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Abstract

Relevance. The relevance of the study is determined by changes in science and trends in the social development of modern
society, since there is an increase in the amount of scientific information in the information society. In the context of the
informatization of science and education, an important role in the formation of common concepts about life and the
organization of its stages.

Purpose. This article explores ways of introducing biophysical concepts into the content of the biology course in the
training process of university biology students in order to improve their biophysical knowledge, skills, and professional
competence. Training in biology and physics in the experimental group were carried out based on a work program that
provides an intersubject relation. Training in the control group was organized in the traditional form of lectures and
practical classes. The experiment involved 104 second-, third- and fourth-year students enrolled in “5B011300 — Biology”
and “5B011000 — Physics”. The experimental group (EG) consisted of 67 students, and the control group (CG) — of 37
students. The experiment was carried out in three stages.

Methodology. The research process was carried out with the help of such research methods as monitoring during classes,
analysis of the teacher’s actions and students’ performance, dialogue between the teacher and students.

Results. The study demonstrated that to achieve high performance in biology and physics among students at pedagogical
higher education institutions, further improvements are needed in the developed methodology for integrating
interdisciplinary relations between biology and physics to form biophysical concepts.
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Conclusions. There is a need to expand, supplement and systematize the content of biophysical concepts used in updated
educational programs. In order to improve the biophysical knowledge of future specialists one should determine and
systematize biophysical concepts in terms of the content of biological knowledge.

Keywords: biophysics; biophysical knowledge; development; intersubject relation; concept “energy”.

Introduction

The new paradigm of education is aimed at the basic
principles of didactics that provide in-depth explanations
of the goals and objectives of education. This is the basis
for the development of a new vision of education and for
the implementation of positive trends in the global
educational space, such as expanding the concept of the
quality of knowledge and raising its level. Improving the
quality of knowledge is aimed at the formation of human
capital. The theoretical knowledge of biophysical concepts
is provided in the biological educational material of senior
classes. However, the lack of special studies concerning
the issue under consideration that could be taken for
guidance causes contradictions between the insufficient
exploration of integrated approaches to the development of
concepts from a methodological point of view and the
formation of biophysical concepts in the training of
biology students. The solution of these contradictions in
the formation of biophysical concepts from an individual
theoretical and methodological point of view determines
the relevance of the study.

Biophysical concepts as such are complex, multi-
element and interdisciplinary, therefore, they are formed in
a certain order, systematically, based on the basic
knowledge of natural disciplines, such as biology and
physics. While studying the role of these concepts in the
systemic knowledge of individual biology courses,
methodological biologists, such as E.P. Brunovt [1; 2],
N.M. Verzilin [3], B.V. Vsesvyatsky [4], LD. Zverev [5],
B.D. Komissarov [6] and N.A. Rykov [7], paid great
attention to the interdisciplinary connection in their
formation.

In the course of studying the preparedness of biology
students to improve their biophysical knowledge and
skills, the need emerged for the introduction of accurate
biophysical concepts in the content of the biology course,
as well as for the search of effective ways to further
improve it. In this regard, the need arose to expand,
supplement and systematize the content of biophysical
knowledge in the structure of updated educational
programs. In the opinion of modern researchers, such as
O.N. Golubeva [8], L.Ya. Zorina [9], V.S. Stepin [10],
natural-science education has acquired personal and social
significance due to huge ideological, methodological,
informational and cognitive opportunities. L.Ya. Zorina
[9] in her studies identified the main reasons for the lack of
systemic knowledge among students in the formation of
general physical concepts. One of them is the weak
development of the conceptual framework in didactics,
which is connected with the lack of tools that implement
systemic knowledge.

The competitiveness of developed countries is the
result of fundamental natural scientific research that
ensures scientific and technological innovations and their
safety. In the course of our research, when determining the
place of biophysical knowledge in the content of natural
disciplines, it was necessary to determine the role and place
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of biophysical knowledge in the cycle of natural
disciplines. In the scientific literature, the category of
“knowledge” is defined as the result of human social,
material, and spiritual activity [11-15]. Since the whole
world can be represented as a set of certain systems put in
order, it can be argued that the creator of the system can be
considered the pillar of systematicity in science, which
makes it possible to identify interrelated properties and
qualities, combined in the structure of a natural, universal,
simulated and modular system. They are interconnected,
but each fulfills its mission.

Materials and Methods

Studying the place and role of biophysical knowledge in
teaching general natural disciplines in higher educational
institutions, as well as in determining the content of
biophysical knowledge in the disciplines of natural
sciences, we first focused on the composition and structure
of the content of education. The content of education is
comprised of general and professional knowledge. The
general educational content is the basis for the formation
of the general personality culture, worldview, civic
orientation, views on work and social life. The content of
professional knowledge is focused on activities, as well as
on application in practice.

In pedagogical science, there are certain criteria for
selecting the content of knowledge. The basis of the
selection criteria for the content of education is the content
of knowledge:
ensuring the development of personality and
providing a complete and holistic solution of problems for
the formation of basic education;
scientific and practical significance of the
educational material;
compliance of the content of the educational
material with the real capabilities of students, ensuring
compliance with other requirements.

Given these requirements, when determining the
content of biophysical knowledge in the disciplines of
natural sciences, we relied on the criteria for selecting the
content of knowledge provided by I.Ya. Skatkin [16] and
V.1. Zagvyazinsky [17]. In higher pedagogical educational
institutions, the structure and content of students’ training
from a methodological point of view in different
disciplines is based on educational recommendations,
textbooks, as well as on the content of curricula. But,
recently, some significant changes have been taking place
in this direction. The updated content of the biology course
in secondary schools proves the need to turn
interdisciplinary relations into a mandatory factor in the
educational process. We think that such a structure of the
educational content is efficient. This in turn will reveal the
relevance of our research on the scientific and
methodological foundations of the formation of
biophysical concepts in the training of biology students in
higher pedagogical educational institutions [18-21].
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Unfortunately, in the description of the biophysics
course taught in higher pedagogical educational
institutions, interdisciplinary relations are not mentioned at
all. Therefore, we believe that for scientific research, it is
necessary to revise the content of the integrated biophysics
course, which would show the role of interdisciplinary
relations for students enrolled in biology and physics. For
these purposes, training in biology and physics in the
experimental group was carried out on the basis of a work
program that provides an intersubject relation. Training in
the control group was organized in the traditional form of
lectures and practical classes.

The experiment involved 104 second-, third- and
fourth-year students enrolled in “5B011300 — Biology”
and “5B011000 — Physics”. The experimental group (EG)
consisted of 67 students, and the control group (CG) — of
37 students. The experiment was carried out in three
stages:

1. The definition experiment; the defining stage.

2. The formation experiment; the formative stage.

3. The control experiment — the verification of
research results.

The methodological approaches in the field of biology
and physics in the proposed contents of various biophysical
definitions provide a deep understanding of our choice of
studies of biological and physical fundamental concepts in
the process of interdisciplinary training [22-28]. Our point
of view coincides with the point of view of A.B. Rubin
[29], who also understands the need to establish
fundamental relations between biology and physics. Thus,
as a result of studying textbooks and manuals on biology,
it was found that interdisciplinary relations in the
formation of biophysical concepts are not carried out at the
proper level and need to be improved.

For the purpose of training through the formation of
biophysical concepts among students, the organization of
the conducted practical experiment consisted of three
stages. Practical and experimental work was carried out
during the 2017-2020 academic years at the Korkyt Ata
Kyzylorda University to verify the correctness and
effectiveness of the proposed methodology. In 2017-2018,
the refinement stage of the experiment was conducted. Its
main goal was to determine the state of the formation of
biophysical concepts in university practice and its impact
on students’ educational achievements. In this regard, the
following tasks were addressed:
to determine the level of students’ educational
achievements and their relationship with the formation of
biophysical concepts in the educational process;
to determine the characteristics of the formation
of biophysical concepts used in university practice.

The solution of these specific tasks was based on the
example of “Biophysics” course, introduced into the
curriculum. At the initial stage of the control experiment,
the indicators of knowledge acquired by students of the
experimental groups were divided into three levels. During
the selection experiment, an analysis was conducted to test
students’ knowledge and skills in “Biology” and “Physics”
courses, and their compliance with the curriculum
requirements. The analysis of curricula content was
conducted as well. This period of the experiment was
carried out with the help of such research methods as
monitoring during classes, analysis of the teacher’s actions
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and students’ performance, dialogue between the teacher
and students.

The defining period of the experiment is the initial stage
in the diagnosis of the formation of skills for the effective
use of biophysical concepts by students. The goal is to
determine indicators and criteria for the level of these skills
in experimental groups, and the possibilities of their
implementation in the biophysics curriculum. In this
regard, during the experiment, an analysis of students’
knowledge in the basic disciplines “Biology” and
“Physics” was first conducted.

The purpose of the pedagogical experiment is to
integrate the development of biophysical concepts, to
introduce the principles of interdisciplinary relations, as
well as to test the impact of the applied methodology on
the quality of the assimilation of concepts. Among students
of pedagogical educational institutions, an experiment was
conducted to study the state of the realization of
interdisciplinary relations in the formation of biophysical
concepts, which consisted of three stages.

To assess the quality of the assimilation of biophysical
concepts, we used A.V. Usova’s [30; 31] elemental
analysis, which makes it possible to calculate the following
values:

—  the average coefficient of completeness of the
student’s assimilation of knowledge elements (C), when
studying the concept of energy;
the profit ratio from the formation of knowledge
elements — (u);
the methodology’s efficiency ratio — (f).

For the statistical evaluation of the experimental
results, we used the following indicators:

1. The formula (C) with the average coefficient of
completeness of students’ knowledge assimilation (Eq. 1):

C=—3Vn, (1)
where n is the total number of knowledge elements defined
by the teacher; n; is the number of knowledge elements
correctly learned by the student, N is the total number of
students done the assignment. The largest value of C is 1.

2. The ratio of success from the formation of
knowledge elements (Eq. 2):

Cy

W:ip =g, 2)

where C, is the average coefficient of the formation of
knowledge elements at the beginning of learning, C, is the
average coefficient of the formation of knowledge
elements at the end of learning. With the value of the
formation of knowledge ¢ > 1 is considered effective.
3. The methodology’s efficiency ratio when calculating
by the formula (Eq. 3):
B):p =", 3)
where . is the coefficient of success in assimilating
knowledge elements by students of the experimental

groups; U, is the coefficient of success in assimilating
knowledge elements by students of the control groups.
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With the value of the formation of knowledge > 1is
considered effective.

The following groups of both specialties participated in
the experiment: 16 (CPh) — the control group enrolled in
physics, 17 (EPh;) — the 1st experimental group enrolled in
physics, 18 (EPhy) — the 2nd experimental group enrolled
in physics, 13 (CB) —the control group enrolled in biology,
14 (EB)) — the Ist experimental group enrolled in biology,
15 (EBy) — the 2nd experimental group enrolled in biology.

The definition experiment includes:
the need to specify the methodology for the
formation of biophysical concepts among students of
pedagogical higher educational institutions in the
development of such a physical concept as energy in the
context of the realization of interdisciplinary relations
between biology and physics;
the need to develop a working curriculum that
implements an interdisciplinary relation between the
courses of physics and biology in teaching the biophysics
course;

identification of the need to develop
intersubjective control tasks of the developed methodology
for implementation in the educational process.

To assess the efficiency of the developed methodology,
we made two observations on the formation of the concept
of energy. The first observation was carried out in the
introductory lecture at the beginning of the course, and the
second — during the test lesson before the exam.

Results and Discussion
Textbooks on biology and physics used in universities
were analyzed in the context of the realization of
interdisciplinary relations in the formation of natural-
scientific concepts. It can be noted that they mainly focus
on a university’s direction. This trend is observed at the
faculties of biology, chemistry, and physics in agricultural,
medical, and pedagogical higher educational institutions.
In this regard, students’ training in pedagogical universities
involves mainly textbooks and manuals intended for
classical universities [32-38]. Currently, there are no
textbooks and manuals for the development of
fundamental physical and biological concepts in
disciplines that implement intersubject relations and form
a holistic worldview, knowledge, and skills [39-44]. Based
on this, it can be concluded that a systematic solution to
these problems can only be achieved by creating curricula
and textbooks that can realize intersubject relations.

During the analysis of the questionnaire, we noted the
lack of biophysical concepts that are formed during
training in higher educational institutions, as well as the
fact that they are partially formed through the media (social
science journals, educational literature, periodicals). Based
on the foregoing, we can call positive the results obtained
by identifying students' interest and abilities in the
biophysics course and their ideas about their future
profession, as well as by determining the degree of the
content of biophysical concepts in “Biology” and
“Physics” courses.

The results obtained during the research work are
shown in Table 1.

Table 1. The coefficient of formation of the concept of “energy” (at the initial control stage) among students of
experimental (Ei, E>) and control (C) groups

Groups | 17, EPhy 16, CPh 18, EPh, 14, EB, 13,CB 15, EB,
N,=17 N, =21 N3y =17 N,=16 N, =16 Ny =17
Indicators Co C Co C, Co C Co C Co C Co C

C 0.45 0.71 0.40 0.49 0.31 0.58 0.28 0.39 0.25 0.30 | 0.26 | 0.35
u 1.58 1.23 1.87 1.39 1.20 1.35
i 1.73 1.37
i 1.23 1.20
B 1.41 1.14

The above table shows the comparative coefficient of
the completeness of assimilating the concept of energy in
the experimental and control groups at the beginning and
end of the experiment (first and second control). The
coefficient of completeness (C) in the experimental groups
enrolled in physics (Ei, E») varies from 0.58 to 0.71 (in the
control group — 0.49), while the result of those enrolled in
biology varies from 0.35 to 0.39 (in the control group —
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0.30). The profit ratio from the assimilation of the concept
of energy (u) by students of the experimental groups
enrolled in physics was 1.73 (in the control group — 1.23),
while in the experimental groups enrolled in biology this
figure was 1.37 (in the control group — 1.20). The
methodology’s efficiency ratio, in turn, was higher than
one. The results obtained are shown in Figure 1.
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Physics -

Biology

W 17/14-experimental
groups

W 18/15-experimental
groups

W 16/13- control groups

Figure. 1. The coefficient of completeness of formation of the concept “energy” (at the initial control stage) among
students of experimental (Ei, E>) and control (C) groups

As Table 1 shows, the indicators of the control and
experimental groups on the concept of energy at the first
control stage on the formation of the concept “energy”
showed a high level of the quality of knowledge. The
results of assignments completed by students of the
experimental groups far exceeded the results of the control
groups. Analyzing the answers of students to the tasks of
the first control test, we were able to determine their
capabilities: whether they know the meaning of the
quantities and what signs (or phenomena) characterize
these quantities, can write formulas and provide

explanations. Along with this, we saw that during the
experiment our students acquired certain skills, for
example, they were able to determine the place of a number
of biophysical concepts in the general system of scientific
concepts, to show and use the scientific industry, to
determine phenomena and processes, to reveal the
relationship between physical and biological phenomena
and their scientific development, to transfer knowledge
from the branch of biology to the branch of physics, to find
the place of the concept of energy in the knowledge system
in physics and biology.

Table 2. Elemental analysis of the assimilation of the concept of energy by students enrolled in physics and biology
(the first control period)

Control questions | Total number of participants %
No. 1 Physics Biology
17, EPhy 18, EPh2 16, CPh 14, EB1 15, EB2 13,CB
N;=17 N, =17 N; =21 N;=16 N,=17 N3 =16
I 88.2 76.5 71.4 56.3 64.7 56.3
I 76.5 70.6 66.7 46.9 47.0 43.8
I 73.5 58.8 59.5 344 353 31.3
v 64.7 47.1 28.6 31.3 17.6 12.5
\Y 52.9 353 19.1 21.9 8.8 6.3

These results were obtained during the analysis of
answers to determine the relationship of biological,
physical phenomena and their development. When
calculating the percentage of the quality of the proposed
tasks, it was found that students of the experimental groups
enrolled in physics and biology showed good results —
64.7% and 31.3%, respectively. In turn, students of the

control group enrolled in physics showed a result of 28.6%,
while those enrolled in biology — 12.5%. The answers to
the fifth question on determining the place of the concept
“energy” in physical and biological science showed similar
results (Table 2). The data obtained are shown in Figure 2,
3.

100 +

m 16- control group

40 -

20

m 17/18 - experimental
groups

I I ] v

\Y

Figure. 2. Elemental analysis of the assimilation of the concept “energy” by students enrolled in physics (the first
control period)
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Figure. 3. Elemental analysis of the assimilation of the concept “energy” by students enrolled in biology (the first
control period)

Table 3. Comparative analysis of the coefficient of completeness of forming the concept “energy” by students
enrolled in biology and physics

Concept Total number of participants %
characterization Physics Biology
17, EPhy 18, EPh; 16, CPh 14, EB, 15, EB; 13,CB
N, =17 N, =17 N; =21 N, =16 N, =17 N; =16
Content 0.88 0.76 0.71 0.56 0.64 0.56
Volume 0.69 0.59 0.51 0.38 0.35 0.29
Relation 0.53 0.35 0.19 0.22 0.11 0.06
Average value 0.70 0.57 0.47 0.39 0.37 0.30

Comparing the results of the first test, one can talk
about the effectiveness of forming the content of the
concept of energy, including its relationship with other
concepts, and the volume. Table 3 shows that the level of
students’ knowledge in the experimental groups is higher
than that in the control groups. The reason for this is that
we presented the concept of energy not separately but as a

complex concept, identifying its relations with other
physical and biological concepts. The results of the second
control stage are shown in Tables 4, 5 and Figures 4, 5, 6.
To determine the completeness of assimilating the concept
of energy, a number of tasks were given, showing the
relationship between the concepts.

Table 4. The coefficient of completeness of forming the concept of energy among students of the experimental and
control groups

Selection | 17, EPh; 16, CPh 18, EPh, 14, EB, 13,CB 15, EB;
and group N,=17 N, =21 N3 =17 N;=16 N, =16 N3 =17
volume

Indicators Co Cy Co Cy Co C Co C Co C Co C
C 0.43 0.72 0.39 0.48 0.42 0.68 0.28 0.37 0.23 0.27 0.27 | 0.36
u 1.67 1.23 1.62 1.32 1.17 1.33
Ue 1.65 1.33
Ue 1.23 1.17
B 1.34 1.14

Based on the data in Table 4, one can compare the
coefficient of the completeness of assimilating the concept
of energy in the experimental and control groups at the
beginning and end of the experiment. While among
students of the experimental groups enrolled in physics
(EPh;, EPhy) the coefficient Cvaried from 0.68 to 0.72 (in
the control group — 0.48), among students of the
experimental groups enrolled in biology this value was in
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the range of 0.36 to 0.37 (in the control group — 0.27). In
this regard, while the coefficient of completeness in the
experimental and control groups enrolled in physics was
1.62 and 1.23, respectively, in the experimental and control
groups enrolled in biology the coefficient was 1.33 and
1.17, respectively. These results, in turn, prove that the
proposed methodology is more effective than traditional.



Figure. 4. The coefficient of completeness of formation of the concept “energy” among students of experimental

Table 5. Elemental analysis of the assimilation of the concept of energy by students enrolled in physics and biology (the
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W17 /14 -experimental groups
W 18/15- experimental groups

W 16/13-control groups

Physics ___*———_______/

Biology

and control groups

second control period)

Control questions No. 2 Total number of participants %
Physics Biology
17, EPhy 18, EPh2 16, CPh 14, EB1 15, EB2 13,CB
N1=17 N2=17 N3=21 N1=16 N2=17 N3=16
1 91.1 85.3 64.3 59.4 61.8 53.1
I 85.3 79.4 59.5 65.4 52.9 34.4
11 79.4 73.5 54.8 46.9 44.1 28.1
v 61.8 53.0 40.5 21.9 20.6 15.6
A% 41.2 32.4 21.4 0.0 0.0 0.0
100 1~
80 -
m 16-control group
60 - g
40 m 17/18-experimental
roups
20 - group
O T T T T T
| Il 1] v \"

Figure. 5. Elemental analysis of the assimilation of the concept “energy” by students enrolled in physics (the second
control period)

70 -
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50 -
40 -
30 |
20 -

m 13-control group

H 14/15-experimental
groups
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Figure. 6. Elemental analysis of the assimilation of the concept “energy” by students enrolled in biology (the second
control period)
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Analyzing the students’ answers to the proposed tasks,
we concluded that the students understand that “concept”
is a philosophical category: they associate the content and
the volume with physical quantities, understand its
functions and the difference between a material state and a
process, they can also systematize concepts by special
criteria (through the example of concepts, energy, work,
amount of heat and entropy) and know the limit of the
application of physical concepts to characterize biological
systems. Thus, the proposed methodology for the
formation of the concept of fundamental energy is effective
from a methodological point of view, since the formation
of the concept has increased by 1.5 times. However, the
students enrolled in biology in comparison with those
enrolled in physics when characterizing the biological
systems, could not answer the question “show the limit of
application of physical concepts”, and at the comparative
experimental stage they answered only a few questions
(Table 5). But due to the fact that nobody could answer the
fifth question “What is the significance of the qualitative
irreducibility of the application of fundamental physical
concepts in biology?”, we have concluded that it is
necessary to further improve the content and methods of
teaching the subject of biophysics for biology specialty.

Conclusions
Thus, the following conclusions can be drawn from the
experimental results:

1. For the implementation of interdisciplinary relations
between biology and physics and the formation of
biophysical concepts, the proposed methodology can be
used in the educational process of pedagogical higher
educational institutions.

2. The high results of the pedagogical experiment on
the coefficient of the complete assimilation of the concept
of energy show that the method of implementing
interdisciplinary relations in the formation of biophysical
concepts and its main steps were chosen correctly.
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AHoOTAaLisA

AKTYaJIBHICTb. AKTYaJIBHICTB JIOCII/DKEHHS BU3HAYAETHCS 3MIHAMH B HAYIll Ta TEHJICHIISIMH y COLIAJILHOMY PO3BHTKY
Cy4YacHOTO CYCITUIbCTBA, OCKUIBKM B iH(OpMaliifHOMy CycHiIBCTBI 30UIBIIyeThCS 00CAT HaykoBoi iH(opmarii. Y
KOHTEKCTi iH(poOpMaTn3alii Haykd Ta OCBITH BaXIMBa poib y (OpMyBaHHI 3arajllbHUX KOHICNIIH MPO SKUTTSA Ta
OpraHi3aIliro Horo eTaris.

Mera. VY 1ilt cTaTTi MOCTIKYIOTHCS CIIOCOOM BBEACHHS 0i0(hi3MYHMX KOHIICIIIIN Y BMICT Kypcy OioJorii y mporeci
HABYAHHS CTY/EHTIB YHIBEPCHTETY 3 METOI0 NOKpamleHHs ix OiodisnyHuX 3HaHb, HAaBUYOK Ta MpodeciitHoi
KomrieTeHTHOCTi. HaBuanHs Giosorii Ta Gpi3nku B eKCIIepIMEHTaIBHIHM TPy MPOBOIMIIOCS Ha OCHOBI poO0Y0i IporpamH,
sKa Tependavae MiKIpeIMETHHH 3B's130K. HaBuaHHS B KOHTpPOJIBHIN T'pyIi OpraHi3oBYBaJIOCS y TpajWMidHIN dopmi
JIEKIIH Ta MPaKTUYHMX 3aHATh. B excriepumenTi 6pamu yuacts 104 cTyeHTH Ipyroro, TpeThOTo Ta Y€TBEPTOro KypCiB,
sIKI HaBUYaloThCs 32 crierianbHocTsiMu “5SB011300 — Bionorist” ta “SB011000 — di3nka”. ExcriepumenTanbha rpyma (EI)
cKkiIajanacs 3 67 cTyneHTiB, a kouTposbHa rpymna (KI') —3 37 crynenTiB. ExcriepuMeHT TpoBOMBCS B TPHOX €Tamax.

MeTtomoJiorisi. JloCmi THUIBKAN TIPOIIEC 3MIHCHIOBABCS 32 TOMTOMOTOI0 TAKHX METOJIIB JTOCITIKSHHS, SIK MOHITOPHHT ITi]|
9ac 3aHATh, aHAJI3 JIiif BUKJIaIa4ya Ta pe3yabTaTiB CTYACHTIB, TAJIOT MiK BUKJIaJa9eM Ta CTYACHTaMHU.

PesyabraTn. [lociipkeHHs TOKa3ao, Mo JUIsl JTOCSTHEHHS! BUCOKOI YCHIIIHOCTI y 6ioJorii Ta (i3uIli cepes CTyIEHTIB
TMIeIaroTiYHUX BUIIMX HABYAIGHHUX 3aKJIaiB HEOOXI/HI ITOIaJIbII BAOCKOHAJICHHS B po3po0IIeHiit MeTooIorii iHTerpartii
MDKIMCIUILTIHAPHUX BIIHOCHH Mi Oiojoriero Ta ¢iznkoro 1t popmyBaHHS 610(i3NIHNX KOHIETITIH.

BucnoBku. IcHye morpeba y po3IIMpeHHI, JOMOBHEHHI Ta cHUCTeMarn3alii BMICTy O010()i3MUHHMX KOHICIIiH, 10
BHKOPHCTOBYIOTHCSI B OHOBJIGHHX OCBITHIX Iporpamax. Jist mokpamieHHs 0i0()i3nYHUX 3HaHb MaiilOyTHIX CIELiaIiCTiB

HEOoOX1/IHO BU3HAYNTH Ta CHCTEMATH3yBaTH 010(i3WYHI KOHIEIII] 3 ypaxXyBaHHSIM 3MicTy Oi0JIOTIYHUX 3HAHb.

Karouosi ciioBa: Giodisuka; 6i0¢i3nyHi 3HaHHS; PO3BUTOK; MIK/MCIMTUTIHAPHAHN 3B'S130K; KOHIETILIS “‘eHepris’”.
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