����

3DLU����PXKDVHEHBHJLWLPLBHWNL���
$LOHQLQ�HWNLVL�

��������� �������� ������� ��������� �������� �������� ���� �����

3DLU����PXKDVHEHBHJLWLPLBHWNL���6RV\DO��
VWDW��

�������� �������� ������� �������� �������� ������� ���� �����

3DLU����PXKDVHEHBHJLWLPLBHWNL���
0HVOHNL�GR\XP�

�������� �������� ������� �������� �������� ������� ���� �����

3DLU����PXKDVHEHBHJLWLPLBHWNL���øOJL�YH�
\HWHQHN�

�������� �������� ������� �������� ������� ������� ���� �����

3DLU����PXKDVHEHBHJLWLPLBHWNL���
g÷UHWLFL�HWNLVL�

�������� �������� ������� �������� �������� ������� ���� �����

3DLU����PXKDVHEHBHJLWLPLBHWNL���øú�
WHFU�EHVL�

�������� �������� ������� �������� �������� ������� ���� �����

3DLU����PXKDVHEHBHJLWLPLBHWNL���.ROD\�
Lú�EXODELOPH�LPNDQÕ�

�������� �������� ������� �������� �������� ������� ���� �����

�
� �
� 7DEOR� �������¶H� J|UH� ������� W� GH÷HULQH� NDUúÕOÕN� JHOHQ� 6LJ� GH÷HUL� ������� ����� ROGX÷XQGDQ�+�� UHG�� +R� NDEXO�
HGLOLU�� <DQL� PXKDVHEH� H÷LWLPLQLQ� NDUL\HU� SODQODPD� �]HULQGH� HWNLOL� ROGX÷XQX� G�ú�QHQOHULQ� RUWDODPDVÕ� LOH� PXKDVHEH�
DODQÕQGD�NDUL\HU�\DSPD�QHGHQL�LOJL�YH�\HWHQHN�RODQODUÕQ�RUWDODPDODUÕ�DUDVÕQGD�IDUN�\RNWXU��0XKDVHEH�DODQÕQGD�NDUL\HU�
\DSPD\Õ�G�ú�QHQOHULQ�NDUL\HU�SODQODUÕQGD�PXKDVHEH\H�RODQ�LOJL�YH�\HWHQHNOHULQLQ�|QHPOL�IDNW|U�ROGX÷X�J|U�OPHNWHGLU��
%X� GXUXP� |÷UHQFLOHULQ� NDUL\HU� SODQODUÕQGD� HWNLOL� RODQ� ND]DQo�� DLOH�� VRV\DO� VWDW��� PHVOHNL� GR\XP�� |÷UHWLFL� YH� Lú�
WHFU�EHVLQLQ� |QHPOL� IDNW|U� ROPDGÕ÷Õ� J|U�OPHNWHGLU�� 6RQXo� RODUDN� |÷UHQFLOHULQ� LOJL� YH� \HWHQHNOHULQH� J|UH� NDUL\HU�
SODQODPDODUÕ�RQODU�LoLQ�PHVOHNL�EDúDUÕ�� LVWHQLOHQ�ND]DQo�YE��DPDoODUD�XODúPDGD�JHUHNOL�oDOÕúPD�YH�VDEUÕ�J|VWHUPHOHULQL�
VD÷OD\DFDNWÕU��
�
7DEOR����������0XKDVHEH�(÷LWLPL���.DUL\HU��

0XKDVHEH�(÷LWLPL�.DUL\HU�øOLúNLVL�� )UHNDQV� <�]GH� *HoHUOL�<�]GH� .�P�ODWLI�
<�]GH�

� �� �� �� �� �� �� �� ��

���*HoPLúLQ�J|]GHQ�JHoLULOPHVL�YH�DQDOL]LQL�\DSDELOPH� ���� ��� ����� ����� ������ ����� ����� ������

���*HOHFH÷LQ�SODQODQPDVÕ� ���� ��� ����� ����� ����� ����� ������� ������

��$QDOLWLN�G�ú�QPH�\HWHQH÷L� ���� ��� ���� ����� ����� ����� ������ ������

��%LU�HNRQRPLN�YH�VRV\DO�ROD\Õ�W�P�\|QOHUL�LOH�LQFHOHPH�YH�o|]�P�
�UHWPH�

���� ��� ������ ������ ������ ������ ������� ������

��6RV\DO�YH�HNRQRPLN�ROD\ODUÕQ�HWNLOHULQL�ILQDQVDO�YH�ILQDQVDO�ROPD\DQ�
\|QOHUL�LOH�LQFHOHPH�

���� ��� ������ ������ ������ ������ ������� ������

��0DOL�WDEORODUÕ�DQDOL]�\DSDELOPH�\HWHQH÷L� ���� ��� ������ ������ ������ ���� ����� ������

��6�UHNOL�|÷UHQPH�DQOD\ÕúÕ� ���� ��� ������ ������ ���� ���� ������� ������

��6WUHV�YH�EDVNÕ�DOWÕQGD�oDOÕúDELOPH�YH�\|QHWHELOPH� ���� ��� ������ ������ ������ ������ ������� ������

��'�U�VW�YH�VRV\DO�VRUXPOXOXN�VDKLEL�ROPD� ���� ��� ������ ������ ������ ������ ������� ������

���dDOÕúPDODUÕQGD�YH�GDYUDQÕúODUÕQGD�WXWDUOÕ�ROPD� ���� ��� ���� ������ ������ ������ ������� ������

���%LU�LúLQ�\DSÕOPDVÕQGD�HQ�LQFH�GHWD\D�NDGDU�DUDúWÕUPD�YH�ELOJLOHUL�
RUWD\D�oÕNDUPD�

���� ��� ������ ������ ������ ������ ������� ������

���5LVN�YH�VRUXPOXOXN�DOPD� ���� ��� ������ ������ ������ ������ ������� ������

���%�W�Q�Lú�YH�LúOHPOHUGH�WDUDIVÕ]�ROPD� ���� ��� ������ ���� ������ ���� ������� ������
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���0HVOH÷LQ�JHUHNWLUGL÷L�HWLN�DKODNL��NRGODUD�J|UH�KDUHNHW�HWPH� ����� ��� ������ ������ ������ ������ ������� ������

���6�UHNOL�GHQHWLP�YH�NÕ\DVODPD�LOH�SODQODQDQ�LúL�GR÷UX�]DPDQGD��GR÷UX�
\HUGH�HWNLQ�YH�YHULPOL�\DSPD�

���� ��� ������ ���� ������ ������ ������� ������

���6RQ�'HUHFH�gQHPOL��dRN�gQHPOL��gQHPOL�
���3HN�gQHPOL�'H÷LO��+Lo�gQHPOL�'H÷LO�
�

7DEOR��������¶H�J|UH�|÷UHQFLOHULQ�PHVOHNL�NDUL\HUOHULQGH�PXKDVHEH�H÷LWLPLQLQ�HWNLOHUL���
¾ g÷UHQFLOHU� PHVOH÷LQ� LFUDVÕQGD� \DSDFDNODUÕ� LúOHPOHUL�� EHOOL� NLúL� YH\D� ]�PUHQLQ� PHQIDDWLQH� GH÷LO� W�P� WRSOXPX�
GLNNDWH�DODQ�G�U�VW�YH�VRV\DO�VRUXPOXOXN�VDKLEL��E�W�Q�Lú�YH�LúOHPOHUGH�WDUDIVÕ]�ROPD��PHVOH÷LQ�JHUHNWLUGL÷L�HWLN�
GH÷HUOHUH�J|UH�KDUHNHW�HWPH��

¾ g÷UHQFLOHU� PHVOHNL� NDUL\HULQGH� LOHUOHPH� LoLQ�� VWUHV� YH� EDVNÕ� DOWÕQGD� oDOÕúDELOPH� YH� \|QHWHELOPH�� �VWOHULQ� YH�
DVWODUÕQ�J�YHQPHVL�LoLQ�oDOÕúPD�YH�GDYUDQÕúODUÕQGD�WXWDUOÕ�ROPD��\HWNL�YH�VRUXPOXOXN�GHYUL� LoLQ� LKWL\Do�GX\XODQ�
]DPDQGD�ULVN�YH�VRUXPOXOXN�DOPD��

¾ %LU� LúLQ� EDúDUÕODELOPHVL� LoLQ�� JHoPLúLQ� J|]GHQ� JHoLULOPHVL� YH� DQDOL]L�� LúLQ� LVWHQLOHQ� ]DPDQ�� \HU� YH� NDOLWH� YE��
|]HOOLNOHUGH� \DSÕODELOPHVL� LoLQ� DUDúWÕUPD� YH� ELOJLOHUL� RUWD\D� oÕNDUPD� YH� V�UHNOL� GHQHWLP� YH� NÕ\DVODPD� LOH�
IDDOL\HWOHULQ�HWNLQOL÷LQL�YH�YHULPOLOL÷LQL�DUWÕUÕFÕ�LúOHPOHU�\DSPD��

¾ *HOHFH÷H� LOLúNLQ� NDUDU� YHUPH� V�UHFLQGH� DQDOLWLN� G�ú�QPH� \HWHQH÷L�� JHOHFH÷LQ� SODQODQPDVÕ� YH� HQ� |QHPOLVL�
oHYUHGHNL�GH÷LúLPOHUL�WDNLS�HGHELOPH�YH�\|QHWHELOPH�DoÕVÕQGDQ�KD\DWD�V�UHNOL�|÷UHQPH�DQOD\ÕúÕ�LOH�EDNDELOPH��

¾ 0DOL� LúOHPOHUH� LOLúNLQ�� W�P� HNRQRPLN� YH� VRV\DO� \|QOHUL� LOH� LQFHOHPH�� ILQDQVDO� YH� ILQDQVDO� ROPD\DQ� \|QOHULQL�
RUWD\D� NR\PD�� PDOL� ELOJLOHULQ� |]HWOHQGL÷L� ILQDQVDO� WDEORODUÕ� DQDOL]� HGHELOPH� YH� o|]�P� |QHULOHUL� �UHWHELOPH�
\HWHQH÷LQL�HOGH�HWPLúWLU�� �
�

������.DUL\HU�<|QHWLPL�
�
7DEOR����������.DUL\HU�<|QHWLPL�

� )UHNDQV� <�]GH� *HoHUOL�<�]GH� .�P�ODWLI�
<�]GH�

.DUL\HU�VHoLPLQGH�HWNLOL�RODQ�IDNW|UOHU� �� �� �� �� �� �� �� ��

���$LOH� ���� ��� ����� ����� ��� ��� ������ ������

���0DGGL�LPNDQVÕ]OÕN� ��� ���� ����� ����� ����� ����� ����� ������

��dHYUH�IDNW|U�� ���� ���� ����� ����� ��� ��� ����� ������

��.LúLVHO�\HWHQHNOHU� ���� ��� ����� ����� ����� ��� ������ ������

��(÷LWLP�YH�VÕQDY�VLVWHPL� ���� ��� ����� ��� ����� ����� ������ ����

0HVOHNL�NDUL\HULQGHNL�EHNOHQWLOHU� �

��3DUD�ND]DQPDN� ���� ��� ����� ���� ����� ���� ������ ����

��6D\JÕQOÕN� ���� ��� ����� �� ����� ���� ���� ������

��0HVOHNL�WDWPLQ� ���� ��� ����� ���� ����� ��� ������ ������

��0XWOXOXN� ���� ��� ��� ���� ��� ���� ������ ������

��ù|KUHW� ���� ���� ����� ����� ����� ����� ����� ������

dDOÕúPD�KD\DWÕQGD�DUDQDQ�NRúXOODU� �

��<�NVHN�PDDú� ���� ��� ����� ���� ����� ���� ������ ������

��ø\L�ELU�NDUL\HU�\DSDELOPH�LPNDQÕ� ���� �� ����� ���� ����� ���� ������ ������

��+X]XUOX�ELU�oDOÕúPD�RUWDPÕ� ���� ��� ����� ���� ����� ���� ������ ������

��$GLO�YH�SHUIRUPDQVD�GD\DOÕ�\|QHWLP�YH��FUHW�VLVWHPL� ���� ��� ��� ���� ����� ���� ������ ������

��dDOÕúPD�VDDWOHULQGH�HVQHNOLN� ���� ��� ����� ����� ����� ����� ���� ������
��6RQ�'HUHFH�gQHPOL��dRN�gQHPOL��gQHPOL�
��3HN�gQHPOL�'H÷LO��+Lo�gQHPOL�'H÷LO�
�
� 7DEOR��������¶H�J|UH�|÷UHQFLOHULQ�NDUL\HUOHUL�LOH�LOJLOL�RODUDN��

¾ .DUL\HU�VHoLPLQGH�DLOH�YH�NLúLVHO�\HWHQHNOHULQ�oRN�E�\�N�HWNLVLQLQ�ROGX÷X�EXQD�NDUúÕOÕN�ROXPVX]�IDNW|U�RODUDN�
H÷LWLP�YH�VÕQDY�VLVWHPLQLQ�HWNLOL�ROGX÷X�J|U�OPHNWHGLU��.DUL\HU�VHoLPLQGH�PDGGL�LPNDQODU�LOH�oHYUHQLQ�|QHPOL�
ELU�HWNLVLQLQ�ROPDGÕ÷Õ�J|U�OPHNWHGLU��

¾ 0HVOHNL� NDUL\HUOHULQGHQ� EHNOHQWLOHULQGH� SDUD� ND]DQPD�� VD\JÕQOÕN�� PHVOHNL� WDWPLQ� YH� PXWOXOXN� |QHPOL� IDNW|U�
RODUDN� WHVSLW� HGLOPLúWLU�� g÷UHQFLOHULQ� PHVOHNL� EDúDUÕODUÕQD� ED÷OÕ� RODUDN� ú|KUHW� HOGH� HWPH� NRQXVXQX� |QHPOL�
J|UPHPHNWHGLUOHU��

¾ dDOÕúPD�KD\DWÕQGD�L\L�ELU�PDDú��X\JXQ�YH�DGLO�ELU�oDOÕúPD�úDUWODUÕQÕ�oRN�|QHPOL�EXOGXNODUÕQÕ�EHOLUWPLúOHUGLU��
�
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�����6RQXo�YH�'H÷HUOHQGLUPH�
�
� 0XKDVHEH�PHVOH÷LQLQ�JHOLúPHVL��WRSOXPGD�KDN�HWWL÷L�\HUH�VDKLS�ROPDVÕ�ú�SKHVL]�PHVOH÷L�LFUD�HGHQOHULQ�NLúLVHO�
\HWHQHNOHULQH�YH�EX�NLúLOHULQ�H÷LWLPLQH�VÕNÕ�VÕNÕ\D�ED÷OÕGÕU��0XKDVHEH�GHUVOHULQGH�YHULOHQ�ELOJLOHU�YH�EX�ELOJLOHULQ�HOGH�
HGLOPH� V�UHFL�� SL\DVD\OD� E�\�N� ELU� SDUDOHOOLN� J|VWHUPHNWHGLU�� %XQGDQ� GROD\Õ� PXKDVHEH� H÷LWLPLQLQ� NDOLWHVL�� |÷UHQFL��
|÷UHWLFL��X\JXOD\ÕFÕ�YH�V|]�NRQXVX�H÷LWLPL�DODQ�|÷UHQFLOHUL�LVWLKGDP�HGHFHN�LúOHWPHOHU�DoÕVÕQGDQ�VRQ�GHUHFH�|QHPOLGLU��
� .DUL\HU�� ELU� NLúLQLQ� W�P� oDOÕúPD� \DúDPÕQÕ� NDSVDPDNWDGÕU�� %LUH\LQ� NDUL\HULQH� LOLúNLQ� NDUDUODU� \DOQÕ]FD� ELUH\��
|UJ�W�YH�KHU�LNLVL�WDUDIÕQGDQ�DOÕQDELOPHNWHGLU��.DUL\HU�SODQODPDVÕ��NLúLQLQ�\DúDPÕ�ER\XQFD�\HU�DODFD÷Õ�LúOH�LOJLOL�J|UHYL�
YH� SR]LV\RQODUÕQ�� KHGHIOHULQ�� JHOHFH÷LQLQ� SODQODQPDVÕGÕU�� 7HPHOGH� NLúLVHO� ELU� V�UHoWLU��.DUL\HU� JHOLúLPL�� NLúLQLQ� NHQGL�
NDUL\HU�SODQODUÕQD�XODúDELOHFHN�YH�EDúDUÕ�VD÷OD\DFDN�ELU�JHOLúLPL�DQODWPDNWDGÕU��.LúLVHO�ELU�NDUL\HU�SODQÕQÕQ�X\JXODQPDVÕ�
LoLQ�JHUHNOL�SURJUDPODUÕ�YH�IDDOL\HWOHUL�LoHULU��.DUL\HU�JHOLúWLUPH��|UJ�W�Q��oDOÕúDQODUÕQÕQ�NDUL\HU�\|Q�Q��YH�LOHUOHPHVLQL�
HWNLOH\HQ� HWPHQOHUGHQ� KDEHUGDU� ROPDVÕQÕ� VD÷OD\DQ�� ELOJLOHULQLQ� YH� NDSDVLWHOHULQLQ� DUWWÕUÕOPDVÕQÕ� DPDoOD\DQ� UHVPL�
IDDOL\HWOHULGLU���
� .DUL\HU� \|QHWLPL� LVH�� |]� ELU� LIDGH� LOH� NLúLQLQ� NHQGL� NDUL\HU� SODQODUÕQD� XODúDELOPHVL� LoLQ� |UJ�W� WDUDIÕQGDQ�
GHVWHNOHQPHVL� DQODPÕQÕ� WDúÕPDNWDGÕU�� .DUL\HU� \|QHWLPLQLQ� DPDFÕ�� |UJ�WVHO� VLVWHP� LoLQGH� LúJ|UHQOHULQ� NDUL\HU�
KDUHNHWOHULQLQ�ELUH\VHO�YH�|UJ�WVHO�DPDoODUÕ�NDUúÕOD\DFDN�úHNLOGH�SODQODQPDVÕQÕ��JHOLúWLULOPHVLQL�YH�\|QHWLOPHVLQL�LoHULU��
%|\OHFH�NDUL\HU�\|QHWLPL��NDUL\HU�SODQODPDVÕ�YH�NDUL\HU�JHOLúWLUPHQLQ�ELU�E�W�Q�KDOH�JHWLULOPHVLGLU���
� 0XKDVHEH�H÷LWLPLQLQ�PXKDVHEH�DODQÕQGD�NDUL\HU�\DSPD\Õ�G�ú�QHQ�YH�G�ú�QPH\HQ�|÷UHQFLOHU��]HULQGH�HWNLOL�
ROGX÷X�WHVSLW�HGLOPLúWLU��0XKDVHEH�DODQÕQGD�NDUL\HU�\DSPD\Õ�G�ú�QHQ�|÷UHQFLOHULQ�EX�VHoLPLQGH�LOJL�YH�\HWHQHNOHULQLQ�
HQ� |QHPOL� IDNW|U� ROGX÷XQX� EHOLUWPLúOHUGLU�� $\UÕFD� PXKDVHEH� H÷LWLPL� VD\HVLQGH� PHVOHNL� NDUL\HUOHULQGH� VRUXPOXOXN�
VDKLEL�� KXNXND�ED÷OÕ�� KD\DWWD� V�UHNOL� |÷UHQPH�DQOD\ÕúÕQÕ� EHQLPVHPLú� YH�EX� DQOD\ÕúD�ED÷OÕ� RODUDN�JHoPLú�SHUIRUPDQVÕ�
J|]GHQ�JHoLUPH��PHYFXW�GXUXPX�GHQHWOHPH�YH�JHOHFH÷L�SODQODPD�PHOHNHOHULQL�HOGH�HWWLNOHUL�J|U�OPHNWHGLU��
�
.D\QDNoD�
�
$GOHU�� 5�� :�� �������� )LYH� LGHDV� GHVLJQHG� WR� ULOH� HYHU\RQH� ZKR� FDUHV� DERXW� DFFRXQWLQJ� HGXFDWLRQ�� $FFRXQWLQJ�
(GXFDWLRQ����������V����������
$NPDQ��1D]OÕ�+RúDO�YH�0X÷DQ��&DQ�ùÕPJD��0XKDVHEH�H÷LWLPLQGH�|÷UHWLP�YH�|÷UHQLP��\|QWHPOHUL�LOH�GHUV�EDúDUÕVÕ�
DUDVÕQGDNL�LOLúNL��3LORW�oDOÕúPD��%LOGLUL�������
$OEUHFW��:��6WHYH�YH�-DFN��5REHUW�-���$FFRXQWLQJ�HGXFDWLRQ��&KDUWLQJ�WKH�FRXUVH�WKURXJK�D�SUHOLRXV�IXWXUH��$FFRXQWLQJ�
(GXFDWLRQ�6HULHV��9ROXPH�1R�������������V�����
$UPVWURQJ�0LFKDHO��$�KDQGERRN�RI�SHUVRQQHO�PDQDJHPHQW�SUDFWLVH��.RJDQ�3DJH�<D\ÕQHYL��(QJODQG���������V�������
8\DU�� 6�OH\PDQ�� �������� ³8OXVODU� DUDVÕ� (÷LWLP� 6WDQGDUWODUÕ� �,(6�� YH� $NGHQL]� hQLYHUVLWHVLQGH� 0XKDVHEH� (÷LWLPL��
0XKDVHEH�%LOLP�'�Q\DVÕ�'HUJLVL��&LOW�����6D\Õ�����V�������
$\WDo��6HUSLO��dDOÕúPD�\DúDPÕQGD�NDUL\HU��\|QHWLP�SODQODPDVÕ��JHOLúWLULOPHVL��VRUXQODUÕ��(SVLORQ�<D\ÕQFÕOÕN� �øVWDQEXO�
��������V�������
%DUXWoXJLO��øVPHW��6WUDWHMLN�øQVDQ�.D\QDNODUÕ�<|QHWLPL��.DUL\HU�*HOLúWLUPH��.DUL\HU�<D\ÕQFÕOÕN�������
%D\D]ÕWOÕ�� (�� �������� � �7�UNL\H
GH� 0XKDVHEH� (÷LWLPL��� � *HOHFHN� <�]\ÕOGD� 0XKDVHEH� (÷LWLPL�� $QNDUD�� 7h502%�
<D\ÕQODUÕ��1R��������V��������
%D\D]ÕWOÕ�� (��� 	� dHOLN�� 2�� �������� � 0XKDVHEH� H÷LWLPLQLQ� NDOLWHVLQLQ� DUWÕUÕOPDVÕQGD� � LON� DGÕP�� <�NVHN|÷UHWLP�
.XUXPODUÕQGD�PXKDVHEH�H÷LWLPLQLQ�HWNLQOL÷LQLQ�DQDOL]L�����7�UNL\H�0XKDVHEH�(÷LWLPL�6HPSR]\XPX��V���������$QWDO\D��
øVWDQEXO�hQLYHUVLWHVL��
%HDWWLH��9��$���	�-RQHV��0��-����������(IIHFW�RI�JUDSKLFDO�SUHVHQWDWLRQV�RQ�LQVLJKWV�LQWR�D�FRPSDQ\
V�ILQDQFLDO�SRVLWLRQ���
DQ� LQQRYDWLYH� HGXFDWLRQDO� DSSURDFK� WR� FRPPXQLFDWLQJ� ILQDQFLDO� LQIRUPDWLRQ� LQ� ILQDQFLDO� UHSRUWLQJ�� D� FRPPHQW���
$FFRXQWLQJ�(GXFDWLRQ����������V�����������
dHOLN�� 2��� 	� *�UGDO�� .�� ��������0XKDVHEH� H÷LWLPLQGH� NDOLWH� DUD\ÕúODUÕ� YH� DNUHGLWDV\RQ� �(úGH÷HUOHPH�� VWDQGDUWODUÕ���
0XKDVHEH�%LOLP�'�Q\DVÕ�'HUJLVL����������V����������
d�U�N�� 7�� ��������0XKDVHEH� H÷LWLPLQLQ� LúOHWPHOHULQ� WDOHSOHULQL� NDUúÕODPD� G�]H\L�� 7�UNL\H� gUQH÷L�� 2'7h� *HOLúLP�
'HUJLVL�������������V������������
'HPLUWDú�+��YH�*�QHú��+����������(÷LWLP�\|QHWLPL�YH�GHQHWLPL�V|]O�÷���$QNDUD��$QÕ�<D\ÕQFÕOÕN���V������
'LQJ�� <XDQ��� 6WRORZ\�� +HUYp��� YH� 7HQHQKDXV�� 0LFKHO�� 5	'� SURGXFWLYLW\�� DQ� LQWHUQDWLRQDO� VWXG\�� 7KH� ,QWHUQDWLRQDO�
$FFRXQWLQJ�6XPPHU�&RQIHUHQFH�*|WWLQJHQ�8QLYHUVLW\��*HUPDQ\��-XQH�������������
,)$&� �,QWHUQDWLRQDO� )HGHUDWLRQ� RI� $FFRXQWDQWV��� ,QWHUQDWLRQDO� $FFRXQWLQJ� (GXFDWLRQ� 6WDQGDUWV� ����� $XJXVW� ������
�V������ZZZ�LIDF�RUJ������������
.DOPÕú��+DOLV��YH�<ÕOPD]��%HUQD�%XUFX��/LVDQV�VHYL\HVLQGHNL�PXKDVHEH�H÷LWLPLQLQ�PHYFXW�GXUXPX�YH�JHOLúWLULOPHVL�LoLQ�
\DSÕOPDVÕ�JHUHNHQ�JHOLúWLUPHOHU��0DNDOH�������
.HOOH\�0��'DYH\�+��� YH� +DLJK�1���������³&RQWHPSRUDU\� DFFRXQWLQJ� HGXFDWLRQ� VRFLHW\´�� $FFRXQWLQJ� (GXFDWLRQ��
9ROXPH���������V�������
0FYD\��*ORULD���0XUSK\�3DPHOD�5��YH�<RRQ��6XQJ�:RRN����������³*RRG�SUDFWLFHV�LQ�DFFRXQWLQJ�HGXFDWLRQ��FODVVURRP�
FRQILJXUDWLRQ�DQG�WHFKQRORJLFDO�WRROV�IRU�HQKDQFLQJ�WKH�OHDUQLQJ�HQYLURQPHQW´�$FFRXQWLQJ�(GXDWLRQ��DQ�,QWHUQDWLRQDO�
-RXUQDO��9ROXPH���������V������
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0RVOH\�'RQDOG�&���0HJJLQVRQ��/�&��3LHWUL�3�+��6XSHUYLVRUY�0DQDJHPHQW��������6RXWK�:HVWHUQ��'LYLVLRQ�RI�7KRPVRQ�
/HDUQLQJ��V�������
g]GR÷DQ�� 6HKHU� 7XUDQOÕ��� 0XKDVHEH� g÷UHWLP� 0HWRGODUÕ� (O� .LWDEÕ�� � 7LFDUHW� YH� 7XUL]P� <�NVHN� g÷UHWPHQ� 2NXOX�
<D\ÕQODUÕ��$QNDUD���������V������
5HEHOH�� -�� (���� ������ ³$FFRXQWLQJ� HGXFDWLRQ¶V� XQFHUWDLQ� HQYLURPHQWV�� GHVFULSWLRQV� DQG� LPSOLFDWLRQV� IRU� DFFRXQWLQJ�
SURJUDPPHV�DQG�DFFRXQWLQJ�HGXFDWLRQ�UHVHDUFK´��$FFRXQWLQJ�(GXFDWLRQ��9ROXPH����������V�����
6WRORZ\�� +��� 	� 7HQHQKDXV�� 0�� �������� � ,QWHUQDWLRQDO� $FFRXQWLQJ� (GXFDWLRQ� LQ� :HVWHUQ� (XURSH�� 7KH� (XURSHDQ�
$FFRXQWLQJ�5HYLHZ����������V�����������
7DúFÕ��'HQL]��øQVDQ�.D\QDNODUÕ�<|QHWLPL��$QDGROX�hQLYHUVLWHVL�<D\ÕQODUÕ���������V�������
8]D\�6DEDQ��³����<�]\ÕOÕQ�EDúÕQGD�PXKDVHEH�PHVOH÷LQL� HWNLOH\HQ�JHOLúPHOHU� YH�JHOHFH÷H� \|QHOLN� GH÷HUOHQGLUPHOHU¶¶��
øVWDQEXO�6HUEHVW�0XKDVHEHFL�0DOL�0�úDYLUOHU�2GDVÕ�0DOL�d|]�P�'HUJLVL��6D\Õ�����+D]LUDQ��������V�������
9ROPHU��)��*����������(IIHFW�RI�JUDSKLFDO�SUHVHQWDWLRQV�RQ�LQVLJKWV�LQWR�D�FRPSDQ\
V�ILQDQFLDO�SRVLWLRQ����DQ�LQQRYDWLYH�
HGXFDWLRQDO� DSSURDFK� WR� FRPPXQLFDWLQJ� ILQDQFLDO� LQIRUPDWLRQ� LQ� ILQDQFLDO� UHSRUWLQJ��D� UHSO\��$FFRXQWLQJ�(GXFDWLRQ�
���������V�����������
:DONHU��-��YH�*XWWHULGJH��7���������&DUHHU�3ODQQLQJ�3UDFWLFHV��V�������
:LMHZDUGHQD�� +��� 	� &RRUD\�� 6�� ��������$FFRXQWLQJ� HGXFDWLRQ� LQ� $XVWUDOLD� DQG� -DSDQ�� $� FRPSDUDWLYH� H[DPLQDWLRQ���
$FFRXQWLQJ�(GXFDWLRQ���������V������������

�
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�
�

ÖZET:  %X� oDOÕúPDGD�� 7�UNL\H¶GH� \�NVHN� GHSUHP� SRWDQVL\HOLQH� VDKLS� YH� ELU� DQODPGa küresel 
HQHUML�NRULGRUX�RODUDN�DGODQGÕUÕODELOHFHN�'R÷X�$QDGROX�%|OJHVLQLQ�|QHPOL�úHKLUOHULQGHQ�0Xú�LOL�
YH� FLYDUÕQÕQ� GHSUHP� WHKOLNHVLQLQ� RUWD\D� NRQXOPDVÕ� DPDoODQPDNWDGÕU�� 0Xú� WDULKVHO� YH� DOHWVHO�
G|QHP� GHSUHPOHUL� LQFHOHQGL÷LQGH� VLVPLN� DoÕGDQ� ROGXNoD� KDUHNHtli olan bir bölgede yer 
DOPDNWDGÕU�� dDOÕúPD� DODQÕ� GHSUHPVHOOL÷L� LQFHOHQLUNHQ� PDJQLW�G-frekans iOLúNLVL�� VLVPLN� ULVN� YH�
G|Q�ú� SHUL\RWODUÕ� KHVDSODQPÕúWÕU�� 'HSUHP� ULVNOHUL� MHRORMLN� RODUDN� ID\ODUÕQ� EHOLUOHQPHVL� LOH� HOGH�
HGLOHELOHFH÷L� JLEL� GDKD� |QFHNL� GHSUHP� ND\ÕWODUÕQGDQ� ID\GDODQÕODUDN� WD� bulunabilmektedir.�0Xú�
úHKLU�PHUNH]LQH�����NP�\DUÕoDSÕQGDNL�DODQGD�����–�����\ÕOODUÕ�DUDVÕQGD�PH\GDQD�JHOHQ�YH�0���
4 olan depremler Gutenberg-5LFKWHU�ED÷ÕQWÕVÕ�GLNNDWH�DOÕQDUDN�E|OJHQLQ�GHSUHP�ULVNL�LVWDWLVWLNVHO�
olarak ortayD� NRQXOPXúWXU�� 0Xú� YH� FLYDUÕQGD� �� E�\�NO�÷�QGHNL� ELU� GHSUHPLQ� ���� \ÕO� LoLQGH�
JHUoHNOHúPH� RODVÕOÕ÷Õ� ����� RODUDN� KHVDSODQPÕúWÕU�%X� oDOÕúPD� GHSUHPVHOOLN� |÷HVL� LKPDO� HGLOHQ�
0Xú� YH� FLYDUÕQGD� \DSÕODFDN� oDOÕúPDODUD� NDWNÕ� VD÷OD\DFD÷Õ� JLEL�� \DSÕODúPD� HVQDVÕQGD� GHSUem 
HWNLVLQLQ�GLNNDWH�DOÕQPDVÕ�JHUHNWL÷LQL�J|]OHU�|Q�QH�VHUPHNWHGLU����
 
Anahtar Kelimeler: 0Xú��D]DOÕP�LOLúNLOHUL��GHSUHPVHOOLN��*XWHQEHUJ�5LFKWHU�

 
ABSTRACT 

,Q�WKLV�VWXG\��WKH�HDUWKTXDNH�KD]DUG�RI�0XV�SURYLQFH�DQG�LWV�VXUURXQGLQJ�ORFDWHG�LQ�UHJLRQ�ZKLFK�
LV�VHLVPLFDOO\�TXLWH�DFWLYH�LV�DLPHG�WR�EH�SUHVHQWHG��$QDO\]LQJ�WKH�VHLVPLFLW\�RI�VWXGLHG�DUHD�WKH�
UHODWLRQ�EHWZHHQ�PDJQLWXGH�IUHTXHQF\�� VHLVPLF� ULVN� DQG� F\FOLQJ�SHULRGV� DUH� FDOFXODWHG��6HLVPLF�
ULVN�RI�0XV�ZHUH�VWDWLFO\�FDOFXODWHG�E\�XVLQJ�WKH�HTXDWLRQ�RI�*XWHQEHUJ�5LFKWHU�IRU�HDUWKTXDNHV�
ZKLFK� DUH� 0�� �� WKDW� KDSSHQHG� LQ� EHWZHHQ� ���������� RI� D� UDGLRXV� ���NP� �� ,Q� 0XV� DQG� LWV�
VXUURXQGLQJ��WKH�SUREDELOW\�RI�DQ�HDUWKTXDNH�RI���PDJQLWXGH�LQ�����\HDUV�LV�FDOFXODWHG�DV��������
7KLV�VWXG\�LV�VXSSRVHG�WR�FRQWULEXWH�WR�WKH�VWXGLHV�WR�EH�FDUULHG�RXW�LQ�0XV�DQG�LWV�GLVWULFWV�ZKHUH�
LWV�VHLVPLFLW\�KDV�EHHQ�QHJOHFWHG��,W�XQIROGV�WKH�QHFHVVLW\�RI�HDUWKTXDNH�HIIHFWV�WR�EH�NHSW�LQ�PLQG�
GXUÕQJ�FRQVWUXFWLQJ��'XH�WR�VHLVPLF�ULVNV�WKH�UHDOLW\�RI�HDUWKTXDNH�VKRXOG�QRW�EH�IRUJHWWHQ�LQ�0XV��
�
Keywords:�0XV��DWWHQXDWLRQ�UHODWLRQVKLSV��VHLVPLFLW\��*XWHQEHUJ�5LFKWHU�

�
�

1-*LULú 
'HSUHPVHOOLN�� MHRORMLN�� WHNWRQLN� YH� LVWDWLVWLNVHO� YHULOHUH� GD\DQPDNWDGÕU�� 'HSUHPLQ� ROXú� WDULKL� YH� ]DPDQÕ��

PHUNH]� YH� PHUNH]� �VW�� NRQXPX�� ND\QDN� SDUDPHWUHOHUL� YH� \DUDWWÕ÷Õ� HWNLOHUOH� LOJLOL� PDNURVLVPLN� YHULOHU�� ELU� \|UHQLQ�
GHSUHP� WHKOLNHVLQLQ� EHOLUOHQPHVLQGHNL� HQ� |QHPOL� XQVXUODUGDQGÕU�� %LU� E|OJHQLQ� GHSUHPVHOOL÷L� R� E|OJHGH� JHOHFHNWH�
RODELOHFHN�ELU�GHSUHPLQ�J|VWHUJHVLGLU�%LU�\HUOHúLP�ELULPLQLQ�RODVÕ�ELU�GHSUHPGH�J|VWHUHFH÷L�SHUIRUPDQV��\DSÕVDO�KDVDU�
GXUXPX�YH�EXQD�ED÷OÕ�RODUDN�FDQ�ND\EÕ�� \DUDODQPDODU� YH�PDO� ND\EÕQÕ�EHOLUOHPHN�DPDFÕ� LOH�GH÷LúLN�ELOLPVHO�PRGHOOHU�
�]HULQGH�oDOÕúPDODU�GHYDP�HWPHNWHGLU��<HUOHúLP�ELULPOHULQLQ�RODVÕOÕ÷D�GD\DOÕ�VLVPLN�WHKOLNH�DQDOL]L�JHOHFHN�GHSUHPOHULQ�
NRQXPX��ROXú�]DPDQÕ��E�\�NO�÷��YH�GL÷HU�|]HOOLNOHU�RODVÕOÕN�KHVDSODUÕQD�GD\DOÕ�RODUDN�WDKPLQ�HGLOPHNWHGLU���

g]HOOLNOH� VRQ� \ÕOODUGD� G�Q\DGD� YH� �ONHPL]GH� \DúDQDQ� \ÕNÕFÕ� GHSUHPOHU� YH� EX� GHSUHPOHU� VRQXFXQGD� ROXúDQ�
E�\�N�oDSOÕ�FDQ�YH�PDO�ND\ÕSODUÕ�GHSUHP�NRQXVXQGD�\DSÕODQ�oDOÕúPDODUÕ��DUDúWÕUPDODUÕ�YH�DOÕQDFDN�|QOHPOHULQ�|QHPLQL�
J�QGHPH� JHWLUPLúWLU�� 0Xú� øOL� YH� |]HOOLNOH� \DNÕQ� oHYUHVLQLQ� GHSUHPVHOOL÷L� YH� EXUDODUGD� JHoPLúWH� PH\GDQD� JHOHQ�
GHSUHPOHUGHQ�GROD\Õ�0Xú�LQFHOHQPH\H�GH÷HU�ELU�NRQXPGDGÕU����

0Xú��'R÷X�$QDGROX�%|OJHVLQGH�� �����
������
� GR÷X� ER\ODPODUÕ�� �����
������
� NX]H\� HQOHPOHUL� DUDVÕQGD� \HU�
DODQ��������NP��OLN�\�]|Oo�PH�VDKLS�YDGLOHU�DUDVÕQGD�NXUXOPXú�WDULKL�ELU�úHKLUGLU��dHYUH�'XUXP�5DSRUX���������ùHNLO�
����

International Science and Technology Conference, Dubai, 13-15 December 2012

856



ISTEC 20
12

�
ùHNLO������0Xú�LOL�YH�\HU�EXOGXUX�KDULWDVÕ�
�

2-7HNWRQLN�<DSÕ 
7�UNL\H¶GH� J�QFHO� VLVPLN� DNWLYLWHQLQ� \R÷XQ� RODUDN� \DúDGÕ÷Õ� E|OJHOHUGHQ� ELUL� GH� 'R÷X� $QDGROX� %|OJHVLGLU��

'R÷X�$QDGROX�%|OJHVLQLQ�JHQHO�WHNWRQLN�\DSÕVÕ�D÷ÕUOÕNOÕ�RODUDN�%LWOLV�%LQGLUPH�=RQX�RODUDN�ELOLQHQ�GHIRUPDV\RQ�]RQX�
ER\XQFD�$UDS� OHYKDVÕ� LOH�$QDGROX� OHYKDVÕQÕQ�oDUSÕúPDVÕ� LOH�NX]H\H�GR÷UX�KDUHNHWL� LOH�NRQWURO�HGLOPHNWHGLU� �ùHNLO� �����
dDUSÕúPD�.DUOÕRYD�hoO��%LUOHúLP�QRNWDVÕQGD�ELUOHúHQ�VD÷�\|QO��GR÷UXOWX�DWÕPOÕ�.X]H\�$QDGROX�)D\Õ�YH�VRO�\|QO��'R÷X�
$QDGROX�)D\Õ�LOH�\|QHWLOPHNWHGLU��ùHNLO�����%XQXQ�\DQÕ�VÕUD�.DUOÕRYD�hoO��ELUOHúLP�QRNWDVÕQÕQ�GR÷XVXQGD�EX�oDUSÕúPD�
VHEHEL�LOH�oR÷XQOXNOD�.%�*'�GR÷UXOWXOX�VD÷�\|QO���.'�*%�GR÷UXOWXOX�VRO�\|QO��ID\ODU�E|OJHQLQ�EDVNÕQ�HOHPDQODUÕGÕU��
'�%� GR÷UXOWXOX�0Xú� ±�9DQ�*|O�� YH� 3DVLQOHU� UDPSD� KDY]DODUÕ�'R÷X�$QDGROX�%|OJHVLQLQ� J|]H� oDUSDQ� GL÷HU� WHNWRQLN�
HOHPDQODUÕGÕU���
'R÷X� $QDGROX� E|OJHVL� GLUL� ID\� \R÷XQOXQXQ� HQ� ID]OD� ROGX÷X� E|OJHOHUGHQ� ELULGLU�� 'R÷X� $QDGROX� )D\Õ�� 7�UNL\H¶QLQ�
GR÷XVXQGD�.DUOÕRYD�LOH�øVNHQGHUXQ�.|UIH]L�DUDVÕQGD�.'�*%�GR÷UXOWXVXQGD�X]DQDQ�\DNODúÕN����NP¶OLN�X]XQOX÷D�VDKLS�
VRO�\DQDO�GR÷UXOWX�DWÕPOÕ�ELU�ID\GÕU��ùHNLO�����%LWOLV�%LQGLUPH�=RQX��*�QH\GR÷X�7�UNL\H¶GHQ�øUDQ¶GDNL�=D÷URV�GD÷ODUÕQD�
NDGDU� X]DQDQ�� NÕWD�NÕWD� YH� NÕWD�RN\DQXV� oDUSÕúPD� VÕQÕUÕ� RODUDN� WDULI� HGLOHFHN� ELU� NRPSOHNVWLU�� .DUOÕRYD� �oO�� ELUOHúLP�
QRNWDVÕQÕQ�GR÷XVXQGD�NDODQ�.�*�\|QO��VÕNÕúPD�WHNWRQLN�UHMLPL�LOH�NDUDNWHUL]H�HGLOPHNWHGLU��ùHNLO����� �
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ùHNLO����7�UNL\H¶QLQ�|QHPOL�WHNWRQLN�\DSÕODUÕ�%R]NXUW�������'6)=��gO��'HQL]�)D\�=RQX��($)=�'R÷X�$QDGROX�)D\�
=RQX��1$)=��.X]H\�$QDGROX�)D\�=RQX��

�
.X]H\� YH� 'R÷X� $QDGROX� )D\� ]RQODUÕQD� SDUDOHO� VD÷�� VRO� \|QO�� GR÷UXOWX� DWÕPOÕ� ID\ODU� E|OJHQLQ� EDVNÕQ� WHNWRQLN�
XQVXUODUÕGÕU��%X� WHNWRQLN�XQVXUODUGDQ�ED]ÕODUÕ�$÷UÕ�)D\Õ��%XODQÕN�)D\Õ��dDOGÕUDQ�)D\Õ��(UoLú�)D\Õ��+RUDVDQ�)D\Õ�� ,÷GÕU�
)D\Õ��0DOD]JLUW�)D\Õ��6�SKDQ�)D\Õ��%DOÕNJ|O��)D\�=RQX��%DúNDOH�)D\Õ��dREDQGHGH�)D\Õ��'XPOX�)D\�=RQX��+DVDQ�7LPXU�
)D\�=RQX��.DYDNEDúÕ�)D\Õ��.D÷Õ]PDQ�)D\�=RQX��'R÷XEH\D]ÕW�)D\�=RQX��.DUD\D]Õ�)D\Õ��7XWDN�)D\�=RQX��<�NVHNRYD�
ùHPGLQOL�)D\�=RQX�YH�.X]H\GR÷X�$QDGROX�)D\�=RQX¶GXU��ùHNLO�����%X�ID\ODU�VLVPLN�RODUDN�DNWLI�GXUXPGD�ROXS�ELUoRN�
GHSUHPH�ND\QDN�ROXúWXUPDNWDGÕUODU���
�

�
ùHNLO����0Xú�YH�FLYDUÕQÕQ�|QHPOL�WHNWRQLN�\DSÕODUÕ��%R]NXUW��������
$\UÕFD�.X]H\�$QDGROX�)D\Õ�YH�'R÷X�$QDGROX�)D\Õ¶ÕQ�ELUELUOHULQL�|WHOHPHOHUL�VRQXFX���E|OJHGH�.%�*'�X]DQÕPOÕ�VD÷�YH�
.'�*%�X]DQÕPOÕ�VRO�\DQDO�GR÷UXOWX�DWÕPOÕ�HúOHQLN�NÕUÕN�VLVWHPOHUL�PH\GDQD�JHOPLúWLU��6DQFDN�8]XQSÕQDU�)D\Õ��%LQJ|O�
.DUDNRoDQ�)D\Õ��6XG�÷�Q��)D\Õ��dHYULPSÕQDU��)D\Õ��.LOLVHGHUH�)D\Õ��9DUWR�)D\Õ�YH�*HQo�)D\Õ¶QÕQ�EXOXQGX÷X�EX�VLVWHP�
JHoPLú��\ÕOODUGD�ROPXú�GHSUHPOHU�J|]�|Q�QH�DOÕQGÕ÷ÕQGD�E�\�N�GHSUHP��UHWPH�SRWDQVL\HOLQH�VDKLSWLU��+DNWDQÕU��������
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%X� ID\ODU� VLVPLN� RODUDN� DNWLI� GXUXPGD� ROXS� ELUoRN� GHSUHPH� ND\QDN� ROXúWXUPDNWDGÕUODU�� ���� \�]\ÕOGDQ� |QFH�0Xú� YH�
FLYDUÕQGD�|QHPOL�KDVDUODUD�VHEHS�ROPXú�GHSUHPOHULQ�ELU�NÕVPÕ�7DEOR��¶�GH�VXQXOPXúWXU��
�

7DEOR����0Xú�YH�oHYUHVLQGH�����<�]\ÕOGDQ�|QFH�ROXúPXú�|QHPOL�GHSUHPOHU��
1R� 7DULK� (QOHP��R�� %R\ODP�R�� %|OJH� 0� ,�
�� ����� ������ ������ 0DOD]JLUW� �� 9,,�
�� ����� ������ ������ $KODW�9DQ�%LWOLV�0Xú� � �
�� ����� ������ ������ $KODW���%LWOLV��9DQ���0Xú� �� 9,,,�
�� ����� ������ ������ %LWOLV��$KODW��(UFLú�±�9DQ� �� 9,,,�
�� ����� ������ ������ $KODW�±�(UoLú� �� 9,,�
�� ����� ������ ������ 0DOD]JLUW� �� 9,,,�
�� ����� ������� ������ 0Xú�YH�FLYDUÕ� �� ,;�
�� ����� ������ ������ 1HPUXW�9DQ�%LWOLV�0Xú� �� 9,�
�� ����� ������ ������ 1HPUXW�9DQ�%LWOLV�0Xú� �� 9,,,�
��� ����� ������ ������ %LWOLV��YH�FLYDUÕ� �� 9,,,�
��� ����� ������ ������ 9DQ�YH�FLYDUÕ� �� 9,,�
��� ����� ������ ������ 9DQ���0Xú��%LWOLV� �� ,;�
��� ����� ������ ������ dDOGÕUDQ���%LWOLV� ���� ;�
��� ����� ������ ������ 9DQ���(UoLú� ���� 9,,,�
��� ����� ������ ������ (U]XUXP� � ,;�
��� ����� ������ ������ %LWOLV�YH�FLYDUÕ� �� 9,,�
��� ����� ������ ������ 9DQ��1HPUXW� ���� 9,,�
��� ����� ������ ������ (U]XUXP� � ;�
��� ����������� ������ ������ 9DQ�±�%LWOLV��0Xú� ���� ,;�
��� ����� ������ ������ 0DOD]JLUW��$GLOFHYD]�%LWOLV� ����� 9,,,�
��� ����� ������ ������ 0DOD]JLUW���0Xú� �� 9,,�
��� ����� ������ ������ 0DOD]JLUW� �� 9,,,�

�
$OHWVHO�G|QHPGH�GH�0Xú�YH�FLYDUÕQGD�E|OJH\L�HWNLOHPLú�|QHPOL�GHSUHPOHULQ�VD\ÕVÕ�ROGXNoD�ID]ODGÕU��0Xú�YH�FLYDUÕQGD�
|QHPOL�KDVDUODUD�VHEHS�ROPXú�GHSUHPOHULQ�ELU�NÕVPÕ�7DEOR��¶GH�VXQXOPXúWXU���
�

7DEOR����0Xú�YH�oHYUHVLQGH�DOHWVHO�G|QHPGH�ROXúPXú�|QHPOL�GHSUHPOHU��
1R� 7DULK� %|OJH� 0�
�� ����� 0DOD]JLUW�0Xú�� ����
�� ����� (U]XUXP�+RUDVDQ� ����
�� ����� (UoLú�9DQ� ����
�� ����� 9DUWR���+ÕQÕV� ����
�� ����� .DUOÕRYD�%LQJ|O� ����
�� ����� 9DUWR� ����
�� ����� 9DUWR���+ÕQÕV� ����
�� ����� 9DUWR� ����
�� ����� %LQJ|O� ����
��� ����� /LFH� ����
��� ����� 0XUDGL\H��dDOGÕUDQ� ����
��� ����� %XODQÕN� ����
��� ����� (U]XUXP� ����
��� ����� %LQJ|O� ����

 

3. Metodoloji 
%LU� E|OJHQLQ� GHSUHPH� PDUX]� NDOPD� GHUHFHVL�� EX� E|OJHQLQ� VLVPLVLWHVLQL� J|VWHUPHNWHGLU�� %LU� E|OJHQLQ�

VLVPLVLWHVLQGH� HQ� |QHPOL� \HUL� MHRORMLN� IRUPDV\RQODUÕQ� NÕUÕOPDVÕQGDQ� ROXúDQ� ID\ODU�PH\GDQD� JHWLUPHNWHGLU��%|OJHOHULQ�
GHSUHP� ULVNOHUL� MHRORMLN� RODUDN� EX� ID\ODUÕQ� EHOLUOHQPHVL� LOH� HOGH� HGLOHELOHF÷L� JLEL� GDKD� |QFHNL� GHSUHP� ND\ÕWODUÕQGDQ�
ID\GDODQÕODUDN�WD�EXOXQDELOPHNWHGLU��gQFHGHQ�GHSUHPH�PDUX]�NDOPÕú�E|OJHOHU�JHOHFHNWH�GH�EHQ]HU�úHNLOGH�GHSUHPOHUGHQ�
]DUDU�J|UHFHN�E|OJHOHU�RODUDN�J|U�OPHNWHGLU��&HOHS����������

+DVDU�YH�FDQ�ND\EÕ�\DUDWDELOHFHN�ELU�GHSUHPGHQ�ND\QDNODQDQ�\HU�KDUHNHWLQLQ�EHOLUOL�ELU�\HUGH�YH�EHOOL�]DPDQ�
SHUL\RGXQGD�PH\GDQD�JHOPH�LKWLPDOL�GHSUHP�WHKOLNHVL�RODUDN�WDQÕPODQPDNWDGÕU��'HSUHP�ULVNL��GHSUHP�QHGHQL�LOH�KDVDU��
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PDO�YH�FDQ�ND\EÕ�LKWLPDOL�RODUDN�WDQÕPODQDELOLU��5LVN�úX�VRUXODUÕQ�\DQÕWODUÕQÕQ�WRSODPÕGÕU��1H�E�\�NO�NWH�ELU�GHSUHP��QH�
NDGDU� X]DNOÕNWD�� QDVÕO� ELU� ]HPLQGH�� QH� W�U� ELU� \DSÕGD�� QH� GH÷HUGH� KDVDU� YH� ND\ED� QHGHQ� ROXU"� µ1H� G�]H\GH� WHKOLNH"¶�
VRUXVXQXQ� \DQÕWÕQÕ� DUDUNHQ� \DSÕODFDN� LON� Lú� QHUHGH� GHSUHP� RODELOHFH÷LQL� GHWHUPLQLVWLN� RODUDN� WDQÕPODPDN� \D� GD�
RODVÕOÕNVDO� RODUDN� NHVWLUPHNWLU�� 'HSUHP� WHKOLNHVL�� GHSUHP� ULVNLQLQ� |QHPOL� ELU� |÷HVLGLU� �g]PHQ�������7�UNHOOL��
������(\LGR÷DQ���������

9DQ� *|O��� $UDELVWDQ� OHYKDVÕ� LOH� $YUDV\D� /HYKDVÕQÕQ� oDUSÕúPDVÕ� VRQXFX� ROXúDQ� WHNWRQLN� EDVÕQo� VRQXFX�
ROXúPXúWXU� �g]W�UN�� ������� %X� WHNWRQLN� KDUHNHWLQ� GHYDP� HGL\RU� ROPDVÕ� 9DQ� *|O�� +DY]DVÕQÕQ� GHSUHPVHOOLN� ULVNLQL�
DUWÕUPDNWDGÕU��9DQ�*|O��KDY]DVÕQGD�PH\GDQD�JHOHFHN�\ÕNÕFÕ�GHSUHPOHU�EX�KDY]D\D�\DNÕQ�ELU�NRQXPGD�EXOXQDQ�0Xú�LO�
PHUNH]L�YH�LOoHOHULQL�\DNÕQGDQ�HWNLOH\HFHNWLU��0Xú�YH�FLYDUÕ��.X]H\�$QDGROX�)D\Õ�LOH�'R÷X�$QDGROX�)D\Õ¶QÕQ�NHVLúLP�
QRNWDVÕ�RODQ�.DUOÕRYD¶\D�ROGXNoD�\DNÕQ�ELU�E|OJHGH�EXOXQPDNWDGÕU��0Xú� øOL��9DUWR��.DUOÕRYD��0DOD]JLUW��%LQJ|O��9DQ�
*|O��� JLEL� GHSUHP� PHUNH]OHULQH� \DNÕQ� ROXS� EX� E|OJHOHULQ� GH� HWNLVL� DOWÕQGDGÕU�� 0Xú¶WD� úLGGHWOL� GHSUHPOHU� VÕN� VÕN�
KLVVHGLOPHNWHGLU���

0Xú�� %DNDQODU� .XUXOXQXQ� ����������� WDULK� YH� �������� VD\ÕOÕ� NDUDUÕ� LOH� JHoHUOL� NÕOÕQDQ� 7�UNL\H� 'HSUHP�
%|OJHOHUL�+DULWDVÕQGD���GHUHFHGH�WHKOLNHOL�GHSUHP�NXúD÷ÕQGD�\HU�DOPDNWDGÕU��ùHNLO�����

�

�
ùHNLO����0Xú�LOL�GHSUHP�KDULWDVÕ��%D\ÕQGÕUOÕN��������
�

0Xú�úHKUL�'R÷X�$QDGROX�VÕNÕúPD�E|OJHVLQGH�\HU�DOPDNWDGÕU��0Xú�LOL�YH�FLYDUÕ�GHSUHPVHOOLN�DoÕVÕQGDQ�ROGXNoD�
ULVNOL� ELU� NXúDNWD� \HU� DOPDNWDGÕU�� 6LVPLN� WHKOLNH� DQDOL]OHUL� LOH� LOJLOL� \DSÕODQ� ELOLPVHO� oDOÕúPDODU� GD� EX� GXUXPX� J|]OHU�
|Q�QH�VHUPHNWHGLU��ùHNLO������
�
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ùHNLO� ���0Xú� øOL
QLQ� GH� LoLQGH� EXOXQGX÷X�'R÷X�$QDGROX�%|OJHVLQLQ� VLVPLN� ULVN� KDULWDVÕ� ����� DúÕOPD� RODVÕOÕ÷Õ� ��� \ÕO�
HNRQRPLN�|P�U�LoLQ�KHVDSODQDQ�SLN�\HU�LYPHVL�GH÷HUOHUL����8VJV��
�
%X� oDOÕúPDGD� NXOODQÕODQ� YHULOHU� 0Xú� úHKLU� PHUNH]LQH� ���� NP� \DUÕoDSÕQGDNL� GDLUH� LoHULVLQGH� ������� NP�� OLN� DODQGD�
'HSUHP�'DLUHVL�%DúNDQOÕ÷Õ¶QÕQ�YHULWDEDQÕQGDNL�GHSUHP�YHULOHUL�NXOODQÕODUDN�HOGH�HGLOPLúWLU��ùHNLO������
�

�
ùHNLO��������¶GHQ�J�Q�P�]H�NDGDU�0Xú�YH�FLYDUÕQGD�PH\GDQD�JHOHQ�0���RODQ�GHSUHPOHULQ�GD÷ÕOÕPÕ�

�
0DJQLW�G�Q� IRQNVL\RQX� RODUDN� GHSUHPOHULQ� ROXú� IUHNDQVÕ� LQFHOHQGL÷LQGH�� JHQHOOLNOH� GR÷UXVDO� ELU� LOLúNL� LOH�

\RUXPODQPD\D� oDOÕúÕOÕU�� 'HSUHPOHULQ� PDJQLW�G�� LOH� ROXú� VD\ÕODUÕ� DUDVÕQGD� LON� GHID� *XWHQEHUJ� YH� 5LFKWHU� �������
WDUDIÕQGDQ�YHULOHQ� 

ORJ�N  �a í�b�M�

%D÷ÕQWÕVÕ��ELU�E|OJHQLQ�GHSUHP�HWNLQOL÷LQL�\DQVÕWPDN�LoLQ�NXOODQÕODQ�HQ�|QHPOL�ED÷ÕQWÕODUGDQ�ELULGLU��*XWHQEHUJ���������
%XUDGD�1��YHULOHQ�ELU�E|OJH�YH�SHUL\RW�LoLQ��PDJQLW�G��0¶H�HúLW�YH\D�GDKD�E�\�N�RODQ�GHSUHPOHULQ�VD\ÕVÕQÕ��D�YH�E�LVH�
UHJUHV\RQ�NDWVD\ÕODUÕQÕ�J|VWHUPHNWHGLU��'RZULFN���������%X�GH÷HUOHULQ�0Xú�LOL�LoLQ�KHVDSODPDODUÕ�\DSÕOÕUNHQ�7DEOR��¶�GH�
J|VWHULOPLú�RODQ�YH�0�����RODQ�GHSUHPOHU�GLNNDWH�DOÕQPÕúWÕU���'LNNDWH�DOÕQDQ�GHSUHP�PDJQLW�G�GH÷HUOHULQLQ�ORJDULWPLN�
GH÷HUOHUL�7DEOR��¶GH�KHVDSODQPÕúWÕU��+HVDS�VRQXFX�HOGH�HGLOHQ�GH÷HUOHU�ùHNLO��¶�WHNL�JUDILNWH�J|VWHULOPLúWLU��
�
�
�
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7DEOR����'HSUHP�PDJQLW�G�GH÷HUOHULQLQ�ORJDUWLPLN�GH÷HUOHUL�
0� 0� ���� 2UW��$UDOÕN� )UHNDQV� /RJ�1� <Õ÷ÕQVDO�IUHNDQV� /RJ�1�
�� ��������������� ����� ���� �������� ���� ��������
�� ��������������� ����� ���� �������� ���� ��������
�� �������������� ����� ��� �������� ��� ��������
�� ��������������� ����� ��� �������� ��� ��������
�� �������������� ����� �� �������� �� ��������
� ��������������� ����� �� �������� �� ��������
�� ��������������� ����� �� �������� �� ��������

�
�

�
ùHNLO����0Xú�øOL�LoLQ�*�WHQEHUJ�5LFKWHU�ED÷ÕQWÕVÕ�
�
D�YH�E�UHJUHV\RQ�NDWVD\ÕODUÕ�KHVDSODQÕUNHQ�HQ�N�o�N�NDUHOHU�\|QWHPL�X\JXODQDUDN�ELOJLVD\DU�RUWDPÕQGD�����NRUHODV\RQ�
NDWVD\ÕVÕ�LOH�KHVDSODQPÕúWÕU��0Xú�øOL�LoLQ�KHVDSODQDQ�*�WHQEHUJ�5LFKWHU�ED÷ÕQWÕVÕ���

ORJ1� �������±�������0�RODUDN�EXOXQPXúWXU��

�D�SDUDPHWUHVL� LQFHOHPH�DODQÕQÕQ�JHQLúOL÷LQH��J|]OHP�G|QHPLQH�YH�YH�GHSUHP�G�]H\LQH�ED÷OÕGÕU��E�GH÷HUL� LVH�E|OJHQLQ�
WHNWRQLN�NDUDNWHULVWL÷LQL�EHOLUOH\HQ�ELU�SDUDPHWUH�RODUDN�NDEXO�HGLOPHNWHGLU��.DO\RQFXR÷OX���������
%X�úHNLOGH�KHVDSODQDQ�D�YH�E�VDELWOHUL�LOH�LVWHQHQ�PDJQLW�GO��ELU�GHSUHPLQ��LVWHQHQ�ELU�SHUL\RW�DUDOÕ÷ÕQGD�ROPD�RODVÕOÕ÷Õ�
KHVDSODQDELOLU��øQFHOHQHQ�DODQÕQ�GHSUHPVHOOLN�SDUDPHWUHOHUL�LVH��

D
� �D��ORJ�E,Q����

D� �D��ORJ7�

D
�� �D
��ORJ7�

ED÷ÕQWÕODUÕ� LOH�KHVDSODQDELOPHNWHGLU��9HULOHQ�ELU�G|QHPGH�PDJQLW�GOHUL�YHULOHQ�ELU�0�GH÷HULQGHQ�E�\�N�YH\D�RQD�HúLW�
RODQ�GHSUHPOHULQ�\ÕOOÕN�RUWDODPD�ROXú�VD\ÕODUÕ��

Q�0�� ����D
���E0�

ED÷ÕQWÕVÕ� LOH� EXOXQDELOLU�� +HUKDQJL� ELU� E|OJHGH� 7�� \ÕOOÕN� ELU� J|]OHP� DUDOÕ÷Õ� LoLQ� YHULOHQ� KHUKDQJL� ELU� 0� PDJQLW�GO��
GHSUHPLQ�7�\ÕO�LoLQGH�ROXúPD�ULVNL��*HQFR÷OX��������7DEDQ�YH�*HQFR÷OX����������

5�0�� ���±�H�Q�0�7�

ED÷ÕQWÕVÕ�LOH�KHVDSODQDELOLU���%XQODUÕQ�G|Q�ú�SHUL\RWODUÕ�LVH��

4� �����Q�0��
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ED÷ÕQWÕVÕQGDQ�KHVDSODQDELOLU���

� 0Xú� øOL� LoLQ� \XNDUÕGDNL� ED÷ÕQWÕODUGDQ� \DUDUODQÕODUDN� GHSUHP� WHKOLNHVLQL� EHOLUOHPHGH� NXOODQÕODQ� SDUDPHWUHOHU�
KHVDSODQPÕú�YH�7DEOR��¶GH�J|VWHULOPLúWLU���
�
7DEOR����'HSUHP�WHKOLNHVLQL�EHOLUOHPHGH�NXOODQÕODQ�SDUDPHWUHOHU�

a b a1 a' a'1 

������ ������ ������� ������� �������
�
'HSUHP� WHKOLNHVLQL� EHOLUOHPHGH� NXOODQÕODQ� SDUDPHWUHOHU� KHVDSODQGÕNWDQ� VRQUD� ���� ���� ���� ���� ���� ��� YH� ���� \ÕOOÕN�
SHUL\RWODU�YH�ED]Õ�PDJQLW�G�GH÷HUOHUL�LoLQ�VLVPLN�WHKOLNH�GH÷HUOHUL�YH�G|Q�ú�SHUL\RWODUÕ�KHVDSODQPÕúWÕU��7DEOR������
�
7DEOR� ���0Xú� ùHKLU�PHUNH]OL� ���.P� \DUÕoDSOÕ� ELU� DODQ� LoLQ� GHSUHPOHULQ� JHOHFHNWH� EHNOHQHQ� ROXúXPODUÕ� YH� G|Q�ú�P�
SHUL\RWODUÕ���

�
0Xú� LOL� LoLQ� \DSÕODQ� KHVDSODPDODUGDQ� HOGH� HGLOHQ� VRQXoODU� ùHNLO� �� YH� ùHNLO� �¶GD� J|VWHULOPLúWLU�� %XQD� J|UH� 0Xú� YH�
FLYDUÕQGD���E�\�NO�÷�QGHNL�ELU�GHSUHPLQ�����\ÕO�LoLQGH�JHUoHNOHúPH�RODVÕOÕ÷Õ������RODUDN�KHVDSODQPÕúWÕU��
�

�
ùHNLO����%HOOL�(NRQRPLN�gP�UOHU�*|UH�dHúLWOL�0DJQLW�G�%�\�NO�NOHULQLQ�$úÕOPD�2ODVÕOÕNODUÕ�

M N(M) 
6ø60ø.�5ø6.���� 

'|Q�ú�
Periyodu 

<ÕOODU�
10 20 30 40 50 75 100 

���� ������� ��� ���� ���� ���� ���� ���� ���� ����
���� ������� ��� ��� ���� ���� ���� ���� ���� ����
���� ������� ��� ��� ��� ��� ��� ���� ���� �����
���� ������� ��� ��� ��� ��� ��� ��� ��� �����
���� ������� ��� ��� ��� ��� ��� ��� ��� �����
���� ������� �� ��� ��� ��� ��� ��� ��� ������
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�

�
ùHNLO����dHúLWOL�0DJQLW�G�%�\�NO�NOHULQH�$LW�'|Q�ú�3HUL\RWODUÕ 

 

 

 

SONUÇLAR 
%X�oDOÕúPD�LOH�0Xú�YH�\DNÕQ�oHYUHVLQLQ�GHSUHP�WHKOLNHVL�KHVDSODQPÕúWÕU������±�����\ÕOODUÕ�DUDVÕQGD�ROXúPXú�

GHSUHPOHU� GLNNDWH� DOÕQDUDN� PDJQLW�G�IUHNDQV� LOLúNLVL� EHOLUOHQPLú� YH� 0Xú� LoLQ� D � ������ YH� E�  � ������ RODUDN�
KHVDSODQPÕúWÕU�� 'HSUHP� YHULOHULQLQ� LVWDWLVWLNVHO� DQDOL]� VRQXoODUÕQD� J|UH� ����� ����� ����� YH� ���� E�\�NO�NOHULQGHNL�
GHSUHPOHULQ����\ÕOOÕN�ELU�G|QHPGH�ROXúPD�LKWLPDOOHUL�VÕUDVÕ�LOH���������������YH����¶GLU���
%|OJH�DNWLI�ELU�WHNWRQLN�K�N�P�V�UPHVLQH�UD÷PHQ�WHNWRQLN�\DSÕQÕQ�E�W�Q�XQVXUODUÕ\OD�L\L�GHUHFHGH�ELOLQGL÷LQL�V|\OHPHN�
]RUGXU��%X�QHGHQOH�JHOHFHNWHNL�GHSUHP�WHKOLNHVL�DoÕVÕQGDQ�E|OJH�LOH�LOJLOL�VLVPRWHNWRQLN�oDOÕúPDODUÕQ�\DSÕOPDVÕ�E�\�N�
|QHP�DU]�HWPHNWHGLU����
0Xú� YH� FLYDUÕ� KHP�0Xú¶WDNL� GHSUHPOHULQ� KHP�GH�X]DN� DODQGD�ROXúDFDN�GHSUHPOHULQ� WHKGLGL� DOWÕQGDGÕU��%X�ED÷ODPGD�
KHP� 0Xú¶WD� KHP� 0Xú¶D� NRPúX� RODQ� %LQJ|O�� 9DQ� *|O�� +DY]DVÕQGD� GHSUHP� �UHWHELOHFHN� ID\ODUÕQ� HWNLVL� J|]� DUGÕ�
HGLOPHPHOLGLU���
0Xú�øOL�YH�FLYDUÕQGD�KHP�WDULKVHO�KHP�GH�DOHWVHO�G|QHPGH�E�\�N�YH�KDVDU�\DSÕFÕ�GHSUHPOHULQ�HWNLVLQGH�NDOPÕúWÕU��%X�GD�
JHoPLúWH�ROGX÷X� JLEL� JHOHFHNWH�GH�KDVDU� \DSDFDN�GHSUHPOHULQ�ROXúDFD÷ÕQÕQ�J|VWHUJHVLGLU��7HNWRQLN�RODUDN� VRQ�GHUHFH�
KDUHNHWOL� NXúDNODU� LoHULVLQGH� NDODQ� 0Xú� LOL� FLYDUÕQGD� \DSÕODúPD� HVQDVÕQGD� GHSUHPVHOOLN� IDNW|U�� J|]� |Q�QGH�
EXOXQGXUXOPDOÕ� YH� LOJLOL� \|QHWPHOLNOHUH� KDVVDVL\HWOH� X\XOPDOÕGÕU�� 0HYFXW� \DSÕODU� LoLQVH� GHSUHP� ULVNLQLQ� D]DOWÕOPDVÕ�
\|Q�QGH� WHGELUOHU� DOÕQÕUNHQ� \DSÕ� VWR÷X� WHVSLW� oDOÕúPDODUÕQGDQ� VRQUD� J�YHQOL� ROPD\DQ� YH� J�oOHQGLULOPHVL� HNRQRPLN�
ROPD\DQ�\DSÕODU�JHUHNOL�P�KHQGLVOLN�oDOÕúPDVÕ�\DSÕODUDN�KD]ÕUODQDQ�SURMHOHUOH�J�oOHQGLULOPHOLGLU���

 

KAYNAKLAR 
$PEUDVH\V��1��1��=DWRSHN��$���³7KH�9DUWR�hVW�NUDQ��(�$1DWROLD��(DUWKTXDNH�2I����$XJXVW�����´��$�)LHOG�5HSRUW��

8QHVFR��3DULV��)HEUXDU\���������S��
%HUEHULDQ��0���³+LVWRULFDO�(DUWKTXDNH�&DWDODJXH´�KWWS���ZZZ�LLHHV�DF�LU�LLHHV�EDQN�%HUEHULDQ�XQFDWORJ��W[W���
%R]NXUW��(���������³�1HRWHFWRQLFV�RI�7XUNH\�±D�6\QWKHVLV´��Geodinamica Acta (Paris)14�������
&HOHS��=���.XPEDVDU��1��� ³<DSÕ�'LQDPL÷L� YH�'HSUHP�0�KHQGLVOL÷LQH�*LULú´�� øVWDQEXO�������6HPD�0DWEDDFÕOÕN�,6%1�

��������������
'RZULFN��'���������³(DUWKTXDNH�5LVN�5HGXFWLRQ´��:LOH\��(QJODQG�
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(\LGR÷DQ��+�����������³7HNWRQLN�YH�'HSUHP�7HKOLNHVL´�����8OXVDO�'HSUHP�0�KHQGLVOL÷L�.RQIHUDQVÕ��'DYHWOL�.RQXúPD���
������0D\ÕV������

*HQFR÷OX��6�����������³.X]H\�$QDGROX�)D\�+DWWÕQÕQ�6LVPLVLWHVL�YH�%X�]RQ�h]HULQGHNL�6LVPLN�5LVN�dDOÕúPDODUÕ´��.X]H\�
$QDGROX�)D\��YH�'HSUHP�.XúD÷Õ�6HPSR]\XPX��07$�(QVWLW�V���$QNDUD�

*XLGRERQL��(���7UDLQD��*���³$�1HZ�&DWDORJXH�RI�(DUWKTXDNHV�,Q�WKH�+LVWRULFDO�$UPHQLDQ�$UHD�IURP�$QWLTXLW\�WR�WKH�
��WK�&HQWXU\´���$QDOÕ�'Õ*HRIÕVÕFD�9RO��;;;9,,,��1����S���������0DUFK��������
*�QGR÷GX��2���³9DQ�YH�dHYUHVLQLQ�'HSUHP�7HKOLNHVL´��9DQ�.HQW�6HPSR]\XPX��7002%�9DQ�øO�.RRUGLQDV\RQ�
.XUXOX��9DQ��V�������������(NLP�������
*XWHQEHUJ��%���5LFWHU�&��)���������³)UHTXHQF\�2I�(DUWKTXDNHV�,Q�&DOLIRUQLD´��%XOOHWHLQ�RI�6HLVPRORJ\�6RFLHW\��

$PHULFD��Y�����S����������
+DNWDQÕU�� 7��� (OFXPDQ�� +��� ³%LQJ|O� øOL� YH� dHYUHVLQGH�.D\GHGLOPLú� <ÕOOÕN� (NVWUHP�'HSUHPOHULQ� øVWDWLVWLNVHO� )UHNDQV�

$QDOL]L�YH�<|UHQLQ�'HSUHPVHOOL÷L´�$OWÕQFÕ�8OXVDO�'HSUHP�0�KHQGLVOL÷L�.RQIHUDQVÕ��øVWDQEXO��V�������������
���(NLP������

øQWHUQHW�DGUHVL��KWWS���ZZZ�GHSUHP�JRY�WU�VDUELV�9HULWDEDQL�''$�DVS["SDUDP ��
øQWHUQHW�DGUHVL��KWWS���ZZZ�NRHUL�ERXQ�HGX�WU��GHSUHPPXK�L]PLU�L]PLUUDSRU�����KWP�
øQWHUQHW�DGUHVL���KWWS���ZZZ�NRHUL�ERXQ�HGX�WU�VLVPR�GHIDXOW�KWP��
øQWHUQHW�DGUHVL���KWWS���ZZZ�NRHUL�ERXQ�HGX�WU�VLVPR�'HSUHPOHU�W/DUJH��KWP����
øQWHUQHW�DGUHVL��KWWS���QHLF�XVJV�JRY�QHLV�HTBGHSRW������HTB�������QHLFBNMGTBZ�KWPO���
øQWHUQHW�DGUHVL��KWWS���ZZZ�MPR�RUJ�WU�UHVLPOHU�HNOHU�H�E��DI�F�����EBHN�SGI"WLSL �	WXUX ;	VXEH ��
øQWHUQHW�DGUHVL��KWWS���WU�ZLNLSHGLD�RUJ�ZLNL�0X�&���)B�LO��
øúoL��d�����������³'HSUHP�1HGLU�YH�1DVÕO�.RUXQXUX]"´��-RXUQDO�RI�<DVDU�8QLYHUVLW\��������V����������
.DO\RQFXR÷OX�� h��<��� g]HU��0��)��� ������� ³7�UNL\H
QLQ� 6LVPLVLWHVL�� <�NVHN� 5LVNOL� $ODQODU� YH� 7HNWRQL÷LQH� <HQL� %LU�

<DNODúÕP´��%HúLQFL�8OXVDO�'HSUHP�6HPSR]\XPX��V�����������.RFDHOL��������0DUW�������
g]W�UN�%���%DONÕV�1���*�YHQ�.��&���$NVX�$���*|UJ�Q�0���hQO��6���+DQLOFL�1���������³,QYHVWLJDWLRQV�RQ�WKH�6HGLPHQW�RI�

/DNH�9DQ��,,��+HDY\�6HWDOV��6XOIXU��K\GURJHQ�6XOILGH�DQG�7KLRVXOIXULF�$FLG�6����DPLQR�HWK\O�HVWHU��&RQWHQWV´��
-RXUQDO�RI �%ODFN�6HD��0HGLWHUUDQHDQ�(QYLURQPHQW���9RO���������������

g]PHQ��%����������³$QNDUD�øoLQ�'HSUHP�6HQDU\RVX´��$QNDUD
QÕQ�'HSUHP�7HKOLNHVL�YH�5LVNL�dDOÕúWD\Õ���V��
5DSRU��³0Xú�øOL�dHYUH�'XUXP�5DSRUX´��0Xú�9DOLOL÷L��dHYUH�<|QHWLPL�YH�d('�3ODQODPD�ùXEH�0�G�UO�÷�, 0Xú���������

���V� 
6�PHU��)��� �������� � ³$KODW�ùHKUL� YH�$KODWúDKODU´��%HOOHWHQ��7�UN�7DULK�.XUXPX��&LOW� ���6D\Õ� �����$QNDUD�� VDK�� �����

$÷XVWRV������
7DEDQ��$���*HQFR÷OX��6�����������³�'HSUHP�YH�3DUHPHWUHOHUL´��'HSUHP�$UDúWÕUPD�(QVWLW�V��%�OWHQL����������
7�&����%D\ÕQGÕUOÕN�YH�øVNDQ�%DNDQOÕ÷Õ��'HSUHP�$UDúWÕUPD�'DLUHVL�%DúNDQOÕ÷Õ�
� 7�&���%D\ÕQGÕUOÕN�YH�øVNDQ�%DNDQOÕ÷Õ������7�UNL\H�'HSUHP�%|OJHOHUL�+DULWDVÕ�
7DQ��2���7DSÕUGDPD]��0�&���<|U�N��$���³7KH�(DUWKTXDNH�&DWDORJXHV�)RU�7XUNH\´��7XUNLVK�-RXUQDO�RI�(DUWK�6FLHQFHV��

9RO����������S����������
7�UNHOOL�1����������³6LVPLN�$÷ODUÕQ�'HSUHP�7HKOLNH�$QDOL]OHULQH�.DWNÕVÕ´�%R÷D]LoL�hQLYHUVLWHVL��.DQGLOOL�5DVDWKDQHVL�

YH�'HSUHP�$UDúWÕUPD� (QVWLW�V��� -HRIL]LN� %|O�P��� ZZZ�HLHV�LWX�HGX�WU�EDUNDOHFWXUH�WXUNHOOLBEDUNDB�����SGI��
�����������
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+D\UHWWLQ�(YLUJHQ���$KPHW�$UVODQ��6HUNDQ�'DUJD�
�

6DNDU\D�hQLYHUVLWHVL�%LOJLVD\DU�0�KHQGLVOL÷L�%|O�P��6DNDU\D��������7�UNL\H�

�

Özet 

<D]ÕOÕP� VHNW|U�Q�Q� JHOLúPHVL� LOH� \D]ÕOÕPODUGD� NDOLWH� LKWL\DFÕ� NHQGLQL� KLVVHWWLUPLúWLU�� .DOLWH\L�
VD÷ODPDN� LoLQ� oHúLWOL� oDOÕúPDODU� \DSÕOPÕú� EX� oDOÕúPDODUÕQ� VRQXFXQGD� NDOLWH\L� |OoPH� LKWL\DFÕ�
GR÷PXúWXU�� gOoPH� LúOHPL� \D]ÕOÕP� PHWULNOHUL� DUDFÕOÕ÷Õ\OD� JHUoHNOHúWLULOPHNWHGLU�� %X� PHWULNOHU�
DUDVÕQGD�� QHVQH\H� GD\DOÕ� SURJUDPODPDQÕQ� WHPHO� WDúÕ� RODQ� VÕQÕIODUÕQ�� VDKLS� ROGX÷X� PHWRW� YH�
|]HOOLNOHULQ�ELUELUL� LOH� X\XPXQXQ�GHUHFHVLQL� |OoHQ� VÕQÕI� X\XPX�FRKHVLRQ��PHWULN� N�PHVL� |QHPOL�
ELU�\HUH�VDKLSWLU��6ÕQÕI�X\XPXQX�|OoPHN�LoLQ�EX�J�QH�NDGDU�\DSÕODQ�oDOÕúPDODU�J|UHFHOL�RODUDN�ELU�
EDúDUÕ�VD÷ODVD�GD�KHQ�]�ROJXQOXN�VHYL\HVLQH�XODúPDPÕúWÕU��

%X�oDOÕúPDGD�WHPHO�VÕQÕI�X\XP�PHWULNOHUL�LQFHOHQPLú���EX�PHWULNOHULQ�]D\ÕI�QRNWDODUÕ�YXUJXODQDUDN�
LOHULGH� \DSÕODFDN� PHWULN� JHOLúWLUPH� oDOÕúPDODUÕQÕQ� PRWLYDV\RQX� NRQXVXQGD� NDWNÕ� VD÷ODPDN�
DPDoODQPÕúWÕU������

.H\ZRUGV��g÷UHQLP�<|QHWLP�6LVWHPOHUL��g<6��6DNDL��FRKHVLRQ��\D]ÕOÕP�PHWULNOHUL��

�

������
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�
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�
�

0XUDW�.$5$%$7$.�
<D]ÕOÕP�0�KHQGLVOL÷L�%|O�P��

)ÕUDW�hQLYHUVLWHVL��7HNQRORML�)DN�OWHVL�
(OD]Õ÷���7�UNL\H�

PNDUDEDWDN#ILUDW�HGX�WU�
�

$KPHW�7HNLQ�
%LOJLVD\DU�YH�g÷UHWLP�7HNQRORMLOHUL�%|O�P���

)ÕUDW�hQLYHUVLWHVL��(÷LWLP�)DN�OWHVL�
�(OD]Õ÷���7�UNL\H�
DWHNLQ#ILUDW�HGX�WU�

�
�
g]HW��%LUoRN�NXUXPGD�ROGX÷X�JLEL�\�NVHN|÷UHWLP�NXUXPODUÕQÕQ�YHULWDEDQODUÕQGD�GD�oRN�E�\�N�ER\XWODUGD�
YHULOHU� VDNODQPDNWDGÕU�� %X� YHULOHULQ� o|]�POHQHUHN� DQODPOÕ� ELOJLOHULQ� RUWD\D� oÕNDUÕOPDVÕ�� \�NVHN|÷UHWLP�
NXUXPODUÕQÕQ� ELUWDNÕP� WHGELUOHU� DODUDN�� H÷LWLPGHNL� NDOLWH\L� DUWÕUPDVÕQÕ� VD÷OD\DFDNWÕU�� <�NVHN|÷UHWLP�
NXUXPODUÕQGDNL�WHPHO�SUREOHPOHUGHQ�ELUL�GH�oHúLWOL�VHEHSOHUOH�|÷UHQFLOHULQ�RNXOGDQ�D\UÕOPDODUÕGÕU��2NXOGDQ�
D\UÕODQ� |÷UHQFLOHUH� DLW� YHULOHUL� o|]�POHPH� YH� DQODPOÕ� ELOJLOHUL� RUWD\D� oÕNDUPDGD� LVWDWLVWLNv� \|QWHPOHULQ�
\DQÕQGD� YHUL� PDGHQFLOL÷L� \|QWHPOHULQLQ� GH� NXOODQÕOPDVÕ�� YHULOHULQ� LúOHQPHVL� YH� o|]�POHQPHVLQGH� E�\�N�
DYDQWDMODU� VD÷ODPDNWDGÕU�� 9HUL� PDGHQFLOL÷L� DOJRULWPDODUÕ� NXOODQÕODUDN� HOGH� HGLOHQ� ELOJLOHUOH�� JHOHFHNWH�
RNXOGDQ�D\UÕOPD�ULVNL�RODQ�|÷UHQFLOHU�LoLQ�ELUWDNÕP�WHGELUOHU�DOÕQPDVÕ�VD÷ODQDELOLU��%LUOLNWHOLN�NXUDOÕ��E�\�N�
YHULOHU� LoHULVLQGHQ� DQODPOÕ� ELOJLOHULQ� RUWD\D� oÕNDUÕOPDVÕQGD� NXOODQÕODQ� \D\JÕQ� \|QWHPOHUGHQ� ELULGLU�� � %X�
oDOÕúPDGD��RNXOGDQ�D\UÕODQ�|÷UHQFLOHUH�DLW�YHULOHUH��ELUOLNWHOLN�NXUDOÕ�\|QWHPL�X\JXODQDUDN��RNXOGDQ�D\UÕODQ�
|÷UHQFL�SURILOLQH�DLW�JL]OL�|U�QW�OHU�RUWD\D�oÕNDUÕOPÕúWÕU���
�
$QDKWDU�.HOLPHOHU��g÷UHQFL�3URILOL��9HUL�0DGHQFLOL÷L��%LUOLNWHOLN�.XUDOÕ��<�NVHN|÷UHWLP��

�
$EVWUDFW�� 6LPLODU� WR� RWKHU� LQVWLWXWLRQ¶V� GDWDEDVHV�� YHU\� ODUJH� GDWD� LV� VWRUHG� LQ� WKH� KLJKHU� HGXFDWLRQ�
LQVWLWXWLRQV�GDWDEDVHV��([WUDFWLQJ�WKH�VLJQLILFDQW�LQIRUPDWLRQ�E\�DQDO\]LQJ�WKLV�GDWD�ZLOO�LQFUHDVH�WKH�TXDOLW\�
RI�HGXFDWLRQ�E\�WDNLQJ�D�QXPEHU�RI�SUHFDXWLRQV��2QH�RI�WKH�PDLQ�SUREOHPV�RI�KLJKHU�HGXFDWLRQ�LQVWLWXWLRQ�LV�
WKH�VWXGHQW¶V�GURS�RXW�WKDW�RFFXU�EDVHG�RQ�YDULRXV�UHDVRQV��,Q�DGGLWLRQ�WR�WKH�VWDWLVWLFDO�PHWKRGV��GXULQJ�GDWD�
DQDO\VLV� RI� WKH� VWXGHQWV� ZKR� GURS� RXW� RI� VFKRRO� DQG� H[WUDFWLQJ� PHDQLQJIXO� LQIRUPDWLRQ�� GDWD� PLQLQJ�
WHFKQLTXHV� SURYLGHV� JUHDW� DGYDQWDJHV� LQ� SURFHVVLQJ� DQG� DQDO\]LQJ� WKH� GDWD�� %DVHG� RQ� WKH� H[WUDFWHG�
LQIRUPDWLRQ�E\�XVLQJ�GDWD�PLQLQJ�DOJRULWKPV��VRPH�IXUWKHU�SUHFDXWLRQV�FDQ�EH� WDNHQ�IRU�VWXGHQWV�ZKR�DUH�
XQGHU� GURSRXW� ULVN�� $VVRFLDWLRQ� UXOH� LV� RQH� RI� WKH� FRPPRQ� PHWKRGV� WKDW� LV� XVHG� WR� H[WUDFW� PHDQLQJIXO�
LQIRUPDWLRQ�WKH�ODUJH�GDWD��,Q�WKLV�VWXG\��YDULRXV�KLGGHQ�SDWWHUQV�DUH�H[WUDFWHG�IRU�SURILOH�RI�GURS�RXW�VWXGHQW�
E\�XVLQJ�DVVRFLDWLRQ�UXOH�PHWKRG�RQ�WKH�VWXGHQW¶V�GDWD��
�
�
.H\ZRUGV��3URILOH�RI�6WXGHQW��'DWD�0LQLQJ��$VVRFLDWLRQ�5XOH��+LJKHU�(GXFDWLRQ��

�
�
�
�
�
*LULú�
�
� %LUoRN� NXUXPGD� ROGX÷X� JLEL� \�NVHN|÷UHWLP� NXUXPODUÕQGD� GD� oRN� E�\�N� ER\XWODUGD� YHULOHU� �UHWLOPHNWHGLU��
<�NVHN|÷UHWLP� NXUXPODUÕQGDNL� |÷UHQFL�� GHUV�� DNDGHPLN� YH� LGDUL� SHUVRQHO�� \|QHWLP� VLVWHPOHUL� YE�� YHULOHU� VWUDWHMLN�
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YHULOHUGLU��6WUDWHMLN�YHULOHULQ�o|]�POHQHUHN�DQODPOÕ�ELOJLOHULQ�RUWD\D�oÕNDUÕOPDVÕ��\�NVHN|÷UHWLP�NXUXPODUÕQÕQ�ELUWDNÕP�
WHGELUOHU�DODUDN��H÷LWLPGHNL�NDOLWH\L�DUWÕUPDVÕQÕ�VD÷OD\DFDNWÕU��9HUL\L�o|]�POHPHN�YH�DQODPOÕ�ELOJLOHUL�RUWD\D�oÕNDUPDGD�
LVWDWLVWLNv�\|QWHPOHU�KHU�]DPDQ�NXOODQÕúOÕ�ROPD\DELOPHNWHGLU��%X�GXUXPODUGD�YHULOHUL�LúOHPHN�YH�o|]�POHPHN�LoLQ�YHUL�
PDGHQFLOL÷L�\|QWHPOHUL�NXOODQÕOPDNWDGÕU���

<�NVHN|÷UHWLP� NXUXPODUÕ�� |÷UHQFL� YH� PH]XQODUÕQ� \RO� KDULWDODUÕQÕ� WDKPLQ� HWPH\H� RGDNODQPÕúWÕU�� .XUXPODU�
KDQJL� |÷UHQFLOHULQ� |]HO� GHUV� SURJUDPODUÕQD� ND\ÕW� \DSWÕUDFD÷Õ�� KDQJL� |÷UHQFLOHULQ� PH]XQ� RODELOPHVL� LoLQ� DNDGHPLN�
\|QOHQGLUPH\H�LKWL\DFÕ�RODFD÷Õ�YH\D�KDQJL�|÷UHQFLOHULQ�RNXOGDQ�D\UÕODELOHFH÷L�JLEL�VRUXODUÕQ�FHYDSODUÕQÕ�ELOPHN�LVWHUOHU��
%X� JLEL� VRUXODUÕQ� FHYDSODUÕ� NXUXPODU� LoLQ� |QHPOLGLU� YH� EX� VRUXODUÕQ� FHYDSODUÕ� YHUL� PDGHQFLOL÷L� \|QWHPOHUL� LOH�
EXOXQDELOPHNWHGLU��/XDQ���������'HODYDUL�YH�DUN����������\�NVHN|÷UHWLP�NXUXPODUÕ�LoLQ�YHUL�PDGHQFLOL÷L�\HWHQHNOHULQL�
NXOODQDQ� ELU� NDUDU� VLVWHPL� WDVDUODPÕúWÕU�� .DUDU� D÷DFÕ� LOH� VÕQÕIODQGÕUPD� \|QWHPL� NXOODQÕODUDN�� %LOJL� 7HNQRORMLOHUL�
)DN�OWHVLQGHNL�|QHPOL�GHUVOHUGHQ�ELUL�RODQ�3URJUDPODPD�,,�GHUVLQGHNL�|÷UHQFL�SHUIRUPDQVÕQÕ�EHOLUOHPH\L�DPDoODPÕúWÕU��
9UDQLF�YH� DUN�� ��������(OHNWULN�0�KHQGLVOL÷L�7HPHOOHUL� GHUVLQGH�� |÷UHQFLOHULQ� oHúLWOL� NRQXODUÕ� |÷UHQPH� \HWHQH÷LQL� YH�
|÷UHQFL� GDYUDQÕúODUÕQÕ� GDKD� L\L� DQODPD\Õ� DPDoODPÕúWÕU��$\UÕFD� EX� GHUVWH� |QFHNL� \ÕOODUGDNL� |÷UHQFL� EDúDUÕVÕQD� EDNDUDN�
JHOHFHN� \ÕONL� |÷UHQFLOHULQ�EDúDUÕVÕQÕ� GD� YHUL�PDGHQFLOL÷L� \|QWHPOHUL� LOH� WDKPLQ� HWPH\H� oDOÕúPÕúWÕU��.DUDEDWDN�YH� øQFH�
�������LVH�\DSWÕ÷Õ�oDOÕúPDGD�|÷UHQFLOHULQ�W�P�GHUVOHULQL�GLNNDWH�DOPÕú�YH���\ÕOOÕN�|÷UHWLP�V�UHFLQGHNL�W�P�GHUV�QRWODUÕ�
DUDVÕQGDNL�LOLúNLOHUL�ELUOLNWHOLN�NXUDOÕ�LOH�RUWD\D�oÕNDUPÕúWÕU��%X�VD\HGH�|÷UHQFLOHULQ�JHOHFHNWH�GHUVOHUGHQ�DODFD÷Õ�QRWODUÕQ�
WDKPLQL� \DSÕODUDN�� KDQJL� GHUVWHQ� EDúDUÕOÕ� YH\D� EDúDUÕVÕ]� RODELOHFHNOHUL� NRQXVXQGD� |Q� ILNLU� VDKLEL� ROPDODUÕ� YH�
oDOÕúPDODUÕQÕ� EX� GR÷UXOWXGD� G�]HQOHPHOHUL� JHUHNWL÷L� YXUJXODQPÕúWÕU�� =DLDQH� YH� /XR� �������� H÷LWLPFLOHU� YH� |÷UHQPH�
V�UHoOHULQLQ�GDKD�L\L�GH÷HUOHQGLUPHVL�DPDFÕ\OD�ZHE�WDEDQOÕ�|÷UHQPH�RUWDPÕQÕQ�WDVDUÕPÕQGD�YHUL�PDGHQFLOL÷L�YH�PDNLQH�
|÷UHQPHVL� WHNQLNOHULQLQ� NXOODQÕODELOLUOL÷LQL� WDUWÕúPÕúWÕU�� 5RPHUR� YH� DUN�� ������� LVH�� H÷LWLP� YH� |÷UHQPH� \|QHWLP�
VLVWHPOHULQGHQ�ELUL�RODQ�0RRGOH¶ÕQ�YHULOHULQH�ELUOLNWHOLN�NXUDOÕ��N�PHOHPH��VÕQÕIODQGÕUPD�JLEL�YHUL�PDGHQFLOL÷L�WHNQLNOHUL�
X\JXODPÕúWÕU�� (�|÷UHQPH� \|QHWLFLOHUL� YH� oHYULPLoL� H÷LWLPFLOHUL� KHP� WHRULN� KHP� GH� SUDWLN� RODUDN� WDQÕúWÕUPDN�
DPDoODQPÕúWÕU��%LU�GL÷HU�oDOÕúPDGD� LVH�-DGULF�YH�DUN�� ��������|÷UHQFLOHULQ�RNXO� W�UOHULQH�YH�JLULú�SXDQODUÕQD�J|UH��YHUL�
PDGHQFLOL÷L� \|QWHPOHULQL� NXOODQDUDN�� |÷UHQFLOHULQ� RNXOGDQ� D\UÕOPD� GXUXPODUÕQÕ� LQFHOHPLúWLU�� $\UÕFD� \D]DU� YHUL�
PDGHQFLOL÷L�X\JXODPDODUÕQÕQ�EX�DODQGD�KHQ�]�\HWHUOL�ROPDGÕ÷ÕQÕ�YXUJXODPÕúWÕU���

%X� oDOÕúPDGD�� )ÕUDW� hQLYHUVLWHVL¶QGH� RNXUNHQ� oHúLWOL� VHEHSOHUOH� RNXOGDQ� D\UÕODQ� |÷UHQFLOHULQ� YHULWDEDQÕQGDQ�
HOGH� HGLOHQ� YHULOHULQH�� PDUNHW� VHSHW� DQDOL]L� RODUDN� ELOLQHQ� ELUOLNWHOLN� NXUDOÕQÕQ� QDVÕO� X\JXODQDFD÷Õ� DQODWÕOPÕú� YH� HOGH�
HGLOHQ� ELUOLNWHOLN� NXUDOODUÕ� YHULOPLúWLU�� )ÕUDW� hQLYHUVLWHVL� g÷UHQFL� øúOHUL� 'DLUHVL� %DúNDQOÕ÷ÕQGDQ� YH� g÷UHQFL� øúOHUL�
2WRPDV\RQXQGDQ�WHPLQ�HGLOHQ�YHULOHUGH��|÷UHQFLOHUH�DLW�|]HO�YHULOHUL��7&�NLPOLN�QR��DGÕ��VR\DGÕ��DQQH�EDED�DGÕ�YE���JL]OL�
WXWXODUDN��JL]OLOLN�LoHUPH\HQ�GL÷HU�YHULOHU��PHPOHNHW��FLQVL\HW�YE���NXOODQÕOPÕúWÕU��%X�QHGHQOH�HOGH�HGLOHQ�NXUDOODU�ED]Õ�
VWUDWHMLN�ELOJLOHUL�LoHUPHPHNWHGLU���

�
�

<|QWHP�
�

9HUL� PDGHQFLOL÷L�� E�\�N� PLNWDUGD� YHUL� LoLQGHQ� JHOHFHNOH� LOJLOL� WDKPLQ� \DSÕOPDVÕQÕ� VD÷OD\DFDN� ED÷ÕQWÕ� YH�
NXUDOODUÕQ� ELOJLVD\DU� SURJUDPODUÕ� NXOODQDUDN� DUDQPDVÕ� RODUDN� WDQÕPODQPDNWDGÕU� �.DUDEDWDN�� ������� %X� oDOÕúPDGD� GD���
HOGHNL�YHUL�N�PHVLQGHQ��DQODPOÕ�ELOJLOHULQ�oÕNDUÕOPDVÕ�DPDFÕ\OD�YHUL�PDGHQFLOL÷L�DOJRULWPDODUÕQGDQ�ELUL�RODQ�ELUOLNWHOLN�
NXUDOÕ� DOJRULWPDVÕ� NXOODQÕOPÕúWÕU�� %LUOLNWHOLN� NXUDOÕ�� RNXOGDQ� D\UÕODQ� |÷UHQFL� SURILOLQLQ� DQDOL]LQGH� E�\�N� NDWNÕODU�
VD÷OD\DFDNWÕU��%LUOLNWHOLN� NXUDOÕ� �UHWLOLUNHQ��0DWODE� SURJUDPÕ� NXOODQÕOPÕúWÕU��0DWODE� RUWDPÕQGD� KD]ÕUODQDQ� SURJUDP� LOH�
HOGHNL�YHULOHUGHQ�ELUOLNWHOLN�NXUDOODUÕ��UHWLOPLú�YH�HOGH�HGLOHQ�NXUDOODU�YHULOPLúWLU��

�
�
�

9HUL�0DGHQFLOL÷L��
�

9HUL�PDGHQFLOL÷L��HOGHNL�YHULOHUGHQ��VW��NDSDOÕ��oRN�QHW�ROPD\DQ��|QFHGHQ�ELOLQPH\HQ�DQFDN�SRWDQVL\HO�RODUDN�
NXOODQÕúOÕ�ELOJLQLQ�oÕNDUÕOPDVÕGÕU��%X�GD��N�PHOHPH��YHUL�|]HWOHPH��GH÷LúLNOLNOHULQ�DQDOL]L��VDSPDODUÕQ�WHVSLWL�JLEL�EHOLUOL�
VD\ÕGD� WHNQLN� \DNODúÕPODUÕ� LoHUPHNWHGLU�� .ÕVDFD� YHUL� PDGHQFLOL÷L�� JHQLú� YHUL� WDEDQODUÕQGDNL� YHULOHU� DUDVÕQGDQ� ELOJL�
oÕNDUPD�LúOHPLGLU��)UDZOH\�YH�DUN�����������

9HUL� PDGHQFLOL÷L�� WHPHOGH� LNL� DQD� EDúOÕNWD� LQFHOHQPHNWHGLU�� %LULQFLVL�� HOGH� HGLOHQ� |U�QW�OHUGHQ� VRQXoODUÕ�
ELOLQPH\HQ�YHULOHULQ�WDKPLQL�LoLQ�NXOODQÕODQ�WDKPLQ�HGLFL��3UHGLFWLYH��GL÷HUL�LVH�HOGHNL�YHULQLQ�WDQÕPODQPDVÕQÕ�VD÷OD\DQ�
WDQÕPOD\ÕFÕGÕU� �'HVFULSWLYH�� �$NSÕQDU�� ������� 9HUL� PDGHQFLOL÷L� PRGHOOHULQL� J|UG�NOHUL� LúOHYOHUH� J|UH� VÕQÕIODPD� YH�
UHJUDV\RQ��N�PHOHPH�YH�ELUOLNWHOLN�NXUDOODUÕ�ROPDN��]HUH��o�DQD�EDúOÕN�DOWÕQGD� LQFHOHPHN�P�PN�QG�U��%X�oDOÕúPDGD�
YHUL�PDGHQFLOL÷L�PRGHOOHULQGHQ�ELUOLNWHOLN�NXUDOÕ�NXOODQÕOPÕúWÕU��
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�
%LUOLNWHOLN�.XUDOÕ�
�

*�Q�P�]GH�� ELUoRN� DODQGDNL� YHULOHU� ELOJLVD\DUODUGD�YH� YHULWDEDQODUÕ� �]HULQGH� VDNODQPDNWDGÕU��%X� YHULOHUGHQ��
LVWHQLOHQ� YH� ND\GD� GH÷HU� ELOJLOHUH� XODúPDN� LoLQ� NXOODQÕODQ� WHNQLNOHUGHQ� ELUL� GH� ELUOLNWHOLN� NXUDOODUÕGÕU�� %LUOLNWHOLN�
NXUDOODUÕ�� LúOHPOHUGHQ� ROXúDQ� YH� KHU� ELU� LúOHPLQ� GH� �U�QOHULQ� ELUOLNWHOL÷LQGHQ� ROXúWX÷X� G�ú�Q�OHQ� ELU� YHUL� WDEDQÕQGD��
E�W�Q��U�Q�ELUOLNWHOLOHULQL� WDUD\DUDN��VÕN�WHNUDUODQDQ��U�Q�ELUOLNWHOLNOHULQL�YHUL�WDEDQÕQGDQ�RUWD\D�oÕNDUPDNWÕU��$JUDZDO��
������� *HQHOOLNOH� E�\�N� V�SHUPDUNHWOHUGH� ROXúDQ� YHULOHUH� X\JXODQDQ� ELUOLNWHOLN� NXUDOÕ�� PDUNHW� VHSHW� DQDOL]L� RODUDN�
DGODQGÕUÕOPDNWDGÕU�� %LUoRN� NXUXOXú�� PDUNHW� VHSHW� YHULOHULQL� NXOODQDUDN� EX� YHULOHUGHQ� E�\�N� ID\GDODU� VD÷ODPD\Õ�
DPDoODPDNWDGÕU��%LU�V�SHUPDUNHWWH��³(÷HU�X��U�Q�Q��DODQ�P�úWHULOHULQ�Y��U�Q�Q��GH�oRN�\�NVHN�ELU�RODVÕOÕNOD�DOGÕNODUÕ�
ELOLQL\RUVD�YH\D�ELU�P�úWHUL�X��U�Q�Q��DOÕ\RU�DPD�Y��U�Q�Q��DOPÕ\RUVD´�úHNOLQGH�HOGH�HGLOHQ�VRQXoODU��R�V�SHUPDUNHW�
LoLQ�oRN�|QHPOL�ELOJLOHUGLU�YH�EX�ELOJLOHU�ELUOLNWHOLN�NXUDOÕ�LOH�HOGH�HGLOHELOPHNWHGLU���

%LUOLNWHOLN� NXUDOÕ� EXOPD� LúOHPL�� \R÷XQ� QHVQH� N�PHVL� KHVDSODPD\D� GD\DOÕ� ELU� LúOHP� ROXS� E�\�N� YHULWDEDQODUÕ�
�]HULQGH� X\JXODQPDVÕ� ROGXNoD� SDKDOÕ� ELU� LúOHPGLU�� %X� QHGHQOH� GDKD� |QFHGHQ� WHVSLW� HGLOHQ� ELUOLNWHOLN� NXUDOODUÕQÕQ�
NRUXQPDVÕ� GD� ROGXNoD� |QHPOL� ELU� NRQX� ROPDNWDGÕU� �.R\XQFX�� �������%LUOLNWHOLN� NXUDOÕ�� ELUoRN� DODQGD� JHQLú� NXOODQÕP�
DODQÕQD�VDKLSWLU�YH�QHVQHOHULQ�YH\D�QLWHOLNOHULQ�ELU�DUDGD�ROPD�GXUXPODUÕQÕ�EHOLUOHPHGH�NXOODQÕOPDNWDGÕU��%X�oDOÕúPDGD�
ELUOLNWHOLN� NXUDOÕ� NXOODQÕODUDN�� RNXOGDQ� D\UÕODQ� |÷UHQFL� SURILOL� oÕNDUÕOPDNWD� YH� |÷UHQFLOHULQ� QLWHOLNOHUL� DUDVÕQGDNL�
LOLúNLOLOHULQ�HOGH�HGLOPHVL�DPDoODQPDNWDGÕU��
�
�
9HUL�7RSODPD�YH�+D]ÕUODPD�
�
� 9HULWDEDQODUÕQGDQ�HOGH�HGLOHQ�KDP�YHULOHULQ�LúOHQPHVL��YHUL�PDGHQFLOL÷LQGH�KHU�]DPDQ�ED]Õ�SUREOHPOHU�RUWD\D�
oÕNDUPDNWDGÕU�� 9HULWDEDQÕQÕQ� ER\XWX�� J�U�OW�O�� YHULOHU�� ERú� YHULOHU�� HNVLN� YHULOHU� YE�� EXQODUÕQ� VRUXQODUÕQ� ELUNDoÕQÕ�
ROXúWXUPDNWDGÕU�� %X� VRUXQODUÕ� JLGHUHELOPHN� YH� YHULWDEDQÕQGDNL� KDP� YHULOHUH� YHUL� PDGHQFLOL÷L� DOJRULWPDODUÕQÕ�
X\JXOD\DELOPHN�LoLQ�YHULOHUH�ED]Õ�G|Q�ú�P�LúOHPOHULQ�X\JXODQPDVÕ�JHUHNPHNWHGLU��9HULOHULQ�KD]ÕUODQPDVÕ��WRSODQPDVÕ��
GH÷HU� ELoLOPHVL�� ELUOHúWLUPH�� WHPL]OHPH� YH� VHoLP� YE�� JLEL� ED]Õ� LúOHPOHU� JHUHNHELOPHNWHGLU�� )ÕUDW� hQLYHUVLWHVL�
|÷UHQFLOHULQLQ�ELOJLOHULQL�EDUÕQGÕUDQ�YHULWDEDQÕ�������\ÕOÕQGDQ������\ÕOÕQD�NDGDU�oHúLWOL�VHEHSOHUOH�RNXOGDQ�D\UÕODQ������
|÷UHQFL\H�DLW�YHUL\H� VDKLSWLU��$QFDN�YHULWDEDQÕQGD� WXWDUVÕ]��HNVLN�YH�KDWDOÕ�YHULOHU�EXOXQGX÷XQGDQ�EX�YHULOHU�DUDúWÕUPD�
GÕúÕQGD�WXWXOPXú�YH������YHUL��]HULQGH�ELUOLNWHOLN�NXUDOÕ�X\JXODQDUDN�DQDOL]OHU�\DSÕOPÕúWÕU��2NXOGDQ�D\UÕODQ�|÷UHQFLOHUH�
DLW� D\UÕOÕú� VHEHEL�� FLQVL\HW��PHPOHNHW�� � |÷UHWLP� W�U��� RUWDODPD� YH� D\UÕOÕú� NRGX� JLEL� ELOJLOHUL� LoHUHQ� KDP�YHULOHUGHQ�ELU�
NHVLW�� ùHNLO� �¶GH� J|U�OPHNWHGLU�� 9HULWDEDQÕ� PRGHOL� RODUDN� LOLúNLVHO� YHUL� PRGHOL� NXOODQÕOGÕ÷ÕQGDQ� GROD\Õ�� ùHNLO� �¶GH�
J|U�OHQ�D\UÕOÕú�NRGODUÕQÕQ�QH�DQODPD�JHOGL÷L�\LQH�IDUNOÕ�ELU�WDEORGD�WXWXOPDNWD�YH�EX�WDEORODU�LOLúNLOHQGLULOHUHN�VRUJXODQÕS�
KDP�YHULOHUGHQ�DQODPOÕ�ELOJLOHU�HOGH�HGLOHELOPHNWHGLU��
�
�
�

�
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�
ùHNLO����2NXOGDQ�$\UÕODQ�g÷UHQFLOHUH�$LW�+DP�9HULOHU�

�
7DEOR� �¶GHNL� YHULOHUGHQ�� %LUOLNWHOLN� NXUDOÕ� NXOODQDUDN� DQODPOÕ� VRQXoODU� �UHWHELOPHN� LoLQ� KDP� YHULOHULQ�

NXOODQÕOPDVÕ� SUREOHPOHU� GR÷XUDELOPHNWHGLU�� %X� QHGHQOH�� � YHUL� G|Q�úW�UPH� DúDPDVÕ� X\JXODQDUDN� 7DEOR� �¶GHNL� JLEL�
HWLNHWOHQGLULOPLú�YHULOHU�HOGH�HGLOPLúWLU���9HULWDEDQÕQD��DOJRULWPDQÕQ�X\JXODQDELOHFH÷L�X\JXQ�IRUPDWD�JHWLULOGLNWHQ�VRQUD�
ELUOLNWHOL�X\JXODQPÕú�YH�VRQXoODU�HOGH�HGLOPLúWLU��
�
�

7DEOR����2NXOGDQ�$\UÕODQ�g÷UHQFLOHUH�$LW�%D]Õ�9HULOHULQ�(WLNHWOHQGLULOPLú�%LoLPL�
�
�

0HPOHNHW�±���
�������!��(OD]Õ÷�
����������������!��.RPúX�LOOHU��0DODW\D��
'L\DUEDNÕU��%LQJ|O��7XQFHOL��
'L÷HU�LOOHU�����!��

�
&LQVL\HW�±���

(UNHN������!��
.Õ]������!��

�
g÷UHWLP�±���

���g÷UHWLP������!��
���g÷UHWLP������!��

�

�
$\UOÕú�6HEHEL�����

������!.HQGL�øVWH÷L�LOH��KDUo��GHUV�
ND\GÕ��
������!<DWD\�*HoLú�LOH�
������!'L÷HU��GLVLSOLQ�FH]DVÕ��
GHYDPVÕ]OÕN��YHIDW��IDUDEL�YE����

�
2UWDODPD�±���

���������!��
������������!��
!��������!��

�

�
�
�
�
�
�
�
(OGH�(GLOHQ�%LUOLNWHOLN�.XUDOODUÕ�
�

%X�oDOÕúPD�NDSVDPÕQGD��RNXOGDQ�D\UÕODQ�|÷UHQFLOHULQ�YHULOHULQH��YHUL�PDGHQFLOL÷L� DOJRULWPDODUÕQGDQ�ELUL�RODQ�
ELUOLNWHOLN�NXUDOÕ� X\JXODQDUDN�;�ĺ�<� IRUPDWÕQGD�NXUDOODU� HOGH� HGLOPLúWLU��%X� NXUDOODUGDNL�;�YH�<� LIDGHOHUL�� FLQVL\HW��
PHPOHNHW�� |÷UHWLP� W�U��� RUWDODPD� YH� D\UÕOÕú� VHEHEL� JLEL� YHULOHUL� LoHUPHNWHGLU�� dDOÕúPDGD�� IDUNOÕ� GHVWHN� YH� J�YHQ�
GH÷HUOHUL�LoLQ�ELUoRN�NXUDO�HOGH�HGLOPLúWLU��%X�NXUDOODUGDQ�ED]ÕODUÕ�7DEOR��¶GH�YHULOPLúWLU��7DEOR��¶GH�YHULOHQ�NXUDOODUGDQ�
|UQH÷LQ��¶LQFL�NXUDO��³�������!�����J�YHQ �\�]GH������´��IRUPDWÕQGD�ROXS��7DEOR��¶GH�J|VWHULOHQ�G|Q�úW�UPH�LúOHPOHUL�
WHNUDU�JHUL\H�GR÷UX�o|]�OG�÷�QGH�� ³D\UÕODQ�|÷UHQFLOHUGHQ�RUWDODPDVÕ����¶GHQ�N�o�N�RODQODUÕQ�\�]GH������¶LQLQ�D\UÕOÕú�
VHEHEL�NHQGL�LVWH÷L�LOHGLU´�VRQXFXQX�RUWD\D�NR\PDNWDGÕU����

�
7DEOR����)DUNOÕ�'HVWHN�'H÷HUOHUL�øoLQ�(OGH�(GLOHQ�.XUDOODUGDQ�%D]ÕODUÕ�
�
�������!�����J�YHQ �\�]GH��������
�����������!�����J�YHQ �\�]GH�������
�����������!�����J�YHQ �\�]GH�������
�����������!�����J�YHQ �\�]GH�������
�����������!�����J�YHQ �\�]GH�������
���������������!�����J�YHQ �\�]GH�������
���������������!�����J�YHQ �\�]GH�������
���������������!�����J�YHQ �\�]GH�������
���������������!�����J�YHQ �\�]GH�������
�������!�����J�YHQ �\�]GH�������

�����������!�����J�YHQ �\�]GH�������
�����������!�����J�YHQ �\�]GH�������
�����������!�����J�YHQ �\�]GH�������
���������������!�����J�YHQ �\�]GH�������
���������������!�����J�YHQ �\�]GH�������
���������������!�����J�YHQ �\�]GH�������
���������������!�����J�YHQ �\�]GH�������
���������������!�����J�YHQ �\�]GH�������
���������������!�����J�YHQ �\�]GH�������
�������������������!�����J�YHQ �\�]GH�������

�
(OGH�HGLOHQ�NXUDOODUGDQ�ED]ÕODUÕQÕQ�DoÕNODPDODUÕ�DúD÷ÕGD�YHULOPHNWHGLU��
�
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x $\UÕODQ� |÷UHQFLOHUGHQ�� PHPOHNHWL� (OD]Õ÷� YH� RUWDODPDVÕ� ���¶GHQ� N�o�N� RODQODUÕQ� \�]GH� �����¶LQLQ� FLQVL\HWL�
HUNHNWLU��

x $\UÕODQ� |÷UHQFLOHUGHQ�� PHPOHNHWL� GL÷HU� LOOHU� RODQ� YH� RUWDODPDVÕ� ���¶GDQ� E�\�N� RODQODUÕQ� \�]GH� �����¶LQLQ�
D\UÕOÕú�VHEHEL�\DWD\�JHoLúWLU��

x $\UÕODQ� |÷UHQFLOHUGHQ�� |÷UHWLP� W�U�� ��� |÷UHWLP� RODQ� YH� RUWDODPDVÕ� ���¶GDQ� N�o�N� RODQODUÕQ� \�]GH� �����¶L�
HUNHNWLU��(UNHNOHULQ�RUDQÕ�QRUPDOGH�����ROGX÷X�G�ú�Q�O�UVH�|÷UHWLP� W�U��YH�RUWDODPD�GH÷LúNHQOHULQLQ�HWNLVL�
LOH�������¶H�oÕNWÕ÷Õ�J|U�OPHNWHGLU��

x $\UÕODQ�|÷UHQFLOHUGHQ��PHPOHNHWL�GL÷HU� LOOHU�RODQ�YH�FLQVL\HWL� HUNHN�RODQ�YH�|÷UHWLP� W�U�����|÷UHWLP�RODQ�YH�
RUWDODPDVÕ����¶GDQ�E�\�N�RODQODUÕQ�\�]GH������¶VLQLQ�D\UÕOÕú�VHEHEL�\DWD\�JHoLúWLU��

x $\UÕODQ�|÷UHQFLOHUGHQ��RUWDODPDVÕ����¶GDQ�N�o�N�RODQODUÕQ�\�]GH������¶Õ�HUNHNWLU��
�
�

6RQXoODU�
�

%X�oDOÕúPDGD�YHUL�PDGHQFLOL÷L�\|QWHPOHULQGHQ�ELUOLNWHOLN�NXUDOÕ�NXOODQÕODUDN��RNXOGDQ�D\UÕODQ�|÷UHQFLOHULQ�D\UÕOPD�
VHEHSOHULQH� LOLúNLQ� |÷UHQFL� SURILOL� RUWD\D� oÕNDUÕOPÕúWÕU�� %X� VRQXoODUD� J|UH� FLQVL\HWL� HUNHN�� PHPOHNHWL� (OD]Õ÷� YH�
RUWDODPDVÕ����¶GDQ�N�o�N�RODQODUÕQ�JHQHOGH�NHQGL�LVWH÷L�LOH�RNXOGDQ�D\UÕOGÕNODUÕ��RUWDODPDVÕ����¶GHQ�E�\�N�RODQODUÕQ�YH�
PHPOHNHWL� (OD]Õ÷� GÕúÕQGD� RODQODUÕQ� LVH� JHQHOGH� \DWD\� JHoLú� VHEHEL� LOH� RNXOGDQ� D\UÕOGÕNODUÕ� J|U�OPHNWHGLU�� <LQH� NÕ]�
|÷UHQFLOHULQ�GDKD�oRN�\DWD\�JHoLú�LOH�HUNHN�|÷UHQFLOHULQ�LVH�GDKD�oRN�NHQGL�LVWH÷L�LOH�RNXOGDQ�D\UÕOGÕNODUÕ�JLEL�VRQXoODU�
GD� RUWD\D� oÕNPDNWDGÕU�� (OGH� HGLOHQ� EX� JLEL� YHULOHU� LOH� LKWLPDOOHU� GH÷HUOHQGLULOHUHN�� VWUDWHMLN� NDUDUODU� LOH� HUNHQGHQ��
|÷UHQFLQLQ� RNXOGDQ� D\UÕOPDPDVÕ� LoLQ� o|]�POHU� EXOXQDELOLU�� +HU� QH� NDGDU� PDUNHW� VHSHW� DQDOL]L� RODUDN� ELOLQVH� GH�
ELUOLNWHOLN� NXUDOÕ� X\JXODQDUDN� |÷UHQFLOHUH� DLW� ELUoRN� YHUL� GH÷HUOHQGLUPH\H� DOÕQÕS�� H÷LWL� NDOLWHVLQL� \�NVHOWHELOHFHN�� \HUL�
JHOGL÷LQGH� |QFHGHQ� |QOHPOHU� DOÕQPDVÕQÕ� VD÷OD\DFDN� ELOJLOHU� HOGH� HGLOHELOPHNWHGLU�� øVWHU� H÷LWLP� NXUXPODUÕ� ROVXQ�� LVWHU�
GL÷HU� NXUXPODU� ROVXQ� WRSODQDQ� E�\�N� ER\XWODUGDNL� YHULOHULQ� LúOHQHUHN� DQODPOÕ� VRQXoODUÕQ� oÕNDUÕOPDVÕ� YH� EXQODUÕQ�
GH÷HUOHQGLULOPHVL�J�Q�P�]GH�|]HOOLNOH��]HULQGH�GXUXOPDVÕ�JHUHNHQ�|QHPOL�ELU�NRQXGXU��

�
�
�

.D\QDNODU�
�
$JUDZDO��5��DQG�6KDIHU��-�&�� ��������³3DUDOOHO�PLQLQJ�RI�DVVRFLDWLRQ�UXOHV��'HVLJQ�� ,PSOHPHQWDWLRQ�DQG�([SHULHQFH´��
,%0�5HVHDUFK�5HSRUW�5-��������
�
$NSÕQDU��+����������9HUL�WDEDQODUÕQGD�ELOJL�NHúIL�YH�YHUL�PDGHQFLOL÷L��ø�h��øúOHWPH�)DN�OWHVL�'HUJLVL��&�����������
�
'HODYDUL� 1�� %HLN]DGHK� 0�� 5�� $PQXDLVXN� 6�� �������� $SSOLFDWLRQ� RI� (QKDQFHG� $QDO\VLV� 0RGHO� IRU� 'DWD� 0LQLQJ�
3URFHVVHV�LQ�+LJKHU�(GXFDWLRQDO�6\VWHP���WK�$QQXDO�,QWHUQDWLRQDO�&RQIHUHQFH�,7(+7�-XO\������-XDQ�'ROLR��'RPLQLFDQ�
5HSXEOLF��
�
)UDZOH\�� :�� -��� 3LDWHWVN\�6KDSLUR�� *��� 0DWKHXV�� &�� -�� �������� .QRZOHGJH� GLVFRYHU\� GDWDEDVHV�� $Q� RYHUYLHZ��
.QRZOHGJH�'LVFRYHU\�LQ�'DWDEDVHV��*��3LDWHWVN\�6KDSLUR�DQG�:��-��)UDZOH\��HGV����������&DPEULGJH��0$��$$$,�0,7��
�
-DGULF��0���*DUDFD��=���DQG�0��&XNXVLF����������6WXGHQW�'URSRXW�$QDO\VLV�ZLWK�$SSOLFDWLRQ�RI�'DWD�0LQLQJ�0HWKRGV��
0DQDJHPHQW��9RO������1R�����SS����������
�
.DUDEDWDN�0��� ��������g]HOOLN� 6HoLPL�� 6ÕQÕIODPD� YH�gQJ|U��8\JXODPDODUÕQD�<|QHOLN� %LUOLNWHOLN�.XUDOÕ� dÕNDUÕPÕ� YH�
<D]ÕOÕP�*HOLúWLULOPHVL��)�h��)HQ�%LOLPOHUL�(QVWLW�V���'RNWRUD�7H]L��(OD]Õ÷�����V��
�
.DUDEDWDN�� 0��� øQFH�� 0�&�� �������� $SULRUL� $OJRULWPDVÕ� LOH� g÷UHQFL� %DúDUÕVÕ� $QDOL]L�� (/(&2� ������ (OHNWURQLN�
%LOJLVD\DU�VD\ID���������������$UDOÕN��%XUVD��
�
.R\XQFX�)����������9HUL�PDGHQFLOL÷LQGH�DSULRUL�WHPHOOL�LOLúNLOHQGLUPH�NXUDOODUÕQÕQ�X\JXODPD�YH�NDUúÕODúWÕUPDVÕ��<ÕOGÕ]�
7HNQLN�hQY��)HQ�%LOLPOHUL�(QVWLW�V��<�NVHN�/LVDQV�7H]L��øVWDQEXO�����V��
�
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/XDQ�� -�� �������� 'DWD� 0LQLQJ� $SSOLFDWLRQV� LQ� +LJKHU� (GXFDWLRQ�� $� FKDSWHU� LQ� WKH� XSFRPLQJ� 1HZ� 'LUHFWLRQV� IRU�
,QVWLWXWLRQDO�5HVHDUFK����VW�(G���-RVVH�%DVV��6DQ�)UDQFLVFR��
�
5RPHUR�� &��� 9HQWXUD�� 6��� *DUFtD�� (�� �������� 'DWD� PLQLQJ� LQ� FRXUVH� PDQDJHPHQW� V\VWHPV�� 0RRGOH� FDVH� VWXG\� DQG�
WXWRULDO��&RPSXWHUV�	�(GXFDWLRQ����������SS�����±����
�
9UDQLF��0��� 3LQWDU��'�� DQG� 6NRFLU�� =�� �������� 7KH� XVH� RI� GDWD�PLQLQJ� LQ� HGXFDWLRQ� HQYLURQPHQW�� LQ� 3URF�� ,QW�� &RQI��
7HOHFRPPXQ���=DJUHG��&URDWLD��SS�����±����
�
=DwDQH��2���	�/XR��-����������:HE�8VDJH�0LQLQJ�)RU�$�%HWWHU�:HE�%DVHG�/HDUQLQJ�(QYLURQPHQW��,Q�3URFHHGLQJV�RI�
FRQIHUHQFH�RQ�DGYDQFHG�WHFKQRORJ\�IRU�HGXFDWLRQ��%DQII��$OEHUWD��SS����±�����
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ON SCALAR QUARK LEAKAGE THROUGH THE POWER-LAW AND 
LOGARITHMIC CONFINING POTENTIALS IN THE KLEIN-GORDON 

EQUATION 
 
 

 /�.�6KDUPD�	�3�9�&�/XKDQJD�
'HSDUWPHQW�RI�3K\VLFV��8QLYHUVLW\�RI�%RWVZDQD�

*DERURQH�
%RWVZDQD�

&RUUHVSRQGLQJ�DXWKRU�H��PDLO��VKDUPDON#PRSLSL�XE�EZ�
�

Abstract:  0RWLYDWHG�IURP�D�SKHQRPHQRORJLFDO�YLHZSRLQW��WKUHH�FRQILQLQJ�SRWHQWLDOV�KDYH�EHHQ�VWXGLHG�LQ�WKH�.OHLQ�
*RUGRQ� HTXDWLRQ� IUDPHZRUN�� ,Q� SDUWLFXODU� ZH� VWXG\� WKH� SKHQRPHQD� RI� TXDUN� OHDNDJH� IRU� WKHVH� SRWHQWLDOV�� 7KH�
WUDQVPLVVLRQ�FRHIILFLHQW�YDOXHV�KDYH�EHHQ�REWDLQHG�IRU�DOO�WKH�SRWHQWLDOV��XVLQJ�:.%�>:HQW]HO��.UDPHUV�	�%ULOORXLQ@�
PHWKRG� DQG� FRPSDUHG�ZLWK� SRWHQWLDOV� DOUHDG\� GLVFXVVHG� E\� SUHYLRXV� DXWKRUV��:H� REVHUYH� WKDW� RQH� RI� WKH� SRWHQWLDOV�
FRQVLGHUHG� E\� XV� VWURQJO\� VXSSRUWV� WKH� H[LVWHQFH� RI� IUHH� TXDUNV� EHFDXVH� RI� WKH� FRPSDUDWLYHO\� ODUJH� YDOXHV� RI�
WUDQVPLVVLRQ�FRHIILFLHQWV��DV�SUHGLFWHG�E\�RXU�PRGHO�������
�

.H\ZRUGV��&RQILQLQJ�SRWHQWLDOV��WXQQHOOLQJ�SKHQRPHQRQ��TXDUN�OHDNDJH��WUDQVPLVVLRQ�FRHIILFLHQWV��
�
�

�
1. Introduction and Motivation 

�
0DQNLQG�KDV�VRXJKW�WKH�HOHPHQWDU\�EXLOGLQJ�EORFNV�RI�PDWWHU�HYHU�VLQFH�WKH�GD\V�RI�WKH�*UHHN�SKLORVRSKHUV��2YHU�WLPH��
WKH�TXHVW�KDV�EHHQ�VXFFHVVLYHO\�UHILQHG�IURP�WKH�RULJLQDO�QRWLRQ�RI�LQGLYLVLEOH�³DWRPV´�DV�WKH�IXQGDPHQWDO�HOHPHQWV�WR�
WKH�SUHVHQW�LGHD�WKDW�REMHFWV�OLNH�TXDUNV�OLH�DW�WKH�KHDUW�RI�DOO�PDWWHU��
�
:LWK�WKH�QHZ�GLVFRYHULHV�EHLQJ�PDGH�DW�WKH�/DUJH�+DGURQ�&ROOLGHU�DW�&(51��LQWHUHVW�LQ�KDGURQ�VSHFWURVFRS\�KDV�VWLOO�
QRW�ZDQHG��0DQ\�DWWHPSWV�KDYH�EHHQ�PDGH�LQ�WKH�SDVW�DV�ZHOO� LQ�WKH�SUHVHQW� WR�VWXG\�WKH�KDGURQ�VSHFWURVFRS\��XVLQJ�
ERWK�WKH�QRQ�UHODWLYLVWLF�6FKU|GLQJHU�HTXDWLRQ�DQG�WKH�UHODWLYLVWLF�ZDYH�HTXDWLRQV�YL]���WKH�.OHLQ�*RUGRQ�DQG�WKH�'LUDF�
HTXDWLRQV��
�
,W�PD\�EH�QRWHG� WKDW� WKH�PRGHO� LQYROYLQJ�IUDFWLRQDOO\�FKDUJHG�TXDUNV�ZDV�SURSRVHG�E\�*HOO�0DQQ��������DQG�=ZHLJ�
�������WR�DFFRXQW�IRU�WKH�H[SORVLRQ�RI�VXEDWRPLF�SDUWLFOHV�GLVFRYHUHG�LQ�DFFHOHUDWRU�DQG�FRVPLF�UD\�H[SHULPHQWV�GXULQJ�
����V� DQG� HDUO\� ����V�� 7KHLU� PRGHO� ZRQ� DFFHSWDQFH� EHFDXVH� RI� D� IHZ� VHPLTXDQWDWLYH� WHVWV� H�J��� D� ODUJH� ZHLJKW� RI�
FLUFXPVWDQWLDO�HYLGHQFH�DQG�PDQ\�TXDQWLWDWLYH�IDFWV�DERXW�VWURQJ�LQWHUDFWLRQV�ZKLFK�LW�DSSDUHQWO\�H[SODLQV��6LQFH�WKHQ��
KRZHYHU�� WKHUH� KDYH� EHHQ� PDQ\� XQVXFFHVVIXO� DWWHPSWV� WR� ILQG� TXDUNV� DW� DFFHOHUDWRUV�� LQ� VHD� ZDWHU�� LQ� URFNV� DQG� LQ�
FRVPLF�UD\V��7KRXJK�/D�5XH�HW�DO��������KDYH�FODLPHG�WKDW�WKH\�KDYH�IRXQG�VRPH�HYLGHQFH�IRU�TXDUNV�LQ�WKHLU�VXSHU�
FRQGXFWLQJ�OHYLWDWLRQ�H[SHULPHQW�LQYROYLQJ�QLRELXP�SHOOHWV��
��
7KHUH�KDYH�EHHQ�PDQ\�DWWHPSWV�WR�XQGHUVWDQG�WKH�SK\VLFDO�PHFKDQLVP�RI�TXDUN�FRQILQHPHQW��+RZHYHU��QRQH�RI�WKHP�LV�
FRPSOHWHO\�FRQYLQFLQJ�DQG�VDWLVIDFWRU\��(YHQ�WKH�PRVW�DPELWLRXV�DWWHPSWV�EDVHG�RQ�TXDQWXP�FKURPRG\QDPLFV��4&'��
SURYLGH� UDWKHU�YDJXH�H[SODQDWLRQV�RI� WKH�PHFKDQLVP�RI�FRQILQHPHQW��7KH�SUREOHP�ZDV� HDUOLHU�DWWDFNHG�DOVR�ZLWK� WKH�
KHOS� RI� OHVV� DPELWLRXV� EXW� PRUH� SODXVLEOH� PRGHOV� OLNH� QDwYH� VWULQJV�� EDJV�� VXLWDEOH� SRWHQWLDOV� HWF�� 7KH� SUREOHP� RI�
FRQILQHPHQW�ZDV� DOVR� WULHG�� WUHDWLQJ� KDGURQV� DV� V\VWHPV� RI� TXDUN� VROLWRQV� ZLWK� VRPH� VXLWDEOH� QRQ�OLQHDU� LQWHUDFWLRQV�
�:HUOH����������
�
.DQJ�DQG�6FKQLW]HU��������KDYH�FDOFXODWHG�PHVRQ�VSHFWUD��XVLQJ�D�SRWHQWLDO�IXQFWLRQ� EDU � �DV�WKH�IRXUWK�FRPSRQHQW�
RI� D� IRXU�YHFWRU� LQ� WKH�.OHLQ�*RUGRQ� HTXDWLRQ��7KH�TXDUN�DQWLTXDUN�ERXQG�VWDWH� HQHUJ\�YDOXHV� �ZKLFK� FRUUHVSRQG� WR�
PHVRQ�PDVVHV��ZHUH�FDOFXODWHG�XVLQJ�:.%�DSSUR[LPDWLRQ��*XQLRQ�DQG�/L��������KDYH�VWXGLHG�WKH�VDPH�SRWHQWLDO�DV�D�
/RUHQW]�VFDODU�LQ�WKH�.OHLQ�*RUGRQ�DQG�'LUDF�HTXDWLRQV��7KH�PRWLYDWLRQ�RI�WKHLU�XVLQJ�WKH�OLQHDU�SRWHQWLDO�FDPH�IURP�
ILHOG�WKHRUHWLF�DUJXPHQWV���6KDUPD�ZLWK�KLV�FROODERUDWRUV��������������������������������������������������������������
�������KDV�H[WHQVLYHO\�VWXGLHG�TXDUN�FRQILQHPHQW�DQG�KDYH�FDOFXODWHG�ERXQG�VWDWH�VSHFWUD�IRU�ERWK�WKH�OLJKW�DQG�KHDY\�
PHVRQV�H�J���WKH�ERXQG�VWDWHV�IRU FF � EE � VV �HWF���VSHFWUD�KDYH�EHHQ�FDOFXODWHG�E\�WKHP��5HFHQWO\�6KDUPD�HW�DO��������
������KDYH�DOVR�HYDOXDWHG�WKH�VSHFWUD�RI WW ��WKH�VR�FDOOHG�WRSRQLXP�PHVRQ�ZKLFK�KDV�\HW�WR�EH�REVHUYHG��7KH�KHDY\�WRS�
TXDUN�ZDV�GHWHFWHG�E\�WZR�WHDPV�ZRUNLQJ�DW�)HUPL�1DWLRQDO�/DERUDWRU\��WKH�ILUVW�RQH�WKH�VR�FDOOHG�&')�WHDP��$EH�HW�DO��
������UHSRUWHG�LWV�PDVV�DV�������*H9�DQG�WKH�RWKHU�WHDP�WKH�'¡�FROODERUDWLRQ��$EDFKL�HW�DO��������HVWLPDWHG�LWV�PDVV�
DV�������*H9��7KH�WRS�TXDUN�DSSHDUV�WR�EH�D�SRLQW�OLNH�SDUWLFOH��LW�KDV�QR�LQWHUQDO�VWUXFWXUH�WKDW�RQH�FDQ�GLVFHUQ����

,Q�WKH�DERYH�FRQWH[W�LW�LV�DOZD\V�LQWHUHVWLQJ�WR�VWXG\�WKH�SKHQRPHQRQ�RI�TXDUN�OHDNDJH��XVLQJ�GLIIHUHQW�SRWHQWLDO�PRGHOV��
7KH�DSSOLFDWLRQ�RI�OLQHDU��.DQJ�	�6FKLQW]HU��������DQG�WKH�RVFLOODWRU�SRWHQWLDOV��5DP�	�+DODVD��������LQ�D�UHODWLYLVWLF�
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IUDPHZRUN�VXFK�DV�WKH�.OHLQ�*RUGRQ�HTXDWLRQ�JLYHV�ULVH�WR�WKH�SKHQRPHQRQ�RI�WXQQHOOLQJ�DQG�KHQFH�WR�WKH�OHDNDJH�RI�
TXDUNV��5DP��������KDV�GLVFXVVHG�QXPHULFDOO\�WKH�WXQQHOOLQJ�SKHQRPHQRQ�IRU�D�OLQHDU�SRWHQWLDO�DQG�DOVR�.DMZDGNDU�	�
6KDUPD��������KDYH�REWDLQHG�WUDQVPLVVLRQ�FRHIILFLHQWV�IRU�WZR�SRWHQWLDOV�YL]���ORJDULWKPLF�DQG�FXELF�SRZHU�SRWHQWLDOV��

7R�JHW�D�GHHSHU�LQVLJKW�LQWR�WKH�SKHQRPHQD�RI�TXDUN�OHDNDJH��ZH�GHDO�LQ�WKLV�SDSHU�QXPHULFDOO\��ZLWK�WKH�TXDUN�OHDNDJH�
IRU� WKUHH� GLIIHUHQW� SRWHQWLDO� PRGHOV�� ,W� PD\� EH� LQWHUHVWLQJ� WR� QRWH� WKDW� DOO� WKH� WKUHH� SRWHQWLDOV� KDYH� DOUHDG\� EHHQ�
VXFFHVVIXOO\�DSSOLHG�LQ�H[SODLQLQJ�WKH�PHVRQ�VSHFWURVFRS\��
�
��3RWHQWLDOV�FRQVLGHUHG�E\�XV�KHUH�DUH���
�

�,�±�$�IUDFWLRQDO�SRZHU�SRWHQWLDO��0DUWLQ��������JLYHQ�E\��
�������� � � ��

���
�� 9UJU9 � ���������� � � � �����

�����������������������������������������������������������������������������������������
�,,���$�SRZHU�ODZ�SRWHQWLDO��6KDUPD�	6KDUPD��������RI�WKH�IRUP�

�������� � � � � ���

�

9UJU9 TP
P

,, � �����������������������������������������������������

�������ZLWK� *H9P ��  �DQG� TP EHLQJ�WKH�TXDUN�PDVV��
�
�,,,���$�ORJDULWKPLF�SRWHQWLDO�RI�WKH�W\SH��-HQD���������
���������� � � � � �� �ORJ 9UJU9,,, �� ��������� � � ����
�
+HUH�LQ�DOO�WKH�WKUHH�SRWHQWLDOV��,����,,��DQG��,,,��� ��� 9J !����
�
,Q� WKH� IROORZLQJ�VHFWLRQ����ZH�VWXG\� WKH� WXQQHOOLQJ�SKHQRPHQRQ� IRU�DOO� WKH� WKUHH�DERYH�PHQWLRQHG�SRWHQWLDOV�E\�
HYDOXDWLQJ�H[SUHVVLRQV�IRU�WKHLU�FRUUHVSRQGLQJ�WUDQVPLVVLRQ�FRHIILFLHQWV����
�
)LQDOO\��LQ�VHFWLRQ����ZH�JLYH�D�EULHI�GLVFXVVLRQ�RQ�WKH�UHVXOWV�REWDLQHG�E\�XV�LQ�VHFWLRQ����
�

2. Theory 
   7KH�PRWLRQ�RI�D�TXDUN�LQ�RQH�ERG\�FHQWUDO�SRWHQWLDO� � �U9 �LV�JRYHUQHG�E\�WKH�IROORZLQJ�UHODWLYLVWLF�.OHLQ�*RUGRQ�

HTXDWLRQ � ��  !F ��

� � � � � �> @ � �UU9(UP \\ ��� � ��� ���������� � � ����
�
7KH�UDGLDO�SDUW�RI�WKLV�HTXDWLRQ�FDQ�EH�VLPSOLILHG�WR�WKH�IRUP�
�

� � > @ � � �����

�

 �� U8U9(P
UG
U8G HII ������ � � ����

�
�
:KHUH��
� � � �
� � � � � �IT\ �

�
P
O<U5U

UU5U8

 

 
�
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�
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 �� � � � � � ���� DQG����������������������������������������������������������������������������������������������������������
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� 9(9

U
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P
9HII �

�
)ROORZLQJ� 0HU]EDFKHU� �������� ZH� XVH� WKH� :.%� DSSUR[LPDWLRQ� DQG� REWDLQ� WKH� IROORZLQJ� H[SUHVVLRQ� IRU� WKH�
WUDQVPLVVLRQ�FRHIILFLHQWV�RI�V�VWDWHV� � �� O �
�
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�

� (9PUN HII � ��������� � � ����
�
ZKHUH� �U �DQG� �U DUH�WKH�URRWV�RI�WKH�HTXDWLRQ� � � �� UN �
�

3. Results and Discussion 
�
7KH�YDOXHV�RI�WKHVH�WUDQVPLVVLRQ�FRHIILFLHQWV�REWDLQHG�IRU�GLIIHUHQW�YDOXHV�RI� P �DQG� �J DUH�GHSLFWHG�LQ�7DEOHV���
DQG����)RU�WKH�SXUSRVH�RI�FRPSDULVRQ��WKH�WUDQVPLVVLRQ�FRHIILFLHQWV�IRU�OLQHDU��.DQJ�	�6FKQLW]HU���������FXELF�DQG�

ORJDULWKPLF�SRWHQWLDOV� >�RI� WKH� W\SH�
�

OQ
U
UJ @� �.DMZDGNDU�	�6KDUPD��������KDYH�DOVR�EHHQ�VKRZQ� LQ�7DEOH���� ,W�

PD\�EH�QRWHG�WKDW�RXU�HTXDWLRQV����������DQG�����FDQ�DOVR�EH�XVHG�LQ�WKH�FDOFXODWLRQV�RI�WUDQVPLVVLRQ�FRHIILFLHQWV�IRU�
D�V\VWHP�FRQVLVWLQJ�RI�TXDUN�DQG�DQWL�TXDUN�EXW�ZLWK�WKH�IROORZLQJ�VXEVWLWXWLRQV��.DQJ�	6FKQLW]HU��������5DP�	�
+DODVD��������,\HU�	6KDUPD��������6KDUPD�	�,\HU���������
�

� �
»¼
º

«¬
ª ��

�
 �

� �
�

�
��

�
� 9(9

U
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P
9 HII ��������� � � �����

DQG�

P

P(
(

�
�
� �� �

 ��������� � � � � �����

�
7KH�YDOXHV�RI�WKHVH�WUDQVPLVVLRQ�FRHIILFLHQWV�IRU�GLIIHUHQW�PHVRQV�DORQJ�ZLWK�SDUDPHWHUV�DFWXDOO\�XVHG�LQ�REWDLQLQJ�
WKH�PHVRQ�VSHFWUD��DUH�VKRZQ�LQ�7DEOH����
�
�
�
�
Our principal observations made in this paper are: 

 
�$� �7KH�VPDOOHU�WKH�HIIHFWLYH�SRZHU�RI�WKH�SRWHQWLDO��WKH�ORZHU�LV�WKH�YDOXH�RI�WKH��
�������WUDQVPLVVLRQ�FRHIILFLHQW��&RQVHTXHQWO\�WKH�SUREDELOLW\�RI�OHDNDJH�RI�TXDUN�LV��
�������KLJKHU�IRU�WKH�SRWHQWLDO�ZLWK�ODUJHU�HIIHFWLYH�SRZHU��7DEOH�����
�
�%� )RU� SRWHQWLDO� ����� WKH� WUDQVPLVVLRQ� FRHIILFLHQWV� DUH� FRPSDUDEOH� ZLWK� WKRVH� REWDLQHG� IRU� WKH� ORJDULWKPLF�

SRWHQWLDO��.DMZDGNDU�	�6KDUPD���������VHH��7DEOH����
�
�&� 7KH�IDOO�LQ�WKH�YDOXH�RI�WUDQVPLVVLRQ�FRHIILFLHQW�ZLWK�LQFUHDVLQJ�PDVV�LV�VWHHSHU�IRU�VPDOOHU�YDOXHV�RI�HIIHFWLYH�

SRZHU��)LJ������)URP�)LJ����DQG�7DEOH����LW�LV�DOVR�HYLGHQW�WKDW�WKH�WUDQVPLVVLRQ�FRHIILFLHQWV�IRU�SRWHQWLDO�����
DUH�YHU\�VPDOO�ZKLOH�IRU�WKH�SRWHQWLDO�����WKH\�DUH�PXFK�KLJKHU��

�
�'� 7KH�HIIHFW�RI�WKH�YDULDWLRQ�LQ �J �LV�SHUFHSWLEO\�ODUJHU�IRU�SRWHQWLDO������)RU�WKLV�SRWHQWLDO��WKHUH�LV�D�VKDUS�ULVH�LQ�

WKH�YDOXH�RI�WUDQVPLVVLRQ�FRHIILFLHQW�ZLWK�LQFUHDVLQJ�YDOXH�RI� �J ��)LJ������)RU�ODUJH�YDOXHV�RI �J ��KRZHYHU��WKH�
WUDQVPLVVLRQ�FRHIILFLHQW� IRU�SRWHQWLDO� ����DWWDLQV�DOPRVW�D�FRQVWDQW�YDOXH��:KLOH� IRU�SRWHQWLDO� ����� LW� LV�QHDUO\�
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FRQVWDQW�IRU�DOO�YDOXHV�RI �J ��)RU�SRWHQWLDO������WKH�YDULDWLRQ�LQ�WKH�YDOXHV�RI�WKH�WUDQVPLVVLRQ�FRHIILFLHQWV�ZLWK�

WKH�YDOXHV�RI �J OLHV�LQ�EHWZHHQ�WKRVH�REWDLQHG�IRU�SRWHQWLDOV�����DQG�����ZLWKLQ�WKH�UDQJH�FRQVLGHUHG��
�
�(� 3RWHQWLDO� ���� VXSSRUWV� VWURQJO\� WKH� H[LVWHQFH� RI� IUHH� TXDUNV� EHFDXVH� RI� FRPSDUDWLYHO\� ODUJH� YDOXHV� RI�

WUDQVPLVVLRQ�FRHIILFLHQWV�SUHGLFWHG�E\� WKLV�PRGHO��3RWHQWLDO� ����RQ� WKH�RWKHU�KDQG��JLYHV� ULVH� WR�D�YHU\�VPDOO�
SRVVLELOLW\� RI� TXDUN� OHDNDJH�� 3DUWLFXODUO\�� DV� FDQ� EH� VHHQ� IURP�7DEOH� ��� OHDNDJH� RI� TXDUNV� IRU� DOO� WKH� WKUHH�
PHVRQV�DUH�SUDFWLFDOO\�]HUR�IRU�SRWHQWLDO������)RU� U �PHVRQ��YDOXHV�RI�WUDQVPLVVLRQ�FRHIILFLHQWV�SUHGLFWHG�IRU�

SRWHQWLDO� ���� DUH� KLJKHU� WKDQ� WKRVH� REWDLQHG� IRU� OLQHDU� DQG� RVFLOODWRU� SRWHQWLDOV�� )RU� � �VVI � PHVRQV��

WUDQVPLVVLRQ�FRHIILFLHQWV�SUHGLFWHG�E\�SRWHQWLDO�����DUH�LQGHSHQGHQW�RI�HQHUJ\�>VLQFH� VP �KDV�EHHQ�FKRVHQ�WR�
EH�HTXDO�WR�����*H9��FRQVHTXHQWO\�SRWHQWLDO�����EHFRPHV�D�OLQHDU�SRWHQWLDO@��6LPLODU�REVHUYDWLRQV�ZHUH�IRXQG�
E\�.DQJ�DQG�6FKQLW]HU��������DQG�5DP�DQG�+DODVD��������IRU�WKH�OLQHDU�SRWHQWLDO�����

�
�)� ,W� PD\� EH� RI� LQWHUHVW� WR� QRWH� WKDW� WKH� SRWHQWLDO� ���� IRU� PHVRQ� VWDWH� U � ZLWK� WKH� SDUDPHWHUV� FKRVHQ� JHWV�

WUDQVIRUPHG� WR� DQ� RVFLOODWRU� SRWHQWLDO�� 7KH� FDOFXODWHG� YDOXHV� RI� 7 DUH� LQ� DJUHHPHQW�ZLWK� WKH� FRUUHVSRQGLQJ�
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SRWHQWLDO�EDUULHU��)URP�)LJ����ZH�REVHUYH�WKDW�DW�ORZ� �J �YDOXHV��WKH�WUDQVPLVVLRQ�FRHIILFLHQW�DVVRFLDWHG�ZLWK�
SRWHQWLDO�����GHFUHDVHV�PRUH�UDSLGO\�DV�WKH�PHVRQ�PDVV�LQFUHDVHV��IROORZHG�E\�WKRVH�DVVRFLDWHG�ZLWK�WKH�WKLUG�
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DIWHU� ZKLFK� LW� MXPSV� WR� WKH� FRPPRQ� DV\PSWRWLF� YDOXH�� 7KLV� ³MXPS´� RFFXUV� DW� JUHDWHU� YDOXHV� IRU� WKH� ILUVW�
SRWHQWLDO� WKDQ�IRU� WKH� WKLUG��)RU�KHDYLHU�PHVRQV�� WKH� WUDQVPLVVLRQ�FRHIILFLHQW� LQFUHDVHV�PXFK�PRUH�VORZO\� WR�
DWWDLQ�WKH�FRPPRQ�DV\PSWRWLF�YDOXH�����
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Figure 1��7KH�YDULDWLRQ�RI�WUDQVPLVVLRQ�FRHIILFLHQW�7�ZLWK�WKH�TXDUN�PDVV��7KH�VROLG�SORWV�FRUUHVSRQG�WR�
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Abstract: Nutrition and proper diet plays critic role on development of the high school students. 
During school age disorders due to diet of student may cause problems and open door to the some 
other diseases. Early detecting and tracking disorders may play important role on the youth health. 
We find Body Mass Index (BMI) would be relevant in our work in order to diagnose and keep track 
of disorders. We built computer program called Tracking Nutrition and Health (TNH) especially for 
high school students and kept track of height, weight, age of students to measure disorders. BMI 
values outside of the certain range are considered as a sign of disorder. In order to overcome 
disorders some tips and suggestions are given such as diet plans, exercises and etc. Activities and 
suggestions are being kept on the system and progress is analyzed over time to make decisions and 
observe progress that has been made. In this paper limitations, advantages and disadvantages of the 
proposed method is going to be discussed. Furthermore we will address experience, knowledge and 
skills we gained through implementations and research.   
 

  Keywords: Online Information Collection, Body Mass Index (BMI), Nutrition Disorders,  
  Computer Programs for Monitoring. 
 
Introduction 
  

Nutrition and proper diet plays critic role on development of the high school students. During school age 
disorders due to diet of student may cause problems and open door to the some other diseases. Early detecting and 
tracking disorders may play important role on the youth health. In our work we built computer program called TNH 
especially for high school students and kept track of height, weight, age of students to measure disorders. BMI values 
outside of the certain limits are considered as a sign of disorder. The project is about building up a web-based health 
tracking system for youth especially high school students.  The desired Web oriented system would keep track of its 
members' health conditions and provide health suggestions to the members according to the personal information they 
subscribed. Our main concern on this project was to complete the user interfaces and built computer program for 
calculation, submission of data and displaying results and so on. The system we would like to implement is going to 
answer the needs of specific group of people. Instead of various and complex medical issues we will focus on more 
common problems such as height, weight problems Targeted users are teenagers from eleven to eighteen years old. By 
choosing specific user group, we did get more chance to focus on users’ specific problems. We also realize making 
assumptions about individual especially for young people is challenging task. For privacy concerns we embed user 
authentication in our project. We wanted to prevent user information from unauthorized access and modification.  
 
Method 
 
Body Mass Index is used to calculate individual body fat based on his or her body weight and height. The formula is very 
simple and universally used. BMI also can be calculated using BMI chart on (Body Mass Index Table). BMI formula can 
be calculated dividing body mass to individual`s square of height.  
 

��� = ����(��)/������(�)� 
 

While calculation of BMI goes back to 19th century BMI gained popularity via published paper in 1972 which found BMI 
to be good approximation body fat percentage (JeremySinger-Vine, 2009)( Keys, Ancel. and friends, 1972). BMI is 
originally intended to use for population studies but because it`s simplicity it is used also for individual diagnosis in spite 
of its inappropriateness. It provides how a person is thin or thick and allow professional to make decisions based on 
numeric value of BMI.  For individuals we take value of BMI of 18.5 to 25 to indicate optimal weight; BMI lower than 
18.5 suggests that the person is underweight while the number above 25 indicates that the person is overweight; BMI 
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number above 30 indicates that the person is obese (over 40 is morbidly obese). We use certain ranges of numbers to 
indicate students have malnutrition or disorders. World Health Organization (WHO) considers BMI less than 18.5 as 
underweight and a sign for eating disorder. BMI greater than 25 is diagnosed as overweight and above 30 is considered as 
obese (BMI Classification). Table 1 below shows ranges and their interpretations according to number defined by WHO. 
 
Table 1 Ranges of BMI values 
 

 
BMI values above are used for adults and BMI for young’s and children is used differently. Although calculation is as 
same as adult evaluations of BMI are done by comparing to typical values for other children of the same age. Instead of set 
threshold for malnutrition, the BMI percentile allows comparison with the children of the same gender and age (BMI for 
Children and Teens). BMI falls under 5th percentile is considered underweight, and above 95th percentile is considered to 
be overweight. We are giving special and careful attention to the people are categorized as underweight and overweight 
since that group of people are considered to have disorders according to BMI calculations. A reference BMI table for 
boys’ age between 2 to 20 can be seen in Figure 1. 

 
 

Figure 1: BMI for age percentiles for boys 2 to 20 years of age. 
 

Although BMI is simple to calculate and interpret different BMI tables are available for different nationality and age and 
gender. To make appropriate decisions all aspects should be considered.  Table for other groups and nations can be 
integrated into the software and more generalized system can be built as a future program.  The recommended 
distinctions along the linear scale may vary from time to time and country to country making global longtitual surveys 
problematic. As we mentioned BMI can be changed and in 1998, the U.S National Institutes of Health and the Centers for 
Disease Control and Prevention brought U.S definitions into line with WHO guidelines, lowering normal/overweight cut 
off from BMI from 28.5 to 25 and effect of this change 29 million healthy population becomes overweight (Who's fat: 
New definition adopted). BMI may differ from country to country and as an example BMI values for Japanese people are 
given in Table 2.  
 
Table 2 BMI Range and Categories for Japan 
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BMI data is becoming more and more pertinent to the growth of children, due to the majority of their exercise habits 
(Barasi, M. E.,2004). BMI has been used by WHO as standard for recording obesity statistics since early 1980. However 
accuracy of BMI is still debated. For example one problem in elderly and children is differences in bone density and that 
makes difference in total weight. 
TNH consists of several components. The first part is the Subscription form. Subscription form allows new users to 
subscribe their personal information. The information submitted by the users will be recorded in the database and become 
a profile for user. User information can be viewed and changed when desired or needed. Keeping user information at each 
step will allow us to see improvements and deterioration of individual. In figure 2 submission and data gathering is 
shown.  
 

 
 

Figure 2: User information submission 
 
 The second part of the program is used for calculating BMI data for users. Based on BMI data, user will be 
categorized and class for user is determined. As indicated BMI range for categories are not static. From time to time 
depending on geographical regions and populations numbers can be interpreted differently. For example BMI number can 
be interpreted as a normal weight for individual in US and same number will indicate individual is overweight in Japan. 
Country, region, time criteria must be set for different regions and population. Once BMI data is calculated category of 
user is determined and written on the screen. To make interpretations and comparison easier, the user BMI is located in 
the Figure 3. Since regular methods mostly just finds category for subject and let them to locate BMI on the table. In some 
situations process of getting exact location for BMI can be confusing. Designing system automatically to locate BMI on 
the chart makes system more usable and user friendly. In figure 3 result of BMI calculation is shown. 
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Figure 3: BMI calculation for adults 
 
 
In this study our interested group was mainly young people. However since BMI calculated same way for young and the 
other we also make program to handle subject who is older than twenty. BMI is calculated same way but different chart is 
used for people are older than twenty. Result of that calculations are shown in figure 4. 
 

 
Figure 4: BMI calculation for young 

 
 

 
The third part of the program is identifying categories to give suggestions consist of physical exercises and proper 
nutrition suggestions. TNH records improvements and progress has been made by subject. If no improvements are 
observed suggestions are adjusted accordingly. TNH is not meant to be used for medical treatment. If student conditions 
are worsening to get professional help TNH may suggest student to get professional help. In this study we will not 
consider much about health care issues instead we will focus on computer program is built for solving addressed issues. 

 
Conclusion and Discussion 
 
The targeted computer program is described in above called TNH is built. Challenging issues we faced during research 
and implementation was the complexity of subject and methods applied to application in this area. BMI is used in this 
article may have different meaning for different age groups, countries and populations.  Research main target youths are 
growing fast and people are within range of this age are under risk if the proper nutrition and care is not given. We believe 
the proposed system is going to help to identify and may solve issues given some tips and suggestions. BMI is used to 
identify and diagnose weight and height related problems. Since there is ongoing discussion about usage of BMI for 
diagnosing individual weight height related problems. We did not concern about is appropriateness. As a future work 
other measurements methods can be used instead of BMI for specific need and diagnosis. 
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Abstract 
 
The development of semiconductor materials in thin layers has highly contributed to perform 
electronic, photonic and photovoltaic devices. The films can be deposited in monolayer or 
multilayer with thicknesses which vary from atomic plane (several Angstroms) to several 
hundreds of nanometres. Therefore, the optical properties are very important in the 
characterization of such devices in dependence on their microstructure and thickness. 
The aim of this work is to determine by ellipsometry the optical properties of semiconductor 
thin films made of gallium nitride, gallium arsenide and gallium phosphide. 
Ellipsometry is an optical method based on the behaviour of polarized light. The light 
reflected on a surface induces a change in the polarization state which depends on the 
characteristics of the material (complex refractive index and thicknesses of the different layers 
constituting the device). The paper describes the experimental aspects concerning the 
semiconductor samples, the SE400 ellipsometer principle, and the results obtained by direct 
measurements of ellipsometric parameters (\ and ') and modelling  using Netzwin software. 
 
 
Key words: semicondutors GaN, GaAs,GaP, ellipsometry, optical properties 
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OPTIMALIZATION OF TRANSPORT AND LOGISTIC PROCESSES BY 
SIMULATION 

 �
�

0DUWLQ�.HQGUD��-DQD�/DOLQVNi��-XUDM�ýDPDM�
)DFXOW\�RI�2SHUDWLRQ�DQG�(FRQRPLFV�RI�7UDQVSRUW�DQG�&RPPXQLFDWLRQV�

8QLYHUVLW\�RI�äLOLQD�
6ORYDNLD�

PDUWLQ�NHQGUD#ISHGDV�XQL]D�VN�
�
�

Abstract��/RJLVWLF�FHQWUHV�DUH�D�QHFHVVDU\�SDUW�RI�WKH�WUDQVSRUW�DQG�ORJLVWLFV�SURFHVVHV��7KH\�DUH�
EHQHILFLDO� LQ� WKH�HQWLUH� VFDOH�RI� WKHLU� LPSRUWDQFH�� UDQJLQJ� IURP� WKH�HFRQRPLFDO�� HFRORJLFDO�XS� WR�
WKH� VRFLDO� EHQHILWV�� 7KH� FRVWV� IRU� WKH� FRQVWUXFWLRQ� RI� WKH� ORJLVWLFV� FHQWUHV� DUH� YHU\� KLJK�� ,W� LV�
WKHUHIRUH� LPSRUWDQW� WR� VHW� XS� VXIILFLHQW� FDSDFLW\� IRU� DOO� SDUWLDO� SDUWV� RI� WKH� ORJLVWLF� FHQWUH��2QH�
SRVVLELOLW\� LV� WR� XVH� WKH� VLPXODWLRQ� SURFHVVHV� WR� YHULI\� WKH� H[SHFWHG� IXWXUH� RSHUDWLRQV� LQ� WKH�
ORJLVWLFV�FHQWUH��7KLV�DUWLFOH�GHDOV�ZLWK�WKH�EHQHILWV�RI�WKH�VLPXODWLRQ�SURFHVVHV�DQG�WKHLU�SRVVLEOH�
XVH�LQ�WKH�GHVLJQ�RI�QHZ�ORJLVWLFV�FHQWUHV��
�

� � Key words:�ORJLVWLF�FHQWUH��VLPXODWLRQ�SURFHVV��RSWLPL]DWLRQ��
�
�
Introduction 
�
� 7UDQVSRUW� DQG� ORJLVWLFV� LV� D� SDUW� RI� HYHU\� GHYHORSLQJ� VRFLHW\�� 7KH� DPRXQW� RI� WKH� WUDQVSRUWHG� JRRGV� LQFUHDVHV�
HYHU\�\HDU��7KHUH� LV�DQ� LQFUHDVLQJ�GHPDQG� IRU� WKH�TXDOLW\� VHUYLFHV��%HVLGHV� WKH�SRVLWLYH�HIIHFWV�RI� JRRGV� WUDQVSRUW� LV�
JURZLQJ�LWV�QHJDWLYH�LPSDFW�RQ�WKH�HQYLURQPHQW��7KH\�DUH�SULPDULO\��

� H[KDXVW�HPLVVLRQV�±�DFFUXLQJ� IURP�FRPEXVWLRQ�RI� IXHO� LQ� D�JDVROLQH�DQG�D�GLHVHO�HQJLQHV�� ,W
V� DOO� DERXW�FDUERQ�
PRQR[LGH��FDUERQ�GLR[LGH��VXOSKXU�GLR[LGH��QLWURJHQ�R[LGHV��NHWRQHV��DOGHK\GHV��K\GURFDUERQV�DQG�VRRW���

� RFFXSDWLRQ�RI�WKH�DUDEOH�ODQG�±�LW�V�UHSUHVHQW�PDLQO\�WKH�VXUIDFH�FRQVXPSWLRQ�RQ�WKH�WUDIILF�FRQVWUXFWLRQ�EXLOGLQJ�
DQG�SDUNLQJ���

� QRLVH� ±� LW�V� FKDUDFWHUL]HG� DV� DQ� XQZDQWHG�QRLVH��ZKLFK� DFWV�WR�GLVWXUE�D�PDQ��$� WUDIILF� QRLVH�LV� FDXVHG�
E\�WKH�UXQQLQJ�HQJLQH��WKH�UROOLQJ�RI�ZKHHOV�LQ�PRWLRQ�RQ�WKH�URDG��WKH�DLUIORZ�DQG�WKH�DXGLEOH�ZDUQLQJ�GHYLFHV����

� YLEUDWLRQ�±� LV�FDXVHG�E\�YLEUDWLQJ�RI�HODVWLF�ERGLHV�RU�HQYLURQPHQW�ZKLFK�FHUWDLQ�SRLQWV�PHFKDQLFDOO\�YLEUDWH��
'\QDPLF�IRUFHV�DUH� WKH� PDLQ�FDXVHV� RI�LQDFFXUDFLHV� LQ�WKH� PDQXIDFWXULQJ�RI� SDUWV�DQG�FRPSRQHQWV�� 9LEUDWLRQV�
PD\�EH�FDXVH�E\�WKH�WHFKQLFDO�FRQGLWLRQ�RI�WKH�YHKLFOH��YHKLFOH�FRQVWUXFWLRQ��WUDIILF�URDG�FRQVWUXFWLRQ��FRQWLJXRXV�
FRQVWUXFWLRQV��HWF���

� FRQJHVWLRQ�±�LV�HVSHFLDOO\�FKDUDFWHUL]HG�IRU�ODUJHU�FLWLHV��7KH\�DULVH�IURP�WKH�FRQWLQXRXV�LQFUHDVH�LQ�WKH�QXPEHU�
DQG�XVH�RI�FDUV�DQG�WUXFNV��7KLV�WUHQG�LV�QRW�HQRXJK�WR�DGMXVW�WKH�FDSDFLW\�RI�URDG�DQG�UDLO�LQIUDVWUXFWXUH��UHVXOWLQJ�
LQ�VROYLQJ�GRZQ�WUDIILF��LQFUHDVH�QRLVH�DQG�HPLVVLRQV�LQ�WKH�DLU���

� DFFLGHQWV� ±� FKDUDFWHUL]HG� E\� WKH� H[DFW� PDWHULDO� FODLPV� ZKLFK� DUH� FDXVHG� RQ� WKH� YHKLFOHV� RU� FRQWLJXRXV�
FRQVWUXFWLRQV��,W�LV�PRUH�GLIILFXOW�WR�FDOFXODWH�WKH�LQMXULHV�E\�KXUWLQJ�RU�PDQ�V�GHDWK��7KH�PRVW�VHULRXV�LQIOXHQFH�
RQ�WKH�WUDIILF�DFFLGHQW�DUH�±�SV\FKRORJLFDO�IDFWRUV��WHFKQLFDO�IDFWRUV��PHWHRURORJLFDO�IDFWRUV��/iEDM��-���3DWVFK��0���
%DUWD��'����������
�
,W� LV� QHFHVVDU\� WR� ILQG� RXW� D�FRPSURPLVH� EHWZHHQ� WKH� GHPDQG� IRU� WKH� WUDQVSRUW� DQG� WKH� UHTXLUHPHQW�

RI�WKH�HQYLURQPHQW�SURWHFWLRQ��
(DFK�PRGH�RI�WUDQVSRUW�KDV�LWV�RZQ�VWUHQJWKV�DQG�ZHDNQHVVHV��,W�LV�QHFHVVDU\�WR�GR�WKH�WUDQVSRUW�RI�JRRGV�ZLWK�D�

FRPELQDWLRQ� RI� VXFK� PRGHV� RI� WUDQVSRUW� ZKHUH� WKH� QHJDWLYH� LPSDFW� RQ�WKH�HQYLURQPHQW� LV� DV� ORZ� DV� SRVVLEOH�� $�
FRPELQDWLRQ� RI� GLIIHUHQW� WUDQVSRUW� PRGHV� UHTXLUHV� WKH� JRRG� SODFHV� IRU� WKH� WUDQVVKLSPHQW�� WKH� VWRUDJH� DQG�
WKH�EHQHILFLDWLRQ�RI�WKH�JRRGV��7KH�PRGHUQ�ORJLVWLF�FHQWUHV�PHHW�WKHVH�UHTXLUHPHQWV��

7KH�FRQVWUXFWLRQ�RI�WKH�ORJLVWLFV�FHQWUHV�LV�YHU\�H[SHQVLYH��,W�LV�YHU\�GLIILFXOW�WR�SURSHUO\�GHVLJQ�WKH�FDSDFLW\�DQG�
QXPEHU�RI�WKH�KDQGOLQJ�DUHDV�DQG�HTXLSPHQWV��
�
�
Statement of a problem 
��

7KH� ORJLVWLFDO� FHQWUHV� DUH� LQVHSDUDEOH� SDUW� RI� IRUZDUG� PDUNHW� HFRQRP\�� /RJLVWLFDO� FHQWUHV� QRW� RQO\� VHUYH�
FRPPRGLW\�ZLWK�FOLHQWV�EXW�VXVWDLQ�RI�XVHIXO�UHVHUYHV�RI�SURGXFWV�DQG�DFFHOHUDWH�LQWHUQDWLRQDO�PDUNHW��7KH�WHUP�³ORJLVWLF�
FHQWUH´�KDV�EHHQ�XVHG�WR�GHVFULEH�FHQWUHV�SHUIRUPLQJ�D�EURDG�VSHFWUXP�RI�ORJLVWLFDO�IXQFWLRQV�DQG�EXVLQHVV�SURFHVVHV��
7KH�WHUP�FRPELQHV�ORJLVWLFV��ZKLFK�UHIHUV�WR�DOO�RSHUDWLRQV�UHTXLUHG�WR�GHOLYHU�SURGXFWV�RU�VHUYLFHV�H[FOXGLQJ�SURGXFH�RI�
WKH�JRRGV�RU�SHUIRUPLQJ� WKH� VHUYLFHV��ZKLFK�VWDQGV� IRU�D� SODFH�ZKHUH�D�SDUWLFXODU�DFWLYLW\� LV�FRQFHQWUDWHG� �$PHULFDQ�
+HULWDJH�'LFWLRQDU\�RI�WKH�(QJOLVK�/DQJXDJH��������([WHUQDO�&RVWV�RI�7UDQVSRUW���������
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7KH�IRUHPRVW�WDVNV�RI�ORJLVWLFDO�FHQWUHV�FDQ�EH�VXPPDUL]HG�DV�IROORZV��

� WKH�LQWHJUDWLRQ�RI�WKH�GLIIHUHQW�NLQGV�RI�WKH�WUDQVSRUW�WR�WKH�WUDIILF�FKDLQV��
� SURMHFWLRQ�DQG�UHDOL]DWLRQ�FRPSOH[�ORJLVWLFDO�FKDLQV�EHWZHHQ�VXSSOLHUV�DQG�VXEVFULEHUV��
� SUDFWLFH�GLIIHUHQW�ORJLVWLFDO�WDVNV�IRU�FOLHQWV��
� SUHSDULQJ��UHDOL]DWLRQ�DQG�UHSDLUV�RI�QHHGHG�LQIUDVWUXFWXUH�IRU�SDUWQHUV��
� SUHSDULQJ��UHDOL]DWLRQ�DQG�UHSDLUV�RI�QHHGHG�LQIRUPDWLYH��PDQDJLQJ�DQG�FRPPXQLFDWLRQ�V\VWHP��'ROLQD\RYi��$���
ýDPDM��-���3UĤãD��3����������
�
(YHU\�ORJLVWLF�FHQWUH�VKRXOG�EH�FRQQHFWHG�WR�URDG��UDLO�DQG�ZDWHU�LQIUDVWUXFWXUH��7KHUHIRUH�EHVLGHV�WKH�VWRUHKRXVH��

WKH�UDLOZD\�FODVVLILFDWLRQ�\DUG�DQG�LQWHUPRGDO�WHUPLQDO�DUH�WKH�LPSRUWDQW�SDUWV�RI�ODUJH�PRGHUQ�ORJLVWLF�FHQWUHV��(YHU\�
SDUW� �VWRUHKRXVH�� UDLOZD\� FODVVLILFDWLRQ� \DUG�� LQWHUPRGDO� WHUPLQDO�� FDQ� RSHUDWH� LQGHSHQGHQWO\� DQG� LW� LV� SRVVLEOH�
WR�PRQLWRU� DOO� WKH� SURFHVVHV� LQ� WKHVH� SDUWLDO� FRPSRQHQWV�� ,W� LV� QHFHVVDU\� WR� IROORZ� WKH�DFFRXSOHPHQWV� DQG� WKH� IORZV�
EHWZHHQ� VWRUHKRXVHV�� UDLOZD\� FODVVLILFDWLRQ� \DUG� DQG� LQWHUPRGDO� WHUPLQDO� WR�RSWLPL]H� ORJLVWLF� SURFHVVHV� RI� WKH� HQWLUH�
ORJLVWLF� FHQWUH��2SWLPL]LQJ�RI�WKH�SURFHVVHV� LQ�SDUWLDO� SDUWV� RI� WKH� ORJLVWLFV� FHQWUH� DQG�EHWZHHQ� WKHP�FDQ� DFKLHYH� WKH�
JUHDW�V\QHUJLHV��
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

Figure 1:�$�VLPSOLILHG�VFKHPH�RI�WKH�ORJLVWLFV�FHQWUH�
�

$OO�DFWLYLWLHV�LQ�WKH�ORJLVWLF�FHQWUH�DUH�FDUULHG�RXW�JUDGXDOO\�LQ�WKH�SDUWLDO�SDUWV�RI�WKH�ORJLVWLF�FHQWUH��7KH�VHUYLFH�
LQ�WKH�QH[W�VHFWLRQ�FDQ�EH�UHDOL]HG�RQO\�DIWHU�XVLQJ�WKH�VHUYLFH�LQ�WKH�SUHYLRXV�VHFWLRQ��7KH�ORJLVWLFV�FHQWUH�FDQ�EH�VHHQ�DV�
D�FRPSOLFDWHG�V\VWHP�RI�TXHXLQJ��(YHU\�TXHXLQJ�V\VWHP�FDQ�EH�FKDUDFWHUL]HG�E\��

� WKH�LQSXW�FXUUHQW�UHTXLUHPHQWV��
� WKH�TXHXH��
� WKH�WLPH�RSHUDWLRQ��
� WKH�OLQH�VHUYLFHV��
� WKH�RXWSXW�FXUUHQW�UHTXLUHPHQWV��

�
�
The method of troubleshooting 
�

$� VXIILFLHQWO\� DFFXUDWH� PDWKHPDWLFDO� VFKHPH� �PRGHO�� PXVW� EH� GRQH� WR� EH� DEOH� WR� SUHGLFW� WKH� DFWLYLWLHV�
RI�WKH�TXHXLQJ�V\VWHP��0RGHOOLQJ�H[SHFWHG�EXLOG�WKH�PRGHO��ZKLFK�KDV�FKDUDFWHULVWLFV�GHULYHG�IURP�WKH�UHDO�V\VWHP��,W�
GLVSOD\V�DOO�RU�RQO\�WKRVH�IDFWV�WKDW�DUH�LPSRUWDQW�IRU�WKH�SURFHVV��7KH�PRGHO�LV�WKXV�D�VLPSOLILHG�SLFWXUH�RI�WKH�UHDOLW\��

�
,Q�VLPSOH�WKH�PRGHOV�FDQ�EH�GLYLGHG�LQWR��

� PDWKHPDWLFDO� PRGHOV� �� DUH� IRUPXODWHG� DV� D� VHW� RI� WKH� HTXDWLRQV�� GHVFULELQJ� WKH� VWXGLHG� V\VWHP�� LQFOXGLQJ�
WKH�UHVWULFWLRQV�DQG�UHTXLUHPHQWV�RQ�WKH�LQSXW�DQG�RXWSXW�YDULDEOHV��
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� DQDO\WLFDO�PRGHOV���SURYLGLQJ�UHVXOWV�LQ�WKH�IRUP�RI�WKH�JHQHUDO�IXQFWLRQV�IRU�D�YDULRXV�YDOXHV�RI�WKH�LQSXW�GDWD��
� VLPXODWLRQ�PRGHOV���LQ�WHUPV�RI�FRPSXWHU�WKH\�DUH�WKH�DOJRULWKPV��E\�ZKLFK�LW�LV�SRVVLEOH�WR�VLPXODWH�WKH�HYHQWV�
DQG�SURFHVVHV��)ORGU��)����������
�
6LPXODWLRQ� PHWKRG� FXUUHQWO\� VHHPV� WR� EH� SUDFWLFDOO\� DYDLODEOH� PHWKRG� VXLWDEOH� IRU�WKH�H[DPLQDWLRQ�

RI�WKH�FRPSOH[� WHFKQRORJLFDO� SUREOHPV�� ,WV� LPSRUWDQFH� LV� LQFUHDVLQJ�� HVSHFLDOO\� LQ� WKH� GHVLJQ� DQG� XSJUDGH�
RI�WKH�WHFKQRORJ\�XQLWV��7KH�ODERXU�LQSXW�DQG�PDWHULDO�UHVRXUFHV�QHFHVVDU\�WR�LPSOHPHQW�WKH�VLPXODWLRQ�PRGHOV�DUH�QRZ�
LQVLJQLILFDQW�FRPSDUHG�WR�WKH�FRVWV�DVVRFLDWHG�ZLWK�WKH�H[SHULPHQWDWLRQ�LQ�WKH�SUDFWLFH��

�
 

Figure 2:�([DPSOH�RI�WKH�WHFKQRORJLFDO�GLDJUDP�±�UDLOZD\�FODVVLILFDWLRQ�\DUG�
�

7KH�XVH�RI�WKH�VLPXODWLRQ�PRGHO�FDQ�YHULI\�WKH�SODQV�DQG�LQWHQWLRQV��7KH\�FDQ�EH�DFFRUGLQJO\�FKDQJHG�EHIRUH�WKH�
V\VWHP� LV� SODFHG� LQ� WKH� UHDOLVWLF� FRQGLWLRQV�� 7KH� VLPXODWLRQ�PRGHOOLQJ� XVH� LV� FRQYHQLHQW� IRU� WKH� GHVLJQ� RI� ODUJH� DQG�
PRGHUQ�ORJLVWLF�FHQWUHV��WRR��

�
.H\�VWDJHV�RI�WKH�ZRUN�LQ�WKH�VLPXODWLRQ�PRGHOOLQJ�DUH��

� DQDO\]LQJ�RI�WKH�SUREOHP��
� VHOHFWLQJ�D�VROXWLRQ�PHWKRG��
� PRGHOOLQJ�RI�WKH�WDVN��
� VHOHFWLRQ�RI�WKH�PHDQV�IRU�WKH�PRGHO�LPSOHPHQWLQJ��
� SURJUDPPLQJ��
� H[SHULPHQW�SUHSDUDWLRQ��
� FRQGXFW�RI�WKH�WULDO��
� HYDOXDWLRQ��

�
�
The analysis of the outcomes achieved 
�

7KH�SURFHVVHV�ZKLFK�WDNH�SODFH�LQ�WKH�ORJLVWLFV�FHQWUH�DUH�VWRFKDVWLF��QRW�GHWHUPLQLVWLF��:HOWHURYi��0���/RYtãHN��
0���%DULDN��0����������7KHUHIRUH�� WKH�HQWU\�UHTXLUHPHQWV� LQWR� WKH�V\VWHP�� WKH�WLPH�RI� WKH�KDQGOLQJ�DQG�RXWSXW�FXUUHQW�
UHTXLUHPHQWV�FDQ�EH�GHVFULEHG�RQO\�E\�XVLQJ�RI�YDULRXV�SUREDELOLW\�GLVWULEXWLRQV��IRU�H[DPSOH�QRUPDO��3RLVVRQ��(UODQJHU��
H[SRQHQWLDO��JDPPD�����7KH�GLVDGYDQWDJH�LV�WKDW�LW�LV�QHFHVVDU\�WR�NQRZ�WKH�H[SHFWHG�FRXUVH�RI�WKH�LQSXW�YDULDEOHV��7KH\�
PD\�EH�LQIHUUHG�IURP�WKH�VWDWLVWLFDO�GDWD�REWDLQHG�IURP�WKH�SUHYLRXV�SHULRGV��,W�FDQ�EH�XVHG�IRU�H[DPSOH�Ȥ��WHVW�RI�JRRG�
FRPSOLDQFH�WR�YHULI\�WKH�LQSXW�GDWD��

�
�
�
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�
�

 
Figure 3:�([DPSOH�RI�WKH�GDWD�HQWU\�WR�VLPXODWLRQ�PRGHO�±�VWRUH�KRXVH�

�
�
7KH�EDVLF�RXWSXW�FKDUDFWHULVWLFV�REWDLQHG�IURP�WKH�VLPXODWLRQ�PRGHOOLQJ�FRXOG�EH��

� OLNHOLKRRG�RI�WKH�HQWU\�UHTXLUHPHQWV�UHIXVDO��
� DYHUDJH�TXHXH�OHQJWK�RI�WKH�UHTXLUHPHQWV�LQ�WKH�V\VWHPV��
� PD[LPXP�TXHXH�OHQJWK�RI�WKH�UHTXLUHPHQWV�LQ�WKH�V\VWHPV��
� DYHUDJH�ZDLWLQJ�WLPH�RI�WKH�UHTXLUHPHQWV�LQ�WKH�V\VWHPV��
� PD[LPXP�ZDLWLQJ�WLPH�RI�WKH�UHTXLUHPHQWV�LQ�WKH�V\VWHPV��
� DYHUDJH�WLPH�ZKLFK�VSHQW�UHTXLUHPHQWV�LQ�WKH�V\VWHPV��
� PD[LPXP�WLPH�ZKLFK�VSHQW�UHTXLUHPHQWV�LQ�WKH�V\VWHPV��
� XWLOL]DWLRQ�UDWH�RI�WKH�RSHUDWLQJ�OLQHV�LQ�GLIIHUHQW�V\VWHPV��
� OLPLWLQJ�VSDFHV�LQ�WKH�V\VWHPV��
� DYHUDJH�QXPEHU�RI�WKH�UHTXLUHPHQWV�FRQWDLQHG�LQ�WKH�V\VWHPV��
� YDULDQFH�RI�WKH�UHTXLUHPHQWV�FRQWDLQHG�LQ�WKH�V\VWHPV��
� HWF��
�

�
�

Figure 4:�([DPSOH�RI�WKH�RQ�OLQH�GDWD�RXWSXW�±�HPSOR\HUV�XWLOL]DWLRQ�
�

:KDW�FDQ�EH�VXJJHVWHG�EDVHG�RQ�WKH�UHVXOWV�REWDLQHG�GXULQJ�WKH�VLPXODWLRQ�PRGHO��
� QXPEHU�RI��WKH�RSHUDWLRQ�OLQHV��
� GHSOR\PHQW�RI�WKH�RSHUDWLRQ�OLQHV��
� UHTXLUHG�FDSDFLW\�RI�WKH�RSHUDWLRQ�OLQHV��
� WHFKQRORJLFDO�SURFHVV�ZRUNV��
� GHVLUHG�DUHD�IRU�WKH�HQWLUH�V\VWHP��
� ILQDQFLDO�EXGJHW�RI�WKH�LPSOHPHQWDWLRQ��
� UHTXLUHG�UHVHUYH�IXQGV��
� HWF��

�
�
The practical application of the results 
�

6LPXODWLRQ�PRGHOOLQJ�FDQ�YHULI\�EHIRUH�WKH�FRQVWUXFWLRQ�RI�ORJLVWLF�FHQWUH��
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� IRU�WKH�VWRUHKRXVHV��
o QXPEHU�DQG�FDSDFLW\��
o W\SH�DQG�QXPEHU�RI�WKH�KDQGOLQJ�HTXLSPHQW��
o VL]H�RI�WKH�KDQGOLQJ�DUHDV��
o VWRUDJH�WHFKQRORJ\��
o VWDIILQJ�GHPDQG��
o SURFHVV�WLPHV��
o ORDG�FDUU\LQJ�FDSDFLW\���

�
�

�
�

Figure 5:�([DPSOH�RI�WKH�VWRUHKRXVH�VLPXODWLRQ�PRGHO�
�
�

� IRU�WKH�UDLOZD\�FODVVLILFDWLRQ�\DUG��
o VWUXFWXUH�RI�WKH�UDLO�\DUG��
o QXPEHU�RI�WKH�WUDFNV�LQ�WKH�UDLO�\DUG�JURXSV��
o QXPEHU�RI�HPSOR\HHV�DQG�ORFRPRWLYHV��
o WHFKQRORJ\�RI�WKH�SULPDU\�DQG�VHFRQGDU\�VSOLWWLQJ��
o QRUPDWLYH�WLPHV��
o RSHUDWLQJ�HIILFLHQF\��

�
�

�
�

Figure 6:�([DPSOH�RI�WKH�UDLOZD\�FODVVLILFDWLRQ�\DUG�VLPXODWLRQ�PRGHO�
�
�
�

� IRU�WKH�LQWHUPRGDO�WHUPLQDO��
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o W\SH�DQG�QXPEHU�RI�KDQGOLQJ�HTXLSPHQW��
o VL]H�RI�WKH�KDQGOLQJ�DUHDV��
o WHFKQRORJ\�RI�WKH�WUDQV�VKLSPHQW�FDUJR�XQLWV��
o VWDIILQJ�GHPDQG��
o SURFHVV�WLPHV��
o ORDG�FDUU\LQJ�FDSDFLW\��

�
�
�

�
�

Figure 7:�([DPSOH�RI�WKH�LQWHUPRGDO�WHUPLQDO�VLPXODWLRQ�PRGHO�
 
 
Conclusion 
�

6LPXODWLRQ�PRGHOLQJ�SURYLGHV�D�FRPSUHKHQVLYH�DQG�G\QDPLF�YLHZ�RQ�WKH�ZKROH�WHFKQRORJLFDO�SURFHVV�DQG�FDQ�
SURYLGH�WKH�QHFHVVDU\�LQIRUPDWLRQ�DERXW�LWV�EHKDYLRXU��6LPXODWLRQ�PRGHOOLQJ�LV�DGYRFDWHG�DV�D�VXLWDEOH�PHWKRG�IRU�WKH�
YHULILFDWLRQ�RI�VWUDWHJLHV�IRU�WKH�FRQVWUXFWLRQ�DQG�PDQDJHPHQW�RI�WKH�PRGHUQ�ORJLVWLF�FHQWUHV���

,Q� VHFRQG� SODFH�� XWLOL]LQJ�VLPXODWLRQ�PRGHOOLQJ�FDQ� RSWLPL]H� WKH�QXPEHU� RI�KDQGOLQJ� HTXLSPHQW��WKH� KDQGOLQJ�
DUHD�VL]H��WKH� QXPEHU�RI� WUDQVSRUW�� WKH� UDQJH�RI� WUDQVSRUW� LQIUDVWUXFWXUH�� 8VLQJ� GHVLJQDWHG� FRQGLWLRQV�
HOLPLQDWH�DQ\�QHJDWLYH�LPSDFW�RQ�WKH�HQYLURQPHQW��
�
�
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OPTIMIZATION OF BYPASS GRAFT USING FSI NUMERICAL METHOD 

+XQJ�9LHW�'R��6XEUDW�'DV
��$PDO�2ZLGD���.KDOHG�<RXVLI

��DQG�<RVU\�6�0RUVL��
�

%LRPHFKDQLFDO�DQG�7LVVXH�(QJLQHHULQJ�*URXS�
6ZLQEXUQH�8QLYHUVLW\�RI�7HFKQRORJ\��)(,6�
3%������+DZWKRUQ��9,&�������$XVWUDOLD�

�\PRUVL#VZLQ�HGX�DX�
�


�6FKRRO�RI�(QJLQHHULQJ��)DFXOW\�RI�6FLHQFH�DQG�7HFKQRORJ\�
'HDNLQ�8QLYHUVLW\��:DXUQ�3RQGV�



�%URRNODQG�*UHHQV�0HGLFDO�&HQWUH�
%DOZ\Q�9LFWRULD��$XVWUDOLD�

�

  

Abstract: ,W�LV�ZHOO�GRFXPHQWHG�LQ�OLWHUDWXUH�WKDW�WKH�FRURQDU\�DUWHU\�E\SDVV�JUDIW�LV�QRUPDOO\�IDLO�
DIWHU�D�VKRUW�SHULRG�RI�WLPH��GXH�WR�WKH�GHYHORSPHQW�RI�SODTXH�NQRZQ�DV�LQWLPDO�K\SHUSODVLD�ZLWKLQ�
WKH�JUDIW��9DULRXV�in vivo�DQG�in vitro�VWXGLHV�KDYH�OLQNHG�WKH�GHYHORSPHQW�RI�LQWLPDO�K\SHUSODVLD�
WR� WKH� DEQRUPDO� KHPRG\QDPLFV� DQG� FRPSOLDQFH� PLVPDWFK�� 7KHUHIRUH�� LW� LV� HVVHQWLDO� WR� IXOO\�
XQGHUVWDQG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�KHPRG\QDPLFV�LQVLGH�WKH�FRURQDU\�DUWHU\�E\SDVV�DQG�LWV�
PHFKDQLFDO�DQG�JHRPHWULFDO�FKDUDFWHULVWLFV�XQGHU�WKH�FRUUHFW�SK\VLRORJLFDO�FRQGLWLRQV� 

,Q�WKLV�ZRUN��KHPRG\QDPLF�RI�WKH�E\SDVV�JUDIW�LV�VWXGLHG�QXPHULFDOO\��7KH�HIIHFW�RI�WKH�
KRVW�DQG�JUDIW�GLDPHWHUV� UDWLR�� WKH�DQJOH�RI�DQDVWRPRVLV�DQG� WKH�JUDIW� FRQILJXUDWLRQ�RQ� WKH� ORFDO�
IORZ� SDWWHUQV� DQG� WKH� GLVWULEXWLRQ� RI� ZDOO� VKHDU� VWUHVV� DUH� H[DPLQHG�� � 7KH� SXOVDWLOH�ZDYHIRUPV�
ERXQGDU\� FRQGLWLRQV� DUH� DGRSWHG� IURP� in vivo�PHDVXUHPHQW�GDWD� WR� VWXG\� WKH�KHPRG\QDPLFV�RI�
FRPSRVLWH�JUDIWV�QDPHO\�&RQVHTXHQFH�DQG�<�JUDIWLQJ�LQ�WHUPV�WHPSRUDO�DQG�VSDWLDO�GLVWULEXWLRQV�
RI�WKH�EORRG�IORZV��0RUHRYHU��YDULRXV�QRQ�1HZWRQLDQ�DQG�1HZWRQLDQ�PRGHOV�RI�EORRG�KDYH�EHHQ�
FDUULHG�RXW�WR�H[DPLQH�WKH�QXPHULFDO�VLPXODWLRQ�RI�EORRG�IORZ�LQ�VWHQRVLV�DUWHU\��7KH�UHVXOWV�DUH�
SUHVHQWHG�DQG�GLVFXVVHG�IRU�YDULRXV�RSHUDWLQJ�FRQGLWLRQV����
�
�
�Keywords��%\SDVV�JUDIW��)6,�QXPHULFDO�7HFKQLTXH�

�
�
Introduction 

�
7KH�VWDQGDUG�PHWKRG�RI�FRURQDU\�DUWHU\�E\SDVV�JUDIWV�LV�WKH�SDWLHQW¶V�RZQ�DUWHU\�RU�YHLQ�>�@��$OWKRXJK��RWKHU�

DUWHULHV�KDYH�EHHQ�XVHG�IRU�JUDIWLQJ�VXFK�DV��UDGLDO��ULJKW�JDVWURHSLSORLF��LQIHULRU�HSLJDVWULF��VSOHQLF��VXEVFDSXODU��LQIHULRU�
PHVHQWHULF��XOQDU�DQG�GHVFHQGLQJ�EUDQFK�RI� WKH� ODWHUDO� IHPRUDO�FLUFXPIOH[�DUWHU\�>�@�� WKH�HYLGHQFH�RI� WKH�EHVW�E\SDVV�
FRQGXLW�LV�VWLOO�ODFN�RI�FRQILGHQFH��)URP�WKH�OLWHUDWXUH��WKH�,0$¶V�KDYH�EHHQ�H[KDXVWHGO\�XVHG�DV�D�E\SDVV�FRQGXFW�GXH�
WR� WKH� VXSHULRU� VXUYLYDO� UHVXOWV� DQG� ORZ� LQFLGHQFH� RI� DWKHURVFOHURVLV� >���@��0RUHRYHU�� LQ� VRPH� FDVHV� RI� SDWLHQWV� WKH�
QDWLYH�DUWHU\�LV�XQDYDLODEOH�WR�XVH�DV�E\SDVV�JUDIWV��GXH�WR�WKH�FRURQDU\�DUWHU\�GLVHDVH��$OWKRXJK�WKH�DWKHURFOHRVLV�PLJKW�
EH� IRXQG� LQ�QRUPDO�DUWHULHV�� WKH�P\RYDVFXODU� UHFLUFXODWLRQ�VXUJHULHV�DUH� VXJJHVWHG�ZLWK�GHJUHH�RI� VWHQRVLV�!����DQG�
PXOWLSOH�QDUURZLQJ�LQ�PXOWL�DUWHULHV��

�
7KH�LQWHUQDO�WKRUDFLF�DUWHULHV��,7$V��RU�LQWHUQDO�PDPPDU\�DUWHULHV��,0$V��DUH�ORFDWHG�LQVLGH�RI�WKH�FKHVW�DQG�

VWDUW� IURP�WKH�ILUVW�SDUW�RI� WKH�VXEFODYLDQ�DUWHU\�EHKLQG� WKH�KHDG�RI� WKH�FODYLFOH��DV�FDQ�EH�VHHQ� LQ�)LJXUH����7KH�,7$�
GHOLYHUV�EORRG� WR� WKH�FKHVW�DUHD�� LQFOXGLQJ� WKH�SHULFDUGLXP��SKUHQLF�QHUYH��VWHUQXP��DQWHULRU�FKHVW�ZDOO�� WKH�SHFWRUDOLV�
PDMRU��WKH�PDPPDU\�JODQG��WKH�DQWHULRU�DEGRPLQDO�ZDOO��DQG�WKH�GLDSKUDJP��7KHUH�DUH�WZR�W\SHV�RI�,7$��WKH�OHIW�,7$�
�/,7$��DQG�WKH�ULJKW�,7$��5,7$���SDVVLQJ�GRZQZDUGV�DOPRVW�YHUWLFDOO\�DQG�VOLJKWO\�ODWHUDOO\�DW�D�VKRUW�GLVWDQFH�IURP�
WKH�PDUJLQ�RI�WKH�VWHUQXP�>�@��7KH�OHQJWK�RI�WKH�,7$�YDULHV�EHWZHHQ�PDOHV�DQG�IHPDOHV��5,7$�DQG�/,7$��7KH�DYHUDJH�
OHQJWK�RI� ,7$� LV�DURXQG���������FP�ZKLOH� WKH�PHDQ�GLDPHWHU�RI�SUR[LPDO� ,7$� LV�DURXQG��������PP��1RUPDOO\�� WKH�
/,7$�LV�VOLJKWO\�ORQJHU�WKDQ�WKH�5,7$�>����@��
�

$OWKRXJK�� WKHUH� DUH� YDU\LQJ� DUUDQJHPHQWV� RI� ,7$� IRU�P\RFDUGLDO� UHYDVFXODUL]DWLRQ�� WKH� ELODWHUDO� ,7$� �XVLQJ�
ERWK�OHIW�DQG�ULJKW�LQWHUQDO�WKRUDFLF�DUWHULHV�IRU�WKH�FRURQDU\�E\SDVV�JUDIWV�VXUJHU\��KDV�SURYHQ�D�KLJK�SDWHQF\�UDWH�WKDQ�
VLQJOH�,7$�>�����@��$V�LQGLFDWHG�LQ�WKH�VWXG\�DW�7KH�7HO�$YLY�6RXUDVN\�0HGLFDO�&HQWHU�>������@�� WKH�JRDO�RI�VXUJLFDO�
PHWKRG�ZDV� DWWHPSWHG� WR�XVH�ELODWHUDO� ,7$�DV� WKH� FURVV� DUUDQJHPHQW� �)LJXUH�����7KH� ILQGLQJV� DOVR� LQGLFDWHG� D�EHWWHU�
ORQJ�WHUP� VXFFHVV� UDWH� DQG� ORZHU� WHFKQLFDO� SUREOHPV� RI� WKH� FURVV� DUUDQJHPHQW�� 7KLV� OHG� WR� D� KLJKHU� GHPDQG� LQ� WKLV�
VXUJLFDO�PHWKRG�DQG�DV�WKH�SUHIHUUHG�PHWKRG�RI�FKRLFH�LI�SRVVLEOH��
�
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�

�
)LJXUH���7KH�FURVV�DUUDQJHPHQW�5,7$�WR�/$'��/,7$�WR�FLUFXPIOH[�DUWHU\�DQG�WKH�ULJKW�JDVWURHSLSORLF�DUWHU\��5*($��WR�

SRVWHULRU�GHVFHQGLQJ�DUWHU\��3'$��>��@�
�
$OWKRXJK��WKH�DWWHPSW�RI�XVLQJ�ERWK�,7$�DV�D�E\SDVV�FRQGXLW�KDYH�EHHQ�PDGH��WKH�5,7$�LQ�VRPH�FDVHV�ZDV�QRW�

ORQJ�HQRXJK�WR�UHDFK�WKH�EUDQFKHV�RI�WKH�OHIW�RU�ULJKW�FRURQDU\�DUWHU\��WKLV�OHDG�WR�WKH�H[KDXVWHG�XVH�RI�5,7$�DV�D�IUHH�
JUDIW� >������@��7KH�FRPSRVLWH�DQDVWRPRVLV�RI� IUHH�5,7$�RQ� WKH�/,7$�FDQ�EH�SHUIRUPHG� LQ� WZR�ZD\V�� WKH� ILUVW�RQH� LV�
VHTXHQWLDO� JUDIWLQJ� ZLWK� GLDPRQG� VKDSHG� DQG� WHUPLQDO� 7�VKDSHG� DQDVWRPRVLV�� DQG� WKH� RWKHU� LV� VHTXHQWLDO� JUDIW� ZLWK�
SDUDOOHO�VLGH�WR�VLGH�DQDVWRPRVLV�>��@��
�

)URP� OLWHUDWXUH�� WKHUH� DUH� VHYHUDO� DGYDQFH� FKDUDFWHULVWLFV� RI� ,7$� UHVLVWDQW� WR� WKH� GHYHORSPHQW� RI� LQWLPDO�
K\SHUSODVLD�ZKLFK�SURYLGH�KLJK�SDWHQF\�UDWHV�FRPSDUHG�ZLWK�WKH�VDSKHQRXV�YHLQ�>���������@��7KH�HQGRWKHOLXP�RI�,7$�
VHHPV�WR�KDYH�D�JUHDWHU�UHVLVWDQFH�WR�KDUYHVW�LQMXU\�DV�FRPSDUHG�ZLWK�WKH�VDSKHQRXV�YHLQ��(YLGHQW�RI�WKH�WKURPERJHQLF�
LQWLPDO� GHIHFWV�� ZKLFK� DUH� FRPPRQO\� GHWHFWHG� LQ� YHQRXV� JUDIWV�� FRXOG� QRW� EH� IRXQG� LQ� ,7$�� 7KH� XQLTXH� ELRORJLFDO�
FKDUDFWHULVWLFV� ,0$� VXFK� DV�� QR� IHQHVWUDWHG� LQWHUQDO� HODVWLF� ODPLQD� DQG� ODFNV� YDVR� YDVRUXP� PLJKW� SUHYHQW� FHOOXODU�
PLJUDWLRQ�DQG�WKH�LQLWLDWLRQ�RI�LQWLPDO�K\SHUSODVLD�>��@��0RUHRYHU��WKH�PHGLDO�RI�WKH�,7$�LV�IRUPHG�E\�WKLQ�OD\HU�ZLWK�
OLPLWHG� VPRRWK� PXVFOH� FHOOV� ZKLFK� FDQ� SURYLGH� D� OHVVHU� SUROLIHUDWLYH� VXFK� DV�� SODWHOHW�GHULYHG� JURZWK� IDFWRU� DQG�
SXOVDWLOH� PHFKDQLFDO� VWUHWFK� >��@�� $V� LQGLFDWHG� E\� 'HO� &DPSR� >��@�� WKH� HQGRWKHOLXP� RI� WKH� ,7$� SURGXFHV� WKH�
YDVRGLODWRUV� QLWULF� R[LGH� DQG� SURVWDF\FOLQ� ZKLFK� UHVSRQG� WR� SKDUPDFRORJLF� DJHQWV� FRPPRQO\� XVHG� DIWHU� WKH� VXUJLFDO�
RSHUDWLRQ�� 7KH� ,7$� H[KLELWV� WKH� VDPH� FKDUDFWHULVWLFV� DV� QRUPDO� FRURQDU\� DUWHULHV�� ZKLFK� LQFUHDVH� IORZ� YHORFLW\� DQG�
GLDPHWHU�WKURXJK�WKH�HQGRWKHOLXP�WR�IXOILO�WKH�UHTXLUHPHQWV�RI�IORZ�RQ�ODWH�SRVWRSHUDWLYH���
�

,Q�JHQHUDO��ZKHQ� WKH�&$%*�LV� VXJJHVWHG�ZLWK�PXOWLSOH� VWHQRVLV�� WKH�FRPSRVLWH� JUDIW� DQG�VHTXHQWLDO� JUDIWLQJ�
FRXOG�EH�FRPELQHG�WR�SHUIRUP�D�FRPSOHWH�DUWHULDO�UHYDVFXODUL]DWLRQ��:KLOH�WKH�VHTXHQWLDO�DQDVWRPRVHV�DOORZ�WKH�PRVW�
HIILFLHQW� XVH� RI� SUHFLRXV� DUWHULDO� FRQGXLWV� E\� PD[LPL]LQJ� WKH� QXPEHU� RI� GLVWDO� DQDVWRPRVHV�� WKH� FRPSOHWH� DUWHULDO�
JUDIWLQJ� DOORZ� XVLQJ� WKH� DGYDQWDJHV� RI� ERWK� ,7$V� DV� KLJKHU� SDWHQF\� UDWHV� LQ� FRPSOLFDWH� PXOWLSOH� VWHQRVLV� SDWHQWV��
$OWKRXJK�� WKH�GHYHORSPHQW�RI� VHTXHQWLDO�RU� µ<¶�JUDIWLQJ�DUH�EDVHG�RQ� WKUHH� W\SHV�RI�DQDVWRPRVLV� WR�FRQQHFW� �E\SDVV�
JUDIW� WR� QDWLYH� DUWHU\� VXFK� DV�� HQG�WR�HQG�� HQG�WR�VLGH� DQG� VLGH�WR�VLGH� DQDVWRPRVLV� >��@� DV� VKRZQ� LQ� ILJXUH� ��� WKH�
FRQQHFWLQJ�WHFKQLTXHV�DUH�YDULHWLHV�LQ�GLIIHUHQW�SDWLHQWV��

'REULQ� HW� DO�� >��@� LQYHVWLJDWHG� WKH� FOLQLFDO� LPSDFWV� DQG� KHPRG\QDPLFV� RI� HQG�WR�HQG� DUWHU\� WR�
SRO\WHWUDIOXRURHWK\OHQH��JUDIW��DQG�UHFRPPHQGHG�WKH�XVH�RI�D�ODUJHU�GLDPHWHU�JUDIW�WKDQ�KRVW�DUWHU\�LQ�RUGHU�WR�SURYLGH�
OHVV� UHVWULFWLYH� DQDVWRPRVLV� FRPSDUHG� ZLWK� VL]H�PDWFKHG� JUDIW�� 7KH� ILQGLQJV� IURP� WKLV� VWXG\� DOVR� KLJKOLJKWHG� WKH�
LPSRUWDQFH�RI�WKH�ULJLGLW\�RI�WKH�JUDIWV�DQG�WKH�GHJUHH�RI�FRPSOLDQFH�PLVPDWFK�EHWZHHQ�WKH�JUDIW�DQG�WKH�DUWHU\�ZKLFK�
FRXOG�SURGXFH�DQ�DGYHUVH�HIIHFW�RQ�WKH�EORRG�IORZ�SDVVLQJ�IURP�WKH�FRPSOLDQW�DUWHU\�LQWR�WKH�ULJLG�FRQGXLW��0RUHRYHU��LW�
KDV�EHHQ�SURSRVHG�WKDW�FRPSOLDQFH�PLVPDWFK�PD\�LQIOXHQFH�JUDIW�SDWHQF\�DQG�WKH�GHYHORSPHQW�RI�LQWLPDO�K\SHUSODVLD��
1HYHUWKHOHVV��LW�LV�OLNHO\�WKDW� WKH�WKURPERJHQLFLW\�RI�WKH�IORZ�VXUIDFH�RI�WKH�JUDIW�LV�PRUH�LPSRUWDQW�WKDQ�WKH�HIIHFW�RI�
FRPSOLDQFH�RQ�VKRUW�WHUP�SDWHQF\��
���
�
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�
)LJXUH����,OOXVWUDWLRQ�RI�(QG�WR�HQG��(QG�WR�VLGH��6LGH�WR�VLGH�DQDVWRPRVLV�>��@�

�
�

.LP�HW�DO��>��@�KDYH�FDUULHG�RXW�D�QXPHULFDO�VLPXODWLRQ�RI�IORZ�WKURXJK�DQ�DQDVWRPRVLV�HQG�WR�HQG�PRGHO�DQG�
FRPSDUHG� WKH� UHVXOWV� ZLWK� H[SHULPHQWDO� GDWD�� $W� KLJKHU� SUHVVXUH� GLIIHUHQFH� EHWZHHQ� LQVLGH� DQG� RXWVLGH� WKH� DUWHU\�
�WUDQVPXUDO�SUHVVXUH���WKH�DXWKRUV�REVHUYHG�D�UHJLRQ�RI�IORZ�VHSDUDWLRQ�RI���PP�GLVWDO�WR�WKH�DUWHU\�MXQFWLRQ��,Q�DGGLWLRQ��
WKH�REVHUYDWLRQV�RI� ODZ�VKHDU�VWUHVV�QHDU�WKH�DQDVWRPRVLV�MXQFWLRQ�LQ�IORZ�IURP�WKH�WXELQJ�WR�WKH�JUDIW�ZHUH�UHSRUWHG��
0RUHRYHU�� D� FRUUHODWLRQ� EHWZHHQ� UHJLRQV� RI� ORZ� ZDOO� VKHDU� VWUHVV� DQG� WKH� GHYHORSPHQW� RI� DQDVWRPRWLF� LQWLPDO�
K\SHUSODVLD� ZDV� IRXQG�� +RZHYHU�� LW� PXVW� EH� SRLQWHG� RXW� WKDW� WKLV� VWXG\� ZDV� FDUULHG� RXW� XQGHU� YDULRXV� VLPSOLILHG�
DVVXPSWLRQV��VXFK�DV�VWHDG\�IORZ�FRQGLWLRQV��1HZWRQLDQ�IOXLG��D[LV\PPHWULF�JHRPHWU\��DQG�ULJLG�ZDOO�DW�HDFK�SUHVVXUH�
OHYHO�ZKLFK�GR�QRW�UHIOHFW�WKH�FRUUHFW�SK\VLRORJLFDO�FRQGLWLRQV��4LX�DQG�7DUEHOO�>��@�XVHG�D�ILQLWH�HOHPHQW�PRGHO�ZLWK�
WUDQVLHQW�IORZ�DQG�PRYLQJ�ERXQGDULHV�WR�VLPXODWH��WKH�RVFLOODWRU\�IORZ�LQ�WKH�DQDVWRPRWLF�UHJLRQ�RI�YDVFXODU�JUDIWV��7KH�
VWXG\� IRFXVHG�RQ� WKH� HIIHFWV� RI� UDGLDO� DUWHU\�ZDOO�PRWLRQ� DQG�SKDVH� DQJOH�EHWZHHQ�SUHVVXUH� DQG� IORZ�ZDYHV� DQG� WKH�
EHKDYLRU� RI� QHDU� HQG�WR�HQG� YDVFXODU� JUDIW� DQDVWRPRVHV� PRGHOV�� 7KH� ILQGLQJ� VKRZHG� D� VLJQLILFDQW� GHFUHDVH� RI� WKH�
PLQLPXP�GLVWDO�PHDQ�ZDOO�VKHDU�UDWH�RQ�WKH�GHIRUPDEOH�PRGHO�ZLWK�RVFLOODWRU\�IORZ�FRPSDUHG�ZLWK�WKH�ULJLG�DQG�VWHDG\�
IORZ��7KHVH�UHVXOWV�VXJJHVW�WKH�FRPSOLDQFH�PLVPDWFK�LQGXFHV�ORZHU�PHDQ�:65�DQG�PRUH�RVFLOODWRU\�:65�WKDW�FRXOG�
FRQWULEXWH�WR�WKH�LQLWLDWLRQ�RI�LQWLPDO�K\SHUSODVLD��
�
7KH� KHPRG\QDPLFV� LQYHVWLJDWLRQV� RI� WKHVH� W\SHV� RI� DQDVWRPRVHV� KDYH� IRFXVHG� RQ� WKH� IDFWRUV� WKDW� PD\� LQLWLDWH� WKH�
GHYHORSPHQW�RI�LQWLPDO�K\SHUSODVLD�LQ�FRURQDU\�UHYDVFXODUL]DWLRQ���7KHVH�IDFWRUV�LQFOXGH�DQDVWRPRVLV�DQJOHV�)LJXUH�����
UDWLRV�RI�JUDIW�KRVW�GLDPHWHU�DQG�RXW�RI�SODQH�DQDVWRPRVLV�>�����@��,Q�DGGLWLRQ��LW�LV�ZHOO�UHFRJQLVHG�WKDW�WKH�IORZ�ZLWKLQ�
HQG�WR�VLGH�DQDVWRPRVLV� LV� WKUHH�GLPHQVLRQDO�DQG� WKH�GHYHORSPHQW�RI� IORZ� LQ�YDULRXV� UHJLRQV�DURXQG� WKH� MXQFWLRQV� LV�
KLJKO\�GHSHQGHG�RQ�WKH�LQSXW�ERXQGDU\�FRQGLWLRQV��2WKHU�ILQGLQJV�VXJJHVW�WKDW�WKH�KLJKHVW�IOXLG�YHORFLW\�ZDV�IRXQG�LQ�
��Û�RI�DQVWRPRVLV�ZKLOH�WKH�ORZHVW�YHORFLW\�ZDV�IRXQG�LQ���Û��0RUHRYHU��WKH�ODUJHU�WKH�DQDVWRPRVLV�DQJOH��WKH�WKLFNHU�
LQWLPDO�K\SHUSODVLD�DW�WKH�IORRU�RI�KRVW�DUWHU\���
�

�
)LJXUH����,OOXVWUDWLRQ�RI�WKH�UDQJH�RI�DQDVWRPRVLV�DQJOHV�RI�FRQYHQWLRQDO�HQG�WR�VLGH�DQDVWRPRVLV��

 
Mathematical Model 
7DNLQJ�WKHVH�DVVXPSWLRQV�LQWR�FRQVLGHUDWLRQ��WKH�Navier-Stokes�HTXDWLRQV�IRU�WLPH�GHSHQGHQW�LQFRPSUHVVLEOH�YLVFRXV�
IOXLG�DUH�JLYHQ�E\�>��@���
�
�
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�
:KHUH� U� LV� WKH� IOXLG� GHQVLW\� >NJ�P�@�� �� LV� WKH� YLVFRVLW\� >NJ�P�V@�� DQG� 3� LV� WKH� SUHVVXUH� >1�P�@�� Y[�� Y\� DQG� Y]� DUH�
FRPSRQHQWV�RI�WKH�YHORFLW\�YHFWRU�LQ�WKH�[��\�DQG�]�GLUHFWLRQV��UHVSHFWLYHO\�>P�V@��
�
Boundary Conditions 
 
,Q�WKH�SUHVHQW�VWXG\��WKH�DQDVWRPRVLV�PRGHOV��DV�GHVFULEHG�LQ�)LJXUH����ZLWK�WKUHH�GLIIHUHQW�DQDVWRPRVLV�DQJOHV�RI��������
DQG����GHJUHH�DQG�GLIIHUHQW�JUDIW�DQG�KRVW�GLDPHWHU�UDWLRV�DUH�FKRVHQ�WR�LQYHVWLJDWH��+HUH��WKH�OHIW�LQWHULRU�GHVFHQGLQJ�
FRURQDU\��/$'��LV�FRQVLGHUHG�WR�KDYH�LQWHUQDO�GLDPHWHU�RI��PP�DQG�����OXPHQ�D[LV\PPHWULF�VWHQRVLV��7KH�GLVWDQFH�
IURP� WKH� VWHQRVLV� WR� WKH� KHHO� RI� WKH� JUDIW� ZDV� FRQVLGHUHG� WKUHH� WLPH� WKH� LQWHUQDO� GLDPHWHUV� RI� WKH� KRVW� ��� PP��� ,Q�
DGGLWLRQ��WKH�LQWHUPDO�PDPPDU\�DUWHULHV��,0$V��DUH�FKRVHQ�DV�JUDIW�FRQGXLWV��7KH�LQQHU�GLDPHWHUV�RI�WKH�,0$�DUH������
DQG��PP�ZKLFK�UHIHUHHG�DV�VPDOO��PHGLXP�DQG�ODUJH�PRGHOV��FRUUHVSRQGLQJ�WR�WKH�JUDIW�KRVW�GLDPHWHU�UDWLRV�RI���������
DQG������UHVSHFWLYHO\���
7KH�EORRG�XVHG�LQ�WKH�DQDO\VLV�ZDV�DVVXPHG�WR�EH�LQFRPSUHVVLEOH�ZLWK�1HZWRQLDQ�EHKDYLRXU�ZLWK�D�G\QDPLF�YLVFRVLW\�ȝ�
RI���������3D�V�DQG�D�GHQVLW\�ȡ�RI������NJ�P���)XUWKHUPRUH��WKH�EORRG�YHVVHO�ZDOOV�ZHUH�DVVXPHG�WR�EH�ULJLG�DQG�QR�
VOLS� ERXQGDU\� FRQGLWLRQ�� 7R� HQVXUH� IXOO\� GHYHORSHG� :RPHUVOH\� YHORFLW\� SURILOHV� DQG� :66� DKHDG� RI� WKH� HQWU\� DQ�
H[WHQVLRQ�WXEH�RI�/�'�t����GLDPHWHU�ZDV�DGGHG�WR�DOO�PRGHOV�LQYHVWLJDWHG��7KHVH�DVVXPSWLRQV�DUH�LQ�OLQH�ZLWK�WKRVH�RI�
)UHVKZDWHU�DQG�0RUVL�>��@��7KH�LQOHW�SXOVDWLOH�ERXQGDU\�FRQGLWLRQ�LV�VKRZQ�LQ�WKH�IROORZLQJ�ILJXUH��)LJXUH�����
�
��
�
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)LJXUH���3XOVDWLOH�EORRG�IORZ�UDWH�WKURXJK�/$'��
�
Numerical method 
�
$V�VWDWHG�DERYH�WKH�VROXWLRQV�RI�WKH���'�WLPH�GHSHQGHQW�1DYLHU�6WRNHV�HTXDWLRQV�ZHUH�REWDLQHG�E\�$16<6�:RUNEHQFK�
SDFNDJH�ZKLFK�LV�EDVHG�RQ�WKH�ILQLWH�YROXPH�PHWKRG�DQG�WKH�LWHUDWLYH�FRXSOHG�HTXDWLRQV�VROYHU��$OO�WKH�QLQH�PRGHOV�RI�
&$%*� ZHUH� FRQVWUXFWHG� DQG� W\SLFDOO\� PHVKHG� IURP� PLQLPXP� QXPEHU� RI� �������� QRGHV� DQG� WHWUDKHGUDO� YROXPH�
HOHPHQWV�RI���������WR�D�PD[LPXP���������QRGHV�DQG���������WHWUDKHGUDO�YROXPH�HOHPHQWV��7KHVH�ZHUH�VXUURXQGHG�E\�
D�WKLFN�VL[�OD\HU�LQIODWHG�ERXQGDU\�RI�WULDQJXODU�SULVPV��)XUWKHUPRUH��PHVK�FRQWUROV�ZHUH�DSSOLHG�DORQJ�WKH�VXWXUH�OLQH�
DQG�DORQJ�WKH�FHQWUH�OLQH�RI�WKH�LQOHW�DQG�RXWOHW�DUWHU\�VHJPHQWV�VXIILFLHQWO\�WR�UHVROYH�WKH�:66�DQG�WKH�YHORFLW\�SURILOHV�
DW�WKH�MXQFWLRQ��1RWH�WKDW�WKH�DYHUDJH�YHORFLWLHV�ZHUH�WDNHQ�WR�UHSUHVHQW�WKH�DYHUDJH�YDOXHV�RYHU�WKH�DUWHU\�FURVV�VHFWLRQ�
DQG�WKH�PD[LPXP�5H\QROGV�1XPEHUV��5H��ZDV����������DQG�����IRU�WKH�JUDIW�DQG����IRU�WKH�SUR[LPDO�KRVW�VHJPHQW�
�EDVHG�RQ�JUDIW�GLDPHWHUV�RI���������PP�DQG��PP�IRU�WKH�KRVW�DUWHU\�GLDPHWHU�UHVSHFWLYHO\���)XUWKHUPRUH��LQ�DOO�FDVHV�
LQYHVWLJDWHG� WKH�PD[LPXP�QXPEHU�RI� LWHUDWLRQV� WR�DFKLHYH�D�VROXWLRQ�ZLWK�D�FRQYHUJHQFH�FULWHULRQ�RI��������ZDV�����
0RUHRYHU��WKH�XQGHU�UHOD[DWLRQ�SDUDPHWHUV�XVHG�LQ�WKH�LQLWLDO�DQDO\VLV�YDULHG�IURP�SRLQW������WR������ZLWK�D�VPDOO�IL[HG�
WLPH�VWHS�RI������V���
�
Results and Discussion 
,Q�WKLV�VHFWLRQ��WKH�YHORFLW\�YHFWRUV�REWDLQHG�DW�WKH�FURVV�VHFWLRQ�<�=�SODQH�DQG�;�=�SODQHV��)LJXUH����DUH�SUHVHQWHG�DQG�
GLVFXVVHG��1RWH�WKDW�DW�HDFK�PRGHO��WKH�KRVW�DUWHU\�LV�FRQVWUXFWHG�WR�ILW�H[DFWO\�WKURXJK�WKH�JUDIW�DW�RQH�HQG��7KLV�FUHDWHG�
DQ�HOOLSWLF�FURVV�VHFWLRQ�DW� WKH�MXQFWLRQ�RI� WKH�DUWHU\�DQG�WKH�JUDIW�ZKLFK�LV�NQRZQ�WR�DOORZ�WKH�PD[LPXP�FRPSOLDQFH�
EHWZHHQ�WKH�KRVW�DQG�WKH�JUDIW�ZLWK�PLQLPXP�GLVWRUWLRQ�WR�MXQFWLRQ�RI�WKH�PRGHO�>��@��0RUHRYHU��WKLV�PHWKRG�SHUPLWV�
WKH� PD[LPXP� IORZ� WKURXJK� WKH� MXQFWLRQ� DQG� PLQLPL]HV� WKH� RFFXUUHQFH� RI� UHFLUFXODWLRQ� WKDW� PLJKW� OHDG� WR� LQWLPDO�
WKLFNHQLQJ�DQG�UHVWHQRVLV�DW�WKH�MXQFWLRQ��
�
)LJXUHV���WR���VKRZ�WKH�YHORFLW\�YHFWRUV�DQG�YHORFLW\�FRQWRXUV�RI�HQG�WR�VLGH�FRURQDU\�DUWHU\�E\SDVV�JUDIW�ZLWK�YDULRXV�
DQDVWRPRVLV�DQJOHV�DQG�JUDIWV�KRVW�GLDPHWHUV�DW�GLIIHUHQW�WLPH�VWHSV�RI�WKH�SXOVDWLOH��WKH�UHVXOWV�KLJKOLJKW�WKH�GRPLQDWLRQ�
IORZV�IURP�JUDIW�FRQGXLWV� WR� WKH�QDWLYH�FRQGXLWV�DQG� WKH�KHPRG\QDPLFV� LQVLGH� WKH�HQG�WR�VLGH�FRURQDU\�DUWHU\�E\SDVV�
JUDIW�DUH�VHQVLWLYH�ZLWK�WKH�FKDQJLQJ�RI�JHRPHWULHV��$V�LW�FDQ�EH�VHHQ�LQ�WKHVH�UHVXOWV��WKH�UHYHUVH�IORZ�RQO\�REVHUYHG�DW�
WKH�GLVWDO�RI�WKH�MXQFWLRQ�DUHDV��VR�WKH�YHORFLW\�YHFWRUV�DW�WKH�FURVV�VHFWLRQV�RI�=�<�SODQH�DW�WKH�WRH�DQG�WKH�PLGGOH�RI�WKH�
MXQFWLRQ�DUHDV�DUH�SUHVHQWHG�DQG�DQDO\VHG��
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)LJXUH����9HORFLW\�YHFWRUV�RI����GHJUHH�DQDWRPLVHV�DQJOHV�DQG�������UDWLR�JUDIW�KRVW�GLDPHWHU�DW�YDULRXV�WLPH�VWHSV�
�

�

�
�

)LJXUH����9HORFLW\�YHFWRUV�RI����GHJUHH�DQDWRPLVLV�DQJOHV�DQG�������UDWLR�JUDIW�KRVW�GLDPHWHU�DW�YDULRXV�WLPH�VWHSV�
�
�
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)LJXUH����9HORFLW\�SURILOHV�RI����GHJUHH�DQDWRPLVLV�DQJOHV�DW�YDULRXV�WLPH�VWHSV�
�
�

$V�LW�FDQ�EH�VHHQ�IURP�WKH�UHVXOWV�RI�YHORFLW\�YHFWRUV��LQ�JHQHUDO�WKH�IORZ�SDWWHUQV�DUH�TXLWH�VLPLODU�IRU�DOO�WKH�
LQYHVWLJDWHG�FRQGLWLRQV�LQ�WHUPV�RI�UHFLUFXODWLRQ�]RQHV�QHDU�WKH�KHHO�DQG�WRH�LQ�WKH�KRVW�DUWHU\��+RZHYHU��DV�SUHGLFWHG�LQ�
ILJXUHV� �� 	� �� WKH� UHYHUVH� IORZ� DW� WKH� MXQFWLRQ� RQ� WKH� KRVW� FRQGXLW� RQO\� SUHVHQW� DW� VPDOO� JUDIW� GLDPHWHU� ZLWK� DOO�
DQDVWRPRVLV�DQJOHV�LQYHVWLJDWHG��7KLV�LV�SURYHQ�WKH�H[LVWHQFH�RI�IOXFWXDWH�IORZ�LQ�ERWK�GLUHFWLRQ��IRUZDUG�DQG�EDFNZDUG��
RQ� WKH� EHG� RI� WKH� KRVW� FRQGXLW� DW� WKH� MXQFWLRQ� DUHD� RYHU� WKH� ZKROH� SXOVDWLOH� FLUFOH��:KHQ� WKH� VPDOO� UDWLR� JUDIW�KRVW�
GLDPHWHU�����DUH�FKRVHQ��WKH�YHORFLW\�DW�WKH�JUDIW�SLFN�XS�D�KLJK�PDJQLWXGH�FRPSDULQJ�ZLWK�����UDWLR�KRVW�JUDIW�GLDPHWHU�
�DVVXPH�WKH�VDPH�IORZ�UDWH�DW�WKH�LQOHW�RI�WKH�JUDIW�IRU���LQYHVWLJDWHG�UDWLRV���7KH�IORZ�WKHQ�VWURQJO\�LQIOXHQFHG�WKH�IORZ�
SDWWHUQ�DW�WKH�KRVW�FRQGXLW��7KLV�SKHQRPHQRQ�FDQ�EH�VHHQ�OHVV�HIIHFWLYH�LQ�ODUJH�JUDIW�GLDPHWHU��VPDOOHU�EORRG�YHORFLW\�
HQWHULQJ�WKH�HQG�WR�VLGH�MXQFWLRQ��,Q�DGGLWLRQ�� WKH� WUDQVLHQW�EHKDYLRXU�RI�WKH�IORZ�ILHOGV�EHFDPH�DSSDUHQW�DW� WKH�LQLWLDO�
WLPH�VWHS�RI������VHFRQG�DV�WKH�EXON�RI�JUDIW�YHORFLW\�YHFWRUV�DFFHOHUDWHG�WRZDUG�WKH�MXQFWLRQ�ZKLFK�LQ�WXUQ�HQWUDLQHG�WKH�
DUWHU\� IORZ� QHDU� WKH� KHHO� WRZDUG� WKH� DUWHU\� IORRU�� 7KLV� SDWWHUQ� LQFUHDVHG� LWV� LQWHQVLW\� DV� WLPH� LQFUHDVHG� DQG� UHDFKHG�
PD[LPXP�DW�����VHFRQG��

/LNHZLVH��LW�VKRXOG�EH�QRWHG�WKDW�WKH�IHDWXUH�RI�D�GLVWXUEHG�YHORFLW\�ILHOGV��VHFRQGDU\�IORZ��DURXQG�WKH�QDWLYH�
GLVWDO� DUWHU\� QHDU� WKH� WRH�ZDV� IRXQG� WKURXJKRXW� WKH�ZKROH� SXOVDWLOH� FLUFOH� DQG� DOO� RI� WKH� FRQILJXUDWLRQV� LQYHVWLJDWHG��
7KHVH�SKHQRPHQRQ�LV�IRUPHG�ZKHQ�WKH�GRPLQDWHG�IORZ�IURP�WKH�JUDIW�KHDGLQJ�WRZDUG�WKH�MXQFWLRQ�DUHD�DQG�KLW�WKH�EHG��
WKLV�IORZ�WKHQ�VNHZLQJ�EDFN�WRZDUG�WKH�ZDOO�RI�WKH�DUWHU\�WR�WKH�WRH��+RZHYHU��WKH�SKHQRPHQRQ�LV�UHGXFHG�ZLWK�VPDOO�
DQDVWRPRVLV�DQJOHV�DQG�ELJ�UDWLRV�JUDIW�KRVW�GLDPHWHU���
�

�
)LJXUH����9HORFLW\�YHFWRUV�RI����GHJUHH�DQDWRPLVLV�DQJOHV����UDWLR�JUDIW�KRVW�GLDPHWHU�DW�WKH�FURVV�VHFWLRQ�=<�DW�WKH�

MXQFWLRQ�
�

)URP�OLWHUDWXUH��SODTXH�UXSWXUH�KDV�EHHQ�REVHUYHG�RQ�WKH�DUHDV�ZKLFK�DUH�VXSSRVHG�WR�H[SORUH�ZLWK�KLJK�YDOXH�
RI�ZDOO�VKHDU�VWUHVV��:66���7R�H[DPLQH�WKH�UHODWLRQVKLS�RI�WKLV�SKHQRPHQRQ�WR�:66��VDPSOHV�RI�:66�GLVWULEXWLRQV�DW�
WKH� SHDN� V\VWROH� DQG� 7$:66� RYHUDOO� WKH� ZDOO� RI� WKH� DOO� LQYHVWLJDWHG� FRQILJXUDWLRQV� DUH� SUHVHQWHG� LQ� )LJXUH� ������
0RUHRYHU��WR�FRPSDUH�WKH�:66�YDOXHV�EHWZHHQ�DOO�RI�WKH�PRGHOV��WKH�OLQH�RI�:66�DW�WKH�FURVV�VHFWLRQ�=�;�SODQH�DUH�
KLJKOLJKWHG�DQG�SUHVHQWHG��)LJXUH���DQG�������
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�

�
)LJXUH���:66�DW�W ���V�DQG�7$:66�RI����GHJ�DQDVWRPRVLV�DQJOH�

�

�
)LJXUH����:66�DW�W ���V�DQG�7$:66�RI����GHJ�DQDVWRPRVLV�DQJOH�

�
,Q�JHQHUDO��UHVXOWV�RI�KLJK�YDOXH�RI�:66�DUH�FRQFHQWUDWHG�DW�WKH�WRH��WKH�KHHO�RI�WKH�HQG�WR�VLGH�&$%*�DQG�WKH�EHG�RI�
QDWLYH�DUWHU\��+RZHYHU��WKH�FKDQJLQJ�SRVLWLRQ�RI�KLJK�:66�PDJQLWXGH�GHSHQGV�RQ�GLIIHUHQW�SDWWHUQV�VXFK�DV�DQJOHV�DQG�
UDWLRV�RI�JUDIW�KRVW�GLDPHWHU��)RU�LQVWDQFH��WKH�FKDQJLQJ�RI�DQJOHV�ZLOO�LQIOXHQFH�WKH�SRVLWLRQ�RI�KLJK�:66�RQ�WKH�EHG�RI�
WKH�KRVW�DUWHU\��ZKLOH�WKH�UDWLRV�RI�GLDPHWHU�ZLOO�DIIHFW�WKH�DOWHUQDWLYH�RI�:66�DW�WKH�KHHO�RU�WKH�WRH��
�
)LJXUH����VKRZV�WKH�YDOXHV�RI�:66�RQ�WKH�OLQH�*+�RI�WKH�KRVW�DUWHU\�DW�W� ���V��7KH�UHVXOWV�VKRZ�D�VLPLODU�WUHQG�LQ�DOO�RI�
WKH�LQYHVWLJDWHG�FRQILJXUDWLRQV�VXFK�DV�LGHQWLFDO�:66�DW�WKH�LQOHW�DQG�RXWOHW�DV�DOO�RI�WKH�PRGHOV�KDYH�VLPLODU�ERXQGDU\�
FRQGLWLRQV�DQG�WKH�IORZ�EHFRPH�IXOO\�GHYHORS�DW�WKH�GLVWDO�RI�WKH�KRVW�DUWHU\��DQG�KLJK�YDOXH�RI�:66�RQ�WKH�EHG�RSSRVLWH�
WKH�WRH�RI�WKH�MXQFWLRQ�DUHD��,Q�DGGLWLRQ��WKH�����UDWLR�KRVW�JUDIW�GLDPHWHU�SLFN�XS�WKH�KLJKHVW�YDOXH�RI�:66�QHDUO\����3D��
ZKLOH�WKH�KLJK�UDWLR�����JRW�PD[LPXP���3D�DW�WKH�VDPH�DUHD��
�
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�
)LJXUH����:66�DW�W ���V�RQ�*+�OLQH�RI�DOO�LQYHVWLJDWHG�FRQILJXUDWLRQV�

�
Conclusions 
$OWKRXJK� WKH� KHPRG\QDPLFV� UHVXOWV� DW� WKH� &$%*� MXQFWLRQ� PLJKW� VOLJKWO\� EH� DIIHFWHG� E\� WKH� GHJUHH� RI� VWHQRVLV��
SDUWLFXODUO\� LQ� WKLV� LQYHVWLJDWLRQ�EHWZHHQ���� DQG������� WKH� ILQGLQJV� LQGLFDWH� WKDW� WKH�KHPRG\QDPLFV�SDUDPHWHUV� WKDW�
GRPLQDWHG�E\�WKH�KLJKHU�:66�YDOXHV�GXULQJ�WKH�ORQJHU�SHULRG�RI�GLDVWROH�DUH�DQDVWRPRWLF�DQJOHV�DQG�IORZ�UDWHV��7KH�
HIIHFWV� RI� VWHQRVLV� ZLWK� ORFDO� KHPRG\QDPLFV� LQVLGH� RI� HQG�WR�VLGH�&$%*�ZHUH� TXLWH� REYLRXV��:KHQ� WKH� GHJUHHV� RI�
VWHQRVLV�LQFUHDVH��WKH�IORZ�UDWH�DW�WKH�KRVW�FRQGXFW�UHGXFHV��7KLV�ZLOO�LQFUHDVH�WKH�GRPLQDWH�HIIHFW�RI�WKH�IORZ�IURP�WKH�
JUDIW�FRQGXFW��$V�FDQ�EH�VHHQ�IURP�WKH�UHVXOWV�RI�WKLV�&KDSWHU��WKH�FLUFXODWLRQ�IORZ�]RQH�DURXQG�WKH�MXQFWLRQ�DUHD�RI�WKH�
HQG�WR�VLGH�&$%*�FRQILJXUDWLRQV�ZHUH�FOHDUO\�REVHUYHG�ZKHQ�WKH�VWHQRVLV�ZHUH������EORFNDJH������
2Q�WKH�HIIHFW�RI�JUDIW�WR�DUWHU\�GLDPHWHU�UDWLR��WKH�GLIIHUHQFHV�EHWZHHQ�FXUUHQW�IORZ�VLPXODWLRQV��ZLWK�JUDIW�WR�DUWHU\�UDWLR�
RI�����ZDV�PRVW�DSSDUHQW�DW�WKH�EHJLQQLQJ�RI�WKH�F\FOH�IROORZLQJ�WKH�VKDUS�GHFHOHUDWLRQ�RI�WKH�IORZ�UDWHV�DW�WKH�HQG�RI�
WKH�SUHYLRXV�F\FOH�� �)RU�JUDIW� WR�DUWHU\�UDWLR�RI�����WKH�VLPXODWLRQ�VWXG\�RI�)UHVKZDWHU��0RUVL�HW�DO��>��@�UHYHUVH�IORZV�
DORQJ�WKH�VXUIDFH�RI�WKH�KRVW�DUWHU\�DQG�WKH�JUDIW�UHVXOWHG�LQ�UDSLGO\�FKDQJLQJ�IORZ�ILHOGV�DURXQG�WKH�KHHO�RI�WKH�MXQFWLRQ��
DORQJ� WKH� EHG� RI� WKH� DQDVWRPRVLV� DQG� LQ� WKH� SUR[LPDO� UHJLRQV� RI� WKH� DQDVWRPRWLF� GRPDLQ� ZHUH� TXLWH� VLJQLILFDQW��
+RZHYHU��LQ�WKH�FXUUHQW�VWXG\�RI�D�UDWLR�RI�������PRVW�RI�WKHVH�DGYHUVH�IORZ�IHDWXUHV�ZHUH�QRW�IRXQG�DV�VLJQLILFDQW�DQG�
WKH�YDOXHV�RI�VKHDU�VWUHVVHV�ZHUH�VLJQLILFDQWO\�OHVV�WKDQ�WKRVH�IRXQG�E\�RWKHUV��LPSO\LQJ�OHVV�SUREDELOLW\�RI�RFFXUUHQFH�RI�
LQWLPDO� K\SHUSODVLD�� +HQFH�� WKHVH� FRQILJXUDWLRQV� FRXOG� EH� XVHG� IRU� IXUWKHU� DQDO\VLV�� HVSHFLDOO\� LQ� IOXLG� VWUXFWXUH�
LQWHUDFWLRQ���
�
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Abstract: The objective of this work is the elaboration and the characterization of the composite materials p-
Si/Poly (pyrrol benzoic acid)-Cu thin films for microelectronic and photovoltaic applications. The polymer film has 
been deposited on silicon substrate by electrochemical oxidation of the monomer. Metal copper particles were 
incorporated by electroreduction of copper complex formed by the polymer and Cu+2 ions. In the characterization, 
we have used cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) and X rays diffraction 
(XRD). 

 
Keywords : Conductive polymer, Modified electrode, Benzoic Polypyrrol, Silicon. 
 
Introduction 

In the search to replace silicon and other semiconductor thin film technologies, and in order to develop a long term 
technology bearing in mind that this should be environmentally friendly, low cost and abundant an increasing research 
interest is nowadays given to organic materials [1]. 
The incorporation of small metal particles in organic matrices, in particular polymers, has resulted in numerous 
published works [2]. Studies on the incorporation by electrochemical reduction of metal particles with catalytic 
properties in polymer films have been mainly devoted to the incorporation of noble metals (Pt, Pd, Rh) [3]. However, 
only a few examples are found in the literature concerning the inclusion in polymer films of particles of transition 
metals such as nickel, copper or cobalt [4]. Recently, new electrode materials composite (carbon / polymer-metal) have 
been developed [5-6]. 
The aim of this work is to prepare polymeric layers containing metal particles deposited on a semiconductor material 
surface with better electrical properties which could be applied in nanotechnology fields as an attempt to offer an 
alternative to existing process involved in electronic circuit design. 
  
Experimental 

Silicon substrates, p-type conducting, <100> oriented, of resistivity in the range 0.01 – �������FP��DQG�RI�DFWLYH�DUHD�RI�
0.32 cm2 have been used as electrodes. Each electrode is cleaned with acetone and then ethanol, respectively, for 10 
min and then washed thoroughly with distilled water. Thereafter, these were treated in a solution of 10% HF [7] for a 
short period of time in order to remove the oxide layer (SiO2) and other contaminants and finally activated 
in a hydrochloric acid solution (1M ) for one minute. 
The electrodeposition process of the polymer poly (PAB) was carried out in a Pyrex glass cell which has a double wall 
and a capacity of 5 ml with a glass lid in which there exist four holes that allows the easy passage of three electrodes. 
The counter electrode was a platinum wire and the reference electrode is an electrode Ag/Ag+ (10-2 M) which is a silver 
wire immersed in a solution of silver nitrate 10-2 M in the acetonitrile with supporting electrolyte. 
All of our electrochemical experiments was carried out with a Voltalab PGZ 301 that consists of a potentiostat-
galvanostat, running under the software VOLTALAB Mastr 4. 
The deposition of poly PAB is obtained in an organic solution of CH3CN which contains 4.10� 3 M of 4 - (pyrrol-1-yl-
methyl) benzoic acid and 10-1M LiClO4. 
 
Results and discussion 

In order to determine the best processing time of the substrate with hydrofluoric acid to 
obtain more conductive surfaces, we dipped the substrate into the solution of the acid for different durations and 
then studied the conductivity of the substrates treated using impedance spectroscopy. The analysis was carried out in 
aqueous 0.1 M sodium sulphate on a range of frequencies between 10 mHz to 
100 kHz. The impedance diagrams obtained are shown in Figure 1. 
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Figure 1: Impedance diagrams corresponding to different treatment times of p-silicon, in aqueous Na2SO4 0.1M. 
(a) Before treatment; (b) and (c) 2 minutes; (d) 5 minutes; (e) 10 minutes; (f) 35 minutes. 
 
We observe from this figure that the treatment of the substrate with hydrofluoric acid has a major influence on 
its conductivity. We have found that the best treatment time is obtained after five minutes of immersion, the 
resistance obtained is minimal, it is about 15 N��FP2 (Figure 1(c)). 
 
Electropolymerization of PAB on p-Si by successive scans 

Figure 2 shows the recording of successive voltamperograms (20 cycles), relating to a solution of 10�1 M 
CH3CN/LiClO4 containing 4 10-3 M of (pyrrol-1-yl-methyl) benzoic acid on a p-silicon electrode (area = 0.32 cm2), 
recorded over a range of potentials between -0.2 and 1 V/(Ag/Ag+) at a scanning speed of 0.1 V/s. 
The voltamperograms show the appearance of two waves, one cathodic to 0.05 V/(Ag/Ag+) corresponding to the 
reduction of the polymer previously obtained and another anodic towards 0.7 V/(Ag/Ag+) corresponding to its 
oxidation. These processes increase in a regular manner, this translates into the growth of the polymer film deposited on 
the surface of the electrode. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Electropolymerization of PAB/p-Si by repetitive scans. 
Elaboration technique of a modified electrode 
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After the deposition of the polymer on silicon by the electrochemical oxidation of the monomer (PAB) in a solution of 
acetonitrile 10-1 M LiClO4, the modified electrode is immersed in an aqueous metal salt (0.01 M CuSO4) at pH: 5 for a 
few minutes to exchange the H+ ions being in the film of the polymer and the cations Cu+2 of the aqueous solution. 
The electrode is then thoroughly washed with distilled water several times in order to remove the 
excess copper cations not related to the polymer, and then immersed in an aqueous solution of 0.1 M Na2SO4. It is 
then reduced in a potential range of: -1.7 to 0V/ECS for electroreduction of the metal in the polymer film. This process 
can be repeated several times to increase the amount of metal incorporated into the polymer. 
 
Electrochemical analysis of Cu on p-Si 

The electrochemical behavior of copper was investigated on an electrode-of silicon in an aqueous solution less acidic 
(pH= 5) containing 0.1 M Na2SO4 as a supporting electrolyte and the salt concentration of 0.01 M 
of CuSO4. The cyclic voltamperograms recorded at a scan rate of 0.1V/s in a potential range between 0 to -1.6 V/SCE, 
see figure 3. 
We note that the electrochemical reduction of copper on the new substrate is difficult compared to n-type substrates 
because the field of electroplating copper becomes large and the appearance of a reduction peak has reduced 
the potential to the value of -1.3V/ECS during the first cycle then we notice a shift of these 
peaks towards positive potentials with a steady increase in the intensity of the current showing the film formation of a 
metal deposit. 
 

 

 

 

 

 

 

 

 

 

 

Figure 3: Electrodeposition of copper on p-Si. 

Characterization by impedance spectroscopy of p-Si/poly (PAB)-Cu 

The impedance measurements were performed on films of poly (PAB) synthesized 
by galvanostatic coulometry at an imposed current of 0.2 mA on a silicon substrate during the elaboration of the 
polymer. The study is performed in the frequency range between 100 mHz to 100 kHz at equilibrium potentials. Figure 
4 illustrates the results obtained. 
The Nyquist diagrams obtained after the 1st and 2nd electrochemical reductions of copper on poly (PAB) show some 
differences in appearances, suggesting that the number of reduction affects the electrochemical behavior of the modified 
electrode p-Si/poly (PAB). Also, all the diagrams obtained do not start at the same value on the real axis indicating that 
the resistance of the electrolyte has changed. According to these diagrams, it is worth noting that when the copper 
incorporation number is increased our composite thin film becomes more conductive. 
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Figure 4: Nyquist diagrams for : A) p-Si, B) p-Si/poly (PAB), C) p-Si/poly (PAB)/Cu (1st incorporation) and D) p-
Si/poly (PAB)/Cu (2nd incorporation). 

 
Structural analysis by XRD 
 
In figure 8 are shown two spectra, the first XRD corresponding to the sample prepared by depositing a polymer film on 
silicon substrate (spectrum A), while the second is the spectrum of the composite material prepared by deposition a 
polymer film on silicon followed by the incorporation of copper complexation of cupric ions in the film by 
electroreduction of ions incorporated in the heart of the polymeric film (spectrum B). The spectrum (A) shows no peak. 
Indeed, our polymer is deposited on the surface of the electrode (silicon) electrochemically thus leading to an 
amorphous polymer. This result is in agreement with the literature. In contrast, the spectrum (B) shows well defined 
peaks. They are observed at angles of 43.28 and 73.95. These peaks are assigned to a crystalline structure of copper of a 
cubic shape, confirming the incorporation of copper particles in the polymer film. The results obtained by X-ray 
diffraction confirm those obtained by the electrochemical method. 

 

 

 

 

 

 

 

 

Figure 8: XRD spectra of two electrodes : (A) Si/PAB et (B) Si/PAB-Cu. 

Conclusion 

This study demonstrated the feasibility of preparing n-Si electrodes modified by metal deposition of copper and p-Si 
modified by a polymer film containing metal particles obtained by complexation of copper and electroreduction. The 
electrodeposition of copper on the surface of n-silicon is produced by the electrochemical reduction of the ions of 
copper sulfate in an aqueous medium. 
The scanning speed, the concentration of the reaction medium and the pH of the electrolyte have a very significant 
effect on the amount of copper deposited on the surface of n-silicon. The film deposition of pyrrole benzoic acid to the 
surface of p-silicon is obtained by electrochemical oxidation of the monomer in an organic medium. The incorporation 
of Cu+2 ions in the polymer film is obtained by the complexation of cupric ions in the polymer film followed by the 
electroreduction of the complex formed in a solution of Na2SO4 to precipitate the metal particles in the polymer film. 
The electrodeposition process and characterization of the electrode material obtained were examined by cyclic 
voltammetry, impedance spectroscopy and XRD. 
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$EVWUDFW�Sosyal Bilgiler kitapODUÕQGD�EX�GH÷HUOHULQ�KDQJLOHULQLQ�\HU�DOGÕ÷Õ��GH÷HUOHUH�QH�NDGDU�\HU�
YHULOGL÷L��KDQJLOHULQLQ�GDKD�VÕN�YXUJXODQGÕ÷Õ�E�\�N�ELU�|QHP�WDúÕPDNWDGÕU��2UWDRNXO��Sosyal Bilgiler  
NLWDSODUÕQGD� GH÷HUOHUH� \HU� YHULOPH� GXUXPXQX� EHOLUOHPH\H� \|QHOLN� RODUDN� JHUoHNOHúWLULlen bu 
DUDúWÕUPD��QLWHO�DUDúWÕUPD�\|QWHPOHULQGHQ�G|N�PDQ�LQFHOHPHVL�LOH�JHUoHNOHúWLULOPLúWLU�$UDúWÕUPDGD�
ortaokul  6RV\DO�%LOJLOHU��|÷UHWPHQ�NÕODYX]�NLWDSODUÕQÕQ�KHP�0HE�KHP�GH�|]HO�\D\ÕQHYL�QH�DLW�VRQ�
EDVNÕODUÕ�LQFHOHQPLúWLU� Kitaplardan toplanan veriler  ��WHPD�YH������DOW�WHPDGD�DOWÕQGD�LQFHOHQPLú�
ROXS� WHPDODUD� DLW� � EXOJXODU� WDEORODUGD� J|VWHULOPLú� ROXS� EX� WHPDODUD� DLW� DOW� WHPDODU� GD� WDEORODUÕQ�
DOWÕQGD� DoÕNODPD� RODUDN� YHULOPLúWLU�� 2rtaokul sosyal bilgiler dersinde 
VRUXPOXOXN�GD\DQÕúPD�HVWHWLN�ELOLPVHOOLN�N�OW�UHO� PLUDVD� GX\DUOÕOÕN�KDN� YH� |]J�UO�NOHUH� VD\JÕ��
GH÷HUOHULQH� L\L� úHNLOGH� \HU� YHULOLUNHQ�� \DUGÕPODúPD�oDOÕúNDQOÕN�GR÷DO� oHYUH\H�
GX\DUOÕN�YDWDQVHYHUOLN�G�U�VWO�N�DGLO�ROPD�ED\UD÷D�YH�øVWLNODO�0DUúÕ¶QD�VD\JÕ�YH�EDUÕú�GH÷HUOHULQH�
\HWHULQFH�\HU�YHULOGL÷L�V|\OHQHPH]�<D\ÕQ�HYL�DoÕVÕQGDQ�GH÷HU�YH�GH÷HU�H÷LWLPLQH� LOLúNLQ�ELOJLOHUH�
KHU� VÕQÕI� G�]H\LQGH� \HU� YHUPHVL� YH� GH÷HUOHULQ� LúOHQPHVL� DoÕVÕQGDQ�0HE� \D\ÕQODUÕQÕQ� GDKD� HWNLOL�
ROGX÷X�V|\OHQHELOLU� 

               .H\�ZRUGV� 2UWDRNXO�6RV\DO�%LOJLOHU�NLWDEÕ�GH÷HU�\DQVÕPD�G�]H\L 
 
*LULú�

'HYOHWOHU�GHYDPOÕOÕNODUÕQÕ�YH�JHOLúLPOHULQL��|UI�kGHW��JHOHQHN�YH�J|UHQHNOHULQLQ�\DúDWÕOPDVÕQÕ�H÷LWLP�YH�|÷UHWLP��
VLVWHPL\OH�JHUoHNOHúWLUPHNWHGLU��%LU�EDúND�LIDGH\OH�GH÷HUOHULQL�H÷LWLP�VLVWHPL\OH�DNWDUPDNWDGÕU��%X�DNWDUÕPGD�HQ�|QHPOL�
görHYOHUGHQ�ELUL�GH�LON|÷UHWLP�NXUXPODUÕQD�G�úPHNWHGLU�øON|÷UHWLP�NXUXPODUÕ�GD��E�W�Q�RUJDQODUÕ\OD�EX�DPDFD�KL]PHW�
HWPHNWHGLU�øON|÷UHWLP� SURJUDPODUÕQGDNL� GH÷HUOHULQ� DNWDUÕOPDVÕ� LoLQ� RUWDP� KD]ÕUOD\DQ� � NLúLOHU� LVH� |÷UHWPHQOHUGLU�%X�
V�UHoWH�|÷UHWPHQOHUH�\RO�J|VWHULFL�RODQ�LON|÷UHWLP�RNXOX�SURJUDPODUÕ�YH�SURJUDPÕQ�DPDoODUÕQD�X\JXQ�LoHULN�VXQDQ�GHUV���
NLWDSODUÕ�GD�EX�DNWDUÕPÕQ�HQ�|QHPOL�|÷HOHULQGHQ�ELULQL�ROXúWXUPDNWDGÕU��6H]HU������,s.2-3). 

2NXOODUÕQ� WHPHO� DPDFÕ� DNDGHPLN� DoÕGDQ� EDúDUÕOÕ� ELUH\OHU� \HWLúWLUPHQLQ� \DQÕQGD� ELUH\OHUH� WHPHO� GH÷HUOHUL� GH�
ND]DQGÕUPDNWÕU�%X�DPDFÕ�JHUoHNOHúWLUPHN�LoLQ�|÷UHWPHQ�DLOH�oHYUH�JLEL�IDNW|UOHULQ�\DQÕQGD���GHUV�NLWDSODUÕ�GD�|QHPOL��ELU�
URO� R\QDPDNDWDGÕU�d�QN��|÷UHQFL� RNXOGD� JHoLUGL÷L� V�UHQLQ� � |QHPOL� ELU� NÕVPÕQÕ� GHUV� � � NLWDEÕ� LOH� JHoLUPektedir.  
6KDQQRQ¶XQ� ������� \DSWÕ÷Õ� ELU� DUDúWÕUPD\D� J|UH� |÷UHQFLOHULQ� VÕQÕI� RUWDPÕQGD� ]DPDQODUÕQÕQ�%70-95 DUDVÕQGDNL� süreci 
ders NLWDSODUÕQD� GD\DOÕ� HWNLQOLNOHUH� KDUFDPDNWDGÕU� �$NW�� +R� DQG�+VX� 2011,s.����� 7�UNL\H¶GH� GH� $GÕJ�]HO� ������� YH��
Karaca (2011) taUDIÕQGDQ��\DSÕODQ�oDOÕúPDODUGD�GD�|÷UHWPHQOHULQ��GHUVOHULQGH�JHQHOGH�WHPHO�GHUV�DUDo�JHUHoOHUL�RODQ�GHUV�
NLWDSODUÕQÕ�NXOODQGÕNODUÕ�EHOLUOHQPLúWLU� 

'�Q\D��]HULQGHNL�oRFXNODU�E�\�\HQ�VRV\DO�SUREOHPOHUGHQ��úLGGHW�YH�KRúJ|U�V�]O�NWHQ�JLGHUHN�DUWDQ�ELU�úHNLOGH�
HWNLOHQPHNWHGLU��3HN�oRN��ONHGH�DLOHOHU�YH�H÷LWLPFLOHU�WRSOXPVDO�G�]HQL�WHKGLW�HGHQ�EX�VRUXQODUGDQ�NXUWXOPDQÕQ�\ROXQXQ�
HWNLOL� ELU� GH÷HUOHU� H÷LWLPL� � ROGX÷XQX� YXUJXODPDNWDGÕUODU�� �7LOOPDQ,2000,s.IX). 'H÷HUOHULQ� ND]DQGÕUÕOPDVÕQGD� HWNLOL� ELU�
SURJUDPÕQ� KD]ÕUODQPDVÕQÕQ� \DQÕ� VÕUD� GHUV� NLWDSODUÕ� GD� |QHPOL� ELU� \HU� WXWPDNWDGÕU�� Sanchez’e (1998,s.5) göre; ders 
NLWDSODUÕQGD�WHN�ER\XWOX��JHOHQHNVHO��JHOLúL�J�]HO�VHoLOPLú�RNXPD�SDUoDODUÕQÕQ�PHYFXW�ROPDVÕ��NDKUDPDQODUÕQ�VHoLOPHVL�
YH� |]HOOLNOHULQLQ� RUWD\D� oÕNDUÕOPDVÕQGD� KLNk\HOHULQ� NXOODQÕPÕQÕ� J�QGHPH� JHWLUPHNWHGLU�� øON� YH� RUWD� GHUHFHOL� RNXOODUGD�
RNXWXODQ�GHUV�NLWDSODUÕ��QDGLUHQ�NDKUDPDQODUÕQ�W�P�|]HOOLNOHULQL�DQODWPDVÕQGDQ�GROD\Õ��ELUH\VHO�YH�N�OW�UHO�\DQVÕPDODUÕ�
DoÕVÕQGDQ���LVWHQLOHQ�GH÷HUOHULQ�|÷UHQFLOHUH�ND]DQGÕUÕOPDVÕQÕ�VD÷OD\DPDPDNWDGÕU� 

'HUV� NLWDSODUÕ�� RNXOGDNL� H÷LWLP-|÷UHWLP� IDDOL\HWOHULQLQ� WHPHO� PDWHU\DOOHULQGHQGLU�� øON|÷UHWLP� P�IUHGkWÕ�
\HQLOHQLQFH�� |÷UHQFLOHUH� � GHUV� NLWDEÕ� YH� ND]DQÕPODUÕ� LoHUHQ� HWNLQOLNOHULQ� EXOXQGX÷X� oDOÕúPD� NLWDEÕ� KD]ÕUODQÕUNHQ��
|÷UHWPHQOHU� LoLQ� GH� GHUV� HVQkVÕQGD� NHQGLOHULQH� \DUGÕPFÕ� ROPDVÕ� DPDFÕ\OD� |÷UHWPHQ� NÕODYX]� NLWDSODUÕ� KD]ÕUODQPÕúWÕU��
³g÷UHWPHQ� .ÕODYX]� .LWDEÕ´�� |÷UHWPHQOHUH� GHUVWH� ELOJL\L� QDVÕO� \DSÕODQGÕUDFDNODUÕQÕ� YH� EX� HVQDGD� L]OH\HFHNOHUL� \ROX�
J|VWHUPHVLQLQ� \DQÕQGD�� |÷UHQFLOHUH� GHUVWH� VDKLS� ROPDODUÕ� JHUHNHQ� ND]DQÕPODUÕ�EHFHUL� YH� GH÷HUOHUL� GH�
J|VWHUPHNWHGLU�2UWDRNXO� VRV\DO� ELOJLOHU� SURJUDPÕQGD� � GR÷UXGDQ� DNWDUÕOPDVÕ� SODQODQDQ� GH÷HUOHU�
PHWLQOHU�ELOJLOHU�UHVLPOHU�IRWR÷UDIODU�DWDV|]OHUL�|]GH\LúOHU�GL\DORJ� NRQXúPDODUÕ�NDULNDW�UOHU�úLLUOHU�NDKUDmanlar,  
KLND\HOHU�HWNLQOLN�oDOÕúPDODUÕ�YH�GH÷HUOHQGLUPH��VRUXODUÕ�LOH�ND]DQGÕUÕOPD\D�oDOÕúÕOPDNWDGÕU� 

øON|÷UHWLP� 6RV\DO� %LOJLOHU� g÷UHWLPL� � 3URJUDPÕQGD� LVH� � g]J�YHQ� ������¶GHQ� DOÕQDQ� � GH÷HU� WDQÕPÕ� \HU�
DOPDNWDGÕU�%X�WDQÕPD�J|UH�GH÷HU��³�ELU�VRV\DO�JUXS�YH\D WRSOXPXQ�NHQGL�YDUOÕN��ELUOLN��LVOH\Lú�YH�GHYDPÕQÕ�VD÷ODPDN�YH�
V�UG�UPHN� LoLQ� �\HOHULQLQ� oR÷XQOX÷X� WDUDIÕQGDQ� GR÷UX� YH� JHUHNOL� ROGXNODUÕ� NDEXO� HGLOHQ� RUWDN� G�ú�QFH�� DPDo�� WHPHO�
ahlakî ilke ya da inançlar”dÕU� �0(%�� ����,s.89).g÷UHWLP� SURJUDPODUÕQÕQ� X\JXOD\ÕFÕVÕ� RODQ� |÷UHWPHQOHU�� GH÷HUOHULQ�
DNWDUÕOPDVÕQGD� HWNLQ� URO� R\QDUODU�� g÷UHWPHQOHULQ� � GH÷HUOHU� H÷LWLPLQGH� NXOODQGÕ÷Õ� oHúLWOL� � \|QWHP� YH� WHNQLNOHU�
YDUGÕU�7DUWÕúPD�WHPHOOL�\DNODúÕP�YH�|÷UHQFL�PHUNH]OL�DNWLI�|÷UHQPH�VWUDWHMLOHUL��HQ�\D\JÕQ�RODQODUÕGÕU��'H÷HU�H÷LWLPLQGH�
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NXOODQÕODQ� GL÷HU� \|QWHPOHU� GUDPD�� SURMH� oDOÕúPDVÕ�� X\JXODPDOÕ� DNWLYLWHOHU�� LúELUOLNOL� |÷UHQPH� YH� � JUXS� oDOÕúPDVÕ��
|÷UHQFLOHU� WDUDIÕQGDQ� \|QHWLOHQ� DUDúWÕUPDODU�� H÷LWLPVHO� R\XQODU� YH� H÷OHQFH� J�QOHULQL� LoHULU� (Halstead ,1996,s.11) 
g÷UHWPHQLQ�� GHUVL LúOHUNHQ� NXOODQGÕ÷Õ� \|QWHP� YH� WHNQLNOHU�� LVWHQLOHQ� GH÷HUOHULQ�� |÷UHQFLOHU� WDUDIÕQGDQ� |]�PVHQPHVLQL��
NROD\ODúWÕUDELOLU� 

6RV\DO� %LOJLOHU� GHUVL� ELU� GH÷HU� H÷LWLPL� GHUVLGLU�� ����� \ÕOÕQGD� JHUoHNOHúWLULOHQ� N|NO�� SURJUDP� GH÷LúLNOLNOHULQGH�
dikkati çeken hususlardaQ�ELUL�GH�GH÷HU�H÷LWLPL�NRQXVXQXQ�SURJUDPODU�LoLQGH�YXUJXODQPDVÕGÕU��6RV\DO�%LOJLOHU�g÷UHWLP�
3URJUDPÕ�LQFHOHQGL÷LQGH�|÷UHQFLOHUH�WRSODP����GH÷HULQ�ND]DQGÕUÕOPDVÕ�KHGHIOHQPHNWHGLU��0(%��������0(%���������%X�
GH÷HUOHU�³�$GLO� ROPD��$LOH� ELUOL÷LQH�|QHP�YHUPH��%DUÕú��%D÷ÕPVÕ]OÕN��%LOLPVHOOLN��dDOÕúNDQOÕN��'D\DQÕúPD��'X\DUOÕOÕN��
'�U�VWO�N�� (VWHWLN�� +RúJ|U��� 0LVDILUSHUYHUOLN�� g]J�UO�N�� 6D\JÕ�� 6D÷OÕNOÕ� ROPD\D� |QHP� YHUPH�� 6HYJL�� 6RUXPOXOXN��
7HPL]OLN�� 9DWDQVHYHUOLN�� <DUGÕPVHYHUOLN´ RODUDN� EHOLUOHQPLúWLU�� %X� GH÷HUOHUGHQ� ED]ÕODUÕ� VDGHFH� ELU� VÕQÕI� G�]H\LQGH�
YHULOLUNHQ��|UQ��PLVDILUSHUYHUOLN���VÕQÕI��HVWHWLN���VÕQÕI���ED]ÕODUÕ�GD�D\QÕ�DQGD�ELUNDo�VÕQÕI�G�]H\LQGH��|UQ��VD\JÕ��-5-6 ve 
���VÕQÕI��YHULOPHNWHGLU� 

6RV\DO�%LOJLOHU�GHUVLQGH��|÷UHWPHQOHULQ�YH�|÷UHQFLOHULQ�ELULQFLO�ND\QDN�RODUDN�NXOODQGÕNODUÕ�YH�WDNLS�HWWLNOHUL�GHUV�
NLWDSODUÕQGD� EX� GH÷HUOHULQ� KDQJLOHULQLQ� \HU� DOGÕ÷Õ�� GH÷HUOHUH� QH� NDGDU� \HU� YHULOGL÷L�� KDQJLOHULQLQ� GDKD� VÕN� YXUJXODQGÕ÷Õ�
E�\�N�ELU�|QHP�WDúÕPDNWDGÕU��%X�QHGHQOH��DUDúWÕUPDGD�RUWDRNXO�������YH����VÕQÕI�6RV\DO�%LOJLOHU�NLWDSODUÕQGD�GH÷HUOHUH�\HU�
YHULOPH�GXUXPXQXQ�EHOLUOHQPHVL�DPDoODQPÕúWÕU��%X�DPDo�GR÷UXOWXVXQGD�DúD÷ÕGDNL�VRUXODUD�FHYDS�DUDQPÕúWÕU� 

1. 2UWDRNXO�������YH����VÕQÕI�0HE�YH�|]HO�\D\ÕQ�HYL�EDVNÕOÕ�6RV\DO�%LOJLOHU�NLWDSODUÕQGD�GR÷UXGDQ� �ND]DQGÕUÕODFDN�
dH÷HUOHUH�KDQJL�ELoLPGH�J|UVHO�ELOJL�HWNLQOLN�KDEHU�V|]�GH÷HUOHQGLUPH�JLEL��QH�NDGDU�VÕNOÕNOD�\HU�YHULOPLúWLU"�

2. 2UWDRNXO�������YH����VÕQÕI�0HE�YH�|]HO�\D\ÕQ�HYL�EDVNÕOÕ�6RV\DO�%LOJLOHU�NLWDSODUÕQGD�KDQJL�GH÷HUOHUH�GDKD��ID]OD�
\HU�YHULOPLúWLU" 

$UDúWÕUPD�0RGHOL�
Ortaokul  5.,6. ve 7. 6ÕQÕI� 6RV\DO� %LOJLOHU� � NLWDSODUÕQGD� GH÷HUOHUH� \HU� YHULOPH� GXUXPXQX� EHOLUOHPH\H� \|QHOLN�

RODUDN� JHUoHNOHúWLULOHQ� EX� DUDúWÕUPD�� QLWHO� DUDúWÕUPD� \|QWHPOHULQGHQ� G|N�PDQ� LQFHOHPHVL� LOH� JHUoHNOHúWLULOPLúWLU��
Verilerin çözümlenmesinde tümevDUÕP� DQDOL]L� \|QWHPL� NXOODQÕOPÕúWÕU�� '|N�PDQ� LQFHOHPHVL�� DUDúWÕUÕOPDVÕ� KHGHIOHQHQ�
ROJX�\D�GD�ROJXODU�KDNNÕQGD�ELOJL�LoHUHQ�\D]ÕOÕ�PDWHU\DOOHULQ�DQDOL]LQL�NDSVDU����<ÕOGÕUÕP�YH�ùLPúHN�������V�140). 

(YUHQ�YH�gUQHNOHP�
%X�DUDúWÕUPDGD�Ortaokul  5.,6. ve 7. 6ÕQÕI�6RV\DO�%LOJLOHU��|÷UHWPHQ�NÕODYX]�NLWDSODUÕQÕQ�KHP�0HE�KHP�GH�|]HO�\D\ÕQHYL�
VRQ�EDVNÕODUÕ�LQFHOHQPHN��]HUH�HOH�DOÕQPÕúWÕU��$UDúWÕUPDGD�� 

9 ��VÕQÕI��|]HO�\D\ÕQHYL��SDVLILN�\D\����0LOOL�(÷LWLP�%DNDQOÕ÷Õ�7DOLP�YH�7HUEL\H�.XUXOX’nun 18.12.2011 gün ve 
����VD\ÕOÕ�NDUDUÕ� LOH����VÕQÕI� �0(%�\D\ÕQ�|÷UHWPHQ�NÕODYX]�NLWDEÕ� � �0LOOL�(÷LWLP�%DNDQOÕ÷Õ�7DOLP�YH�7HUEL\H�
Kurulu’QXQ������������J�Q�YH�����VD\ÕOÕ�NDUDUÕ�LOH�� 

9 ��VÕQÕI��|]HO�\D\ÕQHYL��$OWÕQ�\D\���0LOOL�(÷LWLP�%DNDQOÕ÷Õ�7DOLP�YH�7HUEL\H�.XUXOX’nun 28.06.2006 gün ve 294 
VD\ÕOÕ� NDUDUÕ� LOH�� ��VÕQÕI� � 0(%� \D\ÕQ� |÷UHWPHQ� NÕODYX]� NLWDEÕ� � � 0LOOL� (÷LWLP� %DNDQOÕ÷Õ� 7DOLP� YH� 7HUEL\H�
Kurulu’QXQ������������J�Q�YH�����VD\ÕOÕ�NDUDUÕ�LOH� 

9 ��VÕQÕI��|]HO�\D\ÕQHYL���$QÕWWHSH�\D\���0LOOL�(÷LWLP�%DNDQOÕ÷Õ�7DOLP�YH�7HUEL\H�.XUXOX’nun 20.12.2009 gün ve 
����VD\ÕOÕ�NDUDUÕ� LOH����VÕQÕI� �0(%�\D\ÕQ�|÷UHWPHQ�NÕODYX]�NLWDEÕ� � �0LOOL�(÷LWLP�%DNDQOÕ÷Õ�7DOLP�YH�7HUEL\H�
Kurulu’QXQ� ����������� J�Q� YH� ���� VD\ÕOÕ� NDUDUÕ� LOH� NDEXO� HGLOHQ� ortaokul  5.,6. ve 7. 6ÕQÕI� 6RV\DO� %LOJLOHU��
|÷UHWPHQ�NÕODYX]�NLWDSODUÕ��NXOODQÕOPÕúWÕU� 

 
9HULOHULQ�7RSODQPDVÕ�YH�d|]�POHQPHVL 
$UDúWÕUPD� YHULOHUL� QLWHO� DUDúWÕUPD� \|QWHPOHULQGHQ� G|N�PDQ� LQFHOHPHVL� \ROX\OD� WRSODQPÕúWÕU�%X� ED÷ODPGD�

LQFHOHPH��0LOOL�(÷LWLP�%DNDQOÕ÷Õ�0(%��YH�|]HO�\D\ÕQHYOHUL��WDUDIÕQGDQ�EDVÕODQ�2UWDRNXO�6RV\DO�%LOJLOHU��������9H���VÕQÕI�
|÷UHWPHQ�NÕODYX]�NLWDSODUÕ��]HULQGHQ�\DSÕOPÕú�ROXS�NÕODYX]�NLWDEÕQ�LoLQGH�D\UÕFD�KHP�|÷UHQFL�GHUV�NLWDEÕ�YH��KHP�|÷UHQFL�
oDOÕúPD� NLWDEÕ� � GD� � LQFHOHQPLúWLU�� %XOJXODU� EX� NLWDEÕQ� LoLQGH� \HU� DODQ� YHULOHUGHQ� ROXúPDNWDGÕU�� 9HULOHQ� |UQHNOHr 
NÕODYX]�GHUV� YH� oDOÕúPD� NLWDSODUÕQÕQ� WDPDPÕQÕ� NDSVDPDNWDGÕU�� gUQH÷LQ�� ³+DN� YH� g]J�UO�NOHUH� 6D\JÕ´� GH÷HULQH� DLW�
YHULOHUGHQ�ELUL�NÕODYX]�NLWDEÕQGD�VD\ID����¶WH�\HU�DOÕUNHQ��GHUV�NLWDEÕQGD�VD\ID������|÷UHQFL�oDOÕúPD�NLWDEÕQGD�LVH�VD\ID�
���¶GD�\HU�DOPDNWDGÕU��6D\ID�QXPDUDODUÕ�KHU�NLWDSWD�IDUNOÕ�ROGX÷X�LoLQ��HOGH�HGLOHQ�YHULOHUH�LOLúNLQ�VXQXODQ�|UQHN�DOÕQWÕODUÕQ�
VD\ID�QXPDUDODUÕ��|÷UHWPHQ��NÕODYX]�NLWDEÕQGD�EXOXQGX÷X�\HUL�J|VWHUPHNWHGLU� .LWDSODU��]HULQGH�DUDúWÕUPDFÕODU�D\UÕ�D\UÕ�
NRGODPDODU� \DSPÕú� YH� NRGODPDODU� NDUúÕODúWÕUÕODUDN� WXWDUOÕN� RUDQÕ� KHVDSODQPÕúWÕU�� øoHULN� DQDOL]LQGH� J�YHQLUOL÷LQ�
EHOLUOHQPHVL�DPDFÕ\OD�NRGOD\ÕFÕODU�DUDVÕ�WXWDUOÕOÕN�KHVDSODQPDNWDGÕU��%X�oDOÕúPDGD�EX�DPDoOD�X\XúXP�\�]GHVL�IRUP�Oü 
NXOODQÕOPÕúWÕU� �7�UQ�NO�������V�551). dDOÕúPDGD��EX� IRUP�O NXOODQÕODUDN�NRGODPDODUGDNL� X\XúXP�\�]GHVL����VÕQÕI�|]HO�
\D\ÕQ�HYL�LoLQ���������VÕQÕI�PHE�\D\ÕQÕ�LoLQ����������VÕQÕI�|]HO�\D\ÕQ�HYL�LoLQ���������VÕQÕI�PHE�\D\ÕQÕ�LoLQ����������VÕQÕI�
|]HO�\D\ÕQ�HYL�LoLQ���������VÕQÕI�PHE�\D\ÕQÕ�LoLQ�������RODUDN�KHVDSODQPÕúWÕU��8\XúXP�\�]GHVLQLQ������YH\D�GDKD��VW��
olmaVÕ� \HWHUOL� J|U�OG�÷�QGHQ� YHUL� DQDOL]L� DoÕVÕQGDQ� J�YHQLUOLN� VD÷ODQPÕúWÕU� Kitaplardan toplanan veriler  Tablo 1 de 
J|VWHULOGL÷L�JLEL���WHPD�YH������DOW�WHPDGD�DOWÕQGD�LQFHOHQPLú�ROXS�WHPDODUD�DLW��EXOJXODU�WDEORODUGD�J|VWHULOPLú�ROXS�EX�
WHPDODUD�DLW�DOW�WHPDODU�GD�WDEORODUÕQ�DOWÕQGD�DoÕNODPD�RODUDN�YHULOPLúWLU�  
 
�������������������7DEOR���9HUL�DQDOL]LQGH�NXOODQÕODQ�7HPD�YH�$OW�WHPDODU�

7HPDODU� $OW�WHPDODU�

1. GÖRSEL 5HVLP��IRWR÷UDI���NDULNDW�U�DILú�úHPD 

2. %ø/*ø DL\DORJ�DoÕNODPD�NÕODYX]�NLWDS�ELOJLVL�úLLU�W�UN��PDUú 
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3. OLAY +LND\H�GHVWDQ��\D]ÕW�|UQHN�ROD\ 

4. SÖZ 'H\LP�DWDV|]���|]GH\Lú 

5. (7.ø1/ø. .RQX\D�KD]ÕUOÕN�VRUX��NRQX�LoL�VRUX�|÷UHQFL�oDOÕúPD�NLWDEÕ�VRUX�YH�IDDOL\HWOHUL��g÷UHWPHQ�NÕODYX]�
NLWDEÕ�VRUX�YH�IDDOL\HWOHUL 

6. HABER  Gazete,internet ve dergi  haberleri 
7. '(ö(5/(1'ø50( hQLWH�VRQX�GH÷HUOHQGLUPH�VRUXODUÕ 

�
�%XOJXODU�

2UWDRNXOGD�GR÷UXGDQ�ND]DQGÕUÕODFDN��GH÷HUOHULQ��6RV\DO�%LOJLOHU�NLWDSODUÕQD \DQVÕPD�G�]H\OHULQLQ�LQFHOHQGL÷L�EX�
oDOÕúPDGD�HOGH�HGLOHQ�EXOJXODU�WDEORODU KDOLQGH�YHULOPLúWLU� 

%HúLQFL�6ÕQÕI�6RV\DO�%LOJLOHU�'HUV�.LWDSODUÕQD�øOLúNLQ�%XOJXODU�
     7DEOR��� 0HE� YH� g]HO� \D\ÕQ� HYL� � ��6ÕQÕI� 6RV\DO� %LOJLOHU� .LWDSODUÕQGD� 'R÷UXGDQ� .D]DQGÕUÕODFDN� 'H÷HUOHULQ� � ….    
……<DQVÕPD�'�]H\OHULQH�øOLúNLQ�%XOJXODU� 

7(0$/$5�  
GÖRSEL 
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(7.ø1/ø. 
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�����<D\ÕQ�HYL�
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Sorumluluk 8 24 24 64 2 2 - - 14 59 2 - 8 11 

Estetik 48 72 23 17 - - - - - 21 2 - 10 1 

'R÷DO�dHYUH\H�
'X\DUOÕOÕN 3 - 3 3 1 - - - 2 - 2 3 - - 

dDOÕúNDQOÕN 11 6 15 2 1 1 - - 4 2 4 2 2 - 
Akademik 
Dürüstlük 4 - 20 3 - - - - 3 1 - - 2 1 

'D\DQÕúPD 20 23 23 18 2 1 - 2 13 14 8 4 10 15 
Adil Olma, 

%D\UD÷D�9H�øVWLNODO�
0DUúÕQD�6D\JÕ 

3 - 10 11 - - 1 - 14 - - - 7 - 

Tarihsel Mirasa 
'X\DUOÕOÕN 17 24 6 5 - - - - 8 - 4 - 3 1 

 
6RUXPOXOXN� GH÷HULQH� � 0HE \D\ÕQÕQGD� � J|UVHO WHPD� RODUDN� |÷UHQFLOHULQ� VRUXPOXOXNODUÕQÕ� \HULQH� JHWLUGL÷LQL�

J|VWHUHQ� IRWR÷UDIODUOD����ELOJL WHPDVÕQGD� DoÕNODPD������ |÷UHWPHQ� NÕODYX]� NLWDEÕ� ����� GL\DORJ���� úHNOLQGH� bilgilerle, 
|UQH÷LQ� ³«KHUNHV� �]HULQH� G�úHQ� J|UHYL� \HULQH� JHWLUL\RU«�V�����«oHYUH\H� NDUúÕ� VRUXPOXOXNODUÕQÕ� \HULQH� JHWLUPHOHUL�
JHUHNL\RU��V�����LON|÷UHWLPH�GHYDP�HWPHN�D\QÕ�]DPDQGD�VRUXPOXOX÷XPX]GXU��V����´ úHNOLQGH��ROD\ WHPDVÕQGD�$\úH¶QLQ�
bir günü(1) ile hHUKDQJL�ELULQH�oD÷UÕ����DGOÕ�|UQHN�ROD\ODUD�HWNLQOLN WHPDVÕQGD�NRQX\D�KD]ÕUOÕN������NRQX�LoL������|÷UHQFL�
oDOÕúPD�NLWDEÕ�VRUX�YH�IDDOL\HWOHUL\OH����|UQH÷LQ�³6L]LQ�RNXOXQX]GDNL�KDN�YH�VRUXPOXOXNODUÕQÕ]�QHOHUGLU"��V�����$\úH¶QLQ�
OLVWHVLQGH� \HU� DODQ� LIDGHOHUGHQ� KDQJLOHULQLQ� KDN�KDQJLOHULQLQ� VRUXPOXOXN� ROGX÷XQX� EHOLUOH\LQL]��V����´úHNOLQGH�
�GH÷HUOHQGLUPH WHPDVÕQGD� LVH� GR÷UX-\DQOÕú����� ERúOXN� GROGXUPD����� oRNWDQ� VHoPHOL���� VRUX� WLSOHUL\OH� |UQH÷LQ� ³�
�VWOHQLOHQ� KHU� URO� ED]Õ� KDN� YH� VRUXPOXOXNODU� JHUHNWLULU�H÷HU� EXQODU� ROPD]VD«��V����´ úHNOLQGH� � \HU� YHULOPLúWLU��g]HO 
\D\ÕQ�HYLQGH�LVH�J|UVHO WHPDGD�VRUXPOXOXNOD�LOJLOL�ELOJLOHU�KHP�IRWR÷UDI������KHP�GH�UHVLPOHUOH�������ELOJL� WHPDVÕQGD��
oRFX÷XQ� RNXO�� oHYUH�� DLOH� YH� GHYOHWH� NDUúÕ� VRUXPOXOXNODUÕ� DoÕNODPD� ������ |÷UHWPHQ� � NÕODYX]� NLWDS������ GL\DORJ� �����
ELOJLOHUL\OH� |UQH÷LQ� ³«� oRFXNODUÕQ� � |GHYOHULQL� \DSPDN�RGDODUÕQÕ� WHPL]� WXWPDN� YH� «JLEL� J|UHYOHUL� ROGX÷XQX�
EHOLUWLQL]��V������ ELUH\VHO� VRUXPOXOXNODUÕQ� \HULQH� JHWLULOPHVL«�V������ONHPL]H� RODQ�
VRUXPOXOXNODUÕPÕ]ÕQ«�V�����RNXOGDNL� VRUXPOXOXNODUÕPÕ]� úXQODUGÕU� �V����´ úHNOLQGH��ROD\ WHPDVÕQGD� ELUH\LQ� YD]LIHVLQL�
yerine getirmeme (1) ve getirmesi (1) ile ilgili örnek olaylarla;HWNLQOLNOHU WHPDVÕQGD�NRQX\D�KD]ÕUOÕN�VRUXODUÕ������NRQX�
LoL� VRUXODUÕ� ������ |÷UHQFL� oDOÕúPD� NLWDEÕQGDNL� |GHYOHU ����� YH� SURMH� ���� oDOÕúPDODUÕ\OD� |UQH÷LQ� ³«UROOHULQ� JHWLUGL÷L�
VRUXPOXOXNODUÕ� � V|\OH\LQL]��V����´ úHNOLQGH�GH÷HUOHQGLUPH WHPDVÕQGD�� oRNWDQ� VHoPHOL� ����� GR÷UX-\DQOÕú� ����� HúOHúWLUPH�
����YH�NODVLN������VRUX�WLSOHUL\OH��|UQH÷LQ�³�«�LOJLOL�KDN�YH�VRUXPOXOXNODUÕ�HúOHúWLULQL]��V����´ úHNOLQGH�\HU�YHULOPLúWLU� 

(VWHWLN� GH÷HULQH� 0HE \D\ÕQÕQGD� J|UVHO WHPDGD� KDULWD����WDULKL� HVHU� ������ GR÷DO� J�]HOOLN������ N�OW�UHO�
]HQJLQOLNOHULPL]LQ� �NÕ\DIHW�� KDON� R\XQODUÕ�� HO� VDQDWODUÕ�� IÕNUD� JLEL�� IRWR÷UDIODUÕ\OD� �����ELOJL WHPDVÕQGa 
DoÕNODPD�����GL\DORJ���� NÕODYX]� NLWDS� ���� � ELOJLOHUL\OH� |UQH÷LQ� ³HO� VDQDWODUÕPÕ]ÕQ� HVWHWLN� GH÷HU� WDúÕGÕ÷ÕQÕ�KHU� ELULQLQ�
]DULI�D\UÕQWÕOÕ�LQFHOLNOL� HVHUOHU� ROGX÷XQX�PRWLIOHULQ� IDUNOÕ� DQODPODU� WDúÕGÕ÷ÕQÕ� YXUJXOD\ÕQÕ]�V����´� KDEHU WHPDVÕQGD�
GR÷DO� J�]HOOLN� ���� YH� N�OW�UHO� ]HQJLQOLNOHULPL]H���� LOLúNLQ� LQWHUQHW� KDEHUOHUL\OH� �� GH÷HUOHQGLUPH WHPDVÕQGD� GR÷UX-
\DQOÕú�����NODVLN�����oRNWDQ�VHoPHOL����VRUX�WLSOHUL\OH���\HU��YHULOPLúWLU�g]HO \D\ÕQ�HYLQGH�LVH��J|UVHO temada, tarihi eser 
������GR÷DO�J�]HOOLN� ������N�OW�UHO�]HQJLQOLNOHULPL]H�DLW� �NÕ\DIHW�� \HPHN�� W�UN���HO� VDQDWODUÕ��ED\UDP�YH�G�÷�QOHU� JLEL��
IRWR÷UDIODUOD�����ELOJL WHPDVÕQGD�HVHUOHULQ�J�]HOOLNOHUL��HúVL]OLNOHUL��]HUDIHWOHULQH�\HU�YHULOHQ��DoÕNODPD������GL\DORJ�������
NÕODYX]�NLWDS������ELOJLOHUL\OH��HWNLQOLN WHPDVÕQGD�NRQX\D�KD]ÕUOÕN������NRQX�LoL��������|÷UHQFL�oDOÕúPD�NLWDEÕ�����VRUX�YH�
faaliyetleriyle ;GH÷HUOHQGLUPH WHPDVÕQGD�LVH�VDGHFH�GR÷UX-\DQOÕú����VRUXVX\OD���\HU�YHULOPLúWLU�� 
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'R÷DO� oHYUH\H� GX\DUOÕOÕN GH÷HULQH�0HE <D\ÕQÕQGD�J|UVHO temada gazete haberi YH� HWNLQOLN� oDOÕúPDGD� YHULOHQ�
IRWR÷UDIODUOD����ELOJL WHPDVÕQGD� DoÕNODPDODUOD���� |UQH÷LQ� ³«EX� GD� DQFDN� GR÷DO� oHYUH\H� GX\DUOÕ� LQVDQODU� VD\HVLQGH�
RODFDNWÕU���V�����´�úHNOLQGH�ROD\ WHPDVÕQGD�oDOÕúPD�NLWDEÕQGD�\HU�DODQ�|UQHN�ROD\OD�����HWNLQOLN�WHPDVÕQGD�NRQX�içi (1) 
YH�|÷UHQFL�oDOÕúPD�NLWDEÕ����VRUX�YH�IDDOL\HWOHUL\OH�|UQH÷LQ�³oHYUH�NLUOLOL÷LQL�|QOHPHN�YH�LQVDQODUÕQ�GR÷D\D�YHUGLNOHUL�
]DUDUODUÕ�D]DOWPDN�LoLQ�QHOHU�\DSÕODELOLU"��V�������GR÷DO�oHYUH\L�NRUXPD\D�QHGHQ�GX\DUOÕ�ROPDOÕ\Õ]"��V�����´�úHNOLQGH;   
KDEHU�tHPDVÕQGD�LQWHUQHW�����YH�JD]HWH�KDEHUOHUL\OH�����\HU�YHULOPLúWLU��g]HO�\D\ÕQHYLQGH�LVH�ELOJL WHPDVÕQGD�DoÕNODPD����
YH� NÕODYX]� NLWDEÕ� ���� ELOJLOHUL\OH� |UQH÷LQ�³���� GR÷DO� GHQJHVLQLQ� ]DUDU� J|UPHPHVL�«�V�����´ úHNOLQGH� �ROD\ WHPDVÕQGD��
internet haberine (3)  yHU�YHULOPLúWLU�� 

dDOÕúNDQOÕN GH÷HULQH� � 0HE \D\ÕQÕQGD� J|UVHO WHPDGD� oDOÕúDQ� YH� �UHWHQ� LQVDQODUÕQ� IRWR÷UDIODUÕ\OD� ����� �ELOJL 
WHPDVÕQGD� LQVDQODUÕQ� PHVOHNOHULQL� YH� �UHWWLNOHULQL� LIDGH� HGHQ� DoÕNODPD���� YH� GL\DORJODUOD���� |UQH÷LQ�� ³«N|P�U�
PDGHQOHULQGH� oDOÕúÕUÕ]«�HPHN� YHULUL]«LúoLOHULQ� HPH÷L\OH� oHOL÷H� G|Q�ú�U��V�����´� úHNOLQGH� � ROD\ WHPDVÕQGD�
|÷UHQFLOHULQ�ELU�SURMH�oDOÕúPDVÕQGD�EDúÕQGDQ�JHoHQOHULQ�DQODWÕOGÕ÷Õ� �|UQHN�ROD\OD� ����HWNLQOLN� WHPDVÕQGD�NRQX� LoL� � �����
|÷UHWPHQ�NÕODYX]�NLWDEÕ����|÷UHQFL�oDOÕúPD�NLWDEÕ���  soru ve faaliyetleriyle ;KDEHU  WHPDVÕQGD� LQWHUQHW� ����YH�JD]HWH�
haberiyle(1); GH÷HUOHQGLUPH WHPDVÕQGD� NODVLN� VRUXODUOD���� |UQH÷LQ� ³oDOÕúNDQ� YH� JLULúLPFL� ROPDN�«HNRQRPL\H� QDVÕO�
NDWNÕ� VD÷ODU"�V�����´ úHNOLQGH� \HU� YHULOPLúWLU�� g]HO� \D\ÕQHYLQGH� LVH� J|UVHO tHPDGD� EDúDUÕOÕ� LQVDQODUÕQ� UHVPL�����
�UHWNHQOLN�LOH�LOJLOL�UHVLP����YH�JLULúLPFLOLN�úHPDVÕ\OD������ELOJL WHPDVÕQGD�GL\DORJODUOD�����ROD\ WHPDVÕQGD�JLULúLPFL�ELU�
HY�NDGÕQÕQÕQ�QDVÕO�EDúDUÕOÕ�ROGX÷XQD�GDLU�|UQHN�ROD\OD������HWNLQOLN WHPDVÕQGD�NRQX�LoL�VRUX���� |÷UHQFL�oDOÕúPD�NLWDEÕ����
soru ve faaliyetleriyle;� KDEHU� WHPDVÕQGD� LVH� EDúDUÕOÕ� oDOÕúPD���� YH� JLULúLPFLOLNOH� LOJLOL���� LQWHUQHW� KDEHUOHUL\OH�� \HU�
YHULOPLúWLU� 

$NDGHPLN�G�U�VWO�N�GH÷HULQH�0HE \D\ÕQÕQGD�J|UVHO WHPDGD�|÷UHQFLOHULQ�oDOÕúPD�GXUXPODUÕQÕ�YH�QDVÕO�DUDúWÕUPD�
\DSWÕNODUÕQÕ� J|VWHUHQ� IRWR÷UDIODUOD����� ELOJL WHPDVÕQGD� �QLWHQLQ� VRQ� NRQXVX� RODQ� ³%LOJL� .D\QDNODUÕPÕ]´� DGOÕ� NRQX�
LoHULVLQGH�ELOLPVHO� DUDúWÕUPD� \DSDUNHQ� LúOHQHFHN� \ROODUÕ� DQODWDQ� DoÕNODPDODUOD�����|UQH÷LQ�³«ELU�SODQ� \DSWÕ�� �6�������
DUDúWÕUPD� NRQXP� LOH� LOJLOL� ELOJL� WRSODPDN� LoLQ�� ���� �V�������««� ELOJL\L� KDQJL� ND\QDNODUGDQ� DOGÕ÷ÕQÕ� |]HOOLNOH� \D]GÕP�
V�����´úHNOLQGH�� HWNLQOLN WHPDVÕQGD� NRQX� LoL� ���� YH� |÷UHQFL� oDOÕúPD� NLWDEÕ���� VRUX� YH� IDDOL\HWOHUOH� |UQH÷LQ� ³� VL]FH�
DUDúWÕUPDODUGD� ND\QDN� J|VWHUPHN� QHGHQ� |QHPOLGLU"� V������ ELU� NRQXGD� DUDúWÕUPD� \DSDUNHQ� GR÷UX� ND\QDNODUGDQ�
\DUDUODQPDOÕ\Õ]�� d�QN�«� ��V�����´ úHNOLQGH�GH÷HUOHQGLUPH WHPDVÕQGD� NODVLN���� YH� oRNWDQ� VHoPHOL���� VRUX� WLSOHULQH�
|UQH÷LQ�³%LU� NRQX� KDNNÕQGD� DUDúWÕUPD� \DSDUNHQ� KDQJL� NXUDOODUD� X\XOPDOÕGÕU"1HGHQ"� �V�����´� \HU� YHULOPLúWLU��g]Hl 
\D\ÕQ�HYLQGH� LVH�ELOJL WHPDVÕQGD�DoÕNODPD����YH�|÷UHWPHQ�NÕODYX]�NLWDS� ����ELOJLOHUL\OH�|UQH÷LQ�³�«� ID\GDODQGÕ÷ÕPÕ]�
ND\QDNODUÕ� DúD÷ÕGDNL� JLEL� EHOLUWPHOLVLQL]��V�����´� úHNOLQGH�HWNLQOLN WHPDVÕQGD� � VDGHFH� |÷UHQFL� oDOÕúPD NLWDEÕQGDNL� |]�
GH÷HUOHQGLUPH�IRUPXQGD�\HU�DODQ�LIDGH\OH�����|UQH÷LQ³�\DSWÕ÷ÕP�oDOÕúPDODUGD�\DUDUODQGÕ÷ÕP�ND\QDNODUÕ�J|VWHUHELOLULP�
�V�����´ úHNOLQGH�GH÷HUOHQGLUPH WHPDVÕQGD� GR÷UX- \DQOÕú� VRUXVX� ���� LOH� �³$UDúWÕUPD� \DSPDN�� DNDGHPLN� G�U�VWO�NW�U�
�V�����´ úHNOLQGH��\HU�YHULOPLúWLU� 

'D\DQÕúPD GH÷HULQH�0HE \D\ÕQÕQGD�J|UVHO WHPDGD�IRWR÷UDI������YH�DILúOHUOH�����ELOJL WHPDVÕQGD�DoÕNODPD������
|÷UHWPHQ� NÕODYX]� NLWDEÕ� � ELOJLVL� ���� YH� úLLUOH���� |UQH÷LQ�³�«� \DUGÕPODúPD� YH� GD\DQÕúPDQÕQ� WRSOXP� LoLQ� |QHPLQGHQ�
NÕVDFD�EDKVHGLQL]�� �V�������ED]Õ� VLYLO� WRSOXP�NXUXOXúODUÕ� oRFXNODUÕQ�KDNODUÕQÕ�NRUXPDN�YH�RQODUÕ�JHOHFH÷H�KD]ÕUODPDN�
LoLQ� NXUXOPXúWXU��V������«� HWNLQ� \XUWWDú� RODQ� LQVDQODU� \DUGÕPODúPD\D� YH� GD\DQÕúPD\D� |QHP�
YHULUOHU��V�����´úHNOLQGH�ROD\� WHPDVÕQGD�2WDVK�.DPSÕ� ]L\DUHWLQL� YH� |÷UHQFL� PDVUDIÕQÕQ� NDUúÕODQPDVÕ� LOH� LOJLOL� � |UQHN�
olaylarla(2);HWNLQOLN WHPDVÕQGD�NRQX\D�KD]ÕUOÕN������NRQX�LoL������|÷UHQFL�oDOÕúPD�NLWDEÕ����VRUX�YH�IDDOL\HWOHUL\OH��KDEHU�
WHPDVÕQGD� VLYLO� WRSOXP� NXUXOXúODUÕQÕQ� IDDOL\HWOHULQL� J|VWHUHQ� LQWHUQHW���� YH gazete(5) haberleriyle; GH÷HUOHQGLUPH 
WHPDVÕQGD� GR÷UX-\DQOÕú����� ERúOXN� GROGXUPD����� NDYUDP� KDULWDVÕ����� NODVLN����� oRNWDQ� VHoPHOL���� VRUX� WLSOHUL\OH� \HU�
YHULOPLúWLU�� g]HO \D\ÕQ� HYLQGH� LVH� � J|UVHO WHPDGD� UHVPL� YH� VLYLO� WRSOXP� NXUXOXúODUÕQÕQ� IDDOL\HWOHULQL gösteren 
IRWR÷UDIODUOD�����ELOJL WHPDVÕQGD� DoÕNODPD������ GL\DORJ���� YH� úLLUOH���� |UQH÷LQ� ³� %LUH\� RODUDN� LKWL\DoODUÕPÕ]ÕQ�
NDUúÕODQPDVÕ�LoLQ�ELUELULPL]OH�\DUGÕPODúÕUÕ]��V������«�oRFXNODUD�\DUGÕP�HOL�X]DWPÕúWÕU�V����´ úHNOLQGH�ROD\�WHPDVÕQGD�
KDVWDQH� oDOÕúDQODUÕQÕQ�/g6(9� LoLQ� \DSWÕ÷Õ� \DUGÕPÕQ� DQODWÕOGÕ÷Õ� |UQHN�ROD\OD� ����� V|] WHPDVÕQD�|÷UHQFL� oDOÕúPD� NLWDEÕ�
JHoHQ� 0HYODQD¶QÕQ� ³%LU� PXP�GL÷HULQL� WXWXúWXUPDNOD� ÕúÕ÷ÕQGDQ� ELU� úH\� ND\EHWPH]´� sözü ile (1) ve� GH÷HUOHQGLUPH�
VRUXODUÕQGD�VRUXODQ�oRNWDQ�VHoPHOL�WHVWLQ�FHYDEÕ�RODQ�³�%LU�HOLQ�QHVL�YDU�LNL�HOLQ�VHVL�YDU��V�����´ atasözüyle (1);HWNLQOLN 
WHPDVÕQGD�NRQX� LoL� �����|÷UHQFL�oDOÕúPD�NLWDEÕ�VRUX�YH� IDDOL\HWOHUL\OH� �����SURMH�|GHYL\OH����|UQH÷LQ�³�GR÷DO�DIHWOHUGH�
LQVDQODUÕQ� \DUGÕPÕQD� NRúDQ� 7�UN� .Õ]ÕOD\Õ� KDNNÕQGD� JD]HWH� KDEHUOHUL� EXODUDN� DúD÷ÕGDNL� ERú� EÕUDNÕODQ� DODQD�
\DSÕúWÕUÕQÕ]��V������/g6(9¶LQ�\DSWÕ÷Õ�oDOÕúPDODUD�NDWNÕ� VD÷ODPDN� � LoLQ�QHOHU�\DSDELOLUVLQL]"�V�����´  úHNOLQGH��KDEHU 
WHPDVÕQGD� UHVPL�YH� VLYLO� � WRSOXP�NXUXOXúODUÕQ�\DQÕ� VÕUD�ELUH\VHO�RODUDN�\DSÕODQ�\DUGÕP� IDDliyetlerini gösteren internet 
haberleriyle(4) GH÷HUOHQGLUPH WHPDVÕQGD� oRNWDQ� VHoPHOL� WHVW����� ERúOXN� GROGXUPD���� GR÷UX- \DQOÕú����� NDYUDP�
EXOPDFD����VRUXODUÕ\OD��\HU��YHULOPLúWLU�� 

$GLO� ROPD�� ED\UD÷D� YH� øVWLNODO� PDUúÕQD� VD\JÕ GH÷HULQH� �0HE \D\ÕQÕQGD� J|UVHO WHPDGD� ED\UD÷D� YH� øVWLNODO�
0DUúÕ¶QD� VD\JÕ\Õ� \DQVÕWDQ� IRWR÷UDIODUOD����ELOJL WHPDVÕQGD� DoÕNODPD� ����� úLLU����� PDUú���� YH� |÷UHWPHQ� NÕODYX]� NLWDS�
ELOJLVL\OH���� |UQH÷LQ�³� EX� VHQLQ� HQ� WHPHO� KDNNÕQGÕU«�V������� %D\UD÷ÕQ� 7�UN� PLOOHWL� LoLQ� DQODP� YH� |QHPLQLQ� E�\�N�
ROGX÷XQX� YXUJX� \DSÕQÕ]� �V������� «�� 0�� $NLI� (UVR\¶XQ� YDWDQVHYHUOL÷LQL�� ED÷ÕPVÕ]OÕN� DúNÕQÕ�� ED\UD÷D� RODQ� VHYJL� YH�
VD\JÕVÕQÕ«�V�����´� úHNOLQGH�V|] WHPDVÕQD�$WDW�UN¶�Q��V|]�\OH������|UQH÷LQ�³$GDOHW�\DVDODUOD�\HULQH�JHWLULOLU���V�����´  
úHNOLQGH�� HWNLQOLN temaVÕQGD� NRQX� LoL� ����� |÷UHWPHQ� NÕODYX]� NLWDEÕ���� � YH� |÷UHQFL� oDOÕúPD� NLWDEÕ���� � VRUX� YH�
IDDOL\HWOHUL\OH� |UQH÷LQ�� EXUDGD� |]HOOLNOH� \|QHWLFLQLQ� DGLO� ROPDVÕ� LOH� LOJLOL� ³� %LU� YDOL� \DGD� ND\PDNDPÕQ� NDUDU� \DGD�
IDDOL\HWOHULQGH�DGLO�ROPDPDVÕ�GXUXPXQGD�QHOHU�\DúDQDELOLU"��V������YH�����\|QHWHFHN�ROVD\GÕQÕ]�DGLO�ELU�\|QHWLFL�RODUDN�
QHOHU� \DSDUGÕQÕ]"� �V�����´� úHNOLQGH�� GH÷HUOHQGLUPH WHPDVÕQGD� ERúOXN� GROGXUPD����� NODVLN� ����� oRNWDQ� VHoPHOL����
VRUXODUOD� � \HU� YHULOPLúWLU�g]HO \D\ÕQHYLQGH� LVH� ELOJL� WHPDVÕQGD� GL\DORJ����� DoÕNODPD���� YH� úLLUOH���� DGLO� ROPD� GH÷HUL�
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|UQH÷LQ� ³«� YDWDQGDúODUÕQ� KDNODUÕQÕ� NRUXU� �V������� $GDOHW� %DNDQOÕ÷Õ� «� J|UHYOHULQL� \HULQH� JHWLULU��V�����´úHNOLQGH�
�ED\UD÷D�VD\JÕ��³���0D\ÕV������oÕNDUÕODQ��ED\UDN�NDQXQX��V�����´�úHNOLQGH \HU�YHULOPLúWLU� 

7DULKVHO�PLUDVD�GX\DUOÕOÕN GH÷HULQH�0HE \D\ÕQÕQGD�J|UVHO WHPDGD�WDULKL�HVHU�IRWR÷UDIODUÕ\OD������ELOJL WHPDVÕQGD�
DoÕNODPD����YH�|÷UHWPHQ�NLWDEÕ�NÕODYX]X�ELOJLVL\OH�����|UQH÷LQ��³�g÷UHQFLOHULQL]H��GDKD�|QFH�|UQHN�RODUDN�YHULOHQ�WDULKL�
HVHU��GR÷DO�J�]HOOLN�YE��KHSVLQLQ�ELUHU�RUWDN�PLUDV�|÷HVL�ROGX÷XQX�V|\OH\LQL]� �V�������«� WDULKL�PLUDVÕQ�NRUXQPDVÕ�YH�
WXUL]PH� ND]DQGÕUÕOPDVÕ� NRQXVXQGD� GX\DUOÕ� ROXQPDVÕ� JHUHNLU�� �6�����´  úHNOLQGH�HWNLQOLN WHPDVÕQD� NRQX\D� KD]ÕUOÕN�
VRUX����� NRQX� LoL� VRUX���� YH� |÷UHQFL� oDOÕúPD� NLWDEÕ� ���� VRUX� YH  IDDOL\HWOHUL\OH���� |UQH÷LQ� ³«� WDULKL� HVHU� YH� GR÷DO�
J�]HOOLNOHU� EXOXQPDNWDGÕU��%XQODUÕQ� NRUXQPDVÕ� QHGHQ�|QHPOLGLU"� �V�������«�GR÷DO� YH�N�OW�UHO� YDUOÕNODUÕQ� NRUXQPDVÕ�
LoLQ� QHOHU� \DSDUGÕQÕ]"� �V�����´ úHNOLQGH�KDEHU WHPDVÕQGD� LQWHUQHW���� YH� JD]HWH� ���� KDEHUOeriyle; GH÷HUOHQGLUPH 
WHPDVÕQGD�NODVLN�����oRNWDQ�VHoPHOL����VRUX�WLSOHUL\OH� �\HU�YHULOPLúWLU�g]HO \D\ÕQHYLQGH�LVH� � �J|UVHO temada tarihi eser 
IRWR÷UDIODUÕ\OD�����ELOJL�WHPDVÕQGD�DoÕNODPD�����|÷UHWPHQ�NÕODYX]�NLWDS��ELOJLVL\OH����|UQH÷LQ�³�81(6&2¶QXQ�DPDFÕQÕQ�
G�Q\D� PLUDVODUÕQÕ� NRUXPDN� YH� JHOHFHN� QHVLOOHUH� DNWDUPDN� ROGX÷XQX� YXUJXOD\ÕQÕ]��V�����´ úHNOLQGH�GH÷HUOHQGLUPH 
WHPDVÕ� DGÕQD� VDGHFH�GR÷UX-\DQOÕú� ���� VRUXVX\OD�|UQH÷LQ�³�.�OW�U�%DNDQOÕ÷Õ�� �ONHPL]GHNL� WDULKL� HVHUOHULQ� NRUXQPDVÕQÕ�
VD÷ODU���V�����´ úHNOLQGH� \HU�YHULOPLúWLU� 

 
��������$OWÕQFÕ��6ÕQÕI�6RV\DO�%LOJLOHU�.LWDSODUÕQD�øOLúNLQ�%XOJXODU�
     7DEOR��� 0HE� YH� g]HO� \D\ÕQ� HYL� � ��6ÕQÕI� 6RV\DO� %LOJLOHU� .LWDSODUÕQGD� 'R÷UXGDQ� .D]DQGÕUÕODFDN� 'H÷HUOHULQ� � …                              
.    <DQVÕPD�'�]H\OHULQH�øOLúkin Bulgular  

7(0$/$5� *g56(/� %ø/*ø� 2/$<� 6g=� (7.ø1/ø.� +$%(5� '(ö(5/(1'ø50(�
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Bilimsellik 5 3 13 25 - - 3 1 10 20 - - 6 6 
'R÷DO�dHYUH\H�
'X\DUOÕOÕN - 5 2 6 - - - - 1 8 - 1 - - 

Kültürel Mirasa 
'X\DUOÕOÕN 8 29 20 31 - - - - 10 12 1 1 2 6 

Sorumluluk 6 1 6 1 - 1 - 1 4 2 1 - 1 2 

<DUGÕPVHYHUOLN 3 3 4 1 - 2 1 - 3 7 - 1 1 1 

Hak ve 
g]J�UO�NOHUH�6D\JÕ 6 7 46 41 - 1 5 - 22 28 6 2 5 14 

dDOÕúNDQOÕN 4 - 1 -  2 1 - - 4 14 4 - 2 

�
%LOLPVHOOLN GH÷HULQH�0HE \D\ÕQÕQGD�J|UVHO WHPDGD�|÷UHQFLOHULQ�DUDúWÕUPD�\DSWÕNODUÕQÕ�J|VWHUHQ�IRWR÷UDIODUOD������

ELOJL WHPDVÕQGD� |QFHOLN� ROJX� YH� J|U�ú� NDYUDPODUÕ� LOH� EDúOD\ÕS� VRQUDVÕQGD� ELOLPVHO� DUDúWÕUPDQÕQ� EDVDPDNODUÕQÕ� LoHUHQ�
DoÕNODPD� �����YH�|÷UHWPHQ�NÕODYX]�NLWDEÕ� ����ELOJLOHUL\OH��|UQH÷LQ��³.HQGL�J|U�úOHULPL]GHQ�EDúND�GR÷UXOX÷X�ELOLPVHO�
RODUDN�NDQÕWODQDELOHQ�LIDGHOHUL�GH�J�QO�N�KD\DWÕPÕ]GD�GD�NXOODQÕUÕ]���V������ELOLPVHO�DUDúWÕUPD�EDVDPDNODUÕ�NRQXVXQGD�
|÷UHWPHQOHUL�� RQODUÕ� ELOJLOHQGLUGL�� �V����´� úHNOLQGH; V|] WHPDVÕQGD� $WDW�UN¶�Q� V|]OHUL\OH� ���� |UQH÷LQ� ³«ELOLPVHO� ELU�
úHNLOGH�NRUXQPDODUÕ�YH�VÕQÕIODQGÕUÕOPDVÕ«�V����´ úHNOLQGH��HWNLQOLN WHPDVÕQGD�NRQX\D�KD]ÕUOÕN�����NRQX� LoL����|÷UHQFL�
oDOÕúPD� NLWDEÕ� ���� YH� � |÷UHWPHQ� NÕODYX]� NLWDEÕ� ���� VRUX� YH� IDDOL\HWOHUL\OH� |UQH÷LQ� ³$UDúWÕUPD� \DSDUNHQ� � ELOLPVHO�
DUDúWÕUPD�EDVDPDNODUÕQÕ�X\JXODPDN�QHGHQ�|QHPOLGLU"��V����´��GH÷HUOHQGLUPH WHPDVÕQGD�NODVLN�����oRNWDQ�VHoPHOL�����
VRUX�WLSOHUL\OH�\HU�YHULOPLúWLU�g]HO�\D\ÕQHYLQGH�ise J|UVHO�WHPDGD�N�W�SKDQH�YH�WDUDPD�NDWDORJ�IRWR÷UDIODUÕ\OD������ELOJL  
WHPDVÕQGD� DoÕNODPD� ������ |÷UHWPHQ� NÕODYX]� NLWDS� ���� ELOJLOHUL\OH� |UQH÷LQ� ³«GLSQRW� RODUDN� J|VWHULOPHGHQ� EDúNDVÕQÕQ�
ELOJLOHULQLQ� DOÕQPDVÕQÕQ� ELOLPVHOOLNOH� ED÷GDúPD\DFD÷ÕQÕ«�V.28)”; V|] WHPDVÕQGD� $WDW�UN¶�Q� V|]�\OH� ����� HWNLQOLN 
WHPDVÕQGD NRQX\D� KD]ÕUOÕN� ����� NRQX� LoL� ����� |÷UHQFL� oDOÕúPD� NLWDEÕ� ���� YH� |÷UHWPHQ� NÕODYX]� NLWDEÕ� ���� VRUX� YH�
IDDOL\HWOHUL\OH� |UQH÷LQ�³%LOLPVHO� DUDúWÕUPD� EDVDPDNODUÕQÕ� NXOODQDUDN� LVWHGL÷LQL]�PHUDN� HWWL÷LQL]� KHUKDQJL� ELU� NRQXGD�
DUDúWÕUPD� \DSÕQÕ]��V����´ úHNOLQGH�� GH÷HUOHQGLUPH WHPDVÕQGD� HúOHúWLUPH� ����� oRNWDQ� VHoPHOL� ���� YH� NODVLN� ���� VRUX�
WLSOHUL\OH� � |UQH÷LQ�³� EX� NRQXúPDGD� KDQJL� ELOLPVHO� DUDúWÕUPD� EDVDPD÷ÕQGDQ� V|]� HGLOPHPLúWLU"� �V����´  úHNOLQGH� \HU�
YHULOPLúWLU�� 

'R÷DO� oHYUH\H� GX\DUOÕOÕN GH÷HULQH�0HE� \D\ÕQÕQGD� ELOJL WHPDVÕQGD� VDGHFH� DoÕNODPDODUOD� ���� |UQH÷LQ� ³<D÷PXU�
RUPDQODUÕQÕQ� EXOXQGX÷X� �ONHOHUGHNL� ELOLQoVL]OLN� YH� JHOLúPLú� �ONHOHULQ� NHUHVWH� WDOHSOHUL� GH� EX� \ÕNÕPÕ� DUWÕUÕ\RU��V������
DQFDN� ID]OD� NHVLP� QHGHQL\OH� WHDN� D÷DoODUÕ� YH� RUPDQODUÕPÕ]� \RN� ROPD� WHKOLNHVL\OH� NDUúÕ� NDUúÕ\DGÕU�� �V����´ 
úHNOLQGH�HWNLQOLN� WHPDVÕQGD� LVH� \DSÕODQ� DoÕNODPD� ELOJLOHULQLQ� SHúLQH� VRUXODQ� NRQX� LoL� � ���� |UQH÷LQ�³%X� \RN� ROXúX�
GXUGXUPDN� LoLQ� VL]FH� QHOHU� \DSÕODELOLU"� �V����´� � úHNOLQGH� \HU� YHULOPLúWLU��g]HO \D\ÕQHYLQGH� LVH� J|UVHO temada nesli 
tükenPHNWH�RODQ�FDQOÕODUÕQ�����YH�RUPDQODUÕQ�\RN�HGLOGL÷LQL�����J|VWHUHQ�IRWR÷UDIODUOD��ELOJL WHPDVÕQGD�DoÕNODPD�����YH�
|÷UHWPHQ�NÕODYX]�NLWDEÕ� ����ELOJLOHUL\OH�|UQH÷LQ�³�QLWHQLQ�EX�E|O�P��GR÷DO�oHYUH\H�GX\DUOÕOÕN�GH÷HULQH�D\UÕOGÕ÷Õ� LoLQ�
NRQX� LOH� LOJLOL�KLND\HOHU�EXODUDN�VÕQÕID�JHWLUHELOLUVLQL]��V����´úHNOLQGH��HWNLQOLN WHPDVÕQGD�NRQX\D�KD]ÕUOÕN� ����NRQX� LoL�
����|÷UHQFL� oDOÕúPD� NLWDEÕ� VRUX� YH� IDDOL\HWOHUL\OH� ���� |UQH÷LQ� ³VL]FH�� RUPDQODUÕ� NRUXPDN� LoLQ� QHOHU��
\DSPDOÕ\Õ]"�V�����RQODUD�GD�\DúDP�KDNNÕ�WDQÕ\DOÕP�IDDOL\HWL��V����´�úHNOLQGH�KDEHU  WHPDVÕQGD�GR÷DO�oHYUH�WHKGLGL�YH�
DOÕQDQ�WHGELUOHUL�NRQX�DODQ�LQWHUQHW�KDEHUL\OH�����\HU�YHULOPLúWLU� 
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.�OW�UHO�PLUDVD�GX\DUOÕOÕN GH÷HULQH�0HE \D\ÕQÕQGD�J|UVHO temada örf, adet ve gelenekleri gösteren resim (4), 
minyatür (3) ve fRWR÷UDIODUOD����ELOJL WHPDVÕQGD�GHVWDQODU��NLWDSODU��NLWDEHOHU��DOLP�YH�GHYOHW�E�\�NOHULQLQ�\DúDQWÕODUÕ�YH�
|UI�DGHW��JHOHQHNOHUL�LIDGH�HGHQ�DoÕNODPD�������|÷UHWPHQ�NÕODYX]�NLWDS�ELOJLVL����YH��GL\DORJODUOD����|UQH÷LQ�³�N�OW�UHO�
PLUDVÕPÕ]ÕQ� NRUXQPDVÕQD� |QHP� YHUHQ� 7�UNL\H«�V������.ÕVD� DGÕ� 7ø.$� RODQ� 7�UN� øúELUOL÷L� YH� .DONÕQPD� øGDUHVL¶QLQ�
oDOÕúPDODUÕ� VD\HVLQGH� � .|N� 7�UN� G|QHPLQH� DLW� HVHUOHULQ� J�Q� \�]�QH� DLW� HVHUOHULQ� J�Q� \�]�QH� oÕNDUÕODUDN�P�]HOHUGH�
VHUJLOHQPH\H� EDúODQGÕ÷ÕQÕ«�V������.�OW�UHO� |÷HOHULPL]GHQ� ELUL� GH� � G�÷�QOHULPL]GLU��V������«� N�OW�UHO� PLUDVÕQ�
NRUXQPDVÕQGD��ONHPL]LQ�EX�úHNLOGH�NDWNÕGD�EXOXQGX÷XQX�V|\OH\LQL]��V�����´ úHNOLQGH��HWNLQOLN WHPDVÕQGD�NRQX�LoL�VRUX�
����� |÷UHWPHQ� NÕODYX]� NLWDEÕ� ���� YH� |÷UHQFL� oDOÕúPD� NLWDEÕ� ���� � VRUX� YH� IDDOL\HWOHUL\OH� |UQH÷LQ� ³� J�Q�P�]GH� EX� HO�
VDQDWODUÕQGDQ� KDQJLOHUL� \DúDWÕOPDNWDGÕU"�V�����´ ;KDEHU WHPDVÕQGD� 1HYUX]� %D\UDP� IDDOL\HWOHULQL� LoHUHQ� JD]HWH�
haberiyle (1); GH÷HUOHQGLUPH�WHPDVÕQGD�GR÷UX-\DQOÕú�����YH�NODVLN�����VRUX�WLSOHUL\OH�\HU�YHULOPLúWLU��g]HO \D\ÕQHYLQGH�
ise J|UVHO WHPDGD�WDULKL�HVHU������PLQ\DW�U�YH�UHVLP�������N�OW�UHO�]HQJLQOLNOHUL�����J|VWHUHQ�IRWR÷UDIODUOD�ROD\ WHPDVÕQGD�
GHVWDQ� ���� � YH� \D]ÕWODUOD� �����ELOJL WHPDVÕQGD�N�OW�UHO� ]HQJLQOLNOHULPL]H�� ELOLP�DGDPÕ� YH�GHYOHW� E�\�NOHULQLQ�EÕUDNPÕú�
ROGXNODUÕ�HVHUOHUH DLW�DoÕNODPDODUOD������|UQH÷LQ�³«%D\UDPODU�QHYUX]�NXWODPDODUÕ�G�÷�QOHU�YH�0HVLU�PDFXQX�úHQOLNOHUL�
JLEL� NXWODPDODUÕPÕ]� N�OW�UHO� ]HQJLQOL÷LPL]LQ� ELUHU� J|VWHUJHVLGLU�%XQODU� GLO�GLQ�P�]LN�HGHEL\DW� YE�� NDQDOODUOD�
N�OW�U�P�]��ROXúWXUDQ�\DúDWDQ� YH�JHOLúWLUHQ�GH÷HUOHULPL]GLU��V�����´ úHNOLQGH�HWNLQOLN WHPDVÕQGD�NRQX\D�KD]ÕUOÕN� �����
NRQX� LoL� ���� YH� |÷UHQFL� oDOÕúPD� NLWDEÕ� ���� VRUX� YH� IDDOL\HWOHUL\OH� |UQH÷LQ�³%D\UDPODU�W|UHQOHU� YH� NXWODPDODUÕQ� 7�UN�
N�OW�U�QGHNL� \HUL� QHGLU"�V������6HOoXNOXODU� '|QHPLQGHQ� NDODQ� HVHUOHULQ� 7�UN� N�OW�U�VDQDW� YH� HVWHWLN� DQOD\ÕúÕQD�
NDWNÕODUÕ�QHOHUGLU"�V�����´úHNOLQGH��KDEHU WHPDVÕQGD�N�OW�UHO�]HQJLQOL÷L�J|VWHUHQ�LQWHUQHW�����KDEHUL\OH�GH÷HUOHQGLUPH 
WHPDVÕQGD�GR÷UX-\DQOÕú������HúOHúWLUPH�����oRNWDQ�VHoPHOL������NODVLN�����VRUX�WLSOHUL\OH�\HU�YHULOPLúWLU�� 

6RUXPOXOXN GH÷HULQH� 0HE \D\ÕQÕQGD� J|UVHO WHPDGD� YHUJL� YHUPH� LOH� LOJLOL� DILúOHUOH� ����� ELOJL WHPDVÕQGD�
YDWDQGDúOÕN� VRUXPOXOX÷X�RODUDN� YHUJL� YHUPHQLQ� JHUHNWLUGL÷L� LOH� LOJLOL� DoÕNODPD� ���� YH� úLLUOH� ���� |UQH÷LQ�� ³9DWDQGDúOÕN�
VRUXPOXOX÷X� YH� �ONH� HNRQRPLVLQH� NDWNÕVÕ� DoÕVÕQGDQ� YHUJL� YHUPHQLQ� JHUH÷LQL� YH� |QHPLQL� VDYXQXU��V�����  
ND]DQÕPÕ\OD�ROD\ WHPDVÕQGD�|÷UHQFL�oDOÕúPD�NLWDEÕQGD��\HU�DODQ�|\N�\OH�����HWNLQOLN WHPDVÕQGD�NRQX�LoL�����YH�|÷UHQFL�
oDOÕúPD� NLWDEÕ� ���� � VRUX� YH� IDDOL\HWOHUL\OH�� ³$WDW�UN�� YDWDQGDúOÕN� J|UHYOHULQH� QHGHQ� |QHP� YHUPHNWHGLU"� �V������� %LU�
YDWDQGDúOÕN� VRUXPOXOX÷X� RODUDN�«� �V�����´� úHNOLQGH�KDEHU WHPDVÕQGD� YHUJL� YHUPH� LOH� LOJLOL� JD]HWH� KDEHUOHUL\OH� �����
GH÷HUOHQGLUPH WHPDVÕQGD�LVH�VDGHFH����oRNWDQ�VHoPHOL�VRUX�WLSL\OH�\HU�YHULOPLúWLU�g]HO \D\ÕQHYLQGH�LVH�J|UVHO temada 
YDWDQGDúOÕN�VRUXPOXOXNODUÕQGDQ�ELUL�RODQ�YHUJL�YHUPHQLQ�|QHPLQL�DQODWDQ�oL]JL�NDULNDW�U�KLND\H\OH�����ELOJL�WHPDVÕQGD�
J|UVHO� WHPDGD� YHULOHQ� ELOJLOHU� GÕúÕQGD� VDGHFH� � DoÕNODPD\OD� ����|UQH÷LQ� ³«oHYUHPL]H� YH� GR÷DO� ND\QDNODUD� RODQ�
\DNODúÕPÕPÕ]Õ�\HQLGHQ�J|]GHQ�JHoLUPHPL]L�JHUHNWLUPHNWHGLU��V�����´úHNOLQGH��ROD\ WHPDVÕQGD�LNL�|÷UHQFLQLQ�NHQGLOHULQH�
YHULOHQ�|GHYL� \DSDUNHQ� NL� VRUXPOXOXNODUÕQGDQ� � EDKVHGHQ�|UQHN�ROD\OD� ����V|] WHPDVÕQGD�$WDW�UN¶�Q�³YDWDQÕQÕ� HQ� oRN�
VHYHQ�J|UHYLQL�HQ�L\L�\DSDQGÕU��V�����´ sözüyle (1);HWNLQOLN�WHPDVÕQGD�NRQX�LoL�VRUX�����|÷UHQFL�oDOÕúPD�NLWDEÕQGD�YHUJL�
YHUPHQLQ� VRUXPOXOX÷X� LOH� LOJLOL� DILú� KD]ÕUODQPDVÕQÕQ� LVWHQGL÷L� |GHYOH� �����GH÷HUOHQGLUPH WHPDVÕQGD� HúOHúWLUPH� ���� YH�
çoktan seçmeli (1)  soru tipleriyle yeU�YHULOPLúWLU� 

<DUGÕPVHYHUOLN�GH÷HULQH�0HE \D\ÕQÕQGD�J|UVHO WHPDGD�JD]HWH�KDEHUOHUL�YH�|÷UHQFL�oDOÕúPD�NLWDEÕQGD�\HU�DODQ�
IRWR÷UDIODUOD� ����� ELOJL WHPDVÕQGD� \DUGÕPODúPD� YH� LúELUOL÷L� NRQXVXQGD� DoÕNODPDODU� ���� YH� úLLUOH� ����V|]� WHPDVÕQGD�
³%LUOLNWHQ� NXYYHW� GR÷DU��V�����´ atasözüyle (1); HWNLQOLN� WHPDVÕQGD� NRQX� LoL� VRUX� ���� YH� |÷UHQFL� oDOÕúPD� NLWDEÕ�
faaliyetleriyle (1);GH÷HUOHQGLUPH WHPDVÕQGD�oRNWDQ�VHoPHOL�����VRUX�WLSL\OH�\HU�YHULOPLúWLU�g]HO \D\ÕQHYLQGH�LVH�J|UVHO 
WHPDGD�|UQHN�ROD\� LoLQGH� IRWR÷UDIODUOD� ����ELOJL WHPDVÕQGD�|UQHN�ROD\GD�JHoHQ�DoÕNODPDODUÕQ�GÕúÕQGD� VDGHFH�]RUOXNODU�
ELUOLNWH� DúÕOÕU� NRQXVXQXQ� ³hONHPL]LQ� GL÷HU� �ONHOHUOH� GR÷DO� DIHWOHUGH� YH� oHYUH� VRUXQODUÕQGD� GD\DQÕúPD� � YH� Lú� ELUOL÷L�
LoLQGH� ROPDVÕQÕQ� |QHPLQL� IDUN� HGHU��V�����´  ND]DQÕPÕ� LOH� ����ROD\ WHPDVÕQGD� ELU� |÷UHQFLQLQ� EDúÕQGDQ� JHoHQ� GHSUHP�
VRQUDVÕ� \DSÕODQ� \DUGÕPÕQ� DQODWÕOGÕ÷Õ� |UQHN� ROD\OD� ���� YH� |÷UHQFL� oDOÕúPD� NLWDEÕQGD� \HU� DODQ� KLND\H\OH� ����HWNLQOLN 
WHPDVÕQGD� NRQX\D� KD]ÕUOÕN� ���� NRQX� LoL� ����� |÷UHWPHQ� NÕODYX]� ���� YH�|÷UHQFL� oDOÕúPD� NLWDEÕQGD� (2) yer alan sorularla 
|UQH÷LQ�³'R÷DO� DIHWOHU� YH� oHYUH� VRUXQODUÕ� NDUúÕVÕQGD� XOXVODUDUDVÕ� Lú� ELUOL÷L� YH� GD\DQÕúPD� QHGHQ� |QHPOLGLU"�V�����´�
úHNOLQGH��KDEHU WHPDVÕQGD�JD]HWH�KDEHUL\OH�����GH÷HUOHQGLUPH WHPDVÕQGD�VDGHFH�³�'�Q\DQÕQ�KHUKDQJL�ELU�\HULQGH��ELU�
oHYUH�VRUXQXQD�\D�GD�GR÷DO�DIHWH�PDUX]�NDODQ�LQVDQODUÕ�J|UG�÷�Q�]GH�QHOHU�KLVVHGL\RUVXQX]"øQVDQODUÕQ�E|\OH�VRUXQODU�
\DúDPDVÕQD�HQJHO�RODELOHFHN�ELU�o|]�P��UHWPHQL]�LVWHQVH�QDVÕO�ELU�o|]�P�G�ú�Q�UG�Q�]"�V������´ úHNOLQGHNL��NODVLN�����
soru tipiyle  yer verilmiúWLU� 

+DN� YH� |]J�UO�NOHUH� VD\JÕ GH÷HULQH�0HE \D\ÕQÕQGD�J|UVHO WHPDGD� KDN� YH� |]J�UO�NOHUL� J|VWHUHQ� úHPD� ���� YH�
NDGÕQODUD�YHULOHQ�KDNODUÕ�J|VWHUHQ�IRWR÷UDIODUOD�����ELOJL WHPDVÕQGD�GL\DORJ������DoÕNODPD�������|÷UHWPHQ�NÕODYX]�NLWDEÕ�
���� ELOJLOHUL\OH� |UQH÷LQ� ³«7�UNL\H� &XPKXUL\HWL¶QLQ� HQ� WHPHO� |]HOOLNOHULQGHQ� ELULQLQ� LQVDQ� KDNODUÕQD� VD\JÕOÕ� YH� ODLN�
GHYOHW�ROPD�|]HOOL÷L�ROGX÷XQX�V|\OH\LQL]��V�����´�úHNOLQGH�V|]� WHPDVÕQGD�+]��0XKDPPHG��6�$�6�� �³6L]LQ�NDGÕQODUÕQÕ]�
�]HULQGH� KDNODUÕQÕ]�� NDGÕQODUÕQ� GD� VL]LQ� �]HULQGH� KDNODUÕ� YDUGÕU��V�����´sözüyle(1) ve  Atatürk’ün sözleriyle (4) 
|UQH÷LQ�� ³���NÕVDFD� KHUKDQJL� ELU� VRV\DO� NXUXPGD� oDOÕúDQ� ELU� YDWDQGDúÕQ� KDN�� oÕNDU� YH� |]J�UO�NOHUL�
HúLWWLU�V�����«KHUKDQJL�ELU�D\UÕP�J|]HWLOPHNVL]LQ�EX�ELOGLUJH\OH� LODQ�HGLOHQ�E�W�Q�KDNODUGDQ�YH�E�W�Q�|]J�UO�NOHUGHQ�
\DUDUODQDELOLU�� �V������&XPKXUL\HW� \|QHWLPL� LQVDQD� YHUGL÷L� GH÷HU�LQVDQ� KDN� YH� |]J�UO�NOHULQH� J|VWHUGL÷L� VD\JÕ�
QHGHQL\OH� GL÷HU� \|QHWLP� ELoLPL\OH� D\UÕOÕU��V������ ´ úHNOLQGH�HWNLQOLN� WHPDVÕQGD� NRQX\D� KD]ÕUOÕN� ����� NRQX� LoL� ����
|÷UHWPHQ�NÕODYX]�NLWDEÕ� ���� YH�|÷UHQFL� oDOÕúPD�NLWDEÕ� ���� VRUX�YH� IDDOL\HWOHUL\OH�|UQH÷LQ�³0XVWDID�.HPDO�$WDW�UN¶�Q�
FXPKXUL\HWOH� ELUOLNWH� 7�UN� PLOOHWLQH� ND]DQGÕUGÕ÷Õ� KDN� YH� |]J�UO�NOHU� QHOHUGLU"�V�����´ úHNOLQGH�KDEHU WHPDVÕQGD�
internet (2) ve gazete (4) haberleriyle;GH÷HUOHQGLUPH WHPDVÕQGD�GR÷UX-\DQOÕú�����oRNWDQ�VHoPHOL�����VRUX�WLSOHUL\OH�\HU�
YHULOPLúWLU��g]HO�\D\ÕQHYLQGH ise J|UVHO�WHPDGD�LQVDQÕQ�\DúDPD��H÷LWLP��EDNÕP�KDNNÕ�LOH�LOJLOL�IRWR÷UDI������UHVLP�����YH�
karikatürlerle (1); ELOJL WHPDVÕQGD�LQVDQODUD�YH�KDWWD�KD\YDQODUD�ELOH�YHULOHQ�KDNODUÕQ�JHoPLúWHQ�J�Q�P�]H�\DQVÕPDODUÕQÕ�
DNWDUDQ� DoÕNODPDODUOD� ������ gUQH÷LQ�� ³WDULKVHO� PHWLQOHU� RODUDN� +DPPXUDEL� \DVDODUÕ�YHGD� KXWEHVL�0DJQD� &DUWD� YH�
.DQXQL� 6XOWDQ� 6�OH\PDQ¶ÕQ� LOJLOL� \DVDODUÕ������ øQVDQ�+DNODUÕ�%LOGLUJHVL�.DQXQ�L�(VDVL������ øQVDQ�+DNODUÕ�(YUHQVHO�
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%LOGLUJHVL� YH� $YUXSD� øQVDQ� +DNODUÕ� 6|]OHúPHVL� �V���������´ YHULOHUHN� WDULK� LoLQGHNL� KDN� NDYUDPÕQÕQ� HOH� DOÕQPDVÕ�
úHNOLQGH�ROD\ WHPDVÕQGD�KDNVÕ]OÕ÷D�X÷UD\DQ�ELU�NLúLQLQ�KDNVÕ]OÕ÷ÕQÕQ�JLGHULOPHVL�NRQXVXQXQ�HOH�DOÕQGÕ÷Õ� � Wiyatro oyunu 
metniyle (1);HWNLQOLN WHPDVÕQGD�NRQX\D�KD]ÕUOÕN�����NRQX�LoL������|÷UHWPHQ�NÕODYX]�NLWDEÕ�����|÷UHQFL�oDOÕúPD�NLWDEÕ������
soru ve faaliyetleriyle ;KDEHU WHPDVÕQGD�JD]HWH�KDEHUL\OH�����GH÷HUOHQGLUPH WHPDVÕQGD�GR÷UX–\DQOÕú������HúOHúWLUPH������
çRNWDQ�VHoPHOL������NODVLN�����VRUX�WLSOHUL\OH�\HU�YHULOPLúWLU� 

dDOÕúNDQOÕN GH÷HULQH�0HE \D\ÕQÕQGD�J|UVHO WHPDGD�oDOÕúPDQÕQ�YH�D]PLQ�VRQXQGD�RUWD\D�oÕNDQ��U�QOHUL�J|VWHUHQ�
IRWR÷UDIODUOD� ����ELOJL WHPDVÕQGD� � VDGHFH� ³���oDOÕúNDQ� YH� |]YHULOL� ELOLP� LQVDQODUÕ� \HWLúWLUHQ� «�V����´� úHNOLQGHNL�
DoÕNODPD\OD� ����V|] WHPDVÕQGD� $WDW�UN¶�Q� ³+D\DWWD� HQ� KDNLNL� P�UúLW� LOLPGLU��V�����´sözüyle(1); KDEHU WHPDVÕQGD�
oDOÕúNDQOÕ÷ÕQ�YH�D]PLQ�VRQXFXQGD�RUWD\D�oÕNDQ��U�QOHULQ�\HU�DOGÕ÷Õ�GHUJL������JD]HWH�����YH��LQWHUQHW�����KDEHUOHUL\le yer 
YHULOPLúWLU�g]HO \D\ÕQHYLQGH�LVH�ROD\ WHPDVÕQGD�EXQODUGDQ�ELUL�GHUV�NLWDEÕQGD�³+D\DO�+ÕUVÕ]Õ´ GL÷HUL�LVH�|÷UHQFL�oDOÕúPD�
NLWDEÕQGD� ³%LU� %DVNHWoLQLQ� %LOLQPH\HQ� 7DULKL´ EDúOÕNOÕ� � KLND\HOHUOH� ����HWNLQOLN� WHPDVÕQGD� NRQX� LoL� ���� YH� � |÷UHQFL�
oDOÕúPD�NLWDEÕ�����VRUX�YH�IDDOL\HWOHUL\OH�KDEHU WHPDVÕQGD�GHUJL�KDEHUL\OH�����GH÷HUOHQGLUPH WHPDVÕQGD�GR÷UX-\DQOÕú�����
VRUX�WLSL\OH�\HU�YHULOPLúWLU. 
 
<HGLQFL�6ÕQÕI�6RV\DO�%LOJLOHU�'HUV�.LWDSODUÕQD�øOLúNLQ�%XOJXODU�
     7DEOR��0HE� YH� g]HO� \D\ÕQ� HYL� � ��6ÕQÕI� 6RV\DO� %LOJLOHU� .LWDSODUÕQGD� 'R÷UXGDQ� .D]DQGÕUÕODFDN� 'H÷HUOHULQ� � …... 
……<DQVÕPD�'�]H\OHULQH�øOLúNLQ�%XOJXODU� 
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)DUNOÕOÕNODUD�6D\JÕ 
 2 2 4 4 2 1 1 - - 4 - - 1 1 

Vatanseverlik 
 - - - - - - - - - 2 - - - - 

Estetik 
 81 24 40 24 - 5 - - - 2 2 - 1 1 

Bilimsellik - - 8 2 - - - - - - - - - - 
Dürüstlük 
 - - 7 - - - - - - - - - - - 

Adil Olma 1 - 20 5 - - - - 2 1 - - 3 - 

%DUÕú 7 - 15 2 - 1 - - 7 5 4 - 2 - 

 
)DUNOÕOÕODUD�VD\JÕ�GH÷HULQH��0HE�\D\ÕQÕQGD�J|UVHO�WHPDGD�LOHWLúLP�NRQXVX�LOH�LOJLOL�RODUDN�IRWR÷UDIODUOD�����ELOJL 

WHPDVÕQGD�|]HOOLNOH�G�ú�QFH�IDUNOÕOÕNODUÕQD� VD\JÕ\Õ� LIDGH�HGHQ�DoÕNODPDODUOD� ����|UQH÷LQ�³$UNDGDúODUÕPÕ]�EL]GHQ� IDUNOÕ�
G�ú�QG�÷�QGH�««��VD\JÕ\Õ�J|VWHUPHN�«««���V������.RQXúPDFÕODUÕQ�GX\JX�YH�G�ú�QFHOHULQL�DQODPD\D�oDOÕúÕU���V����´�
úHNOLQGH��ROD\ WHPDVÕQGD� |÷UHWPHQ� NÕODYX]� NLWDEÕ� ���� YH� |÷UHQFL� GHUV� NLWDEÕ� E|O�P�QGH� ���� � \HU� DODQ� |\N�OHUOH�� V|] 
WHPDVÕQGD�$WDtürk’ün sözüne (1) “1HWLFHGH� NHQGL� ILNULPL� X\JXOD\DFDN�ELOH�ROVDP��KHUNHVL� D\UÕ� D\UÕ� GLQOHPHNWHQ� ]HYN�
DOÕUÕP��V����´�úHNOLQGH��GH÷HUOHQGLUPH WHPDVÕQGD�FHYDEÕ� IDUNOÕOÕNODUD�VD\JÕ�RODQ� �V���� çoktan seçmeli soru (1) tipiyle  
\HU� YHULOPLúWLU��g]HO� \D\ÕQHYLQGH ise J|UVHO temada, resimlerle (2); ELOJL WHPDVÕQGD� DoÕNODPD� ����� |÷UHWPHQ� NÕODYX]�
NLWDEÕ� ���� ELOJLOHUL\OH� |UQH÷LQ� ³J|UVHOGH� \HU� DODQ� oRFXNODUÕQ� ELUELUOHULQGHQ� KDQJL� IDUNOÕOÕNODU� ROGX÷XQX� EHOLUOH\LQ��
+HSLPL]� IDUNOÕ� ELUoRN� |]HOOL÷L� YDU�� %X� IDUNOÕOÕNODUD� KHSLPL]LQ� VD\JÕ� GX\PDVÕ� JHUHNLU�� � �V����� � YH�«IDUNOÕ� G�ú�QFHOHUH�
VD\JÕ�J|VWHUPH«�V����´úHNOLQGH�ROD\ WHPDVÕQGD�|]HO�KD\DWÕQ�JL]OLOL÷L�KDNNÕ�NRQXVX�DOWÕQGD�(IH¶QLQ�*�QO�÷��DGOÕ�|UQHN�
olayla (1);HWNLQOLN WHPDVÕQGD�NRQX\D�KD]ÕUOÕN� �����NRQX� LoL� ���� VRUXODUÕ\OD�|UQH÷LQ�³�)DUNOÕOÕNODUD� VD\JÕ�GX\PDN�YH\D�
GX\PDPDN�LOHWLúLPL�QDVÕO�HWNLOHU"��V����´ úHNOLQGH�GH÷HUOHQGLUPH�WHPDVÕQGD�VDGHFH�³.LúL�KDN�YH�|]J�UO�NOHULQH�NDVÕWOÕ�
RODUDN�GRNXQXOPDVÕ��oL÷QHQPHVL��V����´  úHNOLQGHNL�HúOHúWLUPH�VRUXVX�����LOH�\HU�YHULOPLúWLU� 

9DWDQVHYHUOLN GH÷HULQH� 0HE� \D\ÕQÕQGD� KLoELU� WHPD\D� \HU� YHULOPHPLúWLU�� hQLWHGH� YDWDQGDúOÕN� KDNODUÕQGDQ�
bahsedilmektedir. g]HO \D\ÕQHYLQGH� LVH� HWNLQOLN WHPDVÕQGD� |÷UHQFL� oDOÕúPD� NLWDEÕQGD� ���� �ONHQLQ� JHOHFH÷L� DGÕQD�
\DSÕODELOHFHNOHU�DGOÕ�ELU�oDOÕúPD�LOH�³�0HPOHNHWLP��V�����´ DGOÕ�úDUNÕ�V|]OHULQH�\HU�YHULOPLúWLU� 

(VWHWLN GH÷HULQH� �0HE� \D\ÕQÕQGD� J|UVHO WHPDGD� 2VPDQOÕ� G|QHPLQGH� \DSÕODQ� WDULKL� HVHU� IRWR÷UDIODUÕ\OD� ������
ROD\ODUÕ�FDQODQGÕUDQ�PLQ\DW�UOHUOH� ������NÕ\DIHW��\HPHN��JHOHQHN�JLEL�N�OW�UHO�]HQJLQOL÷L�J|VWHUHQ IRWR÷UDIODUOD� �����YH�
resimlerle (9); ELOJL WHPDVÕQGD�|]HOOLNOH�³2VPDQOÕ�±$YUXSD�LOLúNLOHUL�oHUoHYHVLQGH�N�OW�U��VDQDW�YH�HVWHWLN�DQOD\ÕúÕQGDNL�
HWNLOHULQLQ�IDUN�HGLOPHVL��V�����´ ND]DQÕPÕ�GR÷UXOWXVXQGD�R�G|QHPH�DLW�HVHU�YH�N�OW�UHO�]HQJLQOLNOHULQ�³HúVL]�|UQH÷L��HQ�
J�]HO�|UQH÷L��VDQDW�YH�HVWHWL÷L�\DQVÕWDQ��X\XPOX´ JLEL�LIDGHOHULQ�DNWDUÕOGÕ÷Õ�DoÕNODPDODUOD������KDEHU WHPDVÕQGD�³oLYLVL]�
FDPLL� �V�����YH� $YUXSDOÕ� %HVWHFLOHU� 0HKWHUGHQ� (WNLOHQGL (V�����´ EDúOÕNOÕ� JD]HWH� KDEHUOHUL\OH� ����GH÷HUOHQGLUPH 
WHPDVÕQGD�N�OW�UHO�]HQJLQOL÷H�oRNWDQ�VHoPHOL�VRUX��WLSL�����LOH�\HU�YHULOPLúWLU��g]HO \D\ÕQHYLQGH�LVH�J|UVHO�temada tarihi 
HVHU�������N�OW�UHO�]HQJLQOLN������IRWR÷UDIODUÕ\OD�YH�PLQ\DW�U�����UHVLPOHUL\OH��ELOJL�WHPDVÕQGD�DoÕNODPD������DOÕQWÕ������YH�
|÷UHWPHQ� NÕODYX]� ���� ELOJLOHUL\OH�|UQH÷LQ� ³«� HVHUOHUGHNL� PXKWHúHP� WDú� LúoLOL÷LQH� GLNNDW� oHNHELOLUVLQL]� �V������ NODVLN�
7�UN� HYOHULQLQ� KHP� NXOODQÕP� UDKDWOÕ÷Õ� KHP� GH� HVWHWLN� ELU� ER\XWD� VDKLS� ROGX÷XQX� YXUJXOD\DELOLUVLQL]� �V�������
6�OH\PDQL\H� &DPL«�ELUoRN� WHNQLN� |]HOOLNOHUL\OH� GH�HVHU� HULúLOPH]� � ER\XWODUGDGÕU� �V������ ´ úHNOLQGH�ROD\ WHPDVÕQGD�
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efsane (2) ve hikâyelerle (3);� HWNLQOLN WHPDVÕQGD� NRQX� LoL� ���� VRUX\OD�GH÷HUOHQGLUPH WHPDVÕQGD� VDGHFH� � DUDúWÕUPD�
ödevine (1) ³�oHúLWOL�G|N�PDQODUGDQ�\DUDUODQDUDN�EXOGX÷XQX]� LOLQ� WDULKL�YH�N�OW�UHO�|]HOOLNOHULQL�\DQVÕWDQ�ELU� WDQÕWÕP�
GRV\DVÕ�KD]ÕUOD\ÕQÕ]��+D]ÕUODGÕ÷ÕQÕ]�GRV\D\Õ�VÕQÕIWDNL�DUNDGDúODUÕQÕ]OD�SD\ODúÕQÕ]���V������´ úHNOLQGH�\HU�YHULOPLúWLU� 

%LOLPVHOOLN�GH÷HULQH�0HE�\D\ÕQÕQGD�ELOJL WHPDVÕQGD� � VDGHFH�DOÕQWÕODUÕQ�DOWÕQGD�ELOJLQLQ�ND\QD÷ÕQÕQ�EHOLUWLOPHVL�
����LOH�\HU��YHULOPLúWLU�g]HO�\D\ÕQHYLQGH�LVH�ELOJL WHPDVÕQGD�ELOLP�NDYUDPÕQÕQ���]HULQGH�GXUXOGX÷X�³PHUDN�HWPHN�ELOPHN�
YH�|÷UHQPHN�LQVDQOÕ÷ÕQ�HQ�|QHPOL�|]HOOL÷LGLU��V�����´ úHNOLQGHNL��DoÕNODPDODUOD�����\HU�YHULOPLúWLU� 

'�U�VWO�N� GH÷HULQH�  0HE \D\ÕQÕQGD� ELOJL� WHPDVÕQGD� G�U�VWO�N�� GR÷UXOXN�� DGLO� ROPD� JLEL� LIDGHOHULQ� JHoWL÷L�
DoÕNODPDODUOD� ���� |UQH÷LQ� ³� «YD¶GLQGH� GR÷UX�� ���� �V������� G�U�VW� RODFD÷ÕPD� «�� �V������ +HU� úH\LQ� JHUoH÷LQL� V|\OH��
�V�����´�úHNOLQGH�\HU�YHULOPLúWLU��g]HO \D\ÕQHYLQGH�LVH�KLoELU��WHPD\D��\HU�YHULOPHPLúWLU��

$GLO� ROPD GH÷HULQH� 0HE \D\ÕQÕQGD� J|UVHO WHPDGD� PDKNHPH� VDORQXQXQ� LoLQL� J|VWHUHQ� IRWR÷UDIOD� ����ELOJL�
WHPDVÕQGD� GHYOHWLQ�� \|QHWLFLOHULQ� YH� \DUJÕ� RUJDQODUÕQÕQ� DGDOHWL� QDVÕO� VD÷ODGÕNODUÕQÕ� LIDGH� HGHQ� DoÕNODPDODUOD� ����� YH�
|÷UHWLP� NÕODYX]� NLWDEÕ� � ELOJLVL\OH� ���� |UQH÷LQ�³0ÕVÕU� ILUDYXQODUÕ� J�oOHULQL� J|VWHUPHN� LoLQ� LQVDQODUÕ� |OG�U�UNHQ�� 7�UN�
+DNDQODUÕ�VDGHFH�NHQGL�PLOOHWLQLQ�UHIDKÕQÕ�G�ú�Q�UOHUGL���V�������'LYDQ��GLQ�YH�PLOOHW�IDUNÕ�J|]HWPHNVL]LQ�E�W�Q�KDONÕQ�
LVWHN� YH� úLND\HWOHULQH� DoÕNWÕ�� �V������� +HUNHVLQ� HúLW� R\� KDNNÕ� YDUGÕ�� �V�����´ úHNOLQGH�� HWNLQOLN WHPDVÕQGD� |÷UHWPHQ�
NÕODYX]� NLWDEÕ� ���� YH� |÷UHQFL� oDOÕúPD� NLWDEÕQGD� \HU� DODQ� VRUX� YH� IDDOL\HWOHUOH� ����|UQH÷LQ� ³6ÕQÕI� EDúNDQÕ� QDVÕO�
VHoLOPHOLGLU"� �V�����´ úHNOLQGH�� GH÷HUOHQGLUPH tHPDVÕQGD� oRNWDQ� VHoPHOL� VRUX� WLSL\OH� ���� \HU� YHULOPLúWLU�� g]HO�
\D\ÕQHYLQGH� LVH�ELOJL WHPDVÕQGD�DoÕNODPDODUOD� ����|UQH÷LQ� ³�7�UNL\H�&XPKXUL\HWL¶QGH�YDWDQGDúODU�DUDVÕQGD�KHUKDQJL�
ELU� D\UÕP� YH� D\UÕFDOÕN� V|]� NRQXVX� GH÷LOGLU�� �V�������+DNOÕ\Õ� KDNVÕ]Õ� D\ÕUPDGD�� \HQL� DGDOHWL� VD÷ODPDGD� GHYOHWLQ� \DUJÕ�
RUJDQODUÕ� HQ� \HWNLOL� NXUXPODUGÕU�� �V������ �� GHYOHW� K�N�POHULQLQ� ]DOLP� ROPDPDVÕ� LOH� LOJLOL� RODUDN� GD�.XWDGJX�%LOLJ¶GH�
JHoHQ� ³� =DOLP� ROPD�� ]XOP�� N|W�OHUH� NDUúÕ� «� HW�� E�W�Q� PHPOHNHWL� N|W�OHUGHQ� WHPL]OH� �V������ ´� � úHNOLQGH; HWNLQOLN 
WHPDVÕQGD�|÷UHQFL�oDOÕúPD�NLWDEÕ�IDDOL\HWL\OH�����\HU�YHULOPLúWLU� 
%DUÕú GH÷HULQH�0HE� \D\ÕQÕQGD�J|UVHO� WHPDGD� VDYDúÕQ�PH\GDQD� JHWLUGL÷L� WDKULEDWÕ� J|VWHUHQ� IRWR÷UDIOD� ���� YH� |÷UHQFL�
oDOÕúPD�NLWDEÕQGD�N�UHVHO�VRUXQODUD�NRQX�RODQ�NDULNDW�UOHUOH����;ELOJL WHPDVÕQGD�VDYDúODUÕQ�VRQD�HUPHVL�LoLQ�LP]DODQDQ�
EDUÕú�DQODúPDODUÕQÕ��N�UHVHO�VRUXQODU�LoLQ�LP]DODQDQ�SURWRNRO�YH�V|]OHúPHOHUH�DLW�DoÕNODPDODUOD������|UQH÷LQ³«0RQGURV�
$WHúNHV�$QODúPDVÕ¶QÕ� LP]DOD\DUDN� VDYDúWDQ� oHNLOGL��V�������«'�Q\D�dHYUH� 6|]OHúPHVL� NDWÕOÕPFÕ� GHYOHWOHULQ� ELU� NÕVPÕ�
WDUDIÕQGDQ� LP]DODQPÕúWÕU�� �V�����´� úHNOLQGH�� HWNLQOLN WHPDVÕQGD� NRQX� LoL� VRUX� ����� |÷UHQFL� oDOÕúPD� NLWDEÕ� VRUX� YH�
IDDOL\HWOHUL\OH� ����|UQH÷LQ� |]HOOLNOH� |÷UHQFL� oDOÕúPD� NLWDEÕQGDNL� YHULOHQ� UHVLPOHU� GR÷UXOWXVXQGD� ³«� EDUÕúÕQ� |QHPLQL�
DQODWDQ� ELU� NRPSR]LV\RQ� \D]ÕQÕ]�� �V������� «EDUÕúÕQ� VD÷ODQPDVÕ� YH� NRUXQPDVÕQD� \|QHOLN� G�ú�QFHOHULQL]L� LoHUHQ� ELU�
NRPSR]LV\RQ�\D]ÕQÕ]���V�����´ úHNOLQGH��KDEHU WHPDVÕQGD�N�UHVHO�VRUXQODUÕQ�o|]�P�QH�\|QHOLN�LQWHUQHW�����YH�JD]HWH�����
haberleriyle; GH÷HUOHQGLUPH WHPDVÕQGD� GR÷UX-\DQOÕú� ���� YH� oRNWDQ� VHoPHOL� VRUX� WLSOHUL\OH� ���� \HU� YHULOPLúWLU�g]HO 
\D\ÕQHYLQGH� LVH�ELOJL WHPDVÕQGD� DoÕNODPD\OD� ���� |UQH÷LQ�³«�0XVWDID�.HPDO�� \XUWWD� YH�G�Q\DGD�EDUÕúD�|QHP�YHUPLú�
HúVL]� ELU� GHKDGÕU�� �V������(÷HU� V�UHNOL� ELU� EDUÕú� LVWL\RUVD� LQVDQ� WRSOXOXNODUÕQÕQ� GXUXPODUÕQÕ� L\LOHúWLUHFHN� XOXVODUDUDVÕ�
|QOHPOHU�DOÕQPDNWDGÕU�� �V������ ´� úHNOLQGH��ROD\ WHPDVÕQGD�(LQVWHLQ¶QÕQ�EDUÕúD� VD÷ODGÕ÷Õ� NDWNÕGDQ�EDKVHGHQ� KLNk\H\OH�
(1);HWNLQOLN WHPDVÕQGD� NRQX� LoL� ����� |÷UHWPHQ� NÕODYX]� NLWDEÕ� ���� YH� |÷UHQFL� oDOÕúPD� NLWDEÕ� ���� VRUX� YH� IDDOL\HWL\OH�
|UQH÷LQ³� «� WHU|U�Q� EDUÕúD� YHUGL÷L� ]DUDUODUÕ� WDUWÕúÕQÕ]�� �V������� %DUÕú� LoLQ� QHOHU� \DSÕODELOLU"� �V������ YH� «� G�Q\D�
EDUÕúÕQÕQ�VD÷ODQPDVÕ�LoLQ�QHOHU�\DSÕODELOLU"��V������´ úHNOLQGH�\HU�YHULOPLúWLU� 
 
6RQXo�

Milli E÷LWLP�%DNDQOÕ÷Õ�WDUDIÕQGDQ��ED]Õ�E|OJHOHUGH�|]HO�\D\ÕQHYL�EDVNÕOÕ�NLWDSODU�RNXWXOXUNHQ�ED]Õ�E|OJHOHUGH�GH�
0HE�\D\ÕQÕ�NLWDSODU�RNXWXOPDNWDGÕU��'H÷HU�YH�GH÷HU�H÷LWLPLQH� LOLúNLQ�ELOJL�DNWDUÕPÕ�����YH���VÕQÕI�PHE�\D\ÕQOÕ� VRV\DO�
ELOJLOHU� |÷UHWPHQ� NÕODYX]� NLWDEÕQGD� \HU� DOÕUNHQ� |]HO� \D\ÕQHYL� EDVNÕODUÕQGD� VDGHFH� ��VÕQÕI� |÷UHWPHQ� NÕODYX]� NLWDEÕQGD��
LOJLOL�GH÷HULQ�WDQÕPÕQD�\HU�YHULOPLúWLU�%X�GXUXP�|]HO�\D\ÕQ�HYL�EDVNÕOÕ�NLWDSODU�LoLQ�ROXPVX]�ELU�GXUXPGXU�d�QN��NLWDSWD�
YHULOHQ�EX�ELOJLOHU� |÷UHWPHQOHUH�GH÷HU�YH�GH÷HU� H÷LWLPL�NRQXVXQGD�|QHPOL� ELOJLOHU� DNWDUDUDN�|÷UHWPHQOHUH�EX� V�UHoWH�
\DUGÕPFÕ�ROPDNWDGÕU��

��VÕQÕI�PHE��YH�|]HO�\D\ÕQ�HYL��NLWDSODUÕQGD�VRUXPOXOXN�YH�GD\DQÕúPD GH÷HUOHUL�KHPHQ�KHPHQ�W�P�WHPDODUGD�HQ�
L\L� HQ� HWNLQ� úHNLOGH� HOH� DOÕQPÕúWÕU�9HULOHQ� ELOJLOHULQ� \DQÕ� VÕUD� EX� ELOJLOHULQ� ND]DQÕOÕS� ND]DQÕOPDGÕ÷Õ� GD� �QLWH� VRQX�
GH÷HUOHQGLUPH� VRUXODUÕ\OD�GD�|Oo�OPH\H�oDOÕúÕOPÕúWÕU��0HE�\D\ÕQÕ� LOH� NÕ\DVODQGÕ÷ÕQGD�|]HO� \D\ÕQHYLQGH�VRUXPOXOXN�YH�
GD\DQÕúPD� � GH÷HULQH� � GDKD� L\L� ELU� úHNLOGH� \HU� YHULOPLúWLU�� 6RUXPOXOXN |QFHOLNOH� NLúLOHULQ� VDKLS� ROGXNODUÕ� UROOHUH� DLW�
J|UHYOHU� RODUDN� YHULOPLúWLU�g]HOOLNOH� VRUXPOXOXN� �V���� NRQXVX� LOH� |÷UHQFLOHUH� VRUXPOXOXNODUÕ� GR÷UXGDQ� YHULOHUHN��
VRUXPOXOXN� VDKLEL� ROPDODUÕ� JHUHNWL÷L� EHOLUWLOPHNWHGLU�'D\DQÕúPD GH÷HULQH� LVH� UHVPL� YH� VLYLO� WRSOXP� NXUXOXúODUÕQÕQ�
WRSOXPVDO�YH�ELUH\VHO�VRUXQODUÕ�o|]PHN�LoLQ�\DSPÕú�ROGXNODUÕ�IDDOL\HWOHU�DQODWÕODUDN�DNWDUÕOPD\D�oDOÕúÕOPÕú�(VWHWLN GH÷HUL 
0HE� \D\ÕQÕQGD� � YH� |]HO� \D\ÕQHYLQGH� �ONHPL]LQ� oHúLWOL� \HUOHULQGHNL� GR÷DO� YDUOÕNODU� LOH� WDULKL� PHNDQODU�� N�OW�UHO�
zenginliklerimL]�� R\XQODUÕPÕ]�YH�NÕ\DIHWOHULPL]�� HYOHULPL]�� \HPHNOHULPL]�� HO� VDQDWODUÕPÕ]�� G�÷�QOHULPL]��PLOOL� YH�GLQL�
ED\UDPODUÕPÕ]�LOH�HVWHWLN�GH÷HUL�ND]DQGÕUPD\D�oDOÕúÕOPÕúWÕU�9HULOHQ�ELOJLOHUGH�|]HOOLNOH�HúVL]��J�]HOOLN��E�\�OH\LFL��VDQDW�
KDULNDVÕ�� GR÷D� KDULNDVÕ�� PLPDUOÕN� KDULNDVÕ� JLEL� V|]F�NOHUOH� HVWHWLN� GH÷HUL� YXUJXODQPD\D� oDOÕúÕOPÕúWÕU��'R÷DO� � oHYUH\H�
GX\DUOÕN GH÷HULQH� �0HE� � YH� |]HO� \D\ÕQHYL� � EDVNÕODUÕQÕQ� KHU� LNLVLQGH� GH� WDP� RODUDN� \HU� YHULOGL÷L� V|\OHQHPH]�9HULOHQ�
ELOJLOHUGH�GH�GR÷D\D�YHULOHQ�]DUDUÕ�|QOHPH�RODUDN�YHULOPLú�ROXS�GR÷D�VHYJLVLQGHQ�EDKVHGLOPHPLúWLU�dDOÕúNDQOÕN GH÷HULQH���
0HE� � \D\ÕQÕQ� GD� ELU�PHVOHN� JUXEXQXQ� oDOÕúPDVÕ�� LQVDQODUÕQ� G�ú�QFHOHULQL� �UHWPH\H� G|Q�úW�UPHVL� RODUDN� YHULOPLúNHQ�
|]HO� \D\ÕQHYLQGH� LVH� LVWHQLOHQ� G�]H\GH� \HU� YHULOPHPLú� ROXS� VDGHFH� JLULúLPFL� LQVDQÕQ� |]HOOLNOHULQGHQ� ELUL� RODUDN�
YHULOPLúWLU��$NDGHPLN� G�U�VWO�N� GH÷HUL� � ��VÕQÕI�PHE� \D\ÕQGD� ELOJL� ND\QDNODUÕQÕQ� NRQXVX� LOH� ELOLPVHO� ELU� oDOÕúPDQÕQ�
EDVDPDNODUÕ�YH�ND\QDN�J|VWHUPH\H��KHP�J|UVHO�KHP�GH�ELOJL�WHPDVÕQGD�YXUJX�\DSÕODUDN�DNWDUÕOPD\D�oDOÕúÕOPÕúNHQ��|]HO�
\D\ÕQHYLQGH� LVH�� VDGHFH� ND\QDN� J|VWHUPH� úHNOLQGH� YHULOPLú� ROXS� GH÷HULQ� \HWHULQFH� ND]DQGÕUÕOGÕ÷Õ� V|\OHQHPH]�� $GLO�
ROPD�ED\UD÷D�YH�øVWLNODO�0DUúÕQD�VD\JÕ   ��VÕQÕI�PHE�\D\ÕQHYLQGH�\|QHWLFLOHULQ��DGLO��ROXS�ROPDPDVÕ�LOH�LOJLOL�VRUXODUD�
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yer veriOLUNHQ� ED\UD÷D� YH� øVWLNODO�0DUúÕ¶QD� � VD\JÕ� KHP� HWNLQOLNOHUOH� KHP�GH� úLLU� YH�PDUúODUOD� YHULOPLúWLU��$QFDN� |]HO�
\D\ÕQHYLQGH� LVH� EX� GH÷HUOHUH� ELOJL� WHPDVÕ� GÕúÕQGD� KLo� \HU� YHULOPHPLúWLU�7DULKVHO� PLUDVD� GX\DUOÕOÕN� � GH÷HULQH� � PHE�
\D\ÕQHYLQGH� UHVLPOHUL� YHULOHQ� � QHGHQ� YH� QLoLQ� NRUXQPDVÕ� DGÕQD� KHUKDQJL� ELU� HWNLQOL÷H� \HU� YHULOPHPLúNHQ� |]HO�
\D\ÕQHYLQGH� LVH� WDULKL� HVHUOHU�� QHVQHOHU� WDQÕWÕODUDN� EXQODUÕQ� NRUXQPDVÕ� YH� JHOHFHN� NXúDNODUD� DNWDUÕOPDVÕQD� YXUJX�
\DSÕOPDNWDGÕU�� %X� HVHUOHUL� NRUXQPDVÕ� YH� WDPDPODQPDVÕ� LOH� WXUL]PH� NDWNÕ� VD÷OD\DUDN� �ONH� HNRQRPLVLQH� JHWLULVLQGHQ�
EDKVHGLOPLúWLU� 

��VÕQÕI�0HE�\D\ÕQ�HYLQGH� �ELOLPVHOOLN  GH÷HULQH��KHP�J|UVHO�KHP�GH�DoÕNOD\ÕFÕ�ELOJL� LOH�|÷UHQFLOHUH�ELOLPVHO�ELU�
oDOÕúPDQÕQ� QDVÕO� \DSÕODFD÷ÕQD� \HU� YHULOLUNHQ�� |]HO� \D\ÕQHYLQGH� LVH� VDGHFH� WHRULN� ELOJL� RODUDN� YHULOPLú�� %LOLPVHOOLN�
GH÷HULQH�HQ�DoÕN�YH�QHW�úHNLOGH�0HE�\D\ÕQ�HYLQGH��\HU�YHULOGL÷L�V|\OHQHELOLU�'R÷DO�oHYUH\H�GX\DUOÕOÕN�GH÷HULQH�her iki 
\D\ÕQHYL�GH�oRN�D]��WHPD�DOWÕQGD�GR÷DGD�PH\GDQD�JHOHQ�ROXPVX]�GXUXPODU�LOH��HWNLOHUL�RUWD\D�NRQXODUDN�ND]DQGÕUÕOPD\D�
oDOÕúÕOPÕú�$\UÕFD� GH÷HULQ� WDQÕPÕQGD� LIDGH� HGLOGL÷L� JLEL� EX� GH÷HUL� ND]DQGÕUÕUNHQ� GR÷D� VHYJLVLQL� ND]DQGÕUPD\D� KLo� \HU�
YHULOPHPLúWLU�+HU� LNL� \D\ÕQHYLQLQ� GH� GH÷HUL� DNWDUPDGD� \HWHUVL]� ROGXNODUÕ� V|\OHQHELOLU�.�OW�UHO� PLUDVD� GX\DUOÕOÕN 
GH÷HULQH�KHU�LNL�\D\ÕQHYLQGH�GH�N�OW�U�P�]�Q�\DúD\DQ�GH÷HUOHUL�NXWODPDODU�NRQXVX�DOWÕQGD�KHPHQ�KHPHQ�KHU�WHPD�LOH�
LOJLOL�HWNLQOLNOHU�\HU�YHULOPHQLQ�\DQÕQGD�N�OW�UHO�PLUDVÕQ�NRUXQPDVÕ�LIDGHVLQH�\HU�YHULOPLúWLU�6RUXPOXOXN�GH÷HUL���VÕQÕIWD�
KHU�LNL�\D\ÕQHYLQGH�GH�HQ�L\L�úHNLOGH�\HU�YHULOGL÷L�LoLQ����VÕQÕIWD�VDGHFH��YDWDQGDúOÕN�VRUXPOXOX÷X�RODUDN�YHUJL�YHUPHQLQ�
JHUHNOLOL÷L� �]HULQGH� GXUXOPXúWXU�<DUGÕPVHYHUOLN GH÷HUL� ��VÕQÕIWD� GD\DQÕúPD� GH÷HUL� RODUDN� KHU� LNL� \D\ÕQ� HYLQGH� HWNLOL�
úHNLOGH� YHULOPLúWL�� ��VÕQÕIWD� EX� GH÷HUH� özellikle �ONHOHU� DUDVÕQGDNL� LOLúNLOHUGH� ELU� �ONHQLQ� EDúÕQD� JHOHQ� ELU� IHODNHWWHQ�
GROD\Õ�GL÷HU��ONHOHULQ�R��ONH\H�D÷ÕUOÕNOÕ�RODUDN�PDGGL�DQODPGD�\DUGÕP�HWPHVL�JHUHNWL÷LQH�\HU�YHULOPLúWLU����VÕQÕI�0HE�
\D\ÕQHYLQGH� �����a,s.35) “<DUGÕPVHYHUOLN� GH÷HULQL� VDGHFH� PDGGL� RODUDN� DOJÕODPDPDN� JHUHNLU�� %D]HQ� ELU� V|]� LOH�
�]�QW�\��SD\ODúPDN��ELU�SUREOHPL�GLQOHPHN��XPXW�YHUPHN�GH�\DUGÕPVHYHU�ROPDQÕQ�LIDGHVLGLU��'ROD\ÕVÕ\OD�\DUGÕP�HWPHN�
LoLQ� ]HQJLQ� ROPDN� JHUHNPH]´ LIDGHVL� JHoPHVLQH� UD÷PHQ� \DUGÕPODúPD� � VDGHFH�PDGGL\DW� RODUDN� YHULOPLúWir.Bu durum 
\DUGÕPODúPD�GH÷HULQLQ��VRV\DO�ELOJLOHU�SURJUDPÕQGD�WDP�RODUDN�YHULOPHGL÷LQL�RUWD\D�NR\PDNWDGÕU�+DN�YH�|]J�UO�NOHUH�
VD\JÕ� KHU� LNL� � \D\ÕQHYLQGH� � JHQHO� RODUDN� KDN� YH� |]J�UO�NOHUH� VD\JÕQÕQ� WDULKVHO� JHOLúLPLQGHQ� EDKVHGLOPLú� ROXS� VD\JÕ�
NDYUDPÕQD�|]HOOLNOH�IDUNOÕ�LQDQo��N�OW�UH�VD\JÕ�RODUDN�\HU�YHULOPLúWLU�$\UÕFD�LQVDQODUÕQ�KDNNÕ�RODQ�GXUXPODUÕQ�NHQGLOHULQH�
YHULOPHVL�KDN�YH�|]J�UO�NOHUH�VD\JÕ�RODUDN�LIDGH�HGLOPLúWLU�(Q�ID]OD�GH÷HUOHQGLUPH�VRUXVXQD��0HE���g]HO�V����  burada 
\HU� YHULOPLúWLU�� dDOÕúNDQOÕN� GH÷HUL� KHU� LNL� \D\ÕQHYLQGH� GH� ELOLP� G�Q\DVÕQGDNL� VRQ� WHNQRORMLN� JHOLúPHOHULQ� PH\GDQD�
JHOPHVLQGH� LQVDQODUÕQ� SODQOÕ�� GLVLSOLQOL� oDOÕúPDODUÕQÕQ� URO�� ROGX÷X� YXUJXODQDUDN� ND]DQGÕUÕOPD\D� oDOÕúÕOPÕúWÕU�� g]HO�
\D\ÕQHYLQGH�LVH�EXQD�HN�RODUDN�+D\DO�+ÕUVÕ]��V����� ile %LU�%DVNHWoLQLQ�%LOLQPH\HQ�7DULKL��V��������� hikayeleri ile bir 
LúL�EDúDUPDN�LoLQ�SHV�HWPHGHQ�oRN�oDOÕúPDN�YH�D]LPOL�ROPDN�JHUHNWL÷L�YXUJXODQÕ\RU� 

��VÕQÕI� NLWDSODUÕQGD� �� YH� ��VÕQÕIODUGD� ROGX÷X� JLEL� GH÷HUOHUH� � WDP�RODUDN� \HU� YHULOGL÷L� V|\OHQHPH]���VÕQÕI� Vosyal 
ELOJLOHU� NLWDSODUÕQGD� KHU� LNL� \D\ÕQHYL� � HQ� ID]OD�HVWHWLN�GH÷HULQH�YXUJX� \DSDUNHQ�EDúWD� �PLOOL� GX\JXODUÕQ� DúÕODQPDVÕ� YH�
ELUoRN�GH÷HUL� LoLQH�DODELOHFHN�RODQ�YDWDQVHYHUOLN olmak üzere  ELOLPVHOOLN ve G�U�VWO�N�GH÷HUOHULQH�KHPHQ�KHPHQ�KLo�
\HU� YHULOPHPLúWir. )DUNOÕOÕNODUD� VD\JÕ� GH÷HULQH� � KHU� LNL� � \D\ÕQÕQGD� GD� |]HOOLNOH� LOHWLúLP� NRQXVX� LOH� DNWDUÕOPD\D�
oDOÕúÕOPÕúWÕU�%X� � GH÷HUH� \HWHULQFH� \HU� YHULOGL÷L� V|\OHQHPH]��(VWHWLN� GH÷HUL�� ³2VPDQOÕ� $YUXSD� LOLúNLOHUL� oHUoHYHVLQGH�
N�OW�U��VDQDW�YH�HVWHWLN�DQOD\ÕúÕQGDNL�HWNLOHúLPL�IDUN�HGHU�´�ND]DQÕP�LOH�YHULOPH\H�oDOÕúÕOPÕúWÕU��'�U�VWO�N GH÷HULQH�|]HO�
\D\ÕQ�HYLQGH�KLo�\HU�YHULOPH]NHQ��PHE�\D\ÕQGD�$KLOLN�LOH�PHVOHN�HWL÷L�NRQXODUÕQGD��ELUNDo�V|]OH�GH÷LQLOPLúWLU�$GLO�ROPD�
GH÷HULQH��0HE�\D\ÕQÕQGD�HVNL�7�UN�GHYOHWOHULQGH�YH� úX�an ki Türkiye Cumhuriyeti Devletinde devlet ve yöneticilerin 
DGDOHW� DQOD\ÕúÕ� KDNNÕQGD� DoÕNOD\ÕFÕ� ELOJLOHUH� \HU� YHULOLUNHQ� |]HO� \D\ÕQHYLQGH� � � anayasada geçen hükümler ve 
PDKNHPHOHULQ�YDUOÕ÷Õ� LOH�LIDGH�HGLOPH\H�oDOÕúÕOPÕúWÕU�%DUÕú�GH÷HUL� �KHU�LNL�\D\ÕQHYLQGH GH�VDYDú�YH�VDYDúÕQ�GR÷XUGX÷X�
N|W�� VRQXoODU� YHULOHUHN� DNWDUÕOPD\D� oDOÕúÕOPÕú���VÕQÕI� PHE� \D\ÕQÕQGD� �����,s.���� EDUÕú� GH÷HUL� LoLQ� � ³.LúLOHU� DUDVÕ� YH�
�ONHOHU� DUDVÕ� LOLúNLOHUL� JHOLúWLUPHN� LoLQ� ROXPOX� LOHWLúLP� NXUPDQÕQ� \ROODUÕ� DUDQPDOÕGÕU�� 6DQDW�� VSRU�� N�OW�UHO� HWNLQOLNOHU�
LQVDQODUÕQ� ELUELUOHULQL� GDKD� L\L� WDQÕPDODUÕQD�� GRVWOXNODUÕQÕ� JHOLúWLUPHOHULQH� \DUGÕPFÕ� RODFDNWÕU�� %|\OHFH� EDUÕú� RUWDPÕ�
ROXúDFDNWÕU�´ øIDGHVLQGH�\HU�DODQ�HWNLQOHUH�LVH�KLo�\HU�YHULOPHPLúWLU� 

 Sonuç olarak ortaokul sosyal bilgiler dersinde sorXPOXOXN�GD\DQÕúPD�HVWHWLN�ELOLPVHOOLN�N�OW�UHO� PLUDVD�
GX\DUOÕOÕN�KDN� YH� |]J�UO�NOHUH� VD\JÕ� � GH÷HUOHULQH� L\L� úHNLOGH� \HU� YHULOLUNHQ�� \DUGÕPODúPD�oDOÕúNDQOÕN�GR÷DO� oHYUH\H�
GX\DUOÕN�YDWDQVHYHUOLN�G�U�VWO�N�DGLO�ROPD�ED\UD÷D�YH�øVWLNODO�0DUúÕ¶QD�VD\JÕ�YH�EDUÕú GH÷HUOHULQH�\HWHULQFH�\HU�YHULOGL÷L�
V|\OHQHPH]�<D\ÕQ�HYL�DoÕVÕQGDQ�GH÷HU�YH�GH÷HU�H÷LWLPLQH�LOLúNLQ�ELOJLOHUH�KHU�VÕQÕI�G�]H\LQGH�\HU�YHUPHVL�YH�GH÷HUOHULQ�
LúOHQPHVL�DoÕVÕQGDQ�0HE�\D\ÕQODUÕQÕQ�GDKD�HWNLOL�ROGX÷X�V|\OHQHELOLU�� 
gQHULOHU�
9 %LU��ONHQLQ�JHOHFH÷L�RODQ�JHQo�QHVLOOHULQ�\HWLúWLULOPHVLQGH�|÷UHWLPGHQ�]L\DGH�H÷LWLPH�|]HOOLNOH�GH�GH÷HU�H÷LWLPLQH�

|QHP�YHULOPHVL� L\L�ELU�JHOLúPH�RODUDN�GH÷HUOHQGLULOHELOLU�6RV\DO�%LOJLOHU�SURJUDPÕQGD�VDGHFH�EX�GH÷HUOHULQ� LVPLQL�
\D]PDN�\HWHUOL�GH÷LOGLU��%X�VHEHSOH�SURJUDPGD�\HU�YHULOHQ�EX�GH÷HUOHU��\HQLGHQ�J|]GHQ�JHoLULOHUHN�HNVLN�YH�\HWHUVL]�
RODUDN�DNWDUÕODQ�GH÷HUOHUH�GDKD�ID]OD�\HU�YHULOHELOLU� 

9 0HE�YH�|]HO�\D\ÕQ�HYL�EDVNÕOÕ��NLWDSODUGD�GH÷HUOHUOH�LOJLOL�HWNLQOLN�W�UOHUL�oHúLWOHQGLULOHELOLU��� 
�

7HúHNN�U�
%X�oDOÕúPD�Ahi Evran Üniversitesi  %LOLPVHO�$UDúWÕUPD�3URMHOHUL�.RPLV\RQX�WDUDIÕQGDQ�GHVWHNOHQPLúWLU��3URMH�QR��PYO-
EGF.4001.12.029)�
�
�
�
�
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g5*h7�.h/7h5h1h1�'(öøùø0ø1'(�<g1(7ø&ø/(5ø1�52/h�
<UG�'Ro�'U��)LOL]�.DQWHN�
$NGHQL]�hQLYHUVLWHVL��

$QWDO\D�6D÷OÕN�<�NVHNRNXOX���
7�UNL\H�

INDQWHN#DNGHQL]�HGX�WU�
�

g]HW�� %X� oDOÕúPDGD�� NXUXPODU� LoLQ� |UJ�W� N�OW�U�Q�Q� |QHPL� DoÕNODQDUDN� N�OW�UHO� GH÷LúLPGH�
\|QHWLFLOHULQ� UROOHULQH�DoÕNOÕN�JHWLULOPHVL�DPDoODQPÕúWÕU��gUJ�W�N�OW�U��|UJ�WWH� LúOHULQ�\DSÕOÕú� WDU]ODUÕ�
LOH�LOJLOL�ROGX÷XQGDQ�|UJ�WWH�X\JXODPD\D�NRQXODFDN�KHUKDQJL�ELU�GH÷LúLP�SODQÕ�LúOHULQ�\DSÕOÕú�WDU]ÕQÕ�
HWNLOH\HFH÷LQGHQ��oDOÕúDQODUÕQ�|UJ�W�N�OW�U��ED÷ODPÕQGDNL�WHPHO�GH÷HU�YH�LQDQoODUÕQÕ�GD�HWNLOH\HFHNWLU��
%X� QHGHQOH�� |UJ�WWHNL� GH÷LúLP� X\JXODPDODUÕ� D\QÕ� ]DPDQGD� N�OW�UHO� ELU� GH÷LúLP� SODQODPDVÕQÕ� GD�
JHUHNWLUPHNWHGLU�� <|QHWLFLOHU� N�OW�UHO� GH÷LúLPL� WDVDUODPDGDQ� |QFH� ³N�OW�UHO� GH÷LúLPH� QHGHQ� LKWL\Do�
GX\XOPDNWDGÕU"�³� YH�³\HQL�N�OW�U�Q�úHNOL�QH�RODFDNWÕU"´� VRUXODUÕQÕQ�FHYDSODQGÕUPDVÕ�JHUHNPHNWHGLU��
$\UÕFD�� EDúDUÕOÕ� ELU� N�OW�UHO� GH÷LúLP� LoLQ� \|QHWLFLOHULQ� N�OW�UHO� GH÷LúLPLQ� \|QHWLPL\OH� X÷UDúPD\D�
LVWHNOL� ROPDODUÕ� YH� N�OW�UHO� GH÷LúLPLQLQ� NROD\� ELU� V�UHo� ROPDGÕ÷ÕQÕQ� IDNDW� GH÷LúWLULOHELOHFH÷LQLQ�
ELOLQFLQGH� ROPDOÕGÕU�� 6RQXo� RODUDN�� \|QHWLFLOHULQ�� NXUXPODUÕQGDNL� GH÷LúLP� SROLWLNDVÕQÕ� oRN� L\L�
EHOLUOHPHVL��NXUXP�LoL�YH�NXUXP�GÕúÕ�NDUúÕODúDELOHFHNOHUL�N�OW�UHO��VRV\DO��HNRQRPLN�HQJHOOHUL�|QFHGHQ�
NHVWLUHELOPHVL� YH� JHUHNOL� |QOHPOHUL� DODELOPHVL�� NXUXPVDO� HWNLOLOLN� YH� EDúDUÕ� LoLQ� E�\�N� |QHP�
WDúÕPDNWDGÕU���
�
$QDKWDU�NHOLPHOHU��'H÷LúLP��|UJ�W�N�OW�U���N�OW�UHO�GH÷LúLP��\|QHWLFL���

�

*LULú�
�
� 6RQ�\LUPL�\ÕOGD��|UJ�W�N�OW�U�Q�Q�|UJ�WVHO�HWNLOLOLN�YH�EDúDUÕ�LoLQ�|QHPLQLQ�DQODúÕOPDVÕ�|UJ�WOHULQ�EX�NRQX\D�RODQ�
LOJLVLQLQ� DUWPDVÕQD� QHGHQ� ROPXúWXU� �0DUFRXOLGHV� YH� DUN��� ������ 6D\ÕODU�� ������� gUJ�W� N�OW�U�� NDYUDPÕQÕQ��
RUJDQL]DV\RQODUÕ� DQODPDN�� |]HOOLNOH�GH�|UJ�WVHO� SHUIRUPDQVÕ� YH�|UJ�WVHO� GDYUDQÕúÕ� DoÕNODPDN� NRQXVXQGD�ELUoRN� IDUNOÕ�
o|]�POHPH\H� WHPHO� ROXúWXUGX÷X� J|U�OPHNWHGLU� �6D\ÕODU�� �������gUJ�W� N�OW�U�� NRQXVXQGD� \�U�W�OHQ� oDOÕúPDODU� |UJ�W�
N�OW�U�� LOH� Lú� GR\XPX�� LúWH� NDOPD� QL\HWL�� SHUVRQHO� GHYLU� KÕ]Õ�� |UJ�WVHO� ED÷OÕOÕN� YH� |UJ�WVHO� HWNLOLOLN� DUDVÕQGD� LOLúNL�
ROGX÷XQX� J|VWHUPHNWHGLU� �6LNRUVND�VLPPRQV�� ������:D\� YH� DUN�� ������7]HQJ� YH� DUN�� �������%XQXQOD� ELUOLNWH�� |UJ�W�
N�OW�U�Q�Q�|UJ�W��]HULQGHNL�HWNLVLQLQ�YH�N�OW�UHO�GH÷LúLP�V�UHFLQLQ�\HWHULQFH�DQODúÕODPDPDVÕQÕQ�|UJ�WVHO�GH÷LúLPOHUGH�
EDúDUÕVÕ]OÕ÷D�QHGHQ�ROGX÷X�VÕN�VÕN�LIDGH�HGLOPHNWHGLU��6WRWOHU����������
� gUJ�W� N�OW�U�� |UJ�WWH� LúOHULQ� \DSÕOÕú� WDU]ODUÕ� LOH� LOJLOL� ROGX÷XQGDQ� |UJ�WWH� X\JXODPD\D� NRQXODFDN� KHUKDQJL� ELU�
GH÷LúLP�SODQÕ�LúOHULQ�\DSÕOÕú�WDU]ÕQÕ�HWNLOH\HFH÷LQGHQ��oDOÕúDQODUÕQ�|UJ�W�N�OW�U��ED÷ODPÕQGDNL�WHPHO�GH÷HU�YH�LQDQoODUÕQÕ�
GD� HWNLOH\HFHNWLU�� %X� QHGHQOH�� |UJ�WWHNL� GH÷LúLP� X\JXODPDODUÕ� D\QÕ� ]DPDQGD� N�OW�UHO� GH÷LúLP� SODQODPDVÕGD�
JHUHNWLUPHNWHGLU� �7HU]L�� ������ .DUVOÕ�� ������ 3ÕQDU�� ������� gUJ�W� N�OW�U�� GH÷LúLPLQGH� \|QHWLFLOHU� NLOLW� UROH� VDKLS�
NLúLOHUGLU�� 2QODUÕQ� N�OW�UHO� GH÷HU� VLVWHPOHUL� YH� NLúLOLN� |]HOOLNOHUL� NXUXPODUGD� |UJ�WOHQPH� ELoLPLQL� HWNLOH\HQ� EDúOÕFD�
HWPHQOHUGHQ�ELULGLU��gUQH÷LQ�\|QHWLFL��LQVDQODUD�J�YHQPH\HQ�YH�RWRNUDWLN�ELU�NLúLOL÷H�VDKLS�LVH��SHUVRQHOH�\HWNL�GD÷ÕWPD�
NRQXVXQGD�KDVLV�GDYUDQDFDN�YH�E|\OHFH�PHUNH]L�RWRNUDWLN�ELU�|UJ�W�ELoLPL�RUWD\D�oÕNDFDNWÕU� �g]W�UN���������%XQXQOD�
ELUOLNWH��|UJ�W�N�OW�U��\|QHWLFLOHU�LoLQ�VHoLOHQ�VWUDWHMLQLQ�\�U�W�OPHVLQL�NROD\ODúWÕUDQ�\D�GD�]RUODúWÕUDQ�ELU�HWNL\H�VDKLSWLU�
�(UHQ��������3ÕQDU���������
� gUJ�WOHUGHNL� GH÷LúLPOHULQ� |UJ�WH� NDWNÕ� VD÷OD\DFDN� úHNLOGH� \|QOHQGLULOPHVL� YH� NRQWURO� HGLOHELOPHVL� |UJ�W�
\|QHWLFLVLQLQ�ELOJL� YH�EHFHULVL� |Oo�V�QGH�P�PN�Q�RODELOPHNWHGLU� �$UJRQ��g]oHOLN�� �������%X� QRNWDGDQ� KDUHNHWOH�� EX�
oDOÕúPDGD�� NXUXPODU� LoLQ� |UJ�W� N�OW�U�Q�Q� |QHPL� DoÕNODQDUDN�� N�OW�UHO� GH÷LúLPGH� \|QHWLFLOHULQ� UROOHULQH� DoÕNOÕN�
JHWLULOPHVL�DPDoODQPÕúWÕU���
�
gUJ�W�N�OW�U���
� gUJ�W�N�OW�U���ELU� Lú\HULQGH�ROXúDQ�N�OW�U�oHúLWLGLU��&URZ��+DUWPDQ���������gUJ�W�N�OW�U��JHQHO�N�OW�UH�J|UH�ELU�
DOW�N�OW�U�RODUDN�G�ú�Q�OHELOHFH÷L�JLEL��LúOHWPH�LoLQGHNL�oHúLWOL�JUXSODUÕQ�N�OW�UOHULQH�J|UH�GH�ELU�JHQHO�N�OW�U�RODUDN�GD�
J|U�OHELOLU�� $QFDN� JHQHO� N�OW�U�� DOW� N�OW�UOHULQ� ELU� WRSODPÕ� ROPDGÕ÷Õ� JLEL�� |UJ�W� N�OW�U�� GH� ELU� |UJ�WWHNL� GH÷LúLN�
N�OW�UOHULQ�ELU�WRSODPÕ�GH÷LOGLU��.|VH��hQDO��������6DEXQFXR÷OX��7�]��������

gUJ�W� N�OW�U��� |UJ�WVHO� GDYUDQÕúD� EDNPDQÕQ� YH� KDNNÕQGD� G�ú�QPHQLQ� ELU� \ROX� YH� |UJ�WWH� QH� ROGX÷XQX�
DQODPDQÕQ�ELU�SHUVSHNWLILGLU� �.DUVOÕ���������6FKHLQ¶�H�J|UH�|UJ�W�N�OW�U��� �ELU�JUXEXQ�NHQGL� LoLQGH�E�W�QOHúPH�YH�GÕú�
oHYUH\H�X\XP�VRUXQODUÕQÕ�o|]HUNHQ�\DUDWWÕ÷Õ�YH�JHOLúWLUGL÷L��\HQL��\HOHULQH�DOJÕODPD��G�ú�QPH�YH�KLVVHWPH�\ROX�RODUDN�
DNWDUGÕ÷Õ� YDUVD\ÕPODU� YH� LQDQoODU� E�W�Q�G�U� �6FKHLQ� ������� .LOOPDQQ� YH� GL÷HUOHUL� GH�� |UJ�W� N�OW�U�Q��� ³ELU� JUXEX�
ELUELULQH� ED÷OD\DQ� YH� JUXSoD� SD\ODúÕODQ� QRUPODU�� WXWXPODU�� EHNOHQWLOHU�� LQDQoODU�� VD\ÕWOÕODU�� GH÷HUOHU�� LGHRORMLOHU� YH�
IHOVHIHOHU´� ELoLPLQGH� WDQÕPOD\DUDN�� N�OW�U��� KHUKDQJL� ELU� |UJ�WWH� J|]OHPOHQHQ�� HOOH� WXWXODELOHQ� W�P� GXUXPODUÕQ�
DUNDVÕQGDNL� JL]OL� J�o� YH� |UJ�WWH� \DSÕODQ� LúOHUGH� WHPHO� |Oo�W� RODUDN� J|UPHNWHGLU� �.LOOPDQ�� 6D[WRQ�� 6HUSD�� ������� %LU�
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|UJ�W�Q� PHYFXW� N�OW�U��� |UJ�W�Q� JHoPLúWHNL� YH� EXJ�QN�� \|QHWVHO� SODQODPD�� |UJ�WOHPH�� \|QHOWPH� YH� NRQWURO� HWPH�
DNWLYLWHOHULQL� \DQVÕWÕU�� %XQXQOD� ELUOLNWH�� |UJ�W� N�OW�U�� ]DPDQ� LoHULVLQGH� GÕú� oHYUHGH�PH\GDQD� JHOHQ� GH÷LúLPOHUGHQ� GH�
HWNLOHQHQ�GLQDPLN�ELU�V�UHoWLU��*UHHQEHUJ��������6DEXQFXR÷OX��7�]����������
� +HU�|UJ�W�Q�YH�oDOÕúDQODUÕQ�NHQGLQH�|]J�� WXWXP��GH÷HU�YH�GDYUDQÕúODUÕ�EXOXQPDNWDGÕU�YH� W�P�EX�|]HOOLNOHULQ�
WRSODPÕ� |UJ�W� N�OW�U�Q�� ROXúWXUPDNWDGÕU� �&URZ�� +DUWPDQ� ������� gUJ�W�Q� LoLQGH� EXOXQGX÷X� VHNW|U�Q� EHOLUJLQ�
|]HOOLNOHULQGHQ� RODQ�� �U�Q��� P�úWHULOHUL�� E�\�NO�÷�� YH� \HUOHúLP� \HUL�� UHNDEHW� NRúXOODUÕ�� ILQDQV� YH� LQVDQ� ND\QDNODUÕ��
ELoLPVHO� |UJ�W� \DSÕVÕ�� \|QHWLP� VLVWHPOHUL�� ELOJL� VLVWHPOHUL�� NDUDU� YHUPH� ELoLPOHUL�� KDEHUOHúPH� VLVWHPOHUL�� IRQNVL\RQHO�
SROLWLNDODU��DKODNVDO�IDNW|UOHU�YE��|]HOOLNOHU�ROXS��N�OW�U�Q�ROXúPDVÕ�LoLQ�JHUHNOL�RODQ��LQDQoODU��GH÷HUOHU�YH�YDUVD\ÕPODU�
E�W�Q�Q��ROXúWXUPDNWDGÕU��*UHHQEHUJ��������ùLPúHN��$NJHPFL���������

gUJ�W� N�OW�U�Q�Q� LQFHOHQPHVL�� NXUXPVDO� \DSÕQÕQ�LúOH\LúLQ� WHPHOOHULQL� DQODPD�� GH÷LúLP� JHUHNVLQLPLQL�
EHOLUOHPH�� NXUXPVDO� SUREOHPOHULQ� o|]�P��� SHUVRQHO� JHOLúLPLQLQ� YH� GR\XPXQXQ� VD÷ODQPDVÕ� JLEL� ELUoRN� DoÕGDQ�
\DUDUODU� VD÷ODU� �ùLúPDQ�� ������ 7HU]L�� ������� gUJ�W� N�OW�U�Q�Q� LQFHOHQPHVLQGH�� NXOODQÕODFDN� N�OW�UHO� |÷HOHU� YH�
DUDúWÕUPD� \|QWHPOHUL� NRQXVXQGD� DUDúWÕUPDFÕODU� DUDVÕQGD� WDP�ELU� J|U�ú� ELUOL÷L� EXOXQPDPDNWDGÕU��%D]Õ� DUDúWÕUPDFÕODU��
N�OW�U�Q� |]�Q�� WHPHO� VD\ÕOWÕODUÕQ� �YDUVD\ÕPODU�� ROXúWXUGX÷XQX�� ED]ÕODUÕ� LVH� GH÷HUOHULQ� ROXúWXUGX÷XQX� LOHUL� V�UHUHN�
GH÷HUOHULQ� DoÕNODQPDVÕ� LOH� |UJ�W� N�OW�U�Q�Q� GH� DoÕNODQPÕú� RODFD÷ÕQÕ� EHOLUWPHNWHGLUOHU��%LU� JUXS� DUDúWÕUPDFÕ� LVH�� |UJ�W�
N�OW�U�Q�Q� WHPHOLQL�QRUPODUÕQ�ROXúWXUGX÷XQX� LOHUL� V�UPHNWHGLU� �ùLúPDQ��������7HU]L���������6FKHLQ��|UJ�W�N�OW�U�Q�Q�
WHPHOLQL�� WHPHO� VD\ÕOWÕODUÕQ� �LQDQoODUÕQ�� ROXúWXUGX÷XQX�� N�OW�U�Q� DQFDN� V|]� NRQXVX� VD\ÕOWÕODUÕQ� DoÕNODQPDVÕ� LOH�
DQODúÕODELOHFH÷LQL�� GH÷HUOHULQ� YH� VHPEROOHULQ� LVH�� EX� N�OW�U�Q� \�]H\VHO� NÕVPÕQÕ� ROXúWXUGX÷XQX� EHOLUWHUHN�� ELU� |UJ�W�
N�OW�U��|÷HOHUL�PRGHOLQL�JHOLúWLUPLúWLU� �6FKHLQ��������6FKHLQ�EX�PRGHOGH�� WHPHO� VD\ÕOWÕODUÕ��|UJ�W��\HOHULQLQ�oHYUH� LOH�
LOLúNLOHUL�� JHUoHN�� ]DPDQ�� PHNDQ�� LQVDQ�� LQVDQ� H\OHPOHUL� YH� LQVDQ� LOLúNLOHULQLQ� GR÷DVÕ� NRQXODUÕQGD� SD\ODúWÕNODUÕ� WHPHO�
LQDQoODU�� WHPHO� GH÷HUOHUL�� |UJ�W� �\HOHULQLQ� ROD\�� GXUXP�YH� GDYUDQÕúODUÕ� GH÷HUOHQGLUPH� YH� \DUJÕODPDGD� EHQLPVHGLNOHUL�
|Oo�WOHU��DUWLIDNWODUÕ� LVH��N�OW�U�Q�J|]OH�J|U�OHQ�\|Q��ROXS� WHNQRORML���\HOHUFH�JHUoHNOHúWLULOHQ�VDQDW�PLWOHU��VHPEROOHU��
KLND\HOHU��HIVDQHOHU��J|U�OHQ�YH�LúLWLOHQ�GDYUDQÕú�|U�QW�OHUL�RODUDN�WDQÕPODQPDNWDGÕU��(UGHP��������ùLúPDQ���������

gUJ�W�N�OW�U�Q�Q�LQFHOHQPHVLQGH�NXOODQÕODFDN�DUDúWÕUPD�\|QWHPL�NRQXVXQGD�ED]Õ�DUDúWÕUPDFÕODU��N�OW�U�Q�VDGHFH�
NDOLWDWLI� \|QWHPOHU� NXOODQÕODUDN� DUDúWÕUÕODELOHFH÷LQL�� ED]ÕODUÕ� GD� NDQWLWDWLI� \|QWHPOHUOH� GDKD� REMHNWLI� GH÷HUOHQGLUPH�
\DSÕODELOHFH÷LQL�VDYXQPDNWDGÕUODU��%XQXQOD�ELUOLNWH��ELU�JUXS�DUDúWÕUPDFÕ�GD�KHP�NDOLWDWLI�KHPGH�NDQWLWDWLI�\|QWHPOHULQ�
ELUOLNWH� NXOODQÕOPDVÕ� JHUHNWL÷LQL� EHOLUWPHNWHGLU� �+RIVWHGH� YH� DUN��� ������ +RQ�� ������ /RFDWHOOL�� :HVW�� ������� .�OW�U�
DQDOL]LQGH� DQNHW�� NDWÕOÕPFÕ� J|]OHP�� \DSÕODQGÕUÕOPÕú� J|U�úPH�� GHULQOHPHVLQH� J|U�úPH�� JUXS� WDUWÕúPDODUÕ�� GRN�PDQ�
DQDOL]L��LúOHWPH�]L\DUHWOHUL�JLEL�\|QWHPOHU�NXOODQÕOPDNWDGÕU��$QJHOLGHV��$LQVFRZ�������+DULV�������+RIVWHGH���������
�
gUJ�W�.�OW�U��'H÷LúLPL�
� gUJ�WOHULQ� \DúDPODUÕ� YH� UHNDEHW� DYDQWDMÕ� VD÷ODPDODUÕ�� RQODUÕQ� VWUDWHML�� \DSÕ� YH� V�UHoOHULQLQ� LoLQGH� EXOXQGXNODUÕ�
oHYUH\H� X\XPODUÕ� LOH� P�PN�QG�U� �$ZDO� YH� DUN�� ������� %X� QHGHQOH�� |UJ�WOHU� DPDoODUÕQÕ� oHYUHQLQ� LVWHNOHULQH� J|UH�
\HQLGHQ�G�]HQOHPHN�\D�GD�GH÷LúWLUPHN�GXUXPXQGDGÕUODU���$UJRQ��g]oHOLN���������'H÷LúLPH�X\XP�VD÷ODPDQÕQ�J�QO�N�
UXWLQLQ�ELU�SDUoDVÕ�ROGX÷X�ELU�oHYUH�LoLQGH�EXOXQDQ�|UJ�WOHULQ�NDUúÕ�NDUúÕ\D�NDOGÕNODUÕ�GH÷LúLPOHUGHQ�PXKWHPHOHQ�HQ�]RU��
HQ�ULVNOL�YH�HQ�UDKDWVÕ]�HGLFL�RODQÕ�|UJ�W�N�OW�U�QGHNL�GH÷LúLPGLU� �%UXEDNN��:LONLQVRQ���������%LU�N�OW�UGH�GH÷LúLPLQ�
JHQHO�RODUDN�DQODPÕ�|UJ�W�Q�GH÷HUOHUL��LQDQoODUÕ�YH�LúOHUL�\DSPDQÕQ�DOÕúÕOPÕú�\ROODUÕQGDQ�ED]ÕODUÕQÕQ�GH÷LúPHVLGLU��$ZDO�
YH�DUN����������
� gUJ�W�Q�GÕú� oHYUHVLQGH�PH\GDQD�JHOHQ� N�OW�UHO�� WHNQRORMLN�� ELOLPVHO� YH� HNRQRPLN�GH÷LúLPOHU� LOH� ELUOLNWH�� |UJ�W�
NXUXFXODUÕQÕQ� DPDoODUÕQGD� J|U�OHQ� GH÷LúLPOHU�� |UJ�W� �\HOHULQLQ� GH÷HU� YH� DPDoODUÕQGD� ROXúDQ� GH÷LúLPOHU�� |UJ�W�
EDúDUÕVÕQGDNL� \HWHUVL]OLN�� EHQ]HU� |UJ�WOHUGH� GH÷LúLP� SURJUDPODUÕQÕQ� EDúODPDVÕ�� |UJ�W� LoL� JHOLúWLULOHQ� WHNQRORMLN�
LOHUOHPHOHU�� OLGHU� GH÷LúLPL�� |UJ�W�Q� \DúDP� H÷ULVLQGHNL� �GR÷Xú�� E�\�PH�� ROJXQOXN�� o|N�ú�� G|QHP� YH� GXUXPODUÕQGDNL�
GH÷LúLPOHU�N�OW�U��\DUDWDQ�YDUVD\ÕPODUÕQ�]DPDQ�LoLQGH�GH÷LúPHVLQH�QHGHQ�RODELOPHNWHGLU��.RoHO��������.LOPDQQ¶D�J|UH�
|UJ�W� N�OW�U��� |UJ�W�Q� WHPHO� DPDoODUÕQÕ� GHVWHNOHU� QLWHOLNWH� GH÷LOVH�� |UJ�W�Q� EDúDUÕVÕQÕ� LWLFL� ELU� J�o� RODUDN� KDUHNHWH�
JHoLUHPL\RUVD�� |UJ�WWHNL� oÕNDU� JUXSODUÕQÕQ� |UJ�W� oÕNDUODUÕ� LOH� |UW�úPHVLQL� YH� |UJ�WWHNL� GL÷HU� oÕNDU� JUXSODUÕ� DUDVÕQGDNL�
X\XPX�VD÷OD\DPÕ\RUVD��oDOÕúDQODUD�|UJ�W�Q�NDUPDúÕN�VRUXQODUÕQÕ�HOH�DOPD\D�YH�o|]�P��UHWPH\H�\|QOHQGLULFL�NDWÕOÕPFÕ�
ELU�RUWDP�ROXúWXUPX\RUVD��|UJ�W�N�OW�U�Q�Q�GH÷LúLPL�NDoÕQÕOPD]�KDOH�JHOLU��3RODW���������$QDKWDU�NRQXPGDNL�oDOÕúDQODUÕ�
GH÷LúWLUPHN�� oDOÕúDQODUÕQ� \HUOHULQL�� WXWXP� YH� LQDQoODUÕQÕ� YH� GDYUDQÕúODUÕQÕ� GH÷LúWLUPHN�� |UJ�WVHO� VHPERO�� \DSÕ� YH�
VLVWHPOHUL�GH÷LúWLUPHN��|UJ�W�LoLQGHNL�WHNQRORML\L�GH÷LúWLUPHN�\ROX\OD�|UJ�W�N�OW�U�QGH�GH÷LúLP�\DUDWPDN�P�PN�QG�U�
�:LOOLDPV�YH�DUN����������
� .�OW�UHO� GH÷LúLPGH� |UJ�WVHO� GH÷LúLPGH� ROGX÷X� JLEL�� GH÷LúLPLQ� SODQOÕ� ROXS� ROPDPDVÕQD� J|UH� SODQOÕ� YH� SODQVÕ]�
GH÷LúLP��PHYFXW�VRUXQODUD�\|QHOLN�ROXS�ROPDPDVÕQD�J|UH�UHDNWLI�YH�SURDNWLI�GH÷LúLP��NDSVDPÕQD�J|UH�PDNUR�YH�PLNUR�
GH÷LúLP�� ]DPDQD� ED÷OÕ� RODUDN� ELUGHQELUH� YH� oRN� NÕVD� V�UHOL� GH÷LúLP�� NÕVD� V�UHOL� GH÷LúLP� YH� X]XQ� V�UHOL� GH÷LúLPGHQ�
EDKVHWPHN�P�PN�QG�U� �NRoHO�� ������3RODW�� �������gUJ�W� N�OW�U��GH÷LúLP� V�UHFLQGH�PHYFXW� \DSÕQÕQ� DQDOL]L�� GH÷LúLP�
KHGHI� YH� VWUDWHMLOHULQLQ� KD]ÕUODQPDVÕ�� GH÷LúLP� SODQÕQÕQ� X\JXODQPDVÕ�� VRQXoODUÕQ� L]OHQPHVL� YH� GH÷HUOHQGLULOPHVL�
DGÕPODUÕQÕ� LoHUPHNWHGLU� �3RODW�� ������ 7HU]L�� ������ $ZDO� YH� DUN�� ������� *HOHQHNVHO� RODUDN�� |UJ�W� N�OW�U�Q�Q�
GH÷LúLPLQGH�� |QFHOLNOH� |UJ�W� IHOVHIHVLQGHQ� EDúODQÕU�� DUGÕQGDQ� RQD� X\JXQ� |UJ�W� \DSÕVÕ� ROXúWXUXOXU�� oDOÕúDQODUÕQ�
LQDQoODUÕQGD� YH� GH÷HUOHULQGH� GH÷LúLP� JHUoHNOHúWLULOLU� YH� VRQ� RODUDN� IHOVHIH\H� X\JXQ� JHOHFHN� GDYUDQÕúODUÕQ� X\XPXQXQ�
VD÷ODQPDVÕQD�oDOÕúÕOÕU��3RODW��������
� %LU�|UJ�WWH�GUDPDWLN�NUL]LQ�\DúDQPDVÕ��OLGHU��\|QHWLFL�GH÷LúLNOL÷LQLQ�ROPDVÕ��|UJ�W�Q�]D\ÕI�N�OW�UH�VDKLS�ROPDVÕ�YH�
|UJ�W�Q�JHQo�YH�N�o�N�ROPDVÕ�|UJ�WVHO�GH÷LúLPL�NROD\ODúDELOPHNWH��5REELQV��������LNHQ��|UJ�W�Q�J�oO��N�OW�UH�VDKLS�
ROPDVÕ�� |UJ�WWH� ELUGHQ� oRN� N�OW�U�Q� YDU� ROPDVÕ�� N�OW�U� GH÷LúLPLQLQ� DU]X� HGLOGL÷L� NDWPDQÕQ� GHULQ� ROPDVÕ� GXUXPXQGD��
N�OW�U�GH÷LúLP�V�UHFL�]RU�YH�]DPDQ�DOÕFÕ�RODELOPHNWHGLU��3RODW��������7HU]L���������
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.�OW�UHO�'H÷LúLPGH�<|QHWLFLQLQ�5RO��

gUJ�W�N�OW�U���ELU�RUJDQL]DV\RQGD�\HU�DODQ�ELUH\OHULQ� LOHWLúLP�YH�HWNLOHúLPL� LOH�ROXúPDNWD�YH�úHNLOOHQPHNWHGLU�
�*UHHQEHUJ��������ùLúPDQ���������%X�V�UHFH�ELUoRN�IDNW|U�HWNL�HWPHNOH�ELUOLNWH��|UJ�WVHO�\|QHWVHO�X\JXODPD�YH�NDUDUODU��
\|QHWLFLOHULQ�ELU�WDNÕP�NRQXODUGD�EHQLPVHGLNOHUL�WHPHO�GH÷HU�YH�LQDQoODU��]HULQH�NXUXOGX÷XQGDQ�\|QHWLFLOHULQ�UROX�GDKD�
EDVNÕQGÕU�� g]HOOLNOH� NXUXFXODUÕQ� EDúODQJÕo� G|QHPOHULQGH� LúH� DOGÕ÷Õ� \|QHWLFLOHU�� |UJ�W� N�OW�U�Q�Q� ROXúPDVÕ� YH�
úHNLOOHQPHVLQGH�|QHPOL�ELU� HWNL\H� VDKLSWLU� �(UNPHQ��2UGXQ��������gU�F���$\KDQ���������<|QHWLFLOHU��|UJ�WH�SHUVRQHO�
VHoHUNHQ�� ED]Õ� N�OW�UHO� |Oo�WOHUL� J|]� |Q�QGH� EXOXQGXUDELOPHNWH�� |UJ�WVHO� VRV\DOOHúPH\L� JHUoHNOHúWLUPHN� DPDFÕ\OD�
G�]HQOHQHFHN�H÷LWLP�HWNLQOLNOHULQGH�EHQLPVHQHQ�GH÷HUOHUL�YXUJXOD\ÕS�J�oOHQGLUHELOPHNWHGLU��<|QHWLFLQLQ�\HQLOLN�YH�ULVN�
\DQOÕVÕ� ROXS�ROPDPDVÕ�� \HQL� J|U�ú� YH� |QHULOHUL� GHVWHNOH\LS�GHVWHNOHPHPHVL�� |G�O�FH]D� X\JXODPDODUÕ�� NUL]� DQÕQGDNL�
WDYÕUODUÕ� YE�� HWNHQOHU�� |UJ�W� N�OW�U�Q�Q� ROXúXPX� YH� ELoLPLQL� HWNLOHPHNWHGLU� �(UGHP�� øúEDúÕ�� ������ +RIVWHGH� YH� DUN���
�������
� gUJ�WOHUGH� EDúWD� WHSH� \|QHWLFLOHU� ROPDN� �]HUH�� KHU� NDGHPHGHNL� \|QHWLFLOHULQ� |QHPOL� J|UHYOHULQGHQ� ELUL� |UJ�W�
N�OW�U�Q�� \|QHWPHNWLU� �7HU]L�� ������ g]W�UN�� ������� .�OW�UHO� GH÷LúLPLQ� \|QHWLPL\OH� X÷UDúPDN� LoLQ�
\|QHWLFLOHULQ�OLGHUOHULQ� LVWHNOL� ROPDODUÕ�� oDWÕúPDODUÕ� \|QHWHELOPHOHUL� YH� RUWD\D� oÕNDFDN� VRQXoODUGDQ� WDUDIODUÕQ�PHPQXQ�
ROPD\DFDNODUÕQÕ��ED]Õ�GH÷HUOL�oDOÕúDQODUÕQ�LúWHQ�D\UÕODELOHFHNOHULQL�ED]ÕODUÕQÕQ�LVH�WHúYLN�HGLOHELOHFH÷LQL�ELOPHOHUL�JHUHNLU�
�'\HU���������%XQXQOD�ELUOLNWH��\|QHWLFLOHU�N�OW�UHO�GH÷LúLPLQ�EDúDUÕVÕQÕQ�EXOXQGXNODUÕ�|UJ�W�Q�N�OW�UHO�|]HOOLNOHULQL�L\L�
ELOPHVLQH� YH� VDKLS� ROGXNODUÕ� ELOJL� YH� EHFHUL\H� ED÷OÕ� RODUDN� P�PN�Q� RODELOGL÷LQLQ� IDUNÕQGD� ROPDOÕGÕU�� $\UÕFD�� N�OW�U�
GH÷LúLPLQGH�J�oO��OLGHUOL÷H�LKWL\Do�ROGX÷X��EX�OLGHUOLN�ROPDNVÕ]ÕQ�GH÷LúLP�V�UHFLQLQ�VRQ�GHUHFH�]RU�RODFD÷Õ�ELOLQPHOLGLU�
�%UXEDNN��:LONLQVRQ��������$UJRQ��g]oHOLN��������g]W�UN��������
� %DúDUÕOÕ� ELU� N�OW�UHO� GH÷LúLP� LoLQ� N�OW�UHO� GH÷LúLPL� WDVDUODPDGDQ� |QFH� ³N�OW�UHO� GH÷LúLPH� QHGHQ� LKWL\Do�
GX\XOPDNWDGÕU"� ³�� ³\HQL� N�OW�U�Q� úHNOL� QH� RODFDNWÕU"´� YH� ³GH÷LúLP� VWUDWHMLOHUL� NLPLQ� WDUDIÕQGDQ� YH� QDVÕO� NRQWURO�
HGLOHFHNWLU"´� VRUXODUÕ� \|QHWLFLOHU� WDUDIÕQGDQ� FHYDSODQGÕUÕOPDOÕGÕU� �%UXEDNN�� :LONLQVRQ�� ������ 7HU]L� ������� .�OW�UHO�
GH÷LúLP� LKWL\DFÕQÕ� LIDGH� HGHELOPHN� LoLQ� N�OW�UHO� |Oo�POHULQ� NXOODQÕOPDVÕ�� PHYFXW� YH� DU]XODQDQ� GXUXPXQ�
GH÷HUOHQGLULOPHVLQH�NDWNÕ� VD÷OD\DFDNWÕU� �$ZDO�YH�DUN����������'H÷LúLP�V�UHFLQGH�\|QHWLFLOHULQ�GDYUDQÕúODUÕ� LOH�ROXPOX�
URO� PRGHOOHUL� ROPDVÕ�� \HQL� VHPEROOHU� YH� KLND\HOHU� \DUDWPDVÕ�� HVNL� ULW�HOOHU� \HULQH� EDúND� ULW�HOOHUL� \HUOHúWLUPHVL��
VRV\DOL]DV\RQ� V�UHFLQL� GH÷LúWLUHUHN� \HQL� GH÷HUOHUH� \HU� YHUPHVL�� \HQL� GH÷HUOHULQ� NDEXO�Q�� NROD\ODúWÕUPDN� LoLQ� |G�O�
VLVWHPOHULQL� GH÷LúWLUPHVL�� \D]ÕOÕ� ROPD\DQ� QRUPODU� \HULQH� \HQL� NXUDOODU� YH� \|QWHPOHU� JHOLúWLUPHVL� YH� J�oO�� ELU� úHNLOGH�
X\JXODPDVÕ� GH÷LúLPL� J�oOHQGLUHFHNWLU� �7HU]L� ������� $\UÕFD� oDOÕúDQODUÕQ� GH÷LúLPH� NDUúÕ� GLUHQoOHULQL� D]DOWPDN� YH�
NDWÕOÕPODUÕQÕ�DUWÕUPDN�LoLQ�ELOJL�YH�NRQVHQVXV�VD÷ODPD��ROXPOX�GDYUDQÕúODUÕ�J�oOHQGLUPH�YH�|Oo�POHUH�LOLúNLQ�PHVDMODUÕ�
NXOODQPD�VWUDWHMLOHULQLQ�NXOODQÕOPDVÕ�\DUDUOÕ�RODFDNWÕU��%UXEDNN��:LONLQVRQ��������
�
6RQXo�
� gUJ�W� N�OW�U�Q�Q� GH÷LúLPLQGH� \|QHWLFLOHU� NLOLW� UROH� VDKLS� NLúLOHUGLU�� <|QHWLFLOHULQ�� NXUXPODUÕQGDNL� GH÷LúLP�
SROLWLNDVÕQÕ� oRN� L\L� EHOLUOHPHVL�� NXUXP� LoL� YH� NXUXP� GÕúÕ� NDUúÕODúDELOHFHNOHUL� N�OW�UHO�� VRV\DO�� HNRQRPLN� HQJHOOHUL�
|QFHGHQ�NHVWLUHELOPHVL�YH�JHUHNOL�|QOHPOHUL�DODELOPHVL�NXUXPVDO�HWNLOLOLN�YH�EDúDUÕ�LoLQ�E�\�N�|QHP�WDúÕPDNWDGÕU���
�
.D\QDNODU��
�
�� $QJHOLGHV��3���$LQVFRZ��0����������0DNLQJ�6HQVH�RI� WKH�5ROH�RI�&XOWXUH� LQ�6FKRRO� ,PSURYHPHQW�+LJK�6FKRRO��

6FKRRO�(IIHFWLYHQHVV�DQG�6FKRRO�,PSURYHPHQW������������������
�� $UJRQ�� 7��� g]oHOLN�� 1�� �������� øON|JUHWLP� 2NXOX� <|QHWLFLOHULQLQ� 'H÷LúLPL� <|QHWPH� <HWHUOLNOHUL��0HKPHW� $NLI�

(UVR\�hQLYHUVLWHVL�(÷LWLP�)DN�OWHVL�GHUJLVL���������
�� $ZDO�� '��� .OLQJOHU�� -��� 5RQJLRQH�� 1��� 6WXPSI�� 6�$�� �������� ,VVXHV� LQ� 2UJDQL]DWLRQDO� &XOWXUH� &KDQJH�� $� &DVH�

6WXG\��-RXUQDO�RI�2UJDQL]DWLRQDO�&XOWXUH��&RPPXQLFDWLRQ�DQG�&RQIOLFW�����������������
�� %UXEDNN�� %�� :LONLQVRQ�� $�� �������� $JHQWV� RI� &KDQJH"�� %DQN� %UDQFK� 0DQDJHUV� DQG� 7KH� 0DQDJHPHQW� RI�

&RUSRUDWH�&XOWXUH�&KDQJH��,QWHUQDWLRQDO�-RXUQDO�RI�6HUYLFH�,QGXVWU\�0DQDJHPHQW���������������
�� &URZ��6�0���+DUWPDQ��6�-�� ��������2UJDQL]DWLRQDO�&XOWXUH�� ,WV� ,PSDFW� RQ�(PSOR\HH�5HODWLRQV� DQG�'LVFLSOLQH� LQ�

+HDOWK�&DUH�2UJDQL]DWLRQV��7KH�+HDOWK�&DUH�0DQDJHU����������������
�� '\HU��:�*����������7KH�&\FOH�RI�&XOWXUDO�(YROXWLRQ�LQ�2UJDQL]DWLRQ��6DQ�)UDQFLVFR��-RVVH\�%DVV�3XEOLVKHUV���
�� (UGHP��)����������øúOHWPH�.�OW�U���)ULHGULFK�1DXPDQ�9DNIÕ�YH�$NGHQL]�hQLYHUVLWHVL��$QNDUD��
�� (UGHP�� )��� øúEDúÕ�� -�g�� �������� (÷LWLP� .XUXPODUÕQGD� gUJ�W� .�OW�U�� YH� g÷UHQFL� $OW� .�OW�U�Q�Q� $OJÕODPDODUÕ��

$NGHQL]�hQLYHUVLWHVL�ø�ø�%�)��'HUJLVL�������������
�� (UHQ��(����������gUJ�WVHO�'DYUDQÕú�YH�<|QHWLP�3VLNRORMLVL�����%DVNÕ��øVWDQEXO��%HWD�%DVÕP�<D\ÕP�'D÷ÕWÕP�$�ù����
��� (UNPHQ��7���2UGXQ��*�� ��������gUJ�W�.�OW�U��7LSOHUL� YH�<|QHWLP�%LoLPOHUL�$UDVÕQGDNL� øOLúNLQLQ� øQFHOHQPHVLQH�

<|QHOLN�%LU�$UDúWÕUPD�����8OXVDO�<|QHWLP�YH�2UJDQL]DV\RQ�.RQJUHVL�%LOGLULOHUL����������
��� *UHHQEHUJ��-����������0DQDJLQJ�%HKDYLRXU�LQ�2UJDQL]DWLRQ��7KLUG�(GLWLRQ��1HZ�-HUVH\��3UHQWLFH�+DOO���
��� +DUULV� 3�7�� �������� 9RLFHV� ,QVLGH� D� +LJK� 6FKRRO�� :ULWWHQ� 3HUFHSWLRQV� RI� D� 6FKRRO¶V� 2UJDQL]DWLRQDO� &XOWXUH��

'LJLWDO�'LVVHUWDWLRQV��3XEOLFDWLRQ�1XPEHU�$$7����������
��� +RIVWHGH��*���1HXLMHQ��%���2KD\Y��'�'���6DQGHUV��*����������0HDVXULQJ�2UJDQL]DWLRQDO�&XOWXUH��D�4XDOLWDWLYH�DQG�

4XDQWLWDWLYH�6WXG\�$FURVV�7ZHQW\�&DVHV��$GPLQLVWUDWLYH�6FLHQFH�4XDUWHUO\�������������������
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��� +RIVWHGH�� *��������� $WWLWXGHV�� 9DOXHV� DQG� 2UJDQL]DWLRQDO� &XOWXUH�� 'LVHQWDQJOLQJ� 7KH� &RQFHSWV��2UJDQL]DWLRQ�
6WXGLHV�������������������

��� +RQ��&�0����������$�4XDQWLWDWLYH�$QDO\VLV�RI�2UJDQL]DWLRQDO�&XOWXUH�3HUFHSWLRQ�LQ�6DPH�,QGXVWU\�0HUJHU��'LJLWDO�
'LVVHUWDWLRQV��3XEOLFDWLRQ�1XPEHU�$$7����������

��� .DUVOÕ��0�'����������<|QHWVHO�(WNLOLOLN��$EDQW�ø]]HW�%D\VDO�hQLYHUVLWHVL�<D\ÕQODUÕ��<D\ÕQ�1R����
��� .LOOPDQQ�� +�5��� 6D[WRQ�� 0�-��� 6HUSD�� 5�� �������� ,VVXHV� LQ� 8QGHUVWDQGLQJ� DQG� &KDQJLQJ� &XOWXUH�� &DOLIRUQLD�

0DQDJHPHQW�5HYLHZ����������
��� .RoHO�� 7�� �������� øúOHWPH� <|QHWLFLOL÷L�� <|QHWLFL� *HOLúWLUPH�� 2UJDQL]DV\RQ� YH� 'DYUDQÕú�� øVWDQEXO�� øVWDQEXO�

hQLYHUVLWHVL�øúOHWPH�)DN�OWHVL�<D\ÕQ�1R����������
��� .|VH��6���hQDO��$����������7�UN�\|QHWLP�N�OW�U��WDULKL�DoVÕQGDQ�oD÷GDú�7�UN�LúOHWPHOHULQGH�\|QHWLP�GH÷HUOHUL�����

8OXVDO�2UJDQL]DV\RQ�.RQJUHVL�%LOGLULOHUL��1HYúHKLU��
��� /RFDWHOOL�� 9��� :HVW�� 0�$�� �������� 2Q� (OHSKDQWV� DQG� %OLQG� 5HVHDUFKHUV�� 0HWKRGV� IRU� $FFHVVLQJ� &XOWXUH� LQ�

2UJDQL]DWLRQ��/HDGHUVKLS�	�2UJDQL]DWLRQ�'HYHORSPHQW�-RXUQDO������������±�����
��� 0DUFRXOLGHV�� *�$��� +HFN�� 5�+��� 3DSDQDVWDVLRX�� &�� �������� 6WXGHQW� 3HUFHSWLRQV� RI� 6FKRRO� &XOWXUH� DQG�

$FKLHYHPHQW�� 7HVWLQJ� 7KH� ,QYDULDQFH� RI� D�0RGHO�� 7KH� ,QWHUQDWLRQDO� -RXUQDO� RI� (GXFDWLRQDO�0DQDJHPHQW�� ���
�����������������

��� gU�F���(���$\KDQ��1����������gUJ�W�N�OW�U���0X÷OD�hQLYHUVLWHVL�|UQH÷L���2VPDQJD]L�hQLYHUVLWHVL�6RV\DO�%LOLPOHU�
'HUJLVL�������������

��� g]W�UN��%�h����������/LNHUW¶LQ�6LVWHP���<DNODúÕPÕQD�*|UH�øúOHWPHOHUGH�<|QHWLFLOHULQ�/LGHUOLN�g]HOOLNOHULQLQ�gUJ�W�
.�OW�U�� LOH� .DUúÕODúWÕUÕOPDVÕ�� � øVWDQEXO� hQLYHUVLWHVL� 6RV\DO� %LOLPOHU� (QVWLW�V�� øúOHWPH� $QDELOLP� 'DOÕ� gUJ�WVHO�
'DYUDQÕú�%LOLP�'DOÕ�<�NVHN�/LVDQV�7H]L��øVWDQEXO���

��� 3ÕQDU��ø����������g÷UHQHQ�2UJDQL]DV\RQODUÕQ�.�OW�UHO�dHUoHYHVL��ø�h��øúOHWPH�)DN�OWHVL�'HUJLVL�������������
��� 3RODW�� (�� ��������gUJ�WVHO� 'H÷LúLP� YH� gUJ�WVHO� 'H÷LúLPGH� gUJ�W� .�OW�U�Q�Q� <HUL� YH� gQHPL��<ÕOGÕ]� 7HNQLN�

hQLYHUVLWHVL� 6RV\DO� %LOLPOHU� (QVWLW�V�� øúOHWPH� $QDELOLP� 'DOÕ� øQVDQ� .D\QDNODUÕ� <|QHWLPL� <�NVHN� /LVDQV� 7H]L��
øVWDQEXO���

��� 5REELQV��3�6����������2UJDQL]DWLRQDO�%HKDYLRXU�&RQFHSWV��&RQWURYHUVLHV�DQG�$SSOLFDWLRQV��3UHQWLFH�+DOO�,QF��
��� 6DEXQFXR÷OX��=���7�]��0����������gUJ�WVHO�3VLNRORML�����%DVNÕ��%XUVD�(]JL�.LWDEHYL��
��� 6D\ÕODU��<����������.�OW�UHO�'H÷LúLP�.�OW�UH�1H�.DGDU�'X\DUOÕ"�.�OW�UHO�'H÷LúLPLQ�1HGHQOHUL�YH�'H÷LúLP�6�UHFL�

h]HULQH�%LU�øQFHOHPH��8OXGD÷�hQLYHUVLWHVL�ø�ø�%�)�'HUJLVL������������������
��� 6FKHLQ��(����������2UJDQL]DWLRQDO�&XOWXUH�DQG�/HDGHUVKLS��6HFRQG�(GLWLRQ��6DQ�)UDQVLVFR�-��2VVH\�%DVV���
��� 6LNRUVND�6LPPRQV��(����������2UJDQL]DWLRQDO�FXOWXUH�DQG�:RUN�5HODWHG�$WWXGHV�$PRQJ�6WDII�LQ�$VVLVWHG�/LYLQJ��

-RXUQDO�RI�*HURQWRORJLFDO�1XUVLQJ����������������
��� 6WRWOHU��5�:����������3ULQFLSOHV�RI�2UJDQL]DWLRQDO�&XOWXUH�&KDQJH�LQ�+HDOWK�&DUH��7KH�0DJQHW�0RGHO��'RFWRUDO�

'LVVHUWDWLRQ��8QÕYHUVÕW\�RI�3KRHQÕ[��
��� ùLPúHN�� 0�ù��� $NJHPFL�� 7��� dHOLN�� $�� ��������'DYUDQÕú� %LOLPOHULQH� *LULú� YH� gUJ�WOHUGH� 'DYUDQÕú�� ��� %DVÕP��

$QNDUD��1REHO�%DVÕP�'D÷ÕWÕP��
��� ùLúPDQ��0����������gUJ�WOHU�YH�.�OW�UOHU�����%DVNÕ��$QNDUD��3HJHP�<D\ÕQFÕOÕN���
��� 7HU]L��$�5����������gUJ�W�.�OW�U���1REHO�<D\ÕQ�'D÷ÕWÕP��$QNDUD���
��� 7]HQJ��+���.HWHILDQ��6���5HGPDQ��5�:����������5HODWLRQVKLS�RI�1XUVHV¶�$VVHVPHQW�RI�2UJDQL]DWLRQDO�&XOWXUH��-RE�

6DWLVIDFWLRQ�DQG�3DWLHQW�6DWLVIDFWLRQ�:LWK�1XUVLQJ�&DUH��,QWHUQDWLRQDO�-RXUQDO�RI�1XUVLQJ�6WXGLHV����������������
��� :D\��&���HW�DO����������7KH�,PSDFW�RI�2UJDQL]DWLRQDO�&XOWXUH�RQ�&OLQLFDO�0DQDJHUV¶�2UJDQL]DWLRQDO�&RPPLWPHQW�

DQG�7XUQRYHU�,QWHQWLRQV��7KH�-RXUQDO�RI�1XUVLQJ�$GPLQLVWUDWLRQ������������������
��� :LOOLDPV�� $��� 'DEVRQ�� 3��� :DOWHUV�� 0�� �������� &KDQJLQJ� &XOWXUH�� 1HZ� 2UJDQL]DWLRQDO� $SSURDFKHV�� /RQGRQ��

,QVWLWXWH�RI�3HUVRQHO�0DQDJHPHQW���
�
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Yazan M.A. Al-Zoghool, Korea Southern Power Co., Ltd./ Jordan L.L.C. 

   
$EVWUDFW��This paper studies the different greening techniques of inlet air cooling and compares their 
effects on performance especially power, efficiency, fuel consumption and condensable water. A 
comparison between three air cooling techniques, namely mechanical chillers, evaporative cooling and 
fogging systems was performed on a gas turbine. The performance characteristics were examined for a 
set of design and operational variables including ambient temperature, relative humidity, compressor 
pressure ratio and turbine inlet temperature. Calculations were made and graphs were drawn using 
Microsoft Excel.�
The analysis showed that the evaporative cooling enhanced the power by up to 8.7% and efficiency by 
up to 3.3%. 
On the other hand the fogging system enhanced the power by up to 9.5% and   the efficiency by up to 
3.5%. 
The mechanical chiller reduced the temperature by 20 to 45 °C; enhancing the net power by 7 to 24.3% 
and improving the efficiency by 2.4 to 18.8%. 
  
.H\ZRUGV: Gas turbines, Greening technologies, Inlet air cooling, Performance improvement. 

�
1RPHQFODWXUH� �

�
6\PEROV�

�
Cpa  air specific heat at constant pressure kJ/kg K 
Cpg  flue gases specific heat at constant pressure kJ/kg K 
COP  coefficient of performance of chiller 
f  fuel-air ratio 
GT                          gas turbine 
hfg   specific enthalpy of vaporization  kJ/kg 
hg  specific enthalpy of saturated vapor kJ/kg 
href                                            enthalpy of refrigerant around the cycle(point 1: compressor inlet) 
IAC                         inlet air cooling 
ma  mass flow rate of air kg/s 
mf  mass flow rate of fuel kg/s 
mref                                          mass flow rate of refrigerant        kg/s 
mw  mass flow rate of water vapor kg/s 
mtot  total mass flow rate kg/s 
mw  mass flow rate of water kg/s 
MMf   molar mass of fuel  g/mol 
P0  stagnation pressure  Pa 
����  net power output kW 
Q  heat load on the chiller cooling coil kW 
rc  total compression ratio 
rt  total turbine pressure ratio 
SFC  specific fuel consumption  kg/kJ 
Ta  ambient temperature K 
Tdb  dry-bulb temperature K 
TIT                          turbine inlet temperature   K 
Twb  wet-bulb temperature K 
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T0  stagnation temperature K 
VAR                       vapor absorption cooling 
VCR                       vapor Compression cooling 
wc  specific compressor work  kJ/kg 
wt  specific turbine work kJ/kg 
wn  net specific work kJ/kg 
W  power consumed by the chiller cooling coil kW 
�
*UHHN�/HWWHUV�
�
ο���  enthalpy of combustion kJ/kgf 
���  combustion efficiency  
���  compressor polytropic efficiency 
���  turbine polytropic efficiency 
Șth   thermal efficiency 
Ȧ   humidity ratio kgw/kga 

ĳ   relative humidity 
Ȗa   specific heat ratio of air 
Ȗg   specific heat ratio of flue gases 
 
6XEVFULSWV�
�
0  stagnation 
a  air or ambient 
c  compressor 
f  fuel 
g  flue gases 
m  mechanical 
n  net 
t  turbine 
th  thermal 
tot  total 
v  vapor 
w  water 
 

�
,QWURGXFWLRQ 
 
A major drawback of the gas turbine engine is its low efficiency especially at part load (hence higher fuel usage); forcing the 
use of different techniques to increase its efficiency using inexpensive greening technologies. 
 
Many research works were done on boosting the net output and the overall efficiency. The main aims were to have gas turbines 
with high efficiency, low emissions and high availability. 
Gas turbine inlet air cooling IAC has always been suggested to increase performance of simple and combined cycles especially 
in hot day operation. 
The main factors that play a great role in maximization of gas turbine power output and overall efficiency are: 

1. Inlet air cooling technology 
2. Gas turbine design 
3. Ambient air conditions. 

 
These factors had led to a variety of green cooling techniques; some of them are [1]: 
�

1- :HWWHG�PHGLD� this method is highly sensitive to relative humidity. 
In low humidity areas, the evaporative cooling can boost power output by up to 15%, while in high humidity areas the 
increase is more likely to be under 10%, approaching zero at the point of saturation (100% relative humidity). 
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2- )RJJLQJ� droplets of water in various sizes, depending on inlet air temperature and humidity conditions, are sprayed 
into the warm inlet air stream where the droplets evaporate to cool the air. This method is similar to wetted media 
systems, but it is a bit more effective. 

 
 

3- :HW�FRPSUHVVLRQ� more fogging is added than can be evaporated in the inlet (sometimes referred to as high fogging 
or overspray). The excess water fog is carried over by the air stream and evaporates for compressor inlet-cooling and 
mass flow enhancement. This method can boost power output by 25% independent of ambient temperature 
conditions. 
 

4- &KLOOLQJ� ambient intake air is cooled by chilled fluid circulating through cooling coils. In this method, electrically 
driven mechanical chillers or absorption chillers may be used. Also this method is not limited by humidity and can 
lead to more than 25% increase in power output. However, it consumes relatively high power. 
 

Alhazmy and Najjar [4] presented an analysis that showed real benefits of inlet air cooling , however the net power generated 
drops  when chillers are used.  
 
Hurlbert [5] pointed that the gas turbine output depends significantly on ambient temperature which impacts every gas turbine, 
some more than others, in the range of 10-40% of the rated output capacity. He also added that the total impact over the global 
installed base of gas turbines equated to tens of thousands of megawatts and called it “the biggest miss in the history of power 
generation”.  
 
John Kraft [6] mentioned that chillers could be thought of as a virtual peakers. But he also mentioned that water use maybe an 
issue in some areas, particularly if a chiller package with wet cooling is specified and air-cooled condensers might not work 
financially. 
 
Punwani, et al. [7] presented an analysis performed for a 316.8 MW cogeneration plant showing the effect of cooling 
technology on the net power capacity enhancement.  
 
Dos Santos et al [8] presented a numerical simulation of a single shaft gas turbine utilizing two different inlet cooling techniques  
with evaporative cooling resulting in less improvement than absorption chilling 
 
Jaber, and Khawaldah [9] performed a computer simulation model for a power plant in Jordan, using evaporative and cooling 
coil system. 
They concluded that cooling coil gives a full control of the compressor inlet conditions regardless of ambient conditions; 
however, it demands a quite large operational power. 
 
Chaker etal. [10]  presented a detailed climatic analysis for 122 locations in the US to provide the hours of cooling that 
can be obtained by direct evaporative cooling. Hosseini et al [11] presented a model for a media evaporative cooling system 
installed with the gas turbines of combined cycle power plant(Iran). They mentioned that the payback period obtained is about 
four years. 
 
Ibrahim, Rahman and Abdalla [12] reviewed three inlet air cooling techniques including the mechanical chillers, media type 
evaporative coolers and absorption chillers. They concluded that the success of evaporative cooling in reducing the high air 
temperature depends on relative humidity of the ambient air.  The absorption cooling technique produced higher gain in power 
and efficiency than evaporative cooling . 
 
Al- Ibrahim and Varnham [13] made an extensive review related to Saudi Electric Company. The preferred option is 
refrigeration cooling with chilled water or ice thermal storage. This requires a smaller storage volume compared this o chilled 
water. 
 
Al-Tobi [14] presented the performance of two gas turbines; single shaft engine and two shafts engine, when two methods of 
inlet cooling are applied to them. These two methods are vapor compression refrigeration VCR and vapor absorption 
refrigeration VAR. The simulation results obtained using the VCR system showed a 27% increase in output power for the 
single shaft engine and about 20% increase in power for the two- shaft engine at an ambient temperature of 50 °C. Both 
methods of cooling were technically feasible. 
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The objectives of this work are to study the different techniques of inlet air cooling and compare their effects on performance 
especially power, efficiency, fuel consumption and water recovery. So this study is a follow-up of the work previously 
performed by Alhazmy and Najjar [4] but with some modifications, namely:  

1- Using more realistic TIT. 
2- Extending the study to cover three methods of IAC; mechanical chillers, evaporative cooling and fogging. 
3- Using more accurate equations to calculate the compressor and turbine efficiency of the gas turbine. 
4- Using a variable speed refrigeration compressor instead of a constant COPR compressor.   

 
���7KHRUHWLFDO�$QDO\VLV�

����$VVXPSWLRQV��
�

x Mechanical chillers having a variable cooling capacity that can reduce the inlet air temperature to 5 °C even at 
extremely high ambient temperature (50 °C) [15].�

x Wet-bulb temperature is kept constant when cooling the inlet air using evaporative cooling or fogging techniques.�
x Evaporative cooling technique (wetted media) can cool the inlet air to around 90% of the difference between ambient 

dry-bulb and wet-bulb temperatures [1].�
x Fogging can cool inlet air to around 97% of the difference between ambient dry-bulb and wet-bulb temperatures [1].�
x Compressor inlet pressure Po1is equal to 0.1 M Pa.�
x Combustion chamber pressure loss is assumed to be 2% of Po2 and the GT exhaust pressure is assumed to be 1.02 bar 

[16]. 
x Diesel fuel is used in the combustion process. It is assumed to have a fixed formula of C12H23 , with enthalpy of 

combustion value of 42,000 kJ/kgf. 
x Complete combustion with no CO in the reaction products. 
x For Mechanical chillers a variable speed compressor with 134a refrigerant was used.  
x Fogging system consumes 10 kW of electricity to cool 300,000 cfm (141 m3/s) of air by 1 0 °F (5.6 °C) [3]. 
x Evaporative cooling technique is assumed to have negligible pumping cost. 

 
 

 
����*DV�WXUELQH�F\FOH�DQDO\VLV��
 
Following the notations of Çengel and Boles [17] the values were obtained using the following equations: 
 
Ȧ1 (the humidity ratio after the cooler) was obtained using psychrometric calculator [18] and can be also calculated using: 

�� = �.������
��ି���

         (1) 

Where P1 is the ambient pressure at the intake and Pg1 the saturation pressure of water at the intake temperature. 
 

The cooling load (Q) is: 
�� = ���)����ۦ� െ��) = ��������൫ۦ�  െ�����൯   (2) 
 

The power needed to operate the refrigeration machine is estimated from the following relation: 
�������� = ��������൫ۦ� െ�����൯ =  ��

����
    (3) 

 
The air pressure at the compressor exit can be calculated as: 

��� = �� × ���        (4) 
Where, Po1 and Po2 are the total pressures of moist air at the compressor inlet and exit, respectively. 
The air temperature at the compressor exit To2 can be evaluated using the following equation: 

��� = ���ൣ��
(�ି�) �Τ ൧       (5) 
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Where,[(�െ 1) �Τ ]� = [(� െ 1) ����Τ ]�, and 
 

��� = �െ ൤�.�� + ቂ(��ି�)
���

ቃ൨       (6) 
 
:KHUH��Ȗa is the air specific heat ratio, ��� is the compressor polytropic efficiency and can be evaluated using the relations 
suggested by Korakianitis and Wilson [19], and used by Alhazmy and Najjar [4]. 
 
The adiabatic specific compression work wc per unit mass of air: 
 

�� = ���(��� െ���) +  ��(��� െ���)     (7) 
  
The energy balance for the combustor is: 
 

������ + ������ +  ���� = ���� + ������   (8) 
 

  
���(��� െ���) + � ο��� = ��(��� െ���) + (� + �) × ��� × (��� െ���) (9) 
 

Where, Cpg is the specific heat of the flue gas at constant pressure,  f  is the fuel to air ratio defined as f� Pf��PD and  ο��� is 
the enthalpy of combustion of fuel. 
 
Rearranging the variables: 

� = ൤���(���ି���)ା��(���ି���)– ���(���ି���)
����ି���(���ି���) ൨ ���ൗ    (10) 

 
Where ��� is the combustion efficiency and it is assumed to be 0.98. 
 
The temperature of the gas leaving the turbine is derived from: 

��� = ��� ൤ቀ
�
��
ቁ

(�ି�) �Τ
൨        (11) 

 
Where [(�െ�) �Τ ]� = ���[(� െ�) �Τ ]� , and 
 

��� = �െ ൤�.� + ቂ(��ି�)
���

ቃ൨       (12) 
 

Where ��� is the polytropic efficiency of the turbine and it was estimated using the relation given by Korakianitis and Wilson 
[19]. 

 
The adiabatic specific power of the turbine is: 

�� = (� + �� + �) × [���(��� െ���)]     (13) 
 

Hence, the net specific power obtained from the gas turbine engine is: 
�� = �� െ�� െ�������� െ��������     (14) 
 

The thermal efficiency is: 
��� = ��

����
          (15) 

 
The net power output is then: 

���� = �� × ��         (16) 
 

Hence, the specific fuel consumption SFC is: 

��� = ��
����

= (�×����)
��

        (17) 
 
The knowledge of the mole fraction of water vapour and the total pressure are sufficient to evaluate the amount of water vapor 
in the exhaust gas as follows [4]: 
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�� = �� ቂ
��×��
���

ቃ       (18) 

Where, 18 is the molar mass of H2O and 167 is the molar mass of C12H23. 
 
The complete combustion equation of 1 mole of diesel fuel: 

������ + ��.��(�� + �.����) ՜ ����� + ��.���� + ��.����  (19) 
 

But with a 400% excess air, which is usually the case for gas turbines, the combustion equation becomes: 
������ + ��(�� + �.����) ՜ ����� + ��.���� + ��.���� + ���.���� (20) 
 

To find the condensable amount of water vapor as the products were cooled to 25 °C at 100 kPa . 
�ି��

�����,�ି��
= ��

����
        (21) 

:KHUH��Į�LV�WKH�QXPEHU�RI�PROHV�RI�ZDWHU�FRPLQJ�IURP moisture and combustion process and it is equal to (Nv,air + 11.5), Nw is 
the number of kmol of H2O condensable, Nprod,f  is the number of kmol of products formed and is equal to (Nv,air + 
11.5+12+53.25+266.96), Pv is the saturation pressure of water at 25 °C and Patm is the atmospheric pressure. 
 
 
Finally, we can estimate the total component cost of the gas turbine in US dollars ($) using the following equation [20]: 

��� = {െ��.��� × ��(����) + ����.�} × ����    (22) 
Where, CGT is the total component cost of a gas turbine in US dollars ($). 
5HVXOWV  
The gas turbine specifications as ISO rating were obtained from “Gas Turbine World” manual [22 - 23] (Ta ����&��ĭ �����
and Pa at sea level). Taking pressure ratio rc equal to 12 and exhaust temperature To4 equal to 448 °C then the turbine inlet 
temperature TIT is calculated to be equal to 1050 °C and to be used in the design point calculations. 
 
The design point conditions are chosen to meet extreme operating conditions, namely: 

7D ����&��ĭD �����7R� ������&��UF ���
In comparison between the effects of the three cooling techniques, the performance of the gas turbine power plant is examined 
as shown in Table (1) .  
 
The design point is fixed at the ambient conditions of 45 °C, 80% relative humidity, To3 =1050 °C and pressure ratio of 
12(nearest to GE LM600 PD). The off -design points are selected in the vicinity of these values as listed in Table (1). Figs (5-
14) show the performance characteristics resulting from the systematic change of one design variable and keeping the rest fixed 
at the design point conditions. 

�
���'LVFXVVLRQ�RI�5HVXOWV�
(YDSRUDWLYH�&RROLQJ�DQG�)RJJLQJ�
The net power output increases when using evaporative cooling or fogging systems because they increase the density of air by 
reducing its temperature and increasing its moisture content. The temperature drop across evaporative cooling and fogging 
systems become very small when the ambient air as high humidity and may reach zero if the incoming air is saturated. 
The power output improves as the relative humidity decreases for evaporative cooling and fogging systems, because as the 
relative humidity decreases, the amount of moisture that can be added to the system increases, hence greater temperature drop. 
9DSRU�&RPSUHVVLRQ�&RROLQJ�
Mechanical chillers are independent of the ambient conditions and can increase the power output, however, the power needed to 
operate the chiller must be considered. 
&ROOHFWDEOH�&RQGHQVDEOH�:DWHU�
The mass of condensable water increases with the ambient temperature for all cooling configurations. This is because the mass 
of water vapor contained originally within the ambient air increases with temperature for the same relative humidity level. 
Increasing the ambient relative humidity increases the mass of condensable water. 
Also increasing the turbine inlet temperature means more fuel should be burned and more water vapor may be expected in the 
flue gases due to combustion of hydrocarbon fuels. On the other hand, increasing the pressure ratio leads to less fuel 
consumption due to the increase in the temperature of air entering the combustion chamber, hence fewer mass of water vapor in 
the exhaust gases. 
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The results were as follows: 
Fig (5) shows the relative change in net power generated w/wd from the four technologies with ambient temperature whereas 
other variables remain at the design point. 
 
Similarly Fig (6) shows the relative change in the plant efficiency ݅/݅d with the ambient temperature for the four technologies.��
Similarly Figs (7-���VKRZ�WKH�UHODWLYH�YDULDWLRQ�ZLWK�ĭ��)LJV��-10) show the variation with TIT; Figs.11-12) show the relative 
variation with rc and Figs. (13-15) show the relative variation of relative condensable water with Ta , ĭa and TIT. 
 
The evaporative cooling technique reduces the air inlet temperature by 12 °C for hot and dry ambient conditions (45 °C and 
40% relative humidity), 3.6°C for hot and humid conditions (50 °C & 80%) and also by 2.4 °C for cold and humid conditions 
(25 °C and 80% relative humidity). 
On the other hand, the fogging system cooling technique reduces the air inlet temperature by 13 °C for hot and dry ambient 
conditions (45 °C and 40% relative humidity), 3.9 °C for hot and humid conditions (50 °C & 80%) and also by 2.6°C for cold 
and humid conditions (25 °C and 80% relative humidity). 
Furthermore, the mechanical chiller cooling technique fixes the air inlet temperature to the desired value of 5 °C making a 
temperature drop of 20-45 °C and demanding an operational power that varies with ambient conditions. 
 
The percentage change in the GT net power output, efficiency and specific fuel consumption were studied for three different 
operational conditions and are shown in Table (2). 
The percentage change per1 °C for different parameters and operating conditions was studied and shown in Table (3). 
Also a comparison between traditional evaporative cooling and fog cooling is shown in Table (4): 
 

�� &RQFOXVLRQV�

�
1. The performance of the gas turbines is particularly sensitive to the ambient temperature. 
2. For TIT = 1050°C, 80% relative humidity and a pressure ratio near the optimum, an increase in T01 from 25 °C to 

50°C reduces the thermal efficiency of the gas turbine cycle without an air cooler by about 18.3% and the specific 
output by nearly 18.4 % which emphasizes the importance of designing a gas turbine to give the required power 
output at the highest ambient temperature likely to be encountered. 

3. Without an air cooler the net power output typically drops by about 0.7% for each °C rise in ambient temperature 
while the thermal efficiency drops by about 0.73% for each °C rise in ambient temperature. 

4. Evaporative and fog cooling are more effective when the relative humidity of the ambient air is low; mechanical 
chilling is much less dependent on humidity. 

5. Evaporative and fog cooling are capable of boosting the power and enhancing the efficiency of the gas turbine 
power plant in a way that is less expensive than mechanical chillers. 

6. Providing the water needed for the operation of evaporative and fog coolers may be a challenge in some areas, 
however, condensing the water from the exhaust system is a method for recovering partially the make-up water 
for evaporative and fog coolers in dry climates. 

�
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Figure (1): Wetted media (evaporative air cooling) [2]. 
 

 

 
Figure (2): Fogging system air cooler [3]. 
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Figure (3): Inlet air chiller coil. 
 

 
�

 
Figure (4): Gas turbine diagram 
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Figure (5): Relative change in power with ambient temperature. 
 

 
Figure (6): Relative change in efficiency with ambient temperature. 
 

 
Figure (7): Relative change in power with relative humidity. 
� �
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�

�
Figure (8): Relative change in efficiency with relative humidity. 
�

 
 

 
Figure (9): Relative change in power with TIT. 
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Figure (10): Relative change in efficiency with TIT. 
 

 
Figure (11): Relative change in power with the pressure ratio rc. 
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Figure (12): Relative change in efficiency with the pressure ratio rc. 
 
 

 
Figure (13): Relative variations of condensable mass of water with ambient temperature. 
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Figure (15): Relative variation of condensable mass of water with TIT. 
 
Table (1): Design and operation variables ranges 
Parameter  Design Point  
Ta (°C) 25 30 35 40 45 50 
ĭa 40% 50% 60% 70% 80% 90% 
TIT (°C) 850 900 950 1000 1050 1100 
rc 6 7 8 10 12 15 
  

 
Table (2): The percentage change in different parameters using different cooling techniques and   operating conditions. 

Parameter Cooling technique % change at cold & humid 
conditions 
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% change at hot & humid 
conditions 
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Power (Pnet) Mechanical Chillers 7.07% 24.27% 17.83% 
Evaporative cooling 1.17% 1.38% 8.74% 
Fogging 1.50% 2.78% 9.44% 

Efficiency 
�Șth) 

Mechanical Chillers 2.43% 18.78% 6.71% 
Evaporative cooling 0.41% 0.70% 3.30% 
Fogging 0.50% 1.29% 3.50% 

SFC Mechanical Chillers -2.37% -15.81% -6.28% 
Evaporative cooling -0.41% -0.70% -3.19% 
Fogging -0.49% -1.27% -3.39% 

 
 
Table (3): The percentage change per °C in different parameters using different cooling techniques and operating conditions. 

Parameter 
 

Cooling technique % change per °C at cold & 
humid conditions 

% change per °C  at hot & 
humid conditions 

% change per °C at hot & 
dry conditions 

3RZHU�
�3QHW��

Mechanical Chillers 0.354% 0.539% 0.446% 
Evaporative cooling 0.492% 0.385% 0.726% 
Fogging 0.584% 0.720% 0.727% 

(IILFLHQF\�
�ȘWK��

Mechanical Chillers 0.122% 0.417% 0.168% 
Evaporative cooling 0.172% 0.196% 0.274% 
Fogging 0.195% 0.334% 0.270% 

6)&� Mechanical Chillers -0.119% -0.351% -0.157% 
Evaporative cooling -0.172% -0.196% -0.265% 
Fogging -0.191% -0.329% -0.261% 

 
 

Table (4): Qualitative comparison made between traditional evaporative cooling and high pressure inlet fogging [21]. 
� Traditional Evap. Cooling High PR Inlet Fogging 

First Cost X 0.25-0.3X 
Need for high quality water Not required potable water Demineralized water is a must  
Incremental inlet Pressure Higher Low-practically nil 
Size Foot Print Large Small 
Effectiveness 0.85 to 0.9 0.97 to 1.0 
Maintenance activities Higher Comparatively lower 
Aux Power consumption Requires pump High pressure pumps needed 
Sensitivity to Relative Humidity High Lower 
Installation down time Extended outage Can be done in 2-3 days 
Possibility to intercool compressor Not Possible Possible 
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PERFORMANCE OF DIFFERENT TYPE OF FRP SHEETS BONDED TO 
CONCRETE USING FLEXIBLE ADHESIVE 
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Abstract: 
The strengthened effectiveness and the performance capacity of repaired Reinforced Concrete 

(RC) structures with Fiber Reinforced Polymer (FRP) sheets is dependent on the properties of the 

adhesive interface layer. Results of an experimental campaign on FRP-concrete debonding are 

presented. Specimens with different type of FRP sheets (Carbon and Basalt) using flexible 

adhesives were conducted to determine the effective bonding length and ultimate bond capacity of 

FRP-concrete interface. The experimental results from double lap shear specimens indicated that 

an adhesive with relatively large ductility increases the effective bonding length and in turn bond 

capacity. Bond strength of specimens increased by about 40% to 70% above that of specimens 

with normal adhesive. Failure mechanisms of specimens with flexible adhesive and those of 

normal adhesive epoxy are clarified comparatively. By post-processing these data, increase of 

fracture energy of FRP-concrete interface has been clearly observed due to flexible adhesive for 

all different type of FRP sheets. A unique feature of the present study is that the simple 

modification done to the most popular bond strength models to predict bond strength and 

effective bonding length considering the type  of adhesive layer. The validation of bond strength 

model is supported using numerous test results taken from the published literature. 
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PERFORMANCE OF DISTANT EDUCATION SYSTEM IN TURKEY  
  
�
�

'HQL]�*XQH\�
'HSDUWPHQW�RI�6WUXFWXUH�
)DFXOW\�RI�$UFKLWHFWXUH�

7XUNH\�
GHJXQH\#\LOGL]�HGX�WU�

�
�

Abstract�� 'HYHORSLQJ� FRPPXQLFDWLRQ� WHFKQRORJLHV� KDYH� DQ� LPSRUWDQW� SRZHU� DQG� HIIHFW� RQ� WKH�
ILHOG� RI� HGXFDWLRQ� LQ� 7XUNH\�� 7KHVH� HOHFWURQLF� WHFKQRORJLHV� KDYH� EHHQ� LQFUHDVLQJO\� XVHG� LQ�
HGXFDWLRQ�DQG�WUDLQLQJ�IRU�PDQ\�\HDUV��'LVWDQFH�HGXFDWLRQ�LV�RQH�RI�WKH�QHZHVW�IRUPV�RI�HGXFDWLRQ�
WKDW� EDVLFDOO\� GHSHQGV� RQ� WKHVH� FRPPXQLFDWLRQ� DQG� LQIRUPDWLRQ� WHFKQRORJLHV�� $V� D� QHZ� DQG�
PRGHUQ�DSSURDFK�WR�GHOLYHU�LQVWUXFWLRQ��PDQ\�FRUSRUDWLRQV�DQG�RUJDQL]DWLRQV�IRU�ERWK�IRUPDO�DQG�
QRQ�IRUPDO� HGXFDWLRQDO� VHWWLQJV� LQ� 7XUNH\� DQG� DOO� DURXQG� WKH� ZRUOG� KDYH� LQFUHDVLQJO\� XVHG�
GLVWDQFH� HGXFDWLRQ�� � 7KLV� SDSHU� LQYHVWLJDWHV� WKH� SHUIRUPDQFH� RI� WKH� 'LVWDQW� (GXFDWLRQ� 6\VWHP��
H[SODLQV�KRZ�WKH�'LVWDQW�(GXFDWLRQ�)DFXOW\�SHUIRUPV�DQG�WUDQVIRUPV�HGXFDWLRQ�LQ�7XUNH\��
�

� � Key words:�'LVWDQW��HGXFDWLRQ��SHUIRUPDQFH��7XUNH\��
�
�
Introduction 
�
� 'LVWDQFH� HGXFDWLRQ� SURJUDPV�ZRUOGZLGH� XVH� D� YDULHW\� RI� WHFKQRORJLHV� WKDW� LQFOXGH� SULQW�PDWHULDOV�� DXGLR� DQG�
YLGHRFDVVHWWHV��DXGLR�DQG�YLGHR�WHOHFRQIHUHQFLQJ��RQH�ZD\�DQG�WZR�ZD\�WHOHYLVLRQ��FRPSXWHU�PHGLDWHG�FRPPXQLFDWLRQ�
�H�J���HOHFWURQLF�PDLO��FRPSXWHU�FRQIHUHQFLQJ���DQG�PRUH�UHFHQWO\��WKH�,QWHUQHW��7HFKQRORJLHV�WKDW�GHOLYHU�LQVWUXFWLRQ�WR�
GLVWDQFH�OHDUQHUV�DUH�RIWHQ�FODVVLILHG�DV�WZR�ZD\�LQWHUDFWLYH�RU�RQH�ZD\�QRQ�LQWHUDFWLYH��%DWHV��$��:����������7ZR�ZD\�
LQWHUDFWLYH� WHFKQRORJLHV� FDQ� EH� OLVWHG� DV� DXGLR� FRQIHUHQFLQJ�� DXGLR� JUDSKLF� FRQIHUHQFLQJ�� EXOOHWLQ� ERDUG� V\VWHP�� DQG�
FRPSXWHU�FRQIHUHQFLQJ�YLD�H�PDLO��FRPSXWHU�FRQIHUHQFLQJ�YLD�FRQIHUHQFLQJ�VRIWZDUH��GHVNWRS�YLGHRFRQIHUHQFLQJ��DQG�
LQWHUQHW�EDVHG�GHVNWRS�YLGHRFRQIHUHQFLQJ��LQWHUQHW�EDVHG�V\QFKURQRXV�WH[W�FRQIHUHQFH��RQH�ZD\�YLGHRFRQIHUHQFH�ZLWK�
UHVSRQVH� NH\SDGV�� WZR�ZD\� YLGHRFRQIHUHQFH� DQG� YRLFH� PDLO�� � 6LPLODUO\�� RQH�ZD\� WHFKQRORJLHV� FDQ� EH� OLVWHG� DV�
DXGLRWDSH��&'�520��FRPSXWHU�EDVHG�WUDLQLQJ��&%7����FRPSXWHU�GLVN��LQWHUQHW�EDVHG�JRSKHU��WHOQHW��IWS��ODVHUGLVF��RQH�
ZD\� YLGHRFRQIHUHQFH�� H�J��� VDWHOOLWH�� SULQWHG� PDWHULDOV�� UDGLR�� WHOHYLVLRQ�� YLGHRWDSH�� YLUWXDO� UHDOLW\� DQG� :HE�EDVHG�
LQWHUDFWLYH�PXOWLPHGLD�� H�J��� -DYD� VFULSWV��:RUOG�:LGH�:HE�� �7XUNH\�KDV�XVHG� WKH�(XURSHDQ�PRGHO� IRU� LWV� HFRQRPLF��
SROLWLFDO�DQG�HGXFDWLRQDO�GHYHORSPHQW�ZKLOH�PDLQWDLQLQJ�LWV�FXOWXUDO�WLHV�ZLWK�WKH�(DVW��0DQ\�7XUNLVK�DUW�IRUPV��VKDGRZ�
WKHDWHU�� PXVLF�� GDQFH� DQG� OLWHUDWXUH� KDYH� WKHLU� URRWV� LQ� $VLD�� 6LPLODU� WR� LWV� $VLDQ� QHLJKERUV�� 7XUNH\�� ZLWK� D� ODUJH�
SRSXODWLRQ� RI� RYHU� ��� PLOOLRQ� SHRSOH�� LV� D� GHYHORSLQJ� FRXQWU\�� ,QVWLWXWLRQV� RI� KLJKHU� HGXFDWLRQ� LQ� 7XUNH\� KDYH�
WUDGLWLRQDOO\�PRGHOHG�WKHLU�SURJUDPV�DIWHU�WKHLU�%ULWLVK��*HUPDQ�DQG�$PHULFDQ�FRXQWHUSDUWV��+RZHYHU�WKH�HGXFDWLRQDO�
SUREOHPV�IDFLQJ�7XUNH\�PRUH�FORVHO\�UHVHPEOH�WKRVH�RI�WKHLU�$VLDQ�WKDQ�WKHLU�(XURSHDQ�QHLJKERUV��0F,VDDF��0�6���HW�DO��
������� 'LVWDQFH� (GXFDWLRQ� KDV� EHHQ� DFWXDOO\� DSSOLHG� LQ� 7XUNH\� VLQFH� ������:KHQ� WKH� SDVW� RI� GLVWDQFH� HGXFDWLRQ� LV�
H[DPLQHG��WKRXJK�LW�FDQ�JR�EDFN�WR�������\HDUV�DJR��LW�VHHPV�LW�DSSHDUHG�LQ�����V��FORVHU�WR�LWV�PHDQLQJ�RI�WRGD\��7KH�
GLVWDQFH�HGXFDWLRQ�LVVXH�ILUVW�H[SUHVVHG�LQ������DW�D�PHHWLQJ�ZKHUH�WKH�HGXFDWLRQ�SUREOHPV�ZHUH�GLVFXVVHG�DQG�LW�ZDV�
GLVFXVVHG�WKDW�GLVWDQFH�HGXFDWLRQ�FRXOG�EH�XVHG�WR�PDNH�WKH�SHRSOH�OLWHUDWH��$ONDQ��&����������
�
�
Turkish Education System 
 
A. General View:�7XUNLVK�HGXFDWLRQ�V\VWHP�LV�UXOHG�E\�WKH�0LQLVWU\�RI�1DWLRQDO�(GXFDWLRQ���0LQLVWU\�RI�1DWLRQDO�
(GXFDWLRQ�FRQVLVWV�RI�FHQWUDO��SURYLQFLDO��RYHUVHDV�RUJDQL]DWLRQV�DQG�DIILOLDWHG�HVWDEOLVKPHQWV���$FFRUGLQJ�WR�WKH�%DVLF�
/DZ�RI�1DWLRQDO�(GXFDWLRQ�QR�������7KH�7XUNLVK�(GXFDWLRQ�6\VWHP�FRQVLVWV�RI�WZR�PDLQ�GLYLVLRQV���
a. Formal Education 
)RUPDO�(GXFDWLRQ��LQ�RWKHU�ZRUGV�VFKRRO�V\VWHP��LV�GLYLGHG�LQWR�IRXU�OHYHOV��
��3UH�VFKRRO�(GXFDWLRQ�������PRXQWV��
��3ULPDU\�(GXFDWLRQ��3ULPDU\�(GXFDWLRQ��ZKLFK�LV�IUHH�DW�DOO�VWDWH�VFKRROV��LV�IRU�WKH�HGXFDWLRQ�RI�FKLOGUHQ�EHWZHHQ�WKH�
DJHV�RI���DQG�����DQG�LW�LV�FRPSXOVRU\�IRU�DOO���
��6HFRQGDU\�(GXFDWLRQ��6HFRQGDU\�(GXFDWLRQ�FRYHUV�JHQHUDO�KLJK�VFKRROV��DQG�YRFDWLRQDO�DQG� WHFKQLFDO�KLJK�VFKRROV�
ZKLFK�SURYLGH�DW�OHDVW�WKUHH�\HDU�HGXFDWLRQ�IRU�WKH�JUDGXDWHV�RI�SULPDU\�HGXFDWLRQ���
��7HUWLDU\�(GXFDWLRQ� �7KH� DLPV�RI� WKHVH� VFKRROV� DUH� WR�EULQJ� XS� VWXGHQWV� DV� LQGLYLGXDOV�ZKR�DUH� DFTXDLQWHG�ZLWK� WKH�
SUREOHPV�RI�WKH�VRFLHW\�DQG�ZKR�FRQWULEXWH�WR�HFRQRPLF��VRFLDO�DQG�FXOWXUDO�GHYHORSPHQW�RI�WKH�FRXQWU\�DQG�WR�SUHSDUH�
WKHP�IRU�WHUWLDU\�HGXFDWLRQ�DV�ZHOO��
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E�� 1RQ�IRUPDO� (GXFDWLRQ� �1RQ�IRUPDO� HGXFDWLRQ� DLPV� WR� WHDFK� DGXOWV� KRZ� WR� UHDG� DQG� ZULWH�� WR� SURYLGH� EDVLF�
NQRZOHGJH�� WR� GHYHORS� IXUWKHU� NQRZOHGJH� DQG� VNLOOV� DOUHDG\� DFTXLUHG� DQG� WR� FUHDWH� QHZ�RSSRUWXQLWLHV� IRU� LPSURYLQJ�
WKHLU�VWDQGDUG�RI�OLYLQJ���
,Q�DGGLWLRQ�WR�WKLV��EDVHG�RQ�TXDOLI\LQJ�H[DP��VWXGHQWV�FDQ�FRQWLQXH�KLJKHU�HGXFDWLRQ�V\VWHP��WZR�\HDUV�SUH�XQGHUJUDG��
PLQ�� IRXU�\HDUV�XQGHUJUDG��� �+LJKHU�HGXFDWLRQ�V\VWHP�FDQ�EH�VHHQ� LQ�)LJXUH���� �*HQHUDO�QXPEHUV�EHORQJV� WR�7XUNLVK�
HGXFDWLRQ�V\VWHP�LV�JLYHQ�LQ�7DEOH����
�
Table 1��1XPEHU�RI�6FKRROV��6WXGHQWV��1XPEHU�RI�7HDFKHUV�
�

/HYHOV�RI�(GXFDWLRQ� 1XPEHU�RI�
6FKRROV�,QVWLWXWLRQ�

1XPEHU�RI�6WXGHQW� 1XPEHU�RI�
7HDFKHUV�7RWDO� %R\V� *LUOV�

Pre-School Education 3.600 701.762 366.209 335.553 10.819 
Primary Education 34.093 10.870.570 5.676.872 5.193.698 445.452 
Secondary Education 8.280 3.245.322 1.789.238 1.456.084 191.041 
*HQHUDO�6HFRQGDU\�(GXFDWLRQ� ������ ���������� ���������� �������� ��������
9RFDWLRQDO�DQG�7HFKQLFDO�
6HFRQGDU\�(GXFDWLRQ�

������ ���������� �������� �������� �������

Non-Formal Education 11.864 5.117.623 2.942.086 2.175.537 87.285 
Higher Education 114 2.497.473 1.411.485 1.085.988 96.105 

Total 57.951 22.432.750 12.185.890 10.246.860 830.702 
�

�
Figure 1:�*HQHUDO�VWUXFWXUH�RI�7XUNLVK�KLJKHU�HGXFDWLRQ�V\VWHP�

�
�
� +LJKHU� HGXFDWLRQ� LQVWLWXWLRQV� DUH� DXWRQRPRXV� IRU� SXUSRVH� RI� WHDFKLQJ� DQG� UHVHDUFK�� � +LJKHU� (GXFDWLRQ�
LQVWLWXWLRQV� LQFOXGHV� IDFXOWLHV�� LQVWLWXWHV�� IDFXOWLHV�� LQVWLWXWHV� RI� WHFKQRORJ\�� KLJKHU� HGXFDWLRQ� VFKRROV�� FRQVHUYDWRULHV��
KLJKHU�YRFDWLRQDO�HGXFDWLRQ�VFKRROV���DQG�DSSOLFDWLRQ�DQG�UHVHDUFK�FHQWHUV��+RZHYHU��WKH\�KDYH�WR�VXEPLW�DQQXDO�UHSRUWV�
WR� +LJKHU� (GXFDWLRQ� &RXQFLO� ZKLFK� LV� UHVSRQVLEOH� IRU� WKH� SODQQLQJ� DQG� FRRUGLQDWLRQ� RI� KLJKHU� HGXFDWLRQ�� � +LJKHU�
(GXFDWLRQ�FRYHUV�DOO�SRVW�VHFRQGDU\�SURJUDPV�ZLWK�GXUDWLRQ�RI�DW� OHDVW�WZR�\HDUV���7KH�WRWDO�QXPEHU�RI�XQLYHUVLWLHV�LV�
DERXW� ���� �DFFRUGLQJ� WR� ����� GDWD��� � 7KH� VFKRROLQJ� UDWH� LQ� KLJKHU� HGXFDWLRQ� LV� DERXW� ������� � $OPRVW� ���� PLOOLRQ�
VWXGHQWV�WDNH�XQLYHUVLW\�HQWUDQFH�H[DP�LQ�HYHU\�\HDU���+RZHYHU���������RI�WKHP��VWDWH�DQG�SULYDWH�XQLYHUVLW\��FDQ�HQWHU�
FODVVLF� XQLYHUVLW\� GHSDUWPHQWV�� � 7KH� UHVW� RI� WKH� VWXGHQWV� VKRXOG� VHDUFK� DQ� DOWHUQDWLYH� HGXFDWLRQ� PHWKRG� IRU� KLJKHU�
HGXFDWLRQ����7KDW¶V�ZK\�GLVWDQW�HGXFDWLRQ�WRROV�DUH�RQH�RI�WKH�EHVW�DOWHUQDWLYHV�IRU�KLJKHU�HGXFDWLRQ���,Q�DGGLWLRQ�WR�WKLV�
GLVWDQW�HGXFDWLRQ�FDQ�EH�XVHG�IRU�HDFK�VWDJH�RI�HGXFDWLRQ�V\VWHP��
B. Distant Education in Turkey:� 'LVWDQW� HGXFDWLRQ� LV� SURYLGHG� WR� HQVXUH� HTXDO� RSSRUWXQLWLHV� IRU� DOO� 7XUNLVK�
FLWL]HQV��WR�VXSSRUW�WKH�SULPDU\��VHFRQGDU\�DQG�KLJKHU�HGXFDWLRQ�V\VWHP�DQG�WR�UHQGHU�OLIHORQJ�OHDUQLQJ�RSSRUWXQLWLHV����
� 7KH� GLVWDQW� HGXFDWLRQ� V\VWHP� ZDV� LQLWLDWHG� LQ� 7XUNH\� LQ� ������ � $W� SULPDU\� DQG� VHFRQGDU\� HGXFDWLRQ� OHYHO� V�
GLVWDQFH�HGXFDWLRQ�LV�SURYLGHG�WKURXJK�2SHQ�3ULPDU\�6FKRRO��2SHQ�+LJK�6FKRRO��2SHQ�9RFDWLRQDO�DQG�7HFKQLFDO�+LJK�
6FKRRO�ZKLOH�DW�WHUWLDU\�OHYHO�WKURXJK�RSHQ�XQLYHUVLWLHV���,Q�DGGLWLRQ�9RFDWLRQDO�FHUWLILFDWH�SURJUDPV�DUH�RIIHUHG�IRU�DOO�
WKRXJK�2SHQ�9RFDWLRQDO� DQG�7HFKQLFDO� 6FKRRO� RQ� FRQGLWLRQ� WKDW� WKH\� DUH� DW� OHDVW� SULPDU\� VFKRRO� JUDGXDWHV�� � ,Q� WKH�
����������DFDGHPLF�\HDU��D�WRWDO�RI�����������VWXGHQWV�UHFHLYHG�HGXFDWLRQ�WKURXJK�GLVWDQFH�HGXFDWLRQ����������LQ�RSHQ�
SULPDU\�DQG�VHFRQGDU\�VFKRROV�DQG���������LQ�RSHQ�KLJKHU�HGXFDWLRQ��
�
�
�
�
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Open Education in Turkey 
 
� 7KH� ILUVW� DQG� WKH� PRVW� VXFFHVVIXO� H[DPSOH� RI� GLVWDQW� HGXFDWLRQ� LQ� 7XUNH\� LV� $QDGROX�8QLYHUVLW\�� � ,W� LV� YHU\�
VXFFHVVIXO� H[DPSOH� DQG�PLOH� VWRQH� IRU�7XUNLVK� HGXFDWLRQ� V\VWHP�� �(VNLúHKLU�$QDGROX�8QLYHUVLW\� KDV� EHHQ� SURYLGLQJ�
RSHQ�KLJKHU�HGXFDWLRQ�VHUYLFHV�VLQFH�������7KH�2SHQ�(GXFDWLRQ�)DFXOW\�EHJDQ�WUDLQLQJ�ZLWK�(FRQRPLFV�DQG�%XVLQHVV�
$GPLQLVWUDWLRQ� FXUULFXOD�� 7KH� (FRQRPLFV� DQG� %XVLQHVV� $GPLQLVWUDWLRQ� 'HSDUWPHQWV� RI� WKH� 2SHQ� (GXFDWLRQ� )DFXOW\�
ZHUH� UHRUJDQL]HG� DV� )DFXOW\� RI� (FRQRPLFV� DQG� )DFXOW\� RI� %XVLQHVV� 0DQDJHPHQW� LQ� WKH� \HDU� RI� ������ 7KH� 2SHQ�
(GXFDWLRQ�)DFXOW\�LV�DOVR�H[WHQGLQJ�VHUYLFHV�WR�IDFXOWLHV�RI�(FRQRPLFV�DQG�%XVLQHVV�0DQDJHPHQW�WKURXJK�LWV�7XUNH\�
ZLGH�GLVWULEXWHG�RIILFHV�DV�ZHOO�DV�WKH�WUDLQLQJ�DQG�HGXFDWLRQ�VHUYLFHV�H[WHQGHG�E\�WKH�IDFXOW\�LWVHOI��7KLV�VHUYLFH�LV�DOVR�
DYDLODEOH� IRU� 7XUNLVK� FLWL]HQV� OLYLQJ� LQ� IRUHLJQ� FRXQWULHV�� 7KH� WRWDO� QXPEHU� RI� VWXGHQWV� UHJLVWHUHG� WR� 2SHQ� +LJKHU�
(GXFDWLRQ�ZDV���������IRU�WKH�DFDGHPLF�\HDU������������7KH�VWXGHQW�QXPEHUV�RI�WKH�2SHQ�(GXFDWLRQ�)DFXOW\��)DFXOW\�
RI�(FRQRPLFV�DQG�)DFXOW\�RI�%XVLQHVV�0DQDJHPHQW�DUH������������������DQG���������UHVSHFWLYHO\���7KH�GHWDLOV�FDQ�EH�
VHHQ�LQ�7DEOH����
�
Table 2:�1XPEHU�2I�6WXGHQWV�,Q�'LVWDQFH�(GXFDWLRQ�������������
EDUCATIONAL LEVEL TOTAL BOYS GIRLS 
23(1� 35,0$5<�
('8&$7,21�

�������� �������� ��������

23(1� ('8&$7,21� +,*+�
6&+22/�

�������� �������� ��������

*HQHUDO�3URJUDPV� �������� �������� ��������
9RFDWLRQDO� DQG� 7HFKQLFDO�
3URJUDPV�

������� ������ �������

,QGXVWULDO�9RFDWLRQDO�+�6F�� ������� ������� ������
*LUOV¶�9RFDWLRQDO�+��6F�� ������� ���� �������
7UDGH�9RFDWLRQDO�+��6F�� ������� ������ ������
,PDP�DQG�3UHDFKHUV�+�6F�� ������ ������ ������
OPEN HIGHER 
EDUCATION�

�������� �������� ��������

TOTAL ���������� �������� ��������
�
�
� 7RGD\��LWV�2SHQ�(GXFDWLRQ�6\VWHP�QRW�RQO\�VHUYHV�VWXGHQWV�LQ�7XUNH\�EXW�7XUNLVK�FRPPXQLWLHV�LQ�WKH�(XURSHDQ�
8QLRQ�DQG�1RUWKHUQ�&\SUXV��,W�KDV�RQH�RI�WKH�ZRUOG¶V�ODUJHVW�VWXGHQW�ERGLHV��,W�FXUUHQWO\�KDV��������RQ�FDPSXV�VWXGHQWV�
DQG� DOPRVW� ���������� RII�FDPSXV� VWXGHQWV� HQUROOHG� LQ� WKH� 2SHQ� (GXFDWLRQ� 6\VWHP�� 2YHU� ����� RI� WKHVH� DUH� WDNLQJ�
JUDGXDWH� SURJUDPV�� 7KH� �������� GLVWDQFH� VWXGHQWV� ZKR� HQUROOHG� LQ� �������� FRQVWLWXWH� RYHU� ���� RI� DOO� XQLYHUVLW\�
VWXGHQWV�DQG�����RI�DOO�GLVWDQFH�HGXFDWLRQ�VWXGHQWV�LQ�7XUNH\��%\�WKH�HQG�RI�WKH���������DFDGHPLF�\HDU����������SUH�
EDFKHORU� DQG�EDFKHORU� GHJUHH� VWXGHQWV� KDG�JUDGXDWHG� WKURXJK� WKH�2SHQ�(GXFDWLRQ�6\VWHP�� DQG� DW� WKH� HQG�RI� ����� D�
IXUWKHU� ��������JUDGXDWHV� DUH� H[SHFWHG��7KH� DYHUDJH�$QDGROX�8QLYHUVLW\�GLVWDQFH� OHDUQLQJ� VWXGHQW� LV� LQ�KLV�KHU�PLG�
WZHQWLHV������RI�WKH�VWXGHQWV�DUH�PHWURSROLWDQ�EDVHG������KDYH�MREV������DUH�PDUULHG������DUH�IHPDOH�DQG������KDV�
VRPH�GLVDELOLW\��$QDGROX�8QLYHUVLW\�FRPSULVHV����IDFXOWLHV��WKUHH�RI�ZKLFK²2SHQ�(GXFDWLRQ��%XVLQHVV�$GPLQLVWUDWLRQ�
DQG�(FRQRPLFV²FRQVWLWXWH�WKH�2SHQ�(GXFDWLRQ�6\VWHP�����YRFDWLRQDO�VFKRROV����JUDGXDWH�VFKRROV�����UHVHDUFK�FHQWHUV�
DQG�D�6WDWH�&RQVHUYDWRU\�RI�0XVLF�DQG�'UDPD��,W�KDV������IXOO�WLPH�WHDFKLQJ�VWDII��
�
Open Education Faculty Performance 
 
� ��7KH�2()� RIIHUV� DFDGHPLF�� WHFKQLFDO� DQG� DGPLQLVWUDWLYH� VXSSRUW� IRU� WKH� 2SHQ� (GXFDWLRQ� 6\VWHP� WKURXJK� LWV�
YDULRXV� FHQWHUV� DQG� XQLWV�� 7KH�'LVWDQFH� (GXFDWLRQ�'HVLJQ�8QLW� SURYLGHV� WKH� LQVWUXFWLRQDO� GHVLJQ� IRU� WKH� ����PLOOLRQ�
FRSLHV�RI� WKH�����VHOI�GLUHFWHG� OHDUQLQJ� WH[WERRNV�SOXV�PDQ\� WHVW�ERRNOHWV�DQG�RWKHU�FRXUVH�PDWHULDOV� WKDW�DUH�QHHGHG�
DQQXDOO\� DQG� WKDW� DUH� FR�GHYHORSHG� E\�PRUH� WKDQ� ����ZULWHUV� DQG� HGLWRUV� IURP�$QDGROX� DQG� RWKHU� XQLYHUVLWLHV�� 7KH�
3ULQWLQJ�8QLW�GHVLJQV�DQG�SURGXFHV�WKH�WH[WERRNV�XVLQJ�WKH�ODWHVW�FRPSXWHU�WHFKQRORJ\�DQG�GLVSDWFKHV�WKHVH�WR�WKH�2()�
FHQWHUV� LQ� 7XUNH\�� WKH� (XURSHDQ�8QLRQ� DQG�1RUWKHUQ� &\SUXV� IRU� VWXGHQW� FROOHFWLRQ� XSRQ� UHJLVWHULQJ�� 7KH\� DUH� DOVR�
LQFUHDVLQJO\�PDGH�DYDLODEOH�DV�ZHE�EDVHG�3')�ILOHV��H�ERRNV���7KH�7HOHYLVLRQ�&HQWUH�SURGXFHV�RU�UHYLVHV�VRPH��������
PLQXWH�WHOHYLVLRQ�SURJUDPV�DQQXDOO\��0RVW�RI�WKH������EDQNHG�SURJUDPV�DUH�VWXGLR�EDVHG�DQG�µWDONLQJ�KHDG¶��EXW�WKHUH�
DUH� DOVR� GUDPDWL]DWLRQV�� GRFXPHQWDULHV� DQG� FRPSXWHU� DQLPDWLRQV�� 7KURXJKRXW� WKH� \HDU�� WKHVH� SURJUDPPHUV� DUH� DLUHG�
QDWLRQZLGH� VL[� KRXUV� D� GD\� RQ� ZHHNGD\V� DQG� WKUHH� KRXUV� D� GD\� DW� ZHHNHQGV� RQ� WKH� 7XUNLVK� 5DGLR� DQG� 7HOHYLVLRQ�
&RUSRUDWLRQ¶V� &KDQQHO� �� �757���� 3ULRU� WR� WKH� PLG�WHUP� DQG� ILQDO� H[DPLQDWLRQV�� WKHVH� SUH�UHFRUGHG� SURJUDPV� DUH�
UHSODFHG�ZLWK�ZHHN�ORQJ�OLYH�LQWHUDFWLYH�SURJUDPV�ZLWK�WROO�IUHH�WHOHSKRQH��ID[�DQG�HPDLO�DFFHVV�WR�KHOS�WKH�VWXGHQWV�LQ�
7XUNH\�SUHSDUH�IRU�WKHLU�H[DPLQDWLRQV��2YHU������SURJUDPV�DUH�DOVR�DYDLODEOH�DV�VWUHDPLQJ�YLGHR�RYHU�WKH�,QWHUQHW�DQG�
VWXGHQWV�PD\� SXUFKDVH� YLGHRFDVVHWWHV� RU�9&'�'9'V� DW�PLQLPDO� FRVW�� &RSLHV� DUH� IUHH� IRU� VWXGHQWV� LQ� WKH� (XURSHDQ�
8QLRQ�XQDEOH�WR�UHFHLYH�757���
� 7KH�&HQWUH�DOVR�RSHUDWHV�D�����NEV�YLGHRFRQIHUHQFLQJ�V\VWHP�IRU�WHDFKLQJ�ZLWKLQ�7XUNH\�DQG�1RUWKHUQ�&\SUXV��
DQG� SURGXFHV� KXQGUHGV� RI� UDGLR� SURJUDPV� DQG� D� ODUJH� QXPEHU� RI� DXGLRERRNV� IRU� WKH� YLVXDOO\� LPSDLUHG�� HPSOR\LQJ�
SURIHVVLRQDO�DFWRUV�WR�UHDG�DORXG�WKH�WH[WV�DQG�VHOI�WHVWV��7KH�&RPSXWHU�%DVHG�/HDUQLQJ�&HQWUH�FROODERUDWHV�ZLWK�VXEMHFW�
H[SHUWV� LQ�GHYHORSLQJ� WKH�PXOWLPHGLD�FRXUVHZDUH�IRU�&'�5RP�RU�,QWHUQHW�GLVWULEXWLRQ�� ,W�HPSOR\V����VHUYHUV�ZLWK����
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SURFHVVRUV��XVLQJ�����0ELW�EDQGZLGWK�RQ� WKH�1DWLRQDO�$FDGHPLF�1HWZRUN��8/$.�1(7��GHYHORSHG�E\� WKH�6FLHQWLILF�
DQG�7HFKQRORJLFDO�5HVHDUFK�,QVWLWXWLRQ�RI�7XUNH\��7h%,7$.��ZLWK�WKH�VXSSRUW�RI�7XUN�7HOHNRP��77���XVHG�PDLQO\�E\�
VWXGHQWV�ZLWK�FRPSXWHU�DFFHVV�LQ�SXEOLF�DJHQFLHV�RU�RWKHU�XQLYHUVLWLHV��DQG�����0ELW�EDQGZLGWK�RQ�77�1(7��IRU�RWKHU�
VWXGHQWV�DFFHVVLQJ�WKH�PXOWLPHGLD�PDWHULDOV���$OWKRXJK�WKHUH�DUH�FULWLFV�RI�WKH�V\VWHP��ZLWK�VR�PDQ\�VWXGHQWV�WKH�2()�
KDV� IRXQG� QR� DOWHUQDWLYH� EXW� WR� XVH�PXOWLSOH�FKRLFH� WHVWV� DQG� FRPSXWHUL]HG� DVVHVVPHQW� DQG� HYDOXDWLRQ��7KH� WHVWV� DUH�
GHYHORSHG�DW�WKH�7HVW�5HVHDUFK�&HQWUH�E\�WHDPV�RI�WHDFKHUV��WKH�TXHVWLRQ�ERRNV�DQG�RSWLFDOO\�UHDGDEOH�DQVZHU�VKHHWV�DUH�
GLVSDWFKHG�XQGHU�VWULFWHVW�VHFXULW\� WR� WKH�H[DPLQDWLRQ�FHQWHUV�DQG��RQ� WKHLU� UHWXUQ�� WKH�&RPSXWLQJ�&HQWUH�DVVHVVHV� WKH�
DQVZHU�VKHHWV�ZKLOH�WKH�7HVW�5HVHDUFK�&HQWUH�PRQLWRUV�WKH�DSSURSULDWHQHVV�DQG�HIIHFWLYHQHVV�RI�ERWK�WKH�LQVWUXFWLRQ�DQG�
WKH� TXHVWLRQV�� � 7KH� 2SHQ� (GXFDWLRQ� 6\VWHP� LV� IDLUO\� JHQHURXVO\� IXQGHG�� ZLWK� ���� RI� LWV� LQFRPH� FRPLQJ� IURP� WKH�
VWXGHQW�IHHV�DQG�����IURP�WKH�VWDWH��,Q�������'DQLHO�HVWLPDWHG�WKDW�WKH�2SHQ�(GXFDWLRQ�6\VWHP�FRVW�WKH�JRYHUQPHQW����
RI�WKH�KLJKHU�HGXFDWLRQ�EXGJHW��'DQLHO��-��6����������7RGD\��WKH�VWDWH�FRQWULEXWLRQ�SHU�2SHQ�(GXFDWLRQ�6\VWHP�VWXGHQW�LV�
���RI� WKDW�RI�D� VWXGHQW�DW�D�FRQYHQWLRQDO�XQLYHUVLW\��%D\UDN�DQG�.HVLP��������HVWLPDWH� WKDW� IXUWKHU� LQYHVWPHQW� LQ�H�
OHDUQLQJ�ZLOO�\LHOG�IXUWKHU�FRVW�EHQHILWV��%D\UDN��&���.HVLP�(����������)RU�PRVW�RI�WKH�FRXUVHV��WKH�DQQXDO�WXLWLRQ�IHH�LV�
DERXW� 86������ 5HSHDWLQJ� VWXGHQWV� SD\� DURXQG� 86������ &RXUVHV� LQYROYLQJ� SUDFWLFDO� ZRUN� FRVW� VOLJKWO\� PRUH�� 7KH�
DQQXDO� IHHV� IRU� WKH� ,QIRUPDWLRQ� 0DQDJHPHQW� DQG� (QJOLVK� /DQJXDJH� 7HDFKLQJ� SURJUDPV� DUH� DERXW� 86������ DQG�
86������UHVSHFWLYHO\��WKH�WRWDO�IRU�WKH�H�0%$�LV�86���������DQG�WKH�RWKHU�RQOLQH�JUDGXDWH�SURJUDPV�FRVW�86��������
�
E-Transformation 
� �
/LNH�DOO�GLVWDQFH�WHDFKLQJ�LQVWLWXWLRQV�LQ�HPHUJLQJ�HFRQRPLHV��$QDGROX�8QLYHUVLW\�PXVW�EDODQFH�WHFKQRORJLFDO�EHQHILWV�
DJDLQVW� HTXLWDEOH� SURYLVLRQ�� H�7UDQVIRUPDWLRQ� FDQ� LPSURYH� WKH� LQIUDVWUXFWXUH�� SURYLGH� ULFKHU� DQG� PRUH� LQWHUDFWLYH�
SURJUDPV�DQG�HQKDQFH�OHDUQHU�VXSSRUW��%XW�UHFHQW�ILQGLQJV��'37��������VKRZ�WKDW�RQO\�������RI�WKH�7XUNLVK�SRSXODWLRQ�
FDQ� DFFHVV� WKH� ,QWHUQHW�� DQG� RQO\� WZR� SHU� FHQW� FDQ� DFFHVV� EURDGEDQG�� 2QO\� ����� RZQ� FRPSXWHUV� ZLWK� DQ� ,QWHUQHW�
FRQQHFWLRQ��7KH�PDMRULW\�DFFHVV�WKH�,QWHUQHW�DW�ZRUN���������RU�DW�,QWHUQHW�FDIHV����������,QWHUQHW�DFFHVV�LV�SULPDULO\�LQ�
WKH� XUEDQ� DQG� DGYDQWDJHG� UHJLRQV� DQG�����RI� WKH�SRSXODWLRQV� VWLOO� KDYH�QR� XQGHUVWDQGLQJ�RI� WKH� ,QWHUQHW��7KH�PDLQ�
UHDVRQV� IRU� WKH� ORZ� DGRSWLRQ� UDWHV� DUH� WKH� KLJK� FRVW� RI� DQ� ,QWHUQHW� FRQQHFWLRQ� DQG� D� ODFN� RI� EDVLF� ,QWHUQHW�FRPSXWHU�
VNLOOV��)RU�WKRVH�RQ�WKH�DYHUDJH�PRQWKO\�LQFRPH�RI�86����±�����86����D�PRQWK�IRU�D�����NSEV�GLJLWDO�VXEVFULEHU�OLQH�
�$'6/��RU�86����IRU����KRXUV�RI�GLDO�XS�LV�SURKLELWLYHO\�FRVWO\��%XW��LQWHUHVWLQJO\��VWXGHQWV�FRQVWLWXWH�WKH�ODUJHVW�JURXS�
�������� XVLQJ� WKH� ,QWHUQHW�� 7XUNH\� UDQNHG� ��WK� LQ� WKH� (FRQRPLVW� ,QWHOOLJHQFH� 8QLW¶V� ����� H�UHDGLQHVV� 5DQNLQJV���
+RZHYHU�� WKH� LPSHUDWLYHV�RI�WKH�NQRZOHGJH�HFRQRP\��JOREDOL]DWLRQ��FDQGLGDF\�IRU�WKH�(XURSHDQ�8QLRQ�DQG�7XUNH\¶V�
LQFOXVLRQ�LQ�WKH�(XURSHDQ�&RXQFLO¶V�H�(XURSH�3URJUDP�$FWLRQ�3ODQ�KDYH�OHG�WKH�JRYHUQPHQW�WR�LQLWLDWH�WKH�7XUNLVK�H�
WUDQVIRUPDWLRQ� EHWWHU�� IDVWHU� DQG� PRUH� SDUWLFLSDWLYH� DQG� WUDQVSDUHQW� ,QIRUPDWLRQ� DQG� &RPPXQLFDWLRQV� 7HFKQRORJ\�
SXEOLF�VHUYLFHV��8QLYHUVLWLHV�� UHVHDUFK�RUJDQL]DWLRQV�� OLEUDULHV�DQG�GRFXPHQWDWLRQ�FHQWHUV�DUH� OLQNHG� WKURXJK� WKH�KLJK�
VSHHG�8/$.�1(7��DQG�WKH�UDSLG�H[SDQVLRQ�RI�WKH�,QWHUQHW�KDV�OHG�WR�VWXGHQW�GHPDQG�IRU�RQOLQH�SURJUDPV�DQG�VHUYLFHV��
,Q������7KH�&RXQFLO�RI�+LJKHU�(GXFDWLRQ� OHJLVODWHG�IRU�7XUNLVK�XQLYHUVLWLHV� WR�PRYH� LQWR�H�OHDUQLQJ��7KH�&RPSXWHU�
%DVHG�/HDUQLQJ�&HQWUH�KDG� DOUHDG\�EHHQ�GHYHORSLQJ� FRXUVHZDUH� IRU� XVH� LQ� FRQMXQFWLRQ�ZLWK� WKH�SULQW�PDWHULDOV�� DQG�
$QDGROX�8QLYHUVLW\�UHVSRQGHG�UHDGLO\�WR�WKLV�RSSRUWXQLW\��7KH�RULJLQDO�LQWHQWLRQ�ZDV�WR�LQVWDOO�FRPSXWHU�ODERUDWRULHV�LQ�
DOO� RI� WKH� 2()� FHQWHUV� EXW� WKLV� SURYHG� WR� EH� WRR� SUREOHPDWLF� DQG� FRVWO\� VR� WKH� 2()� LV� QRZ� VHWWLQJ� LWV� VLJKWV� RQ�
VXSSRUWLQJ� KRPH� RZQHUVKLS� RI� FRPSXWHUV�� HQKDQFLQJ� ,QWHUQHW� FRQQHFWLRQ� DQG� ZRUNLQJ� ZLWK� 7XUNLVK� 7HOHFRP� WR�
LQFUHDVH� WKH� EDQGZLGWK� DQG� SURYLGH� DFFHVV� IRU� WKRVH� LQ� UXUDO� DQG� XQGHUGHYHORSHG� UHJLRQV� RI� WKH� FRXQWU\��'HSOR\LQJ�
:L0D[� WHFKQRORJ\� LV� SDUW� RI� WKLV� SURMHFW�� 7KH� SXUVXLW� RI� WKHVH� JRDOV� LV� VHHQ� DV� LPSRUWDQW� EHFDXVH� LW� LV� VKRZQ� WKDW��
UHJDUGOHVV�RI� UHJLRQ��DJH�RU�JHQGHU��2SHQ�(GXFDWLRQ�6\VWHP�VWXGHQWV�PDNLQJ�UHJXODU�DQG�VXVWDLQHG�XVH�RI�H�OHDUQLQJ�
SHUIRUP�EHWWHU�WKDQ�WKRVH�ZKR�GR�QRW�PDNH�XVH�RI�WKH�WHFKQRORJ\��0XWOX��0��(����������+RZHYHU��LW�LV�VWLOO�WKH�FDVH�WKDW�
PDQ\� VWXGHQWV� ODFN� WKH� UHTXLVLWH� FRPSXWLQJ� DQG� VHOI�VWXG\� VNLOOV�� TXLHW�� SULYDWH� HQYLURQPHQWV� IRU� OHDUQLQJ�� DQG�
FRQILGHQFH�WR�XVH�FRPSXWHUV�IRU�WKHLU�OHDUQLQJ��WKDW�VHUYHU�DQG�EDQGZLGWK�SUREOHPV�RFFXU�GXULQJ�SHDN�KRXUV��DQG�WKDW�
PDQ\� IDFXOWLHV� DUH� VWLOO� XQIDPLOLDU� ZLWK� WHFKQRORJ\�EDVHG� WHDFKLQJ� DQG� OHDUQLQJ�� 6R� WKHUH� DUH� PDQ\� LVVXHV� WR� EH�
DGGUHVVHG�DV�ZHOO�DV�WKH�FHOO�SKRQH��3'$�DQG�RWKHU�P�OHDUQLQJ�RSWLRQV��
�
Strategic Planning and Management 
�
� $QDGROX�8QLYHUVLW\�DQG�WKH�2()�UHDOL]H�WKDW� WKH\�KDYH�UHDFKHG�D�VWDJH�ZKHUH�WKH\�QHHG�WR�UH�H[DPLQH�WUHQGV��
QHHGV�� REOLJDWLRQV� DQG� WKHLU� VWUHQJWKV�� DGYDQWDJHV� DQG� RSSRUWXQLWLHV�� UH�GHILQH� WKHLU� VWUDWHJLF� JRDOV� DQG� SULRULWLHV�� UH�
DOLJQ�WKHLU�PDQDJHPHQW�DQG�TXDOLW\�DVVXUDQFH�SURFHGXUHV�DQG�UHVRXUFHV�DFFRUGLQJO\��DQG�PDLQVWUHDP�WKRVH�LQQRYDWLRQV�
WKDW�DUH�VKRZQ�WR�EH�ZRUNLQJ�ZHOO��7KH\�DOVR�QHHG�WR�JXDUG�DJDLQVW�EHFRPLQJ�RYHU�H[WHQGHG�DQG�RU�IDLOLQJ�WR�DFKLHYH�
LPSDFW� DQG� OHYHUDJH� LQ� SROLWLFDOO\� DQG� HGXFDWLRQDOO\� VLJQLILFDQW� DUHDV�� 7KH� +LJKHU� (GXFDWLRQ� &RXQFLO� �+(&�� KDV�
VXJJHVWHG�WKDW�$QDGROX�8QLYHUVLW\�VKRXOG�LQFUHDVH�WKH�UDQJH�RI�FRXUVHV�DQG�RIIHU�SURJUDPV�LQ�WHFKQLFDO�ILHOGV��VFLHQFH�
DQG� PHGLFLQH�� $W� WKH� VDPH� WLPH�� WKH� 7XUNLVK� EUDQFKHV� RI� ODUJH� LQWHUQDWLRQDO� ILUPV� DUH� DVNLQJ� WKH� 2()� WR� SURYLGH�
QDWLRQZLGH�RQOLQH�WUDLQLQJ�IRU�WKHLU�HPSOR\HHV��,Q�$XJXVW�������)RUG�HVWDEOLVKHG�DQ�H�OHDUQLQJ�SRUWDO�WR�WUDLQ�LWV�VHUYLFH�
SHUVRQQHO� XVLQJ�PDWHULDOV�GHVLJQHG�DQG�SURGXFHG�E\� WKH�2()��$QDGROX�8QLYHUVLW\�DOVR�QHHGV� WR�FRQVLGHU� WKH� WKUHDWV�
SRVHG�E\�LQWHUQDWLRQDO�DQG�IRU�SURILW�RQOLQH�SURYLGHUV�DQG�WKH�RWKHU�VRFLR�HFRQRPLF��SROLWLFDO�DQG�WHFKQRORJLFDO�FKDQJHV�
WKDW�XQGRXEWHGO\�OLH�DKHDG�IRU�WKH�FRXQWU\��<ÕOPD]��������VXJJHVWV�WKDW�XQLYHUVLWLHV�ZLWK�DQ�H�WUDQVIRUPDWLRQ�PLVVLRQ�
QHHG� WR� PDUNHW� WKHPVHOYHV� DV� SURYLGLQJ� HDVLO\� DFFHVVHG�� ZHOO�GHVLJQHG�� OHDUQHU�FHQWHUHG�� DIIRUGDEOH�� HIILFLHQW� DQG�
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IOH[LEOH� VHUYLFHV�� VRXQG� UHWXUQ�RQ�LQYHVWPHQW�� JUHDWHU� OHDUQHU� VDWLVIDFWLRQ�DQG�KLJKHU� UHWHQWLRQ� �<ÕOPD]��5��$����������
g]NXO��������REVHUYHV�WKDW�DFKLHYLQJ�WKLV�DW�$QDGROX�8QLYHUVLW\�ZLOO�UHTXLUH�VLJQLILFDQW�FKDQJHV�LQ�VWUXFWXUHV�DQG�ZRUN�
SUDFWLFHV��DQG�8OXNDQ��������VXJJHVWV� WKDW� WKH�UHTXLVLWH� VKLIWV� LQ� LQVWLWXWLRQDO�YDOXHV�DQG�VWDII�DWWLWXGHV�DQG�EHKDYLRUV�
ZLOO� UHTXLUH� PXOWLSOH� SRLQWV� RI� LQHUWLD� DQG� UHVLVWDQFH� WR� EH� DGGUHVVHG� V\VWHPLFDOO\�� $QDGROX� 8QLYHUVLW\¶V� RULJLQDO�
SRVLWLRQLQJ� DV� WKH� QDWLRQDO� FHQWHU� IRU� GLVWDQFH� OHDUQLQJ� LQ�7XUNH\�ZDV� DWWULEXWDEOH� WR� WKH�YLVLRQ� DQG� OHDGHUVKLS�RI� LWV�
LQDXJXUDO�5HFWRU�LQ�WKH�����V�DQG�����V��7KH�QHZ�VHQLRU�PDQDJHPHQW�WHDP�QHHGV�WR�H[HUFLVH�VLPLODU�SUHVFLHQFH�DQG�
OHDGHUVKLS�DQG�WR�HQFRXUDJH�DOO�IDFXOWLHV�DQG�VWDII�WR�DOLJQ�WKHLU�JRDOV�DQG�DFWLYLWLHV�WR�D�QHZ�YLVLRQ��7KH�UHFHQW�+LJKHU�
(GXFDWLRQ� 6WUDWHJ\� IRU� 7XUNH\� �+LJKHU� (GXFDWLRQ�&RXQFLO�� ������ VWUHVVHV� WKH� QHHG� IRU� MXVW� WKLV� IRUP� RI� UHYLHZ� DQG�
HQYLVLRQLQJ��:KLOH�DW�WKLV�VWDJH�WKH�UHSRUW�LV�D�GUDIW�RSHQ�WR�FRPPHQW��LW�IODJV�VRPH�LPSRUWDQW�LVVXHV��,W�REVHUYHV�WKDW�WKH�
KLJKHU� HGXFDWLRQ� DJH� JURXS�ZLOO� GHFOLQH� EXW� WKDW� WKH� SDUWLFLSDWLRQ� UDWH� QHHGV� WR� EH� LQFUHDVHG� WR�PDWFK� WKDW� RI� RWKHU�
2(&'�FRXQWULHV��WKDW�WKHUH�LV�QHHG�IRU�PRUH�SRVWJUDGXDWH�VWXG\�DQG�OLIHORQJ�OHDUQLQJ�RSSRUWXQLWLHV��WKDW�WKH�XQLYHUVLW\�
V\VWHP�QHHGV�WR�EH�PRUH�RSHQ�DQG�IOH[LEOH��WKDW�PDQDJHPHQW��TXDOLW\�DVVXUDQFH�PHDVXUHV�DQG�UHVRXUFH�HIILFLHQF\�QHHG�
WR�EH�LPSURYHG��DQG�WKDW� WKHUH�LV�D�FDOO� IRU�PRUH�VWXGHQW�FHQWHUHG�DSSURDFKHV��JUHDWHU�XVH�RI�H�OHDUQLQJ�DQG�LQFUHDVHG�
UHVHDUFK�DFWLYLW\�DQG�LQWHUQDWLRQDO�SXEOLFDWLRQ��,W�DOVR�VXJJHVWV� WKDW�ZKLOH�WKH�SDUWLFLSDWLRQ�UDWH�VKRXOG�ULVH�WR�����E\�
������ WKH� SURSRUWLRQ� VWXG\LQJ� WKURXJK� RSHQ� OHDUQLQJ� VKRXOG� EH� SURJUHVVLYHO\� UHGXFHG� IURP����� WR� �������ZKLFK� LW�
FODLPV� LV� WKH� QRUP� IRU� GHYHORSHG� FRXQWULHV��$QDGROX�8QLYHUVLW\� LV� DOUHDG\� WDNLQJ� VWHSV� WR� UHVSRQG� WR� WKLV� FKDQJLQJ�
HQYLURQPHQW��$�6WUDWHJLF�3ODQQLQJ�7DVN�)RUFH� UHSUHVHQWDWLYH�RI� WKH�GLIIHUHQW� GHSDUWPHQWV� RI� WKH�XQLYHUVLW\� KDV�EHHQ�
FKDUJHG�ZLWK�GHYHORSLQJ�D�VWUDWHJLF�SODQ�E\�WKH�HQG�RI�WKH�ILUVW�TXDUWHU�RI�������,Q�DQRWKHU�PDMRU�VWHS�GHYHORSPHQW��D�
QHZ�2SHQ� DQG�'LVWDQFH�/HDUQLQJ�5HVHDUFK� DQG�'HYHORSPHQW�2IILFH� �$5*(��KDV�EHHQ� HVWDEOLVKHG� WR�XQGHUWDNH� DQG�
FRPPLVVLRQ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�UHVHDUFK�VWXGLHV�WKDW�ZLOO�KHOS�DGPLQLVWUDWRUV�DQG�IDFXOW\�LPSURYH�WKHLU�VHUYLFHV�
DQG� JDLQ� EHWWHU� QDWLRQDO� DQG� LQWHUQDWLRQDO� UHFRJQLWLRQ� RI� WKH� XQLYHUVLW\�� 2Q� WKH� GHYHORSPHQWDO� VLGH�� $5*(� ZLOO�
HQFRXUDJH�DQG�VXSSRUW�QHZ�IRUPV�RI�RQOLQH�SURJUDPV��HVSHFLDOO\� LQ� WKH� WHFKQLFDO� ILHOGV��XVLQJ�DGYDQFHG� WHFKQRORJLHV�
DQG�PRUH�IOH[LEOH�DQG�SHUVRQDOL]HG�OHDUQLQJ�V\VWHPV��7KHVH�H�FHUWLILFDWH�SURJUDPV�ZLOO�EH�VR�GHVLJQHG�DV�WR�UHPRYH�WKH�
EDUULHUV�WR�FRQWLQXLQJ�SURIHVVLRQDO�GHYHORSPHQW��LQFOXGLQJ�GLVWDQFH��WLPH��TXDOLILFDWLRQV�DQG�FRVW��
 
Conclusion 
�
� 7XUNLVK� GLVWDQFH� HGXFDWLRQ� DOUHDG\� SURYLGHV� OHDUQHU�FRQWHQW� LQWHUDFWLRQ� WKURXJK� RQH�ZD\� WHFKQRORJLHV�� %\�
DSSO\LQJ� LQVWUXFWLRQDO� VWUDWHJLHV� DQG� LQWHUDFWLYH� WHFKQRORJLHV� WKDW� DUH� LQVSLUHG�E\� FXOWXUDO� FRQWH[W�� GLVWDQFH� HGXFDWLRQ�
FDQ� DOVR� HQKDQFH� OHDUQHU�LQVWUXFWRU�� DQG� OHDUQHU�OHDUQHU� LQWHUDFWLRQ�� &XOWXUDO� FRQWH[W� LV� D� FULWLFDO� LQJUHGLHQW� LQ� WKH�
GHYHORSPHQW�RI�DQ\�GLVWDQFH�HGXFDWLRQ�SURJUDP��%HFDXVH�GLVWDQFH�HGXFDWLRQ�UHIOHFWV�WUDGLWLRQDO�IDFH�WR�IDFH�HGXFDWLRQ��
GLVWDQFH�HGXFDWLRQ�SURJUDPV�PXVW�EH�EDVHG�RQ�FXOWXUDO�FRQWH[W��,Q�7XUNH\��SDWURQDJH�DQG�DQ�RUDO� WUDGLWLRQ�DUH�SDUW�RI�
WKLV� FXOWXUDO� FRQWH[W�� 7KH� LQVWUXFWLRQDO� GHVLJQHU� VKRXOG� VHOHFW� WHFKQRORJLHV� WKDW� ZLOO� HQFRXUDJH� LQWHUDFWLRQ� DQG�
FRRSHUDWLRQ�ZKLOH�VXSSRUWLQJ�WKH�FXOWXUDO�FRQWH[W��
� $V�DQ�LPSRUWDQW�VRFLDO�DQG�HGXFDWLRQDO�GHYHORSPHQW�WKH�2SHQ�(GXFDWLRQ�)DFXOW\
V�VLJQLILFDQFH�OLHV�QRW�RQO\�LQ�
PDNLQJ�8QLYHUVLW\�HGXFDWLRQ�DYDLODEOH�WR�DGXOWV�ZKR�FDQ�RQO\�REWDLQ�LW�WKURXJK�VWXG\�LQ�WKHLU�VSDUH�WLPH��EXW�DOVR�LQ�WKH�
YDULHW\�RI� WHDFKLQJ�PHWKRGV�XVHG�� �%\� WKH�ZD\�RI�GLVWDQFH�HGXFDWLRQ� LQ�7XUNH\��VWXGHQWV�ZKR� IDLOHG� WR�ZLQ�SODFHV�DW�
FRQYHQWLRQDO�XQLYHUVLWLHV�DV�ZHOO�DV�WKRVH�ZKR�IRU�HFRQRPLF��JHRJUDSKLF�RU�RWKHU�UHDVRQV�FRXOG�QRW�VWXG\�RQ�XQLYHUVLW\�
FDPSXVHV� IRXQG� D� FKDQFH� WR� EH� HGXFDWHG�� ,W� ZDV� IHOW� WKDW� GLVWDQFH� HGXFDWLRQ� ZRXOG� QRW� RQO\� EHQHILW� WKH� VWXGHQWV�
WKHPVHOYHV�EXW��LQ�ODUJHU�VHQVH��ZRXOG�KHOS�WR�HOLPLQDWH�WKH�VWXGHQW�XQUHVW�DQG�FLYLO�GLVREHGLHQFH��ZKLFK�KDG�PDUNHG�WKH�
����
V��
� $QDGROX�8QLYHUVLW\�KDV� VXFFHVVIXOO\�SURYLGHG�GLVWDQFH�HGXFDWLRQ�IRU�7XUNLVK�SHRSOH� LQ�7XUNH\��DFURVV�(XURSH�
DQG�LQ�1RUWKHUQ�&\SUXV�VLQFH�WKH�HDUO\�����V��7KH�VL]H��GLYHUVLW\�DQG�GLVWULEXWLRQ�RI�WKH�VWXGHQW�ERG\�DQG�DVVRFLDWHG�
WHFKQRORJLFDO��ORJLVWLFDO��OHJDO�DQG�SROLWLFDO�LVVXHV�SUHVHQW�HQRUPRXV�FKDOOHQJHV�WR�WKH�2SHQ�(GXFDWLRQ�6\VWHP��$QDGROX�
LV�QRZ� LPSURYLQJ� LWV�HGXFDWLRQDO�SURGXFWV�DQG�VHUYLFHV� WKURXJK�H�WUDQVIRUPDWLRQ�DQG�E\�HPSOR\LQJ�QHZ�LQVWUXFWLRQDO�
PRGHOV�LQ�LWV�XQGHUJUDGXDWH��JUDGXDWH�DQG�H�FHUWLILFDWH�SURJUDPV��+RZHYHU��WKHUH�DUH�VWLOO�PDQ\�LVVXHV�WR�FRQVLGHU��KRZ�
WR� SUHSDUH� WKH� OHDUQHUV� IRU� VHOI�PDQDJHG�� FROODERUDWLYH�� WHFKQRORJ\�EDVHG� OHDUQLQJ�� KRZ� WR� WUDLQ� IDFXOW\� LQ� WKH� QHZ�
WHFKQRORJLHV��PHWKRGRORJLHV�DQG�UHVHDUFK�SUDFWLFHV��KRZ�WR�SHUVXDGH�SROLWLFLDQV�DQG�DGPLQLVWUDWRUV�WR�ZULWH�OHJLVODWLRQ�
DQG�ELOOV�WKDW�ZLOO�VXSSRUW�RSHQ�HGXFDWLRQ��DQG�KRZ�WR�LPSURYH�WKH�WHFKQRORJLFDO�LQIUDVWUXFWXUH�DQG�VHUYLFHV��6HQLRU�DQG�
PLGGOH� PDQDJHPHQW� DQG� WKH� UHFHQWO\� HVWDEOLVKHG� 6WUDWHJLF� 3ODQQLQJ� 7DVN� )RUFH� DUH� FRPPLWWHG� WR� ILQGLQJ� ZD\V� RI�
UHVROYLQJ�WKHVH�LVVXHV��
�
�
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KWWS���WRMGH�DQDGROX�HGX�WU�WRMGH���DUWLFOHV�DUWLFOH��KWP��DFFHVVHG����-XQH��������
�
<ÕOPD]��5��$����������Use of marketing communications for distance education institutions��7XUNLVK�2QOLQH�-RXUQDO�RI�
'LVWDQFH�(GXFDWLRQ��72-'(���������$YDLODEOH�RQOLQH�DW��KWWS����WRMGH�DQDGROX�HGX�WU�WRMGH���QRWHVBIRUBHGLWRU�QRWH��KWP�
�DFFHVVHG����-XQH��������
�
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<UG��'Ro��'U��)DWLPH�%$/.$1�.,<,&,��
IEDONDQ#VDNDU\D�HGX�WU�

6DNDU\D�hQLYHUVLWHVL�(÷LWLP�IDN�OWHVL�)HQ�ELOJLVL�g÷UHWPHQOL÷L�$%' 
0HOLNH�<$98=��

PH\NH\DYX]#KRWPDLO�FRP�
6DNDU\D�hQLYHUVLWHVL�(÷LWLP�%LOLPOHUL�(QVWLW�V��)HQ�%LOJLVL�(÷LWLPL� 

'RNWRUD�g÷UHQFLVL 
5HVXO�6$d$5�

UHVXO�VDFDU#JPDLO�FRP�
6DNDU\D�hQLYHUVLWHVL�(÷LWLP�%LOLPOHUL�(QVWLW�V��)HQ�%LOJLVL�(÷LWLPL� 

<�NVHN�/LVDQV�g÷UHQFLVL 
 

����� \ÕOÕQGD� X\JXODPD\D� NRQXODQ� IHQ� YH� WHNQRORML� |÷UHWLP� SURJUDPÕQÕQ� WHPHO� DPDFÕ� IHQ� YH� WHNQRORML� RNXU\D]DUÕ�
ELUH\OHU�\HWLúWLUPHNWLU��g÷UHWPHQOHULQ�IHQ�derslerinde bilimsel kitap ve popüler bilim dergilerini kullanPDODUÕ�EX�DPDFD�
XODúPDGD�|QHPOL�ELU�URO�R\QD\DELOLU��d�QN��SRS�OHU�ELOLP�Gergileri bilim ile bireyler arasÕQGD�ELU�ED÷�NXUPDNWD, bilimsel 
YH�WHNQRORMLN�JHOLúPHOHULQ�IDUNÕQGD�ROXQPDVÕQÕ�VD÷OD\DUDN� ELOJLOHUL�J�QO�N�\DúDPOD�LOLúNLOHQGLUPH\H�IÕUVDW�YHUPHNWH�YH 
ELOLPVHO�ELOJL\L�ELUH\OHUH�KD]ÕU�RODUDN�VXQPDNWDQVD, onun özünü anlayabilmelerine LPNDQ�WDQÕPDNWDGÕU��%X�VHEHSWHQ�EX�
oDOÕúPDGD�� ELOLPVHO� NLWDS� YH� SRS�OHU�ELOLP�GHUJLOHULQLQ� IHQ�GHUVOHULQGH�|÷UHWPHQOHU� WDUDIÕQGDQ NXOODQÕlma durumunun 
tespit edilmesi aPDoODQPÕúWÕU��dDOÕúPD�JUXEXQX��� IHQ�YH�WHNQRORML�|÷UHWPHQL�ROXúWXUPDNWDGÕU��dDOÕúPDGD�verilerin elde 
HGLOHELOPHVL� DPDFÕ\OD� DUDúWÕUPDFÕODU� WDUDIÕQGDQ� KD]ÕUODQDQ� YH� DoÕN� XoOX� VRUXODUGDQ� ROXúDQ� ELU� form NXOODQÕOPÕúWÕU��
+D]ÕUODQDQ� IRUPGD�GHPRJUDILN�ELOJLOHU�YH�GHUJL� YH�NLWDSODUÕQ�NXOODQÕOPD�GXUXPX�\D�GD�NXOODQÕOPDVÕQÕQ�|Q�QGH�HQJHO�
WHúNLO� HGHQ�GXUXPODUÕQ� WHVSLW� HGLOPHVLQH�\|QHOLN� VRUXODU� \HU�DOPDNWDGÕU��g÷UHWPHQOHUH�X\JXODQDQ�EX� IRUP�VRQXFXQGD�
HOGH� HGLOHQ� YHULOHU� DUDúWÕUPDFÕODU� WDUDIÕQGDQ� DQDOL]� HGLOPLútir. g÷UHWPHQOHUGHQ� HOGH� HGLOHQ� YHULOHU� VRQXFXQGD��
|÷UHWPHQOHULQ� ELOLPVHO� NLWDSODU� YH� SRS�OHU� ELOLP� GHUJLOHULQL� WDNLS� HWPH� RUDQODUÕQÕQ� \�NVHN� ROGX÷X� o�QN��� ELOLP� YH�
WHNQRORML� LOH� LOJLOL�RODQ�KHU� W�UO��JHOLúPHGHQ�ELUH\OHULQ�KDEHUGDU�ROPDODUÕQÕ� VD÷ODGÕ÷Õ� YH�H÷LWLP-|÷UHWLP� IDDOL\HWOHULQLQ�
\�U�W�OPHVLQH�\DUGÕPFÕ�RODQ�ND\QDNODU�RODUDN�G�ú�QG�NOHULQH�LOLúNLQ�EXOJXODU�HOGH�HGLOPLúWLU��$\QÕ�]DPDQGD��EX�NLWDS�
YH� GHUJLOHULQ� IHQ� YH� WHNQRORML� GHUVLQLQ� KHGHIOHULQH� SDUDOHO� RODUDN�� IHQ� YH� WHNQRORML� RNXU\D]DUÕ� ELUH\OHU� \HWLúWLUPH\H�
\DUGÕPFÕ�ROGX÷X�VRQXFXQD�XODúÕOPÕúWÕU� 

$QDKWDU�NHOLPHOHU: Bilimsel kitaplar, popüler ELOLP�GHUJLOHUL��IHQ��|÷UHWPHQ 

*LULú�

%LOLP��J�Q�P�]GH�LQVDQODUÕQ�G�Q\DGD�VDKLS�ROGX÷X�KD\DWÕ��HQ�oRN�GH÷LúWLUHQ�YH�\DNÕQGDQ�HWNLOH\HQ�ELOJLQLQ�ND\QD÷ÕGÕU��
%LOLPLQ�V�UHNOL�JHOLúHQ�YH�NHQGLQL�\HQLOH\HQ�GLQDPLN�\DSÕVÕ�EHUDEHULQGH�WHNQRORML�DODQÕQGDNL�JHOLúPHlerin ilerlemesine 
GH� RODQDN� VD÷ODPÕúWÕU�� %X� úHNLOGH� ELOLP� YH� WHNQRORML�� oLIW� \|QO�� YH� V�UHNOL� GHYDP� HGHQ� ELU� HWNLOHúLP� LoLQH� JLUPLúWLU�
�'HPLUFL���������%LOLP�YH� WHNQRORML�oD÷ÕQGD�ROGX÷XPX]�VRQ�J�QOHUGH�� WRSOXPODU��oD÷Õ�\DNDOD\ÕS�JHOHFH÷H� ÕúÕN� WXWPDN�
için ELOLP� YH� WHNQRORML\L�� RUWDN� ELU� SD\GD� RODQ� H÷LWLPGH� EXOXúWXUPXúWXU� �7DQ� YH� 7HPL]�� ������� %|\OHOLNOH� ELOLPVHO�
G�ú�QPH� EHFHULOHULQH� VDKLS�� WHNQRORMLN� JHOLúPHOHUGHQ� KDEHUGDU� RODQ� ELUH\OHU� \HWLúWLUPHN, H÷LWLPLQ� WHPHO� KHGHIOHUL�
DUDVÕQGD� \HU� DOPÕúWÕU�� %X� ED÷ODPGD�� J�QO�N� KD\DWÕ�� ELOLP� LOH� ELUOHúWLUHQ� YH� GR÷D\Õ� DQODPD\D� \DUGÕPFÕ� RODQ� IHQ�
GHUVOHULQLQ�� ELOLP� YH� WHNQRORMLN� JHOLúPHOHUOH� Lo� LoH� ROPDVÕ� JHUHNPHNWHGLU� �'HPLUEDú�� ������� %X� JHUHNOLOLN� XOXVODUÕQ�
JHOHFH÷L�YH�WRSOXPODUÕQ�LOHUOH\LúL� LoLQ�� IHQ�YH�WHNQRORML�H÷LWLPLQLQ�|QHPLQL�GDKD�GD�DUWWÕUPÕúWÕU��%X�QHGHQOH��ONHPL]GH�
program reform hareketleri sonucunda \DSÕODQ�GH÷LúLNOLNOH, IHQ�|÷UHWLP�SURJUDPÕQÕQ�WHPHO�DPDFÕ��ELOLP�YH�WHNQRORMLN�
JHOLúPHOHUL� WDNLS�HGHQ��GR÷DO�G�Q\D\Õ�DQOD\DQ�� NDUúÕODúWÕ÷Õ� SUREOHPOHU� HVQDVÕQGD feQL�NXOODQÕS�ELOLPVHO� V�UHoOHUL� WDNLS�
HGHQ�� \DúDGÕ÷Õ� WRSOXP� YH� oHYUH\H� GH÷HU� YHUHQ�� H÷LWLP� YH� PHVOHN� VHoLPLQGH� IHQ� YH� WHNQRORML\OH� LOJLOL� RODQ� PHVOHNL�
\|QOHULQ�DOW�\DSÕVÕQÕ�ROXúWXUPXú�ELUH\OHU�\HWLúWLUPHN�RODUDN�EHOLUOHQPLúWLU��%X�DPDoODU�GR÷UXOWXVXQGD�\HQL bir kavram ve 
DQOD\Õú�RODQ�IHQ�YH�WHNQRORML�RNXU\D]DUOÕ÷Õ�RUWD\D�oÕNPÕúWÕU��0(%���������%LUH\H�|÷UHWLP�SURJUDPÕQGD�KHGHIOHQGL÷L�JLEL�
IRUPDO� H÷LWLP� LOH� RNXO� oDWÕVÕ� DOWÕQGD� ND]DQGÕUÕOPD\D� oDOÕúÕODQ� IHQ� YH� WHNQRORML� RNXU\D]DUOÕ÷Õ�� KD\DW� ER\X� |÷UHQPH�
DQODPÕQD JHOHQ�YH�IRUPDO�H÷LWLPLQ�\DQÕQGD�GHVWHNOH\LFL�RODUDN�\HU�DODQ�LQIRUPDO�H÷LWLP�HúOL÷LQGH�GH�VD÷ODQDELOPHNWHGLU�
(Eshach, 2007). Bu sebepten�� |÷UHQPH� LoLQ� JHrekli olan metot ve materyaller JHQLúOHWLOHUHN, DOWHUQDWLI� |÷UHQPH�
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ND\QDNODUÕ� RODUDN�� WHOHYL]\RQ�� UDGyo, gazete, dergi, internet ve kitap gibi araçlardan daKD� ID]OD� \DUDUODQÕOPÕúWÕU� �+LOO� 
+DQQDILQ�YH�'RPL]L��������/DoLQ�ùLPúHN��������� 

øQVDQODUÕQ� KD\DWÕQGD� X]XQ� \ÕOODUGÕU� YDUOÕ÷ÕQÕ� V�UG�UHQ� NLWDS� N�OW�U�; ELUH\OHULQ� NHQGLOHULQL� JHOLúWLUPHN� �]HUH�
EDúYXUGXNODUÕ� HQ�|QHPOL�ND\QDNODUGDQ�ELU� WDQHVL�RODUDN�J|U�OPHNWHGLU� �8÷XUOX��dHOLN�YH�6DUÕ���������d�QN��ELUH\OHU��
NLWDSODU� VD\HVLQGH� ELOJLOHULQ� ND\QD÷ÕQD� LVWHGL÷L� ]DPDQ� LVWHGL÷L� \HUGH� XODúPDNWD� YH� ELOJLOHUL� LVWHGL÷L� PLNWDUGD� WHNUDU�
HGHELOPH� LPNDQÕQD� VDKLS� ROPDNWDGÕU (Küçükahmet,2000). Ancak dHUV� NLWDSODUÕQÕQ� |÷UHWLP� SURJUDPÕQD� ED÷OÕ� NDODUDN�
KD]ÕUODQPDVÕ��LOJL�oHNLFL�NRQXODUÕQ��ELOLP�YH�WHNQRORML�LOH�DODNDOÕ�J�QFHO�KDEHUOHU��ROD\ODU�YH�VRQ�JHOLúPHOHULQ�DNWDUÕOPDVÕ�
konusundaki VÕQÕUOÕOÕNODUÕ dikkat çekmektedir. Bundan GROD\Õ� GHUV� NLWDSODUÕ� \DUGÕPÕ� LOH� IHQ� ve teknoloji okuryD]DUÕ�
ELUH\OHULQ�\HWLúWLULOPHVL�V�UHFLQGH� SRS�OHU�ELOLP�GHUJLOHUL�YH�ELOLP�NLWDSODUÕ�göz önünde bulundurularak LQIRUPDO�H÷LWLP�
NDSVDPÕQGD� HOH� DOÕQPDOÕGÕU�� %X� VD\HGH�� |÷UHWPHQOHU� WDUDIÕQGDQ� NXOODQÕODQ� NLWDS� YH� GHUJL� JLEL� \D]ÕOÕ� PDWHU\DOOHU, 
|÷UHQFLQLQ�ELOLPVHO�ELOJLOHUL�GDKD� L\L�DOJÕODPDVÕQÕ�VD÷OD\DUDN� |÷UHQPHVLQL�NROD\ODúWÕrmakta YH�D\QÕ�]DPDQGD�edinilen 
bilgilerin NDOÕFÕOÕ÷ÕQÕQ VD÷ODQPDVÕQD� \DUGÕPFÕ� ROPDNWDGÕU�� Bununla birlikte |÷UHWPHQOHUin; daha zengin bir bilgi ve 
LoHUL÷H�VDKLS�ROPDVÕQD��GHUVL�GDKD�SODQOÕ�YH�VLVWHPOL�\�U�WPHOHULQH�RODQDN�VD÷ODPDNWDGÕU� 

øOJLOL�OLWHUDW�U�LQFHOHQGL÷LQGH��8÷XUOX��dHOLN�YH�6DUÕ��������1DNLER÷OX��������'HPLUEDú��<D÷EDVDQ�������; popüler bilim 
dergileri bilim iOH� ELUH\OHU� DUDVÕQGD� ELU� ED÷� NXUPDNWD�� ELOLPVHO� YH� WHNQRORMLN� JHOLúPHOHULQ� IDUNÕQGD� ROXQPDVÕQÕ�
VD÷OD\DUDN��ELOJLOHUL�J�QO�N�\DúDPOD�LOLúNLOHQGLUPH\H�IÕUVDW�YHUPHNWHGLU��$\QÕ�]DPDQGD ELOLPVHO�ELOJL\L�ELUH\OHUH�KD]ÕU�
olarak sunmaktansa, onun özünü anlayabilmHOHULQH�LPNDQ� WDQÕPDNWDGÕU��%X�VHEHSWHQ�EX�oDOÕúPDGD��|÷UHWLP�V�UHFLQGH�
\DUGÕPFÕ� PDWHU\DOOHU� RODUDN� |QHPOL� ELU� \HUH� VDKLS� RODQ� bilimsel kitap ve popüler bilim dergilerinin, fen derslerinde 
|÷UHWPHQOHU�WDUDIÕQGDQ�NXOODQÕOPD�GXUXPXQXQ�WHVSLW�HGLOPHVL�DPDoODQPÕúWÕU� 

0HWKRG�

BX�oDOÕúPDGD��ELOLPVHO�NLWDS�YH�SRS�OHU�ELOLP�GHUJLOHULQLQ�IHQ�GHUVOHULQGH�|÷UHWPHQOHU�WDUDIÕQGDQ�NXOODQÕOPD�GXUXPXQXQ�
EHOLUOHQPHVL�DPDoODQGÕ÷ÕQGDQ�EHWLPVHO�ELU�oDOÕúPDGÕU��dDOÕúPDGD�VXUYH\�\|QWHPL�NXOODQÕOPÕúWÕU� %X�\|QWHP��JHoPLúWH�
veya haOHQ�YDU�RODQ�ELU�GXUXPX�ROGX÷X�JLEL�EHWLPOHPHN�DPDFÕ\OD�NXOODQÕOPDNWDGÕU��.DUDVDU�������� 

�

dDOÕúPD�JUXEX�

dDOÕúPD� JUXEXQX� görev yapmakta olan 27 IHQ� YH� WHNQRORML� |÷UHWPHQL� ROXúWXUPDNWDGÕU�� 7DEOR� �¶GH� J|U�OG�÷�� JLEL��
oDOÕúPD\D� NDWÕODQ� IHQ� YH� WHNQRORML� |÷UHWPHQOHULQLQ� ������¶VÕ� NDGÕQ�� ���,04’ü LVH� HUNHNWLU�� g÷UHWPHQOHULQ� WDPDPÕ�
H÷LWLP� IDN�OWHVL�PH]XQX� ROXS�����,29’u GHYOHW� RNXOODUÕQGD���,71’si LVH� |]HO� RNXOGD� oDOÕúPDNWDGÕU��Fen ve teknoloji 
|÷UHWPHQOHULQLQ����,55’L���LOD���\ÕO�DUDVÕQGD�����,45’i ise 5 ilD���\ÕO�DUDVÕQGD�PHVOHNL�GHQH\LPH�VDKLSWLU� 

�

7DEOR���)HQ�YH�7HNQRORML�|÷UHWPHQOHULQLQ�GHPRJUDILN�|]HOOLNOHULQH�J|UH�GD÷ÕOÕPÕ�

� )� ��
&LQVL\HW   
.DGÕQ�� 17 62,96 
(UNHN� 10 37,04 
�   
0H]XQ�2OGX÷X�.XUXP   
(÷LWLP�)DN�OWHVL�
�

27 100 

+L]PHW�YHUGL÷L�RNXO�   
'HYOHW�2NXOX� 26 96,29 
g]HO�2NXO� 1 3,71 
�   
0HVOHNL�'HQH\LP   

�� ��\ÕO� 15 55,55 
���������������\ÕO�� 12 44,45 

�
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9HUL�WRSODPD�

dDOÕúPDGD�YHULOHULQ�HOGH�HGLOHELOPHVL�DPDFÕ\OD�DUDúWÕUPDFÕODU� WDUDIÕQGDQ�KD]ÕUODQDQ�YH�DoÕN�XoOX�VRUXODUGDQ�ROXúDQ�ELU�
form NXOODQÕOPÕúWÕU��+D]ÕUODQDn formda demografik bilgiler, KDQJL�GHUJL�YH�NLWDSODUÕQ�WDNLS�HGLOGL÷L���dergi YH�NLWDSODUÕQ�
fen derslerinde NXOODQÕOPD�GXUXPX \D�GD�NXOODQÕOPDVÕQÕQ�|Q�QGH�HQJHO�WHúNLO�HGHQ�GXUXPODUÕQ�WHVSLW�HGLOPHVLQH�\|QHOLN�
sorular yer almaktadÕU� g÷UHWPHQOHUGHQ�EX�IRUPX�GROGXUPDODUÕ�LVWHQHUHN, formdaki sorulara verilen cevaplar sonucunda 
YHULOHU�HOGH�HGLOPLúWLU�� 

�

9HULOHULQ�DQDOL]L�

%X� DUDúWÕUPDGD� SRS�OHU� ELOLP� GHUJLOHUL� YH� ELOLPVHO� NLWDSODUÕQ� IHQ� GHUVOHULQGH� NXOODQÕOPD� GXUXPODUÕQÕQ� VRUJXODQPDVÕ�
sonucunda elde edilen verilerin analizi için betimsel analiz JHUoHNOHúWLULOPLúWLU. Betimsel analizde amaç; elde edilen 
verilerin okuyucunun aQOD\DELOHFH÷L� úHNLOGH�� GDKD� |QFHGHQ� EHOLUOHQHn WHPDODUD� J|UH� |]HWOHQLS� \RUXPODQPDVÕGÕU 
(<ÕOGÕUÕP�YH ùLPúHN�������. 

%XOJXODU�YH�<RUXP�

$UDúWÕUPDGD�YHULOHULQ�DQDOL]L�VRQXFXQGD�XODúÕODQ�EXOJXODU�DúD÷ÕGDNL�JLELGLU� 

1. g÷UHWPHQOHULQ�%LOLPVHO�.LWDSODUÕ�9H�3RS�OHU�%LOLP�'HUJLOHULQL�7DNLS�(WPH�'XUXPODUÕQD�øOLúNLQ�%XOJX�
9H�<RUXPODU�
 
)HQ�YH�WHNQRORML�|÷UHWPHQOHULQLQ�³%LOLPVHO�.LWDSODUÕ�YH�3RS�OHU�%LOLP�'HUJLOHULQL�WDNLS�HGHU�PLVLQL]"�1H�
VÕNOÕNOD"´�VRUXVXQD�YHUGL÷L�FHYDSODUÕQ�DQDOL]L�VRQXFXQGD�HOGH�HGLOHQ�YHULOHU�7DEOR��¶�GH�VXQXOPXúWXU� 

�

�

7DEOR��� g÷UHWPHQOHULQ�%LOLPVHO�.LWDSODUÕ�YH�3RS�OHU�%LOLP�'HUJLOHULQL�7DNLS�(WPH�'XUXPODUÕ�

� �
(YHW�
�

�
+D\ÕU�

�
7RSODP��

� Ayda bir 3 ayda bir 6 ayda bir Senede bir� � �

I� �� I� �� I� �� I� �� I� �� I� ��
 

Bilimsel 
Kitaplar 

�
�
��

�
������

�
�� ������

�
�� ������

�
�� ������

�
�� ������

�
���

�
����

 
Popüler 
Bilim 

Dergileri 
�

�
��� ������

�
�� ������

�
�� ������

�
�� �����

�
�� �����

�
���

�
����

 

7DEOR���LQFHOHQGL÷LQGH� |÷UHWPHQOHUGHQ��70���¶VÕQÕQ ELOLPVHO�NLWDSODUÕ�WDNLS�HWWL÷L���29,64’ünün ise herhangi 
ELU�ELOLPVHO�NLWDEÕ� WDNLS�HWPHGL÷L�J|U�OPHNWHGLU��$\QÕ�]DPDQGD�|÷UHWPHQOHULQ�SRpüler bilim dergilerini takip 
HWPH� GXUXPXQD� EDNÕOGÕ÷ÕQGD�� |÷UHWPHQOHULQ��96,29’u SRS�OHU� ELOLP� GHUJLOHULQL� WDNLS� HWWL÷L�� �3,71’inin ise 
WDNLS� HWPHGL÷L� J|U�OPHNWHGLU�� 6RQXoODUD� J|UH� |÷UHWPHQOHULQ� oRN� E�\�N� ELU� NÕVPÕQÕQ� ELOLPVHO� NLWDSODUÕ� YH�
SRS�OHU�ELOLP�GHUJLOHULQL�WDNLS�HWWL÷L�görülmektedir. 

2. )HQ�(÷LWLPLQGH�%LOLPVHO�.LWDSODUÕQ�<HULQH�gQHPLQH�øOLúNLQ�%XOJX�9H�<RUXPODU�
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Fen ve teknoloji |÷UHWPHQOHULQLQ� “%LOLPVHO� NLWDSODUÕQ� IHQ� H÷LWLPLQGH� \HUL� YDU� PÕGÕU"$oÕNODU� PÕVÕQÕ]´ 
VRUXVXQD�YHUGL÷L�FHYDSODUÕQ�DQDOL]i sonucunda elde edilen veriler LQFHOHQGL÷LQGH�|÷UHWPHQOHUGHQ����µVÕ�|QHPOL�
ROGX÷XQX� EHOLUWLUNHQ�� � |÷UHWPHQ� KD\ÕU� FHYDEÕQÕ� YHUPLúWLU�� gQHPOL� ROGX÷X� \|Q�QGH� J|U�ú� ELOGLUHQ�
|÷UHWPHQOHULn FHYDSODUÕQGDQ�ROXúDQ�DQDOL]�VRQXoODUÕ 7DEOR��¶�GH�VXQXOPXúWXU� 

7DEOR���%LOLPVHO�.LWDSODUÕQ�<HUL�gQHPLQH�øOLúNLQ�g÷UHWPHQ�*|U�úOHUL�

� .RG� g÷UHWPHQ� IUHNDQV�
 
 
 

*HOLúPHOHUL�WDNLS�HWPH�
�
%LOLP�LQVDQODUÕQÕ�WDQÕWPD��
�
'HUVH�LOJL\L�DUWWÕUPD�
'HUVL�H÷OHQFHOL�\DSPD�
%DNÕú�DoÕVÕ�ND]DQPD�
8INX�JHQLúOHWPH�
$UDúWÕUPDFÕ�PHUDNOÕ�ROPD\Õ�
VD÷ODPD�
%LOLPH�NDUúÕ�ROXPOX�\DNODúÕP�
VD÷ODPD�
�
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g÷UHWPHQH�\DUGÕPFÕ�
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7DEOR���LQFHOHQGL÷LQGH��)HQ�YH�WHNQRORML�|÷UHWPHQOHULQLQ��ELOLPVHO�NLWDSODUÕQ�|QHPLQL��ELUH\OHULQ�GHUVH�YH�ELOLPH�NDUúÕ�
olumlu WXWXP� VD÷ODPD�� ELOLPVHO� JHOLúPHOHUL� WDNLS� HWPH�� ELOLP� LQVDQODUÕQÕ� WDQÕPD� YH� ELUH\OHULQ� H÷LWLP� YH� |÷UHWLP�
V�UHFLQGHNL�|÷UHQPHOHULQH�\DUGÕPFÕ�ROPD�úHNOLQGH�DoÕNODGÕNODUÕ�J|U�OPHNWHGLU� 

 

3. )HQ�(÷LWLPLQGH�3RS�OHU�%LOLP�'HUJLOHULQLQ�<HUL�gQHPLQH�øOLúNLQ�%XOJX�9H�<RUXPODU�
 
)HQ� YH� WHNQRORML� |÷UHWPHQOHULQLQ� ³3RS�OHU� %LOLP� 'HUJLOHULQLQ� IHQ� H÷LWLPLQGH� \HUL� YDU� PÕGÕU"$oÕNODU�
PÕVÕQÕ]´ VRUXVXQD�YHUGL÷L�FHYDSODUÕQ�DQDOL]L�VRQXFXQGD�HOGH�HGLOHQ�YHULOHU�LQFHOHQGL÷LQGH�|÷UHWPHQOHUGHQ��� ‘i 
|QHPOL� ROGX÷XQX�EHOLUWLUNHQ�� � |÷UHWPHQ� KD\ÕU� FHYDEÕQÕ� YHUPLú�� ��|÷UHWPHQ� LVH� \RUXPVX]�NDOPÕúWÕU� Önemli 
ROGX÷X�\|Q�QGH�J|U�ú�ELOGLUHQ�|÷UHWPHQOHULn FHYDSODUÕQGDQ�ROXúDQ�DQDOL]�VRQXoODUÕ�7DEOR��¶�GH�VXQXOPXúWXU� 

�

7DEOR���3RS�OHU�%LOLP�'HUJLOHULQLQ�<HULQH�gQHPLQH�øOLúNLQ�g÷UHWPHQ�*|U�úOHUL�

� .RG� ������g÷UHWPHQ� IUHNDQV�
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�
�

%LOLPVHO�JHOLúPHOHUL�WDNLS�HWPH�
�
*�QO�N�\DúDPOD�IHQ�DUDVÕQGD�
ED÷ODQWÕ�NXUPD�
%LOLP�LQVDQODUÕQÕ�|÷UHQPH��
�
øOJL�oHNLFL�ROPD�
%DNÕú�DoÕVÕ�ROXúWXUPD�
$UDúWÕUPD�GX\JXVX�\DUDWÕFÕOÕ÷Õ�
JHOLúWLUPH�
%LOLQoOL�ROPD�
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�
.D\QDN�RODUDN�NXOODQPD��
.RQXODUÕ�DQODúÕOÕU�
\DSPD�|÷UHWPH�
�

�
g��g���
�
g���g���
�
�

�
��
�
��

 

7DEOR���LQFHOHQGL÷LQGH� fen ve WHNQRORML�|÷UHWPHQOHULnin��SRS�OHU�ELOLP�GHUJLOHULQLQ�|QHPLQL��ELOLPVHO�JHOLúPHOHUH�NDUúÕ�
LOJL�ROXúWXUPD\D�\DUGÕPFÕ��J�QO�N�\DúDP�LOH�ED÷ODQWÕ�NXUPD\Õ�VD÷OD\ÕFÕ��DUDúWÕUPD\D�\|QOHQGLULFL��|÷UHQPH�YH�|÷UHWPH�
V�UHFLQH�NDWNÕGD�EXOXQPD�RODUDN�EHOLUWWLNOHUL�J|U�OP�úW�U� 

�

4. )HQ�(÷LWLPLQGH�3RS�OHU�%LOLP�'HUJLOHUL�9H�%LOLPVHO�.LWDSODUGDQ<DUDUODQPD�'XUXPXQD�øOLúNLQ�%XOJX�
9H�<RUXPODU�
�
)HQ�YH�WHNQRORML�|÷UHWPHQOHULQLQ�³)HQ�YH�WHNQRORML�GHUVLQGH�ELOLPVHO�NLWDS�YH\D�GHUJLOHUGHQ�\DUDUODQÕ\RU�
PXVXQX]"� 1HGHQ"´ sorusuna veUGL÷L� FHYDSODUÕQ� DQDOL]L� VRQXFXQGD� HOGH� HGLOHQ� YHULOHU� LQFHOHQGL÷LQGH�
|÷UHWPHQOHUGHQ��� µ��\DUDUODQGÕ÷ÕQÕ�YH�\DUDUODQPD�DPDFÕQÕ�EHOLUWLUNHQ��� |÷UHWPHQ�KD\ÕU�FHYDEÕQÕ�YHUPLúWLU��
g÷UHWPHQOHULn FHYDSODUÕQGDQ�ROXúDQ�DQDOL]�VRQXoODUÕ 7DEOR��¶�GH�VXQXOPXúWXU� 
 

7DEOR����%LOLPVHO�.LWDS�YH�'HUJLOHUGHQ�<DUDUODQPD�1HGHQOHULQH�øOLúNLQ g÷UHWPHQ�*|U�úOHUL 

� .RG� ������g÷UHWPHQ� )UHNDQV�
�
�
�

*HOLúPHOHUGHQ�KDEHUGDU�
HWPH�ROPD�
%LOJL\H�XODúPD�\ROXQX�|÷UHWPH�
*�QO�N�\DúDPOD�IHQ�HWNLOHúLPLQL�
DUWWÕUPD��
�
.RQXODUÕQ�|÷UHWLPLQGH�
'HUV�PDWHU\DOL�RODUDN�
<DUGÕPFÕ�RODUDN�
(WNLQOLNOHUL�GHVWHNOHPHN�DPDoOÕ�
.D\QDN�RODUDN�
øOJL�oHNPH�DPDoOÕ�
�
g÷UHQFLOHUL�DUDúWÕUPD\D�
\|QOHQGLUPH�
�
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7DEOR� �� LQFHOHQGL÷LQGH�� |÷UHWPHQOHULQ� ELOLPVHO� NLWDS� YH\D� GHUJLOHUGHQ� \DUDUODQma sebeplerini, ö÷UHWLP� V�UHFLQGHNL�
NDWNÕODUÕ�� J�QO�N� KD\DW� YH� ELOLPVHO� JHOLúPHOHU� LOH IHQ� DUDVÕQGD� ED÷� NXUPD\D� \DUGÕPFÕ� ROPDVÕ� úHNOLQGH� DoÕNODGÕNODUÕ 
görülmektedir.  

7DEOR����%LOLPVHO�.LWDS�YH�'HUJLOHUGHQ�<DUDUODQPDPD�1HGHQOHULQH�øOLúNLQ�g÷UHWPHQ�*|U�úOHUL�

� .RG� ������g÷UHWPHQ� IUHNDQV�
�
�
�

0�IUHGDWOD�X\XPOX�ROPDPD�
0�IUHGDWWDNL�HWNLQOLNOHUGHQ�
IDUNOÕOÕN�LoHUPHPHVL�
(ULúLP�VÕNÕQWÕVÕ�3DKDOÕ�ROPDVÕ�
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7DEOR� �� LQFHOHQGL÷LQGH�� |÷UHWPHQOHULQ� ELOLPVHO� NLWDS� YH\D� GHUJLOHUGHQ� \DUDUODQPDPD� VHEHSOHULQL�� SURJUDPOD� LOJLOL�
VÕNÕQWÕODU�YH HGLQPHN�DoÕVÕQGDQ�SDKDOÕ�ROPDODUÕ úHNOLQGH�DoÕNODGÕNODUÕ�J|U�OPHNWHGLU�� 

6RQXo��7DUWÕúPD�YH�gQHULOHU�

%LOLPVHO� NLWDS� YH� SRS�OHU� ELOLP� GHUJLOHULQLQ� IHQ� GHUVOHULQGH� |÷UHWPHQOHU� WDUDIÕQGDQ� NXOODQÕOPD� GXUXPXQXQ�
EHOLUOHQPHVLQLQ�DPDoODQGÕ÷Õ�EX�oDOÕúPDGD��LON�RODUDN�|÷UHWPHQOHULQ�ELOLPVHO�NLWDSODUÕ�YH�SRS�OHU�ELOLP�GHUJLOHULQL�WDNLS�
HWPH�GXUXPODUÕQD�EDNÕOGÕ÷ÕQGD; oRN�E�\�N�ELU�NÕVPÕQÕQ�EX� W�U�\D\ÕQODUÕ� WDNLS�HWWLNOHUL�RUWD\D�oÕNPÕúWÕU��%XQXQ�QHGHQL�
RODUDN� LVH�� |÷UHWPHQOHULQ� GHUV� NLWDSODUÕQÕQ� \DQÕQGD� ELOLPVHO� NLWDS� YH� SRS�OHU� ELOLP� GHUJLOHULQL� ND\QDN� RODUDN�
NXOODQPDODUÕ� J|VWHULOHELOLU�� d�QN�� EX� VD\HGH� |÷UHWPHQOHU�� KHP� YDU� RODQ� ELOJL� ND\QDNODUÕQÕ� oHúLWOHQGLUmekte, hem de 
KÕ]OÕ� ELU� úHNLOGH� LOHUOHPH� ND\GHGHQ� ELOLP� YH� WHNQRORMLGHNL� JHOLúPHOHUL� WDNLS� Hdebilmektedirler. Buna ek olarak; 
DUDúWÕUPD\D� NDWÕODQ� |÷UHWPHQOHULQ�� SRS�OHU� ELOLP� GHUJLOHULQL� ELOLPVHO� NLWDSODUa oranla daha fazla takip ettikleri dikkat 
oHNPHNWHGLU�� 3RS�OHU� ELOLP� GHUJLOHULQLQ� GDKD� VÕN� YH� GDKD� GD� |QHPOLVL� G�]HQOL� RODUDN� \D\ÕQODQPDVÕ� ve GROD\ÕVÕ\OD�
ELOLPVHO�JHOLúPHOHUL�YH�J�QFHO�ROD\ODUÕ�WDNLS�HWPH NROD\OÕ÷Õ�VD÷ODPDVÕ�DoÕVÕQGDQ��EX�GHUJLOHULQ�bilimsel kitaplara oranla 
daha fazla takip edilmesine sebep olabilir.  

AUDúWÕUPD\D�NDWÕODQ�|÷UHWPHQOHULQ�ELOLPVHO�NLWDSODUÕQ�\HUL�YH�|QHPL\OH�LOJLOL�J|U�úOHULQH EDNÕOGÕ÷ÕQGD; ELOLPVHO�NLWDSODUÕ, 
JHOLúPHOHUGHQ� KDEHUGDU� ROPDODUÕQÕ� VD÷OD\DQ YH� H÷LWLP-|÷UHWLP� IDDOL\HWOHULQLQ� \�U�W�OPHVLQH� \DUGÕPFÕ� RODQ� ND\QDNODU�
RODUDN�DOJÕODGÕNODUÕ�J|U�OPHNWHGLU���%HQ]HU�úHNLOGH��8÷XUOX��dHOLN�YH�6DUÕ���������ELOLPVHO�NLWDSODUÕQ�|QHPLQL��ELOLP�YH�
WHNQRORML� G�Q\DVÕ\OD�ELUH\OHUL� EXOXúWXUDQ�YH�ELUH\OHULQ�NHQGLOHULQL� JHOLúWLUPHOHULQH� \DUGÕPFÕ�RODQ�ELU� DQDKWDU� J|UHYLQH�
VDKLS� ROPDVÕ� RODUDN� YXUJXODPÕúODUGÕU�� %XQXQ� GÕúÕQGD�� DUDúWÕUPD\D� NDWÕODQ� |÷UHWPHQOHULQ� ELOLPVHO� NLWDSODUÕQ� |QHPLQH�
LOLúNLQ� GLNNDW� oHNWL÷L� ELU� GL÷HU� QRNWD� LVH�� |÷UHQFLOHULQ� DUDúWÕUPD� EHFHULOHULQL� JHOLúWLUPHVL� YH� IDUNOÕ� EDNÕú� DoÕODUÕ�
ND]DQGÕUPDVÕ� RODUDN� YXUJXODQPÕúWÕU�� g÷UHWPHQ� J|U�úOHULQH� SDUDOHO� RODUDN� OLWHUDW�UGH� \HU� DODQ� ELOLPVHO� NLWDSODUÕQ�
LQFHOHQPHVLQH� LOLúNLQ�oDOÕúPDODUGD; EX�NLWDSODUÕQ�|÷UHQFLOHULQ�ELOLPVHO�V�UHo�EHFHULOHULQL�GHVWHNOHGL÷L ileri sürülP�úW�U�
(Dökme, 2005; Okur, 2009).  

3RS�OHU� ELOLP� GHUJLOHULQLQ� |QHPL� KDNNÕQGDNL� |÷UHWPHQ� J|U�úOHUL LQFHOHQGL÷LQGH� LVH�� |÷UHWPHQOHU� EX� W�U� GHUJLOHULQ��
ELOLPVHO� JHOLúPHOHUH� NDUúÕ� ROXPOX� WXWXP� JHOLúWLUGL÷LQL�� ELOLPVHO� V�UHo� EHFHULOHULQL� ND]DQGÕUGÕ÷Õ� YH� H÷LWLP-|÷UHWLP�
sürecine yDUGÕPFÕ� ROGX÷XQX� EHOLUWPLúOHUGLU�� %X� QRNWDGD�� IHQ� YH� WHNQRORML� |÷UHWPHQOHULQLQ�� SRS�OHU� ELOLP� GHUJLOHULQLQ�
|QHPLQH� LOLúNLQ� J|U�úOHUL� LOH�� ELOLPVHO� NLWDSODUÕQ� |QHPLQH� LOLúNLQ� J|U�úOHULQe benzer olarak ortak noktalar LoHUGL÷L�
görülmektedir.  

g÷UHWPHQOHULQ� ELOLPVHO� NLWDS� YH� SRS�OHU� ELOLP� GHUJLOHULQLQ� |QHPLQH� LOLúNLQ� J|U�úOHUL�� SRS�OHU� ELOLP� GHUJLOHULQGHQ�
\DUDUODQPD� QHGHQOHUL� LOH� |UW�úPHNWHGLU�� d�QN�� GHUV� NLWDSODUÕ� GÕúÕQGD� HN� ND\QDN� RODUDN� NXOODQÕODQ� ELOLPVHO� NLWDS� YH�
SRS�OHU�ELOLP�GHUJLOHUL�|÷UHQFLOHUH�LQIRUPDO�H÷LWLP�LPNDQÕ�VXQPDNWDGÕU��%X�VD\HGH��EX�W�U�\D]ÕOÕ�PDWHU\DOOHU�RNXOGDNL�
H÷LWLP� RUWDPÕQÕ� YH� IHQL� ]HQJLQOHúWLUGL÷L�� VR\XW� NDYUDPODUÕ� VRPXWODúWÕUGÕ÷Õ�� IHQ� EHFHULOHULQLQ� JHOLúPHVLQL� VD÷ODGÕ÷Õ� YH�
RNXOGD� |÷UHQLOHQOHU� LOH� J�QO�N� KD\DW� DUDVÕQGD� LOLúNL� NXUXOPDVÕQD� |÷UHQFLOHULQ� ELUH\VHO� IDUNOÕOÕNODUÕQÕ� J|]� |Q�QGH�
EXOXQGXUDUDN�\DUGÕPFÕ�ROGX÷X��&KLQ��������%R]GR÷DQ��������LoLQ�|÷UHWPHQOHU�WDUDIÕQGDQ�NXOODQÕOPDNWDGÕU��$QFDN�ED]Õ�
|÷UHWPHQOHU� P�IUHGDW� LOH� LOJLOL� VÕNÕQWÕODU� YH� SDKDOÕ� ROPDODUÕ� QHGHQL� LOH� ELOLPVHO� NLWDS� Ye popüler bilim dergilerinden 
\DUDUODQDPDGÕNODUÕQÕ� EHOLUWPLúOHUGLU�� g÷UHWPHQ� J|U�úOHULnde, bilimsel kitap ve popüler bilim dergilerinin müfredatla 
X\XPOX� ROPD\DQ� NRQXODUD� \HU� YHUPHVL�� P�IUHGDW� LOH� X\XPOX� RODQ� NRQXODUGD� LVH� IDUNOÕ� HWNLQOLNOHU� LoHUPHmesi 
yarDUODQPDPD� VHEHEL� RODUDN� EHOLUWLOPLúWLU�� %XQXQ� GÕúÕQGD� GL÷HU� ELU� VHEHS� RODUDN� bilimsel kitap ve popüler bilim 
GHUJLOHULQLQ�GL÷HU�\D\ÕQODUD�J|UH�XODúÕOPDVÕQÕQ�GDKD�J�o�ROGX÷X�EHOLUWLOPLúWLU�� 

6RQXo�RODUDN�� |÷UHWPHQ� J|U�úOHUL� GH÷HUOHQGLULOGL÷LQGH�� SRS�OHU�ELOLP�GHUJLOHUL� YH�ELOLP�NLWDSODUÕQÕQ�ELOLP� LOH� ELUH\OHU�
DUDVÕQGD�ELU�ED÷�NXUGX÷X��ELOLPVHO�YH� WHNQRORMLN�JHOLúPHOHULQ� IDUNÕQGD�ROXQPDVÕQÕ� VD÷ODGÕ÷Õ��ELOJLOHUL� J�QO�N�\DúDPOD�
LOLúNLOHQGLUPH\H� IÕUVDW� YHUGL÷L� YH� ELOLPVHO� ELOJL\L� ELUH\OHUH� KD]ÕU� RODUDN� VXQPDNWDQVD�� RQXQ� |]�Q�� DQOD\DELOPHOHULQH�
LPNDQ� WDQÕGÕNODUÕ� G�ú�Q�OPHNWHGLU�� %X� DQODPGD� H÷LWLP� VLVWHPLQGH� IHQ� YH� WHNQRORML� GHUVLQLQ� KHGHIOHULQLQ�
JHUoHNOHúWLULOHELOPHVL�YH�IHQ�RNXU�\D]DUOÕ÷ÕQÕQ�DUWWÕUÕODELOPHVL�LoLQ�ELOLPVHO�NLWDS�YH�GHUJLOHULQ�NXOODQÕOPDVÕQD�|÷UHWLPL�
destekleyici olarak D÷ÕUOÕN� YHULOPHVL� JHUHNPHNWHGLU�� %X� oDOÕúPD� VRQXFXQGD�� EX� ND\QDNODUÕQ� NXOODQÕPÕQÕQ� |÷UHWLP�
V�UHFLQGH� ROXPOX� \|QGH� HWNLOHUH� \RO� DoWÕ÷Õ� V|\OHQHELOLU�� g÷UHWPHQOHULQ� NROD\FD� XODúDELOHFH÷L� EHQ]HU� ND\QDNODUÕQ�
VD\ÕVÕQÕQ� DUWWÕUÕOPDVÕ� YH� \D\ÕQODQDQ� ND\QDNODUGD� HOH� DOÕQDQ� NRQXODUÕQ� SURJUDPÕ� GHVWHNOHU� QLWHOLNWH� ELU� LoHUL÷H� VDKLS�
ROPDVÕ� |QHP� WDúÕPDNWDGÕU�� %X� oDOÕúPD\D� HN� RODUDN� var olan dergiler ve kitaplar derslere destek olma açÕVÕQGDQ�
incelenebilir. FDUNOÕ�GHUV�LoHULNOHULQGH�ELOLPVHO�NLWDS�YH�SRS�OHU�ELOLP�GHUJLOHULQLQ�NXOODQÕOPD durumu tespit edilebilir ve 
|÷UHQFLOHULQ�oHúLWOL�GX\XúVDO�YH�ELOLúVHO�|]HOOLNOHUH�HWNLVL�VRUJXODQDELOLU� 
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Abstract The potency of aqueous white grubs extract was assessed in the cure of 
carbon tetrachloride (CCl4) – induced lipoperoxidation in rats. The three different 
dosages were administered (1g/kg, 2g/kg and 8g/kg) daily to different groups of rats for 
up to 9 days after induced with lipoperoxidation using CCl4 at a dose of 120mg/kg. the 
serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline 
phosphatase (ALP) activities as well as levels of serum malondialdehyde (MDA), total 
protein (TP) and albumin (ALB) of the rats after 9 days of white grubs administration 
were found to be similar to those of control rats (not CCl4 – treated). This shows 
possible curative effects of the white grubs extract, which was found to be depend on 
both the dose administered and the duration of treatment. 
Key words: White grubs, Potency, carbon tetrachloride and liver disease.   

 
 

INTRODUCTION 
 
Unlike insects and related species, the uses of herbs to treat disease is almost universal among non industrialized 
societies and in most part of the world 70 - 90% of the people rely on plant for medication (Farnsworth and Soejarto, 
1985; Hostettmann et al., 2000). The values of medicinal plants to mankind is very well proven and form the basis of 
health care world wide, and have roles in international trade (Ahmed et al., 2006). The use of, and research for, drugs 
and dietary supplements derived from plants have accelerated in recent years. Pharmacologists, microbiologists, 
botanists, and natural product chemists are perfecting phytochemicals for treatment of various diseases. At least 7,000 
medical compounds in the modern pharmacopoeia are derived from plant (Tapsell, 2006). It is timely to venture into 
search for insects that have medicinal properties in addition to their nutritional roles.  
White grubs are the larval stage of beetles’ metamorphosis commonly found in dump refuse and animal dung, 
feeding on plants and animal remains (Alhassan et al., 2009a).  In Africa, the species is widely distributed, it is found in 
Nigeria, Niger Republic, Uganda, etc. Though, white grub is seen and / or presented in the world’s field of science as 
more or less a pest, with less or no positive economic importance, recent research and discoveries indicates white grubs 
are rich in protein, fats and mineral elements (Alhassan et al., 2009a). It is used among communities as food and as 
medicine among the Hausa/ Fulani in Northern Nigerian (Alhassan et al., 2009a). In South Western Nigeria, edible 
insects are conceived as food and source of nutrients and among the traditions and the customs that persist, are the 
consumption of various insects and usage of insects for rituals and medicinal purposes. From the foregoing discussion, 
white grub, like any other food item and medicinal specimen, may contain one or more nutrients, elements or 
compounds necessary for body system up-keeping.   
Liver is a discrete largest organ in human body that has many interrelated functions and it may be damaged due to one 
or more of the following: injury from metabolic disturbances, injury from toxins, drugs, chemicals and poisons, lesion 
of biliary tract, certain viral’ infections, hypoxia, tumours (MacSwean, 1980; Roderick et al., 1998). Carbon 
tetrachloride (CCl4) induces lipid peroxidation and liver damage (Robbins and Cotran, 2006) and high dose of CCl4 
generates an ideal hepatotoxicity model organism that allows for evaluating the curative effects of medicinal rather than 
reporting natural healing (Alhassan  et al., 2009b).  
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 In a survey carried out, seven out of ten individuals contacted around Kano and its environs are in one way or the other 
aware of using white grubs to cure jaundice i.e. “shawara”. Hausa/ Fulani perception of jaundice “shawara” includes 
among others, general body weakness, tiredness, general body pain and even lose of appetite, without obvious sign of 
jaundice.  This reported work was carried out to investigate the potency of white grubs extract against CCl4   induced 
liver damage.  
             

                                  MATERIAL AND METHODS  
 

 White grubs (WG) found in public wastes of Darmanawa quarters, Tarauni Local Government, Kano State 
were collected in the months of July and August, 2008. The WG were cleaned of dirt and blot, and was squeezed to 
release the extract (grubs’ extract). The extract was filtered using cheesecloth and adjusted to concentration of 1.0g/ 
cm3. Commercially prepared reagent kits for alanine aminotransferase (ALT), aspartate aminotransferase (AST) 
alkaline phosphatase (ALP) and total bilirubin (TB) obtained from Randox Laboratories, Antrim, UK, were used to 
assay the enzymes. Thiobarbiturate, biuret and bromocresol green were used for serum malondialdehyde (MDA), total 
protein and albumin determination respectively.   

 
                                    EXPERIMENTAL ANIMALS 
 

Eighty five (85) rats were obtained and divided into five (5) groups of twenty (20) rats each for groups I and II, and 
fifteen (15) rats each for groups III, IV and V. The rats in the first group (group I) were not induced with lipid 
peroxidation and liver damage, they served as positive control, whereas rats in groups II, III, IV and V were induced 
with lipid peroxidation and liver damage using 120mg/Kg CCl4 according to Alhassan et al. (2009b). Rats in group II 
were not administered with white grub extract, they served as negative control. Rats in groups III, IV and V were 
administered with a daily dose of 1.0, 2.0 and 8.0g/kg body weight of white grub extract. Five (5) rats were removed 
from each group after 3, 6 and 9 days of white grub extract treatment respectively and sacrificed by decapitation.   

 

                                   BIOCHEMICAL ANALYSIS 
 

Serum was separated and analyzed for alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities 
by the method of Reitman and Frankel (1957), serum alkaline phosphatase (ALP) activity by the method of Rec (1972), 
serum malondialdehyde (MDA) concentration by the method of Hunter et al (1963) modified by Gutteridge and 
Wilkins (1982), total bilirubin (TB) (Malloy and Evolyn, 1937) and serum total protein and albumin by the method of 
Chawla (1999). 

  
 
                                     RESULTS AND DISCUSSION 

 
 RESULTS 
Table 1 summarizes the results for serum activities of aspartate aminotransferase (AST), alanine aminotransferase 
(ALT) and alkaline phosphatase (ALP) and levels of total bilirubin (TB), malondialdehyde (MDA), total protein (TP) 
and albumin (ALB) for a group of rats  48hrs after intramuscularly injected with 120mg/Kg CCl4. Tables 2, 3 and 4 
present  the results for groups of rats injected with CCl4  and administered with various doses of aqueous extract of 
white grubs daily for 3, 6 and 9 days respectively. There was significant difference (p<0.05) between group I and II in 
the parameters analyzed except for TP.  The groups that received the white grubs’ aqueous extract showed significant 
decrease (p<0.05) in ALT, AST and ALP activities compared to group II. 

 
 
Table 1: Serum ALT, AST and ALP activities and TB, MDA, TP and ALB levels in rats 48 hours after 
intramuscular administration of CCl4  
   

GROUP ALT (U/L) AST 
(U/L) 

ALP 
(U/L) 

TB 
(µmol/L) 

MDA 
(µM) 

TP (g/L) ALB (g/L) 

I 
No CCl4 

administered 

8.39 
± 

0.48 a 

21.06 
± 

1.23 b 

32.50 
± 

2.13 c 

4.86 
± 

0.71 d 

0.08 
± 

0.01 

59.99 
± 

1.30 

32.39 
± 

1.84f 
 

II 
120mg/Kg 

CCl4 
administered 

 
 

36.00 
± 

4.41 a 

 
 

110.01 ± 
4.39 b 

 
 

68.17 
± 

3.01 c 

 
 

10.40 
± 

1.12 d 

 
 

0.52 
± 

0.02 

 
 

60.41 
± 

2.47 

 
 

34.87 
± 

1.32 f 
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Values in the same column bearing similar superscript are significantly different at p < 0.05, n = 5  
 
Table 2: Serum ALT, AST and ALP activities and TB, MDA, TP and ALB levels in rats after oral 
administration of white grub extract for 3 days.  
 

Values in the same column bearing similar superscript are significantly different at p < 0.05, n = 5 
Table 3: Serum ALT, AST and ALP activities and TB, MDA, TP and ALB levels in rats after  
              oral administration of white grub extract for 6 days. 

 

GROUP ALT (U/L) AST 
(U/L) 

ALP 
(U/L) 

TB 
(µmol/L) 

MDA 
(µM) 

TP 
(g/L) 

ALB (g/L) 

I 
No CCl4 

administered 

8.21 
± 

0.53  

2.16 
± 

1.32  

30.89 
± 

2.25  

4.85 
± 

0.80  

0.091 ± 
0.012 

57.36 ± 
1.32 

32.13 
± 

1.44 
 

II 
No white 

grub extract 
administered 

 
30.45 

± 
2.05 

a, b, c 

 
72.81 

± 
5.17 
d, e, f 

 
66.18 

± 
2.27 
g, h, i 

 
10.37 

± 
0.90 
j, k, l 

 
0.37 

± 0.01 
m, n, o 

 
64.46 

± 
0.07 
p, q, r 

 
33.24 

± 
0.86 
s, t, u 

 
III 

1.0g/Kg 
white grub 

extract 
administered 

 
29.86 

± 
1.06 a 

 
70.56 

± 
4.44d 

 
67.46 

± 
0.49g 

 
11.46 

± 
0.65 j 

 
0.33 

±  
0.01 m 

 
56.62 ± 
0.71 p 

 
30.95 

± 
0.29 s 

 
IV 

2.0g/Kg 
white grub 

extract 
administered 

 
25.29 

± 
1.54 b 

 
52.21 

± 
1.32 e 

 
58.20 

± 
1.24 h 

 
9.71 

± 
1.66 k 

 
0.29 

±  
0.01 n 

 
63.97 ± 
1.72q 

 
31.85 

± 
1.82t 

 
V 

4.0g/Kg 
white grub 

extract 
administered 

 
21.57 

± 
2.04 c 

 
51.13 

± 
0.85 f 

 
63.79 

± 
3.34 i 

 
10.50 

± 
0.98 l 

 
0.26 

±  
0.01 o 

 
64.82 ± 

1.55r 

 
32.21 

± 
0.27u 

GROUP ALT 
(U/L) 

AST 
(U/L) 

ALP 
(U/L) 

TB 
(µmol/L) 

MDA 
(µM) 

TP 
(g/L) 

ALB 
(g/L) 

I 
No CCl4 

administered 

8.19 ± 
0.48  

2.06 ± 
1.23  

32.50 ± 
2.13  

4.96 
± 

0.70  

0.082 
± 0.011 

58.36 ± 
1.31 

33.18 ± 
1.54 

 
II 

No white grub 
extract 

administered 

 
28.08 ± 

0.07 
a, b, c 

 
71.31 ± 

2.12 
d, e, f 

 
63.51 

± 
1.86 
g, h, i 

 
14.06 

± 
1.73 
j, k, l 

 
0.28 

± 
0.01 
m, n, o 

 
62.54 ± 

1.44 
p, q, r 

 
30.91 ± 

0.01 
s, t, u 

 
III 

1.0g/Kg white 
grub extract 
administered 

 
20.29 ± 
1.90 a 

 

 
56.16 ± 
6.42d 

 
71.03± 
0.76 g 

 
13.01 

± 
0.51 j 

 
0.21 

± 
0.01m 

 
63.86 ± 
1.09 p 

 
31.57 ± 
0.23 s 

 
IV 

2.0g/Kg white 
grub extract 
administered 

 
16.47 ± 
1.81 b 

 
31.28 ± 
0.81 e 

 
58.90± 
2.01 h 

 
9.01 

± 
0.06 k 

 
0.18 

± 
0.01 n 

 
65.13 ± 
0.31 q 

 
30.99 ± 

0.39t 

 
V 

4.0g/Kg white 

 
15.28 ± 

0.22c 

 
28.94 ± 
0.57 f 

 
66.81± 
0.41 i 

 
11.94 

± 

 
0.09 

± 

 
62.32 ± 
0.75 r 

 
30.08 ± 
0.42 u 
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Values in the same column bearing similar superscript are significantly different at p < 0.05, n = 5  

 
Table 4: Serum ALT, AST and ALP activities and TB, MDA, TP and ALB levels in rats  
               after oral administration of white grub extract for 9 days       

 

Values in the same column bearing similar superscript are significantly different at p < 0.05, n = 5. 

 

                                                   DISCUSSION: 

Rats injected with 120 mg/kg CCl4 had significantly higher (p<0.05) serum AST, ALT, ALP, TB MDA and ALB than 
the normal rats (Table1). It is therefore, indicating inducement of acute liver toxicity in the injected rats, it agrees with 
the report by Price and Stevens (2003) and work of Alhassan et al (2009b). 
In phase I of this work (Table 2) rats treated with daily dose of 1g/kg, 2g/kg and 8g/kg aqueous white grubs extract for 
3 days showed serum ALT,  AST, MDA and ALB not significantly higher (p>0.05) than the control group. This is an 
indication of possible fibrosis, the initial repair mechanism of liver injury, as indicated by Burtis et al. (2001) that all 
cellular damage induces fibrosis as a healing response. However, the healing effect is more pronounced in groups that 
received daily doses of 8g/kg and 2g/kg for 3 days compared to group III rats which received a daily dose of 1g/kg; this 
may be possibly due to low serum bioavailability of the extract. It may be inferred that the extract facilitates the 
fibrosis. 
In phase II (Table 3) rats in group V, IV and III, treated with different concentration of the white grubs’ extract for six 
days had mean serum activities of ALT and AST and levels of TB and MDA significantly lower (p<0.05) than the 
control. This shows possible hepatocytes curative effect of the white grubs’ extract on the damaged due to CCl4. 
possibly by influencing fibrosis and collagen synthesis as indicated by Keith and Robert (2001) that the liver response 
to injury is hepatocytes regeneration and collagen formation. The observed hepatocurative effect of the white grubs’ 
extract could be associated with proteins, fats, and mineral elements especially iron (Fe) and copper (Cu) (Alhassan et 
al., 2009a) and humic substances contents of white grubs (Alhassan, 2010). 
From Table 4 (phase III), rats treated with daily doses of 1.0g/kg, 2.0g/kg and 8.0g/kg for nine days, had serum 
activity of ALT and AST and levels of MDA not significantly higher (P<0.05) than the control, and the 
improvement in the liver was more in   group IV and V compared to group III. 

grub extract 
administered 

 0.46 l 0.02 o 

GROUP ALT 
(U/L) 

AST 
(U/L) 

ALP 
(U/L) 

TB 
(µmol/L) 

MDA 
(µM) 

TP 
(g/L) 

ALB 
(g/L) 

I 
No CCl4 

administered 

8.16 ± 
0.59  

2.16 ± 
1.33  

32.60 
± 4.13  

4.96 
± 

0.90  

0.082 
± 0.011 

59.56 
± 1.42 

34.18 
± 1.53 

 
II 

No white grub 
extract 

administered 

 
25.88 
± 1.59 

a, b, c 

 
62.04 
± 0.77 

d, e, f 

 
60.72± 

0.56 
g, h, i 

 
10.26 

± 
1.36 
j, k, l 

 
0.18 

± 
0.03 
m, n, o 

 
58.66 
± 0.72 

p, q, r 

 
28.67 
± 0.67 

s, t, u 

 
III 

1.0g/Kg white 
grub extract 
administered 

 
18.87 
± 0.36 

a 

 
49.84  
± 1.56 

d 

 
61.72± 
1.93 g 

 
12.07 

± 
0.07 j 

 
0.09 

± 
0.021 m 

 
63.92 
± 0.97 

p 

 
31.91 
± 0.59 

s 

 
IV 

2.0g/Kg white 
grub extract 
administered 

 
14.76 

± 
0.29b 

 
27.62 

± 0.48e 

 
60.95± 
1.16h 

 
10.15 

± 
1.04k 

 
0.08 

± 0.01n 

 
64.03 

± 0.31q 

 
32.41 
± 0.36t 

 
V 

4.0g/Kg white 
grub extract 
administered 

 
14.36 

± 1.74c 

 
25.94 

± 0.75f 

 
62.11± 
1.36i 

 
11.09 

± 
0.01l 

 
0.03 

± 
0.02o 

 
60.05 

± 0.05r 

 
31.37 

± 0.41u 
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The possible hepatocurative effects of white grubs extract could be attributed to the chemical composition of white 
grub. White grub (WG) is rich in fats, protein, some mineral elements (Alhassan et al., 2009a) and humic substances 
(fulvic and humic acids) (Alhassan, 2010). WG fats may contain phosphatidyl choline, vitamins A and E which are 
good natural antioxidants, which may role in hepatocurative effect of the grubs. The protein of white grub may contain 
some amino acids (glycine, lysine, proline and methionine) that favour collagen biosynthesis which is critical in healing 
response by the hepatocytes. Collagen conVLVWV�RI�D�GH[WURURWDWRU\�WULSOH�KHOL[�PDGH�XS�RI�WKUHH�SRO\SHSWLGHV��Į-chains). 
The triplet Gly-X-Y is constantly repeated in the sequence of the triple-helical regions— i. e., every third amino acid in 
such sequences is a glycine. Proline (Pro) is frequently found in positions X or Y; the Y position is often occupied by 4-
hydroxyproline (4Hyp), although 3-hydroxyproline (3Hyp) and 5-hydroxylysine (5Hyl) also occur. These hydroxylated 
amino acids are characteristic components of collagen. The hydroxyproline residues stabilize the triple helix by forming 
K\GURJHQ� ERQGV� EHWZHHQ� WKH� Į-chains, while the hydroxyl groups of hydroxylysine are partly glycosylated with a 
disaccharide (–Glc–Gal) (Koolman and Roehm. 2005). Choline dihydrogen citrate and DL- methionine are used in 
pharmaceutical preparation indicated for hepatitis, alcoholic hepatitis and drug induced hepatotoxicity.  The presence of 
Fe and Cu also have roles in hepatic healing being required by lysine and proline hydroxylase respectively, the 
activities of these enzymes are required for maturation of collagen.    

Humic acids seem to accelerate cell metabolism, the rate of breakdown of glucose, leucine and uridine. Humic 
acids seem to retard the rate of incorporation of these organic molecules into the liver, but once they are absorbed, 
humic acids appear to accelerate their metabolism (Visser, 1973), thereby reducing metabolic burden on the 
hepatocytes. That may encourage healing of the injured hepatocytes as it has been part of management of hepatitis to 
reduce fatty and protein rich diet. Humic acids can apparently stimulate respiration and increase the efficiency of 
oxidative phosphorylation in rat liver mitochondria (Visser, 1987). Cellular respiration, occurring only in the presence 
of oxygen, results in the breakdown of nutrient molecules to generate ATP. Cells such as the liver and muscle use this 
ATP for energy to fuel various processes like stimulating the uptake of nutrients, repair of dead of damage tissue 
(Nelson and Cox 2006)). This may be due to their acidic functional groups, primarily carboxylic acid and phenolic 
hydroxyl groups, which give them the capacity to react with various species such as free radicals, minerals and 
biological enzyme systems (Frimmel and Christman, 1988; Aiken et al., 1985; Shils and Shike, 1994). Both non-
enzymatic and enzymatic antioxidants serve as defense to cope with oxygen-free radicals. The former includes a wide 
variety of such compounds as alfa-tocopherol (vitamin E), betacarotene, and ascorbic acid (vitamin C), whereas the 
latter includes the scavenging enzymes; superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase 
(GSH-Px). They form an important defense system to ensure that cytotoxic oxygen species are degraded to less harmful 
compounds so that extensive cell damage does not occur (De La Torre et al., 1999). White grubs being rich in fats and 
proteins, may contain some of these antioxidants and its hepatocurative effects may be via some of them. 

 
                                                   CONCLUSION: 
 
The study has shown that white grubs extract has hepato curative effect even at the dose of 1.0 g/Kg body weight in six 
days of administration. This may be attributed to chemical composition of white grubs, especially the high fats, protein 
(rich in proline and lysine), humic acids, fulvic acids, and Fe and Cu contents.   The presence of proline and lysine that 
are very important components of collagen may have played significant role. The contents of humic and fulvic acid 
may also have roles in the hepato curative effects of white grubs extract, because of their antioxidant property, 
metabolic roles, decreasing loads on hepatocytes.  
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Abstract – In the aim of studying the effect of arsenic in refining synthetic glasses, we have chosen 
to follow the electromotive force (e.m.f) evolution with and without nitrates at temperatures 
between 1200 and 1400° C. A particular attention was given to the analysis of the electromotive 
force evolution according to the As5+/As3+ ratio. At high temperatures, we assist to a phenomenon 
of a decomposition with liberation of oxygen, which makes small bubbles of gas in the glass bigger, 
and facilitates their ascent to the surface following the Stokes’s law.  

The results have shown that the composition of samples is a determining factor of the kinetic of the 
refining process, which is very important in industrial field. 

 
Key words : Synthetic glasses, oxygen potential, e.m.f, arsenic, nitrates. 

 
 
Introduction 
 
The main glass properties (conductivity, color, residual bubbles, etc ...) depend largely on refinement conditions, 
particularly oxygen potential [1]. Control of the final glass properties requires therefore the control of refinement and 
oxygen potential. 

El-Harfaoui [2] showed that most of the glasses tested (the methaborate of lithium, the silicate of lead, industrial glasses 
ready of type crystal ready to use and lead glass collected in industrial environment at different stages of the refining) at a 
maximum temperature of 1150°C have a potential strongly oxidizing at the beginning of refining (up to 200mV). This 
potential decreases very slowly with time for temperatures around 1100°C. 

To expedite the process of balance with the ambient environment and be closer to actual temperatures of refining, El 
Harfaoui recommends experiences at higher temperature than the melting (1000-1500°C depending on the mixture 
composition) to make the glass more fluid and allow gases, that are still present in the dough, to escape. This is ripening. 

To release the small gas bubbles of oxygen remaining, we use a Redox system [3-7]. In our case, we have used the couple 
As5+/ As3+, where As5+ is the oxidized state and As3+ the reduced state. The choice of such a system lies in its ability to 
mediate between the middle glasses itself and the ambient environment. At high temperature, there is the decomposition 
of carbonates and nitrates with the release of oxygen that makes fat the small gas bubbles still present and facilitate their 
ascent to the surface according Stokes' law: 

� =
2�U �2

9K
 

with v is the velocity of rising, � is the mass density of the glass, g is the gravitational acceleration, � is the glass viscosity 
and d is the diameter of the bubble. 

Our objective is to follow the evolution of oxygen potential with time at temperature, and study the effect of refining 
(arsenic) with and without nitrates. 

Electrochemical system 
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In an electrochemical system of solid electrolyte, the variation of the substances concentration (of the activity) is 
determined by measuring the e.m.f of the cell. Knowing that a cell with a compartment is represented by the following 
diagram: 

�2(�1) ,��
��������� ���������     

« �2ି

   �����������   
« �� ,�2(�2)
    ��������� ���������   

 

The solid electrode is made of zirconia (lime doped) which gives predominantly ionic conductivity by O2- ion. The 
transfer of oxygen through the solid electrolyte is made according to the following double electrochemical balance: 

4�ି +�2  ՞   2�2ି  ՞    4�ି + �2 

The e.m.f (E) of the cell is related to the activity of the oxygen according to the Nernst law: 

� =
��
4�

��
�1

�2
 

a1 and a2, the activities of the oxygen on both sides of the electrolyte. 

In the pressure range where the Nernst law is satisfied, the electrochemical equilibrium can be represented by the 
half-reaction: 

1
2
�

2
 (���) + 2�ି (�����)  ՞  �2ି (�����������) 

At a given temperature, E depends on the partial pressure of the body members participating at the reaction of the cell. The 
oxygen behaves as an ideal gas and the above equation becomes [8]: 

� =
��
4�

��
��2(�����)

��2(���������) 

where ��2(�����) is the partial pressure of oxygen in the studied medium (glass) ; ��2(���������) is the 
partial pressure of oxygen in the reference electrode, R is the gas constant in J.K-1.mol-1 , F is Faraday's number and T is 
the absolute temperature in Kelvin. 

Synthetic glasses used 

We used synthetic glasses whose compositions are in mol%: (100-x)SiO2 - xK2O with x equal to 15, 20, 25, 30 and 35. 
These binary mixtures are composed mainly of sand (SiO2) and potassium carbonate (K2CO3). These glasses are further 
divided into three categories: glasses without refining, glasses with Redox system (0.15% by weight of As2O3) and 
glasses with full refining (0.15% by weight of As2O3 and 1.3% by weight of KNO3). 

The crystal structure K2O.4SiO2 was determined by the X-ray diffraction [9]. The basic unit is the tetrahedron SiO4 
formed of a silicon atom in the center surrounded by four oxygen atoms. Each oxygen atom belongs simultaneously to 
two tetrahedrons so that they have in common all their summits. All oxygen atoms thus form bridges between silicon 
atoms. 

The incorporation of a metal oxide such as K2O causes heterolytic breakage of a number of bonds between Si and O. This 
therefore leads to the formation of two motifs with two non-bridging oxygen, whose negative charges are compensated by 
those of K+ ions.  

It should be noted that the records of the e.m.f curves were performed at the Laboratory of Metallurgical Thermodynamic 
University of Nancy I in France.  

Results and Discussion 

Along this study, we have preferred to follow the evolution of the e.m.f versus time for a temperature set at 1400°C and, to 
explain the behavior of changes in e.m.f, we treated the effect of temperature change during the operation. Then we have 
followed the evolution of the As5+/As3+ as a function of the e.m.f. 
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In the reference compartment, the partial pressure of oxygen is 0.6 atmospheres and in the compartment of the working 
electrode, the oxygen pressure is variable. The cell is maintained at a fixed temperature.   

The studies of Brawer et al [10], Verweij et al [11-14] and Hass [15] on the effect of arsenic on the structure of glasses 
have shown that for the composition xK2CO3 - (100-x)SiO2 + 0.5As2O3 abbreviated KxA (x = 10, 20, 30, 35, 40, 50), the 
structure of K50A consists mainly of metasilicate chains, constructed from tetrahedral SiO2 with two bridges of oxygen 
atoms located at corners. While the compositions K20A and K10A contain silicate in their networks which consists of 
K2O.4SiO2 and SiO2 (vitreous). 

Verweij [14] has showed, by using Raman spectroscopy on the glass xK2CO3-(100-x)SiO2 with or without 0.5As2O3 that 
AsO4

3- ions exist for compositions x = 50, 40, 35 while for x = 30, 20 and 10 these ions do not exist, rather it forms ions of 
As2O7

2- type. 

1. E.m.f evolution with time at T = 1400° C 
 

a) Composition : 85SiO2 –15K2O 

The curve obtained at 1400°C when the electrode material is 85SiO2-15K2O (without arsenic and nitrate) is shown in 
Figure 1. The e.m.f initially measured is approximately 100mV. This figure shows the presence of a maximum in the 
response curve, located above the stationary value. The difference between this maximum and the steady-state value for 
each time increases and the equilibrium is reached after 50 hours. It should be noted that this phenomenon is even more 
important when the oxygen pressure is high. 

This finding is in favor of the existence of two antagonistic processes during the establishment of equilibrium of the 
interface after changing the partial pressure of oxygen, for example, we could consider putting in rapid equilibrium the 
adsorbed phase and a slow phenomenon of equilibrium establishment of the material with oxygen. 
 

 

 

Figure 1: E.m.f evolution with time at 1400°C  
      for 85SiO2 –15K2O composition. 

 
Meanwhile, we took the same composition with samples containing arsenic as As2O3 (0.15%) on one hand and on other 
hand arsenic and nitrate (0.15% As2O3 and 1.3% KNO3). We note that the general shape of these curves is retained 
relatively to the first case and that the maximum emf for composition with only arsenic is low, while for the sample with 
arsenic and nitrate, the emf is of the same order of magnitude. The return to equilibrium is faster when adding arsenic and 
nitrate (Figure 1). After a period of one hundred (100) hours, the e.m.f is close to zero (0) with compositions containing 
arsenic and arsenic plus nitrate while it is 40mV with the composition without refining. 
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When adding potassium nitrate which decomposes releasing oxygen, we should expect an e.m.f higher at the beginning; 
this is what found Löh et al [16] in the case of a ternary composition (17Na2O, 12CaO, 71SiO2 mol %) at 1100°C. While 
at high temperature (1400°C), they no longer observe a significant difference, we are actually under dynamic regime: at 
low temperature, the oxygen supplied by the nitrate cannot diffuse outward, the glass is very viscous. Inversely, at high 
temperature, the equilibrium with the ambient environment is much faster.   

For other compositions (80SiO2-20K2O, 75SiO2-25K2O and 70SiO2-30K2O), the evolution of e.m.f with time is of the 
same type, the maximum is located around 120 to 140mV. After two days, the e.m.f is only about 20mV. The full return to 
equilibrium is reached only after a hundred of hours. The 65SiO2-35K2O composition performs a behavior different from 
other cases, that we will treat as a special case. 

b) Composition : 65SiO2 – 35K2O 
 
The initial e.m.f is much lower and even negative (Figure 2), the equilibrium is reached after about 5 hours. Apparently, 
we do not detect a very characteristic difference in behavior between the composition without refining and the 
composition with refining. This composition has a very different electrochemical behavior compared to other binary 
mixtures. If one refers to the binary equilibrium diagram SiO2-K2O [17], we can say that this behavior is due to the 
formation of compound K2O.SiO2 whose melting point is 1050°C. These findings are also approved by Verweij et al 
[14]. 

 
Figure 2 : E.m.f evolution with time at 1400°C  

     for 65SiO2 –35K2O composition. 
 

The e.m.f is very unstable during the early hours of refining, and is about 20mV after 7 hours for both compositions the 
poorest in SiO2, i.e the more fusible. For the composition the richest in the SiO2, the e.m.f remained relatively high even 
after a very long time (65hours). 

2. E.m.f variation with temperature 

To have a stable system, we have preceded the temperature changes by an isothermal hold for several hours and we have 
chosen the binary composition: 85SiO2-15K2O. Manipulations are doubled: we have used mixtures with Redox system 
(with refinement). 

During the heat up period at low temperature, the e.m.f is not stable (Figure 3). From 1000 - 1200°C, the e.m.f stabilizes, 
we measure 40mV at 1400°C; temperature changes followed by isothermal maintaining cause variations of emf almost 
instantaneous with gradual return to equilibrium. 
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3. Forecasting changes in e.m.f 

Pyare et al [13] have observed by chemical changes the evolution of As3+ and As5+ during refining of 70SiO2-30K2O 
composition. They consider that from the time the ratio As5+/As3+ becomes constant, one reached equilibrium, i.e the 
partial pressure of oxygen inside the glass is equal to the partial pressure of the surrounding ambient medium (0.2atm.). 

These authors identified the equilibrium constants corresponding to the different temperatures of 1100 to 1400°C. They 
found at equilibrium for the ratio As5+/As3+ the value 2.8, a constant K equal to 8.20 at 1400°C and 27.7 at a temperature 
of 1200°C.   

To extend the study of Pyare et al [13], we have tested several compositions: 85SiO2-15K2O, 80SiO2-20K2O, 
75SiO2-25K2O, 70SiO2-30K2O, 65SiO2-35K2O in the presence and absence of refining. We have proposed to study the 
variation of ratio As5+/As3+ as a function of e.m.f. The results are shown in Figure 4. 

 

Figure 4 : Variation of the As5+/As3+ ratio with e.m.f at t = 48 hours. 
 

These variations certainly reflect variations the activity coefficient of different ions present in the glass and involved in 
the equilibrium constant. In the Nernst relationship, the e.m.f varies with temperature, i.e a decrease of 200°C leads to a 
decrease of 8.4mV if one starts from a e.m.f of 60mV. The decrease in absolute value will be much lower than it is close 
to equilibrium with the ambient environment, it is what is observed, but the observed experimental decreases are higher 
than predicted by the term in RT. If for the new temperature, we consider the apparent equilibrium constant obtained from 
chemical analyzes of Pyare et al [18], the agreement is better. 

Thus, for the composition 70SiO2-30K2O, Pyare et al [18] found at equilibrium a ratio As5+/As3+ equal to 2.8 that is a 
constant K equal to 20.8 at 1400°C. Similarly, these authors found a value of 27.7 at 1200°C. A e.m.f of 60mV at 1400°C 
corresponds thus to a ratio of As5+/As3+ equal to 6.45. If we decrease the temperature of 200°C and we consider the ratiot 
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As5+/As3+ does not have time to vary, taking into account the new equilibrium constant at 1200°C, we will have 
PO2=0.6atm  that is a e.m.f of 35mV at 1200°C. 

The results obtained by varying the concentration of alkali are consistent with the proposed new relationship. For 
equilibrium establishment of the Redox system, Pyare et al [18] use the relative stabilization of As5+/As3+ ratio, obtained 
at 1400°C after 24 to 48 hours. 

Conclusion 

Our electrochemical measurements show that for periods of 24 to 48 hours, the e.m.f is still 30 to 40mV and the return to 
equilibrium is only reached for a hundred of hours. Often we keep a residual e.m.f of 10 to 20mV with respect to the 
ambient temperature. 

We originally thought to have very different electrochemical behaviors between different preparations. Indeed, the only 
major difference that we have encountered is of kinetics order, which is important in industrial environments where the 
notion of refined glass primarily reflects the absence of bubbles, while on a more fundamental level, the concept of 
oxygen potential reflects the state of the glass. It seems that the Redox system is therefore primarily a refining accelerator 
and a chemical tracer easy to identify.  
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PREPERATION AND ASSESMENT OF DIFFERENT MIXTURES OF TNT WITH NTO 
 

+DVDQ�.XWD\�<ÕOGÕ]��$ULI�+ÕúÕU��dL÷GHP�<RODoDQ��0��.DVÕP�ùHQHU��1�NHW�gFDO��8OYL�$YFÕDWD 

<ÕOGÕ]�7HFKQLFDO�8QLYHUVLW\��)DFXOW\�RI�$UWV�DQG�6FLHQFHV��'HSDUWPHQW�RI�&KHPLVWU\��'DYXWSDúD��
øVWDQEXO��7XUNH\��������

�
Abstract:  
 
(QHUJHWLF�PDWHULDOV��H[SORVLYHV��SURSHOODQWV�DQG�S\URWHFKQLFV��DUH�XVHG�H[WHQVLYHO\�IRU�&LYLO�DV�ZHOO�DV�0LOLWDU\�$SSOLFDWLRQV��7RGD\�
WKH�YDULHW\�DQG�QXPEHU�RI�KLJK�HQHUJ\�PDWHULDOV� IRU�YDULRXV�DSSOLFDWLRQV�KDYH�EHFRPH�LQQXPHUDEOH�RI�ZKLFK�FKHPLVWU\��6\QWKHVLV��
SURSHUWLHV� DQG�RWKHU� VDOLHQW� IHDWXUHV� DUH� DYDLODEOH� LQ� WKH� OLWHUDWXUH�� ,Q� WKH�SDVW�� FRPPRQ�H[SORVLYHV�KH[DK\GUR�������WULQLWUR�������
WULD]LQH��5';���RFWDK\GUR���������WHWUDQLWUR���������WHWUD]RFLQH��+0;��DQG�������WULQLWURWROXHQH��717��ZHUH�FRQVLGHUHG�DGHTXDWH�IRU�
DOO�ZHDSRQ�DSSOLFDWLRQV��%HFDXVH�RI�PDQ\�FDWDVWURSKLF�H[SORVLRQV�UHVXOWLQJ�IURP�XQLQWHQWLRQDO�LQLWLDWLRQ�RI�PXQLWLRQ�E\�HLWKHU�LPSDFW�
RU� VKRFN�� DERDUG� VKLSV�� DLUFUDIW� FDUULHUV�� DQG� PXQLWLRQ� WUDLQV�� WKHVH� H[SORVLYHV� KDYH� EHFRPH� OHVV� DWWUDFWLYH�� 2I� FRXUVH�� KLJKHU�
SHUIRUPDQFH�KDV�DOZD\V�EHHQ�D�SULPH�UHTXLUHPHQW�LQ�WKH�¿HOG�RI�UHVHDUFK�DQG�GHYHORSPHQW�RI�H[SORVLYHV�DQG�WKH�TXHVW�IRU�WKH�PRVW�
SRZHUIXO� KLJK� H[SORVLYHV� VWLOO� FRQWLQXHV� DQG� WKLV� VHDUFK� VHHPV� WR� EH� QHYHU� HQGLQJ�� 7KH� GHPDQG� IURP� WKH� XVHU� IRU� LQFUHDVHG�
SHUIRUPDQFH�ZLWK�UHGXFHG�RU�ORZ�YXOQHUDELOLW\�FRXOG�QRW�EH�PHW�ZLWK�H[LVWLQJ�PDWHULDOV��DQG�WKH�QHHG�WR�FRQWURO�FRVWV�HQVXUHG�WKDW�WKH�
SURFHVVHV�IRU�SURGXFLQJ�FRPSRVLWLRQV�ZHUH�DOVR�VXEMHFW�WR�UDSLG�FKDQJH��7KXV��LQ�PRGHUQ�RUGQDQFH�WKHUH�DUH�VWURQJ�UHTXLUHPHQWV�IRU�
H[SORVLYHV�KDYLQJ�ERWK�JRRG�WKHUPDO�VWDELOLW\��LPSDFW�DQG�VKRFN�LQVHQVLWLYLW\�DQG�EHWWHU�SHUIRUPDQFH��+RZHYHU��WKHVH�UHTXLUHPHQWV�
DUH� VRPHZKDW� PXWXDOO\� H[FOXVLYH�� 7KH� H[SORVLYHV� KDYLQJ� JRRG� WKHUPDO� VWDELOLW\� DQG� LPSDFW� LQVHQVLWLYLW\� XVXDOO\� H[KLELW� SRRUHU�
H[SORVLYH� SHUIRUPDQFH� DQG� YLFH� YHUVD�� 7KHUHIRUH�� WKH� IRUHPRVW� REMHFWLYH� DW� WKH� VWDJH� RI� V\QWKHVLV� RI� QHZ� H[SORVLYHV� FRQVLVWV� RI�
¿QGLQJ�WKH�PROHFXOH�KDYLQJ�ERWK�D�JRRG�HQHUJ\�FDSDELOLW\�DQG�RSWLPDO�VDIHW\��UHGXFHG�YXOQHUDELOLW\��VKRFN�DQG�LPSDFW�LQVHQVLWLYLW\��
WR�WKRVH�LQ�FXUUHQW�XVH�>�@��,Q�UHVSRQVH�WR�VXFK�DFFLGHQWV��SURJUDPV�KDYH�EHHQ�HVWDEOLVKHG�ZRUOG�ZLGH�WR�GHYHORS�,QVHQVLWLYH�0XQLWLRQ�
�,0��ZKLFK�UHVSRQG�OHVV�YLROHQWO\�WR�DFFLGHQWDO�HQYLURQPHQWDO�VWLPXOL��DQG�SROLFLHV�KDYH�EHHQ�LQVWLWXWHG�WR�DGRSW�VXFK�ZHDSRQV�LQWR�
VHUYLFH��7KHUH�DUH�VHYHUDO�GLIIHUHQW�DSSURDFK�WR�WKH�GHYHORSHPHQW�RI�LQVHQVLWLYH�PXQLWLRQV��EXW�SURPLQHQW�DPRQJ�WKHP�LV�WKH�XVH�RI�
H[SORVLYH�ILOOLQJV�ZLWK�UHGXFHG�VHQVLWLYLW\��EXW�LQ�ZKLFK�SHUIRUPDQFH�LV�QRW�FRPSURPLVHG��7ZR�DYHQXHV�E\�ZKLFK�WR�DSSURDFK�,0�
FRPSOLDQW�H[SORVLYH�FRPSRVLWLRQV�DUH�WKH�VXEVWLWXWLRQ�RI�VHQVLWLYH�LQJUHGLHQWV�ZLWK�LQWULQVDFDOO\�OHVV�LQVHQVLWLYH�PDWHULDOV��DQG�WKH�XVH�
RI�WRXJK��UXEEHU\�SRO\PHULF�PDWUL[�WR�DEVRUE�HQYLURQPHQWDO�DEXVH�DQG�WR�SURYLGH�SK\VLFDO�DQG�FKHPLFDO�LVRODWLRQ�RI�WKH�HQHUJHWLF�
FRPSRQHQWV� >�@�� 172� ���QLWUR�������WULD]RO���RQH�� LV� DQ� LQVHQVLWLYH� EXW� UHODWLYHO\� SRZHUIXO� H[SORVLYH� ZKLFK� VKRZV� SURPLVH� IRU�
DSSOLFDWLRQ� LQ� HLWKHU� DSSURDFK� WR� ,0�FRPSOLDQW� IRUPXODWLRQV�� ,Q� SDUWLFXODU�PHOW�FDVW� EDVHG� FRPSRVLWLRQV�PD\� SURYLGH� YLDEOH� ,0�
FRPSOLDQW�RSWLRQV��7KLV�UHSRUW�IRFXVHV�RQ�WKH�SURSHUWLHV�RI�172�DQG�LWV�DSSOLFDWLRQ�LQ�PHOW�FDVW�717�EDVHG�H[SORVLYHV�DQG�WHVWLQJ�RI�
LWV�VHQVLWLYHQHVV��,Q�WKLV�SURSRVHG�VWXG\��DQ�LQVHQVLWLYLW\�RI�717�ZKLFK�LV�SURGXFHG�E\�0.(.�ZLOO�EH�GRQH�E\�PHDQV�RI�WKH�PL[WXUH�
RI�717�ZLWK 172����QLWUR�������WULD]ROH���RQH���3LORW�H[SHULPHQWV�DUH�RQ�WKH�VFDOH�RI�ODERUDWRU\�DQG�WKHQ�LQGXVWULDO�DSSOLFDWLRQV�ZLOO�
EH�VWXGLHG��

Key words: (QHUJHWLF�0DWHULDOV��,QVHQVLWLYH�0XQLWLRQV��������WULQLWURWROXHQH����QLWUR�������WULD]RO���RQH��6WDELOLW\�DQG�3HUIRUPDQFH�
�
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PRE-SERVICE TEACHERS’ OPINIONS ABOUT THE USE OF WEB 
ADVENTURE IN THE COURSE OF INTRODUCTION TO COMPUTER  

3ÕQDU�0ÕKFÕ 
$NVDUD\�8QLYHUVLW\���

(GXFDWLRQ�)DFXOW\��$NVDUD\��7XUNH\�
SLQDUBPLKFL#\DKRR�FRP�

�
+DOLVH�ùHUHIR÷OX���
*D]L�8QLYHUVLW\���

(GXFDWLRQ�)DFXOW\��$QNDUD�7XUNH\�
VHUHIRJOXK#\DKRR�FRP�

�
Abstract:Within the present study, the opinions of the 1st year students from the department of 
mathematics teaching about the use of web adventure in the course of introduction to computer 
were investigated. The study group of the present study consists of 40 pre-service teachers. The 
students created groups of 2 or 3 students. The groups were asked to determine the characteristics 
to be possessed by a good teacher and then to make some comments and create graphs related to 
these characteristics. The students’ comments and graphs were organized in a presentation 
program and then presented to their classmates. At the end of the application, a data collection 
tool aiming to elicit the students’ opinions about the application was administered. The data 
collected were analyzed by two evaluators. And as a result, it was found that web adventure is a 
different and effective method and can be used in various courses by means of some enrichment���
�

Key Words:�ZHE�DGHYQWXUH��SUH�VHUYLFH�WHDFKHU��PDWKHPDWLFV�WHDFKLQJ� 

Introduction 

In today’s world, people can have access to incredible amount of information just by one click. This 
information is available for everyone. Yet, as the information is too much, students and teachers may experience some 
confusion and despair. Hence, there is a need to be cautious about the activities to be designed through web and much 
consideration should be given to create quality and appropriate activities. As the resources and steps of the activities to 
be designed by Web Adventure are under the control of the teacher, the process will be much more orderly for students 
and the teacher (Crawford and Brown, 2002).  

Web Adventure is a tool developed by San Diego University in 1995 to have regular and meaningful 
information on Internet. The application was developed by Dodge and then its content was enhanced by March.  
According to Dodge (1998), Web Adventure provides access to internet resources, is group work-centered, and allows 
researching and using high level thinking skills. March (2003) points out that web adventure can make great 
contributions to the development of deep understanding of students, and helps them to be more autonomous and 
learning-centered. According to Polly and Ausband (2009), web adventure is a popular means of using technology in 
class.  

According to Dodge (1998), web adventure represents inquiry-based activities for which all or part of 
information is received from the resources on internet. Through these activities, it is aimed that students interact with 
the resources on internet and learn from them. Two different types of web adventures can be designed depending on 
their time span. Short-term web adventure is limited to three class hours.  Here, the purpose is the acquisition and 
integration of information. Long-term web adventure can last for one week or one month. Here, the objective is to 
expand and internalize information. Long-term web adventure is influential on many different types of thinking skills. 
Marzano (1988) states that long-term web adventure includes many thinking skills such as comparison, classification, 
induction, detection, analysis of mistakes, consolidation, abstraction and analysis of different viewpoints. Dodge (2008) 
states that for the application to be successful, it should encompass the following sections:  
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Figure 1. Sections of web adventure 
 

The effects of web adventure on students have drawn the interest of many researchers and become the subject 
of many studies.  When the literature was reviewed, it was observed that the effects of web adventure on higher level 
thinking skills, efficiency of students, teachers’ perceptions and opinions were widely investigated. The results reported 
in the literature show that web adventure activities have positive effects on students (Halat and Jakubowski, 2001), 
provide students with real life activities (Crawford ve Brown, 2002), increase motivation and make contributions to the 
development of skills required to work on internet and have access to resources (Hassanien,2006) and pre-service 
teachers have positive attitudes towards the use of web adventure for educational purposes (Halat, 2007; Zheng, Stucky, 
McAlack, Menchana and Stoddart, 2005). The research mostly focuses on the teaching of mathematics and very limited 
number of studies looking at the effectiveness of web adventure in teaching of computer course was encountered in the 
literature.  

The present study investigated the effects of web adventure used in a computer course on the students’ 
opinions and moreover, responses to the question of what kind of characteristics can be added to make web adventure 
more effective were sought. The present study aims to determine the opinions of first-year pre-service mathematics 
teachers about the use of web adventure in a computer course. In this respect, the study seeks answers to the following 
research question: 

1. What is the contribution of working with web adventure to students?   
2. Addition of which characteristics to web adventure site can make it more effective for students?  

 Method 

The opinions of the students about the application make up the basis of the study. Hence, this is a case study, 
which is one of the quantitative research designs. 

Participants 

The present study was conducted with the participation of the first year pre-service mathematics teachers 
taking computer course at the Education Faculty of Aksaray University in 2010-2011 academic year. The participants 
were selected out of the students who were taught by the researcher so that they could be observed throughout the 
application and they could seek help when they met any problem. The study was initiated with 47 students and then 7 
students were excluded as they did not participate in the lessons. The students conducted the application first by doing 
individual activities and then working in groups. The groups consisted of 2 or 3 people.  

Data Collection Instruments and Data Analysis  

The opinions of the students about the application were collected through an interview form developed by the 
researchers. The form consists of 3 open-ended questions. The questions developed by the researchers were firstly 
refined based on the opinions of two experts and then administered to the students. In the analysis of the students’ 
opinions, content analysis was employed, which is one of the qualitative research methods. 

Application Process  

Before the application, the students were informed about web adventure and the web site, which was already 
designed, was introduced. The students were given three weeks to complete the task. In the introduction section, within 
the framework of the computer course, the students were expected to make a presentation by using word processor, 
electronic graph and presentation program. The students were also asked to determine the characteristics to be 

Introduction 
• It should include the basic information and make students ready for the application. 

Task 
• It should include manageable tasks for students. 

Process 
• Stages to be followed to complete the task should be given in this section. 

Resources 
• It should include internet-based resources ,  activity books, Power Points presentation, tongue twisters and 

puzzles to be used to complete the task 

Assessment 
• It is the section where whether the objective has been achieved or not is determined . 

Conclusion 
• The aim in this section is  to get students to make connections between their prior knowledge and new 

information and to transfer information.  
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possessed by a good teacher and explain why these characteristics should be possessed. During the application, the 
students were given the steps to be followed to complete the task.  

In the second week, the students were asked to compare the characteristics expressed and analyze which 
characteristic was used by how many participants and then plot the findings on electronic graph program and send them 
to the course advisor through e-mail.   In the scale used in the assessment section, the students’ efficiency of using the 
software program, the coherence of the content, spelling and punctuation errors, originality of the product and 
presentation skills were evaluated and scoring was determined.   The scores were assigned ranging from “very good 
(4)” to “poor (1)”. 

In the resources section, articles discussing teacher characteristics, manuals of office programs and office 
utilization animations were included. They were asked to work by using these resources. In the conclusion section, the 
students were given support for the task they carried out and brief information was given about the benefits of this 
process.  

Findings 
In this section, analyses of the data collected through the data collection instrument are presented. The 

students’ opinions were analyzed by two different evaluators. The analyses revealed that there is a high degree of 
reliability between the evaluators (r = .91).  

Students’ Opinions about the Contribution of Web Adventure 

The students’ responses to the question “What is the contribution of working with web adventure to you?” 
asked in the form of web adventure student opinions form were classified under eleven categories. High majority of the 
students (85.0%) think that working with web adventure has positive contribution to them. Among the contributions of 
working with web adventure are there internalization of information (47.0%), increasing motivation (17.0%), felling 
happier (2.5%) and focusing on the information related to the topic at hand (2.5%).  

 
Table 1: Students’ opinions about the contributions of web adventure  

 
Statement  Frequency (f) Percentage  % 

It has contribution  34 850 
Internalization of information  19 470 
Motivation 07 170 
Real problems  06 150 
Idea sharing   04 100 
Opportunities to work on internet  04 100 
Group works 04 10,0 
Applied learning  03 07,5 
Recognition of shortcomings  02 05 
Happiness 01 02,5 
Focusing on resources  01 02,5 

No contribution 06 0150 
Total 40 100 

 

Some of the students think that this application did not have any contribution to them at all (15.0%).  This may 
be because of the fact that the students had not studied with such applications beforehand.  

Students’ Opinions about the Problems Encountered in Web Adventure  

“Did you encounter any problems while carrying out web adventure project? If your answer is YES, explain 
the problems”. Majority of the students stated that they had no problem during the application (57.5%). Most of the 
problems encountered stemmed from computer and internet connection (27.5%). The students stated that if they had 
personal computers, they would perform their task better.  

³,�HQFRXQWHUHG�VRPH�SUREOHPV��$V�,�GLG�QRW�KDYH�D�FRPSXWHU��,�FRXOG�QRW�UHDG�DOO�RI�WKH�UHVRXUFHV�´�
 

Table 2: Student opinions about the problems encountered during the application  
 

Statement Frequency (f) Percentage (%) 

I did not have any problems 23 57,5 
I had some problems 17 42,5 

Technical problems 11 27,5 
Unfamiliar application 4 10,0 
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Inadequate information 3 7,5 
Group works 2 5,0 
Insufficient office facilities 1 2,5 
Time 1 2,5 

Total 40 100 

 
As the web adventure is new in our country and it is not frequently used in classes, the students are not familiar 

with the application. Therefore, some students felt unfamiliar to the steps of the application (5%).  

Student opinions about how to enhance the effectiveness of web adventure  

The students’ responses given to the question “What should be added to web adventure site to make it more 
effective and useful? Explain your suggestions.” were classified under nine categories. Majority of the students think 
that there is no need to add something (67.5%).  According to the students, enhancing the visual characteristics of the 
web site is one of the elements that can improve its effectiveness (25.0%). There are some students stating that 
resources should be shorter because reading the resources given is too time-consuming (17.5%).  

 
Table 3: Student opinions about how to enhance the effectiveness of web adventure  
 

Statement Frequency (f) Percentage  % 
There is no need to add something. 13 32,5 
There is a need. 27 67,5 

To improve visual characteristics  10 25 
Shorter resources   7 17,5 
Detailed process 3 7,5 
Enhancing the visual 3 7,5 
Sample application 2 5 
Office resources 1 2,5 
Different design 1 2,5 
Guidance  1 2,5 

Total 40 100 

 
Discussions and results 

The present study investigated the students’ opinions about web adventure used in a computer course. In light 
of the findings, it can be argued that majority of the students have positive opinions about the administration. This is 
because they believe that web adventure increases motivation, provides opportunities to work with technology, includes 
various activities and allows group works. However, some problems such as lack of computers and internet connection 
failures affect the students’ opinions about the process negatively. Such problems may result in the students’ developing 
negative attitudes towards the use of such applications in their future classes.  When the students’ opinions about how to 
enhance the effectiveness of the application are investigated, it is seen that enhancing visual characteristics and 
presenting shorter resources are believed to make it more effective. Moreover, the students think that addition of 
detailed guidance and sample applications will also improve the efficiency. Future researches to be conducted on web 
adventure can be carried out in such an environment with better computer and internet infrastructure, and they should 
use web adventures having more visuals and shorter resources.   
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PRE-SERVICE TEACHERS’ PERCEPTIONS ABOUT THEIR OWN 
LEARNING STYLES 

 �
�

�'LGHP�.ÕOÕo� � � � 1HFGHW�6D÷ODP�
)DFXOW\�RI�(GXFDWLRQ�� � ,QVWLWXWH�RI�6FLHQFH�
$NVDUD\�8QLYHUVLW\� � � +DFHWWHSH�8QLYHUVLW\�

7XUNH\� � � � 7XUNH\�
GLGHP#DNVDUD\�HGX�WU� � VDJODP#KDFHWWHSH�HGX�WU�

�
�

Abstract: 7KH�SXUSRVH�RI� WKH�VWXG\�ZDV� WR� LQYHVWLJDWH�SUH�VHUYLFH� WHDFKHUV¶�SHUFHSWLRQV�RI� WKHLU�
RZQ�OHDUQLQJ�VW\OHV��7KH�VWXG\�ZDV�FDUULHG�RXW�ZLWK�����SUH�VHUYLFH�WHDFKHUV��3DUWLFLSDQWV�RI�WKH�
VWXG\� ZHUH� LQVWUXFWHG� DERXW� OHDUQLQJ� VW\OHV� DQG� DOVR� WKH� IHDWXUHV� RI� WKH� YLVXDO�� DXGLWRU\� DQG�
NLQHVWKHWLF� OHDUQLQJ�VW\OHV�ZHUH� H[SODLQHG� LQ�GHSWK��3UH�VHUYLFH� WHDFKHUV�ZHUH�DVNHG�RSHQ�HQGHG�
TXHVWLRQV� UHJDUGLQJ�ZKDW�PLJKW� EH� WKH�PRVW� DSSURSULDWH� OHDUQLQJ� VW\OH� WR� WKHP�� 7KH� GDWD� ZHUH�
FRGHG�DQG�JURXSHG�XQGHU�UHOHYDQW�FDWHJRULHV��7KH�ILQGLQJV�LQGLFDWHG�WKDW�PRVW�RI�WKH�SUH�VHUYLFH�
WHDFKHUV� EHOLHYH� WKDW� WKH\� KDYH� YLVXDO� �������� OHDUQLQJ� VW\OH�� ����� SHUFHQW� RI� WKH� SUH�VHUYLFH�
WHDFKHUV�SHUFHLYH�WKHPVHOYHV�DV�NLQHVWKHWLF�DQG������SHUFHQW�RI�WKHP�DUH�RI�WKH�RSLQLRQ�WKDW�WKH\�
DUH�DXGLWRU\��%HVLGHV��VRPH�RI� WKH�SUH�VHUYLFH� WHDFKHUV�KDYH�DOVR�H[SUHVVHG� WKDW� WKH\�KDYH�PRUH�
WKDQ�RQH�OHDUQLQJ�VW\OH�  
�

� � Key words:�/HDUQLQJ�VW\OHV��SUH�VHUYLFH�WHDFKHUV��OHDUQLQJ��
�
�
Introduction  
�
� :LWK� LQFUHDVLQJ� LPSRUWDQFH� DWWDFKHG� WR� FRJQLWLYH� FRQFHSWLRQ� RI� OHDUQLQJ� DUJXLQJ� WKDW� OHDUQLQJ� LV� DQ� DFWLYH�
LQWHOOHFWXDO� SURFHVV� DQG� FRQVWUXFWLYLVW� DSSURDFK� DVVXPLQJ� WKDW� OHDUQLQJ� LV� D� SHUVRQDO� HQGHDYRU�� JUHDWHU� HPSKDVLV� KDV�
EHHQ� SXW� RQ� LQGLYLGXDO� GLIIHUHQFHV� LQ� WKH� ILHOG� RI� HGXFDWLRQ�� &RJQLWLYH� DQG� FRQVWUXFWLYLVW� OHDUQLQJ� DSSURDFKHV� KDYH�
GUDZQ� WKH� DWWHQWLRQ� WR� WKH� UHFHSWLRQ� RI� LQIRUPDWLRQ� E\� WKH� OHDUQHU�� SURFHVVLQJ� RI� LW� DQG� FRQVWUXFWLQJ� RI� LW�� 7KHVH�
SURFHVVHV� RFFXU� LQ� GLIIHUHQW� ZD\V� IRU� GLIIHUHQW� LQGLYLGXDOV�� KHQFH�� LQGLYLGXDO� GLIIHUHQFHV� VKRXOG� EH� WDNHQ� LQWR�
FRQVLGHUDWLRQ� LQ� OHDUQLQJ�� 2QH� RI� WKH� LQGLYLGXDO� FKDUDFWHULVWLFV� RI� WKH� OHDUQHU� UHJDUGHG� WR� EH� LPSRUWDQW� LQ� OHDUQLQJ�
SURFHVV�LV�OHDUQLQJ�VW\OHV���
� /HDUQLQJ� VW\OHV� FDQ�EH�GHVFULEHG� DV� DSSURDFKHV� VSHFLILF� WR� DQ� LQGLYLGXDO� OHDUQHU� XVHG�GXULQJ� WKH�SURFHVVHV�RI�
UHFHSWLRQ�DQG�SURFHVVLQJ�RI� LQIRUPDWLRQ��:KHQ� WKH�PRGHOV�H[SODLQLQJ� OHDUQLQJ�VW\OHV�KDYLQJ�FRJQLWLYH�� DIIHFWLYH�DQG�
SK\VLRORJLF�GLPHQVLRQV�DUH�H[DPLQHG��LW�FDQ�EH�FRQFOXGHG�WKDW� OHDUQLQJ�VW\OHV�DUH�VSHFLILF�WR�LQGLYLGXDOV��7KH�PRGHOV�
HPSKDVL]LQJ� WKH�FRJQLWLYH�GLPHQVLRQV�RI� OHDUQLQJ�VW\OHV�DUH�FRQFHUQHG�ZLWK� WKH�UHFHSWLRQ�RI� LQIRUPDWLRQ��SURFHVVLQJ��
VWRULQJ�� HQFRGLQJ� DQG� GHFRGLQJ� RI� LW�� 7KH� PRGHOV� HPSKDVL]LQJ� WKH� DIIHFWLYH� GLPHQVLRQ� DUH� FRQFHUQHG� ZLWK� WKH�
SHUVRQDOLW\� FKDUDFWHULVWLFV� VXFK� DV� PRWLYDWLRQ�� DWWHQWLRQ�� ORFXV� RI� FRQWURO�� LQWHUHVWV�� ZLOOLQJQHVV� WR� WDNH� ULVNV��
SHUVHYHUDQFH�� WDNLQJ� UHVSRQVLELOLW\� DQG� OLNLQJ� VRFLDO� OLIH�� 7KH� OHDUQLQJ� VW\OHV� PRGHOV� HPSKDVL]LQJ� SK\VLRORJLFDO�
GLPHQVLRQ�DUH�FRQFHUQHG�ZLWK�WKH�SHUFHSWLRQ�WKURXJK�VHQVHV��YLVXDO��DXGLWRU\��NLQHVWKHWLF��DQG�WDFWLOH���SURSHUWLHV�RI�WKH�
VHWWLQJ��OHYHO�RI�QRLVH��KHDW��OLJKW�DQG�RUJDQL]DWLRQ�RI�WKH�URRP���VXVWHQDQFH��QHHG�IRU�IRRG�DQG�GULQN��DQG�ELRUK\WKPV�
�LQ�ZKLFK�SDUW�RI� WKH�GD\�� WKH\� IHHO� WKH�EHVW� WR� OHDUQ�� �%DúÕE�\�N��������'D÷KDQ�	�$NNR\XQOX���������7KHVH�PRGHOV�
GHDOLQJ�ZLWK�WKH�GLIIHUHQW�GLPHQVLRQV�RI�OHDUQLQJ�VW\OHV�H[SODLQ�OHDUQLQJ�VW\OHV�WKURXJK�GLIIHUHQW�FODVVLILFDWLRQV���
� $FFRUGLQJ�WR�*LYHQ��������OHDUQLQJ�VW\OH�PRGHOV�WHQG�WR�IDOO�LQWR�RQH�RU�PRUH�RI�WKH�IROORZLQJ�ILYH�FDWHJRULHV��D��
SHUVRQDOLW\�DQG�HPRWLRQDO�PRGHOV��E��SV\FKRORJLFDO��FRJQLWLYH�DQG�LQIRUPDWLRQ�SURFHVVLQJ�PRGHOV��F��VRFLDO�PRGHOV��G��
SK\VLFDO� PRGHOV�� DQG� H�� HQYLURQPHQWDO� DQG� LQVWUXFWLRQDO� PRGHOV�� .ROE� ������� FRQVWUXFWHG� D� ELGLPHQVLRQDO� PRGHO�
UHVXOWLQJ�LQ�IRXU�EDVLF�W\SHV�RU�VW\OHV��GLYHUJHU��DVVLPLODWRU��FRQYHJHU��DQG�DFFRPPRGDWRU��7KH�YHUWLFDO�D[LV�LQ�.ROE¶V�
PRGHO� UHSUHVHQWV� D� FRQWLQXXP� RI� SUHIHUHQFHV� IRU� KRZ� LQIRUPDWLRQ� LV� JUDVSHG� RU� SHUFHLYHG� ZKLFK� UDQJHV� IURP�
DSSUHKHQGLQJ�FRQFUHWH�H[SHULHQFHV�WR�FRPSUHKHQGLQJ�DEVWUDFW�FRQFHSWV��7KH�KRUL]RQWDO�D[LV�UHSUHVHQWV�KRZ�LQIRUPDWLRQ�
RQFH� SHUFHLYHG� LV� WUDQVIRUPHG� LQWR�PHDQLQJ��$W� RQH� HQG� LV� DFWLYH� H[SHULPHQWDWLRQ�ZLWK� UHIOHFWLYH� REVHUYDWLRQ� DW� WKH�
RWKHU� HQG�� ,W� LV� WKH� FURVVLQJ� RI� WKHVH� WZR� FRQWLQXD� WKDW� FUHDWHV�.ROE¶V� IRXU�PDMRU� OHDUQLQJ� VW\OHV��$QWKRQ\�*UHJRUF�
������� DOVR� FUHDWHG� D� ELGLPHQVLRQDO� PRGHO� DQG� KH� FDOOHG� KLV� IRXU� ³PLQG� FKDQQHOV´� FRQFUHWH� VHTXHQWLDO�� DEVWUDFW�
VHTXHQWLDO�� DEVWUDFW� UDQGRP�� DQG� FRQFUHWH� UDQGRP� OHDUQLQJ� VW\OHV�� *UHJRUF� EHOLHYHV� WKDW� LQGLYLGXDOV� FDQ� DGMXVW� WR�
YDU\LQJ�FLUFXPVWDQFHV�WKURXJK�WKHLU�QRQ�GRPLQDQW�FKDQQHOV�VR�ORQJ�DV�WKH�GRPLQDQW�VW\OH�LV�SHUPLWWHG�RSSRUWXQLW\�WR�
GHYHORS��'XQQ�DQG�'XQQ��������������LQYHVWLJDWHG�HPRWLRQDO�IDFWRUV�RI�VW\OH�LQFOXGLQJ�KRZ�VWXGHQWV�DUH�PRWLYDWHG�WR�
OHDUQ��KRZ�SHUVLVWHQW� WKH\�DUH�ZKHQ�SXUVXLQJ�D� WDVN��DQG� WKH� OHYHO�RI� UHVSRQVLELOLW\�DVVXPHG� IRU�FRPSOHWLQJ� WKH� WDVN��
*UDVKD��������GHYHORSHG�OHDUQLQJ�VW\OH�VFDOHV�ZKLFK�LQFOXGHG�DVSHFWV�RI�SHUVRQDOLW\�WR�VRFLDO�SUHIHUHQFHV��LQGHSHQGHQW��
GHSHQGHQW�� FROODERUDWLYH�� FRPSHWLWLYH�� SDUWLFLSDQW�� DQG� DYRLGDQW� OHDUQLQJ� SDWWHUQV�� %UDQGW� ������� LGHQWLILHG� WKUHH�
G\VIXQFWLRQDO� VW\OHV� WKDW� PD\� DSSHDU� IXQFWLRQDO�� 7KH\� ZHUH� WKH� DFTXLHVFHQW�� VHOI�LPSRUWDQW�� DQG� GHSULYHG� VW\OHV��
0F&DUWK\� ������� GHYHORSHG� WKH� �0$7� 6\VWHP� EDVHG� RQ� EUDLQ� KHPLVSKHULFLW\�� 7KH� UHVXOW� ZDV� D� TXDGULODWHUDO�
FXUULFXOXP�GHVLJQ�ZLWK�HDFK�TXDGUDQW�GLYLGHG�LQWR�OHIW�EUDLQ�ULJKW�EUDLQ�FKDUDFWHULVWLFV��0F&DUWK\�DGYRFDWHV�GHVLJQLQJ�
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OHVVRQV�DFFRUGLQJ�WR�WKH�HLJKW�VWHS�VHTXHQFH�WKDW�LQFOXGHV��D��FUHDWLQJ�DQ�H[SHULHQFH�ULJKW�PRGH��E��UHIOHFWLQJ��DQDO\]LQJ�
H[SHULHQFH�OHIW�PRGH�� F�� LQWHJUDWLQJ� UHIOHFWLYH� DQDO\VLV� LQWR� FRQFHSWV²ULJKW�PRGH�� G��GHYHORSLQJ� FRQFHSWV�� VNLOOV�OHIW�
PRGH��H��SUDFWLFLQJ�GHILQHG�³JLYHQV´�OHIW�PRGH��I��SUDFWLFLQJ�DQG�DGGLQJ�VRPHWKLQJ�RI�RQHVHOI�ULJKW�PRGH��J��DQDO\]LQJ�
DSSOLFDWLRQ� IRU� UHOHYDQFH��XVHIXOQHVV�OHIW�PRGH��DQG�K��GRLQJ� LW� DQG�DSSO\LQJ� WR�QHZ��PRUH�FRPSOH[�H[SHULHQFH�ULJKW�
PRGH��*LYHQ���������
� 6HQVRU\� PRGDOLWLHV� �YLVXDO�� DXGLWRU\� DQG� NLQHVWKHWLF�� DUH� RWKHU� SULPDU\� ZD\V� UHVHDUFKHUV� FDWHJRUL]H� OHDUQLQJ�
VW\OH��$�PRGDOLW\� DSSURDFK� KDV� KLJK� IDFH� YDOLGLW\� EHFDXVH� RI� LWV� SUDFWLFDO� FODULW\�� %HFDXVH� LQGLYLGXDOV� RIWHQ� GLVSOD\�
LQVLJKWV� LQWR� WKH� ZD\� WKH\� EHVW� OHDUQ� �*LYHQ�� ������� )RU� H[DPSOH�� YLVXDO� OHDUQHUV� DUH� QDWXUDO� DW� UHDGLQJ�� VSHOOLQJ��
SURRIUHDGLQJ�� UHPHPEHULQJ� IDFHV�RI� SHRSOH� �EXW� IRUJHWV� QDPHV��� UHPHPEHULQJ�GHWDLOV� DQG� FRORUV� DQG� FUHDWLQJ�PHQWDO�
�YLVXDO�� LPDJHV�� 9LVXDO� OHDUQHUV� VROYH� SUREOHPV� E\� UHDGLQJ� LQIRUPDWLRQ�� OLVWLQJ� SUREOHPV�� E\� SUHSDULQJ� JUDSKLF�
RUJDQL]HUV�WR�RUJDQL]H�WKRXJKWV�DQG�E\�XVLQJ�IORZ�FKDUWV��$OVR�WKH\�OHDUQ�EHVW�E\�WDNLQJ�QRWHV��PDNLQJ�OLVWV��E\�UHDGLQJ�
LQIRUPDWLRQ��E\� OHDUQLQJ� IURP�ERRNV��YLGHRWDSHV�� ILOPVWULSV��SULQWRXWV�DQG�E\�VHHLQJ�D�GHPRQVWUDWLRQ��%HVLGHV�� YLVXDO�
OHDUQHUV�UHDG�IRU�SOHDVXUH�UHOD[DWLRQ��7KH\�FDQ�VSHQG�ORQJ�SHULRGV�RI�WLPH�VWXG\LQJ�DQG�UHTXLUH�TXLHW�GXULQJ�VWXG\��7KH\�
UHDG� UDSLGO\� DQG� OHDUQ� WR� VSHOO�ZRUGV� LQ� FRQILJXUDWLRQV� UDWKHU� WKDQ�SKRQHWLFDOO\��7KH�GLIILFXOWLHV� LQ� VFKRROV� RI� YLVXDO�
OHDUQHUV�FDQ�EH�OLVWHG�DV�QHHG�WR�WDNH�DFWLRQ�EHIRUH�VHHLQJ�ZKDW�QHHGV�WR�EH�GRQH��ZRUNLQJ�LQ�DQ�HQYLURQPHQW�ZLWK�QRLVH�
RU�PRYHPHQW�� WXQLQJ�RXW�VRXQGV��OLVWHQLQJ�WR�OHFWXUHV�ZLWKRXW�YLVXDO�SLFWXUH�RU�LOOXVWUDWLRQV��GHDOLQJ�ZLWK�XQDSSHDOLQJ�
SK\VLFDO�DSSHDUDQFH�RI�WHDFKHU��ZRUNLQJ�LQ�FODVVURRPV�ZLWK�QR�GHFRUDWLRQV�RU�GUDE�FRORUV��ZRUNLQJ�XQGHU� IOXRUHVFHQW�
OLJKWV� �� PDNHV� LV� KDUG� WR� FRQFHQWUDWH� IRU� YLVXDO� OHDUQHUV�� 2Q� WKH� RWKHU� KDQG� IRU� DXGLWRU\� OHDUQHUV�� VSHDNLQJ�
H[WHPSRUDQHRXVO\�� QRWLFLQJ� VRXQGV� LQ� HQYLURQPHQW�� UHPHPEHULQJ� QDPHV� RI� SHRSOH� �IRUJHW� IDFHV��� DQG�ZRUNLQJ�ZLWK�
ZRUGV�DQG�ODQJXDJHV�DUH�QDWXUDO��$XGLWRU\�OHDUQHUV�VROYH�SUREOHPV�E\�WDONLQJ�DERXW�RSWLRQV��E\�DVNLQJ�RWKHUV�ZKDW�WKH\�
ZRXOG� GR� LQ� D� VLWXDWLRQ�� E\� YHUEDOL]LQJ� WKH� JRDO� XQWLO� LW� VRXQGV� ULJKW� DQG� E\� DXGLWRU\� UHSHWLWLRQ��7KH\� OHDUQ� EHVW� E\�
WDONLQJ�DORXG��E\�OLVWHQLQJ�WR�D�OHFWXUH��E\�GLVFXVVLQJ�LQ�VPDOO�RU�ODUJH�JURXSV�DQG�E\�KHDULQJ�PXVLF�ZLWKRXW�ZRUGV�DV�D�
EDFNJURXQG� LQ� WKH� OHDUQLQJ� HQYLURQPHQW�� $XGLWRU\� OHDUQHUV� UHDG� GLDORJXHV� DQG� SOD\� DQG� VXE� YRFDOL]HV� LQWHUQDOO\� RU�
H[WHUQDOO\�IRU�FRPSUHKHQVLRQ��7KH\�VWRS�ZKLOH�UHDGLQJ�WR�WDON�WR�VHOI�RU�RWKHUV�DERXW�ZKDW�LV�UHDG�DQG�WKH\�DUH�JRRG�DW�
SKRQHWLFDOO\�VRXQGLQJ�RXW�QHZ�ZRUGV��7KH�GLIILFXOWLHV� WKDW�DXGLWRU\� OHDUQHUV�FDQ�EH�HQFRXQWHU� LQ� VFKRROV�DUH�� UHDGLQJ�
TXLFNO\� ZKLOH� WKH\� UHDG� PRUH� VORZO\� WKDQ� YLVXDO� OHDUQHU�� UHDGLQJ� VLOHQWO\� IRU� SURORQJHG� SHULRGV� RI� WLPHV�� UHDGLQJ�
GLUHFWLRQV� ZKLOH� WKH\� RIWHQ� XQDZDUH� RI� LOOXVWUDWLRQV�� WDNLQJ� WLPHG� WHVWV� WKDW� PXVW� EH� UHDG� DQG� ZULWWHQ�� OLYLQJ� ZLWK�
HQIRUFHG�VLOHQFH��FDQ
W�ZDLW�WR�WDON���DQG�VHHLQJ�VLJQLILFDQW�GHWDLOV��6RPH�RWKHU�OHDUQHUV��ZKR�DUH�QDWXUDO�DW�VSRUWV��GDQFH��
DGYHQWXUH��FRPSHWLWLRQ��FKDOOHQJH��UXQQLQJ��MXPSLQJ��OHDSLQJ��UROOLQJ�DQG�DW�DFWLRQ�XVLQJ�ODUJH�PRWRU�PXVFOHV�FODVVLILHG�
DV�NLQHVWKHWLF�OHDUQHUV��7KHVH�OHDUQHUV�VROYH�SUREOHPV�E\�WDNLQJ�DFWLRQ��WKHQ�SODQQLQJ�EDVHG�RQ�UHVXOWV�DQG�E\�DWWDFNLQJ�
SUREOHPV�SK\VLFDOO\��7KH\�VHHN�VROXWLRQV�WKDW�LQYROYH�JUHDW�SK\VLFDO�DFWLYLW\�DQG�SUHIHU�WR�VROYH�SUREOHPV�LQGLYLGXDOO\�
RU� LQ� VPDOO� JURXSV�� .LQHVWKHWLF� OHDUQHUV� OHDUQ� EHVW� E\� GRLQJ�� KDQGV�RQ� DSSURDFK� ��� PDQLSXODWLRQ�� VLPXODWLRQV�� OLYH�
HYHQWV��7KH\�QHHG�WR�EH�SK\VLFDO�LQYROYHPHQW�LQ�OHDUQLQJ��)LHOG�WULSV�WR�JDLQ�NQRZOHGJH�DQG�VPDOO�JURXS�GLVFXVVLRQV�DUH�
WKH�ZD\V� WKDW� WKH\� OHDUQ�EHVW��$�NLQHVWKHWLF� OHDUQHU� UHDGV�SULPDULO\� IRU�PHDQLQJ�DQG� IXQFWLRQ�� UDWKHU� WKDQ�HQMR\PHQW��
+H�VKH�UHDGV�DFWLRQ�RULHQWHG�ERRNV�SOD\V�DQG�VWXGLHV�IRU�VKRUW�SHULRGV�LQWHUVSHUVHG�ZLWK�PRYLQJ�DURXQG��7KH\�XVXDOO\�
OD\�RQ�IORRU�RU�EHG� WR�VWXG\��7KH�GLIILFXOWLHV� WKDW� WKH�NLQHVWKHWLF� OHDUQHUV�FDQ�EH�HQFRXQWHU� LQ� VFKRRO�DUH��VLWWLQJ�VWLOO��
OLVWHQLQJ�WR�OHFWXUHV�RI�PRUH�WKDQ�IRXU�PLQXWHV��VSHOOLQJ��UHFDOOLQJ�ZKDW�ZDV�VHHQ�RU�KHDUG��UHPHPEHU�HYHU\WKLQJ�WKDW�
ZDV� GRQH��� H[SUHVVLQJ� HPRWLRQV� ZLWKRXW� SK\VLFDO� PRYHPHQW��
�KWWS���ZZZ�ZHVWJD�HGX�aMGEXWOHU�&ODVV1RWHV�OHDUQVW\OHV�KWPO���
� 5HVHDUFKHV� UHYHDO� WKDW� ZKHQ� VWXGHQWV� DUH� WDXJKW� WKURXJK� WKHLU� SUHIHUUHG� OHDUQLQJ� VW\OH� WKH\� GHPRQVWUDWH�� D��
VWDWLVWLFDOO\�VLJQLILFDQW�LPSURYHPHQW�LQ�WKHLU�DWWLWXGHV�WRZDUG�LQVWUXFWLRQ��E��LQFUHDVHG�WROHUDQFH�IRU�FRJQLWLYH�GLYHUVLW\��
F��VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVHG�DFDGHPLF�DFKLHYHPHQW��G��EHWWHU�GLVFLSOLQH�EHKDYLRU��DQG�H��JUHDWHU�VHOI�GLVFLSOLQH�
IRU�KRPHZRUN�FRPSOHWLRQ��*LYHQ���������
� ,I�D�VWXGHQW�NQRZV�KLV�KHU�OHDUQLQJ�VW\OH�DQG�XWLOL]HV�LW�GXULQJ�OHDUQLQJ�SURFHVV��KH�VKH�FDQ�OHDUQ�PRUH�HDVLO\�DQG�
IDVWHU�DQG�EH�PRUH�SUREDEO\�VXFFHVVIXO�DW�WKH�HQG�RI�WKH�OHDUQLQJ�SURFHVV��%LJJV��������FLWHG�LQ��'D÷KDQ�	�$NNR\XQOX��
�������,Q�DGGLWLRQ��ZKDW�LV�LPSRUWDQW�IRU�VWXGHQWV¶�DFKLHYHPHQW�LV�QRW�RQO\�NQRZLQJ�ZKLFK�VW\OH�LV�WKHLU�SUHIHUUHG�RQH�
EXW�DOVR�NQRZLQJ�ZKHWKHU�WKH\�DUH�DZDUH�RI�WKH�FKDUDFWHULVWLFV�RI�WKHLU�GRPLQDQW�VW\OH�RU�QRW��'D÷KDQ�	�$NNR\XQOX��
�������$úNDU�DQG�$NNR\XQOX��������VWDWH�WKDW�RQH¶V�NQRZLQJ�ZKLFK�OHDUQLQJ�VW\OH�LV� WKH�EHVW�IRU�KLPVHOI�KHUVHOI�PD\�
KHOS�KLP�KHU�WR�HQKDQFH�KLV�KHU�OHDUQLQJ�SRWHQWLDO��%HVLGHV�%DEDGR÷DQ��������UHSRUW�WKDW�ZKHQ�WKH�VWXGHQWV�ZLWK�SRRU�
DFDGHPLF� DFKLHYHPHQW� PDNH� XVH� RI� WKHLU� GRPLQDQW� OHDUQLQJ� VW\OHV�� WKH\� FDQ� VLJQLILFDQWO\� LPSURYH� WKHLU� OHDUQLQJ�
SHUIRUPDQFH��:KHQ� OHDUQLQJ� VW\OHV�DUH� V\VWHPDWLFDOO\� WDXJKW� WR� VWXGHQWV�� LQ�D� VKRUW� WLPH�� LPSURYHPHQW� LV� VHHQ� LQ� WKH�
DPRXQW�RI�LQIRUPDWLRQ�OHDUQHG�DQG�UHWHQWLRQ�RI�LW��*LYHQ�����������

6WXGHQWV¶� KDYLQJ� TXDOLW\� LQIRUPDWLRQ� DERXW� WKHLU� OHDUQLQJ� VW\OHV� WKRXJKW� WR� FRQWULEXWH� WR� WKHLU� FRJQLWLYH� DQG�
DIIHFWLYH� TXDOLILFDWLRQV� WKURXJKRXW� VXSSRUWLQJ� WKHLU� OHDUQLQJ�� %HLQJ� LQIRUPHG� DERXW� RQH¶V� RZQ� OHDUQLQJ� VW\OH� LV�
LPSRUWDQW� EHFDXVH�� WKLV� OHDGV� WR� WKHLU� HIIHFWLYH� DUUDQJHPHQW� RI� WKHLU� OHDUQLQJ� SURFHVVHV� DQG� LPSURYHPHQW� RI� WKHLU�
DFDGHPLF�DFKLHYHPHQW�DQG�VHOI�FRQILGHQFH��)RU�SUH�VHUYLFH�WHDFKHUV�WR�EH�HIIHFWLYH�LQ�WKHLU�SURIHVVLRQDO�WHDFKLQJ�FDUHHU��
WKH\� QHHG� WR�EH�PDGH� DZDUH�RI� WKHLU� OHDUQLQJ� VW\OHV��ZKLFK� FRQWULEXWH� WR� WKHLU� DFKLHYHPHQW� DQG� WKHLU� VHOI�FRQILGHQFH�
GXULQJ� WKHLU� OHDUQLQJ�SURFHVVHV�� ,Q� OLJKW�RI� WKHVH� IDFWV�� WKH�SUHVHQW� VWXG\�DLPV� WR� LQYHVWLJDWH� WKH�SUH�VHUYLFH� WHDFKHUV¶�
SHUFHSWLRQV�RI�WKHLU�RZQ�OHDUQLQJ�VW\OHV��3UH�VHUYLFH�WHDFKHUV¶�EHLQJ�LQIRUPHG�DERXW�OHDUQLQJ�VW\OHV�PD\�KHOS�WKHP�WR�
WDNH� WKHLU� RZQ� VWXGHQWV¶� OHDUQLQJ� VW\OHV� LQWR� FRQVLGHUDWLRQ�ZKLOH�GHVLJQLQJ� WKHLU� OHVVRQV�� VR� WKDW� WKH\�ZLOO� EH� DEOH� WR�
GHVLJQ�OHVVRQV�PDWFKLQJ�WKH�OHDUQLQJ�VW\OHV�RI�WKHLU�VWXGHQWV�LQ�WKH�IXWXUH��
�
Method  
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� 7KH� SUHVHQW� VWXG\� LQYHVWLJDWLQJ� WKH� SUH�VHUYLFH� WHDFKHUV¶� SHUFHSWLRQV� RI� WKHLU� RZQ� OHDUQLQJ� VW\OHV� HPSOR\V�
TXDOLWDWLYH� UHVHDUFK�PHWKRGV��7RWDOO\� ���� SUH�VHUYLFH� WHDFKHUV� IURP� WKH� GHSDUWPHQWV� RI�(QJOLVK� /DQJXDJH�7HDFKLQJ��
0DWKHPDWLFV�7HDFKLQJ��6FLHQFH�7HDFKLQJ�DQG�6RFLDO�6WXGLHV�7HDFKLQJ�SDUWLFLSDWHG�LQ�WKH�SUHVHQW�VWXG\��7KH�SUH�VHUYLFH�
WHDFKHUV�ZHUH�LQIRUPHG�DERXW�OHDUQLQJ�VW\OHV�DQG�GHWDLOHG�H[SODQDWLRQV�ZHUH�JLYHQ�DERXW�WKH�FKDUDFWHULVWLFV�RI�YLVXDO��
DXGLWRU\�DQG�NLQHVWKHWLF�OHDUQLQJ�VW\OHV�DQG�VRPH�H[DPSOHV�ZHUH�SUHVHQWHG��ùLPúHN��������VWDWHG�WKDW�D�VWXGHQW�WHQG�WR�
XVH�RQH�RI�WKHVH�OHDUQLQJ�PRGDOLWLHV��2SHQ�HQGHG�TXHVWLRQV�ZHUH�DVNHG�WR�WKH�SDUWLFLSDQWV�WR�GHWHUPLQH�ZKLFK�OHDUQLQJ�
VW\OH� WKH\� WKLQN� LV� PRVW� VXLWDEOH� IRU� WKHPVHOYHV�� 7KH� GDWD� REWDLQHG� ZHUH� FRGHG� DQG� FROOHFWHG� XQGHU� WKH� UHODWHG�
FDWHJRULHV��7KH� UHVXOWV� WKDW� IRXQG�E\�FDOFXODWLQJ� WKH� IUHTXHQFLHV�DQG�SHUFHQWDJHV�ZHUH�DUUDQJHG�DQG� WKHQ� LQWHUSUHWHG��
)XUWKHUPRUH�UHOHYDQW�TXRWDWLRQV�IURP�SUH�VHUYLFH�WHDFKHUV¶�UHVSRQVHV�ZHUH�SUHVHQWHG��
�
Results  
�
� 7KH� ILQGLQJV�RI� WKH� VWXG\�ZHUH�REWDLQHG�E\� UHGXFLQJ� WKH� VWDWHPHQWV� LQ� WKH� UHVSRQVHV�JLYHQ� WR� WKH�RSHQ�HQGHG�
TXHVWLRQV��������RI�WKH�VWXGHQWV�SDUWLFLSDWLQJ�LQ�WKH�SUHVHQW�VWXG\�WKLQN�WKDW�WKH\�KDYH�YLVXDO�OHDUQLQJ�VW\OH��,Q�7DEOH����
WKH� IUHTXHQFLHV� DQG� SHUFHQWDJHV� FDOFXODWHG� IRU� WKH� VWDWHPHQWV� RI� WKH� VWXGHQWV� WKLQNLQJ� WKDW� WKH\� KDYH� YLVXDO� OHDUQLQJ�
VW\OH�DUH�SUHVHQWHG��
� � �

Table 1: )UHTXHQFLHV�DQG�SHUFHQWDJHV�RI�WKH�VWXGHQWV¶�VWDWHPHQWV��ZKR�WKLQN�WKDW�WKH\�KDYH�YLVXDO�OHDUQLQJ�VW\OH� 
�

Statements f % 
,�WDNH�GHWDLOHG�QRWHV��� ��� �����
,�DP�VXFFHVVIXO�LQ�LQWHUSUHWLQJ�DQG�OHDUQLQJ�YLVXDO�LWHPV�� ��� �����
,�EHVW�OHDUQ�DQG�XQGHUVWDQG�E\�VHHLQJ�UHDGLQJ� ��� �����
,�PDNH�REVHUYDWLRQV��� �� ����
,W�LV�LPSRUWDQW�IRU�PH�WR�ZDWFK�P\�WHDFKHU�� � ��� ����
,�GR�QRW�IRUJHW�ZKDW�,�KDYH�VHHQ�� ��� �����
,�FDQQRW�XQGHUVWDQG�WKH�WKLQJV�,�KDYHQ¶W�UHDG�� �� ����
,�FDQ�YLVXDOL]H�WKH�WKLQJV�,�KDYH�UHDG�OHDUQHG�� ��� �����
,�JHW�GLVWUDFWHG�XQOHVV�,�PDNH�H\H�FRQWDFW�� �� ����
,�FDQ�OHDUQ�EHWWHU�E\�ZULWLQJ�� � �� ����
:KLOH�VWXG\LQJ��,�PDNH�XVH�RI�GUDZLQJV�DQG�FRORUV�� �� ����

� $V�FDQ�EH�VHHQ�LQ�7DEOH���� WKH�SUH�VHUYLFH�WHDFKHUV�WKLQNLQJ�WKDW� WKH\�KDYH�YLVXDO� OHDUQLQJ�VW\OH�VWDWH� WKDW� WKH\�
FDQ� OHDUQ�EHWWHU� E\� VHHLQJ�� XQGHUVWDQG� YLVXDO� WKLQJV�EHWWHU�� OLNH� WDNLQJ�QRWHV� DQG� WKH\�ZRUN�E\�GUDZLQJ��7KHVHV�SUH�
VHUYLFH�WHDFKHUV�DOVR�VWDWHG�WKDW�WKH\�YLVXDOL]H�ZKDW�WKH\�KDYH�OHDUQHG�DQG�UHDG�DQG�WKH\�GR�QRW�IRUJHW�ZKDW�WKH\�KDYH�
VHHQ��KHQFH��WKHLU�GRPLQDQW�OHDUQLQJ�VW\OH�LV�YLVXDO��6RPH�RI�WKH�TXRWDWLRQV�IURP�WKH�VWDWHPHQWV�H[SUHVVHG�E\�WKH�SUH�
VHUYLFH�WHDFKHUV�WKLQNLQJ�WKH\�KDYH�WKH�YLVXDO�OHDUQLQJ�VW\OH�DUH�DV�IROORZV��
� ³,�VROYH�WKH�SUREOHPV�E\�YLVXDOL]LQJ�ZKHUH�RU�RQ�ZKLFK�SDJH�WKHLU�DQVZHUV�DUH�´��
� ³,�WDNH�GHWDLOHG�QRWHV�DQG�,�RQO\�XQGHUVWDQG�WKH�QRWHV�,�KDYH�P\VHOI�WDNHQ�´�
� ³7KH�WKLQJV�ZKLFK�,�KDYH�RQO\�OLVWHQHG�TXLFNO\�IDGH�DZD\�IURP�P\�PLQG��,�UHPHPEHU�WKH�QRWHV�WDNHQ�LQ�JUHDW�
GHWDLO�´��
� ³:KLOH�OLVWHQLQJ�WR�WKH�OHVVRQ��,�FORVHO\�ZDWFK�P\�WHDFKHU¶V�EHKDYLRUV��,�IHHO�DV�LI�,�FRXOG�QRW�XQGHUVWDQG�LI�,�GR�
QRW�VHH�P\�WHDFKHU�´��
� ³,�GR�QRW�IRUJHW�HDVLO\�ZKDW�,�KDYH�VHHQ�´�
� ³:KLOH� OLVWHQLQJ� WR� WKH� WHDFKHU�� ,�GR�QRW� IRFXV�RQ�ZKDW�KH�VKH�VD\V�UDWKHU� WKH�YLVXDO�SUHVHQWDWLRQV�SUHSDUHG�E\�
KLP�KHU�´� �
� ³,Q�RUGHU�WR�UHWDLQ�LQIRUPDWLRQ��,�PXVW�UHDG�LW�P\VHOI��,�FDQQRW�XQGHUVWDQG�WKH�VXEMHFW�ZKHQ�RWKHUV�H[SODLQ�LW�WR�
PH�´��
� ³:KHQ�,�JR�WR�D�GHVWLQDWLRQ�,�GR�QRW�NQRZ��,�GR�QRW�JHW�WKH�GLUHFWLRQV�IURP�RWKHUV��,�P\VHOI�ORRN�DW�WKH�PDS�DQG�
YLVXDOL]H�LW�´��

� 7KH�SHUFHQWDJH�RI�WKH�SUH�VHUYLFH�WHDFKHUV�WKLQNLQJ�WKDW�WKH\�KDYH�DXGLWRU\�OHDUQLQJ�VW\OH�ZDV�IRXQG�WR�EH�������
3HUFHQWDJHV�DQG�IUHTXHQFLHV�FDOFXODWHG�IRU� WKH�VWDWHPHQWV�RI� WKH�SUH�VHUYLFH� WHDFKHUV� WKLQNLQJ� WKDW� WKH\�KDYH�DXGLWRU\�
OHDUQLQJ�VW\OH�DUH�SUHVHQWHG�LQ�7DEOH�����
�

Table 2: )UHTXHQFLHV�DQG�SHUFHQWDJHV�RI�WKH�VWXGHQWV¶�VWDWHPHQWV��ZKR�WKLQN�WKDW�WKH\�KDYH�DXGLWRU\�OHDUQLQJ�VW\OH��
�

Statements f % 
,�FDQ�OLVWHQ�WR�IRU�D�ORQJ�WLPH��,�OLNH�OLVWHQLQJ�� �� ����
,�DP�KLJKO\�LQWHUHVWHG�LQ�WRQH�RI�YRLFH�DQG�VWUHVVHV�� � �� �����
,�OHDUQ�EHWWHU�ZKHQ�,�VWXG\�E\�WHOOLQJ� � �� ����
,�DP�VHQVLWLYH�WR�VRXQGV�� �� ����
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,�OHDUQ�XQGHUVWDQG�EHWWHU�E\�OLVWHQLQJ�� � ��� �����
,�GR�QRW�IRUJHW�ZKDW�,�KDYH�KHDUG�� �� ����
,�UHYLVH�WKH�VXEMHFWV�E\�WDONLQJ�UHDGLQJ�GLVFXVVLQJ�LQWHUSUHWLQJ�ORXGO\�� ��� �����
,�UHFRUG�DQG�OLVWHQ�WR�P\�RZQ�YRLFH�ZKLOH�VWXG\LQJ�� �� ����
,�UHSHDW�RUDOO\�QRW�WR�IRUJHW�� �� ����

�
� $V�FDQ�EH�VHHQ�LQ�7DEOH����WKH�SUH�VHUYLFH�WHDFKHUV�WKLQNLQJ�WKDW�WKHLU�GRPLQDQW�OHDUQLQJ�VW\OH�LV�DXGLWRU\�VWDWHG�
WKDW�WKH\�JHQHUDOO\�SUHIHU�WR�VWXG\�E\�UHDGLQJ�ORXGO\��WKH\�DUH�LQWHUHVWHG�LQ�WKH�WRQH�RI�YRLFH�DQG�VWUHVVHV�DQG�WKH\�EHVW�
OHDUQ�E\�OLVWHQLQJ��0RUHRYHU��WKHVH�SUH�VHUYLFH�WHDFKHUV�VWDWHG�WKDW�WKH\�OLNH�OLVWHQLQJ�DQG�VSHDNLQJ�IRU�D�ORQJ�WLPH��WKH\�
GR�QRW�IRUJHW�ZKDW�WKH\�KDYH�KHDUG��KHQFH��WKHLU�OHDUQLQJ�VW\OH�LV�DXGLWRU\��6RPH�TXRWDWLRQV�IURP�WKH�UHVSRQVHV�RI�SUH�
VHUYLFH�WHDFKHUV�WKLQNLQJ�WKDW�WKHLU�GRPLQDQW�VW\OH�LV�DXGLWRU\�DUH�JLYHQ�EHORZ��
� ³:KHQ�,�OLVWHQ�WR�WKH�WRSLFV�IURP�RWKHUV��,�XQGHUVWDQG�EHWWHU�DQG�WKH\�EHFRPH�PRUH�SHUPDQHQW�´�
� ³:KHQ�,�UHDG�QRYHOV�ORXGO\��,�XQGHUVWDQG�PRUH�HDVLO\�´�
� ³:KHQ�WKHUH�LV�QR�VLOHQFH�LQ�WKH�VHWWLQJ��,�FDQQRW�FRQFHQWUDWH�´��
� ³,� UHYLVH� IRU�P\� H[DPV� E\� WHOOLQJ�P\VHOI� RU� OLVWHQLQJ� IURP� RWKHUV�� ,� FOHDUO\� UHPHPEHU� WKH� WRQH� RI� YRLFH� DQG�
VWUHVVHV�RI�WKH�QDUUDWRU�´�
� ³:KLOH�VWXG\LQJ��,�VWXG\�ORXGO\��HYHQ�ZKLOH�,�DP�VROYLQJ�SUREOHPV�,�H[SODLQ�WKHP�ORXGO\�WR�P\VHOI�´�
� ³,�UHSHDW�WKH�LQIRUPDWLRQ�ZKLFK�,�PXVWQ¶W�IRUJHW�ORXGO\�WR�P\VHOI��´�
� ³:KLOH�VWXG\LQJ��LW�LV�PRUH�HIIHFWLYH�WR�VWXG\�E\�KHDULQJ�P\�RZQ�YRLFH�´�
� ³5DWKHU�WKDQ�UHDGLQJ�ZKDW�KDV�EHHQ�ZULWWHQ�RQ�WKH�ERDUG�E\�WKH�WHDFKHU��,�SUHIHU�WR�OLVWHQ�WR�KLP�KHU�H[SODLQLQJ�
WKH�WRSLF�´� �
�
�
� 7KH� SHUFHQWDJH� RI� WKH� SUH�VHUYLFH� WHDFKHUV� WKLQNLQJ� WKDW� WKH\� KDYH� NLQHVWKHWLF� OHDUQLQJ� VW\OH� LV� ������ � 7KH�
SHUFHQWDJHV�DQG�IUHTXHQFLHV�FDOFXODWHG�IRU�WKH�VWDWHPHQWV�RI�WKH�SUH�VHUYLFH�WHDFKHUV�WKLQNLQJ�WKDW�WKH\�KDYH�NLQHVWKHWLF�
OHDUQLQJ�VW\OH�DUH�SUHVHQWHG�LQ�7DEOH������
�

Table 3: )UHTXHQFLHV�DQG�SHUFHQWDJHV�RI�WKH�VWXGHQWV¶�VWDWHPHQWV��ZKR�WKLQN�WKDW�WKH\�KDYH�NLQHVWKHWLF�OHDUQLQJ�VW\OH�
�

Statements f % 
,�GR�QRW�OLNH�VWD\LQJ�PRWLRQOHVV�SDVVLYH�IRU�D�ORQJ�WLPH�� ��� �����
:KLOH�VWXG\LQJ��,�OLNH�WRXFKLQJ�P\�ILQJHUV�SHQV�KDLU�HWF�� �� �����
,�OHDUQ�EHWWHU�E\�GRLQJ�� � ��� �����
,�DP�JRRG�DW�GHVLJQLQJ�SURMHFWV�SODQV�GUDIWV�� � �� �����
8VLQJ�PDWHULDOV�IDFLOLWDWHV�P\�OHDUQLQJ�� �� ����
,�FDQ�XQGHUVWDQG�EHWWHU�ZKHQ�,�WRXFK�IHHO�� �� �����
,�GR�QRW�IRUJHW�ZKDW�,�KDYH�GRQH�DQG�RWKHUV¶�PRYHPHQWV� � �� ����
,�WDON�E\�XVLQJ�P\�KDQGV�ERG\�JHVWXUHV�DQG�PLPLFV�� �� �����

�
� $V�FDQ�EH�VHHQ�LQ�7DEOH����WKH�SUH�VHUYLFH�WHDFKHUV�WKLQNLQJ�WKDW�WKH\�KDYH�NLQHVWKHWLF�OHDUQLQJ�VW\OH�VWDWHG�WKDW�LQ�
JHQHUDO�WKH\�OHDUQ�EHWWHU�E\�GRLQJ��WKH\�JHW�ERUHG�ZLWK�VWD\LQJ�PRWLRQOHVV�IRU�D�ORQJ�WLPH��WKH\�OLNH�GRLQJ�SURMHFWV�DQG�
WKH\�XVH�WKHLU�ERG\�ZKLOH�VROYLQJ�SUREOHPV��WKLQNLQJ�RU�VSHDNLQJ��0RUHRYHU��WKHVH�SUH�VHUYLFH�WHDFKHUV�VWDWHG�WKDW�XVH�
RI� PDWHULDOV� IDFLOLWDWHV� WKHLU� OHDUQLQJ� DQG� WKH\� FDQ� RQO\� XQGHUVWDQG� E\� WRXFKLQJ� WKH� PDWHULDO�� KHQFH�� WKHLU� GRPLQDQW�
OHDUQLQJ� VW\OH� LV� NLQHVWKHWLF�� 6RPH� RI� WKH� VWDWHPHQWV� RI� WKH� SUH�VHUYLFH� WHDFKHUV� WKLQNLQJ� WKDW� WKH\� KDYH� NLQHVWKHWLF�
OHDUQLQJ�VW\OH�DUH�SUHVHQWHG�EHORZ��
� ³,�FDQQRW� OLVWHQ� WR� WKH� OHVVRQ� IRU�D� ORQJ� WLPH�ZLWKRXW�PRYLQJ��:KLOH�VWXG\LQJ�� ,�QHHG� WR�ZDON�DURXQG�ZLWK� WKH�
ERRN�LQ�P\�KDQGV��RWKHUZLVH��,�FDQQRW�OHDUQ�IDVW�HQRXJK�´�
� ³,�FDQQRW�VLW�DQG�OLVWHQ�IRU�D�ORQJ�WLPH��,�OHDUQ�VRPHWKLQJ�E\�P\VHOI�WRXFKLQJ�´�
� ³,�XVXDOO\�IHHO�ERUHG�ZKLOH�ZULWLQJ��,�FDQ�FRPPLW�PDQ\�SXQFWXDWLRQ�PLVWDNHV�ZKLOH�ZULWLQJ�´�
� ³,�FDQQRW�DGG�QXPEHUV�IDVW��,�QHHG�WR�FRXQW�ZLWK�P\�ILQJHUV�ILUVW�´�
� ³:KLOH�WHOOLQJ�VRPHWKLQJ�WR�VRPHRQH�,�DOZD\V�PRYH��:KLOH�LPDJLQLQJ��,�OLNH�DQLPDWH�ZLWK�P\�KDQGV�´� �
� ³:KHQ�,�UHDG�D�UHFLSH�RI�D�FDNH�RU�VRPHRQH�WHOOV�LW�WR�PH��,�GR�QRW�XQGHUVWDQG�LW��,�QHHG�WR�ZDWFK�LW�EHLQJ�FRRNHG�
RU�GR�LW�P\VHOI�´�
� ³(YHQ�LI�,�VHH�VRPHRQH�VROYLQJ�D�SUREOHP��,�FDQQRW�XQGHUVWDQG�LW�ZHOO�ZLWKRXW�GRLQJ�P\VHOI�´�
� ³0\�IULHQGV�DOZD\V�WHOO�PH�µZK\�\RX�DUH�WRXFKLQJ�WKH�WKLQJV�\RX�VHH¶�´�

� 6RPH� RI� WKH� SUH�VHUYLFH� WHDFKHUV� SDUWLFLSDWLQJ� LQ� WKH� SUHVHQW� VWXG\� VWDWHG� WKDW� WKH\� KDYH�PRUH� WKDQ� RQH� VW\OH��
6RPH�TXRWDWLRQV�RI�WKHVH�SUH�VHUYLFH�WHDFKHUV¶�VWDWHPHQWV�DUH�JLYHQ�EHORZ���
� ³,I�RQH�WHOOV� WKH� WRSLF�WR�PH�DQG�XVHV�VRPH�NLQG�RI�YLVXDOL]DWLRQ�ZKLOH�H[SODLQLQJ��P\�OHDUQLQJ�EHFRPHV�PRUH�
HIIHFWLYH�´�
� ³,� XQGHUVWDQG� WKH� OHVVRQ�E\� OLVWHQLQJ�EXW�YLVXDO�PDWHULDOV� VWUHQJWKHQ�P\�XQGHUVWDQGLQJ�� WKDW� LV�� ,�QHHG�ERWK� WR�
KHDU�DQG�VHH�WR�OHDUQ�´�
� ³)LJXUHV��SLFWXUHV�DQG�PDSV�GUDZ�P\�DWWHQWLRQ�DQG�ZLWK�WKHVH�PDWHULDOV�,� OHDUQ�EHWWHU��,�GR�QRW�RQO\�ZDWFK�EXW�
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DOVR�ZDQW�WR�WRXFK�DQG�GHVFULEH�WKH�PDWHULDOV�´�

� 7KH� ILQGLQJV� RI� WKH� SUHVHQW� VWXG\� VKRZ� WKDW� WKH� GRPLQDQW� VW\OH� SUHIHUUHG� E\� QHDUO\� KDOI� RI� WKH� SUH�VHUYLFH�
WHDFKHUV���������WR�OHDUQ�PDWFKHV�ZLWK�YLVXDO�OHDUQLQJ�VW\OH��7KLV�LV�IROORZHG�E\�WKH�SUH�VHUYLFH�WHDFKHUV�WKLQNLQJ�WKDW�
WKH\�KDYH�NLQHVWKHWLF�OHDUQLQJ�VW\OH����������7KH�OHDVW�SUHIHUUHG�VW\OH�E\�WKH�SUH�VHUYLFH�WHDFKHUV�LV�DXGLWRU\�DPRQJ�WKH�
OHDUQLQJ�VW\OHV������������
  
Conclusions and Discussion  
 

7KH�HIIHFWV�RI�OHDUQLQJ�VW\OHV�RQ�OHDUQLQJ�DQG�WKHLU�FRQWULEXWLRQ�WR�WKH�RUJDQL]DWLRQ�RI�WKH�OHDUQLQJ�HQYLURQPHQW�
KDYH�EHHQ�UHSRUWHG�LQ�UHODWHG�UHVHDUFKHV��)HOGHU��������*LYHQ��������%DEDGR÷DQ��������&ROOLVRQ��������+HLQ�	�%XGQ\��
�������8QOLNH�WKH�VWXGLHV�FDUULHG�RXW�WR�GHWHUPLQH�WKH�OHDUQHUV¶�OHDUQLQJ�VW\OHV��WKH�SUHVHQW�VWXG\�ORRNV�DW�WKH�OHDUQHUV¶�
SHUFHSWLRQ�RI�WKHLU�RZQ�OHDUQLQJ�VW\OHV��:KHQ�SUH�VHUYLFH�WHDFKHUV�DUH�DZDUH�RI�WKHLU�RZQ�OHDUQLQJ�VW\OHV��HYHQ�LI�WKH\�
HQFRXQWHU�GLIIHUHQW�WHDFKLQJ�VHWWLQJV��WKH\�FDQ�HIIHFWLYHO\�RUJDQL]H�WKHLU�RZQ�OHDUQLQJ�SURFHVVHV��7KHUHIRUH��WKH�SUHVHQW�
VWXG\� DLPV� WR� LQYHVWLJDWH�ZKLFK� OHDUQLQJ� VW\OH� WKH� SUH�VHUYLFH� WHDFKHUV� WKLQN� WKH\� SRVVHV� UDWKHU� WKDQ� GHWHUPLQH� WKHLU�
OHDUQLQJ�VW\OHV��

,Q�OLJKW�RI�WKH�ILQGLQJV�RI�WKH�SUHVHQW�VWXG\��LW�FDQ�EH�DUJXHG�WKDW�WKH�PRVW�FRPPRQ�VW\OH�DGRSWHG�DV�SULPDU\�VW\OH�
E\� WKH� SUH�VHUYLFH� WHDFKHUV� LV� YLVXDO� OHDUQLQJ� VW\OH� DQG� WKLV� LV� IROORZHG� E\� NLQHVWKHWLF� DQG� DXGLWRU\� OHDUQLQJ� VW\OHV��
UHVSHFWLYHO\��7KH�SUH�VHUYLFH� WHDFKHUV� WKLQNLQJ� WKDW� WKH\�KDYH�YLVXDO� VW\OH� VWDWHG� WKDW� WKH\� OHDUQ�EHWWHU� E\� VHHLQJ� DQG�
UHDGLQJ��WKH\�XQGHUVWDQG�YLVXDO�HOHPHQWV�EHWWHU��WKH\�OLNH�WDNLQJ�QRWHV�DQG�WKH\�VWXG\�E\�GUDZLQJ�ILJXUHV�DQG�VKDSHV��$V�
WKH\�YLVXDOL]H�ZKDW�WKH\�KDYH�OHDUQHG�DQG�UHDG�LQ�WKHLU�PLQGV�DQG�DV�WKH\�GR�QRW�IRUJHW�ZKDW�WKH\�KDYH�VHHQ��WKH\�WKLQN�
WKDW�WKHLU�GRPLQDQW�VW\OH�LV�YLVXDO��6RPH�RI�WKH�SUH�VHUYLFH�WHDFKHUV�VWDWHG�WKDW�WKH\�OHDUQ�EHWWHU�E\�GRLQJ��WKH\�DUH�JRRG�
DW�GRLQJ�SURMHFWV�DQG�XVH�RI�PDWHULDOV� IDFLOLWDWHV� WKHLU� OHDUQLQJ��KHQFH�� WKH\� WKLQN� WKDW� WKHLU�GRPLQDQW� OHDUQLQJ�VW\OH� LV�
NLQHVWKHWLF��7KH�RWKHU�SUH�VHUYLFH�WHDFKHUV��RQ�WKH�RWKHU�KDQG��VWDWHG�WKDW�WKH\�SUHIHU�UHDGLQJ�ORXGO\��WKH\�DUH�LQWHUHVWHG�
LQ�WRQH�RI�YRLFH�DQG�VWUHVVHV�DQG�WKH\�OHDUQ�EHVW�E\�OLVWHQLQJ��0RUHRYHU��WKHVH�SUH�VHUYLFH�WHDFKHUV�VWDWHG�WKDW�WKH\�OLNH�
OLVWHQLQJ�DQG�VSHDNLQJ�IRU�D�ORQJ�WLPH�DQG�DV�WKH\�GR�QRW� IRUJHW�ZKDW�WKH\�KDYH�KHDUG�� WKH\�WKLQN�WKDW� WKHLU�GRPLQDQW�
OHDUQLQJ�VW\OH�LV�DXGLWRU\��

7KURXJK� WKH� SUHVHQW� VWXG\�� WKH� SUH�VHUYLFH� WHDFKHUV�ZHUH�PDGH� DZDUH� RI� WKHLU� RZQ� OHDUQLQJ� VW\OHV��7KH\� DOVR�
XQGHUVWRRG�WKDW�WKH\�FDQ�RUJDQL]H�OHDUQLQJ�HQYLURQPHQW�EHWWHU�ZKHQ�WKH�FKDUDFWHULVWLFV�RI�OHDUQLQJ�VW\OHV�DUH�NQRZQ��,Q�
WKLV�ZD\��LW�LV�EHOLHYHG�WKDW�VRPH�FRQWULEXWLRQ�ZDV�PDGH�WR�WKHLU�DFDGHPLF�DFKLHYHPHQW�DQG�VHOI�FRQILGHQFH��,Q�DGGLWLRQ��
ZKHQ�SUH�VHUYLFH�WHDFKHUV�DUH�NQRZOHGJHDEOH�DERXW�OHDUQLQJ�VW\OHV��WKH\�ZLOO�PRUH�SUREDEO\�WDNH�WKHLU�IXWXUH�VWXGHQWV¶�
OHDUQLQJ�VW\OHV�LQWR�FRQVLGHUDWLRQ�ZKLOH�GHVLJQLQJ�WHDFKLQJ�HQYLURQPHQW�IRU�WKHVH�VWXGHQWV����
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0F&DUWK\��%����������7KH��PDW�V\VWHP��7HDFKLQJ�WR�OHDQLQJ�VW\OHV�ZLWK�ULJKW�OHIW�PRGH�WHFKQLTXHV��%DUULQJWRQ��([FHO��
,QF��
�
ùLPúHN��1����������%ø*����|÷UHQPH�ELoHPOHUL�HQYDQWHUL��(÷LWLP�%LOLPOHUL�YH�8\JXODPD����������������
�
KWWS���ZZZ�ZHVWJD�HGX�aMGEXWOHU�&ODVV1RWHV�OHDUQVW\OHV�KWPO�
�
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'U��.HULP�.DUDEDFDN�
8QLYHUVLW\�RI�6DNDU\D�
NHULPN#VDNDU\D�HGX�WU��

�
�

Özet:�%HúLQFL�VÕQÕI�|÷UHQFLOHUL��]HULQGH�GHQH\VHO�ELU�oDOÕúPD�RODUDN�JHUoHNOHúWLULOHQ�EX�DUDúWÕUPD�
H÷LWLPGH� J|VWHUL� DUDoODUÕQÕQ� NXOODQÕOPDVÕQÕQ� |÷UHQFLOHULQ�0DWHPDWLN� SUREOHPL� o|]PH� EDúDUÕVÕQD�
RODQ�HWNLVLQL�RUWD\D�NR\PD\D�\|QHOLNWLU��'HQH\�YH�NRQWURO�JUXSODUÕQGDQ�HOGH�HGLOHQ�YHULOHU�6366¶H�
DNWDUÕOPÕú�� ED÷ÕPVÕ]� JUXSODUÕQ� RUWDODPDODUÕQÕ� NDUúÕODúWÕUPDN� LoLQ� W�WHVW� NXOODQÕODUDN� YHULOHULQ�
DQDOL]L�\DSÕOPÕúWÕU��(OGH�HGLOHQ�EXOJXODUD�J|UH�NODVLN�\|QWHPOHU�LOH�NDUúÕODúWÕUÕOGÕ÷ÕQGD�|÷UHQFLOHULQ�
ELOJL�G�]H\LQGHNL�EDúDUÕVÕQGD�ELU�IDUN�ROPDGÕ÷Õ��NDYUDPD�YH�X\JXODPD�G�]H\LQGHNL�EDúDUÕODUÕQGD�
LVH�ELU�DUWÕúÕQ�ROGX÷X�EHOLUOHQPLúWLU��$\ÕFD�J|VWHUL�DUDoODUÕQÕQ�NXOODQÕOGÕ÷Õ�VÕQÕIODUGD�|÷UHQLP�J|UHQ�
|÷UHQFLOHUGH�ELOJLQLQ�NDOÕFÕOÕ÷ÕQÕQ�GDKD�ID]OD�ROGX÷X�GD�EX�DUDúWÕUPD�VRQXFXQGD�EHOLUOHQPLúWLU��������
 
Anahtar Kelimeler 
3UREOHP� o|]PH�� 3UREOHP� o|]PH� EDVDPDNODUÕ�� 0DWHPDWLN� SUREOHPL� o|]PH�� *|VWHUL� DUDoODUÕ�
SUREOHP�o|]PH��*|VWHUL�DUDoODUÕ�

 
*LULú 
�%LUH\�J�QO�N�\DúDPÕQGD�ED]Õ�HQJHOOHU��VRUXODU��J�oO�NOHU�YH�VRUXQODU� LOH�NDUúÕ�NDUúÕ\D�NDOÕU��%LU� úHNLOGH�ELUH\��\DúDP�
NDOLWHVLQL�HWNLOH\HQ�EX�GXUXPODUÕ�RUWDGDQ�NDOGÕUDUDN��\DúDPÕQÕ�GDKD�NDOLWHOL�ELU�KDOH�JHWLUPH�LKWL\DFÕ�GX\DU��%XQXQ�LoLQ�
NDUúÕ� NDUúÕ\D� NDOGÕ÷Õ� HQJHOOHUL�� VRUXODUÕ�� J�oO�NOHUL�� VRUXQODUÕ� o|]HUHN� RUWDGDQ� NDOGÕUPDVÕ� ELU� ]RUXQOXOXN� KDOLQH� JHOLU��
2UWDGDQ�NDOGÕUÕOPDVÕ�JHUHNHQ�EX�GXUXPODU�ELUH\�LoLQ�ELU�SUREOHPGLU���
 
+HGGHQV�YH�6SHHU��������SUREOHPL�JHQHOOLNOH�LONRNXO�PDWHPDWLN�GHUV�NLWDSODUÕQGDNL��NRQX�VRQODUÕQGD�YHULOHQ�G|UW�LúOHPH�
GD\DOÕ�PDWHPDWLN�SUREOHPOHUL�úHNOLQGH�WDQÕPODQGÕ÷ÕQÕ��DQFDN�SUREOHP�NDYUDPÕQÕQ�GDKD�JHQLú�ELU�DQODPD�VDKLS�ROGX÷XQX�
YH�PDWHPDWLNOH� LOJLVL�ROPDVÕQÕQ�úDUW�ROPDGÕ÷Õ�J|U�ú�Q�� LOHUL�V�UPHNWHGLU��%DúND�ELU� LIDGH�LOH�SUREOHP�NDYUDPÕ�\D\JÕQ�
RODUDN� 0DWHPDWLN� GHUVL� LOH� LOLúNLOHQGLULOPHNOH� ELUOLNWH� oRN� GDKD� JHQHO� ELU� DQODPD� VDKLSWLU�� %X� ED÷ODPGD� 7�UN� 'LO�
.XUXPX� WDUDIÕQGDQ� �7'.�� SUREOHP�� WHRUHPOHU� YH� NXUDPODU� \DUGÕPÕ\OD� o|]�OPHVL� LVWHQHQ� VRUX� YH\D� PHVHOH� RODUDN�
WDQÕPODQPDNWDGÕU��7'.���������d|]�OPHVL�]RU�RODQ��ROD\��ROJX�YH\D�NLúLOHU�ELU�SUREOHPGLU��0RUJDQ��������SUREOHPL��
ELUH\LQ�ELU�KHGHIH�XODúPDVÕQGD��HQJHOOHQPH�LOH�NDUúÕODúWÕ÷Õ�ELU�oDWÕúPD�RODUDN�WDQÕPODPDNWDGÕU��.DOD\FÕ��������LVH��]RU�
YH�VRQXFX�EHOLUVL]�ELU�GXUXP�RODUDN�J|UPHNWHGLU��2QD�J|UH�ELUH\H�VRUX�VRUXOGX÷XQGD�KHPHQ�FHYDS�YHUHPHGL÷L�KHU�úH\�
ELU�SUREOHPGLU��'HZH\��LQVDQ�]LKQLQL�NDUÕúWÕUDQ��RQD�PH\GDQ�RNX\DQ�YH�LQDQFÕ�EHOLUVL]OHúWLUHQ�KHU�úH\L�SUREOHP�RODUDN�
J|UPHNWHGLU�� *HQHO� RODUDN� JLGHULOPHN� LVWHQHQ� KHU� J�oO�N� ELU� SUREOHPGLU�� *HUHN� J�QO�N� \DúDQWÕGD�� JHUHN� H÷LWLP�
G|QHPLQGH� JHUHNVH� W�P� KD\DW� VRUXQODUÕQGD� LQVDQODUÕQ� \DúDPODUÕQÕ� HWNLOL� ELU� ELoLPGH� V�UG�UHELOPHOHUL� LoLQ� SUREOHP�
o|]PH�EHFHULOHULQL�NXOODQDELOPHOHUL�JHUHNLU��7D\ODQ����������
�
3UREOHP� o|]PH� LVH� ³NLúLQLQ� SUREOHPL� KLVVHGLúLQGHQ�� RQD� o|]�P� EXOXQFD\D� NDGDU� JHoLUGL÷L� ELU� G�ú�QFH� V�UHFLGLU´�
�hON�HU�� ������� $QGHUVRQ� ������� SUREOHP� o|]PH\L� ³ELOLúVHO� LúOHPOHUL� VÕUD� LOH� ELU� KHGHIH� \|QHOWPHN´� RODUDN� LIDGH�
HWPHNWHGLU�� 0RUJDQ� ������� LVH� SUREOHP� o|]PH\L� ³NDUúÕODúÕODQ� HQJHOL� DúPDQÕQ� HQ� L\L� \ROXQX� EXOPDN´� RODUDN�
WDQÕPODPDNWDGÕU�� 3UREOHP� o|]PH� EHFHULVL�� KHP� ELUH\OHULQ� WRSOXPVDO� \DúDPD� X\XP� VD÷ODPDODUÕQD�� KHP� GH� WRSOXPVDO�
NDONÕQPD\D�NDWNÕGD�EXOXQPDODUÕQD�\DUGÕPFÕ�RODQ�ELU�|]HOOLN�RODUDN�J|U�OPHNWHGLU�� �%X�QHGHQOH�(UGHQ� �������� oD÷GDú�
H÷LWLP� SURJUDPODUÕQÕQ� HQ� |QHPOL� DPDoODUÕQGDQ� ELUL� RODUDN� |÷UHQFLOHULQ� 0DWHPDWLN�� )HQ� ELOJLVL�� 6RV\DO� %LOJLOHU� JLEL�
oHúLWOL�DODQODUGD�SUREOHP�o|]PH�EHFHULOHULQL�JHOLúWLUPHN�JHUHNWL÷LQL�LOHUL�V�UPHNWHGLU��(Q�JHQHO�DQODPÕ�LOH�DODQ�\D]ÕQGD�
\|QWHP�� WHNQLN�� VWUDWHML�� V�UHo�� \DNODúÕP�� PRGHO� RODUDN� DGODQGÕUÕODQ� � �.DOD\FÕ�� ������ %RFN�� ������ 6DEDQ�� ������
.�o�NDKPHW��������'HPLUHO��������%DUWK��������%LOHQ��������SUREOHP�o|]PH��PDWHPDWLN�GHUVL� LOH�GH�|]GHúOHúPLúWLU��
0DWHPDWLN�GHUVLQLQ�D\UÕOPD]�ELU�SDUoDVÕ�RODUDN�J|U�OP�úW�U� �7D\ODQ���������%X�QHGHQOH�|÷UHQFLOHUGH�SUREOHP�o|]PH�
EHFHULVLQL� JHOLúWLUPHN� PDWHPDWLN� H÷LWLPLQLQ� |QHPOL� DPDoODUÕQGDQ� ELULVL� �5HXVVHU� YH� 6WHEOHU�� ������ RODUDN� HOH�
DOÕQPDNWDGÕU���
�
2NXO� KD\DWÕQÕQ� EDúODGÕ÷Õ� LON� \ÕOODUGDQ� LWLEDUHQ� |÷UHQFLOHU�� 0DWHPDWLN� SUREOHPOHUL� LOH� NDUúÕ� NDUúÕ\D� JHOPHNWHGLU��
g÷UHQFLOHULQ�ELU�PDWHPDWLN�SUREOHPLQL�o|]HELOPH�EHFHULVL��SUREOHP�o|]PH�V�UHFLQGHNL�ELOJLOHUH�VDKLS�ROPDVÕ�YH�RQODUÕ�
NXOODQDELOPHVL� LOH�P�PN�QG�U��%X�QHGHQOH�SUREOHP�o|]PH� V�UHFLQGH� \HU� DODQ� YH�ELUoRN� ND\QDNWD� YH\D� X\JXODPDGD�
³SUREOHP�o|]PH�EDVDPDNODUÕ´�RODUDN�ELOLQHQ�ELU�PDWHPDWLN�SUREOHPLQLQ�o|]�P�QGH�L]OHQHQ�\ROXQ�|÷UHQFLOHU�WDUDIÕQGDQ�
oRN� L\L� ELOLQPHVL� JHUHNPHNWHGLU�� %XQXQ� LoLQGH� |÷UHWPHQOHULQ� SUREOHP� o|]PH� EDVDPDNODUÕQÕ� |÷UHQFLOHULQLQ� NDOÕFÕ� ELU�
úHNLOGH�|÷UHQPHOHULQL�VD÷OD\DFDN�|÷UHWLP�\|QWHPOHULQL�NXOODQPDVÕ�JHUHNPHNWHGLU��d�QN��|÷UHQFLOHU�EX�WHPHOGH�DOPÕú�
ROGXNODUÕ�ELOJLOHUL�\DúDPÕ�ER\XQFD�NXOODQDFDNWÕU��øQVDQ�YH�WRSOXP�KD\DWÕQGD��QH�]DPDQ�QH�W�U�J�oO�NOHUOH�NDUúÕODúDFD÷Õ�
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\D� GD� QH� W�U� LKWL\DoODUÕQ� GR÷DFD÷Õ� |QFHGHQ� ELOLQPHGL÷L� LoLQ�� oD÷GDú� H÷LWLP� NHQGL� NHQGLQH� J�oO�NOHULQ� �VWHVLQGHQ�
JHOHELOHQ� LQVDQÕ� \HWLúWLUPH\L� KHGHIOHPHNWHGLU�� � %X� EDNÕPGDQ� SUREOHP� o|]PH� \HWHQH÷LQLQ� JHOLúWLULOPHVL� VDGHFH�
NDUúÕODúÕODQ� SUREOHPOHUL� o|]PHGH� NXOODQÕODQ� ELU� \DNODúÕP� NDOPDPDOÕ�� D\QÕ� ]DPDQGD� |÷UHWLPGH� KkNLP� ELU� \DNODúÕP�
ROPDOÕGÕU��$OWXQ����������
�
%LUH\OHUH� JHOHFHNWH� NDUúÕODúDELOHFHNOHUL� SUREOHPLQ� �VWHVLQGHQ� JHOHELOHFHN� EHFHULOHUL� ND]DQGÕUPDN�� H÷LWLPLQ� |QFHOLNOL�
KHGHIOHUL�DUDVÕQGD�LVH�G|UW�LúOHP�SUREOHPOHULQLQ�o|]�P�Q��|÷UHWPHQLQ�DPDFÕ��dRFXNODUÕQ��

�� *�QO�N�KD\DWWD�JHUHNOL�RODQ�LúOHP�EHFHULOHULQL�JHOLúWLUPHOHUL��
�� 3UREOHP�KLNk\HVLQGH�JHoHQ�ELOJLOHUL�PDWHPDWLN�HúLWOLNOHUH�DNWDUPD\Õ�|÷UHQPHOHUL��
�� '�ú�QFHOHULQL� úHNLOOHUOH� DQODWPDODUÕ�� \D]ÕOÕ� YH� J|UVHO� \D\ÕQODUÕ� DQODPDODUÕ� YH� SUREOHP� o|]PHQLQ� JHUHNWLUGL÷L�

WHPHO�EHFHULOHUL�ND]DQPDODUÕ��$OWXQ��������ROPDOÕGÕU���
�

g÷UHQFLOHUH�EX�EHFHULOHUL�ND]DQGÕUPDN��DQFDN�SUREOHP�o|]PHQLQ�H÷LWLPLQ�PHUNH]LQGH�ROPDVÕ� LOH�P�PN�QG�U��%LUoRN�
PDWHPDWLN� |÷UHWPHQL�� SUREOHP� o|]PHQLQ�� H÷LWLPLQ� KHGHIOHULQH� XODúÕOPDVÕQGD� oRN� |QHPOL� ROGX÷XQX� YH� H÷LWLPLQ� KHU�
NDGHPHVLQGH� PDWHPDWLN� H÷LWLPLQLQ� |QFHOLNOL� DPDFÕ� ROPDVÕ� JHUHNWL÷L� NRQXVXQGD� ILNLU� ELUOL÷LQGHGLU�� %X� QHGHQOH� �����
\ÕOÕQGDQ�VRQUD�SUREOHP�o|]PH��PDWHPDWLN�P�IUHGDWÕQGD�HQ�oRN�DUDúWÕUÕODQ�NRQX�KDOLQH�JHOPLúWLU��<DSÕODQ�DUDúWÕUPDODU�
³|÷UHQFLOHULQ�SUREOHP�o|]PH�EHFHULOHUL�QDVÕO�JHOLúWLULOHELOLU´� VRUXVXQD�FHYDS�DUDPÕú�YH�DUDPD\D�GD�GHYDP�HWPHNWHGLU�
�.DUDWDú�YH�*�YHQ������������
�
.HúIHWPH�YH� LFDW�HWPH�\HWHQH÷LQLQ��|÷UHQFLOHULQ�NHúLI� LONHOHULQL� IDUN�HWPHVLQL�VD÷OD\DQ�YH�RQD�EX�SUDWLNOHUL�X\JXODPD�
úDQVÕ�YHUHQ�QLWHOLNOL�ELU�H÷LWLPOH�JHOLúWLULOHELOHFH÷LQH�LQDQDQ�3RO\D��³1DVÕO�d|]�P�\DSÕOÕU"´�NRQXVXQGD�JOREDO�ELU�SODQ�
JHOLúWLUPLúWLU���'DYLV�YH�+HUVK���������3RO\D¶QÕQ�SODQÕQD�J|UH�DúD÷ÕGDNL�VÕUD�WDNLS�HGLOPHOLGLU��$OWXQ��������
�

�� 3UREOHPLQ�DQODúÕOPDVÕ�
�� d|]�POH�LOJLOL�VWUDWHMLOHULQ�JHOLúWLULOPHVL�
�� 6HoLOHQ�VWUDWHMLOHULQ�X\JXODQPDVÕ�
�� d|]�P�Q�GH÷HUOHQGLULOPHVL�

�
$OWXQ�������¶D�J|UH�EX�EDVDPDNODUÕQ�ELOLQPHVL�SUREOHPL�o|]PH\L�VD÷ODPDPDNWDGÕU��$QFDN�EX�G|UW�EDVPD÷D�X\JXQ�RODQ�
oDOÕúPD� úHNOL� o|]�P�� NROD\ODúWÕUPDNWDGÕU�� .DUDWDú� YH� *�YHQ� ������¶GH� ELU� SUREOHPLQ� o|]�P�QGH� ELUH\LQ�� SUREOHP�
F�POHVLQL�DQODPDVÕ��o|]�P�LoLQ�JHUHNOL�YHULOHUL�VHoPHVL��o|]�P�LoLQ�X\JXQ�SODQÕ�VHoPHVL��SUREOHPL�FHYDSODPDVÕ�YH�EX�
FHYDEÕQ�PDQWÕNOÕ� ROXS� ROPDGÕ÷ÕQD� NDUDU� YHUPHVL�� SUREOHPL� JHQLúOHWPHVL�� DOWHUQDWLI� |QHUPHVL� JLEL� ELU� ELOLúVHO� V�UHoWHQ�
JHoPHVL�JHUHNWL÷LQL�LOHUL�V�UPHNWHGLU��%X�V�UHoOHUH�EHQ]HU�úHNLOGH�øON|÷UHWLP�0DWHPDWLN�3URJUDPÕ¶QGD�SUREOHP�o|]PH�
EDVDPDNODUÕ�DúD÷ÕGDNL�JLEL�VÕUDODQPÕúWÕU��0(%����������
�

�� 3UREOHPGH�YHULOHQ�YH�LVWHQHQOHUL�V|\OHPH��\D]PD�
�� 3UREOHPL�|]HW�RODUDN�\D]PD�
�� 3UREOHPH�X\JXQ�úHPD�YH�úHNLO�oL]PH�
�� 3UREOHPLQ�o|]�P�QGH�NXOODQÕODFDN�LúOHP�YH\D�LúOHPOHUL�VHEHSOHUL\OH�ELUOLNWH�VÕUDVÕ�LOH�V|\OHPH�YH�\D]PD�
�� øúOHPLQ�YH�SUREOHPLQ�VRQXFXQX�WDKPLQ�HWPH��V|\OHPH�YH�\D]PD�
�� øúOHPOHUL�\DSPD��VRQXFX�V|\OHPH�YH�\D]PD�
�� 3UREOHPLQ� o|]�P�Q�Q� GR÷UX� \DSÕOÕS� \DSÕOPDGÕ÷ÕQÕ� NRQWURO� HWPH�� \DQOÕú� \DSÕOPÕú� LVH� \DQOÕúODUÕ� EHOLUOHPH��

V|\OHPH�YH�\D]PD�
�� 9DUVD�SUREOHPLQ�o|]�P�Q�Q�GH÷LúLN�\ROODUOD�JHUoHNOHúWLUPH��VRQXFX�V|\OHPH�YH�\D]PD�
�� �g÷UHQLOHQ�ELOJLOHUL�NXOODQDELOHFHN�úHNLOGH�ELU�SUREOHP�V|\OHPH�YH�\D]PD��

�
$QGHUVRQ��������SUREOHP�o|]PH\L�³ELOLúVHO�LúOHPOHUL�VÕUD�LOH�ELU�KHGHIH�\|QHOWPHN´�RODUDN�LIDGH�HWWL÷LQH�J|UH�ELU�VÕQÕI�
|÷UHWPHQL�� |÷UHQFLOHULQLQ� VÕUDVÕ� LOH� EX� EDVDPDNODUÕ� WDNLS� HGHUHN� ELU� 0DWHPDWLN� SUREOHPLQL� o|]HELOPH� EHFHULVL�
ND]DQGÕUPD\D� oDOÕúÕU�� %X� EHFHUL� ND]DQGÕUPD� oDEDVÕ� ELOLúVHO� ELU� V�UHoWLU�� %LOLúVHO� ELU� V�UHo� ROPDVÕ� QHGHQL� LOH� GH�
|÷UHQFLOHULQH�ELU�0DWHPDWLN�SUREOHPLQLQ�QDVÕO�o|]�OHFH÷LQL�|÷UHWPHN�LVWH\HQ�ELU�|÷UHWPHQ��%ORRP¶XQ�ELOLúVHO�DODQGDNL�
|÷UHQPHOHUH�LOLúNLQ�WDNVRQRPLVLQL�GLNNDWH�DOPDN�GXUXPXQGDGÕU���
�
%ORRP�� ELOLúVHO� DODQGDNL� |÷UHQPH� EDVDPDNODUÕQÕ�� ELOJL�� NDYUDPD�� X\JXODPD�� DQDOL]�� VHQWH]� YH� GH÷HUOHQGLUPH� ROPDN�
�]HUH�DOWÕ�G�]H\GH� WRSODPÕúWÕU��%LOJL��EDVDPD÷ÕQGDNL�|÷UHQPHOHUGH��KHUKDQJL�ELU�QHVQH�\D�GD�ROJX\OD� LOJLOL�|]HOOLNOHUL�
|÷UHQFLOHULQ�J|U�QFH�WDQÕPDVÕ��VRUXQFD�V|\OHPHVL�\D�GD�H]EHUGHQ�D\QHQ�WHNUDU�HWPHVL�YDUGÕU��.DYUDPD�EDVDPD÷ÕQGDNL�
|÷UHQPHOHUGH��ELOJL�G�]H\LQGH�|÷UHQLOHQ�GDYUDQÕúODUÕQ�|]�PVHQPHVL��WDP�RODUDN�DQODPÕQÕQ�\DNDODQPDVÕ�V|]�NRQXVXGXU��
%X� EDVDPDNWD� |÷UHQFL�� QHGHQ�� QLoLQ�� QDVÕO� VRUXODUÕQD� FHYDS� YHUHELOLU�� 8\JXODPD� EDVDPD÷ÕQGD� ELOJL� YH� NDYUDPD�
EDVDPDNODUÕQGD� ND]DQGÕ÷Õ� GDYUDQÕúODUD� GD\DQDUDN� ELUH\LQ� ELU� VRUXQX� o|]PHVL� V|]� NRQXVXGXU�� $QDOL]� LVH� ELUH\LQ�
oHYUHVLQGH�\HU�DODQ�YH�SHN�oRN�|÷HGHQ�ROXúDQ�QHVQHOHULQ�ROJX�YH�ROD\ODUÕQ��YDU�LVH�|÷HOHU�DUDVÕQGD�EXOXQDQ�oHúLWOL�G�]H\�
YH� \|QGHNL� LOLúNLOHULQ�� NXUDO�� LONH�� VLVWHP� YH� \DSÕODUÕQ� LoLUL÷LQLQ� |÷UHQLOPHVL� LoLQ� JHUoHNOHúWLULOHQ� E�W�Q�� SDUoDODUD�
D\ÕUDUDN� LQFHOHPH� LúOHPLGLU�� 6HQWH]� LVH� ELU� NLúLQLQ� |÷HOHUL�� \HQLOLN�� |]J�QO�N�� EXOXú�� LFDW� \DUDWÕFÕOÕN� JLEL� |]HOOLNOHUL�
NXOODQDUDN� ELU� LOLúNL� YH� NXUDOODUD� J|UH� ELUOHúWLUPHN� VXUHWL� LOH� ELU� E�W�Q� ROXúWXUPD� LúLGLU�� 'H÷HUOHQGLUPH� LVH� NLúLQLQ��
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ELOLúVHO�� GX\XúVDO�� GHYLQLúVHO�� VH]JLVHO� DODQODUOD� LOJLOL� �U�Q� \D� GD� V�UHoOHUL� KHP� NHQGL� LoLQGH� KHP� GH� NHQGL� GÕúÕQGDNL�
|]HOOLNOHU�DoÕVÕQGDQ�ELU�|Oo�WOH�NDUúÕODúWÕUÕS�ELU�\DUJÕ\D�YDUPDVÕQÕ�LoHULU��6|QPH]�������������������
�
g÷UHQFLOHU� EX� ELOLúVHO� DODQ� EDVDPDNODUÕQD� J|UH� NDUúÕODúWÕNODUÕ� 0DWHPDWLN� SUREOHPOHULQL� o|]PH\H� oDOÕúÕU�� gQFHOLNOH�
SUREOHP� o|]PH� EDVDPDNODUÕQÕQ� ELOJLVLQL� ND]DQPÕúWÕU��.DYUDPD� EDVDPD÷ÕQGD� EX� ELOJLOHUL� QDVÕO� YH� QLoLQ� NXOODQDFD÷ÕQÕ�
|]�PVHU��8\JXODPDGD� LVH� EX� ELOGLNOHULQL� YH� NDYUDGÕNODUÕQÕ� KD\DWD� JHoLULU��'DKD� VRQUD� DQDOLQL]L� \DSDU�� NHQGLQGHQ� ELU�
úH\OHU� NDWDUDN� VHQWH]GH� EXOXQXU� YH� HQ� VRQXQGD� GH÷HUOHQGLUPHOHUGH� EXOXQDELOHFHN� ELU� G�]H\H� JHOLU�� � � � %XUDGD�
|÷UHWPHQOHUH�oRN�E�\�N�ELU�J|UHY�G�úPHNWHGLU��%X�GD�|÷UHQFLOHULQLQ�EX�EDVDPDNODUÕ�oRN�L\L�WDNLS�HGHUHN�NDUúÕODúWÕNODUÕ�
ELU� 0DWHPDWLN� SUREOHPLQL� o|]HELOPH� EHFHULVLQL� ND]DQPDODUÕQÕ� VD÷ODPDNWÕU�� %XQXQ� LoLQ� GH� |÷UHWPHQOHU� H÷LWLP�
WHNQRORMLOHULQL�NXOODQPD�LKWL\DFÕ�GX\DU��
�
ùLPúHN� ������¶H� J|UH� H÷LWLP� WHNQRORMLVL�� LQVDQODUÕQ� ELOGLNOHULQL� EDúNDODUÕQD� QDVÕO� |÷UHWHFH÷L� VRUXVXQX� NHQGLVLQH�
VRUPDVÕ\OD� RUWD\D� oÕNDQ� GXUXPODUÕ� EHOOL� ELU� \|QWHPL� X\JXOD\DUDN�� \DUDUODQGÕ÷Õ� DUDo� YH� JHUHoOHUL� HQ� HWNLQ� úHNLOGH�
NXOODQÕOPDVÕQÕ�VD÷OD\DQ�ELU�ELOLP�GDOÕGÕU��%X�QHGHQOH�H÷LWLP�WHNQRORMLOHUL�H÷LWLP�KL]PHWOHULQLQ�HWNLOLOL÷LQL�DUWWÕUPD�oDEDVÕ�
LoHULVLQGHGLU�� (÷LWLPGH� PDWHU\DO� NXOODQÕPÕ� |÷UHQFLOHULQ� GHUVH� RODQ� LOJLVLQL� DUWWÕUGÕ÷Õ�� NDOÕFÕOÕ÷Õ� VD÷ODGÕ÷Õ� ELOJLOHULQ�
KDWÕUODQPDVÕQÕ� NROD\ODúWÕUGÕ÷Õ� DODQ� \D]ÕQGD� RUWD\D� NRQXOPXúWXU� �ENQ]�� %D\WHNLQ�� ������ ùLPúHN� ������ $NNR\XQOX��
�����������7DQGR÷DQ��������$ONDQ�������'HPLUHO��������'HPLUHO�YH�<D÷FÕ��������5RJHUV���������g]HOOLNOH�ELOJLVD\DU�
WHNQRORMLOHULQH�GD\DOÕ�J|VWHUL�DUDoODUÕQÕQ�H÷LWLPGH�NXOODQÕOPDVÕ�ELUGHQ�ID]OD�GX\X�RUJDQÕQD�KLWDS�HWPHVL�LOH�|÷UHQPHGH�
KÕ]�YH�NDOÕFÕOÕN�JLEL�|]HOOLNOHULQ�DUWPDVÕQÕ�VD÷ODPÕúWÕU��$NNR\XQOX�YH�<ÕOPD]���������%LOJLVD\DUD�ED÷OÕ�RODUDN�NXOODQÕODQ�
GDWD� SURMHNVL\RQODU� J|VWHUL� WHNQRORMLOHULQGHQ� ELULVLGLU�� 'DWD� SURMHNVL\RQ�� ELOJLVD\DU� DUDFÕOÕ÷Õ� LOH� KHU� W�UO�� VHV�� YLGHR��
J|UVHO� YH� \D]ÕOÕ� PDWHU\DOOHULQ�� SRZHUSRLQW� VXQXODUÕQÕQ� UDKDWOÕNOD� \DQVÕWÕOGÕ÷Õ� ELU� H÷LWLP�|÷UHWLP� DUDFÕGÕU�� %X� DUDFÕQ�
H÷LWLP�|÷UHWLP�IDDOL\HWOHULQH�NDWNÕODUÕ�DúD÷ÕGDNL�JLEL�VÕUDODQDELOLU��øVPDQ����������
�

�� øVWHQLOHQ�KHU�W�UO��VHV��YLGHR��\D]ÕOÕ�YH�J|UVHO�PDWHU\DOOHU�DQÕQGD�ELOJLVD\DU�LOH�VÕQÕI�RUWDPÕQD�VXQXOXU��
�� ho�ER\XWOX�UHVLPOHU�oRN�HWNLOL�ELU�úHNLOGH�\DQVÕWÕODELOLU���
�� g÷UHQFLOHU�H÷LWLP�|÷UHWLP�RUWDPODUÕQGD�KD]ÕUODGÕNODUÕ�KHU� W�UO��PDWHU\DOL� DQÕQGD�GL÷HU�|÷UHQFLOHUH�J|VWHUHUHN�

SD\ODúDELOLUOHU��
�� g÷UHQPH\L�FDQOÕ�WXWDU��*|UVHO�VXQXP�VD\HVLQGH�|÷UHQFLOHU�H÷LWLP�|÷UHWLP�IDDOL\HWOHULQGH�DNWLI�URO�DOÕUODU��
�� .DOÕFÕ�|÷UHQPHOHU�ROXúDELOLU��g÷UHQFL�IDDO�ROGX÷XQGDQ�NDOÕFÕ�L]OL�|÷UHQPHOHU�JHUoHNOHúLU���
�� g÷UHQFLOHULQ� QRUPDO� úDUWODUGD� \DúD\DPD\DFD÷Õ� GHQH\LPOHU� VD÷ODQÕU�� .RQX� LOH� LOJLOL� oRN� QDGLU� EXOXQDQ� VHV��

YLGHR��\D]ÕOÕ�YH�J|UVHO�PDWHU\DOOHU�VXQXOXU��
�� .XOODQÕPÕ�oRN�NROD\GÕU��g÷UHWPHQOHU�UDKDWOÕNOD�NXOODQDELOLU���
�� dRN�E�\�N�ROPDGÕNODUÕ�LoLQ�LVWHQLOHQ�\HUH�WDúÕQDELOLU��
�� *HUHNOL�WDVDUÕP�IDDOL\HWOHUL�\DSÕODUDN�NRQXODU�\DGD��QLWHOHU�EDVLWWHQ�NDUPDúÕ÷D�GR÷UX�|÷UHWLOHELOLU���
��� 6ÕQÕI�\|QHWLPLQH�HWNLOL�ELU�úHNLOGH�\DUGÕP�HGHU��
��� g÷UHWPHQLQ�\�]�Q�Q�VÕQÕID�G|Q�N�ROPDVÕQÕ�VD÷ODU��
��� g÷UHWPHQ�YH�|÷UHQFLOHUL�WHEHúLU�WR]XQGDQ�NRUXU��
��� g÷UHQFLOHU�NROD\�ELU�ELoLPGH�QRW�WXWDELOLU���
��� g÷UHWPHQOHU�HWNLOL�J|UVHO�IDDOL\HWOHU�LOH�|÷UHQFLOHUL�|÷UHQPH\H�NDúÕ�J�G�OHU��
��� g÷UHWPHQ�GDWD�SURMHNVL\RQX�NXOODQÕUNHQ�LVWHGL÷L�\HUGH�GXUXS�JHUHNOL�DoÕNODPDODUÕ�\DSDELOLU���
��� g÷UHWPHQ�LVWHGL÷L�DQ��LVWHGL÷L�KHU�KDQJL�ELU�VHV��YLGHR��\D]ÕOÕ�YH�J|UVHO�PDWHU\DOOHUL�VXQDELOLU��
��� g÷UHWPHQ�KHU�W�UO���QLWH�YH�NRQX\X�UDKDWOÕNOD�|÷UHWHELOLU��
��� g÷UHWPHQOHU� GDWD� SURMHNW|UOHULQL� KHU� H÷LWLP�|÷UHWLP� EDVDPD÷ÕQGD� �LONRNXO�RUWDRNXO�OLVH��QLYHUVLWH�� UDKDWOÕNOD�

NXOODQDELOLUOHU��
�
%X� oDOÕúPD� \XNDUÕGD� H÷LWLP�|÷UHWLP� HWNLQOLNOHULQH� NDWNÕODUÕ� RUWD\D� NRQDQ� J|VWHUL� DUDoODUÕQÕQ� �GDWD� SURMHNVL\RQ�� ELU�
0DWHPDWLN� SUREOHPLQLQ�� SUREOHP� o|]PH� EDVDPDNODUÕQÕQ� |÷UHWLPLQGH� JHOHQHNVHO� \|QWHPOHUH� J|UH� |÷UHWLPLQLQ�
|÷UHQFLOHULQ�EDúDUÕODUÕ�DUDVÕQGD�ELU�IDUN�\DUDWÕS�\DUDWPDGÕ÷ÕQÕ�EHOLUOHPH\H�\|QHOLNWLU��%X�QHGHQOH�GH�DUDúWÕUPD��DúD÷ÕGDNL�
SUREOHP�YH�KLSRWH]OHUL�WHVW�HWPHN��]HUH�JHUoHNOHúWLULOPLúWLU�����
 
Problem Cümlesi 
3UREOHP� o|]PH� EDVDPDNODUÕQÕQ� J|VWHUL� DUDoODUÕ� NXOODQDUDN� |÷UHWLOPHVL�� |÷UHQFLOHULQ� %ORRP¶XQ� ELOLúVHO� DODQ�
WDNVRQRPLVLQH�J|UH�0DWHPDWLN�SUREOHPL�o|]HELOPH�EDúDUÕVÕQÕ�DUWWÕUPDNWD�PÕGÕU"��

�
Hipotezler 
*|VWHUL�DUDoODUÕ�NXOODQDUDN�ELU�0DWHPDWLN�SUREOHPLQLQ�o|]�P�EDVDPDNODUÕQÕ�|÷UHQHQ�|÷UHQFLOHU���

�� *HOHQHNVHO�\|QWHPOHU�LOH�|÷UHQHQ�|÷UHQFLOHUH�J|UH�EX�EDVDPDNODUÕ�GDKD�EDúDUÕOÕ�ELU�úHNLOGH�VÕUDOD\DELOLU��
�� *HOHQHNVHO�\|QWHPOHU�LOH�|÷UHQHQ�|÷UHQFLOHUH�J|UH�EX�EDVDPDNODUÕ�NDYUDPGD�GDKD�EDúDUÕOÕGÕU����
�� *HOHQHNVHO� \|QWHPOHU� LOH� |÷UHQHQ� |÷UHQFLOHUH� J|UH� ELU� PDWHPDWLN� SUREOHPLQL� GDKD� EDúDUÕOÕ� ELU� úHNLOGH�

o|]HELOLU��
�� *HOHQHNVHO� \|QWHPOHU� LOH� |÷UHQHQ� |÷UHQFLOHUH� J|UH� EX� EDVDPDNODUÕ� GR÷UX� ELU� úHNLOGH� KDWÕUOD\DUDN� ELU�

SUREOHPLQ�o|]�P�QGH�NXOODQDELOLUOHU��
�
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$UDúWÕUPDQÕQ�gQHPL 
3UREOHP��o|]�OPHVL� LVWHQHQ�VRUX��PHVHOH��o|]�OPHVL�YH\D�X÷UDúÕOPDVÕ�]RU�RODQ�úH\��ROD\�YH\D�NLúL��ELUH\LQ�ELU�KHGHIH�
XODúPDVÕQGD��HQJHOOHQPH� LOH� NDUúÕODúWÕ÷Õ�ELU� oDWÕúPD�RODUDN� WDQÕPODQGÕ÷ÕQD�J|UH�|QFHOLNOH�SUREOHPL�o|]PH�EHFHULVLQLQ�
ELUH\H�ND]DQGÕUÕOPDVÕ�ELU�]RUXQOXOXNWXU��%XUDGD�LIDGH�HGLOHQ�SUREOHP��ELU�PDWHPDWLN�SUREOHPL�YH\D�GDKD�JHQHO�DQODPGD�
RODELOLU��$QFDN�KDQJL�DODQGD�ROXUVD�ROVXQ��ELU�PDWHPDWLN�SUREOHPLQL�o|]PHN�LoLQ�NXOODQÕODQ�EDVDPDNODU�D\QÕ�]DPDQGD�
ELUH\OHUH�ELU�SUREOHPL�o|]PHN� LoLQ� VÕUDVÕ� LOH�ED]Õ�DúDPDODUÕQ� WDNLS�HWPHVL� JHUHNWL÷L�ELOLQFLQL� YHUHFHNWLU��%X�ED÷ODPGD�
NDUúÕODúÕODQ�ELU�PDWHPDWLN�SUREOHPLQL�o|]HELOPH�EHFHULVLQH�VDKLS�ROPDN��J�QFHO�KD\DWWD�NDUúÕODúÕODQ�GL÷HU�SUREOHPOHUL�
o|]HELOPH�EHFHULVLQL�GH�\RUGD\DFDNWÕU��%X�QHGHQOH�3UREOHP�o|]PH�EDVDPDNODUÕQ�|÷UHQFLOHU�WDUDIÕQGDQ�ELOLQPHVL��L\L�ELU�
úHNLOGH�NDYUDQPDVÕ�YH�EX�ELOJLOHUL�NXOODQDUDN�ELU�SUREOHPL�o|]HELOPHVL�oRN�|QHPOLGLU��%X�QRNWDGDQ�KDUHNHWOH�SUREOHP�
o|]PH�EDVDPDNODUÕQÕQ�QDVÕO�HQ�L\L�úHNLOGH�|÷UHQFLOHULQ�|÷UHQHELOHFH÷L��]HULQH�JHUoHNOHúWLULOHQ�ELU�oDOÕúPD�ROPDVÕ�QHGHQL�
LOH�EX�DUDúWÕUPD�|QHPOLGLU����
�
6D\ÕOWÕODU�YH�6ÕQÕUOÕOÕNODU 
'HQH\�YH�NRQWURO�JUXEX�ELU�ELULQH�EHQ]HU�|]HOOLNOHUH�VDKLSWLU��%X�DUDúWÕUPD�LON|÷UHWLP�RNXOX�EHúLQFL�VÕQÕI�|÷UHQFLOHUL�YH�
ELU�PDWHPDWLN�SUREOHPLQLQ��SUREOHP�o|]PH�EDVDPDNODUÕQÕQ�|÷UHWLPL�YH�%ORRP¶XQ�ELOLúVHO�DODQGDNL�|÷UHQPHOHUH�LOLúNLQ�
WDNVRQRPLVLQLQ�ELOJL��NDYUDPD�YH�X\JXODPD�G�]H\LQGHNL�|÷UHQPHOHUL�LOH�VÕQÕUOÕGÕU��
�
Yöntem 
�
$UDúWÕUPDQÕQ�0RGHOL��(YUHQ�YH�gUQHNOHP 
$UDúWÕUPD�� GHQH\VHO� oDOÕúPDODU� LoHULVLQGH� \HU� DODQ� .RQWURO� JUXEX� RODQ� PRGHOOHUGHQ� .RQWUROO�� 6RQ�7HVW� 0RGHOLQGH�
JHUoHNOHúWLULOPLúWLU�� dDOÕúPD� JUXEX� DPDoOÕ� |UQHNOHPH� \|QWHPL� LOH� EHOLUOHQPLú� RODQ� ELU� LON|÷UHWLP� RNXOXQGD� |÷UHQLP�
J|UHQ� EHúLQFL� VÕQÕI� |÷UHQFLOHULQGHQ� ROXúPDNWDGÕU�� gUQHNOHPGH� \HU� DODQ� |÷UHQFLOHUGHQ� ��¶X� GHQH\� JUXEXQGD�� ��¶VL�
NRQWURO� JUXEXQGD� \HU� DOPDNWDGÕU�� 'HQH\� YH� NRQWURO� JUXEX� EHOLUOHQGLNWHQ� VRQUD� KHU� LNL� JXUXED� |Q� WHVW� X\JXODQDUDN�
|UQHNOHP� JHoHUOL÷L� WHVW� HGLOPLúWLU�� 7HVW� VRQXoODUÕQD� LOLúNLQ� YHULOHU� 7DEOR� �¶GH� YHULOPLú�� KHU� LNL� JUXEXQ� RUWDODPDODUÕ�
DUDVÕQGD�DQODPOÕ�ELU�IDUNÕQ�EXOXQPDGÕ÷Õ�EHOLUOHQPLúWLU���
�
7DEOR����'HQH\�YH�.RQWURO�JUXEXQXQ�8\JXODPD�gQFHVL�3XDQODUÕQD�$LW�³7�7HVWL´�6RQXoODUÕ��
=DPDQ� *UXSODU� ; � 1� VV�� W� 6G�� S�
� � � � � � � �
8\JXODPD��
gQFHVL��

'HQH\�JUXEX� ������ ��� ������ ������ ��� ������.RQWURO�*UXEX� ������ ��� ������
� � � � � � � �
�
7DEOR� �¶GH�� KHU� LNL� JUXED� X\JXODPD\D� EDúODPDGDQ� |QFH� \DSÕOPÕú� RODQ� WHVW� LoLQ� JHUoHNOHúWLULOHQ� W�WHVWL� VRQXoODUÕ�
J|U�OPHNWHGLU��%X�WDEOR\D�J|UH�³W �����´�YH�³S �����´�GH÷HUOHULQH�VDKLS�ROGXNODUÕQGDQ�³S�����´�DQODPOÕOÕN�G�]H\LQGH�
KHU� LNL� JUXEXQ� NRQX\D� LOLúNLQ� ELOJLOHUL� YH\D� EDúDUÕ� GXUXPODUÕ� DUDVÕQGD� DQODPOÕ� ELU� IDUN� \RNWXU�� %DúND� ELU� LIDGH� LOH�
X\JXODPD� |QFHVL� WHVWLQH� DLW� EX� YHULOHU� GHQH\� YH� NRQWURO� JUXSODUÕQÕQ� EDúDUÕ� G�]H\OHUL� DUDVÕQGD� ELU� IDUN� EXOXQPDGÕ÷ÕQÕ�
RUWD\D�NR\PDNWDGÕU��%X�GD�GHQH\�YH�NRQWURO�JUXEXQXQ�GHQH\VHO�ELU�oDOÕúPD�LoLQ�JHoHUOL�ELU�|UQHNOHP�JUXEX�ROGX÷XQX�
RUWD\D�NR\PDNWDGÕU���
�
9HUL�7RSODPD�$UDoODUÕ�YH�9HULOHULQ�7RSODQPDVÕ 
$UDúWÕUPDGD�YHUL�WRSODPD�DUDFÕ�RODUDN�ELU�DGHW�|QWHVW���o�DGHW�VRQ�WHVW��ELOJL�NDYUDPD��X\JXODPD�ROPDN��]HUH��o�DGHW���
YH� ELU� DGHW� NDOÕFÕOÕN� WHVWL� ROPDN� �]HUH� EHú� IDUNOÕ� WHVW� X\JXODQPÕúWÕU�� %X� WHVWOHUGHQ� KHU� ELUL� RQ� VRUXGDQ� ROXúPDNWDGÕU��
7HVWOHUGH�|÷UHQFLOHUH�%ORRP¶XQ�ELOLúVHO� DODQ� WDNVRQRPLVLQGH� \HU� DODQ�ELOJL�� NDYUDPD� YH�X\JXODPD�G�]H\LQGH� VRUXODU�
\|QHOWLOPLúWLU��
�
%LOJL� G�]H\LQGH� |÷UHQFLOHUGHQ� VÕUDODPDODUÕQ� ELOJLVL�� \DQL�PDWHPDWLN� SUREOHPL� o|]PH� EDVDPDNODUÕQÕ� GR÷UX� ELU� úHNLOGH�
VÕUDODPDODUÕ� LVWHQPLúWLU��.DYUDPD�G�]H\LQGH�|÷UHQFLOHUGHQ�SUREOHP�o|]PH�EDVDPDNODUÕ� LOH� LOLúNLOL�RODUDN�QHGHQ��QDVÕO��
QLoLQ� JLEL� VRUXODUD� FHYDS� YHUPHOHUL� LVWHQPLúWLU�� 8\JXODPD� G�]H\LQGH� LVH� |÷UHQFLOHUGHQ� EX� SUREOHP� o|]PH�
EDVDPDNODUÕQD� X\JXQ� RODUDN� NHQGLOHULQH� YHULOHQ� PDWHPDWLN� SUREOHPOHULQL� o|]PHOHUL� LVWHQPLúWLU�� $\QÕ� ]DPDQGD�
|÷UHQFLOHU�SUREOHP�o|]PH�LúOHPLQL�JHUoHNOHúWLUGLNOHUL�HVQD�GD�J|]OHPOHQPLúWLU��8\JXODPD\D�EDúODPDGDQ�|QFH�KHU� LNL�
JUXSWDNL� �GHQH\� YH� .RQWURO� JUXEX�� |÷UHQFLOHUH� ��� WDQH� PDWHPDWLN� SUREOHPLQLQ� EXOXQGX÷X� |QWHVW� YHULOPLú� YH�
|÷UHQFLOHUGHQ� EX� WHVWL� SUREOHP� o|]PH� EDVDPDNODUÕQÕ� EHOLUWHUHN� o|]PHOHUL� LVWHQPLúWLU�� %X� YHULOHU� GHQH\� YH� NRQWURO�
JUXEXQXQ�ELU�ELULQH�\DNÕQ�|]HOOLNOHUH�VDKLS�ROXS�ROPDGÕNODUÕQÕ�EHOLUOHPHN�LoLQ�NXOODQÕOPÕúWÕU�����
�
8\JXODPD\D����0DUW������GH�EDúODQPÕú�ED]Õ�KDIWDODU�ELU��ED]Õ�KDIWDODU��¶úHU�VDDWWHQ�ROPDN��]HUH�WRSODP����VDDWOLN�ELU�
X\JXODPD� JHUoHNOHúWLULOHUHN�� ��� 0D\ÕV� ����¶GH� VRQD� HUPLúWLU�� 8\JXODPDQÕQ� JHUoHNOHúWLULOGL÷L� GHQH\� JUXEXQGD�
oDOÕúPDODU�\�U�W�O�UNHQ�NRQWURO�JUXEXQXQ�GD�JHOHQHNVHO�úHNLOGH�ROPDN��]HUH�D\QÕ�V�UHGH�SUREOHP�o|]PH�EDVDPDNODUÕQÕ�
|÷UHQPH� oDOÕúPDODUÕQÕ� V�UG�UPHVL� VD÷ODQPÕúWÕU�� 8\JXODPDGD�� |QFHOLNOH� |÷UHQFLOHUH� SUREOHP� o|]PH� EDVDPDNODUÕQÕQ�
VÕUDODPD� ELOJLVL� YHULOPLúWLU��$UGÕQGDQ� NDYUDPD� G�]H\LQGHNL� oDOÕúPDODUD� \HU� YHULOPLú�� VRQ� RODUDN� GD� |÷UHQFLOHUH� VDKLS�
ROGXNODUÕ�ELOJLOHUL�X\JXODPD�IÕUVDWÕ�WDQÕQPÕúWÕU��+HU�EDVDPDNWDNL�oDOÕúPDQÕQ�DUGÕQGDQ�GHQH\�YH�NRQWURO�JUXEXQD�ELU�WHVW�
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X\JXODQPÕúWÕU�� 'HQH\VHO� oDOÕúPD� ELWLNWHQ� EHú� D\� VRQUD� (NLP� ����¶GH� |÷UHQFLOHULQ� SUREOHP� o|]PH� EDVDPDNODUÕQÕ�
X\JXODPD�G�]H\OHULQL�EHOLUOHPHN�DPDFÕ� LOH�ELU� WHVW�GDKD�X\JXODQPÕúWÕU��$QFDN�|÷UHQFLOHU�DOWÕQFÕ� VÕQÕID�JHoWLNOHULQGHQ��
RNXOGDQ�D\UÕODQ�|÷UHQFLOHU�EXOXQGX÷X�LoLQ��NDOÕFÕOÕN�WHVWLQLQ�X\JXODQPDVÕ�HVQDVÕQGD�GHQH\�YH�NRQWURO�JUXEXQGD�\HU�DODQ�
|÷UHQFLOHULQ�WDPDPÕQD�XODúÕODPDPÕúWÕU��������
�
Verilerin Analizi 
8\JXODPD�VRQXFXQGD�HOGH�HGLOHQ�YHULOHU��6366����LVWDWLVWLN�SURJUDPÕQD�DNWDUÕOPÕúWÕU��+HU�LNL�JUXEXQ�GD÷ÕOÕPÕQÕQ�QRUPDO�
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NXOODQÕOPÕúWÕU�� $UDúWÕUPDQÕQ� G|UG�QF�� KLSRWH]LQGH� D\UÕFD� WHN� JUXS� RUWDODPDODUÕQÕQ� NDUúÕODúWÕUÕOPDVÕQGD� NXOODQÕODQ� ³W�
WHVWL´��2QH�6LPSOH�7�7HVW��NXOODQÕOPÕúWÕU��%X�WHVWOH�JUXSODUÕQ�X\JXODPD�G�]H\LQGHNL�RUWDODPDODUÕ�LOH�NDOÕFÕOÕN�WHVWLQGHNL�
RUWDODPDODUÕ�NDUúÕODúWÕUÕOPÕúWÕU�����
�
Bulgular ve Yorumlar�
7DEOR� �¶GH� DUDúWÕUPDGD� JHUoHNOHúWLULOHQ� WHVW� VRQXoODUÕQD� J|UH� HúOHúWLULOPLú� JUXSODUD� DLW� W�WHVWL� � VRQXoODUÕQD� YH� ED]Õ�
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�� +LSRWH]H�DLW�%XOJXODU�
$UDúWÕUPDQÕQ�ELULQFL�KLSRWH]LQGH�³*|VWHUL�DUDoODUÕ�NXOODQDUDN�ELU�0DWHPDWLN�SUREOHPLQLQ�o|]�P�EDVDPDNODUÕQÕ�|÷UHQHQ�
|÷UHQFLOHU�� JHOHQHNVHO� \|QWHPOHU� LOH� |÷UHQHQ� |÷UHQFLOHUH� J|UH� GDKD� EDúDUÕOÕ� ELU� úHNLOGH� VÕUDOD\DELOLU�´� LIDGHVL� WHVW�
HGLOPHNWHGLU�� %LOJL� G�]H\LQGHNL� ELU� |÷UHQPH\L� RUWD\D� NR\DQ� EX� LIDGH\H� LOLúNLQ�� GHQH\� YH� NRQWURO� JUXEX� DUDVÕQGD�
JHUoHNOHúWLULOHQ�W�WHVWL�VRQXoODUÕQD�J|UH�³W ������YH�S �����´�GH÷HUOHUL�HOGH�HGLOPLúWLU��(OGH�HGLOHQ�EX�GH÷HUOHU�³S�����´�
DQODPOÕOÕN�G�]H\LQLQ�DOWÕQGD�EXOXQPD�úDUWÕQÕ�VD÷ODPDGÕ÷ÕQGDQ��ELOJL�G�]H\LQGH�GHQH\�YH�NRQWURO�JUXEX�DUDVÕQGD DQODPOÕ�
ELU� IDUNÕQ� EXOXQPDGÕ÷ÕQÕ� J|VWHUPHNWHGLU�� %LU� EDúND� LIDGH� LOH� SUREOHP� o|]PH� EDVDPDNODUÕQÕQ� |÷UHWLPLQGH� J|VWHUL�
DUDoODUÕQÕQ�NXOODQÕOGÕ÷Õ�VÕQÕIODU�LOH�JHOHQHNVHO�úHNLOGH�SUREOHP�o|]PH�EDVDPDNODUÕQÕQ�|÷UHWLOGL÷L�VÕQÕIODUGDNL�|÷UHQFLOHULQ�
ELOJL�G�]H\LQGHNL�EDúDUÕODUÕ�DUDVÕQGD�ELU�IDUN�EXOXQPDPDNWDGÕU��%X�DQODPGD�ELULQFL�KLSRWH]�UHGGHGLOPLúWLU���
�

�� +LSRWH]H�DLW�%XOJXODU�
$UDúWÕUPDQÕQ�LNLQFL�KLSRWH]LQH�DLW�³*|VWHUL�DUDoODUÕ�NXOODQDUDN�ELU�0DWHPDWLN�SUREOHPLQLQ�o|]�P�EDVDPDNODUÕQÕ�|÷UHQHQ�
|÷UHQFLOHU��JHOHQHNVHO�\|QWHPOHU�LOH�|÷UHQHQ�|÷UHQFLOHUH�J|UH�EX�EDVDPDNODUÕ�NDYUDPDGD�GDKD�EDúDUÕOÕGÕU�´�KLSRWH]LQH�
LOLúNLQ�EXOJXODU�DúD÷ÕGD�YHULOPLúWLU��
�
7DEOR� �¶GHNL� NDYUDPD� G�]H\L� LoLQ� JHUoHNOHúWLULOHQ� W�WHVWL� VRQXoODUÕ� LQFHOHQGL÷LQGH� ³W �����´� YH� ³S �����´� RODUDN�
J|U�OPHNWHGLU��(OGH�HGLOHQ�EX�GH÷HUOHU�³S�����´�DQODPOÕOÕN�G�]H\LQGH�KHU�LNL�JUXEXQ�RUWDODPDODUÕ�DUDVÕQGD�DQODPOÕ�ELU�
IDUNÕQ� EXOXQGX÷XQX� J|VWHUPHNWHGLU�� %X� GXUXPGD� D\QÕ� WDEORGDQ� KHU� LNL� JUXEXQ� RUWDODPDODUÕ� LQFHOHQGL÷LQGH� GHQH\�
JUXEXQXQ� RUWDODPDVÕQÕQ� ³�����´� NRQWURO� JUXEXQXQ� RUWDODPDVÕQÕQ� ³�����´� ROGX÷X� J|U�OPHNWHGLU�� (OGH� HGLOHQ� EX�
GH÷HUOHUH�J|UH�NDYUDPD�G�]H\LQGH�� GHQH\� JUXEXQGDNL� |÷UHQFLOHULQ�EDúDUÕ� RUWDODPDVÕ�� NRQWURO� JUXEXQGDNL� |÷UHQFLOHULQ�
EDúDUÕ�RUWDODPDVÕQGDQ�³�����´�SXDQ�GDKD�\�NVHNWLU��%X�EXOJXODU�DUDúWÕUPDQÕQ�LNLQFL�KLSRWH]LQL�GHVWHNOHPHNWHGLU��%DúND�
ELU�LIDGH�LOH�J|VWHUL�DUDoODUÕ�NXOODQDUDN�ELU�0DWHPDWLN�SUREOHPLQLQ�o|]�P�EDVDPDNODUÕQÕ�|÷UHQHQ�|÷UHQFLOHU��JHOHQHNVHO�
\|QWHPOHU�LOH�|÷UHQHQ�|÷UHQFLOHUH�J|UH�SUREOHP�o|]PH�EDVDPDNODUÕQÕ�NDYUDPDGD�GDKD�EDúDUÕOÕGÕUODU���
�

�� +LSRWH]H�DLW�%XOJXODU�
³*|VWHUL�DUDoODUÕ�NXOODQDUDN�ELU�0DWHPDWLN�SUREOHPLQLQ�o|]�P�EDVDPDNODUÕQÕ�|÷UHQHQ�|÷UHQFLOHU��JHOHQHNVHO�\|QWHPOHU�
LOH�|÷UHQHQ�|÷UHQFLOHUH�J|UH�ELU�PDWHPDWLN�SUREOHPLQL�GDKD�EDúDUÕOÕ�ELU�úHNLOGH�o|]HELOLU´�LIDGHVL�DUDúWÕUPDQÕQ��o�QF��
KLSRWH]LQL� ROXúWXUPDNWDGÕU�� %X� +LSRWH]H� LOLúNLQ� |÷UHQPHOHU� LoLQ� JHUoHNOHúWLULOHQ� W�WHVWL� VRQXoODUÕQD� WDEOR� �¶� GHQ�
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EDNWÕ÷ÕQGD� LVH� ³W´� GH÷HULQLQ� ³�����´� YH� ³S´� GH÷HULQLQ� ³�����´� ROGX÷X� J|U�OPHNWHGLU�� (OGH� HGLOHQ� ³S´� GH÷HUL�� DUDQDQ�
³����´�DQODPOÕOÕN�G�]H\LQGHQ�GDKD�G�ú�N�ROGX÷X�LoLQ�KHU�LNL�JUXEXQ�X\JXODPD�G�]H\LQGH��EDúDUÕ�RUWDODPDODUÕ�DUDVÕQGD�
DQODPOÕ�ELU�IDUNÕQ�EXOXQGX÷X�EHOLUOHQPLúWLU��%X�QHGHQOH�KHU�LNL�JUXEXQ�RUWDODPDODUÕ�D\QÕ�WDEORGDQ�LQFHOHQGL÷LQGH�GHQH\�
JUXEXQXQ� RUWDODPDVÕQÕQ� ³�����´�� NRQWURO� JUXEXQXQ� RUWDODPDVÕQÕQ� ³�����´� ROGX÷X� J|U�OPHNWHGLU�� *|U�OG�÷�� �]HUH�
GHQH\�JUXEXQXQ�EDúDUÕ�RUWDODPDVÕ�NRQWURO�JUXEXQXQ�EDúDUÕ�RUWDODPDVÕQGDQ�³�����´�SXDQ�GDKD�\�NVHNWLU��(OGH�HGLOHQ�EX�
EXOJXODU� RUWD\D� NR\PDNWDGÕU� NL� J|VWHUL� DUDoODUÕ� NXOODQÕODUDN� PDWHPDWLN� SUREOHPL� o|]PH� EDVDPDNODUÕQÕQ� |÷UHWLOGL÷L�
|÷UHQFLOHU��GL÷HU�|÷UHQFLOHUH�J|UH�ELU�SUREOHPL�o|]PHGH�GDKD�EDúDUÕOÕGÕU����
�

�� +LSRWH]H�DLW�%XOJXODU�
$UDúWÕUPDQÕQ� G|UG�QF�� KLSRWH]LQL� ROXúWXUDQ� ³J|VWHUL� DUDoODUÕ� NXOODQDUDN� ELU� 0DWHPDWLN� SUREOHPLQLQ� o|]�P�
EDVDPDNODUÕQÕ� |÷UHQHQ� |÷UHQFLOHU�� JHOHQHNVHO� \|QWHPOHU� LOH� |÷UHQHQ� |÷UHQFLOHUH� J|UH� EX� EDVDPDNODUÕ� GDKD� GR÷UX� ELU�
úHNLOGH�KDWÕUOD\DUDN�ELU�SUREOHPLQ�o|]�P�QGH�NXOODQDELOLUOHU´�LIDGHVLQH�DLW�EXOJXODU�DúD÷ÕGD�YHULOPLúWLU��
�
8\JXODPD� G�]H\LQGHNL� |÷UHQPHQLQ� NDOÕFÕOÕ÷ÕQD� LOLúNLQ� W�WHVWL� VRQXoODUÕQD� WDEOR� �¶GHQ� EDNÕOGÕ÷ÕQGD� W �����´� YH�
³S �����´�GH÷HUOHULQ�HOGH�HGLOGL÷L�J|U�OPHNWHGLU��³3�����´�ROGX÷X�LoLQ�KHU�LNL�JUXEXQ�RUWDODPDODUÕ�DUDVÕQGD�DQODPOÕ�ELU�
IDUNÕQ� EXOXQGX÷X� EHOLUOHQPLúWLU�� +HU� LNL� JUXEXQXQ� RUWDODPDODUÕQD� EDNWÕ÷ÕPÕ]GD� GHQH\� JUXEXQXQ� RUWDODPDVÕ� ³�����´��
NRQWURO� JUXEXQXQ� RUWDODPDVÕ� ³�����´�� KHU� LNL� JUXEXQ� RUWDODPDODUÕ� DUDVÕQGDNL� IDUN� LVH� ³�����´G�U�� (OGH� HGLOHQ� EX�
EXOJXODU�� J|VWHUL� DUDoODUÕ� NXOODQÕODUDN� 0DWHPDWLN� SUREOHPOHULQLQ� o|]PH� EDVDPDNODUÕQÕQ� |÷UHWLOGL÷L� |÷UHQFLOHU��
X\JXODPDGD��JHOHQHNVHO�\|QWHPOHUOH�|÷UHQHQ�|÷UHQFLOHUH�J|UH�DUDGDQ�]DPDQ�JHoVH�GH�GDKD�EDúDUÕOÕGÕUODU���
�
7DEOR����'HQH\�YH�.RQWURO�JUXSODUÕQD�X\JXODQDQ�7HN�JUXS�RUWDODPDODUÕQD�LOLúNLQ�W�WHVWL�
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'HQH\� ������ ��� ������ ����� ����� ��� ������ ������
.RQWURO� ������ ��� ������ ����� ������ ��� ������ ������
�
*UXSODUÕQ�NHQGL�RUWDODPDODUÕQD�EDNDUDN�NDOÕFÕOÕ÷Õ�EHOLUOHPHN�DPDFÕ� LOH�GHQH\�YH�NRQWURO�JUXEXQD�D\UÕ�D\UÕ� WHN�JUXS� W�
WHVWL� X\JXODQPÕúWÕU�� %X� WHVWWH� GHQH\� JUXEXQXQ� NDOÕFÕOÕN� WHVWLQGHNL� RUWDODPDODUÕ�� D\QÕ� JUXEXQ� X\JXODPD� WHVWLQGHNL�
RUWDODPDVÕ\OD�� NRQWURO� JUXEXQXQ� NDOÕFÕOÕN� WHVWLQGHNL� RUWDODPDVÕ� LVH� D\QÕ� JUXEXQ� X\JXODPD� WHVWLQGHNL� RUWDODPDODUÕ� LOH�
NDUúÕODúWÕUÕOPÕúWÕU��(OGH�HGLOHQ�EXOJXODU�7DEOR��¶GH�YHULOPLúWLU���
��
'HQH\� JUXEXQD� X\JXODQDQ� WHN� JUXS� W�WHVWL� VRQXoODUÕQD� 7DEOR� �¶GHQ� EDNÕOGÕ÷ÕQGD� ³W �����´� YH� ³S �����´� RODUDN�
J|U�OPHNWHGLU�� ³S´� GH÷HUL� ³����´� DQODPOÕOÕN� G�]H\LQGHQ� E�\�N� ROGX÷X� LoLQ� |÷UHQFLOHULQ� X\JXODPD� G�]H\LQGHNL�
EDúDUÕODUÕQGD�ELU�G�ú�ú�ROPDGÕ÷Õ�EXOJXVXQD�XODúÕOPÕúWÕU��%DúND�ELU� LIDGH� LOH�J|VWHUL�DUDoODUÕQÕQ�NXOODQÕOGÕ÷Õ�VÕQÕIODUGDNL�
|÷UHQFLOHULQ� |÷UHQGLNOHUL� ELOJLOHU� NDOÕFÕGÕU�� d�QN�� X\JXODPD� DúDPDVÕQGDQ� VRQUD� GHQH\� JUXEXQD� JHUoHNOHúWLULOHQ� WHVW�
RUWDODPDODUÕ� LOH� EX� WHVWWHQ� EHú� D\� VRQUD� JHUoHNOHúWLULOHQ� NDOÕFÕOÕN� WHVWL� RUWDODPDODUÕ� DUDVÕQGD� DQODPOÕ� ELU� IDUN�
EXOXQPDPÕúWÕU���
�
.RQWURO�JUXEXQXQ�X\JXODPD�VRQUDVÕ�WHVW�RUWDODPDVÕ�LOH�\LQH�NRQWURO�JUXEXQXQ�NDOÕFÕOÕN�WHVWL�DUDVÕQGD�JHUoHNOHúWLULOHQ�W�
WHVWL� VRQXoODUÕQD� WDEOR��¶GHQ�EDNÕOGÕ÷ÕQGD�DQODPOÕ�ELU� IDUNÕQ�EXOXQGX÷X�J|U�OPHNWHGLU��d�QN�� ³W´�GH÷HUL� ³�����´�³S´�
GH÷HUL� ³�����´� RODUDN� EXOXQPXúWXU�� %X� GH÷HUOHU� ³S�����´� G�]H\LQGH� KHU� LNL� RUWDODPD� DUDVÕQGD� DQODPOÕ� ELU� IDUNÕQ�
EXOXQGX÷X� J|VWHUPHNWHGLU�� %X� EXOJXODU� JHOHQHNVHO� \|QWHPOHUOH� SUREOHP� o|]PH� EDVDPDNODUÕQÕ� |÷UHQHQ� |÷UHQFLOHULQ�
ELOJLOHULQLQ� NDOÕFÕOÕ÷ÕQÕQ� GDKD� G�ú�N� ROGX÷XQX� RUWD\D� NR\PDNWDGÕU�� %DúND� ELU� LIDGH� LOH� |÷UHQFLOHULQ� JHOHQHNVHO�
\|QWHPOHUOH� VDKLS�ROGX÷X�ELOJLOHUL� XQXWPD�RUDQODUÕQÕQ�GDKD�\�NVHN�ROGX÷X� V|\OHQHELOLU��6RQXo� LWLEDUL\OH�7DEOR��¶GHQ�
HOGH� HGLOHQ� YHULOHUH� J|UH� J|VWHUL� DUDoODUÕ� LOH�PDWHPDWLN� SUREOHPL� o|]PH� EDVDPDNODUÕQÕ� |÷UHQHQ� |÷UHQFLOHULQ� ELOJLOHUL�
NDOÕFÕ�LNHQ��JHOHQHNVHO�\|QWHPOHUOH�|÷UHQHQ�|÷UHQFLOHULQ�ELOJLOHULQLQ�D\QÕ�RUDQGD�NDOÕFÕ�ROPDGÕ÷Õ�EHOLUOHQPLúWLU�����
 
7DUWÕúPD� 
%ORRP¶XQ�ELOLúVHO�|÷UHQPH�DODQÕ�WDNVRQRPLVLQLQ�LON��o�EDVDPD÷ÕQGD�\HU�DODQ�ELOJL��NDYUDPD�YH�X\JXODPD�G�]H\LQGHNL�
|÷UHQPHOHULQ� LQFHOHQGL÷L� EX� DUDúWÕUPD� EXOJXODUÕQD� J|UH� NDYUDPD� YH� X\JXODPD� G�]H\LQGHNL� |÷UHQPHOHUGH� J|VWHUL�
DUDoODUÕQÕQ� NXOODQÕOPDVÕQÕQ� |÷UHQFLOHULQ� |÷UHQPHOHULQGH� IDUNOÕOÕNODU� \DUDWWÕ÷Õ� EHOLUOHQPLúWLU�� %LOJL� G�]H\LQGH� LVH�
JHOHQHNVHO� \|QWHPOHU� LOH� J|VWHUL� DUDoODUÕ� NXOODQÕODUDN� JHUoHNOHúWLULOHQ� GHUVOHUGHNL� |÷UHQFLOHU� DUDVÕQGD� DQODPOÕ� ELU� IDUN�
ROPDGÕ÷Õ�EHOLUOHQPLúWLU��%LUoRN�DUDúWÕUPD�PRGHUQ�H÷LWLP�WHNQRORMLOHULQLQ�NXOODQÕPÕ�|÷UHQFLOHULQ�EDúDUÕODUÕQÕ�DUWWÕUGÕ÷ÕQÕ�
�øVPDQ��������$NNR\XQOX�YH�<ÕOPD]��������)RUJDV]��������+DUWHU�YH�.X��������0HUFDQ��)LOL]��*|oHU�YH�g]VR\��������
(IH�� (IH� YH� +HYHGDQOÕ�� ������ LIDGH� HGHUNHQ�� EX� DUDúWÕUPD� VRQXFXQGD� HOGH� HGLOHQ� EXOJXODU�� ELOJL� G�]H\LQGHNL�
|÷UHQPHOHUGH�EX�J|U�úOHUL�GHVWHNOHPHPHNWHGLU��<DQL� J|VWHUL� DUDoODUÕ�NXOODQÕODUDN�|÷UHQFLOHULQ�%ORRP¶XQ�ELOLúVHO� DODQ�
WDNVRQRPLVLQLQ� ELOJL� G�]H\LQGHNL� |÷UHQPHOHULQGH�� JHOHQHNVHO� \|QWHPOHUH� J|UH� ELU� IDUNÕQ� EXOXQPDGÕ÷Õ� EHOLUOHQPLúWLU��
dHNEDú�� <DNDU�� <ÕOGÕUÕP� YH� 6DYUDQ� ������� ELOJLVD\DU� GHVWHNOL� H÷LWLPLQ� |÷UHQFLOHU� �]HULQH� HWNLVLQL� DUDúWÕUGÕNODUÕ�
oDOÕúPDODUÕQGD�EX�EXOJXODUD�EHQ]HU�VRQXoODUD�XODúPÕúODUGÕU��%X�DUDúWÕUPDGD�NRQWURO�JUXEXQD�X\JXODQ�JHOHQHNVHO�|÷UHWLP�
\|QWHPOHUL�VRQXFXQGD��|÷UHQFLOHULQ�IL]LN�GHUVLQGHNL�WHRULN�EDúDUÕODUÕQGD�ELU�DUWÕú�ROGX÷X��DQFDN�X\JXODPD�G�]H\LQGHNL�
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EDúDUÕODUÕQGD�ELU�IDUN�EXOXQPDGÕ÷Õ�WHVSLW�HGLOPLúWLU��%X�GD�ELOJL�G�]H\LQGHNL�|÷UHQPHOHUGH�JHOHQHNVHO�\|QWHPOHULQ�HWNLOL�
ROGX÷XQXQ�YH�EXQD�ED÷OÕ�RODUDN�GD�J|VWHUL�DUDoODUÕ�NXOODQÕODQ�GHQH\�JUXEX�LOH�JHOHQHNVHO�\|QWHPLQ�NXOODQÕOGÕ÷Õ�NRQWURO�
JUXEX�DUDVÕQGD�DQODPOÕ�ELU�IDUNÕQ�EXOXQDPDPDVÕQÕQ�QHGHQL�RODUDN�DoÕNODQDELOLU�����

g÷UHWPHQOHU��\HQL�H÷LWLP�WHNQRORMLOHULQLQ�|÷UHQFLOHULQ�|÷UHQPHOHULQH�GDKD�ID]OD�NDWNÕ�VD÷ODGÕ÷Õ�J|U�ú�QGHGLU��6DNDOOÕ��
%DND\��+�VVHLQ�� �������$\UÕFD�� GHUVOHUGH� H÷LWLP�|÷UHWLP�PDWHU\DOOHUL� NXOODQPDN�� |÷UHQFL\L� |÷UHQPH�RUWDPÕQGD� HWNLQ�
NÕOPDNWDGÕU��$NNR\XQOX�������$ONDQ�������'HPLUHO�������ùLPúHN��������øúPDQ���������g÷UHQFLOHULQ�LOJLVLQL�oHNPHGH�
YH�GLNNDWOHUL�GDKD�X]XQ�V�UH��]HULQGH�WRSODPDVÕ��J|VWHUL�DUDoODUÕQÕQ�%ORRP¶XQ�ELOLúVHO�DODQ�WDNVRQRPLVLQLQ�NDYUDPD�YH�
X\JXODPD�G�]H\LQGH�HWNLOL�ROPDVÕQÕQ�QHGHQL�RODUDN�J|U�OHELOLU��%XUDGD�J|VWHUL�DUDoODUÕ� LOH�|÷UHWPHQOHULQ��HWNLOL�J|UVHO�
IDDOL\HWOHU� LOH� |÷UHQFLOHUL� |÷UHQPH\H� NDUúÕ� J�G�OH\HELOPHVL�� |÷UHQFLQLQ� LOJLVLQL� FDQOÕ� WXWDELOPHVL� YH� J|UVHO� VXQXP�
VD\HVLQGH� |÷UHQFLOHULQ� H÷LWLP�|÷UHWLP� IDDOL\HWOHULQGH� DNWLI� URO� DOPDODUÕQD� LPNkQ� YHUPHVL� �øúPDQ�� ������ GH� J|]� DUGÕ�
HGLOPHPHVL�JHUHNHQ�ELU�GXUXPGXU���

0DWHPDWLN� P�IUHGDWODUÕQGD�� |÷UHQFLOHULQ� SUREOHP� o|]PH� EHFHULOHULQL� GH÷HUOHQGLUPHN� GL÷HU� EHFHULOHUH� J|UH� ROGXNoD�
]RUGXU�� 0DWHPDWLN� g÷UHWPHQOHUL� 8OXVDO� .RQVH\L� �1&70�� ������¶QH� J|UH� PDWHPDWL÷L� HWNLOH\HQ� YH� |÷UHQFLOHULQ�
|÷UHQPHVLQL�DUWÕUDQ�WHNQRORML��|÷UHQPH�YH�|÷UHWPHGH�IDDOL\HWOHULQLQ�\�U�W�OPHVLQGH�JHUHNOLGLU��1&70�������¶\H�J|UH�
D\UÕFD�H÷LWLPLQ�E�W�Q�DúDPDODUÕQGD�|÷UHQFLOHU��SUREOHP�o|]PH�V�UHoOHULQL�DoÕNOD\DELOPHOLGLU��g]HOOLNOH�EX�DoÕNODPDODU�
NDYUDPD� G�]H\LQGHNL� |÷UHQPHOHUH� NDUúÕOÕN� JHOPHNWHGLU�� (OGH� HGLOHQ� EXOJXODUD� J|UH� J|VWHUL� DUDoODUÕQÕQ� NXOODQÕPÕ�
|÷UHQFLOHULQ� NDYUDPD� G�]H\LQGHNL� EDúDUÕVÕQÕ� JHOHQHNVHO� \|QWHPOHUH� J|UH� GDKD� oRN� DUWWÕUGÕ÷Õ� LoLQ��1&70¶QLQ� LVWHGL÷L�
SUREOHP�o|]PH�V�UHoOHULQL�DoÕNOD\DELOPH�EHFHULVLQL�GH�DUWWÕUGÕ÷Õ�V|\OHQHELOLU�����

5RJHUV��������H÷LWLP�|÷UHWLP�GH�DUDo�NXOODQPDQÕQ�|÷UHQFLOHULQ�SUREOHP�o|]PHOHULQH�\DUGÕP�HWWL÷LQL��DUDoODUOD�\DSÕODQ�
DQODWÕPODUOD� |÷UHQLOHQOHU� EHOOHNWH� GDKD� X]XQ� V�UH� NDOGÕ÷ÕQÕ� YH� |÷UHQPH\L� VRPXWODúWÕUGÕ÷ÕQÕ� LOHUL� V�UPHNWHGLU�� øVPDQ�
������¶GD�WHNQRORML�NXOODQÕPÕQÕQ�NDOÕFÕ�|÷UHQPH�ROXúWXUGX÷X�J|U�ú�QH�VDKLSWLU��$UDúWÕUPD¶QÕQ�G|UG�QF��KLSRWH]LQH�DLW�
EXOJXODUD�J|UH�GH�J|VWHUL� DUDoODUÕQÕQ�NXOODQÕPÕ�|÷UHQFLOHULQ�SUREOHP�o|]PH�EHFHULOHULQGH�NDOÕFÕOÕ÷Õ� VD÷ODGÕ÷ÕQÕ� RUWD\D�
NR\PDNWDGÕU��%X�GD�øVPDQ��������YH�5RJHUV�������¶ÕQ��J|U�úOHULQL�GHVWHNOH\HQ�ELU�EXOJXGXU���*|VWHUL�DUDoODUÕ�DUDVÕQGD�
\HU� DODQ� GDWD� SURMHNVL\RQ�� ELOJLVD\DU� DUDFÕOÕ÷Õ� LOH� KHU� W�UO�� VHV�� YLGHR�� J|UVHO� YH� \D]ÕOÕ� PDWHU\DOOHULQ� \DQVÕWÕOGÕ÷Õ� ELU�
H÷LWLP� |÷UHWLP� DUDFÕGÕU�� ho� ER\XWOX� UHVLPOHU� GH� oRN� HWNLOL� ELU� úHNLOGH� \DQVÕWÕODELOLU� � �øúPDQ�� ������� dRNOX� RUWDP�
�U�QOHULQLQ� HWNLOL� úHNLOGH� VXQXOGX÷X�ELU� DUDoWÕU�� �%LUoRN�GX\X�RUJDQÕQD�KLWDS� HWPHVL� QHGHQL� LOH� JHOHQHNVHO� \|QWHPOHUH�
J|UH�GDKD�NDOÕFÕ�|÷UHQPHOHUH�QHGHQ�ROPDVÕ�GR÷DO�RODUDN�NDUúÕODQPDOÕGÕU���

Sonuçlar  
�� *|VWHUL� DUDoODUÕ� NXOODQÕODUDN� ELU� 0DWHPDWLN� SUREOHPLQLQ� o|]�P� EDVDPDNODUÕQÕ� |÷UHQHQ� |÷UHQFLOHU�� JHOHQHNVHO�

\|QWHPOHU�LOH�|÷UHQHQ�|÷UHQFLOHUH�J|UH�ELOJL�G�]H\LQGHNL�|÷UHQPHOHUGH�GDKD�EDúDUÕOÕ�ROGXNODUÕQD�LOLúNLQ�ELU�VRQXFD�
XODúÕODPDPÕúWÕU��%DúND�ELU�LIDGH�LOH�ELOLúVHO�DODQ�WDNVRQRPLVLQLQ�ELOJL�G�]H\LQGH�J|VWHUL�DUDoODUÕQÕQ�NXOODQÕOPDVÕ�LOH�
JHOHQHNVHO� \|QWHPOHULQ� NXOODQÕOPDVÕ� |÷UHQFLOHULQ� |÷UHQPHOHUL� DUDVÕQGD� ELU� IDUN� \DUDWPDPDNWDGÕU�� %X� DQODPGD�
ELULQFL�KLSRWH]�UHGGHGLOPLú��JHOHQHNVHO�\|QWHPOHU�LOH�J|VWHUL�DUDoODUÕ�NXOODQÕODUDN�JHUoHNOHúHQ�|÷UHQPHOHU�DUDVÕQGD�
ELU�IDUN�\RNWXU�VRQXFXQD�XODúÕOPÕúWÕU�����
�

�� %LOLúVHO� DODQ� WDNVRQRPLVLQLQ� NDYUDPD� G�]H\LQGH� J|VWHUL� DUDoODUÕ� NXOODQÕODUDN� ELU�0DWHPDWLN� SUREOHPLQLQ� o|]�P�
EDVDPDNODUÕQÕ�|÷UHQHQ�|÷UHQFLOHU��JHOHQHNVHO�\|QWHPOHU�LOH�|÷UHQHQ�|÷UHQFLOHUH�J|UH�EX�G�]H\GHNL�|÷UHQPHOHUGH�
GDKD�EDúDUÕOÕGÕUODU��%X�LIDGHGHQ�GH�DQODúÕODFD÷Õ��]HUH�LNLQFL�KLSRWH]L�GHVWHNOH\HQ�ELU�VRQXo�HOGH�HGLOPLúWLU����

�
�� *|VWHUL� DUDoODUÕ� NXOODQDUDN� 0DWHPDWLN� SUREOHPL� o|]�P� EDVDPDNODUÕQÕ� |÷UHQHQ� |÷UHQFLOHU� SUREOHP� o|]PHGH�

JHOHQHNVHO�\|QWHPOHU�LOH�|÷UHQHQ�|÷UHQFLOHUH�J|UH�GDKD�EDúDUÕOÕGÕU��%DúND�ELU�LIDGH�LOH�J|VWHUL�DUDoODUÕ�NXOODQÕOGÕ÷Õ�
RUWDPODUGD� SUREOHP� o|]PH� EDVDPDNODUÕQÕ� |÷UHQHQ� |÷UHQFLOHU� NDUúÕODúWÕNODUÕ� ELU� PDWHPDWLN� SUREOHPLQL� o|]PHGH�
JHOHQHNVHO� \|QWHPOHUOH� |÷UHQHQ� |÷UHQFLOHUH� J|UH� GDKD� EDúDUÕOÕGÕU�� %X� VRQXo�� DUDúWÕUPDGD� LOHUL� V�U�OHQ� �o�QF��
KLSRWH]L�GHVWHNOHPHNWHGLU���

�
�� %LOLúVHO�DODQ� WDNVRQRPLVLQLQ�X\JXODPD�G�]H\LQGHNL�|÷UHQPHOHULQ�NDOÕFÕOÕ÷ÕQD�EDNÕOGÕ÷ÕQGD� LVH�J|VWHUL�DUDoODUÕQÕQ�

NXOODQÕOGÕ÷Õ�|÷UHQPH�RUWDPODUÕQGD�JHUoHNOHúHQ�|÷UHQPHOHULQ�JHOHQHNVHO�\|QWHPOHUOH�JHUoHNOHúHQ�|÷UHQPHOHUH�J|UH�
GDKD�NDOÕFÕ�ROGX÷X�EHOLUOHQPLúWLU��(OGH�HGLOHQ�EX�VRQXo�GD�DUDúWÕUPDQÕQ�G|UG�QF��KLSRWH]LQL�GHVWHNOHPHNWHGLU���

�
6RQXo� RODUDN�� J|VWHUL� DUDoODUÕ� NXOODQÕODUDN�� PDWHPDWLN� SUREOHPOHULQLQ� o|]�P� EDVDPDNODUÕQÕ� |÷UHQHQ� |÷UHQFLOHU��
JHOHQHNVHO�\|QWHPOHU�LOH�EX�EDVDPDNODUÕ�|÷UHQHQ�|÷UHQFLOHUH�J|UH���%ORRP¶XQ�ELOLúVHO�DODQ�WDNVRQRPLVLQLQ�NDYUDPD�YH�
X\JXODPD� G�]H\LQGHNL� |÷UHQPHOHUGH� GDKD� EDúDUÕOÕGÕUODU�� $QFDN�� ELOJL� G�]H\LQGHNL� |UHQPHOHUGH� LVH� |÷UHQFLOHULQ�
EDúDUÕODUÕ�DUDVÕQGD�ELU�IDUN�\RNWXU��$\UÕFD�J|VWHUL�DUDoODUÕQÕQ�NXOODQÕOGÕ÷Õ�RUWDPODUGD�JHUoHNOHúHQ�|÷UHQPHOHULQ�NDOÕFÕOÕ÷Õ��
JHOHQHNVHO�\|QWHPOHULQ�NXOODQÕOGÕ÷Õ�RUWDPODUGDNL�|÷UHQPHOHUH�J|UH�GDKD�\�NVHNWLU���
�
Öneriler  
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*�Q�P�]GH� PHUNH]L� RNXOODUGD� J|VWHUL� DUDoODUÕ� \D\JÕQ� RODUDN� EXOXQPDNWD� YH� |÷UHWPHQOHU� EXQODUÕ� HWNLQ� ELU� úHNLOGH�
NXOODQPDNWDGÕU�� $QFDN� H÷LWLPGH� IÕUVDW� HúLWOL÷L� GLNNDWH� DOÕQGÕ÷ÕQGD� |]HOOLNOH� WDúUDGDNL� RNXOODUGD� J|VWHUL� DUDoODUÕ�
NRQXVXQGD� VÕNÕQWÕODUÕQ� EXOXQGX÷X� ELU� JHUoHNWLU�� %X� QHGHQOH� EX� RNXOODUÕQ� GD� ELU� DQ� |QFH� EX� DUDoODUD� VDKLS� ROPDVÕ�
VD÷ODQPDOÕGÕU��%X�NRQXGD�JHUHNLUVH�øúPDQ�������¶ÕQ�GD�LIDGH�HWWL÷L�JLEL�RNXO�DLOH�ELUOLNOHUL�EX�V�UHFH�GkKLO�HGLOHELOLU��

g÷UHWPHQOHU�GDKD�HWNLOL�|÷UHQPHOHU�VD÷ODPDN� LVWL\RU� LVH�J|VWHUL�DUDoODUÕQÕ�HWNLQ�ELU� úHNLOGH�VÕQÕIODUÕQGD�NXOODQPDOÕGÕU��
$QFDN�|÷UHWPHQOHU� ELOJL� G�]H\LQGHNL� |÷UHQPHOHUGH�� JHOHQHNVHO� \|QWHPOHUH�J|UH�J|VWHUL� DUDoODUÕQÕQ� oRN� HWNLOL� RODFD÷Õ�
JLEL�ELU�\DQÕOJÕ�LoHULVLQH�JLUPHPHOLGLU��
�
g÷UHWPHQOHULQ�\HQL�LON|÷UHWLP�SURJUDPODUÕ�LOH�ELUOLNWH�PRGHUQ�H÷LWLP�WHNQRORMLOHULQL�NODVLN�WHNQRORMLOHUH�J|UH�GDKD�oRN�
NXOODQPD\D� EDúODPDODUÕ� �$\J�Q� YH� $NJ�Q� ������ � ELU� IÕUVDW� RODUDN� J|U�OHELOLU�� $QFDN� PDWHPDWLN� GHUVLQGH� WHNQRORML�
NXOODQÕPÕQD�\HU�YHULOPHGL÷LQL��.R÷�YH�%DúHU��������RUWD\D�NR\DQ�DUDúWÕUPDODU�GD�EXOXQPDNWDGÕU��$\UÕFD�J|VWHUL�DUDoODUÕ�
JLEL� oD÷GDú� H÷LWLP� WHNQRORMLOHULQL� NXOODQDQ� |÷UHWPHQOHU� KD]ÕU� PDWHU\DOOHU� NXOODQPD\Õ� WHUFLK� HWPHNWHGLU� �$\J�Q� YH�
$NJ�Q�� ������ � %X� KD]ÕU� PDWHU\DOOHUL� NXOODQPDN� \HULQH� VÕQÕIODUÕQGDQ� |÷UHQFLOHULQLQ� VHYL\HVLQH� X\JXQ� PDWHU\DOOHUL�
NHQGLOHULQLQ� KD]ÕUODPDVÕ� GDKD� GR÷UX� RODFDNWÕU�� $QFDN� J|VWHUL� DUDoODUÕQGD� NXOODQÕODQ� VHV�� J|U�QW��� úHNLO� YH�
DQLPDV\RQODUÕQ� KD]ÕUODQPDVÕQÕQ� |]HO� ELU� X]PDQOÕN� JHUHNWLUGL÷L� GH� J|]� DUGÕ� HGLOPHPHOLGLU�� %X� QHGHQOH� H÷LWLP�
IDN�OWHOHULQLQ� E�W�Q� E|O�POHULQGH� SRZHUSRLQW� VXQXVX� KD]ÕUODPDGDQ� EDúOD\DUDN�� DQLPDV\RQODU� \DSDELOHFHN� G�]H\GH�
|÷UHWPHQOHU�\HWLúWLULOPHOLGLU��
�
2ONXQ� YH� 7RONXQ� ������¶XQ� LIDGH� HWWL÷L� JLEL� SUREOHP� o|]PHQLQ� PDWHPDWLN� H÷LWLPLQGH� GR÷UX� YH� HWNLOL� ELU� úHNLOGH�
NXOODQÕODELOPHVL� LoLQ� |÷UHWPHQOHUH� J|VWHUL� DUDoODUÕ� LOH� SUREOHP� o|]PH� |÷UHWLPL� NRQXVXQGD� KL]PHW� LoL� H÷LWLPOHU�
G�]HQOHQHELOLU���
�
 
$UDúWÕUPDFÕODUD�gQHULOHU��

x *|VWHUL�DUDoODUÕQÕ�NXOODQÕPÕ�LOH�SUREOHP�o|]PH\H�V�UHVL��]HULQH�ELU�DUDúWÕUPD�JHUoHNOHúWLULOHELOLU���
x %ORRP¶XQ� ELOLúVHO� DODQ� WDNVRQRPLVLQLQ� GDKD� �VW� G�]H\GHNL� |÷UHQPH� EDVDPDNODUÕQD� J|UH� GDKD� �VW� VÕQÕIODUGD�

DUDúWÕUPDODU�JHUoHNOHúWLULOHELOLU���
x *|VWHUL�DUDoODUÕQÕQ�NXOODQÕOPDVÕQÕQ�GL÷HU�GHUVOHUGHNL�|÷UHQFL�EDúDUÕODUÕQD�HWNLVL�DUDúWÕUÕODELOLU���

�
KAYNAKÇA 
�
$NNR\XQOX�� %�� �������� g÷UHWPHQOHULQ� øQWHUQHW� .XOODQÕPÕ� YH� %X� .RQXGDNL� g÷UHWPHQ� *|U�úOHUL�� $QNDUD��+DFHWWHSH�
hQLYHUVLWHVL�(÷LWLP�)DN�OWHVL�'HUJLVL�����������
�
$NNR\XQOX��%����������(÷LWLPGH�<HQL�7HNQRORMLOHU��(VNLúHKLU��$oÕN�g÷UHWLP�)DN�OWHVL�<D\ÕQODUÕ�
�
$NNR\XQOX� %�� YH� <ÕOPD]� 0�� �������� 7�NHWLPFL� dRNOX� g÷UHQPH� .XUDPÕ�� $QNDUD�� +DFHWWHSH� hQLYHUVLWHVL� (÷LWLP�
)DN�OWHVL�'HUJLVL������������
�
$ONDQ��&����������(÷LWLP�7HNQRORMLVL��$QNDUD��<DUJÕFÕR÷OX�0DWEDDVÕ��
��
$ONDQ��&���������%LOJLVD\DU�'HVWHNOL�g÷UHQPH�0RG�OOHUL��$QNDUD�hQLYHUVLWHVL�(÷LWLP�%LOLPOHUL�)DN�OWHVL�'HUJLVL������
������
�
$OWXQ��0����������0DWHPDWLN�g÷UHWLPL�����%DVNÕ���%XUVD��$OID�<D\ÕQFÕOÕN����
�
$OWXQ��0����������øON|÷UHWLPGH�3UREOHP�d|]PH�g÷UHWLPL��0LOOL�(÷LWLP�'HUJLVL��������
�
$QGHUVRQ��5�-����������&RJQLWLYH�3V\FKRORJ\�DQG�,WV�,PSOLFDWLRQ����QG�HGLWLRQ���1HZ�<RUN��)UHHPDQ��
�
$\J�Q��+��$��	�$NJ�Q�g�(����������<HQL�øON|÷UHWLP�3URJUDPODUÕQÕQ�(÷LWLP�7HNQROLVL�.XOODQÕPÕ�h]HULQGHNL�(WNLVL\OH�
øOJLOL�g÷UHWPHQ�*|U�úOHUL�� ���� øQWHUQDWLRQDO�(GXFDWLRQDO�7HFQRORJ\�&RQIHUHQFH�	�([KLELWLRQ�� ����� ����������� ������
$SULO��
�
%DUWK��-DPHV��/����������<g.�'�Q\D�%DQNDVÕ�0LOOL�(÷LWLP�*HOLúWLUPH�3URMHVL��$QNDUD��
�
%D\NXO��<����������øON|÷UHWLPGH�0DWHPDWLN�g÷UHWLPL��$QNDUD��3HJHP�$�<D\ÕQFÕOÕN��
�
%D\WHNLQ�� d�� ��������1H� 1LoLQ� 1HGHQ� g÷UHQL\RUX]� YH� g÷UHWL\RUX]� �g÷UHWLP� 7HNQRORMLOHUL� YH� 0DWHU\DO� *HOLúWLUPH���
$QNDUD��$QÕ�<D\ÕQFÕOÕN��
�
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%LOHQ��0�UYHW����������3ODQGDQ�8\JXODPD\D�g÷UHWLP��$QNDUD��*HOHFHN�<D\ÕQODUÕ��
�
%ORRP��%����������7D[RQRP\�RI�(GXFDWLRQDO�2EMHFWLYHV��+DQGERRN�,��&RJQLWLYH�'RPDLQ��1HZ�<RUN���
�
%RFN�� 0�� 	� /DXULFH�� -�� �������� 6WXGHQW� $V� $� 6WUDWHJLF� 3DUWLFLSDQW� 2RQ� &ROODERUDWLYH� 3UREOHP� 6ROYLQJ� 7HDP�� $Q�
$OWHUQDWLYH�0RGHO�)RU�0LGGOH�DQG�6HFRQGDU\�6FKRROV�,QWHUYHQWLRDQ�LQ�6FKRRO�&OLQLF�������
�
&KDUOHV�� 5��� /HVWHU�� )�.�� 2¶'DIIHU�� 3�� ��������+RZ� WR� HYDOXDWH� SURJUHVV� LQ� SUREOHP� VROYLQJ��1DWLRQDO� &RXQFLO� RI�
7HDFKHUV�RI�0DWKHPDWLFV��5HVWRQ�
�
dHNEDú�� <��� <DNDU�� +��� <ÕOGÕUÕP�� %�� 	� 6DYUDQ�$�� �������� %LOJLVD\DU� 'HVWHNOL� (÷LWLLQ� g÷UHQFLOHU� h]HULQH� (WNLVL�� ,,,�
,QWHUQDWLRQDO��(GXFDWLRQDO�7HFKQRORJLHV�6\PSRVLXP�DQG�)DLU����������������
�
'DYHV�3�-��	�+HUVK�5����������0DWHPDWL÷LQ�6H\LU�'HIWHUL��dHY�(QGHU�$EDR÷OX��øVWDQEXO��'RUXN�<D\ÕQODUÕ��
��
'HPLUHO�g]FDQ����������g÷UHWPH�6DQDWÕ��$QNDUD��3HJHP�$�<D\ÕQODUÕ�
�
'HPLUHO�g��9H�<D÷FÕ�� (�� ��������$QDGROX�g÷UHWPHQ�/LVHOHUL� øoLQ�g÷UHWLP� øONH� YH� <|QWHPOHUL��$QNDUD��0LOOL� (÷LWLP�
%DNDQOÕ÷Õ�<D\ÕQODUÕ��
�
(IH�� +�6��� (IH�� 5�� 	� +HYHGDQOÕ�� 0�� �������� %LOJLVD\DU� 6LP�ODV\RQODUÕQÕQ� +�FUH� hQLWHVLQLQ� g÷UHWLPLQGH� g÷UHQFL�
$NDGHPLN�%DúDUÕVÕQD�(WNLVLQLQ�%ORRP�7DNVRQRPLVLQH�*|UH�'H÷HUOHQGLULOPHVL������øQWHUQDWLRQDO�(GXFDWLRQDO�7HFQRORJ\�
&RQIHUHQFH�	�([KLELWLRQ����������������������$SULO��
�
)RUJDV]�� +�� �������� )DFWRUV� WKDW� (QFRXUDJH� RU� ,QKLELW� &RPSXWHU� 8VH� IRU� 6HFRQGDU\� 0DWKHPDWLFV� 7HDFKLQJ�� -�� 2I�
&RPSXWHUV�LQ�0DWKHPDWLFV�DQG�6FLHQFH�7HDFKLQJ����������������
��
*�OEHQN�� 7�� �������� dRNOX� 2UWDP� g÷UHWLPLQLQ� ��� 6ÕQÕI� g÷UHQFLOHULQLQ� 0DWHPDWLN� %DúDUÕVÕQD� (WNLVL� �2UDQ�2UDQWÕ�
gUQH÷L���<D\ÕPODQPDPÕú�<�NVHN�/LVDQV�7H]L��6DNDU\D�hQLYHUVLWHVL�6RV\DO�%LOLPOHU�(QVWLW�V���6DNDU\D��
�
+DUWHU�� &�$�� 	� .X�� +�� �������� 7KH� (IIHFWV� RI� 6SDWLDO� &RQWLJXLW\� ZLWKLQ� &RPSXWHU�%DVHG� ,QVWUXFWLRQ� RI� *URXS�
3HUVRQDOL]HG�7ZR�VWHS�0DWKHPDWLFV�:RUG�3UREOHPV��&RPWXWHUV�LQ�+XPDQ�%HKDYLRU��(OVHYLHU���
��
+HGGHQV��-��:��	�6SHUD��:��5����������7RGD\V�0DWKHPDWLFV�0HUULOO�DQ�,PSULQW�RI�3UHQWLFH�+DOO���1HZ�-HUVH\���
�
øúPDQ��$����������g÷UHWLP�7HNQRORMLOHUL�YH�0DWHU\DO�*HOLúWLUPH��$QNDUD��3HJHP$�<D\ÕQFÕOÕN���������
�
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ABSTRACT 
Aluminum matrix composites reinforced with TiB2 particles were produced by sintering 
aluminum and copper (4 %) powders and TiB2 particles. Aluminum and titanium diboride 
powders were mixed at the ratios of 10%, 15%, 20% and 30% TiB2 by volume. The powder 
mixtures were cold pressed uniaxially at 800 MPa. The composites were obtained after sintering 
at 620oC in nitrogen atmosphere. The composites were subjected to density measurements, 
microstructure examinations, 3 point bending, hardness and wear tests. Same tests were repeated 
after T6 age hardening of the composites. Unreinforced sample presented a maximum 3 point 
bending strength of 940 MPa, 28 percent strain and 100 HB10 hardness values after age 
hardening treatment. Wear rate was 12.16 ± 3.16 x 10-3 mm3 / N.m in the unreinforced sample. 
The least wear rate was seen in 20% TiB2 containing samples, in which the wear rate decreased 
about 30 fold as compared to unreinforced samples. This composite presented 867 MPa bending 
strength, 130 HB10 hardness and 7.4 percent strain.

 

 
Keywords: Powder Metallurgy, Sintering, Aluminum Matrix Composites, Metal Matrix 
Composites, TiB2 
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Abstract: Involving customer in value creation to fulfill individual requirements has been 
popular for several years under the domain of mass customization and personalization. Not all 
manufacturers adopted the concept succeeded in its execution process. It is possibly because 
the value generated by manufacturer does not meet the value demanded by customers.  
Discussed in this paper is the identification of several important additional values that can be 
generated by incorporating customers in product creation in order to help designers to have 
better understanding on current trend of personalization. New roles of the designers due to 
paradigm shift about customers from one market to market of one are also discussed to get 
some idea about future directions. 
 

  Key words: design by customer, value creation, customer involvement, personalization. 
 
 
Introduction  
 
 Customer satisfaction has been identified as the most important factor determines the long-term success of a 
company. It can be achieved when customers perceive that the value of products and/or services they received is as 
(or exceed) what they expected. In order to create a premium value for customers, manufacturers should focus on 
the total customer experience, related to (1) superior solution to the need, (2) fair price, (3) treatment with respect, 
(4) emotional connection and (5) convenience (Berry, 2002). 
 While the last three deal with the quality of services (customer experience in transaction processes), the first 
two are more related to the quality of product (customer experience in using the product). Focus on superior solution 
to the customer need may sound simple but in fact it is very complicated. Manufacturer must understand what 
people need and how to fulfill the need better than competitors. A key challenge will be how to ensure that the need 
manufacturer perceived is the real need customers demanded because it will differentiate between a successful 
product and a fail one. It is important to note that understanding customer need is not a trivial task especially in this 
era of personalization where the extent of market-of-one has been foreseen as a prospective driving force for the 
next transformation of global economy (Pine, 2009). 
 The difficulty in understanding customer need is due to the large range of individual, cultural and physical 
difference among people. In the past, when competition is still low, the concept of “voice of majority” could be 
successfully adopted to define product specifications in order to fulfill mass market need. Later on, in order to face 
the increased competition due to technology advancement, the concept of “market segmentation” was adopted. The 
manufacturer must know the audience for whom the product is intended. A mobile phone manufacturer, for 
example, might produce many models and series for different target (segment) to acquire wider market share. 
Manufacturers tried to use technology to generate variety in products and to manage the way the products evolve. 
The concept of platforms, family, generation, add-on, version, models, option, etc. have been well recognized and in 
turn, these are becoming the bases of mass customization. 
 Under the system of mass customization, the market is re-segmented further into smaller group of customers 
with similar preference (market niches). Hence, in product development process, not only “voice of majority” but 
also “voice of minority” is taken into account. Product variety is not predefined by final product in terms of model, 
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version and series, but instead it is handed over to customer preference. Customers can involve themselves to 
specify their own variety by choosing predefined components and assembly them to get the final configuration. 
 Furthermore, in this inevitably high competitive environment, where companies are trying to focus more on 
customer satisfaction to win in the market place, treating customer as a personal (so-called personalization) is 
becoming a trend. Its adoption in service industry faces less challenge than in manufacturing sector due to their 
different natures. While it is not difficult for a mobile phone services provider, for example, to offer personalized 
phone number (where customers can choose their own unique number) or to offer personalized ring tone, it will be a 
very hard task for a mobile phone manufacturer to personalize the phone itself. Mass production is still the best way 
in this regard.  
 Personalization means treating all customers individually based on each personal preference. For designers, it 
results in a very big challenge to define product specification since the well-established general procedure in product 
design and development could not be directly employed. This is because the customers as one market have evolved 
gradually into segment market, niche market and finally into market of one (figure 1). 
 

 
Figure 1. From one-market to market-of-one 

 
 It is important therefore to discuss how companies offer their customers a personalization experience and 
then to characterize some of its values which are considered significantly able to improve customer satisfaction. 
Those will be comprehensively discussed in this paper. 
 

Putting Customer in Charge of Design 
 
 It is a nature that customers usually purchase products (goods or services) for a reason; they have a problem 
(a need) and expect manufacturer or service provider to come up with a solution (to fulfill their need). Their utmost 
satisfaction will be achieved when they get exactly what they want without compromising any requirement. As each 
customer may have her/his own preference, a rigid predictive-based product specification will be difficult to 
compete. As an alternative, a flexible responsive-based one should be adopted. Involving customers in value 
creation is believed as a way to achieve this purpose 
 
Design 

 There is no generally-accepted definition of “design” exists (Ralph and Wand, 2009) and the term has 
different connotations in different fields. In this discussion, design refers to a process of establishing the basic 
parameters of a product. It comprises activity to initiate, to select, to combine, to arrange, to modify and to 
manipulate things in order to meet intended requirements. Sketching, where the lines (including straight line, arc, 
circle, curve, etc.) are selected, arranged and combined together with the colors, is an example of design form. In 
practice, the term design is often used by manufacturers engaged in mass customization, for example “design your 
own watch”, “design your special shoes”, “design your own shirt”, etc. However, when customers come to utilize 
the offered option, they will know that the meaning of design here is “to mix and match” predefined available 
components to get final desired configuration. Hence the activity of selecting and combining things to make a new 
form in practice is also known as design activity. 
 
Design and Value 

 Basically, customers spend their money not simply because of the product itself, but more likely because of 
the value within it. The value may come from many sources, including physical value and emotional value. While 
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physical value is related to the experience of using the product and usually obtained from the quality of behavioral 
(functional and kinesthetic) or visceral design, emotional value is about the feeling of satisfaction resulting from 
emotion rather than realism when owning or displaying the product (Norman, 2004).  
 Depended upon customer’s individual preference, the important level of the value may differ from one 
customer to others. Some might place physical value higher so that they will be satisfied enough to own a good 
quality product from general brand, while others might put their interest on emotional value so that they prefer to 
spend more money to own the branded product even though the quality does not differ much.  
Many companies are competing in the area of physical value as it is easy to evaluate. However, it is worthy to note 
that the successful product should excel in both values. Involving customers in value creation has potential to 
improve those values as it can result in better product fitness (physical value) as well as in emotional bond between 
the product and the customer (emotional value). 
 
Customer in Design 
 
 There is a paradigm shift of customer’s role in design; from passive audience in the era of mass production 
(Design for Customer) into active player in current age of mass customization and personalization (Design by 
Customer). The paradigm of “closed innovation” (in which the innovation is taking place just within the boundary of 
manufacturer) has shifted to “open innovation” (cooperation between manufacturer and customers or users). As a 
result, designers’ task is shifted from designing a final product to designing a system that enables customer 
involvement in value creation. Customers are then placed as designers (or sometimes called as co-creators) of their 
own final product specifications by using design tool provided by manufacturer. Table 1 exhibits these fundamental 
changes. This trend should be anticipated by manufacturer in order for them to survive in the business competition. 
 
Table 1. Fundamental changes in product design  
 Design for Customer Design by Customer 

o Source of design voice of majority voice of niches or individual customers 

o Customer’s role as object (passive) as subject or co-creator (active) 

o Product development task to design a final product to design a system that enables customer involvement   

o Supply for demand  anticipative (forecast-based demand) responsive (real demand) 

o Type of innovation closed innovation open innovation 

o Assessment focus on quality and low cost focus on quality and personal emotion 

o Value creation manufacturer oriented  customer oriented  

 
 
Point Of Customer Involvement 
 
 Putting customer in charge of design does not mean that customers are given free hand to design in a blank 
space. Instead, they are guided to define the fittest alternative that meet the cost, schedule and the product 
requirements through the capabilities of a company. Depended mainly on the type of product, the point where 
customer can involve in production chain may vary, from simple involvement of skinning personalization to total 
design by customer (figure 2). 

 

International Science and Technology Conference, Dubai, 13-15 December 2012

989



ISTEC 20
12

Figure 2. Points of customer involvement 
Skin Personalization 

 This type of personalization is the simplest one in term of manufacturing complexity. In this system, the 
general product has been manufactured while the differentiation is postponed by letting customer to personalize final 
skin of product (skinning process). In other word, customers are allowed to design “the skin” of a predefined 
standard product to add emotional value on it. The offered personalization is usually in terms of selecting color, 
adding self-elected name, word, number or picture.  
 Skinning personalization can be considered as a successful example of current implementation of customer 
involvement in value creation. It improves product uniqueness and creates emotional value of self expression 
without significantly increases production cost and time. Mugs, tissue box, t-shirt, hat, jacket, shoes, paper folder, 
photo frame, etc. are examples of its products while printing, embroidering and engraving are the technologies 
typically used for this application. In addition, the advancement of internet technology makes the process becoming 
easy and efficient. Figure 3 shows an example of personalized mug designed by using online design tool provided 
by www.yourdesign.co.uk. Customers are guided to personalize the product by selecting one of predefined standard 
mugs and then to add picture and text either on the front, back or full wrap.   
 Personalized packaging which is adopted by many food and beverage industries is also in this category. 
Customers, for example, are now able to have personalized label on a wine bottle or on a cereal package based on 
their design. The product is then becoming unique and personal, even though the contents do not differ from others. 
Customers are willing to pay additional cost for the emotional feeling resulted from this personalization experience. 
 

 
Figure 3. Skin personalization example 

 
Mix and Match Mass Customization 

 Mass customization aims to provide products or services that serve individual customers’ personal needs with 
near mass production efficiency (Pine, 1993; Tseng and Jiao, 1996). The popular one is by configuration design 
where a wide variety of components are provided and customers are allowed to mix and match different components 
to configure final product according to their preference.  
 Based on the state of its components, mass customization can be categorized into two types; physical and 
virtual, which both can be done by using online or offline system. Physical mix and match happens when all 
components have been pre-designed and physically pre-produced to provide fast response.  No inventory for final 
product but for components is needed as assembly process is postponed until customers complete their selection. 
However, since the components are made according to forecast demands, this method is very risky as not all 
components will be selected by customers. Hence, setting its optimum solution space will determine the success of 
the company. The example of this customization can be found easily in personal computer industry, automobiles, 
food, etc. Figure 4 shows the implementation of this concept by Harley Davidson Company using its H-D1 Bike 
Builder application.  
 On the other hand, virtual mix and match happens when manufacturer only provide virtual components for 
customers to select and the physical ones will be made after the order is confirmed. This replaces the limited 
physical inventory by unlimited virtual inventory which will significantly reduce the cost. As a consequence, the 
response time will be longer due to its made-by-order system. In customized clothing industry, for example, 
customers are allowed to select the style (collar, cuff, pocket, placket, button, etc) change the fabric (material, color, 
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and motif), to personalize brand, and to adjust the size. When customers have finished the customization process, 
manufacturer will start to cut raw material and then stitch the shirt accordingly. Hence, there is no risk of overstock 
finished product but managing the response time will be the most challenging task in this system. The other 
examples can also be found in jewelry industry, furniture, cake decoration, etc. 
 

 
Figure 4.  H-D1 Bike Builder by Harley Davidson 

 
From Scratch Personalization 

 This type of personalization places the point of customer involvement in the most upstream of the value chain 
in which customers will have full control to define their product specification at earlier stages. Based on its 
characteristic, the adoption of this concept in real business is mainly for products that by their nature are individually 
crafted under made-to-order system. The advancement of internet and manufacturing technology are becoming 
enabler to make the interaction between customers and manufacturer easier and to produce the products much faster. 
EGO3D, for example, allows customers to upload their designs in the form of photograph to make personalized bust 
(sculpture in 3D) or in the forms of CAD model or graphic designs for personalized vases, cups, picture frames, 
bookends, money boxes, pen stand, 3D medallion, etc. Additive layer manufacturing is employed to create the 
physical products in which artificial stone is used as raw material. To improve the quality, a hardener liquid is 
utilized to imbue the products so that they become later hard as chinaware but not as fragile. Figure 5 shows the 
example of a photograph-based personalized bust from EGO3D. Personalized ceramic mosaic decoration is also 
categorized in this group. 
 

 
Figure 5 Example of a photograph-based personalized bust from EGO3D 
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Discussion 1 : Gaining Value by Customer Involvement  
 
 A study by Hippel showed that for mass produced products, about 10-40 percent of the customers engage in 
modifying their products to meet their specific requirements after purchasing (Hippel, 2005). This group of 
customers is willing to pay additional cost and to wait for a while to get their product modified (Blecker and 
Abdelkafi, 2006). Hence, it can be seen as good opportunity for manufacturer to offer before-purchase modification 
by involving customers in production stage. 
 In order to adopt the concept of customer involvement in specifying their own personalized product, it is 
important for manufacturers to analyze the significant of additional values that will be generated. The higher the 
value gained the higher the possibility to success will be. Based on a comprehensive observation on successful story 
of customer involvement in value creation, there are several additional values that customers look for, including: (1) 
better product fitness, (2) feeling of accomplishment, (3) uniqueness, (4) self expression of personal identity, and (5) 
source of memory. The first is related to physical value, while the rest are all related to the emotional value. 
 
Value of better product fitness 

 As aforementioned, the concept of one-size-fits-all in mass production is difficult to fulfill the need of all 
customers. Customers only have “take it all or leave it” option. Modification after purchase is commonly adopted by 
customer when they could not get the product that fit to their requirements. Therefore, the first value that customer 
will gain when they are involved in production stage is the better product fitness. Personalized sizing for clothing, 
ring, shoes, hats, furniture, apartment, etc and personalized dietary food and beverage are example of this value 
creation. Coke Freestyle from Coca-cola, for example, offers personalized service where customers are freely design 
their own coke by using a zesty touch-screen system to mix selections from over 100 choices into a custom beverage 
to meet their individual requirement.  
 
Value of feeling of accomplishment 

 Consider the booming of electronic kits in the early of 1980s, where built your own radio, your own audio 
system, your own tape recorder, and your own television set were becoming a trend. People constructed the kits and 
they felt immense pride in their accomplishment as well as a common bond with other kits builders. The experience 
of building kits is a personal feat; the less skilled the kit builder, the more the special feeling. The experts did not 
feel pride in their kits; it was those who have no expertise felt so satisfied. It is important to note that the kits were 
not much cheaper than the finished one. People bought the kits for the feeling of accomplishment, not to save 
money. The similar case can be found in the current cook-your-self restaurant, personalized cake decoration, built 
your own robot, etc.  
 
Value of uniqueness 

 Everyone, by nature is unique and psychologically has tendency to differ from others. According to a study 
by Risdiyono and Koomsap (2009), for several types of products, uniqueness plays a significant role in customer 
buying decision. Souvenir and gift were identified as common products demanded by customers to be unique. The 
aforesaid photograph-based personalized bust from EGO3D can be considered as a good example of personalized 
unique gift in this matter.  
 
Value of self expression of personal identity 

 Rooke and Ouadi (2009) stated that the true luxury is when we are able to express ourselves as we like. Self 
expression is a need for most of people with different ways of fulfillment. The Wall Street Journal, for example, 
reported that the personalized license plates for automobile in the US is now becoming a trend and during this 
budget crunches, states are raising surcharges or proposing annual fee hikes for custom plates due to its potential 
market is indicated very huge. Based on the investigation, thing that drives people to take a personalized license 
plate is a self expression of personal identity. This value has been becoming a starting point to offer personalization 
for many other products, including personalized car’s audio system, t-shirt, stickers, tattoos, etc.  
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Value of source of memory 

 Based on a study by Norman (2004), when people are asked about what the most valuable things they own, 
their answer will not always refer to the most expensive thing. Many refer to a simple thing but having emotional 
value of memory. Based on this value the product is then considered as “a token of remembrance”. Self-experience 
in a process of making things can be a source of memory that boosts high value for customers.    
 

Discussion 2: New Roles of Designers 
 
 Based on the previous discussion, it appears that there are big opportunities to create additional product value 
by involving customers in the creation process. However, there are also big challenges faced by manufacturer and 
designers interested in this area, including their new roles in: 

1. Value added identification.  
 Identifying what values of the products that demanded by customers will be the most crucial initial step to take. 

Inaccurate justification in this step will results in unwanted product failure. Type of products and customer 
preference should be characterized properly. 

2. Value added generation.  
 Designers should analyze whether the demanded value can be generated by involving customers in product 

creation. If yes, where the best position for the point of their involvement is should be. 

3. System development and optimization. 
 Developing products based on individual customer preference means developing a complicated system that does 

not only be able to respond to customer’s personal need individually, but also has a stability to provide a 
dynamic flow of products. Value creation for personalization should be within a system that is able to stably 
deliver high variety of goods. Analyzing product attribute to define solution space is very crucial in the system 
optimization. Identifying factors to classify which parts customers are allowed or not allowed to involve in the 
creation is another important thing to handle. 

     
As the roles of designers are becoming more complicated, a new comprehensive method in product design and 
development process is needed. It will be one of important challenges for the future work.     
 
Conclusion  
 
 The opportunity and challenge to add value on products by putting customer in charge of design have been 
discussed in this paper. Putting customer in charge of design does not mean that customers are given free hand to 
design in a blank space. Instead, they are guided to define the fittest alternative that meet the cost, schedule and the 
product requirements through the capabilities of a company. This means the new roles of designers will be more 
complicated in the future competitive market. New method to develop personalization-based product and system is 
needed to help designers accomplishing their new task. 
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Abstract: Context-awareness develops human-centric, intelligent behavior in an integrated 
environment; however, context aware domain purely logic-based reasoning on respectively 
context and services may not be enough. This paper presents query based agent middleware 
architecture for providing context-aware services for incorporated spaces to afford effective 
support for context acquisition, representation, interpretation, and utilization to healthcare 
management application. A context inference mechanism based on an extended fuzzy logic 
approach is used to enable automated reactive and deductive reasoning. The middleware is used 
in a case study in a healthcare management, and performance evaluation result shows that the 
context  reasoning algorithm is good for non-time-critical applications and that the complexity is 
highly sensitive to the size of the context dataset. 

 
Key words: Context Aware and Reasoning, Context Awareness Middleware, Fuzzy 
Logic, Multi Agent System.  

 
 
Introduction 
 

Query based context awareness arranges human-centric, intelligent behavior in an integrated environment. The 
query based context awareness architecture realizes and conscious the selection of the data, preparation, pattern 
discovering, and pattern development processes in an agent-based structure within the multi agent system. As well as, it 
is designed to ensure communication between patients and hospital person to effective operation via agents within the 
multi agent system.  Context plays an important role in intelligent area in providing information about the status of the 
people, activities, location, physical environment, and computing entities. Applications in intelligent areas use 
contextual information to become context-aware of changing situations relevant to the intelligent interactions with users 
(Dey, 2000; 2001).  

The system is suggested in a way to process and evaluate fuzzy incomplete information by the use of fuzzy 
SQL query method. This paper presents query based agent middleware architecture for providing context-aware 
services for incorporated spaces to afford effective support for context acquisition, representation, interpretation, and 
utilization to healthcare management application. A context inference mechanism based on an extended fuzzy logic 
approach is used to enable automated reactive and deductive reasoning. The middleware is used in a case study in a 
healthcare management, and performance evaluation result shows that the context  reasoning algorithm is good for non-
time-critical applications and that the complexity is highly sensitive to the size of the context dataset. Also, the modeled 
system gains the intelligent feature, thanks to the fuzzy approach and makes predictions about the future with the 
learning processing approach. Context modeling and service representation is the main steps in the suggested 
architecture. Context modeling supports recognition of user conditions. Services representation relates to the context 
ontology models. Commonly, computing environment, a context model should provide application adaptability, 
resource awareness, mobile service, semantic service discovery in a everywhere. In particular, context modeling should 
describe the relationship between the domain vocabulary and the concept of the domain knowledge. A number of 
context modeling techniques exist such as key-value modeling, mark-up scheme modeling, graphical modeling, object-
oriented modeling, logic based modeling and ontology-based modeling. This architecture emphasizes the need of 

International Science and Technology Conference, Dubai, 13-15 December 2012

995

mailto:safiyesencer@yahoo.com
mailto:sencer@sakarya.edu.tr
mailto:sencer@sakarya.edu.tr
mailto:sencer@sakarya.edu.tr


ISTEC 20
12

synergic approach between ontology and fuzzy logic to model the user’s context. In particular, healthcare context 
domain ontologies are used to model static (e.g., user profile, preferences, etc.) and dynamic context (e.g., temperature, 
lab results etc.) data. On the other hand, soft computing techniques are used to enhance ontology context by means of 
qualitative representation of underling data context. As an example, blood pressure could influence some different 
contexts but in order to discover the right set of recommendations that may be useful to manage the situation there is a 
need to be aware about in which range falls parameters values (i.e., high/low blood pressure, etc.). This paper presents a 
query based context aware mechanism, a process in which the agents within the multi-agent system filter and evaluate 
both the knowledge in databases and the knowledge received externally by the agents 

The paper is organized as follows: The next section presents an overview of works in the literature related to 
both query based context awareness and computational intelligence approaches that deal with healthcare; the next 
section introduces overall architecture which attains the proposed aims and emphasizes the roles played by all the 
system components; and describes the complete working flow and details theoretical approach on which relies the 
work; then, the next describes the process model applied to healthcare case study. Conclusions and future works close 
the paper. 
 
 
Literature Survey 
 

Context awareness represents the process of the context information during the change application behavior, 
which has been reported as a key essential for pervasive systems (Satyanarayanan, 2003). The query based context 
awareness system in agents utilizes fuzzy SQL queries from the agents, then creates and optimizes a query plan that 
involves the multiple data source of the whole multi agent system. Accordingly, it controls the execution of the task to 
generate the data set. Also set of design structure for location sensing, behavior adaptation related with mobility is so 
important components (Fortier et al. (2010), Kung and Lin (2006)). Query processing within peer to peer network 
structure with SQL structure was discussed generally (Idreos et al., 2004; Cybenko et al. 2004; Bernstein et al. 1981). 
Query processing and database was reviewed with relational database (Genet & Hinze, 2004). Lee et al.(2011) 
suggested the context-aware authentication and access control systems and verifies flexible and easy-to-use security 
systems to use for social network services in smart phone environment via scenarios. In addition, the paper also 
contains comprehensive reviews on algorithms that analyze contextual information of users and determine security 
level. Gui et al. (2009) developed client –side context aware search application which is built on the context-aware 
infrastructure. Qin et al. (2007) presented an agent-based middleware for providing context-aware services for smart 
spaces to afford effective support for context acquisition, representation, interpretation, and utilization to applications 
Fortier et al. (2010) presented set of design structure for location sensing, behavior adaptation related with mobility. 
Kung and Lin (2006) categorized the context-aware research scope.  
Fenza et al. (2012) presented an integrated environment aimed at providing personalized healthcare services which 
appropriately meet the user’s context. Mansour and Hopfner (2009) proposed XML-based XXREAL model. The 
Semantic Web formalisms are expressed the model healthcare services and context with an integrated environment 
aimed at providing personalized healthcare services which appropriately meet the user’s context (Fenza et al. (2011), 
Fenza et al. (2012)).  

Lee and Chung (2011) suggests context-aware authentication and access control systems and verifies flexible 
and easy-to-use security systems to use for social network services in smart phone environment via scenarios. In 
addition, the paper also contains comprehensive reviews on algorithms that analyze contextual information of users and 
determine security level. Zhang et al. (2007) presented context aware mechanism in dynamic fuzzy logic. Jiang et al. 
(2010) presented a distributed fuzzy context domain relevance model for presentation in fuzzy ontologies relevance 
relations between fuzzy context ontology and distributed fuzzy domain ontologies. Bobillo et al.(2008) proposed formal 
model for representing in ontologies relevance relations between context descriptions and domain knowledge subsets. 
Ko and Sim (2008) suggested Bayesian Network based context reasoning for probabilistic inference to solve the 
uncertain reasoning in flexible and adaptive situation. Strassner et al. (2008) proposed autonomic networking model. 
Doulkeridis and Vazirgiannis (2008) proposed context-based index for services on top of any traditional service 
directory and design algorithms for construction search, update and merge of such directions. Fuzzy set was proposed 
by Zadeh (1965) and the division of the features into various linguistic values was widely used in pattern recognition 
and in the fuzzy inference system. Some scientists, making use of this, came up with various results. Relational 
database system particularly assists the system in making evaluations for making decisions about the future and in 
making the right decisions with fuzzy logic approach (Raschia & Mauaddib, 2002; Tatarinov et al. 2003; Galindo et al. 
2001; Chaudhry et.al. 1999; 6D\JÕQ�HW�DO��������7XUJD\�HW�DO�������� 
 
 
Context Aware Management 
 

Context aware model provides context information that could be collected, processed, inferred, and distributed 
to spontaneous applications. It offers this interaction faultlessly without revealing the inherent complexity required to 
manage the heterogeneous sources that provide the context information. All this is realized all the way through a 
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layered architecture. In the first layer, context is sensed and captured through sources embedded in the environment. In 
the second layer, the context is interpreted and structured by the context represent module. The context inference 
module deduces other contextual information that has not been explicitly sensed by the first layer. Context is now ready 
for invocation by applications and mobile users. However, Context-Aware Model provides additional functionalities 
such as service discovery that provides context awareness about services in the environment. 
 
Agent Based Context Aware Management 
 

Agent based framework provides he feasibility and cooperate with each other agent to accomplish task in 
suggested architecture. Several context aware architecture have been developed to assist patients and medical 
professionals. Some studies about context information architecture approaches are represented as COSS(Brones, 2004), 
and COPEUS (Samulowitz, et al., 2001). On the other hand, medical knowledge on the context environment, patients 
data are sources of imprecision and vagueness. The nature of these data reveals the requirement of treating the 
uncertainty by means of robust theoretical modeling. Fuzzy approach and semantic formalisms integrated an 
appropriate coding of this kind of knowledge. This approach presents a hybrid system which main aim is related to 
provide an integrated environment that combines theoretical support and technologies in the Computational Intelligence 
domain. The suggested architecture based on the FIPA framework. 

Suggested framework includes the following procedures ZÕWK� concurrency; distributed computation; 
modularity; cooperation features: 
 : 

x automated identifying actual patient and local environment upon approach, 
x automated recording the events with coming to and leaving off the actual patient, 
x automated presentation of the orders or service due on the current location and with, 
x supported documenting the required information keying in a minimum of data into prepared form entries. 

The distributed query context awareness mechanism was proposed as a cooperative agent-based solution for 
information management with fuzzy SQL query. A multi-agent approach to information management includes some 
features such as: 
The knowledge, rule and task are symbolized with the fuzzy approach in the system as follows: 
 

- Knowledge       : str(Kiy,Ai) = str(Lim(Qin (Atim true )m true) mtrue),  
o if Ki,y=Li,m(Qi,n(Ati m true) m true)mtrue is a fuzzy  

- Rule    : str(Ri,x,Ai) = min {str(Ri, Ai),…, str(Ri,x, Ai)},  
o If  Ri,x= Li,m(Qi,n m true)mL1,….,Lm , is a knowledge, where Ri,x, is the rule in Ai 
with conclusion Lm. 

- Task    : str(Ti,t,Ai) = min {str(Ti, Ai),…, str(Ti,t, Ai)},  
o If  Ti,t= Li,m(Qi,n m true)mQ1,….,Qn , is a rule, where Ti,t, is the task in Ai with 
conclusion Qi,n.. 

Query Processing 
The agent performs two types of query in the process of defining keywords, concepts or attributes during knowledge 
processing. The first is external query, which is realized among the agents, while the second is the internal query, where 
the agent scans the knowledge within itself. During these query processes, the fuzzy SQL approach is applied. The 
multi-agent system consists of more than one agent.  
A={A1, A2,…,Ai} 

The task set is T={T1, T2, ...,Tj}.  The task base is <Definition of Task, Attribute, Dependency Situation, 
Agent > . The rule set is R={R1, R2, ...,Rx}The rule base is <Definition of Rule, Attribute, Dependency Situation, 
Agent > . The knowledge set is T={K1, K2, ...,Ky}The knowledgebase is <Definition of Knowledge, Attribute, 
Dependency Situation, Agent > (in Figure 3).  
 
Table 1. The Nomenclature of Query Based Context Awareness Management System 

A   i agent set {A1, A2,...,Ai} 
T   j task set in {T1, T2, ...,Tj} 
Ai,x   i agents x percept 

�m
1k  Tjk i agent’s j task sets refers to continuing subsets from k to m situation 

Li,m i agents m learning situation 
Qi,n i agents n querying situation 
Ati i agents attribute situation 
Ri,r  i agent’s r decision situation 
Ki,y i agent’s y knowledgebase 
Ri,x i agent’s x rule base 
Ti,t i agent’s t task base 
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t0   represent target contex 
ti  represent the i th context 
ds(t0, t i)   denotes the distance between 
t,   is the jth smallest value in all distances 
x0s and xis  are corresponding values of the two contexts on the s th feature 
 

When data arrives from the external environment, it is perceived as input : <Ai,x, Ai, �> When “x” is 
perceived by Agent i, it is referred to as Aix.  This input can also be used in knowledgebase, rule base and task base.  

Feature-Attribute At and relation R are elements formed among the components within the system. These 
elements are the databases of knowledgebase, rule base and task base. While attribute refers to agent specifications, 
Resource includes not only raw data externally received but also knowledgebase, rule base and task base which each 
agent possesses.  
A={At, R(Ki,y, Ri,x, Ti,t)} 

Let P(At) denote the set of all possibility distributions that may be defined over the domain of an attribute At. 
A fuzzy relation R with � schema A1, A2, …,An, where Ai is an attribute is defined as 
R=P(At1)xP(At2)x…xP(Atn)xD, where D is a system-supplied attribute for membership degree with a domain [0,1] and 
x denotes the cross product.  

Each data value V of the attribute is associated with a possibility distribution defined over the domain of the 
attribute and has a membership function denoted by Pv(x). If the data value is crisp, its possibility distribution is defined 
by 

� �
¯
®
­  

 
otherwise0

vxif1
xvP

        (1) 

 
Like standard SQL, queries in fuzzy SQL are specified in select statement of the following form: 
SELECT  Attributes 
FROM  Relations 
WHERE  Selection Conditions. 
 
The semantics of a fuzzy SQL query is defined based on satisfaction degrees of query conditions. Consider a predicate 
X4Y in a WHERE clause. The satisfaction degree, denoted by d(X4Y), is evaluated for values of X and Y. Let the 
value of X be U and that of Y of V. Then, d(X4Y)=maxx, v(min(Pu(x), Pv(y), P4 (x,y)), where x and y are crisp values 
in the common domain over which U and V are defined. Note that, in this definition, the comparison 4 may be non-
binary, i.e. defined by similarity relations, and crisp, V is fuzzy and 4 is binary equality(=), trapezoidal membership 
functions and binary equality is considered, then d(X=Y) is the height of the highest intersection point of the two 
possibility distributions. 

As shown in Figure 2, bids are taken as a set, the frequencies of the received bids are fixed and then the bids 
are decomposed into groups. The decomposed bids are included into databases of the multi-agent system. The 
information in databases is fuzzified and the interrelation between them is determined in terms of weight and 
importance level. The execution semantics of Query N is as follows. Each pair of tuples r in R and s in S satisfy the 
selection condition with a degree  
 
dr,s = min((PR(r), PS(s), d(P1(r  )), d(P2(s )), d(r,Y=s,z))     (2) 

 
ÕV�UHSUHVHQWHG�� 
 
 
The Proposed Query Based Context Aware Management Framework 
 

In this section, query based fuzzy context awareness is suggested. The fuzzy query based context-aware 
middleware is designed based on a multi-agent system which aims to support applications that make use of contextual 
information in a smart space environment. The agent model consists of several individual, collaborating agents as 
depicted in Fig. 1. 

Suggested model structure includes the four main phases: knowledge acquisition interface; dynamic index 
creation; context awareness mechanism; query based fuzzy context confidence identification mechanism and context 
importance degree ranking mechanism. The main purpose of the system is to serve as patients and physicians. The 
system provides recommendation for controlling the diseases depends on the symptoms. It can be used as a tool to aid 
and hopefully improve the quality of care given to patients. Fig. 1 shows the architecture of the fuzzy query based 
context awareness system.  
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Knowledge acquisition interface: It includes the past and present all of the data which is gathered by this part. The 
knowledge base is diverse and linked through a number of indices, frames and relationships. 

Context representation: It involves the some what should be contained in a case; how to choose the storage structure of 
a case; and how to organize and index the cases to facilitate the retrieval of potentially useful cases. The organization 
and indexing aspects are especially important when the system handles thousands of complex cases.  
 
Context retrieval mechanism: It is the process of finding the potentially useful cases and choosing the best match 
utilizing the search information.  
 
Dynamic index creation: It involves assigning indices to cases to facilitate their retrieval. The main indexing methods 
include near neighbor, induction, knowledge guide, or their combinations. 

Context importance degree ranking mechanism: It is the process of comparing pair-wise cases to determine the degree 
of matching on the two cases. For numeric values, the most commonly used similarity measure between pair-wise cases 
on each feature is derived from the distance, which can be calculated as follows. 

Analysis models are used to analyze the target case, identify and elicit the information used to find the best 
match. It can be illustrated in Figure 1. During the analysis process, suggested approach consider the below index list in 
Table 1.  
 
The system is able to process incomplete or fuzzy knowledge intelligently with the fuzzy SQL query approach.  
 

 
 
Figure 1. Context model extensions 
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Context analysis 

Data pre-processing: collected data are processed through filtering and normalization procedures, in order to 
get an accurate and homogeneous representation of the information with fuzzy logic.  

� � xxdccd i ss
j

siX �  0
,0

0,         (3) 
 

The following parameters out of the range of normality: blood pressure, temperature, hearth beat that are 
considered and obtained the rule base like this: 
 
R1: If x1 is A11 and x2 is A12 and … and xn is An then y1 
 

The proposed fuzzy query based context awareness framework steps applied subsequently to the medical 
decision case in below, During the evaluation  healthcare warehouse framework, also we consider the Ritter & Kohonen 
study’s  and Sencer et al. (2012) symptom and diseases evaluation matrix(In Table 2, Table 3). 
 
 
Table 2.  Attribute values sample (Sencer et al. 2012) 
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5 1 0,14 0,352 0,089 0,118 0,835 0,983 1,118 2,378 2,911 0,983 0,983 0,983 0,9826 

14 1 0,499 0,713 0,104 0,508 0,994 2,197 0,684 2,604 3,696 2,197 2,197 2,197 0,6835 

19 1 0,851 0,049 0,12 0,441 0,285 2,832 1,966 0,853 3,086 2,832 2,832 2,832 0,8534 

 
 
 
Table 3.  Obtained weight values (Sencer et al. 2012) 
 
Weights for Diseases Fever Cough Headache Muscle pain Swelling Vomitus 

Angina Pectoris 0.054 0.078 0.167 0.173 0.167 0.961 
Influenza 0.806 0.552 0.682 0.067 0.167 0.806 
Bronchitis 0.917 0.884 0.078 0.172 0.044 0.018 
Arthrosis 0.215 0.067 0.154 0.852 0.961 0.117 
Pneumonia 0.107 0.955 0.167 0.067 0.018 0.041 
Arthritis 0.142 0.126 0.107 0.905 0.078 0.117 
Myocardial attack 0.311 0.02 0.067 0.098 0.167 0.943 

 
 
Conclusion 
 

This paper discusses a variety of issues in adapting query based fuzzy context awareness concepts to an active 
multi agent database system which incorporates active rules in a multi computing environment. The partitioning of the 
rule set into multi agent system events has also been discussed as an example of inter-rule fuzziness. Similarity based 
event detection has been introduced to active multi agent databases, which is an important contribution from the 
perspective of performance. This system helps patients to reach healthcare resource easily. 

Finally, due to frequent changes in the positions and status of objects in an active mobile database 
environment, the issue of temporality should be considered by adapting the research results of temporal database 
systems area into active mobile databases. 

The paper presents briefly query based context awareness systems to help patients and physicians with easily 
communication and diagnosis. It presents an essential technology of building intelligent agent based context evaluation 
system for medical diagnoses that can aid significantly in improving the decision making of the physicians. These 
systems help physicians and doctors to check, analyze and repair their solutions.  
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�

Abstract ,QYHVWLJDWLRQV�RQ�UHGR[�SRO\PHUL]DWLRQ�VWDUWHG�LQ�*HUPDQ\�LQ�������7KHQ��UHVHDUFK�RQ�
UHGR[�SRO\PHUL]DWLRQ�DSSHDUV�LQ�86$��DQG�LQ�(QJODQG��SRVW�VHFRQG�ZDU���5HGR[�PHFKDQLVP�
DSSHDUV�DV�D�ZD\�ZKLFK�DOORZV�WKH�FRQWURO�RI��WKH�PDLQ�SRO\PHUL]DWLRQ�SDUDPHWHUV��7KH�UHGR[�
FDWDO\VW�VWXG\�KDV�FRQWULEXWHG�WR�WKH�UHFRJQLWLRQ�LQ�UHFHQW�\HDUV�WKDW�VKRUW�OLYHG�IUHH�UDGLFDOV�PD\�
EH�LQWHUPHGLDWHV�LQ�PDQ\�W\SHV�RI�UHDFWLRQV��$OWHUQDWLYHV�IRU�FRQWUROOHG�UDGLFDO�SRO\PHUL]DWLRQ�
�&53��ZHUH�GHYHORSSHG�DW�WKH�HQG�RI�ODVW�FHQWXU\��7KUHH�PDLQ�FODVVHV�RI�FRQWUROOHG�OLYLQJ�
SRO\PHUL]DWLRQ�WHFKQLTXHV��VXFK�DV�QLWUR[LGH�PHGLDWHG�SRO\PHUL]DWLRQ��103���UHYHUVLEOH�
DGGLWLRQ�IUDJPHQWDWLRQ�WUDQVIHU��5$)7��DQG�DWRP�WUDQVIHU�UDGLFDO�SRO\PHUL]DWLRQ��$753��DUH�
JOREDOO\�XVHG��+RZHYHU��PDQ\�GHIHFWV�DIIHFWHG���WKH�XVH�RI�WKHVH�WHFKQLTXHV�RI�FRQWUROOHG�UDGLFDO�
SRO\PHUL]DWLRQ�&53��6R�ZH�LQYHVWLJDWHG�D�QHZ�DOWHUQDWLYH�RI�&53�E\�XVLQJ��UHGR[�FDWDO\VWV�
ZKLFK�DUH�FRPSOH[HV�RI��PXOWL�IXQFWLRQDO�DPLQHV��51;<��DQG�SHUR[LGHV�52�5�7KLV�UHGR[�
WHFKQLTXH�DSSHDUV�WR�EH�PRVW�HIIHFWLYH��7KH�SULQFLSDO�UHVXOW�RI�RXU�LQYHVWLJDWLRQ�LV�WKDW�
SRO\PHULVDWLRQ�RFFXUV�UDSLGO\��WKDW�LW�EHFRPHV�HDVLHU�WR�FRQGXFW�LW�DW�ORZ�WHPSHUDWXUHV��DQG�ZLWK�
YHU\�VPDOO�FRQFHQWUDWLRQV�RI�LQLWLDWRUV��RU�LQ�HTXLSPHQW�GHVLJQHG�WR�IXQFWLRQ�FRQWLQXRXVO\��2XU�
LQYHVWLJDWLRQ�OHWV�XV�WR�UHDFK��DW�ORZ�WHPSHUDWXUHV�����&��SRO\YLQ\ODFHWDWH�39$F��HVVHQWLDOO\�
OLQHDU��ZLWK�KLJK�PROHFXODU�ZHLJKW. 

Key words���UHGR[�SRO\PHUL]DWLRQ��39$F����&53���UHGR[�FRQWUROOHG�&53�
�
�
Nomenclature 
$39� ��������3RO\YLQ\ODOFRKRO����������������������������������������������0($���PRQRHWKDQRODPLQH�

39$F�������������3RO\YLQ\ODFHWDWH������������������������������������������������'($����GLHWKDQRODPLQH��

%�]�2�� ��������%HQ]R\O�SHUR[LGH���������������������������������������������7($�����WULHWKDQRODPLQH������

�;5$U15;���$ON\ODU\ODPLQH�IXQFWLRQDOL]HG��������������������������52�5���$ON\O�SHUR[LGH���������������������������������������������������

&53�����&RQWUROOHG�5DGLFDO�3RO\PHUL]DWLRQ.                            ,3���������3RO\GLVSHUVLW\�LQGLFH�

�
�
�

1. Introduction 
 
���+LVWRULFDOO\�SRVW�ZDU�LQYHVWLJDWLRQV�RQ�UHGR[��SRO\PHULVDWLRQV�KDYH�EHHQ�HVVHQWLDOO\�FDUULHG�RXW�LQ�WKH�8�6�$��DQG�&DQDGD�DQG�ZHUH�
SULQFLSDOO\�WXUQHG�WR�1RUWK�$PHULFDQ�V\QWKHWLF�UXEEHU�EDVHG�ODUJHO\�RQ�D�SDUWLFXODU�SDLU�RI�PRQRPHUV��EXWDGLHQH�DQG�VW\UHQH��ZKLFK�
DUH�FRSRO\PHULVHG�LQ�DTXHRXV�HPXOVLRQ�DQG�EHFDPH�WKH�EDFNERQH�RI�WKH�UXEEHU�LQGXVWU\���$WNLQVRQ��������5HGR[�WHFKQLTXHV�DSSHDU�
WR�EH�PRVW�HIIHFWLYH�LQ�DTXHRXV�PHGLD��EXW�WKH\�FDQ�EH�HPSOR\HG�LQ�RUJDQLF�VROYHQWV�RU�LQ�EXON�PRQRPHUV��6RPH�UHGR[�V\VWHPV�
LQYROYH�GLUHFW�HOHFWURQ�WUDQVIHU�EHWZHHQ�UHGXFWDQW�DQG�R[LGDQW��ZKLOH�RWKHUV�LQYROYH�WKH�LQWHUPHGLDWH�IRUPDWLRQ�RI�UHGXFWDQW�R[LGDQW�
FRPSOH[HV�7KH�EHVW�LQYHVWLJDWHG�W\SH�RI�UHGR[�LQLWLDWRU�LV�D�WZR�FRPSRQHQW�V\VWHP�FRPSULVHG�RI�D�SHUR[LGLF�R[LGLVLQJ�DJHQW�DQG�D�
UHGXFLQJ�DJHQW���
 

     2. Tertiary amines as reductants��
�

����7KH�XVH�RI�WHUWLDU\�DPLQHV�DV�FRFDWDO\VWV�KDV�EHHQ�WKH�VWXG\�RI�GLIIHUHQW�ZRUNHUV�7DNHPRWR�.����DQG�DO��������1R�QXFOHRSKLOLF�GLVSODFHPHQW�
RI�R[\JHQ�SHUR[LGH�KDV� UHFHLYHG�PRUH� DWWHQWLRQ� WKDQ� WKH� DPLQHV��/DO� DQG�*UHHQ��/DO�-��DQG�DO� ������KDYH� UHSRUWHG� WKH� HIIHFW� RI� YDULRXV�
DPLQH� DFFHOHUDWRUV� LQ� WKH� EXON� SRO\PHUL]DWLRQ� RI� PHWK\O� PHWKDFU\ODWH� ZLWK� EHQ]R\O� SHUR[LGH�� $W� DERXW� WKH� VDPH� WLPH�� ,PRWR� DQG�
7DNHPRWR��,PRWR�0��DQG�DO�������UHSRUWHG�WKH�VROXWLRQ�SRO\PHUL]DWLRQ�RI�DFU\ORQLWULOH�LQ�WKH�SUHVHQFH�RI���VXEVWLWXWHG���EHQ]R\O�SHUR[LGH�
GLPHWK\ODQLOLQH� UHGR[� V\VWHP�7DNHPRWR� HW� DO�� � UHSRUWHG� DOVR� WKH� SRO\PHUL]DWLRQ� RI� VW\UHQH� XVLQJ� D� VROXWLRQ� RI� EHQ]R\O� SHUR[LGH� DQG�
YDULRXV� GL�Q�DON\ODQLOLQH� UHGR[� V\VWHPV�� 7KH� SUHVHQFH� RI� IUHH� UDGLFDOV� LQ� WKH� UHDFWLRQ� RI� WHUWLDU\� DPLQHV� DQG� EHQ]R\O� SHUR[LGH� ZDV�
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REVHUYHG�E\�HOHFWURQ�VSLQ�UHVRQDQFH��(65��VSHFWURVFRS\��5HSODFHPHQW�RI�PHWK\O�JURXSV�LQ�GLPHWK\ODQLOLQH�E\�K\GUR[\�HWK\O�GRHV�QRW�
VLJQLILFDQWO\� DIIHFW� WKH� UHDFWLYLW\� RI� WKH� DPLQH� WR� DFFHOHUDWH� WKH� SRO\PHUL]DWLRQ�� 7ULEHQ]\ODPLQH� EHQ]R\O� SHUR[LGH� GHFRPSRVHV� YHU\�
UDSLGO\��ZLWKLQ���PLQ���EXW�QR�SRO\PHU� LV�REWDLQHG� LQ� WKH�EXON�SRO\PHUL]DWLRQ�RI�PHWK\O�PHWKDFU\ODWH��7KH�DPLQH�PD\�IXQFWLRQ�DV� LWV��
RZQ�LQKLELWRU��7KH�PROHFXODU�ZHLJKWV�RI�WKH�SRO\PHUV�REWDLQHG�DUH�LQ�WKH�QHLJKERUKRRG�RI��������WR���������LQ�WKH�FDVH�RI�WULDON\O�DQG�
����������LQ�WKH�FDVH�RI�DURPDWLF�DPLQHV�������
�
3. Controlled Radical Polymerization: 
 
�����7KUHH�PDLQ�WHFKQLTXHV�RI�FRQWUROOHG�OLYLQJ�SRO\PHUL]DWLRQ��VXFK�DV�QLWUR[LGH�PHGLDWHG�SRO\PHUL]DWLRQ��103��
�*HRUJHV�0.�DQG� DO������� UHYHUVLEOH�DGGLWLRQ�IUDJPHQWDWLRQ� WUDQVIHU� �5$)7�� �+DZWKRUQH�'*�DQG�DO������� DQG�DWRP� WUDQVIHU� UDGLFDO�
SRO\PHUL]DWLRQ��$753��DUH�JHQHUDOO\�XVHG��+RZHYHU��GUDZEDFNV� LQ� WKUHH�PDLQ� WHFKQLTXHV�RI�&53� LPSHGH� WKH�PDVV�SURGXFWLRQ�RQ�DQ�
LQGXVWULDO�VFDOH��)RU�H[DPSOH��WKH�103�V\VWHP�KDV�WR�EH�FDUULHG�RXW�DW�KLJK�WHPSHUDWXUHV��!����&���GXH�WR�LWV�LQKHUHQWO\�VORZ�UHDFWLRQ�
UDWH�DQG�LW�ZRUNV�EHWWHU�LQ�VW\UHQH�GHULYDWLYHV��7KH�GLI¿FXOWLHV�RI�FDWDO\VW�UHPRYDO�IURP�WKH�SRO\PHU�IRU�$753�DQG�UHODWLYHO\�FRPSOLFDWHG�
V\QWKHVLV�SDWKZD\�DV�ZHOO�DV�WKH�XQSOHDVDQW�RGRU�LQ�5$)7�DUH�NQRZQ�GHIHFWV��'3(��LV��NQRZQ��IRU��LWV��LQDELOLW\��WR�IRUP�KRPRSRO\PHUV�
EHFDXVH�RI�WKH�VWHULF�KLQGUDQFH���+HQFH��LW�DOVR�DFWV�DV�D�PROHFXODU�ZHLJKW�UHWDUGHU�GXULQJ�SRO\PHUL]DWLRQV��
0��,PRWR�DQG�.��7DNHPRWR��J. Polym. Sci��������������������
�
0��,PRWR�DQG�.��7DNHPRWR��J. Polym. Sci��������������������
 
��������/LWHUDWXUH�PHQWLRQHG�WKDW�&RQWUROOHG�UDGLFDO�SRO\PHUL]DWLRQ��&53��KDV�EHHQ�LQYHVWLJDWHG�E\��PDQ\�DXWKRUV�VLQFH������7KH�FRPSOH[�
>&R�,,��WPKG����@� ���� WPKG�  � ��������WHWUDPHWK\OKHSWD�����GLRQDWR�� KDV� EHHQ� LQYHVWLJDWHG� DV� D� PHGLDWRU� IRU� FRQWUROOHG� UDGLFDO�
SRO\PHUL]DWLRQ�RI�YLQ\O�DFHWDWH��9$F��DQG�FRPSDUHG�ZLWK�WKH�DQDORJXH�>&R�,,��DFDF����@�����DFDF� �DFHW\ODFHWRQDWR��6DQWKRVK�.����
�7KH�VXFFHVVIXO�VLPXODWLRQ�RI�WKH�NLQHWLF�GDWD�VKRZV�WKDW�PHFKDQLVP�RSHUDWHV�VLPXOWDQHRXVO\�E\�DVVRFLDWLYH��GHJHQHUDWLYH�WUDQVIHU��'7��
DQG�GLVVRFLDWLYH��RUJDQRPHWDOOLF�UDGLFDO�SRO\PHUL]DWLRQ��2053��PHFKDQLVPV�+RZHYHU��REVHUYDWLRQ�RI�VWDJQDWLQJ�PROHFXODU�ZHLJKWV�DW�
ORQJ� UHDFWLRQ� WLPHV�ZLWK� FRQFRPLWDQW� EUHDNGRZQ�RI� WKH� ILUVW�RUGHU� UDWH� ODZ� IRU�PRQRPHU� FRQVXPSWLRQ� LQGLFDWHV� D� FRPSHWLWLYH� FKDLQ�
WUDQVIHU�SURFHVV�FDWDO\]HG�E\�DQ�LQFUHDVLQJ�DPRXQW�RI�&R�,,���
7KH� PHFKDQLVP� RI� FRQWUROOHG� UDGLFDO� SRO\PHUL]DWLRQ� RI� YLQ\O� DFHWDWH� XVLQJ� YDQDGLXP� FDWDO\VWV� LV� LQYHVWLJDWHG� XVLQJ� D� UDQJH� RI�
H[SHULPHQWDO� DQG� FRPSXWDWLRQDO� VWXGLHV�� 2SWLPDO� FRQWURO� LV� DFKLHYHG� XVLQJ� WKH� QRQLQQRFHQW� ELV�LPLQR�S\ULGLQH� OLJDQG� IUDPHZRUN��
>%,03<@9&O���ZKHUH�%,03<� � ����>�����i3U�&�+��1ő&�0H�@��&�+�1���� LV� RQH� RI� RQO\� D� IHZ� WUDQVLWLRQ�PHWDO� V\VWHPV� FDSDEOH� RI�
PHGLDWLQJ� WKH� SRO\PHUL]DWLRQ� RI� YLQ\O� DFHWDWH�7KH� SRRU� FRQWURO� H[HUWHG� RYHU� VW\UHQH� YHUVXV� WKH� H[FHOOHQW� FRQWURO� REVHUYHG� IRU� YLQ\O�
DFHWDWH�XQGHU�WKHVH�FRQGLWLRQV�LV�QRW�RQO\�GHSHQGHQW�RQ�UDGLFDO�UHDFWLYLW\�EXW�DOVR�GXH�WR�FKHODWLRQ�RI�WKH�FDUERQ\O�JURXS�RI�YLQ\O�DFHWDWH�
WR�WKH�YDQDGLXP�FHQWHU��PDNLQJ�WKH�WUDSSLQJ�VWHS�PRUH�IDYRUDEOH��7KHVH�H[HPSOHV�UHSRUWHG�E\�OLWHUDWXUH�VKRZ�WKH�PXOWLSOH�GHIHFWV�ZKLFK�
RFFXU�LQ�&53�H[SHULPHQWV��

 
4.Controlled  redox  polymerization 
  
������3RO\YLQ\O� DFHWDWH� 39$F� LV� DQ� DGYDQWDJHRXV� SUHFXUVRU� WR� SRO\YLQ\O� DOFRKRO�$39�ZKLFK� FDQ� EH� FURVVOLQNHG� WR� D� K\GURJHO� �� D�
PDWHULDO�DEOH�WR�VZHOO�LQ�ZDWHU�DQG�WR�UHWDLQ�D�VLJQLILFDQW�IUDFWLRQ�RI�ZDWHU�ZLWKLQ�LWV�VWUXFWXUH�,Q�RUGHU�WR�SURGXFH�XOWUD�KLJK�PROHFXODU��
ZHLJKW�39$F���DQG�$39��LW�LV�QHFHVVDU\�WKDW�WKH�QXPEHU�RI�H[WHQGHG�EUDQFKHV�FRQWDLQHG�E\�WKH�SUHFXUVRU�SRO\PHU��SRO\YLQ\O�DFHWDWH��
EH�PLQLPL]HG�DV�PXFK�DV�SRVVLEOH�%UDQFKLQJ�DW�WKH�DOSKD�DQG�EHWD�FDUERQV�LV�NQRZQ�WR�RFFXU�PXFK�OHVV�IUHTXHQWO\�WKDQ�EUDQFKLQJ�DW�
WKH�PHWK\O�FDUERQ�RI�WKH�DFHWDWH�JURXS�+RZHYHU�EUDQFKLQJ�DW�WKH�PHWK\O�JURXS�RI�WKH�DFHWDWH�VLGH�JURXS�ZLOO�OHDG�WR�SRO\YLQ\O�DFHWDWH�
KDYLQJ�D�VLJQLILFDQW�QXPEHU�RI�EUDQFK�SRLQWV��6XEVWDQWLDO�EUDQFKLQJ�GXULQJ�YLQ\O�DFHWDWH�SRO\PHUL]DWLRQ�LV�PRVW�XQGHVLUDEOH�LI�RQH�
GHVLUHV�WR�FRQYHUW�39$TF�WR�$39��2QH�PXVW�ILUVW�DSSUHFLDWH�WKDW�XSRQ�DOFRKRO\VLV�RI�39$F��IRU�WKH�SURGXFWLRQ�RI�$39����WKH�DFHWDWH�
JURXSV�DUH�FOHDYHG�IURP�WKH�EDFNERQH�RI�WKH�SRO\PHU��7KXV��WKH�PROHFXODU�ZHLJKW�RI�$39�ZLOO�QHFHVVDULO\�EH�DERXW�RQH�KDOI�WKDW�RI�
39$F�GXH�WR�WKH�PROHFXODU�ZHLJKW�RI�WKH�UHSHDW�XQLWV�IRU�HDFK�SRO\PHU��,Q�WKLV�RUGHU��LPSHUDWLYHO\��FDWDO\VW�SKHQRPHQRQ�PXVW�GHOHWH�
WKH�UHDFWLRQV�ZKLFK�OHDG�WR�EUDQFKLQJ�LI�ZH�KRSH�WR�UHDFK�EHVW�SURSHUWLHV�RI�39$F��$39��E\�LQFUHDVLQJ�WKHLU�PROHFXODU�ZHLJKWV��
�
,Q�WKH�JURZLQJ�ILHOG�RI�DV\PPHWULF�FDWDO\VLV�DQG�V\QWKHVLV��DPLQHV�KDYH��SOD\HG���D�SURPLQHQW�UROH���;51$U5;�LV�D�FKLUDO�DURPDWLF�
DPLQH�ZKLFK�ZH�KDYH� WHVWHG�LQ�FRPELQDWLRQ�ZLWK�EHQ]R\O�SHUR[LGH�%]�2�� LQ�UHGR[�SRO\PHUL]DWLRQ�RI�9$F�7KH� LQWHUDFWLRQ�RFFXUV�
TXDVL�H[FOXVLYHO\�EHWZHHQ�WKH�FDWDO\VW�5�5��%]�2����;51$U5;���DQG�WKH�PRQRPHU�0�H[LW�LQWHUDFWLRQV�EHWZHHQ�VROYHQW�6�DQG�0�RU�
DQ\� RWKHU� LQWHUDFWLRQ�LQ� UHJDUG� WR� HQHUJHWLF� FRQVLGHUDWLRQV�� 7KH� PHFKDQLVP� RI� LQWHUDFWLRQ� EHWZHHQ� ;51$U5;� DQG� %]�2�� LV�
UHJLRVHOHFWLYH��7KXV�WKH�GHFRPSRVLWLRQ�RI��WKH�FRPSOH[>�;51$U5;�%]�2�@�LV�FRQWUROOHG��1�&KLUDO�DPLQHV�DV�QXFOHRSKLOLF�FDWDO\VWV�
LQ�DV\PPHWULF�V\QWKHVLV�OHW�WKH�UHGR[�SURFHVV�RI�9$F�SRO\PHUL]DWLRQ�IROORZLQJ�D�FRQWUROOHG�PHFKDQLVP��VHH�)LJ�����������
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     �
�
 
 
      6.Experimental 
 

6.1 Solution polymerization of Vinyl Acetate  
�
9LQ\O�DFHWDWH���9$F�PRQRPHU��SURYLGHG�E\�$OGULFK��ZDV�GLVWLOOHG�XQGHU�YDFXXP�DW�WKH�PRVW����K�EHIRUH�XVH�7KH�ILUVW�������PO�RI�

GLVWLOODWH�ZHUH�GLVFDUGHG�DQG��VWRUHG��DW�����&�EHIRUH�XVH����
$OO� SRO\PHUL]DWLRQV� ZHUH� SHUIRUPHG� LQ� FDUHIXOO\� GULHG� JODVVZDUH�� XQGHU� D� SXULILHG� � QLWURJHQ� DWPRVSKHUH�� ([SHULPHQWV� ZHUH�
SHUIRUPHG� LQ� D� ���� PO� WKUHH�QHFNHG� URXQG� ERWWRP� IODVN� ZKLFK� ZDV� ZDVKHG� ZLWK� 7+)� DQG� GULHG� ZLWK� DFHWRQH� EHIRUH� XVH�� 7KH�
IROORZLQJ�LQJUHGLHQWV�ZHUH�DGGHG�DV�IROORZV��7KH�PRQRPHU�9$F�DQG�PHWKDQRO��������PO�RI�VROYHQW�XVHG�IRU�LQLWLDWRU�LQMHFWLRQ��ZHUH�
LQWURGXFHG� LQWR� WKH� UHDFWRU�� KHDWHG� WR����&�� DQG�GHJDVVHG�ZLWK�QLWURJHQ� ��7KH� LQLWLDWRU� GLVVROYHG� LQ� WKH� UHPDLQLQJ� VROYHQW� LV� WKHQ�
LQMHFWHG��7KH�SRO\PHUL]DWLRQ�UHDFWLRQV�ZHUH�FDUULHG�RXW�DW�WKH�UHTXLUHG�WHPSHUDWXUH������&��LQ�DQ�DXWRPDWLFDOO\�FRQWUROOHG�ZDWHU�EDWK��

S      M 
 Y      RR  
 
 

 
 

 
�

�
�
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$OO�WKH�H[SHULPHQWV�ZHUH�UXQ�ZLWK�PHFKDQLFDO�VWLUULQJ�DW�����USP��7KLV�VSHHG�LV�LQ�WKH�UDQJH�ZKHUH�WKH�DJLWDWLRQ�KDV�QR�QRWLFHDEOH�
HIIHFW�RQ�WKH�UDWH�RI�SRO\PHUL]DWLRQ��0DWVXPRWR�HW�DO������������
6XFFHVVLYHO\��ZH� XVHG� DV� LQLWLDWRUV�%]�2��0($��%]�2��'($��%]�2��7($� �� )LQDOO\��ZH� LQYHVWLJDWH� UHGR[� SRO\PHUL]DWLRQ� XVLQJ�
%]�2��;5$U15;���)LJ�������
�����������
6.2 Saponification reaction  of  PVAc     
  
3RO\�YLQ\O� DOFRKRO�� LV� FRQYHQWLRQDOO\� SURGXFHG� LQ� D� WZR� VWHS� SURFHVV�� 7KH� LQLWLDO� VWHS� FRPSULVHV� SRO\PHUL]LQJ� YLQ\O� DFHWDWH� WR�
SURGXFH� SRO\�YLQ\O� DFHWDWH��� 7KH� VHFRQG� VWHS� FRPSULVHV� VXEMHFWLQJ� WKH� SRO\�YLQ\O� DFHWDWH�� WR� DOFRKRO\VLV� �PHWKDQRO\VLV� RU�
HWKDQRO\VLV��LQ�RUGHU�WR�FRQYHUW�WKH�SRO\�YLQ\O�DFHWDWH��WR�3RO\�YLQ\O�DOFRKRO�������
6DSRQLILFDWLRQ��KDV�EHHQ�FDUULHG�RXW�LQ�D�IODVN�HTXLSSHG��ZLWK�D�UHIOX[�FRQGHQVHU��WKHUPRPHWHU��GURSSLQJ�IXQQHO���PDJQHWLF�VWLUUHU�EDU��
$Q� DPRXQW� RI� ���J� RI� 39$F� LV� GLVVROYHG� LQ� ���PO� RI�7+)�� ����K\GUR[\GH� SRWDVVLXP�PHWKDQRO�ZDWHU������Y�Y�VROXWLRQ� DQG� WKH�
39$&�VROXWLRQ�LQ�WKH�GURSSLQJ�IXQQHO�DUH�IOXVKHG�ZLWK�QLWURJHQ�7KH�DONDOL�VROXWLRQ�LV�DGGHG�WR�WKH�39$F�VROXWLRQ�DQG�ZKLOH�EHLQJ�
VWLUUHG�DW����&�$W��WKH�HQG�RI�WKH�UHDFWLRQ��WKH�VROLG�VDSRQLILFDWLRQ�SURGXFW�LV�ILOWHUHG�DQG�ZDVKHG�WKUHH�WLPHV�E\�PHWKDQRO�7KHQ�LWµV�
GULHG��LQ�D�YDFXXP�RYHQ�DW����&�IRU����K���
�
6.3 Viscosimetry of APV solution 
 
�>K�@���LV����GHWHUPLQHG�E\�YLVFRVLPHWULF�WHFKQLTXH��XVLQJ�DQ�8EEHOKRGH�YLVFRVLPHWHU��%UDQGXS�,����������
>K�@� �.>0Y@D� ������
:KHUH���>K@�LV�WKH��LQWULQVLF���YLVFRVLW\��0Y�WKH�YLVFRVLPHWULF�ZHLJKW���.�DQG�D�DUH�WKH�FRQVWDQWHV�RI�0DUN�+RXZLQN�6DNXUDGD��7KHLU�
YDOXHV�DUH�GHSHQGHQW�RI�WKH�QDWXUH�RI�WKH�VROYHQW�XVHG�DQG�WKH�WHPSHUDWXUH�RI�WKH�H[SHULPHQW���
$W����&���VROYHQW�PHWKDQRO���.� ����������������D� �������UHI����
0Y��$39� ���>K�@���.���D�� ���������������

 
�

Name 6WUXFWXUH� �'�VWUXFWXUH�
Monoethanolamine :MEA 

�
�

Diethanolamine    :   DEA 
 

�
�

Triethanolamine : TEA                    

� �
 

        Benzoyl peroxide :-Bz2O2 
 

� �
�

)LJ���
�
�
�
�
�
�
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1

2

3

Ethanolamines Gel Effect

conversion%

time(h)
�

����������������������
�����������������������)LJ�� *HO�HIIHFW���0($���'($���7($�
�
�

�
�

������������������������������)LJ���*HO�HIIHFW�%]�2��;5$515;�
�

,W¶V� JHQHUDOO\� DJUHHG� WKDW� FRQYHUVLRQ� RI� WKH�PRQRPHU� VKRXOG� EH� OLPLWHG�� 7KLV� FDQ� EH� DFFRPSOLVKHG� E\� FRQWUROOLQJ� QDWXUH� DQG�
FKHPLFDO� VWUXFWXUH� RI� WKH� FDWDO\VW� �� LQLWLDWRU� FRQFHQWUDWLRQ� �� � SRO\PHUL]DWLRQ� WLPH�� DQG� SRO\PHUL]DWLRQ� WHPSHUDWXUH�� +RZHYHU�� DQ�
RSWLPXP� FRPELQDWLRQ� RI� WKHVH� SDUDPHWHUV� LV� QRW� NQRZQ� �*HO� HIIHFW� RU�7URPPGRUI� HIIHFW� LV� WKH�PDLQ� SDUDPHWHU�ZKLFK� EH� DEOH� WR�
SUHGLFW� WKH� EHVW� FRQGLWLRQV� IRU� FRQWUROOHG� SRO\PHUL]DWLRQ�:H� KDYH� LQYHVWLJDWHG� WKH� FRUUHODWLRQ� EHWZHHQ� FRQYHUVLRQ� GHJUHH� DQG�
SRO\PHUL]DWLRQ�WLPH���ILUVW�E\�XVLQJ�HWKDQRODPLQH�0($���GLHWKDQRODPLQH�'($���WULHWKDQRODPLQH�7($��DV�FR�FDWDO\VWV���DQG�VHFRQG�E\�
XVLQJ�;5$U15;��DQ�DON\ODU\O�IXQFWLRQDOL]HG��DPLQH�DV�FR�FDWDO\VW��7KH�UHVXOWV�DUH�VKRZQ�LQ�ILJXUHV���DQG�����*HO�HIIHFW�GHFUHDVHV�
IURP�0($�WR�'($�WR�7($��%HJLQQLQJ�IURP�����RI�FRQYHUVLRQ��WKLV�SKHQRPHQRQ�HQWUDYH� OD�FLQpWLTXH�GH�SRO\PpULVDWLRQ�SUHVTXH�
MXVTX¶j� VD� ILQ� ��3DU� FRQWUH�� ORUV� GH� O¶XWLOLVDWLRQ�GH�7($� �HW� SDUWLFXOLqUHPHQW� SRXU� XQH� SURSRUWLRQ�7($��%]�2� ����� O¶HIIHW� GH� JHO�
GLVSDUDLW�MXVTX¶j�XQ�WDX[�GH�FRQYHUVLRQ�GH������

*HO�HIIHFW�LV�QHDUO\�FRPSOHWHO\��GHOHWHG�E\�XVH�RI�WKH�FRPSOH[�%]�2��;5$U15;�DV�VKRZQ�LQ�)LJ���6XSSUHVVLRQ�RI�7URPPVGRUII�
HIIHFW�HQKDQFH�PROHFXODU�ZHLJKW�DQG�UHGXFH�EUDQFKLQJ�E\�GHFUHDVLQJ�SRO\GLVSHUVLW\�LQGLFH�DV�SURYHG�E\�*3&�UHVXOWV����

�
6.4 Gel Permeation Chromatography GPC 
 
���0ROHFXODU�ZHLJKWV�DQG��PROHFXODU�ZHLJKW�GLVWULEXWLRQV�ZHUH�GHWHUPLQHG�E\�JHO�SHUPHDWLRQ�FKURPDWRJUDSK\��*3&���XVLQJ�D�:DWHUV�
��� +3/&�HTXLSSHG�ZLWK�D�����GLIIHUHQWLDO�UHIUDFWRPHWHU�DQG�89�GHWHFWRU���XVLQJ�7+)�DV�HOXHQW�ZLWK�D�IORZ�UDWH�RI�����P/�PLQ�,�DQG�
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ZLWK�WKUHH�XOWUDVW\UDJHO�FROXPQV������A° ,����A°, DQG�/LQHDU�� LQ�VHULHV��7KH�PROHFXODU�ZHLJKW�FDOLEUDWLRQ�FXUYH�ZDV�REWDLQHG�XVLQJ�
VWDQGDUG�SRO\VW\UHQHV��
�
7DE���([SHULPHQWDO�FRQGLWLRQV��
�
�
581�7,0(�����������������������������,1-���7(03�����������&�����,1-��92/�������������������
�
6(16,7,9,7<�������������������������3803��7(03������&�����(48,/�'(/$<�������������
����������
)/2:�5$7(����������������������������,1-�5(0$,1�����������������0$;�35(66�������������
�
'(*$6�7(03������2))��������������62/9(17���������7+)������&+$57������������������&0�01�
�
�
�
6DPSOHV� VXEMHFW� WR� DQDO\VLV� E\� *3&� � :DWHUV� DUH� �� (�� �� (�� �� (�� �� (�� �� (�� �� (�� �ZLWK� UHWHQWLRQ� WLPHV� 57� DV�
LQGLFDWHG�E\�WDEOH����

�
�������������Results of GPC  
 
 
���������������7DE���5HVXOWV�RI�*3& 
 

����57�����������������$UHD�(�� �����$UHD(�� �����$UHD(�� ����$UHD(�� ���$UHD(�� ���$UHD(�� ��0Z�

11,14 
 
�

����� ������ ������ ������ ������ ������ �������

11,29 
 
�

������ ������� ������� ������� ������� ������� �������

11,74 
 
�

������� �������� �������� �������� �������� �������� �������

����� 
 
�

������� �������� �������� �������� �������� �������� �������

����� 
 
�

������ ������� ������� ������� ������� ������� �������

����� 
 
�

������ ������� ������� ������� ������� ������� �������

����� 
 
�

������ ������� ������� ������� ������� ������� ������

����� 
 
�

������ ������� ������� ������� ������� ������� ��������

����� 
 
�

����� ������ ������ ������ ������ ������ ��������

����� 
 
�

����� ������ ������ ������ ������ ������ ��������

����� 
 
�

���� ������ ������ ����� ������ ����� ��������

������ ���� ����(���� ���� ���� � � ��������

 
�
�
�
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                          7DE���5HVXOWV�RI�*3&�
�
�

 (�� (�� (�� (�� (�� (��
Mn ������� ������� ������� ������� ������� �������
Mw ������� ������� ������� ������� ������� �������
I.P ����� ����� ���� ����� ����� �����

                     
 

:H�KDYH�GLVWULEXWHG�WKH�GLIIHUHQW�VDPSOHV�(L�IURP�EHJLQQLQJ�RI�SRO\PHUL]DWLRQ�XQWLO�HQG�RI�SRO\PHUL]DWLRQ��'DWD��
RI� � *3&� DUH� LQ� JRRG� UHSURGXFWLELOLW\� DQG� WKH� QDUURZ� GLIIHUHQFH� EHWZHHQ� WKH� YDOXHV� RI�0Q�0Z�,3�FOHDUO\� LQGLFDWH� WKH� IDLOLQJ� RI�
EUDQFKLQJ�SKHQRPHQRQ��7DE���DQG��������
 
 
 

�
ReferenceV��
$WNLQVRQ�HW�DO�����������(XURSHDQ�3RO\PHU�-RXUQDO9RO�����SS��������
%UDQGXS�,����,PPHUJXW�(�+���������(G�3RO\PHU�+DQGERRN�,QWHUVFLHQFH�3XEOLVKHUV�-RKQ�:LOH\�DQG�VRQV�,QF�1HZ�<RUN��
%XUQHWW�HW�DO������������-RXUQDO�RI�3RO\PHU�6FLHQFH��9RO��;9,��SS�������������
*HRUJHV�0.��9HUHJLQ�531��.D]PDLHU�30��+DPHU�*.��������0DFURPROHFXOHV��������H��
+REEV�HW�DO�����������-RXUQDO�RI�3RO\PHU�6FLHQFH��9RO��;;,,��SS����������������
�+DZWKRUQH�'*��0RDG�*��5L]]DUGR�(��7KDQJ�6+�����������0DFURPROHFXOHV��������H���
�,PRWR�0��DQG��7DNHPRWR���.����������-��3RO\P��6FL���������� 
�/DO�-��DQG��*UHHQ�5����������-��3RO\P��6FL����������� 
7DNHPRWR�.������1LVKLR�$�����,LNXER�<���DQG��,PRWR�0��������������0DNURPRO��&KHP��������� 
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RELIGIOUS OR SECULAR FACTORS: WHAT DRIVES THE DECISION 
TO SWITCH TO ISLAMIC BANKING? 

 
Dr. Anamitra Shome (corresponding author) 
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Email: ashome@brocku.ca 
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Email: fauzia.jabeen@adu.ac.ae 
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Solbridge International School of Business, 151-13 Samsung 1-dong, Dong-gu, Daejeon, 300-814, South Korea. 

Email: rajeshrajaguru@solbridge.ac.kr 
Office: +82-42-630-8538 

 
 

Abstract: 

Research question: Islamic banking has witnessed remarkable growth in the last few years. This 
study asks the following question: What factors—religious or secular—are more important in the 
decision of consumers to switch to an Islamic bank?   
 
Period of study, methodology or model used: A sample of 390 students at Abu Dhabi 
University in 2011 were asked to complete a survey on consumer attitudes towards Islamic 
banking. Specifically, they were asked to rank several factors (either religious or secular) that 
would influence their decision to switch to Islamic banking. Responses were analyzed using 
descriptive statistics, analysis of variance as well as regression analysis.  

Results indicate that superior customer service, reputation, ability to survive, geographical 
proximity, and personal familiarity with Islamic banking concepts do not have a significant 
influence on the decision to switch to Islamic banking. Expectations of financial security, social 
responsibility, and Arab-language skills are significant factors. Interestingly, though, the single 
most significant factor influencing the decision to open an account at an Islamic bank was found 
to be expectations regarding the bank’s conformance to Islamic principles. This finding has 
important implications for Islamic banks operating in a predominantly Islamic environment.  

Keywords: Islamic banking and finance, conventional banking, consumer attitudes, switching 
behavior, religious factors, secular factors.  
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REMOVAL OF CATIONIC DYE FROM TEXTILE INDUSTRY 
WASTEWATER WITH USING ENZYME, FUNGUS AND POLYMER 

 
Mithat Celebia, b, Mehmet Arif Kayac, Melda Altikatogluc and Huseyin Yildirima, c 

mithat.celebi@yalova.edu.tr 

a Yalova University, Faculty of Engineering, Department of Polymer Engineering, Yalova, Turkey, 77100 
b <ÕOGÕ]�7HFKQLFDO�8QLYHUVLW\��)DFXOW\�RI�&KHPLVWU\�0HWDOXUJ\��'HSDUWPHQW�RI�%LRHQJLQHHULQJ��'DYXWSDúD��øVWDQEXO��

Turkey, 34210 
c <ÕOGÕ]�7HFKQLFDO�8QLYHUVLW\��)DFXOW\�RI�$UWV�DQG�6FLHQFHV��'HSDUWPHQW�RI�&KHPLVWU\���'DYXWSDúD��øVWDQEXO��7XUNH\��

34210 

�

Abstract: ,W�ZDV�XVHG�VLJQLILFDQW�DPRXQW�RI�ZDWHU�LQ�YDULRXV�SURFHVVHV�VXFK�DV�G\HLQJ��GHVL]LQJ�DQG�
EOHDFKLQJ� LQ� WH[WLOH� LQGXVWU\��7KXV� FRPSDQLHV�KDYH� WR�EH� IDFHG�ZDVWHZDWHU� SUREOHPV��(VSHFLDOO\� LQ�
G\HLQJ�SURFHVV�GLIIHUHQW�W\SH�RI�FRORXUDQWV��IRU�LQVWDQFH�DFLGLF��UHDFWLYH��EDVLF��GLVSHUVH��D]R��GLD]R��
DQWUDTXLRQRQH�� EDVHG� DQG� PHWDO� FRPSOH[� EDVHG� �� ZHUH� DSSOLHG� WR� WH[WLOHV� DQG� DV� D� UHVXOW� LW� ZDV�
REWDLQHG� D� KXJH� DPRXQW� RI� FRORXUIXO� ZDVWHZDWHU� IURP� G\H� SURFHVV�� 'XH� WR� WUHDWPHQW� IRU� WKHVH�
FRORXUIXO� ZDVWHZDWHUV� LW� FDQ� EH� DSSOLHG� PDQ\� GLIIHUHQW� PHWKRGV� VXFK� DV� DGVRUSWLRQ�� FKHPLFDO�
R[LGDWLRQ��FRDJXODWLRQ��PHPEUDQH�ILOWUDWLRQ��,Q�WKLV�VWXG\��GHFRORUL]DWLRQ�RI�FDWLRQLF�G\H��%DVLF�%OXH�
����IURP�ORFDO�WH[WLOH�PLOO�ZDV�LQYHVWLJDWHG�E\�XVLQJ�+RUVHUDGLVK�SHUR[LGDVH�HQ]\PH�DQG�VXOIRQDWHG�
SRO\PHUV�DW�GLIIHUHQW�S+V��,Q�DGGLWLRQ��UHPRYDO�RI�WKH�FDWLRQLF�G\H�DOVR�FDUULHG�RXW�E\�XVLQJ�Trametes 
versicolor�IURP�ZKLWH�URRW�IXQJXV�IRU�S+������'HFRORUL]DWLRQ�HIILHQF\�ZDV�KLJK��������ZLWK�Trametes�
versicolor� IRU� �� GD\V�� ZKHUHDV� OLWWOH� GHFRORUL]DWLRQ� ZDV� REVHUYHG� ZLWK� +RUVHUDGLVK� SHUR[LGDVH�
HQ]\PH�� ,W�ZDV� DFKLHYHG�TXLFNHU� WRWDO� WUHDWPHQW� RI� FDWLRQLF�G\H�ZLWK�XVLQJ� VXOIRQDWHG�SRO\PHUV� LQ�
FRPSDULVRQ�WR�HQ]\PH�DQG�IXQJXV���

Key words:� &DWLRQLF� G\H�� +RUVHUDGLVK� SHUR[LGDVH�� 7UDPHWHV� YHUVLFRORU�� GHFRORUL]DWLRQ�� VXOIRQDWHG�
SRO\PHU��DGVRUSWLRQ��

 

Introduction 

7KH�WH[WLOH�LQGXVWU\�FRQVXPHV�KXJH�YROXPHV�RI�ZDWHU�LQ�GLIIHUHQW�ZHW�SURFHVVHV�DQG�DV�D�UHVXOW�LW�ZDV�REWDLQHG�
VLJQLILFDQW�DPRXQW�RI�FRORXUIXO�ZDVWHZDWHU�IURP�G\H�SURFHVV��,Q�G\LQJ�SURFHVV��YDULRXV�G\HV�FDQ�EH�XVHG�VXFK�DV�DFLGLF��
UHDFWLYH��EDVLF��GLVSHUVH��D]R��GLD]R��DQWUDTXLRQRQH�EDVHG�DQG�PHWDO�FRPSOH[�G\HV�DFFRUGLQJ�WR�IDEULF�W\SHV��7XED�HW�DO���
��������

'\HV�SUHVHQW�D�SRWHQWLDO�KXPDQ�KHDOWK�ULVN�DV�VRPH�RI�WKHP�KDYH�EHHQ�VKRZQ�WR�EH�FDUFLQRJHQLF��7UDGLWLRQDOO\�
ZDVWHZDWHU� WUHDWPHQW�PHWKRGV� FDQ�EH� FODVVLILHG� DV�SK\VLFDO�� FKHPLFDO� DQG�ELRORJLFDO��9DULRXV� FKHPLFDO� DQG�SK\VLFDO�
PHWKRGV��VXFK�DV�FKHPLFDO�FRDJXODWLRQ�DQG�DGVRUSWLRQ�RQ�DFWLYDWHG�FDUERQ��DUH�EHLQJ�XVHG��+RZHYHU��WKHVH�WUDGLWLRQDO�
PHWKRGV�PDLQO\�WUDQVIHU�WKH�FRQWDPLQDQWV�IURP�ZDVWHZDWHU�WR�VROLG�ZDVWHV��ZKLFK�PD\�OHDG�WR�D�QHZ�NLQG�RI�SROOXWLRQ�
�&KHQ�DQG�=KX��������+DUD]RQD�HW�DO���������2QGHU�HW�DO�������*XSWD�DQG�6XKDV��������&ULQL����������

0HGLXP�VL]H� IDFWRULHV� FDQ� SUHIHU� SK\VLFDO� DQG� FKHPLFDO� WHFKQLTXHV� E\� XVLQJ� FRDJXODQWV� DQG�RU� IORFXODWHV�
EHFDXVH�RI�HFRQRPLFDO�FRQFHUQV��+RZHYHU�� LQ�VSLWH�RI�ELRORJLFDO�PHWKRGV�DUH�PRUH�FRPSOH[�DQG�XQIRUWXQDWHO\�FRVWO\�
ZD\V��WKH\�DUH�PRVW�FRQYHQLHQW�DQG�HIILFLHQW�PHWKRGV��EHFDXVH�WRWDO�WUHDWPHQW�RI�ZDVWHV�FDQ�EH�DFKLHYHG��,Q�DGGLWLRQ��WR�
JHW� JRRG� UHVXOWV�WRWDO� WUHDWPHQW� DQG� FKHDSHQLQJ� RI� FRVWV�� YDULRXV� PHWKRGV� FDQ� EH� XVHG� WRJHWKHU� DFFRUGLQJ� WR�
FKDUDFWHULVWLF� RI� ZDVWHZDWHUV�� 7KHVH� FRPELQLQJ� PHWKRGV� DUH� XVHIXO� DQG� HOLJLEOH� IRU� QRQ�SURILW� SXEOLF� SXUSRVHV�
HVSHFLDOO\�PXQLFLSDOLWLHV���

7KH� XVH� RI� HQ]\PHV� LV� FXUUHQWO\� D� SRVVLELOLW\� IRU� DSSOLFDWLRQ� LQ� HQYLURQPHQWDO� HQJLQHHULQJ�� KRZHYHU� WKHLU�
SXULILFDWLRQ�SURFHGXUHV�DUH�WRR�H[SHQVLYH��(Q]\PHV�IURP�YDULRXV�VRXUFHV��IXQJXV�DQG�SODQW�EDVHG��KDYH�EHHQ�DSSOLHG�
IRU� WKH� WUHDWPHQW� RI� G\H� EDVHG� FRPSRXQGV�� )XQJDO� H[WUDFWHG� HQ]\PHV� KDYH� EHHQ� PRVWO\� VWXGLHG� LQ� G\H� UHPRYDO�
SURFHVVHV��&KHQ�DQG�=KX��������2QGHU�HW�DO��������+DUD]RQD�����������
�
Table 1:�7UHDWPHQW�RI�VRPH�EDVLF�G\HV�E\�XVLQJ�GLIIHUHQW�PHWKRGV�
�

'\H�6ROXWLRQ� 0HWKRG� 5HIHUHQFHV�
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%DVLF�UHG���� (OHFWURFRDJXODWLRQ� 'DQHVKYDU�HW�DO��������
%DVLF�<HOORZ���� (OHFWURFRDJXODWLRQ� 'DQHVKYDU�HW�DO��������
%DVLF�G\H�WH[WLOH�HIIOXHQW� (OHFWURFRDJXODWLRQ� =DURXDO�HW�DO�������
%DVLF�5HG���� 3KRWRFDWDO\WLF� �LPPRELOL]HG� 7L2��

QDQRSDUWLFOHV��
.KDWDHH�������

&U\VWDO�YLROHW� $GVRUSWLRQ��DFWLYDWHG�FDUERQ�� 3UDVDG�HW�DO��������
0HWK\OHQH�EOXH�� %LRVRUSWLRQ� �Trichoderma viride 

IXQJXV��
$VPD�HW�DO������

0HWK\OHQH�EOXH� 6XSHUDEVRUEHQW�K\GURJHO� $OH[DQGHU�������
&U\VWDO� YLROHW�� %LVPDUFN�
EURZQ�<�

$GVRUSWLRQ��PRGLILHG�FKLWRVDQ�� $Q�&KRQJ� &KDR� � HW� DO���
�����

0HWK\OHQH�EOXH�� /LJQLQ�SHUR[LGDVH�HQ]\PH� 9LULGLDQD�HW�DO��������
0HWK\OHQH�EOXH� $GVRUSWLRQ��+\GURJHOV��� %DMSDL�HW�DO��������
%DVLF�YLROHW���
%DVLF�UHG���

P.  Ostreatus, S. Commune, S. 
Rolfsii, N. Crassa, Polyporus sp., T. 
Villosa and M. Thermohila�

(OLDV�HW�DO��������

&U\VWDO� YLROHW�� %DVLF�
IXFKVLQ�� %ULOODQW� JUHQ��
0DODFKLWH�JUHQ�

$HURPRQDV� K\GURSKLOD� VWUDLQ�
'1��� 

5HQ��HW�DO��������

0HWK\O�YLROHW� $GVRUSWLRQ��SHUOLW�� 0HKPHW�DQG�0DKLU������ 
�

%DVLF� G\HV� DUH� FDWLRQLF� VROXEOH� VDOWV� RI� FRORXUHG� EDVHV�� %DVLF� G\HV� DUH� DSSOLHG� WR� VXEVWUDWH� ZLWK� DQLRQLF�
FKDUDFWHU� ZKHUH� HOHFWURVWDWLF� DWWUDFWLRQV� DUH� IRUPHG�� %DVLF� G\HV� DUH� SRZHUIXO� FRORXULQJ� DJHQWV�� ,W¶V� DSSOLHG� WR�
SRO\DFU\ORQLWULOH�� PRGLILHG� Q\ORQV�� PRGLILHG� SRO\HVWHUV�� SDSHU�� 7KH\� DUH� JHQHUDOO\� ZDWHU� VROXEOH� �*XSWD� DQG� 6XKDV��
�������
�

,Q�WKH�SUHVHQW�ZRUN��DQ�DWWHPSW�KDV�EHHQ�PDGH�WR�H[DPLQH�WKH�HIILFLHQFLHV�RI�YDULRXV�ZDVWH�WUHDWPHQW�PHWKRGV�
�HQ]\PH�EDVHG��PLFURRUJDQLVP�EDVHG�DQG�SRO\PHU�EDVHG��IRU�FRORXU��%DVLF�%OXH�����UHPRYDO�DW�GLIIHUHQW�FRQGLWLRQV���
 
Materials and Method 
 

7KH�FDWLRQLF�G\H�ZHUH�SURYLGHG�IURP�D�ORFDO�WH[WLOH�PLOO��+RUVHUDGLVK�3HUR[LGDVH��(�&�������������0Z�a��������
'D�� �)OXND��� '� ���� JOXFRVH� �)OXND��� PDOW� H[WUDFW� �0HUFN��� DFHWLF� DFLG� �)OXND��� VRGLXP� SKRVSKDWH� GLEDVLF� �5LHGHO�GH�
+DHQ���PRQREDVLF�VRGLXP�SKRVSKDWH��5LHGHO�GH�+DHQ��DQG�7UDPHWHV�YHUVLFRORU�ZHUH�DQDO\WLFDO�UHDJHQW�JUDGH�DQG�XVHG�
DV�UHFHLYHG�ZLWKRXW�IXUWKHU�SXULILFDWLRQ��,Q�DOO�H[SHULPHQWV�XOWUD�SXUH�ZDWHU�ZDV�XVHG�REWDLQHG�IURP�0LOOLSRUH�0LOOL4�
V\VWHP��6XOIRQDWHG�SRO\PHUV� WKDW� XVHG� LQ�H[SHULPHQWV�ZHUH�REWDLQHG� IURP�'X�3RQW�RU� V\QWKHVL]HG� LQ�RXU� ODE� �.D\D��
�������

Removal of Basic Blue 41 by Horseradish Peroxidase 
 

'HFRORUL]DWLRQ� RI� %DVLF� %OXH� ��� �%� ���� G\H� XVLQJ�+RUVHUDGLVK� SHUR[VLGDVH� ZDV� FDUULHG� RXW� GLUHFWO\� LQ� WKH�
VSHFWURSKRWRPHWHU�FXYHWWH��7KH�UHDFWLRQ�ZDV�VWDUWHG�E\�DGGLQJ�EXIIHU�VROXWLRQ�DW�GLIIHUHQW�S+V��%����G\H��+53�HQ]\PH�
DQG� ILQDOO\�+�2�� ������ DV� WKH� LQLWLDWRU� LQ� WKH� UHDFWLRQ� FXYHWWH� �2QGHU� HW� DO���������7KH� ILQDO� YROXPH�RI� WKH� UHDFWLRQ�
FXYHWWH�ZDV�����P/��'\H�GHFRORUL]DWLRQ�ZDV�PHDVXUHG�ZLWK�WHPSHUDWXUH�FRQWUROOLQJ�89�9LV�VSHFWURSKRWRPHWHU��0RGHO�
89±�����3KDUPDVSHF�6KLPDG]X���EDVHG�RQ�WKH�PD[LPXP�DEVRUEDQFH�DW�����QP�LQ�WKH�YLVLEOH�UDQJH��DW�GLIIHUHQW�S+V�
���������������������DQG����R&�WHPSHUDWXUH��
 
 
 
 
Removal of Basic Blue 41 by Trametes Versicolor from White Root Fungi 
 

&XOWXUH�0HGLXP�DQG�FRQGLWLRQV��Trametes versicolor 6WUDLQ�7��'60��������ZDV�PDLQWDLQHG�RQ�����Z�Y��PDOW�
DJDU�SODWHV��7KUHH�FXEHV�RI�����î�����FP�ZHUH�WUDQVIHUUHG�WR�����P/�(UOHQPH\HU�IODVNV��ZKLFK�FRQWDLQHG�����P/�OLTXLG�
PHGLXP�������J�PDOW�H[WUDFW������J�.+�32�������J�.�+32���GHLRQL]HG�+�2�DG��������P/��S+������DQG�ZHUH�JURZQ�LQ�
VWDWLF�FXOWXUH�IRU����GD\�XQGHU�DW����R&��%RUFKHUW�DQG�/LEUD���������

0HGLD�IRU�G\H�GHFRORUL]DWLRQ�������J�PDOW�H[WUDFW�DQG������J�JOXFRVH�GLVVROYHG�LQ�����P/�GHLRQL]HG�+�2�WKHQ�
S+�ZDV�DGMXVWHG�WR�����DQG�VWHULOL]DWLRQ�DW�VWULOD]DWRU�IRU����PLQ��DW�����DWP�DQG�����R&��%RUFKHUW�DQG�/LEUD���������$OO�
VWHSV�ZHUH�SHUIRUPHG�DVHSWLFDOO\�ZLWK�VWHULOH�PHGLD��

Removal of Basic Blue 41 by Sulfonated Polymers 
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%DVLF�EOXH����G\H�ZDV�SUHSDUHG� LQ�GLVWLOOHG�ZDWHU��7KH�S+�RI�G\H� VROXWLRQ�ZDV�DGMXVWHG�ZLWK�����1�1D2+�DQG�+&O�
VROXWLRQ��7KH�S+�RI�VROXWLRQV�ZDV�PHDVXUHG�ZLWK�D�S+�PHWHU��7KH�VWXG\�ZDV�SHUIRUPHG�LQ����P/�WXEHV�ZLWK�D�ZRUNLQJ�
YROXPH���P/�RI�G\H�VROXWLRQ�GLIIHUHQW�S+V��7XEHV�ZHUH�SODFHG�LQ�RQ�VKDNHU�DW�����USP�DW�URRP�WHPSHUDWXUH��
�
Results and Discussion 

�
'\H� GHFRORUL]DWLRQ� YDOXHV� ZHUH� FDOFXODWHG� DFFRUGLQJ� WR� GHFUHDVLQJ� RI� PD[LPXP� DEVRUEDQV� ����� QP�RI� WKH�

EDVLF�EOXH����G\H�DW�GLIIHUHQW�LQFXEDWLRQ�WLPHV��)LJXUH�����
�

�
Figure 1:�'HFRORUL]DWLRQ�RI�&DWLRQLF��EDVLF��G\H�%����E\�XVLQJ�+RUVHUDGLVK�3HUR[LGDVH�HQ]\PH�DW�S+������DQG�����&�

IRU�GLIIHUHQW�LQFXEDWLRQ�WLPH��

�
�

Figure 2:�'HFRORUL]DWLRQ�����RI�&DWLRQLF��EDVLF��G\H�%����E\�XVLQJ�+RUVHUDGLVK�3HUR[LGDVH�HQ]\PH�DW�GLIIHUHQW�S+V�
DQG�����&��

,Q�RXU� SUHYLRXV� VWXG\�� DFLGLF� S+V�ZHUH�PRUH� HIIHFWLYH� IRU� GHFRORUL]DWLRQ�RI�1DSKWRO�%OXH�%ODFN� �DFLG�G\H���
2SWLPXP�S+�RI�WKH�+RUVHUDGLVK�SHUR[LGDVH�HQ]\PH�ZDV�����IRU�GHFRORUL]DWLRQ�RI�DFLG�G\H��2QGHU�HW�DO���������,Q�WKLV�
VWXG\�� GHFRORUL]DWLRQ� YDOXHV� RI� EDVLF� G\H� ZDV� ORZ� DFFRUGLQJ� WR� RXU� SUHYLRXV� VWXG\� �DFLG� G\H�� ZLWK� WKH� +RUVHUDGLVK�
3HUR[VLGDVH�HQ]\PH���
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�
Figure 3��5HPRYDO�RI�%����G\H�E\�XVLQJ�7UDPHWHV�9HUVLFRORU�IURP�:KLWH�5RRW�)XQJL�DW�S+������DQG����R&��

%� ��� G\H� ZDV� UHPRYHG� ��� �� DIWHU� �� GD\V� E\� XVLQJ� 7UDPHWHV� 9HUVLFRORU� IURP� :KLWH� 5RRW� )XQJL�� 7KH�
PLFURRUJDQLVP�ZDV�KLJK�UHPRYDO�YDOXHV�DW�DFLGLF�S+V��)RU�WKLV��LW�ZDV�VWXGLHG�DW�S+�������'HFRORUL]DWLRQ�RI�%DVLF�%OXH�
���ZDV�FRQWLQXHG�IRU���GD\V�XQGHU�VKDNLQJ�FRQGLWLRQV�DW�����&�DQG�S+�����XVLQJ�7UDPHWHV�YHUVLFRORU�IURP�:KLWH�URRW�
IXQJL��

��

�
�

Figure 4:�5HPRYDO�RI�%DVLF�%OXH����E\�XVLQJ�FRPPHUFLDO�VXOIRQDWHG�SRO\PHU�DW�GLIIHUHQW�S+V��
�

�
�

Figure 5:�5HPRYDO�RI�%DVLF�%OXH����E\�XVLQJ�RXU�V\QWKHVL]HG�VXOIRQDWHG�SRO\PHU�DW�GLIIHUHQW�S+V��
�
�

 
 

Figure 6:�5HPRYDO�RI�%DVLF�%OXH����E\�XVLQJ�FRPPHUFLDO�VXOIRQDWHG�SRO\PHU�DIWHU���KRXU��
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)LJXUH����5HPRYDO�RI�%DVLF�%OXH����E\�XVLQJ�RXU�V\QWKHVL]HG�VXOIRQDWHG�SRO\PHU�DIWHU���KRXU��

�
6XOIRQDWHG�SRO\PHUV�FDQ�HDVLO\�DQG�TXLFNO\�DGVRUS�FDWLRQLF�G\HV�GXH�WR�FDUU\LQJ�VWUXFWXUDO�QHJDWLYH�FKDUJHV��

%RWK�VXOIRQDWHG�SRO\PHUV��FRPPHUFLDO�DQG�V\QWKHVL]HG��H[KLELW�VXSHULRU�UHPRYDO�HIILFLHQF\�UHODWLYHO\�LQ�D�VKRUW�WLPH�LQ�
FRPSDULVRQ� WR�RWKHU�PHWKRGV� �HQ]\PH�EDVHG�DQG�PLFURRUJDQLVP�EDVHG��� ,Q�YLHZ�RI� WRWDO� WUHDWPHQW� WLPH�� LW� KDV� WR�EH�
QRWHG�FRPPHUFLDO�VXOIRQDWHG�SRO\PHU�LV�TXLFNHU�WKDQ�V\QWKHVL]HG�VXOIRQDWHG�SRO\PHU���
 
Conclusions 
 
,Q�WKH�OLJKW�RI�H[SHULPHQWV��UHVXOWV�FDQ�EH�VXPPDUL]HG�IROORZLQJ��
�
��'\H�UHPRYDO�SURFHVV�IURP�ZDVWHZDWHUV�LV�VWULFWO\�GHSHQG�RQ�S+�YDOXH���
��6\QWKHWLF�G\H�VROXWLRQV�ZHUH�GHFRORUL]HG�LQ�VKRUW� WLPH����K���E\�FRPPHUFLDO�VXOIRQDWHG�SRO\PHU��2Q�WKH�RWKHU�KDQG�
RXU�V\QWKHVL]HG�VXOIRQDWHG�SRO\PHU�UHPRYHG�G\HV�DIWHU���GD\V���
�� 'HFRORUL]DWLRQ� HIILHQF\� ZDV� KLJK� ���� ��� ZLWK� Trametes� versicolor� IRU� �� GD\V�� ZKHUHDV� OLWWOH� GHFRORUL]DWLRQ� ZDV�
REVHUYHG�ZLWK�+RUVHUDGLVK�SHUR[LGDVH�HQ]\PH���
��8VLQJ�VXOIRQDWHG�SRO\PHUV�LV�PRVW�FRQYHQLHQW�DQG�HIILFLHQW�PHWKRG�LQ�DPRQJ�RWKHU�PHWKRGV�IRU�GHFRORUL]DWLRQ�RI�WKH�
FDWLRQLF�G\H��EHFDXVH�RI�WKHLU�VKRUWHU�WUHDWPHQW�WLPH�DQG�KLJK�HIILFLHQF\��
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Abstract : This study investigated the performance of cement mortars prepared by substituting 
30% and 60% of crushed calcareous fine aggregate (CNA) with waste fine aggregates namely, 
crushed brick aggregate (CBA), crushed marble aggregate (CMA) and crushed ceramic 
aggregate (CCA). For this purpose, absorption, unit weight, compressive strength, flexural 
strength, resistance to high temperature up to 400 oC and resistance to freeze-thaw cycles were 
determined for these mortars. In addition, XRF analysis was performed on cement and waste 
aggregates. From the experimental results, it is found that CBA mortars exhibited the lowest 
strength values and worst durability properties. However, CBA and especially CCA mortars 
were more effective in relative strength gain at 56 days. 
 

      Key words: Strength, high temperature, freeze-thaw, morphology. 
 
 
Introduction  
 
 More than 25 billion tons of concrete are produced each year all around the world. Aggregates, usually 
provided from natural resources, occupy up to 80% of volume of concrete. Unfortunately, the available natural 
aggregate used in concrete and mortar production will soon remain insufficient to supply all the demands of the 
construction industry. Therefore, construction industry is seeking for other alternatives in order to meet the needs in 
concrete manufacturing.  
 Using construction based waste materials in cementitious mixtures have been seen revived interest in recent 
years. Many researchers (%|NH�� $NNXUW�� øSHNR÷OX�� 	�8÷XUOX�� ������ %HNWDV��:DQJ�� 	� &H\ODQ�� ������Gonçalves, 
Tavares, Toledo Filho, & Fairbairn, 2009; O’Farrell, Sabir, & Wild, 2006) analyzed some properties mainly  
strength and durability of mortars containing different types of ground brick (calcined clays) subjected to various 
treatments. The properties of mortars and/or concretes containing ceramic waste aggregates were examined in some 
investigations (Higashiyama, Sappakittipakorn, Sano, & Yagishita, 2012; Medina, Sánchez de Rojas, & Frías, 2012; 
Pacheco-Torgal, & Jalali, 2010; Senthamarai, Devadas Manoharan, & Gobinath, 2011). Mortars and concretes 
containing marble waste were also studied by evaluating their fresh and hardened state properties (Aruntas, Guru, 
'D\Õ��	�7HNLQ������� Belaidi, Azzouz, Kadri, & Kenai, 2012; Hebhoub, Aoun, Belachia, Houari, & Ghorbel, 2011).     
 The main aim of this work is to compare the mortars manufactured with common construction wastes and 
evaluate the effects of wastes on performance employing mortar specimens. Knowing these effects will aid in 
assessing the physical–mechanical performance and the resistance of mortars to different treatments and also their 
compatibility with other building materials. 
 
 
Materials and Method  
 
 Cement used in the mixtures was CEM II/A-M (P-L) 42,5N complying with TS EN 197-1 with a specific 
gravity of 3.05. All wastes (brick, marble and ceramic) were collected from construction sites [Figure 1] and ground 
until a similar grading as of natural crushed sand was obtained. Natural crushed fine aggregate utilized in the study 
was calcareous sand provided from Dirmil, Burdur. Chemical admixture used for providing consistency of mortars 
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constant was a modified lignin sulphonate based water reducing/plasticizer admixture consistent with TS EN 934-2.   

 
 

Figure 1: Wastes disposed in the construction site 
 
 

 As fundamental physical material characteristics, water absorption, specific gravity, rodded and loose bulk 
density of crushed aggregates were determined by following the test procedures in the relevant standards [Table 1]. 
  

Table 1: Physical characteristics of waste materials. 
 

Materials 

Water 
absorption 

(%) 

Specific 
gravity 
(Dry) 

Rodded 
bulk 
density 
(Dry) 

Loose 
bulk 
density 
(Dry) 

Void 
content 

(%) 

Sand 2.24 2.71 1741 1589 35.63 

Brick 14.08 2.57 1093 1210 57.39 

Marble 2.96 2.63 1571 1399 40.15 

Ceramic 2.57 2.49 1196 1305 51.87 

 
 
 Specific gravity and water absorption of fine aggregates were determined according to ASTM C 128. 
Aggregates were tested in oven-dry condition utilizing the shoveling and rodding procedure to determine the unit 
weight (loose and rodded) and void content according to ASTM C 29-97. Chemical compositions of cement and 
waste aggregates are given in Table 2. 
   

Table 2: Chemical compositions of materials used in mortar preparation by weight (%). 
 

Materials Na2O MgO Al2O3 SiO2 K2O CaO Fe2O3 

Cement 1.25 2.33 6.38 21.77 1.06 56.66 2.68 

Brick 2.00 6.51 14.92 54.24 2.27 8.79 5.82 

Marble 0.58 1.10 0.35 1.62 0.06 52.94 0.15 

Ceramic 2.73 5.07 15.14 63.99 1.68 4.88 2.33 
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 Cement: water: aggregate proportions in mixes were 1: 0.50: 3, respectively. Natural crushed sand was 
replaced with waste aggregates in a ratio of 30 % and 60 %. All substitutions were made in volume. The flow 
diameter values of fresh mortar mixtures were remained constant as 210±14 mm by adjusting the percentage of 
plasticizer used. All sample preparations were processed in a similar manner, according to European Standard EN 
196-1. The mortars were cast into 40x40x160 mm prismatic moulds and kept for 24 h. The hardened mortar 
specimens were then demoulded and maintained under lime-saturated water at 20 ± 2 oC until the age of testing. 
 40x40x160 mm prismatic specimens were subjected to temperature of up to 400 oC at an incremental rate 
of 10 oC per minute from room temperature, using an electrically-heated furnace and exposed to a treatment 
involving freeze in air and  thaw in water  in a cabinet from -20 C to +20 C for 10 cycles completed in 2 days.   
 The consistency test involves placing the mould in the center of the flow table and filling it in two layers 
each layer being tamped 20 times with the tamper according to ASTM C 270. The table was then jolted 25 times, 
and the diameter of the spread mortar was measured in two directions at right angles to each other using callipers.  
 The bulk density, water absorption and porosity values were obtained by testing 100 mm cube specimens 
according to ASTM C 642. The flexural and compressive strength of hardened mortar specimens were determined in 
accordance with EN 1015-11. The flexural strength of a hardened mortar was evaluated by three point loading of a 
160x40x40 mm prism specimen, subsequent to the failure and breakage of this specimen the compressive strength 
was determined on each half of the prism specimen. Three specimens of each formulation were prepared for each 
test. 
 
 
Results and Discussion 
 
 The bulk density, water absorption and porosity test results are shown in Table 3. In contrast to CNA 
mortars, CBA mortars had the highest porosity and thus water absorption. However, the lowest apparent bulk 
density and dry bulk density were obtained by CCA and CBA mortars, respectively. The corresponding values 
dropped while the replacement ratios increased due to the high porosity of brick and ceramic aggregates.   
   

Table 3: Bulk density, absorption and porosity of mortars. 
 

 

Age 

 

Specimen 

Dry bulk 
density 

Water 
absorp. 
(% wt.) 

Apparent 
bulk 

density 

Apparent 
porosity 

(%) 

28
 D

ay
s 

CNA 2.09 5.72 2.37 11.93 
CBA30 1.96 7.98 2.32 15.61 
CMA30 2.03 6.28 2.32 12.73 
CCA30 2.02 5.96 2.30 12.07 
CBA60 1.88 10.50 2.34 19.76 
CMA60 2.05 6.08 2.34 12.47 
CCA60 2.01 5.26 2.24 10.56 

56
 D

ay
s 

CNA 2.08 5.48 2.35 11.42 
CBA30 1.94 7.96 2.29 15.41 
CMA30 2.10 6.04 2.40 12.66 
CCA30 2.04 5.61 2.30 11.42 
CBA60 1.94 8.78 2.34 17.03 
CMA60 2.07 5.71 2.34 11.79 
CCA60 2.01 4.09 2.19 8.24 

  
 

Table 4 gives the mechanical properties of 28 and 56-day mortars with and without treatments. The 
strength loss ratios due to the various treatments were higher for flexural strength than those for compressive 
strength. Generally, for all situations, CBA mortars exhibited the lowest mechanical properties and these properties 

International Science and Technology Conference, Dubai, 13-15 December 2012

1019



ISTEC 20
12

worsened with the substitution level owing to the high water absorption and open porosity percentages of brick 
aggregates. Although other mortars prepared with CNA, CCA and CMA showed close values, the best performance 
was observed by CCA mortars when considering reduction in strength values at overall situations. The resistance to 
high temperature was high for the CCA mortars when analyzing the relative residual compressive strength values. 
Besides, analyzing the relatively residual flexural strength values presented the superiority of CBA mortars. This 
fact can be attributed to the higher temperatures experienced by the bricks and ceramics previously in the 
manufacturing process. In addition, generally one face of ceramic aggregates was glazed, thus the proper adherence 
could not be achieved leading to lower flexural strength compared to CBA mortars. Exposing the freeze-thaw cycles 
to mortars weakened CBA mortars mostly rather than the other mortars. Despite similar behavior could be expected 
for CCA mortars, CCA mortars deteriorated less than CBA mortars. The reason of this result could be the structure 
of voids in the aggregates. 

In contrast to CBA, CCA had mostly closed porosity seen also in SEM images (not presented in this study).  
The strength gain was more pronounced in the case of CBA and especially CCA mortars as relevant to the 
pozzolanic behavior of these mentioned aggregates containing amorphous silica and alumina phases. As compared 
to test results of specimens subjected to high temperature, the strength loss ratios of specimens exposed to 
freeze-thaw cycles were lower. The reason of this result could be the less number of cycles applied on specimens.   
 

Table 4: Flexural and compressive strength values of mortars with and without treatments. 
 

Age Specimen 
Flexural Strength (MPa) Compressive Strength (MPa) 

No 
treatment 

High 
Temperature 

Freeze-
Thaw 

No treatment High 
Temperature 

Freeze
-Thaw 

28
 D

ay
s 

CNA 8.6 5.8 8.0 43.8 36.2 42.3 
CBA30 7.7 6.2 6.7 39.0 33.1 34.2 
CMA30 8.1 5.6 7.4 42.1 34.2 40.4 
CCA30 8.5 6.3 7.8 43.0 38.1 41.2 
CBA60 6.8 5.7 5.8 37.4 32.4 32.5 
CMA60 7.8 5.1 7.2 40.2 34.7 37.4 
CCA60 7.9 5.6 7.5 42.8 38.9 41.7 

56
 D

ay
s 

CNA 8.8 6.3 8.2 46.4 38.6 44.9 
CBA30 8.1 6.6 7.0 44.1 37.6 39.0 
CMA30 8.3 6.1 7.6 42.9 35.5 41.5 
CCA30 8.6 6.7 8.3 45.1 40.4 43.4 
CBA60 7.6 6.4 6.8 41.1 37.9 37.6 
CMA60 8.1 5.5 7.4 41.4 37.2 39.1 
CCA60 8.3 6.3 8.0 44.2 42.1 42.9 

 
 
Conclusions  
 

Following conclusions can be drawn from the experimental results: 
Strength loss ratios after high temperature exposure tests of CCA and CBA mortars were lower than those 

of CMA and CNA mortars. However, particularly CBA had highest strength loss in the case of freeze-thaw cycle 
exposure due to the open void structure allowing high penetrability of water. Strength development was higher for 
CCA and CBA mortars at later age probably owing to the pozzolanic reactions resulting from high glassy phase 
content produced by sintering during manufacturing process.  
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Abstract 
,Q� WKLV� VWXG\�� WR� H[SODLQ� 6DNDU\D� 8QLYHUVLW\� DFDGHPLF� HYDOXDWLRQ� DQG� TXDOLW\� GHYHORSPHQW�
DSSOLFDWLRQV� LV� WKH� PDLQ� SXUSRVH�� :LWKLQ� WKH� IUDPHZRUN� RI� WKLV� REMHFWLYH� 7KH� &KURQRORJ\� RI�
6DNDU\D� 8QLYHUVLW\� 4XDOLW\� 6WHSV� DQG� $ZDUGV�� 6DNDU\D� 8QLYHUVLW\� $FDGHPLF� (YDOXDWLRQ� DQG�
4XDOLW\� ,PSURYHPHQW� &RPPLWWHH�� 6DNDU\D�8QLYHUVLW\� 6WUDWHJLF�0DQDJHPHQW�� 6DNDU\D�8QLYHUVLW\�
%XVLQHVV�3URFHVV�0DQDJHPHQW��6DNDU\D�8QLYHUVLW\�(QWHUSULVH�5LVN�0DQDJHPHQW�DUH�H[SUHVVHG��
�
Keywords: 4XDOLW\��6WUDWHJLF�0DQDJHPHQW��3URFHVV�0DQDJHPHQW��(QWHUSULVH�5LVN�0DQDJHPHQW 
 

 
Introduction 

6DNDU\D� 8QLYHUVLW\� KDV� WKH� SXUSRVH� RI� WKH� ³*LYH� \RXU� IXWXUH� GLUHFWLRQ´� SULQFLSOH� IURP� LWV�
HVWDEOLVKPHQW��6DNDU\D�8QLYHUVLW\�LV�DOZD\V�SURJUHVVLYH�IRU�VRFLDO��FXOWXUDO�DQG�VSRUWLQJ�DFWLYLWLHV�
DGGLWLRQ�WR�VFLHQWLILF�SURJUHVV��)RU�WKLV�FKDUDFWHULVWLF��ZLWK�WKH�ZHE�SDJH�VWXGLHV�VWDUWHG�LQ�������WKH�
TXDOLW\�ZRUN�DQG�SROLF\�ZHUH�EHLQJ�VHW�XS�� �1RZ�6DNDU\D�8QLYHUVLW\�KDV�76�(1�,62�����������
FHUWLILFDWH�RI�TXDOLW\�LQ�DOO�DGPLQLVWUDWLYH�XQLWV��
6$8�� LQVSLUHG� E\� ()40�([FHOOHQFH�0RGHO�� UHFHLYHG� ³�� DQG� �� 6WDU� &RPSHWHQFH� LQ� ([FHOOHQFH´�
DZDUG�UHZDUGHG�E\�.$/'(5�LQ������DQG�������UHVSHFWLYHO\��$OO�DGPLQLVWUDWLYH�XQLWV�RI�6$8�KROG�
³,62�����������4XDOLW\�0DQDJHPHQW�6\VWHP�&HUWLILFDWH´��1DWLRQDO�4XDOLW\�$ZDUG�LQ�(GXFDWLRQDO�
6HUYLFHV� &DWHJRU\� ZDV� JLYHQ� WR� 6$8� LQ� ������ %DFKHORU¶V� 'HJUHH� 3URJUDPPHV� LQ� )DFXOW\� RI�
(QJLQHHULQJ� KROGV�(85�$&(� �(XURSHDQ�$FFUHGLWDWLRQ� RI� (QJLQHHULQJ� 3URJUDPPHV�� /DEHO�� 6$8�
XVHV�(&76�DV�D�FUHGLW�WUDQVIHU�V\VWHP�HVSHFLDOO\�IRU�WKH�6WXGHQW¶V�0RELOLW\�3URJUDPPHV��
'LSORPD�6XSSOHPHQW��ZKLFK� LQFOXGHV� FRXUVHV� DQG� WKHLU�(&76�FUHGLWV�� LV�EHLQJ� LVVXHG� LQ�(QJOLVK��
DQG� LW� LV� JLYHQ� DXWRPDWLFDOO\� DQG� IUHH� RI� FKDUJH� WR� HYHU\� VWXGHQW� RI� 6$8�XSRQ� JUDGXDWLRQ� VLQFH�
������3UHVWLJLRXV�DZDUGV�RI�³'LSORPD�6XSSOHPHQW�/DEHO´�DQG�³(&76�/DEHO´�ZHUH�JLYHQ�WR�6$8�
E\�WKH�(XURSHDQ�&RPPLVVLRQ�LQ������DQG�������UHVSHFWLYHO\��
�

�
�
:LWKLQ�WKH�IUDPHZRUN�RI�WKLV�GHYHORSPHQW��6DNDU\D�8QLYHUVLW\�FUHDWHG�LWV�TXDOLW\�SROLF\��7KH�PDLQ�
TXDOLW\�SROLF\�LWHPV�DUH�EHORZ��

x� ,QFUHDVH�PRWLYDWLRQ�DQG�UDLVH�SHUIRUPDQFH�LQ�PDQDJHPHQW�E\�SDUWLFLSDWRU\�DQG�
FROODERUDWLYH�PDQDJHPHQW�DSSURDFK��

x� 3URYLGH�IDVWHU�VHUYLFH�WR�VWDII�DQG�VWXGHQWV�E\�XVLQJ�,7�WHFKQRORJ\��3HUIRUP�WKH�GHVLUHG�
JRDOV�GXULQJ�WKH�SURFHVV�ZLWK�DQ�HIIHFWLYH�DQG�HIILFLHQW�XVH�RI�WLPH��
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x� 5DLVH�LQ�IXOILOPHQW�RI�WKH�EHQHILFLDULHV�E\�PHDVXULQJ�WKHLU�VDWLVIDFWLRQ��0DLQWDLQ�WKH�TXDOLW\��
FRPSO\�ZLWK�WKH�WHUPV�RI�VHUYLFH�DQG�FRQWLQXH�WR�LPSURYH�LQ�DFWLYLWLHV�DQG�VHUYLFHV�DQG�EH�D�
OHDGHU�LQ�TXDOLW\�IROORZLQJ�WKH�4XDOLW\�0DQDJHPHQW�6\VWHP��

,Q� WKLV� LQQRYDWLRQ� RI� 6DNDU\D� 8QLYHUVLW\�� WKH� WHUPV� RI� TXDOLW\�� VWUDWHJLF� PDQDJHPHQW�� SURFHVV�
PDQDJHPHQW��HQWHUSULVH�ULVN�PDQDJHPHQW�FRPH�IRUZDUG��4XDOLW\�LV�GHILQHG�GLIIHUHQWO\�IRU�GLIIHUHQW�
SXUSRVH��$FFRUGLQJ� WR� &KRZGKXU\���� TXDOLW\� LV� D� FKDUDFWHULVWLF� IRU� FRPELQLQJ� SHRSOH� SRZHU� DQG�
SURFHVV� SRZHU�� ,Q� DQ� DQRWKHU� GHILQLWLRQ� E\�$PHULFDQ� 6RFLHW\� IRU�4XDOLW\�� TXDOLW\� LV� D� VXEMHFWLYH�
WHUP� ZKLFK� FDQ� KDYH� WZR� PHDQLQJV� LQ� WHFKQLFDO� XVDJH�� :KHQ� TXDOLW\� LV� GHVFULEHG� DV� ³7KH�
FKDUDFWHULVWLFV�RI�D�SURGXFW�RU�VHUYLFH�WKDW�EHDU�RQ�LWV�DELOLW\�WR�VDWLVI\�VWDWHG�RU�LPSOLHG�QHHGV´�LQ�
RQH�RI� WKH�GHILQLWLRQ�� DQRWKHU�GHILQLWLRQ� FKDUDFWHUL]HV� WKH�TXDOLW\� LV� ³$�SURGXFW�RU� VHUYLFH� IUHH�RI�
GHILFLHQFLHV´��0RUHRYHU�TXDOLW\�LV�TXDOLILHG�DV�³YDOXH�WR�VRPH�SHUVRQ´��:HLQEHUJ����������

,QVWLWXWLRQV� KDYH� GLIIHUHQW� TXDOLW\� PDQDJHPHQW� WHFKQLTXHV� IRU� SURYLGH� TXDOLW\�� 6WUDWHJLF�
PDQDJHPHQW�� SURFHVV� PDQDJHPHQW�� HQWHUSULVH� ULVN� PDQDJHPHQW� DUH� VRPH� TXDOLW\� PDQDJHPHQW�
WHFKQLTXHV�� ,Q� WKLV� VWXG\�� WKHVH� TXDOLW\� PDQDJHPHQW� WHFKQLTXHV� XVHG� E\� 6DNDU\D� 8QLYHUVLW\� DQG�
GHYHORSPHQW�RI�WKLV�SURFHVV�LV�H[SODLQHG��

1. The Chronology of  Sakarya University Quality Steps and Awards  
�

Year Quality Steps/Award 

����� $W�WKH�OHYHO�RI�*HQHUDO�6HFUHWDU\�DQG�+HDG�2I�'HSDUWPHQWV�76�(1�
,62������������4XDOLW\�$VVXUDQFH�&HUWLILFDWH�

����� 7RWDO�4XDOLW\�0DQDJHPHQW�:RUNV�VWDUWHG�IURP��DOO�DFDGHPLF�DQG�
DGPLQLVWUDWLYH�XQLWV��
$W�WKH�OHYHO�RI�*HQHUDO�6HFUHWDU\�DQG�+HDG�2I�'HSDUWPHQWV�76�(1�
,62�����������4XDOLW\�0DQDJHPHQW�6\VWHP�&HUWLILFDWH�

����� ,QVWLWXWLRQDO�6HOI�$VVHVVPHQW�DQG�6WUDWHJLF�3ODQ�
VWXGLHV�����������������������������������

����� $FDGHPLF�(YDOXDWLRQ�DQG�4XDOLW\�,PSURYHPHQW�LQ�+LJKHU�(GXFDWLRQ�
�<g'(.�¶V�ZRUNV��VWDUWHG��

����� ([WHQGLQJ�WKH�VFRSH�RI�WKH�76�(1�,62�����������4XDOLW\�
0DQDJHPHQW�6\VWHP�&HUWLILFDWH�
7KH�FRRSHUDWLRQ�ZLWK�.$/'(5�DQG�SDUWLFLSDWLRQ�WR�1DWLRQDO�4XDOLW\�
0RYHPHQW�
5HFRJQL]HG�IRU�([FHOOHQFH�ZLWK��
�

����� 7KH�LQWHJUDWLRQ�RI�<g'(.�DQG�6WUDWHJLF�3ODQQLQJ�DSSURDFK�E\�
UHYLHZLQJ�WKH�HIIHFWLYHQHVV�� 

����� 5HFRJQL]HG�IRU�([FHOOHQFH�ZLWK��
�
����� $OO�DGPLQLVWUDWLYH�XQLWV�76�(1�,62�����������4XDOLW\�0DQDJHPHQW�

6\VWHP�&HUWLILFDWH 
'LSORPD�6XSSOHPHQW��'6��/DEHO 
6$h�)RUHLJQ�/DQJXDJHV�'HSDUWPHQW�������(XURSHDQ�/DQJXDJH�/DEHO�
$ZDUG 
$VVRFLDWLRQ�IRU�(YDOXDWLRQ�DQG�$FFUHGLWDWLRQ�RI�(QJLQHHULQJ�3URJUDPV�
�0h'(.��$FFUHGLWDWLRQ�&HUWLILFDWH 

����� (85�$&(�/$%(/ 
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(&76�/DEHO�([FHOOHQFH�$ZDUG�
�����()40�1DWLRQDO�([FHOOHQFH�$ZDUG��LQ�3XEOLF�6HFWRU�
2UJDQL]DWLRQV�(GXFDWLRQ�&DWHJRU\ 

����� $ZDUGHG��UG�SODFH�LQ�,QIRUPDWLFV�6HUYLFH�$ZDUG�LQ�WKH�&DWHJRU\�RI�
%HVW�(GXFDWLRQDO�:HE�VLWH�

2. Sakarya University Academic Evaluation and Quality Improvement Committee  
2Q�0DUFK������6DNDU\D�8QLYHUVLW\�ZLWK�DOO�VWDII�KDV�GHFLGHG�WR�H[HFXWH�RQ�D�UHJXODU�EDVLV��

WR� 7RWDO�4XDOLW\�0DQDJHPHQW�PRYHPHQW� DQG� IRU� WKH� FRQGXFW� RI� WKHVH�ZRUNV� 6DNDU\D�8QLYHUVLW\�
$FDGHPLF� (YDOXDWLRQ� DQG�4XDOLW\� ,PSURYHPHQW� &RPPLWWHH� �6$8'(.�� ZDV� HVWDEOLVKHG�� 7R� FR�
RUGLQDWH� DQG� FDUU\� RXW� WKH� ZRUN� 6$8'(.� ([HFXWLYH� %RDUG� ZDV� HVWDEOLVKHG� DQG� 4XDOLW\�
$PEDVVDGRUV�ZHUH�DVVLJQHG�WR�DOO��IDFXOWLHV��FROOHJHV�DQG�YRFDWLRQDO�VFKRROV��

1RZDGD\V�ZLWKLQ�WKH�6$8'(.�&RRUGLQDWRUVKLS�VWXGLHV�FDUULHG�RXW�XQGHU�WKH�IROORZLQJ�IRXU�
FRPPLVVLRQ��

��� 6WUDWHJLF�3ODQQLQJ�DQG�0RQLWRULQJ�&RPPLVVLRQ��
��� 4XDOLW\�,PSURYHPHQW�&RPPLWWHH��
��� 0DQDJHPHQW�3URFHVV�&RPPLVVLRQ��
��� 6XUYH\�'HYHORSPHQW�DQG�(YDOXDWLRQ�&RPPLVVLRQ���

3. Sakarya University Strategic Management 
,QVWLWXWLRQV�� XQGHU�YDULRXV� FRQVWUDLQWV� LQ�RUGHU� WR�XVH� UHVRXUFHV� HIILFLHQWO\� LQ� DFFRUGDQFH�ZLWK�

WKHLU� REMHFWLYHV�� QHHG�6WUDWHJLF�0DQDJHPHQW� DSSURDFK��7KHUHIRUH��6WUDWHJLF�0DQDJHPHQW�ZDV� WKH�
ILUVW�DSSOLFDWLRQ�RI�WKH�7RWDO�4XDOLW\�0DQDJHPHQW�ZRUNV�ODXQFKHG�LQ�0DUFK�������$V�DQ�DSSURDFK�
RI�6DNDU\D�8QLYHUVLW\�6WUDWHJLF�0DQDJHPHQW�)LJXUH���LV�H[SUHVVHG�DV�IROORZV�<g'(.�SURFHVV���

�

)LJXUH� ��� 7KH� 3URFHVV� RI�$FDGHPLF�$VVHVVPHQW� DQG�4XDOLW\� ,PSURYHPHQWV� DW� ,QVWLWXWLRQV� RI�
+LJKHU�(GXFDWLRQ��<g'(.��������
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7KLV�SURFHVV�ILUVWO\�VWDUWHG�E\�GHWHUPLQLQJ�WKH�RUJDQL]DWLRQ
V�UHDVRQ�IRU�EHLQJ�DQG�WKH�SRLQW�RI�
ZDQWV�WR�UHDFK��LQ�RUGHU�WR�JHW�WR�WKLV�SRLQW�ZKLFK��SULQFLSOHV�DQG�SROLFLHV�RUJDQL]DWLRQ�ZLOO�IROORZ���
)RU�WKLV�SXUSRVH��6DNDU\D�8QLYHUVLW\
V�Mission��Vision��Policies�DQG�Fundamental/Core Values�
ZHUH�GHWHUPLQHG�ZLWK�WKH�SDUWLFLSDWLRQ�RI�DOO�HPSOR\HHV��7KH�Mission�RI�6DNDU\D�8QLYHUVLW\�LV��

“to create a participatory and a contemporary learning/teaching and academic environment 
equipped with aesthetic values which encourages lecturers to produce a universal knowledge and 

technology and to educate students to be competent professionals who respect social values�´�

�

7KH�Vision�RI�6DNDU\D�8QLYHUVLW\�LV�WR�

x� be of the first rank in Turkey and the world in terms of the quality of the education 
offered and research activities conducted; �

x� have a participatory and a cooperative administrative board which encourage team 
work; �

x� try to solve the regional and national problems and play a leading role in the realization 
of collaboration of university, industry and community; �

x� extensively to carry out and provide service for the Internet based teaching at the 
associate degree, graduate and post graduate levels; �

x� create permanent, modern and unique works of arts while preserving the core of our 
traditional arts; �

x� respect national values, internalize the principles of Total Quality Management and 
improve its processes continuously.�

Core values�RI�6DNDU\D�8QLYHUVLW\�DUH��

x� WR�EH�FRPPLWWHG�WR�WKH�SULQFLSOHV�RI�$WDWXUN��
x� WR�REH\�XQLYHUVDO�ODZV�DQG�UHJXODWLRQV��
x� WR�EHOLHYH�LQ�WKH�XQLYHUVDOLW\�RI�VFLHQFH���
x� WR�HQFRXUDJH�LQQRYDWLRQ�DQG�FUHDWLYHQHVV���
x� WR�PDNH�QR�FRQFHVVLRQV�WR�EH�KRQHVW�DQG�DFFXUDWH���
x� WR�SD\�LPSRUWDQFH�WR�KDUPRQ\�DQG�FRRSHUDWLRQ�LQ�WKH�XQLYHUVLW\��
x� WR�VWULYH�WR�DFKLHYH�H[FHOOHQFH��
x� WR�YDOXH�WKH�WLPH��
x� WR�GR�XQLTXH�UHVHDUFK���
x� WR�ORYH�RXU�MRE��

6DNDU\D�8QLYHUVLW\�KDV�VHW�SROLFLHV�LQ�WKH�IROORZLQJ�DUHDV��

��� 4XDOLW\�3ROLF\��
��� (GXFDWLRQ�DQG�5HVHDUFK�3ROLF\��
��� +XPDQ�5HVRXUFHV�3ROLF\��
��� (QYLURQPHQWDO�3ROLF\��
��� 3URPRWLRQ�3ROLF\���
��� &RPPXQLW\�2ULHQWHG�3ROLF\��

�
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,W� LV� DOVR� ZLWKLQ� WKH� VFRSH� RI� WKH� 6WUDWHJLF�0DQDJHPHQW� XQLYHUVLW\� LGHQWLILHG� DQG� SULRULWL]HG�
VWDNHKROGHUV�DV�IROORZV��

x� 6WXGHQWV�
x� 3ULYDWH�6HFWRU�2UJDQL]DWLRQV�
x� &LYLO�6RFLHW\�2UJDQL]DWLRQV�
x� *UDGXDWHV�
x� $FDGHPLF�DQG�$GPLQLVWUDWLYH�VWDII�
x� &RXQFLO�RI�+LJKHU�(GXFDWLRQ��
x� ,QWHUXQLYHUVLW\�&RXQFLO��
x� 7KH�QDWLRQDO�DQG�LQWHUQDWLRQDO�XQLYHUVLWLHV�WR�EH�DJUHHG��
x� 1DWLRQDO�DQG�,QWHUQDWLRQDO�8QLYHUVLWLHV�
x� *RYHUQRU
V�RIILFH�DQG�RWKHU�SXEOLF�LQVWLWXWLRQV�LQ�WKH�UHJLRQ�
x� 1DWLRQDO� 2IILFLDO� ,QVWLWXWLRQV� �'37�� 0LQLVWU\� RI� )LQDQFH�� 0(%�� 'HYHORSPHQW�

$JHQF\��7h%ø7$.�DQG�VR�RQ��
x� 0HPEHU�RI�WKH�FXUUHQW�GRPHVWLF�DQG�LQWHUQDWLRQDO�RUJDQL]DWLRQV��
x� 1DWLRQDO�DQG�,QWHUQDWLRQDO�2WKHU�(GXFDWLRQ�DQG�5HVHDUFK�,QVWLWXWLRQV�

7KH�QH[W�VWDJH�RI�VHOI�DVVHVVPHQW�ZRUN� WR�EH�GRQH�ZLWKLQ� WKH�VFRSH�RI�6WUDWHJLF�0DQDJHPHQW�
ZDV�ILUVWO\�EXLOW�LQ�6DNDU\D�8QLYHUVLW\�LQ������DQG�LV�UHSHDWHG�HYHU\�\HDU��Self-assessment�ZRUNV��
LV�UHSHDWHG�HYHU\�\HDU�IRU�WKH�<g'(.�GLUHFWRU\�UHSUHVHQWHG�E\�)LJXUH����

�

�

�

�

�

�

�

�

�

)LJXUH����<g'(.�6HOI�$VVHVVPHQW�0RGHO��

�

7KXV��ZLWK�WKH�DSSURDFK�DSSOLHG�LQ�WKLV�6WUDWHJLF�0DQDJHPHQW�WDUJHWV�DUH�VHW�DQG�SHUIRUPDQFH�LV�
PRQLWRUHG�IURP�,QVWLWXWLRQDO�%DVLV�WR�LQGLYLGXDO��)LJXUH�������

�

�

�

�3URFHVV�1DPH!
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�

)LJXUH����<g'(.�6WUDWHJLF�3ODQQLQJ�$SSURDFK��

$W�WKH�HQG�RI�DOO�WKHVH�VWXGLHV��6DNDU\D�8QLYHUVLW\��ZDV�SUHSDUHG�WKH�ILUVW�6WUDWHJLF�3ODQ�LQ�������
7KH� ODWHVW� 6DNDU\D� 8QLYHUVLW\
V� 6WUDWHJLF� 3ODQ�� LQ� DFFRUGDQFH� ZLWK� WKH� UHJXODWLRQV� DQG� UHODWHG�
JXLGDQFH�RI�<g'(.�SXEOLVKHG�E\� WKH�&RXQFLO�RI�+LJKHU�(GXFDWLRQ�ZLOO�EH� UHYLVHG�DQG�KDV�EHHQ�
SXEOLVKHG� DV� ���������� 6WUDWHJLF� 3ODQ�� 7KLV� VWUDWHJLF� SODQ� FRQVLVWV� WKH� XQLYHUVLW\
V� ��� SLHFHV�
VWUDWHJ\�� �� ��� SLHFHV� REMHFWLYHV� DQG� ���� VXE�WDUJHW� IRU� VHWWLQJ� LQ� RUGHU� WR� UHDOL]H� WKHVH� VWUDWHJLHV��
7KHVH� WDUJHWV� DUH� PRQLWRUHG� E\� ���� SLHFHV� SHUIRUPDQFH� LQGLFDWRUV�� +RZHYHU�� WKH� VFRSH� RI� WKH�
VWUDWHJLF�SODQ�IRU�DFKLHYLQJ�VWUDWHJLHV�WKHUH�DUH�����XQLWV�SODQQHG�DFWLYLW\���

$W� 6DNDU\D� 8QLYHUVLW\�� LQ� RUGHU� WR� SURYLGH� WKH� VSUHDG� DQG� SDUWLFLSDWLRQ� RI� WKH� 6WUDWHJLF�
0DQDJHPHQW�DFWLYLWLHV�WR�XQLWV��LQ������6WUDWHJLF�0DQDJHPHQW�,QIRUPDWLRQ�6\VWHP��)LJXUH����KDV�
EHHQ� GHYHORSHG�� 6WUDWHJLF�0DQDJHPHQW� ,QIRUPDWLRQ� 6\VWHP� FRQVLVWV� ���PDLQ� WKHPHV� �6WUDWHJLHV��
2EMHFWLYHV��6XE�2EMHFWLYHV�DQG�3HUIRUPDQFH� ,QGLFDWRUV��$FWLYLW\�3URMHFWV�� LQ�DFFRUGDQFH�ZLWK� WKH�
PRGHO�RI�<g'(.���3HUIRUPDQFH�RI� WKH�XQLWV�DQG�WKH�XQLYHUVLW\�LV�PRQLWRUHG�E\�5HG�$UHD�&KDUWV�
�)LJXUH� ��� SURGXFHG� E\� WKLV� V\VWHP�� %\� XQLWV�� SHUIRUPDQFHV� DUH� HYDOXDWHG�ZLWK� WKH� SHUIRUPDQFH�
UHSRUWV�WR�WKH�6HQDWH�DW�WKH�HQG�RI�WKH�\HDU���
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)LJXUH����6DNDU\D�8QLYHUVLW\�6WUDWHJLF�0DQDJHPHQW�,QIRUPDWLRQ�6\VWHP��

�

)LJXUH����5HG�$UHD�&KDUW��

,Q������� LQ� FROODERUDWLRQ�ZLWK�.$/'(5��6DNDU\D�8QLYHUVLW\�� SDUWLFLSDWLQJ� LQ� WKH�QDWLRQDO�
TXDOLW\�PRYHPHQW��ZDV�SDVVHG�WR�([WHUQDO�$VVHVVPHQW�DFFRUGLQJ�WR�WKH�()40�([FHOOHQFH�0RGHO�LQ�
����� DQG� ����� E\� .$/'(5�� $IWHU� WKHVH� DVVHVVPHQWV� UHVSHFWLYHO\� �� 
� DQG� �� 
� ZHUH� WDNHQ� IRU�
([FHOOHQFH�� � 6HOI�DVVHVVPHQW� VWXGLHV� ZLWKLQ� WKH� VFRSH� RI� WKH� VWUDWHJLF� PDQDJHPHQW� SURFHVV� DUH�
LQWHJUDWHG�ZLWK� WKH� UHVXOWV� RI� ()40�([WHUQDO� $VVHVVPHQW� IRU� ����� DQG� ����� DQG� WKH� UHVXOWV� RI�
()40� 6HOI�$VVHVVPHQW� IRU� ������ $W� WKH� HQG� RI� SURJUHVV� PDGH� ZLWK� D� YLHZ� WR� &RQWLQXRXV�
,PSURYHPHQW�� LQ� ������ 6DNDU\D�8QLYHUVLW\� KDV� EHHQ� DZDUGHG� WKH�1DWLRQDO�4XDOLW\�$ZDUG� LQ� WKH�
FDWHJRU\�RI�SXEOLF���
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4. Sakarya University Business Process Management 
,Q�RUGHU�WR�VXFFHVVIXOO\�LPSOHPHQW�WKH�6WUDWHJLF�0DQDJHPHQW��6DNDU\D�8QLYHUVLW\�6WUDWHMLN�

<|QHWLPL�EDúDUÕOÕ�úHNLOGH�X\JXOD\DELOPHN�DPDFÕ\OD�DGRSWHG�PDQDJHPHQW�DSSURDFK�ZLWK�SURFHVVHV��
)RU�WKLV�SXUSRVH��DOO�WKH�SURFHVVHV�GHVFULEHG�LQ������DQG�WKH�ILUVW�KDQGERRN�RI�3URFHVV�0DQDJHPHQW�
KDV� SXEOLVKHG�� /DWHU� LQ� SDUDOOHO� ZLWK� LPSURYHPHQWV� LQ� SURFHVVHV�� LQFOXGHV� XQLYHUVLW\
V� �� 0DLQ�
3URFHVV�DQG����VXE�SURFHVV����

6DNDU\D�8QLYHUVLW\����0DLQ�3URFHVV�LV���

x� (GXFDWLRQ�DQG�7UDLQLQJ���
x� 5HVHDUFK�DQG�'HYHORSPHQW���
x� $SSOLFDWLRQV�DQG�6HUYLFHV���
x� $GPLQLVWUDWLYH�DQG�6XSSRUW���
x� 0DQDJHULDO��

,Q�DFFRUGDQFH�ZLWK�WKLV�DSSURDFK��WKH�SULQFLSDOV�DOVR�LV�GHVLJQHG�RQ�WKH�EDVLV�RI�HDFK�PDMRU�
SURFHVV�XQLWV��)LJXUH�����

�

)LJXUH����6DNDU\D�8QLYHUVLW\�0DQDJHPHQW�ZLWK�3URFHVVHV�$SSURDFK��

$OO� WKHVH� SURFHVVHV� DW� 6DNDU\D� 8QLYHUVLW\� DUH� PHDVXUHG� DQG�PRQLWRUHG� LQ� UHODWLRQ� WR� WKH�
REMHFWLYHV�LQ�WKH�VWUDWHJLF�SODQ��

5. Sakarya University Enterprise Risk Management 
6DNDU\D�8QLYHUVLW\�LPSOHPHQWV�(QWHUSULVH�5LVN�0DQDJHPHQW�LQ�RUGHU�WR��WR�LGHQWLI\��DQDO\]H�

DQG�PDQDJH�ULVNV��IDFHG�RU�PD\�IDFH�LQ�WKH�IXWXUH�SHULRGV�RI�WKH�XQLYHUVLW\
V�GD\�WR�GD\�DFWLYLWLHV��WR�
SUHYHQW� UHDOL]LQJ� LWV� JRDOV� RU� WR� FUHDWH� RSSRUWXQLWLHV� LQ� RUGHU� WR� HQVXUH� WR�PLQLPL]H� WKH� QHJDWLYH�
HIIHFWV� RI� ULVNV�� (QWHUSULVH� 5LVN�0DQDJHPHQW� SURFHVV� LV� VXPPDUL]HG� LQ� WKH� ILJXUH� EHORZ� DSSOLHV�
6DNDU\D�8QLYHUVLW\��
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��

�
)LJXUH����6DNDU\D�8QLYHUVLW\�(QWHUSULVH�5LVN�0DQDJHPHQW�$SSURDFK��

�

:LWKLQ� WKH� VFRSH�RI�(QWHUSULVH�5LVN�0DQDJHPHQW��6DNDU\D�8QLYHUVLW\�� LGHQWLILHG� WKH� ULVNV�
XQGHU�WKH�IROORZLQJ�PDLQ�KHDGLQJV��

D�� &RUSRUDWH�ULVNV��
E�� 5LVNV�UHODWHG�WR�HGXFDWLRQ�DQG�WR�WHDFKLQJ��
F�� 5LVNV�DVVRFLDWHG�ZLWK�UHVHDUFK�DQG�GHYHORSPHQW��
G�� 5LVNV�DVVRFLDWHG�ZLWK�WKH�DSSOLFDWLRQ�DQG�WKH�VHUYLFH��
H�� 5LVNV�DVVRFLDWHG�ZLWK�DGPLQLVWUDWLYH�DQG�VXSSRUW��

Conclusion 
4XDOLW\� LV� LQFUHDVLQJO\� LPSRUWDQW� WHUP�IRU� LQVWLWXWLRQV��6DNDU\D�8QLYHUVLW\�KDV�EHHQ�DZDUH�RI� WKLV�
VLQFH������ZLWK� WKH� VWXG\� RI�ZHE�SDJH��6LQFH� WKDW� WLPH��6DNDU\D�8QLYHUVLW\�GHYHORSHG� LWVHOI� DQG�
IRXQGHG� TXDOLW\� PDQDJHPHQW� VHUYLFHV� DQG� JLYH� TXDOLW\� DZDUGV�� 7KLV� VWXG\� DLPV� WR� JLYH� WKH�
LQIRUPDWLRQ�RI�WKLV�LQQRYDWLRQ��GHYHORSPHQW�DQG�SURJUHVV�RI�SURFHVV�DQG�UHYHDOHG�WKHP��
�
References 
 
&KRZGKXU\�� 6XELU� ��������7KH� ,FH�&UHDP�0DNHU��$Q� ,QVSLULQJ�7DOH�$ERXW�0DNLQJ�4XDOLW\�7KH�
.H\�,QJUHGLHQW� LQ�(YHU\WKLQJ�<RX�'R��1HZ�<RUN��'RXEOHGD\��5DQGRP�+RXVH�� ,6%1�����������
���������

5. Sakarya University Enterprise Risk Management Approach�

Determination/ Updating of 
Risks �

Analysis of Risks Rating)�

Prioritization of risks�

Determination of Risk 
Management Policies�

Results of Risk Monitoring, 
Evaluation and Reporting�
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$PHULFDQ� 6RFLHW\� IRU� 4XDOLW\�� *ORVVDU\� �� (QWU\�� 4XDOLW\�� KWWS���DVT�RUJ�JORVVDU\�T�KWPO� � UHWULHYHG�
������������

:HLQEHUJ��*HUDOG�0����������4XDOLW\�6RIWZDUH�0DQDJHPHQW��9ROXPH����6\VWHPV�7KLQNLQJ�����1HZ�
<RUN��1<���'RUVHW�+RXVH��S�����,6%1���������������������
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6$.$5<$�81,9(56,7<�21/,1(�$&$'(0,&�6<67(06�

3URI��'U��0X]DIIHU�(/0$6�
3UHVLGHQW��6DNDU\D�8QLYHUVLW\�

HOPDV#VDNDU\D�HGX�WU�
�

$EVWUDFW�
1RZDGD\V�� HYHU\WKLQJ� LV� FKDQJHG�� HYHU\� SHUVRQ� DQG� V\VWHP� NHHSV� SDFH� ZLWK� WKH� LQQRYDWLRQ��
6WDUWLQJ�IURP�KHUH��ZLWK�WKH�LQQRYDWLRQ�DQG�GHYHORSPHQW�RI�WHFKQRORJLHV�WKLV�VWXG\�DLPV�WR�H[SODLQ�
RQOLQH�V\VWHPV��0RUHRYHU�H[DPSOHV�RI�RQOLQH�DFDGHPLF�V\VWHPV�DUH�VKRZQ��7KHVH�V\VWHPV�EHORQJ�
WR�6DNDU\D�8QLYHUVLW\�DQG�QRZ�HYHU\�V\VWHP�LV�DOLYH��7KHVH�V\VWHPV�IDFLOLWDWH�WKH�VWXGHQWV�DQG�VWDIIV�
OLYHV� ZLWK� SURYLGLQJ� RSSRUWXQLWLHV� WR� PDQDJH� DQG� XVH� RQOLQH� DFDGHPLF� V\VWHPV� HDVLO\� DQG�
DIIHFWLYHO\��
�
.H\ZRUGV��2QOLQH�$FDGHPLF�6\VWHPV��3HUIRUPDQFH�6\VWHP�
�
�
�

,QWURGXFWLRQ�
&RPPXQLFDWLRQ� WHFKQRORJLHV� KDYH� GHYHORSHG� YHU\� IDVW�� � 7KLV� GHYHORSPHQW� KDV� DIIHFW� HGXFDWLRQ�
V\VWHP���)RU�H[DPSOH��SHUIRUPDQFH�V\VWHP�KDV�FKDQJHG�ZLWK�LQWHUQHW���$FDGHPLFLDQV�FDQ�VHH�WKHLU�
SHUIRUPDQFH�V\VWHP�RQ�LQWHUQHW����
3HUIRUPDQFH� V\VWHPV� DUH� LPSRUWDQW� IRU� DFDGHPLFLDQV� DQG� VWDII� LQ� XQLYHUVLWLHV�� 7KHVH� KHOS� IRU�
IDFLOLWDWLQJ� WKH� OLIH� LQ� RUGHU� WR� PDQDJH� DOO� DFWLYLWLHV� LQ� XQLYHUVLWLHV�� 7KXV� WKLV� LQFUHDVHV� WKH�
SHUIRUPDQFH� RI� DFDGHPLFLDQV� DQG� VWDII� LQ� WKHLU� GXW\�� :LWK� WKH� LQQRYDWLRQ� DQG� GHYHORSPHQW� RI�
WHFKQRORJLHV��SHUIRUPDQFH�V\VWHPV�DUH�HOHFWURQLF�DQG�RQOLQH�QRZ��
,QVLGH� RI� WKH� LQQRYDWLRQ� DQG� UDSLGO\� GHYHORSHG� WHFKQRORJ\�� D� FRPSOH[� ZRUNIORZ� LV� LQFOXGHG��
3HUIRUPDQFH�V\VWHP�LV�UHGXFLQJ�WKH�ZRUNORDG�RI�DFDGHPLFLDQV�DQG�VWDII��3HUIRUPDQFH�V\VWHPV�WR�EH�
RQOLQH�ZLWK� WKH�GHYHORSLQJ� WHFKQRORJ\�DUH�DQRWKHU� IDFWRU� LQ�PDNLQJ�RXU� OLYHV�HDVLHU��)XUWKHUPRUH�
WKHVH� V\VWHPV� VLPSOLI\� PDLQWHQDQFH�� SURFHVVHV�� FKRLFHV�� LPSOHPHQWDWLRQ� DQG� GHOLYHU\�� %HVLGHV�
WKHVH�� SHUIRUPDQFH� V\VWHPV� VWUHQJWKHQ� FRPPXQLFDWLRQ� DQG� FRPSXWHU� LQIUDVWUXFWXUH�� NQRZOHGJH�
EDVH��IDFLOLWDWH�NQRZOHGJH�PDQDJHPHQW�DQG�LQFUHDVH�XVDELOLW\��0DXJKDQ���������
7UDGLWLRQDO� V\VWHPV� FDQQRW� VXIILFLHQWO\� SUHSDUH� DFDGHPLFLDQV� DQG� VWDII� IRU� WRGD\¶V� FRPSOH[�
ZRUNSODFH��7KXV�QHZ�DQG�PRUH�HIIHFWLYHO\�V\VWHPV�DUH�QHHGHG��:LWK�WKLV�QHHG��LQ�RUGHU�WR�DFKLHYH�D�
VXFFHVVIXO� SHUIRUPDQFH�� DQG� WR� LQFUHDVH� SURGXFWLYLW\� LQIRUPDWLRQ� WHFKQRORJLHV� DUH� XVHG� �/HH� DQG�
/XL��������*RWWIUHGVRQ�DQG�0RVKHU���������
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)LJXUH����6DNDU\D�8QLYHUVLW\¶V�:HE�6LWH�+RPH�3DJH�

7KDQNV�WR�LWV�VWURQJ�FRPPXQLFDWLRQV�LQIUDVWUXFWXUH�DQG�NQRZOHGJH�EDVH��6DNDU\D�8QLYHUVLW\�DLPV�WR�
SURYLGH� LQIRUPDWLRQ� WHFKQRORJ\� VHUYLFHV� WR� VWXGHQWV� DQG� VWDII�� 6DNDU\D� 8QLYHUVLW\� KDV� GLIIHUHQW�
LQIRUPDWLRQ�WHFKQRORJ\�V\VWHPV�IRU�PDQDJLQJ�DQG�LQFUHDVLQJ�WKH�SHUIRUPDQFH��7KHVH�V\VWHPV�DUH��

x 6DNDU\D� 8QLYHUVLW\� $FDGHPLF� ,QIRUPDWLRQ� 6\VWHP� �6DNDU\D� hQLYHUVLWHVL� $NDGHPLN� %LOJL�
6LVWHPL�6$%ø6��

x (GXFDWLRQDO�,QIRUPDWLRQ�6\VWHP��(÷LWLP�g÷UHWLP�%LOJL�6LVWHPL��(%6��
x 6WUDWHJLF�0DQDJHPHQW�,QIRUPDWLRQ�6\VWHP��6WUDWHMLN�<|QHWLP�%LOJL�6LVWHPL��6<%6��
x 6DNDU\D�8QLYHUVLW\�&DPSXV�$XWRPDWLRQ�:HE�,QIRUPDWLRQ�6\VWHP��&$:ø6��

�

� �
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6$.$5<$�81,9(56,7<�$&$'(0,&�,1)250$7,21�6<67(0���6$%ø6�

6DNDU\D�8QLYHUVLW\�$FDGHPLF�,QIRUPDWLRQ�6\VWHP��6DNDU\D�hQLYHUVLWHVL�$NDGHPLN�%LOJL�6LVWHPL�
6$%ø6�� LV�D�QHZ�V\VWHP�DQG� LWV�ZHE�VLWH� LV�KWWS���ZZZ�VDELV�VDNDU\D�HGX�WU�� �� ,Q� WKLV�V\VWHP�� LW� LV�
DLPHG�WR�PDQDJH�WKH�DFDGHPLF�DFWLYLWLHV�IRU�DFDGHPLFLDQV��0RUHRYHU�IRU�JXHVW�XVHUV�6$%ø6�RIIHU�
WKH�FKDQFH�WR�ORRN�DW�WKH�FRXUVH�SURJUDPV��FRQWHQWV�DQG�WHDFKLQJ�VWDII��

�

)LJXUH����6DNDU\D�8QLYHUVLW\�$FDGHPLF�,QIRUPDWLRQ�6\VWHP���6$%ø6�

:LWK�6$%ø6��LW�LV�DFFHVVHG�WR�RSHQ�FRXUVH�PDWHULDOV��WKH�6DNDU\D�8QLYHUVLW\�$FDGHPLF�(YDOXDWLRQ�
DQG�4XDOLW\� ,PSURYHPHQW�&RPPLWWHH� �6$NDU\D� �hQLYHUVLWHVL�$NDGHPLN�'(÷HUOHQGLUPH�YH�.DOLWH�
*HOLúWLUPH� .XUXOX�� 6$h'(.�� GHFLVLRQV�� DFDGHPLF� DFWLYLWLHV�� FRQVXOWDQF\� VHUYLFHV�� SHUVRQDO�
LQIRUPDWLRQ� VHUYLFHV�� VWXGHQW� LQIRUPDWLRQ� VHUYLFHV�� ZHEVLWH� PDQDJHPHQW�� SHUIRUPDQFH� DQDO\VHV��
6DNDU\D�8QLYHUVLW\�SXEOLFDWLRQV��WKHVLV��SURMHFWV��ORFDWLRQV��ODERUDWRULHV��FRXUVH�DQG�H[DP�SURJUDPV��
JUDGXDWHV�V\VWHP��DJHQGDV�DQG�GHFLVLRQV��DFDGHPLF�GRFXPHQWV�WUDFNLQJ�V\VWHP��2Q�WKH�RWKHU�KDQG�
6$%ø6�SHUPLW�WKH�XQLYHUVLW\�VWDII�DFFHVV�WKHLU�PDLO�IURP�WKLV�VLWH��

�

)LJXUH����6$%ø6�0DLO�6HUYLFH�8VHU�/RJLQ�
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,Q�6$%ø6�IURP�WKH�SDUW�RI�WKH�ZHEVLWH�PDQDJHPHQW��WKHUH�LV�DFFHVV�DQG�PDQDJHPHQW�SDQHO�IRU�ZHE�
VLWHV�ZKLFK� LV�KDYHQ�E\�HDFK�XQLYHUVLW\� VWDII�� HDFK�DFDGHPLF�DQG�DGPLQLVWUDWLYH�XQLW�RQ�EHKDOI�RI�
LQVWLWXWLRQDO�LGHQWLW\��

�

�

)LJXUH����6$%ø6�:HE�6LWH�0DQDJHPHQW�

�

� �
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('8&$7,21$/�,1)250$7,21�6<67(0���(,6�

7KH�PLVVLRQ�RI�6DNDU\D�8QLYHUVLW\�LV�WR�PDLQWDLQ�D�FRQWHPSRUDU\�DFDGHPLF�WUDGLWLRQ�WKDW�HQKDQFHV�
DQG�SURGXFHV�LQIRUPDWLRQ�DQG�WHFKQRORJ\�DW�XQLYHUVDO�VWDQGDUGV�DQG�WR�EH�NHHQ�RQ�UHVHDUFK��WR�EH�
SDUWLFLSDWLYH��VKDULQJ�DQG�LQQRYDWLYH�DQG�DSSUHFLDWLYH�RI�DHVWKHWLF�YDOXHV��)RU�WKLV�PLVVLRQ��6DNDU\D�
8QLYHUVLW\�IRXQGHG�GLIIHUHQW�V\VWHPV�OLNH��(GXFDWLRQDO�,QIRUPDWLRQ�6\VWHP����

%RORJQD� 3URFHVV� XUJHV� DOO� (8� KLJKHU� HGXFDWLRQ� LQVWLWXWLRQV� WR� HYDOXDWH� FRPSHWHQFLHV� RI� WKHLU�
HGXFDWLRQDO�SURJUDPV�DQG�WR�PDLQWDLQ�D�FRPPRQ�SHUFHSWLRQ�RI�TXDOLW\��7KURXJK�(,6��(GXFDWLRQDO�
,QIRUPDWLRQ� 6\VWHP��� 6DNDU\D� 8QLYHUVLW\� DLPV� DW� GHVFULELQJ� LWV� FXUULFXODU� DFWLYLWLHV� ZLWKLQ� D�
FRQVWDQWO\� HYROYLQJ� DQG� WUDQVSDUHQW� IUDPHZRUN�� :KDW� PDNHV� (,6� D� UHPDUNDEOH� VRIWZDUH� LV� LWV�
LQWHJULW\�DQG�FRPSDWLELOLW\�ZLWK�6DNDU\D�8QLYHUVLW\
V�RWKHU� LQIRUPDWLRQ�V\VWHPV� WKDW�DUH�FXUUHQWO\�
RSHUDWLQJ��

(,6� LQFOXGHV� GRFXPHQWV� UHJDUGLQJ� XQLYHUVLW\
V� DFDGHPLF� SURJUDP� FRPSHWHQFLHV� DQG� REMHFWLYHV��
OHVVRQ� SODQV�� UHODWLRQV� EHWZHHQ� FRXUVHV� DQG� SURJUDP� FRPSHWHQFLHV�� FRXUVH� RXWFRPH�� HYDOXDWLRQ�
FULWHULD��GRFXPHQWV�IRU�WHDFKLQJ�VWDII�WR�VKDUH��TXHVWLRQQDLUHV�HYDOXDWLQJ�HGXFDWLRQDO�SURFHVVHV��LQ�
VHUYLFH�WUDLQLQJ�GRFXPHQWV�IRU� WKH�LQLWLDWLYH�RI�XSGDWLQJ�HGXFDWLRQDO�SURJUDPV�WKDW�FRPPHQFHG�LQ�
'HFHPEHU�����������(,6�FRQWDLQV�������GLIIHUHQW�GHVFULEHG�FRXUVHV�WKDW�DUH�VWLOO�EHLQJ�SURFHVVHG��

�

)LJXUH����6DNDU\D�8QLYHUVLW\�(GXFDWLRQDO�,QIRUPDWLRQ�6\VWHP�

�

�

�

�

�

�

�

'HJUHH�3URJUDPPHV��
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Doctorate Degree (Third Cycle Programmes) 

�

)LJXUH����6DNDU\D�8QLYHUVLW\�'RFWRUDWH�'HJUHH��7KLUG�&\FOH�3URJUDPPHV��

 

Master's Degree (Second Cycle Programmes) 

�

)LJXUH����6DNDU\D�8QLYHUVLW\�0DVWHU
V�'HJUHH��6HFRQG�&\FOH�3URJUDPPHV��

 

 

 

 

Bachelor's Degree (First Cycle Programmes) 
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)LJXUH����6DNDU\D�8QLYHUVLW\�%DFKHORU
V�'HJUHH��)LUVW�&\FOH�3URJUDPPHV��
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Associate's Degree (Short Cycle Programmes) 

�

)LJXUH����6DNDU\D�8QLYHUVLW\�$VVRFLDWH
V�'HJUHH��6KRUW�&\FOH�3URJUDPPHV��

�

$Q\� SDUW� RI� WKHVH� SURJUDPV� OHVVRQ� SODQ�� FXUULFXOXP�� FRXUVH� FRQWHQW�� GRFXPHQWV� FDQ� EH� DFFHVVHG�
IURP�(,6��

)RU�H[DPSOH��LI�%DFKHORU
V�'HJUHH��)LUVW�&\FOH�3URJUDPPHV���)DFXOW\�RI�(GXFDWLRQ��'HSDUWPHQW�RI�
,QVWUXFWLRQDO� 7HFKQRORJ\� DQG� &RPSXWHU� (GXFDWLRQ� LV� FKRVHQ�� PHQXV� RI� *RDOV� 	� 2EMHFWLYHV��
3URJUDP� /HDUQLQJ� 2XWFRPHV�� 7HDFKLQJ� 	� /HDUQLQJ� 0HWKRGV�� &RXUVH� 6WUXFW�	(&76� &UHGLWV��
&RXUVH	3URJUDP� /�� 2XWFRPHV�� &RXUVH� &DWHJRULHV�� /HYHO� RI� 4XDOLILFDWLRQ�� $GPLVVLRQ�
5HTXLUHPHQWV�� 2FFXSDWLRQDO� 3URILOHV�� *UDGXDWLRQ� 5HTXLUHPHQWV�� $VVHVVPHQW� DQG� *UDGLQJ�� 3URJ��
'LUHFWRU�	�(&76�&RRUG���3ROOV�$SSOLHG�WR�6WXGHQWV�DUH�VHHQ��

�

�

�

�

�
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Goals & Objectives 

�

)LJXUH�����*RDOV�	�2EMHFWLYHV�

Program Learning Outcomes 

3URJUDP�OHDUQLQJ�RXWFRPHV�PD\�EH�GLVSOD\HG�ZLWK�FODVVLILHG��OLVW�RU�F\FOH�ILHOG�SURJUDP�IRUPDW��

�

)LJXUH�����3URJUDP�/HDUQLQJ�2XWFRPHV�&ODVVLILHG�'LVSOD\�)RUPDW�

�
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)LJXUH�����3URJUDP�/HDUQLQJ�2XWFRPHV�/LVW�'LVSOD\�)RUPDW�

�

)LJXUH�����3URJUDP�/HDUQLQJ�2XWFRPHV�&\FOH�)LHOG�3URJUDP�'LVSOD\�)RUPDW�

Teaching & Learning Methods 

7HDFKLQJ�DQG�OHDUQLQJ�PHWKRGV�DQG�VWUDWHJLHV�DUH�FKRVHQ�WR�LPSURYH�WKH�VWXGHQW¶V�VNLOOV�VXFK�DV�VHOI�
OHDUQLQJ��OLIH�ORQJ�OHDUQLQJ��REVHUYDWLRQ��WHDFKLQJ�RWKHUV��SUHVHQWDWLRQ��FULWLFDO�WKLQNLQJ��
WHDPZRUNLQJ�DQG�,7��

$OVR��WR�DFKLHYH�D�EHWWHU�OHDUQLQJ�ZLWK�VWXGHQWV�KDYLQJ�GLIIHUHQW�OHDUQLQJ�VW\OHV��WKH�SURJUDP�LV�
VXSSRUWHG�E\�FRQYHQLHQW�PHWKRGRORJLHV��

International Science and Technology Conference, Dubai, 13-15 December 2012

1041



ISTEC 20
12

�

)LJXUH�����7HDFKLQJ�	�/HDUQLQJ�0HWKRGV�

Course Structure & ECTS Credits 
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�

)LJXUH�����&RXUVH�6WUXFWXUH�	�(&76�&UHGLWV�

Course & Program Learning Outcomes 

&RXUVH	3URJUDP�/��2XWFRPHV�PD\�EH�GLVSOD\HG�ZLWK�QXPHULFDO�UHODWLRQ�OHYHO��YHUEDO�UHODWLRQ�OHYHO�
RU�WKH�SUHVHQFH�RI�UHODWLRQVKLS�IRUPDW��

�

�

)LJXUH�����&RXUVH�	�3URJUDP�/HDUQLQJ�2XWFRPHV�5HODWLRQ�/HYHO��1XPHULFDO��'LVSOD\�)RUPDW�

International Science and Technology Conference, Dubai, 13-15 December 2012

1043



ISTEC 20
12

�

)LJXUH�����&RXUVH�	�3URJUDP�/HDUQLQJ�2XWFRPHV�5HODWLRQ�/HYHO��9HUEDO��'LVSOD\�)RUPDW�

�

)LJXUH�����&RXUVH�	�3URJUDP�/HDUQLQJ�2XWFRPHV�7KH�3UHVHQFH�RI�5HODWLRQVKLS�'LVSOD\�)RUPDW�

Course Categories 

&RXUVH�FDWHJRULHV�DUH�YDULHG�DV�IRXU�SDUWV��6XSSOHPHQWDU\�&RXUVHV��%DVLF�2FFXSDWLRQDO�&RXUVHV��
([SHUWLVH�)LHOG�&RXUVHV��&RXUVHV�RQ�&RPPXQLFDWLRQ�DQG�0DQDJHPHQW�6NLOOV��

�

)LJXUH�����&RXUVH�&DWHJRULHV�

Level of Qualification 
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7KLV�LV�D�ILUVW�F\FOH�GHJUHH�SURJUDP�LQ�WKH�VFLHQFH�RI�&RPSXWHU�DQG�,QVWUXFWLRQ�7HFKQRORJLHV�
(GXFDWLRQ������(&76����
<RX�ZLOO�EH�DZDUGHG��RQ�VXFFHVVIXO�FRPSOHWLRQ�RI�WKH�SURJUDPPH�DQG�JDLQ�FRPSHWHQFLHV��D�GHJUHH�
RI�%DFKHORU�LQ�&RPSXWHU�DQG�,QVWUXFWLRQ�7HFKQRORJLHV�(GXFDWLRQ��

Admission Requirements 

6WXGHQWV� PXVW� FRPSO\� ZLWK� WKH� OHJDO� DQG� DFDGHPLF� UHTXLUHPHQWV� WR� DFFHVV� WKH� VWXGLHV� LQ� 7KH�
6DNDU\D�8QLYHUVLW\�DFFRUGLQJ�WR�WKH�SURFHVV�HVWDEOLVKHG�E\�WKH�g6<0��+LJKHU�(GXFDWLRQ�&RXQFLO�
6WXGHQW� 6HOHFWLRQ� DQG� 3ODFHPHQW� &HQWUH�� UHJXODWLRQV�� 6WXGHQWV�ZKR� KDYH� VWDUWHG� VWXGLHV� LQ� RWKHU�
XQLYHUVLWLHV�ZLWKLQ�RU�RXWVLGH�RI�WKH�FRXQWU\�PD\�DSSO\�IRU�WKHLU�UHFRJQLWLRQ��7KH�UHFRJQLWLRQ�UHFRUG�
LV�XQLTXH�IRU�HDFK�VWXGHQW�DQG�WKHUHIRUH�WKH�SURFHGXUH�LV�FDUULHG�RXW�DFFRUGLQJO\�EHIRUH�WKH�VWDUW�RI�
HDFK�DFDGHPLF�\HDU��0RUH� LQIRUPDWLRQ�DERXW�JHQHUDO�DGPLVVLRQ�UHTXLUHPHQWV�FDQ�EH� IRXQG� LQ� WKH�
FDWDORJXH�RI�,QIRUPDWLRQ�RQ�WKH�,QVWLWXWLRQ��

8QGHU� DQ� HVWDEOLVKHG� H[FKDQJHV� SURJUDP� RU� RQH� DSSURYHG� E\� WKH� 8QLYHUVLW\�� H[FKDQJH� VWXGHQWV�
IURP�DEURDG�PD\�EH�DFFHSWHG�IRU�VWXGLHV�RQ�WKH�FRXUVHV�WDXJKW�LQ�(QJOLVK��2U��LI�WKH\�DUH�FRQILGHQW�
LQ�7XUNLVK��WKH\�PD\�WKHQ�HQURO�DQ\�FRXUVHV��UXQQLQJ�LQ�7XUNLVK��VKRZQ�RQ�WKH�"&RXUVH�6WUXFWXUH"�
GLDJUDP��

Occupational Profiles 

8SRQ�D� VXFFHVVIXO� FRPSOHWLRQ�RI� WKH�SURJUDPPH�� VWXGHQW�PD\�FRQWLQXH�ZLWK�PDVWHU� DQG�GRFWRUDO�
VWXGLHV� LQ� WKH� VDPH� RU� VLPLODU� VFLHQWLILF� DUHDV�� ZKLFK� PD\� DFFHSW� VWXGHQWV� IURP� WKH� VFLHQFH� RI�
&RPSXWHU�DQG�,QVWUXFWLRQ�7HFKQRORJLHV�(GXFDWLRQ��

Graduation Requirements 

7KHUH�LV�QR�ILQDO�H[DPLQDWLRQ�RU�H[DPLQDWLRQ�SHULRG�DW�WKH�HQG�RI�DQ�DFDGHPLF�\HDU��RU�DW�WKH�HQG�RI�
WKH� VWXG\� SURJUDPPH�� 7KHUH� LV�� KRZHYHU�� D� ILQDO� H[DPLQDWLRQ� DQG� H[DPLQDWLRQ� SHULRGV�� L�H���
QRUPDOO\� WDNHV� WZR� ZHHNV� DQG� VWDUWV� LPPHGLDWHO\� DIWHU� DW� WKH� HQG� RI� HDFK� VHPHVWHU�� 6WXGHQW� LV�
H[SHFWHG� WR� KDYH� D� VXFFHVVIXO� FRPSOHWLRQ� RI� LQWHUQVKLS� ���� ZRUNLQJ� GD\V�� LQ� LQGXVWU\� EHIRUH�
JUDGXDWLRQ��,QWHUQVKLS�LV�QRW�FUHGLWHG�LQ�WKH�SURJUDPPH�WKRXJK�LW�LV�SUHUHTXLVLWH�IRU�WKH�JUDGXDWLRQ��
+RZHYHU�� WKH� FRPSHWHQFHV� JDLQHG� DQG� ZRUNORDG� QHHGHG� ZLWK� LQWHUQVKLS� DUH� HQVXUHG� ZLWK� WKH�
UHOHYDQW� FRXUVHVC� FRQWHQW�� SUDFWLFH� DQG�ZRUNODRG� LQ� WKH�SURJUDPPH�� ,Q� DGGLWLRQ� WR� WKDW� VWXGHQW� LV�
UHTXLUHG� WR� FRPSOHWH� D� GHJUHH� SURMHFW� DQG� ILQDO� \HDU� GLVVHUWDWLRQ�� �WDNHQ� QRUPDOO\� LQ� �WK� RU� �WK�
VHPHVWHU���ZKLFK�IROORZV�DQ�RUDO�SUHVHQWDWLRQ��

Assessment and Grading 

$VVHVVPHQW�DQG�JUDGLQJ�DUH�VSHFLILHG�LQ�HDFK�FRXUVH��:KHQ�VHH�WKH�&RXUVH�6WUXFWXUH�IRU�GHWDLOV��
WKH\�DUH�VHHQ��

Prog. Director & ECTS Coord. 

,Q�WKLV�VHFWLRQ�SURJUDPPH�GLUHFWRU¶V�DQG�(&76�	�(UDVPXV�FRRUGLQDWRU¶V�LQIRUPDWLRQ��PDLO�DGGUHVV��
SKRQH�QXPEHU�DQG�ID[�QXPEHU��DUH�DFFHVVHG���

Polls Applied to Students 

3ROOV�DERXW�³7KH�2YHUDOO�(YDOXDWLRQ�RI�WKH�&RXUVH´��³7KH�(YDOXDWLRQ�RI�WKH�,QVWUXFWRU´��³/HYHO�RI�
WKH�&RQWULEXWLRQ�2I�&RXUVH�2XWFRPHV�WR�3URJUDPPH�&RPSHWHQFLHV´��³:RUNORDG�'HWHUPLQDWLRQ�±�
(&76´�DSSOLHG�WR�VWXGHQWV�DUH�VHHQ�IURP�WKLV�VHFWLRQ���

International Science and Technology Conference, Dubai, 13-15 December 2012

1045



ISTEC 20
12

�

)LJXUH�����3ROOV�$SSOLHG�WR�6WXGHQWV�

�

� �
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675$7(*,&�0$1$*(0(17�,1)250$7,21�6<67(0���6<%6�

$W�6DNDU\D�8QLYHUVLW\��LQ�RUGHU�WR�SURYLGH�WKH�VSUHDG�DQG�SDUWLFLSDWLRQ�RI�WKH�6WUDWHJLF�0DQDJHPHQW�
DFWLYLWLHV�WR�XQLWV��LQ������6WUDWHJLF�0DQDJHPHQW�,QIRUPDWLRQ�6\VWHP�KDV�EHHQ�GHYHORSHG��6WUDWHJLF�
0DQDJHPHQW� ,QIRUPDWLRQ�6\VWHP�FRQVLVWV����PDLQ� WKHPHV�6WUDWHJLHV��2EMHFWLYHV��6XE�2EMHFWLYHV�
DQG� 3HUIRUPDQFH� ,QGLFDWRUV�� $FWLYLW\�3URMHFWV�� � LQ� DFFRUGDQFH� ZLWK� WKH� PRGHO� RI� <g'(.���
3HUIRUPDQFH� RI� WKH� XQLWV� DQG� WKH� XQLYHUVLW\� LV� PRQLWRUHG� E\� 5HG� $UHD� &KDUWV� SURGXFHG� E\� WKLV�
V\VWHP��%\�XQLWV��SHUIRUPDQFHV�DUH�HYDOXDWHG�ZLWK�WKH�SHUIRUPDQFH�UHSRUWV�WR�WKH�6HQDWH�DW�WKH�HQG�
RI�WKH�\HDU��

�

)LJXUH�����6DNDU\D�8QLYHUVLW\�6WUDWHJLF�0DQDJHPHQW�,QIRUPDWLRQ�6\VWHP��

�

�
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)LJXUH�����5HG�$UHD�&KDUW��

�

� �
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&$0386�$8720$7,21�:(%�,1)250$7,21�6<67(0���&$:,6�

&DPSXV�$XWRPDWLRQ�:HE�,QIRUPDWLRQ�6\VWHP��&$:,6��LQFRUSRUDWHV�QLQH�GLIIHUHQW�V\VWHPV��7KHVH�
KDYH�YDULRXV�WDVNV�DQG�FRQWDLQ�GLIIHUHQW�SURFHVVHV�IRU�VHYHUDO�SHUIRUPDQFH���

x :HE*DWH���>�KWWS���ZZZ�JDWH�VDNDU\D�HGX�WU�@�
x :HE0DLO���>�KWWS���ZZZ�PDLO�VDNDU\D�HGX�WU�@�
x :HE2ELV���>�KWWS���ZZZ�RELV�VDNDU\D�HGX�WU�@�
x :HE$ELV���>�KWWS���ZZZ�DELV�VDNDU\D�HGX�WU�@�
x :HE3ELV���>�KWWS���ZZZ�SELV�VDNDU\D�HGX�WU�@�
x :HE0HQ����>�KWWS���ZZZ�PHQX�VDNDU\D�HGX�WU�@�
x :HE5HKEHU���>�KWWS���ZZZ�UHKEHU�VDNDU\D�HGX�WU�@�
x :HE)RUP���>�KWWS���ZZZ�IRUP�VDNDU\D�HGX�WU�@�
x :HE$QNHW���>�KWWS���ZZZ�DQNHW�VDNDU\D�HGX�WU@�

:HE*DWH���>�KWWS���ZZZ�JDWH�VDNDU\D�HGX�WU�@�
:HE*DWH�LV�&DPSXV�$XWRPDWLRQ�:HE�,QIRUPDWLRQ�6\VWHP��&$:,6�¶V�JDWH�DQG�LQWHUIDFH�WR�XVHU�
SURFHVVHV���

�
)LJXUH�����:HE*DWH��

�
�

:HE0DLO���>�KWWS���ZZZ�PDLO�VDNDU\D�HGX�WU�@�
:HE0DLO�LV�&$:,6�H�PDLO�LQWHUIDFH��
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12�)LJXUH�����:HE0DLO�,QIRUPDWLRQ�3DJH�

�

�

)LJXUH�����:HE0DLO�,QER[�

2Q�6HSWHPEHU�������ZHEPDLO�DGGUHVV�ZDV�FKDQJHG�EHFDXVH�6DNDU\D�8QLYHUVLW\�PDGH�D�GHDO�ZLWK�
*RRJOH� 0DLO�*PDLO�� 1RZ� DFDGHPLFLDQV� DQG� VWDII� DFFHVV� WKHLU� PDLO�
IURP�KWWS���ZZZ�SRVWD�VDNDU\D�HGX�WU�DGGUHVV�RU�6$%ø6�SDJH���
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�

)LJXUH�����0DLO�6HUYLFH�8VHU�/RJLQ�

�

)LJXUH�����0DLO�6HUYLFH�,QER[�

�
�
:HE2ELV���>�KWWS���ZZZ�RELV�VDNDU\D�HGX�WU�@�
:HE2ELV�LV�6WXGHQW�,QIRUPDWLRQ�6\VWHP�DQG�SURFHVVHV�RI�FRXUVH�VHOHFWLRQ��YLHZLQJ�VFRUHV�DQG�
WUDQVFULSW�DUH�GRQH�LQ�WKLV�V\VWHP��
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)LJXUH�����:HE2ELV�,QIRUPDWLRQ�3DJH�

�

�

)LJXUH�����:HE2ELV�&RXUVH�/LVW�3DJH�

�

�

�

International Science and Technology Conference, Dubai, 13-15 December 2012

1052



ISTEC 20
12�)LJXUH�����:HE2ELV�6WXGHQW�,QIRUPDWLRQ�3DJH�

�

�

)LJXUH�����:HE2ELV�7UDQVFULSW�3DJH�

�
�
:HE$ELV���>�KWWS���ZZZ�DELV�VDNDU\D�HGX�WU�@�
:HE$ELV�LV�$FDGHPLF�,QIRUPDWLRQ�6\VWHP��)URP�WKHUH�FRXUVH�VHOHFWLRQ��JLYLQJ�VFRUHV��VKDULQJ�
GRFXPHQWV�DQG�YLHZLQJ�VWXGHQWV�OLVWV�SURFHVVHV�DUH�GRQH��

�
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)LJXUH�����:HE$ELV�,QIRUPDWLRQ�3DJH�

�

�

)LJXUH�����:HE$ELV�&RXUVH�6HOHFWLRQ�

�
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)LJXUH�����:HE$ELV�6FRUHV�/LVW��

�

�

)LJXUH�����:HE$ELV�&RXUVH�6FRUHV�(QWUDQFH�

�

�

�
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)LJXUH�����:HE$ELV�6WXGHQWV�/LVW�3DJH�

�

�

)LJXUH�����:HE$ELV�6KDULQJ�'RFXPHQW��

�
:HE3ELV���>�KWWS���ZZZ�SELV�VDNDU\D�HGX�WU�@�
:HE3ELV�LV�3HUVRQDO�,QIRUPDWLRQ�6\VWHP�DQG�YLHZLQJ�PRQWKO\�VDODU\�HQYHORSH�DQG�UHSRUWV�RI�
HPEH]]OHPHQW�DUH�DFFHVVHG�IURP�WKLV�V\VWHP��

�

International Science and Technology Conference, Dubai, 13-15 December 2012

1056

http://www.pbis.sakarya.edu.tr/


ISTEC 20
12�

)LJXUH�����:HE3ELV�,QIRUPDWLRQ�3DJH�

�

�

�

)LJXUH�����:HE3ELV�0RQWKO\�6DODU\�(QYHORSH�

�

�
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)LJXUH�����:HE3ELV�5HSRUW�2I�(PEH]]OHPHQW�

�
�
:HE0HQ����>�KWWS���ZZZ�PHQX�VDNDU\D�HGX�WU�@�
:HE0HQ��LV�&DIHWHULD�$XWRPDWLRQ�6\VWHP�DQG�WKLV�V\VWHP�GLVSOD\�PRQWKO\�PHDO�PHQX�GD\�E\�GD\���

�

�

)LJXUH�����:HE0HQX�3DJH�

�

�

:HE5HKEHU���>�KWWS���ZZZ�UHKEHU�VDNDU\D�HGX�WU�@�
:HE5HKEHU�LV�:HE�%DVHG�3KRQH�DQG�(�PDLO�'LUHFWRU\�6\VWHP��
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)LJXUH�����:HE5HKEHU�3DJH�

�
�
:HE)RUP���>�KWWS���ZZZ�IRUP�VDNDU\D�HGX�WU�@�
:HE)RUP�LV�:HE�%DVHG�)RUP�6XEPLVVLRQ�6\VWHP�DQG�LW�LV��VXEPLWWHG�GHVLUHV��ZLVKHV�DQG�
FRPSODLQWV��

�

)LJXUH�����:HE)RUP�3DJH�

:HE$QNHW���>�KWWS���ZZZ�DQNHW�VDNDU\D�HGX�WU��@�
:HE$QNHW�LV�:HE�%DVHG�6XUYH\�$SSOLFDWLRQ�6\VWHP��
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)LJXUH�����:HE$QNHW�3DJH�

&RQFOXVLRQ�

7HFKQRORJLHV� KDYH� SRZHUIXO� DIIHFW� LQ� RXU� OLIH�� %HFDXVH� RI� WKH� LQQRYDWLRQ� DQG� GHYHORSPHQW� RI�
WHFKQRORJ\��QRZDGD\V�HYHU\ERG\�XVH�WKHVH��7KH�SODFH�ZKHUH�WHFKQRORJLHV�DUH�HIIHFWLYHO\�XVHG�PRUH�
LV� XQLYHUVLWLHV�� 8QLYHUVLWLHV� DSSO\� WKHVH� WHFKQRORJLHV� LQ� WKHLU� DFWLYLWLHV� DV� RQOLQH� SHUIRUPDQFH�
V\VWHPV��6DNDU\D�8QLYHUVLW\�LV�RQH�RI�WKH�XQLYHUVLW\�XWLOL]H�WKHVH�WHFKQRORJLHV�ZLWK�GLIIHUHQW�RQOLQH�
V\VWHPV�ZLWK�WKHLU�DOO�DFDGHPLFLDQV��VWXGHQWV�DQG�VWDII��

,Q� WKLV� VWXG\� 6DNDU\D� 8QLYHUVLW\¶V� IRXU� GLIIHUHQW� RQOLQH� V\VWHP� LV� LQWURGXFHG� IRU� GHWDLOV�� 7KHVH�
V\VWHPV� DUH� 6DNDU\D�8QLYHUVLW\� $FDGHPLF� ,QIRUPDWLRQ� 6\VWHP�� (GXFDWLRQDO� ,QIRUPDWLRQ� 6\VWHP��
6WUDWHJLF� 0DQDJHPHQW� ,QIRUPDWLRQ� 6\VWHP�� 6DNDU\D� 8QLYHUVLW\� &DPSXV� $XWRPDWLRQ� :HE�
,QIRUPDWLRQ�6\VWHP��7KHVH�ZHUH�IRXQGHG�E\�6DNDU\D�8QLYHUVLW\�DQG�QRZ�XVHG�HIIHFWLYHO\��7KHVH�
V\VWHPV�JLYH�XQLYHUVLW\�PRUH�SRZHU�IRU�PDQDJLQJ�DQG�LQFUHDVLQJ�WKH�SHUIRUPDQFH���

5HIHUHQFHV�

*RWWIUHGVRQ�&��	�0RVKHU��%����������,QQRYDWLYH�SHUIRUPDQFH�VXSSRUW��6WUDWHJLHV�DQG�SUDFWLFHV�IRU�
OHDUQLQJ�LQ�WKH�ZRUNSODFH��0F*UDZ�+LOO�&RPSDQ\��86���
�
/HH��+��:��	�/LX��&��+����������7KH�UROH�RI�HOHFWURQLF�SHUIRUPDQFH�VXSSRUW�V\VWHPV�LQ�LPSURYLQJ�
OHDUQLQJ�DQG�SHUIRUPDQFH��D�PDQDJHULDO�SHUVSHFWLYH�� ,QWHUQDWLRQDO� -RXUQDO�RI�0DQDJHPHQW���������
���������
�
0DXJKDQ��*��5����������(OHFWURQLF�3HUIRUPDQFH�6XSSRUW�6\VWHPV�DQG�7HFKQRORJLFDO�/LWHUDF\��7KH�
-RXUQDO�RI�7HFKQRORJ\�6WXGLHV����������������
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6$.$5<$�h1ø9(56ø7(6ø1'(�<h.6(.�/ø6$16�'2.725$�7(=/(5ø1ø1��
�h1ø9(56ø7(�6$1$<ø�øù%ø5/øöø�.$36$0,1'$�<h5h7h/0(6ø1(�

<g1(/ø.�
�%ø5�02'(/�g1(5ø6ø�

�
(QG�VWUL�0�KHQGLVOL÷L�
6DNDU\D�hQLYHUVLWHVL�
6DNDU\D�7�UNL\H�

�
+DUXQ�7DúNÕQ��%HUULQ�'HQL]KDQ��$\WHQ�<ÕOPD]�<DOoÕQHU�

WDVNLQ#VDNDU\D�HGX�WU��GHQL]KDQ#VDNDU\D�HGX�WU��D\WHQ\#VDNDU\D�HGX�WU��
�

�
�

�
Özet:�hQLYHUVLWH�6DQD\L�øúELUOL÷L��V�UHo�GDKLOLQGHNL�W�P�SD\GDúODU�WDUDIÕQGDQ�|]HQOH�\�U�W�OPHVL�
JHUHNHQ� ELU� V�UHoWLU�� � %X� V�UHoWH� �QLYHUVLWHQLQ�� VDQD\LQLQ� YH� GHVWHN� RODUDN� GHYOHW� YH� WRSOXP�
ELOHúHQOHULQLQ� KHU� ELUL� NHQGL� �]HULQH� G�úHQ� J|UHY� YH� IRQNVL\RQODUÕ� \HULQH� JHWLUPHOLGLU�� � � %X�
oDOÕúPDGD� 6DNDU\D� hQLYHUVLWHVL� )HQ� %LOLPOHUL� (QVWLW�V�� GRNWRUD� YH�\�NVHN� OLVDQV� WH]�
oDOÕúPDODUÕQÕQ� VDQD\L� LOH� RUWDN� \�U�W�OHELOPHVLQH� \|QHOLN� ELU� PRGHO� |QHULOPHNWHGLU�� 0RGHOGH�
6DNDU\D�hQLYHUVLWHVL�)HQ�%LOLPOHUL�(QVWLW�V��E�Q\HVLQGH�\�U�W�OP�ú�RODQ�GRNWRUD�WH]�oDOÕúPDODUÕ�
LQFHOHQPLú� YH� VDQD\L� LúELUOL÷L� LOH� JHUoHNOHúWLULOHQ� WH]OHU� DQDOL]� HGLOPLúWLU�� %X� WH]OHULQ� DQDOL]L� YH�
DQDKWDU� NHOLPHOHU� GR÷UXOWXVXQGD� WH]� NRQXODUÕQÕQ� H�DUúLYL� ROXúWXUXOPDVÕ� VD÷ODQPDNWDGÕU�� $\QÕ�
]DPDQGD� OLVDQV� G�]H\LQGH� \�U�W�OHQ� LúELUOL÷L� oDOÕúPDODUÕ� GD� LQFHOHQHUHN� � RUWDN�� LQWHUDNWLI� ELU� H�
SODWIRUP�ROXúWXUXOPDVÕ�|QHULOPLúWLU��6DNDU\D�7LFDUHW�YH�6DQD\L�2GDVÕQD�ND\ÕWOÕ�.2%ø¶OHULQ�LKWL\Do�
GX\GX÷X� oDOÕúPD� DODQODUÕ� LOH� PHYFXW�|QHULOHFHN� RUWDN� NRQXODUGD� EX� SODWIRUPGD� EXOXúWXUXODUDN�
SURMH� RODUDN� VRQXoODQGÕUÕODFDNWÕU�� %|\OHFH� 'R÷X� 0DUPDUD� VDQD\LL� YH� 6DNDU\D� hQLYHUVLWHVL�
LúELUOL÷LQL� J�oOHQGLUPHN� YH� GRNWRUD� WH]� oDOÕúPDODUÕQD� X\JXODPD� DODQODUÕ� ROXúWXUPDN�
KHGHIOHQPLúWLU��$\QÕ� ]DPDQGD� VDQD\L� LOH� \�U�W�OHQ� EX� LúELUOL÷L� IDDOL\HWOHULQH� GH� ELOLPVHO� QLWHOLN�
ND]DQGÕUDUDN�ELOJL\L�GH÷HUOL�KDOH�JHWLUPHVL�EHNOHQPHNWHGLU��
�
Anahtar kelimeler:�hQLYHUVLWH��6DQD\L�LúELUOL÷L��6DNDU\D�hQLYHUVLWHVL�|UQH÷L��.2%ø¶OHU�
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6DNDU\D¶GD�hQLYHUVLWH�6DQD\L�øúELUOL÷L��0HYFXW�'XUXP�YH�%HNOHQWLOHU 
 
 
 

+DUXQ�7DúNÕQ, Ayten YÕOPD]�<DOoÕQHU, Berrin Denizhan 
Sakarya Üniversitesi 

(QG�VWUL�0�KHQGLVOL÷L�%|O�P� 
Sakarya/Türkiye 

taskin, ayteny, denizhan @sakarya.edu.tr 
 
 
 
 

Özet�� *HoPLúWHQ� J�Q�P�]H� �QLYHUVLWH� VDQD\L� LúELUOL÷L� �h6ø�� JHOLúWLULOPHVL� YH� \�U�W�OPHVL� HQ� ]RU�
DODQODUGDQ� ELUL� RODUDN� NDEXO� HGLOHELOLU�� øúELUOL÷LQLQ� JHOLúWLULOPHVLQH� \|QHOLN� �ONH� ED]ÕQGD� oDOÕúPDODU�
\DSÕODELOHFH÷L� JLEL� E|OJHVHO� oDOÕúPDODUÕQ� GDKD� HWNLQ� o|]�POHU VXQDFD÷Õ� G�ú�QFHVL\OH� EX� oDOÕúPDGD�
6DNDU\D� E|OJHVL� HOH� DOÕQPÕúWÕU�� 6DNDU\D� hQLYHUVLWHVL� LOH� 6DNDU\D� 6DQD\LVLQLQ� LúELUOL÷LQL� J�oOHQGLUPHN�
DPDFÕ\OD�GDKD |QFH�\DSÕOPÕú�RODQ�oDOÕúPDODU LUGHOHQHUHN�PHYFXW�GXUXP�DQDOL]L�\DSÕOPÕúWÕU��%X�NDSVDPGD�
Sakarya ÜniversiWHVL� WDUDIÕQGDQ� JHUoHNOHúWLULOPLú� RODQ� hQLYHUVLWH� 6DQD\L� øúELUOL÷L� 6HPSR]\XPODUÕ�
�h6ø6¶���� h6ø6¶���� <$(0¶��� GH� JHUoHNOHúWLULOHQ� hQLYHUVLWH� 6DQD\L� øúELUOL÷L� 3DQHOL�¶QGD� \DSÕODQ�
oDOÕúPDODU�YH�GL÷HU�NXUXP�YH�NXUXOXúODU�WDUDIÕQGDQ�\DSÕODQ�oDOÕúPDODU�LOH�6$762¶\D�DLW�LúELUOL÷L�UDSRUODUÕ�
DQDOL]� HGLOPLúWLU�� 6DNDU\D� 6DQD\LVLQGH� |QHPOL� URO�� RODQ� 6$762� YH� 6$h� 7HNQRSDUN� $�ù�¶QLQ� EX�
LúELUOL÷LQH�RODELOHFHN�NDWNÕODUÕ�GH÷HUOHQGLULOPLúWLU� 

 
  Anahtar Kelimeler: Üniversite-6DQD\L�øúELUOL÷L��6DNDU\D�Sanayi Bölgesi, Üçlü Sarmal Model 
 
 
 
*LULú 
 

Üniversite-6DQD\L�øúELUOL÷LQLQ��h6ø��JHOLúWLULOPHVLQH�\|QHOLN��ONH�ED]ÕQGD�oDOÕúPDODU�\DSÕODELOHFH÷L�JLEL�
E|OJHVHO� oDOÕúPDODUÕQ�GDKD� HWNLQ� o|]�POHU� VXQDFD÷Õ� G�ú�QFHVL\OH�EX� oDOÕúPDGD�6DNDU\D�E|OJHVL� HOH� DOÕQPÕúWÕU���
Sakarya Üniversitesi ile Sakarya sDQD\LVLQLQ� LúELUOL÷LQL� J�oOHQGLUPHN� DPDFÕ\OD� GDKD� |QFH� \DSÕOPÕú� RODQ�
oDOÕúPDODUÕ�� \DSÕOPDVÕ� SODQODQDQ� JHOHFHNWHNL� IDDOL\HWOHUL� LUGHOHQHUHN� PHYFXW� GXUXP� DQDOL]L� \DSÕOPDVÕ�
KHGHIOHQPLúWLU� 
 
hQLYHUVLWH�6DQD\L�øúELUOL÷L��*HQHO�%LU�%DNÕú 

 
Her W�UO�� HNRQRPLN� oÕNWÕ�� WRSOXPVDO� ID\GD�� \HUHO-XOXVDO� NDONÕQPD\D� NDWNÕODU için, SD\GDúODUÕQ� ELUOLNWH�

JHUoHNOHúWLUGL÷L�W�P�IDDOL\HWOHUL�h6ø�IDDOL\HWOHUL�RODUDN�WDQÕPODPDN�P�PN�QG�U� 
Günümüzde ülkelerin rekabet güçleri pazarlanabilir mal ve hizmet üretimleriniQ�|WHVLQGH��EXQODUÕQ�QH 

|Oo�GH� LOHUL� WHNQRORML\H� GD\DOÕ� \�NVHN� NDWPD� GH÷HU� WDúÕGÕNODUÕQD� ED÷OÕ� KDOH� JHOPLúWLU�� 7HNQRORMLQLQ� HQ� WHPHO�
JLUGLVLQL� ROXúWXUDQ� ELOJLQLQ� WHPHOLQGH� LVH� ELOLPVHO� DUDúWÕUPDODU� \DWPDNWDGÕU�� %LOJL\H� VDKLS� ROPDN� YH� EX� ELOJL\L�
teknoloji üUHWLPLQH� G|Q�úW�UPHN�� LQQRYDV\RQ� \DSDELOPHN� LoLQ� JHUHN� �QLYHUVLWHOHUH�� JHUHNVH� VDQD\L\H� |QHPOL�
J|UHYOHU� G�úPHNWHGLU�� hQLYHUVLWHOHULQ� WHPHO� J|UHYL� H÷LWLP� YH� |÷UHWLP� KL]PHWL� YHUPHNWLU�� %XQD� LODYHWHQ��
üniversitelerin en önemli görevlerinden biri de temel ve u\JXODPDOÕ� DODQODUGD� DUDúWÕUPD� \DSPDNWÕU��Üniversite 
VDQD\L�LúELUOL÷LQLQ�ELULQFL�DGÕPÕ��HQG�VWULQLQ�LKWL\Do�GX\GX÷X�DODQODUGD��QLYHUVLWHOHULQ�H÷LWLP�YH�|÷UHWLPH�D÷ÕUOÕN�
YHUPHVL� JHUHNLU�� %X� GXUXP� DQFDN� HQG�VWULQLQ� LKWL\Do� GX\GX÷X� DODQODUÕQ� WHVSLW� HGLOPHVL� ile mümkündür. 
hQLYHUVLWH�VDQD\L�LúELUOL÷LQLQ�LNLQFL�DGÕPÕ�LVH��HQG�VWULQLQ�VRUXQODUÕQD��QLYHUVLWHOHULQ�\DNÕQGDQ�LOJL göstererek bu 
VRUXQODUÕ� o|]HFHN� o|]�P�|QHULOHUL� JHWLUHELOPHVLGLU�� (QG�VWULQLQ�PHYFXW� VRUXQODUÕ o|]�OPHGHQ�� �U�Q� JHOLúWLUPH�
faaliyetlerinde EXOXQXOPDVÕ�QHUHGH\VH�LPNkQVÕ]GÕU. (86ø6����SS�������.��.HOHú��0��.DUDoRU� 

6RQ� \ÕOODUGD� �ONHPL]GH�%LOLP�� 6DQD\L� YH� 7HNQRORML� %DNDQOÕ÷Õ��0DOL\H�%DNDQOÕ÷Õ��.DONÕQPD� %DNDQOÕ÷Õ� YH�
7�UN� 3DWHQW� (QVWLW�V�¶Q�Q� NDWNÕODUÕ\OD�� hQLYHUVLWH-6DQD\L� LúELUOL÷LQL� JHOLúWLUHUHN� WHNQRORMLQLQ� WLFDULOHúPHVL�
V�UHFLQL�GHVWHNOH\HFHN��DNDGHPLN�DUDúWÕUPDODUD�ORMLVWLN�GHVWHN�VD÷OD\DFDN�PHNDQL]PDODU�ROXúWXUXOPDVÕQD�\|QHOLN�
oDOÕúPDODU�KÕ]ODQPÕúWÕU����h6ø0�=LUYHVL�������� 

 
h6ø¶QLQ�3D\GDúODU�$oÕVÕQGDQ�*HUHNOLOL÷L 
 

hQLYHUVLWH�DoÕVÕQGDQ; �QLYHUVLWH�VDQD\L�LúELUOL÷L�LOH�VDQD\LQLQ�LKWL\Do�GX\GX÷X�GR÷UXOWXGD�H÷LWLPLQH�\|Q 
YHUPHN� YH� |÷UHWLP� HOHPDQODUÕQÕQ� NHQGLQL� \HQLOHPHOHULQH� \DUGÕPFÕ� ROPDN�� WHPHO� ELOLPOHULQ� JHOLúWLULOPHVL için 
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DUDúWÕUPD� \DSDUDN�� \DSÕODQ� DUDúWÕUPD� VRQXoODUÕQÕ� \D\ÕQOD\ÕS� ELOPH NDWNÕGD� EXOXQPDN� YH� VRQ RODUDN�� |÷UHWLP�
HOHPDQODUÕQÕQ�DUDúWÕUPD�YH�ELOLPVHO�oDOÕúPD�\DSPDODUÕQD�RODQDN�VD÷ODPDNWÕU� 

*�QFHO�H÷LWLP�SURJUDPODUÕ��LoHULNOHUL 
g÷UHQFLOHUH�VWDM�LPNDQÕ 
'DKD�JHQLú�ODERUDWXDU�YH�DU-JH�LPNDQODUÕ 
$NDGHPLN�oDOÕúPDODU��\D\ÕQ��SURMH�\Dpmak) 
(NRQRPLN�NDWNÕ 
$UDúWÕUPDFÕODUD�VSLQQRI�úLUNHWOHU�NXUPD�LPNDQÕ 
$NDGHPLV\HQ�KDNODUÕQÕ�NRUXQPDVÕ 

Sanayi DoÕVÕQGDQ;  hQLYHUVLWH� VDQD\L� LúELUOL÷L� VDQD\L� DoÕVÕQGDQ� , pazara yönelik teknolojik bilgi 
LKWL\DFÕQÕQ NDUúÕODQPDVÕ�� �UHWLP� YH� X\JXODPDGDNL� VRUXQODUÕQ� o|]�P�� YH� �U�Q� NDOLWHVLQLQ� JHOLúLPL� YH� SD]DU�
SD\ÕQÕQ DUWWÕUÕOPDVÕGÕU 

hQLYHUVLWH�WDUDIÕQGDQ�VXQXODQ�o|]�POHUOH�NDOLWH�DUWÕúÕ 
3D]DUD�\|QHOLN�WHNQRORMLN�ELOJL�LKWL\DFÕQÕQ�NDUúÕODQPDVÕ 
Artan pD]DU�SD\Õ��P�úWHUL�PHPQXQL\HWL��UHNDEHW�J�F� 
Yeni  �U�QOHU��SDWHQWOHU�VD\HVLQGH�DUWDQ��GH÷LúHQ��\HQL�KHGHI�NLWOH 
Yeni yöntemler, yeni ürünler, yeni teknolojiler ve adaptasyonu 
.26*(%��7h%ø7$.�JLEL�SURMHOHUOH�PDGGL�GHVWHN�DOPDN�YH�D\QÕ�]DPDQGD�EX�SURMHOHU�VD\HVLQGH�
RUWDNOÕNODUOD��IDUNOÕ�NXUXOXúODUOD�RUJDQLN LOLúNLOHU�NXUPDN� 

Devlet DoÕVÕQGDQ��Devlet için özellikle ar-JH�IDDOL\HWOHULQLQ�DUWPDVÕ�GROD\ÕVÕ\OD�GD�\HUHO�YH�XOXVDO�NDONÕQPD�
DoÕVÕQGDQ�FLGGL�ELU�|QHPH�YH�JHUHNOLOL÷H�VDKLS�ROGX÷X�LIDGH�HGLOHELOLU��<HQL�Lú�LPNkQODUÕQÕQ RUWD\D�oÕNPDVÕ��
istihdam VD÷ODQPDVÕ�JLEL�ND]DQÕPODU�QHGHQL\OH�GHYOHW�LoLQ�JHUHNOLOL÷L�V|]�NRQXVXGXU�� 

h6ø� $U-*H� �øQRYDV\RQ <HUHO�8OXVDO�.DONÕQPD 
3DWHQW�VD\ÕVÕ-*HOLúPLúOLN�G�]H\L�LOLúNLVL 
Ekonomik güç 
Evrensel pazarda rekabet edebilirlik 
Refah seviyesi 

Toplum DoÕVÕQGDQ ise; 
Yeni VDQD\LOHU��\HQL��U�QOHU�VD\HVLQGH�oDOÕúDQ�VD\ÕVÕQGD�DUWÕú-istihdam  
(÷LWLP�VHYL\HVLQGH�DUWÕú 
Kültürel, entelektüel birikim 
5HIDK�VHYL\HVLQGH�DUWÕú 
%LOLQoOL� oDOÕúDQ� YH� Lo� KX]XUX JLEL� ND]DQÕPODU� QHGHQL\OH� h6ø¶QLQ� JHUHNOLOL÷LQGHQ� EDKVHWPHN�
mümkündür. 

 
 
<D\JÕQ h6ø�0RGHOL� Üçlü SARMAL MODEL 
 

“Üçlü Sarmal Modeli”, söz konusu aktörlerin inovasyona yönelik kurumsal iliskilerini, üstlenmeleri 
gereken islevi ve bunu ne kadar yerine getirebildiklerini belirlemektedir.  

hoO�� VDUPDO� PRGHOL�� �o� G�Q\DQÕQ� �o� IDNW|UOH� WHPVLl edileceklerini öngörmektedir. Aktörler faktörü; 
DNDGHPL��NDPX�YH�Lú�DOHPLQL�NDSVDPDNWDGÕU��.XUXPVDO�\DSÕODU�DNW|U�Q�Q�NDSVDGÕ÷Õ�VLVWHPOHU��\�NVHN�WHNQRORML�
spin-RII� úLUNHWOHUL� YH� ULVN� VHUPD\H� \DSÕODUÕ�� øQRYDV\RQ� DUD� \�]OHUL� �7HNQRSDUNODU��%LOLP�3DUNODUÕ� YH�$UDúWÕUPD�
0HUNH]OHUL���øQRYDV\RQ�NRRUGLQDW|UOHULGLU���86ø6����2007, p.188) 
 

 
                   Sekil 2: hoO��VDUPDO��7ULSOH�KHOL[���86ø6����2007, p.188) 
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Ancak, DUWÕN� J�Q�P�]GH� h6ø¶QGHNL� SD\GDúODU� VDGHFH� EX� �� DNW|UOH� VÕQÕUOÕ� GH÷LOGLU�� *eleneksel 3’lü 
VDUPDO�\HULQH�DUWÕN��³Üniversite, Sanayi, Devlet-.DPX�NXUXPODUÕ, Toplum, Sivil Toplum Örgütleri” gibi çok 
VD\ÕGD�DODQODUGDQ�YH�GLVLSOLQOHUGHQ�SD\GDúODUÕQ�VDUPDO�ROXúWXUPDVÕ�NDoÕQÕOPD]�KDOH�JHOPLúWLU��1LWHNLP��WDQÕP�
RODUDN�DUWÕN�³GLVLSOLQOHU�DUDVÕ´�NDYUDPÕ�GD�EX�NDSVDPGD�\HULQL�DODFDNWÕU�� 
 
 
Ü6ø�øoLQ�8\JXOD\ÕFÕODU�YH�$UDFÕ�2OXúXPODU�YH�7�UNL\H¶GH�h6ø 

Üniversite-6DQD\L� øúELUOL÷L� V�UHFL� ER\XQFD� oRN� |QHPOL� ELU� PHVHOH� RODUDN� NDUúÕODúÕODQ� SD\GDúODU� DUDVÕ�
LOHWLúLPL� NXUPDGD�� NXYYHWOHQGLUPHGH� YH� V�UG�UPHGH� HWNLOL� RODELOHFHN� DUDFÕ� NXUXP�� NXUXOXú� YH� NLúLOHU� oRN�
|QHPOLGLU��g\OH�NL�V�UHFLQ�EDúDUÕVÕQGD�HQ�HWNLOL� IDNW|U�ROGX÷X�V|\OHQHELOLU��hONHPL]GH�EX�DQODPGD�GHVWHN�RODQ�
ROXúXPODUD�hQLYHUVLWH-6DQD\L�øúELUOL÷L�0HUNH]OHUL��7HNQRORML�*HOLúWLUPH�%|OJHOHUL��7HNQRSDUNODU��7HNQRNHQWOHU��
0LOOL�3URG�NWLYLWH�0HUNH]L��7HNQRORML�7UDQVIHU�2ILVOHUL��PHVOHN�RGDODUÕ�YH�EHQ]HUL�ROXúXPODU�VD\ÕODELOLU�� 

7HNQRORML�*HOLúWLUPH�%|OJHOHUL��.2%ø¶OHUH�$U-*H�YH�WHNQRORML�DQODPÕQGD�oHúLWOL�LPNDQODU�VXQPDNWDGÕU��
7*%¶GH� WHNQRORMLN� ELOJL\L� �UHWPHN�� WLFDULOHúWLUPHN�� �UHWLP� PDOL\HWOHULQL� G�ú�UPHN�� .2%ø¶OHULQ� \HQL� YH� LOHUL�
teknolojilere X\XPXQX� VD÷ODPDN� JLEL� oDOÕúPDODU� \DSÕOPDNWDGÕU�� 7*%¶OHU� VDKLS� ROGXNODUÕ� |]HOOLNOHUGHQ� GROD\Õ�
8OXVDO�øQRYDV\RQ�6LVWHPL¶QLQ�|QHPOL�SDUoDODUÕQGDQ�ELULGLU��hONHPL]GH�EX�X\JXODPD�\HQL�ROGX÷X�LoLQ�VRQXoODUÕQ 
KHPHQ�DOÕQPDVÕQÕ�EHNOHPHN�\DQOÕúWÕU�� 

MPM, üniversite ile sanayi aUDVÕQGD�N|SU��QLWHOL÷LQGH�ELU�NXUXPGXU��*HUHN�HQG�VWUL\HO�NRQXODUGD�JHUHNVH�GH�
sosyal alanda üniversite-VDQD\L�YH�030¶QLQ�LoLQGH�EXOXQGX÷X�D÷ODU�ROXúWXUXOPDVÕ�WDUDIODUÕQ�WDPDPÕ�LoLQ�ID\GD�
VD÷OD\DFDNWÕU��%X�GD�QLKDL�RODUDN��ONHQLQ�YHULPOLOL÷LQL�DUWÕUDFDNWÕU. 

7�UNL\H�úDUWODUÕQGD��QLYHUVLWH�VDQD\L�LúELUOL÷L�GH÷HUOHQGLULOGL÷LQGH��PHYFXW�PHNDQL]PDODU�DUDFÕOÕ÷Õ\OD�|QHPOL�
oDOÕúPDODU� \DSPDQÕQ� KHGHIOHQGL÷L� J|U�OPHNWHGLU�� 7�UNL\H¶GH� �QLYHUVLWH� VDQD\L� LúELUOL÷L� NDSVDPÕQGD� IDDOL\HW�
J|VWHUHQ� X\JXODPDODU�� 7HNQRORML�*HOLúWLUPH�%|OJHOHUL�� 7HNQRORML�*HOLúWLUPH�0HUNH]OHUL� �7(.0(5���'XYDUVÕ]�
7HNQRORML� øQN�EDW|UOHUL� YH� hQLYHUVLWH-6DQD\L� 2UWDN� $UDúWÕUPD� 0HUNH]OHULGLU�� %X� PHUNH]OHU� |QHPOL� SROLWLND�
PHNDQL]PDODUÕ� DUDFÕOÕ÷Õ� LOH� LúOHWPHOHUH� XODúPDNWDGÕU�� 7�UNL\H� 7HNQRORML� *HOLúWLUPH� 9DNIÕ� �77*9��� 7�UNL\H�
%LOLPVHO� YH�7HNQLN�$UDúWÕUPD�.XUXPX� �7h%ø7$.���.�o�N�YH�2UWD�gOoHNOL�6DQD\L�*HOLúWLUPH�YH�'HVWHNOHPH�
øGDUHVL� %DúNDQOÕ÷Õ� �.26*(%�� LOH� <�NVHN� g÷UHQLP� .XUXPX� �<g.�� WDUDIODUD� DPDoODUÕ� GR÷UXOWXVXQGD� \RO�
göstermekle ve destek vermekle görevliGLU��hQLYHUVLWH�VDQD\L�LúELUOL÷LQH�\|QHOLN�\DSÕODQ�EX�oDOÕúPDODU�LoHULVLQGH��
����¶OÕ�\ÕOODUGDQ�EX�\DQD�KÕ]OD�\D\ÕODQ�YH�JHOLúHQ�7HNQRORML�*HOLúWLUPH�%|OJHOHUL�Gikkati çekmektedir. 

Türkiye’de üniversite-VDQD\L� LúELUOL÷LQL� VD÷ODPD\D�\|QHOLN�\|QWHPOHUH��G�Q\D X\JXODPDODUÕQGDQ�JHFLNPHOL�
RODUDN�� ����¶OÕ� \ÕOODUGD� D÷ÕUOÕN� YH� |QHP� YHULOPH\H� EDúODQPÕúWÕU��.DPX� RWRULWHVL��.2%ø¶OHULQ� DFÕPDVÕ]� UHNDEHW�
RUWDPÕQD�X\XP�VD÷ODPDVÕQD�\DUGÕPFÕ�ROPD�YH�RQODUÕ�NRUXPD\D�\|QHOLN�SROLWLNDODU�YH�SROLWLND�DUDoODUÕ�JHOLúWLUPH�
oDEDVÕ� LoLQGHGLU��%X� oHUoHYHGH� NXUXODQ�7HNQRORML�*HOLúWLUPH�0HUNH]OHUL� �7(.0(5���hQLYHUVLWH-Sanayi Ortak 
$UDúWÕUPD� 0HUNH]OHUL� �h6$0��� 7HNQRORML� *HOLúWLUPH� 0HUNH]OHUL� YH� 'XYDUVÕ]� 7HNQRORML� øQN�EDW|UOHULQGHQ�
EDKVHGLOHELOLU��%X�NXUXOXúODU�E|OJHVHO�\HQLOLN�VLVWHPOHULQLQ�ELUHU�SDUoDVÕGÕU��7�UNL\H¶GH���DGHW�hQLYHUVLWH�6DQD\L�
$UDúWÕUPD� 0HUNH]L� �h6$0�� EXOXQPDNWDGÕU�� .26*(%� LOH� �QLYHUVLWHOHU� DUDVÕQGD� ELU� SURWRNROH� J|UH� NXUXODQ�
7HNQRORML� *HOLúWLUPH� 0HUNH]OHULQGH� �7(.0(5�� \�U�W�OHQ� $U-*H� SURMHOHUL� .26*(%� WDUDIÕQGDQ�
desteklenmHNWHGLU�� ����� \ÕOÕQGD� NXUXODQ� øVWDQEXO� 7HNQLN� hQLYHUVLWHVL� 7HNQRORML� *HOLúWLUPH� 0HUNH]L� LOH�
X\JXODPD\D� NRQDQ�7HNQRORML�*HOLúWLUPH�0HUNH]OHULQGHQ�7�UNL\H¶GH���� WDQH�EXOXQPDNWDGÕU����2OXúWXUXODQ�EX�
PHUNH]OHU�VD\HVLQGH�LúOHWPHOHULQ�GÕúDUÕGDQ�HOGH�HWWLNOHUL�WHknolojinin ‘örtük bilgi’ olarak ifade edilen bölümünün 
�UHWLPLQH�JHoLOGL÷LQGH�GÕúD�ED÷ÕPOÕOÕN�D]DODFDN�YH�ND\QDNODU�\XUW�LoLQH�\|QOHQHFHNWLU���86ø6����������188) 

Üniversite SaQD\L� øúELUOL÷L� YH� rekabet gücünün elde edilmesi ile Ar-Ge fDDOL\HWOHULQLQ� oRN� VÕNÕ� ELU� LOLúkisi 
YDUGÕU�� %X� QHGHQOH� �ONHOHULQ� $U-*H� IDDOL\HWOHUL�� UHNDEHWLQ� V�UG�U�OHELOLUOL÷L� DoÕVÕQGDQ� ROGXNoD� |QHPOL� ELU�
faktördür. Ar-Ge’ye verilen önemin bir göstergesi Ar-*H�KDUFDPDODUÕQÕQ�*60+�LoLQGHNL�SD\ÕQÕ���RODUDN�LIDGH�
eden Ar-Ge yo÷unlu÷u’dur. Ar-*H�\R÷XQOX÷XQXQ�G�ú�NO�÷�� LOJLOL��ONHQLQ�UHNDEHW� VDQVÕQÕ�JLWWLNoH�ND\EHWWL÷LQL�
J|VWHULU��86ø6��� 2009, p.47) 

7�UNL\H¶GH� h6ø� ELOLQFL� PDDOHVHI� KDOD� WDP� RODUDN� \HUOHúHPHPLúWLU� YH� V�UHo� HWNLQ� ELU� ELoLPGH�
\�U�W�OHPHPHNWHGLU�� � %X� V�UHFLQ� ]RUOXNODUÕQÕQ� oRN� IDUNOÕ� VHEHSOHUL� EXOXQPDNWDGÕU�� %XQODUÕ� IDUNOÕ� DoÕODUGDQ�
GH÷HUOHQGLUmek mümkündür: 

'HYOHW�SROLWLNDODUÕ��WHúYLNOHUGH�EHOLUVL]OLNOHU-eksiklikler 
.DUúÕOÕNOÕ�|Q\DUJÕODU 
*HUoHNOHúPH\H�GDLU�LQDQo�YH�J�YHQ�HNVLNOL÷L 
<DQOÕú�\|QOHQGLUPHOHU 
Ar-*H�LoLQ�DOW\DSÕ�eksiklikleri 
0RWLYDV\RQ�HNVLNOL÷L 
hQLYHUVLWHOHUGH�H÷LWLP�RGDNOÕ�oDOÕúPD�G�]HQL��DNDGHPLV\HQOHULQ�VÕNÕQWÕODUÕ 

%X� \DúDQDQ� VÕNÕQWÕODUD� YH� ]RUOXNODUD� UD÷PHQ� 7�UNL\H¶GH� GH� EDúDUÕOÕ� LOH� \�U�W�OHQ� h6ø� V�UHFL� |UQHNOHUL�
EXOXQPDNWDGÕU��(Q�EDúOÕFDODUÕ�RODUDN�Adana ÜSAM , Ege Üniversitesi-(%ø/7(0, 6DEDQFÕ�hQLYHUVLWHVL, TOBB 
ETÜ, ø7h��2'7h örnekleri verilebilir.  
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Dünyada ise EX�DQODPGD�|QH�oÕNDQ��ONHOHU�DUDVÕQGD�øQJLOWHUH��)UDQVD��-Dponya, Almanya, ABD, Hindistan, 
Çin¶L�VD\PDN�\HULQGH�RODFDNWÕU�� 
 
 
<HUHO�.DONÕQPD�<DNODúÕPÕ�YH�Sakarya’da h6ø  
 

<HUHO� .DONÕQPD� <DNODúÕPÕ�� E|OJHVHO� \HUOL� GLQDPLNOHULQ� KDUHNHWH� JHoLULOHUHN�� \HUHO� WRSOXOXN� YH\D�
ELUH\OHULQ� HNRQRPLN�� VRV\DO� YH� N�OW�UHO� DODQGD� NDOÕFÕ� YH� V�UHNOL� JHOLúLPLQL� VD÷ODPD\Õ� KHGHIOHPHNWHGLU�� <HUHO�
.DONÕQPD� <DNODúÕPÕ� LOH� E|OJHVHO� DQODPGD� \DSÕODFDN� V�UG�U�OHELOLU� ELU� NDONÕQPD� VLVWHPL� ROXúWXUXOPD\D�
oDOÕúÕOPDNWDGÕU�� .DOÕFÕ� <HUHO� .DONÕQPD� 6LVWHPLQGH� \DSÕODFDN� oDOÕúPDODU� ELOLPVHO� YHULOHU� LOH� WHVSLW� HGLOPLú��
EXOXQGX÷XPX]�VHYL\H�JHUoHNoL�RODUDN�RUWD\D�NR\XOPXúWXU�� 

hONHOHULQ�NDONÕQPDVÕ�YH�JHOLúPHVLQGH�|QFHOLNOL�RODUDN� VDQD\LOHúPHVLQLQ�JHUHNWL÷L��EXQXQ� WHPHOLQGH�GH�
bilim ve teknolojinin üretilmesi ve üniversite-VDQD\L� LúELUOL÷LQLQ� \HU� DOGÕ÷Õ� DoÕN� ELU� úHNLOGH� ELOLQPHNWHGLU��
<HQLOLNOHUH� YH� WHNQRORMLN� JHOLúPHOHUH� D\DN� X\GXUPDN� VDQD\LQLQ� JHOLúPHVL� DoÕVÕQGDQ� VRQ� Gerece önemlidir. Bu 
DPDoOD�ILUPDODUÕQ�$UDúWÕUPD-*HOLúWLUPH��$U-*H��ODERUDWXDUODUÕQÕ�ROXúWXUDUDN��EX�DODQGD�oDOÕúDFDN�SHUVRQHO�WDKVLVL�
\DSPDVÕ� JHUHNOLGLU�� hQLYHUVLWHOHU� \HWLúPLú� HOHPDQODUÕ� YH� ELOJL� ELULNLPOHUL� VD\HVLQGH� ILUPDODUÕQ� $U-Ge 
oDOÕúPDODUÕQGD�\HU�DODELOLUOHU��%X�VD\HGH�KHP��QLYHUVLWHOHULQ�WHFU�EH�RUWDPÕ�HOGH�HWPHOHUL�VD÷ODQPÕú�ROXU�KHP�GH�
LúOHWPHOHULQ� JHOLúPHOHUGHQ� KDEHUGDU� RODUDN� \HQLOLNOHUH� D\DN� X\GXUPDODUÕ� NROD\ODúÕU�� hQLYHUVLWH–Sanayi 
LúELUOL÷LQLQ� KÕ]OD� \D\JÕQODúWÕ÷Õ� G�Q\DGD�� �ONHPL]LQ�GH�EX�NRQXGD� JHUHNOL� KDVVDVL\HWL� J|VWHUPHVL� NDoÕQÕOPD]GÕU��
�86ø6����2007, p.273) 

h6ø-<HUHO� .DONÕQPD� <DNODúÕPÕ� LOH� �QLYHUVLWHQLQ� WHNQRORMLN� XQVXUODUÕQÕQ� oHYUHVLQGH� \R÷XQODúDQ�
LúOHWPHOHULQ� HQG�VWUL\HO� YH� WHNQLN� G�]H\OHULQL� JHOLúWLUPHN�� UHNDEHW� HGHELOPH� RUDQODUÕQÕ� \�Nseltmek, 
SHUIRUPDQVODUÕQÕ�JHOLúWLUPHN��LúOHWPH�RUJDQL]DV\RQODUÕ�YH�V�UHoOHULQL�L\LOHúWLUPHN���UHWLP�YH�LVWLKGDPÕQ�E|OJHVHO�
G�]H\GH�JHOLúPHVLQL�VD÷ODPDN��]HUH�oDOÕúPDODU�HOH�DOÕQPDNWDGÕU� 

'R÷X� 0DUPDUD� %|OJHVL� \XUGXPX]XQ� VDQD\L� D÷ÕUOÕ÷ÕQÕQ� HQ� \R÷XQ� EXOXQGX÷X endüstri merkezidir. 
6DNDU\D�LOL�$YUXSD¶QÕQ�$QDGROX¶\D�DoÕODQ�NDSÕODUÕ�RODQ�|QHPOL�LNL�NDUD\ROX�YH�ELU�GHPLU\ROX�ED÷ODQWÕ�J�]HUJkKÕ�
�]HULQGH�ROPDVÕ� YH�7�UNL\H¶QLQ� ORNRPRWLIL�RODQ� øVWDQEXO¶D�\DNÕQOÕ÷Õ� QHGHQL� LOH�|QHPOL�ELU�SRWDQVL\HOH� VDKLSWLU��
<DWÕUÕPFÕ�LoLQ�|QHPOL�RODQ�EX�úDUWODUÕQ�X\JXQ�ROXúX�\DWÕUÕPFÕ\Õ�EX�E|OJH\H�oHNPHNWH��E|OJHGH�\DWÕUÕPODU�DUWDUDN�
devam etmektedir. Sakarya’da mevcut ve kurulmakta olan organize sanayi bölgeleri ve fabrikalar bu 
SRWDQVL\HOLQ� LúDUHWOHULGLU�� 7�UNL\H� 9DJRQ� 6DQD\L� YH� .RUHOL� RUWD÷Õ� (XURWHP
OH� EDúWD� 0DUPDUD\� SURMHVLQLQ�
YDJRQODUÕQÕ� �UHWHQ� UD\OÕ� XODúÕP� VDQD\L� NXUXOXúODUÕQÕ� GD� EDUÕQGÕUDQ� 6DNDU\D
GD�� VRQ� \ÕOODUGD� |]HOOLNOH� RWRPRWLY��
WHNVWLO�YH�JÕGD�VHNW|UOHULQGH�E�\�N�JHOLúPHOHU�\DúDQPDNWDGÕU� (Meyok, 2012)  
 
6DNDU\D¶GD�h6ø�Süreci 
 

6DNDU\D¶GD�h6ø�V�UHFLQH�DLW�JHOLúLP�DúD÷ÕGD�PDGGHOHU�KDOLQGH��GDKD�VRQUD�GD�GHWD\ODUÕ�LOH�YHULOPLúWLU: 
x ø7h-SMF-.Ro�+ROGLQJ�LúELUOL÷L 
x Silikon Vadisi Projesi-7HNQRSDUN�.XUXOPDVÕ�KD]ÕUOÕNODUÕ 
x .LúLVHO�JD\UHWOHU 
x Sempozyum-Kongre-dDOÕúWD\�IDDOL\HWOHUL 
x TeNQRSDUN�NXUXOPDVÕ�YH�7HNQRSDUN�IDDOL\HWOHUL 
x Sakarya MYO 3+1 Modeli 
x 'L÷HU�)DDOL\HWOHU 

6$h��ø7h-SMF)-.Ro�+ROGLQJ�LúELUOL÷L: 6DNDU\D¶GD��QLYHUVLWH�VDQD\L�LúELUOL÷LQLQ�LON�DGÕPÕ������\ÕOÕQGD�R�
]DPDQNL� DGÕ\OD� østanbul Teknik Üniversitesi-Sakarya Mühendislik Fakültesi LOH� .Ro� +ROGLQJ�$�ù� DUDVÕQGDNL�
SURWRNRO� LOH� DWÕOPÕúWÕU��6DNDU\D�0HVOHN�<�NVHN�2NXOX�2WRPRWLY�3URJUDPÕ�YH�'|N�P�3URJUDPÕ�|÷UHQFLOHUL� LOH�
.Ro�+ROGLQJ¶�H�ED÷OÕ�2WRVDQ�$�ù���2WR\RO�$�ù���'HPLUG|N�P�$�ù���'|NWDú�$�ù��GH�DW|O\H�SUDWLN�oDOÕúPDODUÕQÕ�
yapDUDN� EHFHULOHULQL� JHOLúWLUPHN� YH� ILUPDODUÕQ� DUD� WHNQLN� HOHPDQ� LKWL\DFÕQÕ� NDUúÕODPD\D� \|QHOLN� RODUDN�
\�U�W�OP�úW�U��%X� V�UHo�� �����\ÕOÕQGD�0(%-<g.�0HVOHN�<�NVHNRNXOODUÕ� SURJUDP�JHOLúWLUPH�SURMHVL� LOH� VRQD�
HUPLúWLU� Bu proje Sakarya Meslek Yüksekokulu otomotLY� SURJUDPÕ� LOH� .Ro� +ROGLQJ¶H� ED÷OÕ� RWomotiv 
IDEULNDODUÕQGD� X\JXODQPÕúWÕU�� (÷LWLP� V�UHVL� LoHULVLQFH� |÷UHQFLOHUH�� PRWRU� WHNQRORMLOHUL�� VDWÕú VRQUDVÕ� KL]PHW��
RWRPRWLY� WDVDUÕP� YH� LPDODWÕ� LOH� RWR� HOHNWULN� YH� HOHNWURQL÷L� NRQXODUÕQGD� H÷LWLP� YHULOPLútir. Fabrikalarda atölye 
SUDWLN�H÷LWLPLQL��RNXOGD�WHRULN�H÷LWLPLQL�DODQ�|÷UHQFLOHU�PH]XQL\HW�VRQUDVÕ NROD\OÕNOD�LV�EXOPD�LPNkQÕQÕ�ND]DQPÕú 
ROPDNWDGÕUODU��%|\OHFH� VDQD\LFLQLQ� LKWL\DFÕ�RODQ�QLWHOLNOL� DUD� WHNQLN�HOHPDQ� LKWL\DFÕ�GD�NDUúÕODQPÕú ROPDNWDGÕU��
�����\ÕOÕQGD�VRQD�HUPLúWLU���86ø6����2009, p.145) 

Silikon Vadisi Projesi-7HNQRSDUN�.XUXOPDVÕ�+D]ÕUOÕN�$úDPDODUÕ: Sakarya Üniversitesi, kurulumundan 
VRQUDNL�h6ø� IDDOL\HWOHULQH� WHNQRSDUN� NXUXOPDVÕ� JLULúLPOHUL LOH� GHYDP� HWPLúWLU�� ����¶OL� \ÕOODUÕQ� EDúÕQGD� 6ilikon 
Vadisi 3URMHVL�EX�NDSVDPGD�\�U�W�OP�úW�U�� 

%X� V�UHoOHU� GHYDP� HGHUNHQ�� Hú� ]DPDQOÕ� RODUDN� IDUNOÕ� E|O�POHU� YH� NLúLOHU� DUDFÕOÕ÷Õ\OD� VDQD\L� LOH� ELUH\VHO�
J|U�úPHOHU��\�U�W�OHQ�SURMHOHU�YH�GDQÕúPDQOÕN�IDDOL\HWOHUL�LOH�h6ø�V�UHFLQH�NDWNÕODU�V�UG�U�OP�úW�U�� 
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h6ø�6HPSR]\XPODUÕ: øONL������\ÕOÕQGD�6DNDU\D�hQLYHUVLWHVL�(QG�VWUL�0�KHQGLVOL÷L� LOH�6DNDU\D�6DQD\L�YH�
7LFDUHW�2GDVÕ� LOH� ELUOLNWH� JHUoHNOHúWLULOHQ�hQLYHUVLWH� 6DQD\L� øúELUOL÷L� 6HPSR]\XPX� ³<HQLOLN�� 3DWHQW��0DUND� YH�
5HNDEHW�6WUDWHMLOHUL´�DQD�WHPDVÕQGD�JHUoHNOHúWLULOPLúWLU�� 

+HP� VDQD\L� KHP� GH� DNDGHPLN� G�Q\DGDQ� |]HO� GDYHWOL� NRQXúPDFÕODUÕQ� ELOJL�� GHQH\LP� YH� WHFU�EHOHULQL�
SD\ODúWÕNODUÕ� |]HO� RWXUXPODU�� ILNLU� WDUWÕúPDODUÕQÕQ� \DSÕOGÕ÷Õ� RGDN� JUXS� WRSODQWÕODUÕ� YH� ELOGLUL� RWXUXPODUÕ� LOH�
tamamlanan sempozyum neticesinde sonuçODUÕQ� \HUHO�� E|OJHVHO� YH� XOXVDO� HNRQRPL\H� YH� E|\OHFH� N�UHVHO�
HNRQRPL\H�SR]LWLI�NDWNÕ�\DSPDVÕ�KHGHIOHQPLúWLU� 

7RSODPGD� ��� DGHW� ELOGLUL� VXQXPX� \DSÕOPÕú� ROXS�� EXQODUGDQ� ��� WDQHVL� ³hQLYHUVLWH-VDQD\L� LúELUOL÷L´�
DQDKWDU� NHOLPHOHUL� LOH� \D]ÕOPÕú�� GL÷HU� ELOGLULOHU� LVH� \LQH� 86ø� LOH� ED÷ODQWÕOÕ� RODUDN� ³UHNDEHW� VWUDWHMLOHUL�� PDUND-
SDWHQW��NREL�X\JXODPDODUÕ��\HQLOLN´�WHPHO�EDúOÕNODUÕQGD�VXQXOPXúWXU�� 

2GDN� JUXSODUÕQGD� WHPHO� EDúOÕNODU� LVH�� ³6DQD\L� YH� (÷LWLP´�� ³7HNQRSDUNODU´�� ³hQLYHUVLWH� 6DQD\L�
øúELUOL÷L¶QGH�<HQL�$oÕOÕPODU´¶GÕU�� 

%X�RGDN�JUXS�oDOÕúPDODUÕ�QHWLFHVLQGH�DOÕQDQ�VRQXoODU DúD÷ÕGD�NÕVDFD�|]HWOHQPLúWLU; 
Odak 1 sonucunda; 

x .DUúÕOÕNOÕ�|Q�\DUJÕQÕQ�EXOXQPDVÕ 
x %HNOHQWLOHULQ�IDUNOÕ�ROPDVÕ� 
x 7HN�WDUDIOÕ�IHGDNkUOÕN�YH�2�EDQD�|QFH�JHOVLQ�EHNOHQWLVL� 
x 0HVOHNL�H÷LWLPOHULQ \HWHUVL]OL÷L� 
x 0HVOHN�NXUXOXúODUÕQÕQ�VDKDGDNL�HWNLQOL÷L� 
x øOLúNLOHULQ�GRVWOXN�YH�ELUH\VHO�ROJXODU�LOH�\�U�W�OPHVL: 
x 6WDMODUÕQ�\HULQGH�GHQHWOHQPHPHVL� 
x g÷UHQFLOHULQ�NXUXP�N�OW�U��LOH�X\XPVX]OX÷X 
x hQLYHUVLWH��FUHWOHULQLQ�\�NVHN�ROPDVÕ 
x (QG�VWULQLQ�HQ�KÕ]OÕ�úHNLOGH�o|]�P�LVWHPHVL� 
x 6$17(=�X\JXODPDODUÕQÕQ�GHVWHNOHQPHPHVL�<HWHUOL�LOJL�J|UPHPHVL� 

Bu beyin IÕUWÕQDVÕ� VRQXFX� RUWD\D� oÕNDQ� h6ø¶GH� DOÕFÕ� YH� YHULFL� ROPD� GXUXPX� PRGHOL LVH� ùHNLO� �� YH� ùHNLO�¶GH�
VXQXOPXúWXU� 
 

 
 
 
ùHNLO���h6ø�����RGDN�JUXEX�VRQXo�PRGHOL- (QG�VWULQLQ�DOÕFÕ�ROGX÷X�h6ø�PRGHOL 

 

ùHNLO���h6ø�����RGDN�JUXEX�VRQXo�PRGHOL- hQLYHUVLWHQLQ�DOÕFÕ�ROGX÷X�h6ø�PRGHOL 
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ÜQLYHUVLWHQLQ� $OÕFÕ� 2OGX÷X� øOLúNL� 0RGHOL� hQLYHUVLWHQLQ� LKWL\DFÕQÕQ� NDUúÕODQPDVÕ� DPDFÕ ile endüstriden 
GHVWHN�DOPDVÕ�Vöz konusudur.  

EndüsWULQLQ� DOÕFÕ� ROGX÷X� LOLúNL� PRGHOL: (QG�VWULQLQ� DOÕFÕ� RODUDN� H÷LWLP� LKWL\DoODUÕQÕ� YH� �QLYHUVLWHOHUGHQ�
LKWL\DoODUÕQÕ�JLGHUGL÷L�PRGHOLQ�HOHPDQODUÕ�ùHNLO��¶GH�J|VWHULOPHNWHGLU. (QG�VWULQLQ�DOÕFÕ�ROGX÷X�GXUXPGD�NHQGL�
LKWL\DoODUÕQÕ�EHOLUOHPHVL�YH�EX�LKWL\DFÕ�NDUúÕODPDN�LoLQ��QLYHUVLWHOHUGHQ�GHVWHN�DOPDVÕ�V|]�NRQXVXGXU 

%X�GHVWHNOHU�úXQODUÕ�LoHUHELOLU� 
��0HVOHN�OLVHVL�PH]XQODUÕQÕ�oDOÕúWÕUDELOLU� 
��0HVOHN�<�NVHN�2NXOX�PH]XQODUÕQÕ�oDOÕúWÕUDELOLU� 
��hQLYHUVLWH�PH]XQODUÕQÕ�oDOÕúWÕUDELOLU� 
��hQLYHUVLWHQLQ�oDOÕúDQODUD�H÷LWLPOHU�\ROX�LOH�VHUWLILNDODU�YHUPHVLQL�VD÷OD\DELOLU� 
��6$17(=�JLEL�X\JXODPDODU� LOH�VDQD\L�LKWL\DoODUÕ�GR÷UXOWXVXQGD�DNDGHPLN�oDOÕúPDODUÕQ�\DSÕOPDVÕ�V|]�
konusu olabilir. 
��8]DNWDQ�H÷LWLP�JLEL�DUDoODU�NXOODQDUDN�VDQD\LFL�YH�oDOÕúDQODUÕ�NHQGL�EXOXQGXNODUÕ�\HUOHUGHQ�D\ÕUPDGDQ�
YH� JHUHNLUVH� DNúDPODUÕ� X]DNWDQ� H÷LWHUHN� JHUHNOL� GHVWHN� YHULOHELOLU�� %|\OHFH� VDQD\LFL� YH� DNDGHPLV\HQ�
]DPDQÕ� HQ� YHULPOL� úHNLOGH� NXOODQDUDN� NDUúÕOÕNOÕ� LOLúNLOHULQL� V�UG�UHELOLU�� %X� D\UÕFD� PDOL\HW� HWNLQ� ELU�
o|]�PGH� RODFDNWÕU�� g]HOOLNOH� LQWHUQHW� WHNQRORMLOHULQGHNL� JHOLúPHOHU� EX� DODQGD� |QHPOL� NDWNÕODUÕQ�
�UHWLOPHVLQL�NROD\ODúWÕUPDNWDGÕU� 
�� 6DQD\LFL� NHQGL� LKWL\DoODUÕ� GR÷UXOWXVXQGD� H÷LWLP� WDOHSOHULQGH� EXOXQDELOLU�� hQLYHUVLWH� EX� WDOHSOHUL�
NDUúÕOD\DFDN�GHVWH÷L��UHWLU��%X�H÷LWLPOHU�JHQHO�RODUDN�úX�úHNLOOHUGH�JHUoHNOHúWLULOLU�� 
��øú��VW�QGH�H÷LWLPOHU��dDOÕúDQÕQ�LúLQL�\�U�W�UNHQ�LKWL\DoODUÕQÕQ�Lú��VW�QGH�J|U�OHUHN�o|]�OPHVL 
�� g]HO� H÷LWLPOHU�� 7RSODP� NDOLWH� \|QHWLPL�� SHUIRUPDQV� \|QHWLPL� YE�� JLEL� |]HO� NRQXODUGD�
JHUoHNOHúWLULOHFHN�RODQ�H÷LWLPOHU �86ø6�����7) 

Ü6ø6’09: +D]LUDQ�����¶GD�.RFDHOL�6DQD\L�2GDVÕQGD��6DNDU\D�hQLYHUVLWHVL��.RFDHOL�hQLYHUVLWHVL��6DNDU\D�
7LFDUHW�YH�6DQD\L�2GDVÕ��6$762��YH�.RFDHOL�6DQD\L�2GDVÕ��.26$12��LúELUOL÷L\OH�JHUoHNOHúWLULOHQ�h6ø6’09’da 
DQD�WHPD�³.UL]�'|QHPL�6WUDWHMLOHUL��d|]�P�<|QWHPOHUL�YH�7HNQRSDUNODU´�ROPXúWXU�� 

6HPSR]\XP�SURJUDPÕ��SDQHOOHU��EDVDUÕ�|\N�OHUL��|]HO�RWXUXP��RGDN�JUXSODUÕ�YH�ELOGLUL RWXUXPODUÕ�EDúOÕNODUÕ�
DOWÕQGD� KD]ÕUODQPÕúWÕU�� 3DQHO� NRQXODUÕ�� µ.UL]� '|QHPL� 6WUDWHMLOHUL¶� ve ‘h6ø¶de Uygulamalar ve Teknoparklar’ 
olarak seçilmiú YH�KHU�ELUL�DODQÕQGD�X]PDQ�GDYHWOL NRQXúPDFÕODUÕQ�NDWNÕODUÕ\OD�JHUoHNOHútirilmiútir. Özel oturum; 
µ6DQD\L\H�<|QHOLN�8\JXODPDOÕ 7H]�YH�3URMH�3URJUDPODUÕ¶QÕ�HVDV�DOPÕúWÕU��%DúDUÕ�|\N�OHUL� LVH��JHUoHNOHútirilmiú 
üniversite-sanayi iúELUOL÷L�|UQHNOHULQL�VHUJLOHPHNWHGLU�� 

%LOGLUL�RWXUXPODUÕQGD�VDQD\L\H�\|QHOLN�DNDGHPLN�oDOÕúmalardan VXQXPODU�JHUoHNOHúWLULOPLúWLU�2GDN�*UXSODUÕ�
oDOÕúPDODUÕ�GD�GH÷HUOL�DNDGHPLV\HQOHULQ��VDQD\LFLOHULQ�YH�NDPXGDQ�X]PDQODUÕQ�EH\LQ�IÕUWÕQDODUÕ�QHWLFHVLQGH�J�]HO�
VRQXoODU� RUWD\D� oÕNDUPÕúWÕU� 2GDN� JUXSODUÕ�� h6ø’nin hukuksal, finansal ve VWUDWHMLN�� H÷LWLP-|÷UHWLP�� LQVDQ�
ND\QDNODUÕ�YH�WHNQLN�VRUXQODU�ER\XWODUÕ\OD�HOH�DOÕQGÕ÷Õ oDOÕúmalar olmuútur.   

Odak Grubu 1: Hukuki ve Teknik Boyutuyla (QG�VWUL�0�KHQGLVOL÷LQLQ�6DQD\LGH�(WNLQ�.XOODQÕPÕ  
Odak Grubu 2:  Ü6ø�.DSVDPÕQGD�øúOHWPHOHULQ�.DUúÕODúWÕ÷Õ�)inansal ve Stratejik Problemler  
Odak Grubu 3: Ü6ø¶GH�(÷LWLP�YH�g÷UHWLP�0RGHOOHUL�� 
Odak Grubu 4: Ü6ø�.DSVDPÕQGD�øúOHWPHOHULQ�.DUúÕODúWÕ÷Õ�øQVDQ�.D\QD÷Õ�3UREOHPOHUL� 
Odak Grubu 5: Ü6ø�.DSVDPÕQGD�øúOHWPHOHULQ�.DUúÕODúWÕ÷Õ�7HNQLN�3UREOHPOHU �86ø6������� 

YAEM2011-h6ø�3DQHOL� �����\ÕOÕQGD�6DNDU\D�hQLYHUVLWHVL¶QGH�JHUoHNOHúWLULOHQ�<|QH\OHP�$UDúWÕUPDVÕ�YH�
(QG�VWUL� 0�KHQGLVOL÷L� .RQJUHVL¶QGH� SDQHO� RWXUXPX� ROarak “hQLYHUVLWH� 6DQD\L� øúELUOL÷LQGH� 6HNW|UHO�
Kümelenmelerin Önemi” HOH� DOÕQPÕúWÕU�� .RQXVXQGD� X]PDQ� NDWÕOÕPFÕODUOD� h6ø� NDSVDPÕQGD� |]HOOLNOH� 6DNDU\D�
Bölgesinde kümHOHQPHQLQ�|QHPLQH�GH÷LQLOPLúWLU��<$(0¶��������� 

SAÜ Teknokent ve Faaliyetleri:  �����\ÕOÕQGD�h6ø�DQODPÕQGD�HQ�E�\�N�DGÕPODUGDQ�ELU�WDQHVL�RODQ�6Dkarya 
Teknokent kurulPXúWXU��Sakarya Teknokent’te toplam 25 adet ar-JH�ILUPDVÕ�EXOXQPDNWDGÕU��Bünyesinde yD]ÕOÕP��
GDQÕúPDQOÕN�� LQWHUQHW� WHNQRORMLOHUL� VXQXPX�� P�KHQGLVOLN�$U-*H� DODQÕQGD faaliyet gösteren firmalar 
EXOXQGXUPDNWDGÕU� 6$762� LOH� KÕ]ODQGÕUÕOPÕú� IDDOL\HWOHUL� EXOXQDQ� 7HNQRNHQW�� EX� LúELUOL÷LQGH� DUD\�]� ROPDQÕQ�
VRUXPOXOX÷XQXQ�IDUNÕQGDGÕU��(Teknokent, 2012) 

86ø3257� 3RUWDOÕ�� Sakarya Teknokent’in bDúODQJÕo� RODUDN� %LOJLVD\DU� YH� %LOLúLP Bilimleri Fakültesi ile 
EDúODWPÕú� ROGXNODUÕ� SURMH� KDYX]X sistemidir. %HQ]HU� ELU� X\JXODPD� 6$h� )%(� HQVWLW�V�� WDUDIÕQGDQ� WH]� KDYX]X�
ROXúWXUXOPDVÕ� VXUHWL\OH� WDPDPODQPÕúWÕU�� øVWHQLOHQ� DQDKWDU� NHOLPHOHUOH� DUDPD� \DSÕODUDN� LOJLOL� OLVDQV�VW�� WH]OHULQ�
incelenebildi÷L�ELU�ViVWHP�ROXúWXUXOPXúWXU��6DQD\L�LOH��QLYHUVLWHQLQ�RUWDNODúD�\�U�WHFH÷L�OLVDQs�VW��WH]�oDOÕúPDODUÕ�
LoLQ�LON�DGÕP�RODQ�EX�oDOÕúPDGD�ZHE�WDEDQOÕ�ELU�SURJUDP�VD\HVLQGH�úLPGLOLN�J�Q�P�]H�NDGDU�\�U�W�OP�ú�RODQ�YH�
OLVDQV�VW��WH]�oDOÕúPDODUÕQÕQ�LVWHQLOHQ�NULWHUOH�DUDWÕOGÕ÷Õ�ELU�KDYX]�VLVWHPL�EXOXQPDNWDGÕU��)DNDW�LOHUOH\HQ�J�QOHUGH�
EX� VLVWHPH� \DSÕODFDN� RODQ� LODYHOHUOH� RODVÕ� X\JXODPDOÕ� \�NVHN� OLVDQV� WH]� oDOÕúPDODUÕ� LoLQ� GH� ELU� DOW\DSÕ�
ROXúWXUXODFDNWÕU��%X�oDOÕúPD�D\UÕ�ELU�oDOÕúPD�RODUDN�EX�NRQJUHGH�VXQXODFDNWÕU. 

 
h6ø� øoLQ� *HUoHNOHúWLULOHQ� 'L÷HU� )DDOL\HWOHU: %X� EDúOÕN� DOWÕQGD� 6$h�� 6$h� 7HNQRNHQW�� 6$762�

DUDFÕOÕ÷Õ\OD�JHUoHNOHúWLULOHQ�IDUNOÕ�IDDOL\HWOHUH�GH÷LQLOPLúWLU� 
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6$h� %LOJLVD\DU� 0�KHQGLVOL÷L� %|O�P�� LOH� )RUG-2WRVDQ� $QODúPDVÕ- Kazan-Kazan–Kazan modeli:  
Üniversite-VDQD\L�LúELUOL÷LQGHNL�VRUXQODUÕ�o|]HELOHFHN�ELU�PRGHO�������\ÕOÕQGD�%LOJLVD\DU�0�KHQGLVOL÷L�%|O�P��
LOH� )RUG� 2WRVDQ� DUDVÕQGD� 6DNDU\D� hQLYHUVLWHVL¶QGH� <D]ÕOÕP� 2ILVL¶QGH� X\JXODQPD\D� EDúODQPÕúWÕU�� hQLYHUVLWH-
6DQD\L� øúELUOL÷L� �� .D]DQ� PRGHOLQLQ� HVDVÕ� LúELUOL÷LQL� ROXúWXUDQ� �� WDUDIÕQ� GD� ��QLYHUVLWH-|÷UHQFLOHU� YH� VDQD\L��
ND]DQo�HOGH�HWPHVLGLU��6DQD\L� WDUDIÕQÕ� WHPVLO�HGHQ�)RUG�2WRVDQ�³'�ú�N�PDOL\HWOH�YH�\�NVHN�YHULPOLOLNOH� úLUNHW�
X\JXODPD�\D]ÕOÕPODUÕ�JHOLúWLUPH�YH� úLUNHW� VWDQGDUWODUÕQD�J|UH�H÷LWLOPLú��SURMH�GHQH\LPL�ND]DQPÕú�|÷UHQFLOHUGHQ�
PH]XQL\HW� VRQUDVÕ� HOHPDQ� VHoHUHN� LúH� DOPD� LPNDQÕ´�� HOGH� HWPHNWH�� �QLYHUVLWH� WDUDIÕQÕ� ROXúWXUDQ� 6DNDU\D�
hQLYHUVLWHVL� %LOJLVD\DU�0�KHQGLVOL÷L� %|O�P�� ³g÷UHQFLOHULQH� KHQ�]� |÷UHWLP� VÕUDVÕQGD� YH� �QLYHUVLWH� RUWDPÕQÕQ�
içinde gerçeN�VDQD\L�SURMHOHULQGH�oDOÕúPD�LPNDQÕ�VD÷ODPÕú�ROPDN�YH�PH]XQODUÕQÕQ�oDEXN�YH�QLWHOLNOL�LúOHU�EXOPD�
RODVÕOÕ÷ÕQÕ�\�NVHOWPHN´�DYDQWDMÕQD�VDKLS�ROPDNWD�YH�|÷UHQFLOHU�GH�³+HQ�]�|÷UHQFL\NHQ�FLGGL�VDQD\L�SURMHOHULQGH�
oDOÕúDUDN� GHQH\LP� ND]DQPD�� HNVLN� ELOJLOHULQL� WDPDPODPD�� PHVOHNOHULQGH� HUNHQ� LOHUOHPH� LPNDQÕ� YH� �QLYHUVLWH�
RUWDPÕQGD�VLJRUWDOÕ�YH�PDDúOÕ�ELU�LúWH�oDOÕúDUDN�ND]DQo�VD÷ODPD�LPNDQÕ´�ND]DQPDNWDGÕUODU��6DNDU\D�hQLYHUVLWHVL-
)RUG�2WRVDQ�DUDVÕQGD���\ÕOGÕU�X\JXODQDQ�PRGHO�YH�HWNLOHUL�DoÕVÕQGDQ�ELU�\HQLOLN�QLWHOL÷LQGH�ROXS���oO��ELU��ND]DQ-
kazan-ND]DQ��RUWDPÕ�\DUDWPDNWDGÕU� (.RFDEÕoDN�YH�dHWLQWDú�����) 

SAÜ-Sakarya Meslek Yüksek Okulu 3+1 Modeli: 6DNDU\D�hQLYHUVLWHVL�LOH�6$762�DUDVÕQGD�\DSÕODQ�
LúELUOL÷L�SURWRNRO��LOH�0HVOHN�<�NVHNRNXOX�|÷UHQFLOHUL��H÷LWLPOHUL�V�UHVLQFH�ND]DQGÕNODUÕ�ELOJL�YH�GHQH\LPOHULQL��
³0HVOHNL� 8\JXODPDODU´� GHUVL� DGÕ� DOWÕQGD� NDPX�|]HO� NXUXP� YH� NXUXOXúODUGD� X\JXODPDOÕ� H÷LWLPOH� SHNLúWLUPH�
LPNkQÕ�EXODFDNWÕU��(÷LWLP�g÷UHWLP�G|QHPL�LoLQGH�\DSÕODFDN�RODQ�PHVOHNL�X\JXODPD�H÷LWLPL��DNDGHPLN�WDNYLPH�
uygun olarak 3. veya 4. dönem süresince 16 hafta ve tam ]DPDQOÕ�RODUDN�\DSÕODFDNWÕU� (Sakarya, 2012) .  Sakarya 
hQLYHUVLWHVL
QGH�|÷UHQLP�J|UHn  |÷UHQFLOHULQ�ELOJLOHULQL�SUDWLNWH�GH�DUWÕUPDODUÕ�YH�LVWLKGDP�HGLOGLNOHULQGH�QLWHOLNOL�
HOHPDQ� ROPDODUÕ� PDNVDGÕ\OD� LP]DODQDQ�  SURWRNRO�Q� HVDVODUÕQD� J|UH� 

�� hQLYHUVLWH-VDQD\L� øúELUOL÷L� oHUoHYHVLQGH�
6DNDU\D�hQLYHUVLWHVL�0HVOHN�<�NVHNRNXOODUÕQGD�(÷LWLP-g÷UHWLP�J|UHQ�|÷UHQFLOHULQ�6DNDU\D�7LFDUHW�YH�6DQD\L�
RGDVÕQD�ED÷OÕ�LOHWPHOHUGH�ELU�G|QHP�V�UH\OH�JHUoHNOHúWLULOHFHN�SUDWLN�H÷LWLP�YH�oDOÕúPDODUÕ

�VD÷ODQPDVÕ�P�PN�Q�
NÕOÕQDFDNWÕU� (SATSO, 2012) 

2WRPRWLY� oDOÕúWD\Õ- Kümelenme faaliyetleri: SAÜ- SATSO Otomotiv oDOÕúWD\Õ� LOH� N�PHOHQPH� YH�
�QLYHUVLWH�VDQD\L�LúELUOL÷L�NRQXODUÕ�|QHPL�GLNNDW�oHNPLúWLU��6DNDU\D¶QÕQ�JHOLúHQ�VDQD\LVL�YH�EXOXQGX÷X�FR÷UDILN�
NRQXP�QHGHQL\OH�ELU�VHNW|UHO�N�PHOHOHQPH�LOH�\HUHO�YH�XOXVDO�NDONÕQPD\D�NDWNÕODUÕ�HOH�DOÕQPÕúWÕU��%X�DoÕOÕPGD�
üniversLWH�LOH�\DSÕODFDN�LúELUOLNOHUL�GH�WHNUDU�J�QGHPH�JHWLULOPLúWLU�� 

Stratejik Planlama Faaliyetleri: 6$h� LOH� 6DNDU\D� \HUHO� \|QHWLPLQLQ� RUWDNODúD� JHUoHNOHúWLUGL÷L�
6WUDWHMLN�3ODQ�2OXúWXUPD�V�UHoOHUL�GH�LúELUOL÷L�DQODPÕQGD�V|\OHQHELOHFHN�IDDOL\HWOHUGHQGLU�� 

6$*øEP: 6$h�LOH�6$762�DUDVÕQGD üniversite-VDQD\L�LúELUOL÷L�oHUoHYHVLQGH LP]DODQ�6DNDU\D�øKUDFDWÕQÕ�
*HOLúWLUPH�3URMHVL� �6$ø*(3��SURWRNRO�G�U�� øKUDFDWÕ�*HOLúWLUPH�(W�G�0HUNH]L� �ø*(0(�� WDUDIÕQGDQ� XOXVODUDUDVÕ�
UHNDEHWoLOL÷LQ�JHOLúWLULOPHVLQLQ�GHVWHNOHQPHVL�KDNNÕQGDNL�WHEOL÷�oHUoHYHVLQGH�NDEXO�HGLOHQ�LON�SURMH�ROPXúWXU øON�
RODUDN� PDNLQH� YH� PHWDO� LPDODW� VHNW|U�QH� \|QHOLN� X\JXODQDFDN� 6$ø*(3� SURMHVL� LOH� 6DNDU\D’QÕQ� LKUDFDWoÕ� LOOHU�
VÕUDODPDVÕQGD�LON���LO�LoLQGH�\HU�DOPDVÕ�KHGHIOHQPHNWHGLU� �6$*ø(3�������� 

h6ø�NDSVDPÕQGD yürütülen faaliyetlerden sonuncusu da SAÜ Teknokent, Sakarya Üniversitesi, SATSO 
DUDFÕOÕ÷Õ� LOH�� $UDOÕN� ����¶GH� hQLYHUVLWH� 6DQD\L� øúELUOL÷L� 0HUNH]OHUL� 3ODWIRUPX
� QXQ� �h6ø03�� NDWÕOÕPODUÕ\OD�
JHUoHNOHúWLULOHQ� "hQLYHUVLWH� 6DQD\L� øúELUOL÷L� 6�UHoOHULQGH� .DUúÕODúÕODQ� 'DUER÷D]ODU� konulu paneldir. 
.RQXVXQGD� X]PDQ� DNDGHPLV\HQOHU� YH� VDQD\LFLOHULQ� ELU� DUD\D� JHOGL÷L� SDQHOde Sakarya için rehber olabilecek 
QLWHOLNWH�VXQXPODU�JHUoHNOHúWLULOPLúWLU�� 

+HP�6$762��\HOHULQGHQ�KHP�GH�DNDGHPLN�G�Q\DGDQ�GH÷HUOL�NDWÕOÕPFÕODUOD�JHUoHNOHúWLULOHQ�EX�SDQHOLQ�
neticesinde; 

x 6DNDU\D� DGÕQD�J�]HO� DGÕPODU� DWÕOGÕ÷Õ�� GDKD� J�]HO� JHOLúPHOHULQ� JHUoHNOHúPHVL� LoLQ�EX� WDU]� oDOÕúPDODUÕQ�
DUWÕUÕOPDVÕ�JHUHNWL÷L 

x $NDGHPLN�G�Q\DQÕQ�YH� VDQD\LQLQ�ELUELUOHULQH�\DSDELOHFHNOHULQL�� \HWHQHNOHULQL��PDULIHWOHULQL�ELU� DUD\�]�
DUDFÕOÕ÷Õ\OD� DQODWÕOPDVÕ� JHUHNWL÷L�� EX� DUD\�]�Q� RUWDN� GLOL� oRN� L\L� NRQXúDELOPHVL� YH� DQOD\DELOPHVL�
JHUHNWL÷L� 

x Akademik dünyada \D\ÕQ�KD]ÕUODPD D÷ÕUOÕNOÕ� ELU� \|QOHQPH�ROGX÷X�YH� IDNDW� ELOLPVHO� \D\ÕQGD� DUWÕN�ELU�
GR\PD�ROGX÷X� YH� WHNQRORML�� LúELUOL÷L�� SDWHQW�� WRSOXPVDO� \DUDU� JLEL� KHGHI� J|VWHUPHOHULQ� \DSÕOPDGÕ÷Õ� YH�
EXQODUÕQ�E�\�N�HNVLNOLN�ROGX÷X 

x %�URNUDVLQLQ�D]DOWÕODUDN�V�UHoOHUGHNL�KÕ]ODQPDQÕQ�VD÷ODQPDVÕ�JHUHNWL÷L 
x 6DNDU\D¶QÕQ� FR÷UDILN�SR]LV\RQX�JHUH÷L� YH� NDUD\ROODUÕQÕQ�� OLPDQODUÕQ�EXOXQPDVÕ� QHGHQL\OH� DVOÕQGD� oRN�

DYDQWDMOÕ�YH�HOYHULúOL�ELU�GXUXPGD�EXOXQGX÷X��EXQXQ�GH÷HUOHQGLULOPHVL�JHUHNWL÷L 
x 6DQD\LQLQ� �QLYHUVLWHOHUGH� DUWÕN� VRPXW� ELU� úH\OHU� EHNOHGL÷L� YH� EXQD� J|UH� KDUHNHW� HGLOPHVL� JHUHNWL÷L��

VDQD\L\H�ELOPHGLNOHUL�úH\OHUGHQ�DNWDUÕP�\DSÕOPDVÕ�JHUHNWL÷LQL 
x <g.� \DVDVÕQÕQ� WHNUDU� HOH� DOÕQPDVÕ� JHUHNWL÷L�� G|QHU� VHUPD\H�� ODERUDWXDU� YH� FLKD]� NXOODQGÕUPD\D� GDLU�

SUREOHPOHULQ�DúÕOPDVÕ�JHUHNWL÷L� 
x g÷UHWLP� �\HVLQLQ� VDQD\L� DoÕVÕQGDQ� ELU� RU\DQWDV\RQGDQ� JHoPHVL� JHUHNWL÷L�� LúELUOL÷L� N�OW�U�Q�Q� WDP�

RWXUPDVÕ�JHUHNWL÷L�� 
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x 6DQD\LQLQ�KDQJL�YDVÕIODUGD�HOHPDQ�LKWL\DFÕ�ROGX÷XQX��QLYHUVLWH\H�ELOGLUPHVL�JHUHNWL÷L ve üniversitelerin 
GH�EXQODUD�J|UH�LoHULN��SURJUDP�EHOLUOHPHVL�JHUHNWL÷L 

x Uzanma-kucaklaúPD PDQWÕ÷ÕQGD� ELU� \DNODúÕPÕQ� ID\GDOÕ� RODFD÷Õ�� üniversite, Lú� DOHPL� YH� WRSOXPD�
X]DQPD� GXUXPXQGD�� Lú� DOHPL� YH� NDPX�� �QLYHUVLWHOHUL� NXFDNODPD� GXUXPXQGDNL� ELU� PRGHOLQ� HWNLOL�
RODELOHFH÷L 

x øúELUOL÷L� V�UHoOHULQGH� E|OJHVHO� VRUXQODUÕQ� EHOLUOHQLS�� EX� VRUXQODUÕQ� KDQJL� \DNODúÕPODUOD�
o|]�POHQHELOHFH÷LQLQ�RUWD\D�NRQXOPDVÕ�JHUHNWL÷L�� 

x Yerel ihtiyaçlara ve yerel J�QGHPOHUH�J|UH�IDUNOÕ�NDUDU�PHNDQL]PDODUÕQD�J|UH�KDUHNHW�HGLOPHVL�JHUHNWL÷L 
x g]HOOLNOH�DUDFÕ�RODFDN�HNLELQ�SURIHV\RQHO�ROPDVÕ��VDEÕUOÕ��ELOLQoOL�YH�LQDWoÕ�ROPDVÕ�JHUHNWL÷L 
x 2UWDN� KHGHI�EHOLUOHQPHVL� JHUHNWL÷L�� VRQUD�EXQD� J|UH� VWUDWHMLOHU� JHOLúWLULOPHVL� JHUHNWL÷L� YH�|]HOOLNOH��VW�

\|QHWLPLQ� WDUDI�ROGX÷X�ND]DQ-ND]DQ�PRGHOLQGH�ELU� LúELUOL÷LQLQ�JHUoHNOHúWLULOPHVL�JHUHNWL÷L�VRQXoODUÕQD�
YDUÕOPÕúWÕU� 
Ü6ø�DQODPÕQGD�6DNDU\D¶GD IDDO�RODQ�ELU�GL÷HU�WRSOXOXN�LVH���QLYHUVLWH�E�Q\HVLQGH�NXUXODQ��h6ø�|÷UHQFL�

WRSOXOX÷XGXU� 
 

Sonuç 
 
7�P� EX� \DSÕODQ� YH� \DSÕOPDVÕ� SODQODQDQ� IDDOL\HWOHU� QHWLFHVLQGH� DoÕNFD� V|\OHQHELOLU� NL Sakarya’da 

�QLYHUVLWH� VDQD\L� LúELUOL÷LQLQ� |QHPL� DQODúÕOPÕú� YH� EX� LúELUOL÷LQL� GDKD� HWNLQ� NÕOPDN�PHYFXW� GXUXPXQGDQ� GDKD�
LOHUL\H�J|W�UPHN�LoLQ�W�P�SD\GDúODU��GDKD�ELOLQoOL�ELU�úHNLOGH�NDWNÕODUÕQÕ�RUWD\D�NR\PD\D�oDOÕúPDNWDGÕU�� 

$\UÕFD�6DNDU\D�LoLQ�h6ø�V�UHFLQLQ�GDKD�EDúDUÕOÕ�VRQXoODU�YHUHELOPHVL�LoLQ��QLYHUVLWHOHUGH�|]HOOLNOH�lisans 
�VW�� SURJUDPODUGD� X\JXODPDOÕ� WH]� oDOÕúPDODUÕQÕQ� VD\ÕVÕQÕQ� DUWÕUÕOPDVÕ önemlidir. Bunun için de ortak bir web 
SRUWDOÕ� NXUXODUDN�� ROXúWXUXODFDN� YHULWDEDQÕ� YH� LKWL\Do-öneri havuzu aUDFÕOÕ÷Õ� LOH� HWNLQ� ELU VLVWHPLQLQ� NXUXOPDVÕ�
ID\GDOÕ� RODFDNWÕU�� $\UÕFD� úehir genelinde belirlenecek lokomotif sektör seçimine gore üniversite teknik alt 
\DSÕVÕQÕQ�� ODERUDWXDU� GRQDQÕPODUÕQÕQ� \R÷XQODúWÕUÕOPDVÕ�� HOHPDQODUÕQ� GD� EX� KHGHIH� J|UH� H÷LWLPOHULQLQ�
G�]HQOHQPHVL�LKWL\DFD�\|QHOLN�HOHPDQ�\HWLúWLUPH�LPNDQÕQÕ�VXQDFDNWÕU���%X�GD VDQD\L\H�\|QHOLN�JHUoHNOHúWLULOHFHN�
ar-JH�IDDOL\HWOHULQLQ�KÕ]�DOPDVÕ�EHNOHQHELOLU�� 

gQHULOHFHN�GL÷HU�ELU�DQDKWDU�LVH���QLYHUVLWH�LoHULVLQGH�W�P�SD\GDúODUGDQ��NDPX��VDQD\L��DNDGHPLN�G�Q\D��
Lú�G�Q\DVÕ��VLYLO� WRSOXPGDQ��NLúLOHULQ�EXOXQGX÷X�NDUúÕOÕNOÕ� LúELUOL÷L�IDDOL\HWOHULQL�\|QOHQGLUPHN��KÕ]ODQGÕUPDN�YH�
JHUHNWL÷LQGH�P�GDKDOH�HWPHN�LoLQ�³(QG�VWUL\HO�øOLúNLOHU�2ILVL´QLQ�NXUXOPDVÕGÕU��Ortak bir web portal  
6DGHFH�6DNDU\D�úHKUL�LoLQ�GH÷LO�JHQHO�DQODPGD�7�UNL\H¶GH�h6ø�LoLQ�ÕVUDUOD�WHNUDr edilecek konular ise, akademik 
\�NVHOPH� YH� DWDQPD� NULWHUOHULQGH� LúELUOL÷L� IDDOL\HWOHULQLQ� GH� SXDQODQGÕUPDGD� HVDV� DOÕQPDVÕ�� WHúYLN� HGLFL� EDúND�
maddeler eklenmesi��G|QHU�VHUPD\H�\DVDODUÕQÕQ�GH÷LúPHVL�YH�DUDFÕ�NXUXP�ROXúXPXQXQ�GHVWHNOHQPHVLdir. 
 
 
Kaynaklar 

 
.RFDEÕoDN�� h�� dHWLQWDú�� � ø�� �� �������� Üniversite-6DQD\L� øúELUOL÷LQGH� <HQL� %LU� <DNODúÕP�� �� .D]DQ� 0RGHOL��
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MEYOK, (2012), http://www.meyok.sakarya.edu.tr/tr/i/1807/31-Uygulamali-Egitim-Modeli ��*LULú�.DVÕP����� 
 
6$*ø(3����������http://www.sakarya.edu.tr/haber-5369-universite-sanayi-isbirliginde-bir-adim-daha.html��*LULú��
.DVÕP����� 
 
SATSO, (2012, http://www.satso.org.tr/haber/703/satso-sakarya-universitesi-sanayi-isbirligi--protokolu-
imzaladi.aspx �*LULú��(NLP����� 
 
Teknokent,(2012), www.sakaryateknokent.sakarya.edu.tr��*LULú��.DVÕP����� 
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%H\]D�(NHQ��0��$OL�g]��6HUDS�.D]DQ��*�OL]DU�dLW�
%LOJLVD\DU�0�KHQGLVOL÷L�%|O�P���

%LOJLVD\DU�YH�%LOLúLP�%LOLPOHUL�)DN�OWHVL�
6DNDU\D�hQLYHUVLWHVL�

7�UNL\H�
EHNHQ#VDNDU\D�HGX�WU��DOLR]��#JPDLO�FRP��VFDNDU#VDNDU\D�HGX�WU��JXOL]DU#VDNDU\D�HGX�WU�

�
�

g]HW�� %LOJLVD\DU� \D]ÕOÕP� YH� GRQDQÕP� WHNQRORMLOHULQLQ� JHOLúLPL� LOH� ELOJLVD\DU� NXOODQÕPÕ� J�QO�N�
\DúDQWÕPÕ]ÕQ� YD]JHoLOPH]� ELU� SDUoDVÕ� ROPXúWXU�� øQVDQODU� J�QO�N� LúOHULQL� Y�FXW� KDUHNHWOHUL� YH�
NRQXúPD�LOH�JHUoHNOHúWLULUNHQ�ELOJLVD\DUODUGD�YHUL�JLULúL�LoLQ�\D\JÕQ�RODUDN�NODY\H�YH�IDUH�JLEL�JLULú�
D\JÕWODUÕ� NXOODQÕOPDNWDGÕU�� .XOODQÕFÕODU� ELOJLVD\DUODUÕ� GD� HO�� NRO� KDUHNHWOHUL� YH� VHVOH� NXOODQPDN�
LVWHPHNWHGLUOHU�� %X� oDOÕúPDGD�� LQVDQODU� LoLQ� HQ� GR÷DO� LOHWLúLP� \|QWHPL� RODQ� NRQXúPD� LOH�
ELOJLVD\DUÕQ� NRQWURO�Q�� YH� NRQXúPD� LOH� \D]Õ� \D]ÕPÕQÕ� VD÷OD\DQ� ELU� \D]ÕOÕP� VLVWHPL�
JHUoHNOHúWLULOPLúWLU�� *HOLúWLULOHQ� VLVWHP� �o� DQD� PRG�OGHQ� ROXúPDNWDGÕU�� 0RG�OOHU� VÕUDVÕ� LOH� VHV�
WDQÕPD��:LQGRZV�LúOHWLP�VLVWHPL�SHQFHUH�YH�GRV\D�\|QHWLPL�YH�\D]Õ�\D]PD�PRG�OOHULGLU��6LVWHP�
DUD\�]��&�� SURJUDPODPD� GLOL� LOH� JHUoHNOHúWLULOPLú�� VHV� WDQÕPD� YH� VÕQÕIODQGÕUPDGD�6DNOÕ�0DUNRY�
0RGHOL� DUDo� NLWL� NXOODQÕOPÕúWÕU�� *HOLúWLULOHQ� VLVWHP�� HQJHOOL� ELUH\OHU� EDúWD� ROPDN� �]HUH�� W�P�
ELOJLVD\DU�NXOODQÕFÕODUÕ�LoLQ�ELOJLVD\DU�NXOODQÕPÕQÕ�NROD\ODúWÕUDFDNWÕU�
�

� � $QDKWDU�NHOLPHOHU��6DNOÕ�PDUNRY�PRGHOL��VHV�WDQÕPD��VHV�LOH�ELOJLVD\DU�NRQWURO���
�
�
&RQWURO�WKH�FRPSXWHU�ZLWK�VSHHFK�UHFRJQLWLRQ�XVLQJ�KLGGHQ�PDUNRY�PRGHOV�

�
�

$EVWUDFW�� :LWK� WKH� JURZLQJ� VRIWZDUH� DQG� KDUGZDUH� WHFKQRORJLHV�� FRPSXWHUV� KDYH� EHFRPH� DQ�
LQGLVSHQVDEOH�SDUW�RI�RXU�GDLO\�OLYHV��3HRSOH�FDUU\�RXW�WKHLU�GDLO\�WDVNV�XVLQJ�JHVWXUHV�DQG�VSHHFK��
ZKHQ�XVLQJ�FRPSXWHU�LQSXW�GHYLFHV�VXFK�DV�NH\ERUG�DQG�PRXVH�DUH�XVXDOO\�QHHGHG�IRU�GDWD�HQWU\��
8VHUV�DOVR�ZDQW�WR�XVH�FRPSXWHUV�ZLWK�JHVWXUHV�DQG�VSHHFK��,Q�WKLV�ZRUN��D�VRIWZDUH�V\VWHP�KDV�
EHHQ�GHYHORSHG�WKDW�SURYLGHV�WKH�XVHU�WR�FRQWURO�WKH�FRPSXWHU�XVLQJ�VSHHFK�ZKLFK�LV�PRVW�QDWXUDO�
FRPPXQLFDWLRQ�PHWKRG�IRU�SHRSOH�DQG�SURYLGH� WUDQVODWLQJ�VSHHFK�WR� WH[W��7KH�GHYHORSHG�V\VWHP�
FRQVLVW� RI� WKUHH� PDLQ� PRGXOHV�� WKHVH� DUH� UHVSHFWLYHO\� VSHHFK� UHFRJQLWLRQ�� :LQGRZV� RSHUDWLQJ�
V\VWHP�ILOH�DQG�ZLQGRZ�PDQDJHPHQW��VSHHFK�WR�WH[W�PRGXOHV��6\VWHP�KDV�EHHQ�GHYHORSHG�XVLQJ�
&��SURJUDPPLQJ�ODQJXDJH��+LGGHQ�0DUNRY�0RGHO�7RRONLW��+7.��LV�XVHG�IRU�VSHHFK�UHFRJQLWLRQ��
'HYHORSHG� V\VWHP� ZLOO� IDFLOLWDWH� WKH� XVH� RI� FRPSXWHUV� IRU� SHRSOH� HVSHFLDOO\� SHRSOH� ZLWK�
GLVDELOLWLHV��
�

� � .H\�ZRUGV��+LGGHQ�PDUNRY�PRGHO��VSHHFK�UHFRJQLWLRQ��FRQWURO�FRPSXWHU�ZLWK�VSHHFK�UHFRJQLWLRQ��
�
�
*LULú�

%LOJLVD\DU� \D]ÕOÕP� YH� GRQDQÕP� WHNQRORMLVL� KD\DWÕPÕ]ÕQ� ELU� SDUoDVÕ� KDOLQH� JHOPLúWLU�� øú\HULQGH�� HYGH� VRNDNWD�
V�UHNOL� ELOJLVD\DU� NXOODQPDNWD\Õ]�� øQVDQODU� J�QO�N� LúOHULQL� Y�FXW� KDUHNHWOHUL� YH� NRQXúPD� LOH� JHUoHNOHúWLULUNHQ�
ELOJLVD\DUODUGD�YHUL� JLULúL� LoLQ�\D\JÕQ�RODUDN�NODY\H�YH� IDUH�JLEL� JLULú� D\JÕWODUÕ� NXOODQÕOPDNWDGÕU��%LOJLVD\DUÕQ� VWDQGDUW�
JLULú� ELULPOHUL� PDVD�VW�� ELOJLVD\DUODU� LoLQ� JHOLúWLULOPLúWLU� YH� \HQL� ELOJLVD\DU� NXOODQÕPÕ� DOÕúNDQOÕNODUÕQD� FHYDS� YHUHPH]�
GXUXPD� JHOPLúWLU� �6WXUPDQ� DQG� =HOWHU�� ������2]� DQG�0LQJ�� �������.XOODQÕFÕODU� \�U�UNHQ�� RWRE�VWH\NHQ�� GLQOHQLUNHQ�
NXOODQGÕNODUÕ�ELOJLVD\DUODUÕ�GD�VWDQGDUW�JLULú�ELULPOHUL�\HULQH�HO��NRO�KDUHNHWOHUL�YH� VHVOH�NXOODQPDN� LVWHPHNWHGLUOHU��%X�
LVWHNOHUGHQ�GR÷DQ��NXOODQÕFÕ�LOH�ELOJLVD\DU�VLVWHPOHUL�DUDVÕQGD�GR÷DO�ELU�HWNLOHúLP�YH�LOHWLúLPL�KHGHIOH\HQ�GR÷DO�NXOODQÕFÕ�
DUDELULPL�WDVDUODPD�J�Q�P�]GH�SRS�OHU�DUDúWÕUPD�NRQXODUÕQGDQ�ELULGLU��

*�Q�P�]GH� R\XQ� NRQVROODUÕ� EDúWD� ROPDN� �]HUH� ELUoRN� ELOJLVD\DU� VLVWHPGH� ELOJLVD\DU� J|UPHVL� YH� VHV� WDQÕPD�
VLVWHPOHUL� YDVÕWDVÕ\OD� oDOÕúDQ� GR÷DO� NXOODQÕFÕ� DUDELULPOHUL� JHOLúWLULOPLúWLU�� 0LFURVRIW� .LQHFW� �:LQGRZV� YH� ;ER[���
3OD\VWDWLRQ� KDUHNHW�PRYH�� NRQWURO|U� YE�� VLVWHPOHUL� |UQHN� YHUHELOLUL]�� %X� YH� EHQ]HUL� VLVWHPOHU� VD\HVLQGH� J�Q�P�]GH�
VHVOH��HO�NRO�KDUHNHWOHUL\OH�ELOJLVD\DU�YH�HOHNWURQLN�D\JÕWODU�NROD\OÕNOD�NXOODQÕODELOPHNWHGLU��

6HV� LOH� LOJLOL� oDOÕúPDODU� VÕUD\OD� VHV� VHQWH]OHPH�� VHV� VLQ\DOL� LúOHPH�YH�NRQXúPD� WDQÕPD��]HULQH�\R÷XQODúPÕúWÕU�
�-XDQJ��5DELQHU���������6HV� VHQWH]OHPH� LoLQ� VÕUDVÕ\OD�PHNDQLN��HOHNWUR�PHNDQLN�YH�HOHNWURQLN� VLVWHPOHU� NXOODQÕOPÕúWÕU�
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�-XDQJ�� 5DELQHU�� ������� 6HV� VLQ\DOL� LúOHPH� WDULKVHO� VÕUDVÕ\OD� ]DPDQ� ER\XWXQGD�� IUHNDQV� ER\XWXQGD� YH� NHSVWUDO�
|]HOOLNOHULQ�HOGH�HGLOPHVL�LOH�LOJLOHQPLúWLU��.RQXúPD�WDQÕPD�NRQXVXQGD�LVH�WDULKVHO�RODUDN�úDEORQ�NDUúÕODúWÕUPD��|U�QW��
WDQÕPD�YH�LVWDWLVWLNv�PRGHOOHUOH�LOJLOHQLOPLúWLU��)XUXL��������$QXVX\D��.DWWL���������dR÷X�VHV�WDQÕPD�VLVWHPOHULQGH�GL÷HU�
\|QWHPOHUH� QD]DUDQ� GDKD� L\L� SHUIRUPDQV� J|VWHUPHVL� VHEHEL\OH� VDNOÕ� PDUNRY�PRGHOOHUL� NXOODQÕOPDNOD� �5DELQHU�� ������
1LHVOHU��������ELUOLNWH��\DSD\�VLQLU�D÷ODUÕ��EXODQÕN�PDQWÕN�YH�GL÷HU�LVWDWLVWLNVHO�\|QWHPOHU�GH�NXOODQÕOPÕúWÕU��

%X�oDOÕúPDGD�KHGHIOHQHQ� LVH� V|]O��NRPXWODU� LOH�ELOJLVD\DU�NRQWURO�Q�Q�NROD\ODúWÕUÕOPDVÕGÕU��6HV� LOH�:LQGRZV�
LúOHWLP�VLVWHPLQGH�SHQFHUH�\|QHWLPL��SURJUDPODUÕ�oDOÕúWÕUPD��\D]Õ�\D]PD�JLEL�LúOHPOHULQ�JHUoHNOHúWLULOHELOGL÷L�ELU�\D]ÕOÕP�
VLVWHPL�JHUoHNOHúWLULOPLúWLU��6HV�WDQÕPD�PRG�O�Q�Q�JHUoHNOHQPHVLQGH�6DNOÕ�0DUNRY�0RGHOL�DUDo�NLWL�NXOODQÕOPÕúWÕU��
�
�
6DNOÕ�0DUNRY�0RGHOL�LOH�6HV�7DQÕPD�
�

*HOLúWLULOHQ� VLVWHP� �o� DQD� PRG�OGHQ� ROXúPDNWDGÕU��0RG�OOHU� VÕUDVÕ� LOH� VHV� WDQÕPD��:LQGRZV� LúOHWLP� VLVWHPL�
SHQFHUH�YH�GRV\D�\|QHWLPL�YH�\D]Õ�\D]PD�PRG�OOHULGLU��3URJUDP�&��SURJUDPODPD�GLOL�LOH�JHUoHNOHúWLULOPLú�VHV�WDQÕPD�
YH� VÕQÕIODQGÕUPDGD� 6DNOÕ� 0DUNRY� 0RGHOL� DUDo� NLWL� NXOODQÕOPÕúWÕU�� 6DNOÕ� PDUNRY� PRGHOOHUL� VWRNDVWLN� SURVHVOHUL�
PRGHOOH\HELOHQ� VRQOX� GXUXP� D÷ODUÕGÕU�� 6DKLS� ROGX÷X� ]HQJLQ�PDWHPDWLNVHO� \DSÕVÕ� YH� VHV� VLQ\DOLQL� VWRNDVWLN� ELU� SURVHV�
RODUDN�L\L�LIDGH�HGHELOGL÷L�LoLQ���������\ÕOODUÕQGD�VHVOL�LIDGH�WDQÕPDGD�oRN�NXOODQÕODQ�ELU�\|QWHP�ROPXúWXU��1DLN��������
=KHQJ��<XDQ�� ������� 6HVOL� LIDGH� WDQÕPDGD� NXOODQÕOPDVÕ� NÕVDFD�� DUGÕúÕN� NÕVD� V�UHOL� VHVOL� LIDGH� NHVLPOHULQLQ� ELUOLNWH� HOH�
DOÕQPDVÕ�LOH�DUGÕ�DUGÕQD�JHOHELOHFHN�EX�NHVLPOHU�LoLQ�ELU�PRGHO�ROXúWXUPDN�YH�EX�PRGHOGHQ�\DUDUODQDUDN�X]XQ�V�UHOL�VHVOL�
LIDGHOHULQ�WDQÕQPDVÕGÕU��5DELQHU����������

0DUNRY� LúOHPL� NHVLNOL� ELU� W� ]DPDQÕQGDNL� 1� WDQH� GXUXPGDQ� ELULGLU�� ELULQFL� GHUHFHGHQ� ELU� PDUNRY� LúOHPLQGH�
VLVWHPLQ� úX� DQNL� GXUXPX� VDGHFH� ELU� |QFHNL� GXUXPXQD� ED÷OÕGÕU�� GXUXPODU� DUDVÕQGD� ]DPDQGDQ� ED÷ÕPVÕ]� GXUXP� JHoLú�
RODVÕOÕNODUÕ� WDQÕPODQDELOLU��+HUKDQJL� ELU� GXUXP� WDUDIÕQGDQ� �UHWLOHQ� oÕNWÕ� J|]OHP�RODUDN� DGODQGÕUÕOÕU�� (÷HU� GXUXP�GL]LVL�
GR÷UXGDQ�J|]OHQHPL\RUVD�EXQD�VDNOÕ�PDUNRY�PRGHOL�GHQLU��6DNOÕ�RODQ�GXUXPODUD�J|]OHPOHUGHQ�GROD\OÕ�RODUDN�YDUÕOPDVÕ�
V|]� NRQXVXGXU�� � 6HVOL� LIDGH� WDQÕPD� ED÷ODPÕQGD� J|]OHPOHU� DNXVWLN� YHULOHUGHQ� HOGH� HGLOHQ� |]HOOLN� YHNW|UOHULGLU�� 600�
GXUXPODUÕ� LVH� WHPHO� DOÕQDQ� VHVOL� LIDGH� ELULPOHULQH� �gU�� NHOLPHOHU�� IRQHPOHU� YE��� GHQN� JHOPHNWHGLU�� $PDo� VDNOÕ� RODQ�
GXUXP� GL]LVLQL� J|]OHPOHUGHQ� \DUDUODQDUDN� EXOPDNWÕU�� \DQL� WDQÕQPDVÕ� JHUHNHQ� VHV� VLQ\DOLQLQ� DNXVWLN� YHULOHULQGHQ�
\DUDUODQDUDN�DLW�ROGX÷X�GXUXPXQ��NHOLPHQLQ��EXOXQPDVÕGÕU��

dDOÕúPDQÕQ�DQD�NÕVPÕQÕ��VHV�YHULOHULQLQ�WDQÕQPDVÕ�ROXúWXUPDNWDGÕU���.RQXúPD�WDQÕPD�VLVWHPLPL]LQ�DOW�\DSÕVÕQGD�
&DPEULGJH� hQLYHUVLWHVLQGH� JHOLúWLULOHQ� ³+LGGHQ� 0DUNRY� 0RGHO� 7RRONLW´� �+7.�� DGOÕ� ELU� DUDo� NLWL� NXOODQÕOPÕúWÕU�
�KWWS���KWN�HQJ�FDP�DF�XN���%X�\D]ÕOÕP�DUDFÕ�LOH�NRQXúPD�WDQÕPD�LúOHPOHUL�LoLQ�JHUHNOL�LúOHYOHU��|]HOOLN�oÕNDUÕPÕ��H÷LWLP��
WDQÕPD��GH÷HUOHQGLUPH��\HULQH�JHWLULOHELOPHNWHGLU��+7.��oRN�VD\ÕGD�SURMHGH�NXOODQÕOPÕú��EDúDUÕOÕ�VRQXoODU�HOGH�HGLOPLú�
YH�DoÕN�ND\QDN�NRGXQD�VDKLS�ELU�DUDoWÕU��

+7.�LúOHYVHOOL÷L�\�NVHN�N�W�SKDQH�PRG�OOHULQGHQ�ROXúPDNWDGÕU��%X�PRG�OOHU��W�P�DUDoODUÕQ�D\QÕ�úHNLOGH�GÕú�
G�Q\D\OD�NHVLúPHVLQL�VD÷ODU��%XQODU�D\UÕFD�RUWDNODúD�NXOODQÕODQ�LúOHYOHULQ�PHUNH]�ND\QD÷ÕQÕ�ROXúWXUXU��.XOODQÕFÕ��
JLUGL�oÕNWÕ�YH�LúOHWLP�VLVWHPL\OH�HWNLOHúLP��N�W�SKDQH�PRG�O��³+6+(//´�WDUDIÕQGDQ�NRQWURO�HGLOLU�YH�KDIÕ]D�\|QHWLPLQLQ�
W�P��³+0(0´�WDUDIÕQGDQ�NRQWURO�HGLOLU��0DWHPDWLN�GHVWH÷LQL�³+0$7+´�VD÷ODU�YH�NRQXúPD�DQDOL]L�LoLQ�JHUHNOL�VLQ\DO�
LúOHPH�LúOHPOHUL�³+6,*3´�GHGLU��+7.¶�LQ�JHUHNWLUGL÷L�GRV\D�W�UOHULQLQ�W�P�Q�Q�NHVLúPH�PRG�O��YDUGÕU��³+/$%(/´�
HWLNHWOHQGLUPH�GRV\DODUÕ��³+/0´�GLO�PRGHOL�GRV\DODUÕ��³+1(7´�D÷ODU��³+',&7´�V|]O�NOHU��³+94´��³94´�NRG�NLWDSODUÕ�
YH�³+02'(/´�600�WDQÕPODUÕ�LoLQ�NHVLúPH�VD÷ODU��<RXQJ��(YHUPDQQ���.HUVKDZ��0RRUH��2GHOO��YH�GL÷HUOHUL���������
ùHNLO���GH�+7.�\D]ÕOÕP�PLPDULVL�YHULOPLúWLU��
�

�

ùHNLO����+7.�\D]ÕOÕP�PLPDULVL�
�
�
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6LVWHPLQ�dDOÕúPDVÕ�
�

600¶� OHUL� ROXúWXUPDN� LoLQ� oRN� VD\ÕGD� NRQXúPD� YHULVL� GRV\DVÕ� YH� EXQODUOD� LOJLOL� G|Q�ú�POHU� JHUHNOLGLU��
dR÷XQOXNOD� NRQXúPD� YHULOHUL� YHUL� WDEDQÕ� DUúLYOHULQGHQ� HOGH� HGLOLU�� (÷LWLPGH� NXOODQÕOPDGDQ� |QFH� EXQODU� X\JXQ�
SDUDPHWULN� IRUPD� G|Q�úW�U�O�U� YH� LOJLOL� G|Q�ú�POHUOH� EX� IRUPDWWD� KD]ÕUODQÕU� YH� JHUHNOL� V|]F�N� DGODUÕ� NXOODQÕOÕU��
.RQXúPDQÕQ� ND\GHGLOPHVL� JHUHNLUVH� ³+6/DE´� DUDFÕ� KHP� NRQXúPDQÕQ� ND\GHGLOPHVL� KHP� JHUHNOL� G|Q�ú�POHUOH�
LúDUHWOHQPHVL�LoLQ�NXOODQÕODELOLU��

6LVWHPLQ�oDOÕúPDVÕQGD�WHPHO�NÕVÕP�VHVOHULQ�HOGH�HGLOPHVL�YH�HWLNHWOHQPHVLGLU��6HV�WDQÕPDGD�DQD�LúOHPOHU�VÕUDVÕ�
LOH�� V|]O�NWHNL� KHU� NHOLPH� LoLQ� ELU� NDo� NH]� VHV� ND\GÕ� YH� HWLNHW� GRV\DODUÕ� ROXúWXUDUDN� H÷LWLP� YHULWDEDQÕ� ROXúWXUXOPDVÕ��
H÷LWLPGH� NXOODQÕODQ� VHV� GDOJDODUÕQÕQ� DNXVWLN� DQDOL]OHULQLQ� \DSÕOPDVÕ� YH� NDWVD\Õ� YHNW|UOHUL� oÕNDUÕODUDN� DNXVWLN� DQDOL]�
JHUoHNOHúWLULOPHVL�� V|]O�NWHNL� KHU� DNXVWLN� |÷H� LoLQ� ELU� VDNOÕ� PDUNRY� PRGHOL� WDQÕPODQPDVÕ�� HOGH� HGLOHQ� PRGHOOHULQ�
H÷LWLOPHVL��JUDPHU�WDQÕPODPDODUÕQÕQ�YH�SHUIRUPDQV�WHVWOHULQLQ�\DSÕOPDVÕGÕU��

(÷LWLP�YHULOHULQLQ�ROXúWXUXOPDVÕ�LoLQ�&��SURJUDPODPD�GLOL�NXOODQÕODUDN�ELU�DUD\�]�JHOLúWLULOPLúWLU��%X�DUD\�]�LOH�
YHUL� HOGH� HWPH� YH� H÷LWLP�WHVW� YHULWDEDQÕ� KD]ÕUODPD� NROD\ODúWÕUÕOPÕúWÕU�� %HOLUOHQHQ� KHU� NRPXW� LoLQ� ��� DGHW� VHV� YHULVL�
HNOHQPLú� YH� HWLNHWOHQPLúWLU�� 6HV� JLULúL� DUD\�]� LOH� PLNURIRQGDQ� DOÕQDELOHFH÷L� JLEL� PHYFXWWDNL� ND\ÕWOÕ� GRV\DGDQ� GD�
DOÕQPDNWDGÕU��ùHNLO���GH�VHV�YHUL�JLULú�HNUDQÕ�YHULOPLúWLU��
�

�

ùHNLO����6HV�ND\ÕW�DúDPDVÕ�YH�HWLNHWOHPH�HNUDQODUÕ�
�
�

+7.�VHV�GRV\DODUÕQÕ� GLUHN� LúOH\HPH\HFH÷L� LoLQ� VHV�GRV\DODUÕQÕQ� DNXVWLN�|]HOOLNOHUL� oÕNDUÕOÕU��6HV� VLQ\DOL� WLSLN�
RODUDN������PV�X]XQOX÷XQGD��ELUELUL\OH�|UW�úHQ�DUGÕúÕN�oHUoHYHOHUH�D\UÕOÕU��+HU�ELU�oHUoHYH�SHQFHUHOHPH�IRQNVL\RQX�LOH�
oDUSÕOÕU��+HU�ELU�SHQFHUHOHQPLú�oHUoHYHGHQ�DNXVWLN�NDWVD\ÕODU�YHNW|U��oÕNDUÕOÕU��+HU�DNXVWLN�|÷H�600�LOH�PRGHOOHQLU��%X�
PRGHO�DOWÕ�DGHW�GXUXP�LoHULU�IDNDW�EX�GXUXPODUÕQ�VDGHFH�G|UG���6���6���6���6���³DNWLI´�GXUXPGXU��øON�YH�VRQ�GXUXPODU�
�6��YH�6���VDGHFH�+7.�WDUDIÕQGDQ�ED]Õ�X\JXODPD�NROD\OÕNODUÕ�LoLQ�NXOODQÕOÕU�����J|]OHP�IRQNVL\RQODUÕQÕ������GXUXPODU�
DUDVÕ�JHoLú�RODVÕOÕNODUÕQÕ�WHPVLO�HGHU��600�LoLQ�EHOLUOHQHQ�WRSRORML�ùHNLO���GHNL�JLELGLU��
�

�

ùHNLO����6DNOÕ�PDUNRY�PRGHOL�LoLQ�EHOLUOHQHQ�WRSRORML�
�
�

'DKD� VRQUD� V|]GL]LPVHO� NXUDOODUD�J|UH�GLOELOJLVL� WDQÕPODQÕU��7DQÕPODQDQ�GLOELOJLVLQGHNL� W�P�GH÷LúNHQOHU� �gU��
NHOLPHOHU�� LOH� ELU� V|]O�N� GRV\DVÕ� ROXúWXUXOXU�� 2OXúWXUXODQ� GLOELOJLVL� YH� V|]O�N� ELOJLOHUL� NXOODQÕODUDN� +7.� \DUGÕPÕ\OD�
J|UHY�D÷�GRV\DVÕ�ROXúWXUXOXU��

.XOODQÕFÕQÕQ�NRQXúPDVÕQÕQ� WDQÕQPDVÕ�DúDPDVÕQGD�|QFH�JLULú�RODUDN�YHULOHQ�VHV�VLQ\DOL�DNXVWLN�YHNW|U�GL]LVLQH�
G|Q�úW�U�OHUHN�VDNODQÕU�YH�H÷LWLP�DPDoOÕ�JLULOHQ�VHV�YHULOHULQH�DLW�PRGHOOHUGHNL�HúOHúHQ�GXUXPODU�J|]OHPOHQHUHN��V|]O�N�

International Science and Technology Conference, Dubai, 13-15 December 2012

1072



ISTEC 20
12

YH� J|UHY� D÷� GRV\DVÕ� \DUGÕPÕ\OD� NDUúÕOÕN� JHOGL÷L� VHVOL� NRPXW� EXOXQXU�� GDKD� VRQUD� YHUL� WDEDQÕQGD� NDUúÕOÕ÷Õ� RODQ� NRPXW�
EXOXQDUDN�\�U�W�O�U��

*HOLúWLULOHQ� X\JXODPDGD� �o� DQD� LúOHY� \�U�W�OPHNWHGLU�� %LULQFLVL� X\JXODPDODUÕ� ��H[H� GRV\DODUÕQÕ�� oDOÕúWÕUPDN��
LNLQFLVL� PHWLQ� \D]GÕUPDN�� �o�QF�V�� LVH� NODY\H� NÕVD\ROODUÕ� LOH� \DSDELOHFHN� LúOHPOHUL� JHUoHNOHúWLUPHN�� ùHNLO� �� GH�
SURJUDPÕQ�DUD\�]�YH�ùHNLO���GH�NÕVD\RO�WDQÕPODPD�HNUDQÕ�YHULOPLúWLU��
�

�
�
ùHNLO����3URJUDP�DUD\�]��
�
�

�
�
ùHNLO����.ÕVD\RO�WDQÕPODPD�HNUDQÕ�
�
�
6RQXoODU�YH�gQHULOHU�
�

%X� oDOÕúPDGD�� EDúWD�:LQGRZV� LúOHWLP� VLVWHPL� GRV\D� \|QHWLPL� ROPDN� �]HUH� \D]Õ� \D]PD� YH� ELOJLVD\DUÕ� VHVOH�
\|QHWPH� \D]ÕOÕPÕ� JHOLúWLULOPLúWLU�� 6LVWHP� ND\ÕWOÕ� VHV� GRV\DODUÕQÕ� LúOH\HELOGL÷L� JLEL�� ELOJLVD\DUD� ED÷OÕ� GkKLOL� YH\D� KDULFL�
PLNURIRQ�GDQ�JHOHQ�YHULOHUL�GH�LúOHPHNWHGLU���*HOLúWLULOHQ�VLVWHP�VDNOÕ�PDUNRY�PRGHOL�DUDo�NLWLQL�NXOODQPDNWDGÕU��6LVWHPH�
NRPXW�YH�NHOLPH�HNOHPHOHUL�\DSÕODUDN�JHQLúOHWLOHELOPHNWHGLU��gUQHN�VD\ÕVÕ�DUWÕNoD�VLVWHPLQ�EDúDUÕVÕ�DUWPDNWD�YH�VLVWHP�
JHUoHN�]DPDQOÕ�RODUDN�oDOÕúPDNWDGÕU���
�
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�
5HIHUDQVODU�
�
$QXVX\D��0��$��YH�.DWWL��6��.����������Speech Recognition by Machine: A Review��,QWHUQDWLRQDO�-RXUQDO�RI�&RPSXWHU�
6FLHQFH�DQG�,QIRUPDWLRQ�6HFXULW\��
�
)XUXL��6����������50 Years of Progress in Speech and Speaker Recognition Research��(&7,�7UDQVDFWLRQV�RQ�&RPSXWHU�
DQG�,QIRUPDWLRQ�7HFKQRORJ\��
�
-XDQJ�� %�� +�� YH� 5DELQHU�� /�� 5�� ��������Automatic Speech Recognition-A Brief History of the Technology�� (OVHYLHU�
(QF\FORSHGLD�RI�/DQJXDJH�DQG�/LQJXLVWLFV��6HFRQG�(GLWLRQ��
�
1DLN��-��0���1HWVFK��/��3��YH�'RGGLQJWRQ��*��5����������Speaker Verification Over Long Distance Telephone 
Lines.�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLF��6SHHFK�DQG�6LJQDO�3URFHVVLQJ��SS����������
�
1LHVOHU�� 7�� �������� Category-based Statistical Language Models.� 3�K�'�� 7KHVLV�� &DPEULGJH� 8QLYHUVLW\�� -XQH��
&DPEULGJH���������
�
2]�&��YH�/HX�0��&����������Linguistic Properties Based on American Sign Language Recognition with Artificial Neural 
Network Using a Sensory Glove and Motion Tracker.�1HXURFRPSXWLQJ��9RO������SS������������
�
2]�&��YH�/HX�0��&�� ��������American Sign Language word recognition with a sensory glove using artificial neural 
Networks.� (QJLQHHULQJ� $SSOLFDWLRQV� 2I� $UWLILFLDO� ,QWHOOLJHQFH�� 9RO�� ���� SS������������ ,661������������ '2,��
��������M���
�
5DELQHU�� /�� 5�� �������� A Tutorial on Hidden Markov Models and Selected Applications in Speech Recognition.�
3URFHHGLQJV�RI�WKH�,(((����������SS����������
�
6WXUPDQ��'�-��YH�=HOWHU��'����������A Survey of Glove-based Input.�,(((�&RPSXWHU�DQG�$SSOLFDWLRQV��SS��������
�
<RXQJ��6���(YHUPDQQ��*���.HUVKDZ��'���0RRUH��*���2GHOO��-���YH�GL÷HUOHUL���������The HTK Book (for HTK Version 3.1)� 
&RS\ULJKW��������������
�
=KHQJ�� <�� YH� <XDQ�� %�� �������� Text-dependent Speaker Identification Using Circular Hidden Markov Models.�
3URFHHGLQJV�RI�WKH�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$FRXVWLF��6SHHFK�DQG�6LJQDO�3URFHVVLQJ��SS����������
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Abstract: In many societies, parents are willing to provide additional resources to ensure that 
their children excel in their education. An example of such an investment is private tutoring, 
which has increasingly become an important component of educational investments. Unlike 
other countries that have attempted to ban private tutoring, it is legally allowed in Malaysia. 
“ScoreA” is an online tutoring programme that is endorsed by the Malaysian Ministry of 
Education. This is a fully interactive programme to help students prepare for the examinations 
and equips the younger generation with knowledge and skills in information technology. This 
paper describes the features of ScoreA programme as an online tutoring tool in education. 
 
Keywords: online tutoring; impact on education; Malaysia 

 
 

Introduction 
 
In many parts of the world, households are willing to spend a great deal for private tutoring. For instance, in Korea, 
household expenditures for private tutoring amounted to 2.9 percent of GDP in 1998 (Kim and Lee, 2001). Similarly, in 
Turkey, households spent more than 1.4 percent of GDP for private tutoring (Tansel and Bircan, 2006). Likewise in 
Singapore, households spent about S$820 million (US$680 million) on center and home-based private tutoring in 2008. 
This was an increase from the S$470 million a decade earlier (Basu 2010). Private tutoring is often seen as an additional 
investment for their children’s education. Private tutoring is commonly defined as additional coaching in academic 
subjects that is given to students outside school hours for a fee (Foondun, 2006). 
 
In Malaysia, private tutoring is becoming a common phenomenon. It is used not only for remedial purpose but it is often 
used to boost the performance of students who are already well-performing. Though parents do not have any strong 
evidence of the effectiveness of tutoring, there is a strong shared belief in the efficacy of tutoring. Tan (2011) surveyed 
1,600 students in eight schools in Selangor and Kuala Lumpur and found that 88.0% had received tutoring during their 
primary schooling.  
 
Unlike other countries in the world (such as South Korea and Mauritius) that have attempted to ban private tutoring on 
the premise that it fosters social inequalities, it is legally allowed in Malaysia.  The Malaysian government has adopted a 
moderate approach to monitor and control the quality of private tutoring (Kenayathulla, 2012). 
 
There are various forms of face-to-face tutoring: individualized, small group and large group tutoring. The payment 
differs according to the type of tutoring and the place of tutoring. If the tutoring is conducted in the student’s home, the 
fees will be higher since it includes tutor’s travelling fees. Another type of tutoring that is becoming famous is online 
tutoring. Such tutoring may be conducted live, using Skype and other softwares, or it may be in the form of self-service 
lessons.  Online tutoring is not bounded by geographic locations. The tutors and their clients may be in different 
countries or even continents. For example, TutorVista, a new age consumer Internet company in education services 
space caters to over 20,000 students in US and UK and employs over 3000 tutors across India (Blakely 2007; Venture 
and Jang, 2010). Tutor Vista offers its services at US$2.50 per hour of tutoring for a student opting for 2 hours a day and 
5 days a week. The online tutoring is considered much cheaper compared to face-to-face tutoring. For instance, the 
typical face-to-face tutoring in the US is US$100 per hour and online tutoring is US$40 (which is offered in US) (Vora 
and Dewan, 2009). 
 
In Malaysia, ScoreA programme was launched on the 3rd March 2006 by the former Malaysia’s Minister of Education, 
Dato Sri Hishammuddin Bin Tun Hussein.  ScoreA programme is a fully interactive programme based on the official 
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government syllabus that helps students to learn at their own pace. It emphasizes both input and output based learning. 
The latest innovation is the i-teacher. The students are given option to choose their intelligent Avator. The i-teacher will 
help them to answer the questions. In addition, there are interactive diagrams, comprehensive notes as well as notes in 
the form of power points (KISB, 2012). 
 
Previous studies both in Malaysia and international literature mainly focus on face–to-face tutoring. Not many studies 
have examined the online tutoring services and its impact on students learning. This paper describes the features of 
Scores A programme in Malaysia as the online tutoring tool.  
 
  
Literature Review on the effect of tutoring 
 
There have been variations in the results of studies that focus on the effects of private tutoring on students’ academic 
achievement. For instance, in Vietnam, Ha and Harpham (2005) find that attending private tutoring does not result in 
significant increases in 8-year-old childrens’ writing and numeracy test scores; however, it doubles those same 
children’s reading test scores On the other hand, a seminal study in Singapore finds that private tutoring has a negative 
effect on secondary students’ grades (Cheo and Quah, 2005). The authors claim that such a finding might be due to 
excessive studying in Singapore, which might result in diminishing returns.  
 
The results from these two studies should be interpreted with caution as these studies did not explicitly test for the 
possible endogeneity of private tutoring. If unobserved factors, such as parental taste, concern for their children’s 
education and students’ motivation for studies, are not controlled in regression analysis, they will contribute to the error 
term, rendering inconsistent parameter estimates (Dang and Rogers, 2008; Ireson, 2004).   
After controlling for community and school characteristics, Dang (2007) finds that for both primary and lower 
secondary students in Vietnam, higher spending on private tutoring decreased the probability  that students  performance 
would be in either the poor or average categories but increased the probability that the students would be in either good 
or excellent academic rankings.  
 
Kuan (2011) examined the impact of private tutoring on mathematics achievement of 10,013 grade 9 students in Taipei, 
China. After controlling for students’ socio-economic status, ability, and attitude, he found that student who had 
attended tutoring were more achieving and from higher social classes. But the gains in achievements were small. Bray 
(2012) contends that in this study, tutoring is treated as a single variable, and distinction was not made between one- to- 
one tutoring and large classes. In addition, he argues that the data that is used in that study was limited to a single 
semester of grade 9, and this prevents long term inferences. 
 
On the other hand, studies have shown that supplemental tutoring programs can be effective at increasing academic 
achievement, especially for low income students and low achieving students (Zosky and Crowford, 2003).  A report 
from the National Longitudinal Study of No Child Left Behind (2007) finds that, on average, across the seven districts 
examined, the average effect of supplemental education services in both reading and math are positive and statistically 
significant. The report also states that students participating in supplemental education for multiple years experienced 
gains twice as large as those experienced by students participating for a single year. In terms of specific subgroup 
populations, African-American students, Hispanic students, and students with disabilities also experienced positive 
gains in achievements (Zimmer et al, 2007).  
 
 
Online tutoring 
 
Traditionally, tutoring is conducted in face-to-face settings in which the tutor and tutee meet at a specified place and 
time. However, with the advancement in communication and technology, and the increase in access to the internet, it is 
possible for tutoring to be conducted via the internet (Fleisher, 2006). In this case, tutoring is not limited to a particular 
place or time.  The tutor can be any expert with online connections.   Although both face-to-face and online tutoring 
enables interaction between the tutor and the tutee, online tutoring allows partial anonymity in communication.  
 
 
Online tutoring supports both synchronous (real time) and asynchronous (delayed) communication.   However, the 
nature of interactions and the type of instructor support permitted by those environments differ. In a synchronous 
environment, real-time interaction allows the simulation of a real classroom learning situation and immediate, 
interactive clarification of meaning (Goodyear, Jones, Asenio, Hodgson and Steeples, 2005).   In contrast, asynchronous 
communication requires that the sender wait for a response in a time delayed fashion. Although there is ample research 
on face-to-face tutoring environments, research on online tutoring especially at the school level is scarce.  
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One key study examined the effect of online-tutoring (Kersent, Dogbey, Barber and Kephart, 2011) on college algebra 
students’ outcome (achievement, attitude and retention).  Students in the experimental groups were provided access to 
online tutoring unlike the students in the control group. Collected data included algebra content knowledge test, attitude 
survey, online tutoring logs, and retention data. The findings indicated that content knowledge gain scores of students in 
the experimental group who used the online tutoring service (E-Users) were significantly higher than the students in the 
experimental who did not use the service (ENon-Users). E-Users reported better attitudes about help seeking than ENon-
Users. The findings suggest that more students in the experimental group persisted and remained in the course than the 
students in the control group. 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
 
The features of ScoreA programme  
 
ScoreA programme consists of various interactive features that helps to enhance students’ understanding. It is expected 
that online tutoring such as ScoreA can help students who are weak and motivate them to study at their own pace. 
ScoreA programme is considered cheap compared to face-to-face tutoring. For a student in Malaysia, the charge is about 
RM66 per month for a family with two children. This is much cheaper compared to fees for a typical face-to-face 
tutoring which is RM50 per hour for each child (KISB, 2012).  
 
ScoreA consists of various online evaluation mechanisms. eTopic is a revision module that allows students to do short 
regular exercises and provides instant Output Learning to assess a student's understanding of a particular topic taught in 
school. With eTopic, answers are corrected instantly to allow the student to learn from their mistakes. Each question 
allows the student four attempts to find the right answer.  When the wrong answer is selected, the student will be 
informed instantly, thus the student is forced to re-read the question before his or her 2nd, 3rd or 4th attempt. This 
instills the habit of reading the question carefully and understanding it before attempting an answer. Parents will be able 
to monitor their children’s academic progress and identify their children's strength and weaknesses so that timely 
measures can be taken to correct any shortcomings (KISB, 2012) (Appendix 1) 
 
eAssessment™ allows students to perform exercises as needed and provides instant Output Learning to assess children's 
understanding of a particular subject taught in school. Children can select a subject at any one time and instantly find out 
if they have understood what they have learnt and review their understanding of that subject.  Parents will be able to 
identify their child’s strength and weaknesses so that timely measures can be taken to correct any shortcomings before 
the actual examinations (KISB, 2012) (Appendix 2). 
 
ePastYearExam consists of 13 years  past examination questions for centralized examinations at the primary (UPSR), 
lower secondary (PMR) and secondary (SPM) level.  This type of questions provides students the opportunity to practise 
on actual past years’ examination papers. Students are trained to answer the questions within the allocated time (KISB, 
2012) (Appendix 3). 
 
eTrial Exam™ module is designed to simulate actual exam environment for UPSR, PMR and SPM. It further enhances 
children’s exam readiness. This module will train children to complete the questions under exam pressure and within the 
limited time.  Students will have to submit it for correction or grading after they have completed it. The grading is 
instant (KISB, 2012)(Appendix 4) 
 
eProgress is a monitoring chart that allows parents keep track of their children’s performances on eTopic. This feature 
is an effective monitoring tool that is designed to keep parents informed of their children’s work schedule; ensuring 
parents that their children eTopic exercises are done and completed accordingly. Parents would be updated on the 
number of attempts their children has done on each topic, thus specifically emphasizing the “difficult topics” faced by 
their children. This information will help parents identify specific topics in a subject that their children have difficulties 
in, instead of generalising weaknesses by subjects (KISB, 2012) (Appendix 5). 
 
eReport Card™ records all your children’s output learning sessions, be it eAssessment or eTrial Exam. This feature 
gives parents unprecedented 1st hand knowledge of their children’s strong and weak subjects. It records and displays 
their children’s average scores for each subject for that month (KISB, 2012) (Appendix 6). 
 
 
Conclusion 
 
According to the latest Malaysian Educational Blueprint 2013-2025, the Malaysian education system needs to be 
transformed to prepare future generations that fit the needs of the 21st century. A key component of this blueprint is to 
maximise the usage of Information, Communication and Technology (ICT) to scale up quality learning across Malaysia 
(MOE, 2012). However, it is important to conduct further studies to analyze the impact of ScoreA programme on 
academic achievement. Such investment is worthwhile if it results in positive effect on academic outcome. Another 
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issue that needs to be addressed is equity aspect. Students from lower income households might not have internet access 
at their home and might not be able to benefit from such program. Thus, it is essential for the Malaysian government to 
sponsor such program at school so that all the children regardless of their socio-economic background have equal 
opportunity for quality education. 
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Source: KISB(2012) 
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Appendix 2: eAssessment  
 

 
 

 
 
Source: KISB (2012) 
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Appendix 3: ePastYearExam 
 

 
Source: KISB (2012)  
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Appendix 4: eTrialExam 
 

 
 

 
Source: KISB (2012) 
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Appendix 5: eProgress 
 
 

 
 
Source: KISB(2012) 
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Appendix 6: eReportCard 
 

 
Source: KISB(2012) 
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The optically active bicycloalcanols may be precursors of interesting enantiomerically enriched 
compounds, so in this work and in the first place, we intend to prepare   bicyclo [n, 1,0] hex (hept) 
an -2- ols (n =3.4) differently substituted, thus showing the influence of ring size and substituents 
on the enantioselectivity. Second and to synthesize spiro chiral optically active compounds, we 
tried to develop a method for selective synthesis of 6 - (but-3-enyl) bicyclo [4.1.0] heptan-2-ol, 
indeed it must provide access to spiro compounds by cyclization of a chiral radical hexenyl, 
resulting from the opening of a cyclopropyl, radical is formed from the corresponding ketone 
compound and samarium iodide [1] or by treatment with Bu3SnH, compound resulting from the 
substitution of the hydroxyl [2]. During these radical cyclizations, the configuration asymmetric 
carbon is quaternary shall remain unchanged and the preparation of bicyclo [4.1.0] heptan-2-ols 
optically active would synthesize such compounds spiranniqus enantiomerically enriched. 

 
  

1 R . A. Batey, W.B. Motherwell,Tetrehedron Lett. 1991, 32,  6211 ; (b) R. A. Batey, J.D. Harling , W.B. 

Motherwell, Tetrahedron 1996, 52, 11421. 

2. D.L. J. Clive, S. Daigneault, J. Org. Chem. 1991, 56,  3801. 
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Abstract: Surprisingly, ancient stardust from stars existed before the Sun was born has made their 
way to Earth in meteorites. These silicon carbide grains are peculiar in their age and isotopic 
ratios; they formed before the Sun was born, and their isotopic signature indicates that they come 
from a different galactic region. This work aims to seek a possible paradigm for such richness and 
peculiarity through Monte Carlo simulation of scattering of Asymptotic Giant Branch (AGB) stars 
off molecular cloud.  Such approach randomly generates AGB stars in regions close to the Galaxy 
bulge and examines possibility of migration to outer regions by scattering off molecular cloud.  A 
successful explanation to this problem will influence how we think nuclides were formed and then 
distributed in the Galaxy and will shed new light unto the age and the chemical evolution of the 
Milk Way Galaxy.  Thus, it is important that we know where do they come from and how do they 
end up in our backyard? 
 
Key words: AGB stars, Monte Carlo, Silicon Carbide 

 
 
Introduction 
 

Many studies (e.g. 5) have shown that the mainstream presolar silicon carbide (SiC) grains extracted from 
meteorites formed in asymptotic giant branch stars. Ion probe studies show them to have 29Si/28Si and 30Si/28Si isotopic 
ratios larger than those found in solar material (see Figure 1). The problem lies in the fact that the mainstream presolar 
SiC grains are richer in the heavier silicon isotopes than the solar composition even though the grains must have 
originated in stars that formed prior to the Sun.  To deliver their grains to the solar birth cloud, the donor stars clearly 
must have been born and evolved prior to solar birth. Homogeneous chemical evolution of these Si isotope ratios 
increase monotonically with time and simply can not accommodate earlier stars having higher ratios.  Therefore, one 
seeks reasons for the high isotopic ratios of the majority of donor stars. Clayton (1997) argued that this silicon isotopic 
richness is due in part to the diffusion of the parent AGB stars from more central birthplaces within the Galaxy.  Due to 
a more evolved interior position, these central birthplaces are known to have a higher metallicity. The outward diffusion 
can be likened to the gravity assist used in solar system exploration.  AGB stars scatter by near gravitational encounters 
with molecular clouds. This changes the orbits of some to spend much time at larger galactic radii that those of their 
birth. There they give out their stardust. 
 
 
Method 

 
Since I propose to deal with star-molecular-cloud encounters, one might ask if stars collide with one another. Of course, 
by “collisions between stars” I don’t mean collisions in quite the same sense as those between two billiard balls. A more 
appropriate name would be encounters.  Nonetheless, this question has been addressed by other researchers (e.g. Binney 
& Tremaine, 1987; Tayler, 1996) and the interval between collisions was calculated to be 1019 years. This is 
considerably longer than the believed age of the Galaxy (1 2 1010� x  years). Evidently, the stars in the Galaxy do not 
suffer significant individual deflections due to the presence of other stars, and large-angle collisions between stars are 
very infrequent and do not contribute to migration of AGB stars. 
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Figure 1: Silicon isotope deviations in a three-isotope plot.  Murchison SiC samples measured by Hoppe et al. are 
shown and have a best-fit slope of 4/3. The renormalized mean Interstellar Medium (ISM) evolution is shown as the 
solid line, and by construction it passes through solar abundances at t tSolar . With such a construction, deviations 
with respect to solar abundances and with respect to interstellar abundances are the same G GSolar ISM (Clayton, 
1997). 

To calculate the orbits of stars, I require a galactic mass model that defines an expression for the galactic 
gravitational potential. In using such a model, I neglect the forces from Individual stars and consider only the large-
scale forces from the overall mass distribution, which is made up of thousands of millions of stars. Here, I use a 
numerically convenient axisymmetric gravitational potential proposed by Miyamoto and Nagai (1975). 
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where R  is the galactocentric radius and z  is the height above and below the galactic mid-plane. Respectively, the 
three parameters a (in kpc), b (in kpc), and M (in 1010 MSolar) are: 0.0, 0.3, and 1.8 for the bulge; 6.2, 0.4, and 17.4 for 
the disk; 0.0, 31.2, and 83.5 for the corona4. Depending on the choice of the two parameters a and b, ) can represent 
the potential of anything from an infinitesimally thin disk to a spherical one. This expression is free from singularities 
everywhere in space and is  in good agreement with observational determinations of the Galactic rotation curve, the 
vertical force Kz  at the Sun's position, and the total local mass density (Hoppe, Amari, Zinner, Ireland, & Lewis, 1994)  
( U Solar SolarM~ .015  pc-3).  I should also mention that I omit non-axisymmetric structures such as an inner bar, the 
spiral arms, and local features such as Gould’s Belt. A typical star’s orbit is given in Figure 2.  

As for the molecular clouds, they individually produce fluctuations in the gravitational field seen by nearby stars, 
which in return produce changes in the magnitude and direction of each stellar velocity. Understand that this work 
doesn’t seek to model the physical and geometrical properties of the molecular clouds. I seek instead only a presentation 
of the gravitational effect of molecular clouds on stellar orbits.  Molecular clouds are detected and mapped by observing 
millimetre emission from a trace molecule: carbon monoxide CO (Pudritz, 2002).  I used the results from the different 
galactic plane surveys (Pudritz, 2002; Solomon & Sanders, 1985) to distribute the molecular clouds radially.  These 
results show that the molecular clouds are the dominant component of the interstellar medium in the inner half of the 
disk at R < 0.8Rsolar with a rise between R = 5 and R = 7 kpc and a sharp fall toward the larger radius where there is very 
little emission beyond R = 15 kpc.  Most of the surveys (Binney & Merrifield, 1998; Pudritz, 2002; Solomon & 
Sanders, 1985; Ward-Thompson, 2002) suggest a median cloud mass of about105 MSolar . Since my problem concerns 
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the effect of the molecular clouds on the motion of stars through an otherwise azimuthally symmetric potential, I can 
utilize a simple approximation of their masses and the radial distribution for that purpose.  To a first approximation, I 
can take the molecular clouds to be spherical with a uniform density.   

Again, it is not my intention to model the molecular clouds or their radial distribution.  For that purpose, I 
employ a Gaussian distribution that randomly generates positions for the molecular clouds along the galactic mid plane.  
The transformation I use for the Gaussian deviations is (Press, Teukolsky, Vetterling, and Flannery, 1992):  
 

 

Figure 2: A face-on galactic plane orbit that forms a rosette.  The star has an initial circular velocity 196.2 km/s and 
lived for 0.5 billion years. 

R a a �2 21 2ln cos S  

where R is the galactocentric radius, a1 and a2 are two uniform deviates on (0,1).  
 
 
Discussion 
 

A typical calculation is set up to trace 104 molecular clouds and 103 stars for two billion years.  I place the 
molecular clouds randomly on circular orbits in the galactic mid plane.  Since each molecular cloud is more massive 
than the star; a gravitational force from a nearby star on the molecular cloud is going to be small and thus neglected. To 
a first approximation, the molecular clouds retain their circular orbits and constant angular momentum.  The stars are 
initially distributed randomly in radial zones.  A zone is a ring with 500 pc width; for example, the region between R = 
4.0 kpc and R = 4.5 kpc is one zone.  Each zone has 103 stars positioned randomly in R and in its azimuthal angle in the 
galactic mid plane. Each star is given a randomly generated peculiar velocity between 10 and 20 km/s.  The direction of 
the peculiar velocity is also randomly chosen in ��Ţůť���, where ��Ţůť��� are the known spherical coordinates. 

Added to the peculiar velocity is the proper circular velocity deduced from Miyamoto and Nagai potential.  With these 
initial conditions the system evolves for two billion years. I have used a numerical method called the Bulirsch-Stoer 
algorithm (Press, Teukolsky, Vetterling, and Flannery, 1992) with adaptive time step to trace the orbits of stars by 
integrating the equation of motion for the stars. Bulirsch-Stoer method is very efficient when high-accuracy solutions 
for ordinary differential equations are desired. The idea is to start with an initial value and calculate the value at the end 
of the an interval many times with successively finer steps, and then fit a polynomial or a rational function to 
extrapolate to the magical limit of an infinitely small step size.  

The nearby molecular clouds’ gravitational field mainly governs a star’s trajectory.  The lengthy nature of this 
type of calculations suggests making another approximation: only forces from nearby molecular clouds are included in 
the total force 

&
F in Newton’s second law. The galactic gravitational force is derived from Miyamoto and Nagai 

potential. 
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Results 
 

The galaxy is divided into six zones or rings, each having a radial width of 500 pc and containing 1000 starts. 
Stars are borne at random locations in their defined zones before their orbits evolve for two billion years during which 
each orbit is computed. The stars initial conditions are stored for later comparison. The results have shown that, for the 
most part, stars experience a small perturbation in their orbits and they are less likely to deviate largely from their initial 
circular orbits.  Around 40% of stars did not leave their starting zones. Close to 40% of the stars suffered inward 
migration. Only a small fraction of AGB stars ~ 1% migrated to larger radii. Wielen et al (1996) found that the Sun was 
born at galactocentric radius R = 6.6 kpc and has in 4.5 Gyr diffused outwards to its present location at R = 8.5 kpc. My 
calculations found in two billion years a percentage of 0.4% stars born between 4.0-4.5 kpc migrate outward to 6.0-6.5 
kpc zone where they give their AGB stardust to a presolar cloud.  This result, in particular, is very interesting because 
Sellwood and Binney (2001) studied the scattering of stars by spiral waves and concluded that the grains must have 
migrated from R ~ 4 kpc to ~ 6 kpc where they were incorporated into a presolar cloud.  

 
 

Conclusion 
  

Close encounters between AGB stars and molecular clouds are apparently too infrequent to contribute primarily 
to the problem of silicon isotopic rations in mainstream SiC grains. Migration of AGB stars from more central regions 
in the galaxy due to scattering by molecular clouds is deemed unlikely.  The percentages the calculations have produced 
are small and cannot account for the observed richness in the heavier silicon isotopes when compared to solar values.  I 
have shown only a few stars do that.  
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(OLI�$ö&$.2&$��%HUNHU�$/,&,2ö/8��0XKDUUHP�$.7$ù��=H\QHS�<$0$1�
6DNDU\D�hQLYHUVLWHVL�

øQúDDW�0�KHQGLVOL÷L�%|O�P��
7�UNL\H�

HOLIG#VDNDU\D�HGX�WU��PXKDUUHPD#VDNDU\D�HGX�WU��]G\DPDQ#VDNDU\D�HGX�WU�
�
�

Özet: %X� oDOÕúPDGD� KHGHIOHQHQ�� VLPHWULN� JHRPHWUL\H� VDKLS� \DSÕ� VLVWHPOHULQLQ� 7�UN� 'HSUHP�
<|QHWPHOL÷LQGH�EXOXQDQ�0HUNH]L�dHOLN�dDSUD]OÕ�3HUGH�W�UOHULQGHQ�ED]ÕODUÕQÕQ��VHoLOHQ�NHVLWH�J|UH�
\DSÕVDO�SHUIRUPDQVÕQÕQ�EHOLUOHQPHVLGLU��6HoLOHQ�0HUNH]L�dHOLN�dDSUD]OÕ�3HUGH�W�UOHULQLQ�JHRPHWULVL�
GL\DJRQDO� YH� WHUV� 9� RODUDN� EHOLUOHQPLúWLU�� %X� SHUGH� W�UOHULQLQ� oDSUD]ODUÕQGD� NXOODQÕODFDN� NHVLW�
JHRPHWULVL�LVH�GDLUHVHO�ERUXGXU��6HoLOHQ�\DSÕODUGD�GL\DJRQDO�SURILOOHULQ�ER\XWODUÕ�EHOLUOHQLUNHQ�D\QÕ�
NHVLW� DODQÕQD� VDKLS� ROPDODUÕ� VD÷ODQPÕú� E|\OHFH� \DSÕ� PDOL\HWLQH� GH� VÕQÕUODQGÕUPD� JHWLULOPLúWLU��
<DSÕODQ� DQDOL]OHU� VRQXFXQGD�� \DSÕ� SHUIRUPDQVÕQÕQ� GL\DJRQDO� YH� WHUV�9� oDSUD]� W�UOHULQGHNL� OLPLW�
GH÷HUL� LQFHOHQPLúWLU�� dDOÕúPDQÕQ� \DSÕVDO� DQDOL]� YH� VRQOX� HOHPDQ� PRGHOOHPHVLQGH�� GR÷UXVDO�
ROPD\DQ�VWDWLN�DQDOL]�\|QWHPL�NXOODQÕOPÕúWÕU��

�
Anahtar Kelimeler: 3XVK�RYHU��oHOLN�PHUNH]L�oDSUD]ODU��LWPH�DQDOL]L 

 
 
*LULú 
 
dHOLN�\DSÕODUÕQ��GHSUHPGH�ROXúDQ�LODYH�\�NOHU�DOWÕQGD�V�QHN�GDYUDQPDVÕ�LVWHQLU��<DSÕQÕQ�V�QHNOL÷L��HOHPDQODUÕQÕQ��NRORQ��
NLULú�� YH� EX� HOHPDQODUÕQ� ELUOHúLP� E|OJHOHULQLQ� \DQDO� \�NOHU� DOWÕQGD� \HWHUOL� GD\DQÕPÕ� J|VWHUPHVL� LOH� P�PN�Q� ROXU��
%LQDODUÕQ�GHSUHP�\�NOHULQH�NDUúÕ�\HWHUOL�SHUIRUPDQVÕ�J|VWHUPHVL� LoLQ�SHN�oRN�X\JXODPD�PHYFXWWXU��%X�X\JXODPDODUÕQ�
EDúÕQGD�oHOLN�SHUGH�VLVWHPL�NXOODQÕPÕ�JHOPHNWHGLU��dHOLN�\DSÕODUÕ�WDVDUODUNHQ��NXOODQÕODFDN�SHUGH�VLVWHPL�\DSÕQÕQ�GHSUHP�
\�NOHUL� DOWÕQGDNL�GDYUDQÕúÕQÕ� E�\�N�|Oo�GH�GH÷LúWLUPHNWHGLU��%X�GH÷LúLP�� VD÷ODGÕ÷Õ�GD\DQÕNOÕOÕN�DoÕVÕQGDQ�ROXPOX�HWNL�
J|VWHUPHNWHGLU�� $\UÕFD� oHOLN� SHUGH� NXOODQÕPÕ� \DSÕ\D� VD÷ODGÕ÷Õ� KDILIOLN� YH� V�QHNOLN� \DSÕ� GDYUDQÕúÕ� LoLQ� DYDQWDM�
VD÷ODPDNWDGÕU�� %X� QHGHQOH�� GHSUHPH� GD\DQÕNOÕ� \DSÕ� WDVDUODQPDVÕQGD� SHUGH� VHoLPL� ROGXNoD� |QHPOLGLU�� dHOLN� SHUGH�
VHoLPLQGH� GLNNDW� HGLOPHVL� JHUHNHQ� HQ� |QHPOL� QRNWD�� X\JXQ� oDSUD]� VLVWHPLQLQ� YH� EX� oDSUD]� VLVWHPLQGH� NXOODQÕODFDN�
SURILOO�NHVLWLQLQ�VHoLPLGLU��

<DSÕGD�NXOODQÕODFDN�oDSUD]ODU�LoPHUNH]�YH�GÕúPHUNH]�RODUDN�LNL\H�D\UÕOÕU��(OHPDQODUÕQ�ELUOHúWLULOPH�\|QWHPL�VLVWHPLQ�HQ�
|QHPOL�|]HOOL÷LGLU��.RORQ��NLULú�YH�oDSUD]�HOHPDQODUÕQ�HNVHQOHULQLQ�HNVDQWLULVLWH�ROXúWXUPD\DFDN�úHNLOGH�PHUNH]L�RODUDN�
ELUOHúWLULOPHVL�LOH�PHUNH]L�oHOLN�oDSUD]ODU�ROXúWXUXOXU��0HUNH]L�oDSUD]OÕ�oHUoHYHOHU��PRPHQW�DNWDUDQ�oHUoHYHOHUGHQ�GDKD�
G�ú�N�V�QHNOLNOL�RODFDN�úHNLOGH�WDVDUODQÕU��'ÕúPHUNH]L�oDSUD]OÕ�oHUoHYHOHU�LVH�PRPHQW�DNWDUDQ�oHOLN�oHUoHYHOHULQ�\�NVHN�
G�NWLOLWHVL� LOH�PHUNH]L�oDSUD]OÕ� oHOLN�oHUoHYHOHULQ�GD\DQÕP�YH� ULMLWOL÷LQL�ELUOHúWLUHELOPHVLGLU��%X�oHUoHYHOHU��NRORQ�NLULú�
ELUOHúLP� QRNWDVÕQD� YH\D� oDSUD]� HOHPDQODUÕQ� NHVLúLP� QRNWDODUÕ� DUDVÕQGD� EHOLUOL� ELU� HNVDQWLULVLWH� YHULOHUHN� ROXúWXUXOXU�
�.RUNPD]���������

0HUNH]L� oHOLN� oDSUD]OÕ� SHUGHOHU�� PRPHQW� DNWDUDQ� oHOLN� oHUoHYH� VLVWHPOHUH� J|UH� ROGXNoD� E�\�N� HODVWLN� \DWD\� ULMLWOL÷H�
VDKLSWLU��'ÕúPHUNH]�J�oOHQGLULOPLú�oHUoHYH�VLVWHPOHU� LVH��\�NVHN�HODVWLN� ULMLWOL÷H��YH�HQHUML�\XWPD�NDSDVLWHVLQH�VDKLSWLU�
�8]JLGHU�� ������� dHúLWOL� JHRPHWUL\H� VDKLS� \DSÕODU�� GH÷LúLN� oHOLN� oDSUD]� úHNLOOHUL� LOH� \DWD\� \�N� WDúÕPD� NDSDVLWHOHUL�
LQFHOHQPLú� WDúÕ\ÕFÕ� VLVWHP� GDYUDQÕú� NDWVD\ÕODUÕ� )(0$� LOH� NDUúÕODúWÕUÕODUDN� oHOLN� oDSUD]� WLSOHULQLQ� |QHPL�
YXUJXODQPÕúWÕU�%DNÕU� ������� dRN� NDWOÕ� oHOLN� \DSÕODUÕQ� SHUIRUPDQVD� GD\DOÕ� WDVDUÕP� \|QWHPOHUL� �]HULQGH� GXUPXúWXU�
NDSDVLWH� VSHNWUXP� PHWRGX� YH� GHSODVPDQ� NDWVD\ÕODUÕ� PHWRGX� NXOODQÕODUDN� SHUIRUPDQV� GH÷HUOHQGLULOPHVL� \DSÕOPÕúWÕU��
%XQXQOD�ELUOLNWH�WDúÕ\ÕFÕ�VLVWHPLQ�YH�\DSÕ�HOHPDQODUÕQÕQ�VDKLS�ROPDVÕ�JHUHNHQ�QLWHOLNOHU�EHOLUOHQPLúWLU�ùHQ��������

�
dHOLN�dDSUD]OÕ�3HUGH�6LVWHPOHU�YH�7�UN�'HSUHP�<|QHWPHOL÷LQLQ�.RúXOODUÕ� 
 
0HUNH]L�oHOLN�oDSUD]OÕ�SHUGHOHU��PDIVDOOÕ�ELUOHúLPOL�YH\D�PRPHQW�DNWDUDQ�oHUoHYHOHU�LOH�EXQODUD�PHUNH]L�RODUDN�ED÷ODQDQ�
oDSUD]ODUGDQ� ROXúDQ� \DWD\� \�N� WDúÕ\ÕFÕ� VLVWHPOHUGLU�� %X� W�U� VLVWHPOHULQ� \DWD\� \�N� WDúÕPD� NDSDVLWHOHUL�� H÷LOPH�
GD\DQÕPODUÕQÕQ�\DQÕQGD��GDKD�oRN�YH\D� W�P�\OH�HOHPDQODUÕQ�HNVHQHO�NXYYHW�GD\DQÕPODUÕ� LOH� VD÷ODQPDNWDGÕU��0HUNH]L�
oHOLN�oDSUD]OÕ�SHUGHOHULQ�W�UOHUL�ùHNLO��¶�GH�J|U�OG�÷��JLELGLU�'%<%+<�������
�
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ùHNLO��:�.XOODQÕODQ�PHUNH]L�oHOLN�oDSUD]OÕ�SHUGHOHU��'%<%+<������
�

dDOÕúPD� NDSVDP� DoÕVÕQGDQ�� PHUNH]L� oHOLN� oDSUD]OÕ� SHUGHOHUL�� GR÷UXVDO� ROPD\DQ� \DSÕ� GDYUDQÕúÕQÕ� YH� o|]�POHPHVLQL�
LoHUPHNWHGLU�� 0HUNH]L� oHOLN� oDSUD]OÕ� SHUGH� RODUDN�� 'HSUHP� %|OJHOHULQGH� <DSÕODFDN� %LQDODU� +DNNÕQGD�
<|QHWPHOLN�'%<%+<�¶LQGH� PDGGH� ����0HUNH]L� YH� 'ÕúPHUNH]� dHOLN� dDSUD]OÕ� 3HUGHOHU� EDúOÕ÷Õ� DOWÕQGD� YHULOHQ� oHOLN�
oDSUD]�W�UOHULQGHQ�LNLVLQL�HOH�DOÕQPÕúWÕU��
�
dDOÕúPDQÕQ�$PDFÕ�9H�.DSVDPÕ 
�
$QDOL]OHU�6DS������VRQOX�HOHPDQ�SURJUDPÕ�NXOODQÕODUDN�\DSÕOPÕúWÕU��6DS������SURJUDPÕ�LOH�\DSÕODUÕQ�GR÷UXVDO�ROPD\DQ�
GDYUDQÕúÕ� WHPVLO� HGHQ�\DSÕ� NDSDVLWH�H÷ULVLQLQ� �SXVKRYHU�H÷ULVL�� HOGH�HGLOPHVL�ELU� WDNÕP�NDEXOOHU� LOH�P�PN�QG�U�6$3��
�������<DWD\�\�NOHU�DOWÕQGD�JHUoHN�\DSÕ�GDYUDQÕúÕQD�\DNÕQ�o|]�P�HOGH�HWPHN� LoLQ��PDO]HPHQLQ�JHUoHN�GDYUDQÕúÕQÕ�YH�
\DSÕ� JHRPHWUL� GH÷LúLPLQL� J|]� |Q�QH� DODQ� GR÷UXVDO� ROPD\DQ� VWDWLN� DQDOL]� \DSÕOÕU�� dDOÕúPDGD� VLPHWULN� G�]OHP� ELU�
oHUoHYHGH�� \DSÕQÕQ� GR÷UXVDO� ROPD\DQ� GDYUDQÕúÕQÕ� ROXPOX� HWNLOH\HFHN� GDLUH� HQNHVLWLQH� VDKLS� oDSUD]� SHUGH� W�U�Q�Q�
EHOLUOHQPHVL�KHGHIOHQPHNWHGLU��dDSUD]ODUGD�NXOODQÕODQ�GDLUHVHO�SURILOGH�HW�NDOÕQOÕ÷Õ����PP�NHVLW�DODQÕ�������FP��RODUDN�
EHOLUOHQPLúWLU�ùHNLO����ùHNLO��¶GH�J|U�OHQ�oHUoHYH�WLSL�HQLQH�YH�ER\XQD�GR÷UXOWXODUGD�VLPHWULN�ROXS�oDOÕúPD�NDSVDPÕQGD�
LQFHOHQHQ�oHUoHYH�WLSLGLU���
�

�

Kesit geometrisi: Dairesel Boru 
'Õú�oDS������PP�
.DOÕQOÕN�����PP�

�
ùHNLO��: dDSUD]�HQNHVLWL�

�
<DSÕ��dHUoHYH�

�

<DSÕ��'LDJRQDO�dDSUD]� <DSÕ��7HUV�9�dDSUD]�

'L\DJRQDO�
dDSUD]�

7HUV�9�
dDSUD]�
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ùHNLO��:�dDSUD]OÕ�YH�oDSUD]VÕ]�G�]OHP�oHUoHYHOHU�

�
dDOÕúPDGD�(VDV�$OÕQDQ�<DSÕ�YH�g]HOOLNOHUL 
 
'�úH\� \�NOHU� HWNLVL� DOWÕQGD� \DSÕGD� PDIVDOODúPD� JHUoHNOHúPHPHVL� LoLQ� NRORQODUÕQ� NLULúOHUGHQ� GDKD� ULMLW� ROPDVÕ�
JHUHNPHNWHGLU�� %X� VHEHSOH� VHoLOHQ� oHUoHYH� VLVWHPOHUL� LoLQ� NRORQ� NHVLWOHULQH� DLW� DWDOHW� PRPHQWL� YH� NHVLW� DODQÕ�� NLULú�
NHVLWOHULQH�RUDQOD�GDKD�E�\�N�DOÕQPÕúWÕU��[�\|Q�QGH���DoÕNOÕNOÕ��]�\|Q�QGH���DoÕNOÕNOÕGÕU��$oÕNOÕN�PHVDIHOHUL�[�\|Q����
PHWUH��]�\|Q����PHWUHGLU��.LULúOHULQ��]HULQH���W�P¶�OLN�oL]JLVHO�G�úH\�\�N�WDQÕPODQPÕúWÕU��.RORQODU�LoLQ�,3(�����NLULúOHU�
LoLQ� ,3(���� SURILOOHUL� VHoLOPLúWLU�� dHOLN�PDO]HPH� DNPD� GD\DQÕPÕ� LVH� ����� W�FP�¶� GLU�� dHUoHYH\H� HNOHQHQ� oHOLN� SHUGH�
VLVWHPOHUL��'%<%+<¶GH�EDKVL�JHoHQ�0HUNH]L�dHOLN�dDSUD]OÕ�3HUGHOHUGHQ�VHoLOPLúWLU���
�
<DSÕ�6LVWHPOHULQLQ�'R÷UXVDO�2lmayan Statik Analizi  
 
dHOLN�\DSÕODUÕQ�GR÷UXVDO�ROPD\DQ�GDYUDQÕúÕ��WHPHO�RODUDN�oHOLN�PDO]HPHQLQ�GR÷UXVDO�ROPD\DQ�GDYUDQÕúÕQGDQ�YH�\DSÕQÕQ�
JHRPHWULVLQLQ�GR÷UXVDO�ROPDPDVÕQGDQ�ND\QDNODQPDNWDGÕU��<DSÕ�VLVWHPLQLQ�GR÷UXVDO�ROPD\DQ�GDYUDQÕúÕQÕ�úHPDWLN�RODUDN�
ùHNLO��¶GD�ROGX÷X�JLELGLU��
�

�
�

ùHNLO��:�'R÷UXVDO�ROPD\DQ�\DSÕ�GDYUDQÕúÕQÕQ�úHPDWLN�J|VWHULPL��
�
<DSÕ�GDYUDQÕúÕQD�HQ�\DNÕQ�o|]�P�KHP�JHUoHN�PDO]HPH�GDYUDQÕúÕQÕQ�KHP�GH�JHRPHWUL�GH÷LúLPOHULQLQ�J|]�|Q�QH�DOÕQGÕ÷Õ�
o|]�POHPHGLU�� dHOLN� PDO]HPHGHQ� ROXúWXUXOPXú� ELU� \DSÕQÕQ� \DQDO� \�NOHU� DOWÕQGD� GDYUDQÕúÕ� GR÷UXVDO� HODVWLN� GH÷LOGLU��
$\UÕFD� oHOLN� NHVLW� YH� ELUOHúLPOHUGHQ� ROXúDQ� \DSÕQÕQ� GDYUDQÕúÕ�� \DSÕ\D� HWNL� HGHQ� Lo� YH� GÕú� \�NOHU� DOWÕQGD� JHRPHWUL�
EDNÕPÕQGDQ� GD� GR÷UXVDO� ROPD\DFDNWÕU�� <DSÕVDO� o|]�POHPH� RODUDN� VDGHFH� PDO]HPHQLQ� \D� GD� VDGHFH� JHRPHWUL�
GH÷LúLPOHULQLQ�J|]�|Q�QH�DOÕQPDVÕ�\DSÕQÕQ�o|]�POHPHVLQL�GR÷UXVDO�ROPDNWDQ�oÕNDUPDNWDGÕU���

'HSUHPH�GD\DQÕNOÕ�\DSÕ�WDVDUODUNHQ��GHSUHPLQ�\DSÕGDQ�LVWH\HFH÷L�PDNVLPXP�NXYYHW�EXOXQXS��WDVDUÕP�EX�NXYYHWH�NDUúÕ�
NR\DFDN�úHNLOGH�\DSÕOÕU��$QFDN�GD\DQÕPD�J|UH�KHVDSWD�NXOODQÕODQ�PDNVLPXP�NXYYHW�GLNNDWH�DOÕQGÕ÷ÕQGD��\DSÕ�PDOL\HWL�
oRN�\�NVHN�YH�WDúÕ\ÕFÕ�NHVLWOHU�E�\�N�ROPDNWDGÕU��%X�VHEHSWHQ�GROD\Õ�NHVLWOHU�GHSUHPLQ�LVWHGL÷L�PDNVLPXP�NXYYHWH�J|UH�
GH÷LO�� GHSUHPLQ� \DSÕGDQ� WDOHS� HWWL÷L� V�QHNOL÷H� J|UH� WDVDUODPDN�GDKD� DYDQWDMOÕ� ROPDNWDGÕU��'HSUHP�\�NOHULQLQ�GHSUHP�
\|QHWPHOLNOHULQGH� \HU� DODQ� WDúÕ\ÕFÕ� VLVWHP� GDYUDQÕú� NDWVD\ÕVÕ\OD� D]DOWÕOPDVÕ� EX� QHGHQOH� \DSÕOÕU��<DSÕ� LoLQ� SHUIRUPDQV�
NDYUDPÕ�GD�EX�QRNWD�GD�EDúODPDNWDGÕU��
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6RQOX�(OHPDQ�0RGHOOHPH�$úDPDODUÕ 

 
6RQOX�HOHPDQ�\|QWHPL�LOH�\DSÕODQ�o|]�POHPHGH�oHUoHYH�JHRPHWULVL�YH�\�NOHU�ROXúWXUXOXU��<DSÕ�HOHPDQODUÕ�LoLQ�SODVWLN�
NHVLW�WDQÕPODPDODUÕ�\DSÕOÕUNHQ��NLULúOHULQ�H÷LOPH�PRPHQWL��0���HWNLVLQGH��NRORQODUÕQ�HNVHQHO�\�N�YH�H÷LOPH�PRPHQWL��3�
0��� HWNLVLQGH�� SHUGH� oDSUD]� HOHPDQODUÕQ� LVH� HNVHQHO� \�N� �3�� HWNLVLQGH� PDIVDOODúDFD÷Õ� |Q� J|U�O�U�� $QDOL]�
WDPDPODQGÕNWDQ� VRQUD� \DSÕ� VLVWHPL� LoLQ� LVWHQLOHQ� DQDOL]� W�U�QH� DLW� úHNLO� GH÷LúWLUPHOHU�� NHVLW� WHVLUOHUL� YH� PDIVDOODúPD�
GXUXPODUÕ�HOGH�HGLOPLú�ROXU��øVWHQLUVH�PDIVDOODúPD�GXUXPX��PDIVDOODúPD�GHUHFHVL�YH�GH÷HUOHUL�LOH�D\UÕFD�SODVWLN�PDIVDOÕQ�
GDYUDQÕúÕ� EXOXQXU�� %XQXQ� \DQÕQGD� PDIVDOODúPDQÕQ� oHNPH� \D� GD� EDVÕQo� NDUDNWHUOL� ROXS� ROPDGÕ÷ÕQÕ� GD� J|]OPOHPHN�
P�PN�QG�U���

%LU� \DSÕQÕQ� GR÷UXVDO� ROPD\DQ� SHUIRUPDQV� DQDOL]LQL� \DSÕOÕUNHQ� |QFH� \DSÕQÕQ� JHRPHWULVL� YH� \�NOHPH� GXUXPODUÕ�
WDQÕPODQÕU�� <�NOHPH� GXUXPODUÕ� \DWD\� YH� G�úH\� RODUDN� D\UÕOÕU� YH� \DSÕ\D� HWNLWLOLU�� <�NOHPH� LúOHPLQGHQ� VRQUD� DQDOL]�
GXUXPXQXQ� WDQÕPODQPDVÕ�JHUHNLU��$QDOL]LQ�\DSÕODELOPHVL� LoLQ�ELU� WDNÕP�NDEXOOHU�YH�SODVWLN�PDIVDO� KLSRWH]L� NXOODQÕOÕU��
<DSÕ� NDSDVLWH� H÷ULVLQLQ� �SXVKRYHU� H÷ULVL�� HOGH� HGLOPHVL� LoLQ� GR÷UXVDO� ROPD\DQ� VWDWLN� DQDOL]� o|]�P�Q�Q� \DSÕOPDVÕ�
JHUHNLU��%X�LúOHPOHU�G�úH\�\�NOHU�YH�\DWD\�\�NOHU�LoLQ�D\UÕ�D\UÕ�\DSÕOÕU���

<DSÕQÕQ�GR÷UXVDO�ROPD\DQ�o|]�POHPHVLQGH�LON�|QFH�G�úH\�\�N�DQDOL]L�\DSÕOÕU�YH�EX�DQDOL]�VRQUDVÕQGD�\DSÕ�HOHPDQODUÕ�
LoLQ�JHULOPH�GXUXPX�HOGH�HGLOLU��dHUoHYHQLQ�GR÷UXVDO�ROPD\DQ�VWDWLN�DQDOL]GH�\DWD\�\�NOHPH�GXUXPXQX�EHOLUOHPHN�LoLQ�
PRGDO�DQDOL]GHQ�\DUDUODQÕOPÕúWÕU��;�\|Q��KkNLP�SHUL\RGXQD�NDUúÕ�JHOHQ�\DSÕ�PRG�úHNLOOHUL� WHUFLK�HGLOPLúWLU�YH�EXQODU�
ùHNLO��¶GH�J|VWHULOPLúWLU���

<DSÕ��dHUoHYH�
Periyot: 0.285 

�

<DSÕ��'LDJRQDO�dDSUD]�
Periyot: 0.113 

<DSÕ��7HUV�9�dDSUD]�
Periyot: 0.083 

� �

�
ùHNLO��:�'R÷UXVDO�ROPD\DQ�\DSÕ�GDYUDQÕúÕQÕQ�úHPDWLN�J|VWHULPL��

�

<DWD\� \�N� HWNLVLQGHNL� DQDOL]�� EX�JHULOPH�GXUXPXQ� VRQUDVÕQGD�JHUoHNOHúWLULOLU��<DWD\� \�N�KHU� DGÕPGD�ELU�PLNWDU� GDKD�
DUWWÕUÕODUDN�\DSÕGD�GHIRUPDV\RQ�ROXúPDVÕ�VD÷ODQÕU��%X�o|]�POHPH�QHWLFHVLQGH��KHU�DGÕPGD�ROXúDQ�GHIRUPDV\RQODU� LoLQ�
WRSODP�WDEDQ�NHVPH�NXYYHW�±�oDWÕ�\HU�GH÷LúWLUPHVL�GH÷HU�oLIWOHUL�KHVDSODQPÕú�ROXU��%X�KHVDSODQDQ�GH÷HU�oLIWOHULQLQ�ELU�
JUDILNWH�J|VWHULPL\OH�\DSÕ�NDSDVLWH�H÷ULVL�HOGH�HGLOPLú�ROXU��dHOLN�SHUGH�LODYH�HGLOPHPLú�\DSÕQÕQ�WDEDQ�NHVPH�NXYYHWL�
oDWÕ�GHSODVPDQ�H÷ULVL�ùHNLO��¶GH�J|VWHULOPLúWLU��

�
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ùHNLO����'�]OHP�oHUoHYHQLQ�SXVK�RYHU�H÷ULVL�
�

$QDOL]�VRQXFXQGD�oHUoHYH�LoLQ�HODVWLN�YH�SODVWLN�OLPLW�GH÷HUOHUL�KHVDSODQÕU��(ODVWLN�OLPLW�GH÷HUL��oHUoHYH�W�UOHUL�LoLQ�ùHNLO�
�¶GD�J|VWHULOHQ�\DSÕ�SHUIRUPDQV�H÷ULVLQGH�H÷ULQLQ�GR÷UXVDO�ROGX÷X�VRQ�QRNWDGDNL�WDEDQ�NHVPH�NXYYHWL�YH�oDWÕ�GHSODVPDQ�
GH÷HULQL�LIDGH�HWPHNWHGLU��3ODVWLN�OLPLW�GH÷HUL��oHUoHYHQLQ�SHUIRUPDQV�H÷ULVLQGH�H÷ULQLQ�GR÷UXVDO�ROPDGÕ÷Õ�VRQ�QRNWDGDNL�
WDEDQ�NHVPH�NXYYHWL�YH�oDWÕ�GHSODVPDQ�GH÷HULQL�LIDGH�HWPHNWHGLU��%X�GH÷HU�\DSÕQÕQ�ROXúDQ�SODVWLN�PDIVDOODU�VRQXFXQGD�
PHNDQL]PD�GXUXPXQD�JHOHUHN�J|oPHVLQGHQ�|QFHNL�VRQ�GH÷HUGLU��
�

�

��

��

��

��

� � �� ��

Ta
ba

n 
K

es
m

e 
K

uv
ve

ti 
(t

)

dDWÕ�'HSODVPDQÕ��FP�

'LDJRQHOBoDSUD]

�

�

��

��

��

��

��

� � � � �

Ta
ba

n 
K

es
m

e 
K

uv
ve

ti 
(t

)

dDWÕ�'HSODVPDQÕ��FP�

7HUV9BoDSUD]

�

�D�� �E��
ùHNLO����7DEDQ�NHVPH�NXYYHWL��oDWÕ�GHSODVPDQ�JUDIL÷L��D�E��

ùHNLO���D¶GDNL�GDLUHVHO�NHVLWH� VDKLS�GLDJRQDO�oDSUD]OD�J�oOHQGLULOPLú�oHUoHYHQLQ�HODVWLN� OLPLW�GH÷HUL�������FP�YH�EXQD�
NDUúÕOÕN�JHOHQ�WDEDQ�NHVPH�NXYYHWL�������W�RODUDN�KHVDSODQPÕúWÕU��3ODVWLN�OLPLW�GH÷HUL��������FP�YH�EXQD�NDUúÕOÕN�JHOHQ�
WDEDQ�NHVPH�NXYYHWL�������W�RODUDN�KHVDSODQPÕúWÕU��ùHNLO���E¶GHNL�GDLUHVHO�NHVLWH�VDKLS�WHUV�9�oDSUD]OD�J�oOHQGLULOPLú�
oHUoHYHQLQ� HODVWLN� OLPLW� GH÷HUL�� ����� FP� YH� EXQD� NDUúÕOÕN� JHOHQ� WDEDQ� NHVPH� NXYYHWL� ������ W� RODUDN� KHVDSODQPÕúWÕU��
3ODVWLN�OLPLW�GH÷HUL�������FP�YH�EXQD�NDUúÕOÕN�JHOHQ�WDEDQ�NHVPH�NXYYHWL�������W�RODUDN�KHVDSODQPÕúWÕU��'LDJRQDO�YH�7HUV�
9�oDSUD]ODUÕQ�NDUúÕODúWÕUPDVÕ�ùHNLO��¶GH�YHULOPLúWLU��
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'LDJRQHOBoDSUD]

�
ùHNLO��:�'LDJRQDO�YH�7HUV�9�oDSUD]�W�UOHULQLQ�WDEDQ�NHVPH�NXYYHWL��oDWÕ�GHSODVPDQ�GH÷HUOHUL�

1. Sonuçlar 

 
dHOLN�\DSÕODUGD�\DSÕ�GDYUDQÕúÕQÕ�ROXPOX�\|QGH�L\LOHúWLUPHN�YH�\DQ�\�NOHU�DOWÕQGD�SHUIRUPDQVÕQÕ�DUWWÕUPDN�DPDFÕ�LOH�oHOLN�
SHUGH�NXOODQÕPÕ�ROGXNoD�|QHPOLGLU��dHOLN�SHUGH�WHUWLEL�YH�SHUGHGH�NXOODQÕODFDN�NHVLW�JHRPHWULVL�\DSÕ�GDYUDQÕúÕQÕ�|QHPOL�
|Oo�GH� GH÷LúWLUPHNWHGLU��%X� QHGHQOH� \DSÕ\Õ� ROXúWXUDQ� oHUoHYHOHU� J|]� |Q�QH� DOÕQDUDN� KHP�SHUGH� WHUWLEL� KHP�GH� SHUGH�
SURILO�NHVLWL�VHoLPL�|QHP�WDúÕPDNWDGÕU��

$QDOL]OHU� VRQXFX� HOGH� HGLOHQ� YHULOHU� ÕúÕ÷ÕQGD�� NXOODQÕODQ� GDLUHVHO� HQ� NHVLW� LOH� ROXúWXUXODQ� GLDJRQDO� YH� WHUV� 9� SHUGH�
W�UOHULQLQ� \DSÕ� SHUIRUPDQVÕQD� HWNLOHUL� NDUúÕODúWÕUÕOPÕúWÕU�� %X� H÷ULOHU� DOWÕQGD� NDODQ� DODQ� \DSÕQÕQ� V|Q�POHGL÷L� HQHUML�
PLNWDUÕQÕ�J|VWHUPHNWHGLU��%X�DODQ�QH�NDGDU�E�\�N�ROXUVD�\DSÕ�R�NDGDU�ID]OD�HQHUML�V|Q�POHPHNWHGLU��$\QÕ�HQNHVLWH�VDKLS�
IDUNOÕ�SHUGH�W�UOHUL�EX�NULWHU�GH�J|]�|Q�QH�DOÕQDUDN�NÕ\DVODQPÕúWÕU��

International Science and Technology Conference, Dubai, 13-15 December 2012

1094



ISTEC 20
12

(ODVWLN�VÕQÕU�GXUXPXQGDNL�PDNVLPXP�GHSODVPDQ�NÕVWDV�DOÕQGÕ÷ÕQGD��
x 3HUGH�WHúNLOL�GDLUH�NHVLWOL�GL\DJRQDO�VHoLOPHVL�GXUXPXQGD�HODVWLN�VÕQÕU������FP�RODUDN�KHVDSODQPÕúWÕU��
x 3HUGH�WHúNLOL�GDLUH�NHVLWOL�WHUV�9�VHoLOPHVL�GXUXPXQGD�HODVWLN�VÕQÕU������FP�RODUDN�KHVDSODQPÕúWÕU��
x 3HUGH�WHúNLOL�GDLUHVHO�NHVLWOL�GLDJRQDO�VHoLOPHVL�GXUXPXQGD�oHUoHYH�HQ�HVQHN�GDYUDQÕúD�VDKLS�ROPDNWDGÕU���
x 3HUGH�WHúNLOL�GDLUHVHO�NHVLWOL�WHUV�9�VHoLOPHVL�GXUXPXQGD�oHUoHYH�HQ�ULMLW�GDYUDQÕúD�VDKLS�ROPDNWDGÕU� 

 
Kaynaklar 
 
%DNÕU��ù����������(YDOXDWLRQ�2I�6HLVPLF�5HVSRQVH�0RGLILFDWLRQ�)DFWRUV�)RU�6WHHO�)UDPHV�%\�1RQ�/LQHDU�$QDO\VLV��
&RPSXWHUV� $QG� 6WUXFWXUHV� ,QF���������� &6,� $QDO\VLV� 5HIHUHQFH� 0DQXDO� )RU� 6$3������ (WDEV�� 6DIH�� %HUNHOH\��
&DOLIRUQLD��86$��
dHOLN�� '���������� 0HUNH]L� YH� 'ÕúPHUNH]L� *�oOHQGLULOPLú� dHOLN� 8]D\� dHUoHYHOHULQ� 6LVPLN� 3HUIRUPDQVÕ�� 6'h� )HQ�
%LOLPOHUL�(QVWLW�V���,VSDUWD��<�NVHN�/LVDQV�7H]L����V��
'HSUHP�%|OJHOHULQGH�<DSÕODFDN�%LQDODU�+DNNÕQGD�<|QHWPHOLN��7�&��%D\ÕQGÕUOÕN�YH�øVNkQ�%DNDQOÕ÷Õ�����������
.RUNPD]� $��� $\� =��� dHOLN� '����������0HUNH]L� YH� 'ÕúPHUNH]L� dDSUD]ODUOD� *�oOHQGLULOHQ� dHOLN� %LQDODUÕQ� 'R÷UXVDO�
2OPD\DQ�'DYUDQÕú��7HNQRORML��&LOW��������6\I����������
.RUNPD]� $��� $\� =��� dHOLN� '���������� ,QYHVWLJDWLRQ� RI� ,QHODVWLF� %HKDYLRXU� &RQFHQWULF� DQG� (FFHQWULF� %UDFHG� 6WHHO�
%XLOGLQJ�7\SH�6WUXFWXUHV´��(XURVWHHO��*UD]��$XVWULD��
8]JLGHU�� (��� dD÷OD\DQ�� %�g���������� 'HSUHPH� 'D\DQÕNOÕ� dHOLN� <DSÕODU�� 7�UN� <DSÕVDO� dHOLN� 'HUQH÷L�� $OS� 2IVHW��
øVWDQEXO���7HNQLN�<D\ÕQODU�'L]LVL������V��
ù(1��*����������dRN�.DWOÕ�dHOLN�<DSÕODUGD�3HUIRUPDQVD�'D\DOÕ�7DVDUÕP�.ULWHUOHUL��øVWDQEXO��������
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SIMULATION OF SAFE HEIGHT EMBANKMENT ON SOFT GROUND 
USING PLAXIS 

�
)DX]LDK�.DVLP�D����3URI��'U��$PLQDWRQ�0DUWR�E��%DNKWLDU�$IIDQG\�2WKPDQ�F��3URI��'DWR¶�'U��

,VPDLO�%DNDU�G�DQG�0XKDPDG�)DGKLO�2WKPDQ�H�
D�E�F�H�'HSDUWPHQW�RI�*HRWHFKQLFV�DQG�7UDQVSRUWDWLRQV��)DFXOW\�RI�&LYLO�(QJLQHHULQJ���������870�6NXGDL���-RKRU��0DOD\VLD�

G5HVHDUFK�&HQWHU�IRU�6RIW�6RLO��5(&(66���)DFXOW\�RI�&LYLO�	�(QYLURQPHQWDO�(QJLQHHULQJ��8QLYHUVLWL�7XQ�+XVVHLQ�2QQ�0DOD\VLD��������3DULW�5DMD��
%DWX�3DKDW��-RKRU��0DOD\VLD�

�
�

Abstract��,QGXVWULDO�GHYHORSPHQW�LQ�0DOD\VLD�KDV�UDSLGO\�LQFUHDVHG��WKHUH�DUH�PDQ\�FRQVWUXFWLRQ�
SURMHFWV�KDV�EHHQ�FDUULHG�RXW��5HIHUULQJ�WR�WKH�DERYH��LW�FDQ�FDXVH�UHGXFLQJ�WKH�FRQVWUXFWLRQ�DUHD��
,Q� WKLV� VLWXDWLRQ��QRZDGD\V�PDQ\�FRQVWUXFWLRQ�QHHG� WR�EH�FRQVWUXFWHG�RQ� WKH� VRIW�JURXQG��:KHQ�
FRQVWUXFWLRQ� LV� GRQH� RQ� VRIW� JURXQG�� WKH� SUREOHP� LV� LW� ZLOO� JLYH� D� ZHHN� IRXQGDWLRQ� GXH� WR�
LQFUHDVLQJ� RI� VHWWOHPHQW� DQG� DOVR� GLUHFWO\�� LW� FDQ� FDXVH� FRQVWUXFWLRQ� FRVWV� WR� EH� KLJK�� 7KH\�
FRQVWUXFW� WKH� HPEDQNPHQW� WR� FRQWURO� WKH� VHWWOHPHQW� RI� WKH� VRLO� EXW�� WKH� VHWWOHPHQW� VWLOO� RFFXUV�
GXULQJ�DQG�DIWHU�ILOOLQJ�WKH�HPEDQNPHQW��,Q�RUGHU�WR�UHGXFH�DQG�PLQLPL]H�WKLV�SUREOHP��WKH\�QHHG�
WR�GR�VRPH�JURXQG�LPSURYHPHQW��7KH\�DUH�PDQ\�PHWKRGV�WR�LPSURYH�WKH�JURXQG��RQH�RI�WKH�ZD\�
LV�E\�XVLQJ�JHRV\QWKHWLF�SURGXFW�ZKLFK�LV�JHRWH[WLOH��7KH�DLP�RI�WKLV�SDSHU�LV�WR�GHWHUPLQH�WKH�VDIH�
KHLJKW� RI� HPEDQNPHQW� FRQVWUXFWHG� RQ� VRIW� JURXQG� WKURXJK� DSSOLFDWLRQ� RI� JHRWH[WLOH� DV� VRLO�
UHLQIRUFHPHQW�� 7KH� JHRWH[WLOH�ZLWK� YDULRXV� JHRWH[WLOH� UHLQIRUFHPHQW� VSDFLQJ�ZHUH� DSSOLHG� LQ� DQ�
HPEDQNPHQW��7KH�KHLJKW� RI� HPEDQNPHQW�SODFHG�RQ� VRIW� JURXQG�ZDV� DERXW��� WR���P�KHLJKW��7R�
NQRZ�WKRVH�HIIHFWV��VRIWZDUH�3/$;,6�9HUVLRQ�����ZDV�XVHG� WR�DQDO\VHV� WKH�HPEDQNPHQW��)URP�
WKH�DQDO\VLV��LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�VDIH�KHLJKW�RI�WKH�FDVH�HPEDQNPHQW�ZDV�����P�DQG�WKH�
VSDFLQJ� RI� JHRWH[WLOH� ZDV� OHVV� WKDQ� ��P�� 5HVXOW� IRU� WKH� HPEDQNPHQW� FDVH� VWXG\� LV� DV� H[SHFWHG�
�3DVV���EHFDXVH�WKH�VSHFLILFDWLRQV�RQ�FDVH�VWXG\�LV�EHWWHU�WKDQ�WKH�FULWLFDO�FRQGLWLRQ�RI�WKH�DQDO\VLV��
�

� � Key words:�*HRWH[WLOH�UHLQIRUFHPHQW��GHIRUPDWLRQ��VDIH�KHLJKW�HPEDQNPHQW��VLPXODWLRQ�
�
�
Introduction 
1RZDGD\V��WKH�UDSLG�GHYHORSPHQWV�RI�RXU�FRXQWU\�KDYH�KLJK�GHPDQG�RI�ODQG�DUHD�IRU�WKH�GHYHORSPHQW��'XH�WR�ODFN�DUHD�
IRU�WKH�GHYHORSPHQW�FRQVWUXFWLRQ�RQ�VRIW�WR�YHU\�VRIW�VRLO�VXFK�DV�FOD\�LV�FRPPRQO\�GRQH��)RU�VRIW�VRLO�VXFK�DV�VRIW�FOD\�
WKH�DOOXYLDO�GHSRVLW�XVXDOO\�VKRZ�SURQRXQFHG�VWUDWLILFDWLRQ�DQG�VRPHWLPHV�RUJDQLF�PDWWHU��VHDVKHOO�DQG�GHFD\HG�ZRRG�
�&KLQ�� ������� 7KH� VRIW� GHSRVLWV� DUH� XVXDOO\� KLJKO\� FRPSUHVVLEOH� SURSHUWLHV� RI� VXEVRLO� VXFK� DV� H[FHVVLYH� VHWWOHPHQW�
FDXVHG�E\�EHDULQJ�FDSDFLW\�IDLOXUH�RI�VXEVRLO�LV�WKH�PDLQ�FRQFHUQ�RI�WKH�SUREOHP��7R�EXLOG�D�FRQVWUXFWLRQ�RQ�VRIW�JURXQG��
WKH\� WUHDW� WKH� VRLO� E\� FRQVWUXFW� DQ� HPEDQNPHQW�� ,5&� ������� QRWHG� WKDW� DQ� HPEDQNPHQW� XVXDOO\� UHIHUV� WR� DQ� HDUWKHQ�
VWUXFWXUH�WKDW�LV�XVHG�WR�UDLVH�WKH�HOHYDWLRQ�RI�D�URDGZD\�RU�UDLOZD\�DERYH�WKH�HOHYDWLRQ�RI�WKH�VXUURXQGLQJ�DUHD��+H�DOVR�
VDLG�WKDW�DQ�HPEDQNPHQW�LV�W\SLFDOO\�EXLOW�E\�FRPSDFWLQJ�HDUWKHQ�PDWHULDOV�LQ�SODFH��VR�WKH�FRPSDFWLRQ�SURSHUWLHV�RI�VRLO�
�RSWLPXP�ZDWHU�FRQWHQW�DQG�PD[LPXP�GU\�GHQVLW\��DUH�YHU\�LPSRUWDQW�WR�SHUIRUPDQFH��+RZHYHU��DIWHU�FRPSOHWLRQ�RI�
HPEDQNPHQW�FRQVWUXFWLRQ��WKH�VHWWOHPHQW�LV�VWLOO�RFFXU��,Q�RUGHU�WR�PLQLPL]H�WKH�GHIRUPDWLRQ�RI�HPEDQNPHQW�RYHU�VRIW�
JURXQG� ZH� QHHG� WR� DGG� VRPH� PDWHULDO� WR� WKH� HPEDQNPHQW� VXFK� DV� WKH� JHRV\QWKHVLV� SURGXFW�� 2QH� RI� WKH� FRPPRQ�
SURGXFWV� WKDW� KDYH� EHHQ� XVHG� LQWR� WKH� HPEDQNPHQW� LV� JHRWH[WLOH�� 3DVW� UHVHDUFKHUV� �6DQWYRRWK�� ������.RHUQHU�� ������
*LURXG�HW�DO���������KDYH�XVHG�JHRWH[WLOH�DSSOLFDWLRQ�LQ�FLYLO�HQJLQHHULQJ�ILHOG�VXFK�DV�LQ�JHRWHFKQLFDO�HQJLQHHULQJ��7R�
UHGXFH�WKH�GHIRUPDWLRQ�RI�DQ�HPEDQNPHQW��JHRWH[WLOH�UHLQIRUFHPHQW�LV�DSSOLHG�LQWR�WKH�HPEDQNPHQW��'HIRUPDWLRQ�LV�D�
FKDQJH�LQ�WKH�VKDSH�RU�VL]H�RI�DQ�REMHFW�GXH�WR�DQ�DSSOLHG�IRUFH��7KH�WRWDO�GHIRUPDWLRQ�RI�WKH�HPEDQNPHQW�LV�GHSHQGLQJ�
RQ�WKH�EHDULQJ�FDSDFLW\�RI�WKH�VRLO���
%HDULQJ�FDSDFLW\�LV�D�WRWDO�ORDG�DSSOLHG�WKDW�FDQ�EH�VXSSRUWHG�E\�WKH�VRLO��:KHQ�WKH�VRLO�KDYH�UHDFK�PD[LPXP�SUHVVXUH�
ZKLFK�FDQ�EH�VXSSRUWHG�ZLWKRXW� IDLOXUH� LW� LV�FDOOHG�8OWLPDWH�EHDULQJ�FDSDFLW\��7KH�XOWLPDWH� ORDG�ZKLFK�FDQ�VXSSRUW�D�
IRXQGDWLRQ� FDQ� EH� FDOFXODWHG� XVLQJ�7HU]DJKL¶V� EHDULQJ� FDSDFLW\� WKHRU\��7HU]DJKL� �������ZDV� ILUVW� WR� SUHVHQW� DERXW� D�
WKHRU\�IRU�XOWLPDWH�EHDULQJ�FDSDFLW\�DQG�DOVR�GHYHORSHG�D�PHWKRG�IRU�EHDULQJ�FDSDFLW\�IRU�JHQHUDO�FDVH�RQ�VKHDU�IDLOXUH��
7KH�JHQHUDO�VKHDU�IDLOXUH�FDVH�LQ�WKH�RQH�QRUPDOO\�DQDO\]HG�DQG�WKH�HTXDWLRQV�DUH�JLYHQ�EHORZ���

��&RUUHVSRQGLQJ�$XWKRU��
���(�PDLO�DGGUHVV��IDX]LDKNDVLP#XWP�P\��EDNKB�#\DKRR�FRP 
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�
TX� �F1F���T1T������Ȗ%1Ȗ� � � � � � � � � �����������
��

ZKHUH���
�
F���&RKHVLRQ�RI�VRLO�
1F��1T��1Ȗ��%HDULQJ�FDSDFLW\�IDFWRUV�
Ȗ����8QLW�ZHLJKW�RI�VRLO�
T���2YHUEXUGHQ�SUHVVXUH�
%���:LGWK�RI�IRRWLQJ�

(TXDWLRQ� ���� LV� UHIHUUHG� WR� DV�7HU]DJKL¶V� EHDULQJ� FDSDVLW\� HTXDWLRQ��7KH� WHUP�1F��1T�� DQG�1Ȗ� DUH� FDOOHG� WKH�EHDULQJ�
FDSDFLW\� IDFWRUV�� ,Q�RUGHU� WR� IXOILOO� WKH� DLP�� WKH� DSSOLFDWLRQ�RQ� WKH� ILQLWH� HOHPHQW�PHWKRG�E\�XVLQJ� VRIWZDUH�3/$;,6�
9HUVLRQ� ���� �3/$;,6�� ������ ZDV� XVHG�� 7KH� SDUDPHWULF� PRGHOOLQJ� LQYROYHG� DQDO\VLV� RI� HIIHFW� RI� YDULRXV� KHLJKWV� RI�
HPEDQNPHQW�DQG�VSDFLQJ�RI�JHRWH[WLOH�UHLQIRUFHPHQW�RQ�GHIRUPDWLRQ�RI�HPEDQNPHQW���

Site Condition 

6RLO� LQYHVWLJDWLRQ� KDV� EHHQ� FDUULHG� RXW� RQ� VRIW� JURXQG� GHSRVLWHG� DW� 5HVHDUFK� &HQWHU� IRU� 6RIW� 6RLO� �5(&(66���
8QLYHUVLWL�7XQ�+XVVHLQ�2QQ�0DOD\VLD��87+0���-RKRU��0DOD\VLD��7KH�JURXQG�ZDWHU�OHYHO�RQ�VLWH�YDULHG�IURP�D�GHSWK�RI�
����P�WR�����P�EHORZ�H[LVWLQJ�JURXQG�OHYHO��7KH�ODERUDWRU\�WHVW�DQG�LQ�VLWX�WHVW�KDYH�EHHQ�FDUULHG�RXW�RQ�WKH�SDUDPHWHUV�
QHHG�IRU�SDUDPHWULF�VWXG\��7KH�VRIW�JURXQG�LV�XQGHUODLQ�E\�WKUHH�����PDMRU�OD\HU�RI�VRLO�ZKHUH�WKH�XSSHU�OD\HU�LV�YHU\�
VRIW�WR�VRIW�FOD\�VRLO�IROORZHG�E\�VRIW�FOD\�����DQG�VRIW�FOD\�����IRU�ERWWRP�FOD\��5HSRUWHG�E\�2WKPDQ���������KH�KDYH�
EHHQ�VXPPDUL]HG�WKH�SDUDPHWHUV�LQFOXGHG�JHRWH[WLOH��HPEDQNPHQW�DQG�VRIW�JURXQG�SDUDPHWHUV�QHHG�E\�VLPXODWLRQ�XVLQJ�
3OD[LV�VRIWZDUH��7KH�SDUDPHWHUV�DUH�SUHVHQWHG�LQ�7DEOH����

�
Table 1:�0DWHULDO�SDUDPHWHUV��2WKPDQ��������

Description Embankment 
Fill 

Very Soft to 
Soft Clay 

Soft Clay (1) Soft Clay (2) Geotextile 
TS40 

ȖXQVDW� N1�P�� ������ ����� ������ ������ ��
ȖVDW� N1�P�� ������ ������ ������ ������ ��
N[� P�G� �����(���� �����(���� �����(���� �����(���� ��
N\� P�G� �����(���� �����(���� �����(���� �����(���� ��
Ȝ
� � �� ������ ������ ������ ��
ț
� � �� ������ ������ ������ ��
F¶� N1�P�� ��� �� ��� �� ��
ĳ¶� �� ��� ��� ��� ��� ��
Ȟ¶� � ���� �� �� �� ��
ȥ� �� �� �� �� �� ��
5LQWH

U�
� ���� ���� ���� ���� ����

($� N1�P� �� �� �� �� �����
(� N1�P�� ������ �� �� �� ��

Results and Discussions 

7KHUH�ZHUH���PDMRU�DQDO\VHV�LQ�WKH�SDUDPHWULF�VWXG\�FDUULHG�RXW�WR�IXOILOO�WKH�DLP�RI�WKLV�SDSHU��L�H��WKH�GHWHUPLQDWLRQ�
VDIH� RI� KHLJKW� RI� HPEDQNPHQW� SODFHG� RQ� VRIW� JURXQG� DQG� WKH� GHWHUPLQDWLRQ� RI� HIIHFW� RI� VSDFLQJ� DQG� JHRWH[WLOH�
UHLQIRUFHPHQW� RQ� GHIRUPDWLRQ� RQ� D� FDVH� HPEDQNPHQW��$OO� DQDO\VLV� XVHG� XQGUDLQHG� FRQGLWLRQ� IRU� WKH� IRXQGDWLRQ� VRLO�
ZKLOH� IRU� WKH� HPEDQNPHQW� ZDV� XVHG� LQ� GUDLQHG� FRQGLWLRQ�� 7KH� DQDO\VHV� ZHUH� DQDO\]HG� E\� XVLQJ� VRIWZDUH� 3/$;,6�
9HUVLRQ������)LJXUH��VKRZV�WKH�JHRPHWULFDO�PRGHOOLQJ�DQG�VRLO�SURILOH�WKDW�XVHG�WR�LQ�3/$;,6��

�
�

�
�
�
�
�
�
�

Height of 
embankment 
(m) 
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Figure 1:�*HRPHWULFDO�PRGHOLQJ�RI�HPEDQNPHQW�
�
7DEOH���VKRZV�WKDW�WKH�KLJKHVW�KHLJKW�IRU�HPEDQNPHQW�FRXOG�EH�FRQVWUXFWHG�LV�XS�WR�����PHWHUV��,W�ZDV�EDVH�RQ�WKDW��

LPPHGLDWHO\� DIWHU� ILOOLQJ� UHDFKHG� KHLJKW� RI� ��PHWHUV�� WKH� HPEDQNPHQW� VWDUWHG� WR� VKRZ� WKH� IDLOXUH�� ,Q� DGGLWLRQ�� WKHVH�
UHVXOWV� DOVR� FRLQFLGH� ZLWK� VRIW� VRLO� EHKDYLRUV� LQ� 0DOD\VLD� ZKHUH� PRVW� RI� WKH� VRIW� VRLO� LQ� 0DOD\VLD� FRXOG� EH� DV�
HPEDQNPHQW�KHLJKW�XS�WR�����PHWHUV��0XDU�7ULDO�(PEDQNPHQW�5HSRUW���������7KHVH�UHVXOWV�DOVR�DUH�SURYHG�E\�XVLQJ�
7HU]DJKL¶V�8OWLPDWH�%HDULQJ�&DSDFLW\�HTXDWLRQ�ZKHUH�WKH�PD[LPXP�KHLJKW�LV�����PHWHU��,Q�WKLV�FDVH��WKH�JHRWH[WLOH�KDYH�
EHHQ� LQVWDOOHG�DW� WKH� LQWHUIDFH�EHWZHHQ�HPEDQNPHQW�DQG� IRXQGDWLRQ�VRLO�ZKLFK� UHSRUWHG�E\�2WKPDQ� ��������)LJXUH���
VKRZV�WKH�VHWWOHPHQW�SURILOHV�IURP�YDULRXV�KHLJKW�RI�HPEDQNPHQW��

�
Table 2 :�5HVXOW�RI�VHWWOHPHQW�IRU�YDULRXV�KHLJKWV�RI�HPEDQNPHQWV�

Height of Embankment (m) Settlement at Point A (m) 
���� ������
���� ������
���� ������
���� ������
���� ������
���� ������
���� ������
���� ������
���� ������

�

4.3

4.4

4.5

4.6

4.7

4.8

4.9

5

5.1

5.2

5.3

0.030 0.035 0.040 0.045 0.050 0.055 0.060
Settlement at Point A (m)
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m
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t (
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)

Height of Embankment(m)
versus Settlement (m)

�
Figure 2:�6HWWOHPHQW�SURILOH�IRU�YDULRXV�KHLJKW�RI�HPEDQNPHQW�

7KH�W\SLFDO�JHRWH[WLOHV�GHSOR\PHQW�VFKHPH�XVHG�LQ�GHVLJQLQJ�WKH�JHRWH[WLOH�UHLQIRUFHPHQW�ZHUH�����
P������P�DQG�����P��,Q�RUGHU�WR�VHH�WKH�HIIHFW�RQ�WKH�VSDFLQJ�RI�WKH�JHRWH[WLOH�UHLQIRUFHPHQW�WKH���P�
DQG���P�HPEDQNPHQW�ZHUH�FKRRVHQ��7KH�JHRWH[WLOH�WKDW�KDG�EHHQ�XVHG�LQ�WKLV�VWXG\�LV�HODVWLF�PRGHO�
DQG������N1�P�IRU�WKH�HODVWLF�QRUPDO��D[LDO��VWLIIQHVV��($�YDOXH��7DEOH���DQG���VKRZ�WKH�GHWDLO�RI�
SDUDPHWULF�YDOXH�DQG�UHVXOW�IRU�VSDFLQJ�RI�JHRWH[WLOH�UHLQIRUFHPHQW���
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�
Table 3 :�5HVXOW�RI�HIIHFWV�RI�VSDFLQJ�IRU���P�HPEDQNPHQW�

+HLJKW�
(PEDQNPHQW��P��

85�
(PEDQNPHQW�

�P��

&DVH� 6SDFLQJ��P�� 6HWWOHPHQW�
�P��

�� ������ &DVH��� ���� ������
&DVH��� ���� ������
�

Table 4 :�5HVXOW�RI�HIIHFWV�RI�VSDFLQJ�IRU���P�HPEDQNPHQW�
+HLJKW�

(PEDQNPHQW��P��
85�

(PEDQNPHQW�
�P��

&DVH� 6SDFLQJ��P�� 6HWWOHPHQW�
�P��

�
��

�
������
�

&DVH��� ���� ������
&DVH��� ���� ������
&DVH��� ���� ������

�
,I� WKH�KHLJKW�RI�HPEDQNPHQW� LV���PHWHU�� WKH�HPEDQNPHQW�ZLOO�GHILQLWHO\� IDLO��EXW�E\�HQWHULQJ� WKH�JHRWH[WLOH�RQ� WKH�

HPEDQNPHQW� ZLWK� ���� PHWHUV� VSDFLQJ� EHWZHHQ� WKH� JHRWH[WLOH�� WKH� VRLO� VWLOO� FDQ� VXSSRUW� WKH� HPEDQNPHQW� ZLWK�
GHIRUPDWLRQ�������PHWHUV��+RZHYHU��ZKHQ�XVLQJ���PHWHU�VSDFLQJ�EHWZHHQ�WKH�JHRWH[WLOH��WKH�HPEDQNPHQW�IDLOHG��

�
)RU�WKH�HPEDQNPHQW�FDVH�VWXG\�LW�SXUSRVHG�KHLJKW�RI�HPEDQNPHQW�LV���P�DQG�OD\HU�RI�JHRWH[WLOH�DW�WKH�ERWWRP�DQG�LQ�

WKH�PLGGOH�RI�WKH�HPEDQNPHQW�ILOO��:LWK�WKH�UHVXOW�GDWD�LQ�WKH�HDUOLHU�DQDO\VLV��LW�FDQ�EH�H[SHFWHG�WR�WKLV�HPEDQNPHQW�
FDVH� VWXG\� DUHD� ZLOO� QRW� IDLO�� $IWHU� WKH� DQDO\VLV� XVLQJ� 3/$;,6�9HUVLRQ� ����� WKH� SUHGLFWLRQ� WKDW� DOUHDG\�PDGH� LQ� WKH�
HDUOLHU�ZDV�FRUUHFW��7KH�VRLO�FDQ�VXSSRUW�WKH�HPEDQNPHQW�ZLWK�YHUWLFDO�VHWWOHPHQW�������PHWHUV���

�

Conclusions 
�

,Q�WKLV�SDSHU��WKH�VLPXODWLRQ�UHVXOWV�RI�WKH�HPEDQNPHQW�FRQVWUXFWHG�RQ�VRIW�JURXQG�UHLQIRUFHG�E\�JHRWH[WLOH�XVLQJ�
3OD[LV�VRIWZDUH�KDYH�EHHQ�SUHVHQWHG��%DVHG�RQ�WKH�UHVXOWV��LW�ZDV�IRXQG�WKDW�FRPPRQO\�KHLJKW�RI�HPEDQNPHQW�FDQ�EH�
FRQVWUXFWHG�RQ�VRIW�JURXQG�LQ�0DOD\VLD�LV�LQ�WKH�UDQJH���P�WR�����P��7KH�KHLJKW�RI�HPEDQNPHQW�DQG�VSDFLQJ�EHWZHHQ�
WKH�JHRWH[WLOH�UHLQIRUFHPHQW�LQIOXHQFH�WKH�GHIRUPDWLRQ�RI�DQ�HPEDQNPHQW��)RU�W\SLFDO�PD[LPXP�KHLJKW�RI�HPEDQNPHQW�
RQ�VRIW�JURXQG�IURP�WKLV�SDSHU�LV�����P��WKH�VSDFLQJ�RQ�WKH�JHRWH[WLOH�UHLQIRUFHPHQW�LQ�WKH�HPEDQNPHQW�LV�DERXW�HTXDO�
DQG�OHVV�WKDQ���P��IRU�HQVXULQJ�LWV�VWDELOLW\�DJDLQWV�H[FHVVLYH�VHWWOHPHQW���
�
Acknowledgements 
�
� 7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WR�LQGLYLGXDO��JURXSV�RI�UHVHDUFKHUV�DQG�FRPSDQ\�LQYROYHG�LQ�WKLV�UHVHDUFK�IRU�
WKHLU�JXLGDQFH�DQG�VXSSRUW��7KH�DSSUHFLDWLRQ�LV�DOVR�DGGUHVVHG�WR�0LQLVWU\�RI�+LJKHU�(GXFDWLRQ��02+(��RI�0DOD\VLD�
DQG� 8QLYHUVLWL� 7HNQRORJL� 0DOD\VLD� �870�� WKURXJK� UHVHDUFK� SURMHFW� XQGHU� WKH� 5HVHDUFK� 8QLYHUVLW\� *UDQW� �58*��
3URJUDP��9RW�1R��4�-��������������-���IRU�ILQDQFLDO�VXSSRUW���
 
 
References�
�
�
&KLQ��7�<����������(PEDQNPHQW�RYHU�6RIW�&OD\�±�'HVLJQ�DQG�&RQVWUXFWLRQ�&RQWURO���*HRWHFKQLFDO�(QJLQHHULQJ�������
������
�
,5&���������,QGXVWULDO�5HVRXUFHV�&RXQFLO�±�(PEDQNPHQWV��ZZZ�LQGXVWULDOUHVRXUFHVFRXQFLO�RUJ�
�
2WKPDQ��%�$����������3HUIRUPDQFH�RI�(PEDQNPHQW�RQ�%DPERR�*HRWH[WLOH�&RPSRVLWH�5HLQIRUFHG�6RIW�&OD\��0DVWHU�
7KHVLV��)DFXOW\�RI�&LYLO�(QJLQHHULQJ��8QLYHUVLWL�7HNQRORJL�0DOD\VLD��-RKRUH��0DOD\VLD��
�
6DQWYRRWK��*�3�9����������*HRWH[WLOH�DQG�*HRPHPEUDQH�LQ�&LYLO�(QJLQHHULQJ��$�$��%DONHPD�3XEOLVKHU��5RWWHUGDP��
�
.RHUQHU��5��0����������'HVLJQLQJ�ZLWK�*HRV\QWKHWLFV��3UHQWLFH�+DOO�3XEOLVKLQJ�&R��(QJOHZRRG�&OLIIV��1-������SJV��
�

International Science and Technology Conference, Dubai, 13-15 December 2012

1099



ISTEC 20
12

*LURXG�-�3���$UPDQ��$���DQG�%HO��-�5����������*HRWH[WLOH�LQ�*HRWHFKQLFDO�(QJLQHHULQJ 3UDFWLFH�DQG�5HVHDUFK��5HSRUW�RI�
,660)(�7HFKQLFDO�&RPPLWWHH��
�
0HWWDP��*��5���	�$GDPV��/��%����������+RZ�WR�SUHSDUH�DQ�HOHFWURQLF�YHUVLRQ�RI�\RXU�DUWLFOH��,Q�%��6��-RQHV��	�5��=��
6PLWK��(GV����,QWURGXFWLRQ�WR�WKH�HOHFWURQLF�DJH��SS������������1HZ�<RUN��(�3XEOLVKLQJ�,QF��
�
3/$;,6���������3/$;,6�9HUVLRQ���0DQXDO��$�$��%DONHPD�3XEOLVKHUV���
�
7HU]DJKL��.����������7KHRUHWLFDO�6RLO�0HFKDQLFV��-RKQ�:LOH\�DQG�6RQV��1HZ�<RUN��
�

International Science and Technology Conference, Dubai, 13-15 December 2012

1100



ISTEC 20
12

SIMULATION OF SYNTHESIS GAS PRODUCTION BY TRIREFORMING 
OF METHANE 

 
6KLNKD�6LQJK��DQG�6KHHED�-LODQL�

'HSDUWPHQW�RI�&KHPLFDO�(QJJ���$OLJDUK�0XVOLP�8QLYHUVLW\��$OLJDUK��,QGLD�
6KHHEDBMLODQL#\DKRR�FR�LQ�

�
Abstract�7KH�SURSRVHG�ZRUN�RXWOLQHV�WKH�PRGHOLQJ�DVSHFWV�RI�NLQHWLF�HYDOXDWLRQ�IRU�IRXU�W\SHV�RI�
UHIRUPLQJ�SURFHVV�QDPHO\��WULUHIRUPLQJ�RI�PHWKDQH��750���SDUWLDO�R[LGDWLRQ�RI�PHWKDQH��32;���
GU\� UHIRUPLQJ� RI� PHWKDQH� �'50�� DQG� VWHDP� UHIRUPLQJ� RI� PHWKDQH� �650�� IRU� SURGXFWLRQ� RI�
V\QWKHVLV�JDV�V\QJDV��7KH�FRPSXWDWLRQDO�VLPXODWLRQ�RI�WKH�IRXU�WHFKQLTXHV�E\�0DWODE���LQGLFDWHG�
WULUHIRUPLQJ� WHFKQLTXH� WR� EH� EHVW� DPRQJ� DOO� DV� WKH� REWDLQHG� UHVXOWV� IRU� PHWKDQH� �&+���
FRQYHUVLRQ�!������ FDUERQ�GLR[LGH�&2��� FRQYHUVLRQ������ DQG�+��&2� UDWLR� ������ZHUH�EHVW� IRU�
WKH�ODWWHU�FDVH��
�
Keywords: 7ULUHIRUPLQJ��SDUWLDO�R[LGDWLRQ��GU\�UHIRUPLQJ��VWHDP�UHIRUPLQJ��V\QWKHVLV�JDV��+��&2�
UDWLR�

�
Introduction 
 
7KH�QDWXUDO�UHVHUYHV�DOO�RYHU�WKH�ZRUOG�DUH�GHSOHWLQJ�DW�D�IDVWHU�UDWH�DV�FRQVXPSWLRQ�RI�QRQ�UHQHZDEOH�VRXUFHV�OLNH�FRDO�
DQG� QDWXUDO� JDV� �1*�� KDYH� HQGDQJHUHG� WKH� H[LVWHQFH� RI� WKHVH� UHVRXUFHV�� 6R�� LW� GUDZV� DWWHQWLRQ� WRZDUGV� VHDUFKLQJ� DQ�
DOWHUQDWLYH�OLNH�FRQYHUVLRQ�RI�1*�WR�KLJK�HQHUJ\�FRQWHQW�IXHOV�OLNH�V\QWKHVLV�JDV�DQG�RWKHU�GLVWLOODWHV��7KH�FRPSRVLWLRQ�
RI�QDWXUDO�JDV�FRPSULVHV�RI�PHWKDQH��SURSDQH��EXWDQH��SHQWDQH�DQG� WUDFHV�RI�KH[DQH�DQG�KHSWDQHV��1DWXUDO�JDV�FRXOG�
SOD\� D� VLJQLILFDQW� UROH� IRU� SURGXFWLRQ� V\QWKHVLV� JDV� �6\QJDV�� YLD� YDULRXV� UHIRUPLQJ� WHFKQLTXHV�� 6\QJDV� FRPSULVHV� RI�
K\GURJHQ� �+��� DQG� FDUERQ�PRQR[LGH� �&2��7KH� V\QJDV�SURGXFHG� VHUYHV� DV� WKH� IHHGVWRFN� LQ� D� YDULHW\�RI� GRZQVWUHDP�
SURFHVVHV��VXFK�DV�PHWKDQRO�V\QWKHVLV��)LVFKHU�7URSVFK�V\QWKHVLV�RU�DPPRQLD�V\QWKHVLV��'XULQJ�JDV�WR�OLTXLG�SURFHVVHV��
1*�QHHGV�WR�EH�FRQYHUWHG�LQWR�V\QJDV��DERXW��������RI�FRVW�LQFXUUHG�IRU�RYHUDOO�SURFHVV�LV�GXH�WR�V\QJDV�SURGXFWLRQ��
6WHDP�UHIRUPLQJ�RI�PHWKDQH�LV�D�PDWXUH�UHIRUPLQJ�WHFKQLTXH�EXW�WKH�QHHG�IRU�KLJK�WHPSHUDWXUHV�GXH�WR�LWV�HQGRWKHUPLF�
QDWXUH� PDNHV� LW� DQ� H[SHQVLYH� SURFHVV�� 7KH� FRQFHUQ� ZLWK� WKH� HFRQRPLF� YLDELOLW\� LVVXH� OHG� WR� WKH� GHYHORSPHQW� RI�
DOWHUQDWLYH�SURFHVVHV�RI�PHWKDQH� UHIRUPLQJ�� VXFK� DV�GU\� UHIRUPLQJ�� DXWR� WKHUPDO� UHIRUPLQJ� DQG�SDUWLDO� R[LGDWLRQ�GU\�
UHIRUPLQJ�RI�PHWKDQH�JLYHV�KLJK�+��&2�UDWLRV�EXW�WKH�IRUPDWLRQ�RI�FRNH�UHQGHUV�D�PDMRU�VHWEDFN�WR�WKLV�WHFKQLTXH�DV�
FRNH�IRUPDWLRQ�WKUHDWHQV�FDWDO\VW�OLIH�DQG�WKHUHE\�HQKDQFLQJ�WKH�FRVW�RI�SURFHVV��$QRWKHU�UHIRUPLQJ�WHFKQLTXH��SDUWLDO�
R[LGDWLRQ�RI�PHWKDQH�LV�DQ�H[RWKHUPLF�SURFHVV�DQG��WKXV��FDQ�EH�FRQVLGHUHG�PRUH�HFRQRPLF�WKDQ�WKH�SURFHVVHV�RI�VWHDP�
UHIRUPLQJ�RU�GU\�UHIRUPLQJ��EHFDXVH�LW�UHTXLUHV�D�ORZHU�DPRXQW�RI�WKHUPDO�HQHUJ\��2Q�WKH�RWKHU�KDQG��SDUWLDO�R[LGDWLRQ�
LV�FRQVLGHUHG�DQ�H[SHQVLYH�SURFHVV�EHFDXVH�LW�UHTXLUHV�D�IORZ�RI�SXUH�R[\JHQ��7KXV��WKHUH�LV�D�ZDUQLQJ�RI�GDQJHU�WKDW�LV�
LQKHUHQW�LQ�WKH�SURFHVV�RI�SDUWLDO�R[LGDWLRQ�RI�PHWKDQH��VLQFH�WKH�WZR�UHDJHQWV��&+��DQG�2���FDQ�FDXVH�DQ�H[SORVLRQ�LI�
WKH�UHDFWLRQ�LV�QRW�FRQGXFWHG�ZLWK�WKH�QHFHVVDU\�FDUH��7KH�WUL�UHIRUPLQJ�RI�PHWKDQH��750��LV�D�V\QHUJHWLF�FRPELQDWLRQ�
RI� WKH� HQGRWKHUPLF� GU\� UHIRUPLQJ� RI� PHWKDQH� �'50��� H[RWKHUPLF� SDUWLDO� R[LGDWLRQ� RI� PHWKDQH� �320��� DQG� VWHDP�
UHIRUPLQJ� RI� PHWKDQH� �650��� &KR� HW� DO������� GHYHORSHG� D� QHZ� '0(� �GLPHWK\O�HWKHU�� SURFHVV� ZKHUH� V\QJDV� LV�
SURYLGHG� E\� QDWXUDO� JDV� WUL�UHIRUPLQJ�� 7KH\� SURSRVHG� D�PRGHO� IRU� WKH� WUL�UHIRUPLQJ� SURFHVV� EDVHG� RQ� D� PHFKDQLVP�
LQFOXGLQJ� KRPRJHQHRXV� JDV�SKDVH� UHDFWLRQV� DQG� KHWHURJHQHRXV� FDWDO\WLF� UHDFWLRQV�� 7KH� /DQJPXLU±+LQVKHOZRRG�
DSSURDFK� ZDV� DSSOLHG� ZLWK� TXDQWLILFDWLRQV� RI� NLQHWLF� DQG� /DQJPXLU� SDUDPHWHUV�� ,Q� WKLV� ZRUN� D� QLFNHO�Ȗ�DOXPLQD�
VXSSRUWHG�FDWDO\VW�ZDV�IRUPXODWHG�DQG�HPSOR\HG�WR�SURFHVV�WKH�PHWKDQH�WUL�UHIRUPLQJ�UHDFWLRQV�LQ�RUGHU�WR�RSHUDWH�ZLWK�
DFWLYLW\� DQG� VWDELOLW\� IRU� WKH� V\QJDV� SURGXFWLRQ�� $� NLQHWLF� HYDOXDWLRQ� ZDV� SHUIRUPHG� WR� EH� DSSOLHG� LQ� WKH� SURFHVV�
GHYHORSPHQW��$�PRGHO�FRQVLGHULQJ�D�SURSRVLWLRQ�RI�D�PHFKDQLVP�RI�IRXU�VWHS�UHDFWLRQV�ZDV�IRUPXODWHG�DQG�ILWWHG�WR�WKH�
FRQFHQWUDWLRQ�PHDVXUHPHQWV�RI�D�ODE�VFDOH�UHDFWRU��7KH�PRGHO�ZDV�HPSOR\HG�WR�SUHGLFW�RSHUDWLRQ�FRQGLWLRQV�ZKHUH�ORZ�
PHWKDQH� DQG� FDUERQ� GLR[LGH� FRQYHUVLRQV� RFFXUUHG� DQG� KLJKHU� K\GURJHQ� \LHOG� ZHUH� REWDLQHG�� +RQJ�7DR� HW� DO������
LQYHVWLJDWHG� WKH� WKHUPDO� HIIHFWV� LQ� D� FDWDO\VW� EHG� IRU� WKH� IL[HG�EHG� WUL�UHIRUPLQJ�RI�PHWKDQH�RYHU�1L�$O�2�� �����EDU��
�����±������ .��� 7KH� UHVXOWV� LQGLFDWHG� WKDW� WKH� WHPSHUDWXUH� JUDGLHQW� RI� WKH� FDWDO\VW� EHG� LQ� PHWKDQH� WUL�UHIRUPLQJ� LV�
VPDOOHU�WKDQ�LQ�PHWKDQH�SDUWLDO�R[LGDWLRQ��'XULQJ�WKH�WUL�UHIRUPLQJ�RSHUDWLRQV��YDULRXV�VLGH�UHDFWLRQV�RI�FRNH�IRUPDWLRQ�
DQG� HOLPLQDWLRQ� RFFXUUHG� VLPXOWDQHRXVO\�� 6WXGLHV� IRXQG� LQGLFDWLRQV� WKURXJK� HYDOXDWLRQV� RI� VWHSV� RI� WKH� WUL�UHIRUPLQJ�
SURFHVV� WKDW�FRQILUPHG� WKH�UHVXOWV�REWDLQHG�0��+DOPDQQ�HW�DO�������SURSRVHG�SURFHVV� IRU�V\QJDV�SURGXFWLRQ�EDVHG�RQ�
WKH� WUL�UHIRUPLQJ� RI� VXFK� IOXH� JDVHV� ZLWK� QDWXUDO� JDV� FRXOG� EH� DQ� LPSRUWDQW� URXWH� IRU� &2�� HPLVVLRQ� DYRLGDQFH�� ,Q�
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DGGLWLRQ�� E\� FRPELQLQJ� WKH� FDUERWKHUPLF� UHGXFWLRQ� RI� LURQ� R[LGH�ZLWK� WKH� SDUWLDO� R[LGDWLRQ� RI� WKH� FDUERQ� VRXUFH�� DQ�
RYHUDOO�WKHUPR�QHXWUDO�SURFHVV�ZDV�GHVLJQHG�IRU�WKH�FR�SURGXFWLRQ�RI�LURQ�DQG�V\QJDV�ULFK�LQ�&2��,Q�WKLV�ZRUN��PRGHOV�
KDYH� EHHQ� GHYHORSHG� IRU� WKH� NLQHWLF� SURFHVVHV� RI� UHIRUPLQJ� WHFKQLTXHV� QDPHO\�WULUHIRUPLQJ�VWHDP� UHIRUPLQJ�GU\�
UHIRUPLQJ� DQG� SDUWLDO� R[LGDWLRQ� RI�PHWKDQH�� 7KH� VHW� RI� RUGLQDU\� GLIIHUHQWLDO� HTXDWLRQV� KDYH� EHHQ� VROYHG� E\�2'(���
VROYHU�RI�0DWODE� WRRO�ER[��7KH�YDULRXV�UHVXOWV�ZHUH�FRPSDUHG�DQG� WKH�EHVW�RQH�ZDV�TXRWHG�DPRQJ� WKHP��7KH�UHVXOWV�
LQGLFDWHG�WULUHIRUPLQJ�RI�PHWKDQH�WR�EH�WKH�EHVW� WHFKQLTXH�DPRQJ�DOO� LQ�WHUPV�RI�PHWKDQH�FRQYHUVLRQ��FDUERQ�GLR[LGH�
FRQYHUVLRQ�DQG�+��&2�UDWLR��
 
Model Development 

7KH� NLQHWLF�PRGHOV� IRU� SURFHVVHV� RI� VWHDP�UHIRUPLQJ�� GU\�UHIRUPLQJ�� SDUWLDO� R[LGDWLRQ� RI�PHWKDQH� DQG� WUL�UHIRUPLQJ�
ZHUH� GHYHORSHG� FRQVLGHULQJ� D� PLFUR� IL[HG� UHDFWRU�KUHDFWRU ����� FP�� KEHG ���� FP�� GUHDFWRU ����P�� XQGHU� DWPRVSKHULF�
SUHVVXUH� DQG� WHPSHUDWXUH� RI� ����.� RQ� QLFNHO� FDWDO\VW� EHG� RQ� JDPPD�DOXPLQXP� WUL�R[LGH� VXSSRUW�1L�Ȗ�$O�2��� �7KH�
UDWLR�RI�PL[WXUH�RI�UHDFWDQWV�RI�IHHG�QDWXUDO�JDV�1*��ZDV�FRQVLGHUHG�DV�&+��&2��+�2�2����������������������Y�Y�DQG�
IHHG�IORZ�UDWH�RI�������FP��V�ZDV�WDNHQ�IRU�WKH�UHIRUPLQJ�SURFHVVHV��0HWKDQH�VWHDP�UHIRUPLQJ�LQYROYHV�WZR�UHYHUVLEOH�
UHDFWLRQV��ZKLFK�ZHUH�VWXGLHG�WKRURXJKO\�E\�;X��DQG�)URPHQW���������
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3DUWLDO�R[LGDWLRQ�RI�PHWKDQH�LQYROYHV�RQH�QRQUHYHUVLEOH�UHDFWLRQ�DQG�WZR�UHYHUVLEOH�UHDFWLRQV��ZKLFK�ZHUH�WKRURXJKO\�
VWXGLHG�E\�$UDL�HW�DO����������DQG�5RVV�HW�DO����������
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7UL�UHIRUPLQJ� LV� D� V\QHUJHWLF� FRPELQDWLRQ� RI� HQGRWKHUPLF� &2�� UHIRUPLQJ�� DQG� VWHDP� UHIRUPLQJ� DQG� H[RWKHUPLF�
R[LGDWLRQ�RI�PHWKDQH��:LWK�WKLV�SURFHVV�FRQFHSW��&2���+�2��DQG�2��LQ�WKH�IOXH�JDV�IURP�IRVVLO�IXHO�EDVHG�SRZHU�SODQWV�
FDQ�EH�XWLOL]HG�DV�FR�UHDFWDQWV�IRU�WUL�UHIRUPLQJ�RI�QDWXUDO�JDV�IRU�WKH�SURGXFWLRQ�RI�V\QWKHVLV�JDV��7KH�VHW�RI�UHDFWLRQV�
IRU�WKH�SURFHVV�DUH�HQOLVWHG�EHORZ��
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7KH�VROXWLRQV�RI�WKH�WKHVH�VHWV�RI�PDVV�EDODQFH�V\VWHP�HTXDWLRQV������������������������������������DQG�������������ZHUH�
REWDLQHG� ZLWK� WKH� �WK� RUGHU� 5XQJH±.XWWD� PHWKRG� ZLWK� WKH� KHOS� RI� 2'(��� VROYHU� IURP� 0$7/$%� WRROER[�� 7KH�
RSHUDWLQJ�SDUDPHWHUV�DUH�HQOLVWHG�LQ�WDEOH����WDEOH����WDEOH���DQG�WDEOH���>;X�DQG�)URPHQW���������%HFHUUD�HW��$O���������
)HUQDQGHV�HW��$O���������DQG�/HRQDUGR�HW��$O�������@����
�

 
 

Results��

�)URP� WKH� SORWV� �ILJ���ILJ���ILJ��� �� LW� FDQ� EH� FRQFOXGHG� WKDW� WKH�Methane Conversion LV� KLJKHVW� LQ� WULUHIRUPLQJ� L�H��
������ZKLOH�LQ�FDVH�RI�VWHDP�DQG�GU\�UHIRUPLQJ�LW�LV��������DQG��������UHVSHFWLYHO\��7KH�UHVXOWV�IRU�SDUWLDO�R[LGDWLRQ�
RI� PHWKDQH� VKRZ� ������� RI� PHWKDQH� FRQYHUVLRQ�� 7KXV� LW� FDQ� EH� VHHQ� WKDW� WULUHIRUPLQJ� UHVXOWV� LQ� KLJKHU� PHWKDQH�
FRQYHUVLRQ� DV� FRPSDUH� WR� RWKHU� UHIRUPLQJ� WHFKQLTXHV�� 7KH� CO2 Conversion ZLWK� UHVSHFW� WR� WLPH� LV� IRXQG� WR� EH�
���������LQ�FDVH�RI� WULUHIRUPLQJ�ZKLOH� IRU�650��'50�DQG�320�LW� UHVXOWV� LQ�������������������DQG����������RI�
&2��FRQYHUVLRQ�UHVSHFWLYHO\��7KH�H2: CO  Ratio�LV�IRXQG�WR�EH�LQ�UDQJH�RI����������IRU�WULUHIRUPLQJ�RI�PHWKDQH�ZKLOH�
GU\� UHIRUPLQJ� RI� PHWKDQH� WKH� VKRZV� D� WUHQG� RI� +��� &2� UDWLRV� ORZHU� WKHQ� ��7KH� UDQJH� IRU� SDUWLDO� R[LGDWLRQ� YDULHV�
IURP��������FRPSDUDEOH�WR�750�SURFHVV��2Q�WKH�RWKHU�KDQG��VWHDP�UHIRUPLQJ�RI�PHWKDQH�UHVXOWV�LQ�KLJKHVW�UDQJH�RI�+���
&2�UDWLR�L�H��������DPRQJ�DOO�WKH�IRXU�GLVFXVVHG�UHIRUPLQJ�VWUDWHJLHV��,W�VKRXOG�EH�SRLQWHG�RXW�WKDW�WKH�+���&2�UDWLR�LQ�
V\QWKHVLV�JDV�LV�LPSRUWDQW�VLQFH�V\QWKHVLV�JDV�ZLWK�GLIIHUHQW�+���&2�UDWLRV�KDYH�GLIIHUHQW�DSSOLFDWLRQV�LQ�LQGXVWU\��7KH�
FXUUHQW�PDMRU�DSSOLFDWLRQV�RI�V\QWKHVLV�JDV�LQFOXGH�PHWKDQRO�V\QWKHVLV�DQG�ILVKHU�7URSVFK��)�7��V\QWKHVLV�WKDW�UHTXLUH�
V\QWKHVLV�JDV�ZLWK�D�+���&2�UDWLR�LQ�UDQJH�RI�����7KH�+���&2�UDWLR�REWDLQHG�LQ�FDVH�RI�GU\�UHIRUPLQJ�LV�ORZHU�WKDQ�RU�
HTXDO�WR���GXH�WR�ZKLFK�WKH�FRPSRVLWLRQ�LV�QRW�VWRLFKLRPHWULF�ZLWK�)�7�UHDFWLRQV��0RUHRYHU��WKLV�NLQG�RI�V\QWKHVLV�JDV�
�+���&2 ൑����UHTXLUHV�IXUWKHU�WUHDWPHQW�LQ�RUGHU�WR�EH�DSSOLHG�LQ�PHWKDQRO�DQG�)�7�V\QWKHVLV��6LPLODUO\�V\QJDV�REWDLQHG�
IURP� VWHDP� UHIRUPLQJ� FDQQRW� EH� GLUHFWO\� DSSOLHG� LQ�PHWKDQRO� RU� )�7� V\QWKHVLV� GXH� WR� KLJK� YDOXHV� RI�+��� &2� UDWLRV�
XVXDOO\���RU�ODUJHU�WKHQ���$OWKRXJK�320�SURGXFHV�V\QJDV�LQ�FRQVLGHUDEOH�+���&2�UDWLR�RI�UDQJH������ WKLV�UHDFWLRQ�LV�
GLIILFXOW�WR�FRQWURO�GXH�WR�LWV�H[RWKHUPLF�IHDWXUH�DQG�LV�GDQJHURXV�DQG�H[SHQVLYH�GXH�WR�KDQGOLQJ�RI�SXUH�R[\JHQ�
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)LJ���&+��&RQYHUVLRQ�����YHUVXV�7LPH��PLQ���

�
�

)LJ����&2��&RQYHUVLRQ�����YHUVXV�7LPH��PLQ���
�
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)LJ���+��&2�5DWLR�YHUVXV�7LPH��PLQ���

 
Conclusions: 
7KH�UHIRUPLQJ�RI�PHWKDQH�ZDV�VWXGLHG�IURP�PRGHOLQJ�SRLQW�RI�YLHZ�LQ�D�PLFUR�IL[HG�UHDFWRU��$�FRPSDUDWLYH�DQDO\VLV�
LQGLFDWHG� WKDW�7UL�UHIRUPLQJ� LV�PRUH�GHVLUHG� IRU�SURGXFLQJ�V\QJDV�ZLWK�GHVLUHG�+��&2� UDWLRV�RI���������FRPSDUHG� WR�
&2��UHIRUPLQJ��VWHDP�UHIRUPLQJ�DQG�SDUWLDO�R[LGDWLRQ�RI�PHWKDQH��0RUHRYHU��7ULUHIRUPLQJ�RI�PHWKDQH�FDQ�EH�DFKLHYHG�
VXFFHVVIXOO\�ZLWK�KLJK�FRQYHUVLRQ��!�����DQG�KLJK�&2��FRQYHUVLRQ��!�����IRU�SURGXFLQJ�V\QJDV�ZLWK�GHVLUHG�+��&2�
UDWLRV�RI� ����RYHU� VXSSRUWHG�QLFNHO� FDWDO\VW� DW� �����.�XQGHU� DWPRVSKHULF�SUHVVXUH��7KH� WULUHIRUPLQJ�RI�PHWKDQH� LV� D�
FKDOOHQJLQJ� WHFKQRORJ\� DQG� UHTXLUHV�PRUH� UHVHDUFK�ZRUN� OLNH� HQHUJ\�PDQDJHPHQW�� HIIHFWLYH� FRQYHUVLRQ� RI�&2�� DQG�
LQWHJUDWLRQ�RI�WKH�QHZ�SURFHVV�IRU�LQGXVWULDO�VFDOH�DSSOLFDWLRQV��
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SIMULATION OF THE DYNAMIC BEHAVIOR OF ROTORS BY 
INTRODUCING HYSTERESIS PARAMETERS FOR THE CONTROL OF 

VIBRATION AMPLITUDES 

.��/HEFKHN�DQG�7�2XWWDV�
/DERUDWRU\�RI�6WUXFWXUDO�0HFKDQLFV�DQG�0DWHULDOV�

IDFXOW\�RI�WHFKQRORJ\���8QLYHUVLW\�RI�%DWQD�
NOHEFKHN#KRWPDLO�FRP��NOHEFKHN#\DKRR�IU�7HO�ID[����������������

��
�

Abstract 7KH�DLP�RI�WKLV�ZRUN�LV�WKH�VWXG\�RI�EHKDYLRU�RI�URWRU�G\QDPLFV�RI�LQGXVWULDO�WXUELQHV��XVLQJ�
QXPHULFDO�VLPXODWLRQ��)LQLWH�HOHPHQW�PRGHO�ZDV�GHYHORSHG�E\�LQWURGXFLQJ�D�QHZ�K\VWHUHVLV�SDUDPHWHU�WR�
FRQWURO�PRUH�SUHFLVHO\�WKH�EHKDYLRU�RI�UROOLQJ�EHDULQJV��7KH�ILQLWH�HOHPHQW�PRGHO�LV�XVHG�WR�H[WUDFW�WKH�
QDWXUDO� IUHTXHQFLHV� DQG�PRGDO� GHIRUPHG� URWRU� YLEUDWLRQ�� DV� LW� LGHQWLILHV� WKH� FRQVWUDLQWV� DFWLQJ� RQ� WKH�
V\VWHP�DQG�SUHGLFW�WKH�G\QDPLF�EHKDYLRU�RI�WKH�URWRU�WUDQVLHQW��5HVXOWV�LQ�&DPSEHOO�GLDJUDP�DQG�WKRVH�
UHODWLQJ�WR�WKH�XQEDODQFH�UHVSRQVHV�VKRZ�VLJQLILFDQW�DPSOLWXGH�GLIIHUHQFHV�LQ�WKH�SDUDPHWHUV�RI�K\VWHUHVLV�
LPSRVHG��

�
Key words:�URWRU�G\QDPLFV��K\VWHUHVLV��ILQLWH�HOHPHQW��URWRU�YLEUDWLRQ��XQEDODQFH�UHVSRQVHV��&DPSEHOO�
GLDJUDP��

�
�
Introduction  
�
� 7KH�URWRUV�DUH�GHILQHG�OLNH�DQ\�HOHPHQW�WXUQLQJ�DURXQG�D�IL[HG�D[LV��7KH�ILHOG�RI�WKH�URWRUV�LV�YDVW��IRU�H[DPSOH�WKH�
DQLPDWHG�JHRVWDWLRQDU\�VDWHOOLWHV�RI�D�IUHH�URWDWLRQ�EHLQJ�LQ�DFFRUGDQFH�ZLWK�WKH�GHILQLWLRQ�RI�WKH�URWRUV��VXFK�URWRUV�DUH�
FDOOHG�IUHH�URWRUV��LQ�RSSRVLWLRQ�WR�WKH�IL[HG�URWRUV�ZKLFK�DUH�VXSSRUWHG�E\�VWDJHV��7KH�IL[HG�URWRUV�DUH�SUHVHQW�LQ�PDQ\�
ILHOGV��DHURQDXWLFV��WKH�FDU��QXFOHDU�SRZHU�RU�RLO�LQGXVWU\��,Q�RXU�VWXG\��RQH�ZLOO�IRFXV�RQHVHOI�RQ�WKH�IL[HG�URWRUV��PRUH�
SUHFLVHO\�RQ�WKRVH�ZLWK�KRUL]RQWDO�D[LV�DSSOLHG�LQ�SDUWLFXODU�WR�WKH�URWRUV�RI�WXUELQHV�RI�HOHFWULFDO�SURGXFWLRQ��7KH�D[LDO�
YLEUDWLRQV�DQG�RI�WRUVLRQ�DUH�XQFRXSOHG�IURP�WKH�YLEUDWLRQV�PRUH�RI�LQIOHFWLRQ�LQ�ZKLFK�RQH�LV�LQWHUHVWHG�PRUH�SDUWLFXODUO\�
LQ�RYHUDOO�G\QDPLFV��(VVHQWLDO�VWXGLHV�RI�WKH�G\QDPLFV�RI�WKH�URWRUV�FRQFHUQLQJ�WKH�OD\RXW�RI�WKH�GLDJUDP�RI�&DPSEHOO�ZKR�
UHSUHVHQWV� WKH� HYROXWLRQ� RI� WKH� (LJHQ� IUHTXHQFLHV� DFFRUGLQJ� WR� WKH� QXPEHU� RI� UHYROXWLRQV� DQG� WKH� FDOFXODWLRQ� RI� WKH�
DQVZHUV�WR�XQEDODQFH�PDLQO\�DW�WKH�WLPH�RI�WKH�SDVVDJH�WKH�FULWLFDO�YHORFLWLHV��7KH�H[LVWHQFH�RI�WKH�J\URVFRSLF�PRPHQWV�
UHVSRQVLEOH�IRU�WKH�YDULDWLRQ�RI�WKH�(LJHQ�IUHTXHQF\�DFFRUGLQJ�WR�WKH�QXPEHU�RI�UHYROXWLRQV�RU�WKDW�RI�FLUFXODWRU\�IRUFHV��
PDNH�WKH�PRYHPHQW�XQVWDEOH�VWDUWLQJ�IURP�D�FHUWDLQ�VSHHG�LQ�WKH�OLQHDU�ILHOG��7KH�VHW�RI�WKHPHV�DSSURDFKHG�ZLWKLQ�WKH�
IUDPHZRUN�RI�WKLV�ZRUN�UHODWHV�WR�WKH�VWXG\�RI�WKH�G\QDPLF�VWDELOLW\�RI�KRUL]RQWDO�URWRUV��DQG�PRUH�SUHFLVHO\�WKH�URWRUV�RI�
WXUELQHV�LQGXVWULDO��
�
Modeling mathematical formulation 
5RWRU�V\VWHPV�XVXDOO\�FRQVLVW�RI�PDQ\�GLVNV�DWWDFKHG�WR�D�VKDIW�WKDW�DUH�FRQVWUDLQHG�E\�EHDULQJV��GDPSHUV��VHDOV�HWF��WR�D�
VPDOO�ODWHUDO�PRWLRQ��)RU�VLPSOLFLW\��D�KRUL]RQWDO�-HIIFRWW�URWRU�ZLWK�D�GLVN�RI�PDVV�P�PRXQWHG�DW�PLG�VSDQ�RI�D�PDVVOHVV�
HODVWLF� VKDIW� LV� FRQVLGHUHG� LQ� WKLV� VWXG\��7KH�FRRUGLQDWHV�[��\�DQG�ȟ��Ș� UHSUHVHQW� WKH� VWDWLRQDU\�DQG� URWDWLQJ�D[HV��7KH�
HFFHQWULFLW\�RI�WKH�PDVV�FHQWHU�RI�WKH�GLVF�IURP�WKH�JHRPHWULF�FHQWUH�RI�WKH�GLVF�LV�H��7KH�URWDWLRQDO�VSHHG�DQG�WKH�GDPSLQJ�
FRHIILFLHQW�DUH�ȍ�DQG�F��UHVSHFWLYHO\��
6LQFH� WKH� ORFDO� IOH[LELOLW\� LQGXFHG� E\� WKH� WUDQVYHUVH� FUDFN� JHQHUDWHV� HTXDWLRQV� RI� PRWLRQ� ZLWK� SHULRGLF� VWLIIQHVV�
FRHIILFLHQWV�LQ�WKH�IL[HG�UHIHUHQFH�IUDPH��WKH�HTXDWLRQV�RI�PRWLRQ�RI�-HIIFRWW�URWRU�DUH�H[SUHVVHG�LQ�D�URWDWLQJ�IUDPH�DV�
IROORZV��

�
ZKHUH�N����N�� � DUH�GLUHFW�VWLIIQHVVHV�DORQJ�ȟ��Ș�GLUHFWLRQV��DQG�N�ȟȘ��N�Ș�ȟ�� � DUH�FURVV�FRXSOHG�VWLIIQHVV¶V�� �
7KH�VHWWLQJ�LQ�HTXDWLRQV�RI�D�V\VWHP�RI�VROLGV��FRQQHFWHG�E\�IOH[LEOH�HOHPHQWV��RI�NQRZQ�VWLIIQHVVHV��DQG�RI�WKH�VKRFN�
DEVRUEHUV��RI�FRQVWDQW�GDWD��SURYLGHV�RQH�H[DFW�PRGHOLQJ�RI�WKH�V\VWHP��7KH�ILQLWH�HOHPHQW�PHWKRG��0()��EUHDNV�XS�D�
VWUXFWXUH�LQ�VPDOO�VLPSOH�HOHPHQWV��GLVFUHWL]HG��RI�VWDQGDUG�EHDP��SODWH��URWRU«�WKH�YLEUDWRU\�EHKDYLRU�RI�WKH�HOHPHQW�LV�
EURXJKW�EDFN�WR�WKDW�RI�WKH�QRGHV��7KHQ�RQH�FRQQHFWV�WKH�YDULRXV�HOHPHQWV��JULG��E\�REVHUYLQJ�WKH�FRQGLWLRQV�RI�FRQWLQXLW\��
ZH�FDQ�H[WUDFW�WKH�PDWULFHV�IURP�PDVV�DQG�VWLIIQHVV�RI�WKH�VWUXFWXUH�FRPSOHWH�DQG�GHGXFH�WKH�RZQ�SXOVDWLRQV�IURP�WKH�
V\VWHP�QRW�GHDGHQHG�DQG�LWV�QRUPDO�PRGHV��7KLV�WRRO�IRU�VLPXODWLRQ�RI�PHFKDQLFDO�V\VWHPV�DOORZV�WR�EHWWHU�XQGHUVWDQG�WKH�
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EHKDYLRU�RI�D�URWRU��7KH�J\URVFRSLF�HIIHFW�PXVW�EH�WDNHQ�LQWR�DFFRXQW�DQG�RI�WKH�PHWKRGV�RI�UHVROXWLRQ�VSHFLILF�FDQ�EH�
DGYDQWDJHRXVO\�HPSOR\HG��
For the disk : 

�

�
For the shaft: 

 

 
7KH�GHIRUPDWLRQ�HQHUJ\�LV�REWDLQHG�IURP�WKH�H[SUHVVLRQ�� 

 
For the bearings: 
7KH�FKDUDFWHULVWLFV�RI�VWLIIQHVV�DQG�GDPSLQJ�FRQQHFW�WKH�IRUFHV�WR�GLVSODFHPHQWV�DQG�VSHHGV��7KH�LQIOXHQFH�RI�WKH�VORSHV
� DQG�WKH�PRPHQWV�LV�XVXDOO\�QHJOHFWHG����

�
7KH� ILUVW� PDWUL[� LV� D� PDWUL[� RI� VWLIIQHVV�� WKH� VHFRQG� D� PDWUL[� RI� YLVFRXV� GDPSLQJ�� 7KHVH� PDWULFHV� DUH� JHQHUDOO\�
QRW� V\PPHWULFDO� �K\GURG\QDPLF� EHDULQJV�� DQG� WKH� WHUPV� FDQ� YDU\� LQ� D� LPSRUWDQW� PDQQHU� DFFRUGLQJ�
WR�WKH�QXPEHU�RI�UHYROXWLRQV���
For the mass unbalance : 
7KH�JHQHUDO�H[SUHVVLRQ�RI� WKH�NLQHWLF�HQHUJ\�GXH� WR�DQ�XQEDODQFH� LV�JLYHQ�EHORZ�� WKH�DSSOLFDWLRQ�RI� WKH�HTXDWLRQV�RI�

/DJUDQJH�JLYHV�� �
Results and discussion 
7KH�PRGHO�RI�FRPSUHVVRU�REMHFW�RI�VWXGLHG�LV�PRGHOHG�DQG�GLVFUHWL]HG�E\�WKH�FRPSXWDWLRQ�VRIWZDUH�RI�WKH�G\QDPLF�URWRUV�
RI�WKH�ODERUDWRU\�RI�'\QDPLFV�RI�WKH�0DFKLQHV�DQG�WKH�6WUXFWXUHV�,16$�GH�/\RQ��E\�FRQVLGHULQJ�D�URWRU�GLVFUHWL]HG�LQ����
QRGHV�DQG�WKUHH�VWDJHV�RI�FRPSDUDEOH�WXUELQHV�WR�IXOO�GLVFV��WKH�FRPSOHWH�URWRU�LV�VXSSRUWHG�E\�IRXU�HODVWLF�EHDULQJV�ZLWK�
GDPSLQJ��7KH�URWRU�LV�VXSSRVHG�WR�EH�FRXSOHG�ZLWK�D�PRWRU�UHGXFHU�ZLWK�DQ�HODVWLF�MRLQLQJ�ZLWK�YDULDEOH��FRPSHQVDWLRQ�
VWLIIQHVV�RI�VWDELOLW\��
�

�
�
Figure 1:�GLVFUHWL]DWLRQ�RI�URWRU�E\����QRGHV�DQG���HODVWLF�EHDULQJV�
�
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� � �
 
Figure 2:�&DPSEHOO�GLDJUDPV���D��URWRU�ZLWKRXW�VXULJLGLW\�� � D��URWRU�ZLWK�VXULJLGLW\� �
�

� � �
�
Figure 2:�PRGHV�LQ�URWDWLRQ���D��PRGH���ZLWKRXW�VXULJLGLW\�� � �E��PRGH���ZLWK�VXULJLGLW\� �
�

� � �
�
Figure 3:�PRGHV�LQ�URWDWLRQ���D��PRGH���ZLWKRXW�VXULJLGLW\�� � �E��PRGH���ZLWK�VXULJLGLW\� �
�

�
�
Figure 4:�PDVV�XQEDODQFH����D��ZLWKRXW�VXULJLGLW\�� � �E��ZLWK�VXULJLGLW\� �
�
Discussion and conclusions 

a) Sensitivity of the modes suitable for an excitation 
7KH�FOHDQ�PRGHV�WDNHQ�LQWR�DFFRXQW�DUH�WKRVH�RI�ZKLFK�IUHTXHQFLHV�DUH�LQVLGH�RU�FORVH�WR�WKH�EHDFKHV�VSHHG�RI�
RSHUDWLRQ�WKHUH�XQGHUVWRRG�GXULQJ�WKH�ODXQFKLQJ�SKDVH��
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b) Diagram of Campbell 
2QH�YLVXDOL]HV�WKH�ZKROH�RI�WKHVH�FDOFXODWLRQV�XVLQJ�D�GLDJUDP�RI�&DPSEHOO�DVVRFLDWHG�ZLWK�WKH�GHIRUPDWLRQ�ZLWK�
WKH�FOHDQ�PRGHV��VXFK�DV�UHSUHVHQWHG�RQ�WKH�ILJXUHV�9���DQG�9����)UHTXHQFLHV�RI�H[FLWDWLRQ�
WDNHQ� LQWR� DFFRXQWV� DUH� IURP� �� WR� ����+]��:H� QRWLFH� WKH� H[WHQW� RI� VWDELOLW\� IRU� DOO� WKH� EHDFKHV� QXPEHU� RI�
UHYROXWLRQV�IURP���WR�������WU�PLQ��DQG�WKDW�LQ�WKH�FDVH�RI�GLUHFW�RU�RSSRVLWH�SUHFHVVLRQ��7KH�VDPH�UHPDUNV�DQG�
REVHUYDWLRQV�DUH�WR�EH�HPLWWHG�IRU�FDVH�RI�WKH�URWRU�ZLWK�DGGLWLRQDO�ULJLGLW\��

c) Positioning critical velocities 
7KH�FULWLFDO�YHORFLWLHV�PXVW�EH�IDU�DZD\�IURP�WKH�QRUPDO�EHDFK�RI�RSHUDWLRQ�RI�WKH�OLQH�RI�WUHHV��,W�LV�XQGHUVWRRG�
HDVLO\�WKDW�WKHP�GHVLUDEOH�PDUJLQV�RI�VHSDUDWLRQ�EHWZHHQ�FULWLFDO�YHORFLWLHV�DQG�EHDFK�RI�RSHUDWLRQ�DUH�IXQFWLRQ�RI�
WKH�GDPSLQJ�RI�WKH�PRGHV�FRQVLGHUHG�DQG�WKDW�WKH\�LQFUHDVH�ZKHQ�GDPSLQJ�GHFUHDVHV��2QH�ZLOO�UHIHU�XVHIXOO\�WR�
WKH�$3,�FRGHV��$PHULFDQ�3HWUROHXP�,QVWLWXWH��>�@�>�@�>�@��ZKLFK�GHILQHV��DFFRUGLQJ�WR�GDPSLQJ��WKHP�PLQLPDO�
PDUJLQV�RI�VHSDUDWLRQ�EHWZHHQ�D�FULWLFDO�YHORFLW\�DQG�WKH�EHDFK�RI�RSHUDWLRQ��,Q�FRQFOXVLRQ��D�FULWLFDO�YHORFLW\��
UHVXOW� RI� D� ILUVW� VWXG\�� QRW� DQVZHULQJ� WKLV� FULWHULRQ�� PXVW� WKHQ� EH� HLWKHU� PRYHG�� RU� GHDGHQHG� PRUH�� ZKLOH�
LQWHUYHQLQJ�RQ�WKH�JHRPHWU\�RI�WKH�PRELOHV�DQG�RQ�WKH�FKDUDFWHULVWLF�RI�WKH�VWDJHV��
d) Modes of rotations 
&XUYHV�UHSUHVHQWHG� LQ� ILJXUHV� �9���ZLWK�9����DQG��9���ZLWK�9����� LQ� WKH�FDVH�RI� VXULJLGLW\�RI� WKH�URWRU�� WKH�
GHIRUPDWLRQV�RI�WKH�URWRU�UHSUHVHQW�LQ�VSDFH�LQ�URWDWLRQ��PRUH�SUHFLVHO\�WKH�WUDMHFWRULHV�RI�WKH�FHQWHUV�JUDYLWLHV�RI�
YDULRXV� SRLQWV� RI� WKH� URWRU�� ,Q� ERWK� FDVHV�� QDPHO\� QRUPDO� URWRU� RU� URWRU� ZLWK� ULJLGLW\� DGGLWLRQDO�� WKH� FXUYHV�
UHSUHVHQW��QG�PRGH�RI�LQIOHFWLRQ�ZLWK��WK�PRGH�RI�LQIOHFWLRQ��SUHVHQW�HOOLSWLF�WUDMHFWRULHV�EHFDXVH�J\URVFRSLF�
FRXSOLQJ��ZH�QRWLFH�WKDW�WKH�HOOLSVHV�DUH�DOO�WKH�PRUH�IODWWHQHG�VLQFH�WKH�DQLVRWURS\�RI�WKH�VWDJHV�LV�KLJK��:H�DV�
QRWLFHG�DV�WKH�DPSOLWXGHV�RI�YLEUDWLRQ�HYROYH�SURSRUWLRQDOO\�DW�URWDWLRQDO�IUHTXHQFLHV�IRU�HDFK�PRGH�RI�URWDWLRQ��
e) answer to the mass unbalance 
6RIWZDUH� XVHG� IRU� WKH� GHWHUPLQDWLRQ� RI� WKH� FOHDQ� PRGHV� RI� LQIOHFWLRQ� DOVR� PDNH� LW� SRVVLEOH� WR� FDUU\� RXW�
FDOFXODWLRQV�RI�DQVZHU�WR�RQH�XQEDODQFH��7KLV�DQDO\VLV�FRQVLVWV�LQ�GHWHUPLQLQJ��IRU�HDFK�RQH�RI�FULWLFDO�YHORFLWLHV��
WKH�UHVSRQVH�RI�WKH�URWRU�WR�SUHVHW�XQEDODQFHV�DQG�MXGLFLRXVO\�SODFHG�LQ�RUGHU�WR�KDYH�DQ�LPSRUWDQW�DQVZHU�RI�
URWRU�� 7KXV�� WR� HYDOXDWH� WKH� LQFLGHQFH� RI� DQ� XQEDODQFH� RQ� WKH� ILUVW� PRGH� RI� LQIOHFWLRQ�� RQH� ZLOO� SODFH� WKLV�
XQEDODQFH�WR�WKH�PD[LPXP�RI�WKH�GHIRUPDWLRQ��WKDW�LV�WR�VD\�ZLWK�YLFLQLW\�RI�WKH�FHQWHU�RI�WKH�URWRU��2Q�WKH�RWKHU�
KDQG��IRU�D�PRGH�RI�HQG�RI�WUHH��ILJXUH������WKH�XQEDODQFH�ZLOO�EH�SODFHG�DW�WKH�HQG�RI�WKLV�HQG�RI�WUHH�2QH�WKHQ�
REWDLQV�WKH�DPSOLWXGH�RI�WKH�YLEUDWLRQV�LQ�HDFK�SRLQW�RI�URWRU�IRU�D�JLYHQ�XQEDODQFH��7KHVH�FDOFXODWLRQV�DUH�WR�EH�
UHDOL]HG�RQ�DOO� �
�

 
References  
�
>�@�%5$1'��$����)/$9(127��-�)����*5e*2,5(��5��HW�72851,(5��&����±�3XEOLFDWLRQV�&(7,0�'RQQpHV�
WHFKQRORJLTXHV�VXU�OD�IDWLJXH��H�pGLWLRQ�������
>�@�)5(1(��-����1,&2/$6��'����'(*8(85&(��%���%(57+(��'���HW�*2'(7��0����±�/XEULILFDWLRQK\GURG\QDPLTXH��
3DOLHUV�HW�EXWpHV�������eGLWLRQV�(\UROOHV��
>�@�/$/$11(��0���HW�)(55$5,6��*����±�'\QDPL�TXH�GHV�URWRUV�HQ�IOH[LRQ��7HFKQLTXHV�GHO¶,QJpQLHXU��7UDLWp�*pQLH�
PpFDQLTXH��%�������������
>�@�*(/,1��$����38*1(7��-�0����%2/866(7��'��HW�)5,(=��3����±�([SpULHQFH�LQ�)XOO�ORDG�7HVWLQJQDWXUDO�*DV�
&HQWULIXJDO�&RPSUHVVRUV�IRUURWRUG\QDPLFV�,PSURYHPHQWV��$60(�SDSHU���*7������$60(� � ,*7,� � %LUPLQJKDP�
-XQH������� � 7UDQVDFWLRQV�RI�WKH�$60(��-RXUQDORI�HQJLQHHULQJ�IRU�JD]�WXUELQHV�DQG�SRZHU�2FWREHU������SS����������
>�@�6SHFLDO�3XUSRVH�6WHDP�7XUELQHV�IRU�3HWUR�OHXP��&KHPLFDO�DQG�*DV�,QGXVWU\�6HUYLFHV�6WDQGDUG�$3,����� � �H�pGLWLRQ�
������$PHULFDQ3HWUROHXP�,QVWLWXWH��
>�@�&HQWULIXJDO�FRPSUHVVRUV�IRU�3HWUROHXP��&KH�PLFDO�DQG�*DV�6HUYLFH�,QGXVWULHV��6WDQGDUG$3,�������H�pGLWLRQ�������
$PHULFDQ�3HWUR�OHXP�,QVWLWXWH��
>�@�7XWRULDO�RQ�WKH�$3,�6WDQGDUG� � 3DUDJUDSKV&RYHULQJ�5RWRU��'\QDPLFV�DQG�%DODQFLQJ��$Q�LQWURGXFWLRQ�WR�ODWHUDO�
&ULWLFDO�DQG�7UDLQ7RUVLRQDO�$QDO\VLV�DQG�5RWRU�%DODQFLQJ�� � � $3,3XEOLFDWLRQ��������UH�pGLWLRQ�� � IHEUXDU\������$PHULFDQ�
3HWUROHXP�,QVWLWXWH��
>�@�38*1(7��-�0����±�eTXLOLEUDJH�GHV�URWRUV�ULJL�GHV�HW�IOH[LEOHV��7HFKQLTXHV�GH�O¶,QJpQLHXU�7UDLWp�*pQLH�PpFDQLTXH��
%0��������������
>�@�/8��-���HW�/,(85$'(��+�3����±�&RQFHQWUDWLRQGH�FRQWUDLQWHV��7HFKQLTXHV�GH�O¶,QJpQLHXU�7UDLWp�*pQLH�PpFDQLTXH��%0�
�������������
>��@�38*1(7��-�0����*(/,1��$���HW�75,&27��'����±/¶LQIOXHQFH�GHV�pWDQFKpLWpV�VXU�OH�FRPSRUWH�PHQW�YLEUDWRLUH�GHV�
FRPSUHVVHXUV�FHQWULIX�JHV��/D�+RXLOOH�EODQFKH�Q������������&ROORTXH6+)�QRY������&RPSRUWHPHQW�G\QDPLTXH�GHVSRPSHV�
HW�WXUELQHV�K\GUDXOLTXHV��
�

International Science and Technology Conference, Dubai, 13-15 December 2012

1110



ISTEC 20
12

SOME ANALYSIS ON A FIRST COURSE IN LINEAR ALGEBRA 
 
 

Sinan AYDIN 
Education faculty 
Kocaeliuniversity 

Turkey 
sinanaydin1704@yahoo.com 

 
 

Abstract: The aim of this paper is to analyze some topics about linear algebra course, along with 
researches and opinions which are original and useful. The considered topics are the content, 
textbooks, students’ learning profiles, teaching methods, using computer programs, and connections 
with other mathematics courses .According to the main results of the analyses, it is an 
oversimplification to think that there is a unique right way to teach this course. Although many 
mathematicians could expect that the first linear algebra as if were the same everywhere, the reality 
is different from this idea. The recent editions of linear algebra textbooks are usually good materials 
for what is being taught at the introductory level. It seems that only expressing and showing of 
teacher may not significantly improve students’ learning of an abstract course. In recent years, 
linear algebra researchers have formulated some efficient teaching methods in order to facilitate 
meaningful learning. Software provides helpful visualization in two or three dimensional vector 
spaces. By the creating interactive environment of the computer programs, students can explore 
with matrices, linear transformations and numerical representations. And finally, there is an obvious 
connection between linear algebra, calculus, differential equations, and statistics. 
Keywords: learning and teaching linear algebra, textbook, computer program 

 
Introduction 
 
 There is a general view expressed in the literature that students having problem with linear algebra course have 
very little understanding of the basic abstract concepts. Carlson (1993) stated that solving systems of linear equations 
and calculating products of matrices is easy for the students. However, when they get to subspaces, spanning, and linear 
independence students become confused and disoriented. Carlson (1993) further identified the reasons why certain 
topics in linear algebra are so difficult for students; presently linear algebra is taught far earlier and to less sophisticated 
students than before. The topics that create difficulties for students are concepts, not computational algorithms. Also, 
different algorithms are required to work with these ideas in different settings.  
 The effective ways to teach linear algebra is one of the main study subjects who focused on linear algebra 
teaching. When a teacher has taught a course a few years, it is very easy to slip into a routine teaching manner in this 
course. The textbook, the material, the lectures, the questions, all become familiar. The instructor has no hesitation what 
must be done each session of the course. In such a case, everybody knows the effective ways to teach linear algebra. 
But, it is suggested that there are deeper issues on the teaching the course that need a new modification (Carlson at al., 
1993). Elementary linear algebra courses are taught large and very diverse students in the last years. How much 
emphasis should be done on theorems, proofs and applications? How abstract should the concepts be? How effect 
computer can be benefited? How connection is there with the other mathematics courses? And which teaching strategies 
are effective? These questions have revealed a wide interest in linear algebra teaching. There have been widespread 
discussions, workshops of experts, special sessions at the meetings and panels. Also, it has been presented many 
research articles and textbooks on linear algebra education. After all, what can be said about teaching linear algebra? 

In this study, it is analyzed goals and content, students and teaching approaches, texts and computer software. 
By an educational perspective, nobody is professional the art of teaching linear algebra. It is not easy to say that there is 
a unique right teaching way for this course. Although many linear algebra teachers speak of the first linear algebra 
course as if it were the same everywhere, the reality is far, richer and more diverse (Harel, 1998). Even our student 
group described linear algebra courses for this study that reflect different goals, and approaches. The purpose of this 
article is to share some of these questions, along with resources and opinions. 
 
 
The Content 
 
 The Linear Algebra Curriculum Study Group (LACSG) recommended a core curriculum for a first linear algebra 
course (Carlson at al., 1993). The group members first interviewed from a variety of linear algebra instructors, and they 
developed their report after much discussion about that needs linear algebra and what is reasonable to teach in a first 
course, and how computer software should affect the teaching. As a result of the recommendations proposed by 
LACSG, the emphasis in linear algebra was shifted to a matrix-oriented course concentrating on applications and 
reducing the emphasizing on abstraction of concepts. While this shift in focus is valuable to mathematics and non-
mathematics majors, the relegation of abstraction to an "also ran" in comparison to applications is doing mathematics 
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majors a great disservice. According to Alan Tucker (1993, p. 4), "linear algebra was positioned to be the first real 
mathematics course in the undergraduate mathematics curriculum because its theory is so well structured and 
comprehensive, yet requires limited mathematical prerequisites". It is the first class where undergraduates are expected 
to prove theorems and is thus a pivotal course with respect to their ability to conjecture and write coherent proofs. 
Tucker (1993, p.5) emphasizes that "A mastery of finite vector spaces, linear transformations, and their extensions to 
function spaces is essential for a practitioner or researcher in most areas of pure and applied mathematics". The content 
of many textbooks reflects the LACSG recommendations, and computer software (such as matlab and mathematica) has 
become more powerful (Howard, 1997; Richard, 1997; Kolman, 1999). 
 In 1998, a study group from the Park City Mathematics Institute (PCMI) considered the idea of trying to update 
this recommended curriculum, in light of how it is actually being used today (Day & Kalman, 1999). In the PCMI there 
were as many ways to construct a first linear algebra course as there were different departments’ students  for linear 
algebra, and they expect the first linear algebra course to play different roles in the their own curriculum. Some have a 
large population of engineering students, with an emphasis on physical science applications. It was soon clear for the 
study group that no single model curriculum would serve the needs of all these different approaches, and they 
abandoned any hope of either updating the LACSG recommendations. 
 What should be the content of the first linear algebra course? After the above discussions, we can say that a first 
step toward answering this question is to decide what curriculum model makes sense at your department. That means 
your department must pay attention to what topics you hope the students will learn.  
 
Textbooks 
 
 Linear algebra did not really come to be recognized as a subject until the 1930's. Particularly influential in this 
process were the book of B. L. van der Waerden (1936) and the book of Garrett Birkhoff and Saunders MacLane 
(1941). Both were on "Modern Algebra" but included chapters on linear algebra. The separate linear algebra course 
became a standard part of the college mathematics curriculum in the United States in the 1950's and 1960's (Schneider 
& Barker, 1968). It appears that the Introductory linear algebra course was one of the first times it was offered there as a 
regular course in 1965 at Indiana University (Cowen, 1997). 
 From the 1970s until today, every concrete Linear Algebra textbook based approach starts with practical 
computations, such as Gaussian row reduction, or with applications such as systems of linear equations and progresses 
to the underlying concepts. It is driven by concrete forces and attempts to understand abstract concepts from examples 
(Anton, 1973). This approach has persisted into the 1990’s (Lay, 1994). 
 I have reviewed eight recent editions of linear algebra books received from different publishers, to discern any 
general trends in the teaching of introductory linear algebra (Strang, 2005; Poole, 2007; Lawrence, Insel, & Friedberg, 
2008). These texts are a good representative sample for what is being taught at the introductory level. Given that most 
authors of textbooks try to pack in enough material so as to make the text useable for more advanced linear algebra 
courses, it is not surprising that the general theory of vector spaces is introduced at some point towards the middle or 
the end of the text. Several authors introduce the language of the general theory early, first only in the context of Rn, as 
a transition from the concrete to the abstract. 

We see in these books that traditional applications of linear algebra which have tended to come from Physics 
and Engineering are now augmented by simple applications from disciplines such as Economics, Biology, and 
Computer Science. It would be rare indeed to see a linear algebra text nowadays without links to calculator and 
computer technology and without some discussion of computational issues. Some texts envision the technology as a 
fully integrated component, and others as an add-on. The technology aspect appears either in the form of an 
accompanying Lab manual, a reference to web-based activities, or as "technology exercises" at the end of each chapter. 
However, all of the texts are written in a way that allows one to use them without any technological components. 
Students’ learning profiles 
 
 Who are linear algebra students? What are their goals? Why are they learning linear algebra? All of the subjects 
in linear algebra education, the issue of understanding how students learn is the one that made the greatest impact on the 
researchers (Dubinsky, 1997; Dorier, Robert, Robinet, & Rogalski, 2000).There is not a great deal of published 
literature on how students learn linear algebra. Guershon Harel has been studying some aspects of this for several years, 
and his papers provide some suggestions for linear algebra teachers (Katz, 1995; Harel, 1998). David Carlson (1993) 
presents an interesting hypothesis about the special difficulties that linear algebra presents for students, and Ed 
Dubinsky (1997) offers another point of view. 
 Many teachers accept that students have to construct their own knowledge in order to achieve meaningful 
learning. To be more accurate, we are, as teachers, not sure how to assist students in this construction, but it seems that 
simply showing what is true and telling students what we wish them to know is not generally sufficient. Several studies 
in calculus course have showed that students do not generally have a rich conceptual understanding of graphs and 
functions (Davis, & Vinner, 1996). It was analyzed that linearity and independence are also concepts with which most 
students struggle (Bogomonly, 1999). And it seems clear that simply doing a better job of telling and showing may not 
significantly improve their learning of such difficult topics. 
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 The researchers (Day, & Kalman, 1999) from the Park City Mathematics Institute proposed that we should 
become better listeners. Specifically, they suggested that we select a few students and interview them in depth, instead 
of correcting their misconceptions. This means taking time to observe and listen carefully to what they are really doing 
when they think about linear algebra. Explore what the student is thinking, paying careful attention to the ideas behind 
what the student says. How does a student reach conclusions that we find wrong? Over time, such interviews may 
reveal some ways in the thinking and misconceptions of our students that lead us to a better understanding of how they 
learn.  
 As mathematicians, we are aware of the rich interconnections of different ideas and concepts in mathematics. 
We would like our students to learn how different ideas work together, supporting and validating each other. We know 
from experience that understanding of this kind is not acquired as a result of being told of each definition or principle. It 
develops through actively exploring a mathematical topic, discovering and rediscovering the interconnections until they 
become familiar and commonplace. But we who have developed understanding on this level risk forgetting the effort 
that came before: the missteps, false generalizations, incomplete and inconsistent conceptions. Meaningful learning is 
difficult to achieve and it rarely occurs unless students actively grapple with the ideas.  
 
Teaching strategies 
 
 The usability of computers has forced mathematicians to rethink the way they are teaching mathematics. When a 
calculation can be operated quickly and satisfactorily by a computer program, one has to ask ‘what is it that a student 
really needs to learn?’ As a response, at the least, students need to develop critical thinking skills, to understand well the 
main concepts of mathematics and to be able to apply them in different situations. 

In his study, Herrero defined five strategies to effective using of computer in the teaching linear algebra 
(Herrero, 2000). The following strategies are described: (1) exploration of new concepts through computer exercises; 
(2) teaching linear transformations as early as possible; (3) emphasis on geometry; (4) teaching to write mathematics 
through development of a portfolio; (5) using computer projects for motivation and applications. The purpose of each of 
these projects is to introduce students to a new subject in linear algebra through a hands-on approach. They are intended 
to provide motivation for new definitions, show the need for the new theorems, make conjectures, and realize the 
usefulness of the new theorems by applying them to solve various problems. Computer-based instructions may lower 
the quality of learning if too much emphasis is placed on individual work with the computer. Incorporating technology 
into mathematics teaching works best, when it is done with teaching strategies that benefit from critical thinking and 
increase communication between students and teachers. 
 
 What can linear algebra teachers do to enrich lecturing, in order to better facilitate meaningful learning? 
Guershon Harel and Larry Sowder (2003) used an intense lecture-discussion method in his linear algebra classes at 
Purdue, which could be described as a rich extension of lecture. He insists that the students participate in working 
through all concepts. He uses MATLAB in a brief but important way, to facilitate examples: together the class figures 
out what must be calculated, how to do it and what results are expected; then he does the calculation and they discuss 
whether the results were what they expected and how to verify them. 
 Day (1997) applied “Mazur's polling method” in linear algebra classes. The author, in particular, tried a few 
variations on the method. She used polling spontaneously and very quickly, to liven up lectures (Show hands. Who 
thinks that idea will work? Who doesn't?). She also used it more formally after many students missed the following 
question on an early test: “True or False?” If A and B are invertible then A + B is invertible. Before returning the graded 
tests, she asked the class to vote on this question, and about half said “true”, half “false”. Then she asked students to 
find someone who disagreed with them and discuss which answer was really correct. She moved around, listening and 
occasionally asking pointed questions, for about 5 minutes. Then they voted again and about %80 got the correct 
answer. Some of the students who understood correctly explained how they went about answering it. This exercise took 
about 15 minutes, but it was a productive way to get students to think about how to analyze such a question, and to see 
how effective it can be to look for really simple examples. 
 
Using computer programs 
 
 Why and how to use technology is another question for linear algebra teaching. There are several different roles 
that technology can play in instruction, from eliminating computational drudgery in realistic applications, to providing 
environments for actively exploring the properties of mathematical structures and objects (Herrero, 2000). Linear 
algebra teachers have different views and experience using computer programs (MATLAB, Maple, Mathematica, 
Mathwright) in the lectures. Some of them assign computer projects to be done outside of class. Some use computer 
demos and examples to enrich lectures, and others rarely lecture at all, instead using software as a primary means for 
delivering mathematical material to the students, with a significant proportion of class time spent interacting with the 
computer. 
 The main purposes can be summarized from the different views about why and how to use software in teaching 
linear algebra are: for computation in meaningful applications; as a matrix calculator; as a direct focus of instruction; 
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for visualization; to provide an environment for active exploration of mathematical structures; and to explore some of 
the limitations of floating point calculations. 
 It is possible to find many applications that will be of interest to students from just about any background. 
However, in most real world problems, the dimensions of the matrices make hand calculation completely inadequate. 
Even with relatively low dimensional problems, the overhead of hand calculation quickly becomes distracting or simply 
overwhelming. Some teachers use technology just to provide students first-hand experience with real applications in 
realistic settings. 
 Calculators and software like Matlab, Maple, and Mathematica provide students a means of instantly and 
effortlessly performing matrix computations, and thus free them to concentrate on what the computations mean, and 
when and why to perform them (Tucker, 1993). Many instructors use software in this context. Rather, students are 
intended to answer questions about what happens when certain computations are performed, without having to think too 
much about the mechanics of carrying out the operations. For example, students might experiment with the effect of 
scalar or diagonal matrices as multipliers, without actually performing all the matrix multiplications by hand. Most 
instructors feel that doing some of the matrix multiplications by hand provides insight about why results appear as they 
do. But, we can say that the ability to rapidly investigate a large number of examples makes a contribution to 
understanding. 
 Software can provide helpful visualization with two and three dimensional graphics. The ATLAST project 
provides a number of excellent tools. For example, the program span plots in 3 space the images of a large number of 
vectors, under multiplication by a particular fixed matrix. Software can be used to create interactive environments in 
which students can explore and experiment with vectors, matrices, transformations, etc., with graphical, symbolic, and 
numerical representations. Usually students must learn some syntax to use the software, but it is possible to free them 
from that by creating activities with a windows-style point and click interface. Matlab supports this kind of 
development, and to a more limited extent, Maple and Mathematica can be used in a similar way. There is a version of 
Mathwright that is available for free on the Internet, along with sample activities for students (Mathwright, 2008). The 
library includes a few linear algebra activities. 
 
 
 
 
 
 
 
Connections with other mathematics courses 
 
 Guershon Harel (1997) has pointed out that calculus rests on a foundation of several years of background study 
at the secondary level, while linear algebra demands mastery of a number of critical ideas with little or no prior 
foundation. He goes on to propose that students be exposed to linear algebra at the secondary level, so that in college 
they have a suitable basis for abstraction and continued study. 
 What about students' prior knowledge is important for linear algebra teachers to consider? At the most concrete 
level, it is important to find out what linear algebra topics your students may already have seen. Have they worked with 
vectors, lines and planes in R3? How many have already used matrix inversion on graphing calculators to solve linear 
systems? How many have worked with row operations? How do the answers impact your decisions about what to 
include in the course, and how long to spend on each topic (Cowen, 1997)? 
 The apparent connections between linear algebra, calculus, and differential equations are understandable by 
students. Also, it can be seen some contact points of linear algebra with other areas such as statistics and abstract 
algebra. The question of how to organize these connections is determined by linear algebra teachers. However, the 
prerequisites for linear algebra definitely affect what topics students can learn and how they can use them. If 
multivariable calculus is a prerequisite, then ideas about two and three dimensions that were presented in the calculus 
course can be more easily generalized in linear algebra. If students are required to see linear algebra first, then it can be 
used freely in calculus in the discussion of topics such as derivative and continuity (Katz, 1995).  At many departments, 
neither of these courses is a prerequisite for the other. In that case, concepts like linearity of functions must be 
developed independently as needed in each course. 
 
Conclusions 
 
 How to teach linear algebra is an important research question. We all know how to teach this course, and none of 
us do. We all know in the sense that we all have a good idea what we will do the next session we are scheduled to teach 
that course. But we need to understand better how students learn, and to aware that the appropriate content, strategies 
and context will be different in different settings. There is no one right way to teach that course, and there are some 
issues that may not be definitively resolved. We hope that this article has had a useful effect on the reader, and that the 
references may provide resources for further study. 
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STANDARDIZATION BASED ON MULTIWEBSITE SYSTEM 
INTEGRATION 

 
Dimitar DIMITROV 

 
 

Abstract: This paper explores the standardization processes implemented in the software 
production industry using a multiwebsite system. Standardization in the industry is applied for 
better quality control, optimized management and increased customer approval and trust. Research 
and experiments on multiwebsite system architecture were conducted by the author. They led to a 
specification of architecture parts which can be subject to standardization. The multiwebsite 
architecture is based on SOA (Service Oriented Architecture) and Multitenant architectures. The 
multiwebsite architecture as a backbone of a web development company can help the 
establishment of quality and management standards. The established standards can be open for the 
public and closed for internal processes. Using the multiwebsite architecture a company can easily 
adjust the production and management processes according to international standards. The 
architecture involves mainly QA(Quality Assurance) and Management standards. This paper also 
covers possible certifications which a software development company can get by applying 
standards of a multiwebsite system. Applicable international standards as the ISO 9000 family 
including ISO 9001 and the subset standard ISO/IEC 90003 are also covered. The standardizations 
in a multiwebsite system will result in maximizing the efficiency of a software company making it 
competitive and organized. 
 

  Key words: Standardization, software development standardization, quality assurance. 
 
 
Introduction 
 
 The definition “multiwebsite system” refers to a system architecture which consists and controls a set of many 
websites. While analyzing software development technologies, new development frameworks impose standardization in 
the development processes. Software design patterns like Model View Controller - MVC (McArthur, 2008) are imposed 
as a leading standard in web development frameworks. The multiwebsite system architecture details are not a subject of 
this paper. For the purpose of this paper a short description of the architecture will be given to highlight its main 
features. 
 This paper describes the way the software development industry can increase the quality of its production by 
standardizing the development and management processes by multiwebsite system integration. The system architecture 
pushes the software development companies to create a company backbone. In the conventional website development 
even if the company integrates some quality and development standards it would be very hard to control the compliance 
with the standards. When the control is not good enough the standards will not be strictly followed and the quality of 
the end product will be lowered.  When a company decides to integrate a multiwebsite system as a backbone of the 
development process not only they integrate a framework base for optimizing development time and cost, but also they 
integrate a development standard. The multiwebsite system defines all the protocols and defines a guideline to 
development and management processes. All new websites and modules can be developed using these standards only. 
 Standardization approaches proposed in this paper include coding standards, standards in the website creation 
process, standardization in the user interface, administration and customer support and standards in data exchange. 
Furthermore applying international standards in QA and management is also encouraged when using this type of system 
architecture. Certification in these standards is also a good practice but involves additional investments. The paper 
proposes some well recognized international standards which can be applied in this field.  
 
 
Multiwebsite system architecture 
 
 The software architecture is a set of unique websites with similar functionality. Each website of the set can have 
a different owner and can be controlled separately. The system can have many website owners and each owner can have 
many websites. Each owner can control all of his websites from a single administration point using a single sign on 
(SSO). When the core functionality is created all that the developers need to do is to develop the differences in each 
website. For example if all websites in the set has an average of 80% similarity in functionality, after building the core 
functionality based on the architecture to create a new unique website they build only the 20% difference. The other 
option is to have non-unique websites with unique content. In this case the core functionality will be prebuilt at 100%, 
and after the system is created all they need to do to create a new website is to add a new account for the new owner. 
That way a multiwebsite software system can optimize development processes to a level that small software companies 
can manage and support huge amount of clients in a certain field of development.  For a brief example the core of the 
system can be e-commerce website. A software development company wants to build unique e-commerce websites and 
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sell them. The difference is in the design and in certain specific modules. When the core is ready it is reused for each 
customer automatically and the development is led down to the design and the custom modules. Mostly there can be 
prebuilt designs which are not unique. In this case if custom design is not needed the e-commerce website can be built 
with a click of a button.  
 To optimize the processes in a software company which uses multiwebsite system architecture standardization is 
highly recommended. 
 
 
Experiments and results 
  
 The experiments for the research were conducted in a real work environment in a software development 
company. A multiwebsite system was developed according to the described architecture. The system is used in a 
department which provides social marketing services. The system was used with no standardization for 6 months. The 
benefits were the increased productivity, better service, maximizing the profit, lowering the cost as expected. The focus 
of the department is production of Facebook applications and conducting marketing campaigns. For the production of a 
common marketing application the average time for development has been 80 hours. After adopting and regularly 
updating the multiwebsite system the development time has decreased to 1 day averagely for custom design 
applications and less than 1 hour for the most other applications. 
  

   
    Figure 1: Production statistics before adopting MS   Figure 2: Production statistics after adopting MS 
 
 
 The charts represent the production evaluation for 12 months before the multiwebsite system was developed and 
adopted, and also the 12 months of using the system in production. Reports for the previous 3 years are for the period 
before adopting the system and they are similar to Figure 1. They show an average of 4 applications produced by the 
department per month with an average of 80 man hours per application. Figure 2 shows how the production evolved 
after adopting a multiwebsite system. Within 3 months the average time for application development dropped to values 
of 10 hours and gradually down to 2 hours average development time per application. This along with financial results 
discussed bellow resulted in increased production of applications. By the end of the first year application production 
increased to above 20 per month. This is almost 5 time increase in production. After nearly 6 months of operation 
clearly there are problems which resulted in the increased development time. This was due to the lack of control and 
standards. Measures for developing standards were taken to change the negative trend. 
 An overview of the effect of applying the system can be analyzed in details from the financial reports for the 
same period. The next charts provide summarized financial reports of the department. For Figure 3 one more main cost 
line is added, this is the expenditure of upgrading and updating the multiwebsite system. The analysis of Figure 3 
targets the big difference between Revenue and Profit. This is due to the high amount of the expenditure (costs). The 
report shows that the support cost is averagely 10% of the Revenue and in some cases goes up to 25%. The 
Development cost is averagely 45% of the Revenue.  Net Profit is less than 55% of the income and in critical points it 
goes down to 30%. 
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Figure 3: Financial summary report before adopting MS 
 
 

 
Figure 4: Financial summary report after adopting MS 

 
 
 Figure 4 is a financal summary report for the 12 month period after adopting the multiwebsite system. The 
analysis clearly focus on the decrease of the cost which helps the Profit line to become near the Revenue line. The 
charts starts with a negative result for the first month, which is due to the investment made for the development and 
adoption of a multiwebsite system. The second month still have expenditures on the adoption process, which decreses 
the profit. These costs are the “System Updates Cost”. They are regular costs to provide additional functionality in order 
to ensure up to date applications. Development cost has dropped as most developmet has been transferred in the 
“System Updates Cost” field. All costs are minimized and there is a trend for Revenue and Profit growth after investing 
more funds in the “System Updates Cost” field. If more money are invested in the system updates a better service will 
be provided and more customers will be attracted. The minimization of the cost gave the possibility to lower the prices 
with 50%. The result is an increased competitiveness which in turn increased the sales and the profit. The profit has 
increased twice for one year and this trend continues. 
 The most interesting part of these reports are cost trends. Analyzing the costs provides usefull information on the 
ability for company growth. During the first 6 months the development time decreased lowering the cost, but during 
that period the system grew along with the customer orders. Support cost was decreasing progresively, but with the 
increased customer base the trend changed its course. The decision for process standardization was made. A workgroup 
was created to describe all processes running in the department. Some of the most important processes were targeted for 
optimization. The adoption of the standards and updating the system led to some additional investment, but the next 3 
months have shown a decrease in the costs. And most importantly it loosened the connection between customer orders 
growth and costs. The researched and developed standards were purposed for the mltiwebsite system architecture and 
are targeting all developed multiwebsite systems. 
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Multiwebsite system standards 
 
 This type of internal company standards must be formalized in documentations and manuals for each different 
employee position. Control of the applied standards can be audited internally. If certain international standard is 
adopted an external certifying organization will do the audit control to be sure that all the processes are well applied. 
Regular hierarchical reporting should be applied for self management especially for the purposes of controlling software 
lifecycle and QA. Following internal standards are meant for establishing good practices within a company and are 
proven to provide optimization in organizations which use a multiwebsite system as a backbone. Optimization results in 
lowering expenditure, increasing profit, the ability for stable company growth, increased competitiveness and most of 
all providing better service. 
  
Standardization in the software coding 
 The development of a multiwebsite system as an architecture is advised to be created using MVC frameworks 
like Symfony (Zaninotto, 2007), Zend, etc. Those frameworks establish the development standards. When a company 
decides to use a framework like Symfony for their development framework they will start a standardization process on 
the coding and structure of the core programming. Symfony forces coding standards which is well known Symfony 
developers. 
 Frameworks like Symfony are also based on different technologies that implement certain development 
standards. Projects like Doctrine and Propel for standardization in the work with the database. Those frameworks also 
implement technologies for coding automation like Scaffolding. Scaffolds are being used in building construction, but 
they are also used in programming called Scaffold Programming (Tennoe, 2010). This is a method for meta-
programming to build software using the database schema. This approach allows a programmer to describe the way the 
database can be manipulated by the end user. A compiler then uses this description to generate code which can be used 
by an application for creating, reading, updating and deleting records from the database. Ultimately software templates 
are treated as a scaffold in the process of creation of a more powerful application. 
 When the multiwebsite system is built using a framework like Symfony it will inherit the coding standards and 
will implement the lower level standards. The purpose of a multiwebsite system is to focus on the Software as a Service 
business field and it will establish standards in the development and support in all directions of SaaS (Menken, 2010). 
 The quality control management or so called quality assurance (QA) is also included in frameworks like 
Symfony. The developer can build QA automated tests which will monitor the quality of the end product when adding 
new functionality. This is an essential process in the way of applying and certifying international QA standards. 
 
Standardization in website creation 
 With an integrated multiwebsite system the creation of a website is a one way process. It can be automated in 
most cases and when custom development is needed a standard for adding custom modules is established. If the 
standard is not followed the new module will not work. This is why when you have thousands of modules for websites 
in the multiwebsite system you always know how a module is created, where it is placed, how it can be modified. 
Within the system this is the leading business focused process. Important processes within a company should be 
standardized in order to provide a quality service. To standardize a process can simply mean to make a documented 
agreement with the people involved in the process. This agreement states that the process must be executed in a certain 
steps following exact guidelines and rules. If the rules are not applied the agreement is broken and the standard is not 
followed, this is where the management control is applied to maintain the standard. 
 
Standardization in administration 
 The multiwebsite system offers single administration point for multiple websites. When a customer buys a set of 
websites he will control them all using the same functionality. When he wants to add more websites to his business, he 
already knows the standards of the functionality and can easily adjust to administrating the new websites. Functionality 
standards for administration includes for example the places of the buttons “Save”, “Edit”, “Delete”, etc. or the way the 
tables are listed and where the head menus are placed. When a customer already used the established standards with 
another website of the multiwebsite system, any new website will be easy to work with. 
 
Standardization in user interface 
 Similar to the functionality a common user interface will help in easier usage of the software. All the websites in 
the multiwebsite system are administered with a common user interface. All the control of those websites has the same 
look and feel. This type of standardization will improve the production rate of administration and moderation of the 
websites in the multiwebsite system. This standardization in design will also optimize designing of new features, which 
will assure good quality of the end product. 
 
Standardization in customer support 
 One of the key features of the multiwebsite system is the standardization in the support. It allows the 
establishment of support standards for supporting tens of thousands websites, each owned by different client. All 
standards the system implements help for the establishment of a support standard. By utilizing a support standard each 
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support person knows the solution to the customer problems in advance. They follow the established protocol and can 
help any customer using the standards for user interface and administration.  
 To support the same amount of websites built separately with non-standardized administration and user interface 
would be a nightmare. Each website has its own way of control. If the customer needs step by step explanations the 
support person must get to know the documentation for his website, so they can navigate the customer to the solution to 
his problem. This can make the standard support time consuming and would result in unneeded expenditure on support 
staff. 
 
Standardization in data exchange 
 Data exchange between the websites in a multiwebsite system is a property with no alternative in the 
conventional website development. When a company integrates a multiwebsite system it can provide the customers 
with the possibility of simple data exchange between their websites. For example this could be products or categories 
moving from one e-commerce website to another, or blog posts from one site to another. 
 When the system is developed, standardization in the data structures must be created. All data objects must be 
defined as a standard for future development over those objects. Standards can be versioned for future upgrades, with 
the only rule that all versions of a standard must be back compatible. 
 
Application Programming Interface (API) standardization 
 Interoperability is a key feature for a system to be used by external systems. Standards defined in communication 
protocols or other API documentation. Using API standards a system offers external services and it is important for this 
process to be standardized with versioned back compatible protocols which external system implement. A popular 
example are companies like Google who provide APIs for their systems like Analytics, Adwords, Maps, Cloud and 
even whole external service systems that can be accessed only trough API standard. This is just an example how most 
services from a system can be provided externally for the customers. They can use the data and functionality within 
their own systems which they already use.  
 
 
Applicable international standards 
 Establishing internal company standards may be enough to optimize the business processes. A further step is 
adopting international standards. This process involves a considerable investment. The costs for adopting ISO standards 
depends on management and employee time and effort, upgrading and creating documentation, training employees, 
registration fees, maintenance. The next step can be certification which can be done by accredited certification bodies. 
Certification is important for customer recognition. Well recognized international standards are developed by 
organizations like the International Organization for Standardization (ISO). There are standards focused on software 
development lifecycle and quality management. For certifying an integrated multiwebsite system a company can 
consider any of the following standards. 
 ISO/IEC 90003:2004 - Software engineering - Guidelines for the application of ISO 9001:2000 to computer 
software. The standard is applicable to organizations that purchase, develop, operate, maintain, or supply computer 
software or deliver related support services. It can be applied when the software is in the form of a marketed product, 
used to support the processes of an organization, part of a commercial contract with another organization, related to 
software services, embedded in a hardware product. ISO/IEC 90003:2004 is not a certification standard. Instead, it is 
used to develop an ISO 9001 Quality Management System which addresses the challenges faced by the software sector. 
 ISO/IEC 27001:2005 - Information technology, Security techniques, Information security management systems, 
Requirements. It is an information security management standard.  It takes a very broad approach. In the context of this 
standard, the term information includes all forms of data, documents, messages, communications, conversations, 
recordings, and photographs.  It includes everything from digital data and email to faxes and telephone conversations. It 
includes all forms of information. Similar applicable security standard is ISO/IEC 27002:2005. 
 (ISO/IEC 24748, 2009) - Systems and software engineering - Guide for life cycle management. The standard 
includes the steps: concept, development, production, utilization, support and retirement. Each of these stages is 
developed into three subsections: overview, purpose and outcomes. 
 International standards like ISO/IEC 12207, ISO/IEC 15504 and software process quality models like CMMI 
(Capability Maturity Model Integration) can be developed aiming to define the requirements of an ideal organization. 
An extended to ISO/IEC 12207 standard is the ISO/IEC 15288 - Standard for Systems Engineering Lifecycle Processes. 
 The social and economic long-term benefits of an international standard should justify the total cost of preparing, 
adopting and maintaining the standard. 
 
 
Conclusions 
 

Standardization in the processes of software development, customer support and business processes helps to 
improve the quality of the end products and services. Defining standards in each field will be a base for future 
development of an organization in those fields. Standards can be regularly improved and all processes optimized. 
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Integration of standards in quality control can be certified and is well appreciated by customers. The multiwebsite 
system is a backbone of developing and controlling different company standards. 
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Abstact: $�QHZ�OLTXLG�FU\VWDO�PDWHULDO�ZKRVH�PROHFXODU�VWUXFWXUH�FRQVLVWV�RI�GLVF�OLNH�������
WULD]LQH� XQLW� DV� D� FHQWUDO� FRUH� DQG� WKUHH� URG�OLNH� D]REHQ]HQHV� DV� WKH� SHULSKHUDO� DUPV� XQLW� LV�
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Introduction:  
0RQRPHULF� OLTXLG� FU\VWDO� ZHUH� IRXQG� WR� EH� XVHIXO� PDWHULDOV� LQ� HOHFWURRSWLFDO� DSSOLFDWLRQV� DV� WKH\� FDQ� EH� SKRWR�
SRO\PHUL]HG�RQ�WKH�JODVV�VXEVWUDWH�VXUIDFHV�GXULQJ�WKHLU�DSSOLFDWLRQ�LQ�OLTXLG�FU\VWDO�GHYLFHV��NXPDU�et al.��������/RZ�
PROHFXODU� PDVV� WKHUPRWKURSLF� OLTXLG� FU\VWDOV� DUH� XVXDOO\� FRPSRVHG� RI� PROHFXOHV� LQFRUSRUDWLQJ� MXVW� RQH� ULJLG� FRUH��
ZKHUHDV� OLTXLG� FU\VWDOOLQH� SRO\PHUV� DULVH� IURP� HLWKHU� DWWDFKLQJ� PHVRJHQLF� JURXSV� WR� D� SRO\PHU� EDFNERQH� RU� IURP�
LQFRUSRUDWLRQ�RI�DQLVRPHULF�XQLWV� LQWR�D�SRO\PHU�PDLQ�FKDLQ��)XUXPL�HW�DO��������<LOGLULP�HW�DO���������$Q�DSSURDFK�
WRZDUGV�ROLJRPHULF�PHVRJHQV�ZLWK�D�ZHOO�GHILQHG�PROHFXODU� VWUXFWXUH� MXVW�EULGJLQJ� WKH�JDS�EHWZHHQ�PRQRPHULF�DQG�
SRO\PHULF�PHVRJHQV�FRQVLVW�WKH�OLQNDJH�RI�D�GHILQHG�QXPEHU�RI�IRUP�DQLVRWURSLF�VXE�XQLWV���

,W� KDV� EHHQ� GHPRQVWUDWHG� WKDW� WKH� ������WULD]LQH� ULQJ� LV� D� VXLWDEOH� VWUXFWXUDO� HOHPHQW� WR� EH� LQFRUSRUDWHG� LQWR�
WKHUPRWURSLF�OLTXLG�FU\VWDOV��0RUH�UHFHQWO\�D����������WULD]LQH�KDV�EHHQ�XVHG�DV�D�FRUH��*ROGPDQ�et al.�������/HH�DQG�
<DPDPRWR��������)URP�WKH�V\QWKHWLF�YLHZ�SRLQW��WKH�PHVRJHQLF���������WULD]LQH�FRPSRXQGV�KDYH�DQ�DGYDQWDJH��9DULRXV�
QXFOHRSKLOLF�VLGH�JURXSV�KDYH�EHHQ�HDVLO\�LQFRUSRUDWHG�ZLWK�WKH�WULD]LQH�ULQJ�E\�WKHLU�UHDFWLRQ�ZLWK�F\DQXULF�FKORULGH��
VKRZLQJ�GLVFRWLF�DV�ZHOO�DV�FDODPLWLF�PRUSKRORJLFDO�EHKDYLRUV�GHSHQGLQJ�RQ�WKHLU�VWUXFWXUHV��/HH�et al.��������6HOR�et 
al.� �������UHSRUWHG� WKH�V\QWKHVLV�DQG�SKRWRFKURPLVP�RI� WKH�ELIXQFWLRQDO�PRQRPHUV�FRQWDLQLQJ�SRO\PHUL]DEOH�DFU\OLF��
PHWKDFU\OLF�JURXSV�DWWDFKHG� WR�ERWK�HQGV�RI�DQG�D]REHQ]HQH�FRUH�YLD� IOH[LEOH� VSDFHUV��7KH�PRQRPHUV�ZHUH�XVHG� IRU�
89�YLV�DEVRUSWLRQ�VWXGLHG�LQ�VROXWLRQ�DV�ZHOO�DV�LQ�WKLQ�ILOPV��*HQHUDOO\��D]REHQ]HQH�DUH�FKDUDFWHUL]HG�E\�WKH�UHYHUVLEOH�
WUDQVIRUPDWLRQ� IURP�WKH�PRUH�VWDEOH�YLVLEOH� WUDQV�� WR� WKH� OHVV� VWDEOH�FLV�IRUP�XSRQ� LUUDGLDWLRQ�ZLWK�89�OLJKW� �<X�DQG�
,NHGD�������/XWIRU�et al.����������

,Q�WKLV�SDSHU�D�QHZ�OLTXLG�FU\VWDOOLQH�WKUHH�DUP�VWDU�VKDSHG�PRQRPHU�FRQWDLQLQJ�D]REHQ]HQH�PHVRJHQLF�XQLWV�
DW� WKH�SKHULSKHUDO� DUPV� LV� SUHSDUHG�ZLWK� DLPV� WR� VWXG\� WKH� OLTXLG� FU\VWDOOLQH�SURSHUWLHV� DQG�SUREDEO\�REWDLQHG� D�QHZ�
SURPLVLQJ�PDWHULDO�WKDW�FDQ�EH�XWLOL]HG�IRU�DSSOLFDWLRQ�VXFK��DV�RSWLFDO�LQIRUPDWLRQ�VWRUDJH�WHFKQRORJ\��
 
Materials and Methods 
 Materials 
�$OO�PDWHULDOV� DUH� RI� DQDO\WLFDO� JUDGH� XQOHVV� RWKHUZLVH� VWDWHG�� ��$PLQRDFHWRSKHQRQH� �)OXND��� 6RGLXP� QLWULWH� �%'+���
8UHD� �%'+��� 3KHQRO� �0HUFN��� Į�� Ȧ�GLEURPRDONDQHV� �)OXND��� SRWDVVLXP� FDUERQDWH� �)OXND��� SRWDVVLXP� K\GUR[LGH�
�+DPEHUJ���HWKDQRO�DPLQH��$FURV���SRWDVVLXP�FDUERQDWH��)OXND��DQG�&\DQXULF�FKORULGH��$FURV��ZHUH�XVHG�DV�UHFHLYHG��
'U\�DFHWRQH��GU\�EXWDQRQH�DQG�GU\�7HWUDK\GURIXUDQ��7+)��ZHUH�REWDLQHG�IURP�GLVWLOOLQJ�RYHU�SKRVSKRURXV�SHQWR[LGH�
�0HUFN���2WKHU�VROYHQW�DQG�FKHPLFDOV�ZHUH�XVHG�ZLWKRXW�IXUWKHU�SXULILFDWLRQ� &ROXPQ�FKURPDWRJUDSK\�XVHG�VLOLFD�JHO�
��� ��������QP���)7�,5� VSHFWUD�ZHUH�PHDVXUHG�RQ� D�%;� VSHFWUXP� ,,�)7�,5� VSHFWURPHWHU� �3HUNLQJ�(OPHU��� �+�105�
VSHFWUD������0+]��ZHUH�UHFRUGHG�RQ�D�-HRO�(&$�����105�VSHFWURPHWHU��-HRO��-DSDQ���3KDVH�WUDQVLWLRQ�WHPSHUDWXUHV�
DQG�WKHUPRG\QDPLF�SDUDPHWHUV�ZHUH�GHWHUPLQHG�E\�XVLQJ�D�'6&����3HUNLQ�(OPHU��DQG�'6&����GLDPRQG�'6&��3HUNLQ�
(OPHU��HTXLSSHG�ZLWK�D�OLTXLG�QLWURJHQ�FRROLQJ�V\VWHP�XQGHU�QLWURJHQ�DWPRVSKHUH��7KH�KHDWLQJ�DQG�FRROLQJ�UDWHV�ZHUH�
���&�PLQ����3KDVH�WUDQVLWLRQ�WHPSHUDWXUHV�ZHUH�FROOHFWHG�GXULQJ�WKH�VHFRQG�KHDWLQJ�DQG� WKH�VHFRQG�FRROLQJ�VFDQV��$Q�
2O\PSXV��/HLFD��*HUPDQ\��SRODUL]LQJ�RSWLFDO�PLFURVFRSH�HTXLSSHG�ZLWK�D�/LQNDP�7+06(������/LQNDP��(QJODQG��KRW�
VWDJH�ZDV�XVHG�WR�REVHUYH�SKDVH�WUDQVLWLRQ�WHPSHUDWXUHV�DQG�RSWLFDO�WH[WXUHV�WR�DQDO\]H�OLTXLG�FU\VWDO�SURSHUWLHV�RI�WKH�
QHZ� PDWHULDO�� 7KH� ;�5D\� GLIIUDFWLRQ� PHDVXUHPHQW� ZDV� SHUIRUPHG� XVLQJ� D� QLFNHO�ILOWHUHG� &X�.Į��� UDGLDWLRQ� ZLWK� D�
3KLOLSV�;�5D\�GLIIUDFWRPHWHU�;C3$57�352�3:�������3DQG$QDO\WLFDO�+ROODQG�� 
 
Methodology 
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6FKHPH�1�LOOXVWUDWHV�WKH�VWUXFWXUHV�DQG�WKH�V\QWKHWLF�URXWH�WR�WKH�������WULD]LQH�PRQRPHU�FRPSRXQGV��7KH�SHULSKHUDO�DUP�
XQLWV�RI� WKH�PHVRJHQLF�SDUW� IRU�DOO� WKH�FRPSRXQGV� VWXGLHG�ZHUH�SUHSDUHG�E\�GLD]RWL]DWLRQ�RI�HWK\O� ���$PLQREHQ]RDWH�
DQG�WKHQ�FRXSOLQJ�RI�GLD]RQLXP�VDOW��ZLWK�SKHQRO�\LHOGLQJ������+\GUR[\�SKHQ\OD]R�@EHQ]RLF�DFLG�HWK\O�HVWHU�2���
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$FHWRQH��.�&2��.,��Y��0H2+�.2+��YL�'&&�'0$3�&�+�2+����YLL��.�&2���7+)�%XWDQRQH�
 
 4-(4-Hydroxy-phenylazo)]benzoic acid ethyl ester 2:��
(WK\O����$PLQREHQ]RDWH����J������PPRO��ZDV�GLVVROYHG�LQ�DFHWRQH������PO���'LOXWH�K\GURFKORULF�DFLG�>ZDWHU�����PO���
FRQF�� +\GURFKORULF� DFLG� ���� PO�@� ZDV� DGGHG� DQG� WKH� PL[WXUH� ZDV� FRRO� WR� �� �&�� 6RGLXP� QLWULWH� ����J�� ����PPRO���
GLVVROYHG�LQ�ZDWHU�����PO��ZDV�DGGHG�GURS�ZLVH�WR�WKH�FRROHG�PL[WXUH�DQG�VWLUUHG�IRU��K��([DFWO\����PO�RI�XUHD������J�
������PRO��VROXWLRQ�ZDV�DGGHG�IRU�GHFRPSRVLQJ� WKH�H[FHVV�RI�VRGLXP�QLWULWH� IRU����PLQ��7KHQ��SKHQRO� �����J��������
PRO��� GLVVROYHG� LQ� DQ� DFHWRQH�ZDWHU�PL[WXUH� �����PO�����PO�� ZDV� DGGHG� WR� WKH� GLD]RWL]HG�PL[WXUH� DQG� WKH� UHDFWLRQ�
PL[WXUH�ZDV�PDLQWDLQHG�DW�S+������E\�DGGLQJ�VRGLXP�K\GUR[LGH�VROXWLRQ��VWLUULQJ�ZDV�FRQWLQXHG�IRU���K��7KH�UHVXOWLQJ�
PL[WXUH� ZDV� PDGH� VOLJKWO\� DFLGLF� �S+� ���� ZLWK� GLOXWH� K\GURFKORULF� DFLG� �FD�� ��� PO�� ����� DQG� ���PO� RI� ZDWHU� IRU�
SUHFLSLWDWLRQ� RI� WKH� SURGXFW� DQG� WKH� SUHFLSLWDWH� ZDV� FROOHFWHG� E\� ILOWUDWLRQ�� 7KH� SURGXFW� ZDV� FU\VWDOOL]HG� WZLFH� IURP�
PHWKDQRO�DQG�HWKDQRO��<LHOG�������J�������DV�EULJKW�UHG�FU\VWDO��P�S��������&��)7�,5��.%U��FP�����������������&�+��ȣ���
������& 2��ȣ���������������������DURPDWLF��ȣ���������&�+��į���������&�2�&���������������&�+��į��������DURPDWLF��į���
�+�105������0+]��&'&O�����į���������+��G��-� �����+]��$U+����������+��G��-� ����+]��G��-� �����+]��$U+����������+��G��
-� �����+]��$U+����������+��V��&+����������������+��P��&+����(OHPHQWDO�DQDO\VLV��FDOFXODWHG�IRU�&��+��1�2�� ���������
&����������+���������1����������)RXQG�&����������+���������1����������
 
 
 
 
 4-[4-(6-Bromo-hexyl-oxy)-phenylazo]benzoic acid ethyl ester 3:  
$�PL[WXUH� RI� &RPSRXQG� 2 �����J�� �����PPRO�� LQ� GU\� DFHWRQH� ����PO��� SRWDVVLXP� FDUERQDWH� �����J�� ����PPRO��� D�
FDWDO\WLF� DPRXQW� RI� SRWDVVLXP� LRGLGH� ���PJ�� DQG� WHQ�IROG� H[FHVV� RI� ����GLEURPRKH[DQH� ������J�� �����PPRO� �� ZDV�
UHIOX[HG�IRU����K�XQGHU�1�� DWPRVSKHUH��7KH�UHDFWLRQ�PL[WXUH�ZDV�ILOWHUHG�KRW�DQG�DFHWRQH�ZDV�UHPRYHG�XQGHU�UHGXFHG�
SUHVVXUH��+H[DQH�ZDV�DGGHG��VXIILFLHQW�DPRXQW��WR�WKH�SURGXFW�WR�UHPRYH�XQ�UHDFWHG�����GLEURPRKH[DQH��7KH�UHVXOWLQJ�
SUHFLSLWDWH�LQVROXEOH�LQ�KH[DQH�ZDV�FROOHFWHG�E\�ILOWUDWLRQ�DQG�WKH�SURGXFW�ZDV�GLVVROYHG�LQ�GLFKORURPHWKDQH�DQG�ZDWHU��
7KH�RUJDQLF�SKDVH�ZDV�ZDVKHG�ZLWK�GLOXWH�K\GURFKORULF�DFLG��VRGLXP�FDUERQDWH�VROXWLRQ�DQG�ZDWHU�VXFFHVVLYHO\��,W�ZDV�
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WKHQ�GULHG�RYHU� VRGLXP� VXOIDWH� DQG� VROYHQW�ZDV� UHPRYHG� XQGHU� UHGXFHG�SUHVVXUH��7KH�SURGXFW�ZDV� FU\VWDOOL]HG� IURP�
HWKDQRO�ZLWK�KRW�ILOWUDWLRQ��<LHOG����J�������DQG�P�S������&���)7�,5��.%U��FP�����������������&�+��ȣ���������& 2��ȣ���
������������������DURPDWLF��ȣ���������&�+��į���������1�+��ȣ��������&�2�&��ȣ���������������&�+��į��������DURPDWLF��į���
�+�105������0+]��&'&O�����į���������+��G��-� �����+]��$U+����������+��G��-� ����+]��G��-� �����+]��$U+����������+��G��
-� �����+]��$U+����������+��W��-� �����+]��2&+�����������+��W��-� �����+]��2&+�����������+��V��&+����������������+��P��
&+����(OHPHQWDO�DQDO\VLV��FDOFXODWHG�IRU�&��+��1�2�%U����������&����������+���������1����������)RXQG�&����������
+���������1��������� 
 
4[-4-(6-Aminomethoxy-hexyl oxy)-phenylazo]benzoic acid ethyl ester  4: �
$� PL[WXUH� FRQWDLQLQJ� FRPSRXQG� 3 (����J�� ���PPRO��� HWKDQRODPLQH� ������J�� ���PPRO��� DQG� SRWDVVLXP� K\GUR[LGH�
������J�����PPRO��ZHUH� UHIOX[HG� IRU���K�XQGHU�QLWURJHQ�DWPRVSKHUH�ZLWK� VWLUULQJ� LQ�PHWKDQRO� ����PO���7KH� UHDFWLRQ�
PL[WXUH�ZDV� DOORZHG� WR� FRROHG�GRZQ� WR� URRP� WHPSHUDWXUH�� WKHQ�SRXUHG� LQWR� LFH�FROG�ZDWHU� DQG� DFLGLILHG�ZLWK�GLOXWH�
K\GURFKORULF� DFLG�� 7KH� UHVXOWLQJ� SUHFLSLWDWH�� \HOORZLVK� FU\VWDO� ZDV� FROOHFWHG� E\� ILOWUDWLRQ� DQG� FU\VWDOOL]HG� IURP�
PHWKDQRO��<LHOG�����J� �������P�S�� ����� �&��)7�,5� �.%U�� FP����� ������ ����� �&�+��ȣ��� ����� �& 2��ȣ��� ������������
������DURPDWLF��ȣ���������&�+��į���������1�+��ȣ��������&�2�&��ȣ���������������&�+��į��������DURPDWLF��į����+�105��
����0+]��&'&O�����į���������+��G��-� �����+]��$U+����������+��G��-� ����+]��G��-� �����+]��$U+����������+��G��-� �����
+]��$U+����������+��W��-� �����+]��2&+�����������+��W��-� �����+]��2&+�����������+��V��&+����������������+��P��&+����
(OHPHQWDO� DQDO\VLV�� FDOFXODWHG� IRU� &��+��1�2�� ��������� &�� �������� +�� ������� 1�� �������� )RXQG� &�� �������� +��
�������1�����������
 
4[-4-(6-Aminomethoxy-hexyl oxy)-phenylazo]benzoic acid�5: �
$�PL[WXUH�FRQWDLQLQJ�D�VROXWLRQ�RI�FRPSRXQG�4�����J������PPRO���DQG�SRWDVVLXP�K\GUR[LGH�������J������PPRO��ZHUH�
UHIOX[HG�LQ�PHWKDQRO�IRU���K��7KH�PL[WXUH�ZDV�ILOWHUHG�KRW�DQG�WKH�ILOWUDWH�ZDV�SRXUHG�LQWR�LFH�FROG�ZDWHU�DQG�DFLGLILHG�
ZLWK� GLOXWH� K\GURFKORULF� DFLG�� 7KH� UHVXOWLQJ� SUHFLSLWDWH� ZDV� FROOHFWHG� E\� ILOWUDWLRQ� DQG� FU\VWDOOL]HG� IURP� PHWKDQRO��
<LHOG�� �����J� ������� P�S��  � ����&�� )7�,5� �.%U�� FP����� ������ ����� �&�+�� ȣ��� ����� �& 2�� ȣ��� ������ ������ �����
�DURPDWLF�� ȣ��� ����� �&�+�� į��� ����� �1�+�� ȣ�� ����� �&�2�&�� ȣ��� ������ ����� �&�+�� į��� ���� �DURPDWLF�� į��� �+� 105��
����0+]��&'&O�����į���������+��G��-� �����+]��$U+����������+��G��-� ����+]��G��-� �����+]��$U+����������+��G��-� �����
+]��$U+����������+��W��-� �����+]��2&+�����������+��W��-� �����+]��2&+�����������+��V��&+����������������+��P��&+����
(OHPHQWDO� DQDO\VLV�� FDOFXODWHG� IRU� &��+��1�2�� ��������� &�� �������� +�� ������� 1�� �������� )RXQG� &�� �������� +��
�������1���������� 
 
4[-4-(5-Aminomethoxy-hexyl oxy)-phenylazo]benzoic acid allyl ester 6:��
&RPSRXQG�5 ����PJ������PPRO), DOO\O�DOFRKRO����PJ�������PPRO���DQG�'0$3������PJ�������PPRO��ZDV GLssROYHG�
LQ� D� GULHG� GLFKORURPHWKDQH� ����PO��� $IWHU� VWLUULQJ� WKH� PL[WXUH� IRU� ��PLQ� DW� URRP� WHPSHUDWXUH�� '&&� �����PJ��
����PPRO��ZDV�DGGHG�DQG�FRQWLQXHG�VWLUULQJ�IRU����K��7KH�UHDFWLRQ�PL[WXUH�ZDV�ILOWHUHG�RII�DQG�WKH�VROYHQW�ZDV�UHGXFHG�
XQGHU�UHGXFHG�SUHVVXUH��7KH�SURGXFW�ZDV�GLVVROYHG�LQ�FKORURIRUP��H[WUDFWHG���WLPHV�ZLWK�D�VROXWLRQ�RI����DFHWLF�DFLG�
DQG�ZDWHU� VXFFHVVLYHO\��7KH� FKORURIRUP�ZDV� UHPRYHG� XQGHU� UHGXFHG� SUHVVXUH� DQG� WKH� SURGXFW�ZDV� FU\VWDOOL]HG� WZLF�
IURP�PHWKDQRO�DQG�HWKDQRO��<LHOG���PJ��������P�S� �����&��)7�,5��.%U��FP�����������������&�+��ȣ���������& 2��ȣ���
������������������DURPDWLF��ȣ���������&�+��į���������1�+��ȣ��������&�2�&��ȣ���������������&�+��į��������DURPDWLF��į���
�+�105������0+]��&'&O�����į���������+��G��-� �����+]��$U+����������+��G��-� ����+]��G��-� �����+]��$U+����������+��G��
-� �����+]��$U+����������+��W��-� �����+]��2&+�����������+��W��-� �����+]��2&+�����������+��V��&+����������������+��P��
&+����(OHPHQWDO�DQDO\VLV��FDOFXODWHG�IRU�&��+��1�2�����������&����������+���������1����������)RXQG�&����������+��
�������1��������� 
 
2,4,6-tris[-4-(4-acetylphenylazo)phenoxyhexyloxyethylamine-1,3,5-triazine 7:  �
$�PL[WXUH�FRQVLVWLQJ�RI�D�VROXWLRQ�RI�FRPSRXQG�6 ����J������PPRO�� LQ�GU\�%XWDQRQH�DQG�7+)��������PO���&\DQXULF�
FKORULGH ������J�� ����PPRO�� DQG� VRGLXP� K\GURJHQ� FDUERQDWH� �������J�� ����PPRO�� ZHUH� UHIOX[HG� IRU� ��� K� XQGHU�
QLWURJHQ� DWPRVSKHUH�� 7KH� UHDFWLRQ� PL[WXUH� ZDV� EURXJKW� WR� WKH� URRP� WHPSHUDWXUH�� SRXUHG� LQWR� LFH�FROG� ZDWHU� DQG�
DFLGLILHG�ZLWK�GLOXWH�K\GURFKORULF�DFLG��7KH�UHVXOWLQJ�SUHFLSLWDWH�ZDV�FROOHFWHG�E\�ILOWUDWLRQ�DQG�FU\VWDOOL]HG�WZLFH�IURP�
PHWKDQRO�DQG�HWKDQRO��<LHOG�������J�������P��S�� ���� �&��)7�,5��.%U��FP�����������������&�+��ȣ���������& 2��ȣ���
������������������DURPDWLF��ȣ���������&�+��į���������1�+��ȣ��������&�2�&��ȣ���������������&�+��į��������DURPDWLF��į���
�+�105������0+]��&'&O�����į���������+��G��-� �����+]��$U+����������+��G��-� ����+]��G��-� �����+]��$U+����������+��G��
-� �����+]��$U+����������+��W��-� �����+]��2&+�����������+��W��-� �����+]��2&+�����������+��V��&+����������������+��P��
&+���� ����� ��+�� P�� 1�+��� (OHPHQWDO� DQDO\VLV�� FDOFXODWHG� IRU� &���+���1��2�� ���������� &�� �������� +�� ������� 1��
��������)RXQG�&����������+���������1��������� 
Results and Discussions 
Phase transition by DSC 
7KH�SKDVH�WUDQVLWLRQ�WHPSHUDWXUHV�DV�ZHOO�DV�WKH�SKDVH�WUDQVLWLRQ�HQWKDOS\�FKDQJHV�ZHUH�GHWHUPLQHG�XVLQJ�GLIIHUHQWLDO�
VFDQQLQJ� FDORULPHWU\� �'6&�� �'LDPRQG� '6&�� 3HUNLQJ� (OPHU��� � 7KH� '6&� WKHUPRJUDPV� RI� 5� LQ� WKH� ILUVW� KHDWLQJ� UXQ�
H[KLELWHG� D� VKDUS�PHOWLQJ�SHDN� FHQWHUHG� DW� ������ �&� �ǻH�  ������-��J���2Q� IXUWKHU� KHDWLQJ�� DQRWKHU� SHDN� DSSHDUHG� DW�
��������&��ǻH� ��������-��J��LQGLFDWLQJ�D�ZHOO�GHILQHG�OLTXLG�FU\VWDOOLQH�SKDVH�SULRU�WR�WKH�LVRWURSLF�SKDVH��2Q�FRROLQJ�
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WKH�LVRWURSLF�SKDVH�WR�PHVRSKDVH�WUDQVLWLRQ�SHDN�DSSHDUHG�DW��������&��ǻH� ���������-��J��DQG�WKHQ�FU\VWDOOL]DWLRQ�SHDN�
DSSHDUHG�DW��������&��ǻH� ���������-��J����

�
)LJXUH����'6&�KHDWLQJ�DQG�FRROLQJ�WUDFHV�RI�FRPSRXQG�������&�PLQ����'LDPRQG�'6&�

�
2Q�VHFRQG�KHDWLQJ�D�VKDUS�PHOWLQJ�SHDN�DSSHDUHG�FHQWHUHG�DW��������&��ǻH� ���������-��J��ZLWK�D�VKRXOGHU�DQG�DQRWKHU�
SHDN�DSSHDUHG�DJDLQ�SULRU�WR�WKH�LVRWURSLF�SKDVH�DW���������&��ǻ+� �������-��J��LQGLFDWLQJ�DOVR�WKH�SUHVHQFH�RI�OLTXLG�
FU\VWDOOLQH�SKDVH��2Q�VHFRQG�FRROLQJ�WKH�LVRWURSLF�SKDVH�WR�PHVRSKDVH�WUDQVLWLRQ�SHDN�DSSHDUHG�DW���������&��ǻH  ��
������-��J�� ZLWK� DOPRVW� WKH� VDPH� KHDW� RI� WUDQVLWLRQ� DV� WKH� ILUVW� FRROLQJ� FLUFOH� �ILJXUH� ��� DQG� D� VKDUS� PHVRSKDVH� WR�
FU\VWDOOL]DWLRQ� WUDQVLWLRQ� SHDN� DSSHDUHG� DW� ����� �&� �ǻH = �������-��J��� 7KH� PDWHULDO� LV� YHU\� VWDEOH� FU\VWDO� DW� URRP�
WHPSHUDWXUH�WKHUH�ZHUH�QR�DQ\�FKDQJH�RI�WKHUPDO�EHKDYLRXU�REVHUYHG�RQ�H[SRVXUH�WR�DWPRVSKHULF�PRLVWXUH��
 
Phase structures by OPM:  
7KH�SKDVH�VWUXFWXUHV�ZHUH�GHWHUPLQHG�E\�RSWLFDO�SRODUL]LQJ�PLFURVFRSH��230���7KH�SRODUL]HG�RSWLFDO�PLFURJUDSK�RI�7,�
REVHUYHG�LQ�WKH�OLTXLG�FU\VWDOOLQH�SKDVH�LQ�WKH�VHFRQG�KHDWLQJ�DQG�FRROLQJ�F\FOH��LV�VKRZQ�LQ�)LJXUH����2Q�KHDWLQJ�WR�WKH�
LVRWURSLF�SKDVH��D�VPHFWLF�$�WH[WXUH�ZDV�REVHUYHG�XQGHU�WKH�SRODUL]LQJ�RSWLFDO�PLFURVFRSH�DW��������&��)LJXUH��D��

��  

)LJXUH�2��2SWLFDO�SKRWRPLFURJUDSK�RI�5 REWDLQHG�ZLWK�D�SRODUL]LQJ�PLFURVFRSH��2O\PSXV�%;���HTXLSSHG�ZLWK�D�KRW�
VWDJH�/LPFDP�7+06(������D��RQ�KHDWLQJ�LVRWURSLF�OLTXLG��&URVV�SRODUL]HU�PDJQLILFDWLRQ�î������

7KLV� WH[WXUH�ZDV�YHU\�VWDEOH�XS� WR�DERXW���������&�DQG�VWDUWHG�FOHDULQJ�DW��������&�XQWLO� LW�FRPSOHWHO\�FKDQJHG� WR�DQ�
LVRWURSLF�SKDVH�DW��������&��7KH�WH[WXUH�LV�D�W\SLFDO�RI�D�EURNHQ�)DQ�VKDSHG�IRFDO�FRQLF�WH[WXUH�RI�VPHFWLF�$�SKDVH���
�����������
X-ray diffraction 
7KH�;�UD\�GLIIUDFWLRQ�SDWWHUQ�RI�WKH�VPHFWLF�$�PHVRSKDVH�H[KLELWHG�E\�FRPSRXQG�7 FRQWDLQV�D�VLQJOH�SHDN�LQ�WKH�ORZ�
DQJOH�UHJLRQ�LPSO\LQJ�D�OD\HUHG�VWUXFWXUH�ZLWK�D�VLQXVRLGDO�GHQVLW\�ZDYH�DORQJ�WKH�OD\HU�QRUPDO��DQG�D�EURDG�SHDN�LQ�WKH�
ZLGH� DQJOH� UHJLRQ� FHQWHUHG� DW� D� VSDFLQJ� RI� ����c� LQGLFDWLQJ� D� OLTXLG�OLNH� DUUDQJHPHQW� RI� WKH� PROHFXOHV� ZLWKLQ� WKH�
OD\HUV��7KH�OD\HU�VSDFLQJ�G�LV��ș� �������ZKLFK�LV�FORVH�WR�RQH�WKLUG�WKDW�RI�WKH�HVWLPDWHG�DOO�WUDQV�PROHFXODU�OHQJWK��/��
RI� WKH�PRVW�H[WHQGHG�FRQIRUPDWLRQ�RI�����ǖ��7KH� OD\HU� VSDFLQJ�KDV�RQO\�VPDOO� WHPSHUDWXUH�GHSHQGHQFH��DQG�KDV� WKH�
VDPH�YDOXH�RQ�KHDWLQJ�DQG�RQ�FRROLQJ���
 
Conclusion 
7ZR VHULHV�RI�PRQRPHULF�OLTXLG�FU\VWDO�PDWHULDO�EDVH�RQ���������WULD]LQH�FHQWUDO�FRUH�ZLWK�WKUHH�URG�VKDSHG�D]REHQ]HQH�
FRQWDLQLQJ� D� WHUPLQDO� YLQ\O� JURXS�KDV� VXFFHVVIXOO\�EHHQ�SUHSDUHG��7KH� FRPSRXQGV�7a� DQG�7b� LQ� WKH� VHULHV� H[KLELWHG�
VPHFWLF� &� DQG� VPHFWLF� $� SKDVHV� UHVSHFWLYHO\�� 7KH� D]REHQ]HQH� XQLWV� XVXDOO\� VKRZV� trans-cis-trans� LVRPHUL]DWLRQ��
WKHUHIRUH��WKLV�PHVRJHQLF�PRQRPHUV�FRXOG�EH�XVHIXO�IRU�SKRWRLQGXFHG�UHRULHQWDWLRQ�RI�D]REHQ]HQHV�XQGHU�IRU�H[DPSOH�
89�LUUDGLDWLRQ�ZKLFK�FDQ�EH�XVHG�LQ�RSWLFDO�GDWD�VWRUDJH�GHYLFHV����
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 Growth has defined a new dimensions which magnifies the role of Sustainable 
development.Sustainable development synchronise the requirement of future generation 
and satisfies the present needs. Things does in a different way to promote more 
productive,more efficient and manageable system.The system should be transparent 
,accountable which forcast the requirements to harvest the fruit to shape the quality of 
life. It conceptualizes the ideas about the employment,economical magnetic 
charecterstics,feasibility of the eco-developments. we need to address the innovative 
mechanism which is parallel to the Nature. We should provide a solution to rationalize 
the demand gap.We should create investment friendly approach and pool of 
opportunities in a eco-friendly way to foster the Growth in balanced stage.Our outlook 
on development sector is stable and primarily driven by huge demands of infrastructure 
efficiencies There is an important need to channelize the developments of major sectors 
in sustainable efficient methods. The Stratagies should showcases the Livable and 
sustainable form of development.It is the New mask of city geered by the Good 
governance and Public administered decisions to form the best sustainable solutions to 
formulate opportunitIes in a conserved manner.The Report envisages the sustainable 
developmental strategies to cope up with innovative technologies to Focus on the 
various aspects to ease the Quality of Life .There are certain Drivers to Pump the 
Economy in different sectors . Steering Development along with powerful strategies 
fuels the engine of economic growth and social vibrancy. Our goal is to emphasise a 
dynamic change to transform into vernacular system which compartmentalize futuristic 
requirements with respect to the resources. 
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1. INTRODUCTION 

Cities are the engines for social and economic growth of a country. Cities have been pivotal in the creation of 

employment and the economic growth in the country. Rapid growth in urbanisation has placed immense strain on land 

and other natural resources. Environmentally degraded cities provide unhealthy, unclean and resource depleted 

environments to people. Urbanization is closely linked to modernization, industrialization, and the sociological process 

of rationalization. Urbanization can describe a specific condition at a set time, i.e. the proportion of total population or 

area in cities or towns, or the term can describe the increase of this proportion over time.It describes about the 

transformation due to Urbanisation inturn affects the sustainable Process.It orchestrates about the strategies for the 

balanced development which is parallel to nature.It showcases the impacts and affects of urbanization .The report 

envisages the better sustainable management of cities which boost up the quality of Life. 

2. OBJECTIVES  

9 To study about the sustainable development approach  

9 To study about the strategies to develop the socio-economical aspects 

9 To Improve the conceptalisation of urbanisation effect 

9 To orient the economical growth to develop the efficiency in a conserved manner 

9 To envisage the  action plan to implement the balanced development 

3. SUSTAINABLE DEVELOPMENT 

Sustainable development is a complex multidimensional concept which deals with a dynamic, balanced and adaptive 

evolutionary process, in which the balanced use and management of the natural environment base of economic 

development, is protected.It is a State of equilibrium condition in which environmental  and Human impact concerns on 

economical development formation between the necessities of Present and future . It can be defined as the needs of  

present without compromising the ability of future generation to meet their own necessities.It is the capacity to support, 

maintain or endure  integration of environmental, economic, and social dimensions towards responsible management of 

resources. 
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FIG-1        SUSTAINABLE FACTORS 

4. PRINCIPLES OF SUSTAINABLE DEVELOPMENT 

x Natural systems have a right to coexist with human development. 

x Natural resources are finite and human development shall not deplete or degrade the resources. 
x Communities shall foster opportunities for civic engagement and personal interaction in vibrant public spaces. 
x Technology, science, engineering, planning, and design shall be used to create efficient and long-lasting 

development. 

x Nature cannot be controlled or evaded; therefore, it is the ultimate regulator of human development. 
x Endeavor to incorporate human development into the natural context at all scales. 

x Use of continuous and iterative character of the planning process to interject values of sustainable 

development. 

5. ASPECTS  OF URBAN GROWTH CENTRES 

The Sustainability focus on certain core areas which is a quick way to evaluate the environmental and community 

benefits and to identify any negative economic social and environmental impacts.  

• Land Use and Location 

• Transport 

• Energy 

• Waste 

• Community Development 

• Biodiversity/Open Environment 

• Built Environment 

• Pollution 

• Human Activity 

• Significance 
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6. STRATEGIC MANAGEMENT 

The strategy means performing different activities  or performing similar activities  in different ways .It is the 
subject that has exercised the minds of political, military and business leaders for centuries.It is a systematic 
approach to major and increasing important responsibility of general management and relates the firm to its 
environment in a way which will ensure its continued success and make it secure from risks. It can be thought 
of three main elements 

 Strategic Analysis 
 Strategic Choice 
 Strategic Implementation 

7.FOCUS ON SUSTAINABLE DEVELOPMENT OF URBAN CITIES 

Infrastructure is the back bone of every economy. Infrastructure contributes a great deal for sustained 
economic development. It is a new mask of city geered by Good governance and Public administered 
Decisions which showcases the Most livable and sustainable form. Tranformation of Infrastructure  driven 
primarily by the effective Economical stability. It requires an integration of economic, social and 
environmental approaches towards development.Urban cities focus on certain areas of infrastructure  to 
enhance the efficiency  of economical stability 

1. Physical infrastructure 
 Water supply network 
 Drainage network 
 Solid waste management 
 Storm water management 
 Power 
 Communication 
 Domestic energy 
 Fire network 
 Milk distribution 

 
2. Social infrastructure 

 Education 
 Health care 

 
Urban environmental management is one of the most nodal issues as the urbanization trend continues globally.  
Among the challenges faced by urban planners and managers is the need to ensure ongoing basic human 
services such as the provision of public amenities for good quality of life. 

The basic services are 

a. Water supply 

b. Sewerage/Sanitation 

c. Solid waste management 

d. Storm water drains 

e. Urban roads 

f. Primary education 

g. Primary health facilities 

8. STRATEGIC APPROACH  FOR SUSTAINABLE SOLUTIONS 
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As we know as population increases , the consumption of resources increases.Thus the depletion happens.  For every 
system , there is a limitation to handle it. As a urban planner who focus on sustainable development ,we provides a 
cluster of cities which adjoins together to yield good quality of life.Cluster of cities enhance the balanced development 
and nullify the urban sprawl.Each system of infrastructure could utilise properly in their maximum efficiency. Creation 
of magnetic centres on clusters fascinates the people to develop the areas in sustainable form.Thus we could attain 
balanced urban development. But we should pave a challengable strategic growth for the future generation requirements 
with respect to present scenario.For every problem ,there is solution .so we should visualize the solution which is 
compatible to every sector. Approach can be faceted on the basis of Economic ,social and environment. 

FIG-2  SUSTAINABLE SOLUTIONS 

 

9.ROLE OF GOVERNANCE IN DIFFERENT SECTOR 

Our government stands committed to providing an environment which is conducive to enterprise and growth of 
economy, an environment which will facilitate rapid economic growth and higher living standards. We are committed 
to having a regulatory and policy environment which will unleash the creative energies of our people and will fulfill the 
expectations. We must adjust our systems, rules, procedures and processes of administration to meet the needs that 
would arise in the years to come. We must, therefore, constantly look over the horizon and plan for solutions in advance 
to emerging challenges. New thinking is required in important areas such as investor education and protection, 
corporate governance, corporate social responsibility .There are different elements where uniform development should 
be achieved. 

 FIG-3  SUSTAINABLELEMENTS 

10. EFFECTS  OF  URBANISATION 
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People from villages  move into cities to seek economic opportunities.This migration from rural areas to mega 
cities is called urbanization.Cities are  flourished  with  industries , educational institution recreational areas 
,better food supplies healthcare with basic infrastructural facilities such as transportation , water supply, 
electrical, sanitary, etc. whereas there are limited opportunities & basic amenities  avail within rural areas 
which contributes migration to cities.After rural migrants coming to urban area they spend their lives in 
insecure, poorly paid jobs in spite, they participate in economic growth, and adjust to economic change, 
through urban labor markets.They grow as urban poor slums & their life is worse than a village in most cases. 
They are not able to earn basic amenities of life, due to rich economy of cities.  

  

    

FIG-4 URBANISATION EFFECTS 

11. IMPACTS OF URBANISATION  

POSITIVE IMPACTS 
 

NEGATIVE IMPACTS 

Industrialization  
 

Housing sector  
 

Employment Opportunities Land market  
 

Application of Technology 
 

Cost of living  
 

Standard  of life 
 

Cost of transportation  
 

Infrastructure development 
 

Cost of urban infrastructure  
 

Educational Development  
 

             Environment 

National growth 
 

             Health Problems 

TABLE-1  IMPACTS OF URBANISATION 
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                                               EXPLOSION OF URBANISATION 

                                              

 

Applied Technology      Population Growth 

 

       1.Change in Life style 

       2.More consumption of resources 

       3.Standard of life increases 

12. INTEGRATION OF LAND USE MANAGEMENT 

Main  SUB 

RESIDENTIAL Primary Residential Zone 

 Mixed Residential Zone 

 Unplanned/Informal Residential Zone 

COMMERCIAL  

 Retail Shopping Zone 

 General Business and Commercial District/ Centres 

 Wholesale, Godowns, ware- houses/ Regulated markets 

INDUSTRIAL  

 Service Industry 

 Light Industry 

 Extensive Industry 

 Heavy Industry 

 Obnoxious/ hazardous Industry 

TRANSPORTATION AND 
COMMUNICATION 

 

 Roads 

 Railways 

 Airport 

 Seaport & Dockyards 
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 Bus Depots/Truck Terminals/Freight complexes 

 Transmission &Communications( Telephone Exchange, 
TV Station, Broadcasting Station, etc.) 

 

PUBLIC AND SEMI PUBLIC 

 

 Govt/Semi Govt/ Public Offices 

 Govt Land(Use undetermined) 

 Education &Research 

 Medical &  Health 

 Social Cultural and Religious 

 Utilities and Services 

 Cremation and Burial grounds 

RECREATION  

 Playground/Stadium/Sports Complex 

 Parks & Gardens-Public Open Space 

 Special recreational zone- restricted open spaces 

 Multi-open space (Maidan) 

 

AGRICULTURE LAND 

 

 Agriculture 

 Forests 

 Poultry and Dairy Farm 

 Rural Settlements 

 Brick kiln & Extractive Areas 

 Water Bodies 

SPECIAL AREAS  

 Old Built up (Core) Areas 

 Heritage & Conservation Areas 

 Scenic Value Areas 
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 Other Uses 

VACANT   LAND  

 Built but un-occupied 

 Vacant under construction 

 Vacant developed but unbuilt 

       TABLE-2   LAND USE STRUCTURE  

13.POWERING THE ACTION PLAN  TO  SHAPE URBAN CITIES 

Action plan which envisage the strategic development are  

1.Planning  of  Action Plan:  

The planning should start with the identification of the activities/projects to be undertaken.  Specified strategies should 
be developed to mandate the design of Action Plan (Long-term, medium term and short-term), with a shift from the 
casual approach to the project based accountability approach. Each of these plans should clearly  specify requirements 
relates to baseline survey; activities to be undertaken, budgets allocated, time-lines prescribed, responsibilities and 
authorities defined and major results expected. 

2. Implementation of Action Plan:  The initiatives from planning level should consider the following parameters for 
identification/selection of schemes/projects: 

9 The time-frame and periodic milestones should be finalized at the outset 
9 The  activities should help in building a positive image  
9 It closely linked with the principles of sustainable development 
9 Public-Private Partnership between the Government and the Central Public Sector Enterprise could also be 

encouraged to leverage the strengths of the latter in Disaster management 
9 It  is to be implemented by Specialized Agencies  
9 Activities related to Sustainable Development will form a significant element of the total initiatives of all 

action plan .  

3. Monitoring 

9 Monitoring of projects is very crucial and needs to be a periodic activity of the Enterprise.  
9 Evaluation and assessment of feasible studies 

14.ROLE OF PLANNER TO ACHIEVE THE SUSTAINABLE DEVELOPMENT 

 

¾ First & most Important step is to achieve  proper land use planning  satisfying the  future growth & demands of 

next 20 to 30 Years  with  provision of next 50 Years. 

¾ The Urban area shall be planned with future expansion  possibilities with connecting linkages in all directions. 

¾ The growth of the city & the peripheral area (rural) should go hand in hand to avoid concentration & 

exploitation at one center. 

¾ Transportation planning & road network shall be given prime importance as it is key factor of production 

economy. Public transport facilities shall be given importance. 

¾ Infra-structure shall be provided with future consideration of growth & demands. 

¾ Housing Sector shall be designed with sufficient open lands allowing future expansions. 

¾ Transit house facilities for slums & migrators shall be provided. 
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¾ Lastly all resources are limited, hence it shall be properly analyzed & used efficiently for benefits of humans & 

environment. 

 
15.CONCLUSION 

The new sustainable policies  which orient towards socio-economical growth objectives entails the significant 

contribution of urban sector for the urban productivity and employment.Sector development requires governments to 

provide appropriate regulatory frameworks, an attractive infrastructure investment, and a workforce with at least a basic 

education.Policies should be made for good quality public transport which can provide many economic benefits and can 

be cost effective, with supportive land use policies.Government should develop policies for affordable housing projects 

for different income groups & to make cities rid of unhealthy slums.Policies should be developed for growth of High-

tech industries & specialisation techniques which can earn valuable foreign exchange and lot of money for a country in 

the stock markets.Investment policies for poor urban slums with affordable insurance & transit house facilities for slums 

should be thought of to make them sustainable in urban fabric. Thus it enhance the quality of life to built effectively for 

the sustainable development 
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$OWKRXJK� WKHUH� DUH� VHYHUDO� VWXGLHV� LQ� WKH� OLWHUDWXUH�RQ�GLIIHUHQW� IXHO� LQMHFWLRQ� DQG� FKDUJH� VWUDWHJLHV� IRU� JDVROLQH�
HQJLQHV��
7KHUH�DUH�DOPRVW�QR�VWXGLHV�RQ�/3*�XVLQJ�JDVROLQH�HQJLQHV��,Q�DGGLWLRQ��WKH�SUREOHPV�IDFHG�LQ�/3*�WUDQVIRUPDWLRQ�IRU�
GLUHFW�LQMHFWLRQ�JDVROLQH�HQJLQHV�XVHG�WRGD\�XUJHG�XV�WR�ZRUN�LQ�WKLV�DUHD���

$FFRUGLQJO\�� VRPH�FKDQJHV�KDYH�EHHQ�PDGH� LQ� WKH�F\OLQGHU�KHDGV�DQG�VXFWLRQ�PDQLIROG�RI�D�JDVROLQH�HQJLQH�VR�
WKDW�/3*�WUDQVIRUPHG�JDVROLQH�HQJLQH�FRXOG�EH�6&��,Q�WKLV�ZD\�WKH�FKDUJH�IORZ�FKDUDFWHULVWLF�RI�WKH�FXUUHQW�HQJLQH�KDV�
EHHQ� FKDQJHG� DQG� LW� KDV� EHHQ� HQVXUHG� WKDW� /3*�DLU�PL[WXUH� LV� 6&� LQWR� WKH� FRPEXVWLRQ� FKDPEHU� RI� WKH� HQJLQH�� 7KH�
LPSDFW�RI�UHJXODWLRQV�PDGH�RQ�WKH�HQJLQH�RQ�HQJLQH�SHUIRUPDQFH��IXHO�FRQVXPSWLRQ�DQG�H[KDXVW�JDVHV�HPLVVLRQ�YDOXHV�
KDYH�EHHQ�H[DPLQHG��7KH�DSSOLFDELOLW\�RI�WKH�GHYHORSHG�V\VWHP�WR�GLIIHUHQW�JDVROLQH�HQJLQH�W\SHV�KDV�EHHQ�LQYHVWLJDWHG���
�
6WUDWLILHG�&KDUJHG�*DVROLQH�(QJLQHV�

,Q�+&�HQJLQHV��DOWKRXJK�RSWLPXP�FDOLEUDWLRQV�DUH�PDGH��IXHO�FRQVXPSWLRQ�RI�JDVROLQH�HQJLQHV�FDQQRW�EH�ORZHUHG�
XQGHU�D�FHUWDLQ�OHYHO��7KH�PDLQ�UHDVRQ�RI�WKLV�LV�WKDW�FRPSUHVVLRQ�UDWH�LQ�VSDUN�LJQLWHG�HQJLQHV�LV�OLPLWHG�GXH�WR�WKH�IDFW�
WKDW� IXHO� DQG� DLU� DUH� FRPSUHVVHG� WRJHWKHU� DQG� WKDW� JDVROLQH� HQJLQHV�� XQOLNH� GLHVHO� HQJLQHV�� FDQQRW� EH� RSHUDWHG� ZLWK�
H[FHVVLYHO\� OHDQ�PL[WXUHV��2QH�RI� WKH�PRVW�HIIHFWLYH�VROXWLRQV� WR� WKLV�SUREOHP�LV� WKH�6&�SULQFLSOH�ZKLFK�HQVXUHV� WKDW�
JDVROLQH�HQJLQHV�FDQ�RSHUDWH�ZLWK� OHDQ�PL[WXUHV� �����6&�SULQFLSOH�ZDV� ILUVW�DSSOLHG�E\�5LFDUGR� LQ�������(QJLQHV� WKDW�
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RSHUDWH�ZLWK� WKLV�SULQFLSOH�DUH�FDOOHG�6&�HQJLQHV� �����7KH� UHDVRQ� IRU� WKH� LQFUHDVH� LQ�HIILFLHQF\� LV� WKDW��XQOLNH�FXUUHQW�
HQJLQHV��ULFK�DLU�IXHO�PL[WXUH�LV�REWDLQHG�DURXQG�VSDUN�SOXJ�DQG�OHDQ�DLU�IXHO�PL[WXUH�LV�REWDLQHG�LQ�RWKHU�DUHDV�RI�WKH�
FRPEXVWLRQ�FKDPEHU�LQ�6&�DSSOLFDWLRQ�DQG�WKH�HQJLQH�LV� WKXV�RSHUDWHG�ZLWK�H[FHVVLYHO\�OHDQ�PL[WXUHV��<HW��ZKHQ�WKH�
GHSOHWLRQ�LQ�KRPRJHQHRXV�FKDUJHG�JDVROLQH�HQJLQHV�LV�UDLVHG�DERYH�FHUWDLQ�OLPLWV��H[SOLFLW�GHFUHDVH�LV�REVHUYHG�LQ�WKH�
HIIHFWLYH�SRZHU�RI�WKH�HQJLQH���

2QH�RI� WKH�SLRQHHUV�RI�6&*�HQJLQH�GHVFULEHG� LQ� WKH� ILUVW�JURXS� LV�5LFDUGR�HQJLQH�ZKLFK�ZDV�SURGXFHG� LQ�HDUO\�
����V������7KH�VHFRQG�DSSOLFDWLRQ�ZKLFK�ZDV�VHULDO� WR� WKLV�ZDV�*$=����HQJLQH�ZDV�GHYHORSHG� LQ�5XVVLD� LQ� WKH�HDUO\�
����V�� ,Q� ODWH�����V�DQG�HDUO\�����V��FKDUJHG�HQJLQHV�ZHUH� LQ� WKH�DJHQGD�DJDLQ�� ,Q� WKH� VDPH�SHULRG�:DQNHO�HQJLQH��
ZKLFK�ZDV�D�QHZ�LQYHQWLRQ��FUHDWHG�D�QHZ�DSSOLFDWLRQ�ILHOG�IRU�6&�SULQFLSOH��&RPEXVWLRQ�FKDPEHU�JHRPHWU\�RI��:DQNHO�
HQJLQH�LV�QRW�YHU\�VXLWDEOH� IRU�KRPRJHQHRXV�PL[WXUH��KRZHYHU��VWUXFWXUDO�DLU�PRYHPHQWV�ZLWKLQ�FRPEXVWLRQ�FKDPEHU�
SURYLGH�D�VXLWDEOH�JURXQG�IRU�6&��)LUVW�VWXGLHV�RQ�6&�LQ�:DQNHO�HQJLQH�ZHUH�FRQGXFWHG�E\�&XUWLV�:ULJKW�DQG�0HUFHGHV�
DQG�WKHVH�VWXGLHV�FDQ�EH�JURXSHG�XQGHU�VHFRQG�W\SH�VWUDWLILHG�HQJLQHV�>�����@���

7RGD\� VWXGLHV� IRU� LPSURYLQJ�6&*�HQJLQHV�DUH�FRQWLQXLQJ�SHUSHWXDOO\��$OPRVW�DOO�RI� WKH�DERYH� OLVWHG� VWXGLHV�RQ�
GLUHFW�LQMHFWLRQ�2WWR�HQJLQHV�FRQGXFWHG�LQ�WKH�ODVW�GHFDGH�ZHUH�GHULYHG�IURP�GLUHFW�LQMHFWLRQ�GLHVHO�HQJLQHV��+RZHYHU��
WKH�PRVW� LPSRUWDQW�GHYHORSPHQW� LQ� WKLV� VXEMHFW� LV� WKH� VHULDO�SURGXFWLRQ�RI�)6,�HQJLQHV�GHVLJQHG�E\�9RONVZDJHQ�DQG�
*',�HQJLQHV�GHVLJQHG�E\�0LWVXELVKL����������2SHUDWLRQ�RI�WKHVH�HQJLQHV�LV�EDVHG�RQ�DQ�HQWLUHO\�GLIIHUHQW�SKLORVRSK\��$V�
FDQ� EH� VHHQ� LQ� ILJXUH� ����� WZR�VWDJH� LQMHFWLRQ� VWUDWHJ\� ZDV� DSSOLHG� ZLWK� D� SLVWRQ� JHRPHWU\� WKDW� IRUPV� D� WZR�]RQH�
FRPEXVWLRQ�FKDPEHU�>�����@���

:KHQ� WKH� ZRUNLQJ� IOXLG� KDV� D� KLJKHU� VSHFLILF�KHDW� UDWLR� OLNH� WKDW� RI� OHDQ� DLU�IXHO� PL[WXUHV�� OHVV� IXHO� HQHUJ\� LV�
ZDVWHG� LQ� UDLVLQJ� WKH� LQWHUQDO� HQHUJ\� RI� WKH� FKDUJH�� VR�PRUH� LV� DYDLODEOH� IRU� XVHIXO�ZRUN��%\� VWUDWLI\LQJ� WKH� IXHO�DLU�
PL[WXUH� ZLWKLQ� WKH� FRPEXVWLRQ� FKDPEHU�� WKH� HQJLQH� FDQ� EH� RSHUDWHG� DW� YHU\� OHDQ� �XS� WR� ������ DLU� IXHO� UDWLRV�� %\�
VWUDWLI\LQJ�WKH�IXHO�DLU�PL[WXUH�LQ�WKH�FHQWHU�RI�FRPEXVWLRQ�FKDPEHU�DQG�NHHSLQJ�WKH�KRW�EXUQW�SURGXFWV�DZD\�IURP�WKH�
ZDOOV��KHDW�ORVVHV�FDQ�EH�GHFUHDVHG��

�

� �
)LJXUH������'LIIHUQW�W\SH�GLUHFW�LQMHFWLRQ��OHDQ�PL[WXUH�2WWR�HQJLQH�

�
7KLV�HQJLQH�ZKLFK�KDV�IRXU�YDOYHV��D�FRPSUHVVLRQ�UDWH�RI����DQG�D�SUHVVXUH�RI����EDUV�FRQVXPHV�����OHVV� IXHO�

FRPSDUHG�WR�DQ�HTXLYDOHQW�VWRLFKLRPHWULF�2WWR�HQJLQH�ZLWK����NP�K�IL[HG�VSHHG��2Q�WKH�RWKHU�KDQG��WKLV�HQJLQH�DOVR�KDV�
WKH� VDPH�SHUIRUPDQFH�ZLWK�D� VWRLFKLRPHWULF�2WWR�HQJLQH�ZLWK� WKH� VDPH�YROXPH�� ,W� LV� UHSRUWHG� WKDW� LW�ZRUNV� UHJXODUO\�
XQWLO�($& ��YDOXH��7KLV�HQJLQH�LV�DQ�H[DPSOH�RI�GLUHFW�LQMHFWLRQ�2WWR�HQJLQH�ZKLFK�KDV�EHHQ�PDVV�SURGXFHG�VLQFH������
������

6HFRQG�W\SH�6&�HQJLQHV�DUH�GHVLJQHG�ZLWK�D�QRYHO�PHWKRG�GHSHQGLQJ�RQ�WKH�LQFUHDVH�LQ�WKH�QXPEHU�RI�YDOYHV�LQ�
WKH�HQJLQHV�WKDW�KDYH�EHHQ�SURGXFHG�UHFHQWO\��$FFRUGLQJO\�ZKHQ�WKH�HQJLQH�ZLOO�EH�RSHUDWHG�ZLWK�SDUWLDO�ORDG�DQG�OHDQ�
PL[WXUH��IXHO�DLU�PL[WXUH�HQWHUV�LQWR�RQO\�RQH�RI�WKH�VXFWLRQ�FKDQQHOV�RU�VXFWLRQ�FKDQQHOV�DUH�VL]HG�VR�DV�WR�EH�DEOH�WR�
FUHDWH�D�FKDUJH�PRYHPHQW�WKDW�HQVXUHV�VWUDWLILFDWLRQ�FKDUJH�PRYHPHQW��,Q�RUGHU�WR�HQVXUH�WKLV��ILUVW�FKDQQHOV�WKDW�OHDG�WR�
VXFWLRQ�YDOYHV� LQ�PXOWL�YDOYH�HQJLQHV�DUH�GHVLJQHG� LQGHSHQGHQWO\����������� ,Q� WKH� OLWHUDWXUH� LW� LV�VHHQ� WKDW� WKLV� W\SH�RI�
OHDQ�PL[WXUH� HQJLQHV� DUH� SUHIHUUHG� E\� VXFK� HQJLQH� SURGXFHUV� DV�0HUFHGHV��+RQGD�� 7R\RWD��0LWVXELVKL��1LVVDQ��.LD��
9ROYR��5LFDUGR�DQG� WKDW� VRPH�RI� WKHP�KDYH�DGRSWHG�PDVV�SURGXFWLRQ� �7R\RWD��0LWVXELVKL���7KH� OHDQ�PL[WXUH�HQJLQH�
LQWURGXFHG�E\�7R\RWD� LQ������KDV� IRXU�YDOYHV�� WKH� IXHO� LV� LQMHFWHG� WR� VXFWLRQ� FKDQQHO� WKURXJK� LQMHFWRU� DQG� WKHUH� LV� D�
WKURWWOH� WKDW�FUHDWHV� WXUEXOHQFH� LQ� IURQW�RI� WKH� LQMHFWRU��7KLV�HQJLQH�ZRUNV�ZLWK�Ȝ ����DW�SDUWLDO� ORDG�DQG�ZLWK� Ȝ ��DW�
DFFHOHUDWLRQ�DQG�IXOO� ORDG��$V�FDQ�EH�VHHQ� LQ�ILJXUH������DW�VSHHGV�EHORZ������GDN���� WKH�FKDQQHO� WKDW�FUHDWHV� URWDWLRQ�
PRYHPHQW� IURP�WKH�FKDQQHOV� WR�ZKLFK�WZR�VXFWLRQ�YDOYHV�DUH�FRQQHFWHG�LV�RSHQ��ZKLFK� LV�FORVHG�E\�FKDQQHO�WKURWWOH��
7KXV��WKH�DLU�PRYHPHQW�QHHGHG�IRU�OHDQ�PL[WXUH�LV�REWDLQHG�DQG�JDV�WKURWWOH�LV�EURXJKW�WR�³RSHQ´�SRVLWLRQ��ZKLFK�LQ�WXUQ�
GHFUHDVHV�SXPSLQJ�ORVVHV�>��@��
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�
�

)LJXUH������7R\RWD�IRXU�YDOYH�6&�OHDQ�PL[WXUH�2WWR�HQJLQHV�>��@��
�
7HVW�0DWHULDOV�DQG�0HWKRGV�
7HVW�PHFKDQLVP�

6FKHPDWLF�YLHZ�RI�WKH�HQJLQH�XVHG�LQ�WHVWV�LV�JLYHQ�LQ�ILJXUH������7KH�WHFKQLFDO�IHDWXUHV�DUH�SURYLGHG�LQ�WDEOH������
,Q�RUGHU�WKDW�VWUDWLILHG�FKDUJH�WKDW�SURYLGHV�WKH�IRXQGDWLRQV�RI�RXU�VWXG\�FDQ�EH�JHQHUDWHG��YDOYH�GLDPHWHUV�RI�WKH�HQJLQH�
ZHUH�FKDQJHG�DQG�YDOYHV�ZHUH�UHJXODWHG�VR�DV�WR�DOORZ�HQWUDQFH�WR�WZR�GLVWLQFW�PL[WXUH�HQWUDQFHV�WR�RQH�F\OLQGHU��7KH�
VKDSHV� RI� VXFWLRQ� FKDQQHOV� DW� WKH� F\OLQGHU� KHDGV� RI� WKH� HQJLQH�ZHUH� FKDQJHG� VR� WKDW� DLUIORZ� DQG�PL[WXUH� IRUPDWLRQ�
ZRXOG�EH�ILW�IRU�SXUSRVH��/3*�ZDV�XVHG�DV�IXHO�IRU�RSHUDWLQJ�WKH�HQJLQH�ZLWK�6&��6RPH�DGMXVWPHQWV�ZHUH�DOVR�PDGH�LQ�
WKH�VHULDO�W\SH�/3*�WUDQVIRUPDWLRQ�V\VWHP�VR�WKDW� WKH�/3*�VHQW�LQWR�WKH�DLU�GXULQJ�DLU�SDVVDJH�IURP�VXFWLRQ�FKDQQHOV�
FRXOG�EH�WDNHQ�LQWR�WKH�FRPEXVWLRQ�FKDPEHU�LQ�D�VWUDWLILHG�PDQQHU���

�

�
�

��3RZHU�LQGLFDWRU� ������������)XHO�PHDVXUHPHQW�WXEH�
���5RWDWLRQ�LQGLFDWRU����������������6NHZHG�0DQRPHWUH�
���6ZLWFK�NH\� �������������������������2LO�SUHVVXUH�LQGLFDWRU�
���(PHUJHQF\�VWRS�EXWWRQ��������0DQLIROG�YDFXXP�LQGLFDWRU�
���/RDGLQJ�EXWWRQ� ������������7HPSHUDWXUH�,QGLFDWRU�

�
)LJXUH������6FKHPDWLF�YLHZ�RI�WHVW�PHFKDQLVP�

�
7DEOH������7HFKQLFDO�IHDWXUHV�RI�WHVW�HQJLQH�
7\SH�RI�HQJLQH� )RXU�F\FOH��VWUDWLILHG�

FKDUJH�JDVROLQH�HQJLQH�
1XPEHU�RI�F\OLQGHUV� ��
&\OLQGHU�GLDPHWHU�[�VWURNH�
�PP���������������������������������������������������������������������

���[����

&\OLQGHU�YROXPH��FP��� �����
&RPSUHVVLRQ�UDWH� �����
0D[LPXP�SRZHU� �����PLQ��¶��N:�
0D[LPXP�PRPHQW� �����PLQ��¶���1P�
)XHO�V\VWHP� 0XOWLSRUW�LQMHFWLRQ�
/3*�6\VWHP� 6HULDO�PXOWLSRUW�

LQMHFWLRQ�
)XHO�XVHG� *DVROLQH�/3*�
,QMHFWRU�LQMHFWLQJ�SUHVVXUH��EDU�� ��
,JQLWLRQ�V\VWHP� (OHFWURQLF�LJQLWLRQ�

�
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7KH�SXUSRVH�RI� WKLV� VWXG\� LV� WKDW�PL[WXUH�ZLOO�KDYH� WZR�VWDJHV�DQG�GLIIHUHQW� UDWHV��)RU� WKLV�SXUSRVH� WZR�FKDQQHO�
PL[WXUH�VORSH�ZLWK�GLIIHUHQW�GLDPHWHUV�KDV�EHHQ�SUHSDUHG��ZKLFK�FDQ�EH�VHHQ�LQ�ILJXUH������DQG�SURGXFWLRQ�ZDV�PDGH�DW�
&1&�PDFKLQH���
�

�
)LJXUH������0L[WXUH�SUHSDUDWLRQ�VORSH�

�
7KH�DLP�RI�XVLQJ�D�PL[WXUH�SUHSDUDWLRQ�VORSH�LV�VHQGLQJ�VWRLFKLRPHWULF�RU�ULFK�PL[WXUH�WR�DURXQG�VSDUN�SOXJ�DQG�

OHDQ�PL[WXUH�WR�RWKHU�SDUWV�RI�FRPEXVWLRQ�FKDPEHU��&KDUJH�GLUHFWRUV�ZHUH�SODFHG�EHKLQG�WKH�VXFWLRQ�YDOYHV�DV�VHHQ�LQ�
ILJXUH� ���� VR� WKDW� WKH� VXFNHG� IUHVK� FKDUJH� FDQ� EH� WDNHQ� LQWR� F\OLQGHUV� LQ� DQ� H[SHGLHQW�PDQQHU� DQG� WKH� FKDUJH� JDLQV�
WXUEXOHQFH�ZKHQ�EHLQJ�WDNHQ�LQWR�F\OLQGHUV�DQG�NLQHWLF�HQHUJ\�LV�LQFUHDVHG���

�
)LJXUH������7KH�LPDJHV�RI�PL[WXUH�GLUHFWRUV�SODFHG�RQ�F\OLQGHU�KHDG�

�
7KH�YDOYH�ZKLFK�HQVXUHV�PL[WXUH�HQWUDQFH�WR�WKH�]RQHV�GLVWDQW�IURP�VSDUN�SOXJ�DQG�DLU�HQWUDQFH�FKDQQHOV�RQ�WKH�

F\OLQGHU�KHDG�DUH�HQODUJHG�DV�FDQ�EH�VHHQ�LQ�ILJXUH�����ZLWK�WKH�SXUSRVH�RI�LQFUHDVLQJ�WKH�DPRXQW�RI�OHDQ�PL[WXUH�WKDW�
ZLOO�EH�WDNHQ�WR�WKHVH�]RQHV��:LWK�WKLV�SURFHGXUH�WKH�GLDPHWHU�RI�KRXVLQJ�ZDV�LQFUHDVHG�IURP����PP�WR����PP��ZKLFK�
UHSUHVHQWV� VRPH� ���� JURZWK�� ,Q� DGGLWLRQ�� ZLWK� WKH� GLUHFWRU� ORFDWHG� EHKLQG� WKH� YDOYH�� WKH� OHDQ� PL[WXUH� SUHSDUHG� RQ�
PL[WXUH�VORSH�WKH�OHDQ�PL[WXUH�SUHSDUHG�DW�WKH�PL[WXUH�VORSH�LV�FKDUJHG�WR�WKH�SRLQWV�IDU�IURP�VSDUN�SOXJ���

�
�

)LJXUH������7KH�YLHZ�RI�HQWU\�RI�WKH�PL[WXUH�LQWR�WKH�F\OLQGHU�IURP�ODUJH�GLDPHWHU�YDOYH�
�
,Q�RUGHU�WR�HQVXUH�VWRLFKLRPHWULF�PL[WXUH�DURXQG�VSDUN�SOXJ��QR�FKDQJH�KDV�EHHQ�PDGH�WR�WKH�YDOYH�DQG�YDOYH�KRXVLQJ�
FORVH�WR�WKH�VSDUN�SOXJ��$V�FDQ�EH�VHHQ�LQ�ILJXUH������ZLWK�WKH�GLUHFWRU�ORFDWHG�EHKLQG�WKH�YDOYH��VWRLFKLRPHWULF�PL[WXUH�
LV�ILOOHG�WR�WKH�]RQHV�FORVH�WR�WKH�VSDUN�SOXJ�ZLWKLQ�WKH�F\OLQGHU����
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�
)LJXUH������7KH�YLHZ�RI�HQWU\�RI�WKH�PL[WXUH�LQWR�WKH�F\OLQGHU�IURP�VPDOO�GLDPHWHU�YDOYH�

�
$V�VKRZQ�LQ�ILJXUHV�����DQG������WKH�PL[WXUH�ZDV�WDNHQ�LQWR�WKH�HQJLQH�LQ�WZR�VWDJHV�VR�WKDW�WKH�RSHUDWLRQ�LQWHUYDO�RI�WKH�
HQJLQH�UHPDLQHG�LQ�WKH�OHDQ�]RQH��($&�YDOXHV�RI�/3*�VWUDWLILHG�FKDUJH��6&/��HQJLQH�LV�JLYHQ�LQ�WDEOH�������

�
7DEOH������($&� YDOXHV�LQ�RSHUDWLQJ�
LQWHUYDO�IRU�6&/�

��
�
�
�
,W� LV�NQRZQ�WKDW�LQ�FODVVLFDO�HQJLQHV�($&�GHFUHDVHV�DV�URWDWLRQ�LQFUHDVHV��+RZHYHU�� WDEOH�����FOHDUO\�VKRZV�WKDW�($&�
LQFUHDVHV�DV�URWDWLRQ�LQFUHDVHV�ZKHQ�6&�LV�DSSOLHG��,Q�WKLV�VWXG\�LW�LV�VHHQ�WKDW�6&/�HQJLQH�ZRUNV�LQ�OHDQ�]RQH���
�
7HVW�)LQGLQJV�DQG�'LVFXVVLRQ�

,Q� WKLV� VHFWLRQ� WKH�SHUIRUPDQFH�� IXHO� FRQVXPSWLRQ� DQG� HPLVVLRQ� WHVW� UHVXOWV� FRQGXFWHG� DW� IXOO� ORDG� DQG�GLIIHUHQW�
HQJLQH�URWDWLRQV�KDYH�EHHQ�SURYLGHG�ZKHQ�WHVW�HQJLQHV�ZHUH�RSHUDWHG�ZLWK�*DVROLQH�KRPRJHQRXV�FKDUJH��+&*���/3*�
KRPRJHQHRXV�FKDUJH��+&/��DQG�VWUDWLILHG�FKDUJH��6&/���0HDVXUHG�DQG�FDOFXODWHG�YDOXHV�DUH�JLYHQ�LQ�WKH�IRUP�RI�WDEOH�
DQG�JUDSKLFV��(QJLQH�SHUIRUPDQFH�DQG�H[KDXVW�HPLVVLRQ�RI�JDVROLQH�DQG�/3*�IXHOV�KDYH�EHHQ�FRPSDUHG�DQG�GLVFXVVHG���

7KH�LQFUHDVH�LQ�ERWK�IXHO�W\SHV�DQG�WKH�LQFUHDVH�LQ�HQJLQH�PRPHQW�ZKLOH�ZRUNLQJ�RQ�6&�DQG�+&�LV�WKH�UHVXOW�RI�WKH�
LQFUHDVH�LQ�WKH�QXPEHU�RI�F\FOHV�LQ�XQLW�WLPH��,Q�ILJXUH������LW�FDQ�EH�VHHQ�WKDW�WKH�FKDQJHV�LQ�HQJLQH�PRPHQW�YDOXHV�IRU�
ERWK�HQJLQH�URWDWLRQV�PHDVXUHG�IRU�ERWK�W\SHV�RI�IXHOV�LQ�WKH�FDVH�RI�RSHUDWLQJ�ZLWK�KRPRJHQHRXV�DQG�VWUDWLILHG�PL[WXUH�
DUH�FORVH�WR�HDFK�RWKHU���

�

�
)LJXUH������0RPHQW�FKDQJH�JUDSKLF�

�
7KH�WUHQG�RI�FKDQJH�UHIOHFWV�WKH�FKDUDFWHULVWLF�RI�D�W\SLFDO�LQWHUQDO�FRPEXVWHG�HQJLQH���
�

�

� �����PLQ�
���

�����PLQ�
����

�����PLQ�
����

�����PLQ�
����

�����PLQ�
����

+).� �������� ��������� ��������� ��������� ���������

International Science and Technology Conference, Dubai, 13-15 December 2012

1142



ISTEC 20
12

)LJXUH������(IIHFWLYH�SRZHU�FKDQJH�
�
7KH�UHODWLRQ�EHWZHHQ�HIIHFWLYH�SRZHU�DQG�URWDWLRQ�LV�JLYHQ�LQ�ILJXUH�����DV�D�JUDSK��)RU�DOO�WKUHH�RSHUDWLRQV��LW�FDQ�EH�
VHHQ�WKDW�DV�WKH�URWDWLRQ�RI�HQJLQH�LQFUHDVHV�VR�GRHV�WKH�HQJLQH�SRZHU��$V�WKH�URWDWLRQ�RI�HQJLQH�LQFUHDVHV�VR�GRHV�WKH�
QXPEHU�RI�F\FOHV�LQ�XQLW�WLPH��WKHUHIRUH��LW�LV�DQ�H[SHFWHG�DQG�QDWXUDO�UHVXOW�WKDW�SRZHU�ZLOO�LQFUHDVH��,W�KDV�EHHQ�VHHQ�
WKDW� ZRUNLQJ� ZLWK� 6&� GRHV� QRW� KDYH� D� QRWLFHDEOH� SRVLWLYH� HIIHFW� RQ� WKH� HIIHFWLYH� SRZHU� RI� WKH� HQJLQH�� 7KH� ELJJHVW�
SRVLWLYH�HIIHFW�RI�RSHUDWLQJ�ZLWK�6&/�LV�ZLWQHVVHG�DW������PLQ���URWDWLRQ��$W�WKLV�URWDWLRQ��WKH�HIIHFWLYH�SRZHU�GLIIHUHQFH�
EHWZHHQ�6&/�DQG�+&/�ZDV�GHWHUPLQHG�DV���SHUFHQW���

:KHQ� WKH� JUDSKV� SURYLGHG� LQ� ILJXUHV� ����� ���� DQG� ���� DUH� H[DPLQHG�� LW� FDQ� EH� VHHQ� WKDW�PRPHQW� DQG� HIIHFWLYH�
SRZHU� YDOXHV� ZHUH� DOPRVW� YHU\� FORVH� WR� HDFK� RWKHU��<HW�� GHFUHDVH� KDV� EHHQ� REVHUYHG� LQ� DOO� URWDWLRQ� LQWHUYDOV� RI� WKH�
VSHFLILF�IXHO�FRQVXPSWLRQ�RI�6&�HQJLQH��PRVW�RI�ZKLFK�ZDV�����DW������URWDWLRQ��:KHQ�WKH�DYHUDJH�RI�VSHFLILF� IXHO�
FRQVXPSWLRQ� DW� YDULDEOH� URWDWLRQV� DQG� WRWDO� RSHUDWLQJ� SHULRG� LV� H[DPLQHG�� VRPH� ���� GHFUHDVH� KDV� EHHQ� ZLWQHVVHG��
7KHUHIRUH�ZKHQ�WKH�SRZHU�DQG�IXHO�FRQVXPSWLRQ�REWDLQHG�SHU�F\FOH�LV�WDNHQ�LQWR�FRQVLGHUDWLRQ�DQG�WKH�JUDSK�SURYLGHG�
LQ�ILJXUH�����LV�YLHZHG��LW�FDQ�EH�VHHQ�WKDW�WKH�KLJKHVW�FKDQJH�LQ�HIIHFWLYH�\LHOG�ZDV�LQ�6&�HQJLQH���

<HV��8QWKURWWOHG��GLUHFW�LQMHFWHG��VWUDWLILHG�FKDUJH�RSHUDWLRQ�RI�D�JDVROLQH�VSDUN�LJQLWHG�HQJLQH�\LHOGV�VLJQLILFDQW�
JDLQV�LQ�WKHUPDO�HIILFLHQF\��7KLV�JDLQ�FRPHV�IURP�D�UHGXFWLRQ�RU�HOLPLQDWLRQ�RI�WKURWWOLQJ�ORVVHV��LQFUHDVHG�FRPSUHVVLRQ�
UDWLR�DQG�OHDQ�FRPEXVWLRQ��%XW��7KH�FKDOOHQJH�IRU�WKH�VWUDWLILHG�FKDUJH�HQJLQH�LV�PHHWLQJ�IXWXUH�)HGHUDO�DQG�&DOLIRUQLD�
K\GURFDUERQ�DQG�QLWULF�R[LGH�HPLVVLRQV� VWDQGDUGV��7KLV� LV� GXH� WR�KLJK�K\GURFDUERQ�HPLVVLRQV�DW� OLJKW�ORDGV�DQG�KLJK�
QLWULF�R[LGH�HPLVVLRQV�DW�PLG�ORDG��

�
�

�
)LJXUH������&KDQJH�LQ�VSHFLILF�IXHO�FRQVXPSWLRQ�

�

�
)LJXUH������&KDQJH�LQ�HIIHFWLYH�\LHOG�

�
�
)XHO�(FRQRP\��5HODWLYHO\�(DVLHU�WR�'HPRQVWUDWH��

x /LWWOH�RU�QR�7KURWWOLQJ�ORVVHV��QR�SXPSLQJ�ORRS��
x 5HGXFHG�KHDW�ORVVHV��EXUQLQJ�RFFXUV�ZLWK�OHVV�FRQWDFW�ZLWK�ZDOOV��RYHUDOO�WHPSHUDWXUH�ORZHU��
x /HDQ� FRPEXVWLRQ� �OHVV� KHDW� XVHG� XS� LQ� UDLVLQJ� LQWHUQDO� HQHUJ\� RI� FKDUJH� VR� PRUH� DYDLODEOH� IRU� XVHIXO�

ZRUN��
x +LJKHU� FRPSUHVVLRQ� UDWLR� �PRUH� NQRFN� WROHUDQW� EHFDXVH� HQG�JDV� SURSHUWLHV� DUH� IDYRUDEO\� PRGLILHG�

UHGXFHG�WKHUPDO�GLVVRFLDWLRQ��
,Q�LQWHUQDO�FRPEXVWLRQ�HQJLQHV��LW�LV�NQRZQ�WKDW�DLU�PRYHPHQWV�KDYH�SRVLWLYH�LPSDFW�RQ�PL[WXUH�SUHSDUDWLRQ�DQG�

FRPEXVWLRQ��7KH�LQFUHDVH�LQ�HQJLQH�URWDWLRQ�LQFUHDVHV�WKH�FKDUJH�VSHHG�DQG�JDV�PRYHPHQWV�ZLWKLQ�WKH�F\OLQGHU��:KHQ�
ILJXUH� ���� LV� H[DPLQHG�� LW� FDQ� EH� VHHQ� WKDW� DV� WKH� QXPEHU� RI� URWDWLRQ� LQFUHDVHV��+&� GHFUHDVHV� IRU� DOO� WKUHH� W\SHV� RI�
HQJLQHV��7KH�H[WUD�WXUEXOHQFH�SURYLGHG�E\�GLUHFWRUV�DW�WKH�HQWUDQFH�FKDQQHOV�RI�6&/�HQJLQH�WR�WKH�PL[WXUH�PHDQW�ORZHU�
+&�YDOXHV�IRU�WKLV�HQJLQH��7KH�LQFUHDVH�LQ�($&��ZKLFK�PHDQV�WKDW�VXIILFLHQW�2��LV�IRXQG�IRU�FRPSOHWLRQ�RI�FRPEXVWLRQ�
ZLWKLQ� WKH�F\OLQGHU�GXH� WR� WKH�PL[WXUH�EHFRPLQJ� OHDQHU��FDXVHV�GHFUHDVH� LQ�&2�YDOXHV�>��@�� ,Q� WKH�JUDSK�SURYLGHG� LQ�
ILJXUH������&2�YDOXHV�WHQG�WR�GHFUHDVH�IRU�6&/�FDQ�EH�H[SODLQHG�E\�DQ�LQFUHDVH�LQ�($&���
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)XHO� LQMHFWLRQ�RFFXUV� UHODWLYHO\�HDUO\� LQ� WKH�FRPSUHVVLRQ�VWURNH��PDMRU�PL[LQJ�EHWZHHQ�IXHO�DQG�DLU� WDNHV�SODFHV�
EHIRUH�LJQLWLRQ��FRPSUHVVLRQ�UDWLR�LV�PRUH�NQRFN�OLPLWHG�OLNH�FRQYHQWLRQDO�KRPRJHQHRXV�FKDUJH�6,�HQJLQHV��

([SHFWHG�JDLQV�LQ�WKHUPDO�HIILFLHQF\�ZHUH�PRVWO\�UHDOL]HG��+RZHYHU��SUREOHPV�ZLWK�KLJK�OLJKW�ORDG�K\GURFDUERQ�
HPLVVLRQV��KLJK�PLG�ORDG�QLWULF�R[LGH�HPLVVLRQV�DQG�PD[LPXP�SRZHU�ZHUH�HQFRXQWHUHG��

�+\GURFDUERQV��0DMRU�VRXUFH�RI�HQJLQH�RXW�K\GURFDUERQ�HPLVVLRQV�LV�GXH�WR�TXHQFKLQJ�RI�WKH�IODPH�LQ�WKH�RYHUO\�
OHDQ�IULQJHV�RI�WKH�IXHO�DLU�FORXG��

1LWULF�R[LGH�� PDMRU� VRXUFH� RI� HQJLQH�RXW� QLWULF�R[LGH� HPLVVLRQV� LV� VWRLFKLRPHWULF� FRPEXVWLRQ� DW� ORFDO� UHJLRQV��
ZLWKLQ�WKH�FRPEXVWLRQ�FKDPEHU��

�
)LJXUH������7KH�GLVWULEXWLRQ�RI�WKH�PL[WXUH�LQ�WKH�FRPEXVWLRQ�FKDPEHU�

�

�
)LJXUH������+&�UHVXOWV�PHDVXUHG�DV�D�UHVXOW�RI�WHVWV�

�
�

�
)LJXUH������&2�UHVXOWV�PHDVXUHG�DV�D�UHVXOW�RI�WHVWV�

�
&RQFXOXVVLRQ�
�

$V�D�UHVXOW��DOWKRXJK�WKH�RSHUDWLRQ�LQWHUYDO�RI�WKH�HQJLQH�LV�ZLWKLQ�OHDQ�]RQH��PRPHQW�DQG�HIIHFWLYH�SRZHU�YDOXHV�
IRU� DOO� HQJLQH� W\SHV� WXUQHG� RXW� WR� EH� FORVH� WR� HDFK� RWKHU� ZLWK� 6&� PHWKRG�� \HW�� ZKHQ� VSHFLILF� IXHO� FRQVXPSWLRQ� LV�
H[DPLQHG��LW�FDQ�EH�VHHQ�WKDW�����GHFUHDVH�LV�REWDLQHG�LQ�6&�HQJLQH�DQG�����GHFUHDVH�LV�REWDLQHG�LQ�HPLVVLRQ�UDWHV���

(PLVVLRQV��+LJK�5LVN��,GHDO�SURSHUWLHV�RI�IXHO�DLU�FORXG�DUH�GLIILFXOW�WR�DWWDLQ��HVSHFLDOO\�RYHU�HQWLUH�ORDG�UDQJH��
([FHVVLYH�OHDQ�IULQJHV�RI�FORXG�H[WLQJXLVK�WR�FDXVH�D�+&�HPLVVLRQV�SUREOHP��
([FHVVLYH�VWRLFKLRPHWULF�UHJLRQV�RI�FORXG�FDXVH�12[�HPLVVLRQV�SUREOHP��
/HDQ� QDWXUH� RI� FRPEXVWLRQ� SUHYHQWV� XVH� RI� D� FRQYHQWLRQDO� ��ZDW� FDWDO\VW� �DQG� OHDQ�12[� FDWDO\VWV� VWLOO� XQGHU�

GHYHORSPHQW���
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'LUHFW�,QMHFWLRQ� 6WUDWLILHG�&KDUJH� *DVROLQH� (QJLQHV� KDYH� VLJQLILFDQWO\� KLJKHU� IXHO� HFRQRP\� WKDQ� FRQYHQWLRQDO�
WKURWWOHG�HQJLQHV��EXW� WKH\�DOVR�KDYH�VLJQLILFDQWO\�KLJKHU�+&�DQG�12[�HPLVVLRQV��+RZHYHU��GXH� WR�UHFHQW�VLJQLILFDQW�
DGYDQFHV�LQ�'LUHFW�)XHO�,QMHFWLRQ�V\VWHP�WHFKQRORJ\��HQJLQH�FRQWURO�V\VWHPV��DQG�H[KDXVW�DIWHU�WUHDWPHQW�V\VWHPV�DQG�
XQGHUVWDQGLQJ� RI� OHDQ� DQG� GLUHFW�LQMHFWLRQ� FRPEXVWLRQ� SURFHVVHV�� UHYLVLWLQJ� WKH� ',6&� HQJLQH� LV� ZDUUDQWHG�� (QJLQH�
&RQWURO�6\VWHPV�±�&RPSOH[�FRQWURO�V\VWHPV�QHHGHG�IRU�FRQWURO�RI�FRPSOH[�',6&�FRPEXVWLRQ�SURFHVV�DUH�DOUHDG\�KHUH��
,PSURYHG�8QGHUVWDQGLQJ�RI�&RPEXVWLRQ�3URFHVV�±�7KLV�LV�DWWULEXWDEOH�WR�RQJRLQJ�ZRUN�DQG�SURJUHVV�LQ�XQGHUVWDQGLQJ�
SRUW�LQMHFWHG�OHDQ�EXUQ��DQG�GLUHFW�LQMHFWHG�WZR�VWURNH�DQG�IRXU�VWURNH�FRPEXVWLRQ�SURFHVVHV��
�
5HIHUHQFHV�
�
/HH�&+��/HH�.+��$Q�H[SHULPHQWDO�VWXG\�RI� WKH�FRPEXVWLRQ�FKDUDFWHULVWLFV� LQ�6&&,�DQG�&$,�EDVHG�RQ�GLUHFW�LMHFWLRQ�
JDVROLQH�HQJLQH��([SHULPHQWDO�7KHUPDO�DQG�)OXLG�6FLHQFH��������������±������
�
.DWR�6��2QLVKL� 6� DQG�.RED\DVKL�6�� �'LUHFW� ,QMHFWLRQ�6WUDWLILHG�&KDUJH�(QJLQH�E\� ,PSLQJHPHQW�RI�)XHO� -HW� �26.$��
3HUIRUPDQFH�DQG�&RPEXVWLRQ�&KDUDFWHULVWLFV���6$(�3DSHU���������������
�
.HULPRY� 1$� DQG� 0HNWL\HY� 5,�� (QJLQHV� ZLWK� 6WUDWLILHG� &KDUJH�� 6$(� 7HFKQLFDO� 3DSHU� 1R�� ������� 6RFLHW\� RI�
$XWRPRWLYH�(QJLQHHUV�3HQQV\OYDQLD��������������S�����
�
.XPH� 7�� ,ZDPRWR�<�� ,LGD� .��0XUDNDPL�0�� $NLVKLQR�.� DQG�$QGR�+�� &RPEXVWLRQ� &RQWURO� 7HFQRORJLHV� IRU� 'LUHFW�
,QMHFWLRQ�6,�(QJLQHV��6$(�3DSHU��������������
�
,ZDPRWR�<��1RPD�.��1DND\DPD�2��<DPDXFKL�7�DQG�$QGR�+��'HYHORSPHQW�RI�*DVROLQH�'LUHFW�,QMHFWLRQ�(QJLQH��6$(�
3DSHU���������������
�
0�.DQHNR��HW�DO��6WXG\�RQ�KRPRJHQHRXV�FKDUJH�FRPSUHVVLRQ�LJQLWLRQ�JDVROLQH�HQJLQH��&RPRGÕD����������±�����
�
0HKGL\HY� 5�� %D\NDUD� '�� $UVODQ�+�� *�G�� 7�� � '�ú�N� (PLV\RQOX� YH� <�NVHN�9HULPOL� <HQL� � %LU� .DGHPHOL� � 'ROJXOX�
%HQ]LQ��
0RWRUX��0�KHQGLV�YH�0DNLQD����&LOW������6D\�������
�
5LFDUGR�+�5��5HFHQW�:RUN�RQ�,QWHUQDO�&RPEXVWLRQ�(QJLQH�6$(�-XUQDO���������������
�
)LVKHU�&+�� 6SDUN� �� ,JQLWLRQ� (QJLQHV� )XHO� ,QMHFWLRQ�'HYHORSPHQW�&DUEXUDWLRQ��9ROXPH� ,,� �WK� HG�� �&KDSPDQ�	�+DOO�
/7'��������
�
.�KQ�0��$EWKRII�M��.HPPOHU�5��.DLVHU�7��,QIOXHQFH�RI�2QOHW�3RUW�DQG�&RPEXVWLRQ�&KDPEHU�&RQILJXUDWLRQ�RQ�WKH�/HDQ�
%XUQ�%HKDYLRXU�RI�D�6SDUN�,JQLWLRQ�*DVROLQH�(QJLQH��6$(�3DSHU���������������
�
7DNDJL�<��7KH�5ROH� RI�0L[WXUH� )RUPDWLRQ� LQ� ,PSURYLQJ� )XHO�(FRQRP\� DQG�5HGXFLQJ�(PLVVLRQ� RI�$XWRPRWLYH� 6�,��
(QJLQHV��;;9,�WK�&RQJUHV�),67$��3UDJXH�������
�
6SLJHO�/��6SLFKHU�8��0L[WXUH�)RUPDWLRQ�DQG�&RPEXVWLRQ�LQ�D�6SDUN�,JQLWLRQ�(QJLQH�ZLWK�'LUHFW�)XHO�,QMHFWLRQ��6$(�
3DSHU��������������
�
$XWRPRWLYH�(QJLQHHULQJ���0LWVXELVK¶V�����/�099�/HDQ�%XUQ�(QJLQH�������������
�
,ZDPRWR�<��/HDQ�DQG�&OHDQ�(QJLQH�7HFKQRORJ\�7RN\R�0RWRU�6KRZ��������
�
%DKU�$��7R\RWD�&DULQD¶����PLW�QHXHP�0DJUHPL[�0RWRU�XQG�JHUHJHOWHP�'UHLZHJZ�.DWDO\VDWRU��07=�0RWRUWHFKQLVFKH�
=HLWVFKULIW��������������
�
0HKGL\HY� 5�� %D\NDUD� '�� $UVODQ�+�� *�G�� 7�� øNL� DúDPDGD� \DQPD�PHNDQL]PDVÕ� LOH� oDOÕúDQ� NDGHPHOL� GROJXOX� EHQ]LQ�
PRWRUXQXQ�JHOLúWLULOPHVL����2727(.21�������

�
�
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STUDY OF THE EFFECT OF PESTICIDES ON SOME PHYSICO-
CHEMICALS AND MICROBIOLOGICALS PARAMETERS OF SOIL AND 

WATER IN NORTH-EASTERN ALGERIA 
 

2XDKLED�%RUGMLED���DQG�$EGHOKDNLP�%HOD]H���

�%$'-,�0RNKWDU�$QQDED�8QLYHUVLW\��3�2�%R[�������������$QQDED��$OJHULD��
)DFXOW\�RI�6FLHQFHV��'HSDUWPHQW�RI�%LRORJ\�

����������������������������������3ODQW�%LRORJ\�DQG�HQYLURQPHQWDO�/DERUDWRU\�
�

(�PDLO��RXDKLEDBERUGMLED#\DKRR�IU�
 

Abstract :� $PRQJ� WKH� FKHPLFDOV� PRVW� FRPPRQO\� XVHG� FXUUHQWO\� LQ� RXU� � HQYLURQPHQW�� 7KRVH�
DUH� XQGRXEWHGO\� SHVWLFLGHV� DQG� UHODWHG� SURGXFWV�� ,I� SHVWLFLGHV� DUH� DW� ILUVW�
DSSHDUHG�EHQHILFLDO��KDUPIXO�VLGH�HIIHFWV�KDYH�EHHQ�JUDGXDOO\�UHYHDOHG��7KHLU�WR[LFLW\��GXH�WR�WKH�
PROHFXODU� VWUXFWXUH� LV� QRW� OLPLWHG� LQGHHG� WR� RQO\� VSHFLHV� WKDW� ZH� ZLVK� WR� HOLPLQDWH�� 7KH\� DUH�
SDUWLFXODUO\�WR[LF�WR�WKH�YDULRXV�FRPSRQHQWV�RI�WKH�HQYLURQPHQW���
2XU�VWXG\�DLPV�WR�DVVHVV�WKH�GHJUHH�RI�SROOXWLRQ�RI�VRLO�DQG�VXUIDFH�ZDWHU�LQ�IDUPLQJ�DUHDV�VLWXDWHG�
LQ�WKH�1RUWK�(VW�RI�$OJHULD�DQG�VXEMHFW�WR�WKH�HIIHFW�RI�SHVWLFLGHV�IRU�VHYHUDO�\HDUV��7R�GR�WKLV��WKH�
SK\VLFR���FKHPLFDO�FKDUDFWHULVWLFV�RI�ZDWHU�DQG�VRLO�ZHUH�GHWHUPLQHG��7KH�DQDO\]HV�KDYH�IRFXVHG�
RQ� S+�� %2'��&2'�� HOHFWULFDO� FRQGXFWLYLW\�� RUJDQLF� PDWWHU�� QLWULWHV� DQG� QLWUDWHV�� 7KH� WRWDO�
PLFURIORUD� VDPSOHV� RI� ZDWHU� DQG� VRLO� ZDV� DOVR� HYDOXDWHG�� 7KH� SK\VLFR�FKHPLFDO�
SDUDPHWHUV� VWXGLHG� ZHUH� DQDO\]HG� E\� VWDQGDUG� PHWKRGV� DFFRUGLQJ� WR� WKH� JHQHUDO�
JXLGHOLQHV� IRU� VWRUDJH� DQG� PDQLSXODWLRQ�� 7KH� IXQJDO� PLFURIORUD� ZDV� GHWHUPLQHG� XVLQJ�
LGHQWLILFDWLRQ�NH\V��7KH�LGHQWLILFDWLRQ�RI�LVRODWHG�DQG�SXULILHG�EDFWHULD�ZDV�LQVWHDG�SHUIRUPHG�E\�D�
VFDQ�DSLZHE�VRIWZDUH��$SL�ZHE�%LRPHULHX[�)UDQFH���
7KH�UHVXOWV�VKRZ�WKDW�WKHUH�LV�D�SROOXWLRQ�RI�ZDWHU�DQG�VRLO��7KH�YDOXHV�RI�VRPH�SDUDPHWHUV�RIWHQ�
H[FHHG� WKH� SUHVFULEHG� VWDQGDUGV� DQG� HVSHFLDOO\� WKRVH� RI� QLWULWH� DQG� HOHFWULFDO� FRQGXFWLYLW\�� 7KH�
LVRODWHG�PLFURIORUD�FRQVLVWV�RI�����ZKRVH��PRVW�IUHTXHQW��DUH��%DFLOOXV�DQG�0LFURFRFFXV�DQG����
RI�IXQJL�ZLWK�D�SUHGRPLQDQFH�RI�$VSHUJLOOXV��
�
Keywords��SHVWLFLGHV��SK\VLFR�FKHPLFDO�SDUDPHWHUV��ZDWHU��VRLO��PLFURIORUD��EDFWHULD��IXQJL��

Introduction 

         0RVW�SHVWLFLGHV�XVHG�LQ�GHYHORSLQJ�FRXQWULHV�DUH�KLJKO\�WR[LF�FKHPLFDOV��$SSUR[LPDWHO\�����RI�LPSRUWV�
RI�SHVWLFLGHV�EHORQJ�WR�FDWHJRULHV��D��H[WUHPHO\�WR[LF��DQG��E��KLJKO\�WR[LF��DFFRUGLQJ�WR�:RUOG�+HDOWK�2UJDQL]DWLRQ��
$OWKRXJK�WKH�DSSOLFDWLRQ�RI�WKHVH�SHVWLFLGHV�HQVXUHV�D�FHUWDLQ�TXDOLW\�RI�FURS�SURGXFWLRQ��LQ�SDUWLFXODU�WKH�SHUIRUPDQFH�
DQG�SK\WRVDQLWDU\�TXDOLW\���LW�FRQWULEXWHV�WR�FRQWDPLQDWH�WKH�GLIIHUHQW�FRPSDUWPHQWV�RI�WKH�HQYLURQPHQW��HVSHFLDOO\�VRLO�
DQG�ZDWHU�UHVRXUFHV�� 
���������3HVWLFLGHV�DIIHFW�VRLO�TXDOLW\�E\�UHGXFLQJ�IHUWLOLW\��ORVV�RI�QXWULPHQWV�DQG�RUJDQLF�PDWWHU��UHGXFLQJ�
WKH�WRWDO�PLFURELDO�ELRPDVV���+HUELFLGHV�VXFK�DV�VXOIRQ\OXUHDV��EHQVXOIXURQ�PHWK\O��%��DQG�
PHWVXOIXURQ�PHWK\O�JHQHUDWH�D�FRQVLGHUDEOH�UHGXFWLRQ�RI�WKH�VRLO�PLFURELDO�ELRPDVV��7DLZR�DQG�2VR��������%ROGW�DQG�
-DFREVHQ��������%D[WHU�DQG�DO����������$OVR�$JULFXOWXUDO�SHVWLFLGHV�DOVR�SROOXWH�VXUIDFH�ZDWHU�DQG�JURXQGZDWHU��
7KLV�FRQWDPLQDWLRQ�LV�VHDVRQDO��WKH�KLJKHVW�FRQFHQWUDWLRQV�EHLQJ�PHDVXUHG�GXULQJ�DQG�DIWHU�DSSOLFDWLRQ�RI�UDLQIDOO�SHULRG�
�XS�WR�D�IHZ��J���O�FDQ�WKHQ�EH�PHDVXUHG�LQ�WKH�VDPSOHV�DQDO\]HG���,Q�UHFHQW�\HDUV��YDULRXV�VWXGLHV�UHDOL]HG�LQ�
$OJHULD�KDYH�GHPRQVWUDWHG�WKH�SUHVHQFH�RI�PDQ\�SHVWLFLGHV�LQ�ZDWHU��$QQDED��$OJLHUV��6pWLI��DQG�DOVR�LQ�RXU�IRRG��PRUH�
WKDQ�����RI�IUXLW�DQG�YHJHWDEOHV�SURGXFHG�E\�LQWHQVLYH�DJULFXOWXUH�FRQWDLQ�YDULRXV�PROHFXOHV�RI�SHVWLFLGHV��$OO�WKHVH�
WR[LF�FRPSRXQGV�HYHQWXDOO\�HQG�XS�LQ�RXU�RUJDQLVP��EURXJKW�E\�WKH�VRLO��ZDWHU�DQG�IRRG��
�����������6R�DKHDG�WKLV�VLWXDWLRQ��WKH�PDLQ�REMHFWLYH�RI�RXU�VWXG\�ZDV�WR�FKHFN�WKH�TXDOLW\�RI�VRLOV�DQG�ZDWHUV��VXUIDFH�LQ�
UHJLRQV�RI�QRUWK�HDVWHUQ�$OJHULD�VXEMHFW�WR�WKH�HIIHFW�RI�VHYHUDO�SHVWLFLGHV��
�
Material and methods 

Collect of samples 
���������6DPSOHV�DUH�WDNHQ�IURP�IDUPLQJ�DUHDV�ORFDWHG�LQ�WKH�QRUWK�HDVWHUQ�SDUW�RI�$OJHULD�LQWHQGHG�WR�WKH�YHJHWDEOH�
FURSV��WRPDWR��SRWDWR��SHSSHU�DQG�ZKHDW��DQG�VXEMHFW�WR�WKH�HIIHFWV�RI�PDQ\�SHVWLFLGHV��7KH�PDLQ�SHVWLFLGHV�XVHG�
DUH��EURPXFRQD]RO��IOXD]LIRS��S�EXW\O��FLPR[DQLO��SURSLQHE��PDQFR]HE��GHOWDPHWKULQH��SHQGLPHWKDOLQH�DQG�
WHEXFRQD]RO��6RLO�VDPSOHV�ZHUH�FROOHFWHG�LQ�VWHULOH�WXEHV�FORVHG��7KH\�DUH�WKHQ�SODFHG�LQ�WKH�VDPH�FRQGLWLRQV�LQ�
ZKLFK�WKH\�DUH�PL[HG�WR��REWDLQ�D�UHSUHVHQWDWLYH�PLFURIORUD��DQG�WKHQ�NHSW�DW�����&�XQWLO�DQDO\VLV��:DWHU�DUH�FROOHFWHG�LQ�
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ERWWOHV�GHVLJQHG�IRU�ZDWHU�VDPSOHV��7KHVH�DUH�VWRUHG�DW�����&�DQG�WUDQVSRUWHG�WR�WKH�ODERUDWRU\�RQ�WKH�VDPH�GD\�ZLWK�D�
YLHZ�WR�DQDO\VLV��
 
Analysis of physico-chemicals parameters 
� � � � � � � � �5HJDUGLQJ�ZDWHU�� WKH� DQDO\]HV� IRFXVHG�RQ�S+��HOHFWULFDO�FRQGXFWLYLW\��%2'���&2'��QLWUDWHV�DQG�QLWULWHV��7KH�
WHFKQLTXHV� XVHG� DUH� WKRVH� GHVFULEHG� E\� 5RGLHU� �������� 5HJDUGLQJ� WKH� VRLO�� RQO\� WKH� IROORZLQJ� SDUDPHWHUV�� RUJDQLF�
PDWWHU�� HOHFWULFDO� FRQGXFWLYLW\�� S+� ZHUH� HYDOXDWHG� E\� VWDQGDUG� PHWKRGV� DQG� FRPSDUHG� ZLWK� WKH� VFDOHV� � UHSRUWHG� LQ�
VROWQHU���������*DXFKHU��������DQG�GXUDQG�HW�DO������������
 
Evaluation of the total soil microflora 
� � � � � � � � � 7KH� VXVSHQVLRQ� LV� SUHSDUHG� E\� WKH� GLOXWLRQ� PHWKRG� GHVFULEHG� LQ� WKH� VWDQGDUG� ',1� ������ IRU� WKH� WRWDO�
FRXQW�RI�FRORQLHV���
������������J�RI�VRLO�IURP�HDFK�VDPSOH�ZDV�VWLUUHG�LQ�����PO�RI�VWHULOH�5LQJHU
V�VROXWLRQ��FDVVDJQH���������7KH�UHVXOWLQJ�
VXVSHQVLRQ� LV� GLOXWHG� WR� ����WK� DQG� �����WK� DQG� ������WK� IURP� ZKLFK� �� PO� LV� WDNHQ� WKDW� VSUHDG� LQ� D� 3HWUL�
GLVK�DQG�HPSW\����PO�RI�VWHULOH�FXOWXUH�PHGLXP��7KH�GLVKHV�DUH�LQFXEDWHG�DW������&�WHPSHUDWXUH�IRU���WR���GD\V��
���������,VRODWLRQ�RI�IXQJDO�VSHFLHV�LV�PDGH�RQ�3'$�DQG�0XOOHU�KLQWRQ�PHWKRG�RI�:DUFXS��3DUNLQVRQ�DQG�:DLG���������E\�
VHHGLQJ� GHSWK�� $OLTXRWV� RI� VRLO� DUH� GLVWULEXWHG� LQ� 3HWUL� GLVKHV� ���� PP� GLDPHWHU�� DQG� FRYHUHG� ZLWK� VWHULOH� QXWULHQW�
PHGLXP��7KH�SHWUL�GLVKHV�LQ�WULSOLFDWH�IRU�HDFK�FDVH�ZHUH�LQFXEDWHG�DW����&�
�
Identification of the microflora isolated 
� � � � � � � � � %DFWHULDO� LVRODWHV� ZHUH� SXULILHG� E\� VXEFXOWXULQJ� RQ� 0XOOHU�+LQWRQ�� $IWHU� VWXG\LQJ� WKH� PRUSKRORJ\�� *UDP�
VWDLQLQJ�DQG�VWXG\�RI�SK\VLFR�FKHPLFDO�FKDUDFWHULVWLFV�JDOOHULHV�ZLWK�$3,����(�DQG�$3,����1(�� LGHQWLILFDWLRQ� LV� WKHQ�
SHUIRUPHG� E\� D� VFDQQLQJ� VRIWZDUH� $3,� :HE� �:HE� $3,� %LRPHULHX[� )UDQFH�� ��
5HJDUGLQJ� IXQJDO� VWUDLQV� DIWHU� SXULILFDWLRQ� RQ� 6DERXUDXG� PHGLXP�� WKH\� DUH� GHWHUPLQHG� XVLQJ� LGHQWLILFDWLRQ� NH\V� GH�
%RWWRQ�HW�DO���������7RPH��DQG����
�
Results and discussion 

 
Analysis of water physico-chemicals parameters  
 

 
Figure 1 :�PHDQ�YDOXHV�RI�SK\VLFR�FKHPLFDOV�SDUDPHWHUV�RI�ZDWHUV�DQDO\]HG 
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Figure 2 :�0HDQ�YDOXHV�RI�WKH�HOHFWULFDO�FRQGXFWLYLW\�RI�ZDWHUV�DQDO\]HG�

� � � � � � � � �7KH�SK\VLFR�FKHPLFDOV� DQDO\]HV�SHUIRUPHG�RQ�ZDWHU� VDPSOHV� VKRZ� ILUVWO\� D� KLJK� FRQFHQWUDWLRQV�RI� QLWULWH� ���
PJ�O��DERYH�WKH�DOORZDEOH�YDOXHV�ZKLFK�DUH�EHWZHHQ���DQG���PJ�O��LQGLFDWLQJ�WKH�SUHVHQFH�RI�WR[LF�VXEVWDQFHV��1LWULWHV�
DUH� WR[LF� WR�RUJDQLVPV�� ,W� VHHPV� WKDW� WKH� VLWXDWLRQ� LV�YHU\�FULWLFDO�ZKHQ�D�FRQFHQWUDWLRQ� LV�PRUH� WKDQ���PJ�O�RI�QLWULWH�
�/LVHF�� ������� 2Q� WKH� RWKHU� KDQG�� WKH� YDOXHV� REWDLQHG� IRU� WKH� HOHFWULFDO� FRQGXFWLYLW\� DUH� DOVR� YHU\� KLJK� DERYH�
LQWHUQDWLRQDO�VWDQGDUGV�HOLJLEOH�ZLWK�DQ�DYHUDJH�RI�����ȝ�FP��7KHVH�KLJK�YDOXHV�VKRZ�WKH�SUHVHQFH�RI�VDOWV�GLVVROYHG�LQ�
ZDWHU��063(���������2WKHU�DQDO\]HG�SDUDPHWHUV�DSSHDU�EHORZ�WKH�VWDQGDUGV�YDOXHV��

Analysis of physico-chemicals soil parameters 
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Figure 3 :�0HDQ�YDOXHV�RI�RUJDQLF�PDWWHU�VRLOV�
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�

�

Figure 4 :�PHDQ�YDOXHV�RI�S+�VRLOV�

�

�

Figure 5 :�0HDQ�YDOXHV�RI�WKH�HOHFWULFDO�FRQGXFWLYLW\�VRLOV�

7KH�YDOXHV�RI�WKH�SDUDPHWHUV�GHWHUPLQHG�DQG�FRPSDUHG�ZLWK��WKRVH�RI�VHYHUDO�DXWKRUV�VFDOHV�LQGLFDWHG�WKDW��WKH�VRLO�LV�
ULFK�LQ�RUJDQLF�PDWWHU��ZLWK�EDVLF�S+�DQG�XQVDOWHG�SRRU�LQ�PLQHUDOV�ZLWK�D�YHU\� ORZ�FRQGXFWLYLW\�SUREDEO\�GXH�WR�WKH�
SUHVHQFH�RI��SHVWLFLGHV��

�

Evaluation of the total soil microflora�

Table 1: (YDOXDWLRQ�RI�IXQJDO�DQG�EDFWHULDO�PLFURIORUD�RI�GLIIHUHQW�DQDO\]HG�VRLOV�
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�
 

Figure 6 :�SHUFHQWDJH�RI�EDFWHULD�DQG�IXQJL��JUDPPH�RI�VRLO�DQDO\]HG�
�

 
Table 2 :�,GHQWLILFDWLRQ�RI�LVRODWHG��VRLO�PLFURIORUD�

�
EDFWHULDO�VWUDLQV� IXQJDO�VWUDLQV�

 Aeromonas 
 Bacillus 
Chryseobacterium  
Micrococcus 
Pasteurella  
Pneumotropica 
Serratia 
Vibrio 
 
�

Absidia 
Aspergillus 
Fusarium 
Penicillium 
Trichoderma 
�

 
���������7KH�WRWDO�PLFURELDO�PLFURIORUD�LVRODWHG�LV��FRPSRVHG�RI������FRORQLHV���J�VRLO��PRVW�RI�ZKLFK�FRQVLVWV�RI�EDFWHULD�
������� 7KH� EDFWHULD� DSSHDU� WR� EH� PRUH� WROHUDQW� WR� WKH� HIIHFWV� RI� SHVWLFLGHV� VSUD\HG� RQ� WKH� JURXQG�� 7KH�
IXQJDO� PLFURIORUD� DSSHDUV� WR� EH� PRUH� VHQVLWLYH� EHFDXVH� LW� LV� OHVV� DEXQGDQW� ZLWK� D� PXFK� VPDOOHU� QXPEHU� ������ ,Q�
DGGLWLRQ��ZH�ILQG�WKDW�WKHUH�LV�QRW�PXFK�GLIIHUHQFH�IURP�D�VDPSOH�WR�DQRWKHU��WKH�VDPH�JHQHUD�DUH�SUHVHQW�LQ�DOPRVW�DOO�
VDPSOHV� ZLWK� KLJKHU� RU� ORZHU� IUHTXHQFLHV�7KH� PRVW� FRPPRQ� EDFWHULD� DUH� PDLQO\� Micrococcus� 
Bacillus�� Aeromonas�� Chryseobacterium� DQG� Serratia�� Aspergillus�� Penicillium� DQG� Trichoderma� DUH� WKH� PRVW�
SUHGRPLQDQW�DPRQJ�IXQJDO�PLFURIORUD��
�

 
Conclusion 
 
� � � � � � � � �7KLV�VWXG\�DOORZHG�XV� WR�REWDLQ�D�IDLUO\� ULFK�PLFURIORUD�GLVWULEXWHG�DOPRVW�XQLIRUPO\� WKURXJKRXW�DOO�VLWHV�� ,W� LV�
FRPSRVHG� RI� VHYHUDO� PLFURELDO� VSHFLHV� ZKLFK� PD\� VXUYLYH� LQ� WKH� FRQGLWLRQV� RI� D� KLJKO\� SROOXWHG� VRLO� E\� WKH� DFWLRQ�
RI� VHYHUDO� KHUELFLGHV�� IXQJLFLGHV� DQG� LQVHFWLFLGHV�� +RZHYHU�� WKH� JURZWK� RI� IXQJDO� VSHFLHV� LV� VRPHWLPHV� LQKLELWHG� LQ�
PRVW� VDPSOHV�� :H� WKLQN� WKDW� WKLV� LQKLELWLRQ� LV� SUREDEO\� GXH� WR� WKH� SUHVHQFH� RI� SHVWLFLGHV� LQ� WKH� WUHDWHG� VRLO��
7KH�DFFXPXODWHG�GRVHV�IROORZLQJ�UHSHDWHG�WUHDWPHQWV�IRU�VHYHUDO�\HDUV��EHFRPH�WR[LF�WR�WKH�IXQJDO�VWUDLQV���
Micrococcus� Bacillus�DQG Aspergillus�SDUWLFXODU�DUH�WKH�PRVW�SUHGRPLQDQW�PLFURRUJDQLVPV�RI�WKH�PLFURIORUD��7KH\�DUH�
UHVLVWDQW�WR�YDULRXV�SROOXWDQWV�DQG�HQGXUH�KLJK�FRQFHQWUDWLRQV�RI�KHUELFLGHV��'RPVFK�DQG�DO���������6DJH�DQG�DO����������
6WHLPDQ�DQG�DO�����������
���������7KH� GLVWULEXWLRQ� RI� WKH� VRLO� PLFURIORUD� LV� LQIOXHQFHG� E\� WKH� FKDUDFWHULVWLFV� RI� WKH� KDELWDW�� VXFK� DV�� S+�� RUJDQLF�
PDWWHU�FRQWHQW��KXPLGLW\��VRLO�WH[WXUH�DQG�HOHFWULFDO�FRQGXFWLYLW\� 
�
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STUDY ON SUPERCRITICAL FLUID EXTRACTION OF AROMATIC 
COMPOUND FROM ROASTED COCOA BEANS USING MULTILEVEL 

FACTORIAL DESIGN 
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PT12621, Nilai Industrial Area, 71800 Nilai, Negeri Sembilan, Malaysia 
*corresponding author; Tel: +606-7998873, Fax: +606-7941910, Email: aziela@koko.gov.my 

 
ABSTRACT 
Extraction of aromatic compound from cocoa beans was carried out using Supercritical Fluid Extraction (SFE) in order 
to obtain natural cocoa extract for perfume formulation.  The experiment was carried out by multilevel factorial design 
to investigate which factors; pressure (100, 125, 150 & 200 bar) and time (30, 45, 60 and 75 minutes), influence the 
extraction condition of cocoa aromatic (5-methyl-2-phenyl-2-hexenal), fatty acid (hexadecanoic acid) and alkaloid 
(caffeine) compounds.   It was found out that the factors influence, significantly, yield of extract and extraction of fatty 
acid compound, while only pressure significantly affected amount of aromatic compound extracted.  Extraction with 
high amount of aromatic compound (24.5mg/g extract) was obtained at 200 bar and 45 minutes.  This result is used as a 
based to investigate further on the optimum condition to obtain high yield of aromatic compound in order to formulate 
the natural cocoa-scented perfume. 
 
INTRODUCTION 
Cocoa aroma is contributed by at least by eleven groups of compounds (Table1), including pyrazines, esters, carbonyls, 
phenols and hydrocarbons (Jinap, et al. 1998; Jinap, et al. 2004).  Acidic compounds such as acetic, isobutyric, 
isovaleric, hexanoic and pentanoic acids were reduced during roasting (Krysiak, et al. 2007).  Van Praag, et al. (1968) 
suggested that cocoa aroma was contributed by aldehydes and pyrazines by extraction using steam distillation in three 
portions (acidic, neutral and basic). The basic fraction consists of compounds with nutlike smelling components such as 
alkyl substituted pyrazines, while the acidic fraction gave the slight phenolic odor. Among these three fractions, the 
neutral fraction was the most important as it contains 5-methyl-2-phenyl-2-hexanal which possess deep and bitter 
persistent cocoa note together with isovaleraldehyde and methyl disulfide.  Furthermore, Bonvehi, et al. (2005) 
identified that 5-methyl-2-phenyl-2-hexenal gave the intense bitter taste to cocoa, as well as 4-methyl-2-phenyl-2-
pentenal. In addition, chocolate aroma comes from 2,3,5,6-tetramethylpyrazine, while cocoa and roasted nuts aroma 
comes from 2,5-dimethylpyrazine.  Caramelizing of sucrose during roasting increases furans compound in roasted 
cocoa beans.   
 

Table 1: Examples of compounds contributes to cocoa aroma in roasted cocoa beans 
Group Compounds (examples) Aroma attributes References 

Pyrazines 2,3,5,6-tetramethylpyrazine 
2,5-dimethylpyrazine 

Chocolate, cocoa, coffee 
cocoa and roasted nuts  

Jinap, et al (1998) 
Bonvehi, et al (2002), Ducki, et al (2008) 

Esters Butyl acetate 
Ethyl benzoate 

Fruity taste and aroma  
Fatty, fruity 

 
Bonvehi, et al (2005) 

Carbonyls; 
aldehydes  

5-methyl-2-phenyl-2-hexanal 
4-methyl-2-phenyl-2-pentanal 

deep and bitter persistent 
cocoa note 

Bonvehi, et al (2005) 

Phenols Vanillin (phenolic aldehyde) vanilla Bonhevi, et al (2005) 
Alcohols 2- heptanol  

Linalool [3,7-dimethylocta-1,6-dien-3-ol]  
Phenyl ethyl alcohol [2-phenylethanol] 

fruity, herbal, sharp 
flowery 
aromatic chocolate note 

 
Frauendorfer, et al (2008) 

Monoterpene 
hydrocarbons 

Pinene 
Dimethyl-octane 

Lemon like Ducki, et al (2008) 

Alkaloids  Caffeine 
Theobromine 

coffee Ducki, et al (2008) 

Furans 2-methylfuran, tetrahydro-2-methylfuran Sweet and caramel-like 
aroma of burnt sugar 

Krings, et al (2006) 
Frauendorfer, et al (2008) 

Acids Acetic acid, Valeric acid, Butyric acid, 
Hexanoic acid, Pentanoic acid 

Vinegar Krysiak, et al (2007) 
Krings, et al (2006), Ducki, et al (2008) 

 
Voight, et al. (1994) reported that the cocoa-specific aroma precursors were derived from the fermented cocoa seeds. 
The characteristic aroma of cocoa is a result of crude fermentation of fresh seeds, followed by drying and roasting 
(Bixler, et al. 1999). During the fermentation, fresh cocoa beans go through complex transformations: (1) the sugars 
from the mucilaginous pulp of the seeds are rapidly metabolized, producing volatile and nonvolatile organic acids; (2) 
the degradation of proteins to form peptides and free amino acids; (3) oxidation of polyphenols to form insoluble 
compounds, mainly o-quinones; and (4) hydrolysis of glycosides (mainly anthocyanins). In order for the aroma 
precursors to develop the cocoa aroma, the cocoa beans must undergo roasting processes.   Alkalization during roasting 
process diminishes the heterocyclic compounds of pyrones and furaneol in cocoa beans (Ziegleder et al., 1991). 
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Figure 2: SFE Unit  
1. Liquid CO2 tank 2. Valve 
3. Pump with chiller 4 .Flow rate indicator 
5. Valve  6. Extraction vessel with insulator 
7. Pressure indicator 8. Valve 
9. Collection vessel 

            4  6 

             2                          5   
 
 
         
 

            7 
         8 
          

     9 

 
3 

 

1 

Supercritical fluid extraction (SFE) method has been widely used for the extraction of volatile components from plants 
due to its rapid, effective and solvent-free sample pre-treatment technique (Pourmortazavi, et al. 2007). SFE is highly 
recommended as an extraction method because it does not leave chemical residue, provide solvent-free product and the 
CO2 gas can be recycled and used again as part of the unit operation (Otles, et al. 2009).   Determination of optimal 
condition in SFE is influenced, greatly, by operating temperature and pressure especially in critical region (Gomes, 
2007), although other parameters such as sample particle size, flow rate of SFE solvent, extraction time and operation 
mode have some affects.  The two former parameters change the density and viscosity of the SFE solvent mimicking 
the properties of various conventional solvent as in phase 
diagram of CO2 (Figure 1).  It was shown that by maintaining 
certain temperature of extraction and varying the pressure, or 
vice versa, several density of extracting solvent (CO2) can be 
achieved resulting various compounds can be expelled 
out of the samples, including fat, aromatic compound and 
alkaloids.  Most aromatic and flavor compounds have 
molecular weight below 250, which are soluble in SF 
CO2 (Gomes, 2007) and normally can be extracted at low 
pressure where SF CO2 has low density (Reverchon, 1997). 
 
This method had successfully extracted sesame seed oil (Corso, 
et al. 2010) and palm kernel oil (Zaidul, et al. 2007). 
Nevertheless, cocoa butter, polyphenols and pyrazines from cocoa 
were also successfully extracted via this method as reported by 
Saldana, et al. (2002); Sarmento, et al. (2008) and Sanagi, et al. (1997), respectively.  Moreover, Sanagi et al (1997) 
conducted SFE at 200bar 60oC with modifier to completely extract the pyrazines compounds.  Meanwhile, Mohamed, et 
al. (2002) used high pressure of CO2 and ethane at more than 152 bar resulting high recovery of cocoa butter, caffeine 
and theobromine compounds from cocoa beans.  In addition, research on SFE cocoa butter was in depth as carried out 
by Asep, et al. (2008) and as mentioned.  Ducki, et al (2008) conducted a research on using solid-phase micro-
extraction (SPME) for headspace analysis in cocoa products for identification of cocoa aromatic compounds.  SPME 
coupled with GC-FID was also used by Hasny (2012) in his research work on detection of aromatic compound from 
roasted cocoa beans.  Despite all, most of cocoa aromatic compounds were reported based on study using conventional 
extraction.  Research reports focusing on extraction of cocoa aromatic compound using SFE for perfumery application 
was also not in extensive.  Fragrance application of cocoa extracted using SFE was also scarcely documented (King and 
Bott, 1993).  Therefore this research was carried out to extract the aromatic compound from roasted cocoa beans using 
SFE in order to develop natural cocoa-scented perfume. 
 
MATERIALS AND PROCEDURE 
Sample preparation 
Fermented cocoa beans were collected from Cocoa 
Research and Development Centre at Jengka, Malaysia.  A latest 
clone of MCB, namely MCB C1, was selected in this 
preliminary study, whereas other clones will be subjected to the 
next phase of extraction.  The beans were then roasted in the oven 
at 135oC for 15 minutes.  After shell removal, the beans were 
ground using warring blender and sieved to 1.0-0.5mm mesh 
size.  Ground roasted beans were kept in tight container until 
extraction using SFE. 
 
Supercritical Fluid Extraction  
Extraction was carried out using SFE unit comprise of Intelligent HPLC Pump Model PU980 (Jasco Corporation, 
Tokyo, Japan) attached to cooling unit (Haake Fison DC 3).  To achieve low temperature (-20oC), the cooling unit was 
operated with mixture of ethylene glycol-water (50:50 v/v).  Ground cocoa beans at 10.15+0.16 grams were poured into 
sew white cloth and loaded into 25ml stainless steel tube (Thar Design, Inc., CL1043).  To maintain temperature 
required, the column was inserted into Column Oven Model CO-960 (Jasco Corporation, Tokyo, Japan).  Extraction 
pressure was controlled using Back Pressure Regulator (BPR) Model BP 880-81.  Extraction was carried out using 
purified liquid carbon dioxide (CO2) obtained from Linde Malaysia Sdn. Bhd.  The used gas was dispersed into the air 
and the liquid sample was collected in a vials.  Figure 2 is the illustration of SFE Unit. 

 
Experimental Design 

Table 2: Parameters & Responses 

 Parameters Responses  Total 
compounds 

detected 
Run 

Order 
Pressure 

(bar) 
Time 
(min) 

Yield 
(%) 

Aromatic  
(mg/g) 

Fatty acid 
(mg/g) 

Alkaloids 
(mg/g) 

1 125 45 0.70 5.25 85.05 7.70 19 
2 200 75 1.46 8.01 307.28 13.38 16 

Figure 1: Density of SF CO2 by Temperature & Pressure 
(Anonymous, 2012) 
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Multilevel factorial design was chosen for this 
study prior to optimization.  At this stage, two 
factors were considered, namely pressure (bar) 
and time of extraction (min).  There are four 
levels for each factor, resulting multilevel 
factorial design as in Table 2.  Sixteen runs of 
experiments were carried out according to the 
standard order.  Constant temperature at 35-
+2oC was selected in this study, where the 
density of SF CO2 was manipulated (Figure 1).  
Responses measured were the amount of 
aromatic, fatty acid and alkaloid compound 
which represented by 5-methyl-2-phenyl-2-hexenal (cocoa hexenal), hexadecanoic acid and caffeine, respectively.  In 
addition, yield of the extract was also considered.   
 
Determination of compound in the extract 
Absolute extract was transferred into gas chromatography (GC) vials by rinsing using 2.5ml n-hexane (Merck) followed 
by 2.5ml ethanol (HmbG).  The calculation for amount of compound was based on the percentage area of each 
compound from the total yield of extract multiplying by the dilution factor (1:5) based on the solvent used to rinse the 
extract.  Higher amount of compound extract indicated potential pressure and time to be used in further experimental 
works.  Prior to GC-Mass Spectrophotometric (GC-MS) identification, the crude extract was filtered using C18-SepPak 
column (Supelco) with acetonitrile as the carrier to obtain clean extract.  One µl sample was injected into the GC-MS 
system (Agilent Tech 7890A GC system).  The GC-MS system has split-splitless column injector with mass spectrum 
detector (Agilent Tech System 5975C).  Column of HP5MS (Agilent J&W) with dimension 30m x 0.25m i.d x 0.25µm 
was used in detection of compound.  The condition was set at 220oC, 6.544 bar with helium as gas carrier.  Library of 
National Institute of Standards & Technology (NIST 08) was used. 

 
Statistical analysis 
Minitab software Release 14 was used for statistical design and data analysis in this study.  For this study, all the results 
were categorized as significant when the p-value is less than 0.05.  The values were reported by mean.  
 
RESULTS 
From the statistical analysis, the pressure and time of extraction were significantly affecting the yield, at p=0.000 and 
p=0.001, respectively.  However, no interaction between the parameters was obtained.  The linear model equation 
obtained, using linear regression analysis, for yield is, YIELD =-1.16+0.00954*PRESSURE+0.0105*TIME 
(R2=0.8700).  It was indicated from this equation that yield was proportional to the increasing of pressure at nearly ten 
times in ratio with the time of extraction.  The main effect plot for yield was plotted in Figure 3.  In addition, pressure at 
200 and 150bar has higher effect to the yield in comparison with the lower pressures, which however affecting at longer 
extraction time.  
 

Pressure and time of extraction was significantly affecting the amount of 
fatty acid compound extracted in this study at p-value of 0.015 and 0.032, 
respectively.  The main effects were plotted separately in Figure 3 as there 
is no interaction between the two factors.  Among these factors, only 
pressure has significant effect to the amount of aromatic compound 
extracted (p=0.022), whereas alkaloids compound was not significantly 
affected.  By referring to Figure 1, the density of SF CO2 was identified 
according to operation pressure and temperature.  As the temperature was 
constant, the density was proportional with the pressure.  Density of SF 
CO2 in this study was 700, 725, 815 and 900kg/m3, which significantly 

affected the 
yield and 
amount of 
aromatic 
compounds 

at p=0.001 and 
0.015, 
respectively 
(at 35+2oC).   
 
The amount 
of fatty acid 
compounds 

3 100 75 0.57 5.41 78.63 14.53 17 
4 125 75 0.79 9.97 339.38 531.21 8 
5 200 45 1.20 24.50 396.22 467.93 15 
6 150 75 1.29 18.76 288.46 254.83 18 
7 100 60 0.19 2.56 15.96 24.33 18 
8 100 45 0.19 2.25 22.65 36.27 14 
9 125 60 0.39 6.19 77.12 68.33 19 

10 200 60 1.34 14.81 344.62 208.65 18 
11 125 30 0.30 4.35 21.75 21.15 19 
12 200 30 0.89 10.6 62.19 111.94 16 
13 150 60 1.19 14.87 197.42 122.50 13 
14 150 45 0.80 11.18 163.27 94.61 16 
15 100 30 0.20 0.88 7.32 3.51 14 
16 150 30 0.69 6.18 55.3 51.86 21 

Figure 3: Plots for yield, fatty acid (fa) and aromatic 
(hexenal) compounds 
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extracted by this method was significantly higher than the aromatic compounds.  Reverchon (1997) reported that this is 
due to the SF CO2 behavior of lipophilic solvent, but with adjustable selectivity, which extract lipid compound easily.  
It is also regarding to the position of paraffin and waxes substances on the surface and surrounding the vacuoles in plant 
materials which make its easily extracted using SFE.  In addition, fat content in cocoa beans is more than 50% of the 
total weight of dry beans.  Therefore, it was not surprising that extraction at any pressure point will result certain 
amount of fatty acid in the extract.  There are two possible solutions worth trying at to overcome this condition, first, is 
by additionally using serial separators at different temperature and pressure are recommended to be applied to 
fractionate paraffin and waxes from aromatic compound extracted using SFE.  Secondly, the extraction can be carried 
out at low pressure with high temperature to obtain low SF CO2 density, where low molecular weight compounds, 
especially the aromatic compounds, can be extracted (Gomes, 2007).   
 
Although the responses in this study was focusing on three compounds representing the numbers of compounds that 
being identified using GC-MS, there are few aromatic compounds mentioned in Table 1 were not detected in the 
extract.  For example, Ziegleder (1997) mentioned that high amount of linalool, contributed to the flowery and tea-like 
fragrance in flavor grade cocoa beans, which however absent in extract of cocoa bean in this study.  Another key 
compound, 2,3,5-trimethyl-6-butylpyrazine was only detected at run 5 (pressure 200 bar, time of extraction 45 minutes).  
Low pyrazines compound was expected as alkalization process was omitted in sample preparation.  Alkalization 
process is an essential step in cocoa processing to develop various color of cocoa powder and enhance the sensorial 
properties of final cocoa products.   Figure 4 was the example of chromatogram for run 5.  Other compounds listed in 
Table 1 were detected in each run (not discussed here).  Total numbers of compounds detected for each run was listed in 
Table 2.   
 
CONCLUSION 
Cocoa aromatic compound can be extracted at 200bar with time of extraction for 45minutes, which however resulting 
higher amount of fatty acid compounds which is interference in this study.  To use this condition, the SFE unit has to be 
modified with the addition of serial separators to fractionate the extract. On the 
other hand, lower pressure can be implemented coupled with higher 
temperature to create SFCO2 with low density that can expel out the aromatic compound that has low molecular weight.  
The progress on this research is underway to perform these methods in order to obtain high yield of cocoa aromatic 
compound for formulation of natural cocoa-scented perfume. 
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0HGLWHUUDQHDQ�UHJLRQ���
7KH�SUHVHQW�VWXG\�DLPV� WKH�HYDOXDWLRQ�RI� WKH�HIIHFW�RI�VXSSOHPHQWDO� LUULJDWLRQ�EDVHG�RQ�VRLO�PRLVWXUH�PRQLWRULQJ�DQG�
QLWURJHQ�VXSSO\�DQG�WKHLU� LQWHUDFWLRQ�RQ�JUDLQ�\LHOG��ZDWHU�DQG�1�IHUWLOL]HU�XVH�HIILFLHQF\��7KH�VWXG\�ZLOO�HYDOXDWH�WKH�
HIIHFW�RI� WKHVH� IDFWRUV�RQ�GU\�PDWWHU�GHYHORSPHQW�EHIRUH�DQG�DIWHU�DQWKHVLV�JURZWK�VWDJH��RQ�JUDLQ�ILOOLQJ�UDWH�DQG�RQ�
JUDLQ�SURWHLQ�FRQFHQWUDWLRQ���
7KH�PDLQ�REMHFWLYH�DLP�RI�WKLV�VWXG\�LV�WR�JXLGH�ZDWHU�DQG�1LWURJHQ�PDQDJHPHQW�LQ�'XUXP�ZKHDW�ILHOG�ORFDWHG�LQ�WKH�
1RUWKHUQ�3DUW�RI�$OJHULD�IRU�RSWLPDO�\LHOGLQJ�DQG�ZDWHU�VDYLQJ�SURGXFWLRQ��

�

0DWHULDOV�DQG�PHWKRG��
7KH� VWXG\� WRRN� SODFH� LQ� WKH� 1DWLRQDO� ,QVWLWXWH� RI� $JULFXOWXUDO� 5HVHDUFK� �,15$$�� �LQ� $OJLHUV�� ���� ��¶� 1�� ��� �¶� (��
$OWLWXGH����P���&KHQ¶V¶�GXUXP�ZKHDW�FXOWLYDU�ZDV�VHOHFWHG�IRU�WKH�H[SHULPHQW��VHHGV�ZHUH�VRZQ�XQGHU�ILHOG�FRQGLWLRQ��
WKH�URZ�VSDFLQJ�ZDV����FP�DQG�SODQWDWLRQ�GHQVLW\�RI����NJ�KD��6RZLQJ�GDWH�ZDV�-XQDU\��������������.J�RI�IHUWLOL]HU�
ZDV�DSSOLHG�DV�EDVDO�GUHVVLQJ������3�2�������62��DQG����1��$GGLWLRQDOO\�WR����NJ�RI�13.��������
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7KH�ZDWHU�VXSSO\�WUHDWPHQWV��UDLQIHG����������������RI�VRLO�ZDWHU�GHILFLW��DUH�FRXSOHG�ZLWK�IRXU�����1LWURJHQ�UHJLPHV�����
�������������NJ�1�KD����
$�VSOLW�SORW�H[SHULPHQWDO�GHVLJQ�ZDV�VHOHFWHG�IRU�WKH�VWXG\��WKH�PDLQ�SORWV�ZHUH�DVVLJQHG�WR�LUULJDWLRQ�DQG�VXE�SORWV�WR�
QLWURJHQ��)RXU�ZDWHU�OHYHOV�DQG�IRXU�QLWURJHQ�UDWHV�ZHUH�UDQGRPO\�GLVWULEXWHG�LQ�WKUHH�UHSOLFDWHV�HDFK��LQ�WRWDO����VXE�
SORWV�RI�����[���P��VHSDUDWHG�E\�URZV�RI��P�ZLGH�DQG��P�VHSDUDWLRQ�EHWZHHQ�PDLQ�SORWV���
7KH�PDLQ�JURZWK�REVHUYDWLRQV�VWDJHV�ZHUH�UHFRUGHG�ZKHQ�����RI�WKH�SODQWV�LQ�WKH�VXE�SORW�UHDFKHV�WKH�JLYHQ�VWDJH����
:KHDW� UHVSRQVH� ZDV� DVVHVVHG� XQGHU� �� ZDWHU� UHJLPHV� �UDLQIHG�� DQG� ����� ����� ���� RI� WKH� VXSSOHPHQWDO� LUULJDWLRQ� LQ�
FRPELQDWLRQ�ZLWK���QLWURJHQ�IHUWLOL]HU�OHYHOV����.J�K����NJ�KD�����NJ�KD�����NJ�KD���
8UHD� �����RI�1�� DSSOLHG� LQ� WZR� KDOYHV� DW� WLOOHULQJ� DQG�ERRWLQJ� JURZWK� VWDJHV��%HIRUH� ILUVW� QLWURJHQ� DSSOLFDWLRQ�� VRLO�
VDPSOHV�RI�HDFK�VXE�SORW������ZHUH�FROOHFWHG�LQ�RUGHU�WR�HYDOXDWH�LQLWLDO�VRLO�QLWURJHQ�VWDWH��7RWDO�1LWURJHQ��12�

��1+�
����

6RLO�PRLVWXUH�PRQLWRULQJ��6RLO�ZDWHU�PRQLWRULQJ�ZDV�GRQH�E\����FP�LQFUHPHQWV�GRZQ�WR�����FP�XVLQJ�&31�'5�����
QHXWURQ�SUREH�� DW� VHHGOLQJ�� WLOOHULQJ� DQG� DQWKHVLV��)URP�DQWKHVLV��PHDVXUHV�ZHUH�SHUIRUPHG�HDFK���RU���GD\V��8QOLNH�
����������WULDO��WKH�PRLVWXUH�LQ�WKH�WRS����FP�RI�VRLO�LV�GRQH�JUDYLPHWULFDOO\��
'U\�PDWWHU� DFFXPXODWLRQ� DQG�GLVWULEXWLRQ��$W� KHDGLQJ� VWDJH� JURXQG� ELRPDVV� VDPSOHV� ���P���ZHUH� FROOHFWHG�� DQG�
VHSDUDWHG�LQWR�OHDI���VWHP��VKHDWK�DQG�VSLNH��3ODQW�SDUWV�ZHUH�GULHG�LQ�DQ�RYHQ�DW����&�EHIRUH�EHLQJ�ZHLJKWHG�VHSDUDWHO\��
7KH�VDPH�RSHUDWLRQ�ZDV�FDUULHG�RXW��DW�PDWXULW\��3DUDPHWHUV�FDOFXODWHG�ZHUH���

x 'U\�PDWWHU�WUDQVORFDWLRQ�DPRXQW�DIWHU�DQWKHVLV� �GU\�ZHLJKW�DW�DQWKHVLV�í�GU\�ZHLJKW�DW�PDWXULW\��
x 'U\�PDWWHU�WUDQVORFDWLRQ�UDWLR�DIWHU�DQWKHVLV����� ��GU\�ZHLJKW�DW�DQWKHVLV�í�GU\�ZHLJKW�DW�PDWXULW\����GU\�ZHLJKW�
DW�DQWKHVLV�î������

x 'U\�PDWWHU�WUDQVORFDWLRQ�WR�JUDLQ�DIWHU�DQWKHVLV� �JUDLQ�GU\�ZHLJKW�DW�PDWXULW\�í�GU\�PDWWHU�WUDQVORFDWLRQ�DPRXQW�
DIWHU�DQWKHVLV��

x &RQWULEXWLRQ� RI� GU\� PDWWHU� WUDQVORFDWLRQ� WR� JUDLQ� DIWHU� DQWKHVLV� ����  � GU\� PDWWHU� WUDQVORFDWLRQ� DPRXQW� DIWHU�
DQWKHVLV��GU\�ZHLJKW�RI�JUDLQ�DW�PDWXULW\�î������

*UDLQ�ILOOLQJ�UDWH��WKH�JUDLQ�ILOOLQJ�UDWH�HYDOXDWLRQ�ZDV�GRQH�E\�FROOHFWLQJ����VSLNHV�SHU�SORW�IURP�KHDGLQJ�WR�PDWXULW\�
ZLWK���WR���GD\V�LQWHUYDO��RQH�SDUW�RI���P��ZDV�GHGLFDWHG�WR�GHVWUXFWLYH�VDPSOLQJ���7KH�VSLNHV�GU\�ZHLJKW�ZHUH�RYHQ��
GULHG�DW����&�ZHLJKWHG��
*UDLQ�3URWHLQ�&RQFHQWUDWLRQ�����VDPSOHV�RI�WKH�SUHYLRXV�KDUYHVW��ZHLJKWLQJ����J�HDFK�DSSUR[LPDWHO\��ZHUH�VXEMHFWHG�
WR�D�SURWHLQ�FRQFHQWUDWLRQ�DQDO\VLV�XVLQJ�WKH�,QIUDWHF�������:KROH�*UDLQ�$QDO\]HU��)266�7HFDWRU���
$OVR� RWKHU� PHDVXUHPHQWV� ZHUH� LQFOXGHG� VXFK� DV�� *UDLQ� DQG� VWUDZ� \LHOG�� .HUQHO�P��� 6SLNH�P��� ����� NHUQHO� ZHLJKW�
�.:�����+DUYHVW�LQGH[��%LRPDVV�DW�$QWKHVLV�DQG�PDWXULW\��VRLO�DQDO\VLV��ZDWHU�SURGXFWLYLW\�:3���LUULJDWLRQ�EHQHILW��,%����
QLWURJHQ�XVH�HIILFLHQF\��18(���QLWURJHQ�DJURQRPLF�HIILFLHQF\��

5HVXOWV�DQG�GLVFXVVLRQV��
7KH� FURSSLQJ� \HDU� ����������ZDV� H[FHSWLRQDO� �ILJXUH���� LQ� WHUP�RI� UDLQIDOO� DPRXQW� ���PP� ����PP�EHLQJ� WKH� ORQJ�
WHUP�UDLQIDOO� \HDUO\�DYHUDJH� ��ZDV� UHFHLYHG� LQ�ZKROH�\HDU� �����PP�IURP�VRZLQJ� WR�KDUYHVW�� �� UHPDUNDEO\��)HEUXDU\��
0DUFK�DQG�$SULO�ZHUH�QHDWO\�LQ�H[FHVV�FRPSDUDWLYHO\�ZLWK�����������PRQWKO\�DYHUDJH�E\���������������DQG���������
UHVSHFWLYHO\�����

�

)LJXUH����5DLQIDOO�DPRXQW�UHFHLYHG�IURP�VRZLQJ�WR�KDUYHVW�

6RLO�PRLVWXUH�VWDWXV��6RLO�PRLVWXUH�FRQGLWLRQ�ZDV�OHVV�VWUHVVIXO�WR�FURS�LQ�WKH�ZKROH�VHDVRQ�FRPSDULQJ�WR�����������
�WDEOH�����$W�DQWKHVLV�JURZWK�VWDJH�IRU�H[DPSOH��VRLO�ZDWHU�FRQWHQW�LQ�WKH�ILUVW���FP�RI�VRLO�ZDV���������DQ�DYHUDJH�RI�
������ LQ� WKH� ZKROH� SURILOH�� QR� LUULJDWLRQ� ZDV� QHHGHG��:KLOH� LQ� ������ DW� WKH� VDPH� VWDJH� LW� ZDV� ����� ���PP� ZDV�
SURYLGHG�DV�6,���7KH�VRLO�PRLVWXUH�ZDV�PRUH�IDYRUDEOH�EHIRUH�DQWKHVLV�DQG�VOLJKWO\�OHVV�DIWHU��EXW�ZLWKRXW�UHTXLULQJ�DQ\�
VXSSOHPHQWDO�LUULJDWLRQ��FRQVLGHULQJ�WKH�LUULJDWLRQ�ZDV�SURYLGHG�RQO\�LI�VRLO�ZDWHU�VWRFN�ZDV�EHORZ�KDOI�SODQW�DYDLODEOH�
ZDWHU�FRQWHQW���&URS�ZDWHU�FRQVXPSWLRQ��(75��ZDV�����PP��WDEOH�����

7DEOH����9DULDWLRQ�RI�VRLO�ZDWHU�FRQWHQW�EHWZHHQ�VHHGOLQJ�WR�PDWXULW\�

   Horizon (cm) Day after sowing                                      0-10 10-30 30-50 50-70 70-90 90-110 
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����VHHGOLQJ�� ������ ������ ������ ������ ������ ������
��� ������ ������ ������ ������ ������ ������
��� ������ ������ ������ ������ ������ ������
�����+HDGLQJ�� ������ ������ ������ ������ ������ ������
�����(DUO�DQWKHVLV�� ������������ ����������� ������������ ������ ������ ������
���� ������ ������ ������ ������ ������ ������
�����ZDWHU\�ULSH�� ������ ������ ������ ������ ������ ������
����SOXLHV�� ������ ������ ������ ������ ������ ������
���� ������ ������ ������ ������ ������ ������
���� ������ ����� ������ ������ ������ ������
���� ������ ����� ������ ������ ������ ������
���� ������ ����� ������ ������ ������ ������
���� ������ 
� ������ ������ ������ ������

�

7DEOH����(YROXWLRQ�RI�VRLO�ZDWHU�VWRFN�GXULQJ�FURSSLQJ�VHDVRQ�DQG�GHWHUPLQDWLRQ�RI�SODQW�ZDWHU�XVH�

ǻ6����FP� ǻ6�����FP� ǻ6�����FP� ǻ6�����FP� ǻ6�����FP� ǻ6������FP� ǻ6���FP� 3��PP�� (75 ǻ6����3�
[� [� [� [� [� [� [� ������ �

����� ����� ������ ������ ������ ������ ������ ������� �������
����� ������ ������ ������ ������ ����� ������ ����� ������
������ ������ ����� ����� ����� ����� ������ ������� �������
������ ������ ������ ������ ������ ������ ������� ����� ������
������ ������ ������ ������ ������ ������ ������� ����� �������
������ ������ ������ ������ ������ ������ ������� ����� �������
����� ������ ������ ������ ������ ������ ������ ����� �����
����� ������ ������ ������ ������ ����� ������ ����� �����
������ ������ ������ ������ ������ ������ ������� ����� �������
������ ����� ������ ������ ������ ������ ������ ������ �����
����� ������ ������ ������ ������ ������ ������� ����� �������
������ ������ ����� ����� ����� ������ ������ ����� ������

� � � � � � �ǻ6� (75� �������

(IIHFW� RI� WUHDWPHQWV� RQ� \LHOGV�� ,Q� JHQHUDO��1LWURJHQ� IDFWRU� KDG� D� VLJQLILFDQW� HIIHFW� RQ� GXUXP�ZKHDW� VSLNH� QXPEHU��
DERYHJURXQG�GU\�PDWWHU��������NHUQHO�ZHLJKW�DQG�QLWURJHQ�XVH�HIILFLHQF\��ZDWHU�SURGXFWLYLW\�ELRPDVV�DW�DQWKHVLV�DQG�
IHUWLOL]HU�DJURQRPLF�HIILFLHQF\��ZKLOH�QRW�KDYLQJ�VLJQLILFDQW�HIIHFW�RQ�VWUDZ�\LHOG��WDEOH������

7DEOH����HIIHFW�RI�WUHDWPHQWV�RQ�\LHOGV��

�
7KH� DQDO\VLV� RI� YDULDQFH� �WDEOH� ��� VKRZV� WKDW� WKH� HIIHFW� RI� QLWURJHQ� IHUWLOL]HU� RQ� JUDLQ� \LHOG� �*<��ZDV� VLJQLILFDQW� DW�
S �������7KH�DYHUDJH�\LHOG�LQ�����������FURSSLQJ�VHDVRQ�ZDV������W�KD����������JUHDWHU�WKDQ�����������\LHOG�������W�

1LWURJHQ�WUHDWPHQW� 1�� 1��� 1���� 1���� 3� /6'������ &9��
*UDLQ�<LHOG��W��KD����� ����D� ����E� ����EF� ����E� ������ ��������W�KD��� �����
6SLNH�QXPEHU��P�� ���� ���� ���� ���� ������� ����� �����
.HUQHO�QXPEHU�� ����D� �����E� �����EF� �����F� ������� ����� �����
�����NHUQHO�ZHLJKW��J�� ����� ����� ����� ����� ������ ����J� ����
'U\�PDWWHU�DW�KDUYHVWLQJ��W�KD���� ����D� �����E� �����F� �����F� ������� ������W�KD��� ����
'U\�PDWWHU�DW�DQWKHVLV��NJ�KD��j� ������ ������ ������ ������ ��������� �������NJKD��� �����
6WUDZ�\LHOG���NJ�KD���� ����� ����� ����� ����� ������ ������NJKD��� �����
+DUYHVW�LQGH[��+,�� ������ ������ ������ ������ ������� ������ �����
18(�JUDLQ�NJ��NJ1���� �� ������ ������ ������ ������� ������ �����
18(�DGP�NJ��NJ1���� �� ������� ������� ������ ������� ������ ����
$(1JUDLQ��NJ��NJ1���� �� ������ ������ ����� ������ ������NJ�NJ�1� �
*UDLQ�:DWHU�SURGXFWLYLW\��NJ�P���� ����� ����� ����� ����� ������ ������NJP��� �����
:DWHU�SURGXFWLYLW\�DERYH�JURXQG����������������������������������������������������������
GU\�PDWWHU��NJ�P����

����� ����� ����� ����� ������� ������NJP���� ����
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KD�����7KH�JUHDWHU�GLIIHUHQFH�ZDV�LQGXFHG�E\�����NJ�1�KD����1�����WKDW�LPSURYHG�XQIHUWLOL]HG�WUHDWPHQW��1���E\�������
��IROORZHG�E\�1����DQG�1���ZLWK��������DQG��������LPSURYHPHQW�UHVSHFWLYHO\��7KH�GLIIHUHQFHV�EHWZHHQ�1���1����
DQG�1���1����DQG�1����1����ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�DW����SUREDELOLW\�OHYHO��

7DEOH����1�7UHDWPHQW�HIIHFW�RQ�GXUXP�ZKHDW�DERYHJURXQG�GU\�PDWWHU�

1��WUHDWPHQW�9DULDEOH� 1�� 1��� 1���� 1���� 3� /6'� &9�����

$ERYHJURXQG��GU\�PDWWHU�DW�PDWXULW\�
�W�KD����

����D� �����E� �����F� �����F� ������� ������W�KD���� ����

$ERYHJURXQJ�GU\�PDWWHU�DW�DQWKHVLV��
�W�KD����

����D� ����D� ���E� ����F� ������� ������W�KD���� �����

)UHVK�PDWWHU��DW�DQWKHVLV��W�KD���� �����D� �����E� �����E� �����E� ������� ������W�KD���� �����

'XUXP�ZKHDW¶V�DERYHJURXQG�PDWWHU��DGP��SURGXFWLRQ�DW�KDUYHVWLQJ�ZDV�LQ�DYHUDJH�������W�KD����7KH�GLIIHUHQFHV�ZHUH�
KLJKO\�DIIHFWHG�E\�QLWURJHQ� WUHDWPHQWV� �S�����������3URGXFWLRQ� UDQJH�ZDV������ W�KD���� WKH�JUHDWHVW� \LHOG������� W�KD���
UHFRUGHG� IRU� �1����� DQG� WKH� ORZHVW� RQH� ����� W� KD���1���� 1���� 1���� DQG� 1���� LPSURYHG� VLJQLILFDQWO\� XQIHUWLOL]HG�
WUHDWPHQW� E\� �������� ������� DQG� ������� UHVSHFWLYHO\�� 8QOLNH� *<�� GLIIHUHQFHV� LQ� DGP� LQGXFHG� E\� WUHDWPHQW� ZHUH�
VLJQLILFDQW�H[FHSW�IRU�1����1�����6LPLODUO\�GU\�PDWWHU�DW�DQWKHVLV�ZDV�KLJKO\�LPSDFWHG�E\�QLWURJHQ�WUHDWPHQW�LQGXFLQJ�
VLJQLILFDQW�LPSURYHPHQW�FRPSDULQJ�WR�1��RI�����DQG�������E\�1����DQG�1����UHVSHFWLYHO\���
1LWURJHQ�DGGLWLRQ�EH\RQG�����NJ�1�KD���JDYH�VLJQLILFDQW�JDLQ�RI�GU\�PDWWHU�LQ�DYHUDJH�HVWLPDWHG�DW������*LYHQ�SODQW�
UHVSRQVH�DPSOLWXGH�WR�IHUWLOL]DWLRQ��ZH�FDQ�VWDWH�LQ�ILUVW�DQDO\VLV��WKDW�WLOO�DQWKHVLV�JURZWK�VWDJH�QLWURJHQ�VWLOO�D�OLPLWLQJ�
IDFWRUV�IRU�GXUXP�ZKHDW�DQG�SOD\�D�SULPDU\�UROH�LQ�GU\�PDWWHU�DFFXPXODWLRQ��ZKLFK�JDLQV�XQGHU�IHUWLOL]DWLRQ�HIIHFW�DUH�
JUHDWHU� FRPSDULQJ� WR� WKRVH� DFFXPXODWHG� DW� PDWXULW\� VWDJH� �FRPSDULQJ� WR� 1��� WUHDWPHQW� LQFUHPHQWV� LQGXFHG� FOHDUO\�
KLJKHU�DGP�JDLQV�DW�DQWKHVLV�������������������YHUVXV����������������DQG��������DW�PDWXULW\��

7DEOH����(IIHFW�RI�1�WUHDWPHQWV�RQ�\LHOG�YDULDEOHV�

7UHDWPHQW�9DULDEOH� 1�� 1��� 1���� 1���� 3� /6'� &9����
*UDLQ�\LHOG������W�KD��� ����D� ����E� ����EF� ����E� ������ �����E� �����
6SLNH�QXPEHU� ���D� ���D� ���E� ���E� ������� ��� �����
.HUQHO�QXPEHU�� ����D� �����E� �����EF� �����F� ������� ����� �����
�����NHUQHO�ZHLJKW��J�� �����E� �����E� �����DE� �����D� ����� ������ ����

.HUQHO� QXPEHU� �.1�� DQG� VSLNH� QXPEHU� �61�� �WDEOH� ��� SHU� VXUIDFH� DUHD� KDYH� GHWHUPLQHG� JUDLQ� \LHOG� LQ� ODUJH� H[WHQW�
�FRUUHODWHG� DW� ����� DQG� ����� UHVSHFWLYHO\�� WKH\� ERWK� LQFUHDVHG� ZLWK� WKH� LQFUHDVLQJ� RI� QLWURJHQ� IHUWLOL]DWLRQ� UDWH�� ,Q�
DYHUDJH� WKH\� ZHUH� ���� DQG� ������ UHVSHFWLYHO\�� � .HUQHO� QXPEHU� UHVSRQGHG� ZHOO� WR� IHUWLOL]DWLRQ� DQG� LPSURYHG�
VLJQLILFDQWO\�1���E\������������������������IRU�1����1����DQG�1����UHVSHFWLYHO\��7KH�H[WHQW�RI�LPSURYHPHQW�ZDV�
QRW�VLPLODUO\�LPSRUWDQW�FRQFHUQLQJ�VSLNH�QXPEHU��1����LPSURYHG�1��E\���������1���DQG�1����EHLQJ�QRW�VLJQLILFDQW���

�����NHUQHO�ZHLJKW��7.:��ZDV������J�LQ�DYHUDJH��LW�KDV�GHFUHDVHG�ZLWK�WKH�LQFUHDVLQJ�RI�IHUWLOL]DWLRQ�UDWH��7KH�JUHDWHVW�
7.:�ZDV�UHFRUGHG�IRU�XQIHUWLOL]HG� WUHDWPHQW�ZLWK������J�DQG� WKH� ORZHVW� IRU�1����ZLWK������J��7.:�ZDV� LQYHUVHO\�
FRUUHODWHG�WR�61�DQG�.1����U� �������DQG�U� �������UHVSHFWLYHO\���
+DUYHVW�LQGH[��+,��PHDQ�YDOXH�ZDV��������7DEOH������WKH�GLIIHUHQFHV�ZHUH�QRW�H[SODLQHG�E\�WKH�IHUWLOL]DWLRQ�WUHDWPHQWV�
�S ���������

7DEOH����'XUXP�ZKHDW�KDUYHVW�LQGH[�IXQFWLRQ�RI�QLWURJHQ�IHUWLOL]DWLRQ��

� 1�� 1��� 1���� 1���� 3� /6'� &9����

+DUYHVW�LQGH[� �����D� �����D� �����D� �����D� ������ ������ �����

1LWURJHQ�XVH�DQG�DJURQRPLF�HIILFLHQF\��1LWURJHQ�XVH�HIILFLHQF\� LV� UHIHUUHG�KHUH�DV� WKH� WRWDO�ELRPDVV�RU�JUDLQ�\LHOG�
SURGXFHG�SHU�XQLW�RI�DSSOLHG�IHUWLOL]HU��*XRKXD�;X�DQG�DO���������7KH�9DULDQFH�DQDO\VLV�VKRZV�WKDW�GLIIHUHQFHV�GXH�WR�
QLWURJHQ�WUHDWPHQWV�RI�18(DGP��18(JUDLQ�DQG�$(JUDLQ�ZHUH�KLJKO\�VLJQLILFDQW�����������7DEOH�����
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,Q�$YHUDJH��WKH�RXWSXW�RI���NLORJUDP�RI�QLWURJHQ��ZLWK�LQGLJHQRXV�1�FRQWULEXWLRQ��ZDV�DOZD\V�KLJKHU�ZKHQ�DSSOLHG�DW�
WKH� UDWH� RI� ��� NJ� KD��� FRPSDULQJ� WR� RWKHU¶V� WUHDWPHQWV¶� RXWSXWV�� 7KXV�ZKHQ� DSSOLHG� DW� ��� NJ� KD��� HDFK� �� NJ� RI�1�
IHUWLOL]HU�SURGXFHG�ZLWK�1�VRLO�FRQWULEXWLRQ���������NJ�KD���DQG�������NJ�KD���RI�DGP�DQG�JUDLQ�UHVSHFWLYHO\��1LWURJHQ�
XVH� HIILFLHQF\� DW� ��� NJ� KD���ZDV� EHWWHU� �JDLQ�� ���� DQG� ����� WKDQ� WKH� HIILFLHQFLHV� RI� � � ���� DQG� ���� NJ� KD��� UDWHV�
UHVSHFWLYHO\��OLNH�LW�ZDV�����DQG������PRUH�HIILFLHQW�LQ�SURGXFLQJ�DERYHJURXQG�GU\�PDWWHU���
7KH� GLIIHUHQFHV� LQ� $(JUDLQ� ZHUH� KLJKO\� DIIHFWHG� ��������� E\� IHUWLOL]DWLRQ� WUHDWPHQWV�� 7KH� HIILFLHQF\� RI� 1�IHUWLOL]HU�
DORQH��ZLWKRXW�1�VRLO�FRQWULEXWLRQ��ZDV������NJ�NJ���LQ�DYHUDJH�WKH�ILUVW�LQFUHPHQW����NJ�KD����RI�IHUWLOL]HU�WUHDWPHQWV�
ZDV�WKH�PRVW�HIILFLHQW�ZLWK������NJ�NJ���WKDW�LV�WR�VD\������NJ�NJ�������������DQG�������NJ�NJ��������������PRUH�WKDQ�
DJURQRPLF�HIILFLHQFLHV�DW�1����DQG�1����UDWHV�UHVSHFWLYHO\��ILJXUH������

7DEOH����1LWURJHQ�XVH�DQG�DJURQRPLF�HIILFLHQF\�

�� 1�� 1��� 1���� 1���� 3� /6'� &9����

18(�DGP�NJ�NJ���� [� �����F� �����E� ����D� ������� ����� ����

18(JUDLQ�NJ�NJ���� [� �����F� �����E� �����D� ������� ������ �����

$(�JUDLQ�NJ�NJ���� [� �����E� �����D� ����D� ������� ����� �����

�

�

)LJXUH����1RWURJHQ�DJURQRPLF�HIILFLHQF\�LQ�GXUXP�ZKHDW�DERYH�JURXQG�GU\�PDWWHU�DQG�JUDLQ�SURGXFWLRQ�

$PRQJ�WKH�WRWDO�QLWURJHQ�LQYROYHG�LQ�JUDLQ�\LHOG�IRUPDWLRQ�1�IHUWLOL]HU�KDV�FRQVWLWXWH�LQ�DYHUDJH�QR�PRUH�WKDQ��������
DQG� �������� LQ� ���������� DQG� ���������� FURSSLQJ� VHDVRQV� UHVSHFWLYHO\�� 7KH� FRQWULEXWLRQ� LQ� ILUVW� VHDVRQ� ZDV� OHVV�
VLJQLILFDQW� EHFDXVH� WKH� VWXG\�ZDV� VXEVHTXHQW� WR� IDOORZ� �� WKH� VRLO� IHUWLOLW\�ZDV� UHODWLYHO\�EHWWHU� GXH� WR�RUJDQLF�PDWWHU�
PLQHUDOL]DWLRQ�ZKLOH�LQ�WKH�VHFRQG�VHDVRQ��LW�ZDV�VXEVHTXHQW�WR�ZKHDW��

:DWHU� SURGXFWLYLW\�� 7KH� DYHUDJH� YDOXH� RI� ZDWHU� SURGXFWLYLW\� �:3�� ZDV� ����� DQG� ����� NJ� P��� IRU� JUDLQ� DQG�
DERYHJURXQG�GU\�PDWWHU��WDEOH�����

7DEOH����*UDLQ�DQG�DERYHJURXQG�GU\�PDWWHU�DV�DIIHFWHG�E\�IHUWLOL]DWLRQ�UDWHV�

1�WUHDWPHQW�9DULDEOH� 1�� 1��� 1���� 1���� 3� /6'��� &9�����

:3JUDLQ��NJ�P���� �����D� �����DE� �����E� �����E� ������ ������ �����

:3DGP��NJ�P���� �����D� �����E� �����F� �����F� ������� ������ ����

1LWURJHQ�WUHDWPHQWV�KDYH�LQGXFHG�VLJQLILFDQW�GLIIHUHQFHV�RI�FURS�ZDWHU�SURGXFWLYLW\���7KH�FXELF�PHWHU�RI�ZDWHU�XVHG�ZDV�
EHVW� YDORUL]HG� XQGHU� IHUWLOL]DWLRQ� WKDW� LQFUHDVHG� :3� YDOXHV� ZLWK� WKH� LQFUHDVH� RI� 1� UDWHV�� &RQFHUQLQJ� DGP�� :3� RI�
XQIHUWLOL]HG� WHDWPHQW� ZDV� LPSURYHG� E\� �������� ������� E\� 1��� DQG�1���� WUHDWPHQW� UHVSHFWLYHO\� QLWURJHQ� DGGLWLRQ�
EH\RQG�1����GLG�QRW�VLJQLILFDQWO\�LQFUHDVH�:3��,Q�WKH�RWKHU�KDQG��JUDLQ�ZDWHU�SURGXFWLYLW\�ZDV��������LPSURYHG�E\�
WKH� DSSOLFDWLRQ� RI� ��� NJ� KD��� RI� QLWURJHQ� IHUWLOL]HU�� %H\RQG� WKLV� UDWH�� DGGLWLRQDO� IHUWLOL]HU� GLG� QRW� LQGXFH� VLJQLILFDQW�
LPSURYHPHQW�RI�:3����*UDLQ�:3�IRU�1����ZDV��������1���1����GLIIHUHQFH�ZDV�QRW�VLJQLILFDQW��DQ�DYHUDJH�IHUWLOL]DWLRQ�
UDWH�EHWZHHQ�WKLV�WZR�UDWHV�ZRXOG�LPSURYH�:3�E\����������
7KH�:3�YDOXHV�PHDVXUHG� LQ� WKLV� VWXG\�DUH�ZLWKLQ� WKH� VSHFWUXP�RI�PHDVXUHG�:3���������NJP���� UHYLHZHG� LQ� �]ZDUW��
%DWLDDVHHQ�������DQG�ZLWKLQ�����������NJ�P���DQG�����������NJ�P���UHYLHZHG� IRU�0HGLWHUUDQHDQ�UHJLRQ�E\��.DWHUML��
0DVWURULOOL�DQG�DOO���������7KH�YDOXHV�DUH�VXSHULRU�WR�WKRVH�PHDVXUHG�LQ��.DUDP��.DEDODQ�DQG�DO�������������������NJ�P�
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���XQGHU�1�IHUWLOL]HG�WUHDWPHQWV�����������DQG�����NJ�KD����DQG�WR�WKRVH�IRXQG�LQ��.DUURX�DQG�2ZHLV��������ZKHUH�LW�
ZDV�IRXQG�D�:3�YDOXHV�UDQJLQJ�EHWZHHQ�����������NJ�P���LQ�UDLQIHG�UHJLPH�XQGHU����NJ�KD���IHUWLOL]DWLRQ�UDWH��:3�
YDOXHV�VPDOOHU�WKDQ�WKRVH�LQ��&KHQQDIL�DQG�DO��������ZLWK�WZR�LUULJDWLRQV�UHJLPH������NJ�P����EXW�FORVHU��������NJ�P����
LQ���LUULJDWLRQ�UHJLPH�DQG�EHWWHU�������NJ�P����XQGHU�UDLQIHG�UHJLPH���
)LQDOO\��ZDWHU�SURGXFWLYLW\�YDOXHV�PHDVXUHG�LQ�WKLV�VWXG\�ZHUH�JUHDWHU�WKDQ�WKRVH�PHDVXUHG�IRU�WKH�VDPH�GXUXP�ZKHDW�
YDULHW\��FY��&+(1¶6��LQ�%RXWKLED�DQG�DO�������������������NJ�P����7DEOH�����

7DEOH����&RPSDULVRQ�ZLWK�'XUXP�ZKHDW¶V�PHDQ�:3�YDOXHV��NJ�P����LQ�$OJHULD��(DVWHUQ�KLJK�SODWHDXV�DQG�&KHOLII��
HYDOXDWHG�XQGHU�UDLQIHG����LUULJDWLRQ����LUULJDWLRQV�DQG�IXOO�LUULJDWLRQ�UHJLPHV����

$XWKRU� 6RLO�
6RZLQJ�
'HQVLW\�
�SODQW�KD��

6WHP�
(ORQJDWLRQ� +HDGLQJ� 6WHP�(ORQJDWLRQ�

��+HDGLQJ� 5DLQIHG�

�&KHQQDUIL��
HW�DO��������

&OD\������
6DQG������
6LOW������

�����:DKD�� ����� �� ����� �����

�%RXWKLED��
HW�DO��������

&OD\��������
6DQG������
/LPRQ������

����
������9LWURQ��
������:DKD��
������&KHQ¶V��

������9LWURQ��
������:DKD��
������&KHQ¶V��

������9LWURQ��
������:DKD��
������&KHQ¶V��

������9LWURQ��
������:DKD��
������&KHQ¶V��

�

'XUXP�ZKHDW�GU\�PDWWHU�DFFXPXODWLRQ�DQG�GLVWULEXWLRQ�GXULQJ�����������FURSSLQJ�VHDVRQ��:KHWKHU�LQ�DQWKHVLV�
RU�PDWXULW\�� WRWDO� GU\� PDWWHU� ZDV� FRQVLGHUHG� LQ� WKH� VWXG\� DV� WKH� WRWDO� DFFXPXODWLRQ� RI� DERYHJURXQG� GU\� PDWWHU� �WKH�
DGGLWLRQ�RI� OHDYH��VSLNH�DQG�VWHP�VKHDWK�GU\�ZHLJKWV��H[FOXGLQJ�URRWV��SHU�VTXDUH�PHWHU��7KH�DQDO\VLV�RI�YDULDQFH�RI�
WRWDO�DFFXPXODWHG�DERYHJURXQG�GU\�PDWWHU�DW�DQWKHVLV�JURZWK�VWDJH�GLGQ¶W�LQGLFDWH�WKDW�WKHUH�LV�D�VLJQLILFDQW�GLIIHUHQFHV�
EHWZHHQ� WUHDWPHQWV� �S ������� WKH� DYHUDJH� ZHLJKW� ZDV� ������� J� P���� /LNHZLVH�� WKH� WUHDWPHQWV� GLGQ¶W� LQGXFH� D�
VLJQLILFDQW�GLIIHUHQFHV�RI�GXUXP�ZKHDW�YHJHWDWLYH�SDUW�H[FHSW�IRU�VSLNHV��S ���������7DEOH�����

7DEOH�����$FFXPXODWLRQ�DQG�GLVWULEXWLRQ�DGP�DW�DQWKHVLV�JURZWK�VWDJH�DV�DIIHFWHG�E\�QLWURJHQ�IHUWLOL]DWLRQ��

1LWURJHQ�YDULDEOH� ������1�� �����1��� ����1���� ���1���� �����3� �����/6'� ��&9�����

$ERYHJURXQG�GU\�PDWWHU��J��� �����D� ������ �����DE� �����E� ������ ������ �����

/HDYHV��J�� �����D� �����E� �����E� �����E� ������ ����� �����

6WHP�VKHDWK�J�� �����D� �����D� �����D� �����D� ������ ������ �����

6SLNH��J�� �����D� �����E� �����E� ������E� ������ ������ ���

$W�PDWXULW\�GLIIHUHQFHV�LQ�WRWDO�DGP�ZHUH�VLJQLILFDQW����������WKH�DYHUDJH�ZHLJKW�ZDV�������J��)HUWLOL]DWLRQ�WUHDWPHQWV�
DIIHFWHG� VSLNH� ZHLJKW� DW�PDWXULW\� ��������� 7KH� JUHDWHVW� GHYHORSPHQW� DW�PDWXULW\� LQ� DGP� DQG� VSLNH� ZDV� UHFRUGHG� IRU�
���NJ�K�����7DEOH�����

7DEOH�����$FFXPXODWLRQ�DQG�GLVWULEXWLRQ�DGP�DW�0DWXULW\�JURZWK�VWDJH�DV�DIIHFWHG�E\�QLWURJHQ�IHUWLOL]DWLRQ�

1LWURJHQ�9DULDEOH��������� 1�� 1��� 1���� 1���� 3� /6'� &9�����
$GP��J�� �����D� �����DE� �����E� �����E� ������ �����J� �����
OHDYHV��J�� ������ ������ ������ ������ 16� � �
6WHP�VKHDWK�J�� �����D� �����D� �����D� ������ ������ �����J� �����
VSLNH��J�� �����D� �����E� �����E� �����E� ������ �����J� �����

7KH�GLVWULEXWLRQ�RI�ZKHDW�GU\�PDWWHU¶V�YHJHWDWLYH�SDUWV��H[FHSW�URRW�V\VWHP��ZDV�LQ�DYHUDJH�DV�IROORZ����������OHDYH���
������� �VWHP��� ������ ��� VSLNH�� DW� DQWKHVLV� JURZWK� VWDJH� DQG� ������ �OHDYH��� ������� �VWHP�� DQG� ������ �VSLNH�� DW�
PDWXULW\���WDEOH�����ILJXUH������
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�

)LJXUH����'XUXP�ZKHDW�DERYHJURXQG�PDWWHU�DFFXPXODWLRQ�DQG�GLVWULEXWLRQ�

'XUXP�ZKHDW�JUDLQ�ILOOLQJ��7KH�DQDO\VLV�RI�GLIIHUHQFHV�RI�VSLNH�GU\�PDWWHU�GXULQJ�GXUXP�ZKHDW�JUDLQ�ILOOLQJ�LQGLFDWHV�
WKDW�1�IHUWLOL]DWLRQ�GLG�KDYH�D�OLWWOH�RU�QR�HIIHFW�EHWZHHQ�WUHDWPHQWV��7DEOH�����7KLV�FRXOG�EH�H[SODLQ�E\�WKH�IDFW�WKDW�WKH�
ILQDO�JUDLQ�ZDV�PRUH�GXH�WR�WKH�GLIIHUHQFHV�RI�WKH�QXPEHU�VSLNH�P��DQG�QXPEHU�RI�NHUQHO�P��YDULDEOHV�WKDQ�WR�WKH�XQLW�
RI� JUDLQ� ZHLJKW�� $V� VXFK� WKH� GLIIHUHQFH� LQ� ZHLJKW� FRXOG� EH� PRUH� YLVLEOH� LQ� WKH� P�� WKDQ� LQ� ��� VSLNHV� �WKH� VL]H� RI�
VXFFHVVLYH�VDPSOHV����

7DEOH����'XUXP�ZKHDW�JUDLQ�ILOOLQJ�DV�DIIHFWHG�E\�QLWURJHQ�IHUWLOL]DWLRQ���

��1�WUHDWPHQWV�������'D\�
DIWHU�VRZLQJ�

12� 1��� 1���� 1���� 3� /6'� &9�

�����DQWKHVLV����� ����D� ����D� ����D� ����D� ������ ����J� �����

������� �����DE� �����E� �����D� �����DE� ������ �����J� ����

�������� �����D� �����D� �����D� �����D� ������ �����J� �����

�������� �����D� �����D� �����D� �����D� ������ ����J� �����

������� �����D� �����D� �����D� �����D� ������ �����J� �����

����� �����D� �����D� �����D� �����D� ������ �����J� �����

����� ������D� �����E� �����D� �����DE� ������ �����J� �����

����� ������ ������ ������ ������ ������ �����J� �����

�������� �����D� �����D� ������ �����D� ������ ����� �����

�����KDUYHVW��������� �����D� �����D� �����D� �����D� ������ �����J� �����

7KH�JUDLQ�ILOOLQJ�SURFHVV�WRRN����GD\V�DSSUR[LPDWHO\��EHWZHHQ�����DQG�����GD\�DIWHU�VRZLQJ���LQ�DYHUDJH�WKH�VDPSOH¶�
ZHLJKW�JDLQ�ZDV�����J��GD\��WKDW�UHDFKHV�����J�GD\�EHWZHHQ�����DQG�����GD\V�DIWHU�VRZLQJ��WDEOH����������

7DEOH�����*UDLQ�GU\�PDWWHU�JDLQ�DQG�FRQWULEXWLRQ�WR�WKH�ILQDO�ZHLJKW�

'D\V�DIWHU��DQWKHVLV� $YHUDJH��JUDLQ�ZHLJKW��J�� :HLJKW�JDLQ��J�� �)LQDO�ZHLJKW�����
�� ������ � �
�� ������� ������ ������
�� ������� ������ ������
��� ������� ������ ������
��� ������� ������ �������
��� ������� ������� �������
��� ������� ������� �������
��� ������� ������ ������
��� ������� ������ ������
��� ������� ������ ������
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$�UHODWLYHO\�PRUH�DFWLYH�JUDLQ�ILOOLQJ�SHULRG�ZDV�EHWZHHQ����DQG����GD\V�DIWHU�DQWKHVLV��'$$��ZKHUH�GU\�ZHLJKW�NHSW�
LQFUHDVLQJ��FRQWULEXWLQJ�WKXV�E\��������������DQG��������VXFFHVVLYHO\�WR�WKH�ILQDO�GU\�ZHLJKW�IURP����'$$��ILJXUH����

�
)LJXUH����*UDLQ�GU\�PDWWHU�GXULQJ�JUDLQ�IDLOLQJ�

*UDLQ�SURWHLQ�FRQFHQWUDWLRQ��1�IHUWLOL]DWLRQ�KDV�LQGXFHG�KLJKO\�VLJQLILFDQW�GLIIHUHQFHV�LQ�JUDLQ�SURWHLQ�FRQFHQWUDWLRQ��
7KH� DYHUDJH� FRQFHQWUDWLRQ�ZDV���������8QIHUWLOL]HG� WUHDWPHQW�ZDV� LPSURYHG����������������DQG��������E\�1����
1����DQG�1����UHVSHFWLYHO\��ILJXUH�����

�

)LJXUH����'XUXP�ZKHDW�JUDLQ�SURWHLQ�FRQFHQWUDWLRQ�����DV�DIIHFWHG�E\�1�WUHDWPHQW�

&RQFOXVLRQ�
�)RU�HFRQRPLF�DQG�(QYLURQPHQW�VDNH���LW�ZRXOG�EH�ZLVH�WR�FKRRVH����NJ�KD���DV�1�IHUWLOL]DWLRQ�UDWH�JLYHQ�LW�KDV�WKH�EHVW�
QLWURJHQ� XVH� HIILFLHQF\� ������� NJ� NJ����� DQG� IHUWLOL]HU� DJURQRPLF� HIILFLHQF\� ������� NJ� NJ���� DQG� LW� LPSURYHG�
VLJQLILFDQWO\�WKH�XVH�RI�P���RI�UDLQ�ZDWHU�DJDLQVW�D�OLWWOH�\LHOG�ORVV�FRPSDULQJ�WR����NJ�KD���UDWH���7KLV�LV�VDLG��ZH�KDYH�
WR�FRQVLGHU�WKDW�&+(1¶6�LV�D�VWDEOH�FXOWLYDU�EXW�PD\�QRW�EH�WKH��EHVW��ZKHQ�LW�FRPHV�WR�YDORUL]H�IHUWLOL]HU�DQG�ZDWHU�\HDU�
���DV�WKH�H[SHULPHQW�KDV�VKRZQ��WKDW�LV�ZK\�D�PXOWL�YDULHWDO�ILHOG�H[SHULPHQW�LQFOXGLQJ�UHODWLYHO\�KLJK�SRWHQWLDO�FXOWLYDU�
ZRXOG�EH�LQWHUHVWLQJ�WR�FRQGXFW�����%HVLGHV��WKLV���\HDUV�VWXG\�KDV�VKRZQ�WKHUH�LV�URRP�WR�VHFXUH�VRPH�IHUWLOL]HUV�DPRXQW�
FRPSDULQJ�WR�WKH�UDWHV�IRU�VXEKXPLG�UHJLRQV�UHFRPPHQGHG�E\�WKH�QDWLRQDO�ERG\�IRU�FHUHDOV�GHYHORSPHQW��

5HIHUHQFHV��

%DVWLDDQVVHQ��:��	�$OOHQ��5�����������7ZHQW\�ILYH�\HDUV�PRGHOLQJ�LUULJDWHG�DQG�GUDLQHG�VRLOV��6WDWH�RI�WKH�DUW���
$JULFXOWXUDO�:DWHU�0DQDJHPHQW�����������������
�
%RXODO��+�=���(O�0RXULG��2�0�	�5H]JXL��6�����������*XLGH�SUDWLTXH�GH�OD�FRQGXLWH�GHV�FpUpDOHV�G
DXWRPQH��EOpV�HW�
RUJHV��GDQV�OH�0DJKUHE���
�
%RXWKLED��$���'HEDHNH��3��	�+DPRXGL�6�$�����������9DULHWDO�GLIIHUHQFHV�LQ�WKH�UHVSRQVH�RI�GXUXP�ZKHDW��7ULWLFXP�
WXUJLGXP�/��WR�LUULJDWLRQ�VWUDWHJLHV�LQ�D�VHPL�DULG�UHJLRQ�RI�$OJHULD���,UULJDWLRQ�6FLHQFH�����������������
�
&KHQQDIL��+��	�$LGDRXL��$�����������<LHOG�UHVSRQVH�RI�GXUXP�ZKHDW��7ULWLFXP�GXUXP�'HVI���FXOWLYDU�:DKD�WR�GHILFLW�
LUULJDWLRQ�XQGHU�VHPL�DULG�JURZWK�FRQGLWLRQV���$VLDQ�-��3ODQW�6FL�������������
�
.DUDP��)��	�.DEDODQ��5�����������<LHOG�DQG�ZDWHU�SURGXFWLRQ�IXQFWLRQV�RI�WZR�GXUXP�ZKHDW�FXOWLYDUV�JURZQ�XQGHU�
GLIIHUHQW�LUULJDWLRQ�DQG�QLWURJHQ�UHJLPHV���$JULFXOWXUDO�:DWHU�0DQDJHPHQW�����������������
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.DUURX��0��	�2ZHLV��7�����������:DWHU�DQG�ODQG�SURGXFWLYLWLHV�RI�ZKHDW�DQG�IRRG�OHJXPHV�ZLWK�GHILFLW�VXSSOHPHQWDO�
LUULJDWLRQ�LQ�D�0HGLWHUUDQHDQ�HQYLURQPHQW���$JULFXOWXUDO�:DWHU�0DQDJHPHQW��������������
�
.DWHUML��1��	�0DVWURULOOL��0�����������:DWHU�XVH�HIILFLHQF\�RI�FURSV�FXOWLYDWHG�LQ�WKH�0HGLWHUUDQHDQ�UHJLRQ��5HYLHZ�DQG�
DQDO\VLV���(XURSHDQ�-RXUQDO�RI�$JURQRP\�����������������
�
=ZDUW��6��-��	�%DVWLDDQVVHQ��:�����������5HYLHZ�RI�PHDVXUHG�FURS�ZDWHU�SURGXFWLYLW\�YDOXHV�IRU�LUULJDWHG�ZKHDW��ULFH��
FRWWRQ�DQG�PDL]H���$JULFXOWXUDO�:DWHU�0DQDJHPHQW�����������������
� �
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SUPPLIER SELECTION FOR AUTOMOTIVE INDUSTRY USING 
MULTI-CRITERIA DECISION MAKING TECHNIQUES 

�
�

g]HU�8\JXQ���+DVDQ�.DoDPDN���*L]HP�$\úLP���)XDW�ùLPúLU��
��'HSDUWPHQW�RI�,QGXVWULDO�(QJLQHHULQJ��6DNDU\D�8QLYHUVLW\��6HUGLYDQ��7XUNH\�

�8QGHUJUDGXDWH�6WXGHQW��'HSDUWPHQW�RI�,QGXVWULDO�(QJLQHHULQJ��6DNDU\D�8QLYHUVLW\��6HUGLYDQ��7XUNH\�
��'HSDUWPHQW�RI�,QGXVWULDO�(QJLQHHULQJ��.DUDE�N�8QLYHUVLW\��.DUDE�N��7XUNH\�

RX\JXQ#VDNDU\D�HGX�WU��JL]HP�D\VLP#VDNDU\D�HGX�WU��KNDFDPDN#VDNDU\D�HGX�WU��IXDWVLPVLU#JPDLO�FRP 
�
�

Abstract: 7KLV�SDSHU�LV�DLPHG�WR�VXJJHVW�DQ�DSSURDFK�IRU�HYDOXDWLQJ�DQG�VHOHFWLQJ�VXSSOLHUV�IRU�DQ�
DXWRPRWLYH�PDQXIDFWXULQJ�FRPSDQ\��EDVHG�RQ�PXOWL�FULWHULD�GHFLVLRQ�PDNLQJ�PHWKRGV��$V�DQ�LQLWLDO�
VWHS��PDLQ�FULWHULD�DQG�VXE�FULWHULD�ZKLFK�DIIHFW�WKH�HYDOXDWLRQ�DQG�VHOHFWLRQ�SURFHVV�RI�D�VXSSOLHU�DUH�
LGHQWLILHG��6HFRQGO\��'(0$7(/�DSSURDFK�LV�LPSOHPHQWHG�WR�WKH�PDLQ�FULWHULD�LQ�RUGHU�WR�H[SRVH�
FDXVH� DQG� DIIHFW� LQWHUUHODWLRQVKLS� DPRQJ� WKHP�ZKLFK� LV� UHTXLUHG� E\� $QDO\WLF� 1HWZRUN� 3URFHVV�
�$13��PHWKRG��$W�WKH�WKLUG�VWHS��$13�PHWKRGRORJ\�LV�DSSOLHG�IRU�FDOFXODWLQJ�WKH�ZHLJKWV�RI�HDFK�
VXE�FULWHULRQ��$IWHU�REWDLQLQJ�WKH�ZHLJKWV�RI�WKH�VXE�FULWHULD��DOWHUQDWLYH�VXSSOLHUV�DUH�HYDOXDWHG�DQG�
UDQNHG� XVLQJ�7236,6�PHWKRG��$W� WKH� HQG�� WKH� VXSSOLHU�ZLWK� WKH� KLJKHVW� SHUIRUPDQFH� LQGLFHV� LV�
VHOHFWHG�DV�WKH�EHVW�VXSSOLHU��
�
Key words:�6XSSOLHU�VHOHFWLRQ��PXOWL�FULWHULD�GHFLVLRQ�PDNLQJ��'(0$7(/��$13��7236,6��

�
�
�
1. Introduction 
�
� $Q�DXWRPRWLYH�PDQXIDFWXULQJ�FRUSRUDWLRQ�LV�D�JOREDO�RUJDQL]DWLRQ��,W�UHTXLUHV�YDULRXV�WHFKQRORJLHV�WR�SURGXFH�D�
YHKLFOH�VXFK�DV�HOHFWURQLFV��PHFKDQLFV��HQJLQH�WHFKQRORJ\��WLUH�WHFKQRORJ\�DQG�VR�RQ��(DFK�RI�WKHVH�WHFKQRORJLHV�LV�DQ�
LQGXVWU\� LQ� LWVHOI� ZKLFK� QHHGV� VSHFLDO� H[SHUWLVH�� ,W� LV� DOPRVW� LPSRVVLEOH� IRU� D� PDLQ� PDQXIDFWXUHU� WR� RZQ� DOO� WKH�
WHFKQRORJLHV�QHHGHG�WR�SURGXFH�VXFK�YHKLFOH��7KXV��DV�5D]PL�HW�DO���������LQGLFDWHG��WKHVH�RUJDQL]DWLRQV�PXVW�FRQFHQWUDWH�
RQ� WKHLU�PDLQ�RSHUDWLRQV�DQG�RUJDQL]DWLRQDO�JRDOV�� DQG�RXWVRXUFH�DOO�QRQ�VWUDWHJLF�RSHUDWLRQV��7R�EH�FRPSHWLWLYH� LQ�D�
JOREDO� PDUNHWSODFH�� HVSHFLDOO\� LQ� DXWRPRWLYH� LQGXVWU\�� VXSSOLHU� HYDOXDWLRQ� DQG� VHOHFWLRQ� LV� D� YLWDO� SURFHVV�� 3URSHU�
SXUFKDVLQJ�VWUDWHJLHV��DQG�HVSHFLDOO\�SURSHU�VXSSOLHUV��FDQ�SOD\�D�NH\�UROH�LQ�PDQDJHPHQW�RI�VXFFHVVIXO�RUJDQL]DWLRQV�DQG�
LW�LV�ZRUWKZKLOH�WR�LQYHVW�RQ�PDNLQJ�DSSURSULDWH�GHFLVLRQ�RQ�VXSSOLHU�VHOHFWLRQ��5D]PL�HW�DO���������� �
� 7KH�VWXGLHV�RQ�VXSSOLHU�VHOHFWLRQ�KDYH�EHJXQ�LQ�����V��'LFNVRQ��������KDV�PDGH�DQ�DQDO\VLV�RI�YHQGRU�VHOHFWLRQ�
DQG�LGHQWLILHG����GLIIHUHQW�IDFWRUV�VXFK�DV�TXDOLW\��GHOLYHU\��SULFH��SHUIRUPDQFH�KLVWRU\��ZDUUDQWLHV��WHFKQLFDO�FDSDELOLW\��
HWF��+LV�VWXG\�VKRZHG� WKDW�TXDOLW\� LV� WKH�PRVW� LPSRUWDQW�FULWHULD�DQG� LW� LV� IROORZHG�E\�GHOLYHU\�DQG� WKHQ�SHUIRUPDQFH�
KLVWRU\��
� 7KHUH� DUH� VHYHUDO� DSSURDFKHV� IRU� VXSSOLHU� HYDOXDWLRQ� DQG� VHOHFWLRQ�� 6RPH� RI� WKHVH� DSSURDFKHV� DUH� GDWD�
HQYHORSPHQW�DQDO\VLV��:X�HW�DO���������6DHQ��������5RVV�HW�DO����������PDWKHPDWLFDO�SURJUDPPLQJ��1J��������.DUSDN�HW�
DO���������:DGKZD�DQG�5DYLQGUDQ��������VXFK�DV�OLQHDU�SURJUDPPLQJ��JRDO�SURJUDPPLQJ��PXOWL�REMHFWLYH�SURJUDPPLQJ��
DQDO\WLF� KLHUDUFK\� SURFHVV� �+RX� DQG� 6X�� ������� DQDO\WLF� QHWZRUN� SURFHVV� �*HQFHU� DQG� *�USLQDU�� ������� FDVH�EDVHG�
UHDVRQLQJ��&KR\�DQG�/HH��������DQG�JHQHWLF�DOJRULWKPV��'LQJ�HW�DO����������+R�HW�DO���������PHQWLRQV�WKDW�WKHUH�DUH�VHYHUDO�
DUWLFOHV�UHYLHZLQJ�WKH�OLWHUDWXUH�DERXW�VXSSOLHU�HYDOXDWLRQ�DQG�VHOHFWLRQ�PRGHOV�XS�WR������DQG�WKH\�KDYH�H[WHQGHG�WKHP�
E\�VXUYH\LQJ�WKH�PXOWL�FULWHULD�VXSSOLHU�HYDOXDWLRQ�DQG�VHOHFWLRQ�DSSURDFKHV�IURP������WR������� �
� 7KH�VHOHFWLRQ�SURFHVV�PDLQO\�LQYROYHV�HYDOXDWLRQ�RI�GLIIHUHQW�DOWHUQDWLYH�VXSSOLHUV�EDVHG�RQ�GLIIHUHQW�FULWHULD��7KLV�
SURFHVV�LV�HVVHQWLDOO\�FRQVLGHUHG�DV�D�PXOWLSOH�FULWHULD�GHFLVLRQ�PDNLQJ��0&'0��SUREOHP�ZKLFK�LV�DIIHFWHG�E\�GLIIHUHQW�
WDQJLEOH�DQG�LQWDQJLEOH�FULWHULD��gQ�W�HW�DO����������
� ,Q� WKLV� VWXG\�� K\EULG�PXOWL�FULWHULD�GHFLVLRQ�PDNLQJ�DSSURDFK� LV�SURSRVHG�DQG� LPSOHPHQWHG� IRU�HYDOXDWLQJ�DQG�
VHOHFWLQJ�WKH�PRVW�VXLWDEOH�VXSSOLHU�LQ�DXWRPRWLYH�LQGXVWU\��7KLV�DSSURDFK�LQFOXGHV�'(0$7(/�WHFKQLTXH�IRU�UHYHDOLQJ�
FDXVH�DQG�HIIHFW�LQWHUDFWLRQ�DPRQJ�FULWHULD��DQDO\WLF�QHWZRUN�SURFHVV�IRU�REWDLQLQJ�WKH�ZHLJKWV�RI�WKH�VXE�FULWHULD�EDVHG�RQ�
WKH�UHVXOW�RI�WKH�'(0$7(/�PHWKRG��DQG�7236,6�PHWKRG�IRU�HYDOXDWLQJ�DQG�UDQNLQJ�WKH�DOWHUQDWLYH�VXSSOLHUV�DFFRUGLQJ�
WR�WKH�VXE�FULWHULD�DQG�WKH�ZHLJKWV��0DLQ�FULWHULD�DQG�WKHLU�UHODWHG�VXE�FULWHULD�DUH�LQYHVWLJDWHG�DQG�GHWHUPLQHG�DV�JLYHQ�LQ�
)LJ�����
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�
Fig. 1.�0DLQ�FULWHULD�DQG�UHODWHG�VXE�FULWHULD�IRU�VXSSOLHU�VHOHFWLRQ�PRGHO��
�
�
2. Literature Review 
�
� $�QXPEHU�RI�DOWHUQDWLYH�DSSURDFKHV�KDYH�EHHQ�SURSRVHG�IRU�VXSSOLHU�HYDOXDWLRQ�DQG�VHOHFWLRQ��FDOOHG�PDWKHPDWLFDO�
SURJUDPPLQJ�PRGHOV��PXOWLSOH�DWWULEXWH�GHFLVLRQ�DLG�PHWKRGV��FRVW�EDVHG�PHWKRGV��VWDWLVWLFDO�DQG�SUREDELOLVWLF�PHWKRGV��
FRPELQHG�PHWKRGRORJLHV�DQG�RWKHU�PHWKRGV��gQ�W�HW�DO����������+RZHYHU��VXSSOLHU�VHOHFWLRQ�SURFHVV�PDLQO\�LQYROYHV�
HYDOXDWLRQ�RI�VHYHUDO�DOWHUQDWLYHV�EDVHG�RQ�GLIIHUHQW�FULWHULD��)RU� WKDW� UHDVRQ��PXOWL�FULWHULD�GHFLVLRQ�PDNLQJ��0&'0��
DSSURDFKHV�DUH�XVHG�WR�GHDO�ZLWK�WKH�VHOHFWLRQ�SURFHVV��
� ([WHQVLYH� PXOWL�FULWHULD� GHFLVLRQ� PDNLQJ� DSSURDFKHV� KDYH� EHHQ� SURSRVHG� IRU� VXSSOLHU� VHOHFWLRQ�� VXFK� DV� WKH�
DQDO\WLF� KLHUDUFK\� SURFHVV� �$+3��� DQDO\WLF� QHWZRUN� SURFHVV� �$13��� FDVH�EDVHG� UHDVRQLQJ� �&%5��� GDWD� HQYHORSPHQW�
DQDO\VLV� �'($��� IX]]\� VHW� WKHRU\�� JHQHWLF� DOJRULWKP� �*$���PDWKHPDWLFDO� SURJUDPPLQJ�� VLPSOH� PXOWL�DWWULEXWH� UDWLQJ�
WHFKQLTXH��60$57���DQG�WKHLU�K\EULGV��+R�HW�DO����������
� *HQFHU�DQG�*�USLQDU� �������GHYHORSHG�D�PRGHO�DLPLQJ� WKH�XVDJH�RI�$13� LQ� VXSSOLHU� VHOHFWLRQ�RZQLQJ� WR� WKH�
HYDOXDWLRQ� RI� WKH� UHODWLRQV� EHWZHHQ� VXSSOLHU� VHOHFWLRQ� FULWHULD� LQ� D� IHHGEDFN� V\VWHPDWLF�� 7KH� SURSRVHG� PRGHO� ZDV�
LPSOHPHQWHG� LQ� DQ� HOHFWURQLF� FRPSDQ\�� 'HPLUWDV� DQG� hVW�Q� ������� SURSRVHG� DQ� LQWHJUDWHG� DSSURDFK� RI� $13� DQG�
PXOWL�REMHFWLYH�PL[HG�LQWHJHU�OLQHDU�SURJUDPPLQJ�IRU�FRQVLGHULQJ�ERWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�IDFWRUV�LQ�FKRRVLQJ�
WKH�EHVW�VXSSOLHUV�DQG�GHILQLQJ�WKH�RSWLPXP�TXDQWLWLHV�DPRQJ�VHOHFWHG�VXSSOLHUV�WR�PD[LPL]H�WKH�WRWDO�YDOXH�RI�SXUFKDVLQJ�
DQG�PLQLPL]H�WKH�EXGJHW�DQG�GHIHFW�UDWH��7KH\�HYDOXDWHG�IRXU�GLIIHUHQW�SODVWLF�PROGLQJ�ILUPV�ZRUNLQJ�ZLWK�D�UHIULJHUDWRU�
SODQW�DFFRUGLQJ�WR�IRXUWHHQ�FULWHULD�WKDW�DUH�LQYROYHG�LQ�WKH�IRXU�FOXVWHUV��EHQHILWV��RSSRUWXQLWLHV��FRVWV�DQG�ULVNV��%2&5���
� 0LQJ�/DQJ�HW�DO���������SURSRVHG�D�QRYHO�KLHUDUFKLFDO�HYDOXDWLRQ�IUDPHZRUN�WR�DVVLVW�WKH�H[SHUW�JURXS�WR�VHOHFW�WKH�
RSWLPXP� VXSSOLHU� ZLWK� $13� DQG� FKRTXHW� LQWHJUDO� ZLWK� UHIHUHQFH� WR� PXOWLSOH� FRQIOLFWLQJ� FULWHULD� LQ� VXSSO\� FKDLQ�
PDQDJHPHQW�V\VWHP��6&06���
� 'DODODK�HW�DO���������SURSRVHG�D�K\EULG�IX]]\�PRGHO�IRU�JURXS�PXOWL�FULWHULD�GHFLVLRQ�PDNLQJ��$�PRGLILHG�IX]]\�
'(0$7(/�PRGHO�ZDV�SUHVHQWHG�WR�GHDO�ZLWK�WKH�LQIOXHQWLDO�UHODWLRQVKLS�EHWZHHQ�WKH�HYDOXDWLRQ�FULWHULD��,Q�DGGLWLRQ��D�
PRGLILHG�7236,6�PRGHO�ZDV�SURSRVHG�WR�HYDOXDWH�WKH�DOWHUQDWLYHV�DFFRUGLQJ�WR�HDFK�FULWHULRQ�� +VX� DQG� +X� �������
SUHVHQWHG�DQ�$13�DSSURDFK�WR�LQFRUSRUDWH�WKH�LVVXH�RI�KD]DUGRXV�VXEVWDQFH�PDQDJHPHQW��+60��LQWR�VXSSOLHU�VHOHFWLRQ��
,Q�WKHLU�VWXG\� WKH\�SURSRVHG�D�PXOWL�FULWHULD�GHFLVLRQ�PRGHO�LQ�ZKLFK�LGHQWLILFDWLRQ�RI�FULWHULD�RI�+60�FRPSHWHQFH�LV�
FDWHJRUL]HG�LQWR�IRXU�GLPHQVLRQV��
� 7KHUH�DUH�DOVR�VWXGLHV�FRQFHUQLQJ�IX]]\�VHW�WKHRU\�LQWHJUDWHG�ZLWK�PXOWL�FULWHULD�GHFLVLRQ�PDNLQJ�PHWKRGV��6RPH�
RI� WKH� OLWHUDWXUH� UHYLHZ�DERXW� IX]]\�PXOWL�FULWHULD� GHFLVLRQ�PDNLQJ� DSSOLFDWLRQV� LV� JLYHQ� LQ� WKH� IROORZLQJ�SDUW� RI� WKLV�
VHFWLRQ��
� .LOLQFFL�DQG�2QDO���������LQYHVWLJDWHG�WKH�VXSSOLHU�VHOHFWLRQ�SUREOHP�RI�D�ZDVKLQJ�PDFKLQH�FRPSDQ\�LQ�7XUNH\��
DQG�D�IX]]\�$+3�EDVHG�PHWKRGRORJ\�ZDV�XVHG�WR�VHOHFW�WKH�EHVW�VXSSOLHU�ILUP�SURYLGLQJ�WKH�PRVW�FXVWRPHU�VDWLVIDFWLRQ�IRU�
WKH�FULWHULD�GHWHUPLQHG��/HH��������DOVR�SURSRVHG�IX]]\�$+3�WR�HYDOXDWH�YDULRXV�DVSHFWV�RI�VXSSOLHUV�DQG�VHOHFWLQJ�WKHP�
XQGHU�IX]]\�HQYLURQPHQW�ZKLFK�LQFRUSRUDWHV�WKH�%2&5�FRQFHSW��$�FDVH�VWXG\�RI�EDFNOLJKW�XQLW�VXSSOLHU�VHOHFWLRQ�ZDV�
SUHVHQWHG� IRU� D�7)7�/&'�PDQXIDFWXUHU� LQ�7DLZDQ��9LQRGK� HW� DO�� ������� XVHG� IX]]\�$13� DSSURDFK� IRU� WKH� VXSSOLHU�
VHOHFWLRQ�SURFHVV� DQG� WKH� FDVH� VWXG\� KDV�EHHQ� FDUULHG�RXW� LQ� DQ� ,QGLDQ� HOHFWURQLFV� VZLWFKHV�PDQXIDFWXULQJ� FRPSDQ\��
5D]PL�HW�DO���������DLPHG�WR�GHYHORS�D�IX]]\�$13�PRGHO�WR�HYDOXDWH�WKH�SRWHQWLDO�VXSSOLHUV�DQG�VHOHFW�WKH�EHVW�RQH�V��ZLWK�
UHVSHFW�WR�WKH�YHQGRU�LPSRUWDQW�IDFWRUV��7KH\�KDYH�DXJPHQWHG�WKH�PRGHO�ZLWK�D�QRQ�OLQHDU�SURJUDPPLQJ�PRGHO�WR�HOLFLW�
HLJHQYHFWRUV�IURP�IX]]\�FRPSDULVRQ�PDWULFHV��
� &KDQJ� HW� DO��� ������� FODLPV� WKDW� WKHLU� VWXG\� SLRQHHUV� LQ� XVLQJ� WKH� IX]]\� GHFLVLRQ�PDNLQJ� WULDO� DQG� HYDOXDWLRQ�
ODERUDWRU\� �'(0$7(/��PHWKRG� WR� ILQG� LQIOXHQWLDO� IDFWRUV� LQ� VHOHFWLQJ� VXSSOLHUV��7KH\� GHVLJQHG� D� IX]]\�'(0$7(/�
TXHVWLRQQDLUH�ZKLFK�LV�VHQW�WR�VHYHQWHHQ�SURIHVVLRQDO�SXUFKDVLQJ�SHUVRQQHO�LQ�WKH�HOHFWURQLF�LQGXVWU\��
� gQ�W�HW�DO���������GHYHORSHG�D�VXSSOLHU�HYDOXDWLRQ�DSSURDFK�EDVHG�RQ�WKH�$13�DQG�7236,6�PHWKRGV�WR�KHOS�D�
WHOHFRPPXQLFDWLRQ�FRPSDQ\�LQ�WKH�*60�VHFWRU�LQ�7XUNH\�XQGHU�WKH�IX]]\�HQYLURQPHQW�� %RUDQ� HW� DO�� ������� SURSRVHG�
7236,6� PHWKRG� FRPELQHG� ZLWK� LQWXLWLRQLVWLF� IX]]\� VHW� WR� VHOHFW� DSSURSULDWH� VXSSOLHU� LQ� JURXS� GHFLVLRQ� PDNLQJ�
HQYLURQPHQW�� ,QWXLWLRQLVWLF� IX]]\�ZHLJKWHG�DYHUDJLQJ� �,):$��RSHUDWRU� LV�XWLOL]HG� WR�DJJUHJDWH� LQGLYLGXDO�RSLQLRQV�RI�
GHFLVLRQ�PDNHUV�IRU�UDWLQJ�WKH�LPSRUWDQFH�RI�FULWHULD�DQG�DOWHUQDWLYHV��7KH\�KDYH�JLYHQ�D�QXPHULFDO�H[DPSOH�IRU�VXSSOLHU�
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VHOHFWLRQ�WR�LOOXVWUDWH�DSSOLFDWLRQ�RI�LQWXLWLRQLVWLF�IX]]\�7236,6�PHWKRG��:DQJ�HW�DO���������VLPSOLILHG�WKH�FRPSOLFDWHG�
PHWULF�GLVWDQFH�PHWKRG�ZKLFK�ZDV� LQWURGXFHG�E\�&KHQ�DQG�&KDQJ��������DQG� WKH\�SURSRVHG�DQ�DOJRULWKP�WR�PRGLI\�
&KHQ¶V� �������)X]]\�7236,6��)URP�H[SHULPHQWDO� YHULILFDWLRQ��&KHQ�GLUHFWO\� DVVLJQHG� WKH� IX]]\� QXPEHUV� �෨DQG� �෨� DV�
IX]]\� SRVLWLYH� LGHDO� VROXWLRQ� �3,6�� DQG� QHJDWLYH� LGHDO� VROXWLRQ� �1,6��� 7KH\� FODLPHG� WKDW� &KHQ¶V� PHWKRG� VRPHWLPHV�
YLRODWHV� WKH� EDVLF� FRQFHSWV� RI� WUDGLWLRQDO�7236,6��7KXV� WKHLU� VWXG\� SURSRVHG� IX]]\� KLHUDUFKLFDO�7236,6��ZKLFK� FDQ�
SURYLGH�PRUH� REMHFWLYH� DQG� DFFXUDWH� FULWHULRQ�ZHLJKWV�� ZKLOH� VLPXOWDQHRXVO\� DYRLGLQJ� WKH� SUREOHP� RI�&KHQ¶V� )X]]\�
7236,6��
�
�
3. Methodology 
�
� ,Q�WKLV�VWXG\��K\EULG�'(0$7(/��$13�DQG�7236,6�PHWKRGV�DUH�LPSOHPHQWHG�LQ�D�FRPELQHG�ZD\��7KXV�WKHVH�
PHWKRGV�DUH�H[SODLQHG�LQ�WKLV�VHFWLRQ��
�
3.1. DEMATEL Method 
�
� 7KH� %DWWHOOH� *HQHYD� ,QVWLWXWH� FUHDWHG� '(0$7(/� LQ� RUGHU� WR� VROYH� GLIILFXOW� SUREOHPV� WKDW� PDLQO\� LQYROYH�
LQWHUDFWLYH�PDQ�PRGHO�WHFKQLTXHV�DV�ZHOO�DV�WR�PHDVXUH�TXDOLWDWLYH�DQG�IDFWRU�OLQNHG�DVSHFWV�RI�VRFLHWDO�SUREOHPV���*DEXV�
DQG�)RQWHOD���������,W�DQDO\]HV�WKH�LQIOXHQWLDO�VWDWXV�DQG�VWUHQJWK�EHWZHHQ�WKH�IDFWRUV�DQG�FRQYHUW�WKHP�LQWR�DQ�H[SOLFLW�
VWUXFWXUDO�PRGH�RI� D� V\VWHP� �/LQ� DQG�:X���������7KH�PDWKHPDWLFDO� FRQFHSWV� DUH� WKHQ� HYROYHG� DQG� DGDSWHG� LQ�PDQ\�
DFDGHPLF�ILHOGV��VXFK�DV�LQGXVWULDO�VWUDWHJ\�DQDO\VLV��FRPSHWHQFH�HYDOXDWLRQ��VROXWLRQ�DQDO\VLV��VHOHFWLRQ��DQG�HWF��,W�KDV�
EHHQ�SURYHQ�DV�D�XVHIXO�PHWKRG�WR�VROYH�FRPSOLFDWHG�SUREOHPV��
� 7KH�'(0$7(/�PHWKRGRORJ\�FRQVWUXFWLRQ�SURFHVV�LV�GHVFULEHG�EHORZ��
�
6WHS����*HQHUDWLQJ�WKH�GLUHFW�UHODWLRQ�PDWUL[��
� $�JURXS�RI�H[SHUWV�LV�DVNHG�WR�PDNH�SDLUZLVH�FRPSDULVRQV�LQ�WHUPV�RI�LQIOXHQFH�EHWZHHQ�FULWHULD��$Q�HYDOXDWLRQ�
VFDOH�RI�������������DQG���LV�XVHG�IRU�FRPSDULVRQ��UHSUHVHQWLQJ�³QR�LQIOXHQFH´��³ORZ�LQIOXHQFH´��³PHGLXP�LQIOXHQFH´��³KLJK�
LQIOXHQFH´� DQG� ³YHU\� KLJK� LQIOXHQFH´�� UHVSHFWLYHO\�� 7KH� UHVXOWV� RI� WKHVH� HYDOXDWLRQV� IRUP� DQ�� × �� PDWUL[� IRU� HDFK�
UHVSRQGHQW�H[SHUW�ZKHUH�WKH����

� � LV�WKH�VFRUH�JLYHQ�E\�WKH�NWK�H[SHUW�LQGLFDWLQJ�WKH�LQIOXHQWLDO�OHYHO�WKDW�IDFWRU�L�KDV�RQ�
IDFWRU�M��7R�LQFRUSRUDWH�DOO�RSLQLRQV�IURP�.�H[SHUWV��WKH�GLUHFW�UHODWLRQ�PDWUL[�$�LV�FDOFXODWHG�XVLQJ�(T������E\�DYHUDJLQJ�
HDFK�H[SHUW¶V�VFRUHV��

��� = �
�
σ ���

��
�ୀ� � � � � � � � � � � � � � � ����

�
6WHS����1RUPDOL]LQJ�WKH�GLUHFW�UHODWLRQ�PDWUL[��
� 7KH�QRUPDOL]HG�GLUHFW�UHODWLRQ�PDWUL[�0�FDQ�EH�REWDLQHG�E\�QRUPDOL]LQJ�$�XVLQJ�(TV������DQG������

� = �.�� � � � � � � � � � � � � � � ����
�
� = ��� ൬ �

PD[�ರ�ರ�σ ����
�స�

, �
PD[�ರ�ರ�σ ����

�స�
൰�� � � � � � � � ����

�
6WHS����2EWDLQLQJ�WKH�WRWDO�UHODWLRQ�PDWUL[��
� 7KH�WRWDO�UHODWLRQ�PDWUL[�7�FDQ�EH�REWDLQHG�E\�XVLQJ�(T�������ZKHUH�,�GHQRWHV�WKH�LGHQWLW\�PDWUL[��

7 = 0 + 0� + 0� +  … = σ 0L�
Lୀ� = 0(,െ0)ି�� � � � � � � � ����

ZKHUH�� = [���]�×�,�,� = �, �, … ,�.�
�
6WHS����&RPSXWH�WKH�GLVSDWFKHU�JURXS�DQG�UHFHLYHU�JURXS��
� 7KH�YHFWRUV�'�DQG�5�UHSUHVHQW�WKH�VXP�RI�URZV�DQG�FROXPQV�RI�PDWUL[�7�UHVSHFWLYHO\��DV�VKRZQ�LQ�(TV������DQG������
'���5�YDOXH�LQGLFDWHV�WKH�GHJUHH�RI�LPSRUWDQFH�WKDW�WKH�FRUUHVSRQGLQJ�FULWHULRQ�SOD\V�LQ�WKH�HQWLUH�V\VWHP��7KH�IDFWRU�
KDYLQJ�JUHDWHU�YDOXH�RI�'���5�KDV�PRUH�LQWHUUHODWLRQVKLSV�ZLWK�RWKHU�IDFWRUV��2Q�WKH�RWKHU�KDQG��FULWHULD�KDYLQJ�SRVLWLYH�
YDOXHV�RI�'�±�5�DUH�RQ�WKH�FDXVH�JURXS�DQG�GLVSDWFKHV�HIIHFWV�WR�WKH�RWKHU�FULWHULD��2Q�WKH�FRQWUDU\��FULWHULD�KDYLQJ�QHJDWLYH�
YDOXHV�RI�'�±�5�DUH�RQ�WKH�HIIHFW�JURXS�DQG�UHFHLYH�HIIHFWV�IURP�WKH�RWKHU�FULWHULD��

� = σ ���
�
�ୀ� � � � � � � � � � � � � � � � � � � � ����

� = σ ���
�
�ୀ� � � � � � � � � � � � � � � � � � � � ����

�
6WHS����6HW�XS�D�WKUHVKROG�YDOXH�WR�REWDLQ�WKH�FDXVDO�GLDJUDP��
� 6LQFH�WKH�WRWDO�UHODWLRQ�PDWUL[�7�SURYLGHV�WKH�LQIRUPDWLRQ�RQ�KRZ�RQH�FULWHULRQ�DIIHFWV�DQRWKHU��GHFLVLRQ�PDNHU�
JURXS�VKRXOG�VHW�XS�D�WKUHVKROG�YDOXH�LQ�RUGHU�WR�ILOWHU�RXW�VRPH�QHJOLJLEOH�UHODWLRQVKLSV��7KLV�ZD\�HQDEOHV�WKH�GHFLVLRQ�
PDNHU� WR� FKRRVH� RQO\� WKH� UHODWLRQVKLSV� JUHDWHU� WKDQ� WKH� WKUHVKROG� YDOXH� DQG� WR� PDS� WKH� FDXVH�HIIHFW� UHODWLRQVKLS�
DFFRUGLQJO\��7KH�FDXVDO�GLDJUDP�FDQ�EH�DFTXLUHG�E\�PDSSLQJ�WKH�GDWDVHW�RI�WKH��'���5��'�±�5��ZKHUH�WKH�KRUL]RQWDO�D[LV�
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'���5�DQG�WKH�YHUWLFDO�D[LV�'�±�5��
�
3.2. ANP Method 
�

$QDO\WLF�QHWZRUN�SURFHVV��$13��LV�WKH�JHQHUDO�IRUP�RI�DQDO\WLF�KLHUDUFK\�SURFHVV��$+3��DQG�ZDV�SURSRVHG�E\�
6DDW\��������WR�RYHUFRPH�WKH�SUREOHP�RI�LQWHUUHODWLRQ�DPRQJ�FULWHULD�RU�IDFWRUV��,W�SURYLGHV�PHDVXUHPHQWV�WR�GHULYH�UDWLR�
VFDOH�SULRULWLHV�IRU�WKH�GLVWULEXWLRQ�RI�LQIOXHQFH�EHWZHHQ�IDFWRUV�DQG�JURXSV�RI�IDFWRUV�LQ�WKH�GHFLVLRQ��6DDW\���������7KH�
IHHGEDFN� VWUXFWXUH�GRHV�QRW� KDYH� WKH� � WRS� WR�ERWWRP� IRUP�RI� D� KLHUDUFK\�EXW� ORRNV�PRUH� OLNH� D� QHWZRUN��ZLWK� F\FOHV�
FRQQHFWLQJ�LWV�FRPSRQHQWV�RI�HOHPHQWV��ZKLFK�ZH�FDQ�QR�ORQJHU�FDOO�OHYHOV��DQG�ZLWK�ORRSV�WKDW�FRQQHFW�D�FRPSRQHQW�WR�
LWVHOI� � �6DDW\���������

7KURXJK� D� VXSHUPDWUL[�� ZKRVH� HQWULHV� DUH� WKHPVHOYHV�PDWULFHV� RI� FROXPQ� SULRULWLHV�� WKH�$13� V\QWKHVL]HV� WKH�
RXWFRPH� RI� GHSHQGHQFH� DQG� IHHGEDFN�ZLWKLQ� DQG� EHWZHHQ� FOXVWHUV� RI� HOHPHQWV� �<DQJ� DQG�&KDQJ�� �������7KH� LQLWLDO�
VXSHUPDWUL[�PXVW�EH�WUDQVIRUPHG�WR�D�PDWUL[�LQ�ZKLFK�HDFK�RI�LWV�FROXPQV�VXPV�WR�XQLW\��)RU�WKLV�UHDVRQ��WKLV�PDWUL[�PXVW�
EH�QRUPDOL]HG�E\�WKH�FOXVWHU¶V�ZHLJKW�WR�JHW�WKH�FROXPQ�VXPV�WR�XQLW\��+HQFH��WKH�ZHLJKWHG�VXSHUPDWUL[�LV�REWDLQHG��6DDW\�
DQG�9DUJDV���������7KH�VXSHUPDWUL[�UHSUHVHQWDWLRQ�LV�JLYHQ�LQ�)LJ�����

� =

�� �� … ��
��� … ���� ��� … ���� … ��� … ����

���
�� ڭ

����
���

�� ڭ
����

ڭ ڭ
���

�� ڭ
���� ۉ

ۈ
ۈ
ۈ
ۈ
ۈ
ۈ
ۈ
ۈ
ۇ ��� ��� … ���

��� ��� … ���

ڭ ڭ ڰ ڭ

��� ��� … ���
ی

ۋ
ۋ
ۋ
ۋ
ۋ
ۋ
ۋ
ۋ
ۊ

�

Fig. 2.�7KH�VXSHUPDWUL[�UHSUHVHQWDWLRQ�
�
�
3DLUZLVH�FRPSDULVRQV�EHWZHHQ�WKH�FULWHULD�FDQ�EH�LPSOHPHQWHG�DFFRUGLQJ�WR�GHSHQGHQF\�UHODWLRQVKLSV�ZKLFK�DUH�

REWDLQHG�IURP�'(0$7(/�DSSURDFK�LQ�RUGHU�WR�JHQHUDWH�ORFDO�ZHLJKWV�DVVHVVLQJ�UHODWLYH�LPSRUWDQFH�YDOXH�XVLQJ�D�VFDOH�RI�
���HTXDO�LPSRUWDQFH��WR����H[WUHPH�LPSRUWDQFH���

�
3.3. TOPSIS Method 
�
� 7KH�WHFKQLTXH�IRU�RUGHU�SUHIHUHQFH�E\�VLPLODULW\�WR�DQ�LGHDO�VROXWLRQ��7236,6��ZDV�SURSRVHG�E\�+ZDQJ�DQG�<RRQ�
�������DQG�H[SDQGHG�E\�&KHQ�DQG�+ZDQJ���������7KH�PDLQ�SULQFLSOH�LQ�7236,6�PHWKRG�LV�WKDW��LQ�D�JUDSK��DQ\�FKRVHQ�
DOWHUQDWLYH� VKRXOG�KDYH� WKH� VKRUWHVW�GLVWDQFH� IURP� WKH� LGHDO� VROXWLRQ�DQG� WKH� IDUWKHVW�GLVWDQFH� IURP� WKH�QHJDWLYH�LGHDO�
VROXWLRQ��2SULFRYLF�DQG�7]HQJ���������
� 7KH�7236,6� WHFKQLTXH� LV� LPSOHPHQWHG�XVLQJ� WKH�IROORZLQJ�VWHSV��7ULDQWDSK\OORX��������2SULFRYLF�DQG�7]HQJ��
�������

6WHS����&DOFXODWH�WKH�QRUPDOL]HG�GHFLVLRQ�PDWUL[��'�LV�WKH�GHFLVLRQ�PDWUL[�ZKLFK�UHIHUV�WR�Q�DOWHUQDWLYHV�WKDW�DUH�HYDOXDWHG�
LQ�WHUPV�RI�P�FULWHULD��

� = ൥
��� ڮ ���
ڭ ڰ ڭ

��� ڮ ���

൩�

� 5�LV�WKH�QRUPDOL]HG�GHFLVLRQ�PDWUL[�DQG�ULM�LV�DQ�HOHPHQW�RI�5�� � 7KH�QRUPDOL]HG�YDOXH�ULM�LV�FDOFXODWHG�DV��

��� = ���

ටσ �����
�స�

,       � = �, … ,�;      � = �, … ,�� � � � � � � � � ����

� 7KHQ�WKH�5�PDWUL[�LV�IRUPHG�DV�IROORZV��

� = ൥
��� ڮ ���
ڭ ڰ ڭ

��� ڮ ���

൩�

6WHS����&DOFXODWH�WKH�ZHLJKWHG�QRUPDOL]HG�GHFLVLRQ�PDWUL[��9�LV�WKH�ZHLJKWHG�QRUPDOL]HG�GHFLVLRQ�PDWUL[�DQG�YLM�LV�DQ�
HOHPHQW�RI�9��7KH�ZHLJKWHG�QRUPDOL]HG�YDOXH�YLM�LV�FDOFXODWHG�DV��

��� = �����,         � = �, … ,�;      � = �, … ,�� � � � � � � � � ����
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ZKHUH�ZL�LV�WKH�ZHLJKW�RI�WKH�LWK�FULWHULRQ�DQG�σ �� = ��
�ୀ� ��7KHQ�WKH�9�PDWUL[�LV�IRUPHG�DV�IROORZV��

� = ൥
��� ڮ ���
ڭ ڰ ڭ

��� ڮ ���

൩�

6WHS� ��� 'HWHUPLQH� WKH� SRVLWLYH�LGHDO� DQG� WKH� QHJDWLYH�LGHDO� VROXWLRQV�� 7KH� SRVLWLYH�LGHDO� GRQDWHG� DV� כ� � DQG� WKH�
QHJDWLYH�LGHDO�GRQDWHG�DV��ି� DOWHUQDWLYHV�DUH�GHILQHG�DV��

כ� = {��
,כ … ,��

כ } = ൛൫PD[� ���|� א �ƍ൯, ൫PLQ� ���|� א �ƍƍ൯ൟ� � � � � � � ����

�ି = {��
ି, … ,��

ି} = ൛൫PLQ� ���|� א �ƍ൯, ൫PD[� ���|� א �ƍƍ൯ൟ� � � � � �
� �����

ZKHUH��ƍ� LV�DVVRFLDWHG�ZLWK�EHQHILW�FULWHULD��DQG��ƍƍ� LV�DVVRFLDWHG�ZLWK�FRVW�FULWHULD��
� �כ� LQGLFDWHV�WKH�PRVW�SUHIHUDEOH�VROXWLRQ�DQG�VLPLODUO\��ି� LQGLFDWHV�WKH�OHDVW�SUHIHUDEOH�VROXWLRQ��

6WHS� ��� &DOFXODWH� WKH� VHSDUDWLRQ� PHDVXUH�� 7KH� VHSDUDWLRQ� RI� HDFK� DOWHUQDWLYH� IURP� WKH� SRVLWLYH�LGHDO� VROXWLRQ� DQG�
QHJDWLYH�LGHDO� VROXWLRQ� DUH� FDOFXODWHG� XVLQJ� Q�GLPHQVLRQDO� (XFOLGHDQ� GLVWDQFH� PHWKRG�� 7KH� GLVWDQFHV� IURP� WKH�
SRVLWLYH�LGHDO�VROXWLRQ�DQG�QHJDWLYH�LGHDO�VROXWLRQ�FDQ�EH�FDOFXODWHG�DV�IROORZV��
��
כ = ඥσ (��� െ��

כ )��
�ୀ� ,        � = �, … ,��� � � � � � � � � � �����

��
ି = ඥσ (��� െ��

ି)��
�ୀ� ,        � = �, … ,��� � � � � � � � � �����

6WHS����&DOFXODWH�WKH�UHODWLYH�FORVHQHVV�WR�WKH�LGHDO�VROXWLRQ��7KH�UHODWLYH�FORVHQHVV�RI�DOWHUQDWLYH���� ZLWK�UHVSHFW�WRכ���
LV�FDOFXODWHG�DV�IROORZV��

��
כ = ��

ି (��
כ + ��

ି)Τ ,        � = �, … ,�� � � � � � � � � �
� �����

ZKHUH� � ൑ ��
כ ൑ ��� �

,I��� = �כ� WKHQ���
כ � LV�HTXDO�WR���DQG�LI��� = �ି� WKHQ���

כ � LV�HTXDO�WR����

6WHS����5DQN�WKH�SUHIHUHQFH�RUGHU��7KH�EHVW�DOWHUQDWLYH�FDQ�EH�QRZ�GHFLGHG�DFFRUGLQJ�WR�WKH�SUHIHUHQFH�UDQN�RUGHU�RI���
כ ��

7KHUHIRUH��WKH�EHVW�DOWHUQDWLYH�LV�WKH�RQH�WKDW�KDV�WKH�VKRUWHVW�GLVWDQFH�WR�WKH�LGHDO�VROXWLRQ��
�
�
4. Implementation 
� �
� 7KH�FDVH� VWXG\� LV� LPSOHPHQWHG� LQ�DQ�DXWRPRWLYH� IDFWRU\� LQ�%XUVD��7XUNH\��)LUVW�� LQWHUDFWLRQV�DPRQJ� WKH�PDLQ�
FULWHULD�DUH�REWDLQHG�DVNLQJ�H[SHUWV�ZRUNLQJ� IRU� WKH�FRPSDQ\�DQG�XVLQJ�'(0$7(/�DSSURDFK��7KHQ�$13�PHWKRG� LV�
LPSOHPHQWHG� DFFRUGLQJ� WR� WKH� H[SHUWV¶� RSLQLRQV� LQ� RUGHU� WR� FDOFXODWH� WKH� ORFDO� ZHLJKWV� RI� WKH� VXE�FULWHULD�� $IWHU�
GHWHUPLQLQJ�WKH�ZHLJKWV��IRXU�60(V�DUH�LQYHVWLJDWHG�DQG�JUDGHG�DFFRUGLQJ�WR�HDFK�VXE�FULWHULRQ��$V�D�UHVXOW��HDFK�60(�LV�
VFRUHG�LPSOHPHQWLQJ�7236,6�PHWKRG��
� 7KH�HYDOXDWLRQ�RI�RQH�RI�WKH�H[SHUWV�LQ�WHUPV�RI�WKH�HIIHFW�EHWZHHQ�WKH�PDLQ�FULWHULD�LV�JLYHQ�LQ�7DEOH����6LPLODUO\��
DOO�RI�WKH�HYDOXDWLRQV�IURP�WKH�UHVW�RI�WKH�H[SHUWV�DUH�REWDLQHG�DQG�WKHQ�DYHUDJHV�RI�QXPEHUV�DUH�FDOFXODWHG�XVLQJ�(T�������
7KH�DYHUDJH�YDOXHV�DUH�JLYHQ�LQ�7DEOH����7KH�QRUPDOL]HG�GLUHFW�UHODWLRQ�PDWUL[�LV�REWDLQHG�XVLQJ�(TV�����DQG�����$IWHU�
FDOFXODWLQJ� WKH� QRUPDOL]HG� GLUHFW�UHODWLRQ� PDWUL[�� WKH� WRWDO�UHODWLRQ� PDWUL[� LV� REWDLQHG� XVLQJ� (TV�� ���� ��� DQG� ���� 7KH�
WRWDO�UHODWLRQ�PDWUL[�LV�VKRZQ�LQ�7DEOH����7KHQ��'���5��DQG��'�±�5��YDOXHV�DUH�FDOFXODWHG�DQG�DOVR�VKRZQ�LQ�7DEOH����7KH�
WKUHVKROG�YDOXH�LV�GHWHUPLQHG�DV������DFFRUGLQJ�WR�WKH�H[SHUWV¶�RSLQLRQV��7KH�YDOXHV�DERYH�WKH�WKUHVKROG�DUH�UHSUHVHQWHG�LQ�
EROG�LQ�WKH�WDEOH�ZKLFK�JLYHV�WKH�FDXVH�DQG�HIIHFW�UHODWLRQVKLS�DPRQJ�WKH�PDLQ�FULWHULD��
�
Table 1.�(YDOXDWLRQ�RI�DQ�H[SHUW�LQ�WHUPV�RI�HIIHFW�DPRQJ�WKH�FULWHULD�

�

�
�
Table 2.�7KH�LQLWLDO�GLUHFW�UHODWLRQ�PDWUL[��DYHUDJH�YDOXHV�RI�WKH�HYDOXDWLRQV�RI�WKH�H[SHUWV��

�
&�� &�� &�� &�� &�� &�� &�� &��

&�� ����� ����� ����� ����� ����� ����� ����� �����

�
&�� &�� &�� &�� &�� &�� &�� &��

&�� �� �� �� �� �� �� �� ��
&�� �� �� �� �� �� �� �� ��
&�� �� �� �� �� �� �� �� ��
&�� �� �� �� �� �� �� �� ��
&�� �� �� �� �� �� �� �� ��
&�� �� �� �� �� �� �� �� ��
&�� �� �� �� �� �� �� �� ��
&�� �� �� �� �� �� �� �� ��
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&�� ����� ����� ����� ����� ����� ����� ����� �����
&�� ����� ����� ����� ����� ����� ����� ����� �����
&�� ����� ����� ����� ����� ����� ����� ����� �����
&�� ����� ����� ����� ����� ����� ����� ����� �����
&�� ����� ����� ����� ����� ����� ����� ����� �����
&�� ����� ����� ����� ����� ����� ����� ����� �����
&�� ����� ����� ����� ����� ����� ����� ����� �����

�
Table 3.�7KH�WRWDO�UHODWLRQ�PDWUL[�

�
&�� &�� &�� &�� &�� &�� &�� &�� '� '�5� '�5�

&�� ������ 0.613 0.620 ������ 0.517 0.650 0.728 0.563 ������ ������ ������
&�� ������ ������ 0.527 ������ ������ ������ 0.615 ������ ������ ������ �������
&�� ������ ������ ������ ������ ������ ������ 0.557 ������ ������ ������ �������
&�� ������ ������ ������ ������ ������ ������ 0.512 ������ ������ ������ �������
&�� ������ ������ ������ ������ ������ ������ 0.517 ������ ������ ������ ������
&�� 0.513 0.518 0.617 ������ 0.526 ������ 0.641 ������ ������ ������ ������
&�� ������ ������ ������ ������ ������ 0.518 ������ ������ ������ ������ �������
&�� 0.620 0.576 0.620 0.555 0.515 0.607 0.677 ������ ������ ������ ������
5� ������ ������ ������ ������ ������ ������ ������ ������ � � �

� � 7KUHVKROG�YDOXH� ������
� � � �

� � �
�
� $FFRUGLQJ� WR� WKH� FDXVH� DQG� HIIHFW� UHODWLRQVKLS� H[WUDFWHG� IURP� WKH� '(0$7(/� PHWKRG�� WKH� ZHLJKWV� RI� WKH�
VXE�FULWHULD�DUH�FDOFXODWHG�IROORZLQJ�$13�DSSURDFK�LQ�RUGHU�WR�IRUP�WKH�VXSHUPDWUL[��)RU�H[DPSOH��VLQFH�³&���3URILOH´�
HIIHFWV�³&���4XDOLW\´��WKH�HYDOXDWLRQ�RI�LPSRUWDQFH�RI�VXE�FULWHULD�RI�&���&����&���DQG�&����LQ�WHUPV�RI�&���LV�JLYHQ�LQ�
7DEOH����7KHQ�JHRPHWULF�DYHUDJH�LV�WDNHQ�DIWHU�REWDLQLQJ�HYDOXDWLRQV�RI�WKH�UHVW�RI�WKH�H[SHUWV�LQ�RUGHU�WR�FDOFXODWH�WKH�
ORFDO�ZHLJKWV��7KH�UHVXOW�LV�VKRZQ�LQ�7DEOH����
� 7KH�UHVW�RI�WKH�ORFDO�ZHLJKWV�DUH�FDOFXODWHG�LQ�WKH�VDPH�ZD\�EDVHG�RQ�WKH�LQWHUDFWLRQ�REWDLQHG�IURP�WKH�'(0$7(/��
7KH�VXSHUPDWUL[�LV�IRUPHG�IRU�WKH�VXE�FULWHULD�DQG�WKH�ORFDO�ZHLJKWV�FDOFXODWHG�DUH�SODFHG�LQWR�WKH�PDWUL[�DFFRUGLQJO\��7KH�
XQZHLJKWHG� VXSHUPDWUL[� LV� SUHVHQWHG� LQ� 7DEOH� ��� 7KHQ�� XQZHLJKWHG� VXSHUPDWUL[� LV� QRUPDOL]HG� WR� WUDQVIRUP� LW� WR� WKH�
ZHLJKWHG�VXSHUPDWUL[�LQ�ZKLFK�HDFK�RI�LWV�FROXPQV�VXPV�WR����7KH�SRZHU�RI�WKH�ZHLJKWHG�VXSHUPDWUL[�LV�WDNHQ�XQWLO�WKH�
YDOXHV�RI�HDFK�FROXPQ�DUH�VWDELOL]HG�DQG�HTXDO��7KHVH�FDOFXODWLRQV�DUH�LPSOHPHQWHG�XVLQJ�0$7/$%�VRIWZDUH�DQG�WKH�
OLPLW�VXSHUPDWUL[�LV�REWDLQHG�ZKLFK�LV�JLYHQ�LQ�7DEOH����$Q\�FROXPQ�RI�WKH�PDWUL[�VKRZV�WKH�ZHLJKWV�RI�FRUUHVSRQGLQJ�
VXE�FULWHULD��
�
Table 4.�3DLUZLVH�FRPSDULVRQ�PDWUL[�RI�DQ�H[SHUW�LQ�
WHUPV�RI�&����2UJDQL]DWLRQ�DQG�0DQDJHPHQW�&DSDELOLW\�

�� .��� .��� .���
.��� ����� ����� �����
.��� ����� ����� �����
.��� ����� ����� �����

�

Table 5.�*HRPHWULF�DYHUDJH�RI�DOO�WKH�H[SHUW�HYDOXDWLRQV��
DQG�WKH�ZHLJKWV�

�� .��� .��� .��� Wi 
.��� ����� ����� ����� 0.089 
.��� ����� ����� ����� 0.272 
.��� ����� ����� ����� 0.639 

�

�

�
Table 6.�7KH�XQZHLJKWHG�VXSHUPDWUL[�
� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &���
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
Table 6.�7KH�OLPLW�VXSHUPDWUL[�
� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &��� &���
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
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&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
� �
�
� $IWHU�FDOFXODWLQJ� WKH�ZHLJKWV� RI� WKH� VXE�FULWHULD��7236,6�PHWKRG� LV� LPSOHPHQWHG��ZKLFK� LV� JRLQJ� WR� VFRUH� WKH�
VXSSOLHUV�LQYHVWLJDWHG��)RXU�VXSSOLHUV�DUH�LQYHVWLJDWHG�DQG�DVVLJQHG�D�VFRUH�WR�HDFK�VXSSOLHU�IRU�HDFK�FULWHULRQ��7KH�VFRUHV�
DUH�JLYHQ�LQ�7DEOH���� �
�
�
Tablo 7��(YDOXDWLRQ�RI�WKH�VXSSOLHUV�LQ�WHUPV�RI�WKH�VXE�FULWHULD�

� $� %� &� '�
&��� ��� ��� ��� ���
&��� ��� ��� �� ��
&��� ���� ���� ���� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� �� �� �� ��
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� ��� ��� ��� ���
&��� �� �� �� ��

�
� 7DEOH���LV�QRUPDOL]HG�E\�XVLQJ�(T������DQG�PXOWLSOLHG�E\�WKH�ZHLJKWV�REWDLQHG�IURP�$13�FDOFXODWLRQV��E\�XVLQJ�(T��
����� 7KH� QHZ� WDEOH� LV� FDOOHG� DV� WKH� ZHLJKWHG� QRUPDOL]HG� GHFLVLRQ� PDWUL[�� 7KHQ�� WKH� SRVLWLYH�LGHDO� כ$ � DQG� WKH�
QHJDWLYH�LGHDO� $ି� YDOXHV� DUH� FDOFXODWHG� E\� XVLQJ�(T�� ��� DQG� ����� 6HH�7DEOH��� IRU� WKH�ZHLJKWHG� QRUPDOL]HG� GHFLVLRQ�
PDWUL[�� DQG� IRU� WKH� YDOXHV� �כ$ DQG�$ି��0LQLPXP� YDOXH� RI� VXE�FULWHULRQ�&����*HRJUDSKLF� ORFDWLRQ� LV� VHOHFWHG� DV� WKH�
SRVLWLYH�LGHDO� �כ$ YDOXH�DQG�PD[LPXP�YDOXH�RI�UHODWHG�URZ�LV�VHOHFWHG�DV�WKH�QHJDWLYH�LGHDO�$ି� YDOXH�VLQFH�WKH�FORVHU�
VXSSOLHU�ORFDWLRQ�LV�EHWWHU�IRU�WKH�FRPSDQ\�� �
� 7KH�VHSDUDWLRQ�RU�GLVWDQFHV�RI�HDFK�DOWHUQDWLYH� IURP� WKH�SRVLWLYH�LGHDO� VROXWLRQ�DQG�QHJDWLYH�LGHDO� VROXWLRQ�DUH�
FDOFXODWHG�XVLQJ�(T������DQG������7KHQ��WKH�UHODWLYH�FORVHQHVV�RI�DOWHUQDWLYH� $M� ZLWK�UHVSHFW�WR�$כ� LV�FDOFXODWHG�DV�(T��
������7DEOH���VKRZV�WKH�UHVXOWV�DQG�WKH�UDQN�RI�HDFK�VXSSOLHU�� �
� ,W�LV�IRXQG�RXW�WKDW��DOWHUQDWLYH�'�LV�WKH�EHVW�VXSSOLHU�DPRQJ�WKH�DOWHUQDWLYH�VXSSOLHUV��7KH�UHVW�RI�WKH�DOWHUQDWLYHV�DUH�
UDQNHG�DV�&��$�DQG�%��
�
�
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Tablo 8��7KH�ZHLJKWHG�QRUPDOL]HG�GHFLVLRQ�PDWUL[�DQG�SRVLWLYH�DQG�QHJDWLYH�LGHDO�VROXWLRQV�
� $� %� &� '� �כ$ $ି�

&��� ������ ������ ������ ������ ������ ������
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5. Conclusion 
�
7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�VXJJHVW�DQ�DSSURDFK�IRU�HYDOXDWLQJ�DQG�VHOHFWLQJ�VXSSOLHUV�IRU�DQ�DXWRPRWLYH�FRPSDQ\��
EDVHG� RQ� K\EULG� PXOWL�FULWHULD� GHFLVLRQ� PDNLQJ� PHWKRGV�� )LUVW�� PDLQ� DQG� VXE�FULWHULD� WKDW� DIIHFW� WKH� HYDOXDWLRQ� DQG�
VHOHFWLRQ�SURFHVV�RI�D�VXSSOLHU�DUH�LGHQWLILHG��7KHQ��'(0$7(/�DSSURDFK�LV�LPSOHPHQWHG�WR�WKH�PDLQ�FULWHULD�LQ�RUGHU�WR�
REWDLQ� FDXVH� DQG� DIIHFW� LQWHUDFWLRQ� DPRQJ� WKHP�ZKLFK� LV� UHTXLUHG� E\�$13�PHWKRG��$IWHU� GHULYLQJ� FDXVH� DQG� HIIHFW�
LQWHUUHODWLRQVKLS��$13�PHWKRGRORJ\� LV� DSSOLHG� IRU� FDOFXODWLQJ� WKH�ZHLJKWV� RI� HDFK� VXE�FULWHULRQ��$QG� WKHQ�� DV� IDU� DV�
REWDLQLQJ�WKH�ZHLJKWV�RI�WKH�VXE�FULWHULD��DOWHUQDWLYH�VXSSOLHUV�DUH�HYDOXDWHG�DQG�UDQNHG�XVLQJ�7236,6�PHWKRG��$W�WKH�HQG��
WKH� VXSSOLHU� ZLWK� WKH� KLJKHVW� SHUIRUPDQFH� LQGLFHV� LV� VHOHFWHG� DV� WKH� EHVW� VXSSOLHU�� 7KH� SURSRVHG� DSSURDFK� FDQ� EH�
LPSOHPHQWHG�LQ�GLIIHUHQW�PXOWL�FULWHULD�GHFLVLRQ�PDNLQJ�SUREOHPV��
�
�
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øNWLVDGL�YH�øGDUL�%LOLPOHU�)������������øNWLVDGL�YH�øGDUL�%LOLPOHU��)�� ���������������2UWDN|\�0�<�2�� �øNWLVDGL�YH�øGDUL�%LOLPOHU��)��
�������������øúOHWPH�%|O�P�� � ��øúOHWPH�%|O�P����������������������øNWLVDGL�YH�øGDUL�3URJUDPODU� �������øúOHWPH�%|O�P��
���KDOXNGXPDQ��#KRWPDLO�FRP   \LOPD]LFHUOL#KRWPDLO�FRP   \XFHQXUVHQ#KRWPDLO�FRP    DSDNLEUDKLP#JPDLO�FRP�

 
 

Özet�� 6RQ� HOOL� \ÕOGD� JHUHN� DUDúWÕUPDFÕODU� YH� JHUHNVH� LúOHWPHOHU� LoLQ� |QHPOL� ELU� NDYUDP� RODQ��
µV�UG�U�OHELOLU� NDONÕQPD¶�� JHOHFHN�QHVLOOHULQ� LKWL\DoODUÕQGDQ�|G�Q�YHUPHGHQ�� LQVDQ� LKWL\DoODUÕQÕQ�
J|]� DUGÕ� HGLOPHGL÷L� YH� WRSOXPXQ� KHU� NHVLPLQLQ� WHPHO� LKWL\DoODUÕQÕ� HWNLQ� ELU� úHNLOGH�
NDUúÕOD\DELOPH\L� DPDoOD\DQ� ELU� NDYUDPGÕU�� %X� ED÷ODPGD� LúOHWPHOHULQ� JHUoHNOHúWLUPLú� ROGXNODUÕ�
IDDOL\HWOHU�GDKD�|QHPOL�KDOH�JHOPHNWHGLU���

øúOHWPHOHULQ� LQVDQD� YH� oHYUH\H� GX\DUOÕ� ELUHU� |UJ�W� KDOLQH� JHOPHOHUL�� V�UG�U�OHELOLU� LúOHWPH�
DoÕVÕQGDQ� |QHPOLGLU�� 6�UG�U�OHELOLU� LúOHWPH�� �UHWLP� IDNW|UOHULQL� VD÷OD\DQ� oHYUHQLQ� NRUXQPDVÕQÕ�
JHUHNWLUPHNWHGLU�� øúOHWPHOHULQ� oHYUHVHO� PDOL\HWOHUH� ND\ÕWVÕ]� NDODUDN� PDO� �UHWLS� VDWPDODUÕ� NÕVD�
YDGHGH�NkU�HOGH�HWPHOHULQL�VD÷ODPDNWD�DQFDN�X]XQ�YDGHGH�EDúWD�LúOHWPHOHU�ROPDN��]HUH�oHYUHQLQ�
]DUDUÕQD� \RO� DoPDNWDGÕU�� øúOHWPHOHU� IDDOL\HWOHULQL� JHUoHNOHúWLULUNHQ�� �U�QOHULQLQ� KDPPDGGHGHQ�
QLKDL� �U�QH� G|Q�ú�P�� V�UHFLQGH� oHYUH\H� YHUGL÷L� ]DUDUODUÕ� D]DOWDFDN� |QOHPOHU� DOPDODUÕ�
V�UG�U�OHELOLU�LúOHWPHQLQ�ELU�JHUH÷LGLU��

øúOHWPHOHULQ�IDDOL\HWOHULQL�HWNLQ�YH�YHULPOL�RODUDN�\�U�WHELOPH��SL\DVD�GH÷HULQL�\�NVHOWHELOPHVL�
YH�JHOHFH÷H�VD÷OÕNOÕ�RODUDN�WDúÕ\DELOPHVL�ED÷ODPÕQGD�oHYUHVHO�PDOL\HWOHULQ�\|QHWLPL�WHRULN�RODUDN�
LQFHOHQHFHNWLU��%X�ED÷ODPGD�oDOÕúPDGD�KHP� LúOHWPH� IDDOL\HWOHULQLQ� V�UG�U�OHELOLU�ROPDVÕ�KHP�GH�
oHYUH\H� GX\DUOÕ� RUJDQL]DV\RQ� ROPDODUÕ� KDOLQGH� RUJDQL]DV\RQ� \DSÕVÕ�� IDDOL\HWOHU� YH� oHYUHVHO�
PDOL\HWOHU��]HULQGHNL�HWNLOHUL�DoÕNODQPD\D�oDOÕúÕODFDNWÕU��
Anahtar Kelimeler:� 6�UG�U�OHELOLU� øúOHWPH�� dHYUHVHO� 0DOL\HW� <|QHWLPL�� dHYUH� <|QHWLP�
0XKDVHEHVL��
�

Environmental cost management within the sustainable business 
 
Abstract:� ,Q� WKH� ODVW� ILIW\� \HDUV�� WKH� FRQFHSW� RI� VXVWDLQDEOH� GHYHORSPHQW� ZKLFK� KDV� LPSRUWDQW�
QRWLRQV�IRU� UHVHDUFKHUV�DQG�EXVLQHVVHV��ZLWKRXW�GLVUHJDUGLQJ� WKH�QHHGV�RI� IXWXUH�JHQHUDWLRQV��QRW�
LJQRULQJ� WKH� KXPDQ� QHHGV�� LV� D� FRQFHSW� WKDW� DLPV� WR� SURYLGH� WKH� EDVLF� QHHGV� RI� DOO� VRFLHW\�
HIIHFWLYHO\�� 7KXV�� WKH� DFWLYLWLHV� WKDW� KDYH� EHHQ� FDUULHG� RXW� E\� EXVLQHVVHV� DUH� EHFRPLQJ� PRUH�
LPSRUWDQW��

:LWKLQ�WKH�VXVWDLQDEOH�EXVLQHVV��WR�EHFRPH�DQ�RUJDQL]DWLRQ�HQYLURQPHQW�DQG�KXPDQ�IULHQGO\�
LV�LPSRUWDQW��6XVWDLQDEOH�EXVLQHVV�QHHGV�SURWHFWLQJ�WKH�HQYLURQPHQW�ZKLFK�SURYLGHV�WKH�IDFWRUV�RI�
SURGXFWLRQ�� ,Q� VKRUW� WHUP�� SURGXFLQJ� DQG� VHOOLQJ� JRRGV� ZLWKRXW� FRQFHUQHG� ZLWK� HQYLURQPHQWDO�
FRVWV�PDNHV�SURILW�WR�WKH�EXVLQHVV��EXW�LQ�ORQJ�WHUP��PDNHV�GLVDGYDQWDJH�LQLWLDOO\�WR�WKH�EXVLQHVV�
DQG� HQYLURQPHQW�� 7KURXJKRXW� WKH� DFWLYLWLHV� RI� EXVLQHVV�� WDNLQJ�PHDVXUHV� WR� UHGXFH� IRU� KDUPIXO�
HIIHFWV�RQ�WKH�HQYLURQPHQW�GXULQJ�WKH�SURFHVV�RI�WUDQVIRUPDWLRQ�IURP�UDZ�PDWHULDO�WR�ILQDO�SURGXFW�
LV�D�QHFHVVLW\�RI�VXVWDLQDEOH�EXVLQHVV��

,Q� WKLV� VWXG\�� WKH� HQYLURQPHQWDO� FRVW� PDQDJHPHQW� LV� DQDO\]HG� ZLWKLQ� WKH� DFWLYLWLHV� RI�
EXVLQHVV� WR� UHDOL]H� HIILFLHQWO\� DQG� HIIHFWLYHO\�� WR� HOHYDWH� PDUNHW� YDOXH� DQG� FDUU\LQJ� WR� IXWXUH��
0RUHRYHU��RUJDQL]DWLRQDO�VWUXFWXUH��DFWLYLWLHV�DQG�WKHLU�HIIHFWV�RQ�WKH�HQYLURQPHQWDO�FRVWV�ZLOO�EH�
H[SODLQHG� LQ� WKH� FDVH� WKDW� WKH� DFWLYLWLHV� RI� EXVLQHVV� WR� EH� VXVWDLQDEOH� DQG� HQYLURQPHQW� IULHQGO\�
RUJDQL]DWLRQ��
Key Words:� 6XVWDLQDEOH� %XVLQHVV�� (QYLURQPHQWDO� &RVW� 0DQDJHPHQW�� (QYLURQPHQWDO�
0DQDJHPHQW�$FFRXQWLQJ�

 

*LULú 

øúOHWPHOHULQ� V�UG�U�OHELOLUOLN� DQOD\ÕúÕQD�ED÷OÕ� RODUDN� YL]\RQODUÕQÕ� ROXúWXUPDODUÕ� JHUHNPHNWHGLU��6�UG�U�OHELOLU�
LúOHWPH�YL]\RQXQD�VDKLS�LúOHWPHOHULQ�JHUoHNOHúWLUHFHNOHUL�IDDOL\HWOHU�LúOHWPH�oHYUHVLQLQ�YH�IDDOL\HW�J|VWHUGL÷L� WRSOXPXQ�
NDONÕQPDVÕQD� NDWNÕGD� EXOXQDFDNWÕU�� $QFDN� V|]� NRQXVX� IDDOL\HWOHULQ� V�UG�U�OHELOPHVL� LoLQ� oHYUHVHO� IDNW|UOHULQGH� J|]�
|Q�QGH� EXOXQGXUXOPDVÕ� JHUHNPHNWHGLU�� *�Q�P�]GH� LúOHWPHOHU� LoLQ� |QHPOL� PDOL\HW� NDOHPOHULQGHQ� ELULQL� ROXúWXUDQ�
oHYUHVHO� PDOL\HWOHULQ� LúOHWPHOHUFH� V�UG�U�OHELOLUOLN� NDSVDPÕQGD� GH÷HUOHQGLULOPHVL� YH� \|QHWLOPHVL� E�\�N� |QHP� DU]�
HWPHNWHGLU��

(NRQRPLN�E�\�PH�LOH�HNRORMLN�V�UG�U�OHELOLUOLN�NDYUDPODUÕ�DPDoODUÕQÕQ�oDWÕúPD\D�EDúODGÕ÷Õ�����¶OL�\ÕOODUGDQ�
LWLEDUHQ�� HNRQRPLN� E�\�PH� YH� JHOLúPHQLQ� WRSOXP� UHIDKÕQÕQ� VD÷ODQPDVÕ� NRQXVXQGD� WHN� EDúÕQD� \HWHUOL� ROPDGÕ÷Õ�
DQODúÕOPÕúWÕU��dHYUHQLQ�GH�GL÷HU��UHWLP�IDNW|UOHUL�JLEL�ELU�ND\QDN�YH�]DPDQOD�NLUOHQLS� W�NHQHELOHFHN�ELU�GH÷HU�ROGX÷X��
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VDQD\LOHúPHQLQ�\RO�DoWÕ÷Õ�oHYUH�VRUXQODUÕ�VRQXFXQGD�RUWD\D�oÕNPÕú�YH�EXQXQ�\DQÕ�VÕUD�KHUKDQJL�ELU�ND\QD÷Õ�NXOODQÕUNHQ�
LúOHWPHOHULQ� NDWODQGÕNODUÕ�PDOL\HWOHU� JLEL�� oHYUH\L� NXOODQPDQÕQ� GD� ELU�PDOL\HWL� ROGX÷X� EX� V�UHoWH� DQODúÕOPÕúWÕU� �dHOLN��
�������
�
�
1. Sürdürülebilirlik ve SürdürülebiliU�.DONÕQPD 
�

6�UG�U�OHELOLUOLN��OLWHUDW�UGH�KHQ�]�JHQHO�NDEXO�J|UP�ú�ELU�WDQÕPÕ�ROPD\DQ�GLQDPLN�ELU�NDYUDPGÕU��6RQ�\ÕOODUGD�
EDúWD� DNDGHPLV\HQOHU�� LúOHWPHOHU� YH� oHYUHVL� ROPDN� �]HUH� WRSOXPXQ� EHOOL� NHVLPOHULQLQ� GDKD� ID]OD� LOJLVLQL� oHNPHNWHGLU�
�5RRVD�6WHSKHQ������������$QFDN�V�UG�U�OHELOLUOLN�WRSOXPXQ�W�P�NHVLPOHULQL�LOJLOHQGLUHQ�ELU�NDYUDPGÕU��

6DQD\LOHúPH\OH�ELUOLNWH�RUWD\D�oÕNDQ�VHUD�JD]Õ�VDOÕQÕPÕ�DUWÕúÕ��LNOLP�GH÷LúLNOLNOHUL�YE��IDNW|UOHU�YH�N�UHVHO�ED]GD�
KLVVHGLOHQ�oHYUH�IHODNHWOHULQL�EHUDEHULQGH�JHWLUPLúWLU��%X�JHOLúHQ�V�UHoWH�GHYOHWOHU�NODVLN�HNRQRPLN�NDONÕQPD�PRGHOLQLQ�
\HULQH�\HQL�ELU�PRGHO�DUD\ÕúÕQD�JLUPLúWLU��%X�DUD\ÕúODUÕQ�LON�QHWLFHVL�RODUDN�������\ÕOÕQGD�%LUOHúPLú�0LOOHWOHU�6WRFNKROP�
øQVDQ�YH�dHYUH�.RQIHUDQVÕ¶QGD�V�UG�U�OHELOLU�NDONÕQPD�LON�NH]�J�QGHPH�JHOPLúWLU��%X�UDSRUGD�V�UG�U�OHELOLUOLN�³.HQGL�
LKWL\DoODUÕQÕ� NDUúÕODPDN� LoLQ� JHOHFHN� QHVLOOHULQ� LKWL\DoODUÕQGDQ� |G�Q� YHUPHGHQ� J�Q�P�]�Q� LKWL\DoODUÕQÕ� NDUúÕOD\DQ�
JHOLúPH´�RODUDN�WDQÕPODQPÕúWÕU��:&('����������

%LU� EDúND� WDQÕPGD� V�UG�U�OHELOLU� NDONÕQPD�� oHYUHVHO�� VRV\DO� YH� HNRQRPLN� JHOLúPHQLQ� V�UG�U�OHELOLUOL÷L�
NRQXVXQGD�ELU�X\XP�ROXúWXUXOPDVÕ�\ROX\OD�EXJ�Q�Q�YH�JHOHFHN�NXúDNODUÕQ�UHIDKÕ�LoLQ�NÕW�RODQ�ND\QDNODUÕ�\RN�HWPHGHQ�
YHULPOL� ELU� úHNLOGH� NXOODQPD\Õ� KHGHIOHPHNWHGLU� �+DOO�� 'DQHNH� YH� /HQR[�� ������� %X� WDQÕPD� J|UH� oHYUHVHO�� VRV\DO� YH�
HNRQRPLN�JHOLúPHQLQ�X\XPOX�ELU�úHNLOGH�JHUoHNOHúPHGL÷L�WDNGLUGH�V�UG�U�OHELOLUOLNWHQ�V|]�HWPHN�P�PN�Q�GH÷LOGLU��

�
�

���6�UG�U�OHELOLU�øúOHWPH� 

6�UG�U�OHELOLU� NDONÕQPDQÕQ� JHUoHNOHúPHVLQGH� WHPHO� DNW|U�� LúOHWPHOHUGLU�� øúOHWPHOHULQ�� LQVDQ� LKWL\DoODUÕQÕ�
NDUúÕODPDN� DPDFÕ\OD� GR÷DO� ND\QDNODUÕ� NXOODQDQ�� HNRQRPLN�� VRV\DO� YH� oHYUHVHO� JHOLúLPOHUH� NDWNÕ� VD÷OD\DQ� LNWLVDGL�
ELULPOHU�ROGX÷X�J|]�|Q�QGH�EXOXQGXUXOXUVD��V�UG�U�OHELOLU�NDONÕQPDGDNL�URO��GDKD�L\L�DQODúÕODELOPHNWHGLU� 

øúOHWPHOHU� DoÕVÕQGDQ� V�UG�U�OHELOLUOLN� NDYUDPÕ� VRV\DO�� HNRQRPLN� YH� oHYUHVHO� ER\XWODUGD� HOH� DOÕQPDNWDGÕU�� $UDV�
������¶D�J|UH�V�UG�U�OHELOLUOLN��³øúOHWPHQLQ�VDGHFH�NHQGL�LoVHO�IDNW|UOHUL�GH÷LO��RQX�HWNLOH\HQ�E�W�Q�GÕúVDO�IDNW|UOHUL�YH�
EXQODUÕQ�GH÷HUOHQGLULOPHVLQL�LoHUHQ�VRQ�GHUHFH�|QHPOL�ELU�J|VWHUJHGLU�´�

øúOHWPHOHULQ� KDPPDGGH� WHGDULNL� LOH� EDúOD\DQ� QLKDL� PDO� YH� KL]PHWLQ� W�NHWLFL\H� XODúPDVÕQD� NDGDU� RODQ� ]LQFLU�
ER\XQFD� LOLúNLGH� EXOXQGX÷X� DNW|UOHU� LOH� oHYUHVHO� GX\DUOÕOÕ÷D� ED÷OÕ� RODQ� JLULúLPOHUGH� RUWDN� ELU� \RO� EHOLUOHPHVL�
V�UG�U�OHELOLUOLN� DGÕQD� VRQ� GHUHFH� |QHPOLGLU�� *�Q�P�]GH� N�UHVHOOHúPH� LOH� ELUOLNWH� LúOHWPH� IDDOL\HWOHULQLQ� HWNLOHUL�
EXOXQGXNODUÕ� \HULQ� YH� ]DPDQÕQ� |WHVLQH� JHoPHNWHGLU�� %X� ED÷ODPGD� LúOHWPHOHU� IDDOL\HWOHULQL� JHUoHNOHúWLULUNHQ� VDGHFH�
HNRQRPLN� ELU� EDNÕú� DoÕVÕ\OD� GH÷LO�� V�UG�U�OHELOLU� LúOHWPH� YL]\RQX\OD� KDUHNHW� HWPHOLGLUOHU�� � 6|]� NRQXVX� YL]\RQD� VDKLS�
LúOHWPHOHU�EX�V�UHFL�oHYUHVHO�GX\DUOÕOÕN�oHUoHYHVLQGH�\|QHWPHNWHGLUOHU��$OWX÷�YH�GL÷�����������

øúOHWPHOHULQ� WHPHO� DPDFÕ� NÕVD� G|QHPGH� NkUODUÕQÕ� PDNVLPL]H� HWPHN� YH� X]XQ� G|QHPGH� LVH� KLVVHGDUODUÕQÕQ�
VHUYHWOHULQL�PDNVLPL]H� HWPHNWLU��$QFDN�ELU� LúOHWPHQLQ� IDDOL\HW� VRQXoODUÕ� LOH� LOJLOL� VDGHFH� VDKLS�YH�RUWDNODUÕ� GH÷LO� D\QÕ�
]DPDQGD� WRSOXP��oHúLWOL� NXUXP�YH�NXUXOXúODU�GD�HWNLOHQPHNWHGLU� �ùHQJHO��������� øúOHWPHOHULQ� IDDOL\HWOHUL�EX�JUXSODUÕQ�
EDVNÕVÕ� DOWÕQGDGÕU�� *�Q�P�]GH� oHYUHVHO� IDNW|UOHUH� ED÷OÕ� RODUDN� EDVNÕ� J�Q� JHoWLNoH� DUWPDNWDGÕU� �$\GÕQ�� ������� %X�
ED÷ODPGD�LúOHWPHOHULQ��JHUoHNOHúWLUHFH÷L�IDDOL\HWOHUGH�VDGHFH�HNRQRPLN�ER\XWX�GH÷LO�VRV\DO�YH�oHYUHVHO�ER\XWODUÕ�GD�J|]�
|Q�QGH�EXOXQGXUPDVÕ�JHUHNLU��1RZGXUL�YH�$O�'RVVDU\��������2NND��������������

ùHNLO-2-1: 6�UG�U�OHELOLU�øúOHWPH�%R\XWODUÕ�

Kaynak:�
<ÕOGÕ]�7����������
����øúOHWPH�IDDOL\HWOHULQLQ�V�UG�U�OHELOLU�ROPDVÕ�LoLQ�JHUHNHQ�IDNW|UOHU�úXQODUGÕU��%HQQ�YH�GL÷����������

x +LVVHGDUODUÕ\OD�LOHWLúLP�KDOLQGH�ROPDN���
x *HOHFHN�LoLQ�ELU�\RO�KDULWDVÕ�oL]PH\H�\|QHOLN�YL]\RQ�VDKLEL�ROPDN��
x <HQLOLNoL�NDSDVLWH\L�WHPL]�HQHUML�\ROX\OD�HOGH�HWPHN��
x dHYUH\H�YHULOHQ�]DUDUÕ�|QOH\HUHN�YH�NkUÕ�DUWÕUDUDN�ULVNL�D]DOWPD�EHFHULVL�YH�NDSDVLWHVLQH�VDKLS�ROPDN��

6�UG�U�OHELOLU�LúOHWPH�JHOLúWLUPH�DúDPDODUÕ�7DEOR����¶GH�VXQXOPXúWXU��

Tablo-2-2: 6�UG�U�OHELOLU�øúOHWPH�*HOLúWLUPH�$úDPDODUÕ�
$ù$0$ SOSYAL BOYUT ÇEVRESEL BOYUT 

$úDPD����5HGGHWPH 
dDOÕúDQODU�YH�WDúHURQODU�V|P�U�OPHNWH��

WRSOXPXQ�EX�NRQXGDNL�HQGLúHOHUL�
UHGGHGLOPHNWHGLU��

%HGHOVL]�RODUDN�V|P�U�OHQ�oHYUHVHO�
ND\QDNODU�L\L�NDEXO�HGLOPHNWHGLU��

$úDPD����&HYDS�9HUPHPH 7RSOXPVDO�ND\JÕODUGDQ��ILQDQVDO�YH� .DUDU�YHUPH�V�UHFLQGH�oHYUHVHO�

Sürdürülebilir 7ƔůĞƚŵĞ 

�ŬŽŶŽŵŝŬ 

Çevresel Sosyal 
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WHNQRORMLN�IDNW|UOHU�GÕúODQPDNWDGÕU�� IDNW|UOHU�EX�V�UHFLQ�GÕúÕQGD�
WXWXOPDNWDGÕU��

$úDPD����8\XPOXOXN 
(QG�VWUL\HO�LOLúNLOHU�YH�J�YHQOLN�

NRQXVXQGDNL�\DVDO�JHUHNOLOLNOHUH�X\XP�
VD÷ODQPDNWDGÕU��

2ODVÕ�oHYUHVHO�VRUXQODU�\RN�VD\ÕODUDN��
WRSOXPXQ�GLNNDWL�GD÷ÕWÕOPDNWDGÕU��

$úDPD����9HULPOLOLN 
7RSOXPVDO�SURMHOHU�YH�oDOÕúDQ�NDOLWHVLQL�

DUWÕUDFDN�VWUDWHMLOHUH�VDGHFH�PDOL\HW�DYDQWDMÕ�
ROGX÷XQGD�VÕFDN�EDNÕOÕU��

9HULPOLOL÷L�D]DOWDQ�\D�GD�PDOL\HWOHUL�
DUWÕUDQ�oHYUH�VRUXQODUÕ�\RN�VD\ÕOÕU��

$úDPD����6WUDWHMLN�3UR-
Aktivite 

6WUDWHMLN�DYDQWDM�VD÷ODPDN�LoLQ��U�QOHUGH�
HQWHOOHNW�HO�YH�VRV\DO�\HQLOLNOHU�\DSÕOÕU��

3URDNWLI�oHYUHVHO�VWUDWHMLOHU�UHNDEHW�
DYDQWDMÕ�VD÷OD\ÕFÕVÕ�RODUDN�

J|U�OPHNWHGLU��

$úDPD����6�UG�U�OHELOLU�
øúOHWPH 

øúOHWPHQLQ�Lo�YH�GÕú�KHGHIOHUL�DUDVÕQGD�LQVDQ�
UHIDKÕ�YH�HúLWOLN�|QHPOL�ELU�KDOH�JHOPLúWLU��

øúOHWPH�HNRORMLN�GHQJH�YH�
V�UG�U�OHELOLUOLN�SURMHOHULQGH�WRSOXP�

LOH�ELUOLNWH�KDUHNHW�HGHU��
Kaynak: %HQQ�6��YH�GL÷��������

� 6�UG�U�OHELOLU� JHOLúPH�� VRV\DO�� oHYUHVHO� YH� HWLN� NRQXODUÕ� LOH� LOLúNLOHQGLULOLUNHQ�� LúOHWPH� DoÕVÕQGDQ� NXUXPVDO�
\|QHWLP��NXUXPVDO�VRV\DO�VRUXPOXOXN�YH�VRV\DO�PXKDVHEH�LOH�LOLúNLOHQGLULOLU�YH�LúOHWPH\H�HQWHJUH�HGLOHELOLU��0HL����������
�
�
3.Çevre Muhasebesi 

<HúLO� 0XKDVHEH� RODUDNWD� DGODQGÕUÕODQ� oHYUH� PXKDVHEHVL�� OLWHUDW�UGH� IDUNOÕ� WHULPOHUOH� LIDGH� HGLOPHNWHGLU��
gUQH÷LQ��dHYUH�0XKDVHEHVL��(QYLURQPHQWDO�$FFRXQWLQJ���'R÷DO�.D\QDN�0XKDVHEHVL��1DWXUDO�5HVRXUFH�$FFRXQWLQJ�±�
15$��� dHYUH� <|QHWLP� 0XKDVHEHVL� �d<0�� �(QYLURQPHQWDO� 0DQDJHPHQW� $FFRXQWLQJ� ±� (0$��� 7DP� 0DOL\HW�
0XKDVHEHVL��)XOO�&RVW�$FFRXQWLQJ��YE��

���� \�]\ÕOGDQ� VRQUD� KÕ]OÕ� VDQD\LOHúPH�� G�]HQVL]� NHQWOHúPH�� oHYUH� NLUOLOL÷LQH� ED÷OÕ� RODUDN� RUWD\D� oÕNDQ� LNOLP�
GH÷LúLNOL÷L��Q�IXV�DUWÕúÕ�LOH�WDUÕP�DUD]LOHULQLQ�\HUOHúLPH�DoÕOPDVÕ�oHYUH�VRUXQODUÕQÕ�RUWD\D�oÕNDUPÕúWÕU���%DúND�ELU�LIDGH�LOH�
LQVDQ�LKWL\DoODUÕQÕQ�NDUúÕODQPDVÕ�DPDFÕ\OD�JHUoHNOHúWLULOHQ��UHWLP�IDDOL\HWOHUL��EHUDEHULQGH�oHYUH�VRUXQODUÕQÕ�GD�JHWLUHUHN�
W�P� G�Q\DGD� NHQGLQL� EHOLUJLQ� ELU� ELoLPGH� KLVVHWWLUPH\H� EDúODPÕúWÕU�� dHYUH� LOH� LOJLOL� XOXVODUDUDVÕ� SROLWLNDODUÕQ� G|Q�P�
QRNWDVÕ�RODUDN�NDEXO�HGLOHQ���+D]LUDQ������6WRFNKROP�.RQIHUDQVÕ��oHYUH�VRUXQODUÕQD�\HUHO�YH\D�E|OJHVHO�G�]H\GH�GH÷LO��
HYUHQVHO�G�]H\GH�VDKLS�oÕNÕOPDVÕ�JHUH÷LQL�RUWD\D�NR\PXúWXU��.ÕUOÕR÷OX�YH�<ÕOGÕ]���������

���� \�]\ÕOÕQ� LNLQFL� \DUÕVÕQGD� oHYUHVHO� NRQXODU�� DNDGHPLV\HQOHU� YH� Lú� G�Q\DVÕQD� LOLúNLQ� G�]HQOHPHOHUH� YH�
DUDúWÕUPDODUD�NRQX�ROPXúWXU�������¶OL�\ÕOODUGDQ�LWLEDUHQ�oHYUH�PXKDVHEHVL�NDYUDPÕ�YH�LOJLOL�NRQXODU�JHOLúHUHN�J�Q�P�]H�
NDGDU�JHOPLúWLU��7RGDH�YH�GL÷���������

����\�]\ÕOÕQ�VRQ�oH\UH÷LQGH�\DúDQDQ�%KRSDO�NLP\D��������YH�([[RQ�9DOGH]�SHWURO�IHODNHWOHUL��������JLEL�oHYUH�
IHODNHWOHUL�� LúOHWPHOHULQ� EHQLPVHGLNOHUL� VDOW� NkU� SROLWLNDVÕQÕQ� GHYDP� HWWLULOPHVL� GXUXPXQGD� V�UG�U�OHELOLUOL÷LQ�
JHUoHNOHúPH\HFH÷LQL� RUWD\D� NR\PXúWXU� �(UNXú� YH� $WHú�� ������ V������� ����� \ÕOÕQGD� 0HNVLND� .|UIH]L¶QGH� %ULWLVK�
3HWUROHXP��%3�¶XQ�VRQGDM�NXOHVLQGH�JHUoHNOHúHQ�SDWODPD�LOH����J�Q�VRQXQGD�����PLO\RQ�YDULO������PLO\RQ�OLWUH��SHWURO�
GHQL]H�VÕ]PÕúWÕU��dHYUH\L�YH�EL\RoHúLWOLOL÷L� WHKGLW�HGHQ�VÕ]ÕQWÕ\Õ�|QOHPHN�LoLQ��������NLúL�oDOÕúPÕú�YH������\ÕOÕ�VRQXQD�
NDGDU������PLO\DU�GRODU�KDUFDPD�\DSÕOPÕúWÕU�������\ÕOÕQGD�V�UHQ�GDYDODUÕQ�QHWLFHVLQGH�$%'�$GDOHW�%DNDQOÕ÷Õ�%3¶\H�����
PLO\DU� GRODU� SDUD� FH]DVÕ� YHUPLúWLU�� 0HNVLND� .|UIH]L� EXJ�Q� WHPL]OHQPLú� ROVD� ELOH�� ER]XODQ� HNRORMLN� GHQJHQLQ� JHUL�
G|Q�ú�P��\ÕOODU�DODFDNWÕU��
� *�Q�P�]GH�oHYUH\OH�V�UHNOL�LOLúNL�LoLQGH�DoÕN�ELU�VLVWHP�RODQ�PXKDVHEHQLQ��VRV\DO�YH�oHYUHVHO�VRUXQODUD�LOJLVL]�
NDODPD\DFD÷Õ�DoÕNWÕU��dHOLN���������dHYUH�PXKDVHEHVL��PDOL\HW�PXKDVHEHVLQLQ�ELU�DOW�GDOÕ�YH\D�ED÷ÕPVÕ]�ELU�GDO�RODUDN�
NDEXO�HGLOHELOLU��<DNKRX�YH�'RUZHLOHU����������

dHYUH� NXUXOXúODUÕ�� XOXVDO� ED]GD� \DSÕODQ� oHYUHVHO� G�]HQOHPHOHU�� WRSOXPGD� oHYUH� ELOLQFLQLQ� ROXúPDVÕ� YH�
LúOHWPHOHULQ� oHYUHVHO� NRQXODUD� |QHP� YHUPHVLQGH� |QHPOL� URO� R\QDPDNWDGÕU�� $NDGHPLN� NRQIHUDQVODUÕQ� V�UHNOL� RODUDN�
J�QGHPLQGH� EXOXQPDVÕQD�� DNDGHPLV\HQOHULQ� YH� oHúLWOL� oHYUH� NRUXPD� |UJ�WOHULQLQ� \D\ÕQODUÕQGD� \HU� DOPDVÕQD� NDUúÕQ��
oHYUH�PXKDVHEHVL��Lú�G�Q\DVÕQGD�KHQ�]�\HWHUOL�G�]H\GH�\DVDOOÕ÷D�VDKLS�GH÷LOGLU��dHOLN����������

dHYUH� PXKDVHEHVL�� LúOHWPHOHULQ� oHYUH� �]HULQGHNL� IL]LNVHO� HWNLOHUL� LOH� EX� oHYUHVHO� HWNLOHUL� PLQLPL]H� HGHFHN�
oDEDODUD�LOLúNLQ�HOGH�HGLOHQ�ILQDQVDO�YH�ILQDQVDO�ROPD\DQ�ELOJLOHULQ�NDPX\D�VXQXOPDVÕGÕU��$QWKHDXPH���������

dHYUH� PXKDVHEHVLQH� LOLúNLQ� OLWHUDW�UGH� IDUNOÕ� WDQÕPODU� EXOXQPDNWDGÕU�� $PHULNDQ� dHYUH� .RUXPD� $MDQVÕ� �86�
(3$���oHYUH�PXKDVHEHVLQL���������

x )LQDQVDO� PXKDVHEH� YH� UDSRUODPD� NDSVDPÕQGD�� oHYUH\OH� LOLúNLOL� ILQDQVDO� ELOJLOHULQ� EHOLUOHQPHVL� YH�
NDPX\D�DoÕNODQPDVÕ��

x dHYUH� \|QHWLP� PXKDVHEHVL� NDSVDPÕQGD�� oHYUH\OH� LOLúNLOL� IL]LNVHO� YH� PDOL� YHULOHULQ� EHOLUOHQPHVL� YH�
NXOODQÕPÕ��

x 'Õú�oHYUHQLQ�HWNLOHUL�YH�PDOL\HWOHULQ�WDKPLQL��
x .DODQ�YH�NXOODQÕODQ�GR÷DO�ND\QDNODUÕQ�IL]LNVHO�YH�SDUDVDO�RODUDN�PXKDVHEHVL��
x *HQHO� PXKDVHEHQLQ� DPDoODUÕ� GR÷UXOWXVXQGD� PXKDVHEH� YHULOHULQLQ�� GR÷DO� ND\QDN� PXKDVHEHVL�

ELOJLOHULQLQ�YH�ILUPD�G�]H\LQGH�GL÷HU�ELOJLOHULQ�WRSODQPDVÕ�YH�UDSRUODQPDVÕ��

1 US EPA – United States Environmental Protection Agency 
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x dHYUH�PXKDVHEH�NDSVDPÕQGD��oHYUH\H� LOLúNLQ�IL]LNVHO�YH�PDOL�YHULOHULQ�J|]�|Q�QGH� WXWXOPDVÕ��RODUDN�
WDQÕPODPÕúWÕU��

%DUWRORPHR�YG����������³dHYUH�PXKDVHEHVL��LoH�G|Q�N�RODUDN��IL\DWODPD�NDUDUODUÕQGD��PDOL\HW�NRQWURO�QGH�YH�
VHUPD\H� E�WoHOHPHVLQGH� ELOJL� VD÷ODUNHQ�� GÕúD� G|Q�N� RODUDN�� KDON� YH� ILQDQV� oHYUHOHUL� LoLQ� oHYUH� KDNNÕQGD� NDPX\X�
D\GÕQODWPD�UDSRUODUÕQD�YHUL�VD÷ODU´�úHNOLQGH�LIDGH�HWPLúWLU��

øúOHWPHOHULQ�IDDOL\HWOHULQL�V�UG�UG�÷��oHYUH\H�YH�NXOODQGÕNODUÕ�GR÷DO�ND\QDNODUD�LOLúNLQ�IL]LNVHO�YH�PDOL�ELOJLOHUL�
PXKDVHEH� ELOJL� VLVWHPL� LoHULVLQGH� D\UÕ� ELU� UDSRUODPD\OD� NDPX\D� DoÕNODPDVÕ� JHUHNPHNWHGLU�� øúOHWPH� IDDOL\HWOHULQLQ�
oHYUH\H� YHUHELOHFH÷L� RODVÕ� ]DUDUODUÕ� PDOL� ER\XWODUÕ\OD� YH� EX� ]DUDUODUÕ� |QOH\LFL� DPDoOD� JHUoHNOHúWLULOHQ� KDUFDPD� YH�
JLULúLPOHULQ�ER\XWODUÕQÕQ�� LúOHWPHOHU� WDUDIÕQGDQ�NDPX\X�D\GÕQODWPD� LONHVL�NDSVDPÕQGD�NDPX\D� WDP�RODUDN�DoÕNODQPDVÕ�
JHUHNPHNWHGLU��

dHYUH� PXKDVHEHVL�� WLFDUL� DNWLYLWHOHUH� ED÷OÕ� RODUDN� RUWD\D� oÕNDFDN� NLUOLOL÷LQ� VRUXPOXODUÕQÕQ� EHOLUOHQPHVL� YH�
WDKPLQ�HGLOHQ�oHYUHVHO�HWNLOHUH�YH�KDUFDPDODUD� LOLúNLQ�NDUDU�DOPD\D�\DUGÕPFÕ�ROXU��%XQXQ�\DQÕVÕUD�oHYUH�PXKDVHEHVL��
IDUNOÕ� W�NHWLP� \DSÕODUÕ� LOH� oHYUHVHO� KDUFDPDODUÕQ� G�ú�U�OPHVLQGH� SODQODPD� LoLQ� LKWL\Do� GX\XODQ� ELOJLOHUL� �UHWPHNWHGLU�
�%DLOH\� YH� 6R\ND�� ������� %X� GXUXP� SDUDVDO� ER\XWXQ� \DQÕQGD� LúOHWPHQLQ� IL]LNVHO� ELULPOHUL�IDDOL\HWOHUL� LOH� LOLúNLOLGLU�
�/LQWRWW�� ������� $\UÕFD� oHYUH� PXKDVHEHVL�� oHYUHVHO� PDOL\HWOHUH� ND\QDN� WDKVLV� HGLOPHVL�� PDOL\HWOHULQ� |Oo�OPHVL�� WLFDUL�
NDUDUODUD�HQWHJUH�HGLOPHVL�YH�GÕú�oHYUH\H�ELOJL�YHULOPHVLQH�\DUGÕPFÕ�ROXU��6WDQNR��%URJDQ�YH�$OH[DQGHU��������
�
�
4.Çevresel Maliyetler 

*�Q�P�]GH� \DúDQDQ� oHYUH� IHODNHWOHULQH� ED÷OÕ� RODUDN� WRSOXPGD� oHYUH� ELOLQFLQLQ� ROXúWX÷X� J|U�OPHNWHGLU�
�0DVDQHW� YH� /ORGUD�� ������� dHYUH� ELOLQFLQLQ� ROXúWXUXOPDVÕ� YH� oHYUHQLQ� NRUXQPDVÕ� KXVXVXQGD� ELUH\OHULQ� \DQÕVÕUD�
LúOHWPHOHUGH�oDED�VDUI�HWPHN�GXUXPXQGDGÕU��%X�DoÕGDQ��oHYUH�PXKDVHEHVLQL�³øúOHWPHOHUFH�\HWHUOL�oHYUHVHO�SHUIRUPDQVÕQ�
WHPLQL� LoLQ� oHYUHVHO� PDOL\HWOHULQ� WDQÕPODQPDVÕ� YH� |Oo�OPHVLQGH� NXOODQÕODQ� ELU� DUDoWÕU�´� �7RGDH� YG��� ������ úHNOLQGH�
WDQÕPOD\DELOLUL]��

$PHULNDQ� oHYUH� NRUXPD� DMDQVÕ�� oHYUHVHO� PDOL\HWOHUL� WHPHO� RODUDN� LNL\H� D\ÕUPDNWDGÕU�� %LULQFLVL�� LúOHWPHOHULQ�
GR÷UXGDQ� HWNLOHQGLNOHUL�� P�GDKDOH� HGHELOHFHNOHUL� LoVHO� PDOL\HWOHUGLU�� øNLQFLVL� LVH�� LúOHWPHOHULQ� VRUXPOX� ROPDGÕNODUÕ��
P�GDKDOH�HGHPHGLNOHUL�GÕúVDO�PDOL\HWOHUGLU��%X�WDQÕPODPD�JHQHO�EDúOÕNODUÕ\OD�úX�úHNLOGH�LIDGH�HGLOHELOLU��7RGDH���������

 
 
 
ùHNLO-4-1:�dHYUHVHO�0DOL\HWOHU 

Kaynak: 
7RGDH�YH�GL÷���������V���� 

*HOHQHNVHO�PDOL\HWOHU��PDNLQH�WHoKL]DW��KDPPDGGH�YH�W�NHWLP�PDOODUÕQGDQ�ND\QDNODQDQ�PDOL\HWOHUGLU��
*L]OL� PDOL\HWOHU�� HQGLUHNW� oHYUHVHO� PDOL\HWOHUL� YH\D� JHOHFHNWH� RUWD\D� oÕNDFDN� ED÷ÕPOÕ� PDOL\HWOHUL� LIDGH�

HWPHNWHGLU��*L]OL�PDOL\HWOHU�NDSVDPÕQGD��\DVDO�\�N�PO�O�N�YH�J|Q�OO��H\OHPOHU�VRQXFX�RUWD\D�oÕNDQ�oHYUHVHO�PDOL\HWOHU�
\HU� DOPDNWDGÕU�� %X� PDOL\HWOHU� ELU� V�UHFLQ�� VLVWHPLQ� YH\D� WHVLVLQ� IDDOL\HWOHULQLQ� \�U�W�OPHVL� VÕUDVÕQGD� RUWD\D� oÕNDQ�
PDOL\HWOHUGLU�� 3HN� oRN� LúOHWPH� EX� PDOL\HWOHUL� G|QHP� JLGHUL� RODUDN� GH÷HUOHQGLUPHNWH� YH� EX� PDOL\HWOHUH� LúOHWPH�
NDUDUODUÕQGD�YH�J�QO�N�IDDOL\HWOHULQGH�JHUHNOL�|QHPL�YHUPHPHNWHGLU��(3$�������7RGDH���������

%D÷ÕPOÕ�PDOL\HWOHU��JHOHFHNWH�JHUoHNOHúPHVL�PXKWHPHO�oHYUHVHO�HWNLOHUH�ED÷OÕ�RODUDN�RUWD\D�oÕNDFDN�PDOL\HWOHUL�
LIDGH�HWPHNWHGLU��gUQH÷LQ��oHúLWOL�ND]DODU�VRQXFX�ROXúDQ�SHWURO�VÕ]ÕQWÕODUÕQD�NDUúÕOÕN�|GHQPHVL�JHUHNHQ�FH]DODU�YH�QHGHQ�
ROXQDQ�oHYUHVHO�]DUDUODUÕQ�o|]�P�QH�LOLúNLQ�KDUFDPDODU�ED÷ÕPOÕ�PDOL\HWOHUL�ROXúWXUPDNWDGÕU��(3$�������7RGDH���������

øPDM� YH� LOLúNL� PDOL\HWOHUL� �+DONOD� øOLúNLOHU��� GL÷HU� PDOL\HWOHUH� RUDQOD� GDKD� VR\XW� \DSÕGDGÕUODU�� %X� PDOL\HWOHU��
\|QHWLFLOHULQ��P�úWHULOHULQ�� oDOÕúDQODUÕQ�� NDPXQXQ�YH�K�N�PHWOHULQ�|]QHO�DOJÕODUÕQD�GD\DQDQ�VR\XW� \DSÕGDNL�PDOL\HWOHU�
ROGX÷X� LoLQ�GL÷HU�oHYUHVHO�PDOL\HWOHUH�NÕ\DVOD�|Oo�P��GDKD�J�o�RODQ�PDOL\HWOHUGLU��%X�PDOL\HWOHUH�|UQHN�RODUDN�\ÕOOÕN�
oHYUH� UDSRUODUÕQD�� \HUHO� KDON� LOH� LOLúNLOHUH� YH� J|Q�OO�� RODUDN� JHUoHNOHúWLULOHQ� oHYUH� IDDOL\HWOHULQH� LOLúNLQ� PDOL\HWOHU�
YHULOHELOLU��(3$������7RGDH���������

Çevresel 
DĂůŝǇĞƚůĞƌ 

7ĕƐĞů�
DĂůŝǇĞƚůĞƌ 

Geleneksel 
DĂůŝǇĞƚůĞƌ 

Gizli 
DĂůŝǇĞƚůĞƌ 

�ĂŒŦŵůŦ�
DĂůŝǇĞƚůĞƌ 

7ŵĂũ�ǀĞ�7ůŝƔŬŝ�
DĂůŝǇĞƚůĞƌŝ 

�ŦƔƐĂů�
DĂůŝǇĞƚůĞƌ 

Çevresel 
;�ŬŽůŽũŝŬͿ�
�ŽǌƵůŵĂ�
DĂůŝǇĞƚůĞƌŝ 

7ŶƐĂŶ��ƚŬŝůĞƌŝ�
DĂůŝǇĞƚůĞƌŝ 
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� 'ÕúVDO�PDOL\HWOHU�� LúOHWPHOHULQ�GR÷UXGDQ�VRUXPOX�ROPDGÕNODUÕ� DQFDN�oHYUH��]HULQGH�ROXPVX]�HWNLOHU�PH\GDQD�
JHWLUHQ� IDDOL\HWOHUGHQ� ND\QDNODQDQ� PDOL\HWOHUGLU�� %X� ROXPVX]� VRQXoODUÕ� GR÷XUDQ� IDDOL\HWOHU� \DVDODUOD� |QOHQHPH\HQ�
IDDOL\HWOHUGLU�� %XQXQ� \DQÕVÕUD�� GÕúVDO� PDOL\HWOHULQ� JHUoHN� GH÷HUOHULQLQ� |Oo�OPHVL� ROGXNoD� ]RUGXU�� %XQD� UD÷PHQ�� ED]Õ�
LúOHWPHOHU�EX�PDOL\HWOHUL�oHYUH�PXKDVHEHVL�VLVWHPOHUL�LoHULVLQGH�PDOL\HW�NDOHPL�RODUDN�DOPD\D�oDOÕúPDNWDGÕUODU��7RGDH��
��������$PHULNDQ�dHYUH�.RUXPD�$MDQVÕ¶QD�J|UH�oHYUHVHO�PDOL\HW�W�UOHUL�7DEOR�����¶GH�J|VWHULOPLúWLU��
� 3RWDQVL\HO�JL]OL�PDOL\HWOHU�� LúOHWPH�\|QHWLFLOHUL� WDUDIÕQGDQ�J|U�OHPH\HQ�oHYUHVHO�PDOL\HWOHUL� LIDGH�HWPHNWHGLU��
%X�PDOL\HWOHU� \DVDO� \�N�PO�O�NOHUGHQ�� J|Q�OO�� H\OHPOHUGHQ�YH� LúOHWPHOHULQ� V�UG�UG�NOHUL� IDDOL\HWOHUGHQ� ND\QDNODQDQ�
oHYUHVHO�PDOL\HWOHUGLU��+HU�QH�NDGDU�EX�PDOL\HWOHU�JHQHO�JLGHU�YH\D�DUDúWÕUPD�JHOLúWLUPH�JLGHUOHUL�RODUDN�VÕQÕIODQGÕUÕOVD�
GD�LúOHWPH�\|QHWLFLOHUL�\DSÕODFDN�\DWÕUÕPODUÕQ�NXOODQPD�PDOL\HWOHULQH�RGDNODQGÕNODUÕ�LoLQ�IDDOL\HW�|QFHVL�ED]Õ�PDOL\HWOHU�
J|]GHQ�NDoDELOPHNWHGLU��(3$���������

0H\GDQD� JHOHQ� oHYUHVHO� PDOL\HWOHU�� RUWD\D� oÕNPD� ELoLPOHULQH� J|UH� IDUNOÕ� VÕQÕIODQGÕUPDODUD� WDEL�
WXWXODELOPHNWHGLU�� %D]Õ� oHYUHVHO� PDOL\HWOHU� oHYUH\L� NRUXPD�� V�UG�U�OHELOLUOLN� VD÷ODPD� DPDFÕQD� \|QHOLN� RODUDN�
JHUoHNOHúWLULOHQ� IDDOL\HWOHULQ� VRQXFXQGD� RUWD\D� oÕNDUNHQ�� ELU� NÕVÕP� PDOL\HWOHU� LVH� ND\QDNODUÕQ� �UHWLP� IDDOL\HWOHULQGH�
NXOODQÕPODUÕ� VRQXFXQGD� PH\GDQD� JHOPHNWHGLU�� %XQXQ� \DQÕVÕUD�� ED]Õ� oHYUHVHO� PDOL\HWOHU�� LúOHWPHOHULQ� QHGHQ� ROGX÷X�
oHYUHVHO�NLUOLOLNWHQ�ND\QDNODQPDNWDGÕU��%X�NDSVDPGD�oHYUHVHO�PDOL\HWOHU��|QOHPH�PDOL\HWOHUL��NXOODQPD�PDOL\HWOHUL�YH�
HWNLOHPH�PDOL\HWOHUL�ROPDN��]HUH��o�EDúOÕN�DOWÕQGD�LQFHOHQHELOLU��dHOLN��������

gQOHPH�PDOL\HWOHUL��oHYUH\L�NRUXPD�YH�oHYUH\H�YHULOHELOHFHN�]DUDUODUÕ�HQ�D]D�LQGLUPH�DPDFÕ�LOH��U�Q�Q�WDVDUÕP�
DúDPDVÕQGDQ�� �UHWLOPHVL�� NXOODQÕOPDVÕ�� |PU�Q�� WDPDPOD\ÕS� \RN� HGLOPHVL� V�UHFLQGH� NDWODQÕODQ� PDOL\HWOHUGLU� �dHOLN��
��������hU�Q�\DúDP�VH\UL�LoHULVLQGH�NDWODQÕODQ�PDOL\HWOHU��

�
x dHYUH�SODQODPDVÕ�PDOL\HWOHUL��
x hU�Q�WDVDUÕPÕQGD�oHYUH�X\XPODúWÕUPD�PDOL\HWOHUL��
x *HUL�G|Q�úW�UPH�PDOL\HWOHUL��
x dHYUH�GRVWX�DPEDODMODPD�PDOL\HWOHUL��
x dHYUH�\|QHWLP�PDOL\HWOHUL��DWÕN�NRQWURO���\RN�HGLOPHVL�YH\D�DUÕWPD�PDOL\HWOHUL��

|QOHPH� PDOL\HWOHUL� NDSVDPÕQGDGÕU�� %X� PDOL\HWOHU� LúOHWPH� \|QHWLPLQLQ� NDUDUODUÕ� GR÷UXOWXVXQGD� EHOLUOHQHELOHQ�
PDOL\HWOHUGLU���

.XOODQPD� PDOL\HWOHUL�� LúOHWPH� IDDOL\HWOHULQGH� ID\GDODQÕODQ� NDPXVDO� GR÷DO� ]HQJLQOLNOHULQ� EHGHOL� RODUDN�
WDQÕPODQDELOLU�� +DYD�� VX�� WRSUDN� YH� PDGHQOHU� JLEL� GR÷DO� ND\QDNODUÕQ� NXOODQÕPÕ� EX� W�U� PDOL\HWOHUGHQGLU�� 'R÷DO�
ND\QDNODUÕQ� LúOHWPHOHUFH� NXOODQÕOPDVÕQGDQ� ROXúDQ� NXOODQPD� PDOL\HWOHUL�� EX� YDUOÕNODUÕQ� NXOODQÕOPDVÕ� VRQXFX� NDPXQXQ�
X÷UDGÕ÷Õ� oHYUH� ]DUDUODUÕ� \DVDODUÕQ� L]LQ�YHUGL÷L� OLPLWOHULQ� DOWÕQGD�NDOGÕ÷Õ� LoLQ� LúOHWPHOHULQ� ELU� EHGHO� |GHPH�]RUXQOXOX÷X�
ROPD\DELOPHNWHGLU��dHOLN����������

(WNLOHPH� PDOL\HWOHUL�� |QFHNL� VDIKDODUÕQ� EDúDUÕVÕ]OÕ÷ÕQÕQ� \RO� DoWÕ÷Õ� oHYUH� ]DUDUODUÕQD� LOLúNLQ� PDOL\HWOHUGLU�� %X�
PDOL\HW�XQVXUODUÕ�LVH��KDYD��VX�YH�WRSUD÷D�VDOÕQDQ�DWÕNODU�QHGHQL\OH�RUWD\D�oÕNDQ�]DUDUODU�LOH�IDXQD�YH�IORUDGDNL�D]DOPDODU�
RODUDN�WDQÕPODQPDNWDGÕU��dHOLN���������dHYUHQLQ�NLUOHWLOPHVL�YH�GR÷DO�GRNXQXQ�]DUDU�J|UPHVLQGHQ�VRQUD�DOÕQDQ�WHGELUOHU�
HWNLOL� ROPDGÕ÷Õ� JLEL� E�\�N� HNRQRPLN� ND\ÕSODUD� GD� \RO� DoPDNWDGÕU��%X� ED÷ODPGD� oHYUH� VRUXQODUÕQÕQ� RUWD\D� oÕNPDGDQ�
\|QHWLOPHVL�JHUHNLU��.ÕUÕPKDQ������������
 
Tablo-4-2:�dHYUHVHO�0DOL\HW�7�UOHUL�

327$16ø<(/�*ø=/ø�0$/ø<(7/(5 (Potentially Hidden Costs) 
Yasal Yükümlülükler Faaliyet Öncesi Gönüllü Eylemler 

7HEOLJDWODU� .XUXOXú�<HUL�$UDúWÕUPDVÕ� +DONOD�øOLúNLOHU�
5DSRUODPD� .XUXOXú�<HUL�+D]ÕUOÕN� *|]OHP�$QDOL]�

*|]OHP�$QDOL]� .XUXOXú�ø]LQOHUL� (÷LWLP�
$UDúWÕUPD�7DVDUÕP� $5*(� 'HQHWLP�

ø\LOHúWLUPH� 7HNQLN�YH�7HGDULN�+D]ÕUOÕNODU� 6DWÕFÕ�7DQÕPODPD�
.D\ÕWODPD�  <ÕOOÕN�dHYUH�5DSRUODUÕ�
3ODQODPD� � 6LJRUWD�
(÷LWLP�  3ODQODPD�

'HQHWOHPH� Geleneksel Maliyetler )L]LELOLWH�dDOÕúPDODUÕ�
%LOGLUPH� 'XUDQ�9DUOÕNODU� ø\LOHúWLUPH�
(WLNHWOHPH� +DPPDGGH� *HUL�'|Q�ú�P�
+D]ÕUOÕN� øú�*�F�� dHYUH�*|]HWLPL�

.RUX\XFX�(NLSPDQODU� <DUGÕPFÕ�7HVLVOHU� $5*(�
7ÕEEL�*|]HWLP� +XUGDODU� 'R÷DO�+D\DWÕ�.RUXPD�
6LJRUWDODPD� � dHYUH�'�]HQOHPHOHUL�

)LQDQVDO�*�YHQFH� � 'L÷HU�dHYUH�dDOÕúPDODUÕ�
.LUOLOLN�.RQWURO�� � dHYUHFL�*UXSODUD�)LQDQVDO�'HVWHN�
$WÕN�.RQWURO�� )DDOL\HW�6RQUDVÕ �

$WÕN�6X�.RQWURO�� )DDOL\HWWHQ�dHNLOPH� �
$WÕN�<|QHWLPL� 9DUOÕNODUÕQ�(OGHQ�dÕNDUÕOPDVÕ� �
9HUJLOHU�+DUoODU� � �

%$ö,0/,�0$/ø<(7/(5 
<DVDO�'H÷LúLNOLN�0DOL\HWOHUL� ø\LOHúWLUPH� 0DKNHPH�*LGHUOHUL�
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&H]DODU� 0DGGL�]DUDU� 'R÷DO�.D\QDN�=DUDUODUÕ�
'�]HQOHPHOHUH�øOLúNLQ�0DOL\HWOHU� .LúLVHO�\DUDODQPD�]DUDUODUÕ� (NRQRPLN�.D\ÕS�=DUDUODUÕ�

ø0$-�YH�ø/øù.ø�0$/ø<(7/(5ø 
øúOHWPH�øPDMÕ� <|QHWLFLOHU�LOH�øOLúNLOHU� %RUo�9HUHQOHUOH�øOLúNLOHU�

0�úWHUL�øOLúNLOHUL� dDOÕúDQODU�LOH�øOLúNLOHU� <HUHO�+DON�LOH�øOLúNLOHU�
<DWÕUÕPFÕ�øOLúNLOHUL� 7HGDULNoLOHU�LOH�øOLúNLOHU� .DPX�<|QHWLFLOHUL�LOH�øOLúNLOHU�

Kaynak: 86�(3$��������V�� 

øúOHWPHOHU� DoÕVÕQGDQ� ED]Õ� oHYUHVHO� PDOL\HWOHU� |GHQPHPHNWH� YH�YH\D� GLNNDWH� DOÕQPDPDNWDGÕU�� %X� VHEHSOH� EX�
PDOL\HWOHU� ILQDQVDO� UDSRUODUGD� YH� ND\ÕWODUGD� \HU� DOPDPDNWDGÕU�� gUQH÷LQ�� LúOHWPHOHU� oHYUH\H� \D\GÕNODUÕ� J�U�OW�\���
FDQOÕODUD� YH� ELWNLOHUH� YHUGLNOHUL� ]DUDUODUÕ� GLNNDWH� DOPD]ODU�� 'L÷HU� ELU� |UQHN� LVH� \HU� DOWÕ� VXODUÕQÕQ� EHGHOVL]� RODUDN�
NXOODQÕOPDVÕ� YH�EX� VXODUÕQ�GR÷D\D�EÕUDNÕOPDVÕGÕU��%XQD�NDUúÕQ� LúOHWPHOHULQ�ND\QDN�NXOODQÕPÕ�YH�GR÷D\D�EÕUDNPDVÕ� LOH�
RUWD\D�oÕNDQ�]DUDUODUÕ�D\UÕQWÕOÕ�RODUDN�KHVDSODPDVÕ��PDOL\HWOHQGLUPHVL�YH�UDSRUODUÕQGD�VXQPDVÕ�JHUHNLU��+DIWDFÕ�YH�6R\OX��
�������

øúOHWPH� IDDOL\HWOHUL� VRQXFXQGD� RUWD\D� oÕNPDVÕ�PXKWHPHO� oHYUHVHO� ULVNOHUL� HQ� D]D� LQGLUPH� YH� oHYUH\L� NRUXPD�
DPDFÕ\OD�\DSÕODQ�IDDOL\HWOHU�YH�EXQD�ED÷OÕ�RODUDN�ROXúDQ�PDOL\HWOHU�LúOHWPH��]HULQGH�\DSÕVDO�YH�ILQDQVDO�GH÷LúLPOHUH�\RO�
DoDELOLU��%X�GH÷LúLPOHU��(SVWHLQ���������

�
x hUHWLP�V�UHFLQLQ�\HQLGHQ�WDVDUÕPÕ�LOH�PDOL\HWOHU�G�ú�U�O�U��
x hU�Q�WDVDUÕPÕQÕQ�GH÷LúLPL�LOH�PDOL\HWOHU�G�ú�U�O�U��
x )L\DWODU�DUWDU��
x 7DP�ELU�PDOL\HW�YH�IL\DW�WHVSLWL�LoLQ�LON�DúDPDGD�G�ú�N�ELU�IL\DW�NDEXO�HGLOHELOLU��
x hU�Q�Q�SL\DVDGD�NDEXO��LoLQ�ELU�oÕNÕú�VWUDWHMLVL�JHOLúWLULOLU��

øúOHWPHOHU� ELU� YDUOÕN� DOÕPÕQGD� oHYUHVHO� HWNLOHUL� J|]�|Q�QGH�EXOXQGXUDUDN� VHoLP�\DSWÕ÷Õ� WDNGLUGH�RUWD\D� oÕNDQ�
PDOL\HW� IDUNODUÕQÕQ� QDVÕO� PXKDVHEHOHúWLUHFH÷L� GH� oHYUH� PXKDVHEHVLQLQ� NDSVDPÕQGDGÕU�� %X� NDSVDPGD� oHYUH\H� LOLúNLQ�
NDWODQÕODQ� PDOL\HWOHU� D\UÕQWÕOÕ� RODUDN� KHVDSODQPDNWD� YH� PDOL� UDSRUODUGD� ILQDQVDO� HWNLOHUL� J|VWHULOPHNWHGLU�� )LQDQVDO�
ROPD\DQ� oHYUHVHO� ULVNOHU� LVH� D\UÕQWÕOÕ� RODUDN� IDDOL\HW�oHYUH� UDSRUODUÕQGD� YH� PDOL� UDSRU� GLSQRWODUÕQGD� D\UÕQWÕOÕ� RODUDN�
J|VWHULOPHVL�JHUHNLU��+DIWDFÕ�YH�6R\OX���������
 
 
5.Çevre Yönetim Muhasebesi (ÇYM)�

�
øúOHWPHOHUGH�oHYUH�\|QHWLPL��JHOHQHNVHO�\|QHWLP�PXKDVHEHVLQH�ELU�ELOJL�JLULúL�RODUDN�RUWD\D�oÕNPÕúWÕU��dHYUH\H�

LOLúNLQ�ILQDQVDO�PDOL\HWOHULQ�GDKD�L\L�DQODúÕOPDVÕ�LVWH÷L�NRQX\D�RODQ�LOJL\L�DUWÕUPÕúWÕU��%X�JHOLúPHGH�WHúYLN�HGLFL�QRNWD��
oHYUHVHO�IDNW|UOHULQ�NkUOÕOÕN�YH�ILQDQVDO�GXUXP��]HULQGH�HWNLOHULQLQ�ROPDVÕGÕU��%DUWRORPHR�YG����������

%LU� NXUXOXú�� NHQGL� oHYUH� \|QHWLP� VLVWHPL� NDSVDPÕQGD� oHYUH� ER\XWODUÕQÕQ� QH� ROGX÷XQX�� KDOHQ� YH� JHoPLúWH�
\�U�WW�÷��IDDOL\HWOHU���U�QOHU�YH�KL]PHWOHU��SODQODQPÕú�YH\D�\HQL�JHOLúPHOHU��\HQL�YH\D�GH÷LúWLULOPLú�IDDOL\HWOHU���U�QOHU�
YH�KL]PHWOHUOH�LOJLOL�JLUGL�YH�oÕNWÕODUÕ��LVWHQHQ�YH\D�LVWHQPH\HQ��GLNNDWH�DODUDN�EHOLUOHPHOLGLU��%X�LúOHP��PDQWÕNOÕ�RODUDN�
|QJ|U�OHELOHQ�DFLO�GXUXPODU�GD�GDKLO��QRUPDO�YH�QRUPDO�ROPD\DQ�LúOHWPH�úDUWODUÕQÕ��GHYUHGHQ�oÕNDUPD�YH�GHYUH\H�DOPD�
úDUWODUÕQÕ�J|]�|Q�QGH�EXOXQGXUPDOÕGÕU��,62���������������

dHYUH�\|QHWLP�PXKDVHEHVLQLQ��(QYLURQPHQWDO�0DQDJHPHQW�$FFRXQWLQJ���(0$��JHQHO�RODUDN�NDEXO�HGLOPLú�ELU�
WDQÕPÕ� EXOXQPDPDNWDGÕU�� ,)$&¶ÕQ�� \DSWÕ÷Õ� WDQÕPD� J|UH�� d<0�� ³NDEXO� HGLOHELOLU� oHYUH� PXKDVHEHVL� VLVWHP� YH�
WHNQLNOHULQLQ�JHOLúWLULOPHVL��X\JXODQPDVÕ�V�UHFLQGH�oHYUHVHO�YH�HNRQRPLN�SHUIRUPDQVÕQ�\|QHWLPLGLU�´�%D]Õ�NHVLPOHUFH�EX�
WDQÕPD�UDSRUODPD�YH�GHQHWLP�GH�LODYH�HGLOPHNWHGLU��(3$���������

,)$&¶ÕQ� \DSPÕú� ROGX÷X� WDQÕPODPDQÕQ� \DQÕVÕUD�� %LUOHúPLú� 0LOOHWOHU� 8]PDQ� dDOÕúPD� *UXEX�� d<0¶\L�� ³LoH�
G|Q�N� NDUDUODU� LoLQ� ELOJLOHUL� WDQÕPODPD�� ELU� DUD\D� JHWLUPH�� DQDOL]� YH� NXOODQPD� V�UHFL´� RODUDN� WDQÕPODPDNWDGÕU�� %X�
V�UHoWH�NXOODQÕODQ�ELOJLOHUL�LNL�JUXED�D\ÕUPDNWDGÕU��,)$&���������%XQODU��

x (QHUML��VX�YH�GL÷HU�PDWHU\DOOHULQ��DWÕNODU��NXOODQÕP��GRODúÕP�YH�VHYN�HGLOPHVLQH�LOLúNLQ�IL]LNVHO�ELOJLOHU�
YH�

x dHYUH\OH�LOLúNLOL�PDOL\HWOHU��JHUL�G|Q�ú�P�YH�NRUXPD�LOH�LOJLOL�PDOL�ELOJLOHU��
*HOHQHNVHO�PXKDVHEH�VLVWHPL��oHYUHVHO�NRQXODUGD�\HWHUVL]�NDOPDNWDGÕU��%X�\HWHUVL]OLN��LúOHWPH�IDDOL\HWOHULQGHQ�

ND\QDNODQDQ�oHYUHVHO�PDOL\HWOHULQ�JHOHQHNVHO�PXKDVHEH�VLVWHPL� LoLQGH�D\UÕ�D\UÕ� LQFHOHQPH\LS��G|QHP��UHWLP�JLGHUOHUL�
LoHULVLQGH� J|VWHULOPHVLGLU�� %X� GXUXP�� LúOHWPH� \|QHWLFLOHULQLQ� oHYUHVHO� PDOL\HWOHULQ� IDUNÕQD� YDUDPDPDVÕQD� YH� EX�
PDOL\HWOHULQ�\|QHWLOPHVL�LoLQ�\HWHUOL�ELOJL\H�XODúÕODPDPDVÕQD�\RO�DoPDNWDGÕU��*HUHNOL�úHNLOGH�|Oo�OHPHGL÷L�LoLQ��LúOHWPH�
\|QHWLFLOHUL��EX�PDOL\HWOHULQ�G�ú�U�OPHVLQGH�HWNLOL�RODPDPDNWDGÕUODU��(UNXú�YH�$WHú�������������

%HQ]HU� úHNLOGH�� $%'¶GH� \|QHWLP� PXKDVHEHFLOHUL� WDUDIÕQGDQ� \DSÕODQ� ELU� DUDúWÕUPDGD�� LúOHWPH� NDUDUODUÕQGD�
oHYUHVHO� PDOL\HWOHULQ� \HWHULQFH� J|]� |Q�QGH� EXOXQGXUXOPDGÕ÷ÕQÕ� RUWD\D� NR\PDNWDGÕU�� $UDúWÕUPDGD� NDWÕOÕPFÕODUD� ELU�
PDOL\HW� OLVWHVL� YHULOHUHN� \DWÕUÕP� \DSDUNHQ� KDQJL� PDOL\HWOHUL� J|]� |Q�QGH� EXOXQGXUGXNODUÕQD� \DQÕW� DUDQPÕú� YH� VRQXo�
RODUDN� DWÕN� VX�� oHYUH\OH� LOJLOL� SHUVRQHOLQ� KDUFDGÕ÷Õ� ]DPDQ� YH� FH]DODU� YE�� oHYUHVHO�PDOL\HWOHULQ� DOW� VÕUDODUGD� \HU� DOGÕ÷Õ�
J|U�OP�úW�U��(UNXú�YH�$WHú�������������

2hůƵƐůĂƌĂƌĂƐŦ�DƵŚĂƐĞďĞĐŝůĞƌ�&ĞĚĞƌĂƐǇŽŶƵ�– /ŶƚĞƌŶĂƚŝŽŶĂů�&ĞĚĞƌĂƚŝŽŶ�ŽĨ��ĐĐŽƵŶƚĂŶƚƐ 
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�
�
6.Çevre Yönetim Muhasebesi: Uygulama, Fayda YH�.XOODQÕP�$ODQÕ 

*HQHO�DPDFÕ�oHYUHVHO�ELOJL��UHWPHN�RODQ�d<0���UHWWL÷L�ELOJLOHUOH�HVDVÕQGD�LQVDQ�LOH�oHYUH�DUDVÕQGDNL�HWNLOHúLPL�
DoÕNODPD\D� oDOÕúPDNWDGÕU�� dHYUHVHO� ELOJL� �UHWLPLQL� PDNUR� G�]H\GH� VÕQÕUODPDN�� EX� ELOJLOHULQ� PLNUR� G�]H\GH� DOÕQDFDN�
oHYUHVHO� NDUDUODUD� NDWNÕVÕQÕ� D]DOWDELOLU� YH� oHYUHVHO� \DúDP� NDOLWHVLQLQ� DUWÕUÕOPDVÕQGD� EHNOHQHQ� oHYUHVHO� ID\GD\Õ�
VD÷ODPD\DELOLU��%X�QHGHQOH�oHYUH�PXKDVHEHVL�\DOQÕ]FD�PDNUR�G�]H\GH�GH÷LO��PLNUR�G�]H\GH�GH�JHUHNOL�\DUDUOÕ�ELOJL\L�
�UHWHELOPHOLGLU� �.ÕUOÕR÷OX�YH�&DQ���������dHYUH� LOLúNLOHULQL�PLNUR�G�]H\GH�G�ú�QG�÷�P�]GH� LúOHWPHOHU�EX�HWNLOHúLPLQ�
|QHPOL�ELU�WDUDIÕQÕ�ROXúWXUPDNWDGÕU��dHYUH\H�GX\DUOÕOÕ÷ÕQ�PLNUR�G�]H\GH�EDúDUÕOÕ�RODELOPHVL�LoLQ�D\QÕ�]DPDQGD�GHYOHWLQ�
oHYUH\H�GX\DUOÕ�XOXVDO�ELU�SROLWLND�ROXúWXUPDVÕ�YH�LúOHWPHOHU�LOH�X\XPOX�YH�LúELUOL÷L�LoLQGH�ROPDVÕ�JHUHNPHNWHGLU��dDNDU��
��������

dHYUH� \|QHWLP� PXKDVHEHVL�� HQHUML�� KDPPDGGH�� DWÕN� YE�� YDUOÕNODUÕQ� W�NHWLPLQLQ� |Oo�OPHVL�� GR÷UXODQPDVÕ��
IL\DWODQPDVÕ� YH�PDOL\HWOHQPHVL� V�UHFL��]HULQH�RGDNODQPDNWDGÕU��%XQD�ED÷OÕ�RODUDN��PXKDVHEH�VLVWHPLQGH�EX�YDUOÕNODU�
WDQÕPODQÕU��NXOODQÕPÕ�VRQXFXQGD�oHYUH\H�YHUGL÷L�]DUDUODUÕQ�YH�\RO�DoWÕ÷Õ�PDOL\HWOHULQ�G�ú�U�OPHVLQH�\|QHOLN�IDDOL\HWOHU�
\�U�W�OPHNWHGLU��0DVDQHW�YH�/ORGUD���������

dHYUH� ILQDQV� PXKDVHEHVL�� oHYUHVHO� \�N�PO�O�NOHUH� YH� GL÷HU� oHYUHVHO� \�N�PO�O�NOHUH� DLW� IDDOL\HWOHUH� LOLúNLQ�
PDOL\HWOHULQ� UDSRUODQPDVÕ� LOH�� LúOHWPH� GÕúÕ� oHYUHVHO� ILQDQVDO� ELOJL� LOH� LOJLOHQHQOHUH� ELOJL� VXQXPXQD� RGDNODQPDNWDGÕU��
dHYUH�\|QHWLP�PXKDVHEHVL�LVH��\|QHWLP�PXKDVHEHVLQLQ�ELU�SDUoDVÕ�RODUDN�KDPPDGGH��HQHUML�DNÕúÕ�YE��KDNNÕQGD�úLUNHW�LoL�
NDUDU�YHULFLOHUH�ELOJL�DNWDUÕPÕ��]HULQGH�RGDNODQPDNWDGÕU��%X�GXUXPGD�oHYUH� ILQDQV�PXKDVHEHVL� LúOHWPHQLQ�GÕúD�G|Q�N�
\�]�Q���oHYUH�\|QHWLP�PXKDVHEHVL�LVH�LoH�G|Q�N�\�]�Q��WHPVLO�HWPHNWHGLU��;LDRPHL��������:LOPVKXUW�YH�)URVW���������
%DúND� ELU� LIDGH\OH� oHYUH� ILQDQV� PXKDVHEHVL� LoVHO� PDOL\HWOHUL�� oHYUH� \|QHWLP� PXKDVHEHVL� LVH� GÕúVDO� PDOL\HWOHUL� LIDGH�
HWPHNWHGLU��

dHYUH�\|QHWLP�PXKDVHEHVLQLQ�DOW�GDOÕ�RODQ�oHYUH�PXKDVHEHVLQLQ�X\JXODPDVÕ�G|UW�DGÕPGDQ�ROXúPDNWDGÕU�%LULQFL�
DGÕP�� \DVDO� ]RUXQOXOXN� YH� úLUNHW� LPDMÕ� DoÕVÕQGDQ� LKWL\Do� GX\XODQ� oHYUHVHO� SROLWLNDODUD� J|UH� LúOHWPH� SROLWLND� YH�
VWUDWHMLOHULQLQ� ROXúWXUXOPDVÕGÕU�� øNLQFL� DGÕP�� LúOHWPHQLQ� �UHWLP� V�UHoOHULQH� oHYUHVHO� PDOL\HWOHULQ� HNOHQPHVL� YH� EX�
PDOL\HWOHULQ� UDSRUODQPDVÕGÕU�� ho�QF�V��� JHUoHNOHúWLULOHQ� oHYUHVHO� X\JXODPDODUÕQ� NDSVDP� YH� \HWHUOLOLN� G�]H\LQLQ�
GHQHWOHQHELOPHVL� LoLQ� GÕúD� G|Q�N� oHYUHVHO� UDSRUODPD� \DSÕOPDVÕGÕU�� 6RQ� DGÕP� LVH�� oHYUH\H� \|QHOLN� WHNQLN� YH� \DVDO�
DNDGHPLN� GHVWH÷LQ� VD÷ODQÕS�� JHOHFHNWH� oHYUH�PXKDVHEHVL� X\JXOD\ÕFÕODUÕ� RODFDN� |÷UHQFLOHULQ� H÷LWLOPHVLGLU� �<DNKRX� YH�
'RUZHLOHU�� ������� *HUoHNOHúWLULOHQ� EX� DNDGHPLN� GHVWH÷LQ� \DQÕVÕUD�� oHYUHVHO� NRQXODUD�� LúOHWPHOHU� GH� ED]Õ� NDWNÕODU�
VD÷OD\DFDN�YH�D\QÕ�]DPDQGD�L]OHGLNOHUL�oHYUH�PXKDVHEHVL�SROLWLNDODUÕ\OD�ED]Õ�ID\GDODU�HOGH�HGHFHNWLU��%XQODU��
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x .D\QDN�YHULPOLOL÷LQLQ�DUWÕUÕOPDVÕ�YH�oHYUHVHO�PDOL\HWOHULQ�\|QHWLOPHVL��
x dHYUH\OH�LOJLOL�\DVDO�PHY]XDWD�GDKD�NROD\�X\XP�VD÷ODQPDVÕ��
x dHYUHVHO�PDOL\HWOHULQ�D]DOWÕOPDVÕ��
x 'DKD�ID]OD�ELOJL\H�GD\DOÕ�NDUDU�DOPD��
x )ÕUVDWODUÕQ�RUWD\D�NRQXOPDVÕ��
x hU�QOHULQ�GDKD�L\L�IL\DWODQGÕUÕOPDVÕ��
x øo�YH�GÕú�UDSRUODPDGD�\DUGÕP��
x øúOHWPHQLQ�LWLEDUÕQÕQ�DUWPDVÕ��
x 3HUVRQHO�VDGDNDWL�YH�SHUVRQHO�oHNHELOPH��
x 6RV\DO�ID\GDODUÕQ��UHWLOPHVL��(UNXú�YH�$WHú���������
x dHYUHVHO�PDOL\HWOHULQ�EHOLUOHQPHVL�YH�oHYUH\H�LOLúNLQ�VRUXQODUÕQ�GDKD�L\L�\|QHWLOPHVL�L]OHQPHVL��
x <DWÕUÕPODUÕQ�oHYUHVHO�HWNLOHULQH�LOLúNLQ�LKWL\Do�GX\XODQ�ELOJLQLQ��UHWLOPHVLGLU��&DUUHUD�YH�,DQQX]]L���������

�
d<0¶QLQ�oHYUHVHO�NRQXODUD�RGDNODQPDVÕ�QHGHQL\OH��|]HOOLNOH� LúOHWPH�\|QHWLPLQH� ID\GD�VD÷ODPDNWDGÕU��dHYUH�

GRVWX��U�Q��UHWLP�� oHYUH�GRVWX��U�Q�YH\D�KL]PHW� WDVDUÕPÕ�YH� oHYUH� \|QHWLP� VLVWHPOHUL�� oHYUH� \|QHWLP�PXKDVHEHVLQLQ�
RGDNODQGÕ÷Õ� oHYUHVHO� NRQXODUD� |UQHN� RODUDN� J|VWHULOHELOLU�� %HQ]HU� úHNOLGH�� oHYUH� \|QHWLP� PXKDVHEHVLQLQ� VD÷ODGÕ÷Õ�
ELOJLOHU� GÕúD� G|Q�N� UDSRUODPDODUGD� GD� NXOODQÕOPDNWDGÕU�� %X� QHGHQOH� d<0� VDGHFH� WHN� WDUDIOÕ� oHYUHVHO� \|QHWLP� DUDFÕ�
GH÷LOGLU�� d<0� SHN� oRN� oHYUHVHO� \|QHWLP� IDDOL\HWOHULQLQ� EDúDUÕVÕ� LoLQ� WHPHO� ELOJLOHUL� VD÷OD\DQ� JHQHO� SUHQVLS� YH�
\DNODúÕPODU� E�W�Q�G�U�� .DUDU� DOPDGD� oHYUHVHO� NRQXODUÕQ� HWNLOHUL� DUWDQ� H÷LOLP� J|VWHUGL÷LQGHQ� EHUL�� JHUHN� oHYUHVHO�
\|QHWLP� NDUDUODUÕQGD�� JHUHNVH� W�P�GL÷HU� \|QHWLP� IDDOL\HWOHULQGH�d<0�GDKD� |QHPOL� NRQXPD� JHOPLúWLU� �,)$&�� �������
d<0¶QLQ�JHOGL÷L�EX�NRQXP�LWLEDUL\OH��LúOHWPH�\|QHWLPLQGH�NXOODQÕP�DODQODUÕQÕ�úX�úHNLOGH�VÕUDOD\DELOLUL]��816'���������

x <ÕOOÕN�oHYUHVHO�PDOL\HWOHUL�KDUFDPDODUÕ�GH÷HUOHPH��
x hU�Q�IL\DWODPD��
x 6HUPD\H�E�WoHOHPH��
x <DWÕUÕP�DOWHUQDWLIOHULQL�GH÷HUOHQGLUPH��WXWDUODUÕQÕ�KHVDSODPD��
x dHYUH�SURMHOHULQLQ�PDOL\HWOHULQL��DYDQWDMODUÕQÕ�KHVDSODPD��
x dHYUH�\|QHWLP�VLVWHPOHULQLQ�WDVDUÕPÕ�YH�X\JXODPDVÕ��
x dHYUHVHO�SHUIRUPDQV�|Oo�P��YH�NÕ\DVODPD��
x 3HUIRUPDQV�KHGHIOHULQLQ�EHOLUOHQPHVL��
x dHYUHVHO�KDUFDPDODUÕQ��\DWÕUÕPODUÕQ�YH�\�N�PO�O�NOHULQ�EH\DQ�HGLOPHVL��
x dHYUHVHO�UDSRUODUÕQ�YH\D�V�UG�U�OHELOLUOLN�UDSRUODUÕQÕQ�KD]ÕUODQPDVÕ��
x <HUHO�LGDUHFLOHU�YH�LVWDWLVWLN�NXUXPODUÕ�LoLQ�GL÷HU�oHYUH�ELOJLOHULQLQ�UDSRUODQPDVÕGÕU��

�
dHYUH� \|QHWLP� PXKDVHEHVLQLQ� oRN� VD\ÕGD� NXODQÕP� DODQÕ� YH� ID\GDVÕ� YDUGÕU�� %XQODUÕ� JHQHO� RODUDN� �o� EDúOÕN�

DOWÕQGD�LIDGH�HGHELOLUL]��,)$&���������
8\XPOXOXN�� d<0�� LúOHWPHQLQ� \DVDO� G�]HQOHPHOHUH� YH� oHYUH� SROLWLNDODUÕQD� X\XPXQX� VD÷OD\DUDN� oHYUHQLQ�

NRUXQPDVÕQÕ�PDOL\HW�HWNLQOL÷LQL�GHVWHNOHPHNWHGLU��
(NR�YHULPOLOLN�� d<0�� PDOL\HWOHUL� D]DOWPD� LOH� Hú]DPDQOÕ� RODUDN� LúOHWPH� LoL� IDDOL\HWOHUGH� YH� QLKDL� �U�QOHUGH�

HQHUML��VX�YH�ND\QDNODUÕQ�GDKD�HWNLQ�YH�YHULPOL�NXOODQÕOPDVÕQÕ�GHVWHNOHPHNWHGLU��
6WUDWHMLN�'XUXP��d<0��LúOHWPHQLQ�X]XQ�YDGHGH�VWUDWHMLN�GXUXPXQX�J�YHQFH�DOWÕQD�DOPDVÕQÕ�GHVWHNOHPHNWHGLU��

%XQXQ� \DQÕVÕUD� LúOHWPHQLQ� PDOL\HW� HWNLQOL÷LQLQ� |Oo�OPHVL� YH� oHYUHVHO� LOJL� SURJUDPODUÕQÕQ� GH÷HUOHQGLULOPHVLQGH�
NXOODQÕOPDNWDGÕU��

�
�

7. Sonuç 
 
� øúOHWPHOHULQ��DPDoODUÕQD�\|QHOLN�RODUDN�IDDOL\HWOHULQL�V�UG�U�UNHQ��oDOÕúDQODUÕQD��SD\GDúODUÕQD�YH�NDPX\D�NDUúÕ�
J|]HWPHVL�YH�\HULQH�JHWLUPHVL�JHUHNHQ�VRUXPOXOXNODUÕ�YDUGÕU��%X�VRUXPOXOXNODU�NDSVDPÕQGD�oHYUH�|QHPOL�ELU�NRQXPD�
VDKLSWLU��dHYUH\L�NXOODQDUDN�IDDOL\HWOHULQL� V�UG�UHQ� LúOHWPHOHULQ�� V�UG�U�OHELOLUOL÷LQ�ELU�JHUH÷L�RODUDN��EXJ�QN�� W�NHWLFL�
LKWL\DoODUÕQÕ�NDUúÕODUNHQ�JHOHFHN�NXúDNODUÕ�GD�J|]HWPHOHUL��IDDOL\HWOHULQL�EX�G�]OHPGH�JHUoHNOHúWLUPHOHUL�JHUHNPHNWHGLU��
� øúOHWPH� V�UHNOLOL÷LQLQ� VD÷ODQPDVÕ� YH� W�NHWLFL� WDOHSOHULQLQ� NDUúÕODQPDVÕ� KXVXVXQGD� �UHWLP� IDNW|UOHULQLQ� YDUOÕ÷Õ�
NDGDU�oHYUH�GH�|QHPOLGLU��6�UG�U�OHELOLUOLNWH�|QHPOL�ELU�NRQX�RODQ�oHYUHQLQ�\|QHWLOPHVL�YH�oHYUH\H�YHULOHQ�]DUDUÕQ�HQ�DOW�
VHYL\H\H�LQGLULOPHVL�JHUHNPHNWHGLU��'|QHP�LoHULVLQGH�\DSÕODFDN�IDDOL\HWOHULQ�PH\GDQD�JHWLUHFH÷L�oHYUHVHO�PDOL\HWOHULQ�
WDQÕPODQPDVÕ�� |Oo�OPHVL� YH� RODVÕ� oHYUHVHO� PDOL\HWOHULQ� HQ� D]D� LQGLULOPHVL� oHYUH� \|QHWLP� PXKDVHEHVL� LOH� P�PN�Q�
ROPDNWDGÕU���

dHYUH�\|QHWLP�PXKDVHEHVL�� LúOHWPHOHULQ�G|QHP�LoHULVLQGH�JHUoHNOHúWLUGLNOHUL�HVDV�YH�GL÷HU� IDDOL\HWOHULQ�oHYUH�
�]HULQGHNL�HWNLOHULQL�SODQODPDODUÕQÕ� YH�RUWD\D�oÕNDQ�PDOL\HWOHULQ�HWNLQ�\|QHWLOPHVLQL� JHUHNWLUPHNWHGLU��%XQXQ�\DQÕVÕUD�
LúOHWPHOHUH� IDDOL\HW� J|VWHUGLNOHUL� oHYUHQLQ� HNRORMLN� \DSÕVÕQÕQ� NRUXQPDVÕ� YH� V�UG�U�OHELOLUOL÷LQLQ� VD÷ODQPDVÕ� oHYUH�
\|QHWLP�PXKDVHEHVL�LOH�VD÷ODQDELOHFHNWLU��

dHYUH� \|QHWLP� PXKDVHEHVLQLQ� EDúDUÕOÕ� ELU� úHNLOGH� X\JXODQDELOPHVL� YH� oHYUHVHO� PDOL\HWOHULQ� \|QHWLOHELOPHVL�
LoLQ�� LúOHWPH� E�Q\HVLQGH� ED÷ÕPVÕ]� oHYUH� GHSDUWPDQÕ� NXUXOPDVÕ� YH� GL÷HU� ELULPOHUOH� HWNLOL� LOHWLúLPLQ� VD÷ODQPDVÕ�
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JHUHNPHNWHGLU�� 3D]DUODPD�� \|QHWLP��$5�*(� JLGHUOHULQLQ� L]OHQGL÷L� KHVDSODU� JLEL�� oHYUHVHO�PDOL\HWOHULQ� L]OHQHFH÷L� DQD�
KHVDSODU� YH� DOW�PXDYLQ� KHVDSODUÕQ� DoÕOPDVÕ�� PXKDVHEH� WHN� G�]HQ� KHVDS� SODQÕQGD� IRQNVL\RQHO� RODUDN� \HU� DOPDVÕ�
JHUHNPHNWHGLU�� $\UÕFD� LúOHWPHOHULQ� IDDOL\HW� J|VWHUGL÷L� VHNW|UOH� LOJLOL� IDDOL\HW� VRQXoODUÕQÕQ� oHYUH\H� DLW� HWNLOHUL� LOH�
JHOHFHNWH�SODQODQDQ�\DWÕUÕP�SURMHOHULQH�ED÷OÕ�RODUDN�RUWD\D� oÕNDFDN�oHYUHVHO�SUREOHPOHULQ�YH�o|]�P�SODQODUÕQÕQ�oHYUH�
UDSRUODUÕ\OD�RUWD\D�NRQXOPDVÕ�JHUHNPHNWHGLU��%X�VD\HGH�LúOHWPHQLQ�ILQDQVDO�GXUXPXQXQ�\DQÕQGD�PHYFXW�YH�JHOHFH÷LQL�
HWNLOH\HELOHFHN� ILQDQVDO� ROPD\DQ� oHYUHVHO� ULVNOHUGHQ� GR÷PDVÕ� PXKWHPHO� ROD\ODU� KDNNÕQGD� NDPX\D� \HWHUOL� ELOJL�
VXQXODELOHFHNWLU�� .DPX� EX� VD\HGH� LúOHWPHQLQ� PHYFXW� YH� JHOHFHNWH� NDUúÕODúDFD÷Õ� ULVNOHUL� |OoPH� YH� GH÷HUOHQGLUPH�
NRQXVXQGD�\HWHUOL�ELOJL\H�VDKLS�RODELOHFHNWLU��

�
�

Kaynaklar 
�
$OWX÷��1��*ÕODQOL��(��$GLO��2����������øúOHWPHOHUGH�øOHUL�YH�7HUV�/RMLVWLN�.DUúÕODúWÕUÕOPDVÕ��7UDN\D�8QLYHUVLW\�-RXUQDO�RI�
6RFLDO�6FLHQFH��9RO�����,VVXH������������
$QWKHDXPH�� 1�� �������� 9DOXLQJ� H[WHUQDO� FRVWV²IURP� WKHRU\� WR� SUDFWLFH�� LPSOLFDWLRQV� IRU� IXOO� FRVW� HQYLURQPHQWDO�
DFFRXQWLQJ��(XURSHDQ�$FFRXQWLQJ�5HYLHZ��9RO�����,VVXH�������������
$\GÕQ��6����������3D\GDúODUÕQ�dHYUH�0XKDVHEHVL�8\JXODPDODUÕQD�(WNLOHUL��0XKDVHEH�YH�'HQHWLPH�%DNÕú��6D\Õ��������
�����
%DLOH\�� 3�� (�� 	� 6R\ND�� 3�� $�� �������� (QYLURQPHQWDO� DFFRXQWLQJ�PDNLQJ� LW� ZRUN� IRU� \RXU� FRPSDQ\��(QYLURQPHQWDO�
4XDOLW\�0DQDJHPHQW��9RO����,VVXH�����������
%DUWRORPHR��0��%HQQHWW��0��%RXPD�� -��+H\GNDPS�� 3�� -DPHV�� 3��	�:ROWHUV�� 7�� �������� (QYLURQPHQWDO�PDQDJHPHQW�
DFFRXQWLQJ�LQ�(XURSH��FXUUHQW�SUDFWLFH�DQG�IXWXUH�SRWHQWLDO��(XURSHDQ�$FFRXQWLQJ�5HYLHZ��9RO����,VVXH�����������
&DUUHUD�� 5�� 	� ,DQQX]L�� $�� �������� *HWWLQJ� 6WDUWHG� ZLWK� (QYLURQPHQWDO� &RVW� $FFRXQWLQJ�� (QYLURQPHQWDO� 4XDOLW\�
0DQDJHPHQW��9RO����,VVXH�����������
dDNDU��8����������dHYUHFL�ùLUNHW�YH�dHYUH�0XKDVHEHVL��0DOL�d|]�P�'HUJLVL��6D\Õ������������
dHOLN��0����������dHYUH\H�'X\DUOÕ�0XKDVHEH��0XKDVHEH�YH�)LQDQVPDQ�'HUJLVL��6D\Õ��������������
dHOLN�� 0�� �������� øúOHWPHOHU� $oÕVÕQGDQ� dHYUHVHO� 0DOL\HWOHU��dHYUH� )LQDQVPDQÕ� 0XKDVHEH� YH� )LQDQVPDQ� øoLQ� <HQL�
7UHQGOHU��*D]L�.LWDEHYL��(GLW|U��$\UÕoD\�<��	�.DUDWDú��$����%DVNÕ��$QNDUD��
(3$�� �8QLWHG� 6WDWHV�(QYLURQPHQWDO� 3URWHFWLRQ�$JHQF\��� ��������$Q� ,QWURGXFWLRQ� WR�(QYLURQPHQWDO�$FFRXQWLQJ�$V�$�
%XVLQHVV� 0DQDJHPHQW� 7RRO�� .H\� &RQFHSWV� $QG� 7HUPV�� (ULúLP� $GUHVL�� KWWS���ZZZ�HSD�JRY�JDWHZD\�OHDUQ�� �(ULúLP�
7DULKL���������������
(SVWHLQ�� 0�� -�� �������� ,PSURYLQJ� (QYLURQPHQWDO� 0DQDJHPHQW� :LWK� )XOO� (QYLURQPHQWDO� &RVW� $FFRXQWLQJ��
(QYLURQPHQWDO�4XDOLW\�0DQDJHPHQW��9RO����,VVXH�����������
(UNXú�� +�� YH� $WHú�� /�� �������� dHYUH� <|QHWLP� 0XKDVHEHVL�� dHYUH� )LQDQVPDQÕ� 0XKDVHEH� YH� )LQDQVPDQ� øoLQ� <HQL�
7UHQGOHU��*D]L�.LWDEHYL��(GLW|U��$\UÕoD\�<��	�.DUDWDú��$����%DVNÕ��$QNDUD��
*�OHU� $�� �������� .XUXPVDO� <|QHWLP� 9H� 6�UG�U�OHELOLU� øúOHWPH� 3HUIRUPDQVÕ�� (ULúLP�
$GUHVL�� KWWS���ZZZ�GHQHWLPQHW�QHW�8VHU)LOHV�'RFXPHQWV�*�&��%&OHU���$UDV���PDNDOH�SGI�� �(ULúLP� 7DULKL��
�������������
+DIWDFÕ��9�� 6R\OX��.�� ��������dHYUHVHO�%LOJLOHULQ�0XKDVHEHVL� YH�5DSRUODQPDVÕ��.RFDHOL�hQLYHUVLWHVL� 6RV\DO�%LOLPOHU�
'HUJLVL��6D\Õ���������������
+DOO��-��.��*��$��'DQHNH�DQG�0��-��/HQR[����������³6XVWDLQDEOH�'HYHORSPHQW�DQG�(QWUHSUHQHXUVKLS��3DVW�&RQWULEXWLRQV�
DQG�)XWXUH�'LUHFWLRQV´��-RXUQDO�RI�%XVLQHVV�9HQWXULQJ���$UWLFOH�LQ�3UHVV��9RO������,VVXH�������±�����
,)$&�� �,QWHUQDWLRQDO� )HGHUDWLRQ� RI� $FFRXQWDQWV��� �������� � ,QWHUQDWLRQDO� *XLGDQFH� 'RFXPHQW� (QYLURQPHQWDO�
0DQDJHPHQW� $FFRXQWLQJ�� (ULúLP� $GUHVL�� KWWS���ZZZ�LIDF�RUJ�VLWHV�GHIDXOW�ILOHV�SXEOLFDWLRQV�ILOHV�LQWHUQDWLRQDO�
JXLGDQFH�GRFX���SGI����(ULúLP�7DULKL���������������
.ÕUÕPKDQ��6����������dHYUH�<|QHWLPL��1�IXV��.D\QDN�YH�dHYUH�øOLúNLOHUL��$QNDUD�
.ÕUOÕR÷OX��+��YH�&DQ��9��$����������dHYUHVHO�0XKDVHEHGH�.DYUDPVDO�7DUWÕúPDODUÕQ�*HOLúLPL�YH�$QDOL]L��0XKDVHEH�YH�
)LQDQVPDQ�'HUJLVL��6D\Õ������������
.ÕUOÕR÷OX��+��YH�<ÕOGÕ]��.��ù���������%HOHGL\HOHUGH�dHYUH�0XKDVHEHVL�8\JXODPDVÕ��0XKDVHEH�YH�)LQDQVPDQ�'HUJLVL��
6D\Õ������������
/LQWRWW�� -�� �������� (QYLURQPHQWDO� $FFRXQWLQJ� DQG� :HOIDUH�� -RXUQDO� 2I� (QYLURQPHQWDO� $VVHVVPHQW� 3ROLF\� 	�
0DQDJHPHQW��9RO����,VVXH������������
0DVDQHW�� -�� 0�� 	� /ORGUD�� �������� (QYLURQPHQWDO� 0DQDJHPHQW� $FFRXQWLQJ�� $� &DVH� 6WXG\� UHVHDUFK� RQ� ,QQRYDWLYH�
6WUDWHJ\��-RXUQDO�RI�%XVLQHVV�(WKLFV��9RO������,VVXH������������
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0HL��/����������)XOO�&RVW�$FFRXQWLQJ�LQ�6ROLG�:DVWH�0DQDJHPHQW��7KH�*DS�LQ�WKH�/LWHUDWXUH�RQ�1HZO\�,QGXVWULDOLVHG�
&RXQWULHV��-RXUQDO�2I�$SSOLHG�0DQDJHPHQW�$FFRXQWLQJ�5HVHDUFK��9RO�����,VVXH�����������
1RZGXUL��6��$O��'RVVDU\��6����������0DQDJHPHQW�,QIRUPDWLRQ�6\VWHPV�DQG�,WV�6XSSRUW�WR�6XVWDLQDEOH�
6PDOO�DQG�0HGLXP�(QWHUSULVHV��,QWHUQDWLRQDO�-RXUQDO�RI�%XVLQHVV�DQG�0DQDJHPHQW��9RO�����1R���������������
2NND��2����������)LQDQVDO�<|QHWLPH�*LULú��)LQDQV�6HULVL�$����1REHO�<D\ÕQHYL��$QNDUD��
5RRVD��6��$����������6XVWDLQDEOH�'HYHORSPHQW�+DQGERRN��)DLUPRQW�3UHVV��/LOEXUQ�
6WDQNR��%�� %��%URJDQ��(��$OH[DQGHU�� (��	� -RVHSKLQH�&KR\�0HH��&�� �������� (QYLURQPHQWDO�$FFRXQWLQJ��%XVLQHVV�	�
(FRQRPLF�5HYLHZ��9RO������,VVXH�����������
6X]DQQH��%��'H[WHU��'��$QGUHZ��*����������(QDEOLQJ�&KDQJH�IRU�&RUSRUDWH�6XVWDLQDELOLW\��$Q�,QWHJUDWHG�3HUVSHFWLYH��
$XVWUDODVLDQ�-RXUQDO�RI�(QYLURQPHQWDO�0DQDJHPHQW��9RO�����,VVXH�������������
ùHQJHO�� 6�� �������� øúOHWPHOHULQ� 6RV\DO� 6RUXPOXOX÷X� YH� %LU� $UDúWÕUPD�� (ULúLP� $GUHVL�� (ULúLP�
$GUHVL��KWWS���LFRQJIHVU�����WROJDHUGRJDQ�QHW�GRFXPHQWV�QDWLRQDOBSUHVDQWDWLRQV�8/���SGI���(ULúLP�7DULKL��������������
7RGHD��1��6WDQFLX��,��&��	�8GUHD��$�0����������$FFRXQWLQJ�3ROLFLHV�2Q�(QYLURQPHQWDO�&RVWV�$QG�7KHLU�&DOFXODWLRQ�
0HWKRG�,Q�7KH�(QWLW\��$QQDOV�RI�'$$$0�	�3URFHHGLQJV�RI�WKH���QG�,QWHUQDWLRQDO�'$$$0�6\PSRVLXP��9RO����������
�����
7�UN� 6WDQGDUWODUÕ� (QVWLW�V��� �������� dHYUH� <|QHWLP� 6LVWHPOHUL� ±� ùDUWODU� YH� .XOODQÕP� .ÕODYX]X�� 76� (1� ,62� �������
1LVDQ� ,&6����������� (ULúLP� $GUHVL�� KWWS���ZZZ�WVH�RUJ�WU�KL]PHWOHULPL]�EHOJHOHQGLUPH�KL]PHWOHUL�VLVWHP�
EHOJHOHQGLUPH�EHOJHOHQGLUPH�\DS�&��%�ODQ�\�&��%�QHWLP�VLVWHPOHUL�WV�HQ�LVR��������&��$�HYUH�
\�&��%�QHWLP�VLVWHPL��(ULúLP�7DULKL��������������
816'�� �8QLWHG� 1DWLRQV� 'LYLVLRQ� IRU� 6XVWDLQDEOH� 'HYHORSPHQW��� �������� (QYLURQPHQWDO� 0DQDJHPHQW� $FFRXQWLQJ�
3URFHGXUHV� DQG� 3ULQFLSOHV�� (ULúLP� $GUHVL�� KWWS���ZZZ�XQ�RUJ�HVD�VXVWGHY�SXEOLFDWLRQV�SURFHGXUHVDQGSULQFLSOHV�SGI� ��
�(ULúLP�7DULKL��������������
:&('����������2XU�&RPPRQ�)XWXUH��2[IRUG�8QLYHUVLW\�3UHVV��1HZ�<RUN��
:LOPVKXUVW��7��'���	�)URVW��*��5����������7KH�UROH�RI�DFFRXQWLQJ�DQG�WKH�DFFRXQWDQW�LQ�WKH�HQYLURQPHQWDO�PDQDJHPHQW�
V\VWHP��%XVLQHVV�6WUDWHJ\�	�7KH�(QYLURQPHQW��-RKQ�:LOH\�	�6RQV��,QF���9RO�����,VVXH������������
;LDRPHL�� /�� �������� 7KHRU\� DQG� SUDFWLFH� RI� HQYLURQPHQWDO� PDQDJHPHQW� DFFRXQWLQJ�� ,QWHUQDWLRQDO� -RXUQDO� 2I�
7HFKQRORJ\�0DQDJHPHQW�	�6XVWDLQDEOH�'HYHORSPHQW��9RO����,VVXH����������
<DNKRX��0��	'RUZHLOHU�� 3�� 9�� �������� (QYLURQPHQWDO� $FFRXQWLQJ�� $Q� (VVHQWLDO� &RPSRQHQW� 2I� %XVLQHVV� 6WUDWHJ\���
%XVLQHVV�6WUDWHJ\�DQG�(QYLURQPHQW��9RO����,VVXH����������
<ÕOGÕ]�� 7�� ��������5HNDEHWLQ�'H÷LúHQ� 7UHQGOHUL� YH� 6�UG�U�OHELOLU� .DONÕQPD�� øú� '�Q\DVÕ� YH� 6�UG�U�OHELOLU� .DONÕQPD�
'HUQH÷L��7h6ø$'�6DEDQFÕ�hQLYHUVLWHVL��,,��5HNDEHW�dDOÕúWD\Õ��6DEDQFÕ�hQLYHUVLWHVL��
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SYNTHESIS OF NANO CRYSTALLINE BARIUM TITANATE POWDERS 
 
  
 
 

Oguzhan Avciata, Ali Erdogmus 
Yildiz Technical University 

Turkey 
avciata@yahoo.com  

 
Abstract : Barium Titanate (BaTiO3) ceramic powders showing good piezoelectric and 
ferroelectric properties were synthesized by solution chemistry method in nano-size scales. 
Aqueous solutions of barium and titanium were used to prepare BaTiO3 in nano structure and 
synthesized by solution chemistry method at low temperatures. BaTiO3 structure were  
analysed by X-ray diffraction (XRD) and scanning electron microscopy (SEM) techniques. 
Analyzes helped to examine and to determine in which form of BaTiO3 is synthesized, the 
interval of particle size and morphology respectively. 
 

  Key words: Synthesis, nano, barium titanate, powder. 
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�$QNDUD�hQLYHUVLWHVL�0�KHQGLVOLN� � )DN�OWHVL�.LP\D�0�KHQGLVOL÷L�%|O�P��

JR]NDQ#HQJ�DQNDUD�HGX�WU�
�

g]HW�� � *�Q�P�]GH�|]HOOLNOH�LQFH�VHUDPLN�NDSODPD��SROLPHULN�NDSODPD��J|]HQHNOL�LQFH�PHWDO�
YH� DODúÕP� NDSODPD� YH� SODND� �UHWLPLQGH� úHULW� G|N�P� WHNQL÷L� \D\JÕQ� NXOODQÕOPDNWDGÕU�� 6RQ�
\ÕOODUGD� \DNÕW� SLOL� HOHNWURW� YH� HOHNWUROLW� PDO]HPHOHULQLQ� �UHWLPLQGH� GH� EX� WHNQL÷LQ� \R÷XQ�
NXOODQÕP� DODQ� EXOGX÷X� ELOLQPHNWHGLU�� g]HOOLNOH� SROLPHULN� PHPEUDQOÕ� �3(0)&��� HULPLú�
NDUERQDWOÕ� �0&)&�� YH� NDWÕ� RNVLW� �62)&�� \DNÕW� K�FUHOHULQLQ� PHPEUDQ�� HOHNWURWODUÕ� YH�
HOHNWUROLWLN�PDWULNVOHULQLQ� KD]ÕUODQPDVÕQGD� EX� WHNQLN� NXOODQÕOPDNWDGÕU�� %X� oDOÕúPDGD�0&)&�
YH� 62)&� VLVWHPOHULQGH� NXOODQÕODQ� DQRW� YH� NDWRW� PDO]HPHOHULQGHQ� 1L� DQRW� úHULWOHULQLQ� úHULW�
G|N�P� \|QWHPL\OH� GHQH\VHO� |OoHNWH� �UHWLPOHULQLQ� LON� DúDPDVÕ� RODQ� KDP� úHULW� �UHWLPL�
JHUoHNOHúWLULOPLúWLU��<|QWHPLQ� LON� DúDPDVÕ� RODQ�G|N�P�oDPXUXQXQ�KD]ÕUODQPDVÕ�� QLKDL� �U�Q��
GR÷UXGDQ� HWNLOHPHNWHGLU�� %X� QHGHQOH� KDP� úHULWOHULQLQ� KD]ÕUODQPDVÕQGD�� o|]�F�� W�U�� LOH�
ED÷OD\ÕFÕ�� GD÷ÕWÕFÕ� YH� SODVWLNOHúWLULFL� RUDQ� YH� PLNWDUODUÕQÕ� GH÷LúWLUHUHN� G|N�P� oDPXUXQXQ�
YL]NR]LWHVL�EHOLUOHQPLúWLU��
�

� � $QDKWDU�NHOLPHOHU��(ULPLú�.DUERQDWOÕ�<DNÕW�+�FUHVL��+DP�ùHULW��9LVNR]LWH�
�
�
g]HW�
�
� '�Q\DGDNL� KÕ]OÕ� Q�IXV� DUWÕúÕQGDQ� GROD\Õ�� JHUHN� GX\XODQ� HQHUML� PLNWDUÕ� GD� DUWPDNWDGÕU�� � )DNDW�� JHUHN�
HNRQRPLN� GXUXPODU�� � JHUHNVH� IRVLO� \DNÕWODUÕQ� J�QGHQ� J�QH� D]DOPDVÕ� YH� oHYUH\H� ELU� WDNÕP� ]DUDU� YHUPHOHULQGHQ�
GROD\Õ���ONHOHU�WHPL]�ND\QDN�DUD\ÕúÕQD�JLUPLúOHUGLU��%X�GXUXPGD�DOWHUQDWLI�ND\QDN�RODUDN�NDUúÕPÕ]D�+��oÕNPDNWDGÕU��
+��� oHYUH� GRVWX� ROGX÷X� JLEL�� D\QÕ� ]DPDQGD� HQ� |QHPOL� X\JXODPD� DODQODUÕQGDQ� ELUL� \DNÕW� K�FUHOHULGLU�� (OHNWUROLW�
FLQVLQH� ED÷OÕ� RODUDN� oDOÕúPD� NRúXOODUÕ� YH� X\JXODPD� DODQODUÕ� IDUNOÕOÕN� J|VWHUHQ� EHú� IDUNOÕ� WLS� � \DNÕW� K�FUHVL� YDUGÕU��
%XQODUGDQ�ELULGH�HULPLú�NDUERQDW�\DNÕW�K�FUHVLGLU��

(ULPLú�NDUERQDW�\DNÕW�K�FUHVL��(.<+��NLP\DVDO�HQHUML\L�HOHNWULN�HQHUMLVLQH�G|Q�úW�UHUHN�HQ�oRN�JHOHFHN�YDDW�HGHQ�
ELU�HQHUML�G|Q�ú�P�D\JÕWÕGÕU��%Õ\ÕNR÷OX��$����������<�NVHN�YHULPOL�YH�oHYUHVHO�EDNÕPGDQ�WHPL]�ELU�ND\QDN�ROPDVÕ�
VHEHEL\OH�(.<+�G�Q\DGD� JHQLú� ELU� \DQNÕ� X\DQGÕUPÕúWÕU��+DYD� NRúXOODUÕQGDNL� QLNHO� KDP� úHULGLQ� RNVLGDV\RQXQGDQ�
HOGH�HGLOHQ�JHoLUJHQ�QLNHO�YH�QLNHO�RNVLW��KHP�XFX]�KHP�GH�ROGXNoD�L\L�HOHNWURNLP\DVDO�SHUIRUPDQVD�ROGXNODUÕQGDQ�
(.<+�LoLQ�\D\JÕQ�RODUDN�RUWDN�DQRW�YH�NDWRW�PDWHU\DO�RODUDN�NXOODQÕOÕU��

(.<+¶OHULQGH� NXOODQÕODQ� K�FUH� ELOHúHQOHUL� LoLQ� ����¶ODUÕQ� RUWDODUÕQD� NDGDU� HOHNWURW� PDO]HPHVL� RODUDN� NÕ\PHWOL�
PHWDOOHU�NXOODQÕOPÕúWÕU��'DKD�VRQUDODUÕ� LVH�QLNHO�YH�QLNHO�RNVLW�PDO]HPHOHUL�NXOODQÕOPD\D�EDúODQPÕúWÕU��*�Q�P�]GH�
EX�NXOODQÕP�GHYDP�HWPHNWHGLU��$SSOHE\��$�-�YH�DUN�������� 

����¶OHUGH� HOHNWUROLW� �UHWLPLQGH� VÕFDN� SUHVOHPH� �KRW� SUHVVLQJ�� \|QWHPL� NXOODQÕOPÕúWÕU�� %X� \|QWHP� LOH� JHQLú� DODQOÕ�
HOHNWUROLW� �UHWLPL� YHULPOL� ROPDPÕúWÕU�� 6HUDPLN� VDQD\LVLQGH� NXOODQÕODQ� úHULW� G|N�P� �WDSH� FDVWLQJ�� \|QWHPLQLQ�
NXOODQÕPÕ� LOH� EX� VRUXQODU� DúÕOPÕúWÕU�� (OHNWUROLW� �UHWLPLQGH� ROGX÷X� JLEL� DQRW� YH� NDWRW� �UHWLPLQGH� GH� úHULW� G|N�P�
\|QWHPL�NXOODQÕOPDNWDGÕU��

+DP�úHULGLQ�|]HOOLNOHUL��VLQWHUOHQHQ�úHULGLQ�VRQ��U�Q�QH�D\QÕ�QLWHOLNWH�\DQVÕWÕOÕU��%X�\�]GHQ�o|]�F��FLQVL��VH\UHOWLFL�
LoHUL÷L��ED÷OD\ÕFÕ�SODVWLNOHúWLULFL�VLVWHP�RSWLPL]H�HGLOPHOLGLU�� �
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ùHULW� G|NPH�� \�]H\� FLODVÕ� YH� NDOÕQOÕN� NRQWURO�� L\L� RODQ� \�NVHN� NDOLWHOL� ODPLQDQW� PDWHU\DOOHULQ� �UHWLPL� LoLQ� G�ú�N�
IL\DWOÕ�ELU�SURVHVWLU��ùHULW��KDUHNHWOL�GÕú�\�]H\L�oDPXU�LOH�NDSOÕ�ND]Õ\ÕFÕ�GRNWRU�EÕoD÷Õ��GRFWRU�EODGH��LOH�úHNLOOHQGLULOLU��
+DOHQ�� EX� PHWDO� VDGHFH� VHUDPLN� PDWHU\DOOHULQ� GÕú� \�]H\LQL� G�]OHúWLUPHN� LoLQ� GH÷LO�� D\UÕFD� YHULOHQ� NRúXOODUGD�
VLQWHUOHQHQ�YH�GDKD�VRQUD�(.<+�LoLQ�HOHNWURW�RODUDN�NXOODQÕODQ�NDUERQLO�QLNHO�KDP�úHULW��UHWLOPHVLQGH�GH�NXOODQÕOÕU� �
�*HoNLQOL��$��(�������)��7LSLN�ELU�QLNHO�oDPXUX��PHWDOLN�WR]�SDUWLN�O���o|]�F���ED÷OD\ÕFÕ�YH�oHúLWOL�NDWNÕ�PDGGHOHUL�
LoHULU��ùHULW�G|NPH�LoLQ��VXVX]�NDUERQLO�QLNHO�oDPXUXQGD��RUJDQLN�NDWNÕ�PDGGHOHUL�|QHPOL�ELU�URO�R\QDU��+DP�úHULGLQ�
KHU� \HULQGH� WR]� SDUWLN�OOHULQLQ� GD÷ÕOÕPÕ�� G�]HQLQL�� HVQHNOL÷LQL� YH� GLUHQFLQL� HWNLOHUOHU�� +DP� úHULGLQ� |]HOOLNOHUL��
VLQWHUOHQHQ� úHULGLQ� VRQ� �U�Q�QH� D\QÕ� QLWHOLNWH� \DQVÕWÕOÕU�� %X� \�]GHQ� o|]�F�� FLQVL�� VH\UHOWLFL� LoHUL÷L��
ED÷OD\ÕFÕ�SODVWLNOHúWLULFL�VLVWHP�RSWLPL]H�HGLOPHOLGLU�� �

ùHULW� G|N�PGH�� NXOODQÕODQ�NDWNÕ�PDGGHOHUL� oRN�|QHPOLGLU��dDPXUXQ� UHoHWHVL� úX�QHGHQOHUGHQ�GROD\Õ� DUDúWÕUÕOPDOÕGÕU�
�g]oHOLN��(��������� � �

2UJDQLNOHU�KDQJL�VÕFDNOÕNWD�YH�NRúXOODUGD�\DSÕGDQ�X]DNODúWÕUÕODFDNWÕU"� �

9LVNR]LWH�DUDOÕ÷Õ�QH�ROPDOÕGÕU"�

d|]�F��NXOODQÕPÕ�YH�WLSLQGH�QH�JLEL�VÕQÕUODPDODU�YDUGÕU"�

.XUXWPD�QDVÕO�ROPDOÕGÕU"�

dHYUH�YH�VD÷OÕN�NRúXOODUÕ�QHOHUGLU"�

2UJDQLNOHU��WDúÕ\ÕFÕGDQ�D\UÕODELOLU�PL"�
�
'|N�P�\�]H\L�LOH�LOJLOL�ELU�NÕVÕWODPD�YDU�PÕ"�
�
hUHWLOHFHN�PDO]HPHQLQ�PDOL\HWL�QHGLU"�

�

ùHULW� G|NPH� \|QWHPLQGH� RUJDQLN� NDWNÕ� PDGGHOHULQLQ� NXOODQÕPÕ� úHULGLQ� |]J�O� |]HOOLNOHULQL� JHOLúWLUPHNWHGLU�� �
%D÷OD\ÕFÕ��oDPXUGDNL�LQRUJDQLN�WDQHFLNOHULQ��]HULQGH�ELU�ILOP�ROXúWXUDUDN�WDQHFLNOHULQ�ELUELULQH�\DSÕúPDVÕQÕ�VD÷ODU��
%X� DPDoOD� JHQHOOLNOH� SROLYLQLO� EXWLQDO� �39%�� YH� oHúLWOL� DNULOLN� SROLPHUOHU� NXOODQÕOÕU�� $O�PLQ\XP� RNVLW� YH� ELUoRN�
GL÷HU�RNVLWOHU�LoLQ�JLOLVHUDO�WULRODW�HWNLQ�GD÷ÕWÕFÕODUGÕU��'LE�WLO�ILWDODW�YH�SROLHWLOHQ�JOLNRO��3(*��JHQHOOLNOH�SODVWLNOL÷L�
DUWWÕUPDN�LoLQ�NXOODQÕODQ�PDO]HPHOHUGLU�� �

.DWÕ� KDOGHNL� ED÷OD\ÕFÕODU�� X\JXQ� ELU� o|]�F�GH� o|]�QHUHN� oDPXUXQ� LVWHQLOHQ� YLVNR]LWH\H� XODúPDVÕ� VD÷ODQÕU�� dHúLWOL�
DONROOHU� YH� DURPDWLN� KLGURNDUERQODU� YH� NORUDWOÕ� o|]�F�OHU� JHQHOOLNOH� VXOX� ROPD\DQ� oDPXUODUGD� NXOODQÕOÕU�� ùHULGLQ��
NXUXPD� KÕ]ÕQÕ� NRQWURO� HWPHN� LoLQ� JHQHOOLNOH� o|]�F�OHULQ� NDUÕúÕPÕ� NXOODQÕOÕU�� ùHULW� G|N�PGH� GDLPD� NXUXPD� KÕ]ÕQÕQ�
ID]OD�ROPDVÕ�LVWHQLU�� � dRN�KÕ]OÕ�NXUXWPD�QHWLFHVLQGH�LVWHQPH\HQ�JD]�KDEEHFLNOHUL�\DSÕGD�\HU�DODELOLU�� � �

%D]Õ�DNULOLNOHU�VXGD�o|]�Q�U�YH�úHULW��UHWLPLQGH�ED÷OD\ÕFÕ�RODUDN�NXOODQÕOÕU��6X��ú�SKHVL]�RUJDQLN�ED÷OD\ÕFÕGDQ�KHP�
XFX]��KHP�GH�HPQL\HWOLGLU��)DNDW��\DSÕGDNL�VX\X�XoXUPDN�LoLQ�GDKD�\�NVHN�VÕFDNOÕNODUD�oÕNPDN�LFDS�HWPHNWHGLU��%X�
GD��GDKD�E�\�N�ELU�G|N�P�PDNLQHVLQLQ�NXOODQÕPÕQÕ�JHUHNWLUPHNWHGLU��hUHWLPGH��DONRO�VX�NDUÕúÕPÕQÕQ�NXOODQÕPÕ�GD�
V|]�NRQXVXGXU��g]oHOLN��(����������

����¶OHULQ�VRQXQGD�úHULW�G|N�P�SURVHVL��VD÷OÕN�YH�oHYUH\H�RODQ�HWNLVL�QHGHQL\OH�o|]�F��RODUDN�VX�NXOODQÕPÕQD�GD\DOÕ�
ELUoRN� UHoHWH� OLWHUDW�UGH� \HU� DOGÕ��$QFDN�� o|]�F�� RODUDN� VX� NXOODQÕPÕ� ED]Õ� SUREOHPOHUH� \RO� DoPDNWDGÕU�� %�W�Q� EX�
SUREOHPOHUH�UD÷PHQ��oHYUH�YH�VD÷OÕN�QHGHQL\OH�VXOX�VLVWHPOHUGH�oDOÕúPDODU�GHYDP�HWPHNWHGLU��%X�GXUXPGD��E�W�Q�
VX\OD�oDOÕúDQ�SURVHVOHUGH�ROGX÷X�JLEL�LúOHPLQ�KHU�DúDPDVÕQGD��S+�NRQWURO��JHUHNPHNWHGLU��6X�NXOODQÕOPDVÕ�KDOLQGH��
D\QÕ�]DPDQGD��ÕVÕWÕFÕ�VLVWHPH�GH�LKWL\Do�GX\XOPDNWDGÕU��

/LWHUDW�UGH�ED]Õ�\DSÕODQ�oDOÕúPDODUD�EDNDFDN�ROXUVDN��

<DPDPDVX�<RVKÕND]X�YH�DUN��������\DSPÕú�ROGXNODUÕ�oDOÕúPD�LOH�JHOLúWLULOPLú�DNPD�GLUHQFLQH�VDKLS�YH�PLNUR\DSÕVÕ�
VDELW� RODQ�� NXOODQÕODQ� DODúÕP� HOHPHQWOHULQLQ� \R÷XQOXN� IDUNÕQGDQ� GROD\Õ� D\UÕ� ID]ODUÕQ� ROXúPDGÕ÷Õ�� $O�PLQD� YH�
DO�PLQ\XP� LOH� HOHNWURWXQ� NXYYHWOHQGLULOGL÷L� YH� |PU�Q�Q� X]DWÕOGÕ÷Õ� ELU� \DNÕW� K�FUHVL� DQRGX� �UHWLP� \|QWHPL�
JHOLúWLUPLúOHUGLU��
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-LQ�(RN� .LP� YH� DUNDGDúODUÕQÕQ� ����� \ÕOÕQGD� \DSPÕú� ROGXNODUÕ� oDOÕúPDQÕQ� DPDFÕ�� PDWULV� PDO]HPHVL� RODUDN� Į��
/L$O2��� NDWNÕ� PDGGHVL� RODUDN� $O� YH� /L�&2�� SDUoDFÕNODUÕQÕQ� NXOODQÕOGÕ÷Õ�� PDWULVLQLQ� PHNDQLN� GLUHQFLQLQ�
\�NVHOWLOGL÷L�YH�X]XQ�V�UHOL�LúOHPOHUGH�NDUDUOÕOÕ÷ÕQÕQ�DUWÕUÕOGÕ÷Õ�ELU�HOHNWUROLW��UHWPHNWLU��

0LQ� +\XN� .LPD� YH� DUNDGDúODUR� ����� \ÕOÕQGD� &R�&H� NDSOÕ� 1L� WR]ODUÕQÕQ� NXOODQÕOGÕ÷Õ�� E|\OHOLNOH� NDWRG� �1L2��
o|]�Q�UO�O�÷�Q�Q� G�ú�U�OG�÷��� NDUDUOÕOÕ÷Õ� YH� SHUIRUPDQVÕ� \�NVHN�� WLFDUL� GH÷HUL� YH� |PU�� \�NVHN�� ELU� NDWRGD� VDKLS�
HULPLú�NDUERQDWOÕ�\DNÕW�K�FUHVL��UHWPLúOHUGLU��

$WKXOD�:LMD\DVLQJKH�YH�DUNDGDúODUÕ������\ÕOÕQGD��oO��/L)H2�±/L&R2�±1L2�YH� LNLOL�/L)H2�±1L2�ELOHúLPOHULQLQ��
NDWRGXQ��HOHNWULN�LOHWNHQOL÷LQH�J|]HQHN�\DSÕVÕQD�HWNLOHULQL�LQFHOHPLúOHUGLU��

6RQXo�RODUDN���ONHOHU�KHP�\HQLOHQHELOLU�KHP�XFX]�KHP�GH�GDKD�WHPL]�ND\QDN�DUD\ÕúÕQGDGÕU��(ULPLú�NDUERQDW�\DNÕW�
K�FUHVL��EX�NRQXGD�LGGLDOÕ�ELU�DOWHUQDWLI�ROPDVÕQÕQ�\DQÕ�VÕUD��oDOÕúPDODU�KDOD�KÕ]OÕ�ELU�úHNLOGH�V�UG�U�OPHNWH�YH�GL÷HU���
\DNÕW� K�FUHVL\OH� NÕ\DVODQGÕ÷ÕQGD�� oDOÕúPD� VÕFDNOÕ÷ÕQÕQ� \�NVHN� ROPDVÕ� VHEHEL� LOH� GDKD� E�\�N� SURVHVOHUGH�
NXOODQÕODELOPHNWHGLU�� $\UÕFD� DWÕN� ÕVÕQÕQ� NXOODQÕOPDVÕ� (.<+¶QGH� HQHUML� WDVDUUXIX� VD÷ODPDNWDGÕU�� .DUERQGLRNVLW�
NXOODQÕPÕ� LOH�oHYUHVHO�GRVWOX÷X�YH�\�NVHN�PDOL\HWOL�HOHNWUROLW�PDO]HPH�NXOODQÕOPDPDVÕ�QHGHQL\OH�(.<+�NXOODQÕPÕ�
X\JXQGXU��

%X� oDOÕúPDGD� úHULW� G|NPH�PHWRGX� LOH� \DNÕW� K�FUHOHULQGHQ� ELUL� RODQ�(.<+�HOHNWURWODUÕQÕQ��UHWLPL� LoLQ� VXVX]�QLNHO�
oDPXUODUÕQÕQ�DNÕú�GDYUDQÕúODUÕ�J|]�LoLQGH�EXOXQGXUXOPXúWXU��
�
'HQH\VHO�dDOÕúPDODU�
�

(ULPLú�NDUERQDW�\DNÕW�K�FUHVLQLQ�KHU�LNL�HOHNWURGXQXQ�SODND�úHNOLQGH�DQD�PDGGHVLQLQ��UHWLPL�LoLQ�QLNHO�WR]X�
NXOODQÕOPÕúWÕU�� 8\JXQ� ELU� SROLPHUL]DV\RQ� WHNQL÷L� LOH� QLNHO� KDP� úHULWOHULQ� �UHWLPL� VD÷ODQPÕúWÕU�� � ùHULW� �UHWLPLQGH�
NXOODQÕODQ�PDO]HPHOHU��dL]HOJH��¶GH�YHULOPLúWLU�� �

ùHULGLQ� �UHWLOPHVLQGH�� úHULW� G|N�P� \|QWHPL� NXOODQÕOPÕúWÕU�� øON� RODUDN� QLNHO� WR]X�� o|]�F�� YH� VH\UHOWLFL� PHNDQLN�
NDUÕúWÕUÕFÕGD� �� VDDW� ER\XQFD� NDUÕúWÕUÕOPÕú�� LNLQFL� DúDPDGD� ED÷OD\ÕFÕ� YH� SODVWLNOHúWLULFL� PDGGHOHU� HNOHQHUHN�� �� VDDW�
ER\XQFD� NDUÕúWÕUPD� LúOHPL� GHYDP� HWWLULOPLúWLU�� dDPXUODUÕQ� NDUÕúWÕUÕOPDVÕ� YH� KRPRMHQOHúWLULOPHVL� WDPDPODQGÕNWDQ�
VRQUD�NDS�LoLQGHNL�oDPXUXQ�DNÕú�|]HOOLNOHUL�LQFHOHQPLú�GDKD�VRQUD�KDYDVÕ�DOÕQÕS��GRNWRU�EÕoD÷Õ�LOH�IDUNOÕ�NDOÕQOÕNODUGD�
SROLHWLOHQ�NDSOÕ�FDP�SODND��]HULQH�G|N�OHUHN�NXUXWXOPXúWXU��ùHULW� LoLQGHNL�o|]�F��EXKDUODúWÕNWDQ�VRQUD��KDP�QLNHO�
úHULW�HOGH�HGLOPLúWLU�

dL]HOJH����.XOODQÕODQ�NLP\DVDO�PDGGHOHU�

�ĂŒůĂǇŦĐŦ 

 

�ƂǌƺĐƺ Sentez maddesi 

 

^ĞǇƌĞůƚŝĐŝ 

 

WůĂƐƚŝŬůĞƔƚŝƌŝĐŝ 

PVB 

;ƉŽůŝǀŝŶŝů�ďƺƚŝƌĂůͿ 

ĞƚŝůŚĞŐǌĂŶŽůͬ�
�ƺƚĂŶŽů 

;ϭ͗ϭ�ŽƌĂŶĚĂͿ 

Ni tozu 

;ŶŝŬĞůͿ 
'ůŝƐĞƌŽů�ƚƌŝŽůĂƚ WŽůŝĞƚŝůĞŶ�ŐůŝŬŽů�;W�'Ϳ 

�
�
�
�
�
�
�
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6RQXoODU�YH�7DUWÕúPD�
�
� *HUoHNOHúWLULOHQ� GHQH\OHUGH�� o|]�F��� SODVWLNOHúWLULFL�� ED÷OD\ÕFÕ� YH� QLNHO� WR]XQXQ� RUDQODUÕ� GH÷LúWLULOHUHN�� EX�
GH÷LúLPOHULQ� úHULWOHULQ� IL]LNVHO� |]HOOLNOHULQGH�QH�JLEL� GH÷LúLNOLNOHUH� VHEHS�ROGX÷X� LQFHOHQPLúWLU��d|]�F��RODUDN�����
RUDQGD� E�WDQRO� YH� HWLO� KHJ]DQRO� NXOODQÕOPÕúWÕU�� %D÷OD\ÕFÕ� RODUDN� 39%� YH� SODVWLNOHúWLULFL� RODUDN� 3(*� ���� RUDQGD�
NDUÕúÕP�LoHULVLQGH�HNOHQPLúWLU��6H\UHOWLFL�RUDQÕ�E�W�Q�NDUÕúÕPODUGD�D\QÕ�WXWXOPXúWXU��
�
dDOÕúPD�NDSVDPÕQGD���DGHW�GHQH\�JHUoHNOHúWLULOPLú�ROXS��KHU�ELU�GHQH\GH�NXOODQÕODQ�NDUÕúÕPODUÕQ�ELOHúLP�GH÷HUOHUL�
dL]HOJH���LOH�YHULOPLúWLU��
�
dL]HOJH�����'HQH\OHUGH�NXOODQÕODQ�NDUÕúÕPODUÕQ�ELOHúLP�GH÷HUOHUL�
�

$÷ÕUOÕNoD���
GH÷HUOHUL�

���
NDUÕúÕP�

���
NDUÕúÕP�

���
NDUÕúÕP�

���
NDUÕúÕP�

���
NDUÕúÕP�

���
NDUÕúÕP�

���
NDUÕúÕP�

1LNHO�WR]X�
�

���� ���� ���� ���� ���� ���� ����

%�WDQRO�
�o|]�F���

���� ���� ���� ���� ������ ���� ������

(WLO�KHJ]DQRO�
�o|]�F���

���� ���� ���� ���� ������ ���� ������

3ROLYLQLO�EXWLUDO�
�ED÷OD\ÕFÕ��

��� ��� ��� ��� ����� ����� ���
�

3ROLHWLOHQ�JOLNRO�
�SODVWLNOHúWLULFL��

��� ��� ��� ��� ����� ����� ���

*OLVHURO�WULRODW�
�VH\UHOWLFL��

��� ��� ��� ��� ��� ��� ���

�
%X� ELOHúLP� GH÷HUOHULQGH� KD]ÕUODQDQ� NDUÕúÕPODU� $QWRQ� 3HDU� PDUND� UHRPHWUH� FLKD]ÕQD� \HUOHúWLULOHUHN� |Oo�POHUL�
\DSÕOPÕúWÕU�� %LOJLVD\DU� RUWDPÕQD� ED÷OÕ� EX� UHRPHWUH� FLKD]Õ� \DUGÕPÕ\OD� ]DPDQD� NDUúÕ� YLVNR]LWH� >ùHNLO� �@� YH� ND\PD�
KÕ]ÕQD�NDUúÕ�ND\PD�JHULOLPL�>ùHNLO��@�JUDILNOHUL�oL]GLULOPLúWLU��
�
%LOHúLP�RUDQODUÕ�YH�HOGH�HGLOHQ�ùHNLOOHU�EHUDEHU�G�ú�Q�OG�÷�QGH��QLNHO�RUDQÕQGDNL�DUWÕúÕQ�KHP�YLVNR]LWH\L�KHP�GH�
ND\PD� JHULOLPLQL� DUWWÕUGÕ÷Õ� J|U�OPHNWHGLU�� $\QÕ� ]DPDQGD�� SODVWLNOHúWLULFL� YH� ED÷OD\ÕFÕ� RUDQÕQÕQ� DUWPDVÕ� GD� \LQH�
YLVNR]LWH�YH�ND\PD�JHULOLPLQL�DUWWÕUPÕúWÕU��

�
ùHNLO� �¶GH� J|U�OG�÷�� �]HUH� YLVNR]LWHVL� \�NVHN� RODQ� NDUÕúÕPODU� ���� YH� ��� NDUÕúÕP�� NDUDUOÕ� ELU� H÷UL� YHUHPHPLúWLU��
%XUDGDQ� \ROD� oÕNDUDN�� YLVNR]LWH� G�úW�NoH� KRPRMHQOL÷LQ� YH� NDUDUOÕOÕ÷ÕQ� DUWWÕ÷ÕQÕ� V|\OHQHELOLU�� %XQODUÕQ� \DQÕ� VÕUD��
SODVWLNOHúWLULFL� YH� ED÷OD\ÕFÕ� RUDQÕQÕ� \�NVHOWWLNoH�� HOGH� HGLOHQ� KDP� úHULWOHULQ� GDKD� HVQHN� YH� NÕUÕOPD]� ROGXNODUÕ�
J|]OHPOHQPLúWLU�� d|]�F�� RUDQÕQÕQ� ID]OD� ROPDVÕ�� KD]ÕUODQDQ� NDUÕúÕPÕQ� oDEXFDN� GD÷ÕOPDVÕQD� YH� NXUXGXNWDQ� VRQUD�
oDWOD\DUDN� NXUXPDVÕQD� VHEHS� ROPXúWXU�� %X� VHEHSOHUGHQ� GROD\Õ�� W�P� ELOHúHQOHULQ� RSWLPXP� G�]H\GH� ROGX÷X� ELU�
NDUÕúÕP� HOGH� HGLOPH\H� oDOÕúÕOPÕúWÕU�� 6RQXo� RODUDN�� KHP� úHNLOOHUGHQ� J|U�OG�÷�� �]HUH�� KHP� GH� NXUXGXNWDQ� VRQUDNL�
HVQHNOL÷L�|Oo�OG�÷�QGH����QXPDUDOÕ�NDUÕúÕPÕQ�HQ�LGHDO�KDP�úHULGL�YHUGL÷LQL�V|\OH\HELOLUL]��
�
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�
�
ùHNLO����.D\PD�KÕ]ÕQD�NDUúÕ�ND\PD�JHULOLPL�H÷ULOHUL�
�
�
7HúHNN�U��
� ϭϮ�ϰϯϰϯϬϬϲ� ŬŽĚ� ŶƵŵĂƌĂůŦ� ͞�ƌŝŵŝƔ ŬĂƌďŽŶĂƚůŦ� ǇĂŬŦƚ� ŚƺĐƌĞ� ĂŶŽƚ�ŵĂƚĞƌǇĂůůĞƌŝŶĚĞŶ� ŶŝŬĞů� ƉůĂŬĂůĂƌŦŶ� ŽƉƚŝŵƵŵ�
ŬŽƔƵůůĂƌĚĂ� ŚĂǌŦƌůĂŶŵĂƐŦ͟� ĂĚůŦ� ƉƌŽũĞǇĞ� ǀĞƌĚŝŒŝ� ĚĞƐƚĞŬƚĞŶ ĚŽůĂǇŦ� �ŶŬĂƌĂ� mŶŝǀĞƌƐŝƚĞƐŝ� �ŝůŝŵƐĞů� �ƌĂƔƚŦƌŵĂ� WƌŽũĞůŝůĞƌŝ 
ŬŽŽƌĚŝŶĂƐǇŽŶ��ŝƌŝŵŝŶĞ�ƚĞƔĞŬŬƺƌ�ĞĚĞƌŝǌ͘�
�
�
.D\QDNODU�
     
$SSOHE\��$�-��)RXONHV��)�5����������)XHOFHOO�+DQGERRN����UG�HGLWLRQ��0F*UDZ��+LOO��1HZ�<RUN��SS���������� �

$WKXOD�:LMD\DVLQJKH��%LOO�%HUJPDQ��&DULQD�/DJHUJUHQ�������� � �/L)H2�±/L&R2�±1L2�PDWHULDOV�IRU�0ROWHQ�
&DUERQDWH�)XHO�&HOO�&DWKRGHV��6ROLG�6WDWH�,RQLFV�������SS�����±�����

%Õ\ÕNR÷OX��$�����������<DNÕW�+�FUHOHULQLQ�7DULKVHO�*HOLúLPL��dDOÕúPD�3UHQVLSOHUL�9H�%XJ�QN��'XUXPX��� �
*�h��)HQ�%LOLPOHUL�'HUJLVL�����������SS���������� �
*HoNLQOL��$��(�����������øOHUL�7HNQRORML�0DO]HPHOHUL��ø7h�0DWEDDVÕ��øVWDQEXO���SS������� �
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-LQ�(RN�.LP���.DLODVK�<DVKYDQW�3DWLO���-RQJKHH�+DQ���6XQJ�3LO�<RRQ���6XN�:RR�1DP��7DH�+RRQ�/LP�� � �
6HRQJ�$KQ�+RQJ��+DQVXQJ�.LP��+HH�&KXQ�/LP�����������8VLQJ�$OXPLQXP�DQG�/L�&2��3DUWLFOHV�WR�5HLQIRUFH�WKH�
Į��/L$O2��0DWUL[�IRU�0ROWHQ�&DUERQDWH�)XHO�&HOOV��%UD]LOLDQ�-RXUQDO�RI�&KHPLFDO�(QJLQHHULQJ��9RO������1R�����
�SS����������

0LQ�+\XN�.LPD��0LQJ�=L�+RQJD��<RXQJ�6XN�.LPD��(XQMRR�3DUN���+\XQVXN�/HH��+\XQJ�:RRN�+DD��.HRQ�.LPD��
�������&REDOW�DQG�&HULXP�&RDWHG�1L�3RZGHU�DV�D�1HZ&DQGLGDWH�&DWKRGH�0DWHULDO�IRU�0&)&���6HRXO�
(OHFWURFKLPLFD�$FWD������SS�����±������ �

g]oHOLN��(������������<DNÕW�K�FUHOHUL�YH�SLOOHUGH�NXOODQÕODQ�1L2�YH�/L&R2��NDWRW�PDO]HPHOHULQLQ�VHQWH]L��
NDUDNWHUL]DV\RQX�YH�DGVRUSVL\RQ�oDOÕúPDODUÕ´��<�NVHN�/LVDQV�7H]L��*D]L�hQLYHUVLWHVL�)HQ�%LOLPOHUL�(QVWLW�V���
$QNDUD�

<DPDPDVX�<RVKÕND]X��1DNDQÕZD�6DGDR��,FKÕKDUD�0DVDPÕ��0RUÕWD�7HWVX\XNÕ��������0DQXIDFWXUH�2I�(OHFWURGH�)RU�
0ROWHQ�&DUERQDWH�)XHO�&HOO��%DúYXUX�1XPDUDVÕ���-S���������%DúYXUX�7DULKL����������

�
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TDY-�����g1&(6ø�7$6$5/$10,ù�%(721$50(�%ø1$/$5'$.ø�3(5'(�
25$1,1,1�<$3,�3(5)250$16,1$�(7.ø6ø 

 
�

1DFL�&$*/$5���+DNDQ�2=785.���0X]DIIHU�(/0$6���$\GLQ�'(0,5��YH�$EGXOKDOLP�$..$<$��
�

�'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��8QLYHUVLW\�RI�6DNDU\D��6DNDU\D��7XUNH\�
� �'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��8QLYHUVLW\�RI�.LOLV���$UDOLN��.LOLV��7XUNH\�
�'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��8QLYHUVLW\�RI�6DNDU\D��6DNDU\D��7XUNH\�

�
�

Özet:� 6RQ� \ÕOODUGD� G�Q\DGD� YH� �ONHPL]GH� PH\GDQD� JHOHQ� GHSUHPOHULQ� \RO� DoWÕ÷Õ� E�\�N� FDQ�
ND\ÕSODUÕ�YH�PDGGL�]DUDUODU��ELU�oRN�\DSÕQÕQ�GHSUHP�SHUIRUPDQVÕQÕQ�\HWHUVL]�ROGX÷XQX�J|VWHUPLúWLU��
*HoPLúWH�\DúDGÕ÷ÕPÕ]�GHSUHPOHULQ�QHGHQ�ROGX÷X�ROXPVX]�VRQXoODUÕQ�DUGÕQGDQ���ONHPL]GH�PHYFXW�
\DSÕ� VWRNXQXQ� GHSUHP� J�YHQOL÷LQLQ� EHOLUOHQPHVL� YH� JHUHNOL� J|U�OHQ� ELQDODUGD� J�oOHQGLUPH�
|QOHPOHULQLQ� DOÕQPDVÕ� ]RUXQOX� KDOH� JHOPLúWLU�� <HQL� \DSÕODUÕQ� GHSUHPH� GD\DQÕNOÕ� RODUDN�
WDVDUODQDELOPHVL� LoLQ� PHYFXW� \DSÕ� SHUIRUPDQVÕQÕQ� EHOLUOHQPHVL� YH� \DSÕ� SHUIRUPDQVÕQD� \DSÕ�
HOHPDQODUÕQÕQ�NDWNÕVÕQÕQ�GD�EHOLUOHQPHVL�ROGXNoD�|QHPOLGLU��<DSÕODUÕQ�GHSUHP�\�NOHUL�HWNLVLQGHNL�
GDYUDQÕú�|]HOOLNOHULQLQ�YH�\DSÕ�SHUIRUPDQVODUÕQÕQ�EHOLUOHQPHVLQGH�DUWÕPVDO�VWDWLN� LWPH��SXVKRYHU��
DQDOL]OHUL�\D\JÕQ�RODUDN�NXOODQÕOPDNWDGÕU�� �
�
%X� oDOÕúPDGD�� ����� 7�UN� 'HSUHP� <|QHWPHOL÷L¶QH� �7'<������ J|UH� WDVDUODQPÕú� EHWRQDUPH�
ELQDODUGDNL� SHUGH� RUDQÕQÕQ� \DSÕ� SHUIRUPDQVÕQD� RODQ� HWNLVL� DUDúWÕUÕOPÕúWÕU�� 7'<����¶H� J|UH�
WDVDUODQPÕú� SHUGHVL]� \DSÕ� UHIHUDQV� ELQD� RODUDN� VHoLOPLúWLU�� %X� DPDoOD�� D\QÕ� NDW� SODQÕ� YH� G�úH\�
WDúÕ\ÕFÕ� ER\XWODUÕQD� VDKLS� 7'<����� YH� 7'<����¶H� J|UH� WDVDUODQPÕú� RODQ� \DSÕ� PRGHOOHUL�
ROXúWXUXOPXúWXU�� 7'<����¶H� J|UH� WDVDUODQPÕú� \DSÕODUD� IDUNOÕ� RUDQODUGD� SHUGH� WDúÕ\ÕFÕ� HOHPDQODU�
HNOHQHUHN� �� IDUNOÕ� \DSÕ� PRGHOOHUL� ROXúWXUXOPXúWXU�� 7�P� \DSÕODUÕQ� 6$3����� SDNHW� SURJUDPÕ�
NXOODQÕODUDN� DUWÕPVDO� VWDWLN� LWPH� �SXVKRYHU�� DQDOL]OHUL� \DSÕOPÕú� YH� \DSÕ� SHUIRUPDQVODUÕ�
EHOLUOHQPLúWLU�� 5HIHUDQV� ELQD\D� J|UH� \DSÕ� SHUIRUPDQVODUÕ� NDUúÕODúWÕUÕODUDN� SHUGH� RUDQÕQÕQ� \DSÕ�
SHUIRUPDQVÕQD�HWNLVL�EHOLUOHQPLúWLU�� �
�

� � Anahtar Kelimeler: %HWRQDUPH�\DSÕ��3HUGH�RUDQÕ��$UWÕPVDO�LWPH�DQDOL]L��<DSÕ�SHUIRUPDQVÕ�
�

Abstract: 'DPDJH�DQG�FDVXDOWLHV�UHVXOWHG�IURP�WKH�HDUWKTXDNHV�RFFXUUHG�ERWK�LQ�7XUNH\�DQG�WKH�
ZRUOG� KDYH� VKRZQ� WKDW� HDUWKTXDNH� SHUIRUPDQFH� FDSDFLW\� RI� WKH� PRVW� RI� WKH� EXLOGLQJV� DUH� QRW�
VXIILFLHQW��$IWHU�H[SHULHQFLQJ�WKHVH�QHJDWLYH�UHVXOWV�LW�LV�KLJKO\�LPSRUWDQW�WR�GHWHUPLQH�VDIHW\�OHYHO�
RI�EXLOGLQJ�VWRFNV�RI�RXU�FRXQWU\�DQG�WKHQ�WKH�EXLOGLQJV�FRQVLGHUHG�QHFHVVDU\�VKRXOG�EH�UHWURILWWHG��
,Q�RUGHU� WR� FRQVWUXFW�QHZ�HDUWKTXDNH� UHVLVWDQW� VWUXFWXUHV�� SHUIRUPDQFH� OHYHOV� RI� WKHP� VKRXOG�EH�
GHWHUPLQHG��LW�LV�DOVR�LPSRUWDQW�WKDW�HIIHFW�RI�FURVV�VHFWLRQV�WR�WKH�SHUIRUPDQFH�RI�VWUXFWXUH�VKRXOG�
EH�NQRZQ�ZHOO��%HKDYLRU�RI�VWUXFWXUHV�XQGHU�HDUWKTXDNH�ORDGV�DQG�VWUXFWXUDO�SHUIRUPDQFH�FDQ�EH�
JHQHUDOO\�GHWHUPLQHG�E\�VWDWLF�SXVKRYHU�DQDO\VLV��
�
,Q�WKLV�VWXG\��FRQWULEXWLRQ�RI�VKHDU�ZDOO�UDWLR�WR�VWUXFWXUDO�EHKDYLRU�RI�UHLQIRUFHG�FRQFUHWH�EXLOGLQJV�
GHVLJQHG� DFFRUGLQJ� WR� 7XUNLVK� (DUWKTXDNH� &RGH� ����� �7'<������ ZDV� HYDOXDWHG�� $� EXLOGLQJ�
GHVLJQHG� DFFRUGLQJ� WR� 7XUNLVK� (DUWKTXDNH� &RGH� ����� �7'<������ ZDV� VHOHFWHG� DV� D� UHIHUHQFH�
EXLOGLQJ�� )RU� WKDW� SXUSRVH�� VRPH� VWUXFWXUDO� PRGDOV� ZKLFK� KDYH� VDPH� SODQ� DQG� FURVV� VHFWLRQ�
GLPHQVLRQV�DQG�GHVLJQHG�DFFRUGLQJ�WR�7'<�����DQG�7'<�����ZHUH�SUHSDUHG��%\�FKDQJLQJ�VKHDU�
ZDOO�UDWLR� RI� WKH� EXLOGLQJV� ZKLFK� ZHUH� GHVLJQHG� DFFRUGLQJ� WR� 7'<������ �� GLIIHUHQW� VWUXFWXUDO�
PRGHOV� ZHUH� FUHDWHG�� 6WDWLF� SXVKRYHU� DQDO\VLV� ZDV� SHUIRUPHG� E\� XVLQJ� 6$3����� VSUHDG� VKHHW�
SURJUDP�DQG�VWUXFWXUDO�SHUIRUPDQFHV�ZHUH�REWDLQHG�IRU�HDFK�EXLOGLQJ��&RQWULEXWLRQV�RI�VKHDU�ZDOO�
UDWLR�WR�UHVSRQVH�RI�5&�EXLOGLQJV�ZHUH�GHWHUPLQHG�E\�FRPSDULQJ�UHVXOWV�ZLWK�UHIHUHQFH�EXLOGLQJ��
�
Key words:� 5HLQIRUFHG� FRQFUHWH� VWUXFWXUHV�� 6KHDU�ZDOO� UDWLR�� SXVKRYHU� DQDO\VLV�� VWUXFWXUDO�
SHUIRUPDQFH�

 
*LULú 
�
� hONHPL]GH� YH� ELUoRN� �ONHGH� PH\GDQD� JHOHQ� GHSUHPOHU� oRN� VD\ÕGD� FDQ� ND\EÕ� YH� oRN� E�\�N� PLNWDUGD� PDGGL�
KDVDUODUD�QHGHQ�ROPXúWXU��%X�KDVDU�YH�FDQ�ND\ÕSODUÕQ�HQ�|QHPOL�QHGHQL�EX�\DSÕODUÕQ�GHSUHP�SHUIRUPDQVODUÕQÕQ�\HWHUVL]�
ROPDVÕGÕU��<DúDGÕ÷ÕPÕ]�GHSUHPOHU��GHSUHPH�NDUúÕ�GD\DQÕNOÕ�YH�\HWHUOL�J�YHQOLNWH�ELQD�WDVDUÕPÕQÕQ�|QHPLQL�ELU�NH]�GDKD�
RUWD\D� oÕNDUPDNWDGÕU�� *HoPLúWH� \DúDQDQ� GHSUHPOHULQ� QHGHQ� ROGX÷X� EX� ROXPVX]� VRQXoODUÕQ� DUGÕQGDQ�� PHYFXW� \DSÕ�
VWRNXQXQ�GHSUHP�J�YHQOL÷LQLQ�EHOLUOHQPHVL�YH�JHUHNOL�J|U�OHQ�ELQDODUGD�J�oOHQGLUPH�|QOHPOHULQLQ�DOÕQPDVÕ�DUWÕN�]RUXQOX�
KDOH�JHOPLúWLU�� �
� 6RQ�\ÕOODUGD��EHWRQDUPH�SHUGH�HOHPDQODUÕ��NRORQODUD�J|UH�NHVPH�DODQODUÕQÕQ�E�\�NO�÷��YH�oRN�GDKD�E�\�N�H÷LOPH�
ULMLWOLNOHULQH�VDKLS�ROPDODUÕ�QHGHQL\OH�KHU�\�NVHNOLNWHNL�\DSÕODU�LoLQ�ELU�J�YHQOLN�HOHPDQÕ�RODUDN�|QHULOPHNWHGLU��$\UÕFD��
PHYFXW� EHWRQDUPH� ELQDODUÕQ� J�oOHQGLULOPHVLQGH� GH� EHWRQDUPH� SHUGH� HOHPDQODUÕQ� HNOHQPHVL� \D\JÕQ� RODUDN� WHUFLK�
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HGLOPHNWHGLU��
� %X� oDOÕúPDGD�� GHSUHP� HWNLVLQGHNL� EHWRQDUPH� HOHPDQODUÕQ� SHUIRUPDQVÕQD� EHWRQDUPH� SHUGH� RUDQÕQÕQ� HWNLVL�
DUDúWÕUÕOPÕúWÕU�� %X� DPDoOD�� ����� 7�UN� 'HSUHP� <|QHWPHOL÷L¶QH� �7'<������� J|UH� L\L� WDVDUODQPÕú� YH� SHUGH� HOHPDQÕ�
EXOXQPD\DQ�EHWRQDUPH�\DSÕ�UHIHUDQV�PRGHOL�RODUDN�VHoLOPLúWLU��5HIHUDQV�PRGHOL�LOH�D\QÕ�\DSÕ�DODQÕQD�VDKLS�������7�UN�
'HSUHP�<|QHWPHOL÷L¶QH� �7'<������� J|UH� WDVDUODQPÕú� YH� IDUNOÕ� RUDQODUGDNL� SHUGH� HOHPDQODUD� VDKLS� EHWRQDUPH� \DSÕ�
PRGHOOHUL� ROXúWXUXOPXúWXU�� 2OXúWXUXODQ� \DSÕ� PRGHOOHULQLQ� WDPDPÕQÕQ�� 6$3����� SDNHW� SURJUDPÕ� NXOODQÕODUDN� DUWÕPVDO�
VWDWLN� LWPH� �SXVKRYHU�� DQDOL]OHUL� \DSÕOPÕú� YH� \DSÕ� SHUIRUPDQVODUÕ� LOH� GHSUHP� HQHUMLVL� V|Q�POHPH� NDSDVLWHOHUL�
EHOLUOHQPLúWLU��
�
�
6WDWLN�øWPH��3XVKRYHU��$QDOL]L 
 

�6WDWLN�LWPH�DQDOL]L��\DSÕODUÕ�GHSUHP�GDYUDQÕúODUÕQÕQ�EHOLUOHQPHVLQGH�NXOODQÕODQ�YH�GR÷UXVDO�ROPD\DQ�VWDWLN�DQDOL]�
SURVHG�U�G�U��6WDWLN�LWPH�DQDOL]L��ELOLPVHO�DOW\DSÕVÕ�RWXUPXú�YH�NXOODQÕODELOLU�GHUHFHGH�SUDWLN�ELU�PHWRWWXU��/DZVRQ�YG���
������� %X� PHWRW� LOH� \DSÕ� HOHPDQODUÕQÕQ� KDVDUODUÕ� VRQUDVÕ� \DSÕ� LoLQGHNL� NXYYHW� GD÷ÕOÕPÕ� YH� \DSÕQÕ� GDYUDQÕúÕQÕQ� QDVÕO�
GH÷LúWL÷L�JLEL�ELUoRN�ELOJL�HOGH�HGLOHELOPHNWHGLU��.UDZLQNOHU�YH�6HQHYLUDWQD���������

$UWÕPVDO� VWDWLN� LWPH� �SXVKRYHU�� DQDOL]L�� |QFHGHQ� EHOLUOHQPLú� ELU� GD÷ÕOÕPD� J|UH� \DWD\� \�NOHULQ� VLVWHPH� HWNL�
HWWLULOPHVL�YH�EX�\�NOHULQ�EHOLUOL�ELU�HúLN�GH÷HULQH�NDGDU�DGÕP�DGÕP�DUWWÕUÕOPDVÕ�SUHQVLELQH�GD\DQPDNWDGÕU��%X�HúLN�GH÷HUL��
\D�\DSÕVDO�VWDELOLWHQLQ�ER]XOPDVÕ�YH\D�|QFHGHQ�EHOLUOHQPLú�RODQ�ELU�\DWD\�\HU�GH÷LúWLUPH�OLPLWLGLU��$UWÕPVDO�VWDWLN�LWPH�
DQDOL]LQLQ�KHU�DGÕPÕQGD��Lo�NXYYHWOHU��\HU�GH÷LúWLUPHOHU�YH�SODVWLN�úHNLO�GH÷LúWLUPHOHU�KHVDSODQÕU�YH�\DSÕQÕQ�JOREDO�LWPH�
H÷ULVL� \DQL� NDSDVLWH� H÷ULVL� �SXVKRYHU� FXUYH�� EHOLUOHQLU� �ùHNLO� ���� .DSDVLWH� H÷ULVL�� VWDWLN� LWPH� DQDOL]LQLQ� KHU� DGÕPÕQGD�
EHOLUOHQHQ� WDEDQ� NHVPH� NXYYHWL� LOH� WHSH� QRNWDVÕ� \DWD\� \HU� GH÷LúWLUPHVLQLQ� GR÷UXVDO� |WHVL� GH÷LúLPLQL� J|VWHUPHNWHGLU�
�.RoDN��������� �

�

�
 

ùHNLO����øWPH�úHNOL�YH�NDSDVLWH�H÷ULVL 
 
 

 <DSÕQÕQ�\DWD\�RODUDN�LWLOPHVL�LoLQ�GH÷LúLN�\�N�GHVHQOHUL�NXOODQÕODELOPHNWHGLU��<|QWHPLQ�WDQÕPODQGÕ÷Õ�$7&���¶GD��
6WDWLN�øWPH�$QDOL]LQGH�NXOODQÕOPDN��]HUH��\DSÕ�GDYUDQÕúÕQD�ED÷OÕ�RODUDN�|QHULOHQ�LWPH�úHNLOOHUL�WDQÕPODQPÕúWÕU��$7&�����
�������<DSÕ\D�HWNL\HQ�\DWD\�\�N�Q�WDPDPÕQÕQ�HQ��VW�NDW�VHYL\HVLQGHQ�HWNL�HWWLULOPHVL�GH�EX�LWPH�úHNLOOHULQGHQ�ELULGLU��%LU�
EDúND�LWPH�úHNOLQGH�LVH�oDWÕ\D�LODYH�\�N�NR\XOPDGDQ��KHU�NDW�VHYL\HVLQH�HúGH÷HU�GHSUHP�\�N��\|QWHPLQGHQ�KHVDSODQDQ�
GHSUHP� \�NOHUL� HWNL� HWWLULOLU�� $\UÕFD�� ELULQFL� PRGXQ� EDVNÕQ� ROGX÷X� ELQDODUGD�� KkNLP� PRG� úHNOL� LOH� NDW� N�WOHOHULQLQ�
oDUSÕPÕQÕQ�RUDQODUÕ�RODQ�\DWD\�\�NOHULQ�NDW�VHYL\HOHULQH�HWNL�HWWLULOPHVL�GL÷HU�ELU�LWPH�úHNOLGLU��.RoDN���������
 
�
6D\ÕVDO�dDOÕúPD 
 

%X� oDOÕúPDGD�� GHSUHP� HWNLVLQGHNL� EHWRQDUPH� \DSÕODUÕQ� GDYUDQÕúÕQD� EHWRQDUPH� SHUGH� RUDQÕQÕQ� NDWNÕVÕ�
DUDúWÕUÕOPÕúWÕU��3HUGH�RUDQÕ��ELU�NDWWD�EXOXQDQ�SHUGH�NHVLW�DODQÕQÕQ�LOJLOL�NDWÕQ�DODQÕQD�RUDQÕ�RODUDN�WDQÕPODQPÕúWÕU��5HIHUDQV�
ELQD� YH� IDUNOÕ� SHUGH�RUDQODUÕQD� VDKLS� �� IDUNOÕ� EHWRQDUPH� \DSÕ�PRGHOL� ROXúWXUXOPXú� YH� \DSÕODUÕQ� WDPDPÕQGD� NDW� WDEDQ�
DODQODUÕ�YH�NDW�VD\ÕODUÕ�VDELW�WXWXOPXúWXU��5HIHUDQV�ELQD��7'<�����¶GH�YHULOHQ�WDVDUÕP�LONHOHUL�GLNNDWH�DOÕQDUDN�SHUGHVL]�
RODUDN�PRGHOOHQPLúWLU��ùHNLO�����
�
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ùHNLO����5HIHUDQV�0RGHO��3ODQ�$��

�
�

<DSÕ�PRGHOOHULQLQ�SHUIRUPDQVODUÕQÕ�NDUúÕODúWÕUDELOPHN�DPDFÕ\OD�UHIHUDQV�PRGHOL�7'<������YH�IDUNOÕ�RUDQODUGD�
SHUGH� RUDQÕQD� VDKLS� ELQDODU� LVH� 7'<�����¶H� J|UH�PRGHOOHQPLúWLU��<DSÕ�PRGHOOHUL� ROXúWXUXOXUNHQ� 76� ���� YH� 76� ����
úDUWQDPHOHUL�J|]�|Q�QGH�EXOXQGXUXOPXúWXU��76������76�������3HUGH�RUDQÕQÕQ�NDWNÕVÕQÕ�EHOLUOH\HELOPHN�DPDFÕ\OD��SHUGH�
RUDQODUÕ� 5HIHUDQV� YH� 0RGHO� $¶GD� ������ 0RGHO� %¶GH� ������� 0RGHO� &¶GH� ������ YH� 0RGHO� '¶GH� ������ RODUDN�
EHOLUOHQPLúWLU��7DEOR�����

�
�

Tablo 1.�<DSÕ�0RGHOOHUL�YH�3HUGH�2UDQODUÕ�

�

<DSÕ�PRGHOOHULQLQ� WDPDPÕ� �� NDWOÕ� YH� \DSÕ�PRGHOOHULQLQ� WDPDPÕQGD� ]HPLQ� NDW� \�NVHNOL÷L� ����P�� QRUPDO� NDW�
\�NVHNOL÷L� ����P�� NRORQ� ER\XWODUÕ� ��FP[��FP�� NLULú� ER\XWODUÕ� ��FP[��FP�� G|úHPH� NDOÕQOÕ÷Õ� ��FP�� SHUGH� ER\XWODUÕ�
��FP[���FP�RODUDN�VHoLOPLúWLU��ùHNLO�����.RORQODUÕQ�WDPDPÕQGD�ER\XQD�GRQDWÕ�RUDQÕ�PLQLPXP������YH�PDNVLPXP������
RODFDN�úHNLOGH���������YH�SHUGHOHUGH�PLQLPXP�GRQDWÕ�DODQÕ�SHUGH�EU�W�HQNHVLW�DODQÕQÕQ��\DWD\�GRQDWÕ�LoLQ���������G�úH\�
GRQDWÕ� LoLQ�������¶VLQGHQ� D]�ROPD\DFDN� úHNLOGH� ��������YH� HQLQH�GRQDWÕODU� LVH�� UHIHUDQV�PRGHOGH��������PP��GL÷HU�
PRGHOOHUGH��������PP�RODUDN�VHoLOPLúWLU��

�
�

�
 

ùHNLO����7DúÕ\ÕFÕ�HOHPDQ�NHVLWOHUL�YH�GRQDWÕ�|]HOOLNOHUL�

<DSÕ�SODQODUÕ�SHUGH�RUDQÕQD�J|UH�LVLPOHQGLULOPLú�YH�SHUGH�RUDQÕ������3ODQ�$��������3ODQ�%��������3ODQ�&�YH�
������3ODQ�'�RODUDN�WDQÕPODQPÕúWÕU��7DEOR�����5HIHUDQV�0RGHO�YH�0RGHO�$�\DSÕVÕ�3ODQ�$��0RGHO�%�\DSÕVÕ�3ODQ�%��0RGHO�
&�\DSÕVÕ�3ODQ�&�YH�0RGHO�'�\DSÕVÕ�3ODQ�'�NXOODQÕODUDN�PRGHOOHQPLúWLU��7DEOR����ùHNLO�����5HIHUDQV�PRGHOL�LOH�GL÷HU�\DSÕ�
PRGHOOHULQLQ� PDO]HPH� |]HOOLNOHUL�� GHSUHP� \|QHWPHOLNOHUL� GLNNDWH� DOÕQDUDN� IDUNOÕ� RODUDN� PRGHOOHQPLúWLU� �7DEOR� ����
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5HIHUDQV�PRGHOL�LOH�D\QÕ�ER\XWODUGDNL�\DSÕ�PRGHOOHULQH�IDUNOÕ�RUDQODUGD�SHUGH�HOHPDQODU�HNOHQHUHN���IDUNOÕ�\DSÕ�PRGHOL�
ROXúWXUXOPXúWXU��ùHNLO�����$QDOL]OHUL�\DSÕODQ�\DSÕ�PRGHOOHULQLQ�WDPDPÕQGD�WDúÕ\ÕFÕ�HOHPDQ�ER\XWODUÕ�YH�GRQDWÕ�RUDQODUÕ�
D\QÕGÕU��ùHNLO�����)DNDW�UHIHUDQV�PRGHO�LOH�GL÷HU�\DSÕ�PRGHOOHULQLQ�PDO]HPH�|]HOOLNOHUL�IDUNOÕ�VHoLOPLúWLU�7DEOR����� �

2OXúWXUXODQ�\DSÕ�PRGHOOHULQLQ�WDPDPÕQÕQ��6$3�����SDNHW�SURJUDPÕ�NXOODQÕODUDN�DUWÕPVDO�VWDWLN�LWPH��SXVKRYHU��
DQDOL]OHUL� \DSÕOPÕú� YH� \DSÕ� SHUIRUPDQVODUÕ� LOH� GHSUHP� HQHUMLVL� V|Q�POHPH� NDSDVLWHOHUL� EHOLUOHQPLú� YH� NDUúÕODúWÕUÕODUDN�
VRQXoODU� JUDILNOHU� KDOLQGH� VXQXOPXúWXU�� 0RGHO� ROXúWXUXOXUNHQ� NDW� SODQODUÕ�� WDúÕ\ÕFÕ� VLVWHP� HOHPDQ� ER\XWODUÕ�� NHVLW�
|]HOOLNOHUL��GRQDWÕ�GXUXP�YH�G�]HQOHUL�LOH�WDúÕ\ÕFÕ�VLVWHP�HOHPDQODUÕQD�HWNL\HQ�\�N�GXUXPODUÕ�GLNNDWH�DOÕQPÕúWÕU��6$3�����
9������������7DúÕ\ÕFÕ�VLVWHP��]HULQGH�SODVWLN�PDIVDO�ROXúPDVÕ�EHNOHQHQ�|]HOOLNOH�NRORQ�NLULú�ELUOHúLP�E|OJHOHUL�LoLQ�NHVLW�
|]HOOLNOHUL��EHWRQ�YH�GRQDWÕ�VÕQÕIÕ��GRQDWÕ�GL]D\QÕ��GLNNDWH�DOÕQPÕúWÕU��;75$&7�SURJUDPÕ�\DUGÕPÕ�LOH�NRORQ�NDEXN�EHWRQX�
LoLQ�0DQGHU�VDUJÕVÕ]�EHWRQ�PRGHOL��HWUL\HOHUOH�oHYULOL�oHNLUGHN�EHWRQXQGD�LVH�0DQGHU�VDUJÕOÕ�EHWRQ�PRGHOL�GLNNDWH�DOÕQDUDN�
HNVHQHO� NXYYHW� PRPHQW� HWNLOHúLP� GL\DJUDPODUÕ� HOGH� HGLOPLú� YH� EX� GL\DJUDPODU� 6$3����� SURJUDPÕQD� JLULOHUHN� LOJLOL�
NHVLWOHULQ� SODVWLN�PDIVDOODUÕ� ROXúWXUXOPXúWXU��2OXúWXUXODQ� EX� SODVWLN�PDIVDOODU�� WDúÕ\ÕFÕ� VLVWHP� �]HULQGH� LOJLOL� NHVLWOHUH�
DWDQPÕúWÕU��;WUDFW�9�������'RQDWÕ�oHOL÷L�LoLQ�OLWHUDW�UGH�JHQHO�NDEXO�J|UP�ú�GHQH\�VRQXoODUÕQGDQ�HOGH�HGLOHQ�JHULOPH�ELULP�
úHNLO�GH÷LúWLUPH�H÷ULOHULQGHQ�ID\GDODQÕOPÕúWÕU��

�

�
 

ùHNLO����<DSÕ�0RGHOOHULQLQ�3ODQODUÕ�

 
 
6RQXoODU�YH�7DUWÕúPD 
�

5HIHUDQV�\DSÕ�PRGHOL�YH�IDUNOÕ�RUDQODUGDNL�SHUGH�RUDQÕQD�VDKLS�\DSÕ�PRGHOOHULQLQ�VWDWLN�LWPH�DQDOL]OHUL�\DSÕOPÕú�
YH� W�P�\DSÕ�PRGHOOHULQLQ�NDSDVLWH�H÷ULOHUL�EHOLUOHQPLúWLU��$\UÕFD��NDSDVLWH�H÷ULOHULQGHQ�\DUDUODQÕODUDN�\DSÕODUD�HWNL\HQ�
\DWD\�NXYYHWLQ�WRSODP�ELQD�D÷ÕUOÕ÷ÕQD�RUDQÕ��9�:��YH�\DSÕ�WHSH�QRNWDVÕ�\DWD\�GHSODVPDQÕQ�WRSODP�ELQD�\�NVHNOL÷LQH�RUDQÕ�
�ǻ�+��EHOLUOHQHUHN�WHNUDU�JUDILNOHU�KDOLQGH�VXQXOPXú�YH�W�P�\DSÕ�PRGHOOHULQLQ�SHUIRUPDQVÕ�5HIHUDQV�0RGHO�SHUIRUPDQVÕ�
LOH�NDUúÕODúWÕUÕODUDN�GH÷HUOHQGLULOPLúWLU��

�
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ùHNLO����5HIHUDQV�0RGHO�øoLQ�D��øGHDO�.DSDVLWH�(÷ULVL�E��.DSDVLWH�(÷ULVL�
�

�
0RGHO�$�\DSÕVÕ��SHUGH�RUDQÕ�������RODQ�\DSÕ�PRGHOLQH�NDUúÕOÕN�JHOPHNWHGLU��0RGHO�$�\DSÕVÕQÕQ�NDSDVLWH�H÷ULOHUL�

ùHNLO��¶GH�VXQXOPXúWXU��%X�\DSÕQÕQ�GD\DQÕPÕ�YH�\HU�GH÷LúWLUPH�NDSDVLWHVL�EHNOHQLOGL÷L�JLEL��5HIHUDQV�0RGHOGHQ�ROGXNoD�
G�ú�NW�U�YH�GD\DQÕPÕQGD�����YH�\HU�GH÷LúWLUPH�NDSDVLWHVLQGH�����RUDQÕQGD�D]DOÕP�ROXúPXúWXU��+HU�LNL�\DSÕ�PRGHOLQLQ�
\DSÕ� DODQÕ�� HOHPDQ� ER\XWODUÕ� YH� \DSÕ� ER\XWODUÕ� D\QÕ� ROGX÷XQGDQ� EHWRQ� YH� GRQDWÕ� VÕQÕIÕQGDNL� GD\DQÕP� D]DOPDVÕ�� HWUL\H�
DUDOÕNODUÕQÕQ� GH÷LúLPL� JLEL� SDUDPHWUHOHULQ� \DSÕ� GD\DQÕPÕQÕ� YH� \HU� GH÷LúWLUPH� NDSDVLWHVLQL� YH� V�QHNOLOL÷LQL� |QHPOL�
RUDQODUGD�D]DOWWÕ÷Õ�J|U�OPHNWHGLU��$\UÕFD��0RGHO�$�\DSÕVÕ��5HIHUDQV�PRGHOLQ�\DNODúÕN�����¶��VHYL\HVLQGH�GHSUHP�HQHUMLVL�
W�NHWPH�NDSDVLWHVLQH�XODúDELOPLúWLU��7DEOR�����

�
�

� �
 
 

ùHNLO����0RGHO�$�øoLQ�D��øGHDO�.DSDVLWH�(÷ULVL�E��.DSDVLWH�(÷ULVL�
�
�
0RGHO�%�\DSÕVÕ��SHUGH�RUDQÕ�������RODQ�\DSÕ�PRGHOLQH�NDUúÕOÕN�JHOPHNWHGLU��0RGHO�%�\DSÕVÕQÕQ�NDSDVLWH�H÷ULOHUL�

ùHNLO� �¶GH� VXQXOPXúWXU��%X� \DSÕQÕQ� \DWD\� \�N� WDúÕPD� NDSDVLWHVLQGH�0RGHO�$� \DSÕVÕQD�J|UH�|QHPOL� DUWPDODU� ROPDNOD�
ELUOLNWH�\HU�GH÷LúWLUPH�NDSDVLWHVLQGH�oRN�E�\�N�GH÷LúLPOHU�ROPDGÕ÷Õ�J|U�OPHNWHGLU�� �

0RGHO�%�\DSÕVÕQÕQ�\DWD\�\�N�WDúÕPD�NDSDVLWHVL�5HIHUDQV�0RGHOH�J|UH����D]DOÕUNHQ�0RGHO�$�\DSÕVÕQD�J|UH�LVH���
���DUWPDNWDGÕU��3HUGH�RUDQÕ�DUWWÕNoD�\DSÕQÕQ�\DWD\�\�N�WDúÕPD�NDSDVLWHVL�DUWPDNOD�ELUOLNWH�\HU�GH÷LúWLUPH�NDSDVLWHVLQGH�
|QHPOL�DUWÕúODU�ROPDPDNWDGÕU��0RGHO�%�\DSÕVÕQÕQ�GHSUHP�HQHUMLVL� W�NHWPH�NDSDVLWHVL�\DNODúÕN�RODUDN�� UHIHUDQV�PRGHOH�
J|UH�����RUDQÕQGD�D]DOÕUNHQ�0RGHO�$�\DSÕVÕQD�J|UH�LVH������RUDQÕQGD�DUWPÕúWÕU��7DEOR����� �
�
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ùHNLO����0RGHO�%�øoLQ�D��øGHDO�.DSDVLWH�(÷ULVL�E��.DSDVLWH�(÷ULVL�
�

�
0RGHO�&�\DSÕVÕ��SHUGH�RUDQÕ�������RODQ�\DSÕ�PRGHOLQH�NDUúÕOÕN�JHOPHNWHGLU��0RGHO�&�\DSÕVÕQÕQ�NDSDVLWH�H÷ULOHUL�

ùHNLO� �¶GH� VXQXOPXúWXU�� %X� \DSÕQÕQ� \DWD\� \�N� WDúÕPD� NDSDVLWHVLQGH�0RGHO� $� YH� %� \DSÕODUÕQD� J|UH� |QHPOL� DUWPDODU�
ROPDNOD�ELUOLNWH�\HU�GH÷LúWLUPH�NDSDVLWHVLQGH�oRN�E�\�N�GH÷LúLPOHU�ROPDGÕ÷Õ�J|U�OPHNWHGLU�� �

�
0RGHO�&�\DSÕVÕQÕQ�\DWD\�\�N� WDúÕPD�NDSDVLWHVL� \DNODúÕN�RODUDN�5HIHUDQV�0RGHO� LOH�D\QÕ�ROPDNOD�ELUOLNWH�\HU�

GH÷LúWLUPH� NDSDVLWHOHUL� DUDVÕQGD� |QHPOL� IDUNODU� EXOXQPDNWDGÕU�� <DWD\� \�N� WDúÕPD� NDSDVLWHVL� DoÕVÕQGDQ�� 0RGHO� &�
\DSÕVÕQGDNL�������OLN�SHUGH�RUDQÕ�LOH�7'<������GHSUHP�\|QHWPHOL÷LQH�J|UH�WDVDUODQPÕú�RODQ�EX�\DSÕ�7'<������J|UH�
WDVDUODQPÕú�RODQ�SHUGHVL]�ELU�\DSÕ�GDYUDQÕúÕQÕ�\DNDODPDNWDGÕU��%XUDGDQ�\DSÕODUD�HQ�D]�WDEDQ�DODQÕQÕQ�����¶L�NDGDU�SHUGH�
\HUOHúWLULOPHVL� LOH� \DWD\� \�N� WDúÕPD� NDSDVLWHVLQGH� FLGGL� DUWÕúODU� HOGH� HGLOHFH÷L� DQODúÕOPDNWDGÕU�� %XQXQOD� ELUOLNWH�� \HU�
GH÷LúWLUPH�NDSDVLWHOHUL�DUDVÕQGD�|QHPOL�IDUNODU�EXOXQGX÷XQGDQ�GHSUHP�HQHUMLVLQL�W�NHWPH�DoÕVÕQGDQ�GH÷HUOHQGLULOGL÷LQGH�
LVH�UHIHUDQV�PRGHOH�J|UH�����FLYDUÕQGD�GDKD�G�ú�NW�U��

�
0RGHO�&�\DSÕVÕ��0RGHO�%�LOH�NDUúÕODúWÕUÕOGÕ÷ÕQGD�LVH�SHUGH�RUDQÕQGDNL�DUWÕúOD�ELUOLNWH�GD\DQÕPÕQGD�\DNODúÕN�RODUDN�

���� YH� HQHUML� W�NHWPH� DoÕVÕQGDQ� LVH����� DUWÕú� ROXúPDNWDGÕU��0RGHO� &� \DSÕVÕQÕQ� GHSUHP� HQHUMLVL� W�NHWPH� NDSDVLWHVL�
\DNODúÕN�RODUDN��UHIHUDQV�PRGHOH�J|UH�����RUDQÕQGD�D]DOÕUNHQ�0RGHO�$�\DSÕVÕQD�J|UH�LVH������YH�0RGHO�%�\DSÕVÕQD�J|UH�
LVH�����RUDQÕQGD�DUWPÕúWÕU��7DEOR����� �

�
�

� �
 
 

ùHNLO����0RGHO�&�øoLQ�D��øGHDO�.DSDVLWH�(÷ULVL�E��.DSDVLWH�(÷ULVL�
�
�
0RGHO�'�\DSÕVÕ��SHUGH�RUDQÕ�������RODQ�\DSÕ�PRGHOLQH�NDUúÕOÕN�JHOPHNWHGLU��0RGHO�'�\DSÕVÕQÕQ�NDSDVLWH�H÷ULOHUL�

ùHNLO��¶GD�VXQXOPXúWXU��%X�\DSÕQÕQ�\DWD\�\�N�WDúÕPD�NDSDVLWHVLQGH�0RGHO�$��%�YH�&�\DSÕODUÕQD�J|UH�|QHPOL�DUWPDODU�
ROPDNOD�ELUOLNWH�\HU�GH÷LúWLUPH�NDSDVLWHVLQGH�oRN�E�\�N�GH÷LúLPOHU�ROPDGÕ÷Õ�J|U�OPHNWHGLU�� �

�
0RGHO�'� \DSÕVÕQGDNL� SHUGH� RUDQÕQÕQ� DUWPDVÕ� LOH� ELUOLNWH�� \DWD\� \�N� WDúÕPD� NDSDVLWHVL� 5HIHUDQV�0RGHOH� J|UH�

\DNODúÕN� RODUDN� ���� RUDQÕQGD� DUWPDNWDGÕU�� %XQXQOD� ELUOLNWH�� \HU� GH÷LúWLUPH� NDSDVLWHOHUL� DUDVÕQGD� |QHPOL� IDUNODU�
EXOXQGX÷XQGDQ�GHSUHP�HQHUMLVLQL�W�NHWPH�DoÕVÕQGDQ�GH÷HUOHQGLULOGL÷LQGH�LVH�UHIHUDQV�PRGHOH�J|UH�����FLYDUÕQGD�GDKD�
G�ú�NW�U��+HU�QH�NDGDU�|QHPOL�ELU�RUDQGD�SHUGH�HNOHQPLú�ROVD�GD�7'<������GHSUHP�\|QHWPHOL÷LQH�J|UH�WDVDUODQPÕú�RODQ�
EX�\DSÕ�7'<������J|UH� WDVDUODQPÕú�RODQ�SHUGHVL]�ELU�\DSÕ�GDYUDQÕúÕQÕ� \DWD\�\�N� WDúÕPD�DoÕVÕQGDQ�JHoVH�ELOH�GHSUHP�
HQHUMLVLQL�W�NHWPH�DoÕVÕQGDQ�ROGXNoD�G�ú�N�VHYL\HOHUGH�NDOPDNWDGÕU��
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�
0RGHO�'�\DSÕVÕ��0RGHO�$��0RGHO�%�YH�0RGHO�&�LOH�NDUúÕODúWÕUÕOGÕ÷ÕQGD�SHUGH�RUDQÕQGDNL�DUWÕúOD�ELUOLNWH�VÕUDVÕ\OD�

GD\DQÕPÕQGD�\DNODúÕN�RODUDN����������������RUDQÕQGD�DUWÕú�ROXúPDNWDGÕU��0RGHO�'�\DSÕVÕQÕQ�GHSUHP�HQHUMLVL�W�NHWPH�
NDSDVLWHVL�\DNODúÕN�RODUDN��UHIHUDQV�PRGHOH�J|UH�����RUDQÕQGD�D]DOÕUNHQ�0RGHO�$�\DSÕVÕQD�J|UH�������0RGHO�%�\DSÕVÕQD�
J|UH�����YH�0RGHO�&�\DSÕVÕQD�J|UH�LVH�����RUDQÕQGD�DUWPÕúWÕU��7DEOR����� �

�
�

� �
 
 

ùHNLO����0RGHO�'�øoLQ�D��øGHDO�.DSDVLWH�(÷ULVL�E��.DSDVLWH�(÷ULVL�
 
 

Tablo 3.�<DSÕ�0RGHOOHULQLQ�(QHUML�7�NHWPH�.DSDVLWHOHUL�

�

�

�

7�P� JUDILNOHU� ELUOLNWH� GH÷HUOHQGLULOGL÷LQGH�� \DSÕODUGDNL� SHUGH� RUDQÕ� DUWWÕNoD�� \DSÕ� GD\DQÕP� NDSDVLWHOHULQGH�
|QHPOL�DUWPDODU�ROGX÷X��EXQXQOD�ELUOLNWH�\DWD\�\HU�GH÷LúWLUPH�NDSDVLWHOHULQGH�LVH�oRN�N�o�N�GH÷LúLPOHU�ROGX÷X�YH�D]DOGÕ÷Õ�
DQODúÕOPDNWDGÕU�� <DWD\� \HU� GH÷LúWLUPH� NDSDVLWHOHULQGHNL� GH÷LúLPLQ� D]� ROPDVÕ� YH� \DWD\� \�N� WDúÕPD� �GD\DQÕP��
NDSDVLWHOHULQGHNL� |QHPOL� DUWÕúODU� QHGHQL� LOH� SHUGH� RUDQÕ� DUWWÕNoD� GHSUHP� HQHUMLVL� W�NHWLP� RUDQODUÕQGD� DUWÕúODU� ROGX÷X�
EHOLUOHQPLúWLU��ùHNLO������

�
�
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ùHNLO�����<DSÕ�0RGHOOHULQLQ�.DSDVLWH�(÷ULOHUL�

�
�

Kaynaklar�
�
$7&����� ������ $SSOLHG� 7HFKQRORJ\� &RXQFLO�� ³6HLVPLF� (YDOXDWLRQ� DQG� 5HWURILW� RI� &RQFUHWH� %XLOGLQJV´�� 9RO� ���
:DVKLQJWRQ��'&��86$��
�
$IHW�%|OJHOHULQGH�<DSÕODFDN�<DSÕODU�+DNNÕQGD�<|QHWPHOLN�������$%<<+<��������
�
&6,�� 6$3����� 9����� ������ ,QWHJUDWHG� )LQLWH� (OHPHQW� $QDO\VLV� DQG� 'HVLJQ� RI� 6WUXFWXUHV� %DVLF� $QDO\VLV� 5HIHUHQFH�
0DQXDO��&RPSXWHUV�DQG�6WUXFWXUHV��,QF���%HUNHOH\��&DOLIRUQLD��86$��
�
'HSUHP�%|OJHOHULQGH�<DSÕODFDN�<DSÕODU�+DNNÕQGD�<|QHWPHOLN��������'%<%+<�������
�
)(0$������������3UHVWDQGDUW�DQG�&RPHQWDU\�IRU�WKH�6HLVPLF�5HKDELODWLRQ�RI�%XLOGLQJV��SUHSDUHG�E\�$PHULFDQ�6RFLHW\�
RI�&LYLO�(QJLQHHUV�IRU�WKH�)HGHUDO�(PHUJHQF\��:DVKLQJWRQ��'�&��
�
.RoDN� ø�� ������� 6HoLOHQ� ELU� NDPX� ELQDVÕQÕQ� GR÷UXVDO� |WHVL� GDYUDQÕúÕQGD� EHWRQ� GD\DQÕPÕ� YH� HWUL\H� DUDOÕ÷ÕQÕQ� HWNLVL��
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THE ARTEMISIN POTENTIAL OF LEAVES FROM CULTIVARS AND 
WILDLINGS OF ARTEMISIA ANNUA L. GROWN IN WESTERN KENYA 

 
1a Odundo, J. O., 1b Oyoo, D. and 1c* Nawiri, M. P. 

 

Abstract Half of the world's population and especially those in Africa are most vulnerable to malaria. In Western region of Kenya, 
malaria prevalence levels are above 40%. The disease is preventable and treatable with currently recommended interventions one 
being the use of Artemisinin-based combination therapy. A hybrid plant Artemisia annua anamed (‘A3’), a clone of artemisinin 
annua is being embraced in western Kenya. We report the levels of artemisinin in leaves of ‘A3’ grown in regions of Western Kenya 
and of soil nutrients Zinc (Zn), Boron (B), Nitrate (NO3

-) and Ammonium (NH4
+). High performance Liquid Chromatography, 

Atomic Absorption Spectrometry and Ion Selective Electrodes were employed. In comparison to the expected levels in soils for 
artemisinin accumulation; Zn was above the minimum tolerable levels; B was very low in the top-soil but high at in-depth; nitrogen 
NH4

+  and NO3
- ions were found sufficient and the ratio of NO3

- : NH4
+ was high. Artemisinin in leaves of cultivars ranged between 

0.04-0.88% dry matter. The levels of artemisinin in ‘A3’ grown in Western region of Kenya can be improved if nutrient levels are 
well managed. These findings showcase the need to expand cultivation of A. annua in Western Kenya and consequently produce 
artemisinin that would be useful in addressing malaria. 

Key Words Artemisia annua leaves; artemisinin; cultivars and wildlings, Western Kenya 

 

INTRODUCTION 
Half of the world's population is at risk of malaria with people living in the poorest countries being the most vulnerable.  
In 2010, 90% of all malaria deaths occurred in the WHO African Region, mostly among children under five years of 
age. Increased prevention and control measures however have led to its reduction in mortality rates by more than 25% 
globally and by 33% in the WHO African Region (WHO, 2012). In Kenya, malaria is the leading cause of morbidity 
and mortality, with 25 million out of a population of 34 million Kenyans at risk (Ministry of Health, 2009). Other 
associated effects of the disease include; loss of productivity and income associated with illness and death; loss of 
working day and/or absenteeism from school and formal employment; and in case of death of a family member, the loss 
of future lifetime earnings.  Malaria is an entirely preventable and treatable disease, provided that currently 
recommended interventions are properly implemented.  
 
The WHO recommends the use of Artemisinin-based combination therapy (ACT), an effective drug based on 
artemisinin, a sesquiterpene lactone peroxide found in the plant Artemisia annua L (A. annua) (Graham et al., 2010). 
The Kenya government allocates about KShs. 69.5 billion annually in acquiring ACTs since chemical synthesis of 
artemisinin is complex and uneconomical (Health Sector Strategic Plan HSSP, 2005-2015). These figures are projected 
to increase for expenditure on malaria treatment, prevention and administration. Malaria has significant measurable 
direct and indirect costs that place major constrains in economic development in Kenya thus retarding efforts on wealth 
creation and poverty eradication. These costs could however be reduced by more production of artemisinin from A. 
annua. 
 
Among the species of Artemisia; Artemisia absinthium, Artemisia tridenta, Artemisia vulgaries and Artemisia 
aboratum, only A. annua has been shown to produce artemisinin (Duke et al., 2005). Additionally, the species is widely 
studied for its numerous purposes including being used as artemisia tea, anti-cancer, mosquito repellant, a source of 
essential oils, crafting of aromatic wreaths and as a natural herbicide with its flowers having antiperiodic, antiseptic, 
digestive, antiprotozoal, antibacterial and supposedly anti-yeast properties (Efferth et al., 2001; Singh and Lai, 2001; Li 
et al., 2005; Sen et al., 2007). A. annua has been undergoing genetic improvement to develop high yielding strains. Its 
hybrid plant named A. annua anamed or ‘A3’ is now widely available for cultivation in Central and East Africa (Yeung 
et al., 2004). Latitudes closer to the equator such as the Western region of Kenya have ecological features that favor 
stable malaria parasite transmission and as well would benefit the A3 crop establishment. In Kenya, A3, was introduced 
in early 1990’s and is cultivated in large acreage in parts of Central and Rift valley provinces. There is current effort to 
embrace its cultivation in the Western region (Western and Nyanza provinces) where malaria prevalence levels are 
above 40%. The plant is grown in small plots by community based organizations in Kajulu, Nyakach, Asembo in 
Kisumu county, Maseno, Rang’ala in Siaya county and Ingidi in Vihiga county. In the region, it is majorly used as 
artemisia tea and as mosquito repellant.   
 
The viable levels of artemisinin in A. annua are usually above 0.6% although most collections of artemisia derive from 
natural stands have highly variable content, some as low of 0.01% while others have ranged between 0.3 to 1.5% dry 
weight (Mueller et al., 2000; Delabays et al., 2001; Abdin et al., 2003; EABL, 2005). Factors that will determine these 
levels include variation in soil nutrient (Zinc (Z), Boron (B), Nitrate ion (NO3

-), Ammonium ion (NH4
+)), plant part 
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(leaves, flowers, stem and roots),  climatic conditions (temperature, water and light), age of growth, species and method 
of cultivation (Dhingra et al., 2000; Laughlin et al., 2002; Liu et al., 2003; Zhang et al., 2004; Khudsar et al., 2004; 
Kumar et al., 2004; Covello, 2008). Zn is needed by plants to activate several important enzymes while its deficiency 
has several negative effects (Khudsar et al., 2004). At extremely low levels of 0.05mg/L (50ȝJ�J) in soil, zinc 
apparently increased the artemisinin yield while levels higher than this are considered toxic for A. annua (Yekuan et al, 
2010). The role of B in plant nutrition is still not very well known but some postulations have been made (Tanaka and 
Fujiwara 2007). Levels of 0.05 mg/L and 2.50 mg/L are considered very low and very high respectively and there is 
evidence of a linear relationship between B and artemisinin content (Zhang et al., 2004; Yekuan et al, 2010). NH4

+ is 
tolerated by plants in small amounts, and can be toxic at higher levels while increased NO3

- is not toxic and has been 
associated with increased artemisinin production (Liu et al., 2003). A ratio of higher NO3

- : NH4
+ has been found to 

increase artemisinin content while increases in NH4
+ resulted in decreased artemisinin content (Wang and Tan, 2002; 

Liu et al., 2003).  
 
Artemisinin compounds have been predominately found in the upper parts (flowers and leaves) of the A. annua plant, 
with higher concentrations found just before or during full flowering (Laughlin, 1995; Delabays et al., 2001). Glandular 
trichomes are more abundant in the flowers and there is strong evidence that artemisinin is produced in them (Mehrotra 
et al., 1990; Duke et al. 1994). Duke and co-workers, (1994) showed neither artemisinin nor its derivatives were 
detected from a glandless plant and that artemisinin content was shown to be 4 to 11% times higher in the flowers as 
compared to leaves.  With the assumption that flowers of A3 grown in Western region of Kenya will have viable levels 
of Artemisin, we report the levels and correlate them with levels of Zn, B, NO3

- and NH4
+ soils growing them.  

 
MATERIALS AND METHODS 
Chemicals 
Acetonitrile (ACN) and petroleum ether were of HPLC grade and were sourced from Sciencescope Ltd, Nairobi, 
Kenya.  All the other reagents and solvents used including pure zinc metal granules (Zn), 99.8% Hydrochloric acid 
(HCl), Boric acid (H3BO3), Ammonium chloride (NH4Cl), Hydrated Aluminum sulphate (Al2(SO4)3.18H2O), Silver 
sulphate (Ag2SO4), Sulphamic acid (H2NSO3) and Sodium hydroxide pellets (NaOH) were of analar grade sourced 
from Merck. Artemisinin (98.9% pure) standard was sourced from Sigma-Aldrich Chemical Company, St. Louis, 
U.S.A. Buffer solution for the analysis of nitrate ions was prepared by dissolving Al2(SO4)3, Ag2SO4, H3BO4 and 
H2NSO4 in about 400ml distilled water,  adjusting pH to 3.0 by slowly adding 0.1N NaOH and the solution made to 1 
liter using distilled water. 
 
Soil sampling and analysis of nutrients 
Sampling and analysis of soil was done according to the procedure described in Alloway, (2008). Soil was sampled 
before transplanting of seeds from the nurseries (described under section flower samples). About 200g of soil was 
randomly obtained from different spots within the plot using a 1” diameter stainless steel metallic hollow pipe at two 
depths; 10-15cm (top soil) and 30-45cm (in-depth).  The soil samples were then transported to the laboratory in labeled 
bags and stored at low temperatures to minimize microbial activity. Before diJHVWLRQ�� VRLO�ZDV�GULHG�DW����Û&�� VWRQH�
particles and plant debris were removed and the soil pulverized to a fine powder (pulverizer- Siebtechnic Model TS 250 
made in Hague, Switzerland). The pulverized fine powder was apportioned into four for analysis of Zn, B, NH4

+ and 
NO3

-. 
 
Analysis of Zn and B was done according to Alloway, (2008). Briefly, the pulverized soil sample (2.5g and 10 g for Zn 
and for B measurement respectively) was accurately weighed into a 250ml glass flask. 10ml distilled water was added 
and left to stand for about an hour. 25ml aqua regia (1:3 HNO3 and HCl) was added and the mixture heated at 450oC for 
approximately 2-3 hours. A few drops of the aqua regia were added continuously into the flasks in order to avoid 
dryness. The contents were then filtered using a filter paper No. 541 into a 50 mL volumetric flask and the residue 
washed before topping up with warm distilled water. Calibration curves were obtained by calibration the instrument 
using five standard solutions. Measurement of Zn and B was done using computerized Varian Atomic Absorption 
Spectrometer (Model: AA-10). The operating parameters were set according to the specification given by the 
manufacturer including lamp current of 1.2 amperes, fuel system of N2O-Acetylene and oxidant flow rate of 4.5 L/min. 
The equation of each generated calibration curve was used in calculating Zn and B in the soil sample.  
 
Soil samples were analyzed for NH4

+ and NO3
-
 according to Lachat instruments (1995). Briefly, the pulverized soil 

sample (1.0g and 0.5g for NH4
+ and NO3

-analysis respectively) was accurately weighed into a 100ml glass beaker. 
50ml of distilled water was added and thoroughly stirred using a magnetic stirrer for 2 minutes. To 25 ml of the solution 
was added 25 ml of buffer and the solution was stirred before taking millivolts readings on an Ion Selective Meter (ISE-
Model 290A, made in U.S.A) that was connected to either NH4

+ or NO3
-ISE. 

 
Leaf samples 
A. annua anamed (A3) seeds were sourced from the International Center for Research in Agroforestry (ICRAF-Nairobi, 
Kenya) and grown in five nurseries (cultivars) one each at the study areas; Kajulu, Nyakach, Asembo, Maseno and 
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Ingidi in Western region, Kenya. Seeds were also broadcasted on soils with minimal tillage to serve as control. After 
germination and growth in a period of 3 months, the seedlings from the nurseries were transplanted into to 50 m2 plots 
and allowed to grow for six months a period when flowering began. While no manure or fertilizer was used on either 
the cultivars or controls, the former were watered and weeded regularly during their growth.  Approximately 250g of 
the leaves from each of the five plots were randomly picked at onset of flowering (6 months old).  These were 
immediately transported to the laboratory in aerated bags, weighed and dried in an oven (40oC) for about 72 hours to 
achieve moisture content of less than 10%.  
 
Artemisinin extraction and HPLC analysis 
The procedure of extraction was adapted from Aditi and Sarin (2010). Dry leave samples were ground to powder using 
a pestle and mortar and sieved through 0.5 mm pore size sieve. 2.0 g of the powder was soaked in 25 ml of petroleum 
ether for 48hrs to extract artemisinin. The extract was filtered, solvent evaporated by a rotatory evaporator and the 
residue re-dissolved in 25 ml acetonitrile for injection into an HPLC (Model Agilent 1100 Shimadzu LC-20AT). A 
calibration curve within the range of 500-�����SSP�ZDV�SUHSDUHG�����ȝ/�VDPSOH�H[WUDFW�ZDV�LQMHFWHG�RQWR�WKH�FROXPQ�
head (Hyper Clone BDS C18 column; �� ȝP�� ���� PP� [� ���� PP�� WKDW� ZDV� PDLQWDLQHG� DW� ��� qC for separation of 
artemisinin for a 12 minutes elution time. A mobile phase consisting of water: acetonitrile (25:75 v/v) was isocratically 
eluted at a flow rate of 1.0 mL/min and detection was achieved at 260 nm using a photodiode array detector. 
Artemisinin was identified by comparing the retention times with that of standard solutions while peak areas were used 
for quantification.  
 
Data analysis 
Data was analyzed with SPSS 17.0 for windows. The mean and standard deviation of means were calculated and one-
way analysis of variance (ANOVA) was used for statistical differences with Duncan’s multiple range tests used to 
separate means (P < 0.05).  
 
RESULTS AND DISCUSSIONS 
Nutrient levels in soil growing cultivars of A3 
The concentrations of Zn and B in soil at depths of 10-15cm and 40-50 cm from Kajulu, Maseno, Ingidi, Nyakach and 
Asembo are presented in table 1. Those of NH4

+ and NO3
- are given in table 2. 

 
Table 1��/HYHOV�RI�=Q�DQG�%��ȝJ�J��DW�WZR�GHSWKV�RI soils growing A3 cultivars in five regions of Western Kenya  
 
Area 

Zn Mean±SD  (n=3)  
p-values 

Boron Mean±SD (n=3)  
p-values 10-15cm depth  40-50cm depth 10-15cm depth 40-50cm depth 

Kajulu 49.13±0.42a 77.07±1.15b 0.414 347.3±23.4 135.0±30.4a 0.201 
Maseno 108.80±0.69c 94.73±0.6e <0.001 ND 187.3±41.0c - 
Ingidi 116.40±0.69d 79.53±1.01c <0.001 ND 192.7±24.4d - 
Nyakach 79.60±0.72b 91.60±0.69d 0.641 ND 163.2±12.4b - 
Asembo 110.00±0.80c 72.47±0.42a <0.001 ND 196.5±72.8e - 
p-values <0.001 <0.001     
Same small letters within the same column are not significantly different (p>0.05, SNK test). 
 
Table 2: Levels of NH4

+ and NO3
- �ȝJ�PO�� DW� WZR� GHSWKV� RI� VRLOV� JURZLQJ�$�� FXOWLYDUV� LQ� ILYH� UHJLRQV� RI�:HVWHUQ�

Kenya  
 
Area 

NH4
+ ion Mean±SD (n=3)  NO3

- ion Mean±SD (n=3)  
10-15cm depth 40-50cm depth p-values 10-15cm depth 40-50cm depth p-values 

Kajulu 0.13±0.00b 0.09±0.01c <0.001 0.34±0.01b 0.34±0.09a 0.243 
Maseno 0.11±0.00a 0.07±0.00b 0.005 1.37±0.02d 0.28±0.01a <0.001 
Ingidi 0.18±0.01d 0.23±0.00d 0.876 0.42±0.02c 0.37±0.02a 0.665 
Nyakach 0.19±0.00d 0.01±0.00a <0.001 0.31±0.02a 0.36±0.02a 0.731 
Asembo 0.16±0.01c 0.10±0.00c <0.001 1.45±0.01e 1.15±0.02b 0.002 
p-values <0.001 <0.001  <0.001 <0.001  
Same small letters within the same column are not significantly different (p>0.05, SNK test). 
 
There was no specific trend in levels of Zn observed for the top (10-15cm depth) and in- depth (40-50cm depth) soils 
(table 1). However, the levels were all above 50 ȝJ�J�� WKH�PLQLPXP� WROHUDEOH� OHYHOV� RI�=Q� LQ� WKH� VRLO� IRU maximum 
artemisinin accumulation in A. annua (Zhang et al., 2004; Yekuan et al, 2010). As well, significant differences were 
generally noted between the regions as well as between depths (p<0.05). While the importance of Zn is known and 
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increased artemisinin yield have been reported for extremely low levels, the concentration of Zn reported in this study 
could pose potential toxicity for the plant (Hopkins and Hüner, 2004; Khudsar et al., 2004; Zhang et al., 2004; Yekuan 
et al, 2010).   
  
Boron in the topsoil (10-15 cm depth) was detected only at Kajulu while in the indepth soils the range was 135-196 
ȝJ�J (table 1). However, in all the five regions of study B increased with depth and was found to be above 2.5 ȝJ�J� the 
minimum for plant requirement. Although its role in plant nutrition is still not very well known evidence of a linear 
relationship between B and artemisinin content has been reported (Zhang et al., 2004; Yekuan et al, 2010). Contrary to 
the levels being very low in the top-soil, those in the in-depth soil are described as being very high. The explanation 
may not be deduced from this study but could be attributed to leaching (Khudsar et al., 2004; Zhang et al., 2004; 
Yekuan et al, 2010; Aftab et al, 2010). 
 
The concentration of NH4

+ ions in the top and in-depth soil was found to range between 0.11-0.19 ȝJ�PO�DQG�0.01-0.23 
ȝJ�PO respectively (table 2). Generally, the concentration of NH4

+ ions in the top soil was higher than that in soils at in-
depth. There were significance differences in the levels of NH4

+ ions in the soil across the regions and also between 
depths for soils in Kajulu, Nyakach and Asembo (p<0.05).  The levels found in both top-soil and in-depth are described 
as sufficient since NH4

+ is tolerated by plants in small amounts, and can be toxic at higher levels (Liu et al., 2003).  
 
There was no specific pattern on the concentrations of NO3

- ions in the soils. A range of 0.31-1.45 ȝJ�J�DQG�����-1.15 
ȝJ�J� ZDV� IRXQG� IRU� WRS� DQG� LQ-depth soils respectively. These were found to differ significant across the regions 
although between depths only soils from Maseno showed significant differences (p<0.05). NO3

- ions however are not 
toxic and they have been associated with increased artemisinin production (Liu et al., 2003). The ratio of NO3

- : NH4
+ 

was high and would therefore lead to an increase in artemisinin content (Liu et al., 2003; Wang and Tan, 2002).  
 
Artemisinin in leaves of A. annua cultivars 
The mean content of artemisinin in leaves of A. annua from Kajulu, Maseno, Ingidi, Nyakach and Asembo are given in 
table 3. 
 
Table 3: Mean percent content (DM) of artemisinin in leaves of A3 cultivars in five regions of Western Kenya 

Region Cultivar  
%DW (Mean±SD, n=3)  

Wildings 
%DW (Mean±SD, n=3)  

p-values 

Kajulu 0.27±0.01b  0.25±0.00b  0.116 
Maseno 0.04±0.00a 0.25±0.00b <0.001 
Ingidi 0.46±0.02c  0.08±0.01a  <0.001 
Nyakach 0.88±0.02d  0.90±0.03c  0.370 
Asembo 0.04±0.00a  0.12±0.02d 0.003 
p-values <0.001 <0.001  
Same small letters within the same column are not significantly different (p>0.05, SNK test).  
 
Artemisinin in leaves of the A3 clone cultivars ranged between 0.04-0.88% DM. There were significant differences 
between the levels of artemisin between the cultivars and the wildings at maseno and Ingidi (p<0.05). However, 
between the regions, the leaves diffred significantly in their artemisin levels (p<0.05). This can be attributed to 
differences in soil nutrient composition of Zn, B, NH4

+ and NO3
- (Wang and Tan, 2002). Except in Nyakach, the leaves 

from the other four regions studied contained levels that were lower than the commercially viable levels of artemisinin, 
being above 0.6% DW (EABL, 2005; Abdin et al., 2003). In our unpublished work, flowers had abundant artemisinin 
as would be expected since there is strong evidence that artemisinin is produced in the glandular trichomes which are 
found in flowers (Covello, 2008).  
 
Artemisinin levels had negative correlation with the levels of nutrients in the soils (r>-0.800). While these findings 
agree with some previous studies, others have reported positive correlation of artemisinin with soil nutrients (Khudsar et 
al., 2004; Zhang et al., 2004; Yekuan et al. 2010; Aftab et al., 2010). For NH4

+ and NO3
-, the correlation was found to 

be positive with artemisinin levels (r>0.800) in the top-soil. 
 
CONCLUSIONS 
The levels of artemisinin in leaves of A. annua grown in Western region of Kenya can be improved if nutrient levels are 
well managed. These findings showcase the need to expand cultivation of A. annua in Western Kenya and consequently 
production of artemisinin from flowers of A. annua in this region.  
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THE DIDACTIC ENGINEERING OF THE FOREIGN LANGUAGES FOR 
THE NON LINGUISTIC DISCIPLINES - NLD- AT THE UNIVERSITY. 
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Abstract: In the era of spectacular development of the internationalization and the globalization, 
the mobility of individuals and the requirements of the employment’s market have given rise to 
specific and pressing needs of formation in foreign languages. This need for training is widely felt 
at the university level: a meeting place for all linguistic disciplines and non linguistic disciplines. 
In such situation, a foreign language teaching, which is concretized into a functional design to 
develop a training system that would allow cross between different specific disciplines and 
teaching of foreign languages, is the best device which can answer the pressing needs of training 
with objectives modelled according to the diversity of the specific public who have precise needs, 
and also according to a pattern and a precise calendar of training. Furthermore, at the level of 
the NLD at the university, it is not question of having an absolute competence, a total control or 
a perfect literary culture of the foreign language but to have communicative skills to meet the 
needs of one's activity sector either academic professional or social. Such a conception of foreign 
languages teaching which means the conception of a training system which takes into account 
several factors such as: the demand / offer of the formation, the trainees / trainers (language 
needs, discourse analysis, teachers of foreign languages, designers of the Language curriculum for 
Special Purpose) and specifications. Therefore, a didactic engineering for teaching foreign 
languages is required in order to articulate all the parameters necessary for teaching foreign 
languages for special purposes. The present article attempts to highlight the synergy between all 
the elements which are implemented in a didactic engineering design to achieve a language 
teaching for special purpose. 
 
 
Keywords: didactic engineering, language for Special purpose, language needs, discourse 
analysis, curriculum, NLD. 

 

Introduction: 

Throughout the time and the multiple didactic and pedagogical works, the general orientation of the teaching / learning 

of the foreign languages have passed from teaching a foreign language as the object of study aiming to developing the 

general culture competencies as well as the literary competencies or skills to the teaching of the language as a system of 

communication and an instrument of learning aiming at developing the learner’s communicative skills. 

Indeed, in foreign languages, due to the sociolinguistic, didactic, pedagogical, political, economic reality, etc. which the 

field of education actually imposes, it is a question of having an absolute competence, a total control or a perfect literary 

culture of the foreign language but to have a variety of communicative competencies: just what it is necessary of the 

linguistic tool in order to meet the needs of its activity sector either it is academic (for the learners in a school or 

university system), professional (for the linguistic requirements of the activity sector) or socials (for the insertion). 

Besides, owing to the didactic orientations which recommend the communicative approach in teaching foreign 

languages, the general objectives of such a teaching are actually directed towards the communicative approach rather to 

the linguistic or the literary approaches.  Moreover, " nobody today aims at having a global capacity to communicate in 

foreign language or to master the language as a ‘’native person’’, (a fantasy which was never true but still exists in the 

minds of many of teachers and authors of textbooks (manuals)). " (DROUERE & PORCHER, on 2002, p. 7). The 

language doesn’t become an end no more, but a means to operate in a specific activity sector. 

Let us say that in the era of vertiginous development of the internationalization, the globalization of the rapid 

consumption, the mobility of the individuals and the requirements of the employment markets made special needs of 
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training appear in foreign languages. This teaching of foreign languages for specific public and precise objectives, 

according to fields of activity, can’t be realized only within the framework of an engineering didactic which has as a 

final objective or purpose to elaborate a system of training which would allow the transversality between the different 

disciplines of speciality and teaching the foreign languages.  

This prospect would really be the best device which can answer the urgent needs of training with objectives 

modeled according to the diversity of the specific public which has precise needs, and also according to a pattern and a 

precise calendar. Consequently, the engineering didactic of the foreign languages became the major component of a 

synergy between the demand of training and the offer of training too. This demand of training is widely felt at the 

university level: a meeting place of all the linguistic and non linguistic disciplines.  

 So providing the diversity of disciplines and the specificity of the needs training in the university 

environment, the elaboration of a Curriculum which takes into account all the parameters necessary in such a didactic 

engineering, becomes primordial.  

 The present article tries to clarify the synergy that exists between all the elements which are implemented 

in a didactic engineering in order to conceive a language teaching on specific objectives for the Non Linguistic 

Disciplines (DNL) at the university.  

At this level, it would be interesting to bend over the ins and outs of such a device of a didactic engineering by 

considering, notions such as: the demand / offer of training, the trainees and trainers (language needs, discourse 

analysis, the teachers of foreign languages, the designers of curricula in languages on specials objectives) and 

specifications; so as to put into account their degree of complexity and functional teaching of foreign languages, some 

of these notions overlap, are linked or articulate with the others.  

The protagonists of training in language for special purpose   

 Besides the political, institutional, economic implications even ideological which underlie any foreign 

languages teaching and which are felt much more in such a functional teaching of the foreign languages; we shall 

interfere only at the level of the methodological implications which govern the didactic engineering of the foreign 

languages. 

The didactic device in language for special purpose corresponds globally to any device of teaching / learning. So, we 

can trace the situation of training in language for special purpose on a simple didactic situation which implies various 

agents whom we shall call in our article "protagonists" who are dependent some of the others on each others.  

Any didactic situation puts in relation:  

 

- a learner (s): we opt for the name " the trainees", given that the didactic device in language on specific objectives 

can come true in an institution or outside, with professionals or students, etc. 

-  a teacher (s): we opt in this article for the naming " the trainers ", due to the capacity of conception and adaptation 

of the syllabus which the teacher of the languages should have on specific objectives.  
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- And knowledge: we represent it under the title of "didactic engineering in foreign language ". It is especially about 

syllabus or curricula conceived à la carte to answer precise demands according to specific public.  

We present this triangular relation so: 

Didactic engineering in foreign language 

                                                                  

 

                                                                Synergie entre les 

                                                                        éléments         

                  Trainee (s)                                                                                    Trainer (s) 

             

Plan of the didactic engineering of the languages for special purpose 

 

The didactic triangle above represents by no means the subdivision between the various protagonists of the training but 

reflects or shows much more the complex, complementary and synergic relation between these elements. 

We suggest bending over these relations which govern any device of languages teaching on specific objectives 

to lighten the interdependence between the elementary components in a functional dimension of the foreign languages 

teaching in the Non Linguistic Disciplines.  

To try to clarify the notion about the didactic engineering of the foreign languages for the NLD, it is advisable to 

approach, first of all, the imperatives of the design of curricula in languages for special purpose and what they imply, 

the parameters which determine the situation of the trainees in the second place, and lastly the trainers and their profile 

(s).  

We shall expose at first the notion of language for special purpose; then, the device of languages teaching on specific 

objectives according to the various naming in the didactic field (the elaboration of syllabus, the engineering of the 

training, the curricula); we shall make, besides, a survey of the notions of "trainees’’ and of "trainer" in an optics of 

foreign languages teaching for the NLD. 

The notion of language for special purpose: 

To approach the foreign languages teaching to specific public on Non Linguistic Disciplines, brings us to 

evoke many expressions met in the didactic field such as, among others: scientific language and technique, language for 

speciality, instrumental language or functional language, language for special purpose, language for specialized public, 

professional language, language for the Non Linguistic Disciplines (NLD) and at present language for University 

purpose. 
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Nevertheless, all these names reflect the orientation towards the functional character of the foreign languages teaching. 

This teaching is diversified due to the diversity and the multitude of the specific languages according to domains, due to 

the diversity of the concerned public and also due to the diversity of the used methods.  

Denis LEHMAN asserts that these expressions differed according to their angles of perception of the foreign 

languages teaching: as they describe this domain by means of the public of learners or by that of the programs to be 

taught.  

Besides, it is certain that all these expressions have the same principle which is: the consideration of the learner with all 

that he conveys; and all on the same end (purpose) converge which is: teach the foreign languages to specific public to 

provide them with a language which could be of use to them in their fields of activity or their activity sector. 

To conclude, this foreign languages teaching enters within the framework of the didactic engineering of the foreign 

languages where all the process of teaching is conveys with reality.  

In this optics, given that this conception has for objective a functional teaching of the foreign languages, it is thus 

advisable to hear (introduce) the term "function" in a double meaning. In the "utilitarian" meaning: this teaching has as 

a purpose of increasing the linguistic skills of the trainees so that they can assume the linguistic requirements of their 

fields of activity according to their speciality; then in the "mathematical" meaning: where the foreign languages 

teaching is dependent of specialized public, Of the demand for training, the trainers and the pattern of training. 

Syllabus, Curriculum and Engineering of the training 

At the university, the difference between the mother tongue, that vehicular of the knowledge and that specific 

in the domain of study and activity generates a problematic situation which is felt at various levels:  

- At the level of the student (learner) who sees itself put, by the requirements of his(her) university or long-

term education by the professional requirements, in the necessity of learning a language of speciality which 

was never a part of his previous training or to learn in a Non Linguistic Disciplines in foreign language. 

- At the level of the teachers of the NLD. 

-  And at the level of the methodological choices in a process of a foreign languages teaching of speciality to 

make acquire to the learners of the interdisciplinary skills which would allow them to answer the linguistic 

needs of their university training. 

It is essential in that case, to think of successful didactic strategies which would allow a better acquisition of the 

linguistic requirement of the students, the requirements of the university education and the imperatives of the market of 

the employment.  

Therefore, all the researches in didactics agree that the didactic engineering of the foreign languages should be based on 

an approach essentially on the analysis of needs and analysis of the university discourse. Several didacticiens bent over 

the elaboration of these achievements as they base themselves on the art to conceive such devices by speaking about 

engineering of the training (ROLLE-BOUMLIC, on 2006) either on bases in didactics of the foreign languages by 

speaking about elaboration of courses (MANGIANTE and PARPETTE, on 2004), or still on the program itself by 

speaking about Curriculum (LEHMAN, on 1993). 
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We suggest exposing two examples of conception of the trainings foreign language for the NLD: 

1-  The approach of the engineering of the training (ROLLE-BOUMLIC, on 2006) 

This approach articulates in a system of training which should result in the conception of a program of teaching 

concerning every domain. This program consists in building a successful device which would accelerate the acquisition 

of the language by university students and the linguistic needs of speciality in which it is committed. This approach 

suggests being a bridge between the acquisition and linguistic needs or requirements of the university students. It can be 

realized in there mains stages:  

A) - the first one is a stage of Audit. It consists in including the situation, in establishing the deficit of the skills 

and in determining the objectives of training. At this stage, it is a question, on one hand of studding the public-targets to 

define ‘’their acquired profile (s) of skill "; and on the other hand of analyzing the linguistic requirements of the 

university education, to establish " the required profile (s) of skill ". This allows to determine " the need (s) of training " 

which express the distance which exists between the acquired profile (s) of skills and the required profile (s) of skill. 

Indeed, the Audit is a type of investigation consisting in comparing, thanks to relevant indicators, a real situation with 

an unreal situation (the reference table) and in highlighting distances (the deficit of the skills). It has for objective to 

make an operating decision as for the priorities of the training (the objectives of training).  

B-) The second is a stage of pedagogical Engineering of the training. It consists in building a successful 

device (training plan, educational objectives, modulate) and to implement training initiatives. At this stage are 

established, on the basis of the needs of training, " the objectives of  training (s) " (which are only the deficits of the 

skills previously determined) which will be translated " an specific pedagogical objectives " relative to every sector and 

to every group of students.  

C) - the third and last stage is the one of a modality of triple Evaluation (formative, summative and functional) which 

consists in following, in checking and in analyzing the educational action throughout the training and after the training. 

Indeed, given that this training is in a frame of the engineering which underlies an incidental adaptation of curricula, the 

evaluation should be true certainly realized at the level of the leanings (formative assessment during the training, 

summative at the end and functional after) but also at the level of Curricula (their relevance, their efficiency, their 

coherence, etc.) 

2-  Elaboration of foreign language syllabus for special purpose Chantal PARPETTE 

The constitution of a language of speciality is a process articulated in 5 stages which leads to an application for 

training, generally institutional, from which is elaborated an analysis of needs. This analysis was made; the designer 

begins a collection of data from which he will build his linguistic training program. These authentic data must be then 

analyzed and treated to become supports of teaching which will give birth to the class activities. 

In summary, all the steps in the conception of the programs of language for special purpose base themselves on 

the knowledge of the linguistic needs and the training of public-target as beginnings of any educational approach. The 

question which arises would be in what perception would it be necessary to take analyses of the linguistic needs and are 

they enough as the only criterion of elaboration of curricula? 

The profile and the place of the trainer in foreign languages for the NLD 
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One of the main actors of the training in language for special purpose is the teacher. Nevertheless, in this 

perspective, the role of the teacher is widely modified: of a teacher of language who acts didactically according to a 

program and curricula pre-established by the systems of teaching, he becomes a content creator by training in an 

unknown domain (NLD), according to objectives of training that he should determine on the basis of the linguistic 

needs that he should be able to analyze. This trainer should enjoy not only the capacity of conception of curricula in 

language for special purpose but also that of their adaptation according to the diversity of the public and the variety of 

needs within the same public.  

" The notion of adaptation is at the heart of the problem of French on specific objective. 

And this adaptation is two orders. It is at first structural, essential programs of FOS as far 

as these define themselves by the answer to a precise and short-term need, of linguistic 

training. It is on the other hand cyclical because of the diversity of the contexts of 

implementation, as long on the institutional plan, that geographical, human or material. 

And, however paradoxical it could appear, that’s because the approach is very precise that 

the adaptation is permanent. "  

In this optics, would not it too much be asked to a teacher who was upstream formed to realize operational 

objectives of language skill prescribed beforehand by the educational institution? 

 For F MOURLHON DALLIES, " the skill which the teacher of foreign language has to develop is above all 

of methodological and didactic order, because it is a question of producing exercises and activities varied, articulated in 

sharp training programs, to prepare for the practice - in foreign language of the considered occupations. ". However, 

such a skill should be acquired by the teacher of language within a special training and scheduled upstream without 

which no teacher of French language could claim to be able to adapt his knowledge in language and his educational 

skills to a non linguistic discipline.  

Conclusion 

By way of conclusion, due to the various elements which interfere in the languages teaching on specific 

objectives, due to the complexity of the relations which they maintain and also due to the reality of the teaching which 

is imperative, we present three axes of reflection as for the opérationalisation of the didactic engineering of the foreign 

languages for the NLD. These reflections articulate around challenges to operate between the components of such a 

design of the training in foreign languages. 

¾ Training and institution: problem of the application for training and problem of the mobilized means. 

¾  At the level of the trainees :  

o  The relevance of the choice of the bars of analysis and evaluation. 

o  Needs in usual language and needs in special language. 

o  The cultural component. 

¾  At the level of the trainers:  

o  The passage of a teacher of foreign language to a designer of curriculum.  
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o  The intervention of the specialists of the disciplines in the conception of curricula.  

o  The collaboration with these specialists. 

¾  The notion of time and responsibilities: the training in Language for Special Purpose suggests being 

fast and successful.  
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Abstract: Environmental stresses like salinity and wounding are very harmful to plants and 
cause major economical losses especially if the plant is a major crop like bean. Exposure of 
plants to those types of stresses cause the production of reactive oxygen species which in turn 
damage the plant cellular system. To reverse this lethal effect, plants have developed a 
counter attack mechanism to adjust the oxygen level in the cells through anti-oxidant 
enzymes, a process known as oxygen scavenging. In this research, experiments have been 
conducted to investigate the relation between the type and magnitude of the stress, together 
with the timeline of bean yellow mosaic virus (BYMV) inoculation and the level of anti-
oxidant enzymes if any, and the resistance to the virus infection. Salinity and mechanical 
wounding were used on the bean plants as types of the stress, three types of salinity 
concentrations and two types of mechanical wounding were used, and then the leaves of the 
stressed plants were inoculated with the virus immediately, after 6 hours, 1 and 3 days to 
study the systemic effect of the stress on signaling any antioxidant enzymes on those time 
intervals, and in one and two weeks as well to determine the state of the enzyme in the plant. 
The enzymes assayed were catalase (CAT), glutathione reductase (GR), superoxide 
dismutase (SOD), and guaiacol-specific peroxidase (POX). Results revealed that there is a 
correlation between the stress and the level of the enzymes in the plant. These enzymes seem 
to trigger the induced resistance in the bean plants to the BYMV. 
 
Keywords: Abiotic stress, antioxidant, ROS, oxygen scavenging, antiviral  

 
Introduction 

Due to its low cost, and being a very rich source of protein, V.faba or broad beans is a very important crop for 
humans and animals as well. It was also reported that V.faba has a big role in biological fixation of aerial nitrogen 
(Jelenic et al, 2000). 

BYMV, on the other hand, is a wide host range virus that infects V.faba systemically, and although the virus 
does not really kill the plant it can spread very fast in the crop leading to a great economical loss (Checng et al, 
2002).  

Stresses are the negative impacts of pathogens, environment, and other species on plants and they represent 
major restrictions in crop agriculture. Flowers and Yeo stated that 50% of the crop land in the world is salt stressed 
(Flowers and Yeo, 1995). A stress can be biotic where fungi, bacteria, virus or an insect can harm a plant in some 
way. It can also be abiotic, where the harm can be caused by unavoidable factors like salinity, heat, mechanical 
wounding, intense sunlight, heavy rain, drought, and wind. Abiotic stresses can be even more harmful when 
combined together (Mittler, 2006). 

Environmental stresses can however, induce plant resistance against pathogens (Babosha, 2008). Barley has 
been reported to have an induced resistance against pathogens when stressed abioticaly (Wiese et al., 2004). It had 
been reported as well that heat shock could help induce cross adaptation to many environmental challenges in 
maize (Ming et al., 2004).  

The Prime_A_Plant Group et al., studied the state of plant priming, which is a state induced in the plant when 
it gets attacked by insects, pathogens or when it gets subjected to abiotic stress. The group reported that this primed 
state of the plant activates the defense responses of the plant more quickly and strongly than the usual (Prime-A-
Plant Group et al., 2006).       

To better understand how stress can induce resistance in the plant against pathogens attacks, the metabolism 
inside the stressed plant should be understood. Consider salinity as an example of a stress, as the salt increases in 
the soil the level of water decreases and consequently the ion uptake increases and reactive oxygen species 
increase. This abnormal generation of reactive oxygen species is the main reason of oxidative damage to the lipids, 
proteins and nucleic acids of the plant cells (Noctor and Foyer, 1998, and Mittler, 2002). There are however, a 
series of enzymatic systems that developed in plants to revert the effect of the reactive oxygen species and conduct 
an oxygen scavenging process (Sairam and Tyagi, 2004). On the other hand, when a localized injury happens to a 
plant leaf by a herbivore, an insect or a mechanical wounding, the injury activates local and systemic responses 
include metabolic changes and a disorder in the damaged tissues cell structure associated with the drastic loss of 
water, and consequently increasing the level of the ROS in the plant, which activates the defense mechanisms 
systemically in the whole plant via complex wound signals (Pearce et al., 1991).  

The way this oxygen scavenging works is like this: the plant gets exposed to a stress, at some point stress result 
in an increased level of ROS. The successive reduction of molecular oxygen to H2O yields the intermediate 
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radicals O2
.-, HO. and H2O2 which are toxic. Now the elevation in the level of ROS triggers the production of 

antioxidant enzymes that naturalize the reactive bad radicals to produce more stable harmless compounds. This 
process is using multiple enzymes including GR, CAT, POX, and SOD.   

Now, the question is, “can those detoxification enzymes used in the process of oxygen scavenging, be the 
reason of enhancing the plant induced resistance against pathogens?”. It was reported that doubling the glutathione 
in transgenic tobacco plants caused the seedlings to grow faster than the ordinary plants (Roxas et al., 1995), and 
that mechanical wounding of sunflower plants triggered the accumulation of the S-nitrosothiols which constitutes a 
signal of the detoxification process in the plant (Mounira et al., 2011). SOD was also names as the first line of 
antioxidant defense because it can remove the superoxide anion produced during the bio-oxidation process (Bowler 
et al., 1992).  

In this paper, the vicia faba plants will be subjected to either salinity or mechanical wounding stress and then 
the stressed plant will be examined using the bioassay against the BYMV. For those plants showing resistance 
against the virus further experiments will take place to determine the level of detoxification enzymes developed in 
those plants and compare it with the corresponding levels in non stressed plants to determine the protective role of 
antioxidants expressed due to stress and the acquired resistance of the plant against the BYMV.  

 
Materials and Methods 
Plant Material 

Seeds of V.faba (L) were surface disinfected with solution of mercuric chloride (0.1%) for 30 sec, and were 
washed immediately and germinated in pots containing vermiculite. Plants grown for 30 days under constant 
environmental conditions (23°C day : 18°C night) and were watered twice a week. 

 
Virus inoculum 

BYMV inoculum was obtained from infected Vicia faba leaves ground using a pestle and mortar with a little 
acid washed sand and distilled water (1:2 w/v). The bulk of the leaf debris and sand was removed by squeezing the 
pulp through three layers of muslin. The extract was centrifuged at 4,000 xg for 15 min, and the supernatant 
decanted and kept at room temperature over night to precipitate any proteinaceous virus inhibitor presented in the 
leaf sap. The supernatant was clarified by further centrifugation at 3,000 xg for 15 min. For each one of the abiotic 
stress treatments an exact replica of the plant was prepared for the viral bioassay after the treatment.  

 
Abiotic stress  

Different treatments according to the type of abiotic stress were applied on the bean plants. After each 
treatment and according to the corresponding time course the control leaves as well as the treated leaves were 
inoculated with BYMV according to the method below.   
 
Salt stress 

Bean plants were subjected to salinity stress by watering the base by 100, 200, and 300 mM NaCl.     
 
Mechanical wounding 

Leaves were wounded using a plastic brush having two rows. Some leaves were punctured with around 200 
punctures and some were punctured with around 600 punctures. 

 
Plant viral bioassay 

Designated primary leaves of fourteen days old bean plants were inoculated with BYMV. Inoculation was 
done under green house conditions at 25 ± 5 qC, by dusting virus inoculum with Carborandum (600 mesh). Ten 
replicates were made for each virus inoculation. 

The antiviral bioassay was done on the test plants with same height, and age. For each treatment, ten replicates 
of equal size were used. For controls, test plant leaves were treated directly with the virus inoculum without prior 
treatment of salinity or mechanical wounding of the adjacent leaves. After 0, 6 hours, 1 and 3 days of the stress, the 
designated leaves were sprinkled very lightly with 600mesh carborundum powder and inoculated gently and 
uniformly with virus inoculum. After inoculation, leaves were washed with distilled water. Plants were observed 
for the development of mosaic symptoms after 15 days. The inhibitory activity of the BYMV symptoms on bean 
plants due to stress was calculated according to the ratio between obviously infected plants (showing systemic 
symptoms) to the total inoculated plants.       

 
SDS-polyacrylamide gel electrophoresis 
Discontinuous SDS-PAGE was carried out in 12% separating gel with a 5% stacking gel according to Laemmli 
(1970). The proteins were visualized by staining with 0.1% Coomassie brilliant blue R-250. 
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Chemicals 
 All chemicals used in the assay of enzymes were purchased from Sigma Aldrich. 
   
Extraction of enzymes and antioxidants 

Bean leaves were homogenized with 100 mM sodium phosphate buffer (pH 7.5) containing 1 mM EDTA, and 
5 mM -mercaptoethanol. The homogenate was filtered through four layers of cheese cloth, centrifuged at 45,000Xg 
for 20 min. The supernatant was used as source of enzymes, antioxidants, and other components. All the steps in 
the preparation of the enzyme extract were carried out between 0 to 4°C.   

 
Assay of enzymes 
 CAT activity was determined by measuring the rate of disappearance of H2O2 following the procedure of 
Dhindsa et al, (1981). 0.5g of leaf sample was homogenized in 5mL of 50mM potassium phosphate buffer pH=7 
and 1% PVP. Homogenized samples were centrifuged at 4°C for 10mins at 15000g. An aliquot of 1mL of the 
supernatant of the enzyme extract was added to the reaction mixture containing 1 mL of 1.5 M H2O2 and 3mL of 
50 mM potassium phosphate buffer pH=7. Decrease in H2O2 is followed as decline 240 nm during 30 sec. 

The activity of GR, on the other hand was assayed in 2 mL of 100 mM TRIS-HCl buffer (pH=7.2) containing 
0.2 mM NADPH, 5mM glutathione disulphide (GSSG) and 100 µL of plant extract (Anderson, 1996). The change 
in absorbance at 340 nm was recorded at 25°C in a spectrophotometer. Enzyme activity was based on the oxidation 
rate of NADPH using an extinction coefficient of 6.2 mM-1cm-1.  
 POX activity was measured by monitoring the formation of tetra guaiacol at 470 nm, using H2O2 as substrate 
(Chance and Machly, 1955). One unit of peroxidase is defined as the amount of enzyme that caused the formation 
of 1 mM of tetra-guaiacol per minute.  

Finally, SOD was extracted in 50 mM potassium phosphate buffer (pH 7.8), 0.1 mM EDTA, 0.1% Triton X-
100 and 1% (w/v) soluble polyvinylpyrrolidone (PVP-10), and its activity was determined by the ferric cytochrome 
c method.  
 
Statistical analysis 
 All data in the tables below are the means of at least ten values. Minitab statistics software was used to 
compare the mean values together. Analysis of variance (ANOVA) was used and the mean values were compared 
using lowest standard deviation test with P<0.05 for significant difference.  
 
Results and Discussion 

 Induction of resistance as a result of salt stress 
The roots of Vicia faba plants of about 14 days of age were watered with 100, 200, and 300 mM NaCl and the 

primary leaves of each of the stressed plants were inoculated with BYMV after 0, 6, 24, and 72 hours of the 
watering.  Results in table 1 and figure 1 below, show that exposing the roots of the Bean plants to the different salt 
concentrations did not affect the response of the plant to the virus inoculation or induce any kind of resistance when 
it is conducted immediately after salinity stress. After six hours though, the plant started to show up a peak of 
resistance to the virus for all concentrations. This resistance increased with the increase of concentration. This 
induced resistance decreased from six hours to a day and sort of stabilized afterwards till three days. These results 
come in accordance with those reported by Lu et al., (2003), stating that salinity treatment increased the resistance 
of Suaeda salsa against heat stress, and that this resistance increases with the salinity concentration up to 400mM 
NaCl.   

        
Table 1:  Percent inhibition of salt stressed Vicia faba plants to BYMV varying by time of inoculation after the 
salinity stress, and concentration of the salt stress  

Time of inoculation after the stress in hours 0 6 24 72 
% Inhibition at 100mM salt stress 10±0 60±1.1 50±2 50±0.1 
% Inhibition at 200mM salt stress 10±0 80±0.7 60±0.7 60±1.3 
% Inhibition at 300mM salt stress 10±0 80±0.9 70±0.8 60±0.9 
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Figure 1: Percent inhibition of salt stressed Vicia faba plants to BYMV varying by concentration of the salt stress 
and timeline of virus inoculation after the stress. 
 
Induction of resistance as a result of leaves mechanical wounding  

The designated leaves of bean plants of about 14 days of age were wounded using a plastic brush having two 
rows. Leaves were punctured with 200, and 600 punctures. After 0, 6, 24, and 72 hours of leaves damage the 
adjacent leaves were inoculated with BYMV.  Results in table 2 and figure 2 below, show that damaging the leaves 
and inoculating the adjacent ones immediately did not induce any resistance in the plant at all. Some resistance 
though, started to show up systemically, after 6 hours of leaves damage. This induced resistance persisted after one 
day of inoculation and started to decay on three days. Those results suggest that, damaging the leaves of the Vicia 
faba plants did not induce the resistance until after 6 hours and showing a peak of resistance induction between 6 
and 24 hours.  

These results agree with those of Francia et al., (2007) who reported that wounding can induce resistance to 
pathogens with different lifestyles in tomato. Also, Li et al., (2009) discovered a novel Wall-associated protein 
kinas (WAK) gene induced in rice after mechanical wounding; this gene was proven to play an important role in 
plant defense. It was also reported by Ito et al., (2002), that cell death and wounding in tobacco plant induced a 
receptor-like protein kinase gene, which agrees with the results shown here.        

  
Table 2:  Percent inhibition of the leaves adjacent to mechanically wounded leaves of Vicia faba plants to BYMV 
varying by time of inoculation after the damage, and the magnitude of the damage    

Time of inoculation after the stress in hours 0 6 24 72 
% Inhibition at 200 punctures 10±0 30±0.3 25±1.1 10±0.6 
% Inhibition at 600 punctures 10±0 35±0.6 30±0.3 20±1.5 

 

         
Figure 2: Percent inhibition of the leaves adjacent to mechanically wounded leaves of Vicia faba plants to BYMV 
varying by hours of inoculation after the damage, and the magnitude of the damage  

 
Effect of stress on the total protein in the V.faba plants  
 In order to gain more understanding on what happened inside the V.faba plants to induce the resistance to the 
BYMV as noticed above, SDS-PAGE was carried over to get an insight on the proteins inside the plant and to see if 
there undergo any change with the different timeline and magnitude of the stress. 
 Results in figure 3, and figure 4 below and based on the denseometric scanning of protein patterns for the 
different stress magnitude and timeline (data now shown), show that there was some variation in the number of 
separated bands and the concentration of protein in each particular band. This variation depends on the type, magnitude 
of the stress and the timeline.    
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Figure 3: The SDS-PAGE of  salt stressed V.faba plants varying by concentration of salt and time after the stress  

 
Figure 4: The SDS-PAGE of  wounding stressed V.faba plants varying by magnitude of the wounding and time 
after the stress  
 
Assay of antioxidant enzymes 

GR, CAT, POX, and SOD were assayed in the leaves of the stressed, non-infected bean plants, at 0h, 6h, 1d, 
3d, 1w, and 2w, where h stands for hour, d stands for day, and w stands for week. The reason the assay of the enzymes 
was conducted on non-infected plants is that the virus itself is a biotic stress to the plant and might as well increase the 
level of antioxidant enzymes and in this case the assay conducted will not be objective and cannot judge for sure if the 
environmental stresses used generated any enzymes or not. For every assay in the stressed plant another assay has been 
done for the same enzyme in the non-stressed plant having exactly the same conditions to serve as a control. Results are 
shown in tables 3 to10 and figures 5 to 12 below. Results in tables and figures 5 to 8 show that there is almost no 
change in the enzymes level when measured at the time of the stress, and that there is a very noticeable elevation in the 
level of the four enzymes for all concentrations, comparing to the control started after six hours of the salt stress, that is 
in case of 100mM salt stress, 1800 for GR, 1100 for CAT, 1700 for POX, and 530 for SOD (all in IU/g tissue). This 
elevation was stable till after one day of stress, showing 1650 for GR, 820 for CAT, 1550 for POX, and 500 for SOD, 
and started to decay suddenly starting at the third day of the stress in case of GR showing 850, and POX showing 800. 
In case of CAT, and SOD, on the other hand, enzymes levels were 700 for CAT, and 320 for SOD, and there was a 
steady decay till the second week after the salt stress. Results for the 200mM, and 300mM, were similar to that of 
100mM with the exception of the enzyme levels were higher in higher stress concentrations. Comparing with the result 
of the viral bioassay of the salt stressed plants in table 1, it can be concluded that the enzymes level elevation in the salt 
stressed plants implied the induced resistance inside the plant till the first day after the stress. At the third day however, 
the levels of the enzymes showed dramatic decay and this decay was not accompanied with a similar decay in the 
resistance induced in the plant against the BYMV, which implies that maybe those enzymes elevation in the plant 
triggered the systemic acquired resistance (SAR) of the plant against the virus and then enzymes started to decay to the 
normal level, but the resistance persisted in the plant. Those results come in accordance with those reported by Lu et al., 
(2003) 

For mechanical wounding on the other hand, for 200 punctures stress, GR gave a measurement of 900 IU/g 
tissue after six hours of wounding, while CAT gave 930, 900 for POX, and finally 500 for SOD, showing an elevation 
in the level of the all enzymes but much less than their corresponding value in the salt stress. These values persisted till 
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the first day after the stress showing 950 for GR, 750 for CAT, 950 for POX and finally 410 for SOD. Those values 
started to drop after he first day dramatically to almost back to normal level after two weeks of stress.  

Results showed that the elevation of the enzymes in the mechanical wounding stress were much smaller than 
those in the case of salt stressed plants which can be perfectly correlated to the results of the virus resistance which gave 
better inhibition of the virus in case of salt stress than in the case of mechanical wounding. Results also showed that as 
the magnitude of the stress increases the enzymes levels increase and the SAR increases. Results agree with those 
reported by Prime-A-Plant_Group et al., (2006), and Francia et al., (2007). So, it can be concluded from these results 
that when the V.faba plants suffer salt and wounding stress and consequently suffer from an elevation in the level of 
ROS, the level of antioxidant enzymes increase. This increase triggers the systemic acquired resistance in the plant to 
fight pathogenic attacks like BYMV.    

         
Table 3:  GR enzymatic activity of the leaves of salt stressed Vicia faba plants, varying by time after the stress, and 
the concentrations of the stress    
Time 0h 6h 1d 3d 1w 2w 
Enzyme activity in 100mM salt stressed 
plant 

100±0.3 1800±2.0 1650±0.4 850±1.5 350±0.3 
 

120±0.5 

Enzyme activity in 200mM salt stressed 
plant 

110±0.3 1900±1.4 1600±0.6 870±1.1 400±0.2 100±2 

Enzyme activity in 300mM salt stressed 
plant 

100±0.2 1920±0.7 1700±1.5 900±1.2 420±0.2 150±0.5 

Enzyme activity in control plant 90±0 90±0 90±0 90±0 90±0 90±0 
 

     
Figure 5: GR enzymatic activity of the leaves of salt stressed Vicia faba plants, varying by time after the stress, 
and the concentrations of the stress 
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Table 4:  CAT enzymatic activity of the leaves of salt stressed Vicia faba plants, varying by time after the stress, and 
the concentrations of the salt stress    
Time 0h 6h 1d 3d 1w 2w 
Enzyme activity in 100mM salt stressed 
plant 

90±0.1 1100±1.3 820±0.6 700±0.4 230±0.7 115±0.1 

Enzyme activity in 200mM salt stressed 
plant 

110±1.1 1300±0.9 900±0.7 750±0.6 300±1.5 210±0.3 

Enzyme activity in 300mM salt stressed 
plant 

100±0.3 1500±0.4 1010±0.3 830±0.4 310±0.3 115±0.2 

Enzyme activity in control plant 80±0 80±0 80±0 80±0 80±0 80±0 

     
Figure 6: CAT enzymatic activity of the leaves of salt stressed Vicia faba plants, varying by time after the stress, and 
the concentrations of the salt stress 
 
Table 5:  POX enzymatic activity of the leaves of salt stressed Vicia faba plants, varying by time after the stress, and 
the concentrations of the stress    
Time 0h 6h 1d 3d 1w 2w 
Enzyme activity in 100mM salt stressed 
plant 

100±0.1 1700±1.2 1550±0.2 800±0.2 420±0.1 300±0.1 

Enzyme activity in 200mM salt stressed 
plant 

110±0.5 1750±0.3 1600±0.5 760±0.4 400±0.3 310±0.3 

Enzyme activity in 300mM salt stressed 
plant 

100±0.3 1900±0.3 1600±0.3 850±0.3 515±0.4 370±1.2 

Enzyme activity in control plant 95±0 95±0 95±0 95±0 95±0 95±0 
 

    
Figure 7: POX enzymatic activity of the leaves of salt stressed Vicia faba plants, varying by time after the stress, 
and the concentrations of the stress 

 
Table 6:  SOD enzymatic activity of the leaves of salt stressed Vicia faba plants, varying by time after the stress, 
and the concentrations of the salt stress    

Time 0h 6h 1d 3d 1w 2w 
Enzyme activity in 100mM salt stressed plant 50±0.1 530±0.1 500±1.2 320±0.1 150±0.1 75±0.1 
Enzyme activity in 200mM salt stressed plant 45±0.4 600±0.2 550±0.2 400±1.9 200±0.2 100±0.3 
Enzyme activity in 300mM salt stressed plant 75±1.2 730±0.1 700±0.4 600±01.3 230±0.4 80±0.1 
Enzyme activity in control plant 30±0 30±0 30±0 30±0 30±0 30±0 
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Figure 8: SOD enzymatic activity of the leaves of salt stressed Vicia faba plants, varying by time after the stress, and 
the concentrations of the salt stress 
 
Table 7:  GR enzymatic activity of the leaves adjacent to mechanically wounded leaves of Vicia faba plants, varying by 
time after the stress, and the magnitude of mechanical wounding    
Time 0h 6h 1d 3d 1w 2w 
Enzyme activity in 200 punctured  stressed 
plant 

120±0.1 900±0.2 950±0.3 320±0.2 200±0.1 100±0.2 

Enzyme activity in 600 punctured  stressed 
plant 

100±0.2 950±0.3 970±1.2 250±0.3 260±0.6 130±0.4 

Enzyme activity in control plant 90±0 90±0 90±0 90±0 90±0 90±0 
 

     
Figure 9: GR enzymatic activity of the leaves adjacent to mechanically wounded leaves of Vicia faba plants, 
varying by time after the stress, and the magnitude of mechanical wounding    
 
Table 8:  CAT enzymatic activity of the leaves adjacent to mechanically wounded leaves of Vicia faba plants, 
varying by time after the stress, and the magnitude of mechanical wounding          

Time 0h 6h 1d 3d 1w 2w 
Enzyme activity in 200 punctured  stressed 
plant 

90±0.1 930±0.1 750±0.3 200±0.7 150±0.7 110±0.3 

Enzyme activity in 600 punctured  stressed 
plant 

75±1.2 800±0.2 710±0.5 310±0.3 170±0.5 130+1.2 

Enzyme activity in control plant 80±0 80±0 80±0 80±0 80±0 80±0 
  

   
Figure 10: CAT enzymatic activity of the leaves adjacent to mechanically wounded leaves of Vicia faba plants, varying 
by time after the stress, and the magnitude of mechanical wounding    
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Table 9:  POX enzymatic activity of the leaves adjacent to mechanically wounded leaves of Vicia faba plants, varying 
by time after the stress, and the magnitude of mechanical wounding    
Time 0h 6h 1d 3d 1w 2w 
Enzyme activity in 200 punctured  stressed 
plant 

120±0.1 900±0.3 950±0.6 320±0.3 200±0.3 110±0.3 

Enzyme activity in 600 punctured  stressed 
plant 

100±0.3 950±0.2 970±0.5 250±0.7 220±1.1 120±0.2 

Enzyme activity in control plant 95±0 95±0 95±0 95±0 95±0 95±0 
 

     
Figure 11: POX enzymatic activity of the leaves adjacent to mechanically wounded leaves of Vicia faba plants, 
varying by time after the stress, and the magnitude of mechanical wounding    

 
Table 10: SOD enzymatic activity of the leaves adjacent to mechanically wounded leaves of Vicia faba plants, 
varying by time after the stress, and the magnitude of mechanical wounding    

Time 0h 6h 1d 3d 1w 2w 
Enzyme activity in 200 punctured  stressed plant 35±0.1 500±0.4 410±0.2 320±03 120±0.5 75±0.6 
Enzyme activity in 600 punctured  stressed plant 55±0.2 620±0.3 500±1.5 350±0.9 130±0.3 60±0.3 
Enzyme activity in control plant 30±0 30±0 30±0 30±0 30±0 30±0 
 

     
Figure 12: SOD enzymatic activity of the leaves adjacent to mechanically wounded leaves of Vicia faba plants, 
varying by time after the stress, and the magnitude of mechanical wounding    
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ABSTRACT: Not long ago, distance learning was considered to be irrelevant in English teaching due to 
some challenges and obstacles. But in the past few decades, thanks to rapid innovations in education 
technology, much has been changed. Distance learning has become one of the most important and inevitable 
touchstones of education, particularly of English teaching. Growing interest in distance learning presents new 
opportunities to both learners and teachers of English. That’s because English is the common interest of all 
cultures around the globe. In this study, the effectiveness of distance learning as supplement in English 
teaching was studied to find out its expected benefits in English teaching. During a given period of a time, 
students were tutored by the teacher and oriented from a web based interface for additional tasks. The aim 
here is both to provide a continuous progress and to move lesson from a closed area to an open environment 
where students can learn more effectively. In the end, it has been observed that distance learning environment 
has provided students not only a long term practicable knowledge but also a more comprehensive English 
acquisition. 

 

Key Words: Distance Learning, English, Language Acquisition, Practicable Knowledge, Promotive  

 

1. Introduction 

Distance learning, as a definition, is a need or a necessity for both teachers and learners apart from each other 
because of geographical, personal, sociological and economical reasons (Moore, 1973). The need for distance learning 
was first appeared due to distances between students and the schools, that is, teachers (Gore, 2000). Education through 
distance learning, like its counterpart – in class traditional education - has some specifications which differentiate it 
from other types of learning. To start with, there are three sub-categories that can be defined under distance learning 
are; the learner, the teacher and the communication method (Moore, 1973). Secondly, Web and internet based 
communication methods are used in order to provide both teachers and learners with an environment that is not limited 
with time, learning environment etc. Furthermore, when compared to classroom learning environment, distance learning 
tools are versatile, flexible and easy accessible environments through which every learner, including breastfeeding 
mothers, handicapped, disabled, housebound and imprisoned, can reach whenever and wherever they want. The 
distance learner, in contrast to any other student, can reach to his learning environment; get in touch with his classmates 
and teacher synchronous or asynchronous. So, the Internet has caused the biggest change in education ever since the 
advent of the first printed books roughly 500 hundreds years ago (Draves, 2000). Today, in over 90 countries, distance 
learning methods are being used in universities effectively (Gürüz, 2001).  

But; at this point, some problems reveal the necessity of traditional communication for the learners in terms of 
the supplementary details of the education (%R\DFÕ and Akbal, 2012). This phenomenon is particularly important in 
English learning. Since English is situational, and its skills (speaking, listening, reading, and writing) are collaborated 
with each other, the teaching method should include face to face communication in order to enhance the learning, 
provide a continuous and constant language acquisition. For example, the learner can learn the rules of grammar, can 
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memorize the vocabulary but he may not use them appropriately together. On the other hand, especially for foreign 
learners who learn English as a second language, phonetics of the vocabulary may be another problem. It may not be 
taught without real-time teaching profoundly. 

The challenge to all universities in 21st century is not to decide why they should have an online distance learning 
program, but to decide how to design, embed and adapt it into traditional education program. Since distance learning 
environments may not be adequate, when they are used alone; without traditional education programs. Because of these 
situations mentioned above, this study is aimed to explore the embedded use of distance learning as a promotive tool in 
traditional language education. Preparation for distance learning usually focuses on budget, prestige and personnel 
planning, not on cognitive and critical pedagogic issues (Bates, 2000; Berge & Smith, 2000). Distance learning is more 
than a learning or teaching method; it is a distinct and coherent field of education (Keegan, 1986), focused on new 
delivery methods and pedagogical philosophy. Administrators have tended to put narrow limits on ways to make 
technology effective while expecting broad outcomes (Hawkes & Cambre, 2000). Yet, the technological infrastructure 
should not be built without considering the academic and educational requirements of a distance learning program 
(Bates, 2000; Bunn, 2001; Gibbons & Wentworth, 2001). Many instructors do not want to change their style of 
instruction (Anderson & Middleton, 2002). Some teachers feel that interactive lectures, small group activities, or closed 
labs are the only way that a subject can be taught. Others have not yet adapted their lectures to the advances provided by 
technology such as PowerPoint presentations and multimedia demonstrations and do not want to change their teaching 
style. These beliefs and long-established practices will be changed as courses are moved online, requiring new ways of 
thinking about teaching and learning (Bates, 2000; Burgess, 1994).  This rapid evolution of knowledge requires 
innovative development in curriculum. (Trindade, Carmo, & Bidarra, 2000). Effective distance learning environment 
requires the instructor to not only have knowledge of the content area, but also to have interpersonal skills to 
communicate with their students online (White & Weight, 2000). Instructors will be assuming a broader role as 
planners, designers, guides, mentors, and facilitators and will no longer be seen as leaders and lecturers (Gillespie, 
1998; Young, 2002).   

2. Method  

The research is based on the type of qualitative research patterns, in accordance with the nature of the research, 
case study design was used."One or more states in their territory (environment, time, etc.) analyzing as a whole" 
(<ÕOGÕUÕP�YH�ùLPúHN����������) is expressed as a state. 

This study has been carried out in a college class. The learners have attended to The Department of Computer 
Programming (Distance Learning). The total number of the students was 22. The learners took part in the program 
during one year. The whole process of the education was completed over LMS, but the first week and final exams. 6 
weeks after the registration, the students had their first visa exams. And 13 weeks after the registration the final exam 
was applied. At regular intervals, the learners were given homework and assignments. The visa exam was done over the 
internet and the final exam was carried out at the faculty.  

3. Findings 

The findings obtained from the study are given below in accordance with the purpose of the study. 

3.1. Syllabus  

Table 1. The syllabus used in this program is given below: 

Week  Functions  Grammar  Topics  
1 Directions Adjectives: common and 

demonstrative 
Family life 

2 Describing habits and routines Adverbs of frequency Hobbies and pastimes 
3 Giving personal information Comparatives and superlatives Holidays 
4 Greetings Going to Leisure activities 
5 Telling the time How much/how many and very Shopping 
6 Understanding and using numbers common uncountable nouns Work and Jobs 
7 VISA EXAM VISA EXAM VISA EXAM 
8 Describing habits and routines Imperatives (+/-) Education 
9 Describing past experiences Intensifiers - very basic Hobbies and pastimes 

10 Describing people Modals: 
can/can’t/could/couldn’t 

Holidays 

11 Describing places Past simple of “to be” Leisure activities 
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12 Describing things Past Simple Shopping 
13 Obligation and necessity Possessive adjectives Work and jobs 
14 FINAL EXAM FINAL EXAM FINAL EXAM 

 
The program given here involves in one semester only (Fall Term). The syllabus was developed according to 

Common European Framework in English Language Teaching. Applying the CEFR to the teaching approach is an 
important competence for teachers, and for many teachers extra training, resources and support are needed to make this 
successful. The embedding of the CEFR in English Language Teaching has been a long process, so the adaptation to the 
curriculum is getting harder. 

 
3.1.1. Gender Status  

 
Table 2. The gender of the learners is given below: 

 
Male                                                    13 
Female                                                      9             
Total                                                    22 

 
13 of the learners are male and 9 of them are female. The total number of the learners in this class is 22. 
 

3.1.2. Marital Status 
 

Table 3. Marital status of the learners is given below: 
 

Single                                                 17 
Married                                                   5  
Total                                                 22 

 
17 of the learners are single, 5 of the learners are married. 
 

3.1.3. Social Status 
Table 4. The social status of the learners is given below 

 
Employed   8 
Unemployed 11 
Imprisoned    2 
Disabled / Handicapped   1 
Total  22 

As understood from the table, the most differential specification of distance learning classes is the social status 
variation. Since this is an open program, the learners can attend the classes wherever they can. In this table it is shown 
that 8 of the learners are employed. Some of them work for private sector and the others work for the public sector. 11 
of the learners are haven’t been working anywhere, say, they are typical students. Unemployed haven’t specified how 
they make a living. 2 of the learners DUH�LPSULVRQHG��2QH�RI�WKHP�LV�MDLOHG�LQ�7HNLUGD÷�DQG�WKH�RWKHU�LV�MDLOHG�LQ�(OD]Õ÷��
They couldn’t manage to reach LMS program punctually due to the conditions of the jails. This situation has affected 
their acquisition. Surprisingly, the latter imprisoned has finished three higher education program before attending this 
program. One of the learners is physically handicapped to wheelchair and depends on her parents for her some needs.  

 
 

3.1.4. Age Interval 
 

Table 5. Age intervals of the learners are given below 
 

Ages between 15-20 1 
Ages between 21-25 3 
Ages between 26-30 16 
Ages between 31-35 1 
Ages between 35-40 1 

 
 
19 of the learners are at their 20s, which means they attend the program in their more productive age interval. 

One of the learners is at his teens. The rest two are at their 30s. This table also shows that for distance learning, age 
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limitation is not a problem for the education. This can be classified as an outstanding difference of distance learning 
from traditional learning.  

 
3.1.5. Attendance to the program and final exam marks 

 
Table 6. The attendance of the students to the program, submitting assignments and final exam marks are given below 

 
Learners  Assignment / Homework 

submission  
Attendance to program Final exam mark 

Student  1 8/8 14 weeks 95 
Student  2 8/8 14 weeks 90 
Student  3 3/8 14 weeks 90 
Student  4 5/8   8 weeks 90 
Student  5 8/8 14 weeks 85 
Student  6 3/8   9 weeks 85 
Student  7 1/8 14 weeks 70 
Student  8 6/8   9 weeks 70 
Student  9 8/8 14 weeks 60 
Student  10 None 14 weeks 60 
Student  11 4/8   5 weeks 60 
Student  12 7/8 14 weeks 55 
Student  13 8/8 14 weeks 55 
Student  14 5/8   9 weeks 55 
Student  15 4/8   7 weeks 50 
Student  16 None    8 weeks 50 
Student  17 7/8   9 weeks 45 
Student  18 5/8   7 weeks 45 
Student  19 2/8   5 weeks 40 
Student  20 None    4 weeks 35 
Student  21 None   2 weeks 30 
Student  22 None    5 weeks 15 

 
As can be understood from the table, final marks have a direct correlation with attendance to the program. From 

the first week of the education, students have been given weekly classes. Most of them have included video 
presentations, worksheets and grammar sheets. The students have been expected to follow the instructions, watch the 
presentations, study the sheets and submit the assignments. Moreover they have had a chance every week to 
communicate with the teacher interactively through the LMS and e-mails. The learners, who have attended the program 
fully, have submitted assignments properly have had the highest marks. The irrelevant students to the program and 
assignments have had the lowest marks. 

 
4. Result 

 
Distance learning has made the process of gaining the education regardless of time or location easier for the 

learner. At the same time, it has provided more challenges for the colleges providing this education. In distance 
learning, not only does the instruction occur via a computer system, usually over the Internet, but also other educational 
processes occur via the computer.  It is obvious that no matter how well the program is designed. It is obvious that the 
distance learning courses should be carried out in correlation with traditional education. The findings of this study show 
us some facts as follows; 

 
x The gender of the learners can be different from each other, as the acquisition level may be varied, so the 

expectations from the program may not be achieved completely. 
x Age interval is another problem. Because of age, the needs, priorities requirements may vary, and this variation 

directly affects the success of the course.  
x The social status of the learners is a big dilemma. Since the teacher can’t predict who can use the LMS system 

punctually due to personal situations, he can’t know what the outcomes of the course will be and how many of 
the learners will be successful through the course. This situation is also valid for learners who aren’t able to 
reach internet for LMS easily when needed.  

x Unlike other classes English classes are build up of several skills; reading, listening, speaking, writing. Apart 
from the grammar which can be taught through rules, these skills are hard to acquire when studied alone. They 
frequently require face to face communication for a complete, comprehensive and collaborated learning.  
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x In contrast to traditional education, distance education take out the limits such as exact lesson duration, 
repetition, written books etc. This brings some new perspectives for language learning. If the teacher can’t 
control the whole class at once, it will be difficult for him to deliver the lesson to all participants as scheduled.  

 
5. Conclusions 

Delivering English classes online through distance learning needs a reorganization of the ways through which 
supportive services are provided. This is necessary to ensure the highest standard of support. Distance learning 
programs and embedded technology should be widened and become comprehensive in order to meet the demands. Not 
everybody has the chance to receive a proper language education and complete acquisition through the traditional 
learning methods (Rogers, 2001). That’s why distance learning should be available to all public. At the same time the 
content of the LMS programs should be appropriate for all participants, due to the situational properties of language 
learning. Schools which urge to have and establish effective distance learning need to reconsider all aspects of 
providing online language education. Since English is English everywhere, the methods used, the technology presented 
and the environment provided should be common for all participants around the globe. The information age that we 
struggle to keep up with, is rapidly moving online, especially in terms of the education this velocity is very fast. While 
distance language learning creates an array of new advantages, it also places new demands on participants: to acquire 
new roles, and develop new skills. In spite of the growing presence of distance learning opportunities, and the eagerness 
to participate in these opportunities, the field of distance language learning remains little known and little understood. It 
is often narrowly conceptualized as the development of technology-mediated language learning opportunities. Many of 
the key issues for distance language learning, however, relate to human factors which are common to both hi-tech and 
low-tech environments – factors that arise as learners attempt to establish and maintain an effective means of working 
within a distance learning context (White, 2003). Distance learning refers to a learning model in which learners and 
teachers, apart from each other, put into practice their learning-teaching activities, cRPPXQLFDWLRQ� DELOLWLHV� �øúPDQ��
1998). The most distinctive feature of distance learning systems is the ability to adapt technology to education in order 
to provide students with continuous, broad, valid and reliable learning opportunities. For further studies to be done, it is 
advisable to say there should be more studies to enhance the extent of language learning and teaching through distance 
learning environments. Since the learner profiles can be surprisingly variable, the methods to be applied into the field 
should be compatible with the requirements. 
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Abstract: The purpose of this study is to investigate the effects of the project “Nature Education in 
Ihlara Valley (Aksaray) and Its Surrounding Area III” supported by The Scientific and 
Technological Research Council of Turkey (TUBITAK) on environmental sensitivity. 
“Environmental Sensitivity Scale” were used to collect data in the present study. The study was 
carried out in line with the pre-test-post-test design. The difference between the environmental 
sensitivity pre-test and post-test scores of the participants was found to be statistically significant as 
a result of the t-test analysis (t(29)= -3,518, p<0.01). In light of this result, it can be argued that nature 
education raised the environmental sensitivity of the participants. 
 

  Key words: environmental sensitivity, nature education, pre-service teachers 
 
 
Introduction  
  
 In today’s world where global environmental problems are growing rapidly, the carbon emission has already 
reached the possible highest level and ecologic foot traces have climbed to the top of the loading capacity of the earth 
environmental education has gained greater importance.   
 In the analysis of the environment, perceiving the unity of nature and our planet, and raising our environmental 
awareness and sensitivity, environmental education is of vital importance (Schmidt, 1996; Erten, 2005). Training of 
teachers with ecological knowledge and experience sufficient enough to carry out theoretical and applied environmental 
works efficiently can make the biggest contribution to the development of environmental education and achieving its 
JRDOV��.DK\DR÷OX�HW al., 2008). Environmental education should not only provide information but also lead to changes in 
human behaviors. The main objective of environmental education should be permanent and positive changes of behaviors 
and active participation of individuals in efforts made to find solutions to problems (Özgen, 2012). In order to train 
environmentally-sensitive individuals, education systems promoting the active participation of individuals should be 
adopted (Çabuk & .DUDFDR÷OX�� ������� Environmental sensitivity is 'an empathetic or understanding view of the 
environment', and is characterized by the individual who 'refuses to litter highways and natural areas... conserves natural 
resources... works to preserve ecologically important natural areas... strives for a stable and appropriate human population 
level... respects hunting and fishing laws... insists on rational 
zoning requirements... etc.' (Hungerfordh, Peytonr & Yolk, 1992; Sivek, 2002). 
 When environmental education is given in the natural environment, it may increase the interest in nature and 
enable the participants to look at the life by creating empathy with nature; hence, it is very important (Atasoy, 2006; 
Ozaner, 2004; Palmberg & Kuru, 2001). Many authors have emphasized that nature education informs individuals about 
natural processes, makes them more sensitive and conscious, when it is accompanied by field trips, the information gained 
can be turned into behavior more easily and becomes more permanent and makes contribution to the creation of more 
independently thinking individuals (Shepard & Speelman, 1985; Dresner & Gill, 1994; Erten, 2004; Farmer et al., 2007). 
The purpose of this study is to investigate the effects of the project “Nature Education in Ihlara Valley (Aksaray) and Its 
Surrounding Area III” supported by The Scientific and Technological Research Council of Turkey (TUBITAK) on 
environmental sensitivity. 
 
 
 
 
 
Materials and Method 
 
 Study group  
 The study group consists of 30 pre-service teachers studying in 4 different departments (preschool education, 
primary education, social studies, science and physics) of the education faculties of 17 universities who participated in 
nature education program carried out on 27 August-02 September 2012 with the support of TUBITAK. 18 (54%) of the 
participants are girls and 12 (46%) are boys.  
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 Activities carried out within the framework of the nature education 
 With this project, where active learning methods were used, the pre-service teachers were introduced to geological, 
geomorphologic, floral, faunal and cultural features of the natural environment and to the problems stemming from the 
mass tourism activities taking place in the region. In this respect, some field studies were carried out on the volcanic 
structure around Ihlara Valley and Hasan Mountain. Besides field studies, some activities in a classroom setting were also 
carried out. In the classroom setting, creative drama activities were performed for the pre-service teachers to get to know 
each other and take individual responsibilities.     
  
 Data collection instruments  
  ³(QYLURQPHQWDO�6HQVLYLW\�6FDOH´�GHYHORSHG�E\�dDEXN�DQG�.DUDFDR÷OX (2003) was used to evaluate the changes in 
the pre-service teachers’ environmental sensivity as a result of the nature education they participated in. The scale consists 
of 24 items designed in the form of 3-Point Likert type (always, sometimes, never). The Cronbach Alpha reliability 
coefficient was found to be .72. This scale was administered as pre-test on the first day of the program and post-test on the 
last day of the program. 
 
 Data analysis 
 SPSS program package was employed to analyze the data, and after presenting the descriptive statistics related to 
the scores, paired t-test was used to find out whether there are significant differences between the pre-test scores for 
environmental sensitivity and those of the post-test. 
 
Results  
 
 In this section of the study, the data obtained through “Environmental Sensitivity Scale” designed to elicit the 
environmental sensitivity of the pre-service teachers are discussed. In the evaluation, first the means of the pre-service 
teachers’ scores concerning their opinions about air pollution, water pollution, soil pollution, ecologic balance, 
participation in environmental works and training taken in their formal education institutions were descriptively evaluated 
in the form of pre-test and post-test. Then, t-test was conducted to test whether the pre-service teachers’ environmental 
sensitivity scores significantly changed as a result of education given. Mean values of the pre-service teachers’ scores 
taken for their sensitivity towards air pollution (pretest-posttest) are presented in Table 1.  
  
Table 1: Pretest-posttest mean values for the pre-service teachers’ sensitivity towards air pollution  

No Items (Air pollution) N Mean 
(pre-test) 

Mean 
(post-test) 

t p 

1 
Do you pay any attention not to use consumption goods 
(deodorants etc.)  including substances harmful to 
Ozone Layer? 

30 2,20 2,33 
  

2 Even if you had your own vehicle, would you use public 
transportation not to pollute the earth?  30 2,23 2,43 

3 Do you pay attention not to disturb other people while 
you are talking or using some tools?  30 2,90 2,93 

4 Do you warn people to be sensitive towards air pollution?  30 2,50 2,66 

Total 30 9,83 10,35 -1,606 ,119 
 
 As can be seen in Table 1, the mean values obtained for the responses given by the pre-service teachers to the items 
concerning their sensitivity towards air pollution have increased as a result of the application for the four items. On the 
other hand, the participants’ posttest mean score concerning air pollution (& =10.35) was found to be higher than their 

pre-test mean score (& =9.83), yet, this difference is not statistically significant (t=-1.606; p>.05). 
 Mean values of the pre-service teachers’ scores taken for their sensitivity towards water pollution (pretest-posttest) 
are presented in Table 2.  
 
Table 1: Pretest-posttest mean values for the pre-service teachers’ sensitivity towards water pollution 

No Items (Water pollution) N Mean 
(pre-test) 

Mean 
(post-test) 

t p 

5 While purchasing cleaners, do you pay attention to 
whether they include harmful chemicals or not?  30 2,23 2,26   

6 Are you thrifty in any circumstances in water use?  30 2,80 2,86 

7 Do you pay any attention to prevent harmful chemical 
substances such as engine oils, paints from being 30 2,46 2,50 
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dumped into sewer system? 

8 Do you warn people to be sensitive towards water 
pollution? 30 2,63 2,76 

Total 30 10,12 10,38 -,830 ,413 
 
 The score obtained for the responses of the pre-service teachers to the items concerning water pollution is higher 
for one item favoring the posttest score. In general, the mean score of the pre-service teachers taken from the posttest (&

=10.38) is higher than that of the pretest (& =10.12). The difference found between these two scores (0.26) is not 
significant (t=-.830; p>.05) (Table 2). 
 Mean values of the pre-service teachers’ scores taken for their sensitivity towards soil pollution (pretest-posttest) 
are presented in Table 2.  
  
Table 2: Pretest-posttest mean values for the pre-service teachers’ sensitivity towards soil pollution 

No Items (Soil pollution) N Mean 
(pre-test) 

Mean 
(post-test) 

t p 

9 Do you pay attention to using the both sides of a paper 
you are writing on?  30 2,66 2,83   

10 Are you thrifty in any case in terms of using paper 
tissues? 30 2,46 2,50 

11 Do you plant trees by looking for suitable environments 
for them to grow? 30 2,26 2,36 

12 Do you pay attention for wastes to end up in garbage?  30 2,80 2,90 

13 Do you sort out the wastes by using suitable boxes to 
achieve the most effective recycling?  30 2,70 2,76 

14 While leaving your garbage out, do you sort out it?  30 2,36 2,46 

15 Do you warn people around you to be sensitive towards 
soil pollution?  30 2,36 2,56 

Total 30 17,60 18,37 -2,292 ,029 
 
 As can be seen in Table 3, it is clear that the pre-service teachers’ sensitivity towards soil pollution changed 
significantly for 7 of the items as a result of the application. In general, the posttest mean score of the pre-service teachers 
(& =18.37) was found to be higher than their pretest mean score (& =17.60) and this difference is statistically significant 
(t=-2,292; p<.05). Hence, the application can be claimed to have made important contributions to the sensitivity towards 
environment.  
 Mean values of the pre-service teachers’ scores taken for their sensitivity towards ecological balance 
(pretest-posttest) are presented in Table 4.  
 
Table 3: Pretest-posttest mean values for the pre-service teachers’ sensitivity towards the concept of ecological balance 

No Items (The concept of ecological balance)  N Mean 
(pre-test) 

Mean 
(post-test) 

t p 

16 
I you were/are married, would/do you pay attention to 
family planning considering ecological balance?    30 2,83 2,90   

17 
Do you support experiments carried out on animals for 
the benefit of humanity? 30 1,53 1,40 

18 
Do you warn people around you to be sensitive towards 
the protection of ecological balance?  30 2,63 2,73 

Total 30 6,99 7,03 -,128 ,899 
 
 Posttest mean score obtained from the pre-service teachers’ responses to the items aiming to elicit their 
sensitivities towards the concept of ecological balance (& =7.03) is higher than their posttest mean score ( & =6.99). 
However, this difference is not statistically significant (t=-.128;p>.05) (Table 4). 
 Mean values of the pre-service teachers’ scores taken for their sensitivity towards participation in environmental 
works (pretest-posttest) are presented in Table 5 
 
Table 4: Pretest-posttest mean values for the pre-service teachers’ sensitivity towards participation in environmental 
works 

No Items (Participation in environmental works) N Mean Mean t P 
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(pre-test) (post-test) 

19 Do you participate in scientific activities on 
environment such as seminar, panel, conference etc.?  30 2,40 2,60   

20 Do you take part in the activities of voluntary 
organizations working on environment? 30 2,26 2,43 

Total 30 4,66 5,03 -1,779 ,086 
 
 As can be seen in Table 5, the posttest mean score obtained for the pre-service teachers sensitivity towards 
participation in environmental works (& =5.03) is higher than their pretest mean score (& =4.66), yet, this difference is 
not statistically significant (t=-1.779; p>.05). 
 The mean values of the pre-service teachers’ scores taken from their opinions about the education they were given 
in formal education institutions are presented in Table 6.  
 
 
 
 
 
 
 
Table 5: The mean values of the pre-service teachers’ scores taken from their opinions about the education they were 
given in formal education institutions 

No Items (Environmental education in formal 
education institutions)  N Mean 

(pre-test) 
Mean 

(post-test) 
t p 

21 Do you think that you have had enough instruction to 
raise your awareness of air pollution?   30 1,93 2,26   

22 Do you think that you have had enough instruction to 
raise your awareness of water pollution? 30 1,96 2,33 

23 Do you think that you have had enough instruction to 
raise your awareness of soil pollution? 30 1,93 2,36 

24 Do you think that you have had enough instruction to 
raise your awareness of ecologic balance? 30 1,86 2,56 

Total 30 7,68 9,51 -3,596 ,001 
 
 As can be seen in Table 6, for all the items, posttest scores taken by the pre-service teachers from the items 
concerning their sensitivity towards the environmental education taken at formal education institutions are higher than 
those of pre-test scores. The mean score taken from the posttest (& =9.51) is higher than that of the pretest (& =7.68) and 
this difference is statistically significant (t=-3.596; p<.01). This shows that the pre-service teachers included the training 
they took during the application in their general formal environmental education and think that the application enhanced 
their sensitivity.   
 In order to test whether there is a significant difference between the pre-service teachers’ environmental sensitivity 
before and after the application, their general scores were evaluated.  
 
   Table 7: T-test results concerning environmental sensitivity pretest and posttest scores 

Environmental sensitivity scale N X  S Sd t p 

Pretest  30 56,96 4,76 29 -3,518 ,001 

Posttest  30 60,66 4,63 

p<.01 

 The results of the analysis revealed that before participating in nature education project, the mean pretest 
environmental sensitivity score of the pre-service teachers is X=56,96, and after participating in the nature education 
project, it became X=60,66. The difference found between environmental sensitivity pretest and posttest mean scores is 
statistically significant (t=-3,518, p<0.01) (Table 7). Hence, it can be argued that seven-day nature education project 
significantly improved the participants’ environmental sensitivity.   
 
Discussion, conclusions and suggestions  
  
 In light of the findings of the study, it is seen that prior to nature education, the participants’ environmental 
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sensitivity was high. Moreover, at the end of education, their environmental sensitivity significantly improved. In a study 
looking at the environmental sensitivity of the social sciences high school students, the environmental sensitivity of the 
VWXGHQWV�ZDV�IRXQG�WR�EH�PHGLXP��$\GÕQ�	�.D\D�������� In another study a profile of environmentally sensitive high 
school students was developed (Sivek, 2002). 
 In another study employing the same scale used in the present study, it was found that the environmental sensitivity 
of university students varied significantly depending on gender and education level. In addition to this, the same study 
also revealed the students have poor attitudes towards participating in activities of environmental organizations. However, 
the present study showed that the participants have positive attitudes towards participating in environmental activities. 
Again, in the same study, while the students have positive attitudes towards using animals and humans in medical 
H[SHULPHQWV��WKH�SDUWLFLSDQWV�RI�WKH�SUHVHQW�VWXG\�KDYH�QHJDWLYH�DWWLWXGHV��dDEXN�	�.DUDFDR÷OX���������  
 The effectiveness of nature education in improving the students’ environmental sensitivity shows the importance 
of environmental education programs integrating active teaching techniques used in nature. Therefore, such programs 
should be promoted and made widespread. To be able to carry out such programs, first thing to be done should be to train 
pre-service teachers.   
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Abstract: The aim of the current study is to evaluate the implementation process of the Science and 
Technology course curriculum based on teachers’ opinions in schools with different socioeconomic 
status (SES). The sample of the current study includes Science and Technology teachers in 
elementary schools; two of them have high SES, two have middle SES, and two have low SES. These 
elementary schools were chosen from low- to middle and high SES elementary schools in central 
district of Sakarya via stratified sampling. The teachers’ opinions about the competence of the 
implementation of the program were obtained by semi- structured interview. The obtained qualitative 
data was analyzed via content analysis. It was founded that the current program is superior to the old 
one according to teachers’ opinions. However, several factors prevent the implementations of the 
program, such as insufficient time, insufficiency of materials, individual differences, the population 
density in some units, class crowding, unprepared students to lessons, placement test (special name is 
SBS in Turkey), and the process of preparation to exams city- wide, the inappropriateness of the 
activities to students’ level, the unawareness of parents, the difficulty in the access to the sources for 
students who are not capable of. 
 

Keywords: Science and technology course, curriculum, program evaluation, teachers’ opinions. 
 

 
Introduction  
 

The programs that are used in Teaching- learning process are evaluated to understand the effectiveness of 
them; if they are not effective, to understand where the problem is derived from. The results of this evaluation serve as a 
resource to the process of later program development.  

With the evaluation of the programs, several factors are supplied, such as making better decisions about the 
programs, developing better programs, the better use of curriculum (Stake, 1967). Especially, the analysis, and 
continuous evaluation of “the learning activities that are conducted in classes” elicit the rise of more realistic 
approaches in the evaluation of the system of education, and the curriculum (Fidan, 1997: 3). 

The implementation of the curriculum of any lesson means the development of a teaching and learning process 
based on the rudiments of that program, and making use of this (Özçelik, 1987:4). The implementation of the 
curriculum is in the case of linear and straight stages, and occurs radially (Shawer, 2010). In addition, several factors 
can affect the implementation of the curriculum both positively, and negatively.  

In the process of the implementation of the curriculum, important variables that give rise to the actualization of 
all learning processes take place in all components of the system of education. When the teaching and learning 
environment is arranged, those variables should be used in a way that fit for purpose because each variable can affect 
the outcomes of the system. In an education system, which brings students in pre- determined goals of the program, 
cues, corrections, feedback, and reinforcements should be used in the right place at the right time. Moreover, the 
equipments, time, and the organization of the classrooms should be arranged in a way that fits to the goals of the 
learning. Furthermore, the participation of the students to the learning process, the arrangement of the activities that 
improve the critical, and creative thinking of the students should be supplied with the help of appropriate teaching- 
learning strategies, methods, and techniques. All of those aforementioned suggestions should intertwine to each other 
(Sönmez, 2007). Those teaching- learning activities are actualized in stages as preparation (attention getting, 
motivation, revision), presentation ( passing to the lesson, and development), application (individual and group learning 
activities), and with the implementation of curriculum in stages of application, summation- evaluation, that is in the 
course of teaching lesson �$NEDúOÕ��2011). 

Teacher factor comes first among possible factors that affect the implementation of the curriculum because the 
meaning that teachers give to new curriculum functions as a map in the implementation process of the curriculum, and 
this situation indicates the success of the curriculum. Teachers are key factors in the success of new curriculum. The 
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knowledge, beliefs, and understandings of the teachers play a crucial role in understanding new curriculum. Teachers 
use their daily knowledge and experiences to make sense of new curriculum process, and this affect and shape the 
meaning that is given by teachers to new curriculum. The understanding and the acceptance of teachers about the new 
curriculum process have an impact on the implementation of the curriculum (Bantwini, 2010). Spears (1950) stated that 
to an effective curriculum it should not be forgotten that the curriculum lies in the heart and mind of the teacher �9DUÕú��
1988: 17). Those are teachers, who transform the curriculum from institutional to educational (Shawer, 2010).  

In today’s world, curriculums are based on constructivist approach, which provide more roles to teachers. It is 
expected that teachers should be in the center of teaching- learning process, encourage, and guide students. Teaching- 
learning process should be undergone with activities, experiments, projects, which are conducted with students, because 
Science and Technology course is learned with doing and experiencing. That is the purpose of the curriculum. 
Therefore, teachers should apply stuffs that are foreseen in the curriculum in classroom settings. 

According to researches, the approach of teachers to the curriculum has significant effects on both their 
occupational development, students’ learning, and in encouraging them to learning (Shawer, 2010). 

Depending on aforementioned factors, the purpose of the current study is to determine how teachers implement 
the curriculum of Science and Technology course, and what they encounter with while implementing it. 

 
Method  
 
Research Method 

In the current study, qualitative research method was used.  
Population and Sample 

The sample of the current study includes Science and Technology teachers in elementary schools; two of them 
have high SES, two have middle SES, and two have low SES. These elementary schools were chosen from low- to 
middle and high SES elementary schools in central district of Sakarya via stratified sampling. 
Data Collection 

In the current study, the interview form that was designed to measure the general views of Science and 
Technology teachers about the applicability of the foreseen factors in the curriculum of 6th grade Science and 
Technology course was used. This interview measures not only the opinions of the teachers but also do measure the 
attitudes and judgments of them toward the curriculum.  

Before the preparation of the interview form, the literature was reviewed, and open-ended questions that best 
describe the sub-problems were written. For the Content validity of the interview, it was consulted to the opinions of the 
Science and Technology field experts (n=3), teachers (n=5), and program development experts (n=7). The form of the 
questions was revised based on the feedbacks of experts. Revised version was broached to same experts again. After 
taking the expert approval, the interview form was filled out by Science and Technology teachers other than research 
sample (n=3) to test the functionality and the clarity of the questions. Then structured interview was applied to sample.  

Interviews were carried out at times that were suitable for the teachers’ schedule. In order to prevent data loss, 
recorder was used during interviews with taking the permission of the teachers, and the interviews lasted approximately 
25-35 minutes.  
Analysis of Data 

Data that was obtained by interview form was analyzed with content analysis. For the content analysis, firstly, 
data was recorded to a recorder, and then was transformed into a written material. The written materials were examined 
repeatedly, and data that was appropriate for the purpose of the study were codified. Then categories (themes) that 
described codified data generally were determined. Those findings were organized as tables. Teachers, participating in 
interview, were coded as G1, G2, G3, G4, G5, and G6. In the evaluation process of the findings, direct quotations about 
opinions of teachers were used.  

 
 
 
Result and Discussion 
 

Data that was obtained through interviews with teachers was coded in accordance with determined categories, 
and was presented as tables. 

x Teachers’ Opinions About Preparation Of The Learning Environment That Fits the Gains 
Themes that are effective in the preparation of the learning environment, which fits to the gains, according to 
teachers’ opinions, and the codes are represented in Table 1.  
 

Table 1. Teachers’ opinions about preparation of the learning environment that fits the gains 
Teacher School 

SES 
Themes (categories) 

Preparation Situation Positive Effect Negative Effect 
G1 High  I try to prepare a suitable Utilization of the Unprepared students come to 
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learning environment 
with respect to the 
potential of the school 

guidance book classes 
Insufficiency of materials 
Insufficiency in the 
technological condition of the 
school 

G2 High  
I prepare learning 
environment that fits 
most of the gains 

Utilization of the 
guidance book  
Utilization of the 
computer and the 
projector 

Insufficiency of materials 
Students’ levels are low 

G3 Middle 

I try to prepare a suitable 
learning environment 
with respect to the 
potential of the school 

- 
Unprepared students come to 
classes 
 

G4 Low  
I cannot prepare a 
learning environment 
that fits to every gain 

Utilization of the 
guidance book 

Insufficiency of materials 
Crowded classes 
Insufficiency in time  
Density in the program 

G5 High  
I prepare learning 
environment that fits 
most of the gains 

Utilization of the 
guidance book 
Having a laboratory 
Utilization of the 
computer and the 
projector 

Crowded classes  
Insufficiency in time 
Density in the program 
The early application of the SBS 

G6 Middle  
I cannot prepare a 
learning environment 
that fits to every gain 

- 
Unprepared students come to 
classes 
Insufficiency in materials 

 
As represented in Table 1, opinions of teachers were gathered into three categories, namely “Preparation 

Situation,” “Positive Effect,” and “Negative Effect.” When teachers’ situations about preparing a learning environment 
that fits to gains were investigated, it was founded that two teachers prepare learning environment that fits to most of 
the gains, two of them try to prepare learning environment according to the potential of the school, and two of them 
cannot prepare learning environment that fits to every gains. Direct quotations that were gotten from teachers’ opinions 
are as follows: 

“It differs according to the situation of the school… gains are useful but it is not possible to apply all of them. 
(G1) 

“I have the edge on this situation because there is a laboratory, computer, and projector in the school. I can 
provide visuality to students by using them. I think that I cannot provide all the gains but I can do most of them...” (G5) 

When teachers’ opinions about the negative effect of preparing a learning environment were investigated, it 
was founded that four of them mentioned the insufficiency of the materials; three of them mentioned students’ 
unpreparedness; two of them mentioned the crowdedness of the classes, insufficiency in time, density in the program; 
one of them mentioned the insufficiency in the technological condition of the school; one of them mentioned the low 
level of students’ capacity, and one of them mentioned the early application of SBS exam in Turkey. Direct quotations 
that were gotten from teachers’ opinions are as follows: 

 “… because of the crowdedness of the classes, insufficiency in the materials of laboratory, we cannot do 
experiments, so we cannot give every gain to students. In addition to these, there is a problem in time management; the 
subjects of 7th grade cannot be finished. It is important to learn Science and Technology course with seeing, and doing, 
but we cannot fulfill it...” (G4) 

x Teachers’ Opinions About The Improvement In Students’ Learning Desires 
What teachers do at the beginning of the classes to increase the desires of students’ in terms of learning in the 

process of teaching- learning was shown in Table 2. 
 

Table 2. Teachers’ Opinions About The Improvement In Students’ Learning Desires 
Teachers School  

SES 
Themes (categories) 

Example  Question  

G1 Low  
I give examples from daily life 
I give examples from news in TV 
programs and news in the media 

- 

G2 High  
I give examples from daily life 
I use pictures at the beginning of the 
units 

I test the knowledge of students that they 
learned at 4th and 5th grades 
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G3 Middle  I give examples from daily life I test the knowledge of students that they 
learned at 4th and 5th grades 

G4 Low I give examples from daily life I begin classes with asking questions  

G5 High 
I give examples from daily life 
I begin classes with a suitable object to 
the subject  

I test the knowledge of students that they 
learned at 4th and 5th grades 

G6 Middle 
I give examples from daily life 
I give examples from news in TV 
programs and news in the media 

I begin classes with asking questions 

 
As shown in Table 2, the opinions of teachers were gathered into two categories, namely “example,” and 

“question.” When opinions of teachers who want to choose giving examples to increase students’ desires were 
investigated, all of the teachers stated that they give examples from daily life. Direct quotations that were gotten from 
teachers’ opinions are as follows: 

“By giving examples from daily life, I try to draw students’ attention to the subject…” (G4) 
“It could be an object that draws attention to the subject… I try to capture their attention by giving examples 

from daily life because the lesson is about the real life…” (G5) 
When opinions of teachers who want to chose questions to increase students’ desires were investigated, three 

of the teachers begin classes with testing students’ knowledge that they learned at 4th and 5th grades, two of them begin 
classes with asking questions to capture attention. Direct quotations that were gotten from teachers’ opinions are as 
follows: 

“… I begin classes with question and answer section to draw attention of the students… “(G4) 
 “… The method that I use mostly is asking questions about daily life… for example, in order to explain the 

movement of the Earth and the Moon, I ask that “did you see the Moon last night?”,”how it looked like?” Thus, I can 
draw their attention… (G6) 

x Teachers’ Opinions About The Implementation Of The Activities That Fit To The Gains  
Teachers’ opinions about the implementation of the activities that fit to the gains in the teaching- learning 

process was shown in Table 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Teachers’ opinions about the implementation of the activities that fit to the gains  
Teacher  School 

SES 
Themes (categories) 

Planning, presenting, and creating 
activities  

Application time, place, and 
opportunities 

G1 Low  - I cannot apply because there is no 
laboratory and materials 

G2 High  

I try to apply two out of three activities 
in the guidance book   
I want students to bring materials for 
some activities 
I get students to watch activities that 
we cannot do in class on the internet     
 

- 

G3 Middle  

We cannot apply all the activities 
I give homework to students about 
activities that we cannot do in class. 
I get students to watch activities that 
we cannot do in class on the internet     
 

I have trouble in terms of timing 
The capacity and the readiness of the 
students affect the application of the 
activities 
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G4 Low  I sometimes do activities 

I have trouble in terms of timing 
The crowdedness of the class prevents the 
application of the activities  
I do not get students to do activities 
because it is dangerous 

G5 High  

I try to apply two out of three activities 
in the guidance book   
I want students to bring materials for 
some activities 
I give homework to students about 
activities that we cannot do in class 
If I find different activities, I try to do 
them also.     
I do some activities myself and 
students watch me. 

I have trouble in terms of timing 
The crowdedness of the class prevents the 
application of the activities  
 

G6 Middle I want students to bring materials for 
some activities 

I cannot apply because there is no 
laboratory and materials  

 
As shown in Table 3, teachers’ opinions were gathered into two categories, namely “Planning, Presenting, And 

Creating the Activities,” and “Application Time, Place, and Opportunities.”  
When teachers’ opinions about the planning, presenting, and creating the activities category was investigated, 

it was founded that three of them reflected that they want students to bring materials, two of them stated that they try to 
do two out of three activities in the guidance book, two of them reflected that they get students to watch the activities 
that they cannot do in class, on the internet, two of them reflected that they give homework to students about activities 
that they cannot do in class, one of them pointed out that he does activities sometimes, and one of them declared that he 
tries to do different activities, and he does some activities himself and gets students to watch him. Direct quotations that 
were gotten from teachers’ opinions are as follows: 

“I cannot do all activities. I give homework to students about activities that we cannot do in class or I get 
students to watch them on Vitamin program on internet…” (G3) 

 “… I want students to bring some materials from their home and we try to do activities with them as much as 
possible …” (G6)  

When teachers’ opinions about the application time, place, and opportunities of the activities category was 
investigated, it was founded that three of them stated that they have troubles in terms of timing, two of them stated that 
the crowdedness of the classes prevent the application of the activities, two of them stated that they cannot do activities 
because there is no laboratory and materials, one of them stated that the capacity and the readiness of the students affect 
the application of the activities, and one of them stated that she does not get students to do activities because it is 
dangerous. Direct quotations that were gotten from teachers’ opinions are as follows: 

 “The activities cannot be done because of the school’s conditions, like lack of laboratory and insufficiency in 
materials.” (G1) 

“If we try to do activities, we have trouble in timing. All activities that are mentioned in the program can 
surpass students’ capacity. Students’ readiness affects the application of the activities.” (G3) 

Researches show that teachers adopt the activities largely, and they try to do them �'R÷DQ���������but the high 
number of activities (Sert, 2008) and the lack of time make them have trouble in the application process (Wood, 2001; 
Sert, 2�����7HNEÕ\ÕN�YH�$NGHQL]���������Moreover, only a few number of teachers do activities about subject in class 
�$NGHQL]�� <L÷LW� YH� .XUW�� �����, and the program is not fulfilled as foreseen and enough (Gözütok, Akgün ve 
.DUDFDR÷OX��������.XUWXOXú�YH�dDYGDU�������. Besides, teachers have trouble in using local opportunities, organizing 
excursions, and doing research about immediate surroundings in the application of activities (EARGED, 2006). 
Similarly, teachers stated that they can do one experiment in a week because of the conditions of classes, they give 
activities as homework �.HVHUFLR÷OX��7�UNR÷X]��.ÕOÕQo�YH�7RSUDN���������DQG�WKH�ODFN�RI�H[SHULPHQWV�LQ�WKH�DSSOLFDWLRQ�
of the curriculum (Wood, 2001). 

x Teachers’ Opinions About The Methods And Techniques That They Use In The Learning Process 
Teachers’ opinions about which methods and techniques they use mostly in the teaching- learning process were 

shown in Table 4. 
 

Table 4. Teachers’ Opinions About The Methods And Techniques That They Use In The Learning Process 
Teachers  School SES Themes (categories) 

Teacher- centered  Student- centered 
G1 Low  Question- answer teaching method Brainstorming  

G2 High  
Formal lecture method 
Question- answer teaching method 
Demonstration  

Discussion  
Brainstorming 
Six thinking hats  
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Drama 

G3 Middle Question- answer teaching method 
Demonstration  

Discussion  
Group work  

G4 Low  Question- answer teaching method Discussion 
Brainstorming 

G5 High  
Formal lectures 
Question- answer teaching method 
Demonstration  

Observation  

G6 Middle Question- answer teaching method Drama 
 
As demonstrated in Table 4, teachers’ opinions were gathered into two categories, namely “Teacher- centered,” 

and “Student- centered.” 
When the opinions of teachers that use the teacher- centered approach were investigated, it was founded that all 

of them use mostly question- answer method, three of them use demonstration method, and two of them use formal 
lectures. Direct quotations that were gotten from teachers’ opinions are as follows: 

 “I use firstly the formal lectures, I use mostly the question- answer, I give examples from daily life, and I use 
visual materials…” (G2) 

 “The method that I use mostly is question- answer …” (G6) 
When the opinions of teachers that use the student- centered approach were investigated, it was founded that 

three of them use discussion method, three of them use brainstorming, two of them use drama, one of them uses six 
thinking hats, one of them uses observation, and one of them uses group work technique. Direct quotations that were 
gotten from teachers’ opinions are as follows: 

“… I sometimes use brainstorming and discussion. This change depends on the subject.” (G4) 
“… I use drama to show the atom models, the movement of the gases, liquids, and solids…” (G6) 
Studies indicate that in the teaching process, the applicability of methods and techniques that foreseen in the 

curriculum in the class settings is not sufficient. Besides, the student- centered method is not common (Bayrak ve 
Erden, 2007), DQG�LW�LV�QRW�SRVVLEOH�WR�XVH�GLIIHUHQW�WHDFKLQJ�PHWKRGV�EHFDXVH�RI�WKH�FURZGHGQHVV�RI�FODVVHV��(UGR÷DQ��
2007). Most of the teachers teach according to teacher- centered approach �$NGHQL]��<L÷LW� YH�.XUW�� ������<ÕOGÕUÕP��
2011), and they use mostly the brainstorming, discussion, question- answer, group work, expression, and examples. On 
the contrary, they occasionally use problem solving, role playing, drama, demonstration, game method (ùDKLQ��7XUDQ�YH�
Apak, 2005). Moreover, they focus on cooperative teaching (Özdemir, 2006), question- answer formal lectures 
�g]GHPLU�� ������ *�QHú�� ùHQHU-'LOHN�� +RSODQ� YH� *�QHú�� ������� 2Q� WKH� RWKHU� KDQG�� WKH\ seldom use laboratory, 
demonstration, experiment, travel- observation, analogy, projects �ø]FL��g]GHQ�YH�7HNLQ������). 

x Teachers’ Opinions About The Creation Of Democratic Learning Environment 
When teachers’ opinions about what they do for the creation of democratic learning environment was 

investigated, G6 teacher that work at a school with middle SES, stated that it is hard to create a democratic learning 
environment in class. G4 teacher, who work in a school with low SES indicated that the intergroup communication of 
students is low because of the lack of group works. Direct quotations that were gotten from teachers’ opinions are as 
follows: 

 “It is difficult to create a democratic learning environment in classes because there are active students as well 
as passive ones…” (G6) 

“… I cannot get students do group work, so that the interaction within students is not well enough…” (G4) 
Factors that are important in terms of the creation of democratic learning environment according to teachers’ 

opinions were demonstrated in Table 5. 
 

Table 5. Teachers’ opinions about the creation of democratic learning environment  
Teachers  School 

SES 
Themes (categories)  

Encouragement  Respect  Giving opportunity 
to speak 

Trust  

G1 Low  - 

I give 
importance to 
students’ respect 
to each other 

I try to give equal 
opportunity to speak 
to each student 

- 

G2 High  - - 
I try to give 
opportunity to speak 
to all students  

I try to call 
students by their 
first name to 
make them trust 
themselves 

G3 Middle 
I encourage 
students to 
express their 

- - 
- 
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opinions clearly 

G4 Low  

I try to make 
students, who are 
passive and timid, 
involve in 
discussion by 
asking questions   

- - 

- 

G5 High  

I tell students that 
they can ask 
questions about 
everything 

I give 
importance to 
students’ respect 
to each other 

- 

- 

G6 Middle - - 
I try to give equal 
opportunity to speak 
to each student 

- 

 
According to Table 5, teachers’ opinions were gathered in four categories, namely “Encouragement,” 

“Respect”, “Giving Opportunity to Speak,” and “Trust.” 
When teachers’ opinions about the category of encouragement were investigated, it was founded that one of 

them encourages students to explain their ideas clearly, one of them tells students to ask questions about everything, one 
of them tries to get passive students participate to lesson with asking questions. Direct quotations that were gotten from 
teachers’ opinions are as follows: 

 “… I try to encourage students to participate in class. I try to get them participate in class. When they give 
wrong answers I say “maybe, we think in detail,” instead of “it is wrong” to make them explain their ideas without 
hesitation. Thus, I try to create a democratic learning environment…” (G3) 

When teachers’ opinions in the category of respect were investigated, it was founded that two of them give 
importance to make students respect for each other. Direct quotations that were gotten from teachers’ opinions are as 
follows: 

 “When students share their opinions, I give importance to make others not tease. I try to give awareness to 
students about this issue…” (G1) 

When teachers’ opinions about giving opportunity to speak were investigated, it was founded that two of them 
try to give equal opportunity to every students, one of them tries to give opportunity to speak to every student. Direct 
quotations that were gotten from teachers’ opinions are as follows: 

 “I give opportunity to speak to every student.” (G1) 
“… I try to give equal opportunity to speak to students as far as in me lies...” (G6) 
When teachers’ opinions about the category of trust were investigated, it was founded that G2 teacher that 

work at a school with high SES uses students’ first names to make them believe in themselves.  
Gözütok, Akgün and .DUDFDR÷OX������� stated that teachers do not give importance to students’ opinions, and 

there is no positive democratic learning environment in classes. 
x Teachers’ Opinions About Alternative Testing And Measurement Methods  

Teachers’ opinions about alternative testing and measurement methods in teaching- learning process were 
demonstrated in Table 6.  

 
Table 6. Teachers’ opinions about alternative testing and measurement methods 
Teachers  School 

SES 
Themes (categories) 

Alternative methods and their 
drawbacks  

Classic methods 

G1 Low  

I do not use alternative testing and 
measurement methods  
Scales place a burden because there is 
too much work related to photocopy 

In exams, I prepare multiple choice, short 
essays, true false, and fill in the blanks 
questions. 
In class, I do verbal exam in question and 
answer format 

G2 High  

 
I do not prefer to use alternative testing 
and measurement methods that 
foreseen in the curriculum    
Volunteer students prepare product file      
I give performance grade (final grade) 
according to students’ participation in 
classes    
Extra time is needed to use scales 

 In exams, I prepare multiple choice, short 
essays, true- false, matching fill in the blank 
questions 
I prefer mostly multiple choice questions 
because we prepare students to SBS exam 

G3 Middle    In exams, I prepare multiple choice, short 
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I do not prefer to use alternative testing 
and measurement methods that 
foreseen in the curriculum    
Volunteer students prepare product file 
I give performance grade (final grade) 
according to students’ participation in 
classes    
Scales place a burden because there is 
too much work related to photocopy 

essays, true- false, matching fill in the blank 
questions 
 

G4 Low  
I give projects to volunteer students  
I give performance projects to students 
about subjects that they can do research 

In exams, I prepare multiple choice, short 
essays, true- false, matching fill in the blank 
questions 
 

G5 High  

I do not prefer to use alternative testing 
and measurement methods that 
foreseen in the curriculum    
 I give projects to volunteer students  
Extra time is needed to use scales 

In exams, I prepare multiple choice, short 
essays, true- false, matching fill in the blank 
questions 
 

G6 Middle  

I do not prefer to use alternative testing 
and measurement methods that 
foreseen in the curriculum    
I give projects to volunteer students  
I give performance grade (final grade) 
according to students’ participation in 
classes    
Students determine their project subject 
Extra time is needed to use scales 
Scales place a burden because there is 
too much work related to photocopy 

In exams, I prepare multiple choice, short 
essays, true- false, matching fill in the blank 
questions 
 

 
According to Table 6, teachers’ opinions were gathered into two categories namely, “Alternative Methods, and 

Their Drawbacks,” and “Classic Methods.” 
When teachers’ opinion about the category of alternative methods and their drawbacks were investigated, it 

was founded that four of them do not prefer to use alternative testing and measurement methods that foreseen in 
curriculum, three of them give performance note (final grade) to students according to their participation in class, there 
of them give projects to volunteer students, three of them stated that extra time is needed to use scales, three of them 
indicated that scales place a burden because there is too much work related to photocopy, two of them mentioned that 
volunteer students prepare product file, one of them does not use alternative testing and measurement methods, one of 
them gives projects and performance home works seldom, one of them stated that students determine their own project 
subject, one of them gives performance home works that enable students to do research. Direct quotations that were 
gotten from teachers’ opinions are as follows: 

 “Scales that are foreseen in the guidance book do not allow us to teach a lesson. So I do not use that scales.” 
(G1) 

“… I give projects to volunteer students as term paper. They chose their own subject themselves after I 
determine possible subjects. I give performance homework that enables them to do research…” (G4) 

When teachers’ opinions about classic methods were investigated, it was founded that all teachers prepare 
multiple choice, short essays, true- false, matching, fill in the blank questions in exams. One of them does verbal exam 
in class as question- answer format. One of them prefers multiple-choice questions because we prepare students to SBS. 
Direct quotations that were gotten from teachers’ opinions are as follows: 

 “I try to prepare exam questions in accordance with curriculum. I use multiple- choice, fill in the blank, short 
essays questions in exams, but not the scales that are foreseen because there is too much photocopy work there, which 
brings extra burden. Thus, I evaluate students with my own exams…” (G3) 

 “…My exam questions are multifarious. Indeed, they include true- false, fill in the blank, multiple- choice 
question…” (G5) 

Researches show that teachers pointed out about the evaluation of the curriculum that evaluation examples 
foreseen in the curriculum is necessary but they are not sure about the applicability of it (Bayrak ve Erden, 2007), even 
they do not apply it �.XUWXOXú�YH�dDYGDU�������� Similarly, they stated that the testing and measurement is not done 
enough because there is too much evaluation methods �*�QGR÷DU��������6HUW�������, they are too complicated (Ersoy, 
2008; ERAGED, 2006; Selvi, 2006), and they place a burden to teachers �$\GÕQ�YH�dDNÕUR÷OX��������g]GHPLU�������, 
and there are some problems related to its implementation �$\YDFÕ� YH�'HYHFLR÷OX��������.XUWXOXú�YH�dDYGDU��������
Bantwini, 2010). Moreover, they indicated that they have problems in terms of the implementation of the testing and 
measurement methods �$\YDFÕ� YH� 'HYHFLR÷OX�� �����, and they consider themselves as inadequate in this issue 
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�*|]�WRN��$NJ�Q�YH�.DUDFDR÷OX���������'R÷DQ������� founded that teachers who work in schools with high SES are 
more likely to use testing and measurement methods. 

 
x Teachers’ Opinions About The Implementation Of Science And Technology Curriculum  

Teachers’ opinions about the implementation of the Science and Technology curriculum in teaching- learning 
process were shown in Table 7.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 7. Teachers’ opinions about the implementation of the Science and Technology curriculum 
Teachers  School 

SES 
Themes (categories) 

Application 
situation 

Factors making 
application easier 

Factors making application 
difficult 

G1 Low  I think that I do 
not apply - 

The potentials of the school is 
not suitable 
Parents’ unconcernedness and 
their economical problems are 
disadvantages 

G2 High  I apply In the application process, I 
use teacher guidance book 

The insufficiency in materials is 
a problem 
The preparation to SBS exam 
affects the application of the 
program 

G3 Middle 
I think that I apply 
in terms of 
approach 

In the application process, I 
use teacher guidance book - 

G4 Low  I think that I do 
not apply - 

The crowdedness of the classes 
affect the application 
The laboratory is not available 
The potentials of the school are 
not enough 

G5 High  I think I apply by 
80%  

The student exercise books 
make it easier to apply the 
program 

The crowdedness of the classes 
affect the application 
 The preparation to SBS exam 
affects the application of the 
program 

G6 Middle  
In think that I 
apply in terms of 
approach  

- 
The laboratory is not available 
The insufficiency in materials is 
a problem 

 
According to Table 7, teachers’ opinions were gathered into three categories, namely “Application Situation,” 

“Factors Making Application Easier,” “Factors Making Application Difficult.” 
When teachers’ opinions in the category of application situation were investigated, it was founded that two of 

them do not think they apply the program, two of them think they apply in terms of approach, one of them applies, one 
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of them thinks he applies by 80%. G1 and G4 who think that they do not apply the program work at schools with low 
SES. Direct quotations that were gotten from teachers’ opinions are as follows: 

 “… There are several factors that affect the application of the curriculum… it is not only about the teacher… I 
do not think that I apply…” (G1) 

 “I think I apply by 80%” (G5) 
When teachers’ opinions about the category of factors making application easier were investigated, it was 

founded that two of them use teacher guidance book in the application process of the program, one of them considers 
student exercise books as useful in terms of the application of the program. Direct quotations that were gotten from 
teachers’ opinions are as follows: 

 “I apply the program on the basis of guidance book …” (G2) 
“I follow the guidance book in the application process…” (G3) 
When teachers’ opinions about the category of factors making application difficult were investigated, it was 

founded that two of them stated that the potentials of the school are not enough, two of them consider material 
insufficiency as a problem, two of them see laboratory as unavailable,  two of them consider the crowdedness of the 
classes as a problem,  two of them stated that the preparation process to SBS affects the application, and one of them 
considers the unconcernedness and economical problems of the parents as problems. Direct quotations that were gotten 
from teachers’ opinions are as follows: 

 “… This problem is specific to our school, if we had a laboratory, materials, or a Science and Technology 
class, I would be able to apply the program better …” (G6) 

x Teachers’ Opinions About The Positive And Negative Aspects In The Application Process Of The Program 
Teachers’ opinions about the positive and negative aspects in the application process of the program were 

shown in Table 8. 
 
Table 8. Teachers’ opinions about the positive and negative aspects in the application process of the program 
Teachers  School 

SES 
Themes (categories) 

Positive  Negative  

G1 Low  It is better  to be student- centered 
It is superior to the old curriculum 

The time is not sufficient 
Exam subjects are not taken place 
Subjects are very superficial 

G2 High  

I think that positive aspects are more 
than negative ones 
In general, the program is better, it can 
be applied 
I am satisfied with the program 
It is better  than the old one 
It is suitable for student level 
It is suitable for schools 

Material insufficiency is a problem 
Time is not sufficient  
Some units are very extensive   
Individual differences create problems 

G3 Middle  

It is better to be student- centered 
Being superficial of the subjects prevent 
students to be bored 
It encourage students to think and 
research 
Being spiral of the program is good 
 

Time is not sufficient 
Activities foreseen in the program are too 
much for students’ capacity 
 

G4 Low  I think that it has positive aspects as 
compared to the old one 

Material insufficiency is a problem 
Time is not sufficient 
Individual differences create problems 
The crowdedness of the classes is a 
problem 
Students’ unpreparedness for lessons is a 
problem 
SBS and the exams city- wide are 
problems 
Parents do not have awareness 
It is difficult for some students to reach 
resources 

G5 High  
I am satisfied with the program 
It is better than the old one  
It is more current than the old one 

Some units are extensive 
The crowdedness of the classes is a 
problem 
SBS exam and other exams city-wide are 
problems 
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G6 Middle  

I think positive aspects are more than 
negative ones 
It is better than the old one 
It is suitable for student level 
It is more current than the old one  
Being spiral of the program is good 
Students are more likely to love Science 
and Technology lesson compared to the 
past  

The material insufficiency is a problem 
Time is insufficient 
Students’ unpreparedness for classes is a 
problem 
 

 
As shown in Table 8, teachers’ opinions were gathered into two categories, namely “Positive,” and “Negative.” 
When teachers’ opinions in the category of positive aspect were investigated, it was founded that four of them 

consider the curriculum better than the old one, two of them stated that being student- centered is well, two of them 
pointed out that positive aspects are more than the negative ones, two of them are satisfied with the program, two of 
them consider the program as appropriate for student level, two of them consider being spiral as a good thing, two of 
them stated that new program is more current than the old one, one of them stated that the program is better, it can be 
applied, one of them mentioned that being superficial prevent students to be bored, and make students think and 
research, and one of them stated that students are more likely to love Science and Technology course compared to the 
past. Direct quotations that were gotten from teachers’ opinions are as follows: 

“… In terms of positive aspects, it is better than the old one by %80-%90. Being student- centered, activities, 
different teaching methods are good…” (G1) 

 “… The program has positive aspects as compared to the old one but…” (G4) 
“… Program is better than the old one. I am satisfied with the program. Its intensity is decreased compared to 

the past. The old program based upon the formulas, problem- solving. Now, it based upon commentary, observation, 
and it is more current…” (G5) 

Teachers’ opinions about positive aspects of the curriculum are supported by researches. Researches indicated 
that teachers’ opinions about the curriculum focus on the easiness of its applicability (Probart, McDonnell, Achterberg 
ve Anger, 1997), iWV�DSSOLFDWLRQ�LQ�WKH�FXUUHQW�FLUFXPVWDQFHV��'HOODOEDúÕ���������LWV�EHLQJ�VSLUDO��$\YDFÕ�YH�'HYHFLR÷OX��
2009; Sert, 2008). The subject intensity decreased  (Ercan ve Akbaba-Altun, 2005). Thus, teachers are satisfied with the 
program. In terms of student perspective, it was founded that program is student-centered (7�\V�]� YH�$\GÕQ�� ������
$\GÕQ�YH�dDNÕUR÷OX���������it is appropriate for student level �'HOODOEDúÕ��������$\YDFÕ�YH�'HYHFLR÷OX��������7�\V�]�YH�
$\GÕQ���������it is current and has an interaction to real life �7HNEÕ\ÕN�YH�$NGHQL]��������$\YDFÕ�YH�'HYHFLR÷OX������), 
it allows students to learn with doing, experiencing, thinking �6HUW��������<ÕOGÕUÕP�YH�'|QPH]��������� it encourages 
students to do research and think critically �dÕnar, Teyfur ve Teyfur, 2006; Selvi, 2006), it is interesting and attention 
getting  �7HNEÕ\ÕN�YH�$NGHQL]��������.XUWXOXú�YH�dDYGDU�������. Hence, students are more likely to love Science and 
Technology course now. 

When teachers’ opinions about negative aspects of the curriculum were investigated, it was founded that five 
of them stated that time is insufficient, two of them stated that materials are insufficient, two of them consider 
individual differences as problem, two of them consider some units as intensive, two of them see crowdedness of the 
classes as problem, two of them regard student’ unpreparedness as problem, two of them consider the preparation 
process in SBS exam and city-wide exams as problems, one of them stated that in the curriculum exam subjects do not 
take place, and subjects are very superficial, one of them mentioned that activities in the curriculum surpass students’ 
capacity, one of them stated that parents do not have awareness, and finally it is difficult to reach sources for students 
who are not capable of. Direct quotations that were gotten from teachers’ opinions are as follows: 

“In terms of negative aspects, time is not sufficient for all activities. Formal lecture, answering questions, and 
experiments cannot be finished in a 4 hour- period. Topics are too much disjointed, and they cannot be put together… 
in terms of subjects, there is not enough details. Exam subjects do not take place in the course book. There is no 
summary section in the course book. The important aspects about subjects do not take place in the course book. 
Subjects are too superficial…” (G1) 

 “…In terms of negative aspects, if we tried to do all activities we would be in trouble in terms of time. In 
addition, doing all activities in the curriculum surpass students’ level.” (G3) 
 Teachers’ opinions about negative aspects of the curriculum are supported by researches. Studies show that 
time is not enough in terms of doing activities, and using testing and measurement techniques foreseen in the 
curriculum �'R÷DQ��������<ÕOGÕUÕP�YH�'|QPH]��������6HUW��������(UGR÷DQ��������%DQWZLQL��������*�QHú��ùHQer-Dilek, 
+RSODQ� YH� *�QHú�� ����). The curriculum cannot be implemented because of material, equipment insufficiencies in 
schools �7HNEÕ\ÕN� YH�$NGHQL]�� ������$\YDFÕ YH�'HYHFLR÷OX�� ������$\GÕQ� YH�dDNÕUR÷OX�� ����; .XUWXOXú� YH� dDYGDU��
2011). Moreover, the classes are too crowded �'R÷DQ��������7�\V�]�YH�$\GÕQ��������$GÕJ�]HO��������%DQWZLQL��������
(UVR\��������'HOOOEDúÕ��������2NXU���������the content is too intensive, the number of activities, and gains are too much 
�*�QHú��ùHQHU-'LOHN��+RSODQ�YH�*�QHú��������7HNEÕ\ÕN�YH�$NGHQL]��2008; Sert, 2008). The content is too superficial 
�6HUW��������*�QHú��ùHQHU-'LOHN��+RSODQ�YH�*�QHú���������the subjects surpass students’ level �$\YDFÕ�YH�'HYHFLR÷OX��
����Ü�*�QHú��ùHQHU-'LOHN��+RSODQ�YH�*�QHú���������the content is not balanced with the exams in city- wide (Karaer, 
2006; Sert, 2008). 

International Science and Technology Conference, Dubai, 13-15 December 2012

1246



ISTEC 20
12

If negative aspects in terms of students are considered, students tend to study in accordance with SBS exam 
(Özden ve Tekin, 2006); they do not do projects and performance home works (ÖzGHPLU�� ������ 'HOODOEDúÕ�� �������
Furthermore, projects surpass students’ levels (Tabak, 2007), and students cannot do activities that aim to process 
knowledge �$GÕJ�]HO�������� 

Negative aspects of the curriculum in terms of parents are as follows: parents’ teaching perspective focus on 
SBS, and they cannot change their habits �$\GÕQ� YH� dDNÕUR÷OX� ����). Parents do not have awareness and attention 
�$GÕJ�]HO��������'R÷DQ��������%DQWZLQL��������their SES are low �$\GÕQ�YH�dDNÕUR÷OX��������g]GHPLU���������7KXV��
they cannot add too much thing to their children. 

Besides to aforementioned factors, studies indicated that substructure, equipments, and opportunities in schools 
are not enough �(UGR÷DQ��������<ÕOGÕUÕP�YH�'|QPH]�����8; Ercan, 2007). Similarly, the physical conditions of classes 
are not suitable �7HNEÕ\ÕN�YH�$NGHQL]��������'R÷DQ��������*�QHú��ùHQHU-'LOHN��+RSODQ�YH�*�QHú��������� the school 
environments are negative (Hardal-$WHú� YH� $úoÕ-$NGD÷�� ������ %D÷GDWOÕ�� ������� 7KH teaching environment is 
insufficient for student- centered applications (Bulut, 2008; (UGR÷DQ�� �����; there is insufficiency in laboratories in 
schools �7DEDN�������� ø]FL��g]GHQ�YH�7HNLQ��������.HVHUFLR÷OX��7�UNR÷X]��.ÕOÕQo�YH�7RSUDN������). Moreover, new 
methods and techniques cannot be used (GüQGR÷DU�� ������ %DQWZLQL�� ������� VWXGHQWV¶� DFWLYH� SDUWLFLSDWLRQ� FDQQRW� EH�
achieved �7HNEÕ\ÕN� YH� $NGHQL]�� ����� Tabak, 2007), activities cannot be implemented (KurtulXú� YH� dDYGDU�� ������
Wood, 2001). Besides, some activities are under the level of students �$\GÕQ�YH�dDNÕUR÷OX��������.XUWXOXú�YH�dDYGDU��
2011). 
 
Conclusion and Suggestions  
 

In general, it is obvious that teachers cannot implement the curriculum of Science and Technology course in 
classes. In order to compensate shortcomings in the application process, followings are suggested:  

1. There should be some amendment in the physical conditions of schools and classes. By focusing on SES 
factor, teachers should determine insufficiencies in their own classes, and those should be compensated.  

2. Materials that are needed for the application of activities foreseen in the curriculum should be gathered, 
and should be supplied to each school in the form of boxes. Those boxes should be gathered according to class, units, 
and subjects and they should be enough for the whole semester.  

3. Teaching seminars should be organized during the semester in accordance with teachers’ desires, demands, 
and opinions about the implementation of the curriculum.   

4.  For the application based Science and Technology course, the elements of the curriculum should be 
revised and its intensity should be minimized.  

5. Duration of lessons should be revised and time management problem should be solved. The duration may 
be divided into three categories, namely course hour, activity hour, testing and measurement hour, which is similar to 
reading hour, guidance hour in schools.  
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THE FORMATION OF AUTOMOTIVE CLUSTER IN EAST MARMARA 
REGION OF TURKEY 

 
 

0HKPHW�%LOJHKDQ�(5'(0��+DUXQ�7DúNÕQ�
6DNDU\D�8QLYHUVLW\�

'HSDUWPHQW�RI�,QGXVWULDO�(QJLQHHULQJ�
7XUNH\�

^ELOJHKDQ�WDVNLQ`#VDNDU\D�HGX�WU�
 

Abstract: 7XUNH\�LV�D�UDSLGO\�JURZLQJ�FRXQWU\�ZLWK�D�WUHPHQGRXV�LQGXVWULDO�SURGXFWLRQ��$PRQJ�
DOO�RWKHUV��RQH�RI�WKH�ULVLQJ�LQGXVWULHV��DXWRPRWLYH�LQGXVWU\�KDV�DQ�LPSRUWDQW�UROH�ZLWK�LWV�PLVVLRQ��
3URGXFWLRQ�RI�1DWLRQ�&DU�3URMHFW�RI�7XUNH\��7KLV�VWXG\�LQYHVWLJDWHV�DQ�DWWHPSW�RI�HVWDEOLVKLQJ�DQ�
LQGXVWULDO�FOXVWHU�ZKLFK�HPHUJHG�LQ�(DVW�0DUPDUD�5HJLRQ�RI�7XUNH\��7KH�SRWHQWLDO�RI�WKH�UHJLRQ�
ZDV� DQDO\]HG� LQ� WKH� VFRSH� RI� EXVLQHVV� QHWZRUNV� DQG� FROODERUDWLRQV�� 7KHQ�� FXUUHQW� GRPHVWLF�
FOXVWHUV�ZHUH�H[DPLQHG��$IWHUZDUGV�RSSRUWXQLWLHV��WKUHDWV�DQG�VXFFHVV�IDFWRUV�ZHUH�GHILQHG�IRU�WKH�
DXWRPRWLYH�FOXVWHU��)LQDOO\�D�URDGPDS�ZDV�SURSRVHG�IRU�WKH�GHILQHG�FOXVWHU��
�
Key words: ,QGXVWULDO�FOXVWHUV��FOXVWHU�IRUPDWLRQ��DXWRPRWLYH�FOXVWHU��(DVW�0DUPDUD�UHJLRQ�
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THE IMPACT OF THE MECHANICAL BEHAVIOR OF THE STENT 
DEPLOYMENT DURING THE INSTALLATION. COMPARATIVE STUDY 

BETWEEN STAINLESS STEEL AND NITINOL BEHAVIOR. 
 
 

T.Outtas, H.Bouhafs and A.Derardja 
Laboratory of Structural Mechanics and Materials 

faculty of technology - University of Batna 
tf_outtas@hotmail.com,Tel/fax : 033 81 21 43 

 
 

Abstract :The restoration of the permeability of a vessel to blood flow can be done through the 
introduction of stents. In this case, it is necessary to have a physical model or a numerical model to 
study the implementation of such elements. In this work, we approached the incidence of mechanical 
behavior of stent deployment during the installation.  
The model considered in these calculations is a blend of an artery whose inner wall is covered with an 
uniform distribution of atherosclerotic plaque and a stent with chosen dimensions. The comparative 
study between the nitinol stent and the stainless steel 316 L shows that nitinol stents have a better 
behavior than the 316L steel stents when the stress is applied locally or globally. Spring back is 
defined by the loss of the stent diameter after removal of the balloon. This parameter is very 
important in clinical practice because the diameter of post-angioplasty is the major predictor of 
restenosis. 
 
Keywords :  stents, mechanical behavior, stress field, stenosed vessel, stainless steel, nitinol, alloy 
with shape memory. 

 
Introduction  
  
 The idea to restore the passage of blood flow in an artery using a permanent device was for the first time applied by 
the American radiologist Charles Dotter in 1969 in the case of smokers having the arteries of the blocked legs. Thereafter, 
the technique was improved to become current in the years 1990. Since the stents were introduced commercially in the 
United States in 1994, the US market followed an exponential growth involving with him the whole of the worldwide 
market. In 2002, more than 80% of the percutaneous interventions on the coronary arteries were accompanied by the 
installation of a stent. 
 A device such as stent which representing a metal tube inserted in the human organism after angioplasty with an 
aim of providing a structural support to channels reopened, was studied by Julio Palmaz and Richard Shatz in the United 
States [1].  
 In 1986, other researchers in Europe developed their clean model. The first stent inserted in a human coronary 
artery was carried out by Jaques Puel and Ulrich Sigwart [2]. In 1994, the model of stent conceived by palmaz-shatz was 
approved for the use in the United States. The properties of materials used in the manufacturing of the conventional stents 
particularly, their metal structure and their hardness make them harmful devices at the walls of the vessels, Consequently 
the development of new stent becomes a need. The researchers propose to replace metallic materials by polymers. A study 
of a Japanese group suggests that the conceived biodegradable stents of poly-L-lactic acid can replace the metal version. 
They noticed that the restenosis among patients with biodegradable stents is of 10.5% whereas it is about 20 
to 30% among patients with metal stents [3]. Also, the effect of the metal stents on the coronary arteries in the long 
run (more than 10 years) remains unknown.  
 On the other hand the biodegradable stents will disappear gradually in the coronary arteries within the space of two 
years, which can solve this problem.  The first biodegradable stent is the “biodegradable Duke stent”, it is 
a stent ensuring a dropping of drug, it is biocompatible, it does not 
cause inflammatory reaction and provides a sufficient initial support to 
react to the force exerted by the vessel reached.  Various biodegradable polymers were 
tested with acids poly-L-lactic (PLLA) showing good performances for thorough experiments. Such stent was 
used in the department of cardiology of Shiga in Japan. It was noticed that the most 
important characteristic of this stent is the reduction of the ignition of the vascular walls.  
 Frantzen [4] conceived, recently, new stent in a titanium and nickel alloy, it is an alloy which is flexible at its ends, 
thus it delays the formation of new arterial fabrics in these points. The ideal stent must be economic, easy to deploy, 
sufficiently rigid to resist the radial forces, able to deliver therapeutic agents locally and to disappear after treatment 
without leaving materials. Among the polymer stents which have these properties, we have the polyesters – 
polyortheosteres – poly anhybrides which show a potential raised for this kind of application. Several parameters such 
that the size or the shape of the meshes as well as metal used, characterize the mechanical behavior of stent, and can affect 
the restenose. When a stent is placed in a sick artery with an aim of supporting it mechanically, it is important that the 
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section bypass of blood (or light of the artery) on the level of stent is of a dimension close to the initial bypass section of 
the healthy artery in order to reduce the risks of restenose. 
 In her study, the team of Dr. Paul Barragan and col. [5] predicts the mechanical behavior of stent after her 
establishment. The test benches which were developed permit to propose reliable systems of evaluation of the mechanical 
characteristics of stents such as they are recommended by the European standards (IN 12006 - 3, January 1999). Indeed, 
the researchers measure radial resistance to the compression of twenty-seven models of stents present on the market. It is 
a question of measuring the deformations which the stents of small gauge undergo when they are subjected to external 
pressures similar to that exerted by the arterial wall and to appreciate their resistance to extreme requests. They show that 
all the studied stents, although presenting each different mechanical characteristic, were sufficiently resistant to present a 
healthy behavior after establishment [6]. Another problem emerges following this study; intrinsic elastic retreat or 
“recoil”, which is determining as for the final gauge of the artery with stent. Indeed, one stent dilated with a given 
diameter returns naturally to a lower diameter after deflation under the action of its internal stresses [7]. This retreat is all 
the more important as external constraints (even weak) are applied by the wall of stent. This problem is the object of 
current researches. 
 In this work, we approached the incidence of the mechanical behavior of stent on its deployment at the time of the 
installation. The model considered in these calculations is an assembly of an artery whose interior wall is covered with an 
athérome plate uniformly distributed and a selected size stent. 
  
Modeling and properties  
 
 The model considered consists of an assembly of the arterial wall and stent. Boundary conditions specific are 
established such as stent it is studied in its fixed position. In order to simplify the study, the wall is comparable with a 
cylinder including a layer, thickness E, uniformly distributed which represents the atherome plate settling on the interior 
wall of the artery and leading to a stricture [8]. Calculations are carried out for two types of materials and for the same 
geometry of stent. The materials are: stainless steel doubles phase and nitinol.    
 
The artery is supposed an elastic tubular structure whose ray is of 5 mm and thickness equal to 0.5 mm [13]. The length of 
the artery considered is equal to 16 mm. the properties of the arterial walls are mentioned in table 1.  
 
Table1 : properties of the arterial wall. 
 
  
  
 
 
 
 
 
The atherome plate constitutes actually an anisotropic and rigid medium. In this simulation we consider that the atherome 
plate is isotropic and has the properties defined in the table 2. 
 
 
 
 
 
Table2 : properties of the atherome plate. 
 
  
  
 
 
 
 
 

 Elastic limit (N/m2) 170000   

[13] Elastic Modulus (N/m2) 106  

Poisson’s ratio 0.35  

[14] Density (kg/m3) 1200  

 Elastic limit (N/m2) 300000  

Elastic Modulus (N/m2) 2.106  

Poisson’s ratio 0.34 

Density (kg/m3) 1200  
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Figure 1: assembly of the arterial wall with atherome plate and stent 

 
The geometry of stent considered is based on the assembly of structural units called “struts” schematized in figure 2, [14]. 

 

Figure 2: (a) structural unit called (strut), (b) assembly of two structural units 
 
The structural units are assembled over a pre-selected length L. Stent in a not-deployed state is represented on the figure 
3.(a) and stent it in a state deployed i.e. in its final form is represented on the figure 4.(b). 
 

 
 

Figure 3: (a) Stent in a not-deployed state, (b) stent it in a state deployed i.e. in its final form, [14]. 
 
Boundary conditions, charges and meshes. 
 For the boundary conditions, we consider that the external walls all around stent is blocked (see Fig.4), which will 
possibly allow us, after application of the loads, to note or not the movement of stent relative to the wall. 
 

a) Force exerted on external surface of stent:  
In this kind of simulation we use a size relating to the force called radial pressure which results from the application of the 
radial forces on the wall-athérome-stent unit. It is about 129 KPa [14]. To optimize time calculation, only half of the 
cylinder is taken, so the radial pressure becomes 64.5 KPa.  

b) Blood pressure:  
Let us note P2 the blood pressure, it is a pressure which is exerted on the interior wall of the artery. It is function of the 
blood flow. We consider in the first calculation the case of a hypertensive person. In this case the systolic pressure is equal 
to 120 mm Hg and the diastolic pressure is equal to 80 mm Hg. 
 

(a) (b) 

(a) (b) 
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Figure 4: (a) Boundary conditions and charges, (b) global meshes with tetrahedral elements. 

 
c) Shear stress:  

 The vessels are permanently subjected to mechanical constraints associated with the blood pressure and blood 
flow. The blood pressure exerts on the vascular wall of the forces perpendicular to endoluminal surface. Those are 
compensated by tangential intra-parietal forces in the tangential and longitudinal directions are exerted by the various 
elements of this wall and being opposed to the effects of distension of the blood pressure. In the tangential direction, the 
force per unit of length of the vessel, or parietal tension T is related on the blood pressure P and the ray R of the vessel by 
the law of Laplace: T = P.R. The relation which exists between the shear stress and the deformation of the vessel depends 
at the same time on the geometry and the elastic characteristics of its wall. The shear stress is actually supported by all the 
thickness of the arterial wall. The tension reported to the unit thickness represents the constraint which is exerted on the 
wall in the tangential direction.  
It is expressed as : � = P.r / h  
 When blood runs out, he exerts a force of friction on the endothelial surface. This force results in shear stress Ĳ at 
the endothelium definite as the product of the viscosity of the blood and the gradient blood speed measured on the the 
wall. In the case of a laminar flow, the shear stress is expressed like:  
 � = 4 µ Q �ʌ�U�  
with : µ = viscosity of blood  
      Q = volume flow  
The value of the shear stress considered in calculations is equal to 1.5 Pa [12].   
 
Results and discussions. 
 For numerical simulation, the drawing and the design were realize on Solidworks and calculations on Cosmos 
works. 

a) Stent in Nitinol. 
 

      

Figure 5: VonMises nodal stresses, (a) Systolic pressure case, (b) diastolic pressure case 
  

(a) (b) 

(a) (b) 
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Figure 6: generalized nodal displacement, (a) Systolic pressure case, (b) diastolic pressure case 
 

b) Stent in stainless steel 316L. 
  The values of the Von Mises stresses obtained indicate that deployed stent is in a plastic state. 
Consequently, stent is unable to become deformed under the action of other charges. The constraints largely exceed 
the value of the elastic yield stress of material. for stent in Nitinol and in the case of the diastolic pressure, the 
maximum value of Von Mises stress is of 879 MPa. 

      

Figure 7: VonMises nodal stresses, (a) Systolic pressure case, (b) diastolic pressure case 
 

       

Figure 8: generalized nodal displacement , (a) Systolic pressure case, (b) diastolic pressure case 
 

 The Von Mises stresses obtained for the stent in stainless steel are largely exceed those obtained in nitinol one. 
Indeed, the maximum value reached by the Von Mises stress is equal to 1443 MPa at the nodes of stent, what makes them 
fragile and they are, consequently, prone to a rupture. 

 Once deployed, stent it does not have to move and must adhere completely to the arterial wall. In order to examine 
this property for the nitinol stents we calculate nodal displacements resulting from the axial components. The figure (6 ) 
indicates that the displacement of stent can reach 0,715 mm, and a maximum rate of deformation equal to 0.28%. The 
value of axial displacement for stent in stainless steel does not exceed 0.7 mm. It is slightly lower that obtained in the case 
of nitinol 

(a) (b) 

(a) (b) 

(a) (b) 
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 Comparative study.  
 
 In order to look closely the evolution of the yield stress according to the coefficient of friction of materials chosen, 
we considered an interval of variation of the coefficients of friction between 0.01 and 0.06. The objective of this 
comparison is to see whether the proposal of a coating of material is necessary. It seems that, for two materials, the 
constraint is rather high and the plastic deformation is reached conferring on stent a satisfactory fixing. 
 

     
Figure 9: Evolution of the Von Mises stress yield according to coefficient of friction, (a) Stent in stainless steel,     (b) 

Stent in Nitinol. 
Conclusions 
 The comparative study between stent in nitinol and stent in stainless steel 316 L shows that the nitinol stents have 
a better behavior than the steel 316L stents when the constraint is applied locally or overall. The elastic return is defined 
by the loss of diameter of stent after withdrawal of the inflated balloon. This parameter is very important in clinical 
practice since it is known that the diameter post-angioplasties is the major predictive factor of the restenose.  In this case, 
the installation of stent is accompanied by a plastic deformation whereas a rate of deformation of 0,28% is noted. We in 
addition, calculated the evolution of the constraints and displacements according to the coefficient of friction. The results 
show that displacement is nearly constant for the margin of the coefficients of frictions taken. 
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THE INFLUENCE OF STUDENTS’ LEARNING MOTIVATION ON 
PROGRAMMING LEARNING PERFORMANCE IN A ROBOTICS COURSE 
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Abstract The main purpose of this article was to investigate the influence of learning motivation on students’ programming learning 
performance and learning strategies use. In this study, there were 119 junior high school students participated in the study. The results 
indicated that students have high motivation to participate in the robotics programming learning activities. Besides, it was also found 
that intrinsic, extrinsic motivation, self-efficacy, and learning anxiety were positively correlated with learning performance. Moreover, 
the results of regression analysis indicated that self-efficacy is an effective predictor of learning performance. Furthermore, it was 
also found that students with high self-efficacy would use more self-regulated learning strategies than students with moderate 
self-efficacy. After analyzing the usage of learning strategies between students with different self-efficacy, it was found that student 
with high self-efficacy would apply more self-regulated learning strategies during the learning process than students with moderate 
self-efficacy. According to the findings, we proposed some suggestions for programming instruction, and some directions for future 
studies.  
 
Keywords: Motivation; programming learning; robotics; learning strategies; LEGO Mindstorms 
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THE INFLUENCE OF THE CUTTINGS ON THE RHEOLOGICAL 
CHARACTERISTICS A DRILLING MUD.  

�
0HOODN�$EGHUUDKPDQH�DQG�%HQ\RXQHV�.KDOHG��
'HSDUWPHQW�0LQLQJ�DQG�2LO�'HSRVLWV���/*3+���
)DFXOW\�RI�+\GURFDUERQV�DQG�&KHPLVWU\���

�8QLYHUVLW\�RI�%RXPqUGHV�����������$OJHULD���
�0HOODNDEGHU#\DKRR�IU��

�
�

$EVWUDFW��7RGD\��WKH�GULOOLQJ�PXG�LV�RI�SDUDPRXQW�LPSRUWDQFH�IRU�WKH�UHDOL]DWLRQ�RI�DQ�RLO�ZHOO�DV�
D�PXG�LQDSSURSULDWH�WR�WKH�GULOOHG�IRUPDWLRQ�FDQ�OHDG�WR�ORVV�RI�WKH�ZHOO���

7KH� GULOOLQJ� IOXLG� VHUYHV� PXOWLSOH� UROHV� ZKRVH� SULPDU\� UROH� LV� WKH� FRQWLQXRXV� ULVH� RI� URFN�
GULOOHG� FXWWLQJV� �FXWWLQJV�� E\� WKH� GULOO� ELW� WR� FOHDQ� RSWLPDOO\� WKH� ZHOO� ERWWRP� DQG� DOORZ� EHWWHU�
SURJUHVV�RI�WKH�WRRO��WR�LQFUHDVH�WKH�QXPEHU�RI�PHWHUV�GULOOHG��ZKLFK�UHPDLQV�WKH�EHVW�SHUIRUPDQFH�
FULWHULRQ���

2ULJLQDOO\�5RWDU\�GULOOLQJ��WKH�RQO\�ZD\�WR�UHPRYH�WKH�FXWWLQJV�ZDV�WKH�VHWWOLQJ�RI�PXG�LQ�PXG�
WDQNV��ZKLFK�ZDV�QRW�YHU\�HIIHFWLYH�DQG�PDGH�WKH�FRQWURO�RI�WKH�PXG�YHU\�UDQGRP��

7KH�WHFKQLTXH�KDV�HYROYHG�PDQ\�ZD\V�WR�UHPRYH�VROLGV��FRQWDLQHG�LQ�GULOOLQJ�PXG�KDYH�EHHQ�
GHYHORSHG� WR� PLQLPL]H� SUREOHPV� WKDW� FDQ� FDXVH� WKH� HOLPLQDWLRQ� RI� WKHVH� QRQ�VROLG�� KDYLQJ� D�
QHJDWLYH�LQIOXHQFH�ERWK�RQ�WKH�SK\VLFDO�FKDUDFWHULVWLFV�WKDW�UKHRORJLFDO�WKH�GULOOLQJ�PXG��

�7KLV� VWXG\� H[DPLQHV� WKH� LQIOXHQFH� RI� VROLGV� FRQWHQW� DQG� LWV� HIIHFWV� RQ� WKH� SK\VLFDO�
FKDUDFWHULVWLFV� �GHQVLW\�� DQG� UKHRORJLFDO� �YLVFRVLW\�� \LHOG� YDOXH� DQG� JHOV�� WR� LPSURYH� WKH�
DGYDQFHPHQW� RI� WKH� WRRO�� HOLPLQDWLQJ� RU�DW� OHDVW� JUHDWO\� UHGXFH� WKH� ULVN� RI� ORVV�RI�PXG� LQWR� WKH�
IRUPDWLRQ� DQG� UHGXFH� WKH� ULVNV� RI� VWLFNLQJ� E\� GLIIHUHQWLDO� SUHVVXUH� �¨3�� E\� LPSURYLQJ� WKH�
LPSHUPHDELOLW\�RI�WKH�FDNH�RI�WKH�GULOOLQJ�PXG��

.H\ZRUGV��2LO�ZHOOV��GULOOLQJ�PXG��VROLGV�FRQWHQW��UKHRORJLFDO�FKDUDFWHULVWLFV���
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THE INVESTIGATION OF INDUCTION MOTORS UNDER ABNORMAL 
CONDITION  
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Abstract:�7KLV�SDSHU�DLPV�WR�SUHVHQW�WKH�QHJDWLYH�HIIHFWV�RI�WKH�XQEDODQFHG�VLQXVRLGDO�YROWDJH�RQ�
WKH�RSHUDWLQJ�RI�LQGXFWLRQ�PRWRUV��WKLV�YROWDJH�TXDOLW\�DQRPDO\�FRXOG�FDXVH�VHULRXV�SUREOHPV�VXFK�
DV�KLJKO\�XQEDODQFHG�FXUUHQWV�RQ�WKH�VWDWRU��PHFKDQLFDO�RVFLOODWLRQV�DQG�LQWHUIHUHQFH�ZLWK�FRQWURO�
HOHFWURQLFV�� ,Q� WKLV� UHVHDUFK� WKH� GHWHFWLRQ� RI� WKLV� XQKHDOWK\� VLWXDWLRQ� RI� WKH� PRWRUV� KDV� EHHQ�
LQYHVWLJDWHG��XVLQJ�ILUVWO\��WKH�VWDWRU�FXUUHQWV�GDWD�SDWWHUQV�UHFRJQLWLRQ��DV�D�SUHOLPLQDU\�GLDJQRVLV��
6HFRQGO\��WKH�IRFXV�RQ�WKH�VHFRQG�KDUPRQLF�RI�WKH�VXSSO\�IUHTXHQF\�LQ�WKH�WRUTXH�VSHFWUXP�VLJQDO�
KDV�VKRZQ�LWV�HIIHFWLYHQHVV�DV�D�FRPSOHPHQWDU\�LQGLFDWRU�RI�YROWDJH�XQEDODQFH��7KH�VWHDG\�VWDWH�RI�
WKH� LQGXFWLRQ� PRWRU� DQG� WKH� VHYHUDO� XQEDODQFHG� YROWDJH� V\VWHPV� SUHVHQWHG�� ZHUH� GRQH� E\� D�
VLPXODWLRQ�XVLQJ�WKH�ZHOO�NQRZQ�0DWODE�� �
�

� � Key words:�LQGXFWLRQ�PRWRUV��9ROWDJH�XQEDODQFH��)DXOW�GHWHFWLRQ��&XUUHQW�SDWWHUQV��7+$��
�
�
Introduction  
� �
� 7KH� WKUHH�SKDVH� VTXLUUHO� FDJH� LQGXFWLRQ�PRWRUV�DUH�ZLGHO\�XVHG� LQ�PRGHUQ� LQGXVWU\�EHFDXVH�RI� WKHLU�6LPSOH�
FRQVWUXFWLRQ� DQG� UXJJHGQHVV�� � +RZHYHU� FRQGLWLRQ� PRQLWRULQJ� RI� WKH� LQGXFWLRQ� PRWRU� �,0�� EHFRPHV� D� QHFHVVLW\� WR�
SUHYHQW�DQ\�XQSODQQHG�VWRSV�DQG�EUHDNGRZQV��dDNÕU�HW�DO��������� �

9DULRXV�SKHQRPHQD�FDQ�FUHDWH�GLIILFXOW�SUREOHPV�LQ�WKH�SHUIRUPDQFH�RI�,0��7KH�VWDWRU�XQEDODQFHG�YROWDJHV�LV�
RQH�RI�WKHP��WKH�PRVW�RI�,0�LV�GLUHFWO\�FRQQHFWHG�WR�WKH�SRZHU�JULG��+HQFH��LW�LV�YHU\�LPSRUWDQW�WR�FODULI\�WKH�HIIHFW�RI�
YROWDJH�XQEDODQFH�RQ�WKH�FKDUDFWHULVWLFV�RI�,0�� �

7KH� HIIHFWV� RI� YROWDJH� XQEDODQFH� RQ� WKH� LQGXFWLRQ�PRWRUV� DUH� VWDWHG� DV� UHGXFWLRQ� RQ� HIILFLHQF\��PHFKDQLFDO�
RVFLOODWLRQV�DQG�KLJKO\�XQEDODQFHG�FXUUHQWV�RQ�WKH�VWDWRU��WKLV�ODVW�OHDG�WR�D�WHPSHUDWXUH�ULVH��DQG�GHFUHDVH�WKH�LQVXODWLRQ�RI�
WKH�HOHFWULFDO�FRQGXFWRUV�LQ�WKH�VWDWRU��7KLV�WKHUPDO�VWUHVVHV�OHDG�WR�WKH�ORVV�RI�OLIH�LQ�LQGXFWLRQ�PRWRUV��dDNÕU�HW�DO���������

9ROWDJH�XQEDODQFH�JHQHUDWHV� QHJDWLYH� VHTXHQFH� FRPSRQHQW� LQ� WKH�YROWDJH��7KH� VHQVH�RI� URWDWLRQ�RI� WKH� ILHOG�
FRUUHVSRQGLQJ�WR�WKH�QHJDWLYH�VHTXHQFH�LV�RSSRVHG�WR�WKH�RQH�RI�WKH�ILHOG�FRUUHVSRQGLQJ�WR�WKH�SRVLWLYH�VHTXHQFH��7KDW�LV�
ZK\�LQ�WKH�FDVH�RI�XQEDODQFHG�YROWDJH��WKH�UHVXOWLQJ�PDJQHWLF�ILHOG�EHFRPHV�HOOLSWLF�UDWKHU�WKDQ�FLUFXODU��7KLV�QHJDWLYH�
VHTXHQFH� IOX[�SURGXFHV� VHYHUDO� DGYHUVH� HIIHFWV�� VXFK� DV� LQFUHDVHG� FRSSHU� ORVVHV� LQ� WKH� VWDWRU� DQG� LQ� WKH� URWRU��SRZHU�
SXOVDWLRQV�DQG�WRUTXH�SXOVDWLRQV��7KLV�ODVW�LV�EHFDXVH�RI�D�VXSSOHPHQWDU\�WRUTXH�ZLWK�D�GRXEOH�IUHTXHQF\�RI�WKH�DSSOLHG�
YROWDJH��dDNÕU�HW�DO��������'RQROR�HW�DO��������� �

,Q�WKLV�SDSHU�WKH�EHKDYLRU�RI�D�VLPXODWHG�,0��XQGHU�DQ�XQEDODQFHG�VXSSO\�YROWDJH�KDYH�EHHQ�VWXGLHG�XVLQJ�WKH�
ZHOO�NQRZ�0$7/$%�6LPXOLQN��

� �
�D� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �E��

Figure 1: 6LQJOH�SKDVH�HTXLYDOHQW�FLUFXLWV�RI�WKH�PRWRU���D��3RVLWLYH�VHTXHQFH���E��QHJDWLYH�VHTXHQFH��
�
�
7KH�VXEVFULSWV�V�DQG�U�GHQRWH�WKH�VWDWRU�DQG�URWRU����DQG���UHIHUV�WKH�SRVLWLYH�DQG�WKH�QHJDWLYH�VHTXHQFHV�UHVSHFWLYHO\��

�
�

Classification of the voltage unbalances and its different cases 
 

7KH� DSSHDUDQFH� RI� VRPH� V\PSWRPV� LQ� WKH� LQGXFWLRQ� PRWRUV� OLNH� YLEUDWLRQV�� LQFUHDVHG� QRLVH� OHYHOV� DQG� WKH�
WHPSHUDWXUH� ULVHV� LQ� WKH� VWDWRU� LV� QRW� QHFHVVDULO\� DQ� HYLGHQFH� RI� DQ� LQWHUQDO� IDXOW�� OLNH� %HDULQJ� )DXOWV� RU� VWDWRU�
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VKRUW�FLUFXLW«�HWF��7KH�VWDWRU�XQEDODQFHG�YROWDJH�LV�DQ�H[WHUQDO�IDXOW��ZKLFK�PD\�FDXVH�WKHVH�V\PSWRPV��6R��WKH�IDXOWV�
WKDW�DIIHFW�WKH�PRWRU�DUH�GLYLGHG�LQWR�WZR�SDUWV��LQWHUQDO�DQG�H[WHUQDO�IDXOWV��WKH�IROORZLQJ�ILJXUH�VXPPDUL]H�WKH�YDULRXV�
H[WHUQDO�IDXOWV�� �

�
Figure 2��&ODVVLILFDWLRQ�RI�WKH�H[WHUQDO�IDXOWV�

�
�

7KH�GLIIHUHQW�XQEDODQFHG�FDVHV�LQ�WKH�WKUHH�SKDVH�V\VWHPV�DUH��/HH���������
6LQJOH� SKDVH� XQGHU�YROWDJH� XQEDODQFH� ��Ɏ�89��� WZR� SKDVHV� XQGHU�YROWDJH� XQEDODQFH� ��Ɏ� �89��� WKUHH� SKDVHV�
XQGHU�YROWDJH�XQEDODQFH���Ɏ�89���VLQJOH�SKDVH�RYHU�YROWDJH�XQEDODQFH���Ɏ��29���WZR�SKDVHV�RYHU�YROWDJH�XQEDODQFH�
���Ɏ��29���WKUHH�SKDVHV�RYHU�YROWDJH�XQEDODQFH����Ɏ��29���XQHTXDO�VLQJOH�SKDVH�DQJOH�GLVSODFHPHQW� �
���Ɏ��$QJ���XQHTXDO�WZR�SKDVH�DQJOHV�GLVSODFHPHQW����Ɏ��$QJ���
�
�
Analysis of balanced and unbalanced condition 
 
Balanced case�

�
7KH�VLPXODWHG�PRWRU�������N:��ZDV�VXSSOLHG�E\�LWV�UDWHG�YROWDJH�ZKLFK�LV��������9��SHDN�IRU�HDFK�SKDVH��7KH�

VLPXODWLRQ�RI�WKH�PRWRU�LQ�WKH�VWHDG\�VWDWH�DQG�WKH�XQEDODQFHG�RSHUDWLRQ�LV�GRQH�DW�QR�ORDG�FRQGLWLRQ�� �
0RVW�RI�WKH�FRPPRQ�PHWKRGV�XVHG�WR�LGHQWLI\�IDXOWV�LQ�LQGXFWLRQ�PRWRU�DUH�EDVHG�RQ�WKH�DQDO\VLV�RI�WKH�VWDWRU�

FXUUHQWV��7KH�3DUN¶V�YHFWRU�DQG�WKH��'�FXUUHQW�SDWWHUQ�DSSURDFKHV��DOVR�XVH�WKH�DQDO\VLV�RI�VWDWRU�FXUUHQWV��+RZHYHU��LQ�
WKHVH�PHWKRGRORJLHV�� WKH� IDXOW� GHWHFWLRQ�ZLOO� EH� FRQYHUWHG� LQWR� WKH� SDWWHUQ� DQG� GHSHQGV� RQ� WKH� FKDQJH� RQ� WKLV� ODWWHU�
�6DPVL�HW�DO���������&RQVLGHULQJ�WKUHH�SKDVH�LQGXFWLRQ�PRWRUV�ZLWKRXW�QHXWUDO�FRQQHFWLRQ��DQG�LGHDO�FRQGLWLRQV�IRU�WKH�
PRWRU�DQG�ZLWK�³XQEDODQFHG�YROWDJH�VXSSO\´��0DUWLQV�HW�DO���������WKH�VWDWRU�FXUUHQWV�DUH�JLYHQ�E\��
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:KHUH� ,$�� ,%�DQG� ,&� �DUH� WKH� WKUHH� VWDWRU� FXUUHQWV�� ,P� �� PD[LPXP� YDOXH� RI� WKH� VXSSO\� SKDVH� FXUUHQW�� Z �� 6XSSO\�
IUHTXHQF\�� M ��7KH�SKDVH�DQJOH�� � W��7LPH�YDULDEOH��

7KH�FRPSRQHQWV�RI�WKH�VWDWRU�FXUUHQW�LQ�D�UHIHUHQFH�V\VWHP�IRUPHG�E\�WZR�RFWDJRQDO�VKDIWV�ZKLFK�DUH�IL[HG�WR�
WKH�VWDWRU�DUH�REWDLQHG�E\�WKH�IROORZLQJ�UHSRUWV��
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:KHUH�LG�DQG�LT�DUH�WKH�GLUHFW�DQG�TXDGUDWXUH�D[LV�FXUUHQWV�UHVSHFWLYHO\��XQGHU�LGHDO�RSHUDWLQJ�FRQGLWLRQV��ZKHQ�
WKH�VXSSO\�FXUUHQWV�FRQVWLWXWH�D�SRVLWLYH�VHTXHQFH�V\VWHP��WKH�WKUHH�SKDVH�FXUUHQWV�OHDG�WR�D�&XUUHQW�3DUN¶V�YHFWRU�ZLWK�
WKH�FRPSRQHQWV��
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8QGHU�WKLV�,GHDO�FRQGLWLRQ�WKH�GLUHFW�DQG�TXDGUDWXUH�D[LV�FXUUHQWV�UHSUHVHQW�D�FLUFOH�FHQWHUHG�DW�WKH�RULJLQ�RI�WKH�
FRRUGLQDWRUV��6R��WKLV�LV�YHU\�VLPSOH�UHIHUHQFH�ILJXUH�WKDW�DOORZV�WKH�GHWHFWLRQ�DQG�WKH�LGHQWLILFDWLRQ�RI�DEQRUPDO�
FRQGLWLRQV�E\�PRQLWRULQJ�WKH�GHYLDWLRQV�RI�DFTXLUHG�SDWWHUQV��&UX]�HW�DO���������

�

Figure 3��&XUUHQW�3DUN¶V�YHFWRU�SDWWHUQ�IRU�LGHDO�RSHUDWLQJ�FRQGLWLRQ�
�
�

,Q�WKH��'�VWDWRU�FXUUHQW�SDWWHUQ��DOVR�ZH�GHQRWH�D�FLUFOH�FHQWHUHG�DW�WKH�RULJLQ�RI�WKH�FRRUGLQDWHV��IRU�LGHDO�
FRQGLWLRQ�ZKHUH�LWV�UDGLXV�5�LV��

� � �ð $ % &5 , , , � � � � � � � � � � � � � � ����
 
Unbalanced cases�

�
7KH�VWDWRU�DV\PPHWU\�LV�D�JHQHUDO�FRQFHSW�RI�DQ\�VWDWRU�XQEDODQFH��ZKHWKHU�VWDWRU�ZLQGLQJ�IDXOW�RU�DQG�YROWDJH�

XQEDODQFH��6R�XQGHU�WKHVH�DEQRUPDO�FRQGLWLRQV��WKH�SUHYLRXV�FLUFOH�SDWWHUQ�QR�ORQJHU�DSSHDUV�EHFDXVH�WKH�PRWRU�VXSSO\�
FXUUHQW�ZLOO�FRQWDLQ�QHJDWLYH�VHTXHQFH�FRPSRQHQW�EHVLGHV�WKH�SRVLWLYH�VHTXHQFH�FRPSRQHQW�� �

�

�
�

Figure 4��,QGXFWLRQ�PRWRUV¶�FXUUHQWV�XQGHU�XQEDODQFHG�YROWDJH�
�
�
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�
7KH�PRWRU�VXSSO\�FXUUHQW�FDQ�EH�H[SUHVVHG�DV� WKH�VXP�RI�D�SRVLWLYH�DQG�D�QHJDWLYH��VHTXHQFH�FRPSRQHQW�� ,W�

FDQ�DOVR�EH�VKRZQ�WKDW�WKH�OHQJWK�RI�WKH�PDMRU�D[LV�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�VXP�RI�WKH�DPSOLWXGHV�RI�WKH�SRVLWLYH�
DQG�QHJDWLYH�VHTXHQFH�FRPSRQHQWV�RI�WKH�PRWRU�VXSSO\�FXUUHQW��ZKLOH�WKH�GLIIHUHQFH�EHWZHHQ�WKH�DPSOLWXGHV�RI�WKHVH�
WZR�FRPSRQHQWV�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�OHQJWK�RI�WKH�PLQRU�D[LV�� �
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6R�IRU�DQ�LQGXFWLRQ�PRWRU�ZLWK�D�VWDWRU�DV\PPHWU\�WKH�FXUUHQW�SDWWHUQ�DVVXPHV�DQ�HOOLSWLF�SDWWHUQ�ZKRVH�PDMRU�
D[LV�RULHQWDWLRQ�LV�DVVRFLDWHG�ZLWK�WKH�IDXOW\�SKDVH��&UX]�HW�DO��������3LUHV�HW�DO��������1HMMDUL��%HQERX]LG��������� �

�
Figure 5��&XUUHQW�3DUN¶V�YHFWRU�UHSUHVHQWDWLRQ�IRU�D�VWDWRU�DV\PPHWU\��&UX]�HW�DO��������

�
�

$V�WKH�VWDWRU�FXUUHQWV�GLIIHU�IURP�HDFK�RWKHU�E\������HOHFWULFDO��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�WKUHH�HOOLSVHV’�
PDMRU�D[LV�GLIIHU�IURP�HDFK�RWKHU�E\�����VSDWLDO�GHJUHHV�LQ�ERWK�SDUN¶V�YHFWRU�DSSURDFK�DQG�WKH��'�FXUUHQW�UHIHUHQWLDO�
�3LUHV�HW�DO��������0DUWLQV���������7KH�VHYHULW\�RI�WKH�PRWRU�IDXOW�PXVW�EH�UHSRUWHG��ZKLFK�LV�UHODWHG�ZLWK�WKH�HFFHQWULFLW\�
RI�WKH�HOOLSVH��,Q�WKLV�ZD\��WKH�QHZ�LQGH[�LV�SURSRVHG��DOORZLQJ�WKH�SDWWHUQ�LGHQWLILFDWLRQ�DQG�WKH�IDXOW�VHYHULW\�PHDVXUH��

� ORZ
VW

KLJ

6 O
O

 � � � � � � � � � � � � � ����

7KH�SDUDPHWHUV�OKLJK�DQG�O ORZ�GHQRWH�UHVSHFWLYHO\�� WKH�KLJKHVW�DQG�ORZHVW�OHQJWK�RI� WKH�HOOLSVH�D[HV��,W� LV� LPSRUWDQW�WR�
QRWH�WKDW�OKLJK�UHIHUV�WR�WKH�D[LV�ZKHUH�WKH�IDXOW�RFFXUV� –� SULQFLSDO�GLUHFWLRQ�FDUU\LQJ�PRUH�HQHUJ\��0RUVLD��(O�KDZDU\���
������0DUWLQV���������7KLV�VHYHULW\�LQGH[�DVVXPHV�YDOXHV�EHWZHHQ�]HUR�DQG�RQH��EHLQJ�WKH�DEVHQFH�RI�DQ\�IDXOW�UHSRUWHG�
E\�D�]HUR�VHYHULW\�LQGH[��6VW� ����� �

7KH�V\PPHWULFDO�FRPSRQHQWV�WUDQVIRUPDWLRQ��)RUWHVFXH�WUDQVIRUPDWLRQ��LV�XELTXLWRXV�DQG�LV�XVHG�WR�WUDQVIRUP�
DQ\� WKUHH�SKDVH� V\VWHP� YROWDJHV� RU� FXUUHQWV� LQWR� WKUHH� VLQJOH�SKDVH� V\VWHPV� XVLQJ� WKH� IROORZLQJ� V\PPHWULFDO�
FRPSRQHQWV�WUDQVIRUPDWLRQ�PDWUL[�LQ�WKH�SKDVRU�GRPDLQ��
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WKH�VXEVFULSWV� � $��%��DQG�&��UHIHU�WR�HDFK�RQH�RI�WKH�FRPSRQHQWV�RI�WKH�SKDVH�RI�WKH�UHDO�V\VWHP��ZKLOH�������
DQG����DUH�WKH�]HUR��SRVLWLYH�DQG�QHJDWLYH�VHTXHQFH�YROWDJHV�DQG�FXUUHQWV�UHVSHFWLYHO\��7KH�RSHUDWRU�µD¶�LV�WKH�)RUWHVFXH�
RSHUDWRU���D� �䌴������

,Q� WKLV� SDSHU� WKH� REWDLQHG� HOOLSWLF� SDWWHUQV� LQ� WKH� IROORZLQJ� VLPXODWLRQ� H[SHULPHQWV�� DUH� UHVXOWHG� IURP� WKH�
XQEDODQFHG�YROWDJH�� �
�
�
Fault detection 

 
Unbalance in the voltages magnitude 

�
x 8QGHU�YROWDJH�LQ�SKDVH�$�DQG�KHDOWK\�VWDWH�IRU�SKDVH�%�DQG�SKDVH�&��
�

)LUVW�DQ�XQEDODQFH�RI�����DIWHU� WKLV��DQ�XQEDODQFH�RI�����RI� WKH�UDWHG�YROWDJH� LV�DVVXPHG�IRU�SKDVH�$��7KH�
YDOXHV�RI�WKH�YROWDJH�IRU�WKH�WKUHH�SKDVHV�LQ�WKHVH�WZR�FDVHV�DUH��
����89�SKDVH�$�^9$ ��� 䌴0, 9% ������ 䌴������9& ������ 䌴����`� � � � � � � � �
����89�SKDVH�$�^9$ ������ 䌴0, 9% ������ 䌴������9& ������ 䌴����`�
�
�
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Figiure 6:� � �D��&XUUHQW�3DUN¶V�YHFWRU�SDWWHUQ���E���'�VWDWRU�FXUUHQW�SDWWHUQ�� �

IRU�����DQG�����XQGHU�YROWDJH�LQ�SKDVH�$�
�
�

x 8QGHU�YROWDJH�LQ�SKDVH�$��%�DQG�&��
�

$Q�XQEDODQFH�RI�����RI�WKH�UDWHG�YROWDJH�LV�DVVXPHG�IRU�SKDVH�$��%�DQG�&��7KH�YDOXHV�RI�WKH�YROWDJH�IRU�WKH�
WKUHH�SKDVHV�LQ�WKHVH�FDVHV�DUH��
���89�SKDVH�$�^9$ ������ 䌴0, 9% ������ 䌴������9& ������ 䌴����`� � � � � � � � �
���89�SKDVH�%�^9$ ������ 䌴0, 9% ������ 䌴������9& ������ 䌴����`� � � � � � � � �
���89�SKDVH�&�^9$ ������䌴���9% ������䌴������9& ������䌴����`�

� � �

�D� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �E��
Figure 7:� � �D��&XUUHQW�3DUN¶V�YHFWRU�SDWWHUQ���E���'�VWDWRU�FXUUHQW�SDWWHUQ�� �

IRU�����XQGHU�YROWDJH�LQ�SKDVH�$��%�DQG�&�
 
 
Unbalance in the voltage phase 
�
x ������DQG�������DQJOH�XQEDODQFH�GLVSODFHPHQW�RI�DQJOH¶V�SKDVH�%���

�
)LUVW�DQ�XQEDODQFH�RI�����DIWHU�WKLV��DQ�XQEDODQFH�RI�����DUH�DVVXPHG�IRU�WKH�SKDVH�$��WKH�YDOXHV�RI�WKH�YROWDJH�

IRU�WKH�WKUHH�SKDVHV�LQ�WKHVH�WZR�FDVHV�DUH��
������XQEDODQFH��SKDVH�%�^9$ ������䌴0, 9% ������ 䌴������9& ������ 䌴����`� � � � � � � � �
������XQEDODQFH��SKDVH�%�^9$ ������䌴0, 9% ������ 䌴������9& ������ 䌴����`�
�
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Figure 8���D��&XUUHQW�3DUN¶V�YHFWRU�SDWWHUQ���E���'�VWDWRU�FXUUHQW�SDWWHUQ��
IRU�������DQG�������DQJOH�GLVSODFHPHQW�LQ�SKDVH�%�

�
�

,Q�FHUWDLQ�UHVHDUFK�WKH�REWDLQHG�HOOLSWLF�SDWWHUQ�IURP�WKH�3DUN¶V�YHFWRU�DSSURDFK�LV�FRQVLGHUHG�DV�GLUHFW�VLJQ�RI�
DQ� XQEDODQFHG� YROWDJH�� 2WKHU� UHVHDUFKHV� FRQVLGHU� WKH� HOOLSWLF� SORW� IURP� WKH� �'� FXUUHQWV� SDWWHUQ� DV� VLJQ� RI� D� VWDWRU�
ZLQGLQJ� IDXOW��)URP�D�SK\VLFDO�SRLQW�RI�YLHZ��LW�VKRXOG�EH�FRQVLGHUHG�DV�D�VWDWRU�DV\PPHWU\�LQ�JHQHUDO��VWDWRU�ZLQGLQJ�
IDXOW�DQG�RU�YROWDJH�XQEDODQFH���6R��LQ�WKLV�ZRUN�ZH�FRQVLGHU�WKHVH�UHVXOWV�DV�D�SUHOLPLQDU\�GLDJQRVLV��$QG�WKH�YROWDJH�
XQEDODQFH�PXVW� EH�GLVWLQJXLVKHG� IURP� VWDWRU�ZLQGLQJ� IDXOW� VLJQDWXUHV�� 6R� XVLQJ� DQRWKHU� FRPSOHPHQWDU\� WHFKQLTXH� WR�
ILQDOL]H�WKH�LQYHVWLJDWLRQ�LV�QHFHVVDU\��DQG�WKDW�LV�WKH�FRQWHQW�RI�WKH�QH[W�VHFWLRQ�� � �

�
�
Torque harmonic analysis (THA) 
 

$�YDULHW\�RI�UHVHDUFKHV�KDYH�EHHQ�GRQH�RQ�PRGHOLQJ�RI�XQEDODQFHG�YROWDJH�FRQGLWLRQ��3KDVH�RU�0DJQLWXGH��LQ�
LQGXFWLRQ�PRWRUV��7R�GHWHFW�WKLV�DQRPDO\��KDV�WXUQHG�WR�WKH�XVH�RI�WKH�WRUTXH�KDUPRQLF�DQDO\VLV��7+$���LQ�WKH�FDVH�RI�
XQEDODQFHG� YROWDJH�� WKH� FRPSRQHQW� VSHFWUXP� WKDW� DSSHDUV� LV� ����+]�� LQ� WKH� VSHFWUXP� RI� WKH� WRUTXH�� WKLV� HIIHFWLYH�
WHFKQLTXH�ZLOO� EH�XVHG� LQ� WKLV� UHVHDUFK��7KH� WRUTXH� FDQ�EH�ZULWWHQ�E\� WKH� IROORZLQJ� HTXDWLRQ� �0LUDEEDVL� HW� DO�� ������
.KRREURR�HW�DO���������

� �
� �

3 337 7 7
Z Z

�
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7��LV�WKH�'&�WRUTXH��7��LV�WKH�WRUTXH�FRPSRQHQW�ZKRVH�IUHTXHQF\�LV�WZLFH�WKH�VXSSO\�IUHTXHQF\�� �
,Q�RUGHU�WR�VLPSOLI\�WKH�VXUYH\��ZH�VXSSRVH�WKDW�WKH�LQGXFWLRQ�PRWRU�LV�DV�DQ�5/�ORDG��WKH�WRUTXH�ZLOO�EH�ZULWWHQ�DV�

IROORZV��
�7 9 ,K
Z
§ · u u u¨ ¸
© ¹
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9�LV�WKH�LQSXW�YROWDJH��,�LV�WKH�FXUUHQW�RI�HDFK�SKDVH��Ș�LV�WKH�PRWRU�HIILFLHQF\�� � �
$V�ZH�VXSSRVHG�SUHYLRXVO\��VLQXVRLGDO�ZDYHIRUPV� IRU�YROWDJH�DQG�FXUUHQW� LV�DSSOLHG��VR� WKH�HTXDWLRQ�FDQ�EH�

UHZULWWHQ�DV��
FRV�� �� � FRV�� �� �7 . W WS D S E � u � � � � � � � � � � � � � �����

6R��

̂ � � �� ��� �`7 . FRV FRV WD E S D E � � � � � � � � � � � � � � � � ����� �

%DVHG�RQ�WKLV�HTXDWLRQ�WKH�UHVXOWLQJ�WRUTXH�ZRXOG�LQFOXGH�D�'&�WHUP�DQG�D�WHUP�ZLWK�WZLFH�RI�WKH�IXQGDPHQWDO�
IUHTXHQF\�RI�WKH�DSSOLHG�YROWDJH����IV��DV�H[SHFWHG��WKLV�FRPSRQHQW�ZKLFK�LV�DEVHQW�LQ�QRUPDO�RSHUDWLQJ�FRQGLWLRQ��FDQ�
GHWHFW�WKH�IDXOW��6R�DQ\�NLQG�RI�XQEDODQFHG�YROWDJH�LQ�LQGXFWLRQ�PDFKLQHV�LV�GHWHFWDEOH�YLD�WRUTXH�KDUPRQLF�DQDO\VLV��
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Figure 9:� � � 7RUTXH�KDUPRQLF�DQDO\VLV�LQ�FDVH�RI��D������DQG�����XQGHU�YROWDJH��
� �E������DQG����DQJOH�GLVSODFHPHQW�

�
�

Conclusion 
�

,W� KDV� EHHQ� UHYLHZHG� WKDW� WKH� VWDWRU� YROWDJH� LPEDODQFH� KDV� D� QHJDWLYH� HIIHFWV� RQ� WKH� SHUIRUPDQFH� DQG� WKH�
HIILFLHQF\�RI�WKH�LQGXFWLRQ�PRWRUV�� �

,Q�RUGHU� WR�GHWHFW� WKLV�DQRPDO\� WKH�VWDWRU�FXUUHQWV�GDWD�SDWWHUQ��3DUN¶V�YHFWRU�DSSURDFK�RU��'�VWDWRU�FXUUHQWV�
SDWWHUQ��LV�XVHG��%HFDXVH�RI�WKH�VLPLODULW\�RI�WKH�REWDLQHG�VLJQDWXUHV�EHWZHHQ�WKH�VWDWRU�XQEDODQFHG�YROWDJH�DQG�WKH�VWDWRU�
ZLQGLQJ� IDXOW�� WKHVH� ODVW� DUH� FRQVLGHUHG� DV� DQ� LQLWLDO� GLDJQRVLV�� 7R� GLVWLQJXLVK� EHWZHHQ� WKHVH� WZR� IDXOWV�� WKH� WRUTXH�
KDUPRQLF� DQDO\VLV� LV� XVHG� DV� D� FRPSOHPHQWDU\� WHFKQLTXH� LQ� WKLV� VWXG\�� 7KH� VHFRQG� IUHTXHQF\� FRPSRQHQW� ���IV�� WKDW�
DSSHDUV�LQ�WKH�VSHFWUXP�RI�WKH�WRUTXH�FDQ�GHWHFW�DQG�VSHFLI\�DQ\�NLQG�RI�YROWDJH�XQEDODQFH�LQ�WKH�LQGXFWLRQ�PRWRUV��
�
�
�
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THE RESPONSE OF THE ACCUMULATED BIOMASS AND THE 

EFFICIENCY OF WATER USE IN FIVE VARIETIES OF DURUM WHEAT 
LINES UNDER WATER STRESS 

�
�
 

Melle Fellah Sihem, M A Department of Dental Surgery, Faculty of Medicine, Constantine, Algeria 
 
�
 

�����7KH�RSWLPDO�XVH�RI�VRLO�PRLVWXUH�E\�FXOWXUH��LV�UHODWHG�WR�WKH�OHDI�DUHD�LQGH[��ZKLFK�VWRRG�LQ�WKH�F\FOH�DQG�
LWV�PRGXODWLRQ�DFFRUGLQJ�WR�WKH�SUHYDLOLQJ�VWUHVV�LQWHQVLW\��6LPDQ�HW�DO����������7DUGLHX���������)RU�D�JLYHQ�
VWRFN�RI�ZDWHU�LQ�WKH�VRLO��FXOWLYDU�DGDSWHG�DQG�VDYLQJ�ZDWHU�LV�RQH�WKDW�LV�QR�OX[XU\�FRQVXPSWLRQ�GXULQJ�WKH�
SUqDQWKqVH��6LGGLTXH�HW�DO���������3DVVLRXUD���������,W�PRGXODWHV�WKH�OHDI�DUHD�LQGH[�WR�UHJXODWH�VZHDWLQJ�LQ�
WKH�GHJUHH�RI�LWV�ZDWHU�VXSSO\��6LPDQ�HW�DO���������5LFKDUGV�HW�DO����������,Q�SODQWV�ZDWHU�VDYLQJ��DYRLGDQFH�RI�
GHK\GUDWLRQ�LV�UHODWHG�WR�WKH�UHGXFWLRQ�RI�ZDWHU�ORVV�E\�FXWLFXODU�DQG�VWRPDWDO�SDWKZD\V��0XFKRZ�DQG�
6LQFODLU��������UHSRUWHG�WKDW�WKH�WHVW�RI�UHODWLYH�ZDWHU�FRQWHQW��75(��LV�FRQVLGHUHG�WKH�EHVW�LQGLFDWRU�RI�OHDI�
ZDWHU�VWDWXV��7KH�VHDUFK�IRU�LQGLFDWRUV�RI�WKH�DELOLW\�RI�WKH�SODQW�WR�PDNH�JRRG�XVH�RI�WKH�ZDWHU��XQGHU�ZDWHU�
VWUHVV�LV�D�SUHUHTXLVLWH�IRU�SURJUHVV�LQ�LPSURYLQJ�SHUIRUPDQFH�XQGHU�ZDWHU�VWUHVV��%OXP��������$UDXV�DQG�DO���
�������7KLV�H[SHULPHQW�DLPV�WR�FKDUDFWHUL]H�D�VHW�RI�GXUXP�ZKHDW�YDULHWLHV��WHVWHG�MDUV�DQG�YHJHWDWLRQ�XQGHU�
GLIIHUHQW�OHYHOV�RI�ZDWHU�VWUHVV�WR�WKH�VXUIDFH�RI�WKH�OHDI��UHODWLYH�ZDWHU�FRQWHQW��FHOO�LQWHJULW\��WKH�DFFXPXODWHG�
ELRPDVV�DQG�HIILFLHQF\�RI�ZDWHU�XVH��
7KH�H[SHULPHQW�ZDV�FRQGXFWHG�GXULQJ�WKH�����������DFDGHPLF�\HDU��DW�WKH�$JULFXOWXUDO�5HVHDUFK�6WDWLRQ�RI�
WKH�)LHOG�&URS�,QVWLWXWH�RI�6HWLI��XQGHU�VHPL�FRQWUROOHG�FRQGLWLRQV��)LYH�JHQRW\SHV�RI�GXUXP�ZKHDW��Triticum 
durum 'HVI��ZHUH�HYDOXDWHG�IRU�WKHLU�DELOLW\�WR�WROHUDWH�PRGHUDWH�DQG�VHYHUH�ZDWHU�VWUHVV��7KH�UHVXOWV�VKRZHG�
WKDW�JHQRW\SHV�UHVSRQG�GLIIHUHQWO\�WR�ZDWHU�VWUHVV��'U\�PDWWHU�DFFXPXODWLRQ�DQG�JURZWK�UDWH�YDULHG�DPRQJ�
JHQRW\SHV�DQG�ZHUH�VLJQLILFDQWO\�UHGXFHG��$W�VHYHUH�ZDWHU�VWUHVV�ELRPDVV�DFFXPXODWHG�E\�%RXVVDODP�ZDV�
WKH�OHDVW�DIIHFWHG���
�
Keywords��:DWHU�VWUHVV��Triticum durum��ELRPDVV��FHOO�PHPEUDQH�LQWHJULW\��UHODWLYH�ZDWHU�FRQWHQW��
�
INTRODUCTION  
�������������&HUHDO�FXOWLYDWLRQ�LV�WKH�SUHGRPLQDQW�VSHFXODWLRQ�$OJHULDQ�DJULFXOWXUH��,W�FRYHUV�QHDUO\�VL[�PLOOLRQ�KHFWDUHV�LQ�D�
V\VWHP�ZKLFK�LV�WKH�GRPLQDQW�WZR�\HDU�IDOORZ���FHUHDO��0RVW�RI�WKH�DFUHDJH�LV�ORFDWHG�RQ�WKH�KLJK�SODLQV�FKDUDFWHUL]HG�
E\�WKH�DOWLWXGH��FROG�ZLQWHUV��DQ�LQVXIILFLHQW�DQG�LUUHJXODU�UDLQIDOO��IUHTXHQW�VSULQJ�IURVWV�DQG�WKH�RQVHW�RI�6LURFFR�HQG�RI�
WKH�F\FOH��$QQLFKLDULFR�HW�DO�����������&HUHDO�SURGXFWLRQ�LQ�UDLQIHG�GU\�UHPDLQV�ORZ�DQG�LUUHJXODU�LQ�VSDFH�DQG�WLPH��7KH�
VHDUFK�IRU�D�EHWWHU�DGDSWDWLRQ�WR�HQYLURQPHQWDO�FKDQJH�KDV�EHFRPH�D�QHFHVVLW\�WR�VWDELOL]H�\LHOGV�LQ�WKHVH�UHJLRQV�
�%HQPDKDPPHG�HW�DO����������
/DFN�RI�ZDWHU�LV��KRZHYHU��WKH�PRVW�OLPLWLQJ�IDFWRU�IDFHG�E\�WKH�5DLQIHG�FHUHDOV��IROORZHG�E\�QHJDWLYH�HIIHFWV�FDXVHG�E\�
ORZ�ZLQWHU�WHPSHUDWXUHV�DQG�VSULQJ��$QQLFKLDULFR�HW�DO��������$QQLFKLDULFR�HW�DO��������%DKORXOL�DQG�DO��������
0HNKORXI�HW�DO����������7KLV�PDNHV�WKH�LPSURYHPHQW�RI�SURGXFWLRQ�WHFKQLTXHV�LV�FHQWHUHG��LQFUHDVLQJO\��DURXQG�WKH�
HIILFLHQF\�RI�ZDWHU�XVH��&KHQDIIL�HW�DO����������
�
7KLV�SDSHU�DLPV�WR�FKDUDFWHUL]H�D�VHW�RI�YDULHWLHV�RI�ZKHDW��7ULWLFXP�GXUXP�'HVI���3RWV�RI�SODQWV�WHVWHG�XQGHU�GLIIHUHQW�
FRQGLWLRQV�RI�ZDWHU�VWUHVV��WKH�H[SUHVVLRQ�IRU�WKH�VXUIDFH�RI�WKH�VKHHW��WKH�UHODWLYH�ZDWHU�FRQWHQW���FHOOXODU�LQWHJULW\��
ELRPDVV��DQG�HIILFLHQF\�RI�ZDWHU�XVH�
�
Materials and methods�
7KH�H[SHULPHQWV�FRQGXFWHG�GXULQJ�WKH���������VHDVRQ��LQFOXGHV�WKH�HVWDEOLVKPHQW�RI�D�WHVW�XQGHU�SODVWLF�FRYHU�LQ�RUGHU�
WR�FRQWURO�WKH�ZDWHU�IDFWRU��)LYH�GXUXP�ZKHDW�YDULHWLHV�ZKRVH�VHHGV�DUH�FRXUWHV\�RI�VWDWLRQ��&(72��6HWLI��ZHUH�WHVWHG��
:DWHU�WUHDWPHQWV�VWXGLHG�KDYH�D�ZLWQHVV�WR�WKH�FDSDFLW\�RI�LUULJDWHG�SRW�������&3���D�WUHDWPHQW�UHSUHVHQWLQJ�D�PRGHUDWH�
ZDWHU�VWUHVV�LQ�����RI�WKH�FDSDFLW\�RI�WKH�SRW������&3��DQG�D�WKLUG�WUHDWPHQW�VLPXODWLQJ�VHYHUH�VWUHVV�E\�����WKH�
FDSDFLW\�RI�WKH�SRW������&3���

�
�����Plant material:�
)LYH�YDULHWLHV�ZHUH�XVHG�DV�SODQW�PDWHULDO��LW�LV�0RKDPHG�%HQ�%DFKLU��:DKD��.RULIOD��2XP�UDELD�DQG�%RXVVDODP�
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Measurements carried out:�
7KH�DYHUDJH�DUHD�RI�WKH�ODVW�IXOO\�GHYHORSHG�OHDI�ZDV�HVWLPDWHG�E\�WKH�SURGXFW�6)��FP��� �>�������/�[�,�@�
6SHFLILF�OHDI�ZHLJKW�ZDV�FDOFXODWHG�E\�WKH�UDWLR�RI�WKH�ZHLJKW�RI�WKH�GU\�PDWWHU�RI�OHDI�DUHD�VWDQGDUG�
�������36)��PJ���FP�ð�� �36��PJ����6)��FP�ð��
�������(55����� ������3)�36�����37�63���
ZLWK�75(�LV�WKH�OHDI�UHODWLYH�ZDWHU�FRQWHQW��3)��37�DQG�36�DUH�UHVSHFWLYHO\�WKH�ZHLJKW��PJ��IUHVK��WXUJLG�DQG�GU\�OHDI�
VDPSOHV��
7KH�SHUFHQWDJH�RI�FHOOV�GDPDJHG�E\�ZDWHU�VWUHVV�ZDV�HVWLPDWHG�DV�GHVFULEHG�E\�%DMMD�HW�DO����������DV�IROORZV��,&����� �
�����(&,�(&���
7KH�QXPEHU�RI�JUDLQV�SHU�HDU��1*(��LV�GHULYHG�E\�FDOFXODWLQJ�LW�XVLQJ�WKH�IROORZLQJ�IRUPXOD��1*(� �������[�57'�����[�
30*�1(���
Results and Discussion�
�����7KH�\LHOG�LV�D�FRPSOH[��ORZ�KHULWDELOLW\�DQG�PRUH�VXEMHFW�WR�JHQRW\SH�[�HQYLURQPHQW�LQWHUDFWLRQV��$QQLFKLDULFR�HW�
DO����������7KH�VHOHFWLRQ�LV�PDGH��LQ�DGGLWLRQ�WR�JUDLQ�\LHOG��EDVHG�RQ�SK\VLRORJLFDO�FKDUDFWHULVWLFV�WR�EDODQFH�\LHOG�
SRWHQWLDO�DQG�WROHUDQFH�RI�HQYLURQPHQWDO�VWUHVVHV��%ULQ��������%HQPDKDPPHG�HW�DO��������3DVVLRXUD�HW�DO����������$�
EHWWHU�XQGHUVWDQGLQJ�RI�PRUSKR�SK\VLRORJLFDO�PHFKDQLVPV�LQYROYHG�LQ�UHVLVWDQFH�WR�ZDWHU�VWUHVV�LV�WKHUHIRUH�HVVHQWLDO�
IRU�WKH�VHOHFWLRQ�RI�UHVLVWDQW�JHQRW\SHV��=KDQJ�HW�DO���������

�
�
�7KUHH�FOLPDWLF�IDFWRUV�LQWHUDFW�WR�DOORZ�WKH�H[WHUQDOL]DWLRQ�RU�LQKLELWLRQ�SRWHQWLDO�RI�D�JLYHQ�JHQRW\SH��7KHVH�IDFWRUV�DUH�
WKH�ORZ�WHPSHUDWXUHV��WKH�DFFXPXODWHG�GHJUHH�GD\V�DQG�
FXPXODWLYH�UDLQIDOO��.DERXFKH�HW�DO��������0HNKORXI�HW�
DO����������,I�WKH�UHVSRQVH�RI�JHQRW\SHV�WR�WKH�YDULDWLRQ�
RI�FOLPDWLF�IDFWRUV�LV�SUHGLFWDEOH��WKH�DGYHQW�RI�WKHVH�
FRQVWUDLQWV�LV�WKH�UHDOP�RI�WKH�XQSUHGLFWDEOH��VR�WKH�
VHOHFWLRQ�RI�D�JLYHQ�JHQRW\SH�WR�H[SUHVV�WKDW�WKLV�
JHQRW\SH�LV�SRWHQWLDOO\�SURGXFWLYH��EXW�DOVR�KH�KDV�WKH�
DELOLW\�WR�DEVRUE�FKDQJHV�LQ�VHWWLQJV�WKDW�ZLOO�VXIIHU��
RQFH�DGRSWHG��%RX]HU]RXU�HW�DO����������
7KH�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�GHWHUPLQH�WKH�HIIHFWV�RI�
ZDWHU�VWUHVV�RQ�PRUSKRORJLFDO�DQG�SK\VLRORJLFDO�
FKDUDFWHULVWLFV�RI�FRQWUDVWLQJ�JHQRW\SHV�RI�GXUXP�
ZKHDW��7KH�UHVXOWV�LQGLFDWH�WKDW�ZDWHU�VWUHVV�
VLJQLILFDQWO\�UHGXFHG�YLUWXDOO\�DOO�WKH�YDULDEOHV�
PHDVXUHG��,Q�WKH�DEVHQFH�RI�ZDWHU�VWUHVV��DQG�0%%�
:DKD�SUHVHQW�UDWHV�RI�DFFXPXODWLRQ�RI�ELRPDVV�KLJKHVW��
.RULIOD�KDQG�ZLWK�D�FDSLWDO�RI�'0�VLJQLILFDQWO\�
KLJKHU�DW�WKH�EHJLQQLQJ�RI�WKH�F\FOH��ZKLOH�%RXVVDODP�DQG�
0%%��HDUQ�UHODWLYHO\�OHVV�ELRPDVV�LQ�
EHJLQQLQJ�RI�WKH�F\FOH��ZLWK�ORZ�WHPSHUDWXUHV��:DKD�DQG�
0%%�DGRSW�D�JURZWK�UDWH�KLJKHU�HQG�RI�WKH�F\FOH��
:DWHU�VWUHVV��PRGHUDWH��VLJQLILFDQWO\�UHGXFHV�WKH�DYHUDJH�VSHHG�RI�DFFXPXODWLRQ�RI�ELRPDVV�RI�DERXW�������RI�DOO�
YDULHWLHV���

0%%�DQG�:DKD�DUH�OHVV�VHQVLWLYH�WR�ODFN�RI�ZDWHU��8QGHU�VHYHUH�ZDWHU�VWUHVV��DQG�0%%�%RXVVDODP�PDQDJH�WR�GR�EHWWHU�
\LHOGV�RI�GU\�PDWWHU�LQ�WKH�HQG�RI�WKH�H[SHULPHQW��ZKLOH�
:DKD��DQG�05%��.RULIOD�DUH�PRVW�DIIHFWHG��

�
7KH�UHVXOWV�LQGLFDWH�WKH�SUHVHQFH�RI�JHQRW\SHV�WKDW�
DFFXPXODWH�PRUH�ELRPDVV�LQ�WKH�DEVHQFH�DV�LQ�SUHVHQFH�RI�
ZDWHU�VWUHVV�DQG�LQ�WKH�FDVH�RI�0%%��*HQRW\SHV�WKDW�
DFFXPXODWH�PRUH�ELRPDVV�LQ�WKH�DEVHQFH�RI�ZDWHU�VWUHVV�DQG�
XQGHU�PRGHUDWH�ZDWHU�VWUHVV��LQ�WKH�FDVH�RI�:DKD�DQG�
.RULIOD��*HQRW\SHV�WKDW�DFFXPXODWH�PRUH�ELRPDVV�XQGHU�
VHYHUH�VWUHVV�DQG�LW�LV�RQO\�WKH�FDVH�RI�%RXVVDODP��0%%�

)LJXUH����&KDQJH�LQ�DPRXQWV�RI�GU\�DLU�SURGXFHG�E\�GLIIHUHQW�JHQRW\SHV�
HYDOXDWHG�LQ�WKH�DEVHQFH�DQG�XQGHU�ZDWHU�VWUHVV�

�
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GHYHORSV�VORZO\�LQ�WKH�EHJLQQLQJ�RI�WKH�F\FOH�DQG�DFFHOHUDWHV�LWV�JURZWK�DW�WKH�HQG�RI�F\FOH��%\�FRQV�.RULIOD�LV�JURZLQJ�
IDVWHU�DW�WKH�EHJLQQLQJ�RI�WKH�F\FOH�DQG�VORZLQJ�JURZWK�DW�WKH�HQG�RI�F\FOH��7KH�EHVW�JHQRW\SH�IRU�VHPL�DULG�
HQYLURQPHQWV�LV�WKH�W\SH�.RULIOD��
�
�������
7KH�HIIHFW�RI�ZDWHU�VWUHVV�LV�PDUNHG�RQ�WKH�VXUIDFH���
WKH�ZHLJKW��VSHFLILF�DQG�OHDI�ZDWHU�VWDWXV��
EXW�LW�LV�QRW�QRWLFHDEOH�RQ�FHOOXODU�LQWHJULW\��
��.RULIOD�GHYHORSV�D�ODUJH�OHDI�VXUIDFH�WKDW�LV�
�UHODWLYHO\�OHVV�UHGXFHG�XQGHU�WKH�HIIHFW�RI�ZDWHU�VWUHVV��
:DKD��0%%�DQG�%RXVVDODP�GHYHORSPHQW�RI�EURDG�
OHDYHV�ZKRVH�VXUIDFH�LV�JUHDWO\�UHGXFHG�DV�D�UHVXOW�RI�
ZDWHU�VWUHVV��05%��SURGXFHG�D�VKHHW�RI�VPDOO�DUHD��
ZKLFK�LV�VOLJKWO\�UHGXFHG�GXH�WR�WKH�HIIHFWV�RI�ZDWHU�
VWUHVV�
� �
�
�
�
�
�
5HGXFWLRQV�LQ�VSHFLILF�OHDI�ZHLJKW��XQGHU�VHYHUH�VWUHVV��DUH����������������������������DQG�������UHVSHFWLYHO\�IRU�
:DKD��0%%��%RXVVDODP��DQG�05%��.RULIOD��*HQRW\SLF�GLIIHUHQFHV�IRU�WKH�75(�DUH�UHODWLYHO\�PRUH�LPSRUWDQW�XQGHU�
VHYHUH�ZDWHU�VWUHVV��.RULIOD�UHGXFHG�LWV�UHODWLYH�FRQWHQW�PRUH�VLJQLILFDQWO\��E\�FRQV�05%��VKRZV�VRPH�VWDELOLW\�IRU�WKH�
OHDI�ZDWHU�VWDWXV��,Q�UHODWLYH�UHGXFWLRQ�LQ�UHODWLYH�ZDWHU�FRQWHQW�RI��������������������DQG�������UHVSHFWLYHO\�IRU�:DKD��
0%%��05%���DQG�%RXVVDODP�.RULIOD���
�
�
�
�
�
�
)RU�WKH�FHOOXODU�LQWHJULW\�JHQRW\SHV�ULVH�VLJQLILFDQWO\�GLIIHUHQW��:DKD�JHQRW\SH�LV�OHVV�GDPDJHG�FRPSDUHG�WR�%RXVVDODP�
ZKLFK�VKRZV�WKH�KLJKHVW�SHUFHQWDJH�RI�FHOO�GDPDJH��'DPDJH�WR�WKH�FHOO�PHPEUDQH�DUH�OHVV�REYLRXV�LQ�PRGHUDWH�VWUHVV�
IRU�IRXU�RI�WKH�ILYH�JHQRW\SHV�VWXGLHG��EXW�WKH\�EHFRPH�FRQVLVWHQW�LQ�VHYHUH�VWUHVV�%RXVVDODP�ZKLFK�H[SUHVVHV�WKH�PRVW�
GDPDJH�ZKLOH�0RKDPHG�%HQ�%DFKLU�DQG�.RULIOD�DUH�WKH�PRVW�WROHUDQW�WR�WKLV�IHDWXUH���
,Q�UHODWLYH�WHUPV��PRGHUDWH�ZDWHU�VWUHVV�UHGXFHV�\LHOG�DQG�\LHOG�FRPSRQHQWV�RI��������������������DQG������IRU�JUDLQ�
\LHOG��QXPEHU�RI�HDUV��QXPEHU�RI�JUDLQV�SHU�HDU�DQG�
ZHLJKW�RI������JUDLQV��6HYHUH�ZDWHU�VWUHVV�DIIHFWV�WKH�
VDPH�YDULDEOHV�LQ�WKH�SURSRUWLRQV���������������
������DQG�������
�
,Q�WKH�DEVHQFH�RI�ZDWHU�VWUHVV�0%%�KDV�D�ORZ�\LHOG��
ZKLOH�WKH�RWKHU�IRXU�JHQRW\SHV�KDYH�VLJQLILFDQWO\�
KLJKHU�\LHOGV�DQG�HTXDO��8QGHU�PRGHUDWH�ZDWHU�VWUHVV��
WKH�\LHOG�LV�JUHDWO\�UHGXFHG�0%%�IROORZHG�%RXVVDODP��
:DKD��DQG�05%��.RULIOD�PLQLPL]H��IRU�FRQV��WKH�
UHGXFWLRQ�RI�PRGHUDWH�SHUIRUPDQFH�VWUHVV��8QGHU�
VHYHUH�VWUHVV��:DKD��DQG�0%%�%RXVVDODP�DUH�YHU\�
VHQVLWLYH�WR�ZDWHU�VWUHVV��ZKLOH�05%��DQG�.RULIOD�WR�
VKRZ�UHODWLYHO\�PRUH�WROHUDQW��,Q�WHUPV�RI�VHOHFWLRQ�RI�
JHQRW\SHV�IRU�VSHFLILF�DGDSWDWLRQ�LQ�WKH�DEVHQFH�RI�
FRHUFLRQ��
0%%�H[FOXGLQJ�WKH�RWKHU�JHQRW\SHV�JLYH�\LHOGV�
��6LPLODU�JUDLQ��
8QGHU�PRGHUDWH�ZDWHU�VWUHVV��WKH�FKRLFH�LV�
:DKD��DQG�.RULIOD�05%��WKDW�DUH�UHODWLYHO\�PRUH�WROHUDQW�
WKLV�GHJUHH�RI�ZDWHU�VWUHVV��
6HYHUH�ZDWHU�VWUHVV��DQG�.RULIOD�05%��PDLQWDLQ�D�UHODWLYHO\�KLJK�\LHOG��
�)RU�D�JHQHUDO�DGMXVWPHQW��WKH�FKRLFH�RI�JHQRW\SH�LV�RQ�.RULIOD��05%��DQG�WR�D�OHVVHU�H[WHQW�%RXVVDODP��7KHVH�
JHQRW\SHV�KDYH�WKH�DELOLW\�WR�PLQLPL]H�WKH�UHGXFWLRQ�RI�JUDLQ�\LHOG�XQGHU�ZDWHU�VWUHVV��
7KH�YDOXHV�WDNHQ�E\�WKH�QXPEHU�RI�JUDLQV�SHU�HDU��LQ�WKH�DEVHQFH�RI�ZDWHU�VWUHVV�YDULHG�IURP�������LQGH[������DW�0%%�LQ�
�������������LQ�.RULIOD��8QGHU�PRGHUDWH�VWUHVV��WKH\�GURS�WR�������IRU�:DKD�DQG�������RI�WKH�PD[LPXP�YDOXH�IRU�

)LJXUH���,QIOXHQFH�RI�ZDWHU�VWUHVV�RQ�WKH�GHYHORSPHQW�RI�WKH�PLGGOH�
VXUIDFH�RI�WKH�VKHHW�RI�GLIIHUHQW�JHQRW\SHV�

 

 

)LJXUH���,QIOXHQFH�RI�ZDWHU�VWUHVV�RQ�OHDI�ZDWHU�VWDWXV�RI�GLIIHUHQW�JHQRW\SHV 
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0%%��8QGHU�VHYHUH�VWUHVV��WKH\�GURS�WR�������IRU�
:DKD��DQG�UHPDLQ�DW�D�OHYHO�VLPLODU�WR�WKDW�
REVHUYHG�XQGHU�PRGHUDWH�VWUHVV�DQG�%RXVVDODP�
.RULIOD�EH������DQG�������RI�WKH�PD[LPXP�YDOXH��
7KH�DFFXPXODWHG�ELRPDVV�DW�PDWXULW\�SDVVHV�
����J�SRW��DYHUDJH���JHQRW\SHV�DQG�LQ�WKH�DEVHQFH�
RI�VWUHVV��WR������J���SRW�XQGHU�VHYHUH�VWUHVV��
6WXEEOH�KHLJKW�LV�UHGXFHG�E\������WR������FP��D�
ORZHULQJ�RI��������7KH�UDWLR�RI�WKH�ZHLJKW�RI�WKH�
HDUV�RQ�WKH�JURXQG�ELRPDVV�PHDVXUHG�DW�PDWXULW\��
IDOOLQJ�������WR��������7KH�DYHUDJH�KDUYHVW�LQGH[�
LQFUHDVHV��DJDLQVW��DV�D�UHVXOW�RI�ZDWHU�VWUHVV��LW�
JRHV�IURP����WR������
7KH�HIILFLHQF\�RI�ZDWHU�XVH�RI�ELRPDVV�LV�QRW�
VLJQLILFDQWO\�DIIHFWHG�E\�WKH�SHUIRUPDQFH�DJDLQVW�
WKH�LQFUHDVHV�XQGHU�WKH�HIIHFW�RI�ZDWHU�VWUHVV�RI�
�����WR������PJ���PO�ZDWHU�SHU�SRW��8QGHU�ZDWHU�
VWUHVV�WKH�ELRPDVV�DQG�WKH�UDWLR�RI�WKH�ZHLJKW�RI�
WKH�HDUV�RI�WKH�ELRPDVV��WKH�KLJKHU�DUH�UDWHG�DW�
0%%��:DKD�DQG�.RURIOD��05%��.RULIOD�DQG�H[SUHVV�WKH�EHVW�KDUYHVW�LQGH[��ZKLOH�0%%�%RXVVDODP�DQG�DUH�
GLVWLQJXLVKHG�E\�WKH�JUHDWHU�HIILFLHQF\�RI�ZDWHU�XVH�IRU�WKH�SURGXFWLRQ�RI�GU\�PDWWHU�DQG�:DKD��.RULIOD�05%��DQG�IRU�
WKDW�WR�SURGXFH�JUDLQ��
7KH�JUDLQ�\LHOG�ZDV�SRVLWLYHO\�FRUUHODWHG�ZLWK�JUDLQV�SHU�\HDU��ZHLJKW�RI�HDUV�DW�WKH�DERYH�JURXQG�ELRPDVV�PHDVXUHG�DW�
PDWXULW\��WKH�UDWLR�RI�WKH�ZHLJKW�RI�WKH�HDUV�RQ�WKH�JURXQG�ELRPDVV�WR�OHDI�DUHD��VSHFLILF�OHDI�ZHLJKW��FRQWHQW�LQ�
��FKORURSK\OO�D�DQG�E��7KHVH�FRUUHODWLRQV�LQGLFDWH�WKDW�WKH�JHQRW\SH�KDSSHQV�WR�EH�D�JRRG�JUDLQ�\LHOG�LQ�WKH�DEVHQFH�RI�
FRHUFLRQ��VXFK�DV�ZDWHU�VWUHVV��PXVW�KDYH�YDOXHV�JUHDWHU�WKDQ�WKH�DYHUDJH�IRU�WKH�YDULDEOHV�OLVWHG�DERYH�DQG�DUH�SRVLWLYHO\�
UHODWHG�WR�JUDLQ�\LHOG��,Q�RWKHU�ZRUGV��WKH�JHQRW\SH�WKDW�PLQLPL]HV�WKH�UHGXFWLRQ�RI�WKH�DYHUDJH�YDOXH�RI�WKHVH�YDULDEOHV��
DV�D�UHVXOW�RI�ZDWHU�VWUHVV��DW�WKH�VDPH�WLPH�PLQLPL]HV�WKH�GURS�LQ�SHUIRUPDQFH�EHFDXVH�LW�LV�WROHUDQW���
�
$FFRUGLQJ�9LOODJHV�HW�DO����������JUDLQ�\LHOG�LQ�UDLQ�IHG�FHUHDO�OLQHV�LV�GHWHUPLQHG�E\�WKH�DFFXPXODWHG�ELRPDVV�DQG�
KDUYHVW�LQGH[��8QGHU�ZDWHU�VWUHVV�JHQRW\SHV�WKDW�DUH�DEOH�WR�VXSSRUW�WKH�DFFXPXODWLRQ�RI�GU\�PDWWHU�RIWHQ�PLQLPL]HV�WKH�
HIIHFW�RI�VWUHVV�RQ�WKH�H[SUHVVLRQ�RI�SHUIRUPDQFH�JDLQV��7KH�DFFXPXODWLRQ�RI�KLJK�ELRPDVV�DW�PDWXULW\�VWDJH�LV�GXH�WR�D�
UHODWLYH�KLJK�JURZWK�UDWH��
.KDQQD�&KRSUD�HW�DO����������LQGLFDWH�WKDW�ZDWHU�VWUHVV�UHGXFHG�WKH�QXPEHU�RI�JUDLQV�SHU�HDU�DQG�QXPEHU�RI�HDUV�
SURGXFHG�SHU�XQLW�DUHD��7KH�HIIHFW�RI�WKH�UHGXFWLRQ�RI�WKHVH�WZR�FRPSRQHQWV�RI�JUDLQ�\LHOG��KRZHYHU��LV�YDULDEOH�
GHSHQGLQJ�RQ�WKH�JHQRW\SHV��LQ�VRPH�JHQRW\SHV��LW�LV�UHGXFLQJ�WKH�QXPEHU�RI�JUDLQV�SHU�HDU�ZKLFK�LV�GHFLVLYH��ZKHUHDV�
LQ�RWKHU�JHQRW\SHV�F�LV�WKH�HIIHFW�RI�WKH�QXPEHU�RI�HDUV�ZKLFK�LV�FUXFLDO�LQ�UHGXFLQJ�WKH�JUDLQ�\LHOG��
�
7KLV�YDULDWLRQ�RI�WKH�HIIHFW�RI�WKH�FRPSRQHQWV�DQG�FKDUDFWHULVWLFV�UHODWHG�WR�SHUIRUPDQFH�RQ�WKH�UHGXFWLRQ�RI�JUDLQ�\LHOG�
VXJJHVWV�WKDW�WKH�H[SUHVVLRQ�RI�JUDLQ�\LHOG�XQGHU�VWUHVV�DQG�LQ�WKH�DEVHQFH�RI�VWUHVV�LV�QRW�QHFHVVDULO\�PD[LPL]HG�E\�WKH�
VDPH�DOOHOHV��7KLV�VXJJHVWV�WKDW�XQGHU�IDYRUDEOH�HQYLURQPHQW�PXVW�DLP�DW�WKH�VHOHFWLRQ�RI�JHQRW\SHV�ZLWK�KLJK�\LHOG�
SRWHQWLDO�UHJDUGOHVV�RI�WKHLU�VWUHVV�UHVSRQVH�ZKLOH�LQ�XQIDYRUDEOH�HQYLURQPHQWV�VKRXOG�PDLQO\�UHIOHFW�WKH�UHVSRQVH�YLV�j�
YLV�WKH�VWUHVV�WKDW�LV�IDFWRU�LQ�WKH�H[SUHVVLRQ�RI�JUDLQ�\LHOG��
.LUQDN�HW�DO����������LQGLFDWH�WKDW�ZDWHU�VWUHVV�LQGXFHG�D�VLJQLILFDQW�GHFUHDVH�LQ�FKORURSK\OO�FRQWHQW��WKH�UHODWLYH�ZDWHU�
FRQWHQW�RI�WKH�IROLDJH�RI�YHJHWDWLYH�JURZWK�DQG�LQFUHDVHG�OHDNDJH�RI�WKH�HOHFWURO\WH��7KH�VHYHUH�ZDWHU�VWUHVV�UHGXFHG�
�����WKH�WRWDO�DFFXPXODWHG�GU\�DLU�RI�����DQG�OHDI�HORQJDWLRQ�RI������7KHVH�UHGXFWLRQV�DUH�WKH�UHVXOW�RI�UHGXFLQJ�WKH�
UDWH�RI�HORQJDWLRQ�DQG�OHDI�WUDQVSLUDWLRQ��
7KH�UDWLR�RI�URRW�GU\�PDWWHU�RQ�WKH�GU\�DLU�LQFUHDVHV�XQGHU�VWUHVV�E\�D�IDFWRU�RI������VXJJHVWLQJ�D�GLYHUVLRQ�RI�QHZO\�
SURGXFHG�DVVLPLODWHV�WR�WKH�URRWV�DV�PXFK�WR�WKH�DHULDO�SDUW��WR�LPSURYH�DFFHVVLELOLW\�WR�PRUH�VRLO�PRLVWXUH��
�
%DMMD�HW�DO����������LQGLFDWH�WKDW�ZDWHU�VWUHVV�LQGXFHV�DQ�LQFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI�VROXEOH�VXJDUV�DQG�SUROLQH��EXW�
WR�YDU\LQJ�GHJUHHV�GHSHQGLQJ�RQ�WKH�UHVSRQVH�JHQRW\SH��:DWHU�VWUHVV�DOVR�DIIHFWV�WKH�QXPEHU�RI�OHDYHV�GHYHORSHG�ZKLFK�
FRQWULEXWH�WR�D�UHGXFWLRQ�LQ�WUDQVSLULQJ�VXUIDFH�VWUHVV��EXW�DW�WKH�VDPH�WLPH�UHGXFHG�LPDJH�V\QWKHVL]LQJ�FDSDFLW\�RI�WKH�
SODQW�XQGHU�VWUHVV��
5HWHQWLRQ�XQGHU�ZDWHU�VWUHVV��KLJK�PHDQ�YDOXHV�RI�FKDUDFWHUV�VXFK�DV�OHDI�ZHLJKW��QLWURJHQ�FRQWHQW�DQG�FKORURSK\OO�
FRQWHQW�RI�WKH�OHDI�LV�FRQVLGHUHG�D�JRRG�LQGLFDWRU�RI�WKH�VWDELOLW\�RI�SKRWRV\QWKHWLF�WLVVXHV��7KH�FKORURSODVWV�DUH�XQGHU�
VWUHVV�ZKHQ�WKH�DEVRUEHG�HQHUJ\�LV�IDU�VXSHULRU�WR�WKH�XVDELOLW\�RI�SKRWRV\VWHPV��ZKLFK�OHDGV�WR�WKH�SKRWR�LQKLELWLRQ�RI�
SKRWRV\QWKHVLV�WKDW�RFFXUV�ZKHQ�WKH�UDWH�RI�WUDQVIHU�RI�H[FLWDWLRQ�HQHUJ\�LQ�WKH�FHQWHU�RI�WKH�DQWHQQDV�SKRWRFKHPLFDO�
UHDFWLRQ�H[FHHGV�WKH�UDWH�RI�WUDQVLW�RI�WKH�HOHFWURQV��FDXVLQJ�GDPDJH�WR�WKH�WK\ODNRLGV��

)LJXUH����7KH�\LHOG�DQG�LWV�FRPSRQHQWV��WKH�GLIIHUHQW�JHQRW\SHV��H[SUHVVHG�LQ��RI�WKH�
PD[LPXP�YDOXH�
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$FFRUGLQJ�3RRWHU�DQG�)DUTXIDU��������JHQRW\SHV�WKDW�DUH�FKDUDFWHUL]HG�E\�VORZ�JURZWK�HDUO\�LQ�WKH�F\FOH��KDYH�WKH�
DGYDQWDJH�QRW�WR�XVH�D�OX[XU\�DYDLODEOH�UHVRXUFHV�RI�WKH�HQYLURQPHQW��VDYLQJ�IRU�WKH�HQG�RI�WKH�F\FOH�WKDW�LV�RIWHQ�PRUH�
VWUHVVIXO��1DJHVZDUD�5DR�HW�DO����������PHQWLRQ�WKH�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�WKH�LVRWRSH�GLVFULPLQDWLRQ��ǻ��DQG�
VSHFLILF�OHDI�ZHLJKW��ZKHUHDV�:ULJKW�HW�DO����������UHSRUW�D�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�VSHFLILF�OHDI�ZHLJKW�
DQG�SKRWRV\QWKHWLF�FDSDFLW\�6WRPDWDO�FORVXUH�LV�UHODWHG�WR�WKH�ORVV�RI�WXUJRU�RI�VWRPDWDO�JXDUG�FHOOV��0DUWLQ�HW�DO����������
UHSRUWHG�WKDW�JHQRW\SHV�WKDW�WROHUDWH�ZDWHU�VWUHVV�PDLQWDLQ�D�75(�KLJK�XQGHU�FRQGLWLRQV�RI�PRGHUDWH�VWUHVV�DQG�VHYHUH�
FRPSDUHG�WR�VXVFHSWLEOH�JHQRW\SHV��6LPLODUO\�5HNLN�HW�DO��������QRWH�WKDW�PDLQWDLQLQJ�D�75(�:DKD�KLJK�ZDWHU�VWUHVV�E\�
RVPRWLF�DGMXVWPHQW�FDSDFLW\��0HUDK�HW�DO����������UHSRUW�WKDW�:DKD�LV�FKDUDFWHUL]HG�E\�WKH�YDOXHV�RI�ǻ�DQG�JUDLQ�RI�WKH�
SDSHU�KLJK��7KH�JHQRW\SHV�WKDW�KDYH�D�KLJK�FDSDFLW\�WR�DGMXVW��XQGHU�ZDWHU�VWUHVV��PDQDJH�WR�PDLQWDLQ�D�75(�KLJK�XQGHU�
WKHVH�FRQGLWLRQV��E\�FRQWUROOLQJ�VWRPDWD�JDV�H[FKDQJH��7KH�JHQRW\SHV�WKDW�PDLQWDLQ�D�KLJK�JV�VZHDW�PRUH��KDYH�D�YDOXH�
ǻ�DQG�KLJK�DVK�FRQWHQW��9ROWDV�HW�DO����������,W�LV�ZHOO�NQRZQ�WKDW�VWRPDWDO�FORVXUH�OHDGV�WR�DQ�LQFUHDVH�LQ�OHDI�
WHPSHUDWXUH��ZKLFK�LQGXFHV�LQFUHDVHG�VZHDWLQJ�DQG�UHGXFHG�WKH�DFWLYLW\�RI�&2��IL[DWLRQ�E\�5XELVFR��9DQ�GHQ�%RRJDDUG�
HW�DO����������:KHQ�JUDLQ�\LHOG�ZDV�SRVLWLYHO\�FRUUHODWHG�ZLWK�JV��WKLV�HIIHFW�LV�DVVRFLDWHG�ZLWK�WKH�FRROLQJ�RI�OHDYHV�E\�
WUDQVSLUDWLRQ�SHUPLWWHG�E\�D�KLJK�VWRPDWD�FRQGXFWDQFH��ZKLFK�RIWHQ�DOORZV�WKH�PDLQWHQDQFH�RI�SKRWRV\QWKHWLF�DFWLYLW\�
�/X�HW�DO����������7KXV�WKH�GHSUHVVLRQ�RI�WKH�WHPSHUDWXUH�RI�WKH�FDQRS\�UHODWLYH�WR�WKDW�RI�WKH�DPELHQW�DLU�LV�PRVW�RIWHQ�
DVVRFLDWHG�ZLWK�JUDLQ�ǻ�DQG�\LHOG�XQGHU�VWUHVV�FRQGLWLRQV�K\GULTXHV��SDUWLFLSDWLRQ�RI�DVVLPLODWHV�IRUPHG�EHIRUH�KHDGLQJ�
FDQ�RIWHQ�EH�VLJQLILFDQW�XQGHU�VWUHVVIXO�FRQGLWLRQV��7KLV�FRQWULEXWLRQ�LQFUHDVHV�UHODWLYHO\�LQ�WHUPV�RI�OLPLWLQJ�ZDWHU��DV�
WKH�SKRWRV\QWKHWLF�DFWLYLW\�LV�UHGXFHG�E\�WKH�HIIHFW�RI�VWUHVV�WKDW�DFFHOHUDWH�OHDI�VHQHVFHQFH��,Q�WKLV�FRQWH[W��WKH�VWUDZ�
JHQRW\SHV�KDYH�D�KLJK�VWRUDJH�FDSDFLW\�RI�DVVLPLODWHV�PRVW�LPSRUWDQW��ZKLFK�LV�ORFDWHG�LQ�WKH�QHFN�RI�WKH�HDU�DQG�
EHWZHHQ�WKH�SHQXOWLPDWH�QRGH��5HEHW]NH�HW�DO����������7KH�UDWLR�RI�WKH�OHQJWK�RI�WKH�QHFN�RI�WKH�VSLNH�RQ�WKH�VWXEEOH�
KHLJKW�LV�DQ�LQGLFDWRU�RI�WKH�DELOLW\�RI�DVVLPLODWHV�VWRUHG�DQG�WUDQVIHUUHG�WR�WKH�JUDLQ��5HNLN�HW�DO����������

�
CONCLUSION�
7KH�VHDUFK�IRU�LQGLFDWRUV�RI�FDSDFLW\�IRU�EHWWHU�XVH�RI�ZDWHU�E\�WKH�SODQW�VXFK�DV�OHDI�ZDWHU�VWDWXV��QHW�DVVLPLODWLRQ�DQG�
UHODWLYH�JURZWK�XQGHU�VWUHVV�LV�D�QHFHVVDU\�SUHUHTXLVLWH�WR�KRSH�WR�PDNH�SURJUHVV�LQ�PDWWHUV�RI�LPSURYHPHQW�RI�
SURGXFWLRQ�XQGHU�ZDWHU�VWUHVV��7KH�UHVXOWV�RI�WKLV�SDSHU�LQGLFDWH�WKDW�ZDWHU�VWUHVV�VLJQLILFDQWO\�UHGXFHG�DOO�YDULDEOHV�
PHDVXUHG��$PRQJ�WKH�JHQRW\SHV�HYDOXDWHG�0%%�DFFXPXODWH�PRUH�ELRPDVV�LQ�WKH�DEVHQFH�DV�LQ�SUHVHQFH�RI�ZDWHU�VWUHVV�
E\�.RULIOD�DJDLQVW�:DKD�DQG�DFFXPXODWH�PRUH�ELRPDVV�LQ�WKH�DEVHQFH�RI�ZDWHU�VWUHVV�DQG�ZDWHU�VWUHVV�LQ�PRGHUDWH�
%RXVVDODP�ZKLOH�DFFXPXODWLQJ�PRUH�ELRPDVV�LQ�2QO\�VHYHUH�VWUHVV��0%%�GHYHORSV�VORZO\�LQ�WKH�EHJLQQLQJ�RI�WKH�F\FOH�
DQG�DFFHOHUDWHV�LWV�JURZWK�DW�WKH�HQG�RI�F\FOH��%\�FRQV�.RULIOD�LV�JURZLQJ�IDVWHU�DW�WKH�EHJLQQLQJ�RI�WKH�F\FOH�DQG�
VORZLQJ�JURZWK�DW�WKH�HQG�RI�F\FOH��
7KH�HIIHFW�RI�ZDWHU�VWUHVV�LV�YHU\�SURQRXQFHG�RQ�WKH�VXUIDFH��WKH�ZHLJKW�DQG�OHDI�ZDWHU�VWDWXV��.RULIOD�GHYHORSV�D�ODUJH�
OHDI�VXUIDFH�WKDW�LV�UHODWLYHO\�OHVV�UHGXFHG�XQGHU�WKH�HIIHFW�RI�ZDWHU�VWUHVV��:DKD��0%%�DQG�%RXVVDODP�GHYHORS�ODUJH�
OHDYHV�ZKRVH�VXUIDFH�LV�JUHDWO\�UHGXFHG�DV�D�UHVXOW�RI�ZDWHU�VWUHVV��05%��SURGXFHG�D�VKHHW�RI�VPDOO�DUHD��ZKLFK�LV�
VOLJKWO\�UHGXFHG�GXH�WR�WKH�HIIHFWV�RI�ZDWHU�VWUHVV��*HQRW\SLF�GLIIHUHQFHV�LQ�WKH�UHODWLYH�ZDWHU�FRQWHQW�DQG�FHOOXODU�
LQWHJULW\�DUH�UHODWLYHO\�PRUH�LPSRUWDQW�XQGHU�VHYHUH�ZDWHU�VWUHVV��.RULIOD�UHGXFHG�LWV�UHODWLYH�ZDWHU�FRQWHQW�WR�D�JUHDWHU�
H[WHQW��E\�FRQV�05%��VKRZV�VRPH�VWDELOLW\�IRU�WKH�OHDI�ZDWHU�VWDWXV��'DPDJH�WR�WKH�FHOO�PHPEUDQH�DUH�OHVV�REYLRXV�LQ�
PRGHUDWH�VWUHVV��EXW�WKH\�EHFRPH�FRQVLVWHQW�LQ�VHYHUH�VWUHVV�%RXVVDODP�ZKLFK�H[SUHVVHV�WKH�PRVW�GDPDJH�ZKLOH�
0RKDPHG�%HQ�%DFKLU�DQG�.RULIOD�DUH�WKH�PRVW�WROHUDQW�WR�WKLV�IHDWXUH��
8QGHU�PRGHUDWH�ZDWHU�VWUHVV��WKH�FKRLFH�LV�:DKD��DQG�.RULIOD�05%��WKDW�DUH�UHODWLYHO\�PRUH�WROHUDQW�WR�WKH�GHJUHH�RI�
ZDWHU�VWUHVV��6HYHUH�ZDWHU�VWUHVV��DQG�.RULIOD�05%��PDLQWDLQ�D�UHODWLYHO\�KLJK�\LHOG��)RU�D�JHQHUDO�DGMXVWPHQW��WKH�
FKRLFH�RI�JHQRW\SH�LV�RQ�.RULIOD��05%��DQG�WR�D�OHVVHU�H[WHQW�%RXVVDODP��7KHVH�JHQRW\SHV�KDYH�WKH�DELOLW\�WR�PLQLPL]H�
WKH�UHGXFWLRQ�RI�JUDLQ�\LHOG�XQGHU�ZDWHU�VWUHVV��7KH�DFFXPXODWHG�ELRPDVV�DW�PDWXULW\�LQFUHDVHG�IURP�����J�SRW��DYHUDJH�
RI���JHQRW\SHV�DQG�LQ�WKH�DEVHQFH�RI�VWUHVV��WR������J���SRW�XQGHU�VHYHUH�VWUHVV��6WXEEOH�KHLJKW�LV�UHGXFHG�E\������WR������
FP��D�ORZHULQJ�RI��������7KH�UDWLR�RI�WKH�ZHLJKW�RI�WKH�HDUV�RQ�WKH�JURXQG�ELRPDVV�PHDVXUHG�DW�PDWXULW\��IDOOLQJ�������
WR��������7KH�DYHUDJH�KDUYHVW�LQGH[�LQFUHDVHV�DV�D�UHVXOW�RI�ZDWHU�VWUHVV�IURP����WR������,Q�WHUPV�RI�VHOHFWLRQ�RI�
JHQRW\SHV�IRU�VSHFLILF�DGDSWDWLRQ�LQ�WKH�DEVHQFH�RI�FRQVWUDLQW��H[FHSW�0%%��RWKHU�JHQRW\SHV�JDYH�VLPLODU�JUDLQ�\LHOG��
8QGHU�PRGHUDWH�ZDWHU�VWUHVV��WKH�FKRLFH�LV�:DKD��DQG�.RULIOD�05%��WKDW�DUH�UHODWLYHO\�PRUH�WROHUDQW�WR�WKH�GHJUHH�RI�
ZDWHU�VWUHVV��6HYHUH�ZDWHU�VWUHVV�DQG�.RULIOD�05%��PDLQWDLQ�D�UHODWLYHO\�KLJK�\LHOG��
Références : 

�� $QQLFFKLDULFR� � 3���&KLDUL�� 7��%HOODK�� )��'RXFHQH�� 6��<DOODRXL�<DLFL��1��%D]]DQL�� )��$EGHOODRXL��1��%HOORXOD�� %��

%RXD]]D��/��%RXUHPHO��/��+DPRX��0��+D]PRXQ��7��.HONRXOL��1��2XOG�6DLG�+��DQG�=HUDUJXL��+��������5HVSRQVH�

RI�GXUXP�ZKHDW�FXOWLYDUV�WR�$OJHULDQ�HQYLURQPHQWV�� ,,��$GDSWLYH�WUDLWV��J. Agric. Environ. Int. Develop.�������
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�� $QQLFFKLDULFR��3����$EGHOODRXL�=��.HONRXOL�0��DQG�=HUDUJXL�+��������*UDLQ�\LHG��VWUDZ�\LHOG�DQG�HFRQRPLF�YDNXH�

RI�WDOO�DQ�G�VHPL�GZDUI�GXUXP�ZKHDW�FXOWLYDUV�LQ�$OJHULD��Journal of Agricultural Science��������������

�� %DKORXOL� )��� %RX]HU]RXU� +��� %HQPDKDPPHG� $�� DQG� +DVVRXV�� .�� /�� ������ 6HOHFWLRQ� RI� KLJK� \LHOGLQJ� DQG� ULVN�

HIILFLHQW�'XUXP�ZKHDW��Triticum durum�'HVI���FXOWLYDUV�XQGHU�VHPL�DULG�FRQGLWLRQV��Pak. J. Agro.��������������

�� %DMML�0��/XWWV� 6�� DQG�.LQHW� -��0�� ������:DWHU� GHILFLW� HIIHFWV� RQ� VROXWH� FRQWULEXWLRQ� WR� RVPRWLF� DGMXVWPHQW� DV� D�

IXQFWLRQ� RI� OHDI� DJLQJ� LQ� WKUHH� GXUXP� ZKHDW� �Triticum durum� 'HVI��� FXOWLYDUV� SHUIRUPLQJ� GLIIHUHQWO\� LQ� DULG�

FRQGLWLRQV��Plant Sci����������������

�� %HQPDKDPPHG�$��'MHNRXQ�$��HW��%RX]HU]RXU�+��DQG�+DVVRXV�.�/����������*HQRW\SH�[�\HDU�,QWHUDFWLRQ�RI�%DUOH\�

�Hordeum spp.��*UDLQ�<LHOG�DQG�,WV�5HODWLRQVKLS�ZLWK�3ODQW�+HLJKW���(DUOLQHVV�DQG�&OLPDWLF�)DFWRUV�XQGHU��6HPL�

$ULG�*URZWK�&RQGLWLRQV��'LUDVDW�-RXUQDO�RI�&URS�6FLHQFH��8QLYHUVLW\�RI�-RUGDQ��9ROXPH������������������

�� %RX]HU]RXU�+��������6pOHFWLRQ�SRXU�OH�UHQGHPHQW� �� OD�SUpFRFLWp�D�O¶pSLDLVRQ�HW� OD�ELRPDVVH�DpULHQQH�FKH]�O¶RUJH���

+RUGHXP�9LOJDUH�/���HQ�]RQH�VHPL��DULGH��7KqVH�G¶pWDW��8QLYHUVLWp�GH�&RQVWDQWLQH�������SDJHV��

�� %RX]HU]RXU� +�'MHNRXQ� $�%HQ� PDKDPPHG� $� HW� +RVVRUV� /� ��������&RQWULEXWLRQ� GH� OD� ELRPDVVH� DpULHQQH� �� GH�

O�LQGLFH� GH� UpFROWH� HW� GH� OD� SUpFRFLWp� j� O¶pSLDLVRQ� DX� UHQGHPHQW� JUDLQ� �+RUGHXP� 9LOJDUH� /��� HQ� ]RQH� VHPL�

G¶DOWLWXGH��&DKLHU�GH�O¶$JULFXOWXUH������������

�� %RX]HU]RXU�+�$�%HQPDKDPPHG� �$�%HQEHONDFHP� ��7�+D]PRXQH��+�0LPRXQ�6� �%RXUPHO� HW�$��0HNKORXI� ��������

6WDELOLWp�GHV�SHUIRUPDQFHV�HW�FDUDFWpULVWLTXHV�SKpQR�PRUSKRORJLTXHV��GH�TXHOTXHV�YDULpWpV�GH�EOp�GXU��Triticum 

durum�'HVI��LVVXHV�G¶XQH�VpOHFWLRQ�PXOWL�ORFDOH��,Q�3URF��V\PSRVLXP�EOp��������(QMHX[�HW�VWUDWLJLHV��$OJHU������

)pY�����������������

�� %RX]HU]RXU�+��%HQPDKDPPHG��$��0HNKORXI��$��+DGM�6DKUDRXL��$�HW�+DUNDWL��1���������9DULDWLRQ� FOLPDWLTXH� HW�

FRPSRUWHPHQW�GHV�YDULpWpV�W\SLTXHV�GH�EOp�GXU��Triticum durum 'HVI���6RXPLV�j�6pFKHUHVVH��

��� %ULQLV� /��������� (IIHWV� GX� VWUHVV� K\GULTXH� VXU� TXHOTXHV� PpFDQLVPHV� SK\VLRORJLTXHV� HW� ELRFKLPLTXHV� GH� WUDLWV�

G¶DGDSWDWLRQV� HW� GpWHUPLQLVPH� JpQpWLTXH� FKH]� OH� %Op� 'XU� �Triticum durum� 'HVW��� 7KqVH� 'RFWRUDW� '¶pWDW� HQ�

6FLHQFHV�����SS��

��� &KHQQDIL� +��� $LGDRXL�� $�� %RX]HU]RXU�� +�� DQG� 6DFL�� $�� ������ <LHOG� UHVSRQVH� RI� GXUXP�ZKHDW� �Triticum durum�

'HVI���FXOWLYDU�:DKD�WR�GHILFLW�LUULJDWLRQ�XQGHU�VHPL�DULG�JURZWK�FRQGLWLRQV��$VLDQ�-��3ODQW�6FL���������������

��� )HOODK�$���%RX]HU]RXU�+���%HQPDKDPPHG�$��HW�'MHNRXQ�$����������6pOHFWLRQ�SRXU�DPpOLRUHU�OD�WROpUDQFH�DX[�VWUHVV�

DELRWLTXHV�FKH]�OH��EOp�GXU��7ULWLFXP�GXUXP�'HVI���$FWHV�,QVW��$JURQ��9HW���0DURF�������������������

��� .DERXFKH�6���%RX]HURXU�+���%HQPDKDPPHG�$���HW�+DVVRXV��./���������/HV�QRXYHOOHV�YDULpWpV�G¶RUJH��+RUGHXP�

YXOJDU�/��HW�OHV�ULVTXHV�FOLPDWLTXHV�GHV�KDXWHV�SODLQHV�GH�O¶(VW��FDV�GH�OD�UpJLRQ�GH�6pWLI���&pUpDOLFXOWXUH��������

����VWUHVV���

��� .DQQD�&KRSUD��� .281'$/�.�� 5�������� (IIHFW� RI� ZDWHU� GHILFLW� RQ� YDULRXV� SK\VLRORJLFDO� DQG� ELRFKHPLFDO�

DFWLYLWLHV�LQ�URRW�QRGXOHV�RI�FKLFNSHD��&LFHU�DULHWLQXP�/���YRO�������QR�����SS������������UHI���1HZ�'HOKL��,1'(�

��� .LUQDN�� +��� .D\D�� &��� 7DV�� ,�� DQG� +LJJHV�� '�� ������� 7KH� LQIOXHQFH� RI� ZDWHU� GHILFLW� RQ� YHJHWDWLYH� JURZWK��

3K\VLRORJ\��IUXLW�\LHOG�DQG�TXDOLW\�LQ�HJJSODQWV��-RXUQDO�RI�3ODQW�3K\VLRORJ\���������Ã�������

��� /L��&���������&DUERQ�LVRWRSH�FRPSRVLWLRQ��ZDWHU�XVH�HIILFLHQF\��DQG�ELRPDVV�SURGXFWLYLW\�RI�Eucalyptus microtheca 

SRSXODWLRQV�XQGHU�GLIIHUHQW�ZDWHU�VXSSOLHV��3ODQW�6RLO����������

��� 0DUWLQ��88�3DOODGXU�� 6�*��%DKDUL�� =�$��������'HVK\GUDWDWLRQ� WROHUHQFH� RI� OHDI� WLVVXHV� RI� VL[�ZRRG\� DQJLRVSHUP�

VSHFLHV���3ODQW�3K\VLRO��������������

��� 0HNKORXI�$�� �������� (WXGH� GH� OD� WUDQVPLVVLRQ� KpUpGLWDLUH� GHV� FDUDFWqUHV� DVVRFLpV� DX� UHQGHPHQW� HQ� JUDLQ� HW� OHXU�

HIILFDFLWp�HQ�VpOHFWLRQ�FKH]� OH�%Op�'XU��Triticum durum�'HVI��7KqVH�GH�PDJLVWHU�� ,1$��(O�+DUUDFK��$OJHU�"����
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��� 0HNKORXI��$��'HKDEL��)��%RX]HU]RXU��+��+DQQDFKL��$��%HQPDKDPPHG��$�� DQG�$GMDEL��$�� ��������5HODWLRQVKLSV�

EHWZHHQ�FROG�WROHUDQFH��JUDLQ�\LHOG�SHUIRUPDQFH�DQG�VWDELOLW\�RI�GXUXP�ZKHDW��Triticum durum�'HVI���JHQRW\SHV�

JURZQ�DW�KLJK�HOHYDWLRQ�DUHD�RI�HDVWHUQ�$OJHULD��$VLDQ�-RXUQDO�RI�3ODQW�6FLHQFHV����������������

��� 0RUJDQ��-�0����������2VPRUHJXODWLRQ�DQG�ZDWHU�VWUHVV�LQ�KLJKHU�SODQWV��$QQX��5HY��3ODQW�3K\VLRO���������±�����

��� 1DJHVZDUD� 5DR�5��:LOOLDPV�-+��:DGLD�.'5�� +XELFN�.�� )DUTXKDU�*'�� &URS� JURZWK�� ZDWHU� XVH� HIIXLFLHQF\� DQG�

FDUERQ�LVRWRSH�GLVFULPLQDWLRQ�LQ�JURXQGQXW��$UDFKLV�K\SRJDHD�/���JHQRW\SHV�XQGHU�HQG�RI�VHDVRQ�ZDWHU�GHILFLW��

$QQ�$SSO�%LRO����������������������

��� 3DVVLRXUD�� -�� �������� ,QFUHDVLQJ� FURS� SURGXFWLYLW\� ZKHQ� ZDWHU� LV� VFDUFH�� IURP� EUHHGLQJ� WR� ILHOGPDQDJHPHQW�� ,Q�

SURFHHGLQJV� RI� WKH� �WK� ,QWHUQDWLRQDO� &URS� 6FLHQFH� &RQJUHVV�1HZ� GLUHFWLRQVIRU� D� GLYHUVH� SODQHW�� %ULVEDQH��

$XVWUDOLD�����SDJHV��ZZZ�UHJLRQDO�RUJ�DX�DX�FV�

23. 5HEHW]NH��5�$��5LFKDUGV��1�$��)HWWHOO��0��/RQJ��$�*��&RQGRQ��5�,����)RUUHVWHU��7�/��%RWZULJKW��������*HQRW\SLF�

LQFUHDVHV�LQ�FROHRSWLOH�OHQJWK�LPSURYHV�VWDQG�HVWDEOLVKPHQW��YLJRXU�DQG�JUDLQ�\LHOG�RI�GHHS�VRZQ�ZKHDW��)LHOG�

&URSV�5HVHDUFK���������±��� 

��� 5HNLND��'���1DFKLW��0�0���$UDXV��-�/��HW�0RQQHYHX[��3����������(IIHFWV�RI�ZDWHU�GHILFLW�RQ�SKRWRV\QWKHWLF�UDWH�DQG�

RVPRWLF�DGMXVWPHQW�LQ�WHWUDSORLG�ZKHDWV��Photosynthetica����������������

��� 9DQ�GHQ�%RRJDDUG�5���9HQHNODDV�(�-���DQG�/DPEHUV�+��������7KH�DVVRFLDWLRQ�RI�ELRPDVV�DOORFDWLRQ�ZLWK�JURZWK�

DQG�ZDWHU�XVH�HIILFLHQF\�RI�WZR�7ULWLFXP�DHVWLYXP�FXOWLYDUV��$XVWUDOLDQ�-RXUQDO�RI�3ODQW�3K\VLRORJ\��������������

��� 9LOODJDV�'��$SDULFLR�1��%ODQFR�5��DQG�5R\R�&���������%LRPDVV�DFFXPXODWLRQ�DQG�PDLQ�VWHP�HORQJDWLRQ�RI�GXUXP�

ZKHW�JURZQ�XQGHU�0HGLWHUUDQHDQ�FRQGLWLRQV��$QQDOV�RI�%RWDQ\���������������

��� 9ROWDV��-�&���-��&DWDO���DQG��'8$57(�GH�)$5,$6��$���*21=$/(=�$�:���35,(6�GH�2/,9(,5$��3�*���(21��-�*���

+(550$11�� -�0���$28,1(��0���/25,'$17��6�� ������ �9DQDGLXP�SKRVSKRUXV�R[LGH� FDWDO\VW�PRGLILHG� E\�

QLRELXP�GRSLQJ�IRU�PLOG�R[LGDWLRQ�RI�Q�EXWDQH�WR�PDOHLF�DQK\GULGH����������������

��� :ULJKW�*&���1DJHVZDUD�5DR�5&���)DUTXKDU�*'��������:DWHU�XVH�HIILFLHQF\�DQG�FDUERQ�LVRWRSH�GLVFULPLQDWLRQ�LQ�

SHDQXW�XQGHU�ZDWHU�GHILFLW�FRQGLWLRQV��&URS�6FL��������������

��� =KDQJ��-��1JXJXQ��+�7�HW�%OXP�$��������*HQHWLF�DQDO\V�LV�RI�RVPRWLF�DMXVWHPHQW�LQ�FURS�SODQWV�-�([S�%RW��������
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THE ROLE OF USING  FACEBOOK IN IMPROVING ENGLISH  

Dr. Seham Al-Smadi 

Albalqa Applied University/Ajloun College/Basic Sciences-English Department 

Abstract: This study aimed at investigating the role of using facebook in improving Ajloun 

College English Students' Achievement, It attempted to answer the following main question: 

1. What is the role of facebook in improving English skills? 

To answer the question of the study, the researcher prepared a project based on facebook for the 

experimental group. Thirty female students were purposefully chosen from Ajloun College- 

English Department in the summer semester of the academic year 2012. The participants of the 

study consisted of two assigned sections. The experimental groups were taught according to 

facebook; while the control group was taught according to the conventional way (Lecture 

Method). The researcher used a test as an instrument. A suitable statistical treatment was used to 

find out the effect of the instructional program on the students’ achievement in vocabulary. On 

the basis of the results of the present study, the researcher proposed a number of 

recommendations and suggestions for future research. 

 

Keywords: Computer assisted language learning, achievement, instructional program, facebook 
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THE STUDIES ON TOTAL POLYPHENOL, TOTAL FLAVONOID AND 
ANTIOXIDANT ACTIVITY OF MALAYSIA UNFERMENTED COCOA 
BEAN: POTENTIAL APPLICATION FOR HALAL COSMECEUTICAL 

  
�

1RUOL]D�$EGXO�:DKDE��5XVVO\�$EGXO�5DKPDQ��3X]LDK�+DVKLP��$PLQ�,VPDLO��6KXKDLPL�0XVWDID�
+DODO�3URGXFWV�5HVHDUFK�,QVWLWXWH�� �

8QLYHUVLW\�3XWUD�0DOD\VLD�
0DOD\VLD�

SX]LDKBK#SXWUD�XSP�HGX�P\�
�
�

Abstract��&RFRD� �Theobroma cacao�� LV� D�ZHOO� NQRZQ�SODQW� DQG�ZLGHO\�XVHG�� FRQYHQWLRQDOO\� LQ�
FKRFRODWH� DQG� EHYHUDJH� LQGXVWULHV�� 9DULRXV� VWXGLHV� KDYH� GHPRQVWUDWHG� FRFRD� EHDQV� FRQWDLQ�
SRO\SKHQRO� FRPSRXQG� DQG� SRVVHVV� KHDOWK� SURPRWLQJ� HIIHFWV�� +RZHYHU�� VWXGLHV� UHJDUGLQJ� WRWDO�
SKHQROLF�DQG�IODYRQRLG�FRQWHQW�RI�XQIHUPHQWHG�FRFRD�EHDQ�DUH�VWLOO�OLPLWHG��,Q�WKLV�VWXG\�����VHOHFWHG�
0DOD\VLD� FRFRD� FORQHV�ZHUH� H[WUDFWHG�XVLQJ�ZDWHU� DQG�����HWKDQRO��7KH� WRWDO�SKHQROLF� FRQWHQW�
�73&��RI�ZDWHU� DQG� HWKDQRO� H[WUDFWLRQ� UDQJHG� IURP�������� WR� ������� DQG� ������� WR� �������PJ�
*$(�J�H[WUDFW��UHVSHFWLYHO\��ZKHUHDV�WKH�WRWDO�IODYRQRLG�FRQWHQW��7)&��UDQJHG�IURP�������WR�������
DQG�������WR�������PJ�5(�J�H[WUDFW��UHVSHFWLYHO\��6WDWLVWLFDO�DQDO\VLV�VKRZHG�WKDW�IRU�73&�DQG�7)&��
WKHUH�LV�VLJQLILFDQW�HYLGHQFH�IRU�H[WUDFWLRQ�SURFHVV
FRFRD�FORQH�LQWHUDFWLRQ�HIIHFW��3�������ZKHUHDV�
W\SHV�RI�FRFRD�FORQH�VLJQLILFDQWO\�GLG�QRW�LQIOXHQFH�WKH�73&�DQG�7)&�RI�XQIHUPHQWHG�FRFRD�EHDQ�
H[WUDFW��&%(���%RWK�3%&����DQG�3%&����DSSHDUHG�WR�FRQWDLQ�WKH�KLJKHVW�73&��������������DQG�
������������PJ�*$(�J�H[WUDFW��UHVSHFWLYHO\�ZKHUHDV�7)&�YDOXHV�ZHUH������������DQG������������
PJ� 5(�J� H[WUDFW�� UHVSHFWLYHO\�� $QWLR[LGDQW� DFWLYLW\� E\� ����GLSKHQ\O���S\FU\OK\GUD]\O� �'33+��
VFDYHQJLQJ�DVVD\�H[KLELWHG�FORQH�3%&����DQG�3%&����KDYLQJ� WKH�KLJKHVW�DFWLYLW\��(&�� ������
DQG�������PJ�PO��UHVSHFWLYHO\��7KXV��XQIHUPHQWHG�FRFRD�EHDQ�H[WUDFW�KDV�SRWHQWLDO�DSSOLFDWLRQ�DV�DQ�
DOWHUQDWLYH�LQJUHGLHQW�LQ�WKH�KDODO�FRVPHFHXWLFDO�LQGXVWU\��
�

� � Key words:�Theobroma cacao��XQIHUPHQWHG�&%(��SRO\SKHQRO�FRQWHQW��'33+��+DODO�FRVPHFHXWLFDO�
�
�
Introduction  
�
� 7KH� +DODO� 6WDQGDUG� WKDW� ZDV� GHYHORSHG� E\� WKH�0DOD\VLDQ� +DODO� &RXQFLO� UHTXLUHV� FRVPHWLF� PDQXIDFWXUHUV� WR�
FRPSO\� ZLWK� WKH� UHOHYDQW� SDUWV� RI� IRRG� VWDQGDUG� 06� ������ L�H�� DOO� LQJUHGLHQWV� PXVW� FRPSO\� WR� +DODO� DQG� Syariah�
UHTXLUHPHQWV��GRHV�QRW�FRQWDLQ�DQ\�LQJUHGLHQW�GHULYHG�IURP�KXPDQ�SDUWV�DQG�DQLPDO�IRUELGGHQ�WR�0XVOLP��QR�LQJUHGLHQW�
IURP� NKDPU�� QR� FRQWDPLQDWLRQ� IURP� QDMV� GXULQJ� SUHSDUDWLRQ�� SURFHVVLQJ�� PDQXIDFWXULQJ� DV� ZHOO� DV� VWRUDJH� DQG� VDIH�
�QRQ�KD]DUGRXV��IRU�FRQVXPHU�DQG�XVHU��06�������������7KLV�WRS�OHYHO�SKLORVRSK\�LV�UHODWLYHO\�HDV\�WR�FRPSO\�ZLWK�LI�
RQH�LV�PDNLQJ�WUDGLWLRQDO�DQG�SUHGRPLQDQWO\�µQDWXUDO¶�FRVPHWLF�SURGXFWV��+RZHYHU��WKRVH�VHHNLQJ�WR�HQWHU�WKH�ERRPLQJ�
FRVPHFHXWLFDO�RU� IXQFWLRQDO�SURGXFW�PDUNHWV�ZLOO� UHTXLUH�PRUH�FODULILFDWLRQ�DQG�VFLHQWLILF�FKDOOHQJHV�H[LVW�ERWK� LQ� WKH�
VXSSO\�FKDLQ�DQG�LQ�WKH�ZD\�WKDW�WKHVH�SURGXFWV�DUH�WR�EH�XVHG�E\�WKH�SXEOLF��&RVPHFHXWLFDO�LV�D�FRVPHWLF�SURGXFW�WKDW�
H[HUWV� D� SKDUPDFHXWLFDO� WKHUDSHXWLF� EHQHILW� EXW� QRW� QHFHVVDULO\� D� ELRORJLF� WKHUDSHXWLF� EHQHILW�� )XUWKHUPRUH�� LW� LV� QRW�
UHJXODWHG�E\�WKH�8�6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��)'$��DQG��WKXV��LV�QRW�VXEMHFW�WR�SUHPDUNHW�UHTXLUHPHQWV�IRU�SURRI�
RI�VDIHW\�RU�HIILFDF\��&RVPHFHXWLFDO�SURGXFWV�RIWHQ�WHVWHG�WKURXJK� in vitro�VWXGLHV�XVLQJ�VLOLFRQH�UHSOLFDV�RI�VNLQ��7KH�
ULJRURXV�WHVWLQJ�XVXDOO\�UHTXLUHG�IRU�SKDUPDFHXWLFDOV�LV�QRW�PDQGDWRU\�IRU�FRVPHFHXWLFDO�SURGXFWV��&KULVWLQH�DQG�'LDQH��
�������$FFRUGLQJ�WR�(XURPRQLWRU���������WKH�OHDGLQJ�PDUNHW�UHVHDUFK�FRPSDQ\��JOREDO�FRVPHWLF�FRVPHFHXWLFDO�PDUNHW�LV�
QRZ�ZRUWK�86�����ELOOLRQ��2XW�RI�WKLV��QDWXUDO�KHDOWK�DQG�EHDXW\�PDUNHWV�DUH�WKH�PRVW�G\QDPLF�DQG�DUH�SUHGLFWHG�WR�EH�
ZRUWK�86����ELOOLRQ�LQ�WKH�86�E\������ZLWK�D�JURZWK�UDWH�RI�����EHWZHHQ�WKH�\HDUV������WR�������0RUHRYHU��DFFRUGLQJ�
WR�$0(�LQIR�FRP��WKH�PDUNHW�IRU�KDODO�FRVPHWLFV�LV�ERRPLQJ�DFURVV�WKH�0LGGOH�(DVW��JURZLQJ�DW�����DQQXDOO\�WR�UHDFK�
86�����ELOOLRQ�LQ������DQG�DSSUR[LPDWHO\�86������ELOOLRQ�DW�WKH�FXUUHQW�PDUNHW��:LWK�WKH�0LGGOH�(DVW�RQO\�DFFRXQWLQJ�
IRU�����RI�WKH�JOREDO�0XVOLP�SRSXODWLRQ��WKH�RYHUDOO�PDUNHW�FRXOG�EH�ZRUWK�LQ�H[FHVV�RI�86����ELOOLRQ��UHJDUGOHVV�RI�WKH�
QRQ�0XVOLP�ZKRP�DUH�JRLQJ�EH\RQG�µQDWXUDO¶��ORRNLQJ�IRU�SURGXFWV�WKDW�DOLJQ�ZLWK�WKHLU�HWKLFV��� �
� 0DQ\�UHVHDUFKHUV�VHHN�DOWHUQDWLYHV�IURP�SODQW�GHULYHG�LQJUHGLHQWV�IRU�VNLQFDUH�GXH�WR�LWV�VDIH�DQG�QRQ�KD]DUGRXV�
FRQVWLWXHQW��7KHVH�SK\WRFKHPLFDO�SURGXFWV�KDYH�EHHQ�SURYHQ�WR�H[KLELW�VLJQLILFDQW�DQWLR[LGDQW��6DUDYL���������HPROOLHQW�
�0DULD�(OHQD�&DUWHD�HW�DO���������DQG�89�%�SURWHFWLRQ��3HURQD�HW�DO���������SURSHUWLHV�WKDW�DUH�FUXFLDO�IRU�IRUPXODWLQJ�
VNLQFDUH�SURGXFWV��)XUWKHUPRUH��WKH�QDWXUDO�LQJUHGLHQWV�DUH�HDVLHU�WR�EH�DEVRUEHG�E\�WKH�VXSHUILFLDO�OD\HUV�RI�WKH�VNLQ�DQG�
ORZHU�VNLQ�DOOHUJ\�SUREOHPV�DV�ZHOO��&KLD�-XQJ�HW�DO���������UHSRUWHG�WKDW�SRO\SKHQRO�FRPSRXQGV��QDPHO\�FDWHFKLQ�DQG�
HSLFDWHFKLQ�IURP�GLIIHUHQW�VRXUFHV�RI�SODQWV�KDYH�EHHQ�H[WHQVLYHO\�XWLOL]HG�LQ�VNLQFDUH�SURGXFWV�WR�SURWHFW�WKH�VNLQ�IURP�
XOWUDYLROHW��89��GDPDJH��,Q�WHUP�RI�DJLQJ�SURFHVV��IUHH�UDGLFDOV�ZKLFK�KDYH�DOZD\V�EHHQ�DVVRFLDWHG�ZLWK�GDPDJLQJ�RI�
WKH� FHOOXODU� FRPSRQHQWV�� OLSLG� PHPEUDQHV�� PLWRFKRQGULD� DQG� '1$� ZLOO� VXEVHTXHQWO\� DIIHFWV� D� WUDQVIRUPLQJ� JURZWK�
IDFWRU�ȕ��7*)�ȕ��RI�F\WRNLQH�DQG�HYHQWXDOO\�FRQWULEXWHV�WR�WKH�IRUPDWLRQ�RI�ZULQNOHV��0XNKHUMHH�HW�DO����������2QH�RI�
WKH�PRVW�ZHOO�NQRZQ�PHWKRGV�WR�GHOD\�RU�VORZ�GRZQ�WKH�SURFHVV�RI�VNLQ�DJLQJ�LV�E\�HQKDQFLQJ�WKH�FRQGLWLRQ�RI�FROODJHQ�
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LQ�WKH�VNLQ�OD\HU��&ROODJHQ�LV�D�PDMRU�VWUXFWXUDO�SURWHLQ�LQ�WKH�VNLQ��FRPSRVHG�RI�WKUHH�SURWHLQ�FKDLQV�URXQG�WRJHWKHU�LQ�D�
WULSOH�KHOL[��,W�PDNHV�XS��������RI�RXU�VNLQ�DQG�LV�SURGXFHG�E\�ILEUREODVWV�LQ�WKH�GHUPLV�OD\HU�RI�WKH�VNLQ��$V�WKH�ERG\�
DJHG��WKH�ILEUREODVW�FHOOV�ZLOO�JUDGXDOO\�GHWHULRUDWH�DV�ZHOO��UHVXOWLQJ�LQ�D�ORVV�RI�FROODJHQ�DQG�OHVV�ILUPQHVV�WR�WKH�ERG\�
WLVVXHV��3KLOOLSV�HW�DO���������1DLU�HW�DO����������5HFHQWO\��FRVPHWLF�PDQXIDFWXUHUV�KDYH�EHHQ�XVLQJ�FROODJHQ�GHULYHG�IURP�
WKH�ERQHV�DQG�FDUWLODJHV�RI�VODXJKWHUKRXVH�DQLPDO�FDUFDVV�VXFK�DV�FRZV��SLJV�DQG�VKHHS��+RZHYHU��GXH�WR�WKH�RXWEUHDN�RI�
ERYLQH� VSRQJLIRUP� HQFHSKDORSDWK\� �%6(��� WUDQVPLVVLEOH� VSRQJLIRUP� HQFHSKDORSDWK\� �76(�� DQG� WKH� IRRW�DQG�PRXWK�
GLVHDVH��)0'��FULVLV�� WKH�XVHV�RI�FROODJHQ�DQG�FROODJHQ�GHULYHG�SURGXFWV�RI� ODQG�DQLPDO�RULJLQ�KDYH�EHFRPH�RI�PRUH�
FRQFHUQ��/LWHUDOO\�IRU�0XVOLPV��SRUFLQH�FROODJHQ�LV�DJDLQVW�WKH�Syariah�ODZ�DQG�FDQQRW�EH�FRQVXPHG�E\�WKH�-HZV�DV�ZHOO�
�-RQJMDUHRQUDN�HW�DO����������7KHUHIRUH��DQWL�DJLQJ�HIIRUW�LV�QRZ�EHLQJ�IRFXVHG�RQ�XWLOL]DWLRQ�RI�SRO\SKHQRO�FRPSRXQGV�
LQ�WKH�VNLQFDUH�FRVPHFHXWLFDO�LQ�RUGHU�WR�PLQLPL]H�WKH�FROODJHQ�GHJUDGDWLRQ�DQG�KHQFH��LQFUHDVLQJ�WKH�FROODJHQ�V\QWKHVLV�
E\�ILEUREODVW�FHOOV��
� $�QXPEHU�RI�VWXGLHV�KDYH�VKRZQ�WKDW�FRQVXPSWLRQ�RI�FRFRD�DQG�FKRFRODWH�SURGXFWV�KDYH�SRVLWLYH�KHDOWK�HIIHFWV�
RQ�KXPDQV��&DPSLD�	�-XOLR��������)UDQFHQH�HW�DO���������*XLOOHUPR�HW�DO����������7KHVH�KHDOWK�HIIHFWV�DUH�DWWULEXWDEOH�WR�
WKH�KLJK�DQWLR[LGDQW�FDSDFLW\��$2&��RI�IODYRQRLGV�LQ�FRFRD�ZKLFK�LV�JUHDWHU�WKDQ�WKRVH�LQ�WHD�DQG�UHG�ZLQH�SHU�VHUYLQJ�
�.LP�	�.HHQH\���������3URF\DQLGLQV�DUH� WKH�PDMRU� IODYRQRLGV� LQ�FRFRD�ZKLFK�FRQVLVW�RI�ROLJRPHUV�DQG�SRO\PHUV�RI�
����FDWHFKLQ� DQG� �±��HSLFDWHFKLQ�� ,W�FRPSULVHV�DSSUR[LPDWHO\�����RI�WKH�WRWDO�SKHQROLF�FRQWHQW�LQ�XQIHUPHQWHG�FRFRD�
EHDQV��1LHPHQDN�HW�DO����������$FFRUGLQJ� WR� .LP� DQG� .HHQH\� �������� WKH� XQIHUPHQWHG� FRFRD� EHDQ� FRQWDLQV� DERXW�
�������� J�NJ� RI� SRO\SKHQROLF� FRPSRXQGV�� ZLWK� �±��HSLFDWHFKLQ� �a����� EHLQJ� TXDQWLWDWLYHO\� WKH� PDLQ� FRPSRXQG�
�6KDKLGL�	�1DF]N���������,W�LV�D�PDMRU�FRPSRQHQW�RI�WKH�SRO\SKHQROV�LQ�FRFRD�EHDQV�DQG�LW�LV�D�PRQRPHU�RI�SURF\DQLGLQV��
)XUWKHUPRUH��XQIHUPHQWHG�FRFRD�EHDQV�DUH�DOVR�UHIHUUHG�WR�WKH�VXQ�GULHG�ZLWKRXW�IHUPHQWDWLRQ�RU�IHUPHQWHG�IRU�RQO\�����
GD\V� �0LVQDZL� HW� DO��� ������� 3RO\SKHQROV� DQG� IODYRQRLGV� KDYH� PDQ\� SRVLWLYH� HIIHFWV�� KRZHYHU�� WKHUH� LV� OLPLWHG�
LQIRUPDWLRQ�RQ� WKH�FRPSRVLWLRQ�RI� WKHVH�ELRORJLFDOO\�DFWLYH�FRPSRXQGV� LQ�GLIIHUHQW� W\SHV�RI�FRFRD�FORQHV��7KHUHIRUH��
WKH� VWXG\� ZDV� FDUULHG� RXW� WR� GHWHUPLQH� L�� WKH� WRWDO� SKHQROLF� FRQWHQW� �73&�� DQG� WRWDO� IODYRQRLG� FRQWHQW� �7)&�� RI�
XQIHUPHQWHG� FRFRD� EHDQ� H[WUDFW� �&%(�� IURP� GLIIHUHQW� W\SHV� RI� FRFRD� FORQHV�� �LL�� WR� FRPSDUH� WKH� 73&� DQG� 7)&� RI�
XQIHUPHQWHG�&%(�DIIHFWHG�E\�ZDWHU�DQG�����DTXHRXV�HWKDQRO�H[WUDFWLRQ��DQG��LLL��WR�GHWHUPLQH�DQ�DQWLR[LGDQW�DFWLYLW\�RI�
XQIHUPHQWHG�&%(��
�
�
Materials and Method  

Sample preparation and extraction 

7HQ�FRFRD�FORQHV��0&%�&���0&%�&���0&%�&���0&%�&���..0����..0����..0�����3%&������3%&�����DQG�4+�
������ZHUH�DFTXLUHG�IURP�WKH�&RFRD�5HVHDUFK�DQG�'HYHORSPHQW�&HQWHU��-HQJND��3DKDQJ��)UHVK�EHDQV�ZHUH�FROOHFWHG�
IURP�KHDOWK\�SRGV�DQG�WKHLU�WHVWD�UHPRYHG�PDQXDOO\�EHIRUH�RYHQ�GULHG�DW���R&��7KH�GULHG�FRFRD�EHDQV�ZHUH�PDQXDOO\�
GHVKHOOHG�SULRU� WR�JULQGLQJ�ZKHUH� WKH�SDUWLFOH� VL]H�ZDV� UHGXFHG� WR�a����P��/LSLGV�ZHUH� UHPRYHG� IURP�����J�RI� WKH�
JURXQG� EHDQV� E\� H[WUDFWLQJ� WKUHH� WLPHV� ZLWK� ���� PO� RI� KH[DQH� DQG� DLU�GULHG� WR� \LHOG� a��� J� RI� IDW�IUHH� PDWHULDOV�
�+DPPHUVWRQH�HW�DO����������7KH�IDW�IUHH�PDWHULDOV�ZHUH�ODWHU�H[WUDFWHG�ZLWK�ZDWHU�DQG�����DTXHRXV�HWKDQRO�DW�D�UDWLR�RI�
�����IRU���K�DW���R&�XVLQJ�DQ�RUELWDO�VKDNHU��7KH�PL[WXUH�ZDV�ILOWHUHG�DQG�VWRUHG�EHIRUH�DQDO\VLV� 

Determination of total phenolic content and total flavonoid content  

7KH� SULQFLSOH� RI� )ROLQ�&LRFDOWHDX� �)&�� FRORULPHWU\�ZLWK� UHJDUG� WR� WKH�73&� LV� EDVHG� RQ� D� FKHPLFDO� UHGXFWLRQ� RI� WKH�
UHDJHQW�� D�PL[WXUH�RI� WXQJVWHQ�DQG�PRO\EGHQXP�R[LGHV� �6LQJOHWRQ�DQG�5RVVL���������7KH�SURGXFW�RI� WKH�PHWDO�R[LGH�
UHGXFWLRQ� KDV� D� EOXH� FRORU� WKDW� H[KLELWV� D� EURDG� OLJKW� DEVRUSWLRQ�ZLWK� D�PD[LPXP� DW� ���� QP��7KH� LQWHQVLW\� RI� OLJKW�
DEVRUSWLRQ�DW� WKDW�ZDYHOHQJWK� LV�SURSRUWLRQDO� WR� WKH�FRQFHQWUDWLRQ�RI�SKHQROV��7KH�73&�ZDV�GHWHUPLQHG� IURP�D�JDOOLF�
DFLG� FDOLEUDWLRQ� FXUYH� SUHSDUHG� DQG� DQDO\]HG� FRQFXUUHQWO\� ZLWK� WKH� FUXGH� H[WUDFW�� 0HDQZKLOH�� WKH� SULQFLSOH� RI�
DOXPLQLXP�FKORULGH��$O&O���FRORULPHWULF�PHWKRG�RI�7)&�LV�D�FRPSOH[LRQ�RI�&���RI�NHWR�JURXS�ZLWK�HLWKHU�WKH�&���RU�
&���K\GUR[\O�JURXS�RI�IODYRQHV�DQG�IODYRQROV��,Q�RWKHU�ZRUGV��DOXPLQLXP�FKORULGH�IRUPV�DFLG�ODELOH�FRPSOH[HV�ZLWK�WKH�
RUWKRGLK\GUR[\O� JURXSV� LQ� WKH�$�� RU�%�� ULQJ� RI� IODYRQRLGV��7KH�7)&�ZDV� GHWHUPLQHG� IURP� D� UXWLQ� FDOLEUDWLRQ� FXUYH�
SUHSDUHG�DQG�DQDO\]HG�FRQFXUUHQWO\�ZLWK�WKH�FUXGH�H[WUDFW��
�
2,2-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay of antioxidant 
�
7KH�DQWLR[LGDQW�VFDYHQJLQJ�DFWLYLW\�ZDV�HVWLPDWHG�DFFRUGLQJ�WR�WKH�PHWKRG�/DL�HW�DO���������ZLWK�VRPH�PRGLILFDWLRQV��
$Q� DOLTXRW� RI� XQIHUPHQWHG� &%(� ���� �O�� ������������� PJ�PO� LQ� HWKDQRO�� DQG� JDOOLF� DFLG� RI� WKH� VDPH� UHVSHFWLYH�
FRQFHQWUDWLRQV� ZHUH� PL[HG� ZLWK� ���� PO� '062� DFHWDWH� EXIIHU� DQG� �� PO� HWKDQRO�� 7KHQ� ���� PO� RI� ���� �0� '33+�
SUHYLRXVO\�SUHSDUHG� LQ� HWKDQRO�ZDV� DGGHG��7KH�PL[WXUH�ZDV� VKDNHQ�YLJRURXVO\� DQG� OHIW� WR� VWDQG� IRU� ���PLQ� DW� URRP�
WHPSHUDWXUH�LQ�D�GDUN�URRP��$EVRUEDQFH�ZDV�UHDG�XVLQJ�D�VSHFWURSKRWRPHWHU�DW�����QP��7KH�VFDYHQJLQJ�HIIHFW�RI�WKH�
'33+�UDGLFDO�ZDV�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��
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�
6FDYHQJLQJ�HIIHFW�����
�
� � � � � �
 � � � ���� � � � � � � � � [�����
 
 
,&���YDOXH�ZDV�GHWHUPLQHG�IURP�WKH�SORWWHG�JUDSK�RI�VFDYHQJLQJ�DFWLYLW\�DJDLQVW�WKH�FRQFHQWUDWLRQ�RI�XQIHUPHQWHG�&%(��
ZKLFK�LV�GHILQHG�DV�WKH�WRWDO�DQWLR[LGDQW�QHFHVVDU\�WR�GHFUHDVH�WKH�LQLWLDO�'33+�UDGLFDO�FRQFHQWUDWLRQ�E\������7ULSOLFDWH�
PHDVXUHPHQWV� ZHUH� FDUULHG� RXW�� DQG� WKHLU� VFDYHQJLQJ� HIIHFW� ZDV� FDOFXODWHG� EDVHG� RQ� WKH� SHUFHQWDJH� RI� '33+�
VFDYHQJHG��
 
Experimental Design 
 
7KH�VWXGLHV�ZHUH�FDUULHG�RXW�LQ���IDFWRUV��XVLQJ�IDFWRULDO�GHVLJQ�ZLWK�WKUHH�UHSOLFDWLRQV��7KH�WUHDWPHQWV�ZHUH�H[WUDFWLRQ�
PHGLXP��FRQVLVWLQJ�RI�����DTXHRXV�HWKDQRO�DQG�ZDWHU�ZKHUHDV�DQRWKHU�IDFWRU�ZDV����ORFDO�FRFRD�FORQHV��QDPHO\�0&%�
&���0&%�&���0&%�&���0&%�&���..0����..0����..0�����3%&������3%&�����DQG�4+�������'DWD�ZHUH�H[SUHVVHG�
DV� PHDQV� �� VWDQGDUG� GHYLDWLRQV� �6'�� RI� WKUHH� UHSOLFDWH� GHWHUPLQDWLRQV� DQG� DQDO\]HG� E\�0,1,7$%� ���� $� RQH�ZD\�
DQDO\VLV� RI� YDULDQFH� �$129$�� E\� )LVKHU¶V� FRPSDULVRQ� ZDV� XVHG� WR� GHWHUPLQH� ZKHWKHU� WKH� GLIIHUHQFHV� EHWZHHQ�
PHDVXUHPHQWV�DUH�VLJQLILFDQW�DQG�D�WZR�ZD\�DQDO\VLV�RI�YDULDQFH�ZLWK�D�VLJQLILFDQFH�OHYHO�RI�p=�����ZDV�SHUIRUPHG�WR�
GHWHUPLQH�WKH�HIILFLHQF\�RI�WKH�H[WUDFWLRQ�SURFHVV�DQG�FORQH�RQ�73&�DQG�7)&��PDLQ�HIIHFWV��DQG�ERWK��WKHLU�LQWHUDFWLRQ�
HIIHFW���'LIIHUHQFHV�DW�p<�����ZHUH�FRQVLGHUHG�WR�EH�VLJQLILFDQW��
�
Results and discussion 
 
� ,Q�WKLV�VWXG\��WZR�H[WUDFWLRQ�PHGLXPV�ZHUH�XVHG�IRU�SUHSDULQJ�WKH�XQIHUPHQWHG�&%(��3UHYLRXV�VWXGLHV�UHSRUWHG�
WKDW�WKH�\LHOG�RI�73&�ZDV�LQIOXHQFHG�E\�GLIIHUHQW�H[WUDFWLQJ�VROYHQWV��6XQ�	�+R���������0RUHRYHU��IURP�D�WR[LFRORJLFDO�
SRLQW�RI�YLHZ��HWKDQRO�DQG�ZDWHU�DUH�VDIHU�DQG�FRQVLGHUHG�WR�EH�KDODO FRPSOLDQFH�FRPSDUHG�WR�DFHWRQH��PHWKDQRO�DQG�
RWKHU�RUJDQLF� VROYHQWV� �2NWD\�HW� DO����������7KH�73&�RI�ZDWHU�DQG�HWKDQRO�H[WUDFWLRQ�ZHUH� LQ� WKH� UDQJH�RI�������� WR�
�������DQG�����������������PJ�*$(�J�H[WUDFW��UHVSHFWLYHO\��ZKHUHDV�WKH�7)&�ZHUH�LQ�WKH�UDQJH�RI�������WR�������DQG�
������ WR� ������PJ�5(�J� H[WUDFW�� UHVSHFWLYHO\� �)LJXUH� ���� 7KH� WZR�ZD\�$129$� KDV� VKRZQ� WKDW� WKHUH� LV� VLJQLILFDQW�
HYLGHQFH� IRU� H[WUDFWLRQ� SURFHVV
FRFRD� FORQH� LQWHUDFWLRQ� HIIHFW� �3������� IRU� ERWK� 73&� DQG� 7)&�� 7KLV� LV� EHVW�
GHPRQVWUDWHG�E\�KLJKHU�H[WUDFWLRQ�HIILFLHQF\�\LHOGHG�LQ�����HWKDQRO�H[WUDFWV�FRPSDUHG�WR�ZDWHU�H[WUDFWV��$FFRUGLQJ�WR�
SUHYLRXV�UHSRUW��73&�RI�FRFRD�H[WUDFWV�YDULHV�JUHDWO\�GHSHQGLQJ�RQ�WKH�VROYHQW�DQG�SURFHGXUH�XVHG�IRU�WKH�H[WUDFWLRQ�RI�
SRO\SKHQROV� �6XQ�	�+R���������7KH�UHFRYHU\�\LHOG�IRU� LGHQWLILHG�SKHQROLF�FRPSRXQGV�ZDV�KLJKHVW� LQ�DFHWRQH�H[WUDFW�
DQG� ORZHVW� LQ� ZDWHU� H[WUDFW� �'HPLUD\� HW� DO��� ������� ([WUDFWLRQ� ZLWK� ���� DTXHRXV� VROYHQW� ����� HWKDQRO�� ZDV� PRUH�
HIILFLHQW��SULPDULO\�GXH�WR�WKH�ZDWHU�VROXEOH�QDWXUH�RI�SODQW�SKHQROLFV�HQKDQFHG�E\�WKH�SUHVHQFH�RI�DQ�RUJDQLF�VROYHQW��
ZKLFK� IDFLOLWDWHV� VROXELOL]DWLRQ� WKURXJK� SHQHWUDWLRQ� LQ� SODQW� FHOO� VWUXFWXUH� �%HOãþDN� HW� DO��� �������0RUHRYHU�� WKHUH� DUH�
VLJQLILFDQW�HYLGHQFHV�IRU�H[WUDFWLRQ�SURFHVV�PDLQ�HIIHFW� IRU�ERWK�73&�DQG�7)&��)73&� ���������DQG�)7)&� ����������
FRPSDUHG�WR�WKH�FRFRD�FORQH�HIIHFW��)73&� ������DQG�)7)&� ���������7KH�W\SH�RI�ORFDO�FRFRD�FORQH�GRHV�QRW�VLJQLILFDQWO\�
LQIOXHQFH�WKH�73&�DQG�7)&�RI�XQIHUPHQWHG�&%(��,Q�RWKHU�ZRUGV��UHJDUGOHVV�RI�WKH�FORQDO�W\SH��XQIHUPHQWHG�&%(�GLG�
FRQWDLQ�HTXDOO\�KLJK� OHYHO�RI�73&�DV�ZHOO�DV�7)&��%RWK�3%&�����DQG�3%&�����FORQHV�DSSHDU� WR�FRQWDLQ� WKH�KLJKHVW�
73&���������DQG��������PJ�*$(�J�H[WUDFW�� UHVSHFWLYHO\��ZKHUHDV�7)&�YDOXHV�DUH�������DQG�������PJ�5(�J�H[WUDFW��
UHVSHFWLYHO\��6HYHUDO�VWXGLHV�KDG�VKRZQ�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�DQWLR[LGDQW�DFWLYLW\�DQG�SKHQROLF�FRQWHQW��1DJDL�
HW� DO���������9HOLRJOX�HW� DO���������<DQJ�HW�DO����������7KXV�� WKH�SUHVHQFH�RI� KLJK�73&�DQG�7)&� LV� OLNHO\� WR�SURPRWH�
XQIHUPHQWHG�&%(�DV�D�JUHDW�SRWHQWLDO�LQJUHGLHQW�IRU�KDODO�FRVPHFHXWLFDO�DSSOLFDWLRQ�� �
� �

$EVRUEDQFH�RI�VDPSOH�DW�����QP�

$EVRUEDQFH�RI�FRQWURO�DW�����QP�
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�
� $FFRUGLQJ� WR�1D]DUXGGLQ�HW�DO�� ��������XQIHUPHQWHG�0DOD\VLDQ�FRFRD�EHDQV�FRQWDLQHG�������PJ�HSLFDWHFKLQ�J�
H[WUDFW�ZKLOH�IHUPHQWHG�FRFRD�EHDQV�FRQWDLQHG�RQO\������PJ�HSLFDWHFKLQ�J�H[WUDFW��,W�KDV�DOVR�EHHQ�UHSRUWHG�WKDW�IUHVKO\�
KDUYHVWHG�DQG���GD\V�IHUPHQWHG�FRFRD�EHDQV�FRQWDLQHG����WR�����DQG����� WR�����PJ�HSLFDWHFKLQ�J�'0��UHVSHFWLYHO\�
�1LHPHQDN�HW�DO����������7KH�UHVXOWV�RI�HWKDQROLF�H[WUDFWHG�73&�SUHVHQWHG�LQ�7DEOH���DUH�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�
SUHYLRXVO\� UHSRUWHG� GDWD�� KRZHYHU�� WKH� UHVXOWV� ZHUH� XQDEOH� WR� EH� FRPSDUHG� GXH� WR� WKH� GLIIHUHQFHV� LQ� WKH� DSSOLHG�
H[WUDFWLRQ�VROYHQW�DQG�SUHVHQWDWLRQ�RI�WKH�UHVXOWV��1D]DUXGGLQ�HW�DO���������1LHPHQDN�HW�DO����������,Q�DGGLWLRQ��WKH�XQLW�
XVHG�LQ�WKH�SUHYLRXV�UHVXOWV�LV�H[SUHVVHG�DV�PJ�RI�HSLFDWHFKLQ�HTXLYDOHQW��ZKHUHDV�RXU�UHVXOW�LV�LQ�PJ�RI�JDOOLF�DFLG�DQG�
UXWLQ�HTXLYDOHQW�IRU�73&�DQG�7)&��UHVSHFWLYHO\��ZKLFK�DOVR��FRQWULEXWHV�WR�PLQRU�GLVFUHSDQFLHV�EHWZHHQ�WKH�UHVXOWV�� �
 

Table 1: 7KH�XQIHUPHQWHG�&%(V�RI�WHQ�0DOD\VLD�FRFRD�FORQHV�LQ�WHUPV�RI�73&��PJ�*$(�J�H[WUDFW��DQG�7)&��PJ�5(�J�
H[WUDFW��

�
&RFRD�FORQH 

73&��PJ�*$(�J�H[WUDFW�� 7)&��PJ�5(�J�H[WUDFW��
:DWHU�H[WUDFWLRQ� (WKDQRO�H[WUDFWLRQ� :DWHU�H[WUDFWLRQ� (WKDQRO�H[WUDFWLRQ�

0&%�&�� �������������E� �������������D� �����������E� ������������D�
3%&����� �������������EF� �������������D� �����������E� ������������D�
0&%�&�� �������������EF� �������������D� ������������EF ������������D 
0&%�&�� �������������EF� �������������DE� ������������EF� ������������DE�
0&%�&�� �������������E� �������������DE� ������������E� ������������DE�
..0��� �������������E� �������������DE� ������������E� ������������DE�
..0���� �������������EF� �������������DE� ������������EF� ������������DE�
..0��� �������������EF� �������������DE� ������������EF� ������������DE�
3%&����� �������������E �������������D� ������������EF� ������������D�
4+����� �������������EF �������������D ������������EF ������������D 
0HDQ�YDOXH���VWDQGDUG�GHYLDWLRQ��Q ���ZLWK�VDPH�OHWWHU�LQ�WKH�VDPH�FROXPQ�DW�HYHU\�73&��PJ�*$(�J�H[WUDFW��DQG�7)&��PJ�5(�J�
H[WUDFW��DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��3!�����  
 
 7KH�SURWRQ�UDGLFDO�VFDYHQJLQJ�DFWLRQ�LV�NQRZQ�WR�EH�RQH�RI�WKH�YDULRXV�PHFKDQLVPV�IRU�PHDVXULQJ�DQWLR[LGDQW�
DFWLYLW\��'33+�LV�RQH�RI�WKH�FRPSRXQGV�WKDW�SRVVHVV�D�SURWRQ�IUHH�UDGLFDO�DQG�VKRZV�D�PD[LPXP�DEVRUSWLRQ�DW�����QP��
:KHQ�'33+�HQFRXQWHUV�SURWRQ�UDGLFDO�VFDYHQJHUV��LWV�SXUSOH�FRORU�IDGHV�UDSLGO\��7KLV�DVVD\�GHWHUPLQHV�WKH�VFDYHQJLQJ�RI�
VWDEOH�UDGLFDO�VSHFLHV�RI�'33+�E\�XQIHUPHQWHG�&%(V��7KH�VFDYHQJLQJ�DFWLYLW\��(&����YDOXH�ZDV�GHWHUPLQHG�IURP�WKH�
SORWWHG�JUDSK�RI�VFDYHQJLQJ�DFWLYLW\�DJDLQVW�WKH�FRQFHQWUDWLRQ�RI�XQIHUPHQWHG�&%(��ZKLFK�LV�GHILQHG�DV�WKH�DPRXQW�RI�
DQWLR[LGDQW�QHFHVVDU\�WR�GHFUHDVH�WKH�LQLWLDO�'33+�UDGLFDO�FRQFHQWUDWLRQ�E\������7KH�ORZHU�(&���LQGLFDWHV�WKH�VWURQJHU�
DELOLW\�RI�WKH�H[WUDFW�WR�DFW�DV�'33+�VFDYHQJHUV��.ULVKQDQDQG�HW�DO����������$V�PHQWLRQHG�HDUOLHU��WKH�3%&�����DQG�3%&�
����RI�HWKDQROLF�H[WUDFWV�VKRZHG�WKH�KLJKHVW�73&�DQG�7)&��WKXV�WKHVH�WZR�FORQHV�DUH�PRUH�OLNHO\�WR�H[KLELW�WKH�KLJKHVW�
VFDYHQJLQJ� HIIHFW� DPRQJ� RWKHUV�� )XUWKHUPRUH�� D� VWXG\� E\�&KHXQJ� HW� DO�� ������� RQ�PXVKURRP� �V.volvaco�� IRXQG� WKH�
VFDYHQJLQJ�DFWLYLW\�RI�PHWKDQROLF�H[WUDFWV�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�DTXHRXV�H[WUDFWV��7KH�3%&�����VKRZHG�D�VOLJKWO\�
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KLJKHU�VFDYHQJLQJ�HIIHFW�WKDQ�3%&������L�H��,&�� ������DQG�������PJ�PO��UHVSHFWLYHO\��)LJXUH���DQG�����+RZHYHU��WKHUH�
ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�FORQHV��7KH�VFDYHQJLQJ�DFWLYLW\�IRU�ERWK�FRFRD�H[WUDFWV�RQ�'33+�UDGLFDOV�
UDSLGO\�LQFUHDVHG�IURP���WR�������PJ�PO��5HVXOWV�VKRZHG�WKDW�VFDYHQJLQJ�DFWLYLWLHV�ZHUH�LQFUHDVLQJ�DV�WKH�FRQFHQWUDWLRQ�
RI�H[WUDFWV�LQFUHDVHG�XQWLO�D�SODWHDX�ZDV�UHDFKHG�DIWHU�����PJ�PO��$FFRUGLQJ�WR�WKH�SUHYLRXV�VWXG\�RI�6XQ�DQG�+R���������
VLJQLILFDQW�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WRWDO�SKHQROLFV�DQG�VFDYHQJLQJ�DELOLW\�RI�EXFNZKHDW�H[WUDFWV�RQ�'33+�UDGLFDOV��
7KLV�ILQGLQJ�ZDV�SDUDOOHO�WR�WKH�SUHVHQW�VWXG\�ZKHUH�VFDYHQJLQJ�HIIHFWV�RI�ERWK�3%&�����DQG�3%&�����ZHUH�VLJQLILFDQWO\�
FRQWULEXWHG� IURP� WKHLU� KLJK� WRWDO� SKHQROLF� FRQWHQWV�� L�H�� ������������ DQG� ������������PJ�*$(�J� H[WUDFW�� 7KHUH� DUH�
QXPEHU�RI�SUHYLRXV�VWXGLHV�UHJDUGLQJ�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�IRU�FRFRD�H[WUDFW�EHLQJ�UHSRUWHG��2WKPDQ�HW�DO���������
UHYHDOHG�WKDW�(&���YDOXH�RI�HWKDQROLF�FRFRD�EHDQ�H[WUDFWV�IURP�0DOD\VLD��*KDQD�DQG�,YRU\�&RDVW�ZHUH����������DQG�����
PJ�PO��UHVSHFWLYHO\��,Q�WKLV�VWXG\��WKH�LPSDFW�RI�VFDYHQJLQJ�DFWLYLW\�H[KLELWHG�E\�3%&�����DQG�3%&�����ZHUH����IROG�DQG�
���IROG��UHVSHFWLYHO\��KLJKHU�WKDQ�WKH�RQHV�VKRZHG�E\�0DOD\VLD�DQG�*KDQD�FRFRD�EHDQ��2WKPDQ�HW�DO����������'UHRVWL�
�������KDV�DSSURYHG�WKDW�����RI�WKH�WRWDO�SKHQROLFV�LQ�UDZ�XQIHUPHQWHG�FRFRD�EHDQV�DUH�IODYDQRO�PRQRPHUV��HSLFDWHFKLQ�
DQG�FDWHFKLQ��DQG�SURF\DQLGLQ�ROLJRPHUV� �GLPHU� WR�GHFDPHU��ZKLFK�DUH� VLJQLILFDQW�FRQWULEXWRU� WR� LWV�KLJK�DQWLR[LGDQW�
SURSHUW\�� 0RUHRYHU�� EHVLGH� SKHQROLF� FRPSRXQGV�� WKH� SUHVHQFH� RI� PHWK\O� [DQWKLQH� �WKHREURPLQH� DQG� FDIIHLQH�� DQG�
DQWKRF\DQLQV� LQ�FRFRD�EHDQV�PLJKW� LQIOXHQFHG� WKH�DQWLR[LGDQW�FDSDFLW\�� ,Q�DGGLWLRQ�� WKHVH�FRPSRXQGV�DUH�PLVFLEOH� LQ�
ZDWHU�RU�ZDWHU�HWKDQRO� 
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Figure 2: '33+�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�RI�XQIHUPHQWHG�&%(�IURP�3%&����
�

Figure 3: '33+�UDGLFDO�VFDYHQJLQJ�DFWLYLW\�RI�XQIHUPHQWHG�&%(�IURP�3%&����
�
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Conclusions �  
�
� 7KH�VWDWLVWLFDO�DQDO\VLV�LQWHUDFWLRQ�HIIHFW�VKRZHG�WKDW�HWKDQRO�H[WUDFWLRQ�LV�WKH�VLJQLILFDQW�IDFWRU�ZKLFK�LQIOXHQFHG�
WKH�73&�DQG�7)&�\LHOG�RI�XQIHUPHQWHG�&%(��7KH�XQIHUPHQWHG�&%(�FRQWDLQV�VLJQLILFDQWO\�KLJK�73&�DQG�7)&�ZKLFK�FDQ�
VHUYH�DV�D�SRWHQWLDO�NH\�LQJUHGLHQW�LQ�KDODO�FRVPHFHXWLFDO�LQGXVWU\�LQ�PDLQWDLQLQJ�WKH�VNLQ�SK\VLRORJ\�DQG�LQWHJULW\��&RFRD�
FORQHV�RI�3%&�����DQG�3%&�����FRQWDLQ�WKH�KLJKHVW�73&�DQG�7)&��7KH�LPSDFW�RI�VFDYHQJLQJ�DFWLYLW\�H[KLELWHG�E\�3%&�
����DQG�3%&�����RI�XQIHUPHQWHG�&%(V�ZHUH����IROG�DQG����IROG��UHVSHFWLYHO\�KLJKHU�WKDQ�WKH�RQHV�VKRZHG�E\�0DOD\VLD�
DQG�*KDQD�RI�W\SLFDO�IHUPHQWHG�FRFRD�EHDQ��$V�VXFK��WKHVH�FORQHV�ZLOO�EH�XVHG�IRU�IXUWKHU�LQYHVWLJDWLRQ�SDUWLFXODUO\�LQ�
GHDOLQJ�ZLWK�JURZWK�SURPRWLRQ�LQ�KXPDQ�VNLQ�ILEUREODVWV�DQG�NHUDWLQRF\WHV��7KH�SURPRWLQJ�HIIHFWV�ZLOO�EH�SRUWUD\HG�IURP�
WKH� VLJQLILFDQW� FRQWULEXWLRQ� RI� XQIHUPHQWHG� &%(� LQ� FROODJHQ� V\QWKHVLV� DQG� UHGXFWLRQ� RI� PDWUL[� PHWDOORSURWHLQDVH�
SURGXFWLRQ��
� �
�
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THE SURVEY STUDY OF LEARNING MOTIVATION AND STRATEGIES 
IN ROBOTICS OF LEARNING DOMAIN FOR TAIWAN ADOLESCENT 

STUDENTS FROM WRO COMPETITION 

Yuan Yen Huanga, Eric Zhi Feng Liua,b, Chun Hung Lina, Pey-Yan Lioua,b 
aGraduate Institute of Learning and Insruction, National Central University, No.300, Jhongda Rd., Jhongli City, 

Taoyuan County 32001, Taiwan (R.O.C.) 
bCenter of Teacher Education, National Central University, No.300, Jhongda Rd., Jhongli City, Taoyuan County 32001, 

Taiwan (R.O.C.) 
 

Abstract :The aim of this study was to explore the relationship among motivational and strategic variables in robotics of learning 
domain, and to predict the variance of each strategy using regression analysis. The inventory, RMSLQ-HS (robotics MSLQ-high 
school version), in this study was adapted from Motivated Strategy for Learning Questionnaire (MSLQ) for measuring Taiwan high 
school (13-18) students’ motivation and strategies in robotics of learning domain. Besides, this study similarly examined the main 
effect of gender variables on motivation and strategies in learning robotics. In the result of RMSLQ-HS survey for 236 participants in 
WRO (World Robotics Olympics) competition, gender made significant difference in information seeking that boys are expert in 
technological and informational resources. Moreover, the scores in RMSLQ-HS indicated that students’ personal and situational 
interest goal was significantly higher than other motivation, and that students’ critical thinking and peer learning were significantly 
higher than other strategies. In addition to learning anxiety, most motivational variables were high significantly correlated to 
cognitive strategies. Additionally, personal and situational interest goal as well as self-efficacy explained 46% variance for critical 
thinking. According to the findings in RMSLQ-HS, we proposed some suggestions in robotics of educational and learning domain 
for instructors, coaches and parents. 

Keywords: adaptation of MSLQ for domain specific, robotics of learning domain, motivation, learning strategies, RMSLQ 
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THEORETICAL STUDY OF COMPLEX OF 
POLY(PYRAZOLYL)BORATES TYPE M(t-BuTpi-Pr) R 

(Where : M = Fe, Ru et R = Cl, Me) 
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Laboratoire de chimie appliquée et technologie des matériaux, Centre Universitaire �

D’Oum El- Bouaghi  
�
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Abstract : 6LQFH� WKHLU� GLVFRYHU\� LQ� ������ WKH� SRO\� �S\UD]RO\O�� ERUDWHV� KDYH� IRXQG� ZLGH� �
DSSOLFDWLRQ� LQ� FKHPLVWU\� RI� FRRUGLQDWLRQ� DQG� PRVW� � RI� WKHLU� FRPSOH[HV� FRQWDLQLQJ� � PHWDOV� � RU�
PHWDOORLGV�ZHUH�SUHSDUHG��2XU�WKHRUHWLFDO�VWXG\��XVLQJ�$')��$PVWHUGDP�'HQVLW\�)XQFWLRQDO��DQG�
WKH�GDWD�FDOFXODWHG�DUH�FRPSDUDEOH�ZLWK�WKH�H[SHULPHQW��FDUULHV�RQ�WKH�FRPSOH[HV�0��7�%X7SL�3U��
5��ZKHUH��0� �)H��5X�DQG�5� �&O��0H���7KH�FRPSOH[HV�ZHUH�VWXGLHG�LQ�&�Y�V\PPHWU\�DQG�VKRZ�
WKDW�0�LV�LQ�D�WHWUDKHGUDO�HQYLURQPHQW�G�0/���7KH�SUHVHQFH�RI�)H�VWDELOL]HV�WKH�VWDWH�TXLQWXSOHW�
�KLJK�VSLQ��ZKLFK�WKHLU�FRQIHUV�LQWHUHVWLQJ�PDJQHWLF�SURSHUWLHV��2Q�WKH�RWKHU�KDQG�DQG�XQGHU�WKH�
VDPH�FRQGLWLRQV��5X�VWDELOL]HV�WKH�VWDWH�VLQJXOHW��ORZ�VSLQ���7KH�UHSODFHPHQW�RI�5�E\�&+��RU�&O�
GRHV�QRW�DOWHU�WKH�VWUXFWXUH��QRW�WKH�SURSHUWLHV�RI�WKH�FRPSOH[��&DOFXODWLRQV�RI�IUHTXHQFLHV�RI�WKH�
QRUPDO�PRGHV�RI�YLEUDWLRQ�JLYH�QR�LPDJLQDU\�IUHTXHQF\�FRQILUPLQJ�WKDW�WKH�RSWLPL]HG�JHRPHWULHV�
FRUUHVSRQG� DW� OHDVWR� WKH� PLQLPXP� HQHUJ\�� 7KH� 89�9LV� VSHFWUD� VKRZ� WKDW� WKH� WUDQVLWLRQV� DUH�
PDLQO\�RI�W\SH�0/ĺ�0/�RU�0�ĺ�0��

Key words���')7��GHQVLW\�IXQFWLRQDO�WKHRU\���LURQ�FRPSOH[��1�OLJDQGV��WULV�S\UD]RO\O�ERUDWH����
�������������������FU\VWDO�VWUXFWXUH��IRXU�FRRUGLQDWH�FRPSOH[��
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THERMAL BEHAVIOR OF MECHANICALLY ACTIVATED SEPIOLITE 
�

7X÷ED�7XQo��+�g]NDQ�7RSODQ��.HQDQ�<ÕOGÕ]�
0HWDOOXUJ\�DQG�0DWHULDOV�(QJLQHHULQJ��(QJLQHHULQJ�)DFXOW\�

6DNDU\D�8QLYHUVLW\�
7XUNH\�

WWXQF#VDNDU\D�HGX�WU��WRSODQR#VDNDU\D�HGX�WU��NHQ\LO#VDNDU\D�HGX�WU� �
�
�

 Abstract:�6HSLROLWH��D�FRPSOH[�PDJQHVLXP�VLOLFDWH�PLQHUDO��ZDV�DFWLYDWHG�PHFKDQLFDOO\�LQ�D�SODQHWDU\�PLOO�DQG�WKH�FKDQJHV�
LQ�WKH�PLQHUDO�VWUXFWXUH�DQG�WKHUPDO�EHKDYLRU�RI�VHSLROLWH�ZHUH�LQYHVWLJDWHG�E\�PHDQV�RI�;�UD\�GLIIUDFWLRQ��;5'���VFDQQLQJ�
HOHFWURQ� PLFURVFRS\� �6(0�� DQG� WKHUPDO� DQDO\VLV� �7*�'7$��� 7KH� UHVXOWV� VKRZHG� WKDW� SDUWLFOH� VL]H� GHFUHDVHG� DQG�
DPRUSKL]DWLRQ�LQ�WKH�RUH�VWUXFWXUH�ZDV�RFFXUHG�ZLWK�LQFUHPHQW�RI�JULQGLQJ�WLPHV��7KH�ORVV�RI�]HROLWLF�ZDWHU�LQ�WKH�VWUXFWXUH�
ZDV�DFWXDOL]HG�GXULQJ�PHFKDQLFDO�DFWLYDWLRQ�RI�VHSLROLWH��

� � �Key words:�6HSLROLWH��PHFKDQLFDO�DFWLYDWLRQ��WKHUPDO�EHKDYLRU��
�
�
Introduction  
�
� 6HSLROLWH� LV� D� QDWXUDO� K\GUDWHG�PDJQHVLXP� VLOLFDWH� FOD\�PLQHUDO� DQG� LWV� VWUXFWXUDO� IRUPXOD� FDQ� EH�ZULWWHQ� DV�
0J�6L��2���2+���2+����[+�2���[ ������0RUD�HW�DO���������� � 7KUHH�S\UR[HQH�W\SH�FKDLQV��6L2�����H[LVW�LQ�WKH�VWUXFWXUH�
DQG�R[\JHQ� OLQNV� WKH�FKDLQV� WRJHWKHU�VR� WKDW�GRXEO\� OLQNHG�FKDLQV�RFFXU��7KLV�VWUXFWXUDO� IRUPDWLRQ�FDXVHV�]HROLWH�OLNH�
FKDQQHOV��)URVW�HW�DO����������2FWDKHGUDO�FRRUGLQDWHG�PDJQHVLXP�ORFDWHV�EHWZHHQ�WKH�VLOLFD�VKHHWV��0RUD�HW�DO����������
:DWHU�PROHFXOHV�WKDW�SUHVHQW�LQ�WKH�VHSLROLWH�VWUXFWXUH�KDYH�EHHQ�JURXSHG�LQWR�]HROLWLF�ZDWHU��ERXQG�ZDWHU�DQG�K\GUR[\O�
ZDWHU��1DJDWD�HW�DO����������)URP�WKH�IRUPXOD��2+��LQGLFDWHV�WKH�K\GUR[\O�JURXS���2+���UHSUHVHQW�WKH�ERXQG��FU\VWDO��
ZDWHU�DQG�+�2�VKRZV�WKH�]HROLWLF�ZDWHU��0RUD�HW�DO����������7KH�VXUIDFH�RI�WKLV�PLQHUDO�KDV�VLODQRO��6L�2��JURXSV�EHFDXVH�
RI�WKH�GLVFRQWLQXLW\�RI�WKH�H[WHUQDO�VLOLFD�VKHHWV��$ONDQ�HW�DO����������7KLV�IRUPDWLRQ�SOD\�LPSRUWDQW�UROH�DW�WKH�DGVRUSWLRQ�
RI�RUJDQLFV�RQ�WKH�FOD\�VXUIDFH��)XUWKHUPRUH�VHSLROLWHV�FDQ�EH�XVHG�DV�DEVRUEHQWV�IRU�FOHDQLQJ�JDV�DQG�OLTXLGV��&DQ��������
ZKHUHIRUH�LWV�]HROLWLF�FKDQQHOV�WKDW�PD\�EH�ILOOHG�ZLWK�ZDWHU�RU�RUJDQLF�PROHFXOHV��)URVW�HW�DO����������$SDUW�IURP�WKLV�QHZ�
XWLOL]DWLRQ�RSSRUWXQLWLHV�DUH�FRQVWLWXWHG�E\�GLIIHUHQW�VWXGLHV�OLNH�XVDJH�IRU�GHFRORUL]DWLRQ�RI�VXJDU�MXLFH��hQDO�HW�DO���������
VXOIXU�UHFRYHU\�IURP�VRXU�JDV�RU�K\GURJHQDWLRQ�DFWLYLW\�RQ�1L�VXSSRUWHG�RQ�VHSLROLWH��-XQJ�HW�DO���������HWF� 

� 6HYHUDO�UHVHDUFK�WKDW�PDLQO\�FRQFHQWUDWHG�RQ�FDOFLQDWLRQV�SURFHVV�KDYH�EHHQ�PDGH�IRU�H[SODLQ�WKH�ZDWHU�W\SH�RU�
WUDQVIRUPDWLRQ�DQG� LQWHUUHODWHG� WHPSHUDWXUH� LQWHUYDOV�E\�PHDQV�RI�;5'��%DVWLGD�HW� DO����������'7$�7*��)URVW�HW� DO���
������DQG�)7�,5��0RUD�HW�DO���������$ONDQ�HW�DO���������HWF��*ULQGLQJ�SURFHVV� LV�D�YHU\�FRPPRQ�SURFHVV� LQ� LQGXVWU\�
�&RUQHMR�HW�DO���������EXW�ZKHQ�PHFKDQLFDO�DFWLYDWLRQ�SURFHVV�LV�SHUIRUPHG�VL]H�UHGXFWLRQ��VXUIDFH�DFWLYDWLRQ��FKHPLFDO�RU�
GHFRPSRVLWLRQ�UHDFWLRQV�ZKLFK�WDNH�SODFH�DERYH�URRP�WHPSHUDWXUH��RFFXU�VLPXOWDQHRXVO\��%DOD]���������)RU�WKLV�UHDVRQ��
LQ�WKLV�VWXG\��WKH�HIIHFWV�RI�PHFKDQLFDO�DFWLYDWLRQ�RQ�WKH�VWUXFWXUH�DQG�WKHUPDO�EHKDYLRU�RI�VHSLROLWLF�FOD\�ZHUH�LQYHVWLJDWHG�
E\�PHDQV�RI�;�UD\�GLIIUDFWLRQ��;5'���SDUWLFOH�VL]H�DQDO\VLV��VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0��DQG�WKHUPDO�DQDO\VLV�
�7*�'7$���

Materials and Method 
 
� 7KH�PHFKDQLFDO�DFWLYDWLRQ�RI� VHSLROLWH� IURP�.DOH�0DGHQ� �7XUNH\��ZDV�SHUIRUPHG� LQ�D�3ODQHWDU\�0RQR�0LOO�
3XOYHULVHWWH���XQGHU�WKH�IROORZLQJ�FRQGLWLRQV��WKH�ZHLJKW�DQG�GLDPHWHU�RI�WXQJVWHQ�FDUELGH��:&��EDOOV�ZHUH�����J�DQG����
PP�UHVSHFWLYHO\��WKH�JULQGLQJ�ERZO�ZDV�����P/�:&��WKH�JULQGLQJ�WLPHV����DQG����PLQ��WKH�VSHHG�RI�WKH�PDLQ�GLVN�ZDV�
����UHY�PLQ����WKH�JULQGLQJ�SURFHVV�ZDV�GU\��%DOO�WR�PDVV�UDWLRV�GXULQJ�PHFKDQLFDO�DFWLYDWLRQ�ZHUH�NHSW�FRQVWDQW�DW����� �
� )RU�FRPSDUDWLYH�VWXG\�FDOFLQDWLRQ�ZDV�SHUIRUPHG�XQGHU�DWPRVSKHULF�FRQGLWLRQ�DW����������DQG�����&�IRU�RQH�
KRXU�ZLWK����&�PLQ�KHDWLQJ�UDWH��;�UD\�GLIIUDFWLRQ�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�D�5LJDNX�8OWLPD�;�UD\�GLIIUDFWRPHWHU�
DQG� &X� .Į� UDGLDWLRQ�� 7KH� GHJUHH� RI� DPRUSKL]DWLRQ� �$�� RI� WKH� PHFKDQLFDOO\� DFWLYDWHG� VHSLROLWH� DFFRUGLQJ� WR� ;�UD\�
GLIIUDFWRQ�UHVXOWV�ZDV�FDOFXODWHG�IURP�HTXDWLRQ������
�

� = ൬�െ
����

����
൰ . ���� ����

�
ZKHUH� ,�� LV� WKH� LQWHJUDO� LQWHQVLW\� RI� WKH� GLIIUDFWLRQ� SHDN� IRU� WKH� QRQ�DFWLYDWHG� VHSLROLWH��%�� LV� WKH� EDFNJURXQG� RI� WKH�
GLIIUDFWLRQ�SHDN�IRU�WKH�QRQ�DFWLYDWHG�VHSLROLWH��DQG�,[�DQG�%[�DUH�WKH�HTXLYDOHQW�YDOXHV�IRU�WKH�DFWLYDWHG�VHSLROLWH��%DOD]��
������%DOD]���������$�-(2/������/9�VFDQQLQJ�HOHFWURQ�PLFURVFRSH��6(0��ZDV�XVHG�IRU�PRUSKRORJLFDO�DQDO\VLV�RI�WKH�
QRQ�DFWLYDWHG�DQG�DFWLYDWHG�VDPSOHV��'7$�ZDV�SHUIRUPHG�XVLQJ�7$�,QVWUXPHQWV�6'74�����DW�KHDWLQJ�UDWH�RI����&�PLQ���
XQGHU�DWPRVSKHULF�FRQGLWLRQV�DQG�0LNURWUDF�6�����ZDV�XVHG�IRU�SDUWLFOH�VL]H�GLVWULEXWLRQ�DQDO\VLV�� �
� �
Results and Discussion 
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�
� &KHPLFDO�FRPSRVLWLRQ�RI�VHSLROLWH�ZKLFK�ZDV�SURYLGHG�E\�.DOH�0DGHQ��dDQDNNDOH�7XUNH\��ZDV�JLYHQ�DW�7DEOH�
���$V�VHHQ�IURP�WKH�WDEOH�VHSLROLWH�LV�ULFK�LQ�VLOLFRQ�DQG�PDJQHVLXP��/RVW�RQ�LJQLWLRQ�YDOXH�LV�RQO\��������

Table 1. &KHPLFDO�FRPSRVLWLRQ�RI�VHSLROLWH�

6L2�� $O�2�� 7L2�� )H�2�� &D2� 0J2� 1D�2� .�2� /�2�,�
������ ����� ����� ����� ����� ��� ����� ����� ������

�

�
Figure 1.�;5'�SDWWHUQV�RI��D��QRQ�DFWLYDWHG�VHSLROLWH���E��DFWLYDWHG�IRU����PLQ�DQG��F��DFWLYDWHG�IRU����PLQ�

�

� ;5'�SDWWHUQV�RI�WKH�PHFKDQLFDOO\�DFWLYDWHG�VHSLROLWH�VDPSOHV�ZHUH�JLYHQ�LQ�)LJ����ZLWK�UHVSHFW�WR��������DQG�
��������DQG��������� LQWHUYDOV�� ��������������������DQG�������UHIOHFWLRQV�ZHUH�GHWHUPLQHG�DW�������������������DQG�����
UHVSHFWLYHO\�IRU�QRQ�DFWLYDWHG�VHSLROLWH��$FFRUGLQJ�WR�(T����DPRUSKL]DWLRQ�GHJUHH�RI�WKH�SHDN�WKDW�IRXQG�DW������UHDFKHG�
���SHUFHQW�DIWHU����PLQ�PHFKDQLFDO�DFWLYDWLRQ��$PRUSKL]DWLRQ�LV� WKH�VLWXDWLRQ�WKDW�SHDN�EURDGHQLQJ�DQG�GHFUHDVLQJ�RI�
LQWHQVLW\�FRPH�DORQJ�EHFDXVH�RI�WKH�JULQGLQJ�PHGLD�LQWHUDFWLRQ�DQG�PDWHULDO�EHKDYLRU�DJDLQVW�WKLV�PHGLD��3DUWLFOHV�FDQ�EH�
UHILQHG�DW� FULWLFDO� VL]H�DQG�DIWHU� WKLV�HQHUJ\�DFFXPXODWLRQ� LQ� WKH�YROXPH�RU�DW� WKH� VXUIDFH�RI�FU\VWDOV� WDNH�SODFH��7KLV�
RFFXUUHQFH� LV� WKH�EHJLQQLQJ�RI� WKH� DPRUSKL]DWLRQ��)XUWKHUPRUH�EHFDXVH�RI� WKH� LQWHUDFWLRQ� ORFDO� WHPSHUDWXUHV�PD\�EH�
LQFUHDVHG��7XQo�HW�DO�������D��%DOD]��������7XQo�HW�DO�������E���������UHIOHFWLRQ�JRW�DPRUSKL]HG�DSSUR[LPDWHO\����SHUFHQW�
DW����PLQ�DQG�JRW�ORVW�DIWHU�WKLV�GXUDWLRQ��������UHIOHFWLRQ�WKDW�SRVLWLRQHG�DW������JRW�DPRUSKL]HG����SHUFHQW�DIWHU����PLQ�
DQG� VWDELOL]HG�� ������ UHIOHFWLRQ� FRXOGQ¶W� EH� GHWHUPLQHG� IRU� ��� DQG� ��� PLQ� DFWLYDWHG� VDPSOHV� VR� LW� FDQ� EH� VDLG� WKDW�
DPRUSKL]DWLRQ� � SURFHVV� WRRN� SODFH� DQG� ILQLVKHG� EHWZHHQ� �� DQG� ��� PLQ� IRU� WKLV� SDWWHUQ��� %HWZHHQ� �������� VDPH�
DPRUSKL]DWLRQ�GHJUHHV�ZHUH�FDOFXODWHG��$FFRUGLQJ�WR�WKLV�YDOXHV�DYHUDJH�GHJUHHV�DUH������DQG������SHUFHQWDJHV�IRU����DQG�
���PLQ��UHVSHFWLYHO\��$PRUSKL]DWLRQ�GHJUHHV�IRU�WKH�UHIOHFWLRQV�DQG�DYHUDJH�YDOXH�IRU�PHFKDQLFDOO\�DFWLYDWHG�VHSLROLWH�
ZHUH�JLYHQ�LQ�)LJ����DV�JUDSKLFDOO\��,QWHQVLW\�RI�WKH�������UHIOHFWLRQ�GHFUHDVHG�JUHDWHU�WKDQ�WKH�RWKHUV�LQ����PLQ��$IWHU����
PLQ�GHFUHDVLQJ�EHKDYLRU� RI� WKH� DOO� SHDNV� DUH� WKH� VDPH��7KLV� LV� WKH� UHVXOW� WKDW� RULJLQDWHG� IURP� ILUVW� VWUXFWXUDO� ULEERQV�
GHIRUPDWLRQ�DQG�DIWHU�DWRPLF�VWUXFWXUH�GLVUXSWLRQ��&RUQHMR�HW�DO���������� �

�
Figure 2.�$PRUSKL]DWLRQ�GHJUHH�RI�PHFKDQLFDOO\�DFWLYDWHG�VHSLROLWH�
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Figure 3. ;5'�SDWWHUQV�RI�WKH�D��RULJLQDO�VHSLROLWH�DQG�FDOFLQHG�DW�E�����&�F�����&�DQG�G�����&�VHSLROLWH�VDPSOHV�
�
� 8QWUHDWHG�VHSLROLWH�KDV�VKDUS������� �����c�UHIOHFWLRQ�WKDW�LQGLFDWH�WKH�FU\VWDOOLQLW\�RI�WKH�VDPSOH�DV�VKRZQ�LQ�
)LJ����DQG�)LJ����� ������GLIIUDFWLRQ�SDWWHUQ� LV� WKH� LQWHUOD\HU�GLVWDQFH� LQ�VHSLROLWH� �0RUD�HW�DO����������$IWHU�FDOFLQLJ�DW�
����&��������GLIIUDFWLRQ�SUHVHUYHG�LWVHOI�LQ�VRPH�GHJUHH��%XW�DIWHU�FDOFLQLJ�DW�����F�DQG������&�WKLV�SHDN�GLVDSSHDUHG�DQG�
WKH�VWUXFWXUH�RI�VHSLROLWH�ZDV�GHVWUR\HG�DV�WRRN�SODFH�LQ�PHFKDQLFDO�DFWLYDWLRQ�SURFHVV�� �

� 3DUWLFOH� VL]H� DQDO\VLV� DQG� 6(0� PLFURVFRS\� UHVXOWV� ZHUH� JLYHQ� LQ� 7DEOH� �� DQG� )LJ�� ���� UHVSHFWLYHO\��
1RQ�DFWLYDWHG� VHSLROLWH� KDV� ODPLQDU� VWUXFWXUH� DQG� DQJOHG� SDUWLFOHV� FDQ� EH� VHHQ� LQ� )LJ�� ��� 'LDPHWHU� RI� WKH� QLQHW\�
SHUFHQWDJHV� RI� WKH� SDUWLFOHV� LV� ������ �P�� � ,Q� )LJ�� �� DQG� �� LQVWHDG� RI� DQJOHG� SDUWLFOH� URXQGHG� SDUWLFOHV� ZHUH� VHHQ��
0HFKDQLFDOO\�DFWLYDWHG�VDPSOHV�UHILQHG�IURP�WKLV�GLPHQVLRQ�WR�������DQG�������IRU����DQG����PLQ��DFWLYDWLRQ�GXUDWLRQ�
UHVSHFWLYHO\��

Table 2.�3DUWLFOH�VL]H�DQDO\VLV�RI�WKH�VDPSOHV�
�
0LOOLQJ�'XUDWLRQ��PLQ�� � G�����P�� G����P�� G�����P��

1RQ�DFWLYDWHG� ������ ������ ������
��� ������ ������ ������
��� ������ ������ ������

�

� �
Figure 4.�6(0�PLFURJUDSK�DQG�SDUWLFOH�VL]H�DQDO\VLV�RI�QRQ�DFWLYDWHG�VHSLROLWH�

�
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� �
�Figure 5.�6(0�PLFURJUDSK�DQG�SDUWLFOH�VL]H�DQDO\VLV�RI�DFWLYDWHG�VHSLROLWH�IRU����PLQ��

�

� �
Figure 6. 6(0�PLFURJUDSK�DQG�SDUWLFOH�VL]H�DQDO\VLV�RI�DFWLYDWHG�VHSLROLWH�IRU����PLQ��

 
� 7KH�UHDVRQ�RI�LQFUHPHQW�LQ�WKH�GLPHQVLRQ�FDQ�EH�DJJORPHUDWLRQ�WKDW�LQGXFHG�E\�PHFKDQLFDO�DFWLYDWLRQ�ZKLFK�
PLJKW�EH�SURGXFHG�QHZ�VXUIDFH�DUHD�DQG�WKLV�DUHD�FDQ�EH�PRUH�DFWLYH�WKDQ�WKH�IRUPHU�RQH��%DOD]��������� � �

� 7KHUPDO� DQDO\VLV� RI� QRQ�DFWLYDWHG� DQG� DFWLYDWHG� VDPSOHV� ZDV� JLYHQ� LQ� )LJ� ��� DQG� )LJ� ��� ZLWK� UHVSHFW� WR�
WKHUPRJUDYLPHWULF�DQG�GLIIHUDQWLDO�WKHUPDO�DQDO\VLV��&XUYH�RI�WKH�QRQ�DFWLYDWHG�VDPSOH�KDV�IRXU�SDUWV�WKDW�KDYH�GLIIHUHQW�
VORSHV��7KHVH�VORSHV�FDQ�FKDUDFWHUL]H�WKH�SURFHVV�UDSLGLW\��1DJDWD�HW�DO����������)URVW�DQG�'LQJ��������VWDWHG�WKDW�XS�WR�
���&�ERWK�K\JURVFRSLF�DQG�]HROLWLF�ZDWHU�ZHUH�ORVW��%HWZHHQ�����DQG�����&�ERXQG�ZDWHU�ZHUH�ORVW��PRUH�VWURQJO\�ERXQG�
ZDWHU��FR�RUGLQDWHG�ZDWHU��DQG�WKH�K\GUR[\O�XQLWV�ZHUH�ORVW�LQ�WKH�WHPSHUDWXUH�UDQJH���������&��)URP�WKHVH�FKHPLFDO�
HTXDWLRQV�WKHRUHWLFDO�ZHLJKW�ORVHV�GHWHUPLQHG�DV������������������������������IRU�HDFK�VWHS�UHVSHFWLYHO\��1DJDWD�HW�DO���
������� )URP� WKLV� YDOXHV� DQG� FKHPLFDO� HTXDWLRQV� VWHS� RQH� DQG� WZR� DUH� GHK\GUDWLRQ� DQG� VWHS� WKUHH� DQG� IRXU� DUH� WKH�
GHK\GUR[\ODWLRQ�SURFHVV��)URVW�HW�DO���������� �

6WHS�,� 0J�6L��2���2+���+�2����+�2ļ�0J�6L��2���2+���+�2�����+�2�
6WHS�,,� 0J�6L��2���2+���+�2���ļ�0J�6L��2���2+����+�2������+�2�
6WHS�,,,� 0J�6L��2���2+����+�2���ĺ�0J�6L��2���2+������+�2�
6WHS�,9� 0J�6L��2���2+���ĺ�0J�6L��2������+�2�

�
Figure 7.�7KHUPRJUDYLPHWULF�DQDO\VLV�RI�QRQ�DFWLYDWHG�DQG�DFWLYDWHG�VHSLROLWH�VDPSOHV�

�
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� )RU�QRQ�DFWLYDWHG�DQG�DFWLYDWHG�VHSLROLWH�VDPSOHV�WHPSHUDWXUH�LQWHUYDOV�DQG�UHODWHG�ZHLJKW�ORVHV�ZHUH�JLYHQ�LQ�
7DEOH����$V� VHHQ� IURP� WKH� WDEOH� IRU� QRQ�DFWLYDWHG� VHSLROLWH� GHK\GUDWLRQ�SURFHVV�GLG�QRW� FRPSOHWHG� LQ� WZR� VWHSV�ZLWK�
UHJDUGV�WR�K\JURVFRSLF�DQG�]HROLWLF�ZDWHU��,Q�VWHS�WKUHH�ZHLJKW�ORVVHV�RULJLQDWHG�IURP�UHVLGXDU\�]HROLWLF�ZDWHU�DQG�SDUW�RI�
WKH�ERXQG�ZDWHU�ZHUH�RFFXUUHG��6LPLODUO\�GHK\GUR[\ODWLRQ�SURFHVV�FDPH�DIWHU� WKH� ORRVH�RI�]HROLWLF�ZDWHU�DQG�GLG�QRW�
FRPSOHWHG� HQG� RI� WKH� VWHS� IRXU�� ,Q� VSLWH� RI� QRQ�DFWLYDWHG� VHSLROLWH�� GHK\GUDWLRQ� RFFXUUHQFH� ILQLVKHG� LQ� VWHS� RQH� DQG�
GHK\GUR[\ODWLRQ�SURFHVV�RFFXUUHG�LQ�VWHS�WZR�DV�VKRZQ�LQ�7DEOH���ZLWK�UHJDUG�WR�ZHLJKW�ORVW�YDOXH��6WHS�WZR�DQG�WKUHH�DUH�
WKH�GHK\GUR[\ODWLRQ�SURFHVV�IRU�DFWLYDWHG�VDPSOHV�� �

Table 3��7HPSHUDWXUH�LQWHUYDOV�DQG�ZHLJKW�ORVHV�IRU�7*�FXUYHV�RI�WKH�VDPSOHV� �
�
� 6WHS�,� :/� 6WHS�,,� :/� 6WHS�,,,� :/� 6WHS�,9� :/�
1RQ�$FWLYDWHG� ������&� ����� ��������&� ����� ��������&� ����� ��������&� �����
���PLQ�� ������&� ������ ��������&� ����� ���������&� ����� �� ��
���PLQ�� ������&� ����� ��������&� ����� ���������&� ����� �� ��

� � � � � � � � � � 
:/ :HLJKW�/RVW�����

�
Figure 8��'LIIHUDQWLDO�WKHUPDO�DQDO\VLV��'7$��RI�WKH�VDPSOHV�

 
 
� 7KH�DUHD�RI�WKH�SHDN�LV�SURSRUWLRQDO�WR�WKH�TXDQWLW\�RI�KHDW�DEVRUEHG�RU�UHOHDVHG�GXULQJ�UHDFWLRQ��6HJXLQ���������
,Q�)LJ����WKH�DUHD�RI�WKH�SHDNV�DUH�GLIIHUHQW�DQG�GHFUHDVHG�ZLWK�LQFUHPHQW�RI�PLOOLQJ�WLPH��)URP�WKLV�UHVXOW�LW�FDQ�EH�VDLG�
WKDW�ZLWK�HORQJDWHG�PHFKDQLFDO�DFWLYDWLRQ�WLPH�QHHG�RI�HQHUJ\�IRU�GHK\GUDWLRQ��GHKLGUD[LODWLRQ�DQG�SKDVH�WUDQVIRUPDWLRQ�
GHFUHDVHG�EHFDXVH�RI�WKH�HQHUJ\�DFFXPXODWLRQ�LQ�WKH�YROXPH�RU�DW�WKH�VXUIDFH�RI�FU\VWDO�GXH�WR�WKH�OLPLW�IRU�IUDJPHQWDWLRQ�
RI�D�SDUWLFDO��%DOD]��������%DOD]���������$V�VHHQ�IURP�WKH�7DEOH���DQG�)LJ����IRU�DFWLYDWHG�VHSLROLWH�VDPSOHV�GHK\GUDWLRQ�
DQG� GHK\GUR[LODWLRQ� SURFHVV� RFFXUUHG� EHIRUH� RI� WKH� UHIHUHQFH� WHPSHUDWXUHV�� ,GHQWLFDOO\� WUDQVIRUPDWLRQ� LQ� WR� HQVWDWLWH�
RFFXUUHG�DW�����&�IRU�QRQ�DFWLYDWHG�VHSLROLWH������&IRU����PLQ�DFWLYDWHG�VHSLROLWH�DQG�����&�IRU����PLQ�VHSLROLWH�� �

Conclusions  
�
� :LWK�PHFKDQLFDO�DFWLYDWLRQ� WKH�DPRUSKL]DWLRQ�RFFXUUHG� LQ�VHSLROLWH�VWUXFWXUH�DQG� WKH�VWUXFWXUH�ZDV�GLVWRUWHG��
'HKLGUDWLRQ�ZDV�SURFHHG�LQ�RQH�VWHS�DQG�GHK\GUR[LODWLRQ�ZDV�FRPSOHWHG�LQ�WKUHH�VWHSV��7UDQVIRUPDWLRQ�WHPSHUDWXUH�ZDV�
ORZHUHG�DIWHU�PHFKDQLFDO�DFWLYDWLRQ��&DOFLQLQJ�VHSLROLWH�DW�����&�JDYH�VDPH�UHVXOWV�ZLWK����PLQ�RI�PHFKDQLFDO�DFWLYDWLRQ�
ZLWK�UHVSHFW�WR�DPRUSKL]DWLRQ�WKDW�GHWHUPLQHG�YLD�;�UD\�GLIIUDFWLRQ�DQDO\VLV�� �
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�
7UDFNLQJ�6LQJOH�%XEEOH�LQ�+DOO-+pURXOW�$OXPLQLXP�&HOO��$Q�

([SHULPHQWDO�DQG�1XPHULFDO�6WXG\ 
�

6XEUDW�'DV��*X\�/LWWOHIDLU�DQG�<RV�0RUVL
�DQG�*HRIIUH\�%URRNV
�
6FKRRO�RI�(QJLQHHULQJ��)DFXOW\�RI�6FLHQFH�DQG�7HFKQRORJ\�

'HDNLQ�8QLYHUVLW\��:DXUQ�3RQGV�
�$XVWUDOLD��VXEUDW�GDV#GHDNLQ�HGX�DX�

�

6ZLQEXUQH�8QLYHUVLW\�RI�7HFKQRORJ\��)(,6�
3%������+DZWKRUQ��9,&�������$XVWUDOLD�

�
Abstract: ,Q�VLPXODWLRQV�RI�WKH�K\GURG\QDPLFV�RI�WKH�PXOWLSKDVH�IORZ�LQ�JDV±
OLTXLG� V\VWHPV�ZLWK� ILQLWH� VL]HV� RI� EXEEOHV�� WKH� LPSRUWDQW� WKLQJ� LV� WR� FRPSXWH�
H[SOLFLWO\� WKH� WLPH� HYROXWLRQ� RI� WKH� JDV±OLTXLG� LQWHUIDFH� LQ� PDQ\� HQJLQHHULQJ�
DSSOLFDWLRQV��7KH�PRVW�FRPPRQO\�XVHG�PHWKRGV�UHSUHVHQWLQJ�WKLV�DSSURDFK�DUH��
WKH�YROXPH�RI�IOXLG�DQG�WKH�SKDVH�ILHOG�PHWKRGV��7KH�ODWHU�KDV�JDLQHG�VLJQLILFDQW�
LQWHUHVW� EHFDXVH� RI� LWV� FDSDELOLW\� RI� SHUIRUPLQJ� QXPHULFDO� FRPSXWDWLRQV� RQ� D�
IL[HG� &DUWHVLDQ� JULG� ZLWKRXW� KDYLQJ� WR� SDUDPHWULVH� WKHVH� REMHFWV� �(XOHULDQ�
DSSURDFK��DQG�DW� WKH�VDPH�WLPH�LW�DOORZV�WR�IROORZ�WKH�LQWHUIDFH��� IRU�H[DPSOH�
EXEEOH¶V�VKDSH��WKDW�FKDQJH�WKH�WRSRORJ\�� 
�
,Q�WKLV�SDSHU��ERWK�QXPHULFDO��SKDVH�ILHOG�PHWKRG��DQG�H[SHULPHQWDO�UHVXOWV�IRU�
WKH� EXEEOH� VKDSHV� XQGHUQHDWK� D� GRZQZDUG� IDFLQJ� SODQH� LV� SUHVHQWHG��
([SHULPHQWV� DUH� FDUULHG� RXW� WR� VHH� WKH� EXEEOH� VOLGLQJ� PRWLRQ� XQGHUQHDWK� D�
KRUL]RQWDO�DQG� LQFOLQHG�DQRGH�� ,W� LV�DVVXPHG� WKDW� WKH�EXEEOH� IRUPHG�XQGHU� WKH�
DQRGH�VXUIDFH�LV�GHIRUPHG��IODWWHQHG��GXH�WR�EXR\DQW�ILHOG�EHIRUH�LW�JRHV�DURXQG�
WKH�DQRGH�FRUQHU��7KH�EXEEOH�HORQJDWHV�WR�IRUP�D�WDLO�OLNH�VKDSH��7KH�FKDQJH�LQ�
VKDSH�RI�WKH�EXEEOH�LV�DOPRVW�LQVWDQWDQHRXV�DQG�KDV�D�VLJQLILFDQW�HIIHFW�RQ�WKH�
ORFDOLVHG� K\GURG\QDPLFV� DURXQG� WKH� EXEEOH�� ZKLFK� FRXOG� LQIOXHQFH� WKH�
G\QDPLFV�RI�WKH�IORZ�SDWWHUQV�LQ�WKH�+DOO±+pURXOW�FHOO��7KLV�GHIRUPDWLRQ�LV�WKH�
PDLQ�FDXVH�RI�WKH�EXEEOH�ZDNH�DQG�WKH�LQGXFHG�IORZ�ILHOG�LQ�WKH�DOXPLQLXP�FHOO��
9DULRXV�SDUDPHWHUV�VXFK�DV�EXEEOH�VL]H��GHIRUPDWLRQ�DQG�LWV�VOLGLQJ�PHFKDQLVP�
DW� GLIIHUHQW� VXUIDFH� WHQVLRQV� DUH� GLVFXVVHG� DQG� FRPSDUHG� ZLWK� H[SHULPHQWDO�
UHVXOWV���
�

Keywords��%XEEOH�LQGXFHG�IORZ��3KDVH�)LHOG�0HWKRG��+DOO��+pURXOW�FHOO 
 
 
Introduction 
 

%XEEOH� IORZ� LQ� DOXPLQLXP� FHOOV� LV� D� FRPSOH[� SKHQRPHQRQ� GXH� VHYHUDO� IDFWRUV� VXFK� DV�
PDJQHWRK\GURG\QDPLFV� IRUFHV�� VXUIDFH� WHQVLRQ�� EXR\DQW� ILHOG�� FXUUHQW� GHQVLW\�� YROWDJH� IOXFWXDWLRQV��
FRQYHFWLYH� IRUFHV� GXH� WR� WHPSHUDWXUH� JUDGLHQW�� VKDSH� RI� DQRGH�� $&'� DQG� PRUH� LPSRUWDQWO\� WKH�
HOHFWURO\VLV�SURFHVV�LWVHOI��*DV�LV�JHQHUDWHG�XQGHU�WKH�DQRGH�IRUPV�D�UHODWLYHO\�WKLQ��DERXW����PP��XS�WR�
������PP�XQGHU�G\QDPLF�FRQGLWLRQV��EXEEOH�ODGHQ�OD\HU��.LVV���������7KH�EXEEOHV�HVFDSH�DURXQG�WKH�
HGJH�RI�WKH�DQRGH��DFFHOHUDWLQJ�WKH�OLTXLG�EDWK�DQG�LQGXFLQJ�KRUL]RQWDO�PRYHPHQW��%XEEOH�SRSXODWLRQ�
GHQVLW\� XQGHU� WKH� DQRGH� VXUIDFH� LQFUHDVHV� ZLWK� FXUUHQW� GHQVLW\�� 2FFDVLRQDOO\�� EXEEOHV� FRYHUDJH�
LQFUHDVHV�EHFDXVH�RI�WKH�KLJKHU�³JDV�KROG�XS´�UDWH�ZKLFK�LQ�WXUQ�UHGXFHV�DQRGH�VXUIDFH�DUHD�OHDGLQJ�WR�
YHU\�KLJK�ORFDO�FXUUHQW�GHQVLW\��+LJKHU�FXUUHQW�GHQVLW\�KDV�VHYHUDO�LPSOLFDWLRQV�VXFK�DV�VXGGHQ�JURZWK�
RI� WKLQ� JDV� OD\HU� DURXQG� WKH� DQRGH�� PDJQHWRK\GURG\QDPLFV� LQVWDELOLWLHV� GXH� WR� KLJKHU� ORFDO�
SHUWXUEDWLRQV��ORFDO�MRXOH�KHDWLQJ�DQG�DOVR�WKH�FKDQJH�LQ�ZHWWDELOLW\�RI�WKH�HOHFWURGH����

+RZHYHU�� WKH� H[DFW� PHFKDQLVP� OHDGLQJ� WR� WKH� IRUPDWLRQ� RI� WKLV� JDV� ILOP�� VOLGLQJ� RI� JDV�
EXEEOHV�DQG� WKH� ³JDV�KROGXS´� UDWH� WKDW�PD\�EH�GLIIHUHQW� IURP�FDVH� WR�FDVH�� LV� QRW� NQRZQ�FOHDUO\��7R�
GDWH� VHYHUDO� H[SHULPHQWDO� DQG� WKHRUHWLFDO� ZRUNV� KDYH� EHHQ� SXEOLVKHG� RQ� WKH� EXEEOH� PRWLRQ� ZKLFK�
DFWXDOO\�QHYHU� LQFRUSRUDWHG� HYHQ�RQH� WHQWK�RI� WKH� DFWXDO� FRPSOH[LW\� RI�+DOO-+pURXOW� SURFHVV��7KLV� LV�
EHFDXVH� RI� WKH� GLIILFXOW\� LQ� PRGHOOLQJ� RI� WZR�SKDVH� IORZ� LQ� VXFK� G\QDPLF� FRQGLWLRQ� DQG� FRPSOH[�
JHRPHWU\�DW�GLIIHUHQW�OHQJWK�DQG�WLPH�VFDOH���
�
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7KHUH� DUH� VHYHUDO� WHFKQLTXHV� VXFK� DV� IURQW� WUDFNLQJ� PHWKRG� �8QYHUGL�� ������� WKH� YROXPH� RI� IOXLG�
PHWKRG� �5LGHU� 	� .RWKH�� ������� WKH� /DWWLFH±%ROW]PDQ� PHWKRG� �7DNDGD�� 0LVDZD�� 7RPL\DPD�� 	�
)XMLZDUD�� ������ DQG� SKDVH� ILHOG� PHWKRGV� �6XQ� 	� %HFNHUPDQQ�� ������ ������ 7DNDGD�� 0LVDZD�� 	�
7RPL\DPD�� ������� 7KH� ODWHU� KDV� JDLQHG� VLJQLILFDQW� DWWHQWLRQ� GXH� WR� LWV� FDSDELOLW\� RI� SHUIRUPLQJ�
QXPHULFDO�FRPSXWDWLRQV�RQ�D�IL[HG�&DUWHVLDQ�JULG�ZLWKRXW�KDYLQJ�WR�SDUDPHWULVH�WKHVH�REMHFWV��(XOHULDQ�
DSSURDFK��� ZKHUH� WKH� LQWHUIDFH� EHWZHHQ� WZR� SKDVHV� �L�H�� EXEEOH� ERXQGDU\�� LV� DVVXPHG� WR� EH� VPRRWK�
ERXQGDU\�KDYLQJ�D�ILQLWH�WKLFNQHVV��$�QRQ�FRQVHUYHG�RUGHU�SDUDPHWHU��WKH�SKDVH�ILHOG׋����LV�LQWURGXFHG�
WR�GHVFULEH� WKH�SKDVH� WUDQVLWLRQ�DFURVV� WKLV�ERXQGDU\�� ,W�KDV�FRQVWDQW�YDOXHV� LQ� WKH�EXON�SKDVHV��IURP�
�YH���WR�±YH����DQG�YDULHV�VPRRWKO\�DFURVV�WKH�LQWHUIDFH�ERXQGDU\��2QH�RI�WKH�PRVW�LPSRUWDQW�IHDWXUHV�
RI�WKH�SKDVH�ILHOG�PHWKRG�LV�WKDW�DOO�JRYHUQLQJ�HTXDWLRQV�FDQ�EH�VROYHG�VLPXOWDQHRXVO\�ZLWKRXW�DQ\�D�
SULRUL�NQRZOHGJH�RI�WKH�ORFDWLRQ�RI�WKH�LQWHUIDFHV��+RZHYHU��RQ�WKH�RWKHU�KDQG��LW�LV�UHTXLUHG�WR�KDYH�DQ�
H[WUHPHO\� WKLQ� LQWHUIDFH� WR�PRGHO�DOO� WKH� UHOHYDQW�SK\VLFDO�SKHQRPHQD��'XH� WR� WKH�H[LVWHQFH�RI� ODUJH�
JUDGLHQWV� DFURVV� WKH� WKLV� LQWHUIDFH� &DKQ±+LOOLDUG�1DYLHU±6WRNHV� V\VWHP� �%DGDODVVL�� &HQLFHURV�� 	�
%DQHUMHH�������LV�XVHG��

,Q�WKLV�VWXG\��EXEEOH�IRUPDWLRQ�XQGHUQHDWK�D�KRUL]RQWDO�DQG�RU�LQFOLQHG�SODWH�ZDV�FRQVLGHUHG�
ZLWK�D�FRQWLQXRXV�VXSSO\�RI�DLU��7KH�HIIHFW�RI�IORZ�UDWHV�DQG�VXUIDFH�WHQVLRQ�ZHUH�WKH�PDLQ�SDUDPHWHUV�
LQYHVWLJDWHG���:DWHU�DQG�ROLYH�RLO�ZHUH�XVHG�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�VXUIDFH�WHQVLRQ��0RUHRYHU��WKH�
VL]H� DQG� VKDSH� RI� WKH� EXEEOHV� ZHUH� LQYHVWLJDWHG� H[SHULPHQWDOO\� XVLQJ� D� KLJK� VSHHG� FDPHUD� DQG� WKH�
SKDVH�ILHOG�PHWKRG��ZDV�XVHG�WR�DQDO\VH�WKH�EXEEOH�LQWHUIDFH�QXPHULFDOO\�XVLQJ�FRPPHUFLDO�)($�FRGH��
&2062/�,QF���/LX��+HUPDQ��	�0HZHV���������7KXV��LQ�WKLV�SDSHU��ERWK�QXPHULFDO�DQG�H[SHULPHQWDO�
UHVXOWV�DUH�SUHVHQWHG�WR�VKRZ�WKH�EXEEOH�VOLGLQJ�GHIRUPLQJ�XQGHU�WKH�DQRGH�VXUIDFH��
�
Numerical Model 
7KH�WLPH�HYROXWLRQ�WKH�GLIIXVLYH�LQWHUIDFH�SURILOH�RI�SKDVH�ILHOG�IXQFWLRQ� I �LV�JRYHUQHG�E\�WKH�&DKQ±
+LOOLDUG�HTXDWLRQ��

�

\
H
JOII

�������
�
�

�X
W

� � � � � � � � ����

�
ZKHUH� O � LV� WKH�PL[LQJ� HQHUJ\� GHQVLW\� �1��ZLWK� WKH�GLPHQVLRQ�RI� IRUFH� �-DFTPLQ�� ������� H �P�� LV� D�
FDSLOODU\�ZLGWK� � WKDW� VFDOHV�ZLWK� WKH�GLIIXVH� LQWHUIDFH�ZLGWK�DQG� WKH�PRELOLW\�SDUDPHWHU� LV�GHILQHG�DV�
J �P�V�NJ����
�
:KHUH�

� �IIIH\ ��� ������� �� � � � � � � ����
�
7KH�PRELOLW\��LQ�HTXDWLRQ����GHWHUPLQHV�WKH�WLPH�VFDOH�RI�WKH�&DKQ�+LOOLDUG�GLIIXVLRQ�DQG�PXVW�EH�ODUJH�
HQRXJK�WR�UHWDLQ�D�FRQVWDQW�LQWHUIDFLDO�WKLFNQHVV�EXW�VPDOO�HQRXJK�VR�WKDW�WKH�FRQYHFWLYH�WHUPV�DUH�QRW�
RYHUO\�GDPSHG��7DNDGD��HW�DO����������
�
7KH� FRQVHUYDWLRQ�PDVV� DQG�PRPHQWXP� HTXDWLRQ�ZLWK� VXUIDFH� WHQVLRQ� �)VW�� DQG� JUDYLW\� IRUFH� FDQ� EH�
ZULWWHQ�DV��
�

�X ��� �
� � � � � � � � � � ����

� � � �� � JXX,XXX UKUU �������������
�
�

VW
7 )S

W
�� � � � ����

�
:KHUH�GHQVLW\�DQG�YLVFRVLW\�DUH�FRPSXWHG�XVLQJ�YROXPH�IUDFWLRQ�� I9 ��RI�VXUURXQGLQJ�IOXLG�

� � I9��� UUUU ��� � � � � � � � � ����
� � I9��� KKKK ��� � � � � � � � � ����

�
7KHUHIRUH�HTXDWLRQV���WR���IRUP�WKH�JRYHUQLQJ�HTXDWLRQV�IRU�RXU�WZR�SKDVH�QXPHULFDO�DQDO\VLV��
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Experimental Setup 
 
([SHULPHQWV�ZHUH�FRQGXFWHG�LQ�D������î������P�3HUVSH[�VTXDUH�WDQN�RI�KHLJKW������P��%XEEOHV�ZHUH�
JHQHUDWHG�WKURXJK�D���PP��������P��GLDPHWHU�RULILFH��XQGHU�D�KRUL]RQWDO�SODWH�DW�D�FRQWUROOHG�UDWH�RI�DLU�
LQMHFWLRQ� XVLQJ� D� SHULVWDOWLF� SXPS�� $� GLJLWDO� LQFOLQRPHWHU� LV� XVHG� WR� DGMXVW� WKH� SODWH� SRVLWLRQ�� $�
VFKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�H[SHULPHQWDO�VHWXS�DV�ZHOO�DV�WKH�DFWXDO�ULJ�LV�VKRZQ�LQ�WKH�ILJXUH����

�
�D��

�
�E��

)LJ�������D��6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�H[SHULPHQWDO�ULJ�DQG��E��WKH�SKRWRJUDSK�XVLQJ�3+27521�
FDPHUD�

�
Results and Discussion 
 
([SHULPHQWDO�5HVXOWV�

'LIIHUHQW� IORZ�UDWHV�RI�DLU� LQMHFWLRQV� UDQJLQJ� IURP������PO�V� WR������PO�V�ZHUH�XVHG� LQ�ERWK�
H[SHULPHQWDO�DQG�QXPHULFDO�DQDO\VHV��7KH�VKDSH�RI�WKH�EXEEOH�ZDV�VWXGLHG�XVLQJ�D�KLJK�VSHHG�FDPHUD�
�)$67&$0�$3;�56����.&���7KH�FDPHUD�ZDV�SODFHG�RQ�DQ�DXWRPDWLF�OHYHOOLQJ�VKRFN�SURRI�SODWIRUP�
ZLWK�SUHFLVH�[�DQG�\�D[HV�FRQWURO��7KLV�HQDEOHG�XV�WR�PLQLPLVH�WKH�SDUDOOD[�HUURU�WR�D�ODUJH�H[WHQW��

)LJXUH� ��D�� VKRZV� WKH� EXEEOH� IRUPDWLRQ� XQGHUQHDWK� D� GRZQZDUG� IDFLQJ� KRUL]RQWDO� VXUIDFH��
7KH�EXEEOH�HYROYHV�IURP�D�VSKHULFDO�VKDSH�DQG�JUDGXDOO\� IODWWHQV�ZLWK�JUDYLW\��7KH�EXEEOH� WKLFNQHVV�
LQFUHDVHV�UDSLGO\�� LQGLFDWLQJ�D�VHYHUH�FKDQJH�LQ�DVSHFW�UDWLR�RI�WKH�EXEEOH��7KH�EXEEOH�EDVH�RQO\�JHWV�
ELJJHU� ZLWKRXW� FKDQJH� LQ� WKLFNQHVV� �'DV�� 0RUVL�� %URRNV�� &KHQ�� 	� <DQJ�� ������� 7KH� IDFWRUV� WKDW�

ANODE 

AIR BUBBLE 

POROUS  MEDIUM 

WATER 
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LQIOXHQFH�WKH�EXEEOH�IRUPLQJ�DUH�WKH�JUDYLW\�ILHOG��WKH�IRUFH�)3�GXH�WR�WKH�SUHVVXUH�LQVLGH�WKH�EXEEOH�DQG�
IRUFHV�WKDW�FDXVH�WKH�EXEEOH�WR�DWWDFK�WR�WKH�VXUIDFH�DV�VKRZQ�LQ�WKH�ILJXUH���E����

�
� �F3F )U) ��VS FRVVLQ�� ��� � � � � � � ����
� �J9)) JO% UU ���� � � � � � � � ����

�
)��DQG�)��ERWK�DFW�YHUWLFDOO\�XSZDUG��7KXV� WKH�FULWHULRQ�RI�GHWDFKPHQW� IRU� WKH�EXEEOH� LV�QRW�

VDWLVILHG�ZKHQ�LW�JURZV�XQGHUQHDWK�D�KRUL]RQWDO�VXUIDFH��SHUIHFWO\�KRUL]RQWDO���7KLV�LV�PDLQ�UHDVRQ�ZK\�
WKH�EXEEOH�EHJLQV�WR�IODWWHQ�DIWHU�LW�KDV�UHDFKHG�D�FHUWDLQ�WKLFNQHVV�GXH�WR�WKH�LQIOXHQFH�RI�WKH�JUDYLW\�
ILHOG��,W�LV�WR�EH�QRWHG�WKDW�D�VLJQLILFDQW�OD\HU�RI�VWDWLRQDU\�DLU�EHJLQV�WR�IRUP�DW�WKH�WRS�SDUW�RI�IODWWHQ�
ODUJHU�EXEEOH��7KLV�LV�EHFDXVH�WKH�JDV�IORZ�UDWH�FDXVHV�RQO\�ODWHUDO�PRYHPHQW�DW�WKH�EDVH��
�

� �
�D� ��������������������������������������������������������������E��
)LJ����%XEEOH�IRUPDWLRQ�XQGHU�D�IODW�KRUL]RQWDO�DQRGH�

�
:KHQ�WKH�EXEEOH�DSSURDFKHV�WKH�DQRGH�FRUQHUV��VHH�ILJXUH����LW�IRUPV�D�WDLO�OLNH�VWUXFWXUH�DV�VKRZQ�LQ�
ILJXUH����7KH�EXEEOH�PRYHPHQWV�DURXQG�WKH�FRUQHU�DUH�VKRZQ�DW�������VHFRQGV�DSDUW����

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

)LJ����%XEEOH�PRYHPHQWV�DW�WKH�DQRGH�FRUQHU�
�

�U�

G�

)3�
șF�

șF�

ı� ı�VLQșF�
�

ı�FRVșF�
�

)%�

%XEEOH�

:DWHU�
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�
+RZHYHU�� IRU� LQFOLQHG� DQRGH�� EXEEOH� GHWDFKHV� DQG� EHJLQV� WR� VOLGH� DORQJ� WKH� SDWK�ZKHQ� WKH�

EXR\DQF\� H[FHHGV� WKH� VXUIDFH� WHQVLRQ� IRUFH�� )LJXUH��� VKRZV� WKH� VOLGLQJ�SDWWHUQV�RI� WKH�EXEEOH�ZKHQ�
JHQHUDWHG�XQGHU�D�VXUIDFH�ZLWK�LQFOLQDWLRQ�DQJOH�RI���GHJUHH��%RWK�ZDWHU�DQG�ROLYH�RLO�DUH�XVHG�LQ�WKH�
H[SHULPHQW�� 7KH� ILJXUH� VKRZV� WKH� UDWH� RI� DLU� LQMHFWLRQ� DW� ����� PO�V� IRU� ERWK� FDVHV�� 7KH� LPDJHV� DUH�
SORWWHG�DWH������V�DSDUW��,W�LV�DSSDUHQW�IURP�WKH�ILJXUH�WKDW�WKH�EXEEOH�JHWV�IODWWHQ�PRUH�LQ�ZDWHU�WKDQ�LQ�
ROLYH�RLO��'LIIHUHQW�DLU�LQMHFWLRQ�UDWHV�ZLWK�GLIIHUHQW�LQFOLQDWLRQV���R�WR���R��DUH�DOVR�FRQVLGHUHG��%HFDXVH�
RI�WKH�LQFOLQDWLRQ�RI�DQ�RULILFH�SODWH��WKH�G\QDPLF�FRQWDFW�DQJOH��ș��LV�QRW�D�VLQJOH�QXPEHU�DW�DQ\�LQVWDQW�
RI�WLPH�RI�WKH�EXEEOH�IRUPDWLRQ��7KH�FRQWDFW�DQJOH�NHHSV�RQ�FKDQJLQJ�DV�EXEEOH�JURZV��7KXV�WKH�VKDSH�
RI� WKH� EXEEOH� DOVR� FKDQJHV� GHSHQGLQJ� XSRQ� IORZ� UDWH� DQG� WKH� LQFOLQDWLRQ�� $W� ORZHU� LQFOLQDWLRQ�� WKH�
VKDSH� FKDQJHV� WR� HOOLSVRLG��$W� KLJKHU� LQFOLQDWLRQV�� WKH� EXEEOH� WHQGV� WR� GHWDFK�PXFK� HDUOLHU� UHVXOWLQJ�
VPDOOHU�VL]H��)LJXUH���VKRZV�D�FRPSDULVRQ�RI�EXEEOH�VL]HV�LQ�WZR�GLIIHUHQW�IOXLGV��ZDWHU�DQG�ROLYH��� ,W�
FDQ� EH� VHHQ� WKDW� EXEEOH� VL]H� LQ� ROLYH� RLO� LV� PXFK� VPDOOHU� WKDQ� WKDW� RI� ZDWHU�� ZKLFK� LV� GXH� WR� WKH�
LQIOXHQFH�RI�VXUIDFH�WHQVLRQ�� �7KXV�VXUIDFH�WHQVLRQ�DQG�WKH� LQFOLQDWLRQ�DQJOH�KDYH�VWURQJ� LQIOXHQFH�RQ�
WKH�GHWDFKPHQW�DQG�VL]H�RI�WKH�EXEEOH��$W���R�GHJ�LQFOLQDWLRQ��GHWDFKPHQW�WLPH�GHFUHDVHV�VLJQLILFDQWO\�
UHVXOWLQJ�PXFK�VPDOOHU�EXEEOH�LQ�VL]H��ZKLFK�LV�PDLQO\�DWWULEXWHG�WR�WKH�GRPLQDQFH�EXR\DQF\�IRUFH�DQG�
WKH�QRQ�ZHWWLQJ�EHKDYLRXU��FRQWDFW�DQJOH��RI�WKH�VXUURXQGLQJ�IOXLG�ZLWK�WKH�VROLG�VXUIDFH���
�

� �
��������������������������D�������������������������������������������������������������������E��

)LJ�����%XEEOH�IRUPDWLRQ�RQ�GRZQZDUG�IDFLQJ�VXUIDFH�VXEPHUJHG�LQ��D��ZDWHU�DQG��E��2OLYH�RLO���
�VXUIDFH�LQFOLQDWLRQ� ���GHJ���

�
�

� �
�D� ������������������������������������������������������������������E���

�
)LJ����%XEEOH�IRUPDWLRQ�RQ�GRZQZDUG�IDFLQJ�VXUIDFH�VXEPHUJHG�LQ��D��ZDWHU�DQG��E��2OLYH�RLO���

�VXUIDFH�LQFOLQDWLRQ� ���GHJ���
�
�
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7KH�EXEEOH�WUDQVODWHV�LQWR�DQ�HOOLSVRLGDO�VKDSH�ZLWK�D�FLUFXODU�IURQWDO�QRVH�DQG�HORQJDWHG�WDLO�
GXULQJ� WKH�GHWDFKPHQW��6HYHUDO� UHVHDUFKHUV� �$GGOHVHH�	�&RUQZHOO��������$XVVLOORXV�	�4XHUH��������
3HUURQ�� .LVV�� 	� 3RQFViN�� ������ UHSRUWHG� WKDW� WKHUH� LV� D� WKLQ� ZHWWLQJ� ILOP� EHWZHHQ� WKH� EXEEOH� DQG�
VXUIDFH��ZKLFK�PD\�EH�DWWULEXWHG�WR�WKLV�QRQ�ZHWWLQJ�EHKDYLRXU�RI�WKH�EXEEOH��
�
Numerical Model 
�

7KH�QXPHULFDO� VLPXODWLRQ� LV� FDUULHG�RXW� XVLQJ�&DUWHVLDQ� JULG�XVLQJ� WULDQJXODU� HOHPHQWV��7KH�
PLQLPXP� HOHPHQW� VL]H�� LQ�JHQHUDO�� ������ FP�GHSHQGLQJ� XSRQ� WKH� VL]H�RI� EXEEOHV�� 1R� VOLS�ERXQGDU\�
FRQGLWLRQV�DUH�DSSOLHG�RQ�DOO�ZDOOV�ZLWK�D�V\PPHWULF�ERXQGDU\�FRQGLWLRQ�DW�WKH�OHIW�VLGH�RI�WKH�GRPDLQ��
*UDYLW\�LV�DSSOLHG�LQ�WKH�HQWLUH�GRPDLQ��ZKLFK�LQGXFHV�WKH�EXR\DQF\�IRUFH�RQ�WKH�EXEEOH��$�QR]]OH�RI�
GLDPHWHU���PP�LV�XVHG�WR�LQMHFW�JDV��DLU��WR�IRUP�EXEEOHV��7KH�LQOHW�RI�WKH�QR]]OH�LV�PRGLILHG�WR�DYRLG�
FRPSXWDWLRQ� GLIILFXOW\�� )LJXUH� �� VKRZV� D� VFKHPDWLF� UHSUHVHQWDWLRQ� RI� WKH� FRPSXWDWLRQDO� GRPDLQ� IRU�
LQFOLQHG� DQRGH�� 7KH� SKDVH� ILHOG� PHWKRG� W\SLFDOO\� UHTXLUHV� DQ� DFFXUDWH� LQLWLDOL]DWLRQ� WR� DYRLG� DQ\�
RYHUVKRRWV�RU�XQGHUVKRRWV�DW�WKH�LQWHUIDFH�EHWZHHQ�WKH�SKDVHV��)LJXUH���UHSUHVHQWV�WKH�LQLWLDOLVDWLRQ�RI�
SKDVH� ILHOG� IXQFWLRQ� DW� W� ����ZKHUH� ERWK�SKDVHV� �JDV� DQG� OLTXLG�� DUH� UHSUHVHQWHG�E\� WKHLU� UHVSHFWLYH�
GHQVLWLHV���

�

�
)LJ����6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�FRPSXWDWLRQDO�GRPDLQ�

�
$V�PHQWLRQHG�DERYH��WKH�EXEEOH�QXFOHDWLQJ�XQGHU�WKH�KRUL]RQWDO�DQRGH�VXUIDFH�PRYHV�WRZDUG�

WKH�DQRGH�HGJH�DQG�HVFDSHV�ZKHQ�LW�LV�ODUJH�HQRXJK��'HWDFKPHQW�FULWHULRQ�LV�QHYHU�VDWLVILHG�ZLWK�SXUH�
JUDYLWDWLRQDO� ILHOG� IRU� EXEEOH� QXFOHDWLQJ� XQGHUQHDWK� RI� D� KRUL]RQWDO� ILHOG�� 7KXV�� WKH� EXEEOH� WKDW�
QXFOHDWHG�DQG�RU�IRUPHG�QHDU�WKH�DQRGH�HGJH�LV�FRQVLGHUDEOH�ODUJHU�DQG�PD\�KDYH�XQGHUJRQH�D�VHYHUH�
GHIRUPDWLRQ�EHIRUH�LW�HVFDSHV�IURP�WKH�DQRGH�FRYHU��7KH�GLIIHUHQWLDO�IRUFH�WKDW�WKH�EXEEOH�H[SHULHQFHV�
GXH�WR�FKDQJH�LQ�VKDSH�ZKLOH�DGKHULQJ�WKH�DQRGH�ZDOO� LV�D�IXQFWLRQ�RI�VXUIDFH�WHQVLRQ��WKH�GHIRUPLQJ�
FRQWDFW�DQJOH�DQG�WKH�HTXLYDOHQW�UDGLXV���

�
)LJ����7KH�SKDVH�ILHOG�IXQFWLRQ׋����%XEEOH�FRQWRXU���DW�GLIIHUHQW�WLPH�VWHSV�IRU�KRUL]RQWDO�DQRGH�

�
)RU�DQ�LQFOLQHG��WKH�EXEEOH�HYROYHV�VSKHULFDOO\�DQG�JUDGXDOO\�WUDQVODWHV�DORQJ�WKH�ERWWRP�IDFH�

RI�WKH�DQRGH�ZKLOH�JUDGXDOO\�GHIRUPLQJ�WR�DQ�HOOLSVRLGDO�VKDSH��7KH�GHIRUPDWLRQ�RI�WKH�EXEEOH�FDQ�EH�
DWWULEXWHG� WR� D� EDODQFH� RI� WKH� VXUIDFH� WHQVLRQ�� JUDYLW\� DQG� GUDJ� IRUFHV�� ,Q� JHQHUDO�� ZKHQ� WKH� EXEEOH�

International Science and Technology Conference, Dubai, 13-15 December 2012

1295



ISTEC 20
12

EHJLQV� WR�JURZ�� WKH� VXUIDFH� WHQVLRQ� IRUFH� WHQGV� WR�PLQLPLVH� WKH� VWUHWFKLQJ� UDWLR�ZKLOH� WKH�GUDJ� IRUFH�
RSSRVHV� WKH� PRWLRQ� GXH� WR� DQ� DGYHUVH� SUHVVXUH� JUDGLHQW�� 7KH� SUHGLFWHG� VWUHDPOLQH� SORW� DURXQG� WKH�
EXEEOH�SURILOH�FOHDUO\�LOOXVWUDWHV�WKH�H[LVWHQFH�RI�DGYHUVH�SUHVVXUH�JUDGLHQW�DOO�DURXQG�WKH�EXEEOH�H[FHSW�
DW�WKH�IURQWDO�QRVH�RI�WKH�EXEEOH��)LJXUH���VKRZV�WKH�SUHGLFWHG�EXEEOH�JURZWK�DW�GLIIHUHQW�WLPH�VWHSV��

�

�

�

�

�

�

�
)LJ����%XEEOH�VOLGLQJ�XQGHUQHDWK�DQ�LQFOLQHG�SODQH�DW�ǻW� �����V��

�
7KH� PRGHO� SUHGLFWV� WKDW� D� EXEEOH� FKDQJHV� LW� VKDSH� GXULQJ� LWV� GHWDFKPHQW�� 7KH� JUDYLW\�

FRPSRQHQW�SDUDOOHO�WR�WKH�LQFOLQH�SODQH�LV�WKH�PDLQ�FDXVH�RI�WKH�EXEEOH�GULIWLQJ�DORQJ�WKH�LQFOLQH�SODQH�
ZKLOH� WKH� SHUSHQGLFXODU� FRPSRQHQW� IODWWHQV� WKH� VKDSH� RI� WKH� EXEEOH�� 8QGHU� VXFK� FRQGLWLRQV�� WKH�
WKLFNQHVV�RI�WKH�IURQW�RI�WKH�EXEEOH�LV�ELJJHU�WKDQ�WKDW�RI�WKH�UHDU�SDUW��)RUWLQ�HW�DO���)RUWLQ��*HUKDUGW��	�
*HVLQJ�� ������ DQG� &DERXVVDW� HW� DO�� �&DERXVVDW� HW� DO��� ������ UHSRUWHG� VLPLODU� REVHUYDWLRQV� IRU� ODUJH�

W� �����V�

W� �����V�

W� �����V�

W� �����V�

W� �����V�

W� �����V�

Ɏ ���EXEEOH�SURILOH�
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EXEEOHV�XQGHU� LQFOLQHG�SODQHV��7KH�EXEEOH�HORQJDWHV�GXH� WR� WKH� IRUPDWLRQ�RI� WKH� WDLO��7KH�PD[LPXP�
GLVSODFHPHQW�LV�SUHGLFWHG�ZKHQ�WKH�WDLO�GHWDFKHV�IURP�WKH�RULILFH��7KH�WDLO�PRYHV�LQVWDQWDQHRXVO\��W� �
����V��)LJ������FUHDWLQJ�D�QHJDWLYH�SUHVVXUH�DW� WKH�WUDLOLQJ�VLGH�RI�WKH�EXEEOH��7KLV�QHJDWLYH�SUHVVXUH�LV�
WKH�PDLQ�VRXUFH�RI�WKH�WXUEXOHQFH�WKDW�FRXOG�EH�FUHDWHG�XQGHUQHDWK�DQ�LQFOLQHG�VXUIDFH���
�

)LJ�����%XEEOH�IRUPDWLRQ�DW�KLJKHU�LQFOLQDWLRQ���� ���R��
�
)LJXUH��� VKRZV� WKH�SUHGLFWHG�EXEEOH� IRUPDWLRQ��GHWDFKPHQW�DQG�VOLGLQJ�EHKDYLRXU�DORQJ� WKH� LQFOLQHG�
SDWK�IRU�WKH�FDVH���� ���R����$IWHU�GHWDFKPHQW�WKH�EXEEOH�FKDQJHV�LWV�VKDSH�UDSLGO\��7KH�FKDQJH�LQ�VKDSH�
DIWHU�WKH�GHWDFKPHQW�PD\�EH�WKH�PDLQ�FDXVH�WKH�RQVHW�RI�ORFDOLVHG�IORZ�VXUURXQGLQJ�WKH�EXEEOH����
�
Conclusion 
�
$�QXPHULFDO� VFKHPH�RI�SKDVH� ILHOG�PHWKRG�KDV�EHHQ�XVHG� LQ� WR� WUDFN� WKH�PRWLRQ�RI� WKH� LQWHUIDFH� IRU�
EXR\DQF\�GULYHQ�GURSOHWV��7KH�PRGHO�XVHV�FROG�PRGHO�WR�GHSLFW�WKH�KDOO�KpURXOW�SURFHVV��7KH�ILQGLQJV�
KHUH� GHPRQVWUDWHG� WKDW� GHVSLWH� WKH� LQKHUHQW� GLVDGYDQWDJH� RI� WKH� SKDVH� ILHOG� � PHWKRG� RI� PDVV� QRQ�
FRQVHUYDWLRQ�� LW� LV� TXLWH� FDSDEOH� RI� WUDFNLQJ� WKH� EXEEOH� E\� LPSOHPHQWLQJ� UH�LQLWLDOL]DWLRQ� ZLWK�
DSSURSULDWH�SKDVH�ILHOG�YDULDEOH��0RUH�LPSRUWDQWO\�WKH�WHFKQLTXH�FDQ�H[WHQGHG�WR�D�UHDO�DSSOLFDWLRQ�RI�
KDOO�KpURXOW� SURFHVV� ZKHUH� RQH� FDQ� WKLQN� RI� XVLQJ� WKH� SRURVLW\� WKDW� LPSDFW� WKH� EXEEOH� PRWLRQ� �VOLS�
ERXQGDU\�RU�ZHW�DELOLW\���FRQYHFWLYH�IORZ�GXH�WR�WHPSHUDWXUH�JUDGLHQW�DQG�RVFLOODWRU\�ERXQGDU\�RI�WKH�
PHWDO�SDG�DQG�WKH�HOHFWULF�ILHOG�ZKLFK�KDV�GRPLQDQW�HIIHFW�RQ�WKH�EXEEOH�IORZ���7KH�SUHGLFWHG�UHVXOWV�RI�
D�SKDVH�ILHOG�PRGHO�RI�EXEEOH�GHWDFKPHQW�SKHQRPHQD�DW�VLQJOH�WRS�VXEPHUJHG�RULILFH�XQGHU�FRQVWDQW�
LQIORZ�FRQGLWLRQV�ZHUH�YDOLGDWHG�ZLWK�H[SHULPHQWDO�GDWD�REWDLQHG�IRU�DQ�DLU�EXEEOH�GHWDFKPHQW�XQGHU�
DQ�LQFOLQHG�VXUIDFH�LPPHUVHG�LQ�ERWK�ZDWHU�DQG�ROLYH�RLO��7KH�LQIOXHQFH�RI�LQFOLQDWLRQ�DQJOH�RQ�EXEEOH�
VKDSH� DQG� LWV� GHWDFKPHQW� LV� VWXGLHG�� 7KH� UHVXOWV� VKRZ� WKDW� PRVW� RI� WKH� ORFDOLVHG� SKHQRPHQD� DUH�
DVVRFLDWHG� ZLWK� EXEEOH� VKDSHV�FKDQJH� GXULQJ� LWV� GHWDFKPHQW� LW� GHWDFKPHQW� IURP� WKH� RULJLQ� RI�
IRUPDWLRQ��
�
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�
8]PDQ�1HVULQ�ùHQJ�O�$<',1/,�

�
�

$EVWUDFW��(NRQRPLN�DQODPGD�VÕQÕUODUÕQ�RUWDGDQ�NDONWÕ÷Õ�ELU�G�Q\DGD��ELOJL�YH�LOHWLúLP�WHNQRORMLOHULQLQ�
GH�HWNLVL\OH��LoLQGH�EXOXQGX÷XPX]�\�]\ÕO��N�UHVHOOHúPH�V�UHFLQLQ�\R÷XQ�RODUDN�\DúDQGÕ÷Õ�ELU�]DPDQD�
G|Q�úP�úW�U��'ROD\ÕVÕ\OD�EX�V�UHo�VRV\R�HNRQRPLN�NRúXOODU��]HULQGH�GH�HWNLOL�ROPDNWDGÕU����*�Q�P�]�
G�Q\DVÕ��VDQD\L�WRSOXPXQGDQ�ELOJL�WRSOXPXQD�JHoLúLQ�WHPHOOHULQLQ�DWÕOGÕ÷Õ��GH÷LúLP�YH�G|Q�ú�POHULQ�
LQDQÕOPD]� ELU� KÕ]OD� \DúDQGÕ÷Õ� ELU� G�Q\D� ROPXúWXU�� %LOJL� oD÷ÕQÕQ� JHUHNWLUGL÷L� NHQW� \DúDPÕQÕ�
NROD\ODúWÕUDQ� SODQOÕ� YH� SURJUDPOÕ� IDDOL\HWOHULQ� \�U�W�OPHVLQGH� EHOHGL\H� YH� \HUHO� \|QHWLPOHUH� E�\�N�
J|UHY� YH� VRUXPOXOXNODU� G�úPHNWHGLU�� %X� DQODPGD� YDWDQGDúODUÕQ� \HUHO� \|QHWLPOHUGHQ� EHNOHQWLOHUL�
V�UHNOL�DUWPDNWDGÕU��'ROD\ÕVÕ\OD�H�G|Q�ú�P�LOH�\HUHO�KL]PHWOHUGH�HWNLQOLN�YH�YHULPOLOLN�JLEL�NDYUDPODU�
GDKD� G�]HQOL� YH� GDKD� VD÷OÕNOÕ� úHNLOGH� |Q� SODQD� oÕNDELOHFH÷L� JLEL� H�G|Q�ú�P�Q� NHQWVHO� \DúDP�
NDOLWHVLQLQ�DUWPDVÕQD�GD�NDWNÕVÕ�E�\�N�RODFDNWÕU��
�

.H\�ZRUGV��.�UHVHOOHúPH��H�GHYOHW��H�G|Q�ú�P��\HUHO�\|QHWLPOHU�
�
�

*LULú�
%LOJL� LOHWLúLP� WHNQRORMLOHUL� N�UHVHOOHúPHQLQ� IL]LNL� DOW� \DSÕVÕQÕ� ROXúWXUPDNWDGÕU�� %X� DQODPGD� G|Q�ú�P� VDGHFH�

HNRQRPLN�DQODPGD�GH÷LO�D\QÕ�]DPDQGD�N�OW�UHO��KXNXNL��VL\DVDO�YH�VRV\DO�DODQGD�GD�\DúDQPDNWDGÕU��hONHOHULQ�EX�\HQL�
G�]HQH� X\XP� VD÷OD\DELOPHVL� LoLQ� JHOLúPHNWH� RODQ� WHNQRORML\L� WDNLS� HWPHVL� YH� \HQL� ELU� \DSÕODQPD\D� JLWPHVL�
JHUHNPHNWHGLU��(�GHYOHW�RODUDN�DGODQGÕUÕODQ�EX�\HQL�PRGHO��ELOJL�YH�LOHWLúLP�WHNQRORMLOHULQLQ�VRV\DO�KD\DWWDNL�\HULQL�GDKD�
GD�J�oOHQGLULUNHQ��\DúDPÕQ�GD�YD]JHoLOPH]�|÷HOHULQGHQ�ELUL�KDOLQH�JHOPHNWHGLU��'�Q\DGD�YH�7�UNL\H¶GH�JHUHN�PHUNH]L�
\|QHWLP�JHUHNVH�\HUHO�\|QHWLPOHU�ELOJL�YH�LOHWLúLP�WHNQRORMLOHULQL�NXOODQDUDN��YDWDQGDúD�GDKD�L\L��HWNLQ��KÕ]OÕ�YH�YHULPOL�
KL]PHW�VXQDUDN�J�QO�N�KD\DWÕ�NROD\ODúWÕUPD\Õ�DPDo�HGLQPHNWHGLUOHU���

(�G|Q�ú�P��³YDWDQGDúODUD�GDKD�NDOLWHOL�YH�KÕ]OÕ�NDPX�KL]PHWL�VXQDELOPHN�DPDFÕ\OD��NDWÕOÕPFÕ��úHIIDI��HWNLQ�YH�
EDVLW� Lú� V�UHoOHULQH� VDKLS� ROPD\Õ� LONH� HGLQPLú� ELU� GHYOHW� \DSÕVÕ� ROXúWXUDFDN� NRúXOODUÕQ� KD]ÕUODQPDVÕ´� RODUDN�
WDQÕPODQPDNWDGÕU�� 9DWDQGDúD� HQ� \DNÕQ� KL]PHW� VXQPD� \DSÕODQPDVÕ� RODQ� \HUHO� \|QHWLPOHU�� V�UG�U�OHQ� H�GHYOHW�
oDOÕúPDODUÕQÕQ�GD�PHUNH]LQGH�\HU�DOPDNWDGÕU��d�QN��KDOND�KL]PHW�DU]ÕQGD�HQ�\DNÕQ�YH�HWNLOHúLPOL�ELULP�ROPD�|]HOOL÷LQH�
VDKLS� \HUHO� LGDUHOHU� EX� G|Q�ú�P�Q� HQ� L\L� DOJÕODQDELOHFH÷L� \HUOHUGLU�� (�G|Q�ú�P� ROJXVX� EDúDUÕ\OD� \|QHWLOLS�� VD÷ODP�
WHPHOOHUH� RWXUWXOGX÷X� WDNGLUGH� \HUHO� \|QHWLPOHU� |]HOOLNOH� EHOHGL\HOHU� DoÕVÕQGDQ� E�\�N� LPNkQODU� VXQDFDNWÕU�� <HUHO�
\|QHWLPOHU�E�W�Q��ONHOHUGH�ROGX÷X�JLEL��ONHPL]GH�GH�NDPX�\|QHWLPLQLQ�|QHPOL�YH�YD]JHoLOPH]�XQVXUX�RODUDN��KDONOD�HQ�
\DNÕQ� LOLúNL� LoHULVLQGH�RODQ� YH� \HUHO� KDONÕQ� LVWHN� YH� LKWL\DoODUÕQÕ� NDUúÕODPDN�DPDFÕ\OD�ROXúWXUXODQ�ELULPOHUGLU��6�UHNOL�
JHOLúHQ� ELOLúLP� WHNQRORMLOHUL�� \HUHO� \|QHWLPOHULQ� oRN� \|QO�� KL]PHW� YHUPH� JHUHNVLQLPOHUL� GR÷UXOWXVXQGD� \HQL� XIXNODU�
DoDFDN�YH�SUREOHPOHUH�X\JXQ�o|]�POHU�VXQDELOHFHNWLU��
�

H�'|Q�ú�P�7�UNL\H�3URMHVL�
H�'|Q�ú�P�7�UNL\H�3URMHVL��$%¶\H� DGD\��ONH�NRQXPXQGD�RODQ�7�UNL\H¶QLQ� H�$YUXSD��KHGHIOHULQH� XODúPDN�

DPDFÕ\OD�KD\DWD�JHoLULOPLú�ELU�SURMHGLU��H�$YUXSD��KHGHILQGHQ�|QFH���$YUXSD�.RPLV\RQX������\ÕOÕQÕQ�+D]LUDQ�D\ÕQGD���
$YUXSD�%LUOL÷L
QL�ELOJL� WDEDQOÕ�ELU�HNRQRPL\H�WDúÕPDN��$UDúWÕUPD�*HOLúWLUPH�YH�\HWLúPLú�LQVDQ�J�F�QH�\DWÕUÕP�\ROX\OD�
UHNDEHWoL�\DSÕODQPD\Õ�JHUoHNOHúWLUPHN�YH� LQWHUQHW
L�GDKD�XFX]��GDKD�KÕ]OÕ��GDKD�J�YHQOL�NÕODUDN�\D\JÕQODúWÕUPDN��]HUH�
³H�$YUXSD�(\OHP�3ODQÕ´QÕ�GHYUH\H�VRNPXúWXU���

%X� JLULúLP� GDKD� VRQUD�� $%
QLQ� JHQLúOHPH� V�UHFL� GH� G�ú�Q�OHUHN�� DGD\� �ONHOHULQGH� \DUDUODQDELOHFH÷L�� ³H�
$YUXSD�´� DGÕ� YHULOHQ� \HQL� YH� EHQ]HU� ELU� SODQOD� GDKD� JHQLú� ELU� oHUoHYH\H� RWXUWXOPXúWXU�� ��±���0DUW� ����� WDULKLQGH�
6WRFNKROP
GH� \DSÕODQ� OLGHUOHU� ]LUYHVLQGH�� $%
\H� DGD\� �ONH� NRQXPXQGDNL� �ONHOHUGH� GH� ELOJL� WRSOXPX� ROXúWXUPD�
\|Q�QGHNL� H\OHP�SODQODUÕQÕ� LoHUHQ� ³H�$YUXSD�´�JLULúLPL�J|U�ú�O�S�RQD\ODQPÕúWÕU��7�UNL\H
GH� DGD\��ONH�RODUDN�������
+D]LUDQ������ WDULKLQGH�*|WHEXUJ
GD�G�]HQOHQHQ�$%�]LUYHVLQGH�EX�JLULúLPGHNL� \HULQL� DOPÕúWÕU��(�$YUXSD��GDKD�XFX]��
GDKD�KÕ]OÕ�YH�GDKD�J�YHQOL�LQWHUQHW��LQVDQ�ND\QD÷ÕQD�\DWÕUÕP�YH�LQWHUQHW�NXOODQÕPÕQÕ�|]HQGLUPHN�ROPDN��]HUH��o�WHPHO�
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DODQD� \|QHOPHNWHGLU� �&DQPDQ�� (UWHNLQ� YH� GL÷HUOHUL�� ������ ������ $GD\� �ONHOHUH� \|QHOLN� RODUDN� NDSVDPÕ� YH� HWNLVL� H�
$YUXSD��SURJUDPÕQGD�JHOLúWLULOHQ�H�$YUXSD�3URJUDPÕQÕQ�H\OHP�SODQÕ��DVOÕQGD�H�'|Q�ú�P�7�UNL\H�JLULúLPLQLQ�GH�WHPHO�
H\OHP�DODQODUÕQÕ�ROXúWXUPDNWDGÕU��(�7�UNL\H�LOH�7�UNL\H
GH�ELOJL�WRSOXPXQX�ROXúWXUPDN�YH�EXQX�GD�$YUXSD�%LUOL÷L
QGH�
EX� \|QGHNL� oDOÕúPDODUOD� HúJ�G�P�� VD÷OD\DFDN� NXUXPVDO� \DSÕODQPDODUÕ� GD� NDSVD\DFDN� ELoLPGH� \DSÕOPDVÕ�
KHGHIOHQPHNWHGLU��øNLQFL�%LOLúLP�ùXUDVÕ����������

(�'|Q�ú�P� 7�UNL\H� SURMHVLQH� LON� GHID� ��¶QFL� +�N�PHW� 3URJUDPÕQGD� \HU� YHULOPLú�� SURMHQLQ� NRRUGLQDV\RQX��
L]OHQPHVL�� GH÷HUOHQGLULOPHVL� YH� \|QOHQGLULOPHVL� LOH� LOJLOL� RODUDN� '37�0�VWHúDUOÕ÷Õ� J|UHYOHQGLULOPLúWLU�� %X� oHUoHYHGH�
�ONH� oDSÕQGD� JHUoHNOHúWLULOHFHN� H�7�UNL\H� G|Q�ú�P�Q�Q� NXUXPODU� DUDVÕ� HúJ�G�P�Q�Q� VD÷ODQPDVÕ�� VWUDWHMLOHULQ�
EHOLUOHQPHVL�DPDFÕ\OD�'37�E�Q\HVLQGH�%LOJL�7RSOXPX�'DLUHVL�%DúNDQOÕ÷Õ�WHúNLODWODQGÕUÕOPÕúWÕU��$\UÕFD�����ùXEDW������
WDULKLQGH� \D\ÕPODQDQ� �������� VD\ÕOÕ� %DúEDNDQOÕN� *HQHOJHVL� LOH� (�'|Q�ú�P� 7�UNL\H� 3URMHVL
QLQ� DPDoODUÕ�� NXUXPVDO�
\DSÕVÕ� YH� X\JXODPD� HVDVODUÕ� EHOLUOHQPLúWLU�� �������� 6D\ÕOÕ� %DúEDNDQOÕN� *HQHOJHVL
QGH� EHOLUWLOGL÷L� �]HUH�� H�'|Q�ú�P�
7�UNL\H� 3URMHVL
QLQ� EDúOÕFD� KHGHIL�� YDWDQGDúODUD� GDKD� NDOLWHOL� YH� KÕ]OÕ� NDPX� KL]PHWL� VXQDELOPHN� DPDFÕ\OD�� NDWÕOÕPFÕ��
úHIIDI��HWNLQ�YH�EDVLW�Lú�V�UHoOHULQH�VDKLS�ROPD\Õ�LONH�HGLQPLú�ELU�GHYOHW�\DSÕVÕ�ROXúWXUDFDN�NRúXOODUÕQ�KD]ÕUODQPDVÕ�RODUDN�
EHOLUOHQPLúWLU�� (�7�UNL\H�3URMHVLQL� JHUoHNOHúWLUPHN� DPDFÕ\OD� ROXúWXUXODQ� RQ� �o� oDOÕúPD� JXUXEXQXQ� \DSWÕ÷Õ� oDOÕúPDODU�
QHWLFHVLQGH����$UDOÕN������WDULK�YH���������VD\ÕOÕ�%DúEDNDQOÕN�*HQHOJHVL\OH�(�'|Q�ú�P�7�UNL\H�3URMHVL�.'(3��.ÕVD�
'|QHP�(\OHP�3ODQÕ��X\JXODPD\D�NRQPXúWXU��$\QÕ�]DPDQGD�ELU�GHYOHW�EDNDQÕ�YH�EDúEDNDQ�\DUGÕPFÕVÕQÕQ�EDúNDQOÕ÷ÕQGD�
GD� (�'|Q�ú�P� 7�UNL\H� øFUD� .XUXOX� ROXúWXUXOPXúWXU�
�KWWS���ZZZ�ELOJLWRSOXPX�JRY�WU�'RFXPHQWV���0HY]XDWODU�������B�������6D\LOL*HQHOJH�SGI���������\ÕOÕQGD�.DONÕQPD�
%DNDQOÕ÷Õ¶QÕQ� NXUXOPDVÕ\OD� 'HYOHW� 3ODQODPD� 7HúNLODWÕ¶QÕQ� GD� NDOGÕUÕOPDVÕ\OD� EX� SURMHQLQ� \|QOHQGLULOPHVL� J|UHYL�
.DONÕQPD�%DNDQOÕ÷Õ¶QD�JHoPLúWLU��

%X� SURMH\OH�� $YUXSD� %LUOL÷L� P�NWHVHEDWÕQD� X\JXQ� SROLWLNDODUÕ� YH� PHY]XDWÕQ� ROXúWXUXOPDVÕ� DPDoODQPÕúWÕU��
$\UÕFD�� YDWDQGDúÕQ� NDUDU� DOPD� V�UHoOHULQH� NDWÕOÕPÕQÕ� VD÷OD\DFDN� PHNDQL]PDODUÕQ� JHOLúWLULOPHVL�� NDPX� \|QHWLPLQLQ��
VD\GDP�YH�KHVDS�YHUHELOLU�KDOH�JHWLULOPHVLQH�NDWNÕGD�EXOXQXOPDVÕ�KHGHIOHQPLúWLU��<LQH��NDPX�KL]PHWOHULQLQ�VXQXPXQGD��
HQIRUPDV\RQ� WHNQRORMLOHULQGHQ� \DUDUODQÕODUDN� L\L� \|QHWLúLP� LONHOHULQLQ� KD\DWD� JHoLULOPHVLQH� \|QHOLN� oDOÕúPDODU�
\DSÕOPDVÕ� YXUJXODQPÕúWÕU�� (QIRUPDV\RQ� WHNQRORMLOHULQLQ� NXOODQÕPÕQÕQ� \D\JÕQODúWÕUÕOPDVÕ�� ND\QDN� LVUDIÕQÕ� D]DOWPDN�
DPDFÕ\OD�� NDPXQXQ� P�NHUUHU� \DWÕUÕP� SURMHOHULQLQ� E�W�QOHúWLULOPHVL�� L]OHQPHVL�� GH÷HUOHQGLULOPHVL� YH� \DWÕUÕPFÕ� NDPX�
NXUXOXúODUÕ�DUDVÕQGD�JHUHNOL�NRRUGLQDV\RQXQ�VD÷ODQPDVÕ��VHNW|UGHNL�|]HO�VHNW|U�IDDOL\HWOHULQH�\XNDUÕGDNL�LONHOHU�ÕúÕ÷ÕQGD�
\RO�J|VWHULOPHVL�DPDoODQGÕ÷Õ�EHOLUWLOPHNWHGLU��KWWS���ZZZ�ELOJLWRSOXPX�JRY�WU��
�

7�UNL\H¶GH�H�'|Q�ú�P�6�UHFLQGH�H�%HOHGL\HFLOLN�
H�G|Q�ú�P��³YDWDQGDúODUD�GDKD�NDOLWHOL�YH�KÕ]OÕ�NDPX�KL]PHWL�VXQDELOPHN�DPDFÕ\OD��NDWÕOÕPFÕ��úHIIDI��HWNLQ�YH�

EDVLW� Lú� V�UHoOHULQH� VDKLS� ROPD\Õ� LONH� HGLQPLú� ELU� GHYOHW� \DSÕVÕ� ROXúWXUDFDN� NRúXOODUÕQ� KD]ÕUODQPDVÕ´� RODUDN�
WDQÕPODQPDNWDGÕU� ��������� %DúEDNDQOÕN� *HQHOJHVL��� 9DWDQGDúD� HQ� \DNÕQ� KL]PHW� VXQPD� \DSÕODQPDVÕ� RODQ� \HUHO�
\|QHWLPOHU�� V�UG�U�OHQ�H�GHYOHW�oDOÕúPDODUÕQÕQ�GD�PHUNH]LQGH�\HU�DOPDOÕGÕU��d�QN��KDOND�KL]PHW�DU]ÕQGD�HQ�\DNÕQ�YH�
HWNLOHúLPOL�ELULP�ROPD�|]HOOL÷LQH�VDKLS�\HUHO�LGDUHOHU�EX�G|Q�ú�P�Q�HQ�L\L�DOJÕODQDELOHFH÷L�\HUOHUGLU��H�G|Q�ú�P�ROJXVX�
EDúDUÕ\OD� \|QHWLOLS�� VD÷ODP� WHPHOOHUH� RWXUWXOGX÷X� WDNGLUGH� \HUHO� \|QHWLPOHU� |]HOOLNOH� EHOHGL\HOHU� DoÕVÕQGDQ� E�\�N�
LPNkQODU�VXQDFDNWÕU��

*�Q�P�]GH�� EDúWD� LQWHUQHW� ROPDN� �]HUH� GL÷HU� HOHNWURQLN� XQVXUODU� YH� KL]PHWOHU�� SDKDOÕ� DOW� \DSÕ� \DWÕUÕPODUÕ�
JHUHNWLUGL÷L� LoLQ��\HUHO�\|QHWLPOHUGH�GHYOHW�G�]H\LQH�J|UH�GDKD�\DYDú�JHOLúPHNWH�YH�\HUOHúPHNWHGLU��<HUHO�\|QHWLPOHU�
E�W�Q��ONHOHUGH�ROGX÷X�JLEL�7�UNL\H¶GH�GH�NDPX�\|QHWLPLQLQ�|QHPOL�YH�YD]JHoLOPH]�XQVXUX�RODUDN��YDWDQGDúOD�HQ�\DNÕQ�
LOLúNL�LoHULVLQGH�RODQ�YH�\HUHO�KDONÕQ�LVWHN�YH�LKWL\DoODUÕQÕ�NDUúÕODPDN�DPDFÕ\OD�ROXúWXUXODQ�ELULPOHUGLU��

hONHPL]GH�Q�IXVXQ�E�\�N�ELU�NÕVPÕQÕQ�NHQWOHUGH�\DúDPD\D�EDúODPDVÕ\OD�NHQWVHO� LKWL\DoODU�KÕ]OD�DUWPDNWD�YH�
oHúLWOHQPHNWHGLU�� %XQD� ED÷OÕ� RODUDN� PHUNH]L� K�N�PHWWHQ� \HUHO� \|QHWLPOHUH� GDKD� ID]OD� ND\QDN� DNWDUÕPÕ� ]RUXQOX� KDOH�
JHOPHNWH�YH�\HUHO�\|QHWLPOHUH�\HWNL�DNWDUÕPÕ�KHU�DODQGD�KÕ]�ND]DQPD\D�EDúODPDNWDGÕU��<HUHO�\|QHWLPOHU�WDQÕP�RODUDN��
EHOOL�ELU�FR÷UDIL�DODQGD�\DúD\DQ�ELUH\OHULQ�RUWDN�LKWL\DoODUÕQÕQ�JLGHULOPHVL�DPDFÕ\OD�ROXúWXUXOPXú��NDUDU�RUJDQODUÕ�\HUHO�
WRSOXOXNoD�VHoLPOH�LúEDVÕQD�JHOHQ��\DVDODUOD�EHOLUOHQPLú�J|UHY�YH�\HWNLOHUH��|]HO�JHOLUOHUH��E�WoH\H�YH�SHUVRQHOH�VDKLS��
PHUNH]L�\|QHWLP�LOH�LOLúNLOHULQGH�|]HUNOL÷H�VDKLS�NDPX�W�]HO�NLúLOHULGLU��$NVR\���������

%X� QRNWDGD� \HUHO� \|QHWLPOHU� ³H�´� G|Q�ú�P�Q�� JHUoHNOHúWLUHELOPHOHUL� LoLQ� ELOJL� WHNQRORMLOHUL� DOW\DSÕODUÕQÕ�
J�oOHQGLUPHOLGLUOHU�� <HUHO� \|QHWLP� VLVWHPL� LoLQGH� HQ� IRQNVL\RQHO� YH� YDWDQGDúD� HQ� \DNÕQ� \HUHO� \|QHWLP� ELULPL�
EHOHGL\HOHUGLU�� H�G|Q�ú�P�SURMHOHULQGH� HQ�|QHPOL� XQVXU�RODQ� LQWHUQHW�� W�P�\HUHO� \|QHWLP�ELULPOHUL� EDNÕPÕQGDQ�|QHP�
WDúÕPDNOD�ELUOLNWH�GDKD�oRN�EHOHGL\HOHUGH�|Q�SODQD�oÕNPDNWDGÕU��d�QN��EHOHGL\HOHU��NHQWWH�\DúD\DQ�YDWDQGDúODUÕQ�|QFHOLN�
WDúÕ\DQ�LKWL\DoODUÕQÕ�NDUúÕOD\DQ�YH�\HUHO�NDPX�KL]PHWOHULQLQ�YDWDQGDúD�VXQXPXQGD�|QHPOL�UROOHU��VWOHQHQ�ELULPOHUGLU��

7�UNL\H¶GH� DQD\DVDO� RODUDN� PHUNH]GHQ� YH� \HULQGHQ� \|QHWLP� LONHOHULQH� J|UH� ELU� \DSÕODQPD� V|]� NRQXVXGXU��
0HUNH]L� \|QHWLP� LOH� \HUHO� \|QHWLPOHULQ�³H�´�\DSÕODQPD\D�\|QHOLN�JLULúLPOHUL�ELUELULQGHQ�ED÷ÕPVÕ]�G�ú�Q�OPHPHOLGLU��
'ROD\ÕVÕ\OD�PHUNH]L�\|QHWLP�GÕúÕQGD�\HUHO�\|QHWLPOHUGH�GH�H�GHYOHW�X\JXODPDODUÕQÕQ�\D\JÕQODúWÕUÕOPDVÕ�JHUHNPHNWHGLU��

'HYOHW�ELULPOHULQGH�H�GHYOHW�\DSÕODQPDVÕ��YDWDQGDúÕQ�LúOHPOHULQL�NROD\ODúWÕUPDNOD�EHUDEHU��GDKD�oRN�NXUXPXQ�
NHQGLVLQH�ID\GD�VD÷ODPDNWDGÕU��%HOHGL\HOHU�ELU�\HUHO�\|QHWLP�ELULPL�ROGX÷X�LoLQ�YH�\HUHO�\|QHWLPOHULQ�E�\�N�ELU�NÕVPÕQÕ�
WHPVLO�HWWL÷LQGHQ��\HUHO�\|QHWLP�GHQLOLQFH�DNOD�LON�oD÷UÕúÕP�\DSDQ�NDYUDP�³EHOHGL\H´GLU��%HOHGL\HOHUGH�LVH�GXUXP�GDKD�
IDUNOÕGÕU��+HU� W�UO�� \HQLOLN�� JHOLúLP� YH� ³H�´� \DSÕODQPD�� YDWDQGDúD� GR÷UXGDQ� KL]PHW� RODUDN� XODúPDNWDGÕU�� %HOHGL\HOHU��
YDWDQGDúD� NDOLWHOL� KL]PHW� YHUHELOGLNOHUL� V�UHFH� ³EDúDUÕOÕ´� NDEXO� HGLOPHNWHGLU�� %LOJL� YH� LOHWLúLP� WHNQRORMLOHUL� NXOODQÕPÕ�
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\DQL�H�GHYOHW�\DSÕODQPDVÕ�EX�EDúDUÕQÕQ�WHPHO� IDNW|U�G�U��(�GHYOHW�\DSÕODQPDVÕQÕQ�\HUHO�G�]H\GH�\DQVÕPDVÕ�H�EHOHGL\H�
KL]PHWL\OH�NHQGLQL�J|VWHUPHNWHGLU���

(�EHOHGL\H�� EHOHGL\H� \|QHWLPL� LOH� \HUHO� \|QHWLP� KL]PHW� YH� IDDOL\HWOHULQGH� HQIRUPDV\RQ� WHNQRORMLOHULQLQ�
NXOODQÕPÕ��YDWDQGDú�YH�LúOHWPHOHUH�LQWHUQHW��]HULQGHQ�HWNLQ�ELU�ELoLPGH�KL]PHW�VXQXPX��NXUXP�LoL�ELULPOHULQ�ELOJLVD\DU�
D÷ODUÕ�LOH�HQWHJUDV\RQX�YH�LOJLOL�GÕú�ELULPOHUOH�D÷��]HULQGHQ�LOHWLúLPLQ�VD÷ODQPDVÕGÕU��(UGDO�������������(�EHOHGL\H��WHPHO�
RODUDN�ELOJL�YH�LOHWLúLP�WHNQRORMLOHULQLQ�NXOODQÕOPDVÕ�\ROX\OD�GDKD�úHIIDI��GDKD�HWNLQ�YH�YHULPOL��YDWDQGDúD�GDKD�\DNÕQ�YH�
RQXQ� NDWÕOÕPÕQD� GDKD� DoÕN� ELU� \DSÕODQPD\Õ� LIDGH� HGHU� �7$6$0�� ������ ����� � (�%HOHGL\H� KL]PHWL�� EHOHGL\HOHULQ�
J|UHYOHULQL� \HULQH� JHWLULUNHQ� LQWHUQHW� WHNQRORMLOHUL� \DUGÕPÕ\OD� \DSWÕ÷Õ� KL]PHWOHUL� KDONÕQ� D\D÷ÕQD� J|W�UPHVL� GHPHNWHGLU�
�dRUXK������������(�%HOHGL\HOHU��(�GHYOHW¶H�JLGHQ�\ROGD�|QHPOL� YH� WDPDPOD\ÕFÕ�ELU�SDUoDGÕU��(�%HOHGL\H�SURMHOHULQGH�
DPDo�� LQWHUQHW� VD\HVLQGH� EHOHGL\HQLQ� KL]PHW� YH� IDDOL\HWOHUL� KDNNÕQGDNL� W�P� ELOJLOHULQ� \HUHO� KDONÕQ� NXOODQÕPÕQD�
VXQXOPDVÕ�\ROX\OD�EHOHGL\H�±�\HUHO�KDON�DUDVÕQGD�NDUúÕOÕNOÕ�LOHWLúLPL�VD÷ODPDN�YH�\HUHO�GHPRNUDVLQLQ�JHOLúWLULOPHVLGLU��

(�%HOHGL\H� KL]PHWOHULQ� VDGHFH� ELOJLVD\DU� RUWDPÕQGD�� WHNQRORMLN� D\JÕWODUÕQ� NXOODQÕODUDN� JHUoHNOHúWLULOPHVL�
GH÷LOGLU��´H´�NDYUDPÕ� LOH�YXUJXODQPDN�LVWHQHQ�ROJX�\DOQÕ]FD�HOHNWURQLN�\D�GD�ELOJL�YH� LOHWLúLP�WHNQRORMLVL�GH÷LO��EX�DOW�
\DSÕQÕQ�WRSOXPXQ�KHU�NHVLPL�WDUDIÕQGDQ�\D\JÕQ�RODUDN�NXOODQÕPÕ�VRQXFX�VRV\DO��HNRQRPLN�YH�N�OW�UHO�DODQGD�\DúDQDFDN�
G|Q�ú�PG�U� �2GHQGDDO�� ������ ����%X� DQODPGD� H�EHOHGL\H�� NHQWH� LOLúNLQ� YHULOHULQ� J�QFHO� ELOLúLP� WHNQRORMLOHUL� GHVWHNOL�
oDOÕúPDODUOD�\|QHWLOHUHN�EX�YHULOHUGHQ�NHQW�YH�WRSOXP�\DUDUÕQD�oHúLWOL�ELOJLOHU��UHWLOPHVL�YH�HWNLQ�ELU�ELoLPGH�YDWDQGDúÕQ�
KL]PHWLQH�VXQXOPDVÕ��7%'������������RODUDN�LIDGH�HGLOHELOLU��

2UJDQL]DV\RQ� \DSÕVÕQÕ� YH� Lú� V�UHoOHULQL� GL÷HU� NDPX� NXUXOXúODUÕ� LOH� HQWHJUH� ELU� úHNLOGH� GLMLWDO� WDEDQOÕ� RODUDN�
G�]HQOHPLú� ELU� \HUHO� \|QHWLP�� GDKD� GHPRNUDWLN� YH� NDWÕOÕPFÕ� ELU� DQOD\ÕúOD� HWNLQ�� YHULPOL� YH� KÕ]OÕ� KL]PHW� �UHWPH�
NDELOL\HWLQH� HULúHFHNWLU�� ùHIIDIODúPD� VD\HVLQGH� KDONÕQ� \|QHWLPH� GX\GX÷X� J�YHQ� DUWDFDN�� ND\QDNODUÕQ� GDKD� LVDEHWOL� YH�
\HULQGH�NXOODQÕPÕ�VD÷ODQPÕú�RODFDNWÕU��'ROD\ÕVÕ�LOH�EDVLWOHúHQ�YH�KÕ]ODQDQ�NDUDU�DOPD�V�UHoOHUL�\|QHWLFLOHUH�GDKD�LVDEHWOL�
NDUDUODU�DOÕS�X\JXODPD�IÕUVDWÕ�YHUHFHNWLU��$SDQ������������

�
H�%HOHGL\HFLOL÷LQ�)D\GDODUÕ�YH�.D]DQÕPODUÕ�
�

(�G|Q�ú�P�Q� |QHPOL� YH� WDPDPOD\ÕFÕ� ELU� SDUoDVÕ� RODQ� H�EHOHGL\H� SURMHVL� oD÷ÕPÕ]ÕQ� YD]JHoLOPH]� WHNQRORMLVL�
RODQ� LQWHUQHWLQ�\HUHO�KDONÕQ�NXOODQÕPÕQD�VXQXOPDVÕQÕ�|QJ|UPHNWH�YH�EX�\ROOD�EHOHGL\H�±�\HUHO�KDON�DUDVÕQGD�NDUúÕOÕNOÕ�
LOHWLúLP� YH� ELOJL� DOÕúYHULúL� \ROX� LOH� NDOLWHOL� KL]PHW� VXQXPX� YH� \HUHO� GHPRNUDVLQLQ� JHOLúWLULOPHVLQL� KHGHIOHPHNWHGLU�
�<ÕOGÕUÕP� YH� gQHU�� ������� <HUHO� \|QHWLPOHU�� KDOND� HQ� \DNÕQ� \|QHWLP� ELULPOHUL� ROPDODUÕ� QHGHQL\OH� KHP� \|QHWVHO�
�YDWDQGDúODUD� ELOJL� VD÷ODPD� YH� KL]PHW� J|W�UPH�� KHP�GH� VL\DVL� �ELU� GHPRNUDVL� RNXOX� ROPD�� ELU� WDNÕP� LúOHYOHUL� \HULQH�
JHWLUPHN� GXUXPXQGDGÕUODU� �<ÕOGÕ]�� ������ ������ <DQL� J�Q�P�]GH� \HUHO� \|QHWLPOHULQ� HOHNWURQLN� RUWDPGD� KL]PHW�
YHUHELOPHOHULQLQ�\|QHWVHO�YH�VL\DVL�ER\XWX�GD�EXOXQPDNWDGÕU��%XQODU�\HUHO�\|QHWLPOHUGH�VL\DVL�RODUDN�LQWHUQHW�\ROX�LOH�
KL]PHWOHUH�NDWÕOÕPD� LPNkQ�VD÷ODQPDVÕ��úHIIDIOÕN��KHVDS�YHUHELOLUOLN�JLEL�DODQODUGD�GDKD�HWNLQ�RODELOPH��\|QHWVHO�RODUDN�
LVH�� GDKD� oRN� EHOHGL\HOHUGH� ZHE� VD\IDVÕ� ROXúWXUPD� IDDOL\HWL� RODUDN� NHQGLQL� J|VWHUPHNWHGLU�� (VDV� RODUDN�� H�EHOHGL\H�
SURMHOHULQGH� DPDo�� LQWHUQHW� VD\HVLQGH� EHOHGL\HQLQ� KL]PHW� YH� IDDOL\HWOHUL� KDNNÕQGDNL� W�P� ELOJLOHULQ� \HUHO� KDONÕQ�
NXOODQÕPÕQD� VXQXOPDVÕ� \ROX\OD�EHOHGL\H�±�YDWDQGDú� DUDVÕQGD�NDUúÕOÕNOÕ� LOHWLúLPL�YH� \HUHO� GHPRNUDVLQLQ�JHOLúWLULOPHVLQL�
VD÷ODPDN�ROPDOÕGÕU��6L\DVL�DODQGD�H�EHOHGL\HOHULQ�DPDFÕ�� LQWHUQHW� \DUGÕPÕ� LOH� NDWÕOÕP�� úHIIDIOÕN�� KHVDS�YHUHELOLUOLN�JLEL�
DODQODUGD�GDKD� L\L� ELU� SHUIRUPDQV� VHUJLOHPHNWLU��<|QHWVHO� DODQGD� LVH�� H�EHOHGL\HFLOLN�GDKD� oRN�ZHE� VD\IDVÕ� ROXúWXUPD�
IDDOL\HWL� RODUDN� RUWD\D� oÕNPDNWDGÕU�� :HE� VD\IDVÕ� ROXúWXUPDN� H�EHOHGL\H� X\JXODPDVÕQÕQ� VDGHFH� ELU� \|Q�G�U�� � $QFDN�
úHIIDI�� NDWÕOÕPFÕ�� KHVDS� YHUHELOLU�� YDWDQGDú� RGDNOÕ�� HWNLQ� YH� YHULPOL� \|QHWLP� \DSÕVÕ�� H�EHOHGL\H� X\JXODPDODUÕQ� RGDN�
QRNWDVÕ�KDOLQH�JHOPHOLGLU��%XUDGDQ�KDUHNHWOH�KL]PHW��UHWPH�V�UHFLQLQ�\|QHWLPLQH�LOLúNLQ�RODUDN�H�EHOHGL\H�X\JXODPDVÕ��
\|QHWLP�V�UHoOHULQLQ�L\LOHúWLULOPHVL��KÕ]ODQGÕUÕOPDVÕ�YH�PDOL\HWOHULQ�G�ú�U�OPHVLQH�\|QHOLN�ROPDOÕGÕU��*HQFR��������������

�
%X�oHUoHYHGH�H�EHOHGL\HGHQ�EHNOHQHQ�ID\GDODU��
¾ ùHIIDI�YH�KHVDS�YHUHELOLU�ELU�EHOHGL\H�\|QHWLPL�VD÷ODPDVÕ��
¾ +DONÕQ�WDOHS�YH�úLNk\HWOHULQH�NÕVD�V�UHGH�\DQÕW�YHUHELOHQ�ELU�EHOHGL\H�\|QHWLPL�ROXúWXUPDVÕ��
¾ %HOHGL\H�IDDOL\HWOHULQLQ�V�UHNOL�L]OHQHELOPHVL��
¾ )DUNOÕ�VHPW�YH�PDKDOOHOHUGH�\DVD\DQ�\HUHO�KDOND�HúLW�PHVDIHGH�ROPD�YH�HúLW�G�]H\GH�KL]PHW�J|W�UPH��
¾ <HUHO�KDONÕQ�JHUHNVLQLPOHULQH�X\JXQ�RODUDN�KL]PHWOHULQ�G�]HQOHQPHVL�YH�VXQXOPDVÕ��
¾ <HUHO�KL]PHWOHUGH�PDOL\HWOHULQ�G�ú�U�OPHVL��
¾ <HUHO�KL]PHWOHUH������VDDWWH�XODúÕODELOPHVL��
¾ %HOHGL\H�KL]PHWOHUL�YH�\|QHWLPLQLQ�NDUDUODUÕQÕQ�GHQHWOHQPHVL��
¾ <HUHO�KDONÕQ�EHOHGL\H�IDDOL\HWOHULQH�YH�GHPRNUDWLN�V�UHoOHUH�GDKD�DNWLI�ELU�ELoLPGH�NDWÕODELOPHVL��
¾ 5�úYHW�YH�\ROVX]OXNODUÕQ�|Q�QH�JHoLOPHVL��
¾ 0HUNH]L�\|QHWLPOH�\HUHO�\|QHWLPOHU�DUDVÕQGD�HWNLOL�ELU�D÷�\DSÕVÕQÕQ�ROXúWXUXOPDVÕ�YH�ELOJLOHULQ�NDUúÕOÕNOÕ�RODUDN�

SD\ODúÕOPDVÕ��
¾ øQWHUQHW�YDVÕWDVÕ\OD�E�URNUDWLN�LúOHPOHULQ�D]DOWÕOPDVÕ��

RODUDN�EHOLUWLOPLúWLU��*HQFR������������
�
� H�EHOHGL\HFLOLN���ONHPL]LQ�VRV\R�HNRQRPLN�JHOLúPHVLQH�|QHPOL�GHUHFH�HWNL�HGHFHN�YH��ONH�NDONÕQPDVÕQD�LYPH�
ND]DQGÕUDFDN� |QHPOL� ELU� SURMH� RODUDN� J|U�OPHNWHGLU�� d�QN�� EX� SURMH� LOH� NDWÕOÕPFÕOÕN� WHPHOLQGH� HWNLQ� ELU� DQOD\ÕúÕQ�
\HUOHúWLULOPHVL�HVDV�DOÕQGÕ÷Õ�EHOLUWLOPHNWHGLU��gQHU�YH�8÷XU������������
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H�EHOHGL\H�X\JXODPDODUÕ�LOH�NDPXVDO�YH�WRSOXPVDO�\DúDPGD�|QJ|U�OHQ�JHOLúPHOHU�NÕVDFD�ú|\OH�VÕUDODQPDNWDGÕU�
�%XOXW�������������

H�EHOHGL\H�X\JXODPDODUÕ�LOH��
¾ .ÕUWDVL\HFLOLN�YH�E�URNUDVL�D]DODFDN��
¾ .D\QDNODU�GDKD�HWNLQ�YH�YHULPOL�NXOODQÕODFDN��
¾ 9DWDQGDú�WDOHS�HWWL÷L�KL]PHWH�GDKD�NÕVD�V�UHGH�XODúDFDN��
¾ <|QHWLFLOHULQ�NDUDU� DOPD� V�UHoOHULQH� \DSWÕ÷Õ� NDWNÕ\OD�� J�QFHO� YH�GR÷UX�ELOJLOHULQ� ÕúÕ÷ÕQGD�KÕ]OÕ� YH� HWNLQ�NDUDU�

DOÕQDFDN��
¾ <ROVX]OXNODU�D]DODFDN��
¾ %LOJL�SD\ODúÕPÕ�YH�HULúLOHELOLUOLN�VD\HVLQGH�KDONÕQ�NDWÕOÕPÕ�DUWDFDN��
¾ 'HPRNUDVLQLQ�LúOHPHVLQH�NDWNÕGD�EXOXQDUDN��\|QHWLPL�J�oOHQGLUHFHN��
¾ +L]PHWOHU�GDKD�HWNLQ�YH�YHULPOL�RODUDN�VXQXODFDN���
¾ .DPX� YH� |]HO� VHNW|U� NXUXOXúODUÕ� YH� GL÷HU� DNW|UOHU� DUDVÕQGDNL� LOHWLúLP� D÷ODUÕQÕQ� JHOLúPHVL� QHWLFHVLQGH�� Lú�

WHNUDUODUÕ�YH�NRRUGLQHVL]OLN�VRQXFX�ROXúDQ�PDOL�ND\ÕSODU�|QOHQHFHN��
¾ g]HO� VHNW|UOH� Lú� ELUOL÷L� DUWDFDN�� X]PDQOÕN� JHUHNWLUHQ� LúOHULQ� GDKD� NDOLWHOL� YH� XFX]D� \DSÕOPDVÕ� YH\D� DOÕQPDVÕ�

NROD\ODúDFDN��
¾ %HOHGL\HOHU�NHQGLVLQL�GHYDPOÕ�\HQLOH\HELOHQ�GLQDPLN�VLVWHP�\DSÕVÕ�VD\HVLQGH��ROXúDQ�GH÷LúLPOHUH�KHPHQ�DGDSWH�

RODELOHFHN�YH�GH÷LúLP�PDOL\HWLQGHQ�NXUWXODFDN��
¾ $QL�NUL]�YH�GDOJDODQPDODUD�KÕ]OÕ�YH�GR÷UX�WHSNL�YHULOHELOHFHNWLU��
�

H�EHOHGL\H�LOH�EHOHGL\HOHULQ�KDOND��KDONÕQ�GD�EHOHGL\H�KL]PHWOHULQH�HWNLQ�YH�NROD\�ELU�úHNLOGH�XODúPDVÕ�P�PN�Q�
RODELOHFHNWLU�� %X� \ROOD�� KDONÕQ� EHOHGL\HOHUOH� RODQ� LúOHPOHULQGH� SHN� oRN� E�URNUDWLN� HQJHO� RUWDGDQ� NDOGÕUÕODFDN�� EXQXQ�
VRQXFX�RODUDN�GD�]DPDQ�YH�HPHNWHQ�WDVDUUXI�HGLOPLú�RODFDNWÕU��H�EHOHGL\H�X\JXODPDVÕ�LOH�úHIIDIOÕN�VD÷ODQDFDN��KDWD�YH�
ULVNOHU�PLQLPXP�VHYL\H\H�LQGLULOHFHNWLU��%HOHGL\H�LúOHPOHULQLQ�D]DOWÕOPDVÕ�YH�KÕ]OÕ�LúOHP�\DSÕODELOPHVL�NROD\ODúDFDNWÕU��
%HOHGL\HOHUGH�oD÷ÕQ�JHUHNWLUGL÷L� WHNQRORMLN�DOW\DSÕQÕQ�NXOODQÕOPDVÕ� LOH� NODVLN�EHOHGL\HFLOLN�DQOD\ÕúÕQÕQ�GÕúÕQD�oÕNÕODUDN�
VRUXQODU�RUWD\D�oÕNWÕ÷Õ�DQGD�o|]�POHQHELOHFHNWLU��

<HUHO�\|QHWLPOHU�VDKLS�ROGXNODUÕ�KDOND�\DNÕQOÕN�YH�N�o�N�\DSÕODQPÕú�GLQDPLN�RUJDQL]DV\RQ�\DSÕODUÕ�QHGHQL\OH�
H�G|Q�ú�P� SURMHOHULQLQ� KD\DWD� JHoLULOPHVL� EDNÕPÕQGDQ� DYDQWDMOÕ� ELU� NRQXPD� VDKLSWLU�� H�G|Q�ú�P� PRGHOLQLQ�
YDWDQGDúODUÕQ� NDWÕOÕPÕ\OD� DQODP� ND]DQDFD÷Õ� \DNODúÕPÕ�� \HUHO� \|QHWLPOHULQ� DGHP�L� PHUNH]L\HWoL� NRRUGLQDV\RQXQX�
RODQDNOÕ� NÕODQ� \DSÕVÕ� YH� GR÷UXGDQ� \XUWWDúODUÕQ� LKWL\Do� YH� EHNOHQWLOHULQH� \|QHOLN� KL]PHW� YHUPH�PLV\RQX� LOH� X\XúDFD÷Õ�
EHOLUWLOPHNWHGLU��8oNDQ��������������
�
�

7DEOR� ��� .ODVLN� \HUHO� \|QHWLP� �EHOHGL\H�� LOH� H�\HUHO� \|QHWLP� �H�EHOHGL\H�� DQOD\ÕúÕQÕQ� NDUúÕODúWÕUÕOPDVÕ�
�+HQGHQ�YH�+HQGHQ������������
.ODVLN�<HUHO�<|QHWLP��%HOHGL\H��$QOD\ÕúÕ� (�<HUHO�<|QHWLP��(�%HOHGL\H��$QOD\ÕúÕ�
3D\ODúÕODPD\DQ�LGDUL�NDUDU�DOPDODU�� $OÕQDQ�NDUDUODUÕQ�HOHNWURQLN�RUWDPGD�SD\ODúÕPÕ��
8]XQ�E�URNUDWLN�Lú�DNÕúÕ�� +Õ]OÕ�YH�VHUL�HOHNWURQLN�V�UHo��
9DWDQGDúD� LOLúNLQ� NDUDUODUÕQ�� NRQX\D� GDLU� ID]OD�
ELOJL� WRSODQPDVÕQD� JHUHN� J|U�OPHGHQ��
\|QHWLFLOHU�WDUDIÕQGDQ�YHULOPHVL��

<HUHO� KDONÕQ� GLOHN� YH� |QHULOHULQLQ� DQNHW��
úLNk\HW�� HOHNWURQLN� SRVWD�� EH\D]� PDVD� YE��
\|QWHPOHUOH� WRSODQDUDN� GH÷HUOHQGLULOPHVL� YH�
KL]PHW�VXQXPX��

<|QHWLP�9DWDQGDú�LOLúNLVL�� +L]PHW�6XQDQ�0�úWHUL�LOLúNLVL��
<HWNLOL�ELULPOHUH�EDúYXUPDGD�V�UHo�]RUOX÷X�� (ULúLOHELOLUOL÷LQ� YH� V�UHNOL� JHOLúPHQLQ� LONH�

HGLQLOPHVL��
'L÷HU� NDPX�NXUXPODUÕ\OD�RODQ� LOLúNLOHUGH�X]XQ�
E�URNUDWLN�V�UHo�

.XUXPODU� DUDVÕ� HQWHJUDV\RQ�� HúJ�G�P� YH�
HWNLQOLN��

%�URNUDWLN�GHQHWOHPH� %LUH\VHO�NDWÕOÕPFÕOÕN�YH�SHUIRUPDQV�|Oo�P���
�

�
H�EHOHGL\H� X\JXODPDVÕ� LOH� EHOHGL\H� DGHWD� YDWDQGDúÕQ� HYLQH�� RILVLQH�� DUDEDVÕQD� YE�� WDúÕQDFDNWÕU�� %X� DQODPGD�

VRV\DO�KD\DWÕQ�KHU�DODQÕQGD�YDWDQGDú�EHOHGL\H\H�XODúDELOHFHNWLU��'ROD\ÕVÕ\OD�EX�X\JXODPDGDQ�YDWDQGDúODUÕQ�ND]DQÕPODUÕ�
DUWDFDNWÕU��g]HOOLNOH�YDWDQGDúODUÕQ�\|UH\H�DLW�ROPD�GX\JXVX��DLGL\HW��JHOLúHFHN��EX�GXUXP�EHUDEHULQGH�GHPRNUDWLN�ELOLQo��
o|]�PH�RUWDN�ROPD�JLEL�VL\DVDO��WRSOXPVDO��KXNXNVDO�DODQGD�ROXPOX�NDWNÕODU�JHWLUHFHNWLU���

H�EHOHGL\HFLOLN� X\JXODPDVÕ� LOH� EHOHGL\HOHUGH� oD÷ÕQ� JHUHNWLUGL÷L� WHNQRORMLN� DOW\DSÕQÕQ� NXOODQÕOPDVÕ� LOH� NODVLN�
EHOHGL\HFLOLN� DQOD\ÕúÕQÕQ� GÕúÕQD� oÕNÕODUDN� VRUXQODU� o|]�POHQHELOPHNWHGLU��$\QÕ� ]DPDQGD� úHIIDIOÕN� VD÷ODQDFDN� KDWD� YH�
ULVNOHU� PLQLPXP� VHYL\H\H� LQGLULOHFHNWLU�� %HOHGL\H� LúOHPOHULQLQ� D]DOWÕOPDVÕ� YH� KÕ]OÕ� LúOHP� \DSÕODELOPHVL� DQFDN� EX�
X\JXODPD�LOH�P�PN�Q�RODFD÷Õ�EHOLUWLOPHNWHGLU��)ÕVWÕNoÕR÷OX�������������

(�EHOHGL\H¶QLQ�YDWDQGDúODUD�ND]DQÕPODUÕ�HQ�JHQHO�ELoLPL\OH�úX�úHNLOGH�EHOLUWLOHELOLU��
¾ .DOLWHOL�KL]PHWOHUGHQ�\DUDUODQDUDN�]DPDQGDQ�WDVDUUXI�HWPLú�ROPDODUÕ��
¾ %HOHGL\H�LOH�LOJLOL�W�P�LúOHPOHULQL�EHOHGL\H\H�JHOPHGHQ�KDOOHWPHOHUL��
¾ ùLNk\HW�YH�GLOHNOHULQL�LOHWHELOPHOHUL�YH�EX�EDúYXUXODUÕQÕ�NROD\OÕNOD�WDNLS�HGHELOPHOHUL��
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¾ +HU�W�UO��|GHPHOHULQL��YHUJL��KDUo��YE���HOHNWURQLN�RUWDPGD�\DSDELOPHOHUL��
¾ %HOHGL\H�VÕQÕUODUÕ�LoHULVLQGHNL�W�P�DODQODUGD�LPDU�GXUXPODUÕQÕ�VRUJXOD\DELOPHOHUL��
¾ *�QO�N�LKWL\DoODUÕ�LoLQ�JHUHN�GX\DELOHFHNOHUL�W�P�VHUYLVOHUH�HULúHELOPH��
¾ %H\DQ�YH�ELOGLULPOHULQL�\DSDELOPH��
¾ <|QHWVHO�DQNHWOHUH�NDWÕODUDN�\|QHWLP�NDUDUODUÕQD�NDWNÕGD�EXOXQDELOPH��
¾ %HOHGL\H�HWNLQOLNOHUL�YH�E�WoHOHUL�LOH�LOJLOL�D\UÕQWÕOÕ�ELOJL�HGLQHELOPH��
¾ %HOHGL\H�EDúNDQÕQD�YH\D�EDúND�ELU�J|UHYOL\H�H�SRVWD�J|QGHUHUHN�UDQGHYX�WDOHS�HGHELOPH��
¾ %HOHGL\HQLQ�oDOÕúPDODUÕ�KDNNÕQGD�|QHULOHUGH�EXOXQPD��
¾ 0DKDOOHVLQGH�\DSÕOPDVÕQÕ�LVWHGL÷L�LúOHULQ�|QFHOLN�VÕUDVÕ�KDNNÕQGD�ILNULQL�V|\OH\HELOPH��
¾ %HOHGL\HQLQ�E�W�Q�LKDOH�LODQODUÕQÕ�YH�VRQXoODUÕQÕ�WDNLS�HGHELOPH��
¾ (�%HOHGL\HFLOLN�KL]PHWOHULQGHQ�RODQ�.HQW�%LOJL�6LVWHPL�LOH�DOW\DSÕ��\DSÕODúPD��WUDILN�\|QHWLPL��WDSX�YH�NDGDVWUR�

JLEL�ELOJLOHULQ�PHUNH]L�ELU�ELOJLVD\DU�RUWDPÕQGD�WRSODQPDVÕ�YH�RUWDN�NXOODQÕPD�VXQXOPDVÕ�LOH�\HUHO�YDWDQGDúODUÕQ�
NHQWVHO� \DúDP� NDOLWHVL� DUWÕUÕOPÕúWÕU�� %|\OHFH� YDWDQGDúODU� EHOHGL\HFLOLN� KL]PHWOHULQGHQ� GDKD� oDEXN� YH� NDOLWHOL�
RODUDN� ID\GDODQDFDNWÕU�� .HQWVHO� \DúDPGD� LVH� NDoDN� \DSÕODúPD\Õ� |QOHPHN� NROD\ODúDFDN� YH� NHQW� WUDIL÷L� GDKD�
NROD\�\|QHWLOHELOHFHNWLU��)ÕVWÕNoÕR÷OX�������������
(�EHOHGL\HFLOLN�X\JXODPDODUÕQÕQ�|QHPOL�ELU�ER\XWX�LVH�YDWDQGDúÕQ�DOGÕ÷Õ�KL]PHWLQ�NDOLWHVL�YH�V�UHVL�DQODPÕQGD�

EHOHGL\H\H�JHUL�G|Q�ú�VD÷ODQDFDNWÕU��
�
6RQXo�YH�'H÷HUOHQGLUPH�
�
� .HQW� KDONÕQÕQ� oHúLWOHQHQ� LKWL\DoODUÕQÕ� HWNLQ� YH� YHULPOLOLN� HVDVODUÕQGD�� ELOLúLP� WHNQRORMLOHULQGHQ� D]DPL�
ID\GDODQDUDN�o|]PH�oDOÕúPDODUÕ�H�EHOHGL\HFLOLN�DQOD\ÕúÕQÕQ�JHOLúPHVL\OH�VRQXoODQPÕúWÕU��

(�G|Q�ú�P�V�UHFLQGH�EHOHGL\HOHUGH�HOHNWURQLNOHúPH�V�UHFL�EHú�DúDPDGDQ�ROXúPDNWDGÕU��
x %LOJLVD\DUODúPD�
x 2WRPDV\RQ��
x øQWHUQHW�NXOODQÕPÕ�
x :(%�VLWHVL�NXUPD�
x <|QHWLPL�LQWHUQHWH�WDúÕPD�

�
7�UNL\H¶GH� EHOHGL\HOHULQ� SHN� oR÷X� G|UG�QF�� DúDPD\Õ� JHUoHNOHúWLUPLúWLU�� $QFDN� \|QHWLPL� LQWHUQHWH� WDúÕPD�

DúDPDVÕQGD� SHN� LVWHNOL� GH÷LOGLUOHU�� (�EHOHGL\HFLOLN�� WHN� \|QO�� ELOJL� DNÕúÕ\OD�� EHOHGL\H� KL]PHW� YH� oDOÕúPDODUÕ\OD� LOJLOL�
YDWDQGDúÕ�ELOJLOHQGLUPHNOH�VÕQÕUOÕ�NDOPDNWDGÕU��%X�DQODPGD�H�EHOHGL\HFLOLN�JHQHO�DQODPGD�ELU�³WDQÕWPD�EURú�U�´�RODUDN�
J|U�OPHNWHGLU��H±EHOHGL\HFLOLN��VDGHFH�LQWHUQHW�VD\IDVÕ�DoPDN�GH÷LOGLU��<|QHWLPVHO�� WRSOXPVDO�YH�ELOJLOHQGLUPH�DPDoOÕ�
W�P�V�UHoOHULQ�]DPDQ�YH�PHNkQ�NÕVÕWODPDVÕ�ROPDGDQ��KÕ]OÕ�YH�HWNLQ�ELU�ELoLPGH�HOHNWURQLN�RUWDPGD�JHUoHNOHúHELOPHVL�
GHPHNWLU��

H�EHOHGL\H�� � ³EDúNDQGDQ� PHVDM´� GH÷LO�� Lú� YH� KL]PHW� �UHWPH� \|QWHPOHULQLQ� WHNQRORMLN� LPNkQODU� NXOODQÕODUDN�
\HQLGHQ� \DSÕODQGÕUÕOPDVÕ� YH� YDWDQGDúD� VXQXOPDVÕ� RODUDN� GH÷HUOHQGLULOPHOLGLU�� H�G|Q�ú�P� V�UHFLQGH� H�EHOHGL\HFLOL÷LQ�
EDúDUÕOÕ�RODELOPHVL�HVDV�RODUDN�E�URNUDWLN�DQOD\ÕúOD�GD�LOJLOLGLU���

%�URNUDVL� NHQGLQL� GH÷LúWLUPH\L� DPDoOD\DQ� EX� V�UHFL� RQD\ODU� JLEL� J|U�QVH� GH� DVOÕQGD� LFUDDW� VDIKDVÕQGD� GDKD�
|QFHNL� G|QHPOHUGH� ROGX÷X� JLEL� WXWXFX� YH� LKWL\DWOÕGÕU��'ROD\ÕVÕ\OD� HWNLQ� YH� YHULPOL� ELU� H�G|Q�ú�P� LoLQ� ³H�E�URNUDVL´�
DQOD\ÕúÕ�JHUHNOLGLU��

<HUHO� \|QHWLPOHULQ� H�G|Q�ú�PH� JHUoHN� PDQDGD� NDWNÕVÕ� EX� QRNWDGD� RUWD\D� oÕNDFDNWÕU�� +DONÕ� GDKD� \DNÕQGDQ�
NDYUDPD� YH� HWNLOHPH� J�F�QH� VDKLS� RODQ� EHOHGL\HOHULQ� YDWDQGDúODU� �]HULQGH� \DUDWDFD÷Õ� HWNLOHúLP� LOH� H�G|Q�ú�P�Q��
WRSOXPVDO�ELU�WDOHS�RODUDN�E�URNUDVLQLQ�|Q�QGH�\HU�DOPDVÕ�VD÷ODQDELOLU��

H�EHOHGL\HFLOLN� X\JXODPDODUÕQÕQ� EDúDUÕVÕ� JHQHO� NDPX� E�URNUDVLVLQLQ� GH÷LúLPL� LoLQ� GH� ELU� IÕUVDW� RODUDN�
J|U�OPHOLGLU�� d�QN�� H�EHOHGL\H� KL]PHW� VXQPD� DúDPDVÕQGD� KÕ]OÕ� YH� HWNLOL� RODELOLUVH�� EX� KL]PHWOHUGHQ� \DUDUODQDQ�
YDWDQGDúODU��NDPX�E�URNUDVLVLQL�GH�EX�GR÷UXOWXGD�úHNLOOHQGLUPH\H�\|QHOLN�LVWHNOHUGH�EXOXQDFDNODUGÕU��1HWLFHVLQGH�\HUHO�
|OoHNWH�EDúDUÕ\OD�WDPDPODQDFDN�H�EHOHGL\H�G|Q�ú�POHULQLQ�W�P�WRSOXPVDO�\DSÕ\Õ�GH÷LúWLUHELOPHVL�GH�P�PN�QG�U����

�
.D\QDNODU�
�
$NVR\��1����������³<HUHO�<|QHWLPOHUGH�+DONOD�øOLúNLOHU�YH�7HNQRORML�.XOODQÕPÕ´��7�UN�øGDUH�'HUJLVL��<ÕO�����6D\Õ������
�(\O�O��������V��������
�
$SDQ�� $�� �������� ³%�\�NúHKLU� %HOHGL\HOHULQLQ� øGDUH� YH� øúOHWPHOHUL�� +XNXNVDO� YH� 0$/ø� 6RUXQODU´�� dD÷GDú� <HUHO�
<|QHWLPOHU��&LOW�����6D\Õ����V���������
�
%XOXW�� <�� �������� ³7HNQRORML� YH� <|QHWLP�� <HUHO� <|QHWLPOHULQ� 7HNQRORML\H� (QWHJUDV\RQX´�� ��� 8OXVODUDUDVÕ� <HUHO�
<|QHWLPOHU�hQLYHUVLWH�YH�6DQD\L�øúELUOL÷L�6HPSR]\XPX��������(NLP�������$QNDUD��
�
&DQPDQ��'��YH�'L÷HUOHUL���������.DPX�*|UHYOLOHUL�(O�.LWDEÕ��72'$ø(�<D\ÕQ�1R�������$QNDUD��
�
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dRUXK��0�� ��������³.HQW�%LOLúLP� 6LVWHPL�9H�(�%HOHGL\H´��$NDGHPLN�%LOLVLP¶��� ��;,��$NDGHPLN�%LOLúLP�.RQIHUDQVÕ�
%LOGLULOHUL�������ùXEDW������+DUUDQ�hQLYHUVLWHVL��ùDQOÕXUID��
�
(UGDO��0�����������(OHNWURQLN�%LOJL�dD÷ÕQGD�.DPX�<|QHWLPL��(�'HYOHW��<D\ÕQODQPDPÕú�'HUV�1RWODUÕ��øVWDQEXO��
)ÕVWÕNoÕR÷OX��5��� ��������(��'HYOHW�8\JXODPDODUÕ� YH�(�%HOHGL\H��*D]LDQWHS�%�\�NúHKLU�%HOHGL\HVL�gUQH÷L��*D]LDQWHS�
hQLYHUVLWHVL��6RV\DO�%LOLPOHU�(QVWLW�V���<D\ÕQODQPDPÕú�<�NVHN�/LVDQV�7H]L��*D]LDQWHS��
�
*HQFR��0��ø��� ��������7�UNL\H¶GH�<HUHO�<|QHWLPOHUGH�H�EHOHGL\HFLOLN�8\JXODPDODUÕ�YH�*HOLúLP�6�UHFL��0XVWDID�.HPDO�
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HLWLP�ELOLLP�WHNQRORMLVLQGHQ�\DUDUODQPD	FDWLG ��PDNDOHOHU	,WHPLG ���
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Abstract The soil-borne pathogens of plants that cause root rot, crown, ring rot and seedling 
blight are the major factors limiting crop yields and fiber plants. Resistant varieties of plants are 
not available for many pathogens and chemical control is often not sufficiently effective in the 
soil. Moreover, a reduction of pesticide use is considered to reduce the potential for 
environmental pollution. Improved properties suppressive soil will limit the development of 
diseases, is of great importance to ensure agricultural sustainability and the development of 
organic farming systems. The aim of our work fits into the context of sustainable development 
and ecosystem preservation, by the introduction of biological control agents in order to limit the 
use of chemical inputs in agriculture. This work is done by selection and isolation of indigenous 
bacteria from the soil of potato crops, can hinder the development of pathogenic fungi by their 
adversarial nature. The preliminary screening allowed us to select a group of microorganisms 
capable of reducing in vitro growth of phytopathogens such as soil fungi. This work allowed us to 
isolate bacteria belonging to the genera Bacillus and Pseudomonas. These bacterial populations 
have inhibited fungal growth by a percentage ranging from 0% to 92%. 

 
  Key words: biological control, antagonism, soil borne pathogens. 

 
 
Introduction  
 
 The soil-borne pathogens that cause plant rot roots, crowns, wilting and damping off are the main factors that 
limit crop yields, fiber, and ornamental plants. Most telluric pathogens are difficult to control with conventional 
strategies such as use, host resistant cultivars and synthetic fungicides. The absence of reliable chemical controls, the 
development of resistance to fungicides and the degradation of host resistance by the pathogen populations are major 
factors that highlight efforts to develop alternative control measures (Haas and Défago, 2005). 
The search for alternative strategies was also stimulated by concerns public on the harmful effects of fumigants ground 
such as methyl bromide on the environment and human health (Léon et al., 2009). 
Suppressive soils are probably the best natural examples in which the indigenous microflora effectively protects plants 
against pathogen. Initially removing soil became apparent because the incidence or severity of the disease is lower in 
comparison with infested soil. Suppressive soils have been described for many soil-borne pathogens, such as: 
Gaeumannomyces graminis var. tritici, Fusarium oxysporum, Aphanomyces euteiches, Heterodera avenae, H. 
schachtii, Meloidogyne spp. Criconemella xenoplax, Thielaviopsis basicola, Phytophthora cinnamomi, Phytophthora 
infestans, Pythium splendens, P. ultimum, Rhizoctonia solani, Streptomyces scabies, Plasmodiophora brassicae and 
Ralstonia solanacearum (Haas and Défago, 2005). 
 
 
Materials and Method 
 
Fungal strains 
Four fungal strains were use dis this study, Fusarium solani (LMA), Phytophthora infestans (Pr. Larous), 
Fusariumoxysporum f. sp. albedinis (INRA, Alger)and Fusarium solani var. coeruleum (Institut Pasteur Paris, France). 

The soil samples were obtained from potato fields in three regions of Sétif, at which samples are taken 
randomly. The first and third samplings were conducted in a soil that received culture of potatoes harvested for almost a 
month, at a depth of 10 to 15 cm. The second was made in April of the same year, but in a potatoes culture. Sampling 
was performed in separate strata of soil: rhizosphere soil, spermosphere (soil) and soil adhering strongly to potatoes 
tubers. The samples were stored in sterile plastic bags, then reported the laboratory. After drying in an oven at 28C ° for 
24 hours, the soil is subject to sieving to have quite fine soil grains (sieve mesh of 1.5 mm). Finally a dilution series 
were made. 

Trapping of microorganism described by Tivoli et al. (1983), inspired by Lansade work (1950), is to spread a 
portion of the earth to be tested on the wafer half-tubers and freshly severed, after incubation, the level of soil 
contamination and the nature of microorganisms were determined. 
Analysis of bacterial microflora 

The primary screening of bacteria with antifungal activity is carried out according Léon et al. (2009). 

International Science and Technology Conference, Dubai, 13-15 December 2012

1305

mailto:mezaic2002@yahoo.fr


ISTEC 20
12

Analyses of the bacterial microflora are made by the method of suspensions dilutions (Tamietti and Pramotton, 1990). 
30g of each soil sample was suspended in 75ml sterile saline water (Tivoli et al., 1990). After stirring (for 30 minutes) 
and a settling period (for 15 min), a series of suspension 1/10th dilutions is made from these supernatants (Tamietti and 
Pramotton, 1990). 

From the previous dilutions, 0.1 ml was plated on PDA in dual culture with fungal disc (reference strains 
studied). Plates were incubated at a temperature of 28C° for 15 days (Aliye et al., 2008). Bacteria which inhibited 
fungal growth were selected to be purified. 

Bacterial strains with fungal inhibition were purified by a series of successive transfer of the isolated colony on 
Nutrient Agar in two to 5 times (Jalal et al., 2006). 
Test of antagonism: 

The same test was used as that carried out for the isolation except, we used pure bacterial strains were 
incubated until the full growth of the control without bacteria (Léon et al., 2009). 
 
 
Results 
 

The screening strategy used was to isolate natural antagonistic cultivable bacteria. The primary screening 
allowed us to select a group of microorganisms which can survive in the presence of other phytopathogenic 
microorganisms. The Exploration of the biodiversity in microorganisms from potatoes field soils has highlighted two 
categories of bacteria with antagonistic capacity. We focused our study on populations of the most common bacterial 
genera, such as Gram-positive spore-forming belonging to the genus Bacillus and Gram negative belonging to the genus 
Pseudomonas. 
 The antagonistic test performed by dual culture between the bacterial isolates and the fungal strains studied (Fsc, 
Foa and Pi), showed an inhibitory action between these microorganisms. The inhibition varied between 0 and 92.30%, 
depending on the isolate and pathogen considered (Table I). 14 antagonistic strains that have been selected in vitro have 
revealed an antagonistic proved effect. In fact, three isolates showed an interesting activity against the three 
phytopathogenic isolates studied.  
 Some isolates are antagonistic against the three fungi studied, the high activity was obtained with isolate 20b, 
and the lowest one was obtained with isolates 17b and 24b. Whereas, some are antagonistic against two fungi and 
finally four isolates are antagonists to one fungus (Table I). These strains belong to Gram-positive and Gram-negative. 
Among the studied Gram positive strains, 4.16% inhibit the growth of Fusarium solani var. coeruleum 6.25% inhibit 
the growth of Fusarium oxysporum f. sp. albedinis while 4.16% inhibit Phytophthora infestans. Whereas in bacteria 
Gram-negative, 16.66% inhibit the growth of Fusarium solani var. coeruleum, 14.58% inhibit the growth of Fusarium 
oxysporum f. sp. albedinis and 10.41% inhibit Phytophthora infestans. Of the 7 strains of inhibitory Gram-negative 
bacteria, which colonize the rhizosphere, a single strain inhibits three phytopathogenic fungi. 
 
 
 
 
Discussion 
 

Our result are similar to those of Léon et al. (2009) reported that among 80 isolates with antifungal activity 
greater than 40%, and 150 microorganisms selected from isolated, six showed antagonistic activity against the 
phytopathogenic fungi studied (Ascomycetes, Deuteromycetes and Oomycetes). 
 The obtained results are also similar to those of Nion and Toyota (2008) They isolated 270 strains from the 
five isolates of Burkholderia with proved antagonistic effect against Ralstonia solanacearum and those of Kamilova et 
al. (2005), who selected 16 isolates of fluorescent Pseudomonas colonising the rhizosphere of tomato, among which a 
single isolate effectively inhibit four of the five tested fungi. 
 
Table I: Percentage of fungal inhibition. 
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Zone 1: spermosphere ; Zone 2: rhizosphere ; a, b et c : 1st 2nd and 3rd sample ; Fsc: Fusarium solani var. coeruleum ; 
Foa : Fusarium oxysporum f. sp. albedinis ; PI : Phytophthora infestans ;  Nd: not determined. 
 
 
Conclusions 
 
Our results are consistent with the hypothesis, that the group microorganisms isolated, would be responsible for the 
general suppression in the soil (Adesina et al., 2007; Léon et al., 2009). 
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Zones Souches  

Rate of inhibition  
Mitosporic fungi   Oomycetes 

Fsc Foa Pi 

1 

2a 37.5 53.48 Nd 
5a 34.72 76.74 Nd 
9a 6.94 6.97 Nd 
8b 0 53.84 Nd 
1 b 6.25 37.5 0 

2 

16b 41.25 42.5 0 
17 b 85 1.25 30 
18 b 46.25 Nd 34.21 
20b 82.5 92.30 63.15 
22b 52.5 43.75 0 
24 b 32.5 32.5 2.5 
2c Nd Nd 35.75 
6c Nd Nd 86.25 
7c Nd Nd 7.5 
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ABSTRACT 
In an English Language classroom, a reading lesson consists of three main parts: pre-reading, while-reading and 
post-reading. The pre-reading stage intends to prepare the students for the reading experience. The while-reading 
stage is mostly concerned with comprehension as comprehension is the ultimate goal of reading. The post-reading 
activities provide students the opportunities to synthesize and reflect on the text they read and evaluate their own 
understanding of the content. Post reading activities are designed for students to externalize their understanding of 
the text. Post-reading activities can also encourage extended / extensive reading as they allow learners to conduct 
further research related to the topics. Although the post-reading stage is important to give learners the opportunity to 
apply the knowledge they have gained, it is often a neglected part of a reading lesson. This paper will examine 
experts’ opinions towards post-reading activities and their attitudes towards implementing Web 2.0 technologies in 
post-reading activities. It will also examine the criteria of using Web 2.0 technologies, particularly social networking 
sites, in post-reading activities. By understanding the variables involved in using effective social networking 
websites, this paper will mainly benefit teachers as they will be informed of the challenges and possibilities in the 
integration of Web 2.0 technologies in English language teaching and learning.  
 

Keywords:  Post-reading, Extended / extensive reading, Web 2.0 technologies, Social networking sites 
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USING GAME CONCEPT IN INTRODUCTIONARY PROGRAMMING 
COURSES: SCRATCH EXAMPLE 

Zülfü GENÇ 
&RPSXWHU�DQG�,QVWUXFWLRQDO�7HFKQRORJ\�'HSDUWPHQW��8QLYHUVLW\�RI�)ÕUDW��(OD]Õ÷��785.(<�

]XOIXJHQF#JPDLO�FRP�

Zafer CÖMERT�
&RPSXWHU�(QJLQHHULQJ��%LWOLV�(UHQ�8QLYHUVLW\��%LWOLV��785.(<�

�

3URJUDPPLQJ� LV� D� IXQGDPHQWDO� DVSHFW� RI� FRPSXWHU� OLWHUDF\� DV� LW� KHOSV� WKH� VWXGHQW�
XQGHUVWDQG� DQG� FRQWURO� KRZ� WKH� FRPSXWHU� SURFHVVHV� LQIRUPDWLRQ�� ,Q� LQWURGXFWRU\�
FRPSXWHU�SURJUDPPLQJ�FRXUVHV��VWXGHQWV�DUH� UHTXLUHG� WR�GHYHORS�SUREOHP�VROYLQJ�DQG�
FULWLFDO� WKLQNLQJ�VNLOOV�� DQG� VROYH�SURJUDPPLQJ�SUREOHPV��+RZHYHU�� WHDFKLQJ� VW\OHV� LQ�
LQWURGXFWRU\�FRPSXWHU�SURJUDPPLQJ�FRXUVHV�PD\�QRW�DOZD\V�PDWFK�WKH�OHDUQLQJ�VW\OHV�
RI� VRPH� QRYLFH� SURJUDPPHUV�� 7KH� OHDUQLQJ� VW\OHV� RI� VWXGHQWV� DUH� D� VLJQLILFDQW� IDFWRU�
DIIHFWLQJ�WKH�DFKLHYHPHQW�RI�VWXGHQWV�HQUROOHG�LQ�DQ�LQWURGXFWRU\�SURJUDPPLQJ�FRXUVH��
0DQ\� LQVWUXFWRUV� KDYH� WULHG� WR� XVH� JDPH� SURJUDPPLQJ� FRQFHSW� DV� D� ZD\� RI� WHDFKLQJ�
FRPSXWHU�SURJUDPPLQJ�WR�QRYLFHV��7KLV�VWXG\�H[DPLQHG�WKH�LQWHJUDWLRQ�RI�D�JDPH�EDVHG�
SURJUDPPLQJ�HQYLURQPHQW�DV�D�QHZ�WHFKQRORJ\�LQ�D�ILUVW�OHYHO�SURJUDPPLQJ�FRXUVH�DQG�
LQYHVWLJDWHG�WKH�SHUFHSWLRQV�RI�VWXGHQWV�DERXW�WKH�XVH�RI�JDPH�EDVHG�HQYLURQPHQW�FDOOHG�
DV� 6FUDWFK� LQ� WKHLU� SURJUDPPLQJ� FRXUVH� LQ� WHUPV� RI� LWV� HIIHFWV� RQ� WKHLU� SHUFHLYHG�
PRWLYDWLRQ�� SHUFHLYHG� XVHIXOQHVV� DQG� SHUFHLYHG� HDVH� RI� XVH��7KH� SDUWLFLSDQWV�ZHUH� ���
VRSKRPRUH�VWXGHQWV�WDNLQJ�3URJUDPPLQJ�/DQJXDJHV���,�FRXUVH�DW�&RPSXWHU�(GXFDWLRQ�
DQG� ,QVWUXFWLRQDO� 7HFKQRORJ\� GHSDUWPHQW� LQ� 8QLYHUVLW\� RI� )LUDW�� 7XUNH\�� 7KH� UHVXOWV�
UHYHDOHG� WKDW� JDPH� EDVHG� LQVWUXFWLRQ� KDV� D� JUHDW� SRWHQWLDO� LQ� IDFLOLWDWLQJ� VWXGHQWCV�
SUREOHP�VROYLQJ�DELOLW\�DQG�LPSURYLQJ�SURJUDPPLQJ�DFKLHYHPHQW��

Keywords��OHDUQLQJ�SURJUDPPLQJ��VFUDWFK��JDPH�
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6DNDU\D�hQLYHUVLWHVL�øQúDDW�0�KHQGLVOL÷L�%|O�P��

7�UNL\H�
\GXUJXQ#VDNDU\D�HGX�WU��

�PXKDUUHPD#VDNDU\D�HGX�WU�
�
�
�

g]HW��0�KHQGLVOLN�\DSÕODUÕ��\DSÕ�|PU��ER\XQFD�SDWODPD��GHSUHP��U�]JDU�Y��E��NXYYHWOHULQH�PDUX]�
NDOPDNWDGÕU��<DSÕ\D�HWNL\HQ�EX�NXYYHWOHU�DOWÕQGD�\DSÕQÕQ�GDYUDQÕúÕQÕQ�QDVÕO�ROGX÷XQX�VDSWDPDN��
PHYFXW� GXUXPX� EHOLUOHPHN� YH� YDUVD� KDVDU� ROXúXPX� DQOD\DELOPHN� \DSÕ� WDQÕODPD� WHNQLNOHUL\OH�
J|]OHPOHQHELOPHNWHGLU�� .XOODQÕODQ� EX� WHNQLNOHU� VD\HVLQGH� \DSÕQÕQ� GLQDPLN� NDUDNWHULVWLNOHULQH�
ED÷OÕ�RODUDN�GXUXP�GH÷HUOHQGLUPHVL�\DSÕOPDNWDGÕU��
%X� oDOÕúPDGD� N�o�N� |OoHNWH� KD]ÕUODQPÕú� �o� NDWOÕ� oHOLN� \DSÕ� WHN� HNVHQOL� VDUVPD� WDEODVÕ� �]HULQH�
\HUOHúWLULOPLúWLU�� $UGÕQGDQ� GHQH\VHO� PRGHO� �]HULQGH� NDW� VHYL\HVLQGH� YH� WDEOD� G�]OHPLQH�
\HUOHúWLULOHQ� LYPH�|OoHUOHUOH�ND\ÕWODU�DOÕQPÕúWÕU��'DKD�VRQUD�DOÕQDQ�ND\ÕWODU� ILOWUHOHQPLú�YH�NDOLEUH�
HGLOPLúWLU�� *HUHNOL� G�]HQOHPHOHU� \DSÕODQ� ND\ÕWODU� NXOODQÕODUDN� PRGDO� SDUDPHWUHOHU�� GR÷DO�
IUHNDQVODU�� V|Q�P� RUDQÕ�� PRG� úHNLOOHUL� �� EHOLUOHQPLúWLU�� $OÕQDQ� ND\ÕWODU� J�o�PRWRUXQGDQ� WDEOD\D�
LOHWLOHQ� IDUNOÕ� IUHNDQV� GH÷HUOHUL� LoLQ� GH� J|]OHPOHQPLúWLU�� <DSÕQÕQ� GHQH\VHO� RODUDN� EHOLUOHQPLú�
GLQDPLN� NDUDNWHULVWLNOHUL� Q�PHULN� RODUDN� WD� 6$3����� SURJUDPÕ\OD� GR÷UXODQPÕú� YH� E|\OHFH�
GHQH\VHO�YHULOHUOH�Q�PHULN�YHULOHU�DUDVÕQGDNL�LOLúNL�EHOLUOHQPH\H�oDOÕúÕOPÕúWÕU���
�
$QDKWDU�.HOLPHOHU��<DSÕ�WDQÕODPD�WHNQLNOHUL��WHN�HNVHQOL�VDUVPD�WDEODVÕ��oHOLN�\DSÕ��ND\ÕW�
ILOWUHOHPH��PRGDO�SDUDPHWUHOHU��VD\ÕVDO�YH�GHQH\VHO�PRGHO��
�

�
*LULú�
�
1HGHQ� \DSÕ� WDQÕ� WHNQLNOHULQH� LKWL\Do� YDU"�%X� DQODPGD�� LQúDDW�P�KHQGLVOL÷L� VHNW|U�QGH� oRN� ID]OD� NXOODQÕP� DODQÕ� RODQ�
6$3����� SURJUDPÕ� NXOODQÕODUDN� \DSÕODUÕQ� GLQDPLN� NDUDNWHUOHULQLQ� EHOLUOHQPHVL� DPDoODQPÕúWÕU�� $QFDN� QXPHULN�
DQDOL]OHUGH� \DNODúÕN� \|QWHPOHU� ROGX÷X� LoLQ� NXUXODQ� VRQOX� HOHPDQ� PRGHOL� JHUoHN� ELU� GHQH\OH� WHVW� HGLOHUHN� NRQWURO�
HGLOPHOLGLU��%X�oDOÕúPDGD���NDWOÕ�oHOLN�\DSÕ�|QFH�GHQH\H�WDEL�WXWXOPXú��GDKD�VRQUD�6$3����¶GH�PRGHOOHQPLúWLU��6RQOX�
HOHPDQ�PRGHOOHPHVLQGH� JHRPHWULN� NXVXUODU� LKPDO� HGLOGL÷LQGHQ� YH� ELUOHúLP� QRNWDODUÕ� GDKD� ULMLW� ROGX÷XQGDQ��PRGHOLQ�
ULMLWOL÷L�WDQÕPODQÕUNHQ�VDGHFH�PDO]HPH�HODVWLVLWH�PRG�O��NXOODQÕOPDPÕúWÕU��0DO]HPH�ULMLWOL÷L�WHPVLO�HGHFHN�RODQ�HODVWLVLWH�
PRG�O��D\QÕ�PDO]HPH�YH�D\QÕ�ELUOHúLPOHUGHQ�ROXúDQ�YH�WHRULN�RODUDN�SHUL\RGX�ELOLQHQ�EDúND�ELU�PRGHO�NXUXODUDN�WHVSLW�
HGLOPLúWLU��
�
7HVW�0RGHOL�
�
7HVW�PRGHOL���NDWOÕ�ELU�oHOLN�\DSÕ�ROXS�KHU�ELU�NDW����î���î��PP�ER\XWODUÕQGD�oHOLN�OHYKD�LOH�WHPVLO�HGLOPLúWLU��.RORQODU�
LoLQ� VHNL]� DGHW� ��PP� oDSÕQGD� oHOLN� JLMRQODU� NXOODQÕOPÕú� ROXS�� NDWODU� NRORQODUD� VRPXQODUOD� VÕNÕúWÕUÕODUDN� ED÷ODQPÕúWÕU��
2OXúWXUXODQ�WHVW�PRGHOLQGH�NDWODU�DUDVÕ�\�NVHNOLN�����PP�VHoLOPLúWLU��+D]ÕUODQDQ� WHVW�PRGHOL�ùHNLO��D�¶GD�YHULOPLúWLU��
'HQH\�VÕUDVÕQGD�\DSÕVDO�PRGHOLQ�NDW�\HU�GH÷LúWLUPH�ND\ÕWODUÕQÕQ�|Oo�P��LoLQ�NDW�VHYL\HOHULQH�WHN�HNVHQOL�LYPH�|OoHUOHU�
\HUOHúWLULOPLúWLU��7HVW�PRGHOL�GHQH\�G�]HQH÷LQH�ULMLW�ELU�WDEOD�DUDFÕOÕ÷Õ\OD�ED÷ODQPÕúWÕU��ùHNLO�����
�
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D��6DUVPD�7DEODVÕ�YH�7HVW�0RGHOL� E��.DW�SODNDVÕ�YH�WDEOD�ER\XWODUÕ��PP��
ùHNLO����7HVW�'�]HQH÷L�

�
'HQH\�'�]HQH÷L�YH�'HQH\LQ�<DSÕOPDVÕ�
�
7HVWOHU� WHN�HNVHQOL� VLQ�VRLGDO�NXYYHW�X\JXOD\DQ�VDUVPD� WDEODVÕQGD�JHUoHNOHúWLULOPLúWLU��7DEOD\D�X\JXODQDQ�NXYYHW�$&�
KÕ]�FRQWURO��QLWHVL�DUDFÕOÕ÷Õ\OD�������+]�DUDOÕ÷ÕQGD�IDUNOÕ� IUHNDQVODUOD�NRQWURO�HGLOPHNWHGLU��8\JXODQDQ�NXYYHW�VDUVPD�
WDEODVÕ��]HULQH�\HUOHúWLULOPLú�$&�HOHNWULN�PRWRUXQXQ��HNVDQWULVWHVL�D\DUODQDELOLU�NUDQN�úDIWD�ED÷OÕ�URWXQ�WDKULN�HGLOPHVL�
LOH�WDEOD\D�DNWDUÕOPDNWDGÕU��.XWDQLV��������(OGH�HGLOHQ�ND\ÕWODU�YHUL�WRSODPD��QLWHVL�YH�/DE9,(:�\D]ÕOÕPÕ�NXOODQÕODUDN�
ELOJLVD\DUGDQ� NRQWURO� HGLOPHNWHGLU�� 7HVW� QXPXQHVLQLQ� NDWODUÕQD� LYPH� |OoHUOHU� \HUOHúWLULOPLúWLU�6DUVPD� WDEODVÕ� �]HULQH�
PRQWDMÕ�\DSÕOPÕú�GHQH\�PRGHOLQH��GLMLWDO�PRWRU�KÕ]�NRQWURO��QLWHVLQH�������+]�IUHNDQVODUÕQGD�NXYYHWOHU�X\JXODQPÕúWÕU��
$\UÕFD�\DSÕQÕQ�WHSH�QRNWDVÕQGDQ��NXOODQÕODQ�LYPH�|OoHUOHU�SDUDOHOLQGH�\DSÕ�PRGHOL�VHUEHVW�WLWUHúLPH�PDUX]�EÕUDNÕOPÕúWÕU��

.D\ÕW�LúOHPH�
�
(OGH� HGLOHQ� YHULOHU� ND\ÕW� LúOHPH� WHNQLNOHUL� NXOODQÕODUDN� G�]HOWLúPLú� YH� \DSÕQÕQ� PRGDO� SHUL\RGODUÕ� J|]OHPOHQPLúWLU��
.D\ÕWODUÕQ� G�]HOWLOPHVL� YH� ILOWUHOHQPHVL� LoLQ� 6HLVPRVLJQDO� SURJUDPÕ� NXOODQÕOPÕúWÕU�� 0$7/$%� NRGODUÕ� NXOODQÕODUDN�
SHUL\RGODU� KHVDSODQPÕúWÕU�� .D\ÕWODUÕQ� GR÷UX� LúOHQHELOPHVL� DPDFÕ\OD� \DSÕ� PRGHOLQLQ� HQ� �VW� NDW� VHYL\HVLQGHNL� \DWD\�
GHSODVPDQ�ùHNLO��¶GH�J|VWHULOGL÷L�JLEL�GLMLWDO�NDPHUD�ND\ÕWODUÕ\OD�|Oo�OP�ú��NDPHUD�ND\ÕWODUÕQGDQ�HOGH�HGLOHQ�GHSODVPDQ�
GH÷HUOHUL�ILOWUHOHPH�VRQUDVÕ�HOGH�HGLOHQ�GHSODVPDQ�GH÷HUOHUL\OH�NÕ\DVODQPÕúWÕU��)LOWUHOHPH�LúOHPLQGH����+]¶�OLN�\�NOHPH�
LoLQ���NDW�PDNVLPXP�GHSODVPDQÕ����� FP� �� ���+]¶� OLN� \�NOHPHGH� LVH����� FP�ROGX÷X�J|]OHQPLúWLU��%|\OHFH� ILOWUHOHPH�
LúOHPLQGHNL�KDWDODU�HQ�D]D�LQGLULOPH\H�oDOÕúÕOPÕúWÕU��

�
ùHNLO���.DW�GHSODVPDQ�ND\GÕ�

7HVW�VRQUDVÕ�HOGH�HGLOHQ�KDP�YH�G�]HOWLOPLú�ND\ÕWODU�ùHNLO��¶WH�YHULOPLúWLU��
�

Time [sec]
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E�����+]�\�NOHPH�SURWRNRO��DOWÕQGD�WDEDQ�SODNDGD�DOÕQDQ�ND\ÕWODU�

ùHNLO�������+]�YH����+]�\�NOHPH�SURWRNRO��DOWÕQGD�WDEDQ�SODND�ND\ÕWODUÕ��6HLVPRVLJQDO��
�
<DSÕVDO�6|Q�P�Q�%HOLUOHQPHVL��
�
<DSÕVDO�V|Q�P��\DSÕQÕQ�VHUEHVW� WLWUHúLPL�VÕUDVÕQGD�DOÕQDQ�LYPH�ND\ÕWODUÕQÕQ�NXOODQÕOPDVÕ\OD�HOGH�HGLOPLúWLU��%XQXQ�LoLQ�
ORJDULWPLN� D]DOÕP� \|QWHPL� NXOODQÕOPÕúWÕU�� %LUELULQH� NRPúX� YH\D� ELUELULQGHQ� M� X]DNOÕNWDNL� PDNVLPXPODU� NXOODQÕODUDN�
V|Q�P�RUDQÕ�KHVDSODQDELOLU��<DSÕQÕQ�KHVDED�NDWÕODQ�VHUEHVW�WLWUHúLP�PDNVLPXP�JHQOL÷L�������FP�LNHQ����GHYLU�VRQUD�EX�
GH÷HUGH���������D]DOPD�J|]OHPOHQPLúWLU��

Time [sec]
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�
ùHNLO����6HUEHVW�WLWUHúLP�GHSODVPDQ�JUDIL÷L��6HLVPRVLJQDO��

�
2OXúWXUXODQ� � WHVW�PRGHOLQGH� ȟ� �� V|Q�P�RUDQÕQÕQ�N�o�N�RODFD÷Õ� NDEXO�� LOH� \DSÕ� GLQDPL÷L� WHRULVLQGH�NXOODQÕODQ� ORJDULWPLN�
D]DOÕP��DúD÷ÕGDNL�GHQNOHPGH�į�KHVDSODQDUDN�V|Q�P�RUDQÕ�EHOLUOHQPLúWLU��&KRSUD��������

�

����

�
'HQNOHP��¶GH� M� KDUHNHWLQ�JHQOL÷LQLQ�X��GHQ�XM��� H� D]DOPDVÕ� LoLQ� JHUHNHQ� oHYLULP� VD\ÕVÕQÕ� J|VWHUPHNWHGLU��%X�GHQNOHP�
NXOODQÕODUDN�V|Q�P�RUDQÕ��������RODUDN�KHVDSODQPÕúWÕU��7HVW�PRGHOLQH�DLW�PRGDO�SHUL\RGODU�0$7/$%�SURJUDPÕQGD�IDVW�
IRXULHU�WUDQVIRUP��))7��\DSÕODUDN�ùHNLO��¶WHNL�JLEL�HOGH�HGLOPLúWLU��*UDILNWHQ�HOGH�HGLOHQ�ELOJLOHUH�J|UH�SHUL\RGODU�VÕUDVÕ\OD�
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������V��������V�YH�������V�RODUDN�EHOLUOHQPLúWLU��))7�VRQUDVÕ�HOGH�HGLOHQ�EX�GH÷HUOHU�\DSÕQÕQ�GR÷DO�IUHNDQVODUÕ�KDNNÕQGD�
ELOJLOHU�YHUPHNWHGLU��7�UHU��$�YH�%R]��%���������

�
ùHNLO����))7�JUDIL÷L��0$7/$%��

�
'HQH\� VÕUDVÕQGD� LYPH� |OoHUOHU� LOH� ND\ÕWODUÕ� DOÕQDQ� YHULOHULQ� ILOWUHOHQPH� LúOHPL� VRQUDVÕQGD� GHSODVPDQ� ND\ÕWODUÕ�
ROXúWXUXOPXúWXU��ùHNLO���YH�ùHNLO�����

�

ùHNLO�������+]���NDW�LYPH�|OoHUGHQ�EXOXQDQ�GHSODVPDQ�

����
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ùHNLO��������+]���NDW�LYPH�|OoHUGHQ�EXOXQDQ�GHSODVPDQ�
�

�
�

6RQOX�HOHPDQ�PRGHOL�
�
'HQH\� VÕUDVÕQGD� NXOODQÕODQ� \DSÕQÕQ� VRQOX� HOHPDQ� PRGHOL� 6$3����� SURJUDPÕ� NXOODQÕODUDN� ROXúWXUXOPXúWXU� �ùHNLO� ����
<DSÕQÕQ�GHSUHP�\�NOHUL�DOWÕQGD��NDW�G|úHPHOHULQLQ��NHQGL�G�]OHPOHUL�LoLQGH�ULMLW�FLVLP�KDUHNHWL�\DSWÕNODUÕQÕQ�EHOLUWLOPHVL�
JHUHNLU��g]PHQ�YH�GL÷����������%X�QHGHQOH�ROXúWXUXODQ�VRQOX�HOHPDQ�PRGHOLQLQ�KHU�NDWÕQGDNL�G�÷�P�QRNWDODUÕQÕQ�D\QÕ�
\|QGHNL� GHSODVPDQODUÕQÕQ� HúLW� ROPDVÕ� NDEXO�QGHQ� GR÷DQ� ULMLW� GL\DIUDP� |]HOOL÷L� WDQÕPODQPÕúWÕU�� 6RQOX� HOHPDQ�
PHWRGRORMLVLQGH� HOHPDQODU� LoLQ� D÷� |UJ�V�� ROXúWXUXOPDOÕGÕU� �&KDQGUXSDWOD�� 7�5�� DQG�%HOHJXQGX�$�'��� �������<DSÕQÕQ�
VRQOX�HOHPDQ�PRGHOL�LoLQ�ROXúWXUXOPXú�ùHNLO��¶GH�X\JXQ�ER\XWODUGD�PHVK�|]HOOL÷L�WDQÕPODQPÕúWÕU��

�

ùHNLO����<DSÕQÕQ�VRQOX�HODPDQ�PRGHOL��6$3������
�

6RQOX� HOHPDQ� PRGHOLQGH� NXOODQÕODQ� oHOLN� PDO]HPHQLQ� HODVWLN� PRG�O�� KHVDEÕQGD�� PDO]HPHQLQ� PHNDQLN� GHQH\OHU�
DOWÕQGDNL�GDYUDQÕúÕQÕQ�\DQÕ�VÕUD��WHVW�QXPXQHVLQLQ�KD]ÕUODQPDVÕ�DúDPDVÕQGD�VRPXQODUOD�\DSÕODQ�ELUOHúLPGH�RODVÕ�P�PN�Q�
ULMLWOLN�D]DOPDVÕQÕ�GLNNDWH�DOPDN�LoLQ�HODVWLN�PRG�O�WHN�NDWOÕ�oHOLN�PRGHO�VHUEHVW�WLWUHúLPH�WDEL�WXWXODUDN�KHVDSODQPÕúWÕU�
�ùHNLO��D��7HN�NDWOÕ�\DSÕQÕQ�NDW�VHYL\HVLQGHNL�VHUEHVW�WLWUHúLP�GH÷HUOHUL�ND\GHGLOPLúWLU��ùHNLO��E���
�
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� �
D�7HN�NDWOÕ�GHQH\�PRGHOL� E��6HUEHVW�WLWUHúLP�LYPH�ND\GÕ��/DE9,(:��

ùHNLO����6HUEHVW�WLWUHúLP�GHQH\L�
�
<DSÕQÕQ�VHUEHVW�WLWUHúLP�LYPH�ND\GÕQGDQ�HOGH�HGLOHQ�ELOJLOHU�ÕúÕ÷ÕQGD�WHN�NDWOÕ�oHUoHYHQLQ�GR÷DO�SHUL\RGX�������V�RODUDN�
KHVDSODQPÕúWÕU��7HN�NDWOÕ�ELU�oHUoHYH�LoLQ�SHUL\RG�GHQNOHPL�DúD÷ÕGDNL�JLELGLU��&KRSUD��������
�

� ����

'HQNOHPGH��N�WOH��P���DWDOHW�PRPHQWL��,��NDW�\�NVHNOL÷L��+��GH÷HUOHUL�NXOODQÕODUDN�HODVWLVLWH�PRG�O��(��KHVDSODQPÕúWÕU��
%XQD�J|UH�VRQOX�HOHPDQODU�SURJUDPÕQGD�NXOODQÕODQ�PDO]HPH�PDNDQLN�|]HOOLNOHUL�WDEOR��¶GH�|]HWOHQPLúWLU���
�
7DEOR�����0DO]HPH�g]HOOLNOHUL�

� (ODVWLVLWH�0RG�O���03D�� 3RLVVRQ�2UDQÕ� g]�N�WOH��NJ�P���
dHOLN�/HYKD� ������� ���� �����
dHOLN�*LMRQ� ������� �����

�
+D]ÕUODQDQ� VRQOX� HOHPDQ�PRGHOLQH� ]DPDQ�WDQÕP� DODQÕQGD� DQDOL]� \DSÕOPÕúWÕU��$QDOL]GH� WHVWWH� NXOODQÕODQ� ���+]� YH� ���
+]¶OLN� \�NOHPH� SURWRNROOHUL� NXOODQÕOPÕúWÕU�� $QDOL]� VRQXFXQGD� HOGH� HGLOHQ� PRG� úHNLOOHUL� úHNLO� ��¶GD� YHULOPLúWLU�� (OGH�
HGLOHQ� KHUELU�PRG� �� VRQOX� HOHPDQ� SURJUDPÕQÕQ� KHVDSODGÕ÷Õ� ��� DGHW�PRG� DUDVÕQGDQ� �X\JXODQDQ� \�NOHPH� \|Q�QH� J|UH�
VHoLOPLú�PRGODUGÕU��$\UÕFD�KHU�ELU�\�NOHPH�SURWRNRO��LoLQ�HOGH�HGLOHQ�GHSODVPDQODU��]DPDQ�WDQÕP�DODQÕQGD�ùHNLO����YH�
ùHNLO���¶GH�D\UÕ�D\UÕ�J|VWHULOPLúWLU��
�

�
ùHNLO�����<DSÕ�SHUL\RGODUÕQÕQ�VRQOX�HOHPDQ�PRGHOL\OH�J|VWHULPL��6$3������

�
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ùHNLO��������+]���NDW�GHSODVPDQÕ�
�

�
����ùHNLO��������+]���NDW�GHSODVPDQÕ�

�
6RQOX� HOHPDQ�PRGHOOHPH� DúDPDODUÕQÕQ� GR÷UXOX÷XQX� NDQÕWODPDN� DPDFÕ\OD� GHQH\OHUGHQ� HOGH� HGLOHQ�PRGDO� SHUL\RG� YH�
RUWDODPD� GHSODVPDQ� GH÷HUOHUL� NÕ\DVODQPÕúWÕU�� 7DEOR� �¶GH� ]DPDQ�WDQÕP� DODQÕQGD� KHVDSODQDQ� GHSODVPDQÕQ� RUWDODPD�
GH÷HUOHUL�YHULOPLúWLU��%X�GH÷HUOHU�LQFHOHQGL÷LQGH�VRQOX�HOHPDQ�DQDOL]LQGH�HOGH�HGLOHQ�GH÷HUOHU�������µH�YDUDQ�IDUNOD�WHVW�
GH÷HUOHULQGHQ� GDKD� D]� KHVDSODQPÕúWÕU�� %X� IDUN� WHVW� DúDPDVÕQGD� ND\ÕW� DOÕUNHQ� LYPH� |OoHUOHULQ� J�o� ND\QD÷ÕQD� \DNÕQ�
ROPDVÕQGDQ�ND\QDNODQDQ�|Oo�P�KDWDODUÕ�RODELOHFH÷L�JLEL�WHVW�\DSÕODQ�ELQDGD�ND\ÕW�VÕUDVÕQGD�YDU�RODQ�KDUHNHWOL�\�NOHU�YH�
RUWDP�J�U�OW�V�QGHQ�GH�ND\QDNODQDELOLU��$QFDN�SHUL\RGODUD�EDNÕOGÕ÷ÕQGD�EX�IDUN����µH�G�úPHNWHGLU��7DEOR����
�
7DEOR���2UWDODPD�GHSODVPDQ�GH÷HUOHUL�NÕ\DVODQPDVÕ�

<�NOHPH�SURWRNROOHUL�
2UWDODPD�'HSODVPDQ��FP��

)DUN�����
�6RQOX�HOHPDQODU�PRGHOL� �7HVW�0RGHOL��*|]OHQHQ��

���+]� ���� ���� �����
���+]� ���� ���� ����

�
7DEOR����0RGDO�SHUL\RG�GH÷HUOHULQLQ�NÕ\DVODQPDVÕ�

<�NOHPH�\|Q�QGHNL�PRGODU� 0RGDO�SHUL\RGODU��V�� )DUN�����6RQOX�HOHPDQ�PRGHOL� 7HVW�0RGHOL��0$7/$%��
��0RG� ������� ������� ��
��0RG� ������� ������� ��
��0RG� ������� ������� ��

�
6RQXoODU�
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6RQOX� HOHPDQ�DQDOL]L� NXOODQÕODUDN� \DSÕODUÕQ�GLQDPLN�GDYUDQÕúODUÕ\OD� LOJLOL� ELOJLOHU� HOGH� HGLOPHNWHGLU��)DNDW� VRQOX� HOHPDQ�
PRGHOOHPH�DúDPDODUÕQGD��JHUoHNWH�YDU�RODQ�NXVXUODUÕQ�KHVDSODUD�\DQVÕWÕOPDVÕ�DPDFÕ\OD��ULMLWOLN�KHVDEÕQGD�NXOODQÕODFDN�RODQ�
HODVWLVLWH�PRG�O��D\QÕ�PDO]HPHOHUGHQ�\DSÕOPÕú� WHN�NDWOÕ�ELU�oHUoHYH�PRGHOL� LOH�EHOLUOHQPHOLGLU��%|\OHFH�JHUoHN�PDO]HPH�
|]HOOLNOHULQL� EHOLUOH\HUHN� VRQOX� HOHPDQ�PRGHOL� NXUXODELOLU��6RQOX� HOHPDQ�DQDOL]L� VRQXoODUÕ�� \DSÕODUÕQ�PRGDO� SHUL\RGODUÕQÕ�
oRN� \DNÕQ� PHUWHEHOHUGH� \DNDODUNHQ�� GHSODVPDQODUÕQ� KHVDSODQPDVÕQGD� IDUNOÕOÕN� J|VWHUHELOPHNWHGLU�� $QFDN� EX� IDUNOÕOÕNODU�
VRQOX�HOHPDQ�PHWRGRORMLVLQGH�NDEXO�HGLOHELOLU�G�]H\GHGLU��

�

7HúHNN�U�
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Abstract: Oedometric and triaxial tests are very much used in soil mechanics. However, in spite 
of their frequency in the world, these tests present some limitations related to remolding due to 
sampling process and to implemented experimental procedures. These limitations contribute to 
decreasing the resistance and deformability mechanical properties of soils, which condition their 
limit and critical states behavior. This paper proposes four validity criteria of oedometric and 
triaxial test results (compressibility criterion based on oedometric test results; consolidation, 
resistance and rigidity criteria based on triaxial test results) to appreciate the disturbance of test 
specimens. Impact of the sample disturbance on yield envelope of clayey soils according to these 
validity criteria is then analyzed. 
 
Key words: Clay, oedometer, triaxial, validity criterion, disturbance, limit state, critical state. 

 
 
Introduction 
 
 Experimental study of the behavior of soft clays is frequently carried out by means of conventional oedometric 
tests with incremental loading and of standard triaxial tests according to various stress or strain paths. The considerable 
success of these tests, in which the effective stress or strain paths followed are known, is due to the fact that they make 
it possible to rather correctly describe the behavior of soils and that they are carried out on specimens to which the 
principles of continuum mechanics can well apply. They have also significant advantages such as a good definition of 
spatial and temporal boundary conditions, a strict control of drainage conditions and a rather precise identification of 
mechanical properties of soils. Oedometric and triaxial tests present however some limitations related to remolding due 
to sampling process and to experimental procedures described in standards and in other texts of reference, which make 
that the interpretation of test results requires certain prudence. 
 This paper proposes four validity criteria of oedometric and triaxial test results. It aims to appreciating the sample 
disturbance and its influence on the limit and critical states behavior of clayey soils and to report which we can draw 
from the experimental data available on Guiche clay (Adour valley, France). Table 1 gives the range of variation of 
geotechnical characteristics of this natural clay and their mean values. 
 

Table 1. Geotechnical characteristics of Guiche clay (Adour valley, France) 
 

Parameters Symbols Range of variation Mean values 
Wet unit weight � (kN/m

3) 14.8 – 18.0 16.3 
Moisture content w (%) 46 – 85 55 
Liquid limit wL (%) 48 – 98 68 
Plasticity index Ip (%) 26 – 61 49 
Consistency index Ic (%) 10 – 40 28 
Content of organic matter COM (%) - 4.3 
In-situ void ratio eo 1.39 – 1.87 1.62 
Compression index Cc 0.46 – 0.99 0.74 
Swelling index Cs 0.05 – 0.13 0.08 
Preconsolidation pressure �'p (kPa) 40 – 90 70 

 
 This natural clay is described as a slightly organic and high plastic silty soft clay (fO-At according to French 
classification for soils or CH according to Unified System Classification for Soils). Experimental procedures 
implemented in study of the behavior of this natural soft clay, the test program realized and the detailed results obtained 
are in publications of Khemissa et al. (1993, 1997). Also, only the test results that appear to be interesting are described 
hereafter. 
 
 
Validity of oedometric test results: Compressibility criterion 
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 The compressibility and consolidation characteristics of Guiche soft clay (Adour valley, France) were determined 
starting from conventional oedometric test results. The tests were performed in accordance with oedometric testing 
methods in the Laboratoires des Ponts et Chaussées (LPC) in France (Magnan et al., 1985; Ducasse et al., 1986). An 
analysis of the variability of oedometric test results carried out on a homogeneous series of specimens of this same clay 
confirmed the cogency of these testing methods (Khemissa and Magnan, 2000). 
 The compressibility criterion, adopted as a remolding criterion by the LPC testing methods, is defined to validate 
the oedometric test results starting from conventional oedometric compressibility tests. It is translated, for a disturbed 
specimen, by values of the preconsolidation pressure �'p rather weak and lower than values of the effective overburden 
pressure �'vo� i.e. by overconsolidation ratio OCR�� 'p�� 'vo<1. It also translated by values of the compression and 
swelling indexes, Cc and Cs, weaker for a disturbed specimen than for an undisturbed specimen. This criterion is 
schematized on figure 1 for two specimens fitting in two samples belonged to the same bore: one undisturbed with 
OCR=1.43 (Fig. 1a) and the other disturbed with OCR=0.90 (Fig. 1b). 
 
 
Validity of triaxial test results 
 
 The shear and rupture characteristics of Guiche soft clay (Adour valley, France) were obtained by means of 
standard triaxial cells starting from: 
- isotropically consolidated undrained triaxial compression tests (CIU-tests), 
- Ko-consolidated undrained triaxial compression tests (CKoU-tests), 
- Ko-consolidated and isotropically consolidated undrained triaxial compression tests (CKoIU-tests), 
- Ko-consolidated undrained triaxial extension tests (EKoU-tests), 
- Ko-consolidated and isotropically consolidated undrained triaxial extension tests (EKoIU-tests); 
Ko being the coefficient of earth pressure at rest. The performed experimental program also comprised, for study of the 
limit state behavior of this clay, a series of anisotropically consolidated triaxial tests carried out on specimens subjected 
to a loading system of which the stress paths correspond to a constant radial and axial stresses ratios (CAP-tests). 
 Data analysis was carried out by means of a software developed at the Laboratoire Central des Ponts et Chaussées 
in France (Khemissa, 1988). This software offers the possibility, inter alia, to correct the errors which can take place 
during the acquisition of measurements (errors of instrumental origin or errors due to the operations carried out in 
particular at the beginning of each phase of the triaxial test). 
 The criteria adopted to validate the triaxial test results are described hereafter. 
 
Consolidation criterion 
 
 This criterion is defined starting from triaxial test results on specimens reconsolidated with in-situ effective 
stresses. It is translated by values of the consolidation volumetric strain �vc measured at end-of-reconsolidation as 
much higher than the soil is disturbed. Terzaghi et al. (1996) suggest these �vc-values for sample quality: <1% 
(excellent), 1-2% (good), 2-4% (fair), 4-8% (poor) and >8% (very poor). Figure 2 shows the �vc-peak values measured 
on each Ko-consolidated specimen (CKoU, CKoIU, EKoU and EKoIU -tests) and their quality according to the 
consolidation criterion. It can be noted that the specimens characterized by �vc-values ranging between 2 and 2.7% can 
be considered as fair quality, the others as good to excellent quality. 
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Figure 1. Compressibility criterion 
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Figure 2. Consolidation criterion 
 
Resistance criterion 
 
 This criterion is defined starting from undrained triaxial shear test results. It is translated, for a disturbed specimen, 
by values of undrained shear strength Su=(�1-�3)f/2 weaker than those obtained for an intact specimen tested under the 
same conditions; ( �1-�3)f being the deviator stress at failure corresponding to peak of shear curve. Figure 3 shows the 
variations of Su with effective consolidation stress �'c for all undrained triaxial shear tests results. It can be noted that 
the points located under the line characterizing the normally consolidated state of clay (i.e. critical state line in the 
principal plan of stresses) correspond to disturbed specimens. Thus, for a same consolidation state, the disturbed 
specimens, even after their Ko-consolidation, have undrained shear strength values lower than those of undisturbed 
specimens. 
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Rigidity criterion 
 
 This criterion is defined starting from undrained triaxial shear test results. It is translated, for a disturbed specimen, 
by values of undrained shear modulus Eu weaker than those obtained for an intact specimen tested under the same 
conditions; Eu being defined as a secant modulus corresponding to 0.5% of axial strain because of uncertainty to 
measures taken at the beginning of shear phase and of their representativeness. Figure 4 shows the variations of Eu with 
effective consolidation stress �'c for all undrained triaxial shear test results. It can be noted that the points located under 
the line characterizing the normally consolidated state of clay (i.e. critical state line in the principal plan of stresses) 
correspond to disturbed specimens. Thus, for same consolidation state, the disturbed specimens, even after their Ko-
consolidation, have undrained shear modulus values lower than those of undisturbed specimens. We can in addition 
think that the disturbance affects the initial soil deformability before affecting significantly its maximum resistance: the 
specimens, whose maximum resistance is considered as decreased by the disturbance, have also lower initial rigidities; 
the reverse not being necessarily checked. 
 
 
Impact of the sample disturbance on yield envelope of clayey soils 
 
 The analysis of oedometric and triaxial test results obtained on Guiche soft clay (Adour valley, France) made it 
possible to define the position of limit state and critical state points corresponding to effective stress paths followed for 
all specimens. The preconsolidation pressure being variable with depth, the limit state points corresponding to samples 
extracted at various depths do not follow the same limit and critical states curve. This explains undoubtedly the 
preconsolidation effect of clay on its limit state characteristics and justifies the use of normalized principal plan of 
stresses compared to preconsolidation pressure. In normalized Lambe’s diagram, the limit state points follow an 
appreciably elliptic limit state curve, with Ko-line as principal axis characterizing the state of in-situ effective stresses of 
clay, and �'-line characterizing the critical state line (Fig. 5). It can be noted that the shear tests, in which specimens 
were Ko-consolidated, lead to shear strengths higher than those corresponding to other shear tests. However, it is not 
certain that this difference can constitute an indication of the quality of a given test compared to another similar test 
because each result is associated only with one limit state point. All things in addition equal, it can be affirmed that the 
disturbance of specimens can involve a reduction at the same time of undrained shear strength, undrained shear 
modulus and preconsolidation pressure of clay. The disturbed specimens are characterized by limit state points located 
inside the limit state curve (and not on this one), when they are consolidated under stress lower than the 
preconsolidation pressure (overconsolidated state), and by critical state points located under the critical state line (and 
not on this one), when they are consolidated under stress higher than the preconsolidation pressure (normally 
consolidated state). For the ones, as for the others, only effect of the disturbance can be given as a probable explanation 
more especially as these same specimens were declared as disturbed by at least one of the four validity criteria of test 
results previously proposed. 
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Figure 3. Resistance criterion 
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Figure 4. Rigidity criterion 
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Figure 5. Normalized yield envelope for Guiche soft clay (Adour valley, France) 
 
 
Summary and conclusions 
 
 Oedometric and triaxial test results obtained on Guiche soft clay (Adour valley, France) made it possible to 
analyze the effects of disturbance of specimens on limit state behavior of this natural clay. These results show that the 
mechanical parameters values can well be influenced by quality of specimens: 
- for oedometric tests, it seems that the disturbance of specimens can seriously affect the compressibility and 

consolidation parameters of clay. It causes to decrease the compressibility of clay in overconsolidated state (thus to 
decrease its swelling index) and in normally consolidated state (thus to decrease its compression index). It returns 
thus difficult the definition of point of compressibility curve corresponding to preconsolidation pressure, because 
this curve is flattened according to the degree of disturbance of specimens; 

- for triaxial tests, the behavior of clay is mainly controlled by its limit and critical states. The undrained shear 
strength and undrained shear modulus vary with effective consolidation stress, which conditions the position and 
shape of limit state curve of clay. The disturbance of specimens can affect these parameters and influence the 
corresponding limit and critical states. 

The validity criteria of oedometric and triaxial test results proposed in this paper are complementary. They can be 
employed to analyze the resistance and deformability properties of natural soft clays in order to distinguish the 
disturbed from undisturbed specimens and, consequently, to reject those presenting an excessive disturbance. 
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VALUE OF BLENDED LEARNING IN SUPPORTING LEADERSHIP 
DEVELOPMENT PROGRAMS 

Dr. Ann Toler Hilliard 
Bowie State University, U.S.A. 

draph1@juno.com 
 

The future is now!  Blended learning is evident in professional development training for 
educational leadership development programs today.  With the limitation of funding and time 
constraints, more professional development training organizations are infusing blended learning 
as another educational tool to use during the leadership development training process.  The 
leadership development process continues after face-to-face training with the support of blending 
learning technology.  Blended learning has many definitions, but the most common meaning for 
blended learning is used to show a combined effort with face-to-face instruction to meet the needs 
of participants in the instructional environment.  Leadership development programs must include 
three dimensions for participants such as awareness of concepts, definition and procedures/policy, 
understanding of measurable skills and knowledge and the application of such skills and 
knowledge.   This study will discuss research related  blended learning and its benefits, an 
approach to blended learning, vision and mission, professional development, collaborative 
leadership practices and learning communities, monitoring and evaluating program quality.  
 
Keywords:  blended learning, facilitators, professional development, participants, learning 
communities 

Introduction 

Leadership development training programs for school leaders are utilizing software programs to improve the delivery of 
instruction and assessment of participants’ work.   Program participants are able to self-check their work before 
submission to program facilitators.  Therefore, needed programs and technology tools are a must to have today in 
leadership development training programs.  It is important for facilitators of the training program at the university to 
have the support from the leadership team at the university.  The leadership team at various levels at the university 
should make sure that the infrastructure is in place to accommodate or support blended learning programs.  It is 
important too, to have at the maintenance stage blended learning teaching programs that are strong.  Blended learning 
programs should be mapped out properly strategically, updated and improvements should be clearly defined by 
facilitators in all planning and implementation stages and evaluation of new or improved technology for blended 
learning program activities.  Blended learning programs should be updated only when it is necessary in meeting the 
current needs of participants.  Regardless of the instructional methods for training, it is important to have quality course 
content.   Participants in leadership development training should give feedback at the end of each session in order for 
facilitators to improve program quality.   Regardless of training experiences for participant feedback is important 
(Garrison & Vaughan, 2008).  The leadership team at the university should support quality blended learning programs 
by providing needed resources to facilitators guiding the program to ensure that participants are receiving quality 
services. 

What is blended learning and Its Benefits? 

There is not any one definition for blended learning.  However, the most common definition is using a percentage of 
online learning combined with face-to-face instructional services is a common definition.  The benefits of blended 
learning are as follows: learning can be used easily for over long periods of time with limited instructional facilitation, 
learning gives times for participants to reflect on their own practices immediately and learning offers multiple contexts 
of practices globally (Graham, 2006). 

 Blended learning is a practical framework that can be used to communicate a broad range of effective approaches to 
learning, teaching and leading. Blended learning uses various contemporary technologies to enhance learning, and the 
development of flexible approaches to course design and instructional methods to enhance participants’ engagement 
(Queensland University of Technology, 2011) 

An Approach for Blended Learning 

International Science and Technology Conference, Dubai, 13-15 December 2012

1328

mailto:draph1@juno.com


ISTEC 20
12

From the literature review there is little information to suggest that there is a formal systematic approach to blending 
learning.  The leadership development facilitators should seek common ways of using blending learning tools to engage 
participants in various training sessions by frequent engagement individually or as a group as follows:  

1. Provide blended learning training that is relevant for program participants.  

2. Use several technology tools to engage participants in a number of learning activities related to leadership. 

3. Keep participants focused on immediate tasks and exercises during the training session. 

4. Seek input/feedback from participants based on their views about blended learning practices used during the 
leadership development training experience. 

5. Monitor how well participants are performing using blended learning based on tasks completion in a timely 
manner. 

Some common tools used in blended learning training sessions are power point, videos and interactive whiteboards; 
virtual communication tools such as discussion boards, chat rooms and podcasting; social networking software such as 
blogs; e-learning systems and group collaborative software, mobile and face book learning (Gillani & Relan, 2007). 
 
Vision and Mission 

The participants in the leadership development program need to gain skills in writing a collaborative vision based on 
where the organization wants to go.  Usually the vision statement’s origin is based on values in essence what drives the 
organization toward its mission.  The mission statement tells participants in the training program what the organization 
intends to do to get to where the organization wishes to go to achieve its vision.  The participants in the leadership 
development program need to know how to articulate a typical vision and mission statement to a larger audience during 
the training experience (Littlejohn & Pegler, 2007). 

Professional Development Activities 

Relevant professional development is a must for participants in the leadership development training program and the 
upgrading of skills and knowledge in order for these participants to keep up with the latest trends in online learning or 
blended learning at the university.  The leadership team at the university should continue to update facilitators, faculty 
and students’ skills and knowledge regarding new and improved technologies through blended learning.  Therefore, it is 
important for university leadership team to communicate the online policy for new or improved programs; schedule 
differentiated professional development based on participants’ needs, offer participants incentives to participate in 
program training.   The facilitators of the leadership development program should also offer mentoring services to 
participants in order to show participants how to use the variety of technology management tools to enhance skills and 
knowledge in leadership (Krause, 2007).  Research indicates educational district leaders are responsible for many tasks 
in school districts and at the university and these individuals must have knowledge and know the expectations within 
the job description.  District school leaders for example must show competence (without this author altering words) by:    

1. Developing a broadly collaborative vision and mission to guide district decisions and to support change at the 
school level and knowledge of how to develop trust, that is a requisite variable in shared visioning, for school 
improvement by using data technology evidence to inform district decisions, and knowledge of the importance 
of professional development 

2. Developing school culture and climate is critically important; therefore, the district leaders must apply 
knowledge of how to create a culture of trust, learning, and high expectations by building effective learning 
communities by the support of blended learning.   

3. Knowing curriculum planning and how to develop the curriculum to motivate students in learning 
environments using various technology tools to enhance instructional services.  

4. Infusing technology into leadership practices has become a recognized domain of practical knowledge 
essential to effective instructional leadership and that is why blended learning is so important. 

5. Using best practices regarding management of a district organization, operations, and resources for a safe, 
efficient, and effective learning environment using blended learning. 

6.  Knowing how to craft systemic management and operations, organize education improvement efforts, 
coordinate accountability systems using technology, and create policy coherence that influences school 
outcomes and student learning.  
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7. Knowing the importance of creating systems that focus on school personnel and other 
Needed resources related to common goals and creating processes by using technology that facilitates effective 
teaching, learning and leading, because there should be ways to encourage teachers to be leaders. 

8.  Supporting ways to promote the success of every student by ensuring the management of the district’s 
organization, operation, and resources through monitoring and evaluating district management and operational 
systems by using technology systems. 

9.  Using human, fiscal, and technological resources within the district; promoting district-level policies and 
procedures that protect the welfare and safety of students and staff across the district.  

10. Training others as leaders in the capacity for distributed leadership and ensuring that district time focuses on 
high-quality instruction and student learning by the use of blended learning support tools. 

11. Making it a point to collaborate with faculty, families and caregivers, and district community partners; 
understanding of diverse community interests and needs; and best practices for mobilizing district community 
resources by the use of technology support systems.  

12. Knowing how to collect and analyze data information pertinent to the district’s educational environment, and 
using appropriate strategies and data technology. 

13. Supporting the practices of inclusive leadership, and leadership for diversity. 
14. Providing clinical experiences with the support of blended learning for all individuals or participants who are 

seeking certification for district leadership positions from the leadership development training programs 
(NPBEA, 2011). 

 
Observations by educational experts affirm that an effective district leader must be reflective about leadership practices 
in order to improve student learning (Knapp, Copeland & Talbert, 2003). Using typical standards articulated by NCATE 
can guide the success of leadership development training programs, because these standards can give program 
facilitators a consistent way to plan, organize, implement, monitor and evaluate program effectiveness. 
 
Collaborative Leadership Practices and Learning Communities 

A continuation of learning must take place for participants in the leadership development training program.  Therefore, 
collaborative leadership practices and learning communities are all assets to the professional growth of participants in 
the leadership development training program. 

The collaborative practice is encouraged so that participants in the leadership development training program may have 
mastery of skills in the sharing of power, decision-making and valuable resources.  The collaborative leadership 
practice helps to broaden the network of resources for participants during and after the training experience.  The success 
of collaborative practices creates positive relationships through trust, mutual respect, broader understanding of diversity 
and improves communication.  Collaborative leadership practices offer a chance for participants in training to be full 
supporters for their areas of interest within the organization and within their own community (Garrison & Vaughan, 
2008). 

Collaborative learning for the participants in the leadership development training program are in a unique position to 
establish a viable learning community by using blended learning or e-learning opportunities. Facilitators of the blended 
learning community can create opportunities for participants to connect to various community technologies to extend 
the face-to-face into blended learning solutions that include pre and post time for online community building as a 
practice for participants long after the formal training experience in the leadership development program has ended 
(Chris lip, 2001). 

The benefits of a collaborative electronic learning community for participants are many.  For example blended learning 
communities are able to: 

1. Extend interactive learning opportunities informally for all participants 

2. Seek unlimited ways to receive and share knowledge and skills with others 

3. Share relevant and practical ways to address problems and issues in education and business at the district or 
building level 

4. Allow small and large groups of individuals to work on organizational projects through the use of technology 
without the expense of travel or hotel (Educes, 2009).    
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With electronic learning communities, online conferences could be help often for professional development practices.  
For conference activities, participants may view relevant videos and power point presentations in narrative format that 
encourage group interaction.  Online and blended learning conferences give the participants the opportunity to ask 
questions, examine resources and network with other participants during the conference.  After the conference has 
ended, if information was saved electronically, participants who wish could review selected presentations for more 
clarity. 

There are many tools available for blended learning or online learning as follows: 

1. Asynchronous Tools include discussion boards, calendar, group announcements, messaging or email, 
decision support tools, surveys and polls and website links. 

2. Synchronous Tools include audio conferencing, chat, instant messaging, video conferencing, web 
conferencing and white boarding. 

3. Content Integration includes narrated slideshows, interactive activities, streaming audio and video and 
web books. 

4. Document Management includes document collaboration, permission based access, resource library and 
version tracking and control (Kaplan, 2002). 

In order to have a clear understanding for tool use by participants, the facilitators must ensure that all participants know 
how to use the electronic tools with maximum proficiency during the leadership development training program. 

Monitoring and Evaluating Program Quality 

In order to have high quality assurance for all leadership development programs, it is essential that there is a monitoring 
system in place.  Facilitators are responsible for the overall monitoring of the leadership development training program.  
The facilitators must also encourage participants to self-monitor their own performance too. Evaluation or assessment 
of the program can be time consuming; however, facilitators must have effective management skill and be able to 
monitor each assignment to see if certain requirements have met weekly and provide written feedback to participants 
through document collaboration (Quality Matters, 2008).  

Conclusion 

From all research, there is added-value to using blended learning in leadership development programs, because of the 
broad range of integrated and use of electronic tools such as audio, video and web conferencing opportunities and 
others.  Blended learning has many advantages too, because it is cost effective, provides an opportunity for broader 
audience of diverse participants, many interactive capabilities and provides broader means of communication within 
learning communities on a global scale. 
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YH� GHQL]OHU� GH� GkKLOGLU����6XGD� VDI� ROPD\DQ� ED]Õ� PDGGHOHU� EXOXQPDNWDGÕU�� gUQH÷LQ�� PLNURRUJDQL]PDODU�� o|]�QP�ú�

RUJDQLN� WX]ODU�� PHWDO� WX]ODUÕ� YH� ]DUDUOÕ� EDNWHULOHU�� %X� \�]GHQ� ELUoRN� GXUXPGD� GR÷DO�ND\QDN�VXODU� LQVDQODU� WDUDIÕQGDQ�

GR÷UXGDQ� LoLOPH]OHU��7�NHWLFLQLQ�EX� VXODUÕ�NXOODQDELOPHOHUL� LoLQ�ED]Õ� LúOHPOHUGHQ�JHoPHOHUL�JHUHNPHNWHGLU��6DQD\LQLQ�

JHOLúPHVL� YH� E�\�N� úHKLUOHUGH� Q�IXVXQ� DUWPDVÕ\OD� ELUOLNWH� ELUoRN� HWNHQ� VX\XQ� NLUOHQPHVLQH� QHGHQ� ROPXúWXU�� %X�

JHOLúPHOHU�QHWLFHVLQGH�GHQL]OHU��QHKLUOHU��J|OOHU�YH�GHUHOHU�IDEULND�YH�VDQD\L�E|OJHOHULQGHQ�JHOHQ�DWÕNODUOD�NLUOHWLOPLúWLU��

6XODUGDNL�HQ�|QHPOL�NLUOLOLN�WRSUDNWDQ�YH�D÷ÕU�PHWDOOHUGHQ�ND\QDNODQDQ�NLUOLOLNWLU��%XQODUÕQ�GD�HQ�FLGGL�ND\QD÷Õ�\DNÕWODU��

HQG�VWUL\HO� DWÕNODU� YH� HYVHO� DWÕNODUGÕU����%L]� EX� oDOÕúPDPÕ]GD� \XNDUÕGD� ]LNUHGLOHQ� NLUOHWLFLOHULQ� oDOÕúPD� \DSWÕ÷ÕPÕ]�

QRNWDODUGDNL�VXODUÕQ�NLUOHQLS�NLUOHQPHGL÷LQL�NLUOHQGL\VH�KDQJL�|Oo�GH�NLUOHQGL÷LQL�WHVSLW�HWPHNWL����

0DWHU\DO�YH�<|QWHP�

����$UDoODU��
��������%L]�EX�oDOÕúPDPÕ]ÕQ�|Oo�POHULQL�7KHUPR�6RODDU��YH�3HUNLQ�(OPHU�$$�����PDUND��$WRPLN�$EVRUSVL\RQ�
6SHNWURIRWRPHWUHVL�YDVÕWDVÕ\OD�JHUoHNOHúWLUGLN��$WRPLN�$EVRUEVL\RQ�|Oo�POHUL�+DYD�$VHWLOHQ�NDUÕúÕPÕ�DOHYL�NXOODQÕODUDN�
\DSÕOGÕ�����
����.LP\DVDOODU��
������7�P�o|]HOWLOHU�GLL\RQL]H�VX�NXOODQÕODUDN�KD]ÕUODQGÕ��%X�oDOÕúPDGD�HVQDVÕQGD�NXOODQÕODQ��W�P��NLP\DVDOODUÕQ�$OPDQ�
0HUFN�PDUND�NLP\DVDOODU�ROPDVÕQD�|]HQ�J|VWHULOPLúWLU�����.DOLEUDV\RQ�*UDIL÷LQL�ROXúWXUPDN�LoLQ�0HUFN�PDUND������
SSP¶OLN�VWDQGDUW�VWRN�o|]HOWLVL��0�+12��LOH�VH\UHOWLOHUHN�KD]ÕUODQGÕ��
����'HQH\�
������7�P�VX�|UQHNOHUL�LON|QFH�0DYL�EDQW�V�]JHo�Nk÷ÕGÕ�LOH�V�]�OG��YH���J�DNWLI�NDUERQ�NRORQODUÕQ�LoHULVLQH�GROGXUXOGX��
%X�LúOHP�EDVDPDNODUÕ�KHU�|Oo�P�LoLQ�D\UÕ�D\UÕ�ROPDN��]HUH�WHNUDUODQGÕ����PO���¶OLN�GLHWLOGLWL\RNDUEDPDW��/¶OLN�VX�
QXPXQHOHULQH�LODYH�HGLOHUHN�HVHU�PHWDOOHUOH�NRPSOHNVOHúPHOHUL�VD÷ODQGÕ��'DKD�VRQUD�VDI�+12��YH�IWDODW�WDPSRQX�
NXOODQÕODUDN�S+¶VÕ��������¶\H�D\DUODQGÕ��øNL�VDDW�EHNOHQGLNWHQ�VRQUD�V�]PH�LúOHPL�JHUoHNOHúWL��NRPSOHNVOHúHQ�WRNVLN�
PHWDOOHU���PO��0�+12��o|]HOWLVLQH�DOÕQGÕ�W�P�LúOHPOHU��o�SDUDOHO�KDOLQGH�oDOÕúÕOGÕ�YH�VRQ�RODUDN�$WRPLN�$EVRUSVL\RQ�
VSHNWURIRWRPHWUHVL\OH�SSE�FLQVLQGHQ�NRQVDQWUDV\RQODUÕ��o�SDUDOHO�RODUDN�|Oo�OHUHN�RUWDODPDODUÕ�DOÕQGÕ��
%XOJXODU�
�1XPXQH�0HUNH]OHUL�
�
1XPXQH�VÕUDVÕ� 1XPXQHQLQ�DOÕQGÕ÷Õ�\HUOHU�

�� 9DQ�)DUXN�PDGHQ�VX\X�

�� 9DQ�(UFLú�ÕOÕFD�VÕFDN�PDGHQ�VX\X�

�� 9DQ�(UFLú�ÕOÕFD�VR÷XN�PDGHQ�VX\X�

�� 9DQ�g]DOS�PDGHQ�VX\X�

�� 9DQ�g]DOS�.DSÕ�N|\�PDGHQ�VX\X�

�� 9DQ�dDOGÕUDQ�2VPDQOÕ�PDGHQ�VX\X�

�� 9DQ�+RúDS�PDGHQ�VX\X�

�� 9DQ�*�]HO�GHUH�PDGHQ�VX\X�

�� 9DQ�*�USÕQDU�NLOLVH�PDGHQ�VX\X�

��� 9DQ�*�USÕQDU�úHKLWOLN�PDGHQ�VX\X�

.RQVDQWUDV\RQ�

P J�/��SSE��
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7DUWÕúPD�YH�6RQXo���������������������������
��������
������6X�LQVDQ�\DúDPÕQÕQ�HQ�|QHPOL�XQVXUODUÕQGDQ�ELULVLGLU��%X�\�]GHQ�VX\XQ�D÷ÕU�PHWDO�DQDOL]L�VRQ�\ÕOODUGD�E�\�N�|QHP�
ND]DQPÕúWÕU��6XGD�EXOXQDQ�D÷ÕU�PHWDOOHU�7RNVLN�YH�%HVOH\LFL�ROPDN��]HUH�LNL�JUXED�D\UÕOÕU�%L]�EX�oDOÕúPDPÕ]GD�PDGHQ�

VXODUÕQGDNL� EHVOH\LFL� |]HOOL÷L� RODQ� D÷ÕU� PHWDOOHUGHQ�0DQJDQ�0Q�� YH� 1LNHO�1L�¶LQ� NRQVDQWUDV\RQODUÕQÕ� WD\LQ� HWWLN�� %X�

oDOÕúPDGD� HVHU� DQDOL]� WD\LQOHULQLQ� HWNLOL� \|QWHPOHULQGHQ� ELULVL� RODQ� DNWLI� NDUERQXQ� ]HQJLQOHúWLUPH�|QGHULúWLUPH��

\|QWHPLQL�NXOODQDUDN�EHVOH\LFL�D÷ÕU�PHWDOOHU�RODQ�0DQJDQ�0Q�¶ÕQ�YH�1LNHO�1L�¶LQ�PLO\DUGD�ELU�RODUDN�DGODQGÕUÕODQ�SSE�

VHYL\HVLQGH�NRQVDQWUDV\RQODUÕ�|Oo�OG��%X�|Oo�POHU�QHWLFHVLQGH�EX�\|QWHPLQ�GR÷DO�ND\QDN�YH�PDGHQ�VXODUÕQGD�KHP�KÕ]OÕ�

KHP�GH�J�YHQLOLU�ROGX÷X�NDQDDWLQH�YDUÕOGÕ����%LU�\ÕO�ER\XQFD�G|UW�PHYVLPGH�\DSÕODQ�|Oo�POHU�QHWLFHVLQGH�0DQJDQ�0Q��

YH�1LNHO�1L��NRQVDQWUDV\RQODUÕQÕQ�ELU�QXPXQH�KDULFLQGH�KHP�NDEXO�HGLOHELOLU�KHP�GH�PHYVLPVHO�|Oo�POHULQGH�NDUDUOÕOÕN�

J|VWHUGL÷L�DQODúÕOPDNWDGÕU�7DEOR�����GH�GH�J|U�OHFH÷L��]HUH�0DQJDQ�0Q��YH�1LNHO�1L���NRQVDQWUDV\RQODUÕQÕQ�6WDQGDUG�

VDSPDVÕ����¶XQ� DOWÕQGDGÕU��%X�QHGHQOH�|UQHNOHULQ�0DQJDQ�0Q��YH�1LNHO�1L�� � NRQVDQWUDV\RQODUÕ� DUDVÕQGD�PHYVLPVHO�

DQODPGD� oRN� E�\�N� IDUNOÕOÕNODU� J|]OHQPHPLúWLU����$\UÕFD� \DSÕODQ� oDOÕúPD� QHWLFHVLQGH� |Oo�P� \DSÕODQ� ��� IDUNOÕ�

PHUNH]GHNL�VRQXoODUÕ�GH÷HUOHQGLUGL÷LPL]GH�9DQ�(UFLú�ÕOÕFD�VÕFDN�PDGHQ��VX\XQXQ��0DQJDQ�0Q��NRQVDQWUDV\RQXQXQ�HQ�

\�NVHN� G�]H\GH� ROGX÷X� YH� 9DQ� *�]HO� GHUH� PDGHQ� � � VX\XQXQ�0DQJDQ�0Q�� � NRQVDQWUDV\RQXQXQ� HQ� G�ú�N� G�]H\GH�

ROGX÷X� WHVSLW� HGLOPLúWLU�$\UÕFD� HOGH� HGLOHQ� YHULOHU� QHWLFHVLQGH� |Oo�P� \DSÕODQ� ��� IDUNOÕ� PHUNH]GHNL� 1LNHO�1L��

NRQVDQWUDV\RQODUÕQÕ�GH÷HUOHQGLUGL÷LPL]GH�VRQXoODUÕQ�KHP�PHYVLPVHO�RUWDODPDVÕ�KHP�GH�|Oo�P�PHUNH]OHUL��EDNÕPÕQGDQ�

VRQ�GHUHFH�PDNXO� YH� VWDQGDUWODUD�X\JXQ�ROGX÷X� KHP� WDEOR������ KHP�GH� JUDILNWHQ� DQODúÕOPDNWDGÕU�$\UÕFD�EX�|Oo�POHU�

QHWLFHVLQGH� 1LNHO�1L�� EDNÕPÕQGDQ� � KHUKDQJL� ELU� ROXPVX]� GXUXPOD� NDUúÕODúÕOPDPÕúWÕU�gOo�POHUL� \DSÕODQ� W�P� PDGHQ�

VXODUÕQÕQ�0DQJDQ�0Q�� � NRQVDQWUDV\RQX� |Oo�POHUL� QHWLFHVLQGH� 9DQ� (UFLú� ÕOÕFD� VÕFDN� PDGHQ� � VX\XQXQ� �0DQJDQ�0Q��

NRQVDQWUDV\RQXQX� RUWDODPDVÕ� ���� SSE¶QLQ� �]HULQGH� ROGX÷X� WHVSLW� HGLOPLúWLU�� %X� GH÷HU� �VW� VÕQÕUODU� EDNÕPÕQGDQ�

0DQJDQ�0Q�¶ÕQ� VWDQGDUW� GH÷HULQLQ� \DNODúÕN� �o� NDWÕGÕU� YH� FLGGL� DQODPGD� WHKOLNH� DU]� HWPHNWHGLU�� 'L÷HU� �� PHUNH]GH�

\DSÕODQ� |Oo�POHU� VRQXFXQGD� LVH� 0DQJDQ�0Q�� � NRQVDQWUDV\RQX� KHP� $YUXSD� %LUOL÷L� øoPH� 6X\X� .ULWHUOHULQH� KHP� GH�

'�Q\D� 6D÷OÕN� gUJ�W�� .ULWHUOHULQH� YH� D\QÕ� ]DPDQGD� 7�UN� 6WDQGDUWODUÕ� øoPH� 6X\X� 6WDQGDUGÕ� RODQ�76����� \D� X\JXQ�

ROGXNODUÕ�YH�0DQJDQ�0Q�� �DoÕVÕQGDQ�KHUKDQJL�ELU�NLUOLOLN� WDúÕPDGÕNODUÕ� VRQXFXQD�YDUÕOPÕúWÕU�$\UÕFD�|Oo�P�\DSÕODQ����

PHUNH]GHNL� 1LNHO�1L�� � NRQVDQWUDV\RQODUÕQÕ� LQFHOHGL÷LPL]GH� VRQXoODUÕQ� VRQ� GHUHFH� PDNXO� YH� PHYVLPVHO� RUWDODPDODUD�

J|UH�NDUDUOÕ�ELU�GXUXP�VHUJLOHGLNOHUL�DQODúÕOPDNWDGÕU��0DQJDQ�0Q��GD�ROGX÷X�JLEL�1LNHO�1L��EDNÕPÕQGDQ�KHUKDQJL�ELU�

ROXPVX]�GXUXPOD�NDUúÕODúÕOPDPÕúWÕU��1LNHO�1L��NRQVDQWUDV\RQODUÕ�KHP�$YUXSD�%LUOL÷L� øoPH�6X\X�.ULWHUOHULQH� KHP�GH�

'�Q\D� 6D÷OÕN� gUJ�W�� .ULWHUOHULQH� YH� D\QÕ� ]DPDQGD� 7�UN� 6WDQGDUWODUÕ� øoPH� 6X\X� 6WDQGDUGÕ� RODQ�76����� \D� X\JXQ�

ROGXNODUÕ� YH� 1LNHO�1L�� DoÕVÕQGDQ� KHUKDQJL� ELU� NLUOLOLN� WDúÕPDGÕNODUÕ� VRQXFXQD� YDUÕOPÕúWÕU�� 6RQXo� RODUDN� VX� NXOODQÕPÕ�

LQVDQ�VD÷OÕ÷Õ�DoÕVÕQGDQ�VRQ�GHUHFH�|QHPOL�ROXS�LoPH�\D�GD�NXOODQPD�VX\X�ROVXQ�WHVW�HGLOPHOL�H÷HU�D÷ÕU�PHWDO�DoÕVÕQGDQ�

KHUKDQJL�ELU�NLUOLOLN�WDúÕ\RUVD�EX�NLUOLOLN�\D�EHUWDUDI�HGLOPHOL�\D�GD�LoLOPHVL�YH�NXOODQÕOPDVÕ�\DVDNODQPDOÕGÕU��

�

.D\QDNODU�
$NDJL��7���&KHQJ��&�M���+DUHDJXFKL��+��������6LPXOWDQHRXV�0XOWL�(OHPHQW�$QDO\VÕVIRU�7UDFH�0HWDOV�LQ�6HD�:DWHU�E\�

,QGXFWLYHO\�&RXSOHG�3ODVPD�$WRPLF�
(PLVVLRQ�6SHFWURPHWU\�DIWHU�%DWFK�3UHFRQFHQWUDWLRQ�RQ�D�&KHODWLQJ�5HVLQ�Analytica Chimicia Acta, 198�����������
(NSR��%�2���,ERN��8�-���������7HPSRUDO�9DULDWLRQ�DQG�'LVWULEXWLRQ�RI�7UDFH�0HWDOV�LQ)UHVKZDWHU�DQG�)LVK�IURP�&DODEDU�
5LYHU�6�(��1LJHULD��Environmentaland Health, 21���������
.DUWDO��ù���(OoÕ��/���'R÷DQ��0���������,QYHVWLJDWLRQ�RI�/HDG��1LFNHO��&DGPLXP�DQG=LQF�3ROOXWLRQ�RI�7UDIILF�LQ�.D\VHUL��
Fresenius Environment Bul��������������
5DPVH\�� 0�+�� 7URPSVRQ�� 0��� 3DKODYDQSRXU�� %��� ������ :DWHU� $QDO\VLV� E\,QGXFWLYHO\� &RXSOHG� 3ODVPD� $WRPLF�
(PLVVLRQ�6SHFWURPHWU\�DIWHU�D�5DSLG3UH�FRQFHQWUDWLRQ��Analyst, 107�������������
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8]XQ��$���6R\ODN��0���(OoL��/���������3UHFRQFHQWUDWLRQ�DQG�6HSDUDWLRQ�ZLWK$PEHUOLWH�;$'���5HVLQ��'HWHUPLQDWLRQ�RI�
&X��)H��3E��1L��&G�DQG�%L�DW�7UDFH/HYHOV�LQ�:DVWH�:DWHU�6DPSOHV�E\�)ODPH�$WRPLF�$EVRUSWLRQ�6SHFWURPHWU\�Talanta,�
�������������
<DOoÕQ��+���*�U���0., Su Teknolojisi��$QNDUD������
7RNDOÕR÷OX��ù���.DUWDO�ù��(OoL�/��������'HWHUPLQDWLRQ�RI�7UDFH�0HWDOV�LQ�:DWHUV�E\)$$6�DIWHU�(QULFKPHQW�DV�0HWDO��
+0'7&�&RPSOH[HV�8VLQJ�6ROLG�3KDVH�
([WUDFWLRQ. Bull.Korean Chem.Soc.Vol,23�1R���
1DODWDPEL��6��������'HWHUPLQDWLRQ�RI�0HWDOV� LQ�7DS�:DWHU�8VLQJ�$WRPLF�$EURVSWLRQ6SHFWURPHWU\��$�&DVH�6WXG\�øQ�
%DQGDU�6XQZD\�5HVLGHQWLDO�$UHD��
Sunway Academic Journal 6 
1DULQ��ø���6R\ODN��0���(OoL�/���'R÷DQ��0���������'HWHUPLQDWLRQ�RI�WUDFH�PHWDO�LRQV�E\$$6�LQ�QDWXUDO�ZDWHU�VDPSOHV�DIWHU�
SUHFRQFHQWUDWLRQ�RI�S\URFDWHFKRO�YLROHW�
FRPSOH[HV�RQ�DQ�DFWLYDWHG�FDUERQ�FROXPQ�Talanta,52������������
.XPDJDL��+���<DPDQDND��0���6DNDL��7���<RNR\DPD��7���6X]XNL��0���6X]XNL�7��������'HWHUPLQDWLRQ�RI�WUDFH�PHWDOV�LQ�
VHD�ZDWHU� E\� LQGXFWLYHO\� FRSOHG� SODVPD� PDVVVSHFWURPHWU\� LQWHUIDFHG� ZLWK� DQ� LRQ� FKURPDWRJUDSKLF� VHSDUDWLRQ�
V\VWHP�HIIHFWLYHQHVV� RI� QLWULORWULDFHWDWH� FKHODWLQJ� UHVLQ� DV� WKH� FROXPQ� VWDWLRQDU\� SKDVHIRU� SUHFRQFHQWUDWLRQ� DQG�
HOLPLQDWLRQ�RI�PDWUL[�HIIHFWV.Journal of AnalyticalAtomic Spectrometry�9RO��������������
�
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VIRUS AND VIRUS-LIKE  ELIMINATION  BY STIGMA AND STYLE 
SOMATIC EMBRYOGENESIS  OF ALGERIAN CITRUS GERMPLASM 

Meziane M ;  boudjeniba M ;  D’Oghia AM ;  Frasheri D;  Carra A;   Carimi F 

Meziane M .  meziane_ma@yahoo.fr 

 

Abstract  Stigma/style somatic embryogenesis is one of the efficient methods in plant 
regeneration and sanitation  of most Citrus ssp., without inducing somaclonal variations. This 
technique was applied on Algerian citrus collection. The main varieties of different citrus species 
(Citrus sinensis, C. limon, C. reticulata, C. maxima and C. paradisi) were chosen and tested for 
the presence of the main virus and virus-like agents. Most of the genotypes showed to be infected 
by one or more infectious agents, primarily viroids. Closed flowers were collected from these 
genotypes during blossoming and, after sterilization, cultured on a MS medium supplemented 
with mg/l BAP (6-benzylaminopurine). All explants produced callus at the cut end of the styles, 
about 4-9 days after culture initiation, whereas embryogenesis occurred later (after 38 -150 days) 
in most of the cultured genotypes. Formed embryos were cultured in a single tube before in vivo 
acclimatization. After sanitary assays, plants regenerated from stigma/style culture showed to be 
free from the agents and diseases detected in the mother trees. The successful and easy 
application of this technique under Algerian conditions showed that somatic embryogenesis could 
be largely applied not only for Citrus in vitro conservation but also for the production of healthy 
citrus plants to start up the citrus certification program in the country. 

Keywords : Citrus germplasm, Algeria , Virus\virus-like , sanitation, somatic embryogenesis 
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g]HW��*HOLúHQ� \HQL� QHVLO� WHNQRORMLOHU� LOH� KDULWD� ELOJL� VLVWHPOHULQH� GX\XODQ� JHUHNVLQLPLQ� DUWWÕ÷Õ�
J|U�OPHNWHGLU�� %X� JHUHNVLQLPLQ� JLGHULOPHVLQH� \|QHOLN� RODUDN� \DSÕOPÕú� oHúLWOL� X\JXODPDODU� PHYFXWWXU��
*RRJOH¶ÕQ�JHOLúWLUGL÷L�YH�GL÷HU�X\JXODPDODUÕQ�NXOODQÕPÕQD��FUHWVL]�RODUDN�VXQGX÷X�*RRJOH�0DSV�$3,¶OHU�
oRN�oHúLWOL�LKWL\DoODUÕ�NDUúÕODU�QLWHOLNWHGLU��*RRJOHµÕQ�ROXúWXUPXú�ROGX÷X�J�QFHO�KDULWDODUÕQ�YH�EX�KDULWDODU�
�]HULQGH� LúOHP� \DSDFDN� RODQ� KD]ÕU� X\JXODPD� SDUoDODUÕQÕQ� L\L� úHNLOGH� LQFHOHQPHVL� YH� X\JXODPDODUÕQ�
ROXúWXUXOPDVÕ� \HQL� \DSÕODFDN� oDOÕúPDODUD� GHVWHN� QLWHOL÷LQGHGLU�� <DSÕODQ� EX� oDOÕúPDGD�� *RRJOH� 0DSV�
$3,¶OHULQLQ� ZHE� WDEDQOÕ� KDULWD� ELOJL� VLVWHPOHULQH� HQWHJUH� HGLOGL÷L� ELU� \DSÕ� ROXúWXUXOPXúWXU�� %X� \DSÕ�
DUDFÕOÕ÷Õ� LOH�*RRJOH�0DSV�X\JXODPDVÕQÕQ�ELU�KDULWD�ELOJL�VLVWHPLQGH�NXOODQÕOPDVÕ�JHUoHNOHúWLULOPLúWLU��%X�
oDOÕúPD�LOH�ELU��QLYHUVLWHQLQ�NDPSXVX�LoHULVLQGHNL�|QHPOL�QRNWDODUÕQ, KDULWDODU��]HULQGH�LQWHUDNWLI�úHNLOGH�
J|VWHULOHELOPHVLQL� VD÷OD\DQ�ZHE� WDEDQOÕ� ELU� KDULWD� ELOJL� VLVWHPL� ROXúWXUXOPXúWXU��%X� VLVWHPLQ� X\JXQ� ELU�
úHNLOGH \|QHWLPLQLQ� VD÷ODQPDVÕ� LoLQ�\|QHWLFL� DUDELULPL� JHOLúWLULOPLúWLU��<|QHWLP�DUDELULPL��]HULQGH�\LQH�
*RRJOH�0DSV�$3,�X\JXODPDODUÕQÕQ�NXOODQÕOPDVÕ�VD÷ODQPÕúWÕU� 

$QDKWDU� 6|]F�NOHU�� +DULWD� %LOJL� 6LVWHPL�� *RRJOH� 0DSV� $3,�� :HE� 7DEDQOÕ� <|QHWLP�� +DULWD�
Servisleri 

$EVWUDFW�� It has been understood that the requirement of map information systems with 
advancing new generation technologies has been increased. There are several applications devoted to 
satisfying these demands. Google Maps APIs, which have been developed and given to the service of 
other applications free of charge by Google, have the qualifications for satisfying a lot of needs. Deeply 
analyzing Google's updated maps and the sections of ready-made applications provide new studies to be 
carried out further. In this study, a structure, in which Google Maps APIs integrated with map 
information systems, has been established. With the aid of this structure, the application of Google Maps 
into a map information system has been put into practice. With this study, a web based map information 
system, which provides the demonstration of important locations in a university campus interactively, has 
been created. In order to operate this system effectively, an administrator interface has been developed. 
The application of Google Maps API has also been adapted into this administrator interface. 

.H\ZRUGV�� Geographic Information Systems, Google Maps API, Web Based Management, 
Geographic Services 

 

� *LULú�

6RQ� G|QHPOHUGH� VÕNoD� NDUúÕODúWÕ÷ÕPÕ]� &R÷UDIL� %LOJL� 6LVWHPOHUL� DVOÕQGD� LQVDQODUÕQ� \|Q� EXOPD� LKWL\DoODUÕQGDQ�
GROD\Õ� WDULKLQ�KHU�HYUHVLQGH� IDUNOÕ� WHNQLNOHU� LOH�YH� IDUNOÕ� IRUPODUGD�NDUúÕPÕ]D�oÕNPDNWDGÕU�� øQVDQODU� LON�KDULWD\Õ�oL]GL÷L 
J�QGHQ� EXJ�QH� KHU� GHIDVÕQGD� GDKD� \HQL� WHNQLNOHUOH� \|Q� EXOPD� YH� QHVQH� NRQXPODUÕQÕQ LúDUHWOHQPHVLQL� VD÷ODPD�
NRQXVXQGD�LOHUOHPH�ND\GHWPLúOHUGLU��<�]�\ÕODUFD�KDULWD�YH�SXVXOD�LNLOLVL�LOH�JHUoHNOHúWLULOHQ�konum ve yön tespiti, GPS 
�*OREDO�3RVLWLRQLQJ�6\VWHP��.�UHVHO�.RQXPODPD�6LVWHPL��NXOODQÕPÕQÕQ�EDúODPDVÕ�LOH�oRN�GDKD�IDUNOÕ�ELU�KDO�DOPÕúWÕU��
*36�X\GXODU�LOH�\|Q�WD\LQL�WHNQL÷L��KDULWDODUÕQ��]HULQGH�oRN�GDKD�YHULPOL�LúOHU�\DSÕOPDVÕQD�\RO�DoPÕúWÕU�� 

,QWHUQHW�NXOODQÕPÕQÕQ�\D\JÕQODúPDVÕ�KDULWDODUD�ED÷OÕ�\DSÕODQ�DUDúWÕUPD�YH�JHOLúWLUPH�oDOÕúPDODUÕQD�EDúND�ELU�\|Q�
YHUPLúWLU�� øQWHUQHWLQ� \D\JÕQ� NXOODQÕPÕ� EX� NRQXGD� \DSÕODQ� oDOÕúPDODUÕQ� GDKD� KÕ]OÕ� \D\ÕOPDVÕ� YH� GDKD� ID]OD� NXOODQÕFÕ\D�
HULúPHVLQL�VD÷ODPÕúWÕU (Bildirici, Böge, & Alpsal, 02-���.DVÕP������. .XOODQÕFÕODUÕQ�GH÷LúHQ�LKWL\DoODUÕ�\HQL�DUDúWÕUPD�
YH�JHOLúWLUPHOHUL�WHWLNOHPLú�YH�\HQL��U�QOHU�RUWD\D�NR\XOPDVÕ�VD÷ODQPÕúWÕU��g]HOOLNOH cep teOHIRQODUÕ�LOH�LQWHUQHW��]HULQGH 
KDULWDODUÕQ�NXOODQÕOGÕ÷Õ�X\JXODPDODU�RUWD\D�NR\XOPXúWXU (Google Maps API Örnekler, 2012)�� øQVDQODU�JHOLúWLULOHQ�\HQL�
çözümleU�LOH�DUWÕN�\|Q�EXOPD�NRQXVXQGD�IDUNOÕ�VHoHQHNOHUH�VDKLSWLU.  

Ar-*H� \DSDQ� |QHPOL� LoHULN� VD÷OD\ÕFÕODU, VRQ� NXOODQÕFÕODUÕQGD� UDKDWOÕNOD� X\JXODPDODUÕQD� HQWHJUH� HGHELOecekleri 
X\JXODPD� DUD� \�]�� NRGODUÕQÕQ� DoÕN� ND\QDN� RODUDN� LQWHUQHW� RUWDPÕQGD� \D\ÕOPDVÕQÕ� VD÷ODPÕúODUGÕU (Microsoft BING 
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Maps, 2012) (Yandex MAps API, 2012) (Google Maps API, 2012) (Yahoo Maps, 2012)�� %X� GDKD� KÕ]OÕ� ELU� �U�Q�
JHOLúWLUPH�RUWDPÕ�VD÷ODPÕúWÕU��g]HOOLNOH�*RRJOH�JLEL�G�Q\DQÕQ�HQ�|QHPOL�LoHULN�VD÷OD\ÕFÕ�YH�YHUL�N�PHVL�\|QHWLFLOHULQLQ�
EX�DODQD�GX\GX÷X� LOJL��EXUDGD��UHWLOHQ�KL]PHWOHULQ�DoÕN�ND\QDN�RODUDN�JHOLúWLULOPHVL�YH� W�P ZHE� WDEDQOÕ� DUDúWÕUPD�YH�
JHOLúWLUPH� \DSDQ� X\JXODPD� JHOLúWLULFLOHULQ� NXOODQÕPÕQD� VXQPDVÕ� VRQXFXQX� GR÷XUPXúWXU (Google Maps API, 2012). 
*RRJOH� EDúWD� ROPDN� �]HUH� G�Q\DQÕQ� ELOLúLP� GHYOHUL� EX� DODQGD� �U�QOHU� YH� KD]ÕU� VFULSWOHU �UHWPH\H� YH� \D\JÕQOÕ÷ÕQÕQ�
DUWÕUÕOPDVÕQÕ� VD÷ODPD\D� oDOÕúPÕúWÕU�� %LOLQGL÷L� �]HUH� Google, Microsoft, Yahoo, Yandex olmak üzere birçok içerik 
VD÷OD\ÕFÕ�FR÷UDILN�KDULWD�ELOJL�VLVWHPOHULQH�\|QHOLN�KL]PHWOHU�YH��U�QOHU��UHWPLúOHUGLU (Microsoft BING Maps Örnekleri, 
2012) (Google Maps API, 2012) (Yahoo Maps, 2012) (Yandex Maps API-gUQHN�8\JXODPDODUÕ�������. 

*HOLúWLULOHQ�KL]PHWOHULQ�NXOODQÕPÕQÕQ�DUWÕUÕOPDVÕQÕ�VD÷ODPDN�LoLQ�LoHULN�VD÷OD\ÕFÕODU�KHU�SODWIRUPGD�KL]met veren 
KD]ÕU�VFULSWOHU��UHWPLú�YH�DoÕN�ND\QDN�RODUDN�NXOODQÕPD�VXQPXúWXU� Üretilen bu DoÕN�ND\QDN�VFULSWOHUGHQ�oHúLWli alanlarda 
NXOODQÕODQ� �o�QF�� SDUWL� \D]ÕOÕPODU� oÕNDUÕOPÕúWÕU�� %X� \D]ÕOÕPODUGDQ� ELUL� LVH� EX� ELOGLULQLQ� NRQXVXQX� WHúNLO� HWPHNWHGLU��
Bildiride; Google Maps API (Application Programming Interface�¶VL� NXOODQÕODUDN� LQWHUQHW� WDEDQOÕ� ELU� +DULWD� %LOJL�
6LVWHPL� JHOLúWLULOPLúWLU�� $\UÕFD� NXOODQÕODQ� X\JXODPD� SDUoDODUÕ� LQFHOHQPLúWLU�� *HOLúWLULlen D\UÕFD� X\JXODPDQÕQ� Genel 
ziyaretçi ve Yetkili ara \�]OHUL� KDNNÕQGD� ELOJL� YHULOPLúWLU�� %X� oDOÕúPDGD� &R÷UDIL� %LOJL� 6LVWHPOHULQGHn ziyade, bu 
VLVWHPOHUGHQ� HOGH� HGLOHQ� KDULWDODUÕQ� ZHE� WDEDQOÕ ELU� X\JXODPD� LOH� NXOODQÕOPDVÕ DPDoODQPÕúWÕU� *HOLúWLULOHQ� X\JXODma 
YDVÕWDVÕ\OD�JHUoHN�]DPDQOÕ�KDULWD��]HULQGH�QRNWDODU ROXúWXUXOPDNWDGÕU��%X�QRNWDODUOD�LOJLOL�GHWD\OÕ�ELOJL� LoHUHQ�VD\IDODUÕ�
KD]ÕUODQDELOPHVLQL�VD÷OD\DQ�\|QHWLP�DUD�\�]OHUL�JHOLúWLULOPLúWLU� 

� $oÕN�.D\QDN�+DULWD�$3,¶OHUL�

øQWHUQHW�WDEDQOÕ�KDULWD�ELOJL�VLVWHPOHUL�KDNNÕQGD�ELUoRN�DoÕN�ND\QDN�\D]ÕOÕP�EXOXQPDNWDGÕU��%XQODUÕQ�DUDVÕQGD�HQ�
\D\JÕQ�NXOODQÕP�*RRJOH�0DSV�$3,�µH�DLWWLU��Birçok GRN�PDQ�YH�|UQHN�NRG�SDUoDVÕQD�VDKLS�RODQ�Google Maps API en 
JHQLú� |UQHN� X\JXODPD�DUúLYLQH�GH sahiptir (Google Maps API Örnekler, 2012)�� �+DULWD� X\JXODPDODUÕQGD�NXOODQÕOPDN�
�]HUH� KL]PHW� YHUHQ� GL÷HU� �UHWLFLOHUL� LVH�� %,1*��<$+22� YH�<$1'(;¶GLU�� <LQH� EX� �UHWLFLOHUGH� DoÕN� ND\QDN� RODUDN�
KDULWD�YHUL�N�PHVLQL�ZHE�JHOLúWLULFLOHUH�VXQPXúODUGÕU��7HPHO�RODUDN�W�P�LoHULN�VD÷OD\ÕFÕODU�D\QÕ�LúL yapsalar da, sunulan 
|UQHN�NRG��LoHULN�YH�\D\JÕQOÕN�DoÕVÕQGDQ�Google bir DGÕP�|QGHGLU� 

��� *22*/(�0DSV�$3,�

Uygulama, *RRJOH�0DSV�$3,�DoÕN�ND\QDN�\D]ÕOÕPÕ�NXOODQÕODUDN�JHUoHNOHúWLULOPLúWLU� 'L÷HU içHULN�JHOLúWLULFLOHUGH�
de YDU� RODQ� RUWDN� ELU� \DSÕ� NXOODQÕOPÕúWÕU�� *RRJOH� 0DSV� $3I ile harita üzerinde noktalar NRQXPODQGÕUÕOPÕúWÕU�� %X�
QRNWDODUÕQ, \LQH�*RRJOH�0DSV�$3,�X\JXODPDVÕ�YDVÕWDVÕ\OD�ELU�EDORQ�LoHULVLQGH�GHWD\ODUÕ�J|VWHULOPLúWLU��*HUoHNOHúWLULOHQ�
ya]ÕOÕP Google Maps API’nin ELU�X\JXODPD�IRUPDWÕGÕU��Birçok HN�|]HOOL÷L�RODQ�*RRJOH�0DSV�$3,�LQWHUQHW��]HULQGH�DoÕN�
lisans yolu ile temin edilebilir (Google Maps API, 2012).  

Google Maps $3,�NXOODQÕODUDN JHUoHNOHúWLULOPLú�X\JXODPD�VD\ÕVÕ�oRNWXU (Akbulut & Çare, 2011) (Dinçer, 2008). 
.RQX� KDNNÕQGD� *RRJOH¶ÕQ� VXQPXú� ROGX÷X� birçok |UQHN� NRG� EXOXQPDNWDGÕU� (Google Maps API Örnekler, 2012). 
gUQHNOHU�DUDVÕQGD�� 

 
x +DULWDODU��]HULQGH�QRNWDODU�ROXúWXUPD�� 
x Bu noktalarÕ hareket ettirme,  
x 1RNWDODUD�WÕNODGÕ÷ÕQGD�ELU�ROD\�\DNDOD\DELOPH�� 
x 2OD\ODUÕ�\HQL�SHQFHUHOHUH�YH\D�VD\ID�LoHULVLQGHNL�EDORQODUD�atayabilme, 
x Harita üzerinde Ployline’lar veya hatlar çizebilme, 

 
gLEL�ELUoRN�DoÕNOD\ÕFÕ�|UQHNOHU�EXOXQPDNWDGÕU��%X�|UQHNOHULni kaynak alan birçok X\JXODPD�JHOLúWLULOPLú�YH�KDOND�

DoÕN�NXOODQÕPD�VXQXOPXúWXU� 

��� %,1*�0DSV�

0LFURVRIWµXQ� YDUVD\ÕODQ� DUDPD� PRWRUX� RODQ� %,1*� KL]PHW� NDSDVLWHVLQL� DUWÕUDELOPHN� LoLQ� KDULWD� X\JXODPDODUÕ�
DODQÕQGD� GD� DoÕN� ND\QDN� NRG� YH� LoHULN� �UHWPLúWLU��*HQHO� DPDo� LWLEDUL� LOH�*RRJOH�0DSV� LOH� EHQ]HU� |]HOOLNOHUL� EXOXQDQ�
%,1*�0DSV�KÕ]OÕ�YH�NROD\�NXUXOXPD�VDKLSWLU��%,1*�0DSV�'HYHORSHU�VD\IDVÕQGDQ�HULúLPL�VD÷ODQDQ�EX�KL]PHW�LOH�LOJLOL�
Google Maps‘te de ROGX÷X�JLEL�HULúLP�WDOHEL�\DSÕOPDOÕGÕU�(Microsoft BING Maps, 2012)��%X�WDOHS�DUGÕQGDQ�X\JXODPD�
JHOLúWLUPH�NLWOHULQH�(SDK) XODúÕODELOLU�(Microsoft BING Maps Örnekleri, 2012). 

��� <$+22�0DSV�

+DULWD�YHUL�WDEDQÕQD�VDKLS�RODQ�GL÷HU�LoHULN�VD÷OD\ÕFÕVÕ��<DKRR¶GXU�(Yahoo Maps, 2012). Yeni nesil teknolojiler 
ile entegrasyonu, NXOODQÕOÕUOÕ÷ÕQÕ DUWÕUPDNWDGÕU�� 6XQXODQ� |UQHNOHUGHNL� $MD[� WHNQRORMLVL� GDKD� KÕ]OÕ� ELU� KDULWD� HULúLPL�
VD÷ODPDNWDGÕU�� $\UÕFD� KDULWDODUD� )OLFNU� 3KRWRV� HQWHJUDV\RQX� KDULWD� ELOJL� VLVWHPOHUL� LOH� VRV\DO� D÷ODUÕQ� HWNLOHúLPL�
DUWÕUPDNWDGÕU� (Flickr Photos API, 2012)�� <DKRR�0DSV¶LQ� JHOLúWLULFLOHUH� \DUGÕPFÕ� ROPDN� DPDFÕ\OD� KD]ÕUODPÕú ROGX÷X�
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X\JXODPD�JHOLúWLUPH�NLWOHUL� �6'.- Software Development Kit) gerekli olan tüm örnekleri içermektedir (Yahoo Maps 
API-Solutions Center, 2012). 

��� <$1'(;�0DSV�

6RQ�]DPDQODUGD�*RRJOH�,QF�µH�SDUDOHO�ELU�JHOLúLP�VH\ULQGH�RODQ�<DQGH[��KDULWD�ELOJL�VLVWHPOHUL�YH�FR÷UDILN�LoHULN�
VD÷OD\ÕFÕOÕN�NRQXVXQGD�GD��U�Q�YH�KL]PHW��UHWPHNWHGLU�(Yandex MAps API, 2012)�� �hUHWLOHQ�KL]PHWOHULQ�JHOLúWLULFLOHU�
WDUDIÕQGDQ� NXOODQÕOÕUOÕ÷ÕQÕ� DUWÕUPDN� LoLQ� LVH� LQWHUQHW� RUWDPÕQGD� NROD\FD� HULúLOHELOHFHN� kaynak kodlar ve örnek 
X\JXODPDODU�ROXúWXUXOPXúWXU�(Yandex Maps API-gUQHN�8\JXODPDODUÕ�������. 

� :HE�7DEDQOÕ�+DULWD�%LOJL�6LVWHPL�8\JXODPDVÕ�

hQLYHUVLWHOHUGH� YH� JHQLú� DODQD� \D\ÕOPÕú� KL]PHWL� RODQ� E�\�N� NXUXPODUGD� KDULWD� �]HULQGH� ELOJLOHQGLUPH� \DSPD�
LKWL\DFÕ� EXOXQPDNWDGÕU�� %X� LKWL\Do� JHOLúPLú� KDULWD� ELOJLOHQGLUPH� DOW� \DSÕVÕQD� VDKLS� RODQ� *RRJOH� JLEL� LoHULN�
VD÷OD\ÕFÕODUGDQ edinilebilmektedir. <DSÕODQ� EX� oDOÕúPD�� E�\�N içerik VD÷OD\ÕFÕODUÕQ� VXQPXú� ROGX÷X� KDULWDODUÕQ�
uygulamalara entegrasyonu ile ilgilidir. *HOLúWLULOHQ� EX� \D]ÕOÕP� LOH� E�\�N� ELU� DODQD� \D\ÕODQ� KL]PHWOHUL� EXOXQDQ� ELU�
NXUXPXQ�KDULWD��]HULQGHQ�ELOJLOHQGLUPHOHU�\DSDELOPHVL�VD÷ODQPÕúWÕU��<D]ÕOÕP�LNL�DúDPDGD��UHWLOPLúWLU��%X�DúDPDODUGDQ�
ELUL��]L\DUHWoL�DUD�\�]OHULGLU��%X�DUD�\�]OHU�KHUNHVLQ�NHVLQ�YH�NROD\�ELU�úHNLOGH�KDULWDODU��]HULQGHQ�ELOJL�HGLQHELOPHVLQL�
VD÷OD\DQ�ELU� \DSÕGD� WDVDUODQPÕúWÕU�� øNLQFL�DúDPD� LVH�\|QHWLFL� DUD�\�]OHULGLU��<|QHWLFL� DUD�\�]OHUL�ELOJLVD\DU�RNXU\D]DUÕ�
G�]H\LQGH�ELOJL�VDKLS�RODQ�KHUKDQJL�ELU�NXOODQÕFÕ�WDUDIÕQGDQ�\|QHWLOHELOLU�KDOGH�WDVDUODQPÕúWÕU� 

*HOLúWLULOHQ� \D]ÕOÕP� YDVÕWDVÕ\OD� KDULWDODU� �]HULQGH� |]HO� QRNWDODU� ROXúWXUXODELOPHNWHGLU�� %X� QRNWDODU� KDNNÕQGD�
GHWD\OÕ�ELOJL�\D]ÕODFDN�RODQ�VD\IDODU�KD]ÕUODQDELOHFHNWLU��+HU�QRNWD�KDULWD��]HULQGH�ELU�ELOJL�LoHUHFHNWLU��%X�QRNWDODU�NHQGL�
DUDODUÕQGD�NDWHJRULOHQGLULOHELOHFHNWLU��+HU�ELU�NDWHJRUL�DOWÕQGD�LVWHQLOGL÷L�NDGDU�DOW�NDWHJRUL�YH�QRNWD�ROXúWXUXODELOHFHNWLU. 
Harita üzerinde yönHWLFLQLQ�LVWHGL÷L�NDGDU�QRNWD�ROXúWXUXODELOHFHNWLU��<|QHWLFL�NXOODQÕFÕVÕ�W�P�EX�QRNWD�YH�NDWHJRULOHULQ�
ROXúWXUXOPDVÕ�NRQXVXQGD�WDP�\HWNL\H�VDKLSWLU��<|QHWLFL�NDWHJRUL�ROXúWXUPDNWD�YH�EX�NDWHJRULOHUH�DOW�NDWHJRUL�YH�QRNWD�
eklemektedir. 

Noktalar ve KategorilHU�ELU�YHUL�WDEDQÕ�LoHULVLQGH�VDNODQPDNWDGÕU��%X�YHUL�WDEDQÕ�LoHULVLQGH�QRNWDODUÕQ�NRQXPODUÕ�
VDNODQPDNWDGÕU��9HUL�WDEDQÕQGDQ�oHNLOHQ�YHULOHULQ�KDULWD��]HULQGH�ROXúWXUXOPDVÕ�EX�NRQXmODU�LOH�JHUoHNOHúWLULOPHNWHGLU.  

6LVWHP�\DSÕVDO�RODUDN�LNL�NÕVPD�D\UÕOPDNWDGÕU� 
 

�� Genel Ziyaretçi Ara Yüzleri 
�� Yetkili Yönetici Ara Yüzleri 

 
Bu ara yüzlerde Google Maps verileri NXOODQÕODUDN�KDULWD��]HULQGH�EXOXQDQ�NXUXPVDO�KL]PHW�QRNWalDUÕ�KDNNÕQGD�

bilgi EXOXQPDNWDGÕU�� 

��� *HQHO�=L\DUHWoL�$UD�<�]OHUL�

*HOLúWLULOHQ� KDULWD� ELOJL� VLVWHPL *RRJOH� 0DSV� KDULWD� LoHULNOHUL� �]HULQGH� NRQXP� J|VWHULPL� \DSPDNWDGÕU�� %X�
J|VWHULPLQ�JHUoHNOHúWLULOHELOPHVL�LoLQ�ELU�genel ziyaretçi ara yüzü EXOXQPDNWDGÕU��%X�DUD�\�]�ùHNLO�1µGH�J|VWHULOPLúWLU�� 

 

 
�

ùHNLO���Harita Bilgi Sistemi genel ziyaretçi ara yüzü 

Bu ara yüzde; 
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x <HWNLOL�NXOODQÕFÕ�WDUDIÕQGDQ�ROXúWXUXODQ�.DWHJRULOHULQ�/LVWHVL 
x 6HoLOL�RODQ�NDWHJRUL�YH�EX�NDWHJRUL�LoHULVLQGHNL�HOHPDQODUÕQ�ROGX÷X�bir Nokta Listesi 
x *RRJOH�0DSV�$3,�µQLQ�X\JXODPD\D�HQWHJUH�HGLOGL÷L�KDULWD�E|O�P� 

 
Kategori listesi içerisinden KHUKDQJL�ELU�NDoÕ�VHoLOHUHN�DOWÕQGD�EXOXQDQ�W�P�NDWHJRUL�YH�QRNWDODUÕQ�*RRJOH�0DSV�

KDULWDVÕ� �]HULQGH� J|VWHULOHELOPHVL� VD÷ODQPDNWDGÕU�� Kategori PHQ�V�� VD\ID� LON� DoÕOGÕ÷ÕQGD� YHUL� WDEDQÕQD� ED÷OÕ� RODUDN�
ROXúWXUXOPDNWDGÕU�� 6RQUDNL� KHU� VD\ID� WDOHEL� EX� KD]ÕU� NDWHJRUL�PHQ�V�� LOH� \DSÕOPDNWDGÕU�� .DWHJRULOHU� DUDVÕQGD� VHoLOHQ�
KHUKDQJL�ELU� WDQHVL�H÷er alt NDWHJRUL\H� VDKLS� LVH��DOWÕQGDNL� W�P�NDWHJRULOHUGH�VHoLli hale gelmektedir. Seçili hale gelen 
W�P� NDWHJRULOHULQ� NDSVDGÕ÷Õ� QRNWDODU� VD÷� WDUDIWDNL� 1RNWD� /LVWHVL� NÕVPÕQGD� OLVWHOHQPHNWHGLU� Bu listeden herhangi bir 
WDQHVLQH� WÕNODQGÕ÷ÕQGD�KDULWD��]HULQGH�ELU�EDORQFXN� LOH�D\UÕQWÕOÕ�ELOJL\H�XODúÕODELOHFHN�RODQ� OLQN�Jösterilmektedir. ùHNLO�
2’de detay penceresi görülmektedir.  

 

 
�

ùHNLO�� Genel ziyaretçi ara yüzü detay penceresi 

$oÕNODPD�EDORQODUÕQGD�EXOXQDQ�'HWD\OÕ�%LOJL�ED÷ODQWÕVÕQD�WÕNODQGÕ÷ÕQGD�RUWD\D�oÕNDQ�-DYDVFULSW�SHQFHUH��\|QHWLFL�
DUD�\�]�QGHQ�\|QHWLOPHNWHGLU��*|VWHULOHFHN�W�P�LoHULN�\|QHWLP�DUD�\�]�QGH�KÕ]OÕ�ELU�úHNLOGH�G�]HQOHQHELOPHNWHGLU� 

��� <HWNLOL�<|QHWLFL�$UD�<�]OHUL�

.DWHJRUL� YH� 1RNWDODUÕQ� WDPDPÕ� \HWNLOL� \|QHWLFL� DUD� \�]OHUL� �]HULQGHQ� \|QHWLOHELOPHNWHGLU�� 7�P� \|QHWLP� DUD�
\�]�QH� VDKLS� RODQ� VLVWHPOHUGH� ROGX÷X� JLEL� JHOLúWLULOHQ� X\JXODPDGD� GD� HULúLP� NXOlDQÕFÕ� VRUJXODPDODUÕQÕQ� DUGÕQGDQ�
JHUoHNOHúPHNWHGLU��<HWNLOL�JLULúL�\DSÕOGÕNWDQ�VRQUD�DúD÷ÕGDNL�PHQ�\H�XODúÕOPDNWDGÕU� 

 
�� Koordinatlar ve Menü 
�� øNRQODU 
�� .XOODQÕFÕODU 
�� ùLIUH 7DQÕPODPD 

����� .RRUGLQDWODU�YH�0HQ��
+DULWD� �]HULQGH� ROXúWXUXODFDN� RODQ� NRQXP� ELOJLOHUL� EX� \|QHWLP� EDúOÕ÷Õ� DOWÕQGD� WDQÕPODQPDNWDGÕU�� %XUDGDNL�

verilerin yönetilmesi içLQ�ELU�IUDPHZRUN�NXOODQÕOPDNWDGÕU��8ODú�	�%R\DFÕ������� �$NEDO�	�8ODú�������. Bu framework 
YDVÕWDVÕ\OD�W�P�NDWHJRUL�YH�QRNWD�\|QHWLPL�\DSÕOPDNWDGÕU��ùHNLO�3‘ de bu yönetim framework’u görülmektedir. 
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ùHNLO�� Veri yönetim Framework’u 

 
ùHNLO�� <HQL�ND\ÕW�HNOHPH�DUD�\�]� 

Bu framework LOH�YHULOHU�OLVWHOHQLU��DUDQÕU��GH÷LúWLULOLU��VLOLQLU�YH�\HQL�ND\ÕW�HNOHQLU��ùHNLO�4µWH�\HQL�ND\ÕW�HNOHPH�
ara yüzü görülmektedir. Her bir kategori ve nokta için; 

 
x Ad 
x Koordinatlar (x,y) 
x 6ÕUD 
x %DORQ�$oÕNODPDVÕ 
x 'HWD\�SHQFHUHVL�$oÕNODPDVÕ 
x Aktif Pasif Durum bilgisi 
x Haritadaki simgesi 
x %D÷OÕ�ROGX÷X��VW�.DWHJRUL 

 
<XNDUÕGDNL� Eilgiler girilmektedir. Bu bilgiler genel ziyaretçi ara yüzünde harita üzerinde gösterilebilir olarak 

KD]ÕUODQPDNWDGÕU��=L\DUHWoLQLQ�WDOHEL�KDOLQGH�KDULWDGD�VLPJHVL�LOH�ELUOLNWH�J|VWHULOPHNWHGLU��ùHNLO�1µGH�|UQH÷L�YHULOPLúWLU�� 
.RRUGLQDWODU�IDUNOÕ�ELU�*RRJOH�0DSV�$3,�LOH�KDULWD��]HULQGHQ�LúDUHWOHQHUHN�YHULOPHNWHGLU��ùHNLO�5’WH�EX�IDUNOÕ�$3,�

J|VWHULOPLúWLU�� %X� $3,� LOH� KDULWD� �]HULQGH� KHUKDQJL� ELU� \HU� WÕNODQDUDN� EX� QRNWDQÕQ� NRRUGLQDW� ELOJLOHULQLQ� HNOHPH� DUD�
\�]�QH�J|QGHULOPHVL�VD÷ODQPDNWDGÕU� 
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ùHNLO�� .RRUGLQDW�VHoLPL�LoLQ�NXOODQÕODQ�*RRJOH�0DSV�$3,¶VL 

6HoLP� HNUDQÕQGD� EXOXQDQ� LNRQODUGDQ� KHUKDQJL� ELU� WDQHVL� QRNWD� LoLQ� VHoLOHELOPHNWHGLU�� %XUDGD� EXOXQPD\DQ�
LNRQODUGDQ�ELU�WDQHVL�QRNWD\D�DWDQPDN�LVWHQGL÷L�WDNGLUGH�VLVWHPH�\�NOHQHELOPHNWHGLU��<�NOHPH�LúOHPL�\|QHWLP�PHQ�V��
DOWÕQGDNL�øNRQODU�ED÷ODQWÕVÕQGDQ�\DSÕOPDNWDGÕU��%X�ED÷ODQWÕ\D�WÕNODQGÕ÷ÕQGD�ùHNLO�6’daki yükleme ve yönetim ara yüzü 
görülmektedir. 

 

 
ùHNLO�� øNRQ�\|QHWLP�DUD�\�]� 

Yeni ikonlar bu DUD� \�]� YDVÕWDVÕ\OD� HNOHQHELOLU�� (NOHQHQ� LNRQODU� VLOLQLS� GH÷LúWLULOHELOPHNWHGLU�� <HQL� HNOHQHQ�
LNRQODU�GDKD�VRQUD�.RRUGLQDW�YH�0HQ��EDúOÕ÷ÕQGD�NXOODQÕODELOPHNWHGLU�  

6LVWHPLQ� GL÷HU� \|QHWLPVHO� LúOHPOHUL� GH� EX� DUD� \�]OHUGH� JHUoHNOHúWLULOHELOPHNWHGLU�� .XOODQÕFÕ� \|QHWLPL�� úLIUH�
GH÷LúLNOLNOHUL�LoLQ�JHOLúWLULOPLú�PRG�OOHU�EXOXQPDNWDGÕU� 

� 6RQXo�YH�7DUWÕúPD�

<DSÕODQ�oDOÕúPD��KL]PHW NDSVDPD�DODQÕ�JHQLú�RODQ�E�\�N�NXUXP�YH\D�LúOHWPHOHULQ��KL]PHW�XODúWÕUGÕ÷Õ�NLWOH\H�GDKD�
DQODúÕOÕU�ELU�konum bilgilendirmesi yapabilmesi içLQ�|QHPOL�ELU�X\JXODPD�|UQH÷LGLU��*RRJOH�0DSV�$3,�YH�EHQ]HUL�GL÷HU�
LoHULN� VD÷OD\ÕFÕODUÕQ� VXQPXú� ROGXNODUÕ� EX� X\JXODPD�JHOLúWLULFL� GHVWHN� NLWOHUL� DoÕN�ND\QDN�RODUDN� \D\ÕOPDNWD� YH�ELUoRN�
X\JXODPDQÕQ� WHPHO� WDúÕQÕ� WHúNLO�HWPHNWHGLU��%X�ELOGLULGH�\DSÕODQ�uygulaPDQÕQ� WHPHOL, bir kampus içerisindeki bina ve 
KL]PHW� GD÷ÕOÕPÕQÕQ� LQWHUQHW� RUWDPÕQGD� UDKDW� ELU� úHNLOGH� J|VWHULOHELOPHVL� YH� DQODúÕOÕU� ELU� KDULWD� ROXúWXUXOPDVÕGÕU�� %X�
X\JXODPD� LOH� �QLYHUVLWH� ]L\DUHWoLOHUL� LQWHUQHW� RUWDPÕQGD� W�P� NDPSXV� ELQDODUÕ� YH� KL]PHW� DODQODUÕ� KDNNÕQGD� ELOJL�
HGLQHELOPHNWHGLU�� 8\JXODPDQÕQ� WHPHOLQL� WHúNLO� HGHQ� KDULWD� ELOJLOHUL� *RRJOH� 0DSV� $3,� µQGHQ� ID\GDODQÕODUDN�
JHOLúWLULOPLúWLU��*HOLúWLULOHQ�\D]ÕOÕP��LOHULGH�\DSÕODFDN�RODQ�H-Belediye, E-devlet gibi X\JXODPD�SURMHOHULQH�ND\QDN�WHúNLO�
edecek bLU�oDOÕúPDGÕU�  

 

� 5HIHUDQVODU�

���������������*RRJOH�0DSV�$3,��KWWSV���GHYHORSHUV�JRRJOH�FRP�PDSV��DGUHVLQGHQ�DOÕQPÕúWÕU 
���������������0LFURVRIW�%,1*�0DSV��KWWS���ZZZ�PLFURVRIW�FRP�PDSV�GHYHORSHUV�ZHE�DVS[�DGUHVLQGHQ�DOÕQPÕúWÕU 
(2012, 12 03). MiFURVRIW�%,1*�0DSV�gUQHNOHUL��KWWS���ZZZ�ELQJPDSVSRUWDO�FRP�LVGN�DMD[Y��DGUHVLQGHQ�DOÕQPÕúWÕU 
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���������������<DKRR�0DSV��KWWS���GHYHORSHU�\DKRR�FRP�PDSV��DGUHVLQGHQ�DOÕQPÕúWÕU 
���������������)OLFNU�3KRWRV�$3,��KWWS���IOLFNU�FRP�VHUYLFHV�DSL��DGUHVLQGHQ�DOÕQPÕúWÕU 
(2012, 12 03). Yahoo Maps API-6ROXWLRQV�&HQWHU��KWWS���GHYHORSHU�\DKRR�FRP�VROXWLRQV��DGUHVLQGHQ�DOÕQPÕúWÕU 
���������������<DQGH[�0$SV�$3,��KWWS���DSL�\DQGH[�FRP�WU�PDSV��DGUHVLQGHQ�DOÕQPÕúWÕU 
(2012, 12 03). Yandex Maps API-gUQHN� 8\JXODPDODUÕ�� KWWS�//api.yandex.com.tr/maps/doc/staticapi/1.x /examples/ 

DGUHVLQGHQ�DOÕQPÕúWÕU 
(2012, 12 03). Google Maps API Örnekler: https://developers.google.com/maps/documentation/javascript/v2 

�H[DPSOHV��DGUHVLQGHQ�DOÕQPÕúWÕU 
$NEDO��(���	�8ODú��0����������7KH�'HVLJQ�2I The Web Based Foreign Vocabulary Learning System. H�MRXUQDO�RI�1HZ�

:RUOG�6FLHQFHV�$FDGHP\��(QJLQHHULQJ�6FLHQFHV, Vol.7, No.1. Pages:38-46. . 
$NEXOXW��0���	�dDUH��%����������%H\WHSH�.DPS�V��+DULWDVÕ�0DVKXS�8\JXODPDVÕ��%ø/*ø�'h1<$6,, 12(2) 334-346. 
BildiricL�� ø��� %|JH�� 6��� 	� $OSVDO�� %�� ���-��� .DVÕP� ������� hFUHWVL]� 9HUL� YH� 7HNQRORMLOHU� LOH� :HE� +DULWDODUÕQÕQ�

2OXúWXUXOPDVÕ��*RRJOH�0DS�$3,�7HNQRORMLVL���ø]PLU���7002%�&R÷UDIL�%LOJL�6LVWHPOHUL�.RQJUHVL� 
'LQoHU�� $�� �������� :HE� WDEDQOÕ� &%6� X\JXODPDODUÕQD� *RRJOH� 0DSV \DNODúÕPÕ�� $QNDUD�� &%6� *�QOHUL� �����

Sempozyumu. 
8ODú��0���	�%R\DFÕ��$�� ��������'HYHORSPHQW�RI�D�+LHUDUFKLF�&RQWHQW�0DQDJHPHQW�6\VWHP��H�MRXUQDO�RI�1HZ�:RUOG�

6FLHQFHV�$FDGHP\��(QJLQHHULQJ�6FLHQFHV, Vol.7, No.1. Pages:1-13. 
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ABSTRACT 

7KH�SXUSRVH�RI�WKLV�SDSHU�LV�D�GHPRQVWUDWLRQ�RI�VXFFHVVIXO�XQUHJXODWHG�FDSLWDO�PDUNHWV�DFURVV�(XURSH�
DQG�WKHLU�FRPSDULVRQ�WR�WKH�XQUHJXODWHG�PDUNHW��PDUNHW�FDOOHG�6WDUW��LQ�WKH�&]HFK�5HSXEOLF��7KH�SDSHU�
VSHFLILFDOO\�IRFXVHV�RQ�WKH�$OWHUQDWLYH�LQYHVWPHQW�PDUNHW�LQ�WKH�8QLWHG�.LQJGRP��ZKLFK�KDV�H[HFXWHG�
SOHQW\�RI�LQLWLDO�SXEOLF�RIIHULQJV�VLQFH�LWV�RULJLQ��,Q�WKH�ODVW�FKDSWHU�WKH�DXWKRU�DQDO\VHV�PDUNHW�6WDUW�DV�
RQH� RI� WKH� QHZHVW� WRROV� IRU� FRPSDQ\� ILQDQFLQJ� LQ� WKH�&]HFK�5HSXEOLF� DQG� WULHV� WR� WKLQN� DERXW� WKH�
UHDVRQV�RI�GLVLQWHUHVW�RI�&]HFK�FRPSDQLHV�LQ�WKLV�NLQG�RI�ILQDQFLQJ��

 
JEL classification: *�����*����
�
INTRODUCTION 
 

6PDOO�DQG�PHGLXP�HQWHUSULVHV�DUH�FXUUHQWO\�KDYLQJ�WURXEOHV�ZLWK�REWDLQLQJ�FDSLWDO�IURP�EDQNV��7KLV�VLWXDWLRQ�LV�
FDXVHG�E\�HFRQRPLFDO�DQG�ILQDQFLDO�FULVLV��EHFDXVH�EDQNV�KDYH�UHFHQWO\�PDGH�WKH�FRQGLWLRQV�IRU�EDQN�ORDQV�VWULFWHU�GXH�
WR�ZRUULHV�DERXW�XQSDLG�ORDQV��(PHUJLQJ�FRPSDQLHV�QHHG�D�ORW�RI�ZRUNLQJ�FDSLWDO��HVSHFLDOO\�GXULQJ�WKHLU�VWDUW�XS��WR�EH�
DEOH�WR�NHHS�WKHLU�H[SDQVLRQ��EXW�IURP�WKH�EDQN�SRLQW�RI�YLHZ�WKHVH�ORDQV�DUH�ULVN\�EHFDXVH�RI�WKH�VKRUW�KLVWRU\�RI�WKHVH�
FRPSDQLHV��6R�KHUH�ZH�KDYH�FRQWUDGLFWRU\�LQWHUHVWV�±�RQ�WKH�RQH�VLGH�EDQNV�ZKLFK�UHTXHVW�WUXVWZRUWK\�GHEWRUV�ZLWK�WKH�
ORZHVW� ULVN�SRVVLEOH��RQ� WKH�RWKHU�KDQG�\RXQJ�FRPSDQLHV�GHVLULQJ�DGGLWLRQDO� UHVRXUFHV��7KH�VROXWLRQ� IRU� WKLV�SUREOHP�
FDQ�EH�,32�UHDOL]HG�RQ� WKH�FDSLWDO�PDUNHW��3DUWLFXODUO\�IRU�VPDOO�DQG�PHGLXP�HQWHUSULVHV�DURVH� VR�FDOOHG�XQUHJXODWHG�
PDUNHWV� LQ� (XURSH�� ZKHUH� WKH� FRQGLWLRQV� IRU� ,32� DUH� PLOGHU� FRPSDUHG� WR� WKH� PDLQ� PDUNHWV�� :KHUHDV� XQUHJXODWHG�
PDUNHWV� KDYH� H[LVWHG� LQ� 3RODQG�� WKH�8QLWHG�.LQJGRP�� ,WDO\� DQG� ,UHODQG� IRU� VHYHUDO� \HDUV�� XQUHJXODWHG�PDUNHW� LQ� WKH�
&]HFK�5HSXEOLF�ZDV�HVWDEOLVKHG�LQ�-XQH������DQG�WKHUH�KDV�EHHQ�QR�,32�VR�IDU���

*RLQJ�SXEOLF�PHDQV�FRVWV�DQG�EHQHILWV�IRU�VPDOO�DQG�PHGLXP�HQWHUSULVHV��60(���7KH�FRVWV�FDQ�EH�GLUHFW�DQG�
LQGLUHFW��ZKHUH�GLUHFW� FRVW�PD\� LQFOXGH� LQLWLDO� OLVWLQJ� IHHV�� DGPLVVLRQ� IHHV�� FRVWV� IRU� DGYLVRUV�� DXGLWRUV� RU� FRPSOLDQFH�
FRVWV�ZKLOVW�LQGLUHFW�FRVWV�PD\�LQFOXGH�XQGHUSULFLQJ��RU�WUDGLQJ�FRVWV��.DVHUHU���������2Q�WKH�FRQWUDU\��WKH�SURFHVV�RI�
,32�EULQJV�SRVLWLYH�DVSHFWV�IRU�WKH�LVVXHU��VXFK�DV�D�SRVLWLYH�HIIHFW�RQ�VDOHV��.XFKLQVNDV���������PRUH�FDSLWDO�IRU�ILUPCV�
H[SDQVLRQV�� FRQYHQLHQW� H[LW� PHFKDQLVP� IRU� FXUUHQW� VKDUHKROGHUV� RU� LPSURYHPHQW� RI� FRPSDQ\CV� SXEOLF� UHODWLRQV�
�0HQGRVD����������

7KH�JRDO�RI�WKLV�SDSHU�LV�WR�GHVFULEH�WKH�EDVLF�SULQFLSOHV�RI�XQUHJXODWHG�PDUNHWV�LQ�(XURSH�DQG�WR�FRPSDUH�WKHP�
ZLWK� WKH�QHZ�&]HFK� XQUHJXODWHG�PDUNHW� FDOOHG�6WDUW��0RUHRYHU�� WKH�SDSHU� VWULYHV� WR� DQDO\]H� WKH�GLVLQWHUHVW� RI�&]HFK�
FRPSDQLHV�LQ�ILQDQFLQJ�RQ�WKH�FDSLWDO�PDUNHW��

�
UNREGULATED MARKETS IN EUROPE 
 

6LQFH�WKH�$OWHUQDWLYH�LQYHVWPHQW�PDUNHW��$,0��VWDUWHG�LQ������LQ�WKH�8QLWHG�.LQJGRP��D�ORW�RI�VLPLODU�PDUNHWV�
KDYH� ULVHQ� LQ�(XURSH� �H�J��0HUFDWR�([SDQGL�� ,WDO\�� ������$,0�� ,WDO\�� ������(QWUHSULVH� 6HFXULW\�0DUNHW�� ,ULVK�� ������
1<6(�$OWHUQH[W�������1HZ&RQQHFW��3RODQG��������6WDUW��&]HFK�5HSXEOLF�������HWF����$OO�WKHVH�PDUNHWV�KDYH�WKH�VDPH�
SXUSRVH��WKH\�DUH�GHWHUPLQHG�IRU�UHDOL]DWLRQ�RI�LQLWLDO�SXEOLF�RIIHULQJ��,32��RI�60(��7KH�PDUNHWV�PHQWLRQHG�DERYH�KDYH�
PDQ\�VLPLODU�FKDUDFWHULVWLFV��)LUVWO\��WKH�FRQGLWLRQV�IRU�UHDOL]LQJ�,32�DUH�PLOGHU��WKDQ�RQ�PDLQ�PDUNHWV��VHFRQGO\��WKH\�
DUH�XVLQJ�SURIHVVLRQDO�DGYLVRUV��ZKR�KHOS�LVVXHUV�ZLWK�WKH�ZKROH�SURFHVV�RI�,32�DQG�LQIRUPDWLRQ�GXWLHV�DIWHU�HPLVVLRQ�
DV�ZHOO��/DVW�EXW�QRW�OHDVW��WKH\�DUH�UHJXODWHG�E\�VWRFN�H[FKDQJHV�RQO\�LQVWHDG�RI�EHLQJ�UHJXODWHG�E\�GRPHVWLF�UHJXODWRU�
RI�ILQDQFLDO�PDUNHW���

��7KLV�SDSHU�LV�FUHDWHG�DV�RQH�RI�RXWSXW�IURP�UHVHDUFK�SURMHFW�The resources for company`s financing on domestic capital market and 
other capital markets abroad��
��6HSWHPEHU������
��3HUFHQWDJH�GLIIHUHQFH�EHWZHHQ�WKH�SULFH�DW�ZKLFK�WKH�,32�VKDUHV�ZHUH�VROG�WR�LQYHVWRUV�GXULQJ�WKH�RIIHULQJ�SHULRG��RIIHULQJ�SULFH��
DQG�WKH�PDUNHW�SULFH�GXULQJ�WKH�ILUVW�WUDGLQJ�GD\�V��LQ�WKH�VHFRQGDU\�PDUNHW��(QJHOVHQ�������  
��6HH�KWWS���ZZZ�LVH�LH�(TXLW\�,VVXHUV�060���9V���(60���5XOHV��
��6HH�KWWS���ZZZ�ORQGRQVWRFNH[FKDQJH�FRP�FRPSDQLHV�DQG�DGYLVRUV�DLP�DGYLVHUV�DGYLVHUV�KWP 
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 Chart 1 – AIM market value          Chart 2 – AIM turnover value 

$,0� LV� JRLQJ� WR� EH� GHVFULEHG� LQ� JUHDW� GHWDLO� GXH� WR� WKH� ORQJ� DQG� VXFFHVVIXO� KLVWRU\� RI� WKLV�PDUNHW��$,0� LV�
RZQHG�DQG�RSHUDWHG�E\�WKH�/RQGRQ�6WRFN�([FKDQJH��/6(��DQG�VLQFH�LWV�RULJLQ�PRUH�WKDQ������,32V�WKHUH�KDYH�EHHQ�
UHDOL]HG��$,0�LV�VXLWDEOH�IRU�,32�RI�GRPHVWLF�DV�ZHOO�DV�IRUHLJQ�FRPSDQLHV��7KHUH�DUH�����LQWHUQDWLRQDO�FRPSDQLHV�RXW�
RI������WRWDO�FRPSDQLHV�OLVWHG�RQ�$,0���7KLV�PDUNHW�LV�XQUHJXODWHG�DQG�LW�EHORQJV�WR�D�PXOWLODWHUDO�WUDGLQJ�V\VWHP��VHH�
$UWLFOH���'LUHFWLYH���������(&�RI����$SULO��������0LOGHU� UHTXLUHPHQWV�� IRU�H[HFXWLQJ�,32�DUH�GLVSRVHG� LQ�$,0�DQG�
WKDW� LV�ZK\� LW� LV� GHWHUPLQHG� IRU�60(��2Q� WKH� FRQWUDU\�� WKH� LVVXHU� KDV� WR�SUHSDUH�� DQ� DGPLVVLRQ�GRFXPHQW�� DSSRLQW� D�
1RPDG��� QRPLQDWH� D� EURNHU� DQG� KDV� QR� UHVWULFWLRQ� RQ� WKH� IUHH� WUDQVIHUDELOLW\� RI� VKDUHV�� $,0� KDV� ��� UXOHV� DQG� ��
VFKHGXOHV�ZKLFK�DUH�FRQWDLQHG�LQ�$,0�5XOHV�IRU�FRPSDQLHV��

&KDUW���DQG�FKDUW���GHSLFW�WKH�GHYHORSPHQW�RI�$,0�LQ�WLPH�PHDVXUHG�LQ�PDUNHW�YDOXH�DQG�LQ�WXUQRYHU�YDOXH��
)URP������WLOO������WKHUH�ZDV�D�VLJQLILFDQW�XSVXUJH�LQ�ERWK�LQGLFDWRUV��%XW�WKLV�ZDV�IROORZHG�EXW�UDSLG�VOXPS�EHWZHHQ�
\HDUV������DQG�������+RZHYHU�ZH�FDQ�QRWLFH�PRGHUDWH�LQFUHDVH�DQG�VWDJQDWLRQ�WLOO�������
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�
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6RXUFH��KWWS���ZZZ�ORQGRQVWRFNH[FKDQJH�FRP�VWDWLVWLFV�PDUNHWV�DLP�DLP�KWP�
�
7KH� VXFFHVV� RI� $,0� ZDV� LQIOXHQFHG� E\� PDQ\� IDFWRUV� �0HQGRVD�� ������� )LUVWO\�� ZDV� /RQGRQCV� LQFUHDVLQJ�

SRSXODULW\� DV� D� ILQDQFLDO� PDUNHW�� 7KLV� ZDV� FDXVHG� E\� WKH� HIILFLHQW� UHJXODWLRQ� HPERGLHG� LQ� WKH� )LQDQFLDO� 6HUYLFHV�
$XWKRULW\�� LQFUHDVLQJ� UHJXODWRU\� FRVWV� LQ� WKH�8QLWHG� 6WDWHV� RI� $PHULFD� DQG� VXFFHVVIXO� PDUNHWLQJ� DFWLYLWLHV� RI� $,0��
7KHUHIRUH�/RQGRQ�EHFDPH�WKH�OHDGLQJ�FHQWUH�IRU�ILQDQFH�LQVWHDG�RI�1HZ�<RUN��6HFRQGO\��$,0�EURXJKW�FKHDS�DFFHVV�IRU�
60(� ZLWK� KLJK� SRWHQWLDO� RI� JURZWK� WR� D� SULYDWH� HTXLW\�� 7KLUGO\�� GXH� WR� LQLWLDWLRQ� RI� 62;� WKH� UHJXODWRU\� FRVWV� IRU�
ILQDQFLQJ� RI� FRPSDQLHV� WKURXJK� FDSLWDO� PDUNHW� PRYH� XSZDUGV�� KHQFH� 60(� ZHUH� ORRNLQJ� IRU� QHZ� VRXUFHV� RI� WKHLU�
ILQDQFLQJ��(YHQ� WKRXJK� WKHUH�ZHUH�PDUNHWV¶� IRFXVLQJ�RQ� ILQDQFLQJ�60(�WKURXJK�FDSLWDO�PDUNHW�EHIRUH��$,0�ZDV� WKH�
ILUVW�PDUNHW�ZKLFK�RIIHUHG�60(�ORZHU�UHJXODWLRQ��VWUDWHJLF�JHRJUDSKLF�ORFDWLRQ��DQG�WRJHWKHU�ZLWK�HIILFLHQW�PDUNHWLQJ�
WKLV�OHDGV�WR�$,0�EHFRPLQJ�D�FUXFLDO�PDUNHW�IRU�ILQDQFLQJ�60(��

$�ORW�RI�XQUHJXODWHG�PDUNHWV�IRUPHG�DOO�RYHU�(XURSH��6RPH�RI�WKHP�DUH�QRW�RIIHULQJ�WKHLU�VHUYLFHV�DW�SUHVHQW�
�VXFK� DV�1HXHU�0DUNHW��*HUPDQ\�� (XUR�10�%UXVVHOV�� %HOJLXP��1XRYR�0HUFDWR�� ,WDO\��� EXW� RQ� WKH� RWKHU� VLGH�PDQ\�
XQUHJXODWHG�PDUNHWV� LQ�(XURSH� DUH�ZHOO� HVWDEOLVKHG� DQG� ,32CV� RI� 60(� DUH� EHLQJ� UHDOLVHG� RQ� WKHVH�PDUNHWV� �VXFK� DV�
1HZ&RQQHFW��3RODQG��(QWUHSULVH�6HFXULW\�0DUNHW��,UHODQG��$OWHUQDWLYH�,QYHVWPHQW�0DUNHW��,WDO\��$OWHUQDWLYH�,QYHVWPHQW�
0DUNHW��8QLWHG�.LQJGRP���7KH�GHYHORSPHQW�RI�WKHVH�PDUNHWV�LV�GHSLFWHG�LQ�WDEOH�����
Table 1 – No. of companies traded on unregulated markets in Europe 

Market 2009 2010 2011 2012 
$,0��,7$�� �� ��� ��� ���
$,0��8.�� ����� ����� ����� �����
1HZ&RQQHFW��32/�� ���� ���� ���� ����
(QWUHSULVH�6HFXULW\�0DUNHW��,5/�� ��� ��� ��� ���
�6RXUFH�KWWS���ZZZ�ERUVDLWDOLDQD�LW�ERUVDLWDOLDQD�VWDWLVWLFKH�VWDWLVWLFKHVWRULFKH�SULQFLSDOLLQGLFDWRUL������SULQFLSDOLLQGLFDWRUL�����HQB

SGI�KWP��KWWS���ZZZ�ORQGRQVWRFNH[FKDQJH�FRP�VWDWLVWLFV�PDUNHWV�DLP�DLP�KWP��
KWWS���QHZFRQQHFW�SO�LQGH[�SKS"SDJH PDUNHWBVWDWLVWLFVBDQQXDO��KWWS���ZZZ�LVH�LH�6WDWLVWLFV�,QIRUPDWLRQ3URGXFWV�3XEOLFDWLRQV�

6WDWLVWLFV�$QQXDO�$QQXDO5HSRUW�����SGI��

�6XPPDU\�$,0��6LQFH�ODXQFK��KWWS���ZZZ�ORQGRQVWRFNH[FKDQJH�FRP�VWDWLVWLFV�PDUNHWV�DLP�DLP�KWP��
��6XFK�DV�QR�WUDGLQJ�UHFRUG�UHTXLUHPHQW��QR�PLQLPXP�VKDUHV�UHTXLUHG�LQ�SXEOLF�KDQGV��QR�PLQLPXP�PDUNHW�FDSLWDOL]DWLRQ��QR�
UHVWULFWLRQV�RQ�WKH�WUDQVIHUDELOLW\�RI�WKH�FRPSDQ\CV�VKDUHV��QR�UHTXLUHPHQW�WR�EH�LQFRUSRUDWHG�LQ�WKH�8.��QR�UHTXLUHPHQW�WR�UH�VWDWH�
DQ\�KLVWRULF�DFFRXQWV��,QYHVWRUCV�*XLGH�WR�WKH�8QLWHG�.LQJGRP���������
��,QYHVWRUCV�*XLGH�WR�WKH�8QLWHG�.LQJGRP�������
��1RPLQDWHG�$GYLVRU�LV�D�JXLGH�IRU�WKH�FRPSDQ\�WKDW�ZDQWV�WR�HQWHU�$,0�  
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2EYLVRXVO\��$,0��8.��LV�WKH�PDUNHW�ZLWK�WKH�KLJKHVW�QR��RI�WUDGHG�,32CV��EXW�WKHUH�LV�D�VLJQLILFDQW�GRZQWXUQ�
GXULQJ�WKH�SHULRG������DQG�������&RQWUDULO\��1HZ&RQQHFW�LQ�3RODQG�LQFUHDVHV�\HDU�WR�\HDU�VLQFH�LWV�RULJLQ�LQ�������,Q�
�����WKHUH�DUH�WUDGHG�DERXW�����FRPSDQLHV��FRPSDUH�WR�$,0�ZLWK������RI�WUDGHG�FRPSDQLHV���

�
$FFRUGLQJ� WR� D� VXUYH\� �%RDUG�� ������ RI� ���� FRPSDQLHV� OLVWHG� RQ�$,0�PDUNHW�� WKHVH� FRPSDQLHV� IRXQG� WKDW�

EHLQJ�OLVWHG�RQ�WKLV�PDUNHW��
D��DGGHG�WR�WKH�FRPSDQ\¶V�FUHGLELOLW\�� � � ����
E��SURYLGHG�ORQJ�WHUP�JURZWK�SRWHQWLDO�� � � ����
F��SURYLGHG�DFFHVV�WR�LQVWLWXWLRQV�� � � � ����
G��JDYH�WKH�FRPSDQ\�D�SURILOH�LQ�WKH�&LW\��/RQGRQ��� � ����
H��JDYH�DFFHVV�WR�LQIRUPHG�VKDUHKROGHUV�� � � ����
I��PDGH�LW�HDVLHU�WR�PDNH�DFTXLVLWLRQV�� � � ����
�
2Q�WKH�RWKHU�VLGH��WKH�OLVWHG�FRPSDQLHV�PHQWLRQHG�VHYHUDO�EDUULHUV�UHVXOWLQJ�IURP�,32�SURFHVV��%RDUG���������
D��WKH�IORDWDWLRQ�SURFHVV�LV�WRR�WLPH�FRQVXPLQJ�� � ����
E��WKH�(QWU\�FULWHULD�� � � � � ����
F��IORDWDWLRQ�LV�WRR�H[SHQVLYH�� � � � ����
G��ODFN�RI�OLTXLGLW\�LQ�WKH�PDUNHW�� � � � ���
H��YHWWLQJ�E\�WKH�VWRFN�H[FKDQJH�� � � � ���
I��ODQJXDJH�GLIILFXOWLHV�� � � � � ���
�
2EYLRXVO\�� OLVWHG� FRPSDQLHV� FDQ� SURILW� IURP� LQFUHDVLQJ� FRPSDQ\CV� FUHGLELOLW\�� JURZWK� SRWHQWLDO� DQG� EHWWHU�

UHSXWDWLRQ�EXW�WKH\�DUH�DZDUH�WKDW�WKH�,32�SURFHVV�FRXOG�EH�SURWUDFWHG��WKH\�QHHG�WR�FRPSO\�ZLWK�VHYHUDO�VWDQGDUGV�DQG�
WKH�ZKROH�SURFHVV�LV�TXLWH�FRVWO\��

�
UNREGULATED MARKET IN THE CZECH REPUBLIC 
 

7KH�ILQDQFLQJ�WKURXJK�FDSLWDO�PDUNHW�LQ�WKH�&]HFK�5HSXEOLF�KDV�FKDQJHG�LQ�WKH�\HDU�������%HIRUH�WKLV�\HDU�WKH�
FRPSDQLHV�FRXOG�UHDOLVH�,32�RQO\�RQ�PDLQ�PDUNHW�DQG�IUHH�PDUNHW��ZKLFK�DUH�ERWK�UHJXODWHG�E\�WKH�&]HFK�QDWLRQDO�EDQN�
�DV�D�VXSHUYLVRU�RI�ZKROH�ILQDQFLDO�PDUNHW�LQ�WKH�&]HFK�5HSXEOLF���%XW�LQ�-XQH������DURVH�VR�FDOOHG�PDUNHW�6WDUW�ZKLFK�
LV�UHJXODWHG�E\�WKH�GRPHVWLF�VWRFN�H[FKDQJH�RQO\��7KH�FRQGLWLRQV�IRU�,32CV�ZKLFK�DUH�EHLQJ�FDUULHG�RXW�RQ�WKH�PDUNHW�
6WDUW�DUH�PRUH�PRGHVW�LQ�FRPSDULVRQ�WR�WKH�PDLQ�PDUNHW�DQG�WKH�IUHH�PDUNHW��VXFK�DV�WKHUH�LV�QRW�UHTXLUHG�WKH�KLVWRU\�RI�
LVVXHU�� WKH� UHTXLUHPHQW� IRU�PDUNHW�FDSLWDOL]DWLRQ�� WKH� UHTXLUHPHQW� IRU� IUHH� IORDW�� WKH� LVVXHU�FDQ� UXQ� LWV�DFFRXQWDQF\� LQ�
,)56�DV�ZHOO�DV�&]HFK�DFFRXQWLQJ�VWDQGDUGV��WKH�LVVXHU�GRHV�QRW�QHHG�WR�PDNH�SURVSHFW�EXW�RQO\�VLPSOLILHG�GRFXPHQW�
LQVWHDG� HWF������ $V� LVVXHU� RQ� $,0�PXVW� KDYH� WKHLU� 120$'CV�� WKH� LVVXHU� RQ� PDUNHW� 6WDUW� PXVW� DOVR� KDYH� VR� FDOOHG�
DGYLVRUV��7KH�VWRFN�H[FKDQJH�KDV�FXUUHQWO\���UHJLVWHUHG�WZR�DGYLVRUV� 

(YHQ�WKRXJK�WKH�UHTXLUHPHQWV�IRU�UHDOL]LQJ�,32CV�KDYH�VLPSOLILHG��WKH�PDUNHW�6WDUW�VWLOO�KDV�EHHQ�ZDLWLQJ�IRU�LWV�
ILUVW�,32�VLQFH�LWV�RULJLQ��:LWKLQ�RQH�PRQWK�WKH�FRPSDQ\�:RRN\�DQQRXQFHG�LWV�SXUSRVH�RI�JRLQJ�SXEOLF�RQ�6WDUW��EXW�
WKLV� LQWHQWLRQ� ZDV� FDQFHOHG��� VRRQ� DIWHU� EHFDXVH� WKH� FRPSDQ\� IRXQG� DQRWKHU� VWUDWHJLF� LQYHVWRU� IRU� LWV� IXWXUH�
GHYHORSPHQW��1HYHUWKHOHVV�� WKH�FRPSDQ\�.,7�'LJLWDO�GHFLGHG���WR�GHOLVW� LWV�VWRFN�IURP�WKH�PDLQ�PDUNHW�DQG�PRYH�LWV�
HPLVVLRQ�LQWR�WKH�PDUNHW�6WDUW��WKLV�SURFHVV�ZDV�H[HFXWHG�LQ�2FWREHU��'HVSLWH�WKH�OLVWLQJ�RI�.,'�'LJLWDO�RQ�PDUNHW�6WDUW��
WKHUH�LV�QR�RWKHU�DQQRXQFHG�,32�ZKLFK�VKRXOG�EH�SHUIRUPHG�LQ�QHDU�IXWXUH���

0DQLIHVWO\�WKH�&]HFK�FRPSDQLHV�DUH�QRW�HQJDJHG�LQ�ILQDQFLQJ�WKHLU�QHHGV�RQ�WKH�FDSLWDO�PDUNHW��7KLV�VLWXDWLRQ�
LV� FDXVHG�E\� VHYHUDO��� IDFWV��)LUVWO\�� LW� LV� FDXVHG�GXH� WR� W\SH�RI� SULYDWL]DWLRQ� LQ� WKH�&]HFK�5HSXEOLF�� ,Q� FRQWUDVW�ZLWK�
3RODQG��ZKHUH�WKH�SULYDWL]DWLRQ�RI�SXEOLF�VHFWRU�ZDV�ODXQFKHG�FRQWLQXRXVO\�GXULQJ�VHYHUDO�\HDUV��WKH�SULYDWL]DWLRQ�LQ�WKH�
&]HFK� 5HSXEOLF� ZDV� UHDOL]HG� IDVWHU�� 7KH� ZKROH� SURFHVV� RI� SULYDWL]DWLRQ� ZDV� DW� RQH�WLPH� DQG� WKDW� LV� ZK\� &]HFK�
FRPSDQLHV�GLG�QRW�DFFXVWRPHG�WR�SURFHVV�,32�DV�RQH�RI�WKH�WRROV�IRU�FRPSDQ\CV�ILQDQFLQJ��VHH�FKDUW�����7KLV�PHDQV�WKDW�
D� ORW�RI�&]HFK�FRPSDQLHV�DOUHDG\�GLG�,32�LQ���CV�DQG� WKH\�DUH�QRW� LQWHUHVWHG� LQ�,32�SURFHVV�DQ\PRUH��6HFRQGO\�� WKH�
OLTXLGLW\� RQ� WKH� &]HFK� VWRFN� H[FKDQJH� LV� TXLWH� ORZ� RZLQJ� WR� WKH� FXUUHQW� JOREDO� ILQDQFLDO� FULVLV��0DQ\� LQYHVWRUV� DUH�
UHGXFLQJ�WKHLU� LQYHVWPHQW�RQ� WKH�FDSLWDO�PDUNHW�EHFDXVH�RI�XQSURILWDEOH�GHDOV�ZLWK�VKDUHV�RU�ERQGV�GXULQJ�FULVLV��7KLV�
ORZ�OLTXLGLW\�UHVXOWV�LQ�ODFN�RI�LQWHUHVW�RI�SRWHQWLDO�LVVXHUV��VHH�FKDUW�����

�

���)RU�PRUH�LQIRUPDWLRQ�VHH�5XOHV�IRU�PDUNHW�6WDUW��DFFHVVLEOH�IURP�KWWS���ZZZ�EFSS�F]�GRNXPHQW�DVS["N 6WDUW���
���6HH�KWWS���ZZZ�EFSS�F]�&OHQRYH�%XU]\��
���6HH�KWWS���ZZZ�LSRLQW�F]�]SUDY\����������NDQGLGDW�QD�LSR�Y�VHJPHQWX�VWDUW�VSROHFQRVW�ZRRN\�SUHUXVXMH�XSLV��
���6HH�KWWS���ZZZ�FHVNDWHOHYL]H�F]�FW���HNRQRPLND��������NLW�GLJLWDO�RSRXVWL�KODYQL�WUK�SUD]VNH�EXU]\��
���6HH�KWWS���]SUDY\�LKQHG�F]�RQ�OLQH�UR]KRYRU\�F�����������PLFKDO�YDOHQWLN�SUD]VND�EXU]D�QHEXGH�WDN�PUWYD�MDNR�EUDWLVODYVND�
SRPX]H�ML�[HWUD�
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      Chart 3 – Prague Stock Exchange` (trade value, no. of issues) 
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�
6RXUFH��KWWS���ZZZ�EFSS�F]�GRNXPHQW�DVS["N 6WDWLVWLFNH�6RXERU\��.OtþRYi�URþQt�GDWD�]�REFKRGRYiQt������±�������

/DVW�EXW�QRW�OHDVW�� WKHUH�DUH�DOVR�FRPSHWLWRUV�DEURDG�ZKR�FRXOG�EULQJ�WR�LVVXHUV�PRUH�FUHGLELOLW\�LQ�FDVH�RI�VXFFHVVIXO�
,32�SURFHVV� �VXFK� DV� FRPSDQ\�$9*�7HFKQRORJLHV�1�9�� OLVWHG�RQ�1<6(��3KRWRQ�(QHUJ\� D�V�� OLVWHG�RQ�1HZ&RQQHFW�
HWF����
�
CONCLUSION 
 

(YLGHQWO\�DOO�RYHU�(XURSH�PDQ\�FRPSDQLHV�XVH�,32CV�DV�RQH�HIIHFWLYH�WRRO�IRU�WKHLU�ILQDQFLQJ�DQG�VLQFH�PDQ\�
XQUHJXODWHG�PDUNHWV�HVWDEOLVKHG�DFURVV�(XURSH��WKH\�DUH�ZLGHO\�XVH� IRU�,32CV�RI�60(��7KH�PDUNHW�6WDUW�H[LVWV�LQ�WKH�
&]HFK�5HSXEOLF�IRU�DERXW�ILYH�PRQWKV��,W�RIIHUV�WR�WKH�&]HFK�FRPSDQLHV�IDVW�DQG�HDV\�ZD\�IRU�WKHLU�IXQGLQJ�IURP�FDSLWDO�
PDUNHW�LQ�FRPSDULVRQ�WR�WKH�PDLQ�PDUNHW���

)URP� WKH� RQH� SRLQW� RI� YLHZ� LW� LV� TXLWH� HDUO\� WR� MXGJH�ZKHWKHU� WKH�PDUNHW� 6WDUW�ZLOO� EH� VXFFHVVIXO� DIWHU� ILYH�
PRQWKV�RI�LWV�H[LVWHQFH�EHFDXVH�LW�LV�WLPH�FRQVXPLQJ�IRU�FRPSDQLHV�WR�GHFLGH�DERXW�JRLQJ�SXEOLF�DQG�WKLV�WLPH�SHULRG�LV�
LQVXIILFLHQW��'HVSLWH�WKH�VKRUW�SHULRG�RI�H[LVWHQFH�RI�PDUNHW�6WDUW�WKHUH�ZDV�QR�,32�UHDOL]HG�VR�IDU��H[FHSW�OLVWLQJ�RI�.,7�
'LJLWDO���0RUHRYHU�DFFRUGLQJ� WR� WKH�DYDLODEOH� LQIRUPDWLRQDO� UHVRXUFHV� WKHUH�VKRXOG�QRW�EH�DQ\�,32�LQ� WKH�QHDU� IXWXUH��
(YLGHQWO\��&]HFK�FRPSDQLHV�DUH�QRW�YHU\�LQWHUHVWHG�LQ�WKLV�W\SH�RI�ILQDQFLQJ��

(YHQ� WKRXJK� WKHUH� DUH� IHZ� SUHFRQGLWLRQV� ZK\� &]HFK� FRPSDQLHV� GR� QRW� XVH� ,32CV� DV� RQH� WRRO� IRU� WKHLU�
ILQDQFLQJ��WKH�DXWKRU�KDV�GHFLGHG�WR�DFFRPSOLVK�PDUNHWLQJ�UHVHDUFK�LQ�ZKLFK�KH�ZLOO�IRFXV�RQ�FKLHI�ILQDQFLDO�RIILFHUV�LQ�
WKH�&]HFK�5HSXEOLF�WR�ILQG�RXW�WKH�UHDVRQV�IRU�GLVLQWHUHVW�LQ�WKLV�NLQG�RI�ILQDQFLQJ���
�
�
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�����HQBSGI�KWP@�
�
>�@�%XU]D�FHQQêFK�SDStUĤ�3UDKD��3UR�NRKR�MH�6WDUW��>RQOLQH@�>���6HSWHPEHU�����@�
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>KWWS���ZZZ�EFSS�F]�GRNXPHQW�DVS["N 6WDUW@�
�
>�@�%XU]D�FHQQêFK�SDStUĤ�3UDKD��6H]QDP�þOHQĤ�EXU]\��>RQOLQH@�>���2FWREHU�����@�
>KWWS���ZZZ�EFSS�F]�&OHQRYH�%XU]\�@�
�
>�@�ýHVNi�WHOHYL]H��.,7�'LJLWDO�RSRXãWt�KODYQt�WUK�SUDåVNp�EXU]\��>RQOLQH@�>���2FWREHU�����@�
>KWWS���ZZZ�FHVNDWHOHYL]H�F]�FW���HNRQRPLND��������NLW�GLJLWDO�RSRXVWL�KODYQL�WUK�SUD]VNH�EXU]\�@�
�
>��@�,KQHG�F]��0LFKDO�9DOHQWtN��3UDåNi�EXU]D�QHEXGH�WDN�³PUWYi´�MDNR�EUDWLVODYVNi��3RPĤåH�MH�;HWUD��>RQOLQH@�>���
2FWREHU�����@�
>KWWS���]SUDY\�LKQHG�F]�RQ�OLQH�UR]KRYRU\�F�����������PLFKDO�YDOHQWLN�SUD]VND�EXU]D�QHEXGH�WDN�PUWYD�MDNR�
EUDWLVODYVND�SRPX]H�ML�[HWUD@�
�
>��@�L3RLQW��.DQGLGiW�QD�,32�Y�VHJPHQWX�67$57��VSROHþQRVWL�:RRN\��SĜHUXãXMH�~SLV��>RQOLQH@�>���2FWREHU�����@�
>KWWS���ZZZ�LSRLQW�F]�]SUDY\����������NDQGLGDW�QD�LSR�Y�VHJPHQWX�VWDUW�VSROHFQRVW�ZRRN\�SUHUXVXMH�XSLV�@�
�
>��@�,ULVK�6WRFN�([FKDQJH��$QQDXO�6WDWLVWLFV��>RQOLQH@�>���6HSWHPEHU�����@�
>KWWS���ZZZ�LVH�LH�6WDWLVWLFV�,QIRUPDWLRQ3URGXFWV�3XEOLFDWLRQV�6WDWLVWLFV�$QQXDO�$QQXDO5HSRUW�����SGI@�
�
>��@�,ULVK�6WRFN�([FKDQJH��060�YV�(60�5XOHV��>RQOLQH@�>���2FWREHU�����@�
>KWWS���ZZZ�LVH�LH�(TXLW\�,VVXHUV�060���9V���(60���5XOHV�@�
�
>��@�/RQGRQ�6WRFN�([FKDQJH��$GYLVHUV��>RQOLQH@�>���2FWREHU�����@�
>KWWS���ZZZ�ORQGRQVWRFNH[FKDQJH�FRP�FRPSDQLHV�DQG�DGYLVRUV�DLP�DGYLVHUV�DGYLVHUV�KWP@�
�
>��@�/RQGRQ�6WRFN�([FKDQJH��$,0�)DFWVKHHW��>RQOLQH@�>���2FWREHU�����@�
>KWWS���ZZZ�ORQGRQVWRFNH[FKDQJH�FRP�VWDWLVWLFV�PDUNHWV�DLP�DLP�KWP@�
�
>��@�1HZ&RQQHFW��0DUNHW�6WDWLVWLFV���$QQXDO��>RQOLQH@�>���6HSWHPEHU�����@�
>KWWS���QHZFRQQHFW�SO�LQGH[�SKS"SDJH PDUNHWBVWDWLVWLFVBDQQXDO@�
�

OTHER REFERENCES: 
�

>��@�Investor`s Guide to the United Kingdom��������*0%�3XEOLVKLQJ�/LPLWHG���QG�5HYLVHG�HGLWLRQ�HGLWLRQ��,6%1�
�����������
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<$3$<�$1$.$<$�02'(/ø�.8//$1,/$5$.�+,=/,�75(1/(5ø1�
<$3,/$5'$�2/8ù785'8ö8�7ø75(ùø0�(7.ø/(5ø1ø1�$=$/7,/0$6,�

� �
�

)DWLK�*|NWHSH�YH�(UNDQ�dHOHEL�
6DNDU\D�hQLYHUVLWHVL�
0�KHQGLVOLN�)DN�OWHVL� �

øQúDDW�0�KHQGLVOL÷L�%|O�P��
IJRNWHSH#VDNDU\D�HGX�WU���HFHOHEL#VDNDU\D�HGX�WU�

�
�

g]HW��+Õ]OÕ� WUHQOHULQ� VHEHS�ROGX÷X� WLWUHúLPOHU� VRQXFX� ]HPLQOHUGH�YH� ]HPLQ��]HULQGHNL� \DSÕODUGD�
NXYYHWOL� \HU� KDUHNHWOHUL� ROXúDELOLU�� %X� WLWUHúLPOHU�� PHYFXW� \DSÕODUD� KDVDU� YHUHELOHFH÷L� JLEL��
\DúDQDELOLU�RUWDP�NRúXOODUÕQÕ�GD�ER]DELOLU��0�KHQGLVOLN�X\JXODPDODUÕQGD�\DSÕODUÕ�YH�WHPHOOHUL�LQVDQ�
\DSÕVÕ� WLWUHúLP� ND\QDNODUÕQÕQ� HWNLOHULQGHQ� NRUXPDN� LoLQ� GDOJD� HQJHOOH\LFL� \DSD\� ND\D� HWNLOL� ELU�
o|]�P�\|QWHPL�RODUDN�VXQXODELOLU��7LWUHúLP�ND\QD÷ÕQÕQ�KHPHQ�DOWÕQD�\D�GD�NRUXQDFDN�\DSÕQÕQ�DOWÕQD�
GDOJD�EDUL\HUL�RODUDN�ELU�\DSD\�ND\D�PRGHOL�JHOLúWLULOHELOLU��%X�oDOÕúPDQÕQ�|QFHOLNOL�KHGHIL�KÕ]OÕ�WUHQ�
WUDIL÷LQLQ� �UHWWL÷L� ]HPLQ� WLWUHúLPOHULQL�� \DSÕ�]HPLQ� HWNLOHúLPLQLQ� GH� KHVDED� NDWÕOGÕ÷Õ� ELU� GDOJD�
\D\ÕOÕP�SUREOHPL�RODUDN�GH÷HUOHQGLULS��D\UÕN�VD\ÕVDO�o|]�P�\|QWHPOHULQGHQ�\DUDUODQDUDN�VLVWHPLQ�
PDWHPDWLN�PRGHOLQL�JHOLúWLUHUHN� LQFHOHPHN�YH�GDOJD�HQJHOOH\LFL�\DSD\�ND\DQÕQ�\HUOHúWLULOPHVL� LOH�
oHYUH� \DSÕODUGDNL� HWNLOHULQLQ� D]DOWÕOPDVÕQD� LOLúNLQ� o|]�POHU� VXQPDNWÕU�� %X� DPDoOD�� JHOLúWLULOHQ�
VD\ÕVDO� PRGHO� \DUGÕPÕ\OD� DNWLI� \DOÕWÕP� GXUXPX� LoLQ� GDOJD� EDUL\HULQLQ� NRQXPODQGÕUÕOGÕ÷Õ� IDUNOÕ�
GHULQOLNOHULQ� HWNLVL� NDSVDPOÕ� SDUDPHWULN� oDOÕúPDODU� \DSÕODUDN� HOGH� HGLOPLúWLU�� $QDOL]OHU� VRQXFX��
GDOJD�HQJHOOH\LFL�\DSD\�ND\DQÕQ�RSWLPXP�EDUL\HU�ER\XWODUÕQGD��GHPLU\ROX��VW\DSÕVÕQÕQ�\DNÕQÕQGD�
]HPLQLQ�VHUEHVW�\�]H\LQGHNL�WLWUHúLPOHUGH�FLGGL�ELU�D]DOWPD�VD÷ODGÕ÷Õ�J|U�OP�úW�U��
�

� � $QDKWDU�NHOLPHOHU��<DSD\�DQDND\D��VRQOX�HOHPDQODU��HQHUML�\XWXFX�VÕQÕUODU��DNWLI�\DOÕWÕP��
� � 0RKU�&RXORPE�GDYUDQÕú�PRGHOL�
�

$EVWUDFW�� 6WURQJ� JURXQG�PRWLRQV�PD\� RFFXU� LQ� VRLO� DQG� VWUXFWXUH� FRQVWUXFWHG� RQ� LW� XQGHU� WUDLQ�
LQGXFHG�YLEUDWLRQV��7KHVH�YLEUDWLRQV�FDQ�FDXVH�GDPDJH�RQ�WKH�VWUXFWXUHV�DQG�SHRSOH�OLIH�TXDOLW\�DQG�
FRPIRUW��$Q�DUWLILFLDO�EHGURFN�DV�ZDYH�LPSHGLQJ�EDUULHU��ZLE��FDQ�EH�XVHG�LQ�SUDFWLFDO�HQJLQHHULQJ�
DSSOLFDWLRQV�DV�LVRODWLRQ�PHDVXUHV�WR�SURWHFW�IRXQGDWLRQV�DQG�VWUXFWXUHV�IURP�KXPDQ�PDGH�YLEUDWLRQ�
VRXUFHV�� 7KH�ZLE� FDQ�EH� LQVWDOOHG�EHORZ� WKH� ORDG� SDWK� �DFWLYH� LVRODWLRQ��RU� EHORZ� WKH�SURWHFWHG�
VWUXFWXUHV��SDVVLYH�LVRODWLRQ���,Q�WKLV�SDSHU��WKH�JRDO�LV�WR�SULPDULO\�GHDOW�ZLWK�WKH�PRGHOLQJ�RI�WKH�
UDLOZD\�WUDIILF�LQGXFHG�YLEUDWLRQV�E\�XVLQJ�GLVFUHWH�FRPSXWHU�PRGHOV�IRU�DQDO\]LQJ�UHODWHG�WR�ZDYH�
SURSDJDWLRQ�SUREOHPV�ZLWK�VRLO�VWUXFWXUH�LQWHUDFWLRQ�HIIHFWV�DQG�PLWLJDWLRQ�RI�EXLOGLQJ�UHVSRQVHV�E\�
LQVWDOODWLRQ�RI�ZLE��)RU�WKLV�SXUSRVH��SDUDPHWULF�LQYHVWLJDWLRQV�E\�XVLQJ�WKH�GHYHORSHG�QXPHULFDO�
PRGHO�IRU�DFWLYH�LVRODWLRQ�V\VWHPV�KDYH�EHHQ�H[HFXWHG�WR�FRQFHLYH�WKH�LQIOXHQFH�RI�GLIIHUHQW�GHSWK�
WKDW� ORFDWHG�ZLE�RQ� WKH� VFUHHQLQJ�HIILFLHQF\��7KH�DQDO\VLV�FRQILUPV� WKDW�XVLQJ� WKH�RSWLPXP�ZLE�
JHRPHWU\�� D� VLJQLILFDQW� UHGXFWLRQ� RI� VXUIDFH� YLEUDWLRQV� RQ� VRLO� IURP� WKH� UDLOZD\� WUDFN� FDQ� EH�
SHUIRUPHG�� �
�

� � .H\�ZRUGV��$UWLILFLDO�EHGURFN��ILQLWH�HOHPHQWV��DEVRUEHQW�ERXQGDULHV��DFWLYH�LVRODWLRQ��
� � 0RKU�&RXORPE�FRQVWLWXWLYH�PRGHO�
�
*ø5øù�
�
� +Õ]OÕ� WUHQOHU�� D÷ÕU� PDNLQH� WHPHOOHUL�� \R÷XQ� YH� KÕ]OÕ� WUDILN� \�NOHUL�� PDVLI� LQúDDW� DNWLYLWHOHUL� YH� SDWODPDODU� JLEL�
GHSUHP� \HU� KDUHNHWL� GÕúÕQGDNL� \�NVHN� IUHNDQVWD� LQVDQ� \DSÕVÕ� WLWUHúLP� ND\QDNODUÕQÕQ� ROXúWXUGX÷X� \�NVHN� JHQOLNWHNL�
WLWUHúLPOHUGHQ� \DNÕQ� oHYUHGHNL� \DSÕODU� HWNLOHQLU�� %X� WLWUHúLP� ND\QDNODUÕQÕQ� ROXúWXUGX÷X� GDOJDODUÕQ� \XPXúDN� ]HPLQ�
RUWDPÕQGD�\D\ÕOÕúÕ�YH�\R÷XQ�\HUOHúLP�DODQODUÕQGDNL�\DSÕODUOD�HWNLOHúLPL�KDVVDV�DOHWOHUGH�LúOHYVHO�ER]XNOXNODUD��LQVDQODUGD�
UDKDWVÕ]OÕN�YHULFL�GXUXPODUD�KDWWD�\DNÕQ�ELQDODUGD�KDVDUODUD�QHGHQ�ROPDNWDGÕU��%X�QHGHQOH�oHYUH\L�WLWUHúLP�ND\QDNODUÕQÕQ�
�UHWWL÷L�]DUDUOÕ�HWNLOHULQGHQ�NRUXPDN�LoLQ�HQ�X\JXQ�\DOÕWÕP�DUDFÕQÕQ�EHOLUOHQPHVL�HODVWLN�YH�HODVWR�SODVWLN�RUWDPGD�GDOJD�
\D\ÕOÕúÕQÕQ�L\L�DQODúÕOPDVÕQÕ�JHUHNWLULU��=HPLQ�RUWDPÕQGDNL�EX�WLWUHúLP�KDUHNHWOHULQLQ��VW�\DSÕODUGDNL�GLQDPLN�HWNLOHULQLQ�
DUDúWÕUÕOPDVÕ�\DSÕ��JHRWHNQLN�YH�XODúWÕUPD�P�KHQGLVOL÷LQLQ�RUWDN�oDOÕúPD�DODQÕQÕ�ROXúWXUPDNWDGÕU�� �
�
� +DUHNHW� KÕ]ODUÕQÕ�� \ROFX� YH� \�N� NDSDVLWHOHULQL� V�UHNOL� DUWWÕUDUDN� GH÷LúWLUHQ� \�NVHN�KÕ]� WUHQ� WHNQRORMLVL�
DUDúWÕUPDODUÕQÕQ�|QHPOL�ELU�E|O�P��\DOQÕ]FD�\ROFXODUÕQ�NRQIRUXQX�VD÷ODPDN�LoLQ�GH÷LO��D\QÕ�]DPDQGD�GHPLU\ROX�D÷ÕQÕQ�
LoLQGHQ�JHoWL÷L�\R÷XQ�\HUOHúLP�E|OJHOHULQGH�\DúD\DQODUÕQGD�PDUX]�NDODELOHFH÷L�J�U�OW��NLUOLOL÷LQGHQ�YH�E�\�N�JHQOLNOL�
WLWUHúLPOHUGHQ�NRUXQPDVÕ�YH�EX�NXYYHWOL�\HU�KDUHNHWOHULQLQ�J�]HUJkKD�\DNÕQ�\DSÕODUGDNL�KDVDU�YHULFL�HWNLOHULQLQ�D]DOWÕOPDVÕ�
oDOÕúPDODUÕQÕ�GD�NDSVDPDNWDGÕU��+Õ]OÕ�GHPLU\ROX�WDúÕPDFÕOÕ÷ÕQD�VDKLS�ELUoRN�$YUXSD��ONHVLQGH�ROGX÷X�JLEL��ONHPL]GH�GH�
\ROFX� WDúÕPDFÕOÕ÷ÕQGDNL� WUDILN� DNÕú� KÕ]ODUÕ� ���� NP�K� GH÷HUOHULQH� XODúDFDN� úHNLOGH� SODQODQPÕú�� \ROFX� YH� \�N�
WDúÕPDFÕOÕ÷ÕQGDNL�GLQJLO�\�NOHUL��������� WRQ�RODUDN� WDVDUODQPÕúWÕU��<�NVHN�KÕ]OÕ�GHPLU\ROX�KDWODUÕQGD� WUHQ�JHoLúOHULQLQ��
GHPLU\ROX� �VW\DSÕVÕQGD�� DOW\DSÕVÕQGD� YH� oHYUH� \DSÕODUGD� ROXúWXUGX÷X� NXYYHWOL� \HU� WLWUHúLPOHULQLQ� LQFHOHQPHVL�� \DSÕ�
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WHPHOOHULQGH�KDVDU�\DSÕFÕ�YH�LQVDQODUGD�UDKDWVÕ]OÕN�YHULFL�HWNLOHULQLQ�D]DOWÕOPDVÕ�YH�HQ�X\JXQ�GHPLU\ROX��VW\DSÕ�WDVDUÕPÕQÕQ�
JHUoHNOHúWLULOPHVL� J�Q�P�]GH� LQúDDW� P�KHQGLVOL÷LQLQ� |QHPOL� ELU� NRQXVX� ROPXúWXU�� %X� DODQGD� NDSVDPOÕ� YH� \R÷XQ�
DUDúWÕUPDODUÕQ�JHUHNOLOL÷L�|]HOOLNOH��ONHPL]LQ�WDúÕPD�J�F��]D\ÕI��DO�Y\RQ�]HPLQ�RUWDPODUÕQGDQ�JHoLULOPHVL�SODQODQDQ�YH�
LQúDDWÕ� GHYDP� HGHQ� \�NVHN� KÕ]OÕ� PRGHUQ� GHPLU\ROX� KDWODUÕ� �$QNDUD�øVWDQEXO� KÕ]OÕ� WUHQ� SURMHVL�� LoLQ� J�QFHOOL÷LQL�
NRUXPDNWDGÕU��
�
� %X�oDOÕúPDQÕQ�|QFHOLNOL�KHGHIL�KÕ]OÕ�WUHQ�WUDIL÷LQLQ��UHWWL÷L�]HPLQ�WLWUHúLPOHULQL��\DSÕ�]HPLQ�HWNLOHúLPLQLQ�GH�KHVDED�
NDWÕOGÕ÷Õ� ELU� GDOJD� \D\ÕOÕP� SUREOHPL� RODUDN� GH÷HUOHQGLULS�� D\UÕN� VD\ÕVDO� o|]�P� \|QWHPOHULQGHQ� \DUDUODQDUDN� VLVWHPLQ�
PDWHPDWLN� PRGHOLQL� JHOLúWLUHUHN� LQFHOHPHN� YH� GDOJD� HQJHOOH\LFL� \DSD\� ND\D� \HUOHúWLULOPHVL� LOH� oHYUH� \DSÕODUGDNL�
HWNLOHULQLQ�D]DOWÕOPDVÕQD�LOLúNLQ�o|]�POHU�VXQPDNWÕU��
�
/ø7(5$7h5�g=(7ø�
�
� /LWHUDW�UGH�GDOJD�ND\QDNODUÕQÕQ�ROXúWXUGX÷X�]DUDUOÕ�WLWUHúLPOHULQ�\DOÕWÕPÕQGD�NXOODQÕODQ�GDOJD�EDUL\HUOHUL�LOH�LOJLOL�
ELUoRN�DQDOLWLN��GHQH\VHO�YH�X\JXODQPÕú�oDOÕúPD�RUWD\D�NR\XOPXúWXU��<�NVHN�KÕ]�WUHQ�WHNQRORMLVL�DUDúWÕUPDODUÕQÕQ�|QHPOL�
ELU� E|O�P�� \DOQÕ]FD� \ROFXODUÕQ� J�YHQOL÷LQL� YH� UDKDWÕQÕ� VD÷ODPDN� LoLQ� GH÷LO�� D\QÕ� ]DPDQGD� GHPLU\ROX� oHYUHVLQGH�
\DúD\DQODUÕQGD� HWNLOHQHELOHFH÷L� J�U�OW��� NRQIRU� ER]XFX� YH� ELQDODUGD� KDVDU� \DSÕFÕ� WLWUHúLPOHUGHQ� NRUXPDN� YH� EX�
WLWUHúLPOHULQ�D]DOWÕOPDVÕ�oDOÕúPDODUÕQÕ�GD�NDSVDPDNWDGÕU��.U\ORY��������3HW\W�YH�-RQHV��������0DVVDUVFK��������+XQJ�YH�
<DQJ��������<RVKLRND��������)LDOD�YG����������
�
� <�NVHN� IUHNDQVWD� WHNUDUOÕ� GLQDPLN� \�NOHUGHQ� GROD\Õ� NXYYHWOL� \�]H\� GDOJDODUÕQÕQ� QHGHQ� ROGX÷X� E�\�N� JHQOLNOL�
WLWUHúLPOHULQ� \DNÕQ� oHYUHVLQGHNL� HWNLOHULQL� D]DOWDELOPHN� LoLQ� NRUXQDFDN� \DSÕ� LOH� WLWUHúLP� ND\QD÷Õ� DUDVÕQGD� PDO]HPH�
\R÷XQOXNODUÕ� GH÷LúHQ� IDUNOÕ� W�UOHUGH� JHOLúWLULOPLú� G�úH\� GDOJD� EDUL\HU� PRGHOOHUL� X\JXODQPDNWDGÕU� �$KPDG� YG��� ������
$QGHUVHQ�YH�1LHOVHQ��������dHOHEL�YG����������<DWD\�GDOJD�EDUL\HUL�X\JXODPDVÕ\OD�GD�]HPLQLQ�|]�IUHNDQVODUÕ�YH�EXQD�
ED÷OÕ� WLWUHúLP� PRGODUÕ� \DSD\� ND\DQÕQ� NRQXPODQGÕUÕODFD÷Õ� GHULQOLNOH� GH÷LúWLULOHUHN� WLWUHúLP� HWNLOHULQLQ� D]DOWÕODELOHFH÷L�
J|VWHULOPLúWLU��&KRXZ�YH�6FKPLG��������<DQJ�YH�+XQJ��������$GDP�YG���������dHOHEL�YH�*|NWHSH���������'XUD÷DQ�YH\D�
KDUHNHWOL� WLWUHúLP� ND\QDNODUÕQÕQ� �UHWWL÷L� ]HPLQ� GDOJDODUÕQÕQ� GDYUDQÕúÕQÕ� YH� \D\ÕOÕúÕQÕ� G�úH\� \DOÕWÕP� DUDoODUÕQÕQ�
SHUIRUPDQVÕ\OD� ELUOLNWH� GDKD� L\L� DQOD\DELOPHN� LoLQ� VRQ� G|QHPOHUGH� D]� VD\ÕGD� GD� ROVD� VDKDGD� GHQH\VHO� oDOÕúPDODU� YH�
ODERUDWXDU� WHVW�G�]HQHNOHULQGH�ELU�GL]L� DUDúWÕUPDODU�JHUoHNOHúWLULOPLúWLU� �$KPDG�YH�$O�+XVVDLQL�� ������6KHQ�YH�+XQJ��
������dHOHEL�YG����������$\UÕFD�]HPLQH�J|P�O��\DWD\�EDUL\HU�PRGHOL�LOH�LOJLOL�LON�DUD]L�GHQH\OHULQL�)RUFKDS�YH�9HUELF�
�������SDVLI�YH�DNWLI�\DOÕWÕP�GXUXPODUÕ�LoLQ�JHUoHNOHúWLUPLúOHUGLU��$QD�ND\D�|]HOOL÷LQL�WDúÕ\DQ�IUHNDQV�NRQWUROO��ELU�\DSD\�
WDEDQ� ND\D� PRGHOL� |QHUPLúOHUGLU�� 6DKD� GHQH\OHUL� GÕúÕQGD� GDOJD� \D\ÕOÕP� SUREOHPOHUL\OH� LOJLOL� GDKD� JHUoHNoL� KHVDS�
PRGHOOHUL� LoLQ� LOHUL� DQDOLWLN� o|]�P�\DNODúÕPODUÕ� \LUPLQFL� \�]\ÕOÕQ� VRQODUÕQGD�RUWD\D� oÕNPÕúWÕU� �)X\XNL� YH�0DWVXPRWR��
������ .DXVHO�� ������ %DUEHU�� ������� 6RQ� \LUPL� \ÕOGD� ELOJLVD\DU� WHNQRORMLVLQLQ� KÕ]OÕ� JHOLúLPL\OH� ELUOLNWH� GDOJD� \D\ÕOÕP�
PHNDQL÷LQLQ� KDUHNHWOL� \�NOHUH� J|UH� GDKD� NDUPDúÕN� SUREOHPOHULQL� o|]PHN� YH� \DOÕWÕP� VLVWHPOHULQLQ� HWNLOHULQL� GDKD� L\L�
GH÷HUOHQGLUHELOPHN�LoLQ�IDUNOÕ�VD\ÕVDO�o|]�P�\DNODúÕPODUÕ�NXOODQÕOPÕúWÕU��%X�DODQGD�\DSÕODQ�|QHPOL�oDOÕúPDODUGD��|]HOOLNOH�
IDUNOÕ� ]HPLQ� IRUPDV\RQODUÕQÕQ� YH� J|P�O�� \DSÕ� WHPHOOHULQLQ� PRGHOOHQPHVLQGH� VRQOX� HOHPDQODU� \|QWHPL� HWNLQ� RODUDN�
NXOODQÕOPÕúWÕU�� <DUÕ� VRQVX]� ]HPLQLQ� VRQOX� HOHPDQODUOD� D\UÕNODúWÕUÕOPDVÕQGD� NHVLP� QRNWDODUÕ� LoLQ� |]HO� VÕQÕU� NRúXOODUÕ�
NXOODQÕODUDN� JHRPHWULN� V|Q�P� KHVDED� NDWÕOPÕúWÕU� �+DXSW�� ������ <DQJ� YH� +XQJ�� ������� 7�P� SUREOHPL� WHPVLO� HGHQ�
PDWHPDWLN�PRGHOOHULQ�GLQDPLN�o|]�POHPHOHULQGH�UDG\DV\RQ�V|Q�P�Q��GR÷UXGDQ�KHVDED�NDWDQ�VÕQÕU�HOHPDQODU�\|QWHPL�
�/HXQJ�YG���������dHOHEL�YH�6FKPLG��������\D�GD�EX�WHNQLNOHULQ�VRQOX�HOHPDQODUOD�RUWDN�o|]�POHULQH�GD\DOÕ�KLEULW�o|]�P�
RODUDN�LVLPOHQGLULOHQ�VD\ÕVDO�\DNODúÕPODU�NXOODQÕODUDN�NDOLEUDV\RQ�KDVVDVL\HWL�\�NVHN�PRGHOOHU�JHOLúWLULOPLúWLU��$GDP�YH�
(VWRUII��������.DUOVWU|P�YH�%RVWU|P���������)DNDW�JHUoHNOHúWLULOHQ�VD\ÕVDO�o|]�POHUGHQ�HOGH�HGLOHQ�VRQXoODU�|]HOOLNOH�
]HPLQLQ�HODVWLN�\DUÕ�X]D\�RODUDN�GH÷HUOHQGLULOPHVL\OH�VÕQÕUOÕ�NDOPÕúWÕU��
�
*(/øù7ø5ø/(1�6$<,6$/�02'(/�9(�dg=h0�$ù$0$/$5,�
�
� *HOLúHQ�WHNQRORML�LOH�EHUDEHU�\�N�YH�\ROFX�WDúÕPDFÕOÕ÷ÕQGD�KÕ]OÕ�WUHQ�VLVWHPOHUL�JHOLúPHNWH�YH�JLGHUHN�\D\JÕQ�ELU�
úHNLOGH� NXOODQÕOPDNWDGÕU��+Õ]OÕ� WUHQ� VLVWHPOHULQLQ� \XPXúDN� ]HPLQ� RUWDPODUÕQGD� \R÷XQ� \HUOHúLP� E|OJHOHULQGHQ� WHNUDUOÕ�
JHoLúOHULQGH� oHYUHGHNL� \DSÕODU� �]HULQGH� ROXúWXUDFD÷Õ� HWNLOHUL� LQFHOHPHN� YH� \DSÕODUÕ� EX� HWNLOHUGHQ� NRUXPDN� DPDFÕ\OD�
\DSÕ�]HPLQ� GLQDPLN� HWNLOHúLPLQLQ� GH� GLNNDWH� DOÕQDUDN� NDSVDPOÕ� DUDúWÕUPDODUÕQ� \DSÕOPDVÕ� JHUHNPHNWHGLU�� %X� QHGHQOH�
GHPLU\ROX��VW\DSÕVÕQÕ�YH�oHYUHGHNL�\DSÕODUÕ�WUHQ�VHWOHULQLQ�\�NVHN�VH\DKDW�KÕ]ODUÕ\OD��UHWWL÷L�NXYYHWOL�\HU�KDUHNHWOHULQGHQ�
NRUXPDN�YH�EX�KDVDU�YHULFL�WLWUHúLPOHUL�D]DOWPDN�LoLQ�DUD]LGH�NRQXúODQGÕUÕODFDN�HQ�X\JXQ�\DOÕWÕP�DUDFÕQÕQ�VD\ÕVDO�RODUDN�
EHOLUOHQPHVL� VXQXODQ� oDOÕúPDQÕQ� DQD� KHGHILQL� ROXúWXUPDNWDGÕU�� 7LWUHúLP� ND\QD÷ÕQGDQ� JHOHQ� YH� HODVWR�SODVWLN� ]HPLQ�
RUWDPÕQGD�\D\ÕODQ�GDOJDODUÕQ�JHQOL÷LQL�D]DOWPDN�LoLQ�WLWUHúLP�ND\QD÷ÕQÕQ�KHPHQ�DOWÕQD�\D�GD�NRUXQDFDN�\DSÕQÕQ�DOWÕQD�ELU�
\DSD\� ND\D� PRGHOL� JHOLúWLULOHELOLU�� 7LWUHúLP� ND\QD÷ÕQGDQ� JHOHQ� GDOJDODUÕQ� D]DOWÕOPDVÕ� LoLQ�� WLWUHúLP� ND\QD÷ÕQÕQ� DOWÕQD�
�$NWLI� \DOÕWÕP�� YH\D� NRUXQPDN� LVWHQHQ� \DSÕQÕQ� DOWÕQD� ELU� \DSD\� ND\D� �3DVLI� \DOÕWÕP�� ROXúWXUDUDN� WLWUHúLPOHULQ�
|QOHQHELOPHVL�DPDoODQPÕúWÕU��ùHNLO�����
�
� %X�oDOÕúPDGD��GDOJD�EDUL\HULQLQ�DNWLI� \DOÕWÕP�GXUXPXQD�J|UH� WLWUHúLP�ND\QD÷ÕQGDQ�JHOHQ�GDOJDODUÕQ�D]DOWÕOPDVÕ�
DPDFÕ\OD� JHOLúWLULOHQ� VRQOX� HOHPDQ� PRGHOL� �]HULQGH� \DSD\� WDEDQ� ND\DQÕQ� NRQXPODQGÕUÕODFD÷Õ� RSWLPXP� GHULQOL÷LQ�
EXOXQPDVÕ� LoLQ�NDSVDPOÕ�SDUDPHWULN�DUDúWÕUPDODU� \DSÕOPÕúWÕU��%XUDGD��GDOJD�HQJHOOH\LFL� \DSD\�ND\DQÕQ�X]XQOX÷X� �/D���
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NDOÕQOÕ÷Õ� �%D�� YH� ]HPLQ� \�]H\LQGHQ� GHULQOL÷L� �+D�� RODUDN� WDQÕPODQPÕúWÕU�� 6RQOX� HOHPDQ� DQDOL]OHULQGH� J|]OHP� QRNWDVÕ�
RODUDN�ùHNLO��¶GH�J|U�OG�÷��JLEL�GHPLU\ROX��VW\DSÕVÕQGDQ�/ ��P�X]DNOÕNWDNL�]HPLQLQ�VHUEHVW�\�]H\L��$�QRNWDVÕ��VHoLOPLú�
ROXS�SDUDPHWULN� DQDOL]OHU� LoLQ�� GHPLU\ROX�SODWIRUPXQXQ��VW� WDEDQ�JHQLúOL÷L� ��P�� DOW� WDEDQ�JHQLúOL÷L� ��P� YH� ]HPLQGHQ�
\�NVHNOL÷L�����P�RODUDN�EHOLUOHQPLúWLU��
�

�
�

ùHNLO����'DOJD�HQJHOOH\LFL�\DSD\�ND\D�LoLQ�DNWLI�YH�SDVLI�\DOÕWÕP�GXUXPX�
7LWUHúLP�.D\QD÷ÕQÕQ�6LP�ODV\RQX�
�
� <�NVHN�KÕ]�WUHQOHULQLQ�GHPLU\ROX��VW\DSÕVÕ�YH�oHYUH�]HPLQGH�PH\GDQD�JHWLUPLú�ROGXNODUÕ�WLWUHúLPOHULQLQ�JHUoH÷H�
\DNÕQ�LQFHOHQPHVL�JHOLúWLULOHQ�PRGHOH�HWNL\HQ�KDUHNHWOL�GLQDPLN�\�NOHULQ�GR÷UX�WDQÕPODQPDVÕQD�ED÷OÕGÕU��+Õ]OÕ�WUHQ�VHWLQLQ�
]DPDQD�YH�NRQXPD�ED÷OÕ�\�N�GD÷ÕOÕPÕQÕQ�VD\ÕVDO�PRGHOH�GkKLO�HGLOPHVL�EX�o|]�P�DOJRULWPDVÕQÕQ�HQ�|QHPOL�DúDPDVÕQÕ�
ROXúWXUPDNWDGÕU��%X�oDOÕúPDGD�NDWDU�\�N��RODUDN�VDGHFH�ORNRPRWLILQ�NHQGLVL�GLNNDWH�DOÕQPÕúWÕU��/RNRPRWLILQ�|]D÷ÕUOÕ÷Õ�
GLQJLOOHU� DUDFÕOÕ÷Õ\OD� UD\ODUD� DNWDUÕOPDNWDGÕU�� 9DJRQ� D÷ÕUOÕNODUÕQÕQ� ORNRPRWLI� D÷ÕUOÕ÷ÕQD� J|UH� GDKD� N�o�N� GH÷HUOHUGH�
NDOPDVÕ�� D\QÕ� ]DPDQGD� GD� KDUHNHWOHULQLQ� ]HPLQ� WLWUHúLPLQH� RODQ� NDWNÕVÕQÕQ� ORNRPRWLIH� J|UH� D]� ROPDVÕ� QHGHQL\OH�
KHVDSODUGD� HWNLOHUL� GLNNDWH� DOÕQPDPÕúWÕU�� 'HPLU\ROX� �VW\DSÕ� WDVDUÕPÕQGD� WUHQ� \�NOHULQLQ� ]HPLQH� DNWDUÕOPDVÕ� LúOHPL�
NDGHPH� NDGHPH� JHULOPHOHULQ� D]DOWÕOPDVÕ� SUHQVLELQH� GD\DQÕU�� (Q� E�\�N� JHULOPHOHU� WHNHUOHNOHU� LOH� UD\ODU� DUDVÕQGD�
ROXúXUNHQ��UD\ODU�LOH�WUDYHUVOHU�DUDVÕQGDNL�JHULOPHOHULQ�HWNLVL�LNLQFL�PHUWHEHGHQ�NDOGÕ÷ÕQGDQ��WUDYHUVOHU�LOH�DOWÕQGDNL�EDODVW�
\DWD÷Õ�DUDVÕQGDNL�JHULOPHOHU�LKPDO�HGLOPLúWLU��9HUELF���������
�
� 7�P� \DSÕVDO� o|]�POHPHOHU�� HODVWLN� \DUÕ� X]D\� RODUDN� LGHDOL]H� HGLOHQ� ]HPLQ� \�]H\LQH� RWXUDQ� V�UHNOL� ELU� NLULúLQ�
�]HULQGH�VDELW�KÕ]OD�KDUHNHW�HGHQ�ELU�\�N�Q�GLQDPLN�GÕú�HWNL�RODUDN�J|]�|Q�QH�DOÕQPDVÕ\OD�JHUoHNOHúWLULOPLúWLU��'HPLU\ROX�
YH� KHPHQ� DOWÕQGDNL� ]HPLQGH� NXYYHWOL� WLWUHúLP� �UHWHQ� \�NVHN�KÕ]� WUHQOHULQLQ� EDODVWVÕ]� �VW\DSÕ� G�]OHPLQGHQ� JHoLúLQLQ�
WDQÕPODQPDVÕ�LoLQ�EDVLW�ELU�PRGHO�RUWD\D�NRQXOPXúWXU��%X�PRGHOGH�KÕ]OÕ�WUHQ�GLQJLO�\�N���GLQJLO�DoÕNOÕNODUÕ�YH�KDUHNHW�
KÕ]Õ\OD���VW\DSÕ�LVH�EHOOL�ELU�H÷LOPH�ULMLWOL÷L�RODQ�UD\ODU�YH�WUDYHUVOHULQ�\DWDN�NDWVD\ÕODUÕ\OD�NDUDNWHUL]H�HGLOPLúWLU��+XEHU��
�������
�
� ùHULW��]HULQGH�KDUHNHW�HGHQ�WHNLO�\�N�Q�GH÷PH�\�]H\LQGH�PH\GDQD�JHWLUGL÷L�JHULOPH�GD÷ÕOÕúÕ��HODVWLN�ELU�]HPLQH�
RWXUDQ�ELU�NLULúLQ�JHULOPH�GDYUDQÕúÕQÕQ�EHOLUOHQPHVLQGH�NXOODQÕODQ�ED÷ÕQWÕODUGDQ�HOGH�HGLOLU��
�

�(�) = �
ξ��

 �ିቚ��ቚ ��� ቀቚ�
�
ቚ + �

�
ቁ                   � = ට���

�

�
� � � � � � � � � � � � � � � � � � � � � � � � � � ����

�
� %X�ED÷ÕQWÕGD�/�HODVWLN�ER\X��.�LVH�]HPLQ�\DWDN�NDWVD\ÕVÕQÕ�J|VWHUPHNWHGLU��%XUDGD�úHULGLQ�ULMLWOL÷L�\DNODúÕN�RODUDN�
GHPLU\ROX��VW�\DSÕVÕQÕQ�ULMLWOL÷LQH�HúGH÷HU�DOÕQPÕúWÕU��*HULOPH�GL\DJUDPÕQÕQ�LON�LNL�VÕIÕU�QRNWDVÕ�DUDVÕQGDNL�YH�E�X]XQOX÷X�
LOH�J|VWHULOHQ�E�\�N�SDUoD�NDWDU�\�N��RODUDN�EX�oDOÕúPDODUGD�GLNNDWH�DOÕQPÕúWÕU��ùHNLO��D���6DELW�Y�KÕ]Õ\OD�KDUHNHW�HGHQ�ELU�
NXYYHWLQ�� \RO� J�]HUJkKÕ� �]HULQGH� KHUKDQJL� ELU� QRNWDGDNL� GXUXPX� J|]OHPOHQGL÷LQGH�� R� QRNWDGD� VDELW� ELU� \�N�Q� GDUEH�
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ELoLPLQGH�HWNLVLQLQ�]DPDQD�ED÷OÕ�GH÷LúLPL�HOGH�HGLOLU��ùHNLO��E���%X�GDUEH�\�N�Q�Q�WHVLU�V�UHVL�W����E�Y�RUDQÕQD�HúLW�ROXU��
%LUoRN�VD\ÕVDO�X\JXODPDODUGD�E�X]XQOX÷X���P�RODUDN�KHVDED�NDWÕOPÕúWÕU��+XEHU�YG���������� �
�

�
�

D� hVW\DSÕ�]HPLQ�DUDNHVLWLQGHNL�JHULOPH�GD÷ÕOÕúÕ�
�

�
�

E� .HVLN�GDUEHVHO�W�UGH�KDUHNHWOL�\�N�

ùHNLO����(ODVWLN�]HPLQH�RWXUDQ�ELU�NLULú��]HULQGH�EXOXQDQ�WHNLO�NXYYHWLQ�]HPLQOH�DUDNHVLWLQGH�PH\GDQD�JHWLUGL÷L�JHULOPH�
GL\DJUDPÕ��9HUELF��������

�
� %D]Õ�Q�PHULN�o|]�P�WHNQLNOHULQH�ED÷OÕ�RODUDN�JHOLúWLULOHQ�PDWHPDWLN�PRGHOOHULQ�66,�'��'��6FKPLG�YG���������YH�
6$66,��/\VHPHU�YG��������D�E��JLEL�|]HO�SURJUDPODUGD�GLQDPLN�GDYUDQÕúÕ�EHOLUOHPHN�LoLQ�\�U�W�OHQ�DUDúWÕUPDODUÕQ�oR÷X�
IUHNDQV� E|OJHVLQGH� JHUoHNOHúWLULOGL÷LQGHQ� ]DPDQ� E|OJHVLQGH� WDQÕPODQDQ� GDUEH� \�N�QH� D\UÕN� )RXULHU� G|Q�ú�P��
X\JXODQDUDN� IUHNDQV� WDQÕP�DUDOÕ÷ÕQGD�o|]�P��HOGH�HGLOLU��'HPLU\ROX��VW\DSÕVÕ� LOH�]HPLQ�DUDNHVLWLQGH�ROXúDFDN�JHUoHN�
JHULOPH�GD÷ÕOÕPÕ�\HULQH�o|]�P��EDVLWOHúWLUHELOPHN�LoLQ�DúD÷ÕGD�YHULOHQ�IRUP�O�LOH�WDQÕPODQDQ�EDúND�ELU�GDUEH�IRQNVL\RQX�
HOH�DOÕQPÕúWÕU��9HUELF��������7RVHFN\��������dHOHEL�YG���������� �
�

�(�) = ��  
����൬� �

��
൰

൬� �
��
൰
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

�
%|\OH�ELU�HWNLQLQ�)RXULHU�G|Q�ú�P��GH�EDVLW�ELU��oJHQ�ELoLPLQGH�RUWD\D�oÕNDU��ùHNLO�����
�

�
�

ùHNLO����'DUEH�HWNLVLQLQ�)RXULHU�G|Q�ú�P���9HUELF��������
�

� %X�oDOÕúPDGD��7�UNL\H¶GHNL�\�NVHN�KÕ]OÕ�GHPLU\ROX�KDWODUÕQGD�NXOODQÕODQ�ORNRPRWLI���GLQJLOOL�YH�D÷ÕUOÕ÷Õ�\DNODúÕN�
RODUDN�����N1�RODUDN�KHVDED�NDWÕOPÕúWÕU��5D\ODUÕQ�EHOLUOL�ELU�H÷LOPH�ULMLWOL÷LQH�VDKLS�ROGX÷X�G�ú�Q�OG�÷�QGH�WHNHUOHNWHQ�
UD\ODUD�DNWDUÕODQ�\�N���WHNLO�ELU�\�N�RODUDN�GH÷LOGH�EHOOL�ELU�X]XQOXNWD�WHVLUL�RODQ�\D\ÕOÕ�\�N�úHNOLQGH�KHVDSODUD�NDWPDN�
JHUHNLU��<�N�Q�HWNLOL�ROGX÷X�HODVWLN�ER\�X]XQOX÷X�/ ����P�RODUDN�VHoLOPLúWLU�� øNL� WUDYHUV�DUDVÕQGDNL�PHVDIHQLQ�����P�
ROGX÷X�G�ú�Q�OG�÷�QGH�\�N�Q�HWNLVL�\HGL�WUDYHUV�HOHPDQÕQD�NDUúÕ�JHOPHNWHGLU��.DWDU�\�N�Q�Q�NRQXPD�YH�]DPDQD�ED÷OÕ�
GLQDPLN� E�\�NO�÷�Q�Q� WDP� RODUDN� HOGH� HGLOHELOPHVL� LoLQ� HWNLOL� ROGX÷X� X]XQOXNWDNL� \D\ÕOÕ� \�N� GD÷ÕOÕPÕQÕQ� ELOHúNH�
GH÷HULQLQ�ORNRPRWLILQ�ELU�WHNHUOH÷LQLQ�UD\D�X\JXODGÕ÷Õ�NXYYHWH�HúLWOL÷LQGHQ�EXOXQPXúWXU��øON�DúDPDGD�\�N�Q�HWNLOL�ROGX÷X�
X]XQOXNWDNL�UD\ODUÕQ�DOWÕQGD�\HU�DODQ�KHU�ELU�WUDYHUVH�HWNL�HGHFHN�WHNLO�\�N�GH÷HUOHUL�EXOXQXU��<XNDUÕGD�YHULOHQ�����QROX�
HúLWOLNWHNL�]DPDQD�ED÷OÕ�LIDGHOHU�NRQXPD�ED÷OÕ�WHNUDU�G�]HQOHQLUVH��W [�Y��W� /��Y��Wĺ[��

�(�) = ��  
����ቀ���� ቁ
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�
HOGH�HGLOLU��ùHNLO��¶GH�YHULOHQ�\�N�H÷ULVLQLQ�DOWÕQGD�NDODQ�DODQ�$�LVH��
�

� = ׬ �(�)��
�
�
ି��

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
�

úHNOLQGH�EXOXQXU��<XNDUÕGDNL�LIDGHOHULQ�����YH�����NXOODQÕOPDVÕ\OD�YH�WHNHUOHN�\�N�Q�Q�ùHNLO���YH\D��E¶GH�J|VWHULOPLú�
RODQ� \�N� GL\DJUDPÕQÕQ� DODQÕQD� HúLWOL÷LQGHQ� \DUDUODQDUDN� / ���P� ER\XQFD� \�N�Q� JHQOL÷L� HOGH� HGLOLU��.DWDUGDQ� UD\ODU�
DUDVÕQGD�EXOXQDQ�KHU�ELU�WUDYHUV�HOHPDQÕQD�DNWDUÕODQ�WHNLO�NXYYHWOHU�����QROX�ED÷ÕQWÕGD�LQWHJUDO�DGÕP�PHVDIHOHUL�¨/ ����P�
�WUDYHUVOHU�DUDVÕ�PHVDIH��RODFDN�úHNLOGH�G�]HQOHQPLú�YH� � LQWHJUDO�o|]�POHUL�\DSÕOGÕNWDQ�VRQUD�WHN�WHNHU�LoLQ�WUDYHUVOHUH�
DNWDUÕODQ�HúGH÷HU�NXYYHW�GL\DJUDPÕ�HOGH�HGLOPLúWLU��ùHNLO�����
�
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�
�
�

ùHNLO����7UDYHUVOHUH�DNWDUÕODQ�WHNLO�NXYYHWOHU�YH�HúGH÷HU�NXYYHW�GL\DJUDPÕ�
�

� /RNRPRWLILQ�G|UW�DUGÕúÕN�WHNHULQLQ�GHPLU\ROXQGDQ�JHoLúL�HVQDVÕQGD�UD\��]HULQGHNL�HWNLVL��ùHNLO��¶GH�YHULOHQ�WHN�ELU�
WHNHUH�DLW�\�N�GD÷ÕOÕPÕQÕQ�G|UW�NH]�V�SHUSR]H�HGLOPHVL\OH�HOGH�HGLOPLúWLU��ùHNLO�����
�

�
ùHNLO����/RNRPRWLILQ�WHNHUOHN�DNVODUÕ�DUDVÕQGDNL�PHVDIH�YH�WHVLU�NXYYHWOHULQLQ�GD÷ÕOÕPÕ�

�
� 6D\ÕVDO� LúOHPOHULQ� LON�DúDPDVÕQGD�NDWDU�KÕ]Õ�Y� �����NP�K� �������P�VQ�RODUDN�DOÕQPÕúWÕU��8]XQOX÷X���P�RODQ�
ORNRPRWLILQ�JHoLúL�HVQDVÕQGD�WHNHUOHNOHULQ�GH÷PH�QRNWDODUÕQGD�PH\GDQD�JHWLUHFH÷L�GDUEH�HWNLOHUL�W� ������VQ�V�UPHNWHGLU��
ùHNLO��¶GD�NDWDU�\�N�Q�Q�]DPDQD�ED÷OÕ�GDUEH�HWNLVL�J|VWHULOPLúWLU�� �
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�

�
ùHNLO����7HVLU�NXYYHWOHULQLQ�]DPDQD�ED÷OÕ�GH÷LúLPL��9 ������P�VQ��

�
$QDOL]GH�.XOODQLODQ�0DO]HPH�'DYUDQLú�0RGHOOHUL�9H�6RQOX�(OHPDQ�7�UOHUL�
�
� hVW\DSÕ�]HPLQ� RUWDN� VLVWHPLQLQ� ]DPDQ� E|OJHVLQGHNL� o|]�P�� LoLQ� VRQOX� HOHPDQODU� \|QWHPLQH� GD\DOÕ� ELOJLVD\DU�
SURJUDPÕQGDQ��%ULQNJUHYH�YG���������\DUDUODQÕOPÕúWÕU��*HOLúWLULOHQ�PDWHPDWLN�PRGHOGH�GHPLU\ROX�DOW\DSÕVÕQÕ�ROXúWXUDQ�
]HPLQLQ�|QJ|U�OHQ�PHNDQLN�GDYUDQÕúÕ� OLQHHU�HODVWLN�YH�0RKU�&RXORPE�\HQLOPH�NULWHUL�DOWÕPGD�HODVWR�SODVWLN�PDO]HPH�
GDYUDQÕú�PRGHOL� LOH�EHQ]HúWLULOHUHN�GLNNDWH�DOÕQPÕúWÕU��0RKU�&RXORPE�]HPLQ�PRGHOLQL� WDQÕPODPDN� LoLQ�EHú�SDUDPHWUH�
NXOODQÕOPÕúWÕU��%XQODU�]HPLQLQ�<RXQJ�PRG�O�� �(���3RLVVRQ�RUDQÕ� �Q���NRKH]\RQ�GH÷HUL� �F���ND\PD�PXNDYHPHWL��I��YH�
NDEDUPD� �\�� DoÕODUÕGÕU�� 2OXúWXUXODQ� VD\ÕVDO� PRGHOGH� ]HPLQ� E|OJHVL�� GHPLU\ROX� �VW� \DSÕVÕ� YH� GDOJD� HQJHOH\LFL� \DSD\�
ND\DQÕQ�PHNDQLN�|]HOOLNOHULQH�DLW�ELOJLOHU�7DEOR����¶¶GH�J|VWHULOPLúWLU��

�
7DEOR����=HPLQ�RUWDPÕQÕQ�PHNDQLN�|]HOOLNOHUL�

�
3DUDPHWUH� 6HPERO� %LULP� %�\�NO�N�
%LULP�KDFLP�D÷ÕUOÕN� Ȗ� �N1�P��� ������
(ODVWLVLWH�PRG�O�� (� �N3D�� ���������
.D\PD�PRG�O�� *� �N3D�� ���������
3RLVVRQ�RUDQÕ� Ȟ� �� �����
%DVÕQo�GDOJDVÕ� 9S� P�V� ����
.D\PD�GDOJDVÕ� 9V� P�V� �������
5D\OHLJK�V|Q�P�NDWVD\ÕODUÕ� Į�ȕ� �� �����
%RúOXN�RUDQÕ� H� �� �����
.RKH]\RQ� F¶� �N3D�� �����
.D\PD�PXNDYHPHWL�DoÕVÕ� ¡¶� ���� ������
.DEDUPD�DoÕVÕ� ȥ� ���� ��
$UD\�]�GD\DQÕP�D]DOWPD�IDNW|U�� 5LQWHU� �� �����

7DEOR����'HPLU\ROX��VW\DSÕVÕ�|]HOOLNOHUL� �
�
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�
3DUDPHWUH� 6HPERO� %LULP� %�\�NO�N�
%LULP�KDFLP�D÷ÕUOÕN� Ȗ� �N1�P��� ������
(ODVWLVLWH�PRG�O�� (� �N3D�� �[����
5D\OHLJK�V|Q�P�NDWVD\ÕODUÕ� Į�ȕ� �� �����
3RLVVRQ�RUDQÕ� Ȟ� �� ����
$UD\�]�GD\DQÕP�D]DOWPD�IDNW|U�� 5LQWHU� �� �����

�
6RQOX�(OHPDQ�$QDOL]LQGH�6D\ÕVDO�'R÷UXOXN�YH�6WDELOLWH�
�

'DOJD�\D\ÕOPD�KÕ]Õ�YH�\�N�ND\QD÷ÕQÕQ�IUHNDQV�DUDOÕ÷Õ�NXOODQÕODFDN�HOHPDQ�ER\XWXQX�EHOLUOHGL÷LQGHQ��HOHPDQODUÕQ�
VD\ÕVÕQÕQ�D]DOWÕOPDVÕ�JHQHOOLNOH�D\UÕNODúWÕUÕODQ�E|OJHQLQ�E�\�NO�÷�Q��VÕQÕUODPDNWDGÕU��$\UÕNODúWÕUÕODQ�E|OJHQLQ�ER\XWXQXQ�
N�o�OW�OPHVL\OH� VÕQÕU� úDUWODUÕQÕQ� SUREOHPH� HWNLVL� DUWDU�� $QFDN�� NHVLP� QRNWDODUÕQGD� X\JXQ� \DSD\� VÕQÕU� úDUWODUÕQÕQ�
ROXúWXUXOPDVÕ\OD�VRQVX]D�X]DQDQ�]HPLQ�VRQOX�ELU�E|OJH\H�KDSVHGLOHUHN�PRGHOOHQHELOLU��$\UÕFD�NÕVD�GDOJD�ER\OX�IUHNDQV�
ELOHúHQOHUL� JHQLú� DUDOÕNOÕ� G�÷�POHUOH� PRGHOOHQGL÷LQGH�� \�NVHN� IUHNDQV� ELOHúHQOHUL� ILOWUHOHQHELOLU�� 6D\ÕVDO� PRGHOGH�
VRQXoODUÕQ�WXWDUOÕOÕ÷Õ�YH�GR÷UXOXN�G�]H\L�DoÕVÕQGDQ�VRQOX�HOHPDQ�ER\XWXQXQ��'K���VW�GH÷HUL�HQ�NÕVD�GDOJD�ER\XQD��OPLQ��
J|UH�VÕQÕUODQGÕUÕOPÕúWÕU��.XKOHPH\HU�YH�/\VPHU���������

�

'K�d
PDNV

M

NI
Y

N
 PLQO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

� %XUDGD�� N� oDUSDQ� VDELWL� VRQOX� HOHPDQ� WLSLQH� YH� NXOODQÕODQ� úHNLO� IRQNVL\RQXQD� ED÷OÕ� �d� Nd� ��� DUDOÕ÷ÕQGD�
GH÷LúPHNWHGLU�� 'LQDPLN� \�NH� DLW� )RXULHU� VSHNWUXPXQXQ� |QHPOL� ELOHúHQOHULQL� YHUHQ� HQ� E�\�N� IUHNDQV� GH÷HUL� IPDNV� LOH�
J|VWHULOPLúWLU��%X�oDOÕúPDGD��7�UNL\H¶QLQ�\�NVHN�KÕ]OÕ�GHPLU\ROX�KDWODUÕQGD�NXOODQÕODQ�ORNRPRWLIOHULQ�9� �����NP�K�JHoLú�
KÕ]ODUÕQGD�GHPLU\ROX�SODWIRUPXQD�X\JXODGÕ÷Õ�\�N�IRQNVL\RQXQ�)RXULHU�VSHNWUXPXQGDNL�|QHPOL�NDWNÕODUÕ���d�I�d����+]�
IUHNDQV�DUDOÕ÷ÕQGD�J|U�OPHNWHGLU��ùHNLO����� �
�
� dDOÕúPDQÕQ� DPDFÕQD� J|UH� \DSÕVDO� GDYUDQÕúÕQ� ELULQFL� GHUHFHGHQ� |QHP� ND]DQGÕ÷Õ� SODVWLN� úHNLO� GH÷LúWLUPHQLQ�
EHNOHQGL÷L�]HPLQ�SDUoDVÕ��+� ��P��%� ��P��N�o�N�ER\XWOX�VRQOX�HOHPDQODUOD��'K� �����P��PRGHOOHQPLúWLU��ùHNLO�����
<DNÕQ�E|OJHGHQ�X]DNODúWÕNoD�NXOODQÕODQ�VRQOX�HOHPDQ�ER\XWODUÕ�\XNDUÕGD�YHULOHQ�NRúXOX�����oRN�ID]OD�DúPD\DFDN�úHNLOGH�
E�\�OW�OHUHN�KHVDSODPD�\�N��YH�EXQD�ED÷OÕ�RODUDN�DQDOL]�V�UHFL�GHQJHOHQPLúWLU�� �
�
� <DSÕ�]HPLQ�GLQDPLN�HWNLOHúLPL�LoLQ�JHOLúWLULOHQ�PDWHPDWLN�VLP�ODV\RQXQ�GR÷UXOXN�G�]H\L�LNL�WHPHO�SDUDPHWUH�LOH�
NRQWURO�HGLOPHNWHGLU��%XQODUGDQ�ELUL��VW�VÕQÕU�NRúXOXQD�ED÷ODQDQ�����VRQOX�HOHPDQ�PRGHOLQLQ�QRGODUÕ�DUDVÕQGDNL�PHVDIHGLU�
YH� GL÷HUL� GH� o|]�PGH� J|]� |Q�QH� DOÕQDQ� ]DPDQ� DGÕP� DUDOÕ÷ÕGÕU�� %X� oDOÕúPDGD� HOH� DOÕQDQ� LNL� ER\XWOX� G�]OHP� úHNLO�
GH÷LúWLUPH�SUREOHPLQL�\|QHWHQ�KDUHNHW�GHQNOHPOHULQLQ�]DPDQ�WDQÕP�DUDOÕ÷ÕQGD�o|]�P��1HZPDUN¶ÕQ�VDELW�RUWDODPD�LYPH�
\|QWHPL\OH�JHUoHNOHúWLULOPLúWLU�� �
�
� )DUNOÕ� GDOJD� W�UOHULQL� KHVDED� NDWÕOGÕ÷Õ� ]HPLQ� WLWUHúLP� SUREOHPOHULQLQ� DQDOL]LQGH� ]DPDQ� DUWÕPÕ� �'W��� RUWDPGDNL�
GDOJDQÕQ� HQ� E�\�N� \D\ÕOPD� KÕ]Õ\OD� EHOLUOHQLUNHQ�� NXOODQÕODFDN� VRQOX� HOHPDQ� ER\XWXQXQ� HQ� N�o�N� GDOJD� KÕ]ÕQD� ED÷OÕ�
ROGX÷XQD�GLNNDW�HWPHN�JHUHNLU��'DOJDODUÕQ�HQ�\�NVHN�YH�HQ�G�ú�N�\D\ÕOPD�KÕ]ODUÕ�DUDVÕQGDNL�IDUNÕQ�E�\�N�ROPDVÕQGDQ�
GROD\Õ� |QJ|U�OHQ� PRGHO� LoLQ� N�o�N� VRQOX� HOHPDQ� NXOODQÕPÕQD� YH� NÕVD� ]DPDQ� DUWÕPÕ\OD� VD\ÕVDO� o|]�P�Q�
JHUoHNOHúWLULOPHVLQH�LKWL\Do�GX\XOPDNWDGÕU��<|QHWLFL�GHQNOHPOHULQ�VD\ÕVDO�LQWHJUDV\RQXQGD�]DPDQ�DGÕPÕ�'W �������VQ�
DOÕQDUDN�DQDOL]OHU�\�U�W�OP�úW�U��
�
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ùHNLO����7�UNL\H¶QLQ�\�NVHN�KÕ]OÕ�GHPLU\ROX�KDWODUÕQGD�NXOODQÕODQ�ORNRPRWLIOHULQ�ROXúWXUGX÷X�\�N�IRQNVL\RQXQXQ�IUHNDQV�
VSHNWUXPX��9 ������P�VQ��

�
9LVNR]�6|Q�POH\LFL�6ÕQÕUODU�9H�+LVWHUHWLN�6|Q�P� �

�
'DOJD�\D\ÕOÕP�SUREOHPLQLQ�VRQOX�HOHPDQ�VLP�ODV\RQX� LoLQ�\�N�ND\QD÷ÕQGDQ�X]DN�E|OJHOHUH� LOHWLOHQ�GDOJDODUÕ�

PRGHO� VÕQÕUODUÕQGD� VHUEHVW� EÕUDNPDN� YH� \D\ÕODQ� HQHUML\L� EX� NHVLP� QRNWDODUÕQGD� W�NHWPHN� LoLQ� \DSD\� VÕQÕUODUD� LKWL\Do�
GX\XOPDNWDGÕU�� %X� VÕQÕUODUGD� YLVNR]� V|Q�POH\LFL� HOHPDQODU� �/\VPHU� YH� .XKOHPH\HU�� ������ YH� VRQVX]� HOHPDQODU�
�'DVJXSWD�� ������:ROI� YH� 6RQJ�� ������ \D\JÕQ� RODUDN� NXOODQÕOPDNWDGÕU�� (÷HU� D\UÕNODúWÕUÕODQ� E|OJHQLQ� VÕQÕUODUÕ� \HWHUOL�
GHUHFHGH�X]DNWD�VHoLOPHPLúVH��E|OJHQLQ�NHVLP�QRNWDODUÕQGD�JHoLUJHQ��VR÷XUJDQ��VÕQÕUODU�NXOODQÕOVD�ELOH��WDP�JHoLULPOLOLN�
VD÷ODQDPDGÕ÷ÕQGDQ� GROD\Õ� X]DNODúDQ� YH� \DQVÕ\DQ� GDOJDODUÕQ� oDNÕúPDVÕQGDQ� DQDOL]� VRQXoODUÕQGD� EHNOHQPHGLN� VD\ÕVDO�
EHOLUVL]OLNOHU�RUWD\D�oÕNDELOPHNWHGLU��

� �
*HOLúWLULOHQ� o|]�P� \|QWHPLQGH� VLVWHPGHQ� GÕúDUÕ\D� GR÷UX� \D\ÕODQ� YH� ]HPLQLQ� VRQVX]OX÷X� QHGHQL� LOH� ]HPLQ�

RUWDPÕQGD�ND\ERODQ�HQHUML\L� WDQÕPODPDN�LoLQ�E|OJHQLQ�VÕQÕUODUÕQGD�HúGH÷HU�DQODPGD�NXOODQÕODQ��UDG\DV\RQ�V|Q�P��DGÕ�
YHULOHQ�YH�PDO]HPH� V|Q�P�� LOH� LOJLVL�EXOXQPD\DQ�ELU� V|Q�P�PHNDQL]PDVÕ� NXOODQÕOPÕúWÕU� �ùHNLO�����9LVNR]�HWNLOHUGHQ�
GROD\Õ� IL]LNVHO� V|Q�P� 5D\OHLJK� V|Q�P�� LOH� GLNNDWH� DOÕQPDNWDGÕU�� 0�KHQGLVOLN� X\JXODPDODUÕQGD� KLVWHUHWLN� PDO]HPH�
V|Q�P��LoLQ�JHQHO�RODUDN�NXOODQÕODQ�SDUDPHWUH�[�V|Q�P�RUDQÕGÕU��6RQOX�HOHPDQODU�\DNODúÕPÕQGD�5D\OHLJK�V|Q�P���C���
VLVWHPLQ�N�WOH�YH�ULMLWOLN�PDWULVOHUL�LoHUVLQGHNL�V|Q�P�HWNLOHULQL�ELU�DUD\D�WRSOD\DQ�HQ�X\JXQ�V|Q�P�|Oo�WOHULQGHQ�ELULQL�
ROXúWXUPDNWDGÕU�� �

� �C DM�EK)                                                      ����

%X� IRUP�ODV\RQD� J|UH�� VLVWHPLQ�PDO]HPH� V|Q�P�QGH�D� RUDQWÕ� VDELWL� N�WOHQLQ� NDWNÕVÕQÕ� J|VWHULUNHQ��E� VDELWL�
ULMLWOL÷LQ� V|Q�PGHNL� HWNLVLQL� EHOLUOHPHNWHGLU�� <DSÕ� VLVWHPOHULQLQ� WLWUHúLPLQGH� ]HPLQLQ� PDO]HPH� V|Q�P��� \HUDOWÕQÕQ�
VRQVX]OX÷XQGD�\D\ÕODUDN�ND\ERODQ�WLWUHúLP�HQHUMLVLQL�WDQÕPOD\DQ�JHRPHWULN�V|Q�POH�NDUúÕODúWÕUÕOGÕ÷ÕQGD�LNLQFLO�GHUHFHGH�
NDOGÕ÷Õ� YH� EHOOL� NXUDOODU� oHUoHYHVLQGH� VD\ÕVDO� KHVDSODUGD� J|]DUGÕ� HGLOHELOHFH÷L� V|\OHQHELOLU�� 6D\ÕVDO� X\JXODPDODUGD�
PDO]HPH� V|Q�P�Q�Q� J|]DUGÕ� HGLOPHVL� �D E ��� GXUXPXQGD� ELOH� GDOJDODU� JHRPHWULN� V|Q�PH� ED÷OÕ� W�NHQGL÷L�
J|U�OPHNWHGLU��0RGHO�VÕQÕUODUÕQGD�JHRPHWULN�V|Q�P�Q�KHVDED�NDWÕOGÕ÷Õ�LNL�ER\XWOX�VRQOX�HOHPDQ�DQDOL]OHUL�LoLQ�5D\OHLJK�
V|Q�P�GH÷HULQL�o|]�P�Q�NDUDUOÕOÕ÷ÕQÕ�ER]DFDN�NDGDU�GD�N�o�OWPHPHN�JHUHNLU��<DSÕVDO�o|]�POHPHOHUGH�5D\OHLJK�RUDQWÕ�
VDELWOHUL�GÕú�\�N�IUHNDQVÕQÕQ�\�NVHN�ROPDVÕQGDQ�GROD\Õ�D �����YH�E �����DOÕQPÕúWÕU��dHOHEL�YH�*|NWHSH���������

International Science and Technology Conference, Dubai, 13-15 December 2012

1359



ISTEC 20
12

� � � �
ùHNLO����<DSÕ�]HPLQ�HWNLOHúLP�SUREOHPL�LoLQ�VRQOX�HOHPDQ�PRGHOL��$NWLI�'XUXP��

0DWHPDWLN�0RGHOLQ�.DOLEUDV\RQX�
�
� 'DOJD�\D\ÕOÕúÕQÕQ� LQFHOHQGL÷L� V�UHNOL�RUWDP�PHNDQL÷LQGH�VLVWHPLQ� VRQOX�HOHPDQ�D÷�\DSÕVÕQÕQ� VÕNÕOÕ÷Õ� KDVVDV�ELU�
\DNODúÕPOD�G�]HQOHQLUNHQ�SUREOHPLQ�VÕQÕU�|]HOOLNOHULQLQ�GH�D\QÕ�KDVVDVL\HWOH�GR÷UX�WDQÕPODQPDVÕ�KHP�|QJ|U�OHQ�GR÷UXOXN�
G�]H\LQH� HULúHELOPH� KHP� GH� o|]�P� V�UHFLQLQ� KHVDS� \�N�QH� ED÷OÕ� RODUDN� GHQJHOHQHELOPHVL� DoÕVÕQGDQ� VRQ� GHUHFH�
|QHPOLGLU��øOHWLOHQ�GDOJDODUÕQ�]HPLQ�VÕQÕUODUÕQGDQ�\DQVÕ\ÕS�JHUL�G|QPHPHVL�LoLQ�SUREOHPLQ�HOH�DOÕQGÕ÷Õ�E|OJHQLQ�N�o�N�
WXWXOPDPDVÕ�JHUHNLU��$\UÕFD�VRQVX]D�X]DQDQ�]HPLQ�E|OJHVLQGHQ�oÕNDUWÕODQ�VRQOX�]HPLQ�SDUoDVÕQÕQ�VÕQÕU�úDUWODUÕQÕQ�JHUL\H�
NDODQ�]HPLQ�E|OJHVLQL�QDVÕO�WHPVLO�HGHFH÷LQLQ�L\L�EHOLUOHQPHVL�JHUHNLU�� �
�
� %X� oDOÕúPDGD� \DUÕ� VRQVX]� ]HPLQ� RUWDPÕQÕQ� LGHDOOHúWLULOPHVL� LoLQ� JHOLúWLULOHQ� VRQOX� HOHPDQ�PRGHOLQLQ� GR÷UXOXN�
G�]H\L�YH�\|QWHPLQ�JHoHUOLOL÷L��]HPLQLQ�VÕQÕUODUÕQD�GDOJD�\D\ÕOPD�úDUWODUÕQÕ�VD÷OD\DQ�\DSD\�V|Q�POH\LFLOHU�\HUOHúWLULOHUHN�
ROXúWXUXODQ�E|OJHQLQ�E�\�NO�÷�QH�J|UH� LQFHOHQPLúWLU��$\UÕFD�HOH�DOÕQDQ�SUREOHP�\DNÕQ�YH�X]DN�E|OJHOHU� LoLQ�IDUNOÕ�D÷�
VÕNÕOÕNODUÕQGD� DQDOL]� HGLOHUHN� HQ� X\JXQ� D÷� \DSÕVÕ� GÕú� \�N�Q� WLWUHúLP� IUHNDQVÕQD� ED÷OÕ� �UHWLOHQ� HOHPDQ� ER\XWXQD� J|UH�
EHOLUOHQPLúWLU��6RQVX]D�X]DQDQ�]HPLQ�E|OJHVLQLQ�D\UÕNODúWÕUÕOPDVÕ�LoLQ�IDUNOÕ�|OoHNOHUGH�HOH�DOÕQDQ�VRQOX�HOHPDQ�PRGHOOHUL�
NXOODQÕODUDN�GHPLU\ROX��VW\DSÕVÕQGDQ�EHOOL�X]DNOÕNWD��/ �����P��VHUEHVW�\�]H\GH�VHoLOHQ�J|]OHP�QRNWDODUÕQGDNL�G�úH\�
\HUGH÷LúWLUPHOHULQ� �X\�� ]DPDQD� ED÷OÕ� GH÷LúLPOHUL� ùHNLO� �¶GD� J|VWHULOGL÷L� JLEL� WUHQ� KÕ]ÕQD� ED÷OÕ� RODUDN� HOGH� HGLOPLúWLU�
�dHOHEL� YH� *|NWHSH�� ������� 6D\ÕVDO� VRQXoODUÕQ� NRQWURO��� GHSUHP� \HU� KDUHNHWLQLQ� QHGHQ� ROGX÷X� \DSÕ�]HPLQ� HWNLOHúLP�
SUREOHPLQL�o|]PHN�DPDFÕ\OD�JHOLúWLULOHQ�6$66,��/\VHPHU�YG��������D�E��SURJUDPÕQÕQ�LOJLOL�PRG�OOHULQL�KDUHNHWOL�\�NOHULQ�
�UHWWL÷L� \�]H\� WLWUHúLPOHULQL� LQFHOHPHN� LoLQ� GDOJD� \D\ÕOÕú� SUREOHPOHULQH� X\DUOD\DQ� 7RVHFN\¶QLQ� oDOÕúPDODUÕQD� J|UH�
\DSÕOPÕúWÕU��7RVHFN\���������%X�VD\ÕVDO�PRGHO�]HPLQ�RUWDPÕQÕQ�VÕQÕUVÕ]OÕ÷ÕQÕ�JHOLúPLú�\DSD\�VÕQÕUODU�NXOODQDUDN�DOWVLVWHP�
\DNODúÕPÕ�LoHUVLQGH�LQFH�WDEDNDODU�HVQHN�KDFLP�\|QWHPL\OH�HOH�DOPDNWDGÕU��
�
� øON�DúDPDGD�SUREOHPGH�HOH�DOÕQDFDN�]HPLQ�E|OJHVLQLQ�\DWD\�DoÕOÕPÕQÕQ�X]XQOX÷XQD�NDUDU�YHULOPLúWLU��%X�oDOÕúPDGD�
VRQOX� E|OJHQLQ� WRSODP� X]XQOX÷XQXQ�% ����P� DOÕQPDVÕ� \HWHUOL� J|U�OP�úW�U��+HU� LNL� WDUDIWDQ� ]HPLQ� VÕQÕUÕ� \DSÕ� WDEDQ�
JHQLúOL÷LQLQ�\DNODúÕN�RODUDN���NDWÕ�NDGDU�X]DNWD�ROXúWXUXOPXúWXU��'DKD�VRQUD�LVH�]HPLQ�E|OJHVLQLQ�GHULQOL÷L�VDSWDQPÕúWÕU��
'HULQOLN�+ ���P�RODFDN�úHNLOGH�EHOLUOHQPLúWLU��ùHNLO��¶GD�YHULOHQ�JUDILNOHU�LQFHOHQGL÷LQGH��HOGH�HGLOHQ�VRQXoODUÕQ�GL÷HU�
\|QWHPOH�X\XP�LoHUVLQGH�ROPDVÕ�|QHULOHQ�PRGHOLQ�\HWHUOLOL÷LQL�J|VWHUPHNWHGLU�� �
�
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ùHNLO����0RGHO�E�\�NO�÷�Q�Q�OLWHUDW�U�VRQXoODUÕ\OD�NDUúÕODúWÕUÕOPDVÕ�

<�]H\�'DOJDODUÕQÕQ�=HPLQ�2UWDPÕQGD�<D\ÕOÕPÕ�
�
� <�N� ND\QD÷ÕQGDQ� \D\ÕODQ� HQHUML� FLVLP� GDOJDODUÕ� YH� \�]H\� GDOJDODUÕ� GHQHQ� LNL� IDUNOÕ� W�UGH� GDOJDODU� RUWD\D�
oÕNDUPDNWDGÕU��<HULQ�LoLQGH�KDUHNHW�HGHQ�FLVLP�GDOJDODUÕ��3�YH�6�GDOJDODUÕ�RODUDN�LNL\H�D\UÕOPDNWD�ROXS��EX�GDOJD�W�UOHUL�
SDUoDFÕN�KDUHNHWLQH�QHGHQ�ROXS��KDUHNHWOHUL�VÕUDVÕ\OD�\D\ÕOPD�GR÷UXOWXVXQD�SDUDOHO�YH�GLNWLU��'DOJD�\D\ÕOPD�KÕ]ODUÕ�RUWDPÕQ�
IL]LNVHO�YH�JHRPHWULN�|]HOOLNOHULQH�ED÷OÕGÕU��6RQVX]�ELU�RUWDPGD�3�GDOJDVÕQÕQ�\D\ÕOPD�KÕ]Õ��6�GDOJDVÕQÕQ�\D\ÕOPD�KÕ]ÕQGDQ�
HQ�D]�LNL�NDW�ID]ODGÕU��*HQLú�YH�*HUoHN���������<�]H\�GDOJDODUÕ�\HU�\�]H\L�YH�\�]H\GHNL�NDWPDQODU�LOH�FLVLP�GDOJDODUÕ�
DUDVÕQGDNL�HWNLOHúLP� VRQXFX�RUWD\D�oÕNDU��%X�GDOJDODU�JHQOLNOHUL�NDEDFD�GHULQOL÷H�J|UH��VVHO�RODUDN�D]DODQ� úHNLOGH�\HU�
\�]H\LQGH� LOHUOHU�� %X� GDOJDODUÕQ� HQ� |QHPOLOHUL� 5D\OHLJK� GDODODUÕ� YH� /RYH� GDOJDODUÕGÕU�� 0�KHQGLVOLN� SUREOHPOHULQGH�
NDUúÕPÕ]D�VÕNOÕNOD�oÕNDQ�YH�oR÷XQOXNOD�\�]H\GH�ROXúDQ�HQ�\D\JÕQ�GDOJD�5D\OHLJK�\�]H\�GDOJDVÕGÕU��
�
� 5D\OHLJK� GDOJDODUÕ�� SDUoDoÕN� KDUHNHWLQLQ� \DWD\� YH� G�úH\� ELOHúHQOHUL� GDOJD� \D\ÕOÕPÕ� G�]OHPLQGH� ROXúXU�� /RYH�
GDOJDODUÕ�� \DWD\� YH� GDKD� oRN� \D\ÕOPD� GR÷UXOWXVXQD� GLN� GR÷UXOWXGD� SDUoDoÕN� KDUHNHWL� ROXúWXUXU�� 5D\OHLJK� GDOJDVÕQÕQ�
\D\ÕOÕPÕ�\DNODúÕN�6�GDOJDVÕ�KÕ]ÕQGD�ROPDVÕQD�UD÷PHQ��/RYH�GDOJDVÕQÕQ�\D\ÕOPD�KÕ]Õ�\�]H\�WDEDNDVÕQGDNL�YH�DOW�WDEDNDGDNL�
6�GDOJDODUÕQÕQ�\D\ÕOPD�KÕ]ODUÕ�DUDVÕQGDNL�ELU�GH÷HUGH�ROPDNWDGÕU���
�
� .D\QDN�E|OJHVLQGHQ�\D\ÕODQ�VLVPLN�GDOJDODU��JHoLú�\ROX��]HULQGHNL�JHRPHWUL�YH�PDO]HPH�|]HOOLNOHULQGHQ�HWNLOHQLU��
3�YH�6�GDOJDODUÕ�JHoLú�\ROX�ER\XQFD�IDUNOÕ�PDO]HPH�|]HOOLNOHULQH� VDKLS� WDEDNDODUÕQ�DUD�\�]H\OHULQGH�NDUúÕODúWÕNODUÕQGD�
\DQVÕUODU�YH�NÕUÕOÕUODU��%X�GDOJDODU�DUDVÕQGD�IDUNOÕOÕN��HQHUML�ND\QD÷ÕQGDQ�oÕNDQ�GDOJDODUÕQ�JHQOLNOHULQGH�E|OJHVHO�ELU�DUWÕú�YH�
D]DOÕúOD� VRQXoODQDELOLU�� <�]H\� WRSR÷UDI\DVÕ� YH� \�]H\H� \DNÕQ� WDEDNDODQPD� GD� \�]H\� GDOJDODUÕQÕQ� |]HOOLNOHULQL� HWNLOHU�
�*HQLú�YH�*HUoHN���������*HRPHWULN�V|Q�POH\LFLQLQ�ROPDPDVÕ�GXUXPXQGD�]HPLQ�LoLQGHNL�GDOJD�\D\ÕOÕPÕ�D]DOWÕODPD]��
'DOJDODUÕQ� JHUL� \DQVÕPDVÕ� DQDND\D� LOH� ]HPLQ� \�]H\L� DUDVÕQGDNL� ]HPLQ� WDEDND� NDOÕQOÕ÷ÕQD� �+D�� �]HPLQ� |]HOOL÷LQH� YH�
WLWUHúLPOHULQ�\|Q�QH�ED÷OÕGÕU��7LWUHúLP�IUHNDQVÕ�YHULOGL÷LQGH��EX�IUHNDQVD�ED÷OÕ�NULWLN�WDEDND�NDOÕQOÕ÷Õ��+D��EXOXQDELOLU��%X�
úDUWODU� DOWÕQGD� WLWUHúLP� IUHNDQVÕ� ]HPLQ� IUHNDQVÕQGDQ� GDKD� D]� LVH� GDOJD� \D\ÕOÕPÕ� ROPD]�� (÷HU� WLWUHúLP� IUHNDQVÕ� ]HPLQ�
IUHNDQVÕQD� HúLW� LVH� UH]RQDQV� GXUXPX� EHNOHQLU�� 7LWUHúLP� IUHNDQVÕ� ]HPLQLQ� IUHNDQVÕQGDQ� E�\�N� LVH� GDOJD� \D\ÕOÕPÕ�
JHUoHNOHúLU��

� � � �+� ൑ ��
(��ି�)
��

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

� %X� IRUP�ODV\RQGD�� FV� ]HPLQ� PDO]HPHVLQLQ� ND\PD� GDOJDVÕ� KÕ]Õ�� � I� � LVH� WLWUHúLP� ND\QD÷ÕQÕQ� IUHNDQVÕGÕU�� %X�
oDOÕúPDGD��WLWUHúLP�ND\QD÷ÕQGDQ�JHOHQ�GDOJDODUÕQ�D]DOWÕOPDVÕ�LoLQ�WLWUHúLP�ND\QD÷ÕQÕQ�DOWÕQGD�ROXúWXUXODFDN�\DSD\�WDEDQ�
ND\DQÕQ�NRQXPODQGÕUÕODFD÷Õ�NULWLN�GHULQOL÷LQ�EXOXQPDVÕ�DPDFÕ\OD��5D\OHLJK�\�]H\�GDOJDVÕQD�ED÷OÕ�RODUDN�\DSD\�ND\DQÕQ�
NRQXPODQGÕUÕOGÕ÷Õ�IDUNOÕ�\�NVHNOLNOHU�HOGH�HGLOPLúWLU��$GDP�YH�&KRXZ���������dDOÕúPDGD�5D\OHLJK�GDOJDVÕQÕQ�GDOJD�ER\X�
�P�RODUDN�KHVDSODQPÕú�ROXS�+ �����/5��+ ����/5��+ �/5�YH�OLQHHU�HODVWLN�\DUÕ�X]D\�o|]�POHUL�NÕ\DVODQDUDN�UH]RQDQV�
HWNLVL�DUDúWÕUÕOPÕú�YH�\DSD\�ND\DQÕQ�NRQXPODQGÕUÕODFD÷Õ�NULWLN�GHULQOLN�WHVSLW�HGLOPLúWLU��*HOLúWLULOHQ�VD\ÕVDO�PRGHOLQ�OLQHHU�
HODVWLN�\DUÕ�X]D\�YH�DQDND\D�WDEDQOÕ�úHPDWLN�J|VWHULPL�ùHNLO���¶GD�YHULOPLúWLU��
�
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ùHNLO�����*HOLúWLULOHQ�VD\ÕVDO�PRGHOLQ�\DUÕ�X]D\�YH�DQDND\D�WDEDQOÕ�úHPDWLN�J|VWHULPL�
�

6$<,6$/�8<*8/$0$�9(�$1$/ø=�6218d/$5,�
�

� '�]OHP�úHNLO�GH÷LúWLUPH�SUREOHPL�LoLQ��ELOLQPH\HQOHUL�NDSVD\DQ�GHQNOHPOHU�������G�÷�P�QRNWDVÕQD�VDKLS�ROXS��
W�P�X\JXODPDODUÕQ�GLQDPLN�DQDOL]OHUL�ELOJLVD\DUÕQ�KDIÕ]DVÕQGD�������*%¶OÕN�\HU�NDSODPÕúWÕU��6RQOX�HOHPDQ�DQDOL]OHULQGH�
J|]OHP� QRNWDVÕ� RODUDN� GHPLU\ROX� �VW\DSÕVÕQGDQ� EHOOL� X]DNOÕNWD� �/ ���P�� ]HPLQLQ� VHUEHVW� \�]H\LQGH� J|]OHP� QRNWDVÕ�
VHoLOPLúWLU��ùHNLO�����<DOÕWÕPVÕ]�GXUXP�LoLQ�VHoLOHQ�J|]OHP�QRNWDVÕQGD��$�QRNWDVÕ�� WUHQ�KÕ]ÕQD�ED÷OÕ�RODUDN�HOGH�HGLOHQ�
\DWD\�\HUGH÷LúWLUPHOHULQ��X[��]DPDQD�ED÷OÕ�GH÷LúLPOHUL��]HPLQLQ�PHNDQLN�GDYUDQÕúÕQÕQ�|QHPLQL�YXUJXODPDN�LoLQ�PDO]HPH�
V|Q�P�Q�Q�KHVDED�NDWÕOÕS�NDWÕOPDGÕ÷Õ� LNL� IDUNOÕ�GXUXPD�J|UH� OLQHHU�HODVWLN�YH�HODVWR�SODVWLN�]HPLQ�GDYUDQÕú�PRGHOOHUL�
ùHNLO�������¶GH�J|U�OPHNWHGLU�� �
�

�

ùHNLO�����6|Q�PV�]�GXUXP�LoLQ�\DWD\�\HUGH÷LúWLUPHQLQ�]DPDQ�JHoPLúL��\DOÕWÕPVÕ]�GXUXP��

�

ùHNLO�����6|Q�PO��GXUXP�LoLQ�\DWD\�\HUGH÷LúWLUPHQLQ�]DPDQ�JHoPLúL��\DOÕWÕPVÕ]�GXUXP��

� 0DO]HPH� V|Q�P�Q�Q� VD\ÕVDO� KHVDSODUD� NDWÕOPDGÕ÷Õ� �D E ��� GXUXPODUGD� ELOH� PRGHO� VÕQÕUODUÕQGD� WDQÕPODQDQ�
JHRPHWULN�V|Q�P�Q�VLVWHPLQ�WLWUHúLP�HQHUMLVLQLQ�W�NHWLOPHVLQGH�QH�GHUHFH�HWNLOL�ROGX÷X�YHULOHQ�JUDILNWH�]DPDQOD�JHQOL÷L�
D]DODQ�\DWD\�\HUGH÷LúWLUPH�H÷ULVLQGHQ�DQODúÕOPDNWDGÕU��
�
� <�NVHN�IUHNDQVOÕ�WLWUHúLPOHU�LoHUHQ�KÕ]OÕ�WUHQ�JHoLúOHULQLQ�ROXúWXUGX÷X�HWNLOHUL�D]DOWPDN�DPDFÕ\OD�\DSD\�WDEDQ�ND\D�
EDUL\HU�PRGHOLQLQ�DNWLI�\DOÕWÕP�GXUXPXQD�J|UH�NDSVDPOÕ�DQDOL]OHU�\DSÕOPÕúWÕU��$NWLI�\DOÕWÕP�GXUXPX�LoLQ�\DSD\�ND\DQÕQ�
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NRQXPODQGÕUÕODFD÷Õ�NULWLN�GHULQOL÷L�WHVSLW�HWPHN�DPDFÕ\OD�VHoLOHQ�J|]OHP�QRNWDVÕQGD��$�QRNWDVÕ��WUHQ�KÕ]ÕQD�ED÷OÕ�RODUDN�
HOGH�HGLOHQ�\DWD\�KÕ]ODUÕQ��Y[��]DPDQD�ED÷OÕ�GH÷LúLPOHUL�PDO]HPH�V|Q�P�Q�Q�GLNNDWH�DOÕQPDGÕ÷Õ�OLQHHU�HODVWLN�\DUÕ�X]D\�
YH�\DSD\�ND\DQÕQ�NRQXPODQGÕUÕOGÕ÷Õ�IDUNOÕ�\�NVHNOLNOHU�LoLQ�ùHNLO���¶GH�YHULOPLúWLU��%X�oDOÕúPDGD��5D\OHLJK�GDOJDVÕQÕQ�
GDOJD�ER\X�/5 �P�RODUDN�HOGH�HGLOPLúWLU�� � $QDOL]OHUGH�NXOODQÕODQ�9 ����NP�K�JHoLú�KÕ]ÕQD�VDKLS�WUHQ�\�N�Q�Q�WLWUHúLP�
IUHNDQVÕ��+D �����/5�WDEDND�NDOÕQOÕ÷ÕQGDNL�]HPLQ�IUHNDQVÕQGDQ�GDKD�G�ú�N�GH÷HUGH�ROGX÷X�DQODúÕOPDNWDGÕU��%XQXQ� � ELU�
VRQXFX�RODUDN��GDOJD�\D\ÕOÕPÕQÕQ�JHUoHNOHúPHGL÷L�YH\D� � D]�ELU�RUDQGD�JHUoHNOHúWL÷L�DQODúÕOPDNWDGÕU��+D ����/5�NDWPDQ�
\�NVHNOL÷LQLQ��NULWLN�WDEDND�NDOÕQOÕ÷ÕQD�\DNÕQ�ROPDVÕQÕQ�VRQXFX�RODUDN��WUHQ�\�N�Q�Q�WLWUHúLP�IUHNDQVÕ�]HPLQLQ�IUHNDQVÕQD�
\DNODúWÕ÷Õ�J|U�OPHNWHGLU��<DWD\�KÕ]�JHQOLNOHULQLQ�oRN�E�\�N�GH÷HUOHUGH�ROPDVÕ\OD�UH]RQDQV�HWNLOHUL�J|]OHPOHQPLú�ROXS�
]HPLQ�LoHUVLQGH�\D\ÕODQ�GDOJDODUÕQ�DQDND\DGDQ�J�oO��ELU�úHNLOGH�\DQVÕGÕ÷Õ�DQODúÕOPDNWDGÕU��+D �/5�WDEDND�NDOÕQOÕ÷Õ�LoLQ�
HOGH�HGLOHQ�\DWD\�KÕ]�GH÷HUOHULQLQ�OLQHHU�HODVWLN�\DUÕ�X]D\�o|]�P�QH�\DNODúWÕ÷Õ�J|U�OPHNWH�ROXS��WUHQ�\�N�Q�Q�WLWUHúLP�
IUHNDQVÕQÕQ�]HPLQLQ�IUHNDQVÕQGDQ�E�\�N�ROGX÷X�DQODúÕOPDNWDGÕU�YH�GDOJD�\D\ÕOÕPÕQÕQ�JHUoHNOHúWL÷L�J|U�OPHNWHGLU��ùHNLO�
�����
�

�

ùHNLO�����6|Q�PV�]�GXUXP�LoLQ�\DWD\�KÕ]ÕQ�]DPDQD�ED÷OÕ�GH÷LúLPL��DNWLI�\DOÕWÕP��

� $NWLI� \DOÕWÕP� GXUXPXQD� DLW� GDOJD� HQJHOOH\LFL� \DSD\� ND\D� PRGHOLQLQ� NRQXPODQGÕUÕOPDVÕ� JHUHNHQ� RSWLPXP�
GHULQOL÷LQ� WHVSLWL� DPDFÕ\OD�� PDO]HPH� V|Q�P�Q�Q� KHVDED� NDWÕOÕS� NDWÕOPDGÕ÷Õ� LNL� IDUNOÕ� GXUXPD� J|UH� OLQHHU� HODVWLN� YH�
HODVWR�SODVWLN�]HPLQ�GDYUDQÕú�PRGHOOHUL�\DSD\�ND\DQÕQ�\HUOHúWLULOGL÷L�IDUNOÕ�\�NVHNOLNOHU�LoLQ�NDUúÕODúWÕUÕOPDOÕ�RODUDN�ùHNLO�
������¶GH�YHULOPLúWLU��$NWLI�GXUXP�LoLQ��GDOJD�EDUL\HU�PRGHOLQLQ�DQDOL]OHUGH�|QJ|U�OHQ�RSWLPXP�X]XQOX÷X��/D��YH�NDOÕQOÕ÷Õ�
�%D��JLEL�NHVLW�ER\XWODUÕ��GDKD�|QFHNL�DQDOLWLN�oDOÕúPDODUD��*|NWHSH�YG���������dHOHEL�YG���������dHOHEL�YH�*|NWHSH��������
GD\DOÕ�RODUDN�EHOLUOHQGL÷LQGHQ�\DSD\�ND\D�X]XQOX÷X�/D� �P�YH�NDOÕQOÕ÷Õ�%D� �P�RODUDN�DOÕQPÕúWÕU��<DSD\�ND\DQÕQ�GDOJD\Õ�
SHUGHOHPH�HWNLVLQL�J|VWHUPHN�LoLQ�NXOODQÕODQ�GDOJD�D]DOWPD�RUDQÕ��$ZL��ER\XWVX]�SDUDPHWUHVL��
�

$Z൴ =
���

�ഥ��                    �

� � � � � �  � = �,�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
�
ED÷ÕQWÕVÕ\OD�KHVDSODQPÕúWÕU��%XUDGD��9;$�\DOÕWÕPOÕ�GXUXPGDNL�KÕ]Õ�� ��ഥ�� � LVH�\DOÕWÕPVÕ]�GXUXPGDNL�KÕ]Õ�J|VWHUPHNWH�ROXS�
G�úH\�GH÷HUOHUGH�HOGH�HGLOHQ�D]DOWPD�RUDQÕ�LoLQ�$ZY��\DWD\�GH÷HUOHU�LoLQ�LVH�$ZK�RODUDN�J|VWHULOPLúWLU��'DOJD�D]DOWPD�RUDQÕ�
$ZL� GH÷HULQLQ� �� ROPDVÕ� GXUXPXQGD� EDUL\HU� WDP� \DOÕWÕP� VD÷ODPÕú�� �� ROPDVÕ� GXUXPXQGD� LVH� \DOÕWÕP� HWNLVLQLQ�
JHUoHNOHúPHGL÷L�G�ú�Q�OHUHN�oDOÕúPDODU�GH÷HUOHQGLULOPLúWLU��
�
� $QDOL]OHUGH�PDO]HPH�V|Q�P�Q�Q�GLNNDWH�DOÕQPDGÕ÷Õ�OLQHHU�HODVWLN�YH�HODVWR�SODVWLN�]HPLQ�GDYUDQÕú�PRGHOOHUL�LoLQ�
\DSD\�ND\D�GHULQOL÷LQLQ� ]HPLQLQ� VHUEHVW� \�]H\LQGHNL� \DWD\�KÕ]�JHQOLNOHULQGH���������� G�úH\�KÕ]�JHQOLNOHULQGH� LVH���
������ FLYDUÕQGD� \DOÕWÕP� J|VWHUGL÷L� J|U�OPHNWHGLU�� +Õ]OÕ� WUHQ� WUDIL÷LQLQ� WHNUDUOÕ� JHoLúOHUL� VÕUDVÕQGD� �UHWWLNOHUL� \�NVHN�
IUHNDQVOÕ�WLWUHúLPOHULQ�ELQDODUD�RODQ�HWNLVLQL�D]DOWPDN�LoLQ�\DWD\�KÕ]�JHQOLNOHULQGH�HOGH�HGLOHQ�D]DOWPD�RUDQODUÕQGDQ�OLQHHU�
HODVWLN� YH� HODVWR�SODVWLN� ]HPLQ� PRGHOOHULQH� DLW� NULWLN� GHULQOL÷LQ� �P� FLYDUÕQGD� ROGX÷X� V|\OHQHELOLU�� '�úH\� KÕ]�
JHQOLNOHULQGHQ�HOGH�HGLOHQ�D]DOWPD�RUDQODUÕQD�J|UH�LVH�OLQHHU�HODVWLN�YH�HODVWR�SODVWLN�]HPLQ�GDYUDQÕú�PRGHOOHUL�LoLQ�������
P�FLYDUÕQGD�ROGX÷X�DQODúÕOPÕúWÕU��ùHNLO������
�
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ùHNLO�����6|Q�PV�]�GXUXP�LoLQ�GDOJD�HQJHOOH\LFL�\DSD\�ND\D�GHULQOL÷LQH�ED÷OÕ�RODUDN�GDOJD�D]DOWPD�RUDQÕ��DNWLI�\DOÕWÕP��
�
� 0DO]HPH�V|Q�P�Q�Q�GLNNDWH�DOÕQGÕ÷Õ�OLQHHU�HODVWLN�YH�HODVWR�SODVWLN�]HPLQ�GDYUDQÕú�PRGHOOHUL�LoLQ�GDOJD�EDUL\HUL�
+D ���P�GHULQOL÷LQGH� ������FLYDUÕQGD�D]DOWPD�HWNLVL�\DSPDNWDGÕU��ùHNLO���¶GHNL�YHULOHQ�JUDILNOHUGHQ�GDOJD�HQJHOOH\LFL�
\DSD\� ND\DQÕQ� J|VWHUPLú� ROGX÷X� SHUIRUPDQVÕQ� ]HPLQ� GDYUDQÕú� PRGHOLQH� ED÷OÕ� RODUDN� oRN� ID]OD� GH÷LúPHGL÷L�
J|]OHPOHQPLúWLU��%X�GXUXP��KÕ]OÕ�WUHQ�WUDIL÷LQLQ�ROXúWXUGX÷X�E�\�N�JHQOLNWHNL�WLWUHúLPOHULQ�HWNLOHULQL�D]DOWPDN�DPDFÕ\OD�
JHOLúWLULOHQ� VD\ÕVDO�PRGHO� \DUGÕPÕ\OD� \DSÕODQ� KHVDSODPDODUGD� ]HPLQLQ� |QJ|U�OHQ�PHNDQLN� GDYUDQÕúÕ� LoLQ� WHUFLK� HGLOHQ�
HODVWR�SODVWLN�0RKU�&RXORPE�PDO]HPH�PRGHOLQLQ�\HWHUOLOL÷LQL�J|VWHUPHNWHGLU��6RQXo�RODUDN��GHSUHP�\HU�KDUHNHWL�GÕúÕQGD�
KÕ]OÕ�WUHQOHU�JLEL�\�NVHN�IUHNDQVD�VDKLS�LQVDQ�\DSÕVÕ�WLWUHúLP�ND\QDNODUÕQÕQ�ROXúWXUGX÷X�SUREOHPOHULQ�VD\ÕVDO�DQDOL]OHULQGH�
LOHUL�]HPLQ�GDYUDQÕú�PRGHOOHULQLQ�NXOODQÕPÕQÕQ�JHUHNOL�ROPDGÕ÷Õ�DQODúÕOPÕú�ROXS�\DSÕ�]HPLQ�HWNLOHúLP�SUREOHPLQL�GLQDPLN�
GÕú� \�N�Q� VLP�ODV\RQX\OD� ELUOLNWH� GR÷UXGDQ� WHPVLO� HGHQ� KHVDS� PRGHOLQGH�� VRQXoODUÕQ� WXWDUOÕOÕ÷Õ� YH� GR÷UXOXN� G�]H\L�
DoÕVÕQGDQ�]HPLQLQ�GR÷UXVDO�ROPD\DQ�GDYUDQÕúÕQÕ�JHUoH÷H�HQ�\DNÕQ�ELoLPGH�WHPVLO�HWPHN�LoLQ�NXOODQÕODQ�0RKU�&RXORPE�
\HQLOPH�NULWHUL�DOWÕQGDNL�HODVWR�SODVWLN�PDO]HPH�GDYUDQÕúÕ�\HWHUOLGLU��ùHNLO������
�
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ùHNLO�����6|Q�PO��GXUXP�LoLQ�GDOJD�HQJHOOH\LFL�\DSD\�ND\D�GHULQOL÷LQH�ED÷OÕ�RODUDN�GDOJD�D]DOWPD�RUDQÕ��DNWLI�\DOÕWÕP��
�

6218d/$5�
�
� %X�oDOÕúPDGD� WUHQ� VHWOHULQLQ�\�NVHN�VH\DKDW�KÕ]ODUÕ\OD� WHNUDUOÕ�JHoLúOHUL� VÕUDVÕQGD�]HPLQOHUGH��UHWWLNOHUL�\�NVHN�
IUHNDQVOÕ�WLWUHúLPOHULQ�oHYUH��VW�\DSÕODUGDNL�GLQDPLN�HWNLOHULQLQ�DUDúWÕUÕOPDVÕ�YH�D]DOWÕOPDVÕ�DPDFÕ\OD�ELU�o|]�P�|QHULVL�
RODUDN�VXQXODQ�GDOJD�HQJHOOH\LFL�\DSD\�ND\DQÕQ�DNWLI�\DOÕWÕP�GXUXPX�LoLQ�WHPHO�SDUDPHWUHOHUH�J|UH�NDSVDPOÕ�ELU�úHNLOGH�
DUDúWÕUPD�\DSÕOPÕú�YH�VRQXoODU�JUDILNOHU�KDOLQGH�J|VWHULOPLúWLU��
�
� (OGH�HGLOHQ�YHULOHU�QHWLFHVLQGH��GDOJD�EDUL\HULQLQ�DNWLI�\DOÕWÕP�GXUXPX�LoLQ�HQ�X\JXQ�PRGHO�ER\XWODUÕ�+D ���P��
%D �P� YH�/D �P� RODUDN� WHVSLW� HGLOPLú� ROXS� HQ� X\JXQ�PRGHO� ER\XWODUÕQÕQ� \DOÕWÕPVÕ]� GXUXPD� J|UH� �VW� \DSÕ� WLWUHúLP�
HWNLOHULQL���������FLYDUÕQGD�D]DOWWÕ÷Õ�J|U�OP�úW�U��'RNWRUD�WH]L�RODUDN�GHYDP�HGHQ�oDOÕúPDQÕQ�EXQGDQ�VRQUDNL�NÕVPÕQGD��
SDVLI�\DOÕWÕP�GXUXPX�LoLQ�GDOJD�EDUL\HULQLQ�RSWLPXP�ER\XWODUÕQÕ�EHOLUOHPHN��]HUH�DUDúWÕUPDODUD�\R÷XQODúÕODFDNWÕU��
�
7HúHNN�U� �
�
� %X�oDOÕúPD��6DNDU\D�hQLYHUVLWHVL�%LOLPVHO�$UDúWÕUPD�3URMHOHUL�.RPLV\RQX�WDUDIÕQGDQ����������������QXPDUDVÕ�
LOH�GRNWRUD�SURMHVL�RODUDN�GHVWHNOHQPLúWLU��
�
�
.D\QDNODU� �
�
$GDP��0��	�&KRXZ��1�� ��������5HGXFWLRQ� RI� IRRWLQJ� UHVSRQVH� WR�PDQ�PDGH� H[FLWDWLRQV� E\� XVLQJ� D�ZDYH� LPSHGLQJ�
EDUULHU��-RXUQDO�RI�$SSOLHG�0HFK�����SS�����������
�
$GDP��0��	�(VWRUII��2�9����������5HGXFWLRQ�RI�7UDLQ�,QGXFHG�%XLOGLQJ�9LEUDWLRQV�E\�8VLQJ�2SHQ�DQG�)LOOHG�7UHQFKHV��
&RPSXWHUV�DQG�6WUXFWXUHV������SS���±�����
�
$GDP��0���6FKPLG��*��	�&KRXZ��1����������,QYHVWLJDWLRQ�RI�*URXQG�0RWLRQV�DQG�6WUXFWXUDO�5HVSRQVHV�LQ�1HDU�)LHOG�GXH�
WR�,QFLGHQW�:DYHV��3URF��RI���WK�:RUOG�&RQIHUHQFH�RQ�(DUWKT��(QJ���SS��������$XFNODQG��1HZ�=HDODQG��
�
$KPDG��6��	�$O�+XVVDLQL��7�0����������6LPSOLILHG�'HVLJQ�IRU�9LEUDWLRQ�6FUHHQLQJ�E\�2SHQ�DQG�,QILOOHG�7UHQFKHV��-�RI�
*HRWHFK��(QJ�����������SS���������
�
$KPDG��6���$O�+XVVDLQL��7�0��	�)LVKPDQ��.�/����������$Q�,QYHVWLJDWLRQ�RQ�$FWLYH�,VRODWLRQ�RI�0DFKLQH�)RXQGDWLRQV�E\�
2SHQ�7UHQFKHV��-��RI�*HRWHFK��(QJ�����������SS������������
�
$QGHUVHQ��/��	�1LHOVHQ��6�5�.����������5HGXFWLRQ�RI�*URXQG�9LEUDWLRQ�E\�0HDQV�RI�%DUULHUV�RU�6RLO�,PSURYHPHQW�DORQJ�
D�5DLOZD\�7UDFN��6RLO�'\Q��(DUWKT��(QJ������SS�����������
�
%DUEHU��-�5����������6XUIDFH�'LVSODFHPHQWV�GXH�WR�D�6WHDGLO\�0RYLQJ�3RLQW�)RUFH��-��$SSO��0HFK������SS����±������
�
%ULQNJUHYH�� 5�%�-��� $O�.KRXU\�� 5��� %DNNHU�� .�-��� %RQQLHU�� 3�*��� %UDQG�� 3�-�:��� %URHUH��:��� %XUG�� +�-��� 6ROW\V�� *���
9HUPHHU��3�$��	�+DDJ��'�'����������3/$;,6�3XEOLVKHG�DQG�'LVWULEXWHG�E\�$�$��%DONHPD�3XEOLVKHU��7KH�1HWKHUODQGV��
�
&HOHEL��(���)LUDW��6���%H\KDQ��*���&DQND\D��,���9XUDO��,��	�.LUWHO��2����������)LHOG�([SHULPHQWV�RQ�:DYH�3URSDJDWLRQV�DQG�
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9LEUDWLRQ�,VRODWLRQ�E\�8VLQJ�:DYH�%DUULHUV��6RLO�'\QDPLFV�DQG�(DUWKTXDNH�(QJLQHHULQJ����������SS�����������
�
&HOHEL��(���)LUDW��6��	�&DQND\D��,����������7KH�(IIHFWLYHQHVV�RI�:DYH�%DUULHUV�RQ�WKH�'\QDPLF�6WLIIQHVV�&RHIILFLHQWV�RI�
)RXQGDWLRQV�8VLQJ�%RXQGDU\�(OHPHQW�0HWKRG��$SSOLHG�0DWKHPDWLFV�DQG�&RPSXWDWLRQ�������SS����±������
�
dHOHEL�� (��	�*|NWHSH�� )�� �������� 1RQ�OLQHDU� ��'� )(� DQDO\VLV� IRU� WKH� DVVHVVPHQW� RI� LVRODWLRQ� SHUIRUPDQFH� RI� ZDYH�
LPSHGLQJ�EDUULHU�LQ�UHGXFWLRQ�RI�UDLOZD\�LQGXFHG�VXUIDFH�ZDYHV��&RQVWUXFWLRQ�DQG�%XLOGLQJ�0DWHULDOV������SS��������
�
&HOHEL�� (���*RNWHSH�� )��	�.LUWHO��2�� ��������9LEUDWLRQ� LVRODWLRQ�PHDVXUHV� IRU� UHGXFWLRQV� RI� VWUXFWXUDO� UHVSRQVHV� GXH�
SDVVDJH�RI�KLJK�VSHHG�WUDLQV��(XURG\Q�������SS�����������/HXYHQ��%HOJLXP��
�
dHOHEL��(���.ÕUWHO��2��	�*�OHU��+�� ��������%DODVWVÕ]�hVW\DSÕ�'�]OHPLQGHQ�*HoHQ�<�NVHN�+Õ]�7UHQOHULQH�DLW�7HNHUOHN�
<�NOHULQLQ�(ODVWLN�=HPLQ�2UWDPÕQGD�6LP�ODV\RQX��=HPLQ�0HNDQL÷L�YH�7HPHO�0�KHQGLVOL÷L�2QELULQFL�8OXVDO�.RQJUHVL��
.DUDGHQL]�7HNQLN�hQLYHUVLWHVL��
�
&HOHEL��(��	�6FKPLG��*����������,QYHVWLJDWLRQ�RI�*URXQG�9LEUDWLRQV�,QGXFHG�E\�0RYLQJ�/RDGV��(QJLQHHULQJ�6WUXFWXUHV��
����SS�������������
�
&KRXZ��1���/H��5��	�6FKPLG��*����������3URSDJDWLRQ�RI�9LEUDWLRQ�LQ�D�6RLO�/D\HU�RYHU�%HGURFN��(QJLQHHULQJ�$QDO\VLV�
ZLWK�%RXQGDU\�(OHPHQWV��������SS�����������
�
'DVJXSWD�� *�� �������� $� )LQLWH� (OHPHQW� )RUPXODWLRQ� IRU� 8QERXQGHG� +RPRJHQHRXV� &RQWLQXD�� -RXUQDO� RI� $SSOLHG�
0HFKDQLFV��$60(������SS�����������
�
�
)LDOD��3���'HJUDQGH��*��	�$XJXV]WÕQRYLF]��)�� ��������1XPHULFDO�0RGHOOLQJ�RI�*URXQG�%RUQH�1RLVH�DQG�9LEUDWLRQ� LQ�
%XLOGLQJV�GXH�WR�6XUIDFH�5DLO�7UDIILF��-RXUQDO�RI�6RXQG�DQG�9LEUDWLRQ�������SS�����������
�
)RUFKDS�� (�� 	� 9HUELF�� %�� ��������:DYH� 3URSDJDWLRQ� DQG� 5HGXFWLRQ� RI� )RXQGDWLRQ� 9LEUDWLRQV�� %HUJ�9HUODJ� *PE+�
�SS�����������%RFKXP�� �
�
)X\XNL��0��	�0DWVXPRWR��<����������)LQLWH�'LIIHUHQFH�$QDO\VLV�RI�5D\OHLJK�:DYH�6FDWWHULQJ�DW�D�7UHQFK��%XOOHWLQ�RI�
6HLVP��6RF��RI�$PHULFD����������SS�����±�����
�
*HQLV�� 0�� 	� *HUFHN�� +�� �������� <HU� DOWÕ� DoÕNOÕNODUÕQÕQ� GLQDPLLN� WDVDUÕPÕ�� 9�� 8OXVDO� .D\D� 0HNDQL÷L� 6HPSR]\XPX��
�SS���������,VSDUWD��7�UNL\H�� �
�
*RNWHSH��)���.LUWHO��2��	�&HOHEL�(����������:DYH�LPSHGLQJ�EORFN�IRU�PLWLJDWLRQ�RI�VWUXFWXUDO�UHVSRQVHV�WR�WUDLQ�LQGXFHG�
YLEUDWLRQV���WK� ,QWHUQDWLRQDO� &RQJUHVV� RQ� $GYDQFHV� LQ�&LYLO� (QJLQHHULQJ�� .DUDGHQL]� 7HFKQLFDO�8QLYHUVLW\�� 7UDE]RQ��
7XUNH\��
�
+DXSW�� :�$�� �������� 6XUIDFH� :DYHV� LQ� 1RQ�+RPRJHQHRXV� +DOI�6SDFH�� ,Q� '\QDPLFDO� 0HWKRGV� LQ� 6RLO� DQG� 5RFN�
0HFKDQLFV��%DONHPD��5RWWHUGDP��
�
+XEHU�� *�� �������� (UVFK�WWHUXQJVDXVEUHLWXQJ� EHLP� 5DG�6FKLHQH�V\VWHP�� 9HU|IIHQWOLFKXQJHQ� ����� ,QVWLWXWHV� I�U�
%RGHQPHFKDQLN�XQG�)HOVPHFKDQLN�GHU�8QLYHUVLWlW�)ULGHULFLDQD��.DUOVUXKH��
�
+XEHU�� *��� 3UDQJH�� %�� 	� 7ULDQWDI\OOLGLV�� 7�� �������� '\QDPLVFKH� :HFKVHOZLUNXQJ� YRQ� 8QWHUJUXQG� XQG� 2EHUEDX��
9',�%HULFKWH�1U�������
�
+XQJ�� +�+�� 	�<DQJ�� <�%�� �������� $� 5HYLHZ� RI� 5HVHDUFKHV� RQ�*URXQG�%RUQH�9LEUDWLRQV� ZLWK� (PSKDVLV� RQ� 7KRVH�
,QGXFHG�E\�7UDLQV��3URFHHGLQJV�RI�WKH�1DWLRQDO�6FLHQFH�&RXQFL�O�5HSXEOLF�RI�&KLQD��
�
.DUOVWU|P��$��	�%RVWU|P��$����������(IILFLHQF\�RI�7UHQFKHV�DORQJ�5DLOZD\V�IRU�7UDLQV�0RYLQJ�DW�6XE��RU�6XSHUVRQLF�
6SHHGV��6RLO�'\Q��(DUWKT�(QJ������SS����±������
�
.DXVHO��(����������7KLQ�/D\HU�0HWKRG��)RUPXODWLRQ�LQ�WKH�7LPH�'RPDLQ��,QW��-��1XPHU��0HWK��(QJ������SS����±������
�
.U\ORY��9�9�� ��������9LEUDWLRQ� ,PSDFW�RI�+LJK�6SHHG�7UDLQV�(IIHFWV�RI�7UDFN�'\QDPLFV��-��$FRXV��6RF��$P����� ����
�SS�����±������� �
�
.XKOHPH\HU��5�/��	�/\VPHU��-����������)(0�$FFXUDF\�IRU�:DYH�3URSDJDWLRQ�3UREOHPV��-��RI�6RLO�0HFK��)RXQGDWLRQ�
'LY���$6&(������SS�����������
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�
/HXQJ��.�/���%HVNRV��'�(��	�9DUGRXODNLV��,�*����������9LEUDWLRQ�,VRODWLRQ�8VLQJ�2SHQ�RU�)LOOHG�7UHQFKHV��3DUW������'�
1RQ�+RPJ�6RLO��&RPSXW��0HFK�����SS����±�����
�
/\VPHU��-��	�.XKOHPH\HU��5�/����������)LQLWH�'\QDPLF�0RGHO�IRU�,QILQLWH�0HGLD��-RXUQDO�RI�WKH�(QJLQHHULQJ�0HFKDQLFV�
'LYLVLRQ�����SS����±������
�
/\VHPHU�� -���2VWDGDQ�� )��� 7DEDWDEDLH��0���9DKGDQL�� 6��	�7DMLULDQ�� )�� �����D���6$66,�$� 6\VWHP� IRU�$QDO\VLV� RI� 6RLO±
6WUXFWXUH�,QWHUDFWLRQ��7KHRUHWLFDO�PDQXDO��
�
/\VHPHU�� -���2VWDGDQ�� )��� 7DEDWDEDLH��0���9DKGDQL�� 6��	�7DMLULDQ�� )�� �����E���6$66,�$� 6\VWHP� IRU�$QDO\VLV� RI� 6RLO±
6WUXFWXUH�,QWHUDFWLRQ��8VHU¶V�PDQXDO��
�
0DVVDUVFK�� .�5�� �������� 6HWWOHPHQWV� DQG� 'DPDJH� &DXVHG� E\� &RQVWUXFWLRQ�,QGXFHG� 9LEUDWLRQ�� 3URFHHGLQJV� RI�
,QWHUQDWLRQDO�:RUNVKRS�:DYH�������%RFKXP��*HUPDQ\��
3HW\W�� 0�� 	� -RQHV�� &�-�&�� �������� 0RGHOOLQJ� RI� *URXQG�%RUQH� 9LEUDWLRQ� IURP� 5DLOZD\V�� 6WUXFWXUDO� '\QDPLFV��
3URFHHGLQJV�RI�WKH�)RXUWK�(XURSHDQ�&RQIHUHQFH�RQ�6WUXFWXUDO�'\QDPLFV�(852'<1¶����3UDJXH��&]HFK�5HSXEOLF��
�
6KHQ�+��-��	�+XQJ�7D�/����������([SHULPHQWDOO\�,QYHVWLJDWLQJ�)LQLWH�(OHPHQW�$FFXUDF\�IRU�*URXQG�9LEUDWLRQ�,QGXFHG�
E\�+LJK�6SHHG�7UDLQV��(QJ��6WUXFW������SS�����������
�
6FKPLG��*���:LOOLDPV��*���+XK�<��	�*LEKDUGW��0����������66,��'��'�6RLO�6WUXFWXUH�,QWHUDFWLRQ��(LQ�3URJUDPPV\VWHP�
]XU�%HUHFKXQJ�YRQ�%DXZHUN�%RGHQ�:HFKVHOZLUNXQJV�SUREOHPHQ�PLW�GHU�5DQGHOHPHQWPHWKRGH��6)%�����5HSRUW�1R�����
5XKU�8QLYHUVLWlW�%RFKXP��
�
7RVHFN\��$����������1�PHULVFKH�8QWHUVXFKXQJ�GHU�(UVFK�WHUUXQJVDXVEUHLWXQJ�LQIROJH�EHZHJWHU�/DVWHQ�DXI�HLQHP�)HVWH�
)DKUEDKQ�6\VWHP� PLWWHOV� GHU�0HWKRGH� GHU� G�QQHQ� 6FKLFKWHQ�0HWKRGH� GHU� IOH[LEOHQ� 9ROXPHQ�� 'LSORPD� WKHVLV�� 5XKU�
8QLYHUVLWlW��%RFKXP��
�
9HUELF��%�� ��������hEHU�GLH� UHFKQHULVFKH�8QWHUVXFKXQJ� GHV� 6SDQQXQJV� XQG�9HUIRUPXQJV]XVWDQGHV� LP�2EHUEDX� XQG�
8QWHUEDX�GHU�IHVWHQ�)DKUEDKQ�LQIROJH�HLQHU�UHDOHQ�EHZHJWHU�/DVW��%HULFKW��5XKU�8QLYHUVLWlW��%RFKXP��
�
<RVKLRND��2����������5HGXFWLRQ�0HDVXUHV�LQ�7UDFN�IRU�6KLQNDQVHQ�,QGXFHG�*URXQG�9LEUDWLRQV��3URFHHGLQJV�RI�WKH�7KLUG�
,QWHUQDWLRQDO�:RUNVKRS�RQ�:DYH�3URSDJDWLRQ��0RYLQJ�/RDG�DQG�9LEUDWLRQ�5HGXFWLRQ��2ND\DPD�8QLYHUVLW\��-DSDQ�� �
�
<DQJ�� %�<�� 	� +XQJ�� +�+�� �������� $� ���'� )LQLWH�,QILQLWH� (OHPHQW� $SSURDFK� IRU� 0RGHOOLQJ� 9LVFR�(ODVWLF� %RGLHV�
6XEMHFWHG�WR�0RYLQJ�/RDGV��,QW��-��1XPHU��0HWK��(QJ�������SS�����±�������
�
<DQJ��<��	�+XQJ��+����������$�3DUDPHWULF�6WXG\�RI�:DYH�%DUULHUV�IRU�5HGXFWLRQ�RI�7UDLQ�,QGXFHG�9LEUDWLRQV��,QW��-��
1XPHU��0HWK��(QJQJ������SS�������������
�
:ROI�� -�3��	�6RQJ�� &�� ��������'\QDPLF� 6WLIIQHVV�0DWUL[� RI�8QERXQGHG�6RLO� E\� )LQLWH�(OHPHQW�0XOWL�&HOO�&ORQLQJ�� �
(DUWKT��(QJ��6WUXFWXUDO�'\Q������SS����������� �
�
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<XVXI�6�PHU��0XKDUUHP�$NWDú�
7HFKQRORJ\�)DFXOW\��(QJLQHHULQJ�)DFXOW\�

6DNDU\D�8QLYHUVLW\�
7XUNH\�

\VXPHU#VDNDU\D�HGX�WU�
PXKDUUHPD#VDNDU\D�HGX�WU�

�
�

g]HW��'�Q\DGD�\ÕNÕFÕ�GHSUHP�DNWLYLWHOHULQLQ�HQ�oRN�J|U�OG�÷��E|OJHOHUGHQ�ELUL�RODQ�7�UNL\H¶GH��
VRQ� RWX]� \ÕOGD� GHSUHP� J�YHQOL÷L� ROPD\DQ� oRN� VD\ÕGD� EHWRQDUPH� ELQD� KDVDU� J|UP�ú� YH\D�
\ÕNÕOPÕúWÕU�� <ÕNÕP� VHEHSOHUL� DUDVÕQGD� SURMH\H� X\JXQ� \DSÕOPD\DQ� ELQDODU�� HWUL\H� VÕNODúWÕUPDVÕQD�
GLNNDW� HGLOPHPHVL�� \HWHUVL]� EHWRQ� GD\DQÕPÕ� JLEL� VHEHSOHU� GLNNDWL� oHNPHNWHGLU�� <HWHUVL]� NHVPH�
GD\DQÕPÕQD� VDKLS� EHWRQDUPH� NLULúOHULQ�� GÕúWDQ� )53� HOHPDQODUOD� J�oOHQGLULOPHVL�� J�oOHQGLUPHGH�
HWNLQ� ELU� \|QWHP� RODUDN� NDEXO� HGLOPHNWHGLU�� 6RQ� \ÕOODUGD� EHWRQDUPH� NLULúOHULQ� NHVPH�
NDSDVLWHOHULQLQ� GÕúWDQ� )53� X\JXODPDVÕ\OD� DUWWÕUÕOPDVÕ� \|Q�QGH� ELUoRN� GHQH\VHO� oDOÕúPD�
\DSÕOPÕúWÕU�� 'HQH\� \DSPDN� ]DPDQ� DODQ�� ]RU� YH� PDOL\HW� JHUHNWLUHQ� ELU� VHoHQHNWLU�� *�Q�P�]GH�
ELOJLVD\DUD� WHNQRORMLOHULQLQ� LOHUOHPHVL\OH� DUWÕN� ELOJLVD\DU� RUWDPÕQGD� GD� GR÷UXOX÷X� NDQÕWODQPÕú�
VLP�ODV\RQ�PRGHOOHUL��]HULQGH�D\UÕQWÕOÕ�GHQH\OHU�\DSPDN�P�PN�QG�U��%X�oDOÕúPDGD�OLWHUDW�UGHQ�
HOGH� HGLOPLú� ]D\ÕI� NHVPH� GRQDWÕOÕ� YH� NHVPH� E|OJHVLQGHQ� )53� HOHPDQODUOD� J�oOHQGLULOPLú� NLULú�
GHQH\OHUL� LoLQ� GR÷UXVDO� ROPD\DQ� VRQOX� HOHPDQODU� PRGHOL� HOGH� HGLOPLúWLU�� 2OXúWXUXODQ� Q�PHULN�
PRGHO�LoLQ�|QFHOLNOH�X\JXQ�PDO]HPH�YH�GDYUDQÕú�PRGHOOHUL�EHOLUOHQPLú�GDKD�VRQUD�NLULú���ER\XWOX�
RODUDN�PRGHOOHQPLúWLU��6RQOX�HOHPDQ�PRGHOLQLQ�KDVVDVOÕ÷Õ��o|]�P�D÷Õ�\R÷XQOX÷X��oDWODPD�HQHUMLVL�
JLEL�SDUDPHWUHOHU�EDNÕPÕQGDQ�LQFHOHQPLú�YH�L\L�ELU�PRGHO�LoLQ�|QHULOHUGH�EXOXQXOPXúWXU��6RQXoODU�
JUDILNOHUOH�VXQXOPXúWXU��
�

� ����$QDKWDU�NHOLPHOHU��%HWRQDUPH�NLULú��NHVPH�J�oOHQGLUPHVL��VRQOX�HOHPDQODU�PRGHOL��)53��
�
�
*LULú�
�
� hONHPL]LQ� E�\�N� E|O�P�Q�Q� GHSUHP� ULVNLQL� WDúÕPDVÕ� QHGHQL� LOH� \DSÕ� VWR÷XPX]� J�oOHQGLUPH\H� LKWL\Do�
GX\PDNWDGÕU��<DSÕVDO�RODUDN�\HWHUVL]�RODQ�ELQD� VD\ÕVÕQÕQ� ID]ODOÕ÷Õ�� KDOHQ�NXOODQÕPGD�ROPDODUÕ�YH�\DSÕP�\|QWHPOHULQLQ�
IDUNOÕOÕ÷Õ� JLEL� VHEHSOHUOH�� KHU� \DSÕ� LoLQ� X\JXQ� RQDUÕP� YH� J�oOHQGLUPH� \|QWHPOHULQLQ� EHOLUOHQPHVLQH� LKWL\Do� YDUGÕU��
<DSÕODUÕQ�WDúÕ\ÕFÕ�HOHPDQODUÕQÕ�UHKDELOLWDV\RQX�J�oOHQGLUPHGH�HQ�NÕVD�\ROGXU���
� *�Q�P�]GH�� oRN� VD\ÕGD� ROXPOX� |]HOOLNOHUL�� )LEHU� 7DNYL\HOL� 3ROLPHU� �)53�� PDO]HPHOHULQ� HWNLQ� RODUDN�
NXOODQÕOPDVÕQD�QHGHQ�ROPDNWDGÕU��%LUoRN�DUDúWÕUPD�oDOÕúPDODUÕ��GH÷LúLN�\DSÕ�HOHPDQODUÕQD�)53�NRPSR]LW�PDO]HPHOHULQ�
\DSÕúWÕUÕOPDVÕQÕQ�EX�HOHPDQODUÕQ�\�N�WDúÕPD�NDSDVLWHVLQL�DOÕúÕODJHOPLú�\|QWHPOHUH�J|UH�|QHPOL�|Oo�GH�DUWWÕUGÕ÷ÕQÕ�RUWD\D�
NR\PXúWXU��6KDKDZ\�YH�GL÷HUOHUL���������7ULDQWDILOORX���������.KDOLID�YH�GL÷HUOHUL���������6KHKDWD��YH�GL÷HUOHUL���������
.KDOLID� YH�1DQQL� ��������3HVLF� YH� 3LODNRXWDV� ��������'LDV� YH�%DUURV� ��������� øON� EDúODUGD� )53� HOHPDQODU� NRORQODUD�
VDUÕODUDN� \�N� WDúÕPD� NDSDVLWHVL� YH� V�QHNOLN� DUWWÕUÕOPD\D� oDOÕúÕOPÕúWÕU�� 6RQ� ��� \ÕOGÕU� LVH� )53� PDO]HPHOHU� EHWRQDUPH�
NLULúOHULQ�RQDUÕP�YH�J�oOHQGLULOPHVLQGH� JHOHQHNVHO� oHOLN�SODNDODUÕQ� \HULQL� DOPÕúWÕU��.HVPH� NÕUÕOPDVÕQÕQ� DQL� YH� JHYUHN�
ROPDVÕ�QHGHQL�LOH�NHVPH�J�oOHQGLUPHVL�GDKD�GD�|QHP�ND]DQPDNWDGÕU���

%HWRQDUPH�HOHPDQODUÕQ�\�N�DOWÕQGD�GDYUDQÕúODUÕQÕ�WHVSLW�HWPHN�LoLQ�ODERUDWXYDU�NRúXOODUÕQGD�|]HQOL�GHQH\OHULQ�
\DSÕOPDVÕ�JHUHNOLGLU�� �'HQH\�\DSPDN�\HWNLQ�ODERUDWXYDU�úDUWODUÕ�JHUHNWLUHQ��]DPDQ�DODQ�YH�X\JXODPD�]RUOXNODUÕ� LoHUHQ�
ELU� VHoHQHNWLU��<�N�GHSODVPDQ� LOLúNLOHULQLQ� HOGH� HGLOPHVL� LoLQ�GL÷HU� ELU� VHoHQHN�ELOJLVD\DU�RUWDPÕQGD� VRQOX� HOHPDQODU�
PRGHOL� ROXúWXUDUDN� DQDOL]� \DSPDNWÕU�� %XQXQ� LoLQ� OLWHUDW�UGHQ� HOGH� HGLOPLú� GHQH\OHULQ� ELOJLVD\DUGD� VRQOX� HOHPDQODU�
PRGHOL� LOH� GR÷UXODQPDVÕ� YH� DUGÕQGDQ�SDUDPHWULN� oDOÕúPDODUÕQ� \DSÕOPDVÕ� JHUHN� ]DPDQ� JHUHNVH�PDOL\HW� DoÕVÕQGDQ�GDKD�
HNRQRPLNWLU��6�PHU�YH�$NWDú���������
� %HWRQDUPH� HOHPDQÕ�� EHWRQ� YH� GRQDWÕGDQ� ROXúDQ� NRPSR]LW� ELU� \DSÕ\D� VDKLSWLU�� %XQXQOD� ELUOLNWH� J�oOHQGLULOPH�
HOHPDQÕ�RODUDN�)53�NRPSR]LWOHULQ�GH�HNOHQPHVL\OH�ELOJLVD\DU�PRGHOLQLQ�NXUXOPDVÕQGDNL�]RUOXN�DQODúÕODFDNWÕU��%LUoRN�
IDUNOÕ�PRGHO�\DNODúÕPODUÕ�DUDVÕQGD�G�]J�Q�oDOÕúDQ�ELU�PRGHO�NXUPDN�LoLQ�|QFHOLNOH�KHU�ELU�HOHPDQD�DLW�X\JXQ�PDO]HPH�
YH� GDYUDQÕú� PRGHOLQL� EHOLUOHPHN� JHUHNLU�� %X� oDOÕúPDQÕQ� DPDFÕ�� )53� NRPSR]LWOHUOH� LNL� \DQÕQGDQ� NHVPH� NÕUÕOPDVÕQÕ�
|QOHPHN�LoLQ�J�oOHQGLULOPLú�EHWRQDUPH�NLULúOHULQ�\�N�DOWÕQGDNL�GDYUDQÕúODUÕQÕ�Q�PHULN�RODUDN�PRGHOOHPHNWLU��
� $UDúWÕUPDFÕODU� WDUDIÕQGDQ� EHWRQXQ� PDWHPDWLNVHO� PRGHOLQL� WDQÕPODPD\D� \|QHOLN� ELUoRN� GDYUDQÕú� PRGHOOHUL�
|QHULOPLúWLU� �&KHQ� YH� GL÷HUOHUL�� ������� (ODVWLVLWH�� SODVWLVLWH� YH� KDVDU� PHNDQL÷L� WHRUHPOHUL\OH� EHWRQ� GDYUDQÕúÕQÕQ�
PRGHOOHQPHVLQGH�|QHPOL�LOHUOHPHOHU�ND\GHGLOPLúWLU��$QFDN�\DSÕODQ�GHQH\VHO�J|]OHPOHU��9DQ�0LHU��������'RQJ��������
EHWRQ�GDYUDQÕúÕQÕ�WDQÕPOD\DFDN�PDWHPDWLNVHO�PRGHOLQ�EHWRQXQ�oDWODPD�YH�oDWODPD�VRQUDVÕ�GDYUDQÕúÕQÕ��GLODV\RQ�HWNLVLQL��
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SODVWLVLWH� HWNLVLQL� YH� YLVNR]LWH� HWNLVLQL� GLNNDWH� DOPDVÕ� JHUHNWL÷LQL� RUWD\D� NR\PXúWXU� �/LX� YH� GL÷HUOHUL�� ������� %X�
oDOÕúPDGD�EHWRQXQ�GR÷UXVDO�ROPD\DQ�GDYUDQÕúÕQÕQ�PRGHOOHQPHVLQGH�%HWRQ�+DVDU�3ODVWLVLWH��%+3��\|QWHPL�NXOODQÕOPÕú��
PDO]HPH�PRGHOL� LVH�.HQW�3DUN�VDUJÕVÕ]�EHWRQ�PRGHOL� LOH�WDQÕPODQPÕúWÕU��%HWRQ�YH�GRQDWÕ�DUDVÕQGD�WDP�DGHUDQV�ROGX÷X�
NDEXO� HGLOPLúWLU�� )53� HOHPDQ� GDYUDQÕúÕ� NRSPD� JHULOPHVLQH� NDGDU� OLQHHU� HODVWLN� RODUDN� WDQÕPODQPÕú� YH� )53� EHWRQ�
DUDVÕQGDNL� HWNLOHúLP� LVH� DUD\�]� GH� NXOODQÕODQ� NRKH]LI� HOHPDQODUD� oHNPH�D\UÕOPD� �WUDFWLRQ�VHSHUDWLRQ�� GDYUDQÕú�
PRGHOLQLQ� X\JXODQPDVÕ\OD� WDQÕPODQPÕúWÕU�� $úD÷ÕGD� |QFHOLNOH� EX� GDYUDQÕú� PRGHOOHUL� |]HWOHQPLú� YH� GDKD� VRQUD�
OLWHUDW�UGHQ� HOGH� HGLOPLú�� J�oOHQGLULOPLú� NHVPH� GRQDWÕVÕ� ]D\ÕI� ELU� NLULúLQ� GHQH\� |]HOOLNOHUL� DQODWÕOPÕúWÕU�� 'DYUDQÕú� YH�
PDO]HPH� PRGHOOHULQLQ� EHOLUOHQPHVL\OH� EHWRQ� LoLQ� X\JXQ�� o|]�P� D÷Õ� VÕNOÕ÷Õ�� GLODV\RQ� DoÕVÕ� YH� oDWODPD� HQHUMLVL�
DUDúWÕUÕODUDN� GHQH\� VRQXFXQD� \DNÕQ� VRQXo� YHUHQ� VRQOX� HOHPDQODU� PRGHOL� HOGH� HGLOPLúWLU�� 6RQXoODU� JUDILNOHUOH�
\RUXPODQPÕúWÕU��
�
�
1�PHULN�0RGHOOHU�YH�0DO]HPH�0RGHOOHUL�
�
� %HWRQXQ�Q�PHULN�GDYUDQÕúÕQÕQ�PRGHOOHQPHVLQGH�EHWRQ�KDVDU�SODVWLVLWH�PRGHOL��%+3��NXOODQÕOPÕúWÕU��%X�\|QWHP��
EHWRQ� LoLQ� SODVWLVLWH� WDEDQOÕ� V�UHNOL� ELU� KDVDU�PRGHOLQL� LoHULU� �0RQWHOHRQH�� ������� %X� \|QWHPH� J|UH� EHWRQGD� WHPHO� ��
|QHPOL�\HQLOPH�PHNDQL]PDVÕ�YDUGÕU��oHNPH�oDWODPDVÕ�YH�EDVÕQo�NÕUÕOPDVÕ��%+3�PRGHOLQGH�EHWRQXQ�HNVHQHO�oHNPH�YH�
EDVÕQo�JHULOPHOHUL�DOWÕQGD�JHULOPH�úHNLO�GH÷LúWLUPH�GDYUDQÕúÕ�ùHNLO��¶�GHNL�JLEL�LIDGH�HGLOPHNWHGLU��
�

�

�

�D�� �E��
ùHNLO����(NVHQHO�oHNPH��D��YH�EDVÕQo��E��DOWÕQGD�EHWRQ�GDYUDQÕúÕ��$%$486�6WDQGDUW�8VHU�0DQXDO��������

�
ùHNLO� �¶� GHQ� DQODúÕODFD÷Õ� JLEL� HNVHQHO� oHNPH� YH� EDVÕQo� JUDILNOHULQLQ� D]DOÕPD� JHoPHVL\OH� EHWRQGD� SODVWLN� úHNLO�

GH÷LúWLUPHOHU�ROXúPDNWD�\DQL�D]DOÕP�H÷ULOHULQLQ�KHUKDQJL�ELU�QRNWDVÕQGDQ�JHUL� \�NOHPH�\DSÕOGÕ÷ÕQGD�HODVWLVLWH�PRG�O��
GH÷LúPHNWHGLU��%X�GH÷LúLP�%+3�\|QWHPLQGH���LOH���DUDVÕQGD�GH÷HUOHU�DODQ�KDVDU�GH÷LúNHQOHULQH�ED÷OÕ�LIDGH�HGLOPHNWHGLU��
%HWRQGD� KDVDU� ROXúPDGÕ÷Õ� DQGD� KDVDU� GH÷LúNHQL� VÕIÕU� GH÷HULQL� DOÕUNHQ� PDNVLPXP� KDVDUGD� �� GH÷HULQL� DOÕU�
�$%$486�6WDQGDUW�8VHU�0DQXDO����������

*UDILNOHUGH�(��PDO]HPH�KDVDUVÕ]�HODVWLVLWH�PRG�O�Q��J|VWHUPHNWH�YH� �� � �� �VÕUDVÕ\OD��HNVHQHO�EDVÕQo�
SODVWLN� úHNLO� GH÷LúWLUPHVLQL�� HNVHQHO� oHNPH� SODVWLN� úHNLO� GH÷LúWLUPHVLQL� YH� HODVWLN� ROPD\DQ� EDVÕQo� YH� oHNPH� úHNLO�
GH÷LúWLUPHOHULQL�J|VWHUPHNWHGLU��%X�SDUDPHWUHOHUH�ED÷OÕ�RODUDN�HNVHQHO�oHNPH�YH�EDVÕQo�DOWÕQGD�EHWRQGD�JHULOPH�úHNLO�
GH÷LúWLUPHOHU�DUDVÕQGDNL�ED÷ÕQWÕ�DúD÷ÕGDNL�IRUP�OOHUOH�LIDGH�HGLOPHNWHGLU��

�
� � � � � � � � � �����

� � � � � � � � � �����

%+3� \|QWHPLQGH� GRQDWÕ� ER\XQFD� ROXúDQ� oDWODNODUGD� EHWRQ� GDYUDQÕúÕ� oHNPH� ULMLWOL÷L� �WHQVLRQ� VWLIIHQLQJ��
WDQÕPODPDVÕ\OD� EHOLUOHQLU�� %X� WDQÕPODPD\OD� D\QÕ� ]DPDQGD� EHWRQ� HNVHQHO� oHNPH� JHULOPHVL� DOWÕQGDNL� GDYUDQÕúÕ� GD�
\DSÕOPDNWDGÕU��%X�\�]GHQ�%+3�\|QWHPLQGH�oHNPH�ULMLWOL÷L�WDQÕPODPDVÕ�|QHPOLGLU��dHNPH�ULMLWOL÷L�WDQÕPODPDVÕ�JHULOPH�
úHNLO� GH÷LúWLUPH� LOLúNLVL\OH� WDQÕPODQDELOGL÷L� JLEL� PDO]HPH� |]HOOL÷LQH� ED÷OÕ� oDWODN� HQHUMLVL� LOH� GH� \DSÕODELOPHNWHGLU�
�$%$486�6WDQGDUW�8VHU�0DQXDO���������

.HVLWWH� GRQDWÕ� ROPDPDVÕ� YH\D� D]�PLNWDUGD� ROPDVÕ� GXUXPXQGD� JHULOPH�úHNLO� GH÷LúWLUPH\H� ED÷OÕ� oHNPH� ULMLWOL÷L�
WDQÕPODPDVÕ� VRQOX� HOHPDQODU� o|]�P� D÷ÕQGD� SUREOHPOHUH� QHGHQ� RODELOPHNWHGLU�� %X� JHQHO� RODUDN� oDWODN� ROXúXPXQXQ�
NHVLWWH�G�]J�Q�RODUDN�GD÷ÕOPDGÕ÷Õ�GXUXPODUGD�ROXúXU��dDWODN�ROXúXPXQGDNL�EX�SUREOHPLQ��VWHVLQGHQ�JHOPHN�LoLQ�oHNPH�
ULMLWOL÷L� WDQÕPODPDVÕQGD� JHULOPH�úHNLO� GH÷LúWLUPH� WDQÕPODPDVÕ� \HULQH� +LOOHUERUJ� YH� DUNDGDúODUÕ� ������� WDUDIÕQGDQ�
JHOLúWLULOPLú�RODQ�oDWODN�HQHUMLVL�\DNODúÕPÕ�|QHULOPHNWHGLU��%X�\DNODúÕPGD�NHVLWWH���ELULP�DODQGD�oDWODN�ROXúWXUPDN�LoLQ�
JHUHNOL� HQHUML� PDO]HPH� |]HOOL÷L� RODUDN� WDQÕPODQPDNWDGÕU�� %X� \|QWHPOH� D]DOÕP�� ùHNLO� �D¶� GDNL� JLEL� JHULOPH�oDWODN�
JHQLúOL÷LQH� ED÷OÕ� ELUNDo� SDUDPHWUH\OH� \DSÕODELOGL÷L� JLEL� PDO]HPH� |]HOOL÷L� RODUDN� VDGHFH� oDWODN� HQHUMLVL� �ùHNLO� �E��
WDQÕPODPDVÕ\OD�GD�\DSÕODELOPHNWHGLU��%X�GXUXPGD�JHULOPH�oDWODN�JHQLúOL÷L�LOLúNLVL�OLQHHU�RODFDNWÕU���
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�

�

D�� E��
ùHNLO����dDWODPD�HQHUMLVLQH�ED÷OÕ�oHNPH�JHULOPHVL�D]DOÕP�H÷ULOHUL��$%$486�6WDQGDUW�8VHU�0DQXDO��������

�
%+3� \|QWHPLQGH� HODVWLN� ROPD\DQ� GHSODVPDQ� YH� ELULP� úHNLO� GH÷LúWLUPHOHU� HNVHQHO� oHNPH� YH� EDVÕQoWD� DOWÕQGD��

SODVWLN�ELULP�úHNLO�GH÷LúWLUPHOHUH�DúD÷ÕGDNL�IRUP�OOHUOH�G|Q�úW�U�OPHNWHGLU��
�

� � � � � � � � � � �����

� � � � � � � � � � �����

� %HWRQXQ� HNVHQHO� EDVÕQo� GDYUDQÕúÕQÕQ� PRGHOOHQPHVLQGH� .HQW�3DUN� VDUJÕVÕ]� EHWRQ� EDVÕQo� PRGHOLQGHQ�
ID\GDODQÕOPÕúWÕU� �ùHNLO� �D��� %HWRQ� oHNPH� GDYUDQÕúÕ� LVH� oLIW� GR÷UXVDO� D]DOÕP� PRGHOL\OH� �ùHNLO� �E�� WDQÕPODQPÕúWÕU�
�&RURQDGR�YH�/RSH]���������%XUDGD�oDWODN�ER\X� �ZFK���EHWRQ�oHNPH�JHULOPHVLQH� �IW 
��ED÷OÕ�RODUDN��EHWRQGD�ELU�ELULP�
DODQGD�WDP�ELU�oDWODN�ROXúWXUPDN�LoLQ�JHUHNOL�HQHUML�PLNWDUÕ\OD��*)��KHVDSODQPDNWDGÕU��

�

�

D��.HQW�3DUN�EHWRQ�EDVÕQo�GDYUDQÕú�PRGHOL� E��dLIW�GR÷UXVDO�EHWRQ�oHNPH�GDYUDQÕú�PRGHOL�
ùHNLO����%HWRQ�HNVHQHO�oHNPH�YH�EDVÕQo�PDO]HPH�PRGHOOHUL�

�
�

� � � � � � � �� � � �����

7DEOR����$JUHJD�oDSÕQD�ED÷OÕ�NDWVD\Õ��&(%�),%�0&����
0DNVLPXP�DJUHJD�oDSÕ���GPD[��

�PP��
.DWVD\Õ���*IR��

�-�P���
�� ���
��� ���
��� ���

�
� dDWODPD�HQHUMLVL�LVH�$YUXSD�%HWRQ�<|QHWPHOL÷L¶�QGH�EHWRQ�EDVÕQo�JHULOPHVL�YH�DJUHJD�GDQH�oDSÕQD�ED÷OÕ�RODUDN�
YHULOHQ�DúD÷ÕGDNL� IRUP�OOH�KHVDSODQPÕú�YH�IDUNOÕ�GDQH�oDSODUÕ\OD�HOGH�HGLOHQ�oDWODPD�HQHUMLOHULQLQ�HQ�X\JXQX�Q�PHULN�
DQDOL]OHUOH� EHOLUOHQPH\H� oDOÕúÕOPÕúWÕU�� %XUDGD� *IR�� PDNVLPXP� DJUHJD� oDSÕQD� ED÷OÕ� NDWVD\ÕGÕU� YH� KHVDSODQPÕú� ED]Õ�
GH÷HUOHU�7DEOR��¶�GH�J|U�OPHNWHGLU��
� 'RQDWÕ�PDO]HPH�PRGHOL� LoLQ� Q�PHULN� DQDOL]OHUGH� HODVWLN� WDP�SODVWLN�PDO]HPH�PRGHOL\OH� WDQÕPODQPÕúWÕU� �ùHNLO�
�D��� )53� NRPSR]LWOHU� NRSPD� JHULOPHVLQH� �IUXS�� NDGDU� OLQHHU� HODVWLN� GDYUDQÕú� J|VWHULUOHU� YH� |QFHOLNOH� HNVHQOHUL�
GR÷UXOWXVXQGD�oHNPH�JHULOPHVL�WDúÕPDN��]HUH�NXOODQÕOÕUODU��1LX�YH�.DUEKDUL���������%XQD�X\JXQ�RODUDN�)53�PDO]HPH�
GDYUDQÕúÕ� EX� oDOÕúPDGD� PDNVLPXP� oHNPH� JHULOPHVLQH� NDGDU� OLQHHU� HODVWLN� NDEXO� HGLOPLúWLU� �ùHNLO� �E��� $UD\�]�
HOHPDQÕQÕQ�PDO]HPH�PRGHOLQLQ�WDQÕPODQPDVÕQGD�/X�YH�DUNDGDúODUÕ��������WDUDIÕQGDQ�JHOLúWLULOPLú�RODQ�%LOLQHDU�0RGHO�
NXOODQÕOPÕúWÕU��ùHNLO��F���%X�PRGHOH�J|UH�ND\PD�JHULOPHOHUL�PDNVLPXP�ND\PD�JHULOPHVLQH�� �PD[��NDGDU�OLQHHU�RODUDN�
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DUWPDNWD� GDKD� VRQUD� DUWDQ� GHSODVPDQODUOD� ND\PD� JHULOPHOHUL� OLQHHU� RODUDN� D]DOPDNWDGÕU�� 'HSODVPDQODU� NRSPD�
GHSODVPDQ�GH÷HULQL��VI��DúWÕ÷ÕQGD�ND\PD�JHULOPHOHUL�GH�VÕIÕUODQPDNWDGÕU��
�

�
�

�

D��dHOLN�PDO]HPH�GDYUDQÕúÕ� E��)53�PDO]HPH�PRGHOL� F��%LOLQHDU�oHNPH�D\UÕOPD�PRGHOL�
ùHNLO����)53��oHOLN�GRQDWÕ�YH�HSRNVL�PDO]HPH�PRGHOOHUL�

/DERUDWXYDU�'HQH\L�YH�6RQOX�(OHPDQODU�0RGHOL�
�
� *HOLúWLULOHQ�VRQOX�HOHPDQODU�PRGHOL�OLWHUDW�UGHQ�HOGH�HGLOPLú�J�YHQLOLU�ELU�ODERUDWXYDU�GHQH\L�LOH�GR÷UXODQPÕúWÕU��
'HQH\�NLULúOHUL�NHVPH�\HQLOPHVL�ROXúDFDN�úHNLOGH�oHNPH�E|OJHVLQGHQ���DGHW���¶�OLN�EDVÕQo�E|OJHVLQGHQ�LVH���DGHW���¶�
OXN�GRQDWÕ�LOH�GRQDWÕODQGÕUÕOPÕúWÕU��ùHNLO��D���=D\ÕI�NHVPH�GRQDWÕOÕ�RODUDN��UHWLOHQ�NLULúOHU�GDKD�VRQUD�NHVPH�E|OJHVLQGHQ�
����PP�NDOÕQOÕ÷ÕQGD�YH����PP�JHQLúOL÷LQGH�&)53�SODNDODUOD�J�oOHQGLULOPLú� �ùHNLO��E��YH���QRNWD�\�NOHPHVL�DOWÕQGD�
\�N�GHSODVPDQ�JUDILNOHUL�HOGH�HGLOPLúWLU���
�

�

�

�
D� .LULú�JHRPHWUL�YH�GRQDWÕVÕ� E� .LULú�J�oOHQGLUPH�úHPDVÕ�

ùHNLO����'HQH\�NLULúL��2EDLGDW�YH�GL÷HUOHUL��������
�
<�NOHPH� GHSODVPDQ� NRQWUROO�� RODUDN� �� PP�GN� \�NOHPH� RUDQÕ\OD� JHUoHNOHúWLULOPLúWLU�� .LULúOHUGH� NXOODQÕODQ� PDO]HPH�
|]HOOLNOHUL�7DEOR��¶�GH�YHULOPLúWLU�� �
�

7DEOR����.LULú�PDO]HPH�|]HOOLNOHUL�
(OHPDQ� (��*3D�� Ȟ� IF
��03D�� I\��03D�� IW��03D��
%HWRQ� ��� ���� ��
� �� ����
'RQDWÕ� ���� ���� �� ���� ��
(SRNVL� ���� ����� �� �� ���
&)53� ���� ����� �� �� �����

�
� 6RQOX�HOHPDQODU�PRGHOL�NLULú�\�NOHPH�YH�VÕQÕU�úDUWODUÕQD�X\JXQ�RODUDN��o�ER\XWOX�NDWÕ�HOHPDQODUOD�ROXúWXUXOPXú�
YH� VLPHWULGHQ� GROD\Õ� NLULúLQ� \DUÕVÕ� PRGHOOHQPLúWLU� �ùHNLO� ���� %R\XQD� GRQDWÕODU� �� G�÷�P� QRNWDOÕ� ED÷� HODPDQODUOD� LOH�
PRGHOOHQPLú�YH�EHWRQOD�GRQDWÕ� DUDVÕQGDNL� WDP�DGHUDQV�ROGX÷X�NDEXO�HGLOPLúWLU��%HWRQ�YH�HSRNVL�HOHPDQODUÕ���G�÷�P�
QRNWDVÕQD�VDKLS�V�UHNOL�HOHPDQODUOD�PRGHOOHQLUNHQ��)53�LVH���G�÷�P�QRNWDVÕQD�VDKLS�NDEXN�HOHPDQOD�PRGHOOHQPLúWLU��
$QDOL]OHUGH� H÷LOPH� GHIRUPDV\RQODUÕ� J|VWHUHELOPHVL� YH� GDKD� D]� G�÷�P� QRNWDVÕQGD� o|]�P� \DSDUDN� LúOHP� ]DPDQÕQÕ�
NÕVDOWPDVÕ� EDNÕPÕQGDQ� D]DOWÕOPÕú� LQWHJUDV\RQ� HOHPDQODUÕ� NXOODQÕOPÕúWÕU�� $QDOL]OHUGH� NXOODQÕODQ�� $%$486� HOHPDQ�
N�W�SKDQHVLQGHQ�VHoLOHQ�HOHPDQ�W�UOHUL�7DEOR��¶�WH�J|U�OPHNWHGLU��
�
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�
�

ùHNLO����*�oOHQGLULOPLú�NLULú�WLSLN�VRQOX�HOHPDQODU�PRGHOL�

�
�

7DEOR����$QDOL]GH�NXOODQÕODQ�HOHPDQ�WLSOHUL�
� (OHPDQ�$GÕ� %LOJL�

%HWRQ� &�'�5� $]DOWÕOPÕú�LQWHJUDV\RQOX�
NDWÕ�HOHPDQ�

'RQDWÕODU� 7�'�� *|P�O��
(SRNVL� &2+�'�� .RKH]LI�HOHPDQ�

)53� 6�5� $]DOWÕOPÕú�LQWHJUDV\RQOX�
NDEXN�HOHPDQ�

�

6RQXoODU�YH�gQHULOHU�
�

*HOLúWLULOHQ���ER\XWOX�VRQOX�HOHPDQODU�PRGHOL\OH�]D\ÕI�GRQDWÕOÕ�YH�&)53�LOH�NHVPH�E|OJHVLQGHQ�J�oOHQGLULOPLú�
EHWRQDUPH�NLULúLQ�GR÷UXODPDVÕQGD�o|]�P�D÷Õ�VÕNOÕ÷Õ��GLODV\RQ�DoÕVÕ�YH�oDWODPD�HQHUMLVL�LoLQ�HOGH�HGLOHQ�VRQXoODU�DúD÷ÕGD�
YHULOPLúWLU��

�

� �

D��)DUNOÕ�o|]�P�D÷ODUÕ�LOH�\�N�GHSODVPDQ�GH÷LúLPL� E��'LODV\RQ�$oÕVÕ�GH÷LúLPL\OH�\�N�GHSODVPDQ�GH÷LúLPL�

�

�

F��%HWRQ�oDWODPD�HQHUMLOHULQH�ED÷OÕ�\�N�GHSODVPDQ�GH÷LúLPL� G��7LSLN�VRQOX�HOHPDQ�ER\XWODUÕ�
ùHNLO����1�PHULN�DQDOL]�VRQXoODUÕ�

�
8\JXODQDQ�o|]�P�D÷ODUÕ�LOH�HOGH�HGLOHQ�\�N�GHSODVPDQ�H÷ULOHUL��GHQH\�VRQXFX\OD�NDUúÕODúWÕUÕOPÕúWÕU��ùHNLO��D���

6RQOX�HOHPDQ�ER\XWXQXQ�\�N�WDúÕPD�NDSDVLWHVL�WDKPLQLQGH�HWNLOL�ELU�IDNW|U�ROGX÷X�HOGH�HGLOHQ�VRQXoODUÕQ�IDUNOÕOÕ÷ÕQGDQ�
DQODúÕOPDNWDGÕU�� )DUNOÕ� o|]�P� D÷ODUÕ\OD� \DSÕODQ� DQDOL]OHUGH� HQ� L\L� VRQXo� ��� PP¶� OLN� �0���� o|]�P� D÷Õ� NXOODQÕODQ�
PRGHOOH�HOGH�HGLOPLúWLU��6RQOX�HOHPDQ�o|]�P�D÷Õ�VÕNOÕ÷Õ�DUWWÕNoD�GHQH\�VRQXFXQGDQ�X]DNODúÕOGÕ÷Õ�J|U�OP�úW�U��%HWRQGD�
SODVWLN�KDFLPVHO�GH÷LúLPL�EHOLUOH\HQ�GLODV\RQ�DoÕVÕQÕQ�EHOLUOHQPHVL� LoLQ�\DSÕODQ�DQDOL]OHUGH� LVH�\�N�GHSODVPDQ� LOLúNLVL�
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EDNÕPÕQGDQ����¶�OLN��'$ ����DoÕQÕQ�GHQH\�VRQXFXQX�HQ�L\L�\DNDOD\DQ�GH÷HU�ROGX÷X�J|U�OP�úW�U��ùHNLO��E���%X�GH÷HULQ�
�VW�QGHNL� YH� DOWÕQGDNL� DoÕODUGD� VRQXoWDQ� X]DNODúÕOPD\D� EDúODGÕ÷Õ� J|U�OP�úW�U�� %HWRQGD� oDWODPD� HQHUMLVL� DJUHJD�
|]HOOLNOHULQH�YH�VX�oLPHQWR�NDUÕúÕPÕ�RUDQÕQD�ED÷OÕ�RODUDN�KHVDSODQDELOPHNWHGLU��(OGH�HGLOHQ�VRQOX�HOHPDQODU�PRGHOLQLQ�
EHWRQ� oDWODPD� HQHUMLVL� EDNÕPÕQGDQ� KDVVDVL\HWL� LQFHOHQPLúWLU� �ùHNLO� �F��� %XQXQ� LoLQ� KHVDSODQDQ� ��� ��� YH� ���PP¶� OLN�
PDNVLPXP�DJUHJD�ER\XWXQD�VDKLS�EHWRQ�NDUÕúÕPODUÕ� LoLQ�HOGH�HGLOHQ����������YH������MRXOH�P��oDWODPD�HQHUMLOHUL� LoLQ�
\�N�GHSODVPDQ�H÷ULOHULQLQ�GH÷LúLPL�LQFHOHQPLúWLU��dDWODPD�HQHUMLVL�GH÷LúLPLQLQ�VRQXoODUÕ�oRN�ID]OD�GH÷LúWLUPHGL÷L�DQFDN�
���PP¶�OLN�GDQH�oDSÕ�LoLQ�GDKD�\DNÕQ�VRQXo�HOGH�HGLOGL÷L�J|U�OP�úW�U��

6RQXo�RODUDN�%+3�\|QWHPL�NXOODQÕODUDN� \DSÕODQ��o�ER\XWOX� DQDOL]OHUGH� HOGH� HGLOHQ� \�N�GHSODVPDQ�GH÷HUOHUL�
GHQH\�VRQXoODUÕ\OD�\HWHU�GHUHFHGH�X\XP�J|VWHUPLúWLU��0RGHOLQ�HQ�E�\�N�KDVVDVL\HWLQLQ�o|]�P�D÷Õ�VÕNOÕ÷Õ�ROGX÷X�HOGH�
HGLOHQ�JUDILNOHUGHQ�DQODúÕOPÕúWÕU��gQHULOHQ� VRQOX�HOHPDQODU�PRGHOL�EDúDUÕOÕ�ROPDNOD�ELUOLNWH�PRGHO� IDUNOÕ�GHQH\VHO� WHVW�
HGLOPHOLGLU�� %X� oDOÕúPD\OD� ]D\ÕI� NHVPH� GRQDWÕOÕ� EHWRQDUPH� NLULúOHULQ� J�oOHQGLULOPHVLQGH� NXOODQÕODELOHFHN� ELU� VRQOX�
HOHPDQODU� PRGHOL� HOGH� HGLOPLúWLU�� %X� PRGHO� LOH� \DSÕODFDN� NDSVDPOÕ� SDUDPHWULN� oDOÕúPDODU� VD\HVLQGH� X\JXODPDGD�
NXOODQÕODELOHFHN�HQ�L\L�J�oOHQGLUPH�\|QWHPL�NÕVD�]DPDQGD�EHOLUOHQHELOHFHNWLU��
�
�
5HIHUDQVODU�
�
$%$486�6WDQGDUW�8VHU¶V�0DQXDO��9HUVLRQ������+LEELWW��.DUOVRQ�	�6RUHQVHQ��,QF��3DZWXFNHW��5,��������
�
&(%�),3�0&����&RPLWH�(XUR�,QWHUQDWLRQDO�GX�%HWRQ��&(%�),3�0RGHO�&RGH�������%XOOHWLQ�'¶,QIRUPDWLRQ�1R�������
/DXVDQQH��������
�
&KHQ��:�� )��� <DPDJXFKL�� (��� .RWVRYRV�� 0�� '��� DQG� 3DQ�� $�� 3�� �������� &KDSWHU� ��� &RQVWLWXWLYH� PRGHOV�� 6WUXFWXUDO�
HQJLQHHULQJ��&(�675�������6FKRRO�RI�&LYLO�(QJLQHHULQJ��3XUGXH�8QLY��
�
&RURQDGR�� $�� &�� /RSH]�� 0�� 0�� �������� 6HQVLWLYLW\� DQDO\VLV� RI� UHLQIRUFHG� FRQFUHWH� EHDPV� VWUHQJWKHQHG� ZLWK� )53�
ODPLQDWHV��&HPHQW�DQG�&RQFUHWH�&RPSRVLWHV��9RO�����,VVXH����SJ����������
�
'LDV�6��%DUURV� -�� ��������6KHDU� VWUHQJWKHQLQJ�RI�7�FURVV� VHFWLRQ� UHLQIRUFHG�FRQFUHWH�EHDPV�E\�QHDU�VXUIDFH�PRXQWHG�
WHFKQLTXH��-�&RPSRV�&RQVWU�����������±�����������������±�����$6&(��
�
'RQJ��<��/����������)XQGDPHQWDO�RI�FRQFUHWH�QRQ�OLQHDU�PHFKDQLFV��3UHVV�RI�&RQVWUXFWLRQ�,QGXVWU\��3HNLQJ��&KLQD��
�
+LOOHUERUJ���$���0��0RGHHU��DQG�3��(��3HWHUVVRQ����������$QDO\VLV�RI�&UDFN�)RUPDWLRQ�DQG�&UDFN�*URZWK�LQ�&RQFUHWH�E\�
0HDQV�RI�)UDFWXUH�0HFKDQLFV�DQG�)LQLWH�(OHPHQWV��&HPHQW�DQG�&RQFUHWH�5HVHDUFK��YRO�����SS�����±������
�
.KDOLID�$��*ROG�:��1DQQL�$��$EHO�$]L]�0����������&RQWULEXWLRQ�RI�H[WHUQDOO\�ERQGHG�)53�WR�WKH�VKHDU�FDSDFLW\�RI�5&�
IOH[XUDO�PHPEHUV��-�&RPSRV�&RQVWU����������������$6&(��
�
.KDOLID�$��1DQQL�$� �� ��������5HKDELOLWDWLRQ�RI� UHFWDQJXODU�VLPSO\� VXSSRUWHG�5&�EHDPV�ZLWK�VKHDU�GHILFLHQFLHV�XVLQJ�
&)53�FRPSRVLWHV��&RQVWUXFWLRQ�DQG�%XLOGLQJ�0DWHULDOV��������������
�
/LX�� <��� 7HQJ�� 6��� DQG� 6RK�� .�� &�� �������� 7KUHH�'LPHQVLRQDO� 'DPDJH� 0RGHO� IRU� &RQFUHWH�� ,�� 7KHRU\�� -RXUQDO� RI�
(QJLQHHULQJ�0HFKDQLFV���������SJ����������
�
/X��;�� =���<H�� /�� 3��� 7HQJ�� -��*���<H�� /�� 3��� -LDQJ�� -�� -�� �������� %RQG�VOLS�PRGHOV� IRU� )53� VKHHWV�SODWHV� ERQGHG� WR�
FRQFUHWH��(QJ��6WUXFW���9RO���������SJ������������
�
0DQGHU��-�%���3ULHVWOH\��0�-�1�YH�3DUN��5����������7KHRUHWLFDO�6WUHVV�6WUDLQ�0RGHO� IRU�&RQILQHG�&RQFUHWH��-RXUQDO�RI�
6WUXFWXUDO�(QJLQHHULQJ��9RO�������SS������������$6&(��
�
0RQWHOHRQH�� $�� �������� 1XPHULFDO� $QDO\VLV� RI� &UDFN� ,QGXFHG� 'HERQGLQJ� 0HFKDQLVPV� LQ� )53�6WUHQJWKHQHG� 5&�
%HDPV��0DVWHU�7KHVLV��8QLYHUVLW\�RI�:DWHUORR��&DQDGD���
�
1LX�� +�� DQG� .DUEKDUL�� 9�� 0�� �������� )(� ,QYHVWLJDWLRQ� RI� 0DWHULDO� DQG� 3UHORDG� 3DUDPHWHUV� RQ� )53� 6WUHQJWKHQLQJ�
3HUIRUPDQFH�RI�5&�%HDPV��,��0RGHO�'HYHORSPHQW���-RXUQDO�RI�5HLQIRUFHG�3ODVWLFV�DQG�&RPSRVLWHV������������±�����
�
2EDLGDW�<��+H\GHQ�6���'DKOEORP��2���$EX�)DUVDNK��*���	�$EGHOMDZDG��<�����������5HWURILWWLQJ�RI�UHLQIRUFHG�FRQFUHWH�
EHDPV�XVLQJ�FRPSRVLWH�ODPLQDWHV��&RQVWUXFWLRQ�DQG�%XLOGLQJ�0DWHULDOV��9RO��������SS�����±�����
�
3HVLF�1��3LODNRXWDV�.����������)OH[XUDO�DQDO\VLV�DQG�GHVLJQ�RI�UHLQIRUFHG�FRQFUHWH�EHDPV�ZLWK�H[WHUQDOO\�ERQGHG�)53�
UHLQIRUFHPHQW��0DWHU�6WUXFW�0DWHU�&RQVWU��5,/(0�3XEOLFDWLRQV��������������±����,661�������������
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�
6KDKDZ\�0��$���$URFNLDVDP\�7�0���%HLWHOPDQW�7���DQG�6RZULUDMDQ�5����������5HLQIRUFHG�FRQFUHWH�UHFWDQJXODU�EHDPV�
VWUHQJWKHQHG�ZLWK�&)53�ODPLQDWHV��&RPSRVLWHV����������������
�
6KHKDWD��$�(�0��&HUTXHLUD��(�&��3LQWR��&�7�0���DQG�&RSSH����������6WUHQJWKHQLQJ�RI�5�&�EHDPV�LQ�IOH[XUH�DQG�VKHDU�
XVLQJ�&)53�ODPLQDWH��)LEHU�UHLQIRUFHG�3ODVWLF�IRU�5HLQIRUFHG�&RQFUHWH�6WUXFWXUH�������������
�
6�PHU��<���$NWDú��0����������%HWRQDUPH�.LULúOHULQ�'R÷UXVDO�2OPD\DQ�6RQOX�(OHPDQODU�$QDOL]L��6DNDU\D�8OXVODUDUDVÕ�
'HSUHP�6HPSR]\XPX��
�
7ULDQWDILOORX�7&����������6KHDU�VWUHQJWKHQLQJ�RI�UHLQIRUFHG�FRQFUHWH�EHDPV�XVLQJ�HSR[\�ERQGHG�)53�FRPSRVLWHV��$&,�
6WUXFW�-������������±����
�
9DQ� 0LHU�� -�� *�� 0�� �������� 6WUDLQ� VRIWHQLQJ� RI� FRQFUHWH� XQGHU� PXOWLD[LDO� ORDGLQJ� FRQGLWLRQV�� 3K�'�� 'LVVHUWDWLRQ��
(LQGKRYHQ�8QLY��RI�7HFKQRORJ\��1HWKHUODQGV��
�
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Naci CAGLAR1, Abdulhalim AKKAYA2, Muzaffer ELMAS1, Hakan OZTURK3 ve Aydin DEMIR1 

 
1 6DNDU\D�hQLYHUVLWHVL��0�KHQGLVOLN�)DN�OWHVL��øQúDDW�0�KHQGLVOL÷L�%|O�P���6DNDU\a, Türkiye 
2 6DNDU\D�hQLYHUVLWHVL��7HNQRORML�)DN�OWHVL��øQúDDW�0�KHQGLVOL÷L�%|O�P���6DNDU\D��7�UNL\H 
3 .LOLV���$UDOLN�hQLYHUVLWHVL��0�KHQGLVOLN�)DN�OWHVL��øQúDDW�0�KHQGLVOL÷L�%|O�P���.LOLV��7XUNH\ 

 

Özet: 'HSUHP� HWNLVL� DOWÕQGDNL� \DSÕODUÕQ� GDYUDQÕúÕQÕ� EHOLUleyen unsurlardan biriside zemin 
özellikleridir. %X�oDOÕúPDGD��GHSUHP�HWNLVL�DOWÕQGDNL�EHWRQDUPH�\DSÕODUÕQ�GDYUDQÕúÕQD�]HPLQ�HWNLVL�
DUDúWÕUÕOPÕú�YH�EX�HWNL\L�GDKD�EHOLUJLQ�RODUDN�J|]OHPOH\HELOPHN�LoLQ�\XPXúDN�NDW�ROXPVX]OX÷X�GD�
oDOÕúPD�NDSVDPÕQD�HNOHQPLúWLr. %X�DPDoOD��IDUNOÕ�|]HOOLNWHNL�]HPLQOHU��]HULQGH�LQúD�HGLOPLú�RODQ�
YH� \XPXúDN� NDW� G�]HQVL]OL÷L� EXOXQDQ� IDUNOÕ� NDWODUD� VDKLS� �� ER\XWOX� \DSÕ-zemin modelleri 
ROXúWXUXOPXúWXU�� 6$3����� VRQOX� HOHPDQODU� DQDOL]� SDNHW� SURJUDPÕ� \DUGÕPÕ\OD� EX� \DSÕ-zemin 
modellerinin GLQDPLN� DQDOL]OHUL� \DSÕOPÕú ve �VW� \DSÕQÕQ� GDYUDQÕúODUÕ� JUDILNOHU� KDOLQGH� VXQXODUDN�
VRQXoODU�GH÷HUOHQGLULOPLúWLU� 
 
Anahtar Kelimeler: %HWRQDUPH�\DSÕODUÕQ�GDYUDQÕúÕ��\XPXúDN�NDW��alüvyon ve kaya zemin, sonlu 
eleman analizi  
 
Abstract: One of the elements determining the behavior of structures under earthquake effect is 
the properties of soil. In this study, effects of soils on the structures under earthquake loading have 
investigated and also to observe that effect more accurately negativity of soft story added in the 
scope of the study. For that reasons, 2 dimensional structure-soil models on different soil types 
and have soft story irregularity  have been created. Dynamic analysis of that models have been 
made by using SAP2000 finite element spread sheet program.  Behavior of the upper structure has 
been represented via graphs and evaluated. 
 
Key words: Behavior of reinforced concrete structures, soft story, alluvial and rock soil , finite 
element analysis. 
 
 

*LULú 
 
 Ülkemizde ve birçok ülkede meydana gelHQ� GHSUHPOHU� oRN� VD\ÕGD� FDQ� ND\EÕ� YH� oRN� E�\�N� PLNWDUGD� PDGGL�
KDVDUODUD�QHGHQ�ROPXúWXU��%X�KDVDU�YH�FDQ�ND\ÕSODUÕQ�HQ�|QHPOL�QHGHQL�EX�\DSÕODUÕQ�GHSUHP�SHUIRUPDQVODUÕQÕQ�\HWHUVL]�
ROPDVÕ� YH� \DSÕ� WDVDUÕPÕQGD� \DSÕODQ� KDWDODUGÕU�� <DSÕODUGD� EXOXQDQ� \XPXúDN� NDW� ]D\ÕI� NDW� YH� NÕVD� NRORQ� JLEL�
ROXPVX]OXNODU�KDVDUODUÕQ�ROXúPDVÕQGD�EHOLUOH\LFL�ROPDNWDGÕU��%XQXQOD�ELUOLNWH�����$÷XVWRV������Marmara depreminde, 
]HPLQ�$GDSD]DUÕ¶QGDNL�EHWRQDUPH�ELQDODUÕQ�KDVDU�J|UPHVLQGH�oRN�|QHPOL�ELU�URO�R\QDPÕúWÕU�� 
 %X�oDOÕúPDGD��GHSUHP�HWNLVL�DOWÕQGDNL�EHWRQDUPH�\DSÕODUÕQ�GDYUDQÕúÕQD�]HPLQ�HWNLVL�DUDúWÕUÕOPÕú�YH�EX�HWNL\L�GDKD�
EHOLUJLQ�RODUDN�J|]OHPOH\HELOPHN�LoLQ�\XPXúDN�NDW�ROXPVX]OX÷X�GD�oDOÕúPD�NDSVDPÕQD�HNOHQPLúWLU��%X�DPDoOD�14 adet 
IDUNOÕ� \DSÕ-]HPLQ� PRGHOL� ROXúWXUXOPXú� YH� EX� \DSÕODUÕQ� GDYUDQÕúÕQÕ� J|VWHUPHN� DPDFÕ\OD� \DWD\� NDW� \HU� GH÷LúWLUPHOHU�
EHOLUOHQPLúWLU��<DSÕ�PRGHOOHULQLQ�GLQDPLN�DQDOL]OHULQGH�Marmara depremi ivmesinin  
�ùHNLO� ��� <DUÕPFD-3HWNLP� LVWDV\RQXQGD� DOÕQDQ� LYPH� ND\GÕ� NXOODQÕOPÕúWÕU�� 7�P� \DSÕ� PRGHOOHULQLQ� GLQDPLN�                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
analizleri, SAP2000 paket prograPÕ�\DUGÕPÕ\OD�\DSÕOPÕú�YH�VRQXoODU�JUDILNOHU�KDOLQGH�VXQXOPXúWXU� 
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ùHNLO����0DUPDUD�GHSUHPL�LYPH�ND\GÕ 

 
 

2. Zemin-<DSÕ�(WNLOHúLPL� 

 Zemin–\DSÕ�HWNLOHúLPL, oHúLWOL�WLSWHNL�VLVWHPOHULQ��DODQODUÕQ��WDPDPÕQÕQ�YH\D�ELU�NÕVPÕQÕQ�ELUOLNWH�GLNNDWH�DOÕQGÕ÷Õ�
ve anDOL]OHULQLQ�\DSÕOGÕ÷Õ�ELUOHúLN�VLVWHPOHUGLU��%LUOHúLN�VLVWHPOHULQ�DQDOL]L, KHU�VLVWHPLQ�D\UÕ�D\UÕ�DQDOL]L�YH\D�VLVWHPOHULQ�
ELUELUOHULQH� RODQ� HWNLOHULQLQ� J|]� |Q�QH� DOÕQPDVÕ� LOH� \DSÕOÕU�� %X� VLVWHPOHU� KHVDSODQÕUNHQ� KHUKDQJL� ELU� DODQ� �VLVWHP��
GL÷HULQGHQ� D\UÕ� o|]�OHPH]� YH� KHUKDQJL� ELU� ED÷ÕPVÕ]� GH÷LúNHQ� GLIHUDQVL\HO� GHQNOHP� G�]H\LQGH� \RN� HGLOHPH]�
(Zienkiewicz ve Taylor, 1991). 
 Zemin-\DSÕ� VLVWHPLQGH� \�NOHPH� YH� NXYYHWOHU�� RUWDPODU� DUDFÕ\OD� LOHWLOLU�� %X� RUWDPODU� KHVDSODPD� NROD\OÕ÷Õ�
VD÷ODPDN� LoLQ� oHúLWOL� JUXSODUD� D\UÕOÕU� YH� GH÷LúLN� úHNLOOHUGH� PRGHOOHQLUOHU�� D�� 6ÕQÕUVÕ]� 2UWDP� E�� 6ÕQÕUOÕ� 2UWDP ve c) 
(WNLOHúLP�$UD�\�]H\L 
 <DSÕ� LOH� ELWLúLN� RODQ� VÕQÕUOÕ� ]HPLQ� RUWDPÕ� �\DNÕQ� E|OJH�� YH� \DSÕQÕQ� NHQGLVL� GR÷UXVDO� ROPD\DQ� GDYUDQÕú�
J|VWHULUOHUNHQ��\DUÕ�VRQVX]�VÕQÕUVÕ]�]HPLQ�RUWDPÕQÕQ� LVH�GR÷UXVDO�RODUDN�GDYUDQGÕ÷Õ�NDEXO�HGLOLU��<DSÕ� LOH�ELWLúLN�VÕQÕUOÕ�
]HPLQ�RUWDPÕQ�E�\�NO�÷���]HPLQ�GDYUDQÕúÕQÕQ�GR÷UXVDO�ROPD\DQ�GDYUDQÕúWDQ��GR÷UXVDO�GDYUDQÕúD�JHoLú�\DSWÕ÷Õ�HWNLOHúLP�
ara yüzeyine kadar olan bölge kabul edilebilir (Gutierrez, 1976). 
 %LU�\DSÕQÕQ�VLVPLN�GDYUDQÕúÕ��VW�\DSÕ��GHSUHP�ND\QD÷Õ��]HPLQ�úDUWODUÕ�YH�WHPHOLQ�|]HOOLNOHUL�LOH�\DNÕQGDQ�LOJLOLGLU��
=HPLQ�YH�\DSÕQÕQ�NDUúÕOÕNOÕ�HWNLOHúLPL���VW�\DSÕ�YH�\HUHO�]HPLQLQ�GLQDPLN�NDUDNWHULVWLNOHULQL�HWNLOHU��=<(�\DSÕGD�N�WOH�YH�
ULMLWOLN� GD÷ÕOÕPÕQÕ� HWNLOHGL÷LQGHQ� VLVWHPLQ� E�W�Q�QGH� IUHNDQV� YH� PRG� úHNLOOHULQLQ� GH÷LúLPLQH� QHGHQ� ROXU�� 7DVDUÕP�
DúDPDVÕQGD� JHQHOOLNOH� \DSÕ� ]HPLQH� ULMLW� ED÷OÕ� RODUDN� KHVDSODQPDNWDGÕU�� <DSÕQÕQ� ]HPLQH� ULMLW� ED÷OÕ� RODUDN� GLQDPLN�
o|]�P��� \DSÕ� RQX� oHYUHOH\HQ� ]HPLQ� LOH� HWNLOHúLP� KDOLQGH�EXOXQGX÷XQGDQ� WHN�EDúÕQD� \HWHUOL� GH÷LOGLU� YH�=<(¶QLQ� J|]�
|Q�QH�DOÕQPDVÕ�JHUHNOLGLU��=<(�SUREOHPOHULQLQ�o|]�P�QGH�JHQHOOLNOH�'LUHNW�0HWRW�NXOODQÕOÕU� 
 'LUHNW� PHWRWWD� GLQDPLN� \�NOHPH� HWNLVL� DOWÕQGD� ]HPLQ� \DSÕ� VLVWHPLQGH�� \HU� GH÷LúWLUPH�� PRG� úHNLlleri ve kesit 
WHVLUOHUL�]DPDQ�YH�IUHNDQVD�ED÷OÕ�RODUDN�WHN�DGÕPGD�6RQOX�(OHPDQODU�0RGHOL��6(0��NXOODQÕODUDN�EXOXQPDNWDGÕU��%HOLUOL�
\|QOHUGH� VRQVX]D� X]DQDQ� ]HPLQ�� NHVLP� \�]H\OHUL� LOH� NHVLOHUHN� NHVLP� \�]H\OHULQH� \DUÕ� VRQVX]� ]HPLQLQ� |]HOOLNOHULQL�
\DQVÕWDFDN� |]HO� VÕQÕU� úDUWODUÕ� NRQXU�� <DSÕODQ� SDUDPHWULN� oDOÕúPDODU�� ]HPLQ� VRQOX� HOHPDQ� D÷ÕQÕQ�� |]HOOLNOH� JHRPHWULN�
V|Q�P�Q��UDG\DV\RQXQ��|QHPOL�ROGX÷X�\�NVHN�IUHNDQVOÕ�\HU�KDUHNHWOHULQGH�YH�]HPLQLQ�V|Q�P�Q�Q�E�\�N�ROPDVÕ�JLEL�
|]HO� GXUXPODUGD�� \DSÕ� WHPHO� WDEDQ� JHQLúOL÷LQLQ� VD÷� YH� VROXQGD� �a��� NDWÕQD� NDGDU� X]DWÕOPDVÕQÕQ� \HWHUOL� RODFD÷Õ�
belirtilmektedir[8]. 
 9LVNR]� VÕQÕU� úDUWÕ�� \DSÕGDQ� EHOLUOL� ELU� PHVDIHGHQ� VRQUD� NHVLOHUHN� HOGH� HGLOHQ� ]HPLQLQ� VÕQÕU� \�]H\OHULQH�
X\JXODQPDNWDGÕU�� 9LVNR]� VÕQÕU� úDUWÕQÕQ� NXOODQÕODELOPHVL� LoLQ�� G�]OHP� GDOJD� \D\ÕOÕúÕQÕQ� L]RWURS� YH� OLQHHU� HODVWLN� ELU�
RUWDPGD�JHUoHNOHúPHVL�JHUHNPHNWHGLU��$\UÕFD�GDOJDODUÕQ�VÕQÕUD�oDUSPD�DoÕVÕQÕ�N�o�OWPHN�LoLQ�\DSD\�VÕQÕUODUÕQ�\DSÕGDQ�
ROGXNoD� X]DN� ELU� E|OJHGH� WDQÕPODQPDVÕ� JHUHNPHNWHGLU�� %X� GXUXPGD� \DNÕQ� E|OJH� oRN� VD\ÕGD� VRQOX elemanla 
PRGHOOHQHUHN�WHPVLO�HGLOPHNWHGLU��ùHNLO���� 
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yaklasan dalga iletilen 
dalga

 
 

ùHNLO����'LUHNW�PHWRWWD�VÕQÕU�úDUWODUÕ��9LVNR]�VÕQÕUODU� 
 
���6D\ÕVDO�dDOÕúPD 
 
 %X�oDOÕúPDGD��GHSUHP�HWNLVL�DOWÕQGDNL�EHWRQDUPH�\DSÕODUÕQ�GDYUDQÕúÕQD�]HPLQ�HWNLVL�DUDúWÕUÕOPÕú�YH�EX�HWNL\L�GDKD�
EHOLUJLQ� RODUDN� J|]OHPOH\HELOPHN� LoLQ� \XPXúDN� NDW� ROXPVX]OX÷X� GD� oDOÕúPD� NDSVDPÕQD� HNOHQPLúWLU�� Bu amaçla 
ROXúWXUXODQ�\DSÕ-]HPLQ�PRGHOOHULQLQ��VW�\DSÕVÕ�0RGHO�$�YH�0RGHO�%�ROPDN��]HUH� LNL�DQD�JUXED�D\UÕOPÕúWÕU��0RGHO�$�
yapÕODUÕQÕQ�]HPLQ�NDW�\�NVHNOLNOHUL���P�RODUDN�PRGHOOHQPLúWLU��0RGHO�%�\DSÕODUÕ LVH�\XPXúDN�NDW�G�]HQVL]OL÷L�EXOXQDQ�
\DSÕODU�RODUDN�PRGHOOHQPLú�YH�zemin kat yükseklikleri 4 m olarak VHoLúPLúWLU��<DSÕ�PRGellerin WDPDPÕQGD� normal kat 
yükseklikleri sabit tutulmXú�YH���P�RODUDN�PRGHOOHQPLúWLU�(Tablo 1).  
  

Tablo 1. Modellerin genel özellikleri 
 

 
 <DSÕ-]HPLQ�PRGHOOHULQLQ�DOW�\DSÕODUÕ� LVH�DO�Y\RQ�]HPLQ�YH�ND\D�]HPLQ�|]HOOLNOHUL�NXOODQÕODUDN�ROXúWXUXOPXú ve 
VHUW�]HPLQ�LOH�\XPXúDN�]HPLQ�HWNLOHUL�GLNNDWH�DOÕQPÕúWÕU��$O�Y\RQ�]HPLQ�PRGHOLQGH�$GDSD]DUÕ�]HPLQ�|]HOOLNOHUL�YH�ND\D�
]HPLQ�PRGHOLQGH�LVH�0DOWHSH�]HPLQ�|]HOOLNOHUL�NXOODQÕOPÕúWÕU��ùHNLO���� 

Modeller Zemin 
hZemin 

(m) 

hNormal 

(m) 

Kat 

6D\ÕVÕ 

Model A1 
Alüvyon 

3.00 3.00 

4 
Kaya 

Model A2 
Alüvyon 

5 
Kaya 

Model A3 
Alüvyon 

6 
Kaya 

Model A4 
Alüvyon 

7 
Kaya 

Model A5 
Alüvyon 

8 
Kaya 

Model A6 
Alüvyon 

9 
Kaya 

Model A7 
Alüvyon 

10 
Kaya 

Modeller Zemin 
hZemin 

(m) 

hNormal 

(m) 

Kat 

6D\ÕVÕ 

Model B1 
Alüvyon 

4.00 3.00 

4 
Kaya 

Model B2 
Alüvyon 

5 
Kaya 

Model B3 
Alüvyon 

6 
Kaya 

Model B4 
Alüvyon 

7 
Kaya 

Model B5 
Alüvyon 

8 
Kaya 

Model B6 
Alüvyon 

9 
Kaya 

Model B7 
Alüvyon 

10 
Kaya 
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ùHNLO���<DSÕ-]HPLQ�PRGHOLQGH�NXOODQÕODQ�]HPLQ�SURILOOHUL�>6eyhan] 

 
 <DSÕ-]HPLQ� PRGHOOHULQLQ� VRQOX� HOHPDQ� PRGHOOHUL� �ùHNLO� ��� 6$3����� SDNHW� SURJUDPÕ� NXOODQÕODUDN�
ROXúWXUXOPXúWXU��<DSÕ-]HPLQ�PRGHOOHULQLQ� DOW� \DSÕVÕ� RODQ� ]HPLQLQ�GHULQOL÷L� ��P�RODUDN� VHoLOPLú� YH�EX� VHYL\HGH� ND\D�
�]HULQH�RWXUGX÷X�YDUVD\ÕODUDN�DQNDVWUH�PHVQHW�WDQÕPODQPÕúWÕU� 
 

 
 

 
 

ùHNLO����<DSÕ-Zemin modelinin sonlu elemanlar modeli 
 

 =HPLQ�PRGHOL�\DSÕQÕQ�KHU�LNL�XFXQGDQ�\DSÕ�JHQLúOL÷LQLQ�HQ�D]����NDWÕ�NDGDU�X]XQ�ROPDN��]HUH�����P�JHQLúOL÷LQGH�
ROXúWXUXOPXúWXU��<DSÕ-zemin modeline etki eden deprem dalgDODUÕQÕQ�]HPLQ�VÕQÕUODUÕQGDQ�\DQVÕ\DUDN�WHNUDU�PRGHOH�JHUL�
G|QPHVLQL�HQJHOOHPHN�DPDFÕ\OD�]HPLQ�VÕQÕUODUÕQGD�V|Q�POH\LFLOHU� LoHUHQ�/\VPHU�VÕQÕUODUÕ� WDQÕPODQPÕúWÕU��<DSÕ-zemin 
PRGHOOHULQLQ� WDPDPÕQGD��VW�\DSÕ�EHWRQDUPH�RODUDN� WDVDUODQPÕú�GROD\ÕVÕ\OD�(ODWLVLWH Modülünün GPa 28E  , Poisson 
RUDQÕQÕQ� 20.0 X  YH� N�WOH� ELULP� KDFLP� D÷ÕUOÕ÷ÕQÕQ� 3kN/m  24 U  ROGX÷X� YDUVD\ÕOPÕúWÕU�� %HWRQDUPH� \DSÕQÕQ� W�P�
NDWODUÕQGD� ]DWL� \�N� 0,2p   kN/m3 ve hareketli yük 50,1q   N1�P��� NRORQODUÕ� ��FPu��FP� YH� NLULúOHUL� ��FPu50cm 
ER\XWODUÕQGD�GLNG|UWJHQ�RODUDN�WDVDUODQPÕú�YH�\DSÕ�\�NVHNOL÷L�ER\XQFD�VDELW�WXWXOPXúWXU�� 
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4. Sonuçlar 
 

 <DSÕ�HOHPDQODUÕQÕQ�]RUODQPDODUÕ�J|UHOL�NDW�\HU�GH÷LúWLUPHOHUL� LOH�GR÷UX�RUDQWÕOÕ�ROGX÷XQGDQ�EX�oDOÕúPDGD�\DSÕ-
]HPLQ�PRGHOOHULQLQ� J|UHOL� NDW� \HU� GH÷LúWLUPHOHUL� JUDILNOHU� KDOLQGH� VXQXOPXúWXU�� 6$3����� SDNHW� SURJUDPÕ� \DUGÕPÕ\OD�
\DSÕODQ� ]DPDQ� WDQÕP� DODQÕQGDNL� GLQDPLN� DQDOL]OHU� LOH� NDW� VHYL\HVLQGHNL� \HU� GH÷LúWLUPHOHULQ� PDNVLPXP� GH÷HUOHUL�
EXOXQPXúWXU��%X�GH÷HUOHU�NXOODQÕODUDN�HOGH�HGLOHQ�J|UHOL�NDW�\HU�GH÷LúWLUPHOHUL�KHU�ELU�\DSÕ-zemin modeli için grafikler 
KDOLQGH�VXQXOPXúWXU��ùHNLO��-8). Bu grafiklerde, zemin-\DSÕ�HWNLOHúLPL�GLNNDWH�DOÕQDUDN�\DSÕODQ�GLQDPLN�DQDOL]�VRQXoODUÕ�
LOH�\DSÕODUÕQ�DQNDVWUH�ED÷OÕ�ROPDVÕ�GXUXPXQGD�HOGH�HGLOHQ�VRQXoODU�NDUúÕODúWÕUÕOPÕúWÕU�� 
 %X� oDOÕúPDGD� VDGHFH�� GLQDPLN� E�\�WPH� NDWVD\ÕVÕQÕQ� �ùHNLO� ��� zemin-\DSÕ� PRGHOOHULQLQ� GLQDPLN� GDYUDQÕúÕ�
�]HULQGHNL� HWNLOHUL� LQFHOHQPLúWLU�� %X� DPDoOD, üst \DSÕ (DQNDVWUH� PHVQHWOL� \DSÕ) modelleriQLQ� IUHNDQVODUÕ� LOH� DOW� \DSÕ�
(zemin) IUHNDQVODUÕ�RUDQODQPÕú�YH�GLQDPLN�E�\�WPH�NDWVD\ÕODUÕ�EHOLUOHQPLúWLU��7DEOR��-3).  
 

Tablo 2. A tipi modellerin (Hz=3m) GLQDPLN�E�\�WPH�NDWVD\ÕODUÕ 
 

Modeller Kat 
6D\ÕVÕ 

Dinamik büyütme 
NDWVD\ÕVÕ 

Kaya Alüvyon 

Model A1 4 1,69 1,01 

Model A2 5 2,88 1,02 

Model A3 6 9,84 1,03 

Model A4 7 2,69 1,04 

Model A5 8 1,24 1,05 

Model A6 9 0,76 1,07 

Model A7 10 0,53 1,09 
 

Tablo 3. B tipi modellerin (Hz=4m) GLQDPLN�E�\�WPH�NDWVD\ÕODUÕ 
 

Modeller Kat 
6D\ÕVÕ 

Dinamik büyütme 
NDWVD\ÕVÕ 

Kaya Alüvyon 

Model B1 4 2,24 1,02 

Model B2 5 5,68 1,03 

Model B3 6 4,34 1,04 

Model B4 7 1,58 1,05 

Model B5 8 0,90 1,06 

Model B6 9 0,60 1,08 

Model B7 10 0,44 1,10 
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 ùHNLO� �-�� GLNNDWOH� LQFHOHQGL÷LQGH�� \DSÕODUÕQ� GLQDPLN� GDYUDQÕúÕQGD� ]HPLQLQ� HWNLVLQLQ� |QHPOL� ELU� URO� R\QDGÕ÷Õ�
J|U�OPHNWHGLU�� %X� JUDILNOHUGHQ� GH� J|U�OG�÷�� JLEL�� \DSÕODUÕQ� GLQDPLN� GDYUDQÕúÕQGD� 7DEOR� �-3 de verilen dinamik 
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E�\�WPH�NDWVD\ÕODUÕQÕQ�SDUDOHOLQGH�GH÷LúLNOLNOHU�ROGX÷X�DoÕNWÕU��%X�HWNL��|]HOOLNOH�\XPXúDN�NDW�ROXPVX]OX÷X�EXOXQDQ�%�
WLSL�\DSÕ�PRGHOlerinde çok daha belirgin olarak gözükmektedir.  
 

 
 

ùHNLO����)UHNDQV�RUDQODUÕQD�NDUúÕOÕN�JHOHQ�GLQDPLN�E�\�WPH�NDWVD\ÕVÕ�GH÷LúLPL 
 

 ùHNLO� �-��GHQ�J|U�OG�÷��JLEL�� VRQXoODUÕQ�ED]ÕODUÕ� GLQDPLN�E�\�WPH�NDWVD\ÕODUÕQGDQ� IDUNOÕOÕNODU� J|VWHUPHNWHGLU��
Bunun nedenL�� \DSÕ� ]HPLQ� HWNLOHúLPL� SUREOHPOHULQGH� WHN� EHOLUOH\LFL� XQVXUXQ� VDGHFH� GLQDPLN� E�\�WPH� NDWVD\ÕVÕ�
ROPDPDVÕGÕU��$\UÕFD��7DEOR��-��GH�YHULOHQ�GLQDPLN�E�\�WPH�NDWVD\ÕODUÕ���VW�\DSÕ�LOH�DOW�\DSÕQÕQ�ELUOLNWH�oDOÕúWÕ÷Õ�]HPLQ�
\DSÕ�PRGHOOHULQLQ�GLQDPLN�E�\�WPH�NDWVD\ÕODUÕQGDQ�IDUNOÕ�RODFD÷Õ�EHOLUJLQGLU� 
 'LQDPLN�E�\�WPH�NDWVD\ÕQÕQ�GÕúÕQGD��\DSÕ-]HPLQ�HWNLOHúLPL�SUREOHPOHUL�GLNNDWH�DOÕQGÕ÷ÕQGD�VRQXoODUÕ�HWNLOH\HQ�
ELU� oRN� SDUDPHWUH� YDUGÕU�� %XQODUGDQ� ED]ÕODUÕ�� D�� \DSÕ� \�NVHNOL÷L� LOH� WHPHO� GHULQOL÷L� DUDVÕQGDNL� HWNLOHúLP b�� DOW� \DSÕ�
�]HPLQ�� HWNLVLQGHQ� GROD\Õ� �VW� \DSÕQÕQ� PRG� úHNLOOHULQGHNL� GH÷LúLPOHU� F�� \DSÕ� \�NVHNOL÷LQLQ� \DSÕ� JHQLúOL÷LQH� RUDQÕQÕQ�
�+�%��GH÷LúLPL�G��\DSÕQÕQ�NDWVD\ÕVÕQGDNL�IDUNOÕOÕNODU�JLEL�SDUDPHWUHOHU�RODUDN�VD\ÕODELOLU�  
 7�P�EX� VRQXoODU� GLNNDWH� DOÕQGÕ÷ÕQGD�� \DSÕODUÕQ� WDVDUÕPÕ� \DSÕOÕUNHQ� ]HPLQ� HWNLOHULQLQ� GLNNDWH� DOÕQPDPDVÕ� YH\D�
VDGHFH� OLQHHU� E�\�WPH� NDWVD\ÕODUÕ� NXOODQÕODUDN� \DSÕODUÕQ GDYUDQÕúÕQÕQ� EHOLUOHQPHVL� JHUoHN� GDYUDQÕúÕQ� oRN� X]D÷ÕQGD 
VRQXoODU�HOGH�HGLOPHVLQH�QHGHQ�RODFDNWÕU��'ROD\ÕVÕ\OD�� \DSÕODUÕQ� WDVDUÕPÕ�DúDPDVÕQGD ]HPLQ�HWNLVL�GH�GLNNDWH�DOÕQDUDN�
DQDOL]OHU�\DSÕOPDOÕ�YH�WDVDUÕPODU�EX�VRQXoODU�GLNNDWH�DOÕQDUDN�|]HQOH�\DSÕOPDOÕGÕU� 
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g]HW��'HSUHP�KDUHNHWOHULQLQ�\DSÕODUGD�PH\GDQD�JHWLUGL÷L�GLQDPLN�HWNLOHUL� WHVSLW�HWPHN�LoLQ�PRG�
ELUOHúWLUPH�\|QWHPL�HQ�oRN�NXOODQÕODQ�DQDOL]�\|QWHPOHULQGHQGLU��'DKD�oRN�]DPDQ�DODQ�YH�JHUoHN�
GHSUHP� ND\ÕWODUÕQÕQ� NXOODQÕOGÕ÷Õ� ]DPDQ� WDQÕP� DUDOÕ÷ÕQGD� DQDOL]� \|QWHPL� GDKD� JHUoHNoL� VRQXoODU�
YHUPHNWHGLU�� %X� oDOÕúPDGD� KHU� LNL� \|QWHP� NXOODQÕODUDN�� ��� NDWOÕ� EHWRQDUPH� ELU� \DSÕ� �]HULQGH�
DQDOL]OHU�\DSÕOPÕú�YH�VRQXoODU�NÕ\DVODQPÕúWÕU��3ODQGD�YH�G�úH\GH�G�]HQVL]OL÷L�EXOXQPD\DQ��WDúÕ\ÕFÕ�
VLVWHPL� SHUGH�oHUoHYH� RODQ� EHWRQDUPH� \DSÕQÕQ� KHU� LNL� PHWRWOD� DQDOL]LQGH� GH� 6$3����� VRQOX�
HOHPDQODU� SURJUDPÕ�NXOODQÕOPÕúWÕU��+HU� LNL�PHWRWOD� HOGH� HGLOHQ� WDEDQ�NHVPH�NXYYHWOHUL�� GHYULOPH�
PRPHQWOHUL�� G�úH\� WDúÕ\ÕFÕODUÕQ� Lo� NXYYHWOHUL� YH� PDNVLPXP� \HU� GH÷LúWLUPHOHU� NDUúÕODúWÕUÕODUDN�
DQDOL]�\|QWHPOHUL�DUDVÕQGDNL�IDUNODU�WDUWÕúÕOPÕúWÕU���
�

� � $QDKWDU�.HOLPHOHU��=DPDQ�WDQÕP�DODQÕQGD�KHVDS��PRG�ELUOHúWLUPH�\|QWHPL��GLQDPLN�DQDOL]�
�
�
*LULú�
�
<DSÕODUÕQ� GLQDPLN� DQDOL]OHULQGH� IDUNOÕ� \|QWHPOHU� NXOODQÕOPDNWDGÕU�� %X� oDOÕúPDGD� \|QHWPHOLNOHUGH� GH� DGÕ� JHoHQ� YH�
XOXVODUDUDVÕ� RODUDN� NDEXO� J|UP�ú� LNL� \|QWHP� LoLQ� \DSÕODQ� DQDOL]OHULQ� EHWRQDUPH� oRN� NDWOÕ� ELU� \DSÕ� |UQH÷L� �]HULQGH�
ROXúWXUGX÷X�HWNLOHU�NDUúÕODúWÕUÕOPÕú�YH�VRQXoODU�LUGHOHQPLúWLU��(OGH�HGLOHQ�VRQXoODUGDNL�IDUNOÕOÕNODU�YH�EHQ]HUOLNOHU�WHVSLW�
HGLOPH\H�oDOÕúÕOPÕúWÕU��

0RG�%LUOHúWLUPH�<|QWHPL�
�
<DSÕGD� ROXúDQ� PDNVLPXP� Lo� NXYYHWOHU� YH� \HUGH÷LúWLUPHOHULQ� KHVDSODQPDVÕQGD�� KHU� ELU� GR÷DO� WLWUHúLP� PRGXQGD�
KHVDSODQDQ� PDNVLPXP� NDWNÕODUÕQ� LVWDWLNVHO� RODUDN� ELU� DUD\D� JHWLULOPHVL� GLNNDWH� DOÕQÕU�� +HU� ELU� PRG� LoLQ� KHVDSODQDQ�
PDNVLPXP� NDWNÕODU� LVWDWLNVHO� RODUDN� ELUOHúWLULOLUNHQ� LNL� \|QWHP� X\JXODQÕU�� (÷HU� DUGÕúÕN� LNL� WLWUHúLP� PRGXQXQ� GR÷DO�
SHUL\RWODUÕ�RUDQÕ����¶GHQ�D]�LVH��PDNVLPXP�PRG�NDWNÕODUÕQÕQ�ELU�DUD\D�JHWLULOPHVLQGH�.DUHOHULQLQ�7RSODPÕQÕQ�.DUHN|N��
NXUDOÕ�X\JXODQDELOLU��(÷HU�EX�RUDQ�VD÷ODQPÕ\RUVD�� WDP�NDUHVHO� \|QWHP�X\JXODQDELOLU��$QFDN�EX�|QWHPGH�NXOODQÕODFDN�
oDSUD]�NRUHODV\RQ�NDWVD\ÕODUÕQÕQ�KHVDEÕQGD��E�W�Q�PRGODUGD�V|Q�P�RUDQÕ�����DOÕQPDOÕGÕU��'E\EK\��������
�
=DPDQ�7DQÕP�$ODQÕQGD�+HVDS�<|QWHPL�
�
%X�\|QWHPGH�ELQD�W�U��\DSÕODUÕQ�JHUHN�GR÷UXVDO�HODVWLN�JHUHNVH�GR÷UXVDO�HODVWLN�ROPD\DQ�GHSUHP�KHVDEÕQGD��KHP�GDKD�
|QFH� ND\GHGLOPLú� KH� GH� \DSD\� \ROODUOD� �UHWLOHQ� GHSUHP� \HU� KDUHNHWOHUL� NXOODQÕODELOLU�� $QFDN� \DSD\� \HU� KDUHNHWL�
NXOODQÕOPDVÕ�GXUXPXQGD�HQ�D]��o�\HU�KDUHNHWL��UHWLOPHVL�'%<%+<�����¶GH�LVWHQPHNWHGLU��ho�\HU�KDUHNHWL�NXOODQÕOPDVÕ�
GXUXPXQGD�VRQXoODUÕQ�PDNVLPXPX��\HGL�YH��]HUL�VD\ÕGD�\HU�KDUHNHWL�NXOODQÕOPDVÕ�GXUXPXQGD�LVH�VRQXoODUÕQ�RUWDODPDVÕ�
DOÕQDUDN� WDVDUÕP� \DSÕODELOHFH÷L� úDUWQDPHGH� EHOLUWLOPLúWLU� �'E\EK\� �������hUHWLOHFHN� RODQ� EX� ND\ÕWODUÕQ� V�UHOHULQLQ� ���
VDQL\HGHQ�NÕVD�ROPDPDVÕ�JHUHNPHNWHGLU��$\UÕFD�ELULQFL�GR÷DO�WLWUHúLP�SHUL\RGXQXQ���NDWÕQGDQ�GDKD�NÕVD�V�UHOL�NXYYHWOL�
\HU� KDUHNHWL� LoHUHQ� ND\ÕW� LVWHQPHPHNWHGLU�� hUHWLOHFHN� RODQ� ND\ÕWÕQ� LYPH� GH÷HUOHUL� LOH� LOJLOL� RODUDN� �'E\EK\� ������
E|OJHOHU�LoLQ�YHULOHQ�PLQXPXP�LYPH�GH÷HUOHULQGHQ�GDKD�D]�ROPD\DFDN�úHNLOGH�RUWDODPD�VSHNWUDO�LYPH�GH÷HUOHULQH�VDKLS�
ROPDVÕ�EHNOHQPHNWHGLU��<LQH��UHWLOHQ�ND\ÕWWDQ�HOGH�GLOHQ� LYPH�GH÷HUOHUL�KLoELU�]DPDQ�'%<%+<�����¶GH� WDQÕPODQDQ�
HODVWLN� VSHNWUDO� LYPH� H÷ULVLQLQ� D]DODQ� NÕVPÕQGD� EXOXQDQ� GH÷HUOHULQ� ���¶ÕQGDQ� D]� ROPD\DFDN� úHNLOGH� ND\ÕWODU�
�UHWLOPHOLGLU�� %X� oDOÕúPDGD� =�� ]HPLQ� VÕQÕIÕ� LoLQ� '%<%+<� ����¶GHNL� HODVWLN� WDVDUÕP� VSHNWUXPXQD� J|UH�
|OoHNOHQGLULOPHVL\OH�ROXúDQ�&H\KDQ�(�:�YH�'LQDU�(�:�ND\ÕWODUÕ� LOH�D\QÕ�WDVDUÕP�VSHNWUXPXQD�J|UH��UHWLOPLú���\DSD\�
LYPH�ND\GÕ�NXOODQÕOPÕúWÕU��&H\KDQ�(�:����������'LQDU�(�:���������GL÷HU���\DSD\�LYPH�ND\GÕ�LVH����VDQL\HGLU��
�
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ùHNLO����hUHWLOPLú�LYPH�ND\ÕWODUÕ�YH�VSHNWUXPOD�LOLúNLOHUL��%DúRW�7��������

�
�
<DSÕ�*HQHO�%LOJLOHUL�
�
%X� oDOÕúPDGD� LQFHOHQH� \DSÕQÕQ� NDW� \�NVHNOL÷L� �� P� ROXS� ��� NDWOÕGÕU�� <DSÕPÕ]� ����� [� �����P¶OLN� DODQ� WDEDQ� DODQÕQQD�
VDKLSWLU��=���6ÕNÕ�NXP��]HPLQ�VÕQÕIÕQGD�EXOXQDQ�����'HUHFH�GHSUHP�E|OJHVLQGH�RODQ�\DSÕQÕQ�NXOODQÕP�DPDFÕ�NRQXWWXU��
7DúÕ\ÕFÕ� VLVWHPL� EHWRQDUPH� SHUGH�oHUoHYH� RODQ� \DSÕGD� &���6���� PDO]HPHVL� NXOODQÕOPÕúWÕU�� 0HYFXW� NDOÕS� SODQÕQD�
NHVLWOHUGH�PLQXPXP�GRQDWÕ�NDEXO��\DSÕOPÕú�YH�KHU�ELU�SHUGH��NRORQ��NLULú�NHVLWL�LoLQ�EX�GRQDWÕODU�KHVDSODQPÕúWÕU��$\UÕFD�
SHUGHOHUGH� EDúOÕN� NHVLWL� YH� EDúOÕN� GRQDWÕVÕ� WHVSLW� HGLOPLúWLU�� 3HUGHOHU� GHSUHP� HWLNOHUL� DOWÕQGD� LNHQ� Xo� E|JHOHULQLQ� oRN�
E�\�N� oHNPH� YH� EDVÕQo� JHULOPHOHULQH� PDUX]� NDOPDVÕQGDQ� GROD\Õ� EX� G�]HQOHPH� \DSÕOPÕúWÕU�� 3HUGH� Xo� E|OJHOHULQGHNL�
EDúOÕN�NHVLWOHUL�NRORQ�JLEL�WDVDUODQPÕú�YH�EXUDGD�NRORQODUGDNL�GRQDWÕ�G�]HQLQH�X\JXQ�RODUDN�GRQDWÕ�DODQODUÕ�YH�DGHWOHUL�
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VHoLOPLúWLU��'RQDWÕ�DODQ�YH�DGHWOHUL�LoLQ�\DSÕODQ�KHVDSODPDODU�YH�NDEXOOHU�E�W�Q�SHUGH��NRORQ�YH�NLULú�NHVLWOHUL�LoLQ�D\UÕ�
D\UÕ�ROPDN��]HUH�7DEOR��¶GH�D\UÕQWÕOÕ�RODUDN�YHULOPLúWLU��
�
7DEOR����.HVLW�ER\XWODUÕ�YH�GRQDWÕ�PLNWDUÕ�
�

.HVLW�&P�� %DúOÕN�.HVLWL�
�FP��

0LQLPXP�
'RQDWÕ�
2UDQÕ�

0LQLPXP�'RQDWÕ�$ODQÕ��FPð�� 6HoLOHQ�'RQDWÕ�

%DúOÕN� *|YGH� %DúOÕN� *|YGH�

3HUGH�

��[���� ��;��� ����� ������ ������ ��������� �����������
��[���� ��;��� ����� ������ ������ ���������� ����������
��[���� ��;��� ����� ������ ������ ������� ����������
��[���� ��;��� ����� ������ ������ ���������� ����������
��[���� ��;��� ����� ������ ������ ��������� ����������
��[���� ��;��� ����� ������ ������ ��������� ����������
��[���� ��;���� ����� ������ ������ ������� ����������
��[���� ��;���� ����� ������ ������ ��������� ����������

.RORQ�
��[��� <2.� ����� ������ ��������
��[���� <2.� ����� ������ ��������
��[���� <2.� ����� ������ ��������

.LULú�

��[��� <2.� ������� ����� �������
��[��� <2.� ������� ����� �������
��[��� <2.� ������� ����� �������
��[��� <2.� ������� ����� �������
��[��� <2.� ������� ����� ��������
����[��� <2.� ������� ����� ��������
��[��� <2.� ������� ����� �������
��[��� <2.� ������� ����� �������
��[��� <2.� ������� ����� �������
��[��� <2.� ������� ����� �������
��[��� <2.� ������� ����� �������
��[��� <2.� ������� ����� ��������
����[��� <2.� ������� ����� ��������
���[��� <2.� ������� ������ ��������
��[��� <2.� ������� ����� �������
��[��� <2.� ������� ����� �������
��[��� <2.� ������� ����� �������
��[��� <2.� ������� ����� �������
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ùHNLO�������1RUPDO�NDW�NDOÕS�SODQÕ�YH���ER\XWOX�6DS�����PRGHOL��'RN�*��������
�

$QDOL]OHUGHQ�|QFH�YHULOHQ�]HPLQ�GXUXPXQD�J|UH�]HPLQ�HPQL\HW�JHULOPHVL�\DSÕOPÕú��WDKNLNLQ�VRQXFXQGD�WHPHO�DOWÕQGDNL�
JHULOPHOHULQ� HPQL\HW� JHULOPHVLQL� DúPDGÕ÷Õ� J|]OHPOHQPLúWLU��$QDOL]� DúDPDVÕQGD� ]HPLQ� HWNLOHUL� LKPDO� HGLOHUHN� oDOÕúPD�
WDPDPODQPÕú�YH�EXQD�X\JXQ�RODUDN�VRQXoODU�NDUúÕODúWÕUÕOPÕúWÕU��

�

$QDOL]�6RQXoODUÕ�
�
6SHNWUDO�$QDOL]�6RQXoODUÕ�
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=DPDQ�WDQÕP�DODQÕQGD�DQDOL]OHU���DGHW� LYPH�ND\GÕ�NXOODQÕOPÕúWÕU�HOGH�HGLOHQ�E�W�Q�VRQXoODU�]DPDQ�ED÷OÕ� úHNLOGH�HOGH�
HGLOPLú� YH� LQFHOHQPLúWLU�� �� DGHW� LYPH� ND\GÕ� [� YH� \� GHSUHP� \|QOHULQGH� D\UÕ� D\UÕ� ROPDN� ND\GÕ\OD� WRSODPGD� ��� DQDOL]�
\DSÕOPÕúWÕU��$QDOL]OHUGHQ�HOGH�HGLOHQ�GH÷HUOHULQ�����YH��±��RODUDN�PDNVLPXP�GH÷HUOHUL�ELUHU�WDEOR�KDOLQGH�J|VWHULOPLúWLU��
6SHNWUDO�$QDOL]GH�ROGX÷X�JLEL�EX�DQDOL]OHUGH�GH�WDEDQ�NHVPH�NXYYHWL��GHYULOPH�PRPHQWL�YH�NDW�\HUGH÷LúWLUPHOHUL�JLEL�
SDUDPHWUHOHU�LQFHOHQPLúWLU��
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CONSTRUCTIVE FORMATION OF THE KNOWLEDGES BY 
STUDENTS AT MATH CLASSES 

Sanubar Mamedova 

School #267. Baku, Azerbaijan 

E-mail: huseynli_s@mail.ru. 

Abstract: the current article reviews a process of knowledge building by students within 
the constructive methods of education. The process of new knowledge formation is 
realized upon the existing knowledge by means of logical attitude and questions. These 
types of questions make each student to modify his/her knowledge and form in their 
thinking modes of consecutive modifications by means setting logical questions.   

Key words: constructive education; modification; formation; correlation; logical 
question; logical justification (rationale); 

ɏɏI century is described as era of intellect. Strategic goal of the modern education system are formation of a 
creative intellect, a person with high scientific skills. However, it is impossible to achieve the above mentioned 
goals is impossible by relying solely on conventional methods of education. For the intellectual skills 
development of students’ new approaches, new semantic tasks are crucial. Overall, this means modification of 
educational methods. Transformation from direct knowledge delivery to construction of them by the students 
themselves. Thus, the construction of new knowledge is fulfilled on basis of existing experience and skills. In 
this initiative the role of the teacher is in building the logical questions, works of logical thinking. As a result 
answering these questions leads the students to new qualitative skills. In the constructive education by being 
involved in interactive and logical works students gain the following intellectual and social skills: 

I. Problem-solving skills; 
II. Question-setting skills; 

III. Logical justification of their answers; 
IV. Analyzing and Synthesizing  
V. Remodeling of their knowledge; 

VI. Generating new knowledge; 
VII. Team working; 

VIII. Sense of responsibility; 
IX. Ability to come to a consensus; 
X. Listening, tolerance and etc. skills. 

 

In the following scenario (6th grade class– Finding out of the greatest common divisor) describes the process 
of new knowledge formation by the students.  

 

The aim of this lesson is to let the students define greatest common divisor be means of interactive 
discussions. The interactive activity brings up not only skills of mutual cooperation, but also skills of 
cooperative intellectual work. 

The first question of the discussion is of research type. The teacher by logical reasoning sets the dilemma: 

 ȼ.- The divisor is a number that divides. It can be the greatest and the smallest. Multiplication is the 
inverse operation to division. What do you think? Can there be greatest common multiplier? 
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 This dilemma makes the students review their existing knowledge of the division from other perspective. 
From the perspective of multiplier. Having group discussions the students come to the following conclusion:  

- When multiplying one factor may be less than or greater than another factor. So, the biggest or the smallest 
multiplier factor can be. 

 ȼ.- How can you find out multipliers?  

 

Ɉ - To find the biggest factor, the product should be divided by a smaller factor; divided by the product of a 
known factor and thus we find out an unknown factor. 

So, students with these rationalizations and questioning reinstated in their understanding the process of finding 
of the an unknown factor. 

Afterwards students work out the following rationale and the question is set. The answer to this question takes 
them to understanding of the new lesson. 

 

ȼ. The division is the inverse operation of multiplication. The unknown multiplier is found by dividing the 
product of a known factor, 

56:ɯ=7.       ɏ=56:7=8 ;   testing   8*7=56 

      Then think please, how we can find the unknown divisor? For instance: 

���ɯ ����� 

 Ɉ. – To find the unknown divisor we need to divide the divisible by the particular. 

63:9=7; testing 7*9=63 

ɍ. – thus, to find the unknown divisor we need to divide the divisible by particular, or visa versa. 

Now in the natural numbers 36 and 24;     

28 and 42; find common criteria for divisibility. 

ɍ-  What do you have to do to find these criteria? 

Ɉ. - Then, you divide these numbers by dividers;   

and to find out what numbers they are divided. 

  As a result the following features are defined –36 and 24  (1,2,3,4,6,9,12,18,36) , (1,2,3,4,6,8,12,24);  28 and 
42 (1,2,4,7,14,28) , (1,2,3,6,7,14,21,42) 

ȼ.- How many divisors does each particular have? How many trains are composed of subgroups? If consists of 
two divisors, it is simple, and if more than two, then which number will this be? Simple or compound?  

Upon definition of the numbers (36 and 24), (28 and 42) we make a smooth transition to the next question. 

ȼ- What common factors between natural numbers 36 and 24 are there? Determine the smallest and the greatest. 
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 Özet: Bu oDOÕúPDQÕQ� NRQXVX�� �QLYHUVLWH� |÷UHQFLOHULQLQ� |÷UHQPH� VWLOOHULQL� EHOLUOHPHN� YH�
FLQVL\HW� GH÷LúNHQLQH� göre NDUúÕODúWÕUPDNWÕU�� dDOÕúPDGD, MF9D\� /\QFK� g÷UHQPH� 6WLOL�
Envanteri NXOODQÕOPÕúWÕU. 59 maddeli ve 3’lü likert WLSLQGH�GHUHFHOHQGLULOHQ�|÷UHQPH� VWLOL�
envanteri, “görsel |÷UHQPH�VWLOL”, “LúLWVHO |÷UHQPH�VWLOL” ve “hareketli (kinestetik) |÷UHQPH�
stili” olmak üzere 3 boyutWDQ� ROXúPDNWDGÕU. dDOÕúPDQÕQ� VRQXFXQD� J|UH�� |÷UHQFLOHULQ�
\DUÕVÕQ� \DNÕQÕ görerek |÷UHQHQ� ROGXNODUÕ� EHOLUOHQPLúWLU. Cinsiyetin |÷UHQFLOHULQ� |÷UHQPH�
stillerine etkisi LQFHOHQGL÷LQGH; J|UVHO�|÷UHQPH�VWLOLQGH�NÕ]�|÷UHQFLOHULQ�HUNHN�|÷UHQFLOHUH�
J|UH� LVWDWLVWLNVHO� RODUDN� DQODPOÕ� \�NVHN� RUWDODPD� SXDQD� VDKLS� ROGXNODUÕ� J|U�OP�úW�U��
g÷UHQFLOHULQ� |÷UHQPH� VWLOOHUL� �]HULQGH� KHP� ND\ÕWOÕ� ROGXNODUÕ� E|O�POHULQ� HWNLVL� KHP� GH�
E|O�P�YH�FLQVL\HWLQ�RUWDN�HWNLVLQLQ�ROPDGÕ÷Õ�VDSWDQPÕúWÕU��  

 

GLULú 

øQVDQODU��KHU�J�Q�|÷UHQPH\L�NXOODQÕUODU��Çünkü ö÷UHQPH��ELOJL\L�LúOHPH�V�UHFLGLU��%LUH\OHULQ�|÷UHQPH\L�
NXOODQPDVÕQGDNL� DPDo�� IDUNOÕ� |÷UHQPH VWLOOHULQH� QHGHQ�RODQ� úDUWODUÕ yönetmek ve uyarlamakWÕU (Brown, 2009). 
%XUDGD� ELUH\OHULQ� |÷UHQPHOHULQGH� IDUNOÕ� |÷UHQPH� VWLOOHUL� RODELOLUOL÷L� J|U�OPHNWHGLU�� g÷UHQPH� VWLOL� QHGLU"´�
GHGL÷LPL]GH�� H÷LWLPGH� \HQL� ELU� DUDúWÕUPD� NRQXVX� ROPD\DQ� YH� VRQ� ��� \ÕOGÕU� oDOÕúPDODUGD� UDVWODQÕODQ� |÷UHQPH�
stilleri konusu��|÷UHQPHGH�DUDúWÕUÕODQ�NRQXODUGDQ�ELULGLU�YH�ELUoRN�DUDúWÕUPD�WDUDIÕQGDQ�LQFHOHQPLúWLU��Huston ve 
Cohen, 1995; akt. Brown vd. 2009; Ballone ve Czerniak, 2001). Ö÷UHQPH�VWLOL� ³ELUH\OHULQ�HWNLQ�|÷UHQPH� LoLQ�
benimsHGL÷L� \HQL� ELOJL� YH� VWUDWHMLOHUL� LúOHPHGH� WHUFLK� HWWLNOHUL� \RO´� RODUDN� WDQÕPODQPÕúWÕU. %DúND� ELU� LIDGH� LOH�
ö÷UHQPH�VWLOOHUL�]DPDQ�YH�J|UHYOHU��]HULQGH�VHUJLOHQHQ�NDYUDPVDO��ELOLúVHO�GX\XúVDO�YH�GDYUDQÕúVDO�|U�QW�OHUGLU�
(Guild, 1994; akt. Ballone ve Czerniak, 2001). 
 g÷UHQPH� VWLOOHUL� NRQXVXQGD� \DSÕODQ� oDOÕúPDODUGD�� |÷UHQPHQLQ� IDUNOÕ� ER\XWODUGD� JHUoHNOHúWL÷L� YH�
X]PDQODUÕQ�IDUNOÕ�DoÕODUGDQ�RGDNODQDUDN�|÷UHQPH�VWLOOHULQL WDQÕPODGÕ÷Õ�LoLQ�|÷UHQPH�VWLOOHULQLQ�IDUNOÕ�WDQÕPODUÕQÕQ�
\DQÕ� VÕUD� oHúLWOL� ER\XWODUGD� VÕQÕIODQGÕUÕOGÕ÷Õ� J|U�OPHNWHGLU� �<ÕOPD]-6R\OX� YH� $NNR\XQOX�� ������� gUQH÷LQ��
*UHJRULF�|÷UHQPH�VWLOOHUL��VRPXW-DUGÕúÕN��VR\XW-DUGÕúÕN��VRPXW-rastgele ve soyut-rastgele olmak üzere 4 boyuttan 
ROXúPDNWDGÕU� �*XLOG� YH�*DUJHU�� ������ DNW��%DOORQH� YH�&]HUQLDN�� �������.ROE�g÷UHQPH�6WLOOHUL�PRGHOLQGH� LVH��
\HUOHúWLUHQ�� D\UÕúWÕUDQ�� ELUOHúWLUHQ� YH� |]�PVH\HQ� ROPDN� �]HUH� G|UW� |÷UHQPH� VWLOL� EXOXQPDNWDGÕU� �&DQ�� ������
<ÕOPD]-6R\OX�YH�$NNR\XQOX���������)HOGHU�YH�6RORPDQ��������WDUDIÕQGDQ�JHOLúWLULOHQ�|÷UHQPH�VWLOL�PRGHOLnde; 
hissederek-sezgisel, görsel-LúLWVHO��\DSDUDN-G�ú�QHUHN�YH�VÕUDOÕ-bütünsel olmak üzere 4 boyut YDUGÕU �6DPDQFÕ�YH�
Keskin, 2007). Vester, 1975 \ÕOÕQGD� \D\ÕPODGÕ÷Õ� “'�ú�Q-g÷UHQ-Unut” LVLPOL� NLWDEÕQGD� �o� IDUNOÕ� |÷UHQPH�
stilinden EDKVHWPLúWLU�� 9HVWHU¶H� J|UH�� J|UHUHN� |÷UHQHQOHUGH� J|UVHO�� GX\DUDN� |÷UHQHQOHUGH� LúLWVHO�� \DSDUDN� YH�
GRNXQDUDN� |÷UHQHQOHUGH� GRNXQVDO� |÷UHQPH� WLSOHUL� YDUGÕU� �%HFN�� �������%X� oDOÕúPDGD� NXOODQÕODQ�0F9D\�/\FK�
g÷UHQPH�6WLOOOHUL�(QYDQWHUL��J|UVHO��LúLWVHO��KDUHNHWOL�ROPDN��]HUH�NDWHJRUL]H�HGLOHQ���ER\XWWDQ�ROXúPDNWDGÕU���%X�
ER\XWODU�LQFHOHQGL÷LQGH�� 

x *|UVHO�|÷UHQPH�VWLOLQGH��|÷UHQFLOHU��HVDV�RODUDN�J|UHUHN�|÷UHQLUOHU��*|UVHO�|÷UHQHQOHU��UHVLP��
úHNLO��WDEOR�JLEL�J|UVHO�VXQXP�DUDoODUÕQÕ�WHUFLK�HGHUOHU��Mills vd. 2010).  

x øúLWVHO�|÷UHQPH�VWLOLQGH��|÷UHQFLOHU��HVDV�RODUDN�LúLWHUHN�|÷UHQLUOHU��øúLWHUHN�|÷UHQHQOHU��V|]O��YH�
\D]ÕOÕ�PDWHU\DOL�GDKD�oRN�WHUFLK�HGHUOHU�(Mills vd. 2010). 

x +DUDNHWOL��NLQHVWHWLN��|÷UHQPH�VWLOLQGH��|÷UHQFLOHU�HVDV�RODUDN�\DSDUDN�|÷UHQLUOHU���  
 g÷UHQPH� VWLOOHUL� VDELW� GH÷LOGLU�� g÷UHQFLOHULQ� NRQX� YH� JHoHUOL� |÷UHQPH� RUWDPODUÕQD� ED÷OÕ� RODUDN� IDUNOÕ�
|÷UHQPH�VWLOOHULQL�EHQLPVH\HELOLUOHU� �Pritchard, 2009; akt. Alharbi vd., 2011). gUQH÷LQ�NLPL |÷UHQFLOHU��J|UVHO��
LúLWVHO�YH�KDUHNHWOL��NLQHVWHWLN��|÷UHQPH�VWLOOHUinden birine ya da ikisine sahipken; kimileri LVH��KHU��o�|÷UHQPH�
stiline sahip olabilirler. 
 g÷UHQFLOHULQ� |÷UHQPH� VWLOOHULQL� GH÷HUOHQGLUPHN�� RQODUÕQ� NÕVPL� WHUFLKOHUL� KDNNÕQGD� ELOJL� VD÷ODPDN�
DoÕVÕQGDQ�|QHPOLGLU��g÷UHQFL\H�IDUNÕQGDOÕN�ND]DQGÕUÕU��%X�IDUNÕQGDOÕN��|÷UHQFLQLQ�|÷UHWLP�RUWDPÕQGDNL�ELUH\VHO�
|÷UHQPH� oDEDVÕQGD� ELOJL\L� ND]DQPDVÕQÕ ve bu bilgiyi X\JXODPDVÕQGD� X\DUÕOPDVÕQÕ� YH� PRWLYH� ROPDVÕQÕ� VD÷ODU�
�)HGHULFR�������DNW��%URZQ�HW��DO����������g÷UHQFLOHULQ�|÷UHQPHOHUL�KDNNÕQGD�IDUNÕQGDOÕ÷Õ�DUWÕUGÕ÷Õ�JLEL�RQODUÕQ�
|÷UHQHQOHU� RODUDN� ]D\ÕI� YH� J�oO�� KDNNÕQGD� ELOJL� YHUPHN� DPDFÕ\OD� GD� NXOODQÕODELOLU� �&RIILHOG� YG��� ������� 
g÷UHQFLOHULQ� J�oO�� YH� ]D\ÕI� \|QOHULQL� ELOPHVL� RQODUÕQ� |÷UHQPHN� LoLQ� GDKD� ID]OD� PRWLYH� ROPDVÕQÕ� VD÷OD\DELOLU�
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(3HQGHU� YH� 7HNDYþLþ�� ������ %X� QRNWDGDQ� \ROD� oÕNDUDN� EX� DUDúWÕUPDGD� oHúLWOL� E|O�POHUH� ND\ÕWOÕ� �QLYHUVLWH�
|÷UHQFLOHUGH� oHúLWOL� |÷UHQPH� VWLOOHULQL� WHVSLW� HWPHN� KHGHIOHQPLúWLU�� %X� GR÷UXOWXGD�� IDUNOÕ� |÷UHQPH� WLSOHULQL�
J|UPHN� LoLQ� YH� oHúLWOL� E|O�POHUH� XODúDELOPHN� LoLQ� KD]ÕUOÕN� VÕQÕIÕQGD� RNX\DQ� |÷UHQFLOHU� �]HULQGH� DUDúWÕUPD�
\DSÕOPÕúWÕU�� 
 dDOÕúPDQÕQ� DPDFÕ�.X]H\�.ÕEUÕV¶WD� |]HO� ELU� �QLYHUVLWHQLQ� KD]ÕUOÕN� VÕQÕI� |÷UHQFLOHULQLQ�|÷UHQPH� VWLOOHULQL�
EHOLUOHPHN� YH� |÷UHQPH� VWLOOHULQH� FLQVL\HW� YH� E|O�POHULQ KHP� D\UÕ� D\UÕ� HWNLOHUL� KHP� GH� ortak etkisini 
GH÷HUOHQGLUPHNWLU��dDOÕúPDGDQ HOGH�HGLOHQ�EXOJXODUÕQ��|÷UHQPH�VWLOOHUL�LOH�LOJLOL�\DSÕODQ�oDOÕúPDODUD�YH��QLYHUVLWH�
|÷UHQFLOHULQH�\|QHOLN G�]HQOHQHQ�|÷UHWLP�HWNLQOLNOHULQLQ�úHNLOOHQPHVLQH�NDWNÕ�VD÷OD\DFD÷Õ�G�ú�Q�OPHNWHGLU.  
%X�QRNWDGD��oDOÕúPDQÕQ�DPDFÕ�oHUoHYHVLQGH�úX�VRUXODUD�\DQÕW�DUDQPÕúWÕU� 

x +D]ÕUOÕN�VÕQÕIÕ�|÷UHQFLOHULQLQ 
¾ |÷UHQPH�VWLOOHULQLQ�GD÷ÕOÕPÕ�QHGLU" 
¾ |÷UHQPH�VWLOOHUL��]HULQGH�FLQVL\HWLQ�HWNLVL�YDU�PÕGÕU" 
¾ |÷UHQPH�VWLOOHUL��]HULQGH�E|O�POHULQ�HWNLVL�YDU�PÕGÕU" 
¾ |÷UHQPH�VWLOOHULQH�E|O�P�YH�FLQVL\HWLQ RUWDN�HWNLVL�YDU�PÕGÕU" 

 g÷UHQPH�VWLOOHULQLQ�LQFHOHQPHVLQLQ�ID\GDODUÕ�G�ú�Q�OG�÷�QGH��|÷UHQFLOHULQ�|÷UHQPH�LOH�LOJLOL�
SUREOHPOHULQL�RUWD\D�oÕNDUPDN��|÷UHQPHGHNL�WHUFLKOHULQLQ�QH�ROGX÷XQX�RUWD\D�NR\PDN��WHUFLKOHUL�GR÷UXOWXVXQGD��
NHQGLOHULQH�X\JXQ�|÷UHQPH�\ROODUÕQÕ�NHúIHWPHVLQH�\DUGÕPFÕ�ROPDN�YH�EX�NRQXGD�\DSÕODFDN�DUDúWÕUPDODUD�NDWNÕ�
VD÷ODPDN�RODUDN�VD\ÕODELOLU�� 

dDOÕúPD�<|QWHPL 

 dDOÕúPD� JUXEX�� .X]H\� .ÕEUÕV¶WD� |]HO� ELU� �QLYHUVLWHQLQ� ���� ��� bayan YH� ��� HUNHN�� KD]ÕUOÕN� VÕQÕIÕ�
|÷UHQFLVLGLU� Rastgele yöntemle seçilen ö÷UHQFLOHULQ�\Dú�RUWDODPDVÕ�����¶WLU��ss:1.3). dDOÕúPDGD�KD]ÕUOÕN�VÕQÕIÕQÕ�
|÷UHQFLOHULQLQ� VHoLOPHVLQGHNL� DPDo�� |÷UHQFLOHULQ� KD]ÕUOÕN� VÕQÕIÕ� VRQUDVÕQGD� oHúLWOL E|O�POHUGH� RNX\DFD÷Õ� LoLQ�
IDUNOÕ� |÷UHQPH� VWLOOHULQLQ� EHOLUOHQPHVLQL� VD÷ODPDNWÕU�� g÷UHQFLOHULQ� KD]ÕUOÕN� VRQUDVÕ� RNX\DFDNODUÕ� DODQODU� YH�
GD÷ÕOÕPODUÕ�úXQODUGÕU����Beslenme ve Diyetisyenlik bölümünden 20, 2- (F]DFÕOÕN�IDN�OWHVLQGHQ������- +HPúLUHOLN�
Bölümü, 33, 4-øúOHWPH�%|O�P�QGHQ������- Mühendislik FakültesiQGHQ����|÷UHQFLdir. 
 dDOÕúPDda Maggie McVay Lynch Ö÷renme Stili Envanteri NXOODQÕOPÕúWÕU�� g÷UHQPH� VWLOL� HQYDQWHUL��
Maggie McVay Lynch ������� WDUDIÕQGDQ� JHOLúWLULOPLú� YH� 'D÷KDQ� YH� $NNR\XQOX (2011) WDUDIÕQGDQ� Türkçeye 
X\DUODQPÕúWÕU��  3’lü likert WLSLQGH� GHUHFHOHQGLULOPLú |÷UHQPH� VWLOL� HQYDQWHULQLQ� DVÕO� IRUPXQGD, 60 madde 
LoHUPHNWHGLU�� 'D÷KDQ� YH� $NNR\XQOX� ������� WDUDIÕQGDQ� \DSÕODQ� 7�UNoH\H� X\DUODPD� oDOÕúPDVÕ� VRQXFXQGD��
|÷UHQPH�VWLOL�HQYDQWHUL�����PDGGHGHQ�ROXúPDNWDGÕU��Envanter, J|UVHO�|÷UHQPH�VWLOL (21 madde), LúLWVHO�|÷Uenme 
stili (19) ve hareketli (kinestetik) |÷UHQPH�VWLOL (19) olmak üzere üç boyut içermektedir. Envanterin J�YHQLUOL÷L 
için, cronbach-alpha Lo� WXWDUOÕOÕN� GH÷HUL� KHVDSODQPÕú� YH� J�YHQLUOL÷L�� ��� EXOXQPXúWXU�� Envanterin Türkçeye 
X\DUODPD�oDOÕúPDGD� J�YHQLUOL÷L������¶WLU��%X�oDOÕúPDGD�HQYDQWHULQ�|÷UHQPH�VWLOL�ER\XWODUÕQGD�J�YHQLUOLN�GXUXPX�
VÕUDVÕ\OD� úX� úHNLldedir: I- *|UVHO� |÷UHQPH� VWLOL� .68; II- øúLWVHO� |÷UHQPH� VWLOL, .56; III-Hareketli (Kinestetik) 
|÷UHQPH�VWLOL ise, .58’dir.   
 dDOÕúPDGD YHULOHULQ�GH÷HUOHQGLULOPHVLQGH,  frekans (n), yüzde (%), ortalama ( ) ve standart sapma (ss) 
WHNQLNOHUL�NXOODQÕOPÕúWÕU��$\QÕ�]DPDQGD�FLQVL\HW�YH�E|O�POHULQ�KHP�D\UÕ�D\UÕ�HWNLOHULQLQ�hem de ortak etkisinin 
ROXS� ROPDGÕ÷ÕQÕ� LQFHOHPHN� DPDFÕ\OD� W� WHVWL�� WHN� \|nlü varyans analizi ve iki yönlü varyans analizi teknikleri 
NXOODQÕOPÕúWÕU�� 1RUPDOOLN� LoLQ�� YHULOHULQ� VD\ÕOWÕODUÕ� NRQWURO� HGLOPLúWLU�� dDOÕúPDGD� YHULOHULQ�� EDVÕNOÕN� YH� ND\ÕNOÕN�
GH÷HUOHULQLQ�-��YH����DUDVÕQGD�ROGX÷X�LoLQ��GD÷ÕOÕPÕQ�QRUPDO�ROGX÷X�NDEXO�HGLOPLúWLU��oDUSÕNOÕN�� ������EDVÕNOÕN��
.095).    

Bulgular 

 dDOÕúPDQÕQ�EX�E|O�P�QGH��DQDOL]OHUGHQ�HOGH�HGLOHQ�EXOJXODU�VÕUDVÕ\OD��³g÷UHQFLOHULQ�g÷UHQPH�6WLOOHULQLQ�
'D÷ÕOÕPÕ”, “&LQVL\HWLQ�g÷UHQFLOHULQ�g÷UHQPH�6WLOOHULQH�(WNLVL”,  “%|O�POHULQ�g÷UHQFLOHULQ�g÷UHQPH�Stillerine 
Etkisi” ve “Cinsiyet ve %|O�POHULQ�g÷UHQFLOHULQ�g÷UHQPH�6WLOOHULQH�Ortak Etkisi´�EDúOÕNODUÕQGD�YHULOPLúWLU�� 

 g÷UHQFLOHULQ�g÷UHQPH�6WLOOHULQLQ�'D÷ÕOÕPÕ 

 dDOÕúPD\D�NDWÕODQ�|÷UHQFLOHULQ�|÷UHQPH�VWLOOHULQLQ�GD÷ÕOÕPÕ�Tablo �¶GH�J|VWHULOPLúWLU�� 

Tablo 1. g÷UHQFLOHULQ�|÷UHQPH�VWLOOHULQH�J|UH�GD÷ÕOÕPÕ 
 Görsel øúLWVHO Hareketli Görsel-

Hareketli Toplam 

n 55 25 39 1 120 
% 41.7 18.9 29.5 0.8 100 
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 7DEOR� �� LQFHOHQGL÷LQGH�� |÷UHQPH� VWLOOHULQGHQ� HQ� ID]OD� J|UVHO� |÷UHQPH� VWLOL� ROGX÷X� J|U�OPHNWHGLU��
Ö÷UHQFLOHULQ \DUÕVÕQD� \DNÕQÕ� ������� J|UVHO� |÷UHQPH� VWLOLQH� VDKLSWLU�� *|UVHO� |÷UHQPH� VWLOLQGHQ� VRQUD� JHOHQ�
|÷UHQPH�VWLOL��KDUHNHWOL�|÷UHQPH�VWLOLGLU����������dDOÕúPD\D�NDWÕODQ�|÷UHQFLOHULQ�����¶XQX�LúLWVHO�|÷UHQPH�VWLOLQH�
VDKLSWLU��%LU�|÷UHQFLGH�LVH��KHP�J|UVHO�KHP�GH�KDUHNHWOL�|÷UHQPH�VWLOlerL�EXOXQPDNWDGÕU��  

 &LQVL\HWLQ�g÷UHQPH�6WLOOHULQH�(WNLVL 

 g÷UHQFLOHULQ� |÷UHQPH� stillerinin �]HULQGH� FLQVL\HWLQ� HWNLVLQLQ� ROXS� ROPDGÕ÷ÕQÕ� LQFHOHPHN� DPDFÕ\OD�
NXOODQÕODQ�ED÷ÕPVÕ]�|UQHNOHPOHU�LoLQ�W�WHVWL�DQDOL]�VRQXoODUÕ�7DEOR��¶GH�VXQXOPXúWXU� 

Tablo 2. &LQVL\HWH�*|UH�g÷UHQFLOHULQ�g÷UHQPH�6WLOOHULQLQ�.DUúÕODúWÕUÕOPDVÕ 
  n  ss t p* 

Görsel g÷UHQPH�6WLOL Bayan 62 2.34 0.27 2.55 .01 Erkek 58 2.22 0.28 

øúLWVHO g÷UHQPH�6WLOL Bayan 62 2.22 0.26 .99 .32 Erkek 58 2.18 0.24 

Hareketli g÷UHQPH�6WLOL Bayan 62 2.22 0.25 .33 .74 Erkek 58 2.20 0.24 
 *.05 

 7DEOR���LQFHOHQGL÷LQGH��bayan |÷UHQFLOHULQ�J|UVHO��LúLWVHO��KDUHNHWOL�|÷UHQPH�VWLOOHULQLQ�RUWDODPD�GH÷HUOHUL��
HUNHN�|÷UHQFLOHULQ�RUWDODPD�GH÷HUOHULQH göre daha yüksektir. OUWDODPDGD�J|U�OHQ�EX�GH÷HU� IDUNÕ��sadece görsel 
|÷UHQPH� VWLOL� �]HULQGH� DQODPOÕGÕU�� %DúND� ELU� GH÷LúOH�� LúLWVHO� YH� KDUHNHWOL� |÷UHQPH� VWLOOHULQde bayan ve erkek 
|÷UHQFLOHULQ� DUDVÕQGD� LVWDWLVWLNVHO� RODUDN� IDUN� DQODPOÕ� GH÷LO� LNHQ; görsel |÷UHQPH� VWLOOHULnde ED\DQ�|÷UHQFLOHULQ�
OHKLQH�DQODPOÕ�ELU�IDUN�EXOXQPXúWXU (t(118)=2.55, p>0.05). 

 %|O�POHULQ�g÷UHQFLOHULQ�g÷UHQPH�6WLOOHULQH�(WNLVL 

 g÷UHQFLOHULQ� |÷UHQPH� VWLOOHULQLQ RNX\DFDNODUÕ bölümlere J|UH� NDUúÕODúWÕUÕOPDVÕQGD� NXOODQÕODQ� ED÷ÕPVÕ]�
örneklemler için tek yönlü varyans analizi (ANOVA) sonucu Tablo 3¶GH�VXQXOPXúWXU� 

Tablo 3. %|O�POHUH�*|UH�g÷UHQFLOHULQ�g÷UHQPH�6WLOOHULQLQ�.DUúÕODúWÕUÕOPDVÕ 
'H÷LúNHQOHU Grup Türü n  ss 

Görsel g÷UHQPH�6WLOL 

Beslenme ve Diyetisyenlik  20 2.32 .22 
(F]DFÕOÕN 17 2.30 .24 
+HPúLUHOLN 33 2.30 .30 
Mühendislik 21 2.23 .28 
øúOHWPH 29 2.25 .33 

øúLWVHO g÷UHQPH�6WLOL 

Beslenme ve Diyetisyenlik  20 2.24 .21 
(F]DFÕOÕN 17 2.19 .26 
+HPúLUHOLN 33 2.20 .28 
Mühendislik 21 2.24 .27 
øúOHWPH 29 2.15 .21 

Hareketli g÷UHQPH�6WLOL 

Beslenme ve Diyetisyenlik  20 2.13 .24 
(F]DFÕOÕN 17 2.25 .19 
+HPúLUHOLN 33 2.25 .24 
Mühendislik 21 2.22 .23 
øúOHWPH 29 2.18 .29 

Tek Yönlü Varyans Analizi (ANOVA) 
Görsel g÷UHQPH�6WLOL  KT*=.130;           KO*=.003;           F*4-115=.400;              p*=.81 
øúLWVHO g÷UHQPH�6WLOL  KT*=.140;           KO*=.580;           F*4-115=.580;              p*=.68 

Hareketli g÷UHQPH�6WLOL KT*=.240;           KO*=1.00;           F*4-115=1.00;              p*=.41 
* .7��NDUHOHU�WRSODPÕ��  .2��NDUHOHU�RUWDODPDVÕ�����)�GH÷HUL���������S��DQODPOÕOÕN�GH÷HUL�� 
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7DEOR� �� LQFHOHQGL÷LQGH�� E|O�POHULQ� |÷UHQFLOHULQ� |÷UHQPH� VWLOOHUL� �]HULQGH� DQODPOÕ� düzeyde etkisinin 

ROPDGÕ÷Õ�J|U�OP�úW�U�� dDOÕúPDGD�Eeslenme ve diyetisyenlik��HF]DFÕOÕN��KHPúLUHOLN�YH�LúOHWPH�E|O�POHULQH�ND\ÕWOÕ�
|÷UHQFLOHULQ� J|UVHO� |÷UHQPH� VWLOLQH� VDKLS� ROGX÷X� J|U�O�UNHQ�� P�KHQGLVOLN� E|O�P�QH� ND\ÕWOÕ� |÷UHQFLOHUGH� LVH��
LúLWVHO�|÷UHQPH�VWLOL�RUWD\D�oÕNPÕúWÕU. 

Cinsiyet ve BölümlHULQ�g÷UHQFLOHULQ�g÷UHQPH�6WLOOHULQH�2UWDN�(WNLVL 

 %|O�P� YH� FLQVL\HWLQ� |÷UHQFLOHULQ� |÷UHQPH� VWLOOHUL� �]HULQGHNL� HWNLVLQLQ� ROXS� ROPDGÕ÷ÕQÕ� LQFHOHPHN�
DPDFÕ\OD�\DSÕODQ�LNL�\|QO��YDU\DQV�DQDOL]L��$129$��VRQXoODUÕ�7DEOR��¶WH�VXQXOPXúWXU� 

Tablo 4. Cinsiyet ve %|O�POHULQ�g÷UHQFLOHULQ�g÷UHQPH�6WLOOHULQH�2UWDN�(WNLVL 
   Bayan Erkek 
 DH÷LúNHQOHU Bölüm n  ss n  ss 

G
ör

se
l 

g
÷U
HQ
P
H 

St
ili

 

Beslenme ve Diyetisyenlik  16 2.31 .24 4 2.39 .14 
(F]DFÕOÕN 10 2.37 .24 7 2.20 .21 
+HPúLUHOLN 26 2.35 .27 7 2.12 .35 
Mühendislik 2 2.15 .36 19 2.24 .28 
øúOHWPH 8 2.40 .41 21 2.20 .29 

øú
LWV
HO

 
g
÷U
HQ
P
H�

 
St

ili
 

Beslenme ve Diyetisyenlik  16 2.25 .22 4 2.21 .16 
(F]DFÕOÕN 10 2.17 .26 7 2.21 .30 
+HPúLUHOLN 26 2.22 .30 7 2.14 .21 
Mühendislik 2 2.33 .17 19 2.23 .28 
øúOHWPH 8 2.21 .24 21 2.13 .21 

H
ar

ek
et

li 
g
÷U
HQ
P
H�

St
ili

 

Beslenme ve Diyetisyenlik  16 2.09 .24 4 2.29 .13 
(F]DFÕOÕN 10 2.27 23 7 2.21 .14 
+HPúLUHOLN 26 2.28 .22 7 2.16 .29 
Mühendislik 2 2.47 .07 19 2.19 .23 
øúOHWPH 8 2.11 .32 21 2.20 .24 

øNL�<|QO��Varyans Analizi (ANOVA)   
Görsel g÷UHQPH�6WLOL       KT*=.330;           KO*=.082;           F*9-110=1.054;            

p*=.38 
      KT*=.047;           KO*=.012;           F*9-110=.183;              
p*=.95 

øúLWVHO g÷UHQPH�6WLOL 

Hareketli g÷UHQPH�6WLOL       KT*=.414;           KO*=.104;           F*9-110=1.724;            p*=.15 
* .7��NDUHOHU�WRSODPÕ��        .2��NDUHOHU�RUWDODPDVÕ;         )�GH÷HUL;         S��DQODPOÕOÕN�GH÷HUL�� 

  
 7DEOR� �� LQFHOHQGL÷LQGH��bölüm ve cinsiyetin |÷UHQFLOHULQ� |÷UHQPH� VWLOOHULQH� RUWDN� HWNLVLQLQ� LVWDWLVWLNVHO�
RODUDN� DQODPOÕ� ROPDGÕ÷Õ� J|U�OP�úW�U� (Q� \�NVHN� RUWDODPD� GH÷HU�� KDUHNHWOL� |÷UHQPH� VWLOLQGH� YH� P�KHQGLVOLN�
E|O�P�QH� ND\ÕWOÕ�bayan |÷UHQFLOHU ( =2.47) sahip LNHQ�� HQ� G�ú�N� RUWDODPD� GH÷HU� LVH�� KDUHNHWOL� |÷UHQPH� VWLOL�
ER\XWXQGD�YH�EHVOHQPH�YH�GL\HWLV\HQOLN�E|O�P�QH�ND\ÕWOÕ�bayan |÷UHQFLOHUH�� =2.09)  aittir.   
 
Sonuç ve TarWÕúPD 

 %X� oDOÕúPDGD� KD]ÕUOÕN� VÕQÕIÕ� |÷UHQFLOHULQLQ� |÷UHQPH� VWLOOHULQL� EHOLUOHPHN� YH� |÷UHQPH� VWLOOHUL� �]HULQGHNL�
FLQVL\HW� YH� E|O�POHULQ� KHP� D\UÕ� D\UÕ� KHP� GH� RUWDN� HWNLVLQL� DUDúWÕUPDN� DPDoODQPÕúWÕU�� dDOÕúPD\D� NDWÕODQ�
|÷UHQFLOHULQ�en çok benimsedikleri |÷UHQPH�VWLOL, J|UVHO�|÷UHQPH�VWLOLGLU��<DSÕODQ�DUDúWÕUPDODUGD�EDVNÕQ�|÷UHQPH�
VWLOLQLQ�J|UVHO�|÷UHQPH�VWLOL�ROGX÷X�RUWD\D�oÕNPÕúWÕU� (McCarter, 2008). *|UVHO�|÷UHQHQOHU��|÷UHQGLNOHULQL�zihinsel 
LPJHOHU�ROXúWXUDUDN�KDIÕ]Dda tutarlar (Dunn ve Dunn, 2003; akt. Pender ve THNDYþLþ������; Pender, 7HNDYþLþ ve 
Dimovski, 2008). *|UVHO�� LúLWVHO� YH� KDUHNHWOL� |÷UHQPH� VWLOOHULQGHQ� ELUL� YH\D� LNLVL� QRUPDO� úHNLOGH� EDVNÕQGÕU�
(Pender ve TekavþLþ, 2009). %D]Õ�|÷UHQFLOHULQ��J|UVHO��LúLWVHO�YH�KDUHNHWOL��NLQHVWHWLN��|÷UHQPH�VWLOOHULQGHQ�WHUFLK�
HWWLNOHUL�ELU�|÷UHQPH�VWLOL�YDUGÕU. Çünkü ö÷UHQPH�VWLOL��|÷UHQFLOHULQ�|÷UHQPH�ED÷ODPÕQGD�X\DUDQODUD�\DQÕWODGÕ÷Õ�
ve NXOODQGÕ÷Õ�WXWDUOÕ�ELU�\ROGXU
� 
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 &LQVL\HWLQ�|÷UHQFLOHULQ�|÷UHQPH�VWLOOHULQH�DQODPOÕ�HWNLVL�LQFHOHQGL÷LQGH��GX\DUDN�YH�\DSDUDN�|÷UHQHQlerin 
üzerinde cinsiyetin bir etkisi bulunmazken; görerek |÷UHQHQOHULQH�FLQVL\HWLQ�HWNLVL�DQODPOÕGÕU��%X�HWNLQLQ�bayan 
|÷UHQFLOHULQ�OHKLQH�ROGX÷X�J|U�OP�úW�U��Bu sonuç, EDúND�|÷UHQPH�VWLOOHUL�HQYDQWHUOHULQ�LQFHOHQGL÷L�oDOÕúPDODUÕQ�
VRQXoODUÕ� LOH� EHQ]HUOLN gösterirken (Can, 2011; Deniz, 2011��� |÷UHQFLOHULQLQ� |÷UHQPH� VWLOOHULQLQ� DUDúWÕUÕOGÕ÷Õ�
bDúND�ELU�oDOÕúPDQÕQ�sonucu ile oHOLúNL�J|VWHUPHNWHGLU��Oktar-Ergün, 2010).  

 g÷UHQFLOHULQ� RNX\DFDNODUÕ� E|O�P� YH� |÷UHQPH� VWLOOHUL� DUDVÕQGDNL� IDUNOÕOÕN� LQFHOHQGL÷LQGH�� |÷UHQFLOHULQ�
|÷UHQPH�VWLOOHULQLQ�RNX\DFDNODUÕ�E|O�POHUH�J|UH�IDUNÕQ�DQODPOÕ�ROPDGÕ÷Õ�J|U�OP�úW�U��/LWHUDW�UGH�IDUNOÕ�|÷UHQPH�
VWLOOHUL��]HULQGH�\DSÕODQ ED]Õ�oDOÕúPDOar da bu sonucu desteklerken (Özen ve Eren, 2009)��ED]Õ�oDOÕúPD�VRQXoODUÕ 
LOH�oHOLúPHNWHGLU��.DK\DR÷OX������) . 

 %|O�P� YH� FLQVL\HWLQ� |÷UHQFLOHULQ� |÷UHQPH� VWLOOHUL� �]HULQGHNL� RUWDN� HWNLVLQLQ� DQODPOÕ� ROPDGÕ÷Õ�
J|U�OP�úW�U��Benzer olarak��6DPDQFÕ�YH�.HVNLQ��������WDUDIÕQGDQ�\DSÕODQ�oDOÕúPDGD�GD�cinsiyet ve bölümlerin 
|÷UHQFLOHULQ� |÷UHQPH� VWLOOHUL� �]HULQGH� HWNLQLQ� DQODPOÕ� ROPDGÕ÷Õ� EHOLUOHQPLúWLU��Bu sonuçlara göre üniversitede 
RNXGXNODUÕ� E|O�POHULQ� ED\DQ� |÷UHQFLOHULQ� ve erkek |÷UHQFLOHULQ� |÷UHQPH� VWLOOHULQH� HWNLVL� EXOXQPDGÕ÷Õ�
söylenebilir.  
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Students matching dividers isolate common factors (1,2,3,4,6,12). The numbers 36 and 24 without remainder 
are divided into (1,2,3,4,6,12). Then they determine that 2 is the smallest, and 12 the greatest common divisor, 
which are divided into 36 and 24.  

For the complete formation of their math knowledge (students’) the teacher suggests the students to compare the 
definitions they got with the ones in the school manuals. The number 12 is the greatest common divisor of 36 
and 24, and the number 2 is the smallest common factor of 36 and 24, and its abbreviated GCD (Greatest 
Common Divisir).  The comparison process knowledge aligned with the knowledge given in the textbook, 
strengthens students acquired knowledge and leads them to conclude that determining the greatest 
common divisor, they came to the concept of the least common divisor, which eventually is abbreviated as 
SCD (Smallest Common Divisor), that students are going to study in upcoming classes.  For the 
development of skills to apply that knowledge in the team students are invited to come up with the 
natural numbers and determine the greatest common divisor and the smallest short number. 

When comparing a constructive approach to learning with the traditional form of knowledge transfer is 
easy to see that the process of constructing new knowledge is based on prior knowledge and skills. In this 
process, the student's knowledge on the move, they can easily turn into new knowledge, by adding one 
element. Consistently built new knowledge, integrating with the previous and subsequent knowledge, 
provide a comprehensive picture of the action. Interactive learning activities of students combined with 
mental activity leads to the formation of operational thinking, which results in the conversion of some 
knowledge to new knowledge. 
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Active front steering system for road vehicle and its limitations 
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Abstract: Active front steering (AFS) systems for road vehicles are designed to actively alter 
the steer angle of the front wheels in order to realize a target response for a given driver input 
at any forward velocity. For a typical vehicle with understeer characteristics, this will demand 
an increase in the steer angle as the forward velocity is increased. Steering maneuver at high 
speeds, however, leads to significant load shift from the inner to the outer wheel, which 
diminishes the ability of the inner tire to develop lateral force even if the steer angle is 
increased. A four-wheel vehicle handling model equipped with AFS and simple controller is 
investigated to explore the performance of AFS. The results demonstrate that the AFS can 
enhance performance in comparison to a conventional system until one of the tires reaches its 
work load capacity. It is recommended that an AFS system where each wheel steer angle can 
be altered independently has the potential to overcome the limitation and maximize the 
performance limit by equalizing the tire work loads of each wheel. 
 

  Key Words: Vehicle handling, active steering, tire work load. 
 
 
Introduction  
 
 The conventional road vehicle steering mechanism is designed to closely follow the Ackerman steering 
ratio, which is based on different steer angle required at the inner and outer wheels at low speeds. The dynamics of a 
vehicle and its influence on the vertical load on each tire, and resulting slip angle, causes the vehicle to follow 
different paths at different speeds for an identical steering input.  This phenomenon due to compliance of pneumatic 
tires is known as understeer characteristics [Wong, 2008] which can be neutralized by actively controlling or 
modifying the steer angle at the wheel depending on forward speed. The concept of Active Front Steering (AFS) 
[Ackerman, et al., 1999] has been explored for several years in the past and has gained a new momentum in recent 
years [Zhang, et al., 2008]. The strategy in AFS system is to monitor vehicle state parameters, such as longitudinal 
and lateral velocity, yaw-rate and steering command from the driver, based on which a corrective steer angle is 
computed and applied to the steer angle at the wheel. Theoretically this can neutralize the understeer effect requiring 
same steer angle for same turn regardless of speed. This is desirable to reduce driver skill requirements and 
automation. During turning, a load shift from inner wheels to outer wheels takes place, which can be significant at 
high speeds. Lower normal load on inner tire not only reduces its ability to generate lateral force, but also decreases 
the slip angle at which maximum lateral force can be generated [Wong, 2008]. Thus, at high speed turning, frictional 
force of the inner tire is prone to saturate due to low normal load and high slip angle, while outer tire may still have 
the ability to generate more lateral force. Hence, inner tire becomes a deciding factor for the amount of active 
steering control that can be applied. In order to overcome this situation, anti-Ackermann geometry is employed in 
race cars, where primary concern is higher lateral forces at high speed turning [Gaffney, Salinas, 1997]. For AFS, 
however, since the corrective input is applied to both the wheels following the Ackerman geometry, it is expected 
that there will be significant difference in the tire work-load [Velardocchia, et al., 2004] at the inner and outer tires, 
which is a major concern in vehicle handling safety [Cech, (2000)] and for enhancement of handling limits. A 
performance parameter, Tire Work-Load [Velardocchia, et al., 2004, Mokhiamar, Abe, (2002)] is used for 
comparing tire friction force utilization for inner and outer tires. Tire work-load is defined as ratio of total forces 
being generated from the tire and maximum ability of generating forces at instantaneous normal load. In the present 
study, tire longitudinal forces are neglected, and both front tires are assumed to have similar lateral-stiffness 
characteristics and experience similar road conditions. Hence, tire work-load is simplified as ratio of lateral force to 
normal load. This definition of tire work-load is used throughout this study. It is shown that conventional AFS 
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����

ISTEC 20
12



techniques risk the inner tire to saturate with high tire work-load and hence introduces severe limitations in its 
potential performance limits. In order to explore the deficiency of AFS in managing tire work load, it is necessary to 
use a full vehicle 4-wheel model that includes dynamic loads at each wheel. A comprehensive study of a 4-wheel 
vehicle model that includes tire non-linearity and vehicle roll load shift was undertaken in [Rawat, (2007)]. This 
study demonstrated that, in order to neutralize the steering response while equalizing the tire workloads, it is 
necessary to apply different corrective measures at the inner and outer wheels. 
 
Four-Wheel Vehicle Model 
 For the investigation of AFS, a 4-wheel vehicle model is developed that includes roll load shift and 
nonlinear “magic formula” [Wong, 2008] tire model.  For simplicity, however, an in-plane model is retained that 
neglects bounce, pitch and roll motions of the vehicle. The 3-DOF (longitudinal, lateral and yaw motions) model 
along with tire lateral forces is shown in Figure 1. 
  

     
Figure 1: Forces and moments acting on the vehicle 

 
The steering command for right ( RG ) and left ( LG ) wheels are based on ideal Ackermann geometry and obtained as 
a function of driver steering command ( stG ) using the following relations [Rawat, (2007)]: 
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In the absence of tractive and braking effort, the tire lateral forces are obtained as a function of tire slip angles and 
normal load using the Magic Formula [Wong, 2008]. The tire normal load includes the static load and lateral load 
shift due to lateral acceleration ya . The tire slip angles are computed from: 
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The final expressions for equations of motions for the 3 DOF yaw plane model are: 
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Vehicle trajectory can be drawn using following relations between vehicle co-ordinates and global co-ordinates: 
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where ș is the yaw angle calculated from the yaw-rate. 

 
Results 
  
 Simulations are carried out for forward speed of 15 m/s using Matlab as well as commercial software 
CarSim 4.51 in order to validate the model. The parameters for the vehicle used are those shown in Table 1. 
 

Table 1: Physical parameters for 4-wheel model 
Mass of the vehicle, m 1530 Kg 

Moment of inertia about z axis, Izz 3500 Kg.m2 

Wheel base, L 2.8 m 

Distance of CG from front axle, b 1.3 m 

Distance of CG from rear axle, c 1.5 m 

Height of CG from ground, hcg 0.4 m 

Half Track Width - front axle, Tf 0.7 m 

Half Track Width - rear axle, Tr 0.7 m 

 
A simple feedback proportional-integral (PI) control strategy is adopted for the control of AFS system as shown in 
the block diagram in Figure 2. The reference yaw rate is based on a neutral steer response and the corrective steer 
angle

cG  is computed from the error between actual and reference yaw rates. The details of simulations and control 
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method are presented in [Rawat, (2007]. The results are obtained for steer angle increase from zero to 0.1 radians in 
two seconds. Figure 3(a) shows normal force experienced by each tire of the vehicle, while Figure 3(b) shows the 
capability of front inner and outer tires to generate lateral or cornering forces at these normal loads as a function of 
slip angle. 
 

         
 

Figure 2: Block diagram for AFS controller. 

  In order to realize the target response with this maneuver, the AFS increases the steer angle as shown in 
Figure 4(a). In doing so the resulting slip angle developed at each of the front tires are shown in Figure 4(b). These 
results are sufficient to demonstrate the limitation of the AFS system as discussed in the following.  
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           Figure 3: Normal load and lateral force generating capability of front tires at given normal load. 
 
 
Discussion 
 
The results shown in Figure 3(a) clearly demonstrate the magnitude of the load shift from the inner to the outer tires 
during the given turning maneuver. Under these normal loads, the ability of the inner and outer tires to develop 
cornering force shown in Figure 3(b) indicate that the inner tire will reach saturation around 50 slip angle while the 
outer tire will saturate near 100. This also indicates that the outer tire can generate significantly more lateral force 
than the inner tire if the slip angle is introduced. The results in Figure 4(a) show that in order to realize the target or 
reference response at the given speed and steer angle, the AFS significantly increases the steer angle while the 
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Ackerman ratio between the inner and outer wheels is maintained. In doing so, the slip angles just above 6o are 
generated at the inner and outer tires as shown in Figure 4(b). It is therefore evident that for the given maneuver, the  
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Figure 4: Steering command, AFS corrected steer angle and slip angles at front tires. 

inner tire is well beyond its saturation limit of 5o while the outer tire is far from its saturation limit of 10o. The lateral 
tire forces generated during the maneuver by the AFS system, shown in Figure 5(a) indicate that the inner tire 
rapidly reached its saturation limit and further increase in slip angle resulted in a decrease in the lateral force 
generated by that tire. It is thus concluded that the AFS system is incapable of providing desired response at this 
operating speed. The performance measure defined as tire work load for a similar maneuver is shown in Figure 5(b). 
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Figure 5: Lateral forces and tire work-load for AFS, compared with no-control system. 

As stated earlier, the tire work load approaching a value of unity would be an indicator of saturation and would be a 
good measure of how much work load is imposed on a given tire in relation to its capacity. The results in Figure 5(b) 
show that in comparison to a uncontrolled conventional system, the AFS increases the work load of inner tire 
significantly while reduces that of the outer tire even to a greater extent. Such trend is unavoidable due to the fact 
that there is load shift during turning and the steering correction is carried out while maintaining the Ackerman ratio.  
The conventional AFS system is although effective until one of the tires reaches saturation; its performance potential 
has a severe limitation. This limitation can be overcome by an AFS system where the steer angle of each wheel can 
be steered independently of the other. An AFS system with such capability can be designed to generate corrective 
steer angle for the inner and outer tires such that the tire workloads are equalized. In doing so, the performance limit 
of AFS can be maximized to its full potential.   
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Conclusions 
 
 A detailed study has been carried out to examine the performance of AFS system in realizing handling 
response in an active manner. The results demonstrate that the design of an AFS system without regard to tire work 
load severely limits its performance potential. This limitation stems from the fact that there is significant lateral load 
shift during handling which in turn leads to an increase in inner tire work load while that of outer tire is reduced. 
This will be more prominent for vehicles with high centre of gravity. This limitation can be overcome by utilizing 
AFS with independent control capability for different corrective steer angle at the inner and outer tires. It may 
further require that the steer angle of the inner wheel is reduced while that of the outer wheel is increased under 
severe maneuver. In doing so, an attempt can be made to equalize the tire work load at each wheel and hence 
optimize the handling performance. Although steer-by-wire concept can be easily applied for practical 
implementation of this, a failsafe design of such a system is indeed a challenge that must be met.   
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Natural fibers attracted researchers with their special characteristics of biodegradable nature, 
good strength per unit weight than most inorganic fillers, lower density and abundance in 
nature to use them as reinforcements in composites.  Potential use of natural fibers as 
reinforcements in polymers was limited because of their deficiencies such as incompatibility 
with the hydrophobic polymer matrix, the tendency to form aggregates during processing and 
poor resistance to moisture. In this work, a review on natural fiber-epoxy based composites 
carried out, results from literature are summarized and common applications of natural fiber 
reinforced composites were discussed. 
 
Key words:  Reinforcements, Epoxy, Natural fiber.  
 
Introduction 
 
Natural fibers are renewable resource and their use as reinforcements in composites for 
various applications is increasing rapidly. Natural fibers are abundant, renewable and their 
cost is relatively low as compared with other synthetic fibers. Their commercial and research 
potentials enhanced by their significant advantages are compared with conventional inorganic 
manmade fibers.  Over past few decades researchers tried to substitute glass fiber and other 
synthetic polymer fibers with natural fibers for diverse engineering applications. 
Classification of natural fibers is shown in Fig.1 [1–4]. Processing of natural fibers is 
relatively easy and they possess good properties like low density and relatively high tensile 
and flexural moduli [5].  
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Fig 1: Classification of fibers. 
 
Structure of Natural Fibers 
 
Basic structure of a natural fiber is presented in Fig. 2 [6]. Each fiber has a complex, layered 
structure consisting of a thin primary wall, which is the first layer deposited during cell 
growth encircling a secondary wall. The cell wall in a fiber is not a homogenous membrane 
[6].  The secondary wall is made up of three layers and the thick middle layer determines the 
mechanical properties of the fiber. The middle layer consists of a series of helically wound 
cellular microfibrils formed from long chain cellulose molecules. Micro fibrils have typically 
a diameter of about 10–30 nm and are made up of 30–100 cellulose molecules in extended 
chain conformation and provide mechanical strength to the fiber. The amorphous matrix 
phase in a cell wall is very complex and consists of hemicellulose, lignin, and in some cases 
pectin. Structural organization of the three major constituents in the fiber cell wall is shown 
in Fig. 3. The hemicellulose molecules are hydrogen bonded to cellulose and act as 
cementing matrix between the cellulose microfibrils, forming the cellulose–hemicellulose 
network, which is thought to be the main structural component of the fiber cell.  
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Figure 2. Structure of natural fiber [6]. 
 

 
Figure 3. Structural organization of the three major constituents in the fiber cell wall [6]. 

 
The hydrophobic lignin network affects the properties of other network in a way that it acts as 
a coupling agent and increases the stiffness of the cellulose/hemicellulose composite.  
 
CHEMICAL COMPOSITION OF NATURALFIBERS 
 
The chemical composition of natural fibers varies depending upon the type of fiber. 
Primarily, fibers contain cellulose, hemicellulose, pectin, and lignin.The properties of each 
constituent contribute to the overall properties of the fiber. Hemicellulose is responsible for 
the biodegradation, moisture absorption, and thermal degradation of the fiber as it shows least 
resistance whereas lignin is thermally stable but is responsible for the UV degradation.  

 
 

(i)�                    (ii)             (iii) 
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Figure 4. Chemical structure of (a) cellulose (b) hemicelluloses and (c) lignin [7]. 
 
The percentage composition of each of these components varies for different fibers. 
Generally, the fibers contain 60–80% cellulose, 5–20% lignin, and up to 20% moisture [7]. 
List of some important natural fibers and their chemical compositions were shown in table 1. 
 

Table 1. List of some important natural fibers and their chemical composition [8-10] 
 

Fiber Source Species Cellulose 
(wt %) 

Hemicellulose 
(wt %) 

Lignin 
(wt %) 

Waxes 
(wt %) 

Flax Linumusitatissimum 71 18.6-20.6 2.2 1.5 
Jute  Chorchoruscapsularis 61-71 14-20 12-13 0.5 
Sisal Agave sisilana 65 12 9.9 2 
Kenaf Hibiscus cannabinus 72 20.3 9 - 
Hemp Cannabis sativa 68 15 10 0.8 
Bamboo (>1,250 species) 26-43 30 21-31 - 
Napier grass Pocae 40.2 23.66 23.65 2 
 

Chemical Treatment of Natural Fibers 
 
To improve the bonding between the fiber-matrix interfaces, researchers use various methods 
to treat the natural fibers. Some of the widely used methods were discussed below. 
 
Alkali Treatment 
 
Alkali (mercerization) treatment is the widely used method. Alkali treatment leads to 
fibrillation of the fiber bundle into smaller fibers by removing impurities present in the fibers. 
Alkali treatment reduces the fiber diameter, which eventually increases the aspect ratio [11, 
12]. Alkali treatment develops a rough surface topography, resulting in better mechanical 
interlocking and the amount of cellulose exposed on the fiber surface. Increases the aspect 
ratio leads to better fiber–matrix interface adhesion and an increase in mechanical properties. 
This increases the number of possible reaction sites and allows better fiber wetting [11]. The 
important modification occurring in alkali treatment is the removal of hydrogen bonding in 
the network structure and it is presented in eq. (1). 
 

Fiber – OH + NaOH               Fiber – O – Na+ + H2O    … (1) 
 
Alkali treatment has lasting effect on the mechanical behavior of fibers, especially on their 
strength and stiffness. Several studies conducted on alkali treatment reported that 
mercerization led to increase of the amount of amorphous cellulose at the expense of 
crystalline cellulose, and removal of hydrogen bonding in the network structure [11, 13]. 
 
Acetylation 
 
Acetylation is an attractive method of modifying the surface of natural fibers and making it 
more hydrophobic. The main principle of the method is to react the hydroxyl groups (OH) of 
the fiber with acetyl groups (CH3CO), therefore rendering the fibersurface more hydrophobic. 
The hydroxyl groups that react are those of the minor constituents of the fiber, i.e. lignin and 
hemicelluloses, and those of amorphous cellulose [11]. 
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Acetylation is based on the reaction of cell wall hydroxyl groups of lignocellulosic materials 
with acetic or propionic anhydride at elevated temperature (usually without a catalyst) [Eq. 
(2)]: 
 

Fiber – OH + (H3C-CO)2O                Fiber – O –CO – CH3 + Na+ + CH3COOH    … (2) 
 
Esterification improves the dispersion of lignocellulosic materials in a polymer matrix, as 
well as the dimensional stability and interface of the final composites [11, 14, and 15]. 
 
Graft Copolymerization 
 
It is also an effective method of surface chemical modification of natural fibers. Optimized 
vinylgrafted NFs, consisting of orderly arrangement of grafted segments, act as compatible 
reinforcing fibers with several resin systems to obtain better fiber–matrix adhesion of the 
resulting eco-composites [11]. 
 
Processing Techniques 
 
Processing techniques of natural fiber composites are similar to processing of synthetic 
fibers. Depending on the length, orientation and type of the fiber, randomly oriented (short), 
unidirectional (raw and carded) and woven fabrics are used as reinforcements in thermoset 
and thermoplastic matrices. The basic fabrication method is known  as  ‘‘hand  layup’’ is used 
for thermoset composites. Hand layup is a manual processing between the fiber and matrix. 
The uniformity of the composite in terms of thickness, fiber to matrix ratio and void content 
throughout the sample depends on the workmanship skill in this process.  
Another method, vacuum assisted resin transfer molding (VARTM), resin is pulled inside 
under vacuum pressure and mixed with the fibers/fiber mats. Under this condition, the resin 
impregnation quality in a composite is much better than that fabricated by the hand layup 
technique and the void content is minimal. This method provides precise fiber spacing and 
dimension of the composite. In addition, pultrusion is used for both thermosets and 
thermoplastics. The composite profile is produced by pulling the reinforcement through a 
heated die, which is then mixed with matrix.  
In thermoset polymers, the fibers are used as unidirectional tapes or mats. These are 
impregnated with the thermosetting resins and then exposed to high temperature for curing to 
take place. For the thermoplastic matrix, compression molding (reinforcement is mixed with 
matrix and pressed with a heated plate) and injection molding (fiber–resin is added as 
granulate to the machine and melted into fluid mass, then injected under high pressure into 
the form) are used for composite fabrication [16-18]. 
 
Fiber–Matrix Interface 
 
A matrix is a binder material that is used to hold fibers in position and transfer external loads 
to internal reinforcements. In natural fiber reinforced polymer composites, both thermoset 
and thermoplastic matrices such as epoxies are widely used for composites applications [14, 
15]. These matrices have different chemical structures and undergo different reactivities with 
the surface molecules of fibers in composites. 
 
The incorporation of hydrophilic natural fibers inpolymers leads to heterogeneous systems 
whose properties are inferior due to lack of adhesion betweenthe fibers and the matrix. Thus, 
the treatment of fiber for improved adhesion is a critical step inthe development of such 
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composites. The treatmentof the fibers may be alkali, grafting of monomers, acetylation, and 
so on.  
 
Properties of Natural Fiber Composites 
 
The properties of natural fiber reinforced composites depend on a number of parameters such 
as volume fraction of the fibers, fiber aspect ratio, fiber–matrix adhesion, stress transfer at the 
interface, and orientation. Most of the studies on natural fibercomposites involve study of 
mechanical propertiesas a function of fiber content, effect of various treatments of fibers, and 
the use of external coupling agents [19–22]. Important Physical properties of various natural 
fibers are shown in table 2. 
 

Table 2. Physical properties of various natural fibers [3, 23-26] 
 

Fiber 
Source 

Tensile strength 
(MPa) 

Young’s Modulus 
(GPa) 

Elongation at 
Break (%) 

Density 
(g/cm3) 

Flax 345-1035 27.6 2.7-3.2 1.5 
Jute  393-773 26.5 1.5-1.8 1.3 
Sisal 511-635 9.4-22 2.0-2.5 1.5 
Kenaf 930 53 1.6 1.45 
Hemp 690 70 1.6 1.48 
Bamboo 140-230 11-17  0.6-1.1 
Napier 
grass 

88.4 13.15 0.991 - 
 
In improving mechanical properties of the composites, both the matrix and fiber properties 
are important. The tensile strength is more sensitive to the matrix properties, whereas the 
modulus is dependent on the fiber properties. To improve the tensile strength, a strong 
interface, low stress concentration, fiber orientation is required whereas fiber concentration, 
fiber wetting in the matrix phase, and high fiber aspect ratio determine tensile modulus. The 
aspect ratio is very important for determining the fracture properties. 

 In short-fiber-reinforced composites, a critical fiber length is required to develop its 
full stressed condition in the polymer matrix. Fiber lengths shorter than this critical length 
lead to failure due to debonding at the interface at lower load. On the other hand, for fiber 
lengths greater than the critical length, the fiber is stressed under applied load and thus results 
in a higher strength of the composite. For, good impact strength, an optimum bonding level is 
necessary. The degree of adhesion, fiber pullout, and a mechanism to absorb energy are some 
of the parameters that can influence the impact strength of a short-fiber-filled composite. The 
properties mostly vary with composition as per the rule of mixtures and increase linearly with 
composition.  

 
 
 
 
 
 
 

Table 3. Properties of a typical epoxy polymer used for natural fiber composites [3] 
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(24 hr @ 
20o C) 

d (J/cm) 

1.1-1.4 3-6 35-100 100-200 1-6 1-2 0.1-0.4 0.3 
 
The primary thermoset resins such as polyester, vinylester, and epoxy resins are used today in 
natural-fiber composites for automotive applications. Properties of a typical thermoset are 
provided in table 3.  In natural fibers, polar groups emanating from hydroxyl groups, acetyl, 
and ether linkages (CO-C) are the main structural units and the primary contributor to 
mechanical properties; these also render cellulose more compatible with polar, acidic, or 
basic groups, as opposed to nonpolar polymers. Epoxy resins offer high performanceand 
resistance to environmental degradation. Typically, the monomer is produced by reacting 
epichlorohydrin and bisphenol-A with hardeners such as amines or anhydrides common in 
industry.  
Some of the important natural fibers used as reinforcement in composites using epoxy resin 
as a matrix material are presented in Table 4 [4]. 
 

Table 4. Epoxy matrix-natural fiber composites. 
 

Fiber  Reference  
Flax George, Ivens and Verpoest 1999; Hepworth et al. 2000; Lamy and Baley 2000; 

Mildner and Bledzki 1999 
Jute  Gassan and Gutowski 2000; Datta, Basu and Benerjee 2002; Mishra et al. 2000; 

Tripathy  et  al.  2000;;  Costa  and  D’Almeida  1999;;  Gassan  and  Bledzki  1997;;  
Gassan and Bledzki 1999 

Sisal Oksman et al. 2002; Rong et al. 2002 
Kenaf Zimmerman and Losure 1998 
Hemp Hughes et al. 2002; Hepworth et al. 2000 
Bamboo Rajulu, Baksh and Reddy 1998) 
Napier grass Kommula et al. 2012 
 
 
Epoxies have wide appeal in industry, although in the automotive industry epoxies havenot 
gained broad use due to longer cure schedules and high monomer cost. Vinylester resins, a 
relatively new addition in the family of thermosettingresins, is usually produced by the 
reaction between epoxy resin and an ethylenically unsaturated carboxylic acid, with 
commonly used acids such as acrylic and methacrylic acid. Vinylester resins combine 
excellent chemical resistance, good thermal and mechanical properties, and the relative ease 
of processing and rapid cure characteristics of polyester resins. These have better moisture 
resistance than epoxies when cured at room temperature. Vinylester resins are similar in their 
molecular structure to polyesters, but differ in that the reactive sites are positioned at the ends 
ofthe molecular chains, allowing the chain to absorb energy. This results in a tougher material 
when compared to polyesters. 
 
 

Table 5. Common applications of natural fiber reinforced composites. [27-29] 
 

Application  Examples 
Automotive Door panels, seat backs, headliners, dash 

boards, car door, Transport pallets, trunk 
liners, Decking , real parcel shelves spare tyre 
covers, other interior trim, spare-wheel pan, 
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trim bin  
Aircraft Interior paneling 
Construction Railing, bridge, siding profiles 
Household products and 
furniture 

Table, chair, fencing elements, Door panels, 
interior paneling, Window frames, door-frame 
profiles, food tray, partition 

Electrical and electronics Mobile cases, laptop cases 
Sports and leisure items Tennis Racket, bicycle, Frames, Snowboards 

 
 
Table 5 shows the potential applications of natural fiber composites in automotive, electrical 
and electronics, sports and leisure items, construction, aircraft and household products & 
furniture industries [27–29]. Eco-friendly measures taken by the electronic industry is an 
important reason for these composites growth in electrical and electronics applications. Many 
reports have addressed that by using natural fibers as supplement and/or reinforcement of 
epoxy resin, the amount of Carbon Monoxide provided during fire is less than that of their 
host materials.  
 
CONCLUSIONS 
 
Natural fibers are replacing manmade fibers being used as reinforcement in polymer 
composites due to their commendable mechanical properties, processing advantages and 
environmental benefits. Natural fiber can be classified for plant-basedand animal-based. The 
selection criteria of natural fibers are highly dependent on their type, application and cost. 
Chemical treatment is an essential processing parameter to reduce hydrophilic nature of the 
fibers and thus improves adhesion with the matrix. Significant improvements in the 
mechanical properties of the composites are reported by using different chemical treatment 
processes on the reinforcing fiber.  
Natural-fiber composites will continue to expand their role in automotive applications only if 
such technical challenges as moisture stability, fiber polymer interface compatibility, and 
consistent, repeatable fiber sources are available to supply automotive manufacturers.  
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Abstract: Measuring and analyzing any type of organization are carried out by different 
actors in the organization. The performance indicators of performance management 
system increase according to products or services of the organization. Also these 
indicators should be defined for all levels of the organization. Finally, all of these 
characteristics make the performance evaluation process more complex for organizations. 
In order to manage this complexity, the process should be modeled at the beginning. The 
aim of this study is providing the conceptual performance model for higher education 
institutions to manage this complexity easily and evaluate the higher education 
institutions from all aspects. The proposed model is also exemplified by using Sakarya 
University case study. 
 
Key words: Performance, modeling, higher education. 

 

 
Introduction 
 
 All enterprises exist for the achievement of one or more goals and these goals vary depending on the type 
of organization. The main goal of a manufacturing company can be the realization of maximal profit while the 
goal of a non-profit organization can be to effectively provide its services. The measuring of performance and 
results of the enterprise shows the success of the management. Therefore, measuring and evaluating 
organizational performance plays an important role in turning organizational goals to reality, and the notions of 
a goal and a performance indicator are essential. 
 Today organizations need to define and make explicit company-specific performance indicators by using 
a systematic approach.  That’s  why,  it  is  necessary  to  formalize  the  concept  of  a  performance  indicator  together  
with its characteristics, relationships to other performance indicators and relations to other formalized concepts 
such as goals, processes and roles. This study presents a framework of performance evaluation model of higher 
education institutions by modeling performance indicators and the relationships between them. The contribution 
of the study can be summarized in the following points: 

i.� clarification the required knowledge for performance measuring of higher education institutions by 
formalizing the concept of a performance indicators, 

ii.� formalization of the relationships between performance indicators, 
iii.� integration of the concepts of a performance indicator of higher education institutions, 
iv.� providing a basis model for application of information technology in a performance measuring system. 

 
 
Performance Measurement Systems and Performance Indicators 
 
 Performance Measurement (PM) is defined as getting timely information about the operations have to be 
monitored and measured constantly for heading of  company’s success (Kanji, 2007). Although the immediate 
role of any performance measurement system is to check progress towards the established goals, such system 
fulfills several other purposes in the organization such as decision support, diagnosis, performance evaluation 
and monitoring effect of strategic plans (Tehhumen et.al, 2002). By implementing PM, an enterprise can have 
following capabilities (Kanji, 2007); 

x� ability to identify major improvement opportunities, 
x� ability to achieve goal congruence and organizational alignment, 
x� ability to enhance accountability, 
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x� ability to drive future resource allocation decisions 
x� ability to communicate to each individual how he/she can contribute to the overall strategy and thus to 

encourage and reinforce certain behaviors and attitude.  
 
 A performance measurement system is a set of performance indicators (PIs) to quantify actions. These 
PIs are the building blocks in a measurement system. In the literature, the PIs can be classified in different ways. 
For example, the PIs is classified according to its characteristics into hard versus soft PIs. Hard PIs are pure 
facts that are possible to measure directly whereas soft PIs are intangible metrics that have to be measured 
indirectly like for instance attitudes (Rolstadas, 1995). 
 Also, the PIs can be grouped into three groups according to its purposes and time horizons such as 
achievement, diagnostics and competence PIs. Achievement PIs are direct metrics for actual business 
achievement such as net profit, return on investment, market share, export share etc. as well as diagnostics PIs 
are indirect metrics for business achievement. These PIs are critical success factors such as delivery precision, 
delivery flexibility, product quality, product reliability, lead time on customer request, customer satisfaction, 
outstanding claims etc. Competence PIs is used to describe how well the company is prepared for the future or 
to meet new requirements (Rolstadas, 1995).  
 In the other framework, there are two types of performance measures such as process performance 
measures and output performance measures. While process performance measures monitor the activities of a 
process, output performance measures report the results of a process. Process performance measures are used to 
motivate people within the process as well as output performance measures are used to control resources 
(Hronec, 1993).  
 Optimal performance measurement systems would be developed to serve different purposes and provide 
different time horizons by balancing of various PIs. The best performance measures give balance to the 
company’s  operations  and  are  deployed throughout the organization in a way that links strategy to processes and 
processes to one another. Therefore, developing an objective measurement system and determining accurate 
performance indicators are a comprehensive and difficult task for any kind of enterprise. There are a number of 
different performance measurement and analysis systems available for companies. The Balanced Scorecard, the 
Performance Pyramid System and the Performance Prism are globally known. There are also numerous different 
implementation processes and practice examples for companies presented in the literature and scientific articles 
(Tehhumen et.al, 2002).  
 Using recognized objective indicators and evaluation systems is necessary for a rational justification of 
higher education institutions. European University Association (EUA) supports and executes the special studies 
to develop a shared reference system for indicators and evaluation procedures for higher education institutions 
in Europe. It reported a number of principles that are fundamental to define and use PIs of higher education 
(Tavenas, 2003):  

x� HE performance indicators will differ depending on the level of analysis envisaged. 
x� The statistical indicators of any university activity have to be regarded as elements that support a 

particular judgment rather than objective facts.  
x� Indicators have to be used in complementary clusters so as to give a very precise and thorough picture of 

the activity concerned; 
x� Indicators should preferably be concerned with the distinctive features of a particular institution or a 

university sector and enable it to monitor its strategic orientations. 
x� Analysis of performance indicators at any level (institutional, regional or national) must therefore take 

information on the variety of academic disciplines in terms of their nature and relative representation 
fully into account. 

x� Performance indicators too firmly rooted in the diversity of disciplines may no necessarily do this. By 
using indicators applicable to the major branches of learning such as natural sciences applied sciences, 
life sciences, the social sciences and arts, this potential pitfall is largely averted.  

x� The use of uniform performance indicators in a university system is only justified if all the institutions in 
this system have similar fundamental goals and responsibilities. If not, the adoption of such indicators 
carries with it the considerable risk that the system will eventually become uniform and sacrifice its 
diversity. They should therefore only be used discriminatingly and with the agreement of all concerned.  

 
 An establishing a measurement system and determining performance indicators for the higher education 
institutions is getting difficult because of their inherent complexity. EUA also declined these difficulties in the 
following points (Tavenas, 2003): 

1.�An availability, representativeness, and reliability of raw statistical data, 
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2.�A relation between the level at which data are aggregated and their meaning, 
3.�A diversity of academic disciplines, 
4.�Possible dangers inherent in using performance indictors to evaluate and finance institutions. 

 
 
Conceptual Model of Institutional Performance Evaluation of HEIs 
 
 There are various studies about measuring the performance of higher education institutions as well as 
determining the performance criteria. Most of the studies try to answer what performance criteria should be and 
how performance criteria can be measured. For example, Centra (1997) determined the university evaluation 
criteria as classroom teaching, number of publications, quality of publications, research and/or creative activity. 
Martin (2003) evaluates the performance of 52 departments of Saragossa universities by using the collective 
model of envelopment analysis with three input variables: human resources, financial resources and equipment 
(material resources) and two outcome variables: educational and research in a coordinate way. In the other 
study, Azma (2010) described key performance indicators and presented a conceptual framework for the 
evaluation of the performance of the universities according to the key performance indicators. According to this 
study there are ten factors such as area and facilities (cultural area, research area, lab area, office area, education 
area, sport area), research and scientific journals, processes, education and technology, cultural and social 
services, faculty members, employees, students and graduates (Azma, 2010). In the other study, Wu et al. (2011) 
developed a set of appropriate performance evaluation indices mainly based on balanced scorecard for extension 
education centers in universities by utilizing multiple criteria decision making.  
 On the other hand, some studies focus on special dimension of the higher education institutions and use 
the different techniques for selection of the performance indicators. Lee (2010) focused on especially an 
intellectual capital (IC) and developed IC evaluation model to facilitate the understanding of their contribution 
to the university performance. He also applied Analytic Hierarchy Process (AHP) to formulate and prioritize the 
IC measurement indicators for constructing the IC evaluation model. In this study; university evaluation criteria 
were defined as administration, curriculum, technology transfer, research, teaching and service (Lee, 2010). 
Ahmadi (2012) aimed that cognition of performance appraisal system of this university and also introduced 
AHP technique in performance appraisal (Ahmadi, 2012). Kiakojoori et al. (2011) evaluated the performance of 
each branch of the Azad Islamic University (IAU) in Mazandaran province, determining the role model and 
reference branches to define the inefficient branches by applying envelopment analysis and ranking the efficient 
branches of AIU in Mazandaran province by applying Anderson Peterson Method. 
 After all, the beginning of any study about performance measuring of higher education institutions 
should be started by designing a reference model. Therefore, this study aims to provide the performance 
evaluation model for higher education institutions by considering the findings of above mentioned studies and 
EUS’s  principles.  The proposed model consists of indicators sub-model and measurement process which are 
described in detail in the following sections. 
 
 

 
 

Figure 1: Performance evaluation model for higher education institutions 
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1. Indicators Sub-Model: 

 The indicators are classified into Performance Indicators and Raw Statistical Indicators in the indicators 
sub-model. Raw Statistical Indicators are the statistical numbers which are not processed and do not give any 
judgment about   the   situation.  For   example,   “the   numbers   of   the   students  of   any  departments”  don’t   give   any  
meaning for the situation and performance of this department. Therefore, we need to calculate some data to 
assess a performance of process or department. Raw Statistical Indicators could be Student Data, Academic 
Staff Data, Administrative Staff Data, Degree Programs Data, Course Data, Facility Data and Financial Data.  
 On the other hand, Performance Indicators are the calculated numbers about the process or the units in 
the higher education and can be used directly to evaluate this process or departments. The performance 
indicators consist of Strategic Performance Indicators and Process Performance Indicators: 

x� The Strategic Performance Indicators (SPI) are used for measuring the achievement of the institutional 
targets and they are output PI. Strategic Performance Indicators are grouped into following clusters for 
higher education institutions: 

9� Education and Training PI 
9� Research and Development PI 
9� Community Services PI 
9� Administrative and Management PI 

x� The Process Performance Indicators (PPI) can be used to monitor the processes which are executed in the 
institution, and these processes support the strategies of the HEI by determining the process targets in 
line with the strategic targets. Process Performance Indicators (PPI)  are grouped into following 
clusters for higher education institutions: 

9� Education and Training Processes PI 
9� Research and Development Processes PI 
9� Services Processes PI 
9� Administrative Processes PI 
9� Management Processes PI 

 
As a consequent, the indicator has two dimensions in the proposed performance indicators sub-model such as: 

1.�Statistical versus Performance dimensions 
2.�Strategic versus Process dimensions 

  
 This classification also provides that the performance indicators can be differed depending on the level of 
strategic (institutional) or process analysis. The SPI can be used for strategic analysis, and derived from raw 
statistical indicators and the PPI which is used for process analysis.  For  example,  “number  of  published  paper”  
is  the  indicator  of  knowledge  creation  process  of  higher  education  institution,  and  “number  of  published  paper  
per academicians”  is  the  institutional  performance  indicators  of  the  higher  education  from  the  same  dimension. 

 
 

Figure 2: Relationship between indicators  
 
 Following table was constituted by  using  the  Sakarya  University’s  performance  indicators  based  on  the  
proposed model.  
 

Table  1:  Examples  of  Sakarya  University’s  based  on  the  model. 
INDICATOR EXAMPLES OF SAKARYA UNIVERSITY 

Evaluation 
Focus 

Process Performance 
Indicators 

Raw Statistical 
Indicators 

Strategic Performance Indicators 

Education and Number of revised Total number of courses Ratio of revised courses (Number 
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Training courses according to the 
student surveys 

 of revised courses/Total number 
of courses) 

Number of courses 
whose materials shared 
on web  

Ratio of courses material sharing  

Number of enrolled 
students  

Number of expected 
students Ratio of fulfillment of programs 

Research and 
Development 

Number of published 
papers in SCI, 
SCI-expanded, SSCI and 
AHCI indexed journal Total number of 

faculties 

Number of published paper per 
faculty 

Number of national 
projects 

Number of national project per 
faculty 

Number of international 
projects 

Number of international project 
per faculty 

Community 
Services 

Number of supported 
projects for community 

Number of appealed 
projects for community 

Supporting percentage for 
community services 

Number of activity 
carried with the 
non-governmental 
organizations (NGOs) 

Number of total NGOs 

Effectiveness of collaboration 
with NGOs (Number of activity 
carried with the NGOs/ Number of 
total NGOs) 

Number of activities 
carried for social benefit 

Number of departments Number of activities carried for 
social benefit per departments 

 
 
 
 
 
 

2. Performance Measurement Process:  
 The other component of the proposed PI model is the performance measurement process shown in the 
following figure. This component is to formalize the relationships of PIs and to describe the performance 
measuring procedure through the higher education institutions. The performance measurement process also links 
strategies to processes and processes to another.  
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Figure 3: Performance evaluation process of higher education institutions 
 
 The performance evaluation process starts with determination the results at the individual level. After 
that,   the   department’s   performance   values   are   calculated   from   individual   results. The faculty’s performance 
results are determined by aggregating performance results of all departments in the faculty and so on, the 
institution performance is calculated by similar ways from faculty to institution.  
 
 
Conclusions  
 
 Todays, the performance evaluation is essential for any kind of institutions as well as higher education 
institutions. There are numerous different implementation practices for companies and for higher education 
institutions in the literature  and  scientific  articles.  Especially,  EUA’s  studies  about  performance  indicators and 
performance evaluation of higher educations are considerable. The aim of this study is to provide the 
performance evaluation model for higher education institutions by clarifying the required knowledge for 
performance measuring, formalizing and integrating the concept of performance indicators. This model also 
provides the knowledge basis for the implementation of information technology in a performance measuring 
system. The performance evaluation model consists of indicators sub-model which is classified into 
performance indicators and raw statistical indicators, and performance measurement process.  
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Özet:.Betonun   ana   bileşenlerinden   biri   olarak   çimento   günümüzün   en   önemli   yapı  
malzemelerden  biridir.  Çimento,  su  ile  reaksiyonu  sonucunda  hem  havada hem de su 
altında   katılaşabilen   ve   sertleşebilen   bir   hidrolik   bağlayıcı   olarak   farklı   amaçlara  
yönelik  olarak  değişik  türlerde  üretilmektedir.    Bu  çalışmada  CEM  I  42.5,  CEM  II/A  
32.5,   CEMII/B   32.5,   CEM   IV/A   32.5   ve   CEM   III/A   32.5   çimentoları   kullanılarak 
üretilen   betonların   yaz   ve   kış   olmak   üzere   iki   dönem   periyodunda   üç   değişik   kür  
koşulunda   saklanması   sonucu   basınç   dayanımlarındaki   değişim   incelenmiştir.   Kür  
yöntemleri   olarak   standart   olarak   kabul   edilen   20±2   oC’de   kirece   doygun   su  
içerisinde   kürleme,   açık   havada   aralıklarla   düzenli   olarak   kürleme   ve   açık   havaya  
maruz  bırakma  şeklindeki  kür  koşullarında  bekletilen  numuneler  üzerinde  3,  7,  28  ve  
60  günlük  basınç  dayanımı  deneyleri   yapılmıştır.  Böylelikle,  kür  koşullarının   farklı  
tür   çimentolar   kullanılarak   üretilen   betonlar   üzerindeki   etkileri   en   temel   parametre  
olarak   basınç   dayanımı   deneyleri   ile   belirlenmeye   çalışılmıştır.   Deney   sonuçları  
değerlendirildiğinde  kür  koşullarına  karşı  en  az  hassas  olan  çimento  türünün  CEM  I  
42.5   çimentosu   olduğu,   açık   havaya  maruz   bırakılan   numuneler   içinde  CEM   III/A  
32.5   çimentolu   betonların   kış   periyodunda   standart   küre   kıyasla   daha   az   dayanım  
kazandığı  görülmüştür. 
 

Anahtar Kelimeler: Beton,  Basınç  dayanımı,  Kür  koşulları.     
 

Abstract: The cement is one of the most important building materials which is main 
component os concrete. Cement is produced  with various purposes in different types 
as a hyrolic binding material is hardened both in air and under water as a result of 
reaction with water. In this study, it was investigated the variation of compressive 
strength test results which the concretes were cured in two different periods both the 
winter and the summer with three different curing conditions by using CEM I 42.5, 
CEM II/A 32.5, CEMII/B 32.5, CEM IV/A 32.5 and CEM III/A 32.5 types of 
cements. As curing conditions, some of the  specimens  were  placed  in  water  at  20  ±  2  
oC and some of them were kept in laboratory environment without placing in water 
(20  ±  2  oC and % 68 RH) and the rest of the specimens  were cured discontinuously 
in laboratory environment. In hardened concrete testing, compressive strength test 
was performed at 3, 7, 28 and 60 days for concrete specimens. Thus, the effects of 
curing conditions on the different types of cements, the compressive strength tests 
were performed as the most basic parameters. When the test results are evaluated  
CEM I 42.5 type of cement was less sensitive to curing conditions among the 
different cements, CEM III/A 32.5 type of cement showed less  compressive strength 
values was cured in laboratory environment without placing in water compared to 
standard curing in the winter period. 

 
Keywords: Concrete, Compressive strength, Curing conditions. 

1 Giriş 
 

����

mailto:mucteba@sakarya.edu.tr
mailto:msumer@sakarya.edu.tr


 
 

Beton;;   çimento,   su,   agrega   ve   gerektiğinde   katkı   maddelerinin   belirli   oranlarda   homojen   olarak  
karıştırılmasından  oluşan,   istenilen  şekil  ve  boyutta  kalıp   içerisine  boşluksuz  olarak  yerleştirilebilen  ve  uygun  
bakım  koşulları  altında  zamanla  katılaşıp  sertleşerek  dayanım  kazanan  önemli  bir  kompozit  malzemedir  (Uysal,  
2010).  

Günümüzde  çimento  standartlarının  gelişmesiyle  beraber,  artış  gösteren  farklı  talepleri  karşılayabilmek  
için   beton   teknolojisine   katkı   sağlayan   bağlayıcı   kombinasyonlu   malzemeler   yaygın   olarak   kullanılmaktadır  
(Domone ve Chai, 1996). 

Yüzyılı  aşkın  süredir  katkılı  veya  puzolanik  çimentolar  hem  bilimsel  hem  de  teknolojik  açıdan  önemli  
derecede  ilgi  görmektedir  (Mehta,  1983;;  Sersala,  1983;;  Aitcin  ve  diğ.,  1983).  Aslında  katkılı  çimentolar  modern 
toplumun   ihtiyaçlarını   karşılayan   temel  bir  malzeme  olarak   tanımlanmaktadır.  Katkılı   çimentolar  hem  normal  
portland  çimentosunda  olmayan  performans  özelliklerine  sahip  olmakta  hem  de   termik  santral,  demir-çelik  ve  
silikon   metalinin   üretimi   esnasında   atık   olarak   elde   edilen   mineral   katıları   beton   üretiminde   değerlendirerek  
ekonomiye  faydalı  bir  şekilde  kazandırılmasına  olanak  sağlamaktadır.  Ancak,  değişik  kimyasal  bileşenlere  sahip  
katkı   malzemelerinin   çimentoya   ilavesi   çimento   sisteminde   önemli   ölçüde   farklılıklara   neden   olmaktadır.  
Böylece,   farklı   çimentolarla   üretilen   betonların   farklı   özelliklere   ve   performansa   sahip   olması   kaçınılmaz  
olacaktır.       

Yalnız   başına   bağlayıcılık   özelliği   olamayan   fakat   kireç   veya   çimento   ile   karıştırıldığı   vakit   su   ile  
yaptığı  reaksiyon  sonunda  bağlayıcı  madde  özelliği  kazanan  maddelere  puzolan  denilmektedir.  Bu  meddelerin  
içinde   dazla   miktarda   kolloidal   halde   silis   ve   alümin   bulunmaktadır.   Bu   maddelerin   yani   silis   ve   alüminin  
kireçle   yaptığı   reaksiyon   sonunda   puzolan   bağlayıcılık   kazanmaktadır.   Bir   puzolana   portland   çimentosu  
karıştırıldığı   vakit   çimentonun   hidratasyonu   sonunda   meydana   gelen   Ca(OH)2 ile SiO2 ve AI2O3 arasında  
meydana   gelen   reaksiyon   sonunda   puzolan   yine   bağlayıcılık   özelliğine   sahip   olmaktadır.   Bu   reaksiyonlar 
sonunda Ca(OH)2 tespit  edilir  yani  çözünmez  olmaktadır. 

Bir  portland  çimentosu  ve  puzolan  karışımı  reaksiyona  girdiği  zaman,  bu  reaksiyon,  sönmüş  kirecin  ve  
alkalilerin, (SiO2 + Al2O3 + Fe2O3) oksitleri ile asit-baz   reaksiyonu   biçiminde   tepkimeye   girmesiyle 
oluşmaktadır.   Bu   aşamada   iki   olay   gerçekleşmektedir:   birincisinde,   serbest   sönmüş   kireç   miktarı   zamanla  
azalmaktadır,  ikincisinde  de,  portland  çimentosunun  hidratasyonu  esnasında  ortaya  çıkanlara  benzer  biçimde,  C-
S-H (kalsiyum-silikat-hidrat) ve kalsiyum-alüminosilikat   miktarlarında   artış   olmaktadır.   Çimento   hamurunda  
gözenek  yapısındaki  iyileşme  (azalma)  biçiminde  fiziksel  olarak  kendini  gösteren  puzolanik  reaksiyon,  kimyasal  
dayanıklılık  ve  mekanik  dayanımdaki  artışın  esas  nedeni  olsa  gerektiği belirtilmektedir (ACI 232 1R-94, 1994). 
Portland   çimentosu   ve   puzolan   karışımları,   ekonomik   sebeplerle   birlikte   enerji   ihtiyacını   azaltmaya   yardım  
etmek   ve   bazı   önemli   teknik   yararlar   elde   etmek   amaçlarıyla   beton   üretiminde   kullanılmaktadır.   Ekonomik  
kazanç   sağlamak   veya   erken   hidratasyon   ısısını   azaltmak,   ileri   yaşlardaki   dayanımı   arttırmak,   alkali-agrega 
reaksiyonun   zararlarına   veya   sülfat   tahribatına   direnci   arttırmak,   geçirimsizliği   sağlamak   ve   parçalayıcı   sıvı  
çözeltilerin   beton   içine   sızmasına   direnci   arttırmak   amaçları   için   portland   çimentosuna   veya   katkılı   portland  
çimentosuna,  uçucu  kül,  doğal  puzolanlar,  öğütülmüş  yüksek  fırın  cürufu,  ve  silis  dumanı  gibi  maddeler  belirli  
oranlarda  karıştırılabileceği  belirtilmektedir.  Kısaca,  betonda  puzolanların  kullanımının  yararları,   ileri  yaşlarda  
artan  dayanım,  çevresel  yönden  zararlı  ortamlarda  sağlanan  kalıcılık  şeklindedir  (Karahan  ve  diğ.,  2005). 

Beton   üretiminin   en   önemli   aşamalarından   birisi   de   betonun   kür   edilmesi   ve   bu   süreci   tamamlayan  
işlemlerdir.  Genel  anlamıyla  kür;;  betonun  dayanım  kazanması  için  çimento  hidratasyonunu  ilerletmek  amacıyla  
kullanılan  yönteme  ve  yapılan  uygulamalara  verilen  isimdir  ve  sıcaklık  ile  nemin  kontrolünü  kapsamaktadır.  İyi  
bir   beton   elde   etmek   için   iyi   bir   karışım   ve   yerleştirmenin   yanı   sıra   dayanım   kazanma   evrelerinde   betonun  
uygun   bir   ortamda   kürü   gerekmektedir.   Bununla   birlikte,   kürün   amacı   çimentonun   hedeflenen   miktarı  
hidratasyonu   sağlayıncaya   kadar   betonu   suya   doymuş   veya   neredeyse   suya   doymuş   ortamda   bulundurmaktır  
(Akakın,  2001). 

Bu  çalışmada  beş  farklı  çimento  türünü  kullanarak  üretilen  betonların  yaz  ve  kış  olmak  üzere  iki  dönem  
periyodunda  üç  değişik  kür  koşulunda  saklanması  sonucunda  basınç  dayanımlarındaki  değişim  incelenmiştir.  Bu  
sayede,   kür   koşullarının   farklı   tür   çimentolar   kullanılarak   üretilen   betonlar   üzerindeki   etkileri   en   temel  
parametre  olarak  basınç  dayanımı  deneyleri  ile  belirlenmeye  çalışılmıştır. 
 
 
 
 
Deneysel  çalışmalar 
  

����



 
 

Deneylerde  agrega  olarak  doğal  kum  ile  maksimum  tane  boyutu  16  mm  olan  ve  Sakarya-Geyve 
yöresinden  elde  edilen  kalker  agregası  ve  çimento  olarak  da  beş  farklı  çimento  türü  olarak  CEM  I  42.5,  CEM  
II/A 32.5, CEMII/B 32.5, CEM IV/A 32.5 ve CEM III/A 32.5 tipi  çimentolar kullanılmıştır. Kullanılan  
çimentolara  ait  kimyasal  bileşimler  ve  bazı  fiziksel  ve  mekanik  özellikler  Tablo  1’de  verilmiştir. 

 

Tablo 1 Farklı  tür  çimentoların kimyasal mekanik ve  fiziksel  özellikleri. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Numunelerin   hazırlanmasında   beş   farklı   çimento   türü   kullanılmış   ve   C20/25   sınıfında   dizayn   edilen  
numuneler   15x15x15   cm   küp   olarak   üretilmiştir.   Değişik   çimentolar   kullanılarak   üretilen   betonlarda   çökme  
değerinin  10  cm  olmasını  sağlayacak  şekilde  dizayn  sabit  tutulmuş  normal  akışkanlaştırıcı  kimyasal  katkı  tercih  
edilmiştir.   Üretilen   numunelere   kalıptan   alındıktan   sonra   yaz   ve   kış   olmak   üzere   iki   dönem   periyodunda   üç  
değişik   kür   koşulunda   saklanmıştır.   Kür   yöntemleri   olarak   standart   olarak   kabul   edilen   20±2 oC’de   kirece  
doygun   su   içerisinde   kürleme,   açık   havada   aralıklarla   düzenli   olarak   kürleme   ve   açık   havaya  maruz   bırakma  
şeklindeki   kür   koşullarında   bekletilen   numuneler   üzerinde   3,   7,   28   ve   60   günlük   basınç   dayanımı   deneyleri  
yapılmıştır.  Üretilen  betonlarda  kullanılan  agregaların  granülometrik  analizi  TS  3530’a  göre  yapılmış  ve  Şekil  
1’de  gösterilmiştir  (TS  3530,  1980). 

Deneyler  yaz  ve  kış  olmak  üzere  iki  farklı  dönemde  yapılmıştır.  Her  çimento  türünden  hem  yaz  hem  de  
kış  döneminde  aynı  dozajda  çimento  ve   agreganın  kullanıldığı  ve  aynı  çökme  değerinin  elde  edildiği  betonlar  
üretilmiştir.   Her   dönemde   bir   çimento   türünden   elde   edilen   numuneler   üç   gruba   ayrılmış;;   birinci   grup   su  
içerisinde  kür  (20±2  oC’de  kirece  doygun  suda),  ikinci  grup  açık  havada  normal  hava  koşullarında  her  gün  aynı  
saatlerde   ıslatılarak   küre   tabi   tutulmuş   ve   üçüncü   grup   ise   yine   açık   havada   fakat   ıslatılmadan   ayrı   bir   yerde  
muhafaza   edilmiştir.   Deney   numuneleri   üzerinde   3,   7,   28   ve   60   günlük   basınç   dayanımı   deneyleri   hem   yaz  
hemde  kış  döneminde  tekrarlanmıştır.  Böylelikle,  bir  çimento  türü  ile  altı  değişik  kür  koşulunun  bu  betonların  
basınç  dayanımı  özellikleri  üzerindeki  etkisi  incelenmiştir.   
 

Kimyasal  Bileşim  (%) 
Bileşen  Adı   CEM 

I 42.5 
CEM 
II/A 32.5 

CEMII/B 
32.5 

CEM III/A 
32.5 

CEM 
IV/A 32.5 

SiO2
 Çözünen 21.05 --- --- 27.90 7.48 

Çözünmez  kalıntı 1.49 --- --- 1.50 1.71 
AI2O3 3.71 --- --- 9.01 8.05 
Fe2O3 4.29 --- --- 3.62 3.68 
CaO 66.2 --- --- 52.50 48.36 
MgO 1.28 --- --- 1.90 1.15 
SO3 1.54 2.07 1.97 3.20 1.76 
Kızdırma  Kaybı   2.80 --- --- 2.50 2.65 
CI- --- --- --- --- --- 
Tayin Edilemeyen --- --- --- --- --- 
Serbest CaO 0.81 0.63 0.58 0.48 0.96 
Na2O --- --- --- --- --- 
K2O --- --- --- --- --- 

Fiziksel  ve  Mekanik  Özellikler 
Özgül  ağırlık 3.11 2.93 2.96 2,98 2.85 
İncelik  (Blaine,  cm2/g) 2842 3147 3670 3115 3678 
Basınç 
Dayanımı 
(MPa) 

2-Gün 14.9 7.56 7.56 11.15 13.85 
7-Gün 43.8 24.58 23.78 21.09 27.96 
28-Gün 58.3 41.59 47.95 38.47 36.17 

����



 
 

 

Şekil  1  Agregaların  elek  analizi. 
 
 
Deney  Sonuçları  ve  İrdeleme 
 

Değişik   çimentolar   kullanılarak   farklı   kür   ortamlarında   muhafaza   edilen   4   farklı   yaş   grubundaki  
numuneler   üzerinde   yapılan   basınç   dayanımı   deneyi   sonuçlarından   ilki   olarak   3   günlük   basınç   dayanımı  
sonuçları  yaz  ve  kış  dönemi  olmak  üzere  Şekil  2-3’te  verilmiştir.  Şekil  2-3’te  görüldüğü  üzere  farklı  çimentolu  
betonların  3  günlük  basınç  dayanımı  sonuçları  değerlendirildiğinde  katkılı  çimentolar  CEM  I  42.5  çimentosuna  
kıyasla   oldukça   düşük   basınç   dayanımı   sonuçları   vermiştir.   Bu   durum   puzolanların   erken   yaşta   etkin 
olamamasına  bağlanabilir.  Standart  küre   tabi   tutulan  CEM  I  42.5  çimentolu  beton  aynı  kür  ortamındaki  CEM  
II/A  32.5  çimentosuna  kıyasla  3  günlük  basınç  dayanımı  olarak  %  66.2  daha  yüksek  basınç  dayanımı   sonucu  
vermiştir.   Şekil   2   ve   Şekil   3   kıyaslandığında   ise   yaz   döneminde   açık   havada   ve   arasıra   küre   tabi   tutulan  
numuneler   beklendiği   üzere   kış   döneminde   muhafaza   edilen   numunelere   göre   daha   yüksek   basınç   dayanımı  
sonuçları   vermiştir.   Yaz   döneminde   muhafaza   edilen   numuneler   genel   olarak   değerlendirildiğinde   kış  
döneminde  muhafaza  edilen  numunelere  göre  ortalama  olarak  %  20.17  daha  yüksek  basınç  dayanımı  sonuçları  
vermiştir.   Bu   durum   standart   küre   tabi   tutulmayan   kış   dönemindeki   numunelerin   soğuk   havanın   etkisiyle  
yavaşlayan  hidratasyonlarına  bağlanabilir.    
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Şekil  2  Farklı  kür  ortamlarında  bekletilen  numunelerin  yaz  dönemi  3  günlük  basınç  dayanımı  sonuçları. 
 

 
Şekil  3  Farklı  kür  ortamlarında  bekletilen  numunelerin  kış  dönemi  3  günlük  basınç  dayanımı  sonuçları. 

 
Farklı  çimentolu  betonların  üç  değişik  kür  ortamında  yaz  ve  kış  dönemleri  olmak  üzere  7  gün  süreyle  

bekletilmeleri   sonucunda   elde   edilen   basınç   dayanımı   sonuçları   Şekil   4-5’te   verilmiştir.   Standart   küre   tabi  
tutulan  CEM  III/A  32.5  çimentolu  beton  aynı  kür  ortamındaki  CEM  I  42.5  çimentosuna  kıyasla  7  günlük  basınç  
dayanımı   olarak   %   35   daha   düşük   basınç   dayanımı   sonucu   vermiştir.   Farklı   çimentolu   betonların   7   günlük  
basınç   dayanımı   sonuçları   ile   3   günlük   basınç   dayanımı   sonuçları   kıyaslandığında   CEM   I   42.5   çimentolu 
betonlar  ile  katkılı  çimentolu  betonlar  arasındaki  basınç  dayanımı  farklılıkları  azalma  eğilimi  göstermiştir.  Şekil  
4   ve   Şekil   5’te   yaz   döneminde  muhafaza   edilen   numuneler   genel   olarak   değerlendirildiğinde   kış   döneminde  
muhafaza edilen numunelere göre  ortalama  olarak  %  14.69  daha  yüksek  basınç  dayanımı   sonuçları  vermiştir.  
Ayrıca,   yaz  ve  kış  dönemlerinde   farklı   kür  koşulları  birarada  değerlendirildiğinde  beklendiği  üzere  en  yüksek  
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basınç   dayanımı   sonuçları   standart   küre   tabi   tutulan   numunelerde   daha sonra   arasıra   küre   tabi   tutulan  
numunelerde  ve  son  olarak  da  açık  havada  bekletilen  numunelerde  elde  edilmiştir.   
 

 

Şekil  4  Farklı  kür  ortamlarında  bekletilen  numunelerin  yaz  dönemi  7  günlük  basınç  dayanımı  sonuçları. 

          

Şekil  5  Farklı  kür  ortamlarında  bekletilen  numunelerin  kış  dönemi  7  günlük  basınç  dayanımı  sonuçları. 
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Şekil  6  Farklı  kür  ortamlarında  bekletilen  numunelerin  yaz  dönemi  28  günlük  basınç  dayanımı  sonuçları. 

 

 
 

Şekil  7  Farklı  kür  ortamlarında  bekletilen  numunelerin  kış  dönemi  28  günlük  basınç  dayanımı  sonuçları. 

 
 

Üç  değişik  kür  ortamında  yaz  ve  kış  dönemleri  olmak  üzere  28  gün  süreyle  bekletilen  farklı  çimentolu  
betonlar  üzerinde  elde  edilen  basınç  dayanımı  sonuçları  Şekil  6-7’de  verilmiştir.  Standart  küre  tabi  tutulan  CEM  
III/A  32.5  çimentolu  beton  aynı  kür  ortamındaki  CEM  I  42.5  çimentosuna  kıyasla  28  günlük  basınç  dayanımı  
olarak  %  3.18  daha  düşük  basınç  dayanımı   sonucu  vermiştir.  Şekil  6  ve  Şekil  7’de  yaz  döneminde  muhafaza  
edilen  numuneler  genel  olarak  değerlendirildiğinde  kış  döneminde  muhafaza  edilen  numunelere  göre  ortalama  
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olarak  %  14.22  daha  yüksek  basınç  dayanımı  sonuçları  vermiştir.  Katkılı  çimentolu  betonların  bünyesinde  yer  
alan   farklı   tür   puzolanların   çimentonun   hidratasyonu   sonunda   meydana   gelen   Ca(OH)2 i   bağlayarak   ikincil  
hidratasyonları   başlatması   neticesinde   ilave   bağlayıcılık   özelliğine   sahip   olması   sonucu   katkılı   çimentolu  
betonlar   ile   CEM   I   42.5   çimentolu   betonlar   arasındaki   dayanım   farklılıkları   28.   günden   itibaren   hissedilir  
şekilde  ortadan  kalmaya  başlamıştır.   

 

Şekil  8  Farklı  kür  ortamlarında  bekletilen  numunelerin  yaz  dönemi  60  günlük  basınç  dayanımı  sonuçları. 

 

Şekil  9  Farklı  kür  ortamlarında  bekletilen  numunelerin  kış  dönemi  60  günlük  basınç  dayanımı  sonuçları. 

Farklı   çimentolu   betonların   üç   değişik   kür   ortamında   yaz   ve   kış   dönemleri   olmak   üzere   60   gün   süreyle  
bekletilmeleri   sonucunda   elde   edilen   basınç   dayanımı   sonuçları   Şekil   8-9’da   verilmiştir.   Standart   küre   tabi  
tutulan   CEM   III/A   32.5   çimentolu   beton   aynı   kür   ortamındaki   CEM   I   42.5   çimentosuna   kıyasla   60   günlük  
basınç  dayanımı  olarak  %  7.19  daha  düşük  basınç  dayanımı   sonucu  vermiştir.  Farklı  çimentolu  betonların  60  
günlük  basınç  dayanımı   sonuçları  birarada  değerlendirildiğinde  CEM  I  42.5  çimentolu  betonlar   ile  CEM  II/B  
32.5 ve CEM III/A 32.5   çimentolu   betonlar   arasındaki   basınç   dayanımı   farklılıkları   ciddi   manada   azalma  
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göstermiştir.  Şekil  4  ve  Şekil  5’te  yaz  döneminde  muhafaza  edilen  numuneler  genel  olarak  değerlendirildiğinde  
kış   döneminde   muhafaza   edilen   numunelere   göre   ortalama   olarak %   13.62   daha   yüksek   basınç   dayanımı  
sonuçları  vermiştir.   

 
Sonuçlar 

 
Yapılan   deneysel   çalışmadan   elde   edilen   sonuçlar   aşağıdaki   gibi   özetlenebilir;; 
 

x� CEM  I  42.5  çimentolu  betonların  erken  yaş  basınç  dayanımı  sonuçları,  CEM  II/A  32.5,  CEMII/B  32.5,  
CEM IV/A 32.5   ve   CEM   III/A   32.5   çimentolu   betonlarla   karşılaştırıldığında   katkılı   çimentoların  
bünyesinde   yer   alan   puzolanların   erken   yaşlarda   etkinlik   gösterememesi   nedeniyle   katkılı   çimentolu  
betonlara  göre  daha  yüksek  elde  edilmiştir.   

x� Standart   küre   tabi   tutulan   CEM   I   42.5   çimentolu   beton   aynı   kür   ortamındaki   CEM   II/A   32.5  
çimentosuna   kıyasla   3   günlük   basınç   dayanımı   olarak  %   66.2   daha   yüksek   basınç   dayanımı   sonucu  
vermiştir.   Benzer   şekilde,   CEM   III/A   32.5   çimentolu   beton   aynı   kür   ortamındaki   CEM   I   42.5  
çimentosuna   kıyasla   7   günlük   basınç   dayanımı   olarak   %   35   daha   düşük   basınç   dayanımı   sonucu  
vermiştir.   Ayrıca,   CEM   III/A   32.5   çimentolu   beton   aynı   kür   ortamındaki   CEM   I   42.5   çimentosuna  
kıyasla  28  günlük  basınç  dayanımı  olarak  %  3.18  daha  düşük  basınç  dayanımı  sonucu  vermiştir.  Son  
olarak,   CEM   III/A   32.5   çimentolu   beton   aynı   kür   ortamındaki   CEM   I   42.5   çimentosuna   kıyasla   60  
günlük   basınç   dayanımı   olarak   %   7.19   daha   düşük   basınç   dayanımı   sonucu   vermiştir.   Bu   sonuçlar  
ışığında  beton  yaşı  ilerledikçe  katkılı  çimentolu  betonlar  ile  CEM  I  42.5  çimentolu  betonlar  arasındaki  
dayanım  farkında  azalmalar  görülmüştür. 

x� Dört   farklı  beton  yaş  grubu  birarada  değerlendirildiğinde  yaz  döneminde  muhafaza  edilen  numuneler  
kış   döneminde   muhafaza   edilen   numunelere   göre   ortalama   olarak   %   16.89   daha   yüksek   basınç  
dayanımı  sonuçları  vermiştir.   
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Abstract--Conventional Polyvinyl Alcohol and cross linked Polyvinyl Alcohol (produced from the 
reaction of polyvinyl alcohol (PVA) with glutaraldehyde and glyoxal) were used as after-treatment to 
improve the wash fastness of direct dyes on cotton. The dyed cotton fabric samples were treated with 
PVA and cross linked PVA with cross linking process carried out prior and after the application 
respectively. The washing and light fastness of the samples were determined using standard methods. The 
after-treatments generally showed improvements in fastness properties, with treatment involving cross-
linking exhibiting a better improvement than those heat-treated and air-dried. Wash fastness improved 
from 2 for the non after-treated sample to 4 for the cross linked PVA treated dyed cotton samples. Other 
properties such as smoothness and tensile strength also improved. 
 
Keywords-- After treatment, Glutaraldehyde, Glyoxal, Polyvinyl Alcohol  

 
INTRODUCTION: 
Cotton fabric is the most widely used textiles in the world, accounting for more than 50% of the total 
consumption, which is mainly made up of cellulose (Wang, H. F, 2003). The cellulose chains in cotton is 
composed of micro fibrils which have only hydrogen bonds between them, this means covalent cross 
links to force the cellulose to return to their original position when deformed by wrinkling or laundering 
is absent.  

Several classes of dyes can be used to dye cellulosic fibers, namely vat, direct, reactive, sulphur 
colorants, the different classes varying in terms of factors such as their cost, ease of application, fastness 
properties, e.t.c. Characteristically, direct dyes furnish a wide range of shades at low cost but with poor 
wet fastness. The poor wet fastness of direct dyes is a great technical defect, of which it becomes 
necessary to improvise means of improving its fastness properties (Nkeonye, P. O. 1987). Therefore, 
cross linking agents should be used to improve the fastness properties of direct dyes on cotton fabrics. 
Formaldehyde- based resins were used for such treatments but usually ended up losing the strengths of 
the fabrics (American Chemical Society, 2004) 

EXPERIMENTAL 
MATERIALS 
The polyvinyl alcohol (87-89%) was obtained from Sigma Aldrich. Glutaraldehyde (25%) and glyoxal 
(40%) were obtained from British Drug House (BDH). All other reagents used were of analytical grade 
and were used as received. 

DISSOLUTION OF POLYVINYL ALCOHOL 
The Polyvinyl Alcohol used is a partly hydrolyzed grade and is liable to form lumps when added to water; 
grades with high degree of polymerization are especially prone to this. To avoid this, and to obtain rapid 
and easy solution, temperature and rate of addition were carefully controlled especially with high 
concentrations. The water temperature were kept at 250C, the charging rate was kept as low as possible 
within the permissible time of operation. The polyvinyl alcohol was agitated for 10-15 minutes without 
raising the temperature. The temperature was later increased to about 90-950C in order to reduce the 
dissolving time. However, those with low degree of polymerization dissolve at a lower temperature 
(Finch, C. A. 1973).  

 
METHOD USED FOR HEATING THE POLYVINYL ALCOHOL 

Ideally, the best source of heat is low pressure steam at 15-25 ibf/in (1.0-1.5 atm). Steam may be 
discharged directly in to the solution to increase thermal efficiency of the mixer and to shorten the time of 
heating. Indirect jacket heating prolongs the heating time, although it allows simpler regulation of the 
concentration of the polyvinyl alcohol solution, since no condensate is added. The fact that steam is not 
available; other form of heating was used which is the used of hot plate with magnetic stirrer (Finch, C. 
A. 1973). 
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SYNTHESIS OF CHEMICALLY CROSS LINKED POLYVINYL ALCOHOL 

The two cross linked polyvinyl alcohols were synthesized using similar procedure reported by (Audebert, 
R. et al, 1998) A solution of 24g (0.000192 mol) of polyvinyl alcohol in 576g of water was prepared and 
heated to 60 0C. 2 ml (0.0212 mol) of 25% solution of glutaraldehyde was added and the solution was 
stirred for 30 minutes. While stirring, 15 ml of 0.1 M HCl was added. After stirring for about 1 hour,   
 50 ml of 0.1 M NaOH was added. The formation of minutes micro gels in a less viscous solution of the 
polyvinyl alcohol confirms the cross linkage. Same procedure was used for glyoxal. 

 
CHARACTERIZATION TECHNIQUES 

The polyvinyl alcohol Cross linked with glutaraldehyde and glyoxal were characterized in relation to the 
conventional PVA for the following;  
The infra-red spectra of the samples were obtained using a thin film of the polymer samples with 
PERKIN ELMER model. All the spectra were recorded over the range of 4000-400cm-1, as a preliminary 
survey of the spectra has shown that all the reliable structural data are covered in this region (Audebert, 
R. et al, 1998). 

 
DYEING OF UNTREATED SAMPLE 

Dyeing of well prepared cotton fabric was carried out according to the method adopted by (Nkeonye, P. 
O. 1987) 0.2g of the dye is added in a well dissolve condition to the dye bath. 2.01g of common salt 
(NaCl) was added. 20g of the fabric was then introduced to the bath at 40-50 0C. The temperature of the 
bath was then raised over 30 minutes to boil, and the dyeing was continued at this temperature for 50 
minutes. The fabrics were then rinsed squeezed and dried at ambient temperature. 

 
AFTER TREATMENT 

The after treatments employed were used in two different conditions; treatment that involves air-drying 
only and a treatment that involved little air-drying and curing depending on the strength of the fabric. 

After treatment of the dyed cotton fabric with PVA/GA cross linked polymer 
The method adopted was the modification of the one reported by (Nkeonye, P. O. 1987), and (William, H. 
B. and et al. 1998). 

a. a cut sample was coated with the cross linked polymer and allowed to air-dried. It was later 
damped to condition for 2 hours, then calendared using a conventional pressing stone.   

b. A. cut sample was coated with the cross linked polymer and allowed to air-dried for 3 minutes 
and cured for 3 minutes at 140 0C. It was also damped and allowed to condition for 2 hours and 
finally calendared. 

The same procedure was adopted for PVA/GLY cross linked polymer. 
After treatment of the dyed cotton fabric PVA/GA cross linked polymer 
A cut sample was coated first with a conventional polyvinyl alcohol that contains 1% of the cross 
linking agent, then 1% of a 30% acetic acid was spread throughout the coated sample and heated at  
80 0C for 30 minutes. 
The same procedure was used for PVA/GLY cross linked polymer. 

 
DETERMINATION OF FABRIC PROPERTIES 

Cotton fabrics were tested for tensile strength, as well as colour fastness properties. The methods 
reported by the Nigerian Industrial Standard (Logue, B. T, 1994) were used to evaluate the colour 
fastness properties. 

 
RESULTS AND DISCUSSION 

The cross linking between polyvinyl alcohol/glutaraldehyde and polyvinyl alcohol/glyoxal yielded 
the formation of micro gels structure resulting from the action of the cross linking agents on a diluted 
solution of PVA. Another important parameter was that the size of the micro gels formed as a result 
of cross linking PVA/GA was found to be larger and more than the micro gels formed with 
PVA/GLY. This is possibly due to the fact that cross linkers are available with different spacer arm 
lengths. Cross linkers with a long spacer arm and some with a short spacer arm (Nigerian Industrial 
Standard 26, 1973). 
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INFRA-RED SPECTROSCOPY 
The results of the assignment are shown in the table below: 
Table i:” Infra-red spectra of the polymer samples” 

Group CPVA CPVA/GA CPVA/GLY 

O-H 3353.71 cm-1 3432.64 cm-1 3614.63 cm-1 

C-O 1094.3 cm-1 1092.65 cm-1 1091.38 cm-1 

C-H 2936.83cm-1 2935.11 cm-1 2935.13 cm-1 

Tacticity 919.24 cm-1   

  
From the typical spectra for the conventional PVA, the band at 919.24 cm-1 is related to the syndiotactic 
structure of the polymer. Strong O-H stretching at 3354.71 cm-1 is related to the strong O-H bands for free 
alcohol. An important peak at 1094.3 cm-1 is assigned to C-C and C-O stretching, which is an assessment 
tool of PVA structure because; it is a semi-crystalline synthetic polymer. 
Band at 1715.58 cm-1 was due to C=O which is a result of the residual acetate group in the PVA (19.5-
22.7). There is also a strong C-H alkyl stretching at 2936.83 cm-1  (Wollensak, G, 2003) 
By cross linking PVA with GA, the O-H stretching vibrations peak at 3432.64 cm-1 was reduced when 
compared with pure PVA. C-O stretching at approximately 1094.30 cm-1 in pure PVA is replaced by a 
broader absorption band at 1092.65 cm-1, which can be attributed to the ether (C-O) and the acetal ring 
(C-O-C) bands formed by the cross linking reaction of PVA with GA.  
By cross linking with GLY, band at 3614.63 cm-1 which is due to –OH groups was reduced when 
compared with the pure PVA. C-O stretching at approximately 1094.30 cm-1 in pure PVA is replaced by a 
broader absorption band at 1092.65 cm-1  which can be attributed to the ether (C-O) and the acetal ring 
(C-O-C) bands formed by the cross linking reaction PVA with GA. 
Bands at 1423.05 cm-1 and 1270 cm-1 related to similar bands were reported in the literature of the 
spectrum of polyvinyl formate (i.e. PVA cross linked with formaldehyde). As mentioned, cross linking 
PVA with GA, the band at 3614.63 cm-1 which is due to –OH group was reduced when compared with 
pure PVA. C-O stretching at approximately 1094.30 cm-1 in pure PVA was also replaced by a broader 
band at 1091.38 cm.-1 similarly, the bands at 1420.60 cm-1 and 1267.15 cm-1 were found in literature of the 
spectrum of polyvinyl formate which is also a product of acetilization. 

 
DENSITY 

The densities of the two cross linked PVAs and the conventional PVA are shown in the table below: 
Table ii:” Density of the polymer samples” 

Sample Density 
CPVA 
CPVA/GA 
CPVA/GLY 

0.99034 
0.9957 
0.99288 

   
The density of the PVA in solution is very near to that of water (1.0017 gcm-3 ). Thus, from the above 
table, it is clearly seen that the density of CPVA/GA is the highest, followed by CPVA/GLY, then the 
CPVA. This is due to the formation of micro gels which left the solution with more water than that of the 
conventional PVA (Yano, S. 2003). 

DYED COTTON FABRICS 
The cotton fabrics dyed with direct dye (yellow HE 6G) gave medium yellow shade and it leveled very 
well. The same leveling was also observed for the direct dye (Turquine blue). 

 
AFTER-TREATED FABRICS 

The after treatment maintained the strength of the colour of the dyed fabrics, only that little yellowing 
was seen in the fabrics that were cured (those dyed with blue dye). This could be due to the yellowing of 
the polyvinyl acetal gels when dehydrated (James. J, 2008). And (Redmond, W.A 2007) 
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FASTNESS PROPERTIES 
WASHING FASTNESS 
To qualify for a label ‘fast to washing’ a minimum rating of 3 in the scale 1-5 is required for the change 
in colour. Below are the results obtained from the visual assessment of change in colour using the grey 
scale that includes half steps.  
Table iii: “Washing fastness” 
Specimen Fastness Specimen Fastness 
FAA 
FAB 
FAC 
FAD 
PVA-GA1 
PVA-GLY1 

2 
2-3 
3-4 
3 
2-3 
2-3 

FBA 
FBB 
FBC 
FBD 
PVA-GA2 
PVA-GLY2 

2 
3 
4 
3-4 
2-3 
2-3 

 
From the above table, it is seen that the treatment has generally improve the washing fastness of the 
fabrics, but those cured-treated fabrics exhibited better washing fastness than those that were not cured. 
While those treatments that involved cross linking within the fabric were not fast to washing but better 
than the untreated. However, the best wash fastness fabric was the one cross linked with glutaraldehyde. 
This could be attributed to the formation of large molecular size, low water-solubility thin gels situated at 
the surface of the dyed substrate which physically resist diffusion of the dye from the dyed fabric during 
washing (Pritchard, J. G. 1969). 

LIGHT FASTNESS 
For a sample to qualify to the label ‘fast to light’ a minimum rating of 5 in the scale 1-8 is required. The 
result obtained from the light fastness test is shown in the table below:  
Table iv: Light fastness 
 

It can be seen that the samples generally show moderate light fastness including the untreated once. 
However, those specimens with low washing fastness were found to have improved light fastness. 

 
TENSILE STRENGTH 

The means of various force applied and length extended by the specimens are summarized in the table 
below: 
Table v (a) Tensile strengths for warp specimens 
 

 

Specimen fastness Specimen Fastness 
FAA 
FAB 
FAC 
FAD 
PVA-GA1 
PVA-GLY1 
 
 

4 
4 
5 
5 
6 
6 

FBA 
FBB 
FBC 
FBD 
PVA-GA2 
PVA-GLY2 

4 
4 
4 
4 
6 
6 

Specimen  
For warp 

Force 
Applied (N) 

Length 
(mm) 

Specimen 
For weft 

Force  
Applied (N) 

Length 
(mm) 

FAA 
FAB 
FAC 
FAD 
PVA-GA1 
PVA-GLY1 
 
 

81.188 
121.172 
139.552 
146.332 
131.827 
133.564 

12.502 
6.3476 
4.407 
5.6294 
7.8142 
7.0326 

FAA 
FAB 
FAC 
FAD 
PVA-GA1 
PVA-GLY1 
 

85.592 
108.972 
128.052 
115.772 
128.727 
142.742 

12.492 
12.454 
8.4012 
8.9778 
11.514 
10.262 
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Table v (b) Tensile strengths for weft specimens 
weft specimens Force 

Applied (N) 
Length 
(mm) 

Specimen 
For weft 

Force 
Applied (N) 

Length 
(mm) 

FBA 
FBB 
FBC 
FBD 
PVA-GA2 
PVA-GLY2 

118.687 
126.447 
134.744 
108.484 
108.976 
94.0160 

9.561 
7.8936 
8.1206 
8.4464 
7.5778 
10.7272 

FBA 
FBB 
FBC 
FBD 
PVA-GA2 
PVA-GLY2 

113.607 
117.647 
87.914 
106.576 
103.676 
78.7544 

13.62 
11.316 
9.859 
8.8368 
9.5452 
12.16 

From the above tables, we can observe general increase in tensile strengths going from the untreated to 
treated specimens. This may be due to the higher force needed for the rupturing of the treated specimen 
than that of the untreated, which is in line with the fact that tensile strengths of materials are the resistance 
of materials to tensile forces that tend to pull it apart (Kazuhiro, K. I, et al. 2004) 

CONCLUSION 
Generally, fabric treated showed improvements in properties when compared to the untreated once, and 
the results also showed that those samples cured were better in performance than those air-dried. On the 
other hand, the treatments involving cross linking within the fabrics also showed improvements, only that 
it shows lower washing fastness. Therefore, the use of cross linked polyvinyl alcohol as an after treatment 
for cotton fabrics is a better means of treating cotton because of its soft texture which tend to impart 
fastness, smoothness and, at the same time retain softness of cotton fabric. In addition, cross linked PVAs 
are inert and harmless when compared with urea-formaldehyde because; release of formaldehyde is 
undesirable particularly, in an enclosed environment.  

REFERENCES 
American Chemical Society, National Historic Chemical Landmarks (2004). The evolution of Durable 

Press and Flame Retardant cotton. Washington, D.C. Retrieved Jan. 01, 2010, from 
http://acswebcontent.acs.org/landmark.index.html 

Audebert, R., Maroy, P. and Janca, J. (1998). Chemically cross linked polyvinyl alcohol (PVA) and its 
application as a fluid loss control agent in oil filds. European ptent EP09705850. 

Finch, C. A. (1973). Polyvinyl alcohol “properties and Application”. Croda polymers Ltd., Luton. John 
wiley and sons L.t.d. pp 17-25, 214-220, 269-273, 391-410 and 556-559.5 

James, J. (2008). Percent solution, Viscosity and Density office of Department of Energy Science 
Education, USA: Ask a scientist. Retrieved December 29, 2009 from http:www.sc.doe.gov/ 

Kazuhiro, K. I. Shigetoshi, N. M. and Kensaku, M. (2004). Cross linking of polyvinyl alcohol via Bis (β-
hydroxyethyl)sulfone. Polymer Journal, vol. 36, No. 6 pp. 472-477 

Logue, B. T. and Hall, D. M. (1994). Process for imparting wrinkle resistance and durable press finish to 
a fibrous garment. Issued on June 14 US patent 5320645 

Nigerian Industrial Standard 26: (1973). Standard methods for assessing fastness of coloured Textiles. 
UDC 677. 01:535.68:628.92 

Nkeonye, P. O. (1987). Fundamental principle of textile Dyeing, printing and    finishing. Ahmadu Bello 
University Printing Press, Zaria, pp. 57-70 

Pritchard, J. G. (1969). Polyvinyl alcohol. Basic properties and uses. Polymer monograph vol. 4. 
Westham College of Technology, pp. 1-7, 31-34, and 107-108. 

Redmond, WA: (2007). Microsoft Corporation, “Resins” Microsoft Student (2008) [DVD].  
Wang, H. F., Cheng, Y. Y., and Lin, H. (2003).The research history and development of cotton fiber. 

Journal of Soochow University (Engineering Science edition), vol. 23, No. 4: 12-19 
William, H. B. and Christoper, S. F. (1998). “IR Spectroscopy” Organic Chemistry textbook, 2nd ed. 

Saunder’s College publishers, United States, page 506. 
Wollensak, G., Spoerl, E. and Seiler, T. (2003). Riboflavin/ultravioleta-induced collagen cross linking for 

the treatment of keratoconus. Am J Opthalmol. 135(5):620-7. 
Yano, S. (2003). Structure and properties of polyvinyl alcohol/tungsten trioxide hybrids. Polymer, 44(12): 

3515-3522. 



International Science and Technology Conference, Dubai, 13-15 December 2012 

DİVRİĞİ KALESİ: HASAR DEĞERLENDİRME VE GÜÇLENDİRME 
ÖNERİLERİ 

 
 
 

Zeki ÖZCAN 
Sakarya Üniversitesi 

Mühendislik Fakültesi 
İnşaat Mühendisliği Bölümü 

Türkiye 
ozcan@sakarya.edu.tr 

 
 

Özet: Bu çalışmada Sivas ili, Divriği ilçe merkezinde yer alan, bir ortaçağ savunma yapısı 
olan Divriği Kalesi için hasar değerlendirmesi ve güçlendirme önerileri sunulmuştur. Kale 
Mengücekoğulları döneminde (1080-1228) Ahmet Şah tarafından yenilenen Paulikian-Bizans 
kalesidir. Kale, şehrin doğusundaki tepeye yaklaşık 55000 m2 alana, oval formda planlı, 
çoğunlukla kesme taşla inşa edilmiş, askeri amaçlı kurulmuş bir yapıdır. Kale surlarının izi 
bütün kale çevresinde belirgin şekilde görülmekle birlikte beden duvarlarının önemli bir 
kısmı tahrip olmuştur. Sur duvarlarının yüksekliği 14 m ye kadar ulaşmaktadır. Kale 
surlarında gözlenen hasarlar insan eli ile yapılan müdahaleler ve çevre/iklim şartlarından 
kaynaklanan hasarlar olarak iki grupta toplanmıştır. Kale beden duvarlarının onarım ve 
güçlendirilmesinde uygulanacak yöntemler belirlenen hasar türleri için ayrı ayrı 
verilmiştir.Yapılan bu çalışma ile tarihi kalenin restorasyonu sırasında sur duvarlarının 
hasarlı ve eksik bölgelerine yapılacak müdahale yöntemleri belirlenerek uygulamaya yönelik 
yöntemler verilmiştir. Kale içinde Cumhuriyet Üniversitesi tarafından yürütülen arkeolojik 
kazılar devam etmektedir. 
 
 
Anahtar Kelimeler: Divriği Kalesi, Hasar Belirleme, Onarım ve Güçlendirme, Röleve ve 
Restorasyon  
 

1. Giriş 
 
 Yurdumuz dünyanın en eski ve zengin kültür mirasının bulunduğu bir coğrafyada bulunmaktadır. Bu 
topraklarda birçok topluluk yaşamış ve eserler inşa etmişlerdir. Bu eserlerden biri de Divriği kalesidir. 
Anadolu’da ki ilk Türk eserlerinden olan ve günümüze kadar ulaşan nadir eserlerden biridir. Ancak 
bakımsızlıktan ve kötü kullanımdan dolayı yok olmaya yüz tutan Sivas Divriği Kalesi esaslı bir restorasyona 
ihtiyaç duymaktadır. Son yıllarda yaygınlaşan tarihi yapıların restorasyonu ve kullanıma açılması çalışmaları 
çok sevindiricidir. Bu kapsamda yapılan rölöve, hasar belirleme, restorasyon ve bunlara bağlı olarak önerilen 
onarım güçlendirme ile Divriği kalesi aşındırıcı, bozucu iklim şartlarına karşı daha dayanıklı hale getirilmiş 
olacaktır. Ziyaretçilere ve turizme açılması, tahribatın durdurulması ve gelecek kuşaklara ulaşması da böylece 
mümkün olacaktır. 
 Taş yığma yapıların basınç dayanımı oldukça yüksek olmasına karşın çekme dayanımları oldukça 
düşüktür. Bu yüzden, yığma yapılarda çekme bölgeleri özenle incelenmelidir. Tarihi yığma yapıların davranışı 
üzerine pek çok araştırmacı tarafından çalışmalar yapılmaktadır (Ural 2008), (Doğangün 2012), (Branco 2011) 
(Senthivel & Lourenço 2009) ve (Betti 2011)  
 
1. Divriği Kalesinin Konumu 
 
 Divriği Kalesi, Sivas ili, Divriği ilçe merkezinde yer alan bir ortaçağ savunma yapısıdır. 
Mengücekoğulları dönemine (1080-1228) kadar eski Paulikian-Bizans kalesi olarak korunmuştur. Moğol 
istilasından korunmak için surlar ve iç kale Ahmet Şah tarafından yenilenmiştir. Kale, şehrin doğusundaki 
tepeye askeri amaçlı kurulmuş olmakla birlikte 1880’lere kadar sivil yerleşim yeri olarak da kullanılmıştır. 
(Şekil 1).  
 Kale 200m genişliğinde, 450m uzunluğunda oval formda bir plana sahiptir. Kalenin çevresi yaklaşık 
1200m olup çoğunlukla kesme taşla inşa edilmiş beden duvarları ile sarılmıştır. Kuzey ve doğu cepheler dik 
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uçurumlar halinde Çaltı Vadisi'ne indiğinden kalede barınanların can güvenliği için yer yer basit duvarlar 
örülmüştür.  
 Kale sur duvarları içinde kalan alan yaklaşık 55000 m2, kale alanının en düşük ve en yüksek kotları arası 
90m dir (Şekil 2) (ASIR PROJE). Günümüzde kale alanında herhangi bir yerleşim bulunmamaktadır. Kale 
içinde Cumhuriyet Üniversitesi tarafından yürütülen arkeolojik kazılar devam etmektedir.  
 

 
 

 
 

Şekil 1. Kalenin güney-batı ve kuzey-batı cephelerden görünüşü  
 
 

 
 

Şekil 2. Sivas, Divriği Kalesi planı (ASIR PROJE) 
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2. Sur Duvarları: 
 
 Kale surlarının izi bütün kale çevresinde belirgin şekilde görülmekle birlikte beden duvarlarının önemli 
bir kısmı tahrip olmuştur. Tahribatlar insan eli ile yapılan müdahalelerden ve tabiat şartlarından 
kaynaklanmaktadır. Kalenin bulunduğu Divriği ilçesi, Deprem Bölgeleri Haritasında 3. Derece deprem 
bölgesinde yer almaktadır. Kale çevresinde ve sur duvarlarında depremden kaynaklanan önemli bir bulguya 
rastlanmamakla birlikte zaman içinde olan depremlerden de etkilendiği ve olacak depremlerden etkileneceği 
açıktır. Kalenin inşa edildiği yükselti çoğunlukla kayalardan oluştuğu için beden duvarlarında zeminden 
kaynaklanan eşit veya farklı temel oturması, heyelan veya toptan göçme görülmemiştir.  
 Sağlam bir kaya tabakası üzerine inşa edilen kale duvarlarının dış yüzleri düzgün kesme taşlarla örülmüş 
arka yüzleri ise genellikle kireç harcı ve moloz taş/iri çakıl kullanılarak dolgu yapılmıştır (Şekil 3). Yapılan 
dolgunun malzeme ve bağlayıcı kalitesi oldukça yüksektir. Bundan dolayı sur duvarlarına dolgu tarafından 
etkiyen yatay toprak basıncı oldukça düşük seviyelerdedir. Surların bazı bölümlerinde dış yüzeydeki kesme 
taşların alt bölgeleri boşalmasına rağmen dolgu ve üst bölgelerin stabilitesini koruduğu gözlenmektedir. Surların 
bir kısmında ise dolgularda yüzeye yakın bölgelerde ayrışmalar gözlenmiştir. Kullanılan blokların yüksekliği 
40-50 cm, derinlikleri ise 50-70cm arasında değişmektedir. Sur duvarlarının yüksekliği 14 m ye kadar 
ulaşmaktadır. 
 

     
 

   
 

Şekil 3. Sur duvarları ve dolgular 
 

3. Sur Duvarlarında Gözlenen Hasarlar: 
 
 Sur duvarlarındaki hasar incelendiğinde homojen bir dağılımın olmadığı, çok farklı seviyelerde hasarlar 
olduğu gözlenmektedir. Bunun nedeni olarak, kalenin yapımından buyana farklı zamanlarda onarım ve 
yenilemelerin yapıldığı şeklinde değerlendirilebilir. Kale surlarında gözlenen hasarları insan eli ile yapılan 
müdahaleler ve çevre/iklim şartlarından kaynaklanan hasarlar olarak iki grupta toplamak mümkündür. 
 Kale duvarlarındaki kesme taşların zaman içinde bina temeli veya yeni bina inşa etmek için sökülmesi, 
buluntu aramak için yapılan bilinçsiz, kaçak kazılarda yapılan tahribatlar, iyi niyetle fakat tekniğine uygun 

1441 



International Science and Technology Conference, Dubai, 13-15 December 2012 

olmayan onarım müdahaleleri ve ziyaretçiler tarafından yapılan resimler ve yazılar insan eli ile yapılan 
tahribatlar olarak sıralanabilir (Şekil 4).  
 

     
 

   
 

Şekil 4. Sur duvarlarına yapılan yanlış müdahaleler 
 

 
Kale duvarlarında çevre şartlarından meydana gelen bozulmalar daha çok iklim şartlarına ve malzeme yapısına 
bağlı olarak gelişmektedir. Isınma-soğuma, yüzeysel suların bünyeye girmesi ve donma-çözülme gibi dış 
etkenler ile taş ve bağlayıcı malzemenin kimyasal ve fiziksel özelliklerine bağlı olarak sur duvarlarında 
bozulmalar meydana gelmektedir. Bu hasarlar; toptan veya kısmi göçme, düşey çatlaklar ve ayrılmalar, yatay 
derzler boyunca hareketler ve malzeme kayıpları şekilde gruplandırılabilir.  
 Hasarların belirlenmesi ve sınıflandırılmasında ICOMOS International Scientific Committee for Stone 
(ISCS) tarafından hazırlanan “Illustrated glossary on stone deterioration patterns” de verilen tanımlamalar ve 
sınıflandırmalar kullanılmıştır (ICOMOS-ISCS, 2008). 
 
3.1. Toptan veya kısmi göçme 
 
 Çevre şartlarının etkisi ve insanlar tarafından yapılan değişik amaçlı müdahaleler sonucunda ortaya çıkan 
sur duvarlarının dış yüzeyinin kısmen veya tamamen bozulmasıdır (Şekil 2 ve 3). Sur duvarları tabanında 
yapılan kazılar, duvar gövdesinden taş alınması, yağmur ve kar sularının duvar içinde ilerlemesi, özellikle kış 
aylarında tekrarlı donma ve çözülme ile ortaya çıkan basıncın taş örgüyü ve bağlayıcı malzemeyi bozması gibi 
etkenler duvarların stabilitesini kaybetmesine ve arkasındaki dolguların bozularak yayılmasına neden 
olmaktadır. Yapıda duvar ile dolgu arasına giren yüzeysel suların tahliyesi için bir drenaj sisteminin 
düzenlendiği anlaşılmaktadır. Ancak bu sistemin zaman içinde bozulduğu ve işlevini yitirdiği 
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değerlendirilmiştir. Şekil 5 de duvar içinde biriken suların tahliyesi için düzenlenmiş az sayıdaki barbakandan 
biri görülmektedir. 

 
 

Şekil 5. Duvar temeline yakın düzenlenmiş barbakan 
  
3.2. Düşey çatlaklar ve ayrılmalar 
 
 Dış etkenlere bağlı olarak dolgu tabakalarında oluşan basıncın etkisi ile beden duvarlarında düşey 
doğrultuda milimetre boyutunda çatlaklar yer yer de santimetre boyutuna yaklaşan ayrılmalar gözlenmektedir. 
Bu ayrılmalar düşey derzleri takip ederek ortaya çıktığı gibi düz bir doğrultu boyunca taşları keserek ilerlediği 
de görülmektedir (Şekil 6).  
 
3.3. Yatay derzler boyunca hareketler 
 
 Beden duvarlarının bağıl yatay hareketi az olmakla birlikte temele yakın bölgelerde rastlanmaktadır. 
Duvar temelinde meydana gelen yer değiştirmeler ve zayıf derzler hareketlenmenin nedenleri olarak 
değerlendirilmiştir (Şekil 7).   
 
3.4. Derz boşalması 
 
 Derz boşalması en çok rastlanan hasar türlerinden biridir (Şekil 3, 4, 7 ve 8). Donma-çözülme gibi iklim 
şartları ve taş blokların yatay/düşey hareketleri sonucunda ortaya çıkmaktadır. Oluşan boşluklar sebebi ile düşey 
yönde kuvvet aktarılamamakta ve yapı stabilitesi bozulmaktadır. 
 
3.5. Malzeme kayıpları  
 
 Malzeme kayıpları, taş bloklarda iç basıncın aşırı artması sonucu birbirine temas eden köşelerde veya 
kenar boyunca taş parçalarının yonga şeklinde koparak ayrılması (kesit azalması) olarak gözlenmiştir. 150-200 
mm derinliğe varan kayıplar tespit edilmiştir. Bu hasar türü taş bloğun örgü şekline ve dayanımına bağlı olarak 
ortaya çıkmaktadır (Şekil 9).  
 Ayrıca malzeme kayıpları taş yüzeyinde düzensiz şekil ve farklı boyutlarda yerel boşlukların (alveoller) 
oluşması şeklinde de gözlenmiştir (Şekil 10). Boyutları 50-80mm derinliğe kadar giden malzeme kayıpları, 
aşınmalar tespit edilmiştir. Aşınma/erozyon taşın fiziksel ve kimyasal özelliklerindeki heterojen (homojen 
olmayan) dağılımdan ortaya çıkan bir ayrışma türüdür. Bu olgu daha çok sert ve boşluklu alanları birlikte 
bünyesinde barındıran heterojen yapıdaki kaya bloklarında (sedimanter ve volkanik kayalar) ortaya çıkmaktadır. 
Kurak iklimlerde metre boyutunda görülebilir.    
 
 

1443 



International Science and Technology Conference, Dubai, 13-15 December 2012 

    
 

Şekil 6. Sur duvarlarında gözlenen düşey çatlaklar ve ayrılmalar 
 

  
 

Şekil 7. Sur duvarlarında gözlenen yatay hareketlenmeler ve ayrılmalar 
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Şekil 8. Sur duvarlarında gözlenen derz ve temel boşalmaları 
 

     
 

Şekil 9. Taş bloklarda gözlenen malzeme kayıpları (kesit azalmaları) 
 

    
 

    
 

Şekil 10. Taş bloklarda gözlenen farklı boyut ve türlerde malzeme kayıpları (erozyon) 
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4. Yapının Onarım ve Güçlendirilmesi 
 
 Bu bölümde kale beden duvarlarının onarım ve güçlendirilmesinde uygulanacak yöntemler sunulmuştur. 
Daha önce belirlenen hasar türlerinin onarım ve güçlendirilmesinde hangi yöntemin kullanılacağı aşağıda ayrı 
ayrı verilmiştir. 
 
4.1. Yeni yapım 
 
 Toptan göçme hasarların belirlendiği bölgelerde yeni beden duvarları inşası yoluna gidilmelidir. Bu 
uygulamada duvar gövdesi sağlam kaya zemine oturtularak, mevcut beden duvarları ile uyumlu boyutlarda kaya 
bloklar kullanılarak inşa edilmelidir. Laboratuvar deneyleri için mevcut yapıdan alınan taş ve bağlayıcı 
numuneleri üzerinde yapılan deney sonuçları ile uyumlu bağlayıcı kullanılmalıdır. Duvar imalatı sırasında 
mevcut moloz dolgu ile duvar arasında kalan boşluklar harçlı moloz ile doldurulmalıdır. Kısmi göçme veya 
boşalma olan bölgelerde de gereken temizlik yapıldıktan sonra kaya bloklar yerleştirilip boşluklar Bölüm 4.2. de 
verilen enjeksiyon uygulaması yapılarak doldurulmalıdır. Daha sonra yüzey derzleri yapılmalıdır. Yüzey 
derzleri hidrolik esaslı bağlayıcı veya taş malzemenin bünyesi ile uyumlu genleşen tamir harcı ile yapılabilir. 
 
4.2. Enjeksiyon uygulaması 
 
 Enjeksiyon işlemi yapıya özgün mekanik özelliklerini kazandırmak için çatlak/boşluk içine uygun 
fiziksel ve kimyasal özellikte sıvı malzeme enjekte etmekten ibarettir. Enjeksiyon ile duvar içerisinde bulunan 
boşlukların ve çatlakların doldurularak duvar kesitinin sürekliliği sağlanır. Böylece duvar yükleri kesintisiz 
olarak temellere aktarılır ve olası dökülmeler ve kayıplar engellenmiş olur. Kullanılacak enjeksiyon malzemesi 
yapıyı oluşturan mevcut malzemelerle uyumlu olmalıdır. Hidrolik kireç esaslı enjeksiyon malzemeleri çatlak 
onarımları için en uygun ürünlerdir. Duvar içindeki boşlukları doldurabilmek için kullanılan malzemenin 
inceliği ve akışkanlık özellikleri gelişmiş olmalıdır. Mekanik özellikleri iyi olan ancak çözünebilen tuzlar içeren 
ve yüksek hidratasyon sıcaklığında çimento şerbeti ya da epoksi reçinelerinin kullanılması açıklanan ilkelere 
uygun olmadığı için bu uygulamalardan kaçınılmalıdır.  
 Bu yöntem, bu yapı için 10 mm den küçük kaya çatlakları için uygulanacaktır. Bununla birlikte büyük 
boyutlarda oluşan derz boşluklarını doldurmak için koyu kıvamlı enjeksiyonlar da uygulanabilir. Bölüm 3.4 de 
“Derz boşalması” olarak tanımlanan hasar türü de bu uygulama ile onarılmalıdır. Mevcut duvar içinde 
değiştirilmesi gereken kaya blokların bağlanması için de bu yöntemden faydalanılabilir. 
 
4.3. FRP (Lifli Polimer) çubuk uygulaması 
 
 Bu yöntemde duvar derzlerinde 40-50 mm derinlikte boşluklar açılarak bu boşluklara özel reçine ya da 
kireç esaslı harçlar kullanılarak FRP karbon çubuklar yerleştirilir (Şekil 11). FRP çubuklar ile duvar yüzeyinde 
oluşan çekme gerilmeleri karşılanmış olur. FRP çubuklar çelik donatılara göre çok yüksek mekanik dayanımlara 
sahip ve korozyona dayanıklı olmaları nedeniyle çok uzun ömürlüdürler. Çubuk çapları 5-12 mm arasında 
değişen daire kesitli veya 1.4x10 mm ölçülerinde dikdörtgen kesitli olarak üretilmektedir (BASF).  
 

 
 

Şekil 11. FRP çubuk ve kireç esaslı harçla duvar derzlerinde yapılan güçlendirme (BASF) 

1446 



International Science and Technology Conference, Dubai, 13-15 December 2012 

 Bu yöntem, bu yapı için beden duvarlarında düşey doğrultuda meydana gelen 10 mm den büyük 
çatlakların onarım ve güçlendirilmesinde uygulanacaktır. Yatay derzler boyunca 90-100 cm aralıklarla veya her 
iki yatay derzde bir olacak şekilde düzenlenecektir. Çapları 10 mm olan FRP çubukların boyları çatlak 
bitiminden itibaren 1 m daha uzatılarak belirlenecektir. Yerleştirme işleminden sonra FRP çubuğun üzeri derz 
dolgusu ile tamamen kapatılacaktır. Bu yöntem ile Bölüm 3.2 de “Düşey çatlaklar ve ayrılmalar” ve Bölüm 3.3 
“Yatay derzler boyunca hareketler” de tanımlanan hasarların onarım ve güçlendirilmesinde uygulanmalıdır. 
 
5. Malzeme kayıplarının onarımı 
 
 Bölüm 3.5 de “Malzeme kayıpları” olarak tanımlanan hasar türlerinin onarımı için Bölüm 4 de verilen 
yöntemler birlikte veya ayrı ayrı uygulanabilir. Malzeme kaybının olduğu durumlarda çatlaklı yada serbest 
parçalar temizlendikten sonra boşluğa uygun yeni kesme taş blok kesilerek yerleştirilmeli, enjeksiyon yöntemi 
ile derzleri doldurulmalıdır. Gerektiği durumlarda FRP çubuklar kullanılarak da güçlendirme yapılabilir. 
Etrafındaki boşluklar enjeksiyon yöntemi ile doldurulmalıdır. 
 
6. Sonuç: 
 
 Anadolu’daki en eski kültür varlıklarımızdan biri olan Sivas Divriği Kalesi bakımsızlıktan ve kötü 
kullanımdan dolayı yok olmaya yüz tutmuştur.  Divriği kalesi için yapılan rölöve, hasar belirleme, restorasyon 
ve bunlara bağlı olarak önerilen onarım güçlendirme yöntemlerinin uygulanması ile kalenin yapısal güvenliğinin 
sağlanması, aşındırıcı, bozucu iklim şartlarına karşı daha dayanıklı hale getirilmesi sağlanmış olacaktır. 
Ziyaretçilere ve turizme açılması, tahribatın durdurulması ve gelecek kuşaklara ulaşması da böylece mümkün 
olacaktır. 
 
7. Teşekkür: 
 
Yazar, kale planları için “Divriği kalesi röleve restorasyon ve restitüsyon projesi” müellifleri Mimar Hasan 
Fevzi ÇÜGEN ve Y. Mimar, Restorasyon Uzm. Mehmet Emin YILMAZ’a teşekkür eder. 
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