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Introduction

Information systems (IS) are becoming more and more important for modern
lifestyles. They are used in a variety of professional fields such as manufacturing, energy, computer
technology, finance, telecommunications, sales, hospitals, pharmaceuticals, services, higher
education.

Design and development of the IS should meet standards imposed in the field. Software
quality is a key feature that summarizes the result of the interaction of almost all factors arising in
the development and creation of programs. Compilation of quantitative evaluation of software
product quality is important not only for the evaluation and comparison of different software
applications, but also for the effective management and improvement of processes in an information
system as a whole.

Trends in e-learning and greater availability of education in general reinforce the need for
implementation of IS in the educational process.

One of the most commonly used systems in education is content management
systems. These systems are versatile and constantly evolving and complex. The problem of how to
structure Web-based course and present selected according to model, how to store properly in a
structured Web-integrated database is extremely topical.

Although most authors emphasize the universality systems on their respective systems, in
practice there are specific differences. Experience shows that individual Higher Education
Institutions use information systems fully comply with the specifics of that justifies and necessitates
the development of their own systems, according to selected pedagogical model. While in technical
specialties, distributed form of training and testing is the development of projects, the medical
disciplines that form still does not apply, and it is important that the solution of case studies (clinical
studies).

Dissertation research problem develops quantitative assessment of the performance of the
operation of information systems and processes.

Object of research is the development of an information system for the implementation of e-
learning courses in the field of medicine.

The study's design and development of an information system for e-learning in the field of
medicine; quantitative evaluation of system parameters and processes of it; finding the potential to
improve the processes in the system by defining and solving the optimization problem.

Objective: The aim of the thesis is the design and development of an information system, a
quantitative evaluation of the performance of its processes and determines the potential to improve
these characteristics.

Tasks:
1. To analyze the technology to develop information systems. To analyze the standards and
models for assessment of their characteristics;
2. To design and develop specialized Information System as:

- analyze and formulate the requirements to be met by the system;

- to develop a model of the system and its processes;

- develop program modules and structure of the database;

- analyze and compare the functionality of the developed Web-based information system

with some software platforms in the field of e-learning.

3. To compile a procedure for evaluating the characteristics of the information system by using
criteria and standards for quality software and didactic indicators;
4. To quantify the characteristics of the system;
To determine the potential for improving the existing features of the information system by
defining a corresponding optimization problem.

e
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1. Information systems and processes. E-Learning

Through better understanding of the opportunities and trends in computer information
systems can increase the efficiency of work at all levels and in all spheres of action.

The creation of an information system is performed at certain stages and certain methods.

An important feature, which summarizes the effect of the impact of a wide variety of factors
on the development and creation of software product, is its quality. In the area of quality assurance
there are many standards, but the main presenting the quality of the software product as a synthesis
of structurally related features is ISO 9126. On the other hand, quality models describe in a
structured way the meaning of the term "software quality”" based on its main components and
applications.

Various activities carried out during the development of a software product form its life
cycle. It covers all stages of development, deployment and operation. It is important to find the
correct choice of model life cycle of the system. It is a set of activities and relationships between
them in order to support the development of a system.

E-learning, which can be regarded as a kind of information process becomes very popular in
the last decade and of itself is an interactive training uses a variety of communication technologies
as a tool for teaching.

There are several reasons that justify the need to create its own system for e-learning, such
as high prices of foreign systems of organization and management of training, which are
incompatible with our conditions; Language barrier, because the systems are mostly aimed at
English-speaking countries; Lack of flexibility for upgrading the used system with the development
of new information technologies. Purchased or obtained by license systems can not be
changed; Despite the universal nature of the most systems in practice there are distinctive
differences between education in engineering, humanities, medical and others disciplines that
justifies and necessitates the development of their own systems, according to the specifics of
disciplines. For example, in medical disciplines are important solving case studies (clinical studies).

2. Synthesis of processes in information systems

Essential for the effective operation of an information system is the correct selection of the
methodology for its development, as well as what steps, techniques, and tools will be used and in
what sequence will apply.

The development of an information system, the process of development needs to go through
a number of different stages (phases). The stages through which the development of the system for
Web-based training goes are six. These phases are implemented sequentially.

In the analysis stage of system requirements the purposeis to clarify what is needed for the
realization of its functions. Decomposition is performed on the system functions of their
constituents and creating logical models of the processes and dataflows needed for the
irimplementation.

In the design stageis developing a comprehensive model of the Web-based learning system.
The methods and tools used in the implementation of the system are determined. The hardware,
software, database, architecture, communications, interaction with consumers in the system is
detailed.

In development stage, the implementation of the system is consistent with the previous two
stages. It is built practically in accordance with their requirements, methods and tools. The creation
of the databaseis performed and the program modules are written to the selected programming
language.

In the stage of festing, the system goes through several steps. First, eachp rogram module is
tested separately and remove errors, then the system is assembled and performed comprehensive
testing. Finally, as a last check is performed testing of the system in a user environment.

In the implementation stage is realized a transition from the old to the new system, as the
implementation is realized in parallel.
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7 Elisaveta Trichkova

In the stage of evaluation, the opportunity of implement methods formulti-criteria
optimization approach to quality assessment of Web- based training system are offered. Ananalys is
of these methods were made. Based on this analysis the approach was proposed that make a
quantitative assessment of the quality and effectiveness of the system. Based on this assessment, the
parameters are determined and need to be improved in order to optimize the processes in the system
to meet the requirements of users. The approach can be applied to various software products in the
field of Web-based applications, taking into account the peculiarities of each of them.

3. Develop a system for Web-based learning

Systems organization and management of Web-based learning are multifunctional. These
systems provide communication between the participants in the learning process and the ability to
manage the learning process. The problem of how to structure Web-based course and present
selected according to model, how to store properly in a structured Web-integrated database is
extremely topical. As a result of research in many universities and companies are developed such
kind of systems. One of these systems is realized site template that is the basis for the on-line
creation and delivery of courses in various disciplines in the Medical University - Sofia
(MUS). Need to create their own system is based on several reasons: high prices of foreign systems
of organization and management of the training (such as Blackboard and Lotus example) that are
incompatible with our conditions; lack of flexibility for upgrading the used system with the
development of new information technologies. Purchased or obtained by license systems cannot
change. Despite the universal nature of most systems in practice there are characteristic differences
between education in engineering, humanities, medical and others disciplines that justifies and
necessitates the development of their own systems, according to the specifics of disciplines. For
example, in medical disciplines are important solving case studies (clinical studies). And last but not
least the language barrier. Systems are oriented primarily to English speaking countries.

The developed system is aimed at teachers and students from different medical disciplines in
the Medical University - Sofia (MUS).

The realization of the system is proposed six stages of implementation referred to in the preceding
paragraph.

As a result of the analysis of the literature and the study and examination of similar software
systems and taken into account the advice of independent experts in the field of information
technology and experts from the institution offering the system for Web-based learning, some
requirements are formulate, including quality characteristics of software products such as
functionality, reliability, usability, efficiency, maintainability, portability and user interface features
and performs all functions typical for a universal Web-based system for organization and
management of the education as management of students, teaching resources, educational process,
assessment, administration and access to the pert system.

For the physical implementation of the database system for Web-based learning system is
selected relational database management system (DBMS) MySQL.

All content, managed and published by the system is stored in a database in which
information is available to registered users in the system, for departments and courses, for sections
of each course, for constituent parts of the sections: Lectures, Tests and Virtual patients, for issues
tests and simulations and their answers, and for other supporting elements. The system allows
various types of questions in the tests with different combinations of components.

The principle of operation of the system is based on three tier client-server architecture.
Client is the personal computer of a user, connected to Internet. The user works with the Server via
a Web-browser, installed at the client. The server (with operation system Linux) contains three
logically and functionally different tiers: Web-server (Apache), Middle Tier (PHP application
modules) and Database (MySQL) in one physical computer. The application is developed using
PHP programming language following the conception and algorithms of the specific system
modules.

The system is composed on two interfaces - student and administrative (Figure 3.3).
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Figure 3.3: The structural diagram of the system modules and the connection between them.

The student interface consists of three main parts - “Lectures”, “Tests”, and “Virtual
Patients. The system also has new modules which allow uploading of Virtual models, protocols for
assignments, and another section targeted at teachers from other medical disciplines to help them
while working with the system and designing their Web-based courses. All pages in these modules
are dynamically formed. There is no restriction to the number of new modules in reasonable
amount, or sections, or tests, or virtual patients. Besides these main parts, there are Registration and
Searching modules. It is also possible to add supplementary sections and sub-sections containing
useful information about the course. The access to the educational resources can be free or restricted
(partially or fully) for registered students only depending on administrative decisions. This interface
gives the students a possibility of (self-) evaluation of the theoretical knowledge and a possibility of
creation and improvement of their professional skills to solve clinical cases.

Module "Lectures" - This module serve as a source of basic knowledge. On choosing the
“Lectures” module on the left part of the screen, the user can see the list of the section titles
(sections main menu). Each section title is a link to the contents of the section, which opens in the
main right part of the screen. Each title in the contents is a link to the corresponding topic in the
section. Students can easily find the necessary topic and use it to enlarge their knowledge. Also
there is a possibility for printing of a whole section at once. The Biochemistry course contains
colored illustrations and schemes, links to virtual models (video films, animations), to programs for
visualizing molecular structures, to useful external sites and many links within and between
different topics.

Module "Tests" - The tests module gives the students a possibility of (self)-evaluation of the
theoretical knowledge. It allows students to choose the type of the tests available (demo-, real or
examination tests) and to start solving the test. The item is defined as the question with its answers.
There are four different ways of item distribution: consecutively in the whole test; consecutively in
part of the test; randomly in the whole test; randomly in part of the test. There are six types of
questions: multiple choices with one or several true answers, Fill-in blanks, Ranking, Matching,
Requiring a free answer. Four types of answers are distinguished: excellent, incomplete, inexact,
wrong. Every answer in the question item has a weight — positive for a true answer and negative for
a wrong answer. This allows a differential assessment. The score on the individual item is an
arithmetic sum of the weights of the chosen answers. After the student’s input, the score on each
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9 Elisaveta Trichkova

item, the current cumulative sum of scores, the announcement about the type of the answer and the
answer key are displayed. This ensures a constant feedback to the student. At the end of a test, if the
student’s answer is not excellent, he is offered the option of going again through all items to which
he has answered incorrectly. The sum of scores on all items gives the score on the whole test. In the
end the final individual score on the test, the maximum score, the percentage score, user name and
other details are displayed. Then the student can go back to other tests or other modules in the
system. In all tests, except those for examination, exit is possible not only at the end of the test but
at any question.

Module "virtual patients” - The virtual patients facilitate creation and improvement of
professional skills to solve clinical cases. The questions are of special clinical case simulations type
and follow according to the logical order, required to solve the case. Therefore the programs allow a
transition to any next and previous question or coming back to the current question. The scenarios
allow different outcomes depending on the instructor's plan and the student's mastery. Solving a
clinical case, the students can choose from suggested decisions, or make their own decisions. Each
answer is commented separately and evaluated but the evaluation is displayed only at the final
screen, not after each item as in the theoretical tests. Each case has a specific Help page, constantly
available and also has specific additional information about the disease or the case, available after
solving the case. Exit from clinical case simulations is possible at any situation.

The administrative interface is a powerful tool for creating and editing on-line courses by
teachers. Only registered teachers or administrative members can login to this module.
Unauthorized users like guests, students or non-registered teachers cannot use this module. The
dynamic database, which is used in the system, contains information about the users and their
rights, teaching units, and sub-units. The system allows insertion of multimedia files, flash files,
different images and document files, creation of links within and between different course sections
or external sources, and quality of test questions, managing menus and submenus. The performance
of many of these operations is possible due to the text editor which is integrated in the system.

The system consistent with fundamental principles of the recommended international
standards, summarized in: multiple usability, manageability of information about users and content,
accessibility, durability (potential for development) and opportunities for interaction between
different systems. It also allows planning and organizing of training by publishing all the necessary
documents and resources for students.

Independent expert studies showed that the system is compatible with the basic
characteristics of the best solutions in educational area. It has the necessary resources for effective
implementation of e-learning. The system performs all functions typical for a universal Web-based
system for organization and management of the education as management of students, teaching
resources, educational process, assessment, administration and access to the pert system.

4. Optimization of information processes

An approach to quantify the quality and effectiveness of Web-based learning system is
applied. The system is integrated on the server at the Medical University of Sofia. The specialists in
the field of software and information technology are interviewee. For the experiment, each
participant in the survey is granted full access to the system under assessment and questionnaires
through which each of them to give their opinion and assessment for the system.

The following sequence of steps is perform: stages of implementation of the
approach; definition of a list of indicators to assess the quality and effectiveness of the system;
determining the weights of the indicators; calculate the weights of the indicators; define and solve
the problem of process optimization; graphical representation of the results.

Approach implementation stages

First stage: This assessment is done by experts in the field of software engineering. The list
of indicators to assess the quality system based on ISO 9126 standard is determined. After that the
weight coefficients are determined. Technological and structural improvement of the system is done
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based on the obtained results. An optimization problem to evaluate the potential of expertise and
results-based decision-making to perform technological and structural improvement of the system is
defined and solved.

Second stage: This assessment is done by teachers from the institution that offers the system.
Based on the selected list of didactical indicators, an assessment of the system efficiency is done.
Under the term efficiency shall be understood the ability to perform the system goals and
requirements. The results are processed to make conclusionsabout the results and make decisions to
improve the state of the system.

Definition of a list of indicators to assess the quality and effectiveness of the system

Two groups of indicators are defined: six indicators for assessing the system quality based
on ISO 9126 standard - Functionality (Suitability, Accuracy, Interoperability, Security,
Functionality, Compliance), Reliability (Maturity, Fault Tolerance, Recoverability, Reliability,
Compliance), Usability (Understandability, Learnability, Operability, Attractiveness, Usability,
Compliance), Efficiency (Time Behaviour, Resource Utilisation, Efficiency, Compliance),
Maintainability (Analyzability, Changeability, Stability, Testability, Maintainability, Compliance),
Portability (Adaptability, Installability, Co-Existence, Replaceability, Portability, Compliance);
seven didactical indicators for evaluating the system efficiency - Degree of logical consistency of
the content, Connectivity of the components of the content, Encouraging critical thinking and
creativity, Relation to other resources for further information on studying the problem, Use of
various multimedia components, Existence of a glossary of terms used in the lectures, Presence of
search engine core modules.

Determining and calculation of the indicator weights
One of the most common approaches used to determine the weight coefficients of the
indicators is the method of expert assessments. It is based on interviews with experts in a particular
problem area and processing results.
Based on the method of expert assessment, the approach proposed follows several steps:
e Learning process and choice of indicators of quality and efficiency of the system;
e Determine the degree of competence of the interviewed persons;
e Drawing up of questionnaires, which include:
- List of indicators (characteristics) for assessing the quality and efficiency of the system.
Each expert can give its assessment on a preset scale;
- Information competency and source of argument between experts participating in the
interviews.

e Determining the circle of specialists and conducting interviews;

e Calculation of the coefficient of agreement between interviewees and verification of its
importance;

e (alculation of the weight coefficients of the indicators of quality and efficiency;

e Processing the results and their graphical representation by diagrams.

In this example R available experts are invited to give their opinion about m target
parameters by a questionnaire sheet. The results are recorded in the weight matrix (Table 4.9). Each
number in the weight matrix a;; determines the weight (assessment), which the expert i ascribes to
the target parameter (indicator) j.
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Table 4.9 Weight matrix

Experts | Ex; |Ex, |Ex;3 |.... |Exi |.... |Exg | Siav 0; Vi W;
Indicators
Vi ang | ax | asy e | @i ceee larr | S | Siwvi | &1 Vi Wi
Y2 ap |lax lazp | ... |a2 | ... |lagz | S Siav2 | 02 V, | W
Yi ajj ajj asj ceen aijj agj S,',' S,'av,' 51 V, VV,
Y Yim Yom Yim cees Yim s YRm Sim Siavm 6m Vm Wm

- The calculation of the amount of the assessments of all experts Sjof each indicator is done by:

E
3= Z%‘ (28)
=
where a;;jis the evaluation of i-th expert on the importance of j-th indicator, R— number of experts.

- Calculation of the average amount of the group of experts j,, for each indicator by:
E

1
Stos = EZ G (29)
=1

- Calculation of the average amount of all points (ranks) S,, [109]:

S0 = 22 (30)

- To determine the degree of agreement of the views of expert’s deviation, d;is defined by:

- Calculation of the coefficient of agreement wy, proposed by Maurice Kendall (see [109]):
1255, §
Wi = Bl — ) (52)

- Calculation of the coefficient of variation V), characterizing the agreement of assessments of the
experts participating in the survey, the importance of the individual parameters:

As the value of Vjis higher, the degree of agreement of experts’ opinions is low and vice versa.

-The weight for each indicator is calculated by:

v
—] _IL
W, TT (38)

To the thus obtained weight coefficients, the condition
m

Z W, =1 (39)
=1
- The results are displayed graphically by the diagrams.
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Results of an application of the proposed approach to quantify the quality of the system
performance based on standard ISO 9126

In this application R= 15 available experts are invited to give their opinion and assessment
of the quality of an information system, taking into consideration m= 6 target parameters by a
questionnaire sheet. For each indicator of the questionnaire, corresponding points are calculated

based on the following ratio: % , where x is a corresponding number to the attributes of the

individual indicators. Considering the preset scale (Scale: Low = 2, Good = 4, Strong = 6; I cannot
decide = 0), the results of the calculations are entered in tables, individually for each experts, and
visualized by a pie-chart for each indicator. The results are recorded in the weight matrix (Table
4.25) and visualized by a column-chart.

The calculation of S; according to (28), Sja.y according to (29) and §; according to (31) is
based on the data in Table 4.25 (the right fifth column). The results are shown in the same table.
The calculated average amount of the group of experts for each indicator is presented in Figure
4.3.The system has been evaluated with the highest grades regarding the following criteria:
Usability, Funcionality and Portability.

The weight coefficient W; is calculated by (38), where V; is the coefficient of variation,
characterized by the agreement of assessments of the experts and it iscalculated by (33). The results
are shown in Table 4.25. The calculated weight coefficients ¥} are presented in Figure 4.4. They
show that the system has been evaluated with the lowest grades regarding the following criteria:
Reliability, Maintainability and Efficiency.

Table 4.25: Weight matrix

Experts|
Indicators

EXl EXZ EX3 EX4 EXS EX6 EX7 EXs EX9 EXIO EXH EXIZ EX13 EX14 EX15 S] Sjav 5]

=
3

[Functionality 44 (56| 6 [ 6|56 6 6 15248 |32(32(32]32]56]|5,2(73,20/4,8820,700,22|0,13

Reliability 55155 3 |4(55] 6 5 (45145 2 |35 3 510 |45 161,50[4,10{9,000,38|0,22
Usability 52 (56| 6 |56]56]56]| 6 |5652|52 |44 4 |44]52]| 4,4 (78,00]5,2025,500,16/0,09
[Efficiency 5,3315,3314,66| 4 |5,995,333[5,99| 4 |2,66|2,66|2,66|4,66(4,66| 2 |2,66(62,66/4,1810,16(0,36(0,21

Maintainability | 5,6 | 5,6 | 3,6 [5,2| 5,6 | 5,6 | 5,2 {4,4] 32|24 |24 ]|28]3,6 1,6/ 5,2162,004,13|9,50/0,37(0,22

IPortability 4 |56|24|56f 6 56| 6 (5248 (52| 4 |28]|52]| 6 |5,6174,004,93|21,50(0,21(0,12

B Functionality B Functionality

u Reliability m Reliability

m Usahbllity W Usability

Values of indicators
w
2

Values of indicators

W Efficieney m Efficiency

= Maintalnabillty m Maintainability

= Por tability m Portability
Slav wj

‘Weight coefficient
Average amount of the group of experts for each Indicator

Figure 4.3 Results of Sj,, Figure 4.4 Results of weight coefficient

Problem definition for process optimization based on software indicators according to the
standard ISO 9126

The aim is to evaluate the potential of the expert sugesstions and to define the direction for
amendments of the information system characteristics. The evaluation of the potential is carried out
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13 Elisaveta Trichkova

by defining and solving the respective optimization problem. As parameters for this problem will be
used the calculated values of the expert suggestions and opinions as weight coefficients and
correlation coefficients. They are summarized in Table 4.25.

Problem 1:

It is evaluated to what extent the information system characteristics can be improved. The
accepted deviation from the average values is defined by the expert suggestions and opinions.

The criterion function is defined as follows:

&
mias Z[xf—fj} W (40)
=1

1pxy +100%, + 1xg + W, + 1oxg + a1
TG seq =+ W ey, -+ W2

Wono + Womg + Wong21

Whxs + Wax.2l

xe2 0

Where
x; defines the value of the criteria j, kpaero j=I...6, which varies regarding the defined
already average values, so that the general positive change of the system will be the maximal one.
x;1s the average value of the evaluation criteria, defined by the experts’ opinion, which

refers to &g, (Table 4.25)
W, — weight coefficients, reflecting the weight criteria, defined by the experts” opinion

V; — variation coefficient, which characterizes the relationship between the criteria, defined
by the experts’ opinion

The argument x contains the change of the j - criterion for evaluation regarding the evaluated
average value &;, so that the cumulative effect of the change will have the maximal value. The
applied coefficients W; are weight coefficients regarding the importance of the individual indicators,
defined by the experts’ opinion.

The constraints of the optimization problem represent the defined relations between the
individual criteria which influence each other regarding the joint evaluation of the information
system. The solutions of the optimization problem determine the improvement potential of the
information system considering j=1...6.

The optimization problem is solved using the specialized software MATLAB through its
specific function quadprog.

The function quadprog has the following form:

. ."-‘E-";.-E b
Agg.xy = beg
(= xp 5 wb (42)
¥3 8 REKTOHO 9HCI0

M, %x_ft?x_ﬁ BT x_;]

Where O, 4, Aeg, R, D, I, up, arematrixes, b, and x;are vectors.
The problem (42) according to the MATLAB form can be presented as follows:

5 = quadprog(Q, R4, 5] (43)
And respectively for the specific case has the following form:
1
Tas Ex_f Qg+ H‘fx_;],rmmaﬂ- Kpb f44)

The solutions of the optimization problem are presented in columns %; and x; of table 4.26,
where:
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OPTIMIZATION OF PROCESSES IN INFORMATION SYSTEMS 14

¥; is the average value of the expert evaluation, which refers to g,

x;j is the solution of the optimization problem. It defines the upper limit of increasing the
criterion value in relation to the average evaluations given by the experts (potential of the expert
evaluation)

Table 4-26 SOlutionS Ofthe prObleH’l 1 m average value of the expertevaluation  m solution ofthe optimization problemxj
Experts = Functionality
Indicators i Wil %N ]
Functionality x110,2210,1310,178|0,225 bortabilig 225 Reliabiity
Reliability x, 10,38(0,2210,1490,055 “
Usability x30,16/0,09|0,1890,285
Efficiency x4 10,36/0,21]0,152)0,081 Jag -
Maintainability X5 0,37 0,22 0,151 0,086 Maintainability : . P d,liggrlity
Portability X6 [0,210,12]0,179|0,237
Efficiency

Figure 4.5 Comparison between the average value of the expert
evaluation ¥; and the solution of the optimization problem x;

The radar chart shows the comparison between the results received by the experts between
the average value of the expert evaluation of the criteria ¥;, based upon the values of F;., (marked
in blue on the chart) and the value of the optimization problem solution x;j (marked in red on the
chart). The results of the optimization problem and the chart respectively show that the criteria such
as Functionality, Usability and Portability reveal greater potential for process improvement and
future development of the system, in comparison to the rest criteria — Reliability, Efficiency and
Maintainability. The optimization problem solution shows that experts think that some of the
criteria have a higher priorioty than the others when evaluating the developed information system
with web-based education. This conclusion is evaluated quantitatively through the calculated weight
coefficients W;. The results received of the optimization problem suggest which criteria can be
improved when modifying the information system. This improvement is recommendable regarding
the following crietria Portability, Functionality and Usability.

Problem 2:

Optimization of the information system is provided also when evaluating how the existing
system can be improved without decreasing the criteria values that are given by the experts.
Formally, this problem sets the requirement of not decreasing the value of the criterion x; below the
value of the average of ¥;. The defined problem (41) is modified in order to determine the potential

of the expert evaluations for increasing the average value of evaluations. Analytically this constraint
looks like that #; = a;.
According to the MATLAB form this problem (42) is presented as follows:

x; = quadprog(@.R.A.b. A, b Luy) (50)
where, 4.,=0 u b, =0, as equality does not exist, respectively the case problem (42) has the
following form:

1
max Exfi}xF + Rrx,,],ﬁa-rc-tk TE B Uy (51)

where [, and u are matrixes and u,is a randomly selected upper limitation.

The solutions of the optimization problem are presented in columns ¥; and x; of table 4.27

in the PhD thesis, where:
x;is the average values of the criteria defined by the experts’ evaluations, corresponds to

3 faw
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15 Elisaveta Trichkova

x; is the solution of the optimization problem and defines how much the criterion value can
be increased towards the average evaluations given by the experts (potential of the expert
evaluation)

Table 4.27 Solutions of the problem 2 m average value of the expertevaluation  m solution of the optimization problem xj
Functional

Indicators e dIdERE ) 0258% “’

Functionality x110,2210,13]0,178|0,194

Reliability X, 0,38]0,22(0,149|0,125

[Usability x310,16/0,09(0,1890,222

Efficiency x410,36/0,21(0,152]0,132

Maintainability | x5 [0,37]0,22(0,151|0,128

Portability x610,210,12(0,179|0,198

Efficiency

Figure 4.6: Comparison between the average value i ; and the
solution of the optimization problem x;

The radar chart shows the comparison between the results of the optimization problem
solution x;j and the calculated average values &;, defined by the experts’ opinion. The results show
that experts’ evaluations have potential for increasing the values of the criteria Usability,
Functionality and Portability. This solution coincides with the solution received in problem 1. The
quantitative changes in problem 2 are smaller because there is a requirement for maintaining the
criteria within a minor range around the average values ;.

Bearing in mind the results received on both radar charts figure 4.5 and figure 4.6 a
comparison is suggested between the solutions of both optimization problems (figure 4.7). The
solutions received in problem 1 are marked in green and the ones in problem 2 are marked in blue.
It is evident that the criteria Functionality, Usability and Portability have potential for increasing in
both problems. But in problem 2 the criteria Reliability, Efficiency and Maintainability are around
the calculated average values X, received by the experts regarding evaluation of the developed
information system.

The result of defining and solving the optimization problems shows that the existing
information system can be improved regarding the three important evaluation criteria. The experts’
opinion has potential for increasing the values of these criteria.

M solution of the optimization problemfor x,

=
m solution of the optimization problemfor X; =

0,285

Figgure 4.7: Comparison between the solutions of both optimization problems
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Results of an application of the proposed approach toquantify the efficiency of the system
performance based onDidactical indicators

In this application R=13 available experts (teachers) are invited to give their opinion and
assessment of the efficiency of an information system, taking into consideration m=7 target

parameters by a questionnaire sheet. For each indicator ofthe questionnaire, corresponding points

are calculated based on the following ratio: %, where x is the corresponding number to the

attributes of individual indicators. Considering the preset scale (Scale: Low = 2, Good = 4, Strong =
6; I cannotdecide = 0), the results of the calculations are entered in tables, individually for each
experts, and visualized by a pie-chart for each indicator. The results are recorded in the weight
matrix (Table 4.41) and visualized by a column-chart.

Table 4.41 Weight matrix

Experts|
Indicators Ex; | Ex; | Ex; (Exq| Exs | Exg | Ex; |Exg| Exg | Exo | Exyy | Expy |[Exg3| 8; | Sjav | 6;

=
I

Degree of logical
consistency of the content
Connectivity of the
components of the content
[Encouraging critical
thinking and creativity
Relation to other
resources for further
information on studying
the problem

6 6 6 | 6] 6 6 6 |6 6 6 6 4 6 (76,00 5,85 (24,00/0,19{0,13

6| 6| 6|6|6|6|6|6|]6]| 6| 4] 6] 6 l7600S585][24,00[0,19]0,13

6 6 6 | 6] 6 6 4 | 6] 6 4 6 6 6 |74,00| 5,69 |22,00(0,22(0,15

6 6 6 |6 6 6 6 | 4| 4 4 4 4 6 (68,00(5,23|16,00(0,29(0,20

[Use of various multimedia|

6 6 6 | 6] 6 6 4 | 4] 6 6 6 4 6 |72,00( 5,54 |120,00(0,24(0,17
components

[Existence of a glossary of
terms used in the lectures
IPresence of search engine
core modules

6 6 6 | 6] 6 6 6 |6 6 6 6 6 6 |78,00f 6 |26,00(0,17(0,11

6 6 6 | 6| 6 6 6 | 6| 6 6 6 6 6 78,00 6 |26,00/0,17(0,11

B Degroe of legical comsistency of the
content

m Connectivity of the companents of the (513
content

5,00
400 1 o Encouraging critical thinking and

creativity
® Relatlon to other resources for further

a.1o0

3,00

information on studying the problem el

Values of indicators
Values of indictors

® Use of various multimedia compenents 006
004
1,00
M Exlstence of a glossary of terms used In

the lectures 000 &

Presence of search engine care

modules

000 *

Sjav

Average amount of the group of experts for each indicator Weight coefficient

Figure 4.9 Results of Sj,, Figure 4.10 Results of weight coefficient

The calculations of S; according to (28), Sj,, according to (29) and §; from (31) are based on
the data in Table 4.41 (the right fifth columns). The results are shown in thesame table. The
calculated average amount of the group of experts for eachindicator is presented in Figure 4.9.The
system is evaluated highly on the following criteria: Degree of logical sequence of the study
material, component coherence of the study material, availability of a vocabulary of terms used
within the given lecture and availability of a search engine within the main modules.

The weight coefficient W} is calculated by (38), where V; is the coefficient of variation,
characterized by the agreement of assessments of the experts and it is calculated by (33). The results
are shown in Table 4.41. The calculated weight coefficients are presented in Figure 4.10. The
system has to be optimized emphasizing the relationship with other resources for any further
information on the examined problem, using various multimedia components and encouraging the
critical thinking and creativity.
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17 Elisaveta Trichkova

Conclution

Web-based learning system in medical disciplines is designed and developed. The structure
and functions of the modules of the system are described. A comparison of the developed system
with other known software platforms was made. An approach to quantify the quality and
effectiveness of Web-based learning system is applied. This approach is based on the method of
expert assessments. An experimental application of the approach with the participation of experts
and teachers from several companies and universities is conducted. The aim is to optimize the
system performance and the results were analyzed. As a result of the implementation of the
optimization approach, with fixed quantitative estimates is defined and solved optimization problem
to evaluate the potential of the developed information system and improve its characteristics. The
results of the research show that the criterias based on the ISO 9126 standard for quality software
products, the system has the potential to improve its performance in three of the most important
evaluation criterias. According to the didactical criterias the experts are positive in the terms of
opportunities for the creation of training modules on various courses. Generally, there are received a
guidelines for improving the system in both directions for assessment of quality - such as
programming and educational product.

Contributions of the PhD thesis
The main results have scientific features and can be applied in the practice as well.
1. Standards and models for assessing the quality of software products are analyzed.

2. Web-based system for e-learning in medical disciplines is designed and implemented. The
major components of the system developed and the specificfunctions are synthesized -
"Virtual patient" and "Virtual models". The necessary database and information processes
for program modules are designed. The functionality of the proposed information system is
evaluated. The system is compared to the known software platforms. Some advantages of
thesystem to carryout of the specific functions for medical learning are defined.

3. A procedure to quantify the characteristics of the information system is developed. The
method of expert assessments is applied. A choice of indicators for the quality of the system
is made in two ways: 1) an approved standard for assessing software - ISO 9126; 2) a
didactical indicators based on the opinions of experts from education.

4. The characteristics of processes in the information system are quantitatively evaluated. The
evaluation was made with the participation of experts from several companies in the field of
information technology and teachers in universities.

5. With certain quantitative assessments is defined and solved optimization problem to
evaluate the potential of the developed information system and improve its performance.
The results of the research show that the criterias based on the ISO 9126 standard for quality
software products, the system has the potential to improve its performance in its Usability,
Functionality and Portability.

According to the didactical criteria the assessment of the experts is positive in terms of
opportunities for the creation of training modules on various courses.
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BnBeaenune

[len Ha nuCepTalMOHHUS TPYA € KAaTO C€ M3MOJI3BaT MOCTIKEHHUATA Ha COPTYEpHUTE H
o0pa3oBaTeIHA TEXHOJOTHH J]a CE€ MPOEKTUpa U peaim3upa cucrema 3a Web-06a3upano oOydeHue;
Ja ce NPUIOXKHM MOAXOJ 3a KOJMYECTBEHA OIIEHKa Ha KadecTBOTO M Ype3 MpOBEXKJIAHE Ha
u3cnenBaHe, Oa3MpaHO Ha MHEHUS Ha €KCIepTH U TpenojaBaread B oOjmacTTa Ha
MH(OPMAIIMOHHUTE TEXHOJOTUH W OOpa3oBaHMETO C OIVIe[ OMNpeAeisHe Ha MOTeHIHala 3a
nogoOpsiBaHe HA HEHHUTE XapaKTEPUCTHKH.

AKmyannocm Ha npoonema

HNudopMallmoHHUTE CUCTEMU MIPUI0OUBAT BCE TIO-TOJISMO 3HAUYCHUE 32 ChbBPEMEHHUS] HAUHH
Ha XKUBOT. Te ce u3Mmoy3BaT B Hal-paznuvyHu NPO(EeCHOHATHU OOJIACTH KAaTo MPOHU3BOJICTBOTO,
EHEepreTHKaTa, KOMITFOTHPHUTE TEXHOJOTHH, (PUHAHCH, TEICKOMYHHUKAIUU, TPOAaKOU, OOHALIA 1
(dapmareBTHKa, YCIIyTH, BUCIIC 00pa3oBaHUE.

[Ipoektupanero u m3rpaxnaneto Ha MC cienBa n1a yaoBIETBOPSIBA HAJIOKEHU CTAHIIAPTU B
croTBeTHaTa cepa. KadectBoTO Ha codTyepa € KIHOYOBA XapaKTEPHUCTHKA, KOSATO 0000IIaBa
pe3ynrata OT B3aHMMOJCHCTBHETO Ha TOYTH BCHYKH (AKTOpPH, BH3HUKBAIM B TIpoleca Ha
paspaboTBaHe U ch3laBaHe Ha mporpamute. ChCTaBIHETO HAa KOMMYECTBEHA OLIEHKA Ha Ka4eCTBOTO
Ha coTyepHHS TMPOAYKT € BakKHA HE CaMO 3a OIEHKaTa M 3a CPaBHEHHWETO Ha OTICITHHTE
MPOrPaMHU TPUJIOKEHUS, HO U 32 €PEKTUBHOTO YIPABIICHHUE W YCHBBPIICHCTBAHE HA MIPOIECUTE B
nHPOPMAIMOHHA CHCTEMa KaTo IISJIO.

TenmeHIMUTE 3a Pa3BUTHEC HA EJICKTPOHHOTO OOydYEHHE M IO-TOJIIMaTa JOCTBHITHOCT Ha
00pa3oBaHMETO KAaTO IS0 3aCHJIBAT HEOOXoauMocTTa oT BHenapsiBane Ha MC B oOpazoBarenmHus
poLec.

Ennu ot Haii-4ecTo U3MOJI3BaHUTE CUCTEMHU B 00pPa30BaHHETO Ca CUCTEMUTE 3a yIpaBJeHHE
Ha ChIbpKaHUETO. Te3n cUcTeMH ca MHOTO(QYHKIIMOHATHH M HEMPEKbCHATO CE pa3BUBAT U
ycrnoxHsBar. [IpobnemMbT Kak na ce cTpykTypupa Web 0asupaHus Kypc U J1a ce MpeAcTaBU
cb0oOpa3HO M30paH MOJEN, KaK Ja Ce ChXpaHsABa B MPAaBHIHO CTPYKTypupana Web-uHTErpupana
0a3a TaHHU € U3KITIOYUTEITHO aKTyaJIeH.

BbIpekn 4e modTH BCHYKH aBTOPH HA CHCTEMH HW3THKBAT YHUBEPCAIHUS XapakTep Ha
MPEJICTABEHUTE OT TSIX CHUCTEMH, Ha MPAaKTHKAa CHIICCTBYBAT CreMUpUYHH pa3iuku. [IpakTukara
MoKasBa, ye oTaeiaHutre Bucmm yuwnuma (BY) usnonsBar MHQOpMAIMOHHU CHUCTEMHU HU3LSIIO
choOpa3zeHn Che crenudukara UM, KOETO ONpaBIaBa M Hajlara He0OOXOJAMMOCTTa OT pa3paboTBaHE
Ha COOCTBEHH CHCTEMH, CHOOpa3sHO H30paH memarorudyecku Mozen. J[okaro B TEXHUYECKHUTE
CHEIHMAHOCTH, pa3npocTpaHeHa Gopma Ha 0OydYeHHE U M3MHUTBAaHE € pa3paboTBAHETO Ha MPOEKTH,
TO B MEAWIIMHCKHUTE TUCIMILTUHU Ta3u (hopma Bce OIe HE Ce MpuUiiara, a € BaKHO PEIIaBaHETO Ha
CUTYAIIMOHHHU 3a7a4i (KJIMHUYHU Ka3yCH).

Cmpykmypa na oucepmayuama

JlucepTalluOHHUAT TPY.l € pa3/ieleH Ha YBOJ, YETUPH TJIaBU U 3akitoueHue. Jlucepranusra
ceabpxka 141 crpannnm, 37 durypu u 45 Tabmuuu, 152 nuTupaHu JTUTEpaTypHU M3TOYHHKA B 6
npuioxkenus. [lo auceprannonHus Tpya ca myOauKyBaHU 7 myOnukauuu. V3cnenBanusita ca yact
OT TIONTyYEHUTE PE3yNTaTH Ha 5 Hay4HOU3CJIEeIOBATEIICKH MpoeKTa. B aBTOopedepara e u3moa3BaHo
HOMepupaHe Ha (GUryputre W TaOJHIHMTE, CHOTBETCTBAIO HAa HOMEPUPAHETO B TUCEPTAMOHHUS

TPYA.
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I'naBa nbpBa. UHdopmMannonHu cucteMu U npouecu. EjlekTpoHHO 00y4eHne

1.1 YBoa

B mepBa rnaBa ca maneHu AeUHMLIMS M OCHOBHM IMOHSTHSI 3a TOBAa KAaKBO IPEICTABIIABAT
Nudopmanmonnute cuctemu (MC). CunTe3npanu ca NPUHIMINTE HA COQTYEPHHUTE TEXHOJIOTHU
KaTo CpEeACTBO 3a Cb3JaBaHE Ha MPOTOTUN Ha HH(OpManuoHHa cucrema. Pasrienanu ca
CTaHJAPTUTE M MOJEIMUTE 3a OLIEHKAa Ha KauyeCTBOTO Ha CO(PTYyEpHUTE NPOAYKTH U METOAU 3a
MHOTOKpUTEpHAHA ONTHUMHU3aLUsA. AHaIM3MpaHU ca MOJEIUTE Ha JKU3HEHUS LMKbI Ha
co(TyepHHs ITPOILEC, KAKTO U Ha ChILECTBYBALIH IIIAT(HOPMHU U CPEIU 3a €IEKTPOHHO O0yUEHHeE.

1.2. ChmHoCT M 0OcHOBHU NOHATUS HA UHdopmanuonnn cucremu (UC)

B cpBpeMEHHOTO OOIIECTBO KOMITIOTPUTE C€ YTBBPAUXA KaTO HE3aMEHHM IOMOIIHHK BbB
BCHYKM cdepu Ha uvoBelmIKaTa JeiHocT. HenMoBepHO MHOro HapacHa M 3HAQYE€HUETO Ha
ungopmayuama, Koamo eeue ce mpemupa kamo O6usnec pecypc. ToBa CTaHa BbB3MOXKHO,
OnmarosapeHue Ha KOMIIOTbPHUTE HMH(OPMAIMOHHM CHCTEMH, KOUTO MPEAOCTaBSIT M OCHOBHATa
cpeza 3a MpUJIokKeHne Ha NH(POPMALIMOHHUTE TEXHOJIOTUH B MPAKTHKATA.

Upez noOpo moO3HAaBaHE Ha BB3MOXKHOCTHTE M TEHACHIMHTE B PA3BUTHETO Ha
KOMIIOTHPHUTE WH(GOPMAIIMOHHH CHCTEMH MOXE Jla C€ MOBHIIN e(EeKTUBHOCTTa OT paboTara Ha
BCUYKU HUBA U BbB BCUUKH c(pepu Ha IEHCTBUE.

1.3 OcHOBHHU OHATHSA OT COPTYCPHUTE TEXHOJIOTHH

B nutepatypara ce cpemar pa3nuyHu ornpenaesieHus 3a TepMUHbT CoTyepHH TEXHOJIOTHH.
[IpencraBeHn ca HSAKOJIKO OIPENENICHUS, MaJeHN OT pa3jiMyHH aBTOPH, KaTO B TUCEPTALIMOHHUS
TPy IIe ce HpuabpxkaMme KbM onpeneneHuero: Cogmyepnume mexnono2uu npeocmasisieam
cucmemamuyer noOXo0 KvM paszpabomeanemo Ha Kauecmeen cogpmyep, Kakmo u KoM He2080MO
npeonazane Ha NA3apa, eKCioamayus U Conpo8oNCOaHe.

Codryepnara texnonorust (CT) e u3rpageHa OT MHOXKECTBO CTBIKH, KOUTO BKJIFOYBAT
pa3IUYHU METOM, CPEACTBA U MOAXOIH.

KagectBoTO Ha copTyepa € KOMIUIEKCHA XapaKTEpUCTHKA, KOATO 00oOmiaBa edekra OT
BIMSIHUETO Ha MHOXECTBO pa3HOOOpasHU (akTopu BBpPXy mpoleca Ha pa3zpaboTBaHe U
peanusupane Ha copTyepHus: MpoaykT. ChCTaBIHETO Ha KOJMYECTBEHA OIEHKA 3a Ka4eCTBOTO Ha
coTyepHHs IPOAYKT € BayKHA HE CaMO 3a OICHKATa M 3a CPABHEHUETO HA OTICIHUTE MPOTPaAMHHU
MPUJIOKEHUS, HO M 32 €(EeKTHBHOTO YINpaBJICHWE M YCHBBPIICHCTBAHETO HA TMPOLECUTE B
copTyepHOTO HHKEHEPCTBO.

Moaenute onucBaT B CTPYKTYPUpPaH BUJ CMUCHJIA HA MOHATHETO ,,kaduecTBO Ha CII”’. Beeku
MOJIeJl Ha KaueCTBOTO Ha MPOrPaMHOTO OCHUTYpsIBAHE HPUHIUIIHO CE€ ChCTOM OT TPU OCHOBHHU
KoMmoHeHTa: (1) CTpykTypa Ha XapakTEepUCTUKUTE Ha KA4eCTBOTO; (2) MeTpukH; (3) KpUTEepHH Ha
KayecTBOTO. MoJienuTe 3a OLEHKAa Ha KadecTBOTO B COPTYEpHUTE NMPOEKTH MMAT JBE OCHOBHHU
npuiokeHus: (1) kaTo OCHOBA 3a ONPENEIIIHE HAa N3UCKBAHUATA KbM Ka4eCTBOTO Ha MPOAYKTa U (2)
10 OTHOIIIEHHE HA TEXHUKHUTE 33 OCUTypsiBaHe Ha kauecTBOTO Ha CII 1 Kato cpencTBo 3a M3MepBaHe
Ha M3UCKBAaHMUATA KbM KauyeCTBOTO.

Ilopagu MHOrooOpa3zmeTo Ha MOJENM 3a OLIEHKAa Ha KauyeCTBOTO, PA3IMYMETO HAa OTYUTAHHUTE
(akTOpH U acleKTH Ha pas3riexJaHe, Ce Hajara U3BOoJa 3a HE00X0AUMOCT OT CTaHAAPTH3ALIHA.
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OCHOBHMAT CTaHIApT, MPEACTABSIl KauyeCTBOTO Ha COPTYEpHHUS MPOAYKT KAaTO CHHTE3 OT
CTPYKTYpPHO CBBP3aHH XapaKTEPUCTHKH 3a OLICHSABAaHE Ha KaueCTBOTO Ha CO(PTyepHUTE MPOIYKTH €
ISO 9126. CranmapTsT ce ocHOBaBa Ha Mojenute Ha kadectBoTo Ha MakKon u boem. CbcTou ce
OT YEeTHpU YacTH, KOUTO ajpecupar cieaHute oOmactu: moaen Ha kadectBoro (ISO 9126-1),
BBHIITHA METPUKH, BETPEITHU METPHKH, KA4eCTBO MpH ynorpeda. MoaensT Ha kadecTBOoTO Ha [SO
9126 e cTpykTypupaH 1o Ha4MH, CXOJEH C MMOCOYECHUTE JIBa MOJEJNA, KaTO OMpEAess IIECT IPyNu
XapaKTepUCTUKHU (HaOopu OT CBOWCTBA) Ha copryepa, HapeueHu ,,(pakTopu Ha kauecTBOTO . ToBa
ca ¢pynkumonanHocT (functionality), HanexmHoct (reliability), epexTuBHocT (efficiency), yno6cTBo
npu m3noisBaHeTo (usability), BB3MOXKHOCT 3a moambpkaHe (maintainability) u mpeHocuMocT
(portability).

1.4 PazpaboTrBaHe Ha HHPOPMALMOHHA CHCTEMAa

PaznuunuTe neHOCTH, KOWTO C€ W3BBPIIBAT IO BpeMe Ha pa3paboTKata Ha eIuH
IIporpaMeH MNpoAyKT oQOpMAT >KU3HEHUS LUKBJI Ha pa3paboTBaHeTo My. Toil 3amouBa c
UACHTUOUIMPAHETO HA M3HMCKBaHMATA KbM co(Tyepa W TNPUKIIOYBA C BepUPHUKALMI Ha
pa3paboTeHHs MPOAYKT CIPSIMO CHEeUU(UKALUATA MY.

JKuzHeHMAT LMKBI Ha eqHa HMH(OpManMOHHA cucTeMa oOO0XBalla BCHUYKM €TalM Ha
pa3paboTkaTta, BHEIpPSABAHETO M eKcruoaranusra M. [lo-KOHKpeTHO, MpH pa3padOTBAHETO H
pa3BUTHETO Ha eHa MH(pOpPMAIMOHHA CHUCTeMa TpsAOBa Ja ce UMaT B MPEIBUA clenHuTe (asu:
aHamM3 ® JAeQUHUIMS, TPOEKTHpaHe, pa3paboTBaHe, peajM3upaHe, TECTBaHE W BHEIPSBAHE.
ITocTosSHHM KOMIIOHEHTH Ca M3CJEBaHE HAa CHCTEMAaTa, aHaJIN3 Ha Pean3yeMOCTTa U H3TpaXKaaHe
Ha O0a3aTa JaHHU, a [POMEHJMBM KOMIIOHEHTH ca TIpPOLIECUTE, KOUTO C€ IPOMEHAT U
YCBBBPIIEHCTBAT HEIIPEKBCHATO.

ChlliecTBYBaT pa3InYHA MHEHHSI OTHOCHO OpOsi 1 HAMMEHOBAHUETO Ha (ha3ute, HO B OOLIUA
cillyyail Te ChOTBETCTBAT Ha OCHOBHUTE JEMHOCTH Ha Impoleca 3a pa3paboTBaHe Ha €AUH
IIPOrpaMHHUS IPOAYKT.

OT chuiecTBEHO 3HaUCHHE 32 €PEKTHMBHOTO (DYHKIIMOHMpAHE Ha €Ha CHCTeMa ce sBsiBa U
MPAaBUIHMUAT MOJ00P HAa METOJOJIOTHSTA 3a M3TpaKAaHe Ha MHQpopManuoHHaTa cuctema. OT ToBa
KaKBHU €TaIly, TEXHUKHU M CPEJICTBA e Ce M3MOI3BAT U B KaKBa MOCJIEOBATEIHOCT IIE CE€ MpuiIarar,
3aBHCAT KpaHUTE PE3yIITATH.

OcHOBHaTa 1L1eJ1 Ha U3MO0JI3BAaHETO HA MOJIEIM HA )KU3HEHUS [IMKbBJI Ha CUCTEMUTE € CIIPaBsHe
ChC CJOXHOCTTA W IpoMsHAaTa. MoAenbT Ha KM3HEHUS LUKBJ Ha CHUCTEMaTa € ChbBKYIHOCT OT
JNEMHOCTH W BPB3KUTE MEXAYy TAX C I[ed HoJroMara€e pa3paboTkaTa Ha e€JHa CHCTeMa.
ChbI1iecTBYBAaT MHOTO U Pa3IMYHU MOJEIM Ha XHU3HEHUS IIMKbBJI U TOBA 3HAUYUTEITHO MHOrooOpasue
ce ompezess OT TBBPJE MHOTOTO MOJAU(HUKAINN Ha 10Ope U3BECTHU OCHOBHHM MOJIENH, & UMEHHO:
MOCJIeIOBATEeIHN, MHKPEMEHTAIHU, Oa3upaHW Ha CH3AABAHETO HAa MPOTOTHUIIM, €BOJIOLHOHHHU U
,bprasu’’ (Agile) mogenu.

1.5 Ilpouecu B uHGOPMALIMOHHU CHCTEMH

WNudopmannoHHaTa cUCTeMa € CHUCTeMa 3a U3IBbJIHEHHE Ha OCHOBHUTE HH()OPMAIIMOHHU
JEHHOCTH, KOUTO CE€ CHCTOSNT B ChOMpaHE, ChXpaHsBaHe, 0Opa0OTBaHE M PA3MPOCTpPAHSBAaHE Ha
nHpopmarmu. CbBKYITHOCTTA OT T€3U JEHHOCTH ce Hapuya HH()OpMAIMOHEH TPOIIEC.

B MOCJICAHUTC T'OAWHU TIOJIsIMa IOIMYJIIPHOCT KAaTO IMMOHATUC HpI/II[O6I/IBaT onsHec mpouecuTe
U TSIXHOTO yTpaBJICHHE.

Asmopedgepamu na oucepmauuu 5 (2014) 18-56



ONTUMU3ALMA HA MPOLEECK B UHOOPMALIMOHHN CUCTEMU 24

Cucremute 3a ynpaBieHHe Ha OWM3HEC MPOIECUTE BKIIOYBAT CPEACTBA 3a MOJIEIHMpaHE Ha
MPOLIECH, CUCTEMA 32 U3ITBIHEHNE Ha MPOIIECH U CPEJCTBA 32 MOHUTOPUHT.

CepiiecTByBa ABIBI CIUCHKHT HA HATUYHU TPOAYKTH 32 MOJAETUPAHE, BKIIOYHTEITHO
cnenuduKanus, cuMmyianus W (QYHKIHMOHATHO H3MBIHEHHE Ha CHUCTEMHUTE 3a yIpaBlIeHUE Ha
pabotHus mpomec. [lpomykTure ca ¢ pasnuYHAa CTEEH Ha pa3BUTHE W Ca MPEACTaBEHH
€/IHOBPEMEHHO KaTO MPOIYKTH HAJMYHHU Ha Ma3apHUTE U COPTYEPHU UHCTPYMEHTH C OTBOPEH KO/I.
Karo enunH oT Hai-M3MON3BaHMTE €3UIM W TpadUYHU HOTAMKA TPU MOJEIMpaHe Ha pabOTHH
MPOIIECH B CUCTEMUTE 3a yIpaBjieHHe Ha paboTHus nporiec € BPMN.

TexHonoruure, CBbpP3aHU C MOJICTUPAHETO U U3IIBJIIHEHUETO Ha OM3HEHC MPOoLiecH, MoraT Ja
ObaT yCHEIIHO HW3MOJ3BaHU M MPU Pa3padOTBAHETO HA MPOIECH B HWH(POPMAIIMOHHU CHUCTEMH
CBBpP3aHH C ENEeKTPOHHOTO oOydeHue. Bcuuku AeHOCTH B eHa cucTema, Hampumep 3a Web-
6a3upaHo o0yueHue, Morat Aa ObJaT ChIIO MOACIUPAHU KATO MPOIIECH.

1.6 MeTtoau 3a MHOTIOKpUTEPpHAIHA OIITUMHU3AIIUSA

ChImecTByBaT pa3iMyHU KOHICTIIMU 33 pelllaBaHe Ha ONTHMH3AIMOHHU 3a/1a4d C HSIKOJIKO
KPUTEPHSI 32 ONITUMATHOCT.

Kakro moka3Bar pasriieJJaHMTe MOJCIU M CTAaHIAPTH B JAUCEPTAIIMOHHHS TPY, KA4eCTBOTO
Ha copTyepHUS MPOIYKT € CIOXKHA Kareropus, 0000IaBamia MHOTO OTIEITHH XapaKTEPUCTUKH,
CBBpP3aHH ChC CIEMUPUIHA OTHOIICHUS. MHOKECTBOTO OT HAJIMYHUTE B MOJICIIUTE U PA3IHYHU 110
CBOSITA CHIIHOCT W 110 HAYWH Ha OICHSABaHE (aKTOPH, KPUTESPHH U METPUKHU OIpEIeis 3aadara 3a
OILIEHKAa Ha KaYeCTBOTO Ha CO(PTyepeH MPOAYKT KaTO MHOTOKpUTEpHAITHA.

1.7 Web-0a3upanu oOpa3oBaresHH HHPOPMAIMOHHU CHCTEMH

EnexkTpoHHOTO 00ydeHHe MPpUA0OHBA MIHPOKA MOMYISPHOCT MPE3 MOCIEAHOTO ACCETUIICTHE
¥ caMo 10 cebe CH MPeJCTaBIIsIBa HHTEPAKTUBHO O0yUeHHE, KOSTO M3IOI3BA PA3IMYHU TEXHOJIOTHH
32 KOMYHHKAIMsl KaTo CPEJICTBO 3a IpemnogaBane. To npenoctass Ha 00ydaBamus ce JeceH JOCThIT
0 y4eOHHM MaTepHuaad B yJOOHO 3a HEro BpeMe M MSCTO, KaTO 1O TO3W HA4YWH OOyYaBaHUSAT
nostyyaBa 0bp3a KBaTM(pUKaIMsI ¢ MUHUMAQJTHA Pa3XO/IH.

Hapen c enekTpoHHOTO OOy4YeHHE IIMPOKO H3IOJ3BaHU IOHSTHS B HAIM JHU ca Web-
0a3upaHoOTO 00yUeHUe, 00YUCHHUETO OHJIAH M JUCTAHIIHOHHOTO OOyYeHHE.

Web-6a3upanoro o0yueHue, Moxe 1a ce AeQHuHUpa KaTo ChBKYMHOCT OT CIeNHUaTU3UPaHU
pecypcu, aocTbiiHM upe3 MHTepHer win MHTpaHeT, KOMTO MO3BOJIIBAT Ha OOydaBalIuTe ce Aa
MOJTy4aBaT 3HAHUSA U YMEHHS 4upe3 camooOydeHue. To He camo mpenocTaBs HeoOXoauMusl yueOeH
MaTepHal, HO Ha MPAKTUKA U3UCKBA OT 00ydYaBaIUTE Ce JIa IEMOHCTPUPAT HUBOTO HA OBIIAJICHUTE
3HAHUS.

WHuTepechT KbM CcO(PTyepHHTE TIPOAYKTH, [aBalld BB3MOXHOCT Ja C€ peaiam3upa
€JIEKTPOHHOTO oOydeHue pacte ¢ Obp3u TemmnoBe. ChINECTBYBa HIMPOK CIEKTHP OT CO(TyepHH
MPOIYKTH 3a OCHTYPSIBAHE HA JIUCTAHIIMOHHO OOYyYEHHUE, KOUTO MOXE Jia C€ KJIACH(PHIMPAT KAaTo:
aeémopcku  uncmpymenmu  (Authoring Packages);, cucmemu 3a ynpasnenue Ha 00yueHUemo
(Learning Management Systems - LMS); cucmemu 3a ynpaenenue na cvovpocanuemo (Content
Management Systems - CMS), cucmemu 3a ynpasnenue nHa yuebno cvovparcanue (Learning Content
Management Systems - LCMS).
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1.8 U3Boam

Cw3agaBaHeTo Ha eqHa MH(OPMAIIMOHHA CUCTEMa Ce M3BBPILBA HAa ONPEACTICHU eTalu U 110
OIIpEAEIEHU METOAM.

Baxna xapakTepucTtuka, KOSTO 0000maBa edekra OT BIMAHUETO HA MHOMXECTBO
pazHooOpa3Hu (GakTOpU BBHPXY Mpolleca Ha pa3paboTBaHE U Ch3AaBaHE HA COPTYSPHHS MPOIYKT €
HEroBOTO KadyecTBO. B oOmacTra Ha oOCHrypsiBaHE Ha KayeCTBOTO CBIIECTBYBAT MHOXKECTBO
CTaHJApTH, HO OCHOBHMAT, MPEJACTABSAIl KAa4eCTBOTO Ha CO(TYEepHHs MPOAYKT KaTO CHHTE3 OT
CTPYKTYpHO CBBbp3aHM Xapakrepuctuku € [SO 9126. Ot npyra cTpaHa, MOAEIUTE HA KaueCTBOTO
ONHUCBAaT B CTPYKTYpUPaH BHUJ CMHUCHJIA Ha TOHITHETO ,,KAYeCTBO Ha CO(PTyepeH NPOIYyKT
6a3upaiiki ce Ha OCHOBHUTE CH KOMIIOHEHTH U TIPUIIOKEHHUSI.

Paznuunute neMHOCTH, KOMTO C€ U3BBPUIBAT IO BpeMe Ha pa3paboTkaTa Ha eIuH
MPOTrpaMeH MPOAYKT OPOPMSAT KU3HEHHS My IIMKBJI. Toil 00XBalla BCHYKH €Taly Ha pa3padoTKaTa,
BHEAPSBAHETO M eKcIutoaranusTa My. OT 3HaueHHE € MPAaBIIHUAT U300pa Ha MOJIEN Ha KU3HCHHUS
LUKBJI Ha cucTemMara. Tol € ChbBKYITHOCT OT AEHHOCTH U BPB3KUTE MEX]Y TAX C Il TOAIOMaraHe
pa3paboTkaTa Ha €/1Ha CHCTeMa.

EnexTpoHHOTO 00yueHue, KOETO MOKe J1a e pasriiex/1a KaTo BUJ MHPOPMALMOHEH IpoIiec,
npuaoOHMBa MUPOKA MOMYJISIPHOCT MPe3 MOCIEAHOTO IECETUIIETHE U caMo 10 ce0e CH MpeJICTaBIIsABa
MHTEPAKTUBHO O0Y4YEeHHE, KOSTO M3MOJ3Ba PA3IMUHU TEXHOJIOTUH 32 KOMYHHUKAIUS KaTo CPENICTBO
3a MpenoJaBaHe.

CpImecTByBaT peadiia MPUYMHU, KOUTO ONpPaBAaBaT HEOOXOJUMOCTTA OT CH3/aBaHETO Ha
coOCTBEHa cHcTeMa 3a e-00y4YeHHe, Karo HalpuMep BHCOKHTE IEHH Ha YYXXAH CUCTEMH 3a
OpraHU3UpaHe U yNpaBIeHUE Ha OOYUYEHHMETO, KOMUTO Ca HECHIIOCTABUMH C HAIIUTE YCIOBUS;
E3ukoBara Oapuepa, mopaau TOBa Y€ CHCTEMHMTE CAa OPUEHTUPAHM OCHOBHO KbM aHIVIMHCKU
TOBOpEIIUTE CcTpaHu; Jlunca Ha BB3MOXKHOCT 332 I'bBKaBO OOHOBSIBAaHE Ha IIOJI3BaHATa CHCTEMa C
Pa3BUTHETO HA HOBU HH(POPMALMOHHU TEXHOJOTHH. 3aKyNEHUTE WM TOIy4YEHU dYpe3 JIHUIIECH3
CHCTEMH HE MOraT Jla ce NMPOMEHST; BbIpekn yHUBepcalHUs XapaKTep Ha MOBEYETO CHCTEMH, Ha
MIPAKTHUKA CBIIECTBYBAT XapaKTEPHU Pa3IMKH MEXAYy OOy4EeHHETO MO MHKEHEPHH, XyMaHUTapHH,
MEIMLIMHCKH W Jp. TUCIHMIUIMHM, KOETO ONpaBJaBa M Hajara pa3paboTBaHETO Ha COOCTBEHHU
CHCTEMH, ChOOpa3Ho crienupuKaTa Ha AUCUUIUIMHUTE. HarmpuMep B MEIUIIMHCKUTE JUCIUIUINHU €
Ba)KHO PEIIaBAHETO HA CUTYALIMOHHU 3a/1a4il (KIIMHUYHU Ka3yCH).

1.9 Iles m 3a1a4u Ha JUCePTALMOHHATA padoTa

JlucepTalmOHHOTO M3CIIe[BaHE pa3padoTBa mpobaema TO KOJIUYECTBEHATa OICHKA Ha
MoKa3aTeny Ha (yHKIMOHUPaHe Ha MHOOPMAIIMOHHH CUCTEMH H MPOLECH.

Obexm na uscnedsane ¢ pa3zpaboTBaHe HAa MH(POPMAIMOHHA CHCTEMa 33 W3IBIHCHHE Ha
€JIEKTPOHHO 00y4YeHHe N0 JUCLUILIUHYI OT 00JIacTTa Ha MEIUIHATA.

Ilpeomem na uzcnedsanemo € NPOEKTUpPaHE U pa3pabOTBaHE HA MHPOPMAIIMOHHA CHCTEMA
3a €NEKTPOHHO O0yueHHe OT o0jacTTa Ha MEAMIIMHATA; KOJMYECTBEHA OlLIEHKA Ha MapaMeTpu Ha
cCUCTeMaTa W TMpOIeCUTEe B Hes; HaMHpaHe Ha TOTEHIMAN 3a MOJ0OpsSBaHE Ha MPOILIECUTE B
cucremMaTa upe3 AepuHUpaHE U pelIaBaHe Ha ONTUMHU3AIMOHHA 3a/1a4a.

Iea: Llenta Ha AUCEPTALMOHHUS TPY/ € IPOEKTUPAHE U pa3paboTBaHe HAa UHPOPMALMOHHA
CUCTEMA, KOJMYECTBEHO OIICHSIBAHE HAa XapaKTEPUCTHUKU HA HEWHM MPOLECH U ONpelesHE Ha
MOTEHIIMAaJa 32 MOI00PsIBaHE HA TE€3U XaPaKTEPUCTUKH.
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3amaun:

1. Jla ce aHanmu3uWpar TEXHOJOTUMUTE 3a pa3paboTBaHe Ha HHPoOpManmoHHM cuctemu. [la ce
aHAJIM3MPAT CTAHIAPTH U MOJIENH 32 OIICHKA Ha XapaKTePUCTUKUTE UM;

2. Jla ce mpoekTupa u pa3paboTu crienuanu3upana HHPOPMAIIOHHA CHCTEMa KaTo:

- ce aHanmM3Mpar u GpopMyaHMpar U3MCKBAHUATA, HA KOUTO TPsAOBa J1a OTrOBaps CUCTEMATa;

- ce pa3paboTh MOJIeN Ha CUcTeMaTa U HeWHHUTE TPOLECH;

- ce pa3paloTAT MPOrpaMHUTE MOJIYJIU U CTPYKTyparta Ha Oa3ara JaHHU;

- ce aHaimM3Wpa M CpaBHUM (YHKIMOHAJIHOCTTa Ha pa3paboreHara Web-6a3upaHa
MH(POPMALIMOHHA CUCTEMA C U3BECTHU coPpTyepHH mIaTGopMu B 06JacTTa Ha €IEKTPOHHOTO
oOyueHue.

3. Ma ce cbcTaBu mpoleaypa 3a OleHKa Ha XapaKTePUCTUKK Ha MH(OpMAIIMOHHATA CHCTEMa KaTo
ce TOJI3BAT KPUTEPUH M CTAHAAPTH 32 Ka4eCTBO Ha COPTYEpHHUTE MPOMYKTH W JUIAKTHYECKU
MIOKa3aTen;

4. Jla ce OLEHAT KOJMYECTBEHO XapaKTEPUCTUKUTE HA CUCTEMATA;

5. Jla ce ompenenu mNoOTeHNIMala 3a MOJOOpSBAaHE Ha CBHIIECTBYBALIUTE XapaKTEPHCTHUKH Ha
nHpOpMalMOHHATA CUCTeMa Ype3 AeprHupaHe Ha ChOTBETHA ONTUMH3AIMOHHA 3ajiaya.
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I'naBa Bropa: CuHTe3 Ha npouecu B MHGOPMALNMOHHU CHCTEMU

2.1 YBoa

BbB BTOpa TJ1aBa ce pasrjexaa METOAOJIOTHS 3a MPOSKTHpPaHe U pa3paboTBaHe Ha
nH(pOpPMAIIMOHHA CUCTEMa, BKIIFOYBAIIA CTAIIMTE, TCXHUKUTE M CPEICTBATA, KOUTO IIIE CE M3IMOJI3BaT.
AHanmu3upar ce M3MCKBaHUsATAa KbM cucTemarta. CHHTE3HMpaT ce CIICHApUU Ha JCHCTBUETO M Ha
paboTarta Ha OTICIHUTE MOJIYJIH M CE MPOCKTHpAT MOACIUTE Ha mpoluecute uM. Pasrienana e
BB3MOKHOCT 3a MpHJIaraHe Ha METO]] 32 MHOTOKPUTEpPHAIHA ONTUMHU3AINS KbM TOAXO0]] 32 OIICHKA
Ha Ka4ecTBOTO U e()eKTHUBHOCTTA HA cucTema 3a Web-0azupaHo oOydeHue.

2.2 MeToa0J10rus 32 NPOEeKTHPAaHe U pa3padoTBaHe HA MH(POPMAIMOHHA CHCTEMA

OT chliecTBEHO 3Ha4YeHHE 3a €()EeKTUBHOTO (YHKLUMOHHMpAHE Ha elHa MH()OpPMalMOHHA
cucTeMaTa € NPaBWIHUAT NOJ00p Ha METOJOJIOTUATA 3a U3TPaXJAaHETO M, KaKTO M OT TOBa KakBU
€Taru, TEeXHUKU U CPEJCTBA IIe C€ M3IOJ3BAT U B KAKBa MOCIJIEAOBATEIHOCT 11l ce MpHiiarar. 3a za
ce pa3paboTtu enHa HH(POpMAIIMOHHA CHCTEMa, € HEOOXOIMMO MPOLEChT Ha pa3paboTKa a MpeMHUHE
pe3 ornpeaeseH Opoi eTanu.

Ha 6a3a wmsnoxxenute B mbpBa Ii1aBa (a3d OT KIACHYECKHs] MOJEN, 3a LEJNUTE Ha
JucepTanusaTa ce prueMaT M OIUCBAT LIeCT OCHOBHM (a3u, pe3 KOMTO MMHABa Pa3pabOTBaHETO HA
nH(pOpManMOHHA CUCTEMA 3a OpTaHU3MpaHe U ynpapieHue Ha Web-0azupano obydenue. Te3u dazu
CE peanus3upar NocIeA0BaTEHO U ca TI0OKa3aHu Ha (urypa 2.1.

-

ChbCTagAHe Ha NOTHYECKK MOOen Ha A3aHHUTE U NpoUecUTe H3 CUCTemMaTa.
ﬂBdJHHHpEHB Ha W3NCKBAHWATA KbM CUCTEMATA.

AHanma u JeUHUL A

A

CuCcTagAHe Ha nogpofHn cneundukauun Ha cucTemara, Ha Ga3ata Ha
KouTo TA We Gbae peannanpada.

MpoekTupaxe OnpefenAHe Ha OCHOBHUTE KOMMNOHEHTH H3 CHCTEMATA, BPLIKNTE MEXLY
TAX W N3N0N3eaHeTo UM oT noTpebutennte. OnpefenaHe Ha METOAMTE W
CPeACTBATa, KOWTO LLle Ce MINON3BAT 3a peanuanpane Ha ciuctemara.

PeanuanpaHe Ha cucTemara. MaebplIBa ce Ch3faBaHeTo Ha Gasara
AaHHW, HAaNWCBaT Ce NPOrpaMuTe Ha MOAYMUTE HAa CHCTEMATa Ha
naGipaHuA NpOrpaMeH eauk.

TecTBaHe HAa CHCTEMATA B cpenara Ha pEapSﬁDTESHB W B peanHa

TecTBane
noTpebuTencka cpeaa.

BHeppABaxe MapanenHo EHefpAEAHE HA CUCTEMATA.

OL(EHHEIEHETD Ha CHCTemaTa Aa Ce W3BbpLUEA OT eKCNEepTH B ofnacTra Ha
HHqJDpMEL[HDHHHTB TEXHONOTHA 1 HDTPB&HTBI’IHTB Ha CHCTemaTa.

=
\ Jg
VEVEVAEY,

J

®urypa 2.1. Pa3u Ha KU3HEH HUKBJ HA HHPOPMAIIMOHHATA CHCTEMA

AHanu3 u )]e(l)I/IHl/lHI/IH Ha IBUCKBAHUATA KbM CHCTEMATa
AHnanu3 na npouecume nHa cucmemama

HCJ'ITa Ha aHajin3a Ha CUCTEMATa € Ja CC HU35ACHH KaKBO TpH6Ba Ja CC HallpaBH, 3a Ha CC
pcanmnsupar HEHHUTE (by'HKI_II/II/I ToBa ce ochlllecTBsBa gpe3 ACKOMIIO3UIHMA Ha (bYHKI_II/II/ITC Ha
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cHCTeMaTa Ha TEXHUTE CHCTABHU €JEMEHTH M CH3/IaBaHE HA JIOTMYECKH MOJENl Ha IPOLECHTE U
MOTOLUTE OT JTaHHU, HEOOXOIMMH 32 TAXHOTO HU3ITBIIHEHUE.
Jeunupane na uzuckeanuama Ha cucmemama

JlebuHupaneTo M (GOpPMyJIHpaHETO Ha HM3HMCKBaHHATA e ObAE CHOOPAa3eHO C PE3yNTaTUTe OT
HaIpaBEeHUTE aHAIM3H U U3CIICIBAHUS U B3€MAHETO B MPE/IBU]] MHEHHE HA HE3aBUCHMHU E€KCIIEPTH B
obmactTa Ha WHGOPMAIMOHHUTE TEXHOJOTUUM M EJIEKTPOHHOTO OOydYeHHe M EeKCIepTH OT
WHCTUTYLHATA, KOSTO Tpeaara cucremara 3a Web-0asupano obydenue. M3nckBanusra me Obaat
TPYNHPaHA B JBE KaTETOPWH: W3WCKBAHUS, M3ITBJIHABAIIM (YHKIMU XapaKTEpHU 3a YHUBEpCATHA
cHCTeMa 3a YIpaBJIeHHE Ha OOYy4YEeHHETO, M W3HCKBaHHs, BKJIIOYBAIIM XapaKTEPUCTUKH Ha
Ka4eCTBOTO Ha COPTYEpHHUTE MPOIYKTH.

IIpoexTHpaHe HA cucTeMAaTa
[Ipe3 Ta3m (aza geTaiyiHO ce aHANM3UPAT M3UCKBAHUATA OT MPEAXOJHHS €Tam U Ce

pa3paboTBa IUIOCTEH Mojed Ha MH(popmamuoHHaTta cuctema. ONpenensiT ce HEHHHUTE OCHOBHH
KOMIIOHEHTH, BPB3KUTE MEKIY TAX M U3MOJI3BAHETO UM OT morpedurenure. OnpenensaT ce ChIo
Taka METOJUTE M CPEACTBaTa, KOWTO IIE€ CE€ M3NOI3BAT 3a peallu3HpaHe Ha CUCTEMarTa.
Jleraitnu3upar ce M3UCKBAaHUATa KbM Xapayepa, codryepa, 0a3ara OT JaHHM, KOMYHHMKAlUUTE,
B3aUMO/ICHCTBHUETO C MOTPEOUTENNTE HA CUCTEMATA.

Ilpoekmupane na d6azama oannu

IIpouecsT Ha npoekTupane Ha b/] € CBbp3aH ¢ IPOEKTUPAHETO HA CICIHUTE TPU MOJENIA!

KonmenTyaneH Mojen — BKIIOYBAIl CEMAaHTHYEH MoJeN, (QpeiiMoB Momen U MOAE

“cpmHOoCcT-BpB3Ka” (ER (Entity-Relationship) monmen). ER mMozensT € enuH OT Hail-momyssipHUTE
KOHIENTyaJHH MOJENU Ha JaHHU. MojenupaHeTo Ha IMpeaMeTHaTa oOmact ce Oa3upa Ha
W3MONI3BaHe Ha rpad@UyHU AMArpaMu, B KOUTO OOEKTUTE U BPB3KUTE MEXKIY TIX C€ MPEACTaBAT C
rpauIHN CUMBOJIH.

Topit kato ER MozmenbT € mo-0mu3bK MO MPUHIUIN Ha OpPraHU3alMsITa J0 PellalliOHHUS
MOJIEeTI, U pealln3aluaTa Ha TMOoceIHUs Ha 0a3aTa Ha MBbpPBUS € Hal-yJo0HA, TO B KaueCTBOTO Ha
KOHIIENTYaJIeH MOJIEI ce H30Hupa MOJIEN “CBhIITHOCT- BPh3Ka™.

Jlormyecku Mozen — BKIIIOUBAL] MPEXOB, HEPApXUUEH WM PEIallMOHEH MOJEJIN Ha JIaHHU.

PenanmoHHUAT MOJEN UMa JBe BAXKHU XapaKTEPUCTHKH: TIPOCT U €CTECTBEH HAYWH 32 MPEJICTaBsIHE
Ha JTAHHWUTE - TAOJMIM; CTPOra MareMaTHYecKa OCHOBAa Ha MOJENia - TEOpus Ha MHOXeCTBaTa U
IIpeJuKaTHATa JIOTHKA.

ITopanu ToBa, 4e OT U3OPOECHUTE JIOTUYECKH MOJIENIH HA JAHHUTE PEIallMOHHUAT IpUTEKaBa
MpPEeJUMCTBA KaTo HallpUMeEp JIECHO M3BJIMYAHE HA JAHHU, ChIJIACYBAaHOCT U TOYHOCT HA JAHHUTE,
HE3aBUCUMOCT Ha JJaHHUTE OT NpuiiokeHusTa Ha b/l, Brpajiena usioct Ha JaHHUTE HA MHOTO HMBA,
3a Aa OBJAT 3alIMTEHH OT TPEIIKH U JIp., PEIallMOHHUAT Mojen Oemie u30paH 3a pazpaboTBaHe Ha
B/1 Ha cucremara.

bu3nUecKn MOJIeN — BKIIIOYBA METOJUTE 32 ChXpaHABAaHE M JIOCTBII O JAHHUTE, & CHIIO U

meroaute 3a gocten g0 OC.

Ilpoexmupane na npouecume

[TpoekTHpaHeTO Ha MPOILECUTE € MPEANOCTaBKa 3a crhenu(HIMpaHeTO Ha Xxapayepa H
MPOEKTHUPAHETO W creruduiuupaneTo Ha copryepa Ha cucremara. [lpu pa3paboTBaHeTo Ha
codryepa, mporpamMmTe ce pasriiexkKIaT KaTo ChCTaBEHH OT Pa3IMuyHU MOAYIH. Te3u Moaynu TpsOBa
aa 6’bIIaT KOHCTpYI/IpaHI/I TakKa, 4€ BCCKHU OT TiAX Aa U3IIBJIHABA OTACJIHA HC3aBHUCHUMa q)YHKI_II/DI, aa
“Ma BB3MOXKHOCT JIa Ce TeCTBa MO OTIENHO, J1a BOAU J0 MpOorpaMeH KoJ, KONTO aa Oble JeceH 3a
pa3zbupaHe U 3a MPOMSHA B TTO-KBCEH €Tall OT MPOCKTHUPAHETO aKO TOBa € HeoOxoaumo. ChIo Taka,
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MOJIyJTHOTO NMPOEKTUPaHEe TpsAOBa Aa yJecHsBa A00ABSHETO HA JONBJIHUTEIHH MOAYJH, KOETO Il
JONpPUHACS 3a T'bBKABOCTTA HA cUCTeMara. Bpb3kuTe MexIay MoAynIure MoraT jAa Obaar
WIIOCTpUpaHU TIpaUYHO upe3 CTPYKTYpHA JauarpaMa WM HM3MOI3Bailku rpauyHM HOTaUHM U
€3UIIH 32 MOJICJIUPAHE Ha MPOLECH.

[Tpu MozenupaHeTo Ha MPOLECUTE MHUPOKO MPHUIOKEHHUE B MPAKTHKATa HAMUPAT Pa3IUuHU
MOIUGUKAIIMM HA CTPYKTYpPHHS METOA, HO B IIOCIEAHUTE TOAWHHU TOJisIMA TOMYJISPHOCT
npunobmBar u Workflow TexHomormure Kato CpeACTBO 3a MOJENWpaHe, W3MBIHCHHE U
MOHHUTOPHHT Ha TIporiecu B paznuunu ouznec u UT obnacrtu.

Te3sn TexHomoruu Morat JAa ObJaT YCHEIIHO W3IOJA3BaHUM MPH MOJEIHUPAHETO U
U3IIBJIHEHUETO Ha MPOLECH B MH(MOPMALMOHHM CHUCTEMHM, CBBP3aHU C EJIEKTPOHHOTO OOyueHHE.
Benuku neifHocTH B eiHa cucTeMa, HalpuMep 3a yIpaBieHHEe Ha ChIbpPKAHUETO, MOrar aa Obaatr
CBIIO MOJENMUpaHu Karo mpouecu. C Apyru IyMH €JIeKTPOHHA chcTeMa 3a 00ydeHHEe MOKe Ja ce
pasriexjaa Karo CHCTeMa 3a yIpaBlieHHEe Ha pabOTHHS MHpOIEeC, M3MBIHIBAIA MPOLECH TACHO
CBBP3aHU C JCHHOCTU Ha €IEKTPOHHOTO 0OyYEHHE.

Ilpoekmupane na apxumexkmypama Ha UHGHOPMAYUOHHAMA CUCEMA

Apxurektypara Ha WHGOpPMAllMOHHATa CHCTeMa € aOCTpakTeH MOJeN, KOWTO oOxBala
OT/IEJTHUTE €JIEMEHTH Ha CUCTEMATa U TEXHUTE B3aUMOIECHCTBHSI.

Apxumexkmypama ,,KIIHeHT-CbpPBBP” CTOM B OCHOBaTa Ha MOYTH BCHUYKH CHBPEMEHHU
peleHusl, U3M0I3BaHM MPHU Ch3/1aBaHe Ha uH@opmayuonHu cucmemu. MoaenuTe, KOUTO mpepiarat
KIIMEHT-ChbPBbpD TEXHOJIOTHATA C€ pas3inyaBaT OCHOBHO [0 HAauMHA Ha paslpejeiieHue Ha
U3IIBJIHABAHUTE ANTOPUTMHYHU (QYHKIMH MEXIy KIMEHTa M ChpBbpa. PazmensHero Ha
QITOPUTMUYHATA 00paboTKa HA Pa3IMYHU HUBA OT MPOTrpaMHAaTa CHUCTEMa JJOBEX/1a JI0 Ch3/1aBaHETO
Ha KJIMEHT-ChPBBP MOJENIN Ha JIBE, TPU U YETUPH HepapXUYHU HUBA.

CodryepHUAT POAYKT, pa3padOTEeH 3a IeTUTE Ha JUCEPTALMOHHUS TPY] € pean3upaH Ha
0a3aTra Ha KIMEHT-CHPBBP apXUTEKTypara ¢ TpU HepapXxudHH cios. To3u Kiac WHPOPMALUOHHU
CHCTEMH pealn3upaT MOJela Ha KIMEHT-ChbPBBp C TPH HepapXUYHM HHMBA: HUBO Ha IIPEJCTABSHE,
IIPUIIOAKHO HUBO U HUBO 3a 00paboOTKa Ha JaHHU. AKIIEHT ce JlaBa Ha JTUHAMUYHOTO F€HEpUpaHe U
NpeJocTaBsiHe Ha MH(OpMAaIHs.

Ilpoekmupane na nompedoumenckus unmepgeiic

Jlo6pe pa3paboTeHHT MOTpeOUTEICKH HHTEp]Eiic € perraBal 3a ycnexa Ha eJHa CUCTeMa.
Wntepodeiic, koiiTo € TpyldeH 3a H3MOJI3BaHe, B Hal-noOpus ciydail Iie JOHEcCe MHOI0
MOTPEOUTENCKM TpemKkn. B Haif-momms ciaydaid, MOTpeOUTENUTE Ie OTKaXKaT Ja H3I0JI3BAT
cucremara 0e3 3HaueHHE Ha HeWHaTa (PyHKIMOHATHOCT. AKO WHpOpMamusATa € MpeaCTaBeHa 1o
oOBpKBall WIM TOABEXKIAI HAYWH, MOTPEOUTENUTE MOXKE Ja He pazdepaT HEWHUS CMUCHI. Te
MOJKe Ja MpearnpueMaT Nopeauna oT ASUCTBUSA, KOUTO J1a W30MadyaT JaHHUTE WM J1a JOBeJaT 10
I'PEIIKH.

Kato cpencTBo 3a KOMyHHMKalMs MEXy TOTPEOUTENsI U KOMIIOThpa Ce M3M0I3Ba rpaduueH
untepdeiic (Graphic User Interface, GUI). IlpenumcTBara My ca 4e € OTHOCHUTEIHO JIECEH 3a
pa3yuyaBaHe U W3IOJI3BaHE, NOTPEOUTEIAT UMa MHOT'O ITPO30PIH 32 B3aUMOJIeiicTBHE U OBP3UHA, T.€
paboTa BBpXy IeNus eKpaH IM03BOJIsIBa He3a0aBEH JIOCTHII 10 KOS /1a € 00JIaCT WIIH €IIEMEHT.

Pa3paGorBane Ha cucremara
Cpo0OpazHo ¢ nedpuHUpaHUTE U3UCKBAaHUA KbM CHUCTEMaTa OT eTamn "aHaiu3 U aeguHupane”

U pa3paboTeHusl IUIOCTEH MOJeN Ha MH(OpPMAalMOHHATa CHCTEMa OT eram '"mpoekTupane" ce
MIPUCTHIIBA KbM peau3upaHeTo (HamucBaHETo) i B mporpameH Bui. Cb3naBa ce 6a3ara JaHHU U
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MPUWICKAIIATE W TaOJMIM, W3MOJI3BAMKKW HWHCTPYMEHT 3a aJIMHUHHCTpanus Ha Oa3ata JaHHWU.
HammcBat ce mporpamMute Ha MOYJIMTE HA CUCTEMAaTa Ha N30paHuUs e3UK.

TecTBaHe Ha cHucTEMAaTa
TecTBaHeTo ce MpoOBEeXkJa B JBa eTama: B cpelara Ha pa3paboTBaHE W B peajHa

noTpeOuTeNCcKa cpea.

- TectBane B cpenara Ha pa3pabotsane. [Ipe3 TO3u eTan ce U3BBPIIBA U T.HAP. MOJYJHO TECTBAHE.
Bcekn equH OT mporpaMHUTE MOIYJIM C€ TECTBa IOOTIEIHO M ce OTCTpaHsBaT rpemkute. Cien
3aBBpIIBAHE HA MOJIYJIHOTO TECTBAHE BCHYKH MPOTPAMHU MOIYJIH ce OOCIMHSIBAT B €IHA CUCTEMA,
KOSITO B CJICIBAILHS €TAIl CE TECTBA OT MOTPEOUTEIIUTE B PEATHU YCIOBHSL.

- TectBane B peanna morpeOuTescka cpeaa. V3moi3Ba ce MHTETPATHUAT MOAXOM 32 ISUIOCTHO
TECTBAaHE HAa CHUCTEMara, a UMEHHO CIJI00sBa Ce IslaTa CUCTEMa M Ce TecTBa Karo Isuio. Karo
HOCJIeTHA TTPOBEPKa Ce M3BBPIIBA TECTBAHE HA CHCTEMara B pealHa IOTPeOHTENICKa cpena, KaTo
MOTPEOUTENTUTE PETUCTPUPAT MPOOJIEMUTE W T CHOOIIABAT Ha pPa3pabdOTUUIIMTE, KOUTO BHACST
CHOTBETHHUTE [IPOMECHH.

BHeapsiBane Ha cucremMara
Buenpsianeto ce ochbluecTBsiBa napaiienHo. CrapaTta ¥ HOBaTa CHCTEMa C€ M3IIOJI3BAT

napajeiqHo 3a H3BECTHO BpeMe, IpPU KOETO C€ CpaBHSBAT IIOJIYyYEHHM pE3YyJITaTUTE IIpU
¢byskumnonupanero uM. Cles KaTo ce YCTaHOBH, Y€ BCHYKO (DYHKIIMOHMpA HOPMAaJHO, cTapara
CUCTEMa Ce CIIMpa U ce MpeMUHaBa U310 KbM H3I0JI3BaHe Ha HOBAaTa CUCTEMA.

OnensiBaHe HA CHCTEMATA
OnensBaHeTo Ha cucremara 3a Web-0a3upano oOyueHHE ce HM3BBpIIBA OT EKCIEPTH B

obOnactra Ha WH()OPMAIMOHHUTE TEXHOJOTHMH W TOTpeOuTenwre Ha cucremara. HaOmsra ce Ha
OLCHABAHETO HA KAYECTBOTO U C(i)CKTI/IBHOCTTa Ha CUCTEMATa 10 KpUTCpuu, 6331/IpaHPI Ha CTaHAapTH
3a KauecTBO Ha COPTYEPHU MPOTYKTH U TUAAKTHUECKU [TOKA3aTEIH.

TexHOJIOTHH U CPeACTBA 32 peaTn3aius
Cuctemata 3a Web-0asupano oOydeHue, pa3paboTeHa 3a LEIUTe Ha HACTOSIIUSL

JMCEPTALlMOHEH TpPYA € peaJu3upaHa C MOJEPHM, UIMPOKO MOCTBIIHM U J0Ka3alu cebe cu
TEXHOJIOTHH U CPE/ICTBA.

Cucrema e 6azupana M3IUIO HA COPTYyepHU MPOIYKTH ¢ OTBOpEH Kox - Linux, Apache Web
cepBBp, MySQL 6a3a nanau u PHP nporpamen e3uk.

2.3 Bb3MO:KHOCT 32 MPpUJIaraHe Ha MeTOAU 32 MHOTOKPUTEPHAIHA ONTUMH3AUNA KbM MOIXO0/
32 OIleHKA Ha Ka4eCTBOTO HA cucTtema 3a Web-0a3upaHno o0yueHue

KauectBoTOo Ha enuH coTyepeH NHPOAYKT € MHOTOMEpHa XapaKTepUCTHUKA, B KOSTO
CBIJIACHO TMPHETHS MOJEN Y4acTBaT IPYIU BEIUUMHH, PA3HOPOHHU IO CBOSITA CHITHOCT, IO HAUYMHA
Ha ToJlyyaBaHe M MO (opMara Ha M3pa3siBaHETO CU. BBB BCHUKHM ciaydau (OpPMATHHAT MOAET 32
OCTOWHOCTSIBaHE Ha KayeCTBOTO TpsOBa Ja B3eMa IOJ BHUMAaHHWE Ta3W MHOTOKPUTEPHUAIHOCT U
KOPEKTHO J1a OTYHTa B3aMMOJEHCTBHETO W TPHOPHTETHTE HA NapaMeTpure, OOyclaBsIIn
KPUTEPHUHTE.

Cnopen peauua JIUTEpaTypHH W3TOYHMIM B pa3OMpaHETO 3a KayecTBOTO Ha COPTyepeH
IPOJIYKT € Ba)KHO J1a C€ B3e€ME I10]] BHUMAaHNE, Y€ TOBA HE € OTJEJIHO B3ETO IOHSITHE, a T0-CKOPO
MHOTOMEpHA KaTeropus, Bh3HHKBAIla B PE3yJTaT Ha B3aUMOJCHCTBUETO HA MHOTO BBTPEUIHU H
BBHIIIHU (DaKTOPH.
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B’BHpeKI/I e HCO6XO,Z[I/IMOCTT3 OT pe€HIaBaHCTO Ha MHOXCCTBO IPAKTUYCCKHU 3agadu C
BCKTOPCH KpI/ITepI/Iﬁ € I0BCJIa OO0 Pa3sBUTUECTO HA MHOI'O MCTOAM 3a HAMHPAHCTO Ha OINTHUMAJIHH
peuicHud, Karo Hai-0JIM3KO A0 [eJIUTC Ha AucepTranuiaTa, BKIOYBAIIUW HW3YUCIIABAHCTO Ha
Ka4€CTBOTO U GQ)CKTI/IBHOCTTEI Ha I/IHq)OpMaI_II/IOHHaTa cucTeMa Ha 0Oasa OIIPEACIICHU KPUTCPUHU CC
npucMa ia €€ U3II0JI3Ba KATO OCHOBA MCTOJia 3a OMMPCACIIAHC Ha TCIIIOBHU KOG(bI/II_[I/IGHTI/I 110 MHCHUA
Ha CKCIICPTH.

2.4 U3Boau

3a pa3paboTBaHETO Ha eJHa HMH(OpPMAIMOHHA CHCTeMa, € HeoOXOAMMO MpOLEChT Ha
pa3zpaboTka Aa mpemMuHe mpe3 ompeneneH Opoit oraennu etanu (dasum). Etamure, mpes3 KoiTo
IpeMuHaBa pa3paboTBaHETO Ha cucteMaTa 3a Web-0a3upano oOydeHue ca IecT.

Ha eran ananuz Ha WM3MCKBaHUATa KbM CHCTEMaTa IeNTa € U3SCHSIBAHE Ha TOBA KAKBO €
HEOOXOMMO 3a pealm3upaHeTo Ha HeWHuTe QyHKuuu. OChIIeCTBABAa c€ JICKOMITO3WIHSA Ha
(YHKIIMUTE HAa CHCTEMaTa Ha TEXHUTE CHhCTaBHH E€IIEMEHTH M C€ Ch3JaBaT JIOTHUYECKH MOJIENN Ha
MPOLIECUTE ¥ MOTOLUTE OT JAHHU, HEOOXOIMMH 32 M3ITBIHEHUETO UM.

Ha eranm npoexmupane ce pa3paboTBa ISUIOCTEH MOJENI Ha cucTemaTa 3a Web-06a3upano
oOyuenue. Onpenessar ce METOIUTE U CPeICTBaTa, U3IMOA3BaHU MIPU pPeaIM3UPAHETO Ha CHUCTEMaTa.
MotuBHpaH € u300pbT Ha Xapayep, copTyep, 0a3a OT JaHHH, apXUTEKTypa, KOMYHHKAIHHTE,
B3aUMOJICHCTBHETO € TIOTPEOUTENHNTE IIPU CHUCTEMATA.

Ha eran paspabomeane peanusupaHeTo Ha cHCTEMara € ChbOOpa3eHO C MPEIXOIAHUTE JBA
ertana. M3rpaseHa e MpakTHYECKH B CHOTBETCTBHE C TEXHUTE HM3MCKBAHMS, METOAM U CpPEICTBA.
W3BbpmiBa ce ch3aaBaHeTO Ha 0a3aTa OT JaHHU M CE HAIMCBAT MPOTPaMHUTE MOAYJIH Ha M30paHus
IPOTPaMeH €3UK.

Ha eram mecmsane cucremara mpeMHHaBa Ipe3 HAKOJIKO CTHIKH. [IbpBO BCEKHM eanH
IpOrpaMeH MOJYJ C€ TeCTBa MOOTAETHO M Ce OTCTPAHSABAT TPEUIKHTE, CIEI KOETO CHCTeMara ce
crio0siBa W ce W3BBPINBA IUIOCTHO TecTBaHe. Hakpas karo mocienHa MpoBEpKa ce M3BBPIIBA
TECTBaHE Ha CHCTEMara B MOTPEOUTENICKA cpefa.

Ha eran sueodpsisane ce ocblecTBIBa MPEXoa OT cTapaTa KbM HOBaTa, KaTO BHEIPSBAHETO ce
peanu3upa napajieiHo.

Ha eran oyeussane ce mipemmara BB3MOXKHOCT 3a TpHJIaraHe Ha METOIU 32
MHOTOKpUTEpHAIHA ONTHUMH3AIMA KbM ITOJIXOJ 32 OIEHKAa Ha KadecTBOTO Ha cucrema 3a Web-
Oazupano oOyuenue. HampaBen e aHanm3 Ha Te3W METOIM, M Ha OCHOBaTa Ha TO3W aHAIU3 €
MPEAJIOKEH MOIXO0I, Ype3 KOWTO ce MPaBU KOJIMYECTBEHA OIEHKA Ha KA4eCTBOTO M €(heKTHBHOCTTA
Ha cucteMaTta. Ha Oa3zaTa Ha Ta3W OIIGHKAa ce OIpENCAT MapaMeTpuTe KOWTO TpsOBa na ce
noJ00pAT ¢ LeNl ONTHMU3MPAaHE Ha MpPOLECHTE B CHCTEMara C OIJie] YIOBJIETBOpSBAaHE Ha
M3MCKBaHUATa Ha mnorpeOutenure. IlogxonbT MoXe Ja ce mpujara 3a pasii4Hd copTyepHHU
MpoayKTH B obOnactra Ha Web-0a3upanure mpuiokKeHusl, KaTo ce 0OTYETaT 0COOCHOCTUTE Ha BCSKa
OT TSIX.
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I'naBa Tpera: PazpaborBane Ha nH(popMannoHHa cucrema 3a Web-6a3zupano
o0yueHue

3.1 YBox

CucremMuTe 3a oOpraHu3upaHe M ynpaBieHue Ha Web-6asupano oOyueHue, ca
MHOTO(QYHKIMOHATHUA. Te3u CUCTEeMHM OCHUTYpPsSIBAT KOMYHHKALMs MEXAY YYaCTHHLUTE B y4eOHUs
MpoIiec, KaKTo W BB3MOKHOCT 3a YIpaBieHHWE Ha ydeOHus mporec. [IpobmeMbT kKak 1a ce
cTpykrypupa Web-0a3upaHuar Kypc W J1a ce MpEncTaBH ChOOpa3HO M30paH MOJEN, Kak Ja ce
ChbXpaHsBa B IIPABUIIHO CTPYKTypupaHa Web-uHTerpupana 0aza JaHHHU, € U3KIIOUUTEIHO aKTyaseH.
Kato pesynrar orT Hay4yHHUTE  M3CIEIBaHUS B TOJSIM OpOM YHUBEpPCUTETH M KOMIIAHHMHU ca
pa3paboTeHH MHOTO TaKWBa CUCTEMM. EHA OT Te3M CHUCTEMHU € M PEaTU3UpaHUsT CailT, KOHTO €
OCHOBa 3a Cbh3/laBaHE M MpPEJCTaBsIHE Ha KypCOBE IO Pa3IUYHU AMCUUIUIMHK B MeIUIMHCKU
yauBepcuteT — Codusa. HeoOxonuMocTTa OT ch3IaBaHETO Ha COOCTBEHA CHUCTEMa € OCHOBAaHO Ha
HSKOJIKO TPHYMHHM: BHCOKHTE II€HM Ha YYXAW CHCTEMH 3a OpraHM3MpaHe U YIpaBICHUE Ha
obyuenueto (karo Blackboard n Lotus Hampumep), KOUTO ca HECHIIOCTABUMH C HAIIUTE YCIOBUS;
JUrca Ha Bb3MOXKHOCT 3a I'bBKaBO OOHOBSIBAaHE Ha IOJI3BaHATa CUCTEMA C Pa3BUTHETO Ha HOBU
MH(OPMALIMOHHU TEXHOJOTMH. 3aKylNEHUTE WM MOJMyYEeHU Ype3 JIMIIEH3 CUCTEMHM HE Morar Jia ce
IIPOMEHAT. BBIpekn yHuBEpcaiHHs XapakTep Ha MOBEYETO CUCTEMHM, HA MPAKTHUKA CHIIECTBYBAT
XapaKTepHU pPAa3IMKU MEXIy OOy4EHHUETO MO WHXXEHEPHHM, XYMaHUTApHHM, MEIULMHCKH U JIp.
JUCLUIUIMHY, KOETO OIpaBlaBa M Hajara pa3paOOTBaHETO Ha COOCTBEHM CUCTEMH, ChOOpa3HO
cneur(pukaTa Ha JUCUUIUIMHUTE. Hanpumep B MEAMLIMHCKUTE TUCHMIUIMHUA € BaXKHO PEIIABaHETO
Ha CHUTYallMOHHHU 3adaydl (KJIMHUYHU Kazycu). M He Ha mocieaHo MSCTO e€3uKoBaTa Oapuepa.
Cucremute ca OpMEHTHPAHU OCHOBHO KbM aHIVIMMCKHU TOBOPELUTE CTPAHHU.

B Hacrosmiata mmaBa ce ONMKMCBa peaM3MpaHETO Ha COPTYEepHO NpUIIOKeHHe Karo Web-
OasupaHa cucrema 3a oOydyeHue. CucTemara € Hacou€Ha KbM IpEnojaBaTeIUTe OT pa3INuyuyHU
MEIUIIMHCKN IUCIHMIUIMHA B Memunuuckn yHuBepcuteT - Codus (MYC), 3a na tv yiaecHH B
myOIMKYBaHETO Ha TPaAULMOHHM W MHTEPAKTHBHU CpelcTBa 3a oOydeHue. Cucremara mma JBa
uHTepdeiica: aJAMUHUCTPaTUBEH, NpPEAHA3HAYE€H 3a U3MO0JI3BaHE OT IMpernojaBaTeluTe U
MOTPEOUTENCKH, TIPEHA3HAUEH 3a U3M0JI3BaHe OT cTyleHTUTe. IHTepdeichT 3a CTYIeHTH BKIIIOYBA
TpU OCHOBHHU Monyna (Jlekuuu, TecroBe m BupTyanHu mauueHTH), cbuio Taka Moayil Bupryannu
MOJIET U MOIYJM 32 PETUCTPUpaHE Ha MOTPEOMTENH, ThPCEHE MO KIIOUOBa JyMa WU HU3pasu U
HSKOJIKO JIPYT'H JOIBJIHUTENHU CEKLWU U MOJA-CEKIUU. AJIMUHUCTPATUBHUAT UHTEpPEIc BKIIOUBA
penuua onuu U GopMHu, KOUTO TO3BOJISABAT IOPU U HA MPENOJABATEIU C OTPAaHUYEHU KOMITIOTHPHU
MIO3HAHUSA C JIEKOTA J1a Ch3/1aBaT, PeAaKTUpaT U MyOIMKyBaT JEKIUH, TECTOBE, CUMYJIALIUH Ha Ka3ycH
KaKTO U J1a MAHUITYJIUPAT ChbP>KaHUETO U HA OCTAaHAJIUTE MOJYJIM B CHCTEMATa.

3.2 Peanmsanusa Ha cuCcTEMATa

PeaJ'II/I3I/IpaH€TO Ha cucTteMara CjicaBa NpCIJIOKCHUTC €Talll Ha U3IIBJIHCHUEC OT BTOpPA IJ1aBa
Ha JUCCPTAIMOHHHA TPYI. Cucremara CIlaia KbM KaTCropuAaTa ylpaBJICHHUC Ha yqe6Ho CbAbpPKaHNC
mopaaunu CHCHI/Iq)I/IKaTa Ha U3MCKBAHUATA OT CTPpaHAa HA MHCTUTYLUATA, KOATO S U3II0JI3BA.

Jdepunupane Ha H3UCKBAHUATA KbM CHCTEMaTa
Karo pesynaTar oT HampaBeHMsl aHaAIW3 HA JIMTEPATypHU HM3TOYHULIM M MPOYUYBAHETO H

PAasriICKAaHCTO HAa aHAJIOTMYHHU IPOrpaMHU CHUCTCMHU, KAKTO WM B3CTOTO B IMPCABUA MHCHHC Ha
HC3aBUCHUMHU CKCIICPTH B oOylactra Ha I/IH(i)OpMaIII/IOHHI/ITe TCXHOJIOTMM W CKCICPTU OT
WHCTUTYLIMATA, KOSTO TIpemara cuctemara 3a Web-0asupano oOydeHue, ce QopMyiaupar
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W3MCKBAHUS, BKIIIOYBAIM XapaKTEPUCTHUKHM HA KauyeCTBOTO Ha CO(TyepHUTE NPOIYKTH KaTo
KOPEKTHOCT, HaJEeXJIHOCT, CTa0MJIHOCT, MalaOupyeMoCcT, MPEHOCUMOCT, BB3MOXKHOCT 32
NOJIPBKKAa U yJnoOeH 3a moTpedburens UHTepdeic M XapaKTepPUCTHKH, U3IIBIHABALIM (DYHKIUH,
XapaKTepHU 3a YHUBEpCaJlHa CHUCTEMa 3a YIMpaBleHHE HAa OOYyYEHHETO KaTo YIpaBlIeHHE Ha
CTYACHTHUTE, YIpaBlieHHEe Ha y4yeOHUTE MaTepualli, YIpaBJIeHHWE Ha MaTepUalIUTe 3a OICHSBAHE,
ynpaBiieHue Ha y4yeOHUs MpoLec, yIpaBIeHUE Ha JOCThIIA 10 CUCTEMAaTa.

Cp31aBaHe Ha 0a3aTa OT JaHHU
3a ¢usnyeckara peanuzaius Ha 6a3zaTa OT JaHHM Ha cucteMata 3a Web-06a3upano oOydeHue

e u30paHa pejalMoHHaTa CUcTeMa 3a ynpasieHue Ha 6a3u nanau (CYB/) MySQL.

Ls10TO CHIBpPXKAHME, YIPABISABAHO M MyOJMKYBAaHO OT CHCTEMara ce ChXpaHsBa B 0a3a JaHHU B
KOSITO MMa MH(OpPMAIH 32 PErUCTPUPAHUTE OTPEOUTENN B CUCTEMATa, 3a KaTepUTe U KypCOBETe,
3a pasleiauTe Ha BCEKH KypC, 3a CbCTABHUTE YacTHU Ha pasaenure: Jlekuuu, TectoBe u Bupryannu
MAIMEeHTH, 32 BBIIPOCUTE B TECTOBETE M CHUMYNALMUTE, KaKTO M 32 TEXHHUTE OTTOBOPH H JIPYyTH
noMomHu eneMeHTH. Cucremara IO3BOJISBAa M3IOJI3BAHETO HA PA3IMYHMA THIIOBE BBIIPOCH B
TECTOBETE C pa3INYHa KOMOMHAIMS OT ChCTaBHU €JIEMEHTH.

IIpoexTupane Ha Web apxuTeKkTypara Ha cucreMara

[TpyHIMIIBT Ha JAEWCTBHE HA CUCTeMara € 0a3upaH Ha apXUTEKTypHUS MOJEN ,,KIUCHT-
CBPBBP~ C TPU B3aUMOCBBP3aHU HEPApXUUHU HUBA: HUBO HA MPEJCTABAHE, MPUIOKHO HUBO U HUBO
3a 00paboTKa Ha JaHHU. 3a pealn3alusaTa Ha MbPBOTO (YHKIMOHATIHO HUBO — MOTpEOHTEN — ce
M3M013Ba OOMKHOBEH Opay3ep, BTOPOTO HMBO € M3rpaZieHo moJ Linux onepaiioHHa cUCTEMa U ce
peaymm3upa upe3 Web cbpBBpa, KOHTO oOCiyX)Ba WHpOpManuOHHATa cuctema. M30pan ¢ Web
cepBBpBT Apache, a karo oOpaborBamia mporpama ce wusnoi3Ba PHP wunHTepmperatop 3a
MPOrpaMHUTE MOAYJH OT CTpaHa Ha ChbpBbpa. TpeToTo HUBO € HUBOTO Ha Oa3aTa AaHHU. M3moi3Ba
ce MySQL karo ©0a3a oT JaHHM 3a CBbXpaHeHHEe Ha wuHGopMalusaTa. 3a CbH3JaBAHETO H
aIMMHHUCTPHUPAHETO Ha 06a3aTa JaHHU ce U3MOoI3Ba mpuioxkeHueTo phpMyAdmin.

IIpoexkTHpaHe Ha cMCTeMAaTa KaTO CbBKYMHOCT OT MOAYJIH
Cucremara 3a Web 6a3upaHo oOyueHHe ce CbCTOM OT JiBa HHTep(elica — aAIMUHUCTPAaTUBEH

Y TIOTpeOUTEIICKH, TIpeicTaBeHn Ha Purypa 3.3.
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®urypa 3.3: CTpyKTypHa cXxeMa Ha MOJYJIUTE Ha CUCTEMaTa U Bpb3KaTa MEXIY TAX
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Beekn enuH oT TAX € ymoOeH, JIeCEH 3a M3MOJ3BaHE W HWHTEPAKTUBEH 3a BCHUKH
MOTpeOUTENu - TOCTH, CTYAEHTH, MpernojaaBaTesd, aaMuHUCTparopu. Cucremara € I'bBKaBa H
OTBOpPEHA - HE3aBUCHMA OT OTEpPAIlMOHHA CUCTEMa, ChBMECTUMA C IIMPOKO M3MOI3BaHUTE Opay3bpH,
chbBMecTHMa ¢ Jpyru Web mnpusoxeHus, IUIBIMHM W Jp. TS € He3aBUCMMa OT KOHKPETHOTO
ChIbPKaHUE Ha TUCIUILUIMHATA U OCUTYpsiBa Obp3 U JIECEH JOCTHII IO BCSIKA YACT OT Hesl.

Onucanue HA NOTpeOUTEJICKHUA NHTep(eiic HA cucTeMaTa
WuTepdeiicyT, mpenHa3HaueH 3a W3MOJI3BaHE OT CTYACHTUTE CE€ ChCTOM OT TP OCHOBHHU

moayna - "Jlekuun", "TectoBe" u "Bupryannu nanueHtn”. Bcuuky CTpaHWIM B T€3W MOIYJIU ca
nuHaMu4HO odopMeHu. Hsma orpanuueHus 3a 6pos MpH Ch3JaBaHETO Ha HOBU MOAYJHU U B caiiTa
Ha MEAWIIMHCKA OMOXUMUS € 100aBeH MOIYIbT ,,Bupryamau monenu”. OCBEH TOBa € MPEA0CTaBeHA
BB3MOXKHOCT 33 ThPCEHE, PETUCTPALIUS Ha TOTPEOUTENH C PA3TUYHU TPaBa U KOHTPOIUPAH TOCTHII
Jo cucteMara. ChINO Taka € BB3MOXKHO Jia ce J00aBAT JIONBJIHUTEIHH CEKIMH H IIOA-CCKIHH,
ChIBPKAIIM MOJIe3Ha WH(POpMAIUs, KaTO PEYHHWK I10 TUCIUIUIMHATA W TIOMOIIHU MaTepHAIIH:
KOHCIIEKTH, pa3MUCaHMs, JUTeparypa, CHUCHK Ha TpernojaBaTelid uU Jp. 1o3u wuHTEpdeiic
MPEAOCTABS HA CTYACHTUTE BH3MOXKHOCT 32 JIOCTBHIT JI0 JICKITUUTE KaTO M3TOYHUK HA 3HAHUS, TOCTHII
JI0 TECTOBE KaTo (CaMo)-OIIeHKa Ha TEOPETUYHHUTE 3HAHUS M JOCTBII JI0 pelllaBaHe Ha KIMHUYHU
Ka3yCH KaTo BB3MOXKHOCT 3a JOOMBaHE M MomoOpsBaHe Ha mpodecuoHanHuTe cu ymeHus. Ha
¢urypa 3.4 ¢ npepcraBeHa r1aBHaTa CTPAHUIIA HA TIOTPEOUTEICKN HHTEPQEIC.

CAWT WIAB/IOH encus ([ - -

HTH

LOG SOPMA HAMAND

Noipeburen:

Napona:

Copyright © 2010 - hetp:/fdiscipline. mu-sofia.ba - Bowukn Npaes sanasern

®urypa 3.4 HauanHa cTpaHulla Ha OTPEOUTEIICKU HHTEpdeiic

Mooyn ,,Jlexyuu” — To3u MOAYN CITyX U KaTo U3TOYHUK Ha OCHOBHU 3HaHusA. [Ipu n3bop Ha
Monyn ,,Jlekiuu”, B JsBaTa 4acT Ha eKpaHa, HOTPEOUTENSAT MOXKE /1a BUIHU CIIUCHK ChC 3arjlaBUATA
Ha pazzaenuTe (ChAbpIKaHME Ha Kypca). Besiko 3armaBue Ha paszien € Bpb3ka KbM ChIBPKAaHUETO MY,
KOETO C€ BH3yaju3Mpa B JsCHaTa 4acT Ha ekpaHa. ChIbp)KaHMETO Ha BCEKHM pa3led BKIIOYBA
JICKIIUU. Bcesxka JICKIIUA C€ CBCTOHM OT TCMH H IIOATCMMU. Bcsako 3arnmaBue Ha Tema € BPBb3Ka KbM
CHhOTBETHATA JIEKIIMOHHA TOYKa Ha paszaena. CTyIeHTHUTE MOTaT JECHO J1a HaMepsT HeoOXoammara
TeMa W Ja S M3MON3BaT, 3a Ja oOoraraT cBouTe 3HaHUSA. ChIOI0 Taka MMa BB3MOXKHOCT 32
pasnevarBaHe Ha LETUs pasen.

Mooyn ,,Tecmose” — To3n Momyn JaBa Ha CTYyJACHTHUTE BB3MOXKHOCT 3a (camo) OIlCHKa Ha
TEOpEeTUYHUTE UM 3HaHMs. [71aBHATa CTpaHWIa HA TO3U MOIYI JaBa Bb3MOXKHOCT 3a U300p MEXKIY
HSIKOJIKO THIa TECTOBE - MPUMEPHH, U3NUTHU U peanHu. [Ipu uzbop Ha peasieH WM U3NUTEH TECT,
rmporpamara HM3MCKBa pErucTpauus. 3a Ja ce CTapTupa M NpOUrpae H3IMUTEH TeCT, OCBEH
perucTpanys, € Hy>KHO Ha CTy/IeHTa J1a My ObJie JaJIeHH CIIeUAIHO pa3pelieHre OT MpernoaaBaTed.
IIpu ycnoBue, 4ye CTyACHTHT € PErUCTPUPAH U HETOBUAT aKayHT € aKTUBUPAH OT IIPEIOAAaBaTell, B
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JSICHaTa 4acT Ha €KpaHa Ce BU3yaJIM3Hpa CIIMCHK C TECTOBE OT N30paHMS THUIl U CTYJCHTHT MOXE Ja
HarpaBu cBOA M300p. 3arlaBHETO Ha TECTOBETE € Ne(GHUHUPAHO KaTO BBIPOC C IMPEIATIOKEHH
OoTroBopu. TecToBeTe TMO3BOJSABAT pA3IMYHA PEKHMH Ha TNPEACTaBIHE Ha BBIPOCUTE!
MOCJIEJIOBATEIHO WIIM CIy4allHO B PaMKUTE Ha LENUS TECT M IMOCIEIOBATEIHO WIM CIy4aiHO B
n30bpaHa 4acT OT Tecta. Pa3HOOOpa3HUTE TUIIOBE BBIPOCH (M300p OT NPEAJIOKEHH OTTOBOPH,
3ambJIBaHE Ha MPa3HUHHU, paHKHpaHe, HAMUPAaHE Ha ChOTBETCTBHE MEKIY €JIEMEHTH Ha JIBE TPYIIH,
M3UCKBAIM CBOOOJCH OTTOBOP) CE OLEHABAT aBTOMATHYHO OT cHcTeMara. Pa3znnugaBar ce 4eTwpu
THUMAa OTTOBOPU: BEPEH, HENbBJICH, HETOYEH, MOrpemieH. Termara Ha BEpPHUTE OTTOBOPH ca
MOJOKUTETHM YHWCIla, a Ha NOTpelIHWTe — OTpumarenHu. ToBa ocurypsiBa mo-mo0pa
midepeHnmanys Ha otroBopute. OneHkara Ha BbIpoca ce GopMynupa KaTo apuTMETHYHA CyMa OT
Teryata Ha u30paHuTe oTroBopH. Cien Karo CTYASHTBT MpaBH CBOS U300p Ha OTTOBOP CIlI€A BCEKU
BBIIPOC CE€ MPEACTaBsl OLIEHKA, KOMEHTAp, BEPHUTE OTIOBOPU M pe3ylTara OT BCHYKH HMPOUTPAHU
BbIIpocu. ToBa ocurypsiBa NOCTOssHHA oOpaTHa Bpb3Ka CbC cTyaeHTa. Hakpas Ha Tecra, ako
CTYACHTHT HE € NOIy4YMJ OTIWYECH pe3ylITaT My C€ INPEeloCTaBs BB3MOXKHOCT 3a IOBTOPHO
IIPOUTpaBaHE Ha BBIPOCHTE ChC crpemeH orroBop. KpaifHara omenka ce ¢opMupa Kato cyma OT
OLIEHKUTE Ha BCHYKU IMPOUTPAHH BBIPOCH OT M30paHus TecT. Hakpas, Ha (UHATHHUS €KpaH ce
NPEACTaBIT MMETO Ha MOTpeOHTeNs, KpailHaTa WHAWBUAyalHAa OIEHKA OT IPOWIPAaHHS TecT,
MaKcHMaiHaTa BB3MOXKHA OIIEHKA, NMPOIIGHTHOTO CHOTHOIIEHHWE HAa OILEHKAaTa M Jpyra AeTaiiHa
uHpopmanus. Cien ToBa CTYIEHTHT MMa Bb3MOXKHOCT Jla c€ BbpHE M JAa u30epe Ipyr TecT 3a
NpOWTpaBaHEe WU JPYyT MOAYJ OT cucTeMara. BbB BCHUKM TECTOBE, C M3KIIOUCHHWE HA M3IUTHUTE
TECTOBE, MMa Bb3MOXHOCT TECTHT J1a C€ NMPEKbCHE BbB BCEKU €IMH MOMEHT T.€ CJie]l BCEKU BBIIPOC,
HE caMoO Hakpas Ha Tecra. ChIIECTBYBa BB3MOXKHOCT 3a PETYJIHMpaHE Ha BPEMETO 3a OTTOBOP
WH/IMBUYAJTHO TIPH BCEKH BBIIPOC B U30paH TECT.

Mooyn ,, Bupmyannu nayuenmu” - To3n MoayIn yiaecHsiBa JOOMBAHETO U MOAOOPSBAHETO HA
npoeCHOHAIHUTE YMEHUS Ha CTYICHTUTE 3a pellaBaHe Ha KIMHWYHH ciiydau. CHMynanmunTe Ha
KJIMHUYHYU CITydYad ca CICHUAIM3HpPaHNd TECTOBE, YMATO IIeNl € pellaBaHe Ha KIMHUYEH HpoOIiieM.
Bwnpocute cnenBar ch00pa3HO JOTHYECKHS pel 3a pemaBaHe Ha ciaydast. [lopagu ToBa cucremara
JlaBa BB3MOXKHOCT BPBIIaHE KbM TEKYIIUs WM HPEIXOJCH BBIPOC. ToBa MO3BONSBA PA3TUYHU
Pa3BpB3KM B 3aBHCUMOCT OT IUIaHAa Ha IPENoaBaTels W YMEHHUATa Ha CTylIeHTa. PerraBaiiku
KIMHUYEH CIy4ai, Ha CTyIAECHTa Ce€ MPENOCTaBs BH3MOXHOCT Ja n30epe OT MPEATIOKEHU PELICHUs
WIA J1a J1aie CBOE€ COOCTBEHO pelleHHWEe Ha TEKYLIUs BBIPOC. BCeku OTroBop € MNpuApyk eH
€THOBPEMEHHO ¢ KOMEHTAp U Ce OIICHSABA, HO caMara OICHKa Ce ITOKa3Ba caMO Ha (pMHAJIHUS €KpaH,
a He Cliell BCEKH OTTOBOp, KAaKTO € IMPH TEOPETHYHUTE TECTOBE. 32 BCEKH €OUH Clydail MMa u
crienduYHa CTpaHWIA B ITOMOII] HA CTYAEHTA, KaKTO M CTPAHMIA C HCTOPHUS Ha 3a00NIBaHETO HA
nanveHTa. Te3n cTpaHWIHM ca MOCTOSHHO aKTHBHU B Momylna. [IpexparsBaHeTo Ha CUMyJIanusaTa Ha
KJIMHUYEH Cllydail W u300p Ha JIpyr MOAYJA OT CHCTEMaTra € BB3MOXKHO IO BCSIKO BpeMe Ha
NpOUTpaBaHe Ha Ka3yc.

Onucanue HA AIMUHUCTPATHBEH HHTepdelic HA cucTemMaTa
N3non3Baiiku anmMuancTpaTuBHus nHTEpdeiic (purypa 3.14), npenogaBarenu 6€3 yMeHHUS B

MIPOrpaMUpaHeTo, MOraT JIECHO Ja MyOJIMKyBaT JIEKIIMM KaTO U3TOUYHUK Ha 3HAHUSA, UHTEPAKTUBHU
TECTOBE 3a (camoO) OIIEHKa Ha TEOPETUYHU 3HAHUS W WHTEPAKTHBHU BUPTYAIHHU MAlMEHTH 32
peulaBaHe Ha KIMHUYHM Kazycu. CaMoO pEerucTpupaHd NpernojaBaTeld WU aJMUHUCTPaTOpU
(mpenogaBarenyu ¢ aAMUHUCTPATUBHU MpaBa) MOraT Ja W3MOJ3BaT To3U Monayi. Heortopusupanure
MOTPEOUTENU KAaTO TOCTH, CTYJCHTH WM HEPETUCTPUPAHM MPETOJABATENN HAMAT JOCTHI 10 TO3H
Moayn. Cucremara JaBa Bb3MOXHOCT 32 BMBKBAaHE Ha MYJITUMEAWHHH (aitioBe, duram (aiiose,
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pas3nuyHu U300pakeHus: U (QaillioBe ¢ TOKYMEHTH, Ch3[aBaHE Ha BPBH3KH B PAMKUTE HA U MEXKIY
OTJICJIHUTE CEKIIMM HAa KYpCOBETE WJIM BHHIIHM M3TOYHUIIM, HA TECTOBH BBIPOCH, YIpPaBICHHUE Ha
MEHIOTa U TOJI-MeHIOTa. M3bJIHEHUETO HA MHOTO OT TE€3H OIEpaIliy € Bb3MOXKHO OarofapeHue Ha
TEKCTOB PeJaKTOp, KOMTO € HHTEerpUpaH B cUCTEMaTa.

ALQMHUHHUCTPATHBEH MO4YIT REDCHA HA AHFIMACKH

ANMUHHCTPATHBEN MOOYI

FAIMIAHACTRATHEHE S0P
Mons, it suweto norpefurenckn nMe n nagona

MeTpetutenckn nwe:

—
e —
[

Copyrght & 2010 - Bonurn npasa sanasesn

®urypa 3.14 Havanna cTpaHua Ha aJMHHACTPATHBEH HHTEepQEiic

N3non3BaHeTo Ha aIMUHUCTPATUBHUS UHTEep(delic TO3BONISBA!

- Cnb3nmaBane, peJaKTUPaHe U U3TPHBAHE HA pa3/eliu;

- Cwb3nmaBane, peaKTUpaHe U U3TPUBAHE HA JICKIMOHHU TEMH;

- Cs3naBane, peakTHpaHe U U3TPUBAHE HA TECTOBE;

- Co3naBane, peJakTupaHe U U3TPUBAHE HA CUMYJIAIMN HAa KIIMHUYHH CITy4Yaw;

- Cob3pmaBaHe, aKTHBUpaHe, JCAaKTHBHPAHE M HW3TPUBAHE Ha MOTpeOUTENH (CTYICHTH U
NpenojaBaTeNv) Ha CUCTEMATa;

- CnpaBKa, MO0 OTHOMICHUC Ha MPCACTABAHC HA CTYACHTUTC WJIM KAYCCTBO HA BBIIPOCUTC.
CnpaBkaTa € Bb3MOYKHA CaMo 3a TECTOBE OT TUI U3MUTHHU;

- JloGaBsiHe, penakTupaHe M U3TPUBAHE HA KaTepH U KypCOBE;

- JloGaBsiHe Ha MHCTPYKIHMH 3a paboTa ChC CUCTEMATA,

- I/I3TpI/IBaH€ Ha KapTUHKHA OT JICKOHUHU, TCCTOBC U BUPTYAJIHU MMALUCHTH,

- W3srpusane Ha daiinose;

- JloGaBsiHe, pemakTHpaHe W W3TPHBAHE HA CEKIUM M IOACEKIMH OT IIaBHO W
BTOPOCTEIICHHO MEHIO B CHCTEMATa;

- Pepmaktupane W wu3TpHBaHE HAa HMMETO Ha IUCLUIUIMHATA, 33 KOSATO CE Ch3/aBa
KOHKpETHHUs Kypc 3a Web-0azupano obyueHue.

3.3 CpaBHeHHe HA pa3padoTeHaTa CHCTEeMA C APYTrH OBJTapPCKH M YYK/IU CUCTEMH B 00J1aCTTa
HA eJICKTPOHHOTO 00y4YeHHe

[IpencraBeHo € cpaBHEHHWE Ha BB3MOXKHOCTUTE MEXIy HSKOM OT pas3llielaHuTe B ITJIaBa
IIbPBa CUCTEMH 32 CJIIEKTPOHHO OOydYeHHe W pa3padoreHara cuctema 3a Web-0asupaHo oOydeHUE B
nuceprauoHHus Tpyxd (Tadaumma 3.2). Ilenta Ha HanmpaBEeHOTO CpaBHEHHE € HE Ja IOKaxe, 4e
cUCTeMara € IMo-100pa OT MOCOYEHUTE YHUBEPCAIHU CHCTEMHU 3a EJIEKTPOHHO OOy4yeHHe, a Ja
MOCOYH, Y€ T € ChbU3MepUMa U ce J0OIMKaBa /10 ToJisiMa CTENEH 10 OCHOBHHUTE CH KauecTBa Ha
€IHU OT Hal-100puUTE pelleHus B 00JacTTa Ha eJIeKTPOHHOTO oOyueHne. CpaBHEHHETO € HAallPaBeHO
M0 KpUTepHH, Oa3upaHu Ha HE3aBUCUMU €KCIIEPTHU H3CIIECIBAHUS.

OT mpencTaBeHUTE pe3yiTaTH Ha Oa3ara Ha HANMPaBEHOTO CpaBHEHHE B Tadamua 3.2 oT
JMCEPTALlMOHHUSL TPYA C€ BIXJAA, Y€ pa3paboTeHaTa CHUCTEeMa HE OTCTHIIBA IO OCHOBHHUTE CHU
KauecTBa Ha Hal-IOOpHUTE pelIeHus B Ta3uW OOJACT M IpPHUTEKaBa HEOOXOMUMHTE CPEICTBA 3a
MpOBEXJaHe Ha €(EKTUBHO EJIEKTPOHHO oOyueHme. Pesynrarure ca BU3yadu3upaHU upe3 pajapHa
nuarpama Ha ¢urypu 3.19 u 3.20 ot nucepraunonHus tpya. Kpurepuure, BbpXy Kouto TpsiOBa n1a
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ce HabsierHe npu OBJEINO Pa3BUTHE HA CHCTEMara ca CUHXPOHHUTE CUCTEMHU 3a KOMYHMKalUs U
HNOAAbPKAHUTE CTAHIAPTH U CIeUU(UKALIMU 32 €JIEKTPOHHO 00y4eHue.

Ha pamapnara nuarpama ot ¢urypa 3.20 e uitocTpupaHo cpaBHEHHETO Ha pa3zpaboTeHara
cucrema 3a Web-6a3upano oOyueHHe ¢ BCHUKM OCTaHAIM CHCTEMH MOCOYeHH B Tabauna 3.2, Kato
0s1Xa M3YUCIICHH CPEJHUTE CTOMHOCTH 3a BCEKM OT Kpurepuute. OT nuarpamara ce BWXKIA, 4Ye
pa3paboTeHara CUCTeMa W3IIBJIHSABA JI0 TOJSIMA CTENEH KPUTEPUUTE, XapaKTEpPHU 3a yHHUBEpCaHa
Web - 6a3mpana cuctema 3a yrpapieHHE Ha OOyYEHHETO W WMa TOJSIM TMOTEHIHAN 3a OBAeHio
pa3BUTHE.

B CpeaHa cToilHocT W Yeb BazupaHa cuctema-MY

ACUHXpOHHE

LleHoBa NonMTMKA _— T CMHXpOHHa

WHcTpymeHTH,
\ g AFoanomarawm paborata
] Ha oByuaemuTe

Esuk Ha uHTepdeiica [

MzMcKBaHKA 23 A "2 ABTOPCKEI CHCTEME W
) / CUCTEMAE 2a A0CTaBAHE Ha

yueBHOTO ChabpHaHue

- =7
TEXHONOTMK OT CTpaHa Ha © L

KAMEHTa
WzuckBaHmA 33 MHCTpYMEHTH,

— noanomarawm paborata
Ha agMHUHHUCTPaTOpPa

TEXHOMOTHM OT CTPAHE Ha
CbpEBPa
MNoggbpHaHM CTaHAIPTH M
cneyudmralmm 2a
eneKTpoHHOo obyueHue

®urypa 3.20 CpaBHEeHHE Ha Bb3MOKHOCTHTE HAa CUCTEMATa C IPYT'H CUCTEMH 3a CIICKTPOHHO
oOyueHue

3.4 U3Boau

JledbmHupann ca M3UCKBAHMATA KbM CHCTEMaTa, Karo Ha 0a3ara Ha TE3W W3HMCKBAHHS CE
OCBIIECTBABA HEWHOTO TPOSKTUpAHE W peanusupane. [IpeicTaBeH € pelnanuoHHUAT MOJCH Ha
Oazara nannu. CnenBaiiKu TO3W MOJEIN € HampaBeHa (pu3nyeckara peanu3aius Ha 6a3ara OT JaHHH.
[IpuHIUITBT HAa JEUCTBUE HA CHCTEMara € 0a3upaH Ha apXUTEKTyPHHS MOJAEN ,,KIHEHT-ChPBBD’ C
TPU B3aMMOCBBHP3aHU HepapxuuHu HuBa. MHPOpMaLMOHHUTE NPOIECH, HA KOHTO € OazupaHo
pa3paboTBaHETO Ha MPOTPAMHHUTE MOAYNIH, Ca ONKUCAHW Ype3 CIECHApUH Ha JEHCTBHETO U Ha
paborara um.

Cucremara ce cCbCcTOM OT JBa HHTepdeiica: aJIMUHUCTPATUBEH M MOTPEOUTEICKU
(crynentcku). Bcekum or TAx e ymoOeH, JeCeH 3a W3IOJ3BaHE W WHTCPAKTUBEH 3a BCHYKH
HOTpC6I/ITCJ'II/I - T'OCTHU, CTYACHTH, NPCoaaBaTciivi, aAMUHUCTPATOPH.

CpoOpa3zeHa € C OCHOBHM MPHUHILMIIKM Ha MPENOPHUYUTETHU MEXIyHAPOIHU CTaHIAPTH
00001IIeHN KaTO MHOTOKpAaTHA M3MOI3BaeMOCT, YIIPABIsIEMOCT Ha HH(OpMAIUATA 3a TOTPEOUTEIHTE
1 y4eOHOTO ChIIbpKaHUE, JOCTHITHOCT, IBJITOTPAMHOCT — B3MOXKHOCT 32 Pa3BUTUE HA CHUCTEMara ¢
pa3BUTHE HAa TEXHOJOTMUTE W BB3MOXKHOCT 3a B3aMMOJACHCTBHE MEXIY pPAa3IUYHU CHUCTEMHU.
[IputexxaBa BB3MOKHOCT 32 IUIAHUPAHE M OpPTaHU3MpaHE Ha OOyUEHUETO upe3 MyOnnKyBaHE Ha
BCHUYKHU HGO6XOI[I/IMI/I 3a CTYACHTUTC JOKYMCHTH.
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CucreMara M3IBJIHSABA U BOXHH (YHKIUH, CCHUPUIHU 32 MEIUIUHCKA YHHBEPCHTET -
Co¢wust, karo HampuUMep BB3MOXKHOCTTa 32 ITyONIMKyBaHe, PelaKTHPaHe U IIOJ3BaHE Ha BHPTYAIHH
MALUCHTH ¥ BUPTYaTHU MOJICIIH.

[Ipy HampaBeH CpaBHHTEJCH aHAIM3 Ha BBH3MOXKHOCTHTE HA pa3lIeKAaHaTa CHCTEMa 3a
Web-06a3upano o0ydeHue ¢ Te31 Ha U3BECTHUTE cOPTyepHHU MmIarhopMu ce BUXK/A, Y€ CHCTEMAra €
CpaBHMMa 110 OCHOBHHTE CH KauecTBa C Hal-JOOpUTE peIIeHHs B Ta3u 00JAaCT M NpPUTEIKaBa
HEOOXOMMHTE CPEJICTBA 32 €PEKTUBHO MPOBEXKIAHE HA EIEKTPOHHO OOyUYCHHE.
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I'naBa yerBbpTa: ONTUMHU3HPAHE HA MH(POPMAITMOHHH NPOLIECH

4.1 YBoa

B rmaBa yeTBbpTa OT AMCEPTALMOHHUS TPYHA CE MPEACTaBAT pe3yATaTUTe OT HAIPaBEHOTO
eKCIIEpUMEHTATHO TPUIOKEHHE Ha TOAXOAa 3a KOJIMYECTBEHAa OlEHKAa Ha KayecTBOTO U
edexkTuBHOCTTA Ha Web-0a3zupaHa cuctema 3a oOydeHHe 10 MEAULIMHCKH AucuuIuinau. Omnucsa ce
HAuUMHBT, IO KOWTO € MPOBEICHO AHKETUPAHETO Ha YYaCTHULIUTE B oleHsBaHeTo. Ilocoumar ce
LIEJIUTE 32 MPOBEXKAAHETO My. AHAITU3UPAT CE U CE OMHUCBAT MOAPOOHO PE3yATaTUTE OT HAIIPABEHUTE
U3CJEBaHMA, KaTo Ce BHBEXKJAT B TAOMUIM M C€ BU3yalIM3HMpar upe3 auarpamu. Bp3 ocHoBa Ha
HalpaBeHaTa OIIEHKa Ha CHUCTeMaTa M pPEIIaBaHETO Ha ONTHUMHU3AlMOHHA 3ajjada, upe3 KOsITO ce
OLICHSBA MMOTEHIIMAJa Ha €KCIIEPTHUTE MHEHMsI, CE€ ONPEAEIAT MO KOU MOKa3aTeNln 1€ C€ U3BBPILU
ONTHMHU3ALMS Ha MPOLIECUTE, CBhP3aHU C paboTaTa Ha OTAETHUTE MOIYIH C Lied MogoOpsiBaHe U
yBeJIMYaBaHe Ha Bb3MOKHOCTHTE Ha CHCTeMaTa, HO 0e3 Jla ce yCIOoXKHsIBa paboTara ¢ Hesl.

4.2 Iloaxox 3a OmEHKAa Ka4YecTBOTO M e(eKTUBHOCTTA Ha cucremara 3a Web-0a3upano
o0yueHue

B ocHoBara Ha pasriexxigaHus MOAXOJ € €IMH OT METOAMTE 3a ONpEAeissHE Ha TEIVIOBHU
KOC(pUIIMEHTH MO0 MHEHHUS Ha eKcHepTH. MeToabT Ha EKCIEepTHUTE OICHKH, C€ OCHOBaBa Ha
aHKETHpaHE Ha CICIHUAIUCTH B JajJeHaTa MpoOjeMHa o0sacT M 00paboTBaHE HA TOJNYYCHHUTE
pesynratu. B HacTosmeTo uscneaBaHe ce mpeajgara moaxoj, 6asupaH Ha METOJa Ha €KCIEPTHUTE
OLICHKH TOCPEACTBOM H3MBJIIHEHHWE Ha CIeAHaTa TOCIEIOBATEIHOCT OT CTHIKH: €Tanmu Ha
peanuzanysi Ha TOAXOJa; ONMPENENITHe HAa CHCTEMa OT MOKa3aTelIWTe 3a OICHKA Ha KauyeCTBOTO H
e(beKTI/IBHOCTTa Ha cucTteéMara, OIpCACIIHC Ha TCTJIOBHU KOG(l)I/II_II/IeHTI/I Ha IIOKa3aTCIUuTEC,
M3YHUCIIIBAHE HA TCTIOBHUTE KOS(UIIMEHTH HA MTOKa3aTeNInTe; AcPUHUPAHE U pElIaBaHe Ha 33aavara
3a ONTHMH3AIUS Ha MPOIecUTe; TpadUIHO IPEICTABIHE HA PE3YITATUTE.

ETanu Ha peanu3anus HAa MoaAxoAa
[IppBu etan: OreHKaTa Cce€ U3BBPIIBA OT EKCHEPTH, CHEHUATHCTH B oOjacTra Ha

copryepuure TexHojoruu. Ompezenss ce CIUCHK OT MOKa3aTeldd 3a KOJMYECTBEHAa OIICHKa Ha
Ka4yecTBOTO Ha cucTemara Ha 0a3zarta Ha cranmapra ISO 9126 3a kayecTBO Ha COPTYEPHHU MPOTYKTH.
Crnen TOBa ce M3YMCIsABA OLIEHKATa HAa BCEKU AHKETHPAH €KCIEPT U C€ ONPENENAT TETJIOBHUTE
koepunmenTH. JlehuHupa ce u ce perraBa ONTUMH3AIMOHHA 3ajlada 3a OICHsSBAaHE HA MOTCHIIAAA
Ha eKCIEepTHUTE MHEHUS U Ha 0a3a MOJY4YEHHUTE Pe3yJTaTH ce B3eMaT peIleHUs 3a U3BbPIIBAHE Ha
TEXHOJIOTMYHO U CTPYKTYPHO MOJ00psIBAaHE HA CUCTEMATA.

Bropu eran: OneHkaTta ce U3BBPIIBA OT MpPENoAaBaTed OT WHCTUTYLHUATA, KOSATO TMOJ3Ba
cuctemara. Ompenens ce COUCHK OT AMIAKTUYECKU TOKa3aTelld, M3YMCIsSBa CE OICHKaTa Ha
aHKETHPAHUTE W C€ OMNpEeNeNsAT TerjoBHUTe KoeuuueHTH. Ha Oazata Ha TO3M CHHCBK OT
MoKa3aTelIy ce IMpaBM OLEHKAa Ha edekTuBHOCTTAa Ha cuctemara. [lon edexkTuBHOCT ce BU3Mpa
BB3MOXHOCTTAa CUCTEMATa Ja U3ITbJIHABA IIOCTABCHUTC 17| e U N3UCKBAHUA. I[aJ'II/I € A0CTAaThb4YHO
JeCHa 3a HM3y4daBaHE, yCBOsIBaHE M eKcruioatauus. /la ce ycTaHOBM Jamu TS € J0CTaThYHO
YHUBEpCaIHa, 4 Jia € Bh3MOXXHO M3IOJI3BAHETO M OT APYTH AUCHUIUIMHKA U KypcoBe B MY -Codus u
JpyTH YHUBEPCUTETHU B Ta3u obsacT. Pesynrartute ce 00paboTBat, MpaBsT c€ 3aKJIFOUEHUSI OTHOCHO
TIOJTy4YEHUTE PE3yJITaTH U CEe B3eMaT PEIICHUS 3a MOJA00psSABaHE HAa ChCTOSHUETO HAa CHCTEMAaTa.
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OnpenensiHe HA cHCTeMa OT MOKAa3aTeJHTe 32 OlleHKA HA KAa4eCTBOTO M e(eKTHBHOCTTA HA
cucreMara
Ornpezenenu ca 1Be rpyInu OT nmoka3arenu (Tadauna 4.1):

- [lokazaTenu 3a oreHKa Ha Ka4eCTBOTO Ha cUCTemaTa Ha 0a3ata Ha ctaHmapt ISO 9126 3a onenka
Ha Ka4eCTBOTO Ha COPTYEpPHH MPOIYKTH;

- JIupakTuyecku MoKaszaTelH 3a OIleHKa Ha e()eKTHMBHOCTTA HA cUCTeMara, Oa3upaHu HAa MHEHUS U
MIPEMOPBKHU Ha PEnoJaBaTeIl OT HHCTUTYIHMATA, U3M0JI3Balla HH(pOpMaIlMOHHAaTa CUCTEMA.

Taoauua 4.1 [lokasarenu

Codryepnu noxazarean no cranaapt ISO 9126

I[I/IIIaKT](lquKﬂ MmoxKasaTeJin

- OYHKIHUOHAIHOCT (YIa9HOCT, TOYHOCT,
B3aUMOPa0OTOCIOCOOHOCT, CUTYPHOCT,
CBIIIaCyBaEMOCT)

- be3oTka3zHocT (0TPabOTEHOCT, OTKA30yCTONYHBOCT,
BB3CTaHOBSIEMOCT, ChIIIaCyBaEMOCT)

- M3moa3BaemocT (pa3doupaeMocCT, H3y4aeMocCT,
MAaHUITYJIATUBHOCT, IIPHUBJICKATCIIHOCT,
ChIIIACyBAEMOCT)

- [IpoayKTHBHOCT (IPOAYKTHUBHOCT IO BpEME,
MIPOAYKTUBHOCT IO PECYPCH, ChIIaCyBaeMOCT)

- O6cayxBaeMocT (aHATM3UPYEMOCT, U3MEHIEMOCT,
CTaOMITHOCT, U3MUTBAEMOCT, CBHIIIACYyBaEMOCT)

- CteneH Ha JIOTUYECKA MOCIIETOBATEIIHOCT
Ha y4eOHUS MaTepHa;

- CBBp3aHOCT Ha KOMITOHEHTHUTE Ha YICOHUS
MaTepuan,

- HacppuaBane 3a KpuTHYHO MUCIIEHE U
KpeaTHBHOCT;

- Bpw3ka ¢ apyru pecypcu 3a JOBIHUTENHA
rH(popMaIUs 3a H3ydaBaHUsI IPOOIIEM;

- M3non3BaHe Ha pa3IMuHU MYJTUMEAUNHU
KOMIIOHEHTH;

- Hanuuue Ha peuyHuK Ha M3MOI3BAHUTE
TEPMUHU B JICKIIMOHHHS MaTEpHaT,

- Hanuuue Ha Thpcellla MaliHa B

- Ipenocumoct (MprCHOCOOMMOCT, HHCTaTIpyeMocT, | OCHOBHHTC MOAYJIH.

CHBMECTHO CBIIECTBYBaHE, 3aMEHUMOCT,
CBIIIaCyBaeMOCT)

Onpezlemme Ha TErJIOBHHU K()e(l)l/IIII/IeHTI/I Ha TMoKa3aTe/JIuTe
ETaHI/ITe, IMpE3 KOUTO MPEMHHABA OLICHABAHCTO HA CUCTEMATA Ca CIICAHUTC:

e li3zyuaBane Ha mpoleca W HM300p Ha MOKa3aTeNuTe 3a KayecTBO M e(EeKTHBHOCT Ha
CHCTEMATA;

e OmnpenensiHe HA CTETIEHTA HA KOMIIETEHTHOCT HA aHKETHUPAHUTE;

¢ (CbcTaBsHE HA JIB€ aHKETHU KapTH, KOUTO BKJIIOYBAT:
- Cnuchk ¢ mnokazatenu (KpUTEpUUTE) 3a OIEHKAa Ha KAaueCTBOTO M 3a OILIGHKa Ha
e(EKTUBHOCTTAa Ha CHUCTEMAaTa, KaTO BCEKU aHKETHPAH MOXKe Ja OTOeNeKU W Aa/e CBOATA
OIICHKA T10 TIPEIBAPUTEITHO 3a7a/ICHa CKaa;
- Wudopmamms 3a KOMIIETCHTHOCTTa W W3TOYHHMKA HA apryMEHTAIUs HA OTICITHHTE
€KCIIePTH, YUaCTBAIld B aHKETUPAHETO.

e OmnpenensiHe HA KPbra OT CIEIUATUCTH U MPOBEKIaHE HA aHKETUPAHETO;

® l3uucnsBaHe Ha KOe(pUIMEHTa Ha ChITIACHE MEXIy AaHKETHpaHUTE U TpOBEepKa Ha
3HAYUMOCTTA MY;

® l3uucnsBaHe Ha TETJOBHUTE KOC(PHUIIMEHTH Ha T[OKa3aTeluTe Ha KauyeCTBOTO U
e(eKTUBHOCTTA;

® Axanu3 Ha pe3yJITaTUTEe U TpaUIHOTO UM MPEJCTABIHE UPe3 JUATPAMH.
3a BCeKHM €AMH IMOKa3aTel OT aHKeTHaTa KapTa C€ HW3YUCISABAT CHOTBETHUTE TOYKH,

oOpasyBaliy OIIeHKaTa Ha aHKETUPaHUs eKCIEepT, Ha 0a3ara Ha CIICAHOTO MPOIICHTHO ChOTHOIICHUE

100 . .
Tﬁ , KbJIETO X € ChbOTBETHHUS OpOil Ha aTpuOyTHTE HA OTACIHUTE MOKa3aTeau. B3eMaliku npeaBusg

npenBapuTeNHo 3anaaenara ckana (Ckama: Cnab = 2; JIoosp = 4; Cunien = 6; He mora na npeneHs
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= 0), pe3yJTaTUTe OT HAMPABCHHUTE M3YUCIICHHS CE BHBEXKIAT B Ta0auna 4.2 OT JUCEPTAIIMOHHMS
TPy U ce Buzyanusupar upe3 Pie-quarpama 3a Bceku eIMH MOKa3aTel.
CreneHta Ha KOMIIETEHTHOCT Ha BCEKU €MH OT aHKETUPAHUTE CE ONPEAEIIs Upe3 u3pasa:

@ tanta
C==", 27)

kbeTo 0 < a; <12;0<a,<12;0<a;<12uR e OposAT Ha ekcriepTHUTE.

CerimacHo Tabaunm 4.3, 4.4, 4.5, 4.6, 4.7, 4.8 or qucepTaruoHHUS TPY KOSDHUITUSHTUTE ay,
a3, a3 ce OMpe/eNsIT ChOTBETHO OT 3aeMaHaTa ThKHOCT Ha BCEKH €KCIIEPT, OMUT B TOJUHUTE OT
paboTa B ompeneneHara 006JacT U U3TOYHHKA HAa HETOBaTa apryMEeHTalIUs.

HN3unciasiBaHe HA TerJIOBHUTE Koe()MIIMEHTH HA MOKa3aTeuTe
Ha R na Opoii excriepTu ce mpejyiara aa JajaaT CBOETO MHEHHE W OIICHKa Ha Ka4yeCTBOTO U

e(eKTUBHOCTTa Ha MH(pOpPMAIMOHHA CHCTEMa, KaTo c€ B3eMaT MOJ BHUMaHHE M TOKa3aTellu
(uenmeBu mapameThpa) ype3 aHkeTeH NUCT. [lomydeHuTe pe3ynTaTH ce 3amucBaT B TErJIOBHA
Mmatpuua (Tadu. 4.9). Besko ynceio B TeryioBHaTa MaTpuUlla a;; ONPEAEss OLIEHKaTa (TErJI0TO), KOATO
eKCIepPTHT [ MPUIKICBA Ha TIOKa3aTens (LeIeBus mapamMeTsbp) J.

Tabauna 4.9 TernosHa maTtpuiia

Exkcneptu | Exg Ex, Ex; ceen Ex; ceee Exg | S Siav 0; V; W;
IToka3zaTenu
y: aj az; asz; ceee ai cees ag; Si Siavi o1 Vi W,
y: ajz az; asz v a2 ceen 3:%} Si Siav2 ) V, W,
Yi aj _|ay |ay | ... |4 ag | Sy | Sy [& |V, | W
Ym Yim Yom Y3m ceee Yim ceee Yrm Sim Siavm 6m Vm Wm

- M3uncnsBaHe Ha cyMmaTa OT OLEHKHUTE HAa BCHYKHM €KCHEPTH S; 3a BCEKHM €JUH II0Ka3aTell Mo
¢dopmynara:

5
5= ay (28)
=0

Kbzeto ajje olleHKara Ha i-usi €KCHEPT 3a j-Us MoKas3arell, R-OposT Ha eKCIIepTHTE.

- M3umcnsBaHe Ha cpepHaTa CTOMHOCT Ha Ipylara OT eKCHepTH Sj,, 32 BCEKH IOKa3aTell Io
dbopmynara:

&
1
S_:-':w = EZ ﬂt}. EE?}
=i
- M3uncnsiBane Ha cpeHaTa CyMa OT BCHUKH TOYKH (OIEHKH) S,y [109]
R(m+ 1)
S = ——5— (30)

- 3a ompemensHEe CTENEHTa Ha ChHIIACYBaHE HAa MHEHHUSATa Ha eKCIEPTHTE Ce Ompeness
OTKJIOHEHHETO §; 110 popmyara:
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- N3uncnsBa ce koe(UIIMEHTHT Ha chIIacue Wi, 1o (hopmyna, npeanoxena or Mopuc Kennan [109]:
"
__L12In§
Wi = o (32}
R=(m®* — m)
- M3uncasBa ce koeUIMEHTHT HA BapHUallus V), XapakTepu3upalll ChbIJIaCyBaHOCTTa HAa OLIEHKUTE Ha
eKCIePTUTE, YUaCTBAIN B AaHKETATa, 3a OTACITHUTE MOKA3aTEeNN:

_ Eﬁm— SE}
¥ Rm — R (39

Konkoro € mo-romsAMa cTOMHOCTTa Ha ), TOKOBAa IIO-HUCKA € CTENECHTAa Ha ChIVIACYBAHOCT HA
MHEHUSTA Ha €KCIIEPTUTE U OOPATHO.

- [IpoBepka Ha 3HAUMMOCTTa Ha KOe(UIIMEHTA Ha ChINIACHUE:

KoedunueHTsT Ha chracue wy MOXe Aa ce u3MeHs oT () IpH IbJIHA HEChITIACYBAHOCT B MHEHUSTA
no +1 mpu meiaHA chrmacyBaHocT [109]. Onenka Ha 3HAUMMOCTTA HA M3YUCICHHUS KOCPUITUEHT Wy
MOJe JIa CTaHe T0 ¥~ -KpHTepHii mpu m > 7 [22] umu 1o Z - kpurepus Ha Oumep npu m < 7 [22].
IIpu m <7 ce u3uucisiBa BeJIUYUHATA:

1 (R—=1)w,
#=_lp——= (34)
AKO € M3II'BIIHEHO YCIOBHETO Z = Z_ = (er%y,% ], KoeUIMEHTa Ha ChIVIACHE Wi € 3HAYuM.

Z ozl vy, v, ) ce B3ema ot Tabnuua ([Ipunoxkenue 1) npu crenenu Ha cBOOOA

L Wl 1 S 7o
' - (35)
0. € HUBO Ha 3HAYMMOCT, KOETO OTTOBaps Ha JI0OBEPHUTEIIHA BEPOSITHOCT 3=1-aL.
IIpy m > 7 ce n34uciABa BEIMYMHATA:

X = B(m — Ljw (37)

KoehUIMEeHTHT Ha CHIIACYBAHOCT Wi € 3HAYUM, aKO ¥ or = Fogap (& V]

Frer € B3uMa or Tabmuua (IIpunoxenuwe 2) mpu cremeHd Ha cBoboma v = m-lu HMBO Ha

3HAYMMOCT 0 (JOBEpUTEIIHA BEPOATHOCT =1-).

- M3uncisBaHe Ha TETIIOBHUTE KOG(i)I/IIII/IeHTI/I 3a BCCKH IOKa3aTecI:

1<,
=i
" Y (28)
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3a taka IMMOJTYYCHHUTEC TCITIOBHU KOG(bI/II_II/IeHTI/I € U3IIBJIHCHO YCIOBHUETO

m
Z W,=1 (39)
J=L

- [lomyuenure pesyararu ce u300passBar rpaguuHO 4pe3 AUarpamm.

[Tpunaraiiky M3I0KEHUS TIOAXOJT 32 OIIEHKa Ha KA4eCTBOTO M €()EKTUBHOCTTA C€ MCOTUTAT
CJIETHUTE MPEAUMCTBA:

1. IlpennoxeHusT MOAXO0 € OPUEHTUPAH KbM CIIydauTe, KOraTo Ce MpaBU KOJIUYECTBEHA

OIICHKa Ha Ka4yeCTBOTO HA MpPOrpaMeH NPOAYKT, BKIIOYBAIl pabOTHUTE MpOLECH Ha

OTIICTHUTE MOJIYJM, 3a Jla Ce B3eMaT ONTHMAJHU pEHICHHS MpH pealu3upaHeTo Ha

CUCTEeMaTa C OrJie]] yJIOBIETBOPsIBAHE HA M3WMCKBAHMUATA HA MOTPEOUTENUTE BHB BH3MOMXKHO

Hal-KpaTbK CPOK.

2. KaTto OCHOBHM KpPUTEpUHU 32 KaYECTBOTO Ca M3IMOI3BAHU XapaKTEPUCTHKH, OazupaHu Ha

ocHoBHHA ctaHaapT ISO 9126 3a oreHsBaHe HA KAYECTBOTO HA COPTYEPHUTE TMPOIYKTH, HO

MOJIXOIBT HE OTPaHMYaBa U3IIOJI3BAHETO U HA JIPYTH KPUTCPHH.

3. TloBumaBa mpenckasyeMocTTa Ha CO(PTyepHHs] NPOAYKT M IMOHM)KaBa pa3XoJuTe Ha

(hMHAHCH U PECYPCH.

4. JlanHHuTe ce MONydYaBaT MO EKCIEPTeH IbT, KaTO MOAXOIBT JaBa BB3MOXKHOCT 3a

MUHUMHU3UpaHe Ha CyOeKTUBHUS (DaKTOp OT MHEHHUSTAa Ha CHEIHATUCTUTE, y4acTBAIlU B

OIICHKATa, KaTo Ce OIMpeeis CTEIEeHTa UM Ha KOMIIETEHTHOCT MocpeAcTBOM Tabmuiu 4.3,

4.4,4.5,4.6,4.7, 4.8 oT 1McepTalluOHHUS TPYI.

5. BB3MOXKHO € MpriaraHeTo Ha MOIX0/a 3a Pa3InyHu coYTyepHH MPOAYKTH B 00JIaCTTa Ha

Web-6a3upannTe IpUIoKEHUs, KaTO C€ OTYSTAT OCOOCHOCTUTE HA BCAKA OT TIX.

[TomrydyeHnuTe pe3ynTaTH ce BU3yaau3upar rpaguuHo 4pe3 ABa THMa Auarpamu. Pesynrarture
OT OILIGHKUTE Ha BCEKH €IWH €KCIIePT MOOTIEITHO c€ BU3yanusupar upe3 Pie-gumarpama. Kpaiiaure
pesynratu, 6a3upaHu Ha JaHHWUTE OT TerjoBHaTa Marpuia (Tadauna 4.9), ce Buzyanusupar 4pes
Column-guarpama.

4.3 IlpuioxkeHne Ha MPENIOKEHUS] TMOAXOA 32 KOJIHYECTBEHA OLICHKA HAa KayecTBOTO H
e()eKTUBHOCTTA HA CHCTEMAaTa

Ha Ga3ara Ha omucaHMs MOAXOA B IVIaBa BTOPA OT JAWUCEPTALMOHHUS TPYX 32 KOJIWYECTBEHA
OLICHKAa Ha Ka4eCTBOTO M e(EeKTHBHOCTTa Ha CHCTEMa 3a YIpPaBICHHE Ha CBHIAbPKAHUETO, €
HarpaBeHa OlLleHKa Ha cucteMa 3a Web-0a3upaHo oOydenue. Cucremara € MHTETpUpPaHa Ha ChPBBP
B MemauuumHcku YHuBepcuteT-Codusi. AHKETHpaHH ca CIICIUAIUCTH OT YeTHpH GUPMHU B 00JacTTa
Ha coryepHuTe M MHQOpMAMOHHN TexHoJoruu — MentorMate, Perceval boarapust EOO/], Kostal
bearapus EOO]], NudopmarmonHo obOciyxBaHe — BapHa, m 1Ba OBATapCcKu yHUBEPCHUTETA,
3aHUMAaBAIH Ce€ C eJIEKTPOHHO 00yueHne — MeauuuHcku yHuBepcureT — Codus u VikoHOMHueckn
yHuBepcuTeT — Bapna. bposT Ha ydacTHMLMTE € ChOTBETHO 15 ekcmepru oT oOmactra Ha
coTyepHUuTEe TeXHOJIOTUH U 13 excriepTu B 067acTTa Ha €NEeKTPOHHOTO 0OyueHHe. 3a MPOBEACHUS
EKCIIEPUMEHT, Ha BCEKU €IMH YYaCTHUK B aHKETUPAHETO My O€ MpPEAOCTaBeH IThJIEH JOCTBII J0
OLICHSIBAHATA CHUCTEMa, KAKTO M CHOTBETHHUTE AHKETHHM KapTH, Ype3 KOUTO BCEKHM €IUH OT TAX Ja
Jlajie CBOSATA OLIEHKA M MHEHME 3a cuctemara (mpuwiokeHus 3 u 4). AHKETHUTE KapTu ca JIBE.
[IepBara e chcraBeHa Ha 0asza Mokaszareyid BKIOYEHH B cTaHmapt ISO 9126 3a kadecTBO Ha
copryepHu mnpoayktu. I[lokazatenure ca mect Ha Opoil Karo BCEKHM €IMH OT TAX BKIJIIOYBA

Asmopedgepamu na oucepmauuu 5 (2014) 18-56



ONTUMU3ALMA HA MPOLEECK B UHOOPMALIMOHHN CUCTEMU 44

orpezeneH Opoil BBIPOCH C MPEAJIOKEHH OTroBopu. Ta3um aHKeTHa KapTa € HacoueHa KbM
CHEIHAIMCTH B pa3paboTBaHETO Ha cOMTyEepHU MPHIIOKEHUs. BTopaTa aHKeTHa KapTa € chbCcTaBeHa
Ha 0Oa3za JOUAAKTHYECKH TIOKa3aTelld, ChIIaCyBaHM C EKCIEepTH B o0jacta Ha eNeKTPOHHOTO
oOydenune. CbCTOM ce OT celeM BBIIpOca C MPEATOKEHH OTTOBOPH CBBP3aHHU C OICHSBaHE
e(eKTUBHOCTTA Ha CUCTEMaTa OT IVIeJHa TOYKa Ha MOTPEOUTEIICKOTO MHEHHE.

[IpoBexx1aHeTo Ha €KCIIEPUMEHTUTE B IMCEPTALMOHHUS TPYI UMaT HAKOJIKO 1enu. [IbpBara
IeJT € Jla ce MOoJyyaT MHEHHs OT CTpaHa Ha EKCIIEpTH, pa3padoTBamy COMTYEpHU MPUIOKEHHS,
KOMTO OMXa MMaJld BayKHA POJIS MPHU MO-HATATBHIIHO TEXHOJIOTMYHO U CTPYKTYPHO HOAOOpSIBaHE U
pa3BUTHE HA CUCTEMATA.

Bropata mnen e na ce momyyar MHEHHS OT CTpaHa Ha MOTpeOUTENUTEe Ha cucremara
(cTyneHTH U mpenofaBareiu), KOUTO OUxa MMajK Ba)KHa PO MPHU OmpereNsHe Ha e(eKTUBHOCTTA
Ha cucrteMara. MHEHusTa Ha MPEnoJaBaTeJIUTe MMaT ChUIECTBEHO 3HAYEHUE 3a IO-HATaThLIHO
pasliupsiBaHE Ha CUCTEMaTa C IIeJl HachpyaBaHE Ha KPUTHUYHOTO MHCJIEHE U KpPEAaTUBHOCT Ha
CTYZICHTHTE.

Tperara nen e Ja ce yCTaHOBHM JajM CHUCTEMara € JOCTaTbYHO YHHBEpCAJlHa, Y€ Ja €
BB3MOKHO M3MOI3BAHETO 1 OT APYTU AUCUUIUIMHU U KypcoBe B MY -Codus u Apyru yHUBEPCUTETH.

4.4 Pe3yiTaTn OT OLICHABAHETO HA CHCTEMATAa

Pe3yaraTu oT npuiI0oKeHHe HA MPEAJI0KEeHU MOAX0] 32 KOJINYECTBEHA OL[EHKA HA Ka4eCTBOTO
Ha cucTeMara Ha 0a3a nokaszaresau nmo cranaaprt ISO 9126

Ha R=15 nHa Opoii ekcniepTH ce npejyiara ja aJlaT CBO€TO MHEHHE U OLICHKa Ha KayeCTBOTO
Ha cucreMma 3a Web-0azupano o0yueHue, KaTo ce B3eMaT 10j BHUMaHue mM=6 nokasarenu (LeneBu
napaMmerspa) upe3 anketHa kapta (IIpuioskenne 3). 3a BCEKU €JMH IOKa3aTeNl OT aHKETHATA KapTa

PO
CC€ U3YHCIIsIBA CbOTBCTHATA OILICHKA Ha Oa3ata Ha CJICAHOTO MPOUCHTHO CbOTHOMICHUC — , KbJICTO
=1

X € ChOTBETHHS Opoil Ha aTpuOyTUTE Ha OTICTHUTE TMOKa3aTeiau. B3emailku B mpenBun
npeaBapuTeNHO 3aaaaeHara ckana (Ckana: Cinabd = 2; [loosp = 4; Cunien = 6; He mora na npeness
= (), pe3ynratuTe OT HANMpPaBEHHUTE M3YHCICHUS ca BbBeAcHH B Tabauum 4.10, 4.11, 4.12, 4.13,
4.14, 4.15, 4.16, 4.17, 4.18, 4.19, 4.20, 4.21, 4.22, 4.23, 4.24 oT AWCEpPTALUOHHUSA TPYId U CE
BU3yanu3upar upe3 Pie-gmarpama 3a BCEKM €IUH TOKa3aTell. Taka MONy4eHUTE pPe3yJTaTH ce
3amucBaT B TerjoBHa MaTpuia (tadaupa 4.25) u ce Busyanusupar rpadudHo upe3 column-
nuarpama. Ha 0a3zara Ha TONy4eHHTE pE3yJNTaTd Ce€ ONTHMHU3MpAa CHUCTeMara C OrJie]
YAOBIIETBOPSIBAHE HA U3U3KBAHUATA HA MIOTPEOUTEIUTE.
CrerneHTa Ha KOMIIETEHTHOCT Ha AaHKETUPAHUTE EKCTIEPTH, OTIPEIeIeHa Ype3 u3pas3a:
lf: —_ ﬂ:_'l"ﬂz'i"ﬂg_
R
Pesynrature ot anketupaneTo ca 06o6menn B Tadauna 4.25. Cpegnara cyma OT BCHYKH

, kbaieto R=15 e OposT Ha ekcrieptute (Ilpuioskenne 5).

TOUYKH (OILIEHKH), onpezeneHa o ¢popmyna (30) e: §_. = 5Z.5.

B®3 ocHoBa Ha naHHuTE OT TaGauua 4.25 ca M3YMCIEHU CyMara OT OLEHKUTE Ha BCUYKHU
eKCIIepTH S; 3a BCEKM €AMH IoKas3arel no ¢opmyna (28), cpexHara CTOMHOCT Ha Ipymnara oOT
EKCIIEPTH Sj,, 32 BCEKH MOKa3aTel 1o Gopmyina (29) u OTKIOHEHHETO J; 3a CTENEHTa Ha ChIVIaCyBaHe
Ha MHEHHMATa Ha ekcreprure no ¢opmyna (31) u pesyarature ca AaJeHH B Chllara TaOIHIIA.
Koedummentst Ha cbviacue no ¢popmyna (32) ce momyudana: w, = Z,36.

3HaYMMOCTTa Ha Wy ce TIpoBepsBa 1o Z - kputepust Ha Dumep no Gopmyna (34) U ce moiayyana:
Z = L1595,
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Ternmopuute koepuuuentu W, ca mnpecmetHatn no ¢Gopmyna (38), kwaeto V; e
KOe(DULMEHTHT Ha BapHallys, XapaKTepU3upall CbIJIaCyBaHOCTTa HA OLIEHKUTE Ha €KCIIEPTUTE U ce
n3uncisBa no popmyna (33). Pesynrarute ca nagenu B Tadauna 4.25. Ot ¢urypa 4.3 crasa sicHO,
ye cucTeMara € OlLeHeHa Hal-BUCOKO Mo Kputepuu IM3nonsBaemoct, @DPYHKIHMOHAIHOCT U
[Ipenocumoct. M3uncneHute TErIOBHU Koe(pULMEHTH, MpelncTaBeHd rpaguuHo Ha ¢urypa 4.4,
MOKa3BaT, ye CHCcTeMara € OLEHEeHa Hal-HHCKO Mo KpuTepuu be3oTkazHoct, OOCITyKBaeMOCT U
[IpoxykTuBHOCT.
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0,00 =

Sjav

CpeAHa CTOMHOCT OT CyMmaTa 3a BCEKM e4WH NoKasaTen

B OBcnyweaemocT

M MpeHocumocT

Wj

TernoeeH KoedULMUEHT

B OBcnymeaemoct

W [MpeHocHmMocT

E
HOKame“Kc“epm Ex; | Ex; | Ex; | Exq| Exs | Ex¢ | Ex; | Exg| Exo | Exy | Exiy | Expp | Exi3 | Exig | Exis | S | Sjw o; Vi | W
DyHKIHOHATHOCT 4,4 5,6 6 6 5,6 6 6 52| 48 3,2 32 32 3,2 5,6 52 | 73,20 | 4,88 | 20,70 | 0,22 | 0,13
be3oTka3HOCT 5,5 5,5 3 4 5,5 6 5 45| 45 2 3,5 3 5 0 4,5 | 61,50 | 4,10 | 9,00 | 0,38 | 0,22
H3noa3Baemoct 52 5,6 6 56 | 5,6 5,6 6 56 | 5.2 5.2 4,4 4 4,4 52 4,4 | 78,00 | 5,20 | 2550 (0,16 | 0,09
[MpoxyxkTHBHOCT 5,333 | 5,333 | 4,666 | 4 | 5999 | 5333|5999 | 4 | 2,666 | 2,666 | 2,666 | 4,666 4,666 | 2 |2,666]|62,66| 418 | 10,16 | 0,36 | 0,21
O0cry:kBaeMocT 5,6 5,6 36 | 52| 56 5,6 52 | 44| 3.2 2,4 2,4 2,8 3,6 1,6 52 162,00 413 | 9,50 | 0,37 | 0,22
Mpenocumoct 4 56 | 24 | 56| 6 5,6 6 |52 48 | 52 4 28 | 52 | 6 | 56 |7400]| 493 | 21,50 | 021 | 0,12
600 — 0 05—
E 500 1 E 020 +
g 4,00 ﬂ
g B OyHKUMOHANHOCT é 0,15 + B OYHKUMOHAIHOCT
g 3,00 M bezoTkazHoCT 2 M bezotkazHoCT
: < 010 7
§ 2,00 + B Mznonzeaemoct 5 B WMznonzeaemoct
‘II:-:_ 1,00 B MpogyxTHeHoCT % 0,05 J|-"/.. H MpoayKTueHoCT
o = -
) ~

®urypa 4.3 'padudno npeacraBsHe HA pe3yATaTUTE 3a CpEIHATa CTOMHOCT Ha

Tpymnara OT €KCIIEPTH 3a BCECKHU ITOKa3aTEIl

3a BCCKH ITOKa3aTeClI

®urypa 4.4 I'paduyHo npeacraBsHe HA pe3yNTaTUTE HA TETIOBHUS KOSHHULIUCHT
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Jedunupane Ha 3aga4ara 3a ONTUMH3AIUs HA NpouecuTe HA 0a3a copTyepHH MOKa3aTeH MO
crangapt ISO 9126

N3cnenBanusTa B IMCEPTALMOHHMS TPYA LENAT Ja C€ OLECHU NOTEHIMAajJa Ha SKCIICPTHUTE
MHEHHUS M J1a C€ ONpeleNy B KakBa IOCOKa MOXE Jla Ce TONoOpsBaT XapaKTEPUCTUKUTE Ha
nHpopmanmonHara cucreMa. OLEHsIBAaHETO Ha TO3M MOTEHIMAJ € U3BBPILICHO upe3 nepuHUpaHe U
peliaBaHe Ha ChOTBETHA ONTHMU3ALMOHHA 33a1a4ya. Karo mapamerpu Ha Tas3u 3ajada ca U3MOI3BaHH
W3YHCIICHUTE CTOWHOCTH Ha EKCIIEPTHUTE MHEHHS KaTO TEIIOBH KOe(HMIMEHTH, KOpeIanrOHHU
koeduumenTn 0600eHn B Tadauna 4.25.

Pa3pabotenu ca 1Be ONTHMHU3AIMOHHY 33 Ja4H.

3aoaua 1:

OneHsiBa ce JTOKOJIKO MOXE Ja ce MOAOOpAT XapaKTepUCTUKUTE Ha HH(OpMalroHHATa
cHCTeMa Karo ce MpHUeMe OTKIOHEHHWE OT CPEIHHTE CTOMHOCTH, ONPENENEHH OT EKCIEPTHUTE
MHEHHS.

LleneBara ¢pynkuus Ha 3anaya 1 e neuHUpaHa B CICAHUS BU:

&
max Z[x;— ) W (40)
=1

ApryMeHThT X HMMa ChAbpXKAHME Ha TPOMSHA Ha J-TH KPUTEpUH 3a OLEHKa CIPSIMO
OLICHCHATA CPEJIHA CTOMHOCT X;, Taka Ye CyMapHHST e(eKT OT MPOMsHATA J]a MMa MaKCHMaJHa

CTOMHOCT. M3mon3Bar ce KOC(bI/II_[I/IeHTI/ITe HJ}, KOUTO Ca TCITIOBH KOC(i)I/II_II/ICHTI/I 34 BaXXHOCT Ha

OT/IEJIHUTE TOKA3aTelH, ONPENIENIeHN OT €KCIIEPTHUTE OLIEHKU.
3a orpaHMuYeHMs Ha ONTHMHU3AIMOHHATA 3a]aya ca Ae()UHUPAHU BPB3KH MEXIY OTACTHUTE
KPUTEPHH, KOUTO CH BIMSAT MPU ChBMECTHATA OLIEHKA Ha WH(pOpMaLMoHHaTa cucrtemMa. Hampumep,
KpuTepuute j=I, 5 CbBMECTHO Ca BKJIIOYEHH B 00IlaTa OIEHKa, HO T€ CH BIMSST CHIVIACHO
onpezeneHuTe koeuuueHTH Ha Bapuanus V; . Taka ce nedpunupa orpannueHuero (40a). [scHara
4acT Ha OrPAaHWYEHUETO OIpeness, 4Ye OLEHKUTe Morar Ja ce CcbIlacyBaT B CHCTEMATa,
(opManu3upaHo Ype3 OTHOCUTEIHA NHUILIA.
Vioeg + Vomg F Woag + Voxg + Voxg + Vaxe 21 (40a)
JIONBITHUTETHO ca BKJIIOYEHH BPB3KM MeXAy kputepuure j=I, 3, 4 (dyHKUIMOHAIHOCT,
U3MOJI3BaEMOCT M MPOAYKTUBHOCT). (DHU3MUECKOTO ChAbpKAHHME HA TOBa OrpaHUYEHHUE €, 4e
nmpoMsiHaTa Ha KpuTepuit j=1 (GyHKIMOHATHOCT) IIe MOBIUSE HA KPUTEPHH j=3, 4 (M3I0JI3BAEMOCT
U NOPOAYKTHUBHOCT). BiusHMeTO MeXay KpUTEpUUTE KOJUYECTBEHO Ipuiara TErJIOBUTE
KoeQuIMeHTH W, MOMyYCHH OT OLCHKMTC Ha eKcrepTHTe. JlsSCHaTa 9YacT Ha OrPaHHYCHHCTO

OTIpesietis, e OIICHKUTE Ce ChIVIaCyBaT B cHCTeMara, (opMalM3upaHO Ype3 OTHOCUTEITHA IUHHUIIA.
Orpannuenuero uma ananutudeH suj (400),

Wox, + Wy x, + Wox 2 (400)
AHnanmornuyHyd GOpPMaIHM 3allMCH ca TPWIOKEHH 3a kputepunte j=2, 3, 5 (0€30TKa3HOCT,
M3TO0JI3BAEMOCT M 0OCITY’KBaeMOCT), KOETO € TIPEACTABEHO ChC 3aBUCUMOCT (40B),

W5y + Whx, + Boxg>1 (40B)
a 3a KpuTepuuTe j= 3, 6 (M3MOJII3BAEMOCT U MPEHOCUMOCT) ce AepuHupa orpannueHueto (40r),

Wory + Wox 21 (40r)

OOmuAT aHAMMTHYCH BHUJI HA Je(DMHUpaHaTa 3a/1a4a 3a ONTHUMH3AIINS €:
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mas, {EEE (5= ) H‘?} (41)
Fixg +VWoxg + Vaxg + Vo + Vourg + Vo 21
Wix, + Whxg + Wox,2l
Wow, + Woxg + Woxg21
Waxy + Wox 2l
=20

KbJETO

X;j OIIpeieNis CTOMHOCTTa Ha KPUTEPHH j, KBAETO j=1...6, KOUTO MOXE Ja CE U3MEHS CIPSIMO
OTIpE/IETICHUTE CPEIHH CTOWHOCTH, Taka 4e oOmara MOJOKHUTETHa MpOMSHA 3a CHUCTeMara Ja €
MaKCHUMaJHa.

¥;€ CpelHa CTOMHOCT Ha KPUTCPHHUTC 3a OLCHKA, ONPEJICICHH OT CKCIEPTHOTO MHCHHE,

OTroBapsilla Ha Sy, (Tabmuna 4.25)

Wi

- TENJIOBHM KOE(UIIMEHTH, OTpa3sBallld TEKECTTa Ha KPUTCPUHUTE, ONPEACTICHHU OT
€KCIIEPTHOTO MHEHUE

Vi - xoeduLMeHT Ha BapHalysl, XapaKTEpU3UpaIll BPb3KaTa MEXKIy KPUTEPUHUTE, OIPEIEICHH
OT OLIEHKHTE Ha CKCIIEPTUTE

OrpanndeHusATa Ha 3a7a4aTa OTYATAT CBBP3AHOCTTA MEXKAY OTACIHUTE KPUTEPUU CBIIACHO
OLICHKHUTE Ha EKCIEPTUTE.

Pemenusita Ha ONTHMMM3AaLMOHHATA 3a/a4a ONpENENAT IMOTEHIMala 3a IMoJoOpsBaHe Ha
nH(pOpMaIMOHHATA CHUCTEMA 0 KpUTepuu j=1...6.

OnTumu3anmoHHaTa 3ajadya € pemieHa ¢ nporpamHusi npoaykt MATLAB uype3 HeroBata
byHKIMSA quadprog.

OyHKUMATA qUadprog nma ciaeHus BULL:

.ﬂ.xjﬂﬁ

1 - Aeq.x; = beq
maz,. |:2:r:_l._-l.?xf+ﬁ :xj:| Ik < :x_:_-'ﬂ_-.'ub
¥; & EEKTOPHD MHCAC

(42)

KkbeT0 O, A, Aey, R, b, Iy, up, ca MaTpunu, b, U X; ca BEKTOPH.
3amaua (42) cerinacHo ¢popmara Ha MATLAB ce npencrass BbB Bua

xp = quadpreg (@84, ) (43)
U ChOTBETHO 32 Pa3rieKAaHus ciiyyail 3agada (42) nobusa Buaa

L
max [E:qu:r;-l- Rr:xj],zcmmﬂ.x;& (44)

Pemenusara Ha onTUMHU3AIMOHHATA 3a7a4ya ca MPEICTABEHH B KOJOHH X; 1 X; Ha TadJaNIA
4.26 oT qUCEpTALMOHHUS TPYH, KBAETO

; ¢ Cpe/iHa CTOMHOCT OT GKCICPTHATA OLICHKA, OTroBapsAla Ha 5,
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Xj € PEIICHUETO HAa ONTHMMM3ALMOHHATA 3a/a4a M ONPEIEIIA JOKOJIKO MOXE Ja CE MOBHMIIU
CTOMHOCTTa Ha KpUTEpUS CHPSIMO CPEAHHUTE OLEHKH, OIMpENeseHH OT eKCIepTuTe (MOTeHIMAal Ha
€KCIIepTHATa OIICHKA)

3a HamIeIHOCT pe3yATaTUTe OT pEelIeHaTa ONTUMHU3AI[MOHHA 3ajada ca IMpeACTaBEeHU
MOCPEAICTBOM pajiapHa quarpama, ¢urypa 4.5:

B cpeaHa CTORHOCT OT EHCMEPTHETE OUSHKE M pelWeHKe HE ONTHMK3BUMOHHETE 330848 X]

DYHHUMOHBNHOCT

034925

MpeHoCHMOgET] BesoTHasHOCT

ObcnysEaemocT

&«EEEHSEEEMD:T

MpoayKTUEHOCT

@urypa 4.5: CpaBHEHHIE MEXKLY CPE/IHA CTOHHOCT OT EKCICPTHATA OLCHKA ¥; U PCIICHUETO Ha

ONTUMH3allMOHHATA 3a4a4a X;

Ha papmapnara auarpama € WIIOCTPUPAHO CpPAaBHEHUE HA IIOJIYUYEHUTE pe3yaTaTd OT
MHCHHSITA Ha CKCIICPTHTE MKy CPEAHATa CTOWHOCT OT CKCIIepTHATa OLCHKA X; Ha KPUTCPHHMTE,

6a3HpaHa Ha CTOMHOCTUTE Ha S_Fﬁ‘h‘- (C’BC CHH IBAT Ha I[PIanaMaTa) M CTOMHOCTTA Ha PCHICHUCTO Ha

ONTHMU3AIMOHHATa 3ajada X; (c uepBeH UBAT Ha Jjauarpamara). OtT pesynrature Ha
ONTHMHU3AIMOHHATA 3a]jada U ChOTBETHO Juarpamara CjelBa, 4e M0 KpUTepHH (YHKIIMOHATHOCT,
M3IMO0JI3BAEMOCT U IPEHOCUMOCT ChIIECTBYBA MO-TOJISIM MTOTEHIIMAJ 32 IOA00pSIBaHE HA IPOLECUTE U
ObJeII0 pa3BUTHE HA cHUCTEMaTa B CPaBHEHHUE C JAPYTUTE KpUTEpUU: O€30TKA3HOCT, MPOIYKTUBHOCT
u oOciyxBaeMOCT. PelieHneTo Ha ONTHUMH3AI[MOHHATa 3ajJaya MOKa3Ba, 4ye 3a paszpaboTeHara
nH(popMalMoHHa cucTeMa 3a web- 0a3upaHo oOydeHHE EKCIEePTHTE CUYUTaT, Y€  HAKOH OT
MOKa3aTeNUTe ca C MO-TOJIIM MPUOPUTET OTKOJIKOTO APYTH Mokaszarenu. KonmuyecTBeHO ToBa ce

OLCHSBA 4Ype3 M3YMCICHUTC TerioBM koeduuuentn W, . Ilomydenure perienus Ha

OIITUMMH3AIIMOHHATA 3aJa4a JdaBatT KOJIMYCCTBCHA OICHKAa KOM KpUTCPpUHU MOrar naa 6’bZ[aT
nonoOpsiBaHU npu  MoauduIMpaHe Ha HWHPOpMAlMOHHATA CHCTeMa. ToBa MoAoOpsiBaHe €
MPENOPBYUTENHO 110 KPUTEPUU PEHOCUMOCT, (PYyHKIIMOHATTHOCT U U3IMOJI3BAEMOCT.

3aoaua 2:

OnTumuszanusita Ha HHGOPMAIMOHHATA CUCTEMa € TIPaBeHa U MPH OLIEHKA JTIOKOJIKO MOXKE Ja
ce momo0pu ChIECTBYBAIIaTa cucTeMa 0e3 /1a ce HaMalsT CTOMHOCTUTE Ha KPUTEPHUHTE, KOUTO Ca
OIICHEHU OT ekcmepTute. DopManHO, B Ta3W 3a7ada Ce MOCTaBsi M3UCKBAHETO CTOMHOCTTA Ha
KPUTEPHS X; J1a HE CE HAMAJM MOJ CTOMHOCTTA Ha CpeaHara CTOMHOCT ¥; Jlepunupanara sanaua
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(41) e moguduMpana, 3a Aa ce ONpeaey MOTEHIIMala Ha eKCIIEPTHUTE OIICHKH 3a MOBUIIIaBaHE HA
cpeaHara CTOMHOCT Ha OLEHKHTE. AHAIMTUYIHUAT 3alMC Ha TOBA OTPAHHYCHHUE €: & & Ay

3anaua (42) cermacuo ¢popmara Ha MATLAB ce npencrasst BbB BUIa

x; = quadprag(Q.R, 4.5, A, b, Ln,) (50)
KBICTO, Aeg=0 U b,y =0, THII KaTO HE CHUIECTBYBAa PAaBEHCTBO M CHOTBETHO 3a pa3MICKIAHUSA
ciydvail 3amada (42) moOuBa BUAa

1
mas E:r_f-?:rf + E}r:rf] KaTel, € ©u, (51)

Kvaero I, 1 u, ca MaTpuIM KaTo U, & MIPOU3BOJIHO U30paHa TOpHa rpaHuUlla.

PemrenusaTa Ha onTHMHM3allMOHHATA 3ajJada ca IpeaACTaBCHU B KOJIOHU Ej- H X; Ha Taﬁ.]mua

4.27 ot qucepTalMoOHHUS TPy, KbAETO

X; © CpeiHMTEe CTOMHOCTM Ha KPHTCPUHTC ONPEACICHH OT CeKCIEPTHHTE OLEHKH,

OTroBapsma Ha &, .

X; € PEIICHUETO Ha ONTHMU3AIMOHHATA 3a7a4a M ONpeels JOKOJIKO MOXKE Ja Ce IOBHIIH
CTOMHOCTTAa Ha KPUTEPHs CIPSIMO CPEIHUTE OLICHKH, OMPEAENIEHU OT eKCIepTUTe (IOTeHLHaa Ha
eKCIIepTHaTa OIEHKA)

3a HamIEAHOCT pe3yNTaTUTe OT pelleHaTa ONTHMHU3ALMOHHA 33/la4a ca MPEICTaBeHH MOCPEICTBOM
panapHa nuarpama, ¢urypa 4.6:

B CpeaHa CTONHOCT OT SKCNEPTHAETE QUEHKSD N pEWEHWE HB ONTMMKW3IALWOHHETE 334848 Xj

DYHKUMOHANHOCT

2343
0,2

anHDEMMD-ETé BEZOTHEZHOCT

OBOCnyHEIEMOCT ﬁifanssaemaﬁ

MpogyKTMBHOCT

@urypa 4.6: CpaBHeHHE MEKy CpeaHA CTOMHOCT OT €KCIIEpTHATa OI[EHKA X; U PENICHUETO Ha

ONTMMHU3allMOHHATA 3aJa4a X;

Ha pamapnara nmarpama € WIIOCTPHPAHO CpaBHEHHE Ha IIOJNyYEHHUTE pE3yJITard OT
PCHICHUCTO HAa ONITUMU3AallMOHHATA 3aJa4a Xj N U3YUCIICHUTC CPCAHU CTOMHOCTH Ej-, OIMpeACIICHU OT

eKCIIEpTHUTE MHEHUs. PesynratuTe mokas3Bar, 4e EKCINEPTHUTE MHEHHUS WMaT TMOTEHIHAT 3a
yBEJIMYaBaHE Ha CTOWHOCTHTE HA KPUTECPUHUTE H3IMOI3BAEMOCT, ()YHKIIMOHATHOCT M IMPEHOCHUMOCT.
ToBa pemienue chbBnajaa ¢ MoiaydyeHoto B 3anavya 1. KonmnuecTBeHnTe n3MeHeHus B 3ajada 2 ca mo-
MQJIKM 3aI0TO € 3aJIOKEHO M3MCKBAaHE 3a 3ala3BaHE HA KPUTEPUUTE B MATbK JHANa30H OKOJIO
CPEAHUTE CTOMHOCTH ;.

B3emaiiku nmpenBuj nogydyeHUTe pe3ysITaTd OT pajapHUTe auarpaMu Ha ¢urypu 4.5 u 4.6 ¢
HaIpaBEHO CpPaBHEHUE MEXJy PEIICHUATA Ha JBETe ONTHMHU3alMOHHU 3amauu (¢urypa 4.7). Cne
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3€JICH LBST ca pelIeHusATa Ha 3a7a4a (1), a ChC CHH IBSAT ca pelieHusTa Ha 3a1a4a (2). Bmwkna ce, ye
KpUTEepHHTe (PYHKIIMOHATHOCT, U3IMIOJI3BAEMOCT U MPEHOCUMOCT MMAT MOTEHIMAJ 32 MOBUIIICHUE U
npu asete 3aaa4u. Ho npu 3anaua 2 kputepunte 0€30TKa3HOCT, MPOTLYKTUBHOCT M 0OCITYKBAaeMOCT
Ca B OKOJIHOCTTA HA W34YUCJICHUTE CPEIHU CTOMHOCTHU X;, ONPEIETIEHHU OT €KCIIEPTHATA OLIEHKATa 3a

pa3paboTreHara HHQOpMAIIMOHHA CUCTEMA.

PesyntaTbT OT neduHHpaHETO W pEIIaBaHETO HA ONTHUMH3AIMOHHUTE 3a/1aud TOKa3Ba, 4ye
ceramnrHara nH(popMaImoHHa cUCTeMa MOXe Ja 0b/ie momoOpsiBaHa Mo 3 OT MO-BAKHHUTE KPUTCPUU
3a OlleHKa. EKCIIepTHOTO MHEHHE ChABPIKA MOTEHIMAI 32 YBEIUYaBAaHETO HA CTOWHOCTUTE HA TE3U
KPUTEPHH.

M PEWEHHETO HE ONTHMW3BUMOHHETE 3a8aaua npu X; = 0
]

M PEWEHWETO HA ONTHMM3BUMOHHATE 3843848 NPK TJ.— = x;

d

0,285

0,225
94

0,05

®durypa 4.7: CpaBHeHUE MEXIy PEIICHUATA Ha IBETE ONTUMU3ALMOHHY 331a4K

Pe3yjararu oT npuiioikeHHe HA NpPeNJIOKeHUs] TOAXO0H 32 OleHKa Ha e(eKTHBHOCTTa Ha
cucTreMara Ha 0a3a IMAAKTHYECKH N0KAa3aTesn

Ha R=13 nHa Opoi#i ekcneptu (mpernogaBaTeNy) ce Mpeajara ga JajaT CBOETO MHEHHE U
OIICHKA Ha €(eKTUBHOCTTA Ha cucTema 3a Web-0a3upano oOyueHune, KaTo ce B3eMart Ioj] BHUMaHHE
m=7 mokazareiu (1eJeBu MapaMmerspa) upe3 aHketHa kapTa (IIpuio:kenue 4). 3a Bceku enuH
MoKaszaTesl OT aHKEeTHaTa KapTa Ce M3YMCIIsABa CHhOTBETHATa OICHKA Ha 0a3ara Ha CIIETHOTO

pEY o
NPOUCHTHO CBHOTHOIICHHUC E , KbACTO X € CHOTBCTHUIA 6pOI/I Ha anI/I6yTI/IT€ Ha OTACIIHUTC
-

nokazatenu. Bzemaiiku B mpenBu mpeaBapuTeNHo 3anafaeHaTa ckaia (Ckana: Cnad = 2; 1oOwsp =
4; Cunen = 6; He mora ga niperienst = ), pe3yaTaTUTe OT HAIIPAaBEHUTE U3YUCIICHUS Ca BHBEJCHU B
B Tabauuu 4.28, 4.29, 4.30, 4.31, 4.32, 4.33, 4.34, 4.35, 4.36, 4.37, 4.38, 4.39, 440 or
JTUCEPTAallMOHHUSA TPy U c€ BHU3yalusupaT upe3 Pie-mmarpama 3a Bceku eQuH TokaszaTesl. Taka
MOJTyYeHUTE PE3yNTaTh C€ 3alucBaT B TeryioBHa Marpuia (Tabauua 4.41) u ce BuU3yanu3upar
rpaduyHo upe3 column-auarpama. Ha 6a3ara Ha momydeHUTe pe3yaTaTu ce ONTUMHU3HPA CUCTeMAaTa
C orjica yaoBJICTBOPSABAHC HAa U3U3KBAHHATA HA HOTpGGI/ITeJII/ITe.

CrenenTa Ha KOMIIETEHTHOCT Ha aHKETUPAHUTE MIPENOJaBaTENN CE ONPEAEI Upe3 u3pasa:

@y Fag+a
€ =-"L—2"2 xpnero R=13 e 6posr Ha excrieprute. (lIpuioxkenne 6)

Pesynrature or aHkeTuMpaHeTo ca aaneHu B Tabamma 4.41. CpenHara cymMa OT BCHUYKH TOUKH
(ouenkn), onpenenena mo gopmyna (30) e: Fg,, = F2.
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Excnepru
MMoka3aren EX1 EXZ EX3 EX4 EX5 EX6 EX7 EXs EXg EXlo EX11 EX]Z EX13 S] Sjav 6]‘ I/] I’V]
CTerneH Ha JOrH4yecKa
M0C/1e0BATEHOCT HA YUyeOHuUs1 6 6 6 6 6 6 6 6 6 6 6 4 6 76,00 | 5,85 | 24,00 | 0,19 | 0,13
MaTepHAaJI
CBLP3AHOCT HA KOMIOHENTHTE HA | o 6 6 6 6 6 6 6 6 6 4 6 6 | 7600 | 585 | 24,000,119 | 0,13
[y4eOHHS MaTepHaJl
Hacnpuasane 3a kpuTiano 6 6 6 6 6 6 4 6 6 4 6 6 6 | 74,00 | 569 | 22,00 | 0,22 | 0,15
MHUCJICHE U eraTl/lBHOCT
Bpb3ka ¢ Apyru pecypcu 3a
MOI’bJIHMTEHA HH(OopMaLus 3a 6 6 6 6 6 6 6 4 4 4 4 4 6 68,00 | 5,23 | 16,00 | 0,29 | 0,20
H3y4yaBaHus MpodJjeM
V3noassane na pasaninn 6 6 6 6 6 6 4 4 6 6 6 4 6 | 72,00 | 554 | 20,00 | 0,24 | 0,17
MyJITI/IMe)II/II/IHH KOMIIOHEHTH
Hanuuyue HA peYHUK HA
M3M0/13BAHNTE TEPMUHHU B 6 6 6 6 6 6 6 6 6 6 6 6 6 78,00 6 26,00 | 0,17 | 0,11
VICKIIMOHHMUSA MaTepna.ﬂ
Haumaue na Thpeema Mammna s 6 6 6 6 6 6 6 6 6 6 6 6 6 |7800| 6 |2600]0,17]0,11
OCHOBHUTE MOI[yJ'll(l

5,00

OquKM Ha nokKasareauTte

Sjav

CpegHa CTOWHOCT OT cymaTa 3a BCEKW efMH NoKasaTten

M CTeneH Ha norMyecka nocnenosaTenHoOCT Ha
yuebHuA maTepuan

[ ] cB'praHOCT Ha KOMMNOHEHTHTE H3 yueﬁuvm
maTepuan

| Hac:bpuaBaHe 33 KPUTUUHO MHUC/IEHE M
KpeaTHMBHOCT

M Bpb3a c Apyru pecypcw 33 AOMbHHTENHE
nHdopmayma 3a usydasaHua npobnem

M M2non3saHe Ha PaZIMUHKM MYATUMEIHIAHKM
KOMMOHEHTH

M Hanuuue Ha peuHUK Ha U3MNDN3BaHUTE
TEPMMUHH B NEKUMOHHMA MaTepuan

W Hanuuue Ha TbPCELLE MALWWHA B OCHOBHUTE
MOLYH

CToiHOCTM Ha NoKasatenuTe

Wj

TernoseH HoeGULMEHT

W CTeneH Ha IOTMUECKa NOCNe10BaTENHOCT Ha
yueBHUA maTepran

W CBbp2aHOCT Ha KOMNOHEHTUTE Ha yuebHuA
maTepuan

B HacbpuaBaHe 33 KPMTHUHO MHUC/IEHE W
KpeaTHBHOCT

M Bpbaka € Apyrv pecypcy 23 JOMbAHUTENHE
mHbopmaLKA 3a maydasaHua npobnem

M V3nonzsaHe Ha PazNHUHK MYITUMEANAHN
KOMMOHEHTH

W Hanuuwue Ha PEUHUK Ha U3NON3BaHUTE
TEPMHUHM B IEKLMOHHWA MaTepuan

= Hanuuue Ha Thpcella MalllMHa B OCHOBHHUTE
moaynu

®durypa 4.9 'paduyno npeacraBsHe HA pe3yNTaTUTE 3a CpEIHATA CTOHHOCT Ha
rpynara oT IPeroaBaTeld 3a BCEKU II0Ka3aTell

®durypa 4.10 I'paduuHO NpecTaBsiHE HA PE3YNTATHTE HA TETJIOBHHUS
KOE(UIIMEHT 3a BCEKH MOKa3aTel
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Bb3 ocHoBa Ha manHuTe oT TadJamua 4.41 ca W3YKMCIEHU cyMara OT OIIEHKMTE Ha BCUYKHU
npernojaBsarenu S; 3a BCEKU €JMH IoKa3aren 1o ¢popmyna (28), cpenHara CTOMHOCT Ha Ipymara oT
npernojaBsarenu Sj,, 3a BCEKU IMoKaszaTend Ho ¢opMmyna (29) ¥ OTKIOHEHHMETO O; 3a CTENEHTa Ha
ChINlaCyBaHEe HAa MHEHHsTa Ha mpenopaBatenute mno ¢opmyna (31) u pesynararute ca JaJcHU B
cbiara tabnuua. KoeguuueHtsT Ha chracue no popmyna (32) ce nonyuasa: wy, = 5,27.

3HAYUMOCTTA Ha Wi CE IPOBEPSBA 10 ¥ gy 10 hopMyia (37) U ce HONyUaBA: Koy = 441,06,

[Ipu crenenu Ha cBoOOAa v = m-1=7-1=6 u HuBO Ha 3HauUMOCT 0=0,01 TabmuyHaTa CTOWHOCT Ha
Fier — 16,812 (TlpunoxkeHue 2). Fap — 14L06 = x2,.  — 16812,

Ternopuute koepuuuentu W, ca mnpecmerHatu no ¢Gopmyna (38), kwbaetro V; e
KOC(UITMCHTHT Ha BapHaIlHs, XapaKTePU3UPaIll ChINIACYBAHOCTTA HA OIICHKUTE HA MPETOJaBaTEIIUTE
u ce m3uncisiBa no ¢popmyna (33). Pesynrarure ca gagenu B tadanna 4.41. Ot ¢purypa 4.9 crasa
SCHO, Y€ cucTeMaTa € OlICHeHa Hail-BUCOKO 1o KpuTepun CTeneH Ha JIOrHYecKa Mocie10BaTeTHOCT
Ha y4eOHus marepuaii, CBbp3aHOCT Ha KOMIIOHEHTUTE Ha yueOHUs marepuan, Hannune Ha peuHuK
Ha W3MOJI3BAaHUTE TEPMUHH B JIEKIIMOHHMS MaTtepral u Hamuyre Ha Thpcella MaliuHa B OCHOBHUTE
Monynau. M3umcrneHuTe TEMIOBHU Koe(UIIMEHTH, mpeacTaBeHH rpaduuno Ha durypa 4.10,
MOKa3BaT, 4e cUcTeMara TpsOBa Ja ce omTUMU3HMpa HaOIsAraiiku Ha Bpb3kara ¢ apyru pecypcu 3a
JOMBTHATETHA WHPOPMAIUS 32 U3ydaBaHus mpodiieM, M3Mon3BaHeTo HA pa3sIuyHA MYITUMEIHUITHA
KOMITOHEHTH 1 HachpuaBaHeTo 3a KpUTUYHO MUCIICHE U KPEaTUBHOCT.

4.5 U3Boau

HanpaBeHo e mnpuiokeHHe Ha IOAXOJa 3a KOJMYECTBEHA OILIEHKA Ha KaueCTBOTO U
epexTuBHOCTTa Ha Web-0a3upana cucrema 3a oOyueHue. Cuctemara € UHTErpHpaHa Ha CbpPBbp B
Menunmacku YauBepcuteT-Codusi. AHKETUpaHU 0gxa CIIEHUAIUCTH OT YeTUpU pupMH B 00J1acTTa
Ha copTyepHUTE U MHPOPMAITMOHHUTE TEXHOJIOTUU U JIBAa OBJITapCKH YHHUBEPCUTETA, 3aHMMAaBAIN
ce ¢ eNeKTpOHHO oOydeHue. bpoar Ha ydacTHHIIMTE B M3CIEIBAHETO € CHOTBETHO 15 excrepTu oT
oOmactra Ha COPTYEpHHUTE TEXHOJIOTHH U 13 eKcrepTH B 00JIaCTTa HA SJICKTPOHHOTO OOydeHHE. 3a
IIPOBE/ICHUS €KCIIEPUMEHT, HAa BCEKHM €UH YYaCTHUK B aHKETUPAHETO My O€ MpelOoCTaBEH IbJIEH
JOCTBII /10 OLIEHSIBAaHATa CUCTEMA M aHKETHM KapTH, Uype3 KOUTO BCEKH €IUH OT TIX Jajie CBOsTa
OLIEHKa ¥ MHEHHE 3a CHCcTeMara.

OT oTroBopuTe Ha aHKEeTaTa CTaBa SICHO, Y€ CIIOpe/ KpUTepuuTe, 0a3upaHu Ha CTaHIapTa
ISO 9126 3a xauecTBO Ha cCOPTYEpHU MPOAYKTH, CUCTEMaTa € OI[CHEHA Hail-BUCOKO 10 KPUTEPUU
N3non3zBaemoct, @yHKIMOHATHOCT U I[IpeHOCMMOCT M Hall-HMCKO IO Kpurepuu be3orkasHoCT,
O6cmyxBaemocT u [IpogykruBHOCT. Cuctemara € yaoOHa, JieCHa 3a M3ydyaBaHE M 33 W3IOJI3BAHE U
WHTEpPAKTHBHA 32 BCHYKHU MOTpeduTenu. Ts € rbBKaBa W OTBOPEHA, OCUTYpPSBa HE3aBUCHMOCT OT
KIIMEHTCKaTa cpeJia, UHCTAJIUpaH copTyep U Xapayep.

PesynrarsT OT neduHMpaHETO M PELIaBaHETO HAa ONTUMH3ALMOHHMUTE 33Ja4M IOKa3Ba, ue
ceraiiHata nH(GOpPMallMOHHA cHCcTeMa MOXe Ja ObJe moJo0psBaHa 1Mo 3 OT MO-BaXHUTE KPUTEPUU
3a oneHka - M3nomsBaemoct, @yHkimoHanHocT U IlpeHocumocT. EkCiepTHOTO MHEHHE ChIbpika
MOTEHIIMAJ 32 YBEJINYABAHETO HA CTOWHOCTUTE HA T€3H KPUTEPUH.

Cnopen xkpurepuute, 6a3supaHd HA AUIAKTUYECKUTE MOKA3aTeNd CTaBa SICHO, Y€ € OlleHEHa
Hail-Bucoko 1o kpuTepun CTerneH Ha JIOTWYECKa IMOCIENOBAaTeTHOCT Ha Y4yeOHHus Marepuad,
CBBbp3aHOCT Ha KOMIIOHEHTHTE Ha y4eOHHMS Marepuali, Hanwmume Ha pEYHHK Ha W3IMOI3BAHHUTE
TEPMUHH B JICKIIMOHHHS Marepuai U Hammuwe Ha Thpcema MamyHa B OCHOBHHTE MOIyiU. ToBa
MOKa3Ba, Y€ CHCcTeMara € yo0Ha 3a pabora W (yHKIIMOHAJHA MO OTHOIICHUE Ha BH3MOXKHOCTH 3a
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Ch3/laBaHe Ha y4eOHM MOAYJIM IO pa3indHu KypcoBe. [Io3BonsiBa KOMOMHUpPaHE U MHOTOKPAaTHO
U3I0JI3BaHE HA yYEOHUTE MaTepUAIIH.

Ot npyra cTpaHa, M3YUCIIEHUTE TEIJIOBHHM KOE(UIIMEHTH Ha IOKa3aTelUTe IOKa3Bar, ue
cucremara Tps0Ba Jja ce onTUMU3Mpa HalnsAraiiku Ha Bpb3kaTa ¢ Ipyru pecypcu 3a IOMbIHUTEIHA
uHpopMaLus 3a U3y4yaBaHus Mpodiem, M3non3BaHeTo Ha pa3IuyHi MYJITUMEIUIHN KOMIIOHEHTH U
HacbpuaBaneTo 3a KpUTUUHO MUCJIEHE U KPEATUBHOCT.

3aKJIo4YeHue

3a Hy)KIWUTE Ha JAUCEpTaluATa ca aHaJu3upaHu 152 nurepaTypHU M3TOYHUKA, CBBP3aHU C
METOJIM, €TalM, TEXHUKU U CPEJCTBAa HYKHU 3a M3rpaxkJaHe Ha MH(POpMalMOHHATa CHUCTEMa 3a
opraHm3upane u ympasieHue Ha Web-0a3upano oOyueHue W ca pasriefaHd ChIIECTBYBAIIUTE
nonoOHU MIaTGOpMU M CpeAu 3a eNeKTPOHHO oOyueHue. [ledmHupanu ca 6 erama, mpe3 KOUTO
MHHABa MOJrOTOBKAaTa U PEaJM3UPaHETO Ha cUCTeMara. AHAJIM3UPAHU M ONKCAHU Ca OCHOBHUTE
KOMITIOHEHTH WM W3UCKBaHHUA KBbM Hes. MoTuBHpaH € HM300phT Ha TEXHOJOTHYHH CpEACTBA 32
peanusupane Ha nporpamMHuTe Moaynu. I[Ipoektupana u pazpaboTeHa € cucTema 3a OpraHu3upaHe u
ynpaienue Ha Web-6a3upano o0yuenue. HampaseHo e cpaBHEHHE Ha CUCTEMAaTa ¢ JPYTH MMOJ00HH
Beye ChIIECTBYBaIIU codpTyepHH iathopmu. Pesynarature ca aHalIM3upaHU U BU3YyAIU3UPAHU Ype3
pajiapHu IUarpamMu.

Ha 0Oazara Ha cnemnuanusupaHa JUTepaTypa MO TO3M BBIPOC € MPHIOKEH MOIXOI 3a
KOJTMYECTBEHA OI[CHKA Ha KA4eCTBOTO U €(DEeKTUBHOCTTA HA CUCTEMaTa, KOWTO C€ OCHOBaBa Ha METOJ
Ha eKCIIEPTHUTE OLICHKU. [IpoBeieHO € eKCrIEpUMEHTAIHO IPUIIOKEHUE Ha TIOAX0AA C y4acTUETO Ha
€KCIIePTH U MPENOIABATENH OT HAKOJIKO (PUPMU U YHHUBEPCUTETH C IIeN ONTUMU3HpaHe paboTara Ha
CUCTEMaTa U ca aHaJIM3UpPAaHU I[IOJIy4YEHWTE pe3yiaTaTH. B pe3ynrar Ha mnpuiaraHeTo Ha
ONITUMH3AIMOHHHS TOJIXOMA, C OIpPEICIICHUTe KOJIWYECTBEHU OIECHKH € NeQHHHpaHa U pelieHa
ONTHMHU3AIIMOHHA 3a/lada 3a OLICHSBAaHE Ha MOTEHLHMajga Ha paszpaboTeHara HHQPOpPMAIMOHHA
CUCTeMa U MOJ00psBaHE Ha XapaKTEepUCTUKHUTE #. Pe3synratuTe OT M3CielBaHETO MOKAa3BaT, 4ye
criopenl Kputepuute, 0azupanu Ha craHgapta ISO 9126 3a kauecTBO Ha COPTYEepHU MPOAYKTH,
cUCTeMaTa MMa TMOTEHIMAl 3a TMOJ0OpsiBaHE Ha XapaKTEPUCTUKUTE W MO TPH OT IMO-BAKHUTE
KpuTepuu 3a oueHka. Criopen TUAaKTHYECKUTE KPUTEPUHN OIICHKaTa Ha €KCIEPTUTE € TOJI0KUTEIIHA
10 OTHOIIIEHHE HAa BH3MOXXHOCTUTE 32 Ch3/IaBaHe Ha Y4eOHM MOJYJIH MO pa3iudHu Kypcose. Kato
710 ca TMOJIyYeHW HACOKM 3a MOJo0psiBaHE HA CHCTEMara IO JIBeTe HAMpaBJICHHS 3a OICHKAa Ha
KauecTBOTO i — KaTo MporpaMeH u oOpa3oBaTesieH NPOaYKT.

ChCcTaBsHETO HAa KOJIMYECTBEHA OLIEHKA 32 Kaue€CTBOTO Ha COPTYEpHUS MPOIYKT € BaKHA HE
caMo 3a OLIEHKAaTa U 3a CPaBHEHUETO Ha OTAEITHUTE MPOTrpaMHU MPUIOKEHHS, HO U 32 €PEeKTUBHOTO
yIpaBlieHHEe U YChbBBPUICHCTBAHETO HA MpoILeCUTe UM KaTo Is10. OT 3HAUYE€HHE € U MPaBHIHUAT
n300p HA MOJIEN Ha JKU3HEHUS LUKBI Ha COPTYEpHHsI MPOIYKT, KOWTO 0OXBala BCUYKU €Tany Ha
paspaboTkaTa, BHEAPSBAHETO U €KCIIOATAIUATA MY.

TenmeHIMUTE 3a Pa3BUTHE HA EJICKTPOHHOTO OOyUYEHHE M MO-TOJIIMaTa AOCTHITHOCT Ha
00pa30BaHMETO, KAaTO LSO 3acCHIBAT HEOOXOIMMOCTTa OT BHEJpsABaHE HAa HH(GOPMAIMOHHHUTE
CHCTEMH Ha BCUYKH HUBa Ha 00pa3oBaTeNHUS Mporec. EqHN 0T Half-4ecTo M3MOJI3BAHUTE CUCTEMHU
B 00pa30BaHMETO Ca CUCTEMHUTE 3a OpPraHU3UpaHE U YIPABIECHUE HA ChIBbPKAHUETO. T€3U CUCTEMHU
ca MHOTO()YHKLIMOHAJIHU ¥ HETIPEKBCHATO CE€ pa3BUBAT U yciloxkHsBaT. [IpobmemMbT kak mga ce
cTpykrypupa Web-6a3upan kypc 3a 00yueHue 1 Jia ce IpeIcTaBu CboOpa3Ho U30paH MoJIeN, KaK aa
ce ChXpaHsiBa B MPABHIHO CTpyKTypupaHa Web-uHTerpupana 6a3a JaHHH € JOCTa aKTyaleH B
Halmu JTHU. BBIOpeku yHHUBEpCANHUS XapaKTep Ha ChHINECTBYBAIIUTE CHUCTEMH 3a EJIEKTPOHHO
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oOydyeHHe, MpaKTHKAaTa I0Ka3Ba, Y€ OTICIHUTE BHCIIM YYWIWIIA H3MOJI3BAT WHPOPMAIUOHHU
CHUCTEMH, U3IUIO ChOOpa3eHH ChC crienr(uKaTa UM, KOETO OMNpaBJaaBa M Hajgara HEOOXOIUMOCTTA
0T pa3paboOTBaHETO HA COOCTBEHH CUCTEMH, ChOOPa3HO U30paH MeaaroruueckKu MOJIel.

Peanm3upanara cucrema 3a opraHu3upaHe W ynpasieHue Ha Web-0asupaHo oOydeHue e
cboOpa3eHa ¢ OCHOBHH NMPUHIMIIK Ha MPEMOPBYUTEIHA MEXTYHAPOAHN CTAaHIAPTH 0000IEHN KaTo
MHOTOKpaTHa H3IOJI3BAEMOCT, YNPaBIIEMOCT Ha MH(OpMaIUiITa 3a MOTPEOUTENNTE U YUeOHOTO
CBIbPKAHUE, JTOCTHITHOCT, IBJITOTPAHRHOCT — BB3MOXKHOCT 32 Pa3BHTHE HAa CHCTEMAara C Pa3BUTHE
Ha TEXHOJIOTUUTE U BH3MOXKHOCT 32 B3aMMO/ICHCTBHE MEXKILy Pa3INYHA CUCTEMHU.

Upes cuctemaTa ca OCUTYPEHH BB3MOKHOCTH 3a TMpoBexkaaHe Ha Web-0azupano oOydeHne
10 pa3guvyHd  MEAUIMHCKH JUCHUIUIMHHA. UYpe3 wm3ipuio  Opaysep-Oasupan  umHTEpdeiic
npernoiaBaTeNiuTe, 0e3 Ja UMAaT MO3HAHUS M0 MPOTPaMUpPAHE W JHM3aifH, MOTaT JIECHO U OBp30 Ja
Ch3/IaBaT, peIaKTHpaT, MyOJIMKyBaT U nperpynupar Web-0a3upanu KypcoBe, ChIbpKAIIH JICKIIHH,
WHTEPAKTUBHH TECTOBE 32 OLIEHKA HAa TEOPETHMYHHUTE MO3HAHWS, MHTEPAKTUBHU CHMYJALUU Ha
KIMHUYHY CITy4au 3a MpUA00UBaHEe Ha MPAKTUYECKH YMEHUSI.

OcurypeHara TBBKaBOCT W JWHAMHYHOCT Ha CHCTEMaTa, OOraTUTe KOMYHHKAIMOHHHU
BB3MOKHOCTH, Obp3aTa aKkTyaJ u3amus Ha JaHHUTE, HEOrpaHNUEHATa Bh3MOXKHOCT 32 BhBEXK/IaHE Ha
HOBH CTPaHHUIIU, TIOJCTPAHUIIN, BH3MOKHOCTTA 32 TEHEPHUpAaHE Ha Pa3HOOOpa3HH CIIPABKU MPABST
cucTeMaTa IoJie3Ha 3a CTYACHTUTE, MpernoaaBaTenuTe u rocture. Ch3aaaeHu ca Bhb3MOKHOCTH 32
(camo)orieHsIBaHE M TIOJOOpsABaHE KayeCTBOTO HAa OOydYeHHE Ha BCHUYKH HHBA, IOBUIIIABAHE
KBaJIM(HUKAIMATA HA TMPENOJaBaTCIUTe W IMPHBJIMYAHE HA TOBEYEC HAIIA M YYXKAU CTYJACHTH U
CTEeLIMATU3aHTH.

Kypcosere, cp3nanenu upe3 Web-6a3upanara cuctema 3a oOyueHHue ca J0O0Bp mpuMmep 3a
WHTETpaIs MEXIy Hal-HOBHTE TOCTIKCHHSI B O0JacTTa Ha W30paHa AMCHUILIMHA (MOACPHO
cpabpkanue), UKT (Web cpena), nenaroruka (rpBkaBo oOyueHwue). Pasmienanara cucrema e
YHHBEpCaJlHA U C€ M3MOJI3Ba U OT APYTH JUCHUIUIMHU B MenumuHacku yHuBepcutet - Codus, xaro
ocBeH  buoxumus  (http://biochemistry.mu-sofia.bg),  caiitoBe  pa3BuBar  DuzHoOIOTHA
(http://physiology.mu-sofia.bg), ®uszuka u Oumodusuka (http://physics-biophysics.mu-sofia.bg),
®apmaxkosorus u Tokcukonorus (http://pharmacology-toxicology.mu-sofia.bg).

[Ipu HampaBeH CpPaBHUTEJCH aHAM3 HAa BB3MOKHOCTHTE HA pa3IeKIaHaTa CHUCTEMa 3a
Web- Gasupano oOyuyeHue ¢ Te3M Ha W3BECTHUTE CO(PTyepHH IIaTGOpMH C€ BUXKIA, Y€ TA €
ChHU3MEpHMa 110 OCHOBHHTE CH KaueCTBa Ha Hail-I00pUTe pelieHHs B Ta3u 00JacT.

IIpuHOCH Ha AUCEPTALMOHHMS TPYA

OcHOBHHTE pe3yJITaTH UMAT HAyYHONPUIIOKEH U MPUIIOKEH XapaKTep.

1. AHanm3upaH® ca CTaHJapTH U MOJEIH 3a OIICHKA Ha Ka4eCTBO Ha COPTYEPHUTE MPOAYKTH.

2. Ilpoextupana u peanu3upana € cucremara 3a Web-0azupano oOydeHHE MO METUIIMHCKH
TUCUUIUIMHU. Pa3paboTeHn ca OCHOBHHMTE KOMITIOHGHTH Ha CHCTEMara M Ca CHHTE3UPaHU
cneuupuvHn QyHKUMU ,,Bupryanen mamuent”’ u ,,BupryanHu monenu”. IlpoekTupanu ca
HeoOXxoauMuTe 0aza OT JaHHU M MH(POPMALMOHHH MPOIIECH 3a MporpaMHUTe Moayiu. OreHeHa
¢ QYHKIIMOHATHOCTTA Ha pa3paboTeHara nH(OpMAIMOHHA CHCTEMa KaTo € CpaBHEHA C U3BECTHH
copryepun mmatdopmu. OrmpeneneHd ca MpeauMcTBaTa Ha CHUCTeMaTa 3a W3IBJIHEHHE Ha
cnenn(puvHN GYHKIUU 32 METUIIMHCKOTO O0y4YCHHE.

3. Pazpaborena e mpomeaypa 3a KOJIMYECTBEHA OIEHKA HAa XapaKTEPUCTHKUTE Ha
nHpopManroHHaTa cucteMa. [IpuoxeH e MeToa Ha eKCIepTHHUTE OolleHKH. HampaBeH e n3bop
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Ha TOKa3aTeluTe 3a KauecTBO Ha CHCTeMaTa B JIBE HampaBieHUs: 1) Mo YTBBPJAEH CTaHIApT 3a
OIICHsIBaHE Ha mporpamMHu NpoaykTu-ISO 9126; 2) mo aAumakTHYECKH MoKa3aTeiau, Oa3upaHu Ha
MHEHUS Ha EKCIIePTH OT 00pa30BaHHUETO.

4. KonuyecTBEHO ca OILEHEHH XapaKTePUCTUKH Ha MpPOLEecH B HH(OpPMAIMOHHATa CHCTEMA.
OneHkata € HampaBeHa C Y4YaCTHETO Ha EKCIEepTH OT HAKOIKO (GUpMH OT obiacTrta Ha
MH(OPMAIIMOHHUTE TEXHOJIOTHH U MPEToaBaTelId B YHUBEPCUTETH.

5. C ompeneneHuTe KOJIMYECTBEHU OLEHKU € JAepUHMpaHa U pellieHa ONTUMHU3ALMOHHA 33/a4a 3a
OLICHSBAaHE HA IMOTEHIMAlla Ha pa3paboTeHaTa MH(POPMAIMOHHA CHCTEMa M TOJ00psBaHE Ha
XapakTEepUCTUKUTE W. Pe3ynrature OT H3CaeABAaHETO MOKa3BaT, Y€ CIOpPEN KPUTEPUUTE,
Oaszupanu Ha crtaHmgaptra [SO 9126 3a kadecTBO Ha CO(PTyepHU MPOIYKTH, CHCTEMaTa HMa
MOTEeHIIMad 3a TMoao0psiBaHE Ha XapaKTEepUCTUKUTE W 1o Kputepuu F3momsBaemocr,
@yHKIMoHaNHOCT U [IpeHocumocrt.

Crnopen IMAAKTUUECKUTE KPUTEPUM OLIEHKAaTa Ha €KCIEPTUTE € MOJIOXKUTENIHA 110 OTHOLICHHE
Ha Bb3MOXXHOCTUTE 32 Ch3JaBaHe Ha Y4eOHH MOJIYJIU 110 pa3IMYHU KypCOBE.

bbaemn Hacoku 3a padora

Ha ocHoBaHue mosryuyeHHTE pe3yiaTaTd OT HPUIOKEHUETO Ha IOAXO0Ja 3a KOJIMYECTBEHA
OIICHKA Ha KaueCTBOTO M €EKTUBHOCTTA, cucTemMaTa 3a Web-6azupano oOyueHue 1me ce pa3BuBa B
HSIKOJIKO HACOKHU:

Copsmo kputepuurte, Oazupanu Ha crtangapta [SO 9126 3a kadecTBO Ha codTyepHHU
MPOAYKTH:

- IloBumaBaHe HagEKIHOCTTa Ha CHCTeMaTa B cioy4yail Ha co(TyepHH TpemKu |

CIIOCOOHOCTTA 3a Bb3CTAHOBSBAHE HA JAHHU.

- [loBumaBane oOcCiy»BaeMOCTTa Ha CUCTEMATa, T.€ CIIOCOOHOCTTa Ha cUCTeMaTa ja Oble

MoguduuMpana. MoanpukanuuTe BKIIOYBAT KOPEKIMHU, MOJOOPEHUs WM aJanTHUpPaHEe Ha

cucTeMaTa KbM IPOMEHH B cpejlaTa (BKJIIOYBA Ce IMPOMsIHATa Ha KOJa, AU3aiiHa U JAHHUTE),

KaKTO U B U3UCKBAHUATA U (PYHKLMOHATHUTE CTICHUPUKALIH.

- [loBuiaBane Ha MPOJYKTUBHOCTTA Ha CHCTEMaTa KaTo MbPBO CE€ HaMalsAT BpeMeHaTa 3a

pearupaHe U NpOTUYaHE, KAKTO U CKOPOCTHTE Ha M3MbJIHEHHE (PYHKIMHUTE Ha CUCTEMaTa U

BTOPO KaTo c€ HaMaJld MPOABDKUTETHOCTTA Ha M3MOJI3BaHE HAa PECYPCUTE MPU M3ITbIHEHUE

(GyHKIMUTE HA CHCTEMATA.

Crpsimo kpuTepunte, 0a3upaHu Ha TUJAKTUYECKUTE [TOKA3aTENH:

- [lonoOpsiBaHe Ha BpB3KaTa C APYTH PECYPCH 3a AOIBIHUTEIHA MHPOPMAIUS 32 N3ydaBaH

mpo0Jem;

- IlonoOpsiBaHe M3MONI3BAHETO HA PA3JIMYHU MYJITUMEIUNHHM KOMIIOHEHTH (BKJIIOYBaHE Ha

MHCTPYMEHTH 3a JUCKYCHM B peajlHO BpeMe, MHTerpupaHe Ha (opym 3a Ho-AMHAMUYHU

BPB3KH MEX/1y CTYJIEHTHTE U MEXy TAX U IpenojaBaTeunTe);

- HacbpuaBane Ha KPUTHYHO MHUCIIEHE M KPEaTUBHOCT Ha CTYICHTUTE 4pe3 A00aBsHE Ha

HOBU TIPHJIOKEHHSI M METOIM Ha oOydyeHHe 3a MpUA00MBaHE Ha ABITOTPAWHU 3HAHUS U

YMEHHS.

HayuHou3cie10BaTeICKH MPOEKTH

W3cnenBanusTa B [UCEPTAMOHHUS TPY/l Ca YacT OT MOJIYUYEHHUTE PEe3yJITaTH Ha CIEIHUTE
HAy4YHOM3CIIEIOBATENICKU TPOEKTHU:
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. MexnyHapozaeH npoekT 1o 6-ta PamkoBa nporpama Ha EBporneiickata koMHCHS,

Nudopmanmonno obmectro. Project EC FP6, program IST No. 027178 “Virtual Internet
Service Provider VISP”

JloroBop 3a oTmyckaHe Ha (PMHAHCOBA MOAKPETa 3a MPOEKT 32 MOOMIIHOCT 0 CEKTOPHA
nporpama ,Jleonapao na Bunun”. IIporpama ,,Yuene npes nenus xusot’. 2008-1-BG1-
LEO03-00374. Tema ,,O0MsiHA Ha ONTUT 32 MHOBAIIMOHHHU MIPUIIOKECHUS HA PELICHUS 32
€JICKTPOHHO O0y4eHHe”.

. MexayHapoieH nMpoeKT mo nporpama ,,O0ydenue npe3 mnenus )kuBot” - EPACMYC. Jlorosop ¢

EBpomneiickara komucus: 142399-LLP-1-2008-1-BG-ERASMUS-ENW Ha tema: ,,ETN
Teaching, Research, Innovation in Computing Education”.

The thematic Network Teaching, Research and Innovation in Computing Education - TRICE is
established in accordance with the ERASMUS Programme of the EUROPEAN COMMISION.
EBpomnelicku Coumanen @onn 2007-2013 I'. IIporpama "Pa3sutue na Yosemxkure Pecypcu" .
[Togkperna Ha TBOPYECKOTO PAa3BUTHE HA JOKTOPAHTH, IOCT-TOKTOPAHTH U MIJIAJIH YUYEHH B
obnactta Ha KoMmiOThpHUTE Haykn, BG 051PO001-3.3.04/13.
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