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ABSTRACT

Formulation of the problem. The motivation of students to study a subject at school largely depends on the methodology
used by the teacher in the teaching process, and his or her ability to convey new knowledge to students in an interesting and
accessible form. This problem becomes especially relevant in the context of the New Ukrainian School project, which involves
shifting the emphasis in the learning process from the teacher to the student and puts in the forefront the needs of the latter.
For a child to be interested in learning and sufficiently motivated, a teacher should have an answer to the question "Why do
we need to learn this?" The method of expedient problems gives one of the possible answers to this question, helps the
teacher to motivate the student to study mathematics, and indicates directions for further use of mathematical knowledge.
The importance of developing students' ability to apply mathematical knowledge in practice is further confirmed by the results
of the International Comparative Studies PISA 2018 and PISA 2022, as well as statistical reports of the Ukrainian Center for
Educational Quality Assessment in Mathematics.

Materials and methods. To achieve our goal, we use a theoretical analysis of the methodological literature related to the chosen
research topic. We also implement empirical methods, including conducting our own survey via Google Forms, observing the
educational process in secondary schools, and analyzing students’ performance.

Results. To study the feasibility and possibility of using the method of expedient problems in teaching mathematics in the
NUS, we surveyed 290 mathematics teachers with different pedagogical experiences and qualifications from all regions of
Ukraine. In particular, we assumed the effectiveness of using expedient problems in the process of teaching mathematics. The
survey was conducted anonymously and online via the Google Forms platform. The results of the survey show that a significant
number of respondents are familiar with the method of expedient problems and regularly or constantly use such tasks in the
learning process. In addition, they are convinced of the need to include such tasks in existing math textbooks. The survey also
shows at what stages of the lesson and when studying which content areas of the mathematics course, in the opinion of the
respondents, it is most appropriate to use the method of expedient problems.

Conclusions. To ensure the proper quality of students' acquisition of the necessary competencies envisaged by the New Ukrainian
School project, the use of appropriate tasks at different stages of the lesson and in the study of different content areas of the
school mathematics course is quite appropriate and possible. Although only half of the surveyed teachers currently use such tasks
in their pedagogical activities regularly, most of the respondents consider them useful. In addition, teachers express a wish to
provide methodological support for the effective implementation of appropriate tasks in the educational process, in particular, in
the form of ready-made didactic materials and methodological recommendations for their creation.

KEYWORDS: New Ukrainian School; competence-based approach to learning; motivation to learn; method of expedient
problems; activation of cognitive activity.
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AHOTAUIA

MocraHoBKa npo6aemu. MoTVBaLlif Y4HIB 40 BUBYEHHA NpeMeTa B LLKO/ 6arato B HOMY 3a/1€KUTb BiJ, METOAMKM, AKY 3aCTOCOBYE
BUYMTE/b Y NPOLLECI HABYAHHSA, MOr0 BMiHHA B LyiKaBil | 4OCTYNHI GOpMi JOHECTU A0 Y4YHIB HOBI 3HaHHA. OCOBAMBOI aKTyaNbHOCTI UA
npobnema HabyBae B KOHTEKCTI peani3auii NpoekTy «HoBa YKpaiHcbKa LLKona», akvit nepeabavae 3milLeHHA aKLEeHTIB y npoueci
HaBYaHHA 3 YUUTENA Ha Y4HSA, CTAaBUTb Ha YifbHe MicLe came ioro notpedbu. Ana Toro, Wwob AuTvHa byna 3aujkaBneHa B HaBYaHHI Ta
6yna [0CTaTHBO MOTMBOBAHOID, BAPTO BUMTE/NO MATK BiANOBIAb Ha 3anuTaHHA «HaBilo Bam NOTPIGHO LboMy BUMTUCA?». MeTog,
[OOUINbHUX 33fa4 [a€ OAHY 3 MOM/IMBMX BiANOBIAEN Ha Ue 3anWTaHHA, AOMNOMAra€ BUYMTENIO MOTMBYBATM YUYHA A0 BUBYEHHA
MaTeMaTUKKM, BKA3ye HaNPAMKWM ONA NOAANLLUIOMO BUKOPWUCTAHHA MaTeMaTUYHUX 3HaHb. BanuBICTb PO3BUTKY BMIHHA Y4YHIB
3aCTOCOBYBaTM MaTeMaTUYHI 3HAHHA Ha MPaKTULi A0AATKOBO MNiATBEPAXYIOTb pesynbTat MixXHapoAHMX MOPIBHANbHUX
pocnipxeHb PISA 2018 ta PISA 2022, a Tako cTatucTuyHi 38iTM YLIOAO W00 TecTyBaHHA 3 MaTeMaTUKM.

Marepianu Ta merogu. 15 [OCATHEHHS HALWOI METU MU BUKOPUCTOBYEMO TEOPETUYHWIA aHaNi3 MeToAMYHOI NiTepaTypu, sika
CTOCyeTbcA 06paHOi TeMU AOCNIANKEHHA. TaKOX MU BMNPOBAAKYEMO EMMIPUYHI METoAM, 30Kpema, NPOBEAEHHA BNACHOTO
onuTyBaHHsA Yepe3 Google Forms, cnocTepeeHHA 3a HaBYa/IbHUM MPOLLECOM Y 3ara/lbHOOCBITHIX LUKOMAX i aHani3 ycnilwHOCTi
YYHiB.

Pesynbratn. [1nA BMBYEHHA NUTAHHA AOLNIbHICTb i MOXAUBICTb BUKOPUCTAHHA MeToAy AOLiNbHMX 33434 Nif 4ac HaBYaHHA
matematnkn B HYLL 6yno nposeseHo onuTyBaHHA 290 BYMTENiB MATEMaTMKM 3 Pi3HUM NeJaroriyHMm AOCBiAOM Ta
KBanidikayjeto 3 ycix obnacteit YkpaiHW. 30Kpema, Hamu 6yn0 BUCYHYTO MPUNYLLEHHA NPO eDEKTUBHICTb BUKOPUCTAHHA
[OUINBbHMX 33434 Y Npoueci HaBYaHHA MaTemaTuku. OnuTyBaHHsA BiabyBanocs aHOHIMHO Ta OHMalH yepes naatdopmy Google
Forms. Pe3ynbTaTi onuTyBaHHA CBiAYaTh, O 3HAYHA YaCcTMHA PECNOHAEHTIB 3HAOMi 3 METOAOM AOLINbHUX 33434 i perynapHo
a60 NocTiHO 3aCTOCOBYHOTH TaKi 3aZayi B HaBYabHOMY NpoLeci. Kpim Toro, BOHM NnepekoHaHi B HEOBXiAHOCTI BK/IIOYEHHA TaKMUX
3aBAaHb A0 AiuMX NiAPYYHUKIB 3 MaTEMATUKK. Y ONWUTYBAHHI TAaKOXK BiZ0OPaXKeHOo Ha AKMX eTanax ypoKy Ta NPy BUBYEHHI AKUX
3MICTOBMX NiHiN Kypcy MaTemaTUKK, Ha LlyMKY PecrioHAEHTiB, HalbinbL AOLi/IbHO BUKOPUCTOBYBATU METOZ, AOLiNIbHUX 334au.

BucHoOBKU. 117 3a6e3neyeHHA HaNeKHOI AKOCTI HabyTTA yYHAMM HeOobXiAHWX KOMMeTeHTHOCTel, nepeabayeHnx peanisaLieto
npoekTy «Hosa YKpaiHcbKa LLIKona», BUKOPUCTAHHA AOLLINBbHUX 33434 Ha Pi3HUX eTanax YPOKyY Ta NP1 BUBYEHHI Pi3HMX 3MICTOBMX
NiHIM WKINbHOTO KypCcy MAaTEMATUKM € LLIIKOM AOPEYHUM | MOXIMBUM. | XO4 Hapasi nLLe NONOBMHA ONUTAHMX YYUTENIB ONUTAHMX
NOCTINHO BMKOPWCTOBYE TaKi 3a4ayi B CBOIM NeAarorivyHii AianbHOCT, ane BifblicCTb ONUTAHMX BBAXKAtOTb X KOpUCHUMM. Kpim
TOro, BYMTENi BUCNOBNIOIOTL NOBAXKaHHA WOAO HAAAHHA METOANYHOI NIATPUMKM ANA eDEKTUBHOTO BNPOBAAMKEHHA AOLINbHUX
33/1a4 Y HABYa/IbHMI MPOLEC, 30KPEMA, Y BUIMIALI FOTOBUX AMAAKTUYHMX MaTepianiB Ta METOAMYHMX PeKOMeHAaLiM Woao ix
CTBOPEHHA.

KNKOYOBI C/IOBA: Hosa YkpaiHceKka LLKona; komnemeHmHicHuli nioxio 0o HaBYAHHA; Momueayia 00 HABYAHHA; Memoo
doyinbHUX 3a00a4; aKkmusizayia nizaHasasnbHoi dissnbHocMI.

INTRODUCTION

Statement of the problem. Analysis of current research. The New Ukrainian School (NUS), a project to reform the
Ukrainian education system, is based on a competency-based approach to learning and aims to create a happy and self-realized
personality in the future social and professional life. In other words, the NUS project involves shaping the content of school
education based primarily on the needs of the child (NUS, 2024). According to the State Standard of Basic Secondary Education
(MES of Ukraine, 2020), the mathematics field is also responsible not only for the formation of professional mathematical
competence but also for the acquisition by students of many important general competencies that will contribute to the
achievement of this goal. In this context, the problem of activating students' learning and cognitive activity in mathematics, their
interest in the learning process itself, and not just in its results, becomes extremely important.

Many studies have been devoted to the problem of activating cognitive activity, both by Ukrainian (Lytvynenko, 2002;
Pyrozhenko & Pometun, 2004; Mosiychuk et al., 2017; Kochubey et al., 2022; etc.) and foreign authors (Stain, 1998; Baumert et
al., 2010; Brett 2012; Ploger et al., 2019; Mahfud et al., 2020; Bakken & Andersson-Bakken, 2021; etc.). Most of them emphasize
the importance of students' emotional involvement in the process of cognitive activity in mathematics lessons, as well as a
positive perception of mathematics as a science in general and its study at school in particular. Therefore, research on methods
of achieving this emotional involvement and forming a positive emotional background in mathematics lessons is relevant and
appropriate. The importance of developing students' ability to apply mathematical knowledge in practice is further confirmed by
the results of international comparative studies PISA 2018 and PISA 2023 (Mazorchuk et al, 2019; Bychko et al., 2023), as well as
statistical reports of the Ukrainian Center for Educational Quality Assurance on mathematics testing (UCEQA 2024).

At the end of the nineteenth century, a well-known mathematician and methodologist of the time, Semen Shokhor-
Trotskyi, first proposed the method of expedient problems as an effective tool in teaching mathematics (Shokhor-Trotskyi, 1913).
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His idea was to start mathematics lessons with tasks and problems that would encourage students to develop new ideas about
the material being studied and to activate their mental activity. This approach not only paved the way for the acquisition of
mathematical knowledge, but also encouraged students to actively participate in the learning process. It was this method that
evolved into the modern concept of "Learning by doing", which is used in modern methodological science to stimulate students'
interest in learning mathematics (sources).

The method of expedient problems can be used at different stages of the lesson and for different purposes, but in this
article we will focus on its application at the stage of motivating students to cognitive activity. This stage plays a very important
role in creating the basis for further successful learning of mathematics. Motivational tasks help to stimulate students' interest
in the subject, forming a positive attitude towards learning. It is important to note that it is at the initial stage of the lesson that
the activation of interest in the material being studied has a great impact on the further efficiency and effectiveness of the
learning process.

Solving applied problems helps develop problem-solving, critical thinking, and creativity skills. They help students
become more interested in mathematics, understand mathematical theory, and prove that the knowledge they have acquired
can be applied in practice, including in everyday life. An additional effect of using motivational tasks is to increase students' self-
esteem and belief in their abilities. This helps students to be more confident, which, in turn, increases their motivation to continue
studying mathematics and achieve success in this area. In addition, motivational tasks can help to engage students who have not
previously been interested in math, as well as create a positive emotional background in the classroom. Thanks to such tasks,
students can feel that mathematics is not just a set of complex formulas and abstract concepts, but also an interesting and
practical tool for solving real problems.

For example, one of the possible motivational tasks in an algebra course could be how to increase revenue from the
sale of goods. Students could be asked to solve a problem in which they have to find a way to increase revenue while keeping
costs at a minimum. This problem can be quite interesting, as it not only helps students understand not only algebraic methods,
but also gives them the opportunity to put their knowledge into practice and experience the importance of math in real life.

The use of appropriate motivational tasks in the study of the main content areas of school mathematics (Numbers and
Expressions, Equations and Inequalities, Functions and Their Graphs, Planar and Space Geometry, Elements of Combinatorics and
Stochastics) has several advantages. Firstly, such tasks contribute to the implementation of the course on the applied orientation
of the mathematics learning process, which helps students see the application of mathematics in real life. Secondly, solving
practical problems contributes to the development of students' skills of analysis, critical thinking, and finding optimal solutions
in their daily practical activities. Finally, thirdly, this approach makes it possible to establish a connection between abstract theory
and its practical application, which can stimulate students to be more active and interested in learning the material in math
classes. Although the method of expedient problems is not all-pervasive, and other approaches to learning new material in
mathematics lessons should not be underestimated, this method is attractive because it allows students to solve problems
independently through communication with classmates. In this context, the teacher only needs to organize the discussion,
providing support with appropriate questions.

In this paper, we plan to formulate and experimentally test the hypothesis about the feasibility and possibility of using
the method of expedient problems at different stages of the mathematics lesson in the NUS, as well as to find out how popular
this method is among the community of Ukrainian mathematics teachers and how they use it in their pedagogical activities. Based
on our own pedagogical experience and the results of the analysis of the teacher survey, we will also formulate some
recommendations for NUS mathematics teachers on the prospects and possibilities of using the method of expedient problems
to activate students' cognitive activity.

METHODS OF RESEARCH

To achieve the research objectives, we use a theoretical analysis of the methodological literature related to the chosen
topic. We also use a number of empirical methods: conducting our own survey using Google Forms, observing the educational
process in secondary schools, and analyzing students' achievements. In this article, we also use various methods of scientific
cognition: comparative analysis to find out different points of view on the problem; systematization and generalization to
formulate conclusions and recommendations for enhancing students' cognitive activity in mathematics lessons; we also
summarize our own pedagogical experience and the authors' observations of the process of teaching mathematics in Ukrainian
schools.

RESULTS OF THE RESEARCH

The theoretical analysis provides the basis for formulating a hypothesis about the appropriateness of using the method
of expedient problems in teaching mathematics to secondary school students. To test this hypothesis and determine the
prospects for further use of expedient problems in the educational process, we conducted a survey of teachers. The survey was
conducted anonymously and online using Google Forms. It involved 290 teachers working with students in grades 5-11 of
secondary schools from all regions of Ukraine, who had different work experience and qualifications. Below is a list of questions
and an analysis of the answers. If the question included multiple answers, the percentage of the total number of respondents
who chose this option is indicated for each of them.

Question 1. Are you familiar with such a method of teaching mathematics as the Method of Expedient problems and
how often do you use it ("According to this method, mathematics is taught using tasks. The study of any topic begins with tasks,
which naturally provides motivation to study theoretical material. When studying the theoretical material of a topic, students
mainly solve problems" (Slepkan, 2006)?



Tom 39, Ne 1/ Vol. 39, No 1 (2024)

dizuko-maTtematuuHa ocsita / Phisical and Mathematical Education

Answer option Quantity %
Yes, all the time 16 5,5
Yes, often 104 35,9
Yes, sometimes 142 48,9
Yes, | do not use 13 4,5
No, | don't use it at all 15 5,2

As we can see, almost all of the surveyed teachers (about 90%) use expedient problems in their work to varying degrees,
while only 5% of the respondents are not familiar with the definition of an expedient task. This is natural, since all respondents
have a pedagogical education, and thus should be familiar with the classical theory and methods of teaching mathematics, where
the corresponding definition is introduced. In addition, the need to activate students' learning and cognitive activity in various
ways is always relevant, and the use of appropriate tasks for this purpose seems quite natural.

Question 2. In your opinion, at what stages of the lesson should the method of expedient problems be used (several

options are possible)?

Answer option Quantity %

Motivation of educational and cognitive activity 221 76,2
Updating basic knowledge and methods 116 40,0
Formation of new knowledge and ways of action 180 62,1
Reinforcement, formation of skills and abilities 144 49,7
Reflection on educational and cognitive activity 70 24,1
Assessment of students' learning achievements 51 17,6

The answers to this question show that the method of expedient problems is most effective at the stage of motivation
of educational and cognitive activity, as the student needs to be interested, show the need to study a new topic, and reach most
of the audience. At the stage of updating basic knowledge, forming new skills, and consolidating the use of the method of
expedient problems is less popular, but still effective, because having learned the basic concepts in the previous stages, the
student can already solve problems that were previously beyond his or her reach, which inspires faith in opportunities, increases
self-esteem, and motivates further study of mathematics in general. As for reflection and evaluation, the low popularity of the
choice is also understandable: much less class time is allocated to these stages, which is sometimes a problem for fully capturing
the essence of the task at hand.

Question 3. To which content area in the course of algebra in secondary school, in your opinion, is the method of
expedient problems most applicable (multiple choices are possible)?

Answer option Quantity %

Numbers and expressions 148 51,0
Equations and inequalities 226 77,9
Functions and their graphs 173 59,7

We focused our attention on algebraic content lines, because for geometric material, the division by content lines does
not reflect the possibilities of applying the method. Here it is better to choose another basis for classification, for example, the
class of geometric objects being studied (triangles, quadrilaterals, circle and circle, polyhedra, bodies of rotation, etc.)
Unfortunately, the content area "Elements of combinatorics and stochastics" is currently presented in secondary schools in a
rather fragmented manner, and therefore it is predictably among the outsiders, not because of its lesser importance, but because
of the scope of study.

Among the algebraic content areas, the most popular among the surveyed teachers is the content area "Equations and
Inequalities" (almost 78% of respondents). This choice is quite natural, since equations and inequalities are a mathematical model
of many processes from different fields: physics, chemistry, biology, economics, etc.

Question 4. In your opinion, what is the best source of relevant tasks?

Answer option Quantity %

A current math textbook 75 25,9
Collections of tasks 103 35,5
Internet 52 17,9
Own imagination 49 16,9
Other option (specify) 11 3,8

As we can see, the opinions of the surveyed teachers were divided on this issue, as it would be natural, in our opinion,
to choose an existing textbook as a source of appropriate tasks. Indeed, a textbook is a book that is always at hand, always with
students and teachers. However, current mathematics textbooks, unfortunately, do not contain an appropriate number of
appropriate tasks, they are used in explaining new material rather fragmentarily - both to motivate cognitive activity and to form
new knowledge and ways of doing things. The results of the survey show that teachers are dissatisfied with the number of
appropriate tasks in textbooks and that an urgent problem is to increase the number of such tasks in NUS math textbooks.
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The most popular source of appropriate tasks (more than a third of respondents) was collections of tasks, which is also
understandable, since for each individual class and even sometimes for each individual student, an appropriate task should be
selected personally. Only about one in six of the respondents mentioned their own imagination as the best source of appropriate
tasks, which also seems natural, since there are not many teachers capable of pedagogical creativity. It is somewhat surprising
that the Internet is still not a trend as a source of appropriate tasks, which further emphasizes the relevance of such developments
and the appropriateness of their placement on the Internet. Among the other options mentioned, it was said that all of the above
are the best sources, i.e. they work together.

Question 5. In your opinion, is the method of expedient problems applicable to every topic of the secondary school
algebra course?

Answer option Quantity %
Yes, to all of them 26 9,0
To most 186 64,1
No, only to some topics 77 26,6
This method is not appropriate for algebraic topics 1 0,3

As noted above, the method of expedient problems cannot claim to be universal, since we should not forget about the
classical methods of teaching mathematics. However, it is quite popular among teachers and is constantly used by them in their
pedagogical activities - almost two-thirds of respondents believe that it is appropriate for studying most topics in the algebra
course.

Question 6. How do you assess the degree of students' interest in learning mathematics when using the method of
expedient problems?

Answer option Quantity %
High degree of interest 78 26,9
Moderate level of interest 187 64,5
Low level of interest 9 31

| have no information 16 5,5

Almost two-thirds of the respondents said that the use of expedient problems has a moderate effect on the level of
students' interest in learning mathematics. This is also consistent with our theoretical considerations, since none of the teaching
methods can act as a panacea for activating cognitive activity, including the method of expedient problems studied in this paper.
One of the possible reasons for the moderate effect of using expedient problems is that teachers were unable to find an area of
direct interest to students in a particular class when studying a particular topic. Teachers who do not have information about the
degree of students' interest in mathematics after using the method of expedient problems (less than 6%), in our opinion, should
conduct a survey among their students, because without feedback it is difficult to improve the educational process.

Question 7. What advantages do you see in using the method of expedient problems in teaching mathematics? The
most popular answers to this question include the following:

e students can answer the question "Why do we need to learn this?"

e conscious learning of mathematics;

e students become more motivated;

e applied orientation of what is learned;

e avoidance of formalism when learning a new topic;

e development of logical and critical thinking;

e development of students' competencies.

This list is a generalization of the opinion of the interviewed teachers, but there were many more advantages listed. It
seems natural to us to choose these positive aspects of using the method of expedient problems, and we believe that this list is
an excellent motivator for the use of such tasks in mathematics lessons in NUS.

Question 8. In your opinion, what difficulties can be encountered when using the method of expedient problems?

Among the shortcomings highlighted by the respondents were the following:

o the need to spend a lot of time preparing such tasks;

e |ack of data sources for such tasks;

o Difficulties in using tasks with regard to student differentiation;

e general inability of students to use mathematics in practice;

e students' inability to analyze the conditions of a story problem;

o the possibility of choosing a task that will not interest students.

We believe that these difficulties can be overcome, in particular, by teachers studying scientific and methodological
literature on this issue, taking advanced training courses and participating in webinars on this topic, as well as other forms of self-
education directly related to the use of appropriate tasks. But any path begins with the first step, so we advise teachers to at
least try to use this method of activating learning and cognitive activity in mathematics lessons in the NUS.

Summarizing all the survey data, we can note that, in general, according to the respondents, the use of the method of
appropriate tasks in teaching mathematics in NUS has significant potential to increase students' interest and motivation.
However, the survey shows that teachers need to be careful when choosing and using tasks, paying special attention to the
interests and level of students' preparation. It is also important to consider diversity in teaching materials in order to make
learning as effective and interesting as possible for each student. The importance of aligning the use of appropriate tasks with
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the general methodology of teaching mathematics and the characteristics of each individual class also requires teachers to
constantly improve themselves and search for new methods and approaches to teaching. This may include participation in
professional development programs, sharing experiences with colleagues, and using innovative technologies in teaching, etc.

CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

According to our pedagogical experience and the survey of Ukrainian mathematics teachers, the method of expedient
problems is well-known and quite popular in the learning process. This method is appropriate for activating the cognitive activity
of NUS students, increasing their motivation to learn mathematics and apply mathematical knowledge in practice. Relevant tasks
really help to increase students' interest in new mathematical knowledge and make the acquisition of this knowledge emotionally
positive and conscious.

At the same time, the survey shows that only a few teachers tend to create expedient problems on their own, even
though they see the need for such tasks for most topics in the school mathematics course. Currently, there is a certain shortage
of sources of high-quality expedient problems, as they are present only fragmentarily in textbooks, and it is difficult to find them
on the Internet, especially in its Ukrainian-language sector. Therefore, it can be assumed that the community of experts in the
field of mathematics didactics is requested by mathematics teachers to create a sufficient number of expedient problems, in
particular, to include such tasks in existing mathematics textbooks.

One of the possible answers to this request is the 7th grade mathematics textbook by the NUS team of Oleksandr
Shkolnyi, Yevhen Nelin, Andrii Mylianyk, and Yuliya Prostakova, which has been approved by the Ministry of Education and
Science of Ukraine for use in the educational process. In this textbook, which is currently being piloted (pilot manuals: Shkolnyi
et. al., 2023), each item begins with a discussion of a relevant task that motivates students to study the relevant educational
material. It is planned to continue to implement this approach in the NUS math textbooks for grades 8 and 9.

Another possible answer to the teachers' request to create a sufficient number of appropriate tasks is separate
textbooks with motivational appropriate tasks, which, although infrequently, continue to be published in Ukraine (Voyevoda
2012; Merzliak et al., 2024; etc.), as well as certified courses and publications for teachers on Ukrainian educational resources on
the Internet (e.g., MAS, 2024; Vseosvita, 2020; Osvitoria, 2023; etc.). Such manuals and e-resources will to some extent satisfy
the need for teachers to have appropriate tasks and will contribute to the proper formation of professional and general
competencies of NUS students.

In general, we recommend the widespread use of expedient problems in the study of all topics of the school
mathematics course and at different stages of the mathematics lesson in the NUS. At the same time, the selection of appropriate
expedient problems should be carried out taking into account the characteristics of the student group and the peculiarities of the
methodological style of an individual mathematics teacher. With proper training and self-education, it will not be difficult for a
teacher to select such tasks, in particular, using didactic materials that are currently being actively created by specialists in
mathematics teaching methods.
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AHOTAUIA

dopmynioBaHHA npobnemu. lMepexia A0 AUCTAHUIMHOrO HaBYaHHA 3MYCMB BUWTENIB LUIMPOKO BUKOPUCTOBYBATU 3acobu
KOMN'IOTEPHOTO HABYaHHA, AKI MaloTb HEOBMEXKEHMIt CNEeKTP MOX/AMBOCTEN NPU BUBYEHHI MaTeMaTUKW. MpakTuyHa
3HauyLWicTb UMx 3acobiB Hag3BMYaHO BenuKa. Mopsag i3 ix 6e3nocepesHim 3acTOCyBaHHAM, BOHU TAKOX CMOHYKAalOTb 40
NPaKTUYHOrO 3aCTOCYBaHHA 3400yTUX TEOPETUUHUX 3HaHb. [poTe BapTO AOTPUMYBATUCL BanaHCy B MUTaHHI BUKOPUCTAHHA
OaHux 3acobis. AfKe BOHW ABNAOTb COH0I0 eDEKTUBHUIA AONOMINKHUI 3aCib HaBYaHHA i He 34aTHI camocTiliHo cdopmyBaTh
LiNnicHY cuctemy 3HaHb y4YHA.
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BMBYAETbCA Npobaema epeKTUBHOIO NOEAHAHHA TPAAULIAHUX MeToAiB Ta 3acobiB KOMN'OTEPHOro HaBYaHHA A0 ONaHyBaHHA
3a3HaYeHOol TEMaTUKK.

Martepianm i metoaun. Y pocnif)eHHi BUMKOPUCTOBYBA/NMCA METOAM HAYKOBOTO Mi3HAHHA: MOPIBHANbHUIA aHanis ana
3’AcyBaHHA Pi3HUX NOrNAAIB Ha Npobaemy Ta BU3HAYEHHA HANPAMKY AOCNIAKEHHA; CUCTEMATU3ALIA Ta y3araibHeHHA Ana
$opmyntoBaHHA BUCHOBKIB Ta peKOMEHAAL,IN.

Pe3ynbTaTM. 3anpornoHOBAaHO HM3KY 3a4a4y /iHIMHOrO MNpOrpamyBaHHA, PO3B’A3aHHA AKUX nepegbayae MoeaHaHHA
TPAAULIMHUX METOAIB 3 MOXK/IMBICTIO A@MOHCTPALT AMHAMIYHOT Mogeni po3rnaayBaHoi 3agadi B cepeoBuLLi GeoGebra.

BMCHOBKW. 3anponoHoBaHi 3agadi 6€3ymoBHO 6yAyTb KOPUCHUMW YYHAM O/18 YCBILOMIEHHA MPaKTUYHOI 3HAYYLLOCT
MaTEMaTUKM | TUM CaMUM CNPUATUMYTb aKTUBI3aL,ii Ni3HaBaNbHOI AiANbHOCTI 3406yBava.

Martepian cTaTTi Moxe 6yTW BUKOPUCTAHUII ANA NIATOTOBKMU Ta NpoBeAeHHA GaKy/NbTaTUBHWUX 3aHATb, OCKINbKU [03BONAE
30PIEHTYBATUCA B Cy4aCHilt METOAMYHIW NiTepaTypi 3 AaHOT TEMATMKM Ta 3a3MPHYTU B TBOPYY MACTEPHIO NPOBIAHMX HAYKOBLLIB
B rafysi METOANKN HaBYAHHA MaTeMaTUKMU.

CTaTTa MiCTUTb METOAMYHI peKoMeHAaaLii i aapecoBaHa BUMTENAM, CTYAEHTaM-MaTeEMATUKaM BULWIB, PO3POBHMKaAM LWKINbHUX
HaBYaNIbHUX NPOrpam 3 MaTeEMaTUKM, NiAPYHHMKIB 3 Kypcy anrebpu i noyaTkiB aHanisy, acnipaHTam, HayKoBUAM B ranysi Teopii
Ta METOAMKMU HaBYaHHA MaTEMATUKM.

KNKOYOBI CNIOBA: siiHiliHe npoepamysaHHs; 3adayi onmumizayii; anzopumm po3e’a3aHHsA; GeoGebra.
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ABSTRACT

Formulation of the problem. The transition to distance learning has forced teachers to use widely computer-based learning
tools, which have an unlimited range of possibilities in the study of mathematics. The practical significance of these means is
highly significant. Along with their direct application, they also encourage the practical application of acquired theoretical
knowledge. However, it is worth maintaining a balance in the issue of using these tools. After all, they cannot independently
form a complete system of student knowledge and are an auxiliary means of learning. The article examines the problems of
linear programming using the GeoGebra software service, particularly the problem of an effective combination of traditional
and modern approaches to the study of the specified subject.

Materials and methods. We also used methods of scientific knowledge: comparative analysis to clarify different views on the
problem and determine the direction of the research, systematization, and generalization for formulating conclusions and
recommendations.

Results. The authors of this article propose to consider a set of linear programming problems, the solutions of which are
combined with traditional methods with the possibility of demonstrating a dynamic model of the considered problem in the
GeoGebra environment.

Conclusions. The proposed tasks will help students realize the practical significance of mathematics and thereby contribute
to activating their cognitive activity. The article’s material can be used for the preparation and conducting of optional classes,
as it allows you to orient yourself in the modern methodical literature on this topic and to look into the creative workshop of
leading scientists in mathematics teaching methods. The article contains methodological recommendations and is addressed
to teachers, mathematics students of higher education institutions, developers of school mathematics curricula, textbooks
on the course of algebra and beginnings of analysis, graduate students, scientists in the field of theory, and methods of
teaching mathematics.

KEYWORDS: linear programming; optimization problems; solution algorithm,; GeoGebra.

BCTYN

MNoctaHoBKa npobaemu. CyyacHa LWKiNbHA OCBiTa CTOITb Nepe 6aratbMa BUKAMKaMU. O4HMM 3 HalbiNbL cepho3HUX
BMKUKIB € NP061eMa MOTMBALLIT Y4HA 40 BUBYEHHA MAaTEMATUYHOIO MaTepiany B YyMOBaX AUCTAHLiIMHOIO HaBYaHHSA i BIMCbKOBOroO
CTaHY, OCKiNbKW vLe MOTUBOBAHWUI y4eHb 3400yBaTUMe 3HAHHA CBILOMO Ta aKTMBHO. Ha Hawy AyMKY, HaBYasbHWUIA maTepian
Ma€ byTU TiCHO NOB’A3aHUI i3 NPaKTUYHUMMK NoTpebamu cborofeHHsA. TOMy AOUINbHO PO3rNsAaTh 3a4a4i MPaKTUYHOIO 3MICTY,
30KpemMa 3aZayi Ha onTMMmi3aL,ito, Wo NPUBOAATL A0 33434 NiHIMHOTO NporpamyBaHHsA. | HE3BaXKaloUM Ha Te, WO PO3B’A3yBaHHA
TaKUX 33434 He BXOAUTb A0 MPOrpaMoBOro martepiany 3 MaTeMATUKM, BiH € BaXKNIMBUM 3acobom PpopmyBaHHA AOCNIAHULbKOT
KOMNEeTeHTHOCTI 3a406yBaya.

HaouYHiCTb, NPAKTUYHICTb | CUCTEMHICTb — BaXKNUBI MPUHLMNM AMAAKTUKK, AKI MatoTb ByT peanisoBaHi gna akTMBisaL,ii
Ni3HaBaNbHOI AiANbHOCTI YYHIB NPW BUBYEHHI MaTeMaTUKK. [JOTPUMAHHA LMX NPUHLUMIB MOX/IMBE 3aBAAKU BUKOPWUCTAHHIO
3acobiB KOMN'IOTEPHOrO HaBYaHHA, 30KpemMa Komn'toTepHoro cepeposuwa GeoGebra. Cepeposuite GeoGebra possonse
NpoINOCTPYyBaTU CKNAZHI Ta HE3PO3yMmini NoHATTA. OA4HAK cnifg AOTPMMYBATUCL 36a1aHCOBAHOrO BUKOPUCTAHHA TPaAMLinHKUX
niaxoais Ta cepsicy GeoGebra.

[aHa cTatTa npucBAYeHa AOCNIANKEHHIO MOMAMBOCTI PO3B’A3yBaHHA 3afay NiHIMHOrO NPOrpamyBaHHA LUJIAXOM
NOEAHAHHA PALLIOHANIbHUX 0BYMCNIOBANIbHUX MPUMNOMIB Ta BMKOPMUCTAHHSA MporpamHoro cepsicy GeoGebra. Beaxaemo, Lo
[OCNiOKYBaHA TEMATHKa € aKTYa/IbHOR, OCKINIbKM fIeMOHCTPYE MOXKAMBOCTI 3acTocyBaHHsA IKT (30kpema GeoGebra) no posrnsgy
pAgy ONTMMI3aLiiHMX 33434 Ta IX eEeKTUBHOIO NOEAHAHHA.

AHani3 akTyanbHUX AocniaxeHb. Ha cboroaHi icHye BennKa KinbKicTb nporpam ¢akybTaTUBIB, B AKUX PO3rNALa0TbCA
3afadi niHikHoro nporpamysaHHa («MpuKNagHi 3agadyi Ha ekcTpemym», «EKOHOMIKO-mMaTemaTMyHe MOAEeNtoBaHHA», «3agadi
NiHiMHOro nporpamyBaHHaA») (MpoKoneHKo Ta iH., 2011). MpoTe BUBYEHHA LMX 33434 LKOASPaMM NOTPebYE FPYHTOBHUX 3HAHD i
HaBMYOK BUKOPUCTAHHA NiHIMHMX GYHKUM, PiBHAHb i HEPIBHOCTEN B HECTAHAAPTHMX CUTyaLiax AK 3acobiB maTemaTU4yHOro
MOZENOBaHHA peanbHUX npouecis i Asuw, Came TOMy creplly BaK/MBO O3HAMOMWTUCA i3 TEOPETUYHMMM acheKkTamu
po38’A3yBaHHA 33434 NiHIMHOrO NPorpamyBaHHA, HaNPUKAaa, y HaB4anbHUX NocibHMKax (IBalyk, 2008; binouepKiBCbKUiA Ta iH.,
2010; Lerenunk, 1995), B AKUX KPiM TEOPETMUYHMX NOMOXKEHb TaKOXK HaBeAEeHO HWU3KY npuknagis. Cnig BigMiTMTH, Wo 6inbwicTb
334ay4 NiHiMHOro NporpamyBaHHA, AKi BUHMKAIOTb B EKOHOMILL, MaloTb «HE3PYYHi gaHi» (6araTo HepiBHOCTEN, WO 0BMEXKYIOTb
06nacTb 4onycTMMMX Po3B’A3KiB ab0 HanaBHICTb KoedilieHTiB NiHIMHUX PiIBHAHb, WO BMMaraloTb BUO6OPY NEBHOro macwrtaby Ha
KOOPAMHATHIM NnowuHi). Came Tomy B 6inbIOCTi BUNAAKIB TPaAMLiHWUIA MeToA, pO3B’A3yBaHHA NoAIGHUX 33434 3abupae HbaraTo
yacy i He € pauioHanbHMM. [N BUPIWIEHHA TaKMX Npobsem BMKOPUCTOBYIOTb Pi3Hi MporpamHi 3acobu, 3oKkpema, rpadiyHi
KanbKynatopu. Y 38°A3KYy 3 UMM aKTya/JibHUM € NUTAHHA BMOOPY MPUKNAZHOIO MPOrpaMHOro 3abesnevyeHHA HaBYa/IbHOIO
NpU3HaYeHHA 40 AOCNIAKEHHA ONTUMI3aLiMHMX 3a4a4. PAg, BITYUSHAHUX BUEHMX AOCAIOKYBANAM Le NMUTAHHA. 30KpeMma, y CTaTTi
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(Fropowko & LnMbko, 2015) po3rnagatoTbcs 0cO6AMBOCTI METOAMKM HAaBYaHHA PO3B’A3yBaHHA 334a4 NiHIMHOrO NporpamyBaHHA 3
BMKOPUCTAHHAM BiIbHO MOLWMPIOBAHMX Nporpamuux 3acobis LibreOffice Calc Ta Maxima. A y (MaciuHnk & PixHAk, 2020)
OOCNIAKYETbCA Npobiema MeToanKM GOpMYBaHHA YMiHb Y CTapLUOKAACHUKIB PO3B’A3yBaHHA Ta AOCAIAKEHHA MaTeMATUYHUX
33434 iHTerpaTMBHOroO 3MicTy 3acobamu iHGOPMALIMHO-KOMYHIKaLiMHUX TexHoNorin (MobifbHOro BapiaHTy rpadiyHoro
Kanbkynatopa Desmos). Y po6orti (PakyTta, 2011) HaroNowWyeTbCcA Ha YHIBEPCANbHOCTI CUCTEMWU OMHAMIYHOI MaTemMaTUKu
GeoGebra, GyHKLiOHaNbHI MOXAMBOCTI AKOT 4,03BOAOTb ePEKTUBHO BUKOPUCTOBYBATH ii NPY BUBYEHHI BibLIOCTI TEM LWKINBHOTO
KypCy MaTeMaTUKKM i oNTUMI3aLiMHMX 33434 30KpemMa. Paa ctaTell 3aKOpAOHHUX aBTOPIB aHaNi3ye METOAMYHI aCNeKTU HaBYaHHA
MaTeMaTMKK 3 BUKOPUCTAHHAM LIbOTO cepBicy. 30KpeMma, y cTatTax (Hutkemri et al., 2017; Olsson, 2019; Granberg & Olsson, 2015;
Velikova & Petkova, 2019; Chan et al., 2014) o6rpyHTOBaHO TOI GaKT, WO BUMKOPUCTAHHA AMHamMiyHOI nporpamu GeoGebra
[,03BOJISIE PO3BMBATU TBOPUI 34i6HOCTI CTyAEHTIB Mig Yac po3B’A3yBaHHA MaTEMATMYHMX 33434 AOCNIAHULBKOTO XapaKTepy.

Y nonepegHin ctatTi aBTopiB (Bipa & CamyceHKo, 2023) po3rnagaloTbCa METOAMYHI aCNeKTU BUKOPUCTaHHA cepsicy
GeoGebra po pocnifeHHA po3B’A3HOCTI PiBHAHb Ta HepiBHOCTEM 3 mapameTpom. Y AaHili CTaTTi aKUEHTYEMO yBary Ha
[OLiNbHOCTI 3aCTOCYBaHHSA LbOTO X CepBicy A0 aHani3y po3B’A3HOCTI 33434 NiHIMHOro NporpamyBaHHA rpadiyHUM METOAOM.

Merta crartri. O3HalOMUTK YMTaYa i3 rEOMETPUYHUM METOAOM PO3B’A3yBaHHA 3a4ay ANiHIMHOrO NpPOrpamyBaHHs;
06r'pyHTYBaTM AOLiNIbHICTb NOEAHAHHA TPAAMLIMHOIO NiAXo4y i3 MOXK/IMBOCTAMMU AMHAMIYHOrO MOAENOBaHHA Po3B’A3Ky 3agaui
B cepenoBuui GeoGebra.

METOAM AOCNIAMEHHA

Mig Yac poboTn Hag nybAiKaLield BMKOPWUCTOBYBA/NIUCA METOAM TEOPETUYHOrO aHanily, CMHTe3y Ta y3ara/jbHeHHs
Nno/IoXKeHb 03Ha4YeHoi Nnpobaemu.

PE3Y/IbTATU AOCNIAXKEHHA

B AaHii cTaTTi po3rnsHemo gesKi 3agadi NiHIMHOrO NporpamyBaHHA, AKi YacTO NPOMNOHYITLCA Ha GaKy/NbTaTUBHUX
Kypcax, po3B’A3aHHSA AKMX BUKOHYETbCA ABOMA METOAAMM: rpadiyHMM METOAOM Ta i3 BUKOPUCTaHHAM rpadiyHOro KaibkynaTopa
OUHamivHOT cuctemn GeoGebra. Mpy Lbomy cnepLuy cif 03HAMOMUTM YYHIB i3 3arabHO 3a4a4eto JiHIMHOro NPOrpamMyBaHHs,
NOHATTAMM «LiNbOBA PYHKLiA» Ta «06NaCTb AOMNYCTUMMUX PO3B'A3KIB», «/iHIA PiBHA LiNbOBOT QYHKLII», «EeKCTpemMasnbHi TOUYKNY.
BBaXKaeMo, L0 3HAMOMCTBO i3 MOAIGHMMM 334a4aMu CAig, PO3MNOoYaTH i3 AeMOHCTpaL,i rpadiyHOro meToay po3B’A3yBaHHA 3a4a4
NiHIMHOrO nporpamyBaHHA. TaKOX AOOLIZIBHO aKLEHTyBaTW yBary Ha BM3HAYeHHi afroputMy po3B’s3aHHA 3afay NiHilMHOro
nporpamyBaHHA:

1. NobyaysaTu rpadikn rpaHUYHMX NPAMUX Ha NJIOLMHI.

. Buainutn obnactb AonycTMMUX PO3B’A3KIB HEPIBHOCTEW CUCTEMMU.
. NobyaysaTn 061acTb 4ONYCTUMUX PO3B’A3KIB.

. NobyaysaTv BEKTOP-TPALIEHT Ta NiHitO PiBHA LiNbOBOI GYHKL;I.

. Bu3Hauntm ekcTpemanbHi TOUKM.

6. OBYNCANTU 3HAYEHHA LiNbOBOT GYHKLT B OTPUMAHMX TOUKaX.

Y pasi obmexkeHocTi 0bnacTi 4ONYCTUMMUX PO3B'A3KIB MOXKHA 0BUMCAUTU 3HAYEHHSA LinboBoi GyHKLIT y BCiX BepLIMHax obnacTi:
MiHiManbHe 3HaYeHHA — MiHIMYM LiNboBOT QYHKLii, MaKCMManbHe 3HAYEHHA — MAaKCUMYM LLiNbOBOI QYHKLI.
Hasegemo npuknagu.
3adaya 1. BU3HAUMTM TaKi HEBIA EMHI 3HAYEHHA X Ta y, NpU AKUX Uinbosa dyHKuia F(x,y) = 3x + 2y gocarae cBoro
MaKCMMaNbHOTO 3HaYeHHA B 061aCTi, LLLO 3343€ETbCA CUCTEMOIO HEPIBHOCTE!:
x+ 2y < 4;
x—y<1;
x = 0;
y=0.

P038’A30HHA: PO3B’AXKEMO 33434y reOMETPUYHUM MeToA0M. PosrnaHemo npamy x + 2y = 4. Jlerko nepeKkoHaTucA, LWo
ua npsma npoxoauTb yepes Touku (0,2) i (4,0). Nobyayemo Lo Npamy 3a ABOMA TOYKaMW. Bigomo, Wwo niHiiHa HepiBHICTb Ha
NAOWMHI BU3HAYAE MNiBMIOWMHY. ABU BU3HAUMTKU AKY 3 ABOX MiBMJIOWMH BUMOpaTW CAig NiACTaBUTU y BiAMOBiAHY HEPiBHICTb
KOOPAMHATU NEBHOT TOYKM Ha NIOLWMHI, HanpuKknag, (0;0). OTpumaemo npaBuabHY HepiBHicTb 0 < 4. A e 03HaYaE, Lo BCi TOYKM
i3 BU6PaHOT NiBNNOLWMHM 3340BO/IbHAIOTL HEPIBHICTb (BCi TOUKM, LLO NEXkKaTb HUXKYE NpAMOT x + 2y = 4). AHanoriyHo nobyayemo
niBNAOLLUMHY, LLLO BiANOBIAAE APYriii HEPIBHOCTI, @ TAKOXK BPaXyeEMO TOM GaKT, L0 3HAYEHHA X Ta Y € HeBiA' EMHUMU. OTPUMAEMO
061acTb (ONyKAN GaraToOKYTHUK), B AKIA BUKOHYHOTbCA 04HOYACHO BCi 06meXKeHHA — 061acTb 40NYyCTUMMX PO3B’A3KiB (B AaHOMY
BMNAaAKYy MAaEMO OMNYKAUI YOTUPUKYTHUK ABCD, puc. 1).

u b WN

vA
=~
B A
J X
c D

Puc.1
[wepeno: asmopceKa po3pobKa.
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Mpami 3x + 2y = w, ae w = const, € niHiAMK piBHA LinboBoi GyHKLii. Hagatoumn cTanin w pisHUX 3HaYeHb, KOXKHOro
pasy oTpMmaemo iHwy npamy. Cnig subpatn Ty Touky (X;y), 418 AKOI W Habysae HaWbiNblIOro 3Ha4YeHHs B 3aMKHEHIN
YOTUPUKYTHIN obnacTi. EKCTpemasibHi TOYKM 3HAXOAATbCA Y BEPLUMHAX YOTUPUKYTHUKA. 3HANAEMO KOOPAMHATK BEPLUMHKN A AK
nepeTvH Agox fiHin x +2y =4 1a x —y = 1. Otpumaemo A(2; 1). KoopanHaTth iHWKMX TOYOK YOTUPUKYTHUKA BiLMNOBIAHO
popisHiotot B(0; 2), C(0;0), D(1; 0). 064MCANBLIM 3HAYEHHS LiIbOBOT GYHKLLT Y BEPLIMHAX LbOro YHOTUPUKYTHUKA AiCTaHEMO:

F(A) =8,F(B) =4,F(C) =0,F(D) = 3.

OTKe, LiNboBa PyHKLiA HabyBae MaKCMMaNbHOrO 3HaYeHHs B TouL,i A.

Micna po3s’A3yBaHHA L€l 3a4a4i TPagMUiMHUM METOAO0M Yy 30WMWTI BApTO NPOAEMOHCTPYBATU MOXK/INUBOCTI CUCTEMMU
GeoGebra go aHanisy ujiei 3agaui. Beegemo BCi piBHAHHSA NiHil Ta HEpiBHOCTEN, WO 06MeXKyHTb 061aCTb; NO3HAYMMO BEPLUNHM
MHOTFOKYTHMKa fIK TOYKM MepeTuHy BignosigHMX npamux. B okpemomy pagKy cnif, BBECTUM PIBHAHHA NiHIN piBHA y BUrAAAi
y = —1,5x + w, a B HaCTynHOMy pAAKy BBECTM NOB3YHOK ANA NapameTpa w. Cnig BigperynoBaTv NOB3YHOK A/1A YMCAA W TaK,
o6 niHia piBHA Npoxoauna yepes BClo 061acTb A4ONYCTUMMX PO3B’A3KIB. 3peLuToto, Npsma NoBUHHA NPOMTU Yepes OAHY TOUKY
nepeTuHy NiHiN, Ae LinboBa GyHKLIA JOCATAE MAKCMMAbHOTO 3HaYeHHA. Lia Touka i € onTumanbHUM po3B’a3kom (puc. 2).

https://www.geogebra.org/calculator/j97rdubz

= GeoGebra Kanbkynarop Cioita ( NV fpadiuwmi ~ @
. [ eqdix =0 2 &
(] fiy=0
@ @ a:x+2y<aAx—y<lag>
A = Meperun(eq2, eql)
b =(21)
B = Meperun(eql, eq3)
g
= (0.2) ' {
‘ C = Meperwn(eq3, BicvAbcuiic) & B
= (0.0) 5 ] ] ; 7 ] / 2 3 N ; 3 7 ; s TR
D = Neperun(eq2, BicbAbeidic) y
o
= (1,0)
n
N 3.865 H Q
(
0 ®
Q
r(x) 1L5x+w H
(@) ¢ ? e
= ~15x+3865 v

Puc. 2
[wepeno: asmopceKa po3pobKa.

Bidnoeids: LinboBa dyHKLiA HabyBae MaKCMManbHOro 3HayeHHa B Touli A(2; 1).

3adauya 2. ins 36eperkeHHA HOPMAbHOT KUTTELIANBHOCTI N0ANHA NOBUHHA CNOXKMBATKU BiNKiB He meHwWwe 120 yMOBHUX
OAMHULDL (YM. 04.), *KupiB — He meHwe 70 i BiTamiHiB — He meHwe 10 ym. oa. BMicT ix B KOXKHi ognHuui npoaykTis N1 i N2
popiBHIoe BignosigHo (0,2; 0,075; 0) i (0,1; 0,1; 0,1) ym. oa,. Baprictb 1 og,. npoaykty M1 — 2 rpH., M2 — 3 rpH. NoTpibHO TakK
OpraHi3yBaTU XapuyBaHHs, W00 OpraHiam OTpuMaB HeOoOXifHY KifbKiCTb MOXMWBHWUX PEYOBUH MPU MiHIMaNbHIA BapTOCTI
NPOAYKTIB.

Po36’A3aHHA: NOBYAYEMO MAaTEMATUYHY MOAENb AAHOT 3a4a4i NiHIMHOro NporpamyBaHHA. Hexal ntoanHa CNOXKMBAE X
Ta y oanHunupb npoaykty N1 M2 signosiaHo. NMobyayemo Tabaunuto

ni n2 Ob6meKeHHs Ha CNOXKMBAHHA
Binkn 0,2 0,1 He meHwe 120y.0.
HKupu 0,075 0,1 He meHwe 70y.0.
Byrnesoau 0 0,1 He meHwe 10y.0.
LliHa 0OuHUYji npodykmy 2 rpH. 3 rpH.

[brepeno: aemopcbKa po3pobKa.

Topi GyHKUina BapTOCTi paLioHy, SsKa MA€ J0CAraTU MiHiMyMy, HabyBae BUrnsay
F(x,y) = 2x 4+ 3y — min.
A cucTemy obMeKeHb MOKHa 3anucaTu y BUMALI CUCTEMU HEPIBHOCTEN
(0,2x+0,1y = 120;
[0,075x + 0,1y > 70;
0-x+01y = 10;
x=0;
y=0.

Y BMNAAKy po3B’A3yBaHHA Li€i 3agadi AouinbHO 3actocosByBat GeoGebra (puc. 3). BBiBWM BCi HepiBHOCTI, WO
YTBOPIOIOTH 06/1aCTb AONYCTUMMX PO3B’A3KIB, POOMMO BUCHOBOK, WO 06/1acTb HeobmerKeHa 3BepXxy. [oCniAxKyoum Lo 3aga4y Ha
MiHIMYM, HEBA)KKO MOMITUTK, WO NiHiA piBHA npoxoauTb Yepe3 Touky C(800;100) i uinboBa PyHKUiA AocArae MiHIManbHOro
3HaAYEHHA NOPIBHAHO i3 cycigHimm Toukamun A(400; 400), B(0; 1200). Omke, F(C) = 1900, F(A) = 2000, F(B) = 3600.
https://www.geogebra.org/calculator/fysedsgh
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= GeoGebra Kanbkynatop Cioira | AV Tpadiwmi ~ 0
©  eql:02x401y =120 @
s | @ €q2: 0.075x+01y =70 }
@ © ea:0ly=10
eqd:x =0
in
. fry=0
o A
@ 2:02x+01y>120A007fx
C
o A= Meperm(eat.eqd) T S
= (399.9999999999999, 309.9999¢ o0 1000 =200, g 850 4000
B = Meperun(eql, eqd)
¢ 800
= (0, 1200)
€ = MNeperun(eq2, eq3) .
o ui
= (800, 100) R Q
w = 625 QU
O %
500 w—@u— 500 (3) 1600 v
£m
Puc. 3

[#cepeno: aemopcoKa po3pobKa.

Bidnoseidb: cnoxusatoum 800 oamHuupb npoaykty M1 i 100 oamHuub npoaykty M2 noanHa 3abesnevye HopmaabHy
UTTEAIANBHICTb OPraHiamy, NpM LbOMY MiHIMI3YyHOUM BapTiCTb paLioHy, BuTpadatoum anwe 1900 rpH.
3adaya 3. BU3HaUMTM TaKi HEBIA EMHI 3HAUEHHA X Ta Y, NPU AKKMX Linbosa ¢yHKuia F(x,y) = 2x + 3y pocarae csoro
MaKCMMaNbHOTrO 3HAYEHHA B 06/1aCTi, LLLO BU3HAYAETLCA CUCTEMOIO HEPIBHOCTEN
x+ 3y =6;
4x — 5y = —20;
y=1
x = 0.
Po38’A3aHHA: BBIBWW PIBHAHHA NPAMUX i CUCTEMY HepiBHOCTEW, WO obmexyloTb 06nactb B nosi rpadiyHoro
Kanbkynatopa Croita cuctemmn GeoGebra, nob6aummo, wo ob6aacTb 4ONYCTUMUX PO3B’A3KIB € HeoOOMeKeHoto. BBiBLWMK ciM'to NiHil

. 4 . . . . - .
piBHA Y = X + w, ae w npobirae MHOXWHY 3HaYeHsb Big 0 40 4, i3 aHaNi3y AMHAMIYHOT KAPTUHU MOXKEMO No6aunTy, WO LUinboBa

dyHKLiA HabyBae MiHIMaNbHOro 3HaYeHHsA B Touli 3 KoopauHatamu (0; 2), a HabiNbLIOro 3HaYeHHA Hemae (puc. 4).
https://www.geogebra.org/calculator/p8zvg9ze

= GeoGebra Kanbkynatop Cioita (A Tpadimmi ~ < @
y @ ceqlix+3y=6 : iy 3 c o
s | @ | eq2: 4x—5y = —20
& @ fiy=1
@ ead:ix=0
in
" (@) a:x+3y>6A4x-5y>:2
Q w = 351
0 —= 4 ()
@ ¢ y-%#&Sl
% 14 16 18 20 2
o
Q
o ]
Q
=

Puc.4
[epeno: asmopcoKa po3pobKa.

Bidnogiob: HanbinbLworo 3HaYeHHn GpyHKLT y 3a4aHit 0bnacTi He iCHYE.
3adaya 4. BU3HauMTV TaKi HEBIA EMHI 3HaUEHHS X Ta y, NpU AKKX Libosa dyHKuUia F(x,y) = 14x + 20y gocarae csoro
MaKCMManbHOTo 3Ha4YeHH:A B 061acTi, L0 BU3HAYAETLCA CUCTEMOLO HEPIBHOCTEW
x+3y=6;
7x + 10y < 70;
4x — 5y = —20;
L x=0;
y =0.
P038’A30HHA: NO6YAYBaBLUM MHOMMWHY TOYOK MJIOLMHKU, KOOPAMHATU AKUX 33[0BO/bHAIOTL CUMCTEMY HepiBHOCTEW,
nobaunmo, Wwo obaacTb JONYCTUMUX PO3B’'A3KIB — N'ATURYTHUK ABCDE. NMobyaysaswwm niHii pisHa suay vy = —0,7x + w, pe w
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HabyBa€ 3HayeHb i3 Bigpi3Ka Big 2 40 7, CTBOPUMO AMHAMIYHY KapTuHY. O4eBMAHO, WO NiHiA piBHA NapanenbHa npamin ED . Tomy
LinboBa GpyHKLiA HabyBae cBOro HabiNbLIOro 3HauYeHHA y BCix TouKax Bigpiska ED i gopisHioe 140 (puc.5).
https://www.geogebra.org/calculator/kf67hbzx

GeoGebra Kanekynatop Cioita | [V Toadiwwmi ~ < @

eql:x+3y = 6 e )

e | @ eq2:7x+10y =170
@ @ e3:ax-s5y=-20 |

eqdix =0

fry=0

(€]

x+3y>6ATx+10y£7

A = Neperun(eq3, eq4)

= (0,4)

B = Meperun(eql, eq4)

=(0.2)

C = Neperun(eql, BicoAbciinc)
= (6.0)

D = Meperun(f, eq2)

® ’ /aa;]

= (10,0

Puc. 5
Jxepeno: asmopceKa po3pobKa.

Bidnoeidb: 3apa4a mae 6e3niy po3s’askis (Bci TOukM Bigpiska ED)

OBlrOBOPEHHA

3a3HaunMmo, wo edekTMBHE GOPMYyBaHHA MaTEMATUYHUX KOMMETEHTHOCTEN 3acobamu MiHIMHOrO NporpamyBaHHA
MO/MBE NULIE 33 YMOBM MNOETANHOCTI HaBYaHHA. 30Kpema, nepwuii eTan - onaHyBaHHA (aKTMYHOro matepiany (NOHATb,
BN1aCTMBOCTEN, B3aEMHMX 3B’A3KiB). TyT MOKYTb BUHMKATU TPYAHOLLi, NO'BA3aHI i3 HE3BMYHOI KOHLENLUielo Nobyaosm ob’ekta
BMBYEHHA (H-4, rpadivyHe 306paxkeHHA 0bnacTi 4ONYCTUMMX PO3B’A3KiB). MpuY LbOMY CAig, LOTPUMYBATUCA NPUHLMMY HACTYMHOCTI
HaBYaHHA Ta NOAAHHA MaTepiany B «30Hi HANBAMKYOTO PO3BUTKY YUHA» abu CTBOPUTM CUTYaLLitO YCNiXy | TUM CaMMM MOTUBYBaTU
YYHA [0 aKTUBHOI AiAnbHOCTI. Ha ubomy eTani NposigHa pPo/ib HaNeXMTb HEYXMAbHOMY AOTPUMAHHIO MPUHLMUMY HAOYHOCTI
HaBYaHHA. PeaniayBatu e MOXKHA, 3BUYaNHO, TPAAMULINHUM YMHOM, Ha YPOL,i, LEMOHCTPYHOYM BCi NepeTBOPEHHAHA aowi. Ane,
3BiCHO, 3HAQYHO AIKICHiLIE MOXHa Lie 34iMCHIOBATU, BUKOPUCTOBYHOUM MOMKIMBOCTI HAaBYaHHA 3 BUKOPUCTAHHAM iHbOpmaLiiHO-
KOMN'I0TEPHUX TEXHONOTIN (30Kpema GeoGebra).

YcniwHe NnpoxoAKeHHA NepLIoro eTany HaBYyaHHA, A€ 3MOry NEPEXoAnTN A0 APYroro eTany — BiATBOPEHHA 3HaHb, a
BXe MOTiM [0 TPeTboro etany — 3acTocyBaHHA. Lle Hacamnepes nepeanbayae ¢opmyBaHHA BMiIHHA PO3B’A3yBaTW 3adadi Ha
ONTMMI3aLito, AKe MoXKe ByTu peanizoBaHe NMLLE 33 YMOBU AiANbHICHOTO NiAXoA4y A0 HaBYaHHA. TyT 6axKaHO PO3rAAHYTU 3a4aui,
AKI NPUBOAATbL A0 Pi3HUX pe3ynbTaTiB (iCHYE €aMHMI po3B’A30K, 6e3ni4 po3B’A3KiB, BiACYTHIM ONTUMANbHUIN PO3B’A30K).
YetBepTuit i N'ATMI eTanu — ue BiANOBIAHO aHani3 i nopiBHAHHA. LLo6 3abe3neunTn uein nepexig, cnig npoaeMoHCTpyBaTH
epeKTUBHICTb TPAAMLIMHOrO MeToAy Ta MeToay i3 BUKopucTaHHAM GeoGebra go po3B’a3yBaHHA OAHiEl i TiEl K 3aaaui 3 meToto
NOPIBHAHHA iX 3aTPATHOCTI MO 4acy, CKNAZHOCTI NepeTBopeHb Towo. Ha uux eTanax peanisoBYETbCA MPUHLUMM CUCTEMHOCTI
HaBYaHHA, AEMOHCTPYIOUM TiICHWMI 3B’A30K MiXK PISHUMM MOHATTAMM LIKINbHOI MaTeMaTUMKK. Ha cbOrofHi, HalBULWO Wit
HaBYaHHA (Ha LIOCTOMY eTani) € PO3BUTOK KpeaTUBHOCTI. Taka Uifb MOXe 6yTU A0CATHYTa 33 YMOBM BUKOPWCTAHHA cepBicy
GeoGebra 0 po3B’s3yBaHHS HECTAaHAAPTHUX 33a4, Hanpuknag, niabip ymoBu 3a4adi Ha ONTMMI3aL;lo 3a BigOMUM pO3B'S3KOM.

BUCHOBKWM TA NEPCNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

HaseaeHi B cTaTTi BNpaBM AE€MOHCTPYIOTb MOXKANBOCTI BUKOPUCTAHHA MporpamHoro cepsicy GeoGebra fo gocnigKeHHA
33434 NiHiHOro nporpamyBaHHA rpadiyHMM MeTofoM. Po3rasaHyTo 0cobanBOCTi NOEAHAHHA TPAAULIAHOIO METOAY BUKAAAAHHA
i peMOHCTpauji AMHaMIYHOI KapTMHM PO3B’A3KY 3a AOMOMOrOK nporpamHoro 3acoby GeoGebra. Cnig BigmiTMTH, WO
BMKOPUCTaHHA 3acoby GeoGebra [03BONSE JOCATTM TaKUX LiNei: CTPYKTYpM3auis HaBYa/NbHOIO MaTepiany; AOUiNbHICTb
3acTocyBaHHA |IKT y HaBYanbHiM AiANbHOCTI; MOMAMBICTL €KOHOMII Yacy, HeobxiaHoro ansa nopadyi matepiany 6es3 BTpaT y
baKkTUYHIlN iHbOopMaLT; pe3ynbTaTUBHICTb; GOpPMyBaHHA NpegMeTHOT KomneTeHuii 3406yBaya. 3a3HauMMoO, WO PO3B’A3yBaHHA
3anNpOMNOHOBaHMX 33434 NiHINHOTO NPOrpaMyBaHHA € BaXKIMBUM YUHHUKOM GOPMYBAHHA CTPYKTYPHUX e1eMeHTiB MaTeMaTUyHOl
KOMMETEHTHOCTI (MpoueaypHa KOMMETEHTHICTb, JIOTIYHA KOMMETEHTHICTb, TEXHONOFYHA KOMMETEHTHICTb, AOCNiAHULbKA
KOMMETEHTHICTb, METOL0/10TYHA KOMMNETEHTHICTb).

CnopaiBaemocs, WO HaBeAEeHUI Ornaa NiTepaTypHUX AxKepen Ta NigibpaHi BNpaBu CTaHyTb Y HAro4i NPakTUKYHUYUM
BUMTENAM MATEMATUKKN A/18 BUKOPUCTAHHA B OCBITHbOMY NPOLLECi.

MepcneKTUBHMMM BBAXKAEMO HAYKOBI AOCNIAMKEHHA Y KOHTEKCTi BU3SHAYeHHA MeTOAiB poboTH Hag 3aAavamMm NiHikHOro
Ta UiN0YMCeNbHOrO MPOrpamyBaHHA 3 METOK aKTUBI3auii AOCNIAHMUbKOI AiSNbHOCTI yyHiB 3acobamu nporpamHoro cepsicy
GeoGebra, Wwo € Haa3BNYAHO BaXKNMBUM 3aBAAHHAM B KOHTEKCTi pedopmm HYLL.
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AHOTAUIA

®dopmynioBaHHA npobnemu. MpoaHanizoBaHO TEOPETUYHI acrmeKkTU IMepcUBHUX LUGPOBUX TEXHONOTIN, AOLINbHICTL iX
BMKOPUCTAHHA B TpaHcdepi 3HaHb Ta TEXHOONIW, WO MOXKE CNPUATU NiABULLEHHIO PIBHA KOMMETEHTHOCTI Ta KBanidikauii
MOJIOZ0r0 MOKOANIHHA, LWAAXOM BMKOPUCTAHHA BipTya/sbHOI PeanbHOCTi Ta PO3LIMPEHOI PeanbHOCTi, WO MOXe 3Ha4yHOo
NOKPALLUTK AKICTb OCBITU Ta MiATOTOBKW CTYAEHTIB 40 PEasbHOIO XWUTTA, Li TEXHOMOTIT MOXKYTb AONOMOITH Y 36iNblUeHHi
MOTMBALLT CTYAEHTIB 0 HAaBYaHHSA, CNPUATM 36iNbLIEHHIO KiNIbKOCTI CTYAEHTIB, AKi 3406yBaloTb BULLY OCBITY Y ranysi HayKu,
TEXHONOriN, iHXeHepii Ta MaTemaTnku (STEM). Lie, CBOEIO Yeproto, MoxKe A0NOMOrTH B 3abesnedyeHHi KBanidikoBaHoi pobouoi
CUAY Ta 36iNblUeHHi IHHOBALIMHOIO NOTEHLiaNy AepiKaBu, WO € BaXKAMBUM GaKTOPOM ANA PO3BUTKY iIHHOBALIiIHOT EKOHOMIKM,
i pO3rNAAaETbCA Hapasi AK OAMH 3 BAXK/IMBUX YNHHUKIB EKOHOMIYHOTO 3POCTAHHA | TEXHOIOMNYHOIO OHOBNEHHSA BUPOBHULTBA
B €KOHOMIL,i, CTpaTeriyHoro HaNPAMKY PO3BUTKY EKOHOMIKM 1 KpaiHW B Ljinomy.

Martepianu i metoam. 3pobaeHO cUCTEMATUYHUI OrAA4 NpPaub Cy4aCHWX HAyKOBLB, 34iMCHEHO MOHITOpUHT BebcaiTis 3a
TEMaTUKOIO AOCAIAXKEHHA, BUKOPUCTAHO BAACHWUI NeAaroriyHuin A0CBiA, Ta MeToAM HayKoOBOro NisHaHHA. A AOCNiaKeHHA
BMKOPWUCTAHHA IMEPCUBHUX TEXHONOTIM Y NeaarorivHiii NpakTULi Ta oTpMMaHHA iHpopmaLii Npo cTyniHb 03HalOMAEHOCTI
CTYAEHTIB i3 BipTya/IbHOIO peasibHICTIO NPOBEeAEHO aHKeTYBaHHA CTYAEHTIB.

Pe3synbrtatu. [ocniasKeHHA MoKasano, Lo BNAMB iMEPCUMBHWX TEXHO/OTi Ha OCBIiTHI Mpouec Ta HaBYaHHA CTyAEHTIB
YHiBEPCUTETY € AOCUTb 3HAYYLLMM. BinbLicTb CTYAEHTIB BU3HANM KOPUCTb BUKOPUCTAHHA BipTyaNbHOrO OCBITHbOrO NPOCTOPY
(82% onuTaHWX pecnoHAEHTIB) Ta IHTEPAKTUBHUX MATEMATUYHUX IHCTPYMeHTiB (86% pecnoHaeHTiB). BOHW BBaXKaloTb, LLO
TaKWI Niaxia noninwye ixHe PpO3yMiHHA MaTeMaTUYHUX KOHLenLil (86% pecnoHAeHTIB) Ta CNpUAE NiABULLEHHIO MOTUBALLT 40
BMBYEHHA MaTeMaTuku (62% pecnoHaeHTiB). [oAaTKOBI MOX/IMBOCTI, AKi HAa4AlOTbCA BUKNAZa4Yam 3aBAAKM BipTyasbHUM
pecypcam, TaKoX OTPUMaNM BU3HAHHA Bif, CTyAeHTiB. Lle moxke cnpuATM NOKpalleHHI0 MEeTOAiB HaBYaHHA Ta CTBOPEHHIO
6iNbl iHTEPAKTMBHOrO HaBYabHOTO cepenoBuLLa (88% pecnoHAeHTiB). MpoTe BaXK/IMBO BPaxoByBaTH, L0 He BCi CTyAeHTU
OZlHAaKOBO O3HaMOMJIEHi 3 IMEPCUBHUMW TEXHONOFAMM, i AEAKI MOXYTb BUABUTU iX MeHL edeKTUBHUMU NOPIBHAHO 3i
3BUYAHUMWU METOAAMM HAaBUYAHHSA.

BUCHOBKMW. YIPOBaAKEeHHA iIMEPCUBHUX TEXHO/IOTI MOBMHHO B6yTK 36anaHCOBAHMM Ta BpaxoByBaTu iHAMBIAYaNbHI NOTPebu
CTYAEHTIB. Y LiNOMY, BUKOPUCTAHHA TaKMX TEXHOJIOFiM Y BULLiA OCBITi Ma€ NOTEHLiaN NOKPALLMTU HaBYaNbHWUIA Npouec Ta
3p0bUTM MaTemaTHKy Biibl OCTYNHOIO Ta LiKaBOO A/1A CTYAEHTIB.

KNKOYOBI C/IOBA: yugposa oceima; imepcusHi mexHos102ii; MoOesno8aHHs 0c8imHb020 cepedosulya; 8ipmyarsbHe 0c8imHe
mMamemamuyHe cepedosuuje; cmyniHb 03HaliomaeHocmi cmydeHmis 3 iMepcusHUMU MeXHO0R2IAMU.
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ABSTRACT

Formulation of the problem. The theoretical aspects of immersive digital technologies and the practicality of their use in the
transfer of knowledge and technologies can contribute to increasing the level of competence and qualifications of the younger
generation through the use of virtual reality and augmented reality, which can significantly improve the quality of education
and student preparation for real life, are analyzed. It can increase student motivation to study and increase the number of
students receiving higher education in science, technology, engineering, and mathematics (STEM) fields. That, in turn, can
help in providing a qualified workforce and increasing the innovation potential of the state, which is an essential factor for
the development of an innovative economy and is currently considered one of the critical factors of economic growth and
technological renewal of production in the economy, the strategic direction of the development of the economy and the
country as a whole.

Materials and methods. We used several methods: a systematic review of the works of modern scientists, the monitoring of
Websites on the subject of research, and one's own pedagogical experience and methods of scientific knowledge. A student
guestionnaire was conducted to study the use of immersion technologies in pedagogical practice and to obtain information
about the degree of familiarity of students with virtual reality.

Results. The study showed that the impact of immersive technologies on the educational process and learning of university
students is quite significant. Most students recognized the benefits of using the virtual educational space (82% of
respondents) and interactive mathematical tools (86% of respondents). They believe this approach improves their
understanding of mathematical concepts (86% of respondents) and increases motivation to study mathematics (62% of
respondents). Students have also recognized the additional opportunities afforded to teachers by virtual resources. That can
help improve teaching methods and create a more interactive learning environment (88% of respondents). However, it is
essential to consider that not all students are equally familiar with immersive technologies; some may find them less effective
than conventional learning methods.

Conclusions. Implementing immersive technologies should be balanced and consider students' individual needs. Using such
technologies in higher education can improve the learning process and make mathematics more accessible and exciting for
students.

KEYWORDS: digital education; immersive technologies; simulation of the educational environment; virtual educational
mathematical environment; degree of familiarity of students with immersive technologies.

BCTYN

MNoctaHoBKa npo6aemu. MoTpeba B iHHOBaLiAX | IXHbOMY edeKTUBHOMY TpaHcdepi B YKpaiHi CbOroaHi € Haa3BMYaNHO
aKTyasibHOO. YKpaiHa € Aep)KaBol 3i 3HAYHMM MOTEHLianoM y ranysi iHbopmaLinHUX TeXHOAOrN Ta BUWOI ocBiTU. OAHaK
BMKOpWCTaHHA IT B 0CBITHbOMY Npoueci B YKpaiHi e He pO3NOBCIOAMKEHE HACTINIbKK, AK Lie MOXKe ByTu B KpaLLmxX 3aKnazax BULOI
ocBiTH (3BO) cBiTY. 3aNy4YeHHA iIMEPCUBHUX TEXHOIOTI Y HAaBYaNbHUIM NPOLLEC MOMKE MOKPALLLUTU AKICTb OCBITH, 36iNbINTK iHTEpeC
CTYAEHTIB 10 BUBYEHHA HAYKOBUX AWUCUMNAIH, @ TAKOXK AOMOMOITU BUNYCKHUKAM PO3BUHYTU NOTPIOHI KOMNETEHTHOCTI, 3406yTH
HeobXiAHi 3HaHHSA Ta HAaBUYKM ANA NoAaNbWOoil poboTK B iHAYCTpIi. Kpim Toro, BuKopucTaHHsA IT B npoueci BUPoOHMLTBa € BaroMuMm
KPOKOM 40 NiABULLEHHA e(pEeKTUBHOCTI Ta KOHKYPEHTOCMPOMOXKHOCTI YKPaiHCbKOI MPOMMCIOBOCTI. PO3BUTOK iHHOBAUiMHOrO
NoTeHLiaNy Ta CTBOPEHHA HOBMX PUHKIB NpaLi Ta 40AAaTKOBUX MOXKANBOCTEN ANA PO3BUTKY BisHECy NO3UTUBHO BNMBAaTUME Ha
€KOHOMIKY KpaiHu Ta 3pobuTb ii NpMBabaMBILLOIO AN iIHO3EMHMX iHBECTOPIB.

MogentoBaHHA iMEPCUBHUX LUPPOBUX TEXHOMONIA Y MAaTEMATUYHOMY OCBITHBOMY MPOCTOPI MOXE MaTu BeNUKWUIA
noTeHuian ana TpaHcdepy iHHOBaALi B €KOHOMIYHWUIA MpPOCTip Aep)kaBu. ImepcusHi LuMdpPOBI TexHoNOorii, TaKi AK BipTyanbHa
peanbHicTb (VR), po3wmpeHa peanbHicTb (AR) Ta 3miwaHa peansbHicts (MR), ,03BONAIOTL CTBOPIOBATH BipTya/ibHe cepesoBuLLe,
B AKOMY BMK/1aZ,ay B3aEMOAIATUME i3 CTyAeHTamu iHpopmaLieto y Binbl iHTYITUBHWUI Ta imepcUBHUIA cnocib. BUKOpUCTaHHA Lux
TEXHO/IOriN Yy MaTeEMaTUYHOMY OCBITHbOMY NPOCTOPI AONOMOMKE CTYAEeHTaM Kpallie PO3yMiTU CKNaAHI MaTeMaTUYHi KoHuenuii Ta
NPUHLMNK, @ TAKOXK PO3BMBATM HAaBMYKM CMNiBNpPaLi Ta KOMYHiKaLii. AKLO iHHOBALMHI NigX04M A0 OCBITH, TaKi AK BUKOPUCTAHHA
iMepcnBHUX LUOPOBUX TEXHONOTIN, ByAyTh YCMiLWHO BNPOBAAMKEHI B OCBITHIM Npouec, Le MaTUMe 3HaYHUI BMJIMB HA EKOHOMIKY
nepasu. Hanpuknag, po3BUTOK HOBMX TEXHOONIA MOXe NPU3BECTU [0 CTBOPEHHA HOBMX PUHKIB npaui Ta poboumx micub, a
TAKOX [0 MNOKPALWEHHA KOHKYPEHTOCMPOMOMKHOCTI Aep)KaBu B rnobasbHOMYy €KOHOMIYHOMY MpOCTOpi. BuMKoOpUCTaHHA
imepcuBHUX UMDPOBUX TEXHONOTIM B OCBITHBOMY MNpOLECi CTBOPUTb HOBI MOMAMBOCTI AN CMNiBNpaui MiX AepiKaBow Ta
NPMBATHUM CEKTOPOM. 30KpemMa, KOMNaHii, Wo crewiani3ytoTbca Ha po3pobui iMepCUBHUX TEXHONOTIN, MOXKYTb B3aEMOLIATH 3
OCBITHIMM yCTaHOBaMu 1A PO3PO6/IeHHA Ta BNPOBAAXKEHHA HOBUX TEXHOIOFN Y HaBYaNbHUI NpoLiec.
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AHani3 aKTyanbHUX AocnigKeHb. MoTpeba B iHHOBALIAX Ta iXHbOMY edeKTUBHOMY TpaHchepi B eKOHOMIKY YKpaiHi
CbOroAHi € HaA3BMYAMHO akKTyanbHoto. Lle nepeaycim nos’s3aHO 3 HeobxigHicTiO TpaHcdopMmaLii CMPOBUMHHO-OPIEHTOBAHOT
HM3bKO-TEXHONOTIYHOI EKOHOMIKM YKPAiHM B €KOHOMIKY, OPiEHTOBAHY HA iIHHOBALLIT Ta BUCOKi TEXHONOTII.

Y umx ymoBax iHHOBaL,ii MOXyTb 6yTM ebeKTMBHUM 3acOb0M BiAHOBNEHHA Ta MoAepHi3aLii BMpobHMLTBa Ta Nnepexoay
YKPaiHCbKOi EKOHOMIKM Ha BULLMIA TEXHOIOTIYHMIA piBeHb. NepLl 3a BCe Le MOXKHA 3a6e3neyntun 3a 4onomoroto TpaHcdopmalii
TexHonorin IHaycTpii 4.0 (IHTepHeT peyen, WTYYHMI IHTENEKT, aHaNITUKA BEMKUX AaHUX, POBOTOTEXHIKA, XMapHi 0buYnCcneHHs,
BipTya/sibHa Ta [AOMOBHEHA pPeasibHICTb TOWO), AKi AOKOPIHHO 3MIHIOOTb TEXHIYHI NMpouecu BMPOOHMUTBA TOBapiB i nocayr,
MapPKeTUHTY Ta iIHCTUTYLIAHOT CTPYKTYpU cycninbcTBa (Bacunbesa Ta iH., 2022).

3aCcToCyBaHHA iIMEPCUBHUX TEXHOJIOTIN MOXKEe CNPUATU NiABULLEHHIO PIBHA KOMMNETEHTHOCTI Ta KBanidikauii monogoro
NMOKOIHHA, L0 € BaX/IMBUM YUHHUKOM A1 PO3BUTKY iHHOBALiMHOI eKOHOMIKM. Mpo e CBiAYNTb aHani3 Cy4acHUX AOCNIAXKEHD.
Tao & Zhang (2013) aocnigmnamn xapakTepucTMKM GaraTonpoekuinHoro iMepcuMBHOrO BipTyabHOTO CEPEA0BMLLA Ta AKLLEHTYBaNN
yBary Ha Moro BasKAmBii posi B HaB4YaHHi. Sadana et al. (2016) HaronowyoTb, Wo B raaysi AR/VR HeobxigHO nepeocMmUcanTH Te,
LLLO OYiKYETbCA Bif AOCNIAHNLBKUX 3yCUb Y chepi Biyanisau,ii 3a 4ONOMOroto imepcMBHUX TEXHONOTIA. MexaHi3mM imepCcMBHOTO
HaBYaHHA y 3BO BuBYanm Sonntag & Gobel (2017). Pe3ynbTaTu cucTemaTUyHOro aHanisy nitepatypu (Suh & Prophet, 2018)
BKA3YlOTb HA Te, O KiNIbKICTb JOCNIAKEHb IMEPCMBHUX TEXHOOTI 3POCTaE 1 NoTpebye 404aTKOBUX eMNiPUYHUX AOCNIAKEHHS,
wob TeopetvsyBaTM BNAMB ix BMKopucTaHHA. Hoff & Calhoun (2019) onucanu iHHOBaUji B NIArOTOBLi BYMTENIB LUASXOM
NiABULLEHHSA NPaKTUYHOTO 4OCBiAY 33 AONOMOro iIMEPCUBHOIO MogentoBaHHA. Y cTatTi Simpkins et al. (2020) po3srnsgatoTbca
iCTOPUYHI BUTOKM iMEPCUBHUX TEXHOIOTIM M Cy4acHUI CTaH iX PO3BUTKY, TEMaTUYHA TEPMIHOIOTIA, NPUKNAAN poboTH iMepCUBHUX
TexHonoriv B nabopatopii npuknaaHoi ¢isuku YHisepcuTeTy [xkoHa MonkiHca (CLUA) y winpokomy crnekTpi cdep 3acTocyBaHHs.
Gaspar et al. (2020) posrnsganv NepcnekTBM iIMEPCUBHOIO HaBYaHHA Ta aKTyaslbHi NPo6/iemMu BNPOBAAMKEHHSA iIMEPCUBHUX
TEXHOJIOFi B HaBYaHHA 32 TPbOMa BUMIipamM: AOCTYMN, CTBOPEHHA Ta PO3ropTaHHA KOHTeHTy. PhD gocniaskeHHs Spittle (2021)
CNpAMOBAHE «Ha Te, W06 BU3HAYUTU, AK MPUPOLHI METOAM BBEAEHHA HaMKpalle peanisytoTbCA Y 3BMYANHUX 3aBAAHHAX Y
iMepcMBHUX cepefoBULLAX, | BUABUTU, AK MiAXOAM KOPUCTYBaya afanTyloTbCA 3a/IeXHO Bif, 3MiH YMHHMKIB HABKOJIMLIHLOTO
cepenoBuLLa, KOHTEKCTY B3aEMOii Ta BUKOPUCTOBYBAHOMO anapaTHoro 3abesneueHHs». Dengel et al. (2021) npoaHanisysanu
iCHylOUi neparoriyHi ymoBM AN1A BUABMEHHSA UYMHHWKIB BNAMBY Ta BUK/AMUKIB, NOB’A3aHMX i3 BUKAAZAHHAM i HaBYaHHAM i3
iMepCcMBHUM HaB4Ya/IbHUM CepefoBULLEM; BUOKPEMWAWU PiBHI ANA iMEPCUMBHOrO BMKIAZAHHA Ta HaBYaHHA: MiKpOpPiBEHb
3006yBaya OCBITU, Me30piBEHb BUMTENA Ta KNacy, MAaKPOPiBEHb IHCTUTYLIMHMX Ta AepKaBHUX umHHMKIB. Kuhail et al. (2022)
3pobuAM CUCTEMATUYHUI OrNAL COPOKa ABOX CTaTe, Wob «3po3ymiTh, MOPiBHATU Ta 06MipKyBaTV HOBITHI cnpobu iHTerpysaTtn
iMepCMBHI TEXHONOTii B OCBITY 3 BUKOPUCTAHHAM CeMM BUMipiB: 061acTb 3aCTOCYBaHHA, BUKOPUCTOBYBAHA TEXHOOrIA, OCBITHA
po/ib, METOAN B3aEMOil, METOAM OLiHIOBAHHA Ta npobnemu». Y aocnigxeHHi Huamanchahua et al. (2022) posrasgatotbea
OCHOBHi iMEPCUBHI TEXHO/OTIi, W0 BMKOPUCTOBYHOTbCA B HayKoBil coepi IHAycTpii 4.0. CtatTa Anastasaki et al. (2023) mictutb
CUCTEMATUYHUI OFNAL CYHaCHUX HAYKOBWMX Nyb6niKauih npo mexaHismu aBTeHTMdiKaLii KopucTyBaya Ha OCHOBI IMEPCUBHUX
TexHoorii (Ha OCHOBi 3HaHb, biomeTpnyHi Ta 6aratopakTOPHi METOAM), OCKINbKM K/IHOUOBE 3HAYEHHSA Y BUKOPUCTAHHI iMepCUMBHUX
TEXHOOTiN BifirpatoTb KOHPIAEHUIMHICTb, 6e3neKa Ta aHOHIMHICTb KOPUCTYBaYiB, TOMY aBTEHTUIKALLA KOPUCTYBAYA € BaXK/IMBOLO
BMMOIOIO B UMX cepefoBuLiax. Hag nepeocMMUCIeHHAM HaBYa/bHMX NPOCTOPIB i3 iMepcMBHUM LUMGPOBUM cepeaoBuLLem
3ocepeamnu yeary Cooper & Thong (2023). Haa gocniaskeHHAM NOTOYHOI CUTyaLii Ta MabByTHIX TEHAEHLi PO3BUTKY iMepPCUBHOT
BipTyanbHOI peanbHOCTi y chepi ocsiTM npautoBann Wei & Yuan (2023).

Y Hawiit poboTi onupaemocs Ha pocsig Dengel et al. (2021), pospisHatoun Immersive Learning Ak iHAMBIAyanbHi
HaBYa/IbHi MpPoLECH, Lo NIATPUMYIOTLCA IMEPCUBHOIO TexHoAOriE, 1 Immersive Teaching AK NpoLec HaBYaHHA 3a TEXHONOTIED
3aHypeHHsA. 3a Suh & Prophet (2018) imepcuBHa TexHONOrIA — Le TEXHONOTIA, AKA CTUPAE MeXi MiXK Gi3UYHMM i BipTyanbHUM
CBiTaMM Ta [03BOJIAE KOPMUCTYBaYaM BiAuyTH BiAYYTTA 3aHYPEHHA.

MerTa cTaTTi NosArae B aHani3i BN/IMBY iMepCUBHUX LMPPOBUX TEXHOONI Ha MOAEPHI3aLLito OCBITHbOrO MaTeMaTUYHOTO
npocTopy BUKNagava.

METOAM AOCNIAMEHHA

3pobneHo cucTeMaTUUHWUIA OFNAA, Mpalpb CY4aCHUX HAYKOBLLB, 34iiCHEHO MOHITOpUHT BebcaliTiB 3a TemaTuKow
OOCNIAKEHHA, BUKOPUCTAHO BNAaCHUIA NejaroriYHMin AocCBig Ta METOAM HAayKOBOrO MisHaHHA. [NA AOCHIAMKEHHA BUKOPUCTAHHA
iMEPCUBHUX TEXHO/OFM Yy NeAaroriyHi NpakTUWi Ta OTpMMaHHA iHGopMmaLii Npo cTyniHb O3HAaWMOMAEHOCTi CTyAeHTIB i3
BipTya/IbHOIO peanbHICTIO NPOBEeAEHO aHKETYBAHHSA CTYAEHTIB.

PE3Y/ZIbTATU AOCNIAKEHHA

CucTema BULLLOT OCBITM BiZirpae Ba*KAMBY POJib Y PO3BMTKY JIFOACBKOTO Kanitany, CTBOPEHHI iHHOBaLiMHMX MPOAYKTIB i
nobyoBi eKOHOMIKM iHHOBALiMHOro TMNY. «OCBiTa — e NepLwuii rMobanbHUN HANPAM, AKUIA MaTUMe LO0BrOCTPOKOBUIA BNMB Ha
PO3BUTOK AepiKaBu. be3 po3BUTKY HAYKM HEMOXK/AMBI iHHOBaL,i Ta PO3BUTOK HOBITHIX TEXHONOrIN... A MalibyTHE OCBiTU — 3a
TexHosorismu. IT — gpaliBep eKOHOMIYHOIO 3POCTaHHSA KpaiH Ta iHLWMX OKPEeMMUX rasy3el, OCKiJIbK1 iHTerpoBaHa B yci chepm
€KOHOMIKN. CbOrofHi PO3BMTOK KOAHOI 3 iHAYCTPiA HEMOX/IMBO yABUTM 6e3 HOBITHIX TEXHONOriN, UMPpPOBMX pilleHb Ta
onpRuTanisayii. EdTech-ctaptanu, cTBopeHi 3aBAAKM iHTerpauii HallHOBIWMWX TexHosorik, Al Ta HayKoBMX po3poboK — ue
MaNBYTHE, AKE BXKE CTAE YAaCTUHOI HALLIOIO NOBCAKAEHHOTO KUTTA» (CHepria ocBiTU Ta iHHOBaL,i, 2023). 38’A30K MiX cMCTeMOI0
BMLLLOT OCBITU Ta IHHOBALiIMHUM PO3BMTKOM KpaiHM HAyKOBLi AOCAIAXKYIOTb Y 6araTbox acnektax (Bacunbesa Ta iH., 2022), ue i
dopMyBaHHA iHHOBALMHOIO cepefoBuLLA KPaiHW; PUMHKY Mpali; ue i B3aEMO3B’A30K MiXK BMLLOK OCBITOK Ta HayKOBUMMM
LOCNIAXKEHHAMMU; Le | OpMyBaHHSA iHHOBALIMHOrO NigNPUEMHMLTBA.

Myneca & CemeHixiHa (2023) 3ayBakuiu, WO «NiArOTOBKA MaMByTHIX yyuTenis maTemMaTMKu Ta iHGoOpmaTUKKU [0
33cTOCyBaHHA 3acobiB BipTyasbHOI HAOYHOCTI y NpodecinHii aianbHOCTI NoTpebye AOTPUMAHHA TAaKWUX NeAaroridyHUX ymos:
1) nocuneHHA MOTMBALLT BUKOPUCTOBYBATM 3acobu BipTyasibHOI HAOYHOCTI; 2) aKTUBHE BUKOPMCTAHHA 3acobiB Komn'loTepHOI
Bi3yanisauii y npoueci BuBYEHHA NPOdeciiHO OPIEHTOBAHMX AMCUMMAIH; 3) PO3BUTOK 34aTHOCTI A0 BNPOBAAMKEHHA iHHOBaALi B
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ranysi undposmx TexHonorin». BogHouac Mintii et al. (2023) 3ocepeannv yBary Ha BU3HAUYEHHI NeaaroriyHnX ymos, Lo HalKpalle
nigroTytotb BunMTenis STEM 0 BMKOPWUCTAHHA IHCTPYMEHTIB AOMOBHEHOI peanbHOCTi: 1) 4OCTYNHICTb iMEPCUBHUX LUDPOBUX
OCBiTHIX pecypciB ana BuuTenis STEM Ta mMobinbHOro obnagHaHHA ANA AONOBHEHOI peanbHOCTi (HOYTOYKWM, niaHWweTw,
CMapTPOHU, OKYNAPU AONOBHEHOT PeaNbHOCTI TOLLO); 2 BKAIOYEHHA Tem, MOB'A3AHMX i3 JONOBHEHOO PEANbHICTIO, Y HaBYa/IbHI
nporpamu BuuTenis STEM; 3) BUKOPUCTAHHA [OCAIOHUUBKMX METOAO0NOMN Ta iHTEPAKTUBHUX TEXHOANOrM y Knaci STEM,
4) HaABHICTb NPAKTUYHOTO A4OCBIAY BUKOPUCTAHHA TEXHOOFI A0NOBHEHOI peasbHOCTi B HaBYaHHi STEM. Tomy BU3HAYaIbHOMO €
ponb 3BO B 06MiHi 3HAHHAMM Ta TpaHchepi TEXHONOFIN, AKMIA BUSHAYAETLCA AK «NPOLLEC NepemileHHs TEXHOOrIT 3 HayKOBOro
abo akagemiyHOro cepefoBuLLa A0 NPOMMCAOBOT OpraHisauii, Wo Komepuianisye TEXHOOFiO WAAXOM BNPOBAANKEHHA HOBMX
npouecis, PO3p06KM Ta 3aNycKy HOBMUX NPOAYKTIB YN CNPUAHHA YCNILLHWUM Ta iIHHOBALiMHUM OpraHisaLinHum 3miHam» (Bacunbea
Ta iH., 2022). ABTopun KOBTOHIOK Ta iH. (2023) onucanu axiTekTypy LmMdpoBUX TEXHOOFIN B OCBITHLOMY CEPEAOBULL BUKNAZAYa AK
TpaHchep iHHOBALLI B EKOHOMIYHUIA NPOCTIP AEPKABMU.

Ona pocnigKeHHA BUKOPUCTAHHA IMEPCUBHMX TEXHOJOTIA B MeAaroriyHii nNpakTvui Ta oTpuMaHHsA iHdopmauii npo
CTYNiHb 03HAaMOM/IEHOCTi CTyAEeHTiB BiHHMLBKOro AepKaBHOro NeAaroriyHoro yHisepcuTeTy imeHi Muxaina KoutobuHcbKoro i3
BiPTYaZIbHOI peasibHICTI0 Ta AOMNOBHEHUMM PO3WMPEHUMMU PeanbHOCTAMM 6yl0 NpPoBefEeHO aHKeTyBaHHA. Ha ydyacTb B
[OCNiaXKeHHi 3ronocuamca 50 yyacHMKIB, AKi HaB4yaloTbcA B HakanaspaTi Ta maricTpaTypi GakynbTeTy maTtemMatuku, Gisuku i
Komn'toTepHMX HayK. PecnoHaeHTam 6y/10 3anponoHOBaHO BiANOBICTU Ha HU3KY 3anNUTaHb.

AHani3 oTpMmaHuXx Bignosigein noKasye, Wwo binblicTb pecnoHaeHTiB (54 %) BonoAitoTb iHGOPMaLLIEID NPO MOXKANBOCTI
3aCTOCYBaHHA IMEPCUBHUX TEXHONOTIM B OCBITHbOMY npoueci; 40 % onUTYBaHUX BBAXKAtOTb, WO LWBKUALLIE HE O3HAWOMJIEHI, HiXK
O3HaMomneHi; nnwe 6 % B3arani He BOJOAIIOTb iIHOOPMALLE NMPO MOMK/IMBOCTI 3aCTOCYBaHHA iMEPCUBHUX TEXHONONIA B
OCBITHbOMY Npoueci. Pe3ynbTaTi fOCNIAKEHHS CBigYaTb NPO iHHOBALiMHUI NOTEHLiaN LMX TEXHOJIOTiH, ane TaKoX BKasytoTb Ha
HW3bKWUIA piBEHb iX BUKOPUCTAHHA B PO3B’A3yBaHHI MPaKTUYHMX Ta TBOPYMX 3aBAaHb, NPU BUPILLEHHI peanbHUX Npobaem i cutyauin
(puc. 1).

AHanis oTpMMaHuX BiANOBIAEN CBiAYUTb, WO OiNbWICTb PECNOHAEHTIB MatOTb MEBHWUIN pPiBEHb O3HAMOMJIEHOCTI 3
MOK/IMBOCTAIMMW 3aCTOCYBAHHA iMEPCMBHUX TEXHOJIOTIN B OCBITHBOMY MPOLLECI, WO CBiAYMTb MPO iHTEPEC Ta aKTUBHICTb cepes
CTYZAEHTIB Y BUBYEHHI CYH4aCHUX TEXHONOTIYHUX TeHAEHLN. 3 iHworo 6oky, 40 % onNuTyBaHMX BBaXKaloOTb, LLO BOHW LWBKALLIE He
03HaMOMEHI 3 IMEPCUBHUMM TEXHOJIOTIAMM, LLLO MOXKE BKa3yBaTu Ha HeobXiaHICTb 6inbl akTMBHOI iHGopMaLiiiHOT poboTH Woao
nonynapu3aLii LMx TeXHONOTiN cepes cTyaeHTiB. OTOX pobruMo BUCHOBOK Npo NoTpeby y BNpoBaaKeHHi iHGopmaLLiiHMX 3axo4iB
Ta HaBYa/IbHMX NPOrpam, CNPAMOBAHWUX Ha NiABULLEHHA iIHGOPMOBAHOCTI Ta PO3YMIHHA MOX/IMBOCTEN IMEPCUBHUX TEXHONOTIN
cepeg, CTyAeHTIB.

3anunTaHHA Npo 06i3HaHICTb Cy4acHUX HaNPAMIB PO3BUTKY TEXHOOTI 4ONOBHEHOI Ta BipTyasibHOT peanbHocTel (puc. 2),
NnokKasaso Taki pe3ynbtati: 40 % CTyAEeHTIB 3HAIOTb Cy4acHi HanNpPAMKM PO3BUTKY LIMX TEXHOOTIN; 44 % CTyAeHTIB BBaXKaloTb, LU0
BOHM, CKOPILL 33 BCe, 3HAIOTb NPO Lii HANPAMMK, afie MOXKANBO He B AeTansax. Lle moxe BKa3yBaTu Ha 3arasibHy 03HAaNOMEHICTb 3
TEMOIO Ta MOXIMBO NOTPeby B rNMbLLIOMY BUBYEHHI LMX TEXHONOFIN. 14 % CcTyAeHTIB BBaXKaloTb, LLLO BOHM WBKUALIE He 3HalTb
npo Ui HanpPAMKU PO3BUTKY, TOBTO Y HUX 0BMeKeHa abo BiaCyTHA IHPOPMOBAHICTb LWOAO TEXHOOTi AONOBHEHOT Ta BipTyanbHOI
peanbHocTi. J/inwe 2 % CTyAeHTIB BiANOBIAK, WO BOHU He 3HAIOTb *KOAHOI iHbopmaLii npo i TexHonorii. Lia rpyna € HalimeHL
iHpopmoBaHoto Ta NoTpebye HaMbiNbLIOI yBarv WoA0 HafaHHA iHGopmaLii.

3arasiom, MoXKHa 3pobuTN BUCHOBOK, LLLO iICHYE Pi3HWIA piBEHb 03HANOMIEHOCTi CTYAEHTIB 3 TEXHO/IOTIAMMU AONOBHEHOT
Ta BipTyanbHOi peanbHoCTi. A ii NigBULLEHHA cepea, CTYAEHTIB MOXYTb DYTU BXUTI 3ax04M, TaKi AK neKuii, cemiHapu abo iHwWi
OCBITHi MpOrpamu, CNPAMOBAHI Ha MOKPALLLEHHA IXHIX 3HaHb Y Ui ranysi.

AHani3 oTpUMaHuX BigNoBiAeN Ha TpeTe 3anUTaHHA Nokasye, Wo 30 % pecnoHAEeHTIB BUKOPUCTOBYBAAMN BipTyanbHUI
OCBITHIl NPOCTIp Nif, Yac HaBYaHHA B YHiBEPCUTETI, WO CBIAYMTb MPO HAABHICTb MEBHOTO PiBHA iHTerpaLii TeXHONOTiM Y HaBYaNbHUI
npouec ANA L€l YacTUHKU cTyaeHTiB. 38 % BBaXKaloTb, LLLO BOHW, CKOpILU 33 BCE, BUKOPWUCTOBYBA/IN BipTyasibHWUI OCBITHIlN NpOCTip,
ane, MOX/UBO, Ue He Byno Ayxe nowupeHUm abo iHTEHCMBHUM BUKOPUCTaHHAM. 12 % BBaKatoTb, O BOHM LWIBMALLE He
BMKOPWUCTOBYBANM BipTYaibHUIA OCBITHIN npocTip. Ta 20 % BiANOBINM, LLLO BOHM B3arani He BUKOPUCTOBYBA/IM BipTyasibHWUIA OCBITHIl
npocrip (puc. 3).

@ Tax @ Tax. ® Tax

A @ Wenawe Tak, Hix Hi. e @ Wenawe T?" .um: Hi ® Linaue Tax, Hir Hi

Wenawe Hi, ik Tax. Weugwe Hi, Hix Tax. o
@i Wenawe Hi, wix Tax.
i I
@ Hi @ Hi
Puc. 1. O6i3HaHiCTb pecnoHAEHTIB 3 Puc. 2. IHpopmoBaHicTb pecnoHAeHTiB Npo Puc. 3. BUKOpUCTaHHA pecnoHAeHTaMu
MOINBOCTAMMN BUKOPUCTAHHA Cy4acHi HaNPAMKW PO3BUTKY TEXHONOril BipTyaNIbHOro 0CBiTHLOro NPOCTOpY
iMepcUBHUX TEXHOOTi| B OCBITHbOMY AONOBHEHOI Ta BipTyanbHOI peasibHOCTEN nig Yac HaBYaHHA
npoueci

(Puc.1-3) [epeno: aemopcoka po3pobKa.

3aranom, pe3ynbTaTh CBiAYaTb MPO Pi3HOMAHITHICTb AOCBIAY BUKOPUCTAHHA BiPTYaNbHOrO OCBITHBOIO NPOCTOPY Cepes,
pecnoHaeHTiB. Cepen, pecypcis, AKi HalyacTile BUKOPUCTOBYIOTb pecnoHAeHTU (puc. 4) Ha nepwomy micli — Biaeoypoku Ha
YouTube (96 % pecnoHAaeHTiB), Apyre Ta TPeTe MicLe po3ainAatoTb ENeKTPOHHI niapy4yHUKK, Ta OHNAH TecTn Ta BNpasu, 76 % Ta
52 % BignosigHo.

Ui maHi cBigyaTb MPO Pi3HOMAHITHICTb Ta LUMPOKWUI CMEKTP PecypciB, AKi BUKOPUCTOBYIOTbCA PECNOHAEHTaMU AnA
HaBYaHHA, BKNOYAOYM TPASMULiIHI IHCTPYMEHTM Ta Cy4acHi OHNalHpecypcu.
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AHani3 oTpUMaHMX BignNoBiAeln n’ate 3anuTaHHA (puc. 5), CBIAYUTL NPO CNPUNHATTA KOPMUCTI BipTYyasIbHOrO OCBITHLOIO
npoctopy pecnoHgeHTammn: 38 % BBaXKaloTb, WO BipTyasbHUIA OCBITHIN NPOCTIP € Ay)Ke KOPUCHUM ANA iXHbOro HaByaHHA. Lie
CBiAUNTb MPO BMCOKY OLHKY i 3HAYyLLiCTb BMKOPWUCTAHHA BipTya/ibHUX TEXHOJIONN ANA L€l YacTMHM pecnoHaeHTiB. 44 %
BBA)KalOTb, WO BipTya/sibHUI OCBITHIM MPOCTIP € KOPUCHUM, WO TaKOXK CBiAYMTb NPO MO3UTUBHE CNPUMHATTA LMX TEXHOANOTIN
6inbLicTio pecnoHAeHTIB. 16 % CTyAEHTIB BBaKatoTb, L0 BiPTyaslbHUI OCBITHIM MPOCTip € cepedHbO KOpUCHUM. Lle moxke
BKa3yBaTUW Ha Te, WO A/1A Li€i rpyny pecnoHAEHTIB BaXKKO BU3HAYMUTU OAHO3HAUYHY KOPUCTb Bif, BUKOPUCTAHHSA LUUX TexHonoril. Ta
nnwe 2 %, AKi BBaXKalOTb BiPTya/IbHUI OCBITHI NPOCTiP HEKOPUCHUM.

20 (58 %)

OHNafH-KypeH.

Bineoypora Ha YouTube. 48 (96 %)
EnexTpoHHi niapy4HaKm,
BeGinapu, 17 (34 %) @ Lyxe KopucHui.
IHTepakTHaHi HagdansHi nnatd... 23 (46 %) & Kopchwii
Enektponni GiGniotexw Ta Gaan.. 19 (38 %) | CepegHs0 KOPHCHMI.
Onnafi-TecTh Ta snpask. 36(72%) / @ Metiwe kopucHni.
PopymMK Ta cnineHoTH AnA obro.. 15 (30 %) @ He KopucHi.
OHNafiH-NNaThopMy ANA 3Qikc. .. 31(62 %)
MoBineHi 3acTocyHKK ANA BHEM...
Meet> Zoom> Google Class=...
] 10 20 30 40 50
Puc. 4. BUKOPUCTaHHA Pi3HOMaHITHMX pecypciB ANA HaBYaHHA Puc. 5. OujiHKa KopucTi BipTyanbHOro

OCBITHbOrO NPOCTOPY A/NA HABYAHHA
(Puc.4-5) [xcepeno: aemopcoKa po3pobKa.

Pe3ynbTati cBigyaTb NPO NO3UTUBHE CTaB/IEHHA PECNOHAEHTIB A0 BUKOPUCTAaHHA BiPTya/ibHOro OCBITHbOrO MPOCTOPY,
MOro 3HauyLWicTb ANA IXHbOTO HAaBYaHHA, Ta MPUNHATTA KOPWUCTI BiA, BUKOPUCTAHHA BipTyaZibHUX TEXHOMOFIN. 3 nepesar, fAKi
pecnoHAeHTV BiA3HaualoTb Y BMKOPWUCTAHHI iIHTEPAKTUBHUX MaTeMaTMYHWUX IHCTPYMEHTIB Yy OCBITHbOMYy npocTopi (Tabn. 1),
HalBaromili nepesarn Ue — 3PYYHICTb i AOCTYMHICTb HaByaHHA (90 %), Bisyanizauia maTemaTMyHux KoHuenuin (70 %) Ta
MWUTTEBMI 3BOPOTHIlM 38’'A30K (58 %).

Ta6nuua 1. OuiHKa pecnoHAeHTamMM nepeBar BUKOPUCTaHHA IHTEPAKTMBHMX MaTeMaTUYHMX iHCTPYMEHTIB y OCBITHbOMY NPOCTOPi

Bif,cOTOK onuTyBaHMX Bignosipai
90 % 3pYYHiCTb | AOCTYNHICTb HaBYaHHA.
70 % Bisyanisauis maTemaTUYHUX KOHLLEMNL,in.
58 % MMUTTEBWIA 3BOPOTHIl 3B’A30K.
50 % IHAMBIAYaNi3aLia HaBYaHHA
50 % MoAunBICTb cniBnpaLi Ta 06MiHy faHUMK
48 % OnTumisauifa BiACNiAKOBYBaHHA NPOrpecy Ta BUBYEHUX TEM
50 % 3MeHLEHH:A MOMMW/IOK Ta NiABULLEHHA TOYHOCTI y PO3B’A3aHHAX
2% He mae nepesar

[brepeno: aemopcbKa po3pobKa.

AHani3 CNPUNHATTA CTYAEHTaMW MOXK/IMBOIO BMJIMBY BipTYya/NbHOTO MaTeMATUYHOrO OCBITHbOrO MPOCTOPY HAa piBeHb
IXHbOTO PO3YMIHHA MATEMaTUYHUX KOHUENuii (puc. 6) € Ba)KAMBMM acCNeKTOM AOCAIAMKEeHHA BUKOPUCTAHHA iHHOBALNMHMX
HaBYa/IbHUX TEXHONOTi B OCBITHbOMY mnpoueci. HacKinbKn Takwui BipTyaNbHUIA NPOCTIP CNPUAE MNOAIMNWEHHIO PO3YMIHHA
MaTEMaATMKM MOMKE MATU BaXK/MBE 3HAYEHHA A8 MNOAANbLIOIO PO3BMTKY OCBITW. 3rigHO oTpumMmaHux Bignosigen: 42 %
pPecnoHAEeHTIB BBaXKaloTb, WO BipTyalbHUA MATEeMATUUYHWUIA OCBITHIM MPOCTIP MOXKe NO3UTMBHO BMNAMHYTU HA PiBEHb IXHbOrO
PO3YMIHHA MaTeMaTUYHUX KoHLenuiin. 44 % cTyaeHTiB BBaXKatoTb, WO BipTyasibHUIA MAaTEMATUYHUI OCBITHI NpOCTip, WwWeuaLwe,
MOKE MO3UTMBHO BMJIMHYTM HA IXHE PO3YMiIHHA MaTeMaTUYHMX KOHLENLiN, HiX HeratueHo. 12 % CTyAeHTiB BBaXKaloTb, WO
BipTYya/IbHUN MaTeMaTUYHMIA OCBITHI NPOCTIp, LBWUALIE, MOXKE HEraTMBHO BMJIMHYTM Ha IXHE PO3YMIHHA MaTeMaTUYHMX
KOHLeNUjii, Hi*K No3uTnsHO. Jlnwe 2 % CTyAeHTiB BBaXKalOTb, WO BipTyasibHUI MaTeMaTUYHWUI OCBITHIM MPOCTip He BN/AMBAE
NMO3UTUBHO Ha IXHE PO3YMIHHA MaTEMATUUYHUX KOHLLENLLN.

OTpuMaHi AaHi cBig4aTb NPO Pi3HOMaHITHI NOrNAAM CTYAEHTIB Ha BMN/MB BiPTya/lbHOr0O MaTEMATUYHOrO OCBITHLOMO
NPOCTOPY Ha iXHE PO3YMiHHA MaTEMaTUYHUX KOHUEMNLiN. BinblicTb cTyAeHTIB BBaXKatOTb, WO TakuUii NpocTip byae KopucHUM abo
LWBMALIE KOPUCHUM, ane € i Ti, XTO BUCNOBAOE CYMHIBM LOA0 KOPUCTI LIUX TEXHONOTI AN1A BUBYEHHA MAaTEMATUKM.

AHani3 CNpUIRHATTA CTYAEHTaMW MOMKIUBOCTEN BMKNAZA4YiB Y BMKOPUCTAHHI BipTyaNbHUX pecypciB ANA HaBYaHHA
(punc. 7) € BAXXNMBUM O1A BU3HAYEHHA CTABNEHHA A0 PO/ TEXHONOTiW Yy HaBYaibHOMY npoueci. PO3ymiHHA, HACKiNbKK CTYyAeHTH
BBaXKalOTb, LLLO BiPTya/ibHi pecypcy MOXKyTb AOMNOMOITU BMK/IagayaM B iXHi poboTi, € BaXK/IMBMM acCNeKTOM PO3BUTKY Cy4acCHOI
OCBiTU. 44 % ONWTYBaHMX BBaXKaloTb, WO BUKNAAA4Yi MalOTb AOAATKOBI MOM/IMBOCTI ANA HAaBYAHHA 3aBAAKM BipTyaslbHUM
pecypcam. IHWi 44 % BBaXKaloTb, WO BUKA3AAYI, WBKUALLE, MAIOTb A0AATKOBI MOM/IMBOCTI 3aBAAKN BipTyaslbHUM pecypcam, Hix
Hi. 10 % cTyAeHTiB BBaXKatoTb, WO BMKAALAYI, WBUALLE, HE MAOTb AOAATKOBMX MOXK/IMBOCTEN 3aBAAKM BipTya/lbHUM pecypcam.
Jinwe 2 % cTyAeHTIB BBAXKatOTb, WO BUKNAAAYI HE MAIOTb KOAHUX MOXKIMBOCTEN 3aBAAKM BipTYalbHUM pecypcam.

OTpuMaHi AaHi cBigYaTb NPo 3arasibHe NPUIAHATTA 1 Bipy B Te, WO BipPTya/ibHi PECypcu MOXKYTb HaAaBaTu AOAATKOBI
MOXXIMBOCTI ANA BUKAAZayiB Yy HaBYa/IbHOMY Mpoueci. binblicTb CTyAEHTIB BBaXKatOTb, WO TaKi TEXHOJOFT MOXKYTb MOKPALLUTH
poboTy BMKNAAAYiB, WO NiAKPECNIOE BAXKAMNBICTb iHTErpaw,ii iHHOBaLiiHMX PecypciB y Cy4acHy OCBITY.

AHani3 BNAUBY BipTya/NbHOro MaTEMATUYHOIO OCBITHBOrO MPOCTOPY Ha MOTMBALLItO CTYAEHTIB A0 BUBYEHHA MaTeMaTUKU
(puc. 8) mae Baxk/IMBE 3HAYEHHA ANA PO3BUTKY HABYAIbHWUX TEXHOIOTI Ta NiABULLEHHA AKOCTI OCBITU. PO3yMiHHSA, AIK LLeit NpocTip
BMNJ/IMBAE HA CTYAEHTCbKY MOTUBALLItO, MOXe LLONOMOITU ONTUMI3yBaTK HaBYa/IbHi Mporpamu Ta 3abesneunTn 6inbwni iHTepec fo
MaTeMaTUKM.
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@ Tax, BipTyansHui MaTeMaTH4HUA
OCBITHIA NPOCTIP MOKE NOIUTUBHO BRN.

@ Tax, BipTyankHe HABHAHHA MOXE
@ Tax CTHMYNIOBATH MO0 MOTHBALID, GCKING. ..
@ Wangwe Tak, wix Hi HeATpansHo, MofA MoTHBaUIA oo
e | J .

BMBMEHHA MaTEMaTHKH HE 3ANEXWTL B...

® Tax
=l @ Wskawe Tax, His Hi.

Wemawe Hi, ix Tax. Weuawe Hi, His Tak. .
@ Hi ) @ Hi, sipTyansHe HaB4aHHA He BNNWBAE HAa
. Hi. MOK MOTHEALLIK, OCKIMBKA MATEMATHE,
@ Hi. BipTyansHUA NPOCTID MOXeE HaBiTL
44% SHWIUTH MOK MOTHBALIK Yepes BiacyT...
Puc. 6. OuiHKa BNAUBY BipTyasbHOro Puc. 7. CtaBneHHA CTyAeHTIB 40 Puc. 8. Bnaus BipTyaNibHOro matemaTu4yHoro
MaTeMaTUYHOro OCBITHbOrO NPOCTOPY MOXAUBOCTEM BUKNaaadis OCBIiTHbOrO NPOCTOPY Ha MOTMBALLiIO 4,0 BUBYEHHSA
Ha piBeHb PO3yMiHHA MaTeMaTUYHUX BUKOPUCTOBYBATU BipTyanbHi pecypcu maTemaTuKu
KOHUuenuiin ANA HAaBYaAHHA

(Puc.6-8) [epeno: asmopcbka po3pobKa.

3rigHo oTpMMaHux Bignosigen: 44 % CTy[eHTiB BBaXKatOTb, LLLO BipTyasibHUA MaTeMATUYHWUI OCBITHIM NPOCTIP NO3UTUBHO
BMN/IMBAE Ha iXHIO MOTMBALLiIIO 4,0 BUBYEHHA MaTEeMATUKKN. BOHW BBaXKatoTb, LLLO BipTyaNbHUI NPOCTip PO6UTL HAaBYAHHA LiKaBilLMM
i 320x04y€e A0 6iNbLL AKTUBHOTO BUBYEHHA MaTeMATUKN. 18 % CTyAeHTIB BBaXKatOTb, LU0 BipTyasibHE HABYaHHA MOXKe CTUMYIOBATU
iXHIO MOTMBALLiO, OCKi/IbKM BOHO HaZA€E MOXK/MBICTb BUKOPUCTOBYBATWU iHTEPAKTMBHI IHCTPYMEHTU Ta BiACNiAKOBYBaTW CBil
nporpec. 30% CTyAEeHTIB BBaKaloTb, WO GOpMa OCBITHLOrO MPOCTOPY (BipTyaNbHWUIA UM TPaAMLUiiHWI) He BNAMBAE Ha iXHIO
MOTMBALLIIO A0 BUBYEHHA MaTEMATUKU. Jlnwe 2 % CTyAeHTiB BBaXKalOTb, LLLO BipTyasibHe HAaBYAHHA He BMNJ/IMBAE Ha iXHIO MOTUBALLi1O,
OCKINIbKM MaTeMaTMKa 3a/IMWAETbCA CKNALHO A1A HUX He3anexHo Big popmaty. 6 % CTyAeHTIB BBAXKAOTb, LLO BipTyasbHWUA
NPOCTiP MOXe HaBiTb 3HWU3UTK IXHIO MOTMBALLIIO Yepes BiACYTHICTb 0COBUCTOro KOHTAKTY 3 BUKAAZa4Yem Ta CRiibHOTOH.

AHani3 CNpUWHATTA pecnoHAeHTaMu BNAWMBY BipTyaslbHOFO MATEMATUYHOrO OCBITHbOTO NPOCTOPY Ha AOCTYMHICTb
MaTeMaATUKM (puc. 9) Mae BeNMKEe 3HAYEHHA ANA PO3YMIHHS, HACKINbKM Wi TEXHONOrT MOXYTb POBUTU mMaTemaTuKy 6inblu
[OCTYMHOK Ana cTygeHTiB. Lle nuTaHHA CTOCYeTbCA AK OCBITM, TaK i AOCTYNHOCTI HAaBYaHHA, 0COOAMBO A/A TUX, XTO MAE
obMeKeHUI AoCTyN A0 TpaaMULiIMHUX pecypciB.

@ Tax, sipTyansHri MaTemMar4HHR
OCBITHIA NpocTip pobuTe MaTeMaTHky...

@ Tax, sipTyansHe HagHaHHA poBHTs
= MaTemaTHry AoCTYNHOW, ocofnueo A...
HeATpaneHo, Go 4ocTynHICTE
BIPTYanLHOMo MaTeMaTHYHOrO OCBITHD. ..
@ Hi, BipTyantHe HABYAHHA He poBuTe
maremarmky Ginsw AOCTYNHOK ANRA BC...

@ Hi, sipryanesmi npoctip mowe Gyt
MEHLL SHEKTHEHIM ANA POIYMIHHA Ma...

Puc. 9. CnpUHATTA CTyAEHTaMM BR/IMBY BipTYalbHOr0 MaTeMaTUYHOrO OCBITHLOrO NPOCTOPY Ha AOCTYNHICTb MaTeMaTUKKN
Lxcepeno: asmopceKka po3pobKa.

46 % pecnoHAEHTIB BBaXKatoTb, WO BipTyasibHUMI MaTeMaTUYHMI OCBITHI NPOCTIPp POBUTbL MaTEMATUKY AOCTYMHILWOW
3aBAAKM 3PYYHOMY HaBYaHHIO Ta iHTEPAKTUBHUM iHCTpyMeHTaM. 24 % TAKOXK BBAXKaloTb, LLO BipTyasibHE HaBYaHHA pobuUTb
MaTeMaTUKy LOCTYMHIWO, 0CO6ANBO A5 TUX, XTO MAE OOMeEXKeHUI JoCTyn A0 TpaguuinHux pecypcis. e 24 % BupaxkatoTb
HEWTpanbHy MO3MLIID | BBaXKalTb, WO AOCTYMHICTb BipTYasIbHOTO MaTeMaTMYHOrO OCBITHBOIO MPOCTOPY 3aNeXUTb Bif,
iHAMBIAYaNbHMX O0BCTaBUH CcTyAeHTa. Jluwe 2 % CTyAEHTiB BBaXKatoTb, LLO BipTyaNbHe HaBYaHHA He PobUTb maTtemMaTuKy 6inbL
[OCTYMHOW Ans Beix cTygeHTis. e 4 % cTypeHTiB B6ayatoTh, WO BipTyanbHUIA NPOCTip MoXKe 6yTM MeHW edeKTUBHMM Ann
PO3YMIHHA MaTEMATUYHUX KOHLEMLNA.

OTpuMaHi faHi cBigYaTb NPO Pi3HOPIAHICTb CNPUNHATTS BNANBY BiPTYa/IbHOrO MaTEMATUYHOIO OCBITHBOTO NPOCTOPY Ha
LOCTYMHICTb MaTEMATUKK. BinblicTb CTYAEHTIB BBAXKatOTb, LLLO TaKMI NPOCTip pOBUTb MaTEMATUKY AOCTYMNHILLO, ane iCHYOTb i Ti,
XTO BUPAXKAE NEeBHI 0OBMEKEHHA UM HEWTPANbHY NO3MULt0. Lie CBiAYMTb NPO BaXKAMBICTb MOAANbLIOIO AOCAIAXKEHHA Ta ONTUMI3aLLi
BMKOPUCTAHHA BipTyaZIbHUX MaTEMATUUYHUX OCBITHIX peCcypciB 3 METOI MOKPALLEHHA AOCTYMHOCTI HABYaHHA MaTeMATUKN ANA BCiX
cTyaeHTiB. MNiacymKkn npoBeseHOro Hamu AOCNIAKEHHA KOPENIOTb OTPMMAHI pe3yabTaTu 3 pe3yibTaTaMu iHLWKX AOCNIAHUKIB Ta
NiATBEPAKYHOTb IX aKTYaNbHICTb. [N NOPIBHAHHA PO3r1A43aANCh AOTUYHI AOCAIAKEHHA 3 AAaHOT NPO6AEMATUKM WOA0 PO3KPUTTA
0CobNMBOCTEN IMEPCUMBHUX TEXHOOTIM Ta iIX NPAKTUYHOIO BUKOPWUCTAHHA AK IHCTPYMEHTIB MOAepHi3aLlii OCBITHbOroO npouecy B
KOHTeKCTi eBpoiHTerpau,ii (Cosa & [leHixkHa, 2022) Ta OUiHIOBAHHA YAB/EHb CTYAEHTIB NPO 3aCTOCYBAHHA iIMEPCUBHMX TEXHOIOTI
ONA NOKpaLLEeHHA A0CBiAy IXHbOro HaBYyaHHA (Baxte & Hainey, 2023).

BMUCHOBKWM TA NEPCNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

MpoaHani30BaHO TEOPETUYHI acNeKTU iMepCUBHUX UMPPOBUX TEXHOOTIN, AOLINBHICTb iX BUKOPUCTaHHA B TpaHcoepi
3HAHb Ta TEXHO/OTIW, WO MOXKe CMPUATU MiABULLEHHIO PiBHA KOMMETEHTHOCTI Ta KBanidiKkauii MONOAOro NOKOAIHHA, WAAXOM
BMKOPUCTAHHA BiPTYyaZibHOI peanbHOCTI Ta PO3LWMPEHOI PeaNbHOCTI, L0 MOXKE 3HAaYHO MOKPALLUTM AKICTb OCBITU Ta NiATOTOBKM
CTYAEHTIB A0 peanbHOro KUTTa. Lli TeXHoMOorii MOXKyTb AOMNOMOITU Y 36iNblEHHI MOTUBAL,i CTYAEHTIB A0 HaBYaHHSA, CNpUATH
36i/IbLIEHHIO KiIbKOCTi CTYAEHTIB, AKi OTPMMYIOTb BULLY OCBITY Yy rasysi HayKu, TEXHO/IOTiN, iHKeHepii Ta maTtemaTuku. Lle moxe
[0NOMOrTY B 3abesneyeHHi KBanidikoBaHoT poboyoi cuam Ta 36iNblUeHH iIHHOBALIMHOrO NOTEHLiaNy AEPXKaBM, WO € BAXKAUBUM
daKTopomM ANA PO3BUTKY iHHOBALMHOI EKOHOMIKM, i PO3rNALAETLCA HapPasi AK OAMH 3 BAXKAMBUX YMHHMKIB €KOHOMIYHOTO
3POCTAHHA | TEXHO/IOTIYHOrO OHOBNEHHA BUPOOHULTBA B €KOHOMIL,i, CTPATEFYHOro HanNpPsMKy PO3BUTKY EKOHOMIKM i KpaiHu B
uinomy. MpoTe Ba)K/NMBO BPAXoByBaTH, WO He BCi CTYAEHTU OLHAKOBO O3HAMOMJIEHI 3 iMEPCUBHMMM TEXHOJMOTIAMM, | AesKi
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MOYTb BUABUTU IX MEHLL ePpEeKTUBHMMM NOPIBHAHO 3i 3BUYANHUMMU METOAAMM HaBYAHHA. TOMY BNPOBaZKEHHA TaKUX TEXHOIOTIN
NOBMHHO 6YyTW 36anaHCOBaHMM Ta BPAXOBYBaTW iHAMBIAyaNbHi NOTPEbWU CTyAEHTIB. Y LIIOMY, BUKOPUCTAHHA iMEPCUBHMX
TeXHOAOFiW Y BULLi/ OCBITi Ma€e NOTEHLiaN NOKPALMTN HaBYaIbHUI NpoLec Ta 3pobUTH maTemaTuKy B6inblu AOCTYNHOLO Ta LiiKaBoto
LNA CTYAEHTIB.
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AHOTAUIA

dopmynioBaHHA npobaemu. Y 2024 p. B IHcTuTyTi undposisauii ocsitn HAMH YKpaiHu po3novaTo aocniaxeHHsa «pOeKTyBaHHA
i BMKOPUCTAHHA BIJKPUTOTO OCBITHHOTO CEpPefoBUILA 3 eNeMEeHTaMM LUTYYHOro iHTeNeKkTy AnA npodeciiHoro posBMTKY
neparoriyHmx kagpis». OAHUM 3 MOXKIMBUX BapiaHTIB AOCNIAKEHHA CTaHY Npobaemu € aHaNi3 CUCTEMM 3anNUTaHb HaLOHANbHOTO
Tecty «Ludporpam ana BunTeniB». 3MiCT TakMx 3anuTaHb, iX KiZbKICTb A03BONUTL NPOaHanNi3yBaT AK came BUKOPUCTOBYIOTb
BYMTENI TOW UM iHLIWI CepBiC, X NOLMPEHHS Ta 3HAHHSA 3 NPUBOAY TEMATUKM WTYYHOTO iHTENEKTY.

Martepianu i metoau. CUCTEMHMIA aHaNi3 NeaaroriYHUX i 3aralbHOHAYKOBUX AyKepen AN 3'acyBaHHA CTaHy po3pobieHocTi
npo6/eMn BUKOPUCTAHHA LUTYYHOrO iHTENEKTY B ranysi OCBITM (YKPaiHCbKMIA Ta 3apybisKHMIA [0CBI4); aHani3 negaroriyHol
HayKOBOI liTepaTypu ANA BUOKPEMIEHHA OCHOBHMX NPUHLMNIB NOBYA0BM CUCTEMM 3aNWUTaHb HaLiOHaNbHOTO TecTy «Lindporpam
[ONA BUUTENIBY; NOPIBHANBHUI aHaNI3 419 BUSHAYEHHSA HaWBAXK/MBILLMX TEeMaTUYHMX B10KiB Y TecTi «Lindporpam ansa sumtenis».

Pe3ynbTtatn. AHanis cuctemu 3anuTaHb «Ludporpam ana suntenis» npussis 40 GOpMyBaHHA OCHOBHMX, aBTOPCbKMX TEMATUYHUX
6/10KIB 32 AKUMU MOXKHA PO3NOAINWUTK YCi HaABHI 3anuTaHHA: Facebook, Joaatkm Google, YouTube, EnekTpoHHe ypaayBaHHs,
EnektpoHHa wWwkona, Pobota 3 Hpaysepom, OnepauiitHa cuctema Windows, IHKAO3MBHE HaBYaHHA. KoxkeH 610K MicTWUTb
BiANOBIAHI CKNAAHWKM AKi MOro XapaKTepu3yoTb B NOBHOMY 06ca3i. Hanpuknaga, TematuuHmii 610K «oaaTtku Google», oo skoro
BiAHOCATLCA OKPEMi 3anuTaHHA 3 061acTi LWTYYHOrO iHTENEKTY, CKNaAaETbeA 3 cepsiciB: Google [JokymeHTn, Google Tabauuj,
Google MpeseHTauii, Google ®opmu, Google Caiitn, Google Knac, Google Anck, Google KapTh Ta Google 306pakeHHs.

BucHOBKU. B TecTi «Lindporpam ns BunMTenis» AviLe He3HauYHa KifbKiCTb 3anuTaHb NOB’A3aHa 3i WTYYHUM iHTeNeKToM. Mpsammx
3anuTaHb, AKi 6 BUCBIT/IIOBa/IM BUKOPUCTaHHS CEPBICiB LUTYYHOTO iHTENEKTY B OCBITHBOMY NpPOoLLECi He BUABNEHO. [06iXKHO, OKpemi
3aMUTaHHA MOXHA CMiBBIAHOCUTU 3 TEMATUKOK BUKOPWUCTAHHA LUTYYHOTO iHTENEKTY (Hanpuknag, Ti, WO CTOCYIOTbCA CepsiciB
Google 306pakeHHsn um Google KapTu). Takux 3anutaHb BuaBieHo avwe 2 % (1 3anutaHHA 3 61 um 62). Taka KinbKicTb 3anuTaHb
He AONOMOKe Mif, Yac NpoBeAeHHA KOHCTaTyBaIbHOTO eTarny neAaroriyHoOro eKCriepumeHTy, Lo 3anaaHoBaHo Ha 2024 p.

KNKOYOBI CNNOBA: wmyuyHuli iHmenekm; Liugppoepam 815 s4umenis; cucmema 3anumate; e4umeni; nedazoeivyHi kaopu; L.
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ABSTRACT

Formulation of the problem. In 2024, the Institute for Digitalisation of Education of the National Academy of Educational Science
of Ukraine launched the study "Design and Use of an Open Educational Environment with Elements of Artificial Intelligence for
the Professional Development of Teaching Staff." One of the possible options for researching the state of the problem is the
analysis of the system of questions of the national test "Digigram for teachers." The content of such questions and their number
will allow us to analyze how teachers use this or that service, their distribution, and their knowledge about artificial intelligence.
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Materials and methods. Systematic analysis of pedagogical and general scientific sources to clarify the state of development of
the problem of using artificial intelligence in the field of education (Ukrainian and foreign experience); analysis of pedagogical,
scientific literature to identify the main principles of building a system of questions of the national test "Digigram for teachers"; a
comparative analysis to determine the most critical thematic blocks in the "Digigram for teachers" test.

Results. The analysis of the system of questions "Digigram for teachers" led to the formation of the primary author's thematic
blocks by which all available questions can be divided: Facebook, Google Applications, YouTube, Electronic government,
Electronic school, Working with a browser, Windows operating system, Inclusive education. Each block contains relevant
components that characterize it in its entirety. The thematic block "Google Applications," which includes specific issues in the
field of artificial intelligence, consists of the following services: Google Docs, Google Sheets, Google Presentations, Google Forms,
Google Sites, Google Classroom, Google Drive, Google Maps, and Google Images.

Conclusions. In the "Digitgram for Teachers" test, only a few questions are related to artificial intelligence. No direct questions
were identified that would highlight the use of artificial intelligence services in the educational process. In passing, specific
questions can be related to using artificial intelligence (for example, those associated with Google Image or Google Maps
services). Only 2% of such questions were found (1 out of 61 or 62). Their number will not help during the ascertainment stage of
the pedagogical experiment, which is planned for 2024. The following steps will be to create methods and guidelines for using Al
in the educational process.

KEYWORDS: Artificial Intelligence; Digigram for teachers; system of questions; teachers; teaching staff; Al.

BCTYN

NocTaHoBKa npobaemu. Y 2024 p., y BiaAiNi XMapo OPIEHTOBAHMX cUCTEM iHPOpPMaTM3aLii OCBiTU IHCTUTYTY undpoBi3aLii
ocBiTM HAMH YKpaiHun po3noyato npuknagHe focniarKeHHs «MpoeKTYBAHHA i BUKOPUCTAHHA BiAKPUTOrO OCBITHbOMO cepesoBmLLa 3
€/1eMEHTaMM LUTYYHOTO iIHTENEKTY A1 NpodeciiHOro po3BUTKY NeaaroriyHmx Kagpis» (4P Ne 0124U000671). B 2024 p. 3annaHoBaHO
BMKOHAHHA TEOPETUKO-MOAE/NI0BA/IbHOrO €eTany, B MeXax AKOro nepenbayeHo JOCNIAMKEHHA CTaHy Npobiemu BUKOPUCTAHHA
WTy4HOro iHTenekTy (L) negarorivHmm Kagpamm. O4HUM 3 MOXK/IMBUX BapiaHTIB LOCNIAXKEHHSA CTaHy NPO6eMM € aHani3 cucTemMu
3aMuMTaHb HaLiOHaNbHOTO TecTy «Liudbporpam gna BUMTENIBY, afXKe CTAaHOM Ha MoYaTok cepnHA 2022 p. 6inbwe Hixk 180000 BunTeNiB
Moro ycniwHo npoiwnn (Ak 8 YKpaiHi 3miHAMb wKinbHuli Kypc iHpopmamuku, 2022). LUudporpam € oaHMM 3 H6E3KOLITOBHUX
iHCTPYMEHTIB, 06 OUiHWUTM 0COBUCTO LMPPOBY rPaMOTHICTb (NPU LbOMY Lie TBEPAMKEHHSA CTOCYETbCA HE /iMLIe BYMTENIB, ane ¢
rPOMaasH, AepPKCAYyKO0BLB, MEANYHUX MPALLBHMKIB). TOMY iCHYE NpUNyLLEeHHs, Wo TecT «Lindporpam gna suutenis» mictutb
3anNUTaHHA NOB’A3aHi 3i WTYYHUM iHTENEKTOM, MOro 3acTOCYBAHHAM YW HAMMOLWIMPEHILUMMU CepBIiCaMM LUTYYHOTO iHTENEKTY, AKi
BMKOPUCTOBYIOTb BUMUTENi. AHani3 byae LOPeYHMM, OCKiNbKM 6asa 3anuTaHb MOCTIMHO OHOB/IOETLCA B 3B'A3KY 3 OMaHyBAHHAM
negaroraMmy HoBUX LMGPOBUX TEXHOOTIN. 3MICT TaKMX 3aNUTaHb, iX KiZIbKiCTb [03BOIMTb NPOAHA/3yBaTh AK CaMe BUKOPUCTOBYHOTb
BUMTENI TOI UM IHLLIMIA CEPBIC, IX NOLMPEHHA Ta 3HAHHA AKUMM BOJIOAiI0Tb/MOXYTb BOJIOAITM BUMTESI 3 MTPUBOAY TEMATUKM LUITYYHOTO
iHTenekTy. Kpim Toro, aHanis cneunodikM AaHUX 3anuTaHb AOMOMOMKE Yy MPOBEAEHHI KOHCTATyBa/IbHOrO eTany negaroriyHoro
eKCneprMeHTY, WO 3aniaHoBaHo Ha 2024 p. B meXKax NpoBeAeHHA HayKOBOMO AOC/IAXKEHHS.

AHani3 akTyanbHUx gocnipykenb. A. [. TypKiHa B CBOEMY A0 cniarKeHHi (MypKiHa, 2022) onvcye undpoBy KOMMNETEHTHICTb
AKa CKNafdaeTbea 3 N'AaTv chep Ta Hagae nepenik ii cKnagHuKiB (Bcboro 21 cknagHuk). Mepenik CKNAAHUKIB € aKTyalbHUM Ta
HaBoAWTbCA Ha odiuiMHOMY caiMTi, 4e MoXHa npolTu «Uudporpam ans suutenis» (Lugpozpam, 6.4.). Cnig 3ayBaskuTu, WO
3MiHMAACh KiNbKicTb 3anunTaHb. CTaHOM Ha cideHb 2024 p. KibKiCTb 3anMTaHb BapitOETbCA B MerKax 60.

B nonepeaHix focnigxeHHsax (JIMTBMHOBA Ta iH., 2022) 6yno NpoaHanizoBaHO Poab HauioHanbHOro TecTy «Liudporpam ans
BUMTENiB» B KOHCTEKCTi LMdpoBi3aLjii 3aranbHOi cepeaHboi ocBiTM. OfHAaK, MOro CTPYKTypa, 3MICT 3anuTaHb [AETasibHO He
LOCNiAXKYBanoch.

3acTOCYBaHHA LUTYYHOrO iHTENIEKTY B OCBITi NOCTYNOBO HabyBa€ NOLIMPEHHA | € HOBUM AK ANS AOCNIAHWMKIB, TaK i ana
npakTukie. Ornagose pgocnigkeHHa (Chiu et al., 2023) cnpsamoBaHe Ha Te, WO6 3pO3yMITU MOXKAMBOCTI Ta NPO6AEMM WTYYHOTO
iHTENEeKTy B OCBITI LUNAXOM BMBYEHHS NiTepaTypu 3a ocTaHHi 10 pokis (2012—-2021 pp.) 3 BUKOPUCTAHHAM METOZIB MATPUYHOIO
KOAYBaHHA Ta aHani3y KOHTEHTYy. Pe3ynbTaTn NpeacTaBAAaoTb NOTOYHY CMPAMOBAHICTb AOC/IAKEHD WTYYHOrO IHTENEKTY LWAAXOM
BM3HaYeHHA 13 ponei TexHonorin LI B kntouosux chepax ocsiTh.

Mpausa (Kamalov et al., 2023) cnpamoBaHa Ha AOCAIAXKEHHA NOTEHLIMHOIO BN/IMBY LUTYYHOTO iHTENEKTY HA OCBITY LUAAXOM
ornsaAy Ta aHanisy HasABHOI NiTepaTypu 33 TPbOMa OCHOBHUMM HaNpPsMKaMK: 3aCTOCYBaHHA, Nepesary Ta npobaemun. JocnigKeHHs
30cepesKeHe Ha BUKOPUCTAHHI LUTYYHOrO iHTEIEKTY Y CMiJIbHOMY HaBYaHHI BUMTENA Ta YYHA, iIHTE/IEKTYalbHUX CUCTEMAX HAaBYAHHA,
aBTOMATU30BAaHOMY OLLHIOBAHHI Ta NEPCOHaNi30BaHOMY HaBYaHHI. OKpecneHo HeraTUBHI acneKTu, eTUYHI NPobaemMn Ta MOXKAUBI
ManbyTHI Wwnsaxu BnposagKeHHa LI B ocsiTi.

Y pocnigkeHHi (Nemorin et al., 2023) po3rnaHyTO, AK LWTYYHUI IHTENEKT B OCBITHIX CUCTEMAX BMKOPWUCTOBYETLCA Ta
PO3ropTaETbCcA B KOHTEKCTI rnobanbHoi ocsitTv. Y npauyi (Foltynek et al., 2023) nokasaHo, wo iHcTpymeHTH LI nocTifHO cTatoTb
BiAKPUTUMMU. AIK i y BUNAAKY 3 yCiMa HOBMMMW TEXHOIOMNYHUMM iIHHOBALLIAIMM, LLe CTBOPIOE HU3KY MOMK/IMBOCTEN | BUK/IMKIB 41 OCBITU:
Hacamnepep, 415 BYMTENIB Ta YYHiB. B akagemiyHil crnifbHOTI Ta 3a i MeXXaMu 3pOCTaE iHTepec A0 BUKOPUCTAHHSA LUTYYHOTO iHTENEKTY
B OCBITi 419 PO3p06/1EHHA KOHTEHTY. Lie CTBOPIOE MOKIMBOCTI Ta BUKIMKM AN aKaAeMiYHOT Ta LOCNiAHMLbKOT A06pOYeCHOCTI.

B npausax yKpaiHCbKMX HAayKOBLLIB TaKOX 3pOCTAE iHTepeC A0 WTYYHOro iHTenekTy. BukopuctaHha LIy cdepi BuLLoi ocsith
npoaHani3oBaHO HayKoBUAMM B poboTi ([pay Ta iH., 2023). B pob0Ti po3rAsHYTO TaKOX HOPMATUBHO-MPaBOBY H6a3y BNPOBaAKEHHS
LUTYYHOTO iHTENEeKTy B OCBITHIM NpocTip YKpaiHU. Mpo WMPOKUI iHTepec YKPaiHCbKMX HAyKOBLB 40 BUKOPWUCTAHHA LUTYYHOTO
iHTEeNeKTy B OCBITi CBigYaTb i pe3ynbTaTM NPOBeAEHHA KPYraoro crtony «BMKOpUCTaHHA WTYYHOro iHTenekty B ocsiTi: CHATGPT i
6inbwe» 14 yepsHn 2023 p. 3apeecTpoBaHMX y4acHMKiB 6yn0 6a13bko 1660, ogHaK NPUCYTHIMK Ha 3axoai 6yno noHag, 800 OcBiTAH.
3 pesynbTaTaMu NPOBEAEHHA KPYrnoro cTony onybaikoBaHo 36ipHMK maTepianis (BuKopucmaHHa wmy4yHo20 iHmesaekmy e oceimi:
ChatGPT i 6inbwe: 36ipHUK mamepianie Kpyanozo cmosy, 2023). 1-2 6epesHa 2024 p. TaKOXK 3annaHOBaHO MNPOBEAEHHS
MixKHapoaHOi HayKoBOi KOHdepeHLii «LLITy4HNI iHTENEKT Y HayLi Ta OCBITI», WO rOBOPUTb MPO 3POCTaHHA iHTEpPecy HayKOBLiB Ta
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OCBITAH A0 OKpecneHoi TemMaTuku. lpoTe, AOAATKOBMX OOCNIAXKEHb BUMArae cuctema sanutaHb «Lndporpam ans sumtenisy,
30Kpema 3a TEMATMKOIO LUTYYHOTO iHTENIEKTY, OCKINIbKM NOAIBHWNX AOCAIAXKEHb MaiKe He NPOBOANIOCH.

Merta cTtaTtTi. AHani3 cMCTeMM 3anuUTaHb HaLjioHanbHOrO TecTy «Ludporpam ana BYMTENiB» 3a TEMATUKOIO LWTYYHOrO
iHTeNeKTy.

METOAM AOCNIAMEHHA

CUCTEMHWMIA aHani3 NefaroriyHMX i 3araNbHOHAYKOBMX AyKepen Ana 3’acyBaHHA CTaHy po3pobieHocTi npobnemu
BMKOPUCTaHHA WTYYHOTO iHTENIEKTY B ranysi ocBiTU (YKpaiHCbKMI Ta 3apybixkHMIA 40CBIA); aHaNi3 NeAaroriYHoi HayKoBOi NiTepaTypu
O BUOKPEM/IEHHS OCHOBHMX MPWMHLMMIB NOOYAOBM CUCTEMM 3anMTaHb HauioHanbHoro TecTy «Ludporpam ans suutenisy;
NOPIBHANBHUI aHANI3 AN1A BU3HAYEHHS HAWBaXK/IMBILLMX TEMATUYHMX BI0KIB y TecTi «Liudporpam ana sumtenis».

PE3Y/IbTATU JOC/IAMKEHHSA

Y 2023 p. 3 23 *o0BTHA no 21 nuctonaga 6yno NpoBeAeHO NiABULLEHHA PiBHA LMOPOBOI KOMNETEHTHOCTI HAYKOBUX i
HayKOBO-NeaaroriYHnx npauisHMKiB HAMH YKpaiHu, ogHMMm 3i cnikepis 6yna aBTopKa cTaTTi (Ha3ea moagynto: «[ia.Ocsita»). Y npoueci
niaroToBKM A0 NPoBeAeHHA 3aHATTA ByN0 ABa pa3u yCniWHO NPOoiAeHO aHKeTyBaHHA «Lindporpam gna BuMTenis», Wo Aano 3mory
BMOKPEMWUTN TeMaTu4Hi 6710KM 3anponoHoBaHi B Tabn. 1. M'AaTb cdep, 3 AKMX CKNAZAETLCA LUMPPOBA KOMMETEHTHICTb TaKOX
NpOoCNigKOBYOTLCA B cMcTeMi 3anuTaHb (MypKiHa, 2022), oaHaK 3anponoHoBaHi TeMaTUYHi 610K NpeacTaBaeHi B Tabn. 1 € BUKNOYHO
aBTOPCbKMMM, LLLO 6A3yOTbCA HA LUMPOKOMY aHanisi.

Tabanua 1. OCHOBHI TemaTH4Hi 610KM HauioHanbHoro Tecty «Lindporpam ana suutenis»
TemaTtuuHuii 610K CKnagHuKu 610Ky

OdopmneHHsa gonucis
Besneka B coLianbHi mepexi
Tpynu B coLianbHin mepesxi
CTBOpEHHA nogii
Google [JokymeHTH
Google Tabnuui
Google Mpe3eHTauii
Google ®opmu
[Jopatkun Google Google Caiitn
Google Knac
Google Auck
Google KapTn
Google 306paeHHsn
OCHOBM BUKOPUCTAHHA
ABTOpPCbKi NpaBa:
CnucKM BiATBOPEHHA:
KomeHTapi, nignuckum:
3axuMCT aBTOPCbKMX NpaB
ENeKTpOoHHUI AOKYMEHTOObIr
ENeKTPOHHI JOKYMEHTH
3aXMCT NEPCOHANbHUX AAHWUX
EnektpoHHa iaeHTU®iKaLjisa
CaliTn aepyKaBHMX OpraHiB ynpasaiHHsA
ENeKTpoHHWUI XKypHan
MeceHaxepu
Mporpamu BiseokoHbepeHLn
EnekTpoHHa nowTa
Besneka B undpoBoMy CycninbCTsi
Kibepbesneka
3axucT obnikoBoro 3anucy Google
3axuCT NPUCTPOIO
Po6orTa 3 6paysepom BigcyTHi
OnepaditHa cuctema Windows BigcyTHi
[JopnaTkosi uMdposi cepsicu
CraHgapTHi (cuctemHi nporpamm)

Facebook

YouTube

EneKkTpoHHe ypsaayBaHHsA

EnekTpoHHa wkona

IHKNIO3MBHE HaBYaHHA

[brepeno: aemopcbKa po3pobKa.

OTXe, B nepuy Yepry B «Lindporpam gna Bumtenis» MoxKHa 3HaWTU BOK, LLO CTOCYETHCA BUKOPUCTAHHA COLLiaNbHMX
MeperK, 30Kkpema Facebook. 3po3ymino, Lo KOPUCTyBadi aKTUBHO BUKOPUCTOBYHOTD 1 iHLLI COLLiaIbHI MepesKi, B TOMY YMCAi — HAayKOBI.
Mpote, B «Lndporpam gna Buntenie» yacriwe 3ycTpivaetbea came Facebook. Moxnusi okpemi 3annTaHHA CTOCOBHO OPOPMAEHHA
OONWCIB, HaNPUKAag, AK Lie KOPeKTHO 3pobuTtu, AK BiAMITUTM Koser abo Apysis, AK 3pobuTM JOMUC BUAMMUM A1 NEBHUX
KOPWCTyBaYiB, a TAaKOK, AKi CUMBOJ/IM MOXKHA BUKOPUCTOBYBaTU. TemaTu4HUii 610K «Facebook» MoXKHa po3ainnTi Ha KaTeropii, Taki
AK 6e3neKa B coLjiaslbHUX MepeKax, Ae MOXKYTb BUHUKHYTW 3anUTaHHSA WoA0 6e3neku Balworo akayHTy (Hanpuknag, sk 3ab10Kkysatu
[0CTyN HeflobpPO3MUNMBMX KOPUCTYBaYiB). Moxe byTV cdopmMy/IbOBAHO 3aNWTaHHA NPO rpyny B COLia/IbHIN Mepeki, ane Ak Npasuno,
Lie 3anuTaHHA npue'asaHe came o Facebook. barato rpyn mokHa opraHi3yBaTv A8 NOWMPEHHA CBOIX HAayKOBMX 3406yTKiB, ANA
penpe3eHTaL,ii HayKoBOI AiANbHOCTI, TOWO. Lie MoXKe cTocyBaTUCh, 30KpeMa i ix afMiHICTPYBaHHA. TaKOX MOXYTb ByTW 3anuTaHHA
o0 CNeLCcMMBOIB, HANPUKAAA, XeLUTeriB, AK IX NOCTaBUTU.

OTKe, NepLmnii TeMaTUuHUM 610K cTocyeTbes Facebook, HacTynHWiA — Le cepeick Google. Hanpuknag, Google [JokymeHTW.
MoxyTb ByTH 3anUTaHHA WOAO HaZAHHA NPUBATHOCTI, Y4 HaJaHHA AOCTYNY A0 LMX AOKYMEHTIB. TAaKOX MOMAMBI 3anuUTaHHA, AK
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CTBOPUTM LOKYMEHT, AK 3a/IMLUNTU KOMEHTAP, AK BIAKPUTU LOKYMEHT ANs peaaryBaHHsa, abo — TibKu A1 KoMeHTyBaHHA. Google
Tabnvui — He BMABNEHO CMeLiaNi3oBaHUX 3anuTaHb. MacuB 3anuTaHb OBMENKYETLCA PaMKaMM: AK CTBOPWUTU HOBMI apKyLl, K
CTBOPUTK Ajarpamy (Le moxke B6yTM NOCNiZOBHICTL KPOKIB abo 3anuTaHHA, AK MOro BAAN0 CTBOPUTU 4w, K 3B'A3aTM 3 Google
dopmoto). CtocoBHO cepsicy Google Mpe3eHTauii, HasBHi 3aNMTaHHA OXONOOTb: AK Biapi3HATbCcA Google MpeseHTauii Big, iHWKWX
nporpam A/1a CTBOPEHHA NPEe3eHTaLLin, AKi He € XMapHUMMU, Ti, LLLO BCTAHOB/IEHI Ha JIOKabHOMY MPUCTPOI, WO He MNiAKAYEHO A0
IHTepHETY, AK HUMM MOXKHA CKOPUCTATUCh. TAaKOXK, MOXKYTb BYTM MOMEHTM NOB’A3aHI 3 TMM: AIK NOKa3aTu ciaiig, abo Ak HagaTv f4ocTyn
BE/MKIN ayamTopii KopucTtysadis. Mpo Google ®opmu ayke 6araTo 3anuTaHb: AK CTBOPUTU 3aMUTAHHA, AK HAZATU AOCTYN iHWKUM
Kosieram. MoxyTb ByTW HETpUBIaNbHI 3aNUTaHHA: AK BUKOpUCTaT Google dopmu B HeCTaHAAPTHIM cuTyauji. IHoA, 3ycTpivatoTbea
3MOZeNbOoBaHi Noaji, 3rigHO AKMX BYMTE/Ib MAE 340ragatuca, Wwo Tpeba Bubpatn came Google ®opmu, a He Google Tabauui. [yxe
4acTo B 3anMTaHHAX Npo Google CaiiT MoXKHa 3yCTpiTH, HaNpUKAa4, AK Kpalue 3ibpaTi 6aHK 6a3un gaHux. B gaHoMy BUNAAKY, TEPMIH
«6asza AaHMX» CNPUIAMAETLCA HEe AK TEPMIH A iHXKeHepiB-MPOorpamicTie, a CKOpille K MacKB YPOKIB UM LWKibHE NaaHyBaHHA. B
LbOMY BMMNAAKY 3aMnWTaHHA CTOCYBATUMYTbCA HACTyMHWUX Npobiem: ge MOro Kpalle po3MiCTUTK Ha 3aran, fK MoTiM AaTh ue
nocunaHHs, Wwob moro nobaunnm akomora binbwe Aogei. MoxKyTb NigNAraTM NepesipLi NOCNIAOBHI €Tany Ta OCHOBHI MOMEHTU
BMKOPUCTaHHA UMX foAaTKiB. [y»e b6arato 3anutaHb npo Google Knac. Hanpuknag, sk CTBOPUTU HOBUIA Kypc, AK A0 HbOTO A0AaTh
OKPEMO YYHiB, AKMIN Mae ByTM NOPAAOK CTBOPEHHA TOTO UM iHLIOrO enemeHTy Kypcy. MoxyTb ByTW 3anMTaHHA NPo Te, AK A40PEYHO
BMCTaBAATM MaTepiasn (CaMOCTIMHO BMKIAAATU MaTepian B AKMICb KOHKPETHUI Yac YM aBTOMATMUHO). 3yCTPiYatoTbCA 3anMUTaHHA 3
npuBoAYy TOro, AK MiAKNIOYUTU KONEry, AK He NepenyTat posi, AK 3pobuTH TakK, Wob ABa BUMTENA BEAWM OAMH i TOM XKe Kypc, AK
opraHi3yBaTi poboTy rpynu 4n oKpemoi mikporpynu Knacy. Google uck: Ha wo Tpeba 3BepHyTV yBary. 3 NpuBoAy BUKOPUCTAHHA
cepsicy Google [IUCK cnif, OKPECAUTN HACTYMHI MOMEHTU: SIK CTBOPUTU MAMKy, AK OpPraHi3yBaTM eNeKTPOHHUIA LOKYMEHTOObIr, AK
opraHisyBaTu 36ip maTepianis, AK Po3LWapUTK AaHy nanky. [yxe 6araTto 3anvTaHb 3 NPMBOAY HaJaHHA NpaB AOCTYNy, a TAKOXK, AK
OpraHi3yBaTH eNeKTPOHHUIN AOKYMEHTOObiIr. K OpraHi3yBaTM 03HAaMOM/IEHHS 3 HAKA30M UM E1EKTPOHHO NEPEBIPUTH, LLO KOXKEH 3
KoJsier nepernaHyB NOTPIOHMI LOKYMEHT, ab0 OTPMMATH Bif, HUX NiATBEPAKEHHA. 3annTaHb, L0 NOB’A3aHi 3 BUKOPUCTAHHAM Google
KapT BuABneHO He TaK BxKe 1 6araTo. 3ycTpivyaloTbCA 3anMTaHHA Ginblue opraHisaLiMHOro xapakTepy: K CNAaHyBaTU NOAOPOMNK, AK
BIAMITUTM Nepernag TMX UM iHWKUX MiCUb, AK MEPEKAYaTUCA MIXK PISHUMK peumamu. [na AaHOro cepsicy Le nepeBakHOoHo
6inbluicTio 3aranbHOBIAOMI 3aNUTaHHA 4NA KOPUCTyBadiB (6e3 cneundikm poboTn BumTenis). OKpemi 3anUTaHHA AN BUKOPUCTAHHA
cepsicy Google KapTu cTocytoTbC BUKOHAHHA NOLYKY HAaMbAMKUMX 06'EKTIB MO BiAHOLIEHHIO 4,0 NPUCTPOIO KOPUCTYBaYa.

HacTynHuit TematuuHmid 610K — e YouTube. MoxHa 3ycTpiTv 3anuTaHHA 3 NPUBOAY OCHOB BMKOPUCTaHHA, TOBTO: AK
3aBaHTAXXUTU BifeO, AK MOro Biapenarysat, sK HagaTM AOCTYM, SK 3PO3YMITU WO BOHO BiZKPUTE UM 3aKpUTe, BigKPUTU
KOMEHTYBAHHS 41 3a60POHUTH, SIK NEPEBIPUTHU KiNbKICTb BNOA06aHb. OKpemi 3anuTaHHA byan 3 NpnBoAy HaNalTyBaHHA 3BOPOTHOIO
38'A3Ky B YouTube a/15 y4HiB (KopucTyBadis). OKpeEMUM MYHKTOM CAif, BiLHECTM AOTPUMAHHA aBTOPCbKMX Npas (0cobucTo BunTens
Ta YYHiB): K01 NOTPiBeH A4,03BiN 6aTbKiB HAa BUKOPUCTAHHSA BiAEO 3a Y4acTIO YUYHIB (a KO/M Hi), AKi MmatoTb ByTH Aii KopMcTyBaya, AKLWO
nopyLeHi ocobucTi aBTopcbKi Npasa. Tpeba 3BepHYTN OKpeMy yBary Ha CNUCKU BiATBOPEHHSA: K CTBOPUTK, B AKUX CUTYaLLIAX JOPEYHO
BMKOPWCTOBYBATU B HaBYa/bHOMY npoueci. OKpema yBara NpuaiNfeTbca KOMEHTapAM Ta NiANMCKaM (AK NiANMCcaTUCh Ha KaHas, Ak
pekoMeHAyBaTK CBOIM YYHAM UM KOleram).

TemaTnyHuit 610K «ENEeKTPOHHe ypAaayBaHHA». Xoua CKAALHMKM GNOKY Ha NpsAMy He BCi CTOCYIOTbCA €/1eKTPOHHOro
YPAAYBaHHSA, afie MeBHOK Mipor NOB’A3aHi Mix coboto. Hanpuknaa, caliTu AeprKaBHUX OpraHiB ynpasaiHHA. MoBa ae npo Te, Wo
BYMTE/Ib MOBUHEH 3HATU €NEKTPOHHY aapecy odiliiHMX caliTi (abo xoua 6 Bi3yasbHO iX BMi3HaBaTh). ENEKTPOHHMIN LOKYMEHTOOBIr:
3aMUTaHHA CTOCYHOTbCA CUTYaLid, KOMM i AK [OpeyHille OpraHisyBaTM HaACWIAHHSA BEJIMKOI Ki/IbKOCTi OOKYMEHTIB OgHOMY
KOpWCTYBayy uu rpyni. B AKMX BMNagKax AopeyHille CTBOPUTU apXiB, @ KOIM KpaLle CKOPUCTaTUCb PO3MILLEHHAM AOKYMEHTIB Ha
Google JucKy (3 ypaxyBaHHAM BiANOBIAHMX NpaB focTyny). ENeKTpoHHa igeHTMdIKaLia (npudomy He e Ha Komn'toTepi, HoyToYL,
Ha Byab-AKOMY NPUCTPOI, ane i Ha cMapTdOHi, NaaHwWweTi). YacTMHA 3anMTaHb CTOCYETLCA BUKOPUCTAHHA €NEKTPOHHOro Mignucy,
6aHKy ID, Aia.Mignuc (aK CTBOPWUTM, KOAM MOXKHA BWMKOPMUCTaTM). ICHYe, cepes, 3anuTaHb, Lie eNeKTPOHHa ifeHTUdiKauia 3a
ineHTMdiKauiMHMM Kogom, Face ID, ineHTM®IKaLia 33 BIAOUTKOM Nanbus. HacTynHMI CKNagHUK 60Ky —eNeKTPOHHI JOKYMEHTHU.
Cepep, 3anuTaHb 4AHOro BMAY NPOCAIAKOBYETLCA 3B'A30K 3 €NEKTPOHHUM LOKYMEHTOO6irom (BiAMIHHOCTI MiX po3LUMpPEeHHAMM
noKymeHTiB PDF Ta DOC, B sAkKOMyY dpopmaTi Kpallie BHOCUTH NPAaBKK, AK KOHBEPTYBATH 3 04HOTO GopmaTty B iHLIKIA). Tpeba 3ayBaxkuTy,
LLLO 3HOBY MOCTa€E NPobHaema 3axXMCTy aBTOPCbKMX NPaB: AK NPaBuibHO OPOPMUTM NOCUNAHHA HA CalT, HA KOHKPETHY CTOPIHKY CanTy,
AKi NPUHLUMNM 0DOPMIEHHA BUKOPUCTAHMX Axepen. OCTaHHIM NYHKTOM NOCTAE 3aXMCT NepcoHaNbHUX gaHux. MoBa liae npo Te, Ak
MOXHa 3aXMCTUTU CBOT AaHi HA cMapTOOHI, Ha HOYTOYLi UM NNaHLWeTi (HagjiMHI Napoi, CTBOPEHHA NApPOAiIB Ha OKPEMI NanKu).

HacTynHuii 610K, AakWi npeactasneHuit B Tabn. 1 € «EnekTpoHHa wKona». B «Undporpam ana sumtenis» BiacyTHaA
OPIiEHTALLIA HA KOHKPETHUW €NEKTPOHHUI }KYPHA. 3annUTaHHA CTOCYIOTbCA NOCNIAO0BHOCTI Al 3aNOBHEHHA €N1EKTPOHHOTO XKYpHany
(3aranbHi NpUHLMNK), AK Kpalle BUCTaBUTU OLIHKY, AKi KPOKM BMKOHaHHA Ti€l Y iHWOI 3agadi ans sumtens. Okpema ysara
NPULINAETLCA BUKOPUCTAHHAM MeCeHOKepiB. 3anuTaHHA He OPIEHTOBAHI Ha KOHKpeTHi ix suan (Viber, Telegram uun iHwwi4). B
OaHOMy 610U LOCUTB HiTKO BiZOKpeMtoTbCA GYHKLiT MeceHAKepiB Ta BiaeoKoHpepeHLin. MeceHaKepy OpieHTOBaHI Ha LBUAKY
KOMYHiKaLi,ito 3 kKnacom. Cnig, 3BepHyTH yBary, WO OKPeMi 3anuTaHHA CNPAMOBAHI Ha Te, AK BBOAWTM CNeLLCMMBOM, ab0 AK 3BepHYTUCA
[0 KOHKPETHOrO KOPMCTyBaya B CMi/bHIM rpymi, AK OpraHisysaTtv rpyny 3akpuTy/BiakpuTty, abo 4sm MOXYTb BiAPI3HATUACA rpynu
6aTbKiB i BUMTENIB. ENEKTPOHHA NOLWTA BUCTYMAE OKPEMUM IHCTPYMEHTOM ANA HaAcuNaHHA dainy (Konesi, abo rpyni Koner). B
3aNUTaHHAX MOCNIAKOBYIOTbCA TOHKOL 3 NPUBOAY NepecunaHHA Konii AeKinbKom agpecatam, AK BiAMNOBICTU TiNbKM OAHOMY
agpecaty (abo BCiM). Bunmtenb mae po3ymiTi, LLO y4Hi eN1eKTPOHHY NOLWTY PEECTPYIOTh B BiNbll CTapLIOMY BiLi. 3pO3yMmino, Lo Ynm
CTapLUMI y4yeHb, TUM binblue BiH Ma€ PisBHOMaHITHMX cepBiciB, 3ac06iB KOMyHiKaLii. beaneka B UMPPOBOMY CYCMiNbCTBI € OKPEMOIO
KaTeropieto. Tpeba 3BepHYTW yBary Ha Taki pybpuku, sk Kibepbesneka, 6esneka Ta 3axucT obnikoBoro 3anucy Google, i 3axuct
npucTpoto. Lii 3annTaHHA € JOTUYHUMM OOMH A0 OAHOIO (HAaNpPUKAAZ, BiAMIHHOCTI MiX NOHATTAMM Ae3iHpopmaLia Ta nponaraHaa,
abo ¢eik Ta aesiHpopmauia). 3axmct 06.1ikoBoro 3anucy Google BKAIOYAE MOXKAMBE BUKOPWUCTAHHA NOABIMHOI ayTeHTMdiKaL,i,
YTOUHEHHA Aii 3 NpuBOAY NOBIAOMAEHHA NPO cnpoby oTpMMaTh A0CTyn A0 Baworo 06,ikoBoro 3anucy Google, AK BigHOBWTM CBIlt
06nikoBMi1 3anuc Google. Jo LUOro X NYHKTY MOXKHa LLe BiZIHECTU 3aXUCT AaHUX YYHSA.
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PoboTa 3 bpay3epom BMHECEHA B OKpPeMMUIt TemaTu4HUIA 610K. He iae moBa 3 NpUMBOAY BMKOPUCTAHHA KOHKPETHOrO
6pay3epa. 3anuTaHHA 3By4aTb y3ara/ibHEHO: AK BU MOXKeTe 36epertu NiHK, AK yNopsaaKyBaTH Balli 3aKNaAKK, AK 36eperti nocunaHHaA
B OKpemy narnky, Ae 3HaxoauTbCca pAAOK BBeAeHHA NiHKy. OKpeMmi KaTeropii 3anMTaHb CTOCYHOTbCA pO3TallyBaHHA PAAKA NOLIYKOBOro
3anuTy, AK BCTAHOBUTM A,0aTOK UM PO3LUMPEHHA/HaaNalWTyBaHHA ana 6paysepa.

baraTo 3anuTaHb cTocyoTbCA onepaLinHoi cuctemm Windows: sk CTBOPUTK NankKy, AK CTBOPUTU dalin, Ae MOXKHa 3HANTU
MEHIO 419 BUAANIEHHA Nporpamu 3 Komn'totepa. OKpemum 610KOM chig, PO3rAAHYTU CTaHOAPTHI CUCTEMHI NPOrpPamu, AKi MOXKHa
BMKOPUCTATU A/ iHKNIO3MBHOMO HaBYaHHA. [OAATKOBO € 3anUTaHHA 3 NPUBOAY OKpemux LMOPOBUX CepBiciB, AKi MOMHA
BMKOPUCTaTM B iHK/IIO3MBHOMY HaB4YaHHI (cnewianizoBaHi Ta He € CTaHOAPTHUMM A onepauinHoi cuctemn Windows).

Tunu 3aBAaHb, WO 6yM NPoaHaNi30BaHi B HauioHanbHOMY TecTi «Liudporpam gna BunTenis»:

1. BctaHOBUTM NOCNIAOBHICTb AiN.

2. O6paTu fekinbKa NpaBUAbHUX BignoBigein.

3. BcTaHOBWTH BiANOBIAHICTb.

4. 3BMyaliHe 3anuUTaHHA — 04HA NpPaBu/bHa BigNOBIAb.

BUCHOBKWM TA NEPCMNEKTUBU NOAANbLLUOIO AOCNIAKEHHA

3riaHo npoBeAeHOro aHanisy 6yno 3pobneHo BUCHOBOK, WO B TecTi «Ludporpam ans BYMTENiB» O0OCUTb HE3HAYHa
KiNIbKICTb 3anmMTaHb MOB’f3aHa 3 WTYYHUM iHTeNeKTOM. [psAMMX 3anuTaHb, AKi 6 BMCBITAOBaNAM BMKOPWUCTaHHA cepsiciB LI B
OCBiTHbOMY Npoueci He BUABAEHO. MOBIXKHO, OKpemi 3anuUTaHHA MOXKHa CMiBBILHOCUTU 3 TEMATUKOK BUKOPUCTAHHA LUTYYHOTO
iHTeneKTy (HanpuKknag, Ti, Wo cTocytoTbes cepsiciB Google 306parkeHHs un Google Kaptu). Cepsic Google 306paskeHHs NpaLtoe 3a
OKPEMUMM aNrOPUTMaMM LITYYHOTO iHTENEKTY (NPO Lo BKa3aHo B AoBiaui Google). Lie, 30Kpema CTocyeTbea He BCiX Ail AKi MOXHa
BMKOHYBaTW 3a [A0MNOMOTOK iHCTPYMEHTapitlo AaHOro cepBicy, a LiJIKOM KOHKPETHMX: MOWYK 33 33afaHUM 306parkeHHAM
(3HaxopkeHHs neplwogykepena rpadiyHoro dariny), BUKOPUCTaHHA ryrn Kamepu (GyHKLiA B Nepui Yepry AoCTynHa Ha cmapTdoHax
Ta nnaHwertax). Cepsic Google KapT Takox 6yN0 OHOBNEHO Ta A0 WMOro iHCTPYMEHTapito BKAKOYEHO MeBHI GYHKLi WTy4YHOro
iHTeneKTy. Lle cTocyeTbecs B NepLly Yepry NoLWyK MicLb 3a 3anNmnTom KopucTysada nobamsy rioro ¢paktmyHoro micuenepebysaHHaA. Kpim
TOro iHCTpyMeHTapil cepsicy Google KapTu 3aatHuMin 06pobasTM 3annTK AKi He € TOYHOK Ha3BOK MICLE3HAXOOKEHHS MarasuHy,
nigNPUEMCTBA UM 3aKNaay (HanpuKaa, 3anuTi NPo NOLWYK AiKiB Yn cneundiyHUx TOproBux ToBapis). MpoTe, NOAIOHI 3aNUTaHHA AK
NpaBuaO AOCUTb PiAKO 3yCTpiYaloTbCA B HaLioHaNbHOMY TecTi «Liudporpam ansa sumtenis» (1 3anutaHHs 3 61, um 1 3anuTaHHA 3 62,
WO cKNagae npubamsHo 2 %). OcKiNbKKM 3anuTaHHA B «Lindporpami ons BuMTENiB» MOCTIMHO OHOB/IOKOTBLCA, 3 YaCOM Ki/IbKICTb
3anuTaHb MOB'A3AHMX 3i LWITYYHUM iHTENEKTOM 3pocTe. AHasi3 TaKoi KifIbKOCTi 3anuMTaHb He AOMOMOXKE Mif, 4ac NpoBefeHHSA
KOHCTaTyBa/IbHOrO eTany neAaroriyHoro eKCnepumeHTy, WO 3aniaHoBaHo Ha 2024 p. Tomy A0AATKOBUX AOCNiIAXKEeHb BUMArae CTaH
npobnemu B poboTax YKpaiHCbKMX HAYKOBL,B Ta 3aKOPAOHHUX Npaub. BpaxoByrouw, WO iHTEPEC A0 LTYYHOrO iHTENEKTYy 3 GOKY
OCBITAIH Ta NeAaroris 3poCTaE, 3 METOAMYHI 3acaam A0 BUKOpUCTaHHA LI B OCBITI NpakTMYHO BiACYTHI, NOAanblWIMMKM Kpokamu Byae
CTBOPEHHSA METOAMK Ta METOAMYHUX PEKOMEHAaLii BUKOpUcTaHHA LU B ocBiTHbOMY npoLeci.
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AHOTAUIA

dopmynioBaHHA npobnaemu. B nybnikauii 06rpyHTOBaHO NMPUHLMMM HAYKOBOTO MPOEKTYBAHHA 3MicTy iHGOpmMaTUYHOI
niAroToBKK 3406yBaYiB BULLOT MeANYHOT OCBITU. BNpoaoBK OCTaHHIX AecATUNITb iHPOopMaLiiHO-LMbPOBI TEXHONOTIT aKTUBHO
iHTerpyBanucb B rasy3b OXOPOHM 340poB’A YKpaiHM. Came 3micTOM iHPOpMATUYHOI MiArOTOBKM MaMbBYTHIX maricTpis
MeAMLMHMN 3343a€ETbCA CUCTEMA HAYKOBMX NOOXKEHb, OBONOAIHHA AKMMMU 3abe3nedye OCHOBY A7 iX NpodeciiHoi AianbHOCTI
3 BUKOPUCTAHHAM iHGOPMaLiiHO-LMPPOBUX TEXHONOTIN.

Martepianu i metogn. [na [OCATHEHHA MOCTaBAeHOI MeTu poboTu ByAn BMKOPMCTaHI 3arajbHOHAYKOBI TEOPETUYHI Ta
emnipuyHi metoau, a came: 6ibniocemaHTUYHMI MeToA, 3 MeTO aHai3y HayKOBO-MEeTOAMYHOI Ta NCUXON0ro-neaaroriyHol
niTepaTtypu 3 nNpobnemu OOCNIAKEHHA; METOZ CMCTEMHOro aHanisy AnA MOpPiBHAHHA Ta y3araJbHeHHA BiTYM3HAHOTO Ta
iHO3eMHOro 40CBiAY NPOEKTYBAHHA 3MICTy IHPOPMATUYHOT MiATOTOBKM MaUbBYTHIX MaricTpis meauumHu; emnipuyHi — becign
3 Y4aCHUKAaMM OCBITHbOrO NpoLEecy; NeAaroriyHi cCnocTepeXeHHA; aHKeTyBaHHA; TeCTyBaHHA.

Pe3synbTaTtu. 34iiCHEHO aHa i3 HAYKOBO-METOANYHOI NiTepaTypu, 3 METOO BUOKPEMIEHHSA YNHHUKIB Ta KpuTepiiB ana gobopy
HaBYa/sIbHOrO MaTepiany 3MICTOBMX MOAyAiB iHGOPMATUUHUX AUCUMNAIH, @ came: dyHAAMEHTANIbHOCTI, y3aranbHeHHA Ta
npodecioHanisauji. PO3KpUTO acneKkT HayKOBOro MPOEKTYBaHHA CKNAZO0BMX 3MICTy iHGOPMATUYHOT MiATOTOBKM, WO Aano
3MOry BCTAaHOBUTM €Tanu AiaNbHOCTI (40CAIAXEHHA poni iHbopMaLiiHO-UMPOBUX TEXHOIOTI Ha IOKaAbHOMY (B HaBYaHHI)
Ta rnobanbHomy (B MegumuMHi) piBHAX; 3acTocyBaHHA iHbOpMaLiiHO-UMPPOBMX TEXHONOTIN; HaBYaHHA; KOMYHiKaLif;
nigrotoska Ao npodeciiHoi AiAanbHOCTI) Ta KOHKpeTHi npodeciHi 3aBAaHHA MalbyTHIX MaricTpis meauuUMHU 3
BMKOPUCTAHHAM iHbOopMaLiiHO-UMdpoBUX TeXHONOrIN. Ha npuHLMNax MOoAybHOTO Ta CUCTEMHOTO MiAX0Ay CMPOEKTOBAHO
CTPYKTYpY 3MIiCTy HaBYa/ibHOI AWCUMMAIHW. 3anpONOHOBAaHO MOCNILOBHICTb AiN ANA PO3pOOKWM HaBYANbHOI AUCLMUNAIHM,
BUOKPEMNIEHHA METMH, Linei, 3aBAaHb Ta HANOBHEHHSA il 3micTy.

BucHOBKK. [pakTMuyHa peanisauia cuctemu iHGOPMATUYHOI NIArOTOBKM MAMBYTHIX MaricTpis MeAWLMHW MOBUHHA
peanizyBatTUCA 3a PaxyHOK KOpUryBaHHA i mogmdikauii 3micty iHGOpMaTUYHOI MNiArOTOBKU. 3anpOnoOHOBAHA KOHLEMLis
HaAyKOBOTrO MPOEKTYBaHHA 3MICTYy HaBYaHHA HANPaB/JEHa Ha CUCTEMHY OpraHisauito iHGOPMaTUYHOI NiArOTOBKM MalbyTHIX
MaricTpis MeAULIMHM, WO OPiEHTOBAHA HAa BUKOPUCTaHHA NOMOXeHb MOAY/IbHOr0, CUCTEMHOIO Ta KOMNETEHTHICHOTO NiAxXoAis
i 3abe3neyye MOXKAMBICTb iHAMBIAYaNi3aLii iHpOpMaTUUHOT NiArOTOBKM B ymoBax iHGopmaTuK3aLii ocsiTu.

K/IOYOBI CJIOBA: iHpopmamuyHa nidzomoska; iHopmayiliHo-yugpposa KomrnemeHmHicms; malibymHi mazicmpu
MeOduYUHU; 3Micm HABYAHHSA, NpogeciliHi 3a080aHHA.
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ABSTRACT

Formulation of the problem. The publication substantiates the scientific design principles of IT training content for higher
medical education students. Information and digital technologies have been actively integrated into Ukraine's healthcare
sector in recent decades. It is the content of informatic training of future masters of medicine that determines the system of
scientific provisions, the mastery of which provides the basis for their professional activity using information and digital
technologies.

Materials and methods. General scientific theoretical and empirical methods were used to achieve the goal of the work: the
biblio-semantic method to analyze scientific-methodical and psychological-pedagogical literature on the research problem;
method of system analysis for comparison and generalization of domestic and foreign experience in designing the content of
IT training for future masters of medicine; empirical - conversations with participants in the educational process; pedagogical
observations; survey; testing.

Results. An analysis of scientific and methodological literature was conducted to identify factors and criteria for selecting
educational material for content modules of informatics disciplines, namely fundamentals, generalization, and
professionalization. Aspects of the scientific design of the content of information technology training are disclosed, which
made it possible to establish the stages of activity (study of the role of information and digital technologies at the local (in
education) and global (in medicine) levels; application of information and digital technologies; training; communication;
preparation for professional activity ) and specific professional tasks of future masters of medicine using information and
digital technologies. The structure of the content of the educational discipline was designed based on the principles of a
modular and systemic approach. The sequence of actions for developing the educational discipline, identifying the goal,
objectives, and tasks, and filling its content is proposed.

Conclusions. The practical implementation of the IT training system for future masters of medicine should be implemented
by adjusting and modifying the content of the IT training. The proposed concept of the scientific design of educational content
is aimed at the systematic organization of informatics training of future masters of medicine, which is oriented to the use of
the provisions of modular, system, and competence approaches and provides the possibility of individualizing informatics
training in the conditions of informatization of education.

KEYWORDS: informatics training; information and digital competence; future masters of medicine; content of training,
professional tasks.

BCTYN

MoctaHoBKa npobaemu. 3 KOXKHMM POKOM MaTepiaibHO-TEXHIYHA 6a3a MeANYHMX YCTAHOB 36aravyyeTbCs Cy4acHUM
YCTaTKYBaHHAM, aKTUBHO iHTErpytoTbca iHbopMauinHo-LMdPOBI TEXHOOTIT B rasly3b OXOPOHW 340p0B’A YKpaiHu, Wwo notpebye
Bi4NOBiAHMX YMiHb Ta HABUYOK Big, nepcoHany. NMoHATTA iIHPOPMALLIMHO-LUMDPOBUX TEXHOOTIN B KOHTEKCTI HALLOro AOC/iAKEHHA
PO3rNAQAETLCA AK iHTErpaTMBHE Ta FPYHTYETbCA Ha iHPOpMAUiMHUX Ta UMPPOBUX TexHosoriax. [o nepeniky 3arafbHUX
KOMNETeHTHOCTEN, fAKi 3aTBepasKeHi y CTaHaapTi BUWOT OcBiTM YKpaiHu (2021) ana 3406yBadyiB BMLLOT OCBITM cnewiaibHOCTI
222 «MepuumHa», BiflHECEHO BMiHHA BMKOPWUCTOBYBATM iHPOPMALiMHI i KOMYyHiKaLiiMHi TexHonorii, 34aTHICTb 40 BeneHHA
MeANYHOI AOKYMEHTALii Ta OnpauloBaHHA [ep)KaBHOI, COoUia/ibHOI, €KOHOMiIYHOI W MeauyHoi iHopmaLii. BianosigHo,
BUNYCKHUKM M(®P)3BO nosuHHi Matn ranMboki cdopmoBaHi 3HaHHA B ranysi iHpopmauiiHo-undpoBUX TexHoNorin, Aki
33CTOCOBYIOTLCA Y NPOECiVHIN AIANBHOCTI Ta NOPAL, 3 BUKOPUCTAHHAM CTAaHAAPTHWUX Npoueayp, BMITU BUKOPUCTOBYBATH L
TexHonorii B npodeciiHiin ranysi, WO 3yMOB/IOE OHOBNEHHA Ta iHTerpayito 3HaHb. Y «KoHuenuii po3suTky undposmx
KOMMETEHTHOCTEN Ta 3aTBEePAXKEHHA NAaHy 3axo4is 3 ii peaniszauii» (2021) 3a3HayeHo, WO cepes, OCHOBHUX Npobaem 3 NUTaHb
PO3BUTKY LMPOBUX KOMMNETEHTHOCTEN, AKi NOTPebYIOTb PO3B’A3aHHA € BiACYTHICTb EANHUX NIAXOAIB A0 BU3HAYEHHA LNPPOBUX
KOMNETEHTHOCTEN Yy NPodeciMHNX CTaHZAPTaxX Ta EANHMUX BUMOT 0 OCBITHIX Nporpam 3 ix po3BUTKY.

OcobucTicTb B AKoi chopmoBaHa iHGOpMaLiMHO-LUMbPOBa KOMNETEHTHICTb 34aTHa edeKTUBHO BMKOPUCTOBYBATU
HAMHOBITHIWI OOCATHEHHA HayKM | TEXHIKM B NpPOQEcCiHIN AiaNbHOCTI Ta AOCKOHANO OpPIEHTYOUUCH B iHPOPMaUiiHOMY
cepenoBuLi. IHpopmaTMyHa MigroToBKa ManbyTHIX MaricTpiB MeaMuUMHK Ta ii 3MicT 3abe3nevyoTb OCHOBY A iX npodeciiHoi
OiANbHOCTI 3 BUKOPUCTAHHAM iHGOPMALLIMHO-UMPPOBUX TEXHONOTIA. 3 METO NPOEKTYBAHHA CTPYKTYPW 3MicTy iHGOpMaTUYHOI
NiArOTOBKM Ha MPUHLMMNAX CUCTEMHOrO Ta MOAY/NbHOrO MiAXoAiB, a TAKOX HAMOBHEHHA 3MiCTOBMX MOAYANIB HaBYa/bHUM
6yayTb peanizoByBaTMCb 33 ONOMOIOL0 iHGOPMaLIMHO-UNPPOBUX TEXHONOTIN.

AHanis akTyanbHUX pocnipeHb. Mpobnemun ¢opmyBaHHs iHGOPMaLINHO-LMPPOBOI KOMMETEHTHOCTI MalibyTHiX
daxiBLiB pi3HWUX ranysen y 3aKknafax BULLOI OCBITU BUCBITAEHI Yy NPaLAX TaKMX BITYM3HAHUX HAYKOBLB AK: Ky3amiHcbka O. (2021),
Kypunerko H. (2023), NaniHcbkuid B. (2020, 2021), Mikyaak M. (2022), CemeHor O. (2022) Ta iH. Pi3Hi acnektn ¢opmyBaHHsA
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iHpopmauiliHoi Ta uMdpPOBOI KOMNETEHTHOCTI ManbyTHIX ¢daxiBuiB ranysi OXopoHW 340poB’A 6y/nM NpeaMeTom HayKoBOro
iHTepecy Monbua K. (2021), Jobposonbebkoi A. (2016), KyyepeHko |. (2019, 2022), Mpyru M. (2007).

Ona nobynosm cuctemu npodeciiHoi NiAroToBKM ManbyTHIX GpaxiBLiB ranysi OXopoHU 340P0B’i Ta METOANYHOT CUCTEMM
HaBYaHHA OyAb AKOI AMCUMNAiIHM, 30Kpema iHGOPMATUYHOI, 3a3BMYaAll BMKOPMUCTOBYHOTb KAACUMYHI MpuHUMNK pobopy Ta
CTPYKTYpM3aL,ii 3micTy HaBYaHHsA. Mpouec CTPYKTypm3aL,ii 3micTy iHpopmaTUYHOT NiAroTOBKM 3406YBaYiB BULLOT MEANYHOI OCBITH,
B X04j JOCANigMeHHs, 6a3yBaBCA Ha KOHUENTYa/lbHUX MONOMKEHHAX MOAY/IbHOTO HaBYaHHA AK CTPYKTYPHOTBIpHOro nigxosmy
peanisauii iHAMBIAyani3oBaHOro HaB4aHHA. MoZy/ibHE HAaBYAHHA HAAAE MOMK/MBICTb ans aAvdepeHuiauii 3micTy HaBYasbHOIoO
maTepiany, Horo pisHOPiBHEBOrO 3aCBOEHHSA, BapiaTUBHOro BMbopy cnocoby Ta Temny HaB4yaHHA (CiHonasbHiKoOBa Ta iH., 2012). 3
No3uLi CUCTEMHOrO MiAXO4y 3MIiCT HaBYaHHA CAig, po3rnAfaTM AK CUCTEMY 3HaHb 3 NpeaMETHOI ranysi B AKi BpaxoByeTbCA
neparoriYHo BMBaXKeHW Habip KOMMNOHEeHTIB, AKi 3abe3nedyloTb edeKkTUBHE OYHKLiOHYBAaHHA CUCTEMM Ta 1i PO3BMTOK.
Po3rnapgatoun 3micT OCBiTM AK eNeMeHT NeaaroriyHoi CMCTeMM, 3a3HauMmo, Wo AobupaTy OCBITHIA maTepian nNoTpibHO 3a
KPUTEPIEM MOBHOTM M CUCTEMHOCTI BUAIB AiANbHOCTI, NOTPIOHUX NS PO3BUTKY iHTENEKTyaNbHUX 3a4ibHOCTel ocobucTocTi Ta
NpULLENIOBaHHA KBaNipikaLiMHMX YMiHb, HEOBXiAHMX ANA BUKOHAHHA FOIOBHUX BUAIB AiANbHOCTI Ha Pi3HOMY PiBHI CKNaaHOCTI
(LWabaHoBa, 2014). Miaxogn BuMKNageHi B npaui (AwaHos, 2010) aanu 3mory nobyaysaTu CTPYKTYpY 3MiCTy iHGopmaTUYHOT
OUCLMNANIHW, AKa GOPMYETLCSA 3i 3MICTOBMX MOAYIB, Y KOXKHOMY 3 AKUX Peani3yeTbCA OCATHEHHA iHTErPYOYOi AMAAKTUYHOT MeTH,
a cami 3MicTOBI MOAYANI CKNAAAIOTLCA 3 HABYANIbHUX ENEMEHTIB, BUBYEHHSA AKMUX PEANI3YE AOCATHEHHA ANAAKTUYHMX LLineN.

MeTolo fOCNigKEeHHA € BUKNAL, TEOPETUYHMX Ta MPAKTUYHUX acMEeKTiB HAYKOBOIO NPOEKTYBAHHA 3MiCTy iHpopmaTUUHOT
niaroToBKM manbyTHix marictpis M(P)3BO.

METOAM AOC/IAMKEHHA

[na pocArHeHHA NocTaBieHoi MeT poboTn 6yan BUKOPUCTaHI 3arasibHOHAYKOBI TEOPETUYHI Ta eMNipuyHi meToau, a
came: 6ibnioceMaHTUYHWUIA MeTOA, 3 METOI0 aHani3y HayKOBO-MeTOAMYHOI Ta NCMXO0ro-nesaroriyHoi nitepaTypu 3 npobaemum
[OCNIAXEHHA; MeTo, CUCTEMHOTO aHaNi3y ANA NOPIBHAHHA Ta y3araJbHEHHA BiTYN3HAHOIO i iIHO3eMHOrO A0CBiAY NPOEKTYBAHHA
3MicTy iHPOPMATUYHOT NIATOTOBKM MalbByTHIX MaricTpiB MeauumMHu; emnipuyHi — 6ecigM 3 y4acHMKaMM OCBITHbOTO MpoLEcy;
neaaroriyHi CnocTeperKeHHA; aHKeTyBaHHA; TeCTyBaHHA.

PE3Y/IbTATU AOCNIAXKEHHA

IHpopmaTMyHa nNiAroToBKa MaMbyTHIX MmaricTpiB meauuuHu nepepbayae GopmyBaHHA iHPopMaLiiHO-UMdpPOBOIT
KOMMNETEHTHOCTI Ha OCHOBi BMBYEHHA Ta BMKOPUCTAHHA 3acobiB i meTogiB iHGOpMaTUKK, iHGOPMaLiMHO-KOMYHIKaUiAHNX Ta
UMPPOBUX TEXHONOTIN 3a NpMHLUMNamm baraTopisHeBocTi, besnepepsHOCTI, NpodeciiHOi CNPAMOBaAHOCTI, @ TaKOXK BiANOBIAHOCTI
METU, OCHOBHUX 3aBAaHb, 3MiCTy, OopraHisauiiHux ¢opm, meToais, 3acobiB Ta pe3y/nbTaTiB HaBYAHHA AOCATHYTOMY PiBHEBI 1
notpebam NOJANLLIOTO HAYKOBO-TEXHIYHOFO, COLia/IbHO-EKOHOMIYHOFO | Ky/lbTYPHOTO PO3BWUTKY CYCRiNbCTBA. 3MmicT
iHGOPMATUYHOI NiAroToBKM MalbyTHix daxiBLiB ranysi OXOpPOHM 340POB’A BUM3HAYAETLCA PYHAAMEHTANbHUMM HABYANbHUMM
OUCUMNAIHAMM  CMeLiaNbHOCTi Ta BApPiaTUBHUMM KOMMOHEHTamMM npodeciiHoro cnpsAmyBaHHA. [1POEKTYBAHHA 3MicCTy
iHGOPMATUYHOI NiAFOTOBKM Ha OCHOBI MOZYNbHOTO MigxoAy nepeabayae, Wo nig vyac po3pobku poboyoi Nporpamm 3 AUCUUNAIHK
MOXHa BCTAHOBUTW CUCTEMY NOCNIAOBHUX AiVi BUKNagaya:

1. MpepcTaBneHHA 3MICTOBUX MOAYNIB AIK CUCTEMU, TOBTO NEPBUHHE CTPYKTYPYBAHHA 3MICTY, LLLO MICTUTb: BU3HAYEHHSA
HaCKPIi3HWX NiHIlM iHTerpauii 3micToBUX MoayNiB; BiAHIp 3MiCTy ANA KOXKHOT HACKPi3HOT NiHii.

2. CTBOpeHHs poboyoi Nporpamm, KOMMNOHEHTaMM AKOI € AMAAKTUYHI WiNi i CyKynHOCTi 3MIiCTOBUX MOAYNIB: KOXeEH
3MICTOBMIN MOAYNb Ma€E Ha3BY, AKa Bigobparkae cyTb 06paHoi ANA Hel HAacKPI3HOT NiHii (GOPMYNIOETLCA KOMMNEKCHA ANAAKTUYHA
LiNb ANA KOXKHOMO 3MiCTOBOIO MOAYNA); HAa OCHOBI iHTerpaLii 3micTy 417 KOXKHOMO 3MiCTOBOro MOAYAA NiAOMPAETbCA HAaBYANbHUIA
matepian, AKMN € NOBHOLIHHWUM, CaMOCTIMHUM B10KOM BiZOMOCTEN (1A KOMXKHOIO 3MICTOBOrO MOZYNA BM3HAYAETHCA BAcHA
ONAAKTUYHA LiNb); BMICT KOKHOFO 3MICTOBOrO MOAYNS NOAINAETLCA HA HaBYa/IbHi €1EMEHTU, ie BUSHAYAETLCA BAACHA Winb Ans
KOYHOIO eNeMeHTY.

Tob6To, B pe3ynbTaTi BUKNAAAY OTPUMYE LjificCHE yABAEHHA NPO HAaBYaNbHWUIA 3MICT AUCUMNANIHM, @ TAaKOMXK ii 3B’A3KM i3
CYMiIXKHUMW AUCLUMNNIHAMW, BUKNAA 3arafibHUX NiAXOAiB A0 MPOEKTYBAHHA MOAENi MiXAUCUMNAIHAPHOI iHTerpauii meanyHoi
iHpopMaTUKKM 3 PyHAAMEHTaNbHUMM BioMegUUHUMM | XIMIYHUMM, KNIHIYHUMU Ta couianbHO-TiFEHIYHUMM AUCUMNAIHAMU HaMK
po3KpuTO B Npaui (JlaniHcbkuid B.B. Ta iH., 2020). Takox, CAijg, ypaxoByBaTy Te, WO Nig, Y4ac PO3p0o6KM 3MICTOBUX MOAY/iB OKpeMi
OVAAKTUYHI Lini HaBYa/IbHUX €1eEMEHTIB Y CBOIN CYKYMHOCTI MOBUHHI 3a6€3ne4YnTn A0CATHEHHS Uil 3MiCTOBOro moayns.

HackpisHi niHii iHbopmaTUUYHOI NiAFOTOBKM BM3HAYaOTb CYKYMHICTb 3MICTOBUX MOAYIB, HA OCHOBI AKUX pPeanisyroTbCa B
HaBYa/NbHOMY npoueci uini iHpopmaTUUHOI NiAroTOBKM, @ came 3ab6e3neyytoTbCa YMOBWU OTPUMAHHA ManbyTHIMKU daxiBuamm
ranysi OXOpOHU 34,0P0B’st 3HAHb Ta BMiHb, LLLO GOPMYIOTb iXHH0 iHPOpMaLiiHO-UMPPOBY KOMNETEHTHICTb. IHGOpMaLitHO-uMdpoBy
KOMMNETEHTHICTb (Zani, ILK) maibyTHbOro marictpa meauuvHM PO3YMIEMO AIK BHYTPILUHBO-OCOBUCTICHY XapaKTepUCTUKY, AKa
obmeKyeTbcA cdepoto AiANbHOCTI Ta € KOMNIEKCOM HAabyTUX 3HAHb, YMiHb, HAaBMYOK, CNOCO6IB MUCNEHHSA, NOTNAAIB, iHLUMX
0cobucTMx akocTel y cohepi iHpopmaLinHux i LMdpoBUX TeXHONOrIM Ta nepenbayvae BNeBHeHe, KPUTUYHE i BignosiganbHe
BMKOPUCTAHHA UMX TEXHONOriT 3 MeTolo 36MpaHHA, onpautoBaHHA, 36epiraHHA M PO3NOBCIOAMKEHHA AaHWUX ANA 3A4iNCHEHHA
npodecinHoi AiaNbHOCTI B ranysi 0XOpoHW 340p0B’A. 3MicT iHpopMaTUYHOT NiArOTOBKM ABNSE COBOO NeaaroriyHo BMBaXKeHi Ta
06r'pyHTOBAHI, N0TIYHO BNOPAAKOBAHI | TEKCTYalbHO 3adiKCOBaHI B HaBYa/ibHMX NPOrpamax HayKoBi BiZOMOCTi Npo maTepian, Wwo
nigNArae BUBYEHHIO Ta NOAAHI B 3ropHyTOMY BUrAAAi. Po6oya nporpama BM3HAYaE 3MICT AiaNbHOCTI MaibyTHboro daxisusa ranysi
OXOPOHW 340P0B’A N0 BUBYEHHIO HABYA/IbHOTO MaTepiany ANa JOCATHEHHA Linen iHpopmaTUuHOI NigrotoBkn. OKpim LbOoro, 3micT
iHPOPMATUYHOT MiArOTOBKM MOXKe OYyTM eNeMeHTOM MEeTOAMYHOI CUCTEMM HaBYaHHA HU3KM HOPMaTMBHMX abo BapiaTUBHMX
OUCUMNAIH. Y 3B'A3KY 3 UMM, NOHATTA «3MICT iHGOPMATUYHOI NiArOTOBKMY» MA€E NMOBHUI CAMOCTIMHUIN AMAAKTUYHUIA XapaKTep, a
CEHC, LLLO 3aK/IAJAETLCA B HHOTO, AAE MOMKAMNBICTb BiAPI3HATM MOrO Bif NOHATTA «3MICT OCBITUY.

3ayBaXKMMO, WO B AMAAKTUL] NTPUAHATO PO3PISHATM NOHATTA K3MICT HABYAHHAY | K3MiCT HAaBYANbHOT AUCLUMNAIHUY. TOMy
NoCcNifOBHICTb BMBaXKeHOro A060py 3MICTy HaBYasbHOI AMCUMNAIHM PO3MIALAEMO fAK ABOETanHMI npouec — Aobip 3micty
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HaBYaHHA AK e/leMeHTa MEeTOAMYHOI CUCTEMM | MOro NMepeTBOPEHHA Y 3MICT HaBYasbHOI AUCUMNNIHW. HaBYanbHi enemeHTH €
CKNAaA0BMMW HaBYaNbHUX 3MICTOBUX MoAyniB. Ha ocHOBI moay/abHOro nigxoay Ao opraHisauii iHpopmaTUYHOI NiarotosKuM, nig
3MiCTOBMM MOAY/IEM PO3YMIETbCA CTPYKTYPHA OAMHULA 3MICTY HaBYaHHSA, BiAibpaHa i AnAaKTUYHO onpaLboBaHa ANs AOCATHEHHA
NEeBHOrO PiBHA 3HaHb, YMiHb i HABMYOK, L0 BCTAHOBJ/IOETHCA Li/IbOBOK MPOrpamoto Aii. 3micToBuiA Moayb NpeacTaBnse coboto
BiAHOCHO CAaMOCTIMHWIA, NOTiYHO 3aBEPLUEHNI KOMNOHEHT HaBYaHHA.

AHani3 HayKOBO-MEeTOAMYHOI NiTepaTypu 4aB 3MOry BCTAaHOBUTU YUHHWMKK Ta KpUTepil, AKi cnig BpaxoByBaTu Npu fob6opi
HaBYa/IbHOrO MaTtepiany 3MiCTOBUX MOAYNIB: GYHAAMEHTANbHICTb, Nepenbavyae BpaxyBaHHA TaKUX KpUTEPIiB: piBEHb PO3BUTKY
62330807 HayKM NPU NPOEKTYBAHHI 3MiCTOBUX MOAYIB; AOCTYMHICTb 3MICTOBOrO MOAY/A, LLO BU3HAYAETLCA 40NYCTUMUM BUBOPOM
dopm i meToaiB HaBYAHHA, NEAArOriYHO BUBAXKEHUM i AOLiNIbHUM MNOEQHAHHAM iHAYKTUBHUX i AeAYKTUBHUX CNOCO6iB NoAaHHA
HaBYa/NbHOrO Matepiasny; 3abesneyeHHs HenepepBHOCTI NPOECiMHOI MiArOTOBKM HA Pi3HWMX PIBHAX OCBITW; OPIEHTALIO Ha
LiNiCHICTb 3HaHb | CNocobiB A4iaNbHOCTI; y3aralbHEHHA HaBYaIbHOTO MaTepiany, Wo CNPUYMHEHO PO3LUMPEHHAM 3MICTY B YyMOBAX
HAyKOBO-TEXHIYHOro nporpecy; npodecioHanisauii, WO 3YMOBAOE BUBAXKEHMI [06ip 3MICTy HaBYaHHA 3 MO3ULIN HoOro
HeobXxigHOCTi ANA BUpileHHs NpodecinHNX 3aBaaHb.

Po3KpuBatoum CTPYKTypy 3MiCTy HaBYaHHSA (iHPOPMATUYHY YACTUHY i IOTIYHY BNOPALKOBAHICTL), @ TAKOX YMHHUKM, LWLO
3abe3neyvytoTb MOro LiICHICTb i BiZAHOCHY CaMOCTIMHICTb MOMHA AilNTM BUCHOBKY NPO Te, WO 3MICT HaBYaHHA CKNA[AETbCA 3:
TEOPETUYHOro MaTepiany, AKMIN NpeacTaBAfE COBOI CYKYNHICTb OCHOBHUX NOHATb KOHKPETHOI NpeaMETHOI rany3i i 3B'A3KiB MiX
HUMMW; KOMNETEHTHICHO-OPIEHTOBAHUX 3aBAaHb, AKi BU3HAYalOTbCA BiANOBIAHO [0 TEOPETUYHOIO MaTepiany i BUKOPUCTOBYHOTbCA
ons popmyBaHHA y 3400yBaviB BULWOI OCBITM KOHKPETHUX 3HaHb, YMiHb i HAaBMYOK; MiNKAUCUMMNIIHAPHUX Ta BHYTPILIHbO-
OUCUMNNIHAPHUX B3AEMO3B'A3KIB MiXK HaBYA/IbHUMU eleMEHTaMU.

BignoBigHO 40 MOAYNBHOrO HaBYaHHA 3MICT KOXKHOI HaB4Ya/IbHOI TEMW AK LiNICHOrO enemeHTy 3MICTy HaB4YaHHA
nepepo3noinAtoTb 3a TaKMMM HaNpPAMaMM: OPIEHTALIMHMIA, METOA40NOTIYHWNIA; 3MICTOBO-ONUCOBUI; onepauinHO-AifANbHICHWI;
KOHTPOJIbHO-AiarHOCTUYHUIA. Y CBOIO Yepry, B 3MiCTi HABYaHHA BapTO BUOKPEMUTM TaKi KOMMNOHEHTU: CMCTEMA 3HAHb (KOHLenLii,
rinotesu, Teopii, NPUHLMNK, 3aKOHOMIPHOCTI, HayKOBi GaKTW, BUCHOBKM, MOHATTA i NPob6aemu); PENPOAYKTUBHI YMIHHA (K
cneumdiYHO NPeMeTHOro, TaK i 3ara/lbHOHaBYaIbHOTO XapaKTepy), AKMMM NOBUHEH 0BOIOAITV 3406yBay BULLOI OCBITU B NPOLLECI
HaBYaHHA; YMiHHA TBOPYOro XapaKTepy, OnaHyBaBLUM fAKi, 3400yBay BULLOT OCBITU OTPUMYE CY6'EKTUBHE HOBE 3HAHHA LIAAXOM
CaMOCTIMHOrO NOLLUYKY; 0COBUCTICHUIA KOMMNOHEHT.

CTpYKTypa i 3MiCT OCBiTM MatoTb ABi OCHOBHI AeTePMiHaHTUW: CTPYKTYpPY NPodeciMHOi AiANbHOCTI NOANHW, LLLO NOCTINHO
3MIHIOETBCS, | CTPYKTYPY 06’€KTa BUBYEHHSA, Bif, AKMX 3a/1€KUTb MPOEKTYBAHHA HAaBYAbHUX AUCLMNAIH. 1A NPOEKTYBaHHA 3MmicTy
iHpOpMaTUYHOI NiAFrOTOBKM [OLiINBHO BUMOKPeMtoBaTU MpodeciliHi 3aBAaHHA 3 BUKOPUCTAHHAM iHPopmauiiHo-undpoBmx
TexHosorin (ILT) mainbyTHbOro marictpa meguMUMHA 3 ypaxyBaHHAM eTaniB i BUAIB MOro 4ianbHOCTI. PO3KpMEMO OCHOBHI eTanu
NPOEKTYBAHHA CKNAZ0BUX 3MICTy iHGOPMATUYHOT NiArOoTOBKU. OTKe, NeplwMmM KPOKOM € BWBYEHHA KBanidikaLiiHux
XapaKTePUCTUK MabyTHbOro MaricTpa MeauUMHK, Y TOMY YACAi 3aBAaHb NpodecinHoi iHPopMaTUUHOI AiANBbHOCTI, BUSHAYEHHA
KOJ1a NOBHOBaXeHb Ta QYHKLIN, Nig vYac BUKOHAHHA AKNX daxiBeL,b rasy3i OXOPOHM 340p0OB’A MA€E NPOABUTM CBOT KOMNETEHTHOCTI.
BupobHuMui dyHKLii, TMNOBI 3apa4i AiANbHOCTI, yMiIHHA Ta KOMNETEHTHOCTI, AKUMWU MOBUHHI BONOAITM MalbyTHI daxiBui ranysi
OXOPOHW 34,0POB’A, BU3HAYAIOTLCA AK NPodeciiHMM cTaHaapToM abo 3a MOro BifCyTHOCTI KBanidiKaLiMHMMM XapaKTepUCTUKaMm,
TaK i CTaHAAPTOM BULLOI OCBITU. 3aBAAHHAM APYroro etany € GopMy/tOBaHHA 30BHILLHIX Ta BHYTPIWHIX Linel iHpopmaTuyHoi
NiAroToBKW. 30BHILLHI LiNi iHGOpPMaTUYHOI NiArOTOBKM GOPMY/IOIOTLCA BiAMOBIAHO A0 OCHOBHUX QYHKLiM ManbyTHbOro marictpa
MeANUMHM, WO BU3HAYEHI B 1Oro KBaslidiKaLiMHUX XapaKTepUCTMKax. BU3HAYEHHA BHYTPILWHIX Linel iHpopmaTUYHOI NiaroToBKM
NOBMHHE NPOBOAWUTUCA 3 OPIEHTALIEI0 Ha BiANOBIAHWIA 3MICT HaBYaHHA. MpPU LbOMY BHYTPIWHI LiNi METOAMYHOI cUCTEMM
HaBYaHHA MatoTb BYTM YiTKO cHOPMYNbOBaHI, W06 MOXKHa 6ya10 3p0OUTU O4HO3HAYHMIA BUCHOBOK MPO XapaKTep ix peanisaui.
BW3HauYeHHA PiBHA LOCATHEHHA Lifei He nuwe Nonerwye NpoBefeHHA KOHTPOJIO, ane i A03BONAE BU3HAUUTM AOCTATHI ANA
peanisauii uux uinen metogm i Gopmm HaBYaHHA Ha eTani MPOEKTYBAHHA MOZENI OCBITHbOrO MpoLLecy.

HacTynHMM KpOKOM € BM3HAYeHHsA eTaniB AiANbHOCTI MalbyTHbOroO Marictpa MeauLMHM 3 BU3HAYEHHAM KOHKPETHUX
npoodeciHux 3asgaHb (Tabn. 1).

KoMneTeHTHICHO-OpiEHTOBAHI 3aBAaHHA pPO3pob/aeHi HAa Ui OCHOBI, 3rigHO 3MICTy HaBYaHHA, 3a3HayeHOMy B
raqy3eBoMy CTaHAAPTI BMLLOI OCBITU 222 «MeanuMHa» JAE MOMXKIUBICTb cHOpPMYyBaTU Y MalibyTHbOro ¢axiBusa raaysi OXOpoHU
3[,0pOB’A NPAKTUYHI YMiHHA 3aCcTOCOBYBATM PyHAAMEHTAIbHI TEOPETUYHI 3HAHHA AK NPU aHani3i CTaHAAPTHUX, TaK i NPoBAeMHUX
CUTyaLii, WO MatoTb MicLe B pamKax ix npodeciinHoi 4ianbHOCTI.

3aBAaHHAM N’'ATOro eTany € HanoBHeHHA ILLK nepenikom 3HaHb Ta BMiHb, OBO/IOAIHHA AKMMUW B NpoLLeci iHpopmaTUyHOT
niAroToBKM mManbyTHbOro ¢axisua ranysi OXopoHM 340pOB’A [03BOAUTL ePeKTUBHO BMKOHYBaTWM npodeciiiHi 3aBgaHHA. Ha
33K/IIOYHOMY eTani nepeBipAOTbCA Ta KOPUTYIOTbCA Pe3y/bTaTM NPOEKTYBAHHA CKAAZ0BMX 3MICTY iHPOPMATUUHOI NigroToBKM
LUNAXOM QHKETYBAHHA i 3aCTOCYBaHHA MAaTEMATUYHUX METOLIB.

MogynbHWUI Niaxia Ao opraHisaw,ii 3MicTy HaBY4aHHA NONATAE B PO3AiNEHHI HABYAIbHOTO MaTepiany Ha 3MicTOBI MoAy i,
O CNPWAE KPaLLOMY MOro 3acCBOEHHIO i 0OYMOB/IOE HEObXiAHY KepoBaHiCTb, MHYYKICTb i AMHAMIYHICTb MPOLECY HaBYaHHA.
TexHONOoriA MOAY/NbHOrO HaBYaHHA Kpalle BCbOro NpuAaTHA ANA AMCTAHLIMHOrO HaBYaHHA, OCKIZIbKM 3MICTOBUIM MOAyNb AK
OAMHULUA HAaBYaHHA BK/IOYAE BCi HEOOXiAHI KOMNOHEHTU HABYa/bHO-METOAMYHOrO KOMMIEKCY, HaliseHoro Ha $opmyBaHHA
3HaHb, YMiHb i HABUYOK A1 BUKOHAHHA KOHKPETHOT NpodeciiHoi AiabHOCTI Ha 3agaHoMYy piBHi. CTPYKTypa Nporpamm HaB4aibHOT
OMCUMNAiHK i T moaynbHa Nobya0Ba AA€ MOXKAMBICTb ONEPaTUBHO PearyBaTh Ha KOH'IOHKTYPY PUHKY i coLiaibHOro 3aMOB/IEHHA.

OpieHTyOuNCb Ha Migxoau BuMKNadeHi B npaui (AwaHos, 2010) 3anponOHYEMO BiAKOPUroBaHY CTPYKTYPY 3MicCTy
HABYa/IbHOI AMCLUMMNIHA Ha MPUHLMMNAX MOZAY/IbHOTO HaBYaHHSA, AKY AOUiAbHO ¢opmyBaTM 3a cxemol Ha Puc 1. 3a Takoi
CTPYKTYPU KNAaCUYHO HaBYanbHa AucuunaiHa GopmyeTbCA 3i 3MICTOBUX MOAYANIB, Y KOXKHOMY 3 AKUX PeanisyeTbCA AOCATHEHHA
iHTerpyo4oi ANAAKTUYHOI METH, 3MICTOBI MOAY/i CKNAAAI0TbCA 3 HAaBYA/IbHUX €/1eMEHTIB, BUBYEHHA AKUX peanisye fOCATHEHHA
OVOAKTUYHUX Linen.
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Tabauusa 1. NpodeciiiHi 3aBaaHHA MailbyTHLOro marictpa meguUMHU 3 BUKOpUcTaHHAM ILUT

Eman dianbHocmi

MpodeciiiHi 3a80aHHA

Po3pobKa KoHLenTyanbHOi Moaeni AiANbHOCTI NiKaps 3 METOH ONpaLoBaHHA AaHUX B

MPOEKMHI MIC; po3pobka anropuTmMis 3 MeAUYHOI CTaTUCTUKM BiANOBIAHO A0 3arabHUX CTaHAAPTIB;
onpautoBaHHA MeNYHMX 306paXkeHb 3 METOIO NiABULLEHHA AKOCTI AiarHOCTUKM
[OocnigeHHs poni OnpautoBaHHA AaHux B NC; BUKOHAHHA OCHOBHMX anrOPUTMIB MEANYHOI CTAaTUCTUKK 3
ILT Ha 0KaNbHOMY mexHon02iyHi BUMKOpUCTaHHAM IUT AnA y3araibHEHHA NEPBUHHWUX MEeAMYHMX BigomocTeid; poboTa 3
(B HaBYaHHi) Ta MeANYHUMM 306 PaKEHHAMM; MOLIYK AAHUX B NPODINbHUX MEANYHUX CUCTEMAX
rnobanbHomy (B Anroputmisauis Ta KogyBaHHA okpemux mogynis C Ta MIC, po3pobka npaBua NPURHATTA
MeaMUMHI) piBHAX docnidHuybKi pileHb Ha OCHOBI Pe3yNbTaTiB MeAUYHOT CTaTUCTUKK
YNpaBAiHHA Cy4acHUMU TEXHIYHUMU cUCTeMaMK 36UPaHHA, NepefaBaHHA, 36epiraHHA Ta
ynpassiHCbKI onpauoBaHHA MeaNKo-6i0N0rYHUX AaHNX
HanawTyBaHHA nporpam Ta cepsiciB Ha MK A0 3aBAaHb HaBYanbHOI Ta npodeciiHoi
mexHoA02iYHi LiANbHOCTI; OHOB/IEHHA OCHOBHWX CKNAZ0BUX MPOrPamHOi YacTUHU  iHbopMaLiMHOT
cuctemm
3acrocyBaHHa ILUT -
3acrocyBaHHA IUT y HayKoBMX AOCNIAXKEHHAX
00CniOHUYbKI 34iicHIOBATM aAMIHICTPYBaHHA NOKaNbHOI MEpPEeXi; NPOBOAUTU HANATOAMKEHHA XMAPHUX
cepsiciB Ana cninbHOT poboTH 3 AaHUMMU
npoeKMHi MnaHyBaHHA cTpaTerii opMyBaHHA BMiHb BUKOpUCTaHHA ILT
- HasuaHHSA Ha Kypcax ana nornnbaeHHs pisHA NpodeciiHUX 3HaHb Ta BMiHb
mexHon02iYHi
HasuyaHHA - -
00cnidHUYbKI Po3po6Ka HaB4aNbHUX eNeMeHTIB Ha Kadeapax yHiBepcuTeTy
YrpaenincoKi OpraHizauia AUCTaHLiAHOrO i 3MilLaHOro HaBYaHHA 3406YyBauyiB BULLLOI OCBITK
nPOEKMHI MnaHyBaHHA HaBYabHOI AiANbHOCTI 3 BUKOpPUCTaHHAM IKT
BuKopucTaHHA Beb-cepBiciB A4/ opraHisauii cnikyBaHHA Ta 06MiHy HaBYaIbHOKO
KomyHikais mexHosoal4HI iHbopmaLieto
DaBAIHCHK OpraHisauia AUCTaHLiMHUX ceMiHapiB, KPYrANX CTONIB cepes CTYAEHTIB Ta NiKapis;
Y NpoBeAeHHA TeemeaNYHUX KOHpepeHLin
BukopuctaHHa nporpam APM sk enemeHTa iHCTPYMEHTaIbHUX METOAIB AiarHOCTUKMU
Miprotoska Ao mexHonoz2iuHi - -
npodeciiiHoi BuKOpUCTaHHA MeToAiB A0Ka30BOI MeAULHM
AianbHocTi 3actocyBaHHA ILT y HayKOBUX AOCAIAMKEHHAX
YIPABsiHCbKi BukopucTtaHHa cepsicis eHealth gna opraHisauii po6oTu nikaps 3 nauieHTamu
[Jxcepeno: asmopcoKa po3pobKa.
HasuaneHa
AvcyunniHa
36
AE 3m 3M-1 3Mn
AE-H HE-1
dE-Mm HE-1
AE-TT3 HE-n
AE-MK HE-KO3
HE-N3
HE-

Puc. 1. CTpyKTypa 3MiCTy HaBYa/IbHOI AUCLUNIHYU, WO GOPMYETLCA Ha NPUHLUNAX MOAYNbHOTO HABYAHHA

[epeno: aemopcoKa po3pobKa.
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CTPYKTYpY HaBYaNbHOT AUCUMNNIHM MOXKHA PO34IANTU HA ABa BNOKK:

JAudakmuyHuli 650K ([6), A,O AKOrO Hanexatb:

- poboya nporpama 3 AMCUMNAIHM, B AKIM BM3HAYalOTbCA MeTa Ta Lini BMBYAHHA, OCHOBHI 3aBAAHHSA,
MiXKAUCLMNIHAPHI 3B’3KM, 3MICT HaBYaIbHOI AUCUMNNIHW, MaTepiaNbHO-TeXHIYHe 3abe3neyeHHs, Nnepesiik OCHOBHUX NMUTaHb 3
AUCUMNNIHW, peKOMeHA0BaHa Ta A0AaTKOBA NiTepaTypa TOLWO;

- MeToAMuHi pekomeHZauil 3 BMBYEHHA AWMCLMMNAIHKU, 40 AKMX Ha/leaTb: 0COBAMBOCTI opraHisauii HaB4asbHOro
npovuecy, 3arajsibHi peKoMeHaau,ii Woa0 NopAAKY BUBYEHHA AUCLUMNAIHW, NOCAILOBHICTb BUBYEHHA 3MICTOBUMX MOAY/iB, BKA3iBKM
3 NorAMbNeHOro BUBYEHHSA i CAMOCTIMHOT po60TH 3 ANCLUNAIHMN.

3micmosuli 6710k AKMIA CKNagaeTbea 3 3mictoBux moaynis: 3M, 3M-i, ..., 3M-n, AKi € caMOCTINHUMM HaBYANbHUMMU
ONAAKTUYHUMW OAMHULAMM, LLO CKAAAAlThCA 3 AMAAKTUUYHUX enemeHTiB (AE) i 3micTtoBMx HaByanbHUX enemeHTis (HE). Jo
ANOAKTUYHUX eN1EMEHTIB Bi4HOCATbCA:

[E-H — HacTaHOBYMI enemeHT, NPU3HAYEHHAM AKOro € pOPMYBaHHA MOTWBALLi YCMILWHOrO BMBYEHHA 3MiCTOBOIO
MOZAYNA 33 AOMNOMOrol PO3'ACHEHHA MOr0 MICLA i 3HAYEHHA B CUCTEMi HaBYaHHA. MpPU NPOEKTYBAHHA LbOr0 eNeMeHTy Chig,
LOTPMMYBATUCh AWAAKTUYHMX MNPUHUMMIB CUCTEMATUYHOCTI | NOCNIAOBHOCTI 1 OPIEHTYIOYMUCb Ha MOJIOXKEHHA OCBITHLOIO
CTaHAAPTY 3a3HAYNTM POb MOAYA B ONaHYBaHHI MalibyTHLOT CNeLiafibHOCTI, LWini BUBYEHHA MOAYNA — KOHKPETMU3YBATU HA PiBHI
OYiKyBaHMX pe3y/bTaTiB HaBYaHHA Y BUrNAAI Nepesiky 3HaHb | yMiHb HEOBXiAHWUX ANA BUKOHAHHA KOHKPETHMX npodecioHanbHMX
3aBAaHb, XapaKTep MiXAUCUUNAIHAPHUX 3B’A3KIB:

OE-M — MeToANYHUI eNeMEHT, NPU3HAYEHHAM AKOro € HaaHHA OpraHi3auiiHO-AMAAKTUYHOT AonoMoru 3506yBavam
BMLLOI MeANYHOI OCBITM i YyNPaBAiHHA X HaBYa/IbHO-Mi3HaBa/IbHOK AiA/bHICTIO. BNsE cOBO MeTOAUYHI peKomeHaaL,ii Wwoa0
CaMOCTIMHOrO BMBYEHHA 3MIiCTOBOrO MOAY/SA i BK/IOYAE Nepenik 060B'A3KOBUX i A0AATKOBUX 3anuTaHb, NOPAAOK BUMBYEHHA
3MICTOBMX HaBYa/IbHUX €NEMEHTIB MOoAyNA, MeToaM i 3acobu, 0cobAMBOCTi CAaMOCTIMHOIO BUBYEHHA TEOPETUYHOT i NPAKTUYHOT
YacTUHWU, 0CO6MBOCTI BUKOHAHHA KOMMNETEHTHICHO-OPIEHTOBAHUX 3aBAaHb, Y TOMY YUCAI iHAMBIAYaNbHUX 3aBAaHb, KpuTepil
BMKOHaHHSA 3aBAaHb.

LE-M3 — nigcymKoBe 3aHATTA 3i 3MiCTOBOro Moy A, NPU3HAYEHHAM AKOrO € BCTAHOB/IEHHA PiBHA 3HaHb i BMiHb, AKi
CTOCYIOTbCA KOHKPETHOIo 3MICTOBOro moayns. YcniwHe NPOXOAMKEHHA AKOro CBiAYMTbL NPO Te, WO HaBYa/ibHWUIA MmaTepian
33CBOEHWI HA NEBHOMY BCTAHOB/IEHOMY PiBHi.

OE-MNK — nigcymMKOBUIA KOHTPOb 3 AUCUMUMNAIHM, MOT0 NPU3HAYEHHAM € BU3HAYEHHs PiBHA 3aCBOEHHA 3406yBavamu
BULLLOI OCBITM 3MiCTy AMUCLUNAIHWN. BKNIOYAE AK 3aNUTaHHA 3 TEOPETUYHOrO MaTepiay, Tak i BAKOHAHHA NPaKTUYHMX 3aBAAHb.

[0 3micToBMX HaBYaNbHUX enemeHTiB HanexaTtb HE-1, HE-i, ..., HE-n i noegHyoTb 6a30Bi NOHATTS | NONOXKEHHA 3MicTy
HaBYa/bHOro maTepiany y BigNOBIAHOCTI 3 IHTErPYHOHYOK METOK BUBYEHHA 3MICTOBOrO MOAY/A i MOro NOTYHOK CTPYKTYpoto. Y
KOXXHOMY 3MiCTOBOMY HaBYa/bHOMY e/leMeHTi BUZINAETbCA ABi YaCTMHW: TEOPETMYHA YacTMHA, OCHOBOMO AKOI € TeKCT, Ae
PO3KPMBAETBLCA 3MICT, 3 iIIIOCTPALIAMW, PUCYHKAMM, CXEMAMMU, TaBANLAMM, NOCUNAHHAMM HA HEOBXigHI 3HAHHA NonepeaHbOro
maTepiasy, Ha OCHOBHY i [A0AATKOBY AiTepaTypy; NPaKTUYHa YacTUHa, A€ HaBeAeHi eTann BMKOHAHHA KOMMETEHTHICHO-
OPIEHTOBAHMX 3aBAAaHb 3 HAZAHHAM MIHIMANbHUX MOACHEHb i MOCUMNAHHAMM Ha TEOPeTUYHUI MmaTepian, HaBOAATLCA
OEMOHCTPALIMHI NPUKAaAN | 3aBAAHHA; KOHTPONAbHO-AiarHOCTUYHA YacTMHA, AKA BKAKOYAE Mepenik KOHTPOAbHWUX 3anuTaHb,
TECTOBMX 3aBAaHb Ta NPAKTUYHMX 3aBAaHb.

[0 3MiCTOBMX HaBYa/IbHUX €1€MEHTIB BiAHOCATHCA TAKOXK:

HE-KO3 — KOMNeTeHTHICHO-OPiEHTOBaHI 3aBAaHHA 4,0 KOXKHOI TEMM 3MICTOBOro MOAYAA, AKI HanpaB/eHi Ha 3aCBOEHHA
matepiany i nepeBipKy MOro po3yMiHHA, OCMUCIEHHA, 3aCBOEHHSA | HA CAMOCTiMHe 3aCTOCYBaHHA 3aCBOEHNX 3HAHb, YMiHb, HABUYOK
Y BMpiLWEeHHi KOHKPETHUX Npobaem ManbyTHbOI NpodeciliHol AiaNbHOCTI.

HE-MN3 — pekomeHAoOBaHe MNporpamHe 3abe3neyeHHs, AKe BMKOPUCTOBYETbCA 3406yBaYamm BULLOI OCBITU Mig 4ac
BMKOHaHHSA NPaKTUYHUX 3aBAaHb.

HE-/1 — niTepaTtypa, WO BK/IOYAE CMUCOK OCHOBHOI i A0AATKOBOI NiTepaTypu 40 3MICTOBOrO MOAYNA Ta AUCLUNAIHK
uinomy.

Bif, 4iTKOCTi BU3HaAUYeHHsA | GopMyNtOBaHHA Linen iHpopmaTUUHOI NiAroTOBKM 3anexuTb Bubip metoais, dopm i 3acobis
[ocsarHeHHs cpopmosaHocTi ILLK. CKnagHicTb BU3HAYEHHA | OMUCY LiNelt HaBYaHHA MOJIAraE B TOMY, WO Ui npoueaypu He
niaaatoTbca MOBHIM dopmanisauii, ogHak 3aimaloTb NPoBiAHE Micue B MeAaroriyHOMy KOHTPOAi Ta AiarHOCTUUi PiBHA
iHpopMaTUYHOI NiAroTOBKM 3400yBaYiB BULLOI MeAUYHOI OCBITU. MpW LUbOMY NefaroriyHuMi KOHTPO/b € OOHIElD 3 dYHKLIN
OiarHOCTUKK, | OTO METOo € NepeBipKa Ta OLiHIOBAaHHA Pe3y/bTaTiB HaBYaHHA, CNOCTEPENKEHHA 3@ HaBYaIbHUM NPOLLECOM, a
METO0 ZLiarHOCTUKM € iIHpopMaL,iiHe 3abe3neyeHHs CUCTEMM YNPABAIHHA HaBYa/IbHUM MPOLECOM LLOA0 BUBOPY 3MicTy | MeToAiB
HaBYaHHA.

Llini iHbopMaTUYHOI NiAroTOBKM B TEPMiHAX KOMNETEHTHICHOTO Niaxoay, HeobxigHo dopmyntoBaTH Yepes BU3HAYEHHSA
CUCTEMM 3HaHb Ta BMiHb, 3i BKasyBaHHAM piBHiB i cknagosux ILUK. Lle obymoBneHo TMM, WO came Lifi HaBYaHHA €
CUCTEMOYTBOPIOOYMM €N1EMEHTOM B TEOPETUYHI Mogeni iHPOpMaTUUHOT NiArOTOBKM MabyTHbOrO Marictpa MeguLMHK, AKa €
METOAMYHOI CUCTEMOIO HAaBYAHHA. TUM cCaMUM 3’'ABNAETLCA MOXK/IMBICTD OTPUMATU NeEPENiK OUiKyBaHUX pPe3yNbTaTiB HaBYaHHA
abo cTpyKkTypHOi Mmogeni ILLK maibyTHboro ¢axisua ranysi oXopoHuW 340poB’A. BU3HaYeHHs uiner iHGoOpMaTUYHOI NigroToBKM
NOBWHHO FPYHTYBATUCA Ha BUKOPUCTAHHI AepKaBHUX OCBITHIX CTaHAAPTIB, OCBITHIX Nporpam nigrotosku 3406yBadyis BMLLOT OCBITH
cneujanbHocTi 222 «MeguumHa», 3a [AOMNOMOrOK AKMX 33JatoTbCA Uini cuctemu iHGOPMATUMUHOI NiArOTOBKM | yMOBM
3abe3neyeHHsA ix peanisauii. BusHayeHHA uinel iHpopmaTUYHOI NiAroTOBKM Nepenbayae ABa HaNpPAMKWU: 30BHILWHI Lini — Kon
MeTOAMYHA CUCTEMA HAaBYAHHA AUCLMMNIHU PO3INALAETLCA 3 TOYKM 30pY il BiANOBIAHOCTI CTPYKTYpi iHGOpMaTUYHOI AianbHOCTI Ta
BHYTPILWHI Wi, AKi BU3HAYalOTb BigHOWEHHA Linen iHpopMaTUYHOI NiAFOTOBKM A0 IHWKNX eNemMeHTiB MeToAMYHOT cucTemu. Mpu
aHanisi uinet iHGOpMaTUYHOI NIATOTOBKM i MOXAMBOCTI X YCMIWHOIO AOCATHEHHS ICTOTHY PO/b BidirpatoTb: iHPopmMauiliHi
obmerKeHHs, fAKi NoB'A3aHi 3 AeKomMno3uu,ii Linel iHGopmMaTUYHOI NiATOTOBKKU; YacoBi 0BMeKEHHA, sIKi NoB'A3aHi 3 nepiogom
HaBYaHHA (cemecTp, HaBYaNbHUI PIK).
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Buxoaaunm 3 MeTM [OCNIAKEHHA, BUMHMKAE HeOobXigHICTb po3rnagy MeTo[0/0rMYHUX OCHOB LiNeNOKNa4aHHA fK
KiHLEBOro pesynbTaTy, AKMI MaloTb AOCATHYTU 3406yBadi BMLLOT MeAMYHOT OCBITU, OCKIZIbKM MNOYATKOBUM € NPUMYLLEHHA MPO
CNPAMOBAHMI XapaKTep OCBITHBbOT AifANbHOCTI ocobucTocTi. B LboMy ceHci nepegymosamu dopmyBaHHs ILLK BucTynatoTb notpedbu
i BUHMKaKUi Ha X OCHOBI TaKi BHYTPILWHI YNHHUKM, K MOTUBM, NParHeHHsA, 6axkaHHSA, LiHHICHI OpieHTau,i, yCTaHOBKM, iHTepec Ta
0COoBUCTI LiNi. KoKeH enemeHT CTPYKTYpU AisnbHOCTI 3406yBaya BULWOT MEANYHOI OCBITU, MOXe PO3ria4atoTbCs 3 4BOX NO3ULLN:
3 No3uuii 06'eKTMBHOrO 3MicTy Ta no3uuii cyb'ekTMBHOI dopmu. Tak, 3 no3uuii cyb'eKTMBHOI, TO6TO dopmK NpeacTaBNEHOCTI
cy6'ekToBi abo cyb6'eKTMBHOI dopmMKM BiAOOpaKeHHA, MeTa BUCTyMNaE fK AeAKUI igeanbHUit obpas, cMucioBe NpeacTaBAeHHs,
pe3ynbTaT A4iAaNbHOCTI, WO 3abe3nevye peanisauito TMX abo iHwKnx notpeb. O6'eKTMBHUM 3MICTOM METU 3aBXK AN BUCTYNAE AEAKUI
npouec, nNpegmet, ABMLLE HAaBKONWLWHbLOIO CBIiTYy, WO 0B6YMOBAOE CNiBBIAHOWEHHA MeTW i 3acobis ii gocarHeHHA. Y noriyi
3HAHHEBOTrO NigXoAy A0 HaBYaHHA Lini iHGOPMATUYHOT NiATOTOBKM ONUCYIOTLCA B TEPMiHAX 3HaHb, YMiHb i HABUYOK, @ B NOTiLLi
KOMMETEHTHICHOro Nigxoay — B TepMiHax KomneTeHTHocTen. OCKinbKu Lini iHPOpMaTUYHOT NiArOTOBKK, BUPAXKEHi AIK B TEpMiHaX
3HaHb, YMiHb i HaBMYOK, TaK i B TepMiHax KOMMNETEHTHOCTEN i € CKNAA0BMMM cucTeMU iHOOPMATUYHOI NiATOTOBKKU, TO MOXKHa
rOBOPUTW NPO Te, LLLO TEXHOOTiA BU3HAYEHHS i onucy uinel iHdopmaTUUHOI NiJroTOBKM € TEXHOOTIEID NPOEKTYBAHHA CKNAL0BUX

ILK.

BUCHOBKM TA NEPCNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

MpaKTU4yHa peanisauyia cuctemm iHGOpPMaTMUHOI NiArOTOBKM MalbyTHIX MaricTpiB meauLMHM NMOBUHHA peanisyBaTmca 3a
PaxyHOK KOpUryBaHHA i moamoikauii 3micTy iHGOPMATUYHOT NiAFOTOBKW. 3aNponoOHOBaHa KOHLEMLiA HAaYKOBOrO NPOEKTYBaHHA
3MIiCTy HaBYaHHA HanpaB/JieHa Ha CUCTEMHY OpraHisauilo iHGOpMaTUYHOI NiArOTOBKM MAMBYTHIX MaricTpis MeguuuHK, WO
OpPIiEHTOBAHA HAa BMKOPWUCTAHHA MOJIO¥KEHb MOAY/IbHOTO, CUCTEMHOTO Ta KOMMETEHTHICHOTO MigxoAis i 3abe3neuye MoXKAMBICTb
iHAMBiAyanisauji iHpopmaTMUHOI NigroToBKM B ymoBax iHpopmaTmsauii ocsitu.

Y pamKax MpOEKTYBAHHA MOZAY/bHOI CTPYKTYpPU 3MICTy HaBYaHHA PO3rMNAHYTI MWUTAHHA CTPYKTypu3auii 3micTy
iHpOpPMaTUUHOI NiArOTOBKM 3 ONOPOIO HA KOHLLENTYasIbHi NOJI0XKEHHSA TEXHONOTiT MOAY/IbHOMO HaBYaHHA 403BOIM/IN: BCTAHOBUTU
npodecinHi 3aBgaHHA MalbyTHbOroO MaricTpa MeguUMHM 3 BUKOPUCTAHHAM iHGOPMAUIAHO-UMPPOBUX TEXHONOTIN i3
BpaxyBaHHAM eTanis i BUAIB MOro AiANbHOCTI Ta PO3pOBUTM BUMOTM 0 CTPYKTYPU 3MICTY HAaBYA/IbHOT AUCUMMNIHM | 3MiCTOBMX
MOZAY/IB, Y KOXHOMY 3 AKUX Peani3yeTbCA AOCATHEHHA iHTErpyouvoi AUAAKTUYHOT MeTu. Po3rnaHyTMi niaxig faosepeHwi ao
NpaKTU4YHOI peanisauii NpyM BMBYEHHI AgucumnaiHn «MeandHa iHpopmaTuKa» 3406yBavyamu BULLOI OCBITU chewljianbHOCTI
222 «MepgmumHa» i3 3aCTOCYyBaHHAM BED-0PiEHTOBAHMX HABYA/IbHUX CUCTEM Mif Yac ayAUTOPHOrO, AUCTaHLIMHOIO Ta 3MiLLAHOrO
HaBYaHHA.

MepcnekTMBamun noAasnbWnX AOCNIAXKEHb € BU3HAYEHHA y3aralbHEHUX 3HaHb i YMiHb, 3aCBOEHHA AKUX 3abe3neuye
BMKOHAHHSA BCTaHOBMEHUX NPodeCiMHMX 3aBaHb MAaUBYTHIX MaricTpiB MeanLUHW.
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AHOTAUIA

Po3rnaHyTo MeToAMKY NpoBeAeHHA AO0MALLUHbOrO HAaTYPHOrO EKCNEPUMEHTY MO BUBYEHHIO MIOCKOTO PyXy TBEPAOro Tina Ha
npuKnaai camopobHoro aHanora MasaTHWKa Makcsenna.

dopmyntoBaHHA npobaemu. di3nKa € HAYKO EKCNEPUMEHTA/IBHO | TOMY NMPOBEAEHHA CTYAEHTAMU eKCNePUMEHTANbHUX
[OCNigKeHb € HeBi'EMHOI CKNAaJOBOK METOAMKM Ti HaBYaHHA. B Xo4i BMKOHAHHA AOCNIAMEHb CTYAEHTU He TiNbKu
nepesipAloTb HACNIAKN 3aKOHIB Bi3MKK, ane 1 HabyBatoTb EKCNEePUMEHTATOPCbKI BMiHHSA. B ymoBax AMCTaHLiMHOIoO HaBYaHHA
peanbHU eKCNEePUMEHT MOXKe 3A4iMCHIOBATUCA CTYAEHTaMM TiNbKM B AOMALUHIX YMOBaxX 3 BUKOPUCTAHHAM AOCTYNHOrO
obnagHaHHA. TIPUKNAJOM TaKOro AOCNIAKEHHA MOXKe ByTU BUMBYEHHA PyXy caMopobHOro aHanora masaTHUMKa Makcsenna.
Moro BUKOHaHHA [03BONAE CTYAEHTaM Kpalle 3p0o3yMiTM TeOPeTMUHi KoHLenLjii, HabyT yMiHHA NiArOTOBKM i NpoBeAeHHA
peasbHOro EKCMEPUMEHTY, @ TAaKOXK 06POBKU OfEPIKAHMX PE3yNbTaTIB.

Marepianu i metoam. [locniaxKeHHn FPYHTYETbCA Ha aHani3i nporpamu Kypcy ¢isuku gna cTyaeHTis 6akanaspaTty TeXHIYHOro
YHiBEpCUTETY, OrNALi NiTepaTypHUX AXKepes, NPUCBAYEHUX TeMi AOCNIOMKEHHA, eKCnepumMeHTam MO BUBYEHHIO ANHAMIKK
NJI0CKOro pyxy TBepAOro Tina Ta 3agay Kypcy $i3vKku 3 ujel Temu Ta meTogam i 3acobam BUMIpIOBaHHSA B AOMALUHIX yMOBax
MeXaHi4YHOro pyxy HeBe/IMKOI TPMBANOCTI.

PesynbTaTh. Y AKOCTi MaaTHWKa MaKceesnina moxe 6yTi BUKopuUCcTaHa irpatuka Mo-Mo, abo x ii camopo6Huii aHanor. B po6ori
NPOAEMOHCTPOBaHI KOHCTPYKLi MaaTHUKIB, AKi cTyaeHT HTYY «KMl im. Iropa CikopcbKoro» BUroToBAAAM ANA NPOBEeAEHHA
pocnigeHb. OpeprkaHi AaHi A03BONAIOTb CTYAEHTAM OAepKaTu eKCnepumeHTanbHe NiATBEPAMKEHHA 3aKOHIB AMHAMIKK
TBEPAOro TiNa.

BUCHOBKW. BUrotoBneHHA aHanora mMaaTHWKa MaKcBensna Ta NpoBeAeHHA eKCnepumeHTy 3a MOro A0MOMOrol A03BONAE
CTyAeHTam HabyTn NeBHi eKCNepuMMEeHTaTOPCbKi YMiHHA 1 HABUMTUCA ONPaLLbOBYBATU Pe3y/IbTaTU peasibHOro eKCrepuMeHTY
i3 3acTOCYBaHHAM 3aKOHIB AMHAMIKM TBEpAOro Tina. BurotosneHe 061aiHaHHA MOXKe 6YTV BUKOPUCTAHO AK A48 NPOBEAEHHSA
NabopaToOPHOro AOCNIAKEHHA B JOMALLUHIX YMOBaX, TaK i B AKOCTi OCHOBM EKCMEPUMEHTAIbHUX 3a4a4. Ha AymKy CTyaeHTiB
npoBeAeHHA AOMALLHIX AOCNIAIB € LiIKaBUM | KOPUCHUM A1A NOKPALLEHHA PO3YMIHHA NOHATb AMHAMIKM TBEPAOrO Tina.

K/TKOYOBI C/IOBA: domawHili ekcnepumeHm,; MasmHuk Makceenna, aHani3 ekcrepumeHmy.
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ABSTRACT

The methodology of conducting a home natural experiment to study the plane motion of a rigid body using the example of a
homemade analog of Maxwell's pendulum is considered.

Formulation of the problem. Physics is an experimental science; therefore, student engagement in experimental research is
integral to its teaching methodology. During the execution of experiments, students verify the consequences of the laws of
physics and acquire practical experimental skills. Students can only conduct natural experiments at home using readily
available equipment in distance learning. An example of such research is the study of the motion of a homemade analog of
Maxwell's pendulum. Its execution allows students to gain a better understanding of theoretical concepts, develop skills in
preparing and conducting natural experiments, and analyze the obtained results.

Materials and methods. The study is based on the analysis of the curriculum of the physics course for undergraduate students
of a technical university, a review of the literature on the research topic, experiments on the dynamics of the plane motion
of a rigid body, and tasks of the physics course on this topic—also, methods and means of measuring short-term mechanical
motion at home.

Results. A Yo-Yo toy or its homemade analog can be used as a Maxwell's pendulum. The paper demonstrates the design of
pendulums that NTUU "KPI" students created to conduct the research. The obtained data enable students to experimentally
confirm the laws of rigid body dynamics.

Conclusions. Creating Maxwell's pendulum analog and conducting an experiment with its help allows students to acquire
specific experimental skills and learn to work out the results of a natural experiment using the laws of rigid body dynamics.
The constructed device can be used for laboratory research at home and as a basis for experimental tasks. According to the
students, conducting experiments at home is exciting and helpful in improving their understanding of the concepts of rigid
body dynamics.

KEYWORDS: home experiment; Maxwell's pendulum; analysis of the experiment.

BCTYN

MocraHoBKa npo6nemu. BumylueHe AUCTaHLiMHE HABYAHHA YHEMOM/IMBWUIO MNPOBEAEHHS CTYAEHTAMW pPeasibHUX
eKCNepuUMeHTaNIbHUX AOCNiAKeHb Y HaB4yasbHiIM ¢i3nYHIA nabopaTopii 3 BMKOPUCTAaHHAM MPOMWUCIOBOro obsiagHaHHA. Y
3aKNafax BULWOI OCBITM peanbHi fabopaTopHi pobOTU 3amiHIOOTb Bifeo3anuMcamMy  eKCMepUMEHTIB, BipTya/lbHUMM
nabopaTopHUMK poboTamm abo K 06YMUCAtOBANIBHUM eKCepUMEHTOM. 3BUYANHO, TaKi Gopmmn pobOTU HAZAIOTb NEBHI YABNEHHA
NpO 3aCTOCYBaHHA 3aKOHIB i3VKM ANA aHanisy peasbHUX fABMLL Ta MNPOLECIB, OAHAK LE YABNEHHA Cnocrepiraya, a He
eKCnepuMeHTaTopa, BOHW He A03BOIAIOTb CTYAEHTaM Ha BIACHOMY A0CBiAi NepecsiguYMTUCA Y BUKOHAHHI 3aKOHIB Bi3UKK i He
3abe3neyvytoTb HABYTTA HUMM YMiHb NiAFOTOBKW, MPOBEAEHHA Ta OMNPALLIOBAHHA PE3yNbTaTiB AOCNIAKEHb, AKI MOXKYTb BUHUKHYTU
B peasibHMX yMOBax. TOMYy aKTya/lbHMM MOCTA€E PO3pobKa Ta BUKOPUCTAHHA B HAaBYa/IbHOMY MpoLeci 3aBaaHb, AKi 6 £03B0AANM
NPOBOAMTU peasibHi eKCNepuMeHTaNbHI AOCNIAKEHHA B AOMALLUHIX yMOBaXx.

AHani3 aKTyanbHUX AOCNiAXKeHb. Pi3HOMAHITHI AOMALIHI eKcnepumeHTU 3 Gi3MKU LUMPOKO BUCBITNEHI Y HAyKOBO-
MeTOAMYHIN niTepaTypi Ta NigpyYHUKaxX ANA CUCTEMM LWIKINbHOT OCBiTM Ta negaroriyHmx 3BO. Lo K CTOCYeTbCA AOMALLHIX
EeKCNepuMEeHTIB Yy CUCTEeMI BULLOI TEXHIYHOI OCBITW, TO B NiTepaTypi NPaKTUYHO BiACYTHI ONUCAHHA AOMALLHIX eKCNepuMeHTIB 3
BMKOPUCTaHHAM camMopobHoro obnagHaHHA. BUHATOK CKNaAatoTb ONMCAHHA AOCAIAIB, AKI MOXHa NPOBOAMTM 3 BUKOPUCTAHHAM
cmapTtdoHa (Delabre, 2022), (3aewmy, Ta iH., 2020), 30Kpema, ANA E€KCMEePUMEHTANbHOMO BUBYEHHA €/1eMEHTIB AMHAMIKK
TBepAoro Tina. Tak, HanpuKnad, CUrHan ripockona, BMOHTOBAHOrO y cMapThOH, AO3BONAE AOCNILKYBaTM 0bepTasbHUIA PyX,
BiATAK, 0BYMCIUTM MOMEHT iHepLi 33 KyTOBOO LUBMAKICTIO MOro obepTaHHA HaBKOMO oAHiel 3 cTopiH (Kaps & Stallmach, 2020;
3pewmy, & 3gewmy, 2022), abo X npu 3aiiicHeHi KonuBaHb Ha BGidinapHomy nigsici (https://st.linl.gov/sci-ed/Physics-with-
Phones/moment-inertia). Liei ke cMrHan MoXHa BUKOPUCTaTV 414 BU3HAYEHHA MOMEHTY iHepuii nycToTinoro unniHapa (Sabila
et al., 2021). Y poborti (Wheatland et al., 2021) po3rnaHyTO BiNbHMIA pyx cMapTdoHa. AHanNI3 LbOro Pyxy AO3BOAE OAEpXKaTh
niaTBepAKeHHs 3aKOHIB 36epekeHHA eHeprii Ta MOMEHTY iMny/ibCy.

OA4HUM 3 NPUKAALIB 3aCTOCYBAaHHA 3aKOHIB AMHAMIKM TBepAOoro Tifla € MaATHUMK Makcsenna. TeopeTuyHi OCHOBM
OMNWCAHHA MOro pyxy HaBOAATHCA Y AEAKMX MigpyYyHUKax ¢i3MKM Ta TEOPeTUYHOI MEeXaHiKM, a TaKOX Yy HAYKOBMX CTATTAX,
Hanpuknag (Markeev, 2017). Kpim Toro, 3aKoHu, AKMM NigNopaaKoBaHWI pyx MasaTHUKA MaKcsenna, NoKNageHi B OCHOBY 33434
(Fapkywa, 2003), 3agaya 1.249 Ta nabopatopHMX PobIT i3 3acTOCYyBaHHAM NPOMMUCIOBOro obaaHaHHA (KnanueHko, 2012).
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MerTa cTaTTi nosfArae B O6rPYHTYBaHHI AOLiINbHOCTI BUKOPUCTaHHA CamMopobHoro obnagHaHHA ANA MPOBeAEHHA
LOMALLIHbOIO eKCNepPUMEHTY MpU BMUBYEHHI Temun «[JMHamika TBEpAOro Tina» CTyAeHTamu TEXHIYHOro yHiBepcuTeTy B YMOBax
ANCTaHLiAHOrO HaBYaHHA.

TEOPETUYHI OCHOBU AOCNIAXKEHHA

TeopeTUYHO OCHOBOI AOCNIAMKEHHA € PO3A4inn Kypcy 3araibHoi GisnKM, B AKMX BUBYAETLCA MIOCKUI PyX TBEPAOIO
Tina Ta OCHOBHI NOHATTA AMHAMIKM TBEPAOro Tina.

METOAM AOCNIAMEHHA

JocnigeHHa rPyHTYETbCA Ha aHani3i nporpam Kypcy 3aranbHoi ¢isuKkM ana 6akanaBpiB iHKeHepHUX cnewiaibHOCTeN,
ornsfi MeToguMyHMX BKasiBOK A0 NabopaTopHux pobiT 3 po3giny «MexaHika» Kypcy $isnKM B TEXHIYHUX YHiBEpPCUTETAX, Ornagi
NiTepaTypHUX AXKepea No TeMi AOCNIAXKEHHA, ONUTYBAaHHI CTYAEHTIB.

PE3Y/ZIbTATU OOCNIAMEHHA

Mpy ayAUTOPHOMY HaBYaHHI eKCNepuMeHTasibHe AOCNIAXKEHHA AWHAMIKM MAOCKOro pyxy TBEpAOro Tina CTyAeHTH
NPOBOAATb 3 BUKOPUCTAHHAM MasaTHUKA Makceenna (puc. 1). CBisome BMKOHAHHA LbOro AOCAiAXKeHHA noTpebye Bif cTyaeHTa
3HaHb Ta PO3YMIHHA TaKMUX MOHATb AK MOMEHT CUIN, MOMEHT iHepLii, MOMEHT iMNynbCy, KIHETUYHA Ta NOTeHLiaNbHA eHepris, a
TaKO YMiHb 3aCTOCYBaTH iX Ha NpaKTuLi. OCKiNbKM AMHaMIKa TBEPAOrO TiNa He BUBYAETLCA Y LUKOJI, TO 3a3HAYEHi BULLLE NOHATTA
€ HOBMMMW A8 CTYAEHTIB NepLIoro Kypcy. Tomy BUKOHaHHA HUMM N1abopaTopHOi pob0TH MO BUBYEHHIO PyXy MaaTHUKa Makceenna
NOBWHHO CYTTEBO BMN/IMHYTU HA iHTEPiOPM3aLLit0 MOHATH LiiEi Temu.

$;

Puc. 1. MaatHuK Makcsenna. HBIM «Yu6oBa TexHika»
[cepeno: https://www.uchtech.com.ua/ua/fm/fm12.html|

B ymoBax AWCTaHLIMHOIO HaBYaHHS, KOMM BMKOHAHHA PO6IT MO BMBYEHHKO 3aKOHIB AMHAMIKM TBEpAOro Tina 3
BMKOPUCTAaHHAM npomucaoBoro nabopaTopHoro obnafiHaHHA HEMOMAMBE, CTyAeHTaM MOXHa 3anponoHyBaTU MpoBeCcTU
[OCNIAXEHHA, CKOPUCTABLUIMCL CAMOPOBHMM aHaNorom MaaTHUKa Makceenna, um irpalwkoto Mo-Mo.

B ociHHbOoMy cemecTpi 2023/24 HaBYaNbHOTO POKY CTYAEHTaM IHCTUTYTY TENI0BOT Ta aTOMHOT eHepreTUKM Ta MexaHiko-
MalnHobyaisHoro iHcTuTyTy HTYY «KMI im. Iropa Cikopcbkoro» 6yno 3anponoHOBAHO BWKOHATU AOCAIAMEHHA PyXy
camopobHoro masTHMKa MaKkceenna. Ha puc. 2 NoKasaHi AeAKi KOHCTPYKLiT « MAaATHUKIBY, 3aNPONOHOBAHI CTYAEHTaMM — MOPOXKHi
6aHKK, abo Habopwu CD-guckis.

Puc. 2. BapiaHT caMopo6HMX KOHCTPYKLiii MaAaTHMKa MaKcBenna
/[Ixcepeno: aemopcoKa po3pobKa.

MoMEHT iHepLii MasTHMKa MaKcBena BUSHAYa€ETbCA 3a YacOM t MOro onycKaHHA Ha BUCOTY h 3a dopmynoto

Y
I =mr <2h 1), (1)

abo x
I=mr?(2-1). 2)
Ae m — Mmaca MaaTHUKA, r — pagiyc oci.
Y MeToAMYHUX BKasiBKax [0 BUKOHaHHA snabopaTopHoOi poboTM MO [OCNIANKEHHIO PyXy MasTHMK Makcsenna
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o . . t? .
NPOMNOHYIOTb ABa METOAM BU3HAYEHHSA MOro MOMeHTY iHepuii: 1) nobyaysaTu rpadik 97 = f(h), akni1 asnse coboto npamy,

KyTOBWIA KOediLlieHT AKOT NPONOPLiMHUIA A0 MOMEHTY iHepLii; 2) 3a BUMIPAHMM 4YacoOM OMYCKaHHA Ha NEBHY BUCOTY CMOYaTKy
064YNCANTM NPUCKOPEHHSA | Aani CKOPUCTAaTUCA PIBHAHHAM (2) ANA BU3HAYEHHA MOMEHTY iHepLiii.

Mpu BuUKOpUCTaHHI obnagHaHHA HBIM "Yyb6oBa TexHika" abo aHafNoOriyHOro BMMIPHOBAHHA Yacy 34iNCHIOETLCA
€NEKTPOHHUM CEKYHAOMIPOM, AKUIA 3aNyCKAETbCA i 3YNUHAETbCA aBTOMATUYHO, WO 3abesneyye AOCTaTHbO BUCOKY TOYHICTb
BMMIpIOBaHb, HaBiTb NPU HEBEAMKUX h. Y AOMALHbOMY €KCMEePMMEHTI Yac ONyCKaHHA MAATHWKA, AKUIA CTyAEeHTM morau 6
BMMIpIOBATW, HANPUKAAA, 32 JONOMOrOI0 CEKYHAOMIPA Y CMAPTQOHi, MOXKe BUABUTUCA HE 3PYYHUM | MaTU 3HAYHI NOXMBKKU. Tomy,
6inbl AOUINBHO NPOBECTM BIAEO3MOMKY PyXy MasTHWKa (4guB., Hanpuknag, https://youtube.com/shorts/_pwJlacCFZnw,
https://youtube.com/shorts/gMOkvu8iCGc) i opgepaHi pesyabTaT¥ OMpaLioBaTh, BUKOPUCTaBLWIM MpOrpamy aHanisy
mexaHiuHoro pyxy Tracker (https://physlets.org/tracker/), (Eadkhong, 2022; BartoSovi¢ L. 2022) petanbHa iHCTPYKUiA MO
BMKOPMUCTaHHIO AKOI po3milieHa 3a agpecoto https://phys.ipo.kubg.edu.ua/?page_id=4727. NMpuknagn o6pobku sigeodaiinis
PYXy camopobHOro maaTHMKa MaKcBenna nokasaHi Ha pwc. 3.

e A1 Voo Track Coontiate Systom View Help

B H 8w Lt STex # | @ Qs

e potse | o massa v

mass A (t.3)

VI0_20231118_162826.

a) 6)
Puc. 3. Mpuknagm 06po6ku Bigeodaiinie B nporpami Tracker
[xepeno: asmopcoKa po3pobKa.

Y nporpami Tracker nepeabadyeHa MOXK/IMBICTb OAEPMKAHHA 3HAYEHHS MPUCKOPEHHA 33 pe3y/NbTaTaMyW BUMIPIB 3aNeXHOCTI
KOOpAMHaTK Big, vyacy. OgHaK Ui AaHi He BapTO BMKOPUCTOBYBATU, OCKINIbKM MPUCKOPEHHA BM3HAYAETLCA 33 MA/IOK0 Pi3HULEID
BE/IMKMX YWUCEN, WO NPU3BOAUTb AO CYTTEBOTO PO3KMAY 0BYMUCNEeHUX BenuuuH (puc. 4a). binbw pouinbHo 6yaysatu rpadik
3anexHocTi h = f(t?/2) i, BUKOpUCTaBWM MeToh HaWMEHWMX KBAAPaTiB, 33 HAaXMIOM AKOI BU3HAUMTU MPUCKOPEHHSs, abo K
ckopucTtatucsa nobygoeoto rpadika h = f(t2/2) nporpamoto MS Excel, Ha AKOMy BUBOAUTLCA PIBHAHHA MPAMOI, AKa iHTEpPNpeTye
eKcnepuMMeHTanbHi pesynbtat (puc. 46).

=0. +0.

0.500 v=0.0022x+0.2368 0.600 ¥=0.1788%+0.0326

0.400 s?
©

0.300 9.400 ot%°

0.200 5%

0.100

0.000 0.000

0.000 0500 1.000 1500 2.000  2.500 0.000 1.000 2.000 3.000
a) 6)

Puc. 4
a) 3aneXHICTb Bif Yacy NpUcKopeHHs, obuncneHoro y nporpami Tracker;
6) rpadik h = f(t2/2), nobyaosaHnit MS Excel.
[Drepeno: asmopcoKa po3pobKa.

OBrOBOPEHHA PE3Y/IbTATIB AOCNIAXEHHA

B ociHHboMy cemecTpi 2023/24 HaB4YaNIbHOrO POKY CTyAEHTaM IHCTUTYTY aTOMHOI Ta TeNA0BOT eHepreTuKM Ta MexaHiko-
MaLnHobyaiBHoro iHcTUTyTy HTYY «KIl im. Irops Cikopcbkoro» (69 oci6) 6yn0 3anponoHOBaHO CKOHCTPYOBATU, BUTOTOBUTU Ta
NpoBecT! BAOMA AOCNIAXKEHHA PyXy aHasora MafaTHWKa MakcBena i Ha OCHOBI 04epPXKaHUX Pe3ynbTaTiB 064YUCNTU MOMEHT MOro
iHepuii. He3BakalouM Ha MOMKNUBICTb OAEpXKaHHA [04ATKOBMX 3a0X04yBasibHMX 6anis A0 PenTUHry, 3aBAAHHA BWKOHAAM
31 ctypeHT (~ 45 %). [enaki 3 3anponoHOBaHMX KOHCTPYKLii «MaATHUKIB» npeacTaBneHi BuuLe. MepeBaykHa BiNbWiCTb CTYAEHTIB
aHanisyBana pyx masTHMKa 3a gonomoroto nporpamu Tracker, TpOE CTyAEHTIB BUKOPUCTOBYBAIM CEKYHAOMIP cmapTdoHa ans
BMMIpIOBaHb Yacy. Macy BUrOTOBNIEHUX MAATHUKIB CTYAEHTU BU3HAYaNN 33 JONOMOroI0 NO6YTOBUX ENEKTPOHHUX BariB.

3BIiT NPO BMKOHaHHA pob0TK BKAOYaB: GpoTorpadito BUroTOBNEHOTO «MasTHUKA», Bigeodalin pyxy «MasTHUKa», paiin
NPOEKTY nporpamm Tracker (po3wmMpeHHs .trz) Ta Konito CTOPiHKM 06PO6KM AaHUX.

MicnAa 3aBeplleHHA TepMiHy 34adi pe3ynbTaTiB ekcnepumeHTy 6yno npoBeaeHO OnuTyBaHHA. Meple 3anuTaHHA
CTOCYBaNOCA CTYAEHTIB, KOTPi HE BUKOHAN 3aBAAHHA:

1) 3 aKoi NpuYMHK He ByN0 BUKOHAHO 3aBAaHHA?
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Cepep, NpUYUH He BUKOHAHHA 3aBAAHHA OCHOBHUMM Bynu: a) BiACYTHICTb TEXHIYHWUX MOXK/IUBOCTEN BUTOTOBNEHHA
06n1agHaHHA Ta NpoBeaeHHA BUMiptoBaHb (23 %); 6) 6pak yacy (60 %); B) iHWi NnpuunHK, abo X Bignosiab He Byna gaHa.

Yci iHWi 3anMTaHHA CTOCYBaNNCA BUKOHAHHA 3aBAAHHA.

2) Ckinbku Yacy 3Hagobwunoca Bam ANA BUrOTOBNEHHA MAATHWKA, NPOBeAEHHA AocnifiB Ta obpobku pesynbraTis

BMMIiptOBaHb?

Yac, BKasaHUI cTyaeHTamu Koameaseca Big, 6 go 10 roauH.

3) AKi ycknagHeHHA BUHUKAKM Y Bac NPU BUKOHAHHA 3aBAAHHA?

Ak 3’AcyBanocA, OCHOBHUM YCKNaAHEHHAM NpU NiAroTOBL eKcnepumeHTy y 50 % CTyAeHTIB NOAArano y LeHTPyBaHHi
MaATHMKA (3ayBaXXMMO, WO Ha 3anuUTaHHA: « K N06YA0BOIO BU3HAUUTU NOIOKEHHA LLEHTPA KOMa?», AKE MU CTaBUAW CTYAEHTaM
pi3HMX rpyn, NpaBu/bHY BiANOBIAb 3MOT/IN AATU Y CepeAHbOMY TilbKK 15 % 3 HUX).

4) Yum 6yno Bam LiKaBO NPOBOAUTU EKCNEPUMEHT?

100 % cTypeHTiB Bignosinun «Tak».

Po3snogin Bignosigel Ha 3anuTaHHA:

5) Yu BBaKaETE BM KOPUCHUM i NOTPIBHMM NpoBeAEeHHA AOMALLHIX EKCNEPUMEHTIB?

6) MMpoBeaeHHA OMALLIHIX EKCNEPUMEHTIB MOKPALLMIO PO3YMIHHA BaMM 3aKOHIB Qi3UKKN?

MoKasaHwui Ha pwc. 5.

® Tax
@ He ayxe
3oscim Hi

@ ayxe KopucHo i NoTpibHo
@ xopucHo i noTpibHo
He [lyXe KOPUCHO i NoTpiGHO

@ 308BCiM He KOPUCHO | He NOTpIGHO .
94,

a) 6)
Puc. 5. Bianosigi ctyaeHiB Ha 3anuTaHHA:
a) Yu BBaXKaeTe BM KOPUCHUM i NOTPIGHUM NpoBeAEHHA AOMALLIHIX eKCNepUMEHTIB?

6) MpoBeaeHHA AOMALLHIX eKCNePUMEHTIB NOKPALLUAO PO3YMIHHA BaMM 3aKOHIB Qi3nKn?
[wepeno: asmopcoKa po3pobKa.

BUCHOBKM TA NEPCNEKTUBU NOAANBLUOIO AOC/NIAXKEHHA

1. BMKOHaHHA AOMALLHIX AOCNIAMKEHb HE TibKK cnpusae 6inbw rnnboKkomy po3yMiHHIO CTYAEHTaMM OCHOBHMX MOHATb
i KOoHUenuin ¢isnkun, ane  A03BONSAE iM B YMOBAX AMUCTAHLIMHOrO HaBYaHHA HabyBaTW MOYATKOBWMIN AOCBIA KOHCTPYIOBaHHA
0611a4HaHHA, BMIHHA rOTYBaTWM Ta BWKOHYBATU EKCMEepPUMEHT, obpobaatn 1oro pesynbtatm Ta odOpPMAIOBATU pesynbTaTu
LOCNIAMKEHHSA, WO € BAXK/JIMBUMM CKNAL0BUMM NpodeciiHOT NiAroTOBKM KBaNiGiKoBaHOTO iHXeHepa.

2. MpoBefAeHHA AOMALUHIX EKCMEePUMEHTIB CTYAEHTAMM MOMKHA BUKOPUCTATU AK AnA GOpPMYy/OBAHHA 3aBAaHb
NabopaToOpPHOro JOCAIAKEHHS, TaK | yMOB eKCePUMEHTA/IbHUX 3a4ay.

3. Ak 3acBiguMan pesynbTaTM ONUTYBAHHA, CTYAEHTU, B LIJIOMY, CXBaJIbHO BiAHOCATbCA A0 BMKOHAHHA AOMALLHIX
pocnigis.

4. He3Baxkaloum Ha BaK/NMBICTb Ta KOPUCHICTb MPOBEAEHHA AOMALLHIX EKCNEePUMEHTIB, iX 3aCTOCYBAHHA NMOBUHHO BYTK
NMOMiPKOBaHWUM, OCKiZIbKM JAaNneKo He BCi CTyAeHTW roToBi i 34aTHi A0 ix npoBeaeHHA. Kpim Toro, Tpeba BpaxoByBaTH i BUTpATH
yacy, HeobXifHi A1 BUKOHAHHA 3aBAaHb.

MepcneKkTMBM NOZANbWKX [OCNIAKEHb BOAYAEMO B PO3LIMPEHHI KOMA AOMALLHIX €KCMepUMEHTIB, AKi MOXYTb
NPONOHYBATMCA CTYAEHTAM B AKOCTi 1abOpaTOpHUX POBIT B yMOBAX ANCTAHLIMHOIO HaBYAHHA Ta EKCNEPUMEHTaIbHUX 3a4au.
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AHOTAUIA

®dopmyntoBaHHA Npobaemu. MNpy maTeMaTUYUHOMY ONUCT AEAKMX ABULL, KNAaCUYHOI | NPUKNAAHOT MeXaHiKM (4ani — mexaHiku)
BMHWKAlOTb HE3POo3yMini PO3MIpHICHI ABMLWA. Hanpuknaa, KyToBa LWBMAKICTb MOXe OTPMMYBaTW ABi Pi3Hi OAMHMLI
BMMIPIOBaHHA, HOPMaNbHe NMPUCKOPEHHA — TPU, a Taki Gi3NYHI BENUUYMHU AK MOMEHT CUAM | MexaHiuHa poboTa oTpuMyIoTb
OAHY i Ty camy OAMHULIO HbIOTOH-METpP. 3 HayKOBOI TOYKM 30pYy Taki ABULLA € CYNEPeYHOCTAMM, AKi CAif yCyHYTU. Afxke
Mpupoaa eamHa i Hecynepeynmsa, TOMy ONKUC Ti ABULL TEXK NOBUHEH BYTU Hecynepeunmeum. KoxHa disuuHa BeanymHa (y Tin
UM iHLWIM KOHKPEeTHIl ranysi) NOBUHHA MaTu nLLE OfHY KOrepeHTHY OAUHULO, @ KOXKHA OAMHULA NOBMHHA XapaKTepusyBana
Nvwe oaHy GisnyHy BeNMUMHY. TOMY MOXKHA CTBEPAMKYBATH, LLIO MATEMATUYHWUIA anapaT MexaHikn NoTpebye BAOCKOHANEHHS.

Martepianu i metogu. Y ogHin 3 nonepegHix pobit aBTopa 6yn0 BCTAaHOBAEHO, LWLO HE3PO3yMiNi PO3MIpPHICHI ABUWA €
HACNiAKOM PO3MIpHICHOT HEKOPEKTHOCTI MaTeMaTUYHMX CniBBigHOWEHb, 0BYMOBAEHOT iX HecTporicTio. 3oKkpema, 6yno
3'ACOBaHO, WO 3arasbHOBIAOMI PpyHAAMEHTaNbHI 3aN€XHOCTI enemeHTapHoi reomeTpii, AKi 6epyTb CBill No4YaToK Lie Big,
Apximegza i CnOKOHBiKy BBaXKanucb 6e340raHHMMM aHaNITUYHUMK, HAcMpaBAi € MaTEMAaTUYHO HECTPOTUMU EMMIPUYHUMM i
HaniBeMnipuyHUMK BMpasamu. Lle cnoHyKae 3acTocyBaTV aHani3 pPoO3MipHOCTEN i ANA NEepeBipKM KOPEKTHOCTI PiBHAHb
MeXaHiKK. Y faHii poboTi TaKOX 3aCTOCOBYBA/IMCb 6A30Bi NONOXKEHHA aHANITUYHOT MeXaHiK1 Ta 3aKOHY 36epeXKeHHn eHeprii.

Pe3synbTatu. Mepesipka AeB'ATHAAUATM PIBHAHb MEXaHiKM 3acBigumna, Wo 6inblwa X YaCTMHA HEKOPEKTHA - MaTeMaTUYHO
HecTpora abo He y3rofeHa i3 3aKOHOM 36epeeHHA eHeprii. HEKOPEKTHI pPiBHAHHA NpUBEAEHO A0 MAaTEMaTUYHO CTPOroro
BUINAZY i Y3roA)KeHO i3 3aKOHOM 36epeeHHA eHeprii. 3 HUX BUM/IMBAE OAHO3HAYHA CUCTEMA OAMHULD BUMIPY BENUUYUH
MEXaHiKM, AKa, 30KPEMa, BKJ/IIOYAE N'ATb YTOUHEHWUX OAMHMLbL. HOAHOTO BUMNAAKY, KOM OfHa i Ta K BE/MYMHA MAE PisHi
0AMHUL, abo pi3Hi BEANMYUHU MAIOTb OZHY i TY K OAMHULLO, Y Uil CUCTEMI OAMHULD HE CNOCTEePIraETbeA.

BUCHOBKW. BCTaHOB/IEHO, WO iCHYIOUYMI MaTEMATUYHWIA anapaT KAACUMYHOI i NMPUKNAAHOT MeXaHiKW AiACHO MaE iCTOTHI
HeAoNiKKM | noTpebye BAOCKOHANEHHA.

K/TKOYOBI C/IOBA: pigHAHHA MeXaHiKu; PO3MipHICHO KOpeKmHicmeo, K0sa108a WeUOKicmb;, HOPMAsibHe MPUCKOPEHHS;
MomeHmu.

ON THE PHYSICAL AND MATHEMATICAL CORRECTNESS
OF SOME EQUATIONS OF MECHANICS

Sergey POZHIDAYEV &=
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spozhy2@ukr.net
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ABSTRACT

Formulation of the problem. In the mathematical description of some phenomena of classical and applied mechanics (after
this referred to as mechanics), incomprehensible dimensional phenomena arise. For example, angular velocity can have two
different units of measurement, normal acceleration - three, and such physical quantities as moment of force and mechanical
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work get the same unit newton-meter. From a scientific point of view, such phenomena are contradictions that should be
eliminated. After all, Nature is one and uncontroversial; therefore, the description of its phenomena must also be
uncontroversial. Each physical quantity (in this or that particular field) should have only one coherent unit, and each unit
should characterize only one physical quantity. Therefore, the mathematical apparatus of mechanics needs improvement.

Materials and methods. One of the author's previous works established that incomprehensible dimensional phenomena
result from the dimensional incorrectness of mathematical ratios due to their laxity. In particular, it was found that the well-
known fundamental dependences of elementary geometry, which date back to Archimedes and have been considered
impeccable analytical since time immemorial, are mathematically loose empirical and semi-empirical expressions. That
prompts us to apply dimensional analysis to check the correctness of mechanics equations. This work also applied the basic
principles of analytical mechanics and the law of energy conservation.

Results. A review of the nineteen mechanics equations showed that most need to be corrected - mathematically loose or
inconsistent with the energy conservation law. The incorrect equations were brought to a mathematically rigorous form and
reconciled with the energy conservation law. They lead to an unambiguous system of units of measurement for mechanics,
which, in particular, includes five refined units. In this system of units, there are no cases where the exact quantity has
different units or different quantities have the same unit.

Conclusions. It was established that the existing mathematical apparatus of classical and applied mechanics has significant
shortcomings and can be improved.

KEYWORDS: equations of mechanics; dimensional correctness; wheel speed; normal acceleration; moments.

BCTYN

MNoctaHoBKa npobaemu. Npu maTemaTUYHOMY ONKUCI AEAKUX ABMLL KNAaCUYHOI | NPUKNAAHOT MexXaHiKK (4ani — mexaHiku)
BMHUKAIOTb HE3PO3yMifi po3mipHicHi ABuwWa. Hanpuknag, no3HayeHHA OAMHULL KyTOBOI LUBWMAKOCTI MaE Buraag, paa/c. BoHo
BMNAMBAE 3 PiBHAHHA w =2TT/T, Ae 0ANHULEID KyTa 21T € pajiaH, a ognHuueto nepiogy T — cekyHAa. Ane KyTOBY WBMAKICTb MOXKHa
BM3Ha4aTyW i 3a BUPA3oM w =V/r, fie V — KO0Ba (TaHreHLianbHa) WBUAKICTb PyXy TOUKM MO Koay, M/c, a r— pagiyc kona, m. Y npasii
YaCTMHI BMpasy OTPMMYEMO MO3HAYEHHA OAMHMULI KYTOBOI WBKUAKOCTI ¥ Buraagi 1/c, abo, wo Te came, c'l. Y Hbomy BiacyTHe
NO3HAYeHHA «Paa», BHACNILOK YOro 3a/IMWAETLCA HEBILOMOLO CYTHICTb NpoLecy (Lo po3rnaaaeTbca came 06epTanbHUM pyx, a He
NiHIMHKWI, @ MOXKe | 30BCIM He pyX, a CeKYHAHa Nogaya PiguHU Yn CKOPOCTPiNbHICTb 36po0i), | 0agMHULA, 33 AONOMOro AKOT Len
NpOoLEC OUiHIOETLCA — 06epT, rpaayc, pagiaH, MeTp, NiTP, NOCTPIA TOLLO.

TaKMM YMHOM, NO3HAYEHHA OAMHMLi KyTOBOT WBKAKOCTI ¢! HeiHpopmaTUBHE, TOBTO METPONOrIYHO HesKicHe. BOHO Take
) HenpuaatHe AN 3acTOCYBaHHA, AK i NO3HAYEHHA OAMHWMLI WBWAKOCTI pPyXy aBTOMOGINA, 3anucaHe y Buraaai «rogl» 6es
BKa3iBKW Ha OANHULIO BUMIPY LUAAXY — KITOMETP YN MUNA.

Anle cniBBIAHOWEHHA W = V/r, AKE NOPOAXKYE OANHULIO C1, peanbHO iCHYE, BOHO 06'€eKTUBHO MOTPIBHE A41A MEXaHiKM i
HaZla€ NpaBU/IbHE YUCIOBE 3HAYEHHA KyTOBOI WBKUAKOCTI. MNiacTtas gns Toro, wob BiAMOBUTUCH BiZ, MOrO 3aCTOCYBAHHA, HEMAE.
YnopagHukam MixHapoaHoi cuctemm oamHmub (Cl) He 3a1MWMA0Ch HIYOrO iHLWOro, AK KaniTyatoBaT Nepea ummm o6cTaBuHamm
i 4,O3BONTM 3aCTOCOBYBATM HesAKiCHE NO3HaYeHHA ¢ HapiBHi 3 AKICHMM NO3HaYeHHAM pag/c.

Ane neranisauis nosHadeHHsa ¢! nopoguna Hoey npobaemy: y ABOX Pi3HUX Gi3UYHMX BEAUUYMH (KYTOBOI LWBMAKOCTI Ta
4acToTM NepiogNYHOro NpoLecy) BUABUANCL O4HAKOBMMM iX NO3HaYeHHA ¢l 3acTocyBaHHA ANA OAMHMLI YacTOTM crewianbHOl
Ha3BW repu, CyTi CNPaBun He 3MiHWIO.

3 HayKOBOi TOYKM 30pYy KOXKHA 3 OMMCAHMX BULLE ABOX HEOAHO3HAYHOCTEN ABNAE COBOIO CynepeyHicTb, KOHONIKT ABOX
B3AaEMOBUK/NIOYHUX HAYKOBUX iCTUH. Y MaTeMaTUYHO CTPOTii HayLi Takoro He NoBMHHO ByTW. Aaxke Mpupoaa Hecynepeynunea,
TOMY i onuc Ti ABULL, NOBUHEH BYTM HecynepeuiBum. KOXKHi BeNWUMHI (y O4HIN i Til »Ke ranysi) noBMHHa BignNosifa™ anwe ogHa
KOTrepeHTHa OAMHULSA, @ KOXKHill KOTePEHTHIM OAMHUL — INLEe O4HA BEINYMHA.

AHani3 aKTyanbHUX AOCAIAXKEHb. AHANOrYHI HE3PO3YMiNli PO3MIPHICHI ABMLLA CMOCTEPIratoTbCA | B OANHULAX iHWNX
BE/IMYMH. Y 3rafaHux ABULL, € OAHA CMiNIbHA PUCA — BOHW BUHMKAIOTb Y TUX OOUHULAX, Y AKMX € abO rinoTeTMYHO MoXKe ByTu AKacb
KyTOBa OAMHMUA — pagiaH abo cTepagiaH. Tomy CKnanacb AYMKa, WO He3po3ymini seuwa obymosneHi crneundivHumm
BNACTMBOCTAMM NIOLLMHHOIO i NPOCTOPOBOTO KYTiB i iX 0A4UHULb.

YnopagHuku Cl noAcHUAW, WO OAMHULAMMU MAOLMHHOTO i MPOCTOPOBOrO KyTiB HIBUTO € YMCNIO «OAUHY», TOBTO, WO L
KYyTU HIBUTO € 6e3p03MipHICHUMM BeAMYMHAMK - NYHKT 5.4.8 6powypu (Newell & Tiesinga, 2019). Ha wii niacrasi n. 2.3.3 Tiei X
6poLypu [,03BOANSAE 3aCTOCOBYBATM NO3HAYEHHA KYTOBUX OAMHMULb He 060B'A3K0BO, a BUBIPKOBO («r1pu HE0bXiOHOCMI»).

MpoTe KOXKEeH OKPEMMI KOPUCTYBAY CUCTEMM OANHMLLD MOXKE MaTU CBOE YABNEHHA NPO «HeobxiOHicmb». TOMy CerMeHT
Cl, WO CTOCYETbCA KYTOBMX Be/IMYMH, CTaB CYO'€EKTMBHMM, HEOAHO3HAYHMM, TOOTO CXONACTUYHMM, HEHAyKOBMM. AHani3
PO3MipHOCTEN Y HbOMY CTaB HEMOK/INBUM.

TakWli HeJoNIK CUCTEMWU OAMHULb NPUHLMNOBWUIA, BiH CTPMMYE PO3BUTOK MPUKNAZHMX HayK. Hanpuknag, y Teopil
KOYEHHS eN1aCTUYHMUX KOJIC e 3 cepeamHM MUHYIOTO CTOPIYYA NPOXOAATL AUCKYCIT Npo «paaiycHy npobaemy» (MeTpywos, 1963;
MeTpos, 1986; Noxunaaes, 2021a; Moxunaaes, 2021b) Tow,o. HayKoBL,i He MOXYTb AiATM 3roam, YM TOTOXKHI padiycy enacTuyHoro
KoJleca, OAMHULEIO OAHOTO 3 IKMX € METP, a iHWOro — M/paga. 3a 04AHO3HAYHOTO NiAX0A4Y A0 OAMHMLI padiaH uto npobnemy 6yno
6 BUpiLLEHO AABHO i NepeKoHIMBO. Asle HeOAHO3HauHicTb Cl 3pobuna 3asauy Hepo3B'A3HOM.

Bizomo 6arato cnpob ycyHyTM He3po3ymini po3mipHicHi asuwa — (XaHtni, 1970; LWupokos, 1978; KoraH, 2011;
MwuTpoxuH, 2000; Mohr & Phillips, 2015; Mohr et al., 2022; Quincey, 2016, 2021; Quincey et al., 2019; Leonard, 2021) Towo.
ABTOPM LMX POBIT CKPYnynbO3HO BMBYAAM BAACTMBOCTI MJIOLMHHONO i MPOCTOPOBOrO KyTiB, 06roBoptoBanun ixHili crTaTyc
(po3mipHicHi BOHM YM 6e3PO3MipHICHI), aHaNi3yBaiu, UM BiAHOCATLCA BOHW A0 NOXiAHUX BEANUYMH YM HE BiAHOCATHLCA, YU MOXKHA
iX BBECTW B KNaC OCHOBHMX BEAMYMH YM HE MOXKHA, i NPONOHYBaAW CaMi Pi3Hi YAOCKOHANEeHHA KyTOBUX BEAMYMH i npasun
NOBOAMKEHHA 3 HUMM. [leTanbHO aHaNi3yBaTK BCi Li NPONo3uLii HeMae ceHcy, 60 iXHil 3micT 3B0ANUTLCA ANULLE A0 Pi3HUX cnocobis
MaCKyBaHHSA 30BHiLLHIX NpoABiB Npobiemu.
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MeToto pob0oTH € yCYHEHHA HE3PO3YMINIUX PO3MIPHICHMX ABULL, LLLO CMOCTEPIraloTbCA Y PIBHAHHAX MeXaHiKu.

METOAM AOC/IAMKEHHA

Y poborti (Moxknaaes, 2023) 6yn0 BUCYHYTO i NiATBEPAMKEHO HAYKOBY TiNoTe3y NpPo Te, WO NAOWUHHWUI | NPOCTOPOBUiA
KYTU € 3BUYaNHMMM PO3MIPHICHUMW BEMUMHAMM, AKI HE MalOTb HifKMX cneundiyHMX BAACTMBOCTEN | TOMY He MOXYTb 6yTn
NPUYNHOIO NOABM HE3PO3YMINIUX PO3MIPHICHMX ABULL,. Lli ABULLA € CUTHAaNamK CUCTEMM OAMHULb NPO PO3MIPHICHY HEKOPEKTHICTb
BiANOBIAHUX MAaTeMaTUYHUX cniBBigHoOWeHb. [licna iX NpuBefeHHA A0 KOPEKTHOro BUTNAAY He3pO3yMini pO3MipHICHI ABULLa
3HMKalOTb. Llel daKkT € 03HaKOoI WTYYHOCT i WKIAAMBOCTI BMBIPKOBOrO 3aCTOCYBaHHA MO3HaYeHb KYTOBMX OAMHMUb. IX cig
3acTocoByBaTM B 060B’A3KOBOMY Mopagaky. Lie BiAHOBAOE OfHO3HAuHy 06’€KTUBHY AudepeHuiaLilo BENNYUH | MOXKAUBICTL
aHanisy po3mipHoOCTelt MaTeMaTUYHUX BUPA3iB, LLLO BK/IOYAIOTb KYTOBI BEMYMHW.

[JieBicTb TakOro aHanisy npoAEMOHCTPOBaHA MEpPEBIPKOK 3arasbHOBIAOMUX GYHAAMEHTANIbHUX 3aNeXKHOCTeN
eflemeHTapHoI reomeTpii, AKi 6epyTb CBi NOYATOK Lie Big4 Apximena i CNOKOHBIKY BBaXKa/iMCb 6€340raHHUMKM aHaANITUYHUMU.
Buasmnocs, WO Hacnpasai BOHW € MaTEMAaTUYHO HECTPOTMMMU eMNIPUYHMUMM | HaNiBEMMIPUYHMMW BUPA3aAMMU.

By/s10 TaKOX BCTAHOB/IEHO i MPUYMHY NOABU HEMOBHOCMNPABHOI OAMHULI KyTOBOI WBUAKOCTI €1 PiIBHAHHA w =V/r, AKe
NOPOAMKYE L0 OANHULLIO, MaTeMaTUyHe HecTpore. [nsa 064MCcieHHA KYTOBOI WBWAKOCTI C/lig, 3aCTOCOBYBATM MaTeMaTUYHO cTpore
PiBHAHHA W =V/p, Aie p — padiyc KPMBM3HU Kona, M/paga.

Li aKTV cnoHyKatoTb 3aCTOCYBaTU METO/, aHa/i3y pPO3MipHOCTEN | A1s NepeBipKM Ta BAOCKOHAIEHHSA PiBHAHb MEXAHIKM.
Y paHilt poboTi TaKOXK 3aCTOCOBYBA/IUCb NONOKEHHA aHANITUYHOT MeXaHiKM Ta 3aKOHy 36eperkeHHA eHepril.

PE3Y/ZIbTATU OOCNIAMEHHA

Y KonoHui 4 Tabauui 1 HaBefeHO AeB'ATHAAUATL 3ara/ibHOBIAOMMX PiBHAHb KJAACUYHOI i NPUKAAAHOI MEXaHIKK, a Y
KOJIOHKax 3 i 5 - NO3HaYeHHA OAMHMUDB BiANOBIAHO NiBUX i NPaBUX YAaCTUH UMX PiBHAHb, OTPMMAHUX 33 YMOBM, LIO 3ragaHi
No3HaYeHHA 3aCTOCOBYOTHCA B 0O60B'A3KOBOMY MOPALKY.

Tabauusa 1. Jeaki piBHAHHA KNACUMYHOI | NPUKNAAHOT MeXaHiKu
(3annBKOIO KOMIPOK BUAiINEHO CYMHIBHI PIBHAHHA | HEKOPEKTHI NO3HAYeHHA OAUHULbL BUMIPIOBAHHA)

. Bipome piBHAHHA YTOouYHeHe pPiBHAHHA
BenunumnHa i no3HaueHHA . . . .
. .. i NO3HaYeHHA oauHUL i NO3HaYeHHA oauHUL
il oAnHMLI, nponucaHoi B Cl o . o .
Ne /A0ro npaBsoi YaCTUHMU A0ro NpaBoi YaCTUHMU
BenunumHa Mo3HauyeHHA PiBHAHHA Mo3HayeHHA PiBHAHHA Mo3HauyeHHA
1 2 3 4 5 6 7
1 | Konosa weudkicms m/c v=wr m-pag/c V= wp m/c
2 a=v3[r m/c? an=1v?/p
3 | HopmarsbHe (doyeHmpose) npucKopeHHA a m/c? a=vw m-pag/c? an=1lvw m/c2
4 a=w?r M-pap?/c? an=1w?p
Kr-m?/c?,
5 M= Fr Mn=F
s 10670 H-m n=rP Kr-m%/(c2-pag),
Kr-m?/c?,
T06TO
MomeHm cunu M T06TO 2112
6 M=dW/d8 | kr-m?/(c>pag), H-m/pag
H-m YTOYHEeHHA
T06TO H-M/pag abo Osx/pag,
4 /oF He noTpebytoTb
7 M= (_) a6o Jx/pag,
dt \dw
YTOYHEHHA
8 L=0E/o -m2/(c:
/0w Kr-m*/(c-pap) He noTpebye
.m2/(c-
9 | Momenm kinbkocmi pyxy L, kymosuii momerHm 2 L=mwr Kr-m*pag/c Ln=mwp? kr-w’/(c-pag),
AL Kr-m2/c T06TO
Oxx-c/pap,
10 L=mvr ) Lh=mvp
Kr-m2/c
11 AL=Mt AL i=Mnt
12 Im=r’dm Kr-m? Imn = p2dm
. . Kr-m?/pag?
Macoeuli momeHm iHepyii Im Kr-m? YTOYHEHHS !
13 Im=2E/w? Kr-m?/pag? To6TO 3K/ (pag-c)?
He noTpebye
14 | Oceosuti momenm e In=r2dA me lan=p?dA m*/pan?
iHepyil naowi I
15 | MomeHm onopy nonepe4yHozo nepepizy M, m3 Mi=la/Fmax m3 Mpo=lan/Pmax m3/pag,
. Kr/(m-c?), Kr/(m-c?), Kr/(m-c?),
1 = =,
6 | MexaHiyHe Hanpyx#eHHA t 0670 Ma t=M/M; 10670 Ma tr=Mn /M), 10670 Ma
. Kr-m?/c?, Kr-m2-pag/c?, Kr-m?/c?,
17 | MexaHiyHa paboma momeHmy cunu W o 6T0/ I W =mM6 10670 Ebf-{oap, W,=M,0 o 6To/,£l>+<
. . Kr-m?/c3 Kr-m2-pag/c? Kr-m?/c?
18 |1 6 N ! N = M ! Nn=M, !
omyxcHicme y o6epmasnsbHomy pyci 10670 Br w e E e h=Mnw 10670 Br
. . . Kr-m2/c? Kr-m%-pag?/c? Kr-m2/c?
1 E ‘ =Imw? ! En= 2/2 ‘
9 | KiHemuyHa eHepzis 6 06epmanbHOMy pyci 10670 [l E=lmw?/2 oG T 2= lmn W2/ 10670 [k

[epeno: aemopcbKa po3pobKa.
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PapoK 1. PiBHAHHA V = Wr PO3MIpPHICHO HeKopeKTHe, 60 NMo3HayYeHHA O4MHML MOro NiBOT YacTMHM (M/C, KoMoHKa 3) i
npaBoi YacTWHU (M-paa/c, KonoHKa 5) He 36iratoTbeA. MpUUMHA TaKOro ABMLLA — HEKOPEKTHICTb 3aCTOCYBaHHA padiyca Kona f,
OAMHULEIO AKOTO € METP, ANA B3aEMO3B'A3KY MiXK KOOBOIO V i KyTOBOI W wanarkoctamu (Moxunpaes, 2023). Ana uporo notpibHO
3aCTOCOBYBaTW PajiyC KPUBWU3HM Kona p, OAMHULEI0 AKoro € M/pad. TobTo, AnA obunMcneHHA KoMoBOI LIBMAKOCTI Tpeba
KOPWCTYBaTUCb MaTeMaTMYHO CTPOorMm (i 3aBAAKM LbOMY - PO3MIPHICHO KOPEKTHMM) PiBHAHHAM V = wp. BoHo 3abe3neuye
OTPMMaHHSA NPaBW/IbHOT OAMHULL KOJIOBOT WBUAKOCTI M/C — KONIOHKa 7 pAaKa 1.

Papaku 2, 3i4. OaMHULE HOPMANbHOTO NPUCKOPEHHA € M/c2. MpoTe Taka OAMHWLA BUMJIMBAE NIULLE 3 OAHOTO PiBHAHHSA,
HaBeJeHOro y APYroMy psaKy. 3 piBHAHb, HABEAEHUX Y pAAKax 3 i 4, BUNAMBaIOTb HEKOPEKTHI oAMHULI M-pag/c?i m-pap?/c? —
KOJIOHKA 5 BKa3aHUX pAAKiB. Lie € 03HaKOI pO3MipHiICHOI HEKOPEKTHOCTI PiBHAHb | 03HAYAE, WO 3 pAAKIB 2, 3 i 4 BUNANBAE Bigpasy
TPWU Pi3HI HAYKOBi iCTUHW, KUMKW € TPW BKasaHi oAMHULI NpUCKopeHHA. MPUYMHOIO UbOro pisHO6OK € HemnpaBOMIpHICTb
3aCTOCYBaHHA Yy PIBHAHHAX pajiyca Kona r. Y HWUX NOBMHEH 3aCTOCOBYBATUCb PafiyC KPMBU3HU P. TaKMM UYMHOM, PIiBHAHHSA,
HaBedeHi y pagKkax 2 i 4, noBMHHI Matn BUrNaa a=vZ/p i a=w?p BignosiaHo. 3 HMUX 060X BUMNAMBAE OAHA i Ta X OAMHMUA
NPUCKOPEHHS M-pag/c?, ane BOHa TeX HEKOPeKTHAa. TakMM YMHOM, BCi TpU pPiBHAHHA (a=v3/p, a=vw i a=w?p) npn3BoAATb [0
OTPUMaHHS OAHIE i TiET ¥ HEKOPEKTHOT 0AMHULL MPUCKOPEHHA M-paa/c2. Lle 03HaYaE, WO PIBHAHHA BXE CTa/v Y3roAXEHUMMN MiXK
cob6010, ase BCe LLe 3a/IMLLAI0TbCA MAaTEMATUYHO HECTPOTMMM | NOTPebyoTb A0AaTKOBOIO aHanisy.

3BepHIMOCb 0 NOeNIEMEHTHOIO ONMCY NpoLEecy BUBEAEHHA 3araJlbHONPUINHATOT OPMYIM HOPMABHOTFO NMPUCKOPEHHA
(BopoHkoB, 1966). BuaABnAeTbcA, WO Ha OAHOMY 3 eTaniB LUboro npouecy Yy ¢GOpMy/i BUHMKAE CMIBMHOMHUK
A1213)10{[sin(Aq)/Z)]/(A(p/Z)}, AKWA  popisHioe 1 pagl. OCKiZIbKM MOro 4YMCIOBE 3HAYEHHA [OPIBHIOE OAMHWLI, TO UMM

CNiIBMHOXXHMKOM Byn10 3HEXTYBAHO. Afle TaKa Aja HenpaBoMipHa, 60 pazom 3 koediLieHTOM «1» 3 popmMyan 3HWKNA NOro OAUHULA
«pag». BigHoBNeHHA cniBMHOMHMKa 1 pag ! 3abe3nedyye maTemMaTMyYHY CTPOFICTb BCiX TPbOX BapiaHTiB GOPMYyaN HOPMabHOrO
NPUCKOPEHHSA. YTOUHEHI PIBHAHHA MatoTb BUrNAL a,=1v2/p, ap=1vw i a,=1w?p BignosiaHo, e oanHuueto KoediujieHTa «1» € pag™t.
3 KOMKHOTO PiBHAHHSA BUM/IMBAE OAHA | Ta CAMa HayKOBa iCTUHA - OAMHMLLEI0 HOPMaJIbHOTO NPUCKOPEHH:A € M/c2. Bci cynepedHocTi,
LLLO cnocTepirannch y pagkax 2, 3 i 4, ycyHyTo.

PAgKu 5, 6 i 7. Y mexaHili 3acTOCOBYHOTHCA MOHATTA MOMEHTY CUMWN, MOMEHTY Ki/IbKOCTi pyXy Ta MacoBOro MOMEHTY
iHepuii, popmyntoBaHHA aAKMx 3aBeplimnock y XVII i XVIII ctopiyusax. Ane y XIX cTopiudi cTano BigoMO, WO BCi 3aKOHU i MOHATTA
di3nKKM € HacnigKamu i3 3aKoHY 36epekeHHA eHeprii. BHacNigoK uboro 3ragaHi 3aKoHM i MOHATTA NOTPIGHO ByNo NnepernaHyTn i
npvBecTn y BiANOBIAHICTb A0 UbOro Hanbinbw ¢yHAameHTanbHOro 3akoHy Mpupoan. MOHATTA MOMEHTIB MOBWHHI 6yTK
chopmynboBaHi AK NOXiAHI Bif, «MaTEPUHCbKOrO» MOHATTA eHeprii (41 poboTH), a OAMHULI MOMEHTIB - AK MOXiAHI Big,
«MaTepPUHCLKOT» 0ANHUL, eHeprii axkoyb. MpoTe WaHoBHI Gi3MKM 3a ABa CTOPIYYA TaK i He NepelWwau Big cniB 4o aina. Moximso,
BOHM CMNoAjiBanachb, WO UMM 3aliMyTbCA MEXaHiKM, a MexXaHiKM O4ikyBaiu LbOro Big QisuKiB. AK HACNiAOK, NOHATTA MOMEHTIB i
CbOroAHi 3aMWatoTbca chOpPMYyNbOBAHMMM Y KaTeropisix, He NoB’s3aHMX i3 3aKOHOM 36epeXKeHHA eHeprii.

HanpuKknag, NOHATTA MOMEHTY cuamn (aK A0BYTOK cuam F Ha nnedye r, pAAoOK 5 Tabauui) sasnse coboto 3BUYANHUI
nocTynaT, AKMIA HiYMM He OBrpyHTOBaHMWI, ane i Hi B KOro He BUKAMKAE 3anepeyeHb. BiH 6y chopmynboBaHuii Manineem y
XVII cTopiyyi Ha NpuKnagi NPoCcTUX MexaHi3miB i TOMy OyB BY3bKOTEXHIYHMM. 3@ YOTUPM OCTAHHIX CTOPIYYA MOro cyTb He
nepernaganacb i He yToyHtoBanacb. BiabyBanocb Nuvwe ycKNnagHeHHA CNOBECHOro GpopMy/toBaHHA WAAXOM HAZaHHA Momy
AKOMoOra binbll «HayKOBOMOZAiGHOro» BUrNAAY.

3a Takux 06CTaBUH MOHATTA MOMEHTIB 32 BU3HAYEHHAM He MOXYTb 6yTM (i3sMYHO KOPEKTHUMMU, LLO i NPU3BOAUTDL A0
NoABW aHOMaIbHUX PO3MIPHICHWUX ABULY,. HaliBigOMILIMM 3 HUX € 36ir OONHULLL MOMEHTY CUAM | MeXaHiYHOi poboTK (4uM eHeprii).
Bci TaK 3i WKiNbHUX POKIB 3BUKAN A0 LbOro 36iry, Wo i He 3BepTatoTb Ha HbOTO YBary, BBaXKatoTb, L0 CaMe TaK i NOBUHHO byTn. Y
poborTi (XaHTni, 1970) ioro BBaKaloTb 6E3HEBUHHUM BUHATKOM 3 NpaBu. Ane y Mpupoai BUHATKIB HEMAE, TOMY iX He MOBUHHO
6yTH i B MaTeEMATUYHMX onucax ssuw, Mpupoau.

36ir oAMHULD MOMEHTY CUIM i MEXaHIYHOI POOOTM € NPAMOIO O3HAKOK HEY3rOAMKEHOCTi MOHATTA MOMEHTY CUMAK i3
33aKOHOM 36epeXeHHn eHeprii. Lie niaTeepaKyeTbea i ABOMa HAaCTyNMHUMK daKTamu.

MOMEHT CUNN MOKHA BU3HAYATM AK YaCTKY Big AiNeHHA mexaHiuHoi po6oTu dW Ha KyT nosopoTy dB: M =dW/d6 - pagok
6 Tabnuui 1. 3 uboro cniBBiAHOWEHHSA BUNIMBAE HACTYMHe 3arasbHOPi3nYHE MaTEMATUYHO CTPOre BU3HAYEHHA MOMEHTY CUAN,
cbopMyibOBaHE y eHepPreTMYHOMY NPOCTOPi: MOMEHT CUMAKN ABASE COBOIO NepLly NOXiAHY Bi4 MexaHiyHoi pobotn W 3a KyTom
noBopoTy 6. OAMHULLEI0 MOMEHTY Y TaKOMY BUNAAKY € [1x/paa, To6To H-m/pag. Taka 04MHMLA y3rogsKeHa 3 NOHATTAM MexaHiYHol
pob0TK, ane BOHA He 36iraeTbeca 3 NPUNHATOI Y MexXaHili oguHuuero H-m. Lie cTaBUTb Nif, CYMHIB KOPEKTHICTb OCTaHHbLOI.

. . . d (OE
Yy 3aranbHOBIAOMOMY PIBHAHHI fIarpaH)Ka 2-ro poay, 3anuMcaHomy Ana oGepTaanoro Pyxy, € d)parrv\eHT E(a), ae

E — KiHeTUYHa eHeprif; ¢ —Neplua NoxigHa 3a YacoMm Bif y3araibHEHOI KOOPAMHATM g, AKOI € KyT NoBOPOTY (TO6TO g —Lie KyToBa

. OF oE . . . . L
WBUAKICTb W); % abo, Wwo Te X, 3a ~“MOMEHT KiflbKOCTi pyXy —pAAOK 7 Tabnuui 1. @isnyHKiA 3MmicT uboro GparmeHTy — MOMEHT

BiZ, CMAN iHepLil, WO BUHMKAIOTL Y Ti/li NPU 3MiHaX WBMAKOCTI MOro ob6epTaHHs. 3 HbOro TeX BUMIMBAE OAUHULA MOMEHTY CUAU
[/pag, T06T0 H-M/pag.

TaKUM YUHOM, Y MUTAHHI NPO OAMHULIO MOMEHTY CUW TEX ICHYE CynepeyHiCTb MiXK ABOMA HAYKOBUMM iCTUHaMK —
oanHuuaMM H-m/pag Ta H-M. KOpeKTHOO enig BBaXKaTh nepluy 3 HUX, AKa 6esnocepesHbo BUMNIMBAE 3 K MAaTEPUHCbKUX» MOHATb
MeXaHi4YHOoi poboTK Ta KiHETUYHOI eHeprii. A oanHUUA H-M $i3MYHO HEKOPEKTHa.

YTOYHMMO NOHATTA MOMEHTY CU/IU | Y CI0BOMY NpocTopi. MOMEHT cunu xapakTepu3ye obepTanbHUin edeKT Big BNavBy
cunun F Ha peske Tino. Tomy enemeHTapHa mexaHiyHa poboTa Fds, BUKOHaHa CUMOL0 F Ha WAAXy ds (po3TalwoBaHOMY Y HanpsAMKY
Aii cunm) nig Yac NOBOPOTY TiNa Ha AeAKMI enemeHTapHUi KyT dB, moxke ByTv nogaHa Ak mexaHidyHa poboTta M,dO momeHTy cunm
M), Ha wnaxy do:

Fds = M,de, (1)
ne My, — N03HAYeHHs YTOYHEHOTO (OHOBNIEHOTO) MOMEHTY CUAM.
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3 pisHocTi (1) BMNAMBaE 3aranbHodi3nyHEe, MaTEMATUYHO CTPOre BM3HAYEHHA MOMEHTY CuAW, CHOPMY/bOBaHE Y
CUJI0BOMY NPOCTOPI:

M, = F(ds/d9), (2)

BOHO 03Hauva€, Wo MOMEHT cuau — e J06YTOK cnamn F Ha KoediuieHT ds/db, wo € BigHOWEHHAM enemeHTapHOro
NiHIMHOrO NepemilLeHHA ds TOYKM, WO BiAOYBAETLCA B HANPAMKY AOKNAAAHHA CUAK F, 0 eNleMeHTapHOoro Kyta noBopoTy db, wo
Bi4NOBiAA€E 3rafaHOMY NepemillleHHIo ds.

BiaHoweHHA ds/dB — ue cBoepigHNt MacliTabHMI KoediLLiEHT NepeTBOPEHHA eHeprii NOCTyNasbHOro PyXy Y MexaHiuHy
poboTy obepTanbHOro pyxy. BiH NOB’A3ye 3HAaYEHHA NPUKNALEHOT A0 TiNa CUAM Ta CTBOPIHOBAHOTO Heto MOoMeHTY. CTOCOBHO A0
BaXkeslie, 3 AKUMM MaB Crnpasy e Apximes, BigHoweHHA ds/dB uncenbHO AOPIBHIOE AOBXMHI BasKENA, WO BBAXKAETLCA MaeYem
cunun. Ane oguHMLEIO LbOro «Mnjieda» € He meTp, a m/pag. TobTo ue naede asnde cobolo He pagiyc r, a pagiyc KpUBMU3HU p —
KOJIOHKA 6 pagka 5 Tabauu,.

Takum YMHOM, GOPMYNOBAHHA MOHATTA MOMEHTY CUAWN Y KAaTEropiax 3aKoHy 36epexkeHHs eHeprii A€ TaKi NO3UTUBHI
Hacnigku:

— 3abe3neyye OTPUMaHHA Gi3UUHO KOPEKTHOT KOrepeHTHOT OAMHUL MOMEHTY cunm H-m/pag;

— ycyBae 36ir ogMHULbL MOMEHTY CUIM Ta MeXaHiYHoi poboTu;

— Npu 064nCNeHHi AOBYTKY MOMEHTY CUAWN HA KYT MOBOPOTY HAAAE KOPEKTHY OAMHULIO MeXaHiYHOT poboTun [K;

— 3aBepLUYE NOBHY aHasOrit0 MiXK Gi3MKO-MaTEMATUYHUMMU ONMUCAMM ABULL MEXAHIKM NPAMOIHIMHOIO Ta 0bepTasbHOro

pyxiB.

PapKku 8 - 11. 3 $pisKo-maTeMATUYHOT TOYKM 30pY MOMEHT KiJIbKOCTi pyxy ABAsiE cCOOO0t0 NepLuy NoxigHy Bif KiHETUYHOI
eHeprii E 3a KyTOBOO WBMAKICIO W: 0E/0w — KoNoHKa 4 paaka 8 Tabauui.

Y HayKOBO-NPaKTUYHIN AiANbHOCTI MOMEHT KinbKOCTi pyxy L i KyToBMA MOMeEHT AL o064YMCAo0Tb 33 iHWUMMU
cniBBigHOWEHHAMM, HaBeAEHMMM Yy KONOHL 4 pAgKiB 9 —11. 3 4oTUPbOX CNiBBigHOLWEHb, HABEeAEHUX Y pAAKax 8 - 11, BunaunBatotb
TPM pi3Hi 0AMHULI, TOBTO TpM Pi3Hi HAYKOBI iICTUHK - Kr-M2/(c-paa), Kr-mZ-paa/c i kr-m2/c. Mepwa 3 HUX BUNAMBaE 6e3nocepeaHbo
3 «MATEPUHCbKOro» NOHATTA KiHETUYHOI eHeprii £, BHACNiAOK YOro KOPEKTHOI C/ig BBaXaTu came ii, a pewTy oguMHWULUb Caig,
BBaXKaTh GisMYHO HEKOPEKTHUMU. TaKUM YMHOM, OAUHULA Kr-M2/C, NPUAHATA CbOrOAHI 419 MOMEHTY KiNbKOCTI pyXy i KyTOBOro
MOMEHTY, € Gi3MYHO HEKOPEKTHO, Ti CA1i4 BUNPABUTM Ha oanHULO Kr-M2/(c-paa), abo, wo Te came, [K-c/paga.

BHacnigoK UbOro cnig, yTOUHWUTY i PiBHAHHA, HaBeAeHi y KonoHui 4 paakis 9 - 11. [1na uboro 3anuwemo OHOBJ/EHY
oAMHULIO Kr-M2/(c-paa) y TPbOX pisHMX BapiaHTax: (kr)-(paa/c)-(m/paa)?, (kr)-(m/c)-(m/paa) i ((Kr-m2/c2-pag))-c. 3 HUX BUNIMBAIOTb
aHaNiTMUHI GisnyHo cTpori piBHAHHA L,= mwp?, L,=mvp i AL,= Myt BiANOBIAHO, KOMHE 3 AKUX HAZAE KOPEKTHY OAUHWULIO
Kr-m2/(c-pas). TaKUM YMHOM, BCi CynepeyHocTi, AKi iCHYBaAW MiXK O4UHULAMM, OTPUMYBAHUMM Y pagKax 8 - 11, ycyHyTo.

PagKku 12 13. Mig MacoBUM MOMEHTOM iHepUii I, y MexaHili po3ymieTbca OBYTOK Mack TOUKM dm Ha KBagpaT pagiyca
il 06epTaHHA r: Im = r’dm. Lie NoHATTA Tex ABAsE c0B010 3BMYANHY YroAy, sika HiYMM He 06rpyHTOBaHa, afie i Hi B KOro He BUKJ/IMKAE
3anepeyeHb. 3 HaBeAEHOTO PIBHAHHSA BUMN/IMBAE OAMHMLA MAaCOBOTO MOMEHTY Kr-M2. Anie ii 3aCTOoCyBaHHA y npoLeci 06YncneHHs
KiHETUYHOI eHeprii 06epTasbHOro Pyxy NPU3BOAMUTL A0 OTPMMAHHA HEKOPEKTHOI oAMHMLI eHepril JK-pag? — AMB. KOMOHKY 5
paaka 19 Tabauui. Lie 03HaKa Hey3rogsKeHoCTi 04MHMLLI MacoBOro MOMEHTY iHepLi Kr-M23 oANHMLEI eHepril 4oy /b.

[Ona yTOYHEHHA OAMHWLI MAcOBOro MOMEHTY iHepuji «npus’axemo» ii 40 «MATEPUHCBKOTO» MOHATTA KiHETUYHOI
eHeprii. 3 Bupa3sy £=/mw?/2 BUNAVUBAE PiBHAHHA 3B'A3KY /n=2E/w2. 3 HHOTO, Y CBOIO YEPrY, BUMIMBAE YTOYHEHA OAMHULA MAaCOBOIO
MOMEHTY iHepuii Kr-m2/pas2. TakMm YMHOM, OAMHULA MACOBOTO MOMEHTY iHepLii Kr-m? (KonoHKa 3 paakis 12 i 13) ¢isnyHo
HeKOpeKTHa, il ciia BUNpPaBUTU Ha oguHULI0 Kr-m2/paa? (abo, wo Te came, [x/(paa-c)?), y3roaxeHy 3 oANHULED KiHETUYHOT
eHeprii AKoynb (KONOHKA 7 TUX e pAakis).

YTOUYHEHY OAMHMLIO Kr-m2/paa? MosKHa 3anucatu y Burisagi Kr-(m/pag)?, ae Bupas y AyKKax € oguHuMUelo pagiyca
KPUBU3HM p. TaKUM YUHOM, OHOBNEHUM, Gi3UYHO CTPOrMM MOHATTAM MaCOBOr0 MOMEHTY iHepL,ii TOYKM, Y3roAKEeHUM 3 MOHATTAM
MexaHiYHOT eHeprii, € 4O6YTOK MacK TOUYKM dm Ha KBaApaT pagiyca KpUBU3HU P: Imn = p2dm — KONOHKa 6 paaka 12 Tabanui.

PapoK 14. OaMHULE0 0CbOBOrO MOMEHTY iHepLii Naowi /4 B NPUKAaAHIN MexaHiui NpunHATO M4, Ane Leil MOMEHT €
NMOBHOI aHA/IOTIEID MACOBOIO MOMEHTY iHepLii I, — ANB. KONOHKY 4 psaaka 12. Tomy He noTpebye AOBeAEHHSA, LLO OHOBJ/IEHE
PIBHAHHA ANA 06YMCNEHHA MOMEHTY iHepLii NAowWi 4, NOBUHHE MaTU BUTAAL, lan=p%dA, 3 AKOTO BMN/IMBAE, WO OAMHULEID AAHOTO
MoMeHTy € M*/pap?. TobTo, NpuitHATa B NPUKAALHIA MeXaHili OAMHMLA OCbOBOTO MOMEHTY iHepLii M* € HEKOPeKTHOIO i Ti cAig,
BMMPaBMTM Ha M*/paa?.

PapokK 15. MomeHT onopy nonepe4yHoro nepepisy M, BU3Ha4yatoTb 3a CRiBBigHOWEHHAM M, =Ia/Fmax, 3 AKOFO BUM/IMBAE,
WO OAMHULEID 3raflaHOro MOMEHTY € m3. MpoTe Taka OAMHWLA BXKe iCHYE - Le oAuHUUA 06’emy m3. TaKMM YMHOM, 3HOBY
OTPUMYEMO «HELLKIANNBUI BUHATOK 3 NMPaBUA», AKOTO Y MaTEMATUYHO i Gi3MYHO CTPOrii HayLi He NOBMHHO 6yTW. MOMeHT onopy
nonepeyHoro nepepisy NOBUMHEH MaTK AKYCb iHWY OANHMLIO. BOHa BUNAMBAE 3 YTOYHEHOTO CMiBBIAHOWEHHA AN 0BYUCNEHHA
MOMEHTY onopy nonepedyHoro nepepisy Mm=lan/Pmax | Ma€ BUrAALA M3/pad. KopeKTHICTb Takoi oauHuui byae nigTeepaeHa
pesynbTaToM, OTPUMAHWUM Y HACTYMHOMY PAAKY Tabauui. TaKUM YMHOM, OOMHWLLA MOMEHTY OMNOpPY NonepeyHoro nepepisy m3
di3MYHO HEKOPEKTHa, Ti CNig, BUNPaBUTU Ha oauHULLI0 M3/pag,.

PapoK 16. MexaHiyHe HanpyXXeHHA PO3PaxoBYHOTb 33 BiLOMMM PIBHAHHAM NPUKAAAHOT MexaHiku t=M/M,, y ake
BXOAATb PO3MIiPHICHO HEKOPEKTHi BennumHun M i M,. [poTe iXHi HeKOPEeKTHOCTi B3aEMHO KOMMEHCYIOTbCA, 3aBAAKU YoMy
pesynbTaT Po3paxyHKY HAZa€ KOPEKTHY oauHuuto Kr/(m-c), To6TO nmackaib. 3amiHMBLUM BeanumHu M i M, oHoBieHMMM,
PO3MIpHICHO KOPEKTHUMM BennunHamu M, i M, OTPUMYEMO YTOUHEHE PIBHAHHSA t,=M, /M), AiKe TeX HafaE KOPEKTHY OAUHULIO
MeXaHiYHOro HanpyeHHs nackanb. Lia ob6cTaBuHa € niaTBepAXKeHHAM NPaBUAbHOCTI OAUHULI MOMEHTY ONOpPY NOMNEepPeyHoro
nepepisy m3/pag, oTpUMaHoi y nonepeaHbOMy PAAKY Tabauui.

Pagkm 17 i 18. O6uMcneHHA MexaHiYHOT PobOTM i MOTY)KHOCTI MOMEHTY CUAW, BWMKOHAHI i3 3aCTOCYBaHHAM
3ara/IbHONPUIMAHATOrO NOHATTA MOMEHTY CU/IN, NPU3BOAATb 4,0 OTPUMAHHA HEKOPEKTHUX OAMHULb POBOTHM i NOTYXKHOCTI [K-pas i
BT-paa BiAMOBIAHO — KOMOHKa 5 3ragaHux pAgKiB. Ane 3acTocyBaHHA YTOYHEHOrO MOHATTA MOMEHTY CMAWM YCYBaE€ L Bagn —
KOJIOHKM 6 i 7 TUX e pAaKiB.
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Papok 19. OauHMUelo KiHeTMYHOI eHeprii € AKoynb, TO6TO Kr-mZ/c2. flK BXe 3rafyBanocb, MPW 3acTOCYBaHHI
3arasibHONPUNHATOT OANHML MacOBOro MOMEHTY iHepLii Kr-m2 3 piBHAHHA E=/pw?2/2 BUNAMBAE HEKOPEKTHA OAMHULSA KIHETUUYHOT
eHeprii Kr-m2-pag?/c?, 10610 J)K-paf2. 3acToCyBaHHA KOPEKTHOI OAMHMLI MacoBOro MOMEHTY iHepuii Kr-m2/paa? 3abesnevye
OTPUMaHHA NPaBUbHOI OAMHML KiHETUYHOT eHeprii Kr-M2/c2, To6To [3K — KoIoHKa 7 pagka 19.

BUCHOBKU

BcTaHOBMEHO, WO iCHYOUYMIA MaTEMATUYHWUI anapaT KAACUYHOI i TPUKNAAHOT MEXaHiK1 AiINCHO Ma€E iCTOTHI HeAoNiKM i
notpebye BoOCKOHaNeHHsA. A came, 6inblua YacTUHa 3 AEB'ATHAALATU PO3TNAHYTUX PIBHAHb MEXaHIKM MaTeMaTUYHO HecTpora abo
di3nYHO HeKopeKTHA. PIBHAHHA ANA BU3HAYEHHSA KO0BOT LWBMAKOCTI i HOPMaNIbHOrO NPUCKOPEHHSA MAaTEMATUYHO HECTPOTi Yepe3
33CTOCYBaHHA Y HUX NOHATTA pajiyca Kona 3amicTb MOHATTA pajiyca KpMBU3HU. A PiBHAHHA ANA 06YMCNEHHA MOMEHTIB GisnyHO
HEKOPEKTHI Yepes iX HeY3rod KeHiICTb i3 3aKOHOM 36epeKeHHn eHepril.

Y paHin poboTi BCi PO3MIPHICHO HEKOPEKTHI PIBHAHHA MEXaHiKu NpuBEAEHO A0 MaTeMaTU4YHO CTPOroro BUraagy i
Y3roZKeHO i3 3aKOHOM 36epekeHHA eHeprii. "l ogHOro BUNagKy, Koy ogHa i Ta X ¢isnyHa BenYnMHa Mae ABi pisHi oanHuui, abo
OBi Pi3Hi BEIMYMHM MaKOTb OAHY i Ty XX OAMHULIO, B YTOYHEHIW CYyKYNHOCTI PiBHAHb MEXaHiKM He iCHYE.

TakMM 4YMHOM, BCTAHOBAEHO, WO BCi PO3MIPHICHI Hey3roAXKeHOoCTi, AKi CNoCTepirannucb y PO3rAAHYTUX PiBHAHHAX
MeXaHiku, AiMCHO Bynn 03HAKOK HEeAOCKOHANOCTI OCTaHHiX. AHani3 po3mipHOCTEl MOMKe i NOBMHEH 3acTOCOBYBaTUCb ANA
nepeBipKW i BAOCKOHANEHH:A MAaTEMATUYHUX 3a/1€KHOCTEWN, AKI BKNIOYAIOTb KYTOBI BE/IMUYMUHU.
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ABSTRACT

Formulation of the problem. This research explores the possibilities and peculiarities of employing artificial intelligence in
general secondary education. A retrospective analysis of human utilization of artificial intelligence is conducted. Emphasis is
placed on the relevance and significance of aligning the education system with contemporary demands and implementing
new technological solutions. The focus is on the correctness of queries to systems and the necessity of analyzing work
outcomes.

Materials and methods. Data collection and processing were conducted during professional development courses for
education professionals in the Chernihiv region (Ukraine) through pedagogical observation of course participants and their
work with Al. Throughout the study, 34 training sessions were conducted, involving 748 teachers teaching various subjects.
Among the showcased cases of Al usage, the most demanded queries among teachers are presented.

Results. Examples of text analysis using the generative system ChatGPT 3.5 are provided. The obtained results are analyzed.
The findings emphasized the necessity of clearly formulating queries and providing comprehensive input data and complete
texts for analysis. In such cases, the artificial intelligence system can provide more accurate responses. This study
demonstrated that the system handles this task quite successfully when providing the text of a program code and requesting
commentary. However, solving mathematical problems poses specific difficulties, and obtaining the correct answer is only
sometimes achievable. That reiterates the critical approach toward the system's obtained work outcomes.

Conclusions. ChatGPT 3.5 can correctly analyze well-known facts and provide accurate information about them, but if the
facts are local, the system cannot cope with the task. Simple math problems and tasks are performed correctly, but more
complex ones already cause difficulties. It is essential not only to write prompts correctly but also to present input data. Such
tasks as paraphrasing, translation, and changing the text's tone demonstrate modern Al systems' capabilities. ChatGPT 3.5 can
become a good teacher's assistant or assistant for preparing various documentation. Requests for help in writing lesson plans,
preparation of educational activities, formation of project topics, and technological maps of projects are carried out by the
system at a high level.

KEYWORDS: general education; artificial intelligence; ChatGPT 3.5; usage examples; artificial intelligence problem.

LUTYYHUMN IHTENEKT B OCBITI: KEACU BUKOPUCTAHHA CHATGPT 3.5
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AHOTAUIA

®dopmyntoBaHHA nNpobnemun. OCHOBHOIO METOK LbOTo AOC/AIAMKEHHA € BifLOOPAXKEHHA MOXKAMBOCTEN Ta ocobamsocTeit
BMKOPUCTAHHA LWTYYHOrO iHTENEeKTy Yy 3aKnaji 3araibHoi cepegHboi OCBiTU. MMpoBeAEHO PeTPOCNeKTUBY 3acTOCYBaHHSA
LWITYYHOrO iHTENEKTY NoAMHOM. HaronoweHo Ha akTya/lbHOCTI Ta BaX/MBOCTI BiANOBIAHOCTI cMCTeMM OCBITU BMMOram
Cy4aCHOCTi Ta BMPOBaAMKEHHI HOBMX TEXHOMOrYHUX pileHb. 3po6aeHO aKUEHTM Ha KOPEKTHICTb 3anuTiB 40 CMCTEM Ta
HeobXiAHOCTI NpoBeAeHHA aHani3y pe3ynbTaTis poboTu.
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Martepianu i metogu. 36ip AaHux, ix onpautoBaHHA BiAbyBanoch Mig Yac NPOBeAEHHA KypciB NigBULLEHHA KBanidikauii
npauiBHUKIB OCBITWM YepHiriscbkoi obnacTi (YKpaiHa) WAAXom NesarorivHOro CNoCTEPEXKEHHA 3a C/lyXxayamu KypciB Ta ix
po6oroto i3 L. 3a Yac gocniarkeHHs 6yno nposeseHo 34 HaBYabHUX 3aHATTA Ta B3AAM ydacTb 748 yunTenis, WO BUKNAAAOTb
pi3Hi HaBYanbHi NnpeameTn. Cepes HaBeaeHUX KeliciB BUKopucTaHHA LI npeacTaBneHo Habinbw 3aTpebyBaHi 3anuTh cepes,
yuutenis.

Pe3ynbratu. HaBegeHo MpuKAaau aHanisy TEKCTy 33 AOMOMOrok reHepatusHoi cuctemu ChatGPT 3.5. MpoaHanisoBaHo
OTpUMaHi pe3ynbTaT. Pe3ynbTaTi 3acBigunamM HeobXigHICTb YiTKOro GopMyntoBaHHA 3anMuMTiB Ta 32 MOMKAMBOCTI HadaHHA
BXiAHWX AaHWX, NOBHOrO TEKCTY ANA aHanisy. Y Takomy BUNaAKY CUCTEMA LITYYHOTO IHTENEKTY 3MOXKe Binbll TOYHO HAaAaTH
Bianosiab. Lie pocnig)KeHHA NOKasano, AKLWO HaJaTW TEKCT MPOrpamHoOro Koay Ta MonpocuTU NPOKOMEHTYBATW 1oro, TO
CUCTEMA AOCUTb YCMILWHO i3 LM CNpaBAseTbesA. BoaHouac po3s’A3yBaHHA MaTeMaTUYHUX 3aBAaHb BUK/IMKAE NEBHI TPYAHOLL
i He 3aBXKAM BAAETLCA OTPMMATM NPaBUNbHO BiANOBIAb. Lo BYeproBe HaronowWye Ha KPUTUYHOMY CTaBAEHHI A0 OTPUMAHUX
pesynbTatis poboTn cuctemu.

BucHoBKu. LLnpoko Bigomi daktn ChatGPT 3.5 mae 3mory KOpeKTHO aHani3yBaTh Ta BUAAE NpaBaMBY iHGOPMALLiO NPO HUX,
ane AKWO GaKTU MatoTb IOKaZIbHUIA XapaKTep, TO CUCTEMA HE MOKe CMPABUTUC i3 3aBAaHHAM. [pocTi MaTeMaTWYHi 3aBAAHHA
Ta 3afauvi BUKOHYIOTbCA NPaBWAbHO, ane Binbll CKNaAHI BXe BUKAUKAOTb TPYAHOLL. Ba)AMBUM € He TiNbKM NpaBu/ibHe
HanMcaHHA NPOMNTIB, ane i NOAAHHA BXiAHMX AaHMX. Taki 3aBAaHHA AK nepedpasyBaHHA, Nepeknas, 3MiHa TOHY TeKCTy
[,EMOHCTPYIOTb BCi MOXKAMBOCTI cydacHux cuctem LUI. ChatGPT 3.5 moxke cTaTv rapHUM NOMIYHUMKOM abo acUCTEHTOM BUYUTENSA
i3 NiAroToBKM pi3HOI JOKYMEHTaU,i. 3annTW i3 LONOMOro0 Y HAaNNCaHHI N1aH-KOHCNEKTIB YPOKIB, NiZrOTOBKA BUXOBHMX 3aX0AiB,
$opmyBaHHA TeM NPOEKTIB, TEXHONONYHUX KapT NPOEKTIB BUKOHYIOTLCA CUCTEMOIO Ha BUCOKOMY PiBHI.

KNKOYOBI C/IOBA: 3aeanbHa ocgima; wmy4yHuli inmenekm; ChatGPT 3.5; npukaadu sukopucmaxHs; npobaema wmy4Ho20
iHmenekmy.

INTRODUCTION

Thirty to forty years ago, people envisioned a future where artificial intelligence (Al) would rebel against humanity and
seize control. However, as of 2023, this hasn't materialized. Today, scientists and IT experts worldwide are striving to create
assistants that handle routine operations and aid humans in their work. Recalling the initial attempts to integrate Al into daily life,
one immediately recalls Siri, the voice assistant that emerged with the iPhone 4S and became accessible to everyone, and the T9
function available on traditional keypad phones. Additionally, the renowned statistical machine translation service capable of self-
learning, Google Translate, has significantly evolved over time and is highly popular among users.

Artificial intelligence (Al) plays a crucial role in transforming modern education, and its integration into secondary
school-level learning is of great significance. Al enables the adaptation of education to each student's individual needs. Intelligent
analysis systems can consider learning styles, pace, and the comprehension level of each student, creating personalized programs
for optimal material assimilation. The use of Al stimulates the development of critical thinking and problem-solving skills. Students
interacting with intelligent systems that demand logical thinking and analysis develop critical thinking skills. Teaching the use of
Al helps students and teachers familiarize themselves with modern technologies, essential in the face of rapid technological
dynamics, preparing youth for future challenges in industry and scientific environments.

Al assists teachers in collecting and analyzing large volumes of data regarding students' performance, activity, and
progress. This enables making more informed decisions about teaching methods and approaches for specific groups of students.
Proficiency in Al knowledge and skills makes graduates more competitive in the global job market. Understanding and working
with intelligent technologies become vital components of modern education. Al can serve as a tool for creating creative interactive
tasks and projects, fostering creativity and an innovative approach to problem-solving.

The use of Al contributes to enhancing STEM (Science, Technology, Engineering, Mathematics) education, as these
technologies are frequently utilized in these fields and can make learning more engaging and effective. Educating teachers about
the use of Al in secondary school becomes a pivotal element in implementing these technologies into the educational process.
This allows for the creation of a conducive and innovative learning environment aimed at preparing students for the challenges
of the modern world.

METHODS OF RESEARCH

Theoretical —analysis of scientific and methodical sources on the use of artificial intelligence, features of using the basics
of Al in educational institutions, awareness and understanding of prompt engineering, approaches to writing prompts for Al
systems.

Experimental — modeling requests to Al and refining the results, applying different approaches to formulating requests
to Al and analyzing the results.

Statistical - mathematical and software processing of the received data.

Data collection and processing took place during training courses for education workers in the Chernihiv region (Ukraine)
through pedagogical observation of course participants and their work with Al. During the research, 34 training sessions were
held and 748 teachers teaching various subjects participated.

Among the showcased Al usage cases, the most demanded queries among teachers are represented. Regional institutes
for teachers' professional development stand as the leading hubs for educators' professional growth, hence identifying teachers'
needs regarding Al utilization in the educational process is specifically directed at the specialized departments of such institutions.
This provides grounds to assert the validity of the presented cases and their subsequent analysis.

The aim of this research is to review the peculiarities and possibilities of using ChatGPT 3.5 in education and
demonstrate its application cases
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THEORETICAL FRAMEWORK AND ANALYSIS OF RECENT PUBLICATIONS

Works by Pokryshen D.A., Prokofiev E.H., Azaryan A.A. (2019) and Pokryshen D., Nesterenko S. (2022) address the issues
of preparation, professional development, and qualification enhancement of educators. Tingting Zhang, Xiangpeng Lu, Xu Zhu,
Jing Zhang (2023) emphasize the impact of Al on education and the importance of adapting it to contemporary demands.

Research by Holmes W., Porayska-Pomsta K., Holstein K., Sutherland E. et al. (2021) is devoted to the ethical aspects of
Al usage in education, focusing on categories such as fairness, accountability, transparency, bias, autonomy, agency, and
engagement.

As noted by Ouyang F. and Jiao P. (2021), within the context of computational and informational technology
development, Al finds extensive application in education. Al opens new possibilities, potentials, and challenges in educational
practice. Throughout its short history in education, Al has undergone several paradigmatic shifts characterized by three paradigms:
Al-oriented, where the learner is a recipient; Al-supported, where the learner collaborates with Al; and Al-empowered, where
the learner leads. In these three paradigms, Al techniques are used to address educational challenges in various ways.

Issues related to teaching Al usage and expert systems have been explored by Ramsky VY., Balik N., lvaskiv I., Spirin O.,
Semerikov O., Teplytsky I., and others. Notable experts in Al development and usage include Karen Simonyan, Kaiming He, Juergen
Schmidhuber, and Yann LeCun.

The number of services employing Al increases daily. Among service categories are: creation and editing of audio, video,
text; optimization of management, SEO; selection of useful resources, research, experiments, and more.

The study by Spirin O.M., Oleksyuk V.P. (2023) provides an overview of the experience in training computer science
teachers using Al in Ukraine. It offers an analysis of contemporary requirements for its application and identifies necessary
competencies. The research shows that in our country, the development of methodological systems for teaching Al fundamentals
was initiated in the 1990s and continues to this day.

Many researchers and practitioners worldwide explore the possibilities of using Al in education. In Cato Rolea's article
(2023), the author examines examples of Al application in higher education and emphasizes that specialized technical knowledge
and skills are not necessary for understanding and applying Al. The author provides several specific examples.

An essential aspect in Al utilization is the ability to provide clear instructions. The author refers to this skill as "prompt
engineering." An example is given regarding generating a graduate's image using Midjourney, accompanied by instructions on
refining and making the request more precise. Interestingly, using the same query in Canva through the embedded Magic Media
app yields a similar image, indicating the accuracy of the instructions.

Creating a chatbot with clear instructions to respond to specific queries using the Poe service is demonstrated. This can
be useful when needing a bot to remain focused on a particular topic without constant guidance.

The text highlights Al's utility in generating text and responses to inquiries, as well as in quickly summarizing and
expediting research. The WordTune Read service is suggested, capable of summarizing articles or books up to 300 pages, with
real-time verification.

The service MeetCody allows for creating knowledge-based chatbots, aiding in avoiding the dissemination of incorrect
information. This service could be valuable in crafting specialized chatbots for various tasks within higher education institutions.

In Brooke Scucs' article (2023), the author shares experiences using ChatGPT to ease and enhance the academic
publishing process. Practical recommendations from the author are further discussed in the article.

To get the best results from Al, it's essential to be specific in your queries and request responses tailored to your needs.
For instance, you can ask for an abstract of an article for a scholarly journal within a word limit or adapt the style to an academic
context. Al can help identify suitable journals for publishing your work by providing a brief description of your article and asking
for recommendations. ChatGPT can extract key aspects from lengthy and complex texts, simplifying the preparation of analyses
and conclusions. It can outline the article's structure or provide a bullet-point template based on your guidance, aiding in material
preparation. Al can be a valuable partner in idea development and thought articulation. Asking precise questions yields valuable
advice. Moreover, after analyzing your material, Al can offer constructive feedback useful in editing and preparing the text for
publication.

However, it's crucial to remember that while these tools can be helpful, it's always advisable to verify their output before
use, as all current models make mistakes and may provide incorrect information. As noted in Schleicher Andreas' work (2023), in
March 2022, ChatGPT could only complete 28% of the mathematics tasks in the PISA test designed for 15-year-olds. But by March
2023, it managed to successfully complete 46% of the tasks, indicating rapid but insufficient Al development. In this article, the
author examines the impact of Al, particularly ChatGPT, on modern education.

MAIN CONTENT OVERVIEW

Let's look at some examples of how educators use ChatGPT 3.5 for their work. In the work of a teacher, psychological
aspects, features of working with children of different ages, processing of textual information, preparation of various
documentation (lesson plans, conducting educational activities), performing practical exercises, solving problems are important.
The analysis of the proposed cases makes it possible to evaluate the effectiveness of using ChatGPT 3.5 in view of the specifics of
the activity of the education worker.

Case 1: Fairy Tale Analysis

Let's start with an overview of the fairy tale "Kolobok," which is used in preschool institutions during fairy tale therapy.
Taking into account the recommendations provided above, let's formulate the request as follows: describe the fairy tale "Kolobok"
from the perspective of a psychologist in a kindergarten.
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onuLK Kaaky "KonoBok" 3 TOUKM 30py NCUXOMOra Y AUTAYOMY Cal0uKy

"Kono6ok" - Lie KnacuyHa ykpaiHCcbKa Kaska, Ky MOXXHa po3rnsaaTh 3 NCMX0oNnoriyHoro
nor/isAy Yepes npuamy PO3BUTKY AUTUHN Y ANTAHOMY CaflouKYy. Y LLif KasLy, AUTUHOYI

NOCTaB/eHi 3aBaHHs A0NaTV NepeLKoav Ta oNaTH BNacHi CTpaXu.

[0NOBHUI repoi, Kono6okK, NpeAcTaBnse co600 CUMBON PO3BUTKY Ta camopeanisadyji

AUTUHK. KONoBoK - Lie ANTMHA, AKa IULLIE Ha NoYaTKY CBOro LWAAXY A0 CAMOCTIMHOCTI.
Ko1060K No4MHaE CBOIO NOOPOX 3 AUTAYOrO CafloHKa, A HABYAETLCA CMIiNKYBaTHCA 3

THLWMK, BYNTHCS NiAKOPIOBATY CBOT CTPAXM Ta PO3BUBATI HaBUUKM CaMOCTIMHOCTI.

[epLunit NepcoHax, 3 AKMM KONOBOK 3ilUTOBXYETHCS, Lie 6abycs. babycs moxe
CHUMBO3yBaTy POJib OPOC/INX Y KUTTi AUTHHM, IKi HAAAKOTb MOMY TEMJIO, 3aTHLLOK Ta
ponomory. Lle MoxyTb 6yTu BUxoBateni y AUTa4oMy CafilouKy, ki AoNOoMaraioTb AUTUHI
aAanTyBaTUCs 10 HOBUX YMOB | CTBOPIOIOTb KOMGOPTHUIA CEPeAoBHLE AS PO3BUTKY.

HacTynHui nepcoHax - Aifycb, MOXe BUKAUKATU TPUBOTY Y AIMTUHM, OCKINbKMU BiH BXe
He3HalloMui. Lie MoXKe CUMBOI3yBaTy 3yCTpiy 3 HOBUMM NIOABMU 260 CUTYALLIIMU, L0
MOXYTb BUKNUKATU TPMBOTY Ta HECMOKIN y AUTUHU. ANe AiAYCb TaKoX Aapye KONMOBKY

HOBWI A0CBIA, | BIAKPVBAE MOMY HOBI FOPU3OHTU. S Regenerate

Figure 1. Analysis of the "Kolobok" in ChatGPT
Source: Own work

During the query, we recommend using common terms and names. If new terms are used (for example, not
"kindergarten" but "preschool institution"), the system may not understand. This is related to the database used up to 2021. The
results of the query execution are shown in Figure 1.

Upon reading the provided response, we can conclude that everything is accurately presented, and the materials
provided can be effectively used in the work.

For the next query, we will ask for an analysis of the "Kotyhoroshko" fairy tale (Figure 2).

ONWLWK Ka3Ky "KOTMropoLLKO" 3 TOUKV 30py NCHXO/0ra Y AUTAHOMY CafiouKy

"KOTMropoLLKo" - Lie YapiBHa Ka3ka, Aka MoXe byTy po3r/isHyTa 3 NCUXONOriYHOro Nornsay.
Yepes Npu3my po3BUTKY ANTUHW Y AUTSHOMY CafoyKy. Y Ll Ka3sL, AMTUHI NPONOHYETbCS

no6aym1TH CBIT 3 HOBOI NEPCMEKTUBY, PO3WMPUTH YSIBY Ta PO3BMBATY BNACHY KPEATUBHICTb.

F'onoBHWi repow, KoTUropoLuko, MoXe CUMBOJII3yBaTH BHYTPILUHIO CUAY Ta KpeaTUBHWA

noTeHUian KOXHOT AUTUHW. KOTUropOLLIKO BUABASETLCA HE3BMYAUHIM KOTOM, KU BMie
rOBOPWUTY Ta PO3yMie MOBY Nl0feN. Lle MoXe 330X04yBaTU AliTel A0 BifIbHOrO BUPAXKEHHSA

CBOIX AYMOK Ta ifiei, PO3BMBATV MOBNEHHS Ta KOMYHIKaTUBHI HaBUHKM.

epLunii NepcoHax, 3 SIKUM 3ycTpivaeTbes KOTUropoLLKO, = Lie BiAHWMA X1on4uk. Lie Moxe
BUK/IMKATM CNIBYYTTA Y AUTMHM Ta NOLITOBXHYTH ii A0 CNIBYYTAMBOCTI Ta AOMOMOIM iHLINM.

Ka3ska MoXe HauxaTu Aitei Ha 106pi CNpaeu Ta po3BMBaTH eMnariio.

[lani KoTUropoLko NPonoHye XNon4umKy BIABIAaTHA Ka3KOBWW CBIT, e BOHM 3yCTpialoTh
Pi3HVX NepPCOHaXiB, TaknX AK KHA3b, KOPO/b Ta NpuHLeca. LIl nepcoHaxi MoXyTb
Bi06paxaTu pi3Hi acneKkT 0COBUCTOCTI, AKi AUTUHA MOXE CPUIAHSATY | ineHTUDIKYBATH B

cobi. KHsi3b MOXe CMMBOANI3yBaTy CUNY Ta BiABary, KOpo/ib - MyAPICTb Ta NiAEPCTEO, a

npuHLEeca - Kpacy Ta A06poTy. LIl cMBOAM MOXYTb AONOMOrTI AUTHHI PO3KPUTH CE

roTeHLian Ta BiaKpUTY Ans 3Hi § aKi MOXYTb BYTV NpUTaMaHHi i

Figure 2. Analysis of the "Kotyhoroshko" Tale in ChatGPT
Source: Own work

As we can see from the result, it is entirely fabricated by the system and does not correspond to reality. Even after
refining the query and providing a link to the tale to ensure the specific analysis of the required story, the response did not
improve. A similar situation occurred with the tale "lvasyk-Telesyk". Out of the three suggested tales, accurate analysis was
provided only for one.

Therefore, we can conclude that it is essential to approach the results of ChatGPT's work critically when analyzing texts
and carefully review the materials prepared by the system.

Case 2. Text Analysis and Revisions

In the previous example, the Al was given only the title of the tale, and the system autonomously conducted the search
for the necessary material. Now, let's try to entirely revise the provided text.

We'll propose changing the tone of the "Strategies for Sustainable Development in Ukraine" from formal to something
more engaging for students (Figure 3). We'll formulate the request as follows: change the tone of the text to be humorous. Then,
after the colon, insert the text itself. Please note that the text shouldn't be excessively lengthy if you're using the free subscription
(version 3.5).

59



Tom 39, Ne 1 / Vol. 39, No 1 (2024)

As a result, we will obtain a new text that can be utilized (Figure 4). After receiving the output, we recommend rereading

3MiHM TOH TEKCTY Ha NPUKONbHUIA: CTpaTeriio CTanoro po3snTky YKpaiHu B yMoBax
rnobanisauyi CNPsMOBAHO Ha AOCATHEHHSA EBPONENCHKNX CTaHAAPTIB XMTTA Ta
3abe3neyeHHs KOHKYPEHTOCNPOMOXHOCTI Haloi AepPXaBK LWNSXOM edeKTUBHOI B3aeMoAii
©KOHOMIKM, HayKu, OCBITH, 3RIMCHEHHS 3aX0AiB LWOA0 PO3BMUTKY /IIOACHKOrO Kanitany,
3any4eHHs IHHOBaLN y BCix chepax AisIbHOCTI CYCNiNbeTea.

Baxxnueumu pakTopamm po3BUTKY EKOHOMIKW € HayKOEMHI Ta BUCOKOTEXHONMOTIHI ranysi.
DaxiBLji X rany3sein pobnaTte BaroMuil BHECOK Y BUPOBHULITBO BHYTPILLHLOrO BaNOBOro

NPOAYKTY i came ix aediLynT 0cob6NUBO BIAHYTHUI B YKPaiHi i B yCbOMY CBITi. OCHOBHOK

NPUYMHOLO TaKoro AediliMTY € BTpaTa MonyNSpHOCTI HaYKOBO-TEXHIYHNX, IHKEHEPHUX
npodecii i, Ak HaCNIROK, 3HWKEHHS PIBHA 3aiHTEPECOBaHOCTI Y BUBYEHHI NPeAMETIB
NPUPOAHUYOI, TEXHO/ON YHOI, MaTEMaTWUYHOI OCBITHIX rany3en y 3006yBayis OCBITH, NPO
WO CBiAYMUTb, 30KPEMA, HeraTBHa AMHaMIKa Ki/lbKOCTi BANYCKHUKIB 3aKnapiB 3aranbHol
cepeaHboi OCBITY, AKi NPOXOAATb 30BHILUHE He3aneXHe OUIHIOBaHH: 3 MaTeMaThKH,
Bi3ukwm, Ximii Ta Gionorii.

PO3BMTOK HalliOHa/IbHOT EKOHOMIKW, 30Kpema BUPOGHMUTBO “UMPPOBUX” NPOAYKTIB,
CTaB1Tb Nepen cHeporo OCBITU 3aBIaHHA OO reHEPYBaHH: HOBWX i€ | 3HaHb,
CTBOPEHHA HOBUX TEXHONOF i, PO3B'A3aHHA NPO6NEeM, L0 MOXIMBO AOCATHYTH WNAXOM
BNPOBafI)X€HHA NPO6NIEMHOI0 HABYAHHS, CTBOPEHHA Ha 3aHATTAX NPO6NEMHUX CUTYaLii
ANA CaMOCTIMHOro 3006y TTA HEOBXiAHNUX 3HaHb Y NPOLLECH IX BUPILLEHHS.

Figure 3. Request for Changing the Tone of the Text
Source: Own work

it to eliminate inaccuracies or misconceptions.

Konu MoBa e npo cTpateriio CTanoro po3suTky YkpaiHu, To Hallia uink npocTa -
NepeTBOPUTUCA Ha KPYTUX EBPONENLIB, 06 yci HLI KpalHW No3a3apuTy. A AK Lboro
AOCArHYTU? 3BICHO, TPE6a PO3YMHO NOXWBATHU EKOHOMIKY, HayKy, OCBITY, i B3arani Bci
chepu KUTTA TPUMaTH Ha nnasy. Hy i aeski iHHoBaLi BNpoBaanTy, o6 6yNo KpyTo i

MOAHO.

0co611BO BaXNUBI HAYKOEMHI Ta BUCOKOTEXHONOTI4HI rany3i. AKUL0 TV daxiBelb y Lux
cdepax, T0 T NPOCTO KYMEAHWI BUrNaaULL Ha eKOHOMIKY. LIuX niofen Ham ayxe 6pakye = i
B YKpaiHi, i o Bcbomy CBIiTY. Hy, 6yBag, L0 HayKOBO-TeXHIi4HI, iHXeHepHi npodecii
BTPaYaloTh CBOIO NONYNAPHICTL, | TOAI piBeHb 3allikaBneHocTi B Takux NpeaMeTax, ik
Maremartuka, gpiauka, Ximis Ta bionoris, Tex napae. Ane tpeba LboMy KiHus 3pobuty, 6o Le

He AyXKe KPYTO.

LLlo6 HauioHanbHa ekoHoMiKa po3suBanacs sik Tpeba, Tpeba BUpo6NATU LM POBI

NPOAYKTU i LUTYKOBUHM. A ANA LIbOro NOTPIGHO reHepyBsaTth HOBI Inel, KonaTv HOBI 3HaHHS |
B3arani 6yT1 cynep po3yMHUM. |, 3BU4AHO, HABYATUCA NPOBNEMHO = laBaTh CTYAEHTaM
BUPIlLYBaTH NPOBGNEMU Ha 3aHATTAX, WO BOHW caMi Habupanu HeobXiaHi 3HaHHS. Baxko,

ane kpyro!
Ortaka y Hac cTpareris. Taki cnpagu, 3Haeu.
‘G Regenerate

Figure 4. Modified Tone of the Text
Source: Own work
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In addition to changing the tone of the text, the system analyzes the text quite well and draws conclusions, paraphrases.
However, after the colon in the request, it's necessary to provide the full text that needs to be reworked. Examples of requests
can be as follows: change the tone to academic, rephrase, draw conclusions from the text, provide recommendations, rewrite in

different words, and others.

Case 3. Lesson Plan Writing
In a teacher's work, there are situations where it's necessary to prepare and conduct an event, whether it's a moral
lesson or just a regular class. Al is ready to assist the teacher with this task. Besides suggesting the topic for the event, it's possible
to prepare its plan. In this case, the request would look like this: imagine you are a mathematics teacher at a school. Write a lesson
plan for a 5th-grade math class on the topic "Adding and Subtracting Decimal Fractions." The duration of the lesson is 45 minutes

(Figure 5).

Tema: [lonasaHHs Ta BiAHIMAHHA e CATKOBUX AP0
Knac: &

TpuBanicTb: 45 XBMNUH

MeTa ypoky:

6B

* O3HaMOMMTM Y4HIB 3 NOHATTAM AECATKOBUX APOBIB.

* P03BMBATU HaBUYKM 10AaBaHHs Ta BiHIMaHHS 1ECATKOBMX APO6IB.

* 3acTOCOBYBaTU OTPUMAaHI 3HAHHA Y NPAKTUHHUX

3aBAaHHAX.

* Po3BMBaTW N1OTi4HE MUCNEHHA Ta HaBMYKWU POOOTH 3 Yuchamu.

Xin ypoKy:

1. Betyn (5 xBunuH)

* [NpuUBITaHHA 3 YHHAMM.

* AKTyanisauiia 3HaHb: [lepesipka AOMalWHbOro 3aBAaHHS, WO CTOCYETLCA AECATKOBU o Regenerate

Figure 5. Lesson Plan: Adding and Subtracting Decimal Fractions
Source: Own work
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The provided result indicates that Al successfully handles such tasks. It remains the teacher's responsibility to verify the
correctness of the proposed material.

Case 4. Program Code Analysis

When discussing the work of a computer science teacher, where the curriculum constantly evolves due to technological
advancements, there arises a challenge of understanding programming languages for both the teacher and the students. If a
teacher received their education at a university 20 years ago, learning the Python programming language was not part of the
curriculum at that time. Therefore, understanding this has to be pursued independently.

We input the program code into the Al and request it to provide comments (Figure 6, Figure 7).

(input("BeeaiTb BiaCTaHb Ky Npoixae asToMobine = "))
=int(input("BeeaiTb Weunakictb ="))
c=a/b
print("ABToMO6inb ixae",c,"roauH")

Lle/i pparMeHT Koaly € NPUKNafoM BUKOPUCTaHHS BXIAHNX flaHWX B Python ans
064MCNeHHs Yacy NoaopoXi asToMobineM. OCHOBHOO GOPMYNOLD, SIKY BUKOPUCTOBYIOTH, €
"yac = BiACTaHb / WBMAKICTL". 3ayBaxTe, WO AaHa NPOrpama npunycKae, Lo KOpUcTyeay

BBOAUTD YUC/IOBI 3HAYEHHS.

NpoTe, Ha AaHM MOMEHT 51 He MOXY BUKOHYBATW yHKUIT BBeAeHHs/8uBeaeHHs Python.

MOXXY ILLIE HAAABATM NOACHEHHS Ta BiANOBIA| HA Balli 3anWUTaHHS. KO Y Bac € Byab-aKi

NUTaHHA WOAO po3paxyHKie abo 6yAb-AKWX iHIWMX TeM, Byab nacka, 3anasainTe, ia3

PaficTio AONOMOXY!

Figure 6. Python Code
Source: Own work

HanuLuM1 KOMEHTapi A0 KOXHOro psfiKa Liboro koay

3BK4anHo! OCb KOMEHTapi 40 KOXHOro psaKa Koay:

python () Copycode

a = int(input(" Tb BiACTAHb

Y UbOMY PsiAKY KOAY BMKOPUCTOBYETbCA GYHKLA “input() ", IKa MOKa3ye NOBIAOMAEHHS

KOPUCTYBauy Ta OYiKY€E Ha Moro BBif. YHKLS “int() * BUKOPUCTOBYETbCA ANs
nepeTBOPEHHs BBEAEHOro KOPUCTYBaYeM 3Ha4eHHs Y Liine Y1cno. BeefeHa BiacTaHb

36epiraeTbea y 3aMiHHIN “a”.

python () Copycode

b = int(input(" AiTh wemakicTe = "))

Y LibOMY pPSAKY KOAY TaKoX BUKOPUCTOBYETbCS GYHKLS “input() °, 06 OTpUMaTH BBIf,

KopucTyBaya. BeefieHa WBUAKICTb NEPETBOPIOETLCS Y Liine YMCAO 3a AONOMOrolo “i ‘G Regenerate

3HauYeHHs WBUAKOCT 36 aeTbea V 3 b

Figure 7. Explanation of the program code
Source: Own work

With such explanations, the teacher can understand the code and assist the students. The explanations are quite clear
and understandable.

Case 5. Solving equations

A mathematics teacher also has the opportunity to utilize Al in their work. Let's consider an example of finding the roots
of the equation x3 — 4x2 + 6x — 24 = 0). The query in this case would look like: "Find the roots of the xA3 - 4x"2 + 6x - 24 = 0."

By trial and error, ChatGPT provides the answer x = 4. However, since it's a cubic equation, there might be more than
one root. Therefore, to inquire about other roots, we clarify by asking: "And the other roots?" (Figure 8).

OTXe, EAMHMM paLioHanbHUM KOPEHEM LIbOrO PIBHAHHS € X = 4.

a iHLWi KOpeHi?

Figure 8. Roots Found for the Equation
Source: Own work

After additional calculations, we see two more additional roots on the screen. Clarifying if this is the correct answer, we

have the following result: "You are right, the expression | provided for the roots of the equation was incorrect. Apologies for the
inconvenience." (Figure 9).
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TaknM YMHOM, iHLLi ABa KOPEHI PiBHAHHA X3 - 4x"2 + 6x - 24 =0 e:
X=-2+ /22 Tax=-2- /29.

Lie NpaBWNbHa BiANOBIAb?.

By npagi, BUpas, AKWi1 a Hanae, 4ns KOPeHie piBHAHHA 6YB HEBIPHWM. [MepenpoLuyio 3a
HEe3PYYHOCTI.

Figure 9. Additional Roots Found for the Equation
Source: Own work

If you find the roots of this equation using the specialized symbolic computation service WolframAlpha, you will get a

different solution (Figure 10).
3% WolframAlpha e

[x"3‘4x"2+6x-24=0 E}

¥ NATURAL LANGUAGE | [fo MATH INPUT £ EXTENDED KEYBOARD  iii EXAMPLES £ UPLOAD ¢ RANDOM

Input
X -4x’+6x-24=0
Root plot
30}
zué

10{

-10}
Alternate forms
x-s(x*+6)=0

EEEE R

Number line
°

3.0 35 10 n 50
Real solution
x=4
Complex solutions Cartesian form ~ | Approximate forms
x=-iVe
x=iV6

Figure 10. Roots of the Equation Found in WolframAlpha
Source: Own work

Therefore, we can conclude that there are challenges in solving mathematical tasks using ChatGPT 3.5. Obtaining the
correct answer can be challenging, highlighting the importance of verifying the results generated by Al.

CONCLUSIONS

We can draw the following conclusions from the considered cases:

1. Well-known facts ChatGPT 3.5 is able to correctly analyze and gives true information about them. But if the facts are
of a local nature (tales of Kotyhoroshko, Ivasyk-Telesyk, etc.), then the system cannot cope with the task. Thus, when submitting
a request to Al, it is necessary to take this fact into account and analyze each of its responses.

2. Given that ChatGPT is a Generative Pre-trained Transformer, its ability to solve mathematical problems is a side effect,
it is worth approaching the results obtained from the system very carefully. Simple tasks and tasks are completed, but more
complex ones already cause difficulties.

3. By providing all the data (text) necessary for analysis to the ChatGPT 3.5 system, it performs its analysis very well and
displays the results. Therefore, it is important not only to write prompts correctly, but also to present input data. Such tasks as
paraphrasing, translation, changing the tone of the text demonstrate all the capabilities of modern Al systems.

4. ChatGPT 3.5 can become a good teacher's assistant or assistant for the preparation of various documentation.
Requests for help in writing lesson plans, preparation of educational activities, formation of project topics, technological maps of
projects are carried out by the system at a high level. In such requests, it is important to indicate the duration of the event
(45 minutes), the class of students, the name of the educational subject and additional parameters, if necessary.
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As noted by Schleicher Andreas (2023), the rapid advancement of Al opens new opportunities in education. Al
demonstrates significant progress in addressing educational tasks compared to human performance. Within the context of using
Al in education, approaches to teaching need to change. Education should foster skills in learners to navigate a complex, evolving,
and uncertain world rather than simply transmitting ready-made knowledge.

Schleicher Andreas points out that contemporary science and education should be presented differently. Learning
should not merely be about memorizing facts but should facilitate understanding the scientific method, formulating proper
questions, and developing intellectual capabilities. In a world with vast access to information, it is crucial to educate learners to
critically evaluate information, distinguishing facts from opinions—as demonstrated in the discussed cases. Education needs to
shift from individual learning to cooperative and interactive learning. Modern society values the synergy between different fields
of knowledge and the ability to leverage diverse ideas. The education of the future should be integrated, emphasizing connections
between subjects and interaction among learners. Learning should adapt to new conditions and technological advancements
rather than simply substituting humans with Al.

Hence, educating educators about the use of artificial intelligence and preparing them for such activities is a pertinent
process directly impacting the evolutionary development of education. The discussed examples illustrate the importance of
framing queries correctly to Al systems and critically and thoughtfully approaching the obtained results.
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AHOTAUIA

®dopmynioBaHHA nNpobnemn. BUKNaZaHHA MaTEMATUUYHUX AUCUMNAIH Y BULMX BiICbKOBMX HaBYaNnbHWX 3aknagax (BBH3)
OpIEHTOBAHO MepLU 3a BCe Ha 3abe3neyeHHs IHCTPYMEHTOM BUBYEHHA TOYHMX HayK. Mpu LbOoMy B cnewiasbHUX AUCLMNAIHAX
He B MOBHOMY 06CA3i BUKOPUCTOBYIOTbCA MOM/IMBOCTI MaTemaTMKK. B Takilt cuTyalii y KypcaHTiB i cyxadyiB YacTo 3HUKaE
MOTUBALLA A0 BMBYEHHA LLiEI HAYKW. TOMY BaX/IMBO Ha NOYATKy BMBYEHHA BULLOI MaTEMATUKMN NOKA3yBaTU Ha NpuKnagdax ii
3aCTOCYBaHHA Y BiliCbKOBIM cnpasi. MPMKNAAOM 3aCTOCYBaHHA € MaTEMATUYHE MOAENOBaHHA BoMOBMX Aili. 3ajadi Takoro
TMNY AonomaratoTb cpopmMyBaTU HaBYA/IbHE CEPeOBULLE, WO CNPUAE NiIABULLEHHIO MOTMBAL,i KYPCAHTIB 40 BUBYEHHA LMX
AnCUMNAiH Ta nornnbntoe ix NpodeciiHi 3HaHHA. IcHye 3Ha4Ha 6a3a 3a4ay Takoro TUNy, ane 3 PO3BUTKOM Cy4aCHUX BOEHHUX
TEXHOIOTIN Ta PO3BUTKOM MaTEMATUKK LA 6a3a NoTpebye OHOBIEHHA Ta NEPEOCMUCIEHHS.

Marepianu i metoau. [117 BUKOHAHHA JOCNIAXKEHHA BUKOPUCTAHO CTOXAaCTUYHUIA NiaXia B foChigxeHHi mogenei 6oliosux
AiA: BBEAEHHA CTaHiB BignoBigHoi cuctemu, nobyposa rpady Nepexoais Big, OAHOTO CTaHy A0 IHLWOMO 3 BKasaHHAM
iHTEHCMBHOCTEM, 3anuc BigNoBigHOI cuctemu andepeHuianbHUX piBHAHb Koamoroposa.

PesynbTatu. HagaHo AeTanbHWA ONMUC PO3B’A3aHHA NPUKNAZy CTOXacTUMYHOI mogeni “noraHoopraHizoBaHoro 6ot” ans
BUKOPUCTAHHA MPU BUKNALAHHI OKPeMUX PO3A4iNniB NPUKAALHOI MaTEMATUKM i LONOBHEHHA LM MaTepiaiom TpaauuiiHoi
METOAMKM BUKNAAAHHA 3 METO MiABULLEHHA MOTMBALi BUBYEHHA MaTEeMATUYHMX AUCLUMNAIH KypCaHTamu Ta cayxayamu
BIICbKOBMX YHiBEPCUTETIB. B 3anponoHOBaHOMY NpPWKAAAi PO3rNAHYTO CTaHWU cUCTemMW, NobyaosBaHo rpad, sunuMcaHo
iHTEHCMBHOCTI NpW Nepexoaj Big 04HOro CTaHy A0 iHWOro, BUNUcaHa cuctema audepeHuianbHux piBHAHb Koamoroposa,
BKA3aHO MeToA, po3B’A3aHHA L€l cucTemMu i cami po3B’A3KM, HaBedeHO KiHueBi Gopmynu 3 nigpaxyHKy maTemaTUyHUX
CnoAjiBaHb KiHLEBOro Ymcna 60MoBMUxX OANHULL KOXKHOI CTOPOHM Ta MMOBIPHOCTI NEPEMOTM KOXKHOT CTOPOHM.

BUCHOBKW. B po60Ti NnpeacTaB/ieHo AeTaNbHUI ONMC 3aCTOCYBAHHA CTOXAaCTUYHOTO Migxo4y A0 nobyaosu moaenen 6oMoBmx
Aiii. HasefeHWIM NPUKNAL, AEMOHCTPYE NOKPOKOBE BUKOHAHHA LIbOrO NigXoAay i Moxe ByTW 3acToCOBaHWIA NPU BUKAAAAHHI
“

“Teopii MmoBipHocTen”, “MapkiBCbKMX Npouecis”, “MaTemaTMYHOro MOAENtOBaHHA Ta ONTMMI3aLi AoCNigKeHb” TOWo B
BBH3.

KNKOYOBI CJZTIOBA: MapKkoacekuli npoyec 3 OUCKpemHUMU CMaHamu i HerepepeHUum Yacom; 2pag cmaHis; ougepeHuiansHi
pieHAHHA Konmozoposa; iHmeHcusHicms,; eghekmusHa ckopocmpineHicme; 60liosa 00UHUYA.
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ABSTRACT

Formulation of the problem. The teaching of mathematical disciplines in higher military educational institutions is focused
primarily on providing a tool for studying the exact sciences. At the same time, the possibilities of mathematics still need to
be fully utilized in particular disciplines. In this situation, cadets and students often need more motivation to study this
science. Therefore, it is important to show examples of its application in military affairs at the beginning of the study of higher
mathematics. An example of such an application is the mathematical modeling of combat operations. Problems of this type
help create a learning environment that helps increase cadets' motivation to study these disciplines and deepen their
professional knowledge. There is a significant base of tasks of this type. Still, with the development of modern military
technologies and the development of mathematics, this base needs to be updated and rethought.

Materials and methods. The study used a stochastic approach to study combat models: introduction of the states of the
corresponding system, construction of a graph of transitions from one state to another with an indication of intensities, and
writing the corresponding system of Kolmogorov differential equations.

Results. A detailed description of the solution of an example of a stochastic model of "poorly organized combat" is given for
teaching certain sections of applied mathematics and supplementing the traditional teaching methodology with this material
to increase the motivation to study mathematical disciplines by cadets and students of military universities. In the proposed
example, the states of the system are considered, a graph is constructed, intensities are written out during the transition
from one state to another, a system of Kolmogorov's differential equations is written out, the method of solving this system
and the solutions themselves are indicated, and the final formulas for calculating the mathematical expectations of the final
number of combat units of each side and the probability of victory of each side are given.

Conclusions. The paper presents a detailed description of the application of the stochastic approach to the construction of
combat models. This example demonstrates the step-by-step implementation of this approach. It can be used in teaching
"Probability Theory," "Markov's processes," "Mathematical Modeling, and Optimization of Research," etc., in higher
education institutions.

KEYWORDS: discrete-state and continuous-time Markov process; the Kolmogorov differential equations; the intensity;
effective rate of fire; combat unit.

BCTYN

MNoctaHoBKa npo6aemu. Mpu BUKNaAaHHI BULLOI | NPUKAAAHOI MaTEMaTUKM B 3aKNa4ax BULLOT OCBITU, 30Kpema BBH3,
€ BaXXK/IMBMM PO3B’A3yBaTH 3a4a4i NpodeciiiHOT cnpAMOBaHOCTI. 3afayi BilCbKOBO-MPUKIAL4HOIO XapaKTepy MatTb MiZroTysaTu
MalbyTHix odiLepiB L0 KPALLOro 0BONOAIHHA MalbyTHbOI NPOdECiElo, 4,0 NPUMHATTA pilleHb Y NPOrHO3yBaHHi pe3ybTaTis 60t0.
3apadi npodeciiHoro cnpsMyBaHHA MOTUBYIOTb KYPCAHTIB i ClyXayiB A0 6inbll rMHOKOro BUBYEHHSA BiAMNOBIAHOT TEMM.

AHani3 aKTyanbHUX Aocnig)KeHb. AsTopu Kosnakosa Ta Kosantok (2009), Xom'tok (2004), bykatap Ta iH. (2009),
BoHaapeHKo (2004) nponoHyTb BBOAUTU B KYPCKU BULLOT MaTeMaTUKKM 3a4a4i NPUKAAAHOIO XapaKTepy, Baskausi gna obpaHux
npoodecii. B poboTi (Xutpak Ta iH., 2016) NponoHyeTbCA PO3rAAHYTU Mmoaeni JlaHyecTepa 60iMoBuX Ailt B po3aini “OudepeHuianbHi
piBHAHHA"” AucuMnaiHn “Buwa matematnka” BBH3. Pobota (PypceHko & YepHoson, 2020) nponoHye 3anpoBagutv mogeni
b6oiosux Ai 3 gucumnaivm “Buwa matemaTvka” B po3gini “AudepeHuiancHi piBHAHHA” Ta 3 gucumnnidm “MpuKnagHa
maTemaTuka” B posginax “OnepauiriHe uncneHHa” Ta “Teopis imosipHocTel”. JaHa poboTa NPoAO0BIKYE AOCNIAXKEHHSA B LLbOMY
HanpAMKY, @ came Po3riAafaETbCA NPUKAAL CTOXAaCTUUYHOI Moaeni 6oMoBux A ANA po3rnaay B Kypci NPUKAALHOI MaTeMaTUKu
marictpaHTam BBH3.

B OCTaHHi pPOKM JOCNIAKEHHIO Pi3HMX acMeKTiB CTOXaCTUYHOrO MoAeNtoBaHHA 60MoBMX Ailt npuceayveHi pobotn Tomaca
(2000), Beca (2015), KipHi i MapTiHa (2019). B poboTi Yyesa (2011) 3anponoHoBaHa cuctema andepeHLiaNbHUX PiBHAHb, WO
onucye “noraHoopraHisoBaHuit 6ii” B 3aralbHOMY BMNAZAKY, asie NOACHEHHS, 3BiAKM KOediliEHTN BUMUCAHOI CUCTEMM, AK BOHA
OTpMMaHa i AK po3B’A3yeTbCA — BiACYTHI. [laHa poboTa Ha KOHKPETHOMY MPUKAAAI BHOCUTb ACHICTb B Lle maTepian. B iHWMX
poboTax npeacTaBneHi pisHi moandikaLii cToxacTUYHUX mogeneit 6oMoBUX Aii: MMOBIpHICHa MoAenb ABOCTOPOHHIX 60oBMX
Bif, KONW 04Ha CTOPOHA NPUTPUMYETLCA YMOB "BUCOKOOPraHisoBaHoro 60t0”, a iHwa —ymos "noraHoopraHizosaHoro 6ot0” (Yyes,
2017), moaeni 60MoBuX Ailt Ha MOPI 3 ypaxyBaHHAM BMAiIB 36p0i Ta CMPOMOXKHOCTI 3aXMCTy cTopiH (ApmcTpoHr, 2004, 2011, 2014)),
ONA HeperynapHux 6oiosumx gt (Kpecc, 2020). BuuiesasHayeHi pobotn He Byamn npucesayeHi BUKNa4eHHIO METOANKMN NO6yA0BK
CTOXAaCTUYHUX mogenelt 6oMoBUX Ail, a NpeACTaBAAOTb BUKAAA pe3ynbTaTiB AoCNiAXKeHb aBTopiB. HeobxigHicTb chopmysaTh y
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KYPCaHTIB i CyxayiB BMiHHA CTOXaCTMYHOIO MoAeNt0BaHHA 6OMOBUX Ail Ta, BiANOBIAHO, BiACYTHICTb TAaKOT METOAMKM B NiTepaTypi
3YMOBMW/IO METY CTaTTi.

Merta cTaTTi. 3anponoHyBaTh AeTaNbHUIA ONUC PO3B’A3aHHA NPUKIALY CTOXAaCTUYHOI MoAeni “noraHoopraHizoBaHoOro
6010” ONA BMKOPUCTAHHA NPW BUKAALAHHI OKPEMMX PO34iNiB NPUKNAZHOT MaTeMaTUKM i AOMOBHEHHSA LMM MaTepiasiom
TPAANLINHOI METOAMKN BUKNQLAHHA Y BULLMX BIMCbKOBUX HABYAJIbHUX 3aKnafdax 3 METOH NifBULLEHHA MOTMBaLi BUBYEHHSA
BiNCbKOBMMM MaricTpaHTamMM MaTeMaTUYHUX AUCLMUNAIH.

METOAM AOC/IAMKEHHA

[NnA BUKOHAHHA AOCNIAXKEHHSA BUKOPUCTAHO CTOXAaCTUYHWI Migxin y AochigyKeHHi moaenen 6olioBux Aii: BBeAEHHA
CTaHiB BignoBiaHOI cucTtemu, nobyaosa rpady nepexonis Big OAHOrO CTaHy A0 iHWOrO 3 BKA3aHHAM iHTEHCMBHOCTEW, 3anuc
BignoBigHoOI cuctemu andepeHLianbHUX piBHAHb KOAMOroposa BifiHOCHO CTaHIB cUCTEMMU.

PE3Y/IbTATU AOCNIAXKEHHA

MocTaHoOBKa 3a4a4i HacTynHa. BigbyBaeTbes 6ilt Mix ABOMa yrpynyBaHHAMM: CTOpoHOto 1 i cTopoHoto 2. CTopoHa 1 mae
B cBoemy cknaai N, oaHopiaHMx oanHuLp, cTopoHa 2 mae N, ogHOpPiAHUX 0AMHMLb, He 0608’ A3KOBO 0AHOPIAHKX 3 6oioBMMM

oaMHMUAMM cTOpoHKM 1. Biaomo, wo «; i a, — epeKTnBHI ckopocTpinbHOCTI cTopiH 1 i 2, BiANoBigHO. BBaXaeTbCA, WO OAHUM

NOCTPINIOM MOXKHA 3HELIKOANTK He Binblie, Hix ogHy 6oioBy oanHuMLto. Kpim Toro, iHhopmaLis Npo BpaskeHHsA Wini BigcyTHA i
nepeHic BOrHIO He BiAOyBaeTbCA. 3aBAAKM OCTaHHIN ymoBi Uel 6ill B niTepaTypi HasnBaloTb “noraHoopraHisoBaHnm 6oem”.
MoTpibHO 3'ACcyBaTM MMOBIPHICTL MEPEMOrN KOXKHOI CTOPOHM i fIKa KiNbKiCTb HEYLWKOAKEHMX HOMOBUX OAUHULb 3aUWNTLCA B
KiHLj 600 y KOXKHOI 3i CTOPIH.

MeTop po3B’A3aHHA NONArAE B HACTYNHOMY. [03HAYMMO S, ; — CTaH cucTemu, npyu AKOMY y CTOPOHM 1 HeyWKoOAKEeHNX

ij
OMCKPETHOK MHOMMHOIO CTaHIB i HenepepBHMM Yacom. Mo3HaunMmo Plj(t)_l‘«'imosipHiCTb TOro, WO B MOMeHT Yacy t cuctema S

OAMHULb, CTOPOHM 2 | HEYLKOAMKEHUX OAMHMLbL. BBaXaeTbes, WO B cuctemi 5:{3 } NPOTiKa€ MapKiBCbKMI npouec 3
3HaX0AMTbCA B CTaHi Sij (i=0,1..Ny, j=0,1,..Ny).

Mpu onuci nobyAosM L€l mogeni KypcaHTam i marictpaHtam BBH3 gna 3pyuHocti posraaHemo sunagok N, =3, N, =2.

Po3rnsaHemMo HacTynHWit rpad 3 BKa3aHHAM iHTEHCUBHOCTEN NpUY Nepexoai Big 04HOro CTaHy CUCTEMM 40 iHwWoro (puc. 1):

Puc. 1. Fpad cTaHiB cucTemm 3 yKasaHHAM iHTEeHCUBHOCTEM
[Drepeno: asmopcoKa po3pobKa.

MOACHMMO, WO NepLIMM CTaHOM CUCTEMM € CTaH S;, , NPU AKOMY Y CTOPOHM 1 Tpu HeylKoaKeHi 6oiioBi oanHML|, a y
CTOPOHM 2 ABi HEYLWKOAMKEHI 0AMHMLi. AKWO 3HeWKoaeHa oaHa 60MoBa 0AMHMUA, TO Le HACTYyMHWUI cTaH cuctemun. TobTo
. o o . a, a, .
HacTyNHUMMM CTaHamM 3a CTaHoM S,, € cTaHu S, i S,,. BaXauBUMMU € BEMUMHM N—:? i W:?_ YacTKa yCmiwHmX
2 1

nocTpinie cTopoHu 1 3a 0AMHMLIO Yacy, WO NPUXOAUTLCS Ha O4HY 6OMOBY OANHULIO CTOPOHM 2 i BiANOBIAHO YaCTKa YCMilIHMX
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NoOCTPiNiB CTOPOHU 2 33 OAMHMLLIO Yacy, WO NPUXOAUTbCA Ha oAHY 601M0oBY OaMHULO CTOPOHM 1. MOACHMMO AK BUMMUCYIOTLCA
iHTEHCMBHOCTI MpuX nepexoai Big4, CTaHy A0 CTaHy Ha ABOX npuKknagax. Ockinku 6i € “noraHoopraHizoBaHum”, To6TO
obCTpintooTbeA | BXe BpaxeHi 60/0Bi 0AnHMLI, TO NPK Nepexoai BiA cTaHy S,, A0 cTaHy S;, IHTEHCMBHICTb AOPIBHIOE A06YTKY

KiNIbKOCTi nocTpiniB cTopoHu 1, TOBTO WiCTb (KOMKHA 3 TPbOX OAMHMLL CTOPOHKM 1 3pobuaa NOCTPiN MO KOXKHIl 3 ABOX HOMOBUX
OAMHULb CTOPOHM 2), Ha YaCTKY YCMiLWHUX NOCTPINIB CTOPOHM 1 32 OAMHMLLIO Yacy, WO NPUXOAUTLCA Ha oAHY 60MOBY OAMHULIO

a _ . . . . . .
CTOPOHM 2, TO6TO Ha ?1 Mpn nepexogi Big ctaHy S,, A0 cTaHy S,, iHTEHCUBHICTb AOPIBHIOE AOBYTKY KisbKOCTi nocTpinis

CTOPOHM 2, TOBTO WiCTb (KOXHa 3 4BOX OAMHMLb CTOPOHM 2 3p06uaa NOCTPIN NO KOMKHIiM 3 TPbOX BOMOBUX O4UHUL CTOPOHM 1),
Ha YacTKy YCMilWHUX NOCTPINIB CTOPOHU 2 33 OAMHMLIO Hacy, WO NPUXOAMTLCA Ha oAHY 60MOBY OAMHMLIO CTOPOHM 1, TO6TO Ha

S,0: Si0:Sp2r S

a . . . . . .
ZZ . |HWi CTaHW i IHTEHCUBHOCTI BUMMUCYOTLCA aHanoriyHo. KiHLeBUMMU CTaHaMM CUCTEMM € HACTyMHi: S 200 101 O 29

30 01~

KO/IU Y OAHI€E 3 CTOPIH HY/Ib HEYLWKOAXEeHMX 60MOBUX OAUHULb.

[Oani, Buxoaaum 3 BkasaHoro rpady (puc.1), BMnucyemo BignosigHy cuctemy gudepeHuianbHux piBHAHb Koamoroposa
(npaBuna cTBopeHHn piBHAHbL Konmoroposa npeacTasneHi y Kupili Ta @actosoi (2014)).

Cuctema po3B’A3YETLCA NOCAIAOBHO: CNOYATKY Neplue PiBHAHHA, MNOTiM, NiACTaBMUBLUM PO3B’A30K NEPLLOro PIBHAHHA Y
Apyre, po3s’A3yemo Apyre piBHAHHA | Tak Aani (BpaxoBytoun novaTkosi yMoBM). MOACHUMO, WO Neplue PiBHAHHA € PIBHAHHAM 3
BiJOKPEMNIOBAHMMM 3MIHHWUMMU, HAaCTYNHI N‘ATb PIBHAHb € NiHINHUMW HEO4HOPIAHNUMM PIBHAHHAMM NEPLIOro NOPAAKY, AKI MOXKHa
po3B’A3aTu, Hanpuknag, metogom JlarpaH)Ka. OCTaHHI N’'ATb PiBHAHbL (3ayBaXMMO, LWLO NOTPIBHO B HMX MiACTaBUTU paHiwe
OTpUMaHi po3B’A3KKN) PO3B’'A3YIOTbCA IHTErPYBaHHAM NiBOI i NPaBOi YaCTMH PIBHAHHA (AMB. Aani cuctema (1)).

P;Z(t):—[ 1o jaz(t)
PN A A
P = [3 43 3]Psla)+6 ()
' _ & _az 0!2
P,t) = (4 2+4 3) P,,(t)+6-—=P,,(t)
P2'1(t):_(2'%+2‘22) P, (t)+3- 2P31(t)+4 1Pzz(t)

' (24 Q. .
Pu(t):—[2-;+2~§jaz(t)+4~§P22(t)

, a a 1
R0~ %+ 2 R0+ 2 LR+ 2 SR, @

Py =3-2 5 P
, a,

Pz o(t) =2 ‘*lpz 1(t)
, a,

Ro(t) = 1F711(t)
, a

Rat)=2--2 3 120

P’1(t) iy 11(t)

MouaTtkoBi ymoBu:
P,,(0)=1 P,(0)=0 mpu i+ j <5. (2)
B pe3ynbTaTi po3s’asaHHA cuctemu (1) 3 noyaTkoBMMM yMOBaMM (2) oTpmaHO HacTyMHMUI PO3B’A30K :
1
_(2ay+ 5@t o 3at
P =e ™, P [e A g j
2a +3ac1
t 7(2a2+3a1)t _e7(2a2+3a1)1 ,
R0=2, +3a1( )
12a ——(211 +3a)t 73(211 +3ay)t
Plz(t) _ 2 - 3" _2e 3 2 +e—(2az+3al)t ,
(2a, +3;)
3a.a “X2a, 43yt . 20y 1300t 220y 430yt
P, (t) :ﬁ 5e 3 +9g a3t 19 2 -12e 3 :
a, + 30,
12a.a? 2a2+3a1) o3 “Loa, 130t “2 2, +3e)t Lo, 130t
P“(t):(2a+13;)3[ 2le —3g Bet3alt 4 g 2 +8e @ +10e © ,
2 1

9a2 L 20,430t
Po() ==t | g 2 T g e g |
(2a, +3a))
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9¢’a L 2a, +3ay)t _ L 20, +3a)t “2 (2, +3e)t
on(t):% —15e 3o —3e (2a2+3a1)t+8e PR 1 6e Fa 2 4 ,
(2a, +3r,)

1

18c2a? Loaazayt L2, 30t “2 (20, +3a)t L 2ay+3a)t
Po(t) =2 21g 3" " " 4o et 4o 27" T _4e 3T T 208 677 T 46
(2a, +3er;)

8a3 71(20: +3a )t fE(Za +3a )t B
Pot)=——2—|-33 " +3e3 " —g ey
(2a, +3;)

1

(2a, +3a,)*

AKWO PO3rNsHYTM rPaHuL piBHOCTEN ana P30(t), P, o), Bo(t), By, (1), By, (t) npn t—> 400, TO oTPUMaemMo rpaHMyHi

12a.a’ Loaazayt Lo, 130t “2 (20, +3a)t L 2a,+3a)t
P01(t):# 21e 3 2T +e (2a2+3a1)t_4e 5 (2@ +3ey 43 ,+3cy 206 243, 6

3Ha4YeHHA BiANOBIAHNX NMOBIPHOCTEN CTaHIB, a cCamMe:

9a;}
Po() =",
(2a, +3e)

108alal
(2a, +3a,)* ’

360 a,

P, (0)=—212—,
20(%) (20:2+3011)3

P o(0) =

8as
(2a, +3a,)*’
Ba/IMBMMKN XapaKTepUCTUKamn 6010 € maTemaTu4Hi CnoAiBaHHA BiAHOCHOI KiNbKOCTi 60MOBUX OAMHMUb, WO
36epernncs HeyLWwKoAKEHUMU:

Ry o) =

3 2
MlZZiPio(oo), Mzzszol'(oo)
i-1 =

Ta MMOBIPHOCTI Nnepemoru cTopiH 1, 2 BignosigHo:
3 2
Pl=zpio(oo), Pzzzpoj(go)-
i=1 j=1

Hanpuknag, posrnasemo pesynbtatv 6oto ana o, =0,1, ¢, =0,2 (HOCTPJ:
XBUJIIMHY

P () 0,18, P, () 0,21, B, () =0,18, R, ,(x) 0,19, R, ,(x) =0, 24,
M, =114, M, = 0,62, B, = 0,57, P, = 0,43.
OmKe, 6il 3aKiHUMTLCA MaliXKe PO3rpoMom 060X CTOPIH 3 HE3HAYHOO MepeBaroto cTopoHn 1 (y ctopoHu 1 3annwnTbea
0A4Ha HeylKoAKeHa boioBa oguHULA).

Posrnanemo pesynbtatv 600 ana o, =0,8, o, =0,1 (HOCij:
XBUJIUHY

P,,(0) 0,852, P, ,(o0) ~0,131, P,,(s0) ~ 0,015, P, ,(s0) ~0,0005, P, (s0) ~0,0013,
M, ~ 2,835, M, ~ 0,002, P, ~ 0,998, P, ~0,002.

OTKe, MMOBIpPHiCTb nepemoru ctopoHn 1 poctatHbo Bucoka (0,998). B pesynbrati 60t0 y cTopoHM 1 3anuMwatben
HeyLWKOoAXKEeHUMM ABi 60NOBI OAMHMUL.

OBlrOBOPEHHA

3a3HauMMoO, WO ANA BMKAALAHHA MariCTpaHTam BKas3aHOi mogeni AOUiIbHO po3riAagatv Masy No4vaTKoBY KiNbKiCTb
6oriosnx pecypcis obox ctopiH (B poboti N; =3, N, =2) Tomy, wo npu 36inblweHHi KinbKocTi 6OMOBUX OAUHULL 3pOCTaE

KiNbKicTb cTaHiB B rpadi i TUM cammm KinbKicTb gudepeHLianbHMX PiBHAHb B CUCTEMI, LLLO ONUCYIOTb AaHY MoZe b, Ane ronosHa
MeTa BUKNAZaHHA LLbOro maTepiany, HaBYUTU KypcaHTiB i cnyxadis BBH3 BunucysaTu ctaHu cuctemu, byaysatv rpad 3 yKasaHHAM
iHTeHcMBHOCTel | no rpady BunNUcyBaTM cucTeMy pgudepeHuUianbHUX piBHAHb Konmoroposa. Po3B’A3aHHA cucTeM He €
NPUOPITETHUM B LLbOMY, OCKIIbKM METOAM PO3B’A3aHHA PiBHAHb CUCTEMM PO3MNALAIOTLCA HA MONOALWMX Kypcax. TOMY MOXKHa
PO3B’s3aTV 3 ayAWUTOPIED, HAaNPUKNAA, ABa NepLlli PiBHAHHA CUCTEMM i Aafi BUNUCATU OCTAaTOYHI MMOBIPHOCTI KiHLLEBUX CTaHIB
cUCTEMM | NO HUM POBUTM BUCHOBKM LWOA0 pe3ynbTaTis 6oto.

BMUCHOBKWM TA NEPCNEKTUBU MNOAANBLLUOIO AOCNIAXEHHA

[oCTaTHBbO AeTaNbHUIM ONWC WMOBIPHICHOrO PO3B’A3aHHA 3a4a4i 403BO/IAE 3aCTOCYBATH 3arasibHy CXeMy PO3B’A3aHHSA i
ANA iHWKnx mogenelt 6oiosux Aiil. MoKpoKkoBe pPo3B’A3aHHA MOXKe ByTK 3acTOCOBaHe BUKAAAaYamu NPy BUKAAAAHHI AUCLMNNIH
“Teopia MMOBIpPHOCTEM Ta MaTemaTuMyHa CTaTUCTMKA”, “Bunagkosi npouecn”, “MpuknagHa matemaTvka” Ta “MatemaTnyHe
MOJeN0BaHHA Ta ONTUMI3aLLia AocaiaxKeHb” B BBH3.
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ABSTRACT

Modernity demonstrates a critical need for pedagogical support and the development of a methodology to enhance critical
thinking in the face of escalating misinformation and advanced media manipulation, mainly through deepfake technology.
The paper focuses on creating a comprehensive framework for detecting manipulated content and identifying indicators such
as pixelization, unnatural expressions, etc. With attention to international and Ukrainian efforts, the work advocates for
ongoing research adapted to evolving technologies to improve media literacy programs in combating emerging forms of
misinformation.

Problem statement. The problem is the urgent need for a comprehensive methodology that fosters critical thinking skills to
combat disinformation and manipulation of artificially reproduced media content, particularly in the context of emerging
technologies like deepfakes. The challenge involves assessing existing pedagogical approaches, addressing gaps, and
equipping both learners and educators to navigate the complexities of the digital age. Digital transformation, in general, and
the spread of artificial intelligence for media generation, in particular, are irreversible processes in the modern world, so the
urgent issue, given the challenges of the digital economy and the needs of the digital society, is to find forms, methods, and
means of shaping the critical thinking of citizens to counteract manipulation and disinformation by synthetically reproduced
media content. It is essential to develop a database with systematically organized materials categorized based on identified
markers for the subsequent creation of training materials to solve the outlined issues.

Materials and methods. A comprehensive approach was employed, combining general (systemic, instrumental, and
functional approaches, dialectical and comparative analysis, synthesis, and systematization for the study of pedagogical,
scientific-technical, and methodological literature), specific (observation and analysis of educational practices), and general-
logical methods (extrapolation, induction, and deduction for formulating conclusions) in scientific research to solve the tasks
set in the study. This allowed for the examination of the current state, evaluation of the practical results of implementing the
developed methodology for critical thinking formation, and identification of priority avenues for improving education in the
context of the strategy to enhance media literacy and critical thinking among the population and science. The study aimed to
determine priority pathways within the framework of the development of methodology of critical thinking and pedagogical
support to counteract disinformation and manipulation of artificially reproduced media content and to characterize its
potential scientifically. The development of critical thinking and pedagogical support to counteract disinformation and
manipulation of artificially reproduced media content requires the following materials analysis: scientific-technical literature
(materials offering a scientific understanding of the technical aspects related to media content creation, modification, and
reproduction), methodological literature (guides and methodologies focused on developing educational frameworks and
strategies to enhance critical thinking in the context of media literacy), synthetically reproduced media content (media
content, especially in the context of emerging technologies like deep fake to identify modification markers).

Results. The study is devoted to analyzing, identifying, and systematizing markers and signals for identifying media
manipulation to create a database for the methodology in the form of methodological cards. A comprehensive database with
classification is being developed, focusing on methodological interactive cards with 66 curated cases of deepfakes and
synthetically reproduced media (in Ukrainian). This initiative aims to provide educators, researchers, and learners with a
versatile resource for understanding the challenges posed by manipulated media..
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Conclusions. In response to the escalating threat of disinformation and advanced media manipulation, there is a critical need
to develop a robust methodology for enhancing critical thinking skills. The study highlights global concerns about false
information, mainly through deepfake technology, jeopardizing public trust and enabling psychological manipulation. Future
research should consider revising media literacy programs to elevate citizens' critical thinking in the face of evolving digital
landscapes and the increasing capabilities of artificial intelligence in generating media content.

KEYWORDS: Deepfake Technology; Artificial Intelligence; Generative Images; Misinformation; Media Literacy; Critical
Thinking; Digitalization; Information Warfare; Public Awareness; Synthetic Media Content.
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AHOTAUIA

Cy4acHiCcTb AEMOMHCTPYE KpUTUYHY NoTpeby B NegaroriyHoMy CynpoBoAi Ta po3pobui meToaonorii, AKa NigsuUWmUTL KPUTUYHE
MWUCNEHHA B YMOBax 3pocTatoyoro obcary aesiHdopmauii Ta BAOCKOHaNEHOI MmegiamaHinynauii, ocobanso 4vepes
3acTocyBaHHA TexHonorii deepfake. Y poboTi aKUEHTYETbCA yBara Ha CTBOPEHHI KOMMIEKCHOT CTPYKTYpU AN BUAB/EHHA
MaHiny/bOBaHOr0 KOHTEHTY, BUAB/IEHHA O3HaK, TaKMX AK MiKcenisauia Ta HeHaTypanbHi BUPasmn Towwo. 3o0cepesKytoum yeary
Ha 3aKOPAOHHMX Ta YKPAIHCbKUX 3ycuansax, poboTa NiaTPMMYe NpoBeAeHHSA MOCTIMHUX AOCNiAMKEHb, afanToOBaHUX A0
TEXHO/IONI, fAKI PO3BMBAIOTLCA, ANA BOOCKOHA/NEHHA MPOrpam MeajiarpaMoTHOCTI Ansa npoTtugii HoBum dopmam
npesiHpopmalli.

MoctaHoBKa npo6bnemu. Mpobiemolo € TepMiHOBA HEOBXiIAHICTb Y KOMMAEKCHIA MeTofoNOorii, AKa PO3BMBAE HABUYKK
KPUTUYHOTO MUCNEHHSA A8 NPOTUAT Ae3iHdopmaLii Ta MaHiNyAaLiAM WTY4YHO BiATBOPEHUMM MediamaTepianamm, ocobamBo
B KOHTEKCTi HOBWX TEXHONOTIN, Takux AK deepfakes. BUKAWMK nonsrae B ouiHLj iCHYOUMX NeAAroriYHUX NiAXOAiB, BUPILLEHHI
nporanvH Ta 3abe3neyeHHi HaBYaZIbHUX 3aKNAAIB Ta BUMTENIB IHCTPYMEHTaMM ANA Hasirauii B CKnagHowax uMdposoi epu.
LUundposa TpaHchopmalis 3araiom Ta NOWMPEHHA WTYYHOrO iHTENEeKTY AN reHepauii Mmesia, 30Kkpema, € HeBiABOPOTHIMMU
npoLecamu B Cy4aCHOMY CBIiTi, TOMy TepMiHOBE NUTAHHA, BPAXOBYHOUM BUKIUKMN LUPPOBOT eKOHOMIKM Ta noTpebu uudposoro
CYCMiNbCTBa, - 3HAXOAXKeHHA ¢GopMm, meToaiB Ta 3acobiB GOpMyBaHHA KPUTUYHOTO MWCIEHHA TPOMAZAH Ans npotuaii
MaHinynsauiam Ta gesiHpopmalii 3 60Ky megiamaTepianis, AKi BiATBOPIOIOTHCA WTYYHO. A BUPILLEHHA OKpecneHux npobaem
€ HeobXigHMM HanpauloBaHHA 6asnM AaHWX 3 CMCTEMATM30BaHMMM MaTepianamu 3 KaTeropusauielo 3a BUABNEHUMMU
MapKepamu Ans NoAasbLIOro CTBOPEHHA TPEHIHFOBOro maTepiany.

Marepianm ta metogu. [na BUpilleHHA 3aBAaHb, MOCTABAEHUX Y AOCAIAKEHHI, 3aCTOCOBAHO KOMMNEKCHUI Niaxia, AKUN
06'efHYE 3aranbHi (CUCTEMHUI, IHCTPYMEHTaNbHUIA Ta GYHKLIOHANbHUIA NiAXo4M, AiaNEKTUYHWUIA Ta NOPIBHANBHWUIA aHanis,
CMHTE3 Ta CUCTEMATU3aLIA O/1A BUBYEHHA MeAaroriyHoi, HayKoBO-TEXHIYHOI Ta METO[0NOriYHOI NiTepaTypu), cneumoiyHi
(cnocTepekeHHs Ta aHani3 HaB4Ya/bHO-BMXOBHOI MPAKTUKKM) Ta 3araibHO-/IOTYHI MeToAM (eKcTpanonauis, iHAyKuia Ta
[eayKuia ans GopmMyntoBaHHA BWMCHOBKIB) Yy HAyKOBOMY AOCAiAKeHHi. Lle [03BOAMNO AOCAIAMKYBATU MOTOYHWIA CTaH,
OLiHIOBATM MpPaKTUYHi pe3ynbTaTv BNPOBAAKEHHA po3pobneHoi metoponorii popMyBaHHA KPUTUYHOTO MUCNEHHA Ta
BM3HAYaTM NPIOPUTETHI LWNAXM YAOCKOHANEHHA OCBITU B KOHTEKCTi cTpaTerii NiABULLEHHA MeiarpaMoOTHOCTI Ta KPUTUYHOTO
MWUC/IEHHA cepej, Hace/feHHA Ta Hayku. Pobota mana Ha MeTi BM3HAUMTW MPIOPUTETHI HAMPAMKM B pamKax pPO3po6Ku
MeToA00rii KPUTUYHOTO MUCNEHHA Ta NeAaroriYHoi NigTPUMKKU ANA NpoTUAii AesiHbopmauii Ta MaHinyaALiamM 3i WTy4YHO
BiATBOPEHMMM MeZiamaTepianamu Ta HAYKOBO XapaKTepu3yBaTH ii noTeHLian. Po3pobKa MeToLoN0rii KPUTUYHOTO MUC/IEHHS
Ta neparoriyHoi NiATPUMKM Ana npotuaii AesiHpopmauii Ta MaHinynAuin 3i WTyYHO BiATBOPEHUMU MmediamaTtepianamu
noTpebye HacTynHUX MaTepianis: HAyKOBO-TEXHIYHA NiTepaTypa (MmaTepianu, WO NPONOHYHOTb HAYKOBE PO3YMIHHA TEXHIYHUX
acrnekTiB, NOB'A3aHMX i3 CTBOPEHHAM, MOAMdIKaLLIEIO Ta BIiATBOPEHHAM MejiamaTepianis), MeToguyHa nitepatypa (nocibHUKn
Ta MeToazoAOorii, CNPAMOBaHi Ha PO3pPOBKY HaBYa/bHWX PaMOK Ta CTpaTerii AnA NigBULLEHHA KPUTUYHOTO MUCNEHHS B
KOHTEKCTI MeAiarpaMoTHOCTI), LWTY4YHO BIATBOpPEHi Meaiamatepianu (megiamatepiann, 0CO6MBO B KOHTEKCTi HOBMX
TexHooril, Takux Ak deepfake, ana BUABNEHHA 03HaK moaudikauii).

Pe3ynbTtatu. [JOCNigKeHHA NpUCBAYEHEe aHafi3y, BU3HAYEHHI0 Ta CUCTemaTu3alil O3HaK Ta curHanis gna igeHtudikauii
MegjiamaHinynauii 3 mMeTolo CTBOpeHHA 6a3u AaHUX ONA MeTodoANoril y BUMNAAI MEeTOOMYHUX KapToK. Po3pobnsetbea
KomnnekcHa 6asa gaHux i3 knacudikaujielo, 3ocepegykeHa Ha METOAMYHUX IHTEPAKTUBHMX KapTKax i3 66 KypoBaHMmMU
BUMNagKamu aindenkiB Ta CUHTETUYHO BiATBOPEHWX megdia (yKpaiHCbKol MoBoto). LA iHiuiaTMBa mae Ha meTi HagaTu
negaroram, fOCAIAHUKAM i YYHAM YHiBEpPCaNbHUIM pecypc AN POo3yMiHHA BUKAMKIB, AKi CTBOPIOOTb MaHinyabosaHi 3MI.

BUCHOBKM. Y BiANOBiAb Ha 3arocTpeHy 3arpo3y AesiHdopmalii Ta B4OCKOHaNeHOT MediaMaHinynaLji € KOUTUYHA HeobXiaHICTb
TEPMIHOBOro Po3pobaeHHA MiLHOT MeToA0NOri T A1A PO3BUTKY HAaBUYOK KPUTUYHOTO MUCNEHHA. [LOCNiAXEHHA NiAKpecntoe
rnobanbHi TypboTH Woa0 xnbHOI iHpopmaL,i, ocobanso Yepes TexHonorito deepfake, sika nigaae cymHiBy rpomaacbKy 40Bipy
Ta YMOMMBIIOE NCUXOMOTIYHY MaHinynauito. MalibyTHI JocnigKeHHA NOBWMHHI BYTW CNpAMOBaHi Ha nepernag nporpam
meziarpaMoTHOCTI AN1A NiABULLEHHA KPUTUYHOTO MUCIEHHA FPOMAZAH Y 30Hi 3pOCTAOUNX MOK/IUBOCTEN LUITYYHOTO iHTENEKTY
y reHepaLii megiamatepianis.

KNKOYOBI C/IOBA: mexHonozia deepfake; wmyyvHuli iHmenekm; 2eHepamueHi 306paxceHHs; Oe3iHhopmauis;
mediazpamomHicme; Kpumu4yHe MUCAEHHA; yugposusayis; iHpopmauiliHa 8iliHa; 2pomadceka oceima; wmy4Ho 8idmeopeHi
mediamamepianu.
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INTRODUCTION

Problem statement. To investigate the current state and problems of the Deepfakes, as well as to present the results
of the study and the effectiveness of the implementation of the methodology for the formation of critical thinking of citizens. In
the contemporary landscape marked by the proliferation of disinformation and the sophisticated manipulation of media content,
there exists a pressing need for the formulation and implementation of a robust methodology aimed at nurturing critical thinking
skills. The challenge lies in developing a comprehensive pedagogical framework that not only equips individuals with the ability
to discern manipulated media content but also addresses the evolving landscape of artificially reproduced content, such as
deepfakes. This necessitates a thorough examination of existing pedagogical, scientific-technical, and methodological approaches
to identify gaps and formulate an effective strategy. Additionally, understanding and mitigating the impact of disinformation on
educational practices and broader societal contexts is crucial. The problem at hand, therefore, centers on devising a methodology
that not only empowers learners with critical thinking skills but also provides educators with the tools and support needed to
navigate the challenges posed by the manipulation of media content in the digital age.

Analysis of recent research and publications. Numerous foreign scientists such as Anwar S., Anwer M., Banihirwe A,
Bates M., have studied the technologies of synthetic reproduction of mediacontent with the help of modern ICT and artificial
intelligence Milanova M. and others. Foreign scholars such as Aldwairi M., Alwahedi A., Anderson K. E., Atodiresei C.-S.,
Tanaselea A., Iftene A., Figueira A., Oliveira L. and others, have studied the manipulation of the media with the help of falsified
visual content.Among domestic scholars, who viewed various aspects of the issue of the role of media and media education in
modern educational space, presented significant achievements lvanova V., Isaeva 0., Mokogoz O., Naidionova L., Onkovich G.,
Cherepovsky N., Thaninin N., Kozak T. et al.

In recent times, the rise of false information has become a serious concern for public discourse, human society,
education, and democracy (Borges et al., 2019; Qayyum et al, 2019; Chemerys et al, 2021a,b,c; Chemerys & Ponomarenko, 2023;
Chemerys & Kardashov, 2022; Chemerys, 2023). Fake news refers to deliberately created news-style content with the aim of
deceiving the public (Aldwairi & Alwahedi, 2018; Jang & Kim, 2018). This misleading information spreads through social networks,
crossing geographical boundaries and potentially affecting millions of users (Figueira & Oliveira, 2017). The growing popularity of
video content highlights the need for strategies that promote critical thinking among the public to verify the authenticity of media
and news, especially with new technologies allowing highly convincing manipulation of visual information (Anderson, 2018). We
are currently in an era marked by digital disinformation and information warfare, involving orchestrated campaigns of false
information to influence public opinion (Anderson, 2018; Qayyum et al., 2019; Zannettou et al., 2019). Recent technological
advancements have simplified the creation of visual content through the use of "Deepfake" technology, resulting in the
production of hyperrealistic visual content through face swaps that are nearly indistinguishable from authentic material (Chawla,
2019; Maras & Alexandrou, 2019). Deepfake technology has the potential to generate various types of content, such as humor,
pornography, or political videos, wherein individuals seem to say things without their consent, with their images and voices
manipulated (Day, 2019; Fletcher, 2018). Importantly, Deepfake technology poses a significant threat due to its ability to create
counterfeit visual content for purposes including political sabotage, manufacturing video evidence for legal proceedings,
spreading terrorist propaganda, facilitating blackmail, manipulating financial markets, and disseminating fake news (Maras &
Alexandrou, 2019). Due to the psychological characteristics of a person, after seeing with one's own eyes, trust is instilled, which
creates a basis for manipulation of consciousness through misinformation by means of synthetically reproduced mediacontent
using deepfake technology and others.

Objective: To study the current state and problems of combating "dipfakes" to identify signs and markers of
modifications in media content to create a database of training cards for the methodology of critical thinking and pedagogical
support to counteract disinformation and manipulation of artificially reproduced media content of citizens.

THEORETICAL GROUNDS OF THE STUDY

To strengthen the fight against misinformation, the European Commission will focus its efforts on revising the Code of
Practice on Disinformation in the system of regulation of obligations and accountability of Internet platforms in accordance with
the future Digital Services Act. In general, the European Commission aims to introduce tools that would increase the responsibility
of the media and the beneficiaries of information campaigns for the dissemination of misinformation. Urgency of the problem is
confirmed by a number of normative and legislative documents aimed at regulating measures to ensure national information
security and the right to access reliable information. The main requirements for the introduction and development of
information, telecommunications and media technologies in Ukraine are contained in the Strategy for the Development of the
Information Society in Ukraine (2013). In order to counter hybrid threats and spread misinformation in Ukraine approved and
implemented the cyber security strategy of Ukraine for 2021-2025 "Safe cyberspace - the key to successful development of the
country"; National Security Strategy of Ukraine and the Law of Ukraine "On National Security" (2020). In particular, on July 15,
2021, representatives of state authorities of Ukraine and the delegation of foreign states to the OSCE discussed the fight against
misinformation and information security, during which the best world practices of protecting society from the harmful effects of
misinformation and other hybrid tools were discussed. In particular, a number of foreign regulations have been formulated, such
as the Code of European Union Practice Regarding Disinformation (2018), and the European Commission has adopted a "Joint
Framework on Counter-Hybrid Response". a European Union response, 2016).

Modern Ukrainian educational practice has begun the active implementation of the course of media education and
media literacy in educational institutions (letter of the MES of Youth Sports of Ukraine No. 1/9 of March 29, 2013). "On the
introduction of the study of the course" Fundamentals of media literacy in educational institutions"). Leading ideas and
formulations of the problem of introducing media literacy in Ukrainian society are currently being actively developed within the
project "Study and distinguish: Information Media Literacy", implemented by the Council for International Research and
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Exchanges (IREX) with the support of the Embassy of the United States of America and the Embassies of the United Kingdom and
Ukraine, in partnership with the Ministry of Education and Science of Ukraine and the Ukrainian Press Academy.

Most domestic studies, despite their undoubted significance and practical value, cover the issue of misinformation in
the media through text or verbal messages, bypassing the precedents of falsification of visual information, namely video and
photo content, or covering this issue superficially and insufficiently.

The applied problem of the project is determined by the need for a comprehensive approach to the study of modern
Ukrainian media landscape on the subject of misinformation by means of synthetically reproduced mediacontent, meaningful
and structured analysis of results to develop scientifically sound methodology for critical thinking and psychological and
pedagogical support of society (Chemerys, 2024). Research of their psychological influence on society for the development,
practical application, testing and scaling of tools that form and develop the skills of critical thinking of society to counteract
information manipulation by means of synthetically reproduced mediacontent.

Within the project, testing of the system of development of critical thinking and psychological and pedagogical support to
counteract misinformation and manipulation of synthetically reproduced mediacontent will be carried out in a mixed (face-to-
face) form.

METHODS OF RESEARCH

To solve the tasks set in the research, a comprehensive approach was employed, combining general (systemic,
instrumental, and functional approaches, dialectical and comparative analysis, synthesis, and systematization for the study of
pedagogical, scientific-technical, and methodological literature), specific (observation and analysis of educational practices), and
general-logical methods (extrapolation, induction, and deduction for formulating conclusions) in scientific research. This allowed
for the examination of the current state, evaluation of the practical results of implementing the developed methodology for
critical thinking formation, and identification of priority avenues for improving education in the context of the strategy to enhance
media literacy and critical thinking among the population and science. The study aimed to determine priority pathways within
the framework of the development of methodology of critical thinking and pedagogical support to counteract disinformation and
manipulation of artificially reproduced media content and to scientifically characterize its potential.

RESULTS OF THE RESEARCH

The growing concern over the erosion of public trust in visual content has underscored the urgent need for the
development of critical thinking skills. This imperative arises as a crucial defense against the pervasive threat of misinformation
within the realm of visual media, emphasizing the pivotal role of fostering a robust level of critical thinking for ensuring societal
resilience against cyber threats. This is particularly pertinent to counteracting the detrimental impact of misinformation on the
sustainable development of Ukraine. It is noteworthy that even high-quality deepfakes, extensively employed in the film industry
and advertising, fall short in achieving complete naturalness or realism. The subtlest deviations from natural appearance and
behavior can evoke anxiety and aversion in viewers, a phenomenon known as the uncanny valley effect.

Consequently, when scrutinizing a suspicious video, particular attention should be directed towards the primary object
of manipulation, typically the face. To establish a comprehensive database of methodological materials, an exhaustive
examination of existing markers of image tampering was conducted. This meticulous study aimed at identifying and cataloging
the distinctive signs indicative of manipulated visual content. By leveraging this research, we seek to contribute to the
development of effective tools and strategies for discerning synthetic media, further fortifying the foundation of critical thinking
in our society.

To create the database with methodological materials, we conducted a thorough study of existing markers of image

tampering (Table 1).
Table 1. Signs and markers of modifications in media content

Signs Description | Samples

For static mediacontent

Unnatural perfection in visual
elements like hair and skin,
indicating potential
manipulation

High quality with perfect hair and
skin
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Signs

Description

Samples

Attention to body

Al struggles with basic
anatomical features, such as
counting fingers on a hand,
due to challenges in
understanding human
anatomy and variations in
hand images from different
angles. This leads to random
and inaccurate results, with
hands appearing
disproportionately sized,
fingers too long, and joints
bent unnaturally, unclear or
multiple finger counts.

Unreadable text

Al learn to recognize specific
images, but do not analyze
the content
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Signs

Description

Samples

Blurry outlines, Flickering of the face

Indication of unclear or
inconsistent boundaries in
the visual content notice the
flickering of the face
(transitions between the face,
neck and hair, which are not
always organically combined
with each other)

Real

DeepFake

Low video quality

Often used to conceal flaws in
neural network operation

Differences in body type, hairstyle, voice.

Discrepancies between the
replaced face and the original
body, including variations in
shadows, lighting, and skin
tone. Face replacements are
common, and mismatches in
skin color and features may
reveal manipulation

SOURCE: ZELENSKYY
UKRAINIAN PRESIDENTIAL PRESS OFFICE

SOURCE: TWITTER
ORIGINAL VIDEO CREATOR: UNKNOWN

Profile trick for safety

Dipfake algorithms are not
designed to create an image
in profile simply because they
don't need it - during a
conversation it is customary
to look at the person you are
talking to. Therefore, a
request to turn the neck 90°
will destroy the realistic
illusion.

Or the appearance of an
object between the camera
and the face (for example, a
hand)

Source: Own work

DISCUSSION

Based on the research, the following discussion topics encompassing different viewpoints can be identified. One

perspective underscores the importance of integrating critical thinking and media literacy education into formal curricula at
different educational levels. This proactive approach aims to equip individuals with the skills needed to discern and combat
disinformation effectively. In future research, we consider the exploration of a multidisciplinary approach, involving collaboration
among educators, technologists, psychologists, and policymakers. This collaboration is viewed as crucial for the development of
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a comprehensive methodology that addresses the multifaceted challenges associated with disinformation and outlines prospects
for expanding opportunities for both teachers and students. An important direction for future studies is seen in global
collaboration to establish standardized frameworks for ensuring the coherence of critical thinking methodologies, recognizing
the interconnected and dynamic nature of the digital landscape. To investigate the potential long-term societal impact of
implementing the methodology, determining factors such as increased resilience to misinformation and the activation of civic
engagement to preserve democratic principles is essential.

CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

In light of the contemporary proliferation of disinformation and the increasing sophistication of media manipulation,
the urgency of developing a robust methodology for fostering critical thinking skills is evident. The analysis of recent research
underscores the global concern over false information, notably through deepfake technology, which poses a serious threat to
public trust and opens avenues for psychological manipulation. The tasks set in the research lies in addresses the evolving
landscape of artificially reproduced content, particularly deepfakes but also creating a comprehensive pedagogical framework
that not only equips individuals with the ability to discern manipulated media content. The theoretical grounds of the study reveal
the global efforts to combat misinformation, with a focus on revising regulations and introducing tools to increase media
responsibility. In Ukraine, legislative documents emphasize the importance of media literacy and information security in
countering hybrid threats. The applied problem emphasizes the need for a comprehensive approach to studying misinformation
through synthetically reproduced media content. The results highlight the crucial role of developing critical thinking skills to
counter misinformation in visual media. While recognizing the challenges posed by high-quality deepfakes, the study identifies
signs such as pixelization, blurry outlines, unnatural facial expressions, and differences in body type for their identification.
Thorough testing of the methodology, focusing on markers of image tampering, has been conducted. Practical tools for
recognizing deepfakes, including attention to visual details, sound synchronization, and playback speed, are crucial for
safeguarding against online deception. The study underscores the need for continued research and adaptation of strategies to
emerging technologies to ensure societal resilience against misinformation.

Further research should focus on revising existing media literacy training programmes to update and improve the level
of critical thinking of citizens, taking into account digital transformation and the spread of artificial intelligence capabilities for
generating media content. As further prospects areimprovement of existing methodical material from a systematized database
and formation of interactive methodological interactive cards; supplementing each case with learning resources for deeper
research; complementing different scenarios, including applications in different industries, societal impacts, detection strategies,
ethical considerations and legal implications; English translation.
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