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AUTOMATED SYSTEM OF FUZZY IDENTIFICATION OF EXPERT’S
COMPETENCE FOR ASSESSING THE QUALITY OF PEDAGOGICAL
PHENOMENA AND PROCESSES

Abstract. The article describes the problem of the application of the theory of fuzzy sets to
describe the indicators of expert assessment by using linguistic variables instead of numerals or in
addition to them. An automated fuzzy system of Sugeno has been developed for determining the
competence of an expert. Its input variables are six factors: work experience, academic degree, if
any, publications, justification of position as to the discussed problem, knowledge of the
achievements in the relevant sphere, knowledge of the essence and objects of work of specialists
of a certain area. Simple relations between variables are described using fuzzy statements,
complex relationships are described by fuzzy algorithms. In the Simulink environment a fuzzy
controller was built on the basis of Sugeno FIS-system, optimized using the anfis function. Testing
the controller on a test selection proves the functional suitability of the developed model.

Keywords: fuzzy set theories; linguistic variable; competence of an expert; competence factors;
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1. INTRODUCTION

The problem setting. The intensity of the development of science in general leads to an
increase in interest in the methodology and methods of pedagogical research, in which one
has to deal with complex experiments in order to study various factors, which are not subjects
to strict accounting and control. For the processing and interpretation of such experiments,
methods of mathematical statistics are usually used. However, in pedagogical experiments,
quite often, there is a need for quantitative and (or) ordinal evaluation of processes or
phenomena, which are not directly measurable. In this case, researchers apply an expert
assessment which is based on judgments of experts.

The use of expert assessments in pedagogical research requires the establishment of a
general algorithm (procedure) for conducting an expertise, as well as the methodology for the
formation of expert judgment. In addition, it is necessary to take into account one of the
decisive factors of the expert procedure — the competence of an expert, which is determined
on the basis of criteria for the selection of qualified experts, as well as consider the length of
preparation, and the assessment of competence, etc.

The Analysis of Recent Studies and Publications. The analysis of modern research
and scientific publications shows the activity of discussions on the problem of applying expert
assessment not only in technical and economic sciences, but also in pedagogical research
since they are the most common way of obtaining and analyzing qualitative information.
Ukrainian and foreign scientists contributed to the development of the theory and practice of
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expert assessments: V. M. Heyets, V. M. Hlushkov, G. M. Hnatiyenko, B. Ye. Hrabovetskyi,
G. M. Dobrov, M. V. Mikhalevich, F. M. Khilyuk, N. Z. Shor, S. M. Yampolskyi and others.

In particular, the involvement of experts in the assessment and certification of
qualifications of service personnel — O. M. Kriukova, D. R. Makeeva [1] and others; use of
the method of expert evaluation in designing the model of competencies of the heads of
structural units for the sale of communication services and customer service as the basis for
modeling the system for developing their professional competence — O. V. Borodienko [2] et
al.; the assessment of the quality of an expert, which involves the implementation of several
stages: the formation of initial parameters; the choice of the method for assessing the quality
of an expert (a priori and a posteriori methods of evaluation); the selection of experts, which
was investigated in the works of D. A. Gornitska, O. G. Korchenko, M. G. Lutskyji,
L. M. Yarmosevich [3], and others.; an expert survey using the method of expert groups is
proposed by B.S Gershunsky [4], Y.S. Grisyuk [5], O.G.Timinsky [6], and others;
consistency of expert assessments on the basis of the mathematical theory of fuzzy sets —
N. A. Brodyagina, V. V. Myakushko [7], O. M. Poleshchuk [8] and others; application of
software tools for evaluating the competence of experts is proposed by P.F. Baranov,
O. N. Velychko, A. A. Gaber, T. B. Gordienko [9] and others; organization of the doctrines of
pedagogical phenomena and processes — V. K. Sydorenko, G. V. Tereshchuk [10] and others.

Unresolved aspects of the problem.

In addition to the algorithm for assessing the competence of an expert, the reliability is
also affected by the development of special automated systems for conducting expert
assessment. Existing methods of obtaining expert assessments do not go beyond the so-called
“point” assessments, the disadvantage of which is that it is difficult even for a skilled expert
to tell a specific number, which will be valuation of a certain factor. It is much easier to give a
qualitative assessment of the value of any indicator at the linguistic level (for example, low,
below average, average, above average, high). Even minor mistakes in the assessment of
indicators can lead to a significant change in the values of the complex indicators of an expert
group.

At the moment, we have not met the work in which the mathematical apparatus of fuzzy
logic would be combined with the representation of input data in the form of linguistic
variables and the automation of computational processes for determining the competence of
experts. The above mentioned determined the direction of our study.

The objective of this paper is designing and developing an automated system of fuzzy
identification of expert’s competence for assessing the quality of pedagogical phenomena and
processes.

2. RESEARCH METHODS

Inaccuracy and uncertainty in the input data, the presence of a fuzzy statement of the
problem at the initial stage of solving the problem leads to the need to use methods of fuzzy
mathematics. The apparatus of fuzzy mathematics allows formalizing the concepts, used by
experts in describing their ideas about the real system.

In the developed automated system, the quantitative assessment of the competence of
experts is carried out in accordance with the methodology proposed in [4]. Thus, the
competence of an expert depends on six factors: work experience, academic degree, if any,
publications, justification of position as to the discussed problem, knowledge of the
achievements in the relevant sphere, knowledge of the essence and objects of work of
specialists of a certain area. The expert’s answers to each question in a survey were evaluated
by a certain numerical coefficient, which gave the opportunity to quantify the overall
competence in the problem being discussed. The approximate numerical values from the
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relevant question were expressed by linguistic variables followed by fuzzification as input
variables of the automated system.

The process of formalization and integration of fuzzy input data to determine the level
of representativeness of an expert we described in [11]. Fuzzy methods used in the derivation
of the expert system (in which the formalized knowledge of an expert about a certain subject
area is preserved) in the knowledge base can be characterized by three features: the use of
linguistic variables instead of numeral or in addition to them; simple relations between
variables are described by fuzzy statements; complex relationships are described by fuzzy
algorithms.

The development of an automated system of fuzzy identification of expert’s competence
for assessing the quality of pedagogical phenomena and processes was carried out in the
MATLAB software environment, in particular Fuzzy Logic Toolbox. The training of the
developed system was carried out using the ANFIS algorithm. Based on this system, a fuzzy
controller in the Simulink environment was built.

3. THE RESULTS OF THE RESEARCH

To construct a fuzzy system, we needed to construct a match matrix of possible score
combinations of input variables and their corresponding representational values. Each of the
six factors mentioned above is evaluated using scores. The values of the factors will be input
to the fuzzy system. The formula for the calculation of representativeness is given in [4,
p- 99]. The level of representativeness is the output of the fuzzy expert system.

The program of building a training sample and dividing it into input and outputs:

stazh = [0.4 0.6 0.8];
stupin = [0.6 0.8];

publisher = [0
doslidy = [0.2 ;
dosjag = [0.3 0.5 0.8];

zmist = [0.6 0.8];

k =1;

for 1 = 1:3

for 3 = 1:2
for e = 1:2
for x = 1:3
for vy = 1:3
for z = 1:2

tr_data(k, 1) = stazh(i);
tr_data(k, 2) = stupin(j);
tr_data(k, 3) = publisher(e);
tr_data(k, 4) = doslidy(x);
tr_data(k, 5) = dosjagl(y);
tr_data(k, 6) = zmist(z);
tr_data(k, 7) =

(stazh (i) +stupin (j)+publisher (e)+doslidy (x) +dosjag(y)+zmist (z))/4.8;
k =k + 1;

end;
end;
end;
end;
end;

end;

inp = tr_data(:, 1:6);

out = tr_datal(:, 7);

To develop an automated system of fuzzy identification of expert competence for
assessing the quality of pedagogical phenomena and processes, with the help of fuzzy
command in the MATLAB environment we run a FIS editor, which is designed to work with
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fuzzy systems. This editor has the ability to create and configure Sugeno type fuzzy logic
output systems. We create a new fuzzy system of Sugeno, the structure of which is depicted in
Figure 1, a.

The number of membership functions on the input variables is given in accordance with
the score distribution of factors, which have influence on the representativeness (competence)
of an expert, suggested in [4] and formalized in [11]. The graphs of the membership functions
of input linguistic variables are given by the Gaussian type with the corresponding grouping
according to the numerical values of the input factors.

Parameters of the membership functions of the input variables:

stazh [0.08493 0.4 0 0] [0.08493 0.6 0 0] [0.08493 0.8 0 0]
stupin [0.0759 0.5963 0 0] [0.07312 0.798 0 0]

publisher [0.0759 0.5963 0 0] [0.07177 0.798 0 0]

doslidy [0.1274 0.2 0 0] [0.127 0.6 0 0] [0.1274 0.8 0 0]

dosjag [0.1062 0.3 0 0] [0.1062 0.5 0 0] [0.1062 0.8 0 0]
zmist [0.0759 0.5963 0 0] [0.08171 0.797 0 0]

For the output variable, we assign five membership functions of the type of constants
with the following parameters: verylow - 0.5625, low - 0.6667, midle - 0.7708, high - 0.8958,
veryhigh - 1.

Due to the large number of input variables, it is difficult to manually create rules for all
possible combinations of terms (maximum number of combinations is 216). But, as we know,
in order for the system to be adequate, it is not necessary to have all possible rules. Sufficient
will be the number of rules, which allows approximately to equalize the level of error with the
level of plateau saturation [12].

As aresult, a knowledge base was formed of the following nine rules:

1. If (stazh is 0.4) and (stupin is 0.6) and (publisher is 0.6) and (doslidy is
0.2) and (dosjag is 0.3) and (zmist is 0.6) then (reprezent is verylow) (1)

2. If (stazh is 0.4) and (stupin is 0.6) and (publisher is 0.6) and (doslidy is
0.2) and (dosjag is 0.8) and (zmist is 0.6) then (reprezent is low) (1)

3. If (stazh is 0.4) and (stupin is 0.8) and (publisher is 0.6) and (doslidy is
0.8) and (dosjag is 0.3) and (zmist is 0.8) then (reprezent is midle) (1)

4. If (stazh is 0.8) and (stupin is 0.8) and (publisher is 0.8) and (doslidy is
0.6) and (dosjag is 0.5) and (zmist is 0.8) then (reprezent is high) (1)

5. If (stazh is 0.8) and (stupin is 0.8) and (publisher is 0.8) and (doslidy is
0.8) and (dosjag is 0.8) and (zmist is 0.8) then (reprezent is veryhigh) (1)

6. If (stazh is 0.6) and (stupin is 0.6) and (publisher is 0.8) and (doslidy is
0.6) and (dosjag is 0.5) and (zmist is 0.6) then (reprezent is midle) (1)

7. If (stazh is 0.6) and (stupin is 0.8) and (publisher is 0.8) and (doslidy is
0.8) and (dosjag is 0.5) and (zmist is 0.8) then (reprezent is high) (1)

8. If (stazh is 0.8) and (stupin is 0.6) and (publisher is 0.6) and (doslidy is
0.6) and (dosjag is 0.5) and (zmist is 0.6) then (reprezent is midle) (1)

9. If (stazh is 0.8) and (stupin is 0.6) and (publisher is 0.6) and (doslidy is
0.6) and (dosjag is 0.3) and (zmist is 0.8) then (reprezent is midle) (1).

Using the surface viewer of the FIS editor, you can view the surface of dependencies of
the system output on the two input variables, with the rest of the values of the variable
constants (see Figure 2, a). We save the created system and export it to the MATLAB work
area called Sugeno. We read the data of the fuzzy logic output of the system, construct a
diagram of system failures (Fig. 3, a) and find the system error.

The system error was 0.049117, which is more than 10% in percentage terms. Such a
system is not able to adequately reproduce the given analytical dependence. The quality of the
system can be improved by adding rules, but due to a large number of input variables and the
cumbersome amount of training sample data, this path is not effective. It is necessary to use
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the possibilities of MATLAB, in particular the automatic adjustment (training) of Sugeno
type fuzzy systems.
For training, we will generate a new fuzzy Sugeno system using the function genfisl.

fis = genfisl (tr_data, [2 2 2 2 2 2], 'gaussmf').

The basic parameters of the generated system, as well as its structure are shown in
Figure 1, b.

name: 'anfis'

type: 'sugeno'
andMethod: 'prod'
orMethod: 'max'
defuzzMethod: 'wtaver'
impMethod: 'prod'
aggMethod: 'max'
input: [1x6 struct]
output: [1x1l struct]

rule: [1x64 struct].
— (=1
inputi (2}
——
stupin (2) sugeno input2 (2) anfiz
=
publisher (2) (sugeno} fiu) input3 (2) (sugeno) flu)
C=—"]
doslidy (3} input4 (2)
3 rules ——] Bz output (64)
dosjag (3} input5 (2}
=
zmist (2} inputs (2}
System sugeno: § inputs, 1 outputs, 9 rules System anfis: 6 inputs, 1 outputs, 64 rules
a o

Fig. 1. The structure of the generic Sugeno fuzzy system to assess the competence of an
expert: a — of a zero-order; 6 — with the help of anfis1 function

The generated system must be trained based on the data of the training sample
tr_data.
System training is carried out using anfis function. Sugeno training program:

learn = anfis(tr_data, fis, 10)

As a result of this program, we have received a new fuzzy system learn with optimized
parameters.

Parameters of the membership functions of the input linguistic variables of a Sugeno
fuzzy system optimized using anfis:

Mfl [0.1405 0.3783 0 0] [0.1915 0.7823 0 0]
Mf2 [0.0759 0.5963 0 0] [0.09108 0.7973 0 0]
Mf3 [0.0759 0.5963 0 0] [0.09108 0.7973 0 0]
Mf4 [0.2154 0.1773 0 0] [0.2712 0.7868 0 0]
Mf5 [0.181 0.2714 0 0] [0.2456 0.7724 0 0]
Mf6 [0.0759 0.5963 0 0] [0.09108 0.7973 0 0]
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Fragment of base of rules of automatically generated Sugeno fuzzy system:

1. If (inputl is inlmfl) and (input2 is in2mfl) and (input3 is in3mfl) and (inputé
is in4mfl) and (input5 is in5mfl) and (input6 is in6mfl) then (output is outlmfl)
(1)

2. If (inputl is inlmfl) and (input2 is in2mfl) and (input3 is in3mfl) and (inputé
is indmfl) and (input5 is inb5mfl) and (input6 is inémf2) then (output is outlmf2)
(1)

3. If (inputl is inlmfl) and (input2 is in2mfl) and (input3 is in3mfl) and (input4
is in4mfl) and (input5 is in5mf2) and (input6 is in6mfl) then (output is outlmf3)
(1)

4. If (inputl is inlmfl) and (input2 is in2mfl) and (input3 is in3mfl) and (inputé
is indmfl) and (inputb5 is inb5mf2) and (input6 is inémf2) then (output is outlmf4)
(1)

24. If (inputl is inlmfl) and (input2 is in2mf2) and (input3 is in3mfl) and (input4
is indmf2) and (input5 is in5mf2) and (input6 is inémf2) then (output is outlmf24)
(1)

25. If (inputl is inlmfl) and (input2 is in2mf2) and (input3 is in3mf2) and (input4
is indmfl) and (inputb5 is inb5mfl) and (input6 is inémfl) then (output is outlmf25)
(1)

26. If (inputl is inlmfl) and (input2 is in2mf2) and (input3 is in3mf2) and (input4
is in4mfl) and (inputb5 is in5mfl) and (input6 is in6mf2) then (output is outlmf26)
(1)

27. If (inputl is inlmfl) and (input2 is in2mf2) and (input3 is in3mf2) and (input4
is indmfl) and (input5 is inb5mf2) and (input6 is inémfl) then (output is outlmf27)
(1)

28. If (inputl is inlmfl) and (input2 is in2mf2) and (input3 is in3mf2) and (input4
is indmfl) and (inputb5 is in5mf2) and (input6é is in6mf2) then (output is outlmf28)
(1)

29. If (inputl is inlmfl) and (input2 is in2mf2) and (input3 is in3mf2) and (input4
is indmf2) and (input5 is inb5mfl) and (input6 is inémfl) then (output is outlmf29)
(1)

30. If (inputl is inlmfl) and (input2 is in2mf2) and (input3 is in3mf2) and (input4
is ind4mf2) and (inputb5 is in5mfl) and (input6 is in6mf2) then (output is outlmf30)
(1)

31. If (inputl is inlmfl) and (input2 is in2mf2) and (input3 is in3mf2) and (input4
is indmf2) and (inputb5 is inb5mf2) and (input6 is inémfl) then (output is outlmf3l)
(1)

32. If (inputl is inlmfl) and (input2 is in2mf2) and (input3 is in3mf2) and (input4
is indmf2) and (inputb5 is in5mf2) and (input6 is in6mf2) then (output is outlmf32)
(1)

33. If (inputl is inlmf2) and (input2 is in2mfl) and (input3 is in3mfl) and (input4
is in4mfl) and (inputb5 is in5mfl) and (input6 is in6mfl) then (output is outlmf33)
(1)

34. If (inputl is inlmf2) and (input2 is in2mfl) and (input3 is in3mfl) and (input4
is indmfl) and (input5 is inb5mfl) and (input6 is inémf2) then (output is outlmf34)
(1)

35. If (inputl is inlmf2) and (input2 is in2mfl) and (input3 is in3mfl) and (input4
is indmfl) and (inputb5 is in5mf2) and (input6 is in6mfl) then (output is outlmf35)
(1)

36. If (inputl is inlmf2) and (input2 is in2mfl) and (input3 is in3mfl) and (input4
is indmfl) and (input5 is inb5mf2) and (input6 is inémf2) then (output is outlmf36)
(1)

37. If (inputl is inlmf2) and (input2 is in2mfl) and (input3 is in3mfl) and (input4
is ind4mf2) and (input5 is in5mfl) and (input6 is in6mfl) then (output is outlmf37)
(1)

38. If (inputl is inlmf2) and (input2 is in2mfl) and (input3 is in3mfl) and (input4
is indmf2) and (input5 is inb5mfl) and (input6 is inémf2) then (output is outlmf38)
(1)

39. If (inputl is inlmf2) and (input2 is in2mfl) and (input3 is in3mfl) and (input4
is indmf2) and (input5 is in5mf2) and (input6 is in6mfl) then (output is outlmf39)
(1)

40. If (inputl is inlmf2) and (input2 is in2mfl) and (input3 is in3mfl) and (input4
is indmf2) and (input5 is inb5mf2) and (input6 is inémf2) then (output is outlmf40)
(1)
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41. If (inputl
is indmfl) and
(1)
42. If (inputl
is ind4mfl) and
(1)

58. If (inputl

is ind4mfl) and
(1)
59. If (inputl
is ind4mfl) and
(1)
60. If (inputl
is indmfl) and
(1)
61. If (inputl
is ind4mf2) and
(1)
62. If (inputl
is indmf2) and
(1)
63. If (inputl
is ind4mf2) and
(1)
64. If (inputl

is indmf2) and

(1) .

088 e
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0.84.].-
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08
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0767
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stupin
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Fig. 2. The surface of the response of the Sugeno fuzzy system:

a — zero-order; b — optimized by anfis

Program of readout of fuzzy logic output and error estimation of optimized system:

&

outff

3 Reading fuzzy logic output
evalfis (inp,

learn) ;

%$error estimation

delta

<

a

plot (a,

sum (abs (out-outff) /216);

3 Construction of an error diagram
1:216
out-outff);
ylabel ('delta');

grid on;
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delta
delta

80 100 120 140 160 180 200

| I I |
20 40 60 80 100 120 140 160 180 200 20 40 60

Fig. 3. Diagram of Sugeno fuzzy system failures: a — zero-order; 6 — optimized by anfis

The error of this system was 6.8474e-008. This error is close to zero and fully meets our
requirements for the adequacy of the decision-making by system. Thus, we use this system to
build a fuzzy controller in the Simulink environment.

In the Simulink environment, we build a fuzzy controller based on the Sugeno FIS-
system, optimized using the anfis function, because it showed the smallest error using the
Fuzzy Logic Controller. The scheme of the fuzzy controller and the structure of the fuzzy
output constructed from the Simulink blocks is shown in Figure 4.

=
w

=
L i

P IS .-*:Q{'- hlﬁ

|e lavel of repnesantalbeness of an = pem

-
L 4

fuzzy bgkal conclusion

Jugreaton of postbn

K nowladge of achilevement

-
w

Enawiedge of content
Fig. 4. Scheme of fuzzy controller

To organize the testing of the controller, a group of seven experts people was selected,
which was asked a questionnaire, which included the question of determining the above
factors whose significance affects their overall representativeness (competence). The expert's
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response to each question was evaluated by a certain numerical coefficient, which gave the
opportunity to quantify the overall competence of the problem under discussion.

The results of testing the controller shown in Table 1 confirm the high accuracy of the
reproduction of a given dependence received as a result of the survey of the input vectors.

Table 1
Controller testing data

= o Q = 8 =] e é e E -

=} Q = ) = O o O o 8 2
=5l ¢5 | EB| £ | S| €598 g | T
E3 ES | 28| 8 | 23| 2s | &2 28 £ g
s 2 58| 8§48 = Z&| B8 | ES o 5 £
# 5| < 5 %5 | 25 | & ) O

= M3 M (%7

1 0.4 0.6 0.6 0.2 0.8 0.8 0.70833 0,7083
2 0.4 0.6 0.8 0.2 0.3 0.6 0.60417 0,6042
3 0.6 0.6 0.6 0.2 0.3 0.6 0.60417 0,6042
4 0.6 0.8 0.6 0.2 0.8 0.8 0.79167 0,7917
5 0.8 0.6 0.6 0.6 0.8 0.6 0.83333 0,8333
6 0.8 0.8 0.8 0.8 0.8 0.8 1 1

7 0.4 0.6 0.6 0.2 0.3 0.6 0.5625 0,5625

4. CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

Built with the help of an FIS-editor automated system of fuzzy identification of expert’s
competence for assessing the quality of pedagogical phenomena and processes adequately
reflects the use of input data. The error of Sugeno fuzzy first-order system (trained using the
ANFIS algorithm) is 6.8474e-008, which is an approximation to zero. Based on this system, a
fuzzy controller was built in the Simulink environment, testing of which confirmed the high
quality and reliability of the fuzzy system.

Further research needs to be carried out on the question of the automated formation of
working expert groups and the implementation of on-line version of the automated system of
fuzzy identification of competence of an expert. The results can be used by researchers in the
field of Pedagogy to automate expert assessments of pedagogical phenomena and processes.
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AHOTamig. Y CTaTTi BHUKIAJCHO MPOOJIEMY 3aCTOCYBAHHS TEOPil HEYITKMX MHOXXUH JUJIsl OIHCY
MOKA3HHKIB OIIHKH KOMIICTCHTHOCTI €KCIepTa 3 BUKOPUCTAHHSM JIIHTBICTUYHUX 3MIHHHX 3aMiCTh
YUCIOBHX a00 B JOMOBHEHHS J0 HUX. Po3po0ieHO aBTOMaTH30BaHy HediTKy cucrteMy CyreHo 3
BU3HAYCHHS KOMIICTCHTHOCTI CKCIIEPTa BXIIHUMH 3MIHHHMH SIKOi € IIICTh YHHHHUKIB: CTaX
poOOTH, HASBHICTh BUEHOTO CTYIIEHS, HASBHICTh OIMYOJIIKOBAaHUX POOIT, OOTPYHTYBAaHHS TyMKH 3
00roBOPIOBaHOT TIPOOJIEMH, 3HAHHS JOCITHEHBb BiNIMOBIAHOI ramysi, 3HaHHS 3MIiCTy Ta 00 €KTIiB
mpami (axiBIiB TMEBHOI cremianbHOCTi. [IpOoCTi BiAHOIIEHHS MK 3MIHHAMH OIMCYIOTHCS 3a
JIOTIOMOTOI0 ~ HEYITKWX  BHUCJIOBIIOBAaHb, CKIJAJHI BiJHOIIEHHS OMHUCYIOTHCS  HEUYITKHUMHU
anroputMamu. Y cepemosumii Simulink moOynoBaHO HEUiTKHI KOHTpOJIep Ha 0a3i ONTHMi30BaHO1
3a nonomoroto ¢yHkuii anfis FIS-cucremu Cyreno. TecTyBaHHS KOHTpoOJIepa Ha TECTOBiH BHOIpII
JOBOJHTH (DYHKIIOHAJIBbHY IPUIATHICTH PO3p00IeHOT Moelt.

KuarouoBi ciioBa: Teopil HEUITKMX MHOXKHH; JIHTBICTHYHA 3MiHHA; KOMIICTCHTHICTh CKCIIEPTa;
yuHHUKK KoMniereHTHOCTI; FIS-cucrema Cyreno; ¢ynkuis anfis; negaroriysi siBuIia i mpouecy.
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AHHoTanusi. B craree H3noXeHO MpoOJeMy MPUMEHEHHsS TEOPUHM HEYETKUX MHOXKECTB JUIs
OIHUCAHUs TI0Ka3aTeNnell OLEHKH KOMIIETEHTHOCTH YKCIePTa C MCIOJIb30BAHUEM JIMHIBUCTHYECKUX
MEPEMEHHBIX BMECTO YHCIJIOBBIX WJIM B JIOTIOJIHEHHE K HUM. Pa3paOoTaHa aBTOMAaTU3WpOBaHHAS
HeueTkass cuctema CyreHO 1O  ONPEACNCHHI0O KOMICTCHTHOCTH OKCHEPTa, BXOJHBIMH
MEPEMEHHBIMH KOTOPOM €CTh IIeCTh ()aKTOPOB: CTaXX pabOThI, HATMYNE YICHOU CTCIICHU, HATTMYUC
OIMyOJIMKOBaHHBIX paboT, 000CHOBaHKE MHEHUS IO 00CYXIaeMoii po0IeMe, 3HAaHHE JOCTIKCHHMA
COOTBETCTBYIONIICH OTpaciM, 3HAHWUEC COJCPXKAHUA H OOBEKTOB Tpyla CICIHAIMCTOB
OIPENICIICHHON CIENUATBHOCTU. [IpOCThIe OTHOLICHHSI MEXIY MEePEMEHHBIMU OIUCHIBAIOTCS C
MOMOIIBI0 HEYETKUX BBICKA3bIBAHMH, CIIOXKHBIE OTHOIICHHS OMNKCBIBAIOTCS HEYCTKUMH
anroputMamu. B cpene Simulink mocTpoeHO HEUETKHH KOHTPOJIIEp Ha 6a3e ONTHUMU3HPOBAHHOM C
nomonipio pynakmuu anfis FIS-cuctemsr Cyreno. TecTupoBaHHWe KOHTpOJUIEpa Ha TECTOBOK
BBIOOpPKE JTOKa3bIBaeT QYHKITMOHATIHHYIO PUTOAHOCTh pa3pabOTaHHOW MOIEIH.

KiaroueBble cjioBa: TCOPUHN HCYCTKHX MHOXCCTB;, JIMHIBUCTHYCCKAas TICPEMECHHAA,

KOMITETEHTHOCTh 3KcmepTa; (akropbl kommereHTHocTH; FIS-cucrema Cyreno; ¢yHkmms anfis;
MEIarOrMYCCKHE SBICHUS U MPOICCCHI.
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