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CRITERIA AND INDICATORS FOR EVALUATING THE EFFECTIVENESS OF
CREATIVE TEACHING METHODS FOR TECHNICAL SPECIALTY STUDENTS

Abstract: The present day demands continuous development of new objects of technology and
engineering, and creative self-realization from future engineers. Creative teaching methods in technical
disciplines are capable of ensuring this. The quality of forming creative-level knowledge in technical disciplines
among future specialists will increase if the methodological system is based on modeling the development of
technical disciplines, and the content of teaching technical disciplines is presented in two parts — basic and
creative, where the latter should be created by students independently during the learning process using methods
and tools for managing students' creative educational and cognitive activity. The necessity of introducing
specially organized pedagogical influence within the educational process requires the development of a system
of criteria and indicators for identifying the quantitative and qualitative level of the pedagogical phenomenon's
formation.

The article proposes the developed content, criteria, and indicators for evaluating the effectiveness of
the teaching methodology for students in technical disciplines, which allow future engineers to assess the level of
formation of professional knowledge and skills, creativity, and professionally important qualities. The
assessment of the formation of professional knowledge is carried out in accordance with the acquaintance-
orienting, conceptual-analytical, and productive-synthetic (creative) levels. Creativity is proposed to be
evaluated using four factors of divergent thinking: fluency, flexibility, originality, and elaboration. As indicators
of the formation of professionally important qualities of future engineers, it is proposed to assess the formation
of interest and activity in professional activity, risk-taking in future professional activity, and the level of
professional independence through questionnaires. All proposed criteria and indicators are thoroughly
substantiated, and a methodology for evaluating each indicator is proposed.
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Introduction

The generally accepted understanding of
the main component of technical education as
the student’s assimilation of the past
experience in the form of a large number of
technical objects rather than as the creative
process of their creation today comes into
conflict with the existing public need for
development of new technical objects and the
student’s need for creative self-fulfillment [6].
Creative teaching methodologies used with
technical disciplines can ensure purposeful and
consistent transfer of the methodology of
creative activity and creative experience
(knowledge, ability, skills, educational and
professional-creative problem-solving
techniques) to future specialists under specially
organized conditions.

Some authors [8,9] assume that the
knowledge cultivation quality in technical
disciplines taught to future specialists at the
productive-synthetic  level will increase
provided that:

- the methodological system relies on
simulation of technical discipline
development;

- the content of technical discipline
teaching can be presented into two parts: basic
and creative, where the latter needs to be
created by students independently during their
learning using the methods and resources for
students’ creative educational and cognitive
activity management.

The need to introduce a specially
organized pedagogical influence within the
academic process requires development of a
system of criteria and indicators to determine
the quantitative and qualitative level of the
pedagogical phenomenon.

The higher school didactics has the
corresponding criteria developed and their
system proposed [12].

The qualitative indicators include:

- integrity  of  reflection in the
educational content of the tasks to teach,
educate and develop the student’s personality;

- structural compliance of the content
taught with the accepted psychological-
pedagogical concept of knowledge and skill

Modern creative teaching methodologies
(methodologies that ensure achievements of
creative,  productive-synthetic, level of
knowledge acquisition) used at institutions of
higher education (hereinafter referred to as
IHE) for teaching technical disciplines need to
adequately simulate the development of the
relevant technical area [1]. It is important that
training should not be limited to mastering of
the existing objects, rules and definitions. It is
necessary that learning should be a process of
“knowledge mining” [3,7].

Therefore, the purpose of this research is
to determine the criteria and indicators for
creative teaching methodology in higher
education as part of future engineers’
innovative activity.

acquisition;

- reflection in the content taught of the
modern level of science, technology and
production development;

- optimal  correlation  between the
empirical and the theoretical, the specific and
the abstract.

Combined  with  the  qualitative
indicators, it is desirable to use quantitative
indicators, for example:

- the informative capacity of the
educational material, which is determined
through the correlation between the content
elements provided by the curriculum and the
content elements imparted to students per time
unit;

- the level of acquisition of the
educational material, which is determined by
the correlation between the educational
material volume acquired by a student per time
unit and the material amount delivered to
students over the same period of time. The
learning material acquisition unit is a
conditional quantity for which one can take
knowledge of formulae, rules, etc.

However, the criteria and indicators for
assessing the effectiveness of creative training
methodologies in technical disciplines remain
undefined, which is associated with the need to
improve the quality of professional knowledge
and skills, and the need to increase the level of

~ 383 ~



ISSN 2074-8922 IIpob6iemu imxeHepHo-nieaaroriuyoi oceitu. 2025. Bunyck 84

students’ creativity. Moreover, the elements of
the proposed methodological system should
influence  cultivation of  professionally
important qualities in future engineers. Thus,
the criteria to assess the effectiveness of the
methodology used in training of future
engineers in technical disciplines can be

- the criterion to determine the level of
professional knowledge and skills acquired;

- the criterion to determine creativity;

- the criterion to determine the influence
of the methodological system on cultivation of
professionally important qualities in future
engineers.

divided into three gr

oups (Table 1) [8,9]:

Table 1.
System of criteria and indicators in experimental research

Indicator No. | Name of Indicator
Criterion to determine the level of professional knowledge and skills acquired
1 Indicator of professional knowledge acquired at AO level K;*°
2 Indicator of professional knowledge acquired at PA level K™
3 Indicator of professional knowledge acquired at PC level K;™©
4 Indicator of professional skills acquired K
5 Relative training time t'
Criterion to determine creativity
6 Problem-solving efficiency indicator Kpg
7 Thinking flexibility indicator K¢
8 Thinking originality indicator Ko
9 Thinking fullness indicator K
Criterion to determine the influence of the methodological system on cultivation of
professionally important qualities in future engineers
10 Level of influence of methodological system elements on cultivation of interest
for and activity in professional occupation
11 Level of influence of methodological system elements on cultivation of risk in
the future professional activities
12 Level of influence of methodological system elements on cultivation of
professional independence

Results and Discussion

The first and the second groups of
criteria allow us to quantitatively evaluate the
creating teaching methodology applied in
technical disciplines taught to IHE students.
These groups contain objective indicators of
the level of mastery of professional
knowledge, skills and creativity.

Let us determine the content of the
indicators within the first criterion — the level
of professional knowledge and skills. New
standards of higher education by specialities
[13] define the content of the educational
elements through different levels of knowledge
acquisition (acquaintance-orientation (AOQ),
concept-analytical (CA), and productive-
synthesis (PS), and the indicators of the
professional knowledge acquired have to
correspond to these levels. Therefore, the first

indicator of the first criterion will be that of the
professional knowledge at the AO level K3*°.
It requires the student to have a rough idea
about the notions of the main production
processes, to be able to recreate the definitions,
laws, etc., be able to resolve typical problems
by substitution of numerical data and to
recreate  and explain  the  significant
characteristics of the object under study [15].

By the methodology proposed by V.P.
Bespalko, the K3"° indicator refers to the
reproductive level, and it should be determined
with:

- identification of objects among the
similar ones, resolution of problems following
the example provided,

- algorithmic activity from memory,
resolution of standard problems.
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Therefore, for the topics requiring the
students to obtain the AO level knowledge,
reproductive level tests are proposed, which
contain guestions for identification,
differentiation and classification (Ibid).

The indicator of the AO level

professional knowledge K3*° is calculated by
the formula:
K3Ao = %, (1)
where:

i is the number of tests correctly done;

n is the total number of tests.

The second indicator belonging to the
first effectiveness criterion in the creative
teaching methodology used to train future
engineers in technical disciplines is the level of
professional knowledge at the AO level K;*°.
This requires that the student should have a
clear idea and understanding of the object
under study, be able to identify, explain,
analyze and transfer the previously acquired
knowledge to apply it in standard situations
[8].

According to V.P. Bespalko
methodology [9], the indicator belongs to the
productive level. Therefore, when covering the
topics that require the CA level knowledge,
students are given productive level tests that
contain questions (without prompts).

The indicator of the CA level
professional knowledge is calculated by the
formula:

AO _ J
Ke™ =, (2)
where:

j is the number of tests correctly done;

m is the total number of tests.

The third indicator within the first
criterion of the creative training method
effectiveness in technical disciplines for future
engineers is the PS level professional
knowledge acquired. The  professional
knowledge the student has acquired at the PS
level implies carrying out synthesis, generating
new ideas and applying the previously leant
knowledge to non-typical, non-standard
situations [5]. According to V.P. Bespalko
methodology [9], the indicator of PS level
professional knowledge acquired belongs to
the creative level. In this case, when covering
the topics that require the PS level knowledge,

students are given creative tasks to find a
technical solution in solving a problem. This
indicator is calculated by the formula:

K3PS — %1 (3)

where:

a is the number of steps correctly made
when completing a creative task;

p is the total number of steps in the
creative task.

The fourth indicator, which belongs to
the first criterion is the level of professional
skills mastered K,. The standard of higher
education in the speciality 015 “Professional
Education” for the first, bachelor’s, level of
higher education requires proficiency in the
students’ professional skills K at three levels
[11]:

- with reference to material information
media containing relevant information;

- using on constant mental control
without reference to material media;

- automatic use, at the skill level.

Therefore, to check the level of
professional skills mastery, depending on the
requirements of the standard, various topics in
technical disciplines require students to
perform a number of k tasks (lbid.). The
indicator value depends on the number of
correctly completed b tasks:

=b
KS - kl (4)
where:
b is the number of tasks correctly
completed,;

k is the total number of tasks.

Thus, the quantitative value of indicators
KA, K, K™ and K, are determined primarily
by the number of errors made by the student.
V.P. Bespalko [9] proposes the following scale
of values:

- low level (0 < K <0.7);

- medium level (0.7 < K< 0.8);

- sufficient level (0.8 <K < 0.9);

- high level (0.9 <K <1).

An important indicator for the level of
professional knowledge and skills acquired is
the time the student spends on solving the
problem [11]. Therefore, the fifth indicator in
determining the level of professional
knowledge and skills acquired is determined
by the relative academic time spent t', which is
calculated by the formula:
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1 tS
t=3t, (5)

where:

tse IS the time the student spends to
solve the task;

t;, is the time the instructor spends to
solve the task.

To determine the relative time spent
using the scale, we use V.P. Bespalko’s scale
where the relative academic time spent t' is the
value that is inverse to the coefficient of
activity learning [1]:

low level (t* > 4);

medium level (3 <t* < 4);

sufficient level (2 <t* < 3);

high level (t* < 2).

Determining  the  composition  of
indicators belonging to the second criterion of
creativity. According to scientists [13,14], the
term “creativity” is interpreted as the ability of
a special kind, i.e. the ability to generate novel
ideas, to deviate, when thinking, from
traditional schemes, and to quickly resolve
problem situations. Creativity manifests in the
mental qualities that contribute to creative
expression. The most well-known
psychodiagnostics tool for assessing creative
thinking characteristics is the divergent
creative thinking test by F. Williams [14]. Its
aim is to diagnose a combination of verbal left-
hemispheric indicators and right-hemisphere
visual-perceptual indicators [14]. The data are
assessed using four factors of divergent
thinking: speed, flexibility, originality and
elaboration, obtained through factor analysis,
in the studies of intelligence by J.P. Guilford
(the Structure of Intellect (SOI) [2,4,10].
Under the SOI, these factors are classified as
divergent image transformations. We will
adapt these factors to assess students’
creativity in the subject area of the technical
discipline. The first creative factor, the speed
of thinking (solving as much as possible)
[2,4,14], means generating a large number of
solutions. It is determined by the number of
problem-solving options offered by the
student. The more options the student offers,
the higher their performance is. Therefore, the
first creativity indicator that corresponds to the
subject area of the technical discipline is the
indicator of performance in problem solving
Kp, which is calculated by the following

formula:
— Nst
Kp = ey’ (6)
where:

ng: is the number of problem-solving
options the offered by the student;

ng, is the number of problem-solving
options the offered by the specialist instructor.

According to scientists [8], the
performance indicator scale for solving
problems Kp is as follows:

low level (0< Kp <0.3);

medium level (0.3< K; <0.5);

sufficient level (0.5< Ky <0.7);

high level (0.7< Kp <1).

The second creativity factor in divergent
thinking is flexibility, which means application
of different approaches and the ability to
switch from one category to another (lbid.). A
student with flexible thinking will not inertly
follow one path or stick to one category. They
will change everything, their thinking being
flexible and agile. For example, possible shifts
between categories, according to F. Williams,
are the following: live, mechanical or subject
matter; symbols, generic or genre. For the
subject matter area of the technical discipline,
the student’s thinking flexibility indicator K
can be a change in such categories as, for
example, the apparatus operation principle,
transfer to improvement of other operating
parts of the apparatus, execution of operating
parts that were stationary, movable and vice
versa, execution of the operating pars of the
apparatus asymmetrical. Each change in the
category is assigned one point. The range of
possible points is from 1 to ng-1 depending on
how many times the decision category changes
(excluding the first decision).

According to scientists (lbid.), the scale
of flexibility of thinking is as follows:

-1)-30
low level (0 < K¢ SM);
100
. -1)-30
medium level (% < Ke <
(nsp=1)-50,
100 );
- Ngp—1)-50
sufficient  level (%<KF <
(nsp_l)'m).
100 !

high tevel (72070, < n,y-1),

The third creativity factor in divergent
thinking is originality, which means having
nonconventional ideas and deviating from the
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obvious, the conventional. A more creative
idea is one that concerns the inner, closed part
rather than the outer visible part (lbid.). To do
this, you need to synthesize, combine the parts
of the object under study. For the subject
matter area of the technical discipline, the
originality indicator in the student’s thinking
can be an idea that concerns both the apparatus
as a whole and its individual elements, or the
processes that happen as a result of this idea
application.

If the problem-solving idea relates only
to the apparatus, the student receives 1 point, if
it relates only to the internal operating parts of
the apparatus — 2 points, and if it rates to the
apparatus as a whole, its individual elements,
and the processes occurring as a result of this
idea application — 3 points. The maximum
possible score for originality of thinking is
equal to the sum of points for all the problem-
solving options (ns,*3).

According to scientists, the scale of
originality of thinking Ko is as follows:

low level (0 < Ko < %);

. Ngp'3):30
medium level (M < Ko

<
100
(nsp'3)'50).
100 7’
. . Nsp3)-50

sufficient  level ((S’l’Tg<Ko <
("sp'3)'70).
100 7’

high tevel (2%, < n,,.3)

The fourth creativity factor in divergent
thinking is elaboration, which consists in
expanding and adding something to the main
idea to render it deeper. In terms of the subject
matter area of the technical discipline, the
indicator of elaboration Kg is responsible for
the volume of the student’s thinking, which
refers to the main idea of solving problems and
obtaining technical solutions [lbid]. If the
student has an idea, but fails to elaborate on it
or supplement it with important details, they
receive 0 points for the volume of thinking. If
the idea is expanded outside (supplemented
with elements relating to the main operating
parts of the technical system, without which it
will be inoperable), it gets the student 1 point.
If it is supplemented inside the main idea
(supplemented with elements that are
auxiliary, but important for the operation of the
system as a whole) it gets the student 2 points.
When supplemented both internally and
externally (supplemented with elements that

are subsystems and supersystems for the
technical system), it is 3 points. The scale of
the indicator of volume of thinking Kg is the
scale used to assess the indicator of originality
of thinking Ko:

Ngp:3)30
low level (0 < K < (s2)30).
100
. Ngp'3)30
medium level (% < Kg <
(nsp-3)-50)_
100 7’
.. Ngp 3)50
sufficient  level (%<KE <
(ngp3)-70, .
100 ):

high tevel (722070 <n,,.3),

Quantitative assessment of students at
the levels of the first (mastery of professional
knowledge and professional skills) and the
second (creativity) criteria to measure the
methodological system effectiveness in
teaching higher education students in technical
disciplines uses the four-point scale [3]: low
(2), medium (3), sufficient (4), high (5).

The third group of indicators
methodology effectiveness trained in technical
disciplines, which belongs to the criterion of
the methodological system impact on
professionally important qualities of future
engineers, is subjective. These indicators were
determined by students responding to
guestionnaires.

The criterion of the methodological
system impact on cultivation of professionally
important qualities in future engineers includes
the following indicators:

- the level of impact of the
methodological system elements on cultivation
of interest and involvement in the professional
activity;

- the level of impact of the
methodological system elements on cultivation
of risk-taking in the future professional
activity;

- the level of impact of the
methodological system elements on cultivation
of professional independence.

Qualitative assessment of students at the
levels of the third criterion (methodological
system impact on cultivation of professionally
important qualities in future engineers) to
measure the methodological system
effectiveness uses the numerical four-point
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scale, too (Dimitrova-Burlayenko, 2018): low
(2), medium (3), sufficient (4), high (5). This
scale is implemented in the questionnaire to
determine the level of impact of the

methodological system on cultivation of
professionally important qualities in future
engineers, which is provided in Table 2 below.

Table 2.

Questionnaire for assessment by students of the level of impact from creative training methodological
system elements on development of professionally important qualities of future engineers

Assess the impact from the methodological system on development of professionally important
qualities of future engineers by ticking off the appropriate answer:

1. How would you assess the level of your interest
and activity in the process of solving problems you
are set?

O The content, methods, tools and forms of
training are presented so that the problems could be
solved actively and with interest

O The problems set were solved quite actively and
with interest. The content, methods, tools and forms of
training facilitated their solution

U The problems set were solved mainly actively
and with interest. The content, methods, tools and
forms of training facilitated their solution, but some
steps required certain effort.

O The problems set were not solved actively or
with interest. The content, methods, tools and forms of
training did not help in their solution

2. Was it interesting to come up with new
problem-solving ideas and test them?

U The methodology enables active generation of
new problem-solving ideas and their testing

O The methodology enables quite active
generation of new problem-solving ideas and their
testing

O The methodology mainly enables generation of
new problem -solving ideas, but without the
opportunity to test them

U The methodology fails to enable generation of
new problem-solving ideas

3. How would you assess the level of
impact from the methodological system on

development of professional
independence?
O The training technology enables

independent resolution of problems set

O The training technology mainly enables
independent resolution of problems set

U The training technology enables
independent resolution of problems set to
some extent, but partially requires the
instructor’s consultation

U Independent work on resolution of
problems set is complicated; constant
consultations from the instructor are required

Conclusions

The low quality of future engineers’
training by the traditional training methods is
conditioned by insufficient impact from the
traditional content, methods, tools, forms and
technologies of training on development of
professional knowledge, skills, creativity and
professionally important qualities of future
engineers.

The study substantiates and defines the
criteria and indicators for assessing the training
methods effectiveness for future engineers
taking into account the level of professional
knowledge, skills, creativity and impact on
development of professionally important

qualities of future engineers.

The criteria and indicators defined for
the methods of creative training of future
engineers enabled conformation of the
hypothesis about its effectiveness. The most
significant increase in the medium values were
the indicators that most impact the
development of a creative specialist: the
indicator of the PS level of professional
knowledge acquired, the indicator of problem-
solving performance originality of thinking,
risk-taking in the future professional activity,
as well as professional independence.

The efficiency and effectiveness of the
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proposed methodology for creative training of
students will significantly increase the
innovation component in the future engineers’s
competence in comparison with the traditional
methodologies.

The conducted pedagogical study
confirmed the correctness of the hypothesis
that the developed methodology for creative
training of students at institutions of higher

education ensures better results of knowledge
acquisition by future engineers at the
productive-synthetic level.

Prospective research can seek to
experimentally verify the methodological
system of creative training of future engineers
in technical disciplines by the substantiated
and defined criteria and indicators under the
conditions of distance education.
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KPUTEPII TA TOKA3HUKU OIIHKA E®EKTUBHOCTI METOIUKA
KPEATUBHOI'O HABYAHHSI CTYJIEHTIB TEXHIYHUX CIIEHIAJIBHOCTER

CrporozeHHsI BUMarae BiJ MaiOyTHIX iHXKeHepiB Oe3mepepBHOI PO3POOKM HOBHX O0’€KTIB TEXHIKH i
TEXHOJIOTiH, TBOpuoi camopeaiizamii. Ile 3maTHI 3a0€3MEUNUTH METOTUKH KPCAaTUBHOTO HABYAHHS TEXHIYHHX
JucIUILTiH. SIkicTh (opMyBaHHsS B MalWOyTHIX (haxiBIiB 3HaHb TBOPYOTO PIiBHS 3 TEXHIYHUX IUCLHUILIIH
MiABUIUTECS, SKIIO METOANYHY CHCTEMY IPYHTYBaTH Ha MOZAETIOBAHHI PO3BUTKY TEXHIYHHUX JUCIUILTIH, a 3MICT
HAaBYaHHS TEXHIYHHUX AUCLMUIUIIH TMPEJICTaBUTH Yy BUIIAL JABOX YaCTHH — 0a30BOi Ta KPEaTHBHOI, € OCTaHHS
MOBHHHA CTBOPIOBATUCS CTYJCHTAMH CaMOCTIHHO Yy MpOIECI HABYAHHSA 3a JOIMOMOIOK METOIB 1 3aco0iB
VIOpaBIiHHSA TBOPYOK HABYANHHO-TI3HABANBHOK [ISUTBHICTIO CTYHCeHTIB. HeoOXimHICTh YIpoBaIKeHHS
CHeliaIbHO OPraHi30BaHOTO MEJaroriyHoro BIUIMBY B MeXaxX HaBYAJIBHOTO IIpoIiecy MOTpedye po3poOKH
CHCTEMH KPHUTEPIiB 1 HOKA3HUKIB JUIS BUSBJIEHHS KUILKICHOTO Ta SIKICHOTO PiBHSI C(POPMOBAHOCTI MEAarorivHoro
SBUIIA .

VY crarTi 3amporOHOBaHO 3MICT, KpUTEpii Ta MOKAa3HUKH OINHKH €(pEeKTHBHOCTI METOAWKHA HaBUAHHSI
CTYJICHTIB 32 TEXHIYHMMH IUCLHUIUIIHAMH, L0 JO3BOJISIOTH y MaiOYTHIX 1HXKCHEpIB 3[IMCHUTH OIIHIOBaHHS
piBHS cdopMoBaHOCTI mpodeciiHUX 3HaHb Ta YMiHb, KPEATHBHOCTi, NPO(ECIHHO-BAXIMBUX SKOCTEH.
OmninroBanHa copMoBaHOCTI TpodeciiHUX 3HAHB 3IIHCHIOETHCS BIAMOBIAHO OO0 O3HAHOMITIOBaJIbHO-
OpIEHTOBHOTO, IMOHATIHHO-aHANITHYHOTO Ta MPOAYKTUBHO-CHHTETHYHOTO (TBOpYOro) piBHIB. KpeaTwBHiCTH
NPOMOHYETHCSL OLIHIOBATH 32 JONOMOTOK YOTHPhOX (DaKTOPIB JMBEPreHTHOTO MHUCICHHS: UIBHJKICTS,
THYYKICTh, OpPUTIHANBHICTH Ta po3polieHicTh. [loka3HUKH CPOPMOBAHOCTI MPOPeciHHO-BaXKIIMBUX SKOCTEH
MaiiOyTHIX I1HXKCHEpIB NPOMOHYETHCSA OILIHWUTH dYepe3 aHKETyBaHHS (OPMYBaHHS IHTEpeCy Ta AaKTHBHOCTI
npodeciiiHoi IisSUIBHOCTI, PU3MKOBAHOCTI B MaiOyTHIH mpodeciiiHii IisuibHOCTI Ta piBeHb npodeciiHoi
camocTifiHOCTI. Bci 3ampomoHoBaHi KpuTepii Ta IMOKa3sHUKH JETaTbHO OOIPYHTOBAaHO # 3allpONOHOBAHO
METOJIMKY OIIiHIOBaHHS KOXKHOT'O TIOKa3HHKA.

KJIIOYOBI CJIOBA: «kpeamusne HaguauHs, Kpumepii 1 NOKA3HUKU, MEMOOUKd, pPi6eHb
npogeciunocmi, mexHiuHi OUCYUNTIHU, MEOPYA OISTLHICD.

Kongpnixm inmepecie

ABTOpHU 3asBISIIOTH, 10 KOHQIIIKTY iHTEepeciB 1mono myoOmikamii nporo pykonucy Hemae. Kpim
TOTO, aBTOPH TOBHICTIO JIOTPUMYBAIUCS E€THYHHX HOPM, BKJIIOYAIO4M Ioiariatr, (anbcudikaiiio
JIaHUX Ta MOMABIMHY MyOJIiKaIlito.
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