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ABSTRACT

MocmaHoeKa npobnemu. BUKNGOGHHA MPUPOOHUYUX HAYK, 30Kpema
@isuKu, 3apekomeHdysaso cebe sk 0608’a3kosull opieHMup, ocobauso ceped
ibepo-amepuKaHcbKux npogecioHasnis. Ome, He0bxioHo 3aznubnosamucs
8 meopemuyHi 0CHo8U 00C/iOHEeHb i 00CiOHeHs, CpuAmMuU 06rpyHMo8aHUM
p0o30yMam w000 CMaHy ma nepcrnekmus pisHUX npiopumemHux Hanpamkie
docrnidnceHe Ha OaHuli MOMeHM, @ MAKOXC CRpusmuU iHmepnpemauitiHit
pobomi, AKa 0038079€ MPOCYHYMUCA 8 PO3YMIHHA 3HAYywux npobaem,
108°A3QHUX i3 BUBYEHHAM MPUPOOHUYUX HAYK.

Mamepianu i memodu. Memo0o0s102i4HOI0 0CHOB0IO OOCANiOHEHHSA bY8
dokymeHmanbHo-6ibnioepagivHull aHanis, wjo nonszas y 36opi ma
nodanvwiomy  6i0bopi  dopeyHoi  iHpopmayii  wjodo  npedmemy
docnionceHHsA; aHanimuyHe ma ecebiyHe 8UBYEHHA MeKcmies,; 8usyYeHHs
00UHUYb aHanizy 3 00KyMeHmanbHo20 mamepiany, 8idnogioHux AaHux i
3a1y4eHHA ix y npouec nepeanady, ekcrnepmusuy, orucy ma aHanisy. Takum
YuHom, 6yau 8idibpaHi cmammi 3 maKux iHOeKCOBAHUX H(ypHanie AK mo:
Latin American Journal of Physics Education, The Physics Teacher, Journal
of Research in Education, American Journal of Physics, British Journal of
Educational Technology, Revista Ensefianza de las ciencias, Revista de
Ensefianza de la Fisica, Acimed, Revista Cientifica, Revista Mexicana de
Fisica, Revista Academia, Ensefianza de las Ciencias, Revista Espaiiola de
Fisica, Revista Cubana de Quimica, Educacieon Cubana de Quimica,
Educacieén Mexicana de Fisica, Educacieén Mexicana de Fisica, Revista
Academia, Ensefianza de las Ciencias, Revista Espaiiola de Fisica, Revista
Cubana de Quimica, Educacieén Cubana de Quimica, Educacieén de la
Fisica, Educacieén Mexicana de Fisica, Educaciedn de la Fisica, Educacieon
de la Fisica, Educaciedn de la Fisica, Educaciedn de la Fisica Colombiana de
Psiquiatria, ALTERIDAD Revista de Educacion, Revista mexicana de
investigacion educativa, Didasc@lia: Diddctica y Educacion, Multiciencias,
Escenarios, Comunicar, Revista Academia y Virtualidad ma iHwux.

Pesynbmamu. Y cmammi npedcmasneHi pe3ynbmamu HAyKo80-
nedaz02i4Ho20 00CNIOHEHHA, MEMOI AKO20 by/n0 WAAXOM BUBYEHHS
npayb ibepo-amepuKkaHcbKux 00CMiIOHUKIB, AKi onikylomecsa npobaemamu
BUK/NAOAHHA (hyHOaMEHMAAbHUX HAYK, 30Kpema (hi3uKu, Ha pieHi suwjoi
oceimu, 8cmaHo8UMU, AK 80HU OYiHIOIOMb 30CMOCY8AHHA 8 0CBIMHbLOMY
npoyeci Oudakmuy4Hux cmpameeil, onocepedKkos8aHuUx iHgopmayiliHo-
KOMYHIKayilIHUMU mexHon02iamMu; AKi pe3ysbmamu 0dsa10 8UKOPUCMAHHA
makux memodie HABYAHHA MQA YU CAPUAAU BOHU MOKPAWEHHIO
pe3ynemamie HABYAHHA cmydeHmis HA 3aHAMMAX 3 i3uKu (30Kpema,
KAAcuYHoOI MexaHiku) npoepam nidzomosku 6akanaspie 3 iHxceHepii.

BucHoeKu. Aemopu 8usAsunu, W0 3a2as70M i6epo-aMepUKaHCbKI 84eHi
88AMAIOMbL  CIPUAMAUBUM BUKOPUCMAHHA OUGGKMUYHUX cmpameaid,
ornocepedKosaHux  iHPopmayiliHo-KOMyHIiKayiliHumu  mexHosoaiamu,
OCKiflbKU BOHU OKPECAoMmMs Ho8y OC8iMHIO OUHAMIKY, ujo 0038077€
po3wupumu ma 36azamumu mpaduyiliHy nedaeo2iky HOBUMU HABYANLHUMU

Problem formulation. The teaching of science, in particular physics, has
established itself as an obligatory point of reference, especially among
Ibero-American professionals. Hence, it is necessary to delve into the
theoretical basis of the studies and research, promote well-founded
reflections in relation to the state and perspectives of the different priority
lines of research at present, and promote interpretative work that allows us
to advance in the understanding of significant problems related to science
learning.

Materials and Methods. The research was carried out following the
documentary-bibliographic method, which consisted of the collection and
subsequent selection of pertinent information on the subject of the study;
analytical and comprehensive reading of texts; extraction of the analysis
units from the documentary material, the pertinent data, and its submission
to a process of review, examination, description, analysis. Thus, the articles
of the following high-impact journals were selected: Latin American Journal
of Physics Education, The Physics Teacher, Journal of Research in Education,
American Journal of Physics, British Journal of Educational Technology,
Revista Ensefianza de las ciencias, Revista de Ensefianza de la Fisica,
Acimed, Revista Cientifica, Revista Mexicana de Fisica, Revista Academia,
Ensefianza de las Ciencias, Revista Espafiola de Fisica, Revista Cubana de
Quimica, Educacion Médica Superior, Revista Estilos de Aprendizaje, Revista
electronica Actualidades Investigativas en Educacion, Revista Colombiana
de Psiquiatria, ALTERIDAD Revista de Educacion, Revista mexicana de
investigacion educativa, Didasc@lia: Diddctica y Educacion, Multiciencias,
Escenarios, Comunicar, Revista Academia y Virtualidad, Tarbiya, among
others.

Results. This paper presents the results of scientific-pedagogical
research, which goal was to establish by studying the works of Ibero-
American researchers who address the problem of basic sciences’ teaching,
in particular, physics, at a higher level, how the use of didactic strategies
mediated by Information and Communication Technologies applied to
physics courses, is visualized; what results has it given and if it helped to
improve the students learning results in engineering bachelor’s degree
programs.

Conclusions. The authors found that scholars conceive the use of ICT as
favorable since they outline new educational dynamics that allow extending
and enriching traditional pedagogy with new learning resources; they foster
alternative forms of communication; they solve the problem of physical
space; they attenuate the autonomy of the student; they favor the
collaborative mode of learning; enhance motivation and improve student
learning. However, in this process the prior training of the teacher in the use
of ICT becomes important.
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pecypcamu; 80HU CrPUAIOMb AAbLMEPHAMUBHUM GOPMAM CrifKYB8AHHSA;
supiwyroms npobnemy @Pizu4HO20 MPOCMOPY; CMUMYAOMbL PO3BUMOK
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nonepedHa ni02omoska B8uKAAOAYA Yy BUKOPUCMAHHI iHGopMayiliHo-
KOMYHIKayiliHux mexHos02ili y Ha84an6HOMY NPOYECI.

K/IKOYOBI C/IOBA: ibepo-amepuKkaHcoKi npoepamu  nid20mosKu KEYWORDS: Ibero-American engineering bachelor’s degree programs;
bakanaspie 3 iHMeHepii; BUKAAOAHHA (hi3UKU, 30KPemMa KAACUYHOI teaching of physics, particularly classical mechanics; didactic strategies
MexaHiku; OudakmuyHi cmpameezii, onocepedkosaHi iHpopmayiliHo- mediated by information and communication technologies applied to
KOMYHIKaYiliHUMU mMexHO/02iAMU, W0 3aCmoco8ytomsCa HA 3aHAMMAX 3 physics courses; state of knowledge in the Ibero-American pedagogical
@isuku;  Haykosi  3006ymKu  i6epo-amMepuKaHCbKO20  HAYKOB0- scientific space.

nedazoziyHo20 npocmopy.

INTRODUCTION

The teaching of science, in particular physics, has established itself as an obligatory point of reference, especially
among Ibero-American professionals. Hence, it is necessary to delve into the theoretical basis of the studies and research,
promote well-founded reflections in relation to the state and perspectives of the different priority lines of research at present,
and promote interpretative work that allows us to advance in the understanding of significant problems related to science
learning. In this sense, it is important to analyze the studies that correspond to the needs of science teachers, particularly
physics teachers, and to know the impact of different educational practices at different levels.

Learning physics at various educational levels, from secondary, pre-university and university, is a difficult process for
a considerable number of students in any educational institution. One of the topics in physics, classical mechanics, is always
included in a first physics course in lbero-American engineering bachelor’s degree programs. Physics is an indispensable
prerequisite for the study of engineering, since it explains and predicts physical phenomena, thus establishing the foundations
of its engineering applications (Beltran, 2021).

The main purpose of learning classical mechanics in Ibero-American engineering bachelor’s degree programs, is to
develop in the student the ability to analyze any mechanical situation presented in a logical and simple way, applying well-
assimilated basic principles in its resolution. Therefore, the learning of mechanics is oriented towards the understanding and
application of its fundamental principles. In an engineering bachelor’s degree program, the methodology and contents of the
subject “Classical Mechanics” are considered from the perspective of the engineer, that is, as an applied science.

Researchers who address the problem of classical mechanics’ teaching at a higher level (Aguilera-Pupo & Ortiz-Torres,
2009; Amaya, 2008; Bandiera et al., 1995; Bayrak, 2008; Black et al., 1997; Catalan et al., 2010; Celemin & Covian, 2003; Cobas-
Abad et al., 2017; Debel et al., 2009; Garcia et al., 2003; Gémez-Mercado & Oyola-Mayoral, 2012; Guisasola et al., 2003; Gil &
De-Guzman, 1993; Jaque, 1995; Maloney, 1994; Mora & Herrera, 2009; Murga-Menoyo et al., 2011; Pedraza & Sanchez, 2011;
Salinas et al., 1996; Solbes et al, 1994, Veldzquez-Revilla et al., 2018; among others), consider that to achieve the fundamental
goal of a mechanics course, it is necessary to focus attention on interpreting results and not so much on the mathematical part
(Garcia et al., 2003); encourage practical work (Celemin & Covian, 2003); avoid solving stereotyped problems only by applying
mathematical formulas; recognize the particular characteristics of the students: way of learning, previous ideas, ways of
reasoning, interests and attitudes; and consider the context of what is taught and its relationships to other disciplines (Solbes
et al., 1994).

Likewise, they affirm that when learning is difficult, it is attributed to different factors:

— Lack of understanding of concepts that are a prerequisite for a first university course in this science;
— The conflict between common sense knowledge and scientific knowledge;

— Poor preparation in mathematics;

— The complexity of the conceptual structure of physics;

— The use of inappropriate teaching materials;

— The insufficiencies of the proposed learning environments, among others (Jaque, 1995).

The authors find the following formative insufficiencies of the student in classical mechanics:

— Long-term comprehension and learning problems (Bandiera et al., 1995; Salinas et al., 1996);

— Erroneous preconceptions (Mora & Herrera, 2009; Pedraza & Sanchez, 2011);

— Inappropriate study strategies to solve problems (Maloney, 1994; Guisasola et al., 2003);

— Application of solutions learned by heart, without considering their relevance (Gil & De-Guzman, 1993).

Unfortunately, in most engineering bachelor’s degree programs, classical mechanics is taught in a traditional way, which

does not allow solving the aforementioned problems. However, many of these difficulties could be deciphered from a didactic
approach that promotes making predictions, experimenting, comparing and interpreting results (Beltrdn, 2021). Hereafter,
scholars suggest modifications in the strategies used to motivate the student and obtain significant learning. In this sense,
Information and Communication Technologies (ICT) have been shown to be effective in teaching and learning classical mechanics
(Bayrak, 2008; Debel et al., 2009; Cataldn et al., 2010; among others).

THE PURPOSE OF THE ARTICLE

The objective of this research was to establish, through a documentary-bibliographical study of the works of lbero-
American researchers who address the problem of basic sciences teaching at a higher level, in particular, of physics, how the use
of didactic strategies mediated by Information and Communication Technologies applied to physics courses, what results have
they given and if they have helped to improve student learning in engineering bachelor’s degree programs.



®i3uko-matemartumuHa ocsita / Phisical and Mathematical Education Tom 35, Ne 3 / Vol. 35, Ne 3 (2022)

METHODS OF THE RESEARCH

The research was carried out following the documentary-bibliographic method, which consisted of the collection and
subsequent selection of pertinent information on the subject of the study; analytical and comprehensive reading of texts;
extraction of the analysis units from the documentary material, the pertinent data and its submission to a process of review,
examination, description, analysis. This method allowed to study and interpret the selected bibliography; distinguish the
fundamental points and systematize the information; classify frames of reference, concepts, establish convergences and
divergences; face the results and opinions; generalize and extract relevant data for the inquiry.

Thus, the articles of the following high-impact journals were selected: Latin American Journal of Physics Education, The
Physics Teacher, Journal of Research in Education, American Journal of Physics, British Journal of Educational Technology, Revista
Ensefianza de las ciencias, Revista de Ensefianza de la Fisica, Acimed, Revista Cientifica, Revista Mexicana de Fisica, Revista
Academia, Ensefianza de las Ciencias, Revista Espafiola de Fisica, Revista Cubana de Quimica, Educacion Médica Superior, Revista
Estilos de Aprendizaje, Revista electronica Actualidades Investigativas en Educacion, Revista Colombiana de Psiquiatria,
ALTERIDAD Revista de Educacion, Revista mexicana de investigacion educativa, Didasc@lia: Diddctica y Educacion, Multiciencias,
Escenarios, Comunicar, Revista Academia y Virtualidad, Tarbiya, among others.

The documents and materials of the following academic events were reviewed: Second International Conference on
Concept Mapping,. San José, Costa Rica; Congress “Psychology of knowledge applied to school work”; The XI Congress of
Educational Innovation in Technical Education; The International Meeting on Meaningful Learning, Burgos, Spain; The
International Conference on Engineering Education, Valencia, Spain, among others. Likewise, this research is supported by the
theoretical works of the teaching of basic sciences, in particular, of physics, of Young, Freedman, Moreira, Maloney, Hierrezuelo,
Montero, Hamne, Bernhard, Hernandez-Rojas, Diaz-Barriga, Hernandez, among others. Master’s and doctoral theses were also
analyzed.

RESULTS OF RESEARCH

The results of the documentary-bibliographic research carried out, reveal the following. In the first place, the studies of
Ibero-American researchers related to the topic of didactic strategies mediated by ICT applied to basic science courses, such as
physics, chemistry or mathematics (Bassani, 2009; Gomez-Mercado & Oyola-Mayoral, 2012; Rodriguez et al., 2014; among
others), in general show that these types of strategies have a positive impact on academic improvement in students, increasing
their motivation and interest in these subjects.

Therefore, Bassani (2009) from the National University of Salta, Argentina, in his work “Blended teaching strategies
mediated by information and communication technologies”, presents the results of the application of combined teaching
strategies, that is, of way different from the traditional one, using technological mediation. In this study, three basic categories
were analyzed: university education, the blended modality and the application of New Information and Communication
Technologies (NICT). The objective of this research was to assess how the incorporation of NICT influences teaching and learning
in blended media in university education to obtain a degree and to identify the most relevant characteristics of a pedagogical
nature in learning through multivariate strategies. Some of the conclusions of this work were the following (Bassani, 2009):

—Theincorporation of NICT in the blended modality of university degree course was accepted by teachers and students.

— The teacher-student relationship began with some fear, but was transformed into curiosity before the understanding
of technology.

— There was a positive increase in motivation among teachers, when using NICT.

— By applying multivariate strategies in such a modality, it favored large groups.

— The students took advantage of the teaching website in the external search for data, especially those who work or
live far from the university.

— From the perspective of those who are actors, the advantages achieved are greater, since autonomy, good interaction
and ease of learning were achieved.

— An important disadvantage was the lack of previous student training to use technology tools and the Internet.

This experience was an essential advance that made it possible to visualize future educational changes and promote a
difference between face-to-face and distance work.

On the other hand, Yanitelli (2011) from the University of Burgos, Spain, tries to define the scope and perspectives of
incorporating the computer to teach physics, since this enables university practices in basic physics and gives more importance
to the reflection about the experiment, the interpretation of results, as well as obtaining conclusions. It was also reviewed how
students build concrete knowledge at the mental level, the ideas displayed, the levels of representation and abstraction reached
and the specific cognitive skills they use when solving experiments through a computer system to acquire data in real time.

The author considered the contributions of Ausubel’s Significant Learning, Johnson-Laird’s Mental Models and
Vygotsky’s Mediation as theoretical references. The study allowed us to glimpse the specific cognitive abilities in their
development associated with an appropriate selection of sensors, interactive communication in the representation of data, the
statistical elements used and the explicit analysis of the evolution of the graphs recorded with the computer.

The results provided the conclusion that the real-time data acquisition and processing system helped students make
decisions in the experiments, in the recording and data processing phases; they could contrast the properties of the conceptual
model with those of the studied system; they develop specific cognitive skills and have a critical stance when analyzing the
experimental situation (Yanitelli, 2011).

As mentioned above, most of the analyzed researches mention the benefits of applying ICT in the teaching framework,
however, Gutiérrez-Mendoza, Ariza-Nieves, Jaramillo (2014) from the University of New Granada, Spain, believe that teacher
training in the use of ICT is also of the utmost importance. It is about the preparation in teaching methodology and design of
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didactic strategies mediated by ICT, as well as the need to strengthen basic concepts by students, required to take physics course
(Gutiérrez-Mendoza et al., 2014).

In short, since the end of the 20th century - the first two decades of the 21st century, there has been extensive research
about the use of didactic strategies mediated by Information and Communication Technologies applied to physics courses,
likewise, this topic was of great interest to scholars in the times of COVID19 when most of higher education became online. And
until now it is still current. Nevertheless, the physics education theme has always been present, since many problems of
understanding in physics have constantly been frequent in students. Therefore, there have developed various proposals on the
efficient use of didactic methods applied to teaching physics. In the works of the Ibero-American researchers, the following
examples are found:

— Instructional planning considering student preferences regarding learning practices, proposed by professor Ramirez,
professor at the Center for Research in Applied Science and Advanced Technology of the National Polytechnic Institute of Mexico
(Ramirez, 2010);

— Application of interactive methods, favoring student participation with the teacher’s guidance, to achieve the
purposes of the course, such as Problem Solving Learning (PSL), Project-Based Learning (PBL), or the TADIR protocol, created by
professor Barojas of the National Autonomous University of Mexico (UNAM) (Barojas, 2007);

— Support for the development of metacognitive practices, a proposal by professor Soto from the University of Bogot3,
Colombia (Soto, 2002);

— Implementation of the experiments in real time projected by Redish, Saul, Steinberg (1997); Thornton, Sokoloff
(1998); Hamne, Bernhard (2001), that promotes a good conceptual understanding in mechanics, according to the opinion of
professors Catalan, Serrano and Concari of the Faculty of Sciences Applied to Industry of the National University of Cuyo,
Mendoza, Argentina (Cataldn et al., 2010).

Several studies (Amaya, 2008; Bayrak, 2008; Debel et al., 2009; Catalan et al., 2010; Guerra et al., 2010) have
demonstrated the effectiveness of these tools at various levels of education, from secondary education to university.

At the same time, he study carried out revealed that within the physics teaching area, there are numerous works that
provide empirical evidence on the incidence of the use of strategies mediated with ICT to teach this science. For example, the
use of virtual laboratory or simulation software at different educational levels (Amaya, 2008; Bayrak, 2008).

Among the benefits of using technology in the educational process are (Condie, Livingston, 2007; Mouza, 2008): access
to materials; increased motivation and productivity; improvements in understanding and performance of the students. The
interactivity of technologies is another feature that is mentioned, and that allows students to receive feedback, test and reflect
on their ideas, and analyze their understanding (Bransford et al., 2000). However, the presumed benefits of ICT mentioned come
to be isolated pedagogical innovations in their school context and in the culture of the discipline of educational institutions and
systems.

The documentary-bibliographical analysis carried out showed that there are also several studies related to the use of
concept maps in teaching. Duarte and Henao-Calad (2006), participants in the Second International Conference on Concept Maps
held in San José, Costa Rica, made a classroom proposal mediated by concept maps in order to show this network of relationships
as a manifestation students” understanding of the concept to be studied.

These researchers are based on Ausubel’s Teaching for Comprehension and Meaningful Learning approach and use
concept maps as tools for exploring and structuring knowledge. The conclusion of their work is that the application of the
aforementioned approaches and tools allows students to be more motivated to carry out learning activities and to be more
responsible in the construction of their own knowledge. Similarly, the importance of leaving records of internal processes and
concrete manifestations in each of the stages of the personal construction of knowledge in a portfolio of activities is mentioned.

The benefits of using concept maps to achieve meaningful learning of concepts are stated in several works by Cuban
researchers (Ojeda-Cabrera et al., 2007; Vidal-Ledo et al., 2007). These are tools for association, interrelation, discrimination,
description and exemplification of content with great visualization power, which allow organizing and expressing ideas,
understanding concepts, deepening, processing, organizing models and prioritizing information. The concept map is used in the
teaching-learning process to help students obtain deeper knowledge when searching for meaning, to promote “learning to learn”
and to facilitate collaborative work.

A study carried out by Murga-Menoyo, Bautista-Cerro and Novo (2011) of the National University of Distance Education
(UNED) of Spain entitled “Concept maps with CmapTools in university teaching of environmental education: case study at UNED”,
presents an experience in teaching with the use of the CmapTools. The conclusions of the research work were the confirmation
of the relevance of the conceptual mapping technique for the objectives of the subject, and the motivating capacity of educational
technologies and software, as well as active and participatory learning activities, was affirmed. It is verified in this study that the
elaboration of the concept maps with CmapTools requires small groups of students to take full advantage of what the educational
software offers.

The work of Veldzquez-Revilla, Revilla-Puentes and Guerra-Ortizes (2018) from the University of Havana, Cuba, analyzes
the use of concept maps in order to teach the concepts of organic chemistry at the university level. The researchers observed the
difficulty of the students to generalize, integrate and apply concepts and laws of Organic Chemistry, hence they proposed to
create conceptual maps on the fundamental concepts of this science that were used in lectures and practical classes.

The authors concluded that development of concept maps by students and teachers turned out to be a practical way
to understand and generalize knowledge, articulate the contents of Organic Chemistry with others subjects in the study plan,
acquire the ability to solve integrative problems and have greater motivation. The researchers found an improvement in the
results of students and teachers, so they concluded that concept maps contribute to the integration of knowledge, the self-
preparation of students and the achievement of meaningful learning (Velazquez-Revilla et al., 2018).

Regarding the teaching of physics in engineering bachelor’s degree programs, the study carried out by Cobas-Abad,
Repilado-Ramirez and Gracia-Vega (2017) from the University of Las Tunas, Cuba, reveals the results of the application of concept
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maps in the teaching of this discipline with geological engineering students. In this case, it was observed that the students had
little motivation to meet the required learning objectives. The proposal of the work was to elaborate conceptual maps of a topic
of the matter as a methodology to build the knowledge of physics and develop an active learning.

In conclusion, the article states that the teaching results in traditional physics courses, where methods such as
theoretical classes, problem classes and laboratory classes are used, are not the desired ones. A large part of school dropouts
occurs mainly due to low grades in physics and mathematics, which is why it is considered convenient to appropriate the basic
contents to be able to solve problems and carry out experimental work. Concept maps can help establish the theoretical concepts
that will be used later in other academic activities and, therefore, are recommended as a cognitive diagnostic tool (Cobas-Abad
etal., 2017).

CONCLUSIONS AND PERSPECTIVES FOR A FURTHER RESEARCH

In summary, the results of the documentary-bibliographic study carried out show that Ibero-American scientists
involved in the problem of teaching basic sciences, in particular physics, find the use of ICT profitable in the framework of higher
education, including engineering bachelor’s degree programs. In general, the state of knowledge in the Ibero-American scientific-
pedagogical space confirms that teaching strategies mediated by Information and Communication Technologies applied to
physics courses, is one of the priority lines of Ibero-American research today.

Therefore, the studies reveal that ICT propose new methods that change the world of teaching, since teachers agree to
be able to expand and complement traditional activities with new learning resources. These technologies facilitate the
development of electronic teaching materials, promote alternative forms of communication, as well as favor the collaborative
mode of learning, contributing to the accentuation of motivation and progress in student learning. The importance of the use of
ICT to raise the responsibility of students in the construction of their own knowledge is also underlined.

Ibero-American researchers show that for the activities of a physics class, simulation mechanisms and virtual work
laboratories can be found on the Internet to solve the problem of physical space, materials and equipment needed in a traditional
laboratory; recreation and intervention in the natural when it is impossible to reproduce it in a face-to-face laboratory; promote
the autonomy of the student to learn and, also, encourage new ways of learning that stimulate and motivate them. They also
find mandatory prior teacher training in the use of ICT. Several research works related to the use of ICT in physics teaching are
dedicated to concept maps, in particular, made with CmapTools.

Thus, the results of numerous investigations dedicated to the implementation of e-learning in physics courses at the
higher level, show that by using concept maps, significant advances are obtained in the process of knowledge acquisition by
students. This didactic tool allows to establish relations between the concepts in an explicit way and to refer the concepts based
on new information with the knowledge previously acquired by the student. In the process of creating concept maps, the student
learns to organize himself, to make decisions about the importance of ideas and concepts, to discriminate information; raises his
motivation; becomes more responsible for the construction of his own knowledge; becomes more autonomous in his learning.

Regarding the prospects for future research in the area of teaching basic sciences, particularly physics at the higher
level, we consider pertinent to address the issue of prior teacher preparation in the use of ICT, in particular, on the training for
the use of CmapTools.
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ABSTRACT

Mocmaxoeka npobnemu. BOOCKOHAAEHHA MemOOUKU HABYAHHA YYHI8
mamepiany 3micmosoi siHii «®PyHKYii ma ix epagiku» Hapasi €
akmyansHow  npobnemoro, OCKiflbKU ~ 3HAHHA  enacmusocmeli
esnieMeHmMapHUx yHKYil crnpuse opmysaHHIO 8 y4yHi8 adeK8amHo20
csimocnpulinAmma Ha OCHO8i HABYmMux 302a71bHUX | npeoMemHux
KomnemeHmHocmel. @yHKYii Malome YucaeHHi MPaKMu4Hi 3acmMocy8aHHA
ma 8UKOpUCMOBYEMbLCA MiQ YAC BUBYEHHA Mamepiany WKinbHO20 Kypcy
@isuku, ximii, bionoaii, iHgpopmamuku mowjo. Takoxc mamepian 3micmosoi
AiHiT «@yHKYii ma ix epagiku» € docums 8aMAUBUM OnA YCriWHO20
CKNAOQHHA 308HIWHLO20 HE3ANEHHO20 OUYiHIOBAHHA AKOCMI 3HAHL 3
mamemamuku. [flodamkoso rnompeby 80OCKOHAsAEHHA MemoOuKu
HABYAHHA YYHie PyHKUiAM niomeepdxcyrome pesyasmamu MixHapodHozo
nopieHanbHo2o  OocnidwenHa  PISA 2018, cmamucmuyHi  38imu
YKpaiHCbKo20 YyeHmpy OYiHIO8AHHA AKOCMI 0c8imu Wo00 Mecmye8aHHA 3
MamemMamuKu ma ornumMysaHHA 84UMenis Mamemamuku.

M pi ma 0 Ana  OocAeHeHHA  memu MU
BUKOPUCMOBYEMO  meopemuy4Huli ~ mMemod  aHanizy — mMemoOuyHoi
nimepamypu 3 00cniOHy8aHO20 MUMAHHA. MU MAKoX 8UKOPUCMOBYEMO
OesKi emMnipuyHi memoou: eésnacHe onumysaHHA 3a dornomozoro Google
forms, cnocmepexeHHA 3a HABYANLHUM MPOYUECOM Y 3G2A/bHOOCBIMHIX
WKO/0aX, aHAsi3 HABYAAbHUX 00CA2HEeHb yYHie. Y yili cmammi Mu makoxc
BUKOPUCMOBYEMO KOMIIEKC Memodie HayKo8020 Mi3HAHHA: MOpPieHANbHUU
aHani3 0514 3'AcysaHHA pi3HUX noenAdie Ha nNpobaemy; cucmemamu3sayis
ma y302an1b6HEHHA 3 MemoK 3pobumu 8UCHOBKU ma cgopmynosamu
pexkomeHOayii Wo0o HAMpPAMKI8 800CKOHAAEHHA MemoOUKU HABYAHHA
y4Hie Mamepiasy 3micmoeoi niHii «®yHKYii ma ix epagiku»; y3aeanbHeHHs
nedazoziyHo20 0ocsidy ma criocmepexeHb asmopis.

Pesynbmamu. CgopmyneosaHo einomesy w000 OoyinbHocmi
800CKOHA/IEHHA MemOOUKU HOBYAHHA Y4Hi8 3020a6HOOC8IMHIX WKisn
mamepiany 3micmosoi niHil «®yHKyii ma ix epagiku». 3 mMemoro
nidmeepoxeHHA Uiei einome3u ma OKpecneHHA HAMNpPAMKI8 Makozo
B800CKOHQ/IEHHA 3 BUKOPUCMAHHAM  CYYacHUX  iHgopmayiliHo-
KOMYHIKayiliHux ~mexHonoeili nposedeHo onNuMy8aHHA e4yumesnis.
OnumysaHHA NpPo8oduUIOCA AHOHIMHO i OHAAlH 3 8uKkopucmaHHAM Google
forms. ¥ onumysaHrHi 83aau yyacme 6au3ssko 100 s4umenis, AKi marome
pi3Huli nedazoeiyHuli cmax ma keasnigikayito, ane binbwicme i3 HUx
npaytorome 'y wkoni binbwe 15 pokis. OnumysaHHsA MOKA3aaA0 WO
binbwicme pecrioHOeHmis yacmo abo nocmiliHo sukopucmosyloms y
HABYANLHOMY MpPOYECi Cy4acHi MmexHosozii, a MmMaKOX¥ repeKoHaHi &
HeobxiOHocmi 800CKOHANEHHA MemOOUKU HABYQHHA Y4Hie mamepiany
3micmosoi aiHii «®yHKYii ma ix epagiku». OOHUM i3 HaNpAMKie Mako2o
800CKOHQ/1EHHA BOHU 86a4AOMb BUKOPUCMAHHA CY4aCHUX mexHoo02ill Ha
YPOKaXx mMamemamuKu, d MAaKox po3pobKy 8i0nosioHuUXx OUOAKMUYHUX
mamepiasnie i Memodu4YHUX peKkomeHOauil uj000 ix BUKOPUCMAHHS.

Formulation of the problem. Improving the methodology of teaching
students the material of the content line "Functions and their graphs" is
currently a relevant problem, because knowledge of the properties of
elementary functions contributes to the formation of students' adequate
worldview based on acquired general and subject competencies. The
functions have a lot of practical applications and are used during studying
the material of the school course of physics, chemistry, biology, computer
science, etc. Also, the material of the content line "Functions and their
graphs" is very important for the successful compilation of external
independent assessment of the quality of knowledge in mathematics. In
addition, the need to improve the methodology of teaching students
functions is confirmed by the results of the International Comparative
Survey PISA 2018, statistical reports of the Ukrainian Center for Educational
Quality Assessment on mathematics testing, and surveys of mathematics
teachers.

Materials and methods. To achieve our goal, we use the theoretical
method of analysis of the methodological literature on the subject. We also
use some empirical methods: our own survey using Google forms,
monitoring the learning process in secondary schools, and analysis of
student achievement. In this article, we also use a set of methods of
scientific knowledge: comparative analysis to clarify different views on the
problem; systematization, and generalization in order to draw conclusions
and formulate recommendations for improving the methodology of
teaching students the material of the content line "Functions and their
graphs"; generalization of pedagogical experience and observations of the
authors.

Results. The hypothesis concerning the expediency of improvement of a
technique of training of students of secondary schools of a material of the
content line "Functions and their graphs" is formulated. In order to confirm
this hypothesis and outline the directions of such improvement with using
of modern information and communication technologies, a survey of
teachers has been conducted. The poll has been conducted anonymously
and online using Google forms. About 100 teachers with different teaching
experience and qualifications took part in the survey, but most of them have
been working at the school for more than 15 years. The survey showed that
most respondents often or constantly use modern computer technologies in
the educational process, and are convinced of the need to improve the
methodology of teaching students the material of the content line
"Functions and their graphs". One of the directions of such improvement,
they believe the use of modern computer technologies in mathematics
lessons, as well as the development of appropriate didactic materials and
guidelines for their application.
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BucHo8Ku. []na 800CKOHAMEHHA MemOoOUKU HAOBYAHHA yYHie Mamepiany
3micmoseoi AiHii  «®yHKYii ma ix epagiku» nNpupodHUM eudaemeca
BUKOPUCMAHHA Cy4yacHUx iHpopmayiliHux mexHosnoeil. Yyumeni Hapasi
QKMUBHO 3aCMOCOBYIOMb CYYacHi enekKmpoHHi 3acobu 04a HA8YAHHA
mamemamuku, ase nompebyloms MemoOuYHOI MiIOMPUMKU W00 iX
BUKOPUCMAHHA 8 HaB4YasnbHOMY Mpoyeci. 30Kpema, ye cmocyemeca i
susveHHA Mamepiany 3micmosoi niHii «®yHKYil ma ix epagiku»: €
nompe6a 8 po3pobui 2omosux OUGAKMUYHUX Mamepiasie ma y cmeopeHHi
MemoOuYHUX peKomeHOauili Wo0o BUKOPUCMAHHA HGOPMAayiliHux
mexHosnoeili 0na eusdeHHs mamepiany yiei 3micmoeoi  niHii, AKi
00380/71AMUMYMb  30CMOCOBY8AMU  CYYaCHi  eneKmpoHHi  3acobu 8
HasyansHOMy npouyeci binbw egpekmueHo.

Conclusions. To improve the methodology of teaching students the
material of the content line "Functions and their graphs" it seems natural to
use modern computer technologies. Teachers are currently actively using
modern electronic tools for teaching mathematics, but need
methodological support for their application in the educational process. In
particular, this applies to studying the content line "Functions and their
graphs": there is a need to develop ready-made didactic materials and to
create guidelines for using information technology to study the material of
this content line, which will use modern computer tools in the educational
process more effectively.

K/1l0408I1 C/I0OBA: memooduka HAB8YaHHA Mamemamuku;
KomnemeHmHicHull  nioxid; yHKUii ma ix epadiku; iHpopmayiliHo-
KOMYHIKayiliHi mexHono2ii; Komn’tomepHi mexHono2ii; enekmpoHHi 3acobu

KEYWORDS: methodology of teaching mathematics; competency
approach; functions and their graphs; information and communication
technologies; computer technologies; electronic learning tools.

HAB84YaHHA.

INTRODUCTION

Formulation of the problem. Analysis of current research. Educational activities, both in general and in the field of
mastering mathematics, is a difficult but interesting job. To achieve results during this work, students need time, a qualified
teacher, as well as significant own effort. In the process of learning, students have to acquire the necessary competencies for life,
i.e. learn to think, understand the essence of things, comprehend ideas and on this basis to seek the necessary information,
interpret them, forming information about objects and processes of the real world and the world of abstract ideas. Also students
have to acquire knowledge, skills and abilities in specific conditions, to form and defend one's own opinion.

The role of the teacher in the learning process is to constantly monitor the activities of students in order to provide
timely assistance in overcoming difficulties in the process of acquiring and consolidating appropriate competencies. Modern
reality puts before teachers the task of updating and replenishing their knowledge on a wide range of issues, which together
should become the content of educational and methodological work and help students cope with problems in learning. At the
same time, it is often quite difficult for a teacher to evaluate, form criteria and indicators of personal growth of students.
Therefore, during preparing for lessons, it is important to take into account possible students' mistakes and correct them in time.

Modern Ukrainian education is aimed at personality-oriented learning (Hryniova, 2015). Therefore, the teacher has a
task to reveal, preserve and develop the individuality of each student, to identify and take into account his potential, needs,
desires and, accordingly, to provide a differentiated approach to learning. This approach requires the creation in the learning
process of a modern educational environment that will promote the development of students' necessary skills and competencies
(learning ability, creativity, critical thinking, communication, teamwork, etc.), the formation of his personality. To do this, the
teacher can use not only traditional teaching aids, but also modern educational trends, in particular, STEM education, partnership
pedagogy, personalization of learning, inclusive learning, practical training, research training, gamification, online courses, etc.
(Vasylyeva, 2020; Lantarédn et al., 2021).

Traditionally, during studying mathematics at school, all the material is divided into so-called content lines, the
development and deepening of which accomplish throughout the learning process by considering the relevant topics in each
class (MES of Ukraine, 2017). In Ukrainian methodology tradition the following content lines are considered: "Numbers and
expressions"”, "Functions and their graphs", "Equations and inequalities", "Geometry on a plane", "Geometry in the space",
"Stochastics" (UCEQA, 2016). Each of these content lines is important and, perhaps, it is impossible to single out any of the most
important of them. However, the study of some of them begins in the 1st grade and ends in the final grade, and for others the
study begins a bit later, but continues until the end of training. For example, the study of the content line "Numbers and
expressions" begins with actions on natural numbers in primary school, and ends with the study of irrational and transcendental
numbers in senior school. At the same time, the semantic line "Functions and their graphs", if we do not take into account the
propaedeutic material, begins to be studied from 7th grade on the topic "Linear function" and ends in the final grade by studying
the topic "Exponential and logarithmic functions". In this article, we will take a closer look at the methodology of studying the
material of the content line "Functions and their graphs" in the school course of mathematics.

Note that improving the methodology of teaching students the material of this content line is currently an urgent
problem, as evidenced by the publications of foreign and domestic scholars (Bakker et al., 2021; Vasylyeva, 2020; Bakhrushyn,
2019). We also emphasize that knowledge of the properties of elementary functions contributes to the formation of students'
adequate worldview on the basis of acquired general and subject competencies. Without appropriate knowledge, skills and
abilities, it is difficult to imagine the study of many topics in physics, chemistry, biology, computer science, etc. (Andrews, 1998;
Goudriaan & Monteith, 1990; Martinez-Legaz et al., 2005; Boucekkine & Ruiz-Tamarit, 2008). Also, the material of the content
line "Functions and their graphs" is very important for the successful cope of external independent assessment (EIA) of the quality
of educational achievements in mathematics, which is conducted by the Ukrainian Center of Educational Quality Assessment
(UCEQA). In particular, about 20% of the total number of EIA test tasks in mathematics relate to functions and their graphs.

Based on our own pedagogical experience and the results of the state final attestations (SFA) in mathematics, we found
problems in the relevant understanding of students of grades 10-11 material of the content line "Functions and their graphics".
This is also stated in the final reports of the UCEQA during the analysis of test results in mathematics. For example, it is noted
that: “A significant part of the participants of the external independent assessment do not have developed basic skills on the
topic "Functions. Properties of functions". Test participants often could not properly analyze and understand the information
presented in graphical form (on the figure), compare it with the textual part of the condition of the task, to build an appropriate
mathematical model. Mostly, this is applied to problems of practical content in both algebra and geometry"(UCEQA, 2017).

An analysis of the official reports of the UCEQA for 2016-2021 on the presence of student problems with the study of
functions (UCEQA, 2016; UCEQA, 2017; UCEQA, 2018; UCEQA, 2019; UCEQA, 2020; UCEQA, 2021) showed the following:
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e students do not have the skills to analyze and understand the data presented using a graph or figure during
comparing them with the condition of the task (mostly this applies to tasks for recognizing graphs of functions);

o half of the test participants cannot determine the point of intersection of the graph of the function with the abscissa
axis in the MCQ type of tasks;

e students had difficulties in solving the problem of establishing correspondence between the graphs of functions
shown in the figures and the properties of these functions;

e students cannot correctly find the domain of the function and calculate the value of the function at given points in
the domain;

e students cannot correctly draw the function graph in the open-ended tasks (tasks with a full explanation);

e students cannot correctly determine the derivative of the function and from these data to find the intervals of
monotonicity and extremum points of the function;

e students do not understand the geometric sense of a definite integral and make mistakes during determining the
antiderivative function and during calculating the area of a geometric figure using the Newton-Leibniz formula;

e only from 1.7% to 9.4% of test participants were able to fully cope with the open-ended tasks, and from 40.3% to
two thirds of participants did not complete these tasks at all.

Analysis of statistical characteristics of test tasks related to the material of the content line "Functions and their graphs"
shows that test participants in mathematics on EIA insufficiently and fragmentarily substantiate the conclusions, often cannot
coherently, logically and consistently describe in written form the way of their thoughts, cannot use acquired knowledge and
skills for analysis and synthesis of the obtained results (UCEQA, 2016).

In 2018, Ukraine participated in the International Comparative Study PISA, during which it was found that the average
level of mathematical literacy of Ukrainian students (453 points) corresponds to the second level out of six possible (Bakhrushyn,
2019). This level is basic, reflecting the ability of students to participate effectively and productively in society. PISA scores are
determined on scales specifically designed for each field of study (for reading, mathematics and natural sciences). Scales are a
numerical indicator of the levels of literacy of students in the appropriate fields. For each level there is a certain number of test
tasks, where the complexity of tasks at each level gradually increases. The amount of points received by the student allows to
determine the level of his competence in each of the disciplines. The results of PISA participants in each field are presented on a
scale, which identifies six levels of literacy in each of the subject areas of assessment (Mazorchuk et al., 2019; Vakulenko et al.,
2021).

Comparing Ukraine and other countries participating in the study, it was found that in Ukraine the most problematic
among the three branches of PISA is mathematics, noticeable differences are in different subject areas, especially noticeable
relatively low are the students results in mathematics. 36% of Ukrainian students failed to demonstrate such a level, of which
15.6% did not even reach the first level of mathematical literacy. At the same time, about 38% of Ukrainian test participants
showed the results of 3-6 levels, but only a few of them reached the sixth level (Bakhrushyn, 2019).

The PISA study on content line "Functions and their graphs" focuses on linear functions, their properties, various forms
of description and tasks. The next PISA study, scheduled for 2022, will look more closely at the relationship between quantities,
which can be expressed through equations, graphs, tables, or verbal descriptions. The concept of a function as such, i.e. as such
an abstract object, the representations of which are various equations, graphs, tables or descriptions, has been studied. Two
views of a function — a naive view of the process and a more abstract view of the object — can be reconciled in the graph of the
function. However, the analysis of the graph of the function, determining the coordinates of the values on the axes are also
dynamic or process nature. The graph of a function is an important tool for studying the concept of rate of change. The graph
appears as a kind of visual means for understanding the function as a relationship between the related quantities (Vakulenko et
al., 2021). It is this study that indicates the existence of the problem of studying the content line of "Functions and their graphs",
shows the subject connections of this line and the relevance of its study.

Summing up, we see that students of Ukrainian schools have significant problems with mastering the material of the
content line "Functions and their graphs". Only the fact that according to the statistical reports of the UCEQA in 2016-2021, the
task of establishing a correspondence between the function and the property of the function is performed correctly by only 16.2%
to 28.8% of participants in the external examination in mathematics, indicates an urgent need to improve methodology of
teaching students the material of this content line.

The purpose of the article is to find out the expediency and possibility of improving the methodology of teaching
students the material of the content line "Functions and their graphs" and to outline the directions of such improvement, based
on using of modern computer teaching aids in mathematics.

RESEARCH METHODS

To achieve our goal, we use the theoretical method of analysis of the methodological literature on the subject. We also
use some empirical methods: our own survey using Google forms, monitoring the learning process in secondary schools, analysis
of students' achievement. In this article we also use a set of methods of scientific knowledge: comparative analysis to clarify
different views on the problem; systematization and generalization in order to draw conclusions and formulate recommendations
on how to improve the methodology of teaching students the material of the content line "Functions and their graphs";
generalization of pedagogical experience and observations of the authors.

RESULTS OF RESEARCH

The above theoretical analysis provides sufficient grounds for formulating a hypothesis about the feasibility of
improving the teaching methodology of the content line "Functions and their graphs" for secondary school students. In order to
confirm (or refuse) this hypothesis and outline the directions of such improvement with using of modern information and
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communication technologies (ICT), we conducted a survey of teachers. The poll has been conducted anonymously and online
using Google forms. It involved about 100 teachers working with grades 5-11 of secondary schools in Ukraine, with different
teaching experience and qualifications. However, as it turned out, most of them are experienced professionals - 51% of
respondents have been working as mathematics teachers more than 15 years.

Below we put the list of questions of survey and the results of this poll. If the question contained answer options, then
after each of these options in parentheses is the percentage of the total number of respondents who chose this option.

Question 1. Do you use modern ICT in your professional activity?

e Yes, all the time (43%).

e Yes, often (46%).

® Yes, sometimes (10%).

e Yes, but very rarely (1%).

e No, | don’t use it at all (0%).

As we can see, all surveyed teachers use ICT in different ways in their work, and the vast majority of them (91%) use
them constantly and regularly. This situation is natural, especially in the context of a significant spread of distance and blended
learning due to the onset of the pandemic situation and martial law in Ukraine.

Question 2. What software (electronic) tools do you use to teach students (you could choose several answers)?

e Electronic control systems of knowledge, skills and abilities (test aggregators) (86%).

e Electronic textbooks of various types (from pdf versions to interactive) (77%).

e Demonstration tools (videos, text presentations, etc.) (81%).

e Training organization systems (training platforms) (64%).

¢ Data search systems (electronic libraries, Internet search engines, etc.) (58%).

» Software for learning in the form of games (quizzes, competitions, puzzles, etc.) (53%).

* Programs that allow modeling experiments, imaginary or real life situations, etc. (23%).

* Programs that provide the opportunity to create new electronic resources (17%).

The results of the answers to this question show that the most popular electronic tools for teachers are programs that
allow to assess students' academic achievements, as well as electronic learning tools, such as textbooks, instructional videos and
presentations. Less popular, but quite common are systems for organizing training and data retrieval, as well as programs for
learning in the form of games. In our opinion, this is due to the fact that test aggregators and e-textbooks can be used both during
classroom learning and during distance and blended learning, and the rest of the mentioned e-learning tools are more typical for
online lessons.

Question 3. Sort by importance (1 is the most, on your opinion, important, 6 is the least important) the following content
lines of the school course of mathematics: "Numbers and expressions", "Functions and their graphs", "Equations and
inequalities", "Geometry on a plane", "Geometry in the space", "Stochastics".

The table below shows the percentage from the total number of teachers surveyed who ranked each of these content
lines from 1 to 6 in descending order of importance. The far right column contains the weighted average place for each content
line.

Content line / place 1 2 3 4 5 6 Weighted average place
Numbers and expressions 72% 6% 9% 4% 4% 5% 1,8
Function and their graphs 9% 14% 40% 17% 10% 10% 3,3
Equations and inequalities 9% 60% 13% 5% 9% 4% 2,6
Geometry on a plane 3% 17% 25% 44% 8% 3% 3,5
Geometry in the space 4% 4% 4% 16% 49% 23% 4,7
Stochastics 5% 1% 9% 13% 17% 55% 5,0

The weighted average place shows that the content line "Functions and their graphs", according to teachers, is the third
most important after the content lines "Numbers and expressions" and "Equations and inequalities". 40% of respondents put it
in this place. This position is rather natural, because without proper knowledge of numbers and expressions, the study of
mathematics is fundamentally impossible, and equations and inequalities are the most popular models of real phenomena and
processes. However, this does not mean that teachers underestimate the importance of functions, because much more teachers
put it on the 1-3 places than in 4-6 places (63% vs 37%). Thus, the study of functions and their graphs respondents consider,
though not the most important, but one of the priorities in the study of school mathematics course.

Question 4. Do you suppose it appropriate to improve the methodology of teaching students the content line "Functions
and their graphs"?

o Yes, definitely (22%).

o More likely, yes (55%).

e |t is difficult to answer (10%).

o More likely, no (12%).

o No, definitely (1%).

As we predicted by our theoretical research, a total of 77% of respondents are convinced of the need to improve the
methodology of teaching students the content line "Functions and their graphs". At the same time, it is important that 82% of
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experienced teachers with 15 years of experience or more suppose the same. This is further evidence that with experience of
teaching, awareness of the need to improve the methodology of learning functions is only growing.

Question 5. Are you currently provided with appropriate methodological materials for teaching students the content
line "Functions and their graphs"?

e Yes, definitely (5%).

o More likely, yes (48%).

o |t is difficult to answer (21%).

e More likely, no (25%).

e No, definitely (1%).

The number of teachers who believe that they are provided with learning materials on the study of functions is about
half of the total number of respondents. The rest of the teachers feel the need for such materials, although none of them stated
that there were no such materials at all. This suggests that the situation with the methodological support of teachers to study
the content line "Functions and their graphs" is not catastrophic and needs only minor improvements.

Question 6. If you do not have enough methodological materials to teach students the content line "Functions and their
graph", then which ones (you could choose several answers)?

o Educational demonstration materials (videos, text presentations) (46%).

e User instructions on software capabilities (46%).

e Methodical advice on using of software to teach students the material of the content line (44%).

e Ready-made developments for monitoring of students' achievement (tests, control works, etc.) (38%).

e Electronic manuals (textbooks, collections of tasks, etc.) (31%).

o Materials for in-depth study (1%).

o Fully provided with methodical materials (5%).

As we can see, during studying the content line "Functions and their graphs" teachers are most lacking in educational
demonstration materials, there are some problems with user instructions on the possibilities of teaching software, as well as
ready-made tests current and final control works. Note that only 5% of respondents in response to question 5 said that they are
fully provided with methodological materials related to this content line. This confirms our confidence in the need for further
methodological developments to study the functions, and is fully coinsident with the answers to question 4.

Question 7. If you think that you need to improve the method of teaching students the content line "Functions and their
graphs", then what can be done for it (you could choose several answers)?

o Develop guidelines for studying the material of this content line using ICT (64%).

e Increase the number of hours to study the material of this content line (55%).

e Increase the number of ready-made educational materials (electronic textbooks, videos, etc.) (36%).

e Develop methodological recommendations for improving the methodology of traditional teaching of the material of

this content line (26%).
e Create a learning environment with an existing systematized database of materials and opportunities for control and
self-control (1%).

The answers to this question show that half of the teachers surveyed are in favor of an extensive way to ensure the
assimilation of the necessary material and want to increase the number of hours to study the content line. However, this path is
obviously a dead end, as increasing study time does not guarantee a positive result. In addition, the content line "Functions and
their graphs" cannot be called the most important among all others, and therefore, the increase in the amount of study time on
it is questionable for this reason.

However, it is gratifying that many more teachers understand the futility of the extensive path and choose the intensive
one - improving guidelines for studying functions (both traditional methods and using ICT) (see more also in Birgin & Uzun Yazici,
2021 and Ocal, 2017). In this intensive way of ensuring the quality of education, the need to increase the number of ready-made
teaching materials with using of modern technologies, which is emphasized by the interviewed teachers, seems natural.

Summarizing all the survey data, we can say that:

e most modern mathematics teachers, and especially teachers with much experience in school, constantly use ICT in

their educational activities;

o the range of use of ICT in teaching mathematics is quite wide - from electronic teaching aids (textbooks, educational

videos, etc.) to means of monitoring the results of educational activities;

e the content line "Functions and their graphs" is not, on the opinion of teachers, the most important content line of

the school course of mathematics, but its importance is undeniable;

e teachers have no doubts about the need to improve the methodology of teaching students the material of the content

line "Functions and their graphs", as well as the need to develop appropriate methodological materials, in particular,
using modern computer technologies.

CONCLUSIONS AND PROSPECTS OF FURTHER RESEARCH

According to the analysis of scientific and methodological literature, in particular, the results of EIA and SFA in recent
years, as well as the international comparative study PISA 2018, in Ukraine there is a problem of ensuring the proper quality of
student knowledge, skills and competencies for the material of the content line "Functions and their graphs". The existence of
such a problem is confirmed by our survey of mathematics teachers, the results of which are given above.

To improve the methodology of teaching students the material of the content line "Functions and their graphics" it
seems natural to use computer technologies. According to the above-mentioned survey, teachers are currently actively using
modern electronic tools for teaching mathematics, but need methodological support for their use in the educational process. In
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particular, this applies to the study of functions and their graphs: there is a need to develop ready-made didactic materials and
to create guidelines for using ICT to study the material of this content line, which will allow using of modern electronic tools in
the learning process more effectively.

On our opinion, this direction of research (using of modern electronic aids in the study of the content line "Functions
and their graphs") is promising and necessary for teachers. In the future, we plan a series of publications that will address detailed
guidelines for the use of ICT to study certain types of functions (linear, quadratic, power, exponential, logarithmic, trigonometric)
in the school course of mathematics.

We also consider the development of relevant online courses, trainings and webinars for mathematics teachers, as well
as their placement on educational platforms such as Prometeus, Osvitoria, Vseosvita, GIOS, etc. to be promising. We are
convinced that the availability of such educational resources, as well as a large number of e-learning tools will help overcome the
problems covered in the study of the content line "Functions and their graphs", make the learning process more effective for
both teachers and students.
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AHOTALIA

ABSTRACT

®PopmynroeaHHa npobaemu. Cbo200eHHA cmagume neped oceimoro
BUK/IUKU, 30Kpema, naHoemii, 36poliHi BmopaHeHHSA, AK HACAIOOK cmpimKul
po38UMOK 0c8imHix meHOeHyili OUCMaHyiliHo20 HaB4YaHHA. 3 027140y Ha ye
nocmae numMaxHA 3abe3nevyeHHA ocgimHix mompeb 30o06ysayie ocsimu y
¢opmysaHHi 'y Hux O0CMiOHUYbKUX KOoMmemeHmHocmel nid 4ac
Kommn’'tomepHo20 MOOeno8aHHA (Pi3UYHUX A8uw, ma rnpoyecie 014
po38uMKy ni3Haeasb6Ho20 iHMepecy 6o oucyunaiHu npu oucmawyitiHomy
HABYaHHI.

M FY

i AHaniz ma cucmemamusayid HayKoeo-
nedazoziyHoi nimepamypu 3 BUKOPUCMAHHA Md BPOBAOHEHHA 8
oceimHili npoyec KOMM'tomepHUX MPO2PAMHUX CUMYAAMOpIe, 30Kpema,
Phet-cumynsayiti. Emnipu4Huli aHaniz moxcausocmeli Phet-cumynayili 'y
KOHmMeKcmi ¢hopMysaHHA 00CAIOHUYbKUX KomriemeHmHocmel nid yac
KOMM’'IomepHO20 MOOEeno8aHHA (hi3uyHUX Asuw, ma npoyecie npu
ducmaHyiliHomy Ha84aHHI.

Pe3yabmamu. 3anponoHo8aHO 8UKOPUCMAHHA Moxcausocmeli Phet-
cumynayiti dna eisyanisayii Hag4yanbHo2o ekcriepumeHmy. Ha npuknadi
HaBeOeHUX IHCMPYKUilIHUX KGPMOK MOKA3GHO MOM/IUB0CMi POPMYBAHHA
docniOHUYybKUX KomnemeHmHocmel y 30o6ysavis ocsimu ni0 4ac
ducmaHyiliHo2o Has4YaHHA. BucsimneHo nepesaeu sukopucmaHHA Phet-
cumynayiti 8 oceimHbomMy npoyeci npu UCMaHyiliHOMy HAB4AHHI.

BucHoeKu. CamocmiliHe M0Oento8aHHA (hi3UYHUX ABUW, ma fpoyecie
npu OducmaHyiliHomy Has4yaHHi Oae moxcausicme 3006ysayam oceimu
6inbw 2AUB6OKO 3pO3yMimu OCHOBU OOCAIOHCYBAHUX MPUPOOHUX ABUW, Ma
npoyecis, npuHyun i ma 6y0osy cy4acHOi mexHiKu WaAAXom eisyanizayii
npoyecie, Mary4u pisHi napamempu isu4Hoi modesni. Kpim eucokux
MOKA3HUKi8 AKICHO20 3GC80EHHA HABYA/bHO20 Mamepiasny, y 3006ysayie
nidsuwyemsca iHmepec 0o susvyeHHs npedmemy, Wo 8iOKPUBAE WUPOKI
Moxcaueocmi 0na 30ilicHeHHA camocmiliHoi pobomu, cripuse po3sumky
maeopyoi dianbHOCMI, hopMy8aHHIO 00CAIOHUYbKUX KOMTemeHmHocmed,
CMUMYsOE 00epHaHHA 000aMKOBUX 3HAHb MaA iX 3aKpinaeHHA, wo O0ae
Moxusicms suxosysamu ecebiyHO po3suHeHy ocobucmicms 3 yMiHHAMU
ma Hasu4ykamu XXI cmoaimma.

P

Formulation of the problem. Today poses challenges to education, in
particular, pandemics, and armed invasions, as a result of the rapid
development of educational trends in distance learning. Given this, the
question arises of ensuring the educational needs of students in the
formation of their research competencies in computer modeling of physical
phenomena and processes to develop a cognitive interest in the discipline
of distance learning.

Materials and methods. Analysis and systematization of scientific and
pedagogical literature on the use and implementation in the educational
process of computer software simulators, in particular, Phet-simulations.
Empirical analysis of the possibilities of Phet-simulations in the context of
the formation of research competencies in computer modeling of physical
phenomena and processes in distance learning.

Results. The use of Phet-simulation capabilities for visualization of a
training experiment is proposed. In the example of the given instruction
cards, the possibilities of the formation of research competencies in
students during distance learning are shown. The advantages of using Phet
simulations in the educational process of distance learning are highlighted.

Conclusions. Independent modeling of physical phenomena and
processes in distance learning gives students the opportunity to better
understand the basics of the studied natural phenomena and processes, the
principle of operation, and the structure of modern technology by
visualizing processes with different parameters of the physical model. In
addition to high rates of quality learning, students increase interest in
studying the subject, which opens wide opportunities for independent work,
promotes creative activity, formation of research competencies, stimulates
the acquisition of additional knowledge and their consolidation, which
allows education a comprehensively developed personality which skills and
abilities of the XXI century.

K/1tOHOBI CJ/IOBA: kKommn’'tomepHe MOOento8aHHA; MOOen8aHHS;
isuka; KomnemeHmMHicme, Mi3HA8AAbHI 3080AHHSA; KOMN'lomepHi modeni
(cumynsayii); ducmanyiliHe HABYAHHA.

KEYWORDS: computer simulation; modeling; physics; competence;
cognitive tasks; computer models (simulations); distance learning.

BCTYN

MocTaHoBKa npobaemu. BUKANKK, 3 AKMMM 3iTKHYANCA YKpaiHCbKi 3406yBavi OCBITU Ta BUKAaAadi, CTaloTb PYLWiAHOWO
cunoto go TpaHchopmaLii OCBITHbOI cUCTEMM Y BipTYanbHUI NpocTip. AMCTaHLiMHe HaBYaHHA NPOTATOM OCTAHHIX TPbOX POKiB
Habupae Bce binbwe 06epTiB. BpaxoBytoum HeOOXiAHICTb GOPMYBaHHSA Ni3HAaBaNbHOIO iHTEpPecy A0 AUCUMNAIHK «Di3nKa», AKa €
OCHOBOIO [A/11 BMBYEHHA TEXHIYHMX AMCUMNAIH, 30Kpema, Takux Ak «leopesia», «TeopeTU4Hi OCHOBWU ENEeKTPOTEXHIKMY,
«ENEKTPUYHI MALIMHW Ta anapatu» Ta iHWMX, HeobXiAHO 3aKNaAATU AOCNIAHMLBKI KOMMNETEHTHOCTI Nif Y4ac Komn'toTepHoro
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MOAENoBAHHA y 3400yBadiB OCBiTU. MpKU AUCTAHLiIMHOMY HaBYaHHI BUK/aAadi BUKOPUCTOBYIOTb Pi3Hi MeToau, a Komn'ioTepHe
MOAENOBAHHA € OAHUM i3 HEOOXiAHMX ANA PO3YMiIHHA Qi3UYHMX ABULL i NpoLeciB Ta 3MiH, WO BiAOYyBaloTbCA 3 HUMU. PO3BUTOK
iHOOPMaLLIMHNX TEXHONOTIN CNPUAE He TiNbKM BigPOAKEHHIO METOAY MOAENIOBAHHS, A  NPMU3BOAMUTL A0 NOABMU CrewianizoBaHnX
KOMMN'IOTEPHUX CePeS0BUILL, B AKMX CTAN0 MOXKIMBUM MOLENOBAHHA PI3HOMAHITHUX Qi3MYHUX ABULL, i NpoLLeciB, a Tomy npobaema
bopmMyBaHHA AOCAIAHUUBKMX KOMMETEHTHOCTEN Nif, Yac KOMN'IOTEPHOrO MOZENOBAHHA Ha iX OCHOBI Yy ManbyTHiX $paxoBux
MonoAlwmnx 6akanaspiB TEXHIYHMX CreLia/lbHOCTEN € OCUTb aKTYasIbHOO.

AHani3 aKkTyanbHUX AOoCNig)KeHb. AHani3 HayKOBO-MeAaroriyHoi nitepatypu cBiguMTb npo Te, wWo npobaemu
bopmyBaHHA A0CNIAHULBKMX KOMNETEHTHOCTEN Nif Yac KOMN'IOTEPHOIO MOAENOBaHHA B OCBITHbOMY NPOLLECi AOCNIAKYBaAUCA
y pobortax 6araTtbox BYeHMX. Bigomo, wo iHbopmaTM3aLia cucTemMu OCBITM 6e3nocepegHbO MOB’A3aHA 3 LUMPOKUM
BMNPOBaAKEHHAM i epeKTMBHMM 3aCTOCYBaHHAM B OCBITI iHPOPMALiiHO-KOMYHiKaLiiHUX TexHonorii (IKT), wo 6asytotbea Ha
meTogax i 3acobax iHpopmaTuKku. Lii metoay Ta 3acobu yTBOPIOKOTbL Yy CUCTEMi OCBITU THy4Ke W aAanTUBHE iHTerpoBaHe
opraHisayinHo-pyHKLUioHaNbHe Ta iHGOPMALLIMHO-TEXHONONYHE KOMN IOTEPHO OpiEHTOBaHE CepesoBuLLE, AKE PO3BMBAETLCA M
aKTWMBHO BN/MBAE Ha GOPMYBaAHHA B CUCTEMI OCBITU HABINbLL CNPUATAUBUX YMOB AOCATHEHHSA Ti 30BHILIHIX | BHYTPILWHIX winei
(ApoHb, 2017).

C.T. NntenHoBa (2018) y cBOiN Pob6OTIi «BUKOPUCTAHHA CMCTEM KOMM'IOTEPHOrO MOAENOBAHHA ONA MPOEKTYBAHHSA
OOCNIAHULBKMX 3aBAaHb 3 MAaTEMATUKU» HaBOAMUTb y3arasbHEHHI OCHOBHI MOJIOXKEHHS 1 OBI'PYHTOBAHICTb BUKOPUCTAHHA CUCTEM
KOMMN'IOTEPHOIO MOAENI0BaHHA 3aK/1aAamM 3ara/ibHOT cepefHboi OCBITU ANA NPOEKTYBAHHA AOCNIAHNLBKUX 3aBAaHb | HABYAHHA
YYHiB MaTeMaTUKMN.

H0. 0. *yk, 0. M. Cokontok, H. M. femeHTieBcbKa, O. B. CnoboaaHuk Ta M. K. Cokonos (2014) HaBOAATb OCHOBHI
NPUHLMNK Ta NigX0AM 3aCTOCYBAHHA IHTEPHET-TEXHOIOTIM ANA AOCAIAXEHHA NPUPOAHUX ABWULL, Y LIKIZIBHOMY Kypci Gi3nku y cBoil
po6oTi. 3a IX BUCHOBKaMM — KOMN' IOTEPHE MOAENOBaHHA MA€E BU3HAYeHi KOHKPETHI HaBYabHI Ui, CNOHyKae 3406yBadyiB OCBiTH
pPO3BMBaTK Mi3HaBaNbHWUI iHTEPEC A0 Kypcy Gi3nKM, 40 NOLWYKY NPUUMHHO-HACNIAKOBUX 3B'A3KIB.

Y poboTi «MogaentoBaHHA BipTyanbHOrO Ii3sMYHOrO EKCNEePUMEHTY AN CUCTeM AMCTaHLiIAHOrO HaBYaHHA B
3ara/ibHOOCBITHIN | BMLLIA NeaaroriyHii LWKonax» PO3rAAHYTO Ta OMMCAHO: CTaH PO3BUTKY HABYaNbHOrO KOMM’'LOTEPHOro
MOZLEe/IOBAHHSA, Or0 Cy4aCHUX MOMKINBOCTEN; OCHOBHI NCUXONOrO-AMAAKTUYHI NiAX04AM [0 NPoBAEMU MOLENIOBAHHSA Y HAaBYAHHI
di3nKM Ta WKinbHOMY di3MYHOMY eKCnepumeHTi; KnacudikaLito Komn'lTEPHUX Moaenen ANa CUCTEMM ANCTAHLiMHOIO HaBYaHHS;
OCHOBHi BMAM BipTya/IbHOrO MOAE/NIOBAHHSA, O HalbiNbLL WMPOKO BUKOPUCTOBYIOTHCA Y CMCTEMAX KOMN OTEPHOI NiATPUMKM
HaBYaHHA Gi3VKK; ANAAKTUYHI MOMKAMBOCTI iX 3aCTOCYBAHHA Y HAaBYaHHI Y4YHIB 3arasibHOOCBITHLOT WKW (F0N0BKO Ta iH., 2015).

Y pocnigrKeHHi aMepuKaHCbKMX yYeHUX NPOaHaNi30BaHO CTBOPEHHA eDEeKTUBHUX NMWUTaHb ANA AOCATHEHHA MeTW 3a
[,0MNOMOrOI0 TPbOX aCMeKTiB: 3aNUTaHHA NoAaloTbCA 3406yBaYam OCBITU Y NEBHUIA CNOCI6, WO CNOHYKAE A0 3HAYHMUX PO34yMiB, a
He /inLe [0 3anam’ATOBYBaHHA Y/ BUKOHAHHA BiANPaLbOBaHOT HABUYKW; MUTAHHA CYNPOBOAKYIOTLCA LUMPOKUM 0BroBOPEHHAM,
CNOYaTKy y Manux rpynax, a noTim ycim K1acom; BUKNaZa4y MoCTiMHO cnocTepirae 3a poboToto 3500yBadiB Ta afanTyeTbes 40 iX
notpeb y HaBYaHHi (Beatty et al., 2006).

3ayBa*KMMO, LLLO NUTAHHA BUKOPUCTaHHA KOMMN IOTEPHUX MOoAeNel B OCBITHbOMY NPOLEC MPU BUBYEHHI Kypcy disnKu
PO3BMBaNOCA i 4OCNIAXKYBANOCA BYUEHUMM 3@ TAKMMM HANPSAMKaMK: peasiisoBaHO CUMYALINHY CUCTEMY HAaBYaHHSA, i Y KOHTEKCTI
BMBYEHHS Kypcy i3nKmM A0CNigKyBaAMCca BigMiHHOCTI MiXK HaBYaHHAM Ha OCHOBI KOMMN'IOTEPHOTO MOAE/HOBaHHSA Ta TPAAMLIMHUM
nabopatopHMM HasyaHHAM (Chang et al., 2008); npoaHani3oBaHO BUMKOPWUCTaHHA METOAIB KOMM IOTEPHOTO MOZE/IOBAHHA Y
bisnui Ta iHWKX aucumMnAaiHax, TakMx SK matepianosHascTBo (Steinhauser, 2012); BuKopucTaHHA Phet-cumynauii 4ns BUKOHaHHA
OOMaLLHIX 3aBAaHb 3 MOAEKYAAPHOI Gi3UKM Ta MOCUNEHHA MiXKAMUCUMNAIHAPHUX 3B’A3KiB (MsAcTKoBcbKa & Mwembaes, 2016);
PO3KPUTO MOXKAMBOCTI 3aCTOCYBaHHS Ha 3aHATTAX Gi3nKM KOMN'IOTEPHOIO MOAE/HOBAHHA: Mif Yac aKTyanisauii HeobxigHUX 3HaHb
Ta YMiHb 3anponoHyBaBLIKM 3006yBaYam OCBITM Nepernag CMMyaauii oa1s NosacHeHHA BUBYEHUX paHille ABULL, Ta 3aKOHIB; Mig Yac
HaZaHHA HOBOro Marepia/ly CynpoBOAMKEHHSM PO3MOBiZi BMKA3agaya BiAMOBIAHUMM CUMYAAUIAMU ONA Ginbll edeKTUBHOro
PO3YMiHHS; Nig Yac y3ara/JibHEHHA Ta cMCTeMaTM3aLii 3HaHb AaHi CUMYAALIT 403BONSAOTL 34iACHUTY OLiHIOBaHHSA 3HaHb Ta YMiHb
OTPUMaHUX Ha 3aHATTI (QpoHb, 2017); MOKANBOCTI BUKOPUCTAHHA KOMN' IOTEPHMX MOAENeN Nif Yac iHAMBIAyanbHOI poboTH YU HIB
3 ¢i3nKn, poBoaAaTb edEeKTUBHICTb iX BMAMBY Ha HaBYa/bHWIA npouec 3 ¢i3MKM Ta PO3BMTOK Mi3HABA/bHUX 34i6HOCTEMN
(Cnoboasanuk, 2019); po3rNsaHYTO KypC CMMYAALIM MOZENOBAHHA K PeanbHWi 3B'A30K 3 MPAKTUYHMMM 3aCTOCYBaHHAMM,
06IPYHTOBAHO, WO AaHMI NigXin, A0 BUBYEHHS € NPUPOLHUM «MICTKOM» MiXK TEOPI€ELO | NpaKkTUKoto (Saastamoinen & Rissanen,
2019).

BogHoyac aHania HayKOBO-METOAMYHMX TNpaub He BWABMB CTIMKMX WAAXIB  GOPMYBAHHA  AOCNIAHULBKUX
KOMMEeTeHTHOCTEN MiZ Yac KoMN'loTePHOTro MOAEeNOBaHHA Y 3406yBayiB OCBITU NPU AUCTAHLiMHOMY HaBYaHHI.

Merta cTatTi. 3 ornagy Ha Le MeTOl CTaTTi € BUCBIT/IEHHA MOM/IMBOCTEN KOMN IOTEPHUX MPOTPAMHUX CUMYAATOPIB,
30Kpema, Phet-cumynauiit, o dopmyBaHHA [OCNIAHULBKMX KOMMNETEHTHOCTEM Nif 4ac KOMMN IOTEPHOrO MOAENIOBAHHSA Y
306YyBayiB OCBITM NPU AUCTAHLIMHOMY HaBYaHHI.

METOAU AOCNIAXKEHHA

AHani3 Ta cucTemaTm3alia HayKoBO-NeAaroriyHoi NiTepaTypy 3 BUKOPUCTAHHA Ta BNPOBAAMKEHHA B OCBITHIM npouec
KOMM'IOTEPHMX MPOrpaMHUX CUMYAATOPIB, 30Kpema, Phet-cumynauini. EMnipnyHuic aHanis moxnusoctel Phet-cumynauin y
KOHTeKCTi GOpMyBaHHA AOCNIAHULIbKMX KOMMETEHTHOCTEN Nif, Yac KOMN'tOTEPHOro MoAeNoBaHHA Gi3UYHUX ABWLL, Ta NPOLLECiB
npv AUCTaHLiMHOMY HaBYaHHI.

PE3Y/IbTATU AOCNIAXKEHHA

Mpouec HaB4YaHHA Oi3vKkM Ha | Ta Il Kypcax paxoBux Koneaxis, Ae 3406yBayi OCBITM OMaHOBYIOTb NMOBHY NPOGINbHY
cepefHio OCBiTy, CNPAMOBYETbCA Ha PO3BUTOK OCOBMCTOCTI 3406yBaya OCBITM, CTAHOB/JEHHA MOrO HAyKOBOTO CBITOMNAAY U
Bi4MNOBIAHOIO CTUO MUCNEHHA, GOPMYBaHHA NPeAMETHOI, HaYKOBO-NPUPOAHWUYOI (K rasy3eBoi) Ta KNOYOBMX KOMMNETEHTHOCTEN
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(Pismka i acTpoHomin. HaByanbHa nporpama, 2017). OAHi€l0 3 TaKMX KAOYOBUX KOMNETEHTHOCTEN € KOMMETEHTHICTb Y NPUPOAHNYNX
HayKax i TEXHOIOTiAX PO3BUTOK AKOI MOMHa A0CAITM 338 AONOMOTot0 GOPMYBaHHA AOCAIAHULBKOT KOMNETEHTHOCTI.

Nig, 4OCNIAHMLBKOK KOMMETEHTHICTIO PO3YMIEMO Pe3y/ibTaT 3aCBOEHHA HAaBYa/IbHOTO MaTepiany AK BMiHHA NOACHIOBATU
NPUPOAHI ABULWA Ta Npouecu, NpUHUMN Aii Ta 6yQ0By Cy4acHOi TEXHIKM, NpUAaAiB Ta 061aaHaHHA Ha OCHOBI (i3MYHMX 3HAHD,
3/1aTHICTb 3aCTOCOBYBATWU 3HAHHA A4/1A BUPILLEHHA KOHKPETHWMX 3aBAaHb LLOAO peasibHUX 06’€EKTiB HAaBKONMLWHLOIO CepesoBuLa,
NAaHyBaTK Ta peanizoByBaTh Qi3NYHI CNOCTEPEXKEHHSA 11 eKCnepuMeHT, GiKCyBaTU Ta ONpaLbOBYBaTU, NPABU/LHO iHTEPNPETYBaTU I
oujHloBaTM ix pe3ynbTatu. Lle pocAaraeTbcA 3aBAsKM MPOBEAEHHIO HaBYasIbHUX EKCNepUMEHTIB AKi peanisylotbca y dopmi
L,EeMOHCTPALLIHOIO 1 GPOHTANIbHOTO eKCNEPUMEHTY, PObiT 1abopaTOPHOro NPAKTUKYMY, AOMALLHIX AOCAIAIB | cnocTeperkeHb.

Mif Yac AWCTaHUMHOMO HAaBYAHHA BMBYEHHA NEBHUX (i3UYHUX ABMLL Ta NPOLECIB MOXK/IMBE 3aBAAKW 3aCTOCYBaHHIO
KOMN'IOTEPHMX iMiTaLiiHMX Mogeneld. Ix BUKOPUCTaHHA A03BONAE Bi3yanisysaTW fABMLLA | NPOLLECH; 3AJICHIOBATM MNOCTIMHWMA
3BOPOTHMI 3B'A30K MiX 3406yBa4yem OCBITU M KOMN'IOTEPHOIO TEXHIKOIO; 4AE MOMAMBICTL ANA 36epiraHHA [OCTAaTHLO BENMKUX
di3nYHMX ABMLL | Npouecis, GOpMYNOBaTU HAaBUYKM AOCNIAHULBKUX 3aBAaHb, NOB'A3aHMX 3 iHTEPAKTUBHUMM NPU AUCTaHLiHOMY
HaBYaHHI.

3a pe3ynbTaTaMm HayKOBOTO AOC/IAXKEHHA Ha Temy «CucTema KoM’ IoTEPHOTO MOAENIOBAHHSA Mi3HaBaIbHUX 3aBAaHb ANA
bopmyBaHHA KOMMNETEHTHOCTEN YYHIB 3 NPUPOAHMYO-MATEMATUYHUX MpPEeaMETIBY, MPOBEAEHOro rPynow AOCNIAHMKIB, WO
BMKOHYBaNoCA B IHCTUTYTI iHpOopMaLiiHMX TexHooriM i 3acobis HaByaHHA HAMH YKpaiHu, 6yno npoaHanisoBaHo 6iu3bko 30
OH/TaHOBWX PECYPCIB, AKi HAZAOTb MOX/IMBICTb 34,00yBaYam OCBITU Ta BUK/IaAa4yam NPaLOBaTH 3 iHTEPAKTUBHUMM KOMM'IOTEPHUMM
MOZENAMM MPU BUBYEHHI MPUPOAHNYMNX aucumnnin (JintenHosa & Cokontok, 2020).

Cepeqn, AoCNiaKeHUX OHNAMHOBUX pecypciB ocobamee micue nocigae cat University of Colorado Boulder (CLUA) -
https://phet.colorado.edu/, Ha AKomy po3milleHo noHag, 126 Komn'toTepHUX cUmynALii 3 GisuKK, ximii, 6iosorii, MaTemMaTVKK Ta
acTpoHoMmii. CaiAT nepeknageHo Ha 46 MOB, OAHIED 3 AKMX € 1 YKpaiHCbKa. Ha caiTi onybaikoBaHi, y ToMy YncAi M yKpaiHCbKOK MOBOHO
ONA BCiX NepeknageHux mogenei iHCTPYKLii ANA nenaroris, XapakTepuUCTUKN OBMEXEHHA MoAenei, CYTHICHI XapaKTepuCTUKM
mogenen Ta MeTOANYHI PpeKoOMeHAaLii, 30KpeMa, | MPUKNaaM 3aBAaHb 1A HaBYaHHA 3 AoChimKeHHAMWU. Ha caliTi npeactasieHo
noHazg 120 HayKoBWX CTaTel i pe3yabTaTiB NeaaroriyHnx AoCNiAsKeHb, NOB'A3aHMX 3 BUKOPUCTAHHAM KOMMN' IOTEPHUX MOAENEN CalTy
Phet, po3pobKu ypoKiB BUMTENIB | BUKNAAAYiB Pi3HWUX 3aKOPAOHHMX HaBYaIbHUX 3aK1aAiB.

Phet-cumynsu,i — yHikanbHe cepenoBuLLe iHTEPAKTUBHUX CUMYAALLM 3 yCiX po3ainiB ¢i3nKn. BOHM NOKAMKAHI 330X0TUTH
3106yBayiB OCBITW A0 TBOPYOCTI, MOTUBYBATU A0 3400yTTA 3HaHb, BUBYatOUM Bi3UKY, NOACHIOBATU HALL peasbHUit CBIiT. MoeaHaHHA
HayKM 1 TEXHIKM KoM’ IOTePHOro MoAeNtoBaHHA pobuTb Phet-cumynauii Likasum BipTyaibHUM OCBITHIM cepeaoBuLLEM.

Y npoueci pobotn 3 KomN'lOTEPHUM MOZENIOBAHHAM (isMYHMX ABWLW, Ta NpPOLEciB BapTo Hasuutu 3406yBadis
L0TPUMYBATMCA NEBHOI NOCNILOBHOCTI Ail, AKa A03BO/IMTb Oy AyBaTh NPaBU/IbHI 10TYHI BUCHOBKM Ta GOPMYBATU BUYEPTHI YABEHHSA
NPO 3aKOHW HABKOIMLLHbOTO CBITY. BUKOPUCTOBYIOUM MOXAMBOCTI MOAEOBAHHA epeKTUBHO, MOXHA JOCUTb NPOCTO PO3BUHYTU Y
HWUX BMiHHA CNoCTepiratm, fOCNIAXKYBaTW, EKCNEPUMEHTYBATW, aHaNi3yBaTK Ta y3ara/ibHIOBATU ABULLA HABKO/IMLLHBLOTO CBITY.

3acTocyBaHHA Phet-cumynauiii cnoyatky Ha 3aHATTAX 3 Gi3WKKM, @ OCTaHHI ABa POKM M Mig, Yac AMCTAHLIMHOIO HaBYaHHs,
ana 3006yBadiB ocsiTh -1l Kypcie paxoBux KoneaxkisB nif Yac HaBYa/bHUX EKCNEPUMEHTIB, POBIT N1abopaToOPHOro NPaKTUKYMYy,
OOMALUHIX JOCNiAiB i cnocTeperkeHb, CTafo 3BUYHMM siBuweM. [ig, Yac AMCTaHUiMHOIO HaB4YaHHA BCi ABMULLA Ta Mpouecu, siKi
BMBYAIOTLCA Y KYPCi Gi3MKM MOXKHA 3MOZE/H0BaATH, PO3rNAHYTU ByAb-AKY CUTYaLLilo | HAOYHO NPOAEMOHCTPYBATH 3a Aonomoroto Phet-
cumynAaTopiB. 3aHATTA 3 Qi3NKM He 3BOAATLCS A0 CyXOro BUKNAAY MaTepiany, a NigKpinatoTbCA HAOUHICTHO.

ABTOpCbKa MeToaMKa $OopMyBaHHA [OCAIOHULBKMX KOMMETEHTHOCTEM Mif, 4Yac KOMM'IOTEPHOrO MOZENOBAHHA Y
3706yBayiB OCBITU NPU AMCTAHLIMHOMY HaBYaHHI NONArAE y HACTYNMHOMY: BUK/AZay PO3MILLYE NOocuiaHHA Ha Phet-cumynauiio y
Google Classroom Ta NpUKPINAse iHCTPYKL,itO ana ii BUKOHaHHSA.

HaBesemo npuvKnaam 3aBAaHb, AKi NPOMNOHYETbCA BUKOHATKU 3000yBavam OCBITU MNif Yac AUCTAHLMHOrO HAaBYaHHA AA
bopmyBaHHA [OCNIAHUUBKMX KOMMETeHTHoCTeW. [na npuKknagy po3rnaHemo cumynauii «J/labopaTopia KoHAeHcaTopiB» Ta
«leomeTpuyHa ONTMKa», 3aBAAHHA GOPMYIOEMO Bif, NPOCTOro A0 CKAAAHO.

IHcmpyKuyiliHa Kapmka 0158 NposedeHHA A0CAIOHeHHS i3 cumynayieto «/labopamopis KoHOeHcamopie»

1. MepernsHbTe BiAeO BUKAaAaYa (3HaMOMCTBO i3 cumynALIEto Ta i CKNaA0BUMM).

2. Biakpuitte cumynauito, obepitb BKAaAKY «Bctyn».

3. MpoBeajTb foCNigKEHHA KOHAEHCATOpa BigNoBiAHO 40 CBOro BapiaHTy 3aBAaHb (Tabamua 1). 3anosHiTb Tabamuto 2. 3a
OTPUMAHUMM JaHUMKM PO3PaxyiTe EMHICTb NJIOCKOro KOHAEeHcaTopa 3a popmynoto:

c _€g"S
posp d
MopiBHAlMTE pe3ynbTaTM EMHOCTI KOHAEHCATOPa OTPUMaHI Yepes3 BUMIPHOBAHHA Ta Yepes pO3pPaxyHOK.

4. BuBYiTb BMAMB NPOCTOPY i Ai€NEKTPUYHUX MaTepianiB, AKi BCTAaBAAKOTbCA MiXK MAACTUHAMM KOHZEHcaTopa y Koi.
MpoBea;jTb AOCNIAXKEHHA KOHAEHCATOPA BiANOBIAHO A0 CBOro BapiaHTy 3aBAaHb (Tabmua 1). 3anoBHiTb Tabauuto 2. 3a OTPUMaHUMMU
LAHUMK po3paxyiTe EMHICTb NIOCKOro KoHAeHcaTopa 3a popmynoto:

£-&§"S
Cposp =5
MopiBHANTE pe3ynbTaTM EMHOCTI KOHAEHCATOPa OTPUMaHI Yepes3 BUMIPHOBAHHA Ta Yepes pOo3paxyHOK.

5. MpoBeajTb AoCnigXeHHA ONA BU3HAYEHHA EKBiBaJIEHTHOI EMHOCTI KOHAEHCATOPIB, AKi NOCNIAOBHO i mapanesbHO
3'e4HaHi y KoAi BiANOBIAHO 4,0 CBOro BapiaHTy 3aBAaHb (Tabanua 1). 3anoBHiTb Tabauuto 3.

6. B3ABWM 4MCNOBI 3HAYEHHA EMHOCTEM KOHAEHCATOpiB, NepesipTe ChnpaBea/mBiCTb GOPMyn MOCAIAOBHOMO Ta
napanenbHoro 3’€gHaHHA KOHAEHCATOPIB A1A PO3PaxyHKY eKBiBaN@HTHOro 3HA4YeHHsA EMHOCTI KOHAEHCATOpIB.
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ELEEERES

(BHMIpIOBaHHA

ResetAl

Puc. 3. BknagKa «KoHaeHcaTop 3MiHHOI EMHOCTI»
Tabnuuya 1
BapiaHTK 3aBAaHHA
Ne BapiaHTy
MapameTpu NiH3n 1 2 3 4 5 6 7 8 9 10
2
Mnowa naactum S, mu? (6epere Gau3ore 100 120 | 150 | 170 | 190 | 200 | 220 | 250 | 300 | 350
3HaYeHHs)
BiacTtaHb mixk nnactuHamu d, mm (6epeTe 50 55 60 65 70 75 80 85 9,0 9,5
6.113bKe 3HAYEHHSA)
anpyra U, epeTe 6113bKe 3HaUeHHs X 2 A , 3 ) A , , ,
H U,B (6 6. ) 0,15 0,25 0,35 0,45 0,55 0,65 0,75 0,85 0,95 1,15
[JienekTpunyHa ctana € 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0 1,0
i . -13
EMHicTb KoHAeHcaTopa C1-:103, & (6epeTe 10 12 14 16 18 20 22 24 26 28
6.113bKe 3HAUYEHHSA)
i . -13
EMHicTb KoHAeHcaTopa C2-103, ® (6epeTe 10 12 14 16 18 20 22 24 26 28
6113bKe 3HAYEHHSA)
i . -13
EMHicTb KoHAeHcaTopa C3-1013, ® (bepeTe 10 12 14 16 18 20 22 24 26 28
6.113bKe 3HaUYEHHSA)
+ + + + +
52| 02| 02| o9 28| 2| 08| og| 2| g
I 0 I o I o I & I o I o I 0 I o I 0 I o
o 2L o o g L o o o L o 0 L o 0 L o
s i o o 5 =4 o o 5 =4 o a 5 =4 o o 5 =4 o o 5 =4
3’eAHaHHA KOHAEeHcaTopiB .g 3 s 3 .g 3 s g % 3 S5 % 3 S5 .g 3 S5
S = S} s 2 S]] s 2 3 8 s 2 3 5 s 2 S}
e c g c 8 c g c 8 c g c g c g c 8 c g c
~ ~ - ~ ~ — ~ ~ - ~ ~ - ~ o~ -
Tabnuua 2
Bknaaka S, Mmm? d, mm U,B € C,o q,® We, [ Cposp, P
«Bctyn»
«[lienekTpuk»
Tabnuua 3
S, mm?2 d, mm U,B Cy, @ C, @ C, @ q, ® Cexs, @
Ul, B UZ, B U3: B q1, P 2, o) qs, ) We: ﬂ)K CeKB-posp, [©]
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IHcmpyKuyiliHa Kapmka 015 NPo8edeHHs 00CAIOHCEHHS i3 CUMYAAUIEI0 «[eomempuYyHa onmuKa»

1. MepernsHbTe BiAeO BUKNAZAYa (3HAMOMCTBO i3 cumynsLLEto Ta Ti CKNaZ0BUMM).

2. Biakpuitte cumynsuito.

3. MpoBeajTb AoCAiAXKEHH X0y NPOMEHIB 3i chepuyHMM (ONyKAMM Ta yBIrHYTUM) Ta MAOCKMM A3epKasom (puc. 4).
3pobiTb BUCHOBKM MPO YTBOPEHi 306pakeHHs.

4. MpoBeaiTb A0CNiAKEHHA X04Yy NPOMEHIB i3 NiH30t0 (onyknoto — O Ta yeirHyToto — Y) (puc. 5). 3pobiTb BUCHOBKK Npo
YTBOPEHi 306parkeHHs.

5. HakpecniTb y 30LWKTI Xig, NPOMEHiB i3 NiH30t0 417 TPbOX BUMAAKIB: PO3TallyBaHHA NpeaMeTa 3a NoagilHUM GoKycom,
MiXK noABiNHUM doKycom Ta GOKycom, Mixk GOKycom Ta NiH30t0. 3aBAaHHA BUKOHAMTE BiANOBILAHO 4O CBOroO BapiaHTy 3aBAaHHA
(tabnunusa 4), BuKopucToBytoUM GOPMYNY TOHKOT NiH3M 0bpaxyWiTe: GOKYCHY BiACTaHb, ONTUYHY CUY, NiHiMHE 36inblIeHHA. 3anuLWiTb
O/ BCiX BUMNAAKIB XapaKTePUCTUKY OTPUMAHOro 306pakeHHs.

3BiTW NPO BUKOHAHHA 3aBAaHb 3406yBayi 0CBITM NpUKpINAstoTb Y Google Classroom.

[ [v] & ‘. T —

TaomaTpiika ok

%) & PH

Puc. 4.
Tabnuua 4
BapiaHTu 3aBAaHHA
Ne i

) BaplanTY | 2 3 4 5 6 7 8 9 | 10
MapameTpu NiH3n
Bua niH3n (0] y (0] Yy (0] Yy (0] Yy (0] Yy
Pagjyc KpnsmsHu, cm 40 40 50 50 60 60 70 70 80 80
MOKa3HMK 3a/10MNEHHA MaTepiany NiH3n 1,20 | 1,20 1,40 1,40 | 1,60 | 1,60 | 1,80 | 1,80 | 1,30 | 1,30
[OiameTp niHzu, cm 70 70 80 80 90 90 100 100 110 110

3BicHO, KOMM'OTEPHA CUMYAALLIA NMPU BUBYEHHI MPUPOLAHNYMX ANCLUMNAIH HE MOXKE 3aMiHATM peanbHUI EKCNEPUMEHT, ane
BCE X BOHA A0PeYHa Mig, Yac AUCTaHLiMHOIro HaBYaHHs.

[0N0BHa MeTa KoMN'IOTEPHOTO MOAEe/IH0BaHHA — Bi3yani3aLlisf Ta NOACHEHHA ABULL, Ta NPOLLECIB, OCKI/IbKM NOCNIA0BHICTb Ail
[,0CTaTHbO AeTaNbHO NOAAETLCA Y BUMNAA[ IHCTPYKUiN. [lo nepesar BUKOPUCTAaHHA Phet-cumynaTopa npu AUCTaHUiMHOMY HaBYaHHiI
MOXKHA BigHecTu:

- [,03BO/IAOTb MOAENIOBATU NPOLEC, HABAMKEHUI [0 peasibHOTO, 3MiHIOBATM Ta KOPUIyBaTM YMOBM NPOLLECIB Ta ABULL,

- 3abe3neyytoTb YMOBM 419 BiPTYa/IbHOTO €KCNIePUMEHTY;

- BinbLWicTb CUMYNALIA € MyNbTUNPEAMETHI, Ae Bi3ya/IbHO CNPUIMAIOTLCA ABULLA Ta NPOLECU Y KOMMIEKCI 3 nornaay
Pi3HMX HayK. Lle f,03BOAIAE iX BUKOPUCTOBYBATM A1 MiXKNPeAMETHUX A0CNIAKeHb;

- GOpPMYIOTb HaBMYKM iHXKEHEPHOTO MPOEKTYBAHHA (HAaNPUKAAL, CUMYAALiA «[eOMeTPUYHA ONTUKa» LO3BOJIAE MOACHUTH,
AK GopMYyETbCA 306parKeHHA NPOMEHAMM, L0 36MPAE NiH33, | AK iAyTb NpomeHi Aani. MoAMBUTUCA, AK NPOMEHI CBIT/1a 3a/I0MIOKOTLCA
NiH3010 Ta AK 3MiHIOETbCA 306parKeHHA NPU 3MiHi GOKYCHOI BiACTaHI 06'eKTUBA, NepeMmilLeHHi, NepemilLytoum 06'eKTB abo eKkpaH.
[aHi 3HaHHA HeobXiaHI ANA MalbyTHIX reogesuncTis);

— CUMYNATOPM Y UiKaBili Gopmi po3BMBatOTb 3aLlikaBaeHicTb A0 $i3nKM Ta popmMytoTb iHGOPMALIMHO-KOMYHIKALiHOI Ta
LOCNIAHWLLBbKI KOMNEeTEHTHOCTI 38,00yBaYiB OCBITU.

OBrOBOPEHHA

AK Bigmiyae y cBoemy pochnigskeHHi H.M. demeHtieBcbka (2018) cepes BEMKOI KifbKOCTI pecypciB, AKWIA NPOMOHYE
iHTEPHET, BUMTENAM, Y4HAM i 6aTbKam iHOAj CKNAAHO 3HAWTK i1 0BpaTK CaliT, AKUIA MOXKe JONOMOITU Y GOpPMYBAHHI KOMNETEHTHOCTEMN
YYHIB Y MPUPOAHNYO-MATEMATUYHUX HayKax. A GOpMyBAHHA LMX KOMMETEHTHOCTEN i 34iMCHEHHA HaBYaNbHOI AOCAIAHULBKOT
LiANbHOCTI, 30Kpema, byayTb KOPUCHUMM BiJOMOCTI LLLOAO TOTO:

— MPOMOHYETLCA CTBOPEHHA BJIACHUX MOAENeN KopUcTyBadamu, 4m poboTa 3 roTOBUMU MOSENAMM;

— CTyniHb iHTEPAKTUBHOCTI y po6OTi 3 Mogenamu (KiNbKiCTb NapameTpiB, AKi KOPMUCTYBaY MOXKe 3MiHIOBATU CaMOCTINHO);

— HACKINIbKN HabAMXKeHi MoAeNtoBaHHA [0 PeanbHOTO KUTTA YYHIB, IX OTOUEHHS;

— HaABHICTb IHCTPYMEHTIB A9 NPOBeAEHHA “BUMIpIOBaHb” (HanpuKAag, NiHiliKa, BUMipoBanbHI Npuaagm Towwo);

- yM nepepbaveHa B MOAE/OBaHHI aBTOMaTMYHA abo 3ailicHioBaHa KopucTyBadem nobyposa rpadikis i giarpam, wo
HaOYHO AEMOHCTPYIOTb ABMLLA | NpoLecy;

— MOM/MBICTb BMPILIYBaTW/AOCNIAKYBATU OAHE 3aBAAHHA/33fady UM KOMMEKC 3aBAaHb 3 AEKisbKOX HaByYalbHUX
Tem/npeameris;
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- nepepbaveHa andepeHuiaLia (MOXKAMBICTb A1 3aBAaHb PISHOrO PiBHA CKNAZHOCTI).

Komn'toTepHe MmoZetoBaHHA — Lie TUMN KoM’ loTEPHOIo cepeaoBuLLa, Ake A0bpe NiaxoanTb A8 HABYAHHA AOCNIAKEHHIO.
OcHoBHe 3aBAaHHsA 3406yBaya OCBITY € LUSXOM EKCEPUMEHTY 3p06UTH BUCHOBOK NMPO XapaKTEPUCTUKM MOAENI L0 /ieXKaTb B OCHOBI
mogentoBaHHa (De Jong & Van Joolingen, 1998).

CamocTiltHO popmyntotoun BigNoBiai Ha 3a3HaYeHi NMTaHHA 3400yBadi OCBITU PO3BMBAIOTb /IOFYHE MUCIEHHSA, GOPMYIOTb
PO3YMiHHA NPUPOAHMX ABMLL, Ta MPOLECIB, 34aTHICTb 3aCTOCOBYBATU 3HAHHA ANA BUPILLEHHA KOHKPETHUX 3aBAaHb LWOA0 peanbHUX
06’EKTIB HABKO/IMLLHBOTO CepefoBULLa, NaHYBaTM Ta peasni3oByBaTU isUUHI CMOCTEPEKEHHA W eKcriepuMeHT, dikcyBaTv Ta
OnpaLboByBaTH, MPaBWU/IbHO IHTEPNPETYBATM I OLjiHI0BATM iX pe3ynbTaTu. MNpaLtoyn BAOMA i3 CUMYAALISMUM, BOHW 3aKpino0Tb
npovaeHUi maTtepias, a TaKoXK GOPMYIOTb AOCNIAHULbKI KOMMETEHTHOCTI.

PhET-cumynauji  galoTb MOXK/AMBICTb MPOBOAWMTM HAOYHI  AOCAiAM Ta MOAENtoBaTM iX. BOHM MOXKYTb LUMPOKO
BMKOPUCTOBYBATUCA Ha 3aHATTAX NPUPOAHNYO-MATEMATUYHOTO LMKAY 3 METOK OpraHisaLlii HaB4asbHOro eKCnepuMMeHTy niJ, Yac
OWCTaHLIMHOMO HaBYaHHs.

Ak 3a3Hayae C.I. J/IMTBMHOBa BMPOBAKEHHA CUCTEMWM KOMMN'HOTEPHOMO MOZENIOBAHHA AJ/1 BUBYEHHS MPUPOAHUYO-
MaTEMATUYHUX UCLMIMANIH B YKPATHCBKMX LLKOIAX — Lie HE BUKMK, Lie — MOXKAMBOCTI A1 LiNecnpamoBaHOro GopmyBaHHA He TilbKK
NPaKTUYHKX, ane N iHTeNeKTYalbHUX YMiHb, KUTTEBUX KOMMETEHLM 1A AOCATHEHHA HABYa/lbHO-BUXOBHUX LjifIEN, AIKi NOCTatOTb
nepes, Cy4acHO LUKO/IOK Ta MOTPIOHI ANs yCnilWwHOT camopeanisaji y *KuTTi, HaBYaHHA Ta NpaLi KOXKHOI AUTUHM (/IuTBMHOBA &
Cokontok, 2020).

CumynALii MOMKHa BMKOPUCTATM AN1A NOACHEHHA HOBOrO MaTepiany, KOHTPOJIIO 3HaHb, AOMalHiX 3aBAaHb. LLo6
edeKTUBHICTb KOMM' IOTEPHOTO MOAENIOBaHHSA Byna BUCOKOIO, NOTPIBHO CKNaaaT NisHaBasibHi 3aBAAHHSA 40 KOXKHOI Phet-cumynauii.
3p06yBayam OCBITU LiKaBO, KO/IM 3aBAAHHA MaE 3B'A30K 3 peasibHUM KUTTAAM, KOJIM BOHO MAE NPaKTUYHE 3HAYeHHSs | MoXe byTn
KOPUCHMM ANA MalbByTHLOTO 3acToCyBaHHA. EQDEKTMBHICTb HAaBYAHHA 3HAYHO MiABMLLYETLCA, AKWO BUKOPUCTOBYBATM iX He
eni3oAnyHo, a CUCTEMHO, MPOTArOM YCbOrO Kypcy.

BUCHOBKM TA NEPCNEKTUBU NOAANLLLOIO AOCNIAXEHHA

OTXKe, camocCTiiHe mogentoBaHHA @i3UYHMX ABMLL Ta NPOLECIB NPU AMCTAHLUiMHOMY HaBYaHHI [AA€ MOMKIUBICTb
3406yBaYam OCBiTM BinblW rAMBOKO 3PO3YMITM OCHOBM AOCAIANKYBaHUX NPUPOAHUX ABMLL Ta NPOLLECIB, NpUHUMN Aii Ta 6yaosy
Cy4acHOi TEXHIKM WAAXOM Bi3yanisauii npouecis, matoun pisHi napameTpu ¢isnyHoi moaeni. Kpim BUCOKMX MOKA3HUKIB AKICHOrO
33aCBOEHHA HaB4Ya/bHOrO matepiany, y 3406yBayiB NiABMLLYETbCA iHTEpPEC A0 BUBYEHHA MpeaMeTa, WO BiAKPUBAE LWIMPOKI
MOAMBOCTI ANA 34INCHEHHA CaMOCTIMHOI POBOTH, CNPUAE PO3BUTKY TBOPYOI AiANbHOCTI, GOPMYBAHHIO AOCAIAHULbKUX
KOMMETEHTHOCTEN, CTUMY/IIOE OAEP’KaHHA A0AATKOBMX 3HAHb Ta IX 3aKPINJeHHs, WO AAE MOX/AMBICTb BUXOBYBAaTM BCebHIYHO
PO3BMHEHY 0COBUCTICTb 3 YMiHHAMM Ta HaBuyKamum XXI cTonitra.

MepcneKkTMBM AOCHIAXKEHHA MOANAraloTb Y NOAANbLIOMY pPO3pob6/eHHi 3abe3neyeHHs OCBITHbOrO Mpouecy npu
OMCTaHUiMHOMY HaBYaHHI g1 GopMyBaHHA AOCNIAHULBKMX KOMMNETEHTHOCTEN Yepes iHTerpyBaHHA 3MiCTy OCBITHbOIO MpoLecy
3acobamu cydyacHuX iHPpOpPMaLLiHMX TEXHOJIOTIN.
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AHOTALIA

ABSTRACT

®PopmynroeaHHa npobnemu. Momusauis cmydeHmis eus4amu
HerpoginbHi npedmemu Hu3bKa. Ii nidsuweHHs MoxHa docazmu 3a paxyHoK
MircnpedmemHoi iHmezpayii, 3a80sKu AKili cmydeHmu wupwe 6a4yams micye
i ponb ycix npedmemie 8 ocsimHboMy Mpouyeci 3a 06PAHUM HAMPAMKOM
nidzomoeku. Memoto 0ocnidieHHA 6yn0 8uBYeHHA Moxciusocmel
noenubneHHA MixrnpedmemHoi iHmeepayii 0na nidsuweHHA mMomusayii
cmyoeHmig8 00 BuUB4YEeHHA MEOUYHOI [HPOPMAMUKU Mpu BUKOPUCMAHI
esnieMeHmig8 20/102pagivHo20 ridxoody.

Mamepianu i memodu. Y npoueci 00cnidHceHHA SUKOpUCMAHi MaKi
memodu: meopemuyHi (aHani3 Haykoeo-memoduyHoi nimepamypu 0n1
OKpecseHHs npobaemu 8UKAAOAHHA iHpopmayiliHux ducyunsaiH 8 MeodUuYHUX
3aKknadax euwoi oceimu); emnipudHi (cocmepexeHHs, aHani3 ma
cucmemamusayis).

Pesynemamu. Po3pobseHo Kypc 3aHAMb 3 MeOUYHOI iHPopMamuKu 3
BUKOPUCMAHHAM 20/7102pagivHo20 nioxody. [as po32asady HA npaKmu4yHUX
3gHAMMAX 3a80aHb, 6auU3bKUX 00 npogeciliHozo wummsa Meoukis,
cpopmosaHo  Macus  iHpopmayii  Medu4YHO20  CIPAMYBAHHA,  AKUl
cKknadaemoca 3 6a3u OaHUX YABHUX MAuieHMis ma Habopy meopemu4yHux
gidomocmeli npo MmeduYHi MOKA3HUKU, CUMITMOMU X80p0ob ma anzopummu ix
7NiKy8aHHA. OMAHY8AaHHA KOXCHOI memu 8i06y8anoca 3 BUKOPUCMAHHAM
daHoeo macusy iHGpopmayii ma 8unaueasno 3 pesysnemamis, OMpPUMAHUX HA
nonepedHix 3aHamMmax. CmydeHmu cmeopiorome b6A0K-cxeMu MeoUuYHUX
asnzopummie ma cucmemu RIOGMPUMKU NPUUHAMMA MeOuUYHUX piuieHs,
npogodame Mamemamu4yHy 06pobKy MeOuyHux OaHUX, B8uUBYAOMb
MoxcAugocmi eizyanisayii meduvHoi iHgpopmayii.

BucHoBKu. 3adna noenubneHHA MixnpedmemHoi iHmMeapayii npu
8UKnNadaHHi  OQucyunaiHu ~ Medu4yHa  IHpopmamuka — cmydeHmam
cneyianbHocmi MeduyuHa sukopucmaHuli 2onoepagivHuli nioxio. B pamkax
Yyb020 Nioxo0y 3HAHHA 3 MeOUYUHU Ma iHhopmamuKu popmyioms "onopHy"

a "npedmemHy" xeusto 8i0nosidHo. B pe3ynbmami HaKAAOAHHA Yux 080X
X8usb hopmyemoca 06'emMHe baveHHA mixcnpedmemHux 38'A3kie. CmydeHmu
npaytoome 3 00HUM MACUBOM [HGOpMayii Medu4HO20 CrPAMYBAHHS,

nidsuwumu momusayito cmyoeHmie 0o 8us4eHHA OUCYUMNIHU.

Formulation the problem. Students have low motivation to study non-
core subjects. Interdisciplinary integration can increase motivation, as
students see more broadly the place and role of all subjects in the
educational process in the chosen study field. The research aim was to
explore the opportunity of deepening interdisciplinary integration to
increase students' motivation to study medical informatics using elements
of the holographic approach.

Materials and methods. Methods used in the research: theoretical
(scientific and methodological literature analysis to outline the problem
of teaching information subjects in medical institutions of higher
education), empirical (observation, analysis, and systematization).

Results. A course in medical informatics using a holographic approach
has been developed. An array of medical information, consisting of an
imaginary patients' database and a set of theoretical information about
medical indicators, disease symptoms, and treatment algorithms, has
been formed to consider in practical classes tasks close to physicians'
professional life. Each topic learning took place using this array of
information and followed the results obtained in previous classes.
Students create medical algorithms flowcharts and medical decision-
making support systems, conduct medical data mathematical processing,
and study medical information visualization possibilities.

Conclusions. A holographic approach is used to deepen
interdisciplinary integration in teaching the subject of Medical Informatics
to students majoring in Medicine. Within this approach, knowledge of
medicine and informatics form the "reference" and "subject” waves,
respectively. The two wave's superposition forms a three-dimensional
vision of interdisciplinary connections. Students work with one array of
medical information, studying various information technologies for its
processing, which provides an opportunity to increase students’
motivation to study the subject.

K/IKOYOBI C/IOBA: mixcnpedmemHa iHmeapayis; 20n0epagivHuli nioxio;
Momueay,isi; Meodu4Ha iHpopmamuka; iHgpopmauyiliHi mexHonoeii; 6a3a OaHUX.

KEYWORDS: interdisciplinary integration; holographic approach;
motivation; medical informatics; Information Technology; Database.

BCTYN

BuKknagaHHA Takux HenpodisibHUX NpeaMeTiB, AK MmeandHa iHGopMmaTUKa, Ana cTyaeHTiB meanyHux 3BO 3aBXay €
rocTpoto Npob1emoto, OCKiNIbKM NPU BUPILLEHHI NUTAaHHA NPiIOPUTETHOCTI BUTPAT Yacy Ha OCBOEHHA HABWKIB 3 PI3HUX AUCUMNNIH,
L0 BMBYAIOTbCA OAHOYACHO, CTYAEHTU MepeBa)KHO 0b6MpPaloTb BUTPAYaTU Yac i 3yCMANA Ha AUCUMMAIHK, WO BiANOBIAAOTb X
MalbyTHi npodecii. OgHMM i3 WNAXiB BUpiWeEHHA NpobaemMn 3MeHLWeHHs MOTMBALiI OCBOEHHA HENPO®iNbHUX AUCUMMNIH €
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MiXKNpeaMeTHa iHTerpauif, pe3y/nbTaToM AKOi € 3HAaXOAMKEHHA CMiIbHUX TOYOK AOTUKY Pi3HMX rany3eilt 3HaHb (IBaHuYyK &
KynbunHcbkuiA, 2020). Tak, HanpuKaaa, Npu onaHyBaHHI KAIHIYHUX AUCUMNAIH CTYAEHTW 3aydyioTb CTaHAAPTHI A4iarHOCTUYHI Ta
NPOrHOCTUYHI ANTOPUTMM, METOAMKM | CXEMM NiKYBAHHA, HEOOXiAHI AN BUPILLEHHSA KNiHIYHUX 3aBAaHb, NPM LbOMY NOCNIA0BHICTb
O BU3HAYEeHa O4HO3HAYHO i NOBMHHA BMKOHYBATUCA 3rigHO 3 anroputMom NikyBaHHA (Ciykopis Ta iH., 2019). Ha 3aHATTAX 3
MeZaMYHOI iHpOPMaTUKKM CTyaeHTU HabyBatoTb HaBUYOK GOpManisaLii MegUuHUX anropuTmiB, NObYA0BI AN1A HUX BNOK-CXeM, WO
CMPOLLYE iX CNPUIAHATTA | Nonerwye 3anam’aTosyBaHHA. TOMy Y NPOLECI NiATOTOBKM MeANYHUX NPaLLiBHUKIB Y 3aKnagax BULWOT
OCBITM HeobxigHO BNPOBaAMKYBATU MPUHLMMNOBO HOBI NIAXOAM OO NWUTaHb PO3PO6AEHHS TexHosorii HaByaHHA (CaeHKko &
MopoxoBeub, 2018), 3milyBaTM aKLEHTM Big, 3aBOro 3ay4yBaHHA BE/IMKOI KiNbKOCTI GaKTiB i BUKOPUCTAHHA TEXHOOr 40
NPUCKOPEeHHsA 06pO6KKM iHpOopMaLi, 4O HAaBYAHHA KOTHITUBHMM METOAMKaM MNOLWYKY, cMcTemMaTtu3salii, aHanisy, 3icTaBneHHs,
y3ara/ibHeHHA Ta CMHTE3y HOBWX 3HaHb (Marikyw, 2018). | xoya meToaMyHe Ta MporpamHe 3abesnevyeHHAa A9 BUMKNALAAHHA
MeaVYHOI iHPOPMaTUKKM CTyAEeHTaM cneuiasbHOCTI MeauMumMHa NpUcyTHE y Beix meanuHux 3BO (Myposa & Kasakosa, 2019;
[ob6posonbcbKa, 2019), HEOOXigHMM € NOCTiiHE MOro OHOBJ/IEHHA 3 BPAXyBaHHAM CyYaCHUX TEHAEHLN PO3BUTKY ranysi
iHpopMaLLiiHNX TeXHONOTIN.

FonorpadiuHnii nigxis y HaBYaHHI — BiAHOCHO HOBWIM cnocib opraHisaLii HaB4anbHOro npotecy. MoHATTa "ronorpadisa”
Bneplle BMKOpPUCTaHO B oHToncuxonorii (MeHeretti, 1993). FonorpadiuHnit niaxia 3ragyerbcsa B pamKax T.3. "BiTareHHoro
HaBYaHHA" (BenkiH, 1999). CyTb TaKOro HaBYaHHA, 38 OCTaHHIM, 3BOAUTLCA 40 HAKNAAAHHA 3HaHb Big, BUKNa4a4a, 3 NiAPYYHMKIB
Ta iHWKWX OyKepen rotoBoi iHpopmaLji 3 KUTTEBUM A0CBIAOM 0COBM, WO HAMaraeTbCa Li 3HaHHA OCBOITU. Pe3ynbTaTom Takoro
nigxody ouikyeTbcs ¢opmyBaHHA “ronorpadivHoi npoekuii’, AKa BigobpaxkaTMme 6araToOCTOPOHHIO iHOOPMaLo npo
[OCNIoKYBaHUA NpeameT. BMKOpPUCTAHHA NOHATTA ronorpadiyHoro nigxogy Habyno 3 4yacom iHWMWX iHTepnpeTauin,
HabauKatouncb 2o GisnyHOro npolecy, 3 AKOro LA aHaNoria BUHWMKAA. Lie 03BOIMAO He 3MiHIOHUM CyTi roforpadii — yTBOpeHHs
06'eMHOro 306paKeHHs — 3a/1y4aTh 3HaHHSA 3 IHWKWX NPeAMETIB NpY PO3POo6LL OKpeMMX 3aHATb 3 obpaHoro npeameTy (FTOHTOBA,
2020).

TEOPETUYHI OCHOBU AOCNIAXKEHHA

®disnKa cTBOpEeHHSA Ta BiATBOPEHHSA rosorpadiyHnx 3anucis Big, neplworo nosigomneHHs (Gabor, 1948), 3 noganblummm
moaudikauiamm cnocobis onpomiHeHHA 06'ekTa npu 3anuci (Denisyuk, 1962; Leith & Upatnieks, 1962) nonsrae B oTpMMaHHi
TaKMX 3aMm1ciB, AKi, Kpim iHPOpPMaLLii NPO NPOCTOPOBUIA PO3NOAINA aMNAITYaN CBITN0BUX XBU/b, MIiCTATb TaKOX iHPopmaLiito Npo
¢$a30Bi cNiBBiAHOWEHHA LUWX XBUAb, TOBTO MNOBHY CBITN0BY iHPOPMaLLilo NPo 06'eKT. Ha AaHNI MOMEHT METOAMKA OTPUMAHHSA
ronorpadiyHmx 306paskeHb Bxe onvcaHa B nigpydHukax (Caulfield, 1979; Hariharan, 1996; Toal, 2011; Blanche, 2019).
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Puc. 1. Cxema 3anucy ronorpamu (nisopyu) Ta BigTBopeHHs 306pakeHHA (npasopyu) (Hariharan, 1996)

Puc. 2. YacTuHKa ronorpagiyHoro 3anucy mictutb iHbopmauito (niBopyy), AOCTaTHIO ANA BiATBOPEHHA BCbOro 306parKeHHsA
(npaBopyu) (Hyperphysics, 2022)

BapTo 3asHauuTth, Wo [oci 3 disnyHOI TeXHOOriT CTBOPEHHA ronorpadiyHMx 3anucis i i 3UMTyBaHHA Yy Neaaroriky
3aM03MYEHO TiIbKM Ty BNACTMBICTb roorpadivHoro 306parkeHHs, Wo BOHO € 06'eMHMM, NOBHUM BifloOpaKeHHAM 06'eKTa i MOXKHa
[ocniaKyBaTh 06'eKT 3 ycix 6OKiB NpM NOBOPOTI rofIorpamm nif iHWKUM KyTom 3opy. MpoTe icHYE Lie oaHa KopucHa ocobauBicTb
Hocis ronorpadiyHoro 306parkeHHA — byab-AKa MOro YaCTMHKA MICTUTb 3anNnC NPO yBecb 06'eKT, TOOTO BTPaTa YacTUHMU HOCIA He
npvsBeae 40 BTPaTH 3anmcaHoi iHpopmal,i, fK Le BiabyBaeTbeA y BUNaaKy dpoTorpadiyHoro cnocoby 3anucy iHpopmalii (Puc. 2).
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BuKopucTaHHA ronorpadiyHoro nigxoay A03BOMAE HAKNAAATU AeKiNbKa iHGOPMaLiMHMX NOTOKIB, WO AKpa3s i NoTpibHO
NPV BUBYEHHI MiXAMCLUMNAIHAPHUX rany3en 3HaHb. 3aans GopMyBaHHA CTiliKOro 06'eMHoro BifobpakeHHa HeobxigHa nesHa
Y3rogKeHicTb LMX NOTOKIB (BiAMNOBIAHICTb NOHATTIO KOrepeHTHOCTI y di3nLi). Taka y3roaeHiCTb MOXKe BUMHWMKATM 33 pPaxyHOK
noaauyi ycix NoTokis iHpopmaLiii B 04HaKOBOMY PUTMI, IKMIA MOXKHA 334aBaTW NOCNIAOBHICTIO TEM Ta Ki/IbKICTIO 3aHATbL HA Temy.

MeTolo Haworo gocniaxeHHs 6yna po3pobka HaB4YaNbHOrO Kypcy MeauuyHa iHpopmaTMKa, B AKOMY 3a AOMOMOroto
ronorpadiyHoro niaxony MmoxHa 6yn0 6 NOrAMBUTN MiXKNPeAMETHY IHTErpaL,ito BKasaHoi MiXKANCLMNNIHAPHOT rany3i 3HaHb 33418
NiABULWEHHA MOTMBALLii BMBYEHHA UIEl ranysi 3HaHb CTyAEHTaMM Ta PO3BUTKY B HUX OCMUCIEHOro 6adveHHs cnocobis
BMKOPUCTaHHA 3406yTVX 3HaHb, YMiHb Ta HABMYOK B NOAA/bLLIOMY KUTTI.

METOAU AOCNIAXKEHHA

Y npoueci focnigKeHHA BUKOPUCTOBYBAIMCb HACTYMHI METOAM: TEOPETUYHI (aHasi3 HAyKOBO-METOAUYHOI NiTepaTypu
019 OKPECNIeHHA NpobneMu BUKNAZAHHA MiNKAMCLMNAIHAPHUX rany3ei 3HaHb Ta, 30Kpema, iHPopmaUuiiHMX AucuMnAiH B
MeaMUHMX 3aK1aAax BULLLOT OCBITU); eMMipUYHIi (COCTepeXKeHHs, aHani3 Ta cucTemaTtmsalin).

PE3YNIbTATU AOCNIAXEHHA

Po3po61eHO Kypc 3aHATb 3 MeANYHOI iHPOPMATUKM 3 BUKOPUCTAHHAM rosorpadiyHoro nigxoay.

FTonorpadiyHnii niaxia BUKopMCTOBYBaBCA 6araTokpaTHO. [Meplle BMKOPUCTaHHA BigbyBanocb npu ¢opmMyBaHHI
CTPYKTYPM Kypcy, Mig, 4ac AKOro 3/IMBaAnCh Aga NOTOKM iHbopmalLii — TMNoBi meanyHi npobaemm o6pobku iHpopmaLu,ii Ta 6a3osi
NOHATTA iHpOPMATHKMK, AKI NOTPIOHI ANA BUPILLEHHA TaKOro poAy 3aBAaHb. "OnopHa XxBuaa" B HaWOMy BUNAAKY € MaCMBOM 3HaHb
MeauYHoro cnpamysaHHsA. "MpegmeTom”, baratorpaHHe 306paKeHHA AKOrO MU OTPUMYEMO, €, BAACHe, 3arafibHi NOHATTA NPo
06p06Ky iHpopMmalLiii Ta eTanu ujiei 06pobkn. EnemeHT macusy 3 "onopHoi xBuAi" (cTpinka Bropy Ha Puc.3) 06pobastoTbea 3 TOUKM
30py 6a30BUX NOHATL iIHGOPMATUKM — BiANOBIAHWI NPOLEC B3aEMOAiT 0NOPHOT XBWI 3 06'eKTOM Yepes BiabMBaHHA (PO3CitoBaHHA)
4YM NOrAMHaHHA. Pe3ynbTaTom Takoi 06pobku € "npegmeTHa xBuna", Aka coboto ABAAE Ti K TEOPETUYHI BiAOMOCTI 3 "onopHoi
xBuAi", npeacTasneHi mosoto iHbopmaTtnku (y Burnsadi 610k-cxem, Gopmyn, NOFYHUX BMPA3iB, NOCNILAOBHOCTI Al y BignoBiaHMX
cepegosuLax 06pobkn gaHmnx). B micui HaknagaHHa "npeameTtHoil xBuAi" 3 "onopHoto xBunero" (CTpinka Bnpaso Ha Puc. 3)
bOpMYETLCA CTilIKe YABNEHHA WOA0 BUKOPUCTAHHSA 3HaHb 3 iIHGOPMaTUKKM AN1A 06pobKM MeanuHnx aaHux ("npegmeTtHa xsuaa")
Ta WoA[o iXx meanyHoi iHTepnpeTauji (ropnsoHTanbHa "onopHa xBuns"). B pesynbtaTi — Kypc € ronorpadiyHmMm, skuin npwm
"0CBITNEHHI ONOPHOIO XBUAEK" PIBHOMAHITHUX MeanYHUX NPobaem 06pobKM iHbOopMaLii YTBOPIOE Pi3HOMaHITHI BiA06pPaXKeHHN
NOHATb iIHPOPMATUKM ANA BUPILLEHHA BKa3aHUX MEAUYHUX Npobem.

IHpopmaTHKa (3arancHi BUeHHA
npo o6pobRy iHpopmaLi)

OnopHa xsuna

MeauumHa (cykynHicTb
TEOPETUYHMX 3HaHb Ta
6asa naujieHTis)

OnopHa xBuAaA

Puc. 3. Nobyposa ronorpamu Kypcy MepuuHoi iHpopmaTukm

KoHa Tema Kypcy € YacTMHKOK rosnorpadiyHoro 3anucy, Aka MICTUTb iHTerpoBaHy iHdopmaLito i moxe bytu
He3aneXXHMM HOCieM TaKoi iHbopmaLii. MNpoTe, 3 40A3aBaHHAM [0 BXKe iCHYHHOro rosorpadiyHOro 3anmMcy KoXHOI HacTynHoi Temu
YTBOPIOETHCA BiNbLL HANOBHEHE AETAaNAMM BiA0OParKEeHHA iHTErPOBaHOI MiXknpegMeTHOI ranysi 3HaHb (Puc.2).

BTOpMHHe BUKOpUCTaHHA ronorpadiyHoro nigxoay BifbyBanocb Ha KOXHOMY i3 3aHATb NPU NOACHEHHI TEMW CTYAEHTaM.
Mpy UbOMY B}KE HaKIA[ANUCb Aelo iHWi iHpopMaLiiHi NOTOKM: iIHTerpoBaHi 3HaHHA Big, BUKNAZaua, AKi GopmyBanncb npu
BMCBITNEHHI cCNOcobiB BUKOPMCTAHHA 3HaHb 3 iHPOPMATUKM A/1A PO3B'A3yBaHHA 3334 B MeAMLIMHI, Ta XUTTEBUI JOCBIA CTYAEHTIB.
B pe3ynbTaTi B yCix CTyAeHTiB GOPMYETbCA BAcHE BaYeHHA MiXKNpeaMEeTHUX 3B'A3KiB Ha OCHOBI 3406yTOro KMUTTEBOTO AOCBIAY,
30Kpema i 3406yToro Ha nonepeaHix NPaAKTUYHUX 3aHATTAX 3 MeaMUHOI iHpopmaTMKK. MPaBUAbHICTb PO3YMIHHA CTyAEeHTaMMK
MiXKnpegMeTHUX 3B'A3KIB NepeBipANUCh LWAAXOM BUKOPUCTAHHA OTPUMAHUX HAMMW iHTErPOBaHMX 3HaHb ANA BUPIWEHHA iHLUKUX
TUMNOBMX 3aBAaHb i3 MacuBy MeAMYHWMX 3aBAaHb, AKUIA BMKOPUCTAHO HA BCiX 3aHATTAX Kypcy (B ronorpadii onpomiHeHHs
ros0rpaMm oNoPHOIO XBUEHD BUKMKAE BiATBOPEHHS 3anMcaHoro 306pasKeHHs 06'ekTy).

OCKinbKn B CTYAEHTIB 2-r0 POKY HaBYaHHA 3a3BMYall HEAOCTAaTHbO 0COBUCTOro i NPodeciMHOro XKUTTEBOrO A0CBiAY, TO
ONA PO3rNAAY Ha NPaKTUYHWUX 3aHATTAX 3aBAaHb, 61M3bKMX A0 NpodeciiHOro XUTTA MeauKis, cdopmoBaHo Macus iHbopmaLii
MeAMYHOro CNPAMYBAHHA, AKMIN CKNAJAETbCA 3 6a3n AaHMX YABHUX NALLIEHTIB Ta HAbopy TeopeTUYHMX BiJOMOCTEN NPO MeaNYHI
MOKa3HWKM, CMMNTOMM XBOPOH Ta anropuTMu NiKyBaHHA. basa aaHux "JlikapHa", Aka imiTye 6a3y gaHnX meauyHoi ycTaHosw, byna
cTBOpeHa B Google Tabanusax. basa aanux "JlikapHa" mictuTb iHdopmaLito npo 450 BipTyanbHUX NALLIEHTIB 060X CTaTen 3 PisHUMM
OiarHO3aMu, WO POo3nogifeHi No YOTMPLOX BiAAINEHHAX — TepaneBTUYHe, XipypriyHe, iHdeKuiliHe Ta riHekonoriyHe. B 6asi
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npucyTHA iHGOpMaLia NpPo pi3Hi NOKa3HWMKWM NauieHTIB — IHCTPYMeHTanbHi (picT, Bara, Temnepatypa, NynbC, TUCK, EKI-
OOCANiAKEHHSA), NMOKAa3HUKK 3araibHOro aHanisy Kposi (eputpouunti, remornobin), BioximiuHi (6inipybiH, KpeaTUHiH, KOpTU30)
Towo. dalin 3 TEOPETUYHUMMU BiZOMOCTAMM, AKUMA MICTUTb KOPOTKY MeaMYHY iHPOPMALLitO MPO KOXKEH MOKa3HWK B 6asi gaHux Ta
Moro HopmanbHi 3Ha4YeHHA A1A NaLieHTIB pi3HOI cTaTi Ta BiKy, ONMUCK CUMNTOMIB XBOPOD Ta asrOPUTMIB Al Y Pi3HUX MEeAUYHUX
cuTyauisx, 6yno ctBopeHo y Google goKymeHTax. BnpoAoBX BUBYEHHS AUCUMMNIHU CTYAEHTU NPALOBAAN 3 OAHUM i TUM XKe
MacMBOM iHpopMaLii MeaMYHOro CNpPAMYBAHHSA, NPU LUbOMY BMBYAOYM Pi3HI MOMKAMBOCTI iHGOPMaALiMHMX TexHonoriin ana il
06pO6KN. BUKOPUCTaHHA XMapHUX 3acTOCYHKIB Google cnpocTWMao ChifibHWIA AOCTYN YCiX CTYAEHTIB A0 MacuBy iHpopmauii
MeaMUYHOro cnpamyBaHHA. Oco6/IMBO Lie 3pYYHO B PEXKMMI AUCTAHLIMHOIO HaBYaHHS.

* ANTOpUTMK

3MiCTOBHH Mo.ﬂ.yﬂb 1 = QopmancHanorika

 QyHKLi TaBAMIHOrD NpoLecopa

3MicTOBH ﬁ Mo'qyﬂ b 2 * MocunanHa e dopmynax TaBAMYHOM NpoLeECopa

* Crnagi byHKUT

= MoaenoBaHHA NPOUECIE

3MICTOBMIA MOAYb 3« croopenma cucrem niampum npuiserra

pileHs

* OCHOBHI CTATHCTMYHI Aii: NopisHAHHA BHBipok

3MICTOBMIA MOAYAD 4 »Kopenmuin ra perpecinmi aranis

* Mcnepci AHKA aHaNS

« OBpofika Basganix

3MiCTOBM ‘P‘I MOoAaynb 5 «Bisyanisauin pesyeratis o6 pobikmsenmkMX

noTokis Aarix

Puc. 4. CTpyKTypa 3MiCTOBUX MOAYNIB Kypcy

MNepBUHHE iHTErpoBaHe 3HAHHA GOPMYETLCS MifJ YaC BUBYEHHSA TEMM, LLLO NPUCBAYEHA aNTOPUTMIZALLIT MeANYHUX 3a4au.
Ha nepluiomy 3aHATTI 3 MeauYHOI iIHGOPMATUKM CTYAEHTM 3HANOMAATLCA 3 6a30t0 AaHux "flikapHa". Ha LboMy K 3aHATTI CTYyAEHTH,
BMKOPUCTOBYIOUM C/IOBECHI OMUCKU B TEOPETUYHMX BIZLOMOCTAX, CTBOPIOIOTb ONOK-CXEMU anroputmiB NS BU3HAYEHHA
Bi4NOBIAHOCTI HOPMi NOKa3HMKIB NaujieHTiB 6a3n AaHux "flikapHa", NpU3HaYeHHs iM BiANOBIAHOI 403K NiKAPCbKUX 3acobis,
BM3HAYEHHA JIOKanisauii roctporo iHPapKTy MioKapay, BM3HaYeHHA CepuLeBO-CYAUHHOTO PU3MKY 3a wKanot SCORE i T.iH.
HactynHa Tema npucesayeHa dopmaniszauii meauyHux 3agad. Ha ubomMy 3aHATTI CTYAEHTU, 3HOBY K TaKuU, BUKOPUCTOBYHOUM dain
"TeopeTunyHi BigOMOCTI", NepeTBOPIOOTL CNOBECHI BUPA3M LWLOAO CUMMNTOMATUKM Pi3HOMAHITHUX XBOPO6 B MOriYHI BMpasu 3a
npasuaaMM MaTeMaTUYHOI NIOTIKK, WO BaXKANBO ANA YMiHHA ByayBaTn Gopmyan B HACTYNHUX Temax. OCKiNbKM Lie nepLui 3aHATTS,
TO 0COBMCTOro AOCBiAY B CTYAEHTIB Le HEMAE | MOro PoAi BUCTYNaloTb BigomocTi 3 painy "TeopeTnyHi BigomocTi'.

3micToBuiA moayns 1
[NOHATTA anropuTmisauyi Ta
dopmanizauii)

MeauumHa (CyRynHICTb
TEOPETUYHMX 3HaHb Ta Ba3a
nauieHTis}

OnopHa xBuna
(npoTokonu Ain Ta
onwck xsopob)

OnopHa xauna

MeauumHa (cyKynHicTs
TEOPETMYHMX 3HaHb Ta basa | ONODHA XBUAS
nalieHTie)

BAoK-cXemu mMeaWYHUX aAropuTMis
J10ri4HI BUPa3n MEAWMYHWX OMKCIB XBopob

Puc. 5. TonorpadiuHnii 3anuc Tem 3mictosoro moayna 1 (nieopyu) Ta BigTBOpeHHA, nepeBipKa yMiHb (npaBopyy)

MepeBakHa 6inbLWiCTb 3aHATb APYroro 3mMiCTOBOrO MOAY/I0 NpucBaveHa poboTi 3 TabamuHMmK npouecopamu. Ha
nepLmx 3aHATTAX CTYAEHTU BUBYAIOTb iHTepdelic Google Tabaunub Ta onaHoBYOTb OCHOBHI GYHKLIi TabanMuHoro npouecopa. Mpu
nobyaosi GpyHKLN BUKOPUCTOBYIOTLCA BXKe 3400YTi iHTErpOBaHi 3HAaHHA NPO NI0TiYHI BUPasK i cnocobu ix nobyaoBK i3 CNOBECHMX
ONUCIB YMOB MeAMYHOI 33a4i, @ TaKOXK MOHATTA NOCNIA0BHOCTI Aji B anropntmi npu nobyaosi BknageHux GyHKuii. TyT "onopHoto
XBUNE" BXKe BWUCTYMAE He TiNbKM MAcMB MeAuYyHMX 3HaHb 3 "TeopeTuyHux Bigomoctelt", a ¥ ronorpadiyHa nobynosa
iHTErpoBaHMX 3HaHb 3 MonepeaHix 3aHATb. MobyaoBa ronorpadivyHoOi NpoeKuii cTyaeHTamu BiAOYBaETLCA NPWU HAKNALAHHI
nonepeaHboi iHGopMaLii Ha HOBI 3aga4yi 3 TMMM X MeAUYHUMM AaHUMK. 33 gonomoroto 6asm gaHux "JlikapHa" cTyaeHTH
OCBOIOIOTb AK COPTYBaTM AaHi, AK 33 gonomoroto ¢inbTpy 3HAXoAUTU HeobxigHy im iHGOpMaLLito, SK 3acTOCOBYBAaTM YMOBHE
dbopmatyBaHHA Ana Bisyanisauii iHbopmauii npo nauieHTiB. Ona onaHyBaHHA GYHKLiAMM eNeKTPOHHUX Tabauub CTyaeHTam
NPOMNOHYETLCA BU3HAYUTM KiNbKiCTb B 6a3i XBOPMX 3 BUCOKOIO TEMMEPATYPOLO, CepeHilt BiK NaLLiEHTIB 3 rinepToHiEl0, iHAEKC MacK
TiNa nNaujeHTiB Ta CTyNiHb OMMPIHHA BIAMNOBIAHO A0 OTPUMaHWUX pe3y/bTaTiB. BMBYEHHA MaTEMATMUHMX OYHKLiIA TaKoX
BifOYBAETLCA 3 BUKOPUCTAHHAM AaHuUX 3 6a3n "JlikapHa".
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3micToBWiA mogynb 2
[noHaTTA NobynoBu dyHKiR)

MeanumnHa(3aBaaHHA)
+ocobucTuii gocBig,

x

s CTyAeHTa

2

z OnopHa xeuna
=%

o

=

o

MeauumnHa
+ocobucTurid gocsig, OnopHa xBunA

CTyAeHTa

OyHKLiT 06pobKK MeaUUHUX
naHux B 6asi gaHux "NikapHa"

Puc. 6. TonorpadiuHuii 3anuc (nisopyu) i BigTBOpeHHA (NpaBopyu) iHTErpoBaHMX 3HaHb i3 3aly4eHHAM 0cobUCTOro foCBiay
CTYAEHTIB B ONMOPHIit XBUAI NPU OCBOEHHI T@M HACTYNMHUX 3MICTOBMX MOAYNIB Kypcy

B TpeTbomy 3MicTOBOMY MOAYAI 3aBAaHHA CTalOTb CKAagHiwWi. Ha ocHOBI paHiwe 3406yTUX iHTErpOBaHUX 3HaHb NPO
OCHOBM po60TM 3 TabAMYHMMMK MPOLLECOPaMM, @ TaKOXK NPO NobyaoBy MPOCTUX i BKAAAEHUX OYHKLiA CTyaeHTU dopmytoTb
iHTerpoBaHe yABNEHHA NPO MOAENOBaHHA MeanKOo-6ioNoriYHMX NPOLECiB, NPO eTanu NobyaoBKM KAIHIYHMX CUCTEM NIATPUMKK
NPUIHATTA pilweHb. CTyAEeHTM CTBOPIOKOTb CUCTEMMU MIATPUMKM MPUIMHATTA PilleHb A8 BU3HAYeHHs NicisonepauiiHoro pusmky,
cepueBo-CYyaMHHOro pU3MKY, NI0KaNi3auii rocTporo iHpapKTy MioKapAay A1A nauieHTiB 6asun aaHux "JlikapHa" 3 BUKOPUCTaHHAM
aNroOPUTMIB, PO3POBAEHNX Ha NEPLLIOMY 3aHATTI.

Ha 3aHATTAX 4eTBepTOro 3miCTOBOrO MOJAY/HO Ha OCHOBI 34,06yTUX iHTErpoBaHMX 3HaHb MpPo Nobyaosy dopmyn B
TabAnYHUX Npouecopax Ta cnocobu Bisyanisalii pe3ynbTaTisa 06pobKKM AaHMX CTYAEHTU BUBYAKOTb OCHOBW CTaTUCTMYHOTIO aHanisy
MeanYHMX gaHunx. 3 6asu gaHux "flikapHa" cTyaeHTM GopmytoTb BUBIPKOBI CYKYMHOCTI, 3HAaXOAATb iX CTaTUCTUYHI NOKAa3HUKM,
nepesipATb PO3NOAIAN OTPUMaHMUX BUBIPOK Ha HOPMaJIbHICTb, 3aCTOCOBYIOTb CTAaTUCTUYUHI TECTU A/ NepeBipKM rinoTes.

B oCTaHHbOMY 3MiCTOBOMY MOAYNi CTYAEHTM BUBYAIOTb MOKAMBOCTI BUKOPUCTAHHA BCiX paHille 3406yTUX iHTerpoBaHmx
3HaHb WOAO CTBOPEHHA GOPMYN UM TUMOBMX aNropuUTMiB 06pobKM Ta Bisyanisauii MeaUYHUX AaHUX [0 BEAUYE3HUX MOTOKIB
TMNi30BaHMX AaHUX 3a aonomoroto Google Data Studio, ana yoro iHpopmauia 3 6a3n gaHux "JlikapHa" ekcnopTyeTbes B Google
Data Studio. Mo»KnMBOCTi CTBOPEHHSA Pi3HOMaHITHMX 3BITiB 3 Bi3yasi3aLi€lo 4aHMX 33 ONOMOrOH0 giarpam, AMHaMIYHUX PALIB Ta
KapTorpam CTyZEHTM OMaHOBYIOTb Ha BYKE 3BMYHIM ANA HWUX 6a3i JaHWUX i3 3a/ly4EHHAM BXKe BiLOMUX MEAMYHUX 3HaHb 3 dalny
"TeopeTnyHi Bigomocri".

Po3srnaHemo BMKopUcTaHHsA ronorpadiyHoro niaxoay Ha npuknagi. Y danni « TeopeTnyHi BifOMOCTI» 30Kpema MicTUTbCA
iHpopmaLiia npo Lsmakicte kKnyboukoBoi dinbTpauii (LUKD):

e dopmyna ana obumcneHHs LLIKP 3a 3HaueHHAM KpeaTuHiHY, BiKy Ta CTaTi NalieHTa;

o knacmoikaLia cTagi XpoHiYHMX 3aXBOPIOBAaHb HUPOK 3a 3HaYeHHAM LLUK®

® KOpeKLif 403U AeAKNX MMNOTEH3UBHMX NPenapaTiB Y XBOPUX i3 XPOHIYHMMMN 3aXBOPHOBAHHAMW HUPOK 3aNEXKHO Bif

3HayeHHs WKo.

B KOXXHOMY 3MiCTOBOMY MOAY/i HasiBHi 3aBAaHHSA, WO cTocytoTbes LUKD. 3 KOXKHMM HacTynmHUM 3MiCTOBMM Mogynem
3aBAaHHA YCKNAAHIOKTHLCA | BUMAralTb 3HaHb 3 nonepeaHix 3MiCTOBUX MOAYNIB.

3ae0aHHA 3micmoso2o modyaro 1. [lobydysamu anzopumm 0418 8U3HAYEHHA cmadil XPOHIYHUX 30X80PHOBAHb HUPOK
30 3HaYeHHAM LLIK® ma Kopekyii 0o3u beHasunpusy. BUKOPUCTOBYOUM AaHi TabaWLi KOpeKLil f03M rinoTEH3UBHUX NpenaparTis y
danni «TeopeTnyHi BiZOMOCTI», CTyaeHTM ByaytoTb BNOK-CXeMy anropuTmy KopekLii 4osv beHasenpuny

3aedaHHA 3micmoeozo modynto 2. BusHayumu weuodkicme Kaybo4ykosoi hinempauil y nayieHmie mepanesmuyHo20
8i00ineHHA. Jna BUKOHAHHA LbOro 3aBAaHHA CTyAeHTam HeobxiaHo 3actocyBaTu GinbTp ANA nauieHTiB 6a3un gaHux "JlikapHa' i
BifibpaTu TiNbKM TUX, WO 3HAaXOAATbCA B TepaneBTUYHOMY BiagineHHi. Oani 3a gonomoroto popmynm 3 danny "TeopeTnyHi
BigomocTi" nobyaysaTn maTemMaTUYHUI BUPA3 A1A BU3HAYeHHA LLUK®, BUKOpUCTOBYIOUM BiZOMOCTI NPO CTaTb, BiK Ta KpeaTuHIH
nauieHTiB 6a3u gaHux "JlikapHa".

3aedaHHA 3micmoeoz2o modyato 3. BusHayumu Kopekuito 0o3u beHasunpunay 3a 3HayeHHAM LLUK® Ons xeopux 3
diazHo30M 2inepmoHis. Ana BUKOHAHHA LbOro 3aBAaHHA CTyAeHTaM HeobxigHo 3a gonomoroto ¢inbTpy Bigibpatv 3 6a3m gaHux
"NlikapHA" nauieHTiB 3 giarHo3om rinepToHia Ta nobyaysaTu MOriYHWIA BUPa3 A8 KopeKuii fosv beHasunpuay Ha OCHOBI
anroputmy, nobygosaHomy y amictoBomy moayni 1 ta 3HaueHHAM LLUK®, 3HaliaeHomy 3a GOpMyoto, OTPMMAHOO Y 3MiCTOBOMY
moayni 2.

3aedaHHA 3micmoesozo modynio 4 . [lepesipumu einomesy npo pisHicme LLIK® nayieHmis xipypeiyHoz20 8id0ineHHA 3
pi3HUMU OdiazHo3amu. OnA BUKOHAHHA LLbOrO 3aBAaHHA CTyAeHTaM HeobxigHO 3a gonomoroto ¢inbTpy BiAi6PaTH NauieHTiB
XipypriyHoro BiaAineHHs Ta BigcopTyBaTH ix 3a AiarHozamu. [na BigibpaHUx nawieHTiB 3acTocyBat Gopmyay Ansa 06YMCNeHHA
LUK® 3i 3mictoBoro mopyna 2. Chopmysatn BuBIpKM 3HauveHb LLUK® 3a giarHosamu, nepesipuTy posnoginn BMbGIPoK Ha
HOPMANbHICTb, Ta B 3a/1€KHOCTI Big, OTPMMAHOIO pe3y/bTaTy, 3aCTOCYBaTK AUCNepCiltHMA aHani3 Piwepa abo Kputepint Kpackena-
Yonnica gna nepesipKy HYNbOBOI rinoTesu.

3aedaHHA 3micmoeoz20 Mmodysto 5. Bi3yanizyeamu KinbKicme xe0pux 3 pi3HUMU cMadiaMu XPOHIYHUX 30X80PHOBAHb
HUPOK 3a 3Ha4YeHHAM LUK®. Ona BUKOHAHHA LbOro 3aBAaHHA Yy 3BiTi, CTBOpeHOMY 33 gaHumu 6asu "JlikapHa", Ha OCHOBI
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iHbopmaLii 3 parny "TeopeTnuHi BigomocTi", BUKOPUCTOBYIOUM GOPMYaM Ta anroputMmum, NobyaoBaHi y nonepeaHix 3mictosux
MOAYNAX, CTyAeHTam HeobXigHO CTBOpUTM HoBe nose 6asu AaHuX, B AKOMY BM3HauaTu LUK® ana ycix xsopwux. Micna uboro
CTBOPUTU LLe OAHe MoJsie, B AKOMY, BMKOPUCTOBYIOUM LIOWHO OTpUMaHi 3HadeHHsA LUK®, BU3HAUMTM CTafito XPOHIYHMX
3aXBOPOBaHb HUPOK. Micas Yoro Bi3yanbHO Bifo06pasuTH OTpMMaHy iHbopMmaLlito, HanpuKnag, 3a LONOMOroto KPYroeoi Aiarpamu.

BUCHOBKM TA NEPCNEKTUBU NOAANBLLOIO AOCNIAMEHHA

3aana nornnbneHHs MixKNpeaAMETHOI iHTerpauii BUKopUCTaHuii ronorpadivuHuii niaxig. B pamkax Lboro nigxoay 3HaHHA
3 MeauUMHK Ta iHpopmaTukmn dopmytoTb "onopHy" Ta "npeameTHy" xBui BigNoBiAHO. B pe3ynbTaTi HakNaZaHHA UUX ABOX XBUJIb
bopmyeTbca 06'eMHe HayeHHA MiKNPeAMETHUX 3B'A3KIB MPU BUKAAAAHHI aucumnaiim MeguuHa |HopmaTMKa CTyaeHTam
cneuianbHocTi MeauumHa. CTyaeHTU NPaLIoTb 3 04HMM MacMBOM iHopMaL,ii MeauyHOro CNpAMyBaHHSA, MPU LbOMY BUBYAOUM
Pi3Hi MOXKMBOCTI iHGOPMaLLiiHUX TeXHONOTI AnA T 06pOobKKU. 3anponoHOBaHWI NiaXig A3€ MOXKAMBICTb NIABULLMT MOTUBALLIIO
CTYAEHTIB ANA BUBYEHHA AncumniiHi MeauyHa iHbopmaTuKa.

Kadeapoto 6yno cTBOpEHO aHaNOoMYHUI KypC ONA CTYAEHTIB cneuianbHOCTi MeanyHa NCUXOAOrisA, B AKOMY CTYAEeHTU
OMaHOBYIOTb HaBYa/IbHUI MaTepian Ha NPUKAALT NCUXONOriUHKUX TecTiB (IBaH4yK & KynbunHcbkuid, 2020), Kpim TOro naaHyeTbCs
po3pobKa NoAibHMX KYpCiB ANA CTYAEHTIB iHWMX CneLjiafbHOCTEN.
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AHOTALIA

ABSTRACT

A,

Popmy p OHnaliH-oceima — 00uH 3 mpeHdie
cyyacHocmi, wo BiOKpUBAE HAOWIUPOKI MOMAUBOCMI OAA HABYAHHA
ynpodosxt ummsa. OCHOBHUM KOHUENmMOM OHAalH-oceimu € OHAQUH-
KypC — UinicHa Hag4anbHa 0OUHUYA, W0 XAPAKMepU3yeMbCA 308€pWeEHUM
Habopom memu, 3micmy, ¢opm, mMemodie i 3acobie HaBYAHHS,
@yHKYioHye Ha 3acadax 8iOKpUMO20 YU 4YACMKOBO BiOKPUMO20
iHmepHem-docmyny i € ocHosow 0na peanisayii ducmaHyiliHozo ma
3MiwWaHo20 Has4YaHHA. Y yili cmammi 30ilicHeHo crpoby y3aeanbHUMu
nocnidogHicme 0ill, He0bXiOHUX 071 Po3pobIeHHA A8MOPCbKO20 OHAAUH-
Kypcy.

Mamepianu i memodu. [114 y3a2aa16HEHHA M02170i8 8iMYU3HAHUX Ma
3apybircHUX y4eHUX w000 MaAaHY8aHHA ma po3pobreHHA oHAaliH-Kypcie
BUKOPUCMAHO 3G2a/1bHO-HAYK08I Memodu. 3ad.1: onucy 00Ho20 3 emanie

po3pobrieHHA OHAGUH-KYpCy ma NpOEKMYB8AHHA (020 MexHOM02iYHOT

Kapmu 8uKopucmaHo Memod MoOento8aHHA. Memod aHKemy8aHHA
BUKOPUCMAHO HA emani BuU3HAYeHHA O4iKy8aHb 8i0 OHAAlH-Kypcy
«P038UMOK  7102[4H020  MUCAEHHA CMAPWOKAACHUKI8 Y HABYAHHI
mMamemamuku».

Pesyabmamu. 3a pesynbmamamu nposedeHo20 00CAiIOHEHHA
8U3HA4YeHO 10cni008HicMb 0ili, HeO6XiOHUX 071 CMBOPEHHA AKICHO20 Ma
eghekmusHo20 OHAaliH-Kypcy. O6rpyHmosa+Ho Moxausicmes
8rnposadxeHHA OHAAlH-KypCy AK OKpemMozo eudy camocmiliHoi pobomu
cmydeHmis. [li0comoseneHo mpu onuMyeasnbHUKU 04 8CMAHOB/EHHSA
380pOMHO20 38°A3KY i3 YiNbOBOK 2pyrot MalibymHbo20 OHAaliH-Kypcy, a
came: onumysanbHUK uj000 OYiKy8aHb 8i0 Kypcy, onumyeasnbHUK 014
8UK/1a0aYie, ouMysanbHUK 0715 Cyxadie Kypcy, AKi ycniwHo 3asepuiams
HOBYAHHA HA Kypci. BidnosidHo 0o pe3ynemamis aHKemMy8aHHA 34
nepwum onumyeasnbHUKOM 8U3HAYEHO NepeaniKk memamu4HUX Hanpamie i
OKpeMux haxosux KomnemeHmHocmel, AKi mozau 6 6ymu yikagumu
suknadayam i cmydeHmam cneyianbHocmi 014 CepedHAa ocsima
(Mamemamuka).

BucHoeKu. Po3pobneHa OOpOMHA Kapma MpoinocmposaHa Ha
npuknadi Kypcy 0na dpaxosoi nidzomosku MalibymHix y4umesnie
mamemamuku, npome  Moxce bymu MOWUPEHOK HA OHAAlH-Kypc
do8inbHOI memMamu4Hoi crpAmosaHocmi.

Formulation of the problem. Online education is one of the modern
trends that opens up very wide opportunities for lifelong learning. The
main concept of online education is an online course - a holistic learning
unit characterized by a complete set of goals, content, forms, methods,
and tools of learning, operates on the basis of open or partially open
Internet access, and is the basis for distance and blended learning. This
article attempts to summarize the sequence of actions required to develop
an author's online course.

Materials and methods. General scientific methods were used to
summarize the views of Ukrainian and foreign scientists on the planning
and development of online courses. The modeling method was used to
describe one of the stages of developing an online course and designing its
technological map. The questionnaire method was used at the stage of
determining expectations from the online course "Development of logical
thinking of high school students in mathematics."

Results. According to the results of the study, the sequence of actions
required to create a quality and effective online course was determined.
The possibility of introducing an online course as a separate type of
independent work for students is substantiated. Three questionnaires have
been prepared to provide feedback to the target group of the future online
course, namely: a questionnaire on course expectations, a questionnaire
for teachers, and a questionnaire for students who successfully complete
the course. According to the results of the survey, the first questionnaire
identified a list of thematic areas and individual professional competencies
that could be of interest to teachers and students majoring in 014
Secondary Education (Mathematics).

Conclusions. The developed roadmap is illustrated by the example of a
course for professional training of future mathematics teachers but can be
extended to an online course of any thematic focus.

K/1t0HO0BI C/10BA: oHnaliH-Kypc; HAa8YaAbHULU KOHMeHM, O4iKy8aHHsA
8i0 OHnaliH-Kypcy; MOKA3HUKU AKOCMI OHAAUH-KypCy; mamemamuyHa
oceima; po3guUMOK 102iYHO20 MUC/EHHA.

KEYWORDS: online course; educational content; expectations from the
online course; online course quality indicators; mathematical education;
development of logical thinking.

BCTYN

MNoctaHoBKa Nnpobaemu. HWHi TpnBae enoxa Lmdposisau,ii ocBiTH: IHTepHeT Ta iHGopMaLLiMHO-KOMYHIiKaL,iiHi TexHonorii
6e3 nepebinbleHHA CTanu pyLiem AKICHUX 3MiH B CMCTEMi OCBITW, BU3HAYaKOUM HOBI Niaxoan A0 po3pobneHHs dopm, MeTosiB i
3acobiB HaBYaHHA. BigaaneHa cniBnpaud BYUTENA i YYHA, BUKNAZAYa i CTyAeHTa, BCTAaHOB/IEHHA FHy4YKoro rpadiky 3aHATb Ta
BiNIbHUWA BMOBIp MicuA AnA HaBYaHHA — JMwWe AeAKi 3 HAJLMPOKUX MOMK/IMBOCTEN CbOTOAEHHSA, AKI BapTO BUKOPUCTOBYBATU 3
MaKCMMa/IbHOIO KOPUCTIO.

OHNalH-0CBITA MNOCTYMNOBO CTAE 3BUYHUM ABULLEM Y BITYM3HAHOMY OCBITHBOMY MPOCTOPI, FOSIOBHO — B CUCTEMI BULLLOT
ocBiTU. CBiAYEHHAM LLbOro € HeabuaKa MONYAAPHICTb MACOBUX BIAKPUTUX OHIAMH-KYPCiB BCECBITHLOBIAOMMX YHIBEPCUTETIB,
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PO3MILLLEHNX, 30KPEMA, | HA BITYN3HAHMX OHNANH-NNATGOPMAX, YNPOBAAKEHHS Y NPAKTMKY 3aKNAL4iB BULLOI OCBITU TEXHONOTI
OMCTAHLiMHOIO Ta 3MilLAHOTO HaBYaHHA. TaKWI CTaH CNpaB BUMArae BiJ, Cy4acHOro BUKagada BUCOKOT iHGOPMAL,iMHOT KyabTypu,
rOTOBHOCTI 40 pPO3p06AEHHA aBTOPCbKMX OHMAWMH-KYPCiB, 3aBAAHHAMM SKUX € edeKTMBHEe HaB4YaHHA CTyAeHTIB Ta iX
KOHKYPEHTOCNPOMOXKHICTb Ha PWHKY Npaui, HaKOMUMYeHHA nepesoBOro nejaroriYHoro Aocsigy, ¢GopmyBaHHA iMigXKy
YHiBEPCUTETY, CTBOPEHHA YHIBEPCUTETCbKMX HAyKOBMX LWKiN TOWwoO. MPOEKTYBAHHA Kypcy i po3pobaeHHs niaHy LWoAo hMoro
CTBOPEHHSA | HANOBHEHHSA NOTPEbYIOTb 0COBANBOI yBarKn, OCKINbKM BU3HAYaOTb MOro NoAasblly pe3y/ibTaTUBHICTb.

AHani3 aKTyanbHUX AocnigeHb. Mpobnemi BNpoBagyKeHHA B OCBITHIM npouec 3BO npucBaYeHO YMmano npaub
BITYUM3HAHWUX Ta 3apybiKHUX AOCAIAHMKIB. AHAnNi3 HAyKOBUX AXKEpen CBiAYUTb MPO Pi3HOCTOPOHHICTb AOCAIAMEHHA OHMNAWH-
Kypci. Tak, S. Baldwin et al. (2019) BMBYalOTb 0COBAMBOCTI NPOEKTYBAHHA Ta AM3aHY OHNaWH-Kypcy, A. Guerrero-Roldan Ta
I. Noguera (2018), M. Hosseini et al. (2021) — oujiHt0OBaHHA KOMNETEHTHOCTEN CTYAEHTiB, 3406yTUX Ha OHAalH-Kypci, M. Puzziferro
Ta K. Shelton (2009), S. McGahan et al. (2015) — moaentoBaHHA OHMAWH-KYpPCY, BU3HAYEHHS MOro 3MiCTOBOrO HamoBHEHHSA Ta
BMBOPY BiANOBIAHMX NeAaroriYHUX iIHCTPYMEHTIB Ta iHPpOopMaLiiHUX TEXHOOTI.

OCTaHHIM 4Yacom CnocTepiraeTbCcA MOMITHa aKTMBI3aLiA HayKOBMX MOLWYKIB LLOAO PO3PO6/IEHHS OHMAWMH-KypCis B
YKpaiHCbKOMY OCBiTHbOMY NpocTopi. Tak, y HanpauoBaHHAX B. KyxapeHKa (2019a) Bu3Ha4yeHo 0cobaMBOCTI AUCTaHLiMHOrO Ta
3MIlIAHOrO HaBYaHHA CTYAEHTIB, CHOPMY/IbOBAHO 3arajibHi BUMOTM [0 OHANAMH-KypciB. Konektms AocnigHukis, LWo
npeAcTaBAAloTb FPOMAACbKY opraHisauito “Smart Maths”, KomnaekcHo gocnigyKye peHomeH oHNaH-Kypcis, po3pobastoumn He
ivwe TeopeTUYHi Ta MPaKTMYHI 3acay opraHisaLii HaB4aHHA Ha OHNAMH-KypCax, a M NPe3eHTYoYN aBTOPCbKi OHMAH-KypCK AnA
¢$axoBol MiAroToBKM CTyAEHTIB maTtemaTuyHux cneuiansHocten (Vlasenko et al., 2020; Nlos’saHoBa Ta iH., 2018; Buknadauy
MamemMamuKu euwoi wkonu, 6. a.).

OTKe, Nnpobnema BNPOBaANKEHHA OHMAWH-KYpCiB HabyBae CBOro po3B’A3aHHA K B 3arajibHUX pUCax, Tak i B LapuHi
MaTeMaTUYHOI OCBITU 30KpemMa. MeTolo CTaTTi € BU3HAYEHHA NOCNIAOBHOCTI Al WoA0 po3pobieHHA OHNANH-KYPCY AK eNemMeHTa
3MillaHOro HaBYaHHA MaricTpis.

METOAU AOCNIAXKEHHA

Y CcTaTTi BUKOPWUCTAHI 3araibHOHAYKOBi METOAM ONA Yy3araJibHEHHA MNOTAAAIB CYYaCHWMX BYEHMX LWOAO npoueaypu
CTBOPEHHA OHAANH-Kypcy. OKpiM TOro, B AOCNIAMEHHI BUKOPUCTAHO MeToA, MOAEN0BaHHA — abu onucaTM TeOPeTUYHY Moaenb
CNPOEKTOBAHOIO OH/AMH-KYpPCY, Ta METOA, aHKEeTYBaHHA — 334/1a BM3HAYEeHHA O4iKyBaHb Bif, OHNAMH-Kypcy 3anponoHOBaHOI
TEMATUKW.

PE3Y/ZIbTATU AOCNIAKEHHA

B13HauMmo nocnigoBHICTb 4i, AKa BigNOBiAaE NpoLueaypi CTBOPEHHSA AKICHOrO OHMANH-KYPCY, | PO3rNSIHEMO AEeTa/IbHO
KOJKEH eTan Ha NPUKNagi CTBOPEHHSA OHMANH-KypCy « PO3BUTOK NOMYHOro MUCIEHHA CTapLIOKNACHUKIB Y HaBYaHHI MaTeMaTUKn»
ana marictpis cnewianbHocti 014 CepegHn ocsita (Matematuka).

Mepwuli (nidcomosyuli) eman — y3rogyKeHHA 3araNbHOi KOHLENLi OHAaNH-KypCy Ta 3'ACYBaHHA MO/MBOCTI oro
BK/IIOYEHHA Y poboYy Nporpamy oAHiel 3 AMCUMNAIH HaBY4aNbHOTO NiaHy 3406yBadis 0cBiTU. Peanisauin uboro etany nepegbadac:
1) aHani3 OCBITHbO-NPOdECIMHMX MpOorpam MiArOTOBKM BYUTENIB MaTEMaATUKM ANA PO3PoBAeHHA  nepeniky ¢axosux
KOMMETEHTHOCTEN, AKi Byae GopmyBaTh UM PO3BMBATU HaBYAHHA HA OHMANH-KYPCi; 2) KOHCYAbTALiO 3 HAYKOBO-NeAaroriyHMmm
npauiBHMKamu Kadeapu, Ha 6asi akoi Byae anpoboBaHO Kypc; 3) ONUTYBaHHA LifIbOBOI MPYNM LWOA0 O4YiKyBaHb Big, KypCy.

CTBOpEeHHA byab-IKOro OHNalH-Kypcy 6epe Mo4YaToK i3 MPOEKTYBAaHHA MOro 3arajibHoi KoHuenuji. OuyeBMAHO, WO
PO3p0b6AEHHSI OHNANH-KYpPCY ANS CTYAEHTIB BUMarae, neplw 3a BCe, aHasi3y BiANoBiAHMX OCBITHbO-NpodeciiHMX nporpam. Abu
BMPOOUTU BNIACHY CUCTEMY KOMMETEHTHOCTEeN, Ha AKy Oyae CnpAMOBAHMI aBTOPCbKUIA KypC, MU 3A4JIACHUAN aHani3 OCBITHIX
Nporpam yHiBepCUTETIB, Y AKMX 34iMCHIOETLCA NiArOTOBKa maricTpis cneuianbHocti 014 CepegHs ocsita (MatemaTuka).

LLLo6 «3BanmLLe igen» NnepeTBopmUTU Ha AKICHUIN Ta ePEKTUBHUI NPOAYKT, aBTOPU OHIANH-KypCy « AK CTBOPUTU MacoBUi
BiAKPUTMI OHNaMH-Kypc» (2016) Ha cTaail NPOEKTYBaHHA Kypcy pagsaTb MPOBECTM ONUTYBaHHA. TaKOX Yy LbOMY MepeKoHaHi i
YIEHM iHILiaTMBHOI rpyny rpomaacbKoi acouiauii “Smart Maths”, aki po3pob6aatoTb Kypcy Ha naaTdopmi «BUKNagadyy matemaTukm
Buwwoi wkoan» (Vlasenko et al., 2019). 3okpema, Ha eTani NaaHyBaHHA Kypcy BOHW pafATb BU3HAYaTM OYiKyBaHHA ManbByTHiX
KOPUCTYBa4iB KypcCiB 3ac06ammn OHMAMH-aHKETYBaHHA, 3a1y4aTh CTYAEHTIB A0 BM3HAYEHHA aKTya/llbHUX A1A BUBYEHHA TEM Ta
6aKaHMX HABMYOK i KOMNETeHTHOCTEeN. MU AOTPUMYEMOCA TiET TOUKM 30pY, LLLO 06roBOPeHHA KOHLLeNLii MalibyTHbOro OHMAMH-
KYpCYy L03BOJIAE CTBOPUTM MAKCMMANIbHO PENEBAHTHUIM NPOAYKT, MWUMOBOJI AHOHCYE MOro, NigBULLYyOYM 3aLliKaBieHiCTb
CTYZEHTIB A0 HAaBYaHHA OHNAMH. A TOMY NPOMOHYEMO Ha MepLwoMy eTani yHiBepcasibHUWM ONUTYBA/NbHUK A1A BUKAALAYIB, AKi
NAaHyloTb PO3pobuTn oHnaiH-Kypc (https://forms.gle/rxgY3F4i909Rjuxr6), Ta ONUTYBaNbHUK ANA CTyAeHTIB (Ha npukaagi
OHNaH-KypCy 3anponoHOoBaHOI TEMaTUKM) WOA0 O4YikyBaHb Big Kypcy (https://forms.gle/m1DLGaU6Z9dzRxgES).

3a pe3y/nbTaTamy ONUTYBAHHA LWOAO OYiKyBaHb Bif KypCy 3ragaHoi TeMaTUKK, Y AKOMY B3AM y4acTb 50 ocib (3 HUx 28 —
BMKNagadi 3BO, 14 — cTygeHTn marictpatypu, 8 — sunteni 33CO), Halbinblue pecnoHAeHTV 3auikaBneHi y BUBYEHHI Tem, WO
CTOCYBaTUMYTbCA PO3B’A3yBaHHA oiMniagHNX 33434 (22 y4aCHUKM ONUTYBAHHA OLLHIOKOTb BiANOBIAHY KOMNETEHTHICTb He BULLEe
cepefHbOro piBHA), po3B’A3yBaHHA 3aBAaHb 3 napameTpamu (17 onuTaHuX), LOBeAEHHA MaTeMaTM4yHUX TBepasKeHb (16
ONWTaHMX). YUACHMKM ONUTYBAHHA MaaN MOXKAMBICTb AONOBHUTM 3aNpPONOHOBAHWUIA OPIEHTOBHUI Nepeniik KOMNeTeEHTHOCTEN, Ha
PO3BUTOK AKMX CNPAMOBAHUI KypCy, BNACHUMM OYiKyBaHHAMM i NobaxkaHHAMM (guB. puc. 1).

Apyauli eman (mModento8aHHA) — pPO3pPobAeHHA MoAeni Kypcy 3 nepenikom BUAIB KOHTEHTY, AKi BiH MicTUTMMe,
Bi4NOBIAHO [0 pEeKOMeHAaLiN eKcnepTiB i O4YiKyBaHb LifbOBOI rpynu NPOEKTY. 3a pe3yabTaTamMu MPOBEAEHOIO ONUTYBAHHSA
BMABNEHO TaKi BaxkaHi popmm poboTM Ha Kypci: yyacTb y BebiHapax Ta MalcTep-Kaacax 3 NPOBEAEHHA YPOKiB MaTeMATUKK
(30 yyacHuKiB), camocTiliHe 03HaMOMNEHHS i3 FOTOBUM HaBYa/IbHUM MaTepiasioM 3 NO4aNbLMM 06roBopeHHAM (26 y4acHUKIB),
niAroToBKa iHAMBIAYaNbHOIO e-nopThoNio ANA BUKOPUCTAHHA B MalbyTHIM npodeciiHii aianbHOCTi (23 y4acHWUKK), ydacTb y
HayKOBMX KOHdEpeHLiAX 3 METOAMKM HaBYaHHA MaTeMaTuKM (19 yyacHMWKiB), pO3pOONEHHA i 3aXMCT HaBYa/NbHUX MPOEKTIB
(14 yyacHukis).
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Puc. 1. Xmapa cniB ana Bisyanisauii ouikyBaHb Bif, OHNalH-Kypcy

TeopeTUyHa MoAenb OHNANH-KypCy Moxe ByTW MpeacTaBineHa Yepes BUCBITAEHHSA 33lyMy Kypcy, OnuC AxepesbHOl
6asn, HeobXigHOro AMAAKTUYHOTO, METOAMYHOrO i MpPOrpaMHOro 3abesneyveHHs, OKPec/leHHs Tem i 3aBAaHb Kypcy. Lo
y3arasibHeHy MoZe/lb MOXKHa BUKOPUCTOBYBATU A1 GaxoBoi NiAroTOBKM cnewianicTis 6yab-aKoi cnewianbHOCTi.

KopucHum HapbaHHAM gocnigykeHHs (Lovianova et al., 2020) yBaxKaeMo TaKy TEOPETUYHY MOAENb OHNANH-KYPCY, LLO
MIiCTUTb METOAMYHY cucTeMy (CYKYMHICTb 3micTy, metoaiB, ¢dopm i 3acobiB HaB4yaHHA), Nepenik TeXHONOriN HaBY4aNbHOro
cepefioBua (HanpuKAaZ, BMKOPUCTAHHA XMapHWUX TEXHOJOTIM Ta BMPOBALMKEHHS HaBYA/IbHUX MPOEKTIB) Ta KOMMOHEHTU
npodeciinHoi NiaroToBKM (MOTUBALINHO-LiHHICHWIA, onepaLiiHO-AiANbHICHWUIA, KOHTPOIbHO-KOPEKLiAHUNA).

TexHONOriYHY CKNaf0BYy MOAENT OHNANH-KYPCY CTAaHOBAATb Ti iHPOPMaL,iiHi TEXHONOTIT, LLLO BXOAATb 40 NEPCOHANbHOMO
e/IeKTPOHHOro cepeaoBmiLLa Moro po3pobHuKa. Lia aymKa y3rogpKyeTbea i3 pesynbTatamu gocnigxerHs (Vlasenko et al., 2020),
aBTOPW SAKOTo KnacudikyoTb NporpamHe 3abesneyeHHA 3arajbHOro Ta CrewiafbHOro MPU3HAYeHHs 3a BUMAAMMU AifNbHOCTI
BMK/lafa4a MaTeMaTMKM, 30Kpema: 3acobu AN opraHisau,ii OCBiTHLOro NpPoLecy, aHanisy Ta CTaTUCTUYHOI 06pobKM iHpopMaLi,
XMapHUX 064McneHb, NOLWYKY iHGOpPMaLLii, KOMYHiKal,ii Ta B3aemogii OHNalH ToLw,O.

OTOX, MoAenb MalbyTHbOIO OHMAMH-KYPCY 3aAB/EHOI TEMATUKM KOPOTKO MOMKHA onucath Tak. CTpMsKHEM Kypcy
«PO3BUTOK NOTYHOrO MMUC/IEHHA CTAPLUIOKNACHUKIB Y HAaBYaHHI MaTEMaTUKM» € ifeAa HABYUTM CTYAEHTIB PO3BMBATM JIOTIYHE
MWCNEHHSA WKONAPIB Ha YPOKax MaTeMaTUKK, 30Kpema Yepes 3aJa4HUi Niaxig HaByaHHA, cGOPMyBaTU B HUX KOMMETEHTHICTb
6yayBaTH NaHLLIOXKOK NIOTIYHMX MipKYBaHb Y NPOLECi PO3B’A3yBaHHA 334a4, @ TaKOX 34ilCHIOBaTU B MaiibyTHbOMY €BPUCTUYHY
LiANbHICTb 33415 BUPOBAEHHA TaKMX YMiHb Y CBOIX Y4YHiB. MeToanuyHa NaoLWmMHa MoAe i OHNaliH-Kypcy 36iraeTbca i3 METOANYHUM
3abe3neyeHHsAM BMKNaZaHHA $axoBoi avcumnniHu «MeToamMKa HaBY4aHHA MaTeMaTuMKKM y NpodinbHIM WKoNi». 3BaXKatoun Ha
cneundiky npegMmeTy UbOro OHMAMH-KYPCY, TPAAMUIMHUA ONA BMKNaZada nakeT iHGOpPMaLiMHUX TEXHONOTIA [O0NOBHIOEMO
OHNAWH-CcepBiCaMM AN CTBOPEHHSI e/IeKTPOHHMX OCBITHIX pecypciB 3 elemMeHTaMn [O0MNOBHEHOI peasibHOCTi, aBTOPCbKMMM
NPOrpaMmHNMM PO3PO6KaMM Ta eBPUCTUKO-ANLAKTUMHUMM KOHCTPYKUiAMU. MOTUBALiIMHO-LiHHICHUIA, onepaLiHO-AifaIbHICHUH,
KOHTPO/IbHO-KOPEKLLIMHUI KOMNOHEHTU MOAENi OHNAMH-KypCy ByayTb y3roaxeHi i3 cuctemoro GpaxoBrMx KOMMETEHTHOCTEN, AKi
pPO3BMBATMME KYpC, i3 TECTOBUMM, MPAKTUHHUMM Ta TBOPYUMM 3aBAAHHAMM.

Tpemili eman (NAaHy8aHHA) — BU3HAYEHHA TEMATUYHMX HaNPAMIB MalbyTHbOro OHMAMH-Kypcy. Ha ubomy K eTani byae
CTBOPEHO MPOMO-POJIMK Kypcy Ta onyb6aiKoBaHO MOro Ha CaiTi 3aKNaZy OCBITM Ta Ha CTOPiIHKaX Yy couia/ibHUX MepeXax 3agia
NPVBEPHEHHSA YBArW NOTEHLINHMX CyXayiB Kypcy.

TexHoONOrYyHa KapTa, WO MNPe3eHTYE MeTy i 3aBAaHHA, TeMM Ta KOMMETEHTHOCTI MalbyTHbOro OHAWMH-KypCy,
npeAcTaBneHa Ha puc. 2.

[o6ip TemaTUYHMX HanpsamiB MalbyTHbOrO OHNAMH-KypCy BiabyBaBcA 3a TaKMM naaHOM: (1) BU3HAYEHHSA TEMATUKK
Kypcy; (2) BU3HaYEHHA pe3ynbTaTiB HAaBYAHHA, AKI MOXKHA BUMIPATU UM OUiHWUTH; (3) po36MTTA iHbOpMaLii Ha 6a10KK (po3ginu,
Temu, Moayni Towo); (4) BpaxyBaHHA o4vikyBaHb CTyAeHTiB; (5) naaHyBaHHA B3aEMoZIi Ha Kypci; (6) pybpuKaLia 3aBaaHb; (7) Bubip
dopm npescTaBneHHs KOHTeHTy; (8) opraHisauia 3BopoTHoro 38’asky; (9) pobip 3acobiB gna BUMMIpIOBAHHA pe3y/bTaTis.
P03p0o6s1stoun Takuii NAaH MU CMPanMCA Ha JocnigxeHHa (Bidyuk et al., 2018).

Cuctema KomMneTeHTHocTel, obpaHux BiANOBIAHO A0 MpoOrpamu BiAMOBIAHOTO Kypcy Ta 3 ypaxyBaHHAM 3anuTiB
NOTEHLIMHMX CNyXadiB, CTaHOBUTL 6asnc nporpamum Kypcy. B. KyxapeHKo (2019b) 3a3Hauae, wo po3pobasioum Kypc, HeobxiaHo
nepeaodaunTV Pi3Hi cLLeHapii Moro BUBYEHHS, 3BaXKaloumn Ha BUA HaBYaHHSA HA KypPCi (AUCTaHUiMHe M 3miluaHe), piBeHb NiaroToBKM
CTY4EHTIB TOLLO.

Yemeepmuli eman (po3pobeHHsA) — HanWCcaHHA CLLeHapiiB NeKLiii, po3pobaeHHa HaouyHoCTel, HeobXiAHUX AN 3anucy
NeKLiR (Npe3eHTaLil, pucyHKM, moaeni diryp Tow,0), a TaKOXK MNiAroTOBKa KOHTEHTY OHNAlH-KypCy:

— TeCTOBWX 3aBAaHb 32 MaTepianamm Nekuii;

— NPaKTUYHKX (TBOPYMX) 3aBAAHD;

— 3arasibHMX NPUHLMNIB OLiHIOBAaHHA NiJ Yac HaBYaHHA Ha Kypci;

— BUMOT /19 OTPUMAHHA cepTudikary;

— ANCKYCIMHNX Tem ANnA obroBopeHHs Ha Gopymi Kypcy.
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MeTa oHAalH-Kypcy

P03BUTOK haxoBMX KOMNETEHTHOCTEM MaricTpie cnewianbHocTi 014 CepeaHa oceita (MaTemaTHka)
woao GbopmyBaHHA NOFYHOTO MUCIEHHA CTapLWOKAACHUKIB

h 4

3aBAaHHA OHMAMH-Kypcy

ChopmysaTi yaBAEHHA NPO . . YO0CKOHAAWTH BMIHHA Hagatv NpakTM4Hi pekomeHaauii
; AKTYanisyBaTi 3HaHHA 3MiCTy - M .
¢$eHOMEH NIOTIHHOrO MUC/IEHHS, X 34iMCHIOBATW NOTIYHI MIPKYBaHHA Y WoAo0 GOpMYBAHHA | PO3BUTKY
1 ! LWKIAIbHOrO KypCy MaTemaThku Ta 4 ! ;
foro cTpyKTYpy Ta ocobausocTi XOfli po3B’A3yBaHHA MaTeMaTUYHKX NOTYHOro MUCIEHHA
e - METOAMKN HaBYaHHA MaTeMaTHUKH h
PO3BMTKY Y NigNiTKOBOMY Billi 3aga4 CTapLWIOKNACHWKIB

‘ TeMun OHNAMH-KypCy.

Po3g’asyBaHHA

CTpykTypa Ta . Po3e’AzyeaHHA [oBegeHHa Po3g’A3yBaHHA ,
. NAQHIMETPUMHKMX Ta . . " . . Pose A3yBaHHA 3a4a4
ocobaueocTi piBHAHD, HEPiBHOCTEN MaTemaTUYHMX onimniagHux 3agady 3
. CTEPEOMETPUYHUX = 3 napameTpamu
NOriYHOro MUC/IEHHSA P Ta ix cuctem TBEPAHEHD MaTeMaTHUKKU

KomneTeHTHOCTI, AKi pO3BUBATMME OHNANH-KYPC |

MaTemaTM4Ha KOMNETEHTHICTb

Mewxonoro- IHpopMaLiHHO-OCBITHA KOMNETEHTHICTE
negaroriyHa
KOMMeTeHTHiCTb MeToaMUYHa KOMNETeHTHICTb

MpodecitHO-TeXHOAOMYHA KOMNETEHTHICTL

Puc. 2. TexHonoriyHa KapTa OHNAAH-KypCy

He meHLwWw BaxknnBoto € Gopma NoAaHHA HaBYabHUX MaTepianiB OHNaNH-Kypcy. [JlopeyHnm € BUKOPUCTAHHA Tabamub,
cxem, rpadikis, HaBeAeHHA BiANOBIAHMX NPUKAAAIB Ta iHWKMX Hao4HOCTeN. AHani3 npaub (Cuesta, 2010), (Quality Matters: A Guide
to Online Course Development Standards, n. d.), (McGahan, 2015) niaTBepAa1B Hawy AYMKY MPO Te, WO O3HAKOK AKICHOro
OHNAMH-KYPCY € HAABHICTb N10Capitdo Ta AOMOMIXKHUX MaTepianis, AOCTYMHUX B OKPEMMUX AOKYMEHTAax 4YM 3a pobounmu
NMOK/MKAHHAMM.

Mwu nigTprmyemo nosuuito asTopie cratti (McGahan, 2015), AKi HaroNoOwWYOTb Ha BaXK/IMBOCTi PO3POBKM METOANUYHMX
BMMOT A0 HaB4Ya/IbHOTO KOHTEHTY fIK iIHCTPYMEHTY OLjiHKM Moro sKkocTi. HanpautoBaHHs, npeactasneHi B (Vlasenko et al., 2020),
niaTBEPAMKYIOTb CYLWHICTb NOAAHHA TEKCTOBOIO HaBYa/IbHOrO MaTepiany y dopmarti PDF: 3 umm Tinom ¢ainnis 3py4yHo npawtoBatu
Ha Byab-aKkoMy NpuUCTPOi (Komn'toTepi, NaaHWweTi Y cmapTdoHi), Ao Toro K y PDF AOKYMEHTI He cnoTBOpPHOOTLCA Tabauu, i
dopmynn, AK ue iHKoam ByBae Mmig yac nepernsgy TEKCTOBUX OOKYMEHTIB iHWMX ¢dopmartiB; oKpim Toro, ¢popmart PDF €
ONTUMaNbHUM ANnA BifobpaxkeHHA y 6paysepi. 33 HEObXiAHOCTI OKYMEHT 3aBXAM MOXKHA 36epert Ha AMCKY Komn'toTepa yun
pPO34pPYKYBaTU, TOMY AOPEYHMMM ByayTb 3aroNI0BKM TEKCTY, BiANOBIAHMM YMHOM OPOPMIEHi 3aroI0OBKM MYHKTIB i NiANYHKTIB,
BKa3iBKa Ha TeEMY KypcCy, SIKOI CTOCYETbCA MaTepias, HymepaL,isi CTOPiHOK, CIMCOK BUKOPUCTaHUX gxKepen Tow,o. Ans epeKTnsBHOI
po60TH 3 IOKYMEHTaMM OHNaNH-Kypcy daxiBLi paaaTb TaKOX No3HadvaTth ix bpeHgosum norotunom (Vlasenko et al., 2020).

OCKinbKM1 OHNAMH-KYpC € iHAMKaTopoM $axoBOCTi MOro aBTOpiB, Ha eTani PO3pobaeHHA Kypcy BKpal BaX/IMBUMU €
CKpyny/1bO3Ha NepeBsipKa yCcix MaTepiaiiB, HeyXuabHe AOTPMMAHHA HOPM aKageMmiyHoi 4obpoyecHOCTiI Ta nonepegHs anpobauis.

Y 3a1€KHOCTi Big, TEeMaTUYHOI CNPAMOBAHOCTI KOHTEHT OHNAMH-KYpPCYy MOXKe OyTM NpeacTaBAeHuid He anwe y BUrnagi
TEKCTOBUX LOKYMEHTIB, a 1 y popmi Bigeo-nekuin. La igea y3rogyKyetbca 3 HanpautoBaHHAmMKM B. KyxapeHka (2019a; Mpo
CTBOPEHHS AMCTaHUjiiHoro Kypcy, 2019), AKMI paguTb NofaBaTM TaKMI maTepian A030BaHO, TPUBANICTIO A0 6 XBWUAWMH, 3
0608B’A3KOBUM BUOKPEMNEHHAM KOHTPOJIbHUX MWUTaHb AN1A pedneKcii WoL0 3aCBOEHHA TEKCTOBOIO MaTtepiany Ta Bigeo-neku;i.
Bepemo po yBaru i matepian (Are Video Lectures effective in Online Courses?, 2012), B AKOMy NOAaHO AYMKM CNyXadiB OHNAWH-
KYpCiB LLLOA0 BKAKOYEHHS BiAeo B OHNAMNH-KypC. TaK, CTYAEHTU CXBa/IbHO OLLIHIOKOTb HAasABHICTb B KypCi KOPOTKUX (40 2 XB.) Bigeo-
ornsagie (aHOHCIB) O KypCy UM OKPEMMX MOTro TeMm, a TaKOXK MOBHOLLIHHMX Bigeo-NeKujii, NpeAcTaBNeHUX B 3aMuCi, Y4 OHNAlH-
NEeKUiM B peXXnmi peanbHoro yacy.

3aranbHOBIAOMO, L0 ePEKTUBHICTb OHIANH-KYPCY 3aN1EXUTb Bif PiBHA HABYANbHOI MOTUBALLT cyxadis. OKpim AKICHOro
3MiCTOBOIO HaMOBHEHHH, LLIKaBOro Ta aKTyaNbHOro AN CyXadiB, Cig nam’aTaTi Npo ACKpaBy Nogadvy MmaTepianis, TOMY HasiBHICTb
Ha CTOPIHKAxX Kypcy aHimaLin, Bifeo, BUHOCOK Ta CM/MBAOYMX MiAKA30K pobuTb MOro He nuwe Bi3yaibHO NpuBabAMBUM, a 1
METOAMYHO BMBaXKeHMM. [loLiNbHICTb NpeacTaBNeHHA HaBYa/IbHOrO MaTepiany B OHAAMH-KYpPCi y pisHUX popmax 0brpyHTOBaHO
B (Puzziferro & Shelton, 2008).

OCKinbKM OHNaMH-KypC — e He amuwe 3acib Ana NacMBHOIO CMOMAAAHHA HaBYa/NbHOTO MaTepiany, a M CBOEPIAHWIA
MalgaHuMK ONa CNiNKYBaHHA MidK CAyxXauyamu, MiXK Clyxadyamu Ta BMKnagadem (abo Moro acucteHTamum). Mu NigTpyumyemo
BMCHOBKM M. Hjalmarson (2017) npo 060B’A3KOBICTb OpraHisaLii 3BOPOTHOrO 3B’A3Ky 33414 06roBOpeHHA NPOB6AEMHUX M
OUCKYCIMHWUX NUTaHb, FPYNOBUX YM iHAMBIAYANIbHUX OHMAMH-KOHCY/IbTAL,iN, CBOEYACHOIO pearyBaHHA Ha MOTOYHI HEAONIKU Ymn
HecnpaBHOCTi. Onujlo 3BOPOTHOrO 3B'A3KY aBTOPM CY4aCHUX OHMAMH-KypciB 3a3BMYall peanizoByloTb 3a AOMNOMOIOK  KiNbKOX
TematnyHux ¢opymis. Oocsig T. Martin-Blas Ta A. Serrano-Fernandez (2009) cBiguMTb Npo NiABMLLEHHA PiBHA 3aCBOEHHSA
maTepiany y TUX CTYAEHTIB, AKi aKTMBHO KOPUCTYIOTbCA GOpyMamMmM Ha OHMAANH-KYPCi.
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OHnaliH-ocBiTa Mmae 6a3yBaTMCA HA NPUHUMNI CNiBNPALi MiXK y4aCHMKAaMM OCBiTHbOro npouecy. Mu norogyKyemocs i3
I. o’aHOBOO Ta iH. (2018), sAKi HaronowWwyoTb, WO AiasoriYHa B3AaEMOAiA € KNHOYOBOK NMpW HaBYaHHI ManbyTHix daxisuis,
30Kpema — BUMTENiB MaTeMATMKK. Liel KAovoBuiA NPUHLMM €BPUCTUYHONO HAaBYaHHA MOMXKe peanisyBaTnuca yepes npobaemHo-
aNropUTMIYHI Nigxoan, TBOPYI 3aBAAHHSA, BUKOpUCTaHHA IKT, opraHisauiio eBpMcTMYHOro gianory — popmm onocepearkoBaHoOro
nesaroriYyHOro ynpasaiHHA CamOpPO3BUTKOM CTYAEHTIB.

OUiHIOBaHHSA pe3ynbTaTiB HaBYaHHA B OHMaWH-KYpCi — 0608’ A3KOBUI €1eMEHT MOro CTPYKTYpU. OLiHIOBAHHA MOKe ByTH
OpraHi3oBaHe y BUINAAI MOTOYHWUX TECTOBMX 3aBAaHb 3 MOMJ/IMBICTIO HAaKOMWYEHHA 6aniB, LLO 3HAaYHO MOTMBYE CTYAEHTIB,
NiACYMKOBUMX 3aBAaHb Ta KeanidikauiitHUx pobiT (MpoekKTiB). Mpu LbOMY PO3POBHUK OHNAMH-KYPCY Mae noAbaTh Npo HasaBHICTb
«BaHKy TECTOBMX 3aBAaHb» Ha Kypci, w06 3abe3neunT BapiaTMBHICTb NPeACTaBAeHHA MOTOYHMUX Ta NiACYMKOBUX NMepeBipoOYHUX
3aBgaHb. HeobxigHicTb po3pobneHHA TecToBMX 3aBAaHb y 06cA3i, AocTaTHbOMY A8 NpoTUAii HepobpouecHin nosegjiHu
CTYZLEHTIB Y HAaBYAHHI, Y3roAKY€ETbCA 3 pe3yibTaTaMu gocnigKeHHa (Hosseini et al., 2021).

OAHVMM 3i CTUMYNIB A0 HAaBYAHHA HA OHNANH-KYPCi € MOXK/IMBICTb OTPUMAHHA cepTUdiKaTa, Lo 3acBigvyBatume ¢GakT
OonaHyBaHHA Kypcom, TOMY BKpaill Ba)KNMBO MOBIAOMMTM BIiAMNOBIAHI BUMOMM A4 AOCATHEHHA UiEl meTu (Hanpuknag,
060B’A3K0OBICTb BUKOHAHHSA YCiX 3aBAaHb, NOPOra KiNbKicTb 6anis Ana 3apaxysBaHHA GaKTy HaBYaHHA Ha Kypci TOLO).

MepL HiX po3pobAaTM TECTOBI 11 NPAKTUYHI 3aBAAHHA OHNAMH-Kypcy, GOPMYtOBaTM 3arasibHy MOAITUKY OLLiHIOBAHHSA
3HaHb Ha Kypci, MM 03Haomuamcsa i3 nopagamu (Guerrero-Roldan & Noguera, 2018) w040 Yy3roasKeHHA 3MiCTy HaBYa/bHUX
AKTUMBHOCTEN Ta 3ara/ibHOK OLIHKOM 3a X BUKOHAHHA i3 CUCTEMOIO KOMNETEHTHOCTEN, AKi Gopmye Kypc. TaK, y KOXKHOMmY i3
3aBAaHb OHMAMH-KypCy Byab-AKOro piBHA CKAagHOCTI 6aykaHO BKa3yBaTW, Ha GOPMYBaAHHA AKUX YMiHb i 34aTHOCTEN CNpsMOBaHe
Le 3aBAaHHA. Lle MOTMBYE CnyxadiB Kypcy i CNpOLLYE Npoueaypy OLiHKM MOro AKOCTi 3araiom.

CucTema oujiHIoBaHHA Mae B6yTy NPO30pOoIo i 3PO3yMiNoto AR CTYAeHTIB. TPaauLiiHO MakcMMasibHa KibKicTb 6anis, AKy
MOXHa OTpMMaTh 3a pesynbTatamu Kypcy, — 100. AKLWO 3annaHOBaHMI OHMAMH-KYPC MICTUTb 3Ha4YHWI obcar 3aBAaHb, TO
BMNpaBAaHOO € cuctema nepeobniky Habpauux 6anie 3a wkanoto 0-100 6anis (Hanpuknag, 3a AOMNOMOrOK BaroBuUx
KoedilieHTiB).

M’amuli eman (mexHiyHUli) — 3aNMC | MOHTYBaHHA BiAe0-NeKLiN 32 po3pobaeHUMM cLeHapiaMmU, OPOPMAEHHSA YEPHETKM
KYPCY Y BUTNAAj apXxiBYy 3 MANKOBOK CTPYKTYPOLD, PO3MILLLEHHSA, AU3AMH | MEHEAXKMEHT OHNAMH-KYpPCYy Ha NaaTdopMmi.

3anopyKoto ycnilwHoi poboTK CAyXayiB 3 OHAAMH-KYPCOM € MOro NpeseHTalis, HaaBHICTb rpadika HaBYaHHSA, 3py4YHUIA
[0CTYN A0 HaBYa/bHOrO KOHTEHTY, CTPyHKa 6yAoBa Ta iHTYITMBHO 3po3yminuit iHTepdeiic. Y craTtTi (Vlasenko et al., 2020)
3HAX0A4MMO KpUTEpIi 3py4HOCTI OCBITHLOT N1AaTPOPMU. 3MICT KOXKHOTO 3 HUX NpeacTaBaeHo y Tabn. 1.

Tabnunua 1
KpuTepii 3py4HOCTi BigKpUTOI OCBITHLOI OHNAH-NAaTdOpPMHU
KpuTepiit 3acobu ana AocArHeHHA KpuTepilo
OCHOBHE Ta J043TKOBE MEHIO, PO3MILLEHI Y BEPXHil YAaCTMHI KOXKHOT CTOPIHKM Kypcy;
CncrtemHa Hasirauisa BifLOOpaXKeHHA A/1A KOXKHOI CTOPIHKM «NaHLOroBOI HaBiraLii»;

HaABHICTb MOK/IMKaHb 6e3nocepesHbo Yy TEKCTI.

€aMHa KoNipHa cxema CTOPIHOK OHNAMH-KypCy;

3arafibHa CTPYKTYpPa CTOPIHOK: BEPXHiA Ta HMXKHIN KONOHTUTYAM, BiYHa naHenb Ta OCHOBHa
YACTUHA CTOPIHKK;

0c06/1MBUIN CTUNb BiZOOPaXKEHHSA 3aroN0BKiB, NiA3aro/10BKiB, OCHOBHOIO TEKCTY Ta MOK/AMKaHb.
HanABHicTb popm 3BOPOTHOIO 3B’A3KY LLLOAO TEXHIYHMX Ta 3MICTOBUX NUTAHb;

e/1eMeHTUN TeCTyBaHHA Ta ONUTYBAHHSA.

OcobmBuit BUTNAL eleMEHTIB MeHHo Ta 6iYHOi NaHesi Ha MOBINbHMX NPUCTPOSAX;

ALanTUBHICTb aBTOMaTUYHE MacWTabyBaHHA PO3Mipy TEKCTYy, 3aro/IOBKiB, MOKAMKAHb Ta iHWWX e/leMeHTiB
iHTepdelicy B 3a71€KHOCTI Bif, NPUCTPOIO, HA AKOMY BigbyBaTUMETHCSA POHOTA 3 OHNAMH-KYPCOM.
HasnBHicTb dopymy KopucTyBadiB niatdopmu;

€/1IeMEHT 3aBaHTaKeHHn dainis.

BisyanbHuii amsaiiH

IHCTPYMEHTU OLiHIOBAHHA

IHTEepaKTUBHICTb

OyeBNAHO, LLO OHMAMH-KYPC HEe € CTa/IMM OCBITHIM MPOAYKTOM, OCKiNbKM cam $aKT npeacTaBNeHHA HaBYa/lbHOMO
maTepiany B eNeKTPOoHHI popmi yke nepesbadyae MOKAMBICTb A00NPALLIOBAHHA, BAOCKOHAIEHHA, YaCTKOBOI NepepobKu Kypcy.
Lis 06cTaBMHA pobUTb €N1eKTPOHHI OCBITHI Ppecypcu Ha NOPAAOK 3PYYHILIMMM | MEHLL BapTICHUMM, aHiK, CKaXKiMmo, nepeBmaaBaHHA
LPYKOBaHMX MNiApyvHUKiB. Tak, y npoueci anpobauii WwoiHo po3pobneHoro Kypcy, abo 1 nif 4Yac BNPOBAAKEHHA BXKe
anpo60oBaHOro Kypcy, 4acTo BUHMKAE 06’ eKTMBHA NOTpeba B OHOBNEHHI TECTOBMX i MPAKTUYHMX 3aBAaHb, AeTani3auii Tiei um Tiel
TeMW, YCyHEHHi BUABIEHNX TEXHIYHMX HeA0NiKiB, 3MICTOBMX MOMUJIOK i T. iH. 3p03ymino, WO BiANOBIAaNbHICTb 32 YAOCKOHANIEHHA
OHNalH-Kypcy HecyTb PO3pOBHMKM Kypcy (abo TbOTOPU, AKMM AeNeroBaHo Taki MOBHOBAXEHHS).

Y npoueci HaBYaHHA CTYAEHTIB Ha Kypci OCBITHIM MPOLLECOM KepytoTb YNOBHOBAXeHi AN Lboro ocobu (Hanpuknag,
PO3pOBHMK Kypcy, BUKAAZAY YHIBEPCUTETY UM WMOro acucteHT). Mpu yomy B 06OB'A3KM TbIOTOPIB BXOAATb: KOHCY/bTYBaHHS
CTypeHTiB (BigNoBigHO A0 3anuTiB UM 3a rpadikom — B 3a/1€XKHOCTI Big TMNY KypcCy Ta 3aBYacCHO BM3HAYEHWUX MOrO 3arafNbHUX
MONITUK), y4acTb B 06roBOPEHHAX Ha TeMaTuyHOMY GOpyMi Kypcy (TbIOTOPU Kypcy roTyoTb TeMU A1 06roBOpeHHs Ta iHiLioTh
OWCKYCilo, @ TaKoX MoAepyioTb OB6roBOPEHHA NUTaHb, MOPYLUEHWX C/yXa4amMu OHNaWH-Kypcy); nponosuvuisa Kputepiis ans
B33aEMHOIO OLiHIOBAHHA CTYAEHTAMWM CBOIX POOGIT; OUiHIOBAaHHA SAKOCTI BMKOHAHWX CTyAEeHTaMW 3aBAaHb, NEPEBIPKY AKMX
HEeMOX/IMBO aBTOMaTM3yBaTH.

He MeHLW Ba)KNMBOK € OpraHi3aLia TeXHIYHOT NiATPUMKM OHAANH-Kypcy. OB0B A3KOBUM eNeMeHTOM OHNAMH-KypCy €
poboyi MOKAMKAHHA ANA BMPILLEHHA NOTOYHUX MUTaHb LWOAO OCBITHLOrO Npouecy, ANA NoAaYi 3anuUTy Ha YCYHEHHA TeXHIYHMX
HecnpaBHOCTEM OKPEMMX eIEMEHTIB Kypcy. 3a3BMYali 3aBAaHHA TEXHIYHOT NiATPUMKM OHNANH-Kypcy BepyTb Ha cebe moaepaTopu
OCBITHbOI N1aTGOPMM, Ha AKIW Lel Kypc po3milleHo.
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LWWocmuii eman (anpobayiliHuli) — anpobau,is po3pobaeHoro Kypcy Ta BBEAEHHS MOro B NOCTiNHE KOPUCTYBaHHA.

OKpecneHi N’aTb eTaniB CTOCYHOTbCA BIACHE PO3PO6AEHHSA Kypcy, NpoTe He MeHL BaXK/IMBMM € eTan anpobalii, Akui
BK/IIOYAE nNpoueaypy Habopy neplioi rpynu Ha Kypc, TbIOTOPCbKY MNIATPUMKY CAyXadiB Kypcy, BAOCKOHANEHHA Kypcy 3
ypaxyBaHHAM €KCMepTHUX BiAryKiB i pe3ynbTaTiB ONUTYBaAHHA CTYAEHTIB, WO YCMiWHO 3aBepLuaTb Kypc, MigroTOBKY HAayKoOBUX
nybnikayin 3a pesynbTaTaMmy BNPOBaAKEHHSA Kypcy.

MU noroasKyemocs 3 aBTOpamm OHMANH-KYpPCiB OAHOr0 3 amepuKaHcbKux yHiBepcuTteTis (Baldwin & Ching, 2019), ski
Haro/IoLWYyOTb HA BaXK/MBOCTI MPOBEAEHHA 3aK/IOYHOrO eTany Po3pobieHHA OHNANH-KypCy, Wo nepeabayae OLiHKY 3py4YHOCTI
noZaHHA matepianis i Hasirauii, BuaaneHHa 3alisoi iHbopmauii, nepesipKy poboOYOro CTaHy HasBHWX B KypCi MOK/MKaHb,
BMMPABNEHHA MOBHO-CTUIICTUMHUX HELONIKIB, BUABNEHUX 3a pe3ybTaTamu anpobalii po3pobaeHoro Kypcy.

HesanexHo Bif, TOro, Ha fAKil OCBiTHIM NAaTGOPMi PO3MILLEHO KypC, iCHYIOTb 3arafibHi BUMOTU A0 1ioro obopMaeHHs Ta
NMOKa3HMKM ANA OLHKKM MOro AKOCTI. 3-MOMIXK HUX BUOKPEM/TIOIOTb TaKi MOKA3HWKM AK AKICTb 3arasibHOT CTPYKTYPU OHMANH-KypCy,
TEOPEeTUYHOro MaTepiany Ta MNPAKTUYHUX 3aBAaHb, NPO30PICTb CUCTEMM OLiHIOBAHHA Ti iH. OUiHIOBAHHA LMX MOKA3HWUKIB
NMPOMOHYEMO 34iMCHUTU 3@ JONOMOTO0 YHIBEPCANbHOIO ONUTYBAIbHUKA A/1A CTYAEHTIB WOA0 BPAXKEHD Bif, MPOCAYXaHOro Kypcy
(https://forms.gle/zSxyAWv74iTCggxz8).

BigsHauMmo, WO npouec CTBOPEHHA OHNANH-KYpPCYy HEMOMAMBUIA 6e3 CBOEYACHOTO MOHITOPUMHIY 33 TakMMM
NMOKa3HWKamu: 1) MacoBicTb OHMAMH-KYpCY; 2) eproHOMIYHICTb OHNAMH-Kypcy; 3) edeKTUBHICTb OHNANH-KYpCY.

MacoBicTb OHNaMH-KypCy BU3HAYATUMEMO 33 TaKUMU KPUTEPIAMMU:

— Ki/IbKIiCTb CTYAEHTIB, 3anNncaHnX Ha Kypc;

— reorpadia CTyAeHTCbKOI ayanTopii;

— KiNbKiCTb CTYAEHTIB, AKI YCMILLHO ONAHYIOTb KYPC i BUKOHAOTb BCi BUMOTU A1 OTPUMAHHSA eNeKTPOHHOTo cepTudikaTa.

EproHomi4HicTb OHNAMH-KYpCYy OLiHIOBaTUMEMO Ha OCHOBI Pe3ynbTaTiB BiANOBIAHONO ONUTYBAHHA C/yXayiB Kypcy Ta
BiAryKiB ekcrneptis. Kputepii LibOro nokasHMKa Taki:

— AKICTb HABYA/IbHOTO MaTepiany;

— cMcTema HaBirau,ii;

— AV3aliH;

— CMCTEeMa OL,iHIOBaHHSA;

— CMCTeMa iHTEPaAKTUBHOI B3aEMOAIi;

— aflanTuBHICTb oHNalH-Kypcy (Vlasenko, Volkov et al., 2020).

3ayBa*KMMO, L0 HaBYaHHA HA OHNAMH-KYPCi MOXHa PO3rIAAaTV AK OKPEMMIA BUA, CAMOCTINHOI po60TU CTYAEHTIB.

Tak, BiANoBigHO A0 3aKoHy YKpaiHu «[Mpo Buuly ocBiTy» (2022), «OCBITHIA Mpouec y 3aKknagax BULOI OCBITM
34iMCHIOETbCA 3a TakMMK popmamm: 1) HaBYanbHi 3aHATTA; 2) camocTitHa poboTa; 3) NpaKkTMYHA MiAroToBKa; 4) KOHTPO/bHI
3axoam». 3BepHIMO OKpemy yBary Ha Takin ¢popmi ocsiTHboro npouecy 3BO sK camocTiltHa poboTa CTyAeHTIB.

Y TlonoxeHHi npo oOpraHi3auito  OCBITHbOrO npouecy B KpuBOpPi3bKOMY AeprkaBHOMY nejaroriyHomy
yHiBepcuTeTi (2021) 3a3HaYeHo, Wo «camocTiiHa poboTa CTyAeHTIB € OCHOBHO GOPMOIO OBOIOAJHHA HaBYa/IbHUM MaTepiaiom
Yy 4ac, BiNbHWUW Big, 060B'A3KOBUX ayAMTOPHUX HaBYa/lbHMX 3aHATb». OKPIM TOro, 3rigHO 3 aKTyani30BaHMM MONOMKEHHAM
«camocTiiHa poboTa cTygeHTa 3ab6e3neyyeTbcs CUCTEMOKO HaBYa/IbHO-METOAMYHMX 3ac0biB, nepenbayvyeHnx AN BMBYEHHSA
KOHKPETHOI HaBYalbHOI ANCUMMNAIHU: NiAPYYHUKM, HaBYa/IbHI Ta METOAMYHI NOCIOHMKM, KOHCNEKT IEKL,iN BUKNa4aya, NPaKTUKYM
Towo. MeToamuHi MmaTtepianM AONA CaMOCTiIMHOI poboTWM CTyAeHTIB NOBWHHI nepeabayaTM MOXK/AMBICTbL MNPOBEAEHHSA
CaMOKOHTPO/ItO 3 BOKYy CTyAeHTa (TecTu, MakeTM KOHTPOJIbHMX 3aBAaHb Towo). [Ns caMocTilHOI po60TU CTYyAEeHTY TaKoX
peKoMeHAyETbCA BiANOBIAHA HayKoBa Ta ¢axoBa MoHorpadivyHa nitepatypa».

bepyun o yBarv TpaauuiiHe TAyMauyeHHs CaMOCTiMHOI poboTM AK AiANbHOCTI, AKY CTYAEHT MAaHYE CnifbHO 3
BMKNaZa4yem, asie BUKOHYE 6e3 NpaMoi y4acTi BUKa4a4ya, a TaKoXK BUMOTU A0 OpraHisau,ii camocTiiHoi pob60Tn, po61MMO BUCHOBOK
NpPO MOX/IMBICTb BNPOBAAKEHHA OHNAMH-KYPCiB AK BUAY CAaMOCTIMHOI poboTK. B ymoBax cTUC/IOro TepmiHy NiAroToBKM Marictpu
MaloTb OMaHyBaTUM HU3KY axoBUX AWUCUMNAIH, NigrotyBatM KeajidikauiliHy poboTy i nNpoWT BUMPOOHUYY NPaKTUKY.
MepeBaHTaXKEHICTb CTYAEHTIB YacTO BUK/AMKAHA TAKOX i 06’E€KTMBHOK HeobXxigHicTio npautoBatv 3a gaxom. 3a TakKuMx ymoB
OHNAMH-KYpPC MOKe byTn 04HUM 3 BapiaHTIB iHTeHCMiKaLil HaBYaHHA Ta AO4ATKOBOT KOHCY/IbTAaTUBHOI NiATPUMKM NPU NigroToBL,
maricrpis.

EdeKTMBHICTb OHMAWH-KYpCYy BCTAHOBOBATUMEMO 4Yepe3 OLiHIOBAaHHA (axOBUX KOMMETEHTHOCTEN CTYAEHTIB, W0
OnaHylTb Kypc. Cuctema ¢$paxoBMX KOMMETEHTHOCTEN, fIKa CTAaHOBUTUME AAPO KypCy, MICTUTb TaKi CKIAAOBi: MaTeMaTUyHy,
iHbOpPMaLLiMHO-OCBITHIO, METOAMYHY, NCUXONOrO-NeaaroriyHy, npodecinHo-TexHooriYHy. Mepli Tpn MOXyTb BYTU OUiHeH 3a
AKICTIO BUKOHAHMX NPaKTUYHUX (TBOPYMX) 3aBAAHb 40 KypCy, peluTa KOMNEeTeHTHOCTeN — 3a pe3y/ibTaTaMu CaMOOLLiHIOBaHHSA
CTYZEHTIB i NPOXOAXKEHHA HUMM BUPOOHNYOI NeaarorivHoi NPaKTUKM.

BMCHOBKM TA NEPCMEKTUBU NOAANbLUOIO AOCNIAXKEHHA

MocnipoBHIcTb Ajl, HEOBXiAHMX ANA CTBOPEHHA OHNANH-KYPCY YMOBHO CKNAZAETbCA 3 WeCTM eTanis: Nigrotosunii etan,
eTanu MoOJEeNtoBaHHA, NAaHyBaHHA, PO3pPObNeHHA, TexHiYHMI Ta anpobauiitHuii etanu. LA nocnigosHicTb moxe 6ytn
MoandiKoBaHOIO, BUXOAAYM 3 A0CBiAY POOOTM BMKNAZaYa, HaKOMMYeHOro matepiany, cneundikM HaBYaNbHOI AUCUMNAIHWM,
O4iKyBaHb Bifg, NOTEHLiNHMX CyXayiB OHNANH-KypCy TOLLO.

HacamKiHeLb 3ayBa)KMMO, WO OHMAMH-KYPC MOXe CTaTU aNbTepHaTMBOK A/ OpraHisauii camocTiiiHoi poboTu
marictpis, 60 no-nepwe, mictuTMme npodeciiHO-OpiEHTOBaHI 3aBAaHHA, No-Apyre, BiH byae OcCHaweHuit Gopymom, AKWUI
BiAKPUBAE WMPOKI MOXKAMBOCTI ANA rpynoBoi poboTh | KOHCYNbTYBaHHA 3 60Ky BMKNagayva. [na winbosoi rpynu Le byae He nuwe
KOPMWCHO 3 OrNAAY Ha 3MiCTOBE HAaNOBHEHHA Kypcy, a 1 3py4HO, 0CO6/IMBO ANA TUX, XTO NOEAHYE HaBYaHHA 3 poboToto B WKOAI, 60
HaBYaTMCA Ha OHMAMH-KYpCi MOXKHa Byab-Konu i B Byab-AKOMY MicCLi, Ae € AOCTYN A0 MepesKi IHTepHeT.

MepcnekTMBM NOJANBLUIOTO AOCAIAMKEHHA BOAYAEMO Yy BUKOPUCTaHHI MpeacTaBieHOl AOPOXHBLOI KapTv 3 MeTolo
po3pobaeHHA OHAAWH-KYPCY AR MaricTPiB — MakbyTHIX y4UTENiB MaTEMATUKN.
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AHOTALIA

ABSTRACT

PopmyatoeaHHA npobaemu. Y cmammi HasedeHo pe3yanbmamu HayKoso20
00CriOHEeHHA 3 MUMAHbL (hYHKYiOHYBAHHA CUCMEMU MOHIMOpUHey ycriwHocmi
maibymHix mazicmpie meduyHux (gpapmayesmuyHux) 3aknadie euusoi oceimu
(M(®)3BO). OdHum 3 enemeHmie cucmemu MOHIMOPUHRY YCriwHOCMi €
pexkmopceKuli 3pi3 3HAHb cmyodeHmis 3 OuCYunaiH, AKi 8xo0aAmb 8 €OuHull
deprcasHuli keanigikayidnudi icnum (EAKI).

Mamepianu i memodu. []17 BUKOHGHHA MOCMABEHUX 3a80aHb O00CIOHEHHA
6ys10 BUKOPUCMAHO KOMIEKC HAYKOBUX Memoodie 0ocnioieHs, a came:
6ibniocemaHmuyHuli memod, MemoO CUCMEMHO020 QaHAnI3y, Mecmy8aHHsa
maibymuix maeicmpie M(®)3BO Ha naamgopmi ucmaHyiliHo20 HABYAHHSA
LIKAR_NMU, cmamucmuyHi memodu, aHania cmamucmu4yHux OdHUX y
docnidncysaHux epynax, susHaueHHs HadiliHocmi mecmie (anvgpa KpoHbaxa),
cKnadHocmi ma iHOeKcy OUCKpUMiHayii mecmosux 3a80aHsb.

Pesyasmamu. 3a pe3ynbmamamu OHAQUH MecmysaHHA 8U3HAYanuca
MOKa3HUKU abcomromHoi ma  AKicHoi  ycniwHocmi  malibymHix  mazicmpie
M(®)3BO. 3dilicHeHO KOMMEKCHY eKcrepmu3y AKOCMi mecmosux 3a80aHb nicas
nposedeHHA PEKMOPCLKO20 3pi3y, wjo 0ae 3moay noAinwumu AKicms mecmoesux
mamepianie i ccpopmysamu 6aHK cmaHOAPMU308GHUX MeCmosux 3a800HL Ma
mecmis. 30Kkpema, 8usHa4eHo kKpumepii HadiliHocmi mecmis 3a Oornomozoro
KoegpiyieHmy anbgha KpoHbaxa, wjo dano nidcmasu KOHCMamMysamu «8uUcoKy» U
«Oyxre Bsucoky» HaodiliHicme mecmis. [lposedeHo ncuxomempuyHuli aHasi3
mecmoaux 3a80aHb ma nobydysaHo diazpamu rcuxomempii mecmosux 3a80aH6
3 Memoto Kopu2ysaHHA mecmosux mamepianie.

BucHoeku. [posedeHHs W0K8apmManbHO20 PEKMOPCLKO20 3piy 3abe3neyye
MOX}UBICMb 0718 CUCMeEMaMUYHO20 MOHIMOpPUHzy ycniwHocmi cmydeHmie ma
KOpu2yeaHHs iXHbOI HaBYALHOI MPAEKMOpIi. 3anpPosadHceHHA mecmys8aHHA 8
oceimHili npoyec M(®)3BO € 3HAYHUM KDOKOM HA WsIAXY pO38UMKY MemoouKu
digeHocmuKu ma KOHMPOA PiBHA 30ACE0EHUX 3HAHb cmyodeHmis. OOHaK
mecmyeaHHA He MOBUHHO 3aMiHUMU mpaduyiliHi memoou nedaeoziyHo20
KOHMPOso ma 0iazHOCMUKU, 0 MAE s1uwe 0esKo Mipoto 00MosHUMU ix.

Formulation of the problem. The article presents the results of
scientific research on the functioning of the system of monitoring the
success of future masters of medical (pharmaceutical) institutions of
higher education (M(P)HEI). One of the elements of the performance
monitoring system is the rector's section of students' knowledge of
disciplines included in the Unified State Qualification Examination.

Materials and methods. A set of scientific research methods was used
to perform the tasks of the research, namely: bibliosemantic method,
method of system analysis, testing of future masters of (M(P)HEI) on the
distance learning platform LIKAR_NMU, statistical methods, analysis of
statistical data in research groups, determining the reliability of tests
(Cronbach's alpha), the complexity and discrimination index of test tasks.

Results. According to the results of online testing, the indicators of the
absolute and quadlitative success of future masters of (M(P)HEI) were
determined. A comprehensive examination of the quality of test tasks
after the rector's section was carried out, allows to improvement of the
quality of test materials and forms a bank of standardized test tasks and
tests. In particular, the criteria of reliability of tests were determined using
the Cronbach's alpha coefficient, which gave grounds to state the "high"
and "very high" reliability of tests. Psychometric analysis of test tasks was
performed and diagrams of psychometry of test tasks were constructed
to correct test materials.

Conclusions. Conducting a quarterly rector's section provides an
opportunity to systematically monitor student performance and adjust
their learning trajectory. The introduction of testing in the educational
process of (M(P)HEI) is a significant step towards the development of
methods of diagnosis and control of the level of acquired knowledge of
students. However, testing should not replace traditional methods of
pedagogical control and diagnosis, but should only to some extent
complement them.

K/ItOHOBI C/IOBA: MoHimopuHe; ycniwHicme, mecmy8aHHsA; malibymHi
Mmaeicmpu 8 eanysi 22 «OXopoHa 300pos’ax.

KEYWORDS: monitoring; academic progress; testing; future Masters
in Healthcare 22.
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BCTYN

MoctaHoBKa npo6aemu. Mpouecu rnobanisali Ta iHpopmaTH3aLLii cydacHOro cycninbCTBa, 3aNpPoBaAKeHHA B 6aratbox
chepax uMppoBmUX TEXHONOTIN CYTTEBO 3MiHIOIOTb BUMOMM A0 $axoBOi NiArOTOBKM CTYAEHTIB, 30KPEMA, HE € BUKIHOYEHHAM I
niAroToBKa manbyTHix marictpis M(®)3BO. Hanpuknag, BCTaHOBAEHHA piBHA CGOPMOBAHOCTI KAIHIYHWUX HAaBUYOK CTYAEHTIB 3rigHO
3 BUMOramMm CTaHAAPTY BULLOI OCBITM BifOYBAETLCA HAa OCHOBI OLHOK OTPMMaHWUX NPU CKNAaAaHHI 06’ EKTUBHUX CTPYKTYPOBAHMX
KniHiyHMx icnutis (OCKI), a ocHoBHOW dopmoto aTecTauii 3406yBaviB 3a cnewianbHOCTAMM rany3i 3HaHb 22 «OXopoHa 340p0B A
€ €AVHUI aeprKaBHUI KBanidikauiiHuin icnut (EAKI). AKTyanbHMM B cucTemi NigrotoBku manbyTHix marictpis M(®P)3BO €
MOHITOPWHT iX YCRILWHOCTI 3 METOO NPOrHO3YBaHHA Ta NOPIBHAHHA pe3ynbTaTiB cknadaHHA EKI, i AK pe3yabTaT yA0CKOHaNEeHHA
niAroToBKM CTyAeHTiB. BignosigHO [0 piweHHA BuyeHoi paau yHiBepcuTeTy OyB MpoBeAeHWU MNepliMid WOKBapTaabHWUM
PEKTOPCbKMUI 3pi3 Ana cTyaeHTiB megmnuHnx darynbtetie Nol, Ne2, Ne3, Ned, pakynbTeTy niaroToBKM fikapis ans 36poiHMX cun
YKpaiHu, MeaMKO-NCcMXoNorivHoro, papmaLeBTMYHOIO Ta CTOMATO/IONYHOTO GaKyNbTETIB 3 ANCUMMNAIH AKI BXOAATb A0 Nepeniky
«EOKI-1» Ta «EAKI-2» i3 BUKOPUCTAHHAM NAaTGopMM AUCTaHLiMHOro HaB4aHHA LIKAR_NMU. Cuctema MOHITOPUHIY yCRilWHOCTI
MalbyTHix marictpis M(®)3BO BMmilLye TeCTyBaHHA AK OAMH i3 HAAIMHUX i 06'EKTMBHUX METOAiB KOHTPOIO 32 HaBYa/bHUMMU
DOCATHEHHAMW CTYAEHTIB. TeCTOBMI MOHITOPUHI PiBHA 3HaHb AOLiZIbHO MPOBOAUTM Ha OCHOBI LUMPOKOrO BUMKOPUCTAHHSA
KOMM'OTEPHUX TEXHOOTIM, fIKi 3HAYHO CMPOLLYIOTb NPOLEAYPY NPOBELEHHSA TECTYBAHHSA, @ TaKOX OBYMCNEHHA Ta aHani3 ioro
pesynbTaTis.

AHani3 akTyanbHUX gocnigyeHb. MeTogon0rYHe NiAIPYHTA MOHITOPMHIOBMX NpoLeayp B OcBiTi BuB4anm B. CeprieHko
(2014), N. Kyxap (2010, 2017), N. raspinosa (2018), B. AbpockiH (2020), O. Ocepeauyk (2022), BaH HopmaH (2017) Ta iH.
MOHITOPUHIOBMM [OCAIOMKEHHAM Y BULLIM MeauuHIW (PapmauesBTUUHIN) ocsiTi npucesyeHi npaui |. bynax, /1. BolTeHKo,
0. AHTOHeHKo (2018) Ta iH. MOHITOPUHI AK CK/AaAoBY AKOCTI YNpaB/iHHA MeAM4YHOK OCBITON Aochnigxysann M. XaycTos,
P. BaunHcbkuiA, H. FopaieHko, B. Mopy4ikos (2016). CucTeMn eNEKTPOHHOIO HaBYaHHA 3aKNagy BULLOT OCBITU Ha 6asi cuctemu
ynpasniHHA HaB4aslbHUM KOHTEHTOM MOODLE Ta 0co611BOCTi i BUKOPUCTaHHA A/19 OpraHisaLii HaB4asIbHOro NPOLLECY Ha Pi3HUX
dopmax HaByaHHA Byan 06’ektom BmBHeHHA 0. Tpuyca, |. FTepacumeHka, B. ®paHuyka (2012). MNpoekTyBaHHO iHGOpPMaLiHO-
OCBITHbOrO cepefioBuiLa HauioHaNbHOrO MeAMYHOro yHiBepcuTeTy Ha 6asi nnatdopmm AnMcTaHUiiHOro HaByaHHA LIKAR_NMU
npuceadeHi npaui K. KyunHa, O. BnaceHka (2021) Ta iH.

MeToo AOoCnigKeHHA € BWKIAA, TEOPETUYHMX Ta MPAKTUYHMX acneKTiB QYHKLiIOHYBaHHA CUCTEMWM MOHITOPUHIY
ycniwHocTi manbyTHix marictpis M(®)3BO.

METOAU AOCNIAXKEHHA

[na BUKOHAHHA NOCTaBNEHMX 3aBAaHb 6y10 BUKOPUCTAHO TEOPETUYHI Ta eMNiPUYHI MEeTOAM HayKOBUX AOCAIAMKEHD, a
came:

— bibniocemaHTUYHMI MeToA AN BUBYEHHS NMCUXOI0r0-NeaaroriyHoi, HayKoBOI /liTepaTypy, HOPMATUBHUX LOKYMEHTIB
3 NUTaHb MOHITOPUHTY YCMiLWHOCTI ManbyTHix marictpis M(®$)3BO;

— METOZ, CUCTEMHOrO aHani3y, MOPIBHAHHA Ta y3arajbHEHHA A1A TEOPETUYHOro OBrPYHTYBAaHHA Ta PO3pob6/eHHSA
CUCTEMW MOHITOPUHTY ycnilWwHOCTI MakbyTHix marictpis M(P)3BO;

— TecTyBaHHA ManbyTHix marictpis M(®)3BO Ha nnaatdopmi ancraHuiiHoro HasyaHHA LIKAR_NMU 3 MeToto BU3HaYeHHSA
ab6Cco/ItOTHOI Ta AKICHOI yCnilWHOCT;

— CTAaTUCTUYHI MeTOAM ANA CUCTEMATU3aLil TEOPETUYHUX Ta EKCNepPUMMEHTANIbHUX AaHMX, aHaNi3y CTAaTUCTUYHUX
BigMiHHOCTEN y AOCNiAXYBaHMX rpynax, BUSHaYeHHsA HagiiHOCTi TecTis (anbda KpoHbaxa), CKnaaHOoCTI Ta iHAEKCY ANCKPUMIHALLT
TEeCTOBWX 3aBAaHb.

PE3Y/IbTATU AOCNIAXKEHHA TA OBrOBOPEHHA

BaxknmMBMm eTanom nepesipkn piBHA cPOpPMOBAHOCTI GaxXOBMX KOMMETEHTHOCTEN MaMbyTHIX mMaricTpiB y ranysi 3HaHb
22 «OxopOoHa 340POB’A» € EANHMI Aep:KaBHUI KBanidikauinHui icnut (EAKI). BianosiaHo Ao nocraHosn KMY Ne334 10 «LeHTp
TeCTyBaHHA npodeciliHOi KoMNeTeHTHOCTI ¢axiBLiB 3 BMLLOK OCBITOK HanMpAMIB MigrotoBkn «MeauumHa» i «Dapmauis» npm
MiHicTepcTBi OXOpoHM 340p0oB’s YKpaiHu» 3gjlicHioe nposegeHHs €KI| y HauioHanbHOMY mMeguuyHOMY YHIBEPCUTETI iMeHi
0.0. boromosbLA B ABa €Tanu: Ha 3-My poLLi HaBYaHHA Ta B 3a/1I€XKHOCTI Bif, cneLiasbHOCTI: Ha 5-My Kypci AnAa cneuianbHocTen
226 «Papmauin, npommcnosa dpapmauia» Ta 221 «CromaTonoria» i Ha 6-my Kypci ana cneuianbHocte 222 «MeauumHay,
225 «MepmyHa neuxonoriax», 228 «Mepgjatpia». Mepwwuii etan €AKI cknafgaeTbca 3 TakMX KOMMNOHeHTIB AK KPOK 1 Ta icnuT 3
aHrnicbKoi mosu npodeciiHoro cnpamysaHHA. Apyrnin etan €JKI Bkatovae KPOK 2 Ta 06'eKTUBHUIA CTPYKTYPOBAHU I NPAKTUYHUIA
(KniHiyHMI) icnuT (OCN(K)I). 3 MeTor MOHITOPMHIY YCMiLWHOCTI Ta NiATOTOBKM A0 cknagaHHa EAKI B yHiBepcuTeTi 3anoyaTkoBaHO
LLLOKBAPTa/IbHUI PEKTOPCBKUI 3pi3 i3 BUKOpUcTaHHAM naatdopmm LIKAR_NMU. Mig yac KapaHTMHHUX 3axogis 2020-2021 pp.
yHiBepcuTeTcbKa nnatopma AMCTaHUiiHOro HaByaHHA LIKAR_NMU BMKopucTOByBanacb fK AR MPOBEAEHHA NeKLiiHMuX,
NPaKTUYHUX Ta NabOPATOPHUX 3aHATL, TaK | 419 NIATOTOBKM A0 NiLeH3iHMX iHTerpoBaHux icnutis KPOK 1 1a KPOK 2. MepeBaru
BMKOPUCTaHHA Ta epeKTUBHICTb NaaTdopmu 6yno po3riaHyTo Ta NpoaHani3oBaHo y nonepegHix npauax (KyunH tai., 2021), came
TOMy BYNn0O NPUNHATE PiLIEHHA BUKOPUCTOBYBATU GYHKLIOHAIbHI MOXANBOCTI NAaTGopmmn ona NpoBeAEHHA LLOKBAPTaNbHOMO
PEKTOPCBbKOro 3pi3y 3HaHb 3 ANCLMNIH, AKI BXOAATb A0 nepeniky «EAKI-1» Ta «EAKI-2» BignosiaHoO Ao nonoxKeHHs «lpo cuctemy
BHYTPiWHbOro 3abe3nevyeHHA AKOCTI BUWOI ocBiTM B HMY imeHi O.0. Boromonbua» Ta piweHHs ByeHoi pagn HMY imeHi
0.0. boromonbus Big 30.08.2021 p. PeKTOPCbKUIA 3pi3 34iMCHIOBABCA METOAOM KOMN'IOTEPHOI AiarHOCTUKM 3HAHb CTYAEHTIB.

Y npoueci KoMn'ITEPU30BAHOTO KOHTPOJIHO 3HAaHb CTYAEHTIB, 3 BUKOPUCTAHHAM NAAaTGOPMU SUCTAHLLIMHOIO HaBYaHHA
LIKAR_NMU, cneujanbHi iHCTpyMeHTanbHi 3acobu [03BONAOTb 34iMCHIOBAaTU CUCTEMATUYHY NMOKPOKOBY AiarHOCTUKY NOTOYHWUX
pe3ynbTaTiB 3HaHb, AKa BaXX/MBa A1 BNAMBIB 3 HOKY BUK/IaAa4yiB Ha CBOEYACHE KOPUTYBaHHA NPOLLECY 3aCBOEHHA HOBMX 3HAHb.
[na opraHisauii Ta npoBeaeHHA PeKTOPCbKoro 3pisy Ha naatdopmi LIKAR_NMU 6yno cTBOpeHO KaTeropito «PEKTOPCbKMiA 3pi3»
Ta NigKaTeropii, WO MatoTb Ha3By CMeLiaNibHOCTeN, a A1A KOXKHOT cneL,ianbHOCTi CTBOPEHO KYPCU Y 3a/1€XKHOCTI Bif, POKY HaBYaHHSA
(Puc. 1).
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= @LIKAR_NMU @LIKAR_NMU

Inbopuwawifina nanens / Kypcu / PEKTOPCHKUI 3PI3 3HAHD Inbopmaiira nawens / Kypan / PEKTOPCHKUIN 3PI3 3HAHD / 226 DAPMALIA

Kateropii kypcie:

PEKTOPCBKWIA 3PI3 3HAHD Kareropil kypcie:
PEKTOPCBKWIA 3P13 3HAHB / 226 CAPMALIIA
Mowwyx kypcie 3actocysatn @
Mouyk kypcis 3acrocysate @
» 221 CTOMATONONA ¥ PekTopcukuid 3pi3 3HaHb 5 kypc 226.DAPMALLIA
» 222 MEIULIAHA
» 226 ®APMALLIA ¥ PekTopcbkMiA 3pi3 3HaHb 4 kypc 226.CAPMALIIA

» 225 MEAVIHHA TICKMXONOTIA
» 227 ®I3MHHA TEPATIA, EPTOTEPAITIA
» 228 MEAIATPIA ¥ PekTopChKWiA 3pi3 3HaHb 2 Kypc 226.DAPMALLIA

¥ PexTopcokmii 3pi3 3HaHs 3 kypc 226.DAPMALLA

Puc. 1. CTpyKTypa peKTOpCbKOro 3pi3y AnA BiTunsHaHUX ctyaeHTiB HMY imeHi 0.0. Boromonbus Ha naatdpopmi LIKAR_NMU

Y 3a1eKHOCTi Big 3micTy icnuTy BcTaHoBAeHoro [0 LleHTpom TecTyBaHHA Kadeapamu yHiBepcuTeTy byno nigrotosneHo
no 100 TecToBUX 3aBAaHb 3 AUCLMNAIH, BigNOBIAHO A0 06’'eMy NpoiaeHOro maTepiaay A0 NOYaTKy PEKTOPCHKOrO 3pisy. AKLLO Y
3MicTi icnuTy 3a3HayeHo npodinb (Hanpukaag XipypriyHWM, TepaneBTUYHWIA, MNeajaTPUYHWIA), TO Ha 3acCifaHHAX UWMKIOBUX
MeToanyHUX Komicii (LLIMK) Takox 6yno niarotosneHo no 100 TecToBUX 3aBAaHb TUNY «baraToBapiaHTHe NMTaHHAY» Ta HaficnaHo
B HaBYa/IbHO-METOAMYHMI BiAAIN YHIBEPCUTETY ANA PO3MILLEeHHA B BaHKY TECTOBUX 3aBAaHb. TECTU 418 KOMKHOTO POKY HaBYaHHSA
Ta cneuianbHocTi dopmyBanuca 3rigHo 3 Hakasom «[po npoBefeHHA WOKBAPTa/IbHOIO PEKTOPCLKOrO 3pi3y 3HAHb 3 AUCLMMNAIH,
AKi BXogATb A0 nepeniky «EOKI-1» T1a «EAKI-2» i3 BMKOpUCTaHHAM gucTaHuiiHoi nnatopmu LIKAR_NMU y 2021-2022
HABYa/IbHOMY POLi» Ta BiAPI3HAAMCA 33 3MICTOM Yy 3aNeXKHOCTI Bif AWMCUMNAIH, AKi Moro ¢opmytoTb. Taki napametpu sk
0bMeXKeHHA B Yaci Ta KifbKiCTb 3anuTaHb iAeHTUYHI: 1 3anuMTaHHA — 1 XxBUAMHA. 3 KOXHOI aucumniiim (Kateropii) obupanaca
KiNbKiCTb TECTOBMX 3anuTaHb 3rigHO 3 BiACOTKOBMM PO3MNOAiNOM HaBeAeHUM y Tabaumui 1, Ta ¢popmysasca TecT obcarom
200 TecToBMX 3aBAaHb. KOXKEH CTyAeHT MaB iMLie 04HY cnpoby AHA HaMMCaHHA PEKTOPCbKOTO 3pi3y.

CTyneHTM KOXHOro ¢aKynbTeTy CKAa[ann PEeKTOPCbKUIM 3pi3 3rigHO 3 BCTaHOBAEHWM rpadikom. AamiHicTpalia
baKynbTeTIB, CTYAEHTM Ta HayKOBO-MeAaroriyHi npauiBHUKM Kadenp OTPMMYBaNWM Pe3y/bTaTh PEKTOPCbKOro 3pisy mnicas
onpautoBaHHA Po60oYOD FPynol HaB4a/NbHO-METOAMYHOrO BiAAiNy Ta BIAAINY KOMM IOTEPHUX TEXHONOTA HaB4YaHHA Ta
OUCTaHLiMHOI OCBITW, He Mi3Hille HiX Yepe3 14 poboumnx aHis.

[N cTyaeHTIB Pi3HMX CnelianbHOCTEN, 3a pe3yAbTaTaMu TECTYBaHHA 0buncatoBannca: abCoNtoTHA YCMilLHICTb Ta AKICHA
YCRiWHICTb:

AbconmomHa  ycrniwHicms = Kinbkicme cmydeHmis, axki ompumanu ("eidmiHHo "+"0o6pe"+"3ad08inbHo")/KinbKkicme
cmyoeHmis y 2pyni, AKi NOBUHHI 6yau 8uKoHysamu mecmysaHHA * 100%.

AxicHa ycniwHicme = Kinbkicms cmydeHmis, aki ompumanu ("siomiHHo "+"0o6pe")/ Kinekicmos cmyderHmis y epyni, AKi
oBUHHI bynu sukoHysamu mecmysaHHA * 100% .

Tabnuua 1
Po3nopgin TectoBux 3aBAaHb 3 AUCUMNANIH ANA LWOKBAPTAIbHOrO PEKTOPCHKOrO 3pi3y
0 9 i
S - %e peKTOPCLKMK o % B PEKTOPCbKUIA 3pi3
% = 3pI3 =
.E AMCU,M"I'liHM 5 Kypc HaBYaHHA p.VICU,VIl'II'liHM 5 Kypc HaB4YaHHA
= o o
2 R 2 3 X 4 5 6
o
bionoria 7.9 25 10 TepaneBTMq.Ha 21-26 20 16,7
CTOMATONOriA
HOpMa}'.IbHa 13-17 25 10 XipypriuHa ctomatosnoria 20-25 16,7
aHaTomiA
lictonoria 9-11 25 10 OpTOI‘Iep,VNI.ia 21-26 16,7
CTOMATOOriA
Hf)plamam.:Ha 10-14 10 Outaua T.epaI'IEBTVILIHa
¢isionoria cTomaTonorifa 11-15 20 16,7
bionorivyHa ximis 10-14 10
I'I.a1.'onor|.L|Ha 10-14 10 OuTtaua . XipypriyHa 5.8 20 16,7
disionoria CTOMATONOriA
2 MNatonoriyHa OpToAOoHTIA
x -
5 aHaTomis 10-14 10 4-7 20 16,7
§ Mikpobionoris 6-8 10
s dapmakonoris 10-14 10 3arasbHUiA  MeaUYHUI
8 IHo3eMHa moBa 3a npodinb 47
= npodecinHmm 25 10
N CNPAMYBaHHAM
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di3nyHIN peabiniTauii

Bionoris 6-8 25 14,3 | TepaneBTuyHul npodinb | 35-44 25 20
HopmanbHa Xipypriunnii npodinb
aHaToMmin 11 2 14,3 18-23 25 20
licronoris 4-6 25 14,3
E ngmanl?Ha 13-17 14,3 MeaiaTpuuHuin npodinb
a ¢isionoria 13-17 25 20
-% BionoriyHa ximia 13-17 14,3
2 MatonoriyHa 13-17 AKyLlepcTBO i riHekonoria
é disionoris
:\ ﬂaTonorqua 10-14 11-14 25 20
© aHaTomiA
g Mikpo6ionoris 7-9 14,3
§[ dapmakonoris 11-15 lrieHa, 003
()
% IHo3eMH? moBa 3a 20
~ npodecinHum 25 14,3
N CNPAMYBaHHAM
bionoria 6-8 25 14,3 TepanesTUYHUI Npodinb 13-17 20 14,3
Hopmaqua 9-11 25 14,3 MepiaTpuyHnin npodinb 13-17 20 14,3
aHaTomiA
licTonoria 4-6 25 14,3 liriena, 003 10-14 14,3
rlopmaneHa 13-17 143 | Mlewxonoria 11-15 20 | 143
¢isionoria
R bionoriyHa ximis 13-17 14,3 3aranbHa ncmMxonoria
= i 13-17 14,3
£ ﬂgTonor!qHa 13-17
s ¢isionoria
g 2:;0;3;:% 10-14 MeguuHa ncuxonoris
c
10-1 2 1
e Mikpobionoris 7-9 14,3 0-14 0 43
T
S dapmakonoris 11-15
§ IHO3eMHa moBa 3a Mcuxiatpia Ta Hapkooris
; npodecinHum 25 14,3 9-11 20 14,3
o CNPAMYBaAHHAM
AHaNITUYHA XiminA 12-16 16,7 dapmaueBTMYHa Ximis 15-19 33,3 14,3
OpraHiyHa ximin 12-16 16,7 dapmakorHosis 12-16 14,3
¢|3Mtha o Ta 9-13 AnTeyHa TeXHOOTiA NiKiB 12-16 14,3
KONOiAHA XiMis
MatonoriyHa 3aBoAcbKa  TexXHoAoriA
dizionoris 10-14 16,7 ikis 10-14 14,3
bionorivyHa ximis 10-14
dapmaLeBTnyHa 9-13 16.7 OpraHizauis Ta
6oTaHika ! eKoHOMiKa papmalii 12-16 33,3 14,3
Mikpobionoris 10-14 16,7
a dapmakonoris 12-16 dapmaueBTMYHUIA
= IHO3eMHa moBa 3a MeHeaKMeHT Ta
12-16 14,3
g npodecinHum 50 16,7 MapKeTUHT
8 CNpAMYBaHHAM
o 3araan§ o i 50 KniHiyHa cbapmau,l.ﬂ Ta 13-17 333 14,3
N HeopraHiyHa ximis dbapmaLeBTMYHA onika
HopmanbHa HopmanbHa aHaTomis
aHaToMmiA 16,7 14,3
dizionoria nognHn 16,7 dizionoria AtognHM 14,3
= — - - - " -
= d>|3|onorm. PYXO0BOi 16,7 ¢|3|onor|ﬂ. PYXOBOi 14,3
a AKTUBHOCTI AKTUBHOCTI
'é OcHoBu  i3nyHoiI OcHoBu disnyHoi
5 R R
8 peaGmnau,.l.l Ta 16,7 pea6|n|Tau,!.| Ta 14,3
& CMOPTUBHOI CNOPTUBHOI MeANLMHMU
5 MeaULMHA
o MaTonoriyHa MaTonoriyHa ¢isionoria 14,3
g disionoris 16,7 Meparorika Ta ncuxonoris 14,3
=
g Meparorika Ta Ob6cTeKeHHs, metoau
< ncuxonoria 16,7 OLiHKM Ta KOHTPOAO Yy 14,3
~
N
N
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3a pesynbtatamu gocnigxeHHsa (KyumH Ta iH., 2022) HalBULWLMI NOKA3HWMK abCcoNtOTHOI YCMIWHOCTI cepes, CTyAeHTIB
apyroro Kypcy, a came 99%, oTpumanu ctyaeHTM dpapmauesTuyHoro ¢akynbTety (Puc. 2). HailBuwmii nokasHUK AKicHOT
ycniwHocti — 95%, oTpumanu ctyaeHTM meamuyHoro dakynbtety Nel Ta crygeHTn dapmauesTuyHoro dakynbtety. 3rigHo 3
pesynbTaTamm AOCAIAKEHHA cepe CTYAEHTIB TPETbOTo KypCy HamBULLi NOKa3HUKKM abCONOTHOT yCMiLWHOCTI Ta AKICHOT yCnilWHOCTI
—100%, otpumanu ctyaeHTn ©MA3CY. Cepepn, CTyAeHTIB YeTBEPTOrO Kypcy (cneuianbHocTi: 227. «disnyHa Tepanis. Eprotepanin»,
221. «Cromatosioria» Ta 226. «Papmauia, npomuciosa dapmauis») HaMBULWKMIA NOKa3HUK abcontoTHOI ycniwHocTi — 96% Ta
AKiCHOI ycniwHocTi — 95%, oTpMmanu cTyaeHTH cneuianbHocTi 226. «®apmalis, npomucaosa papmauia». 3rigHo 3 pesynbTatamm
[OCNiAKEHHA Ha N'ATOMY Kypci HalBMLLi MOKa3HUMKKW abCoIOTHOI YCNILWHOCTI Ta AKiCHOT ycniwHocTi (100%) oTpumanu cTyaeHTH
dapmaueBTUYHoro dakynbTeTy. BignosiaHo 40 NPpoBeAEHOIO AOCAIAXKEHHA HA LWOCTOMY KypCi HaBULLMIA NOKa3HWK abcontoTHOT
ycniwHocti (89%) Ta AKicHoi ycniwHocTi (56%) cepen, CTYAEHTIB  LIOCTOrO Kypcy, MOMiIXK ABOMa [AOCAigKyBaHUMM
cneyianbHocTAMK (222. «MeamumHar», Ta 225. «MeauyHa NCUMXoNoria») OTPUMaAM CTyAeHTU cneuianbHocTi 225. «MeaunyHa
MCUXONOTIA» MeAUKO-NCUXONOTIYHOTO PaKynbTeTy.

- @LIKAR_NMU e s

BN 23 [4[5|6|7 /8|90 .||~

3aranbHa KiNbKICTb CTYASHTIB 3a Alana3oHamMK OLiHIOBaHHA

| REELT]
260

234
208
182
156

130

Yyaamia

104

78

52

28

Oujirica

Puc. 2. Pe3ynbTaT peKTopcbKoro 3pisy ®apmauia 3 Kypc

3p4iMCHEHHA KOMMJIEKCHOT eKCMepTM3M SIKOCTIi TECTOBMX 3aBAaHb MiCNA NPOBEAEHHS PEKTOPCbKOro 3pisy Aae 3mory
noAiNWMTK AKICTb TecToBuXx marepianis i cdopmyBaT 6aHK CTaHAAPTU30BaHWX TECTOBMX 3aBAaHb i TecTis, WO 3abesneynTb
KOHTPOJIbHO-OLLiHIOBA/IbHI  MpoUeAypy HaLIMHUMM | BanigHMMKM TeCTOBMMM BUMIptOBaYamu. MeTogmMKa OnpawutoBaHHA
pes3ynbTaTiB TeCTyBaHHA Ha nnatdopmi gucTaHuiiHoro Has4yaHHA LIKAR_NMU rpyHTYETbCA Ha MaTEMATUKO-CTAaTUCTUYHMX
MeToax, WO AalTb 3MOry BU3HAYaTU AKICTb TECTOBMX MaTepianiB. PoboTa cucTemn rypTyeTbCs Ha OBUMCNEHHI CTAaTUCTUYHUX
napamertpis 3a KnacmuHoto (CTT — Classical Test Theory) Ta cydacHoto Teopieto TecTis (IRT — Item Response Theory) (KydepeHko .1,
2021). 3a gonomoroto B6YA0BAaHOTO B CUCTEMY iHCTPYMEHTapito 6yN0 BCTAaHOBAEHO CTAaTUCTMYHI MOKAa3HUKM Taki AK cepeaHs
OLiHKa, MoAa, CTaHAapPTHE BiAXMAEHHA Ta iHWI No Bcix TecTax (Puc. 3) i npoBeAeHO NCUXOMETPUYHNIA aHaNi3 KOXKHOIO TeCTOBOro
3aBAaHHA Ta NobyayBaHO Ajarpamm NCUXOMETPIT TECTOBMX 3aBAaHb (3aN1eXKHOCTI iHAEKCY ANCKPUMIHALIT Big, iHAEKCY CKNaaHOCTI)
(Puc. 4).

Bcboro cnpo6 287
CepegHa ouiHKa No Nepwux cnpedax 61,35 %
CepeaHA ouiHKa nNo Bcix cnpofax 61,35 %
CepegHA oUiHKa 3 OCTaHHIX cnpof 61,35 %
CepepHA ouiHKa 3 HaiiBULLE OLiHEHUX cnpo6 61,35 %
Megiana oyiHku (ana ocTaHHA cnpo6a) 64,50 %
CraHpapTHe BigxvneHHs (anA octaHHA cnpo6a) 16,99 %
3HaueHHA acumeTpil posnoginy (ann octaHHa cnpoba) -0,8483
3HaueHHA eKcUecy posnoginy (4na ocTaHHA cnpoba) 0,2941
KoediuieHT BHYTPilWHbOT y3rogKeHocTi (418 ocTaHHA cnpoba) 96,39%
Momwnaka BigHowWweHHA (ANA ocTaHHA cnpoba) 19,00%
CraHpapTHa noMWUAKa (4nA ocTaHHA cnpo6a) 323 %

Puc. 3. ®parmeHT CTaTUCTUHHUX BiOMOCTEN NPO TecT
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Puc. 4. 3pa3okK giarpamu ncmxomeTpii TeCTOBUX 3aBAaHb

EMNipMyHO CKNaZHICTb 3aBAaHHA BM3HAYAETbCA A0AABaHHAM €/1eMEeHTIB MaTpuui No pAfKax i AOPIBHIOE ymncay
NnpaBuAbHUX BIiANOBIAEN, OTPUMAHMX 33 KOXMKHMM TECTOBMM 3aBAaHHAM. Yum binblue NpaBuAbHUX Bignosigen Ha Tectose
3aBAaHHA, TUM BOHO Neriue ANA AaHOoi rpynu CTYAEHTIB, | HaBnaku. IHAEKC CKNagHOCTI (NerkocTi)) TecToBoro 3aBAaHHA MOXHa
3anucaTu y surnagi bopmynu:

Paigr = —chepeﬂﬂem ) (1)
MaKCcUMaJibHe
e X vakcumansse — MAaKCMManbHA KiNbKicTb 6aiB 338 BUKOHAHHA i - ro 3aBaaHHsA; X cepeane (i) — CEPEAHA KiNbKicTb 6aniB oTpMmaHa
YyYaCHWKaMM TeCTYBaHHA 33 BUKOHAHHA i — ro 3aBAaHHA.

Llei NoKasHMK BKA3yeE, HACKIZIbKM KOHKPETHe TeCTOBE 3aBAAHHA € NErKMM/BaXKKUM ANA TUX, XTO MOro BMKOHYE. [nn
3aBAaHb, AKi OLIHIOIOTLCA B AMXOTOMIYHIM WwKani (0 abo 1), ua xapaKTepucTMKa MOKasye, AKa YacTKa CTyAeHTIB (y BiACOTKax)
BiZNOBiNa BipHO Ha Lie 3aBAaHHA. Y BUNAAKY, Koau Py =100%, TO6TO yci CTyAEHTM BiANOBIAM BipHO, UM KoM Py =0% Bignosinu
HeBipHO, TaKi 3aBAaHHA cnig BUAyYaTu 3 Tecty (Taba. 2).

Tabnuua 2
Kpurepii iHaeKcy cknagHoOCTi TeCToBMX 3aBAaHb
3HaueHHA Py IHTepnpeTauia
Pgirr < 0,20 BraflyBaHHA
0,20 < Pgirr < 0,36 HaATO CKNagHe
0,36 < Pgirr < 0,84 cepeaHbOi CKNaaHOCTI
Pqit > 0,84 HaATO Nerke

IHAeKC gucKpumiHaLii 3miHtoeTbea Big 0 go 1, Big'EMHMIA iHAEKC CBIAYMTL MPO Te, WO YY4ACHUKN TECTYBAHHA i3 CU/IbHOI
rpynu BignoBiaaoTb Ha NeBHe TeCTOBE 3aBAAHHA riplue, HiXK YY4aCHWMKM i3 clabkoi rpynu ctyaeHTis. TecToBi 3aBAaHHA, AKi MatoTb
3HauYeHHs KoeodiuieHTy meHwe 0,39 noTpibHO nepernaHyT! Ta BigKOpUryBaTW. TeCTOBi 3aBAaHHSA, AKi 4al0Tb Pe3yabTaT MeHLWi
0,19, pekomeHAYIOTb BUAYYaTH i3 TECTY, aJyKe BOHM 3MEHLLYIOTb 06’EKTUBHICTb | TOUHICTb YCi€l Nnpoueaypy TectyBaHHsA (Taba. 3).
IHAEKC ANCKpUMIHaL,iT pO3paxoBYETLCA Y BUTALI GOpMyIn:

D. = Fmax=Xmin) 2)

) n ’

ae X max — Kinbkictb 6anis i3 nepLuoi rpynu TectoBaHuX, X min — KifbKiCTb 6anis i3 TpeTboi rpynu, n — 3arasbHa KinbKictb 6anis 3a

1-Te 3aBAaHHA.

Tabnuusa 3
Kputepii iHaeKcy AuCKpUMiHaLii TecTOBUX 3aBAAHb

3HaueHHs D; IHTepnpeTauin
D; =04 3aBaaHHA GpYHKLiOHYE 330BiNbHO
03=<D; =039 MoTpibHa HeBeNMKa KOPEKL,iA 3aBAAHHA
02=<D; =029 3aBAaHHA NOTPIGHO NepernsaHyTM
D; 0,19 3aBAaHHA NOTPIGHO BMAYUNTH i3 TecTy abo NOBHICTIO Nepepobutn
D; =0a6oD; <0 3aBAaHHA NOTPIGHO BUNYUNTU 3 TECTY

Y CTaHOapTHUMX BMMOrax [0 NeJaroriyHMx TecTiB iX HaAiMHICTb Mae BM3HAYaTUCA KOMMIEKCOM AaHUX Mpo
XapaKTepUCTUKKU TecTy, Mpoueaypu TecTyBaHHA Ta MeTOAMKM OLiHIOBaHHA. HagiliHicTb meTody BMMIptOBaHHA (pesynbTatis
TECTYBaHHA) — Lie Mipa CTIAKOCTi pe3ynbTaTiB, W0 BNAMBAE HA TOYHICTb, 3 AKOKD MOXKHA BUMIPATM Ty UM iHLIY KOHKPETHY O3HaKY.
To6To BM3HAYaN0CA HACKINIbKM MOXKHa AOBIPATM pe3ybTaTam nesBHoro Tecty (Taba. 4).
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Tabnuuga 4
Kpurepii HagiliHoCTi TecToBUX 3aBAaHb
o IHTepnpetauis
Bin 0.9 no 1 [ly)Ke BUCOKA HagiiHICTb TecTy
Bin 0.8 no 0.9 BucoKa HaginHicTb TecTy
Bin 0.7 no 0.8 XopoLa HagjHicTb Tecty
MeHuwe Hix 0.7 Hu3bKa HagjHicTb TecTy

3 METOl0 BCTAHOB/IEHHA HAAIMHOCTI pe3ynbTaTiB TECTYBaHHA Ha Pi3HMX daKy/bTeTax BUKOPUCTOBYBABCA KpUTEpIn -
anboda KpoHbaxa:

k % S?
= (1-2h)
a k—1( s? (3)
ne k — KinbKicTb 03HaK, WO BXOAATb B TeCT, Si — cepeAHbOKBaApPaTUYHE BiAXMNEHHS NOKa3HWKIB i 03Haku (i = 1, ..., k), Sr —

cepeaHbOKBaApaTUYHE BiAXMAEHHA CYMapHUX MOKa3HMKIB 3a BCiMa O3HaKamM TecTy.

1,000 0978 0,987
0,980

0,967 0,969 0,971
0960 0,945 0,947 0,950 0,952 0,954 0,956 0,960 0,963 0,964
0540 09150922 %%
0,920 4
0,896
0,900 0,885
0,880
0,860
0,840
0,820
& < &

\?' Qq“ \:\Q.V’ & o\\q‘ \‘&S" \Z\Q\v‘ 0&\9‘ \}\ \52\ 0\8‘ Q‘f g\
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m HapifHicTb pe3ynbTaris TecTyBaHHA

Puc. 5. Po3nogin koediuieHTa HagiliHOCTI B 3an1eXHOCTI Big ¢paKy/IbTeTy Ta POKY HaBYaHHA

3a3HauMMmo, WO 3a pesyabTaTamu NigpaxyHKiB NpoaHanizoBaHi TECTM MakoTb BUCOKMI KoedillieHT HaajiHocTi, abo ayxe
BUCOKMA. KoedilieHT HagiiHOCTI fOpiBHIOE KoedilieHTY Kopensuii MixK pesynbTaTtamu, OTPUMAaHMMKU O4HAKOBMM METOA0M 3a
OAHAKOBWX YMOB, i NOKA3ye, HACKiNbKK 36iratoTbca pesyabTat BUMipiB (Puc. 5).

BUCHOBKW TA NEPCNEKTUBU NOAANbLLUOIO AOCNIAXKEHHA

MpoBefeHHA LWOKBAPTA/IbHOrO PEKTOPCbKOro 3pi3y 3abe3neunTb MOMKAMBICTb A/1A CUCTEMATUYHOIO MOHITOPUHIY
YCNIWHOCTI CTYAEHTIB Ta KOPUTYBAHHA iXHbOT HABYAIbHOT TPAEKTOPII, a TAKOXK 4/1A NiATOTOBKM A0 CKAagaHHA EAKI, wo nocrasmTtb
X B YMOBM HabAMKeHi 0 eK3aMeHaLiHUX.

3anpoBagKeHHN TecTyBaHHA B OCBiTHIN npouec M(®)3BO € 3HaYHMM KPOKOM Ha LWAAXY PO3BUTKY METOAMKM
OiarHOCTMKM Ta KOHTPOJIIO PiBHA 3aCBOEHWMX 3HAHb CTyAeHTiB. Lle 403BonsE 34iMCHUTU NaBHUIA nepexig, Big, cyb'eKTMBHOIO
OLiHIOBaHHA [0 O6'€EKTMBHUX OOFPYHTOBAHMX METOAiB OLHIOBAHHA pe3ynbTaTiB HaByaHHA. OAHAK Lel KPOK MOBUHEH
34iCHIOBATUCA Ha CTPOr0 HAYKOBIN 6asi, CMMpPAOYMCb Ha pe3y/bTaTu NefaroriyHMX eKCrnepuMEeHTIB i HAYKOBUX A0C/IOKEHbD.
TecTyBaHHA He NOBMHHO 3aMiHUTU TPASMLIMHI MeToaM NefaroriYyHOro KOHTPOAKO Ta AiarHOCTMKM, @ MaE Anwe AeAKoK Mipoto
LOMNOBHUTH iX. MOpAL 3 LMM BUKOPUCTAHHA NAaTopmm gucTaHujiiHoro Has4aHHA LIKAR_NMU £03B0/1A€ BCTAHOBUTU CTAaTUCTUYHI
napameTpu, AKi PO3pPaxoByHOTLCA 3 BUKOPUCTAHHAM KaacnuHoi (CTT — Classical Test Theory) Ta cyyacHoi Teopii TecTis (IRT — Item
Response Theory), W0 A3a€ MOXKANBICTb ONPaLbOBYBATU Pe3y/IbTaT TECTYBAHHSA 3 MOXK/IMBICTIO IX aHaNI3Y i OLiHKM AKOCTi KOXKHOTO
TEeCTOBOrO 3aBAaHHA Ta TECTY B LLiIOMY 3 TOYKM 30py NOCTABAEHOI METH, iX KOPUTYBAHHA Ta YAO0CKOHANEHHA.

MepcnekTMBaMM NoAanblMX AOCNIAKEHD € MOHITOPUHT YCMiWHOCTI MaibyTHiX maricTpis M(®P)3BO nig yac cknagaHHA
NiACYMKOBUX KOHTPOIB Ta iX MOPIBHAHHA 3 pe3y/ibTaTaMW PEKTOPCbKOTrO 3pi3y, @ TAKOXK aHani3 pe3y/ibTaTiB PEKTOPCbKOro 3pisy
oA 2, 3 KypciB 3 pesynsbtatamm €AKI-1 (1l KPOK 1 Ta iHO3eMHa MoBa 3a npodeciiHum cnpamyBaHHaM) Ta 4, 5, 6 KypciB 3
pe3synbtatamn EAKI-2.
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ABSTRACT

PopmyntoeaHHa npobaemu. TexHOnO2ii CMBOPEHHA  MPOo2PAMHUX
npodyKkmie € Oyxe 8axIu8o OUCYUNAIHOK 017 8UBYEHHA MalibymHimu
Gaxisyamu 3 iHgpopmayiliHux cucmem ma mexHonozil. lpo sucokuli pieeHb
iX nid2omoeKu, MoxHa 2080pumu 8 momy 8urnaodKy, Koau ysa nidcomoska
CrIUPAEMbCA HA MemOoOUYHY CUCMEMY 8UBYEHHA MEXHO0zili CMeopeHHs
npo2pamMHuUX npodykmie ma €  ycsidomneHHA suknadayem
MemoOUYHUX acrekmie 8UKAAOAHHA yiei ducyunainu.

Mamepianu i memodu. AHani3 ma cucmemamusayis Has4yasnbHOi ma
HayKoB8o-MemoOuY4HOI nimepamypu; y3a2aabHeHHA 00c8idy BUKAAOAHHA
Komn’tomepHUX OUCYUNIIH.

Pe3ynemamu. Po3pobneHo memoduyHy cucmemy sus4eHHaA “TexHosnoaili
CMBOPEHHA MPo2PAMHUX MpPoOyKmig”. OnucaHo 3MiCMoBHO-memMamu4Hi
AiHiT ducyunniHu. OKpecneHo MemoOUYHi acrnekmu 8UKAA0aHHA « TexHosoeili
CMBOPEeHHA MPo2PamMHUX npodyKkmie» 0na malibymHix caxisyie 3
iHpopmauyiliHux cucmem ma mexHonoeili: 00MPUMAHHA po32aaHymol
MemoOuYHOI cucmemu; opaaHi3ayia meopemuyHo20 mamepiany 01a
8UBYEHHA M0CAIO0BHUMU 3MiCMOBHO-MEMAMUYHUMU AIHIAMU;  HAOGHHA
MoxAusocmi cmydeHmam 3ocepedumu yea2y HA 20/108HUX ACMEKMAX 3
pO3pobKU Mpo2pamHux npooyKmis; 8paxyeaHHA U 036poeHHA cmyodeHmMis
cucmemoro  3HaHb PO OCHOBHI acrnekmu MmalibymHboi  disneHocmi;
BUKOPUCMAHHA 30800Hb  MPAKMUYHO20 Xapakmepy, HabnuxeHux 0o
¢axosoi dianbHOCMI; 3acMOCY8AHHA Mi0 YaC MPAKMUYHUX Ma camocmiliHux
pobim iHcmpymeHmapito mexHosoeili cmeopeHHsA MPo2pPamMHUX MPoodyKmis.

BucHosKu. OcKinbKu “TexHos02ii cm8opeHHA npo2pamHux npodykmie” €
6a3080t0 OucyunaiHow npu nid2omosyi Kommn’tomepHux gaxisyie y suwili
wkKosi, momy i 8UKAAOAQHHA MOBUHHO rpyHMysamucs 8i0nogioHo 0o
po321aHymoi Memoodu4Hoi cucmemu. Po3enaHymi 3mMicmosHo-memamuyHi
ANiHIT BUKAAOAHHA MOXHA BonosH8aMU, MoOuUpiKysamu ma oHO88aAMU
3 ypaxysaHHAM eany3esux meHOeHyil. [lodanewe OocnidxiceHHA 6yode
CrpAMOBAHO HA MemOOUYHUX aCNEeKMax 8UKAAOQHHA Pi3HUX mexHonoaill
CMBOPEHHSA NPO2PAMHUX MPoOyKmie.

Formulation of the problem. Technologies for creating software
products are a very important educational component to study by future
information systems and technology professionals. The high level of their
training can be said in the case when this training is based on the
methodical system of studying the technology of creating software
products and the teacher is aware of the methodical aspects of teaching
this discipline.

Materials and methods. Analysis and systematization of educational
and scientific-methodical literature; generalization of experience in
teaching computer science.

Results. A methodical system for studying "Technologies of creating
software products" has been developed. Content-thematic lines of the
discipline are described. The methodical aspects of teaching
"Technologies of creating software products" for future specialists in
information systems and technologies are outlined: compliance with the
considered methodical system; organization of theoretical material for
study by consistent content-thematic lines; enabling students to focus on
the main aspects of software development; taking into account and
equipping students with a system of knowledge about the main aspects
of future activities; using of tasks of a practical nature that are close to
professional activities; application during practical and independent work
of tools of technologies of creating software products.

Conclusions. Since "Technologies of creating software products" is a
basic discipline in the training of computer specialists in higher education,
its teaching should be based on a methodical system. The considered
content-thematic lines of teaching can be supplemented, modified, and
updated based on industry trends. Further research will focus on the
methodical aspects of teaching different technologies for creating
software products.

K/ItOHO0BI C/I0OBA: nidcomosKa ¢axisyie 3 iHpopmayiliHux cucmem ma
mexHosozili; mexHosoeii cmeopeHHA MPo2pamMHUX NPooOyKmis; memoouyHa
cucmema; 3Micm HABYAHHA; ACMEKMU 8UKAAOAHHSA.

KEYWORDS: training of specialists in information systems and
technologies; technology of creating software products; methodical
system; content of training; aspects of teaching.

BCTYN

MoctaHoBKa npobnemu. IHPoOpMmaLitHI cMCTEMM Ta TEXHO/OF € BaroMOK rasy33t0 Cy4acHOI EKOHOMIKM YKpaiHu.
MiarotoBka malnbyTHix ¢axisuis 3 iHGOPMALiINHUX CUCTEM Ta TEXHONOrIN, 34aTHUX pPO3POBAATU Ta BMNPOBALKYBATU HOBI
NPOrpamHi NPOAYKTM Ta BPaXOBYBaTW MEBHi BUMOTM LWOAO AKOCTI MPOrpaMHOro 3abesneyeHHs, WO CTBOPIOETLCA, € OAHUM i3
3aBAaHb BULLOI IT-0cBiTM YKpaiHW. MPUHLMNOBOro 3HAaYEHHSA B TaKil NiAroToBL,i HAAAETLCA TOMY, W06 3aKnag, BMLLOT OCBITU faBaB
CBOIM BUMYCKHUKaM 38,06yT1 HeobXxiaHi hbaxoBi KomneTeHuii.

YMHHA OCBITHA nNporpama niAroTOBKM KOMM'tOTepHMX ¢axiBLiB Y BWULIA LUKONI CTBOPIE OCHOBY A/ BWBYEHHA
BigNoOBIAHMX AMcuMnAiH, 3abesneyye AOCATHEHHA NEeBHOro piBHA ¢axoBoi NiAroTOBKM, ¢Gopmye 3aranbHi 1 npodecinHi
KOMMETEHTHOCTI AnA po3po6KM, BNPOBAAKEHHA 1 AOCAIAKEHHA iIHGOPMALLIMHMX CUCTEM Ta TEXHOJIOTIMN.

BuBYEHHA TEXHONOFi CTBOPEHHA NPOrPaMHUX NMPOAYKTIB € Ay¥Ke BaXK/AMBOIO ANCLMNIIHOW ANA BUBYEHHA ManbyTHIMK
daxiBuamm 3 iHGOpMaLLINHUX cucTem Ta TeXHONOTiIN. Cami TEXHONOTIT CTBOPEHHA NPOrPamMmHUX MPOAYKTIB BKNHOYAIOTb LUMPOKE KOO
KOMM'IOTEPHUX NPOrpam Ta CUCTEM, AKi MOXKHA PO3AIAUTA Ha TeXHONOrii MAaHyBaHHA PO3POOKM NPOrPamHUX MPOAYKTIB,
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TEXHOOTii MPOEKTYBAHHA NPOrpaMHMX NPOAYKTIB, TEXHONOTIT peanisalii NporpaMmHMX NPOAYKTIB, TEXHOIOTI TeCTyBaHHA. BBaxkalto,
LLLO FOBOPUTM NPO BUCOKMI PiBEHb NiArOTOBKM MaibyTHix ¢axiBLis cnewjianbHocTi 126 “IHdopmaLiiiHi cucTemm Ta TEXHOOTT”, MOXKHA
B TOMY BUMaAKY, KOAM LA NiAroTOBKa CNMPAETLCA HA METOANYHY CUCTEMY BUBYEHHSA TEXHOOTI CTBOPEHHS MPOrpaMHUX NPOAYKTIB.

AHani3 akTyanbHUX gocnigxeHb. Mpobaemi nigrotosku IT-daxiBLiB NPUCBAYEHO LMPOKE KOO AOCAIAKEHD: aKTYaNbHI
cTpaTerii Ta nigxoav po niarotosku IT-cneyjanictis (ManmxiH & Apmonbuyk, 2020; Bnactok & Mpuutok, 2013); mogeni NiarotoBku
MmalibyTHboro IT-daxiBus B yHiBepcuTeTax arpapHoro npoointo (FnasyHosa, 2014); aHani3 puHKy IT-cneuianbHocTein wWoa0
npodeciit Ta cnewianisauin B L cdepi (Octpora, 2019); niarotoska ManbyTHiX dpaxiBLiB 3 iHGOPMaLLIMHMUX TEXHOOTIN A0 TBOPYOT
camopeanisau,ii (PoweHiok, 2019).

Mepernsg i aHanis HasBHMX CTaHAAPTIB LWOAO MiAroTOBKM BiANOBigHUX daxiBLiB Ta poboymx nporpam i3 gUcuUmniiHu
“TexHonorii CTBOPEHHA MPOrpamHUX NPOAYKTIB” 3a cneujianbHOCTAMM ranysi 3HaHb 12 IHdOpMmaLiiHi TexHoNOorii NOoKasye,
Lo HaBYaNbHa AMCUMNIIHA € 060B’A3KOBOKO NPU NiArOTOBLL MalbyTHiX daxisLiB KOMn’tOTEPHOro HaNpPAMKY. Tak y npodeciiHomy
CTaHAapTi GpaxiBLA 3 pO3pobKM NporpamHoro 3abesneyeHHs BKA3yeTbCA, WO “Tpyaosi GyHKLUiT dpaxiBua 3 po3pobKu NnporpamHoro
3abe3neyeHHsA BBOAATLCA Ha 6a3i NPOLLECiB KMTTEBOIO LMKAY NporpaMHux 3acobis” i nepenivyyoTbca OCHOBHI 3a4a4i AifNbHOCTI
daxiBus 3 po3pobku nporpamHoro 3abesneyeHHn (“MpodeciiHnii ctaHgapT”, 2014). Ane B AeAki AOCNIOHWKM BKasyloTb Ha
“npobnemy LWBMAKOrO 3acTapiBaHHA TEXHO/IOMNYHOrO 3MiCTy HaBYaHHSA, PO3B’A3aHHA AKOI nosArae y oro ¢yHaameHTanisauii
yepes BMOKpemMneHHs 6a3oBux ocHoB ranysi” (Ctptok, 2018). ba3oBi OCHOBM TEXHOAOrN CTBOPEHHA NPOrPamMHMX NPOAYKTIB
po3rnapatoTbca baraTbma HaykoBusamK (AnekceHko, 2018). BTim HeoaHO3HauyHOW € i cama npobnema BMBOpY TexHonorii
CTBOPEHHA NporpamHoro 3abesnedyeHHs iHbopmaLinHnx cuctem (Aceesa & KynakoscbKa, 2019). Bce e cnoHykae BUKAagada
KOMM'IOTEPHMX HayK [0 MOLWYKY WAAXIB 3aCTOCYBaHHA Ta BMBYEHHA PI3HUX KOMMN'IOTEPHUX TEXHONOrIA NpPWU iX BUKNALEHHI
ManbyTHIm daxisuam.

OTXe, Ha OCHOBI BULLLEEBMKIAAEHOrO, METOI AaHOI CTATTi € BUCBITIEHHA AEAKUX METOAMYHMUX aACNEKTIB A0 BUKNAAAHHSA
TEeXHOOriN CTBOPEHHA NPOrpamMmHMX NPOAYKTiB Ans 6akanaspis cneuianbHocTi 126 — IHGOopMaLinHi cucTemMm Ta TeXHOANOTI.

METOAU AOCNIAXKEHHA
Y CTaTTi BUKOPUCTAHO HACTYMHIi METOAM AOC/NIAKEHb: aHaNi3 Ta CMCTEeMATM3aL,iA HAaBYaIbHOI Ta HAYKOBO-METOANYHOI
NiTepatypw; y3araibHeHHs AOCBiLY BUKNAAAHHA KOMN' IOTEPHUX AUCLMMNIH.

PE3Y/ZIbTATU AOCNIAKEHHA

MeToa0N0r4YHOK OCHOBOK METOAMKU BUBYEHHA AUCLMMAIHW «TexHONOrii CTBOPEHHA NPOrpamHMX MPOAYKTIB» €
CUCTEMHUIA Niaxia. MeToaMyHa cMcTemMa FPYHTYETBCA Ha aBTOPCbKOMY AOCNiAKEHHi (/lorsiHeHKo, 2005) Ta BK/OYAE HACTYMHY
CTPYKTYpPY (puc. 1):

® BYKOHaAHHA aHani3y OCBITHIX Mporpam creujanbHocTi 126;

® YTOYHEHHS Linei BMBYEHHA “TexHONOrii CTBOPEHHA MPOorpamHUX NpPoayKTiB” 3a TexHosorieto bayma Ta Kparsons
(Knapuh, 1988 ), wo nogaHo y Tabauui 1 ta Tabanui 2;

® BUKOHAHHA aHanisy 3MicTy AucumMnaiHM  “TexHONOorii CTBOPEHHA MNPOrpaMHMX MPOAYKTIB”, KOHCTPYHOBaHHSA
HaBYa/IbHUX MaTepiaiB 33 ANCUUNNIHOD;

® BMKOHAHHA AjarHOCTUKM Ta aHani3y 6a30BOro piBHA 3HaHb CTYAEHTIB Nepes BUBYEHHAM AaHOT AUCLMUMNAIHW;

® B1bip TexHosorii (abo cnocobis) Ta MeToAiB BUKNAAAHHA AAHOI AMCUMNAIHWA: MOTMBALINHI TeXHOOTrIl, TexHonorii
$opMyBaHHS HOBMX 3HaHb, TEXHOJIOTIT 3aCBOEHHSA AiANIbHOCTI, TEXHOJI0Tii KOHTPOJIHO 3HaHb CTYAEHTIB;

® OpraHisalia npouecy HaBYaHHA Ha NIAFPYHTI Winei BMBYEHHA AUCUMNAIHM “TexHOoNOrii CTBOPEHHA MPOrPaMHUX
npoayktis”;

® BUKOHAHHA KOHTPOMO cHOPMOBAHMX 3HAHb Ta YMiHb, i B 3a/IeKHOCTI Bif, pe3y/nbTaTiB BUKOHAHHA KOPUTYBAHHA AK
HaBYa/IbHOrO MaTepiany, TaK i TEXHONOrN BMKNAZAHHA 32 AUCUMNNIHOLO.

3ocepeauMo yBary Ha 3MICTi HaBYaHHA TEXHOJIOTI CTBOPEHHA MPOrPamMHUX NPOAYKTiB. BiH BM3HAYaeTbCA OCBITHBO-
npodeciinHoto nporpamoto “lHpopmauiiiHi cuctemm Ta TexHonorii” ans nepworo (6akanaBpCbKOro) piBHA BULLOIT OCBITU ranysi
3HaHb 12 IHpopMaLiiHi TexHoNOrT 3a cnewjanbHicTio 126 — IHbopmaLLiviHi cuctemu Ta TexHonorii (“OCBITHbO-MPODECIMHA
MPOTPAMA “IHdopmauiiliHi cuctemm Ta TexHosorii”; 2021). Lia nporpama 3abesneyye milHe i CBiZOME OBOMOAIHHA CTYAEeHTaMuU
“3aranbHuX Ta NPodecinHMX KOMNETEHTHOCTEN, HEOOXIAHUX ANA BUPIWEHHA aKTYyabHUX iHXXEeHEepHUX 3aBAaHb Ta NPAKTUYHOI
peanisauii OTpMMaHUX 3HaHb B ranysi iHpopMaLiMHUX cUCTem Ta TEXHONOFIN, Nepenbayae 3400yTTA cneuianbHUX NpodecinHmUx
3HaHb, OBOJIOAIHHA METOZLO0/OrED PO3POOKKM, BMPOBAAKEHHA N AOCAIOMKEHHA NPUKAAAHMX iHOOPMALINHUX cucTem Ta
TEXHOOTiN B eKOHOMILL, B T.4. B arpapHOMY CEKTOPI, Ha 6asi BUKOPUCTAHHA METOLiB EKOHOMIKO-MATEMATUYHOTO MOZE/ItOBaHHA,
TEXHONOTIN NPOrpamyBaHHs, HOBITHIX iHPOPMALMHUX TEXHOONIM Ta CY4aCHOro MPUKNALHOMO NPOrpamHoro 3abesneyeHHs”.
MopAg, 3 LMM BUBYEHHSA TEXHOIOFi CTBOPEHHA NPOrPaMHMUX NPOAYKTIB MA€E CBOO cneundiyHy MeTy, CBOi KOHKPETHI 3aBAaHHSA.

HaByanbHa gucumniiHa “TeXHONOFiT CTBOPEHHA NPOrpaMHUX NPOAYKTIB” CUHTE3YE Ta y3arasbHIOE BUBYEHHS CyYaCHUX
MeTOoZ;jB i 3ac06iB CTBOPEHHSA NPOrPamHMX NPOAYKTIB 418 NoAANbLIOT NPOdeCiiHOI AiANbHOCTI, HAbYTTA HABMYOK NPaKTUYHOI PO6OTH
3 NPOrpamHMMm 3acobamm 418 CTBOPEHHA NPOrPamHUX NPOAYKTIB. BiH nepeabayae BuBYEHHA MaibyTHIMM daxiBLAMM TEOPETUYHOT
Ta MeToAoNorYHOT 633N AaHOro HaMPAMKY AiANbHOCTI. Y MPOouUeci HaBYaHHA CTYAEHTY HaJaloTbCA 3HAHHA AeAKUX OCHOBHUX
TEXHOJIOriM 3i CTBOPEHHA MPOrpaMHUX NPOAYKTIB Ta NPAKTUYHI HABMYKM iX peanizauii. MeTa gucumnniHn “TexHonorii cTBOPEHHA
nporpamHux NPoayKTiB” nonarae y opmyBaHHi 1 3aCBOEHHI 3HAHb NPO CneLiasibHi TeXHOMOriT opraHisaLii Ta NpoBeAeHHA npouecy
pPO3pO6KM NporpamHoro 3abesneyeHHs; y 3aCBOEHHI 3HaHb 3 OCHOB CTBOPEHHS BE/IMKUX MPOrPAMHUX CUCTEM 3 BUKOPUCTAHHAM
MPOLECIB }KUTTEBOTO LIMKAY, MOYMHAIOUM 3 BUABAEHHA BUMOT i 3aKiHUYytOuM MOro CynpoBoAOM NporpamHoro 3abesneveHHs. MoxHa
BKA3aTW Ha Te, WO CTBOPEHHA MPOrpaMHOro NPOAyKTy abo cucTeMM — Lie NPOLEC, Lo BKAKOYAE Pi3HI TPYAOMICTKI 3aBAAHHS, i
MabyTHIM daxiBeLb NOBMHEH MATM ysABY NMPO METOAM aHani3y, NPOEKTYBAHHA, peani3auii Ta TecTyBaHHA MPOrPaMHUX CUCTEM,
OPIEHTYBATUCA B TEHAEHLLIAX Ta HAABHMX NiAX0AaX A0 TEXHOOTI PO3POOKM NPOrPaMHUX MPOAYKTIB.
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Anams ocBiTHIX Anamz uineH HaBYaHHA 3
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crenr. 126
AHAI3 3MICTY JHCIHILUTIHE JiarsocTHra Ta asamiz
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TEeXHOJ0TiH
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BHKTATAHILA Ipouec xapgansA TCIII cTyaeHTiB EOMIDO
TCTITT crer. 126

!

HiarHocTHEA i

IMeperipxa edexTHEHOCTI MeTOIHHOT aHams piema
cHcTeM® BHEYeHHA TCIII crymesTamms IHAHE TA YMiHE
crer.126

Puc. 1. CTpyKTypa meToau4HOi cuctemu BuBueHHA TCMNMN ctyaeHTamm cnewiasnbHOCTI
126 “IHdopmauiiiHi cuctemm Ta TexHonorii”

Tabnuua 1

Onuc uyineli BUBYEHHA “TexHONOrii CTBOpPeHHA nporpamHux npogykris” (TCMM)
Y KOrHITUBHII1 06nacTi yepes AianbHiCTb CTyAeHTa

Karteropis

Lii ctrypeHTa

1. 3HaHHA

CTYAEHT 3HAE i BiATBOPIOE OCHOBHI MOHATTA, TEPMiIHW, METOAM, NPABMUAA | MPUHLMMU OCHOBHUX TEXHO/IOTIMN
3a gucumnaidoto TCMNM;

CTYAEHT 3Ha€E eTanu po3pobKM NPOrpamHUX MPOAYKTIB (i iX CyTb) TEXHONOTYHKX NpoLeayp;

CTYZLEHT 3HAE aNropuTMM poboTH, LLLO BiATBOPIOIOTL NOPALOK PO3POOKM HOBOTO NPOrPaMHOro NPOAYKTY.

2. Po3ymiHHsa

CTYZLEHT PO3YMi€E OCHOBHI MOHATTA, TEPMiHWM, MEeTOAM, NPABMAA i NPUHLUNM OCHOBHUX TEXHO/OFM 3a
avcumnnidoto TCMMM;

CTYZLEHT iHTEPNPETYE CXeMM, ANTOPUTMM POBOTH i3 BiANOBIAHMMM NPOrPaMHUMM 3acobamu;

CTYZLeHT NepeTBOPIOE C/IOBECHMI MATepian Ha MOBY CXEM i HA MOBY MPOrpaMyBaHHS, i HaBNaKK;
CTYZLeHT PO3YMI€ CyTb 3aCTOCYBaHHA TexXHOOTri 3 Kypcy TCIM;

CTYZLEHT PO3YMI€ CyTb METOAIB, LLLO BUKOPUCTOBYIOTHCA ANS CTBOPEHHA HOBOTO NPOrPaMHOro NPoAyKTy;
CTYZLEHT PO3YMi€ CyTb TEXHOIOTIYHUX NpoLeayp.

3. 3actocyBaHHA

CTYA,EHT NOACHIOE BUKOPUCTaHHA OCHOB 3 Kypcy TCII;

CTYL,EHT BUKOPUCTOBYE MOHATTA, TEPMIHW, NPaBM/Ia, METOAMU | NPUHLUNW NPU BUKOHAHHI MPaKTUYHKUX Ta
CaMOCTINHMX pObIT;

CTYZEHT AEMOHCTPYE NpaBu/ibHe 3aCTOCYBAHHA METOAIB | NpoLeayp, BiLOMUX anropuUTMiB Ajil;

CTYZLeHT 3aCTOCOBYE NEBHUI iIHCTPYMeEHTapil TexHonorii 3 Kypcy TCIM.

4. AHani3

CTYAEHT 34iACHIOE aHaNi3 NOYaTKOBMX BUMOT LLLOA0 CTBOPEHHA HOBOFO NPOrPamHOro NPoAyKTY;
CTYAEHT BU3HAYaAE NPUYMHHO-HACNIAKOBI 3B'A3KM B 3aBAAHHAX 3 KypCy;

CTYAEHT BUKOHYE BUCHOBKM MiCNA BUKOHAHHA 3aBAaHb;

CTYZEHT 3iCTaBAAE BiAMiHHOCTI 3aCTOCYBaHHA Pi3HMX TEXHONOTi PO3POOKM;

3HaxXoAMTb (6aunTb) MOMUKM B NOTILi BUPILLEHHA HAaZAHUX 3aBAaHb;

CTYAEHT 3iCTaBAAE 3aCTOCYBaHHA Pi3HWX TEXHOOTIV NPU BUPILLEHHI NeBHOro Kaacy 3aBAaHb.

5. CuHTe3

CTYZeHT CKNafae nnaH abo anroputm po3pobKM HOBOTO MPOrPaMHOro NPOAYKTY;

CTYZeHT BUKOHYE NMOCTaHOBKY 3aBAAHHS;

CTYZeHT Ma€ HaBUUYKM rPaMOTHOI NOCTAHOBKM 33Ja4 AnA iX po3B’A3aHHA 32 4ONOMOrol Komn'toTepa;
CTYyZeHT Ma€e BMiHHA GOpManisoBaHOro onucy NocTaBAeHUX 3a4ay;

CTYZeHT Ma€e BMiHHA Nobya0BM moaeneit BUPiLLEHHA NOCTaBAEeHUX 3aBAaHb;

CTYZeHT NPOMNOHYE BUKOPUCTAHHSA 3HaHb 3i cnopigHeHWx 061acTei 3HaHb.
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Kareropis

[Oii ctypeHTa

6. OuiHKa

CTYZLEHT OL,iHIOE NI0TiKY PO3p0HEHHA HOBOIO MPOrPAaMHOIO NPOAYKTY;

CTYAEHT OUIHIOE Ofep)KaHi pe3ynbTaT BUXOAAYM 3 MOYATKOBMX AAHWUX, CTYAEHT OLHIOE BiANOBiAHI
BWCHOBKMU;

CTYAEHT OLLiHIOE 3HAYYLLICTb CBOrO NPOAYKTY HAaBYa/IbHOI AiANbHOCT;

CTY/ZLEHT OL,iHIOE 3aCTOCYBaHHSA Pi3HUX TEXHO/OTI NPY BMPIiLLEHHI NeBHOTO Kaacy 3aBAaHb.

Tabnuua 2
Onuc uineit BuBYeHHA “TexHonorii cTBOpeHHA nporpamHux npogykris” (TCMN)
B adeKTUBHIN 06nacTi uepes AiaNbHICTb CTyAeHTa

Kareropia

[Lii ctryaeHTa

1. CnpuiiHaTTA

CTYAEHT YCBIAOMIOE BaK/MBICTb HaBYaHHA, BaXX/AMBICTb BMBYeHHA Kypcy TCIM, ycsigomatoe cBowo
peanisaLlito B HaB4aHHI K YWHHWKA NPOdECiMHOro 3pOCTaHHS;

CTYAEHT yBaXHO C/lyXa€ maTepian B ayamTopii;

CTYAEHT YyBaXHO BMBYAE METOANYHI MaTepianmn, 3a AKUMM NPaLLIOE.

2. PearyBaHHA

CTYAEHT BUKOHYE 3aBAaHHA 32 MeTOAMYHMMM MaTepianamum Kypcy TCMNM;
CTYAEHT NiAKOPAETLCA BHYTPILLHbOMY PO3MOPALKY i NpaBuAam NOBELAiHKK;
CTYAEHT A0OPOBIZILHO BUKMKAETLCA BUKOHYBATV 3aBAAHHS;

CTYAEHT BUABAAE LiKaBiCTb A0 NpeaMeTY Ta A0 3aBAaHHA, L0 BUKOHYE;
CTYZEHT 3340BONIEHNIA MPOLLECOM BUKOHAHHA 3aBAaHHA.

3. 3aCBOEHHA
LiHHICHOT
opieHTau,ji

CTYAEHT NPOABAAE CTiliKe HarKaHHA 0BOOAITM YMiHHAMM 3 Kypcy TCMMM;
BMpIiLLYBaTM 3aBAAaHHA i3 3aCTOCYBaHHAM BiZMNOBIAHMUX TEXHOOTIN;
CTYZIEHT NPOABASAE NePEKOHAHICTb, BiACTOIOOYM 3aCTOCYBaHHA TOro abo iHWworo cnocoby aii, metoay abo

3aCTOCYBAHHA NEBHOrO NPOrPamMHOro 3acoby nNpu BUPILLEHHI HAaBYaIbHUX 3aBAaHb.

CTyAeHT bepe Ha cebe BignNoOBiAaNbHICTb 32 CBOIO NOBEAIHKY, 32 BUKOHAHHA OTPMMaHWUX 3aBAaHb 3 Kypcy
TCcnn;

CTYAEHT PO3yMi€ CBOi MOXK/IMBOCTi NPWN BMBYEHHI NeBHOT Temu 3 Kypcy TCIMM;

CTYAIEHT PO3YMi€ 3HaYEHHSA CBOEI peanisalii B HaBYaHHi, B MalibyTHIN npodeciltHiii gianbHOCTI;

CTYAEHT NPOAB/AE rOTOBHICTb 0 BUKOHAHHA 3aBAaHb 3 Kypcy TCMIM;

CTYAEHT NPOABAAE NPArHeHHA 40 cniBnpaLi B rpyni;

CTYAEHT NAaHye CBOK Pob6OTY HaA 3aBAaHHAM BignoBiAHO A0 CBOIX 3aibHocTel, noTpeb.

4. OpraHisauis
LiHHICHOI
opieHTau,ji

TaK1M YMHOM, 3aBAAHHAM “TexXHONOrIT CTBOPEHHA NPOrPaMHUX NPOAYKTIB”, €: 3a6e3neyYeHHN HaNeXHOro TEOPETUYHOTO
piBHA HaBYaHHA i GOPMYyBaHHA B CTYAEHTIB 3acTocoByBaTU HabyTi 3HAHHA; GOPMYBAHHA YMiHb, LLO BK/IOYAIOTb AK 3HAHHSA
TEOPETUYHUX OCHOB Aji, 3HAHHA NPO CNOCOBM BUKOHAHHA AiN, X 3MICTYy i NOCNIA0BHOCTI, NPU3HAYEHHA HeobXiAHWX NpUNaais,
iHCTPYMEHTIB Ta NporpamHoro 3abesneyeHHs, HaBUYOK POBOTM 3 HUMM, NPAKTUYHMIN AOCBIA BUKOHAHHA aHaNOTMIYHUX 4il.

Po3rnsaHemo AeTanbHO W MOCAIAOBHO 3MICTOBHO-TEMATUMYHI NiHIT BUKNAOAHHA AMCLUMNAIHK “TexHoorii CTBOpeHHSA
NPOrpaMmHMNX NPOAYKTIB”.

MNepwa niHia gaHoro Kypcy — “BcTyn y TexHosorii nporpamyBaHHs”. Lle mo4YaToK BMBYEHHSA AaHOI gucumniiHu, ae
CTYZLeHTX ONaHOBYIOTb 6a30Bi MOHATTA Ta BUAWM NPOrpamHOro 3abesneyeHHs, iCTOPUYHI acneKkT po3pobieHHA NPOorpamHoro
3abe3neyeHHA. BuKNagauyem  BUMKOHYETbCA  aKUEHT Ha  T/JyMauyeHHi MOHATTA  “TexHosorii  nporpamyBaHHA”  AK
NPOLLECY, Y3arajbHIOTbCA BiJOMOCTI, OTPMMaHiI 3 iHWMKX CMOPIAHEHUX AUCUMMNIIH. TakoX GOPMYIOTbCA OCHOBHI MOHATTSA,
TBEPAMKEHHA | MeToAM Ta 3B’A3KM MiXK HUMM, HAroNOWYETbCA NPAKTUUYHE 3HAYEHHA KYPCY, W0 BUBYAETLCA.

[pyra niHia gaHoro Kypcy — “Mogeni KUTTEBOrO LMKy NPOrpamHoro 3abesnedyeHHs”. B Hili e o3HaOMAEHHA ¢
aHani3 BaXK/IMBOro NOHATTA “YXUTTEBUI UMK NPOrpamHoro 3abesneveHHa”, 0608'A3KOBO BpaxoByoumM ranysesmii ctaHaapT (“IEEE
Standard Glossary of Software Engineering Terminology”, 1990). Po3rnagatoTbCA TaKOX MUTAHHA LWOAO aHanisy BMMOr
3aMOBHMKOM A0 MNPOrPamHOro NPOAYKTY, MUTAHHA pPO3POBKM TexHIYHOro 3aBAaHHA Ta cTaHaapTy (“MHdopmaumoHHan
TexHonorna. Komnaekc cTaHAapTOB Ha aBTOMAaTM30BaHHble cucTtembl”, 1990), AKMI HewoAaBHO BUKOPUCTOBYBABCSA, i, Ha Hall
NMornsf, TAaKOXK € KOPUCHUM AN O3HAWOMJIEHHS CTYAEHTIB Pi3HUM Miaxof4am A0 PO3POOKM NPOrpamHuMX NPOAYKTIB. TaKoxk
CTYZLeHTN O3HAMOMJTIOIOTBLCA i3 XapaKTepPUCTUKaMM KaCKaZHOI, iTepaTUBHOI 11 cnipasibHOT MOAENEN KUTTEBOTO LIMKY NPOrPaMHOro
3abe3neyeHHs, po3rnaaatoTbea IX HEAONIKM Ta Nepesaru.

TpeTa niHiA paHoro Kypcy - «MnaHyBaHHA Ta ynpaB/iHHA NpoLecom po3pobieHHs Ta Cynposody MPOrpamHoOro
3abe3neyeHHA», fe peTesibHO BUBYAOTbCA 0COBIMBOCTI NPOLLECOM KepyBaHHA Ta OpraHisau,ii pobiT 3 po3pobaeHHs NporpamHoro
3a6e3neyeHHs, NOACHIOKTLCA NUTAHHA PoJiel NpoLecy, YMiHb, KOOpPAUHaLii POBOTH, MUTAHHA KOMYHIKALT MiX po3pobHMKamu,
3abe3neyeHHsA AKOCTI nporpamHoro 3abesneyeHHA. B ubomy matepiani, AKkuii Ge3nepedyHO MoB’A3aHMI i3 MonepeaHbOo
npeAMETHOIO NiHI€l, yBary CTYAEHTIB aKLEeHTYIOTb Ha MOCNIA0BHICTb €TaniB po3po6KM NPOrpamHUX NPOAYKTIB: aHani3 BUMOr
3aMOBHMKA Ta [OCNIAXKEHHA npeameTHOI obnacTi, dyHKLUioHaNbHa cneuundikalia HOBOro MPOrpamHOro NPoAyKTy, TEeXHiYHe
3aBAAHHA Ha HbOTO, MPOEKTYBAHHA Ta MOAENIOBAHHA HOBOI NPOrPaMHOT PO3POOKK, peanisaLia abo KoayBaHHA, TECTYBaHHA Ta
eKkcnnyaTauif. Ha Hawy Aymky, us Tema noTpebye Halbinbluoi yBarM, ToMy WO PO3rASAAE LiNiCHICTb Npouecy CTBOPEHHSA
NPOrpaMHUX NPOAYKTIB i BaXK/AMBICTb KOXKHOTO eTany po3pobKu NporpamHoro 3abesneyeHHs.

YeTBepTa NiHiA AaHoro Kypcy — «CTaHZapTM Ha po3pobneHHA Ta CynpoBif MporpamHoro 3abesnedyeHHa». B Hil
PO3rNAAATLCA NUTAHHA CTaHAAPTU3aALIT po3pobneHHA NporpamHoro 3abesneyeHHs, MixkHapoaHi ctaHgapTv ISO (International
Organization for Standardization) Ta ctaHzapTv opraHisauii IEEE (Institute of Electrical and Electronics Engineers). OcHoBHUMM
LOKYMEHTaMM, WO PernameHTyioTb Npouec po3pobsieHHA nNporpaMHoro 3abesneyeHHA € AepKaBHUIM CTaHAAPT LWOZAO0
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po3pobieHHs cucTem Ta nporpamHoro 3abesneyenHs ACTY ISO/IEC/IEEE 16326:2015 (“Po3pobaeHHa cucTem Ta NporpamHoro
3abe3neyeHHs”, 2015), MidKHapOAHUI CTaHAAPT Ha npouecu po3pobaeHHs Ta OopraHisauii *KUTTEBOrO UMKAY MPOrpamHoOro
3abe3neveHHn ISO/IEC/IEEE 12207:2017 (“Systems and software engineering”, 2017) Ta rany3esuii CTaHAAPT IHCTUTYTY iHXKeHepiB
3 pagioeneKTPoHiKKM Ta enekTpoTexHiku (IEEE), Wwo cuctematnaye ocCHOBHI BUAM AiSNIbHOCTI 3 NPOrpamHoi iHxKeHepii, Guide to the
Software Engineering Body of Knowledge abo SWEBOK (Bourque & Fairley, 2014). | 6e3nepeyHo, 3HaHHSi OCHOBHMX CTaHAAPTIB
chepu iHbOpMaLiNHMX TEXHONOrIN Ta ynpaBAiHHA IT-nocnyramm € pyHAAMEHTOM BUMBYEHHA AAHOT AUCUMMANIHM, € KNOYEM A0
PO3YMiHHSA NigXo4iB A0 ynpasaiHHA IT-nociyramm, a TaKoXK KAlo4em po3ymiHHA 40 opraHisau,ii, KOHTPOAIO 11 BOOCKOHANEHHA Uj€l
LiANbHOCTI. 3MICTOBHE PO3KPUTTA OCHOBHWUX CTaHAAPTIB, NOB’A3aHMX 3 HUMW NOHATb, TBEPAMKEHD | HArONIOLWEHHA Ha NPAKTUYHOMY
3HaYEHHI BMKOPUCTAHHA BKa3aHUX CTaHAApTiB 3abe3neuye 06OB’A3KOBUMA MiHIMYM 3HaHb 3i CTaHZapTM3aLil NporpamHux
NPOAYKTIB MalnbyTHIMK daxisuamm.

M’aToto niHielo gaHoro Kypcy € “CyyacHi metogoorii po3pobieHHA NporpamHux cuctem. BisyanbHe moaentoBaHHA
mosoto UML (Unified Modeling Language) npeameTHoi obnacTi”. B Hili cTyAeHTVM 3HAaMOMAATLCA Ta ONAHOBYIOTb MaTepian Woao
iHCTPYMeHTapito NPoeKTyBaHHA Ha moBi UML (Byd Ta iH., 2008; Torre et al., 2018; Bernhard, 2016; Filho & Braga, 2017). Cioan
BiAHOCATbCA 3HAHHA TaKMX OCHOBHWUX MOHATL AK “crneujanbHa yHipikoBaHa MoOBa MoAENtOBaHHA”, “CyTHOCTI”, “CTpPYKTypHi
cyTHocTI”, “noBepjiHKOBI cyTHOCTI”, “rpynyBaHHA”, “BiaAHOCMHW”, “3anexkHocTi”, “acouiauii”, “y3aranbHeHHn”, “peanizauii”,
“niarpamn”, “cTpyKTypHi giarpamun”, “noseajiHKosi giarpamun”, “giarpamu BapiaHTiB BUKOPUCTaHHA", “Ajarpamun B3aemogii” Ta
iHWi. Bci BnAy cyTHocTel 1 BiaHocuH UML y aiarpamax nogatoTbea y CBit cnocib rpadivHoro 306paxkeHHs. 3ayBaxmMmo, Lo 6a3oBi
noHATTA mosu UML 803BOASIOTE GOPMYBATU YMiHHA 3 MPOEKTYBAHHA NEBHUX CUCTEM, MPOrPaMHUX NPOAYKTIB, 60 A/ PO3YMIHHSA
CUCTEMM, LLO PO3POBAAETLCA, NOTPIBHO 3aCTOCOBYBATU Pi3Hi Aiarpamm, AKi YyTOYHIOKOTb KOHKPETHI acrneKkTu uiei cuctemun. Tak
Aiarpama BMKOPWUCTAHHA — Le KOHLUenTyasbHa MoAenb cucTemu. [liarpama KnaciB — ioriYHa mMofenb, B AKil 306parkytoTbea
CTaTUYHIi acneKTu BCi€i CTPyKTypwu. [liarpama AianbHOCTI € TeXK AoriyHo moaennto. BoHa BiATBOPIOE AMHAMIYHI acneKkTu
bYHKLIOHYBAHHA CUCTEMM, AKA PO3POBAAETLCA. | OTPUMAHHA YMiHb 3 MOAENOBaHHA Ha MoBi UML 0XONt0€ 3HaHHA TEOPETUYHMX
OCHOB, 3HaHHA MpPaBW/ Ta CNocobiB BMKOPUCTAHHA HoTauii cyTHocTelt UML, npusHayeHHA HeobxigHOro iHCTpymeHTapito
Bi3yanisauii, 3HaHHA 3 BUKOHAHHA OCHOBHMX a/IrOPUTMIB Zil NPU CTBOPEHHI MoZenel, BKasaHux suwe. A GopMyBaHHA yMiHb i3
NPOEKTyBaHHA Ha moBi UML [,03B0/MTb MalibyTHIM daxiBuam 6yTY roToBUMM AiATU B 3MiHIOBAHUX, YMOBaX, B HOBUX MPAKTUYHUX
cuUTyauifax.

LWocToto niHieto paHoro Kypcy € “Metogonoria Rational Unified Process”, 3a marepianamum AKOi CTyAeHTM
03HAMOMAIOIOTLCA 3 YHIPIKOBAHMM MPOLECOM PO3POBAEHHA NMPOrpamHoro 3abesneyeHHs, 3 Bumoramu Ao Hboro (Kruchten,
2004). OcKiNbKK Becb Npouec po3pobaeHHA PO3NoAiNAETLCA 33 KUTTEBUM LIMKJIOM NPOrpamHOro 3abesneyeHHs, To Be/IMKa yBara
CnoyYyaTKy MpuAinAeTbca “moAeni BapiaHTiB BMKOPUCTAHHA”, WO ONWCYe MOBHIi QYHKUiOHaNbHI BUMOMM A0 CUCTEMM, LLO
po3pobntoeTbes. [ani byayetbca “Moaenb aHanidy”’, WO € KOHUEeNnTyaslbHOK MOAENI0 CMCTEMWU. BOHa AeTanbHO OMMCYeE YCi
BMMOrM Ta poboTH, HeobxigHi Ana peanisauii. HacTynHMM eTanom € CTBOPEHHA “Mopdeni NPOEKTyBaHHA”, WO BiATBOPIOE
dYHKLiOHaNbHI Ta HedyHKLOHaNbHI BUMOMM WOAO CUCTEMM, fIKa MPOEKTYETbCA, Ta “MOAeNi po3ropTaHHA”, WO [03BOASAE
BCTAHOBWTY peani3oBaHiCTb BapiaHTiB BUKOPUCTaHHA. Micns Lboro HacTae Yyepra 4o “Moaeni peanisauii”, Wo onucye enemeHTu
“mopeni npoektyBaHHA” AK daiam i3 Kogom nporpam. | HapewTi po3rNagaeTbca “modenb TecTyBaHHA”, B AKil TecTyloTbeA
KOMMOHEHTK “Moaeni peanizauii”.

Cbomoto niHietlo gaHoro Kypcy € “Metogonoria Microsoft Solution Framework (MSF). MeTtogonoris eXtreme
Programming (XP)”. CTyaeHt onaHoBytoTb 6a308i npuHumnu MSF (Turner, 2006) Ta XP (Beck, 2005), o3HalomAolTbCA 3
MOAENAMU Ta OCHOBHMMM MmeTogamun. [lo 6asosux npuHumnisa MSF, wo BiaATBOPIOOTbL A0CBIA, rpyn-po3pobHUKIB NporpamHux
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NPOAYKTIB, BiAHOCATLCA: “CNpUAHHA BiAKPUTOI KOMYHIKaLiT”, “poboTa y HanpaMKy cnibHOro 6a4eHHsA NPOEKTY”, “HaaHHA Npas

”n o« nou

i MOXKIMBOCTEN YleHaMm KoMaHaKn”, “BU3HaHHA iHAMBIAYaNbHOI Ta CMiNbHOI BignosiganbHOCTI”, “30cepenkeHHs Ha bisHec-uinax”,
“OYTM rHYYKMMMK, OYiKYBaTM Ha 3MiHM", “IHBECTYBaHHA y AKICTb”, “HaBYaHHA 3a AocBigom”. Posrisaatoum XP, aKLEeHTYeTbCS yBara
Ha Te, WO UA MEeToao0Noria € CNPOLWEHOK METOAO0NOTNEN OpraHi3aLii CTBOPEHHA NPOrpamMmHMX NPOAYKTIB ANA HEBE/MKUX Ta
cepegHix 3a po3Mipom KomaHg,. Lia metogonoria BKAOYAE METOAM WOA0 BUKOHAHHA YOTUPbLOX BUAIB AiANbHOCTI CTBOPEHHA
NPOrpaMHOro NPOAYKTY: KOAYBaHHA, TECTYBaHHA, C/IYXaHHSA, MPOEKTYBAHHA.

Bocbmoto niHieto aaHoro Kypcy € “MHyyke po3pobneHHs M3 Ha ocHoBi Agile. NaTepHM NPOEKTYBaHHA NPU PO3POBNEHHI
NPOrpaMmHuX cucTem”, fe po3rnafaroTbCa 3i CTYAEHTAMM NPUHLLMMN THYYKOro po3pobeHHA nporpamHoro 3abesneyeHHs, Agile-
metoay (Stelman & Greene, 2014) Ta AeAki NnaTepHU MPOEKTYBAHHA NPOrpamHMX cuctem (Gamma et al., 1995; Wedyan &
Abufakher, 2020; Horstmann, 2006). Cepeg Agile-meToaiB Mae Be/iMKe 3acTocyBaHHA Scrum-meTogis (Sharma & Wadhwa, 2015).
Mpy 03HallOMNEHHI 3 NAaTepHaMM MPOEKTYBAHHA NPOrPaMHUX CUCTEM CTYAEHTam MOTPIOGHO YCBIAOMMUTM, WO HA LEeW Yac BXKe
po3p06eHO AOCUTL BEIMKY KiNbKiCTb NaTepHiB B 3a/71eKHOCTI Big chepn BUKOPUCTAHHA, TOMY iX 3aCTOCYBaHHA NPU BUPIiLLEHHI
KOYHOIO 33aBAAaHHA — € BU3SHAYEHHA KOHKPETHOIO pilleHHs, Lo Nos’A3aHe 3 NeBHo npobaemoto.

Becb maTtepian AnA BMKNAZAHHA CTyAeHTaM Moxke 6yTM moaudikoBaHM abo AOMOBHEHWUI, BUXOAAYM 3 OCTAHHIX
HayKOBMX pO3p0o6OK. Bulle B 3araibHUX pUcax CxapakTepu3oBaHO HaBYa/bHUI MaTepias, AKMI 3anponOHOBAHO A0 BUBYEHHA B
LaHIN ancumnnini. 3aBaaHHA BMKNaZaya AOHECTM maTepian go CTyAeHTiB, chopmMyBaTh iX LiniCHE M CUCTEMHE YABAEHHSA Mpo
TEXHO/Orii CTBOPEHHA NPOrpaMmHUX NPOAYKTiB. [IpoTe TeOpeTUYHI Bi4OMOCTI 33 JaHUM KYpPCOM HE € CaMOL,i/UII0 BUBYEHHSA AaHOI
LNCUMNNIHN.

BBa)Kaemo, WO BaAXKAMBUM METOAMYHMM ACMEKTOM AUCUMUNAIHM “TexHonorii CTBOPEHHA MPOrpamHUX NPOAYKTiB” €
3a/ly4eHHA 3aBAaHb MPAKTUYHOrO XapaKTepy, AKi NPOHM3YIOTb TEOPETUYHUIN MaTepian. Big cTyaeHTIB BUMAraeTbCcA BMKOHATH
NpaKkTM4YHi pobOTK, BUKOHATU HaAaHi B HUX NPUKAAAM, 3aCTOCYBATU OTPUMAHI 3HAHHA Ta BMIHHA Y 3aBAAHHAX CAaMOCTIMHOI
poboTtn. Lle [03BONAE MOCUAUTA TEOPETUYHY MiArOTOBKY, aKTUBI3yBaTU MWCAEHHA CTYAEHTIB, MOCUAMTU PO3YMIHHA HUMMU
npeameTHoi obnacTi Ta MalibyTHLOT NnpodeciliHoi AiaNbHOCTI, chopMyBaTM BMiHHA aHani3yBaT 06’eKT NPOEKTYBAHHA abo Moro
bYHKLiOHYBaHHA, cdopMyBaTM BMiIHHA OLiHIOBAaTU CYKYMHICTb GAKTOPIB, LLO MAlOTb BMAMB Ha XKMUTTEBUI LMKA NPOrPamHOro
3abe3neyeHHA. | cnpaBa TyT He TibKM Yy Tak 3BaHOMY “nepeHeceHH” 3HaHb i yMiHb y HOBi cuTyauii, sAKi 3a3Buyaii
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CYNPOBOAKYIOTbCA MEBHUMM MCUXONOTIYHUMWU TPYAHOWAMM Ta BiACYTHICTIO A0CBIAY CTYAEHTIB i3 po3pobKM nporpamHux
NPOAYKTIB.

BMBYAlOYM KOHKPETHI TEMM Ta BUKOHYHOMM KOHKPETHI MpaKTUyHi poboTn, HeobXiaHO CTBOPIOBATU OCHOBY AN
cucTemaTmsauii OTPMMAHUX 3HaHb, PO3KPWMBATM BCi 3B'A3KM HABYa/NbHOrMO Mmarvepiany 3a AaHOK AMCLMNAIHOK Ta iHWWMM
baxoBMMK Kypcamm, BpaxoByBaTH ix cneuundiky.

Po3rnsHeMo 3MicT AeAKMX NPaKTUUYHMX POBIT, WO HagaloTbeA cTyAeHTamM. OCKiNIbKM CTBOPEHHSA NPOrpaMHUX NPOAYKTIB
NiAnopsAAKOBaHO CTaAIAM KUTTEBOTO LMKAY PO3POOKM Nporpam, TO CTyAEHTaMM NOCNILOBHO BUKOHYIOTHCA MPAKTUUHI poboTu
CMoYaTKy LWOA0 aHanisy BUMOT 3 pO3pOobKM NPOrpamHmMX NPOAYKTiB, AaNi HAAAETbCA poboTa Wo[0 GYHKLIOHANbHOI PO3PO6KU
cneymoikaLii nporpaMHoOro NpoAaykKTy, nicaa nepegdayeHo NpPakTUYHY PoboTy 3 PO3PO6KM TEXHIYHOrO 3aBAAHHSA Ha NporpamHe
3abe3neyeHHs, fani nepenbayacTbcsa NPaKTMYHA pPoboTa i3 03HAMOMNEHHAM TeXHONO i A8 NAaHyBaHHA POBIT NO CTBOPEHHIO
NPOrpamHMX NPOAYKTIB, MiCNA NPOMNOHYOTLCA AEKiNbKA NPAKTUYHUX POBIT, WO NepeabdayatoTb 03HAMOMEHHS i3 TEXHOJIOTIEID NPO
NPOEKTYBaHHA Ha MoBi UML, i T.4. Pe3y/bTaToM BUKOHAHHA KOXKHOT MPaKTUYHOI pob0TV € 0pOPMAEHHS 3BIiTY, B AKOMY CTYAEHT
MOKa3ye pesy/bTaTW CBOIX [Ai 3 OMaHyBaHHA OCHOBHWMX HaBMYOK LWLOAO TEXHOJOF CTBOPEHHA MPOrpamHUX NPOAYKTIB.
3ayBaKYEMO Ha Te, WO B MPOLECi BUKOHAHHA MPAKTUYHMX POBIT aKUEeHT Mpunagae Ha cneuundiky po3pobKM NporpamHmx
NPOAYKTIB, a B Lilomy pOpPMYETbCA A0CBIA BUKOPUCTAHHA BiANOBIAHNX TEXHOIOTIN 3 4OTPMMAHHAM BiANOBIAHWX €TaniB po3pobku
NpPOrpamHMX NPoAYKTiB. BBa)Kaemo, WO TakWMi Niaxid, WO CNMPAETbCA Ha NPUKNaaW peanbHoi AjlicHocTi, € 6asucom ans
onaHyBaHHA CTyAEHTaMM HaBUYOK 3 PO3POBKM HOBMX iHPOPMALIHUX CUCTEM Ta TEXHOOTIMN.

HaBesemo npuknag npakTMyYHoi poboTu “lMaaHyBaHHA Ta yNpaBAiHHA NPOLLECOM PO3PO6aEHHSA MPOrPamMHOro NPOAyKTy
B MS Project (Project Libre)”. Micns o3HaioMNeHHA CTYAEHTIB 3 aAroputMammn poboTu y BiANOBIAHMX NPOrpamax iM MPONoHYETLCA
oAHe i3 3aBAaHb: PO3POBUTM NPOEKT 3i CTBOPEHHA CalTy-Bi3UTKU. OBroBopotouM 3i CTyAEeHTaMM Le 3aBAaHHA, A0OXOAMMO A0
BMCHOBKY, LLLO NPOEKT nepenbadyae HaCTyMHi eTanu: a) CTBOPEHHA KOHTEHTY CalTy: CTBOPEHHA cnaifepa, HaNOBHEHHS CaWTy
KOHTEHTOM, pob0Ta 3 BigykeTamu, TecT; 6) po3mMilLeHHA CalTy Ha XOCTMHIY: PEECTPaLLif AOMEHY, ONaaTa XOCTUHTY, 3a/IMBKA CaluTy
Ha XOCTWHr. [ani cTyaeHTW, BMKOPMCTOBYIOYM BiAnNOBiAHE nporpamHe 3abesneyeHHs, peanisyloTb MAaHyBaHHA npouecy
pO3pobaeHHs CcaliTy y CBOIX NPAKTUYHUX AiAX Ta OTPUMYIOTb NiaH PoboTW Hag, BAACHMM MPOEKTOM 3 PO3POOKM CcalTy, Wo
npeAcTaBAeHo Ha puc. 2.

@I HazeaHuwe MpoaonxM.. Hauano DKOHYaHWe
1 EICTBOPEHHA KOHTEHTY CanTy 6 AHeR? 27.09.21 8:00 04.10.21 17:00
Z CTBOPEHHA Cnafaepa 2 Amefi? 27,0921 &00  28.09.21 17:00
3 @ HanoBHEHHA CAATE KOHTEHTOM 2 AHefi? 29,09,21 §:00  30.09.21 17:00
¢ @ PoBOTa 3 BIAMETEMH 2 Amefi? 01,10,21 &:00  04.10.21 17:00
5 i3] Tect 0 amedr 04.10.21 8:00  |04.10.21 §:00
[ ElPo3MilLEHHA CAWTY Ha HOCTIHrY 0,625 gHer 04.10.21 8:00 04.10.21 14:00
7 PericTpauia aomeHy 0,25 AHed 04,1021 &:00  04.10.21 10:00
] QnnaTta xocTiHry 0,25 AHed 04,1021 §:00  04,10,21 10:00
a JaNMEKE CAATY HE XOCTHHN 0,625 aHed 04,10,21 §:00 04,1021 14:00

Puc. 2. NpuKnapg, pe3ynbTaty NAaHyBaHHA NPOEKTY i3 CTBOPEHHA CaUTy

Mpun BUKOHAHHI NPAKTUYHMX POBIT 32 TEeMaTMKO NPOEKTYBaHHA ocHOB UML CTyeHTM CTBOPIOOTDL Pi3Hi Aiarpamu, B T.u.
Aiarpamun BUKOPUCTaHHA. Tak, Ha MpWKNagi NPOEKTYBaHHA CUCTEMM iHTEPHET-marasmMHy, BOHW CTBOPIOKOTb Pi3Hi Ajarpamu
BapiaHTiB BUKOPUCTAHHA, B T.4. Ajarpamy AN 3aMOBJ/IEHHSA TOBapiB B cMcTeMI iHTepHET (puc. 3). Ha pisHunx 3aBaaHHAX-NpUKAagax
3i cTygeHTamm obroBoptotoTbea “akTopun” iHGopmauinHOI cncTemu, iX GyHKLI, BapiaHTU BMKOPMUCTAHHSA i T.4. TaKMM YMHOM
CTYAEHTU BUKOHYIOTb YCBIZIOM/JIEHO MPOEKTYBAHHA CUCTEMM, AKA MPOMOHYETLCA. A ANA 3aKPINAEHHA AaHOro martepiany,
CTYyAEeHTaM AOLI/IbHO NPOMOHYBaTW Pi3HOMNAHOBI iHLWI 3aBAAHHA BXKe A8 CAMOCTIMHOIO MPOEKTYBAHHA.

BBarkaemo, LU0 NPUHLIMNOBOO BUMOTOIO A0 BUKIAAAHHA “TeXHONOri CTBOPEHHA NPOrpamHuX NPoayKTiB” € 036pOEHHA
CTYAEHTIB CMCTEMOIO 3HaHb NPO OCHOBHI acneKT ManbyTHbOI AjANbHOCTI. BaKAMBMM € FPyHTOBHE 3aCBOEHHA CTyAEeHTaMu
maTepialy OCHOBHUX 3MiCTOBHO-TEMATUYHUX NiHiN. Becb maTepian € 40OPOIO OCHOBOK ANA PO3BUTKY B CTYAEHTIB YiTKOCTI Ta
NIOTIYHOCTi MMCNEHHS, Ta € 3HAPAAAAM A4 PO3B A3yBaHHA 3aBAaHb NPAKTUYHOTO XapaKTepy, HabnKeHUX A0 GaxoBoi AiANbHOCTI.
Oucumnniny “TexHonorii CTBOPEHHA NPOTrPamHUX NPOAYKTIB” MOXHA Ha3BaTU OMOPHUM KYPCOM ANA TaKWUX AMCUMNAIH AK
“MpoekTyBaHHA iHGOpMaLiMHUX cucTem”, “YnpaBaiHHA IT-npoektamn”, “IHbopmaLiiHi cucTtemm B 6GisHeci” Ta iHWI, wWwo
nepegbayeHi ocBiTHLOIO NPOrPamolo.

[yKe BaK/IMBO MaKCMManbHO BMKOPUCTOBYBATU MOMK/MBOCTI “TeXHO/OriA CTBOPEHHA MPOrpamHUX NpoaykTis” ana
PO3BUTKY CaMOCTIMHOIO MMUCNEHHA, TBOPYOI aKTUBHOCTI 1 Mif, Yac BUKOHAHHA CaMOCTIMHUX POBIT, LLLO MAtOTb TBOPUUIA XapaKTep.
B pesynbTaTi BUKOHAHHA TaKMX 3aBAaHb, [0/1al04M NEBHi TPYAHOL, CTYAEeHTU OTPUMYIOTb YNEBHEHICTb Y CBOIX Ni3HaBaNbHUX
MOXX/IMBOCTAX, MPUBYAIOTLCA A0 NPABUALHOCTI, NAKOHIYHOCTI 1 TOYHOCTI BUCAOB/IOBAHHA CBOIX AYMOK Npu poboTi Hag “HoBMM
NPOrpaMmHMM NPoayKTom”.

B1KNagaHHA OCHOBHWUX TEXHOOTi CTBOPEHHA NPOrPaMHMX MPOAYKTIB Ta BUBYEHHSA iX CTYAEHTamMM cnevjianbHocTi 126 —
“IHdopmaLiiHi cuctemu Ta TexHonorii” 3abe3nevye popmyBaHHA NPodecinHOi KOMMNETEHTHOCTI CTyAeHTIB. HaBYaHHA 1 BUBYEHHSA
maTepiafnly KOMKHOI TemMaTUyHOi  NiHii Kypcy “TexHosorii CTBOPEHHA MNpPOrpamHUX MPOAYKTIB” TPYHTYETbCA Ha Hawwil
METOZO0NOrMYHI OCHOBI. Hale BUKA3AAHHA BTI/IIOE NOEAHAHHA OCBITHIX Liei HaBY4aHHA K $paxoBOro po3BUTKY, y3ara/JbHeHHA
HOBWX JOCATHEHb Ta NiAXOAIB A0 PO3POOKM NporpamHMX NPOAyKTiB. BuMKNagaHHA Hamu JaHoro Kypcy nepeabaqae BUBYEHHA
anroputmis poboTH 3i cneLiianisoBaHMM NPorpaMHUM 3ab6e3neyeHHAM, AKe OXOMJIHOE KUTTEBUIN LKA PO3POOKM Nporpam.

55



Tom 35, Ne 3 / Vol. 35, Ne 3 (2022) ®isnko-matemaTtuuHa ocsita / Phisical and Mathematical Education

@ ernag Katan D

®
\ »’,<<extend>>
S

-
.

Mokyneye

3MiHa KDLIJMK3>

——

-
-

.

-

<extend=z .

4
@PMHEHHH BaMDBﬂED ‘\\
T amiHa HianDCTiE

:}:ﬁindude ==

B
onAaTa 2amMoeneHHA

Puc. 3. NpuKknapg, pe3ynbTaTy NpoeKTyBaHHA Ha moBi UML: giarpama BapiaHTiB BUKOPUCTAHHSA, L0 NOACHIOE OCHOBHMIA
npeueseHT «3aMOBJIEHHA TOBapPiB»

TaKUM YMHOM, BaXKIMBUMU METOAMYHUMM acNeKTaMu BUKAAAAHHA “TeXHONOri CTBOPEHHSA NPOrpaMHUX NPOAYKTiB”
CTyAeHTaMu cneujanbHocTi 126 “iHdopmauiiiHi cuctemu Ta TexHonorii” €:

® NOTPMMAHHA METOANYHOI CUCTEMM BUBYEHHA CTYAEHTAMM AAHOI ANCLUNAIHW;

® OpraHisauia TEOPeTUYHOro matepiany AAHOI AUCUMNAIHM 3@ NOCNIAOBHUMM 3MICTOBHO-TEMATUYHUMM NHIAMM, AKI
[,03BO/IAKOTL YiTKO y3ara/ibHIOBaTM Ta CUCTEMATU3YBaTU 3MICT, LLLO BUBYAETHCHA;

® HaZlaHHA MOMK/IMBOCTI CTYAEHTAM 30CepeamTV yBary Ha ro/IOBHMX acmeKTax 3 Po3pobKM MPOrpamMHMX MpPOLYKTIB:
aHani3 npegmeTHOT 06.1acTi, aHani3 BUMOT 3aMOBHUK NPOTrPaMHOro NPoAYKTY, MPOEKTYBaHHA PO3PODKM, peanisauia i T.4.;

® BpaxyBaHHA 1 036POEHHA CTYAEHTIB CUCTEMOLO 3HaHb NMPO OCHOBHI aCNEKTU MalibyTHBOI AifIbHOCTI;

® BMKOPWCTaHHA 3aBAaHb NPaKTMYHOIO XapaKTepy, 3aBAaHb HabAMKeHMX 40 $paxoBoi AiANbHOCTI;

® 33CTOCYBaHHA MNif, 4ac NPAKTUYHUX Ta CAMOCTIMHWUX POBIT IHCTPYMEHTapit0 TEXHO/IOFI CTBOPEHHA MPOrpaMHUX
NPOAYKTIB.

BUCHOBKM TA NEPCNEKTUBU NOAANbLLOIO AOCNIAXEHHA

OckKinbkn “TexHonorii CTBOPEHHA NPOrpamHUX NPOAYKTIB” € 6a30BOO AMCUMMNIIHOK NPWU NIArOTOBLI KOMM IOTEPHMUX
daxiBLiB Yy BULLiN LWKOJI, TOMY ii BUKNaZaHHS MOBUHHO IPYHTYBATMCS BigNoBiAHO A0 PO3rAsSHYTOI MEeTOAMYHOI cucTemu. B gaHomy
LOCNIAMXEHHI OKPeCc/NIeHO MeTOAMYHI acneKTU BUKNAAAHHA AUCUMNAIHKW, ane AeTa/lbHO PO3r/IAHYTO 3MICTOBHO-TEMATUYHI AiHiT
BMK/IAAaHHSA, AKi MOXKHA AONOBHIOBATU, MOAMGIKYBaTV Ta OHOB/IIOBATU 3 YpaxyBaHHAM rany3eBux TEHAEHLLN.

Mopanbwe pocnigKeHHAa Byae cnpAMOBaHO HA METOAMYHMX acneKTax BUKAAZAHHA Pi3HUX TEXHONONN CTBOPEHHS
NPOrpaMHUX NPOAYKTIB.
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AHOTALIA

ABSTRACT

PopmyniosaHHa npobaemu. Kypc anzebpu i meopii yucen ynpodosic
6azameox Oecamusnime 3almae nposioHe micye y cucmemi nid2omoeKu
MmalibymHix 84yumesnie Mamemamuku. 38axcaroyu Ha lio2o saxcausicme ma
micHi 830EMO38’A3KU 3 WKIiNbHUM Kypcom anesebpu ma 3micmom yinoi
HU3KU (haKynbmamuseHUX Kypcie ma 2ypmkie 3 Mamemamuku, 8 cucmemi
nid2omosKu MalibymHix y4umenie MamemamuKu 8axUeo aKyeHmysamu
yeazy Ha yceioomseHHA napaneneli Mix i0eamu ma Kamezopiamu suwoi
anzebpu ma WKinbHO20 Kypcy Mamemamuku.

Mamepianu i memodu. CucmemHuli aHAsi3 HAYKOBOI, HABYALHOI Ma
MemoOuYHoOIi nimepamypu; MOPIBHAHHA MaA CUHME3 Mmeopemu4HUX
10/10)eHb; Y3a20/1bHEHHSA 8/10CHO20 edaz02i4Ho20 00Ceidy.

Pesynbmamu.  Cucmema  nidzomosku  mMalibymHix  yyumenis
mMamemamuku mae 6ymu nobyo0osaHa mak, wob akyeHmysamu yeazy Ha
suKopucmaHHi ideli ma memodie meopii Yucen AK y WKiAbHOMY Kypci
aneebpu, mak i y 3micmi WKinbHUX MamemMamuy4Hux aypmekie. 3a3Ha4yeHa
npobnema moxce bymu eupiWeHa y KinbKOX HANPAMKAX: Mpu 8UBYEeHHI
8i0rnosioHUX mem ma memoois 8 Kypci anzebpu i meopii Yucesn; 8 pamkax
Kypcie 3a eubopom («BubpaHi numaHHA 0aiMNiadHOI Mamemamuku»,
«BubpaHi numaHHA  meopii  yucen» mMowo); HA  3aHAMMAX
MamemMamuy4yHOo20 2ypmKa Npu 8UBYEHHI 8i0N08IOHUX mem; npu peanizayii
mincnpeomemHux — 38°A3kie  (Hanpuknad, 3 Kypcom  OuckpemHoi
MamemMamuKu fpu 8UBYEHHI MPasusa KOMBIHaAMOPUKU, Memoody BKAOYEHb
ma uKYeHb MOW0).

30ilicHeHo nopigHAAbHUL aHAAI3 3Micmy HaBYasLHOI MPO2PAMU Kypcy
«Aneebpa i meopia yucen» 3a cneyianeHicmio 014 CepedHs ocsima
(Mamemamuka) ma lpozpamu 015 Knacie 3 no2nubaeHUM 8UB4EHHAM, WO
cmocyromsca NUMaHb meopii yuces, a Maxkox memoou, AKi Mpu yoomy
suKopucmosylomsca.  PosanaHymo  0eAKi  acrnekmu — 3acmocye8aHHA
snacmugocmeli KOHepyeHUili npu po3e’AsysaHHi 3a0a4y meopii Yucen:
0ogedeHHA  M00inbHOCMI,  3HAX00MEeHHA ocmayi 8i0  OineHHs,
8CMAHOB/IEHHA YMO8 MPOCMOMU Yuces, PO38’A3Y8AHHA HEBU3HAYEeHUX
PiBHAHb y Uinux yucaax mouwjo.

Formulation of the problem. The course of algebra and number theory
has been at the forefront of pre-service mathematics teachers’ training for
many decades. Given its importance and close relationship with the algebra
school course and the content of several electives and math classes, it is
important to focus on understanding the parallels between higher algebra
ideas and categories and the math school course in the pre-service
mathematics teachers’ training.

Materials and methods. System analysis of scientific, educational, and
methodical literature; comparison and synthesis of theoretical positions;
generalization of own pedagogical experience.

Results. The system of pre-service mathematics teachers’ training
should focus on the use of ideas and methods of number theory in the school
course algebra, and the content of school math classes. This problem can
be solved in several ways: in the study of relevant topics and methods in the
course of algebra and number theory; in the framework of elective courses
("Selected issues of Olympic mathematics”, "Selected issues of number
theory", etc.); in the classes of the mathematical circle in the study of
relevant topics; in the implementation of interdisciplinary links (for
example, with the course of discrete mathematics in the study of the rules
of combinatorics, the method of inclusion and exclusion, etc.).

A comparative analysis of the content of the curriculum of the course
"Algebra and Number Theory" in the specialty 014 Secondary Education
(Mathematics) and the curriculum for classes with in-depth study on issues
of number theory, as well as the methods used. Some aspects of the
application of congruence properties in solving problems of number theory
are considered: proving divisibility, finding the remainder of the division,
establishing conditions for simplicity of numbers, solving indefinite
equations in integers, etc.

Conclusions. The proposed system of exercises can be implemented
both in classes on algebra and number theory in the study of numerical
congruences and their properties, and in the course "Selected issues of
Olympic mathematics" and meetings of the mathematical circle in the
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BucHOBKU. 3anpornoHosaHa cucmema enpas moxe 6ymu peanizosaHa
AK HA 3aHAMMAX 3 an2ebpu i meopii 4Yucen fnpu 8ue4YEeHHI YUCI08UX
KOH2pyeHuili ma ix enacmusocmel, Mak i Ha 3aHAMMAX Kypcy «BubpaHi
NUMAHHA 0AIMMIaOHOI MamemamuKu» i 3aciOaGHHAX Mamemamu4yHo20

study of applications of number theory to solve heuristic problems, which
helps pre-service mathematics teachers to understand the relations
between the course of algebra and number theory and the school course of
algebra.

2ypmKa npu eusveHHi 3acmocyeaHb meopii 4ucesn 00 pPO38°A3YBAHHA
30800Hb  €8PUCMUYHO20  XAPaKmMepy, WO CrPUAE  YceiOOMAEHHIO
MalibymHimu s4umensmu MamemamuKu 38°A3Kie Mix Kypcom aneebpu i
meopii yucesn ma WKinbHUM Kypcom anzebpu.

KEYWORDS:  pre-service — mathematics  teachers,  pre-service
mathematics teachers’ training, algebra, number theory, school course of
algebra.

K/IOYOBI C/I0BA: malibymHi e4umesnie mamemamuku, nid2omoska
MmalibymHix yyumenie mamemamuku, asnzebpa, meopis yucesn, wkinbHul
Kypc anzebpu.

BCTYN

MoctaHoBKa npobaemu. Kypc anrebpu i Teopii uncen ynponosk 6araTbox AeCATUANITb 3aiMaE NPOBiAHE MicLe y cuctemi
NiAroTOoBKM MalbyTHIX BYMTENIB MaTEMaTUKKN. Ha MOro BarKAMBOCTI Ta TiICHWMX B3aEMO3B’'A3KaX i3 WKiNbHUM Kypcom anrebpu Ta
3MiCTOM LLiN0i HU3KM GaKyIbTaTUBHUX KypCiB Ta rypTKiB 3 MaTEMATUKKM Haro/oWyoThb AK 3apybixHi (Bair & Rich, 2011; Mendoza
Alvarez & White, 2018; Qiu & Liu, 2010; Zazkis, 2007; Zazkis & Campbell, 1996), TaK i BiTYM3HAHI HayKoBL; (/lyKalioBa & [pyWwnskK,
2022; TpebeHko & TpebeHko, 2010; TpebeHko, 2012; TpebeHko & TpebeHko, 2017). 30Kkpema, amepuKaHCbKe MaTemaTUyHe
TOBapPMCTBO PEKOMEHAYE, WOob Kypcu BULLOI anrebpu y cMCTEMI NiAroTOBKM MaibyTHIX yuMTeNiB MaTeMaTMKK BYM 30pieHTOBaHI
33 3MiCTOM Ha WKIiZIbHUI KypC MaTeMaTUKMY, LLO, 3 0A4HOro 6oKy, bye MOTUBYBaTU CTYAEHTIB HAa BUBYEHHS BKA3aHMX KypCiB, a, 3
iHWOro, — CNPUATU PO3YMIHHIO HayKOBMX OCHOB WKiNbHOro Kypcy anrebpu. Conference Board of the Mathematical Sciences
(CBMS) y ponosiaj «The Mathematical Education of Teachers (MET)» 3a3Ha4anu, Wo 6inbLWiCTb MaNBYTHIX y4UTENIB MAaTEMATUKM
He yCBigOMANIOIOTL 3B’A3KIB  MiXK abCTpakTHOW anrebpoto uM  Teopield uncen | Temamu LWKiNbHOT  anrebpum
(https://www.cbmsweb.org/archive/MET2/met2.pdf). Lito cuTyauito y cuctemi npodeciinHoi niarotoskn manbyTHiX yuuTtenis
MaTeMaTMKM NiATBEPAKYIOTb TaKOX JocnigxerHs T. Cofer (2015) Ta E. Bukova-Giizel, I. Ugurel, Z. Ozgiir & S. Kula (2010).

3Ba)kaloum Ha CBITOBI Ta BITYM3HAHI TeHAEHL,i BaXK/IMBOCTI YCBIAOMNEHHSA 3B'A3KIB MiXK iAeAMM Ta KaTeropiamm suLof
anrebpu Ta WKINbHOTO Kypcy MaTeMaTvKM ManbyTHIMM BUATENAMM MATEMATUKMU (HamMpUKNaZ, BCTAaHOB/IEHHS 3B'A3KIB MiX
noHATTAMM Teopii rpyn (Pramasdyahsari et al., 2020) un abcTpakTHOT anrebpu (Suominen, 2018) Ta NOHATTAMM LWKINBHOTO Kypcy
MaTeMaTUKK, aBTOPU 30Ccepeamnam BNAACHI NOWYKM Y HaNpAMKY 3'ACyBaHHA MOMEHTIB BUKOPUCTaHHSA iael Ta MeToAiB Teopii uncen
AK Y WKINbHOMY Kypci anrebpu, TaK i B 3MiCTi LWKibHMX MaTeMaTUYHMX TYPTKiB. TOMY METOI0 AaHOI CTaTTi € NOPIBHANbHWIA aHani3
3MiCTY HOPMaTUBHOTO Kypcy «Anrebpa i Teopis uMcen», WO € CKNAL0BOK CUCTEMM MIAFOTOBKM MalByTHIX BUMTENIB MaTEMATUKMY,
Ta Nporpamu 3 maTemMaTuKu A4 3aKNaiB 3aranbHOI cepeHbol OCBITU LKA Ta KNaciB 3 NOrAMbaeHnm BUBYEHHAM MaTEMaTUKK
came 3 NUTaHb Teopii YMCEeN, a TAKOXK AEMOHCTPALLiA MOXK/IMBOCTEN Ta 3aCTOCYBaHb OKPEMMX METOLIB TEOPIl YNCEN AK B KypCi
BULLLOI anrebpu, Tak i B LWKiNbHOMY KypCi MaTemMaTuKu.

METOAU AOCNIAXKEHHA
Ona [OCATHEHHA MeTM By BUKOPUCTAHI METOAM TEOPETMYHOrO PiBHSA HAyKOBOrO Mi3HaHHA: aHani3 HayKoBol
niTepatypu, cuHTe3, GopmManisalis HayKoBUX AKepesl, ONuc, 3iCTaBNEHHS, Y3araJibHEHHSA BAACHOMO 40CBigy.

PE3Y/IbTATU TA IX OBrOBOPEHHA

Kypc anrebpu i Teopii uncen € ogHMM 3 HalBaxK/AMBIWKX Yy cucTemi nNpodeciiHoi NiAroTOBKM MalibyTHiX BYMTENIB
maTemaTuku. Lle nos’asaHo, nepiu 3a Bce 3 TUM, LLLO BiNbLIiCTb TEOPIN, AKI CKNAAAI0Tb 3MICT AaHOTO KypCy, MatoTb NPAMMIA 38" A30K
3i WKINbHUM KYpCOM MaTeMaTUKM (30Kpema, Lie Teopia NoAiNbHOCTI Ta TeOPiA KOHrpyeHLi, Teopii MHOroYneHiB Bif, OAHIEl Ta
KiNIbKOX 3MIHHMX TOLLO). BUBYEHHS igelt Ta MeTo4jiB Kypcy anrebpu i Teopii uncen 3abesneyye HeobxiaHY TEOPETUYHY Ta NPAKTUUYHY
NiAroToBKY MalibyTHbOrO BUMTENIA MATEMATUKM Ta CNPUAE PO3YMiHHIO HAYKOBMX OCHOB LUKIIbHOFO KypCy MaTeMaTUKu.

3HayHa yBara B Kypci anrebpu i Teopii uncen TpaguuiiHO NPUAINAETLCA NUTAaHHAM KIAaCMYHOI Teopii yncen, GifbLwicTb
Tem AKoi gybtooTbCA Ha e1eMEHTAPHOMY PiBHI Y WKIIBHOMY Kypci matemMaTuKu. Hanpuknag, Temu «MogifbHICTb Linx uncen»,
«[lineHHa uinnx uncen 3 octayero», «HanbinbWKA CNiNBHUIA AiNIbHUK Ta HAMMEHLLE CMiZibHe KpaTHE LiInX yncen» npeacraBnieHi
B NMporpamax 3 matemaTuku gna 6 knacy 33CO Ta 8 knacy Ans Knacis 3 NorAMbaeHMM BUBYEHHAM MaTeMaTUKU. bes rpyHTOBHOIO
OBONOAIHHA UMM HaBYa/lbHUM MATEPia/loM HEMOXKAMBUM € BUBYEHHSA Al HAA ApPoOOBMMM YMCnamK, Hacamnepes, 3BeAeHHs
yucen A0 CNiNbHOIO 3HAMEHHMKA. 3 iHLWOro BOKY, 3MiCTOBE HANOBHEHHA TeM «IOAINbHICTb Linnx yncen», «ineHHs winmx uncen
3 ocTaveton, «Yucnosi GyHKUii» Ta «CUCTEMHI YMcna» nexaTb B OCHOBI Lifoi HWU3KM nporpam ¢aKynbTaTUBHWUX KypciB Ta
MaTeMaTUYHUX FypTKIiB (30Kpema, ue Temn «Liina i gpo6boBa YacTMHKU uymcna», «Anroputm EBkaiga», «[iopaHToBI piBHAHHAY,
«CMUCTEMM YMCNEHHS» TOWO), a BIANOBIAHI 33a4auyi LWUMPOKO BMKOPWUCTOBYHOTLCA HA MaTeMaTMYHWUX ONiMMiaZax, KOHKypcax i
TYpHipax pi3HuX piBHiB. HapewwTi, Nig Yyac BUBYEHHA TEOpii Yncen CTyAeHTU BMBYAIOTL Ta BiANpPaLbOBYIOTh TaKi MOTYXKHi 3araJibHO
MaTeMaTUYHI METOOM AK MeTOZ MAaTeMATUYHOI iHAYKLi, METOZ OCTay i MeToA, KOHIPYEeHLLi, MeTo, BK/IOUEHb Ta BUK/OYEHb, AKi
LUIMPOKO 3aCTOCOBYHOTLCA HE NInLLE B TeOPIi YMcen, a M iHWnX pyHAAMEHTANbHUX MaTEMATUYHUX KypCax Ta OCHOBaX iHGOPMATUKK.

Y 1abnunui 1 HaBeZeHO MOPIBHANBHUIM aHaNi3 3MICTy HaB4YanbHOI Nporpamu Kypcy «Anrebpa i Teopis uucen» 3a
cneuianbHicTio 014 CepegHa ocsita (MatemaTnka) CymCbKOro AeprKaBHOMoO NegaroriyHoro yHisepcutety imeHi A. C. MaKkapeHKa
Ta [lporpammn Ans Knacie 3 NOrAMBNEHMM BMBYEHHAM MATEMATUKKU (aBTOPCbKMI Konektme M.l.Bypaa, M.®.fopoaHii,
[.A.Homipoecbkuii, A.B.NaHbKoB, H.A.TapaceHKkoBa, M.B.Yemepuc, B.O.LLseub, M.C.AKip), Wwo cTocytoTbCA NMUTaHb TeOpii Yncen,
a TaKOXK METOAM, AKI NPY LibOMY BUKOPUCTOBYIOTLCA (B KBaApaTHMX AY*KKaxX BKa3aHO NOHATTA Ta METOAM, WO He € 0608’ A3KOBUMMU
ao BUBYEHHS) (https://mon.gov.ua/storage/app/media/zagalna%20serednya/programy-5-9-klas/matematika-algebra-
geometriya.pdf).

TaKMM YMHOM, 3MIiCTOBE HAMOBHEHHA i METOAM, LLO BMKOPMCTOBYIOTLCA ANA PO3B’A3yBaHHA 3aJay Ta LOBeAeHHs
KNIOYOBUX TBEPAKEHD 3 TeM «Teopis NoAiIbHOCTI B KiNbL,i Uianx yucen» Ta « OCHOBM Teopii NOAiINLHOCTI» B HABYaNbHIN Nporpami
3 anrebpu i Teopii Yncen Ta WKiNbHIM Nporpami gaa KNacis 3 NOrAMbAeHUM BUBYEHHAM MAaTEMATUKM, € MaitKe i aeHTMYHMM. MpoTe,
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3P03YMINO, LLLO B KypCi anrebpu i Teopii uncen BignosigHi NOHATTA | TBEPAKEHHA BUBYAKOTLCA IMOYHTOBHILE Ta Ha 6inblw rAnbokomy
piBHi. 3 Teopii KOHrPyeHLii y WKibHY Nporpamy AnA Knacis 3 NOrMOAEHUM BUBYEHHAM MATEMATUKM BKAKOYEHO MOHATTA
4YMCNOBOT KOHIPYeHL,i, BNaCTUBOCTI KOHIPYyeHLi 3a AaHUM MOAyaeM Ta iX 3aCTOCYBaHHA A0 BCTAHOB/IEHHA O3HAK MOAI/IbHOCTI
(meTopg Mackana) Ta 3HAaXOAKEHHS OCTaY Bif, AiNEHHSA.
Tabauua 1
3micToBe HaNOBHEHHA TEOPETUKO-YUCNOBOI JiHII B HaBYaNbHIli Nnporpami Kypcy
«Anrebpa i Teopia uncen» Ta WKiNbHIA Nnporpami ana Knacis 3 nornMbaeHMM BUBYEHHAM MaTemaTUKM (8-9 Knacu)

3micT HaBYasIbHa Nporpama AUCLUNAIHU
«Anrebpa i Teopia uncen»

3micT nporpamu gna Knacis 3 NornM6aeHMM BUBYEHHAM
maTemaTuKm (8-9 Knacum)

Teopia NOAINbHOCTI y KiNbLi Linux yncen

OCHOBM Teopii NOAINbHOCTI

MogainbHicTb Linnx uncen. Teopema npo AiNeHHA 3 ocTayero

MoainbHicTb Winnx yncen. OCHOBHI BNACTUBOCTI NOAINbHOCTI.
LineHHsa 3 octaveto.

HaliBinblumnii cnifnbHUIA  OiNbHUK Ta HaWMeHLWe chifbHe
KpaTHe. Anroputm EBKniga.

Hainbinblumii cninbHuit ainbHuk (HCA) i HalimeHwe cninbHe
KpaTtHe (HCK). BsaemHo npocti ymcna. Anroputm EBkniga

Mpocti i cknageHi uucna. Teopema Eskniga. OcHosHa | MpocTi 1 cknageHi uncna. OcHoBHa Teopema apudMeETUKM.
Teopema apudmeTMkU. KaHOHIYHMIK  po3Knag uucna. | [Yucna-6amsHiokn.  [ockoHani  umcna.  MMpocti  uucna
Po3nogain npocTux ynucen y HatypaabHOMY pAagi. MepceHHa | Depma. Mana Teopema depmal

Yucnosi  ¢yHKuil. Lina i pgpoboBa 4acTMHM  uucha.

MynbTunnikatmeHi  GyHKLii. Cyma Ta KinbKiCTb AiNbHUKIB -
HaTypanbHoro uncna. PyHkuisa Elnepa.

CuctemHi ymcna -
OCHOBHi meToam
MeTOo 4, MaTeMATUYHOI iHAYKL,iT
MeToz, oCcTay
MeTOZ, NOCNIA0BHOTIO AineHHa (anroputm EBkniga)
[meToa HeckiHYeHHOro cnycKy]

Teopia KOHrpyeHLuii y Kinbui uianx uncen

KoHrpyeHuii 3a moaynem. O3Hakun noginbHocTi Ha 3, 9, 11, 20,
5" n e N.

KOHrpyeHu,ii 3 HEBIZOMOIO BEIMUYNHOIO -

Yncnosi KOHrpyeHuii Ta iX 3aCTOCYBAHHA A0 BCTAaHOB/EHHSA
0O3HaK NOAj/IbHOCTI Ha 3a4aHe YMCNO, 3HAXOAKEHHA OCTau

[MOKa3HMK 4YMcna Ta KAacy AMWKIB 33 OaHUM MOLY/IEM.
IHAeKen

OCHOBHi meToam

3aCTOCYBAHHA BNAaCTUBOCTEN KOHIPYEHLLii

Cnip 3a3HaunTH, Wwo Tema « OCHOBM TeOopii NOAiINIbHOCTI» € OQHIEI 3 HAWCKNALHIWNX A5 BUBYEHHS Yy 8 Knaci Ta noTpebye,
3 oAHOro 60Ky, BOMIOAIHHA LiNOK HM3KOK 3araibHO MaTeMaTUYHUX Ta CrewjasbHUX MeTOZiB Teopii uncen, Wo [03BONAIOTL
po3B’A3yBaTM 33434 33 NEBHUM aJrOPUTMOM, @ 3 IHLIOFO — YMIHHA MUC/IMTU HECTaHAAPTHO Ta BUXOAUTU 33 PaMKM FOTOBMX
WwabnoHiB. 3rigHO 3 MPOrpamMHUMM BUMOTFamMM B XOZi BMBYEHHA BKa3aHOi TeMW BigOyBaeTbCA 3HAWMOMCTBO 3 KAHOYOBUMM
MOHATTAMM | TBEPAKEHHAMM Teopii umcen (GopMy/oeTbCA 1 LOBOAATLCA OCHOBHA Teopema apudmeTnkuM, Teopema EBKniga npo
HECKIHYEHHICTb MHOXMHM NPOCTUX Yncen Ta Mana Teopema Pepma, GOPMYeETLCA MOHATTA NPO PO3OUTTA MHOMKUHWU HATYPaAbHUX
YuMcen Ha KNacu eKBiBaNEHTHOCTI 3a 3afaHMM MoZynem, AeTaNbHO PO3rNAfAITbCA MOHATTA, MOB'A3aHI 3 NPOCTUMM YMCAaMU
TOLLLO), y3arasbHIOIOTLCA | PO3LWIMPIOOTLCA OTPMMAHI y MonepeaHiX Knacax 3HaHHSA 3 Teopii NoAiNbHOCTI (B TOMY YMCAi, LOBOAATLCA
OesKi 03HaKM NOAINbHOCTI), BiAbOYBaETLCA PO3LIMPEHHA MaTEMATUYHOTO CBITOMNALY, O3HAMOMNEHHA 3 iCTOpiEt Teopil uncen i
LOCNIAKEHHAMM B L ranysi.

Y TOl e yac, cuTyauia i3 piBHEM CTYAEeHTIB Ha MaTeMaTUYHUX creliasbHOCTAX negaroriyHnx 3BO B OCTaHHI PoKK €
TaKoto, Wo 6inbLWicTb 3i CTYAEHTIB HEe HaBYaNAMCA Y Kaacax 3 NOrnMbaeHUM BUBYEHHAM MATEMATMKM | 3HAMOMCTBO 3 1€BOBOIO
YaCTUHOO MOHATb Ta METOAIB TEOPIi UMcen, AKi BUKOPUCTOBYIOTBCA A1 PO3B'A3yBaHHA 33434 AK y Kypci anrebpu, TaK i B iHWIKNX
byHAaMEHTaNbHUX MAaTEMATUUHUX Kypcax, BifOYyBaETbCA fnwWwe B yHiBepcuUTeTi Mig Yac BUBYEHHA Kypcy anrebpu. Came Tomy
cuctemy npodeciinHoi NigroToBKM ManbBYTHIX yumTeniB maTeMaTMku 3 Teopii umcen cnig nobyayBatm TaKMM YMHOM, LWOO
BiabyBanoca 6aratopasoBe NOBTOPEHHA OCHOBHWMX MOHATb | TBEPAMKEHb Kypcy Ta BignpautoBaHHA MeToais, AKi
BMKOPUCTOBYIOTLCA NPU PO3B’A3yBaHHI 33434 Ha NOAINbHICTb, 3HAXOAKEHHI 0CTay, po3B’A3yBaHHI HEBU3HAYEHUX PiBHAHD B LLiNMX
yncnax ToLLo.

3a3HayeHa npobaema moxe ByTu BUpILLEeHa Y KiIbKOX HanpAMKax:

— NPV BMBYEHHI BiANOBIiAHMX TEM Ta MeTOAiB B Kypci anrebpu i Teopii umcen,

— B pamKax KypciB 3a BU6opom («BubpaHi nMTaHHA oniMniagHOT MaTeMaTUKK», « BUBpaHi NUTaHHA Teopii YMcen» ToLLo),

— Ha 3aHATTAX MaTeMATUYHOTO FypTKa NPY BUBYEHHI BiANOBIgHMX TeMm,

— npu peanizauii MixxnpegmeTHUX 38'A3KIB (HAaNPWKNAL, 3 KYpPCOM AMCKPETHOI MaTeMaTuKM MpW BMBYEHHI NpPaBui
KOMBIHAaTOPUKKM, METOAY BK/KOYEHb Ta BUK/IOYEHD TOLLO).
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Y AKOCTi NpuKNagy HaBegemo CUCTEMY 3aBAaHb, LLO A03BO/IAOTb NPOAEMOHCTPYBATU MOM/IMBOCTI Ta BignpaLoBaTi
OAMH i3 HalledeKTUBHILLMX MEeTOAiB Teopii YMcen — 3acToCyBaHHA BNACTUMBOCTEN KOHrpyeHuii. Lieih meToa rpyHTYeTbCA Ha
O3Ha4YeHHi Ta BNIACTUBOCTAX KOHIPYeHL,i i NoAArae y 3amMiHi yncna (BMpasy) KOHIPYeHTHUM oMy 3a BUBpaHUM moayniem.

Npuknag 1. flosectn noginbHicts (153"+1-22) 1 7, n € N.

Po36’A3aHHA
3aMiHUMO YnCAa, WO BXOAATL Y BUpa3 153™1-22, koHrpyeHTHUMM No moaynio 7:
15 = 1(mod 7) = 153" = 1(mod 7) = 15*"*1 = 15 = 1(mod 7),
22 = 1(mod 7) = 153"*1-22 = 1-1 = 0(mod 7).
OTe, BKa3aHuWIA BUPa3 Npu AineHHi Ha 7 aae 8 octaui 01 Tomy (1537+1-22) ¢ 7.
Mpuknag 2. 3HaiiT1 ocTauy Big AineHHs 13 - 2100 4 213200 g 3,
Po38’A3aHHA

AK BiZLOMO, AOBINIbHE LiiIe YNCIO A KOHFPYEHTHE 3i CBOEID OCTauyelo 1 Bif AiNeHHA Ha m: a = r (mod m). 3amiHumo
YnMcna KOHrPYEHTHUMM MO MOZY/H0 3 Ta CKOPUCTAEMOCH BNIACTUBOCTAMM KOHIPYEHLLN:

2 =-1(mod 3) > 2199 = (-1)1%° = 1(mod 3) = 13-21°° = 13 = 1(mod 3);
13 = 1(mod 3) = 132°° = 1290 = 1(mod 3) = 2-132°° = 2(mod 3).

Ome, 13- 2100 + 2. 13200 = 1 4 2 = 0(mod 3) i octaua r Big AineHHa Ha 3 gopisHioe 0.

3a3HauMMo, WO HinblW UiKaBi 3aCTOCYBaHHA BAIACTUBOCTEN KOHIPYEHLUi Ta apudMeTUYHi Po3paxyHKU 3a MOAy/EM
posrasganunca B poborTi (/lykawosa & MapueHko, 2018).

Y 6araTbox BUNaAKax 3aCTOCyBaHHA BAACTMBOCTEN KOHIPYEHLLN nepeabavyae po3bUTTA MHOXMHW HATYpasbHUX (Lianx)
YMCeN Ha KNacu eKBiBAIEHTHOCTI 3@ NEBHUM MOAY/EM, LLO BUBMPAETLCA, BUXOAAYM 3 YMOB 33Jadi, Ta LOBEAEHHI TBEPAKEHHSA
3a4a4i ANA YMCeN KOXKHOTO Kaacy (y LbOMy BUMNaAKY Liei MeTof € y3arasbHeHHAM MeToZy ocTad). HainpocrTiwe po3buTTa Takoro
poZly — MOAin yMcen Ha MapHi Ta HenmapHi (y AaHomy BuMnagky 3a moaynem 2). Hepigko Bane posbuTtra € Kaouem Ao
pO3B’A3yBaHHA LiN01 HU3KM 33434 NPO Lini yncna.

Mpuknag, 3. MNpu AKMX HAaTypaNbHMUX N BKA3aHi YNC/1A € O4HOYACHO NPOCTUMMU:

I)n+1ltan+12,n€EN;

2)n,n+2T1an+16,n € N.

Po38’A3aHHA

1) Yucna 1 Ta 12 matoTb pi3Hy NAPHICTb, TOMY TaKy K BNACTUBICTb MatoTb uMcna n + 1 1a n + 12. OTe, AKech i3 HUX
napHe i giaMTtbca Ha 2. Cepep, NPOCTUX YACEN TaKy BAACTMBICTb Ma€e anwe 2. TOMy MeHLLE YUCAO A0piBHIOE 2, TobTon + 1 =2
n = 1.Mpn ubomyn + 12 = 13 — npocre umcno.

Cnif 3a3HauMTK, WO NpY PO3B'A3yBaHHI BYN0 BUKOPUCTaHE PO3BUTTA Yncen Ha NapHi (Ti, WO Npu AineHHs Ha 2 AaloTb
ocTtayy 0) i HenapHi (4n1cna, WO Npu AineHHi Ha 2 AatoTb ocTavy 1), TO6To po36uTTa 3a moaynem 2.

2) Y ubomy BMNAZKY YCi YNCNa MalOTb OA4HAKOBY NAPHICTb i 3aCTOCOBaHe y nonepeaHboMY MYHKTI pO36UTTA umcen Ha
napHi i HenapHi HeedpeKkTnBHe. Cnpobyemo BMKopUcTaTM moayab 3. Yucna O, 2 i 16 npu gineHHi Ha 3 gatoTb octadi 0, 2 Ta 1
BiANOBIAHO, TOBTO, HaNeXKaTb PI3HUM KJacam JMLLKIB No moayto 3. ToMy 3agaHi umcnan, n + 2 tan + 16 TakoX MatoTb Ty XK
B/TACTUBICTb. 3 LbOro BUM/IMBAE, WO OAHE 3 HMX KpaTHe 3. EAMHMM NPOCTUM YMC/IOM 3 TaKoto BracTmeicTio € 3. Tomy n = 3,
BignosigHon+2 =5in+16 = 19.

Npuknag, 4. 3HaiiTn yci Taki Npocti uncna p, wob uncno 8p? + 1 Takox 6yno NpocTum.

Po38’A3aHHA

Po3i6’emo yci npoctiuncna Haknacm:p =3k + 1,p =3k +2ip =3k, k €N.

Akwop =3k +1,708p? +1 =8Bk + 1)? + 1 = 72k? + 48k + 9 = 3(24k? + 16k + 3) : 3 i Tomy € CKNageHUM
YUC/IOM.

Akwo p=3k+2, 1o 8p?+1=8(3Bk+2)?>+1=72k?+ 96k + 33 = 3(24k?> + 32k +11) : 3 i Takox He €
npoctum. Hexalt p = 3k. BpaxoBytouu, wo p — npocte, Mmaemo p = 3. Togj 8p? + 1 = 73 — npocte. OTKe, EAUHUM YMCIO 3
BKa3aHOIO BNacTMBIicTIO € p = 3.

3a3HauMMo, W0 HaBeAEeHi MipKyBaHHA 3HAYHO NPOCTiLIE 3anNncyBaTN Ha MOBI KOHIPYEHL,iN:

akwop =3k +1,Top=1(mod3)i 8p?+1=8-1+1 = 0(mod 3);

akwop =3k +2,Top=2(mod3)i 8p> +1=8-4+1 =33 = 0(mod 3).

To6T0, B 060X BMNaaKax nNpu AineHHi Ha 3 maemo octady 0 i uncna He MoxKyTb 6yTM NnpocTmm (60 BoHM BinbLui 3a 3).

PosrnsHemo Tenep 3afadyy, AKa € ONOPHOK NPU PO3B’A3yBaHHI LLiNOT HM3KM HaMPISHOMaHITHIWMX NPUKNagis (B Tomy
ynchi, 1 onimniaZHOro xapakTepy).

Mpuknapg, 5. [loBect, W0 KBAAPATY LiNX Yucen Npu AineHHi Ha 4 Ta Ha 3 gatoTb B ocTadi avwe 0 abo 1.

Po38’A3aHHA

1) [osesemo TBepaKeHHs ana 4. Akwo n = 4k abo n = 4k + 2, 7o n? = 16k? : 4 i n? = (4k + 2)? = 16k? +
+16k + 4 : 4 BignosigHo. To6TO, KBagpPaATU YMCEN BKA3AHOTO BUAY NPU AiNeHHi Ha 4 aatoTb ocTady 0.

Hexaitn = 4k + 1 abon = 4k + 3. Togj Ana uncen 3 NepLIOro Knacy Maemo:

n? = (4k +1)? = 16k? + 8k + 1 = 4(4k? + 2k) + 1.

BignosigHo, Ana uucen 3 knacy Anwkis n = 4k + 3: n? = (4k + 3)2 = 16k? + 24k + 9 = 4(4k?> + 6k + 2) + 1.
Tob6T0, y UMX BUNAZKAX KBALPATU LiMX Yucen npu AineHHi Ha 4 maemo octauy 1.

3a3HauMMoO, WO Yy AaHOMY BMNAAKY ePEeKTUBHUM € MOAJA YACEN HA KNnacu AMLLIKIB No moaynto 2 (TobTo, Ha napHi i
HenapHi).

2) [oBenemo Tenep, WO KBagpaTV LiAMX Yncen npu AineHHi Ha 3 aatoTb B octadi 0 abo 1. 3anuwemo Tenep Kaacu
NIMWKIB Yy BUTNAAI KOHTPYEHUii 33 moaynem 3:

n=3keo n=0(mod3),n=3k+1o n=1(mod3)in=3k+2 < n=2(mod3).
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Togj akwo n = 0 (mod 3),To n? = 0 (mod 3), akwo n = 1 (mod 3) = n? =1 (mod 3) i akwo n = 2 (mod 3) =
= 1 (mod 3). OTxe, KBagpaTM LiAMX Ynucen Npu AineHHi Ha 3 aatotb octadi 0 abo 1.
3 OCTaHHbOrO NPUKNAAY BUMIMBAE, 30KPEMA, LLLO KBAAPATU LNNX YXNCEN NPU AjNeHHI HA 3 He MOXYTb AaBaTh ocTady 2,
a npu gineHHi Ha 4 — octadvi 2 Ta 3 BignosigHoO.

PosrnsHemo Tenep 3acTocyBaHHA AOBEAEHOIO Y NPUKNA4I 5 TBEPAKEHHS.

Mpuknap 6. Y1 MoXKe AUCKPUMIHAHT KB PaTHOrO PIBHAHHA 3 Winmu KoediuieHTamum gopisHiosaTtn 20227

Po36’A3aHHA

Po3rnaHemo KBaapaTHe piBHAHHA ax? + bx + ¢ = 0, ae a, b, ¢ —ujini uicna. Moro anckpuminanut D = b? — 4ac. Hexalt

b? — 4ac=2022. NMpoaHanizyemo ocTaui, AKi Aal0Tb AiBa i NpaBa YaCTUHU OCTaHHLOI PIBHOCTI N0 MOAYIO 4:

4ac =0 (mod 4), b? = [(1) (mod 4), T06710 b? — 4ac = [é (mod 4), B 1o e vac 2022 = 2(mod 4).
OTKe, ocTaui Bif, AiNeHHA NiBoT i NpaBoi YaCTUH Ha 4 pi3Hi | TOMy BKa3aHa PiBHICTb HEMOX/MBA. TOBTO, AUCKPUMIHAHT

He moxe ByTu piBHUM 2022.

Npuknapg, 7. Yv e uncno 1 00...0 2022 00...0 1 TouHMM KBagpaTom?
Nl —
2022 2022

n? =

Po36’A3aHHA
Bigomo, Lo YMcno npu AineHHi Ha 3 Aa€e Ty K camy ocTady, Wwo 1 cyma roro unop. Cyma undp AaHOro Yncna AopiBHIOE
8. Toai npu aineHHi Ha 3 BoHO fae ocTayy 2 (8 = 2(mod 3)). 3 iHworo 60Ky, YNCAO, WO € TOYHUM KBaAPaTOM, NPU AiNeHHi Ha 3
He MOXKe AaBaTh B ocTaudi 2. Mpotupivda. OTKe, AaHE YNCNO HE € TOYHUM KBAZPaATOM.
Npuknaga 8. Po3s’A3aTh piBHAHHA B Linx uncnax 20x2 + 21y? = 2022.
Po36’A3aHHA
CKOPMCTAaEMOCH TUM }Ke NPUIMOMOM, L0 | B NonepeaHbOMY NPUKAAAI, Ta NOPIBHAEMO OCTaui, AKi Npw AineHHi Ha 4 fatoTb
NiBa i NpaBa YaCTUHM PiBHAHHA:

20x? = 0(mod 4),y? = [(1) (mod4), Tomy 21y?% = [(1) (mod4).

Omxe, 20x% + 21y% = ((1)) (mod4). 3 iHworo 6oky, 2022 = 2(mod 4). OTKe, ocTayi npu gineHHi Ha 4 nisoi i npasoi

YaCTUH PiBHAHHA Pi3Hi. Lle 03Hayae, Wo AaHe PiBHAHHA HEe MaE LiMx po3B’A3KiB.
Mpuknap, 9. Hexalt P, — nobyTok nepwmx n npoctux uncen (n > 1). Josectu, wo umcna P,—-11i P, + 1 He moxyTb 6yT!
TOYHMMM KBaZpaTaMMm.
Po38’A3aHHA
1) Ockinbkun > 1, 10 P, -1 = 3k-1 =- 1(mod3) = 2(mod 3). OT:Ke, 3a TBEPAKEHHAM NPUKNAZY 5 AaHe yncno He
€ TOYHUM KBagpaToOM.
2) Ockinbkn P, — pobyTok nepwwux n npoctux uucen, 1o P, =2k, npuyomy (k,2) = 1. Toai P, = 2(mod 4) i
P, + 1 = 3(mod 4). Omxe, npu ainexHi Ha 4 Bupas P, + 1 aae B ocTaui 3 i TOMy TOYHUM KBagpaTom ByTW He MOXKe.

BUCHOBKM TA NEPCNEKTUBU NOAANBLLOIO AOCNIAXEHHA

MaibyTHi BUMTENI MATEMATUKM MOBMHHI YCBIAOMNIOBATMA 3B'A3KM MK 3MiCTOM GyHAAMEHTa/NIbHUX MaTeMaTUUYHUX
KYpCiB, 30Kpema, TEOPIED YnCes, Ta WKIIbBHUM KYpCOM MaTeMaTuKK. Yepes ue cuctema ix NigrotoBKM MOBUHHA aKUEHTYBATH
yBary Ha MOMEHTaX BMKOPUCTAHHS igel Ta MeTOZiB Teopii YMcen fK y LWKiIbHOMY Kypci anrebpu, TaKk i B 3MiCTi LWKiNbHUX
MaTEMATUYHUX TYPTKiB. 3a3HayeHa npobaema moxke ByTU BUPpILLEHA Y KifIbKOX HanpAMKax: MNPy BMBYEHHI BiANOBigHMX Tem Ta
MEeTOAIB B Kypci anrebpu i Teopii umcen; B pamkax Kypcis 3a Bubopom («BubpaHi nMTaHHA onimniagHoi maTemaTukmn», «BubpaHi
MUTaHHA Teopil YMcen» TOWLO); Ha 3aHATTAX MaTeMaTU4YHOro TypTKa MpW BMBYEHHI BIAMNOBIAHMX Tem; Npu peanisauii
MiXKNpegMmeTHUX 3B'A3KiB (HanNpuKAaL, 3 KypCOM AMCKPETHOI MaTeMaTMKM NPV BMBYEHHI MPaBuMA KOMOIHaTOpUKKM, meToay
BKJ/IIOYEHb Ta BUK/OYEHDb TOLLO).

Po3rnaHyTo pgesAKi acnekTM 3acToCyBaHHA BNACTMBOCTEM KOHIPYeHLin npu po3s’A3yBaHHi 3agady Teopii uucen:
[,0BEAEHHSA NOAINIbHOCTI, 3HAXOAKEHHA OCTaui Bif, AiNEHHA, BCTAHOB/IEHHA YMOB NPOCTOTU YMCeN, PO3B'A3YBAHHA PIBHAHD Y LiMX
yncnax towo. OKpiM PO3rAAHYTUX MNPUKAALIB, MOMKHA PO3WMPUTM 06/SaCTb 3acTOCyBaHb LLbOrO MeToAy, 30Kpema, A0
BCTQHOB/IEHHA O3HaK MOZIZIbHOCTI 33 anropuTmom lackansa, 3HaXOAMKEHHA OCTaHHbOI LUMbPU YMCNa, NepeBipPKM NPABUAbHOCTI
apuOMeTUUHMX Ajli, 3HAaXO4XKEHHS AOBXWHM nepiogy Npuv NepeTBOPEeHHi 3BMYaMHOro Apoby y AecATKOBUM, pO3B’A3yBaHHA
HEBWM3HAYEHUX PIBHAHb Y LLiANX YMCNAX.

3anponoHoBaHa cucTtema BrpaB MoKe ByTW peani3oBaHa AK Ha 3aHATTAX 3 anrebpu i Teopii uncen Npu BUBYEHHI
YMCNOBMX KOHFPYEHLLM Ta X BNACTUBOCTEN, TaK i HA 3aHATTAX Kypcy «BubpaHi NnuTaHHA oniMniagHOi MaTemaTUKM» i 3acigaHHAX
MaTeMaTUYHOro rypTKa Mig, Yac po3rnsgy 3acTocyBaHb OCHOBHUX ifel Ta MeToAis Teopii uucen ans po3s’A3yBaHHA 3aBAaHb
€BPUCTUYHOIO XapaKTepy, Wo CNPUAE YCBIAOMAEHHIO MaibyTHIMM BUMTENAMM MATEMATUKM 3B"A3KIB MiXK Kypcom anrebpu i Teopii
Ymncen Ta WKINbHUM Kypcom anrebpu.
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ABSTRACT

Popmy pob; Mompeba 3abe3nevyeHHs docmyny 00

AKICHOI oceimu n1t0daM 3 ocobausumu ocsimHiMu nompebamu 3ymosuna
cycninbHull 3anum Ha npodeciliHy nid2omosky e4umennis, AKi CIPOMOXCHI
egekmusHo OiAmu 8 ymoseax iHKI03il. BOOHOYAC aKmMueHe MowupeHHs
yugposux  mexHonozili  3aKyeHmyeano rnompeby  nepeocMucieHHs
Has4anbHUX cepedosuwy, iHCmpymeHmis i 3acobie Ha84YaHHs, AKi CIpUAlOMb
3as1y4eHHI0 8cix be3 BUHAMKY y4YHi8 y 0Cc8imHili mpoyec: maki yugposi 3acobu
marome cripulimamucs ceped iHWOo20 AK iHCMpymeHmu couianisayii ma
opmysaHHA HABUYOK a0aNMayii KOXHOI UMUHU 8 COyiymi.

Mamepianu i memodu. [na eupiweHHA nocmaseneHoi npobaemu
BUKOPUCMAHO HU3KYy meopemuyHuUx mMemodie HaOyKo8020 NOWyKy, a came
aHaniz IHmepHem-Oxepen, aHaniz yugposux 3acobie cneyianizosaHozo
CrpAMYBAHHA 08 XapaKMepuCmMuKU mux 4ugposux mexHosoeil i 3acobis,
AKi 6y0ymb OoyinbHUMU 8 pobomi e4yumesna 8 YMOBAX iHK/HO3UBHO20
0c8imHbL020 Npocmopy.

Pesynemamu.  Cxapakmepu308aHO  Yugposi  mexHonozii,  AKi
rnomeHruitliHo 6ydymb KOPUCHUMU 84YUMEND 8 YMO8aX IHKAO3UBHO20
0c8imHbo20  npocmopy.  3anporoHO8AHO MOEOHAHY  Kaacugikayio
yugposux mexHonoRili iHKA3UBHO20 CHPAMYBAHHA — [POPAMHI i
anapamdi 3acobu 30 MPLOMA OCHOBHUMU HAMPAMKamu: 014 uyinel
MpeHyB8aHHA | NosmMopeHHs; 014 00NOMOo2U 8 HABYAHHI; 018 PO3WUPEHHA
Moxcnugocmell HOBYAHHA.

BucHoeKu. AHani3 cmaHy pospobneHocmi npobsnemu npogpeciliHol
nidzomosku malibymHix 6akanaspie oceimu 00 8UKOPUCMAHHA YUPPOBUX
mexHos102ili 8 yMOBAX iHK/K03UBHO20 0CBIMHLO20 NPOCMOPY 3ac8id4Us, WO
Cb0200Hi  3anposadxeHi U peani3oeaHi pi3HOBEKMOPHI HAyKo8o-
nedazoziyHi po3eioKu, NMoB8’A3aHi 3 iHKA3UBHOK ocsimoto. [ocnidnceHi
ocobausocmi enposadreHHA Yugposux mexHonoeili 0na coyianizayil
dimeli 3 ocobausumu ocgimHimu nompebamu, memodu4Huli cynpogio
iXHb020 HaBYAHHA Yy 3aKnadax oceimu pi3HUX munie akmyanisyiome
HayKosi po38i0KU w000 BUKOPUCMAHHA MObinbHUX i OucmaHyiliHUx
mexHosnoeili y HasyaHHi makux Oimel mouwo. TaKox y3a2aneHeHHA
HayKosux pe3ynbmamie 3ace8i04usn0 cUCMeMHICMb HAnpPayeaHs U000
ocobausocmeli pobomu 3 dimemu, wjo nompebyrome ocobausozo nioxody
8 Hae4aHHi 017 nodanbwoi ixHeOI coyianizayii 8 cycninecmsi, ma
¢paemesmapHicms  docnioweHs w000  npogpeciliHoi  nideomosKu
bakanaspie oceimu o 8UKOPUCMAHHA YUgpPOBUX mexHonoeili 8 ymosax
iHKN1103UBHO20 OCBIMHBLO20 NPOCMOPY.

Formulation of the problem. he need to provide access to quality
education for people with special educational needs has led to public
demand for the preparation of teachers who can operate in an inclusive
environment effectively. At the same time, the active spread of digital
technologies has highlighted the need to rethink learning environments,
tools, and teaching means that involve all students in the educational
process: such digital tools should be seen as tools for socialization and
adaptation skills of every child in society.

Materials and methods. To solve this problem, several theoretical
methods of scientific research were used — the analysis of Internet sources,
and analysis of digital tools of specialized direction to characterize those
digital technologies and tools that will be appropriate for teachers in an
inclusive educational space.

Results. Digital technologies that are potentially useful for teachers in
an inclusive educational space are characterized. The combined
classification of digital technologies of inclusive direction is given. Software
and hardware in three main directions (for training and repetition; to help
with learning; to expand learning opportunities) are offered.

Conclusions. Analysis of the state of development of the problem of
professional training of pre-service bachelors of education in the use of
digital technologies in an inclusive educational space showed that today
introduced and implemented multi-vector scientific and pedagogical
research related to inclusive education. The peculiarities of the introduction
of digital technologies for the socialization of children with special
educational needs, methodological support of their education in
educational institutions of various types update scientific research on the
use of mobile and remote technologies in the education of such children,
and more. Also, the generalization of scientific results showed the
systematic nature of the work on the specifics of working with children who
need a special approach to learn for their further socialization in society,
and fragmentary research on the preparation of bachelors of education to
use digital technologies in an inclusive educational space.

K/ItOHOBI CJ/IOBA: yugposi mexHonoeii; iHKA3UBHUU 0C8IMHIl
npocmip; dimu 3 ocobausumu ocsimHimu nompebamu; 84umers.

KEYWORDS: digital technologies; inclusive educational space; children
with special educational needs; teacher.
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cepenoBmLy, iIHCTPYMEHTIB i 3ac06iB HaBYaHHSA, AKI CMPUALIOTb 3a/1y4eHHI0 BCiX 6e3 BUHATKY Y4HIB Yy OCBITHIN npouec: Taki umdposi
33c06M MaloTb CNPUAMATUCA cepe, iHWOro AK IHCTPYMEHTU coujanisaii Ta ¢opmMyBaHHA HAaBMUOK afanTaLil KOXKHOT AUTUHMU B
couiymi. ToMy aKTyaslbHMMWM CTalOTb HaAyKOBI PO3BiAKWM, MOB’A3aHi 3 AOCNIAMKEHHAMM Npobnemu iHTerpyBaHHA UUPPOBUX
TexHonorin (LUT) B iHKAO3MBHUI OCBITHIM npocTip (10MN).

AHani3 aKTyanbHUX AOCNiaXKeHb. 33 pe3y/bTaTaMKn aHani3y HayKOBUX AxKepen 3acBigyeHo po3pobsieHicTb npodinto
negarora iHkAo3nBHoi ocBitn (Khamlichi, 2012), ne HagaHo pekomeHAalil ANns CTBOPEHHA Nporpam npodecinHol NigroToBKu
BUMTENiB A0 POBOTM B YMOBAX 3aKNagiB AOLWKiINbHOI Ta 3arafbHOI cepefHbOi OCBITU 3 iHK/IO3MBHOK GOPMOI0 HaByaHHA (i
3MiCTOBOTrO Ta TEXHO/IONYHOrO acneKTiB) Ta 3a3HAaYEHO MPO BaXK/IMBICTb BUBAXKEHONO BUKOPWUCTAHHA KOMN IOTEPHUX 3acobis ans
couianisauii giteit 3 ocobansrmm ocsiTHiMKM notpebamu (4300MM).

DocnigkeHHa K. Ckopaxki (Scorgie, 2010) 3 malibyTHiMM neparoramm 6a3yBasnoca Ha BUKOPUCTaHHI BipTyasbHUX
MalaaHumMKiB 3 BigeomaTepianamu Ta NOMArano B PO3B’A3yBaHHI y BipTyalbHOMY K/aci BNpaB Ha BUPIWEHHA NpobaeMHUX
CUTYaLi B poanHax 3 AMTUHOW-iHBANIAOM. BOHO NpoaemoHCTpyBano, WO Ai€EBMMU Yy Miarotosui BymTenis go pobotn B I0M €
TEeXHONOriT iIHTePaKTUBHOI NeAarorikv (3aHypeHHsA CTYAEHTIB y coujianbHi poni 6aTbKiB AiTen 3 06MeKeHMMMN MOXKNNBOCTAMM 33411
YCBIAOMNEHOrO NPOXMBAHHA PEANbHUX CUTYALLIM | MOWYKY pilleHb PeanbHUX KUTTEBUX NPOo6aeMm, WO BUHUKAIOTL Yy 6aTbKiB
0cobNMBUX AiTel; BeAeHHA pedeKCUBHOMO LLOAEHHUKA; pednekCcuBHE 3aHYpeHHA B KOHKPETHI CMTyauil, WO BMKAWKAlOTb
CUNbHUI eMOLLIMHUIA BIATYK; PO36ip KOHKPETHWUX BUMNAAKIB NPOABY NOYYTTIB BNeBHeHOCTi\6e3cnans Towo) Ta udposi TexHonorii
BipTya/IbHOr0 HaBYaHHA.

Y po6otax b. Kapran i M. LUmiaT (Cagran & Schmidt, 2011), a Tako B ocniaxeHHi A. ae boep, C.Ax. Mixn i A. MiHHaepT
(De Boer et al., 2011) nigTBepAaKeHo, WO Neaarorn roTosi A0 PO6OTU 3 HOPMANbHUMM AiTbMM | NOTPebYIOTb A0AaTKOBOI
iHbopMmaLii Ta AoAaTKOBOI NiAroToBKM A0 poboTn 3 [300I Yyepes BiACYTHICTb AOCBIAY CMiNIKYBaHHA | B3aEMOAIT 3 HUMM, @ TaKOXK
0bMeXKeHiCTb 3HaHb NPO BiAMNOBiAHE HOPMATMBHO-NPaBoOBe 3abe3neyeHHs i 0COBAMBOCTI PO3BUTKY TaKuUX AiTeid. BogHouac
pocnipkenHs K. ®onuH i [. Yembepc (Forlin & Chambers, 2011) 06ymoBuI0 BUCHOBKM NPO Te, LLLO MBOKi 3HAHHA HOPMaTUBHO-
npaBoBoi 6a3n iHK/O3MBHOI OCBITU | BUCOKA NpodeciiHa MOTMBALLIA, Ha YKa/lb, HE BM/IMBAIOTb Ha AKICTb BUPILLEHHA BUMTENEM
npobaem iHKNO3MBHOI OpraHi3aLjii HaBYaHHA | 3HATTA HaNPYXEHOCTI B KNaci, A& HaBY4a€ETbCA AUTMHA 3 0COBMBMMK NoTpebamu.
HaTomicTb y poboTi ®. [oHca (Jones, 2010) o6rpyHTOBAHO AOLNbHICTL BUKOPUCTAHHA online-HaBYyaHHA AK 04HOro 3 GopmarTiB
NiATPUMKM Ta KOHCYNbTYBaHHA neaaroris gna pobotu B I0OM. Mporpama oHNaMH-Kypcy 6a3yeTbca Ha pedieKCMBHOMY aHanisi i
iHTEPaKTMBHOMY 06roBOpeHHi Npobiem, Lo HalYacTile BUHMKaloTb Y HaBYaHHi [300T.

JocnipxenHs Himeubkmx BYeHnx (Hamburg & Bucksch, 2017) 3acBiaunno pusmnku BUKOPUCTAHHA LUMPPOBUX TEXHOAOTIN Y
poboTi 3 AiTbMW 3 0COBAMBMMM OCBITHIMM NOTpebamu, NpPoTe NPOAEMOHCTPYBANO MOXAMBICTb dopmyBaHHA Yy [A300rM
KOMMETEHTHOCTEMN, AKi L03BO/IATL IM B NOAA/NbLLIOMY iHTErPYBaTUCA B CYCMiNbCTBO. Y pOBOTi NOKasaHo, Lo uMdpoBi 3acobu Bigjirpatotb
BAXK/IMBY POJIb Y CTBOPEHHI ePpEKTUBHUX i AOCTYNHMX 3ac0o6iB aganTaLii 40 OCBITHbOIO CEpeAOBMLLA B iHKNHO3MBHUX KNlacax.

YcBigomneHHA noteHuiany UT pna coujanbHOi iHKAKO3IT NPOCNiAKOBYETLCA B AOKYMEHTax EBPOCOH3y, MpO Lo
3a3HayeHo B (Isdild, 2012). 3 HUMKM Kopentoe iaes BaxaMBocTi dopmyBaHHA y 300N M’ AKMX couianbHMX HaBuyoK (soft skills),
TaKMX AK BMIHHA MPaLioBaTM B KOMAHZI, KOMYHiKyBaTW, LUBMAKO aAanTyBaTWUCA, BMiHHA KepyBaTW CBOIM MCUXONOTIYHUM i
€MOLIMHMM CTaHOM, CAyXaTWu, TOBOPUTU i AOMOBAATUCA, AKI MOXYTb OyTM chOpMOBaHi came 3 BUKOPUCTAHHAM COLiaNbHUX
MepeXK, OHNaNH-NNaTPOPM | XMapHUX CEPBICIB, NPO Lo 3a3HavyeHo B (Martynchuk, 2019).

OT)Ke, KOMMNIEKCHWIA aHani3 cTaHy po3pobaeHocTi npobaemn BukopuctaHHa LT B ymosax IOMN, HaBeaeHi pe3ynbTaTtu
HayKOBMX PO3BiAOK CBiAYaTb NPO MOX/IMBICTb BUKOPUCTaHHA okpemmx LT abo moxanBsocTelt BUKopuctaHHa LIT 3a Ho3onoriamu
LNA OpraHisayii i cynpoBogy iHKAO3MBHOIO HaB4YaHHA. BogHouac cucTematvsauis HayKoBMX pe3y/sibTaTiB CBiguMTb MNpo
dparmeHTapHi nigxoan woao Knacmoikauii LT gna IOMN.

MeTa cTaTTi: nogatm Knacudikauito uMdpoBUX TEXHOOTIN, AKi NOTEHLIMHO OyayTb KOPUCHUMWU BUMTENO B YMOBAX
iHKNI03MBHOTO OCBITHBOrO NPOCTOPY.

METOAU AOCNIAXKEHHA

[na BupileHHA noctaBneHoi npobaemm BUKOPUCTAHO HU3KY TEOPETUYHMX METOAiB HayKOBOrO NOLLYKY, a cCame aHani3
IHTepHeT-axKepen, aHanis undpposux 3acobis cnewianizoBaHOro CNPAMYBaHHA ANA XaPaKTEPUCTUKM TUX LMPOBUX TEXHOOTIN i
3ac06iB, AKi byayTb AoLiINbHUMK B pob0Ti BUMTENA B ymoBax IO, a TaKOXK y3arasibHEHHA | CMCTeMaTU3allifa HayKoBUX pe3ynbTaTiB
3 METOK MOAAHHA €AMHOI Knacudikauii uMPpoBUX TEXHONOTIM, AKI NOTEHLiMHO OyAyTb KOPUCHUMM BUYATENIO B YMOBAX
iHKNIO3MBHOIO OCBITHLOIO NPOCTOPY.

PE3Y/IbTATU OOCNIAXKEHHA TA IX O6rOBOPEHHA

Hamn npoBegeHO aHanis IHTepHeT-gyKepen Ha npeameT BUKOPUCTAHHA MPOrPamMHMX i anapaTHux 3acobis ans
NiATPUMKM iHKAKO3MBHOIO HaBYaHHA. 3a pesynbTaTaMu BigsHaueHo poboty (Okhrimenko & Semenikhina, 2019), ge HagaHoO
Knacuoikauito umppoBmx 3acobiB 419 CynpoBoay iHKAO3MBHOMO HaBYaHHA 3a TUNOM — anapartHi i nporpamti (puc. 1).

TaKkox chig, Big3HaunTv poboTy (Bondarenko, 2018), Ae HagaHO NPAKTUYHI PeKOMEHAALT 3 BUKOPUCTAHHA anapaTHUX i
NporpamHmx 3acobis y iHKAO3MBHOMY NpoCTOpi (puc. 2).

3a pe3y/nbTaTamu aHanisy HayKoBMX PO3BIAOK BigsHauMmo poboty K. E660TTa (Abbott, 2007), ae cxapakTepusoBaHo
TPU OCHOBHI HaNPAMKM BUKOPUCTAHHA LUMdPOBUX TeXHOOTM B HaByaHHiI A300MM: ana winei TpeHyBaHHA i NOBTOPEHHS; ANA
[onomoru (assist) B HaBYaHHI; ANA Po3WMpPEHHA MoXAnBocTel (enable) HaBuaHHA (puc. 3).

[o nepuwoi KaTeropii BigHeceHi 3acobu, opieHTOBaHi Ha TpeHyBaHHA 3000 BUKOHYBaTK NeBHi Aii 4 onepadii. Ycnix
iHAMBIAYYMY NiCNA BUKOPUCTAHHA TakMx 3acobiB cnpuse 6inblwii Moro couianisauii, NpoTe aBTOP HAroMOWYE HA TOMY, WO XOM
Taku ™mMn UT € Haibinbw nowmpeHum ana pobotn 3 A300l1, ane BiH He rapaHTye PO3BUTOK iHAMBIAYANbHUX AKOCTEN,
3aTpebyBaHMX CbOrOAHI CYCniNbCTBOM (KpeaTUBHICTb, M K couiasbHi HaBUYKKM Tow,0). Tomy Takoro Tuny LUT gouinbHi, ane ix He
CNif, cnpuinmaTh AK 04HO3HAYHO edeKTUBHI. TaKOXK A0 NepLuoi KaTeropii caig, BigHecTH i 3acobu BipTyanbHoi (VR) Ta AonoBHEHOT
(AR) peanbHOCTi, a TaKOX MyAbTUMeiliHi TexHonorii. Ix 3acTocyBaHHA 0BroBOPIOETbCA AK BUMpPaBAaHe B TUX BMNafKax, KoM
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YTPYAHEHWUIA A0CTYN A0 peanbHOro Aocsigy. Ocob6anBo AOLINbHUM 6AUUTLCA BUKOPUCTAHHA TaKUX TEXHONOFIN AN1A PO3BUTKY YABK
AiTei 3 ayTusmom.

eBpaliniBcbKui gucnaein *34MTyBayi EKpaHa MOHiTOpa

®E- KHura eEKpaHHi 36inbLyBaYi

*EpaliniBcbKUi NpUHTEP * AyiOKHUTN

ebpainiiBcbKa KnasiaTypa *CypA0-KOMyHiKaTopu

e ANlbTepHaTUBHA KNagiaTypa *MoBHi cnHTE3aTOpPU

eMwuwwa ana cronu e[lepeTBOPIOBAYI 3BYKY B TEKCT

eTpekbon e[1porpamHi 3acobu ana nepesipku npasonucy
o CeHCOpHUI1 eKpaH *3acobu ans pedpasysBaHHA

¢ |HCTPYKTUBHA AMCNNEHA CUCTEMA FOI0BU eCneuianizoBaHe 13 TpeHyBa/IbHOro CNPAMYBaHHSA
*CTUNYC ANA KepyBaHHA pOTOM *EneKTpOHHI OCBITHI pecypcu

oMK, nnaHwert, cmapTdHoH eKomn'toTepHiirpu pisHoro Tmny

*E-pigep e|Hwe

eBibpaLiiiHa cuctema HaragyBaHHA
eLindposa pyyka 3 MOXKAMBICTIO ayAio 3anucy
o|Hwe

Puc. 1. AnapaTHi i nporpamHi 3acobu niaTPUMKM iHKNKO3UBHOIO OCBITHLOrO NPOCTOPY

CKpiHpigep, BpaltniBcbkunit aucnnen,
AyTn3M, He3pAdi eKpaHHUI 6paliniBcbKa eNeKTPOHHA
nitv abo i3 36inbLwyBay, KHUra, 6painiBCcbKui
33/IMLLKOBMM 30POM ayAioKHura, npuHTEp, bpainiscbka
CYPAOKOMYHiKaTop KnaBiaTypa
[MopyLweHHA
KOMbBiHaTOpUKM
puKn, AnbTepHaTMBHA
KYMYNATUBHI . - .
«apavi» KnasiLi KnasiaTtypa, Tpekbon,

TPaBMaTUYHI
pO3/1agm, KOTHITUBHI
NopyLIeHHsA

CEHCOPHUI1 eKpaH

Mapaniv, LM, IHCTPYKTMBHa ancnaeitHa

BiZICYTHicTb abo CUCTEMA ro1I0BK, MULLA

NOLIKOAKEHHA LA CTONW, CTUAYC ANA
KiHLiBOK KepyBaHHA

MoBHMI
MopyLeHHA CUHTEe3aTo
MOBFj1yeHH€BO'I' ronocosepl D, P, G 7 ot
. e-Book Towo
bYHKU; po3ni3HaBaHHA
MOBU
BibpauiiHac uctema
MeHepxepu
Posnaau yBaru Ta o HaragyBaHHsA, uudpoBsa
nopyLeHHs nam’aTi LY pYy4Ka 3 MOX/MBICTIO
opraHaisepu

3anucyBaHHsA ayajio

Puc. 2. NpaKTu4Hi peKkomeHAaLiTi 3 BUKOPUCTaHHA anapaTHUX i nporpamHux 3acobis (3a T. BoHAapeHKo)

IHK/TO3UBHOIO CNPAMYBaHHA

TpeHyBaHHA i NOBTOPEHHA Jonomora Po3wmnpeHHA mex HaBYaHHA

Puc. 3. UT iHKN03MBHOrO cnpsAmyBaHHA (3a C.Abbott)
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Cepep, HayKOBMX PO3BigOK BMKOpWCTaHHA LT nepwoi KaTteropii, npo sAki He 3ragye K. E6G6OTT, ane 3a okpemummu
onybnikoBaHMMM pesynbTaTamm (Hanpuknag, (Bakker et al., 2016) BoHM niaTBEPAXKYIOTL CBOLO eeKTUBHICTb B poboTi 3 4300T,
€ KOMM'IOTEPHI irpu: agBeHTypHi (BidyanbHo Ui irpu odopmaeHi, AK MyabTUNAIKaUiMHWMIA $inbm, ane 3 iHTEPAKTUBHUMMU
BNACTMBOCTAMM, 30KPEeMa MOMK/IMUBICTIO KepyBaHHA nepebirom nogjit Ta opieHTOBaHi Ha PO3BUTOK /IOMYHOrO MUC/IEHHSA);
cTpaTerivyHi (MeTa Takux irop — KepyBaHHA NEBHMMMW NPOL,ECamMM, PO3BUTOK NOCUMAOYOCTI, 34aTHOCTI NaHYBaTWU CBOI Aii); apKaaHi
(xapakTepHe Apo6aeHHA rpy Ha PiBHi, A& HAropoAo Ta METOK € MPaABO NEPEXOAY HA HACTYMHWUM, BiNbl CKNAgHWIA piBeHb;
TPEHYIOTb yBary, WBUAKICTb peakLii, OKOMip, cnocTepexX/IMBICTb TOLW0); PONbOBI (MOXKAMBICTb BUBOPY NEPCOHAXKIB 3 NEBHUMM
ponamu Ta dyHKuiamm); 3D-Action (opieHTOBaHi Ha PO3BUTOK MOTOPWUKM, HABUYKM BeAEHHA MOLYKOBOT AifANbHOCTI); NorivHi (0gHa
3a4a4a abo AeKinbKa rooBOSIOMOK Ha PO3BUTOK HaBUYOK PAxXyHKY, YUTAHHS, MUCbMA TOLLLO).

YTouHtoroun 3micT LT, noKAMKaHnx gonomaratu (acuctysaTu) B npoueci HaB4yaHHsaA, K. E6BOTT 3a3Hauae, Lo 3acobu ujiel
rpynu He BUCTYNAtoTb CreLiani3oBaHo NaaThopPMOt0 YM KaTanisaToOpoM CamMoro NPOLLECY HaBYaHHSA, afe Taki 3acobu CTBOPHOKOTb
YMOBM ANf MOro 34iCHEHHA (HanpuKnag, BUKOPUCTaHHA MOBHOIO MPUCTPOIO B pasi, KoM iHAMBIA He MOXKe cam roBopuTtH, abo
BMKOpUCTaHHA GiNbTpiB, AKi 3HIMalOTb TPEMOP PYKM Mig Yac pyxy Muwkn). [lo gpyroi Kateropii LIT, cnpsmoBaHux Ha 4ONOMOry B
HaBYaHHi, K.E660TT BigHOCMTb, TaKOX 3acobu anbTepHaTMBHOI KOMYHiKauil i nigcuatoBadi KomyHikauii (Alternative and
Augmentative Communication), cepes, fKUX, HanpWKAag, CUCTEMU BUKOPUCTaHHA rpadiyHMx cumsoniB. Mopsag i3 3acobamu
aNbTepPHATMBHOI KOMYHIKaUii po3rnsgatoTbca TexHosorii nepemuKaHHA (switch access technology). 3 ix monomoroto cTae
MOX/IMBUM BBeAEHHA iHPopMmaLii yepes nepemukayi (HanpuKknag, KepyBaHHA KHOMKOM, KepyBaHHA MNPUCTPOSMM, LWO
BiACTEXYIOTb pyx oyeli (eye tracking) Tow,o).

Lo TpeTboi KaTeropii BigHeceHi LIT, AKi CTBOPIOIOTb CaMy MOMAMBICTb HaBYaHHA Tam, Ae A0 ii BUKOPUCTaHHA TaKoi
MONMBOCTI He icHyBano. B wuiii KaTeropii UT BigBOoAUTLCA POAb aKTMBHOIO OpraHizaTopa NpoLecy HaBYaHHA: TexHosoril
nonerwyoTb NPOLEC HaBYaHHSA, NepeabadYaoum MOXKAMBICTb CNIiBMPaLLi | CNPUAIYM TUM CaMUM PO3BUTKY L€l cniBnpali. Kntoyosa
BiAMIHHICTb TPETbOI KaTeropii Big, 4BOX iHWWX KaTeropiii nonsrae B Tomy, Wo 6e3 noaibHux LIT Taka cniBnpaua He MaTUMyTb micuA.
[0 TaKkuMx TexHo/oril CbOroAHi cnig BiAHECTM OCBITHI naatdopmu, couianbHi Mepexi i cepsicu, creujiasbHO CTBOpPEHi
iHpopMaL,iiHO-0CBITHI NpocTOpK, Ae NepeabadyeHO MOXK/IMBICTbL KOMYHIKau,i i Konabopalii, Tow,o.

Mepexoaaun Ao Tpetboi Kateropii LT, K. EG6OTT 3ayBaKye, WO AOCNIAMKEHHA NMepwmnx ABOX KaTeropi pobutb cBoim
NpiopMTETOM CaMi TEXHONOrii, a He iX pe3ynbTaT, To4i AK FrONOBHUM € NMUTAHHA NPO YMOBM, 3@ AKMX LT moxyTb BMCTynatu
Hal6iNbl ePEKTUBHUM IHCTPYMEHTOM MiATPUMKM HaByaHHA 4300,

Y3aranbHeHHA 3ragaHux Ta iHWKUX HayKOBUX PO3BiZOK A03BOANIO NOEAHATM HaaaHi Knacudikauii (puc. 4).

Bpainiscbknil npuHTEep
Bpaiiniscbka KnasiaTypa
Mwuwa gna cronu
AnapatHi 3acobu CeHCOpHUI eKpaH
BibpaujiliHa cuctema HaragyBaHHA
CTunyc Ana KepyBaHHA POTOM
Lindposa pyyka 3 MOXKAMBICTIO ayAio 3anucy

TpeHyBaHHA
i NOBTOpPEHHA

3unTyBayi eKpaHa MOHiTopa
MporpamHi MporpamHi 3acobu ana nepesipku npasonucy
3acobu 3acobu ana pedpasyBaHHA
CneuianizoaHe 3 npeaMeTHOro cnNpAMyBaHHA

BpainiscbKi gucnnei
ANbTepHaTUBHa KnasiaTypa
Tpek6on
MK, nnaHwert, cmapTdoH
E-pinep

urt BibpaujiiHa cuctema HaragyBaHHsA
iHKN03UBHOro [Oonomora

CNpAMYBaHHA 3unTyBayi eKpaHa MOHITopa
EKpaHHi 36inbluysayi
MporpamHi CypAoKOMyHiKaTopu

3acobu MepeTBOpPIOBaYi 3BYKY B TEKCT
3acobu ana pedpasyBaHHA
EnekTpoHHi OCBIiTHI pecypcu

AnapaTHi 3acobu

BpainiscbKi gucnnei
E-kHura
Mwuwa ana ctonn
AnapaTHi 3acobu CeHCOpHUIA ekpaH
IHCTPYKTUBHA AnCnNeliHa cMcTeMa ronosu
MK, nnaHwert, cmapTdoH
CTuAyc ANA KepyBaHHA POTOM

Po3wmpeHHsA

Me}K HaBYaHHA : .
3umnTyBayi ekpaHa MOHiTopa

AyAioKHUMM
MporpamHi MoBHi cMHTe3aTopu

3acobu CneuianizosaHe M3 npeAMETHOr0 CNPAMYBaHHA
Po3BuBanbHi KOMN'tOTepHi irpu
EnekTpoHHi ocBiTHI pecypcu

Puc.4. NoegHaHHA Knacudikauiin LiT iHKN103MBHOro cnpsaiMyBaHHA
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BopgHovac BMBYEHHSA pe3ynbTaTiB, nogaHux y poboti (Hamburg & Bucksch, 2017), nigTBepanno HasBHicTb 6ap’epis, AKi
MOYTb BUHWKHYTU NPV BNPOBaaMKeHHi LT B iHK/AO3MBHY OCBITY: KOTHITUBHI (NpW CNPWIAHATTI HaBYa/ibHOTO maTepiany 3a
[,0MOMOroH0 UMPOBUX TEXHONOTIN); KOHTEHT-6ap’epn (MoBa poboyoro npucTpoto abo nporpamHoro 3abesneyeHHs He 36iraeTbcs
3 pigHOK MOBOIO YYHSA); AUAAKTUYHI (YYHI He FOTOBI HaBYaTUCA 3 BUKOPUCTAHHAM LUMGPOBUX TEXHOOTIM, @ Y BUKNALaYa BiACYTHI
HaBMYKM dacunitauii A300M); diHaHCoBI (BUTPaTM Ha HOBITHI TEXHOJOTIT i NporpamHe 3abesnedyeHHA). YacTuHy 3i 3ragaHux
6ap’epiB MoXKHa nogoNaTH, 3abe3neunsLUM BiANOBIAHY NPodECiMHY NiAroTOBKY BUMTENA A0 YCMiLLHOrO BUKOpUCTaHHaA LT y [ON.

MNpoBeaeHe AocnigXKeHHA NiACUNIOE Pe3yNbTaTU OKPEMMUX HayKOBMX PO3BIAOK. 30Kpema, ANA iHKA3MBHOI OCBITU
HaranbHoI0 € Npobaema «LUydpoBoi rpamoTHOCTI» BuKnaaauis (digital literacy). Ti gocnigxeHHIo npuceayeni poboTh HayKoBLB 3
TexHivyHoro yHisepcutety m. JoptmyHaa (HimewunHa) (Marci-Boehncke & Vogel, 2018). YueHi po3pobuaun NpoekT nia Ha3sowo
«[JocnigHnubkuin ueHTp «Monoab — Megia — OcBiTa»» A48 MalbyTHbOro BUMTENS. Y pamKax JaHOrO MPOEKTY CTYAEHTU MOXKYTb
3anuMcaTmCA Ha OKpemi Kypcu no Temam «Lindpose HaBYaHHA B iHKIIO3MBHMX Kaacax» um «MeToam AiarHOCTUKN KOMMNETEHTHOCTI
UYWTaAHHA Ta iaei ANA NPOCYBaHHA YATAHHA». Y AaHUX Kypcax 3a0XOYYETbCA HaBYaHHA 3 BUKOPUCTAHHAM UuMdpoBMX 3acobis.
3aBAaHHA CTYAEHTIB — NPUCTOCYBATU YPOKM A0 iHAMBIAYANbHUX MOXKANBOCTEN, 34i6HOCTEN | iHTEPECiB KOXKHOT AUTUHMU.

MoaibHWit NPOEKT Ta horo pesynbTatm onucaHo B poborTi (Lazzari, 2016), Ae BUCBITNEHO opraHi3auito Kypcy «Lindposa
po3nosiab» (digital storytelling) ans ctyneHTiB, AKi HaBYatoTbCA 3a paxom «CnevianbHa ocBiTa». Ha AYMKY BYEHUX, AMCKYPC Ka3oK
36arayye }KuTTa aiteit 3 0cob6MBMMM OCBITHIMM NoTpebamu, CTUMYAIOE iX yaBY i Aonomarae im BUPasMTK CBOT emoLii, BU3HATK
CBOI TPYAHOL i 3HaWTW pilleHHA ans npobnem, ski ix TypbytoTb. Bennky ponb Bigirpae nisHasaibHa, couianbHa 1 eMoLiiiHa
LiHHicTb po3nosigi ana aitein. LUndposa po3nosiab € iHCTPYMEHTOM, KU CNPUSE PO3BUTKY MOBM i C/IOBHMKOBOTO 3anacy, 3HaHb
npo CBIT cepes y4HiB 3 0cobmBMMK noTpebamu. Y AaHOMYy eKcnepumeHTi CTyaeHTU yHiBepcuteTy Bepramo npocayxanun 24-
roguMHHUMA Kypc 3 umdpoBOoi pPo3noBiAi 33 AUCTaHUIMHOK dopmoto. EKcnepumeHT npoiwoB BAANO, i CTYAEHTUM BUCAOBUAU
6aKaHHA BUKOPWUCTOBYBATU NOAiGHI TEXHONOTT B MalibyTHbOMY B IHKNHO3UBHUX Kacax.

TaKoX BaXK/MBO BpaTh 40 yBarM posib TEXHOOTIN Yy NOAINLUEHHI AKOCTI }KUTTA | PO3LUMPEHHI iana3oHy MOXANBOCTEN
[300T0. OctaHHim Yyacom 3'sBMAacs HM3Ka npaub (Serna et al., 2016), nos’asaHMX 3 BUKOpPUCTAHHAM poboTiB gna pobotu 3
ocobamu, fAKi maloTb po3nagu aytmctuyHoro cnektpa (PAC). Hanpuknag, y npaui (Yuen et al.,, 2014) onvMcaHO NPOEKT 3
BMKOPWUCTaHHA poboTiB A5 NONEreHHs coliasbHOI B3aEMOAi NpY 34iMCHEHHI HaBYaIbHUX NPOEKTIB NigniTkamu 3 PAC.

Ane B ToM e yac K. E660TT (Abbott, 2007) 3BepTae yBary Ha HEAOCTAaTHE YMC/IO WNPOKOMACLWITABHNX, IOHIOBaHUX,
BMKOHAHMX Ha BMCOKOMY METOAMYHOMY PiBHI AochigxeHb, nogibHux poborti (Mirenda et al., 2000) i 3a3Hayae npo Te, WO
nepeBaHa BifblicTb A0CNIAKEHb, NOB A3aHNX 3 BUKOPUCTaHHAM LIT B ranysi iHKA03MBHOT OCBITM HOCATb JIOKaIbHUIA XapaKTep i
MaloTb BY3bKY MeTOAUYHY 6asy.

BUCHOBKM TA NEPCNEKTUBU NOAANBLLOIO AOCNIAXEHHA

AHani3 cTaHy po3pobaeHocTi npobaemu npodeciiHoi NiAroToBKM MalibyTHiX 6aKkanaspiB OCBITM A0 BUKOPUCTaHHA LT B
ymoBax |0l 3acBiaumB, WO CbOroAHi 3anpoBaaeHi 1 peanisoBaHi Pi3HOBEKTOPHI HayKOBO-MeAaroriyHi po3Biaku, nos’AsaHi 3
iHK/103MBHOO OCBiTO. JlocnigxeHo ocobamsocTi BnpoBagykeHHa LT ans couianisauii aiteir 3 OOMN, meToAMYHMIA Cynposig,
HaBYaHHA gitelt 3 O0I pi3HMX NpeaMEeTiB y 3aK1aZax OCBITU Pi3HUX TUMNIB, BUKOPUCTAHHA MODIIbHUX | ANCTaHLiIMHNX TEXHOOTIN
Y HaBYaHHi TaKuUx AjiTel ToLo.

Y3aranbHeHHA HAayKOBMX PE3ybTaTiB 3acBiAYMI0 CUCTEMHICTL HanpaLtoBaHb LWOA0 0cobanBocTen poboTH 3 AiTbMM,
o noTtpebytoTb 0cobAMBOrO Nigxoay B HaBYaHHI ANA NOoAanbluoi iXHbOI couianisauii B cycninbCcTei, Npote dparmeHTapHUMMU
BUABMJIMCA PO3BigKM Wo[0 npodecinHoi nigrotoBkn 6akanaBpiB OCBITM A0 BUKOpUCTaHHA LT B ymosax IOM, Rygy i
CNPAMOBYETbCA BEKTOP NOAANbLUMX AOCNIAKEHD.
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AHOTALIA

ABSTRACT

Ulupokomacwma6bHa naHoemis, crnpuduHeHa Covid-19, sumyweHi
doszompuearni KaHikyau ma HecmabinbHicme cumyayii 8 KpaiHi nioHAAu
00HY 3 2106anbHUX MPobrem ocsimu — AKICHUU oceimHili KoHmeHm.

®PopmynroeaHHsa npobaemu. Caimosa Kynsmypa XXI cmoaimms icHye
8 OUHAMIYHOMY cepedosuWi, AKe CMPIMKO po38UBJEMbCA 8 YCiX cghepax
ModcbKoi dianbHocmi. IHopmayiliHo-KomyHikayiliHi mexHonoeii maome
3HaYHUl 8MAUB HA COYiOKYyAbmypHi npouecu. ¥ moli xe 4ac noHammsa
«8ipmyanbHiCMe» MiUHO 8X00UMb Yy KOHMEKCM Kyabmypu, oceimu ma
6i3Hecy. OOHUM i3 8aXUBUX HOB0BBEOEHD, AKI 3aliHAAU 3HAYHE Micye 8
Ky/nbmypHOMY 3¥ummi, € make Asuuje, AK 8ipmyansbHull mysed.

Mamepianu i memodu. [lna OdocAzHeHHA mMemu O0CAiOHEeHHA MU
suKopucmosysanu Maki memoou: cucmemamu4Huli ma nopisHANbHUl
aHani3  nedazoziyHUX, MCUX0s02iYHUX, PinocoghcbKux, CcoyionoziyHuUxX
npays, memodu4Hoi ma creyiansHoi nimepamypu; aHani3 nedazoeivHo20
doceidy 8UKOPUCMAHHA 8ipMYaAnbHO20 My3eto 018 HABYAAbHHA 8 3aK1a0ax
3020/16HOI cepedHbOi oc8imu; onumyeaHHA e4umenie npo ixHili doceid
BUKOPUCMAHHA 8ipMyasnbHO20 My3€0 y HAB84A/IbHOMY MPOYECi, BUABAEHHSA
npobsem 051 cmeOpeHHA creyianbHUx 8ebiHapie ma Kypcie 3 mMemoio
po3sumky yugposoi KomrnemeHmHocmi e4umens; iHmMeprpemayisa
pe3ysnemamie 00CniOHeHHs.

Pesynsmamu. BcmaHo81€HO, W0 BUKOPUCMAHHA 8ipmyanbHUX Mmy3eis
y Has4YanbHOMY npouyeci Aae 3Mo2y e(heKmuUBHO 8UpPiwy8amu makxi OCHOBHI
OudaKmuyYHi 3a80aHHA: 3a6e3rne4yeHHsA HayKoso20 xapakmepy 080700iHHA
cmydeHmMamu HAayKo8UMU 3HAHHAMU MA CrPUAHHA OPMYBAHHIO 8 HUX
0eMOoKpamu4yHo20 €8iMo2nAdy, WO rPyHMYyEMsCA Ha 00CMOBIPHUX
HayKosux pakmax i 8idnosidae OUHamiyi po38umKy 8i0nosioHUX HaYKOBUX
3HQHb; MOCUNEHHA HAOYHOCMI HABYQHHA AK MPUHYUNy OudaKmuKu,
3YMOB/IEHO20 XAPAKMEPOM pouecy mMi3HAHHA, AKUU MOYUHaEMbCA 3
yymmegoeo cnpuliHamms, nepexodums 0o abCMpPaKMHO20 MUCAEHHSA, a
8i0 Hb020 00 MPAKMUKU; PO38UMOK Mi3HABAAbHUX iHMepecie i 30ibHocmel
YYHA AK MPUHYUn OUGAKMUKU, WO BU3HAYaE Halieawcausiwi momusu
HABYAHHA Y4HI8 (hopmyeaHHA Mi3HABANbHUX iHMepecie eidbysaembcs
d8oMa WAAXAMU: Yepe3 mamepian, ujo CMaHo8UMb 3Micm HABYAHHA Ma

opeaHizayito  ni3Ha8anbHoi  disAbHOCMI  y4HiB),  BUKOPUCMAHHA
8ipmyansHux my3eig moxe 8naAUHYMU HA 30po8y Ma C/yxosy Nam’ame
YYHI8;  MPUCKOPEHHA MeMiy 30C80€EHHA MQa  3aNam’AMO8Y8AHHA

HABYANLHO20 Mamepiany, WO CrPUAE 3MIYHEHHIO 3HAHbL, PO3WUPEHHIO
nisHa8anbHUX iHMepecie y4yHie; akmusidayia camocmiliHoi pobomu
cmyodeHmis; 38'A30K meopii i MPAKMuKU, Wo 3yMOB/E HeobxioHicmb
8i006paxeHHs 080X HepPo3pUBHO M08'A3AHUX CMOPIH EOUHO20 npoyecy
HOBYAHHSA; iHOUBIOYaNi3ayia HABYAHHS.

BucHoeKu. BipmyaneHi my3ei Oaromb 3Mozy 3HAYHO OoMosHUMU,
po3wupumu ma nozaubumu 3micm mamepiany, WO BUBYAEMbCA 34
npoepamoro. Bukopucmosyroyu eipmyanebHi My3ei, 84umesnb Moxce
Halikpawe nidibpamu  HasyanbHUl mMamepian. BipmyaneHi mysei
dosgonsaroms  Halnpocmiwum, AocmynHum i emouyiliHum crocobom
nepedamu Hae4anbHUlli mamepias, 3HAYHO AKMUBI3yeamMuU po3ymosy
difneHicme  y4Hie, po3wupumu ix ceimoensd, sukaukamu ocobausuli
iHmepec 0o miei yu iHWoi 2any3i 3HaHb. [na moao, Wb 8UKOPUCMAHHA
8ipmyansHUX My3eie y HaBYANbHO-8UXOBHOMY MPOYECI CPUANO PO38UMKY

The large-scale pandemic caused by Covid-19 forced long vacations and
the unstable situation in the country has raised one of the global problems
of education - quality educational content.

Formulation of the problem. World culture of the XXI century exists in a
dynamic environment that is rapidly evolving in all areas of human activity.
Information and communication technologies have a significant impact on
socio-cultural processes. At the same time, the concept of «virtuality» is
firmly in the context of culture, education, and business. One of the
important innovations that have taken a significant place in cultural life is a
phenomenon such as a virtual museum.

Materials and methods. We used the following methods to achieve the
goal of the study: systematic and comparative analysis of pedagogical,
psychological, philosophical, sociological works, methodological and
specialized literature; analysis of the pedagogical experience of using virtual
museums of the education in general secondary education institutions;
questioning teachers about their experience of using virtual museum in the
educational process, identifying problems for the creation of special
webinars and courses to develop digital competence of teacher;
interpretation of research results.

Results. The use of virtual museums in the educational process makes it
possible to effectively solve the following basic didactic tasks: ensuring the
scientific nature for students'education mastery of scientific knowledge and
promoting the formation of a democratic worldview in them that based on
credible scientific facts and corresponds to the dynamics of of relevant
scientific knowledge development; strengthening the clarity of learning as
a principle of didactics, due to the nature of the process of cognition, which
begins with sensory perception, moves to abstract thinking, and from it to
practice; development of student’s cognitive interests and abilities as a
principle of didactics, which determines the most important motives for
student learning (formation of cognitive interests occurs through two ways:
through the material that constitutes the content of learning and
organization of students cognitive activity); the use of virtual museums can
affect students' visual and auditory memory; accelerating the pace of
learning and memorizing learning material, which contributes to the
strength of knowledge, expanding the cognitive interests of students; the
intensification of students' independent work; the connection between
theory and practice, which necessitates the reflection of two inextricably
linked aspects of a single education process; individualization of learning.

Conclusions. The virtual museum makes it possible to significantly
supplement, expand, and deepen the content of the material studied in the
curriculum. Using virtual museums, the teacher can best select educational
material. Virtual museums allow in the simplest, most intelligible, and
emotional way to transfer educational material, significantly enhance the
mental activity of students, expand their worldview, and arouse special
interest in a particular field of knowledge. For the use of virtual museums in
the educational process to promote the development and formation of
cognitive interests of students, the teacher must: select information to be
presented with the help of virtual museum, by content and compose it in a
composition so that it corresponds to the purpose, age, knowledge, and
interests of students; the use heuristic methods in teaching educational
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ma ¢hopMysaHHIO Mi3HABAALHUX IHMepeci8 y4Hie, yd4umesnto HeobXiOHO:
nidbupamu  iHpopmayito 'y eipmyanvHux Mmy3eax 3a 3micmom i
KomnoHysamu ii mak, wjob 8oHa eidnosidasna memi, 8iKy, 3HAHHAM ma

material with the help of virtual museum; to organize by the specific
interests of students various forms of independent work with the use of
virtual museum (preferably in the form of educational projects).

iHMmepecam y4Hie; BUKOPUCMOBYBAMU €8pUCMUYHI MEeMOOU Y BUKAAOAHHI
HaBYanbHO20 Mamepiany 3a OOMOMO20K0  8ipMYyanbHO20 — My3es;
opaaHizysamu 8i0rnosioHo 00 KOHKpemHuUx iHmepecie y4yHie pi3HOMaHIMHi
gopmu camocmiliHoi pobomu 3 8UKOPUCMAHHAM 8ipMmyanbHO20 My3es
(6axcaHo y hopmi Has4anbHUX poeKmis).

KEYWORDS: virtual reality; virtual museum; secondary school; quality
of educational content; methodical aspects.

K/IO4Y0BI CJ/IOBA: gipmyaneHa peanbHicms,; gipmyansHull mysel;
cepedHs WKosa; AKIcmb 3Micmy oceimu; mMemoOuYHi acrnekmu.

INTRODUCTION

Formulation of the problem. World culture of the XXI century exists in a dynamic environment that is rapidly evolving
in all areas of human activity. Information and communication technologies have a significant impact on socio-cultural processes.
At the same time, the concept of «virtuality» is firmly in the context of culture, education, and business. One of the important
innovations that have taken a significant place in cultural life is a phenomenon such as a virtual museum (VM).

The research is based on the idea that virtual museums complement education activities on important objects for
learning.

This is a fairly new technology in the field of education that requires research in such areas as methods and approaches
for its use at different levels of education and in different disciplines, impact on the quality of education, understanding and
appropriate use of students in their acquisition of knowledge and skills and teachers to manage the education process.

An analysis of recent research. At the beginning of the XXI century, the development of interactive programs for users,
which organize activities in cooperation between educational institutions and museum institutions, taking into account various
features of museum-pedagogical activities, is becoming widespread. This is evidenced by many studies of scientists, namely:
Karamanov O. V. (2020), Fenenko A. O. (2021), Volynets V.0. (2019), Barroso Osuna J., Gutiérrez-Castillo J.J., Llorente-Cejudo
M.D., Valencia Ortiz R. (2019), Daniela L. (2020), Yichen Jia (2020), Schweibenz Werner (2019), Hooper-Greenhill E. (2012),
Mukasheva (2022), etc.

The phenomenon of musealization is aimed at preserving the historical potential and creative reserve of human
experience, which is realized in collections of objects representing the man experience, communities, nation, and humanity,
covering not only traditional institutional activities but also non-institutional practices (Fenenko, 2021; Mukasheva, 2022; Soroko,
2020).

In modern conditions, the Internet is becoming an important virtual space of memory, where, along with disparate
memorial events, framework and integrative projects are implemented, including virtual museums, which acquire a certain
institutional framework (Volynets, 2019; Soroko et al., 2020).

VM is a type of website optimized for exhibiting museum materials from various fields of science, art, and history
(Schweibenz Werner, 2019). Unlike the real, which is static and already formed, the virtual is a kind of problem complex, a node
of trends or forces that accompany a situation, event, object, or entity and that motivate the user to solve the problem (Levy,
1998).

In the British Encyclopedia, a virtual museum is a collection of digital objects of cultural value that can be accessed
through electronic media (Britannica, 2017).

So, in the mid-90s of the twentieth century, the concept of «virtual museum» came into use. Several thousand virtual
museums are currently operating in the Internet space, differing from each other in the form of presentation of the material, the
visual solutions used, as well as in the general thematic focus.

It should be noted the project «Virtual museums and social platform on European digital heritage, memory, identity,
and cultural interaction» (https://cordis.europa.eu/programme/id/H2020_CULT-COOP-08-2016) that was conducted under the
Horizon 2020 Framework Programme from 2015 to 2020. The project’s challenge was to give further emphasis on improving
access, establishing meaningful narratives for collections and displays, and story-led interpretation by the development of VM.
Actions were focused on the development of highly innovative technologies, methods, and ICT tools to significantly improve the
‘digital encounter’ including the quality of images, sonic narratives, the display, and interactivity with digital objects; social media
tools should be integrated into the VM platform to facilitate the exchange of information among users. The project involved: 193
science centers/museums, 19 natural history museums, 28 research bodies, 34 private companies, 9 festivals, 8 professional
networks, and 36 other organizations.

«The challenge with developing virtual museums is establishing meaningful user experiences that allow for personal,
complex, and emotional encounters with art and cultural heritage», says Anders Sundnes Lgvlie, an associate professor at the IT
University of Copenhagen and coordinator of the EU-funded GIFT project (https://cordis.europa.eu/article/id/413511-redefining-
the-museum-experience-for-the-digital-age-test). The project has had an impact for an audience such as academic researchers,
students, creative industries and the public at large. Several prototypes from the project have been deployed to the public in
museums in three different countries. Further exploitation of prototypes is being explored with several museum partners.
Museums may also benefit from design tools and best practice recommendations offered as part of the framework. In one
museum, work with the action research part of GIFT led to the establishment of an internal “digital think tank” which has become
a permanent part of the organization offering advice to the museum’s management.

Virtual Museums (Fig. 1) can be sorted into the following types (Paliokas et al., 2008):

- Art Collections such as Images, videos, and history of the objects. Those VRMsare about digitalized photos of art
effects accompanied by short descriptions, critics, and other information (style, material, and physical sizes). Examples: the Virtual
Museum of Japanese Art (http://web-ja-pan.org/museum/menu.html), The Nicholas P. Goulandris Foundation Museum of
Cycladic Art (www.cycladic-m.gr).

- Video Tour. Real Museums (with physical presence) are illustrated by panoramic photos of their exhibition rooms.
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Examples: the Virtual Museum of Art, Uruguay (http://muva.elpais.com.uy) and the National Gallery of Art, Washington DC
(http://www.nga.gov/exhibitions/vgwel.shtm).

- Virtual Reality Museums. All architectural elements and the contents of the museum are designed using CAD software
(AutoCAD3, 3Dstudio Max1, Mayalc) and played as VRML4files using plugins for web browsers.

- Social Interaction Virtual Museums. Virtual Museums with collaborative capabilities offer the visitor the opportunity
not only to interact with the three-dimensional world but with the other visitors as well. Examples: a museum of this category
visit Tokyo University Digital Museum: MMMUD (http://www.um.u-tokyo.ac.jp/digital/mud.html) Virtual Museum Portals.

- Artist’s Blogs. A lot of individuals or groups of artists hold personal portfolio presentations using blogs.

The development phase of the VM includes the collection and digitalization of the available material, the design and
development of databases for network functionality, and the design of educational activities. Other issues designers confront are
the architectural rendering of the virtual scenes, management of 3-D sound, development of communication tools, etc. The case
study of this paper is a new type of output files produced by Multimedia Authoring Instruction Tool (MAIT) software (Kekkeris &
Paliokas, 2005) earlier developed and intended to offer the Aesthetics and Art History educators a software package to create
multimedia presentations. Special care was taken to ensure that the interface design was in line with the age and knowledge of
the students, previous experience with virtual reality and other multimedia applications, and familiarity with video games.

the collection and
digitalization of the
available  material,
the design and

Art Collections

development of
Video Tour databases for
netwaork
functionality and
Virtual museum Virtual Reality The development the design of
(VM) Museums phases of the VM educational
activities, the

architectural

rendering of the
virtual scenes,
management of 3-D

Social Interaction
Virtual Museums

Artist’s Blogs object and sound,
development of
communication
tools, etc.

Fig. 1. Classification of virtual museums and their development phase

VM have specific characteristics that support the idea that they can serve as training agents, namely: virtual museums
can complement analog reality with digital information; data integration is coordinated in real-time; they make it easy to combine
different resources: text, websites, video, audio, and 3D; interactive education materials; tools to create content that requires
the participation of the individual (scientist, teacher, and other users) (Barroso Osuna et al., 2019; Daniela, 2020).

The goal of the article is to substantiate and single out methodological aspects of virtual museums in the educational
process of general education.

RESEARCH METHODS

We used the following methods to achieve the goal of the study: systematic and comparative analysis of pedagogical,
psychological, philosophical, sociological works, methodological and specialized literature; analysis of the pedagogical experience
of using VM of the education in general secondary education institutions; questioning teachers about their experience of using
VM in the educational process, identifying problems for the creation of special webinars and courses to develop digital
competence of teachers; interpretation of research results.

RESEARCH RESULT AND DISCUSSION

We asked teachers to plan and organize a learning project for their students on the use of VM, which would have such
a plan: the project topic, the project purpose, which will correspond to the final result to be provided by students, the main
project issues, the teaching time, the preparation time, important tasks and students activities, online tools (in particular VM),
offline tools, assessment, formative assessments, final assessment, student feedback, teacher feedback.

This should be an integrated lesson plan such as a teacher's detailed description of the course of instruction or «learning
trajectory» for a lesson, a guide, and a document that will be continuously improved and updated. It is about developing
educational activities that promote deep learning to improve 21st-century skills such as critical thinking, collaboration,
communication, creativity, and divergent thinking. Developing a pathway based on methodologies such as problem-based,
project-based, and challenge-based learning allows you to incorporate problem-based learning, inquiry, and design into learning
activities, taking care of real challenges in the authentic context of our world. Thanks to the multidisciplinary approach, students
had to learn to consider the same issue from different points of view, which is an important condition for promoting the
development of scientific thinking.

The following VM and tools were proposed:
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-to study specific topics (for example, virtual museum: http://www.eskeletons.org/compant,
https://www.travelandleisure.com/attractions/museums-galleries/museums-with-virtual-tours; and a directory to virtual
museums and museum home pages on the Internet can be found in the World Wide Web Virtual Library: Museums, a service of
the International Council of Museums (ICOM) that provides lists of museums by country as well as other categories);

- to create their personal VMs (for example, metaverse, blippar, Google Slides).

One of the interesting projects created by teachers should be noted as «Virtual museum of biology: the musculoskeletal
system of man». The goal of the learning project was to teach students the importance of collaboration and division of labor by
taking advantage of group experiences on biology, visiting biology museums, understanding virtual museums, and the experience
visiting them. The lesson was taught in 3 parts: part 1 was the uncoordinated phase in which individual actions were carried out
and subsequently analyzed; part 2 was the planned implementation phase where the division of labor and cooperation was
emphasized; part 3 was the consolidation phase where learning discussed and evaluated. The learning objective was the defining
what the vertebrate skeleton is.

Most questions of the project were:

- What are the structure and functions of the musculoskeletal system?

- What are the similarities and differences between bone and cartilage?

- What are the characteristics of bone?

- What is the human skeleton?

- What is a virtual museum?

- What exhibits should be placed in the Museum of Biology «The musculoskeletal system of man»?

The result of the learning project «Virtual museum of biology: the musculoskeletal system of man»: students do
research and gather information about important figures related to a given topic and then dress up (or use a prop) to create a
‘talking wax museum'. A student can take the role of the museum guide or the audience can interview the figures directly.

In the process of conducting research by students, teachers asked them to perform the following tasks using VM with
augmented images using any of the platforms such as ARCore Augmented Images
(https://codelabs.developers.google.com/codelabs/augimg-intro?utm_source=google-
io&utm_medium=organic&utm_campaign=io21-learninglab#0); Blippar (https://blipps.blippar.com/).

To obtain the objectives, our research is focused on teachers from Secondary schools (Semipolkivsky Secondary School
of the 1st-3rd Grade (Ukraine), Specialized school Ne 181 named after I. Kudri with in-depth study of foreign languages (Kyiv,
Ukraine)) to determine their attitude to using VM in learning project «Virtual museum of biology: the musculoskeletal system of
man». The study involving 27 teachers at the general school was conducted from September to December 2021.

The questionnaire content is aimed to obtain answers to the following questions: Do teachers consider it required to
use VM in teaching at school? Could a VM contribute positively to the students learning motivation? How to use VM for quality
education in the general school?

Teachers were asked to answer 3 open-ended questions and 1 question with the choice of the answer "Strongly
disagree, disagree, Neither agree nor disagree, agree, Strongly agree "

So, teachers were asked to write their opinion on 3 open-ended questions:

- How did you use VM in your teaching activity?

- Which problems had you when proposed for students VM for solving the problem?

- How helped you use VM for displays and support inquiry-based science education?

The question with the choice of the answer "l disagree, | agree, | do not agree at all" was "what is necessary for the
successful use of virtual museums to increase the clarity of learning necessary?", to which such answers were offered:

- determine the feasibility of using virtual museums, as well as their integrated use;

- not to overload students with on-screen visual aids;

- draw students' attention to the most important, essential features of objects, phenomena, and processes studied

with the help of virtual museums;
- orient students to a comprehensive perception of phenomena;
- enable students to be as active and independent as possible when visiting and creating virtual museums.
Interpretation of open-ended questions.
For the question «How did you use VM in your teaching activity?» the following responses were received:
- «l use VM to submit new material» (75%);
- «l use VM to present objects and processes that are difficult to show in real life» (83%);
- «l use VM for carrying out the brainstorm» (56%);
- «l use VM to increase students' interest in learning material» (27%);
- «VMs help ensure museums visits around the world, regardless of the time and place of the student and teacher»
(33%);

- «the material should be selected according to the content in such a way that it stimulates interest in knowledge,
brings new knowledge about the world, teaches the ability to see the new, already reveals to students the history of
scientific discoveries and practical meaning of knowledge, shows the latest advances in science» (65%).

For the question «Which problems had you when proposed for students VM for solving the problem?» the following
responses were received:

- «lack of methodological recommendations» (82%);

- «students' lack of understanding how to use VM, we must to prescribe instructions and plan the excursions and

exhibishenes» (63%);
- «the use of VM depends on the availability and quality of the Internet connection» (23%).
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For the question «How helped you use VM for displays and supports inquiry-based science education?» the following

responses were received:

- «VMs help students learn about complex experiments and subjects that are difficult and expensive to explain. In
addition, they provide a realistic environment for the presentation of subjects such as history, art, astronomy,
geography, and physical sciences» (78%);

- «VM improves students' real presentation of educational material» (68%);

- «using VMs make learning interesting, thus facilitating the education process of students' interest and motivation»
(94%).

Interpretation of the question with the choice of the answer «Strongly disagree, disagree, Neither agree nor disagree,

agree, Strongly agree».

The results of the survey on what is necessary for the successful use of virtual museums to increase the clarity of

learning necessary are presented in table 1.

Table 1.
The results of the survey on what is necessary for the successful use of virtual museums to increase the clarity of learning
necessary
Strongl . Neither agree Strongl
. gy Disagree ' . € Agree gly
disagree nor disagree agree
Determine the feasibility of using virtual museums, as well as
..I ibility of using virtu useu 15% 85%
their integrated use
Not to overload students with on-screen visual aids - 48% 24% 18% 10%
Draw students' attention to the most important, essential
features of objects, phenomena, and processes studied with - - - 100% -
the help of virtual museums
Orient students to a comprehensive perception of
! u P Ve percepll - - 54% 46% -
phenomena
Enable students to be as active and independent as possible
Sty 35 active and indep poss! 6% 16% 35% 38% 5%
when visiting and creating virtual museums

The survey results are presented below (Table 1). According to our findings, the teachers are highly interested in using
VM in the educational process in general school: «Draw students' attention to the most important, essential features of objects,
phenomena and processes studied with the help of virtual museums» — 100% teachers are considered necessary for teaching
students.

So, the use of virtual museums in the educational process makes it possible to effectively solve the following basic
didactic tasks:

- ensuring the scientific nature of students’ education mastery of scientific knowledge and promoting the formation of
a democratic worldview in them that is based on credible scientific facts and corresponds to the dynamics of relevant scientific
knowledge development;

- strengthening the clarity of learning as a principle of didactics, due to the nature of the process of cognition, which
begins with sensory perception, moves to abstract thinking, and from it to practice;

- development of student’s cognitive interests and abilities as a principle of didactics, which determines the most
important motives for student learning (formation of cognitive interests occurs in two ways: through the material that constitutes
the content of learning and organization of students’ cognitive activity);

- the use of virtual museums can affect students' visual and auditory memory;

- accelerating the pace of learning and memorizing learning material, which contributes to the strength of knowledge,
expanding the cognitive interests of students;

- the intensification of students' independent work;

- the connection between theory and practice, which necessitates the reflection of two inextricably linked aspects of a
single education process;

- individualization of learning.

VM give positive results in terms of activating the cognitive activity of students only when they are skillfully and
intelligently used in a system of various methods and techniques and combination with other teaching aids.

CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

VMs make it possible to significantly supplement, expand, and deepen the content of the material studied in the
curriculum.

Using virtual museums, the teacher can best select educational material. Virtual museums allow in the simplest, most
intelligible, and emotional way to transfer educational material, significantly enhance the mental activity of students, expand
their worldview, and arouse special interest in a particular field of knowledge.

For the use of VM in the educational process to promote the development and formation of cognitive interests of
students, the teacher must:

- select information to be presented with the help of VM, by content and compose it in a composition so that it
corresponds to the purpose, age, knowledge, and interests of students;

- the use of heuristic methods in teaching educational material with the help of VM;
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- to organize by the specific interests of student’s various forms of independent work with the use of VM (preferably
in the form of educational projects).
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