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THE FORMATION OF INFORMATICS COMPETENCY FOR FUTURE COMPUTER SCIENCE TEACHERS IN THE PROCESS
OF STUDYING COMPUTER MATHEMATICS

ABSTRACT

TRelevance and expediency of introduction of a training course of computer mathematics for students of “Secondary Education (Computer
Science)” is caused by necessity of use of computer equipment with the corresponding software almost in all areas of human
activity; the fact that computer mathematics is one of priority directions of research work both in the field of mathematical
sciences, and in the field of computer science. Computer mathematics is a field of applied computer science in which problems of
development, implementation and use of information technologies for solving mathematical problems are studied. The purpose
of teaching computer mathematics is to study and use computer mathematics systems by students to solve applied problems; to
master the conceptual and terminological base of modern computer science as a fundamental science; to master theoretical
fundamentals of computer science related to formal systems, knowledge bases and models of their representation, models and
algorithms of decision making.

Formulation of the problem. The study of computer mathematics by future computer science teachers and the use of modern systems of computer
mathematics to solve applied problems, creates their system of professional competencies, in particular, informatics competencies in
computer mathematics, informatics and mathematical competencies and skills to use modern information technology to analyze
mathematical models of processes and phenomena from a variety of fields of knowledge and human activities.

Materials and methods. To achieve this goal, the following research methods were used: analysis of scientific and pedagogical literature on
the research topic; analysis of curricula, work programs and manuals on the subject "Computer Mathematics"; empirical methods
(questionnaire, conversation, pedagogical observation, modeling).

Results. This paper has built the model of building informatics competence within the professional competence of the future computer science
teacher at the expense of integration of mathematical and information knowledge on the basis of mathematical modeling in
environments of systems of computer mathematics, as these systems are an effective means of realization of inter-subject
connections of computer science with other subjects of a natural-mathematical cycle.

Conclusions. The study of "Computer Mathematics" courses by future computer science teachers, using computer mathematics systems,
contributes to the formation of components of the information competence system in the field of information, mathematical and
computer modeling.

KEY WORDS: professional competence, informatics competence, computer science teacher, computer mathematics, systems of computer
mathematics.

INTRODUCTION

Transition to a new generation of industry-specific standards of higher education through a competence-based approach
is a necessary step on the way to reforming the education system in Ukraine, in particular, reforming the teaching of mathematics
and computer science. Person-oriented education, introduction of innovations and communication technologies, creation of
modern means of education is a priority in the educational process. Application of computer mathematics systems as a means of
education through a competence-based approach creates conditions for bringing education closer to the needs and requirements
of the labor market, further development of educational technologies and the education system as a whole. General regularities
and theoretical bases for the application of computer mathematics systems in the educational process of training future
computer science teachers are based on the implementation of interdisciplinary relations and the development of professional
competencies of students studying mathematics and computer science.

© V. Chernenko, 2021.
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The purpose of the article. Development of methodical aspects of building informatics competencies of future computer
science teachers in the process of studying computer mathematics.

An important trend of modern pedagogical education is the integration of traditional methodical systems of teaching various
subjects with modern information and communication technologies through a competency-based approach to learning.

A. V. Khutorskoi, the developer of the theory and methods of competence-based education, has noted that the competence-
based approach assumes that students do not master separate knowledge from each other, but master it in a complex way, and in
its turn, allows applying the knowledge, skills and abilities gained in specific life situations (Khutorskoi, 2005). He defines competence
as a set of interrelated qualities of a person (knowledge, skills, abilities, ways of activity), defined in relation to a certain range of
subjects and processes and necessary to act in a qualitative and productive way in relation to them.

V. |. Baidenko proposes to understand the competence-based approach as a method of forming the results as signs of
readiness of a student/graduate to demonstrate appropriate competence (Baidenko, 2006). Competence-based approach brings to
the first position not awareness, but the ability to solve problems arising in the course of learning and understanding of natural and
social phenomena, mastering modern techniques and technologies, relationships with other people, in everyday life during the
performance of social roles, etc. The purpose of the competence-based approach is to organize the educational process aimed at
acquisition of key competences.

0. M. Spirin believes that the competence-based approach becomes important in the design of professional training systems
for computer science teachers, which should be used as a basis for the development of educational standards characteristics that
reflect the qualitative results of the educational process in terms of professional competence (Spirin, 2007).

Thus, A. K. Markova believes that the content of the professional competence of a teacher is characterized by procedural
and effective indicators and is defined as his or her ability and willingness to carry out personal professional activities (Markova,
1996). Possession of relevant competences allows acting independently and responsibly; the basis for conclusions on competence is
the assessment of the final results of its activity; it is also a characteristic of an individual and is manifested in the results of its activity.

Professional competence is an integrative personal formation, formed on the basis of theoretical knowledge, practical skills,
significant personal qualities and life experience (Evstegneyev & Torbunov, 2003). All this determines the readiness of a computer
science specialist to perform specific activities and ensures a high level of self-organization.

The main practical skills of a future computer science teacher include the following: algorithmization of various applied
problems; programming of developed and typical algorithms; construction and study of mathematical models of various objects with
the help of applied computer systems. Achieving these skills helps to fulfill one of the most important tasks for the computer science
teacher — to promote the interest of students to study at the lessons of computer science.

METHODS OF THE RESEARCH

Theoretical methods have been applied for the purpose of analysis of academic literature on the subject; curricula, working
programs and methodical manuals on Computer Mathematics. Empirical methods (questionnaires, conversations, lesson
observation) have been used to determine the role of computer mathematics in the development of informatics competencies of
future computer science teachers. Modeling was used to build a model for the formation of information competence of future
teachers of computer science in the process of studying the discipline "Computer Mathematics".

RESULTS OF RESEARCH

The general structure of the system of professional competences of computer science specialists and their approximate
classification is carried out in the paper (Zhaldak, Ramskyi & Rafalska, 2009). Formation of a system of general professional and
information competence of future computer science teachers is carried out during the following stages.

1. Basic stage (1-2 years). Formation of general professional competences in the course of studying the cycle of general
training disciplines: algebra and geometry, mathematical analysis, mathematical logic, discrete mathematics, differential
equations, probability theory and mathematical statistics.

2. Integration stage (1-3 years). Formation of informatics competencies in the course of studying the disciplines of
professional training: basic programming, computer mathematics, algorithms and data structure, basic pedagogy, psychology.

3. Main stage (3—4 years). Formation of didactic and methodical competences in the course of studying the cycle of
professional training disciplines: methods of teaching computer science, information technologies in education, coursework,
pedagogical practice.

Informatics competence is an integrative education of a person, which integrates knowledge about the basic methods of
computer science and information technologies, the ability to use available knowledge to solve applied problems, skills necessary
to effectively use modern means of information and computer technologies to solve problems in professional activity and
everyday life (Holovan, 2007).

Informatics competence can be characterized through the effectiveness of activities using modern information and
communication technologies, which means the effective application of knowledge and skills to solve existing or human problems.
(Baranovska, 2014).

The study of computer mathematics and the use of modern systems of computer mathematics (CMSs) contribute to the
formation in future computer science teachers of general skills of setting and solving problems with the help of a computer, the
use of it as a tool for organizing search and research activities, opens up new opportunities for educational interaction between
students and teachers, and gives each student the opportunity to maximize their intellectual potential.

From the point of view of competence-based approach, the purpose of studying the Computer Mathematics is the
formation in future computer science teachers of a high level of competence in the field of computer science, that is, informatics
competence —the ability to meet their own individual needs and social requirements for the building of professionally specialized
competencies in the field of computer science.
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The model of building informatics competencies of future computer science teachers in the course of studying computer
mathematics is presented in Fig. 1.

In the course of studying computer mathematics, future computer science teachers explore the possibilities of using
modern information and communication technologies to study various processes and phenomena based on mathematical
modeling and the application of theories and methods of studying such models.

In the course of our research, a system of applied problems from computer mathematics has been created, aimed at the
formation of informatics competencies of future computer science teachers.

To support the study of algebra, geometry and mathematical analysis within the Computer Mathematics discipline,
specialists of the Department of Computer Science and Higher Mathematics of the Kremenchuk Mykhailo Ostrohradskyi National
University propose to use a universal mathematical software Maple, which contains a fairly wide range of functions and
computational tools. Maple can perform complex operations: symbolic computations (finding derivatives, integrals, boundaries,
transformation of expressions, etc.); multiple operations (solving equations, inequalities, equation systems, interpolation tasks,
optimization, etc.). Graphical tools for processing the results of calculations in Maple are among the best among other CMSs.

Informatics competencies of a computer science teacher

[ IT ]74[ Methodological ]
Algorithmic Computer Model

A A

Personal characteristics:
responsibility, sociability, efficiency, creativity, determination

Knowledge R Skills R Experience in solving applied problems
f f f
Acquisition of methods of Repeated performance of training tasks related to
development and research of construction and use of models of various types for
algorithms of applied problem solving computer implementation, with the interpretation of the
in the course of modeling of objects results obtained during computer simulation

and IT penetration

f f

|| Computer Mathematics ||

Fig. 1. Model of informatics competence building for computer science teachers

For example, in laboratory classes in Computer Mathematics, informatics competencies can be built in three stages
(Kobylnyk, 2009).

1. Preparatory stage: formation of generalized subject skills. Students are offered theoretical assignments, execution of
which will allow them to acquire knowledge, skills and abilities that will make it possible for them to solve problems of the highest
level at the next stages.

2. Main stage: development of research and project skills. At this stage, students are offered practical problems.

3. Reinforcement stage: development of skills of using CMS for solving applied problems.

Let us give a fragment of a laboratory lesson in Computer Mathematics on the topic ‘Solution of linear equation systems
by Gauss method’.

In the course of studying the systems of linear algebraic equations (SLAE), two aspects can be distinguished: theoretical
(the concept of SLAE, their compatibility, decoupling, methods of solution, study of the number of solutions, checking solutions,
etc.) and applied (development of SLAE as a mathematical model of text problems and solution of such models by CMS methods).

At the preparatory stage, students are offered tasks and theoretical questions: what is a SLAE; what is a SLAE called a
consistent/inconsistent, defined/undefined SLAE; which SLAE can be solved by the Gauss method; describe the algorithm of the
Gauss method; build a block diagram of the Gauss method algorithm.

At the main stage, students are offered practical problems and exercises, and after familiarizing themselves with the main
functions of the Maple system for SLAE solution, they are offered to solve the same system with the help of the Maple system.
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Example 1. Solve SLAE using the Gauss method.

5x -3y +z =14,
X+Y+12=2,
—X—-2y+2z=2.

Solution. First of all, it is necessary to solve this system in a notebook by performing the steps of the Gaussian method
algorithm. Next, it is necessary to solve the system using Maple in two ways: the first way is to check the manual method directly,
and the second way is to use the built-in Maple functions. Figures 2 and 3 show screenshots of the SLAE solution in the Maple
system in various ways.

:> restart :# I way
| > [ :=5-x—3-y+z= 14 # introduce the first equation of the system
| > [2:=x+y +z=2# introduce the second equation of the system
| > [3 :=-x—2-p+2-z=2 3 introduce the third eguation of the system
. 72 1 ; {5
> R=D24I3053=_— +I3012:=13|-—F |+
’ 5 +5; L 13 ,]
# perform the forward course of the Gauss method
12:=-y+3:z=4
13 11 24
13:=- 5 ) + 5T
2= 28 z= 28
| 13 13
> z:= golve(l2);y = solve(l3); x := solve(ll),
# perform the backward course of the Gauss method
yi=-1
x =2

Fig. 2.5 Checking the manual way of solving SLAE in the Maple system

> restart # Il way
> with(Lineardlgebra) i connect Linear Algebra package
> A= ({5 1,-1}{-3, 1,-2} €1, 1, 2}|(14, 2, 2} ) ;# create an extended matrix of coefficients

5-=3114
A4: 1 11 2
-1 =22 2
[> Ag = GaussianElimination(4)# forward course: reducing the system to a triangular view
5 -3 1 14
03 4 4
Ag: 5 5 5
7 4
00 — —
2 2
[> 2:= Ag[3,41/4g[3, 31; # backward course: search for unknowns
z:=1
[> vi= (4g[2,4]-4g(2,3]-2) 1 4g[2, 2]
| yi=-1
> xi= (Ag[l,4]-Ag[1,3]z—Ag[1,2]y) fAg[1,1];
x=2

Fig.3. Using Maple's built-in features to solve SLAE

Example 2. Two plants supply cars for two auto farms, the needs of which are 200 and 300 cars, respectively. The first
plant has produced 350 cars, the second one — 150 cars. Table 1 shows the costs of transporting cars to each of the farms. The
total minimum cost of transportation is 7,950 monetary units. Find a transportation plan for the vehicles.

Table 1
Costs of transportation to auto farms
Plant
1 2
1 15 20
8 25

Solution.
1. Let Xij be the number of cars supplied from the ith plant to the jth auto farm. Let us build a mathematical model of

this problem.
X, + X, =350,
Xy, + X, =150,
X1 + Xy, =200,
Xy, + X =300,
15x,, +20x,, +8X,, +25X%,, = 7950.

2. We solve this problem using the Gaussian method in the Maple system in the second way (Fig. 5).
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;> restart .
L> with(LinearAlgebra) :
> A= ({1,0,1,0,15)](1,0,0,1,20)](0, 1,1,0,8)[(0, 1,0, 1,25)] (350, 150, 200, 300,
7950 ) ;
I 10 0 35
0 01 1 150
A= 1 01 0 200
0 10 1 300
15 20 & 25 7950
[> Ag == GaussianElimination (A);
1 10 0 35
0 -11 0 -150
Ag=10 01 1 150
0 0012 0
0 00 0 0
=> x[2,2] = Ag[4,5]/Ag[4,4];
X, =0
> X[2, 1] = (Ag[3,5]-Agl3,4]-x[2,2])/4g[3,3};
X, =150
> x[1,2]:= (Ag[2, 5]-Ag[2, 4]-x[2, 2]-Ag[2,3]-x[2, 1]) /4g[2,2];
X) gt
=> x[1,1]:= (Ag[1,5]-4g[1,4])-x[2,2]-Ag[1,3]-x[2, 1 | —Ag[1,2]-x[1,2]) /4g[ 1. 1];
x) =50

I_=ig. 4. Solution of an applied problem in the Maple system

Consequently, computer mathematics builds integrative knowledge of mathematics and computer science as knowledge of
a higher order in comparison with the knowledge of isolated subjects, creates more opportunities for individualization of tasks and
independent activity of students. CMSs can be used as information and communication technologies for teaching computer science
and mathematics in both higher and secondary schools.

The use of CMSs, in particular Maple and MathCAD, to solve applied problems in the course of studying Computer
Mathematics contributes to the intensification of learning and cognitive activities of students and increases the mathematical and
information culture of future computer science teachers.

DISCUSSION

In the process of teaching the discipline "Computer Mathematics", which is studied by students majoring in "Secondary
Education (Computer Science)", the theoretical and applied aspects of the use of SCM are combined. In the process of teaching this
course, it is necessary to develop students' ability to effectively use SCM in their future activities, as well as to promote the
development of skills to master new software, which corresponds to the ideas of the competence approach in education. These
findings correlate with the study (Shyshkina&Kogut, 2014), in which the authors argue that with the use of SCM, as well as ICT tools
based on cloud, technologies can be created and modernized in a modern high-tech learning environment, which will increase the
level of fundamentalization of ICT learning, improve the quality of information education and information literacy of students. The
information competence of a future computer science teacher should be understood as a dynamic system of cognitive, activity,
motivational, value-reflexive, emotional-volitional and heuristic personality qualities formed at the appropriate level of higher
education, necessary for effective professional activity in information and educational space. (Matsekha, 2018). If you consider a
model for the formation of informatics competence of future computer science teachers in the process of training, which includes
implementation of sequentially structured components: target, normative, theoreticalmethodological, technological,
methodological, organizational and functional, evaluative and effective blocks, (Petrenko&Petrenko, 2020), then the model built in
the work refers to the methodological unit of formation of information competence of future teachers of computer science.

One of the ways to improve the quality of professional training of future teachers of computer science, is the introduction
into the educational process of computer-oriented methodological systems for teaching computer mathematics, combining
theoretical and applied aspects of computer science, which strengthens the fundamentals of computer science education. activities
of students, the disclosure of their creative potential, increasing the role of independent work in educational activities, the formation
of scientific worldview, the system of professional and cultural competencies, intellectual development, the formation of young
people as highly qualified and highly educated professionals (Efymenko, 2004).

CONCLUSIONS AND PERSPECTIVES FOR A FURTHER RESEARCH

Based on the analysis of academic and methodical literature on the subject of research, the structure of informatics
competence as a component of the professional competence of future computer science teachers has been revealed, which includes
the methodological, informational-technology, model, algorithmic, computer components. A model for the formation of informatics
competence in future computer science teachers in the process of studying computer mathematics has been built and is shown on
the example of the Maple computer mathematics system, how its use in the educational process helps to increase the level of
informatics education of future computer science teachers.

It has been substantiated that each of the stages of the formation of informatics competencies involves the assimilation of a
certain level of knowledge, the formation of skills and experience and work with computer mathematics systems, subject to the
introduction of computer-oriented forms of organization of the educational process, traditional and innovative teaching methods
and tools. It has been proved that a high level of formation of informatics competence can be achieved in the process of an individual
and productive process of solving applied problems using computer mathematics systems. Based on this, a system of applied
problems for the Computer Mathematics has been developed in order to form the components of informatics competence.

The study does not purport to be the complete solution to the difficulties involved in developing informatics competences
for future computer science teachers. Further research, in our opinion, requires such issues as the improvement of computer-
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oriented methodological systems for teaching computer mathematics to future computer science teachers and the creation of an
educational-methodical complex for Computer Mathematics for the successful mastery of related academic disciplines.
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®OPMYBAHHS IHGOPMATUYHOI KOMMNETEHTHOCTI MAMBYTHIX BYUTENIB IHGOPMATUKU B MPOLIECI BUBYEHHA
KOMIVIOTEPHOI MATEMATUKHU
B.I. YepHeHKO
Kpemeruyybkuli HauioHaneHul yHisepcumem imeHi Muxalina Ocmpoepadcekozo, YkpaiHa

AHomauia. AKmyaseHicme i 00yinbHICMb 8MPOBAOHEHHA HABYAILHO20 KypCy KOMIT'lomepHoi mamemamuKu 074 cmydeHmie crneuiasbHocmi
«CepedHa ocsima (iHgpopmamuka)» o6ymosneHa HeobXiOHICMIO BUKOPUCMAHHA KOMM tomepHOIi mexHiKu 3 8i0rnosioHUM Npo2pamHUmM
3a6e3ne4yeHHAM MPAKMUYHO y 8ci cghepu dianbHocmi aodel; mMum, Wo KoOMM’'tomepHa MamemMamuka € 0OHUM 3 npiopumemHux
Hanpamie HayKoeo-00CniOHOI pobomu AK y 2any3ax MamemamuyHux HAyK, mak i e eanysax iHgpopmamuku. Komn'tomepHa
MamemMamuka — ye Hanpam npuKknadHoi iHopmamuku, e AKili susyarome npobaemu po3pobKu, 8MpoBadHEHHA MA BUKOPUCMAHHSA
iHpopmayiliHux mexHonoeili 018 po368’a3aHHA MamemMamu4Hux 3a0ay. Mema Hag4yaHHA Komn’tomepHili Mamemamuyi — 8ug4YeHHA ma
BUKOPUCMAHHA CMyO0eHmMamu cucmem Kommn’tomepHoi MamemamuKu 0715 po38°A3aHHA NPUKAAadHUX 3a0ay; 0807100iHHA cmydeHmamu
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MOHAMIUHO-MepMiHOM02iYHOI 6A30t0 CY4aCHOI IHHOPMAMUKU AK PyHOAMEHMANbHOI HaYKU; 30C80EHHA CMyOeHMamu meopemuyHux
OCHO8 H(OPMAMUKU, MO8’A3aHUX 3 hopmanbHUMU cucmemamu, 6as3amu 3HaH6 ma modeaamu ix ModaHHA, Mooeasmu ma
an20puUMMamMu npuliHAMMA piweHs.

dopmyniosarHa npobaemu. BusueHHA Komn'tomepHoi mamemamuku malibymHimu e4umenamu iHOPMamuUKU ma 8UKOPUCMAHHAM CYy4aCHUX
cucmem Kommn’romepHoi mMamemamuku 075 pPO36°A3YB8AHHA MPUKAAOHUX 3a0a4 GopMye y Hux cucmemy npogpecitiHux
KomnemeHmHocmel, 30Kpema iHoOpMamu4HuUx KomnemeHmHocmedl, iHGOPMAMUYHO-MAMEMAMUYHI 3HAOHHA MQA  8MIHHA
8uUKOpUCMOBy8amMu Cy4acHi iHhopmayiliHi mexHonoaii 015 aHanizy mamemamu4yHux mooeneli npoyecie i AsUW 3 HaUPiBHOMAHIMHIWUX
eanyseli 3HaHs i dianbHocmi ntoded.

Mamepianu i memodu. [ina peanizayii nocmasneHoi memu 6yn0 8UKOPUCMAHO MAKi Memodu OOCAIOHEHHA: QHANI3 HAYKOBO-nedazo2ivHoI
nimepamypu 3 memu 00CsiOHeHHA,; QHAI3 HABYAAbHUX M1aHI8, POOOYUX MPO2PAM | MeMOOUYHUX MOCIOHUKI8 3 HAB4abHOI duCyUNAIHU
«Komn’romepHa mamemamuka»; emnipu4Hi Memoou (aHKemyeaHHs, 6ecioa, nedazoeiuHe crrocmepexceHHs, MoOeMto8aHHS).

Pe3ynbmamu. Y daHili po6omi nobydosaHa modess hopmysaHHs iHhopmamu4Hoi KomnemeHmMHocmi AK cknadoeoi npogpeciliHoi KomnemeHmHocmi
malibymHbo20 84umens iHOPMamuKu 3a PaxyHOK [HMezpayii mamemamuyHux ma iHOPMAMUYHUX 3HAHb HA OCHOBI
MamemMamu4yHo20 MOOEI8AHHA y cepedo8uLax CUCMEM KOMIT IomepHOi MamemMamuKu, makK AK ui cucmemu € egheKmusHUM 3acobom
peanizayii mixcnpedmemHux 38°a3Kie iHOPMaMUKU 3 IHWUMU MpedmMmemamu npupodHU4O-MamemMamu4yHo20 YUKsy.

BucHOBKU. BusueHHA Hag4yanbHo20 Kypcy "Komn’'tomepHa mamemamuka" malbymHimu eyumenamu iHPOPMamuKu 3 8UKOPUCMAHHA cucmem
KOMI’romepHOi MamemamuKu Cripusie ¢hopmMy8aHHIO KOMIMOHeHmMi8 cucmemu [HGOPMaAmuyHOi KomnemeHmHocmi y 2any3si
iHhopmayiliHo20, MamemMamu4yHo20 i KoM’ toMepPHO20 MOOEesH0B8AHHS.

Kmouosi cnoea: npogpeciliHa KomnemeHmHicme, iHopmMamu4yHa KomnemeHmHicme, e4yumerns iHOPMAMUKU, KOMM'IomepHa Mamemamuka,
cucmemu Komn’tomepHoi Mamemamuku.

This work is licensed under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
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USING OF ICT DURING PREPARATION FOR EIA: WAYS TO SEARCH FOR THE OPTIMAL MODEL

ABSTRACT

Formulation of the problem. The urgency of improving the methodology of preparation for the external examination in mathematics is
currently beyond doubt. Earlier we found that electronic tools in preparation for EIA in mathematics are unpopular among
entrants, but positive trends in the development of ICT to prepare for testing in mathematics are also present. The current
motivation for the use of technology in mathematics teaching is the current pandemic situation, when the introduction of
quarantines and long periods of online learning are beginning to be perceived by students and teachers as normal learning
situations. Under these circumstances, mathematics teachers are forced to use ICT, create and develop new forms of organization
of the educational process, improve and adapt teaching methods and technologies. The purpose of this article is to establish the
feasibility of using ICT, their place and role in preparing for external evaluation in mathematics from the standpoint of teachers
and tutors, as well as to determine how modern technology helps or hinders the search for optimal methods of preparation for
this type of assessment.

Materials and methods. To achieve the goals of the article, we use empirical methods: our own survey using an electronic tool (Google form),
monitoring the learning process of students, as well as analysis of their achievements results. In the paper we use the set of
scientific cognition methods: comparative analysis to clarify different views on the problem; systematization and generalization
to formulate conclusions and methodological advices; generalization of the author's pedagogical experience and observations.

Results. According to our survey of mathematics teachers, two thirds of them believe that the most optimal way to prepare for EIA is a
combination of classroom classes and online format. 98% of respondents consider that using of ICT appropriate in preparation
for external examination, and the leader among these technologies are online test platforms (NaUrok, osvita.ua, Vseosvita,
Quizlet, Classtime). 97% of respondents find the use of electronic tools in preparation for the EIA in mathematics useful, and 28%
are completely satisfied with both the quantity and quality of available electronic resources. At the same time, 72% of teachers
believe that the number of e-learning tools should be increased and their quality should be improved, which indicates the need to
develop and improve this area.

Conclusions. There is no universal methodology of preparation for the external examination in mathematics, as it significantly depends on both
the student audience and the individual characteristics of the teacher or tutor who carries it out. EIA is only a tool for adequate
evaluation of the student's achievement level and cannot be the goal of schooling. Instead, the main purpose of schooling is the
development of the child, the disclosure of his abilities, as well as the formation of those competencies that will allow him to find
his place in life, to be realized as a person. Therefore, in preparation for the external examination in mathematics, the main goal
for the teacher, we consider the repetition and systematization of the school course of mathematics, rather than formal training
of students to solve specific classes of test tasks. The use of ICT is perceived by us as a natural complement to the educational
process, and not just as a forced step due to training in quarantine conditions. We believe that the use of electronic tools in
preparation for the EIA in mathematics is useful, but it is important to ensure the proper quality of the tests offered to teachers
and students on a variety of online platforms.

KEY WORDS: EIA and SFA in mathematics, information and communication technologies, e-learning aids.

© 0. Shkolnyi, Yu. Tykhonenko, 2021.
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INTRODUCTION

Problem formulation and analysis of current research. There is no doubt about the urgency of improving the
methodology of preparation for External Independent Assessment (EIA) of academic achievements of Ukrainian graduates. This
type of national standardized assessment in Ukraine is constantly in the focus of attention of both fundamental research (see
(Dvoretska, 2015), (Liashenko & Rakov, 2008), (lyakovleva & Kaplun, 2019), etc.) and publications in the media (see (Rating Group
Ukraine, 2018), (NaUrok, 2021), (Shvadchak, 2021), etc). At the same time, the attitude to EIA in general and to EIA in
mathematics in particular in Ukrainian society as a whole is positive.

For example, a survey of more than 700 users (students, their parents and math teachers) of the GIOS educational
platform (GIOS, 2021) show that the average score for the quality of external evaluation in mathematics in Ukraine on a 10-point
scale (1 - the lowest level of satisfaction, 10 - the highest) is 7, and the most popular value of this quality is 8. Among the biggest
advantages of independent assessment are often called: the reducing corruption during entering to universities (42% of
respondents), the ability to objectively assess the level of academic achievement of students in mathematics (28%), the possibility
of a wider choice of educational institutions during the admission campaign (26%) and increase the prestige of studying
mathematics at school (18%).

However, according to the same poll, 39% of respondents said that the EIA in mathematics has no advantages, and among
the disadvantages most often pointed out that the EIA in mathematics: can force students to study a subject they do not like
(59% of respondents), does psychological pressure on students (36%), increases the number of homework (34%), does not allow
to enter the dream university (26%), distorts the real situation during assessing the level of student achievement (14% of
respondents). It should also be noted that 13% of respondents indicated that the EIA in mathematics has no shortcomings. We
will return to other data of this survey later in this article.

In our previous work (Shkolnyi & Tykhonenko, 2021) we focused in detail on the place and role of EIA in mathematics in
the Ukrainian education system, as well as on the basis of our own statistical survey of Ukrainian graduates and first-year students
clarified the feasibility and possibility of using information and communication technologies (ICT) in preparation for the external
examination in mathematics. In particular, we found that electronic tools in preparation for the EIA in mathematics are still
unpopular among graduates. The main reasons for this are the general weak level of technology dissemination in our country,
and the list of electronic resources used by students in preparation for independent assessment in mathematics is quite limited.
In general, the market of e-support for mathematical education in Ukraine is, in fact, empty, because the software currently
available in this market does not satisfy the needs of potential users. That is why offline courses and tutors are now the most
common choice of entrants in preparation for the external testing in mathematics (Shkolnyi & Tykhonenko, 2021).

However, in our opinion, positive trends in the development of ICT for teaching mathematics in general and preparation
for EIA in particular are still present, because, as the same survey of students shows, more than 80% of them are positive about
the use of electronic tools in preparation for EIA in mathematics, and only about 5% have a negative perception of such resources
(Shkolnyi & Tykhonenko, 2021). A strong motivation for the development of ICT in mathematics education has also been the
current pandemic situation, when the introduction of quarantine and long periods of online learning are already perceived by
both students and teachers as quite normal learning situations. Under these circumstances, mathematics teachers and tutors are
often simply forced to use ICT, to create and develop new forms of organization of the educational process, to improve and adapt
teaching methods and technologies accordingly.

Lately, we have heard many teachers' voices (see (Osvitoria, 2021a), (Osvitoria, 2021b)) that online learning is at least as
good as classroom learning. In order to confirm or refute this hypothesis, we conducted a survey of mathematics teachers
regarding their attitudes to the use of ICT in preparation for independent assessment and ways to use these technologies in their
practice. We were also interested in the place and role of ICT in the process of finding the optimal model of preparation for the
external examination in mathematics.

The aim of the article. In this article, we plan to: find out the feasibility of using ICT, as well as the place and role of
technology in preparation for the EIA in mathematics from the standpoint of those who carry out this training (teachers, tutors,
etc.); determine how modern technologies facilitate or hinder the search for optimal methods of preparation for independent
testing in mathematics; outline ways to develop guidelines for the use of ICT in preparation for the EIA in mathematics.

MATERIALS AND METHODS

To achieve these aims we use the theoretical method of analysis of methodological literature on the research question.
We also exploit some empirical methods: our own poll with help of Google form electronic tool, observation of the educational
process in secondary schools and on the special exam preparation courses, as well as analysis of students' achievements. In this
article we also use a set of methods of scientific knowledge: comparative analysis to clarify different views on the problem and
determine areas of research; systematization and generalization in order to make conclusions and formulate recommendations
to preparing for national standardized assessments of academic achievement in mathematics; generalization of the author’s
pedagogical experience and observations.

RESULTS

Itis clear that there is no universal methodology of preparation for the external examination in mathematics, which would
guarantee a high score for each test participant. Indeed, it significantly depends on the student audience and the individual
characteristics of the teacher or tutor who accomplishes it. First of all, we should talk about a set of methods that will allow a
modern mathematics teacher to achieve the desired result, which, in turn, depends on the purpose of preparation for the EIA.
Let's dwell on this issue in more detail.

In our opinion, independent assessment is only a tool for adequate assessment of the level of student achievement, a
kind of "ruler", which is designed only to "measure" and nothing more. It is also obvious to us that EIA in mathematics or any
other subject should not the goal of schooling. The main purpose of schooling is the development of the child, identifying and
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disclosing his abilities, as well as the formation of those life competencies that will allow him in the future to find the place in life,
to be realized as individuals. And independent testing, although is a classic "high-stakes testing" (more on this type of testing see
in (Shkolnyi & Tykhonenko, 2021)), can not in itself become the ultimate goal or the teaching of each discipline, or even a guideline
for creating a methodology for teaching.

Therefore, we believe that the main goal for the teacher in preparation for the external examination in mathematics is
the repetition and systematization of data from the school course of mathematics, rather than formal training students to very
specific classes of test tasks. Of course, it is necessary to adapt graduates to the peculiarities of solving test tasks of various forms
(with alternatives, with a short answer, on matching, with a full explanation), but this goal is secondary and cannot displace or
replace the main one. Methods of adaptation of students to specific test tasks can be found in the monograph (Shkolnyi, 2015),
as well as, for example, in articles (Shkolnyi & Zakhariichenko, 2019), (Shkolnyi & Zakhariichenko, 2020a), (Shkolnyi &
Zakhariichenko, 2020b) and others.

Also important in preparation for the EIA in mathematics is the goal set by the future participant of this test. At first
glance, it is obvious that the student wants to score as many points as possible. However, such approach could have serious
negative consequences in the future. In our opinion, it is more natural for students in preparation for external evaluation try to
get not the maximum, but "their own" score, i.e. a score that will adequately reflect the real level of preparation and allow them
to take "their own" place on the chosen specialty in the university. This goal setting will allow the graduate to avoid significant
psychological problems in preparation for testing, as well as eventually find the specialty and the university that will allow him to
become a realized and happy person (more about this see in the article (Shkolnyi, 2021)).

After agreeing on the goals of preparation for the EIA for the student and the teacher, the natural next step is to choose
the appropriate methodology of systematization and repetition of the school mathematics. As already mentioned, this choice
depends on many factors, but today, after more than 15 years of history, a set of such techniques has already been formed and

reflected in various manuals for preparation for independent evaluation ((Bevz & Bukovska, 2020), (Halperina, 2020), (Kapinosov,
2020), (Nelin, 2016), (Rohanin, 2020), (Zakhariichenko et. al., 2020), Zakhariichenko et. al., 2021)). Each of these books has its
own internal logic, sequence of study of topics, its advantages and disadvantages. The critical analysis of these and other manuals
will certainly be reflected in our subsequent publications.

The next step after choosing the appropriate methodology is the selection of teaching tools, as well as the choice of
convenient for the student and teacher organizational forms of this training. Until 2020, traditionally the most popular tool in
preparation for the external examination in mathematics is a printed textbook, and the most popular organizational forms is the
group or individual lessons in the classroom. Various handouts were used as additional teaching aids, in particular, training
thematic and combined tests containing tasks of various forms. Online training tests were also popular, in particular, tests of EIA
of previous years.

However, due to the pandemic situation and the introduction of quarantine, after 2020 the situation has changed
significantly, as classes in the classroom became impossible. Students and teachers had to, in fact, urgently master the means of
distance communication (Google Meet, Skype, Zoom, etc.) and platforms for distance and blended learning (Google Classroom,
MS Teams, MOODLE, NaUrok, etc.), with help of which, in particular, were carried out and control measures in the form of
computer testing.

The described situation has led to significant changes in the perception of ICT by both students and teachers and tutors.
This is confirmed by the results of the above-mentioned survey of the GIOS educational platform users (GIOS, 2021), among
which 49% of respondents chose as the most optimal way to prepare for EIA in mathematics the way of training with tutor using
printed manuals and online platforms. However, this survey did not delve into the details and features of the use of the latest
technologies by teachers and tutors in preparation for the external examination in mathematics. Therefore, we conducted our
own survey of mathematics teachers regarding their use of ICT in preparing students for independent assessment.

The survey was conducted anonymously and online using Google forms. The list of questions was as follows:

1. Do you prepare students for EIA in mathematics?

2. What format, on your opinion, is the most natural in training for EIA in mathematics?

3. Do you consider it appropriate to use e-learning tools in preparing students for EIA in mathematics?

4. What electronic tools should be used in classes with students in preparation for the external examination in

mathematics?

5. Please share with us the names of electronic resources (or links to them) that you use in your classes in preparation

for the EIA.

6. How useful do you find the use of electronic tools in preparation for the external examination in mathematics?

7. Do the available electronic resources and teaching aids satisfy your needs for organizing the preparation of students

for the EIA in mathematics?

Here are the results of this survey. Among the respondents, more than 80% are directly involved in preparing students
for the external examination in mathematics, the rest are indirectly involved in this process. Two thirds of respondents believe
that the best way to prepare for the EIA today is a combination of classroom classes and online format. At the same time, almost
a third believe that such training should be carried out exclusively in the classroom. Exclusively online format of preparation for
testing is not popular from the standpoint of its effectiveness and efficiency. It can be assumed that the advantage in favor of the
combined approach (classroom format & online classes) is a consequence of forced active development and practical application
of blended learning during the last year. Accordingly, if under such conditions of work and study students will show no lower
results than in the classical forms of work, then most likely, we will see an even higher percentage of supporters of the combined
approach. However, the opposite situation is also possible, when the transition from classroom work to online will not justify its
effectiveness in the eyes of its current supporters.

Note that 98% of respondents consider the use of ICT appropriate in preparation for the EIA in mathematics. The so-
called "leader of using" of the latest technologies are online test platforms (about 80% of respondents). Moreover, this indicator
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is approximately the same both among those who consider a more effective combined approach in training, and among those
who believe more effective only classroom learning (see Figure 1 below). That is, online testing is actively used also during working
in the classroom. Also, 45% of supporters of the classroom training format and 54% of those who choose a combined approach,
consider it appropriate to use ICT in preparation for lessons.

It is interesting to note that the percentage of those who use ICT to communicate with students is more than three times
higher among those who use a combined approach than among those who prefer purely classroom work. At the same time, the
percentage of those who do not have the technical ability to use properly ICT opportunities is also three times higher among
those who consider training in the classroom format is more effective. Thus, the commitment to the inclusion of the online format
in the process of preparation for the EIA in mathematics is greatly influenced by the technical support of the teacher, in particular,
in the context of the ability to communicate with the student without live meetings.

Opinion of those who prefer the Opinion of those who prefer the
classroom format of training combined training format

® Yes, as a means of communication M Yes, as a means of communication
= Yas, for control W Yes, for control
= Yes, to prepare for classes W Yes, to prepare for classes
Yes, but there is no technical possibility Yes, but there is no technical possibility

Fig. 1. Is it advisable to use ICT in preparation for the EIA in mathematics?

As Figure 2 below shows, among all the modern technologies used by mathematics teachers in preparation for EIA in
mathematics, online test platforms are in the lead (they are used by almost 80% of respondents). However, the biggest problem
with these platforms is the low level of peer-review and verification of their materials, as the vast majority of tests on these
platforms are written by the teachers themselves. We do not discuss here their professional qualifications, but writing a
qualitative test is not an easy task that requires special training. Therefore, we forced to state that, unfortunately, not all materials
presented on popular Ukrainian online test platforms have a proper quality, and therefore, teachers should use of each such
platform critically and with pedagogical balance.

After test platforms, electronic textbooks and video tutorials (more than 60% of respondents), as well as various
application software (slightly less than 50% of respondents) are also very popular. It is interesting to note that math software in
the classroom is used mainly by those who choose a combined approach or work online (64% of those who chose this item).
Therefore, we can assume that using of this type of software is more convenient in online classes.

Among the specific electronic resources used in the work of survey participants, we note test platforms NaUrok
(www.naurok.ua/student/tests), Osvita.ua (www.osvita.ua), Vseosvita (www.vseosvita.ua), Quizlet (www.quizlet.com) and
Classtime (www.classtime.com), as well as sites with EIA tests of previous years (www.zno.osvita.ua/mathematics/). GeoGebra
(www.geogebra.org), DG (www.dynamicgeometry.com) and GRAN (GRAN1, GRAN 2d and GRAN 3d,
www.ktoi.fi.npu.edu.ua/zavantazhyty/category/1-granl) dominate among the mathematical software. Among the answers there
were also mentions of electronic boards for graphics tablets Idroo (www.idroo.com) and Awwap (www.awwapp.com/home/).

Video tutorials NGNS 61,3%
Electronic manuals NN 62,7%
Online testing platforms I 78,7%
Online calculators I 13,3%
Application software NN 16,7%

Fig. 2. E-tools in preparation for EIA in mathematics.

97% of respondents find the use of electronic tools in preparation for the EIA in mathematics useful, while the remaining
3% found it difficult to answer this question and assess the benefits of such resources. Thus, none of the respondents indicated
that electronic resources can be harmful in preparing for an independent evaluation.

Regarding satisfaction with the availability and quality of electronic resources and teaching aids, the answers were
distributed as follows (Figure 3):
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Do the available electronic resources satisfy your needs in organizing
the preparation for the EIA?

m Satisfies both quantity and

9,3% :
quality

9,3% 28,0%
Satisfies the quality, but
not enough resources
Satisfies quantity, but does
not suit qualit
32,0% q Y

21,3%

Fig. 3. Satisfaction with electronic resources.

As we can see, almost 30% of respondents are completely satisfied with the currently available electronic resources to
prepare for the EIA in mathematics. This may indicate both a fairly good state of this area in our country (given the needs of
users) and that the users of e-learning tools (in particular, to organize preparation for testing) have nothing to compare these
tools and do not see possible ways to improve them.

More unexpected is the fact that almost half of the respondents (49%) are satisfied with the quality of available resources.
Given the popularity of online test platforms on the one hand and the uncontrollability of their content on the other, this is
controversial. Of course, we can assume that our respondents either use these platforms to create their own qualitative tests, or
are experienced in choosing the tests with proper quality from those offered. However, the availability of freely available tests
of questionable quality, which teachers can use in their practice, or even students can find in self-study, is of great concern.

Note that there are no categorically dissatisfied with the current state of available electronic resources among survey
participants. This leads to the conclusion that this market is quite full, including quality products, among which everyone can find
something useful and convenient for their activities. At the same time, 72% of respondents are not completely satisfied with the
current state of the electronic resources market, which indicates the need to develop and improve this area.

CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

In our opinion, the most important thing for both the teacher and the student in preparation for the EIA in mathematics
is to ensure the proper quality of systematization of the school mathematics course, rather than formal training for solving of
specific classes of test tasks. It is extremely important for teachers and students to understand the need not to get the maximum
possible score in any way during testing, but to determine their real level of mathematical preparation. This will contribute to the
further successful education of the graduate at the university and his (her) future implementation both as a specialist and as a
person.

Of course, this does not mean that the level of mathematical preparation of a student cannot increase during the training
for the external evaluation. On the contrary, any method of preparation for testing aims to mobilize all possible internal resources
of the graduate to successfully pass this test. However, the main emphasis should be on the development of thinking and
broadening horizons, not on the formal memorization of definitions, statements and typical methods of solving exercises and
problems.

It is desirable that a mathematics teacher has not one defined methodology of systematization and repetition of school
mathematics during preparation for EIA, but a set of methodologies that would allow him to respond flexibly to the peculiarities
of the student audience and meet his (her) own professional aptitudes and preferences. The appropriate use of ICT in this set of
methodologies of preparation for EIA is natural in itself and in the context of the pandemic and quarantine situation of recent
months. In this regard, it is important to properly train teachers to use the latest technologies both during their studies at the
Pedagogical University and in the system of their continuing education.

According to our survey of mathematics teachers who prepare students for independent assessment, the most optimal
ways of such training they consider either special training with a tutor using printed manuals and online platforms, or systematic
proper schooling, which does not require additional training. In both cases, according to the respondents, it is better to conduct
classes either only in the classroom, or to combine classroom classes with online classes. Only distance training, according to
respondents, does not provide the desired result. This opinion of teachers is natural, because they have almost no experience of
online classes in preparation for external evaluation. It would be interesting to conduct a similar poll of the same teachers in a
few years, when the use of distance and blended learning technologies will become commonplace. We are convinced that this
sector of Ukrainian mathematical education has great prospects for development.

It is also natural for most teachers surveyed to think that ICT is best used to prepare for classes and realization of control.
At the same time, the dominance of online test platforms among e-learning tools is due to both accessibility to the general public
and ease of mastering them. In the process of teaching mathematics and in preparation for EIA, the latest technologies are used
much less often, because their use requires fundamentally new teaching methods, which are still under development and
formation. Based on the data of teachers' surveys, we believe that the use of electronic tools in preparation for the external
examination in mathematics is useful, but the quantity or quality of currently available resources does not fully satisfy the majority
of users. Given the popularity and demand for online test platforms, it is important to ensure the proper quality of the tests
offered to all users.
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We emphasize that in order for math teachers to be able to distinguish qualitative electronic tools from mediocre ones,
as well as to select or create appropriate content for online test platforms, it is necessary to carry out their systematic training.
Masters of educational programs in the specialty "Secondary education (mathematics)" in National Dragomanov Pedagogical
University studies specialized courses dedicated to this problem, such as "Computer-oriented systems of teaching mathematics",
"Monitoring of academic achievements in mathematics of pupils and students", "Methods of test tasks creating". These courses
allow students to be at least competent users of the latest teaching aids in mathematics, and in some cases to develop orimprove
these tools.

We are already partially implementing the content of these courses to the entire Ukrainian audience of mathematics
teachers. One of the authors of this article systematically conducts training seminars for mathematics teachers in different
regions of Ukraine, dedicated to the methods of preparation for external examination. However, in our opinion, these efforts are
not enough. A systematic educational program is needed to create publicly available methodological materials on various
methods of preparation for EIA in mathematics, including the use of ICT. This program, in particular, can be implemented through
a network of centers and training platforms such as Osvitoria, Osvita.ua, Vseosvita, NaUrok, GIOS and others, as well as through
a network of in-service teacher training centers, including online platforms such as Prometeus (www.prometheus.org.ua), Edera
(www.ed-era.com), Coursera (www.coursera.org), Khan Academy (www.khanacademy.org), EdX (www.edx.org), etc. In the
future, we plan to develop such training materials and place them on these resources.
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3ATOCYBAHHSA IKT MiA YAC NIATOTOBKW A0 3HO: LWAAXW NOLIYKY ONTUMA/IbHOI MOLENI
O.B. LUKonbHull, KO.B. TuxoHeHKO
HauioHanbHuli nedazoeivyHuli yHisepcumem imeri M.T1. ipaezomaHosa, YKpaiHa

AHOomayis.

PopmyntoeaHHA npobaemu. AKmyasnbHicms 800CKOHAAEHHA MmemoOduku nidcomosku 0o 3HO 3 mamemMamuKu HapPa3i CyMHigie8 He BUK/UKQAE.
Paniwe Hamu 6yn0 ecmaHosneHo, Wo enekmpoHHi 3acobu npu nidcomosyi 0o 3HO 3 Mamemamuku € ManononyAApPHUMU cepeo
abimypieHmis, ane nozumusHi meHoeHyii 8 pozsumky IKT 0aa nideomoeku 0o 3HO 3 MamemamuKu makoxc npucymwi. [lomyxcHoro
momusayieto 00 8UKOPUCMAHHA MexHOoA0Ril ni0 4ac HABYAHHA MAMEMAMUKU CMana HUHIWHA NaHOemidHa cumyayid, Konu
88e0€eHHA KAPaHMUuHie i mpueani nepiodu HABYAHHA OHAQUH MOYUHAOMb CAPULIMAMUCA YYHAMU i 84UMENAMU AK 38U4AUHI
HaeyanbHi cumyauii. 3a yux o6cmasuH s4umesni MamemamuKku sumyweHi sukopucmosysamu IKT, cmeoprosamu i po3pobasmu
Ho8i hopmu opeaHizayii Has4asnbHO20 pouecy, 800CKOHAM08AMU Ma adanmysamu MemoduKu | mexHosnozii Hag4aHHA. Memoto
daHoi cmammi € scmaHosAeHHA doyinbHocmi sukopucmarHsa IKT, ix micys i poni nid yac nidcomosku do 3HO 3 mamemamuku 3
no3uuii 84yumesnie ma periemumopis, @ MAKOH BU3HAYEHHA, AKUM YUHOM CYy4aCHI MEeXHO02ii CIpUAoMb Yu 308aXa0OMb MOWYKY
0nMuManbHOI MemoOduKuU Nid2omosKu 00 Yb020 8UGY OYiHIOBAHHS.

Mamepianu i memodu. [ns OocAaeHeHHA Uineli cmammi MU 30CMOCOBYEMO eMMipuyHi Mmemoodu: es1acHe OnuMyeaHHA 30 OOMOMO200
enekmpoHHo20 3acoby (Google forms), cnocmepexceHHsA 3a HABYAAbHUM MPOUECOM Y4Hi8, @ MAKOMC AHAAI3 pe3ysbmamie iXHix
docAazHeHb. Y ocnidneHHi BUKOPUCMAHO KOMI/AEeKC memodie HayKo8020 Mi3HAHHA: NOPiBHANbHUL aHanNi3 818 3’ACY8AHHA Pi3HUX
noenadis Ha npobaemy; cucmemamusayia ma y3a2anbHeHHA 014 hOPMYAO8AHHA BUCHOBKIB i MEMOOUYHUX Nopad; y3a2asnbHEeHHA
aemMopcbKo20 nedazoziyHo2o 00csidy i cnocmepexeHs.

Pe3ynemamu. fK nokaszasno Hawe onumysaHHA s4umesnie Mamemamuku, 08i MpemuHu 3 HUX 88aXarOMb, W0 Halbinbw onmumanbHUM
cnocobom 30ilicHeHHA nideomosku 00 3HO € noedHaHHA ayOUMOPHUX 3aHAMb i OHAalH-gpopmamy. 98% onumaHux eeaxcae
sukopucmaHHaA IKT doyineHum npu nidzomosyi 0o 3HO, npu4yomy nidepom ceped yux mexHosozili € mecmosi oHaaliH-naamgopmu
(HaYpok, osvita.ua, Bceoceima, Quizlet, Classtime). 97% pecrioHOeHmie 86a4aromb 8UKOPUCMAHHA eneKmMpPOoHHUX 3acobie npu
nidzomosyi 0o 3HO 3 MamemMamuKu KOpUucHUM, a 28% nosHicmio 3a0080seHi i KinbKicmio, i AKICMIO HAABHUX eneKMPOHHUX
pecypcis. BoOHo4ac, 72% s4umerie 88axcarome, WO KinbKicmb eneKmpoHHUX 3acobie HABYAHHA €i0 3binbwumu, a ix Akicme cnid
MoKpawumu, wjo 2080pUMs rpo HeobxioHicmb Po3suMKy ma 800CKOHAEeHHS OaHOI cghepu.

BucHo8Ku. YHigepcasnbHoi memoduKu nidzomosku do 3HO 3 MamemMamuKu He iCHYE, OCKifbKU 80HO CYmMMEBO 3aneH UMb AK 8i0 yYHIBCOKOI
ayoumopii, mak i 8id iHOugidyansHux ocobausocmeli 4umens yu penemumopa, kompuli ii 30ilicHioe. He3anexHe OYiHIOBAHHA €
Auwe iHcmpymeHmom 08 a0eK8amHo20 OYiHIOBAHHA PiBHA HABYAAbHUX OOCA2HEHb Y4YHA i He moxce bymu Memoto Ha84aHHs 8
wKoni. Hamomicms 20/108HOK0 MEMOK HABYAHHA € PO38UMOK OUMUHU, pO3Kpumms ii 30i6Hocmell, @ MAKOX< POPMYBAHHA MuX
KomnemeHmHocmel, Aki 00380aame ili 3Halimu ceoe micye 8 x¥ummi, peanizysamuca Ak ocobucmocmi. Tomy npu nidzomosuyi 6o
3HO 3 mamemamuKu 20/108HO0 MemMoOto O 84UMenas MU BB8AXAEMO MOBMOPEHHA | CUCMEMamMU3ayito WKiNbHO20 Kypcy
Mamemamuku, a He hopMaseHe MPeHYB8AHHSA YYHI8 PO38°A3ysamu KOHKpemHi Kaacu mecmosux 3a80aHsb. BukopucmarHs IKT npu
YboMy CripuliMaemMscsa HAMU AK NPUPOOHe OO0NOBHEHHA HABYAILHO20 NMPOYECY, a He Auwe AK 8UMyuweHUl KPOK 8HACMIOOK HABYAHHA
8 yMo8ax KapaHmuHy. Mu 88GIAEMO, W0 BUKOPUCMAHHA eneKmpoHHUX 3acobig npu nidezomosyi 0o 3HO 3 mamemamuKu €
KOPUCHUM, as1e npu YyboMy 8aM(aIUBUM € 3abe3rnevyeHHs HaneHHoi AKocmi mecmis, wo nponoHytomsca 00 3az2anbHo2o docmynny
84UMENAM | YYHAM HA PiIBHOMAHIMHUX OHAAUH naamg@opmax.

Kntouosi cnoea. 3HO i AIMTA 3 mamemamuKu, iHpopmayiliHo-KoMyHiKauiliHi mexHosnozil, eneKkmpoHHi 3acobu HaB84aHHS.

This work is licensed under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
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ETANMU NPOEKTYBAHHA CUCTEMU HABYA/IbHUX BIAEOMATEPIA/IB 3 MATEMATUKWU: MOAE/Ib ADDIE

AHOTALIA

Y cmammi sucgimaeHo aemopcoekuli 00c8i0 MPOEKMYBAHHA 8i0eoypoKie 3 mamemamuku 32i0Ho 0o modesni ADDIE meopii nedazoeiyHoz2o
dusaliHy. [lemanbHO ONUCAHO YCi N’AMb emanie CMeOPEHHA HABYAsAbLHUX Mamepianie: aHAni3, NMPOEKMYBAHHA, PO3pobKa,
YNPOBAOHEHHA MA OUYiHIO8AHHSA. BudineHo 0CHOBHI 3a80aHHSA, AKi MAE Po38’A3amu po3pPOBHUK HA KOXHOMY 3 yux emaris. Ha
OCHOBI aHanNi3y HaABHUX PO3POBOOK 3aMPONOHOBAHO OCHOBHI hopmamu 3anucy 8ideo3aHAMb.

®opmyntosaHHA npobaemu. Y cyvyacHUX peanisax 00OHUM i3 GKMYyanbHUX WAXi8 8UKOPUCMAHHA MyabmumediliHux mexHonoeili € po3pobKa i
3acmocyeaHHs 8i0eoypokie. BUKOpUCMAHHA HABYAbHUX 8i0eomamepiasnie Ha0ae y4Hesi MOX(AUBICMb HABYAMUCSA 3a 8/1ACHUM
2pagikom ma y eaacHomMy memiii, ornaHo8ysamu mamepias, OpiEHMYyHYUCL HA 8/0CHE PO3YMiHHSA, a He Ha memn Binbwocmi
epynu.

Mamepianu i memodu. Y npoueci 0ocnioxeHHA 8UKOpPUCMOBY8aAAUCG meopemuyHi ma emmiipu4Hi memoou. 3oKkpema, 30ilicHeHo aHani3
nimepamypu 041 8usenaeHHA cmaHy po3pobaeHocmi NpobaemMmu cmeopeHHA Ma 8UKOPUCMAHHA HaB4abHUX 8ideomamepianis,
MOOes8aHHA nedazoziyHuUX npouyecie 078 OYiHKU MOMAUBOCMI 8UKOPUCMAHHA 8i0eoypoKie y HABYAHHI MAmMeMamuKu;
8uAB/IEHHA Kpumepiig OYiHI0B8AHHA ehekmusHoCcMi po3pobaeHoi cucmemu 8i0eoypoKis;, aHKemy8aHHA 3 MemoKo 8USAB/EHHS
HeOdosliKie NPU 8UKOPUCMAHHI Po3pobeHux 8ideoypokis.

Pe3ynemamu. 3a n’ame pokie 00cnionceHHA npobaemu cmeopeHHA Ha84YanbHUX sideomamepiasie 6yn0 po3pobaeHo Mma yrnposaoHeHo y
HasuanbHUll npouec cucmemy gideoypokie. Cucmema cknadaemeocs 3 25 gideoposukie 01 y4Hie 7-11 Knacie 3i 3micmoeor AiHii
«DyHKYii». [eaki gppazmeHmu po3pobreHux 8ideoypoKie HABOOAMbLCA y cmammi.

BucHosKu. Anpobauis po3pobaeHux sideomamepianie nposodunace Ha 6a3i hakynbmemy mamemamuKku ma iHgpopmayiliHux mexHonoeiti
(3apas ¢axkynememy iHpopmayiliHux i NpukAadHux mexHonoeiti) JoHeybKo2o HayioHanbHO20 yHigepcumemy imeHi Bacunsa
Cmyca ma 2imHa3zii Ne153 im. O.C. lywkKiHa. bysno cmaHoseseHo, Wo 8UKOHAHHA ONUCAHUX 8UMO2 PO3POBKU Ma yrpo8aoH eHHs
8i0eoypoKis 0519 HABYAHHA Y4Hi8 302abHO0C8IMHbLOI WKOAU 3a6e3neyye nidsuuwjeHHA AKOCMi MameMamuYyHoi Nid2omosKu y4YHie
3 aneebpu, @ MAKOM CYyMMEBO 8MUBAE HA 0OCOBUCMICHUL PO38UMOK, 30KPEMA, HA MOMUBAUi0 00 HOBYAHHS.

K/TOYOBI CJ/IOBA: myasmumeOdiliHa nidmpumMKa 3aHAMMSA, Has4anbHi 8ideomamepianu, modenoe ADDIE, STEAM-oceima, HAB4YAHHA
MamemamuKu, pyHKUIOHAAbHA 3Micmo8a fiHis.

BCTYN

MocraHoBKa npo6nemu. BUKAMKKM CY4acHOTO CycnifibCTBa, KAPAHTUH Ta BUMYLLEHUIA AUCTaHLiHMI popmaT HaBYaHHA
NMOKasanu, Wo cuctema ocBiTM noTpebye 3miH, afrKe 3acTapini metToam Ta 3acobu HaBYaHHSA, HEAKTyaNbHi HaBYaNbHI MaTepianu,
HEroTOBHICTb y4YMTeniB MpautoBaTM y UMPpOBOMY cepenoBuLli Npu3Bean A0 HaraTbOX CKNAAHOLLIB Yy OpraHisauii npouecy
HaBYaHHA. Pa3om 3 MM, CbOrOAHILLHI YYHi Ta CTYAEHTU HaneXaTb A0 TaK 3BaHOro NoKoniHHA Z (Generation Z), Ake Bupocno i
chopmysanoch y umdposomy cepeaosulyi. Te, Lo nonepesHi NOKONIHHA HAa3NBaAN KHOBUMM TEXHOOTIAMMU» ab0O «TEXHONOTIAMM
MalByTHLOTO», ANA Cy4acHUX AiTel y)Ke CborogeHHA. YUHi i CTyAeHTN HOBOro iHPOPMaLMHOTO CyCcniNbcTBa XapaKTepusyoTbea
cBoeto baratosagauHictio (multitasking), To6To 3aaTHiCTIO POBUTM AEKiNbKa cnpaB OAHOYACHO. X MOBa CKNaJaEThCA 3 TEKCTOBUX

© M.B. bapuwok, [.€. TepmeHxn, 2021.
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noBigoOM/IEHb B MeceHXkepax, nybnikauin y 6norax, oHnaliH-TpaHcnsuii Ta IGTV, Bigeo y Youtube KaHanax, aygionigKkacris,
LMUCKYCIN y pi3HMX couianbHMX cninbHOTax Towo (Termenzhy, 2016). BoHM aKTUBHO BUKOPUCTOBYIOTb BipTyanbHy peanbHicTb (VR)
Ta 3D-peanbHicTb, NO-iHWOMY cnpuiimatoTb iHbopmaLLito, Hagatoum nepesary Mynbtumesia popmary.

3p03ymino, WO roNn0BHUM 3aBAAHHAM Cy4aCHOro nejarora € 3aBAaHHA «CMiIKYBATUCA» 3 TaKMM y4HEM OAHIED MOBOIO,
3a/yyatoum Moro A0 Binbll aKTMBHOTO, HACMYEHOTO Ta MOTMBYIOYOrO AN HbOTO HaBYa/NbHOrO npouecy. TyT Ha gonomory
BUYUMTENEBI NPUXOAATL TEXHONOTIA My/bTUMEia i BigeoypoKku.

[oHenaBHa BifeoypoKM BUKOPWUCTOBYBANU /vLE AK AOMOMIXKHMIA 3acib y HaBY4anbHOMY MpPOLECi, HAaNPUKNAL, Yy TUX
BMNaZKax, KOJIM HaBYa/IbHMI MaTepian BaXKKUN AN CNPUNHATTA Y 3BUYaHUX yMmoBax (Bapunwok&TepmeHkun, 2021). Y cydyacHux
peaniax BifeoypoKM CTaan O4HUM i3 3aC06iB ACUHXPOHHOTO PEXMMY HaBYaHHS, LLLO A03BO/IAE HABYATUCA 3@ BNACHUM rpadikom
Ta y BNACHOMY TeMMi, ONaHOBYBATWU MaTepias, OPIEHTYIOUNCb Ha BIaCHE PO3YMIHHSA, @ He Ha Temn 6inbloCTi rpynu.

AHani3 akTyanbHUX JOCAIA}KeHb. B YKpaiHi npobaema cTBOPEHHs i BUKOPUCTaHHA HaBYa/lbHUX BigeomaTepianis He HOBa.
OCHOBHI McMxos0ro-neAaroriyHi BUMOrM WOAO0 3aCTOCYBAHHA MY/NbTUMELIAHUX TEXHOONM Yy HaBYa/lbHOMY NPOUECI Pi3HMX
HaBYaNbHWUX 3aKNaAiB NPOaHanNi3oBaHi y KaHAauAaTcbkmx auceptauiax M.KO. bopucerko, H.HO. lwyk, O.J1. KoHoweBCcbKoro,
O.A. Yalikoscbkoi, I.10. WaxiHoi, J1.C. LeByeHKko Ta iHwwux. AocnigrkeHHs O.J1. KoHowescbkoro Ta |.HO. LaxiHoi npucsayeHi
0c06MBOCTAM BUKOPUCTAHHA 3acobiB mynbTumegia y npodeciiiHii nigrotosui maibyTHIX yuntenis matematuku. MNegarorom
M.10. BopurceHKo 6yn0 CTBOPEHO 11 peani3oBaHO METOAMKY ONaHyBaHHA apuOMeTUUYHOro maTepiany yYHAMM NOYATKOBOI LWKOAU
3 BMKOPUCTAHHAM MYNbTUMEAINHUX TEXHOJOTA HAa Pi3HMX eTanax HaB4yaHHA. [poTe MoAanbloro AOCNiAXKeHHs noTpebye
NMUTAHHA BUKOPUCTAHHA MY/IbTUMEZIA TEXHOIONIM Y HaBYaHHI MAaTEMATUKM YYHIB OCHOBHOT i CTapLLOT LUKON, 30Kpema po3pobKa
HaBYaNbHWX BigeomaTepianis 3 NeBHOI 3MICTOBOI AliHii.

Mema cmammi. MeTolo CTaTTi € BUCBIT/IEHHA aBTOPCbKOro A0OCBiAY CTBOPEHHA CUCTEMM HABYaNIbHUX BigeomaTepianis 3
maTemaTuKu 3rigHo Ao mogeni ADDIE Teopii negaroriyHoro ansaiHy.

METOAU AOCNIOXEHHA

Y npoueci AocnigKeHHA BMKOPUCTOBYBa/IMCb TEOPETUYHI Ta emnipuyHi meToam. 3oKpema, 6yno 3ajlicHeHO aHani3
NCUX0N0ro-NeAaroriyHoi i HayKOBO-METOAMYHOI NiTepaTypu ANA BUABNEHHA CTaHy po3pobneHocTi npobnemu CTBOpPeHHA Ta
BMKOPUCTAHHA HaBYa/IbHUX BigeomaTtepianis; MOAENOBaHHA NeJaroriyHUX NPoLEeciB ANA OLIHKM MOMJ/NBOCTI BUKOPUCTAHHA
Bi,€OYPOKIB Yy HaBYaHHi MaTeMaTUKWU; BUABNEHHA KPWUTepIiB OUiHIOBaHHA epeKTUBHOCTI po3pobieHoi cucTemmn BiAEOYPOKIB;
cnoctepexkeHHA; becian 3i cTygeHTamMu, yunMTenaMmm Ta BMKIagadaMu 3aKkiagiB BMLOI OCBITU, aHani3 NMCbMOBUX POBIT yuyHiB i
CTYAEHTIB; aHKETYBaHHA i TECTYBaHHA 3 METOIO BUABNEHHA HEA0NiKiB NPU BUKOPUCTaHHI po3pobieHnx BiAeoypoKiB.

PE3Y/IbTATU AOCNIAXEHHA

Y ¢OKyci Haworo [OCNiAXKeHHA 3HaxoauTbcA Npobsema MNPOEKTYBaHHA CUCTEMM HABYAJIbHUX Bigeomarepianis 3
MaTEeMATUKM A1 YYHIB | CTyAEeHTIB. 3a N'ATb POKiB po60TN Hamu By10 CTBOPEHO Ta YNPOBAAMKEHO Y HAaBYa/bHUI NPOLLEC CUCTEMY
Bi,€0YPOKIB 3i 3MiCTOBOI NiHIT « DYHKL», WO CKNaAAETLCA 3 25 BiAeOpOAUKiB ANnA yuHiB 7-11 Knacis. Lito TemaTuKy 6yno obpaHo
He BMMNAZKOBO, afyKe CamMe BOHA € Ay)Ke BaXKAMBOW A1A GOPMYyBaHHA MaTeMaTMYHOI KOMMNETEHTHOCTI LWKO/IApPa Ta HanbinbL
CKNAAHO 411 OO PO3YMiHHA.

Po3rnaHemo cTBOpeHi maTepianu 6inblw aeTanbHO. MoynHaoun po3pobaaTh cucTemy Bifeoypokis, HeObXiaAHO, NepL 3a
BCE, O3HAMOMWTUCA 3 ICHYIOUMMM TeopiaAMM MPOEKTYBAHHA abo neparoriyHoro AmsailiHy (instructional design), cepep AKux
HalBiNbLL YacTo BUKOPUCTOBYIOTb mogenb ADDIE (Kurt, 2017). BoHa CK1afa€eTbes 3 N'ATM OCHOBHUMX eTanis (Puc. 1), nepuwi nitepu
AKUX yTBOPIOIOTb abpesiaTypy ADDIE.

1. Anani3
(Analysis)

5. OniswBaHHA
(Evaluation)

2.IIpoekTyBaHHA
(Designing)

3.Pozpobra
(Development)

4. Yopoeaa:KeHHA
(Implementation)

Puc. 1. M’aTtb etanis mogeni ADDIE

KoKHUiI1 eTan moaeni NPOEKTYBAHHA CUCTEMM HaBYaNbHUX BigeomaTepianisa ADDIE nosicHeHo y Tabauui 1. 3ynuHumocs
Ha KOXXHOMY 3 eTaniB OKpemo.

AHani3 (Analysis). Po3po6bKka HaBYasbHUX MaTepianis MaiiKe HiKOM He PO3NOUYNHAETLCA 3 HYAA. MOYMHAOYM NiArOTOBKY
0,0 CTBOPEHHA CUCTEMW HaBYa/IbHUX MaTepianis, CNif 03HAMOMUTUCD i3 LOCBIAOM NPOBIAHMX 3aKNaLiB OCBITU, BiAOMUX Neaaroris
Ta HayKoBMX WKiN. CbOrogHi y BibHOMY AOCTYMi 3HAaXOAMUTbCA BennYesHa KiNbKiCTb TaK 3BaHMX BIOKPWUTUX OCBITHIX pecypcis.
Benuki IT KomnaHii peanisytoTb MacwTabHi MPOEKTH, LLO MOB'A3aHI 3i CTBOPEHHSM, NOLWYKOM Ta PO3MNOBCIOAKEHHAM BigKPUTUX
OCBITHIX pecypcis, cepen Hux Intel (npoekt Jlitonncn.py), Microsoft (BnacHuit ocsitHiM noptan), Google (npoekT «Akagemis
Google») Ta iHwWi. Mu niatpumyemo AymKky H. SloceBoi, Wwo Bukaaaadesi byab-aKoi aucumnniiy 6yae KOPUCHO 03HAMOMUTUCH i3
npoekTom «AKagemia XaHa» (Khan Academy), WO MICTUTb BE/IMKY KiNbKiCTb 6E3KOWTOBHUX MIKPONEKLiM 3 Pi3HMX AUCLMNNIH
(Nocesa&lIrHatosa, 2016).
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Tabauysa 1
ETanu npoeKTyBaHHA CMCTEMM HaBYa/IbHUX Bigeomarepianis
AHanis MpoeKTyBaHHA Po3po6ka BnpoBapgXeHHA OLUiHIOBaHHA
MNonepegHe MpoekTyBaHHA cucTEMM Po3pobKa HaBYanbHUX MouaTtok OujiHIoBaHHA
NnAaHyBaHHA, aHani3 Bifeomarepianis i maTepianis, iHTerpauis HaBYaHHA 3 cMcTemm
Ta igeHTUdIKaLin aeTanisauis po3pobneHnx matepianis BUKOPUCTAHHAM Bigeomarepianis
HUHILWHbOI CUTyauii i y BigeodopmaTt cucTemm (npoaykTy Ta
MOXK/IMBOCTEN BifeomaTepianis npouecy)
® aHani3 HafABHWX | ® BMBIp TemMaTUKM Ta | ® CTPYKTYpyBaHHA 3MICTy | ® BUKOPUCTAHHSA ® peanisauin
pecypcis obcary cucTemm BifleoypokiB BifeoypokiB B cTpaTerii
® aHaNi3 KOHTUHIEHTY Bigeomarepianis ® po3pobKa HaBYANbHUX ayguTopiiTa3aii OLLiHIOBAHHA
cnyxadis Ta | ® CTpyKTypa cmcTemm marepianis mexKamm AKOCTI  cucTemm
npen’ABNEHHA Bif,€0ypOKiB ® CTBOPEHHSA ® peanisauis Bigeomarepianis
BMMOT 40 Y4HiB ® BM3HAYEHHA Bifeomarepianis B3aemogii ® yY0CKOHaNeHHA
® BUbIp O4iKyBaHMX pe3y/bTaTiB | e NiAroTOBKa MmaTepianis pospobneHoi
TEXHOIOTIYHMX HaBYaHHA ans 34iACHEHHSA cuctemu
3acobiB CTBOPEHHSs ® BUbIp meTtogis KOHTPO/IO
Bigeo HaBYaHHA Ta KOHTPOO

MNifAKpecnnmo, Wo HaBiTb WBUAKE 03HAMOMNEHHSA 3 HAABHUMU PO3POOKaMM BiJOMUX KONer oyMma CTyAeHTa A03BOUTb
oTpumaTu 6e3uiHHMI y Noganblit poboTi fOCBIAL TA AXKepena HaTXHEHHS.

Big3HaumMmo, WO 3 MeTO YCMiLWHOro HaBYaHHA Big, CAyXxayiB MOXe BUMAraTUCA HaABHICTb MEBHUX KOHKPETHUX 3HaHb Ta
KOMMNETEHTHOCTEN, 3a/1eXHO Bif TeMaTMKM BigeomaTepianiB. HeobxiagHO 060B’A3KOBO chHOpMYOBATU Ui BUMOTU A0 CAyXayiB i
BKHOUMTM iX 10 OMUCY KOXKHOTO BifeoypoKy.

Ha ocHoBi aHani3y HasBHWUX BigeomaTepiafliB MOXHa 3pO6UTU BUCHOBOK, LLO iCHYIOTb TPU OCHOBHI dopmaTu 3anucy
Bif,€03aHATb: 3anuc y cneuianbHO obnagHaHil cTyaii; 3anuc 6esnocepegHbO B ayauTopil, A€ y4nTelb NPOBOAUTL 3aHATTA 3
YYHSIMM;  CAaMOCTIMHWA  3anuc Nejarorom  3aHATTA 3@  AONOMOrold  Komn'iotepa, MikpodoHa Ta  Beb-kamepu
(Bapuwok, TepmeHxun&Jocesa, 2016).

Mepwuit Ta apyrnin popmatn 3anucy nepenbdayvatoTb HAABHICTb Yy PO3MNOPAAMKEHHI BUMTENS TeXHIYHOI anapaTypu Ta
BigNoBigHMX cneuianictis (onepatop, BigeoiHKeHep), TOMY TEXHIUYHI HI0AHCKM peanisauii 3anucy He cTocyloTbcA neaarora. Ann
CaMOCTIMHOro 3anucy BUYMTENIO 3HAZ0OUTLCA 3a3danerifb NiArOTOBAEHMI HAOYHMI MaTepian (cnanam, BiAeo, HaBYaNbHi
maTtepianu), a TaKoK Komn'toTep 3i BCTAHOBAEHOK Mporpamoto 3anucy Bigeo (Hanpuknag, CamStudio, UVScreenCamera,
Screencast-O-Matic, Free Studio Towo) i MiKpodoH. Po3pobneHi BifEOYPOKM 3anucyBanncA aBTOPOM CAMOCTIMHO,
BMKOPUCTOBYOUM TpeTilt dopmart 3anucy. Popmar Bifeo MoKe NPorpaBaTca Ha byab-akux npucTposx. MNigKpecaumo, Lo ypoKku
po3paxoBaHi NpnbAn3HO Ha 6-11 xBUAMH, WO 3abe3neyvye ONTUMaNbHY KOHLLEHTPAL,ito yBaru y4YHs.

MpoekTyBaHHa (Designing). TemaTnka Ta 06cAr HaBYa/bHMX MaTepianis 3a4alOTbC HOPMATUBHUMW [OKYMEHTaMM
(WKinbHO NPOrpamoto, AePKaBHUM CTAHAAPTOM HaNPAMY NiAFOTOBKM TOLWO) ab0 BU3HAYAOTLCA aBTOPaMM Yepes onnc CMcTemm
KOMNETEHTHOCTEN.

Tak, 3rigHO 3 HaBYa/IbHOK LWIKIZIbHOK MPOrpamold AN YYHiB 7 Kiacy Hamu po3pobneHo 4 BifeoypoKM 33 Temamu
«®yHKuia», «JliHiiHa dyHKuia», «Mpadik ¢yHKLiT», «Cnocobu 3agaHHA PyHKLIi»; ana 8 Kknacy — 4 BifeoypoKM 3a Temamu
«Ob6epHeHa nponopuiiHicTb, «KBagpaTniHa GyHKLUia»; ana 9 Knacy — 4 Bigeoypoku (Puc. 2); gna 10 knacy — 10 Bigeoypokis y
[ABOX YAaCTUHaX 3a TeMamu «TOBTOPEHHA Ta PO3LLUMPEHHSA BiOMOCTEN NPOo GyHKLio», «PYHKLUIA y = VxTaii rpadik», «CreneHesa
dyHKuin, ii BnactmeocTi Ta rpadik», «Ipadikm TpuroHomeTpmnyHMxX GyHKLIN Ta ix BAacTMBOCTI», «O6epHEHI TPUFOHOMETPUYHI
dyHKUii»; ana 11 knacy — 3 BiaeoypoKu 3a Temamm «loKasHUKoBa GyHKLiA, Ti BAacTUBOCTI Ta rpadik», «J/lorapudmiyHa GpyHKL,is,
ii BnactmBocTi Ta rpadik», «KpuBi, 3a4aHi B NONAPHIA cucTemi KoopanHAT».

7 Knac

Ypok 9

DyHKLYT.
Mpukrnagu

Ipomizkn
3HaKocTanocTi

Ypok 10
BnactveocTi
byHKLH

MNMapHicTb Ta
HenapHIcTL

Ypor 11 Lo ozHauae
lNepeTEOpeHHA «aocniguT
rpadikie dyHHUIA byHHUiIo»
10 knac
Ypok 12
KeappatiuHa
byHELIA
11 knac

Puc. 2. dparmeHT CTPYKTYpu cucTemu po3pobaeHux Bigeoypokis
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MNiakpecnmmo, Wo ycniwHicTb HaBYaIbHUX MaTepianiB 3aN1eXuUTb Bif TOro, HACKiNIbKM PeTeNbHO Nepes Noro CTBOPEeHHSIM
6yn0 NpoAymaHo i BpaxoBaHO MeTy, ayauTopito (0cobMBOCTI KOHKPETHOI rpynu) i 3micT (Mybap, 2011).

Haw pocsig [03BONAE CTBEPAXKYBATH, WO NpU BMOOPI MeToAiB HaBYaHHA 3a po3pobiaeHMMM maTepianamu Tpeba
Big4aBaTM nepesary iHTEPAKTMBHUM MeTodam (NpobiemHe HaBYaHHSA, METOZ NPOEKTIB, MalcTep-KnacK, irposi MeTogm TOLLO).
OCKiNbKM BOHW [,03BONAKOTL CTBOPUTUM KOMGDOPTHI YMOBU, 32 AKMX KOXKEH y4YeHb Big4yBa€ CBOK YCMilIHICTb, iHTE/NEKTYyaNbHY
CNPOMOXKHICTb. [HTEPAKTMBHA B3aEMOZiA BUKNIOYAE AK JOMIHYBAaHHA OA4HOMO y4aCHMKA HaBYaIbHOTO NpoLecy Hag iHWKUMU, TaK i
OZHi€l AYMKM Hag iHwoto (Mybap&HenomHawa, 2011).

Po3po6ka (Development). OaHMM 3 HalBaKAMBILLMX | HAWCKNAAHIWMX 3aBAaHb YYUTENA NPU NiAroToBLi HAaBYaNbHOI
iHbopmaLii ana BiLEOYPOKIB € 1i NepecTpyKTypyBaHHA 3 METOO ycniwHOro GopmyBaHHA HOBMX 3HaHb Ta iX 3aCBOEHHA Y CyH’eKTa
HaBYaHHA.

MNeparorn (/loceBa&IrHaToBa, 2016) niakpecntotoTb, WO nicaa Toro, AK byae 34iMCHEHO CTPYKTYpPyBaHHS 3MicTy Ta
BM3HAYEHO MOCNIAOBHICTb MOr0 MOAAHHA, NepLINiA BapiaHT eNeKTPOHHUX MaTepianis chif NpoaHanilyBaTM Ha MpasusibHicms
3micmy (NOBTOpHE NPOrnAgaHHA BiZeomaTepianiB Ta peueH3yBaHHSA iX Kosieramu); mosHomy (HasBHICTb y BiAEOYpPOKax yCix
HEeobXifHMX e/leMeHTiB Ta AO0CTaTHIl piBeHb METOAMYHMX NOACHEHb); M0CAI008HICMb Ma 38°A3HICMb (Y NPOTUNEKHOMY BUNAAKY
CNnyxay MaTMME BPa*KEHHS, WO 3MICT CK/IageHo 3 BiAOKpeMaeHux ¢parmeHTiB iHbopmaLii); ¢hyHKYioOHAnbHICMb, WO peanisye
B3aEMO3B’A3KMN MiXK OKPEMUMU po3ainamu; obcsae 3micmy.

IMnoHye gymka H. JIoceBOi, WO CTBOPEHHA HABYAJIbHUX MaTepianiB — Le UMKNIYHUI npouec, a TOMy HeLopeyHo
HamaraTuca 3pobuTu Bce oapasy, age Likasi HOBI igel 3a3BMYall BUHMKAIOTb came y npoueci po3pobku (/loceBa&J/TlyKOBCbKa,
2009).

MaKcMManbHO BUKOPUCTOBYHOUM MOXK/IMBOCTI Cy4acHMX iHGOPMaLiHWUX TEXHONONN, AOLINbHO BPAaxoByBaTH, y nepLuy
yepry, 3aralbHOANAAKTUYHI NPUHLMNN CTBOPEHHA HaBYa/IbHUX KypPCiB, NCUXONOFiYHI 0COBAMBOCTI CnpUHATTA iHbopmaL,ii 3
eKpaHa Ta eproHomiyHi Bumorn. CyyacHum ncuxonorom i negarorom [.M./laBpeHTbeBOO 6yn0 npoBefeHO FPYHTOBHE
[OCNiAXKEHHA 380p0B'A36epeXKyBabHUX BUMOT [0 3aCTOCYBaHHA €NeKTPOHHUX 3ac06iB HaBYa/IbHOTO MPU3HAYEHHA, HA AKe MU
CNUpanuck y cBoilt po3pobui (/laBpeHTbeBa, 2011).

Y ctatTi (CemeHixiHa&be3syrauii, 2017) negaroramm oKpecsieHo nepesiik 3aKoHiB 30pOBOro CNPUMHATTA, AKi 06YMOBIOKOTb
YyNPOBaZKEHHA B HaBYa/IbHUMA NPOLEC HAOUYHWUX MOAENeN 3HaHb, i ONMCAHO NeaaroriyHi acCNeKkTU KOTHITMBHOI Bisyanisauii y
KOHTEKCTi NigBULLEeHHs iHGOopMaLiMHOT EMHOCTI HaBYa/IbHOrO NpoLLecy.

Ona edpeKTUBHOro 30pOBOr0 CMPUMHATTA HABYANbHOrO MaTepiany y po3pobneHux Bigeoypokax 6ye nigibpaHuii
BigNOBiAHWI iHTepdeiic; BisyanbHe NpeAcTaB/NeHHs AaHMX NPOCTe i NaKOHIYHEe; PUCYHOK Mepeaae CYTHICTb NpaBMaa 4YuM 3a4aui.
MpK1 KOHCTPYOBAHHI 3aa4i abo TEOPETUUHOrO MaTepiany BUKOPUCTaHI BCi TPU MOBM NPEACTaBAEHHSA HAaBYaIbHUX 3HAHb (TEKCT-
MaoHOK-GpOopMyNa); iHWMM KObOPOM BUAINEHI TONIOBHI MOMEHTU 414 3anam’ATOBYBaHHSA.

Mpu po3pobui BiAeOypOKiB TeopeTUUHUIN MaTepian ByB nigibpaHuii 3 AeKiNbKOX MigPyYHUKIB, BUKNAZEHUIA CTUCNO, 3
MaKCUMaNbHO iHGOPMATUBHICTIO. BMKOPUCTAHI 3MICTOBHI Ta KOPOTKi 3aro/0BKM, MApKOBaHi Ta HymepoBaHi cnucku. [ns
KpaLLoro 3anam’ATOBYBaHHA Y MPaBOMY BEPXHbOMY KyTi 3HaxXo4ATbcA popmynun. KoxkHOMy nonoxKeHHto (iaei) BigseaeHnin Hosui
ab3au. 3 meToto NoAaHHA iHbopMaLLii KOMNAKTHO | HAOYHO By BUKOPUCTaHI cxemm Ta Tabaumui. Insa Kpaworo po3ymiHHA dopmyn
y Bigeoypokax HaBoAATbCA PO3B’A3aHHA ONOPHMX 3aaa4. Jna GopmyBaHHA NPAKTUYHUX 3HaHb PO3rNAAANN Pi3HI BUAW 3a4au.

AIK nigKpecnioTb CyyacHi negarorv, cueHapin (CKpinT) ANA HaBYyaNbHOrO BifEO AOMOMOXE PO3POBHUKY 3pobUTU
NIAaKOHIYHUM MOro KOHTEHT. Mepes, 3anncom BiAeo AOLINbHO NOTPEeHYBATUCA YNTATU CLLEHAPIA PO3MOBHMM TOHOM Brosoc. Tpeba
3BepTaTv yBary Ha TeMn MoBM, HaLiftoto4Ynch Nprban3Ho Ha 130 cnis Ha xBUAKHY (Guo, Kim & Rubin, 2014).

PosrnaHemo 6inbly AoKNagHO po3pobsieHi BigeomaTepiann Ha NpuKnagi ¢parmeHTis Bigeoypoky «JlorapudpmivHa
obyHKuUin, Ti BnactmsocTi Ta rpadik» ana yyHis 11 knacy (puc. 3). Yci BifneoypoKku po3pobnstoTbcs y TaKOMY CTU/IbOBOMY PilLEHHI i
MaloTb TaKy CTPYKTypy: 1) Tema; 2) OCHOBHi NOHATTA YypOKy; 3) iCTOpMYHiI BiZOMOCTi 3 Temu; 4) TEOpPETUYHWUIA MaTepian;
5) po3s’s3aHHA 3aBAaHb; 6) pybpuKa «PyHKLii HABKOO HAac»; 7) BUCHOBKM YPOKY; 8) pybpuKa «[OPTAEMO CTOPIHKM NigpyYHUKIB;
9) pybpuka «YaocKoHantol cBoi KomneTeHTHOCTI» 10) «Ha HacTynHOMY ypoLi Hac YeKae».

MNigKpecnnmo, Wo matepian BifeoypoKiB Ma€e AianoroBuit i NnpobnemHuin xapaktep i Bignosigae npuHumnam STEAM-
ocBiT! (Bapuwok&TepmeH:ku, 2021), 30Kpema HanexKHy yBary y BiaeoypoKax npuaineHo NpukAagH1m 3a4adam, Wo BUmaratoTb
BMKOPUCTAHHA OTPUMAHMX 3HaHb | BMiHb ANA NO6GYA0BM W AOCNIAKEHHA MaTeMaTUYHWX MoAenein, NOJAHHA peanbHUX
3anexXHocTen y BUTAAi yHKLiN, iHTepnpeTauii rpadikiB y pisHUX cMcTemMax KOOpAMHAT, NPAKTUYHUX PO3PaxyHKiB 3a popmynamum
3 BUKOPUCTAHHAM TabaMLb, AOBIAKOBUX MaTepianis, KOMN'toTepa, NPOrpamHMx 3acobis ToLo.

3ayBaXKMMO, L0, OKPIM BMKOPUCTAHHA HAbyTMX 3HaHb ANA PO3B’A33aHHA MPUKNALGHWUX 334ad, YYHIO BAXK/IMBO YMIiTU
npasuabHO 06MPATU ONTUMANbHUI LWAAX PO3B’A3AHHA 3a4ay, pPOo3rNAdaloyuM  pisHi  BapiaHTW, oOujiHIOlOYM  HaraTto
napamertpis (My6ap, 2011). Came ToMy y BiA€OYPOKAX MW MPOMOHYEMO YYHAM 3aBAaHHA, WO nepeabayatoTb PisHi meToam
po3B’A3aHHA. TaKi 3aBAAHHA He /Mlie He [03BONATb WOMY MUCAUTU CTEPEeOTUNHO, @ M PO3BMBAIOTb KPUTUYHE i floriyHe
MWCNEHHS, WO € OCHOBO A1A GOPMYBaHHA BaXKAMBUX KHOYOBUX KOMNETEHTHOCTEN.

XoueTbca BigMITUTH, LLO, OKPiM OCHOBHMX TeM 3 dYHKLIOHANbHOI AiHii, Y BifeoypoKax NPOMNOHYETbCA PO3B’A3yBaHHA
byHKUioHanbHUX piBHAHL. AK nigkpecntoe O.C. YalweyHMKOBaA, Taka AiANbHICTb 403BONSAE LWKOAAPAM NPOABUTU i PO3BUHYTU
onepaTMBHICTb, THYYKICTb, OPUFiHANbHICTb, IHTErPaTUBHICTb MUCNeHHs, yaBy (YaweuyHukosa&MaHyeHKko, 2013). Cneumdika
pob0TW Hag, TaKMMW 3aBAAHHAMM MOAATAE B TOMY, LLO NpPeACTaB/leHi BOHWM HE3BMYHO, XO4a, 3 oAHOro 6oky, HayebTo, AnA
po3B’A3yBaHHA NuMWe HeobXiAHO 3HATM OCHOBHI MOHATTA TaK 3BAHOI «LWKiZIbHOI MAaTeMaTUKM», ane 3 iHworo, — HeobxigHo
3acTOCOBYBATM iXx 0OMipKOBAHO, HecTaHAapTHO (YalweyHnKosa, 2005).

BesymoBHO, epeKTMBHMM 3ac0b60M POpMyBaHHA MAaTEMATUYHUX KOMMNETEHTHOCTEN € MPOEKTHA AiANbHICTb. BUKOHAHHA
STEAM-npoeKTiB Nepeabayae iHTErpoOBaHy AOCNIAHULbKY, TBOPYY AiA/bHICTb Y4YHIB, CNPAMOBaHY Ha OTPMMaHHA CaMOCTIMHMX
pe3ynbTaTiB Nig KepPiBHULTBOM yuMTeNA-MEeHTOpa.

TaK, y AKOCTi CaMOCTiNHOT pob0TK ANA ONpaLoBaHHA BiLeOYPOKY YHHIO NPOMOHYETLCA BUKOHAHHA TBOPYOro 3aBAAHHA Y
dopmi npoekty (iHAMBIAYyanbHO abo y rpyni). Taki 3aBAAHHA MPOMOHYIOTLCA HAMWM 3 METOI CTBOPEHHA MOMKAMBOCTEN AnA
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camopeanisaLii KOXKHOro yuHs (puc. 4). Mig yac NnnaHyBaHHA NMPOEKTIB 3 MaTEMATUKN HAMUW aKTUBHO BUKOPUCTOBYBABCA NOCIBHMK,
CTBOPEHMI BITYUM3HAHMMM Neparoramu (Slocesa, HenomHAwa&MaHosa, 2012).
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Mcuxonoramu (SlaBpeHTbeBa, 2011) aoBeaeHO, WO Nig Yac poboTH 3 BideomaTepianamm CTOMAIOBAHICTb C/lyXayiB HacTae
WBMALLE, Hi*K B O4HOMY HaBYaHHI, 1 TOMy PeKOMEHAYETbCA CTBOPIOBATM PO3BAHTANXKYBasIbHi YaCTUHWN: eKCNPEC-KOHTPO/Ib, LiiKaBi
daKTU, LMTaTU yYeHUX, iCTOPUYHI A0BIAKM (puc. 5).
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Micna nepernagy BiAEOYPOKY YYHAM MPOMOHYETbCA MNPOUTM KOMM'IOTEPHE TECTyBaHHA B CUHXPOHHOMY abo
ACMHXPOHHOMY pEeXUMi. binbll [AeTanbHO MNPO BMKOPUCTAHHA MPOrPamHUX 3acobiB AnsA CTBOPEHHA TecTiB ONWUCAHO Y
cTatTi (JloceBa&ybap, 2010).

LLle oaHMM cnocobom YHUKHYTM 3aiBOrO HaMNpyXeHHA Nig Yac nepernsgy BiAEOYPOKY € BBEAEHHA Y HbOro irpoBMX
enemeHTiB. Y gocnigxeHHi H. Jlocesoi goseaeHo (Losyeva, 2009), o Le NOMIiTHO NiABULLYE 3aL,iKaBAEHICTb YYHIB AK 40 OKpEeMUX
NUTaHb TEMMU, TaK i 0 BCIiEi AUCUMNAIHM B LiIOMY, CTBOPIOE CUTYALLiI, LLO HANOBHEHI EMOLIMHUMU NepPeXKNBaHHA.

Haronocumo, wWo y AKOCTIi AOMAWHbLOrO 3aBAAHHA [0 BiJEOYPOKY MW TaKOX MPOMOHYEMO YYHAM MNpPOBeAEHHA
eKcnepuMmeHTiB BAoma 3 6aTbkamu (Losyeva&Gubar, 2011). Agxe came eKCcnepumeHTU 4,03B0IAI0Tb 3HAYHO rnbLue ycBigoMmTH
MaTeMaTUYHI 3aN1eXKHOCTI MK BesMYMHAMMU; O3HAMOMWUTMCA 3 BMMIPIOBA/SIbHUMKU W OBYMUCNIOBANbHUMM IHCTPYMEHTaMM,
KOMN'IOTEPHUMM NpOrpamamm i cnocobamm iXHbOro 3acTOCyBaHHA Ha MPAKTULi; YCTAHOBUTU BiNblu TiCHI 3B'A3KM MiXK pisHUMMK
chepamu 3HaHb, HAZAOTb MOMKIMBOCTI YYHAM BUCYBaTH, NiATBEPAKYBATU UM CPOCTOBYBATM BAACHI HAyKOBI rinoTesu.

MynbTumeaia TeXHOOTT Aal0Tb 3MOry HAO4YHO NpeacTaBUTM OB6’EKTM Ta NpoLecu y Pi3HMX pakypcax Ta AeTansx,
NpPOAEMOHCTPYBaTM BHYTPILLHI B3aEMO3B’A3KM iX KOMMOHEHTIB He TifIbKM Yy CTaTUYHOMY BUIAAAI, ane W y YyacoBoMy Ta
NpOCTOPOBOMY pYCi. Y ranysi HaB4aHHA MaTeMaTUKM BITYM3HAHUMM Negaroramu (O. CemeHixiHoto Ta M. [lpylwnak) 6yno sugineHo
KJac nporpam AMHaMiYHOT MaTeMaTUKK, Nig AKUMM PO3YMitoTb 3acobM KOMN'tOTEPHOI Bidyanisaujii MaTeMaTUYHMX 3HAHb, LLO
nepenbayatoTb MOXK/AMBICTb AUHAMIYHOTO OMEPYBAHHA PiISHUMM MATEMATUYHUMKM O6’€EKTaMM | MOKAMBICTb ONEepaTMBHOrO
o4EepPKaHHA BigomocTel npo ix BnactnsocTi (CemeHixiHa&Apywnsk, 2016).

YnpoBageHHA (Implementation) Ta OuiHioBaHHA (Evaluation). YnpoBag)KeHHA i OLiHIOBaHHA € K/lOYOBUM
e/leMeHTOM CTBOPEHHA HaB4asbHUX MaTtepianiB. CTpaTeria OUiHIOBaHHA Ma€e nepwopagHe nejaroriyHe 3HAYeHHA, OCKINbKK
3HAYHOI MiPOIO BU3HAYAE WNAXM YA0CKOHANEHHA PO3p06aeHNX maTepianis. BoHa BKAOYAE: LOCATHEHHSA OYiKyBaHMX pe3y/bTaTis
HaBYaHHA; BPaXeHHA CyXayiB Big maTepianis; TEXHOOrYHY, METOAMYHY Ta iHTEPAKTUBHY CKNaZ0BY 3aCTOCYBaHHA MaTepianis.

OCHOBHI pe3ynbTaTh NPOBEAEHOr0 AOC/iIAKEHHA ONPUIOAHEHI HAa MiIXKHAPOAHUX HAaYKOBO-METOAUYHUX KOHDEPEHL,inaxX:
«PO3BWTOK iHTeNEeKTyaNbHUX YMiHb i TBOPYMX 34iOHOCTEN Y4YHIB Ta CTYAEHTIB Yy MPOUECi HaBYaHHA AWMCLMNAIH NPUPOAHUYO-
maTemaTU4Horo umnkny», Cymu, 2017; «CyyacHa ocBiTa Ta iHTerpauiiHi npouecn» (KpamaTtopcbk, 2017), «CyyacHi iHpopmaL,iniHi
TexHo/oril Ta cuctemu B ynpasAiHHi», Knis, 2018; «TeopeTUKO-NPaKTUYHi Npobaemn BUKOPUCTAHHA MaTeMaTUYHUX METOAIB i
KOMN'I0TEPHO-OPIEHTOBAHMX TEXHO/IOTIM B OCBITi Ta HayLi», KuiB, 2018; «PO3BMTOK iHTeNEeKTyabHMX YMiHb | TBOPUYMX 34i6HOCTEN
YYHIB Ta CTyAEHTIB Yy npoueci HaBYaHHA [UCUMNAIH NPUPOAHUYO-MATEMATUYHOIO umkay», Cymu, 2018; «Mpobremu
ONTUMaNbHOrO GYHKLIOHYBaHHA 0COBUCTOCTI y cydacHUX ymoBax», Xapkis, 2018; «Innovation in Science and Technology»,
BocToH, 2021; BceyKpaiHCbKMX HayKOBO-METOAUYHUX KOHdepeHLiax: «HayKkoBa AianbHicTb AK Wnsax ¢opmMmyBaHHA NpodecinHnx
KOMMEeTEHTHOCTeM ManbyTHboro daxisua», Cymu, 2016; «YKpaiHa B ryMaHiTapHMX COLLia/IbHO-EKOHOMIYHUX BUMIipax», [Hinpo,
2017.

OBrOBOPEHHA

Anpobaujia po3pobaeHnx maTepianis GpakTUYHO TpUBaANa N'ATb POKiB. MPOTArom LbOro nepiosy aHanisyBaanCb OTPUMaHi
pe3ynbTaTu, 34iNCHIOBAINCA KOPEKTUBM.

MinoTHa anpobalis cTBOpeHWX BigeomaTepianie MpoBoAMAACb Ha 3aciAaHHAX NpobaemHoi rpynun «lHTepaKTuBHe
HaBYaHHA MaTeMATUKKUY, WO Aiana Ha 6a3i daKynbTeTy maTeMaTUKM Ta iHGOPMaLiNHUX TexHONOTi [loHeLbKOro HalioHaNbHOTo
yHiBepcuteTy imeHi Bacuna Cryca (2016 — 2018 pp.). [lo cknasy npobaemHoi rpynu BXOAWUAN CTYAEHTU CTapLIMX KypciB Hanpamy
niarotoBkM «MaTtemaTtuKa», AKi 3auikaBneHi y manbyTHIN neparoriyHii 4isanbHOCTI, BUKNagadi ¢akynbTeTy mMaTemMaTuKu Ta
iHbOpMaLLiHMX TeXHONOTIN (3apa3 daryAbTeTY iHPOPMALIAHUX | NPUKNALHUX TEXHONOTIN) | HAYKOBUIA KOHCYNIbTAHT — Npodecop,
LOKTOP nefaroriyHmx Hayk Jlocesa H.M. Mopaau yyacHuKiB NpobiemHOI rpynu A03BONUAN AeLL0 3MIHUTU Au3aliH BigeoypoKiB
(po3pobneHo iHAMBIAYaNi30BaHWUIA CTUAb) i MOKPALLMTH IX AKICTb (ByNM ycyHeHi AesKi HeBiANOBIGHOCTI y 3MicTi, APYKAPCbKi Ta
opdorpadiyHi NOMUAKKM, AO0AAHO 3afadi NPOB6AEMHOro XapakTepy, MOKPALWEHO HAOYHICTb NodaHHA iHdopmaLii) (Bapuwwok,
TepmeHnxn&J/locesa, 2017).

Ha ppyromy etani BigeomaTepianvM BUKOPUCTOBYBA/ZIMCA HA 3aHATTAX CTYAEHTIB-NEPLIOKYPCHUKIB 3 AUCUMMNIHN
«MpaKTMKyM 3 pO3B’A3yBaHHA MaTeMaTUUYHMX 3aga4» y 2017/2018 HaBuanbHoMy poui (Bubipka — 30 ocib). Lielt Kypc NoKAnKaHui
1 rpadikn» B 06ca3i 40 roamH (3aranbHa KinbKicTb roanH Kypcy — 180). 3 meToto oLjiHIOBaHHA AKOCTI po3pobieHnX maTepianis Ta
iX YAOCKOHaNeHHA cepen, CTyLeHTiB 6y/10 NpoBeeHO aHOHIMHE ONUTYBAHHA.

BpasKeHHna ciyxadiB Bif po3pobaeHUX maTepianis € Ayxe BaXK/JIMBUM, OCKI/IbKU € OLHKO «3 cepeamHu». BUMipHUKOM
MOXKe CNyryBaTu aHKeTa, WO NPOBOAMTLCA HAMPUKIHLI Kypcy, MiCNA BUCTaBAEHHA NiACYMKOBMX Ganis. AHKeTa Ma€ BKAOYATH
MUTAHHA LWOAO MNO3UTUBHUX Ta HEraTMBHUX MOMEHTIB BMKOPWUCTAHHA HaBYa/bHUX MaTepianis, 3pPO3yMINOCTi HaBYa/NbHOrO
KOHTEHTY, NCMXOOTYHOro KOMGOPTY HaBYaNbHOTO CepesoBMLLA TOLLO.

Hamu 6yno npoBefeHo aHKETYBaHHA B ayAMTOPIi Ta OHAAMH ONUTYBaHHA, BUKOPUCTOBYHOUM MOXKAUBOCTI cepsicy Google
Forms. Pe3ynbTaTi LbOro onuTyBaHHA NOKa3anu, WO nepeBarkHa binbLwicTb cTyaeHTiB (74%) 3aLikaBunaca Bigeoypokamu, i BOHU
XOTiM 6 MaTK TaKi BifeoypoKM 3 iHWKUX AucumnniH. Jo NO3UTUBHUX acNeKTiB BiLeOypOKiB CTYAEHTU BiLHECAN: AOCTYNHICTb (y
6yab-AKMIM uac, 3HaxoA4AuYMCb yaoma abo B YHIBEPCWUTETi, MOXKHa OTPUMATM YyCHO HeobXigHy iHdopmaLiio), 3pyyHicTb
(npuBabausuit inTepdeic i npocta cucTema Hasirau,ii), HAOUYHICTb, Cy4aCHICTb | HOBU3HA, LLLO TAKOX € A04aTKOBUM MOTUBYHOUMM
dakTopom. Cepepn, 40AATKOBUX MO3UTUBHMX ACMEKTIB 3aCTOCYBAHHA Bi4EOYPOKIB CTYAEHTU BiAMITUAM Te, WO BOHWU Ai3HanucA
6araTo HOBOI HaBYanbHOI iHbGOPMaLLii, HaNPUKNaA, 3aCTOCYBAHHA TPUTOHOMETPUYHMX GYHKLiNA y pobOoTi pisHUX Npunagis (36%
CTYAEHTIB), @ TaKOX Te, WO 3pO3yMinu cKnagHi ans cebe momeHTu (24% ctypenTis). MpoTte 20% cTyAeHTIB NigKpecannu, wo
TPUBaNiCTb AEAKUX BifEOypOKiB Tpeba 3MeHWNTH, pO36UBLUM iX Ha AEKiNbKa HEBEIMKUX POIUNKIB MO 5-6 XBUAUH. MalixKe TpeTuHa
CTYAEHTIB, AKi 6panu yyacTb y ONUTYBaHHI, BigMiT1Aa, W0 ONOPHI 3aaa4i MatoTb 6yTh 6inbl cKnagHUMu. PesynbTaTv aHKeTyBaHHSA
6ynn BpaxoBaHi NP1 NoganblLOMy YAOCKOHANEHHI CUCTEMM BiLeOYPOKIB.
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OujiHIOBaHHA METOAMYHOI CKIaf0BOT CUCTEMM BileOYPOKIB 34iICHIOBANOCh NeAarorom, AKUM po3yMieTbCsl Ha opraHisau,ii
HaBYaHHA MaTeMATUKK, 30KpPema CTBOPEHHI HaBYaNbHUX MaTepianiB 3 BUKOPUCTAHHAM Cy4acHUX TeXHoNOorik. EKcnepT ouiHue
KOHTEHT Bi4€0OPONUKIB, BpaxyBasWwm crneundiky HaBYaHHA, AOLiINbHICTb 3aNPONOHOBAHNX METOAMK HaBYaHHA, dopm B3aemogii
Towo. Y AKOCTI ekcnepta Hamu 6yno obpaHo BUMTENs BULLOI KaTeropii, KaHAMAATa negarorivHMx Hayk BopuceHko MLIO. Y
OMcepTalinHOMy [OOCNiAKeHHI neparora 6yn0 YTOYHEHO MOHATTA My/JbTUMEAIAHOro CynpoBOAY HaBYaHHA MaTemMaTUKW,
3aCTOCYBaHHA AKOro Mif Yac YPOKiB YMOMK/MB/OE NOAAHHSA LWKOMAPAM HaBYaNbHOIO maTtepiany B AEMOHCTPaALiiHIN dopmi i3
3a/ly4EHHAM IOKaNbHUX NPUCTPOIB BiATBOPEHHA LMdpoBOi iHpopmaL,ii (BopuceHko, 2016). OuiHKa Ta pekoMeHAaalji ekcnepTa
6ynu BpaxoBaHi Npu BAOCKOHaNEHHI po3pobaeHoi cuctemu BigeoypoKiB.

3 2019 poKy aBTOp BMKOPWUCTOBYE po3pobneHi maTtepianu y BAacHiM npodeciiHiin aisnbHocTi y rimHasii Nel153
im. O.C. MywkiHa (M. K1iB), npautooum yuntenem matemaTukm i iHpopmaTUKM.

MNigKkpecnumo, Wwo b6yab-AKMI HAaBYaNbHWUIA MaTepian BUMArae perynsipHoro nepernsgy, OCKiNbKM MOXKe 3MiHBaTUCA
3MICT, UjiNi HaBYaHHA, KOHTUHIEHT YYHiB, TEXHO/OFI i NPOCTO € HEOBXiAHICTb BMMNPABUTM NOMUAKK. Ona Toro, wob nposectu
AKICHWI NOBTOPHWI aHanNi3, MPOEKTYBaHHA i PO3pObKy, HeobxiaHa A0AAaTKOBa iHPOpMaLia, AKY MOMKHA OTPUMATU Npwu
perynapHoMy oujiHloBaHHI MmaTepianis. Came y npoueci peanisauii cTpaTerii oLiHIOBaHHA AKOCTi cMCTEMM BigeomaTepianis 6yayTb
BMABJ/IEHI OCHOBHI HAaNPAMKM ii BOOCKOHANEHHA.

BUCHOBKU TA NEPCNEKTUBU NOAANBLLUOIO AOCNIAMXEHHA

Po3pobneHa cucTtema BiAeOYpPOKiB MOXKE BUKOPUCTOBYBATUCA SIK YYHAMM 3arajibHOOCBITHIX HAaBYa/IbHUX 3aKNafiB, TaK i
CTyAeHTaMM 3aKnagiB BULLOT OCBITU AN NOBTOPEHHA WKINbHOFO Kypcy MaTeMaTWKK, a TaKOXK CTyAeHTaMU-MaricTpaHTamm, AKi 'y
MalbyTHbOMY NJIAHYIOTb 3alMaTUCA MedaroriyHow AiAanbHicTio. [o NOAAnblUMX HanpAMIB HalWMWX OOCNIAKEHb HANEXUTb
po3pobKa Ta ynpoBafKEHHA CUCTEMM Bi,EOYPOKIB 3 iHWMX TEM LWKIIbHOFO Kypcy maTemaTuKu, ocobausy ysary npuainvsLumn
reomeTpii; po3pobneHHA MEeTOAMKM BUKOPUCTAHHA CTBOPEHWUX BigeomaTepianis y HaB4a/ibHOMY MpPOLECi; MNPOBEAEHHSA
NOBHOLHHOIO MaTeMaTUYHOIO EKCMEPUMEHTY Ta MATEMATUYHOT IHTEpRpeTaL,ii Moro pesynbTaTiB; 3aMyCcK BJACHOro HaB4albHOMo
Youtube KaHany gns y4HiB i CTyAeHTiB.

CnNnCcoK BUKOPUCTAHUX AxKkepen

1. Termenzhy D. Some ways for implementation the blended learning of mathematics: The author’s experience 7th European
Congress of Mathematics (7ECM-2016): Conference Scientific Program. July 18-22, 2016. Technische Universitat Berlin, Berlin,
Germany. P. 76.

2. bBapuwok M.B., TepmeHxu [.€. Po3pobKa i ynpoBaKeHHA BifLeOypoKiB 3 MaTeMaTuKK 3 enemeHTamn STEAM-ocsiTu. Tesn
ponosigein The 14st International scientific and practical conference «Innovation in Science and Technology» (Boston, 25-26
January 2021). Primedia E-launch LLC, 2021. C. 10-14.

3. Kurt S. ADDIE Model: Instructional Design in Educational Technology, 2017. URL: http://educationaltechnology.net/the-
addie-model-instructional-design/

4. Nocesa H.M., IrHaTtoBa /1.6. Po3pobka i sukopucmaHHa OUCMAHUiUHUX Kypcie y HAB8YAsAbHOMY Mpoueci: MeTOAUYHI
pekomeHaau,ii. BiHHuusa: loHHY imeHi Bacuns Cryca, 2016. 88 c.

5. Bapuwok M.B., TepmeHxun [O.€, JloceBa H.H. OcobanBOCTi CTBOpPEHHA Bifeo-ypoKiB 3 MaTemaTuMKM (Ha NpuKknagi temu
,®PYHKUIT”). HaykoBa pgianbHicTb AK wWwnax ¢opmyBaHHA NpodecitHMX KomNeTeHTHocTel MalbyTHboro ¢axisua. Tesu
ponosizei IV BceyKkpaiHCbKOT HAYKOBOMPAKTUYHOI KOHbEPEHLT 3 MixkHapogHoto yyacTio (Cymu, 1-2 rpyaHs 2016 poky). dOM
Lpoma C.M., 2016. C. 12-14.

6. [lybap . €. MeToauKa CTBOPEHHS | 3aCTOCYBAHHA AMHAMIYHMX CNalia-NeKLili 3 aHaniTUYHoi reomeTpii. MixHapoOHuli 36ipHUK
HayKkosux pobim «Judakmuka mamemamuku: npobaemu i docniorceHHa». JoHeubK: Bug-so loHHY, 2011. Bun. 36. C. 119-
123.

7. Tybap A. €., HenomHaAwa T. B. IHTepaKTMBHE HaBYaHHA AK OCHOBA NiAroTOBKM MalbyTHbOro daxisua Ao edbeKTUBHOI npodecinHol
LjifNbHOCTI. Haykosuli BICHUK LoHbacy, 2011 No4 (16). URL: http://alma-
mater.luguniv.edu.ua/magazines/elect_v/NN16/11gdeepd.pdf.

8. Jlocesa H., JlykoBcbKa K. BUXOBaHHA NparHeHHsA y4HiB 4O CAaMOPO3BUTKY NPU BUBYEHHI Temu ,,MpaBuabHi MHOTOrpaHHUKK"
(Po3pobka ypoky ana 11 knacy). Mamemamuka 8 wkosi, 2009. Ne 6. C. 25-30.

9. JlaBpeHTbeBa I.M. 3p0poB'asbeperyBanbHi BUMOrM [0 3aCTOCYBAaHHA €1eKTPOHHWUX 3acobiB HAaBYa/IbHOrO NPU3HAYEHHA.
IHghopmayiliHi mexHosozii i 3acobu HaguaHHsa, 2011 Ne2(22). URL: http://www.journal.iitta.gov.ua//..

10. CemeHixiHa O. B., Be3yramit [. HeobxigHicTb popmMmyBaHHA y BUMTENIB YMiHb Bi3yanisyBaT npeameTHi 3HaHHA AK NposigHa
CcTpaTeria ~ pO3BUTKY  oOcBiTM B  YKpaiHi. [ipcbKa  wKona  yKpaiHcekux  Kapnam, 2017  Nelé.  URL:
http://www.nbuv.gov.ua/UJRN/gsuk 2017 16 17.

11. Guo P., Kim J. & Rubin R. How Video Production Affects Student Engagement: An Empirical Study of MOOC Videos 2014.
Conference: Proceedings of the first ACM conference on Learning. URL:
https://www.researchgate.net/publication/262393281_How_video_production_affects_student_engagement_An_empiric
al_study_of _MOOC_videos

12. N'y6ap [.€. Ponb NpuKnagHux 3aga4d 3 maTeMaTMKKM y NPOLECi akTMBI3aL,ii Ni3HaBaNbHOI AifNbHOCTI YYHiB. [TledazoeivyHi HayKU,
2011. Bmn. 201. C. 15-20.

13. YaweuHukosa O., MaHyeHKo T. PO3BUTOK HECTAHAAPTHOrO MUCNEHHA LWKONAPIB Yepe3 po3B’A3yBaHHA QYHKLiOHANbHUX
piBHAHb. [ledazoezika suwjoi ma cepedHoi wikoau, 2013. Bun. 38. C. 163.

14. YaweyHnkrosa O.C. PO3BMTOK TBOPYOTO MUC/IEHHA YYHIB Y MPOLLECi PO3B’A3yBaHHA HECTAHAAPTHUX 3aBAaHb 3 MAaTEMATUKM.
MedazoeiyHi Hayku, 2005. Bun. 70. C. 56-60.

15. Nlocesa H. M., HenomHswa T. B., NaHoBa A. 0. IHmepakmusHi mexHoso02ii Hag84aHHA MamemMamuKu: HaB4aslbHO-METOAUYHU
nocibHuk gna ctyaeHris. K.: Kadeapa, 2012.228 c.

26


http://www.nbuv.gov.ua/UJRN/gsuk_2017_16_17

®I3UKO-MATEMATUYHA OCBITA (®MO) sunyck 4(30), 2021

16.

17.

18.

19.

20.

21.

10.

11.

12.

Nocesa H. M., Tybap [. €. BukopuctaHHa nporpamu ASSISTENT y npoueci HaBYaHHS ANCUMNAIHI «AHANITUYHA reomeTpin».
Te3n pgonoBigen MixKHapoAHOI HayKOBO-NPaKTUYHOI KoHbepeHLii «OCBiTHI BUMIptOBaHHA B iHPpOpMaLiAHOMY CyChinbCcTBi»
(Kuis, 2010 poky). K.: HMY, 2010. C. 67.

Losyeva N. Game Frame of Reference as a Precondition for Students’ and Teachers’ Self-Realization La Jolla, CA USA: Journal
of Research in Innovative Teaching. Vol. 2, Issue 1, 2009. P. 208-217.

Losyeva N., Gubar D., Puzyrov V. Helping child to learn mathematics FAMA — Family Math for Adult Learners. Family and
communities in and out of classroom: Ways to improve mathematics' achievement. Barcelona, 2011. pp. 98-105.
CemeHixiHa O. B., Apywnsak M. I. Bisyanisauia 3HaHb fIK aKTyanbHUI 3anuT iHGOpPMaLiMHOro cycninbcTea Ao chepu ocBiTy.
disuko-mamemamuyHa  ocsima.  Haykosuli  xypHan. Cymu:  CymAMNY  im. A.C.MakaperHka,  2016.  URL:
http://ir.lib.vntu.edu.ua/bitstream/handle/123456789/28252/CemeHixiHa.pdf

Bapuwok M. B., Tepmenxu [. €., flocesa H.H. MynbTumegiliHa nigTpMmKa ypoKy 3 maTemMaTUKMK: 0cob6IMBOCTI PO3POBKM.
Te3un gonosigei mixkHapoaHOI HayKOBO-MeToANYHOI KoHbepeHLii «CydacHa ocBiTa Ta iHTerpauinHi npouecn» (Kpamatopcobk,
22-23 nuctonaga 2017 poky). Kpamatopcbk: IMA, 2017. C. 8-9.

BopuceHko M.HO. MeTogMKa HaBYaHHA apuMPMETUYHOro MaTepiasly Y4YHIB MOYATKOBOI LIKO/M 3 BUKOPUCTAHHAM
MYNbTUMELINHMX TEXHONOFIN: aBToped. AMC. Ha 3806yTTA HayK. CTyNeHA KaHg. ned. Hayk: 13.00.02 / Hau,. yH-T im. BoraaHa
XmenbHuubKoro. Yepkacu, 2016. 20 c.

References

Termenzhy D. (2016) Some ways for implementation the blended learning of mathematics: The author’s experience 7th
European Congress of Mathematics (7ECM-2016): Conference Scientific Program. July 18-22, 2016. Technische Universitat
Berlin, Berlin, Germany. P. 76. [in English].

Baryshok, M.V. & Termenzhy, D.Ye. (2021). Rozrobka i uprovadzhennia videourokiv z matematyky z elementamy STEAM-
osvity [Development and implementation of mathematics video lessons with elements of STEAM-education]. Proceedings
from the 14st International scientific and practical conference «Innovation in Science and Technology» Boston: Primedia E-
launch LLC. (pp. 10-14) [in Ukrainian].

Kurt S. (2017) ADDIE Model: Instructional  Design in Educational  Technology. Retrieved from
http://educationaltechnology.net/the-addie-model-instructional-design/

Losyeva, N.M. & Ignatova, L.B. (2016). Rozrobka i vykorystannia dystantsiinykh kursiv u navchalnomu protsesi: metodychni
rekomendatsii [Development and using of distance courses in the educational process: guidelines].Vinnytsia: Vasyl Stus
Donetsk National University [in Ukrainian].

Baryshok, M.V., Termenzhy, D. Ye. & Losyeva, N. M. (2016). Osoblyvosti stvorennia video-urokiv z matematyky (na prykladi
temy «Funktsii») [Features of creating videolessons in mathematics (on the example of the topic "Functions")]. Proceedings
from IV Vseukrainska naukovo praktychna konferentsiia z mizhnarodnoiu uchastiu "Naukova diialnist yak shliakh formuvannia
profesiinykh kompetentnostei maibutnoho fakhivtsia" — IV All-Ukrainian scientific-practical conference with international
participation "Scientific activity as a way of forming professional competencies of the future specialist", Vol (1), (pp. 12-14)
Sumy: NPK-2016 [in Ukrainian].

Gubar, D.Ye. (2011). Metodyka stvorennia i zastosuvannia dynamichnykh slaid-lektsii z analitychnoi heometrii [Methodology
of designing and applying of dynamic slide lectures on analytical geometry]. Mizhnarodnyi zbirnyk naukovykh robit
"Dydaktyka matematyky: problemy i doslidzhennia" — International collection of scientific works "Didactics of Mathematics:
Problems and Investigations", (36), pp. 119-123 [in Ukrainian].

Gubar, D.Ye. & Nepomnyashcha, T.V. (2011). Interaktyvne navchannia yak osnova pidhotovky maibutnoho fakhivtsia do
efektyvnoi profesiinoi diialnosti [Interactive learning as a basis for preparing future professionals for effective professional
activityl. Naukovyi visnyk Donbasu - Scientific Bulletin of Donbass. Retrieved from, 4(16). Retrieved from http://alma-
mater.luguniv.edu.ua/magazines/elect_v/NN16/11gdeepd.pdf [in Ukrainian].

Losyeva, N. M. & Lukovska, K. (2009). Vykhovannia prahnennia uchniv do samorozvytku pry vyvchenni temy ,Pravylni
mnohohrannyky” (Rozrobka uroku dlia 11 klasu) [Educating students' desire for self-development while studying the topic
"Regular polyhedrons" (Lesson development for 11th grade)]. Matematyka v shkoli — Mathematics at school, 6, pp. 25-30 [in
Ukrainian].

Lavrentyeva, G. P. (2011). Zdoroviazberezhuvalni vymohy do zastosuvannia elektronnykh zasobiv navchalnoho pryznachennia
[Health-preserving requirements for the using of electronic educational tools]. Informatsiini tekhnolohii i zasoby navchannia
— Information technologies and teaching tools, 2(22) Retrieved from http://www.journal.iitta.gov.ua [in Ukrainian].
Semenikhina, O. V. & Bezuhlyi, D. (2017). Neobkhidnist formuvannia u vchyteliv umin vizualizuvaty predmetni znannia yak
providna stratehiia rozvytku osvity v Ukraini [The need to forming teachers' skills to visualize subject knowledge as a leading
strategy for the development of education [in Ukraine]. Ivano-Frankivsk: Mountain school of the Ukrainian Carpathians, 16.
Retrieved from http://nbuv.gov.ua/UJRN/gsuk_2017_16_17. [in Ukraine].

Guo P., Kim J. & Rubin R. (2014). How Video Production Affects Student Engagement: An Empirical Study of MOOC Videos.
Conference: Proceedings of the first ACM conference on Learning. Retrieved from
https://www.researchgate.net/publication/262393281_How_video_production_affects_student_engagement_An_empiric
al_study_of_MOOC_videos [in English].

Gubar, D.Ye. (2011). Rol’ prykladnykh zadach z matematyky u protsesi aktyvizatsii piznavalnoi diialnosti uchniv [The role of
applied problems in mathematics in the process of activating the cognitive activity of students]. Visnyk Cherkaskoho universytetu
— Bulletin of Cherkasy University, 201, pp. 15-20 [in Ukraine].

27


http://www.journal.iitta.gov.ua/

PHYSICAL & MATHEMATICAL EDUCATION issue 4(30), 2021

13. Chashechnykova, O. & Panchenko, T. (2013). Rozvytok tvorchoho myslennia uchniv u protsesi rozviazuvannia nestandartnykh
zavdan z matematyky [Development of creative thinking of schoolchildren through solving functional equations]. Pedahohika
vyshchoi ta serednoi shkoly - Higher and secondary school pedagogy, 38, P. 163 [in Ukraine].

14. Chashechnykova, O. S. (2005). Rozvytok tvorchoho myslennia uchniv u protsesi rozviazuvannia nestandartnykh zavdan z
matematyky [Development of creative thinking of students in the process of solving non-standard problems in mathematics].
Visnyk Cherkaskoho universytetu — Bulletin of Cherkasy University, 70, 56-60 [in Ukraine].

15. Losyeva, N. M., Nepomniashcha, T.V. & Panova, A. Yu. (2012). Interaktyvni tekhnolohii navchannia matematyky [Interactive
technologies of teaching mathematics]. Kyiv.: Kafedra. 228 p. [in Ukrainian].

16. Losyeva, N. M. & Gubar, D.E. (2010). Vykorystannia prohramy ASSISTENT u protsesi navchannia dystsyplini «Analitychna
heometriia» [Using the ASSISTENT program in the process of teaching the discipline "Analytical Geometry"]. Materialy
mizhnarodnoi naukovo-praktychnoi konferentsii «Osvitni vymiriuvannia v informatsiinomu suspilstvi» - Proceedings of the
international scientific-practical conference "Educational measurements in the information society". (pp. 67). Kiev: NPU, P.67
[in Ukrainian].

17. Losyeva N. (2009). Game Frame of Reference as a Precondition for Students’ and Teachers’ Self-Realization. La Jolla, CA USA:
Journal of Research in Innovative Teaching. Vol. 2, Issue 1, pp. 208-217. [in English].

18. Losyeva N., Gubar D. & Puzyrov V. (2011). Helping child to learn mathematics. FAMA — Family Math for Adult Learners. Family
and communities in and out of classroom: Ways to improve mathematics' achievement. Barcelona, pp. 98-105.

19. Semenikhina, O.V. & Drushliak, M.G. (2016). Vizualizatsiia znan’ yak aktualnyi zapyt informatsiinoho suspilstva do sfery osvity
[Visualization of knowledge as an urgent request of the information society to the field of education]. Fizyko-matematychna
osvita. Naukovyi zhurnal. Sumy: SumDPU im. A.S.Makarenka, 2016. - Physical and mathematical education. Scientific journal.
Sumy: Sumy State Pedagogical University named after AS Makarenko, 2016. Retrieved from
http://ir.lib.vntu.edu.ua/bitstream/handle/123456789/28252/CemetixiHa.pdf [in Ukrainian].

20. Baryshok, M. V., Termenzhy, D. E. & Losyeva, N. M. (2017). Multymediina pidtrymka uroku z matematyky: osoblyvosti
rozrobky [Multimedia support for a math lesson: features of development]. Zbirnyk materialiv naukovykh prats mizhnarodnoi
naukovo-metodychnoi konferentsii "Suchasna osvita ta intehratsiini protsesy" — Collection of materials of scientific works of
the international scientific-methodical conference "Modern education and integration processes”. (pp. 8-9). Kramatorsk:
DGMA [in Ukrainian].

21. Borisenko, M.Yu. (2016). Metodyka navchannia aryfmetychnoho materialu uchniv pochatkovoi shkoly z vykorystanniam
multymediinykh tekhnolohii [Methods of teaching arithmetic material to primary school students using multimedia
technologies]. Extended abstract of candidate’s thesis: Cherkasy: nat. Univ. Bohdan Khmelnytsky [in Ukrainian].

STAGES OF DESIGNING A SYSTEM OF MATHEMATICS VIDEOLESSONS: THE ADDIE MODEL
Maryna Baryshok
Oleksandr Pushkin Gymnasium Ne153, Ukraine
Daria Termenzhy
Vasyl Stus Donetsk National University, Ukraine

Abstract.The authors’ experience of designing mathematics videolessons according to the ADDIE model of the instructional design theory is given
in the paper. All five stages of designing process are described in detail: analysis, designing, development, implementation and
evaluation. The main tasks to be solved by the developer at each of these stages are pointed out. The feasible formats of video
recording are proposed by authors (on basis of analysis of existing videolessons).

Formulation of the problem. In modern reality, one of the appropriate ways of implementation of multimedia technologies is using of videolessons
in teaching practice. The applying of educational videos would provide students the opportunity of self-paced study in their own time
and schedule, mastering their knowledge and skills, focusing on their own understanding, rather than the pace of the majority of the
group.

Materials and methods. Both theoretical and empirical methods were used in this research. These methods are: the analysis of existing research
papers for choosing the model theory of creating and using educational videos; modeling of pedagogical processes to assess the
possibility of using video lessons in teaching mathematics; identification of criteria for evaluating the effectiveness of the designed
system of videolessons; survey to identify some ways for improving of developed video materials.

Results. After five years long study of designing educational videos, a system of videolessons has been created and introduced into the educational
process. The system consists of 25 videos of the "Functions" content line for students of 7-11 grades. Some samples of the authors’
videolessons are given in the article.

Conclusions. Implementation of the developed videos into teaching practice was carried out on the basis of the Faculty of Mathematics and
Information Technologies (now the Faculty of Information and Applied Technologies) of Vasyl Stus Donetsk National University and
Oleksandr Pushkin gymnasium Ne153. It was found that the implementation of the described requirements for the development and
using of video lessons for secondary school students would improve the quality of mathematical competence of students in algebra,
and also would impact personal development, in particular, motivation.

Key words: multimedia lessons, educational videos, ADDIE model, STEAM-education, teaching mathematics, content line "Functions".
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AHOTALIA

®opmynoeaHHa npobaemu. Y cmammi po3ensdaromecs ocobausocmi opeaHizayii i nposedeHHs NPAKMUYHUX 3aHAMb 3 Qi3uKku i3
3aay4eHHAM OemoHcmpauil. [IpakmuyHi 3aHAMMSA € CKNad080K HABYAbHO20 MPOYECy, Mid Yac AKUX 3006ye8ay suujoi oceimu
30CMOoCo8ye Meopito Ha MPAKMUUi, MUM CaOMUM (POPMYE 8MIHHA | HABUYKU piwieHHs 3a0ay. OOHAK HABYAAbHUMU NAAHAMU
6a2ambox mexHiYHuUX crieyiansHocmel yHisepcumemie Ha NPAKMUYHI 3aHAMMA 3 i3uUKU 8i0800UMbCA MeHWeE mpemuHu 8id
302a/1bHOI KinlbKocmi aydumopHux 200uH. B Has4asnbHUX naaHax OesKux creyiansHocmel, 0cobauso npuckopeHoi gopmu
HABYAHHA, 200UHU HA NPOoBeOeHHA MPAKMUYHUX 3aHAMb 3 hi3uKu 83a2asi 8iocymHi. Mu ssaxcaemo makuli nioxio 0o posnodiny
HABYA/IbHO20 HABAHMAXEHHSA MeMOOUYHO He 8UNPABOAHUM, OCKIifIbKU 8iH BUK/IOYAE 8aM(aUBY hopmy 3aHAMb, 0e AKHalibinbwe
8UABAAEMbCA 30aMHICMb cmydeHma onepamugHo dismu i supiulysamu nocmasseHi 3a80aHHA. 38aX(A0YU HA Ue, BUKAAOaY
nocmae neped npobaemoro, K 8 ymosax obmexceHo20 Yacy domoemuca Halibinbwozo egpekmy 8i0 nposedeHHs MPAKMUYHO20
3aHAMMA | AKYy MemoOduky 014 ybo2o mpeba obpamu.

Mamepianu i memoodu. BupiweHH0 nocmaeseHoi npobaemu CAPUAAU aHAnMI3 HAYKOBO-MemoOUYHUX Oxcepes; y3a2asbHeHHS 8/1aCH020
nedazo2iyHo20 00c8idy 8UKNAOAHHA Pi3UKU 8 KpusopizbKoMy HAUIOHANLHOMY YHigepcumemi; BUKOPUCMAHHA MeopemuyHux i
emnipu4Hux memodie nedazo2idHo2o 00CAIOHEeHHSA, MAKUX AK eKcrepumeHm, MOOEtoO8AHHS, MOPIBHAHHA i y3a2anbHEeHHS.

Pe3ynabmamu. [posedeHo aHaniz mpaduyiliHoi i HecmaHOapMHOI MemoOUK MPAKMUYHUX 3aHAMb Y 8UWil WKOoi, sug4eHo ix ocobausocmi
ma eu3Ha4eHo ix eghekmueHicmeb. 3arnpPonoHO8AHO MemMOOUYHe PilleHHSA Wo00 3any4eHHA AeMoHCmpayili Ha MPAKMUYHUX
3aHAMMAX, 3 02740y HA X 8UCOKY egekmueHicmo., HasedeHO KOHKpemHi MpuKaadu 3acmocy8aHHA OemoHcmpauil Ha
MPAKMUYHUX 3GHAMMSIX.

BucHoeKu. [pakmu4Hi 3aHAMMsA i3 3acmocy8aHHAM demoHcmpauili nidsuwyrome iHmepec cmydeHmis, OCKinbKU Halibinbw HAOYHO
sidmeoptooms ABUWA, WO 8usYalomMbCA. B peayabmami mamepian 3aceooemocsa Kpauje i neawe, HiX 30 mpaduyiliHowo
MemoOUKOK HABYAHHS.

K/IKOYOBI C/IOBA: izuKka, npakmuy4Hi 3aHAMmMs, 0eMoHcmpauii, MemoouKu, ehpekmusHicme.

BCTYN

MocraHoBKa npobaemu. PisnKa y TeEXHIYHUX YHIBEPCUTETAX BUKNALAETLCA Y BUTAAL] NEKLiM, NPAKTUYHUX | NabopaTopHUX
3aHATb. MPAKTUYHI 3aHATTA € HEBIA EMHOO CKNAA0BOK HAaBYANbHOTO Npouecy. Ha uux 3aHATTAX CTYAEHT 3aKPIiNAOE TEOPETUYHNIA
MmaTepias, 3aCTOCOBYE Teopito Ha NPakTuLi, GOPMYe BMIHHA i HABMYKM PO3B’A3aHHA 33434, AKUMU BiH, Y NOAANbLIOMY, MOXe
CKOPMCTATUCb NPU BMBYEHHI NPOdeCcinHO-OPIEHTOBAHUX AUCLMMIH | HAa BUPOOHUUTBI. OfHAK, HE3BAXKAOUM HA BAXK/MBICTb LLET
$OopMU HaBYAHHSA, HABYAIbHUMM NAHAMM NEPEBAXKHOT BiNbLIOCTI TEXHIYHMX CNeLiaNbHOCTEN HA NPOBEAEHHA NPAKTUYHUX 3aHATb
3 $i3VKM BUAINAETLCA MEHLLE TPETUHM Yacy Bif, 3ara/ibHOro ayAMTOPHOIO HaBaHTaXeHHA. TaK, Hanpuknaa, HaB4aNbHUM NJAHOM
cneujanbHocTi 192 «ByAiBHMUTBO Ta UMBIAbHA iHXeHepia» ana 3406yBadiB neploro (6akanaBpCcbKoro) piBHA OCBITU AEHHOI
$opMM HaBYAHHSA Ha BUBYEHHA AncUMNIiHK «Pi3nKa» BiaBoamTbca 90 ayaAUTOPHUX TOAMH, 3 HUX: 36 FOAWMH — NeKLil, 36 roanH —
NabopaTopHUX 3aHATb i BCbOro Anwe 18 roAuH — NPaKTUUYHKX 3aHATb. BinbLl TOro, B HABYaNbHUX NAAHAX AEAKMX CneliasbHOCTEN,

© K.B. l'epacumosa, I'.I. TKayeHKo, 2021.
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0cob6AMBO NPUCKOPEHOT GOPMU HAaBYAHHA, 3 AucumMnAiHK «Pi3nKa» B3arani BiACYTHI roANHM Ha NPOBEAEHHA NPAKTUYHMX 3aHATb.
My BBAXKAEMO, WO TaKWUW KpaKHil nigxis 40 po3noAiny HaBY4aNbHOrO HAaBAHTAXKEHHA CTYAEHTIB METOANYHO He BMNPaBAAHUM,
OCKIiNbKM BiH BUKNIOYAE BaXKIMBY GOPMY 3aHATb, A€ AKHANbINbLLe BUABNAETLCA 34aTHICTb CTYAEHTa ONepaTUBHO AiATH i ychilWHO
BMPiLIYBaTM NOCTaBNAEHI NPAaKTUYHI 3aBAaHHA. TOMy BMKNaAay NocTae nepeg npobaemoto, AKy MeToauky ans Tpeba obpatu, wob
B YMOBax 0bMeKeHOro yacy oMOrTMCa HanbinbLwoi eGeKTUBHOCTI NPAKTUYHOTO 3aHATTA. Buxig i3 Liel cuTyauii, Ha Halwy AYMKY,
NONATAE Y 3aCTOCYBaHHI HOBUX METOAMYHWUX GOPM MPOBEAEHHA NPAKTUYHMX 3aHATb. OfHiel0 3 Takux Gopm € 3anyyeHHs
OEMOHCTPALM nig Yac NpPakTUYHMX 3aHATb. LA dopma ycniwHO BMKOPUCTOBYETbCA Ha Kadeapi ¢isvku Kpusopisbkoro
HaLiOHANbHOMO YHiBEPCUTETY NPOTATOM OCTaHHIX POKiB. MU BBaXKaEMO 3a KOPUCHE NOAINNTUCA CBOIM 40CBIAOM.

AKTyanbHiCTb AocnigKeHHA. B cyyacHMx ymoBax BMKNaZaHHA ¢i3sMKM B YHiBepcuTeTi, 30Kpema 3a CKOpPOYEHOH
NpPOrpamMolo HaBYaHHA, BUK/IMKAE 6araTto CyTTEBUX TPYAHOLLIB, OCKiZIbKM BEAMKUI | CKNagHUI maTepian Tpeba po3rnsHyTM 3a
NOPIiBHAHO KOPOTKMUI Yac. AKagemiuHi roguHu, Wo BigBeaeHi Ha BUBYEHHS Qi3MKM PO3MOAINAKTLCA MiXK NEKLiAMU, MPAKTUYHUMMU
i NabopaTOPHUMM 3aHATTAMM, TOMY Ha NPOBEAEHHA MPAKTUUYHUX 3aHATb, AK NPABWUIO, BiABOANTLCA TPETMHA AayAUTOPHOIO Hacy.
AK BiGOMO, NpaKTUYHe 3aHATTA (NaT. — AianbHUIA) — GOPMaA HaBYANbHOMO 3aHATTA, Nif 4Yac AKOI BMK/IaAa4y OpraHi3oBye ANs
3006yBayiB aHanNi3 OKPEeMUX TEOPETUYHUX MOJIOKEHb HABYaNbHOI AUCUMMNIHM Ta GOPMYE HABMYKKM i BMIHHA 1X MPAKTUYHOrO
33CTOCYBaHHA Yepes iHAMBIAyaNbHE BUKOHAHHA BiANOBIgHO cHopmMynboBaHMX 3aBAaHb. [PAKTUYHI 3aHATTA € AyXKe BaXK/IMBOIO
dopMoto HaBYaHHA. AK NOKa3ye AOCBIA, HA NPAKTUYHI 3aHATTA NepPeBaXKHO BUHOCATLCA Ti TEMU, LLO CKNAAHO CNPUMMAtOTLCA i
3aCBOMOIOTHCA CTYAEHTaMM. [lo NPAKTUYHMUX 3aHATb HANIEXKATb Pi3Hi 38 GOPMOI0 opraHisau,ii 3aHATTA, Wo Bifo6parkatoTb PisHi BUAK
LianbHOCTI Ta NnepeabayvatoTb 3aCTOCYBaHHA Pi3HMX BNpaB. MeToanKa NpoBeAeHHA NPAKTUYHOIO 3aHATTA — HANCKAAZHIWNI eTan
LiANbHOCTI BUKNAZaya, Bif, AKOrO 3HAYHOK MIPOIO 3a/1eXKUTb AKICTb MiATOTOBKU CTyAeHTA. EGEKTUBHICTb NPAKTUYHOrO 3aHATTA
BM3HAYAETbCA HE TiIbKM 3MICTOM iHPOpMaLLii, OTPUMAHOT CTyAEHTaMK, ane i XapakTepom B3aEMOAIT BUKNaZavya 1 CTyaeHTa.
HaliKkpalimin pe3ynbTaT MPUHOCUMTbL AKTUMBHA [AiANIbHICTb CTyAeHTiB. HeobxiaHo, w06 KOXKeH i3 HWX npautoBaB 3 MOBHUM
HaBaHTAXXEHHAM | OTPMMYBAB XOPOLUNI pe3ynbTaT Bif CBOEI po60TU. TiNbKM Y TAKOMY BUMNAZAKY MOXKHA NPULLENUTU Y CTYLEHTIB
BMiHHA i HABUYKM PilUEHHA NPAKTUYHMX 3afay. TaKTMKa NPOBEAEHHA NPAKTUYHOrO 3aHATTA 3aNeXMUTb Big TeMu i NOCTaBaAeHO!
MEeTM, TEXHIYHOrO OCHALLEHHA ayauTopii, e NPOBOAUTLCA 3aHATTSA, PiIBHA TEOPETUYHOT NiAFrOTOBKM 3400yBayis Towo. MpakTuyHe
33HATTA MOXKe NPOBOANUTUCA Y BUFNAAI PO3PAaxyHKOBOT pobOTH, AiN0BOT rpu, CamocTiiHOT pobOTU CTYAEHTIB Nif KepiBHULTBOM
BMKNagaya Towo. Ha NpakTUYHWUX 3aHATTAX MOXYTb BMKOPUCTOBYBATUCb 3acobu HAOYHOCTI, NMPOBOAUTUCH AEeMOHCTpaLi.
(fronoseHkiH, 2019; MaunHcbKa & Ctenbmax, 2012).

AHanis nitepaTypHUX OyKepen NoKasye, WO B CyyacHid neparoriui icHyHTb pi3Hi Nornaaun Wwoao moAeni NpakTUYHOro
3aHATTA 3 i3nKn. Mpo [OUINBbHICTD BUKOPUCTAHHA HAOYHOCTEN | AE@MOHCTPALi HA NPaKTUYHUX 3aHATTAX MAeTbCAa B poboTax
NPOBiAHUX BiTYUM3HAHMX Ta 3aKOPAOHHWUX HAYKOBLIB Ta metoauctie, cepesn Akux: LI Avtunin, [1.C. ATamaHuyk,
N.10. bnarogapeHko, @.3. boceHko, C.M.Bennyko, B.M.TonoseHKiH, C.Y.loHuyapeHKo, B.®.3abonotHuii, B.A. InbiH,
C.€. KameHeubknin, €.B. Kopwak, O.l. /laweHko, B.B. MeHaepeubkuii, O.®. Hosak, B.M. Opexos, A.l. MaBneHkKo,
B.I'. Po3ymoBcbKuit, B.®. CaBueHKo, M.1. CamoiineHko, B.M. CeprieHko, B.A. CupoTioK, B.A. Cycb, A.B. Ycosa, B.A. LWapko, M.I. LWyt
Ta iH.

TakMm YMHOM, NOLWYK ONTUMANbHOI MoZeni NPoBeAeHHA MPAKTUYHONO 3aHATTA 3 Qi3NKM B TEXHIYHMX YHiBepcuTeTax,
0Cc0BNMBO B YMOBaX CKOPOYEHOr0 HaBYaHHSA, € aKTyaJIbHUM.

Mera cratTi. 3 ornAAy Ha BULLECKA3aHe, MeTOK Haloi poboTU € BUCBITNEHHA 0COBANBOCTEN NPOBEAEHHS NPAKTUYHOTO
33HATTA 3 BUKOPUCTAHHAM AEMOHCTPaLii i 06FPYHTYBaHHA AOLINBHOCTI iX NPOBEAEHHA B YMOBAX CKOPOYEHOIO BUBYEHHA Kypcy
di3VKM B TEXHIYHMX YHIBEpCUTETAX.

METOAU AOCNIAXKEHHA

[na po3s’A3aHHA NOCTaBAeHOI Npobaemn Hamun Byan BUKOPUCTaHI Taki MeToAM AOCNIAKEHHRA: aHaNi3 Ta cucTeMaTnsalisn
HaBYa/IbHO-METOAMYHOI NiTepaTypn 3 obpaHoi Temu; HaykoBe MoaentoBaHHA ¢i3nuHMx sBuw, (HecmalwHwuii, TKaueHKo &
lepacumoBa, 2019); emnipvyHe [OCNIAKEHHA: EKCMEePUMEHT; CMOCTEPEXKEHHA | MOPIBHAHHA; Yy3arajbHEHHA BAACHOMO
nesaroriyHoOro A0CBigy BUKNAAAHHA Gi3UKN Y BULMX 3aK1a[ax OCBITH.

PE3Y/IbTATU AOCNIAKEHHA

MpoaHanizoBaHO 3MiCT, METOAM i 3ac0bM Pi3HUX METOAMUK NMPOBEAEHHS NPAKTUYHMX 3aHATb, 30KpPema: TPaguLinHoi, 3
eflemeHTamu Npob1eMHOro HaBYaHHA, 3 BUKOPUCTAHHAM KOMN IOTEPHUX TEXHOOFIN, i3 3aN1yYeHHAM AeMOHCTpaLii. BusHaueHo
iX nepesaru i HegONIKK.

1. Tpaduyilina memoduka. CTyfeHTU BAOMA pO3B’'A3Yyt0oTb 334a4i Ha BUBYEHWUI HA NonepeaHbOMY NMPAKTUYHOMY 3aHATTI
matepian i roTyloTbCA 40 HACTYMHOrO 3aHATTA, TEMY AKOrO Oro/olWeHOo 3a3ganerigb. B HaBYanbHil ayauTopii, nicna nepesipku
BMKOHaHHA AOMALUHbOIO 3aBAAHHA | KOHTPOJIIO NiATOTOBKM A0 3aHATTA, NPOBOAUTLCA pilleHHA 33434 NifJ KOHTPOIeM BUKNadava.
CTyfeHTaM [03BO/AETbCA KOPUCTYBATUCA OyAb-AKOIO NiTEPATypold UM iHTepHeT-Axepenamu. Takuil MeToaMYHMIA niaxia,
[,03BOJIAIE AKTUBI3YBATU POBOTY CTyAEeHTIB. MpU LbOMY Y BUKNAAA4a BUBINIbHIOETLCA YacC i 3’ABNAETHCA MOMKAMUBICTb iHAMBIAYANbHOI
poboTu 3i cTyaeHTamu. [Lobpe BCTUraOUMX CTYAEHTIB MOYKHA 3aBaHTAXXUTU yABIYI UM, HaBiTb, YTPWYi Binblue, 4aTN iM CKNagHiWi
3apa4i abo npuknagu. Ona uboro HeobXiAHO MaTK 3aroTOB/IEHI paHile Nporpamu i 3agadi. Y npoueci npoBegeHHs 3aHATTA
BMK/1a[,auy OL,iHIOE NiArOTOBNEHICTb | aKTUBHICTb KOXKHOTO CTyAEeHTa, BUABAAE CabKi micus B iXHiM nigrotosui. Cnabo BcTuratoyi um
HeAOoCTaTHbO NiArOTOBAEHI CTYAEHTU OTPUMYIOTb IHAMBIAYaNbHI AOMALWHI 3aBOAAHHA | BUKAMKAKOTLCA HA KOHCyAbTauii.
TpaauuiiHa MeToguMKa He BUKALOYAE | poboTH cTyaeHTiB 6ina gowku. MoTpeba y Hili BUHUKAE Y TUX BUMAAKaX, KOIM MPOBOAUTLCA
nepLue 3aHATTA 3 TOrO YK iHWOro po3ainy. BuKnagady HeobXigHO NOrNMBUTM AesKi NOHATTA, aKUEHTYBaTK yBary CTyAEeHTIB Ha
}i3nyHIN cyTHOCTI sABULA, 3BEPHYTM yBary Ha TUMOBI MOMWUAKKM abo KoM y BiNbLIOCTI CTYAEHTIB rpynu 3’aBAAIOTLCA TPYAHOLL Y
pO3B’sA3aHHI NeBHOI 3a4a4i. HanpuKiHui 3aHATTS NigBoAATLCA NiACYMKM 3 OLIHKOK POHOTU KOXKHOIO CTYAEHTa | LAETbCA AOMALLHE
3aBAaHHA.
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Po3rnaHyTa MeToamKa BUPILLYE Le LNy HU3KY BaXK/IMBUX 3aZa4: HAKOMMYEHHS OL,HOK 3HaHb CTYAEHTIB, iX 06’ EKTUBHICTb
i epEeKTUBHICTb KOHTPOAIO 3HaHb CTyAeHTiB (lweHKo,2017).

2. MemoduKa 3 enemeHmamu npobsemHo20 Has4yaHHA. BoHa 6a3yeTbcs Ha CaMOCTIMHIN NiAroToBLi CTYAEHTIB A0
po3B’A3aHHA 334a4 3 HOBOro matepiany. [aa Lboro Ha NOTOYHOMY 3aHATTI AAETLCA TEMA HACTYNHOro 3aHATTA i 3a4a4i 40 Hel.
MNonepegHbo, Ha NeKUiNHOMY 3aHATTI, CTyAEHTaM BUK/IAAAETbCA TEOPETUYHUIM MaTepian HaCTYMHOro NPaKTUYHOrO 3aHATTA.
CTyZLeHTN CaMOCTIMHO PO3B’A3YIOTb 3anpONOHOBaHI 3aAayi BaomMa. OCKiNbKM He Ma€e roToBOrO afropuTMmy, CTYAEHT MOBUHEH
TBOPYO MigiNTM A0 TaKOro AOMALWHLOrO 3aBAAHHA. TaKMM UYMHOM, B MPOLLEC HABYAHHA BHOCWUTLCA €/1eMEHTU TBOPYOCTI.
AyauTOpHE NpaKTUYHE 3aHATTA MPUCBAYYETbCA aHaNi3y BMKOHAHHA AOMALUHbOrO 3aBAAHHA i NepeBipLi 3aCBOEHHA HOBOrO
matepiany. Mpu LbOMY BUABAAIOTLCA TPYAHOLLi, KOPUTYIOTLCA OTPUMAHI MOMWIKM, AEMOHCTPYIOTbCA HalbiNbl pauioHanbHi
cnocobu po3B’A3aHHA OAHIE i Tiel XK 3a4aui, WO NiABMLLYE iHTEpPEC CTyAEeHTIB 40 3aHATTA. [ani po3B’A3yoTbCA CKAAAHILWi 3aadi
nif, KOHTPOJIEeM BMKaAaua, AK i 3a MepLIoo METOAMKOIO.

KiHeub 3aHATTA NPUCBAYYETLCA y3ara/JibHEHHIO A0CBIAY CaMOCTIiHOI po6OTK CTYAEHTIB i NiAroToBLi X 40 NPaBUALHOIO
BMPIiLWEHHA NPO6AeMHMX NUTaHb, 3 AKUMW BOHW CTUKHYTBLCA MPWM BMKOHAHHI HAacTynmHOro AOMalHbOro 3aBgaHHA. s uboro
[Al0TbCA BKA3iBKK, AKMI maTepian HEOOXiAHO BUBUMTU ANS PO3B’A3aHHA TUX UM iHLWKMX 334a4. PO3rasHyTa meToaMKa akTUBI3YE
MOLYKOBY CaMOCTiHY poBOTY CTyAEHTIB.

3. MemoouKa 3 8UKOPUCMAHHAM Komn’romepHUX mexHosoeil. Lla meToaMKa opraHisauii i npoBeAeHHsA NPaKTUYHOrO
3aHATTA LWUMPOKO BUKOPUCTOBYBAACb aBTOPAMM CTaTTi NPY AUCTAHLiIMHOMY HaBYaHHI Mif Yyac KapaHTUHY (HecmawHuin, TKayeHKo
& MepacmoBa, 2021). CTyaeHTV matoTb 3a34aneriab 3apeecTpyBatucs y Google Knaci. Ha noyaTKy npakTMYHOrO 3aHATTA BUKNa4au
NPOBOAMTb AKTyanisaLildo OMOPHMX 3HAHb: CTYAEHTM YCHO BiAMOBI4AOTb Ha TEOPETMYHI TecToBi 3anuTaHHA. [loTim nig,
KepiBHUUTBOM BWKNagaya, CTYAEHTU po3B’A3yl0Tb TUMNOBI 3agauvi. BUKNagay ¢ikcye aKTUBHICTb CTYAEHTIB i NPaBUJIbHICTb iX
Bignosigen. Ak i Npu nepwii meToamLi, A0O3BONIAETLCA KOPUCTYBATUCh OyAb-AKOK NiTepaTypoto. HanpuKiHui 3aHATTA, nicasa
po3rnaay BCiX NUTaHb, BUKIAAAu BiAKPMBAE CTYAEHTaM 3aBAaHHSA /18 CAMOCTIMHOIo BUKOHAHHA — Google popmu, Wwo mictaTb AK
i 3apavi, Tak i TectoBi NMMTaHHA. LUe i € gOmallHE 3aBAaHHA CTyAeHTa. TepMiH BMKOHAHHA pernamMeHTYETbCA BUK/Iagayvyem.
MepeBipka NPOBOAWUTLCA Y MO3aypPOYHWUIM Yac, MicNs HAACUMNAHHA PoboTM CTyaeHTa. TaKa oOpraHisauisa 3aHATTA [03BONSE
BMKNALa4YeBi KOMEHTYBATM BiAMNOBIAI CTyAEHTIB, BKa3yBaTh Ha iX NOMMAKKU. OAHaK, Ha BiAMIHY Bifg nonepegHix MeToAMK, 4OCBIA,
NMOKasye, WO AUCTaHUiiHA popmMa HaBYAHHA He [A€ 3MOrM HaAilHO aBTeHTUGIKyBaTU pPobOTY i NepeBipMTU CamMOCTIMHICTb ii
BMKOHaHHA TMM 4uM iHWUM 3a06yBadYem. Kpim Lboro, ANCTaHLiMHE HaBYaHHA NOTpebye 3HAYHOI METOAMYHOI i opraHisaLinHoi
NiArOTOBKM, @ TAKOXK HAABHICTb Yy CTYAEHTIB Ta BUKNaAa4yiB CMapTPOHiB, KOMN'OTEPIB UM iHLWNX AEBANCIB.

4. MemodukKa i3 3any4yeHHAM OemoHcmpayili. Lia meToanKa BUKOPUCTOBYETHCA aBTOPaMM B YMOBaX CKOPOYEHOTO Yacy
Ha BMBYEHHS AMCUMNNIHW. BUKNaaay Ha 3aHATTI 4EMOHCTPYE CTYAEHTaM AeAKUN QisnuHMin ekcnepumeHT. licna uboro nepes
CTyAeHTaMM CTaBUTbCA HE OCTAaTOYHe, a MPOMIXKHe 3anuTaHHA, BigNOBIAb Ha AKe A0BOAI npocTa. licna Bignosiai Ha nepwe
3aMUTaHHA CTaBUTbCA Apyre 3anuTaHHA, WO Noranbntoe po3yMiHHA ABMLLA, NOTIM TpeTe i T.4., AOKM He byae cdopmoBaHuUit
NMOBHWI OMNUC EKCNEepPUMEHTY i He BUpilLeHa AeAKa NPaKTMYHA 3agaya. [0N0BHOK MeTOo MOAiIbHMX 3aHATb € GOPMYBaHHA Y
3406YBayiB BULLOI OCBITU 34aTHOCTI 4,aBaTK KibKICHI, @ B OKpeMUX BUNAAKAX, | AKICHI NOACHEHHSA TUX eKCnepuMeHTaNbHUX GaKTiB,
AKi IM AeMOHCTPYoTbCA. Kpim Uporo, Ha TakMx 3aHATTAX 0O6roBOpPOIOTLCA | MUTAaHHA aAeKBAaTHOCTI 0bpaHoi Teopii i peanbHOro
eKCrepuMeHTy. € TaKOXK MOM/IMBICTb 3BEPHYTWU yBary CTYAEHTIB Ha YMHHWKW, fAKI 1A CMPOLLEHHA PilleHHA 3a4ayi MOXKHa
BiAKMHYTW. Hanpuknaa, 3HeXTyBaTV CUNOIO TEPTA NPU BUBYEHHI 06epTaNbHO-NOCTYNANbHOIO PyXy Tifia N0 NOXMAIM NAOWMHI, abo
BiAKWHYTM NonpasKku BaH-gep-Baanbca npy BU3HAYEHHI ra30B0i CTa01 NOBITPA | BBAXKaTK NOBITPA if4eaNbHUM rasom.

[JocBia NoKasye, WO NPaKTUYHI 3aHATTA 3 Gi3NKKM 3 BUKOPUCTAHHAM eKCNepPUMEHTY PO3LLIMPAIOTb MOXIMBOCTI BUKNAZAYa,
36iNbLWYOTb ePEKTUBHICTb 10ro poboTu. ABMLLA, WO CAMOCTIMHO AEMOHCTPYIOTLCA | CNOCTEPIraloTbCA CTYAEHTAMM CNPUYUHAIOTD
Ha HWX BpayKeHHA i fobpe 3anam’AaToByOTbCA. YYacTb CTYAEHTIB Y NMOCTAaHOBL AEMOHCTPALLIMHOIO eKCNepumeHTy Ta B MOro
KiNbKICHIN i AKICHIM OLiHKax cnpuAtoTb BiNbWw IPYHTOBHOMY 3aCBOEHHIO MaTepiany.

OBIrOBOPEHHA

HaBenemo feKinbKa NpuKnaais opraHisau,ii i NpoBeAeHHA NPAKTUYHMX 3aHATb 3 Gi3MKM i3 3a1y4YeHHAM AeMOHCTPaLLin.

B AKoCTi nmepworo npuvkaagy posriAHEMO MpPaKTUYHe 3aHATTA Ha Temy «MexaHika TBepgoro Tina». CTyaeHTam
L,EMOHCTPYIOTb 3araibHOBIAOMMIA AOCAIL, 3i CKOUYBAHHA Bi3Ka 3 NOXWMOI NIOLMHM, WO NepexoamTb y mepTay netato. CTaButbea
334a4a: OLHUTU TEOPETUYHO MiHIMasbHY BUCOTY MigiiomMy Bi3Ka, HEOBXiAHY ANA TOro, Wob BiH Mir 34iMCHUTK NOBHWIA 06epT, i
NOPIiBHATM OTPMMaHe 3HaYeHHs i3 eKcnepuMmeHTanbHUM. CNoYaTKy BUMIPHOETbCA MiHiIMasibHa NMOYaTKOBA BMCOTA MiAMOMY Bi3Ka,
[0CTaTHA gna Toro, Wwob Bi3oK He BigipBaBCA Bif4 NeTNi y BepxHin ii Toyui i 34iMcHMB NOBHMI 06epT. MOTiM NPONOHYETLCA
pO3B’A3aTH L0 33434y Ha CNPOLLLEHi Moaeni KoB3aHHA 6e3 TepTA. [ani Ha AOLWL BUKOHYETbCA pilleHHA 3a4a4i i 064YnCNoeTbCA
MiHiManbHa BMCOTA NigMomy Bi3Ka. MOTIM BMKOHYETbLCA MNOPIBHAHHA L€l TEOPETUYHOI BMCOTU 3 EKCNepUMEHTasIbHOLO.
BuABNAETLCA, WO € CYTTEBA PO36iXKHICTL MiXK eKCepuMeHTOM i Teopieto. CTyaeHTam NPOMNOHYETbLCA HAa3BaTU NPUYUHMU, SKi, Ha iX
nornag, NpMBOAATb A0 L€l Po36iXKHOCTI, | AKi He 6ynun BpaxoBaHi Npu pilleHHi 3agavi. Lle 4ae MoXKAMBICTb BUKNAAauy 3arocTputm
yBary CTyAeHTIB Ha NUTaHHI NPo afeKBaTHICTb peanbHoi mogeni ii TeopeTMyHOoMy onucy. MoTim 3aa4a po3B’A3YETLCA Lie pas, ane
BXKE 3 ypaxyBaHHAM 06epTaHHA KONIC BayKKa. HaroNowWwyeTbea, WO B LLbOMY BUNAAKY pe3ynbTaT bye 3anexaTv Big, macu BaxKKa i
Wo YymMm binblwoto byae maca BaxkKa NOPIBHAHO 3 MACOIO KOIC, TUM MeHLUM Byae ix BnauB, TUM Bankye byae TeopeTuyHui
pe3ynbTaT A0 eKCNepUMEHTaIbHOTO, X04a AK | paHille He criBnagae 3 HUM. 3HOBY 334,3€TbCA MUTAHHA NPO YNHHUKM, AKI He Bynn
BpaxoBaHi y 6inbl cKNagHin moaeni. Becb npouec pileHHA wiel 3aga4i 3aimae npubansHo 30 xB. 33 Len Yac BUKNALAY Mae
MOMNBICTb 3BEPHYTU yBary CTyZeHTiB Ha 3aKOH 36epexKeHHs eHeprii, 3aKoHW 06epTanbHOro pyxy, KiIHETUYHY eHeprito Tina, Wo
06epTaeTbCA, POAb MOMEHTY iHepLii B o6epTanbHOMY pyci Tina TowWwo. IHWKMMKM cnoBamu, Ha OAHOMY NPUKNALI PO3rNagatoTbeA
Pi3Hi NUTaHHSA, Ha AKI He 3BepTalTb 0COHAMBOT yBarn CTyAeHTU NPU NEKLIMHOMY BUKNALI.

AK  Apyrvi NpuKNag, posrnaHEMO MPAKTUUYHE 3aHATTA Ha Temy «[udpaKuia csitna». Y LbOoMy BUNAAKY BarKAUBOK €
OEeMOHCTpaL,iA CBiTNa Ha OAHIM i ABOX WinnHax. Mana cBiTAOCMAa ONTUYHOI CXeMMU, WO 3a3BUYAM BUKOPUCTOBYETLCA AN TaKoi
LEeMOHCTpaU,i, YTPYAHIOE CMOCTEPENKEHHA LMX ABULL, HABITb AKLLO B AKOCTI AXKepena CBiTNa BUKOPUCTOBYETLCA Nasep. B manin
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He3aTeMHeHIN ayauTopii MW MOKAa3yeMO Ue fABWWE 33 AOMNOMOIOK ABOX 3BMYANMHWUX TOHIOMETPIB, 3aKPUTUX NErkumu
CBITNOHEMPOHUKHUMM KOXKyXamu. 3a3ganeriab, Ha 04ax y CTYAEHTIB, BUKIa[ay NPoOpi3a€e BY3bKy LWiIMHY Ha LIMATKy YOPHOro
nanepy i, 3aKpinueLWK Lei nanip y TpMMadi Ha CTaHWHI rOHiIOMeTpa, MPONOHYE CTyAeHTam CNocTepiratM oMb pakuiiHy KapTuHy. Y
noAi ornaaoBoi Tpyby JOCTaTHLO YiTKO BUAHO KapTUHY andy3HMX aAndpaKLUinHUX 306paKeHb BXigHOI WinMHKW roHiomeTpa. Ha
CTaHWHI nepes ApYrMM TaKMM CaMUM CYCigHIM FOHIOMETPOM BUKNAAaA4 PO3MILLYE TAaKUIM Ke nanip 3 ABOMA Npopi3aHUmMKU
winnHamu. Micna HeBENMKOro TPeHYBaHHA HEBA*KKO OTPUMATK MapasienbHi Npopisn o4HAKoBOI TOBLWMHKU. CTyAeHTM no-yepsi
cnocrepiratoTb, AK 3MiHMnaca auvdpakuiiHa KapTMHa B pes3ynbTaTi NOABM A04ATKOBUMX ANPPAKUIMHMX MiHiMymiB. B AkocTi
[,0/43aTKOBOI leMOHCTPaL,ii CTyAeHTaM NPONOHYOTb NOFIAHYTU, SIK BUTIALAE KapTUHA Andpakuii Big ABOX WinvH B pedpakToMeTpi,
Lo npautoe 3a cxemoto HOHra. Y ubomy BUNaAKy MOXKHA CMOCTEPIraTh YiTKy KapTUHY iHTepdepeHLUiMHUX CMYT Bif, ABOX WiWH i
3MilLLeHHA i€l KapTUHM B pe3y/bTaTi 3MiHM MOKa3HWKa 3a/IOMJIEHHA B OOHOMY i3 nneyei iHTepdpepomeTpa, Hanpukaag, B
pe3ynbTaTi Manoi 3MiHM TUCKYy B OZHIEl 3 TpPyboK rasoBoi KioBeTW. [licna nokasy AOCNiAiB CTyAeHTam MpPOMOHYETbCS,
BMKOPUCTOBYIOUYM BIANOBIAHI dopmMynn, 0BYMCAMTM KyTOBY BiACTaHb MiXK MaKCMMymamu i MOPIBHATKU 1i 3 pe3y/ibTaTamu
ekcnepumeHTy. [lani npoBecTn aHani3 OTPUMaHUX pe3ynbTaTis.

LLle oanH nNpuKknag nos’sxkemo 3 Temoto «Monapusauia ceitna». Ha NpakTMYHOMY 3aHATTI CTyAEeHTaM AEeMOHCTPYETbCA
pocnia Mantoca. CTyfeHTW BYaTbCA aHani3yBaTW CBIT/10, WO MPOXOAMTb Yepe3 nonspusatop (nonapoig uv npusmy Hikons),
noBepTalyM aHanizatop. lNoTiMm BMKAaZay AEeMOHCTPYE MofApusauito CBiTNa, BiAOUTOro Bi4 AieNeKTPUUYHUX A3epKaNbHUX
NOBEPXOHb, i CTYAEHTU MO 4Yep3i MOXKyTb il 6aunTu. Lilo AeMOHCTpaLito NOraHo BWAHO Yy BEAWKIA NEKUiWHIA 3ani, a npu
iHOMBIAYaNbHOMY CMOCTEPENKEHHI CTYAEHT LWBWUAKO NEpPecBifyyeTbCA B TOMY, HAMpUKNaA, WO BiaobOparkeHHs Bif4 ckia
nabopaTopHoi WadM MOXKHA MOBHICTIO 3aracUTW, SAKLWLO CMOCTEpiraTM WOro nig, AeAKMM KyTOM 4yepe3 BAa/NI0 MOBEPHYTUM
aHanizatop. MoTim 3a JONOMOroto 3aKoHy Mastoca TEOPEeTUYHO BM3HAYatoTb KyT Hanbinblwoi nonapum3aL,ii i NopiBHIOOTL 3 KyTOM,
LLIO OTPMMAHO 3a pe3ysibTaTaMM CNOCTEPEXKEHHA.

Mpu BMBYEHHI Temu «ENEKTPOMArHiTHa iHAYKUIA» HA MNPAKTUYHUX 3aHATTAX AEMOHCTPYEeTbCA gocnig dapages i
TEOPETUYHO NepeBipAETbCA 3aKoH Papaaen; AEMOHCTPYETLCA Aia MArHiTHUX NOAIB Ha NPOBIAHWUK 3i CTPYMOM i NepeBipAETbCA
33aKOH AMnepa, BUKOHYETbCA 3aMUKAHHA YU PO3MMKAHHA Kin 3 iHAYKTUBHICTIO i 0BUYNCNIOETLCA 3HAUYEHHA CTPYMY 32 AOMNOMOTO0
BignoBigHMX popmyn. Bci Li eKcnepMmMeHTU CTyAEeHTM MatoTb AKICHO MOACHUTH.

BUCHOBKM TA NEPCNEKTUBU NOAA/IbLLUOIO AOCNIAXKEHHA

MU HaBenu NpuKNagu, AKi NiATBEPAXKYIOTb, WO NPAKTUYHI 3aHATTA 3 BUKOPUCTAHHAM AEMOHCTPaL,i CPUAIOTb KpaLLomy
33CBOEHHIO MaTepiany i € edeKTUBHO GOPMOIO 3aHATL Y BULLIM WKOAI. Ha OCHOBI HalLMX AOCNiIAXKEHb, MOXKHa 3p06UTU BUCHOBOK
npo Te, WO HEeTPaauuiiHi METOAUKM NPOBEAEHHA MPAKTUYHMX 3aHATb CTUMYJIIOOTb POBOTY CTYAEHTIB; 403BONAKTL i
KOHTPO/IHOBATM HA KOXXHOMY 3aHATTI; 36iN1bLWYOTb 06’€M KEPOBaHOT CaMOCTiNMHOI POHOTH BAOMA; BUXOBYIOTb Y 3400yBayiB 4inoBi
AKOCTI | CTBOPIOIOTb aTMOCdepy 340POBOro 3MaraHHsA B KONEKTUBI. [IpoBeieHHA NPAKTUYHWX 3aHATb i3 3a/1yYeHHAM AEeMOHCTPALLN
3HAYHO NIABULLYE iHTepecC CTYAEHTIB, OCKIZIbKM BiATBOPIOE ABULLA, LWLO PO3rNALa0TbCA Bifibll HAOUYHO, HiXK NPOCTO TEOPETUYHUIA
onuc ix Kpenao Ha JOoWLi Y4 Ha eKpaHi 3a LONOMOTrol NPOEKTopa. A ro/IoBHE, Ha Hally AYMKY, NOKa3ye, Wo ¢i3nyHi auLa
MOXHa AEMOHCTPYBATU i MOACHIOBATK 33 A0OMNOMOrO OTPMMAHUX 3HaHb. Lle cTBoptoe y 3406yBayiB MOTUBALIO HAa BUBYEHHA
di3VKM 3a4NA aHani3y peanbHUX ABMLL, 3 AKMMWU BOHWM OyaAyTb CTMKATWUCA Yy CBOIW mofanbWin npodecivHin aianbHoCTi iy
NOBCAKAEHHOMY KMUTTi. 3BMYAHO, TaKa HecTaHAAPTHA dopma NpoBefeHHA 3aHATb BUMArae Bif BMKAAZAYa i AOMOMIXKHOMO
nepcoHany Kadeapu nonepemHboi NiATOTOBKM ayauTopii, A€ MaloTb MPOBOAUTUCA NPAKTUYHI 3aHATTA i3 BMKOPWUCTAHHAM
LEeMOHCTpauii. TaKoxK nepes BMKIAZa4YeM MOCTalOTb NiABULLEHI BUMOMM A0 NPOBEAEHHA ONUTYBaHHA. BuKknazay nosuHeH
OXONUTK CBOEID becifoto AKomora binblie KONo CTYAEHTIB, BUKAMKATK iX iHTepec, MOCTIMHO MiATPMMYBaTM KOHTAKT 3 YCi€to
rpynoto; Tak NpoAymMaTh MUTaHHA, Wob 3 OAHIEl CTOPOHM, BiAMNOBIAb Ha KOXKHE 3 HUX He bByna 6 efeMeHTapHO, O4YEBUAHOMO i
3MyLyBana ix AymaTu, a 3 iHWoro 60Ky, He BUMarana 61 CKAaAHWX PO3MiPKYBaHb, AKi 34aTHI BUKIMKATU 6ayKaHHA YHUKHYTU CBOET
BignoBiAi i AoYeKkaTMCb BiANOBIAI camoro BMKNaZadya Ha MoOCTaBiAeHe 3anuTaHHA. Mpu npasuabHOMY nigxoai Ao nobynoswu
NPaKTUYHUX 3aHATb TaKoi CUTyaL,ii, AK NPaBUIO, He BUHUKAE. BBaXKaEMO, L0 Ha Cy4acCHOMY eTani NOLWYK i BTiIEHHA B HaBYa/IbHUI
npoLec HOBUX HECTAHAAPTHUX METOAMK NPAKTUYHUX 3aHATb 3 METOHO NOJIIMLIEHHS iX epeKTUBHOCTI HEOOXiAHO i Aani NPOLOBKYBATH.
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PRACTICAL TRAINING IN PHYSICS WITH DEMONSTRATIONS IN INSTITUTIONS OF HIGHER EDUCATION
Catherine Herasymova, Galina Tkachenko
Kryvyi Rih National University, Ukraine

Abstract.

Formulation of the problem. The article discusses the features of organizing practical training in physics with the involvement of demonstrations
in higher technical educational institutions. Practical training is an integral part of the educational process. In these training, the
applicant for higher education applies theory in practice, thereby forming his skills and problem solving skills. The curricula of many
technical specialties devote little time to practical classes in physics, and this time, as a rule, is only a third of the total number of
classroom hours. We believe that such an approach to the distribution of the study load of students is methodologically unjustified,
since it excludes such an important form of classes, in which the student's ability to act quickly and successfully solve the assigned
tasks is manifested most of all. The teacher faces the problem of how, in a limited time, to achieve the greatest effect from conducting
a practical lesson and what methodology should be chosen for this.

Materials and methods. The solution to this problem was facilitated by the analysis of scientific and methodological sources; generalization of his
own pedagogical experience in teaching physics at the Kryvyi Rih National University; the use of theoretical and empirical methods
of pedagogical research.

Results. The analysis of traditional and non-standard methods of practical classes in higher education is carried out, their features are studied and
their efficiency is determined. A methodical solution for involving demonstrations in practical classes is proposed, given the greatest
effectiveness in modern conditions. Specific examples of the use of demonstrations in practical physics classes are given.

Conclusions. Practical training with the use of demonstrations significantly increase the interest of students, as they most clearly reproduce the
phenomena being studied. As a result, students learn the material better and easier than with traditional teaching methods.

Key words: physics, practical training, demonstrations, techniques, efficiency.
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BMPOBAMEHHSA MPOEKTHUX TEXHOJION B NPOLLECI PO3B’A3YBAHHA EKCTPEMAJIbHUX 3A0AY
3A AONOMOrO0 ENEMEHTIB ®YHKLIOHA/IbHOIO AHANI3Y

AHOTALIA

dopmynoeaHHA npobaemu. Pechopmy8aHHA YKPAIHCLKOI WKOAU 8UMA2AE 3MIHU POaboBUX NO3uuili cyyacHo2o nedazoza. TAKUM YUHOM,
aKkmyanizyemoca npobaema iHHosayiliHOI opzaHi3auii, nowyky HO08020 iHcmpymeHmapito i mexHonoeili 047 nidzomosku
8yumena MamemMamuku 3a npozpamamu bakanaspa i maeicmpa y 3BO. [nsa nidcomoeku malibymHix ¢axisyie HeobxidHoO
38epmamu ygaay Ha 084 8UMIpU pe3yabmamis nid20mosKu: npedmemHi 3HaHHSA, YMiHHA, HaBUYKU, A0C8I0 BUKOHAHHA crnocobie
disnbHOCMi, npeomemHi KomnemeHmMHocmi, ma cy6’ekmHi pe3ynbmamu — 00C8i0 BUKOHAHHA MBOp4oi OianbHOCMI,
3020/71bHOHABYANBHI  YMIHHSA, K/A0408i KomnemeHmHocmi. Y cucmemi npogpeciliHoi nidzomosku malibymHix yyumenis
mamemamuku poboma Had nMpoekmamu nocidae saxcause micye. Came peanizayis memoody MPoeEKmie Oae MoMAUBICMb
iHmezpysamu o0epxaHi 3HaHHA, 0 MAKOMX PO38UBAMU Mi3HABA/bHI, MEOPYI HABUYKU CMyOeHmIs.

Mamepianu i memoodu. Y npoueci nposedeHHs docnidreHHsA bya0 NpoaHanizo8aHo ma y3azanbHEHO Memodu4Hy aimepamypy no npobaemi
00CniOHeHHs; KAacugikosaHo i cucmemamu3o8aHo ompuMaHy iHgpopmauyito ma 0oceid aemopie 3 opaaHizayii ma npoeedeHHs
3GHAMb 3 MemoOUKU 8UKAAOAHHA MAMEMAMUKU Ma yHKYiOHAbHO20 GHAI3Y.

Pe3synemamu. HasedeHo npuxaad npoekmy peaniszayii 3HaHs hyHOamMeHmManbHOi MamemMamuyHoi ducyunaiHu «@yHKYyioHanbHUl aHaniz» 8
X00i pO38’A3YBAHHA eKCMpemasbHUX 3a0a4 WKIbHO20 Kypcy mamemamuKku, wo nepedbayae moodepHizayito 3micmy
npogeciliHoi nidzomoeku malibymHix mamemamukie.

BucHOBKU. BripoeadeHHA NPOEKMHUX mexHOooeill npu susyeHHi hyHOaMeHManbHUX MamemMamu4HuUX oucyunnid 3abesneyye hopmysaHHA
npogeciliHozo axieys, axkuli 80100ie NpedMemHUMU 3HAHHAMU Ma CY4acHUMU MPAKMUKAMU, MexHO02iAMU, MemMOOUKamU,
gopmamu i memodamu pobomu Ha 3acadax iHHO8AYilHUX 0c8imHix nidxodis. Mpu ybomy cmydeHmu nPo8odAMs camocmilHi
docnidrceHHs, supiwyloms akmyaseHi npobaemu; Ha8YaHHA cmydeHmis npoxodums 8i0rnogidHo 00 ixHix 30i6Hocmel, wo
CMPUAE HaNa200xeHH 830eMOOii Mixc cy6’ekmamu HagYaHHA. ONucaHy MemoOduKy MOXCHA 3aCMOCcy8amu i Npu 8UBYeHHI iHWUX
GyHOaMeHManbHUX MamemamuyHux OUCYUNIH, Wo crpuamume npogeciiHomy po3sumky malibymHix nedazozie i dacmos
MOXUBICMb 3aUiKA8UMU y4YHi8 UBYAMU MAMEMAMUKY i MPO80OUMU HAYKO8i O0CAIOHCEHHS.

K/IKDYOBI C/IOBA: memo0O npoeKmis, MPOEKMHA MexHo0z2id, (yHKUioHanbHUl aHani3, eKkcmpemaneHa 3a0a4a, HepieHicme Kowi-

byHaKoscbKo20.
BCTYN
MocTtaHoBKa npobnemu. B KOHTEKCTi KoHLenujii HoBOi yKPaiHCbKOT LWKOIM NepenbavyaeTbca HOBa PO/ib BYNTENA — YMOTUBOBAHMIA
yunTenb, fKMA Mmae cBobopy TBOPYOCTI i po3BMBAETbCA npodeciiHo. OTKe, YHIBEpCUTETH, WO rOTYloTb ManbyTHiX

© V¥.3.pabos.a, P.B. ToBkau, 0.l. Xapkesuu, 2021.
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nesaroris MOBWHHI ¢oOpMyBaTU Mepw 3a Bce iX NPodecimHy KOMMETeHTHiCTb. AKTya/ibHICTb Ta UiHHICHa npobiemaTtuKa
33CTOCYBAHHSA MPOEKTHOTO METOAY BUABNAETLCA B MOr0 MPUKAALHOMY aCNeKTi, OCKIbKM HAaBYaHHA nNpeameTiB NPUPOAHMYO-
MaTEMATUYHOrO LMKAY NOTpebye He TiNbKM BU3HAYEHHA NPEeAMETHUX Ta KAKYOBMX KOMMNETEHTHOCTeN LWKoAnApis, ane i
3acTocyBaHHA edpeKTUBHUX 3acobiB X nepesadi monoai.

AHani3 aKkTyanbHUX AocnimeHb. Ha cyyacHoMy eTani po3sWUTKYy i pedopmMyBaHHA OCBITU MeTOA MPOEKTIB Habys
LWMpPOKOro 3actocyBaHHA (Epmakos, 2003, MonybyeHKo, 2007) i epeKTMBHO MOLWMPIOETLCSA HA BCiX WAbAAX WKiNbHOT Ta BULWOI
OCBiTM, XO4a MeToZ MNefaroriyHoro MPOEKTYBAHHA He € MPUMHUMMNOBO HOBMM Yy CBIiTOBIM neparoriui i 3acTocoByBaBCsA fK Y
3aKOpAOoHHIN (OK. Obtoi Ta B. X. Kunnatpik) (Kunnatpik, 1925) TaK i y BitunsHaHin gupaktuui (M. Kantepes, M. BAOHCbKMIA,
A. MakapeHko, C. lWaubKkuit).

€. NMonat (Monat&ByxapkiHa, 2007) AK NpPOBiAHUI PO3POOHMK Teopii NPOEKTHOrO HaBYaAHHA BUKOPWUCTOBYE MOHATTA
«MeTOo/, MPOEKTIBY, CYTHICTb AKOTO TPAKTYE AK CNOCIO AOCATHEHHA ANAAKTUYHOT METU HA OCHOBI AeTaNbHOT PO3PO6KK Npobiemu
(TexHosorii), AKa MyCUTb 3aBEPLUMTUCH LiIIKOM PeanbHUM, BiAYYTHUM NPAKTUYHUM pe3ybTaToM.

M. 3anpyAcbKuii po3rnagae Metoa NPOEKTIB AK CUCTEMY HAaBYaIbHO-MNi3HABa/IbHUX NPUIAOMIB, AKi 403BONAIOTL PO3B’A3aTH
nesHy nNpobsiemy B pe3ynbTaTi CAaMOCTIMHOT YU KONEKTUBHOI AiANbHOCTI CTYAEHTIB

/1. IBaHOBa BM3HAYaE MeTOA, NPOEKTIB AK NPaKTUKO-30PIEHTOBAHWUI MEeTOoJ, WO AA€E 3MOTy BUMTENIO LiecnpsAMOBaHO
BMOYA,0BYBATU HAaBYaIbHO-BUXOBHWUIM NPOLLEC Y LIKOAI.

B. MoTopiHa (MoTopiHa, 2001) po3rnsgae NPOEKTHY KOMMETEHTHICTb MalibyTHbOrO BUMTENA MATEMATUKU: NPeaAMETHI
3HaHHA ¥ YMiHHSA, Ta BiANOBIAHI 3HAHHA | yMiHHA NOB’A3aHi 3 NPOEKTYBAHHAM HaBYaIbHOI A4iA/IbHOCTI Nijg, Yac BUBYEHHA METOLMUKMN
HaBYaHHA MaTeMaTMKK, AO0CBiAY OCOOUCTICHUX AKOCTEN BUMTENA AianekTUYHMI nepebir AKMx 3abe3neuvye ePpeKTUBHICTL Ta
pe3ynbTaTUBHICTb NeaaroriyHoi aii.

MpoeKTHa TexHoNoriA OpieEHTOBaHa Ha camopeanisalito 0COBUCTOCTI YyYHA LWAAXOM PO3BUTKY MOF0 iHTENEKTYaNbHUX i
bi3MUHMX MOXKANBOCTEN, BO/IbOBUX AKOCTEN | TBOPUMX 34i6HOCTEN PO3KPUBAETLCA Y HayKoBUX Npauax A. Xpomosoi Ta H. MaTaw
(Marsw, 2000).

O. PubiHa, I.4Yeyenb (Yeuensb, 1998) nig MmeToaAOM NPOEKTIB PO3YMilOTb OCBITHIO TEXHOJIOFiIO, HaujiNeHy Ha NpuabaHHA
YUYHAMM HOBUX 3HAHb B TICHOMY 3B'A3KY 3 peasibHOI }KUTTEBOIO NPAKTUKOI, GOPMYBAHHSA Y HUX CneundiYHMX YMiHb | HABUYOK 33
[0MNOMOrOH0 CUCTEMHOI OpraHisauii npob61eMHo-0pieHTOBaHOro y460BOro NOLLYKY.

A.B. XyTOpCbKUI4 BIiAHOCUTb METOZ, NPOEKTIB A0 EBPUCTUYHOIO MeToAY.

T. MaTBeeBa, E. MilLeHKO AOTPUMYIOTBCA AYMKM, LLLO METOZ, MPOEKTIB — Lie CMCTEMA HaBYaHHSA, NPK AKiN y4Hi HabyBaloTb
3HaHHA B NPOLLECi N1aHYBaHHA | BUKOHAHHA NPaKTUYHWUX 3aBAaHb, LLO NOCTYNOBO YCKNAAHIOKTLCA, — MPOEKTIB.

Merta cratTi. MeTol CTaTTi € PO3KPUTTA aNropuTMy MPOEKTHOI AiAnbHOCTI y npoueci dopmyBaHHA npodecinHol
KOMNETEHTHOCTI MalbyTHIX yuuTenis matemaTvku Ha 6asi BUBYEHHA PyHAAMEHTANbHUX MAaTEeMATUYHUX AWUCLMNIH, 30Kpema
dYHKUiOHaNbHOTO aHanisy.

METOAU AOCNIAXKEHHA
TeopeTnyHi Ta eMnipuyHi MeToaM AOCNIOKEHHA: BUBYEHHA HAYKOBUX [XKepen; aHasi3 MeToAOJ/IorYHOI nitepaTypw,
CTPYKTYPHO-/TOTIYHWUI aHani3 3MiCTy HaBYa/IbHOrO NPOLLECY, CMOCTEPENKEHHS 3a NPOL,ECOM NiArOTOBKM ManbyTHiX yunTtenis y 3BO.

PE3Y/NIbTATU AOCNIAKEHHA

HasBa npoekty: "3acmocyeaHHA HepiesHocmi Kowi-ByHAKOBCbKO20 AK OOUH i3 memodie po368’A3y8aHHSA
eKcmpemMasnbHux 3a0a4y.

MpoBeneHi NPOEKTM CNpUAOTb HAOYTTIO Ta BAOCKOHANEHHIO NPOQECIMHUX KOMMETEHTHOCTEN, HeobXiaHWX AanA
34iAiCHEHHA NeAaroriyHol AiaNbHOCTI.

Bubip TeMu NPOEKTY 06YMOBAEHUI TUM, LLLO Came eKCTPeMabHi 3a4a4i 3aK1a4al0Tb B CBIZOMICTb YUHIB PO3YMiHHA TOTO,
AK /II0AVHA LIYKAE, BUPILLIYE KUTTEBI 3a4aui TaK, W06 pesynbtaTy ii AianbHOCTI 6ynv HaliKpal,i. Po3B'a3yroum 3apa4di BKazaHoro
TUNY, YYHi CNPUIMMAtOTb abCTPAKTHUIM XapaKTep MaTeMaTUYHUX NOHATb, @ TAKOX iX NPUKNAAHMI XapakTep. Bubupatoum Temy
MPOEKTY CMMPANNCA Ha 3HAXOAMKEHHA Halbinblioro 3HayeHHA Bupasy. Mo-Apyre, Le AAE MONAMBICTb 3aKPINUTU KONO
TEOPETUYHUX NMUTAHb, AKI BUBYAKOTHCA Y GYHKLIOHANbHOMY aHanisi, N0-HOBOMY BUCBITAUTY Bigomi GpaKkTu. 3aadi Ha eKcTpemym
Ta cnocobu ix po3s’A3yBaHHA BUKAMKAIOTb BESIMKMI iHTepec, WO NOB’A3aHWI 3 NparHeHHAM JOAUMHW [0 AOCKOHANOCTI;
PO3BMBAIOTb B YYHIB iHTEPEC A0 J0CNIAHNLBLKOI PO6OTH, TBOPYY aKTUBHICTb, CNPUAIOTL NPUKAAAHOMY 3aCTOCYBaHHIO MaTEMATUKM,
afKe JOCUTb YacTo NoAMHA NOBUHHA MPUWHATM NEBHE PilleHHA, BPaxoBYOUM ONTUMAbHI yMoBW. MOKa3aHO AK HEpPiBHOCTI
MOXYTb CNYryBaTU BaX}/IUBUM JOMOMINKHMM 3acob0OM, WO Aae 3mory 3abesneynTu MmiuHe i CBifOMe OBONOAIHHA CUCTEMOIO
MaTeMaTUYHUX 3HaHb | BMiHb AOCTATHIX A1 BUBYEHHA 6araTboxX HaBYasibHUX NPEAMETIB 3aralbHOOCBITHLOI LKOAW, OTPUMATH
AKICHY NpodeciiHy OCBITy Ha Pi3HMX eTanax HaBYaHHA.

AKLWO po3rNafaTM TEHAEHLII0 NPOEKTHOI AIANBHOCTI, TO MOXHA N06aunTH, WO CTyAEeHTamM NPOMOHYETbCA CTBOPEHHA
npeseHTaujii B pegakTopi npeseHTauin (Microsoft Power Point, Microsoft Word abo LaTex), wo 3ab6e3neuynTtb akKTUBHY y4acTb
CTYAEHTIB B NPOLEeCi HaBYaHHA, iIHAMBIAYaNbHUI NigXif, HAOYHICTL B NpeAcTaBaeHHi iHpopmauii.

Po3rnaHemo etanu poboTM HaA NPOEKTOM «3acTocyBaHHA HepiBHOCTI Kowi-ByHAKOBCbKOrO AK OAMH i3 MeTopiB
pO3B’A3yBaHHA EKCTPEMaNbHUX 3a43a4».

Tun npoekTy:

® 33 MeTOI0 Ta XapaKTepom NPOEKTHOT AiANbHOCTI — AOCNIAHNLbKO-NOLWYKOBUIA.

® 33 3MiCTOM — 03HaMOM/IOBAIbHO-IHPOPMALLiIiHMIA, NOLWYKOBUNA.

® 33 KiNbKICTIO YY4aCHMKIB — rpynoBuii.

® 3a TepMiHOM BUKOHAHHA — KOPOTKOTPUBANUIA.

HaBuanbHi gucumnninm — « PyHKLIOHaNbHUIA aHaNi3», Kypc WKiNbHOI MaTeMaTUKM.

MeTopgu: «Kono igein», «bpoyHIiBCbKUI pyx».
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3aBgaHHA:

MnaH peanisauii npoekTy nepenbayae 3acTocyBaHHA HepiBHOCTI KowWi-ByHAKOBCbKOTO 10 3HAXOAKEHHA eKCTPeMasibHOro
3HayeHHA BMpasiB. Ha eTani nogaHHA pe3ynbTaTiB NPOEKTY rpyna CTyAEeHTIB MOBUHHA CTBOPUTM 3BIT NPO Pe3y/bTaTh BUKOHAHHA
3aBAaHb MPOEKTY Y BUTAAAj Npe3eHTaw,i, i3 BignoBiAHMM 06rpyHTYBaHHAM OAEPMKAHUX Pe3yNbTaTiB.

Mpu sKOMy 3Ha4YeHHi NnapameTpa a Hanbinblie 3HaYeHHA BUpPa3y

asin(x + y) + 4cos(x + y) + +/2siny+acosy
popisHioe 10.

[0 3BiTy cTaBMAMCA BiANOBIAHI BUMOTHU, AKi MM NPE3EHTYEMO HACTYNMHUM YAHOM.

MeTa gaHOro nNpoeKTy:

1.CucTemaTU3yBaTU TEOPETUYHI 3HAHHA 3 AUCLMNNIHU «PYHKLIOHANbHUIA aHaNi3» 3 IX NPAKTUYHUM 3aCTOCYBaHHAM NpU

po3B’A3yBaHHI eKCTpeMasibHMX 3a4au.

2. Po3BMBaTM TBOPYI 34i6HOCTI, KOUTUUYHE MUCNEHHA, HABMYKM aHani3y Ta pedeKcii, KOMYHIKaTUBHI YMiHHA.

3.Bnx0BYyBaTM aKTMBHY rPOMAACbKY NO3ML,i0 HAa OCHOBI HALLiOHANbHUX | 3araibHOMOACHKUX AYXOBHUX LiHHOCTEN.

OuiKkyBaHHi pe3ynbTatu: MiABULILEHHA AKOCTI 3HaHb, YMiHb, i HAaBMYOK CTYAEHTIB B IXHii MalbyTHIN npodecilinii
LiANbHOCTI. BUPOBNEHHA HAaBMYOK [0CNIAHWULLKOI AiANbHOCTI; BMIHHA CKAa4aTv NAaH, Te3n BUCTYNY; BUCIOB/OBATU KPUTUYHI
CYOMKEHHA, AYMKW. TMigBUWNTA aKTUBHICTb CTYAEHTIB/y4HiB AK cy6'eKTiB OCBITHbOro Npouecy, NOCUAUTM POSb CaMOOCBITH,
CaMOHABYaHHA, CaMOPO3BUTKY; LinecnpamoBaHo ¢opmyBaTM 6a30Bi KOMMNETEHTHOCTI, KAOYOBI KomneTeHuii. ®opmMyBaHHsA
KYNbTypW AiN0BOro CRiNIKYyBaHHA, YMiHHA apryMmeHTOBaHO AOBOAMUTM CBOI MiPKYBaHHA.

MocnipoBHicTb po60TU HAA NPOEKTOM:

1.BucyBaHHA rinotesu.

e O6roBopuTM NNaH PobOTN HaA NPOEKTOM.

e Migrotysati naaH poboTM Hag, MPOEKTOM.

2.MowykK, aHani3, cuctemaTtusauisa BigomocTtei, ctBopeHHA 6aHKy AxKepen i pecypcis.

e BiglwyKkati noTpibHi NOHATTA Ta iX BAACTUBOCTI.

o Lllykaemo maTepianu, NoB’A3aHi 3 LUMM NOHATTAMM.

3.MpoBeAeHHA [OCNIAKEHHA

3.1. CTBOptoemo Harak TEOPETUYHUX 3HAHb, AKUIM OoAepPXKaiu Nif Yac BUBYEHHA ANCUMNNIHWU «DYHKLiOHANbHUI aHani3» i
€ HeobXxigHWI gns oBeAEHHS AAHOT HEPIBHOCTI.

[Ons posefeHHA HEPIBHOCTI CKOPUCTAEMOCA HepiBHICTIO Kowi-ByHAKOBCBKOrO, Lo 3B'A3y€ HOPMY Ta CKanspHUiA 06yTOK
BEKTOpPiB  BEKTOpHOro npocTopy. HepiBHicTb Kowi-byHAKoBCcbKOro iHogi, ocobamBo B iHO3eMHiN  niTepatypi,
Ha3uBaloTb HepigHicmio LLisapya i HepisHicmio Kowi-byHAakoscbkozo-Lllsapua.

Hopmoto y BektopHOomy npoctopi X Hag nonem K = R abo C Ha3mealoTb BigobpaskeHHs ||-||: X — R, wo 3an0B0nbHAE
HACTYMHUM YyMOBaM:

1. |lx]l = 0; ||x||=0 © x = 0, x € X (HeBia eMHicTb).

2. |IA*xx]|| = |A]| *||x]l,x € X, A€ R (oaHOPpigHicTb).
3. lx+yll < x|l + llyll, x,y € X (HepisHicTb TPUKyTHMKA).
Po3rnsaHemo f0BiNbHUIA BEKTOPHUIA NpocTip X Hag nonem K = R abo C. CkanapHUm 006ymKkom Ha npocTopi X Ha3neaoTb
dyHKLiO
x,y) = (x,y): X2 > K,
AKA Ma€ TaKi BNAaCTUBOCTI:
Er (X +x2, ) = (x1,¥) + {x2, ¥}
By (Ax, v) = Ux, y);
Es. (v, x) = (x,¥);
Ea. (,x) 201 (x,x) =0 x =0, WO BMKOHYIOTbCA A7 AOBIIBHUX BEKTOPIB X, X1, X5,y 3 NpocTopy X i AOBINbHOMO
ckanapa A€ K.
3ayBaXsumo, Lo A giiicHoro uncna 1 maemo A=A, omxe, npu K = R Bnactusicts E3 mae surnaa: {y, x) = (x,y), wo
03Ha4Yae CUMETPUYHICTb GyHKUT (X, V).
BeKkTopHMI1 npocTip X, Ha AKOMY 3a[aHO CKanApHUit gobyToK, ('), HasuBaeTbeca nepedzinbbepmosum npoctopom abo
NPOCTOPOM 3i CKaNAPHUM LOOYTKOM.
[ns AOBINbHUX BEKTOPIB X, Y i3 NepeArinbbepToBoro NPoCTopy BUKOHYETLCA HACTYMHA HEPIBHICTb:
[,y < llxcll -yl (1)

AKY Ha3nBatoTb HepiBHicTiO Kowi-LBapua.
Mpuyomy piBHICTb BUKOHYETHLCA ANLLE Y BUMNAAKY, KOJIM BEKTOPU X, Y NiHIKHO 3aNexXHi.
3anuwemo HepisHicTb (1) B NiHiMHOMY npocTopi R™.
CranapHuit 4o6yTOK BeKTOPIB X = (X1, Xg, ..., X ) 1Y = (V1, V2, -, Yn) B AiHiAHOMY NpocTopi R™ 03Haunmo 3a popmynoto
(6, y) = Xieg Xy (2)
3a A,0MOMOrO0 HbOTO BBEAEMO E€BKAIL0BY HOPMY

1/2
lxll = Vix, x) = (Tfe, x7) (3)
Ha npocTopi R™.

Topaj ANA AINCHUX YNCEN X1, X, ..., X, V1, V2« ) Y BAKOHYETBCA HEPIBHICTb

Clrixy)? < Gl D Ek v, (4)
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LlosedeHHs. O4eBUAHO, WO
2
i=1 E?:l(xin - xj)’i) =
i, xf )2y y]-2+2?=1 sz Y yf - 23y Xi=1 % V)
3BiBWYW NOAiIOHI fOAAHKM O4EPHKUMO
2
Y Xy —xy)” = 2 X v - 2T Xy
3BigKM
1 2
SE X (rayy = xw)” = 2y o X vf — Bl xiyd)?.
2

OcCKiNbKM §2?=1 Z}l:l(xiyj — xjyi) > 0, To 3BiACK BUNAMBAE CNPaBea/IMBICTb HepiBHOCTI (4).

3ayBaKMMO, WO PiBHICTb B (4) AocAraeTbCA TOAi i TiNbKKM ToAj, KOAW Yncna x;, y; nponopuiiiHi. Akwo x; # 0,,y; # 0, To
Xy _ Xp _
Y1 Y2
X1 = AYq, X3 = AYg,e, Xy = APy

pe . . . .
- == AKLWLO X O4HE i3 uncen X;, y; AOPIBHIOE HYIO, TO MPOMOPLIMHICTb 03HAYaE, WO icHye Take umcno A # 0, wo
Yn

2
a; - . . . .
Moknagemo x; = b—‘i, ¥; = «/b;, 8e a;, b; —popaTHi aiicHi unmcna. Toai oaepKUMO HepiBHICTb
a? a2 a3 (a;+a,++ay)?
(_1+_2+...+_") 2#'
by b, by (by+b+-++by)
AKA ALOCUTb YaCTO 3aCTOCOBYETLCA NPW PO3B’A3yBaHHI HEPIBHOCTEN MaTeMaTUYHUX ONiMNiaA,.
3.2. 3acTocyemo HepiBHicTb Kowi-byHAKOBCbKOro A0 pPO3B’A3yBaHHA eKCTPEMabHOT 3a4aui.
3 (4) 3anuwwemo HepiBHicTb Kowwi-ByHAKOBCbKOrO A5 4oTMPbOX Habopis uncen (xi; Xo; X35 X4) | (V15 V25 Va3 Va)
2 2 2 2 2y (2 2 2 2
Goyr + %22 + x3y3 + x4Ya)? < (0 + x5 + x5 +x9) (i +y5 +y5 +yi). (6)

(5)

BpaxyBaswwu (6) ana Habopis (a; 4;/2; a) Ta (sin(x + y); cos(x + y); siny; cosy) oaepKunmo
2
(asin(x +y) + 4cos(x + y) + V2siny + acosy)” < 2(2a? + 18),
3BigKM
|asin(x + ) + 4cos(x + y) +V2siny + acosy| <+/2v2aZ +18. (7)

TaKVM YMHOM , HaliBiNbLue 3HAYEHHS 4AaHOMO BUpasy Npuiimae 3HadenHs v2vV2a? + 18.
OCKiNnbKM Hanbinblie 3HaYeHHA BUpa3y gopisHioe 10, To

V24/2a? + 18 = 10,

2a?* + 18 =50,
a? =16,
a = t4.

PiBHicTb B (7) JOCAraeTbCA 32 YMOBUW NPONOPLiAHOCTI
sin(x+y) _ cos(x+y) _ siny _ cosy

a 4 V2 a >0,
TO OYEBMAHO, WO A/ KOXKHOMO i3 3HaYeHb napameTtpa a = t4 3aBxKAM MOXHa nigibpatu Taki Hesigomi (X,y), WO BKasaHMii
BMpa3 Habysae Halbinbloro 3HayeHHa 10.

BUCHOBKU HA OCHOBI BUKOHAHHA 3ABAAHHA

PoboTa Hag MPOEKTOM A03BONAE NEPEBIPUTM 3HAHHA | MOKasath NybAiYHO [OCATHYTUI pe3ynbTat. Lle aianbHicTb,
CNPAMOBAHA Ha PO3B’A3yBaHHA LiKaBoi Npobnemu, Lo HOCUMTb NPAKTUYHMI XapaKTep, MA€E Ba*KAMBE 3aCTOCyBaHHA. barato
3aBAaHb 3i WKINbHOIO Kypcy YYHAM He 3pO3YMiNo 3 TUX MPUYMH, LLLO BOHU HEe MatoTb HeobXiAHOI TeopeTUYHoi 6a3u, He BMIitOTb
CMCTeMaTM3yBaTK i y3arasbHioBaTU. KoM BYUMTENb 3aCTOCOBYE METOZ MPOEKTIB, TO LUMM CaMMM HALUTOBXYE AiTeN Ha Ti BUAU
LiANbHOCTI, A€ Ha NPAKTUL,i 3aCTOCOBYETLCA BUBYEHUI HUMM paHiwe yM 3406yTUIA Nig yac NPoeKTy barax TeOPEeTUYHMX 3HaHb. AK
NMOKasye NpaKTMKa NpoBeAeHHA YPOKiB B 3aKNafax cepeaHboi OCBITU, MaTepian, AKUW YUYHI pO3yMitoTb lerwe CnpuimMaEeTben i 3
6iNbLIOID OXOTOK BMBYAETHCA YYHAMM, A LLe CMOHYKAE YYHIB A0 CAMOCTIMHOI MOLWYKOBOI AiANbHOCTI, TBOPYOCTi, OBONOAHHA
NpUMOMammM aKTUBHOIO MOBJ/IEHHEBOTO CMiZIKYBAHHSA, MOCTAHOBKM 1 BUPILLEHHA HAaBYa/IbHUX Npobaem.

OBlrOBOPEHHA

dopmyBaHHA NpodecitHOi KOMNETEHTHOCTI MalbyTHIX y4MTENiB MaTEMATUKM € aKTyaNbHMM, 60O came Nifg Yac HaBYaHHA
3aK/1afaloTbCA OCHOBM gna npodecioHaniamy, GopmyoTbCsa BMIHHA CaMOCTIMHOI AiANbHOCTI y BUMOpaHin ranysi. Tomy nepeg,
BMKNagadyamm 3BO cTaBuTbCA 3aBOaHHA 3HalTM Gopmu, meTogM i 3acobu HaBYaHHA, WO 3abesneyytoTb 6iNbWw WMPOKI
MOIMBOCTI PO3BUTKY, CAMOPO3BUTKY i camopeanisal,ii ocobucrocri.

BuByatoum neparorivyHi JOCAIAMKEHHA NPUXOAMMO A0 BUCHOBKY, LLO NPOLLEC NPOEKTYBAHHA PO3rNALAETLCA AK OAMH i3
OCHOBHMWX MEXaHi3MiB 34iiCHEHHS Ta PO3BMTKY iHHOBALMHOI 4iA/IbHOCTI Ta AK BWUA, TBOPYOCTi, AKWIA BK/IOYAE MOAENOBAHHS,
NPOrHO3yBaHHA Ta aHaNITUYHE OLiHIOBAHHA.

Kpim Toro, metoz NpoekTiB A03BONSAE NiAroTyBaTM KBanidikoBaHux daxisuis y cdepi cepegHboi OCBITU, AKi BONOAIOTb
CUCTEMOIO 3HaHb 3 MaTEMATUKKU, METOAMKN HaBYaHHA, Y AKMX cdOPMOBAHI 3arasibHi, cnewjianbHi, npodeciiHi KOMNETEHTHOCTI, WO
[,03BOJIAE HABYATM Y4YHIB Ha BMCOKOMY HAyKOBO-METOAMYHOMY PiBHi, MOEAHYIOUM TPAAMLINHI Ta iHHOBaUiHI TexHosorii Ta
MeTOAMKM HaBYaHHA, AKi cCaMi 34aTHI 0 HAaBYaHHA | CAMOBAOCKOHA/NIEHHA NPOTATOM KUTTA.

B npoueci npoBeaeHHA AOCNIAKEHHA CcTydeHTam Oyn0 Ba)KKO 3HaWTM KOMMJEKCHUIA nigxid, Wwo nepepbavae
uinecnpamoBaHe GOPMyBaHHA HaBMYOK PenpoayKTUBHOI | TBOPYOI AifANbHOCTI.

B 3anponoHoBaHMX AOCNiIAXKEHHAX aBTOPW Hamaraamca 3acTocyBaTh ABi B3aEMOAOMNOBHIOKYMX NIOTIKM: NOTIKU HAaBYaHHA
npegmerty i NOriKM PO3BUTKY CTYAEHTIB 33 ONOMOTO0 Npegmery.
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BUCHOBKWM TA NEPCNEKTUBU NOAANBLLUOIO AOCNIAMXKEHHA

PesynbtaTom npoBeseHOro gocniaKeHHa € GopmyBaHHA NpodeciiHOi KOMNETEHTHOCTI MalibyTHIX BUMTENIB MaTEMATUKN
Yyepe3s BMNPOBAAKEHHA MPOEKTHUX TEXHO/OTiA 3aBAAKW BAANOMY MOEAHAHHIO TEOPETUYHWUX 3HAHb, OAEPMKaHUX B NPOLECI
BMBYEHHA QYHOAMEHTA/IbHOI MATEMATUYHOI AUCUMNAIHM «DYHKUiOHaNbHUIA aHani3» Ta ii NPaKTUYHOrO 3acCTOCYBaHHA ANs
pO3B’A3aHHA 3aBAaHb LWKINILHOTO Kypcy maTemaTvKu. Kpim Toro, mMeToZ MNPOEKTIB BiAMNOBIAAE LinAM MaTemaTUYHOI OCBITU i
[,03BO/ISIE PO3BMBATM TBOPYi 34i6HOCTI, aKTUBHICTb, CAMOCTIlMHICTb, KPEATMBHICTb, THYYKICTb MUCNEHHA | PO3KPUTU TBOPYMIA Ta
iHTeNeKTyanbHU noTeHUian cTyaeHTa, TO6TO roTye MaibyTHbOro neparora, AKWMM yMie CTBOPIOBATM PO3BMBAJIbHE OCBITHE
cepefoBuLLe i AKMI YCMILWHO BNPOBAAXKYE AK TPAAMLiAHI, TaK | HOBITHI METOAMKM, TEXHOIOTIT Ta NPUAOMU. A KOAN MalbyTHIl
BUUTE/Nb KBaNihiKOBaHUM, MIOMY MOXKHA AaBaTW aBTOHOMIIO | BiH FOTOBUI HEIO CKOPUCTATUCA.

OnucaHy MeToAMKY MOXKHA 3acTOCYBaTW i MPW BMBYEHHI iHWMWX PYHAAMEHTANIbHUX MaTeMaTUYHUX AUCUMMAIH, WO
cnpuatume npodeciiHomy po3BMTKY MaibyTHiX nesaroris, a y4HiB 6yAe CNOHyKaTW [0 NPOBeAEHHA HAYKOBUX JOCANIAKEHb.
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THE IMPLEMENTATION OF PROJECT TECHNOLOGIES IN THE PROCESS OF SOLVING EXTREME TASKS USING ELEMENTS OF
FUNCTIONAL ANALYSIS
U.Z. Hrabova, R.V. Tovkach, Yu I. Kharkevych
Lesya Ukrainka Volyn National University, Ukraine

Abstract.

Formulation of the problem. The reformation of the Ukrainian school requires a change of modern teacher's role positions. Thus,
the problems of innovative organisation, search for new tools and technologies for the training of mathematics
teachers in Bachelor's and Master's programs at universities are actualised. In order to train future professionals, it is
necessary to pay attention to two dimensions of training results: subject knowledge, skills, abilities, experience in
performing methods of activity, subject competencies, and subjective results - experience in creative activities, general
educational skills, key competencies. In the system of professional training of future mathematics teachers, work on
projects occupies an important place. It is the implementation of the project method that makes it possible to integrate
the acquired knowledge, as well as to develop students' cognitive and creative skills.

Materials and methods. During the process of research, the methodological literature on the research problem was analysed and
generalised; the research information and the experience of the authors in organizing and conducting classes on
methods of teaching mathematics and functional analysis were classified and systematized.

Results. Here is the example of the project for the implementation of knowledge of the fundamental mathematical discipline
"Functional Analysis" in the course of solving extreme tasks of the school course of mathematics, which involves the
modernization of the content of professional training of future mathematicians.

Conclusions. The introduction of project technologies in the study of fundamental mathematical disciplines assures the formation
of a professional who has knowledge of subject and modern practices, technologies, techniques, forms and methods
of work on the basis of innovative educational approaches. At the same time, students conduct independent
researches, solve current problems; students are trained according to their abilities, which helps to establish
interaction between the subjects of study. The technique, described below, can be applied in the study of other
fundamental mathematical disciplines, which will contribute to the professional development of future teachers and
will give the opportunity to make the students interested in studying mathematics and conduct scientific researches.

Key words: project method, project technologies, functional analysis, extreme task, Cauchy-Bunyakovsky inequality.
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EALIOTEMHMEHT HA YPOKAX IHOOPMATWKU: [OCBIA BNPOBALMEHHA Y 33CO KPEMEHYYKA

AHOTALIA

dopmynoeaHHa npobaemu. Y cmammi y3a2as6HI0I0OMbCA pe3ysnemamu 00CAiOXEeHHA cmaHy 8nposadxeHHsa edsbtomeliHmeHmy, mobmo
HOBYAHHA Yepe3 2py, y 3aKkaa0ax 3a2anbHOI cepedHboi oceimu KpemeHyyka. Memoro 0ocnionceHHA € aHaniz docsidy
8rposadxeHHs hopm edbromeliHMEHMY HA YPOKax iHpopmMmamuku y 3aKkaadax 3a2aneHoi cepedHboi ocsimu KpemeHuyKa.

Mamepianu i memodu. [ns po38’a3aHHA nocmassaeHux 3a80aHb Ma 00CA2HEHHA Memu 00CNIOH(EeHHA BUKOPUCMAHO KoMraeKc memodis,
ceped AKUX OCHOBHUMU € ONUMYBAHHA (071A 8ussneHHA ¢opm edbtomeliHMeHmy, AKi 8UKOPUCMOBYIOMbCA 84uMenamuU
iHpopmamuku 33CO KpemeH4yKa), kKomnapamugHuli (0218 NOpieHAHHA MOWUPEHHS i2p08UX MPAKMUK Y Pi3HUX WKOAX), 0 MAKOHC
Memodu Mamemamu4Hoi cmamucmuku (0414 KinbKiCHO20 ma AKiCHo20 aHanisy emnipuyHux aHux). ObparHuli memodosnoaiyHul
iHcmpymeHmapiti 00380s1u8 0CAIOUMU CMAH 8MPOBAOHEHHA edblomeliHMeHmy Ha ypoKax iHgpopmamuku y 33CO KpemeHuyKa.

Pe3synemamu. AHani3 pe3ynemamie 0ocnioxceHHA 3aceio4us, wio nepesaxcHa binowicme yyumenie KpemeH4yyybkux 33CO o3HaliomneHi 3
i2poBUMU NPAKMUKAMU HABYAHHA MA 88aX(AIOMb iX KOPUCHUMU 0718 0p2aHi3ayil ypoKie iHpopmamuku. BoOHo4ac onumyeaHHs
nokasasno, wo y binewocmi 3axknadie oceimu icCHytoMb nesHi 06MexeHHsA BUKOPUCMAHHA KOHKpemHux ¢popm edstomeliHmeHmy:
AKWO 8i3yani3ayis HABYANbHO20 MamMepiany BUKOPUCMOBYEMBCA Y BCIX WKOAAX, MO 3Ma2asbHI (hopMu HABYAHHA | 0c0baUBO
sebksecmu nompebyrome ysaeu eyumesnie iHpopmamuKku. Ha ocHosi pesynbmamie emnipudHozo 00CniOHeHHA 6yn0
pO3p0obseHO HU3KY peKomeHOauili uj000 8rMPoBadH eHHs i2pOBUX MPAKMUK Y HABYAHHS IHPOPMAMUKU y KpemeH4yuybKux 33CO.

BucHo8Ku. Y docnidnceHHi 00800umMbca O0UinbHICMb WUPWO20 3arnposadx eHHA sebKkeecmy AK iHCMpyMeHmy nid8UWEeHHA Mi3Ha8aAbHOT
aKMUBHOCMI Y4YHIB, @ MAKOMC iXxHbOI Momueayii sus4eHHA iHpopmamuku. ImnaemeHmayis edbtomeliHMeHMy y HABYAHHA
iHhopmamuku 30amHa 3HaYHO NIGBUWUMU Mi3HABAbHY AKMUBHICMb Ma Momueauito yYHie 0o susvyeHHA npedmemy. Kpim
moe2o, i2po8i MPAKMUKU CrpuamMumMyms 3MeHWEHHHK MCUX002i4HOI HanpyxeHocmi.

K/IKOYOBI C/IOBA: edblomeliHMeHM, i2p0o8i MPAKMUKU HABYAHHSA, iHPOPMAMUKQ, 3aKAa0U 3a2asbHOI cepedHboi ocgimu KpemeHvyKa,
8i3yanizayisa HaB84anbHO20 Mamepiany, 3Ma2aHHsA, eebkeecm.

BCTYN

EfnbtoTeliHMeHT, TO6TO irpoBa neparorika, BNPOBAAMKEHHA irpOBMX MPAKTUK Y HAaBYaHHA CbOrofHi HabyBae 3HAYHOI
nonynapHoCTi AK 3a pybexkem (guB., Hanpuknag, pobotn 3. OkaHa (Okan, 2003), H. Akcakan (Aksakal, 2015), . Hemeub Ta
L. TpHa (Némec, Trna, 2007), M. C. 3iguk Ta /1. Yonnec (Zeedyk, Wallace, 2003), Tak i B YKpaiHi (KpyTii, 2017). Feimidikauis
HABYaHHA | CTAHOB/IEHHSA e bIOTEMHMEHTY CNPUAIOTb 3HUKEHHIO HeraTUBHUX HaC/igKIB AiarKuTanisauii, iHdopmauiltHoro Bnauey,
nepeBaHTaXKeHHs iHbopmaLiieto.

© O.C. Mpuugok, B.M. YepHeHkKo, /1.MN. Makcumosa, 2021.
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TWUNONOTiYHOK 03HAKOK CbOTOAEHHOI LWKIIbHOI OCBITU PO3BUTKY € il LUBMAKWUI Nepexis y pisHOMaHITHI mepexkesi popmu
HaBYaHHA. Mogji ocTaHHIX ABOX POKIB (Ma€eTbCA Ha yBasi NaHAEMIA) NPULLIBUALWIMAN BNPOBaLKEHHA ANCTAHLIMHOI OCBITH, AKa
nepenbayae OTPMMaHHA 3HaHb B MepeXKi IHTepHeT. HeraTMBHUMM HacniAKaMy UMX TEHAEHLiV € BTPATa AUTUHOK KOHTPOJIO Hag,
iHbopmaLieto Yepes i HeOBMEXKeHY AOCTYMHICTb, L0 MOXE BUKAUKATU HEeraTUBHMI NCUXONOMYHMIA BMNAUB | AECTPYKTUBHY
NOBeAjiHKy.

CnOKOHBIKY rpa € O4HMM 3 NEPEBIPEHUX IHCTPYMEHTIB YHUKHEHHA LUUX HebesneuHux AsuLl,. BoHa mae BenMKe 3HAYeHHA
ONA PO3BUTKY 0cOBUCTOCT | ePpeKTUBHA AR HAaBYAHHA, PO3BUTKY Ta BUXOBAHHA. [pa Ma€e npAme BiAHOLWEHHA A0 BCiX iHWWX BUAIB
LiANBbHOCTI — Ni3HAHHA, NpaLi, KyAbTypu, CRIAKYBaHHA.

Y3arasibHEHHA | MNOLWMPEHHsA NepeaoBOro irpoBOro A0CBiAY, O3HAaMOMJIEHHA 3 HOBUMMW irpOBMMU TEXHO/OFIAMM,
CTBOPEHHSA LiKaBOro i 6e3ne4yHoro OCBITHLOIO cepenoBULLa, AKE CNPUAE KOHCTPYKTUBHOMY PO3BUTKY LUKOAPIB € BaKNMBUM
33aBAAHHAM Cy4aCHOi yKpaiHCbKOi OCBITU. EABbIOTEMHMEHT L03BONAE 3HU3UTU HAMPYry B COLIOKY/NbTYPHOMY PO3BWTKY YYHIB,
HaBYUTU X HABMYKAM KOHCTPYKTMBHOIO CRiNKyBaHHA, 36epertm KynbTypy WLbOro CMifIKyBaHHA. IrPOBi MPaKTUKW YMUKaOTb
MWMOBI/IbHY yBary, fika CNpuUAe 6inblw TOYHOMY CMPUMHATTIO | KPALLOMY 3anam’aATOBYBaHHIO HAaBYa/IbHOTO MaTepiany.

Y ocHOBY eAblOTEMHMEHTY NOKAAAEHO Taki 6a30Bi NearoriyHi NPUHLMNK:

— NPUHLMN NOEAHAHHA TEOPIi 3 NPAKTUKOO, OCKINIbKM FAPMOHINHE HaBYaHHA | BUXOBAHHA BUMJ/IMBAE 3 KUTTA i HEPO3PUBHO
3 HUM NOB'A3aHI AK Yepes AXKepeno 3HaHb, TaK i Yepe3 pe3y/bTaT HaBYaHHS;

— NPUHUMN NOCNIA0BHOCTI, OCKiZIbKM YUYEHb NIMLLE TOA| 34aTHMI HabyTM 3HAHb i HABUYOK, KOJIM BOJIOAIE CUCTEMOIO YiTKO
B3aEMOMNOB’A3aHNX MOHATb, MOCNAIAOBHICTb AKMX 3yMOB/IEHa NOrikol NobyAoBM HaBYa/NbHOTO MaTepiany i KOTHITUBHUMM
MOK/IMBOCTAMM YYHiB;

— NPUHLMN AOCTYNHOCTI, TOMY WO AOCTYNHICTb HABYaHHA BU3HAYAETbCA BIKOBUMM Ta iHAMBIAYaIbHUMK 0COBANBOCTAMM
YYHiB, OpraHi3aLi€to HaB4aIbHOro NPOLECY, 3aCTOCOBYBAaHMMM METOAAaMMN HaBYaHHA Ta iH.

JocnigHWKKM BBaXKatOTb, WO eAbloTEMHMEHT yBibpaB B cebe HaliKpalye 3 Taknx ob6a1acTei 3HaHHSA, AK:

neparorika (Hanpuknag, nejaroriyHi NPUHUMNK); NCUXONOFiA  (KOMYHIKaTMBHI Teopii); iHbopmaTuKa (cydacHi
iHpopmauiliHi Ta KoMyHiKauiiHi TexHonorii) (Némec, Trna, 2007). EabloTEAHMEHT MPOMNOHYIOTb PO3rNAL4ATU WNMPOKO: agxKe e
TaKWUWA TN HaBYaHHA, AKUIA NOB’A3aHMUI He TiNbKM 3 PO3BaXKaNbHUM MexaHi3MoMm, a ¥ 3 iHwKumK npouecamum (Corona, Perrotta,
Polcini, Cozzarelli, 2011). EabloTeMHMEHT BMCTYNaE y poAi AOMNOMIXKHOIo 3acoby, a po3Bara € WBMALIE AULE MepLIoto CTaAjielo
BMKOPWUCTaHHA efblOTEMHMEHTY. AZ)Ke KiHUEeBa MeTa Mpouecy HaBYaHHA — CTIMKWW iHTepec A0 HaBYaHHA, 3aXOMJeHiCTb
npeametom (Aksakal, 2015).

IHpopMaTHKa AK HaBYaNbHWI NpeaMeT LWKINbHOT OCBITWM, BMHUKHEHHA SKOrO 3YMOBNEHO CamMe CTaHOB/IEHHAM
iHbopmaLiMHOro cycninbCTBa, Ha Hawy AYMKY, Halbinblw notpebye BnpoBasKeHHA GOpPM eapbloTEMHMEHTY, afe CyvacHa
OMTUHA, AKA NPOBOAWTL 32 EKPAHOM MOHITOPA UM IHLWMMM FrafKeTaMu NeBOBY YacTKy Yacy, came Ha ypoKax iHGOpMaTUKKM MaE
HaBYATUCA NPaBMAAM NOBELIHKM 3 iIHpopMmaLieto 3 mepexi. | Kpale Le pobuTtn B irpoBin GopMmi, OCKiZIbKM BOHA € eDeKTUBHILWO0
i LOCTYMHIWOM ANA YYHIB, WO 33a3HaYatloTb, 30Kpema, 3apybixKHiI BYEHI, AKI HaNnoNAratoTb Ha 3B'A3KY iHGOPMALLINHWUX TEXHONOTIN
Ta enbloTeMHMEHTY (4MB., HANPUKNAZL FPYHTOBHE AOCNIAMKEHHA KONeKTUBy iTaniicbkux ByeHux (Corona, Cozzarelli, Palumbo,
Sibilio, 2013)). Y 38’a3Ky 3 KOMN'tOTEpPM3aL,i€l0 CYCNiNbCTBA BAAaCHE KOMN'IOTEP CTAa€ OCHOBHMM TEXHIYHUM 3aCOBOM Yy HaBYaHHI, a
3MiCT HaBYaHHA NOCTYNOBO TPAaHCHOPMYETLCA Y LUDPOBUIA KOHTEHT.

MeTolo AOCNiAKEHHA € aHani3 AOCBiAY BNPOBagKeHHA GOpM eabloTEMHMEHTY Ha YpOKax iHGOPMaTMKK Y 3aKknaaax
3aranbHOi cepeaHboi 0ocBiTM KpemeHuyka. MeTa peanisyeTbca yepes Taki 3aBAaHHA: NPOBECTU OMUTYBAHHA cepefj BYMTenis
iHpopmaTukM KpemeHuyubKMx 33CO CTOCOBHO BMKOPUCTaHHA Yy HaBYaZlbHOMY Mpoueci HalbinblW MOLWMPEHUX Yy CBITOBIN
neparoriyHin npakTuui Gopm eabtoTEMHMEHTY; y3araibHUTU Pe3ynbTaTh ONWUTYBAHHA; BUABUTM HaWbinbw nonynapHi dopmu
efbloTEMHMEHTY.

METOAU AOCNIAXKEHHA

[nA po3B’A3aHHA NOCTaBAEHUX 3aBAAHb Ta JOCATHEHHA METU A0CNIAKEHHA BUKOPUCTAHO KOMMNJIEKC METOAIB, cepes, AKUX
OCHOBHMMW € ONUTYBaHHA (AN9 BUABNEHHA GOPM enbloTEMHMEHTY, AKi BUKOPUCTOBYIOTbCA BUMTENAMU iHPopmaTuKku 33CO
KpemeHuyKa), KomnapaTuBHUI (417 NOPIBHAHHA NOWMPEHHSA irPOBUX NPAKTUK Y PI3HUX LLIKOAX), @ TAKOXK METOAM MaTeMaTUYHOT
CTAaTUCTUKK (BNA KiNbKICHOTO Ta AKICHOro aHanisy emnipuyHux gaHux). O6paHMit MeToL0N0rYHMIA IHCTPYMEHTApIN 403B0UB
[OCNIANTU CTaH BNPOBAAKEHHSA eAbloTEeMHMEHTY Ha YpoKax iHpopmaTtuKky y 33CO KpemeHuykKa.

PE3Y/ZIbTATU AOCNIAKEHHA

EMnipnyHe foCnigKeHHA BUKOPUCTAHHA GOpM eabloTeMHMEHTY Y HaBYaHHI iHpopmaTuui 6yno 3ailicHeHe 3a yyacTi
aBTOpa Ha 6asi KpemeHuyubKkux 33CO. Y gocnigsKeHHi 6ynun 3aaisHi 36 yuutenis iHpopmaTMKuM 3 28 WKin KpemeHuyka.

OnuTyBaHHA 34iACHIOBANOCA Y OHNANH-peXMMi 3a Jonomoroto Google dopm. Yunteni manun 3anoBHUTU ONUTYBANBHMUK,
po3pobeHnint aBTOpPamMKn AOCAIANKEHHA. ABTOPU CBIAOMO 3p0buan OnuTyBasIbHUK CTUCAUM, BKAIOYMBLLUM 40 HbOTO /nLIe TPpU
3anuTaHHA. Lle 3ymoBAEeHO TMM, Lo aHani3 BNPOoBagyKeHHA dopm eabtoTeliHMeHTy y 33CO KpemeHuyKa NpoBOAmUTLCA BReplue,
TO6TO LLei MOHITOPUHT € NLLIE NEPLIOID CXOAMHKOK AA NoAaNbLUMX, BiNbll AeTanbHUX AOCAiAKEeHb. [0/I0BHO METOI AaHOr0
OMUTYBaHHA Oy/I0 OTPUMATM 3arasbHi BiZOMOCTI NPO 06i3HAHICTb KPEMEHYYLbKUX yuuTeniB iHGOPMaTUKM MPO MNPaKTUKK
efibloTeHMEeHTY i 3’AacyBaTh, AKi came GOPMK HaBYaHHA Yepes rpy BOHW BUKOPUCTOBYIOTb.

PecnoHzeHTam NPONOHYBaNoCA BiAMNOBICTU Ha TPU 3aMNUTaHHA: YM 3HANOMI BOHM 3 MPaKTUKAMM irPOBOr0 HaBYaHHA
(eabtoTEMHMEHTY); UM BBAXKAOTb BOHW iX KOPUCHUMM; AKI NPAKTUKM i3 3aNPONOHOBAHWUX Y ONUTYBaIbHUKY BOHW BUKOPUCTOBYIOTb
Yy HaBYa/IbHOMY NPOLLECi.

PesynbTaTi oNMTYyBaHHA 3a NepLUMM NMYHKTOM (06i3HAHICTb yunTeniB iHGOPMATUKM CTOCOBHO irPOBUX MPAKTUK HaBYaHHA)
CBiAYaTb NPO Te, WO MalKe yci yunteni iHpopMaTUKM KpeMeHUYLIbKMX LKIN 3HANOMI 3 NpaKTUKaMK eabloTeMHMeEHTY. Jlnwe aBa
pecnoHAeHTN HaJanu HeraTUBHY BigNoBiAb. Pe3ynbTatv onuTyBaHHA NpeacTaBAeHo Ha puc. 1.
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Bignosiai pecnoHAeHTIB Ha Apyre 3anuTaHHA ONWUTYBa/lbHWKA (BYMKa MPO KOPWUCHICTb eAbloTeMHMEHTY Ha ypoKax
iHPOPMaTMKK) rOBOPATb NPO Te, WO NepeBaykHa 6inblicTb onuTyBaHUX (28 0cib) He nunLe 3HAlTb NPO eabloTEMHMEHT, ane 1
BBAXKAOTb irpOBi MPAKTUKM KOPUCHUMU. OTHKE, MOXKHA 3pOBUTU NPUNYLLEHHSA NPO Te, LU0 YCBIAOMIEHHA Nefarorammn gouinbHOCTI
Ta epeKTUBHOCTI HaBYaHHSA Yepes rpy YMOK/IMBIOE YNPOBaAKEHHA GOPM eAbloTEMHMEHTY.

Pe3ynbTaTi onuUTyBaHHA 36 pecnoHAeHTIB PesynbTaTi onuTyBaHHA 36 pecnoHAeHTIB

0,
>5% 22,2%

O 3Haiiomi 3 ebloTeiHMEHTOM @ He 3Haliomi O BsaatoTb KOPUCHUMM @ He BBaxatoTb
Puc. 1. Pe3aynbTaT ONUTYBaHHA yuUTenis WoA0 Puc. 2. Pe3ynbTaT ONUTYBAHHSA YUMTENIB LLLOA0 KOPUCHOCTI
03HaOM/IEHHA 3 MPAKTUKAMM irpOBOro HaBYaHHA NPaKTUK irpoBOro HaBYaHHA

Y3aranbHeHi pe3ynbTaTi aHanisy BUKOPUCTAHHA GOPMU efbloTEMHMEHTY Y HaBYaHHI iHpopmaTULL y 3aKnagax 3araibHol
cepeaHboi ocBiTM KpemeHuyKa HaBegeHo y Tabn. 1.

Tabauysa 1
dopmu egbloTEMHMEHTY Ha YPOKax iHpopmaTuKu

Dopmn efbloTENHMEHTY
Bisyanisauia
HaBYaNbHOIO 3maraHHA BebkBecT

maTepiany
33CO Nel +
33CO Ne2
33CO Ne3
33CO Ne4
33CO Ne5
33CO Neb6
33CO Ne7
33CO Ne8
33CO Ne9
33C0O Nel10
33CO Nell
33CO Ne12
33CO Nel5
33CO Nelb6
33CO Nel7
33CO Neo18
33CO Ne19
33CO Ne20
33CO Neo22
33CO Neo23
33CO Neo24
33CO Neo25
33CO Neo26
33CO Neo27
33CO No28
33CO Neo29
33CO Ne30
33CO Ne31

33CO

+ |+ |+ |+ |+
+

P e e o e R e o o R S

+ |+

o e e e B e e o I [ e e [ B e I I I o o R S o R o e

+ |+ |+ [+

AHani3 pe3ynbTaTiB ONUTYBaHHA CTOCOBHO YNPOBAAXKEHHA KOHKPETHUX GOPM efbloTEMHMEHTY Y HaBYaHHA iHPOPMaTUKK
NMokasas, Wo Hanbinbl nowupeHoo Gopmotlo € Bi3yanisauis HaBYya/IbHOIO maTtepiasy 3a LOMOMOrol MynbTumegia. B ycix
[OCNIAXKYBaHMX 3aKNafax OCBITU YPOKU iHGOPMATUKM MPOBOAATLCA 3 BUKOPUCTAHHAM Bisyanisauii. Popmu BUKOpPUCTaHHA
Bi3yanisauii Ha ypoKkax iHGOpPMaTUKKM € PiSHOMAHITHUMKM — Le MoxKe ByTu aHimoBaHa rpadika, TemaTuyHi BigeomaTtepianu,
npeseHTauii PowerPoint (ctatnyHi abo aHimoBaHi) Towo. loTeHuian Bi3yanisauii peanisyetbca y Mexax MOTMBaLiAHOIO
KOMMOHEHTa B MpOLLECi HaBYaHHA iHGOPMATMKM 33 AOMOMOrOK peanisauii BipTyalbHUX EKCMEepPUMEHTIB ANA NpPoBeneHHs
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CMOCTepeXKeHb, EKCNepMMEHTIB, BUMIipIoBaHb, Nobyaosu 306paxeHb (30Kkpema, aHimoBaHMX), rpadikis, X nepeTBOpEHD,
BMBYEHHA MOZENEN, AIKi BUABAAIOTb HOBI A/1A YUYHiB GaKTK i BNaCTUBOCTI.

HaBuyaHHA Yepes 3maraHHA peanisyeTbca y 26 3 28 OCBITHIX 3aKkNagiB. Yuntenam iHpopmaTUKM BapTo 3BEPHYTH yBary Ha
NepcneKkTUBHICTb LbOro Pi3HOBUAY eAbloTeMHMEHTY. ANAaKTUYHY LiHHICTb NPOBeAEHHA CMiIbHOT KOMN'IOTEPHOT rPY YM 3MaraHHsA
nigkpecntoe T. BapboniHa, aBTop NOCIGHMKA 3 METOAMKMN BUKAAAAHHA WKiNbHOT iHGopmaTukm (bapboniHa, 2007, c. 116).

BebkBecT 3agiaHMI Ha ypoKax iHGOPMATMKM Yy LIECTU KPEeMEHUYLbKMX LWKoaax. BapTo 3a3HaumTk, WO pasom yci
3anNpOMNOHOBaHi Y ONUTYBaIbHUKY GOPMM irPOBOrO HaBYaHHA BUKOPUCTOBYIOTLCA TEX Y LMX LUECTU 3akaafax ocsith. HeobxiaHo
3ayBaXWUTW, WO L 3aKaagm OCBITM € NPOBIAHUMM KPeMEHUYYLbKUMUK WKONaMK, AKi BUBOPOIM NPaBO MaTu CTaTyc fliueto, To6To
npodinbHOT WKoaun.

OBrOBOPEHHA

Y3arasbHIO4YM METOAMYHI NiAXOAN A0 BUBYEHHA iHOOPMATUKM y 3aranbHii cepeaHint wkoni /1. Cemko i H. CamoiineHko
OCHOBHMMM iIrpOBMMM MPaKTUKaMM, fKi BUKOPUCTOBYIOTLCA Ha YPOKax iHPOPMATMKKM, Ha3MBalOTb 3aBAaHHA, WO NobyaoBaHi Ha
NPUMHUMNI 3mMaraHHA (KOHKYpPCKM, BiKTOPWHW, 3aBOAHHA Ha LWBMAKICTb BMKOHaHHA abo KpeaTMBHICTb ToWo), BeBKBECTU i
Bi3yanisauilo HaB4yasnbHoro matepiany (Cemko, CamoineHko, 2015). BaxamBicTb BMKOPUCTaHHSA 3acobiB Komn'toTepHOI
Bi3yanisauii y WKiNbHOMY HaBYaHHI nigkpecntotoTb [. besyraumii (besyramid, 2015), O. CemeHixiHa Ta A. FOpyeHKo (CemeHixiHa,
HOpueHko, 2017). YMiHHA Bi3yanisyBaTu HaBuyasbHUI MaTepian 3acobamu mynbTumesia KBanidiKyeTbca BYUEHUMMU AK paxoBa
KOMMNETEHTHICTb cydyacHoro BuuTena (CemenixiHa, HOpuyeHko, 2014). 3apybixHi HayKOBLi TeX BBaKaloTb Bi3yasnisauilo 3a
[0NOMOro My/nbTUMeESia OCHOBHOW popmoto eaptoTeliimeHTy (Mukherjee, 2018; Nicholls, Fee, Budde-Sung, 2014). YKka3aHi
HaAYKOBi PO3BiAKM CTaNM NIAFPYHTAM CKNaAaHHA ONUTYBaZIbHUKA ANA eMNIPUYHOTO AOCAIAXKEHHA.

MNpoBegeHe emnipMyHe [AOCNIAXKEHHA, AKE € MNOYAaTKOM MOCTIMHOTO MOHITOPUHIY CTaHy BMNPOBaAMKeHHA ¢opm
e[blOTEMHMEHTY Y HaBYaHHA iHPOPMATUKM B KPEMEHYYLbKIA OCHOBHIW LUKOJI, CBIgYMUTL MPO Te, WO /IMLLIE OKPeMi 3aKnaau
3ara/bHOi cepefHbOi OCBITU BUKOPUCTOBYIOTb TaKy POpPMY HaBUYaHHA, AK BEOKBECT.

CyTHicTb Ui€l irpoBoi dopmu nonsrae B TOMy, WO YacTMHA iHGOpMaLjii HAaZAETbCA yuYUTeNeM, iHWY YYHi 3HaXoA4ATb,
KOPUCTYIOUYUCb BNACHUMM 3HAHHAMM Ta MOLIYKOBMMMU CMCTEMaMM. BUKOHYOUM 3aBAaHHA BEOKBECTY, y4EHb MAE NepexoamnTH 3a
rinepnocMnaHHAMM. Y npoueci BebKBeCcTy yyeHb HaBYAETbCA He nLe opieHTaL,i B iHdopmaLii, ane M BUKOHAHHIO CaMOCTIMHOro
NPOEKTY, aZ e BiH 36arayye oTpMmaHy 3 mepexi iHhopMaLito BJaCHUMU LyMKaMM, CMOCTEPEXEHHAMM Ta BUCHOBKAMMU.

BebkBecT € ofHietlo 3 ¢opm NpPobAEMHOr0 HaBYaHHA | BOAHOYAC MPOEKTHOI poboTM y4yHiB. Lle cyyacHa IHTepHeT-
TEXHOJIOrif, AKa 403BONSE NPOBOAUTU AOC/AIAHULBKY, NOLWYKOBY AifNbHICTb. BiH Hagae MOXAMBICTb OpraHisyBaTM caMoCTiliHY
NPOEKTY AiANbHICTb YYHIB 33 ByAb-AKOI TeMOI0. Y LibOMY acneKTi BaXKNMBO 3a3HaYMTH, Wo BeOKBECT AOLLIIbHO BUKOPUCTOBYBATU
Ha iHTerpoBaHMX ypoKax iHGOpMaTHKM Ta iHWIMX NpeaMeTiB.

TexHonoris BebKBECTy Cnpusie BUPOHEHHIO KOMMETEHTHOCTEN MOLWYKY iIHPOpPMaLLi, y3arasibHEHHSA, MOPIBHAHHA, aHani3y,
iHTepnpeTaL,ii Ta OLiHKK, TO6TO KPUTUYHOTO MUCNEHHSA. KOPMCHOO BOHA € TAaKOXK Y acneKTi GopmyBaHHsA iHPpopmMaLiiHOT KybTypu
YYHiB, MiABWULLEHHA Mefia rPaMOTHOCTI i 3arasibHOro PO3LWUPEHHA KPYro3opy.

BebkBecT mae 6e3niy pisHOBMAIB | MoANdiKaLii. 3a KiNbKICTIO YH4AaCHUKIB BiH MOXKe byTW iHAMBIAYaNbHUM | KOMaHAHUM.
3a 4YacoM — KOPOTKO- | AOBrOTPMBAIMM (HaBiTb PO3PAax0OBaHMM Ha BECb HaBYabHUIA PiK).

Y npoueci poboTM BAOCKOHANOOTLCA HAaBUYKM POBOTU Ha KOMN'tOTepi, BMiHHA NpaLoBaTM CaMOCTIMHO i Y KOMaHg,,
NAaHyBaTK CRiNbHY AiANbHICTb, BUOYA0BYBATM CTPATErito i MPOrHO3yBaTK pe3ybTaT. YUYHi HaBYaloTbCA po3B’A3yBaTM NpPobaemHy
3afayy AeKinbkoma wnaxamu, obupatounm ontumanbHuit. PoboTa y rpyni HaBYae B3aEMOAONOMO3i, CTUMY/IOE BMiHHA
apryMeHTyBaTW BNACHI Aji, KOMYHiKyBaTV B OHAalH i odnaiiH dopmaTax.

KBecT, B OCHOBi AKoro € poboTa Haf rineprnocuNaHHAMM, A03BOSIAE peryntoBaTM 06CAr HaBYanbHOro Matepiany,
iHTEHCMBHICTb i rpadik HaBYAHHA, LLLO CTAE NIAIPYHTAM 418 NobyA0BM iHAMBIAYANbHOT TPAEKTOPIT HABYAHHSA.

OKpim B}Ke onucaHux Gopm eaploTeMHMEHTY Y HaBYaHHI iHGOPMATMKK, iIrpOBi NPAKTUKM MOXKYTb BYTU BNPOBagKeHi Ha
eTani ouiHoBaHHA. Tak, /1. Cemko Ta H. CamoliIeHKO MpPOMOHYHOTb BNACHI €/1IEKTPOHHI KapTKM AOCATHEHb, SIKi YYHi 3aMOBHIOIOTb
CAaMOCTIWHO y NpoLeci BUKOHaHHSA BNpas. 3a yCnilHe BUKOHAHHA 3aBAaHb Y4eHb OTPUMYE He OLLiIHKM UM 6anu, a Big3HaKu, Tpodei,
Wwo Bigobparkae ofgHy 3 TEHAEHLUIN, AKA HA3MBAETLCA LUMOPOBMMU 3HAUYKAMMU, AKI CAYXKaTb 1A Bi3yanisauii 3406yTMX 3HAHD i
HaBM4YoK (Cemko, CamoiineHko, 2015, c. 8). Ponb BMKOPWUCTAHHA PiSHOMAHITHUX CEMIOTUYHWUX PecypciB y enbloTeMHMEHTI
aKueHTye Takox K. [laHienbcoH (Danielsson, 2016). OpraHizoBaHe y TakoMy irpoBomy GopmaTi OLiHIOBAHHSA CNPUAE NiABULLEHHIO
MOTMBAL,ii HABYAHHA, @ TAKOX 3HUKYE PUCKM HEBPOTM3AL,ii YUYHIB, AKA YACTO € MPUUYMHOIO 3HUMKEHHA iIHTEPeCy A0 HaBYaHHSA.

Ha ocHoBi npoBeagHOro emnipM4yHOro AOCAIAMKEHHA BNPOBAAMKEHHA IFPOBUX MNPAKTUK Yy HABYaHHA iHPOPMATUKK Yy
KpeMeHUyLbKMX WKoNax po3pobeHo HU3KY peKoMeHAaLLIN Ans BUMTENiB:

— HeobxigHO Ha MiCbKOMY piBHi BUABNATM Ta y3ara/sbHIOBaTM iHHOBAL,iHI irpOBi NeaaroriyHi NPakTMKK (Le moxe byTn
peanizoBaHO y BUrAAAI METOANYHUX CeMiHapiB, BebiHapis, KoHdepeHLi, dopymis, macTep-Kaacis Towwo);

— BapTO CTBOPWUTU KPEATUBHWUIA OCBITHLO-KY/NbTYPHUI NPOCTIP ANA MOAENIOBAHHA i PO3POOKM HOBUX irpoBux dopm
HaBYaHHA (HanpuKknag, Ha 6a3i KpemeH4yLbKOro MicbKoro HayKoBo-meToguyHoro ueHTpy (KMHML));

— cnig, opraHisyBaTv NONyNAPU3aLLt0 | NOWMPEHHA IHHOBALIMHUX iTPOBUX TEXHOJIOFIN, @ TAKOXK METOAIB eAblOTEMHMEHTY
cepes, BuuTeniB iHPOPMATUKM LIAAXOM O3HAMOMIEHHS 3 NepeaoBMM [JOCBIAOM MPOBIAHWX 3aKNagiB OCBITM (30Kpema,
03HaNOM/IEHHA LUMPOKOrO OCBITAHCHKOIO 3arany 3 TEXHO/IOTIEI0 NPOBeAeHHA BEOKBECTIB, @ TAKOXK ONPUAOAHEHHSA iHPopMaLii Ha
caiiti KMHML, i, MOXn1BO, Yy BUrNALj APYKOBAHUX METOAMYHUX PEKOMEHAALIN);

— MOLIMPEHHIO NepesoBMX OCBITHIX MPAKTUK CNPUATUME OpraHisaL,in WopiyHoro ¢ectmsanio eAbloTeMHMEHTY 1A OCBITAH
micTa.

Ha Hawy AyMKy, BMKOHAHHA UMX pPeKoMeHAaui niaBULLWTL PiBEeHb BWMKAQAAHHA | HaBYaHHA iHPoOpMaTUKKM vy
KpemeHUYLbKMX 3aKaagax 3ara/ibHoi cepefiHbOi OCBITH.
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BMCHOBKW TA NEPCNEKTMBU NOAA/ILLLIOIO AOCNIAXKEHHA

YNpoBaAKeHHS HOBUX irpoBMX i NeAaroriyHMX TEXHOOTI Y NPAKTUKY OCBITHIX YCTaHOB, 30KpeMa, 3aK/aagiB 3aranbHoi
cepeaHbOl OCBITH, € BaXK/IMBUM 3aBAAHHAM YKPaiHCbKOT neparorikv. EabloTeMHMEHT, AKUIA NOEAHYE HaBYaHHA Ta rpy, AO3BOIAE
HEeHaB’A31MBO NOAATM TEOPETUYHUIA MaTepian y LiKaeii i 4OoCTynHiN ana yuyHiB opmi. BiH € 0cO6AMBUM TUNOM HaBYaHHSA, WO
I'PYHTYETbCA Ha pekpeauii i dopmyBaHHi NepBMHHOIO iHTEpecy 40 NpeaMeTa 3 OTPUMAHHAM 33,0BOJIEHHA Bif, NPOLLECY HaBYaHHsA
i CTIMKMM iHTEepecom A0 Npouecy HaBYaHHA.

EAblOTEHMEHT HEPO3PUBHO NOB’A3aHUI 3 iHGOpMaUiiHUMKM TexHonoriamu. Came TOMy BiH HaAa€ YHiKaNbHWUM
iHCTPYMeHTapii Ana HaBYaHHSA iHGOPMATUKM, KA € HAYKOIO NPO KOMN'IOTep i BipTyasibHe cepefoBuLLe.

OcHoBHUMU HOpMaMM eablOTEMHMEHTY € Bidyaslizalia HaBY4abHOro maTepiany, OpraHisaLis HaBY4aHHA Yepes 3MaraHHs i
BebkBecT. OCTaHHiIl € HAWCKNAAHILWO, ane BOAHOYAC HallePEKTUBHILLIOK TEXHOOTNIED, AKA J03BO/IAE HABYNTUCA CAMOCTIMHOMY
HabyTTo 3HaHb 3 BUKOPUCTAHHAM MyNbTUMegia. TeopeTUYHi 3HaHHA | NPAKTUYHI HABUYKM 3 BUKOPWUCTaHHA BebKBeCTiB y npoueci
NiAroToBKM i NpOBeAeHHA YPOKiB 3 iHGopmaTUKM nepeabayaloTb 3HAHHA MPOrPamHUX i Komn'loTepHUx 3acobiB, MeToaMK i
OVAAKTUYHUX MPUIAOMIB iX 3aCTOCYBaHHA.

EmnipuyHe pocnigeHHAa [ocBigy BApoBagKeHHA GOpM eAbloTEMHMEHTY Y HaBYaHHA iHGOPMATUKM B LUKONAX
KpemeHuyka 3acBigunio 06i3HaHiCTb BUMTENIB Y irpOBMX MPaKTUKaX, PO3YMIHHA X KOPWCHOCTI Ta LUMPOKE BUKOPUCTAHHA
Bi3yanisauii Ta HaBYaHHA 4yepe3 3maraHHA. BogHouac BebGKBecT peani3oBaHWi /uLe Yy LWECTM LIKOAAX, WO roBOPWUTL NPO
HeobxigHicTb Nnonynapwusau;i wiei TexHonorii.

IMnnemeHTaLia eablOTEMHMEHTY Y HaBYaHHA iHOOPMATUKKM 34aTHA 3HAYHO NIABULMTM Mi3HABasIbHY AKTUBHICTb Ta
MOTMBALLIt0 YYHIB A0 BUBYEHHA npeameTy. Kpim Toro, irpoBi NPakTUKM CNPUATUMYTb 3MEHLLIEHHIO NCUXOI0TIYHOI HAaNPyXeHOoCTi,
noB’A3aHOI 3 NepeHaBaHTaXKeHHAM, 36i/bLeHHAM Yacy nepebyBaHHA AUTUHM 32 KOMMN'IOTEPOM YU IHLIMMM FraAKETaMM, CTPAXOM
nepes OuiHIOBAaHHAM TOLLO.

Pe3synbTaTv nposBefeHOro emnipnyHoOro AOCNIAMKEHHA MOXYTb CTaTU OCHOBOK NOAAJbLIOTO HAayKOBOTrO MOHITOPUHTY
NOLIMPEHHA MPAKTUK eAblOTEMHMEHTY B YKPAiHCbKMX 3aK1a[ax 3araibHoi cepefHboi OCBITH.
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EDUTAINMENT IN COMPUTER SCIENCE LESSONS: EXPERIENCE OF IMPLEMENTATION IN KREMENCHUK SCHOOLS
Olena Hrytsiuk, Varvara Chernenko, Larysa Maksymova
Kremenchuk Mykhailo Ostrohradskyi National University, Ukraine

Abstract.

Formulation of the problem. The paper deals with the results of the empirical study of the state of implementation of edutainment, i.e. learning
through play, in secondary schools of Kremenchuk. The purpose of the study is to analyze the experience of implementing elements
of edutainment in computer science lessons.

Materials and methods. To solve the tasks and achieve the goal of the study, a set of methods was used, the main of which are surveys (to identify
elements of edutainment used by Kremenchuk teachers of computer science), comparative (to compare the spread of gaming
practices in different schools) and mathematical statistics (for quantitative and qualitative analysis of empirical data). The survey
was conducted online using Google Forms.

Results. Respondents were asked to answer three questions: are they familiar with game learning practices; do they find them useful; which of
the practices proposed in the questionnaire they use in the educational process. Analysis of the results of the survey on the
introduction of specific elements of edutainment in the teaching of computer science showed that the most common form is the
visualization of educational material using multimedia. Training through competitions is implemented in 12 out of 28 educational
institutions. Webquest is involved in computer science lessons in six schools. It is worth noting that together all the elements of game
learning proposed in the questionnaire are also used in these six educational institutions. It should be noted that these six educational
institutions are the leading Kremenchuk secondary schools. The analysis of the introduction of elements of edutainment in computer
science lessons in Kremenchuk secondary schools is carried out for the first time, i.e. this monitoring is only the first step for further,
more detailed research. The article contains a set of practical recommendations for the wider introduction of various forms of
edutainment in computer science lessons in Kremenchuk schools; in particular, this applies to such a popular form today as a
webquest. Teachers’ awareness of the expediency and effectiveness of learning through play allows for the introduction of elements
of edutainment.

Conclusions. The survey showed that in most educational institutions there are some restrictions on the use of specific forms of edutainment: if
the visualization of educational material is used in all schools, then competitive forms of learning and especially web quests need the
attention of computer science teachers. The study proves the expediency of a wider introduction of the webquest as a tool to increase
the cognitive activity of students, as well as their motivation to study computer science.

Keywords: edutainment, game teaching practices, computer science, Kremenchuk secondary schools, visualization of educational material,
competitions, webquest.
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AHOTALIA

dopmynoeaHHa npobaemu. 3a HAWUMU CHOCMepPexceHHAMU, Habopam OUiHI08AAbHUX Kpumepiie npodgeciliHoi KomnemeHmHocmi
nedaezoaiyHuUX npayieHukKie, wo ix pospobunu gaxisyi AepicasHoi caywbu akocmi oceimu YkpaiHu y 2019-2020 pp., bpakye
makoi axueoi enacmusocmi, AK «8UMIpro8aHicme». AGxce came 8UMIPIOBAHI Kpumepii 00380a170Mb BUABAAMU piBHi Nposasy
npogecioHaniamy. [na ybo2o HeobXiOHi WKanu Kpumepiis. AKWO M iX HEMQAE, eKcrepmHe OUIHIOB8AHHA MIOMIHIOEMbCA
KOHMposem 30 00MpPUMaHHAM sumoe. A ye duckpedumye ideto «0yiHI8AHHA 0414 NPogeciliHo2o po38uMKy». Bidmak e8axaemo
aKMyanbHUM 02470 MPOBIOHUX 3apybiXHUX OYiHIOBANbHUX mMexHono2ili epeKmuBHo20 BUKMNAOAHHA. Hawa po3eidka
CNpAMOBY8anacs Makum O0C/AIOHUM MUMAHHAM: AKOK € Creyudika ouiHB8aAbHUX iHCMpyMeHmie nedazoziyHoi npayi, uwo
3acmocosytomoca y CLLA?

Mamepianu i Memodu. [ 8i0noegidi Ha nocmassneHe NUMAHHA y cmammi 3 no3uyili cucmemHoz0o nidxody po3aasaHymo docume nonyasapHull
8 ocsimHili cucmemi CLUA KpumepianbHuli KoMraeKc 008 OUIHIOBAHHA BuKaadaubkoi npayi, eidomuli Ak «Framework for
Teaching. Evaluation Instrument» = «KoHuyenmyanbHa pamka sukaadaHHs. OuiHiosanbHuli iHcmpymeHm». Mozo asmopu —
docnidHa epyna Ha Yoni 3 LL. [aHiencoH.

Pe3ynaemamu. KoHuenmyanbHa pamka eukaadarHA LU. [laHiencoH pernpeseHmye KpumepianeHuli Komrnekc, HeobxioOHuUl 014 30ilicHeHHsA
eKCrepmHo020 OUiHIOBAHHA e(heKmUBHOCMI MPoUecyanbHOi CMopoHU 84UMenscbKoi npaui. Mozo adpom € Habip 3 22 Kpumepiie.
BoHu xapakmepu3ytome mi npogeciliHi Akocmi nedazozie, Kompi docMo8ipHO Kopesntorome i3 A0CAZHEHHAMU cmydeHmig/y4Hie.
1718 KOXHO20 Kpumepito 8CMAHO8/1€eHI MOKA3HUKU, W0 KOHKpemu3ytome (i02o Halisa)ausiwi nposasu; sUsHa4YeHo iHOUKamopu,
HeobxiOHi 0519 No6yA08U WKAAU KpUMePpIto; MPOonuUCaHO OYiHI08AbHI CYyOH(EHHS, AKI ymeopooms WKay Kpumepito.

BucHoBKu. 3a pe3ysemamamu Hawoi po3eidKu mu eussuau Yomupu eiOMimHi ocobausocmi po32asaHymoi KOHYenmyanbHoi pamKku
8UKNAOAHHSA, Kompi 8idpi3HAoms i 8i0 Habopy cepmugpikauiliHux Kpumepiis, po3pobraeHux [epicasHow caywbow AKocmi
oceimu YKkpaiHu: 1) pamka rpyHmyemecs Ha idesx nedazo2iyHo2o KOHCmpykmusgiamy; 2) npedcmasneHi y Hill oyiHoeanbHi
Kpumepii € yHigepcanbHUMU 041 pi3HUX 8UKAAOAUbKux creyianizayili; 3) Habip yux kpumepiis € MosHUM, OiEBUM | BUMIPIOBAHUM;
4) pamka 3a6e3neuye 08i hyHKYiT OYiHIOBAHHA — OUIHIOBAHHSA 015 NMPogeciliHo20 PO38UMKY MA OUIHIOBAHHSA 0718 KOHMPOIO.

K/TKOYOBI C/IOBA: 84umesbCbKa Mpays, oyiHoeanbHUl iHcmpymeHm, ekcriepmHe oyiH8aHHA, Habip Kpumepiis, KpumepianeHul KOMnaekc,
nedaz2o2iyHuUli KOHCMPYKMUBI3M, 3a7y4EHHSA 00 YYiHHSA.

© T.10. eopaiua, M.B. BopoHiHa, H.B. /lutBnHoBa, 2021.

46


mailto:litvinova__n@i.ua

®I3UKO-MATEMATUYHA OCBITA (®MO) sunyck 4(30), 2021

BCTYN

MoctaHoBKa npobnemu. Y 2019 p. B YKpaiHi SK eKcnepMMeHTaNbHWUIA MPOEKT PO3MOYanoCcA 30BHILWIHE OLiHIOBAHHA
BYMTENbCLKOI Npaui — A06poBinbHa cepTUdikaLia BUMTENIB. 33 HALUMMMK CNOCTEPENKEHHAMM, Habopam OLiHIOBaNIbHUX KpUTepiiB
npodeciinHoi KOMNETEHTHOCTI NeJaroriYyHUX NpaLiBHUKIB, WO iX po3pobunn daxisui [epkaBHoi cyKbu AKOCTI OCBiTU YKpaiHu
y 2019-2020 pp., 6paKye TaKol BaxKAMBOI BAACTUBOCTI, K «BUMIpIOBaHICTb». AZyKe came BUMIiptoBaHi KpUTepii 403BOIAOTb BUABNATH
piBHI NpoaBy NpodecioHaniamy. BumiptoBaHicTb KpuTepiie 3abe3neyytoTb po3pobeHi ANa HUX WKaAW. AKLWO XK IX HEMAE, eKcnepTHe
OLiHIOBaHHA NiOMIHIOETbCA KOHTPONEM 33 AOTPMMAHHAM BMMOTr. A Le AUCKPeaWTYE (et «OUjHIoBaHHA AnAa npodeciiiHoro
PO3BUTKY». BiATaK BBAKAaEMO aKTyasibHUM OrAAg, NPOBIAHMX 3apYy6iXKHMX OLHIOBA/NIbHUX TEXHONOTIA edEeKTUBHOIO BUKNALAHHS.
Aprke 3'AcyBaHHA X cneumdikm moxKe ByTM KOPUCHUM A9 YAOCKOHANEHHS BITYM3HAHOT METOANKN PO3POBAEHHA KPUTEPIIB OLHKM
BUMTENbCBKOI NpaLLi.

AHanis aKkTyanbHUX AOCNiAMKeHb. [PYHTOBHY PO3BiAKY €KCMepTM3M npaui BUMTENs Y NPOBIAHMX 3apyBiHMX KpaiHax
34iiicHuB B. 3arsosakiH. JocniaHWK AiMOB BUCHOBKY, WO CYTTEBOK € He TiIbKM BAAacHe AKICTb OLLHIOBA/bHUX iHCTPYMEHTIB,
a M AKICTb YNPaBAiHCbKMX MEXaHI3MIB i KybTypa BiAHOCKH, Y MEXKax AKMX Li iIHCTPYMEHTU BUKOpUCTOBYHOTb (B. 3arso3akiH, 2018).

OcobanBO LjHHO ANA Hawoi po3BiakM Gyna AOKTOpcbKa gucepTauia K. Mocca (J. Moss), npuceayYeHa BWMBYEHHIO
CNPUNHATTA BUUTENAMM KOHLLENTYaNbHOT paMKM BUKAaAaHHA L. [laHiencoH. Y Lpomy AOCNiAKEHHI peTeNbHO OKpecs1eHo 3araibHy
KapTUHY PO3BUTKY CUCTEMM OLLHIOBAHHA BYMTeNbCbKOT npaui y CLUA Ta HagaHO BUYepnHWUIA ornsg, BiANoBiAHMX iHGOPMALiiHUX
nxxepen.

AHani3 aMepurKaHCbKOi OLiHOBAIbHOT MPAKTUKM W0 A0 ePEKTUBHOTO BUKAAAHHA Ha mexi XX i XXI cT. 3giiicHuB CT. KeHTpenn
(St. Cantrell). JocniaHWK BKa3sye, Wwo 6inbLicTb YNHHMX Ha To Yac y CLUA ouiHOBaNbHMX NPAKTUK He BUKIUKAAN A0BIipU Y 3B’A3KY 3
TMUM, WO HeOOCKOHaNi iHCTpyMeHTM Ta IX MoraHa peanisauis [JgaBaau  BeiM4YesHi  MNOXMOKM  BUMIpHOBaHHA.
Ha Moro aymKy, ocHoBHa npobaema nonsrana B TOMy, WO MiXK 3aLLiKaBIEHMMM CTOPOHAMM B rasy3i OCBiTU He YN0 3roamM CTOCOBHO
TOro, AK BU3HAYaTH i BUMIiptoBaTh edeKTUBHe BUKNaAaHHA. Cnpoby po3s’a3aTu Lo npobaemy 6yno 3aiicHeHo y mexkax mactabHoro
npoekty «The Measures of Effective Teaching» = «3axoan edbektnsHoro BuknagaHHa» (2009-2011), BUKOHAHOrO 3a NIATPMMKM
®onay binna ta MeniHau leite (St. Cantrell, 2012).

YKpaiHoMOBHi gocnigHi nybaikauii 3 nMTaHb ouiHOBaHHA negaroriyHoi npaui y CLUA HanexaTb |. 3Bapuy, fKka AeTanbHO
PO3r/IAHY/Ia CTAaHOAPTU BUKNAAAHHA A/1A BUMTENIB-NOYATKIBLiB, 3anponoHOBaHI Mixaep»KaBHMM KOHCOPLiyMOM 3 OLLiHIOBaHHA Ta
niaTPMMKM HoBoro BuuTens (Interstate New Teacher Assessment and Support Consortium — INTASC) (1. 3Bapwuy, 2014).

Llinkom noginatoum aymky |. 3B8apuy Npo AOLiNbHICTb BUBYEHHS 3apybirKHOro 40CBiAY 3 METO BAOCKOHA/IEHHA BITYM3HAHOI
OCBiTM, MM 06panu ANA po3rnagy OUIHIOBA/SIbHUIA IHCTPYMEHT BWKNAZALLKOI NPAKTUKKM, PO3POBNEHUI aMepUKAHCbKMMM
[ocniaHnKamu Ha vyoni 3 LWapnotroto [laHiencon.

Mera cTatTi nonArae y BuABAEHHI cneumdikm KputepianbHOro KOMMNJIEKCY, penpe3eHToBaHOro y AoKyMeHTi «Framework for
Teaching. Evaluation Instrument» = «KoHuenTyanbHa pamka BUKNagaHHA. OuiHtoBanbHWUIA iHCTpymeHT» (Ch. Danielson, 2013).

TEOPETUYHI OCHOBU AOCNIAXEHHA

OujiHIOBaHHSA poboTH — Le NpoueaypPa, Lo BUKOPUCTOBYETLCA AJ/151 BUSHAUYEHHA BiHOCHOI LiHHOCTI po60TK B OpraHisalii, Wwo
y CBOIO Yepry L0NomMarae BU3HauUTU piseHb 3apobiTHoi naatu (M. MydmHcbki, 2003). MiactaBoto Ana ouiHIOBaHHA poboTK € Habip
KpuTepiiB. Y HayLi KpuTepiem NPUAHATO Ha3MBATM CYTHICHY BAACTUBICTb (O3HAKY) ABWMLIA, HA OCHOBI AKOI 3A4JiACHIOETLCA MOrO
oujiHioBaHHA. (T. CTpokosa, 2015). BignpaBHoto To4Ko Ana GopmMyBaHHA Habopy KpuTepiiB OLiHIOBaHHA Byab-AKoi poboTH € BUAB
HaNeXHUX 3MIHHMX, afKe po3rnagaTh poboTy MOXKHa AK 3 NO3uULIl 3a4a4 NpodecitHoi AiANbHOCTI, TaK i 3 NO3MLiA NPaLiBHMKIB.
3apavi Ta AKOCTI NpaLiBHMKIB BUABNAIOTLCA 33 A0ONOMOrolo Habopy npoueayp metony «AHanis pobotu». 3agadi — ue 6asosi
enemeHT npodecinHoi AiANbHOCTI, NOB’A3aHI i3 KOHKPETHUMU NpodecinHMmK Linamu. Mpoueaypw, 30PiEHTOBaHI Ha NPALLIBHUKA,
33CTOCOBYIOTHCA ANA BU3HAYEHHA 3HAHb, YMiHb, 34iOHOCTEN Ta IHLUMX XapaKTEPUCTUK, WO YMOXK/IMBAOKTL YCMillHE BUKOHAHHA
npodecinHnx 3agay (M. MyumHcbki, 2003).

YacTKoBMM BMMAAKOM OLHIOBaHHA POOOTM € OLiHIOBaHHA BYMTENbCbKOI Mpauj. 3BaKatoum Ha ii baraTomipHicTb, cnig
3’AcyBaTH, AKI CTOPOHM BYMUTENbCbKOI MpaLi MOXYTb MiAAaBaTUCA OLHIOBAHHIO? Bignosigb Ha Le NWTAaHHA BUNIMBAE 3 aHanisy
ncuxonorii npawi BuMTens, 3aincHeHoro A. MapKoBoto 3 No3uuii AianbHicHoro nigxoay. ocnigHMuA BCTaHOBWAA, LWO:

— 3MICT BUMTEIbCBKOI NpaLLi — CMPUAHHA NCUXIYHOMY PO3BUTKY YUHSA;

— FO/IOBHUI «iHCTPYMEHT» BUMTENA — MOTO NCUXOJIOTIYHI B3aEMOZIT 3 yUHAMM;

— CK/1IaZ0Bi NPOLLECY BUMTENLCLKOIT NpaL,i — NeaaroriyHa AisnbHicTb, NegaroriyHe cnisikyBaHHA Ta npodeciliHa camopeanisauis
ocobucTocTi BuMTENS;

— pe3ynbTaT BUMTENbCLKOT MpaL,i — HaBYEHICTb | BUXOBaHICTb WKoAApiB (A. MapkoBsa, 1993).

OTKe, 06’EKTOM OL,iHIOBaHHA BUMTENLCHKOT NpaLi MorKe byTu i ii npouec, i pesyabTart.

OUjiHIOBAHHSA BYMTENBbCBKOI NpaLli K YaCTKOBUIA BUMAAOK OLLHIOBaHHA pObOTM — Lie KOHKPETHWUI NPpUKAag, 3arasbHOI 3aaadi
€KCNepTHOro  OUiHIOBaHHA. OCTaHHA BMHWMKAE Ha Pi3HWX eTanax npouecy nNPUNHATTA  pileHb, AKUA  3BOAUTLCA
0,0 pO3B’A3aHHA ABOX NOCNIA0BHMX 33434 BUbOpY:

1) BMB6OPY MHOXMHM AONYCTUMUMX OLLHOK (MAO) po3rnssyBaHoi cucTemu (anbTepHaTMBM abo KpuTepito);

2) Bu6opy 3 MO OUiHKM, AKa HaNBiNbLL TOYHO BMPAXKaE BNACTUBOCTI OLLIHIOBAHO! CUCTEMM.

Onepaujto 3 BU3HAYEHHA MHOXWMHM LOMYCTUMMX OLHOK Ha3MBalOTb 33JaYel0 OLHIOBAHHA, PO3B’A3aHHA L€l 3agadi—
€KCrnepTrn3oto, a 3iCTaBNeHHA MHOXUHM AONYCTUMMX OLHOK 3 KpUTEpPiEM — OLjiHIoBaHHAM (. Makapos Ta iH., 1982).

KoskeH KpuTepiii mae byTv 3abe3neyeHunii NnokasHMKaMm, TOBTO XapaKTEPUCTUKAMMU, LLLO KOHKPETU3YIOTb MOro HalBaXK/IMBILLi
rpaHi. 4na KOXKHOro KpuTepito HaBOAUTLCA ab0 CKNAAAETLCA LIKANA, LLO MICTUTb MHOMMHY BNOPALKOBAHMX OLHOK. [Mobya0Bi WKanu
nepeaye GopmyBaHHA eMNipUYHUX iHAMKATOPIB, TOBTO CnocTepeXKyBaHUX 03HAK KpUTepito abo Moro NoKasHUKiIB. Y Teopii NpUAHATTA
pilweHb A0 Habopy KpuTepiiB BUCYBaAOTb HU3KY BUMOT. Ocb iX CTUCAKIA Nepenik: NOBHOTA, Ai€EBICTb, PO3KNALHICTb, HEHAAMIPHICTb,
MiHIMaNbHicTb, BUMIptOBaHicTb. (M. FadT, 1979). Habip KpuTepiis, iXx NOKAa3HUKK, iIHAMKATOPU i WKANM CTAHOBAATb KpUTEpiafbHUIA
Komnnekc (T. CTpokosa, 2015).
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METOAM AOCNIAMKEHHSA

Cxema BMBYEHHS KOHLENTyanbHOI PaMKM BWKAagaHHA L. [laHiencoH rpyHTyBanaca Ha OCHOBHIWM XapaKTepucTuui
CUCTEMHOTO NiAXo4y — MOX/IMBOCTI PO3rifAaTM Byab-aKuii 06’€KT y TPbOX acneKTax: AK LWOCh uine (cuctemy), AaK YacTuHy 6inbL
3arasibHOi cMcTemMm (HaAcUCTEMM) Ta K CYKYMHICTb APiBHiWMX YacTuH (nigcmctem) .

PE3YZIbTATU AOCNIAXEHHA

KoHuenTyanbHa pamka BuknagaHHa L. JaHiencoH penpeseHTye KpuTepiabHUIA KOMNAEKC, HEOBXiAHUI ANA 34iMCHEHHA
€KCnepTHOro OLiHIOBaHHA epeKTUBHOCTI NPoLEecyasbHOi CTOPOHWU BYUTENBCHKOI NpaLi. EKCnepT, KOpUCTYOUMCD LWKalaMuy KpUTepiis,
Ma€e 06paTH 3 HUX Ti OLIHIOBA/IbHI CYAMKEHHSA, WO MICTATb AKHAWTOYHILLI OLHKM CnocTepeXKyBaHOI HUM NOBEAiIHKM BUMTENA Y KANaci, a
TAKOX AKOCTi CTBOPEHUX YUYUTENEM JOKYMEHTIB i apTedaKTiB.

Cepep, 6e3n1i4i KOHKYPYHOUMX OLLIHIOBAIbHUX IHCTPYMEHTIB MM 06panv came pamKy BUKNagaHHA L. laHiencoH Tomy, wo:

1) BoHa byna ofHieto 3 N'ATM MoAeNel OLHIOBAHHA BUMTE/IbCLKOT NpaLy, WO peTesIbHO BUBYAIUCA Y MeXax NPOEKTY «The
Measures of Effective Teaching» (Ch. Danielson, 2013);

2) i HalyacTiwe, NOPIBHAHO 3 IHWMMW aHANOMNYHMMM IHCTPYMEHTAMM, 3aCTOCOBYIOTb Y WKiNbHMX oKpyrax CLUA (P. Moss,
2015);

3) i 3micT y3rogsKeHo 3i cTaHaapTamu MixaepraBHoro KoHcopuiymy INTASC (Ch. Danielson, 2013).

BcTaHOBUTU HagcMcTeMy, YaCTUHOO AKOI € KOHLENTyalbHa paMKa BUKNagaHHA L. laHiencoH, Ham gonomorna cxema, Ha
AKIN BiAO6GpPaXKEHO CTPYKTYPY CUCTEMM OLHKM LWKINbHOI OCBITW, peKOMeHAO0BaHy KpaiHam — yneHam OpraHisauii eKOHOMIYHOro
cniBpobiTHULTBA Ta po3BUTKY (OECP) (puc. 1).

MOXNMUBOCTI OLIIHIOBAHHA
| BAKOPUCTAHHSA 3BOPOTHOIO 3B’A3KY

Kputepii i

cTaHpjapTv —r AreHuji, wo
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€hEeKTUBHOCTI
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Puc. 1. PekomeHpoBaHa KpaiHam —uneHam OECP cTpyKTypa cucteMm OUiHKM LWKiNbHOI oceitTh (P. Santiago, 2013)
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Y pe3ynbTtaTi i BUBYEHHA MW AIMWAM BUCHOBKY, WO KOHLENTyaslbHA pamKa BUKAaZaHHA L. [laHiencoH HanexuTb [o
OLiHIOBa/IbHUX TEXHOAO i, 33 AONOMOrol AKUX MiAAalTbCA OUiHLI Cy6’€KTU OCBITHLOI AiSNbHOCTI. 3a3HayeHi K OUjiHIOBa/bHI
TEXHOOTii € HEBIA EMHUM CKNAAHUKOM CUCTEMM OLiHKM LLIKINbHOI OCBITU.

PosrnaHemo nigcuctemmn pamku. KputepiasbHUI KOMNEKC, penpe3eHToBaHUIM B aKTyanbHil Bepcii (2013) nig Hassoto
«Framework for Teaching. Evaluation Instrument», Bk/ito4ae:

— Habip KpuTepiiB, WO XapaKTepmsyoTb 22 NPodeciliHi BYMTENbCbKI AKOCTI, K, 33 YMOBM iX PO3BUTKY Ta BAOCKOHA/IEHHS,
NOTEHLHO NO3UTUBHO BMNAMBAOTL HA YYHIBCbKi JOCATHEHHA (LLO A0BEAEHO JOCNIAXKEHHAMM);

— MNOKA3HWUKWN KPUTEPIiB, L0 KOHKPETU3YIOTb iX HAaMBaXKAMBILLI rpaHi;

— iHAMKaATOpPW KpuTepiiB, TOBTO CTUC/I ONUCK CNOCTEPENKYBAHMX NPOABIB KPUTEPIiB, HEOBXiAHI ANA KOHCTPYIOBAHHSA LUKan
KpuTepiis;

— BepbasibHi NOPAAKOBI WKaNM KPUTEPIiB, KOXKHA 3 AKUX € Tab/AMLED, WO MICTUTb BNOPAAKOBAHI 3a YOTMPMA PiBHAMM
NpPOAYKTUBHOCTI (He3a40BiNbHWUIA, 63a30BMIA, BNPABHUIA; BUAATHUIM): ONMUCKU NepeBipeHUX AOCNIAKEHHAMM OLHIOBANbHUX CyAXKEHb
LLLOA0 FpafaLii IHTEHCUMBHOCTI iIHOMKATOPIB KpUTEpIto;

— cneuianbHi iIHCTPYMEHTK, NOKNMKAHI JOMOMOITH eKCNepTy 3p0BbUTU AKHAWTOYHILLI OLHKM ANA KOXHOIO KpUTepito: onucu
KPUTUYHUX aTPUOYTIB (NpUKNagy HeaonyCTUMOT NOBEAIHKM BUMTENA) Ta ONUCK NPUKNAAIB HANEKHOT NOBEAHKN BUMUTENS.

Habip KpuTepiiB npubaN3HO piBHOMIPHO pPO3NoAineHNnit 3a YoTupma chepamum (AomeHamm) NpodeciiHOT NPaKTUKK BUNTENSA
(puc. 2).

1 2
MMAHYBAHHA | NIArOTOBKA YMOBU HABYAHHA
1a. [leMOHCTpye 3HaHHS NpeaMeTHOI ranysi 2a. CTBoOptoe aTmMocdepy nosaru

i negaroriku i B3AEMOPO3YMiHHS1
1b. [leMoHcTpye 3HaHHs 0cobnMBOCTEN Y4HIB 2b. Po3BuBace KynbTypy Y4iHHS
1c. [leMoHCTpye 3HaHHS iHOpMAaL|iHIX 2c. Kepye npoLefypamu HaB4aHHs
pecypciB 2d. Kepye noseqiHKoto y4His
1d. YcTaHoBnIOE HaBYarnbHi pesynbTatu 2e. ObnaluToBye (isnyHe cepeoBuLLe
1e. TIpoekTye y3romxeHi y yaci nporpamu Kknacy
1f. MpoekTye 3acobm OLiHIOBaHHS

NS \A

3a. CninkyeTbes 3 yYHAMM

4a. Ananisye BnacHi NpodeciitHi Aii 3b. BUkoprcTOBYE METOAV OMUTYBAHHS
4b. TouHO AOKYMEHTYE NpoLiecy Ta 00roBOpeHHs!

i pesynbTaTV BNAcHoI npayj 3c. 3anyyae WKonspiB A0 AiANLHOCTI
4c. Bsaemogie 3 pofHamu YYiHHA
4d. Bepe y4acTb y NpodeciiiHux 06’ eaHaHHAX 3d. OLjHIoe HaBYanbHi 3506y TKY Y4HiB
4e. Po3BnBaeTbCA i NPogeciiiHo 3pocTtae 3e. [IeMOHCTPYE THyYKiCTb |
4f. [lemoHcTpye npodhecioHaniam BinOBiAanbHICTb
MPO®ECIAHI 30E0B’A3AHHSA BUKINAOAHHA

4 3

Puc. 2. YnopagKkoBaHuii 3a gomeHamu Habip Kputepiis Ana ouiHIOBaHHA edeKTUBHOCTI BUMTENbCbKOI npaui (© Ch. Danielson)

MpeacTasneHi Ha puc. 2 GopmyNtOBaHHA KPUTEPITB BOUEBUAL MAtOTb YHIBEPCaNbHUI XapaKTep A5 byAb-AKUX BUMTENBCbKUX
cneujanisauin. Abu 3acTocyBaT! KpUTepiasibHUI KOMMNAEKC A0 OLiHIOBaHHA POHOTM BUMTENA KOHKPETHOI cnewianisali, HeobxigHo
HAMOBHUTM BiAMNOBIAHMM 3MICTOM NOKA3HMKMK, iIHOANMKATOPW Ta OLLIHIOBA/IbHI LUKAAM NEBHOI rpynu KpuTepiie, a came: «JemMoHCTpye
3HAHHA NpeaMEeTHOI raly3i Ta mefarorikm», «YCTaHOBIOE HaBYasIbHI pe3yibTaTny, «[TPOEKTYE y3roAKeHi y Yaci mporpamm» TOLLO.

3a TBeparKeHHAM L. [laHiencoH, ueHTpaabHUM KOMMOHEHTOM Y PO3r/isiAyBaHOMY Habopi KpUTepiiB € 34aTHICTb BYMTENA
3a7y4aTV WKONAPIB A0 AiANbHOCTI y4iHHA (learning). Y KomeHTapi 40 LbOro KpUTepito HaroNowWwyeTbes: eGeKTUBHUI BYUTENb MAE
330XOTUTM YYHIB A0 OCMUCAEHOTO OBOJIOAIHHA HAaBYANbHUM MATEPIaNOM LNAXOM 06roBopeHb, ANUCKYCI, @ TAKOXK 3aNUTAHHAMM Ha
KWTaNT «A sKWo?..». JieBUM NPUAOM 3aNy4YeHHSs LUKONAPIB A0 Y4acTi B iHTE/IEKTYa/IbHOMY XMUTTi KNacy TaKOX € HaZaHHA im
MOXK/IMBOCTi CAMOCTIMHO 06MpPaTK 3aBAAHHA 3 HABOPY, 3aNPONOHOBAHOIO BUMTENEM.

Cdepy npodecinHoi NPaKTUKKM BUMTENs, KpuTepii i iX NOKA3HWKKM YTBOPIOKOTb TPUPIBHEBY iEPApPXiYHY CTPYKTYpY, AKa
€ y3ara/lbHeHO MOAENN0 NPOLLEeCYaNbHOT CTOPOHWN BUMTENBLCLKOT NpaLi. MepLumnii piBeHb, NO3HAYEHUI AK AOMEHW, — Lie Ha3Bu coep
BYMTE/IbCbKOI MPAKTUKK. Jpyruii piBeHb, NO3HAYEHUIM AK KOMMOHEHTH, — Lie NPOdECiiHi AKOCTI BYMTENA, ACOLiI0BaHI 3 KpUTEpiaMMU.
TpeTilt piBeHb, NO3HAYEHUI IK €/IEMEHTU, — LIE MOKA3HUKM KpUTepiiB. PUC. 3 MICTUTb CXeMy i€l CTPYKTypU.
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KoHuenTyanbHa pamka BUKIagaHHs
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Puc. 3. Cxema CTPYKTYpu KOHLENTyaNbHOI paMKu BUKNagaHHA L. [laHiencoH

Bnagae B OKO, WO CKAAAHWKW iEPapXiYHUX PiBHIB PAMKM NO3HAYEHO CTUMICTUMHO HENTPaNbHUMK CNOBAMWU: JOMEHM,
KOMMOHEHTU, eNleMEHTU. BBaXKaeMO Lie JOCUTb BAAIMM aBTOPCbKMM NPUIMOMOM. ALsKe BiACYTHICTb Y BXKMBAHMX C10Bax NOBGIYHMUX
CMUCNIB CNPUAE KOHLEHTPaL,i yBarM 4mMTadiB Ha 3MicCTi il CKnagHUKIB Ta 3anobirae NPUBHECEHHIO A0 MOro Po3yMiHHA Cyb’eKTUBHUX
netanen.

Po3rnag, KoHUeNTyasibHOI PaMKM BUK/IaAaHHA 3 NO3MLLIN CUCTEMHOTO NiAXOAY AOLiIbHO 3aBEPLUMTU PO3MIAAOM ii QYHKLiIN.
3a TBepArKeHHAM LU. [laHiencoH, ii ouiHoBaAbHWUI iIHCTPYMEHT 3abe3neydye ABi GYHKLiT — OLiHIOBaHHA ANA NPOodeciiHOro Po3BUTKY
Ta OUiHIOBaHHA aNa KoHTpoto (Ch. Danielson, 2013).

LLlo6bun 36arHyt1 HoBaTopcTBO LU. JaHiencoH, HeobxigHO 3HaTK, WO nepeayBaso BUMXOAY B CBIT nepLioi Bepcii il pamku.
. Mocc 3a3Havae, wo 1980—1990-Ti pokmn y CLUA HasmBaloTb epoto KoHTposboBaHocTi (era of accountability) Buutenis.
Lle nos’A3aHO 3 TMM, WO nicna onpuaogHEHHs 3BTy «Hauia nig 3arposoto: ImnepaTtvs pedopmu ocsitM» (1983) y KpaiHi
npoBoAmaacA nNoAiTMKa MNOCUMNEHHA BiAMNOBIAANbBHOCTI BYMUTENIB 3@ YYHIBCbKY YCMIWHICTb, @ MUTAHHA iXHbOTO OLHKOBAHHA
i nia3BiTHOCTI Habyn HaujioHanbHOI Barn. Came y uelt nepiog, 6yN10 NPUMHATO pilleHHA A0NYYaTK A0 PO3B’A3aHHA Npobaem y chepi
OLiHI0OBaHHA BYMTENbCLKOI NpaLi NpuBaTHi Komnawii (J. Moss, 2015). 3 Yacom CTafo OY4EBMAHO, WO HAAMIPHUIA TUCK Ha BYUTENIB
CMOHYKaEe X 3anuwaTm npodecito. Tomy BUHMKNG NOTPeba Yy HOBUX MOAENAX OLHIOBAHHA BYUTENbCHKOI Npaui, AKi 61 He Tinbku
Bignosigann Bumoram 3abesneyeHHa epeKTMBHOI NeAaroriyHoi AisNbHOCTI, a M BpaxoByBan HeObXiAHICTb NPodeciiHOro po3BUTKY
BuMTenis. Mepwmm npuKknagom Takoi mogeni y CLUA cTaB iHTeNeKTyanbHUI NPOAYKT NpMBaTHOI KomnaHii «Danielson Group»,
onpuntogHeHnn y 1996 p. nig Hassoto «Enhancing Professional Practice: A Framework for Teaching» = «MokpateHHA npodeciiHoi
NPaKTMKKU: KOHLENTyalbHa paMKa BUKNAZaHHA». BUAaHHA HacTynHKUX oro Bepcii (2007, 2011, 2013) MiCTUAM WiHHI AOMNOBHEHHS,
nepesipeHi Nig Yac AocnigKeHb.

OBrOBOPEHHA

[Nna [oCArHEHHA MeTU HaLLOoro AOCAIAXKEHHSA BAPTO 3'ACyBaTU CYTHICTb KEPIBHUX ifel, MOKNaAEeHUX B OCHOBY aHa/1i30BaHOro
HaMM KpUTEPiaZIbHOTO KOMIMAEKCY OLHIOBAHHA BYMTE/IbCbKOI Mnpaui. 3a TBepaKeHHAM LL. [laHiencoH, KOHLUenTyasbHa pamka
BMKNaAaHHA 6a3yeTbcA HA NPUHLLMNAX KOHCTPYKTMBI3My (Ch. Danielson, 2013).

MeparoriyHMi KOHCTPYKTUBI3M — Lie Miaxia A0 YYiHHA, AKWIA TBEPAMUTb: 04N aKTUBHO KOHCTPYIOIOTb UM CTBOPIOIOTL CBOT
BNIACHi 3HAHHSA, @ PeasibHICTb BM3HAYAETLCA AOCBIAOM Y4HA. [efaroriyHnin KOHCTPYKTMBI3M iCTOTHO MeperisfaE posib BUMTENS
y ni3HaBasibHOMY npoueci. Lis ponb i Aani € ronoBHOLO, ane BOHa CTa€E «HeBUAMMOIO». OpraHi3ytoum npouec HaBYaHHA, BUUTE/b Kepye
He AyMKaMM i AisNbHICTIO YYHIB, @ CTBOPIOE CNPUATIMBE CEpeaoBULLE ANA aKTUBI3aLi Liei mucneaianbHocTi (B. BoraaHosa, 2012).
BHacnigoK po3BUTKY ifei negaroriyHOro KOHCTPYKTMBI3MY Ha NPOTMBAry TPagMUinHIN «napagurmi BUKNaAaHHA», TOBTO nigxoay,
30piEHTOBAHOrO Ha BMKNadaya, chopmyBanaca «napagmrma ydiHHa», To6To nigxia, 30piEHTOBaHUIA Ha CTyAeHTa/yuHA. 3 No3unuii
«Mapagurmm ydiHHA» epeKTUBHICTb BUKNAZAHHA OLLHIOETLCA HAa OCHOBI MO0 BMN/AMBY HA AiANbHICTb ydiHHA (R. Barr & J. Tagg, 1995).

3 ypaxyBaHHAM BWK/IA[EHOTO BULUE BBA*KAEMO, WO [0 MOKA30BUX MPUKNALIB BTiIEHHA iAeli KOHCTPYKTUBIIMY B 3MiCTi
KOHL,ENTyaNnbHOI PaMKM BUKNALAaHHA MOXHa BigHeCcTu:

— acoUitoBaHHA OLHIOBANbHUX KPUTEPIIB 3 TUMW BUMTENBCLKUMMU NPODECIMHUMM AKOCTAMM, AKi NOTEHLIMHO NO3UTUBHO
BM/IMBAIOTb Ha YYHIBCbKi JOCATHEHHS;

— BM3HaHHA LU. [laHiencoH Ta ii cniBaBTopammn nepeBaxkHOro 3Ha4YeHHsA 34aTHOCTI BUMTENA 3a/1y4aTh LWKONAPIB A0 AiANbHOCTI
YYiHHA.

OCMUCNEHHA L€l BYNTENLCBKOT 34aTHOCTI 3MYCMNO HAc 3BepHyTUCA A0 MNoHATTA «Student Engagement» = «3anyyeHHn
CTYAEHTIB/Y4YHIB [0 AiANbHOCTI yuiHHA». Llei deHoMeH y HayKOoBIl NiTepaTypi TAymayaTb AK CYKYMNHICTb Gi3UYHOI i NCMXONOriYHOT
eHeprii I0AMHMU, WO BUTPAYAETLCA Heto 419 HabyTTA akaAeMiyHOro A0CBiay | BUpaXkaeTbea y i noseaiHui. (H. ManowoHok, 2014).

Ha Hawy aymky, npuBaTHa KomnaHia «Danielson Group» 3aiiMae Ha pyHKyY ocBiTHiX nocayr CLUA gocute miuni nosumuii. Aaxe,
3a gaHumn k. Mocca, WKinbHi okpyrn maiixke 30 wTaTiB obpanu KputepianbHUI Komnaekc [aHiencoH 3a ocHoBy Ans po3byaosu
B/JIACHOI CUCTEMM OLHIOBAHHA BYMTENbCbKOI npaui (J. Moss, 2015). Lieit ¢akT nepenbayae onnaty 3a NigroToBKY eKcnepTis-
OLLIHIOBAYiB 3 YMCNA aAMIHICTPATUBHUX MPALIBHUKIB HA YOI 3 AUPEKTOPOM A1 KOXKHOI LWKOAM OKPYry. |HWOK 3HAYHOM rpynoto
CMOXMBAYIB PaMKWM € BYMTENi-MOYATKIBLj, AKI MaloTb FPYHTOBHO NiAroTyBaTMCA A0 CKAAAHUX BUMNpobyBaHb, MOB’A3aHMX 3
oTpMMaHHAM npodeciiHoi niueHsii. 3 BWKAALEHOro BWUMAMBAE, WO npegmeTom npogaxy «Danielson Group» € He cama
OLiHIOBa/IbHUX KPUTEPITB YMOMK/IMBAIOE CTBOPEHHA YHiIDIKOBAHMX i CTaHAAPTU30BAHMX HABYA/IbHUX NPOrpam AAs LMX Kypcis, Wo, y
CBOMO Yepry, cnpuse eGpeKTMBHOMY BUKOPUCTaHHIO NepcoHany Komnaxii «Danielson Group», 3agisHoMy y NpoBefeHHi KypciB.

3a HaLLMMM CNOCTEPEKEHHAMM, PO3FAHYTUI Habip OLIHIOBAIbHUX KPUTEPIIB NiAXOA4UTb NiZ BUMOTH, LLLO PO3pobieHiy Teopil
NPUIHATTA pileHb A0 6araTokpuTepianbHUX 3aga4. OB6rpyHTYEMO MOro NOBHOTY, AIEBICTb | BUMIpPIOBAHICTb.
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Habip KpuTepiiB BBaKaETbCA MOBHUM, SAKLIO BMKOPUCTAHHA Oyab-fKMX O0AATKOBMX KPUTEPIiB He 3MIHIOE pe3y/bTaTiB
pO3B’A3aHHA 334adi, a BigKMAaHHA xo4a 6 ogHOro 3 BUb6paHMX KpUTepiiB NpU3BoANUTb A0 3MiHM pe3yabTartis (M. MadT, 1979).

MepeBipMMO NOBHOTY aHafi30BaHOro Habopy KpwTepiiB, BiANOBIBLUM Ha NMUTAHHA: AKI BUMTENbCbKI NpodecinHi AKocTi,
acoujiioBaHi 3 KpuTepiamun edeKkTMBHOro BYMTena 3a Bepcieto L. [laHiencoH, BXogsaTb A0 MoAeni NpoLecyasibHOi CTOPOHM
BYUMTENIbCbKOI Npaui 3a Bepcieto A. MapkoBoi? Lie NUTaHHA BBAXKAEMO AOPEYHMM, OCKiNbKM 06MABI AocniaHuvui nepenmanucs
NpOoLLEeCcyanbHOK CTOPOHOID BUMTE/IbCHKOI MPaLLi Ta KPUTEPIAMM OLiHIOBAHHSA ii edeKTUBHOCTI.

CKNagHUKM moaeni npouecy BYMTENbCbKOI Mpaui 3a A. MapKoBoOK — negaroriyHa AisanbHICTb, NegaroriyHe CninKyBaHHA
Ta npodeciliHa camopeanisalisa 0cobUCToCTi BUNTENS.

Y NcMX0N0riYHO WiNicHIM NeaarorivyHii AianbHOCTI 4OCNIAHWLA BUOKPEMIIIOE TPU KOMMOHEHTH:

1) nocTaHOBKa BYMTENEM NeAAroriYHMX Linel Ta 3aBaaHb;

2) Bubip Ta 3acTocyBaHHA 3acobiB BN/MBY HA TUX, XTO HAaBYAETLCA;

3) KOHTPOAb Ta OLHIOBAHHSA BYUMTENIEM CBOIX BNACHMX NeAaroriYHmx BNaMBIB (neaaroriyHunii camoaHanis).

Kepytoumch uum nonoxkeHHAm A. MapKoBOi, 0 CKNagHMKa «nefaroriyHa AiafbHiCTb» i moaeni My BiZHECIM Takuii Habip 3
necatb NpodecinHnx akocTel epeKTUBHOIO BUMTENA 3a Bepcieto LL. [laHiencoH:

1d. YcTaHOBAOE HAaBYabHI pe3ynbTaTy.

1e. MNpOEKTYE y3roaKeHi y yaci nporpamu.

1f. MpoeKTye 3acobM OLiHIOBAHHA.

1a. leMOHCTpYE 3HAHHA NPeAMETHOI ranysi i neaaroriku.

1b. leMoHCTpy€e 3HaHHA 0COBIMBOCTEN YUHIB.

1c. lemoHcTpye 3HaHHA iHdopMaLiiHUX pecypciB.

3c. 3anyyaE€ yyHiB A0 AiANbHOCTI YYiHHA.

3b. BUKOPMCTOBYE METOAM ONUTYBAHHA Ta 0BroBopeHHs.

2e. O6nawToBye diznUHE cepeoBULLE Kaacy.

4a. AHanisye BnacHi npodeciliHi gji.

CTOCOBHO MeAaroriyHoro cnifikyBaHHA A. MapKoBa 3BepTae ocobamBy yBary Ha MOro NpaBWbHY OpraHisauito, agke
atmocdepy CnpsAMOBAHOCTI Ha PO3BUTOK OCOOUCTOCTI YYHA CTBOPHOE Came BYMTE/b. Y B3aEMOAII «yUnTENDb — YYEHbY AOCAIgHNUA
BUAINAE TPU TPYNW CNOBECHUX BMJ/IMBIB YYMTENA HA YYHA: OPraHisylounii BNAMB (iHCTPYKTYBaHHSA, PO3MOPAAMKEHHS, MOBYAHHSA,
CMOHYKaHHSA TOLLO); OUjiHIOBaNbHI Aji (3 NO3UTUBHUM 3HAKOM — MOXBaNa, 3 HErAaTMBHMM 3HAKOM — KPUTUYHI 3ayBayKeHHS, OLiHKHN);
OMCLMNNIHYIOUYMIA BNAMB (3ayBaXKeHHA-3aNUTaHHSA, 3ayBayKeHHA-TBEPAKEHHS, NiABULLEHHA ronocy Towo). [1o TOro X, BOHa 3a3Havae,
L0 NegaroriYHMM Ha3MBaOTb HE TiNbKKU CMiIKYBAHHA BYUTENA 3 YUHAMM, @ 1 3 iHLUIMMM Y4aCHUKAMM HaBYaIbHO-BMXOBHOTO Npouecy
(BUMTENb — BUMTENDL, BUMTENIb — OUPEKTOP LWKOAW, BUMTENb — BaTbKM TOWO). BiaTak, 40 CKNagHWKa «neparoriyHe CnifikyBaHHA»
[OPEYHO BifHECTM TaKi Aes’aTb npodecinHux akocTel 3a L. JaHiencon:

2a. CtBoptoe aTMmocdepy NoBary i B3AaEMOPO3YMiHHS.

2b. PO3BMBAE KyNbTYpY YUiHHA.

3a. CninkyeTbea 3 yYHAMM.

2c. Kepye npoueaypamu HaBYaHHA.

2d. Kepye noBeajiHKO yyHiB.

3d. OuiHIO€E HaBYaNbHi 3000YTKM YYHiB.

4c. B3aemogie 3 pogyHamm.

3e. JleMOHCTPYE rHy4KicTb i BignosiganbHicTb.

4d. Bepe yyacTb y NpodeciiHnx 06’eaHaHHAX.

MpiopUTETHOIO HTErPANIbHOKO XaPAKTEPUCTUKOD BUMTENs AK ocobuctocTi A. MapkoBa BM3HAuae Moro npodeciiHy
negaroriyHy CamocBigoMICTb, TOBTO KOMNEKC yABNEHb yunTensa npo cebe sk npodecioHana (A. Mapkosa, 1992). Tomy cknagHuK
«npodeciiHa camopeanisal,is 0COBUCTOCTI BUMTENA» BMILLYE, HA HALWY AYMKY, Taki Tpu npodeciiiHi AKocTi epeKTUBHOro BUMTENSA 33
L.AaHiencon:

4e. Po3BMBAETLCA | NPpOdeCiHO 3poCTaE.
4f. NlemoHcTpye npodecioHaniam.
4b. TOYHO AOKYMEHTYE NPOLECH i pe3yNbTaT BIAaCHOI NpaL,i

OyeBMAHO, WO, Nonpu pi3Hi meTtogonoriyHi nosumuii L. JaHiencoH i A. MapKoBOi, iXHi Nornaam Ha cyTHiCTb edeKTUBHOI
BYMTENbCLKOT NpaLi y uinomy 36iratotbca. Ha Hawy AymKy, uei $aKT, Hexan i onocepeikoBaHO, CBIAYMTb NPO MOBHOTY Habopy
KpuTepiiB eheKTMBHOCTI BUMTENBCLKOI Npau;i 3a Bepcieto L. [aHiencoH.

HacTtynHa Bumora «aieicTb Habopy KpuTepiiB» 03HAYaE, WO KOXKEH KpUTepii NOBUHEH MAaTW 3po3ymine ansa ocobu, Aka
npuimae piweHHA, GopMyNtoBaHHSA, ACHUIA | 0aHO3HaUYHKMI 3micT (M. FadT, 1979). HaaBHicTb LmMX BNacTUBOCTEN Y GOPMYNOBAHHAX
PO3rAAYBaHNX KPUTEPIIB HE BUKIMKAE CYMHIBY.

3riaAHO 3 BUMOIOK0 «BUMIPIOBAHICTbY, KOMKEH KPUTEPIA MAE JOMYCKAaTU MOK/MBICTb OLiHKM iIHTEHCUBHOCTI BNACTMBOCTI, AKY
BiH XapaKTepu3ye (cTyneHs pJocarHeHHs BignosigHoi metn) (M. Tadt, 1979). BnactvBicTb «BMMIPIOBAHICTb» NpPUTaMaHHA
pO3rnAaayBaHUM KPUTEPIAM, OCKIIbKM KOXKEH 3 HUX MAE OLLiHIOBasIbHY LUKay.

3a TBEpAKeHHAM LU. [laHiencoH, KoHUEenTyanbHa pamMKa BUKNaAaHHA NMOKAMKAHA 3abe3neuyBaTty ABi QyHKLi OLiHIOBaHHA
BYMTENbCLKOI NpaLLi — OLiHIOBAaHHA ANA NPOPECiMHOro PO3BUTKY Ta OLHIOBAHHA A1 KOHTPOO. Takui Niaxig, CNpuse y3roaxueHHo
CynepeyvyHOCTi MiXK opraHamu ynpasAaiHHA | BUNTENbCbKOIO CNiibHOTO0. OUiHIOBaHHA BYUMTENIB BBOAUTLCA OpraHamu ynpasBiHHA B
KOHTEKCT 3BiTy NPO AOCATHEHHA | KOHTPOJIO AKOCTI, TOBTO yUMTENb NOBMHEH MNOKA3aTV i LOBECTU ePEKTUBHICTL CBOEI pO6OTU. Bunteni
K NPOTUBAATLCA TaKOMY Migxoay. BoHW xouyTb 36epertu aBTOHOMIIO i XOUyTb TAaKOrO OLLHIOBAHHA CBOEI Mpalj, AKe cayrysatume
iXHbOMY NpodeciiHOMY 3pOCTaHHIO, BAOCKOHa/IEHHIO neaaroriyHoi poboTu Ta po3BUTKY WKou (B. 3arBo3akuH, 2018).
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BUCHOBKM TA NEPCNEKTUBU NOAANbLLUOIO AOCNIAXKEHHA

3a pesynbTaTaMy HALWOi PO3BIAKM MW BUABMAW YOTUPWU BIAMITHi OCOBSMBOCTI KOHLENTYasIbHOI PaMKM BUKIALAHHA
L. OaHiencoH, aki Bigpi3HAOTL ii Big, Habopy KpwTepiiB ouUiHIOBaHHA NpodeciliHOi KOMMNETEHTHOCTI BYMTENiB, PO3POb/IEHNX
[eprKaBHOO CNy»K60t0 AKOCTI 0CBITU YKpaiHu:

1. PamKa TrpyHTYeTbcA Ha iAeAx nenarorivHOro KOHCTPYKTMBI3MY. 3anponoHOBaHi Yy Hill OuiHOBanbHI  KpuTepii
XapaKTepu3yloTb MepeBipeHi AO0CNIAKEHHAMM BYMTENbCbKI AKOCTI, KOTPi AOCTOBIPHO KOPEsntoTb i3 AOCATHEHHAMM YYHIB.
MepLiopAagHO 3 HUX BU3HAHO 34,aTHICTb BUMTENA 3a/1y4aTH LLIKONAPIB A0 YYiHHA.

2. PenpeseHTOBaHi y pamLi KpuTepii OuiHIOBaHHA NpouecyasbHOi CTOPOHW NeaaroriyHoi npaui € yHiBepcanbHUMKU ANA
6y Ab-AKMX BUKNAAALLKUX/YUMTENBCbKUX CrieLianizaLii.

3. Habip umx KpuTepiiB NEBHOK MipOK 3aZ40BO/IbHAE BUMMOTM, NepenbdaveHi TEOopield NPUAHATTA pilleHb anA
HaraToKpuTepianbHUX 3a4a4. oMy BAacTUBI NOBHOTA, Ai€BICTb | BUMipIOBaHICTb.

4. Pamka NOKAMKaHa 3abe3nedvyBatu ABi GYHKL,i OLiHIOBaHHA MpaLi BUMTE/IB — OLiHIOBAHHA ANA NPOdeCiiHOro PO3BUTKY
Ta OLiHIOBAHHA A8 KOHTPOJIIO.

Be3ymoBHO, npeacTaBneHui Ornag, KOHLENTyanbHOI paMKM BUKNaaaHHaA L. [laHiencoH He € BuuepnHmMm. Mu 30cepeanam
Hally yBary iMLe Ha ii Kn1to4YoBux acnekTax. CKnagoBi KOXKHOrO KpUTepito BapTi OKPEMOro OCMUCAEHHA Ta YCBIAOMAEHHS.

MepcnekTMBY NofanblmnX AOCAIAKEHb BOHAYAEMO Y BUBYEHHI OLLiHIOBA/NbLHOMO iHCTpyMeHTy «The Added Value Model»
(«Mogenb i3 foaaHO BapTICTIO»), NPU3HAYEHOrO A/1A OLHIOBAHHSA pe3y/IbTaTUBHOI CTOPOHM BUUTE/IbCLKOT MpaLl.
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SPECIFICITY OF THE EVALUATING INSTRUMENT OF DANIELSON FRAMEWORK FOR TEACHING
(The U.S. Experience)
Taiana Dieorditsa
Charitable foundation “e-Terra”, Ukraine
Maryna Voronina
Kyiv National University of Culture and Arts, Ukraine
Nataliia Litvinova
Oleksandr Dovzhenko Hlukhiv National Pedagogical University, Ukraine

Abstract.

Formulation of problem. According to our observations, the sets of criteria for evaluating teaching, developed in 2019-2020 by specialists of the
State service of education quality, do not have the property of measurability. But the measurable criteria make it possible to identify
levels of professionalism. Scales of criteria serve to do this. If there are no evaluation scales, the procedure for expert evaluation is
replaced by the procedure for monitoring compliance with the requirements. And this discredits the idea of evaluation for
professional development. Thus, reviews of the best foreign technologies for evaluating effective teaching are relevant. Our study
was guided by the following research question: what are the distinctive features inherent in the criteria used in the U.S. to evaluate
the teaching work?

Materials and Methods. We made a review of popular in the U.S. the evaluating instrument “Framework for Teaching” by Ch. Danielson to find
out its distinctive features. We did it from the standpoint of a systems approach.

Results. Danielson's Framework for Teaching represents the criterion complex necessary for expert evaluation of the teaching work’s effectiveness.
A set of 22 criteria is the core of it. Criteria characterize professional teacher qualities that affect student performance. Each criterion
has characteristics, indicators, and scale. Characteristics specify the most important facets of the criterion. Indicators are used to
construct a scale of a criterion. The scale includes descriptions of evaluative judgments.

Conclusions. Based on the results of our study, we established four distinctive features of the criteria under consideration. First, their theoretical
basis is the ideas of pedagogical constructivism. Secondly, the criteria are universal for all teaching specializations. Third, the set of
criteria is complete, actionable and measurable. Fourth, the criterion complex provides two evaluation functions: development and
accountability.

Key words: teaching work, evaluating instrument, set of criteria, criterion complex, expert evaluation, pedagogical constructivism, student
engagement.
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®OPMYBAHHSA BI3YA/IbHO-IHOOPMALINHOT KYNIbTYPU MAWBYTHIX YYUTE/IB MATEMATUKM TA IHOOPMATUKMU:
PE®/IEKCMBHO-OLIHIOBANIbHUIA KPUTEPIA

AHOTALIA

®opmynioeaHHa npobaemu. CyyacHull e4umesnb mMamemamuku ma iHGHOPMAMUKU MOBUHEH Mamu 8UCOKUl pigeHb cgopmosaHocmi
8i3yanbHo-iHGpopmMayiliHoi  Kynemypu, cmpykmypi AKoi 3 HeobxiOHicmioo 8udinaemo pegnekcusHuli KOMMOHeHm, W0
Xapakmepusyemsca 30amHicmioo 00 aHanisy, npo2Ho3y8aHHA i pegaekcii enacHoi npogeciliHoi disaneHocmi 3 8i3yanizayii
HABYAsILHO20 Mamepiasy 3 BUKOPUCMAHHAM 3acobie Komn’tomepHoi 8izyanizayii, Aka 3abesneyye npogeciliHuli camopo3eumok
i camoedOCKOHANeHHA.

Mamepianu i memodu. OcHo80t0 O0CIOHEHHA CMAsU HayKosi PO38iOKU 8IMYU3HAHUX | 3aKOPOOHHUX yYeHUX, AKi 3aUMaromescs 8UBYEHHAM
numaHe nidzomosku MalibymHix s4umesnie mamemamuku ma iHgpopmamuku. [na docaeHeHHA memu 6yau 8ukopucmaHi
Memoodu meopemu4HOo20 pi8HA HaYKOBO20 Mi3HAHHA: AHAI3 HAYKOBOI Aimepamypu, cuHme3, hopmaniszayis HayKosux Oxcepesn,
onuc, 3icmaesneHHA ma cmamucmu4Huli Memoo — t-kpumepili CmetodeHma.

Pesynomamu. []na 8U3HAYeHHA pieHA ChopmosaHocmi 8i3yanbHO-iHpopmauiliHoi Kynbmypu malibymHix ydumesnie mamemamuku ma
iHhopMmamuKu suoKkpemneHo ceped iHWO020 pegneKcusHo-o0yiH08anbHUL Kpumepii, AKuli xapakmepuzyemsca 30amHicmio 00
CaMOQHQANI3y, OUiHIBAHHA ma pegaekcusHoi iHmMepnpemayii pesyansmamie eaacHoi npogeciliHoi dianeHocmi w000
ernposadxeHHs 3acobie Kommn’tomepHoi si3yanizayii 8 ocgimHili npoyec. Cmamucmuy4Hi PO3pPaxyHKU 34 MOKA3HUKAMU
pecghreKcusHo-0UiHI08AIBHO20 Kpumepito (KpumuyHe cmasseHHsA 00 06paHo2o 3acoby Komn’tomepHoi 8i3yanizauii, do obpaHoi
mexHosoeii 8i3yanizayii Ha84YasnbHO20 KOHMeHMY, yCc8i0OMAEHHA MUMOBUX MOMUOK MpPU B8Mpo8adMEeHHI iHhopmayiliHux
mexHosnoeili y oceimHili npoyec (P1 «30amHicmob 0o camoaHanizy»); nompeba y camo800CKOHAEHHI, Y OHOB/AEHHI | MOMOB8HEHHI
8/10CHUX 3HOHb, YMiHb MQA HABUYOK Yy 2anysi iHopMamuKo-mamemamuyHux OucyundaiH ma yugposux mexHonoeil (P2
«30amHicmb 00 caMOB80OCKOHANEHHA») Nidmeepouau cmamucmu4Hy 8iOMiHHICMb 0bpaHux cyKynHocmel: no KoxcHili napi
cykynHocmeli EF'1 — Kl i EF2 — K o Ko#HOMY MOKA3HUKY OMPUMAHO e | > tipur MA CMamucmuyHy 00HopiOHicMeb o 2pynam
Er1 — ET2, OCKifbKU 10 KOMXHOMY MOKA3HUKY OMPUMAHO |teyar| < tipur-

BucHoeKu. 3a pe3ysemamamu 8rnpoeadHeHHs CUCmemu (opMyBaHHA 8i3yasnbHo-iHopmauiliHoT Kynbmypu malbymHix y4umenis
MAmemMamuKu ma iHHOPMamuKu cmyoeHmu MpoAeaAnu Kpumu4yHe cmaesneHHA 00 obpaHozo 3acoby Komn’tomepHoi
8i3yanizayii 8 X00i HANUCAHHA KOHCMEKMI8 YPOKi8 Yu po38’a3ysaHHA npogeciliHux 3a80aHb, baxaHHA 062080pHBAMU WAAXU
B8UKOPUCMAHHA 3aco6i8 KoM tomepHOI 8i3yanizayii Npu 8UBYEHHI MEBHUX MeM WKibHO20 Kypcy MamemamuKu, iHgpopmamuku
3 N00anbWUM GHAsI30M Ma KOpeKUyieto 8a1acHOI npogeciliHoi disnbHocmi, yc8idomaeHHA murnogux NoMuUsoK npu 3acmocy8aHHi
iHhopmayiliHux mexHosnoeili 8 0c8iIMHLOMY MPOYEC, 3ayiKasneHicmb y MONOBHEHHI 8/ACHUX 3HAHb Y 2asy3i Ko2HiImueHoi
8i3yanizauii 3a paxyHoK sus4eHHsA 00C8idy iHWUX, ONPAYtO8AHHA HAYKOBO-MemOoOUYHOI nimepamypu.

K/IKOYOBI C/IOBA: 8i3yanbHo-iHhopmayiliHa Kynemypa, malibymHi eyumeni mamemamuku ma iHpopMmamuKu, pegpaekcis, pegaekcusHuli
KOMMoHeHm 8i3yanbHo-iHpopmayiliHa Kyaemypu, pegaeKkcusHo-oyiHo8anbHuli Kpumepid.

BCTYN

MocraHoBKa npo6aemu. CyyacHuit BUMTENIb MaTEMATUKM Ta iIHGOPMATUKM NOBUHEH MATU BUCOKUI piBeHb CPOPMOBAHOCTI
Bi3yaNibHO-iHGOPMaL,iHOT KyNbTypu, TOOTO NOBMHEH MaTM LLiHHICHI YCTAaHOBKM, NParHeHHs A0 PO3BUTKY B ranysi Bidyanisauii Ta
iHpopmaTK3aLii ocBiTM; BONOAITU IHDOPMATUKO-MaTeMaTUUHI, NCUXONOro-NeAarorivyHi Ta TEXHONOFYHI 3HAHHAMM; YMIHHAMM
CnpuimaTy, aHanisyBaTW, MNOPIBHIOBATM, 3iCTABAATM, IHTEpnpeTyBaTW, MPOAYKYBAaTM 3 BUKOPUCTAHHAM iHOPMaLiNHUX

© M.T. Opywnsk, 2021.
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TEXHOJIOTiN, CTPYKTYpYBaTH, iIHTErpyBaTH, OLiHIOBATM NOAAHUI HAOYHO HaBYaIbHUI MaTepian. Ane OKpiM 3a3HaYeHUX CKNaf0BUX
Yy CTPYKTypi Bi3yasbHO-iHPOPMALAHOI KynbTypyu MaNByTHIX yuuTenie maTtemaTMKu Ta iHGOPMATUKM BUIINAEMO TaKOXK
pedNeKCUBHUI KOMMOHEHT, WO XapaKTepPU3yeTbCA 34aTHICTHO A0 aHasi3y, NporHosyBaHHA i pednekcii BnacHoi npodeciliHoi
LiANbHOCTI 3 Bi3yanisauil HaBYasbHOro Matepiany 3 BMKOPUCTAHHAM 3acobiB Komn'toTepHOI Bilyanisauii, Aka 3abesneuye
npodecinHN cCamopO3BUTOK i CAMOBAOCKOHA/IEHHA.

Pednekcito po3ymiemo Ak cnocib aHaniTMYHOI A4iAbHOCTI, CNPAMOBaHUI Ha KPUTUYHE OCMUC/IEHHA BAACHOTO
«f», CBOET AiANbHOCTI, WO A03BO/SE NPOrHO3yBaTW Ta KOPEryBaTu BAacHy noganbluy npodeciiHy AianbHicTb, i B
TaKOMY KOHTEKCTi BOHa Bifirpae BM3HayasbHy poJib Yy NpodeciinHin aisnbHoCT. BaxKnuBicTb poni pedrieKcMBHUX
MexaHi3miB y npodeciiHin aianbHocTi B6ayaemo y 3abesneyeHHi ymoBM Noaanblioro npodecinHoro camopo3BUTKY
Ta CAaMOBAOCKOHAIEHHA Yy NeAaroriyHoMy, MeToAMYHOMY Ta TEXHOJIOFIYHOMY aCneKTax.

YCBiAOM/IEHUIA  CaMOPO3BUTOK  MalbyTHbOrO  BYMTENA  MaTeMaTMKM Ta  iHGOPMATMKM  O3HAYaEe
camosbarayeHHs, AKe yCBiOMIOETbCA, CXBAJIOETLCA Ta € HaxkaHWMm. MpoLec camopo3BUTKY 3abe3neyye NOCNiZ0BHY
3MiHY OCOBUCTICHMX CTaHiB, A€ KOXHWIN HACTYNMHWUN € YAOCKOHANEHHAM nonepeaHboro. Y LUbOMY KOHTEKCT
pednekcito MUCAMMO AK NOTPeby y OHOBAEHHI i MOMOBHEHHI BAACHWX 3HaHb, YMiHb Ta HaBMYOK Yy ranysi
MaTEMATUYHUX Ta IHPOPMATUYHUX AUCLMUNAIH, LUDPOBUX TEXHONOFIN.

PedneKkcusHi gii po3sonAoTb iHANBIAYANI3yBATM BNACHY NPOECiNHY AiANbHICTb, 34iMCHIOBAaTM CaMOaHanis,
OLiHIOBaHHA Ta pedneKkcMBHY iHTepnpeTauilo BaacHOi npodecinHoi AianbHOCTI WOAO0 BNpPOBaAXKeHHA 3acobis
Komn’toTepHOI Bi3yanisauii B OCBiTHIl npouec, Wwo cnpuae BMH6opyY NegaroriyHo AOLibHUX CTpaTerin KopuUryBaHHA
noAasbloi AisNbHOCTI 3 METO YCYHEHHS BNAaCHMX HeoiKiB. HeBia eMHOO CK1afoBo cHOPMOBAHOCTI BidyasibHO-
iHpopMaLiHOI KyNbTypM MalByTHIX yunTenis matemaTMKn Ta iHPOPMATUKN € KPUTUYHE CTaB/leHHA A0 obpaHoro
3acoby KOrHiTMBHOI Bi3yanisauji, 4o obpaHoi TexHonorii Bi3dyanisauii HaBYa/NIbHOTO KOHTEHTY. 3a [A0MOMOroto
neparoriyHoi pednekcii BiabyBaeTbcA 3icTaBNeHHA 06paHux wWAaxiB npodecihHol AifaNbHOCTI ONTUMabHUM
METOAMYHUM i NefaroriyHMm 3pasKam.

[na BU3HaueHHA piBHA cdOPMOBaHOCTI BiyasibHO-iIHPOPMALLIMHOT KyNbTypy ManbyTHIX yunTenisB MaTemMaTnKu
Ta iHGOPMATUKM BUOKPEMIEHO MOTUBaLiNHWIA (Apywnsak, 2020b), nisHaBanbHuii (Apywnsk, 2021), npouecyanbHui
(Apywnsk, 2020c) Ta pedneKcMBHO-OLiHIOBaNAbHUIA KpuTepil (Opywnsk, 2020a).

MeTta ctatTi. BU3HauMTK piBeHb cHOPMOBAHOCTI BidyasibHO-iHGOPMALLIMHOI KyAbTypu ManbyTHIX yuuTenis
MaTeMaTUKM Ta iHPOPMaTUKK 32 pedNEKCUBHO-OL,iHIOBAIbHUM KPUTEPIEM.

METOAU AOCNIAXEHHA

OCHOBOIO AOCNIAMKEHHA CTaN HAYKOBiI PO3BIAKM BITUM3HAHMX | 3aKOPOOHHUX YYeHUX, fAKi 3aMmatoTbeA
BMBYEHHAM NUTaHb NiAFOTOBKM MaNOYTHIX BUMTENIB MaTeMaTUKM Ta iHPopmaTUKKU. Ona focarHeHHA meTu Bynau
BMKOPUCTaHI MeToAM TEOPETUUYHOIO PiBHA HAYKOBOFO MisHaHHA: aHani3 HayKoBOi NiTepaTypu, cMHTe3, dopmanisauis
HaYKOBWX A)Kepes, ONuUC, 3iCTaBNeHHA Ta CTaTUCTUYHUIN meToa — t-KpuTepin CTblogeHTa.

PE3Y/IbTATU

PedbnekcnBHO-OUHIOBANbHUI KPUTEPI XapaKTepU3yeTbCA 34aTHICTIO A0 CamMOaHanisy, OLiHBaHHA Ta
pednekcUMBHOI iHTepnpeTauii pesynbTaTiB BnacHoi npodeciiHOi AiaNbHOCTI WOA0 BNpPOBaAMeHHs 3acobis
KoMM'toTePHOI Bi3yani3aLii B OCBiTHIM npouec. NoKasHUKamu ped1eKCUBHO-OL,iHIOBAIbHOTO KPUTEPItD €: KPUTUYHE
CTaBNeHHs A0 obpaHoro 3acoby Komn'toTepHOi Bisyanisauii, 4O obpaHOI TexHosorii Bi3yanisauii HaBYa/sbHOrO
KOHTEHTY, YCBIJOMNEHHA TMMOBUX NOMMUAOK MPU BMNPOBAANKEHHI iHOOPMALiAHMX TEXHONOrIM Yy OCBITHIN npouec
(wndpp P1 — «3paTtHicTb A0 camoaHanisy»); noTpeba y camoBAOCKOHA/IEHHI, Y OHOB/IEHHI i MOMNOBHEHHI BAACHUX
3HaHb, YMiHb Ta HaBWUYOK Y ranysi iHbopmaTUKO-MaTeMaTUUHUX AUCUMNNIH Ta UMdPOBUX TexHooriln (wndp P2 —
«3[aTHICTb L0 CAMOBAOCKOHANIEHHAY).

Y ekcnepumeHTi 6panm yyactb 431 cTyaeHTM cneuianbHocTel 014.04 «CepegHa ocsita (MatemaTuka)» Ta
014.09 «CepegaHsa ocBiTa (IHpopmaTMKa)», 3 AKMxX 151 ocoba yBilwna A0 nepLloi ekcnepumeHTanbHoi rpynu (Er1)
(cTyneHTn cneuianbHocTi 014.04 «CepegHsa ocsiTa (MaTtemaTtuKa)»), 122 ocoba yBilwna y Apyry eKCrnepumeHTaibHy
rpyny (EF2) (ctyaeHtu cneuianbHocti 014.09 «CepeaHs ocsiTa (IHpopmaTmKa), a 158 ocib — y KoHTposibHY rpyny (Kr).
CTy[eHTM eKCnepMMeHTaNbHUX FPYN HaBYaNNCA 3@ aBTOPCbKOIO cucTemoto popmyBaHHA BidyanbHO-iHGOpMaLiiHOT
KY/IbTYPU MalbyTHIX yuntenis matemaTukm Ta iHpopmatuku (dpywnsk, 2019). Lle 6yau cTyaeHTu, AKi BCTynaau ao
3BO y 2015-2017 p.p. KOHTUHreHT CTyAeHTiB, AKi BCTynanun y Wi pokn Ha cneuianbHocTi 014.04 «CepeaHA ocBiTa
(MaTtematuka)» Ta 014.09 «CepeaHs ocsita (IHbopmaTMKa)» no YKpaiHi HaseaeHo y Tabauui 1 (EanHa aepkaBHa
e/IeKTpPOHHa 6asa 3 NUTaHb OCBITH).

Y AaHOMy BUMNaZKy penpe3eHTaTUBHICTb BUGipKK 3abe3neuyetbes 10% Big, 3arasibHOI KiIbKOCTi BCTYMHMKIB
Ha cneuianbHocTi 014.04 «CepeaHs ocgita (Matematuka)» Ta 014.09 «CepepgHs ocgita (IHpopmaTuKa)» (ams.
Tabanuto 1) i mae 6yt He meHwwe 405 ocib. OTKe, 06paHa HaMM KifIbKiCTb Y4AaCHMKIB EKCNEPUMEHTY € LOCTATHbLOIO.
Y3aranbHeHi pe3ynbTaT KOHTPOJIbHUX 3Pi3iB Ta ANMHAMIKA NO KOXKHOMY NOKa3HUKY (y BiACOTKax) HaBeaeHO
y Tabnuui 2 3 meTolo KOHCTaTalil 3MiH, AKi BiAbynuca y ekcnepumMeHTanbHUX rpynax BHACNiAOK BMPOBAAKEHHA
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nepgaroriyHoi cuctemm ¢GopMyBaHHA Bi3yasbHO-iHPOPMALIMHOI KynbTypu MalbyTHIX yuyuTenis matemMaTuKu Ta
iHPOPMATMKM Yy 3aKNaZax BMLOI OCBITHU.

Tabnuys 1
KOHTUHreHT cTyaeHTiB cnewianbHocTel
«CepepaHs ocsita (MaTtemaTtuka)» Ta «CepegHsa ocsita (IHpopmaTuka)»
CnevujianbHicTb 2015 2016 2017 2018 Paszom
014.04 CepepHn ocBiTa (MaTemaTnKa) 940 492 599 406 2437
014.09 CepepaHs ocsita (IHbopmaTumKa) 854 384 268 216 1622
Tabauys 2
Pe3ynbTaTu AiarHOCTUYHUX 3pi3iB Y eKCNepUMeHTabHUX
Ta KOHTPOJIbHI/ rpynax Ha NoYaTKy Ta HanpuKiHLi ekcnepumeHTy (y %)
EM EM2 Kr
MokasHuk S S s S S s s 2 =<
x =8 x X o X 4 g =
o 9] ) o 9] ) o ) N
(] o [u] (%) o ® o [o% )
2 8 z 2 3 I 2 8 Q
P1 (mo) 6,62 43,05 50,33 6,56 37,70 55,74 5,70 40,51 53,80
P1 (nicna) 22,52 56,29 21,19 21,31 51,64 27,05 8,86 49,37 41,77
P1 (pisHnus) +15,89 +13,25 29,14 | +14,75 +13,93 -28,69 +3,16 +8,86 | -12,03
P2 (o) 16,56 43,71 39,74 16,39 40,98 42,62 15,82 43,67 40,51
P2 (nicna) 27,15 56,95 15,89 27,05 55,74 17,21 20,82 51,27 27,85
P2 (pisHnus) +10,60 +13,25 23,84 | +10,66 +14,75 -25,41 +5,06 +7,59 | -12,66

[na nopiBHAHHA cepefHiX KOHTPONbLHOI Ta eKCNepMMeEHTaNbHUX TPYNn HamMK BUKOPUCTOBYBABCA t-KpuTepi
CrotopenTa. OTpuMMaHe 3HaYeHHA t-KpuTepilo MNOPIBHIOBANOCA i3 G,y = 1,96 ana pisHa 3nauywocti 0,05.
ByayBanaca HynboBa rinotesa: cepeaHi B rpynax EI Ta KI' ogHakosi. [nf il npUMHATTA Ma€e BUKOHYyBaTUCA BUMOra
[terar] < tipur- PO3PAXyHKM 34IMCHIOBANNCA i3 BUKOPUCTaHHAM TabanyHoro npouecopa MS Exel, Hagbynosa «Maket
aHanisy», Bknagka JaxHoie/ AHanu3s daHHbix/ [ApyxesibopoyHbili t-mecm 015 cpedHUX ¢ pasau4HbIMU OUCIEpPCUsMU.
CTaTUCTUYHI pOo3paxyHKM 3a BCiMa KpuTepiamm, Kpim P1, niaTBepanan piBHICTb cepeaHix 06paHMX CyKynHocTel — no
KOXKHIM napi CYKymHOCTeN MO KOMKHOMY MOKa3HWUKY OTPUMAHO |tepqr| < Lypur+ 33YBAXKMMO, L0 33 NOKasHMKom P1
«34aTHICTb A0 CaMOaHani3y» WKana BUMiptoBaHHA byna Big 60 go 0, TO6TO «HAWHMKUMIN» Ban 6yB 60, «HANBULLMIAN
—0. Mu He iHBepTyBanu [aHy LWIKany, TOMy NpU PO3pPaxyHKax MOXAMBUM OyB BapiaHT, KOMU t.ur < 0, OTXke
KpUTEPIEM NMPUNHATTA aNbTePHATUBHOI rinoTesun 6yna HepiBHICTb |tepar| > [—

3a pesynbTatamu  GopmMyBasbHOTO EKCMEepPUMEHTYy 3HOBY 6yno chopmMynboBaHO Hy/AbOBY rinoTesy:
ekcnepumeHTanbHi rpynu EM1, EM2 i kKoHTpoabHa rpyna Kl matoTb CTaTUCTUYHO OAHAKOBI cepefHi Ta anbTePHATUBHY
rinotesy: ekcnepumeHTanbHi rpynu Erl, EM2 i koHTponbHa rpyna KI matoTb CTaTUCTMYHO pi3Hi cepegHi. Ona Toro,
wob nNpuMHATM anbTepHaTUBHY rinoTe3y i CTBepAKyBaTM, LLO HaNpPUKiHUi eKkcnepumeHTy y ElMl Ta EM2 6yno
MO3MTUBHE 3PYLIEHHA LLOAO CepeaHiX, Mana 6 BUKOHYBATUCA YMOBA terar > Lypur. CTATUCTUUHI PO3paxXyHKM 3a BCiMa
NMoKasHWKamn  pedNeKCMBHO-OLHIOBAZIbHOFO  KPUTEPilO  MiATBEPAMAM  CTAaTUCTUUYHY  BiAMIHHICTE  0BpaHuMX
CYKYMHOCTE: MO KOXHil napi cykynHocteit EMl — KI i EM2 — KI' No KOXHOMY MOKa3HMKY (3ayBa’KeHHs Wo0/0
nokasHuka P1 36epiraetbcs) OTPUMAHO |tepqr| > typur T@ CTATUCTUYHY OAHOPIAHICTL MO rpynam EMl — EN2, ockinbku
MO KOXHOMY MOKa3HMKY (3ayBaXeHHs W00 NoKasHuKa P1 36epiraeTbca) OTPUMAHO |tepar| < Expur-

OBrOBOPEHHA

PiBeHb cdopmoBaHOCTI NOKa3HMKa P1 BU3HAYaBCA 33 pe3yibTaTaMM 3a01iKOBUX 1abOpaToOpHUX pobiT, B xoAi
AKUX CTYAEHTU AEMOHCTPYBAIN PO3POBAEHI YPOKM UM dparMeHTH YPOKIB i3 BUKOpPUCTaHHAM 3acobiB Komn'toTepHOi
Bi3yanisauii. CamoaHani3 ypoKy 34ilMCHIOBABCA 3a TIEID K CXEMOI0, 33 AKO BMKNAAauy OLiHIOBaB NPOBeAEHNI YPOK
(cxema mictuTb 60 KpuTepiis i HaBegeHa y Tabauui 3).

Bbanu BM3Havanuca 3a popmynoto:

o= «OuiHKa cTyaeHTa» — «OuiHKa BMK/Iagaya»,

[€ Be/MUYMHA O HafexXuTb BiapisKy [-60;60]. Mpuyomy, akwo a&(0;60], To AocniaKyBaHWI OLIHMB cebe BULE, HixkK
MOro oLiHMB BMKIa4au, AKWwo oE(-60;0], To HaBNAKK, JOCAIANKYBAHWUN OLHUB cebe HUXKYe, HiXK Lie 3pobuB BUKNaZay.
Ane y JaHOMY A0CNIAXKEHHI HAC LiKaBUTb caMe «afeKBaTHICTb» CaMOOLiHIOBAHHA, TOBTO BiAXWIEHHA Big, NeBHOro

«EeTaNoHY» — OLiHKK BMKNagada. Tomy mu bepemo A0 yBarv BiKOPUroBaHuit 6an |a|, AKMA HaneXuTb BiApi3Ky
[0;601].
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Tabauysa 3
Cxema aHanisy ypoKy i3 BuKopuctaHHAm 3KB
No o . OuiHKa
KpuTepilt ouiHOBaHHA
BUK. cTya.
1 BifnoBigHiCTb HaBYaNbHI Nporpami.
2 PaujoHanbHO 06paHO TMN YPOKY BiANOBIAHO A0 METH.
3 PaujoHanbHO 06paHO MeToA, HaBYaHHA BiAMNOBIAHO A0 METHU.
4 PaujoHanbHO Ta epeKTMBHO 06paHO opraHisauiviHi dopmu poboTu BiANOBIAHO A0 MeTH.
5 OpraHiyHe noefHaHHA 06paHnx Gopm, NPUINOMIB Ta METOAIB HAaBYAHHA.
6 BuTpumaHa CTpyKTypa ypOoKy.
7 HaABHa aKTyanisauia ONOPHMX 3HaHb.
8 Mpw aKkTyanisauii oNopHMX 3HaHb BUKopucTaHo 3KB.
9 HaABHi enemeHTN NOBTOPEHHSA.
10 3acobu Komn'toTepHoi Bisyanisauii
11 nporpamun Komn’l0TePHOro TECTYBaHHA
12 - npeseHTaLji
13 Mpu opraHisaLii NOBTOpeHHA Bineo
BMKOPWCTaHO - - - -
14 KOTHITUBHO-Bi3yaNbHi moAeni
15 QR-koaun
16 XMapo OpiEHTOBAHI cepBicKn
17 3aBAaHHA A4/ NOBTOPEHHA AndepeHLiioBaHi.
18 Bci yuHi 3a4iaHi nepeBipKoto 3HaHb.
19 MMUTTEBI pe3ynbTaTi NepeBipKn 3HaHb.
20 BuBYeHHA HOBOro martepiany
21 PaujoHanbHUIt 06ip maTepiany ana GopmyBaHHA yMiHb Ta HABUYOK.
22 HaBOAATLCA ICTOPUYHI BiZOMOCTI (i3 3anyveHHAM IKT)
23 BYMTE/IEM BUKOPUCTOBYIOTbCA KOTHITUBHO-Bi3yaNbHi Moaeni
24 Mpu BUBYEHHI HOBOrO MaTepiany | OpraHi3oBaHO KOMN'IOTEPHUIA EKCNEePUMEHT
HaBOAATLCA KOHTPNPUKNAAN
25 BMKOPMCTAHO XMapHi CepBiCM MaTEMATUYHOrO CNPAMYBAHHA
26 HasBHiCTb caMOCTiliHOT PO6OTM Nif, Yac 3aKpiNAeHHS.
27 1N BUKOHAHHA CamoCTilMHOI poboTu nepeabayveHo iHCTPYKL;i.
28 HasaBHiCTb 4OMALIHbOIO 3aBAAHHA.
29 iHouBigyanoHe
30 rpynose
31 JlomallHe 3aBaaHHA pPO3pax0oBaHO Ha Pi3Hi rPynu y4HiB
32 i3 3a/N1y4eHHAM 3acobiB KOTHITUBHOI Bidyanisau,ii
33 i3 3a/ly4eHHAM XMapOo OpPiEHTOBAHMX CepBiciB
34 Mpw noBigomneHHi 3aBgaHb axepena iHpopmauii
KOHKpPEeTU30BaHO nporpamy 4u pecypc
IHCTPYKTaX
bopmy 3BiTHOCTI
35 HasnBHiCTb 3BOPOTHLOrO 3B'A3KY, OLiHIOBAHHA BiANOBIAEN.
36 YUHi nNpauoroTh 3a KOMN'I0TepaMm CamocTiiHO/ y rpynax.
37 YYHi npauoroTh 3a KOMN'loTepamm 0gHO4YacHo/ No yepsi.
38 BuTprvmaHo BUMOrM W00 Yacy nepebyBaHHA yYHiB 33 KOMN'IOTEPOM BiANOBIAHO A0 iX BiKy.
39 BifBeaeHO oKpemMuit Yac AN onaHyBaHHA HOBUM iHCTPYMEHTApIieEM.
40 HasnBHICTb IHCTPYKLi ANA KOXKHOIO y4HA AN 3abe3neyeHHn iHAMBIAyabHOro TeMNy poboTu.
41 3aBAaHHA
42 NOBIAOMNEHHA NPO Yac BUKOHAHHA
43 L anroputm nobynosu
IHCTPYKUiA MiCTUTb - -
44 Tabnuui ANA 3aHECeHHA pe3ynbTaTis
45 nosigomneHHA Npo Gpopmy 3BITHOCTI
46 [,04aTKOBI/TBOPYI 3aBAaHHA
47 PaujoHanbHO 06paHo 3acib Komn'toTepHOI Bidyanisalii BignoBigHO g0 meTu.
48 KorHiTBHO-BI3yasibHa MOAENb BiANOBIAAE AUAAKTUYHIN METI.
49 KorHitneHo-Bi3yasibHa Mogenb iHpopmaTueHa (bopma, BUMipIOBaHHS, MO3HaYeHHsA, Tabaumu,).
50 KorHiTBHO-BI3yasibHa MOAENb CTBOPEHA AKICHO (KoAip, KoMno3uuis, rpadiyHi enemeHTr).
51 MepenbayeHo po3oaTKOBUIA maTepian.
52 dopMyNtoBaHHA 3aBAAHHA
53 . . TabAWLi ANA 3aHECeHHA pe3ynbTaTis
PospaTkoBuii matepian - -
54 MicTHTS micue ana GopmyntoBaHHA BUCHOBKIB
55 [,04aTKOBI/TBOPYI 3aBAaHHA
56 3aBAaHHA ANA KOHTPOIO 3HaHb
57 MO3UTUBHUI eMOLLINHMIA KNimaT Ha ypou,.
58 HasBHICTb iHTepecy y4HiB 40 YPOKY (4,0 3micTy, meTogis i dopm).
59 PaujoHanbHicTb Ta epeKTUBHICTb BUKOPUCTAHHA Yacy YPOKY, ONTUMAJIbHICTb TEMMY, @ TAKOXK YepryBaHHs i
3MiHM BUAIB AiANBHOCTI B XO4,i YPOKY.
60 PiBeHb fOCATHEHHA METU YPOKY.

57



PHYSICAL & MATHEMATICAL EDUCATION issue 4(30), 2021

Bucokuii piseHb cpopMOBaHOCTi MOKa3HMKa «34aTHICTb L0 CAMOOLLIHKM» Y MalbyTHIX yunTenis matemaTuKkum
Ta iHpopmaTrKm Bigobparkae cyma b6anis Big 0 go 10; cepeaHiit piseHb — 11-20 6aniB, HU3bKUI piBeHb — 21-60 6anau.
PiseHb cdopmoBaHOCTi NOKasHWKa P2 BM3HauyaBcA 3a MeETOAMKOKW «UCnosuuiiHa XapaKTepucTuKa
camopo3BUTKY ocobuctocTi — AXCO» (KysikoBa & Kysikos, 2010) (Tabaunuyga 4). OnuTyBasbHUK MicTUTb 30 TBEPAXKEHD,
AKi po3noAiNeHo 3a TPbOMA LWKafamu: noTpeba y CaMopo3BUTKY, YMOBU CAMOPO3BUTKY, MEXaHI3MN CAMOPO3BUTKY.

Tabauys 4
MeTtoauKa «Aucno3muiiiHa XxapaKTepuCcTUKa camopo3BUTKY ocobuctocti — AXCO» (C. Kysikosa)
No 3anuTaHHA 1 2 3 4 | 5
1. Al NnparHy BUBYUTY i 3p0O3ymiTu cebe.
2. A NoCTiMHO 3aliMalocs CaMOBAOCKOHANEHHSM.
3. HanaBHI KUTTEBI TPYAHOLLI CTUMYIOIOTb MO0 aKTUBHICTb.
4, B »KUTTi A BU3HauMBCA 3 6IM3bKUMU | JaNeKUMU LinamM.
5. MeHi He BAAETLCA MOBHOI MiPOHO BUKOPMUCTOBYBATU CBOT CUAM i 34i6HOCTI.
6. MeHe LiKaBUTb Mii BHYTPILWHIl CBIT i BHYTPILLHIN CBIT iHWWX Ntoael.
7. MeHi nopnobaeTbcA 3alMMaTUCA cnpaBamu, AKI BMMaraloTb Bif, MeHe MaKCMMasibHOro
Hanpy»eHHs 1 3ycunb.
8. Al CMCTEMATUYHO aHai3yIo | KOPUTYIO CBOI MOYYTTA, AYMKMU, BUNHKMN.
9. MeHe obparkae, KoAu AN CTaBAATLCA A0 MEHE He TaK, AK A XOoTiB 6u.

10. | A yacro BiaYyBao HE3a40BOIEHICTb CTyNeHemM CBOEI camopeanisauii.

11. | MeHi BaXAMBO 3HATU AK iHWI NO4M CIPUAMAIOTb MEHE.

12. | A Bipto y CBOI MOTEHLiMHI MOMIMBOCTI i NparHy Ao IX MakcMManbHOI peanisauii.

13. | Al He nomiyato, WO6 y Xo4i KUTTA A 3MiHIOBABCA | CTaBaB iHWMM.

14. | MOE }KXUTTA HAaNOBHEHE LikaBMMM ClipaBamMm.

15. | B cBOEMY XUTTi s HAMAraCb KepyBaTUCS igeanamm icTuHK, Aobpa, Kpacu.

16. | A NOKM NOBHICTIO He YCBIAOMMB CBOI NOTPe6MU i Liini.

17. | A nparHy NocTiNHO NiABULLYBATH PiBEHb MAaNCTEPHOCTI Ta KOMNETEHTHOCTI.

18. | Ana meHe HeBaXK/MBa AYMKA iHLWIMX NPO MEHE i XXUTTA B LLiJIOMY.

19. | Al Kepyto cBOiM NpodeciiHUM PO3BUTKOM i OTPUMYIO NO3UTUBHI pPe3yabTaTu.

20. | B moemy xuTTi 6yn0 Mano LikaBux 3ycTpiven, 3axonaeHb, Noain, npuroa,

21. | AnAa meHe BaXKAMBO 3pO3YMITU CEHC CBOTO iCHYBaHHA.

22. | AKWoO A 3pobmB NOMUIKY, A i peTenbHO aHani3yto i NnepebynoByOCh.

23. | 3pocTatoya BiaNOBiIfANbHICTb | CKNAAHICTb YXUTTEBMX 3aBAaHb NAKAOTb MEHE.

24. | Baxnueuii ana meHe ¢akt (noaina, ¢inbm, KHura) a obaymyto (npumipao go cebe),
06roBOpPIOIO 3i 3HAYYLLMMM IHLIMMM.

25. | A oTpMmyto 3a,0BOIEHHA Bif, Ni3HAHHA | 0CBOEHHA HOBOTO.

26. | B meHe He BUXOAMTb MOBHICTIO YNPaBAATM CBOIMU eMOLIAMU, MOYYTTAMM, NOBEAiHKOO.
27. | Al BBaKalo, WO HEPO3YMHO BUTPAYaTM Yac Ha YNTAHHA | pO3gyMmu.

28. | A He nparHy 6yT1 BiAKPUTOO NHOANHOLO.

29. | Al BBarKalo, LLO XKUTTA MAE BYTU HACMYEHUM Ta NPOAYKTUBHUM.

30. | A HacTinbKM 3aWHATUIA CNpaBamMy, LLLO He 3a/IMLLIAETHCA Yacy A/1A BNACHOTO PO3BUTKY.

TBepAsKeHHs OMUTYBaNbHUKA PO3MOAINEHO 3a TPbOMA LWKanamu: noTpeba y CaMoOpO3BMTKY, YMOBM
CaMOPO3BUTKY, MEXaHI3MW CAMOPO3BUTKY.

Motpeba y camopossuTky (5, 6, 13, 14, 20, 26, 27, 28, 29, 30). 3MiCT WKanM CTaHOBUTb MnoTpeba B
CaMOBAOCKOHa/IeHHi, O0COBUCTICHOMY 3POCTaHHi, YCBIAOMIEHOMY CaMOTBOPEHHI, BiAKPUTICTb, iHTepec no
HaBKOJIMLLHbOIO, BHYTPIWHbOrO CBiTYy CBOrO Ta iHLWMX NtOAEN, NOBHOTA i HACUYEHICTb }KUTTA, NOTPeba B eKcnaHcii —
PO3LIMPEHHI CBiTY, OBONOAiIHHI HUM.

YmoBu camopossuTky (2, 3, 4, 7, 12, 16, 17, 19, 23, 25). 3micT WKanu CTaHOBUTb aBTOHOMHICTb, MO3UTUBHE
CamMoCnpuMaHHA, Cuna, 3piNicTb A, BUM3HAYEHICTb Y ULINAX, aKTUBHI XUTTEBI cTpaTerii (MOWYKOBa aKTUBHICTb,
CaMOB/AOCKOHa/IeHHS), CNPUNHATANBICTb (TONEPaHTHICTb) A0 HOBOTO.

MexaHi3mu (byHKLUioHanbHi 3acobu) camopossuTky (1, 8,9, 10, 11, 15, 18, 21, 22, 24). 3MicT LWWKaAN CTaHOBUTb
camoni3HaHHA (NparHeHHA A0 aBTEHTUYHOCTI), camoaHani3 (pednekcia), ycBigoMaeHHs po3birKHOCTI MiXK peasibHUM
i 6axkaHUM fl, YyTAMBICTb .0 3BOPOTHOIO 3B‘A3KY, 3A4aTHICTb A0 camMoperyaLii i CamoTBOPEHHS.

MoTtpeba y caMOpO3BUTKY BU3HAYAETbCA AK NoTpeba B CaMOBAOCKOHANEHHI, OCOBUCTICHOMY 3pOCTaHHi,
YCBIiAOMNEHOMY CaMOTBOPEHHI, BiAKPUTICTb, iHTEpec 40 HABKOIMLWIHBLOIO, BHYTPILWHbOMO CBiTy CBOr0 Ta iHWMWX
NoAen, NOBHOTA | HACUYEHICTb KUTTA, NOTpeba B eKCnaHCii — po3LWMpPEHHI CBITY, 0BONOAIHHI HUM.

YMOBM CaMOpPO3BUTKY BOHAYalOTbCA Y aBTOHOMHOCTI, MO3UTUBHOMY CaMOCMPUMHATTI, cuai, 3pinocti A,
BM3HAUYEHOCTI Yy LiNAX, aKTUBHWUX XKUTTEBUX cCTpaTeriax (MNOLWYKOBa aKTUBHICTb, CaMOBAOCKOHA/NEHHSA),
CNPUNHATANBICTb (TONEPAHTHICTb) A0 HOBOTO.
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MexaHizamamu (byHKLiOHaNbHI 3acobu) CamMOpPO3BUTKY € CaMOMi3HAHHA (NparHeHHs A0 aBTEHTUYHOCTI),
camoaHani3 (pednekcia), ycBiAoOMNEHHA PO36iXKHOCTI MiXK peanbHUM i HaxkaHum A, YyTAMBICTb A0 3BOPOTHOrO
3B‘A3KY, 34aTHICTb A0 cCamoperyaLji i CaMOTBOPEHHA.

B iHCTpyKUii pecnoHAaeHTam MNPOMOHYBANOCA BM3HAYUTWU CTYMiHb BiANOBIAHOCTI TBEpPAXKEHHA BAACHOMY
BHYTPiLWHbOMY CBITY, OLiHMBLUMK ii Big, ogHOro Ao n’satu 6anis.

BUCHOBKMU

3a pe3synbTaTaMu A0CNigKEHHA 3p061I€HO HAaCTYMHi BUCHOBKM.

BigMiTUMO NO3MTUBHI 3pyLlIEHHA 3a BCiMa MNOKa3HMKamu pedieKCUMBHO-OLiHIOBAaIbHOTO KpUTEpito, Lo
XapaKTepusye cTaH copmMOBaHOCTI pedp/IEKCMBHOTO KOMMOHEHTA Bi3yasbHO-iHGOPMALIMHOT KyIbTypu MabyTHIX
yunTenis MateMaTvku Ta iHGopmaTUKK. B eKcnepumeHTasibHUX rpynax NOpPiBHAHO 3 KOHTPO/NbHUMMU AMHAMIiKa 3a
nokasHuMkamu P1 Ta P2 6yna 6inblw BMpasHot. Tak 3a NOKasHUKOM P1 oTpumanu npupict +15,89% (El1), +14,75
(Er2), +3,16% (KI) Ha BucoKkomy piBHi Ta +13,25% (Er1), +13,93% (El2), +8,86 (KI') Ha cepegHboMy piBHi, a 3a
nokasHukom P2 — npwupicT +10,6% (El1), +10,66% (Er2), +5,06% (KI') Ha Bucokomy piBHi, +13,25% (ET1), +14,75%
(EF2), +7,59% (KI) Ha cepeaHbOMY PiBHI.

HanpuKiHLUi eKcnepumeHTy CTyAeHTU NPOABAAAN KPUTUYHE CTaB/eHHs A0 obpaHoro 3KB B xoai HanucaHHsA
KOHCMEKTIB YPOKiB Y1 po3B’A3yBaHHA NpodeciliHnX 3aBAaHb, 6akaHHA 06roBOPOBaTH LWAAXM BUKOPUCTaHHA 3KB npu
BMBYEHHI NEBHMX TEM LLUKI/IbHOTO KypCy MaTeMaTUKK, iHPOPMATUKM 3 NOL4aNbLUMM aHa/i30M Ta KOPEKL,EH BAACHOI
npodecinHoi AiANbHOCTI, YCBIAOMAEHHA TUNOBMX MOMMWAOK MPU 3aCTOCyBaHHi iHGOPMaLIMHUX TEXHONOrin B
OCBITHbOMY MpOLECi, 3aLiKaBNEHICTb Y MOMOBHEHHI BAACHMX 3HaHb Yy rajnysi KOrHITMBHOI Bidyasni3alii 3a paxyHOK
BMBYEHHA AOCBIAY IHWNX, ONpPaLLlOBaHHA HAYKOBO-METOAMYHOI NiTepaTypu.

MpupicT y pesynbtatax 3a NoKasHMKOM Pl 6yB NporHO30BaHW, OCKiZIbKM B NPOLLECi HABYAHHA CTYAEHTU
HabyBatoTb 34aTHOCTI A0 pedneKcii AK CKAagoBoi npodeciiHoi nigrotoBkM. Peanisauisa negaroriyHoi cuctemm
dbopmMyBaHHA Bi3yanbHO-iHPOPMALMHOT Ky/NbTypuU MaMBYTHIX yuuTenie maTemaTUKum Ta iHOOPMATUKM Ha
pedneKCMBHO-KOPUTyBaibHOMY eTani A03BOAWAA aKUEHTYBaTW yBary Ha camoaHanisi AK iHCTPYMEHTI OLiHIOBAHHA
npouecy i pesynbTaTiB BAAacHOi npodeciitHOi AiANbHOCTI y X0A4i HAaNMWCAHHA KOHCMEKTiIB ¢parmeHTiB ypOKy 3
0608B’A3KOBMM MPOBEAEHHAM Ta OOGrOBOPEHHAM Y MeXax BMKOHaAHHA 3anikoBux nabopatopHux pobit, mig vac
NPOXOAKEHHA NeAaroriyHoi NPaKTUKM, BUKOHaHHA KBanidikaliMHOro AocnigKeHHs, BUKOHAHHS HayKOBO-40CNIAHOT
poboTu.

3a noKasHMKOM P2 cnocTtepiranacs meHW BMpas3Ha AMHAMIKa Ha BUCOKOMY piBHi cdopMoBaHOCTI BisyasibHO-
iHpopMaLiiHOI KynbTypyu MambyTHIX yuyuTenis maTemaTMKu Ta iHOOPMATUKM MOPIBHAHO 3 MNOKasHWKom P1.
MoACHIOEMO Le TUM, WO B Mpoueci AiarHOCTUKM BUABNAAM /MWE NparHeHHA [0 CaMOBAOCKOHA/NEHHS,
CaMOpPO3BMUTKY, @ CAMOB/OCKOHA/IEHHA peasi3yeTbCa BAacHe y npoueci npodeciiHol AianbHOCTI, TO6TO NPo peanbHi
pe3yabTaTu 3a LM NOKA3HMKOM MOXKHa byze cyauTu AeLwo nisHiwe.

BBa)KaEmMo, WO MNO3UTMBHMUM 3pyLIEHHAM 33 MOKasHMKOM P2 nocnyryBanu BCi BMpPOBaAXKeHi 3axoau
negaroriyHoi cuctemn ¢GopMyBaHHA Bi3yasbHO-iHGOPMALIMHOI KyabTypn MalbyTHIX yyuTenie maTtemaTvku Ta
iHbopMaTuKK y xoai $opMyBaNbHOTO eKCNEPUMEHTY, OCKINIbKU BCi BOHM 34iACHIOBANNCA i3 3aCTOCYBaHHAM MeTOLiB
pednekcii gianbHOCTI CTyAeHTIB.
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FORMATION OF VISUAL AND INFORMATION CULTURE
OF PRE-SERVICE MATHEMATICS AND COMPUTER SCIENCE TEACHERS:
REFLEXIVE AND EVALUATIVE CRITERION
M.G. Drushlyak

Makarenko Sumy State Pedagogical University, Ukraine

Abstract.

Formulation of the problem. Modern mathematics and computer science teacher must have a high level of visual and information culture, the
structure of which necessarily includes a reflective component, which characterized by the ability to analyze, predict and reflect on
their own professional activities to visualize educational material using computer visualization means, which provides professional
self-development and self-improvement.

Materials and methods. The study was based on scientific research of national and foreign scientists studying the training of pre-service
mathematics and computer science teachers. To achieve this goal, the methods of the theoretical level of scientific knowledge were
used: analysis of scientific literature, synthesis, formalization of scientific sources, description, comparison, and statistical methods:
Pearson's test; Student's t-test.

Results. To determine the level of formation of pre-service mathematics and computer science teachers’ visual and information culture, reflexive
and evaluative criteria are distinguished, which is characterized by the ability to self-analyze, evaluate and reflexively interpret the
results of their professional activities to implement computer visualization in education.

Statistical calculations on the indicators of reflexive-evaluation criterion (critical attitude to the chosen computer visualization means, to the
chosen of educational content visualization technology, awareness of typical mistakes in the introduction of information technology
in the educational process (P1 "Ability to self-analysis"); updating and replenishing their own knowledge, skills and abilities in the
field of information and mathematical disciplines and digital technologies (P2 "Ability to self-improvement") confirmed the statistical
difference of the selected samples: for each pair of samples EG1 — CG and EG2 — CG for each indicator obtained |tc,ay| > tur and
statistical homogeneity for groups EG1 — EG2, because for each indicator obtained |t .| < [—

Conclusions As a result of the implementation of the system of formation of pre-service mathematics and computer science teachers’ visual and
information culture, students showed a critical attitude to the chosen computer visualization means in writing lesson plans or solving
professional problems, desire to discuss ways to use computer visualization means in studying some topics of school mathematics,
informatics with further analysis and correction of own professional activity, awareness of common mistakes in the use of
information technology in the educational process, interest in replenishing their knowledge in the field of cognitive visualization by
studying the experience of others, the development of scientific and methodological literature.

Keywords: visual and information culture, pre-service mathematics and computer science teachers, reflection, reflexive component of visual and
information culture, reflexive and evaluative criterion.
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OPTAHI3ALIAA CAMOCTIMHOI POBOTU CTYAEHTIB
HA BA3l CUMYNALINHOIO NABEOPATOPHOIO MPAKTUKYMY 3 OCHOB LIUdPOBOI EJIEKTPOHIKU

AHOTALIA

DopmyntoeaHHaA npobaemu. «Dizuxa (subpaHi po30inu)» € HOPMAMUBHOI OUCYUNAIHOI HABYAALHUX NAAHIE crieuiansHocmeli 121, 122126
2asy3i 3HaHb «IHopmayiliHi mexHonozii» | sus4ae hizu4Hi ocHosu pobomu npucmpois yugppPosoi eneKMpPOHIKU 8 KoM romMepi.
BukopucmaHHs iHghopmauiliHux mexHosnoeili 8 opeaHizayii i 3a6e3neyeHHi camocmiliHoi pobomu cmydeHmis npu3eesu 00 noAeu
y 3BO makozo pizHosudy nabopamopHo20 NPaKmukymy AK cumynayilHul. AHani3 icHytlo4ux 6 iHmepHemi cumynauiliHux
n1a60pamopHUX NPAKMUKyMie rnokasas, W0 80HU He 8ionosidarome 3micmy 8Ka3aHoi suwe ducyuniHu.

Memoto 0ocnidxceHHa € po3pobKa 8ipmyanbHO20 cUuMynAyiliHo2o nabopamopHozo npakmukymy «OCHOBU YUGPOBOI eneKmpoHiKu» i
opaaHizayia camocmiliHoi po6omu cmydeHmie crieuiansHocmeli 121, 122 i 126 Ha (io20 0CHOBI.

Memodu ma iHcmpymeHmu. KomnoHeHmamu ¢ppoHmeHO po3pobku 6yau HTML5, CSS, Java Script ma C#. [na 6exkeHoa — ¢pelimeopKu
Laravel, Node.js i Django, sk mosa npozpamyeaHHa Python. OcHosHotO mMemoOdukow nedazoziyHozo AocniorceHHsa 6ynao
mepexcege mecmysaHHA. CmamucmuyHi daHi 6yau ompumati i3 mecmyro4ozo modyns LMS MOODLE.

Pe3yaemamu. /labopamopHuli NpakmuKym ckaadaemecsa 3 18 cumynauiliHux nabopamopHux pobim. B ocHo8y nNpoekmysaHHsA iHmepgelicy
0c8imHix cumynayili noknadeHo eaxcausuli oudakmuy4Huli npuHyun: eidnosioamu 3a Hag4yaneHi nompebu cmydeHmis. Yci
cumynAayii aHimosaHi, iHmepakmueHi, desaki Matome i2posi cepedosuwa, 8 AKUX MOXHA sus4amu pobomy npucmpois Yyepes
docnionceHHA. [TOKA3aHO, AKUMU MPOEKMHUMU PieHHAMU O00CA2AEMbCA ONMUMAnbHUli AOUHO-MAWUHHUG iHmMepgelic
0c8imHix cumynayili 8 nabopamopHomMy NPAKMUKyMi. Y cmammi onucaHo cuyeHapili opeaHizayii camocmiliHoi pobomu
cmydeHmis 3 ducyunniHu «@isuka (subpari po3dinu)» Ha 6a3i po3pobeHo20 1a60PAMOPHO20 NPAKMUKYMY 3 BUKOPUCMAHHAM
3acobie KomyHikayilti LMS MOODLE.

BucHo8Ku. BuKopucmaHHA cumynsayiliHozo 1a60pamopHo20 npakmukymy «OCHOBU Uugposoi enekmpoHiku» 8 opeaHizayii camocmiliHo2o
HABYAHHA CrpUAE Mi0BUWEHHIO momusauii cmydeHmie 00 8usvyeHHA Kypcy «®i3uka (subpaHi po3dinu)». [Modanbwoz2o
docnidnceHHs nompebye NUMAHHA PO3POBKU | BUKOPUCMAHHSA HABYAbHUX i20p 018 camoocsimu cmydeHmie.

K/TKOYOBI C/IOBA: nabopamopHuli npaKmMuKym, 4ugposa enekmpoHika, cCumynayia, camocmiliHa poboma.

BCTYN

HeobxiaHicTb NOLWYKY HOBMX NiAXOAiB WO0A40 OpraHi3alii camocTiliHOI pobOoTH CTYAEHTIB Y CydaCHUX YMOBaX (AMCTaHLuiHe,
3MillaHe HaBYaHHA) MOB’A3aHa 3 PO3B’A3aHHAM rON0BHOI NpobaemMu BiAAANEHOrO HaBYAHHA — GOPMYBAHHAM Yy CTYAEHTIB
MOTMBALIMHUX YNHHMKIB [0 camooCBiTU. Mcuxonoru (FuawoH,2012) cTBEPAKYIOTD, LLO B HABYAHHI MOTUB Y 3 pPasun BaxKAMUBIWKIA 33
iHTENEeKT, MOTMBALA — L& CNOHYKaHHA NIOAMHWN A0 CKOEHHSA YCBIAOMIEHUX abo HeycBiAoOMAeHUX Aild. BNAMHYTM Ha BUKOHAHHA
CTYAEHTOM YCBiAOMANEHUX Al y cdepi camoOoCBiTM 3@ YMOBM Bif4aNeHOro HaBYaHHA NPAKTUYHO HEMOXKAMBO. Lle noacHoeTbeA
yKe chopMOBaHMMM OCOBUCTICHUMM pUCaMK XapaKTepy (LiNecnpaMOBaHICTIO, HAaNONErNBICTIO) CTYAEHTa. A OT CMOHYKaTH A0
CKOEHHA HEyCBIAOMNEHUX AN Nig 4Yac CaMOOCBITM MOXKHA, BUKOPUCTOBYIOUM AiANbHICHUI 0COBUCTICHO-OPIEHTOBAHMIM
ondepeHLinoBaHWI Nigxis y HaBYaHHI. B cyyacHMX ymoBax peanisauis Lboro nigxoay BifbyBaeTbca B NpOLEeCi NH0AUHO-MALLIMHHOT
B3aEMOZIi, fiKka nobyaoBaHa Ha 0COBANBOCTAX NOACBLKOIrO CNPUAHATTA, MUCNEHHA 1 Nam’aTi.

Halbinblumii BiaCOTOK y cnpuiHATTI (A0 80%) i 3anam’aToByBaHHi (40 50%) iHpopmauii (BimeHko, 2008) matoTb
MY/JIbTUMESLIVHI iIHTEePaKTUBHI 3acO0bM HaBYaHHSA, B SIKMX iHGOpMaLia npeacTaBaeHa y BUTNALI TEKCTY, BiAeo, aHimalii, 3ByKy,
MOYLWeHaM3anHy. TakKuMn € cumMynauinHi mogeni. Cumynauisa 3abesnedyye HaByaHHA aieto (MaHokosa&HukoHosa, 2017).

© A.N. Kyain, 2021.
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OCKinbKy KomMnN'toTepHi cMMyAALLT, AK TPaBUI0, BUKOPUCTOBYIOTb B MPOLLECi iHAUBIAYaNbHOT pO6OTH, CTYAEHTN MaKOTb MOXKINBICTb
npauloBaTM B 3pYyYHOMY A4 HUX Temni, 3YMWHAKYMCb HA CKAAAHUX eTanax i AOMaraloymMcb MOBHOFO PO3YMIHHA CyTi
[,0CNiAXKYBAaHOTO NPoLecy, L0 Ba*K/NMBO NPU CAaMOOCBITI.

linoTesa AaHOro JOCAiAXKEHHA: Ans NiABULWEHHA MOTUBALT Y CTYAEHTIB A0 HaBYaHHA 33 AUCTAHLIMHUMKW TEXHONOTIAMM
HeobXig4HO PO3PO6UTH IHTEPAKTMBHI 3aCObM HaBYAHHA 3 BUCOKMMM MOKA3HUKAMU CMIPUIHATTA iHPOpMaLLi, [0 AKUX HaNeKUTb
CUMYNALINHNIA NabopaToOpPHUI NPAKTUKYM.

HeobxifHO Big3HaunTH, Wo po3pobKa cCUMyNALIMHUX MOAEeNel HaBYaNbHOTO NPU3HAYeHHs Habyna 6ypx1MBOro po3BUTKY
BNPO/OBK OCTaHHiX 5-M pOKiB y 38’A3Ky 3 Nepexon,0m OCBiTY YKpPaiHU Ha BUKOPUCTAHHA AUCTAHLiAHNX TEXHONOTI Y HaBYaibHOMY
npoweci, CKNaA0BOIO AKOTO € N1abOPaATOPHI 3aHATTA.

AHani3 nitepatypHux axkepen. AK BiZOMO, OCBITHA cMMyAALiiHA MOAENb IMITYE peanbHi cUTyauii ANA HaBYyaHHA abo
OTPMMAHHA OLiHKM BMKOHAHOi poboTU. B OCHOBI OCBITHBOI CUMYAALIT NEXUTb CNewiaNbHO Po3pobneHnn cueHapiii 3i CBOED
CUCTEMOIO HaBYa/IbHMX MPaBWA i 3aBAaHb, METOIO AKOrO € GOPMYBaHHA KOMMETEHLA, HEOBXIAHUX ANA YCNiWHOT AiaNbHOCTI B
peanbHil aincHocTi. MepLwmrmm, XTo 3aLiKaBUBCA TaKUM 3aCO0HBOM HaBYaHHSA, BYIM MeAMYHi OCBITHI 3aKNagum, AKi i 3apas € nigepamum
B X po3pobui. Tak, y 2019 poui Ha 6a3i nporpamHOro NpoaykTy «AnapaT wTyd4yHoro Kpooobiry SORIN C5» aBTopamu
1.CyxoBipCcbKO0 Ta iH. 6yB po3p0o6eHNI LUK CUMYAALIMHUX TabopaTopHUX PobiT 3 6iodiznkn gns meaukis (Cyxosipcoka, 2019).

Astopamn C. Mwucnoscbkot, K. [obpoBosibcbKkoto, B. PeBeHOK Ha nepuwiit MiKHAapOAHi HayKOBO-MPAKTUYHIM
KoHdepeHuii «SCIENCE. INNOVATION. QUALITY — 2020» 6ys npeactaBneHuit nNabopaToOpHUA MPaAKTUKYM 3 AUCLMNAIHK
«MegnuHa i 6ionoriuHa ¢isMKa» ANA HaBYaHHA CTyAeHTiB-meaukis  (Mucnoscbka&/Jobpososscoka&PeseHok, 2020).
MNiaBMWweHWI iHTEepecC 40 Uboro BUAY iHTEPAKTUBHUX 3aC06iB Y MeAMuHill OCBiTi 06YMOBIEHNI MOXKIUBICTIO «3P0BUTU MOMUAKY Y
niax nikapa 6e3 Hacnigkis».

MOXMBICTb EKCNEPUMEHTYBATU B CUMYAALLiT, He TYpOYIOUNCh MPO HACNiAKKM, CNOHYKAE EKOHOMIYHI yHiBepcuTeTy i bisHec-
LUKO/IM 4,0 PO3PO6KM i BNPOBAAKEHHA B HAaBYAIbHUIM NPOLLEC KOMN'IOTEPHUX cuMynaLin (Kpasuyk &LLleauyk, 2019).

Y 38’A3Ky 3 naHaemieto Covid-19 aKkTMBI3yBaNNCb PO3POOHUKM iIHTEPHET-NNATHOPM i3 CUMYAALIMHUMK Jocnigamun ans
LIKiNbHOTO KypCy Pi3nKK, 3 AKUMM MOXKHA 03HANOMUTUCH Ha calTi (www.naurok.com.ua, 2021). Cepep, HUX BULINAETbCA BUCOKUM
piBHEM BUKOHaHHA PppoHTEHAY pPOo3pobKa yHiBepcuTeTy 3 wTtaty Konopaao (cumynsuii PhET).

Oco6/1MBO LiKaBUM BUTIAAAE MPOEKT i3 3a/ly4E€HHA CTYAEHTIB A0 CTBOPEHHSA BiAKPUTOro 6aHKy ¢isnyHMX cumynauii ana
3BO YKpaiuu (www. simpop.org, 2021).

3micT guecumnnidm «®disnka (BMbpaHi po3ainm)», Aka BXoAWUTb A0 060B’I3KOBOr0 KOMMOHEHTY OCBITHIX NPOrpam LUKy
3arasibHOi NiArOTOBKM TPbOX cneuiasibHOCTel ranysi 3HaHb 12 «IHpopmauiiHi TexHosorii» (121 «IHKeHepia nporpamHoro
3abe3neyeHHa», 122 «Komn'toTepHi Hayku», 126 «lHPopmaLiiHi cucTeMM Ta TEXHOOFI»), CKNaAaloTb MUTAHHA BUBYEHHS
di3nyYHMX OCHOB PO6OTU enemeHTIB LMPPOBOI €NeKTPOHIKN. AHani3 iCHYIUMX B iHTEPHETI YHIBEPCUTETCbKUX CUMYNALLIAHUX
NpPaKkTUKyMiB (www.sunspire.ru/products/physics2d; www.virtulab.net; www.mospolytech.ru/science, 2021; Becenosa&LLImeliH,
2017; Mamynyl, 2013) nokasas, LLO BOHW PO3pobsieHi ANA BUBYEHHA BMOPAHWUX MUTaHb Kypcy «3aranbHoi ¢isnku», Aki He
Bi4NOBiAalOTb NpOrpami BULLE3ragaHoi ANCUUNAIHN.

Kpim TOro, 3rigHo i3 cy4acHMMWM BUMOraMu, Y HaBYaJIbHMX MaHax cneuianbHocTer 121, 122 i 126 ranysi 3HaHb
«IHdOpMaUiHiI TeXHONOFIT» HA BMBYEHHA AncuMNAiHN «Di3unKa (BMBpaHi po3ainu)» € 4 Kpeautn, 3 HMX 1,2 Ha nabopatopHo-
NPaKTUYHI 3aHATTA i 2,3 Ha CaMOCTilHY pob6OTYy, AKa Ha iHXEHEepPHUX CcrneLiabHOCTAX MAE HOCUTU BUKAOYHO MPAKTUYHUIA
xapaktep. Tomy ans 3abesnedyeHHs 1abopaTOPHO-NPAKTUYHOT YaCTMHKU HABYaIbHOTO NAaHy byna noctaBneHa meTa — po3pobuTu
BIPTYaNbHUIA CUMYNALINHWUIA NabopaTopHUM NpaKTUKYMm «OCHOBM LMOPOBOI ENeKTPOHIKM» i Ha horo 6asi yaocKoHanutu
OpraHisaL,ito CamoCTilMHOT POHOTK CTYAEHTIB TPbOX CNeLiaIbHOCTEN.

MATEPIAZIU | METOAU

KomnoHeHTamn ¢ppoHTeHA-po3pobku byam HTMLS, CSS i Java Script. IHoaj Bukopuctosysanaca mosa C#. Jna 6ekeHaa —
dperimeopkm Laravel, Node.js i Django, sk moBa nporpamysaHHA Python.

MeparoriyHnm ekcnepumeHToM 6ynn oxonneHi cTyaeHTM dakynbTeTy iHPOpMaTUKM TpboX cneujanbHocTel 121
«IHXeHepina nporpamHoro 3abe3neyeHHs» (82 ocobu), 122 «Komn'toTepHi Hayku» (30) i 126 «IHpopmaL,iiHi cucTemm i TexHoNOTiT»
(12). OCHOBHMMW MeToAaMU LAOCANIAKEHHA B6yAn meperkeBe KOMN'loTepHe TecTyBaHHA, CTAaTUCTUYHI meToau obpaxyHKy Ta
nUcbMoBe aHKeTyBaHHA. CTaTUCTUYHI AaHi 6yan oTpyMmaHi i3 TecTytodoro mogyns LMS MOODLE.

PE3Y/IbTATU TA OBFOBOPEHHSA

CepepoBuwem gna opraHisauii camocTiitHoi poboTtn byna BubpaHa LMS MOODLE, Tomy nabopaTopHUii NPaKTUKYM 3
cUMynALiAMM - «BipTyanbHa nabopartopin di3nyHmX nocnigis» 6yB pO3MilLEeHui y Hil
(https://moodle.fi.npu.edu.ua/course/view.php?id=391). Tam ke 3HaX0AUAMCb YCi IHCTPYKLii A0 18-u nabopaTopHMX PoOBIT
(Tabanua 1.). Yci BAroToBAEHI CUMyAALLT € CaliTamM 3 BIAKPUTUM KOAOM. CUMYAALIT aHIMOBaHI, IHTEPaKTUBHI, AeAKi MatoTb irposi
cepegosuLa.

Yci  cumynaudiiHi poboTn  noginaioTbcs  Ha «be3  ekcnepumeHTanbHOI  ycTaHoBKM»  (Nel-Ne3, Nel8) i «3
eKcneprMMmeHTanbHow yctaHoBKoto» (Ne4 - Nel7). Y nepwomy Tuni pobiT 3aBaaHHA CTyAeHTa NOAArae y  BisyasbHOMY
criocTepexKeHHi Ha ekpaHi (6e3 nucbmoBoro ¢ikcyBaHHA, 6e3 KepyBaHHA MpWAafamu) HanalTOBAHUX CUMYAALiA NOKasis
npunagis.

MpoekmyesaHHAa iHmepdelicy Has4yanbHoI cumynayii.

B OCHOBY NPOEKTYyBaHHA iHTepdelncy HaBYyaNbHOI CMMYANALiT NOKNALEHUN BAXKAMBUA MPUHUMN CY4aCHOI AMAAKTUKM:
iHTepdelic HaB4anbHOTo 3acoby NOBMHEH BiANOBIAATHU TiZIbKM HaBYaIbHUM NoTpebam CTyAeHTiB.

AKi ue noTpebu?
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Tabauysa 1
Cnucok nabopaTopHux pobir
Neo Hassa LLlo moXHa
1 EnekTpoHHa CTpyKTypa Kpucrany CnocTepiratv OKpemo pi3Hi TMNKU BAaCHOI NPOBIAHOCTI YUCTOrO repmaHito.
repmaHito 3MiHIOIYM TEMMEPATYpPY, CNOCTEPIraT 3MiHM PyXiB aTOMIB I'paTKu.
2 [omiwKoBa NpoBigHicTb CnocrepiraT moaenb YyTBOPEHHA KOBa/ZIeHTHOro 3B’A3Ky y Ge i ABa TMnu
LOMILLIKOBOT NPOBIgHOCTI.
3 YTBOpEHHA n-p-nepexoay CnocTepiraTv fBuWa, AKi BigdyBaloTbCA y rpaTkax Ge n-tuny i Ge p-Tuny
npv 3’e4HaHHI ABOX HaNiBNPOBIAHMKIB B NPUKOHTaKTHIN obacTi.
4 LocnigeHHA pi3HMX TUNIB BKIOYEHHA 3miHIOBaTM BXigHY Hanpyry i cnoctepiratv 3a 3MiHAMW XapaKTePUCTUK
n-p-nepexoay: NpsAme i 3BOPOTHE NPWUKOHTaKTHOI 0b1acTi, oTprmaTtu BAX
5 OpHoHaniBnepiogHe BUNPAMAEHHSA 3MiHIOIOYM BXigHY Hanpyry, cnoctepiratm BUNPAMAEHHA 3MIHHOFO CTpyMy
3MIHHOrO €N1eKTPMYHOro CTPYMY Ha Aioai | aiogom.
6 [lBoHaniBnepiogHe BUNPAMIEHHA 3MmiHIOIOYM  BXiAHY 3MiHHY Hanpyry, crnoctepiraTm BUMPAMIEHHA 3
3MIHHOrO €/1eKTPUYHOro CTPYMY Ha Aiogi | aonomoroto mocta 3 4 gioaax.
7 IHTEpPaKTUBHA AeMOHCTpaLia poboTn 3MiHIOOUM BXiAHY Hanpyry, CNOCTEPIraT! ABULLA B MPUKOHTAKTHIM 30Hi n-p-
Bapikana Ha gioai nepexoay, 3MmiHu1 CUNU CTPYMY, LUMPUHU | EMHOCTI n-p-nepexoay.
8 IHTEpPaKTUBHA AeMOHCTpaLia poboTu OTpumanu BONbTaMMEPHY XapaKTEPUCTUKY 3anipHOro BK/AKOYEHHA Aioaa
¢doToaiona NP1 Pi3HUX TUMAX OCBITNEHHSA.
9 MonboBMI TPAH3UCTOP 3 i30/IbOBAHUM MpoBecTn Tpu AoCNigM; OTPUMATU 3aNeXKHICTb cTpymy y Koni CTOK-BA3A
3aTBOpPOM Bif Hanpyru y koni BA3A-BUTOK.
10 | NonboBMIA TPAH3UCTOP 3 NAaBaYUM 3adikcyBaTtv Hanpyry Ha 3ATBOPI, K01 €N1EeKTPOHM i3 KaHaNY KTYHENIOHTbY»
3aTBOPOM B nnasatoumnii 3ATBOP.
11 | NonboBWIA TPAH3UCTOP 3 KEPOBAHUM OTtpumaTtn BAX TpaH3ucTopa
n-p-nepexoaom
12 | binonapHW TpaH3UCTOP OTtpumaTy BAX TpaH3MCTOpa; CNOCTEpiraTm AeMOHCTPaLLito poboTH Kitova.
13 | JocniarKeHHA MarHiTHoro rictrepesucy y MobyayBaTM MO  eKCNepuMEeHTaZIbHUX TOYKax MeTato  MarHiTHOro
bepomarHeTmkax rictepesucy ¢depomarHetuka. CnocTepiraTu nepebyaoBu  CTPYKTypw
[OMEHiB.
14 | Cumynatop poboTH KOMipKK nam’aTi 3miHIOO4M  BXigHY Hanpyry, cnocTepiratu ABUWE AieNeKTPUYHOro
DRAM rictepesucy Ta npouecu nepebynoBu CTPYKTYPU Y KOMipLi nam’aTi.
15 | Cumynatop poboTn KOMipKK nam’aTi Cnocrepirat npouec NporpamyBaHHA Ta NepenporpamyBaHHA JIOTYHOro
SRAM «0» i «1» y Tpurepi SR — epeKkt nam’aTi
16 | Cumynatop poboTn cuctemm CnocTepiraTv ABMLWa, WO BiAOYBaHHA B TPyOKax CUCTEMWU OXONOANKEHHSA
OXO0/I0AKEHHA HOYTOYKa npv poboTi npouecopa i Kynepa.
17 | Cumynatop «edekT PpeaepikceHa» y Cnocrepiratn ABuwe NonAapu3allii CBiTAa, ABULLE KepyBaHHA NIOLWMHOK
LED nosnapusauii 3a 4ONOMOroK 3MiHM HaNpyru Ha piAKomy Kpucrani
18 | CumynsauinHa 3D-moaenb BHYTPILWHbOrO CnocTepiraTv BNAWB: TeMNepaTypun Ha YTBOPEHHA AMNONA B eNeMeHTapHIN
CTPYKTYpU CerHeToeneKkTpuka KOMIpLi CerHeTOeNeKTPUKa; 30BHIWIHbOrMO e/IeKTPUYHOro NoaAa  Ha
nepebynoBy aToMiB B e/1eMEHTApPHIN KOMIpLi CerHeToenekTpuKka i Ha
OOMEHHY CTPYKTYPY CErHeToeIeKTpuKa.

1.HaaBHicTb Nnporpam AN BUPILLEHHA TiNbKM CBOIX 3aBAaHb, NPU LLbOMY FOJIOBHUM € 3PYYHICTb i NOTPIOHMI pesyabTarT.
ToMy Ha eKpaHi OCBITHIN iHTepdelc BUrNALaE MiHiManicTMyHo. TiNbKM Te, WO CTyAeHTOBi HeobxigHO: eKkcnepumeHTasbHa
YCTaHOBKa, EKpaH MiKpPOCKOMa, KHOMKMW KepyBaHHA BXiZHOI Hanpyru i y BiKHi, LLLO BUN/IMBAE, TEOPETMYHE MNOACHEHHA BayeHoro.
3py4YHOlO AN HAaBYaHHA cMMynALis byae Toai, Kou HaBirauiiiHa cxema Mae AnLLE KilbKa nepexoais, Aki Tpeba 3pobutm
KOpWCTyBayeBi B pamKax OAHOro cueHapito. Tomy B fabopaToOpHOMY MPAKTUKYMi BUKOPWUCTOBYBaNWM A0 5 3aKNafoK PisHWUX
eKpaHiB. KoXKeH ekpaH Ma€e onTUManbHO CKOMNOHOBAHY KifbKicTb QYHKLiN: y BinbwocTi nabopaTopHux ix He binblie 4.

BNIOKM 04HOTO TUNY PO3MILLEHI Ha Pi3HUX eKpaHax B OAHOMY MicLi: HanpuKnag, 610K KHOMOK ANA KepyBaHHA BXi4HOWO
XapaKTePMCTUKOK PO3TaLLOBAHO NiBOPYY, a 610K NPUCTPOIB BUXIAHOTO CUrHany — npaBopyd. BNOK ekpaHiB mikpockonis — mig,
eKCNepuMMeHTa/IbHOK YCTaHOBKOW. B0OK f04aTKoBOI iHGOopMaLii — cnpaBa 3BepXxy Y BiKHi, L0 BUMN/IMBAE.

2. FfomosHicme cmydeHma po3ymimu 3anponoHoBaHWi iHTepdeic. YacTo po3pobHMKKM NporpamHoro 3abesneyeHHs

AiNATb KOPUCTYBaAYiB 3a rpynamu: HeNigroToBAEHUI KOPUCTYBAY, KOMMN'IOTEPHO-OCBIYEHUI | NPOCYHYTUI. Y BUNAZKY OCBITHHOTO
CUMYNIATOPA TAaKOTO He MOBMHHO BYTU: HE3aNeXHO Bif, TOro, HACKIIbKM CKNAAHOI0 € 3a/,a4a, WO POo3B’A3YETbCA, CKAALO0BI YaCTUHM
uiei 3a4a4i 04HAKOBO MOBWHHI BYTM NMPOCTUMM i Mi3HaBaHUMWU. TOMY A1 KHOMOK, rpadikiB BUKOPMUCTOBYBA/IMCL TPAAMU,iNHI
no3HavyeHHs i popmu.

3. Jlozicmuka cueHapito, AKa 3a[AETbCA CTPYKTYpPOlO iHTepdelcy: KinbKicTIO i NpuU3HaYeHHAM eKpaHHWUX ¢GopMm,
BCTAHOBNEHHA 3B'A3KYy MiXK dopmamu. Tak, y nabopaTopHiii poboTi Ne9 «MonboBuMiA TPaH3UCTOP 3 i30/1bOBAHUM 3aTBOPOM»
iHTepdelic ckNafaEeTbes 3 TPbOX eKpaHHMX popm (cnaiiais) (puc.1). Ha nepwomy i apyromy cnaiigi nokasaHa ekcnepMmeHTanbHa
yCTaHOBKa 6e3 «3aTBOpy» 3 NiAKNOYEHHAM [0 KCTOKY» Pi3HOI NoAApHOCTI 6aTapei; Ha TPeTbOMy CNaigi eKcnepMmeHTasbHa
YCTAHOBKa i3 3aTBOPOM, CTOKOM | BATOKOM. Taka NOCAiAOBHICTb AO3BONAE 3PO3YMITH, LLO HE3a1EeXKHO Big, HanpAMKY NigKAIOYEeHHA
6aTapei [0 CTOKYy CTpymy He byae; CTpym 3'ABAAETLCA TiIbKM B TOMY BUMAAKY, KOAW Ha 3aTBOP MigKAOYEHA «+» MONAPHICTb
[,043TKOBOrO Kepytoyoro Axkepenia Hanpyru.
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4. [luHamiyHi 06’ekmu (MoyLlueH). fIK 3acBiguytOTb NCUXOIOMM, PyXomi 06’€eKTU NpuBepTaloTb Binblly yBary, Tomy B
eKCNepUMeHTaIbHUX YCTaHOBKAX aHiMOBaHUI eIeKTPUYHUI CTPYM, 3MiHA PO3MIpiB NEBHUX 30H i T.N. (pnc.2).

5. CnoHykaHHA 00 0ili. Ha ekpaHi po3MillleHi 3aKnaaKku, NOB3YHKM, KHOMKM, iKOHKK, BiKHA, WO CN/IMBAKOTb — aKTUBHI
enemeHTH iHTepdeicy, AKi CNoHyKaTb A0 Ail. O3HaKoK Xxopolworo iHTepdelicy € BiAYYTTA B KOPUCTYBaYa, WO Came BiH Kepye
nporpamHMm 3abesneyeHHAM, a He NporpamHe 3abe3neyeHHA Kepye HUM.

i1}
- +

i

it =i

cron Burox crox Buiok

= Fr— Jenaia

1 casra 2o Juma

Puc. 1. lemoHcTpaLia 38’A3Ky MiK eKpaHHUMKU popmamm B 1abopaTopHiii poboTi N29

Puc. 2. labopatopHa poboTa Ne4. «JocniaxKeHHA Pi3HUX TUNIB BKAIOYEHHA N-p-nepexoay». CnocrepeKeHHA 3a pyxom
eNeKTPOoHiB i po3amipamu 30HM 36igHeHOT Ha Hocil 3apaais Ax.

Tak, B nabopatopHilt poboTi Ne18 «CumynsuiiHa 3D-mofenb BHYTPIWHbOI CTPYKTYpU CerHeToenekTpuka» (puc.3) ans
334@HHA HaMPAMHUX KOCMHYCIB NPU Pi3HUX HaNPAMKax Ajii 30BHILIHbOTO eNeKTPUYHOro Nosa nepeabayeHi NOB3YHKM Ta eKpaH
(3HM3y niBOpYuY) 3 AEMOHCTPALLIEID HANPAMHUX OPTIB lEeKapTOBOI CMCTEMU KOOPAMHAT.

Locnig 1 Hocnig 2 Oocnia 3

Puc. 3. 3aknagka «flocnig 2» 3 nabopaTtopHoi po6oTu Ne18. CnocteperkeHHA ABULA nonApum3auii (BigHOCHe 3mileHHA
aTomiB) enemeHTapHOI KOMIPKM KpUCTaniuHoi rpaTtku BaTiO4.

6. Moxcausicme cnocmepieamu 3a TUM, WO HEMOXAMBO 3adikcyBaTu 6e3 cnewianbHoi anapaTypu. Hanpuknag, (Ha puc.4)
3MiHW B JOMEHHIW CTPYKTYpi KPMUCTaNy Nif 4ac HaKNaZaHHA CUNOBMX NiHIM MarHiTHOT iIHAYKLT Y BiIKHi MiKpocKona (3HM3y niBopyy),
XapaKTep PO3noBCIOAMKEHHA NiHI MarHiTHOI iHAYKLIT HABKOI0 CONeHOTAa (HaBKO/IO KOTYLLKM), MOAE/b PyXY eNeKTPUYHUX 3apAaiB
no NpoBigHUKy, edpekT Xonna y HaniBnpoBiaHMKOBOMY KpucTani B opmi napanenineaa (3sepxy).

7. 3Hamms noKasie npunadie i ix 06pobKa Ha OCHOBI GOPMyN AK HaBYasbHA 3afaya TPagMLiMHOro nabopaTtopHoro
NPakTMKymy. CumynsuiiHa nabopaTopHa poboTa Mae TPaAWUiMHY YacTMHY ¢i3MYHOrO eKcnepuMeHTy: B IHCTPYKLii 4o
nabopaTtopHoi poboTn € GopmMyan, Ha OCHOBI AKMX MPOBOAMUTLCA 0OPaXYHOK eKCNEPUMEHTAIbHO OTPUMAHUX AaHWX.

OpezaHizayia camocmiiiHoi pobumu cmydeHmis.

HanawTyBaHHA [OCTYNy CTYAEHTIB A0 NeBHMX NabopaTopHux pobiT moxke OyTM BCTaHOBAEHO 3rigHO 3 rpadikom
HaBYasnbHOro npouecy. OTPUMABLWIM 3aBAAHHA BMKOHATM BIANOBIAHY KiNbKiCTb NabopaTopHMx pobIT, CTyAEHT cno4vaTtky
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3aBaHTAXKYE IHCTPYKL,iIO 4,0 BUKOHAHHA NabopaTopHOoi po60oTy 3 Kypcy B LMS MOODLE 3a nocunaHHa «IHCcTpyKuis go J1IN-po6otu».
MpoynTaBLLK ii, 0O3HANOMIIIOETLCA 3 CUMYAALLIMHOK YCTaHOBKOIO 3a MOCUIAHHAM «BipTyanbHa nabopatopin ¢isnyHux gocnigis».

Puc. 4. NabopaTtopHa poboTta Ne13: Bigo6parkeHO aHiMaLLiEl0 pyX e/IeKTPOHIB Y TPbOX €NEKTPUUHUX KONAX, PO3NOBCIOAXKEHHA
NiHiN iHAYKLIT MardiTHOro nons i opieHTawii omeHiB nig MiKpockonom B MarHiTHoOMy noni

Micna uboro NpoxoAuTb AOMYCK A0 NabopaTopHOi poboTH, CKNafaloumM BigNoBiAHMI TecT y moayAi TecTyBaHHA LMS
MOODLE. CknaBww ycnilwHO, MOXe NPUCTYNaTM A0 BMKOHAHHA NabopaTOPHOro eKCnepuMeHTY Ha CUMYAALUIMHIA yCTaHOBL.
BWKOHaBLLUM BCi 3aBAAHHA 3 iIHCTPYKLiT A0 nabopaTopHOi pob0TH, BiH CKAAHAE MPOTOKO/ BUKOHAHHA NabopaTopHOI poboTH, AKKIA
BiANpaB/A€ BUKNaZayeBi i CKnagae KOHTponbHUI TectT B LMS MOODLE. 3aBasku moaynato ctatuctukm y LMS MOODLE, suknagav
MOKe OTPUMATK AaHi NpPo Yyac poboTu CTyAeHTa Ha caWTi «BipTyanbHa nabopaTopia GisvUHMX JOCNIAIB», @ TAKOXK pe3ynbTaTu
TeCTyBaHHA: AOMNYCK | KOHTPOIbHUIA TECT.

MedazoziyHuli ekcnepumeHm

[ocnigyyBaBaBcs napameTp, AKUMA MOXe CBigYMTM NpPO BMOTMBOBAHICTb CTYAEHTIB BMBYATM ¢i3MKy Ha 6asi
CUMYAALiIAHOrO 1abopPaTOPHOro NPAKTUKYMY - Lie KilbKicmb KOMYHIKayili Mix¢ y4acHUKaMUu Ha84YabHO20 npoyecy. Y NporpamHii
060s10HLi MOODLE ans oro ¢ikcalii MOXKHa BUKOPUCTATU CEPBIC «4aT», AKMI L03BOIAE KOMYHIKYBAaBTUCA BCIM yY4aCHMKaM
HaB4asIbHOrO npouecy. Y HaB4asbHOMY MpOLECi CTYAEHTU KOPUCTYIOTbCA HUM, AK NPaBwao, AnA obBroBopeHHA maTtepianis
€/1eKTPOHHOIO KypCy i JIOMALWHbOrO 3aBAAHHA, @ TaKOXK A5 CNiNKYBaHHA 3 BUKNagavyem. B ob6onoHui MOODLE € moxnusicTb
pobUTU NigpaxyHOK NOBIJOMIEHb — KOMYHIKALLiM, BiANPaBAEHMX Yepes cepBic «4aT». Ha puc. 5 NoKasaHa KifbKicTb 3adikcoBaHMX
B 060N0HLL KypCy KOMYHIKaLi MiK CTyaeHTaMuM ofHiel rpynu npotarom 19 TMxKHiB (cemecTp).
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Puc. 5. LLloTn)KHeBa KiNbKicTb KOMYyHiKaLiil, AKi 3adikcoBaHi B eneKTpoHHOMY KypCci,
Mi3K cTygeHTamu npotarom 19 TukHis 20/21 HaBY4aNbHOrO POKY

BugHoO, WO B OKpemMi AHi MicALA aKTUBHICTb CMiNKyBaHHA 3pocTana. o6 3po3ymiTi, 3 Yum Le noB’A3aHO, AOCTAaTHLO
NoAMBUTUCH HA ANAAKTUYHY KapTy Kypcy. BCcTaHOBAEHO, WO «crnanaxm» CrilkyBaHHA NPUNagatoTb Ha TUXKHI, KONM NPOXoann
NabopaTopHO-NPaKTUYHI 3aHATTSA Ha 6asi cumynsauiinHoro nabopaTtopHoro npaktukymy: ue 5,10,15,18 TUKHI cemecTpy. AKWO
NpoaHani3BaTh 3MiHM AaHUX 33 YOTUPU MicALi, TO BUAHO, WO OpAMHATa MaKCMMYMIB «CnanaxiB» KOMYyHiKaLili 3pocTaeg, To6To
KiNbKiCTb KOMYHiKaUi npotarom cemectpy 36inbluyetbcs. OT)Ke, BUKOPUCTAHHA Yy HAaBYaHHI CMMYAALIMHOrO NabopaTopHOro
NPaKTUKYMy MNPUBOSUTL A0 3POCTAaHHA NO3ayAUTOPHOrO rPYnoBOro CMiJIKYBaHHA MiXK YYaCHMKAMKM HaBYa/lbHOrO npouecy 3
NUTaHb HAaBYANbHOTO XapaKTepy.

BUCHOBKM

Po3pobneHnii cumynsauinHuii n1abopaTopHUt NpPakTMKyM «OCHOBM LMGPOBOI eN1eKTPOHIKM» MOBHICTIO 3abe3snedye
BMK/aJaHHA 1abopaTopHO-NPAKTUYHOI YaCTMHM HaBYa/IbHOI NPOrpamu BKasaHoOT AUCUMNNIHK: cnocTepiraTk, aki GisnyHi npouecu
i ABMLLA /1eXkaTb B OCHOBI po60TM NPUCTPOIB KomN'toTepa.
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[aHi nefaroriyHoro eKCnepumMeHTy MoKasasu, Lo BUKOPUCTAHHA CUMYAALLIMHOIO 1abopaTopHOro NPakTMKymy «OCHOBM

UMPPOBOT €N1EeKTPOHIKM» B OpraHisaL,ii camocTiMHOro HaBYaHHA CNPUAE NiABULLEHHIO MOTUBALLi CTYAEHTIB 40 BUBYEHHA Kypcy
«®i3nKa (BMOpaHi po3ainv)». BKNOUEHHS CTYAEHTIB B iHTEPaKTUBHI TEXHO/OTii HaBYaHHA i3 MPOAYKTUBHOK CAaMOCTINHO
OiANbHICTIO 403BONAIOTL ICTOTHO MiABULLMTU piBEHb NPOdECiAHOT NiArOTOBKM MabyTHboro daxisua B IT-ranysi.

Po3pobneHi BipTyanbHi cumynaLii MOXyTb BUKOPUCTOBYBA/IMCh AK ANS OpraHisaLii caMocTilMHOI poboTH CTYAEeHTiB, TaK i

ONA AeMOHCTpaLii BUKNagayeM AMHAMIYHUX PUCYHKIB Ha CEHCOPHMX AOLWKaX Mig Yac aygUTOPHUX TEOPETUYHUX | GPOHTANbHUX
nabopaTopHUxX 3aHATb. MoAaNbLIOro AOCAIAKEHHA NOTPeOYE BUBYEHHA NMUTAHHA PO3POOKM i BUKOPUCTAHHA HAaBYaNbHUX irop Ha
6a3i cumynALii 4NA CaMOOCBITU CTYAEHTIB.
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ORGANIZATION OF THE INDEPENDENT WORK OF STUDENTS WITH HELP OF A SIMULATION LABORATORY WORKSHOP ON
THE BASICS OF DIGITAL ELECTRONICS
A.P. Kudin
Drahomanov National Pedagogical University, Ukraine

Abstract.

Formulation Problem. "Physics (selected sections)" is a normative discipline of the curricula of specialties 121, 122 and 126 in the field of
knowledge "Information Technology" and studies the physical foundations of digital electronics in computers. Providing information
technology in the organization of independent work became a reason of developing a simulation laboratory workshop. An analysis
of the existing simulation laboratory workshops on the Internet showed that they do not correspond to the content of the discipline.

The aim of studying of the development of a virtual simulation laboratory workshop "Fundamentals of Digital Electronics" and the organization
of independent work of students specialty 121, 122 and 126 on its basis.

Methods and tools.The frontend development components were HTMLS5, CSS, JavaScript, and C #. For the backend - Laravel, Node.js, and Django
frameworks, as a Python programming language. The main method of pedagogical research was network testing. Statistics were
obtained from the LMS MOODLE test module.

Results. The laboratory workshop consists of 18 simulation laboratory works. The design of the interface of educational simulations is based on
an important didactic principle: to be responsible for the educational needs of students. All simulations are animated, interactive,
some have game environments in which you can learn how devices work through research. It is shown which design solutions achieve
the optimal human-machine interface of educational simulations in the laboratory workshop. The article describes the scenario of
organization of independent student’s work during studying of the discipline "Physics (selected sections)" based on the developed
laboratory workshop using the means of communication LMS MOODLE.

Conclusions. Providing simulation laboratory workshop "Fundamentals of Digital Electronics" in the organization of self-study helps to increase
students' motivation to study the course "Physics (selected sections)". The studying of educational games for students' self-education
is needed for further research.

Key words: laboratory workshop, digital electronics, simulation, independent work.

This work is licensed under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
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MPUNHATTA CUHXPOHHOI 1 ACUHXPOHHOI OCBITHbOI KOMYHIKALLIT A0 | NI, YAC NAHAEMIi COVID-19:
EMNIPUYHE AOCNIAMXEHHSA PEANIBALIT ENNEKTPOHHOIO HABYAHHSA Y 3AKNAZIAX BULLLOT OCBITU YKPATHU

AHOTALIA

PopmyniosaHHA npobnemu. Peanizayis enekmpoHHO20 HABYAHHA BUMO20€E BUBYEHHA MUMAHHA Crig8iOHOWEHHA CUHXPOHHUX ma
QCUHXPOHHUX OHAQUH KOMYHIKAUili MiXC Y4YaCHUKaMU OCB8iMHbO20 MPOYECY, W0 Y3200MHYEMbLCA 3 HABYAAbHUMU UinAamMU,
iHcmumyuyiliHoto 20moesHicmto 00 ducMaHyiliHo2o HABYAHHA Ma pieHeM YU pPosoi KomnemeHMHocMi 8uKAadayvie, Xxapakmepom
ma cmusnem Ha8YaHHA cmyodeHmis.

Mamepianu i memodu. B 0ocnidxceHHi NpoaHanizoeaHo pesysabmamu cmamucmu4yHo20 onumyeaHHsa 6au3bko 130 pecrioHOeHmie i3 10
3aKnadie suwoi oceimu YKpaiHu Ha npedmem cmassneHHA 8uKaadavie ma cmydeHmie 00 3aCMOCY8AHHA CUHXPOHHUX ma
QCUHXPOHHUX OCBIMHIX KOMYHIKauili AK 8 ymMoeax OYHO20 (3MiWAHO20) eneKMPOHHO20 HABYAHHA, MAK i ducmaHyiliHozo
(cnpuyuHeHo KapaHmMuHHUMU obmexceHHamu COVID-19). [ns onpaytos8aHHA pesysbmamie aHKemu 8UKOpucmaHo memoou
0nuco8oi cMamucmuKu ma meopii cmamucmu4HUX 8UCHOBKI8, 30KpeMa rnepesipka einome3s 30ilicHHO8A1ACA 3 BUKOPUCMAHHAM
memody 00HOaKmMopHo20 OucnepciliHozo aHanizy ma mabauyb 63AEMHOI cnpsaxMceHocmi 3a G0MoMOo20K0 MPOo2PAMHO20
iHcmpymeHmapito 018 06pobKu cmamucmuy4Hux 6ocnionceHs SPSS.

Peaynasmamu. Buknadaui ma cmydeHmu 00HAKOBO 8U3HAYAIOMb B8AMUBICMb CUHXPOHHOI Ma (4U) ACUHXPOHHOI 0C8IMHbLOI KOMYHIKayil.
CmasneHHA 0o muny KOMyHiKayii He 3anexcums 8i0 popmu Has4aHHA. Tobmo, npu nepexodi Ha OucMaHyiliHy hopmy Ha8YAHHS,
3YMO8/EHY KAPAHMUHHUMU O0bMeXeHHAMU, 8ubip murny oc8imHbOi KOMYHIKauii He 3MiHIOEMbCA. Bubip muny KomyHikauii He
3anexcums 8i0 pieHA Yugpposoi KomnemeHmHocmi cy6’ekmis 0Ce8imHbL020 NMPoOYecy Ma 2asy3i 3HaHb, AKY 80HU ONAHOBYHOMb.
Cmamb ma 8iK pecrioHOeHmie YacMKo8o 8MaAUBAIOMb HA HAOAHHSA Nepeesaz NesHomy 8udy 0c8imHbOIi KoMyHikauii, yel pakmop
nompebye 0emasbHiWo020 8UBYEHHS.

BucHo8KuU. BcmaHo08/€eHO, Wo He iCHYe Cymmeasoi pi3HUUi y nposedeHHi aCUHXPOHHUX 3ax00i8 8 yMosax OUCMAHUiliHO20 HABYAHHA 8 Nepiod
COVID-19 y nopieHAHHI 3 0O4HUM HABYAHHAM, CUHXPOHHI H KOMYHIKayii, AKi Npesasntolomes y Ha8YAbHUX ayOuMOpIAX | AKUX MaK
nompebytome cmydeHmu, He ¢ni0 macwmabysamu, HaNpukaao, y ducmaHyiliHi nekyii mpusanicmio 1,2 200uHU 4u eebiHapu
3aMiCMb O4YHUX CeMIHAapPCbKUX 3aHAMb. [TompibHO sus4UMU Uini ma 3micm KOHKpemHOoi QuCyunaiHu, o4YiKy8aHi pelynemamu
HaBYaHHA, Momusayito, nompebu U moxcausocmi cmyodeHmis, nepw Hix npulimamu pilueHHA Mpo BUKOPUCMAHHA MOo20 YU
iHWOo20 murny 0c8imHbOI KOMYHIKauyii.

K/TKOYOBI C/IOBA: ocgimHA KOMYHIKayis, eneKmpoHHe Ha84aHHs, suwa oceima, COVID-19, emnipuyHe 00CniOHEHHA.

© O.T. Ky3bmiHcbKa, M.C. Masopuyk, M.B. Mokpies, O.B. bapHa, 2021.
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BCTYN

MNoctaHoBKa npobnemu. BUKAMKM NOBCIOAHOI LUMPPOBI3aL,ii BUMaraoTb FHYYKOCTi Cy4aCHWX 3aK/IagiB BULLOI OCBITU Y
3abe3neyeHHi peanisauii BUMOr cycniibcTBa 3a AOMOMOrOK iHHOBALIMHOINO HaBYaHHA Ta iHGOPMaLIMHO-KOMYHIKaLiMHNX
TEXHONOrN. BUKOPUCTAHHA UMX TEXHONOTIA Ta undpoBMx 3acobiB BUMArae He viwe po3byaoBM iHCTUTYUiMHOTO LUdPOBOro
OCBITHbOTO cepepoBuwa (MasyHoBa&iH., 2018) gna peanisauii «cTpaterii, WO FPYHTYETbCA Ha yNpaBAiHHI NPOLLECOM PO3BUTKY
0COBUCTOCTi Yepes CTBOPEHHS MEBHOrO cepeaoBulLa» (MenaHosa, 2016), a 1 3abe3neyeHHn ePpeKTUBHOI KOMYHIKaLi cyb’ekTiB
OCBITHbOrO NpOLLECY Yy NPOLLECi peanisaLii e1eKTPOHHOro HaBYaHHA 33419 HaBYaHHA/HABYEHOCTI, WO «nepeabadae nepesaBaHHA
iHbopmaLii noBigomneHb, inen, 3HaHb, TPUHLMNIB Bif NOKONIHHA A0 NOKONIHHA» (3axapyeHKo&iH., 2014). Pasom 3 TUM, nepexiz,
3aKMafiB BUWOI OCBITM A0 AWUCTAHUIMHOI GOPMM HABYAHHSA, CNPUYMHEHMI nowupeHHam COVID-19, akTyanisysaB notpeby
3abe3neyeHHA MiHiMi3aL|T colianbHOT AMCTaHL,ii CTyAEeHTIB Ta BUKIa[auiB NPU MaKCUMabHil gucTaHuii GisnyHii, a, BignosigHo,
i LOCNiAKEHHA CUHXPOHHUX Ta aCUMHXPOHHUX OHIAMH KOMYHIKaLi/ Ta iIHCTPYMEHTIB X NigTpMMKK. OCKiNbKM y Npoueci peanisauii
OYHOrO HaBYaAHHA NepeBaXatoTb CUHXPOHHI KOMYHiKaLii B ayAUTOpIi, a TUNOBI €NeKTPOHHI HaBYaJIbHi KYPCU BUKOPUCTOBYBAINUCH
ONA NIATPUMKM HaByaHHA Y GOpMaTi aCUHXPOHHMX, CNpobu maclwTabyBaTh AOCBiIL €N1eKTPOHHOr0 OYHOTO HaBYaHHA B YMOBaX
MacoBOro nepexoay A0 HaBYaHHA AMCTAHLiIMHOIO He Aanv NO3UTMBHOTO edekTy — 3MiHa popmu HaBYaHHA NOTPebye nepernagy
niaxoAis A0 3a1y4EHOCTi CTYAEHTIB Ta BUBAXKEHOTO NOEAHAHHA CUHXPOHHWUX Ta aCUHXPOHHMX OHMAMH KOMYHIKALLN, KOMKHA 3 AKUX
Y3rogKY€ETbCA 3 HaBYA/SIbHUMK LiNAMM, [HCTUTYLIMHOIO TOTOBHICTIO A0 AWCTAHLIMHOrO HaBYaHHA Ta piBHeM uudposoi
KOMMETEHTHOCTI BUKNaAauiB, XapaKTepoM Ta CTUJIEM HaBYaHHA CTYAEHTIB.

AHani3 aKTyanbHUX gocnigkeHb. K. XeHr y AocnigyKeHHi oHnaiH HaB4YaHHA nig vyac COVID-19 (Heng, 2020) 3ailicHioe
aHani3 TepmiHONOrii, AK OT: e/IeKTPOHHE HaBYAHHSA, OHNAMH HaBYAHHA, AUCTAHLiiHEe HAaBYaHHSA, 3MilLaHe Ta ribpuaHe HaBYaHHA.
KosKeH i3 3a3HayeHnx popmaTis 6a3yeTbca Ha BUKOPUCTaHHI OCBITHIX Ta LUPPOBUX TEXHONOTIN, ane Te, AK CTyAeHTU 6epyTb y4acTb
Y LibOMY MpOLLECi, BiAPi3HAETbCA.

Mwu norogskyemocs 3 b. Ctaydep ( Stauffer, 2020 ), ska 3a3HayaE, WO ANCTaHLiMHE 3aBYaHHA, AK Pi3HOBWUA, €NEKTPOHHOTO
HABYaHHA, NOKNAAAETbCA Ha iIHPOPMALIMHO-KOMYHIKALiMHI TeXHONOriT ANA AOCTaBKM 3MICTy Ta B3aeMoAii cyb’eKTiB OCBiTHbOTO
npouecy. BignosigHo, gna 3any4eHHA Cy4aCHUX CTYAEHTIB 40 HaBYaHHA B YMOBAX LMbPOBUX cepesoBuLl, HeObXigHO He nuwe
CTBOPIOBATU AKICHUIA e-KOHTEHT, ane i HanarogyKyBaTu edeKTMBHY KOMYHIiKaLito i3 3aCTOCYyBaHHAM aCUMHXPOHHUX (Ha piBHi
3aKNaAiB BMLLOT OCBiTM BMKOPUCTOBYOTb Moodle uum iHWi cuctemn ynpasaiHHA HaBYaHHAM, naaTdopmm HepopmanbHOT OCBITU
Coursera, EdX, Udacity, Prometheus, EdEra, iHTerpoBaHi B 0CBiTHE cepegoBuLie Gopymu, AOWKKN, 60T i T.i.) Ta CUHXPOHHUX
(wnaxom npoBeneHHn BebiHapiB, BigeOKOHpEPEHLiN, CTPIMIHTY) KOMYHIKaLii, AKi MatoTb AOMNOMOITU BUKNaAa4eBi 34ilicH0BaTH
KOMYHiKaL,ii 3i cTyaeHTamuM Ha HoBoMmy piBHi (Mopse, 2019).

Baxk/IMBiCTb B3aeMogii B HaBYaIbHOMY CepeAoBULLi € TpeameTom 6araTbox gocniaskeHb. 3okpema A. LLyTeHKo (LLyTeHko,
2015) BM3HAYa€E NPUHLMNN PO3BUTKY OCBITHIX KOMYHIiKaLiM y 3aKknadax BMLLOI OCBITW, a came: AOCTYMHOCTI, iHTErpoBaHOCTI,
iHTEPaKTUBHOCTI, aApPeCcHOCTi, CeH3UTUBHOCTI, HAAMIPHOCTI, Pi3HOBIYHOCTI, MOHITOPUHIY Ta OHOBAEHHA. Ha Hawy AymKy,
333HayYyeHi NPUHUMNKM € OCHOBOO MOBYA0BM OCBITHIX KOMYHIKaLiM He3anexHo Big ix TMNy Ta GopmM opraHisauii ocBiTHbOrO
npouecy.

MOPIBHAHHA CUHXPOHHWUX | AaCMHXPOHHMX TEXHOOTIN HaBYaHHA B6yno npoBeaeHo y auceptauii C. XpacTiHcki (Hrastinski,
2007). B po6oTi 6yn0 NoKasaHo, L0 BUKOPUCTAHHA IMLLIE aCUHXPOHHMUX KOMYHIKaLii 3a1MLLIaE y CTyAeHTa BiAYyTTA i30/1b0BaHOCTI,
IO MOXe MPU3BECTM A0 3HWUKEHHA MOTMBaLi Ta pe3yNbTaTUBHOCTI, @ B AEAKUX BUMNALKaX, NPUMNUHEHHA NPOLEeCYy HaBYaHHA.
HaTomicTb, nepiognyHi CMHXPOHHI OHMIAMH KOMYHIKaLLi CTBOPIOIOTL YMOBU ANs 3abe3nevyeHHA YYacHUKIB OCBITHbOro mpouecy
CTabinbHMMM 3acobamu CninKyBaHHSA, CNiBMNPALL, KOHCY/IbTYBaHHS TOLLLO; 3a/ly4€HOCTi CTYAEHTIB Ta HAabyTTA A0CBiAY KONEKTUBHOI
aisnbHocTi (Chen & You, 2007).

EkcnepmeHTanbHe aocnigxeHHs I JxkoHcoHa (Johnson, 2008) wo40 BU3HAYeHHA nNepesar 34iMCHEHHA CUHXPOHHOI Ta
ACMHXPOHHOI HaBYaNbHOT AUCKYCii 3 BUKOPUCTAHHAM YaTiB He BMABWO iCTOTHUX BiAMIHHOCTEN Y AOCATHEHHAX CTyAeHTiB. Mu
NOroAXyemMoch i3 AOCNIAHUKOM, WO XKOAEH TUN KOMYHIKaLii He moxe ByTu BigxuneHuit abo peKoMeHAOBaHWIN 3 TOUKK 30py
BM/IMBY Ha HaBYaHHA CTyAeHTIB. MpM NPOEKTYBAHHI OCBITHIX OHNAMH KOMYHIKALil CNifg BPaxoByBaTW 1 iHWIi ¢paKkTopu BN/IMBY NO
Ha JOCATHEHHA CTYAEHTIB. [lo TaKMX HaneXKaTb: MOTMBALLA, CAMOpPErynaLif, AOMiHYBaHHA NEBHOIO HaBYa/IbHOTO CTUAIO CTYAEHTIB
Y PEXMMi CUHXPOHHOIO Ta aCUHXPOHHOTO eNEKTPOHHOro HaBYaHHA (Shahabadi & Uplane, 2015).

OTKe, Npu po3pobui cTpaTeriii, BUSHAYEHHA MeTOAIB Ta 3aBAaHb AUCTAHUIMHOIO HaBYaHHA Ha PiBHI 3aKNady OCBITU UK
KOHKPETHOT ANCUMNIIHK, WO 3HAYHO aKTyanisyeTbca B ymosax COVID-19, cnig He anwe gocniantm ocobmMBOCTi CUHXPOHHOIO Ta
AaCMHXPOHHOTO METOAIB OHMaMH KOMyHiKauii (Berestok, 2021), peanisauji Takoi KOMyHiKauii B ymoBax O4YHOrO Ta 3MilLaHOro
HaBYaHHA, B TOMY YMCAi 11 okpemux KypciB (BapHa, 2016), ane i cTaBneHHA Cy6’eKTiB OCBITHLOrO NPOLLECY A0 BUKOPUCTAHHA
CUHXPOHHUX Ta aCUHXPOHHWUX KOMYHIKaLil.

Mera cratTi. Y Uit cTaTTi MU 30CepeayKyeEMOCb Ha BMBYEHHI MUTAHHA NPUAHATTA CUHXPOHHMX Ta aCUHXPOHHMX OHMANH
KOMYHiKaLii cyb’eKTamu OCBITHbOrO Mpouecy. Ha OCHOBI CTaTUCTMYHOrO OMMUTYBAHHA Ta aHani3y BAACHOTO A0CBiAYy MU
36MPAEMOCH PO3KPUTU CTABIEHHA BUKNAAAYiB Ta CTYAEHTIB BITYN3HAHUX 3aKNALIB BMLLOI OCBITU L0 CUHXPOHHOI M aCMHXPOHHOI
OCBITHbOI KOMYHIKaLii y npoueci peani3auii eneKTpoHHOro HaB4YaHHA Ao i nig 4ac naHgemii COVID-19. Ue no3BoanTb Ham
chopmyntoBaTH pekomeHAaLi, AKi 4ONOMOKYTb 3a6e3neUnTn HaNeKHy AKICTb AUCTAHLIMHOrO HaBYaHHA.

METOAU AOCNIAKEHHA

[Ona pocArHeHHA NOCTaB/IEHOI METU 3aCTOCOBAHO KOMIMJIEKC METOAiB: MOPIBHANBHOIO Ta CUCTEMHOTO aHasli3y HayKOBUX
npaub, WO OXOM/OTb Npobiemy [OCNIAXKEHHS, BUBYEHHS BITYM3HAHOINO Ta 3apybikHOro A0CBigy peanisauii eNeKTPOHHOro
HaBYaHHA A0 i nig 4Yac naHaemii COVID-19, 30Kkpema mopeneit Ta pecypcHoro 3abesnevyeHHA CUHXPOHHOI Ta ACMHXPOHHOT
OCBITHbOI KOMYHiKaujii. nA BU3HaYeHHA CTaBNeHHA BUKNA[AYiB Ta CTYAEHTIB 3aKNaAiB BULLOI OCBITU YKpaiHM A0 3aCTOCYyBaHHA
CUHXPOHHUX Ta (4YM) ACMHXPOHHMX OCBITHIX KOMYHiKaLii MW BUMKOPUCTOBYEMO AeAKi eMNipuyHi MeToam: OnMUTYyBaHHA 3a
ponomoroto dopmmn Google, crnocrtepexkeHHAa 3a HaBYa/bHMM MPOLECOM Yy 3aK/aajax BMLOI OCBITM Mig 4yac peanisauii
OMCTaHLiIMHOIO HaBYaHHA B Mepiog, KapaHTUHHUX obmexkeHb COVID-19. na onpaLtoBaHHA pe3y/abTaTiB aHKETU BUKOPWUCTAHO
METOAM ONUCOBOI CTaTUCTUKM Ta TEOPIi CTaTUCTUYHUX BUCHOBKIB, 30KpemMa nepesipKa rinotes 34iMcHI0BaNacA 3 BUKOPUCTAHHAM

69


https://www.emerald.com/insight/content/doi/10.1108/ITSE-08-2020-0128/full/html?utm_source=smc_email_authorship&utm_medium=email&utm_campaign=ace_shee_edugoalcomms_April2021_lit_existing_20210422_free#ref044

PHYSICAL & MATHEMATICAL EDUCATION issue 4(30), 2021

meToay OAHOGMAKTOPHOrO AMCNepciMHOro aHanizy Ta Tabauub B3AEMHOI CMPAXEHOCTI 33 A0MOMOrol  MPOrPamHoro
iHCTpyMeHTapito gna 06pobKM CTaTUCTMYHMX AocnigxeHb SPSS (Field, 2013).

PE3Y/ZIbTATU AOCNIAXKEHHA

MU po3pobuam CTaTUCTUYHE ONUTYBAHHA, WO6 3'ACYBaTU CTaBAEHHA BMKNAZAYiB Ta CTYAEHTIB 3aK/NagiB BULLOT OCBITU
YKpaiHM [0 33aCTOCYBaHHA CUHXPOHHWUX Ta aCMHXPOHHMX OCBITHIX KOMYHiKaLili AK B yMOBax O4YHOro (3MillaHOro) eNeKTPOHHOTo
HaBYaHHA, TaK | AMCTAHLiMHOMO (CNPUYMHEHO KapaHTUHHWMKM obmexkeHHamu COVID-19). PospobneHa Google dopma
(https://forms.gle/izrsJQKnwzVYYaB1A) nowmproBanach 3 BUKOPUCTAHHAM COLLiaIbHMX Mepes Ta meceHakepis (Telegram, Viber,
Facebook, Instagram). 3Bu4aitiHo, Le NeBHUM YUHOM OOMENKYE ayaUTOPID PECNOHAEHTIB, afie BCe K [03BONAE 3pOOUTU NEBHI
BMCHOBKM LLOAO iCHYHOUYMX TEHAEHLIN Ta 3aKOHOMIpHOCTeN. Y uinomy, BUbipKa BiANOBigana CTPyKTypi reHepanbHOI CyKYMHOCTI
pecnoHAEeHTiB i3 NOMWUIKOIO Penpe3eHTaTMBHOCTI He BuLe 5%. Bcboro B onuTyBaHHI B3AAM yyacTb 129 ocib 3 AecATH BITUUSHAHUX
3BO. 3 Hux: 28 (21,7%) BuKknapauis, 28 H6akanaspiB Ta 73 (56,6%) marictpis. 41,1% pecnoHAEHTIB CTAHOBAATL YO/IOBIKK, WO
BigNoBiga€e reHepanbHiN CyKymHOCTi. YCi pecnoHAeHTU 3a3Hauunu, WO Yy 3aKNafax BULLOI OCBiTM, A€ BOHU HABYAKOTbCA UM
npawooTb, ANA peanisalii eNeKTPOHHOro HaBYaHHA BUKOPUCTOBYHOTb Pi3HI CMCTEeMM ynpaBAiHHA HaBYaHHAM (B nepeBaKHIN
6inbWOCTi y AKOCTI Takoi cuctemmn BUKopmucToByeTbcas LMS Moodle — Taky Bignosiab Haganun 64,4% pecnoHgeHTiB), a gna
CUHXPOHHWX OH/IAaH KOMYHIKaL,i HalivacTiwe BUKOpUCTOBYIOTL Nnatdopmum Google Meet (30,9%), Zoom (29,1%) Cisco Webex
(21,8%) Ta Discord (12,7%). 65,9% pecnoHAEeHTIB 3a3Ha4YMAM, WO 3aBKAM MAtOTb 4OCTYN 40 KOMN'IOTEPHOT TEXHIKM 1 MOBINbHUX
NPUCTPOIB 3 AOCTyNom Ao IHTepHeTy, 29,7% - MatoTb NeBHi, aie HEKPUTUUYHI 0BMeKeHHA. TaKoX CNif 3a3HauYnTM BUCOKMI PiBEHD
UMPPOBOT KOMNETEHTHOCTI YYAaCHUKIB ONUTYBaHHA. 33 pe3yNbTaTaMy CaAMOOLLIHIOBAaHHA — KOPEeJHOE 3 pe3ynbTaTaMu nonepeaHix
[ocCniaXKeHb aBTopis cTaTTi (Ky3abmiHcbka, 2019), 49,6% pecnoHAEHTIB BUIHAYNAW BAACHWUI piBeHb LMPPOBOT KOMNETEHTHOCTI K
BUCOKMI, 31,8% - eKkcnepTHMM i nnwe 1 yyacHMK — sK 6a3oBuil. HasepeHi gaHi cBig4aTb NPO TrOTOBHICTb A0 peanisauii
OUCTAHUiIMHOrO HaBYaHHA Y 3aKNaZax BULWOT OCBITU AK Ha PiBHi iIHCTUTYLiIMHOrO 3abe3neyYeHHs, TaK i KOMMNETEHTHOCTI Cy6’eKTiB
OCBITHbOFO MPOLLECY, TOMY MOMKEMO BWUCNOBUTM MPUNYLWEHHA WO, BMGIP TUMNY KOMYHiKaLii 3anexutb Bif, 0COBUCTICHWUX
XapaKTEPUCTUK BUKIAZAYIB (AK TUX, XTO 3abe3neyye HaBYaNbHUIA NpoLec) Ta CTYAEHTIB (AK 3aMOBHMKIB OCBITHIX nocayr). Ana
BM3HAUYEHHA PIBHA MPUIAHATTA CUHXPOHHOI Ta aCMHXPOHHOI OCBITHBOI KOMYHiKaLii cy6’eKTiB OCBITHbOrO npouecy 4o i nig yac
KapaHTUHHMX OOMEXKeHb, @ TaKOX BU3HAYeHHA GaKTopiB, LLLO BMN/IMBAIOTb Ta BUBIp, CGOPMYIbOBAHO HACTYMNHI FrinoTesu:

H1: Buknagavi ta CTyAeHTU O4HAKOBO BM3HAYatOTb BaX/IMBICTb CUHXPOHHOI Y/ aCMHXPOHHOT OCBITHbOT KOMYHIKaLlili.

H2: CTaBneHHA A0 TUNY KOMYHiKaLii He 3aneXuTb Big ¢opmu HaB4YaHHA. TO6TO, Npu NepexoAi Ha AUCTaHUilHY dopmy
HaBYaHHA, 3yMOB/IEHY KAPaHTUHHUMMN OOMEKEHHAMM, BUBIp TMMNY OCBITHLOT KOMYHiKaL,ii He 3MIHIOETbCA.

H3. Bubip TMNy KOMyHIiKaLii BU3HAYAETbCA CTATTIO Ta BIKOM PECMNOHAEHTIB, piBHEM iX LMPPOBOI KOMNETEHTHOCTI Ta
rany33to 3HaHb, AKY BOHW ONaHOBYHOTb.

[na nigTBepArKeHHA YW CNPOCTYBAHHA BUCYHYTUX riNOTe3 y BM3HAYEHHI NPUNHATTA CUHXPOHHUX Ta (YM) ACMHXPOHHUX
KOMYHiKaLili pecnoHAeHTam 6y10 NPONOHOBAHO:

— BU3HAUYUTU TUN KOMYHIKaLii, AKOMY Ha[a€ETbCA nepeBara (CMHXPOHHA YW AaCMHXPOHHA), Y peanisauii HacTyNHUX BUAIB
OiANbHOCTI: aKTyanisauia winen (HaByaHHA), aHani3 AOCBiAY; NPeACTaB/lEeHHA Ta OMPALOBaHHA TEOPETUYHUX BiLOMOCTEN;
BMBYEHHA NpeameTHOT 06/1acTi; BiANpaLOBaHHA NPAKTUYHMX HAaBMYOK (MOCTaHOBKA 3aBAaHb 1abOPATOPHUX, CEMIHAPCLKUX UK
NPaKTUYHUX POBIT, Ta iX BMKOHAHHA); NPeACTaBAeHHA pPe3y/bTaTiB OCBITHbOI AifbHOCTI; OLiHIOBAHHA Pe3y/bTaTiB OCBITHbLOT
AifNbHOCTI, BUpiLWEHHA Npobaem, pednekcis (I rpyna 3anutaHb, nepesipka rinotesu H1);

— OLHWTU 3a WKanoto JlaikepTa BaxkAMBIcTb (0 — He BaXK1MBO, 4 — HeobXiAHO) 3acTOCYBaHHA CUHXPOHHOT KOMYHIKaLiT A1A
KOXHOIO BUAY AiANbHOCTI MPU Nepexodi Ha AUCTaHLiiHY GopMy HaBYaHHA, KOWM YHEMOMKANBAIOTLCA O4YHi 3ycTpiyi (Il rpyna
3anuTaHb, Nepesipka rinotesn H2);

— YKa3aTh HasBHICTb NAaTPopm Ta OKpemux cepsiciB Aaa NiATPUMKM ACMHXPOHHOI Ta CUMHXPOHHOI KOMYHiKaLil vy
KOHKpeTHoMy 3BO, oLiHUTK piBeHb BAAacHOI LMbpPOBOTI KOMNETEHTHOCTI (BignosiaHo Ao pamku DigComp 2.1) Ta 3a3HaYMTK NeBHi
nepcoHanbHi AaHi (cTaTb, BiK, 4OCTYN A0 KOMM'IOTEPHOT TEXHIKM Ta IHTepHeTY) ANA BU3HAUYeHHA GpaKTopiB BNAUBY Ha BMbGIp Tuny
KomyHiKauii (Ill rpyna 3anuTaHb, nepesipKa rinotesun H3).

OBrOBOPEHHA

3a pe3ynbTaTamMu OMUTYBAHHA CTYAEHTM HaZaloTb MepeBary CMHXPOHHMM KOMYHIKauisam y npoueci peanisauii ycix
33a3HaYeHuX BUAIB HAaBYaNbHOI AiANbHOCTI (XO4a Pi3HULA He € CTAaTUCTUYHO iICTOTHOI ANA YCiX rPyn PecnoHAEeHTIB, Lo YacTKOBO
niaTeepaKye rinotesy H1), BUKNagavi HagaloTb NepeBary aCMHXPOHHI KOMyHiKaL,ii y npeacTaBneHHi Ta onaHyBaHHI TEOPETUYHMX
BiZOMOCTEN Ta AOCNiAKEeHHI NpeamMeTHOT ob1acTi. 3araniom, MoXKHa 3p0b6UTU BUCHOBOK, LLLO CTYAEHTU BaKkanaBpaTy € HaMMeHLU
CaMOCTIMHMMM, BMEBHEHWUMM Ta MOTMBOBAHMMW — BOHMU MOTPEOYIOTb MAKCMMAJIbHOI KiIbKOCTi CUHXPOHHMX KOMyHiKauii. Ha
PUCYHKY 1 NOKa3aHo BiAMNOBIAHI cepefHi 3HaYeHHA 3a cymoto H6anis 3a ycima BUAAMM AiaNbHOCTI, AKi BU3HaYanuca 3a 4-x 6anbHo0
WwKanoto JlakepTa, gNa Pi3HUX rpyn pPecrnoHAeHTIB (NOPIBHAHHA cepepHix 34ilicHI0BanocA 3a Kputepiem diwepa Ha OCHOBI
MeTo4y 04HOGMAKTOPHOrO AMCNepCiMHOro aHanisy).

[na nepesipku rinotesn H2 pecnoHAeHTIB, 32 pe3yabTaTamu Bignosigen Ha | rpyny 3anutaHb, 6yno ob6’egHaHo y Tpu
rpynu BiANOBIAHO A0 NPUXMABHOCTI A0 NEBHOrO TMMY KOMYHiKauii (Tabn. 1):

— I'1: nepesaxHO ACUHXPOHHA KOMYHIKAUiS; [0 L€l TPynu BiAHECEHO TUX, XTO HaZ.A€ NepeBary CMHXPOHHIM KOMYHiKaL,ii y
peanizauii Big 0 40 3 3a3HaYeHUX BUAIB HABYANbHOI AiANBHOCTI;

— [2: 4acmMKOB0O CUHXPOHHA, 4YACMKOBO GCUHXPOHHA KOMYHIKQYiA; YNEeHU Ui€l rpynn CUHXPOHHY KOMYHiKaLito
niagTPMMYIOTb y peanisauii 8ig 4 4,0 6 BUAIB HAaBYaIbHOI AiANbHOCTI;

— I3: nepesaxHO CUHXPOHHO KOMYHIKQyif; pecnoHAeHTW peanisauito Big 7 A0 9 3a3Ha4YeHUX BUAIB AiANbHOCTI BONIOTb
34iMCHIOBATU CUHXPOHHO.

Ona uux rpyn 6yno noOpiBHAHO cepefHi 3HAYeHHA cymu 6aniB 33 3aNWUTaHHAMM CTOCOBHO CTYMEHA BaXKNMBOCTI
3aCTOCYBaHHA CMHXPOHHOI B3aemogii (Big 0 Ao 4 6anis) npu peanisauii AMCTaHUINHOro HaB4YaHHA (Taba. 1).
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Puc. 1. CepegHe 3a cymoto 6anis 3a ycima BUAAMM AiANbHOCTI 4NA PISHUX rPyn PecnoHAEHTIB

Tabauysa 1

CepepHi 3HaueHHA cymu 6aniB 3a NMTaHHAMM CTOCOBHO CTYMEHIO BaXK/JIMBOCTI 3aCTOCYBaHHA CUHXPOHHOI B3aEmogii
(Big 0 Ao 4 6aniB) Ta BiANOBIAHI CTAaTUCTUUHI NOKA3HUKMN

prnw. . KinbKictb Cepeane 3H?qul.-m 3a C‘TaH,CI,apTHe MiHimanbHe MaKcumanbHe
pecnoHAeHTIB 3a ix . cymoto 6aniB OLiHKK BiAXMNEHHA
. pecrnoHAeHTiB . . 3HaYeHHA 3a 3HayeHHA 3a
NPUXUNBHICTIO 40 . BaXX/INBOCTI CUHXPOHHOI cepegHbOro . .
L y rpyni cymoto 6anis cymoto banis
TMUNY KOMYHiKaLji $opMM HaBYAHHA ANA rpyn 3HaYeHHA
n
epesaHo 22 22,64 10,37 0 35
acuHxpoHHa (1)
YacTkoso
CHHXPOHHA, 84 25,38 6,81 11 36
4acTKoBO
ACUHXPOHHa (2)
n
EPEBANHO 22 27,41 6,80 15 36
CUHXPOHHa (13)
3aranom 128 25,26 7,60 0 36

3a pesynbTaTamu onuTyBaHHA (Tabn. 1) Hanbinblwe pecnoHaeHTiB (rpyna 2 — 84 ocobu) HagatoTb Nepesary 3millaHoMy
TUNY KOMYHIKaLM He3aneXHo Bif ¢opmmn HaByaHHA. CepeHE 3HAYEHHA 3a CyMOoto 6aniB OLHKM BaXKAMBOCTi CUHXPOHHOTO TUNY
KOMYHiKaLii npy peaniszauii AMCTaHLiIAHOIO HaBYaHHA ANA rPYN AeLo PisHi, ane ua pisHULA He € CTaTUCTUYHO iCTOTHO. To6TO,
3MiHa GOPMM HaBYAHHA HE YNHUTb CYTTEBO BMNIMBY Ha BMOip cnocoby KomyHiKaLlii, Wo Aa€ NiAcTaBy A1 NiATBEPAKEHHA rinoTe3n
H2. MopiBHAHHA cepeaHiXx 34iMCHIOBANOCA HA OCHOBI OAHO(AKTOPHOrO AMCNEPCIMHOrO aHanisy i 3a Kputepiem Piwepa.
Pe3ynbTaTv NOPIBHAHHA Ta OCHOBHI CTAaTUCTUYHI MOKAa3HUKM HaBeAEHO y Tabanu, 2.

Tabauys 2

CTaTUCTMYHI NOKA3HUKMU WOA0 NOPIBHAHHA cepeaHix 6aniB 3 BUSHaUEHHA BaXK/IMBOCTI CUHXPOHHOrO TUNY KOMYHiKauii gna
Pi3HUX rpyn pecnoHAeHTiB Ha OCHOBI 0AHOGAKTOPHOro AUcnepciiiHOro aHanisy

3Ha4yeHHA
. CepegHe .
CTaTUCTUYHMX Cyma KBagparis . . PiBeHb
. . Kinbkictb KBagpaTis 3Ha4YeHHA .
NOKa3HUKiB ans CYMapHOoi . .. L 3HaYyLW,oCTi p-
. . . cTyneHis ceoboam CYMapHOI KpuTepia diwepa
BM3HAYEeHHA KinbKoCTi banis . . . value
. . KinbKoCTi 6anis
pi3HUL
Mix rpynamm
pynam 254,27 2 127,14 2,25 0,11
pecnoHAeHTiB
YcepeaunHi rpyn
peaunl oy 7080,22 125 56,64
pecnoHaeHTIB
3arasiom 7334,492 127

Pasom 3 TMm, AOoAaTKOBE NOPIBHAHHA 32 OKPEMUMU BUAAMM AiANLHOCTI MOKA3aN0 HAABHICTb PECMOHAEHTIB, AKi, HaAaoun
nepesary aCMHXPOHHIM KOMyHiKaL,ji y npoueci peanisauii AesKMX BUAIB AiANbHOCTI B YyMOBaxX O4HOr0o HaB4YaHHA (| rpyna 3anutaHb),
npu nepexoai A0 AucTaHuiiHoro (Il rpyna 3anMTaHb) BM3HAYalOTb BaXK/MBICTb CMHXPOHHOI KOMYHiKauil. 3oKkpema, Ana
aKTyanisau,ji Linen HaBYaHHA Ta aHaNi3y AOCBiAY Pi3HULA CTaTUCTUYHO iCTOTHA Ha piBHi p-value<0,05; onpaLoBaHHA TEOPETUYHUX
BifoMoOCTel — Ha piBHi p-value<0,06; BUBYEHHSA NpeaMeTHOI 0baacTi — Ha piBHI p-value<0,08; BMpilweHHA npobaem — Ha piBHi p-



PHYSICAL & MATHEMATICAL EDUCATION issue 4(30), 2021

value<0,08; pednekcis — Ha piBHi p-value<0,09. MoHa 3p0bUTH NPUNYLLEHHSA WOA0 HeA0CTaTHbOT BNEBHEHOCTI Ta CAMOCTIMHOCTI
CTYAEHTIB y npoueci peanisauii AMCTaHLiMHOT OpMM HaBYAHHA B YMOBaX KapaHTUHHUX OBMeXKeHb (KoM Hemae 3morn obupaTu
dopmy HaByaHHA). BignoBigHO aKTyanisyetbcs notpeba A0[ATKOBMX LOCAIAXKEHb 33a[0BONEHOCTI CTYAEHTIB peasnisaulieto
OMCTaHUiMHOrO HaByaHHA nig yac COVID-19 (Refae & Kaba & Eletter, 2021) 3 doKycom Ha neparoriyHoOMy AM3aliHi OCBITHIX
KOMYHiKaLii.

[na nigTBeparKeHHA YM cnpocTyBaHHA H3 6yno focnigyKeHo 3B'A30K MiXK TMMOM KOMYHiKaL,ii (CMHXPOHHA, aCUHXPOHHa),
AKOMY BiAAal0Tb NepeBary pecnoHAeHTU Ta: piBHEM iX LMdPOBOT KOMMNETEHTHOCTI (33 pe3y/ibTaTaMM CaMOOL,iHIOBaHHA), CTATTHO,
L,0CTYMOM .0 KOMN'IOTEPHOT TEXHIKM Ta IHTEPHETY, HAABHICTIO B 3aKNa4i BULLOI OCBITU CUCTEMM MIATPUMKM HaBYAHHA (CUHXPOHHMX
Ta aCMHXPOHHMX KOMYHiKaLii). B pe3yabTaTi rinotesy H3 nigTeepaKeHo 4acTKOBO, OCKiNbKM BUBIp TMNY OCBITHLOI KOMYHiKaLLi He
3a/1eXXUTb Bif PiBHA LMGPOBOIi KOMMNETEHTHOCTI (OUiHKA NpoBOAMAAcA 3a KpUTepiemM Xi-KBagpaT Ha piBHi p-value>0,05) —
pecnoHAeHTH i3 pisHUM piBHeM LMdPOBOT KOMNETEHTHOCTI Y cepesHbOMY OAHAKOBO OLLiHIOKTb ONTUMA/IbHICTD CUHXPOHHOI Ta
ACMHXPOHHOI KOMYHiKaLil (pyc. 2a). TaKOXK HEe YUHUTbL CYTTEBOIO BMNAMBY Ha NPUXMAbLHICTb 40 NEBHOIO TUNY KOMYHIiKaL,ii pecypcHe
3abe3neyeHHn (ouiHKa NnpoBoauMaaca 3a KpuTtepiem diwepa Ha piBHi p-value>0,05) Ak Ha piBHi 3BO (nnatdopmu Ta cepsicu gnn
NiATPMMKN €1eKTPOHHOTO HaBYaHHA), Tak i pPiBHI OKpPemoro pecnoHZeHTa (4ocCTyn A0 KOMN'IOTepHOI TexXHiKM Ta IHTepHeTy).
BuABneHo BiaAMIHHOCTI vwe y BMBOpPI TMMY KOMYHiKauji 32 CTaTeBOK O3HAKOK — YOJIOBIKM HaZatoTb NepeBary aCUHXPOHHIN
KOMyHiKaL,ii (puc. 26). MpoTe, oCcKiNbKM BUBIpKa Byna He HAATO BEIMKOM, MPOAB TaKOi 3aN1EXHOCTI MOXe MaTh BUMALKOBUI
XapaKTep, He AMB/AYUCH HA Te, WO 3B'A30K MNiATBEPAKEHO 33 JOMOMOrOK Xi-KBagpaT Ha piBHI 3HauywwocTi p-value<0,05. Le
NUTaHHA NoTpebye AO0AATKOBOrO BUBYEHHS.
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0 MepesamHo YacTroso MepeBamHo
MepesaxHa YacTkoBo CUHXPOHHE, MepesaxHa acHHxpaHHa diopma CUHXPOHHE, CUHXPOHHA
acuHXpoHHa opMa YacTKOBO CUHXPOHHE 4aCcTKOBO
acUHXpoHHa BCHHXPOHHE
A) 3a piBHeM UMPpPOBOT KOMNETEHTHOCTI B) 3a cratTio

Puc. 2. fliarpamu po3noAiny pecnoHAeHTIB 3a pisHMMM rpynamm BigNoBigHO A0 06paHOro TMNY KOMYyHiKawii

BUCHOBKM TA NEPCNEKTUBU NOAAIbLLUOIO AOCNIAXKEHHA

[o nangemii COVID-19 KoHuenujia 3milaHoro HaBYaHHA AK NOEAHAHHA OYHOrO HaBYAHHA Ta OH/MAMH-HABYaHHA byna
3anpoBarKeHa B 6aratbox 3aKknagax BULWOI OcBiTU. Meplumnii 4OCBig peanisau,ii AUCTAHUiIMHOrO HaBYaHHA B YMOBAX KapPaHTUHHUX
obMeKeHb € NiArPYHTAM A8 NPOBEAEHHA A0AAaTKOBUX AOCAIAMKEHD, LLLO CTOCYHOTLCA PECYPCHOTO 3abe3neyeHHs, yA0CKOHaNeHHsA
OCBITHbOrO MEHEeZXMEHTY, 30Kpema cucTeMu MigBuLLeHHA KBanidikauii HayKoBO-neaaroriyHMX MNpawiBHUKIB, NeaaroriyHoro
OM3aiHy cepefoBuLLY OCTAaBKM e-KOHTEHTY Ta OCBITHbOT KOMYHiKaL,ii BUK1aAaYiB i CTyAeHTiB.

Ha nigctaBi pesynbTaTtiB MpoOBEeAEHOro OMUTYBAHHA 334/l BW3HAYEHHA CTaB/eHHA Cy6’€KTiB OCBITHbOro npouecy
BITYM3HAHUX 3aK/aLiB OCBITU [0 3aCTOCYBAHHSA NMEBHOIO TUMY OCBITHIX KOMYHiKaLii:

1) nigTBEpAMKEHO TOTOBHICTb 3aKNaAiB OCBITM A0 peanisauii AUCTaHLiMHOrO HaB4YaHHA AK Ha pPiBHI pecypcHoro
3abe3neyeHHsn, Tak i LMPPOBOI KOMNETEHTHOCTI BUK/IaAauiB i CTYAEHTIB;

2) BM3HaAYEHO BM/IMB OCOBMCTICHUX XapaKTEPUCTUK Ha BUBIP TMMY OCBITHLOT KOMYHIiKaL,ii; Lie BaX/IMBO BpaxoByBaT! Npu
NPOEKTYBaHHI B3aEMOZ,ii Ha PiBHI BUBYEHHA KOHKPETHOT AUCLMUNAIHI Y KOHKPETHUX TPynax, OCKiNbKM NMPUAHATTA TOrO YW iHWOro
TUNY KOMYHIKaLil MOXKe Pi3HUTUCH AK Y BUKAaZadiB (OpraHi3oBytoTb Ta CyNpOBOAMKYIOTb HaBYalbHWUIA NPOLLEC), TaK | KOHKPETHUX
CTyAeHTIB (HaBYaloTbCA);

3) poBeaeHO BiACYTHICTb 3B'A3KY MiXK BMOOPOM TUMY OCBITHLOI KOMYHiKauii Ta piBHEM LMPPOBOIi KOMMNETEHTHOCTI
Cy6’€eKTiB OCBITHbOrO Mpouecy, iIHCTUTYLIMHO NIATPUMKOIO peanisauii AUCTaHLINHOrO HaBYaHHA (HAABHICTb Ta TMN NaaThopm i
cepBiciB NiATPMMKMN CUHXPOHHOT Ta aCUHXPOHHOT KOMYHIKaLLii), MOXIMBOCTAMM KOHKPETHOrO CTyAeHTa 1 BUKAagada (goctyn 4o
KOMN'tOTEPHOI TEXHiKM Ta IHTepHeTy), a TakoX GOpPMOI0 HaBYaHHA (NOPIBHIOBANW peanisalito eNeKTPOHHOro HaBYaHHA A0
naHgemii Ta AMcraHuinHoro nig yac COVID-19);

4) 3’AcoBaHO B3aEMO3B'A30K MiX CTaTycom (BMKnagay, marictp, 6akanasp) Ta TMMNOM OCBITHIX KOMYHiKaLili, SKMM
HafaoTb Nepesary cyb’eKTU OCBITHBOIO NPOLLECY: CTYAEHTU B LLJIOMY HaAaloTb NepeBary CUHXPOHHUM KOMYHIKaLLIAM, Npuyomy,
YUM «BULLMIA» CTATyC, TUM Binblumii piBeHb CaMOCTIMHOCTI Ta BignoBiganbHOCTi — 6akanaBpu NoTpebyroTb Halibinblue CUHXPOHHOI
B3aEMOAT;

5) BWCNOBNEHO NPUMYLLEHHSA, WO Noasraey noTpebi nocMaeHHA CynpoBoAy CTYAEHTIB Nig, Yac AUCTAHLMHOrO HaBYaHHSA:
y Mpoueci onaHyBaHHA TEOPETUYHMX BiJOMOCTEN, [OCNIAKEHHA npeameTHOI obnacTi, BUpilWeHHA npobnem Ta 34iicHEeHHsA
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pednekcii BUSHa4YeHO CTYAEHTIB, AKi, NONPU NPUXUABHICTb [0 3aCTOCYBAaHHA aCMHXPOHHOI OHMIAMH KOMYHIKaLi nig Yac o4Horo

HaBYaHHA, NPU Nepexosi 40 ANCTaHLIMHOT dopMM NOTPebyTb KOMYHIiKaLii CUHXPOHHOI.

B uinomy, gocnigeHHA MNOKas3ano, WO He iCHYE CYTTEBOI Pi3HULi Y NpoBeAeHHi aCMHXPOHHMX 3aXOAiB B YyMOBAX

OUCTaHUiMHOro HaBYaHHA B nepiog COVID-19 y nopiBHAHHI 3 OYHMM HaBYaAHHAM, CUHXPOHHI X KOMYHiKaLii, AKi npeBantoloTb y
HaBYa/IbHUX ayAMTOPIAX | AKMX TaK NOTPEBYIOTb CTYAEHTH, He CAig MaclwTabyBaTW, HAaNPUKNAL, Y AUCTAHLINHI NeKuii TpuBanicTio
1,2 roamHu un BebiHapy 3aMiCTb OYHMX CEMIHAPCbKMX 3aHATb. MOTPIBHO BUBUMTM Liifli Ta 3MICT KOHKPETHOT ANCLMNAIHK, OYiKyBaHi
pe3ynbTaTu HaBYaHHSA, MOTMBALLIIO, NOTPEOU i MOXKAMBOCTI CTYAEHTIB, NepLU HiXK NPUIAMATKU PilLEHHA NPO BUKOPUCTAHHA TOTO YK
iHWOro TUNy OCBITHLOI KOMYyHiKauii. Kpim Toro, cnig BpaxoByBaTH, WO NepeBarkHa biNblWicTb CTyAeHTIB HaZaloTb nepesary
3milwaHomy Tmny. MeparoriyHnin AM3aliH OCBITHIX KOMYHiKaL,i Ta iIX pecypcHe 3abe3neyeHHn y NpoLeci peanisauii gMcTaHuinHoro
HaBYaHHA B6AYAETLCA NEePCNEKTUBHUM HANPAMOM NOAANbLUNX AOC/TIAMKEHD.
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ACCEPTANCE SYNCHRONOUS AND ASYNCHRONOUS EDUCATIONAL COMMUNICATION BEFORE AND DURING THE COVID-19
PANDEMIC: AN EMPIRICAL STUDY OF E-LEARNING IMPLEMENTATION IN HIGHER EDUCATION INSTITUTIONS IN UKRAINE
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Abstract.

Formulation of the problem. The implementation of e-learning requires the study of the relationship between synchronous and asynchronous online
communications between participants in the educational process, consistent with educational goals, institutional readiness for distance
learning and the level of digital competence of teachers, the nature and style of student learning.

Materials and methods. The study analyzes the results of a statistical survey of about 130 respondents from 10 higher education institutions in Ukraine
on the attitude of teachers and students to the use of synchronous and asynchronous educational communications in both face-to-face
(blended e-learning) and distance (caused by quarantine restrictions COVID-19) learning. Methods of descriptive statistics and the theory
of statistical conclusions were used to process the results of the questionnaire, in particular, hypotheses were tested using the method of
one-way analysis of variance and correlation tables using software tools for processing statistical studies SPSS.

Results. Teachers and students alike determine the importance of synchronous and (or) asynchronous educational communication. The attitude to the
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type of communication does not depend on the form of education. That is, in the transition to distance learning, due to quarantine
restrictions, the choice of type of educational communication does not change. The choice of type of communication does not depend on
the level of digital competence of the subjects of the educational process and the field of knowledge they master. The gender and age of
the respondents partly influence the provision of preferences to a certain type of educational communication, this factor needs to be
studied in more detail.

Conclusions. It was found that there is no significant difference in the conduct of asynchronous activities in distance learning during COVID-19
compared to face-to-face learning, while synchronous communications, which prevail in classrooms and are so needed by students,
should not be scaled, for example, in distance lectures 1.2 hours or webinars instead of face-to-face seminars. It is necessary to study the
goals and content of a particular discipline, expected learning outcomes, motivation, needs and opportunities of students before deciding
on the use of a particular type of educational communication.

Key words: educational communication, e-learning, higher education, COVID-19, empirical research.
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IHTEFPOBAHWM MIAXIZA LLLOA0 BUSHAYEHHA NOXIAHOT ®YHKLIN,
3AZIAHUX HA HEMEPEPBHUX TA AUCKPETHUX MHOMMWHAX

AHOTALIA

Baxcausum esnemeHmom y nidzomosyi malibymHb020 axigus y 2anysi mamemamuKku € Habymms HUM KOMIAEKCHUX 3HAHb W/AXOM
BUBYEHHA Y3020/1bHIOKOYUX Meopili ma memodis, 3a 0MNOMO20t0 AKUX BU3HAYAOMbCA OCHOBHI hyHOaMeHmManbHi noHamma. Ha
Cb0200HI iCHY€E yinul pA0 makux meopii | iX 8UKOPUCMAHHA BUOKPEM/KOEMBLCA HABIMb Yy camocmiliHi HayKo8i HanpPAMKU.
3acmocysaHHA enemeHmMie y3a2anbHeHHs Ma MOpieHAHHA 06’€EKMi8 BUBYEHHA PI3HUX MamMemMamuyHux OucyuniH y
HaBYAILHOMY Mpoyeci maxkox 8idiepae saxsusy poss 8 Nobyoosi MincOuCYuNAiHapHUX 368°A3Ki8, AKI Y C80I0 Yepay crnpusome
scebiyHoMy po3sumky malibymHbeo20 crieyianicma, peanizayii tioeco nomeHyiany y Haykoeili ma npogecitliHiti disaneHocmi.

dopmynoeaHHA npobaemu. AHANI3YHOYU OCHOBHI M0/10XeHHA OughepeHyianbHo20 Ma Pi3HUYEB020 YUCAEHb, HEBAHXKO MOMIMUMU 3HAYHY
cXoMcicme Mixc 8nacmusocmamu nNoxioHoi ma pi3HUYEe8020 ornepamopa, U0 € KAY08UMU XaPaKMepucmuKamu @yHKYil, axi
BU3HAYEHI Ha HerepepsHUX Ma OUCKPEMHUX MHOXUHAX 8i0N08iOHO. BUABAAEMbLCA, WO YA CXOXICMb He 8UnadKkoea, i 8Ka3aHi
MOHAMMSA € YGCMUHHUMU 8UNAOKAMU MOHAMMSA 0ea16ma-noxioHoi hyHKYii.

Mamepianu i memodu. ABmopamu 8UKOPUCMOBYBAAUCL HACMYMNHI Memoodu: cucmemHull aHAsi3 HayKoBoI, HABYAAbHOI Ma MemoduYHOI
nimepamypu; MOPIBHAHHA MQA CUHME3 MeopPemuYHUX [ON0HEHb, CrOCMepereHHA 30 X000M nedazo2idHo20 npoyecy;
y3a2a7bHEHHA 8/1aCH020 nedazo2iyHo20 0ocgidy ma 0oceidy Kosnez 3 iHWuUx 3akaadie suuwjoi ocgimu. Okpim mozo, 6ynu
8uUKOopucmaHi 0esKi 302a716HO MamemMamuyHi ma creyiasnbHi memoodu dugepeHyianbHo20 Ma Pi3HUYE8020 YucaeHb | meopii
4acosux WKal.

Peayasmamu. Y cmammi po32asHymo 3az2anbHull nioxio 00 eus4yeHHs 080X (hyHOAMEHMAbHUX MAMEMAMUYHUX MOHAMb — MOHAMMSA
noxiOHOi ma pi3HUYes8o20 orepamopa 3 MOYKU 30py crieyidabHOTI Meopii Yaco8ux WKAs, 0 MAKOHC WAAXU BUKOPUCMAHHA MAK020
nioxody w000 8CMAHOB/EHHA 38°A3Ki8 MiX( PI3HUMU MamMeMamu4yHUMU MeopiaAMU 3 Memor GOpMy8aHHA y cmydeHmie
uinicHoeo yaeseHHA NPo mamemamu4Hi 06’ekmu, ix e1acMuUBOCMi Ma 3aCMOCYy8aHHSA.

BucHoeKu. BcmaHoesieHHA 36°A3Kie Min moodeaamu i memodamu OO0CAiOHEHHS, fAKI 8UKOPUCMOBYIOMbCA MpU BUBYEHHI pPi3HUX
mamemamuy4Hux OucyunaiH, wo exodsame y npoepamy mnidzomosku malibymHix axieyie-mamemamukie, 00380715€
cpopmysamu y cmyodeHmis yinicHe yaeneHHs npo mamemamu4Hi 06’ekmu, anzopummu ma meopii, i AK Hacaidok, pobume ix
3HAHHA CUCMEMHUMU | MTPAKMU4HO Binbw 3Ha4YyuumMu. Lie cnpuse iHmenekmyasneHOMy po3gumky cmydeHmie, (hopmy8aHHIO 8
HUX CUCMEMHUX MAMeMAMmMUYHUX 3HAHb, MIOBUWEHHIO PiBHA MAMeMamu4yHoi epamomHocmi ma iHmepecy 0o npedmemy.

K/TKOYOBI C/IOBA: noxioHa gpyHKUii, pisHuyesuli onepamop, 0eabma-noxioHa, ougepeHyianbHe YUcAeHHs, pi3HUYese YUCAeHHs, HernepepeHa
MHOMUHA, OUCKPEMHA MHOM(UHA.

BCTYN

MocraHoBKa npobnemn. OfHMM i3 3aBAAHb BMLLOI OCBITM € GOPMYBAHHA Y CTYAEHTIB YMiHb KOMMNJEKCHOro 6ayeHHs
npobaemu, ii aHani3y Ta CUCTEMHOTO BUpiLLeHHA. Peanisau,ii Lboro 3aBgaHHA 3HAYHOIO MIPOO CNPUSAE IHTErpaL,ia 3HaHb CTYAEHTIB
3 PI3HUX AMCUMNAIH, TX NOAANbLWNIN CUHTE3 Ta KOMMNIEKCHE 3aCTOCYBaHHA Ha NPAKTUL Ta B MalibyTHil HayKoBilt Ta NpodeciiHii

© T.A. Nykawosa, O.M. Ctpax, 2021.
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BiANbHOCTI. ACKpaBMM NPUKNAAOM TaKOI iHTErpaLii MoxKe C/lyryBaTM BUBYEHHA NOHATTA Ae/1bTa-NoXiaHoi GyHKLi, AKe y3araibHIoe
NMOHATTA MOXiAHOT Ta Pi3HMLEBOro ONepaTopa, WO € KAYOBUMU XapaKTepUCTUKaMKU GYHKLiW, 3afaHUX Ha HenepepBHUX Ta
OUCKPETHUX MHOXWHAX BignosigHo.

Y paHilt cTaTTi pO3rNafaETbCA MOXKAUBICTb BNPOBAAMKEHHSA 3araibHOro Nigxoay A0 BUBYEHHA BKa3aHWUX MOHATb Ta MOro
BMKOPUCTAHHA AO/1A BCTAHOB/JEHHA MIKAMCUMNAIHAPHMX 3B’A3KIB  AMCKPETHOI MaTeMaTWKKM, MaTeMaTU4YHOro aHanisy
(andepeHuianbHOro YMcneHHa) Ta Teopii gudepeHLUianbHUX PiBHAHD, WO BXOAATb Y LUMKA NPOdeCiiHOT NigroToBKM ManbyTHixX
BUMTENIB MATEeMaTUKKM, A TaKOXK (POPMYBaHHA LINICHOrO yABAEHHA NPO BKa3aHi mMaTemaTW4Hi O6’eKTW, iX BAACTMBOCTI Ta
3acTocyBaHHA. OKpeMi WAAXM BCTAHOB/IEHHA TaKMX 3B’A3KIB MiXK Kypcamm AUCKPETHOT MaTeMaTMKK Ta AndepeHLiaNbHUX PiBHAHb
6ynn po3rnaHyTi aBTopamu B poboTi (CTpax&Jlykawosa, 2021).

AHani3 akTyanbHUX pocnigeHb. [oHeaaBHa MaHiBHE NONOMKEHHA B MaTEMATULL 3aiiMaso BMBYEHHS HEnepepBHUX
bYHKLN, Wwo 6yn10 0CHOBOHO BCiX 3aCTOCYBaHb MaTeMaTMKM y di3uLi Ta TexHiLi. MpoTe, 3 cepeanHu XX cToNITTA y 3B'A3KY 3 BypXxamBum
PO3BUTKOM €/1eKTPOHHO-064YMCNI0BANIbHOT TEXHIKM, AAEPHOT Gi3MKM, KBAHTOBOT MEXaHiKK, Teopii NporpamyBaHHSA Ta reHHOI iHXeHepil
nepesg, MaTeMaTMKOIO MOCTanWn AKICHO HOBI 3a4aui, PO3B’A3aTV AKi 3ac0baMy KNACMYHOTO aHani3y BUABWMIOCA HEMOMANBO abo
3aHaATO CKNagHo. Movanoca BigpoAXKeHHsA iHTepecy A0 AMCKPETHOI MaTeMaTWKKM, AKa Onepye AUCKPeTHUMM (B Tomy uuchi
CKIHYEHHUMM) MHOXMHAMM Ta GYHKLIAMM, BU3HAYEHUMM HA TaKMX MHOMKMHaxX. CyyacHa obuMcatoBaibHa TeXHIKa i HaKonMyeHu
[0CBiA, [O3BONAKOTL 33 AONOMOrOH TaK 3BAHUX Pi3HULEBMX CXeM Hab/MMKEeHO po3B’A3yBaTW AOCTAaTHbO CKAAAHI 3aBAaHHA, WO
NOraHo NiAaaTbCA AOCNIANKEHHIO IHLWMMWM METOAaMM.

AIK BigOMO, KntoyoBe Mmicue B AndepeHUiabHOMY YUCIEHHI Bigirpae NoHATTA noxigHoi ¢yHKuii. MoxigHa Ak 6a3oBa
XapaKTePUCTUKA GYHKLiM, 3a8aHNX Ha HEeNepepBHUX MHOMKMHAX, MAE YUC/IEHHI 3aCTOCYBAHHA He MLLe B MaTeMaTul, a i y pagi
HLWKWX AncumnAiH. Jns AUCKPeTHO 3a4aHnX GYHKLiM aHaNorom NoXiAHOT BUCTYMNAE TaK 3BaHWUI Pi3HULLEBUI onepaTop abo cKiHYeHHa
pisHMua (AHaepcoH, 2004; TenbdoHa, 1959; AapeHko, 2004). CKiHYeHHi Pi3HMLi LWMPOKO BUKOPUCTOBYIOTLCA NpU iHTeprnoauii B
MaTeMaTUYHUX TabanuAx, NPy NiACYMOBYBaHHI YNCNOBUX PALIB, Y HABNMMKeHNX 0BUnCNeHHAX iHTerpanis Ta 3HaXOAKeHHi pPo3B’A3KiB
LundepeHLianbHUX PiBHAHD, @ TAKOXK Y byab-AKil cuTyauii, ae Tpeba onncaT NosesiHKy 06'eEKTA, XapaKTEPUCTUKM AKOTO ANUCKPETHO
3MIHIOIOTbCA Mg, BNAMBOM NeBHMX ¢akTopis (y 4yaci uvM npoctopi). Hanpuknag, gna TepmocTtata noTpibeH neBHMI yac, wob
BifpearyBaTV Ha 3MiHy TemnepaTypu, TOMY BiH pearye He Ha NOTOYHY TeMNepaTypy, a Ha Ty, Lo 6yna XBUNUHY Ha3aa,

Bpaxosytoum, Wo audepeHLiasbHe YNCNEHHA 3alMAETbCA BUBYEHHAM FPaHULb BiAHOLEHb Pi3HULb, @ PiI3HULEBE YNCIEHHSA
— CaMMMM PISHULAMM, TO NPUPOAHO, WO MiX LMK ABOMa TeopiaMu icHye baraTto napanenei. BianosigHa Teopis 6yna nobyaosaHa
HanpuKiHLi XX cTONITTA HiMeubknm maTemaTnkom CtedaHom Xinbrepom. Hum 6yno yBegeHo noHATTA A-noxigHoi, wo 06’egHye
B cOb6i MOHATTA MOXiAHOT Ta Pi3HWLLEBOro onepaTopa, i onepye GyHKLUiAMM, 3a4aHUMKN HA HENepepBHO-ANCKPETHUX YAaCOBUX
iHTepBanax (MHoxunHax) (Bohner&Peterson, 2001; Kelley&Peterson, 2001).

Mertoto cTaTTi € Ornag, iHTErpoBaHOro NiAXo4y A0 BMBYEHHA NOXiAHOI Ta Pi3HMLEBOro onepaTtopa 3 TOYKK 30py Teopil
YaCoBMX LKA/, @ TAKOXK AOCAIAKEHHA MOMKINBOCTEN BUKOPUCTAHHA LbOro Nigxoay LWOA0 BCTAaHOBNEHHA 3B A3KIB MiXK pisHUMM
MaTEMATUYHUMM Kypcamm 3 MeTolo GOPMYBAHHSA LiNICHOTO yABAEHHA NP0 MaTemMaTUyHi 06’eKTH Ta Teopii.

METOAU AOCNIAKEHHA

Y CTaTTi BUKOPUCTAHO HACTYMHi TEOPETUYHI Ta eMNipUYHi MeToaM A0CNiAXEHb: CUCTEMHUI aHaNi3 HAYKOBOI, HAaBYabHOI Ta
METOAMYHOI NiTepaTypu; NOPIBHAHHA Ta CUMHTE3 TEOPETUYHMX MOJI0XKEHb, PO3KPUTMX B HAYKOBIM Ta HaBYaNbHIN NiTepaTypi;
CNOCTEPENKEHHA 33 XO40M MesaroriYyHoro Npouecy; y3aralbHeHHs BJACHOrO NeaaroriyHoro A4ocCBigy Ta AOCBiAY Koner 3 iHWux
3aKn1agiB BMLWOI 0cBiTU. OKpim TOro, 6y BUKOPUCTaHI AesKi 3ara/ibHO MaTeMaTUyHi Ta cneliasibHi MeToau andepeHuiaibHoro Ta
Pi3HMLLEBOrO YNCEHD | TEOPIi YaCOBMX LK.

PE3Y/IbTATU AOCNIAXKEHHA

OAHMM 3 OCHOBHUX NOHATbL AUdEPEHLiabHOrO YNCAEHHSA, AKE AK IHCTPYMEHT JOCNIAMKEHHA WMPOKO BUKOPUCTOBYETLCA
He Avwe y MaTeMaTMYyHOMY aHanisi, a M y uiomy pagi iHWux AvcumnniH (3oKkpema, B anrebpi i Teopii uncen, Teopii
andepeHLianbHUX PiBHAHb, YNCEIbBHUX METOAAX, BapiaLliiHOMY YMCNEHH], MaTeMaTUYHOMY NPOrpamyBaHHi Ta di3unLi), € NOHATTA
noxigHoi ¢yHKLUii. B matemaTMyHOMY aHani3i B OCHOBY BM3HAYeHHA NOXiAHOI QyHKLii AIMCHOrO (KOMMNAEKCHOro) aprymeHTy
NOKNAAEeHO NOHATTA rpaHuLi (auB., Hanpuknaga, dixteHronsy, 1967).

O3HaueHHs 1. MMoxioHoro pyHKYiT f (x) B 3aaHili TouLi X = x( 3 o6nacTi ii BU3HaYeHHs (Ta HenepepBHOCTI) HA3UBAETHCA
yncnio

' = |im [&ota0)—f(x)
f1xo) = Jlim == M

WO € rpaHuMLeto BiAHOLWEHHA NPUPOCTY GYHKLUii o npupocTy AX aprymeHTa 3a yMOBM, WO BeandnHa Ax npamye fo Hyna (i
BKa3aHa rpaHuLsA icHye).

O3HayeHHsa 1 moxkHa nepedopmytOBaTH, 3aCTOCOBYIOYM BM3HAYEHHA rpaHuLi (Hanpuknag, 3a O. Kowi). Toai noxigHy
bYHKUT B TOULi MOXKHa BU3HAUYUTU HAaCTYNMHUM YUHOM.

O3HaueHHsn 2. Yucno f'(x,) HasmBaeTbcA noxidHo 3aaaHoi GyHKLIT f(X) B 3aaaHil Touli x = X, 3 061acTi ii BU3HaYeHHs
TOAi i TiNbKK TOA, KoK

Ve > 0368(e): [x —xol <8(e) = |f (%) — f(x0) — f'(x0) - (x — x0)| < elx — xo]. (2)

3 iHWoro 60Ky, NOHATTS rPaHULi MOYXKHa BBECTM He Yy KOXKHOMY nosi abo Kinbui. 30Kpema, BOHO He 3aCTOCOBHE B Moni
pauioHanbHUX Yncen (6o He KOXKHa NOCNILOBHICTb PALiOHANbHUX YMCEN MAE FPaHMLEeto paLioHasbHe YMCIOo) Ta 1 y3arani B ycix
CKIHYEHHMX KiNnbLAX Ta Noasx. Y uux BUNagKax BUHUKAE NoTpeba 03HauMTH noxiaHy GyHKLii 6€3 BUKOPUCTAHHA NOHATTA rpaHumL,i.
TakK, y Kypci anrebpu i Teopii uncen NOHATTA NOXiAHOT MHOro4Y/1eHa BBOAMUTLCA HAacTynHMM YMHOM (3aBano, 1985).

O3HaueHHs 3. [MoxidHot MHoz2o4neHa f(x) = a,x™ + -+ a;x + a, 3 KoedilieHTamu 3 Kinbua K Ha3WBaKOTb MHOTOY/IEH

f'(x) =nax™ 1+ - 2a,x + a;.
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BBarkaloTb TaKOX, WO MOXiAHA Bif, MHOrOY/NEHa HY/NbOBOTO CTEMEHA Ta HY/Ib-MHOTOYJEHa AOPIBHIOE Hy/O, TOBTO AKLLO
f(x) = const, o f'(x) = 0.

OTKe, B anrebpi NOHATTA MOXiAHOI MHOroYNeHa Haf AOBIbHWMM KifbLem (nonem) BBOAUTHLCA 33 AOMOBJEHICTIO (AK
MHOrOY/EH NEBHOro BMAy). 3pO3yMino, WO MpW Takomy niaxoai 3a nesHMX obmerkeHb 36epiratoTbCsA W OCHOBHI MpaBuna
ondepeHLitoBaHHA (aNa 3HaXOAXKEHHA NOXiAHOI Big Cymu, 06YTKY, YaCTKM MHOTOY/EHIB).

B Kypci AMCKpeTHOI maTemaTuku (y po3aini «PisHWLEBE YNCNEHHA») Ana OYHKLUIN, 3a4aHMX HAa MHOXWHI HaTypanbHUX
yucen, PO3rNAAAETHCA MOHATTA pi3HUYesoz20 onepamopd, fike GaKTUYHO € AUCKPETHUM aHalorom MOHATTA NOXigHOT Y
KNacCMYHOMY PO3yMiHHI (AHAepcoH, 2004).

O3HaueHHA 4. Hexall obnacTb Bu3HadeHHA OyHKuii f(x) pasom 3 Toukow x MmicTuTb Toury (x + 1). PisHuyeeum
onepamopom (onepamopom crnadHoi pi3Huyi abo pisHuyero nepwozo nopadky) dyHKuii y = f(x) Ha3nBaeTbCA BUPa3 BUAY

Af() =flx+1) —f(x). (3)

Npuknag 1. 3HaliTi 3HaUEHHA pi3HMLIEBOrO onepaTopa Big dyHKLiM f(x) = x, p(x) = 2%, g(x) = x?, h(x) = x..

BuxoaAun 3 o3HaveHHA 4, Maemo:
Ax= (x+1)—-x=1;
A2% = 2041 _ X — 2x(2-1) = 2%;
Ax?=(x+1)>—x?>=2x+1,
Ax!= (x+ D! —x'=x+1-1) x!=x-x
3HauyeHHsA Pi3HULEBOro onepaTopa Bif AeAKUX enemeHTapHUX GyHKLiA HaBegeHo y Tabauui 1.

Tabauysa 1
3HaueHHA pi3HULLEBOro onepaTopa Bif OCHOBHUX efleMeHTapHUX GYHKLi
f(x) Af (x) f(x) Af(x)
1 1
a €N 0 Z -
X x(x+1)
ax+b a a* a*(a—1)
x+1
x? 2x+1 log, x log,
X
3 2 . 1 . 1
X 3x“+3x+1 sin x 2cos(x+5)smi
n " k,n—k : 1 : 1
X Z Crix cos x —2sin (x +—) sin—
k=1 2 2

3anuwemo popmyny (3) y surnagi:
Af(x) = w (4)

Toai 03HaYeHHA Pi3HMLEBOro onepaTtopa CTa€ NEBHOK MiPOH NOAIGHMM A0 O3HayeHHA noxiaHoi (npu ubomy Ax — 0 chig,
3aMiHMTM Ha Ax = 1 i npubpatTm cMMBOA TpaHMLi). HeBaXKKO nepeKkoHaTUCA, WO M BAACTUBOCTI pisHMLLEBOro onepaTtopa A
aHanoriyHi BnactMeocTam noxigHoi. B posigHUKy (KopH&KopH, 1973) HaBoguTbca onepatopHa ¢opmyna, WO NOB'A3ye
pi3HMLLEBMIA ONepPaTop 3 ONepaTopom AnNdepeHLitoBaHHS.

HaBegemo npaBuia 3HaXOAKEHHA Pi3HMLEBOro onepatopa (Ta AN NOPIBHAHHA NPABWUAA 3HAXOOMKEHHA MNoXigHoI) ana
[06YTKY Ha YMCNO, CyMM, Pi3HMLi, [OBYTKY Ta YacTKuM ABOX GyHKLUiN (Tabanua 2).

Tabauys 2
BnacTtuBocCTi pisHMLLEBOro onepaTopa Ta NoxigHoI
f(x) Af(x) f'(x)
g(x) + h(x) Ag(x) + Ah(x) g'(x) £ h'(x)
Cg(x), pe C = const CAg(x) Cg'(x)
Ag(x)h(x) + g(x + 1)Ah(x), g'()h(x) + g(x)h'(x)
g(x) - h(x) abo
g)Ah(x) + Ag(x)h(x + 1)
9t Ag(Ih() — g(X)Ah() g’ (O — g@N ()
h(x) h(x)h(x+ 1)

(h()*

Npuknag 2. OBUMCANTM 3HAYEHHS Pi3HMLLEBOTO onepaTopa Bia dyHKuin: 1) £ (x) = 2x? + 2%;2) g(x) = 2x? - 2%,
1) A(2x2 4+ 2%) =2 (2x + 1) + 2%,

2) A(2x?% - 2%) = 2x22% + 2(2x + 1)2%%1 = 2%%1(x2 + 4x + 2).

TaKMM YMHOM, PiSHULLEBUI ONEPATOP Ta NOXiAHA MAIOTb Zy*KEe CXOXKi BNACTUBOCTI. 3PELUTOD, LA CXOXKICTb € 3aKOHOMIPHOO
3 OrNIA4Y Ha Te, WO Y AEAKUX BUNaZKaX, 30Kpema, Npu HabauKeHOMy 3HaXOAKeHHi po3B’A3KiB AudepeHLianbHUX PIBHAHD,
noxigHy 3amiHAIOTb Pi3HMLEBUMM OMepaTopom. BiaTak, MOXHa PO3rNAHYTU MOXAMBICTb y3araslbHEHHA MOHATb NOXiAHOI Ta
pi3HULEeBOro onepartopa Ta ix BiANOBIAHUX XapaKTepUCTUK.
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Take y3aranbHeHHs 6yno 3anponoHoBaHe y 1988 poui Himeubknm matematnkom CtepaHom Xinbrepom Ta rpPyHTYETHCA
Ha NOHATTI YaCOBOI WKaM AK A0BI/IbHOI HENOPOXKHbBOI Ta 3aMKHEHOI (3 NOrNAAY TeoPii MHOMWH) MNiIAMHOMKUHU MHOMUHU AiNCHUX
yncen. BianosigHa Teopin [03BONAE PO3rNAAaTU OO’ EKTU AK HA HeNepepBHUX, TaK i HA AUCKPETHWUX YU, HABITb, HA HENepepBHO-
OVCKPETHUX iHTepBanax. KNouyoBMM NOHATTAM (fKe AK pa3 i 06’eaHye B cObi NOHATTA NOXiAHOI Ta PisHULLEBOrO onepaTopa) y i
Teopii € NOHATTA TaK 3BaHOi A-noxidHoi (aenbTa-noxigHoi).

Mepw HiXK NepenTn A0 03Ha4YeHHA A-NoXiAHOI, po3rnaHemo ABi GyHKLii, AKi BU3HAYalOTb BUA, KOXKHOTO e/1eMeHTa 3a4aHoi
4acoBOI WKaAw.

OsHaueHHs 5. (Bohner&Peterson, 2001) Ha 3aaaHiit vacosinn wkani T ¢yHKuia o(x) = inf{t € T:t > x} Ha3uBaeTbcA
dyHKyielo cmpubka eneped, o¢yHKkuia p(x) = sup{t € T:t < x} HasuBaeTbcA ¢pyHKYielo cmpubka Ha3ad, a yHKuiA
u(x) = a(x) — x Ha3nBaeTbCA (hyHKYiEO 3epHUCMOCMi 334aHOT YacoBOT WKaNN.

TaKMM YMHOM, YCi TOYKM 334aHOI YaCOBOI WKaAW KNacudiKyoTbCs BIAHOCHO 3HaYeHb 3a3HaYeHUX BULLEe GYHKLiN Y TaKuli
cnoci6 (Bohner&Peterson, 2001):

1) akwo x < a(x), To x — cnpaBa po3cigHa TOUKa;

2) aKkwo x = o(x), To X — cnpasa LifibHa TOUKa;

3) AKwo x > p(x), To x — 3niBa po3ciaHa TOUKa;

4) akwo x = p(x), To x — 31iBa LWibHa TOYKA;

5) akwo p(x) < x < o(x), To x — i30/1bOBaHa TOUKa;

6) akwo p(x) = x = o(x), To X — WinbHa TouKa.

Tenep moxkemo AaTtv o3HayeHHa A-noxigHoi dyHKuii f(x), 3aaaHoi Ha foBINbHIN Yacosii wkani T (goaaTkoBo byaemo
BBaXKaTy, Wo y Bunagry sup T # o, 3HaueHHn oyHKuii p(max T)=max T).

O3HaueHHAa 5. (Bohner&Peterson, 2001) Hexan T — 3agaHa uacoBa lWKana. A-noxiOHow 3apaHoi yHKLUIT
f(x): T — R 8 gosinbHIl TouLi Xg € T Ha3unBaeTbea GyHKLIA fA(xO), AIKa 3aZ,0BO/IbHAE TaKy YMOBY:

Ve > 038(e): 1x — x| < 8 = |f(0(x)) = f(x0) = F2(x0) - (62) — x0)| < elo(@) = xol. ()

OueBnaHO, ymoBa (5) y3aranbHioe yMoBy (2) 03HaueHHs 3BMYaiiHOl noxigHoi. A-noxiaHa f2(x) dyHKuji € 38BMuaiiHOI0
noxigHolo f'(x) y BuNaaKy AjiicHoro Biapi3ka abo BM3Hauae pisHuuUeBuit onepatop Af(x) = f(x +1) — f(x) y sunagky
OMCKPETHOTO Biapi3Ka (30Kpema, Ha MHOXKMHI Ljinnx uncen). binbw TOro, Mae micue HacTynHe TBEPAMKEHHS.

Teopema. (Bohner&Peterson, 2001) Marome micye HacmynHi meeporeHHA:

1) arkwo ¢pyHkyis f(x) € dugpeperyiliosHor y mouyi X y 38u4aliHOMy ceHci, Mo 80Ha 8 Uili Mo4yi € HerepepeHoo;

2) AKWO X € CAPasa po3CiAHOK MOYKOK 4aco8oi WKanu, ane e dilicHil obaacmi goyHkyisa f(x) € HernepepeHoto 6 yili mo4yi,
mo A-noxidHa yHkyii f(x) 8 yili moyyi Mae 3HaYeHHs

fo(x)) = f(x)
S e——

A —
o) = e

3) AKWO X € CMPABA WisIbHOK MOYKOI0 Yacoeoi wikanu, mo gyHkuia f(x) € dugeperuyitiogHoro 8 yili moyyi, modi i mineku
modi, Koau iCHY€E CKIHYeHHA 2paHuus

I fx)=f(©
im————.
tox x—t

3HayveHHA yjei epaHuyi i € 3a4eHHAM A-noxidHa yHKYii f(x) e yili moyui
fx)=f(©
A = lim————
fA0) = lim——
MpointoCTPYEMO 3aCTOCYBaHHA OCTaHHbLOT TEOpPeMM Ana o0bUnCaeHHA A-NoXigHOT Ha NpUKNag,.

Mpuknag 3. 06uncanmo 3HadeHHs A-noxigHoi dyHKuii f(x) = cos ax, 3agaHoi Ha yacosiit wkani T = [O;%] u{1,2,3}u
[4;+00).
BuKopUCTOBYHOUM NONepeaHto Teopemy, byaemo matu:
1) AaKwo x € [0; %) U [4;400), To x — cnpaBa wWwjinbHa Touka i Tomy (cos ax)?® = (cos ax)’ = —a sin ax;
7(e)-rG) _ r-r()
1 - 1
u(z) 3
3) akwo x € {1,2,3}, To x — cnpaBa po3ciaHa TouKa i

W=f(x+l)—f(x) = cosa(x + 1) — cos ax.

1 a
2) AKWo X = > T0 (cosax)? = =2 (cos a— cos;);

(cos ax)® =

OBrOBOPEHHA

3 BMKNAAEHOrO BMLLE BUMJIMBAE, WO BUMBYEHHSA €/IEMEHTIB TeOpii YacoBMX LKA/, 30Kpema, A-noxiaHoi ¢yHKUii Ta ii
BNACTUBOCTEN [AE MOX/MBICTb Y3araNbHUTU 3HAHHA CTYAEHTIB 3 MaTEeMaTUYHOrO aHanily i AUCKPeTHOi maTeMaTUKM Ta
KOMMNIEKCHO NiAinTn A0 po3B’A3yBaHHA HU3KWM NPUKNAAHMX 3a4ad. BignosigHe 3aBaaHHA Byno peanisoBaHe O4HUM i3 aBTOpIB
CTaTTi B pamMKax cneuKkypcy «BubpaHi NUTaHHA Cy4acHOi MaTemMaTUKM», AKUIK TpUBasWUKA Yac BMKNAAABCA AONA CTyAEHTIB-
MaricTpaHTiB cneuianbHOCTi «MaTemaTuka» y CymcbKOMy AeprKaBHOMY negarorivHomy yHiBepcuteTi imeHi A.C.MakapeHKa.

Buxoasaum 3 TOro, WO Ha BKa3aHOMY OCBITHbOMY pPiBHi CTyaeHTM A06pe BONOAIOTb OCHOBHUMW MNOHATTAMM Ta
iHCTpyMeHTamu gudepeHLiaIbHOro YNCIEHHSA, A AesKi 3 HUX 3HAWOMI 3 PISHULEBUM YNC/IEHHAM, BUBYEHHA A-NOXigHOI 3 0gHOTO
60Ky [AO03BOMAE Yy3aralbHUTU iX 3HAHHA LWOAO NoXigHOi $yHKLii HenepepBHOro aprymMmeHTy Ta pPi3HMLEBOro onepaTtopa,
coopmyBaTU LiNiCHE yABNEHHA NPO Li ABa NOHATTA Ta YiTKO PO3YMITM MeXi IX BUKOPUCTAHHA, @ 3 iHWOro — NPOBECTU MEBHi
napasnesni Mix iX BNaCTUBOCTAMM Ta 3aCTOCYBAHHAMM, i, K HAC/Ni40K, — BCTAHOBUTU 3B A3KM MiXK Pi3HULEBUM Ta AndepeHLiaibHUM
YMCNEHHAM. HasABHICTb BigNoOBIAHMX 3HAHb Y MalbYTHIX BUNTENIB MaTEMATMKM BaXKKO NepeoL,iHUTK, 60 BOHM He /iLIe BigirpatoTb
neBHy posib y GyHOAMEHTANbHIN MaTemMaTUYHIN nigrotosli, ¢opmyBaHHI NEBHOrO PIBHA MaTeMaTUYHOI KynbTypu Ta HayKOBOIo
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csiTOrNAAy, a U cnpualTb 6inbl rMO6OKOMY PO3YMIHHIO CYTHOCTI MPMKAAZAHOI i MPAKTUYHOI CMPSAMOBAHOCTI MaTeMaTUKM Ta
0BOJIOAIHHIO il MmeToZamu.

BUCHOBKM TA NEPCNEKTUBU NOAA/IbLLOIO AOCNIAXKEHHA

BcTaHOBNEHHA 3B'A3KIB MK MOAENAMM | MeToAamMMu AOCNIAMKEHHA, AKI BMKOPUCTOBYIOTLCA MNPU BUBYEHHI Pi3HUX
MaTEMATUYHUX AMCUMNAIH, WO BXOAATb Y MpOrpamy NiAroToBKM MaMbyTHix ¢axiBLiB-maTemaTuKis, [03BoNAE cHopmyBaTH y
CTYAEHTIB LLiNlICHE YyABAEHHSA NPO MaTEMaTUYHi 06’€KTU, aNropUTMM i TeOPIi, i AK HACNILOK, POBUTL IX 3HAHHA CUCTEMHUMM | NPAKTUYHO
6inblWw 3HaYyWMmMK. Lle cnpusie iHTENEeKTyaNbHOMY PO3BWUTKY CTYAEHTIB, GOPMYBaHHIO B HUX CMCTEMHWMX MATEMATUYHWUX 3HaHb,
NiABULLEHHIO PIBHA MaTeMaTUYHOI FPAaMOTHOCTI Ta iHTepecy A0 npeamerTy.

3a3HaYMMO TaKOX, WO ChneuiasbHa Teopis YacoBWUX LWIKan OAE MOMAMBICTb MOLWMPUTM iHTErpPOBaHMIK NiaxiZ LWoao
BMBYEHHA MOXiAHOT Ta Pi3HMLEBOro onepatopa Ha BMBYEHHA 0b6epHEeHMX nepeTBOpeHb Ta BigNOBIAHWX MOHATb — MepBicHOT
(iHTerpana) Ta aHTUPI3HWULLEBOrO ONepaTopa, Lo € AUCKPETHUM aHAIOrOM OnepaTopa iHTerpyBaHHs.
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INTEGRATED APPROACH TO DEFINITION OF DERIVATIVE OF FUNCTIONS,
WHICH IS DEFINED ON CONTINUOUS AND DISCRETE SETS
T.D. Lukashova, O.P. Strakh
Makarenko Sumy State Pedagogical University, Ukraine

Abstract. The acquisition by a student of complex knowledge by studying generalizing theories and methods, the basic fundamental concepts are
defined through which, is an important element in his training as a future specialist, in particular in the field of mathematics. Today
there are a number of such theories, and their using is singled out even as methods of independent scientific directions. Applying
elements of generalization and comparison of objects of study of different mathematical disciplines in the educational process, we
also significantly contribute to the construction of interdisciplinary connections, which in turn have a positive impact on the
comprehensive development of the future specialist and the realization of his potential in scientific and professional activities.

Formulation of the problem. Analysis of the main provisions of differential and difference calculus leads to the conclusion that there are significant
similarities between the properties of the derivative and the difference operator, which are based characteristics of functions that
are defined on continuous and discrete sets, respectively. It turns out that this similarity is not accidental, and these concepts are
partial cases of the concept of delta derivative of function.

Materials and methods. The authors used the following research methods: systematic analysis of scientific, educational and methodological
literature; comparison and synthesis of theoretical positions; monitoring the course of the pedagogical process; generalization of
own pedagogical experience and experience of colleagues from other institutions of higher education. In addition, some general
mathematical and special methods of differential and difference calculus and time scale theory were used.

Results. This article considers a general approach to the study of two fundamental mathematical concepts - the concept of derivative and
difference operator, as well as ways to use this approach to establish connections between different mathematical theories in order
to form a holistic view of mathematical objects, their properties and application.
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Conclusions. Establishing connections between models and research methods used in the study of various mathematical disciplines included in
the training program for future specialists in mathematics, allows students to form a holistic view of mathematical objects,
algorithms and theories, and as a consequence, makes them knowledge is systematic and practically more significant. This
contributes to the intellectual development of students, the formation of their systematic mathematical knowledge, increasing the
level of mathematical literacy and interest in mathematics.

Keywords: derivative, difference operator, delta derivative, differential calculus, difference calculus, continuous set, discrete set.
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3ACTOCYBAHHA MPOBAEMHOIO MIAXOAY MPU BUBYEHHI IPPALIIOHANIbHUX PIBHAHb Y CTAPLUIM LUKOAI

AHOTALIA

Po3ansaHymo ocobausocmi 3acmocysaHHsA npobaemHo20 nioxo0y y KOHMeKCmi 88e0eHHA | P038’A3y8AHHA ipPAUIOHANbHUX PIBHAHb WAAXOM
OWYyKy po36°a3aHHA NpobaemMHOoI cumyayii, Yyepes popMye8aHHsA pezyaamusHUX yHieepcanbHUx Hag4yanbHux 0il yyHie cmapuioi
WKO/U, WO YMOMAUBUMb NOAINUWEHHA pO3yMiHHA mamepiasny, AKUli 8U84aEMbCA.

dopmyntoeaHHa npobaemu. AHAnI3 TOMOYHOI yCriWHOCMI yYHI8 cCMapwoi WKou ma pe3ys1bmamie 308HiuHb020 He3a/1e#H020 OUYiHI08AHHA
3 MamemMamuku cgid4ume npo nompeby 3miH y cucmemi HABYAGHHA MaMeMamuku, ocobau80 cmapwoi WKoau. Y4Hi cmapuwoi
WKoU empa4arome iHmepec 00 MamemMamuku 3 027170y HO HE3PO3YyMinicme 3acmocysaHHA y malibymHeomy 3006ymux HUMU
3HaHb. [as ycniwHoi camopeanizayii ocobucmocmi y cydacHomy 2a106a1i308aHOMY Cycriinibcmeai HeobxiOHO Mamu NeeHi 3HaHHA
3 Mamemamuku, a 3a ymosu subopy malbymHeoi npogpecii, Mos’a3aHoi 3 0CMAHHLOK, MO NOMPIGHI FPYHMOBHIWI 3HAHHA Y
2an1y3i MamemMamuKu 3 8UKOPUCMAHHAM IHHOBAIlIHUX MexHOA02ill HABYAHHA, AKI CAPUAOMb hOPMYBAHHIO BUCOKO20 PigHA
NPAKmMu4YHUX KomnemeHmHocmel. 3acmMocy8aHHIO X MPobaemMHo20 nioxody, 30KpeMa i Npu 8UB4EHHI iPPAYIOHAAbHUX PiBHAHb
i HepisHocmed, y cmapwid wikoni npudinAome 3amaso yeaau, Hagime y KAacax 3 noaaubaeHum 8us4eHHAIM MamemMamuKu.

Mamepianu i memodu. [jna docAzHeHHA Memu fPoNnoHO8AHOI cmammi 8UKOPUCMAHO eMMipu4Hi memodu, a came: criocmepexeHHA 3a
HABYALHUM MPOYECOM YYHI8 cmapwioi WKoau npu ix Hag4yaHHi y 33CO ma aHaniz pesyanbsmamis ixHix 0ocszHeHb AK nid Yyac
HaBYaHHA, mak i 30a4i 3HO. Kpim mozo, sukopucmaro (i Memoou HayKo8020 Mi3HAHHA: NMOopPi8HAAbHUL aHasi3 08 3’ACY8AHHA
pisHUX noenadie Ha npobaemy BUSHAYEHHA HAMPAMKI8 00CNiIOMEHHA;, cucmemamusayia U y302a1bHeHHA 044 61dcHe
opMyn0BAHHA BUCHOBKIB | 8UpObeHHA pekomeHOauili; y3azanbHeHHsA nedazoziyHo2o 0oceidy asmopis i nposedeHuUx HUMU
crnocmepexeHs.

Pe3yabmamu. BuknadaHHa Mamemamuku y cmapwili wikoni nompe6ye modugikauii cmaHoapmHux memoouKk ma nioxodis, a momy 8 po6omi
po3kpumo ocobausocmi 3acmocy8aHHA MpobsaemMHo20 MiOxXo0y npu 8eedeHHi MOHAMMA «ippayioHasnbHe PiBHAHHA» ma
p038’A3y8aHHA iPPAYIOHANBHUX PIBHAHbL 3 BUKOPUCMAHHAM MiXMpeoMemHux 36°’A3Kie. Hazosowyemecs HA mMomy, Wo
npobaemHuli nidxi0 eumazae 8MIHHA MPOBOOUMU OQOCAIOHEeHHS PI3HUX PeanbHUXx cumyauili ma 3HAHHA MeopemuyHo20
mamepiany.

BucHo8Ku. BukopucmaHHaA npobaemHo20 nioxody w000 8UKAAOAHHA MaMeMamuKu 8 cmapwili WKoni 3MiHIE crnocib y4YiHHA | 8UKAAOAHHS.
Kpim mozo, makuli nioxio 3a6esneuye scebiyHuli po3sumok ocobucmocmi U Cripamosye y4Hie cmapuwioi WKoau Ha nodaneuwi
po38i0KU 8 Mamemamuyi. 3anpornoHo8aHi 3a80aHHA 6ydymb KOPUCHUMU AK 0415 y4Hie, makK i e4umenig 33CO.

K/IKOYOBI C/IOBA: ippayioHasbHe pigHAHHSA, npobaemHuli nidxio, npobaemHa cumyayis, npobaemMHe Ha8YAHHSA, CMapwa WKoa.

BCTYN

MocraHoBKa npob6aemu. CyyacHi rnobanisauiiiHi npouecy CNOHYKalTb NeAaroriB 3aKnagiB 3arasibHoi cepeaHboi 0CBiTH
(33CO) roTyBaTh TBOPYO MUCAAYY OCOBUCTICTb, @ HE «MALLIMHY», OCHaLLEeHY NeBHUM Habopom dopmyn. Came TOMY FONOBHUM Y
HaBYaHHi YYHIB CTApLWOi WKOAM € CTBOPEHHA TaKMX YMOB Ta OpraHisauis BignosigHoi aianbHocTi, AKi 6 cnpuanu sk
iHTeneKkTyanbHOMY, TaK i LYXOBHOMY iX PO3BUTKY.

© A.l. CKoponiTHs, |.B. utaptok, 2021.
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Y 3B’A3Ky 3i CTPIMKMM 36i/blUEHHAM 06CATy HayKoBOI iHGOpMaLii, AKy nepenbayeHo 3acBOITU YYHAMM CTAPLIOI LWKOAM, i
HeobxiaHicTio Nepebyf0BM HaBYaNIbLHOTO NpoOLECy, NeAarorn-A0CNiAHNUKN aKLEHTYIOTb YBary Ha po3pobLii NUTaHb, WO CTOCYIOTbCA
npobaeMHOro HaBYaHHA.

LLlo6 NpUBYMTM YYHIB CTApLUMX KNACiB MUCIMUTU CAMOCTIMHO, NPULWENUTK M CTabinbHY 3BUYKY PO3paxoByBaTV Ha BAACHI
CUAW | BNEBHEHICTb Y iX HEOBMEXKEHUX MOMKAMBOCTAX, HEObXiAHO NpoBecTn cy6’eKTiB HaBYaHHA 4Yepe3 NOoJO0MAHHA NEBHUX
TPYAHOLLiB, @ He NOAAaBaTK maTepian y roTOBOMY BUTNAL.

Y Kypci maTemaTMKKM CTapwoi WKoau Tema «lppauioHanbHi pPiBHAHHA» € TpaaMLiNHOW i i HEe MOXKHa BBaXKaTu /JIEerKO
3acBoloBaHo (Xoxn0Ba & Xoma-Morunbcbka, 2018). 1i BUBUYEHHA 30cepekeHe y Mexax Kypcy 8-11 Knacis, Lo YyMOXANBAIOE
NOBHOLiHHE BpaxyBaHHA BIKOBMX MOMX/JMBOCTEN Yy4YHiB Yy GOPMyBaHHi NEBHUX YMiHb i HAaBMYOK, ajie Yacy Ha BUBYEHHA TEMM
BiABegeHo HebaraTo. 3a3HauMmo, WO NPV BUKAAAI L€l TeMU peanisyloTb HU3KY 3arajibHUX MeTOAMYHMX 0CcOo6/aMBOCTEW,
XapaKTePHUX ANA MAaTEMATUKKN 3araiom.

3 ornagy Ha BMKNageHe HabyBa€e aKTyalbHOCTi BAOCKOHAIEHHA METOANYHUX NPUAOMIB LWOA0 BUBYEHHA ippaLLiOHaNbHUX
piBHAHb i3 3acTOCyBaHHAM NpobaemHoro nigxoay.

AHani3 aKTtyanbHux gocnigxeHb. Y niapyyHukax 33CO npu BMBYEHHI KBaZpaTHOrO KOPeHA i MOro BaacTUBOCTEMN

(8-9 knacu) HaBeAeHO ippaLioHanbHi piBHAHHA BUAY 4/ f (X) = a, ae f (x) — MHorouneH Big x, a — Aeaki umcna. OCHOBHI XX MeToau
pO3B’A3yBaHHA ippaLioHaIbHUX PiBHAHb, PO3rAAHYTO B NiApy4YHMKax 10-ro knacy (bess, 2018; Mep3nsk, 2018; HeniH, 2018).

AHani3 NOTOYHOI YCNIWHOCTI 3 MaTeEMaTUKKN YYHIB CTapLUOi WKOAW NiATBEPANKYE, WO PiBEHb YMiHb | HABUYOK Y4HiB 10-ro
Knacy Wwono po3s’a3yBaHHA ippaLioHaNbHUX PiBHAHbL € OBOAI HU3bKUMWU. TOMY HaA3BMYANMHO BaXK/IMBUM ANA CY4ACHOTO BUMTENSA
MaTEMATUKM € NOLIYK LAAXIB YAOCKOHANEHHA METOAMKM BUBYEHHSA TaKMX PIBHAHb 3 aKTyaNi3aLi€to Ha TeEXHONOrit0 NpobaeMHOoro
nigxoay, YoMy M NPUCBAYEHO HU3KY NybAiKaLii AK BITYM3HAHMX, TaK | 3aKOPAOHHUX HayKoBLiB, 30Kpema AKipi |.K. (Akipi, 2012),
BbabaHcbkoro H0.K. (babaHcbkuii, 2010), Basyesoi B.. (basyesa, 2021), InbiHoi T.A. (InbiHa, 1976), lonosok /1.M. (/lonosok, 1995),
MaxmyTtoBa M.I. (MaxmyTos, 1975), MasneHko B.B. (MaBneHKko, 2013), LLsapgak M.B. (WWeapaak, 2017) Ta iH.

Mertolo cTaTTi € O0OrpyHTYBaHHA MPAKTMYHOrO NiAXO4y 3acCTOCyBaHHA NpPobaeMHOro metody WOAO BUBYEHHS
ippauioHaNbHUX PiBHAHDb Y CTAPLWil WKONI.

TEOPETUYHI OCHOBU AOCNIAMXEHHA

CTaHoBNEHHA NPobAeMHOr0 NiAX0AY Ha Cy4acHOMY eTani HaB4YaHHA 3yMOBNEHO gocnigkeHHAmM C.J1. Py6iHwTeliHa woao
BaXK/IMBOCTI NPo6eMHOI cuTyaLii B Npoueci MUCNeHHs i Moro $¢a3oBoi CTPYKTypW. 3a3HAUYMO, WO NOHATTA «nigxiga», 3 ogHOro
60Ky, Lle HeAOCTaTHbO TOYHO BU3HAYEHO Y BITYM3HAHIN HAYKOBIN NiTepaTypi, 3 iHLWOro — LIMPOKO BUKOPUCTOBYETLCA.

3acTocyBaHHA NpobieMHOro nigxoay y BUKNafaHHI HaBYa/IbHUX NPeaMETIB NPUMNALAE Ha NoYaToK 60-X i Apyry NONOBUHY
70-x pp. XX cT. LlikaBoto € KoHuenuia T.A. I1biHOI, AKa TpaKTye NpobaemHe HaBYaHHA AK Niaxig, (lnviHa, 1976; MaTiowkiH, 2010).

Ha nepekoHaHHA T.A. InbiHoi: «HalironosHilwe B NpobaeMHOMY HaBYaHHI NONArAe B OpraHisauiliHil CTPyKTypi npouecy
nisHaBaNbHOI AiANbHOCTI y4HA. Mpu TPagMUiIMHOMY HaBYaHHI (Tak 3BAaHOMY «MOACHIOBA/IbHO-INOCTPATUBHOMY») BMKNAZAY
TPaAHC/IOE rOTOBI 3HAHHA: NMOACHIOE HOBUIM MaTepia, 4OBOANUTb BUCYHYTI NMONOMKEHHA, NiAKPINAOE iX iNOCTPaTUBHUM MaTepiaiom
Towo» (lnbiHa, 1976).

T.A. InbiHa 3a3Hayag, WO NOHATTA «Npobaema» BXKMBAIOTb Y AEKINIbKOX 3HAYEHHAX: }KUTTEBOMY, HayKoBOMY (Npobaema
ONA AOCNiAXKEHHA), HaBYasbHOMY (Npobnema nisHaHa HayKoto, ane € HOBOW Ana cyb’ekTa HaBYaHHA). MpobnemHolo € He
[0BiNIbHA 33fa4a, @ vLe Ta, WO He MA€E CTaHAAPTHOrO PO3B’A3KY i AKY PO3B’A3YI0Tb HE 33 CXEMOHD, a/IFOPUTMOM abo 3paskom,
TOBTO € NepLu 3a BCE MOLWYKOBO. Y HaBYaHHI — Lie NOLYKOBA HaBYa/IbHO-Mi3HaBa/ibHa 33ja4a, o158 PO3B’A3aHHA AKOI MNOTPIOHI
HOBI 3HAHHA i B Npoueci po3B’A3yBaHHA AKOI BOHW MatOTb BYTM 3acBOEHI. 3 iHWOro 60Ky, He KOXHa npobnema € 3agayero:
npobaema morKe icCHyBaTK, afne He BMpiWyBaTMCA. 3aZa4a — Le cnosecHe GopmyntoBaHHA Npobaemun, NPUNHATOT 40 BUPILLEHHS;
B CBOO Yepry npobnema, B3ATa A0 BUPILLEHHSA, | € NOLIYKOBOI HAaBYa/bHO-Mi3HABaNbHO 3a4a4elo.

LLloao cTpyKTypy NpobaemHOro HaB4aHHs, To, Ha AyMKy T.A. InbiHOi, BOHA CniBBigHOCUTLCA 3 eTanamu poboTu cy6’exTiB
HaBYaHHA abo eTanamu BUpIlLEeHHs Npobsemn B NpobaemHin cuTyauii, posrnaHytummn we K. Optoi i C.J1. PybiHWTENHOM.
T.A. InbiHa BUOKpEMAIOE LWiCTb eTaniB BUPiWeHHA Npobaemmn B NpobaemHiin cuTyauii: opmynoBaHHA Npobaemu, aHanis ymos i
BMOKPEM/IEHHA BiLOMOTO BifJ, HEBIZLOMOro, BUCYBaHHA rinoTesu, po3pobKa naaHy po3s’A3aHHA, peanisauisa nnaHy, nepesipka
pe3ynbTaTiB.

B KOHTEKCTi po3rniaay eTanis A0CNIAHULBKOI 4isNbHOCTI cy6’eKTa HaByaHHA T.A. IbiHA aKLEHTYE yBary Ha BaXX/IMBOCTi PO
BMKNaZaya B LLbOMY NPOLECi, 3a3Havatoun, Wo «Xo4a HansuLwa popma NpobaemMHOro HaBYaHHA 3A4iACHIOETLCA 32 MAaKCUMANbHOT
CaMOCTIMHOCTI Y4HA, Lie Y }KOAHOMY pasi He 03HAYaE, WO BUKAALAY 3a/IMWAETLCA OCTOPOHb. Bia HbOro Npu LbOMy NOTPIGHO:
3HaNTM nNpobaemy i CTBOPUTM MPOBAEMHY CUTyauito; 3HATM abo 3HaNTM HaledeKTUBHIWMI cnocib ii BUpILWEHHA; KepyBaTh
eTanamu posraagy npobaemu; yTouHUTH ii opMyntoBaHHA; 4ONOMOITU Cy6’EKTOBI HABYAHHA NPOAHaNi3yBaT YMOBW i BUPOBUTH
naaH po3B’A3aHHA; KOHCYNbTYBATW MOr0 B NPOLLEC BUPILLEHHA; ONOMOITM B 3HaXOAXKEHHI cnocobiB CaMOKOHTPOIO; po3ibpaTn
NOMWIKM 3 TUMM, XTO iX JONYCTUB; OPraHi3yBaT KONEKTUBHE 06roBopeHHs npobaemm» (MasneHko, 2013).

[ucKyciHe NMTaHHA Npo Te, YM € NpobaemHe HaBYaHHSA NigX0A40M, METOL0M, CUCTEMOIO HaBYAHHSA, HA HaLly AYMKY, Ma€E
BMpILLYBaTUCA: rO-rlepwe, B KOHTEKCTi LiIbOBOI KOHUEMNUii OCBiTU; rno-Opyee, Ha OCHOBI BpaxyBaHHA MOTpeb cycnibHOro
PO3BUTKY; MO-mMpeme, B CBITNi MOXK/IMBOCTEW TEOPIi | KOHKPETHOT MeTOAMKMN NPOo6IeMHOro HaBYaHHs. Lle 03Havag, Wwo npobaemHe
HaBYaHHA B Yaci i NpocTopi moxe ByTU NiaxoLom, METOLOM, CUCTEMOIO HaBYaHHA, NPU LbOMY NOBEPHEHHA A0 Napagurmu
«nigxomy» CBIAYUTL HE NPO perpec, a AnLe NpPo eTan CTaHOBNEHHA Teopii Npob1eMHOro HaB4YaHHA — NPO HOBWIA NiAXiA PO3BUTKY
06’eKTa B rnobanisauiiHomy npocTopi.

Y KOHTEeKCTi cyyacHoi negarorikv npobiemHe HaBYaHHA PO3riAAaloThb AK NeaaroriyHy TexHonorito (Lsapaak, 2017), cyTb
AKOT MNONATAE B TOMY, LLLO Cy6’€KTIB HaBYaHHA HEOOXiAHO «MPONYCTUTUY Yepes TaKi eTanu HayKoBOi TBOPYOCTI:

1) noctaHoBKa Nnpobaemu;

2) NOLWYK po3B’A3aHH3;

3) pe3ynbTaT po3B’A3aHHs;
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4) npe3eHTaLjia pe3ynbTaTy.

Mpun ubomy cy6’ekT HaBYaHHA GOPMYE HaBYaNbHYy Npobnemy i BiAKPUBAE HOBE 3HAHHA, BUPAXKAlOUM MOro B MPOCTMX
BMCNOB/IIOBAHHAX. Taka TexHonoria Npob1eMHOro HaBYaHHA J03BO/AE 3aMiHUTU YPOK MOACHEHHA HOBOTO MaTepiany YPOKOM
BiAKPUTTA HOBMX 3HAHb.

Y XXI c1. y 33CO VYkpaiHu icHyBaHHA Npo6J1eMHOro HaBYaHHA CTafo O6’EKTMBHOK peanbHICTIO, AK OAHielo 3
anbTepPHATUBHMX TpagmLUiiHoMy. AfxKe came nNpobnemHe HaBYaHHA CNPUAE NPUCKOPEHOMY Ta BUNEPEAKYBaIbHOMY PO3BUTKY
OCBITM i HayKM, iIHTENEKTYyaNbHUX, Gi3UYHMX, MOPaNbHUX Ta iHLMX MOXANBOCTEN ANA cCaMopeani3alii ocobucrocti. BukopucraHHsa
e/leMeHTIB TaKoro HaBYaHHSA € HeobXigHWM Ana opraHisauii Ni3HaBaNbHOI CAMOCTIMHOCTI Cy6’eKTiB HaBYaHHA, AKe y CBOIO Yepry
NO3MTMBHO BMN/IMBAE HA 3aCBOEHHA HOBMX 3HaHb Ta BMiHb. B 10ro 0CHOBI 1e3KUTb 0COBUCTICHO-AIANbHICHUI Niaxig A0 opraHisauil
npoLiecy HaBYaHHA.

OTxe, npobnemHuin nipxin nepenbayae roTosBHICTb Cy6’eKTIB HAaBYAHHA A0 BUKOPUCTAHHA BXKe 3aCBOEHUX €/IeMEHTIB
3HaHb A/1A Po3B’A3aHHA NPobaeMHOT 3a4a4i. 3BiACK NOCTAE 3aBAAHHA iX NiATOTOBKM 40 KOMNETEHTHOrO PO3B’A3aHHA Npobaemu.
OcKinbkK BUpilWeHHsA Npobaem noTpebye mipKyBaHb, TO Cy6’€KTM HaBYyaHHA 6epyTb aKTMBHY y4acTb Yy 360pi GaKTiB; y HUX
dopMytoTbCA Pi3Hi BMiHHA, BUPOBAAETLCA CMCTEMA OLIHOK | 34aTHICTb BUBOpPY HallimoBipHiWOro po3s’a3aHHA. TO6TO Takuit Niaxig,
CTUMYIOE Cy6’EKTIB HaBYAHHA A0 NOAANBLIOTO AOCNIAMKEHHSA, PO3BMBAE HAaBYa/bHI BMiHHA i 3BUYKY 4,0 TBOPYOro CTU/IO poboTu.

METOAU AOCNIAMEHHA

EmnipnyHi meToam, a came: cnocTeperKeHHA 3a HaBYa/IbHMM MPOLLECOM YYHIB CTApLUOT WKO/IM Npu iX HaByaHHi y 33CO Ta
aHani3 pe3ynbTaTiB iXHiX AOCATHEHb fAK Nif Yac HaBYaHHA, Tak i 34a4i 3HO. MeToaM HayKOBOro MisHaHHA: NOPIBHANBHUIA aHani3
ON1A 3'ACYBaHHA Pi3HMX NOrNAA4iB Ha Npobiemy i LWoAO0 BU3HAYEHHA HANPAMKIB SOCNIAKEHHA; CMCTEMATM3aL,iA Ta y3araJbHEHHA
ons BnacHe GOpMy/ItOBAaHHA BMCHOBKIB i peKOMeHAaL,ii; y3arasbHEHHA MeAaroriyHoOro A0CBigy aBTOPiB, NPOBEAEHUX HUMM
cnocTepeXeHb Ta NeAaroriyHoro A0Csigy NpoBigHUX BUMTENIB | HAYKOBLLIB.

PE3Y/IbTATU AOCNIAXKEHHA

CyyacHomy BumTento matemaTvku B 33CO ayKe BaXKKO 3aLiKaBUTWU Yy4YHIB CBOIM MpeaMeToM, TOMY WO MaTeMaTUKy
BBaXalOTb CKNAAHOO, HYAHOO, HELLiKaBOIO i He KOXHOMY y4yHeBi BOHa 3po3ymina. He 3po3ymina y4yHAM i cama CyTb BUBYEHHA
MaTeMaTUKK. A TOMy nepes BYUMTE/IeM NOCTaE 3aa4a NOACHUTU BAaXKAMBICTb LbOro npeameTa. AKWO 3aBAaHHA KoxHoro 33CO
BMXOBATW BCeHIUHO pO3BUHEHY 0COBUCTICTD, AKA, BUMLWOBLUK i3 33CO 3 aTeCTaToOM «Yy KULLEHI», 34aTHa byae 3HalTN CBOE MmicLie B
JKWUTTi, KOHKYPYBATU Ha PUHKY NpaLli, TO FO/I0BHUM 33aBAAHHAM BUMTENA MATEMATUKM € HABUUTU L0 OCOBUCTICTD MUCAUTH, BMITU
3HAWTW paLioHasbHe PO3B’A3aHHA PI3HMX XUTTEBMX 3aBAaHb. OTKe, MOTMBALLA YYHIB [0 BMBYEHHA MATEMATUKM € OAHIEI 3
HalMBaXKAMBILWMX 33434 BUMTENA MaTeMaTUKK. KoXKeH ypoK NOTPiGHO peTenbHO NAaHyBaTH, @ KOXEH eTan YPOoKy 3pobuTu LikaBum
He nLLEe TUM YYHAM, AKI MaloTb MaTEMATUYHWUI CKAaA PO3yMy, afie 1 TUM, ANA AKMX MaTeMaTUKa € CKNaAHO HayKot. Ha ypokax
AOLiNbHO BUKOPUCTOBYBATU Pi3Hi TEXHONOFiT HaBYaHHA, cepes, AKUX NPIOPUTETHOIO € TEXHONOTIA NPO6aeMHOro HaBYaHHA. Yomy
came npobneMHUI Migxia B HaBYaHHI MaTemMaTUKM? BuBYaOUM MOBEAIHKY YYHIB TPUMBAAUWM Yac Ha ypoKax MaTemaTuKK, MU
3p06MAM BUCHOBOK, LLLO KOJIM HA YpOLi po3irpaHa npobaemHa cutyalis, TO y4Hi 3 iHTEPECOM HamMararlTbCA 3HAUTU 3 Hei BuXia,
PO3KPMBAIOTL CBill NOTEHL,ian.

MpoTe, NOCTiHE BUKOPUCTAHHA Ha YPOKax MaTeMaTUKK npobnemHoro niaxoay notpebye BesIMKUX 3aTpaT Yacy i 3Ha4Hol
nonepeaHboi poboTH BUMTENA MPWU MOro MiaroToBLi. KepoBaHicTb NpoLLecoM HaBYAHHA NPU LbOMY MiAXOAI HUXKYaA, HiX Npu
TpaauuinHomy. OTKe, HEObXigHO PO3ymMHEe MOEAHAHHA LbOro MiaxoAy 3 roToBMM BUKIAAOM MaTepiany i penpoayKTUBHUM
MeToA0M.

B y4HiB, sIKi MO-pi3sHOMY CTaBAATbLCA 40 MATEMATUKM, NPOBAEMHMI nigxia pPO3BMBAE iHTepec 4O NpeameTa, LWo
NPOABAAETLCA MPU BUKOHAHHI 3aBAAHHA «3HAWAM MOMMUAKY». BiNbWicTb 3 HUX HamaralTbCA 3HAWTM L0 MOMUAKY NEPLIMMMU.
MpobnemHuii Niaxig y HaBYaHHI MaTeMATUKKU CNPUAE PO3BUTKY PO3YMOBOT AiANbHOCTI YYHIB, @ TOMY MOTPIOHO HaBYUTK YYHIB
3800yBaTV 3HAHHA HE Ti/IbKK Bif yunTens, a M camocTilHo.

3a3HaunMmo, LWo NpobaeMHUI Niaxig, Wwoao GopMyBaHHA HOBUX 3HaHb AOLLIIbHUI NPU BBEAEHHI MAaTEMATUYHUX MOHATD,
BMBYEHHI HOBMX MaTeMaTUYHUX TBEPAKEHb, PO3B’A3yBaHHI 3a4au.

CbOroAHi akTyasbHWM € CTBOPEHHSA NPOBAEMHOI CUTyaL,ii B HAaBYANbHIM AiANbHOCTI HA YPOKax MaTeMaTUKK 33 JONOMOro0
334,34, NOB’A3aHNX 3 AOBKINNAM.

YYHAM BapTO NPONOHYBATV BUKOHATW TaKe 3aBAaHHA, A1A PO3B’'A3aHHA AKOrO BOHW He MatoTb ,OCTAaTHbO 3HaHb, NOTPIBHO
L MPOo LWOCh HOBE Ai3HAaTUCA, BUBYMTW. TaKi 3aBLaHHA CTUMYNIOIOTL Ni3HABA/IbHY AifNIbHICTb, YYHi PO3YMitOTb, LLLO BUKOHATW MOro
MOXHa AuLe nicna NeBHOi TeOPeTUYHOI NiAroTOBKM. [pOTMPIYYA MK TEOPETUYHMMM 3HAHHAMM | NPAKTUYHOIO AIANLHICTIO
3yMOB/IIOIOTb NPO6AEMHY CUTYaLto, @ B NiACYMKY, aKTMBI3ylOTb Ni3HABaNbHY AiANbHICTb.

OBrOBOPEHHA

BuknapeHe BuLe MNPOINOCTPYEMO Ha BMBYEHHI TemMu «lppauioHanbHi piBHAHHA». Po3rnaHemo 3agadvy, y npoueci
pO3B’A3aHHA AKOI 3’ABNAETLCA HOBMI TUN PIBHAHb, AKWI A0CI HE PO3rNAAABCA.

Ha nouaTky BUBYEHHA TemMu «lppaLioHanbHi PIBHAHHAY MOXHa PO3rAAHYTU Taky 3agady 1 (Akipi, 2012): Y depmepa € asi
LiNAHKM KBaapaTHOT GOpMM A5t BUPOLLYBaHHSA 3€PHOBMX KyabTyp. MNowa ogHiei 3 HUX Ha 2,25 ea meHLWwa iHwWoi. 3HalAiTb naoLy
KOXHOI AiNAHKK, AKLWLO BIAOMO, WO 3arajibHa AOBMXMHa Oropoxi gopisHtoe 1800 m.

Hexait x M2 — niowa nepwoi AinaHKKW, Toai x-22500 m2 — naowa Apyroi AiNAHKK. YuHi, 3acTocysaswm dopmyan ans
obumncneHHn niowi S=a? Ta nepumeTpa KBagpaTa P=4q, ae a — CTOPOHA KBaApaTa, OTPUMAIOTb PiBHAHHSA

4+/x+4+/x = 22500=1800,
AIKe HAa3MBAIOTb IPPAYIOHANLHUM.
TaKoX, BUBYEHHSA ippaLioHaNbHUX PIBHAHb MOXHA PO3MOYaTH i3 PO3B’A3yBaHHA HACTYMHOI reoMeTpUYHOI 3agadi 2:
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Y npAMOKyTHOMY TPUKYTHMKY ACB nposegeHo BucoTy CD, AKa AinuTb rinoteHy3y AB Ha
A Biapi3kn AD=5 cm i DB=2 cm. Bigomo, wo cyma posxuH ctopiH AC i CB gopiBHIoE 9 cm.
3HainTu CD.
3a Teopemoto Midaropa 3 TpuKyTHMKIB CDA i CDB (aus. puc. 1) 3Haingemo
AC2=CD2+AD?, CB2=CD%+DB2.
Hexalt goBuHa Bigpiska CD gopisHtoe x cm. Tog,i
D AC2=x2+52, CB2=x%+22,
3a ymoBoto AC+CB=9. OTe, OTPUMAEMO PiBHAHHA
Vx?2 + 25+Vx2 + 4=9.
B Mepes yyHAMM BUHMKAQ npobnema po3B’A3yBaHHA PIBHAHHA, B AKOMY HeBigome
C MICTUTbCA Nig, 3HAaKOM KOpeHA. YuuTenb NOBIAOMAAE, WO TaKe pPiBHAHHA Ha3MBalTb
Puc. 1 ippayioHanbHUM, i NPONOHYE CHOPMYTHOBATU O3HAYEHHSA iPPaLiOHANIbHOMO PIBHAHHA.

YyHi popmytoTb 03HaYEHHA. Toai BUMTENb NOACHIOE CNOCOOU PO3B’A3yBaHHA ippaL,iOHaNbHUX PiIBHAHD.

Y nigpy4Hukax 10-ro Knacy (piBHa ctaHaapT) (Mep3nsk, 2018; HeniH, 2018) HaBeAeHO TaKe 03HAYEHHA ippaLioHaNbHOro
PiBHAHHA:

O3Ha4yeHHA. PiBHAHHSA, Y AKMX 3MiHHA MiCTUTbCA MNiJ, 3HAaKOM KOPEeHsA, Ha3nBatloTb ippayioHanbHUMU.

3aysaxceHHA. BapTo 3a3Ha4MTH, WO TaKe 03HAYEHHA MOXKHA AaBaTu, AKLLO We He BBeAeHO NOHATTA TPaHCUEHAEHTHUX
bYHKLUIN (YHKLiN, AKi He € anrebpaiyHMmu). EnemeHTapHUMM TPAHCLLEHAEHTHUMW QYHKLiAMM € MOKa3HMKOBA, orapudmiyHa Ta
TpuroHomeTpuyHa OyHKuUii. Lii Buan ¢yHKUi BMBYAKOTb MiciA BBEAEHHA MOHATTA ippauioHanbHOCTi, 60 Toai AK TpakTyBaTh
PiBHAHHA sinVx?Z = 3=1.

PO3B’AXeMo oTprMaHe BULLE PIBHAHHA: VX2 + 25+Vx?2 + 4=9.

Po3e’azaHHA. NMepeHecemo Bupas Vx?% + 4 y npaBy 4acTUHy PIBHAHHA Ta nigHecemo obuUABI YaCTMHKM A0 KBaapaTy, B
pe3ynbTaTi OTPUMAEMO

x24+25=81-18Vx?2 + 4+x2+4;
18Vx? + 4=60;
VAT A=

8 . . - .
=-§— He 3a40B0/IbHAE YMOBY 3a4a4l, OCKIZIbKU A0BXWHaA BIPI3Ka HE MOXKe 6yTVI BI,CI,'EMHO}O.

8
OTxe, CD=§.

Po3rnaHemo HacTynHe piBHAHHA: VX — 5=vx=+/5. Un € LA PIBHICTb 3aBXAW MPaBWU/IbHOIO, IHOAI YM HIKOU He €
npasuabHoto? (Swan, 2015).

Po3B’sA3aHHA. Y LbOMY 3aBAaHHI BBaXKaTUMEMO, LLLO NiAKOpeHeBM I BUpa3 HabyBaE nLe HeBig EMHUX 3HaYeHb. Baxineo,
W06 y4Hi 3p03ymiNv NpobAemMHY CUTYaLito | BUTPATUAM NEBHUI Yac Ha PO3AYMM HAZ TUM, LLLO HEODOXiAHO 3HATK A/1A PO3B'A3aHHA
NMOCTaB/IEHOTO 3aBAAHHA. AKWO y4YHi MPUCTYNalOTb A0 PO3B’A3yBaHHA 3ajadvi, TO BYUUTE/Ib MOBMHEH 3a0XOTUTWU iX BMOpaTH
3HAYeHHs, AKe NOTPIOHO NiACTaBUTU B PIBHAHHSA.

Mpw po3B’A3yBaHHI NOTPIOHO aKLEHTYBaTM yBary Ha HacTyNMHUX 3aMUTaHHAX:

1)BM3HAUMTM 3HAYEHHA AN1A X, AKE POOUTb TBEPAKEHHA HEMPABUAbHUM. A Tenep BU3HaY LLe ...

2)4Yn moxKkeTe BU3HAUUTU 3HAYEHHA O1A X, iIKe POOUTL TBEPAKEHHA NPAaBUNbHUM? [x=5]

3)4Yn moxKeTe BU3HAUUTY LLLe OAHE 3HAYeHHA? [Hi]

4)AK pisHaTmCA, Wo ix binbwe Hemae?

TaKMM YMHOM, MU MOXKEMO 3HANTM BaraTo 3Ha4YeHb ANA X, AKI POBAATb TBEPAKEHHA XMOHWUM, | O4HE 3HAYEHHS, 33 AKOTO
BOHO € iCTUHHUM. OT}Ke, UM € LA PIBHICTb 3aBXKAN NPABUAbHOLIO, iHOAj UM HIKOAW He € NPaBUAbHOIO? [IHOA] NPaBUIbHOLO]

[na Toro wob aaTv BiANOBIAb Ha Te, UM € NPABU/IbHOIO PIBHICTb, MOXHA TaKOXK PO3TNAHYTU HACTYMHE PIBHAHHA:

Vx=V5=Vx -5 (1)

MigHecemo A0 KBaApaTy NiBY YaCTUHY PiBHAHHA (1), oTpUMaemo

(VX =V5) =(vx = V) (Vx = V5)=x-2-Vx/5+5.

MigHecemo [0 KBaApaTy NpaBy YacTMHY PiBHAHHA (1), B pe3yabTaTi MaTUMeMo

(\/x -5)2=x—5.

X-5=x-24/x/5+5;
2/x+/5=10;
Vx/5=5;
Xx=5.
Baxk/nnBo, W06 Y4Hi 3po3yminu, Wo x=5 € po3s’A3KOM nigHeceHoro Ao KeBagpaTy PiBHAHHA Vx =v/5=\x - 5. Anxke
nigHeceHHA 40 KBagpaTy 060X CTOPIH NOYATKOBOrO PiBHAHHA MOXe MPU3BECTM A0 NOABWU CTOPOHHIX KopeHiB. OT)Ke, 3a3BMYait
noTpi6Ho Byno 6 nepeBipnTH, YM X=5 3a40BO/IbHAE BUXiAHE PIBHAHHA, ane HacnpaBAi B LLbOMY MU NEPEKOHANNCA LLE Ha NOYaTKy.

OTke, BUpa3um byayTb PiBHUMMU, AKLLO
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TakMM YMHOM, BMKIAL, maTepiany Nos’A3aHWi 3 ippaLioOHaNbHUMWU PIBHAHHAMM, NPEACTAaBAEHO Y BUTAALI MOLUYKY
po3B’A3aHHA NPobaeMHOT cuTyauii, aHani3ytoum AKy, cyb’€eKTM HaBYaHHA BUCYBAtOTb riNoTe3u AAA ii NOACHEHHS, 3aCTOCOBYIOTb
CBOI 3HaHHA, A0CNIAKYIOTb MOMK/IMBOCTI Ta CNOCO6MU ii po3B’A3aHHS.

BMCHOBKM TA NEPCMNEKTUBU NOAA/IbLLOIO AOCNIAXKEHHA

MNiacymoBytoum, 3a3HaYMMO, WO ippaLioHaNbHI PiBHAHHA NOTPEBYOTb YMiHHA NPOBOANTU AOCNIOKEHHSA Pi3HUX peanbHUX
CUTYaLii1 Ta 3HaHb TEOPETUYHOTO MaTepiany. Ha Hawy AymKy, came NpobaemHUI NigXia € akTyanbHUM NPU BUBYEHHI AaHOT TeMu,
afrKe BiH CTUMYJIIOE YYHIB A0 NOAANbLWOro AOCNIAKEHHS, PO3BMBAE HaBYA/IbHI BMiIHHSA Ta 3BUYKY 40 TBOPYOro CTU/IO poboTHu.

Kpim Toro, 3actocyBaHHA NpobaeMHMX CUTyaLili Ha YPOKax MaTemMaTuKun GopMye perynaTUBHI yHiBepcaibHi HaBYanbHi Aji,
Wwo 3abe3neyyoTb YMiHHA pPo3B’A3yBaTM Npobnemu, BogHo4ac BiAbOYBAETLCA GOPMYBAHHA M iHLWIMX YHIBEPCANbHUX HaBYa/IbHUX
O — KOMYHIKaTUBHMX, Ni3HABa/IbHUX.

Moaanblue BUBYEHHSA ippaL,ioHaNbHUX PiBHAHb | HEPIBHOCTEM NOBUHHO BigbyBaTUCA Ha GaKyNbTaTUBHUX 3aHATTAX y 33CO
i Npu BMBYEHHI Kypcy «MeToaMKa BMKNAZAaHHA mMaTemaTrkmn» y 3BO ana GopmMyBaHHA HaBMYOK 3acCTOCYBaHHA NpobiaeMHOro
nigxoAy Npv AOCAIAMKEHHI A0BKIANA.
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APPLICATION OF THE PROBLEM APPROACH IN TEACHING IRRATIONAL EQUATIONS IN THE HIGH SCHOOL
Alina Skorolitnia, Ivan Jitariuk
Yuriy Fedkovych Chernivtsi National University, Ukraine

Abstract. The peculiarities of applying the problem approach in the context being implemented are considered, and the irrational equations of
search for solutions to the problem situation, by forming regulatory universal learning actions of high school students, which can
improve understanding of the material they saw.

Formulation of the problem. Analysis of the current performance of high school students and the results of external independent assessment in
mathematics indicates the need for changes in the system of teaching mathematics, especially high school. High school students are
losing interest in mathematics due to the lack of understanding of the application of their future knowledge. Successful self-
realization in a modern globalized society requires certain knowledge of mathematics, and if you choose a future profession related
to the latter, you need more thorough knowledge in mathematics using innovative learning technologies that contribute to the
formation of a high level of practical competencies. The application of the problem approach, in particular in the study of irrational
equations and inequalities, in high school is given little attention, even in classes with in-depth study of mathematics.

Materials and methods. To achieve the goal of the proposed article, empirical methods were used, namely: observation of the educational process
of high school students during their studies in general secondary education institutions and analysis of the results of their
achievements both during training and passing the external evaluation. In addition, the methods of scientific cognition were used:
comparative analysis to clarify different views on the problem of determining the directions of research; systematization and
generalization for the actual formulation of conclusions and development of recommendations; generalization of the pedagogical
experience of the authors and their observations.

Results. Teaching mathematics in high school requires modification of standard methods and approaches, and therefore the paper reveals the
features of the problem approach in introducing the concept of "irrational equation" and solving irrational equations using
interdisciplinary links. It is emphasized that the problem approach requires the ability to conduct research on various real situations
and knowledge of theoretical material.

Conclusions. Using a problem-based approach to teaching math in high school changes the way we study and teach. In addition, this approach
ensures the comprehensive development of personality and directs high school students to further research in mathematics. The
proposed tasks will be useful for both students and teachers of general secondary education institutions.

Key words and phrases: irrational equation, problem approach, problem situation, problem learning, high school.
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