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INFORMATION SYSTEM OF ACCOUNTING FOR PROFESSIONAL DEVELOPMENT OF EDUCATORS
IN FORMAL AND NON-FORMAL EDUCATION

ABSTRACT

Formulation of the problem. The article is devoted to the possibility of conducting centralized or regional accounting of professional
development of educators, recognition of learning outcomes of various subjects of professional development. The review and
analysis of the structure of the information system of accounting for professional development of educators in formal and non-
formal education is made, its structural components are characterized. The purpose of its use is determined. An ER model of such
a system has been designed. The system of data access and the level of its distribution are determined.

Materials and methods. To achieve this goal, the following research methods were used: theoretical - analysis of legal documents relating to
the system of teacher training; generalization of best practices in business documentation, accounting for issued certificates;
analysis and systematization of functional responsibilities in educational institutions; diagnostic - research of structure of a
database of the account of documents on passing of advanced training for the purpose of necessary structure; analysis of the
activities of persons keeping records.

Results. The proposed structure of the information system of accounting for professional development of educators in formal and non-formal
education provides for the need to preserve information about the educator, the subject of professional development, acquired
competencies and documents received. The structure of each entity is proposed, the indices and the relationship between the
components are defined. The information system needs to define users and access rights. Access to the table with information on
professional development of educators should be open. This is necessary so that stakeholders and other educators can see how a
teacher is involved in professional development. Data entry is provided through authenticated authorized access of the employee
responsible for advanced training (internship) and certification. This person has the necessary data about educators, enters this
information into the database.

Conclusions. The functioning of such a regional or all-Ukrainian information system for accounting for professional development of educators
in formal and non-formal education will address a number of issues arising in the certification and certification of educators.

KEY WORDS: information system, accounting, advanced training, educational trajectory, non-formal education.

INTRODUCTION

In recent years, there have been many changes in our country. The education sector is no exception. New Laws of Ukraine
"On Higher Education”, "On Education" have been adopted, and relevant bylaws, such as the resolution of the Cabinet of
Ministers of Ukraine approved the "Procedure for professional development of teachers and research and teaching staff."
Digitization is being introduced with new force in various state institutions, a new Ministry of Digital Transformation has been
created, deputy ministers for digital development are emerging, and so on. The state in the smartphone is slowly becoming a
reality. As we see, evolutionary changes are taking place in the ministries, which necessitates the modernization of all systems to
ensure the functioning of the branches of these ministries.

The adopted laws for the education sector define new rules for professional development and professional development
of pedagogical and scientific-pedagogical workers. This determines the requirements and corresponding changes in these
processes for the educators themselves, school administration, departments, ministries.

Now, under the new conditions, there is a loss of monopoly for institutions of postgraduate pedagogical education and
educators have the right to decide where, how and when to improve their skills. The subjects of advanced training now include

© D. Pokryshen, 2021.
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public organizations, private entrepreneurs, scientists and experienced teachers. The term, volume, content is determined by the
subject of advanced training. Postgraduate pedagogical education institutions or structural subdivisions of higher education
institutions that provide postgraduate education must have licenses to conduct such activities. At the same time, subjects related
to non-formal education are not required to have such a license, but the documents issued by them require an additional
procedure for recognition by the educational institution.

If we talk about secondary and high school teachers, they must in five years receive documents certifying training for at
least 150 hours and increased such competencies as professional, innovative, lifelong learning, social and civic, cultural,
informational digital, mathematical, in the field of natural sciences, environmental literacy and healthy lifestyle, business and
financial, speech, communication in the state language, communication in foreign languages and others.

Thus, we have the liberalization and free formation of their educational trajectory by teachers within the postgraduate
formal and non-formal education, but it also raises the problem of accounting for the documents received.

Analysis of recent research and publications. Peculiarities of adult learning are paid to the researches of Burenko V.M.
(Burenko, 2005), Gershunsky B.S. (Gershunsky, 1987), Zyazyun |.A., Kolesnikova 1.0., Kramushchenko L.V., Krivonos I.F.,
Lukyanova L.B., Fopel K. (Fopel, 2010) and others. Aspects of continuing and postgraduate education are considered in the works
of Bordovska N.V. (Bordovska, 2006), Dave R. (Dave, 1976), Zyazyun |.A., Kolesnikova 1.0., Oliynyk V.V., Oliynyk O.0. (Oliynyk,
2002), Rean A. and others. The issue of non-formal education in the system of postgraduate pedagogical education is considered
in the work of the authors M. Kyrychenko, O. Prosina and others (Kyrychenko, Prosina, Kravchynska & Shven, 2020).

Technologies for creating software, information systems are given attention in the works of domestic and foreign
researchers: Braude E.J. (Braude, 2004), Voloshinova S.A., Grishko L.V. (Grishko, 2009), Zhaldaka M.I., Kramar Yu. M., Myers G.
(Myers, 1980), Penkov A.V., Randy M., Semerikov S.O. (Semerikov, 2009), Sommerville I., Jacobson A. and others.

In order to monitor and self-assess educational institutions the effectiveness of the introduction of innovative digital
technologies in the educational process, to determine the stage of digital development of the educational institution MES
together with the European Education Fund with the support of the Ministry of Digital Transformation by Fostering the Use of
Innovative Educational Technologies), which is specified in the letter of the Ministry of Education and Science Ne1 / 9-447 dated
07.09.2021.

Introduction and real use of information-analytical systems in the practical daily activities of educational institutions
actualizes the state of material and technical base, demonstrates the level of information development in the management
system. Thus, digitalization and digital transformation occurs not only on paper but also in real life.

This article is a development of the study, which began in (Pokryshen&Krepky, 2012; Pokryshen&Oleksienko, 2019). Issues
of design, development and implementation in educational institutions of information-analytical accounting system for
recognition of the results of professional development of educators in formal and non-formal education were left out of
consideration.

The purpose of this study is to conduct a structural analysis of the information-analytical system of accounting for
professional development of educators in formal and non-formal education.

METHODS OF THE RESEARCH

According to the purpose the following research methods were used:

theoretical —analysis of legal documents related to the system of teacher training; generalization of best practices in business
documentation, accounting for issued certificates; analysis and systematization of functional responsibilities in educational
institutions;

diagnostic—research of structure of a database of the account of documents on passing of advanced training for the purpose
of necessary structure; analysis of the activities of persons keeping records.

RESULTS AND THEIR DISCUSSION

As already mentioned, according to the current legislation, professional development of educators must take place
constantly. In the "Procedure for professional development of pedagogical and scientific-pedagogical workers" (Postanova Kabinetu
Ministriv Ukrayiny) it is stated that the forms of professional development are institutional (full-time, part-time, distance), dual and
others. Among the types of advanced training are training in the advanced training program, including participation in seminars,
workshops, trainings, webinars, workshops, research internships, self-education, etc. Thus, we see that professional development
can take place within formal and non-formal education.

In this study, formal education will be understood as passing advanced training in postgraduate pedagogical education
institutions or structural units of higher education institutions engaged in advanced training and having the appropriate licenses for
such activities and the issuance of documents (certificates, certificates).

Non-formal education will be understood as passing of advanced training in the form of passing of internships, trainings,
master classes at various subjects of advanced training.

If everything is clear and unambiguous with the procedure of enrollment in advanced training courses for licensed
organizations, then the received documents on non-formal education need additional approval by pedagogical (academic) councils
(paragraph 26 (Postanova Kabinetu Ministriv Ukrayiny)). Paragraph 13 (Postanova Kabinetu Ministriv Ukrayiny) specifies the
requirements for the content and content of the document on professional development.

Thus, we have the problem of accounting for professional development of pedagogical and scientific-pedagogical workers
and relevant documents. The solution of these problems is possible by creating and maintaining an information-analytical system of
accounting for advanced training in formal and non-formal education.

The analysis of current normative documents showed that the information-analytical system should contain information
about the educator, the subject of advanced training, acquired competencies and received documents.



PHYSICAL & MATHEMATICAL EDUCATION issue 5(31), 2021

Let's analyze each of the entities (tables). The first table Academic contains information about the pedagogical, scientific and
pedagogical worker. Similar to scientometric databases, where there is information about scientists, it is necessary to have an
identifier for the educator undergoing advanced training. In addition to the ID, you should keep your last name and first name, e-
mail. It is not advisable to keep information about the city of residence or place of work, as advanced training does not depend on
the administrative division of the territory and the legal name of the educational institution.

The second essence concerns the subject of advanced training. Today, educators have the right to choose where and how to
improve their skills (institutions of postgraduate pedagogical education, free educational institutions, public organizations,
entrepreneurs, scientists, other educators, in the workplace), so it is advisable to fix these subjects. Therefore, the table Subject of
advanced training consists of the following fields identifier, name, official website, information about the license, its image. An official
website is needed because it is necessary to publish information about the courses taken by the educator, which is provided by the
procedure for professional development. Information about the presence of a license in the subject is necessary, because in its
absence, the document and the results of advanced training must be approved by the relevant pedagogical or academic councils
where the educator works.

The professional development of an educator is to increase the level of not only hard skills (the subject he teaches) but also
other soft skills. Therefore it is necessary to add the table with the list of competences. But take into account the fact that during the
year the educator can increase different competencies or simultaneously (multi-hour courses).

The main table should contain the record identifier, information about the educator, subject of advanced training, course
topic, date of receipt of the document, number of hours, reference to the document (certificate, certificate, certificate), reference
to disclosure of information from the subject and whether approved by pedagogical or scientific council. In the case of courses taken
by a licensed entity, the approval mark is set automatically.

The conceptual ER-model of such an information-analytical system is presented in Figure 1.

Academic Advanced training Count Comp Competence
% 1D academic L ¥ D ID AT 2/1— % 1D competence
First Mame N D Academic ID competence Competence
Second Name ID Subject of AT
e-mail Tapic
Date of AT
Subject of advanced training N-umberofhours
. Link Doc
L Link Proof
Subject of advanced training Credited
Site
License
License Img

Fig. 1. ER-model of information system of accounting for professional development of educators in formal and non-formal
education

Access to the table with information on professional development of educators should be open. This is necessary so that
students, parents, the administration of the educational institution, education authorities and other educators can see how this or
that educator is engaged in professional development.

The current state of development of desktop (Linux, Windows, MacQOS X distributions) and mobile (iOS, Android, Fuchsia,
HarmonyQS) operating systems, changing levels of abstraction, the transition to multi-core, the introduction of big.LITTLE in x86 and
other technological solutions emphasize the need universal access to this IAS. The solution to this problem is to use a web interface
(HTML, CSS, Java, PHP, etc.). Thus, the system will not depend so much on changes in technology and available hardware for users.

The system of queries, reports, sorting and filtering of data in the system will provide the formation of the necessary
reporting, analytics, monitoring, ease of use of the system.

The proposed accounting system can be national, where data on all educators will be entered, or local, for use within the
educational institution. Note the fact that in the case of implementation of such local systems and confirmation of their convenience
and efficiency, the implementation of a common state system will not require much effort and time.

The organization of access for data entry is realized with the help of authenticated authorized access. Each educational
institution has an employee who is responsible for advanced training (internship) and certification. It has all the necessary
information about educators, their courses, trainings, webinars and information about the time and date of certification. In this case,
the effectiveness of maintaining the database, entering data and keeping them up to date depends on the responsibility of teachers
and timely informing the administration about the documents received from formal and non-formal education, as well as the
employee who has access to the system.

CONCLUSIONS

The existence and maintenance of such a regional or all-Ukrainian information-analytical system of accounting for
professional development of educators in formal and non-formal education will solve a number of issues that arise during the
certification and certification of educators. Every head of an educational institution and the educator himself can observe the process
of professional growth of teachers, understand the relevance of skills and existing gaps. Students and their parents will be able to
choose the best educational institutions and the best teachers for themselves. Thus, the information system of accounting for
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professional development of educators in formal and non-formal education opens up new opportunities for the formation of
educational trajectories and prompt information of all stakeholders and the active introduction of digitalization in the management
of educational institutions.
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IHOOPMALYIMHA CUCTEMA OBJTIKY MIABULLEHHSA KBAJNIGIKALLIT OCBITAH Y ®OPMAJIbHIA TA HEGOPMAJIBbHIA OCBITI
A.A. MNokpuweHb
Yeprieiscobkuli obaacHuli iHcmumym nicasdunaomHoi nedazoziyHoi oceimu imeHi K.[. YwuHcoko2o, YkpaiHa

AHomayis.

PopmyntoearHa npobaemu. Cmamms npucea4eHa NUMAHHAM MOXIUBOCMI 8e0eHHA UeHMpPAsi308aH020 abo pe2ioHanbHo20 00Ky nid8uUWEeHHA
Keanigikauii npayieHuKie 0ceimu, 8U3HAHHAM PE3yabMamie HABYAHHSA Y pi3HUX cyb’ekmie nidsuweHHs Keanigikauii. 3pobaeHo 0enad
ma aHaniz cmpykmypu iHghopmauiliHoi cucmemu 06iKy nidsuwjeHHsA Keanigikauyii ocaimaH y hopmansHili ma HeghopmarnoeHiti ocsimi,
0XapaKmMepu308aHo ii cmpykmypHi KomrnoHeHmu. BusHavyeHo memy ii sukopucmanHaA. CripoekmosaHo ER-modenb makoi cucmemu.
BuzHayeHo cucmemy docmyrny 00 0aHUX Ma pieeHb ii Po3r1o8ctoOHEHHS.

Mamepianu i memodu. []1a docaeHeHHA nocmassaeHoi Memu 610 BUKOPUCMAHO MAKi Memoodu O0CIOHEHHA: MeopemuyYHi — aHAMI3 HOPMAMUBHO-
npasosux O0KyMeHmis, W0 CMOCylombCa cucmemu nidsuweHHsA Keanigikayii yaumenis; y3azansbHeHHs nepedosozo 0ocgidy 3 6e0eHHs
dinosoi dokymeHmauii, 06iky sudaHux cepmudpikamis; aHaniz ma cucmemamu3ayis yHKYioHanbHUX 0608°A3Kie y 3aknadax ocgimu;
diazHocmuyHi — ocnidreHHs cmpykmypu 6a3u 0aHux obsiKy OOKyMeHmie Mpo npoxooHeHHA nidsuwjeHHsA Keanigikauii 3 memoro
HeobxiOHoi cmpyKmypu; nposedeHHA aHaisy difnbHocmi ocib, ujo eedyme 0bsikosy doKymeHmauito.

Pe3yabmamu. 3anponoHo8aHa cmpykmypa iHghopmayiliHoi cucmemu obiky nideuwieHHs Keanigikayii oceimaH y hopmansHili ma HegpopmanbeHil
oceimi nepedbavyae HeobxioHicmb 36epexceHHs sidomocmeli nMpo oceimsaHUHA, cyb’ekma nidsuwieHHA Keanigikayii, 3006ymi
KoMnemeHmMHocmi ma ompumaHi O0KyMeHmMu. 3arporoHO8aHO CMPYKMYpPY KOXHOI CymHOCMi, 8U3HA4YEHO iHOEKCU Ma 830EMO38’A30K
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MiX KomMnoHeHmamu. IHgpopmauiliHa cucmema nompebye 8UHaYeHHA Kopucmysavie ma npas docmyny. ocmyn do mabauyi i3
sidomocmaMU npo nidsuweHHA Keanigikayii ocgeimaH nosuHeH 6ymu s8idkpumum. Lie nompi6Ho 074 moeo, wob 3ayikasaeHi ocobu ma
iHWi oceimaHu 6a4unu Ak moli yu iHwul nedazoe 3alimaemscs npogeciliHum po3sumkom. BeedeHHA OaHux 3a6e3nevyemscs yepe3
aymeHmudikoeaHuli asmopusosaHuli docmyn npayisHuUka, wo eidnosidae 3a nidBUWEHHA Keanigikayii (cmaxcyeaHHa) ma
amecmauito. Lis nto0uHa mae HeobxidHi 0aHi npo ocsimaH, BHocume ui 8idomocmi 0o 6a3u AaHUX.

BucHoBKU. ®YHKUiOHy8aHHA MAKoi pezioHanbHOi abo eceyKpaiHCbKoi iHghopmayiliHoi cucmemu 06niKy nidsuuieHHA Keanigikayii oceimaH y
gopmansHili ma HedopmansHili ocsimi 3o3801UMb BUPIWIUMU HU3KY NMUMAHL, WO 8UHUKAOMb npu amecmayii ma cepmudpikayii
npayieHukie ocgimu.

Knroyoei cnosa: iHhopmayiliHa cucmema, 06iK, nidsuweHHA Keasnigikayii, ocaimHa mpaekmopis, HedhopmanbsHa ocsima.

This work is licensed under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
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TRAINING OF FUTURE ENERGY SPECIALISTS TO SOLVE PRACTICAL PROBLEMS ON THE BASIS OF PHYSICAL PROJECTS

ABSTRACT

Formulation of the problem. In the field of higher education, general and special competencies are acquired, which have in common the ability
to apply knowledge in practical situations. Therefore, the formation of mental and practical skills and abilities of future energy
specialists to solve practical problems is becoming more and more important.

The effectiveness of solving practical problems in the field of power engineering, electrical engineering and electromechanics
depends on the understanding by future specialists of energy profile the theories and methods of physics. There is a need to
develop and implement effective teaching methods, in particular on the basis of physical projects.

Materials and methods. The analysis of research in the field of education, the National Qualifications Framework, the standard of higher
education in the specialty 141 "Electricity, Electrical Engineering and Electromechanics" for the first (bachelor's) level of higher
education to theoretically substantiate the requirements for mental and practical skills of future energy specialists to solving
practical tasks and advantages of physical projects in their formation was carried out; pedagogical experiment was carried out
for testing the effectiveness of the use of physical projects in the training of future energy specialists; diagnostics (using the 16-
factor personal questionnaire of R. Cattell and the method of analysis of products of activity as projects) was for evaluation the
levels of ability of future energy specialists to solve practical problems using theories and methods of physics; statistical
calculations, such as quantitative and qualitative data processing, graphical presentation of results, were for tracking the
dynamics of the levels of formation of the ability of future energy specialists to solve practical problems and establishing the
scientific reliability of the results of the study.

Results. The essence of physical projects and features of their using are theoretically substantiated on the example of discipline "Alternative
energy", the maintenance of which is directed on formation of ability to apply the received theoretical knowledge, scientific and
technical methods for the decision of scientific and technical problems and problems of power.

Such criteria as personal, content-procedural, evaluation-regulatory, indicators and diagnostic tools for testing the ability of
future energy specialists to solve practical problems with the using of physics methods are characterized.

The analysis of experimental data showed significant qualitative changes in the levels of formation of the ability of future energy
specialists to solve practical problems by EG physics. That is confirmed by calculations of Pearson's criterion (17,61> 7,8).

Conclusions. The using of physical projects is an effective teaching method in the training of future energy specialists to solve practical problems
in the field of power engineering, electrical engineering and electromechanics.

KEY WORDS: energy specialists, practical problems, physical project, competence, pedagogical experiment.

INTRODUCTION

Ukraine's integration into the world educational space requires constant improvement of the national education system,
the main result of which should be competitive and mobile individuals who acquire educational and professional competencies
in the labor market, according to their own interests, abilities, capabilities, needs of the economy and society.

The quality of achieving the above results of professional education depends, in particular, on the compliance of its
content with the requirements of the labor market, professional standards and the National Qualifications Framework, as a result

© N. Sosnickaya, O. Kryvylova, 2021.
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for the applicant of higher education is to obtain professional qualifications in demand in the labor market, the acquisition of
competencies that ensure competitiveness and self-realization of the individual.

In the field of higher education, general and special competencies are acquired, which have in common the ability to
apply knowledge in practical situations. Therefore, the formation of mental and practical skills and abilities of future energy
specialists to solve practical problems is becoming more and more important.

Analysis of relevant research. The main components of qualification requirements under the National Qualifications
Framework are knowledge, skills, communication, autonomy and responsibility. According to this, skill is the ability to apply
knowledge to perform tasks and solve problems. Skills are divided into cognitive (including logical, intuitive and creative thinking)
and practical (including manual dexterity, application of practical methods or techniques, materials, tools and tools,
communication). Thus, the sixth level of the National Qualifications Framework, which corresponds to the first (bachelor's) level
of higher education, reflects the expected results as: in-depth cognitive and practical skills, skill and innovation at the level needed
to solve complex specialized problems and practical problems in the field professional activity or training (On approval of the
national qualifications framework, 2011).

In particular, the standard of higher education in the specialty 141 "Electricity, Electrical Engineering and
Electromechanics" for the first (bachelor's) level of higher education states the need to develop the ability to solve practical
problems involving methods of mathematics, physics and electrical engineering (C12), resulting of this is to know the basics of
the theory of the electromagnetic field, methods of calculating electric circuits and be able to use them to solve practical problems
in professional activities (PR05); to apply application software, microcontrollers and microprocessor technology to solve practical
problems in professional activities (PR06); to carry out the analysis of processes in the electric power, electrotechnical and
electromechanical equipment, the corresponding complexes and systems (PR07); select and apply suitable methods for analysis
and synthesis of electromechanical and electric power systems with specified indicators (PR08); be able to assess the energy
efficiency and reliability of electrical, electrical and electromechanical systems (PR09); solve complex specialized problems in the
design and maintenance of electromechanical systems, electrical equipment of power plants, substations, systems and networks
(PR17), apply suitable empirical and theoretical methods to reduce electricity losses in its production, transportation, distribution
and use (PR19). The formed components will promote the formation of integrative competence, namely the ability to solve
specialized problems and solve practical problems during professional activities in the field of power engineering, electrical
engineering and electromechanics or in the learning process involving theories and methods of physics and engineering and
characterized by complexity and uncertainty conditions (On approval of the standard of higher education in the specialty
141 "Electric power, electrical engineering and electromechanics" for the first (bachelor's) level of higher education, 2019).

Nowadays, research methods of teaching, in particular the project method, as an opportunity to rationally combine
theoretical knowledge and their practical application to solve specific problems of reality in the process of joint activities of
participants in the educational process, in particular in the context of end-to-end integration in four areas (science) , technology,
engineering and mathematics) became more popular (Sosnytska et al, 2019; Sosnytska & Titova, 2020).

The word "project" (Latin projectus) means "forward". Traditionally, the concept of "project”" has several meanings:
1) developed a plan for construction, manufacture, reconstruction of something; 2) the preliminary text of the document, the
idea of something; 3) a certain form of organization of large and relatively independent initiatives; 4) the form of restructuring of
purposeful activity; 5) in fact, the project is any plan that has a purpose, deadline and specific steps of implementation (Busel,
2005: 1152).

According to the researchers, a "project" is a time-limited purposeful change of a separate system with established
requirements for the quality of results, possible costs of funds and resources and a specific organization (Burkov & Novikov,
1997); a sequence of interrelated events that occur within a set limited time and which are aimed at achieving a unique, but at
the same time defined result (Bagley, 2004); systematic form of organization of activity in the relationship of its theoretical and
practical aspects (Krimskiy, 2003) and others.

Thus, based on the analysis of scientific approaches to the content of this concept, we consider the project as a complete
cycle of productive activities aimed to obtain an objectively new or subjectively new result.

Design as a project creation activity is characterized by two points: the ideal nature of the action and its focus on the
emergence of something in the future. These two characteristics distinguish design from other activities. In the pedagogical
literature there are different definitions of the educational project, but in any case they are based on the development of
cognitive and creative skills of students, the ability to seek information and act independently, presenting project results and
cooperation between participants in the educational process. Thus, the essence of the project |. Sergeev recognizes as "six P":
problem — design (planning) — information retrieval — product — presentation — portfolio, which collects all project materials,
including drafts, daily plans, reports, etc. (Sergeev, 2004: 28).

The project method is a method based on the development of cognitive, creative skills of students, the ability to
independently construct their knowledge, navigate in the information space, think critically.

Reasons for the widespread use of the project method in the training of future energy specialist: pedagogical — learning
to acquire knowledge independently; ability to use the acquired knowledge to solve cognitive and practical problems; ability to
use research methods (collect the necessary information, comprehensively analyze it, make hypotheses, draw conclusions; social
—the ability to work in different groups; the ability to perform different social roles (leader, performer, mediator, etc.); the need
to acquire skills to overcome conflict; wide human contacts, acquaintance with different cultures, views on one problem
(Sosnytska & Kryvylova, 2020).

All this will contribute to the formation of higher education seekers with a clear, personally meaningful and meaningful
image of future professional activity, as an important step towards competitiveness in the labor market.

Tasks that are solved in the process of project activities: 1. Personal orientation of project training, taking into account
the goals, objectives, needs, interests, motivation, life experience, individual characteristics and abilities of the individual.
2. Preparing learners for real activities through practical actions that affect their emotional sphere and increase motivation to
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learn due to the closer connection of project ideas with real life. 3. Creative work of project participants on the basis of
independently collected, systematized and generalized information from various sources. 4. Development of independent
thinking in identifying and solving problems based on knowledge from various fields of science; use of various research and
exploration methods and teaching methods. 5. Development of skills to establish cause and effect relationships between
phenomena, to anticipate the possible consequences of different solutions, to plan and predict the results, to take action to
implement decisions. 6. The use of various forms of organization of educational activities in order to enhance the interaction of
teachers and students as equal partners in the educational process. 7. Increasing the individual and collective responsibility of
project participants in connection with the need to coordinate actions to obtain results (Grudinin, 2017).

The aim of the article. The purpose of the research is to theoretically substantiate the peculiarities of training future
energy specialists to solve practical problems on the basis of physical projects and to reveal the results of experimental
verification of the effectiveness of the chosen method.

To achieve this goal, the following tasks are formulated: theoretically substantiate the essence of physical projects and
features of their use; to characterize the criteria, indicators and diagnostic tools for testing the ability of future energy specialists
to solve practical problems; to reveal the results of experimental verification of the effectiveness of the use of physical projects.

RESEARCH METHODS

The analysis of research in the field of education, the National Qualifications Framework, the standard of higher education
in the specialty 141 "Electricity, Electrical Engineering and Electromechanics" for the first (bachelor's) level of higher education
to theoretically substantiate the requirements for mental and practical skills of future energy specialists to solving practical tasks
and advantages of physical projects in their formation was carried out; pedagogical experiment was carried out for testing the
effectiveness of the use of physical projects in the training of future energy specialists; diagnostics (using the 16-factor personal
questionnaire of R. Cattell and the method of analysis of products of activity as projects) was for evaluation the levels of ability
of future energy specialists to solve practical problems using theories and methods of physics; statistical calculations, such as
quantitative and qualitative data processing, graphical presentation of results, were for tracking the dynamics of the levels of
formation of the ability of future energy specialists to solve practical problems and establishing the scientific reliability of the
results of the study.

RESULTS

During the training of future energy specialists, we use a physical project, which means solving practical problems in the
field of power engineering, electrical engineering and electromechanics using theories and methods of physics. When considering
the topics and content of project activities of future energy specialists, we adhere to the following conditions: 1) the physical
project should be based largely on already known knowledge and skills; 2) the physical project must contain contradictions
between the known and the search - the problem of research; 3) the physical project should arouse interest in finding ways to
solve a practical problem.

For example, we use physical projects in teaching the discipline "Alternative Energy", which aims to develop the ability to
apply the acquired theoretical knowledge, scientific and technical methods to solve scientific and technical problems and
problems of energy. We take into account interdisciplinary connections with the discipline "Physics", in particular
electrodynamics, which occupies a special place given the richness of worldview and polytechnic content. It is in this section that
the problems of electric power are considered — generation, transmission and conversion of electric energy with induction
generators and transformers, etc.

Thus, future energy specialists are developing a project with the general title "Physical Fundamentals of Alternative
Energy", which is adjusted according to the chosen direction.

The main task of the projects is to consolidate the general principles of energy efficiency assessment of non-conventional
and renewable energy sources based on knowledge of the principle of operation and the main functional and structural features
of non-conventional energy installations, namely solar, wind, heat pump installations, hydropower plants, energy batteries, hydro
and ebbs, fuel cells, biofuels, magnetohydrodynamic energy converters, thermoelectric generators, radioisotope energy sources,
etc.

In particular, while choosing the topic "Physical foundations of wind turbines" higher education students perform the
calculation of wind turbines taking into account the parameters of wind turbines and the proposed conditions of their location.
The content of the work includes: calculation of wind turbine power with rotor radius R, m at starting wind speed V, m / s, wind
utilization factor §, reducer efficiency - nreq .; generator efficiency - ngen; calculation of wind speed at which the wind turbine will
generate enough power to provide energy, for example, the average cottage with a radius of rotor R, m, wind utilization factor -
§, efficiency of the reducer - nreq; Generator efficiency - ngen .; or calculation of wind power capacity containing n of the same type
of wind power plants, where the length of the windmill blade L, wind speed V, wind turbine efficiency nu, electric efficiency of
the installation (generator and converter) ne, air temperature t, atmospheric pressure p and others.

The process of developing a physical project consists of the main stages: the choice of topic; problem formulation; setting
tasks; selection of participants (group or individual project development); distribution of tasks; analysis of sources on the research
problem; experimental part (if it is necessary); processing of results; report preparation and project defense.

The order of execution provides for the implementation of actions by future energy specialists: 1) to get acquainted with
the primary information; 2) perform an analysis of methods of obtaining electricity; 3) search for information on the Internet at
the addresses of the above sites in order to obtain and analyze the physical and technical characteristics of devices for obtaining
alternative energy; 4) make assumptions about the methods of obtaining electricity that can be sold in your area; 5) provide
information on the methods of obtaining electricity that are sold in your area; 6) design and implement a device for obtaining
alternative energy; 7) draw conclusions; 8) compile a project portfolio.
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The individual activity of future energy specialists during project development depended on external factors, namely: the
functional distribution between group members; availability of author's findings; opportunities to argue their own positions and
summarize the results of activities, to discuss with opponents, etc.

Thus, future energy specialists not only demonstrate the formation of mental and practical skills in solving specialized
problems by physics, but also acquire the ability to be critical and self-critical in making informed decisions and assess the quality
of work performed.

The pedagogical experiment was carried out on the basis of higher education institutions of Ukraine: Dmytro Motornyi
Tavria State Agrotechnological University (Faculty of Energy and Computer Technologies) and Berdyansk State Pedagogical
University (Faculty of Physics, Mathematics, Computer and Technology Education) during 2018-2021 academic years.

To conduct a pedagogical experiment, an experimental and control groups of higher education students of the specialty
141 "Electric Power, Electrical Engineering and Electromechanics" (1-4 levels) were selected. These groups covered a total of 284
people. A representative sample in the study consists of parallel experimental and control groups. The control group included
142 students who studied on the basis of traditionally formed practice, the experimental group - 142 students of the same
faculties, who studied using the developed educational and methodological support.

The pedagogical experiment involved the implementation of actions of ascertaining, formative and control content. Thus,
the purpose of the observational experiment was to establish the actual state and level of the studied characteristics of the
participants at the beginning of the experiment. The formative experiment is aimed at studying the phenomenon under study
directly in the process of implementing physical projects. The control experiment was conducted in order to compare the results
of the experimental and control groups regarding the dynamics of acquiring the ability of future energy professionals to solve
practical problems by all criteria and levels.

Criteria and indicators of the formation of the ability of future energy specialists to solve practical problems involving the
methods of physics: personal criterion - the presence and level of development of professionally important abilities and qualities;
substantive-procedural criterion - practical and operational application of knowledge to specific situations; evaluation and
regulatory criterion - self-assessment and self-control of activities (Kryvylova, 2017).

In particular, the need to successfully solve practical problems in the energy sector, interest to the process of solving
them and a strong desire to master the physical foundations in the modeling, design, development and maintenance of energy
systems (personal criterion); understanding the content of practical problems in the energy sector, assessing their significance
and knowledge of ways to solve them by physical methods, ability to solve practical problems in the energy sector with the use
of physical laws (substantive and procedural criteria); ability to self-assessment and self-control of own actions on the application
of physical laws in solving practical problems in the energy sector and focus on self-improvement in achieving the expected results
(evaluation and regulatory criteria).

The level of formation of the ability of future energy specialists to solve practical problems with the use of physics
methods was checked using a 16-factor personality questionnaire R. Kettell (Metodika mnogofaktornogo issledovaniya lichnosti
R. Kettella) and the method of analysis of products of activities - projects.

The purpose of using the 16-factor personality questionnaire R. Kettell was to establish the presence and level of
development of professionally important qualities of future energy specialists who can contribute to or hinder the successful
acquisition of the ability to solve practical problems by physics.

According to the theory of personality traits of R. Kettell, the personality consists of stable, stable, interconnected
elements (properties, traits) that determine its inner essence and behavior. Differences in behavior are explained by differences
in the expression of personality traits. The set of individual factors creates symptom complexes of communicative, intellectual,
emotional and regulatory personality traits.

After the experiment, a significant shift in the group of regulatory personality traits of future energy specialists EG
(+16.15% at a high level), which indicates the formation of the ability to mobilize to achieve this goal in spite of internal resistance
and external obstacles; ability to act thoughtfully, persistently and organized (to finish the started cases, to have a clear idea of
the order of executed cases, to plan time); the ability to maintain self-control in critical situations and regulate the external
manifestations of emotions; be critical of yourself.

The shift in the group of intellectual properties of EG (+5.21% — high level, -4.17% — low level) indicates an increase in the
number of future energy specialists who are able to establish cause-and-effect relationships between phenomena and have
developed figurative thinking (different high level of generalization). These manifestations prove the effectiveness of the use of
physical projects in the training of future energy specialists.

The group of communicative properties at the end of the experiment characterizes future energy specialists at a high
level as: energetic, sincere in relationships with others, dynamic in communication, which promotes leadership in group activities;
socially courageous, active, ready to deal with unfamiliar circumstances, prone to risk; independent in judgments and behavior;
independent in decision-making; prudent, perceptive, intelligent with a sentimental approach to events and others; open,
tolerant of others, willing to cooperate with the team. These shifts in communicative properties became possible due to the use
of physical projects.

The use of project results as a diagnostic tool helped to identify knowledge, skills, abilities and professionally important
qualities of future energy specialists who provide the ability to solve practical problems of future professional activity.

At the end of the experiment, the development of group and individual projects began to contain a large number of
original and inventive techniques, characterized by complete independence and high activity of future energy specialists. The
formed generalized integrated abilities and skills on the analysis and documentation of the information are observed; ability to
realize goals and make decisions in professional activity in the conditions of complex systems of different nature; perfect mastery
of various methods and means of modeling, forecasting, design.
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During the pedagogical experiment, future energy specialists changed their attitudes to their personal and academic
achievements, which was reflected in predicting the prospects of self-improvement and the desire to achieve better results in
developing the ability to solve practical problems, including physics.

The analysis of experimental data showed qualitative changes in the low level of formation of the ability of future energy
specialists to solve practical problems, due to a decrease in the number of students in the relevant category during the
pedagogical experiment by 3.9% in CG and 9.64% in EG. At the average level, there was an increase in the number of students by
1.82% in CG and a decrease of 10.15% in EG. Sufficient and high levels of formation of this component also showed positive
qualitative changes: an increase in the number of students in the control (by 0.52% and 1.56%, respectively) and experimental
(by 10.42% and 9.37%, respectively) groups.

Comparative analysis of the absolute average value of qualitative changes in the level of formation of the ability of future
energy specialists to solve problems in control and experimental groups led to the conclusion that the positive dynamics of
qualitative changes in CG (Aver. = 1.95%) due to traditional training, and in EG (Aver.= 9.9%) — the result of professional training
of students by experimental methods (Fig. 1).
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Fig. 1. Dynamics of qualitative changes in the formation of the ability to solve practical problems of control and experimental
groups at the beginning and end of the experiment

The results of the experimental study were confirmed by using the methods of mathematical statistics, in particular the
calculation of the nonparametric Pearson criterion — 2. For this purpose, statistical hypotheses were formulated:

Ho: experimental forms, methods and means of training future energy specialists do not affect the qualitative changes in
the level of formation of mental and practical skills and abilities to solve practical problems by methods of physics, and the results
are random.

Hi: qualitative changes in the level of formation of mental and practical skills and abilities to solve practical problems of
future energy specialists due to the influence of experimental forms, methods and tools.

The obtained value of Pearson's criterion (17.61> 7.8), that means the experimental value of Pearson's criterion, is the
basis for rejecting the null hypothesis Ho and accepting the alternative hypothesis H; about the influence of experimental training
on the ability of future energy specialists to solve practical problems by physics.

Thus, for all parameters there were statistically significant changes in the level of formation of the ability of future energy
specialists to solve practical problems by methods of physics, which gives reason to conclude about the high efficiency of using
the physical projects.

CONCLUSIONS

Based on the analysis of scientific research in the field of education, the National Qualifications Framework, the standard
of higher education in the specialty 141 "Electricity, Electrical Engineering and Electromechanics" for the first (bachelor's) level
of higher education theoretically substantiated requirements for mental and practical skills of future energy specialists. and the
advantages of physical projects in their formation.

Criteria and indicators of the formation of the ability of future energy specialists to solve practical problems involving the
methods of physics: personal criterion —the presence and level of development of professionally important abilities and qualities;
substantive-procedural criterion — practical and operational application of knowledge to specific situations; evaluation and
regulatory criterion — self-assessment and self-control of activities.

The expediency of diagnostic tools to test the formation of the ability of future energy specialists to solve practical
problems by methods of physics (16-factor personality questionnaire R. Cattell and the method of analysis of products as projects)
is indicated.

The analysis of experimental data showed significant qualitative changes in the levels of formation of the ability of future
energy specialists to solve practical problems by EG physics: high level —increase by 9.37%, sufficient level — increase by 10.42%,
medium level - decrease by 10.15 %, low level — a decrease of 9.64%. The positive dynamics of qualitative changes in CG
(Aver. = 1.95%) is due to traditional training, and in EG (Aver. = 9.9%) — the result of professional training of students based on
physical projects. That is confirmed by calculations of Pearson's criterion (17,61> 7,8).
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MIArOTOBKA MAMBYTHIX ®AXIBLIB EHEPTETUMHOIO MPO®I/IIO 0,0 BUPILLEHHA MPAKTUYHUX 3A0AY
HA OCHOBI ®I3U4HUX NPOEKTIB
Hamansa CocHuybka
Taspilicekuli OeprasHuli azpomexHoozidHull yHisepcumem imeHi Amumpa MomopHoeo, YKpaiHa
OneHa Kpusunsoea
beposHcokuli deprasHuli nedaeozivHuli yHisepcumem, YKpaiHa

AHomayis.

PopmynioeaHHa npobaemu Y cihepi suwjoi oceimu Habysaromobca 3a2aa6Hi ma crneyianbHi KoMnemeHMHoCcMI, CRiAbHUMU 0715 AKUX € 30amHicmb
3acmocosysamu 3HAHHA Y MPAKMUYHUX cumyauisx. Biomak, ¢opmysaHHs pO3yMosuX ma MPAKMUYHUX 8MiHb Ma HABUYOK
malibymHix ¢paxisyie eHepeemuyHo20 npoginto 00 BUPIWEHHA MPAKMU4YHUX 3aday, Habysae ece binbwoi aAKMyanbHOCMI.
Pe3ynsmamugHicme 8UPIWEHHA MPAKMUYHUX 30004 2asy3i enekmpoeHep2emuKu, eneKmpomexHiKu ma esnekmpomexaHiku
3a7exume 8i0 po3yMiHHA malibymHimu gaxisyamu eHepaemu4Hoz20 npoginto meopili ma memodis izuxku. BuHUKkae nompeba y
po3pobuyi ma 3anposadHeHHi edpeKmusHUX Memoodie HABYAHHS, 30KPemMa Ha OCHOBI (hi3UYHUX MPOEKMIB.

Mamepianu i memodu. posedeHo aHani3 Haykosux 0ocnidxeHs y 2any3i oceimu, HayioHaneHoi pamku Keanigpikayil, cmaHdapmy suwjoi
oceimu 3a cneyianeHicmio 141 «EnekmpoeHepaemuka, enekmpomexHika ma enekmpomexaHika» 047 nepwozo (6akanaspcbKo2o)
piBHA 8UWOT OCBIMU 3 MEMO0 meopemu4Ho20 06rPyHMYB8AHHA 8UMO2 00 PO3YMOBUX MA NPAKMUYHUX YyMiHb MalibymHix gaxieyie
eHepaemuyHo20 Npoginto 00 8uUpiwWeHHA NPAKMUYHUX 300a4Y ma repeesaz izuYyHUX MPOEKMIB y iXHbOMY hopMy8aHHI; nedazoziyHuli
eKcrnepumeHm — 047 nepesipku diesocmi 8UKOPUCMAHHA Pi3UMHUX MPOEKMIe y npogeciliHoi nidzomosku malibymHix gaxisyie
eHepaemuyHo20 npoginto; diazHocmuka (3a donomozoro 16-ghakmopHo2o ocobucmicHo2o onumysansHuka P. Kemmesnna ma
memody aHanizy npodykmie OifsnbHOCMI y AKOCMI MPOEKMIB) — 0419 OUIHKU pigHie chopmosaHocmi emiHHA malibymHix gpaxieyie
eHepzemuyHo20 Mpoginto pose’a3ysamu npakmuyHi 3ada4i 3 B8UKOPUCMAHHAM meopili i memodie i3uku; cmamucmuyHi
pO3paxyHKU (KinbkicHa ma AkicHa 0b6pobka OaHux, 2pacpiyHe MoOaHHA pe3ysbmamis) — 015 sidcmexeHHA OUHAMIKU pieHig
cghopmosaHocmi emiHHA malibymHix ghaxisyie eHepaemu4Ho20 Mpoginto po3e’asysamu MPAKmMu4Hi 3a0a4i ma 8CMAHOBAEHHA
HayKoeoi docmosipHOCmMi ompumMaHuUX pe3ysnbmamie 00CAiIOHEeHHS.

Pe3yabmamu. Teopemu4Ho 06rpyHMoOBAHO CymHicme (i3uYHUX MPOEKMi8 ma 0cobausocmi ix 8UKOPUCMAHHA HA MPuKaadi oucyunaiHu
«AnbmepHAMuUBHaA eHepaemuKa», 3Micm AKOI CIPAMOBAHO HA POPMYBAHHA 300MHOCMI 30CMOCO8Y8aMU OMPUMAHIi MeopemuYHi
3HAHHA, HAYKO8I | mexHiYHi MemoOdu 011 8upiweHHA HayKOBO-MexHIYHUX npobsem i 3a0a4 eHepaemuKu.

Cxapakmepu3osaHo  kpumepii  (ocobucmicHull, — 3micmosHo-npoyecyansHul,  OuiHHO-peayanamueHuli), MOKA3HUKU ma
diaeHocmuyHuli iHcmpymeHmapili nepesipku cgpopmosaHocmi 30amHocmi MmalibymHix ¢haxisyie eHepeemuyHo20 npoginto 6o
supiWeHHA NPAKMUYHUX 3a0aY i3 3aay4eHHAM Memo0is Qi3uku.

AHani3 ekcnepumeHmanbHUx OaHUX 3aceioyus 8a2oMi AKICHI 3MiHU pigHie cghopmosaHocmi 30amHocmi malibymHix ¢axisyie
eHepaemuyHo20 NMpoginto 00 supileHHsA NPakmu4Hux 3a0a4y memodamu ¢izuku (ET), ujo nidmeepodxceHo po3paxyHKamu Kpumepito
MipcoHa (17,61>7,8).

BucHOBKU. BukopucmaHHA (i3u4HUX NPOEKMie € die8UM MemoOOM HABYAHHA y nidzomosyi malibymHix gaxisuie eHepzemuyHo20 nNpoginto 00
8upileHHA MPaKMuYHUX 30004 y 2as1y3i eneKmpoeHep2emuKu, eneKmpomexHiKU ma enekmpomexaHiKu.

Knrouosi cnosa: ¢axisyi eHepeemu4Ho20 npoginto, MpakmuyHi 3a0ayi, isuyHuUli NPoeKmM, KomnemeHmMHocmi, nedazozivHuli exkcrnepumeHm.

This work is licensed under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
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OB U3YYEHUU TEMbI «KOMIMJIEKCHBIE YAC/A» B OBLLEOBPA3OBATE/IbHOM LLUKOJIE U B BY3AX
PECNYBJ/INKU Y3BEKUCTAH

AHHOTAUNA

®opmynuposka npobnaemol. B cesasu c pegpopmamu, npogodumeimu 8 cepe obpaszosaHus 8 Pecriybnuke Y3bekucmaH, meHAemcs
codepxaHue cpedHe2o 0bpa308aHUSA, 8 YACMHOCMU, MamemMmamu4yecko2o 06pazosaHus. B amoli cmamee paccmampueaemcsa
80MpPOC MpeeMcmeeHHOCMU U3y4eHus memesl «KomraekcHole 4ucaa» 8 wkonae u nedazozudeckom BY3e, u usmeHeHue
codepycaHus cpedHe2o 06pA308aHUS, 8 YACMHOCMU, Mamemamu4eckozo o06pazoeaHus. B npoezpammy  wkKonbHol
mamemamuku Pecnybauxku Y3bekucmaH 6binu 88e0eHbl MaKue Ho8ble pasdesnsbl KAK KOMOUHAMOPUKGA, 37aemMeHmb!
mamemamuy4eckoll 7102UKU, KOMI/EKCHbIe YuCna, 371emMeHmsl Mmeopuu eeposmHOCMU, 3/7eMeHmsl mamemamuyecKoli
cmamucmuku u ¢puHaHcosol MamemMamuku. B pe3ynsmame HeKomopbie membl Usu ux codepiaHue nosmopaomcs u 8 Kypce
8y308ckoli mamemamuku. Heobxoduma paspabomka memoOuKku U3y4eHUs 8HOBb 8800UMbIX Pa30es08 MAMeMamuKu, 8
0c06eHHOCMU, HEKOMOPbLIX MOBMOPAIOUWUXCA meM, onpedenums YPoBHU YCBOEHUS MOBMOPAIOWUXCA MOHAMUL yYeHuKamu
WKos u cmydeHmamu 8y308.

Mamepuanel u memodsl. B xode ucciedosaHusa 6biau MpuUMeHeHbl Pasau4Hbie Memoobl Uccnedo8aHUsA, d UMEHHO:U3yYeHue U aHanu3
HayyHo-nedazoau4eckol, Memooudeckol, Mamemamuyeckoli Aumepamypel U WKObHbLIX y4ebHUKO8 N0 MamemMamuke; aHanu3
npeemcmeeHHbIx cesazeli pazdena «KomraekcHble Yucaa»; nedazoaudeckuli SKCepuMeHm € Uesblo NposepKu 0CmamoYHbiX
3HaHUl yyauuxca no meme «KomraeKcHble 4ucaa», 8 Komopom yyacmeoeanu 89 cmydeHmos nepeozo Kypca depaaHcKo2o
20cydapcmeeHHo20 yHugepcumema; ob6cyxcdeHue mamepuasnos uccaedos8aHus.

Pesynomameol. B xo00e uccnedosaHus 6blaunpedsioneHbl YpoeHU yceoeHus y4yebHbix aaemeHmos u cmyreHeli abcmpakyuu,
Xapakmepu3yrowux A3bIK U3a0xeHUs y4eb6Holi uHgpopmayuu no meme «KommnaeKcHole Yucaa».

Bbi800dbl. [TonyveHHble pe3ysaemamel mo2ym 6biMb UCMOAb3080HbI WKOAbHLIMU yYUmMenamu 044 passumus KomnemeHyuli yyauyuxcs no
meme «KomrisneKcHele Yucaa», a makxce npenooasamensimu MamemamuKku 8 8bICUUX y4ebHbIx 3asedeHusx npu evibope
MemOoOUKU U3y4YeHUs meM, C853aHHbIE C KOMITAEKCHbIMU YUCAamU.

K/IKOYEBBIE C/IOBA: npeemcmeeHHOCMb, KOMI/AEKCHble Yucaa, an2ebpa u meopus Yucesn, mamemamu4veckuli aHanu3, meopus
aHaaAumMuUYecKux yHKYuUl, yposeHs yceoeHUs, cmeneHb abcmpakyuu.

BBEAEHUE

PassuTMe nHpopmaumoHHoro obectsa ctaBut ceBon TpebosaHMA K cucteme ob6pasosaHna. 3T TpebosaHMA OTHOCATCA
KaKK cofepiaHuio obpasoBaHua, Tak U K pesysbTaTam obydyeHuA. PasBuTMenHOOPMaALMOHHbBIX TEXHOIOTUIA, Negarorniyeckmnx
naen, pesynbTaTbl MeXAYHapOAHbIX UccnefoBaHui no obpasosaHuto (TIIMS, PISAM gp.), BaKHOCTb passuTua STEAM-
TeXHONOrMM 0bycnaBANBaOT U3MEHEHWE CoAEePKaHNA WKOIbHOTO MaTeMaTUyeckoro o6pasoBaHuma. B cBA3M € 3TM B nporpammy
LIKONIbHOM MaTeMaTuKn Pecnybnukmn YsbekuctaH 6biav BBeAeHbl TakMe HOBble pasgenbl, Kak KOMOMHATOPWKA, 371eMeHTbl
MaTeMaTUYECKON IOTUKM, KOMMAEKCHbIE YMCNa, SNEMEHTbI TEOPUN BEPOATHOCTU, S/IEMEHTbl MaTEMATUYECKOM CTAaTUCTUKK, U
duHaHCOBOM MaTeMaTUKU.B pesynbTaTe HEKOTOPblE TEMbl UAW UX COAEPMKAHWE, B YACTHOCTM, TeMa «KOMMNAEKCHble Yncaa»,
nosTopAtoTcA. BosHMKaeT Bonpoc: «HyXHO i1 NOBTOpHOE M3yyeHne B By3e?» MpenogasaTtenu By308 oTBevatoT «/[la», Tak Kak
3HaHWA U YMEHMA BYEepaLlHUX YYEHWKOB MO AAHHON TemaTuKe He yA0B/eTBOPAIOT TpeboBaHMAM BY30BCKOM NPOrpammbl.
EcTecTBEHHO, BO3HMKAIOT BOMPOCHI Pa3paboTKM MeTOAMKM U3yyeHnA Tembl «kKoMNneKcHble Yncaa» B LWKone U B By3e. [loaTomy
obecneyeHne NPeEeMCTBEHHOCTU 0ByYEeHUA MaTEMATUKN B CUCTEME «LLIKO/1a-BY3» BHOBb CTAHOBUTCA aKTyasIbHOM.

© T.10. bakupos, 2021.
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TeopeTUyeckMe OCHOBbI MWCCNEAO0BAHUA. B  HayyHbIX WCTOYHMKAX, B KOTOPbIX PacCMaTPMBaAMCb BOMPOCHI
NpeemcTBEHHOCTN OByYeHUA MaTeMaTHKe B CMCTEMAX «LWIKONA-BY3», «nnuei-BY3» (Turgunbaev, 2012; AnnambepreHos, 2019;
AHTOHOBa, 2005) B OCHOBHOM PaccMOTPEHbI M3y4yeHWe OCHOB MaTeMaTuyecKkoro aHanusa.B pabote (Mopakosuu, 2002) ana
obecneyeHns NPEemMCTBEHHOCTM U3YYEHUS OCHOBHbIX MOHATUI aHanNW3a NpeasaratoT NOCPEeACTBOM HarNAAHO-UHTYUTUBHOTO
BBEJEHWA OCHOBHbIX NOHATUI anrebpbl U OCHOB aHa/nM3a B LWKOJe U NefarorMyeckux Bysax. A Tak Kak KOMMJIEKCHble Yucna B
NPaKTUKy ob6LleobpasoBaTeNbHOM WKOAbI BBEAEHbI HEAABHO, TO NMPEEMCTBEHHOCTb M3yYeHUA 3TON TeMbl B cucTeme “luKona-
BY3”He paccmoTpeHbl.[lnA JOCTUMKEHUA Leneil Hawero uccnefoBaHUA 6bliM paccmoTpeHsbl paboTbl P.M.TypryH6aesa u
N.AnnambepreHosa (Turgunbaev, 2012; AnnambepreHos, 2019; TypryH6aes & AnnambepreHos, 2011; TypryHb6aeB &
AnnambepreHos, 2013). B 3Tux uccnefoBaHWAXB LenAx obecneyeHwe MNPEeMCTBEHHOCTM M3YYEHMS OCHOBHbIX MOHATUIA
MaTeMaTU4YeCcKoro aHaan3a NPoaHasIM3npPoBaHbl NOBTOPAIOLIMECA TEMbl B NPOrPamMmMax MaTeMaTUKN aKafeMNYecKux IMLees v
MaTeMaTUYeCcKoro aHasv3a YHUBEPCUTETOB, M3/I0KEHMEeITUX TeM B y4yebHOM sMTepaType U cocTaB/ieHbl Tabauubl y4ebHbIX
3/1IEMEHTOB, XapaKTepu3ytoLLMe YPOBEHb YCBOEHUA YYEOHbIX 3/1eEMEHTOB (a), CTyneHel abCcTpaKumm, XapaKTepusyoLmx A3bIK
n3noxeHusa yuebHoi nHdopmauwmm (B), npeanoxeHHole B.M.becnanbko (becnanbko, 1989). Takum obpasom, P.M.TypryH6aes u
N.AnnambepreHoB NpeasioKuMAM CBOM BapuaHT obecrneyeHWs MPEeemMCTBEHHOCTM W3YYEHUA MOBTOPAIOWMXCA Tem B
aKafleMUYecKoM /iMLee U yHuBepcuTeTe.

CnepyeT OTMETUTb, YTO B HOBbIX LUKO/IbHBIX MPOrpaMMax NO MaTemaTUKe KayecTBO YCBOEHUA 31eMeHTOB 0byyeHnsa He
yKasaHo. Hanpumep, B pa3gene «kKomnnekcHble Yncaa» Nporpammbl O MaTeMaTUKM YKa3aHO, YTO «yyallMecs...MOryT BbIYUCAATb
3HAYEHUA MPOCTbIX BbIPAXKEHUI C KOMMIEKCHBIMU Yncnammny (FocyfapcTBEHHDbIN 0bpa3oBaTenbHblit cTaHaapT, 2017). Ho Het
HWKaKkol MHOOPMALMM O CNOMKHOCTM 3TUX BblparkeHUi. CornacHo yTBepKAEHHOM HOBOI MporpamMme B Kypce maTeMaTUKu
nnaHupyeTca npenofasatb TeMy «KOMMNAEKCHbIe YnCaa». ITU XKe TeMbl U3y4atoTcA B BbicLeM y4ebHOM 3aBefileHMM, B HaCTHOCTH
B Kypce «Anrebpa n Teopua umcen» HanpasneHusa 6akanaspuata «5110100-meToanKa nNpenofaBaHUA MaTemaTukmn». Kpome
TOro, KOMMJ/IEKCHbIE YMC/IAa UCMO/Ib3YHOTCA B MaTEMATUYECKOM aHanu3e (aHanMTUYecknx GyHKLmMi). Ecav aHannsunpoBsaThb yuebHble
nocobus, pekomeHa0BaHHble A4 negarormyeckmx sy3os (Dixon, 2010; Kynukos, 1979; Hasapos, 1993; CupoxunaaunHos, 1978),
TO BUAHO, YTO NOHATUA KOMMNJIEKCHbIX YUCeN, apuPMeTUKa KOMNIEKCHbIX YNCEN, TEOMETPUYECKAA MHTEPNPEeTaLLMA NOBTOPAIOTCA.
EcTecTBEHHO BO3HWMKaeT BONPOC, HAA0 /1M MOBTOPHOE M3yYeHMe STUX MaTepPManos, eciun A4a, To NoYemy 1 Kak. YTobbl oTBETUTb Ha
3TOT BOMPOC, HEOH6XOAMMO OTBETUTL HA BOMPOCHI O TOM, KaKOBbl 3HAaHWUA CTYAEHTOB-NEPBOKYPCHUKOB Mo Teme «KomnneKcHble
yncna». ina Toro 4TobbI OTBETUTL HA 3T BOMPOCHI, HEOHXOANUMO NMPOAHANN3UPOBATL TEOPETUYECKMIA MaTepuan 1 BOMpPoChI,
CBA3aHHbIE C KOMMJIEKCHbIMU YMCNaMU.ATaKKe NPOBECTU KOHTPOJ/IbHYIO paboTy co cTyaeHTamu 1 Kypca, nOCTYynNMBLIMMUK Ha
MaTeMaTuyeckme Hanpas/iieHWsA, NPOaHaNM3MPOBaATb MOJYYEHHble pe3ynbTaTbl. Ba)KHO TaKkKe YTOUHWUTb CTeneHb YCBOEHMWA
CTyAeHTaMW maTepuana, CBA3AHHOTO C KOMMNEKCHbIMUYMCAAMMU, NYTEM YTOUYHEHWA KOHTEKCTOB NnpenogaBaHuA AUCLMNAWH
«MaTemaTtunueckumit aHanuns» n «Anrebpa u Teopma yncen».

MATEPUA/bI U METO/bl

B xoze uccnepoBaHuA 6bIaM NPUMEHEHbI Pa3fiyHble MEeTOAbl UCCNeA0BaHMA, @ UMEHHO: U3yYeHWe U aHaIM3 Hay4yHO-
nefarormyeckon, MeTOLMYECKON, MaTeMATUYECKON /INTepaTypbl M LIKOJIbHbIX Y4eOHMKOB MO MaTemMaTuKe; aHanus
NpeemMcTBEHHbIX CBA3el pa3aena «KomnaeKkcHble Yucnar; neaarormyecknii SKCNEPUMEHT C LLe/1bio NPOBEPKM OCTAaTOUYHbIX 3HAHMK
yyawmxca no Teme «KomnnekcHble 4ucna», B KOTOPOM y4yacTBOBanuM 89 CTyAeHTOB nepBoro Kypca ®depraHcKoro
rocyZ,apCTBEHHOro yHMBEPCUTET]; 06CyKAeHMEe MaTepMaNoB UCcCNea0BaHMUA.

PE3Y/IbTATbl UCCNNIEAOBAHUA

CHayana paccmoTpUm U3NoKeHne Tembl «k KOMNNEKCHbIE YMCNa» B LUKOAbHOM y4ebHuke (Mupsaxmenos, 2017). 4-rnasa
LUKONIbHOTO y4ebHMKa Ha3biBaeTca «KomnieKcHble Yucna» u ana nsydyeHna oTBoauTCsa 6 ypoKoB B KOHLe YeTBepToi yetsepTn 10-
Knacca.

MepBble ABa ypOKa MOCBSALLEHbI TeMam «KOMMNIEKCHbIe YNCa U AEeNCTBUAHAL HUMMUY» M«M306parkeHna KOMNIEKCHOToO
yncna». B AaHHbIX Temax BBOAMTCA MOHATME KOMMIEKCHOTrO YMC/A, W CBA3AHHbIE C HUM MOHATUMA: MHUMaA eAuHULa,
LEeWCTBUTENbHAA YacTb, MHMMAA YacTb KOMMAEKCHbIX YMCE/l, PABEHCTBO KOMM/IEKCHbIX YMCen, apubmMeTuyeckme onepaumn Hag,
KOMMNAEKCHbIMM YMCNaMK, NPOTUBOMNONOMKHbIE KOMMNIEKCHbIE YNCA, CONPAXKEHHbIE KOMMIEKCHbIE YMCNA, B3aMMHO 0bpaTHble
KOMMJIEKCHbIE YMCNa; BBOAATCA 0DO3HAUYEHUA ANA KOMMIEKCHbIX YNCEN, MHOMEeCTBa KOMMIEKCHbIX YMCesl, MHUMOMN eauHULbI,
OEeUCTBUTENbHOW U MHUMOM YacTel, COMPAXKEHHOTO KOMMJIEKCHOrO YMCNa, MOHATUE M30OparkeHWe KOMMIEKCHbIX YMcen Ha
KOOPAMHATHOW NJOCKOCTU (KOMMNAEKCHOE YMCIO — TOYKA NIOCKOCTU, KOMMNJIEKCHOE YUCI0 —PanyC-BEKTOP), NMOHATUA MHUMOW U
LEeUCTBUTENbHOW OCU, FeOMETPUYECKan MHTEPNPETALMUA COMKEHNA KOMMNEKCHbIX YACeN — NPaBUAO Napannenorpamma.

B 3TMX Temax paccmaTpuBaloTcA cneaytowme TUnbl YNPaXKHEHUI M 3a43a4: HAa30BUTE AeNCTBUTENbHbIE U MHUMbIE YacTH
KOMMJIEKCHBIX YMCEeN; HanuWnTe KOMNMNJIEKCHble YMcna B anrebpanyeckor dopme, Koraa 3afaHbl feiNcTBUTENbHbIE U MHUMbIE
YacTH; yKaxKnTe paBHble KOMMNJIEKCHbIE YAC/A; HANAUTECONPAXKEHHOE YNCNOK 334aHHOMY KOMMIEKCHOMY YMCAY; HAUAUTE CyMMYy,
pasHOCTb, MpousseaeHue u (Mam) 4HacTHOE KOMMNIEKCHBIX YMcen; M306pasmTe KOMMAEKCHbIE YUCAA B MNOCKOCTH.

Ha 3-ypoke gaetca nHGOpPMaLLMA O KOMMNIEKCHbIX YNCNAX B TPUFOHOMETPUYECKOW 1 NoKasaTenbHoW popmax, B HaCTHOCTH
MOZAY/lb KOMMEKCHOTO YMCNA, apryMeHT KOMMEKCHOTO 4YMcna; 06aacty 3HaYeHMin moayns M aprymeHTa; Gopmbl 3anucu
TPUrOHOMETPUYECKOW M NOKasaTeNbHOM GOpMbl KOMMIEKCHOTO YMcna (cnepyeT oTMeTUTb, YTo Gopmyna diinepa He BBOAUTCSA).

MpepnaratoTca ynparKHeHWA U 3a4a4n Cnefyowmx TMNOB: HangUTe MoALyNb KOMNAEKCHOro YMCNna;HakanuTe aprymeHT
KOMMNJIEKCHOro Y1CNa; 3aNULLINTE KOMMIEKCHOE YNCN0 B TOUFOHOMETPUYECKOM M NOKasaTebHoW popmax.

Cnepylowme [Ba YpOKa KAacaloTCA HaXOXKAeHWA [encTBui HaZL,  KOMMJEKCHbIMU 4YuCnamK, 3aAaHHbIMK B
TpUroHomeTpuyeckon dopme. B aaHHOW Teme 6e3 pgoKasaTenbcTBa NpuBoAATcA GOPMyabl NMPOM3BEAEHMA W YACTHOrO
KOMMJIEKCHBIX YMCes, 3aflaHHbIX B TPUFOHOMETPUYECKON dopme, BO3BEAEHUA B HATypasibHYIO CTENEHb KOMMIEKCHOTO Yncna
(popmyna Myaspa). PaccmaTpuBaloTCA yMpa)KHEHUA W 334a4M Ha YMHOXEHMe, JefleHuWe, BO3BeAeHWs B CTeneHb
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KOMMJIEKCHbIXYMCEN, 3afaHHbIX B TPUrOHOMETpuUYeckoh ¢opme; Ha BbINONHEHWE [AEeWCTBUW, B KOTOpbIX Tpebyetca
MCMNONb30BaHNE TPUFOHOMETPUYECKNE GOPMbI KOMMNEKCHbIX Yncen.

Cnepytowmii ypoK NocBaALEHTEME M3BNEYEHNA KBAZPATHOrO KOPHA M3 KOMMNJIEKCHOro yncna. [lokasbiBaetca dopmyna
M3BNEYEHMA KBALPATHOTNOKOPHA MX KOMMJIEKCHOTO YMCAa, 334aHHOro B TpuroHomeTtpuyeckon dopme. Mpu atom dbopmybl
n3B/eYeHMA KOopHelB cTeneHn 3 u 4 patotca 6e3 AoKa3aTenbeTsa. [NpuBeaeHbl ynparkHeHMA M 3a434MHaN3BAEYEHNA KBaAPaTHOMO
KOPHSA U3 KOMMNJIEKCHOrOo Yncna.

[nasa 4 conepKuT 8 BUAOB yrnparkHeHWM (Bcero 55 ynparkHeHui). Bce oHM MoryT BbITb MCNONb30BaHbI MPU OpraHn3auum
MaTeMaTUYECKOM AeATENbHOCTU YYEHUKOB.

4-ii moaynb y4ebHOM Mporpammbl AUCUMNAMHBLI «Anrebpa M Teopusa umcen» HanpasneHus 5110100 — meToaumKa
npenozasaHua maTemaTnku (YuebHasa nporpamma Anrebpa n Teopus uncen, 2018) HasbiBaeTcs «Anrebpanyeckue cuctemol». Ero
11-An 12-TeMbl NOCBALLEHbI U3YYEHWUIO MO KOMMNEKCHbIX YNCE, MOAYAA U apPFyMEHTa KOMMNIEKCHOTO YMCaa U UX CBOMCTBAM;
paccMaTpMBaETCA rEOMETPUYECKUI CMbIC/T KOMIMIEKCHOTO YMcna, TPUroHOMeTpuYeckas popma KOMNNEKCHbIX Yncen, popmyna
MyaBpa, n3BneYeHUs KOPHA N—HOM CTENEHU U3 eAUHWULbI U NPOU3BOJIBHOTO KOMMEKCHONO YMCNa, aKCMOMATUYECKasa Teopus
KOMMJIEKCHbIX uYucen. [na u3ydeHUs 3TUX TemM OTBeAeHbl 8 4acoB JieKUMU, 8 4YacoB NPAKTUYECKMX 3aHATUM u 12 yacos
camocTosnTesIbHOM paboTbl.

16-i1 mopgynb yyebHOM Nporpammbl AUCLMMAMHBLI «MaTemaTUYecKMin aHanm3» HanpaBneHna5110100 — meToamkKa
npenogaBaHus matemaTuku (YyebHas nporpamma gucumnanHbl MaTematuueckuii aHanus, 2018) HasbiBaeTca «Teopus
aHanuTMYecknx oyHKUMI». B pamkax Tembl «KomnneKcHas NIOCKOCTb» MAAHMPYETCA M3yyeHUe MOHATUA «MHOXKeCTBO
KOMMNIEKCHBIX YUCEN» U YCTAaHOB/IEHWE M30MOPPM3MA STOTO MHOMKECTBA C TOYKAMM €BKNINA0BOM MAOCKOCTU, @ TaKKe NOHATUA
NAOCKOW IMHWUM M 061aCTU B KOMIMIEKCHOM NNOCKOCTMU.

AHanu3 yuebHUKOB, NCNOJb3yeMbIX ANAN3YHEHMUA KOMMIEKCHbIX YACeN B WKOJe U BY3e NoKa3biBaloT, YTO KOMMNIEKCHbIE
yncna NPenoaaloTcA B LUKOABHOM MaTeMaTMKe C TOYKM 3PEeHUA PacUMPEeHUA MOHATUA YMCEN, U3NOXKEeHUe TemM M3afayHbli
maTepuan HanpasieHbl Ha GOpmMMpOBaHME NpoOLEeAyPHbIX 3HAHUI LWKO/JbHWKOB. B Kypce «Anrebpa u Teopusa uucen»
KOMMJIEKCHbIE YMCNA M3YYAOTCA KaK YMCI0Bas cMCTEMA — MaTeMaTMYeCKoW OCHOBOM Byayuiei Teopuu NONMHOMOB U Teopum
aHANUTUYECKUX YHKUMIA. MHOMKECTBO KOMMNEKCHbIX YMCEeN ABAAETCA NOJIeM, AanNeeu3y4vatoTcd MNOJIMHOMbI Hag, nosem
KOMMJIEKCHbIX Yncen. Kypc maTemaTMyecKoro aHaamn3a paccmaTpusaeT KOMMNAEKCHbIE YNCIA KaK YMCOBYIO cuctemy. M3yvaetca
MX FreoMeTpuyecKas WHTepnpeTauus, BBOAMTCA MOHATME KOMMIEKCHOW MJIOCKOCTU, HenpepbiBHble KpuBble M obnactu B
KOMMNIEKCHOM 061acTU, M3y4atoTCa UX TOMONOrMYECKMe CBOMCTBA, aHaMTUYecKne GyHKLMU U X cBOMCTBA. OTMETUM, YTO B 3TOM
Kypce [0Ka3blBalOTCA OCHOBHasA Teopema anrebpbl, popmyna dinepa, a TakKe AAETCAOKOHYATENbHOE pelleHMe Bonpoca O
CTENEHN KOMIMIEKCHOrO YWUC/a — ONpefensieTcs NPOU3BO/IbHAA CTENeHb MNPOU3BOJIHOIO HEHY/NIEBOrO KOMM/IEKCHOro (B
YaCTHOCTU, leCTBUTENBHOIO) Yncna.

O4yeBMAHO, YTO M3y4YeHMEe KOMMIAEKCHOrO YMcaa Kak obbekTa anrebpanyeckon cuCTembl [OMKHO OCHOBbIBATHCA Ha
3HAHWUW YYALLUXCA O KOMIJIEKCHbIX YMUCNAX, MONYYEHHbIX B LUKOILHOM Kypce MaTeMaTUKU.B To ke BpemA,3HaHUA, NoNyYeHHble B
Kypce «Anrebpa M Teopua uucen»,byayT MCNONb30BATbCA WM AONONHATLCA B pasfesne aHanuTMyeckve ¢yHKUMM Kypca
MaTeMaTUYeCcKoro aHaim3a.

[Ons OUEHKM OCTAaTOYHbIX 3HAHWKM CTYAEHTOB NMEPBOKYPCHUKOB MO Teme «KOMMIEKCHbIKYMCAA», MONYYEHHbIX UMUK B
LWKONIbHOM Kypce, B NPOPEeCcCUOHANbHbIX KoanegsKax uavuesx, Obl10 NpoBeAeHO 3SKCNepumeHTasbHOe UCCcnefoBaHue.
OHonpoBoannock B oktabpe 2019 roga B ®epraHckom locyfapcTBeHHOM YHuBepcuTeTe. B aKcnepumeHTe y4yacTBOBaau
CTyAeHTbl NepBoro Kypca. CtyaeHTam 6binn npeanoKeHbl3agaym, nogobHble Tem, KOTOpble PACCMATPUBAIUCD B LLKOJIbHOMKYypCe
MaTeMaTUKN. Huxe nprBeseH 0auH U3 BapuaHTOB MMCbMEHHOM paboTbl.

Nel.YKaxKuTe paBHble KomnaekcHble uncna: 1)2 — 4i; 2) 2 + 3i;3) % +i; 4)\/? — 7i;5)33 + 44i;6) V8 + 327i;

Ne2. HaliTu conpsaskeHHOoe KOMMNEKCHOE YNCNO0 ZJaHHOMY uncny:z = 5 — 3i;

Ne3. Haitm cymmy:(—5 + 3i) + (2 — i);

Ne4. HaiTu pasHoctb:(3 + 4i) — (4 + 2i);

No5. Haitn npoussegeHue:(4 + 6i) - (3 + 4i);

2421
1—_2i;
(3—4i)(4-30)

No7. BoinonHute AeﬁCTBMH.T,
1A

Ne8. N306pa3unte KomnnekcHoe Yncno z = 3 + 4iHa nnockocTn. z = 3 + 4i;
Ne9. HaliTu moaynb KoMnnekcHoro umcna: z = 1 + \/§i;

Ne6. HaliTn yacTHoe:

o V3 o1,
Ne10. HaiTn aprymeHT KOMNNEKCHOro Yncna: z = - + SL

Ne11.3anmcaTb B TPUrOHOMETPUYECKOH 1 MOKA3aTeNbHOI GOPMax KOMMIEKCHOE Yncno: z = V2 — v2i;

o V3 T , . T 1 T , . T
Nel2.HantunpoussegeHune:z; = —7(cosz + tsmz)mzz = E(COSE +1i smg);
~ A PR (4 A ’ e A

Ne13.HaiiTn yactHoe: z; = V2 (cosE + isin E)MZZ =2 (COSE + isin E);

T PR T
Nel14. Bo3gecTn B cTeNeHb: (3 . (COSE + i sin E)) ;

- s . . T
Ne15. U3Bneyb KBagpaTHbIN KOPEeHb U3 KOMMNJIEKCHOro Yncna: ZS(COSE + isin E);

2
Ne16. 3anucatb B anrebpaunyeckoinpopmy: z = (1_3—‘{51) ;
Ne17.HaiTu yactHoe:5(cos 100° + i sin 1009): (? + %i);

1.1 )\
No18. Bo3Bectu B CTeneHb:(\/—E +\/—§l) ;
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Ne19. M3Bneyb KBaAPaATHbIN KOPEHb M3 KOMMNIEKCHOTOo Yncna:v —27i;

N220. MN3B1eub Ky6uueckuit KopeHb U3 KomnaeKcHoro uncna: V1 + i

No21. M3B/eub KOPEHb YETBEPTOM CTEMNEHUN3 KOMMNEKCHOTO Yncna: Y/ 16.

PesynbTaTbl NUCMEHHOM paboTbl oTpaxeHbiB Tabanue 1. 3aecb BNepBOM CTPOKe AalOTCA HOMepa 3a4ay, B CeAytoLmx
CTPOKax— pe3ynbTaTbl CTYAEHTOB, 3aKOHYMBLUMXaKagemuieckunin amuen(AN), wrkony (LU),npodeccmoHanbHbiit konnea(MK). B
OTZENbHbIX CTPOKaX MOKa3aHbl pe3y/bTaTbl CTYAEHTOB, OKOHUYMBLUME 06ydyeHueB 2019 roay.B ckobKax yKasaHO KOAMYECTBO
CTYAEHTOB.

Tabauuya 1.
Pe3ynbTaTbl KOHTPONbHOI PaboThbI

Ne 3apgau 1 2 3 4 5 6 7 8 9 10
AN (20) B % 70 50 75 80 85 60 50 45 50 5,0
L (26) B % 73,1 53,9 92,3 92,3 84,6 65,4 57,7 46,2 61,5 7,7
NK(43)8 % 72,1 46,5 93 95,4 81,4 62,8 48,8 48,8 37,2 7
2019(WL 26)8 % 73,1 53,9 92,3 92,3 84,6 65,4 57,7 46,2 61,5 7,7
2019(MNK27)8 % 66,7 55,6 92,6 92,6 77,8 59,3 51,9 48,2 33,3 3,7
2019(AN119) B % 68,4 52,6 73,7 79 84,2 63,2 52,6 47,4 52,6 5,3
2019(72)8 % 69,4 54,2 87,5 88,9 81,9 62,5 54,2 47,2 48,6 5,6
Bcero (89) B % 71,9 89 91 91 83 62,9 51,7 47,2 47,2 6,7
Ne 11 12 13 14 15 16 17 18 19 20 21
AN (20) B % 25 25 40 40 5,0 15,0 10,0 5,0 5,0 0,0 0,0
LU (26) B % 26,9 38,5 34,6 42,3 15,4 34,6 3,9 34,6 7,7 3,9 0,0
MK (43)8 % 9,3 27,9 25,6 27,9 9,3 23,3 0,0 7 4,7 7 0,0
2019(LU26) B % 26,9 38,5 34,6 42,3 15,4 34,6 3,9 34,6 7,7 3,9 0,0
2019(MK27) 8 % 7,4 25,9 22,2 25,9 7,4 29,6 0,0 7,4 7,4 3,7 0,0
2019(A/119) B % 26,3 26,3 42,1 42,1 5,4 10,5 10,5 5,3 5,3 0,0 0
2019(72) 8% 19,4 30,6 31,9 36,1 9,7 26,4 4,2 16,7 6,9 2,8 0
Bcero (89) B % 18 30,3 31,5 35 10,1 25 3 14,6 5,6 4,5 0

M3 nonyyeHHbIX pe3ybTaToB CAeayeT, YTo 6O/bLWMHCTBO CTYAEHTOB NpaBuibHO pewnau 3, 4, 5-e npumepsl, abonee 50%
CTYAEHTOB peLmnan nNpasuabHO npumepbl 1, 2, 6, 7. Ho 60NbWMHCTBO OCTABLUMXCA NPUMEPOB He Bblan AONKHBIM 06pa3om
PacCcMOTPEHbl CTYAEeHTaMW. ITO NPUMEpPbl Ha reoMeTpUYecKoe NpeacTaBieHne KOMMIEKCHOro YMcaa, TPUroHOMETPUYECKYHo
dopmy, BbINOSHEHWE AeNCTBUIM HAZ KOMMNIEKCHBIMU YUCaMWU B TPUTOHOMETpUYeckon dopme.

Cnep,yeT TaKXe OTMEeTUTb, YTO pe3ynbTaTbl NPAKTUYECKU He 3aBUCAT OT TOro, OKOHYUIMN NN CTyAEeHTbl WKoAay, nan
aKaZeMUYecKkuin nuuen.

OBCYXAEHUE

[ns w3yyeHusa anrebpbl M TEOPUM 4UMCEN, AHANUTUYECKUX OYHKUMIA Ba)KHO, 4YTOGbl CTYAEHTbl XOPOLO 3HaAu
reOMEeTPUYECKYID MHTEPNpeTaLmio KOMMNNEKCHOTO Yucna, anrebpanyeckyto, TPUrOHOMETPUYECKYHD, MOKa3aTe/bHylo (GpopMbl
KOMMNEKCHOTO YMCAa, BbINMOAHEHWE AEWCTBMI HAg TaKMM YMCNaMM B TON UK MHOW Gpopme U UX MPUMEHEHME.

AHanu3 nporpamm, yyebHon nutepaTypbl (Dixon, 2010; AnnambepreHos, 2019; TypryH6aes & AnnambepreHos 2011)
MOKa3blBAET, YTO HO/BLWIMHCTBO YYEOHbIX 3/IEMEHTOB MO Teme NOBTOPAOTCA. HO, Kak Mbl yKa3anu Bbille, TOXKAECTBEHHOTO
NOBTOPEHUA HET, KOHTEKCT 0byyeHus Apyroii. B Kypce anrebpbl M TEOPUM YNCEN U3YYAIOTCA CBOMCTBA MHOMKECTBA KOMMJIEKCHBIX
yucen, MOBbIWAETCA YPOBeHb abCcTpakumu. Ko/AMUYecTBO MOHATWM, CBA3AHHbLIX C KOMMAEKCHbIMM YMCNAMM YBEMYMBAETCH,
KOMMEKCHbIE YMCAa PAacCMaTPUBAIOTCA KaK YMCNOBas cucTeMa. TO e camoe MOXHO Habnogatb M B XO4e aHanu3a Tem,
NOCBALLEHHbIX KOMMNEKCHBIM YMCNaM, Kypca MaTeMaTUYeCKOro aHann3a.

Mcxoaa 3 aHanmnsa pesynbTaToB NPOBEAEHHOrO 3KCNepMMeHTa 1 aHann3a y4ebHMKoB, yuebHbix Nocobuit, NOCBALLEHHbIX
M3YYEHUIO KOMMNEKCHbIX YMCeN Mbl NPEeSNOKUAN Cheayloume YPOBHW YCBOEHMA y4ebHbIX 3anemeHToB (o) M cTyneHen
abCTpaKLMm, XapaKTePU3YIOLWNX A3bIK U310XKeHUA y4ebHo nHbopmaumu(Tabnnua 2).

Tabnuuya 2.
YPOBHM YCBOEHUA YYEOHbIX 31€MEHTOB U CTYMEeHU abcTpaKkLumum U3NoKeHua Tembl “KomnneKkcHole umucna”
O6weobpasoBaTtenbHan bakanaspuar
Ne Yue6Hble 31eMeHTbI wKona (Hanpasnenue meropuka
npenogaBaHUA MaTeMaTUKK)
Ol o B By Oly Ol B B
1 KomnnekcHoe uncno B anrebpanyeckoin popme 0 1 0 1 1 3 1 4
2 PaBHble KOMNAEKCHble Yncna 0 2 0 1 2 3 1 4
3 ConpsaXeHHble KOMMIEKCHble Yncna 0 2 0 1 2 3 1 4
4 OeicTBMAHAAKOMMNIEKCHBIMU YMCAaMM 0 1 0 1 1 3 1 4
5 MpOTNBOMNONOXKHbIE KOMNAEKCHbIE Yncaa 0 2 0 1 2 3 1 4
6 B3aMMHO 0bpaTHble KOMMAEKCHbIE YMcna 0 2 0 1 2 3 1 4
7 MN306parkeHrne KOMMNIEKCHbIX Yncen Ha naockoctm | 0 1 0 1 1 3 1 4

20



®I3UKO-MATEMATUYHA OCBITA (®MO) Bunyck 5(31), 2021

bakanaspuar
O6weobpasoBaTenbHasn
(HanpaBneHue meToauKa
Ne YyebHble 31eMeHTbI wKona
npenogaBaHUA MaTeMaTUKK)
Oly Ok BH BK Oy Ol BH BK
8 [encTBuTenbHan ocb, MHMMas OCb 0 1 0 1 1 3 1 3
9 MN306paxeHns KoMMaekcHoro uucna B Buge | O 1 0 1 1 2 1 3
BEKTOpa
10 Mpasuno napannenorpamma cnoxenuma | 0 1 0 1 1 2 1 3
KOMMJIEKCHbIXYNCEN
11 TpuroHomeTpuyeckas ¢dopma | O 1 0 1 1 2 1 3
KOMMIEKCHOroumcna
12 KomnnekcHble Yncna B aKCNoHeHUnanoHom suge | O 1 0 1 1 2 1 2
13 Mogynb KOMNAEKCHOrouMcna 0 1 0 1 1 2 1 4
14 AprymeHTKOMNAEKCHOIO YMcaa 0 1 0 1 1 2 1 2
15 MNepexog oOT TpuUroHomeTpuyeckoro Buga K | O 1 0 1 1 3 1 2
anrebpavyeckomy
16 YMHOXEeHUe u fJeneHve KOMMIEKCHbIX uyucen, | O 1 0 1 1 3 1 3
3a/laHHbIX B TOUrOHOMEeTpUYeckon dopme
17 dopmyna Myaspa 0 1 0 1 1 3 1 3
18 KBagpaTHble KOPHW U3 KOMNAEKCHbIX Yncen 0 1 0 1 1 3 1 3

BbIBOAbl U NEPCMNEKTUBbLI ,Cl,AJ'IbHEVILLIEFO UCCNEOQOBAHUA

PesynbTaTbl WMCCNeAOBaHUA, B 4YaCTHOCTM MpuBeAEHHble Bbiwe Tabauubl, obCyKganucb Ha cemuHape Kadegpbl
MaTeMaTuKu 1 6biin oao6peHbl NpenoaasaTenammn AMcUmnanH «MatemaTnyeckuii aHanmus» n«Anrebpa n Teopusa ymcen».

3TM pe3ynbTaTbl MOFYT 6biTb MCMO/Ib30BaHbI WKOAbHLIMU yUUTENAMU ANA GOPMMPOBAHUA U PA3BUTUA KOMMETEHLMIA
YYaLLMXCA NO TEME KOMMIEKCHbIX YMCEeN, a TaKKe NpenoaaBaTeNiMmM MaTeEMaTUKM B BbICLIMX y4ebHbIX 3aBefeHUAX Npu Bbibope
MeTo0B 06Yy4eHUA, KaCatoLWMXCA aHHOW TEMaTUKK.

B nefarorMyeckom Byse npu M3y4eHMM KOMMJIEKCHbIX YACEN TaKKEHEO0OX0AMMO YCTaHOBNIEHME NPEEMCTBEHHbIX CBA3ei
MeXay Kypcamu «MaTemaTuyeckuii aHanms» (Teopusa aHanUTUYECKMX yHKUMA) u «Anrebpa M Teopus uucen». BaxkHo
03HAKOMUTb CTYAEHTOB (byAyliMX yuuTesneil MaTeMaTMKM) C MNPUIOKEHUAMM KOMMAEKCHbIX YMCEN K pelieHuio 3agad
TPUrOHOMETPUM, MNAHUMETPUM B KPYIKKOBbIX 3aHATUAX MK B PaMKax KypCOB Mo BbIGOPY, NP HaNMCaHUM KYPCOBbIX U BbIMYCKHbIX
paboT. Kpome 3TOro, B Kypce reomeTpuu CTYAEHTaMMOXHO PEKOMEHA0BAaTb KOMIMIEKCHYIO MHTEPMPETaLMIO reoMeTpum
JlobayeBCKOro, B Kypce MaTemaTMyecKoro aHanaumsa noApobHO M3yunTb APO6HO-MHENHble GYHKUMU BO B3aMMOCBA3U C
oToBpaXKeHNAMM Ha NAOCKOCTU. B pesyabTaTe y CTyAeHTOB 060rallatoTca 3HaHMA U YMeHUA No Teme «KOMMAEKCHble Ynucaan,
CTYAEHTbI NO/Iy4atoT BO3MOMKHOCTb B ByAyLLLEeM OpraHM30BaTb BHEYPOUHYHO AeATE/IbHOCTb YHaLLMXCA WKOJIbl MO AaHHOMN Teme.
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THE CONTINUITY OF THE STUDY ON THETOPIC "COMPLEX NUMBERS" IN SECONDARY SCHOOLS AND IN PEDAGOGICAL
UNIVERSITIES OF THE REPUBLIC OF UZBEKISTAN
Tolkinjon Yunusalievich Bakirov
Fergana state university, Uzbekistan

Abstract.

Brief descriptions of the problem. In connection with the reforms carried out in the field of education in the Republic of Uzbekistan, the content
of secondary education, in particular mathematical education is changing. This article discusses the question of studying succession
of the topic "Complex numbers" at school and pedagogical university, and changes in the content of secondary education, in
particular mathematical education. In the curriculum of school mathematics of the Republic of Uzbekistan, such new sections as
combinatorics, elements of mathematical logic, complex numbers, elements of probability theories, elements of mathematical
statistics, and financial mathematics were introduced. As a result, some topics or their content, the particular topic "Complex
numbers", are repeated in the course of university mathematics. It is necessary to develop a methodology for studying newly
introduced sections of mathematics, especially some recurring topics, to indicate the levels of assimilation of repetitive concepts by
pupils of school and students of university.

Materials and methods. During the study, various research methods were applied, namely, the study and analysis of scientific and pedagogical,
methodological, mathematical literature and school textbooks in subject of mathematics; analysis of the continual relationships of
the section "Complex numbers"; a pedagogical experiment, in which 89(eighty nine) first-year students of Fergana State University
were participated, was hold to test the residual knowledge of students on the topic "Complex numbers"; research materials were
discussed.

Results. In the course of the study, the levels of understanding of educational elements and levels of abstraction characterizing the language of
presentation of educational information on the topic “Complex numbers” were proposed.

Conclusion. The results obtained can be used by schoolteachers to develop the knowledge and competence of students on the topic of complex
numbers, as well as by mathematics teachers in higher educational institutions when choosing a methodology for teaching complex
numbers.

Keywords: succession, complex numbers, algebra and number theory, mathematical analysis, theory of analytical functions, level of assimilation,
degree of abstraction.
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OPTrAHI3AUIA NEAATOrYHOIO EKCNEPUMEHTY
3 YNPOBAZMKEHHA METOANUYHOT CUCTEMU ®OPMYBAHHA CAMOOCBITHbOT KOMMNETEHTHOCTI
YYHIB OCHOBHOI LUKOJIN HA 3ACAZIAX CTAJIOTO PO3BUTKY

AHOTALIA

®dopmyntoeaHHa npobaemu. Y cmammi sucsimseHi pesyssmamu 30ilicHeHo20 neda2o2iyHo20 eKcriepumeHmy 3 yrposaoreHHs po3pobaeHoi
MemoOuYHOI cucmemu popMyBaHHA CAMOOCBIMHbLOI KOMIeMmeHMHOCMI y4Hie 0CHOBHOI WKO/U 8 MPoueci 8UBYEHHSA (i3UKU Ha
3acadax cmasnozo po3sumky. [pu dompumaHHi NPUHYUNi8 cucmemHo2o Nioxody 00 aHanidy U opaaHizauii oceimHbo20 npoyecy
POPMYBAHHA CAMOOCBIMHbLOI KOMIeMeHMHOCMI Y4YHi8 OCHOBHOI WKOAU 8 OC8IMHbOMY MpPoyeci 3 (hi3uKku, MosHOYiHHOMY
dompumaHHi nedazoziyHux ymos lio2o peanizauyii ma 3a6e3nevyeHHi KOMIAeKcom egpekmusHux gpopm, memodis, 3acobie ma
mexHosoeili 8 oc8imHboMy npoyeci, nepedba4aemo chopmMoBaHICMb BUCOKO20 PiBHA CAMOOC8IMHbLOI KOMIEeMEeHMHOCMI yYHi8
33c0.

Mamepianu i memodu. [1i0 Yac peanizauii nedazoziyHo20 ekcriepumeHmy rnocay208ye8anucs meopemuyHuUMU (AHAsI3 HayKoB80-MemooOuYHOI
nimepamypu 3 NUMaHb hopMyB8AHHA CAMOOCBIMHbLOI KOMIEeMeHMHOCMI y4Hi8), eMnipudHUMU (clocmepexceHHs, aHKemy8aHHs,
mecmye8aHHs), a MAKOX CMAamuCMuUYHUMU Memooamu ONpPayt8aHHIO pesyabmamie 0ocnionceHHa (Kpumepil lMipcoHa ma
Cmotodenma). lposedeHo nedazozivyHull ekcriepumeHm (KoHcmamysansHud, nowykosuli, popmysansHuli ma niocymkosuli
emanu) 0o AKozo bysno 3any4eHo 1227 y4Hie i3 24 3aknadie ocsimu TepHoninscoKoi (18), BonuHcbkoi (3) ma Kiposoepadcbkoi (3)
obaacmed.

Pesynomamu. Pesysnemamu nedazoziyHo20 excrepumeHmy nidmeepouau cmamucmu4Hy OA0CmosipHicmbs 8rnausy 3anpornoHo8aHol
MemoOduUYHOI cucmemu Ha AKICHI MOKA3HUKU COMOOCBIMHIX yMiHb ma rno3umueHi 3pyweHHs Yy 30C80EHHI YYHAMU HABYA/IbHO20
mamepiany 3 gizuKu.

BucHo8Ku. BriposadxceHHsA po3pobseHoi Memoou4HOI cucmemu cripuse: nidsuweHH momusayii y4Hie 0o camoocsimu, 3ayikasaeHocmi 6o
8UBYEHHS (Di3UKU, PO3BUMKY KPUMUYHO20 MUC/EHHS, YOOCKOHAAEHHIO 8MiHb Y4HI8 8UKOpUCMOBY8aMU XMapHi cepeaicu 05
BUKOHAHHA 0cobucmicHuUX i coyianbHO 3Ha4Yywux 3a80aHb6 Ma HABYAAbHUX MPOEKMIB, PO38UMKY 8MiHb 8UKOpucmosysamu y
npoueci 8usYeHHA hi3UKU MPUKAaoHe npozpamHe 3abe3rnedyeHHs, 8UpobaeHHI HABUYOK camocmilHocmi, pobomu e 2pyi,
HAB4YaAbHOI KOMYHIKauii mouwo.

K/IKOYOBI C/IOBA: camooc8imHA KomnemeHmMHicms, HABYAHHA hi3uKu, nedazoeiyHuli ekcnepumeHm, cmanuli po38UMOK, Y4Hi OCHOBHOI
WKOsU, hOPMYBAHHA CAMOOCBIMHbLOI KOMIEMEHMHOCMI Y4Hi8 OCHOBHOT WKOAU.

BCTYN

MocraHoBKa npobaemu. IHPopmaLiiiHe cycninbcTBo NoTpebye MOMOAI, 34aTHOI A0 CAMOPO3BUTKY Ta CAaMOHABYaHHA B
YMOBAX 3arocTpeHHa rnobanbHOi eKONOriYHOi Kpu3K, iHepTHOCTI OCBITWM Ta Mnepexogy Ha 3acagu CTasnoro PO3BUTKY, LLO €
HalNepcneKTUBHILWO iAE0N0rIE TPETbOrO TUCAYOITTA | MOEAHYE TPU BAXK/IMBI €1@MEHTU CYCNiNIbHOTO PO3BUTKY: EKONOFYHWUIA,
€KOHOMIYHMIA Ta couianbHui. OcBiTa NMOBMHHA HECTU BUMepesyKyBa/JbHUIN XapaKTep, BiAMOBiAATM OCHOBHMM TeHZEHLiAM
PO3BUTKY CyCNiNbCTBA, AOMNOMAraTm Monogi WBKUAKO aAanToByBaTUCA A0 YMOB LMPPOBOro cycninbetea. Tomy noctae npobnema
dopMyBaHHA CaMOOCBITHbOI KOMNETEHTHOCTI AK 34AaTHOCTI HAaBYaTUCA BMPOJOBK KUTTA B YMOBAX 3aKNaAiB OCBiTW 3arajsiom, a
TaKOX y npoueci HaBYaHHA Gi3nKKM, 30Kpema.

© B.A. Manga, 2021.
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AKTyanbHicTb gocnigKeHHaA. Npobnemy BAOCKOHANEHHA METOAMKMU HaBYaHHA Gi3nKku gocnigxysanu: MN.C. ATaMaHuyk,
O.l. byratios, C.I. Benunuko, C.Y. loH4YapeHKo, €.B. Kopwak, H.B. Mogonpuropa, M.l. Cagosuii, B.M. CeprieHko, O.M. TpudpoHosa
Ta iH. BpaxoBytouu TpuBase BMBYEHHA Npobnemu pocnigxerHa (Fanaga, 2019; Maliga, 2020) Ta Ha OCHOBI BMBYEHHS 4OCBidy
poboTn yumTenis ¢isukuM TepHONiNbCbKOI 06/aacTi, MU AiNWAM 40 BUCHOBKY, WO npobnema ¢popmyBaHHS CaMOOCBITHLOI
KOMNETEHTHOCTI Y4HIB OCHOBHOT LLKO/IM Ha 3acafax CTaloro po3BMTKY NOTPebye AeTaNbHOro BUBYEHHA, PO3PO6KM BiZNOBIAHOMO
METOAMYHOIO CYyNpoBOAY Ta MPOBEAEHHA NeAAroriYyHOro eKCnepuMeHTy 3 NepeBipku ebeKTUBHOCTI TaKOi METOANYHOIT CUCTEMMU.

MeTa crartTi nonArae y BUCBITAeHi ocob/MBOCTEN OpraHisauii, NpoBeAeHHA Ta aHani3y pes3y/bTaTiB MegaroriyHoro
eKCNepUMEHTY WoA0 YNPOBaAXKEHHA METOANYHOT cucTeMn GOpPMYBaHHA CaMOOCBITHbOI KOMMETEHTHOCTI Y4HIB OCHOBHOI LUKON
B OCBITHbOMY NpoLeci 3 ¢i3MKM Ha 3acafax CTasoro PO3BUTKY.

METOAU AOCNIAXKEHHA

[ONnA [OCATHEHHA NOCTaBNeHOl MeTM Oy/iM BUKOPWUCTAHI TEOPEeTMYHi Ta eMNipuyHi MeToAM AOCNIAMKEeHHA: aHani3
NCMX0/I0ro-NeAaroriYHol Ta HayKOBO-MEeTOAMYHOI NliTepaTypyu. Takox 6ynuM BUKOPUCTaHI MeTOgM: CNOCTEPEXKEHHS 3a OCBITHIM
NpoLEecoM; aHKeTyBaHHA — A1a BUABNEHHS NPOBAeM y BUBYEHHI; TECTYBaHHA — Ha eTani 4iarHOCTUKM 3HaHb Y4HIB Nepes noYyaTkom
BNPOBaAKEHHA HOBOBBEAEHb Ta Ha eTani BM3HAYEHHA NejaroriyHoi epeKTUBHOCTI; eKCNepMMEHT — 3 METOK NepeBipKu
epeKTUBHOCTI 3anpoBagyKeHOI MEeTOAMYHOI cucTemm GOPMyBaHHA CAaMOOCBITHbOI KOMMETEHTHOCTI Y4YHiB OCHOBHOI LUKO/IM;
CTAaTUCTUYHI MeTOaM — AN1A ONPALLIOBAHHA Pe3yabTaTiB AOCNIAKEHHA.

PE3Y/IbTATU TA IX OBFOBOPEHHA

3a pesysbTaTaMM HayKOBO-METOAMYHWUX PO3BiAOK MOHATTA CaMOOCBITHA KOMMETEHTHICTb YYHA 3aKnafiB 3arasbHoi
cepeaHboi OCBITU TYMAuUTbCA HaMK AK iHTerpoBaHa AKiCTb 0COBMCTOCTI, WO BU3HAYAETLCA YiTKUMU MOTUBAMM AiASIbHOCTI,
3aUiKaB/eHOCTI B AKICHIM CaMOCTIMHIN AiANbHOCTI, NParHEHHAM 40 CaMOBLOCKOHA/IEHHS, MEBHUM YMHOM OPraHi30BaHUMM i
CUCTEMATM30BaHUMM 3HAHHAMM, CAMOOCBITHIMU YMIHHAMM Ta pepNeKCUBHUMMN HaBUYKaMM, CMPAMOBAHICTIO Ha 3806yTTA OCBiTH
BMNPOAOBK XUTTA, WO A03BONATb YCNIWHO BUPiWYBaTU NUTAHHA caMopeanisauii Ta Camopo3BUTKY. Y CTPYKTYypi CaMOOCBITHbOT
KOMMNETEHTHOCTI BMOKPEMNEHO MOTMBALIMHO-LiHHICHWI, KOTHITUBHWI, OpraHi3auifiHo-4ifanbHICHUA Ta pednekcuBHO-
aHaNITUYHUI KOMNOHEHTU. MeToanKa popMyBaHHA CAMOOCBITHbOI KOMNETEHTHOCTI Y4HiB OCHOBHOT LUKO/IM B OCBITHBOMY NpoLeci
3 pi3MKM Ha 3acafax CTaoro po3sMTKy 6a3yBasiacb Ha TIYyMaveHHi Ta AOTPMMAHHI NeaaroriyHMx ymos. MNeaarorivHumm ymosamm
$OpMyBaHHA CAaMOOCBITHbOT KOMMNETEHTHOCTI Y4HIB OCHOBHOI LUKOJ/IM B OCBITHBOMY NpoL,eci 3 Gi3MKM Ha 3acafax CTaforo po3BUTKY
BM3HAYeHi: rOTOBHICTb BYMTENiB A0 OpraHisauii Ta peanisauii npouecy ¢dopmyBaHHA CaMOOCBITHbOI KOMNETEHTHOCTI Y4YHiB
OCHOBHOI WWKOAW Y NpoLeci BUBYEHHA $i3nMKM Ha 3acaZax CTasioro PO3BUTKY; 34aTHICTb BUMTENiB A0 GOPMYBaHHA MOTUBALLIMHO-
LiHHICHOTO CTaBJ/IEHHS YYHIB 1O CAMOOCBITHbOT AiANIbHOCTI; HAABHICTb MaTepiasibHO-TEXHIYHOIO 3abe3neyeHHs KabiHeTiB i3nKu;
MOHITOPWHT PiBHA CAMOOCBITHIX YMiHb Y4HIB.

[nA KOMNNEKCHOro BMBYEHHA NeAaroriyHoro ABMWA Ta NepeBipKM ePeKTUBHOCTI METOAMYHOI cuctemMmn GoOpMyBaHHSA
CaMOOCBITHbOI KOMMNETEHTHOCTI Y4HIB OCHOBHOI LLIKOIM B OCBITHBOMY NpoL,eci BUBYEHHA Gi3MKKM Ha 3acagax CTaNoro Po3BUTKY, MU
onupanuca Ha npaui C.Y. FloHyapeHKa (FToHyapeHKo, 2008) Ta H0.K. BabaHcbkoro (babaHckuid, 1985), y AKMX BUCBITNIEHO OCHOBHI
BMMOTW A0 NPOBEAEHHA NeAaroriyHoro AOCAIAKEHHSA.

MeparoriyHnii ekcnepumeHT NposoamBca BnponosKk 2018 — 2021 pokis.

Ha KoHcTaTyBanbHoMy eTani gocnigKeHHa (2018 — 2019) BMBYaNMNCA TEOPETUYHI 3acagm Ta NPaKTUYHI HanpaLoBaHHA
wopo npobnemn GopmyBaHHA CaMOOCBITHBOI KOMMNETEHTHOCTI YYHIB OCHOBHOI LIKOAWM Mif, Yac BUBYEHHA $i3nKM Ha 3acagax
CTaNoro po3BMTKY (HOPMATUBHI JOKYMEHTHU, fIKi pernaMeHTyroTb OpraHi3aLlito OCBiTHLOrO npouecy 3 Gi3nKK, 3 METO0 BUABNEHHSA
NOTEHLMHOI MOXKANBOCTI GOPMYyBaHHA CAaMOOCBITHbOI KOMMETEHTHOCTI YYHIB OCHOBHOI LUKO/IM Ha 3acagax CTasioro Po3BUTKY;
HaBYa/NIbHO-METOAMYHH 3abe3neyeHHA BUKNAZAHHA i3UKM B OCHOBHIM LUKONI; MOHATTEBMI anapaT [AOCANIAMKEHHRA; CTaH
cPOPMOBaAHOCTI CaMOOCBITHbOI KOMNETEHTHOCTI Y4YHIB OCHOBHOI LIKO/AM Ta TOTOBHICTb Y4YMTENiB 34iMCHIOBATU (GOPMYBAHHSA
CaMOOCBITHbOT KOMMETEHTHOCTI Y4YHIB Ha 3acaZiax CTaoro PO3BUTKY).

B xoai gocnigxeHHna 6yno 3'acoBaHo, Wwo npobaema popmyBaHHA CaMOOCBITHbOI KOMMETEHTHOCTI Y4YHIB OCHOBHOI LLIKON
B OCBITHbOMY MPOLLECi HA 3acafax CTa/Noro PO3BUTKY B LiiNoMy He po3B'asaHa (Maiaa, 2020), ToMy 3aNponoOHOBAHO KPOKM LWOA0
BUPpiLWEHHA wiei npobaemu. Mpu upboMy ocobansy ysary NpPUAINEHO COLOKYNbTYPHUM, NPUPOAHIM Ta NefaroriyHUM YNHHMKAM,
AKi cnpuany / ranbmyBanu Liei NpoLLec, BNANBaYM Ha MOTMBALLiIO, LiIHHICHI OpiEHTALLT y4YHIB TOLLLO.

B xoai popmyBanbHOro ertany gocnigeHHa (2019 — 2020) cxapakTepnsoBaHO MeETOAMKY GOPMYBaHHA CaMOOCBITHbLOT
KOMNETEHTHOCTI Y4YHiB OCHOBHOI LLKO/IM B OCBITHbOMY NPOLLECi HAa 3acagax CTaNoro PO3BUTKY Ta 0BIPYHTOBAHO NeAarorivyHi ymosu
edeKTMBHOCTI Tl BNpoBaAXeHHs B OCBITHIN npouec. 3anpoBajKeHHA B OCBITHI/ MPOLEC iAel CTanoro po3BUTKY MoAArano B:
iHTerpyBaHHi igel ctanoro po3BMTKY Y 3MiCT HaBYa/IbHOTO MaTepiay; NOWWNPEHHI NO3UTUBHOTO AOCBIAY B OCBITI, LLO CNpUATUME
3MiHaM y NoBegiHLi Ha KOPUCTb CTasIoOCTi; CMPUAHHI PO3YMiHHA CYTHOCTI r106a/fbHUX, HaLiOHANbHMX i MiCLLeBUX eKONOTIYHUX
npobsiem 3 aKLEHTOM Ha iX COLia/IbHO-eKOHOMIYHI HaCNiAKKW; BNPOBAAMKEHHA HOBWMX NiAXOAiB Yy HaBYaHHI, 3a0X04YyBaHHSA
camoocCBiTh. DopMyBaHHA CAMOOCBITHbOT KOMNETEHTHOCTI y4HiB NepeAbayano BUKOHAHHA BNpaB Ta 33434y, NpoBeAeHHsA JocNi4iB
Ta 34iMCHEHHA cnocTepeXKeHb, peani3alito AoCNIAHULBKUX HAaBYAIbHUX NPOEKTIB, CUTYaLLiIMHUX BNpPaB.

Ha nmigcymkoBomy eTani neaaroriyHoro ekcnepumeHty (2020 — 2021) 3aiiicHeHO nepesipKy epeKTUBHOCTI MeToANYHOT
cuctemn GopmMyBaHHA CAMOOCBITHBOI KOMNETEHTHOCTI Y4HIB OCHOBHOI LIKOAW Ha 3acafax CTaloro Po3BUTKY Yepes NpoBeAeHHsA
neparoriyHOro ekcnepuMmeHTy. bynm cdopmoBaHi KOHTPO/IbHI Ta eKCnepuMeHTaNbHi Kiacu; 34iMCHEHO MEeTOAMYHY MifroToBKY
yunTenis ¢pisMKM 40 BNPOBaAKEHHA po3pobaeHoi MeTOAMYHOT CUCTEMM B OCBITHIM NPoOLEC; 3aNy4YeHHA 40 poboTM TBOPYOI rpynu
BuMTeniB ¢isvkM 3 npobnemn «MeToaMUHMI CyNnpoBig Ta AiarHOCTMKA AKOCTI CHOPMOBAHOCTI CAMOOCBITHLOI KOMMNETEHTHOCTI
YYHIB 3aKNaAiB 3aranbHOI cepeHbOoT OCBITU»; OPraHi30BYBaIMCA OH-1aliH NeKL;i, TPeHIHIM, KOHCYIbTaLii 3 MUTaHb BNPOBAAMKEHHS
METOAMYHOI CUCTEMW; MPOBELEHO KOHTPOJIbHMI 3Pi3; MPOaHani3oBaHi KiNbKicHI pe3ynbTath Yuuteni, Aki 6panu ydyactb B
eKcnepumeHTi, 3abesnedyyBannca BIANOBIAHUMM AMAAKTUUHMMKM  MaTepianamm  (https://ternofizik.blogspot.com/p/blog-
page_12.html).
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Y pamMKax OOCNiAXKeHHs BiACTexKyBanaca AMHAMiKa npouecy HabyTTa YYHAMM OCHOBHOI LUKOJIM CAaMOOCBITHIX 3HaHb Ta
YMiHb, 30Kpema: uifecnpAmoBaHicTb, notpeba B CaMOBLOCKOHA/IEHHI, LiiHHICHI OpieHTaLii, yMiHHA MAaHyBaTM Mi3HaBaNbHY
BIiANbHICTb, iIHTENIEKTYabHi YMiHHA, 34aTHICTb OPiEHTYBaTMCA B iHGOPMaL,iMHUX NOTOKAX, HABUYKM CAMOKOHTPO/IH0 CAMOOCBITHBOI
nianbHoOCTi, pednekcia, CamMoCTINHICTb, KOMYHIKaTUBHI AKOCTI TOLLO.

Ha KoHcTaTyBasibHOMY eTani ekcnepumeHTy 6ynm 3anyyeHi 801 yueHb 7 knacy, 802 yuyHi 8 Knacy, 852 yyHi 9 Knacy Ta 28
yuutenis pisnKu, AKi BUKNaZaOTb B 06paHUX AN eKCNepumMeHTy Knacax. Obcar Bubipku 6yB A0CTaTHIM, OCKiZIbKM B OCHOBI fobopy
BMBIpOK nexkana metoamka M. M. BonosuKa (Bonosuk, 1969), 3rigHO 3 IKOKO MiHIManbHa Ki/bKICTb YY4ACHUKIB EKCNEPUMEHTY
BMpaxoByBasaca 3a Gopmynoto:

ne n — obcar Bubipku, t — koediuieHT CTbloAEHTa, P | § — UMOBIPHICTb NPABUAbHUX | HENPABUALHUX BiANOBIAEN, € — rPAHUYHO
[OoNycTMMa noxubka, Aka 3abe3nedye piBeHb A0OCTOBipHOCTI P =0,95. To4i 32 TabaMuAMKM KpUTUYHE 3HAYEeHHA KoediujieHTa
t=1,96.3aTakux ymoB p = q = 0,5 i n 6yge ctaHoBuTM 384 pecnoHaeHTn (Bonosuk, 1969).

3 METOH BUAB/MEHHA PiBHA CPOPMOBAHOCTI KOMMOHEHTIB CaMOOCBITHbOI KOMMNETEHTHOCTI YYHIB OCHOBHOI LIKO/M Npu
BMBYEHHI i3MKM B paMKax KOHCTaTyBa/ibHOrO €eKcnepumeHTy 6yn0 NpoBeAEeHO HWU3KY KOHTPO/bHWUX POBIT, ONUTYBaHHA,
aHKeTyBaHHA i3 3acTocyBaHHAM 3acobis gucTaHuiiHoro 38'a3ky (https://ternofizik.blogspot.com/).

BuasneHo, wo: 43 % y4HiB 3a3BMYal Ha YPOKax Gi3MKM NPaLLOOTb 3 BEIMKUM HaNpyKeHHAM, 44 % onuTaHux He 6ayaTtb
ceHcy B 6inblIOCTI 3aBAaHb i BNPaB, AKi BUKOHYIOTb B LUKOAI Ha YpoKax $i3nku, a 46 % BBaxKaloTb, WO B Hal Yac He 060B'A3KOBO
[o6pe 3HaTH di3nKy, 79 % LWKONAPIB CTBEPAKYHOTb, WO € 6araTo NpeaMeTiB, AKi LiKaBille BUBYATH, HiXK di3nKy, a 53 % WKonapis
OyKe BaXKKo 3mycutn cebe BMBYaTU ¢i3nKy. Ha Hawy AymKy Le nos’A3aHo i3 meToAamu OpraHisauii OcBiTHbOro npouecy
yunTenamu, Aki B OCHOBHOMY BMKOPWUCTOBYIOTb PO3B’A3yBaHHA 3ajay, po3nosigb Ta Heciay, a WKoAApi o4ikytoTb nobauntn
OVBOBUXKHI Ta 3aX0ONJIOIOYI eKCNepMMEHTH, aKTUBHO A0CNIAKYBaTM ABMLLA Ta BUKOHYBATM 3aBAAHHA, NOB'A3aHi i3 JOBKIAAAM.
Tomy 25 % y4HiB CTBEPAKYIOTb, LLLO AKOM BMMaa MOMKAMBICTb, TO BOHW HaB4YaucA 6 B iHWIl wkoni. Mpo Te 62 % y4HiB BBaXKatoTb,
LLLO NIOAMHA NOBMHHA A0BOAMTM CBOI BMiHHA Ta HAaBUYKKN 4,0 AOCKOHANOCTI, 70 % nepeKoHaHi, Lo CaMOBMXOBaHHA Ta CaMOOCBITa
NoBMHHI 6yTK 060B'A3KOBI, AKWO NOAMHA XO4Ye AOCATTU LOCKOHANOCTIi B YOMYCb, 67 % NparHyTb 4O HAMBULLMX Pe3y/bTaTis,
BMCTYNatoun B ByAb-AKMX KOHKYpPCax UM 3MaraHHaAxX, 54 % y4HiB CTBEPOKYIOTb, LLO AKLLO BOHM HANALWTOBAHI A0 HaBYaHHA, TO
pobAATb Ue Kpalle, HiX iHWi, 65 % BBaXKaloTb, WO6 cebe peanisyBaTu B XKUTTi, BCi NpeaMeTn NOTPibHO BUBYATM O4HAKOBO 406pe,
49 % pymaloTb, WO Noau, AKi Aobpe 3HatoTb i3nKy, Y XKUTTI ycniwHi Ta 35 % BneBHeHI, Wo Aobpe 3HaHHA 3 Gi3MKM HagacTb im
MOpa/ibHe 334,0BOJIEHHA | MaTepianbHUIM JOCTATOK B KUTTI. [na 89 % y4HiB OCATHEHHA B HAaBYaHHI He 3aBXAM oaHaKoBi, a 40 %
WKONAPIB HEe [OBOAATb A0 KiHUA BaraTo cnpas, 3a AKi 6epyTbesa, xoua 91 % cTBEPAKYE, WO AKWO IM 40BOAUTLCA BUKOHYBATU
neBHe 3aBAaHHA, TO HAMaralTbcA POBUTH Le AKOMOra Kpalue.

AKICTb OBONOAIHHA MEeBHUMMU HABMYKAMWM CAMOOCBITHbOI AiANbHOCTI (KOTHITUBHWIA Ta onepauifiHO-AiANbHICHMIM
KOMMOHEHTM CaMOOCBITHbOI KOMMETEHTHOCTI) BM3HAYanucA 3a A0MNOMOrol KoediljieHTa yCnillHOCTI 3aCBOEHHA HaBUUKM, AK
YaCTKM NPaBUIbHO BUKOHAHMX CYTTEBUX ONepaLLiit neBHoro pisHA (becnanbko, 1989).

K3 = ﬁl?ﬂ n;i
ne Kz — koeoilieHT ycnilWwHOCTI 3aCBOEHHA HaBWMYKM Knacom, N — 3aranbHa KiNbKiCTb YYHIB, 1; — KiJIbKiCTb YYHIB, LLO 3acBOiNM
HaBWYKY Ha PiBHi i, ( TyT i=1 — No4YaTKOBWIA piBEHD, i=2 — cepeHilA, i=3 — AOCTaTHIN, i=4 — BUCOKUIA piBEHD).

MU oTpMManu HacTynHi pe3ynbTaTv Ana KoedilieHTa YCnilWHOCTI 3aCBOEHHA CAaMOOCBITHIX YMiHb yYHAMM 7-9 Knacis:
3[aTHICTb PO3KPUBATK CYTb Gi3MYHMX TEPMIHIB Ha OCHOBI y3arasibHEHUX NAAHIB CTaHOBUTL 6/1M3bKO 60 %; NPaLOBATK i3 TEKCTOM
— 55 %; npautoBatM 3 OMNOPHMMM KOHCMEKTamun — 52 %; BMOKPEMIIOBATU CTPYKTYPHO-/IOTIYHI YaCTUHM TeKcTy — 53 %;
BMOKPEMIOBATU CrifbHi — 54 %;po3pi3HATU neBHi 06’ekTM — 48 %; rpynysBaTv Ta KnacudikyBatm — 65%; KopucTyBatucA
NoOLWYKOBUMM cucTeMamm — 55 %; aHanisyBatn Tabaununy iHpopmauito — 53 %; umtati rpadiyHy iHpopmauito — 56 %; posymitm
CXeMU eNEKTPUYHUX Kin— 52 %; BCTaHOBIOBATM NPUYMHHO-HACNIAKOBI 3B'A3KN — 54 %.

KoeodiuieHT ycniWwHOCTI 3aCBOEHHA BMiHHA pO3B’A3yBaTW 3a4a4i 33 MalOHKOM CHOPMOBaHWUI Ha piBHI 54 %; 3a rpadikom
— 53 %; 3a Tabanueto — 50 %; 3apadi-ouiHkm — 49 %. KoediuieHT ycnilWHOCTi 3aCBOEHHA BMiHHA MAAHYBaTU [OCAIAMKEHHS,
BM3HAYaTW HalKpalLi yMOBM ANA Moro nposefeHHA chopMoBaHO Ha piBHI 58 %; 06MpaTM ONTMMasIbHi YMOBU CMOCTEPEKEHD —
55 %; KOHCTpytoBaTU — 58 %; aHani3yBaT CaMOOCBITHIO AiANbHICTb =51 %; aHani3yBaTV pe3yabTaTi 34iMCHEHOIO AOCNIAKEHHA —
52 %.

dopmytoun 3aBAaHHS, 30PiEHTOBAHI Ha GOPMYBAHHS | PO3BUTOK CAMOOCBITHbOI KOMMNETEHTHOCTI Y4YHIB OCHOBHOI LLKOAW Y
npoueci BUBYEHHA Gi3nKM Ha 3acagax CTaNoro PO3BUTKY, MU iHTErpyBasn y 3micT YPOKy ¢di3uKKM Ta 3MiCT NPONOHOBAHMX 3aBAaHb
iHpopmauii, Wwo nos’a3aHa 3 npobnemamy HABKOJUILIHLOTO CEpPesoBULLA, 340POB’'A NHOOUHW, PO3BUTKY CycninbcTBa Ta
MOIMBUMM LUAAXAMM X NOKPALLEHHSA, AKI CNPUAAN 343THOCTI yCBiAOMNEHO ByAyBaTK CBOIO HABYaNbHY AiANIbHICTb 3a/1€3KHO Bif,
dopmu nponoHoBaHOT iHGOpMaLLii, 34iINCHIOBAaTM KOHTPO/Ib | CAMOKOHTPO/Ib Pe3y/ibTaTiB BAACHOI AiA/bHOCTI.

3 meTo GOPMYBaHHA CAaMOOCBITHIX YMiHb YUYHIB Hamu B6yan po3pobaeHi camocTiiHo (Mainga, 2016) Ta 3anosnyeHo i3
iCHYIO4Oi MeTOAMYHOI Ta HAyKOBO-MONYAAPHOI ANiTepaTypu pi3Hi TMMM HaBYa/NbHUX 3aBAaHb Ta iHTEPAKTUBHWUX BMpaB,
OpiEHTOBAHMX Ha GOPMYyBaHHA CAMOOCBITHbOI KOMMETEHTHOCTI YYHIB, 3MICT SKMX CTOCYBaBCA iAel CTasoro pPO3BUTKY
(https://ternofizik.blogspot.com/p/blog-page_10.html).

3 MeTol BUABNAEHHA (OPMYBaNbHOTO BM/IMBY PO3p0baeHOi METOAMKM OpraHisalii OCBiTHbOro Mpouecy Ha 3acagax
CTaNIoro PO3BUTKY Ha PiBHI CPOPMOBAHOCTI CAMOOCBITHbOI KOMMNETEHTHOCTI YYHIB HAMPUKIHLi eKCNepUMeEHTaIbHOTO HaBYaHHA MU
34iNCHUNN KOHTPONbHUI eTan neaarorivHoro ekcnepumeHTy. [LoCnigyKeHHA 34iMCHI0BAaAN 33 iAEHTUYHUMU METOAMKAMM, WO
3aCTOCOBYBA/IM HA KOHCTaTyBa/IbHOMY €Tani NefaroriyHOro eKCNePUMEHTY.

MuncbmoBi poboTH CKNAZANMUCD 3 ABOX BapiaHTIB KOHTPONbHUX | ABOX BapiaHTiB cCamMoCTiiHMX pobiT, AKi 6ynM BU3HAYEH B
X0A4i KoHcTaTytouoro ekcrnepumenTy (https://ternofizik.blogspot.com/p/blog-page_82.html). KoHTponbHi 3pi3n nposoauauca
HaNPUKIHLI cemecTpy.
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Y3aranbHIOKUYM  XapaKTepHi BiAMIHHOCTI y po3noginax 3a piBHAMM CPOPMOBAHOCTI MOTUBALNMHO-LiIHHICHOIO,
KOTHITUBHOIO, OpraHi3auifHo-gianbHicHOro Ta ped/1eKCMBHO-aHaNITUYHOTO KOMMOHEHTIB CAMOOCBITHbOT KOMNETEHTHOCTI YYHIB
KOHTPO/IbHUX i eKCMepUMEHTaNIbHUX KNaciB 3a3Ha4YMMO, WO B €KCMepMMEHTasIbHUX K/aacax No 3aBepLUeHHI0 neaaroriyHoro
eKCcneprMmMeHTy 3acobamm CTaTUCTUKKN A0BEAEHO HAABHICTb NO3UTUBHMX 3MiH Y BCIX KOMMNOHEHTax CaMOOCBITHbOI KOMMETEHTHOCTI
YYHiB OCHOBHOI WKoAM (puc.l.). BapTo Big3HaAuMTK, WO B €KCMEepUMEHTA/IbHUX Knacax CYTTEBO 3MEHLUMBCA BifCOTOK YYHIB i3
NOYaTKOBMM PiBHEM CPOPMOBAHOCTI KOXKHOI i3 KOMMOHEHT CaMOOCBITHbOI KOMMETEHL,i yYHiB, Ta 3pOCna KiNbKiCTb Y4YHIB i3
BMCOKMM piBHEM CHOPMOBAHOCTI LIUX KOMMOHEHT.
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MoTuBauitHO-LiHHICHUIA KorHitTusHui OpraHi3auiiiHo-AianbHiCHUIA PednekcuBHo-aHaniTUUHMIA

PiBeHb noyaTKoBUIA PiBeHb cepepHin PiBeHb gocTaTHil PiBeHb BUCOKUI

Puc 1. Po3nogain 3a piBHAMKN cpOpMOBAHOCTi KOMNOHEHTIB CAMOOCBITHbOI KOMNETEHTHOCTI Y4YHIB KOHTPONbHUX i
eKCcnepuMeHTaNIbHUX KNaciB.

CnocTepeskyBaHe 3HaYeHHA KPUTEPItO XZcnocr ANA 0BPaHMX HaMM BUBIPOK CTaHOBUTbL 66,17, W0 3HAYHO BiNbLUe KPUTUHHOTO
3HauyeHHA X2%p=7,81. 3gilicHeHe NOPIBHAHHA BKa3ye Ha CyTTEBi BiAMIHHOCTI MiXX KOHTPO/NIbHMMMU Ta eKcnepUMEHTaNbHUMU
Knacamu. OTprmaHe 3HaYeHHA Kputepito Ze, ANA BUBIPOK CTAaHOBUTH 8,2, WO 3HAYHO bifiblue KPUTUYHOIO 3HAYEHHA KpUTepito 3a
Tabnuueto dyHKUiT Nlannaca (Zp=1,96). OTXKe KiNbKicHi Ta AKICHI NOKa3HMKM KOHTPOJIbHUX Ta EKCMEPUMEHTAIbHUX K/1aciB CYTTEBO
BiApi3HAIOTbCA.

BUCHOBKUM TA NEPCNEKTUBU NOAANBLUOIO AOCNIAKEHHA

Y pesynbTaTi NpoBeAEHOro NeaaroriYyHoOro eKcnepumMmeHTy wWwoao GOpPMyBaHHS CaMOOCBITHbOI KOMMNETEHTHOCTI Y4YHiB
OCHOBHOI LWKO/IX B OCBITHBOMY NMPOLECi BUBYEHHA i3MKM HA 3acafax CTasoro PO3BUTKY BCTAHOBAEHO: MiABULLLEHHS MOTUBALLT
YYHiB [0 CaMOOCBITU Ta PiCT 3aLiKaBNEHOCTi A0 BWBYEHHA i3NKKM; PO3BUTOK JIOMYHOTO MMUCIEHHA Ta YMIHHA Y4HIiB
BMKOPUCTOBYBATM XMapHi CepBicUM A1A BUKOHAHHA OCOOMCTICHMX i COLiaNbHO 3HAYYLWMX 3aBAAHb TAa HABYaJbHWUX MPOEKTIB;
cPOPMOBaHiCTb HAaBUYOK MOLLYKY, OTPUMAHHA, onpaLoBaHHA iHPopmaLii A po3B'A3yBaHHA HaBYAIbHUX Ta }KUTTEBUX 3aBAAHb;
YAOCKOHANIEHHA YMIHHA BMKOPWUCTOBYBATW Yy Mpoueci BUBYEHHA i3VKM NpuKaagHe nporpamHe 3abesnevyeHHsA; BUPOOAEHHA
HaBMYOK CaMOCTIHOCTI, pob0oTH B rpyni, HaBYaIbHOT KOMYHiKaL,ii TOLWO.

OTKe, pe3ynbTaTh NefaroriYyHOro eKCnepMmMeHTy AatoTb NiACTaBU A8 BUCHOBKY, LLO 3anponoHOBaHa HaMW MeToAUYHa
cuctema GopmyBaHHA CAMOOCBITHbOT KOMMNETEHTHOCTI YYHIB OCHOBHOI y NpoLLeci BUBYEHHA Gi3MKKM HA 3acagax CTaNoro PO3BUTKY
€ NPOAYKTUBHOIO Ta MOXKe PEKOMEHAYBaTUCA A0 BNPOBAAMKEHHSA Y NPAKTUKY HAaBYaHHA i3nKM y 3aKnafax 3araibHoi cepeHboi
ocBiTU. [llepcnekTMBM NOAaNbWMX AOCAIAXKEHb MNOMAralOTb B YAOCKOHANEHHI MeToAMKM (GOpMyBaHHA KOTHITUBHOMO Ta
OpraHi3aLiHO-4iANbHICHOrO KOMMOHEHTIB CAaMOOCBITHbOT KOMMETEHTHOCTEN Y4HIB; 3abe3neyeHHi HAcTymHOCTI B peanisauii
KOMNETEHTHICHOTO MiaxoAy [0 HaBYaHHA ¢i3WKM B OCHOBHIW LWKOAi; PO3pobLi MeToaMKM GOpMyBaHHA CaMOOCBITHLOI
KOMMETEHTHOCTI YYHiB CTapLlUOi LKO/IM B OCBITHbOMY npoueci 3 ¢i3auKKU; CTBOPEHHI MaTepiasibHO-TEXHIYHOro 3abesneyeHHs
peanisauii npouecy GopmMyBaHHA CAMOOCBITHbOT KOMMNETEHTHOCTI YYHIB 3aKNaAiB 3ara/ibHOI cepefHboi OCBiTU Ha 3acagax CTasoro
PO3BUTKY.
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PONPE

ORGANIZATION OF PEDAGOGICAL EXPERIMENT ON IMPLEMENTATION OF METHODOLOGICAL SYSTEM OF FORMATION OF
SELF-EDUCATIONAL COMPETENCE OF COMPETENCE
Vasil Gaida
Central Ukrainian State Pedagogical University named after Volodymyr Vynnychenko, Ukraine

Abstract.

Problem formulation. The article highlights the results of a pedagogical experiment on the implementation of the developed methodological
system for the formation of self-educational competence of primary school students in the study of physics on the basis of sustainable
development. In compliance with the principles of a systematic approach to the analysis and organization of the educational process
of forming self-educational competence of primary school students in the educational process in physics, full compliance with
pedagogical conditions of its implementation and providing a set of effective forms, methods, tools and technologies in the
educational process, envisage the formation of a high level of self-educational competence of students of general secondary
education institution.

Materials and methods. During the implementation of the pedagogical experiment we used theoretical (analysis of scientific and methodological
literature on the formation of self-educational competence of students), empirical (observation, questionnaires, testing), as well as
statistical methods of processing research results (Pearson and Student's test). A pedagogical experiment (ascertaining, searching,
forming and final stages) was conducted, which involved 1227 students from 24 educational institutions of Ternopil (18), Volyn (3)
and Kirovohrad (3) regions.

Results. The results of the pedagogical experiment confirmed the statistical significance of the influence of the proposed methodological system
on the qualitative indicators of self-educational skills and positive changes in the assimilation of teaching material in physics by
students.

Conclusions. The introduction of the developed methodological system contributes to: increasing students 'motivation for self-education, interest
in studying physics, developing critical thinking, improving students' ability to use cloud services to perform personal and socially
significant tasks and educational projects, developing skills to use application software in physics, independence skills, group work,
educational communication, etc.

Key words: teaching physics, pedagogical experiment, self-educational competence, sustainable development, primary school students, formation
of self-educational competence of primary school students.
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3ACOBM ®OPMYBAHHS BI3YA/IbHO-IHOOPMALIMHOT KYNIbTYPU
MAWBYTHIX YYUTE/NIB MATEMATUKU TA IHOOPMATUKMU

AHOTALIA

@PopmyniosaHHA npobaemu. CyyacHuli syumens mMamemamuku ma iHOPMAMUKU MOBUHEH Mamu B8UCOKUl pieeHb cghopmosaHocmi
8i3yanbHO-iHGopMayiliHoi Kyanbmypu, mobmo nosuHeH Mamu UYiHHICHi yCMAHOBKU, MpazHeHHA 00 PO3BUMKY 8 2anys3i
8i3yanizayii ma iHgpopmamu3sauii oceimu; 8oa100imu iHhopmMamuKo-Mmamemamu4Hi, NCuxon020-nedazo2iyHi ma mexHono2iyHi
3HAHHAMU; YMIHHAMU cnpulimamu, aHanizyeamu, mopieHeamu, 3icmaeaamu, iHmepnpemysamu, npodyKyeamu 3
BUKOPUCMAHHAM iHGhopmauyiliHux mexHosnoeill, cmpykmypysamu, iHmeepysamu, oyiHroeamu nodaHuUli HOOYHO Has4anbHUl
mamepian. e 3anexcume, ceped iHWo20, 8i0 Memoody ni3HasaabHOI MeopemuyHoi ma MPAaKMuUYHoI difanbHOCMI 8uKknadayie i
cmydeHmis, AaKuli nepedba4yae NoOCMAHoBKY memu, HeobxiOHy cucmemy 0ili, 8idnoeioHi 3acobu (i odepxrcaHuli pe3ysemam —
8ucoKuli piseHb cghopmosaHocmi 8i3yanbHO-iHPoOpMayiliHoi Kyaemypu malibymHix yyumesie Mamemamuxku ma iHpopMmamuku.

Mamepianu i memodu. OcHo80t0 O0CNiOHEHHA CMAu HayKosi p0o38iOKU 8iMYU3HAHUX | 3aKOPOOHHUX y4eHUX, AKi 3alimaromecs 8u8YeHHAM
numaHe nidzomosku MalibymHix s4umesnie mamemamuku ma iHgpopmamuku. [na 0ocazHeHHA memu 6yau 8UKOpuCMaHi
Memoodu meopemu4Ho20 PiBHA HAYKOBO20 Mi3HAHHA: AHAI3 HAYKOBOI imepamypu, cuHme3, hopmanisayis Haykosux Oxcepern,
onuc, 3icmassneHHs, y3a2anbHEHHA 8/1ACHO20 A0C8idY.

Pesynomamu. 3 memoro hopmy8aHHA 8i3yasnbHo-iHopmayiliHoi Kyabsmypu malibymHix ydumenie mMamemamuku ma iHGopmamuKku
8UKOpUCMAHi HaMU 3acobu HABYAHHSA MOMCHA YMOBHO Modinumu Ha 2pynu: OpyKosaHi 3acobu (Has4asbHO-Memoou4Ha
nimepamypa, Hag4asbHi NOCIGHUKU, HABYAbHI MPo2PamMu, cucmemu 3a0ay 0. AabopamopHux pobim), komn’tomepHi 3acobu
(npozpamHe 3a6e3neyeHHs npedmMemHo20 CrpAMYB8AHHS, MPo2pamu OUHAMIYHOT MameMamuKu, XMapo OpiEHMOBAHI cepsicu,
sipmyasnebHi nabopamopii), iHmepakmueHi 3acobu (8i3yanizoeaHi 3a80aHHSA, IHMEPAKMUBHI araemu, Ko2HimueHO-8i3yasbHi
moaoerni).

BucHo8Ku. 3a pe3ysbmamamu e8rnposadxeHHs po32aa0ysaHux 3acobie y npogeciliHy nid2comosky y malibymHix yyumesnie mamemamuxku ma
iHhopmamuku criocmepizanoca nidBUWEHHA pieHi8 chopmosaHocmi 8i3yanbHo-iHhopmauiliHoi Kyasmypu 3a ecima
KomMnoHeHmamu: npogeciliHo-momusayiliHum, KoeHimuesHUM, onepayiliHo-0ianbHICHUM Mma pegeKcusHUM.

K/IDYOBI CJ/IOBA: 8i3yanbHo-iHgpopmayiliHa Kynbsmypa, malibymHi eyumeni mamemamuku ma [HOPMamuKu, 3aci6 HABYAHHS,
8i3yasnizosaHe 3a80AHHSA, iHmepakmusHul arsiem, enekmpoHHUl Nocib6HUK, 0onosHeHa peasnsbHicms, QR KoO.

BCTYN

MocraHoBKa npo6aemu. Cy4acHuit BUMTENIb MaTEMATUKM Ta iIHGOPMATUKM NOBUHEH MATU BUCOKUIA piBeHb CHOPMOBAHOCTI
Bi3yanbHO-iHPOPMaLiAHOT KyNbTypU, TOOTO NOBUHEH MATW LiHHICHI YCTAaHOBKM, NpParHeHHA 40 PO3BMTKY B ranysi Bisyanisauii Ta
iHpopmaTM3aLii ocBiTM; BONOAITM iHDOPMATMKO-MaTEMaTUYHI, NCUXOIOrO-NeAaroriyHi Ta TEXHOMOTYHI 3HAHHAMM; YMIHHAMM
cCnpuiimaTi, aHanisysaTW, MNOPIBHIOBATW, 3iCTaBAATM, iHTepnpeTyBaTW, MNPOAYKYBAaTU 3 BUKOPUCTAHHAM iHOPMALLNHMX
TEXHOAOriW, CTPYKTYpYBaTH, iHTErpyBaTH, OLLIHIOBAaTU NOAAHMI HAOYHO HaBYaNbHUI MaTepian. Lie 3anexunTb, cepes iHWOro, Big,
MeTo4y Ni3HaBa/bHOI TEOPETUYHOI Ta NPAKTUYHOI AiANbHOCTI BUKNAZauiB i CTYAEHTIB, AKMI nepenbayae NMocTaHOBKY MeTH,

© M.T. Opywnsk, B.I'. Wamons, 2021.
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HeobXxigHy cucTemMy A, BiANOBIAHI 3aC06U 11 04ep:KaHUI pe3ybTaT — BUCOKUI piBeHb CHOPMOBAHOCTI Bidya/ibHO-iHpOopmaLiiHOT
KYZIbTYpPU MaMBYTHIX yunuTeniB maTemaTnku Ta iHbopmaTnkn. B gaHoMy JocChifKeHHi 30cepesmMmocs came Ha OBrpyHTYBaHHI
[OLINBbHOCTI BUKOPUCTaHHA 3acobiB GopmyBaHHS Bi3yasibHO-iHOOPMaALMHOT KynbTypn ManbyTHIX yuyuTeniB matemaTuKu Ta
iHGOPMATMKM Y 3aKNagax BULOI OCBITU. ByaemMo 4OTPMMYBATMCA LIMPOKOTO PO3YMIHHA MOHATTA «3acib HaBYaHHA» i BBAXKATU
3acobamu HaBYaHHA BBAXKaTW BCe Te, WO CNPUAE AOCATHEHHIO Ljinei ocBiTH.

3 MmeTo POopmyBaHHA Bi3yasbHO-iIHPOPMALIAHOI KyNbTypU MalbyTHIX yuuTenie maTemaTMKu Ta iHGOpPMaATUKK
BMKOPUCTaHI HAMK 3aC0BM HaBYAHHA MOXKHA YMOBHO NOAIANTYL HA FrPyNu: APYKOBaHi 3acobu (HaBY4aNbHO-MeTOAMYHA NiTepaTypa,
HaBYa/bHi NOCIBHWMKKM, HaBYaNbHI Mporpamu, cUcTemMu 3agad Ana nabopatopHux pobiT), Komn'loTepHi 3acobu (nporpamHe
3abe3neyeHHnA NPeaMeTHOro CrnpPsAMYBaHHA, NPOrpamMmn AUMHAMIYHOI MATeMaTWKKM, XMApO OPIEHTOBAHI cepBsicu, BipTyanbHi
nabopaTopii), iHTepaKTUBHI 3acobu (Bi3yanisoBaHi 3aBAaHHA, iIHTEPaAKTUBHI anieTu, KOrHITMBHO-Bi3yabHI Moaeni).

MeTta crarTi. O6rpyHTYBaTM OOLINBHICTD BMKOPUCTAHHA 3acobie GopmyBaHHS Bi3yanbHO-iHGOPMaLiNHOI KynbTypu
MaNBYTHIX yunTenis maTemaTrku Ta iHGOPMATUKK Yy 3aKNaax BULLOT OCBITH.

METOAU AOCNIAXKEHHA

OCHOBO AOCNIAKEHHS CTa/IN HAYKOBi PO3BiAKMN BITYN3HAHUX | 3aKOPAOHHUX YYEHUX, AKi 3aMMatOTbCA BUBYEHHAM NMUTaHb
NiAroTOBKM ManbyTHIX BUMTENIB MaTEMATUKKN Ta iIHGOPMATUKK. 1A AOCATHEHHA MEeTU ByIM BUKOPUCTaHI MeToaM TEOPETUUYHOIO
PiBHA HAyKOBOro Mi3HAHHA: aHani3 HayKoBOi NiTepaTypu, cuHTe3, dopManisalia HayKoOBMX [JxKepen, Onuc, 3icTaB/eHHs,
y3ara/ibHeHHA BNaCHOro A0CBiay.

PE3Y/IbTATU TA IX OBFOBOPEHHA

Bi3yanizoeaHi 3a80aHHA. Y HaBYaNbHUX NaHAxX NiArOTOBKW y4uTeNiB MaTEMATUKM Ta iHGOpmaTUKK ocobamse micue
3aliMaloTb AUCUMNNIHK GyHAAMEHTaIbHOI NPeAMETHOI NiAroOTOBKM, OCKIZIbKM camMe BOHM 3abe3neuytoTb ManbyTHIX yuutenis
HaykoBuMM, dyHpoameHToMm, 6asmcom ana nobyanosu iHGoOpMaLiMHOI HayKoBOi KapTWHM CBITY i HeobxigHUM npodecinHum
iHCTPYMeHTapiem, pOo3paxoBaHMM Ha TPMBasie MOro 3aCTOCYBaHHA B MiHMBUX YMOBAX KUTTA.

[Ons dopmyBaHHA BisyanbHO-iHGOPMaL,iMHOT KyIbTYpn MalbyTHIX y4UTENiB MaTeMaTUKM Ta iIHPOPMATUKM NPU BUKNALAHHI
npodecinHnxX AUCLMNAIH BaXK/IMBO BUKOPUCTOBYBATK He NiMLLE Bi3yasibHY NiATPMMKY TEOPETMYHOIO MaTepiany, a i BisyanisoBaHi
3aBAaHHA i3 JOTPUMAHHAM NPUHLMNIB HAYKOBOCTI Ta AocTynHocTi. O. KHA3EBa Aa€ BU3HaYeHHS 8i3yas1i308aHOI 3a0ayi SiK 3afavi,
«B fAKin 06pa3 ABHO YK HEABHO 3a4iaHUI B YMOBI, BigNoBiAj, 3aaae meToa, po3B’A3aHHA 3a4a4i, CTBOPHOE ONOPY KOXKHOMY eTany
po3B’A3yBaHHA 3a4a4i abo ABHO YM HEABHO CYMPOBOAMKYE Ha NEBHUX eTanax ii po3s’asyBaHHA» (KHA3eBa, 2003).

BuKkopwucTaHHA Bi3yani3oBaHMX 3aBAaHb B npoLieci ¢axoBoi NiAroToBKM MalibyTHIX yunTenis matemMaTukm Ta iHGopmMaTUKm
[03BOJISE WBMAKO 3aCBOKOBATU MNeEBHI pparmeHTM Teopii, dopmMyntoBaTM i PO3NOBCIOAKYBATU Yy3araJbHEHWN ANrOPUTM
NPaKTUYHMX [ild, aKUEHTYBaTM yBary Ha BY3/I0BUX MOMEHTax MNpouecy po3B’A3yBaHHA 3agadi. BisyanisoBaHi 3aBAaHHs
[,03BOIAOTL HAaZABaTK iHGOPMaLLito NPO HaBYaNbHI AOCATHEHHA, NeBHi 0COBANBOCTI PO3YMOBOT AiANbHOCTI YYHIB | TUM cammnm
CNYIYIOTb IHCTPYMEHTapieM ANA AiarHOCTUKN HAaBYa/IbHUX | OCOBUCTICHO 3HAYYLLMX AKOCTEN.

BisyanizoBaHi 3aBAaHHA € IHCTPYMEHTOM peani3aLii KOrHITMBHO-Bi3ya/ibHOro MiAxof4y A0 HaBYaHHA i € 3acobom
$opMyBaHHA HaBUYOK Bi3yasibHOro MOLWYKY. Bi3yasbHUI MOWYK — Le NPOLLec NOPOAXKEHHS HOBMX 06pasiB, HOBMX Bi3yasibHUX
bopm, Lo HecyTb KOHKpPETHe Bi3yaNbHO-N0rYHe HaBaHTaXKeHHA | pobaATb BUAMMUM 3HAYEHHA LWYyKaHOro ob’ekta abo loro
BNACTUBOCTI. BUXiAHOO NO3KLLIEIO TAKOTO NPOLLECY € 3anac rOTOBUX, BiJOMUX CTYAEHTY Bi3yaNbHMX 06pasiB, CTPYKTYypa i enemMeHTH
iHpopmaLii, BisayanbHO AOCTYyNHi 418 CnocTepiraHHA 3B’A3KY MiXK HUMU. Mpy po3B’A3yBaHHI MaTeMaTUYHMX 3aga4 06pa3 moxke
BMKOpUCTOBYBaTUCA abo ABHO, abo HEABHO, ane i B TOMY, i B iHLUOMY BMNAAKY Le NPU3BOAMTb A0 MOLUYKY LWAAXiB PO3B’A3yBaHHA
3aBAaHHA (JanuHrep, 2006).

Hamn po3pobneHo aBTOPCbKi MpUKNagM Bi3yanisoBaHMX 3aBAaHb 3 GaxoBMX AUCUMNAIH (MaTeMaTUYHMIA aHanis,
aHanNiTMYHa reomeTpif, AUCKPETHA MaTemaTWKa, NPOEKTUBHA reomeTpif, Teopia WMOBIPHOCTENW, MaTeMaTMYyHA CTATUCTUKA,
MEeTOAMKa HaBYaHHA MaTeMaTUKWM) MiArOTOBKM MaWbyTHIX yuuTenis maTtemaTuku Ta iHOOPMATUKM y BUMAALT AUHAMIYHWUX
KOrHITUBHO-Bi3yaNibHUX MoAe e Ha 6asi nporpam AnHamivyHoi maTemaTtnku (Apywnsk, 2020).

MowwnpeHHA iHGOPMALIMHUX TEXHONOTIM Ha yCi ranysi ¢yHKLiIOHYBAHHA CyCMinbCTBA 3YMOBW/IM MOABY KOMMN IOTEPHUX
33c06iB NiATPMMKM OCBITHBOTO MPOLLECY, KA BUABUIACA HE /IMLLE Y BUKOPUCTAHHI NaKeTy odiCHUX Nporpam (TEKCTM, npeseHTauil
TOLLO), @ 1 y 3a/yYeHHi cnewiani3aoBaHOro NporpamHoro 3abesneyeHHs NPegMeTHOro CNPAMYBaHHS, @ TAKOXK CTBOPEHHI Nporpam
KOMN'IOTEPHOrO KOHTPOO 3HaHb. OCTaHHi, AK NPaBW/IO, 30PIEHTOBAHI HA TECTYBAaHHA AK METOZ AiarHOCTUKM HABYaJbHWUX
[OCArHeHb, Wo nepeabavae y cBoili 6inbwocTi 3akpuTi popmu BiaNoBiai (oaHa 3 6araTbox, AeKinbKa 3 6araTbox, BCTAHOBAEHHSA
BiANOBIAHOCTI, YNOPAAKYBAaHHA TOLWLO), asie He 3aBXKAM MOXKe OXapaKTepu3yBaTW peasibHUM CTaH 3aCBOEHHS HaBYa/IbHOTO
matepiany. OcobaMBO Le CTOCYETbCA MAaTeMATUKKU AK ranysi 3HaHb, ANA AKOT YacTo GiNblu BaXKAMBUMM € NOTIKA MipKyBaHb, iX
06r'PYHTOBAHICTb | NIAKOHIYHICTb, @ He oAepyKaHHA BiAMNOBIAi.

3 UMX NO3ULiM TECTYBAHHA AK GOPMa KOHTPOIO MaTEMATUYHMX 3HaHb He 3aBXAM € epeKTUBHOLO, a TOMY 3aTpebyBaHUMM
CTaloTb KOmMM'loTepHi 3acobu, fKi 3 ogHOro 60Ky ChpoLyoTb ANA BYMTENs/BMKNagadva NpPOLEC KOHTPO/, a 3 iHWoro, —
BiACNiAKOBYIOTb NPABULHICTb PO3B’A3YBaHHA NOCTABAEHWUX 334a4. 3anuT OCBITAH HA aBTOMATU3aLLil0 KOHTPOJIIO MaTeMaTUYHUX
3HaHb 3yMOBMB PO3BMTOK NPOrpam AMHaMIYHOT MaTeEMATUKK Y BiK pO3LIMPEHHS IX METOAUYHOIO iHCTpyMeHTapito. OcTaHHi Bepcil
okpemux MNAM nonoBHWAMCA AOAATKOBUMU KOMMN'IOTEPHUMM IHCTPYMEHTAMM, BUKOPUCTAHHA AKUX HE 3BOAUTLCA [0 NPOCTOro
TECTYBaHHA i BOAHOYAC MOXKe 3a6e3ne4nTh CNPOoLLEeHHA OPraHi3aLii KOHTPOIO HaBYaAIbHUX LOCATHEHb Came Y Frany3i MaTeMaTUKK.

MpoBegeHWiA Hamu aHania Komn'toTepHoro iHcTpymeHTapito MAM Mamemamuyeckuli kKoHcmpykmop, GeoGebra
[,03BO/IMB BU3HAYMTM LWAAXM aBTOMATM3ALLIT KOHTPOIIO MaTEMATUYHMUX 3HAHb, cepes AKUX: BesnocepeaHA nepesipKa LinicHOCTI
KOHCTPYKLT;MIOKPOKOBa AEMOHCTPaLifi PO3B’A3aHHA;BUKOPUCTAHHA  CheuialbHUX  iHCTPYMEHTIB  KOHTPOMO  (iHCTpyMeHT
lposepumbs omeem AN aBTOMATUYHOI NEPEBIPKU BiANOBiAi Yepe3 peanisoBaHUl 3a3ganerigb anropuTm poss’s3aHHs, [losae
88000 0M8ema pa 3anuTaHb 3 BigKpuToto Gopmoto BignoBsiai, YekboKc pna 3anuTaHb i3 3aKkpuUToto popmoto BiaANoBiai (3 ogHiero
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Yn KiNbKOMa NpaBuUAbHUMU BigNoBiAAMM). BiNbl AeTaNbHO WAAXM aBTOMATM3aLii KOHTPOO MaTeMaTUUYHUX 3HaHb Ha 6a3i NAM
onucaHo Hamu y (Drushlyak, Semenikhina & Proshkin, 2019).

BisyanizoBaHi 3aBgaHHA BMKOPUCTOBYBA/JIMCA HaMU Y paMKax BWMBYEHHA AWUCUMMAIH MATEMATUYHOIO LUKAY
(«MaTtemaTnyHuii aHani3», «AHaniTMYHa reomeTpia», « NPOEKTMBHA reoMeTpin | MeToam 306parkeHby, « AIMCKpeTHa maTeMaTUKa»)
AK Ha PiBHI «NiAMIHM», KONW BiAOYBAETLCA NPAMA 3aMiHa TPAANULIMHOTO iIHCTPYMEHTY 63 Byab-AKUX GYHKLIOHANbHWUX 3MiH, TaK i
Ha piBHI «NOKPALLEHHA», KON BUKOPUCTOBYIOTLCA BiNbLW LUMPOKI MOKAMBOCTI MPOrpam AMHAMIYHOT MaTeEMATUKK, HanpUKAaa,
nig, Yac NpoBeAeHHA NeKLii-A4eMOHCTPALLM, BUKOPUCTAHHA Bidyani3oBaHUX 3aBAaHb, aBTOMATM30BaHOIO KOHTPOJIKO 3HaHb Ha
NPaKTUYHUX 3aHATTAX, BUKOHAHHA iHAMBIAYyaNbHUX POBIT, y pamKkax BMBYEHHS creuKypcis («3actocyBaHHA Komn'toTepa npu
BMBYEHHI MmaTeMaTuku», «Komn’'ioTepHa maTtemaTuka», «Komn'loTepHO-OpPIiEHTOBAHI CUCTEMWM HaABYaAHHA MaTemMaTWKKU Ta
iHpopmaTukmn», «LKinbHMI Kypc anrebpu 3 Komn'toTepHOK NiaTpUMKoto», «LUKiNbHWUIA Kypc reomeTpii 3 Komn'toTepHoo
niaTpumkoto», «Komn'toTepHe MoAentoBaHHA B OCBIiTI», «IHPopmaLiliHi TexHosorii B poboTi BYUATENA MaTeMaTUKU i
iHpOpMaTUKIM»), KoK Bi3yanizoBaHi 3aBAaAHHA BUCTYNanun AK 06’eKT HaBYaHHSA, TOBTO AeTasbHO BiANPALbOBYBAANCA YMIHHA iX
CTBOPEHHA, Ta Yy PamKax BWBYEHHA NpPodeciMHO-CNPAMOBAHMX AMCUMNNIH («3acTOCyBaHHA KOMM'tOTEPA NPU BUBYEHHI
MaTemaTukmn», «Komn’'toTepHO-OpPiEHTOBaHI CMCTEMW HaBYaHHA MaTemMaTUKM Ta iHGopmaTUKMY, «LUKinbHUI Kypc anrebpu 3
KOoMN'0TEPHOO MiATPUMKOY», «LLKiNbHUI Kypc reomeTpii 3 Komn'loTepHOO NigTpMmKoto», «IHdopmaLiliHi TexHonorii B poboTi
BUMTENIA MATEMATUKM | iHGOPMATMKM»), KO/MIM Bi3yani3oBaHi 3aBAaHHA BWUCTYNanW y poAi 3acoby HaBYaHHA B OpraHisauii
OCBITHbOrO npovecy.

3a pe3ynbTaTamu BNPOBAAKEHHSA Bi3yanizoBaHUX 3aBAaHb MabyTHI BUUTENT MaTeMaTUKKM Ta iHGOPMaTUKKN NPOABAAAN
NO3MTUBHE CTaBNEHHA A0 BNPOBAAMKEHHA Bi3yani3oBaHWUX 3aBAaHb 3 PI3HOK AMAAKTUYHOKO METO Y OCBITHIM npouec; 6yau
O3HallOM/IeHI 3 MOXK/IMBOCTAMWM BUKOPUCTAHHA 3acobiB KOMN'lOTEPHOI Bidyanisauii npu BuUBYEHHi yHAAMEHTANbHUX
MaTeMaTUYHUX AMCLMUNAIH; LEMOHCTPYBA/IM HasiBHICTb 3HAHb NPO MOXX/IMBOCTI BUKOPUCTaHHSA 3ac06iB Komn'toTePHOI BisyanisaLii,
iX ®yHKUiOHanbHiCTb Npu Bi3yanisauii po3s’A3aHHA MATEMATMYHUX 334a4y; NPO MOMKJIMBOCTI BUKOPWUCTAHHA KOMN tOTEPHOro
KOHTPO/IO 3HaHb; [AEMOHCTPYBa/IM KOHCTPYKTUBHY aKTUBHICTb MPU MUC/IEHHEBIA TpaHcpopmalii 3agaHoro marepiany,
aKTyanisauii MMcneHHeBUX BisyanbHUX 06pasiB Ta BUA03MiHI 06pasiB; cTpaTeria/ibHO-CEMAHTUUYHY FHYYKICTb NPWU BCTAaHOBAEHHSA
BNACTUBOCTEN MATEMATUYHMX 06’€EKTIB, 3HAXOAMKEHHI X YMCNOBUX XapaKTEPUCTMK Ta iHTepnpeTaLii OTPpUMaHUX pe3ynbTaTis;
OEeMOHCTPYBaTU BMiHHA paLioHanbHoro subopy 3acobiB Komn'toTepHOI Bidyanisauii Ans po3s’A3yBaHHA MaTemMaTUYHMX 3a4ad 3
YpaxyBaHHA HAfABHOIO B HWUX KOMMN'IOTEPHOrO iHCTPYMEHTApito; HaBUYKM BUKOPUCTAHHA Ta CTBOPEHHA KOMHITUBHO-Bi3ya/bHUX
Mmogaenei ANA aBTOMaTU30BaHOIO KOHTPO/IIO 3HaHb YYHIB; HABMYKM YCBIAOMNEHOT iHTEpNpeTaL,ii OTpMMaHOro pesynbTaTy nig vac
po3B’A3yBaHHA MATEMaTUYHWUX 334a4y 3acobamu Komn'toTepHOi Bi3yanisauii; HaBMYKM CNpUMaHHA, aHanisy, iHTepnpeTauii,
NOPIBHAHHA, CNIBCTAB/IEHHA, IHTErpyBaHHA Ta OLiHKM HaB4Ya/IbHOrO mMaTepiasy, NOAAHOrO Bi3yasbHO; AEMOHCTPYBaAM BMiHHA
paLioHaNbHO BUKOPWUCTOBYBATW Bi3yasli30BaHi 3aBAaHHA NpWU po3pobLi ypokiB, NOEAHYIOUM TPAAMLIMHI CUCTEMM HABYAHHA Ta
3a3HayeHi UMpPoBi TEXHONOrIT; KPUTUYHE CTaBNEeHHA A0 obpaHux 3acobiB Komn’'toTepHOi Bi3yanisauii Ta 40O TOro, 3 AKOH
OVNOAKTUYHOKO METOO BOHM BY/IM BUKOPUCTaHI, NPOsBAAAN NOTPeby Y OHOBAEHHI i MONOBHEHHI BNACHMX 3HaHb, YMiHb Ta HABUYOK
y ranysi maTemaTUYHUX ANCLUNAIH.

IHmepakmueHi ansemu. TepmiH «annet» Mo Pi3HOMY TPAKTYeTbCcA AocnigHuKamu. Tak, [. KnemeHc (Clenents &
McMillen, 1996) onucye «annetu» (aHrn. applet Big application — goaaTok i -let — 3meHwWYyBanbHUI CydiKec) AK KOMN'OTepHi
nporpamu, BUKOPUCTAHHA AKUX AAE MOKIUBICTb MAHINYNOBATU penpeseHTaLielo KOHKPETHOro 06’ekTa. TepMiH «anneT» TakoXK
TPaKTYIOTb AIK HECAMOCTIIHUIA KOMMOHEHT MPOrPAMHOro 3abe3neyeHHn, KU MOXKe NPALLIOBATU B PaMKaXx iHLIOT Nporpamm i AKMM
NpuW3HaYeHU ana ofHiel By3bKoi 3aaadi. MpuKknagamu annertis € Java-goaatku i Flash-ginomu.

MpoBefeHNn Hamun aHai3 AXKepen No CTBOPEHHIO anseTiB AK 3ac06iB KOMM'OTEPHOIT Bi3yanisaLii BUSBUB ABa LUAAXK:
MOXMBICTb 6e3nocepegHbOr0 HAMMCAHHA KOAy Camoro ansety Ha MOBi Java, Lo He 3aBXAKW NigxoauTb PAJOBOMY y4uUTento
MaTEMATUKN; MOXKIUBICTb BUKOPUCTAHHSA iCHYIOUMX NPOrPamMmHMUX 3acobiB 3 MOCNYroto CTBOPEHHA anneTy.

MPONOHYEMO aBTOPCbKi  IHTEPAKTMBHI anieTu, po3TalWoBaHi Ha Hawi CTOpiHLi  cninbHOTM  GeoGebra
https://www.geogebra.org/u/marydru, npo wo getanbHO Hamu onucaHo y (CemeHixiHa, Apywnak & besyraumit, 2016b).

3ayBaXKMMO, WO iHTEPAKTUBHWUWA aAMNEeT MA€E KOHCTPYHOBATUCA TaKMM YMHOM, WO6 Hasirauia i npuHUMnu pobotn
iHCTPYMEHTIB 6yan iHTYITUBHO 3PO3yMini CTyAeHTam, Wo € came No cobi HENPOCTUM 3aBAAHHAM. AKLLO anneT Mae CKnagHy
cucTemy ynpaBaiHHA | HeoueBUAHI GYHKLT iHCTPYMeHTIB, TO BCA yBara cyb’eKTiB HaBYaHHA Byae 30cepesyKeHO Ha TEeXHIYHMX
OeTandAx, a He Ha caMiit MmaTemaTuyHin npobaemi. TOMy KOHCTPYKTMBHO CKNAZHI anieTu 3a 3aMOBYYBaHHAM NpeACTaBAAlOTb
MiHiManbHUI Habip onuii i KHOMOK, AOCTaTHIM ANA MOYaTKOBOro 3HalomcTBa 3 iHTepdelcom i Ans pPo3yMiHHA NEBHUX
MaTeMaTUYHUX igen. B iHLWi MOXKAMBOCTI anneTy npea’aBNAIOTLCA NOCTYNOBO B XOA4i NPAKTUYHOT pO6OTU 3 HUM.

Buaginumo AMAAKTUYHO 3HAuyLli XapaKTepUCTUKM anneTiB, AKI NpU3HavyeHi ANA HaBYaHHA MaTeMaTUKWU: HAABHICTb
OMHAMIYHOTO 3B’A3yBaHHA MAaTeMaTUYHUX O6’€EKTIB; MOX/MBICTb NMOAAHHA HABYaNbHOI iHOpMaLii 3 CcynpoBoOAXKYyBaHOLO il
aHiIMaLiEelo B MOKPOKOBOMY PEXMMI; MaHiNyt0BaHHA 06’€KTamm 33 LONOMOTOI MULLI; Bi3yanisalis Nnpouecy po3s’a3yBaHHs, WO
cnpusAe NobyaoBi afeKBaTHUX BiANOBIAHUM NOHATTAM YABHUX 06pasiB. HafaBHICTb LMX XapaKTepUCTUK € HEObXiAHO YMOBOO AN1s
pPO3p0o6KM Ta YCMiLUHOrO BUKOPUCTAHHA B HAaBYaIbHOMY NPOLECi iIHTEPaKTUBHMX aneTis.

OnpakTnyHuiA aHanis npobnemu, gna po3s’A3aHHA AKOT CTBOPIOETLCA anneT — Bi3yani3aLin, € BaXKIMBMM GaKTOPOM, AKUIA
BM3Haya€e eGeKTUBHICTb MOro BUKOPUCTAHHA. Cam ansieT Mae ByTu OpiEHTOBaHW Ha LLiNliCHEe CPUIMAHHA iICTOTHUX XapaKTEPUCTUK
MaTeMaTUYHOTO NMOHATTA. TaKOX BapTO 3BepPTaT yBary Ha KOHCTPYHOBAHHA CreLjia/ibHUX AONOMIXKHUX BipTyasibHUX €/1eMEHTIB, Ha
OCHOBI IKMX MOKHA TaKi 3B’A3KM BUABUTM, @ TaKOXK Ha PO3POOKY HETPUBIaNbHUX ANAAKTUYHMX 3aBAAHb, AKI AO3BONAIOTL YYHIO
BMBYATM MaTEeMATUYHE MOHATTA B yMOBaX NPOBeAEHHA CAMOCTIMHOIO eKCNepUMEHTY.

3 po3BUTKOM iHPOPMALIMHMX TEXHONOFIN Ta X aKTUBHMM BNPOBALKEHHAM B OCBITHIO cdepy 3miHMAUCA Niaxoan L0
CNPUIAMaHHA NigpyYHUKA AK OCHOBHOIO 3acoby NoJaHHA HaBY4aNbHOrO maTepiany. Pasom 3 ApyKOBaHUMU BUAAHHAMM aKTUBHO
CTaNN BMKOPWUCTOBYBATUCA €/IEKTPOHHI, AKi 3a Yac CBOrO PO3BWUTKY MPOMLUAWM €Tanu Big, MPOCTOro TEKCTOBOrO AOKYMEHTA A0
CTPYKTYPOBaHOI cuCTemMM, WO BKIOYAE B cebe pi3Hi cnocobu nogadi HaBYyanbHOro matepiany (TekcT, ayaio, Bigeo, rpadika,
aHimauis, annetm).
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OCHOBHOI PUCOIO CY4aCHOTrO esneKmpoHHo20 nocibHuka (EM) noBMHHa 6YTW iHTEPAKTUBHICTb, AKA A,03BO/AE CYTTEBO
3MiHUTK cNocobu ynpaBiHHA HAaBYa/IbHOI AiA/bHICTIO CTYAEHTIB, 3a/ly4NTH IX 40 aKTUBHOI pob6OTH, CNPAMYBATU Ha caMoCTiliHe
OBOJIOAIHHA 3HAHHAMM.

Hamu 6yno ctBopeHo EM Ha NigTPMMKY BUBYEHHA CNELKYPCY «3acTOCyBaHHA KOmMN'loTepa Npu BUBYEHHI MaTEMATUKNY,
AKUIN BUKNAZAETbCA ANA CTYAEHTIB 4 POKy HaByaHHA cneujanbHocTi 014.04 «CepepHs ocgiTa (MaTemaTtuka)». Y Hawomy
DOCNIAKEHHI IHTEPAKTMBHI anieTn BUCTyNann Ak y posi 06’eKTiB BUBYEHHSA, TaK i 3ac0biB HaBYaHHA Y CTPYKTYPi €/1eKTPOHHOro
nocibHuKa (puc. 1). CtBopeHui NocibHMK Mae 3py4HNIA, NPOCTUI Ta IHTYITMBHO 3p03yMminunii iHTepdelic (puc. 2). BiH nobyaosaHuii
33 MOZY/IbHUM NPUHUMMNOM i BMILLLYE Y CODBi TEKCTOBY YaCTUHY, rpadiky Ta iHTEPaKTUBHMIA B0K, AKUIA MICTUTb AUHAMIYHI ansieTy,
cTBOpeHi Ha 6a3i nporpamu AMHamiIYHOI maTemaTuku GeoGebra. 3micT matepiany EM He aybnioe matepian, nogaHuin y
LPYKOBAaHOMY BUAAHHI — BiH MOro AOMOBHIOE. TaK, KOXKEH PO3/4in MiCTUTb NO AeKinbKa nabopaTtopHux pobit, ae nepenbayeHi
TEOPEeTUYHUI 60K Ta MPaKTUYHA YacTMHA. TeopeTUyHMt BNOK (Le Le MOXKAMBO i JOUINbHO) MICTUTL iHTEPAKTUBHI anneTu i3
BKa3iBKamu A0 opraHisaLii ekcnepumeHnTy.

FOMOBHA  BCTYN  SMICT KYFCY MPOASTOPIB MM - MANA
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Puc. 1. Crpykrtypa EN Puc. 2. TonosHa cTopiHka EN

KokeH po3ain micTuTb No gekinbka 1abopaTopHux pobiT, B AKMX NepeabayeHi TeopeTuyHMiA 610K Ta NPaKTUYHA YacTUHA.
TeopeTUYHNM 610K (e Le MOXKAMBO | AOLINIbHO) MICTUTb anieTH i3 BKasiBKamu, Lo 3abe3neyye BUCOKUIA piBEHb iIHTEPAKTUBHOCTI.
MpaKTUYHi 3aBAAHHA KOXHOI NabopatopHoi poboTn po3pobneHi y KiNbKocTi 6 BapiaHTiB. [Lo TOro K A7 BUKOHAHHA 3aBAaHb i3
BMKOPUCTAHHAM Ti€i UM iHLWOI Nporpamm AUHaMiYHOT MaTEMATMKM Lj NPOrpaMmm MOXKHa 3aBaHTaXKUTU Ha CTOPIHLI NigpydYHMKa
«MNAM». Binbl aeTanbHO po3pobneHunit EM onuncaHo y (CemenixiHa, Apywnak & besyraunit, 2016a).

AIK MOKa3ye Haw [0cBia, BUKOpUCTaHHA EN i3 BOyZ0BaHMMU anieTamu L03BOJIAE BUBECTM HABYAHHA Ha AKICHO HOBWW
piBeHb: OopraHisauia 6e3nocepegHbOro eKCNepMMEHTY Y iHTEPaKTUBHOMY pexxumi ans nobyaosu rinotes uu NigTBepAsKEeHHA
nesHoro ¢akTy cnpuae 6inbWw FPYHTOBHOMY 3aCBOEHHIO HaBYa/NbHOTO MaTepiany, MNiABMLLYE 3aLiKaBNEHICTb Y HaBYaHHI i
LEMOHCTPYE LWASAXM BUKOPUCTaHHSA IT y HE3BUYHOMY A8 TPAAMLIAHOIO NoAaHHA MaTepiany Katoui.

3a pe3ynbTaTamu BMPOBaLKEHHA 3aMpPOMOHOBAHOI TexHoorii popmytoTbCcs: HaxkaHHA Ta noTpeba y BMKOPUCTaHHI
XMapHUX CepBiCiB NPegMeTHOro CNpAMYBaHHA; YABAEHHA MPO iCHYBaHHA Ta MOXJMBOCTI XMapHUX CEpBiCiB MaTEMATUYHOIO
CNpAMYBaHHA LWOAO Bidyanisalii HaBYa/NbHOrO MaTepiany, 3HaHHA MPO IHTEPaKTUBHI ansietTn, cTBOpPeHi Ha 6asi nporpam
OVNHAMIYHOT MaTeMaTUKKM Ta iX AWAAKTMYHMI NOTeHLian B OCBITHbOMY MpOLECi, PO3BMBAETLCA BidyasbHE MWUCNEHHA; BMiHHA
CTBOPEHHA IHTEPAKTUBHMX anfeTiB 3 Pi3HOK HaBYa/NbHUM MNPU3HAYEHHAM, YMIHHA BMPOBAAXKYBATW BAACHOPYY CTBOpPEHI
iHTePaKTUBHI aNNeTn y OCBITHIN NpPouEec Ta BMiHHA aAanTyBaTV BXKe rOTOBI iHTEPAKTUBHI ansieTu, PO3MilleHi Ha XMapHOMY CepBiCi
GeoGebra, pns BUpiWEHHA BNacHUX npodeciiHMx 3aBAaHb, GOPMYIOTbCA HABMYKM CNPUIMMAHHA, aHanisy, iHTepnperauii,
NOPIBHAHHA, CMIBCTABNEHHSA, iHTErPYBaHHA, OLHKM, CTBOPEHHA Ta 3aCTOCYBaHHA HaBYa/IbHOrO MaTepiany, NOAAHOro Bi3yasbHO;
dopmytoTbCA HABUYKM Bi3yanbHOI KOMYHiKaLji, HABUYKM MepeaaHHs, CNpUAMaHHA Ta PO3YMiHHA Bi3ya/IbHOTO HaBYa/IbHOrO
NoBiLOMNEHHA, NPeACTaBAEHOrO Y BUFNAAI IHTEPAKTUBHOIO anneTy; KpUTUYHE CTaBNEHHA A0 AO0LiNbHOCTI BNPOBAAMKEHHA XMapo
OpPIiEHTOBAHWX TEXHOOTIM B OCBITHI Npouec.

BuKopucmaHHA 0onoeHeHOi peanbHocmi 8 oceimHbomy npoyeci. IHbopMmaLiitHi TexHONOrii AyXe WBWAKO cTanu
HeBiA EMHOI0 YaCTMHOK CYYaCHOTO KUTTA. | AKLWO ANSA NOKOIHHA, AKe NepeBaXHO NpeaAcTaBAAloTb BMKAAZLAYi, KOMN'tOTepHi
TEXHOJIOri € YacToO YMMOCb HOBMM, HE3PO3YMiIMM, YOMY MOTPIOHO BYUTMCA, TO AN1A MOKOJIHHA CTYAEHTIB, HapOAKEeHUX
HaMpUKiHLi XX-ro cToniTTa i nisHiwe, AKi 3 paHHbOIO AUTUHCTBA OMUHWUIUCA B YMOBAX LMGPOBOro, KOMN' OTEPHO-OPIEHTOBAHOTO,
MOBiNbHOTO i NepeBaKHO BipTyasbHOro cepefoBuLLa, Li TEXHOOTIT € NPUPOAHUMU. HAaBKOAMLWHIN CBIT AN1A HUX He AinnTbCA Ha
UMPPOBUIA | peanbHU, NoWwyK byab-aKoi iHbopmaL,ii 3aimaE NiYeHi XBUAWHUW, NepeBara BiAAaETbCA CMiNKYBAaHHIO B MepeXKi.

TpagmuinHi meToaM NOAaHHA HABYa/NbHOTO KOHTEHTY, TaKi fIK NeKuii, cemiHapu, He MOXKYTb BUKIMKATU iHTepecy Y
Cy4yacHuX UMdPOBUX CTYAEHTIB. 3a TPAAULIMHUMM NeparoriyHMMm Nigxo4amu CTYAEHTU BigirpatoTb Poib MACUBHUX YYaCHUKIB
OCBITHBOrO Mpouecy, ane Ana LMOPOBOro NMOKONIHHA TaKa MO3ULA HENPUMHATHA. TOMY aKTya/lbHOW € i4eA BUKOPMUCTAHHA
BipTya/IbHOI, @ TaKOX AOMNOBHEHOI peanbHOCTi B OCBITHBOMY NPOLLECI.

[JonosHeHa peanbHicTb (aHrn. Augmented Reality, AR) — ue ¢akTU4YHO 3BMYaiHa peasbHiCTb 3 04aHO0 [0 Hel uLMdpoBoto
rpadikoto. IHWMMKM cnoBamK, Le NOEAHAHHA PeaNbHOro CBITY i HallapyBaHHA Ha HbOFO BipTyasibHUX 306paXKeHb. Mpu Lbomy
L0MNOBHEHA peanbHiCTb NPUHLMMOBO BiApi3HAETLCA Big, BipTyanbHOI peanbHocTi (aHrA. Virtual Reality, VR), ockinbku BipTyanbHa
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peanbHicTb VR Ha BigmiHy Big, aonosHeHoi AR — ue noBHicTiO undposuit (i dakTMUHO He icHytoumit) cBiT. Y VR cnoctepiray
nepebysae nosHicTio y 3D-3reHepoBaHoMmy cBiTi (lbili & Sahin, 2015).

[onoBHeHa peanbHiCTb A0AA€E HAaBYAaIbHOMY KOHTEHTY BIAaCTUBOCTEN iIHTEPAKTMBHOCTI, AMHAMIYHOCTI, MOCUIIOE iHTEpEeC
[0 HaBYAHHA, AKUA BAXKKO BUKAMKATU APYKOBAHUMU NiAPYYHUKAMM i AOBIMMM TeKCTamu. [JonoBHEHa peasnbHiCTb NOKpaLLye
CNPUMNMaHHA pPeanbHOro CBiTy Yepe3 HOBI BigYyTTA i HOBIi GOpPMM CNPUAMAHHA, WO € NepeayMOBOK KPaLLOro pPo3yMiHHA
disnyHoro ceity i oro npouecis (Kesim & Ozarslan, 2012).

[JonoBHeHa peanbHiCTb — Le MOX/MBICTb HaBYaHHA B peasibHOMY CBiTi, B AKOMY € MOX/IMBOCTI MaHinyaoBaTn Ta
B3aEMOLIATM 3 06’€KTaMM, AKi HEMOXK/IMBI B isM4HOMY CBITi (HaNpuUKNag, 3 MoJsieKynamu, aToMamu, NaaHeTamu, opraHammu
N0AMHM). 3 LONOBHEHOO PEabHICTIO CTYAEHTU MOXKYTb aKTUBHO 6paT y4acTb Y HaBYaibHOMY NpoLeci. BOHM OTpUMytoTb A0CTYN
[0 HaByYa/bHUX MaTepianis yepes3 BAACHi MOBINbHI NPUCTPOI, aKTUBHO AOCNIAXKYIOTb BAACTUBOCTI PEaNbHUX i BipTyasbHUX
06’€KTiB, MOXYTb B3aEMOZIATU 3 HUMU. B pe3ynbTaTi npocTile i waunaLwe BiabyBaeTbCA PO3YMIHHA CKNAAHMX aBCTPAKTHUX NOHATb.

MNepwmm KPOKOM BMPOBAAMKEHHA AOMOBHEHOI PeasibHOCTi B OCBITY MOMHA Ha3BaTW BMPOBAAMKEHHA iHTEPAKTUBHUX
NiapPYy4YHUKIB, AKi NnepenbayatoTb MOXK/IMBICTb BUKOPUCTAHHA AOMOBHEHOI peanbHoCTi. Taki NiApyYHMKM micTATb Binbwmnii obear
HaB4Ya/IbHOTO KOHTEHTY, HiX TPaAMLiiHI, OCKiZIbKM MopA4 3i 3BUYHUM MaTepialoM BOHW A04aTKOBO/napanenbHO MPonoHYTb
uMdpoBUi KOHTEHT. JoAaTKOBOK NepeBaroto TakuxX NiAPYYHMKIB € Te, WO BipTya/ibHi HaBYa/bHi MaTepiann MOXyTb ByTU
npeactaBneHi y 6araToMoOBHOMY pPeXumi.

Hamu pgocnigxeHo mMobinbHi AoAaTKW, AKi NiATPUMYOTb BipTyasibHY i JONOBHEHY PeasibHICTb B OCBITHbOMY MpPOLLEC 3a
OKPeMUMM rany3amu 3HaHb (CemeHixiHa & [pywnak, 2018), 3okpema goaatok GeoGebra AR. Moro moxHa 6e3KOLITOBHO
3aBaHTaXXUTK Ha calTi https://www.geogebra.org (Hapasi icHye Bepcia Tinibku ans iPAd Ta iPhone, ane weuaknit po3suTokK IT
CNpUATUME NOABI aHaANOrB ANA IHWKUX onepaLuiiHUX cucTem). 30Kpema, 3 MOro BUKOPUCTAHHAM Binbll LjiKaBUM CTAaE BUBYEHHSA
MaTeMaTUYHUX OUCLUMNAIH (aHaniTMYHa reomeTpin, audepeHLiaNbHa reoMeTpis, TONO/IOriA TOLWO): CTYAEHTU Yyepe3 MObiNbHI
[043aTKW NAAHWeTIB YM CMApTHOHIB MOXKYTb MO6auyMTU NPOCTOPOBUI aHaNOF, HanNpuKNag, NAAWKKM KneHa 4YM TPUKYTHUKA
MeHpoy3a, obepTatoun BnacHi kKamepw, cnocTepiraTtv 06’eKTU 3 Pi3HUX pPaKypciB, POBUTU CKPIHWOTK eKpaHiB 3 Pi3HUX TOYOK,
nopiBHIOBaTM Ta 06roBOPIOBATU OAEPKaHI 306paXKeHHS 3 iIHWMMU.

Ha Hawy AymKy, TaKi TeXHOJOriT He inwe CNpUAIoTb NIABULLLEHHIO iHTepecy A0 HaBYaHHSA, AKICHIN Bi3yanisauii abCTpaKTHMX
NOHATb, TEOPIN, ABUL, a 1 A03BONAIOTL NEPEBECTU HAaBYAHHA HA HOBMW PiBEHb CMiMIKYBAHHA MiX CyO’€KTamMu y4yiHHA, HagaTu
undposy nnathpopmy AnA AOCNIAKEHD pPeasibHUX NPOLLECiB, @ 3HAYUTb, ANA HABYTTA HAaBMYOK aHanily, CNinkyBaHHA, poboTn B
KOMaHAi, WO MOXKe CNpUATM MoAepHi3aLii YKpaiHCbKOi OCBITHbOI ranysi.

BogHo4ac BMKOPUCTAHHA MOBiNbHUX AoAaTKiB y pamKkax BYOD-nigxoay AOUINbHO PO3raagaTtv He TiIbKM 3 No3uuii
NoAaHHA HaBYaNbHOT iHGOPMaLLi, @ TAKOXK 3 NO3ULIN KOHTPOJIIO 3HaHb CTYAEHTIB, cepes AKMX BiA3HAYMMO MOBINbHUI 004aTOK
Plickers. [locBif, BMKOPUCTAHHA AaHOI TEXHOJOrii AONOBHEHOI peasibHOCTi A03BO/IMB BWUAIUTU OPraHisauiiHi i meToauyHi
nepesaru Ta He4ONIKM BUKOPUCTaHHA MobinbHoro aoaatky Plickers, Aki agetanbHo onucaHo Hamu y (Drushlyak et al, 2020).

BukopucmaHHa QR-kodie 8 oceimHbomy npoyeci. OfHieto 3 HaWBINbLW AOCTYNHUX TEXHONOTIM AONOBHEHOI PeasibHOCTi,
AKa He NoTpebye A0AaTKOBMX 3ac06iB, HiX Ti, WO BOYA0BaHI Y 3BMYaHUIA CMapTHOH, € TEXHONOTIA BUKOPUCTaHHA QR-Koais. QR-
Kog, (3 aHrniicbkoi Quick Response Code «lwBuAaKuUiA Bigryk») — ue rpadiyHe 306paskeHHs, B AKOMY 3alundpoBaHa iHpopmauis
(TekcToBa, rpadiyHa, Bigeo Towwo).

IHTerpauia Mob6iNbHUX TEXHOOFN Yy OCBITHIO AiANbHICTb MOXEe AOKOPIHHO MOAEPHI3yBaTU OCBITHI MPOLLEC, OCKiNbKK
BMKOpUCTaHHA QR-KoAiB y OCBITHbOMY MPOLECi 3 Pi3HOK AWAAKTUYHOK METOH: PO3MILLEHHA Y MiApPy4YHWKax AOBiAKOBOro
maTepiany, BigomocTel Npo BUAATHUX NtOLEN, MiAKA30K A0 BUBYEHHS TEMM, Bidyanisalii yMmoB AeAKUX 33434 Ta FeOMETPUYHUX
06’€eKTiB, 3aBAaHb A1 camonepesipKku, byab-aKoi 40AaTKOBOT iHGOPMALLi; 3aBAAHHA AN1A CAMOCTIMHOT a0 KOHTPOILHOT PO6OTH,
nifKasKW, aNropuTmMmmn po3e’as3aHHsA 3aa4y abo fAoaaTKoBe 3aBAaHHA A5 CyH’EKTIB HABYAHHA 3 BUCOKMM PiBHEM YCMILLHOCTI; Npu
npoBeAeHHi HaBYaNbHUX irop, KBECTIB, BIKTOPUH i3 3aBAaHHAMM 3 QR-KOA40M; Y AOMALLHbOMY 3aBAAHHI (3aBAaHHAM BignoBiaAHO
00 PiBHA 3HaHb CTYAEHTIB MOXYTb BiAPISHATUCA KONbOPaMM); AK LOMOBHEHHA A0 peanbHOro ob’ekTy; ay4io Ta Bigeo sepcis
TEOPEeTUYHOro maTepiany Aaa CTYAEeHTIB «Bi3yaniB» Ta «aygianis».

Y cTpyKTYypi cneukypcy «LUKinbHWUIA Kypc anrebpu 3 KOMN'OTEPHOKO MiATPUMKOIO», AKMIA PO3PaXOBaHWN Ha CTyAeHTIB
NnepLworo PoKy HaBYaHHA [APYroro OCBITHbOro piBHA (Mmarictp) cneuianbHocTi 014.09 «CepegHs ocsita (IHGopmaTuKa)»,
nepenbayeHo 3micToBUI Moaynb «BukopucTaHHA BYOD-nigxoZy npu BUBYEHHI anrebpu», B MeXax AKOro CTyAeHTU
3HAWOMAATBCA 3 MOMKAMBOCTAMM BWMKOPUCTAHHA QR-Koais, i3 3acTOCyHKamu AnAa CTBOpPEeHHA Ta 34MTyBaHHA QR-Kogis,
BifNpaLboBYOTb YMiHHA cTBOptoBaTM QR-KOAM 3 Pi3HOK HaYa/IbHOK METOHO Ta AOLi/IbHO BNPOBaAKyBaTH iX Y OCBITHIl npouec.
Y xo4j BUBYEHHA CNELLKYPCY MU 3HAMOMUMO MAUBYTHIX YUUTENIB i3 MOKANBOCTAMM BUKOPUCTAHHA QR-KoAiB Ha ypoKax anrebpu
Ta NOoYaTKiB aHanisy.

3a pe3ynbTaTaMu BUBYEHHA MOAYNA MaNBYTHI yunTeni yceiLomatooTb, Wwo QR-KoaM MOXHA BUKOPUCTOBYBATU HA Pi3HUX
eTanax ypoKy: Bif, NOCTaHOBKM Liifei A0 AOMALIHbOro 3aBAaHHA. 3a gonomoroto QR-KoAiB MOXHa 3a4aBaTv anropuTmMun poboTm
Ta MOKPOKOBI iHCTPyKUii. Y Buraaai QR-Kogis y MNigpyvyHWMKAX MOXHA PO3MillyBaTM AOLATKOBI maTepiann Ansa BUMTeNs Ta
MeToAMYHMI cynpoBig,. Y npoueci po6oTn 3 QR-Kogamu MmaibyTHI BUMTENI BiANPALbOBYOTb YMiHHA CTBOPEHHA Ta BNPOBAAKEHHSA
HaBYa/NIbHOTO KOHTEHTY, AKi MicTATb y cobi 3akopoBaHy iHPopmaLuilo: Niabip enNeKTPOHHOro KOHTEHTY, fAKiCHa iHTerpauis
BiAKPUTOrO Ta 3aKOL,0BAHOMO KOHTEHTY.

Bax/MBO, W06 HaBYaNbHUIN KOHTEHT OYB CTPYKTYPOBAHWM HANEXHWM YMHOM, MICTUB yCi HeobXxiaHi maTepiann gna
33aCBOEHHA 3aMPONOHOBAHOI TEMW, FAPMOHIYHO AONOBHIOBABCA 3aKOA0BAHOM iHGOPMaLLiElo Y BUrNALAT BisyalbHOrO KOHTEHTY Ta
0b6epHeHOoro 38’A3Ky. 3ayBaXkMMO, WO BNpoBagKeHHA QR-KoaiB y OCBITHIN npouec mae 6asyBaTUCA Ha BUBAXKEHIN METOANYHIN
inei, byTM AopeyHMM, a roN0BHUM KpuTepiem edpeKTUBHOCTI 3acTocyBaHHA QR-KoAy € Te, HacKiNbKKM ycBigomneHuii byae focsig
B33aEMOAii Cyb’eKTiB HaBYaHHA 3 AOLATKOM i HaCKifIbKM aKTMBHO BOHM OyayTb 3afifiHi y NMPOLLEC OCMWUC/IEHHS OAepyKaHMX
pe3ynbTaTiB.

OCHOBHOIO nepeBaroto OPYKOBAHUX HABYAAbHUX Mamepianie i3 ebydosaHumu QR-Kodamu € Te, WO BOHU MICTATb
6inblmii 06CAr HaBYANbHOIO KOHTEHTY, Hi3K TPaAWLINHI, OCKINbKM NOpAZ 3i 3BUYHMM MaTepialoM BOHW 404aTKOBO/NapasienbHo
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NPONOHYTb LMbPOBUIA KOHTEHT. Hamu Byno po3pobneHo nocibHMK «3acTtocyBaHHA KOMN'toTepa NPU BUBYEHHI MaTEMATUKU»
ON5 CTYAEHTIB YETBEPTOro POKY HaBYaHHA cneuianbHocTi 014.04 «CepegHs ocsiTa (MaTemaTuKa)» i3 BUKOpUCTaHHAM QR-KogiB.
Mig Yac cTBOpeHHA NOCIGHUKY 3 BUKOpUCTaHHAM QR-KOAiB MM Manu 3a MeTy: 3MEHLIMTU OBCAT APYKOBAHOro NocibHuKa 3a
paxyHOK KoAyBaHHA neBHUX 6/10KiB iHpopMaLii; HaBecTU BisyasnbHi NpUKAaAN rpadiuHMx 06’eKTiB UM aHiIMaLLil BUCOKOT AKOCTI;
Bigo6pasMTM NOKPOKOBY iHCTPYKLiO, pekomeHAauii Ana BUKOHaAHHA fabopaTopHOi YM NpakTMYyHOI PoboTM y neBHOMY
NporpaMmHoOMYy CepeoBULLI, 3aMiHMBLLM XiZ pob0TH Bifeo-iHCTPYKLUiErD, 3akoa0Batk Y QR-Kog,; po3MiCTUTU AOMOMIXKHI MaTepianm
(3pasku, WwabnoHu TOLWO) ANA BUKOHAHHA POBOTM y XMapy i nepeabaynT MOXKAMBICTb iX 3aBaHTaXKEHHsA 33 HeobXiaAHOCTI anA
NoAanblWoro BUKOHAHHA NabopaToOpHMX UM MPAKTUYHMX POBIT; 3aKoAyBaTWM 3aBAAHHA O1A KONEKTUBHOI YM iHAMBIAYyanbHOI
poboTu; 3awndpyBaTM NocMNaHHA Ha HeobxigHe nporpamHe 3abesneyeHHsa abo iHWI nocunaHHA Ha Beb-pecypcu ans
BMKOPUCTAHHA X B OCBITHbOMY NpoLeci; nepeabauntu MOKAUBICTb NPOBEAEHHS KOHTPOMO 3HaHb (Apywnak, CemeHixiHa &
lOpueHko, 2020).

MepeBara ppykoBaHMX nocibHMKiB 3 QR-Kogamu y Tomy, Wwo QR-Kog, mMoxe 6yTM AMHAaMiyHMM, TOBTO AaHi, Wwo
BigobparkaloTbCcA MpU MOro CKaHyBaHHI 33 HeobXigHOCTI MOXyTb ByTW 3miHeHi. B Takuii cnocibé HanoBHEHHA APYKOBAaHOMo
NociBHMKa MOXHa 3MiHUTK, HE 3MIHIOIOYM | He NepeapPyKOBYHOUYN CaM NOCIOHMK.

3a pe3ynbTaTaMu BNPOBaAKEHHA 3aNPONOHOBAHOI TexHoorii GopmytoTbes: BarkaHHA Ta noTpeba y BUKopucTaHHi QR-
KOZiB Yy OCBiTHbOMY MPOLECi; YABAEHHA NPO iCHYBaHHA TEXHOAOrii MOOINIbHOrO HaBYaHHA Ta TEXHO/OTIA BMKOPUCTAHHSA
[0MNOBHEHOI peasibHOCTi B OCBITHbOMY NpoLieci; GOpMyeTbCA cucTema 3HaHb Npo QR-Koaw, ix TMNOAOTito, iCTOPit0 BUHMKHEHHSA Ta
TEXHOOrii iX CTBOPEHHA, NPO NporpamHe 3abesneyeHHA ANA X CTBOPEHHA Ta 3YUTYBaHHA, NPO ANAAKTUYHE Npu3HayeHHA QR-
KOZiB 3 METOI0 Bi3yanisauii HAaBYaNbHOrO MaTepiany Ta OpraHisaLii KOHTPO/KO 3HaHb; BMiHHA CTBOPEHHSA Ta 34MTyBaHHA QR-Koais
3 Pi3HUM HaBYa/NIbHUM MPU3HAYEHHAM, YMIHHA paLioHanbHO obupaTh nporpamHe 3abesneyeHHs AnA cTBopeHHA QR-Kopy
3a/1eHO Bif, MOro HaBYaNIbHOI MeTU, GOPMYIOTLCA HAaBUYKM CNPUMNMaHHSA, aHani3y, iHTepnpeTay,ii, NOpiBHAHHA, CNiBCTABNAEHHS,
iHTerpyBaHHsA, OLLiIHKM, CTBOPEHHSA Ta 3aCTOCYBaHHA HAaBYa/IbHOrO MaTepiany, NOAAHOro BidyaibHO; POPMYIOTLCA YMiIHHA AOLINBHO
BNPOBaAKyBaTW BAAaCHOPYY cTBopeHi QR-KOAM Ha pi3HMX eTanax OCBITHLOrO MPOLLECY, YMIHHA rApMOHIAHO Ta AKICHO iHTerpysaTu
BIAKPUTUI Ta 3aKOAOBAHWA KOHTEHT; KPUTMYHE CTaB/leHHA 4O AOLiINbHOCTI BnpoBagKeHHA QR-KoAiB B OCBITHIM npouec,
YCBiOMNEHHA TUNOBUX MOMMUOK LLOAO BUKOPUCTAHHA 3aKOAO0BAHOI iHGOpMALi y BUINAAl Bi3yabHOrO KOHTEHTYy B npoueci
rpynoBoro o6roBopeHHA pesyibTaTiB HaBYaNbHOI AiANbHOCTI.

BUCHOBKU

3a pesynbTaTaMu JOCAIAKEHHA 3p061EHO HACTYNHI BUCHOBKM.

JouinbH1UM € BUKOPUCTaHHA crnewianizoBaHMX KOMN'l0TepHUX 3acobiB (Mporpamu guHamiyHoi maTemaTuku (GRAN, Husas
reometpus, MatemaTuUuHU KOHCTPYKTOP, Cabri3D, GeoGebra), xmapo opieHToBaHOro cepBicy GeoGebra, cepsicis ans CTBOpEHHSA
KapT nam’ati X-Mind, Free-Mind, Mind-Meister, cepsicu ana ctBopeHHs iHporpadiku Inforg.am, Easel.ly, Canva) Ta iHTepakTUBHMX
3acobiB (Bi3yanisoBaHi 3aBAaHHsA, IHTEPAKTUBHI ansietn, AOMOBHEHa peanbHicTb y BuUraagi QR-koais, KOrHiTMBHO-Bi3yasnbHi
MoZeni, KOTHITMBHO-Bi3yaibHa rpadika).

3a pesynbTaTamMu BMNPOBaAMKEHHA Bi3yani3oBaHMX 3aBAaHb Yy NiAroTOBKY Yy MaWbyTHIX yyuTenis matemaTvku Ta
iHGOPMATUKM CNOCTEpPirasoca NO3UTUBHE CTaB/IEHHA [0 BNPOBAAKEHHA Bi3yanizoBaHWUX 3aBAaHb 3 Pi3HOK AUAAKTUYHOK METO
y OCBiTHI® npouec, ManbyTHi yuuTeni maTemaTMKM Ta iHGOPMATUKM AEMOHCTPYBANM HAABHICTb 3HaHb MNPO MOMK/IMBOCTI
MOM/IMBOCTI BUKOPUCTAHHA KOMM'IOTEPHOTO KOHTPOJIIO 3HaHb, AE€MOHCTPYBaM KOHCTPYKTUBHY aKTUBHICTb NPWU MUC/IEHHEBIN
TpaHchopmalLii 3agaHOro maTepiany, aKTyanisauii MUCNEHHEBMX BisyanbHUX 06pasiB Ta BUA03MiHI 06pasis; cTpaTeriajibHO-
CEMAHTUYHY FHYYKICTb NPWU BCTAHOBNEHHA BJIAaCTUBOCTEN MaTeMaTUYHWUX 06’EKTIB, 3HAXOAKEHHI X YUNCNOBMX XapaKTEPUCTUK Ta
iHTepnpeTaLii OTPMMaHWX pe3ybTaTiB, AEMOHCTPYBATU BMiHHA paLjioHanbHOro Bubopy 3acobis Komn’toTepHoI Bisyanisauii gnn
po3B’A3yBaHHA MAaTEMATUYHUX 33434 3 YPaXyBaHHA HAasABHOMO B HUX KOMM OTEPHOTO iIHCTPYMEHTApIt0; HABUYKM BUKOPUCTAHHA Ta
CTBOPEHHA KOTHITUBHO-Bi3ya/lbHUX MOZener ANs aBTOMATM30BAHOTO KOHTPOJIIO 3HaHb YYHIB; HAaBMYKM YCBiZOMIEHOI
iHTepnpeTaLii oTpMMaHoOro pesynbTaTy Mg Yac Po3B’A3yBaHHA MATEMATUYHUX 3afay 3acobamu Komn'loTepHOI Bisyanisauii;
HaBMYKM CNPUIAMaHHA, aHanisy, iHTepnpeTawii, NOPiBHAHHA, CNiBCTAaBNEHHSA, iHTErPYBaHHA Ta OLHKM HaBYaAbHOrO maTepiany,
NoAaHOro Bi3yasbHO, AEMOHCTPYBa/IM BMiHHA PaLLiOHa/IbHO BUKOPMCTOBYBATW Bi3yani3oBaHi 3aBAaHHA Npu po3pobui ypokis,
NOEAHYOUM TPALMLIMHI CUCTEMM HABYAHHA Ta 3a3HayeHi UMpPOBi TEXHONOTI.

3a pe3ynbTaTaMu BNPOBAANKEHHA IHTEPAKTUBHUX anneTiB GopmyeTbca HakaHHA Ta NoTpeba y BUKOPUCTAHHI XMapHUX
cepsiciB NpeAMeTHOro CNPAMYBaHHSA; YABJAEHHA MPO iCHYBaHHA Ta MOX/IMBOCTI XMapHUMX CEPBICIB MaTeMaTUYHOIO CNPAMYBAHHA
04,0 Bi3yanisauii HaB4aNbHOro MaTepiany, 3HaHHA NPO iHTePaKTUBHI anneTn, CTBOpeHi Ha 6asi Nporpam AMHAMIYHOT MAaTEMATUKK
Ta IX ANAAKTUYHMI NOTEeHLian B OCBITHbOMY MPOLLECi, PO3BMBAETLCA Bi3ya/lbHE MUCNEHHS; BMiHHA CTBOPEHHA iHTEPAKTUBHUX
ansieTiB 3 Pi3HOK HaBYa/NbHUM MPU3HAYEHHAM, YMiIHHA BMPOBaAKYyBaTM BIACHOPYY CTBOPEHi iHTEPaKTUBHI anieTn y OCBITHIN
NpoLuec Ta BMiHHS afanTyBaTW BXKe roTOBi iHTEPAKTMBHI anaeTn, po3mileHi Ha xMapHoMy cepsici GeoGebra, gns BupilweHHA
BNACHWUX NpodeciMHMX 3aBaaHb, GOPMYIOTLCA HABMYKM CNPUIMMAHHA, aHanily, iHTepnpeTauii, NOpPiBHAHHA, CMiBCTAaBNEHHS,
iHTerpyBaHHA, OLHKWM, CTBOPEHHA Ta 3aCTOCYBaHHA HaBYa/NbHOrO MaTepiany, NMoAaHOro Bi3yanbHO; GOPMYIOTbLCA HABUYKM
Bi3yaZIbHOI KOMYHiKaLii, HaBMYKM nNepeaaHHA, CNPUMMaHHA Ta pPO3YMIHHA Bi3ya/lbHOrO HaBYa/bHOTO MOBIAOMIEHHS,
npeACcTaBNeHOro y BUrNALI iIHTEPAKTUBHOIO anneTy.

3a pesynbTaTamu BNpoBagKeHHA QR-KoAiB B OCBITHIM npouec GOPMYyOTbCA YABAEHHA MPO iCHYBaHHA TeXHONOTii
MOBiNIbHOrO HaBYaHHA Ta TEXHOJIOTI BUKOPUCTAHHA AOMNOBHEHOI peasbHOCTi B OCBITHbOMY NpoLieci; GOpMYeTbCA cUCTEMA 3HaHb
Ta 34YMTYBAHHA, NPO ANAAKTUYHE NPU3HaYeHHA QR-KoAiB 3 MeToto BidyanisaLii HaBY4a/IbHOro MaTepiany Ta OpraHisaLii KOHTPO/IO
3HaHb; BMIHHA CTBOPEHHA Ta 34MTyBaHHA QR-KOAiB 3 Pi3HUM HaBYa/NIbHUM MPU3HAYEHHAM, YMIHHA pauioHaNbHO 0bupaTw
nporpamHe 3abesneyeHHa ans ctBopeHHA QR-Koay 3anexHo Big MOro HaB4YasbHOI MeTH, GOPMYIOTLCA HaBUUYKM CMPUNMAHHS,
aHani3y, iHTepnpeTauii, TOPiBHAHHA, CNIBCTaB/NEHHA, iIHTErpyBaHHA, OLLIHKMX, CTBOPEHHA Ta 3aCTOCYBaHHA HaBYaNbHOro maTepiany,
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NOAaHOrO Bi3yanbHO; POPMYHOTLCA YMIHHA AOLINbHO BNPOBaAKYBaTV BNACHOPYY CTBOPeHi QR-KoAM Ha pi3HMX eTanax OCBiTHbOrO
npowecy, YMiHHA rapMOHIAHO Ta AKICHO iHTerpyBaTu BigKpPUTMIA Ta 3aKOL0BAHUI KOHTEHT.
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MEANS OF FORMATION OF VISUAL AND INFORMATION CULTURE OF
PRE-SERVICE MATHEMATICS AND COMPUTER SCIENCE TEACHERS
M.G. Drushlyak, V.H. Shamonia
Makarenko Sumy State Pedagogical University, Ukraine

Abstract.

Formulation of the problem. Modern mathematics and computer science teacher must have a high level of formation of visual and information
culture, ie must have values, aspirations for development in the field of visualization and informatization of education; have computer
and mathematical, psychological, pedagogical and technological knowledge; ability to perceive, analyze, compare, compare,
interpret, produce using information technology, structure, integrate, evaluate visually presented educational material. This
depends, among other things, on the method of cognitive theoretical and practical activities of teachers and students, which involves
setting goals, the necessary system of actions, appropriate means and the result - a high level of visual and information culture of
pre-service mathematics and computer science teachers of.

Materials and methods. The study was based on scientific research of national and foreign scientists studying the training of pre-service
mathematics and computer science teachers. To achieve this goal, the methods of the theoretical level of scientific knowledge were
used: analysis of scientific literature, synthesis, formalization of scientific sources, description, comparison.

Results. In order to form a visual and information culture of pre-service mathematics and computer science teachers, the teaching means we use
can be divided into groups: printed materials (teaching means, textbooks, training software, task systems for laboratory work),
computer tools (subject orientation software, dynamic mathematics software, cloud-oriented services, virtual laboratories),
interactive means (visualized tasks, interactive applets, cognitive and visual models).

Conclusions As a result of the introduction of these means in the training of pre-service mathematics and computer science teachers, there was
an increase in the levels of formation of visual and information culture in all components: professional and motivational, cognitive,
operational and activity, reflective.

Keywords: visual and information culture, pre-service mathematics and computer science teachers, learning means, visualized task, interactive
applet, electronic manual, augmented reality, QR code.
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METOAMUYHI ACNEKTU BUBYEHHA OCHOB AJIFOPUTMI3ALLIT | MIPOrPAMYBAHHA MOBOIO PYTHON
Y WKINIbHOMY KYPCI IHOOPMATUKU YV CTAPLLNX KNACAX

AHOTALIA

OcHosu anzopummizayii i npo2pamyeaHHs € 0OHIED 3 OCHOBHUX 3Micmosux AiHili Kypcy iHgpopmamuku y wKoai. Y cmammi docnioiceHo
npobaemu 8UBYEHHA esneMeHmie 0CHO8 an20pUMMI3ayii ma NPo2pamyeaHHs 8 WKineHomy Kypci iHfpopmamuku y 10-11 Knacax.

®opmyntoeaHHa npobaemu. Baxcausoro nedazozidHoto npobaemoro € PopmMy8aHHs | PO3BUMOK AN20PUMMIYHUX HABUYOK y4Hie. [Tpobaemu
B800CKOHAEHHA MemOoOUYHOI cUCMEeMU HABYQHHSA iHhopMamuKu 8 3a2anbHili cepedHili wkoni nompebyroms Modasnbwo2o
docnidrceHHA 3 Memoro nowykKy binsw epekmusHUX hopm, Memodis i 3acobie Has4aHHA. HeobxioHo 3a6e3neyumu hopMy8aHHs
8 yuyHi8 KomnemeHmHocmel, HeobxiOHUx 015 c8idoMo20 subopy MalibymHb020 NPOPint0 HABYAHHA. Y4Hi MOBUHHI po3ymimu
387A30K MiXC Meopemu4HoI0 | NPUKAAOHO iIHOPMAMUKOK, 3HAMU cnocobu 3acmocy8aHHsA iHgpopmayiliHux mexHosnoeaili na
p038’A3y8AHHA PIBHOMAHIMHUX 300aY. A MAKOX 8U3HAYEHO nepesazu mosu Python y Hag4aHHi iHpopmamuku ma ocobausocmi
ix nedazoeivHo20 3aCcMOCY8AHHA Y HABYAHHI OCHO8 A/120PUMMI3AUIi Ma MPo2PaAMYB8AHHS.

Mamepianu i memodu. []ns docszHeHHA NocmasaeHoi Memu 3aCMoCOB8AHO KOMIIseKe Memodig: cucmeMHO20 aHAsI3Y HAYKOBUX Npayb, Wo
oxoname npobsaemy 00CniOHeHHs, AHANI3 8iIMYU3HAHO20 00C8IdY 8UBYEHHSA enemMeHmi8 NPo2pamy8aHHsA 8 WKiNbHOMY Kypci
iHpopmamuku; y3a2anbHeHHA ma obrpyHmMysaHHA MeopemuyHUX 3acad BUKOPUCMAHHA MO8U Mpo2pamysaHHa Python e
WKIiNbHOMY Kypci iIHpopMamuku.

Pesyabmamu. Po3217Hymo 0CHOBHI XapakmepucmuKu Mosu npo2pamysaHHa Python ma HagedeHo Moxusocmi if BUKOPUCMAHHA Y nNpoyeci
HABYAHHA OCHO8 asn20pUMMI3ayii 8 WKiNbHOMY Kypci iHpopmamuKu. Bus4eHHs OCHO8 anzopummizayii ma npo2pamysaHHs €
00HUM 3 3ac0bi8 opMy8aHHA onepauyiliHo2o cMunlo MUC/eHHA. 3HAHHA OaHoi 3micmoeoi siHii nepedbavyae 30amHicme
gopmanizysamu 3ada4y, eusHayumu y Hili 36°A3KU MiX¢C YacmuHam, obupamu AkHalKpawul an20pumm po3e’a3y8aHHA
30800HHA, 8MIHHA NPABUALHO iHMeprpemysamu ma aHani3yeamu ompumaHi pe3yasmamu.

BucHosKu. Mosa Python — odHa 3 HalinonyaapHiwux Moe npo2pamMys8aHHsA. BoHa 3HAXO00UMb CB0E 3ACMOCYBAHHA Y Pi3HUX 2asy3sX.
BidnosioHo puHoK npayi mompebye ghaxieyis, AKi Mo2su cmeoprosamu npo2pamHi npodykmu moeoto Python. 3aknadu 3a2asnbHol
cepedHboi 0c8imu He 3aAUWUAUCA OCMOPOHbL Yb020 Npoyecy. ABmMopu WKiNbHUX NiOPYyYHUKIE MOYUHAOMb BKAOHYAMU MO8Y
Python 0o ix 3micmy. Takum YUHOM, BUHUKAE nompeba y po3pobuyi Ha84a1bHO-MemMoOUYHUX Mamepiasie 3 8UBYEHHSA eneMmeHmis
anzopummizayii i npoezpamysaHHa moeoro Python. MemodosoziyHe 3HaYeHHs Yb0o20 Po30iny WKiNbHO20 Kypcy iHhopmamuKku
10/A20€ y PO3KPUMMI 8aH/IUBOCMI AA120pUMMIB.

K/IKDYOBI C/IOBA: 3akna0 3a2as6HOI cepedHboi oceimu, WKinbHUl Kypc iHopmMamuku, 0CHO8U aa20pUMMI3ayii, Mpo2pamyeaHHs, Moea
npozpamysaHHs Python.

© T.N. KobunbHuk, ¥.M. KoryT, B.6. Xnguk, 2021.
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BCTYN

MocraHoBKa npobaemu. IHGopMaTUKa y CTApLUMX KNacax BUBYAETLCA HA PiBHI CTaHAAPTY Ta Ha NpodinbHOMY piBHi.

Mporpama (piBeHb cTaHgapTy) (IHdopmaTmKa 10-11 Knac, 2020) po3paxoBaHa Ha BUBYEHHS iHbopmaTMKK y 10-11 Knacax
AK BUBipKOBO-0608’A3KOBUI NpeameT, 35 roanH AKOro cknagae 6a3oBuit moaynb. AHanis 3micTy 6a30BOro MoZyns NOKasas, LWo
He nepepbayeHo BMBYEHHA KOAHUX PO3Z4iNiB, NOB'A3aHUX 3 aNrOPUTMaMM, aNropUTMI3aLielo Ta nporpamysaHHAM. lMpoTe
nporpamoto nepegbaveHo BMbipKoBUiA Moaynb «KpeaTuBHe NporpamyBaHHA», AKUIA NOB'A3aHMI 3 NPOrPamyBaHHAM.

Cnipg, 3a3HaunTK, WO BUBIPKOBUI (OAMH UM KibKA) MOAYNb YUUTENIO PeKOMEHAYETbCA 06MpaTh BignoBigHo Ao npodinto
3aK/afy 3aranbHOI cepesHbOol OCBITH, iIHAMBIAYANbHUX iHTEpPeCiB i 34ibHOCTel yyHiB, MaTepianbHO-TeXHIYHOI 6a3n Ta HasABHOMO
nporpamHoro 3abesneuyeHHs. Ockinbkn moaynb «KpeaTrBHe NporpamyBaHHA» € BUBIPKOBMM, TO He BCi y4HI, AIKi HABYAOTbCA Ha
piBHI CTaHAAPTY, 6yAYyTb MAaTU 3MOTY BUBYATU €/1IEMEHTU aNIrTOPUTMI3aLLii Ta NPOrpamyBaHHs.

Mporpamoto 3 iHpopmaTuKKM (NpodinbHe HaBYaHHA) ans yyHie 10-11 knacie (IHpopmaTuka gnsa 10-11 KnaciB (NpodinbHe
HaB4aHHA), 2020) nepeabayeHO BUMBYEHHA TaKUX PO34iniB AK «MoBa NporpamyBaHHs Ta CTPYKTYPU AaHUX», KAIrOPUTMU» Ta
«Mapagurmum nporpamyBaHHA», AKi TaK YK iHaKWe nepeabayaloTb ONaHyBaHHA NEBHOO MOBOIO NporpamyBaHHA. Cnig 3a3HaunTy,
O BMBYEHHA OCHOB NPOrpamyBaHHA, MOBM, CMHTAKCWUCY, CTPYKTYPM Ta NPaBWU/ HanNUCaHHA nporpam nepepbayeHo y posgini
«MoBa nporpamyBaHHA Ta CTPYKTYPU SaHUX».

HaByanbHMMKM nporpamamu 3 iHOGOPMATUKM He BM3HAYEHO MNEBHOI MOBWM NPOrpamyBaHHA O/1A BUBYEHHS OCHOB
anroputmisauii. Tomy Bubip 3anexutb Big BuMTena abo 3aknagy ocsiTu. MpoTe aBTOPMU LWKINBHUX MiAPYYHWUKIB NMOYMHAIOTH
BKAKOYaTM moBy Python go ix 3micTy. MpoTe meToAMYHUX peKoMeHAaL i/ WoA0 BUKOPUCTaHHA MOBM Python y wkinbHomy Kypci
iHpopmaTuKKM € mano, Ha BigmiHy Big, Pascal. Takum YnHOM, BUHUKAE noTpeba y po3pobLi HaBYabHO-METOANYHMX MaTepiais 3
BMBYEHHA eNeMeHTIB aAropMTMmisaLii i nporpamyesaHHA moBoto Python.

AHani3 aKkTyasbHUX AocaimKeHb. Y nigpyyHuKax 3 iHPopmaTuKM pna 5-6 KnaciB enemeHTV anropuTmisauii Ta
NporpamyBaHHA MPOMOHYETbCA BMBYATU 3 BUKOPUCTAHHAM MOBM Scratch. 3ayBa)KMmO, WO Y LWKIAbHUX NiAPYYHUKax 3
iHbopmaTuKuM (2016 poky) Ana y4yHis 7-9 knacax mosa Python He 6yna Bifo6paxkeHa, 32 BUHATKOM MifpPYYHUKIB aBTOPCbKOTO
Konektusy H.B. Mop3se. Y BCix Nigpy4HMKax Ak OCHOBHY MOBY NporpamyBaHHA 6yno obpaHo Free Pascal i cepegosuue Lazarus. Y
niapy4Hukax (Mopse& bapHa& Bembep, 2016) pasom 3i 3ragaHMMK cepefoBULLEM i MOBOK MPOrpamMyBaHHA NOAAOTbCA
BigomocTi i npo Python 3 npuknagamu cTBOpeHHA nporpam. 3oKpema, BUBYEHHA Yy 8-My Ta 9-My Kiacax po3ainis « Anroputmum
poboTn 3 06’ekKTamu Ta BeAMUMHAMMU» Ta «TabAWYHI BEMUYMHM Ta aNropuTMu ix OnpaLloBaHHA» BiAMNOBIAHO NPOBOAMTLCA 3
BMKOPUCTaHHAM MoBM Python.

Cutyauis y nigpy4yHmkax 2020 poKy BMAYCKy AaA 7-9 KnaciB KapAMHanbHO 3MiHMAacAa. ABTOPU BiAMOBAAIOTLCA Bid MOBM
Free Pascal cepegosuwia Lazarus. HatomicTb 30cepeannncs Ha onuci mosu Python. Hanpuknag, y nigpy4Hukax (Mop3e&bapHa,
2020) gna 7-ro Knacy Npu BUBYEHHI po3ainy «Anroputmu i nporpamm» nopsag 3 Python nogatotecs BigomocrTi i npo Scratch. Takox
3ayBaXXMMO, WO Y NiAPYYHUKY ana 8-ro knacy (PuBKiHA& JlnceHko&YepHikoBa&LlakoTbko B.B., 2021) Hagani Ansa BMBYEHHA
po3ainy «ANropuTMM i Nporpamm» NPONoHyeTbeA i Lazarus, i Python.

AKLWO 6paTh A0 yBaru cTapLly WKOAY, TO, K BXKe ByN0 CKa3aHo, Ha PiBHI CTaHA4APTY BUBYEHHA NPOrpaMmyBaHHA MOXKAMBE
TiNbKM y BUbBIpKOBOMY Moayni «KpeaTuBHe nporpamysaHHA». BignosiaHo nigpyyHukis, ae 6ynu BigobpaxeHi HaBYaibHi
maTepianu 3 4aHOro MoAyNA HeMa.

Y niapyyHury (PyaeHko&Peunu&MoTieHko, 2019) ana 10 knacy npodinbHOro pisHA y po3aini «MoBu nporpamysaHHsA Ta
CTPYKTYPU [aHUX» AK MOBY NporpamysaHHAa obpaHo Python. 3okpema, y HbOMy nopsf 3 OCHOBAaMM anropuTmisauii Ta
nporpamyBaHHA NOAAOTLCA BiAOMOCTI 1 NPO OCHOBW 06’EKTHO-OPIEHTOBAHOIO NPOrpamyBaHHs. Lle 34iMCHIOETbCA HA NpUKNagi
moBwu Python i cepepoBuuia nporpamysaHHs IDLE. 30Kkpema, y Nigpy4yHUKY pO3rnaaatoTbeA Taki MUTAHHA AK: CTPYKTypa i cnocobum
BMKOHaHHA npoekTiB moBoto Python; onepatopu, BMpasu, i 3acobu onpaltoBaHHA yMcen; peanisauia 6a3o0BUX aNroOpPUTMIYHUX
KOHCTPYKLUii; BOyAOBaHI TMNM AaHWX Ta X onpautoBaHHA; yHKLii KopucTyBaya Ta mogyni Python; ocHoBM 06’eKTHO-
OPIEHTOBAHOrO NPOrpamyBaHHA; OCHOBM rpadivyHoro iHTepdency KopucTysaya.

Y nigpyyHury (PyaeHko&Peuny&MMotieHko, 2019) asTopu ana 11 knacy npodinbHOro piBHA y po3aini «Anroputmm»
NPONOHYIOTb BMBYATK i peanizoByBaTM 6a30Bi aNropuTMM (COPTYBaHHA Ta MOLWIYKY AaHUX, ONPaLoBaHHA PAAKiB, rpadwu,
OWUHaMiYHe NporpamyBaHHA i KagibHi anroputmMn, oCHOBM 06YMCNtOBaNIbHOI reomMeTpii), 3 BUKOPUCTaHHAM MoBM Python Ta
cepegosuiua IDLE.

e y 2013 poui pepakuia xypHany «Komn'toTep y WKoAi Ta cim’'i» 3BepHynaca 0 BiAOMMX yumTenis iHGOpMaTUKK,
daxisuis y ranysi HaB4anbHOT iIHGOPMATUKM 3 MPOXAHHAM B3ATU y4acCTb B OOroBOPEHHI MUTAHHA «fIKy MOBY MporpamyBaHHsA
BMBYATM Y LWKONI?». Take 0BroBOpeHHA BMAMNOCA Yy KiNbKa Nybnikauii, y AKMX 3HAHI negaroru (Ta W He TiAbKM neaaroru)
BMC/IOB/IOBA/IN CBOT AYMKM 3 NMPMBOAY LLbOrO MUTAHHA. Y KOXKHOMO 3 HUX € CBOA OBIPYHTOBaHa No3uLia WOA0 BUBYEHHA MOBM
nporpamyBaHHa y wkoni: Pascal, C, C++, Visual Basic, Visual Basic For Application, JavaScript, Python Towo. Migcymosytouu,
MOHa 3p0O6UTU BUCHOBOK, LLLO YCi apryMeHTM Ha KOPUCTb Ti€ UM iHLWIOT MOBMW NPOrpamyBaHHA € BaXK/IMBUMM, ajsie OCTAHHE CNOBO
3aBX/AM 3a/IMLLAETLCA 33 BUMTENEM.

Ha aymky aBTopis cTaTTi (lOpyeHKko&CemeHixiHa&XBopocTiHa&YposuueHko&MeTpeHKo, 2019), nepcnekTMBHUM CbOroaHi
y CTapLii WKoi BUBYaTM NonyaapHi moswu Java, Python Ta C++.

Mera cratTi. 3 Or1A4y Ha Le MeTOH CTaTTi € BUCBIT/IEHHA NiAX0AiB BUBYEHHA OCHOB a/fIFOPUTMI3aLLii Ta NporpaMmyBaHHA
moBoto Python B WwKinbHOMY Kypci iHGOPMATUKKM Y CTapLIMX KNacax.

METOAU AOCNIAXEHHA

[na [OCArHEHHA MOCTaB/eHOl METM 3acTOCOBAaHO KOMMJEKC METOAiB: CMCTEMHOrO aHanisy HayKoBMX Mpaub, LWO
OXONJI0I0Tb NPO6AEMY AOCNIAKEHHSA, BUBYEHHA BITYN3HAHOTO JOCBIAY BUBYEHHA €N1€MEHTIB MPOrpaMyBaHHA B WKiZIbBHOMY Kypci
iHGOPMaTHKM; y3arasbHEHHA Ta 06rPYHTYBaHHA TEOPETUYHUX 3acaj, BUKOPUCTAHHA MOBM nporpamysaHHA PYTHON B wkinbHomy
Kypci iHpopmaTUkm.
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LLlo6 obpatn neBHy MOBY NporpamyBaHHA, Tpeba BU3HAUMTU KpUTepii, AKMM NOBUHHA BOHA BignosigaTtu.

O6paHa MoBa A/ BUBYEHHSA NPOrpaMyBaHHA Y LWKOi NOBUHHA BiANOBIAATU TaKMM BUMOram (Komn’totep y Wwkoni 1a cim’i,
2013): TpaHCNATOpP MOBW NOBUHEH ByTWM KpocnaaTdopmeHMm i He3KOLWTOBHMM; MOBa NOBMHHA MaTW MPOCTUIN CMHTAKCUC, 3
0o4HOro 6OKy, i NOTY)KHi 3aco6bMu, 3 iHWOro; NPOrpPamm NOBUHHI BYTU KOPOTKMMM i 3p03yminvmu, popma 3anucy noBmHHa byTu
MaKCMMa/ibHO 3BMYHOI A/1A IIOANHU; MaTU PO3BUHYTI 6iBNIOTEKM, MOXKAMBOCTI PO3PO6KM Pi3HOMAHITHUX 40AaTKIB; NOBMHHA
NiATPUMYBaTU CTUAI AIK CTPYKTYPHOTO, TaK i GYHKLiOHAaNbHOrO Ta 06’€EKTHO-OPIEHTOBAHOIO NPOrpPamyBaHHA; MOBa NOBUHHA ByTH
Cy4aCHOO, He «MepTBOlO», BXOAUTM xo4ya 6 y 10 HaWbinbw YKMBAHUX B peanbHOMY BUMPOBHMLTBI MOB MPOrpamyBaHHA;
cepefoBuLe po3pobKkM nporpam He NOBUHHO ByTWM nNepeBaHTa)KeHe A04ATKOBUMMU GYHKUIAMM i MOMKAMBOCTAMM, CKAAAHICTb
OCBOEHHSA AKUX «3aTbMapOE» i BiACYBAE Ha APYIMIA NAAH aAropUTMIYHY CKNAAHICTb NpoekTy. O60B A3KOBOK TAaKOXK € HAABHICTb
KOHCOJ/IbHOTO TPaHCAATOPA.

Takum Bumoram Bignosigae mosa Python (http://www.python.org), AKy BUKOPUCTOBYIOTb HE Ti/IbKM B HAaBYaIbHUX LLNISX.
Python 3alimae apyre micue (nicna C) B pedTUHry nonynsapHocTi MoB nporpamysaHHs TIOBE Programming Community Index
(TIOBE Index,2020) (ctaHom Ha BepeceHb 2021 poky). MoBa aKTUBHO PO3BMBAETLCA, Ma€E BiaKkpuTuii (Open Source) nporpamuumii
KoZ, nowunptoetbea 3a GPL-niueHsieto.

Y (Komn'totep y wkoni Ta cim’i Ne8, c. 18) Macixos t0.A. Ta Kpaseub I.IN. HaBoaATb Aeski nepearn mosu Python Hag
iHWwuMmm (C, C++, Pascal), cepea fKux cnig, Bia3HauMTH Taki. MpocTi nporpamm 3anmcytoTbes Y KislbKa PAAKIB, BiACYTHI iHCTPYKLi,
WO He MatoTb 6e3nocepeaHbOro BiHOWEHHA A0 anroputmy (Hanpuknag, int main() y mosi C um C++). Ik npasuio, nporpamu
moBoto Python € KopoTwmmu, Hixk Ha C, C++, Pascal, Ta C#. MoBa cy4acHa, NiATPMMYE BUCOKOPIBHEBI CKNAAEHI CTPYKTYPU AaHUX
(cnUCKKM, MHOXKMHMK, acouiaTMBHI macuem, iHwe). MoBa Python i3 camoro no4aTKy cTBoptoBanacs Ha OCHOBI Napaaurmu o6’ ekTHO-
OPIEHOTOBAHOIO NPOrpaMyBaHHA, afe YyA0BO € NPUCTOCOBAHO ANA CTPYKTYPHOTO i GYHKLIOHAIbHOFO NPOrpamyBaHHA.

Kpim KoHconbHOro iHTepnpetatopa mosu, Python mae KinbKka pisHUX cepenoBuly po3pobKu nporpam, 3oKkpema IDLE
(cTaHaapTHe cepegoBulLe, WO BXOAWUTb Y AUCTPUBYTUB, € NPOCTUM i 3po3yminnm). Cnig 3ayBakuTH, WO AETaNbHUI aHani3
cepenoBuLy, NporpamyBaHHA moBoto Python HaBeaeHo y (Ba3ypiH,2018). Tam e aBTOp 3a3HavaE, WO A0 HalbiNbWw NoNyAsapHUX
cepeaoBuLy, NporpaMyBaHHA moBoto Python Hanexatb: IDLE, PyCharm, PyDEV, WingWare, Komodo IDE, Eric, Eclipse, Geany,
Spyder, PyScripter. Kpim L,boro, Tako»k BUKOPUCTOBYIOTbCA Online cepenoBuLa.

OCBOEHHSA ByAb-AKOT MOBM NPOrpaMyBaHHA PO3MNOYNHAETHCA 3 BUBYEHHSA il CUHTAKCKCY Ta andaBiTy, 3 AKOro CTBOPHOIOTLCSA
niekceMu (KNtoYoBi €N10Ba, NiTepany, iaeHTMdikaTopu, onepaLii, 3HaKM NyHKTyaLii). 3ayBaxmMmo, wo mosa Python € goctynHoto
017 BUKOPUCTAHHA Y BCiX MOLWMPEHMX Cy4acHMX onepauiiHux cuctemax cimericte Windows, Linux, Mac. fIK i 6yab-aka moBa,
Python mae cBoi 0cob6a1BOCTi, cepes AKUX BUOKPEMUMO TaK:

HaABHICTb IHTEPAKTUBHOIO PeXMMY Ta NiATPUMKA daliay NPOrpaMmHOro Koay;

PO3PI3HAETLCA PericTp BBEAEHUX NiTep, TO6TO A Ta a — e pi3Hi 3MiHHI (Y41 cumBoan);

BiACTYNM € 0608’A3KOBUMMU (iX BUKOPUCTOBYHIOTb A/11 3a4aHHA NEBHOro 610Ky onepaTtopis);

AMHaMiYHa TUNi3auia 3MiHHKX, TOBTO y Nporpami He NOTPIBHO onNUcyBaTH 3MiHHI (40 AKOro TUNY BOHM HaNeXaTb);
3MiHHi 36epiratoTb agpecy 06’ekTa y nam’sTi KOMn'toTepa, a He cam 06’€eKT;

Bi,CYTHE NOHATTA MaCKBY: BUKOPUCTOBYIOTHCA CMUCKMU;

nepes nepwwum 3anycKOM MNPOrpamHoOro Koay ihoro cnig 36epertv. AKWO LbOro He BMKOHATW, TO KOPMUCTyBady
3anNpPONOHYHIOTb Le 3pobuTty;

v HaABHICTb 3HaYHOI KinbKocTi 6ibnioTek. Hanpuknag, 6ibnioteka math, Aka MiCTUTb OCHOBHI MaTemaTuuHi GyHKLi, Ana
BMKOPUCTaHHSA AKNX HeObXigHO BUKOHATK import math. [Jani BuKopucToByBaTH OYHKLI L€l 6ibioTEKM Tak, HanpuKnag sin(x) um
sqrt(x): math.sin(x) un math.sqrt(x) BianosigHo.

Cnig 3a3HauUMTH, WO yYHi 10-X KNacis y:Ke 3HalOMi OCHOBaMM anropuTMisaLii Ta NporpamyBaHHs, AKi BOHW BUBYanW y 5-9
Knacax 3 BMKOpWUCTaHHAM MmoB Scratch, Free Pascal, pigwe Python. Tomy mun He ByaemMo 3ynUHATUCA Ha O3HAWOM/EHHI 3
a/ITOPUTMIYHOIO CTPYKTYPOLO cnigyBaHHA y mosi Python. Mepeigemo Bigpasy A0 afropUTMIYHOI CTPYKTYPU PO3ranysKeHHs 3
METOIO y3araJibHeHHS i CMCTeMaTM3aLii 3HaHb 3 AaHOI TEMU, OTPMMAHUX paHilue.

MoAcHeHHA YMOBHOro onepaTtopa if NPOMOHYETbCA NPOBOAUTM Ha TaKWMX 3adayax AK «Bu3HauyeHHA uBepTi, A0 AKOI
HaNeXuTb ToUKa», «P03B’A3yBaHHA NiHIMHOIO PiBHAHHA» Ta «P03B’A3yBaHHA KBAApPaTHOrO PiBHAHHA». Lle 3yMmOBAEHO TUM, WO
0N 3HAaX04KEeHHA MiHIMANbHOTO Ta MaKCMMaNbHOTO 3 ABOX UM TPbOX (260 binblue) umcen y mosi Python moxkHa BUKOpUCTOBYBaTH
$yHKUii min Ta max BignosigHo.

HaBegemo npuknag po3s’a3yBaHHA NiHIMHOIO PiBHAHHA.

Mpuknag 1. Cknact nporpamy, 3a AKOK OTPUMYETLCA PO3B’A30K NiHIMHOrO piBHAHHA ax+b=0, ge a,b — aeski napameTtpy,
X — HeBigoma.

Mepw 3a Bce y4yHiB Tpeba NpuMBYaTM A0 CKNALAHHA aNrOpUTMY PO3B’A3yBaHHA 334a4i, a NOTiM BXKe A0 Moro peanisauii
MOBOIO NMPOrpamyBaHHA.

CnoyaTKy po3B’AXKemMO AaHe PiBHAHHA aHaNITUYHO. ABO IHWMMK CNOBAaMM OMULLIEMO aNrOPUTM CIOBECHO-aHANITUYHO.
Po3B’A3aTV piBHAHHA 3 MapameTPamM O03HAYaE, WO ANA BCIX MOXAMBUX 3HAYeHb a,b HeobXigHO BKA3aTW MOMKAMBI 3HAYEHHA
HEeBiAOMOI X.

1. BBecTu 3HaueHHs a,b.

. AKwo a#0, TO BUKOHATK N.3, iHaKLwWe n.5.

. 06uncnnTn x=-b/a. BUBECTM 3HAUEHHSA X.

. MepeitTn go n.9.

. AKwo b#0, To BUKOHATK N.6, iHaKLwe n.8.

. BuBectu nosigomneHHA «PiBHAHHA KOPEHIB He MaEy.

. Mepevity o n.9.

. BuBectu nosigomneHHsa «PiBHAHHA Mae 6e3/1i4 KopeHiB».

ANENENENENENEN

0O NO UL WN

38



®I3MKO-MATEMATUYHA OCBITA (®MO)

9. KiHeub.
Ha ocHoBI cnoBecHO-aHaNITUYHOTO ONKCY aNropUTMy cKnazemo bnok-cxemy (Puc. 1):

ITouaTox

PieHsHHEA PiBHAHHA
KOpPEHIB Mae Gezmy

HE Mac KOpEeHIE
Kineus

Puc. 1. BAoK-cxema anropuTmy po3s’a3yBaHHA NiHIKHOro PiBHAHHA
Ha ocHOBI 610K-CxemMu NULLEMO NPOrpamHUiA Ko A5 AaHol 3agavi (Puc. 2).

a=int(input(”BeeniTe SHaYeHHd :
b=int{input("BeenirTe >HaueHHI
al=0:
x=-b/a
print(“x=",x)

b!=0:
print("PisHAaHHI KOpeHLIE He Mas™)

print(“PisHanHa Mac 6e3niy KopeHiE™)

Puc. 2. MporpamHunii Koa Ans po3B’A3yBaHHA NiHIHOro PiBHAHHA

BunyckK 5(31), 2021

Micna HanWcaHHA NPOrpPamMHOro KoAy i oro BiAaroKeHHa HacTynae etan TecTyBaHHA. [1a LbOro ANA PisHUX MOXKANBUX
3HayeHb NapameTpis a,b TeCTyeTbCA NPOrpamHuil Koa. TaKUMU MOKAUBUMM 3HAYEHHA NAapaMeTpiB MOXKYTb ByTW HanpuKnaa:

1.a=3,b=6;
2.a=0,b=5;
3.a=0,b=0.
Pe3ynbTaT TeCTyBaHHA NPOrPaMHOro Koay HasegeHo Ha Puc. 3.

===================== RESTART: C:/Python34/linear_eq.py ====================

BeengiTe SHaueHHd a=3
BeeniTe sHaueHHA b=6
x= -2.0

===================== RESTART: C:/Python34/linear_eq.py ====================

BeemiTe 3HaueHHda a=0
BeeniTe SHaueHHd b=S§S
PiBEHAHHI KOpPEeH1IE He Mac
>>>

===================== RESTART: C:/Python34/linear_eq.py ====================

BeemoiTe sSHauerxia a=0
BeemiTe >HaueHHI b=0
PiBHAHHI Maec Hes3aiu KOpeHiE

Puc. 3. TecTyBaHHA NPOrpamHOro Koay Ans po3B’A3yBaHHA NiHIWHOrO PiBHAHHA

Po3rnsHeMo po3B’A3yBaHHA KBaAPATHOTO PiBHAHHSA

Mpuknag 2. CknactM nporpamy, 3a SKOW OTPUMYKOTbCS PO3B’SI3KM KBAZpPaTHOMO PiBHAHHA ax"2+bx+c=0 3 ginicHumm

KoediuieHTamu a (a=0),b,c.
OnuwemMo anropuTM C/I0BECHO-aHaNITUYHO.
1. BBecTu 3HauyeHHsA a,b,c.
2. 064ncnnTU AUcKpumiHaHT D=b”2-4ac.
3. AKwo D=0, To BMKOHATK N.4, iHaKwe —n.7.
4. O6umncauntn KopeHi x_1=(-b-vD)/(2a), x_2=(-b+VvD)/(2a).
5. BuBectu 3HaveHHA x_1,x_2.
6. MepenTn oo NyHKTY 8.
7. BuBectu noBifomneHHsa «PiBHAHHA HE Ma€ LiNCHUX KOPEHiBY.
8. KiHeub.
Ha ocHOBI cnoBecHO-aHaNITUYHOTO ONUCY aNropPUTMY CKnagemo 61ok-cxemy (Puc. 4):
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D=5b"—4ac
. /\ ,
D20
-
w2 = [ b-D)(2a) womie
% =+ B)(24) vopede

Puc. 4. BnoKk-cxema anroputmy po3B’A3yBaHHA KBaApPaTHOro PiBHAHHA

issue 5(31), 2021

Ha ocHoBi 6/10K-Cxemu NUWEMO NPOrpaMHUI Kog Ana AaHoi 3agadi (Puc. 5). Cnig 3ayBaxkKuTh, WO nepes, HanncaHHAM
NPOrpaMHOro Koy y4HAM HeobxiAHO HaraAaTu, WO BUKOPUCTAHHA QYHKLIT A1A 0BUYMCIeHHA KBagpaTHOro KopeHsa (math.sqrt),

Tpeba nig’eaHaTM MaTemaTuuHy 6ibnioTeky math (import math).

inmport math
a=int(input("BeEeniTe SHaueHHA a="))
b=int({input("BeeniTe sHadeHHA b="))
c=int(input("BeEeniTe SHaueHHA C="))
D=b**2-4%a%c
if D>=0:
x1l={-b-math.sqrci(D))/(2%a)
xZ2=(-b+math.sqrc(D)) /(2%a)
print({“xl="",x1, " x2=",x2)

print(“PiEHAHHA He Mac OiMCHID{ KOpPeH1iE")

Puc. 5. MporpamHumii Koa AnA po3B’A3yBaHHA KBaAPaTHOrO PiBHAHHA

=

MporpamHuii Kog, TECTYEMO ANA MOXKAMBUX 3HauveHb KoeodiuieHTiB a (a#0),b,c. TakKuMKM 3HAYEHHAMM MOXKYTb ByTU

HanpuKknag:
1.a=1,b=-5,c=6 — piBHAHHA Ma€E ABa AiNCHUX Pi3HMUX KOPEHI;
2.a=1,b=2,c=1 — piBHAHHA Ma€E ABa AiNCHUX PIBHUX KOPEHI;
3.a=1,b=1,c=1 — piBHAHHA He Ma€ AiNCHUX KOPEHIB.
Pe3ynbTaT TeCTYBaHHA NPOrpaMHOro Koay HaBeaeHo Ha Puc. 6.

BEeniTh SHaveHHA a=1
BeeniTe >HaueHHA b=-5
BEeeniTe SHaUeHHA Cc=6
®x1l= 2.0 x2= 3.0
S>>

BEeniTe SHaveHHd a=1
BeeniTe =HaueHHI b=2
BeeniTe SHaYdeHHA c=1
®x1l= -1.0 ®x2= -1.0
>>>

RESTART: C:/Python34/quadratic_ed.py ==

RESTART: C:/Python3d/quadratic_edgq.py ==
BeeniTe: SHaWeHHA a=1
EseniTe SHadeHHA b=1
BEeeniTe SHaYdeHHA c=1
PiBEHAHHA He MAc NiMCHILKX ROPEHLE

Puc. 6. TecTyBaHHA NPOrpamMmHOro Koay Ans po3B’A3yBaHHA KBaAPaATHOrO PiBHAHHA

==================== RESTART: C:/Python34/quadratic_eq.py ===============

Micns TecTyBaHHA NMPOrpamMHOro Koay (TobTo nepesipKM MPaBUALHOCTI POBOTU) YUHAM CTaBUTLCA NUTaHHA: «fAK Byae
npaLoBaTM NPOrpamHuii Koz 3a ymosu a=0?». [lani nepesipsemo poboTy NnporpamHoOro Koay 3a ymosu a=0 (Puc. 7).

Esenite sHauenHa a=0
BeEeniTe sHaueHHA b=2
EseniTe sHaueHHA C=3
Traceback (most recent call last):
File "C:/s/Python3d/quadratic_eg.py¥”, line 7, in <module>
x1l={(-b-math.sqrc(D) )/ (2%a)
Zez:o_DivisionErxor: float division by zero

Puc. 7. Pe3ynbtat nporpamHoro Koay 3a ymosu a=0
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AIK BUAHO 3 pe3y/bTaTy, OTPUMYETLCA MOBIAOMNAEHHA NPO NOMUAKY y BUpa3si x1=(-b-math.sqrt(D))/(2*a) — «aineHHa Ha
Hynb» (ZeroDivisionError: float division by zero).

OAHi€l0 3 BNACTUBICTIO aNTOPUTMIB € MACOBICTb, TOOTO anropuTM NOBUHEH PO3POBNAETLCA ANA LINOro Knacy 3ajay, Wo
BiApPi3HAIOTLCA TiNIbKM HabopOM BXiAHWX AaHMX. TOMY YYHAM CamMOCTIHO NMPOMOHYETLCA CKAACTU aNropPUTM Ta NPOrPaMHUIA Kog,
ONA po3B’A3yBaHHA PiBHAHHA ax"2+bx+c=0 B 3aranbHOMy BMNaAKy, TO6TO BpaxoByouu i 3HayeHHAa a=0. Mpu ybomy im
NMOACHIOETbCSA, WO ANA PO3B’A3yBaHHA TaKol 3afayi HeobxiaHO 06’eAHATW B €AMHe Uine ABi BULLe HaBeAeHi 3afadi, To6To
pO3B’A3yBaHHA NiHIMHOINO Ta KBAaApPaTHOrO PiBHAHbL, WO 3a4aHi CBOIMM KoediuieHTamn. OuikyBaHWI pe3ynbTaT — CAOBECHO-
aHaNITUYHUI onNKMC anropuTmy, 610K-CXema Ta NPOrPamHUI Kog 3 MOro TecTyBaHHA NPU Pi3HUX MOMK/IMBUX Habopax 3HauyeHb
KoediLieHTiB a,b,c.

3ayBaXKMMO, L0 33Jayi 3 NMapameTpamu PO3BMBAOTb B YYHIB, NOrYHE MUCNEHHA, BMiHHA aHanisyBatn, GopmyroTbeA
HABMYKM AOCAIAHNLBKOT AiANbHOCTI.

Kpim TOro, 3 4aHOT TEMM YYHAM MOXHa NPONOHYBATK 3a4adi TaKOro Tuny:

1) Bu3HAuYUTK, UM 3a[aHUI PIK € BUCOKOCHUM. MonepeaHbo yYHAM NPOMNOHYETLCA 3HAWTKU, AKMM YMOBaM MOBUHEH

Bi4NOBiAATM BUCOKOCHUM pIK.
2)  BM3HaAYMTM, UM OAHAKOBOIO KOMbOPY ABi KNITUHKM Ha LWaxoBin aowui. KNiTMHKa 04HO3HAYHO BU3HAYAETHCA HOMEPOM
(Big 1 go 8) paaka i ctoBnuA.

Y moBi Python € moxnuBicTb 6aratoanbTepHaTUBHOrO BUHOPY. Lie MOXKHa NpoAeMOHCTPYBaTU HA TaKOMY NPUKAAA].

Mpuknag 3. Y n'ATHMLIO y AECATOMY Kaaci € WicTb ypokis: 1 — anrebpa, 2 — yKpaiHcbka MoBa, 3 — iHpopmaTuKa, 4 —
reorpadis, 5 — 6ionoria, 6 — disKybTypa. HeobXiAHO CKNACTM Nporpamy BU3HAYEHHA HA3BW YPOKY 3a NOro HOMEpPOM.

O4eBMAHO, LLO TaKe 3aBAAHHSA 3pYYHille BUKOHYBATWU, BUKOPUCTOBYOUM BaraToanbTepHATUBHUIA BMOIp. MporpamHuii Kog,
HaBeAeHo Ha Puc. 8.

nomer=int(input (“Beenire HoMep “1) ;I
nomer==1:

print({"¥por amrefpa™)

nomer==

print("d . ¥YRpaiHcepra MOEA"™)
nomer==3:

printc("¥ 2 indpopMaTima’)
nomer==4:

print("¥por pe abia™)
nomer==5:

print("? ¢« Biomopia™)
nomer==6:

printc(" 2 disrymeTypa™)

print(“Taroro HOMepy VPORY HeMa

Puc. 8. Peanisauia 6aratoanbtepHaTMBHOro BU6Opy

TecTyBaHHA NpoOrpamMHoro Koay HasegeHo Ha Puc. 9.

RESTART: C:/Python3d4/uroky.py ==

BEeeniTe HoMeEp YpoORy S5
Ypor Biomoriag
>>>

RESTART: C:/Python34/uroky.py ==

BeEeniTe HOMep VpoOKy 2
¥Ypor yrpalHCBKa MOEA
>>>

RESTART: C:/Python34/uroky.py ==

EegeniTe HOMEp YpoRy 7
Taroro HOMEpY YPORY HeMa

Puc. 9. TectyBaHHA NpOrpaMHoro Kogy Ha 6aratoanbTepHaTMBHUIA BUGIp

BMBYEHHA UMKNIYHUX CTPYKTYP MM PEKOMEHAYEMO NPOBOAUTU Ha NObYAOBI anropmUTMIB irpOBMX 33434 Ta iX NporpamHoi
peanizauii. Hanpuknag, rpa «Bragait umcno» un «[1BaguaTtb ogHe». AK NMOKa3ye AOCBiA, HAaBYaHHA Ha TaKWX 3343y MigBuLLYyE
piBeHb MOTMBALiT B YYHIB.

30Kpema, poboTy LMKNIYHOT CTPYKTYPU 3 NiCAAYMOBOIO MOXKHA MPOAEMOHCTPYBATU Ha NpUKnagi rpu «Bragai yncno»
(Kosantok, 2005), 3micT SIKOi € TaKMMm.

Mpuknag 6. Mporpama reHepye BUNaAKoOBE Ljine YNCNO 3 AEAKOro Aiana3oHy (Hanpuknag, sig 1 ao 1000). Kopuctysay
HaMara€eTbcA MOro Biaragat, BBOAAYM MOTO 3 KAasiaTypu. AKLLO YMCI0 BrafilaHe, TO Nporpama BUBOAUTb NOBIAOMIEHHA NPO Le i
3aBepLuye poboTy, iHaKwe — cnpobu Bigragat YNCNO NOBTOPIOOTLCA. Ha NoYaTKy BUKOHAHHA NPOrpamMmn BCTaHOBAIOETLCA NEBHUI
«npusosuit poHa» (Hanpuknag, 100), Wo 3MeHLWYETLCA 3 KOXKHO HeBaanoto cnpoboto (Hanpuknag, Ha 10). Mpa 3aKiHYyeTbCA Y
OBOX BMMaAKax: rpaseLb Bigraaas ymMcao abo «npusosuin GoHAa» fopiBHIOE Hyto (Kosantok, 2005).

Po3g’a3yBaHHA. O4YeBMAHO, WO Npouec BigrafyBaHHA YMCNa € LMKAIYHUM. TyT AOUINBHO BUMKOPWUCTOBYBATM LKA 3
nicNAYMOBOIO, OCKiNIbKM NPUHANMHI NOBMHHA BigbyTUCA oaHa cnpoba BragyBaHHA. 3ayBaXKMMo, Wo y mosi Python BigcyTHil
TaKuii onepatop uukAy. MpoTe MOro MoXKHa peanisyBaTu, BUKOPUCTOBYIOUM LUMKA 3 NEpesyMmOoBOIO TaK:

while True:

TiNO UMKy
if <ymoBa> break:
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3MiHHi, AKi 6yaemMo BMKOPUCTOBYBATU Yy MPOrpaMHOMY Kogi: prize — npu3osBuii GoHA, y — BMMALKOBE LiNe 4nucho,
3reHepoBaHe Komn'totepom, penalty — wtpad, x — 4UMcno, AKe BBOAWUTLCA FpaBLeM. 3ayBa)KMMO, WO ANA reHepauii uinoro
BMMagKoBoro uncna Big 1 o 1000 BuKopucToBYeTbCA dyHKLUisA randint(1,1000) 3 6i6niotekn random (import random).
MporpamHuin Kog rpu «Bragai umcno» HaseaeHo Ha puc.10.

i rt random
penalty=10
y=random.randint (1,1000)# reHepauisa BMOAOKOBODO Uinorc umcia Bimg 1 mo 1000
prize=100
W True:
x=int (input ("BeegiTe umcio =2im 1 mo 1000: ™))
if x>y
print ("HenpaemneHo, BEEOiTeE MeHme yucio™)
prize=prize-penalty

if x<y:
print ("HenpaeuneHo, BBeniTes Oimpme umcio™)
prize=prize-penalty

print ("BiTasmo! By Burpanu! Bam BMTpam CTAHOEMTE ",prize)
break

if prize==0:

print ("Ha ®mank, Bu nporpamu. CnpobyiiTe me")
print ("Saragese umcno: ", V)
b 4

Puc. 10. MporpamHuii Kog rpu «Bragait uncno»

Pe3ynbTaTv TECTyBaHHA NpPOrpaMHoro Koy rpu «Bragali uncno» HasefeHo Ha puc 11. Ha puc 11,a HaBegeHo BMNaaoK
BUrpaLly rpasLem, a Ha puc 11,6 — nporpawy.

= == RESTART: C:/Pw
Beemire wmcao Eim 1 mo 1000: 376
HenmpaeuneHO, EEEOiTE MeHWE MHCIO
BeemiTe wmcmo Eim 1 mo 1l000: 423
HempaEWmbHO, EEEOiTE MeHWE MMCI0
BEemiTe wdcao Eim 1 mo 1000: 345
HempaswmeHO, EEEOiTE MEHWE WMCIO0
BeegiTe wmdcao Eim 1 mo 1000: 234
HempaemnmeHo, EESTiTE MEHWE MHCIO
BeemiTte =Moo Eim 1 mo 1000: 123
HempaElTEHO, BEEEOiTE Bimbwe wmMcmo
Beemire wMcao Eim 1 mo 1000: 145
HempabMmeEHO, BEEeOiTE Bimewe toiomo
Beemire wcao Eim 1 mo 1000: 157
HempaeMmeEHO, EEEOiTE Bijbwe w{omo
Beemire wmcao Eim 1 mo 1000: 167
HempabMnmeEHO, EEEOiTE Bijbwe wHMomo
BeemiTe wmcmo Eim 1 mo l000: 178
HenmpaeWmeHo, EEeOiTe Bimbwe wmcmo
BEemiTe wdcao Eim 1 mo 1000: 1588
HenmpaeWmeHo, EEeOiTe Bimbwe wcmo
Ha wame, Bu mporpammd. CopofyiiTe we
?ananane wicio: 232

a) 6)

Puc. 11. TectyBaHHA NporpamHoro Koay rpu «Brapaii uucno»

==================== RESTART: C:/Pythonid/ugada
BeemiTe wmcao Eim 1 mo 1000: 500

HempasMIBEHO, EESOITE MeHWe O4Cm0

BremiTe wmdcmo Eim 1 mo 1000: 250

HempasMIBEHO, EESOITE MeHWe O4Cm0

BeEenire wpcmo Bim 1 mo 1000: 125

HenparemmeHO, EESOLTE MEHWE TOICIO

BEemiTe wMcao Eim 1 mo 1000: 65

HenmpaEMMbHO, EEEO1TE MeHWE wHHCIO0

EeeniTe wmcao Eim 1 mo 1000: 35

HempabEMmeHO, EEEOITE MEHWE TOHICIO

BremiTe wmdcmo Eim 1 mo 1000: 18

HempasMIBEHO, EESOITE MeHWe O4Cm0

BeemiTe wmcmo Eim 1 mo lO00: 2

Fiwasno! Ex sMppamt! Baw EMPpaw CTAHOEMTE 40

BUCHOBKWM TA NEPCNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

OTKe, y3arasbHUBLUW BiZOMOCTI, 3Ba*KMBLUM BCi Nepesary i HegoMik1, My NPUALIAK 40 BUCHOBKY, Wo Python Hapasi €
ONTUMA/IbHOKO MOBOK NPOrpamyBaHHA A58 BUBYEHHA OCHOB a/ITOPUTMI3ALLT Y LWKIIbHOMY Kypci iHpOpMaTUKKM, TOMY LLO:

— MA€ NPOCTUIN CUHTAKCUC, NPOTPAMHWMIA KOZ, IErKO YNTAETLCA;

— e 06'eKTHO-OpPiEHTOBaHa MOBa NPOrpaMyBaHHA BUCOKOTO PiBHA, MPU3HaYeHa A1A POo3B’A3yBaHHA HAPiI3HOMaHITHILINMX

3aBAaHb;

— € KpocnnaT$popMeHHO MOBOIO, WO A03BO/IAE CTBOPIOBAT Mporpamu, Ak 6yayTb npautoBat y BCiX onepauiiHux
cucTemax.

— € 6ibnioTekM roToBMX NpoLeayp ANA BUKOPUCTAHHA Y CBOIX Nporpamax. Lle A03BoNsE CTBOPIOBATU CKNagHi nporpamm
LUBMAKO.

— NiATPUMYE pi3Hi Napagnurmun NnporpamyBaHHA.

MoBa Python mae noTy»Hy cTaHAapTHY 6i6NioTeKy, AKY KOPUCTYBAY MOXKe PO3LIMPIOBATU BAACHUMMK bibnioTekamu i
6ibnioTeKamm iHWKNX KOPUCTYBaYiB.

Y cTaTTi MM HaBenun AeaKki MeTogMYHI Nigxoan ANs BUBYEHHA aArOPUTMIYHOI CTPYKTYPU PO3rajyKeHHA Ta NOBTOPEHHS,
30Kpema peanisauito LMKAy 3 NicnaymoBoto. Ha KOHKPeTHUX NpuKAagax npogeMOHCTPYBaAM peani3aLilo OKpemux aaroputmis
moBoto Python. 3BepTaemo yBary, WO 3 BUKOPUCTAHHAM MOBM Python Taki KnacuyHi anroputmm fiK NOWYK MiHIManbHOro (4n
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MaKCMMasnbHOr0) efleMeHTa, 06MiHY 3HaUEHHAMM MiXK 3MIHHUMM BTpayaloTb CBOE 3HAYEHHS. BignosigHO 3micT HaBYaHHA Tpeba
HaMOBHIOBATM iHWMMM 3aBAAHHAMM. Ha Hally AYMKY, BaXKAnBMM Npobaemoto BUBYEHHA OCHOB afropuTMisauii i nporpamyBaHHA
3 BUKOpUCTaHHAM MoBM Python € niabip Takux 3aBaaHb, WO6 B y4HIB AKOMOra piflle BUHUKANO NUTAHHA «HABILLO HaM BMBYATK
aNropuUTM, AKLLO Lie MOXHa 3p06buTH, BUKOPUCTOBYIOUM OAHY-ABI GyHKLIT MOBM Python?».

Moaanbuwi gocniaxkeHHa byayTb CNPAMOBAHI Ha METOAML,i HaBYaHHA ONPALIOBAHHA CKAALHUX CTPYKTYP AaHMX, 30Kpema

CMUCKIB, KOPTEXKIB, CNOBHUKIB, PAAKiB, 3acobamu mosu Python.

10.
11.

12.
13.

10.
11.

12
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METHODICAL ASPECTS OF STUDYING THE FUNDAMENTALS OF ALGORITHMIZATION AND PROGRAMMING LANGUAGE
PYTHON SCHOOL COURSE IN INFORMATICS IN HIGH SCHOOL
Taras Kobylnyk?, Uliana Kohut?, Volodymyr Zhydyk?
1Lviv Polytechnic National University, Ukraine
2Drohobych Ivan Franko State Pedagogical University, Ukraine

Abstract. The article investigates the problems of studying the elements of programming in the school course of computer science.

Formulation of the problem. An important pedagogical problem is the formation and development of the algorithmic skills of students, the
improvement of their professional training. The problems of improving the methodological system of teaching computer science in
general secondary school require further research in order to find more effective forms, methods and means of teaching. It is
necessary to ensure the formation in students of the competencies necessary for a conscious choice of the future profile of education.
Students should understand the relationship between theoretical and applied informatics, know how to use various types of
information technology in professional activities. And also the advantages of the Python language in teaching informatics and the
features of their pedagogical use in teaching the basics of algorithms are determined.

Materials and methods. To achieve this goal, a set of methods was used: a systematic analysis of scientific works covering the problem of research,
studying the domestic experience of studying programming elements in a school computer science course; generalization and
substantiation of the theoretical foundations of using the PYTHON programming language in the school computer science course.

Results. The main characteristics of the Python programming language are considered and the possibilities of using this language in the process
of teaching the basics of algorithmization in the school computer science course are presented. The study of the basics of algorithms
and programming is one of the means of forming the operational style of thinking. Knowledge of this section presupposes the ability
to formalize the task, determine the connections between the parts in it, choose the most effective algorithm for solving the problem,
and the ability to correctly interpret and analyze the results obtained.

Conclusions. The Python language is one of the most popular programming languages. It finds its application in various fields. According to the
labor market, there is a need for specialists who could create software products in the Python language. The institutions of general
secondary education did not remain aloof from this process. School textbook authors are starting to incorporate Python into their
content. Thus, there is a need for the development of teaching materials for the study of the elements of algorithmization and
programming in Python. The methodological significance of this section of the school computer science course lies in the disclosure
of the importance of algorithms. Fundamentals of Algorithmization and Programming is one of the main content lines of the
computer science course in basic school.

Key words: institution of general secondary education, school course in computer science, the basics of algorithms, programming, programming
language Python.
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3ACTOCYBAHHA XMAPO OPIEHTOBAHWUX CEPBICIB BIAKPUTOI HAYKW ANA NPODECINHOINO PO3BUTKY BUUTENIB

AHOTALIA

Y cmammi npoaHanizo8aHo 0cobsau8ocmi 3acmMocy8aHHA XMapo OPIEHMOBAHUX cepsicie 8i0Kpumoi Hayku 015 npogeciliHozo po3sumky

8yumenis. Po32asaHymo 8axau8icme 3aCmocy8aHHA NPUHYUNie ma iHcmpymeHmig 8i0Kpumoi oceimu i HayKu 015 Nio8uWeHHsA
Keanigikayii nedazoziyHux npauieHuKie, 0ocobauso 8 ymosax 27106anbHOI Yugposizauii. [lidcomosneHo pekomeHAayii Wooo
HanNpPAMI8 3acmocy8aHHA XMapo OPIEHMOBAHUX cepsicie 8i0KpUMOI HayKu nedazo2iyHUMU MpayieHuKamu: 074 camoocsimu i
CamMopo38UMKY nedazo2iYHuUX NPayi8HUKIg; 0715 Mi020MOBKU HOBUX HOBYAAbHUX MAMepianie i 00C1iOHUYbKUX 3a80aHb 0115 y4Hie;
0717 pobomu 3 060aposaHuUMuU dimemu i 006ip 047 HUX 000AMKOBUX HABYANBbHUX i OOCAIOHUYbKUX 3a80aHb; 015 0emMoHcmpauil
i ei3yanizayii pi3BHOMAHIMHUX MPUPOOHIX | eKcrepumeHmManbHUX npoyecie nid Yac oceimHb020 npouyecy; 045 nepesipku Ha
naaziam y4YHiecbKux 00CAIOHUYbKUX MpoeKkmis.

PopmyniosanHa npobaemu. [ daH020 00CAiIOHEHHA 8AHAUBUM € GHAAI3 ocobausocmeli 3aCMOCY8AHHA XMAPO OPIEHMOBAHUX cepsicie

8i0KpuUMOI HayKu 018 npogeciliHo2o po3sumky s4umesnis. ToMy, NPOAHAI3YEMO MPOYec Nid2omosku malibymHix ayumesnis,
MPUKAaOU 3ACMOCYBAHHA XMAPO OPIEHMOBAHUX cepsicie 8i0Kpumoi Hayku y npakmuyi pobomu 33CO ma nidsuuwjeHHs
Keanigikayii nedazoziyHUX NpayieHuUKie i3 3acmocy8aHHAM cepaicie 8i0KpUMoi HayKu.

Mamepianu i memodu. /[ns AocAzHeHHs memu 00CniOHeHHA 6Ys0 BUKOPUCMAHO meopemuy4Hi mMemoou: aHasi3, cucmemamu3auis,

y3a20a71bHEHHA HAYKOBUX OX(epes, aHasi3 HayKosux nybnaikayil 8im4u3HaHUX i 3aKOPOOHHUX 84eHUX. []OCniOHeHHA BUKOHAHO 8
MeXax MpoekKmy «XMapo OpPIEHMOBAHI cucmemu 8iOKPUMOI HAyKU y HABYAHHI i npogpeciliHomy po3sumky eyumesie»
(peecmpayitinuli Homep 2020.02/0310), wo peanizayemosca 3a PaxyHOK 2paHmosoi nidmpumxu HayioHaneHo20 ¢GoHAY
docnidneHsb YKpaiHu.

Pesyaemamu. Y 0OocnidxeHHi npoaHanizosaHo ocobausocmi 3acmocy8aHHA XMApo OPIEHMOBAHUX cepsicie 8i0Kpumoi Hayku 04

npogeciliHo2zo po3sumky eyumenie. 3pobseHO BUCHOBOK U000 8aMH(AUBOCMI 3ACMOCY8AHHA MPUHYUMI8 ma iHcmpymeHmis
8i0Kpumoi oceimu i Hayku 074 nidsuweHHa Keanigikauyii nedazoziyHux MpPayiBHUKi8, 0cobauso 8 ymoeax 2/a06anbHOI
yugpposizayii. lidzomosneHo pekomeHOauii W00 HANPAMI8 3aCMOCYB8AHHA XMAPO OPIEHMOBAHUX cepsicie 8iOKpUMOI HayKu
nedazoeiyHUMU npayieHUKamu: 078 camMooceimu i camopo3sumky nedazo2iYHUX MpPayieHUKie;, 071A MiG20mMoBKU HOBUX
HaBYanbHUX mamepianie i A0CAiOHUUbKUX 3080aHbL 08 y4vHie; 04 pobomu 3 o6daposaHumu Oimemu i 006ip 018 Hux
000amKoB8UX HABYAAbHUX | O0CAIOHUYbKUX 3a80aHb;, 018 OemMoHcmpayii i e8i3yanizauil pi3HOMaHIMHUX MPUPOOHIX |
eKcrnepuMmeHmasnbHUX MPOYECie nid Yac 0ceimHb020 NMpoyecy; 0415 NepesipKu Ha rnaaziam yYHi8cbKux 00CAIOHUYbKUX NpoeKkmie.

BucHoeKu. posedeHe 0ocnidiceHHA 0de nidocmasu 3pobumu 8UCHOB0K, W000 8aX/IUBOCMI 30CMOCY8AHHA NMPUHYUNI8 ma iHcmpymeHmie

8i0Kpumoi oceimu i HayKu 017 nidsuweHHA Keanigikayii nedazoaiyHux npayieHukie, adxce 8 ymosax enobanbHoi yugpposizayii
ma KapaHMUHHUX 0BMexceHb BUKAUKAHUX xeopoboto COVID-19 came Ha Hux MoKAadeHa saxcauge cycrinbHe 30800HHA — HE
rnepepusamu oceimHili npouyec y 3aK1adax 3a2as16Hoi cepedHbOoi ocsimu, adice dimu Maromes ompumyeamu 3HaHHA i 300bysamu
0c8imy He 38aM#(QHOYU HA CyCrinbHi 06cmMasuHu.

K/TKOYOBI C/IOBA: 8idKpuma Hayka, iHcmpymeHmu 8i0Kpumoi HayKu, yugposi mexHonoaii, syumeni, npogeciliHuli po3sumok.

BCTYN

MoctaHoBKa npo6nemu. B cyyacCHMX YMOBax pPO3BUTKY | MOWMPEHHIO NapagurmMy  BIOKPUTOI HayKu Cnpusano

PO3NOBCIOAMKEHHA LUPPOBUX TEXHONOTIN, LLLO 3yMOBMIO HEODBXiAHICTb OHOBAEHHA NigXo4iB A0 peanisauii 4ocniaXKeHb 3aranom Ta
OoCy4yaCHeHHA nigxonis i 3micTy ocBiTM 30Kpema. Lindposa TpaHchopmalia XapaKTepu3yeTbCA iHHOBALLMHICTIO, AOCTYMHICTIO,
6e3nepepBHICTIO MpoLeciB, afanTUBHICTIO A0 HOBWUX 33434y, PO3BUTKOM KaZpoBOro rMOTEHLiasly Ta HOBWUX KOMMETEHLU,H,
KOHKYPEHTOCNPOMOXKHICTIO, NigBULLEHHAM edeKTMBHOCTI Ta iH. (Map’eHko&HoceHKo&Cyxix, 2020).

© B.B. KoBaneHko, 2021.
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3 meToto peanisaii npuHUMNIB BiAKPUTOT Hayku y EBponi 6yno cTBOPEHO NPOEKT «EBponericbka Xmapa BiAKPUTOI HayKu»
(EOSC). EOSC € BipTyanbHMM cepepoBMLLEM 3 BiAKPUTMMMK CeEpBicCaMW AN ynpaB/iHHA, 36epiraHHs, aHanisy Ta NOBTOPHOrO
BMKOPUCTaHHA A0CNIAHULbBKUX AaHUX, 06’egHYE B cObi iCHYHOUI HAayKOBI iIHPpaCTpYKTypu AeprKas-uneHiB €C. Y JopoxKHili KapTi ana
BnpoBagKeHHsa EOSC onvcaHo WicTb HaNPAMKIB peanisaLii «EBPONENCbKOi XMapK BiAKPUTOI HayKM» 3 KOHKPETHUMU eTanamu Ta
nos’s3aHMMu 3 HUMK Npuknagamm (EOSC Portal).

Y pocnigskeHHi (Map’eHko, 2020) 3a3HayeHo, WO XMapo OPIEHTOBAHI CUCTEMM BiGKPUTOI HAaYKM HAZAATb AOCNIAHULBKUM
CNiNIbHOTaM BUCOKOMPOAYKTUBHY XMApHY iHPPaCTPYKTypy A5 36epiraHHA HayKOEMHUX AaHWX. BNpoBagyKeHHs XMapo OPiEHTOBAHMX
cUCTeM BiAKPUTOI HayKku Nepeabavae 3abe3neyeHHs SK BUCOKOT NPOAYKTUBHOCTI, TaK i MPOCTOTY BUKOPUCTAHHSA He /IMLLE HAayKOBUMM
CnilbHOTaMu, ane 1 y HaBYaHHi Ta NpodecitHoMy PO3BUTKY BUMTENIB. Pe3ynbTaToOM € HU3Ka NPOEKTIB, WO BUKOPUCTOBYHOTb XMapo
OPIEHTOBAHI CUCTEMM BiAKPUTOT HAaYKM Y NPUPOAHUYMX, BIONOFIYHMX HAayKax Ta rymaHiTapHux. MocuneHa notpeba y po3LMpPeHHi
iHOPACTPYKTYpU XMapO OPIEHTOBAHUX CUCTEM i CEPBICIB, O HaAAIOTbCA ANA 33[40BOJIEHHA 3POCTAOUMX NOTPED y AaHMX HAYKOBMX
pocnigykeHb. Hapasi cTae MOX/IMBMM BMPOBAAMKEHHA XMAPO OPIEHTOBAHWMX CUCTEM BILKPUTOI HayKM 6asyroumMcb Ha HOBUX
TEXHO/I0riAX, NPOBEeAEeHNX YPOKIB Ta HOBUX AOCNIAHNLBKUX NPOEKTIB.

TaKoX NPUHUMNN BIAKPUTOI HAYKM CNPUATUMYTb ePEKTUBHILLOMY NOAOAHHIO PO3PUB MiXK AOCAIAHUKAMUN Ta BUMTENAMU. B
OCHOBI PO3YMiHHSA BiAKPUTOI HAYKM 3aKNa4eHO KOHLEMNLLIO TOro, WO AOCNIAKEHHA NOBMHHO OYTU BiATBOPIOBAHWM i NPO30PUM, Kpim
TOrO BOHW MaloTb [OBrOCTPOKOBY LiHHICTb 3aBAAKU epeKTUBHOMY 36epekeHHI0 Ta 0OMiHy AaHWMW. BUKOPUCTaHHA NpUHLMNIB
BiZIKPUTOI HAyKM MoXKe ByTV KOPUCHUM A1 HaBYaHHA Ta NpodeciiHOro po3BUTKY BUMTENIB, 418 GOPMYBAHHA XMApPO OPIEHTOBAHUX
CUCTEM BIAKPUTOI HayKu. BnpoBagKeHHA XMapo OPIEHTOBAHUX CUCTEM BiAKPUTOI HayKWM y MpoLec HaByaHHA i npodeciinHoro
PO3BUTKY BUMUTENIB NPU3BEAE A0 NiABULLEHHA PiBHA OpraHi3aL,ii AMCTaHLiIMHOrO Ta 3MILLAHOTO HaBYaHHA B LWKonax (Map’eHko, 2021).

Moroakyemocs i3 3a3HadeHMm y poboTi (Map’eHko, 2021) npo Te, wo y 2020-2021 pp. B 3B’A3KY 3 3aNpOBaAKEHHAM
KapaHTUHHUX 3axoAiB cnpuunHeHnx xsopoboto COVID-19 6inbocTi Wwkin YKpaiHn 6yno nepesBefeHO Ha AWCTaHUiMHY dopmy
HaBYaHHA. He3Bakaloum Ha aKTMBHE 3aCTOCYBaHHA BUMTENAMM XMAPO OPIEHTOBAHMX CUCTEM iCHYIOTb NeBHi Npobaemu B opraHisauii
HaBYaHHA Ta npodeciiHoro po3BuTKY BUMUTENIB. OAHIEID 3 OCHOBHMX NPO6EM NOCTAE BiACYTHICTD METOAUK BUKOPUCTAHHA XMaPHMUX
CepBICiB, LLO HE € JIOKANiI30BaHUMM, anie BE3KOLITOBHUMM AR 3aCTOCYBAHHA AR HAYKOBUX Ta HABYA/bHUX Uineil. BUKOpUCTaHHA
XMapO OPIEHTOBAHWX CUCTEM BiAKPUTOT HAYKM A03BOINTL 3p0OUTU HaBYaIbHUI NpoLLec binbll HAYKOBMM Ta aKaeMiYHUM, Mpussese
00 BUpILIEHHA OKpemux nNpobnem akagemiyHoi AobpoyecHOCTi cepes, BUMTENIB Ta yuHiB (Map’eHko, 2021). Tomy BBaXaemo, WO
noTpebyloTb MOAANbLIOTO AOCNIAMEHHA Pi3HI aCNeKTU 3acTOCYyBAaHHA XMapo OPIEHTOBAHWUX CepBICIB BiAKPWUTOI Hayku ans
npo¢eciiHoro po3BUTKY BUMTENIB.

Y ny6nikauii (Map’eHko&LUnwkiHa, 2020) npeAcTaBAeHO ONUTYBaHHA OCBITAH Ha Temy: «BUKOpUCTaHHA cepBiciB BigKpUTOI
HayKM /15 MOCTAaHOBKM | AOCNIAMXKEHHA CTaHY HAayKOBOI Npobaemuy». Pe3ynbTaTv NpoBEeAEHO ONUTYBAHHA MOKA3aau, Wo binblwicTb
pecnoHAeHTIB B NepLly Yepry LiKaBNATbCA MaTepianaMu CBOIX Koaer 3 NpecTuXHUX GaxoBux KypHanis. J/lnwe yeTsepTa YacTuHa
pecnoHAEeHTIB B3arai 3HAE, LLLO TaKe BiAKPWUTA HayKa. A Le B CBOIO Yepry, TaKOXK, MNiATBEPANKYE aKTYaNbHICTb Ta AOLiIbHICTb HALWOTO
LOCNIOMKEHHS, WoA0 0CobMBOCTI 3aCTOCYBaHHA XMApO OPIEHTOBAHWX CEPBICIB BiAKPUTOI HayKM ana npodeciiHoro posBuTKY
BUMTENIB.

AHani3 akTyanbHUX BoCAiAKeHb. [po 0co6MBOCTi BNPOBaAKEHHSA NPUHLUMNIB BiAKPUTOI OCBITY i BiZKPUTOI HAYKM ONMCaHO
y nybnikauisx: bukosa B.HO., NleweHko M.M., OniiHnKa B.B., AumiumH A.B. Ta iH. Pi3Hi acnekTn 3acTocyBaHHA iHCTPYMEHTIB BigKpUTOI
HayKW pPO3rNAHYTO Yy JOChigXeHHAx: Bakantok T.A., Bacunenko A.lO., JluteuHosoi C.I., Map’eHko M.B., Hocehko tO.T.,
LWvwkiHoi M.MN. Ta y gocnigsKeHHAX 3apybixkHWUX BYeHMX. Hapasi B YKpaiHi opraHi3oByloTb Pi3Hi 3aXo4uM LLOAO 3anpoBagyKeHHs
XMapHUX TEXHONOTIM BIAKPUTOI HAYKM B HaBYa/lbHWUI MpoLEec Ta 0OMiHY 4OCBIAOM KpalLMMWM OCBITHIMM MpakTMkamu. Came Ui
TEMATULL MPUCBAYEHUI MiIXKHAPOAHWUIA cemiHap «XmapHi TexHonorii B ocsiTi» (Cloud Technologies in Education, CTE), wo
npoBoAnUTLCA LWOPiYHO 3 2012 p. (https://cte.ccjournals.eu/cte2020/).

Mera craTTi: npoaHanisyBaTM 0cobAMBOCTI 3aCTOCYBAHHA XMApPO OPIEHTOBAHMX CEPBICIB BiAKPUTOI HAayKM Ana npodeciiHoro
PO3BUTKY BYMTENIB.

METOAU AOCNIAXKEHHA

[na pocArHeHHA MeTn AochigyKeHHA Oyn0 BMKOPWUCTAHO TEOPETUYHI MeTOAM: aHanis, CMCTeMaTM3alif, y3ara/JbHeHHA
HayKOBWX [yKepen, aHani3 HayKoBUX MybnikaLii BITYN3HAHMX i 3aKOPAOHHMX BYEHMX. [OCNIAKEHHA BUKOHAHO B MeXKaX NMPOEKTY
«XMapo OpIiEHTOBaHI CUCTEMM BIZKPUTOI HAyKM Yy HaABYaHHI i npodeciiHOMy pO3BUTKY BUMTENIB» (PEECTPALiMHWMIA HOMep
2020.02/0310), wo peanisyeTbca 3a paxyHOK rpaHTOBOI NiATPUMKM HaLjioHanbHOro ¢poHAy AoCNigKeHb YKpaiHu.

PE3Y/IbTATU AOCNIAXKEHHA

€Bponeiicbka KOMiICiA po3noyana NpPoekT «EBponeiicbka XmapHa iHiliaTMea A1a NobyaoBW KOHKYPEHTOCNPOMOMKHOI
€KOHOMIKM Ta 3HaHb y €sponi» (EOSC) 4na NiATPUMKM BIAKPUTOI HayKW. 3aBAAKM OAHOMY MPOEKTY AOCAIAHMKM 3 Pi3HMX
€BPOMENCHKMX KPaiH MOXYTb ONpPaLbOBYBaTW BeNNYE3Hi 06CATM HAyKOBMX AaHWX Ta AIIMTUCA CBOIMM pesynbTaTaMM, OLHOYACHO
MOKpPaLLytoUM AOCTYN 40 HOBUX HAYKOBMX pe3y/bTaTis, AaHMX Ta iHHoBaUii (European Commission / Shaping Europe’s digital future.
Open Science). Y foKyMeHTi «EBponeicbKa Xmapa BigKpWTOT HayKW: HOBA NApaAMrma A5 iHHOBaALLM Ta TexHonorili» onvcaHo EOSC
AK HafiviHy undposy naaTGopmy AnA HayKOBOI rPOMaay, WO 3abesnevye HafaHHA 6e3WOoBHOro A0CTYNY A0 AaHWX Ta CYMICHMX
MOC/IYT, AKi CTOCYIOTLCA BCbOTO Ly OTPUMAHHA JaHWX 3 HAYKOBOTO A0cAiAXeHHs (36ip, ynpaBniHHA, 36epiraHHA, aHani3 Ta NoBTOpHe
BUKOPWUCTAHHA JaHWX).

TaKo, icCHye NPOEKT «Mocnyrn ana €sponeinicbKol XmMapu BigkpuToi Hayku» (EOSC-hub). Lielt npoeKkT o6’eaHye HaraTbox
nocTayasibHUKIB NOCAYT | yTBOPIOE €AMHY KOHTAKTHY TOUKY /1A EBPONENCHKUX AOCNIAHMKIB — Lie 03HAYAE LUMPOKMI JOCTYN A0 NOCAYT,
nporpamHoro 3abesneyeHHA 414 [OCNIAKEHb Ta po3wupeHHa chienpaui. 3 EOSC-hub TicHo nos’asaHi iHiuiatmeu: OpenAlRE-
Advance, GEANT 4.2, elnfraCentral, RDA Europe 4.0 Ta EOSCpilot 3 meToto 3abe3neyeHHA Nocayramu A0CNIGHULBKI CMiNIbHOTM MO
BCili Esponi.
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B AOKymeHTi «BiakpwTi iHHOBaLUi, BigKkputa HayKa, BigKpuTicTb 40 CBiTy — Bi3ia a4ns EBpoNM» onMcaHo NnepcnekTMen poboTn
00 2030. BKasaHo, WO BigKpWTa HayKa CTasa peasibHICTIO | NPOMOHYE LinWUM pAg HOBUX, HEODMEKEHUX MOMKAMBOCTEN ANA
[OCNioKeHb Ta BigKPWTTIB Yy BCbOMy CBIiTi. Ma€e 6yTu 3abesneveHnit 6e3KOLWTOBHMI [OCTYN A0 BCiX HAYKOBUX [AAHMX, LULO
diHaHcyloTbCA pepikaBoto. Mapagurma BigkpuToi Hayku (Shaping Europe’s digital future. Open Science) rpyHTyeTbca Ha igel
TpaHchopmaLii HayKM 33 JOMNOMOro0 LUMGPOBUX TEXHONOTIN, LWO6 3pobUTU AOCNIAKEHHA TN06ANBHUM, BIOKPUTUM, CRiNbHUM,
TBOPYMM Ta HABAMKEHUMM A0 CycninbHUX NOTPED.

Y pocnigsKeHHi BacuneHko A.HO. (BacuneHko, 2019) BKas3aHO, LLO OAHIED 3 TEHAEHLIN PO3BUTKY NpPaBMA MiKHApPOAHOI
HayKoBOIi cniBnpaLi B mexax EBponencbKoro A0CAIAHULBKOrO NPOCTOPY € 3aCTOCYBaHHA MONITUKWU BiAKPUTOI HayKW, 30Kpema
BiZIKPUTOrO AOCTYNY A0 HAYKOBUX AAHMX, WO MOXKE PO3rnaaatmca AK cumbio3 HayKoBOi Ta, YaCTKOBO, iHGopMaUinHOoi noniTnk. Ha
NPaKTULi NONITUKY BIAKPUTOI HAaYKK, 3 ypaxyBaHHAM Cy4aCHOrO eTany po3BUTKY NHOACTBA, HaNbiNbLL epeKTUBHO MOXKHa peanisyBaTtu
33 LONOMOFOI0 OKPEMOFO Pi3HOBUAY LMPPOBUX IHPPACTPYKTYP — e-iHPPacTPYKTyp. BNpoBagKeHHA NONITUKM BiAKPUTOI HAYKM Ha
HaLioOHaNbHOMY PiBHI B OKpPEMWX [eprkaBaXx MA€ CBOI XapaKTepHi pucu. Ha npuknaai PpaHuii npoaHanisoBaHO 3acToCyBaHHA
napasavrmm BiZKPUTOI HAYKM Ha AePrKaBHOMY piBHi. ONMMCaHO MOXKINBE BAOCKOHANEHHA pOBOTH OpraHiB AepKaBHOI Baau, 30Kpema
y cdepi MOHITOpUHrY peanisaLii napagurmmn BiAKpUTOI HayKu. MoKasaHo posb e-iHGPaCTPYKTYp, 30KpemMa penosuTapiis HayKoBUX
LAHWUX AN1R 3aCTOCYBaHHA NapaanrMum BiZKPUTOI Hayku. MoTpebyroTb NOAANbLLIOr0 aHaNi3y Niaxoau 418 NOAANbLIOIO BUKOPUCTAHHSA
MiXKHapoAHoro AocBigy nig yac npouecy GopmyBaHHA HaLiOHAbHOI NOMITUKK BigKPUTOT HayKu B YKpaiHi (BacuneHko, 2019).

Y 2017 p. komicieto npu MOH YKkpaiHu 6yno niarotoBneHo AOPOXKHIO KapTy iHTerpauii YKpaiHu ao €sponeicbkoro
pocnigHuubKoro npoctopy (ERA-UA), 5-i npiopuTeT AaHOro JOKYMeHTa MiCTUTb Nigpo3ain «BigkpuTa HayKa i undposi iHHOBaL,i».
TaKkox, po3pobneHo aokymeHTn «Lndposa agxkeHTa YkpaiHu — 2020» Ta «KoHuenuis umdpoBoi eKOHOMIKM Ta CycninbcTBa»
(2018 p.). | ctBOpEHO MiHicTepcTBO LMbpPOBOI TpaHCchOopMaLii YKpaiHK.

[nA Haworo AOCNiAXKEHHA BaXKNMBUM € aHaNi3 0cobMBOCTEN 3aCTOCYBaHHA XMApO OPIEHTOBAHMX CEPBICiB BiAKPUTOI HayKn
418 npodecinHOro po3BUTKY BUMTENiB. TOMY, NpoOaHaNi3yEMO MpoLLeC NiAroTOBKM MalbyTHiX BUMTENIB, NPUKAAAM 3aCTOCYBaHHA
XMapo OPiEHTOBaHWX CEPBICIB BiAKPUTOI HayKKM y NpakTuLi pobotn 33CO Ta niasuweHHA KBanidikayji negaroriyHMX NpauiBHUKIB i3
3aCTOCYBAHHAM CEpPBICiB BiAKPUTOI HayKM.

Akagemik bukos B.1O. y nybaikauii (Bukos, 2019 p.) po3rnaaae cydacHi TeHAeHLji po3BUTKY iHpOopMaLiiHOro cycninbCTBa Ta
npobnemu BNpoBaaXKeHHA LUMPPOBUX TEXHONOTIW Y BITYM3HAHIN OCBITI i HayLi; 0BFPYHTOBYE NPiOPUTETU, TEXHONOFIYHI NPUHLUMMK
nobyaosu iHPopmaL,iiHO-OCBITHBOTO cepesoBMLLA; BU3HAYAE NPIOPUTETHI 3axoamn ana undposoi TpaHcpopmauii cycninbeTea, a
came: BNPOBAAMKEHHA Ha AeprKaBHOMY pPiBHI npoueayp 3abesneyeHHA HeOobXiAHMX PiBHIB AOCKOHANOCTi €/1eKTPOHHMX OCBITHIX
pecypcis; po3pobaeHHsA CTaHAAPTIB LMPOBUX KOMNETEHTHOCTEN Cy6’eEKTIB OCBITHBOrO NPOLECY; PO3PODBAEHHA Ta BNPOBAAKEHHS
nporpamu nigsuLLEeHHA 06i3HaHOCTI rpoMaasAH 3 NUTaHb Kibepbe3neku; CTBOPEHHA TEXHONOTIYHOT iIHPPACTPYKTYpH 3aknaais OCBiTH
Ha OCHOBI XMapPHWX TEXHOOFi Ta iH.

Y poborTi (/lynapeHko&Map’eHko&HoceHKo& Cyxix&LUnwkiHa, 2020) onncaHo Halbinbl AOLIMbHI WAAXM 3aCTOCYBaHHA
KOMMOHEHTIB «EBPONENCHbKOT XMapK BiAKPUTOT HAyKM» B OCBITHBOMY NPOLLECI: THYUKiCTb 4060PY OKpemuXx ii iIHCTPYMEHTIB € fOCUTb
3pYYHOIO BAIACTUBICTIO ANA OpraHi3aLii HaBYasIbHOro NPOLLECY AK YCTAHOBW, TaK i OKPEMMUX ii CTPYKTYPHMX NiApo34iniB; MOXKAMUBICTb
BMKopucTaHHA EOSC B pamKax OKpemux NpeameTiB UM HaBYANbHUX AUCLMMIH 3 iX NOAA/IbLIOK iHTErpaLi€o Ta BCTAHOBAEHHAM
MidKNpeaMeTHUX (MiXAMCUMNAIHAPHKX) 3B’A3KiB; OAHOYACHE BUMKOPWUCTAHHA 3aKNagamMu OCBITM Ta HAyKOBMMW YCTaHOBamMm
cninbHoro Habopy cepsicis 33408 cnisnpau,i (konabopalii).

LWnwkiHa M.M. y ny6nikauii (LWunwkina, 2020) po3rnaaae ocobamsocTi GopmyBaHHA BipTyanbHUX CUCTEM BiZKPUTOI HAYKU Y
3aK/lafiax BMLLOI OCBITH, LLO € CYTTEBOIO NepeasyMoBOO Migrotosku IKT-komneTeHTHUX daxiBLiB, 34aTHUX A0 aKTUBHOIO, HAYKOBO
0b6r'pyHTOBaAHOro 3acTtocyBaHHA cydacHux IKT y cBoilt npodeciiiHin aisnbHocTi. BcTaHOBNEHO, WO 3aBAAKM 3a/ly4YeHHIO B OCBITHIM
npoLec 3aKnagis 0CBiTM 3acobiB i cepBiciB HAYKOBO-OCBITHIX XMapo OPIEHTOBAHMX NAATPOPM, BAAETLCA AOCATTU NO3UTUBHUX 3MIH Y
3/iiCHeHHI HaBYaNbHOT | HAYKOBOT AiANbHOCTI, NOAIMLWEHHI T AKICHUX i KibKICHMX NOKA3HMKIB, 3acToCyBaHHI HOBUX Gopm i moaenel
il opraHizauii, Lo NO3UTUBHO BMN/IMBAE AK Ha Pe3yNbTaTh HaBYaHHA, TaK i HA PO3BUTOK HAYKOBUX AOCAIAMKEHb, NOMIMNWEHHA PiBHA X
opraHisauji, niasuweHHA ebeKTUBHOCTI. Y3aranbHeHO AOCBif BUKOPUCTAHHA BIAKPUTUX XMapO OPIEHTOBAHWX CUMCTEM BigKPUTOT
HayKM AN CnifibHOI poboTH; NiATPMMYBAHHA KOMYHiKaLji; afAanTMBHOIO YMNpaBiHHA KOHTEHTOM; CTBOPEHHS i BUKOPUCTAHHA
€/1eKTPOHHMX OCBITHIX pecypciB Ta iH.

Y KonektBHoMy gochigxeHHi (LUuwkiHa&Monens, 2019) onucaHO NepcneKkTMBM Ta CydvacHi €BPOMENCbKI TeHaeHU;l
BMKOPUCTaHHA XMApHUX CEPBICIB Y CMCTEMaX BifKPUTOI HAayKW; BUSHAYEHO MOXK/IMBOCTI 3aCTOCyBaHHA XmapHoro cepsicy Office 365
L1151 eKCNepUMEHTaNbHOI AiANbHOCTI; NpeACTaB/leHO A0CBIA BMPOBAZAKEHHA OKPeMUX CePBICiB XMApPO OPIEHTOBAHOIO CepefoBMLLa Y
pob60oTi HAyKOBOT YCTaHOBM. 3aCTOCYBaHHA XMApHMX CepBiciB cnpuae Nobyaosi BiNbl 3pyYHMX, MacTaboBaHMX cUCTEM OpraHisaLii
[OCTYNy 10 eNeKTPOHHUX PeCcypCiB ANA OCBITHIX Lifel | npoBeAeHHA HayKOBUX AOCANIAKEHb, MOKPALLYOTLCA YMOBU ANA KONEKTUBHOT
poboTN 3 NPOrpPamMHUMKM J0AaTKaMM 3i 3HATTAM reorpadiyHMx i YacoBMX OBMeKeHb, TaKUM UYMHOM BifOYBa€ETbCA peanisauis
NPWUHUMNIB BiAKPUTOI HAYKK Ta OCBITW.

Pa6oBa 3.B. Ta EnbHMKoBA I.B. yMOBHO pO3i/sitoTb BUK/MKM, WO HAapa3si CNOHYKAOTb 10 CTPIMKOrO PO3BUTKY CUCTEMM OCBITU
Ta i unudposizaLi, Ha 30BHILLHI Ta BHYTPIWHI. 30BHIWHI BMiWwyoTb B cebe: 1) rnobanbHuUii nepexig ocsitn B online dopmar Ta
MOZEpPHi3aLjilo CTpaTeriyHMX Ljinei ocBiTM B ymoBax LuMdpoBisaLii; 2) po3byaoBa cucTeMy AKOCTI OCBITM AK BHYTPIWHbLOI, TaK i
30BHILWHbOI 1 HEObXiAHICTb il uMppoBOro 3abesneyeHHs. OkpecneHe Nepenbdayae po3pobaeHHs i onaHyBaHHA HOBUMM LIUGPOBUMM
TEXHO/IOTIAMM OpraHi3aLii OCBITHbOrO NMPOLECY, LLLO M BU3HAYAE CYTHICTb NPOJIOHFOBAHOIo NpodeciiHoro 3poctaHHA ¢axisusa. OTKe,
B Cy4aCHMX YyMOBaX NPOBiIZAHMM MOMNUTOM Y CUCTEMI NiABULLEHHA KBaNidiKaLii GaxiBLiB € PO3BUTOK rHYYKMX HaBUYOK «Soft skills», aki
3abe3nevyoTb BUCOKY NPOAYKTUBHICTb Ta pPe3ybTaTUBHICTb NPodeciiHOol gianbHocTi (PAboBa&EnbHMKOBA, 2020).

Y pocnigykeHHi (PaboBa&EnbHMKoBa, 2020) yTOYHEHO CTPYKTYpPY NpPOdeciMHOi KOMNETEHTHOCTI NeAaroris: CNPOMOXKHICTb
ocobucTocTi negarora 40 eQpeKTUBHOI NeAaroriyHoi Ais/IbHOCTI 3 BMKOPUCTAHHAM LMOPOBUX CEPBICiB; UMPPOBI HABUYKK
(BKopucTaHHa Zoom, BigBlueButton (Open Source Web Conferencing), Google Meet Tow,o ana opraHisauiit 0CBITHbOro npouecy w
nowMpeHHs iHPopmaLLi NPo HaBYaZIbHUI KOHTEHT Yy PEXMMI PeanbHOro Yacy); HaBUMUKM ycnilHOCTI npodeciiiHoi AianbHOCTI Ha
OCHOBI MPOEKTHOIO TUMY MUC/IEHHA AK B peasibHOMY, TaK i B LndpoBomy npocTopi. BueHi nigKkpecntowoTb, WO NPOBiAHOK HAaBUYKOHO
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CTaE ONUTyBaHHA 3700yBayiB OCBITM i3 3aCTOCYBAaHHAM Pi3HWX |HTEPHET-KOHCTPYKTOPIB A1 CKNQAQHHA TecTiB nepeBipku
HaBYa/IbHOTO KOHTEHTY Ta 3BOPOTHOIO 3B'A3KY.

OKpiMm aKTMBHOro 0broBOopeHHA Ta NacMBHOI y4yacTi y Pi3HUX HAYKOBMX 3axodax (KoHdepeHuiax, BebiHapax, cemiHapax,
TPEeHiHrax, MancTep-Kaacax) BuUTeNb MoxKe ByTu iHiLiaToOpoM BAACHUX BED-3aX04iB, OpraHi3aTopamm AKX MOXKYTb ByTU AeKinbka
BUMTENIB, METOIO AKMX € 0BMIH HAKONUYEHUM NeaaroriYHMM SOCBIAOM Ta 0BroBOPEHHA KAOUYOBMX TEHAEHL PO3BUTKY, AOCATHEHD
Ta BiOKPUTTIB NeJaroriyHoOi HayKM Ta MpakTUMKW. «Mojenb CydacHOro BuuTens nepenbayae roTOBHICTb 4O 3aCTOCYBaHHA HOBMX
negaroriyHUX igen, 34aTHiCTb 6e3nepepBHO HaByaTMCA Ta pPO3BMBATUCA, OyTM y MOCTIMHOMY TBOpPYOMY MOLYKY Ta
CaMOBA,0CKOHaAIOBATMCLY. A 3a6e3neuntu uto notpeby MoxKe NporpecrBHUit Ta ePeKTUBHUI IHCTPYMeHT camoocBiTh — IKT, wo
[,03BO/IAOTb 38KOHOMMTY Hac, € 3pyYHUMU A1 BUKOpUCTaHHA (Kpuea&Muamneup, 2018).

Moroakyemocs i3 3a3HauyeHnm y poboTi (Map’eHko, 2021), npo Te, Wo «BnpoBagKeHHsA NPUHUMNIB BiAKPUTOI HAayKM — Lie
BE/IMKMIA NOTeHLiaN ANA NPUCKOPEHHA AK BHYTPILWHbO aKageMiyHMX, TaK i 30BHILWHIX CyCNiIbHUX NPOLLECIB HABYAHHA Ta CTBOPEHHSA
HOBWMX 3HaHb, MPULLIBUAWEHHA AOCAIAHULBKUX Ta iIHHOBALiMHMX NPOLECIB ANA MOLWYKY pilleHb ANA AOCATHEHHA Ujinel CcTanoro
PO3BUTKY Ta FOIOBHUX BUK/MKIB CYCMiNbCTBA, @ TaKOXK BAOCKOHA/MIEHHA NpPOLLeCy HaBYaHHA i NpodecinHOro po3BUTKY BYUTENIB.
BigKpwTa iHHOBaUjMHA NPaKTUKa, WO 6A3YETLCA HAa BUKOPWUCTAHHI BiAKPUTUX HAYKOBUX Pe3yNbTaTiB A1A BNPOBAAXKEHHA iHHOBALiM Y
cdepi 0CBITU 3a MeXKamMu 3aKnadiB OCBITUY. TakoK, y Nybikay,ii [17] onncaHo 3aranbHi NPUHLMNM GOPMYBaHHA XMapO OPIEHTOBAHMX
cucTem, a came: iHAMBIAyanisauii, BapiaTMBHOCTI, iHTEPaAKTMBHOCTI, iHTerpauii Ta HagiiHocTi. CneumdiyHMmKM nigxogammn [0
dopMyBaHHA XMapo OPIEHTOBAHUX CUCTEM BiAKPUTOI HAYKW € TaKi: YaCOBWUM, iHTErpaLiiHMiA, HayKOBUI, 0COBUCTICHO-OPIEHTOBAHMIA
Ta NPOEKTYBANbHUN.

Map’eHko M.B. y BnacHOMy A0CAiIOMKEHHI 3a3HaYaE, WO «iCHYE B3aEMO3B'A30K MiX BiAKPWTOK HAyKOK Ta BiAKpUTOMO
OCBITOIO, LLO LiNi Ta NPUHLMNK BiAKPUTOI HAYKM MOXKHa BNPOBaAMTU B 3aKafax BULLOI OCBITUY. TaKoXK, JOCAIAHMLA BKa3yE Ha Te,
LLLO XMapO OPIEHTOBAHI CUCTEMM BiAKPUTOI HAYKM MaiyKe He BUKOPUCTOBYHOTLCA B 3aK1aZax BULLLOT OCBITM Ta Ha Kypcax NiaBULLEHHSA
kBanidikauii BunTenis. TobT1o icHylOTb NPo61EeMM 3 BUKOPUCTAHHA XMApPO OPIEHTOBAHMX CUCTEM BiAKPUTOT HAayKMN Yepes HeLO0CTaTHIO
iX po3pobneHicTb. MeToanKa BUKOPUCTAHHA XMApOo OPIEHTOBAHUX CUCTEM BIAKPUTOI HayKM y NpoLeci HaBYaHHsA i npodeciliHoro
PO3BUTKY BUMTENIB MAE BKNKOYATU TaKi 3ac06M HaBYaHHSA, LLLOO OXONWUTK pi3Hi NOTPebU BUMTENIB 3aNeXKHO Bif POPMM Ta HaBYANbHUX
npeametis. MeToAMKa BMKOPUCTAHHA XMapo OPIEHTOBAHUX CUCTEM BiAKPUTOI HAyKWM y MpoLEeCci HaBYaHHA MalbyTHiIX BuUUTeNiB
MICTUTb HACTYMHIi KOMMOHEHTU: LIiNbOBUIA, 3MICTOBUI, TEXHONOTMYHUI Ta pe3y/nbTaTUBHUWA. BUKOPWUCTAHHA BUMTENAMM XMApPO
OPIEHTOBAHMX CUCTEM BiAKPUTOI HAYKM B paMKax LKIJIbHUX MpeAMETiB CNPUAE YPISHOMaHITHEHHIO OCBITHbOIO NpoLiecy Ta npusseae
00 NiABULEHHSA Moro HaykoBocTi (Map’eHko, 2021).

NuteuHosow C.I. y ny6nikauii (/iutenHoBa, 2021) gocnigskeHo npobaemy 3acToCyBaHHA CEPBICiB XMapo OpPIEHTOBaHMX
cuctem gna npodeciiHoro po3BUTKY BUMUTENIB NiLLEIB, AK HOBOrO TMMY 3akaady ocBiTh. «Cneundika niueis, 30Kkpema NpUpPoOgHNYO-
MaTEMATUYHUX, (i3UKO-MaTEMATUYHWUX, MEANYHMUX, XIMIKO-TEXHOJIOTYHMX Ta iH. NOTpebye A0AATKOBUX CepBiCiB AN AeMOHCTpaL;i
NpoLEeciB MUBOI Ta HEXMBOI Npupoan. [Ana BUpilleHHA Wiel Nnpobaemn BYUMTENi NiLEiB MOXKYTb BUKOPUCTOBYBATU KOMM'HOTEPHE
MOJeNtoBaHHA Ta CEPBICU XMapW BiAKPUTOT HayKun». [Jo npuKknaay, HagaHHA BYMTENAM AOCTYN A0 XMapo OPiEHTOBAHOro cepefoBumLLa
AiiDA, fe € MOXAMBICTb 3anycKaTW Ta KepyBaTM pobouMmMu Mpouecamu 3a AOMOMOroH cneujasbHUX Beb-nporpam Ta Beb-
nepernagaya. BuMtento HafaeTbCa HM3KA AOAATKOBMX CEPBICIB: 3anmMCK NEKLi Ta iHTEPB'I0 NPUCBAYEHUX OKPEMMM acrekTam Ta
pe3y/sbTaTaM HOBAaTOPCbKMX AOCAIAXKEHD Y rafy3i MONEKYNAPHOrO MOZENOBAHHA Ta MOAENOBaHHA MaTepianis; 36ipKka KOPOTKUX
HaBYa/ZbHMX KypciB 3 0DpaHUX Tem, MPOBEeAEHUX 3anpolleHnMKU NekTopamu. Bukopuctaslum seb-gopatok 3DBIONOTES-WS
MOXK/IMBO 3A4iACHUTM SEMOHCTPALiO AOCNIAKEHHSA BYEHMX B OHNAMHOBOMY PEXMMi Ta NOKa3aTu nepebdir pisHUX AOCNiAKEeHHA 1
OTpPUMaHi pe3ynbTaTu. TakoXK, AOCNIAHULED 3aMPOMNOHOBAHO 3ilcHIOBaTK A06ip 3acobiB i cepsiciB 3a KaTeropismu, WO OXONHOTb
BECb CMEKTP OCBITHbOI AiA/IbHOCTI BUNTENA Ta BUKOPUCTOBYBATH iHHOBALLIMHI NigXoAM Ta TEXHONOTII TaKi, AK CepPBiCY XMapU BiAKPUTOI
HayKM Ta CUCTEMM KOMMN'OTEPHOFO MOZENOBAHHA.

[o npuknagy, onuwemo NO3UTUBHUIA [0CBiL, WBeACbKOi opraHisauii «VA (Public&Science)» wopno BnpoBaaXKeHHs
iHCTPYMEHTIB BiAKPWUTOI HAayKW ANA CYcninbCTBa i WKinbHOT ocsiTh. VA (Public&Science) — Le weeacbka HenpubyTKoBa opraHisadin
(3acHoBaHa y 2002 p.). YneHamm VA € 90 opraHisauii (yHiBepcuTeTH, opraHu BAaam, acouiaLii Ta Komnawin). OpraHisauis VA 6epe
Yy4acTb Yy NPOEKTax i3 CMibHO 3 €BPOMENCbKMMM MapTHepamM Ta ycTaHoBamMu Ta € yneHom ECSA (European Citizen Science
Association), ECSITE (EsponeicbKa mepeka HayKoBuMX LLeHTpiB Ta my3eis) Ta EUSEA (European Science Engagement Association). Ha
canTi «VA (Public&Science)» 3a3HaueHo, Lo «BiaAKpUTa HayKa — Lie 3p0buTn A0CNIAKEHHA BiNbLL 4OCTYMNHUM Ta NPO30PUM AR IHLIMX
[OC/AHVKIB Ta WKMPOKOTO cycninbcTea». VA opraHisoBye 6araTto 3axoZiB Ta 3aX0ZiB, CMPAMOBAHUX Ha CTUMY/IOBAHHA Aiafory Mix
OOCNIOHVKAMM Ta FPOMAZCHKICTIO HOBUMM cnocobamu. Lle wBeacbKUin HaLOHabHUI KOOPAMHATOP LLOPIYHOFO EBPOMENCbKOro
HayKoBOro ¢pectmsanto «EBpPOMNencbKa Hiy 4oCNiAHMKIBY. B pamKax «EBponencbKoi Houi AocniaHMKiB» VA Takox npoBoauTb MpaH-
npi AOCNIAHWKIB, KOHKYPC HAayKOBUX KOMYHIKaLi ANA AOCNIAHUKIB Ta MAcOBi eKCNePUMEHTM B LIKOAAX, AKi 3a/1y4atoTb YYHIB 40
peanbHUX focniaxeHb. [iafbHICTb BKAOYAE TaKOXK KOHepeHL;i, HayKosi Kade Ta BebiHapy gna BueHUX. Cloan BXOAUTD LLLOPIYHWIA
6apomeTp VA w040 3arasibHOr0O CTaBNEHHA LWBEACbKOI FPOMAACbKOCTI A0 HAaYKM Ta AOCAIAHUKIB (AumiwmH, 2021).

OpraHisauia VA 6epe aKTUBHY y4acTb y MPOEKTax, L0 CPUAIOTb BNPOBAAMKEHHIO NapaAnrMu BiAKPUTOI HayKK, a came:
«EBPONENCbKA Hi4 JOCNIAHUKIB» — NPOBOAUTLCA WOPIYHMUI HAYKOBUIA NPOEKT B pamKax decTuBanto Hayku ForskarFredag, 3a akum
rPOMAZCLKICTb Ta YYHIB 3i LWKiA No BCil LLUBew,ii 3anpoLuytoTbes B3ATH y4acTb y peanbHuUx gocnigxkeHHsx; EC — FpomaaaHuH. Hayka —
po3pobKa eBponencbKoi NaaThopmm 418 rPOMAAAHCBKOI HayKK; ARCS — HayKa Npo rpomazsH 14 BCiX — po3pobKa weeacbKoro Beb-
nopTany A8 HayKu1 Npo rpomagsH; Biakputa Hayka ORION —3pobutn focnigKeHHs B ranysi HayK Npo »KUTTa Ta biomeanumHy 6inbL
BIAKPUTUMM Ta BKAOYUTM Binblue couiafibHUX NEepPCneKkTUB y NpoLec JocnigKeHHs; IHCTpymeHT RRI — 33 uMm npoektom 6yno
po3p0o6ieHo Habip IHCTPYMEHTIB ANA NIATPUMKM BiANOBIAANbHUX AOCAiIAXKEHb Ta iHHOBaU,i; SciShops; BiaKpuTi HayKoBi cemiHapu —
cemMiHapwm 3 BigKpWTOi HayKku ans yHisepcuTeTis LWseuii (Aumwmn, 2021).

Y poboTi (Map’eHko&LLnwkiHa, 2020) po3rnsHyTO cepBic BigKpWUTOro Aoctyny arXiv, onnMcaHo ocHoBM Po6OTM 3 AaHUM
cepBicom Ta 0cOBAMBOCTI MOr0 BUKOPUCTAHHA A4 OCBITHiX uinei. Cepsicy cninbHoi poboTn Hag, HaBYANIbHUMM NMPOEKTaMU TEX
MOXHa BBaKaTW cepBicamu BIZKPUTOI HAYKM, OCKiIbKM BiNblIiCTb 3 HUX MaloTb IHCTPYMEHTapi AnA nojanbworo, nybaivHoro
ONPUIIOAHEHHA OTPUMAHUX pe3ynbTaTiB. TaKoXk, HaBedeHo ornag meceHgskepa Discord (B AKOMy € iHCTpymMeHTapii 3agna
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CTBOPEHHS BiAKPUTUX CMiNbHOT (cepBepiB) 3 METO MoAANbLWOro NPUEAHAHHA BYAb-AKOrO KOPUCTYBaya), WO OCTaHHIM Yacom
npeTeHAy€Ee Ha BUKOPUCTAHHA B XMapoO OPIEHTOBaHUX CUCTEMAX, MICTUTb IHCTPYMEHTM, AKi € XMapHUMW Ta NErko iHTerpyerbca 3
iHLWKMMM cepBicamu 3aBAAKM BIAKPUTOMY KOAY.

MorogsKyemocs 3 TMM, WO «... 6araTo BiAKPUTMX HAYKOBWMX IHCTPYMEHTIB MOXKYTb MOKPALMTM B3AaEMO3B'A3KM MiXK
LOCNIOHVKAMW Ta BUATENAMM, WOG BUKPUTK BCi aCNEKTU AOCAIOHULBKOIO Mpouecy Ta NonerwmTy BNpoBaAKeHHA NPaKTUYHUX
po3poboK B ranysi ocBiTM Ta neparorikv». CniBnpaua, MOX/AMBO nNpu3Bede AO TOro, WO HOBWI MNPOrpaMHUI MNPOAYKT
CTBOPHOBATUMETLCA LWAAXOM 0OMiHY ifeamu, wob 36anaHcyBaTv NOTPEOU Pi3HUX CEKTOPIB Ta YCTAHOB (HAaBYANbHWUX Ta HAYKOBMX).
MocTynoBe BAOCKOHANEHHA iCHYIOUYMX METOAMK Ta METOAMYHUX CUCTeM npu3Bede A0 AKICHOI 3MiHW HaBYaNbHOro npouecy Ta
npodecinHoro po3BMUTKY BUMTENIB, LLLO B CBOIO Yepry MOAEPHI3YE B LLKINbHIM NpaKTuLi 3acobu Ta meTogu (Map’eHko, 2021).

MpoTe iCHYITb COLOKYNIbTYPHI, TEXHIYHI Ta IHCTUTYLIMHI NPOBAEMU CNPUNHATTA BiIOKPUTOI HayKM, BKIKOYAOUM MPAKTUYHI
niaxogu ANA NogoNaHHA LMX NepeLlKkos, y nporpamax niaAroToBKM Ta KypciB NiABUWEHHA KBasidiKauii negaroriyHMx npauiBHUKIB
(Map’eHko, 2021).

Y pocnigrkeHHi (Map’eHko, 2020) HarooWeHO, Lo PO3rAaAakoum pisHi XMapo OPIEHTOBAHI CUCTEMM 3 TOUYKM 30pY BiAKpUTOT
HayKW, He BCi BOHM BiANOBIAAOTb OCHOBHMM NPUHLMNAM BigKPUTOT HayKu. Lle MatoTb ByTM XMapHi cepBicy, WO po3MiLLEHi Ha OAHIN
nnatdopmi Ta € 3arasbHOAOCTYNHWMMW, BGE3KOWTOBHUMM Y BUKOPWUCTAHHI | MICTUTU KOHTEHT, WO € BIAKPUTUM AAA IHLIMX
KopucTyBayis. Monpwu Le, nonepesHs PeeCTpaLLia B XMapo OPiEHTOBaHIN cuctemi He 060B’A3KOBA.

3aBAAKM LUMPLIOMY 3a/Ty4EHHIO Y MPOLLEC HAYKOBUX A0CAIAXKEHb 3aC00iB i CepBiciB HAYKOBO-OCBITHIX MepesK, 30KpeMa Xmapo
OPIEHTOBAHMX, @ TaKOX PI3HUX TWUMIB KOPNOPATUBHUX XMapHWUX CEPBICIB BOAETbCA AOCAIMTU MO3UTUBHUX 3MiH Y 34JIMCHEHHI L€
OiANbHOCTI, NOAINWEHHI Ti AKICHWUX i KiNbKICHMX NOKa3HMKIB, 3aCTOCYBaHHi HOBMX Gopm i mogeneit ii opraHisauii, WO NO3UTUBHO
BMN/IMBAE AK Ha pe3y/bTaTW HaBYaHHA, TaK i HA PO3BUTOK HAYKOBUX AOCAIAXKEHb, NOAIMNWEHHA PIBHA iX opraHisauii, niaBuweHHA
edbektusHocTi (LUnwkiHa&MNonens, 2019).

MpoaHanisyemo pfeTasnbHille OCHOBHI HamMpAMW 3aCTOCYBaHHA XMapoO OPIEHTOBAHWUX TEXHOJONIW BIAKPUTOI Hayku AnA
npodeciiHoro po3suTKy BuuTeniB. Y nybnikauii (Pa6osa&€EnbHuKoBa, 2020) BM3HAYEHO YOTMPU BNIOKM HABMYOK YCMiLIHOI
npodecinHoi AianbHOCTI: 1) METOAU MUCNEHHA (KPUTUYHE MUCNEHHS, KPeaTUBHICTb, MPOEKTHUI TUM MUCIEHHS, CaMOCTiliHe
yXBa/ieHHA pileHb); 2) 3acobu npaui (BinbHe BonoAiHHA uMdpoBMMKM TexHonoriamu); 3) metoam poboTn (KonabopaTUBHICTL Ta
KpeaTuBHICTb); 4) 610K HaBMYOK, WO NOTPIBHI ANA yCnilWHOI XUTTeaianbHOCTI (NpodeciiiHa AianbHICTb, rPOMagAHCbKA No3uLin,
ocobucTa ¥ colianbHa BiANOBIAANbHICTL). 3 MeTOl 3abe3neyeHHs Po3BUTKY LMbPOBUX HABUYOK NOTPebYIOTb MOAEPHi3aLii 3MicToBI
CKNag0Bi OCBITHIX Nporpam 3akiagy OCBiTU Ha LMPOBIA NPOEKTHOOPIEHTOBAHIN OCHOBI, WO CNPUATMME KpaLLoMy GOpPMYBaHHIO Y
daxiBujiB m’aKkMx HaBMYOK. Came Takui nigxia 3abe3neunTb daxiBuAM, AKi 3aBepLUaTh BiANOBIAHMI Kypc NiaBULLLEHHA KBasidiKaLii,
CNPOMOMKHICTb OTPUMAHHA HOBMX KOMMNETEHLL 3 04HOYACHUM HabyTTAM HEObBXiAHMX KOMNETEHTHOCTEN (30Kpema, Ludpposux) ans
edeKTUBHOIo BUKOHAHHA BAacHMX NocagoBux 0608’aA3kis (PAboBa&EnbHMKOBA, 2020).

[N 4acTKOBOro BUPILLEHHSA OMUCaHMX BULLE Npobaem Woa0 NiaABULLEeHHA KBaidiKaLii negaroriyHMx npawiBHUKIB B yMOBaX
undpoBoi TpaHchopMaLLii € CTBOPEHO HU3KY €/1IEKTPOHHMX OCBITHIX KypCiB, WO CNpsAMoBaHi Ha dopmyBaHHA HaBmuyok «Hard skills i
Soft skills Tak i Digitalskills». o npuknagy, ue Kypc «YnpaBaiHHA 3aKNafoM OCBITU AK MPOEKTHOOPIEHTOBAHOK OpraHisaLieto», Wo
CNpPAMOBAHMI Ha GopmyBaHHA NpPodeciiHOi KOMMNETEHTHOCTI yNpaBAiHUA 3aKknagy ocBiTM. «ONaHOBYHOYM 3MICT Kypcy, cayxadi
HabyBalOTb YMiHHA BMKOPUCTOBYBATU LMGPOBI TEXHONOrT B NPODECIMHIM AiANbHOCTI AN BUPILLIEHHA MUTaHb HAaAAHHA AKICHUX
OCBITHIX NOCAYr 3aKnagom ocBiTW. Lle i npoBegeHHA 3axois (HanpuKnag, HaBYaNbHWX 3aHATb, HApah, KOHCY/NbTalin ToLo)
undposnmM 3acobamu, Lie i CTBOPEHHA e-ONuUTYBaHHSA (NpoBeAeHHA roN0CYBAaHHA) BU3HAYEHHA pe3y/bTaTUBHOCTI HaBYaHHA abo
CTaHy BUKOHaHHS pilleHb 33 O0NOMOrOH e/1IEKTPOHHMX TabuLb Ta Gopm Ta iH.» (PAboBa&EnbHMKOBA, 2020).

Hapasi, wob nepeopieHTyBaTM aKLEHT Bif4 3ara/iHONPUMHATOrO NiAXo4y A0 MNOAANbLIOr0 BAOCKOHANEHHS OCBITH,
pe3ynbTaTM HaBYaHHA MOXKYTb BMCTYMaTWU 33aco0bOM A/19 BMMIPHOBAHHA HaBYa/ibHOI 34aTHOCTI Y4HiB. Bumteni npupogHuuo-
MaTeEMATUYHUX NpegMeTiB, WO B Nofanbliomy byayTb MpautoBaTM B HAYKOBMX NiLEeAX, MaloTb OPIEHTYBAaTUCb Ha CaMOCTIAHO-
ni3HaBaNbHy AiANbHICTb NILEICTIB, OCKINbKM LA AiANAbHICTb BiAMIHHA Bif camoCTiliHOi poboTh. CamocTilHO-Mi3HaBabHA AifNbHICTb
MOX/IMBA He /IMLLIE Ha 3aHATTI, ane N ANCTaHLiMHO Ta MOXe ByTh 30piEHTOBAHA Ha CaMOCTIlHY MiArOTOBKY 0 HAaCTYMHOIO 3aHATTA.
Tomy, B XMapo OpIiEHTOBaHIN cucTeMi cnig nepefdaunT BUKOPUCTAHHA AK oKpemux dopm poboTu: rpynosux, iHAMBIAYyaNbHUX,
GPOHTaNbHMX, TaK i iX MOEAHAHHA. 3PO3yMiNo, WO BMKOPUCTAHHA NOAIOHOI cucTemn npu3Bese A0 3MiHM METM Ta 3MicTy
TpaauuinHoro HaB4aHHA (Map’eHko, 2020).

Mip, 4ac CTBOPEHHA XMApPO OPIEHTOBAHOI CUCTEMM MiAFOTOBKM BUMTENIB NPUPOAHUYO-MATEMATUYHUX NPEAMETIB 40 Po6OoTH B
HAYKOBOMY JliLiei BApTO BPAxOBYBATM Taki ii CKNAaZHWMKKU: MO-neplle — OCHOBY A/1A 3aCTOCYBaHb 3HaHb 3 MATeMATMKW, TEXHIKM,
iHGOPMATUYHMX Ta FyMaHITapHUX HayK, Cy4acHMX IHCTPYMEHTIB A1A YCNILWHOro MpPOEKTYBaHHA, PO3pobKM Ta 06cayroByBaHHA
KOMMN'IOTEPHUX CUCTEM Ta AMHAMIYHWMX MPOLLECiB ANA AOCATHEHHA NejaroriYHMxX 3aBAaHb BUMTENIB Ta HABYANbHUX ANS YYHIB; No-
Opyre — cneujanbHU IHCTPYMEHTApIM AK pe3ynbTaT BNAMBY TEXHO/OTIM Ha CyCcniNbCTBO, LLO AOMNOMOMKE 3 MOLIYKOM PO3B’A3KY
CYYaCHUX, NeparoriyHmMx npobnem BUUTENIB NMPUPOAHMYO-MATEMATUUHUX NpegMeTiB. JaHui iHCTPYMeHTapili Mae 3a4,0BONbHATU
noTpeby BYMTENIB Y HABYAHHI NMPOTAFOM YCbOTrO KUTTA; NO-TPETE — 3aCTOCYBaHHA XMApHWX CEPBICiB AOMNOMOXKe BUMTENAM 6paTtn
OMCTaHLiAHY y4acTb Y KOMaHAHO-OPIEHTOBAHMUX, BIAKPUTMX 3axohax, AKi roTyloTb iX A0 poboTn B iHTerposaHOMYy LMbpPOBOMY
cepenoBuLLj; No-4eTBepTe — CNPUAHHA Y PO3BUTKY NeAaroriyHoi Kap'epy BUUTENIB, HAYKOBO-A0CAIAHMX PO3POOKAxX Ta NPUBHECEHHSA
NPAKTUYHOI LHHOCTI HAyKOBWMX AOCNIAMEHb (AK BUMTENiB Tak i niueictis). Tomy, BUMTENAM BapTO HABYMUTMUCA BUKOPMUCTAHHIO
po3noAineHnx obumcneHb Ta XMapHUX CepBiciB, W06 yCnilHO NiAroTyBaTUCh A0 PO6OTH B HayKoBUX fileax (Map’eHko, 2020).

Y poborti (Bakantok&Map’eHko, 2021) onucaHo CTPYKTYpY AMCTaHLiMHOIO Kypcy «XMapHi cepBick BiaKPWUTOI Hayku Ansa
OCBITAIH», BU3HAYEHO MOro 3aBAaHHA, 3HAHHSA | BMiHHA, AKi ONAaHOBYE YYaCHWMK KypCy No MOro ycnilwHOMY 3aBepLUeHHto. Y pesynbraTi
BMBYEHHA AAHOIO AMUCTAHLMHOIO Kypcy y4acHUK MOBMHEH: 1) 3HaTM (03HAYeHHA NOHATb: BiAKPUTA HayKa, Cepsic, XMapHUIA cepBic,
cUCTeMa; OCHOBHI NepeBary BUKOPUCTAHHA XMapHMX CEepBIciB; eTanu HayKoBOro AOC/AIAMKEHHS; cneLiani3oBaHi XmapHi cepsich (AK
3acib BNPOBaAMKEHHA BiAKPUTOI HayKK) Ta iX Pi3HOBMAM; CepBiCM CMiNbHOrO ONpaLIlOBaHHA AAHWUX; CepBicK ChinbHOI poboTM Hag,
HaBYa/IbHUMM NPOEKTAMM; CepBicK BigeoKoHbEPEHLU AK cepBick opraHisaui cninbHOT Ppob0TK; CTPYKTYPY XMapW BiZKPUTOI HayKu
Ta Knacudikauito il cepsiciB; eTanu cTBOPEHHA NPOEKTY B XMapi BiAKPUTOI HayKK; 2) yMiTK: aHani3yBaTu, ouiHioBaTM Ta 0bupatu IKT
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[O/19 KOXKHOTO eTany AOCNiAXEeHH:A; BUKOPUCTOBYBATU CEPBICK BiAKPUTOro AOCTYNYy A0 HAayKOBMX MaTepianis Ta 34iMCHIOBATM MOLUYK
HayKoBMX Myb6niKauii; BOMOAITM OCHOBaMM pPobBOTM 3i Chewiani3oBaHMM XMapHWM CEepBICOM; 3acTOCOBYBaTU CepBicH
BiJEOKOHdEpPeHLiN ana opraHisauii cninbHoi poboTH; PO3PO6NATM BNACHWIA MPOEKT 3 BUKOPMUCTAHHAM iHCTPYMEHTapilo Xxmapu
BiZIKPUTOI HayKK; 40aBaTU OKPEMI CEPBICK 4,0 NPOEKTY XMapu BiaKpUTOI HayKW. TakoX, y nybaikauii [8] npeacTaBnieHo NPOLEHTHUIA
pPO3NoAiN BUKOPUCTAHHSA CreLiani3oBaHUX XMaPHUX CEPBICIB YYUTENAMM B 3a/1€XKHOCTI Bif, TUMY YPOKIB. 3 METOI0 3'ACYyBaHHA CTaHy
chopmMOoBaHOCTi KOMNETEHTHOCTEN BiAKPUTOI HAaYKM Ta OLiHIOBaHHA epeKTUBHOCTI BUKOPUCTAHHA XMapO OPIEHTOBAHOT METOANYHOT
CUCTEMM MIAFOTOBKWM BYMTENIB MNPUPOAHMYO-MATEMATUUHMX MpegmeTiB A0 poboTM B HAYKOBOMY Jlillei, BWMKOHYBa/sUCb
KOHCTaTyBa/IbHi 3pi31 HACTYNHMX CKNALHMKIB: HABUUKM Ta 40CBI4 PO6OTM y BAACHIN AUCLUMNNIHAPHIN CNiNbHOTI Ta N03a Heto; HAaBUYKK
Ta 4OCBIA, WOAO AaHUX AOCNIAMKEHb YNPaBAiHHA, aHani3y/BUKOPUCTAHHA/MOBTOPHOIO BUKOPMCTaHHS, PO3MOBCIOAMKEHHA. 3po6ieHo
BMCHOBOK, LWO 3acTOCyBaHHA XMapO OPIEHTOBAHOI METOAMYHOI CUCTEMW MiATOTOBKM BYMTENIB NPUPOAHUYO-MATEMATUYHUX
npesmeTis 40 PO6OTHU B HAYKOBOMY ANiLei CNPUANO0 NiABULLEHHIO OKPEMMX KOMMOHEHTIB KOMNETEHTHOCTEN BiAKPUTOI HAYKM B OCBITAH
[8]. Ana npoxopyKeHHA [AHOrO Kypcy i OTPMMaHHA BignoBigHOro ceptudikaTy MOMK/AMBO 3BEPHYTUCA A0 MOro PO3POBHMKIB i
peanizaTtopis, a came e IHCTUTYT iHDOPMaLiMHUX TexHoori | 3acobiB HaByaHHA HAMH YKpaiHu Ta [ep)kaBHUI yHiBepcuteT
«HKUTOMMPCbKA NONITEXHIKa».

OmKe, Ha nigcTaBi aHanisy HayKoBoOi niTepatTypu (Bakaniok&Map’eHko, 2021; JlutBuHoBa, 2021; Map’eHKo,2020;
HoceHko&Cyxix, 2020; LUnwkiHa&Monenb, 2019) Ta BnacHoro goceigy (KosaneHko&J/IntBnHoBa&Map’eHko&LLImwKiHa, 2020)
PO3rAAHYTO 0CO6MBOCTI 3aCTOCYBaHHA XMApPO OPIEHTOBAHMX CEPBICIB BiAKPUTOI HayKM i 3p061eHO Bi3yani3aLlito OCHOBHMX HanpsamiBs
3aCTOCYBaHHSA JaHWUX CepBIciB NeAaroriYHUMm npawisHMKamm (puc.1).

-
Hanpsamu 3acTocyBaHHA XMapo OpieHTOBaHWX CepBiciB BIAKPUTOI HayKU NneaaroriyHumm npauiBHHKaMHU

v v

MigroroBka PoGotu 3 ( JHemoHcTpauisn i
HOBMX obpapoBaHUMK Bisyanisauin MepeBipka Ha
Camooceirali HaBYanbHUX Y4YHAMM i pobip anAa piwomauimn_x m"lariar
MarepianiB i HMX 0OOATKOBMX NPUPOAHUX i YUYHIBCBKMX
CaMOPO3BHTOX AocniAHULBKUX HaBYanNbLHWX i eKcnepuMeHTanbHUX | | AoCnigHULIBKUX
3aBAaHb Ans AocNiAHNLBKUX npouecie nig 4ac NpoeKTiB
YYHIiB 3aBOaHb L HaB4aHHA

Puc. 1. Hanpamu 3acTocyBaHHA XMapo OPIEHTOBAHUX CepBiCiB BiAKPUTOI HAYKN negaroriyHMMm NpauiBHUKaMmu

BUCHOBKU TA NEPCNEKTUBU NOAA/IbLLOIO AOCNIAMXKEHHA

MpoBeseHe [OCNIAKEHHA AAE NiACTaBM 3pOOUTM BUCHOBOK, LOAO BAXK/IMBOCTI 3aCTOCYBaHHA MPUHLMNIB Ta iHCTPYMEHTIB
BiZLKPUTOI OCBITW | HAYKM ONA NiABULLEHHA KBanidikalii neaaroriyHMX NpauiBHUKIB, agsKe B yMOBax rnobanbHoi umdposisaLii Ta
KapaHTUHHUX 06MerKeHb BUKIMKaHUX xBopoboto COVID-19 came Ha HUX NMOKNaZeHa BaXK/IMBE CyCnisibHe 3aBAaHHA — He NepepumBaTH
OCBITHI NpoLLeC y 3aKNaaax 3arasibHoi cepeHbOi OCBITU, aAKe AT MatoTb OTPMMYBATM 3HAHHSA i 30,00yBaTV OCBITY HE 3BaXKatoun Ha
cycninbHi 06CTaBUHU. 3AINCHUBLUM aHANI3 HAYKOBWX A)Kepen Ta MpakTUYHOro Aocsigy 6yno 3pobneHo KifbKa y3aranbHeHb Ta
niAroToBNEHO peKoMeHAaLii WoA0 HanpAMIB 3aCTOCYBaHHA XMapoO OPIEHTOBAHUX CepBICiB BiAKPUTOI HayKM negaroriyHUmu
npauiBHMKamM:

1. [lnA camoOCBITM i CAMOPO3BUTKY NeAaroriYHMX NpawuiBHUKIB (OCKiNbKKM iX 3acTocyBaHHA 3abe3nedye BigKpWTMIA AOCTYN A0
pesynbTaTiB HayKOBMX AOCNIAXKEHb, CNPUAIOTb NPULWBUALWEHHIO BUKOHAHHA AOC/NiAKeHb Ta 0OMiHY 40CBiAOM, AOMNOMarailoTh B
peanisaLii cninbHMX iHiLiaTWB, HAYKOBOT KOMYHIKaL,i i MiXXHapOAHil cniBnpav,i Ta iH.)

2. Ana niarotoBKM HOBMX HaBYasbHMX MaTepianis i AOCNIAHMUBKMX 3aBAaHb ANA yyHiB (ix 3acTocyBaHHA 3abesneuye
OCY4YaCHEHHA HaBYa/IbHUX MaTepiaiB i 4OCNIAHMLBKUX 3aBAaHb Ta 03HANOMJIEHHS | aKTYaIbHUMM HAYKOBUMMW SOCIAXKEHHAMM Ta iX
pesyabTaTaMu, L0 NPOBOAATLCA B YCbOMY CBITi).

3. Ana poboTn 3 064apoBaHMMK AiTbMM | J06IP ANA HUX AOAATKOBUX HaBYa/NbHUX i OOCNIOHWLbBKMX 3aBAaHb. 3 METO
NiArOTOBKM YYHIB A1A Y4aCTi B PI3HUX ONiMNiagax i 3MaraHHAX.

4. ina pemoHCTpaLji i Bidyanisauii pi3HOMaHITHUX MPUPOAHIX | eKcnepMMeHTaNbHUX NPOLECIB NiJ, Yac OCBITHLOrO NpoLecy
(nokas Takux Bigeo i $oTo cnpuse aKkTyanisaLii Ta KpaLLoMy 3aCBOEHHIO HaBYaNbHOrO MaTepiany).

5. lnA nepeBipKM Ha naariaT y4HiBCbKMX AOCAIAHULBKUX NPOEKTIB.

MoAanblworo gocnigKeHHA NoTpebye AeTaNbHUI aHaNi3 CepBiCiB Ta IHCTPYMEHTIB BiAKPUTOT OCBITM 3 METOIO 3aCTOCYBaHHA iX
[ONA CAaMOOCBITU NeaaroriyHNX NpaLiBHUKIB.
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APPLICATION OF CLOUD ORIENTED OPEN SCIENCE SERVICES FOR PROFESSIONAL DEVELOPMENT OF TEACHERS
Valentyna Kovalenko
Institute of Information Technologies and Learning Tools of NAES of Ukraine, Ukraine

Abstract. The article analyzes the features of the use of cloud-based open science services for the professional development of teachers. The importance
of applying the principles and tools of open education and science to improve the skills of teachers, especially in the context of global
digitalization. Recommendations on the areas of application of cloud-based open science services by teachers have been prepared: for
self-education and self-development of teachers; to prepare new teaching materials and research tasks for students; to work with gifted
children and select additional educational and research tasks for them; to demonstrate and visualize various natural and experimental
processes during the educational process; to check for plagiarism of student research projects.

Formulation of the problem. For this study, it is important to analyze the features of the use of cloud-based open science services for professional
development of teachers. Therefore, we will analyze the process of training future teachers, examples of the use of cloud-based open
science services in the practice of ZSSO and professional development of teachers with the use of open science services.

Materials and methods. To achieve the goal of the study, theoretical methods were used: analysis, systematization, generalization of scientific
sources, analysis of scientific publications of domestic and foreign scientists. The research was performed within the project "Cloud-
oriented systems of open science in teaching and professional development of teachers" (registration number 2020.02 / 0310), which
is implemented with grant support from the National Research Foundation of Ukraine.

Results. The study analyzes the features of the use of cloud-based open science services for professional development of teachers. The conclusion
is made about the importance of applying the principles and tools of open education and science to improve the skills of teachers,
especially in the context of global digitalization. Recommendations on the areas of application of cloud-based open science services
by teachers have been prepared: for self-education and self-development of teachers; to prepare new teaching materials and
research tasks for students; to work with gifted children and select additional educational and research tasks for them; to
demonstrate and visualize various natural and experimental processes during the educational process; to check for plagiarism of
student research projects.

Conclusions. The study gives grounds to conclude that the importance of applying the principles and tools of open education and science to improve
the skills of teachers, because in the context of global digitalization and quarantine restrictions caused by COVID-19 they have an
important social task - not to interrupt the educational process in institutions general secondary education, because children must
receive knowledge and receive education regardless of social circumstances.

Key words: open science, tools of open science, digital technologies, teachers, professional development.
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CTPYKTYPA TA 3MICT KOMMNETEHTHOCTE 3 OCHOB KBAHTOBOT IHOOPMATUKM YYHIB NILEIB

AHOTALIA

Y cmammi npedcmasseHi pe3yansmamu ekcriepmHo20 onumysaHHA Wo00 8U3HAYeHHs CKAadosux KomnemeHmHocmel 3 0CHO8 K8BAHMOBOI
iHhopmamuKu y4Hie niyeis.

PopmyntosaHHA npobaemu. CmpimKuli po38UMOK Ma NepcrekmusHICMb K8BAHMOBUX mexHonozill y ceimi € oyesudHUMU nepedymosamu
yepa2080i mpaHcopmauii 3micmy Has4yaHHA iHpopmamuku e 33CO YKpaiHu, a makouc ymouyHeHHs pe3ynbsmamig (io2o
OMNaHyB8aHHA — cKknadosux iHpopmayiliHo-komyHikayiliHoi (yugposoi) komnemeHmuocmi. KoHcopuiym QTEdu y mpasHi 2021
poKy onybnikysae nepwy eepcito €sponelicbKoi pamKu KomnemeHmHocmel y eany3i keaHmMosux mexHosnoeil (European
Competence Framework for Quantum Technologies), cknadoei AKoi € 0OCHOB0K 078 BU3HAYEHHA Bi0M0BIOHUX
KomnemeHmHocmel 051 3006ysadie oceimu, 30Kpema MOBHOI 302asbHOI, A MAKOMXC 04 8npos8adxHeHHA ma peanizayil
0C8iMHbO-HAYKOBUX MPOEKMIi8 KBAHMOBOI 2as1y3i.

Mamepianu i memodu. []na ompumaHHA pe3ysemamie 00cnidnceHHa 6yau 3acmocosaHi emnipuyHuli memod (onumyeaHHs y euensaoi
HanieeioKpumozao aHKkemyeaHHs, 0e MopAaod i3 3anNpornoHOBAHUMU eapiaHmamu eionogideli moxcHa 6ysno0 Hadamu endcHi
3micmoeHi KomeHmapi-pekomeHoayii) ma 3dilicHeHuli cmamucmuyvHUl aHani3 pe3ysbmamie onUMyBaHHA (PAHMYBAHHA 045
BU3HAYEHHs 8aX/IUBOCMI CKAAO0BUX KoMnemeHmHocmeli).

Pe3zynbmamu. pogedeHe ekcriepmHe onumyeaHHs, 00 AK020 G0aAYy4UAUCA NMepesadcHo 8yumesi ma 8ukaada4i, Ha0as0 3Mo2y ompumamu
8i0noeidi i pekomeHOayii OO0 OCMaMOYHO20 BU3HAYEHHSA 3Micmy KomnemeHmHocmel 3 KBAHMOoBOI iIHhoPMAMUKU y4Hie niyeis:
KomnemeHmHocmi 3 (hi3u4HUX OCHO8 K8AHMOBUX MexHOos02il; KomMrnemeHmMHocmi 3 Mamemamu4HuUX OCHO8 K8AHMOBOoI
iHhopmamuku; KomnemeHmMHocmi i3 3a6e3ne4y8asnbHUX MexHo02il; KomnemeHmMHocmi 3 anapamHo20 3a6e3rnevyeHH KBAHMOoBUX
Komn’tomepie ma dam4ukis; KoMnemeHmMHoOCMi 3 K8AHMOBUX 06YUCAEHb MA MOOEMOBAHHSA; KOMIEeMeHMHOCMI 3 K8AHMOBUX
dam4ukie ma memposoeii; KomnemeHMHoOCMI 3 KBAHMOBOT KOMYHIKAUii; MPAKMUYHI HABUYKU MQ 30206HUX KoMnemeHmHocmedl.

BucHoeKu. BusHa4eHi cmpykmypa ma 3micm KomnemeHmHocmeli 3 0CHO8 K8AHMOBOI iHhopmMamuku y4Hie niyeie 0anu 3moay ymovHumu
3micm 8i0nNo8iOH020 haKyAbMaMUBHO20 KypcCy.

K/IKDYOBI C/IOBA: KeaHMo8i mexHos02ii, KBAHMOoBa iHhopMamuka, KomnemeHmHicHul nidxid, KomnemeHmMHOCMi 3 0CHO8 K8AHMOBOI
iHhopmamuku.

BCTYN

MocraHoBKa npo6aemu. CyyacHa WKOA NOBMHHA HAAABATM 3HAHHA, WO aKTya/lbHi He AnwWe ANA CbOroAeHHs, a M Ha
OaneKy NepcrnexkTMBy. 3HAUYYLWMMM CKNAJ0BUMU METU OCBITM € BCEOIYHUIN PO3BUTOK NIOAUHM, il iHTENEKTYaNbHUX Ta TBOPYUX
34ibHoCTeNn, GopMyBaHHA LiHHOCTEN | KOMMNETEHTHOCTEN, HeobXiAHUX ans i ycnilWwHOT camopeanisay,ii, NigBULWEHHA OCBITHLOTrO
piBHA rpomaaAH 3ag1a 3abe3nedyeHHn cTanoro po3sUTKY YKpaiHu (6). Lie 3ymoBAtoe BunepesKanbHUiM i iHHOBaLiNHMIA XapaKTep
OCBITU Ta HeObXigHICTb i MogepHi3aLii Ha OCHOBI CUCTEMHOIO, METOANYHO O6IPYHTOBAHOrO YyNpPoBaAXKEHHA OCHOB KBaHTOBOT
iHpOpMaTUKKM B iIHPOPMATUYHY OCBITHIO rasy3b.
AHani3 akTyanbHUX AocCnipKeHb. [epeKkoHIMBUM CBiAYEHHAM Takoi HeobxigHOCTi € cninbHa poboTta HauioHanbHoro
doHay pocniaxeHb Ta ypagy CLUA i3 «kBaHTOBOI TpaHchopMaLii» WKiNbHOT ocBiTU. 30Kpema, y 2020 poui 6yan BusHayeHi 9
KNOYOBMX KOHLLEMLM WKINbHOIO KypCy OCHOB KBaHTOBOT iHPOPMATUKM, cepes, HUX KBAHTOBUIM CTaH, BUMIPIOBAHHA Y KBAHTOBIM
cucTemi, KybiT, CNyTaHiCTb, KOrepeHTHICTb, KBAHTOBI KOMN'IOTEPM, KBAHTOBA KOMYHIKaLLiA Ta KBAHTOBe NaHyBaHHA (3). Peanisauis
uiei TpaHcdopmauii y pamkax National Q-12 Education Partnership cnpsamoBaHa Ha Te, WO6 «... YNPOAOBX HACTYMHOro
[EeCATUNITTA CNiBNPaLOBAaTU i3 aMEePUKAHCbKUMMU BUYUTENAMM 3 METOK CTBOPEHHA MOTYKHOrO KBAaHTOBOrO cepefoBMLLA

© N.B. Nerka, 2021.
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HaBYaHHA, PO3MOYMHAOYM Bif, HaZAHHA 3acobiB ANA PO3PO6KM NPAKTUKO 30PIEHTOBAHMX HABYasIbHUX MaTepianiB i 3aKiHUyHUM
CNpAMYBaHHAM Ha nNpodecii B ranysi KBAHTOBUX TEXHOOTIN. ... Pa30M MW MOXKEMO NiAroTyBaTW HOBY reHepaL,ito aMepUKaHCbKUX
npodecioHanis, 036pPOEHNX 3ac0bamMmn AOCATHEHHA YCMiXy B iHAYCTPIi ManbyTHboOro» (2).

3a nporHosamm y4vacHuKiB camity «Pioneers of Change» no 2025 poKy KBaHTOBi 06YMCNEHHA NepepocTyTb CBOE
33pPOAKEHHA, | HA NOBHY MOTY}KHICTb 3anpaLtoe neple NoKoJiHHA KOMepPLiMHOro KBaHTOBOro obnafHaHHA 418 PO3B’'A3aHHA
peanbHUX 3ajay, 30Kpema — MOLENOBAHHSA CKAAGHUX XIMIYHUX peakuii Ans po3pobKu NiKiB Ta pe4oBUMH i3 Hanepes 3agaHUMmK
BnactmsocTamm (1).

Y JepKaBHOMY cTaHAapTi 6a30B0oi cepeHbOi OCBITH (5) NUTAHHA KBAHTOBUX TEXHO/IOTI HE PO3rNA4Al0TLCA Yepes Te, Lo
OonaHyBaHHA iX e1eMeHTiB (30KpemMa, NoYaTKn KBaHTOBOI $i3nKkn) nepeabayeHo Ha TPETbOMY PiBHI NOBHOI 3arasbHOI cepeaHboil
OCBiTM — y NpodiNbHI cepeaHii OCBITi, WO Nepeabdayae BUKOHAHHA yYHEM BMMOF A0 Pe3ynbTaTiB HaBYaHHA, AKi manu bytn
BM3HAYeHi AeprKaBHUM CTaHAAPTOM NpodiNbHOI cepeaHbOT OCBITH, 3aTBEPAKEHHA AKOro 3anaaHoBaHe Ha 2023 pik. Lie 3ymoBstoe
HEeobXiAHICTb YTOYHEHHA 3MmicTy iHGOPMALiMHO-KOMYHIKALIMHOT KOMMNETEHTHOCTI Y4YHiB NilLeiB LWAAXOM yBeAeHHA A0 Hel
KOMMETEHTHOCTENM 3 OCHOB KBAHTOBOI iHGOPMATUKK.

Y pamkax eBponencbKkoro npoekty «Quantum Flagship» po3pobaseTbca pamka KOMMNETEHTHOCTEN Y ranysi KBAaHTOBUX
TexHosorii (European Competence Framework for Quantum Technologies) (4), Wwo y MmaltbyTHbOMY CTaHe PO3LLUMPEHHAM PaMKu
undpoBux KomneteHTHOCTelM DigComp Ta cTaHe BigNpPaBHOK TOYKO A/1A NAAHYBAHHSA | CTPYKTYPYBaHHA PI3HOMAHITHMX OCBiTHbO-
HAYKOBMX MPOEKTIB 3 KBAHTOBUX TEXHOJIOTIA.

Byaemo BM3HAYaTU KOoMnemeHmMHOCMI 3 0CHO8 KBAHMOBOI IHPOPMAMUKU YYHI8 Aiyeis AK ANHAMIYHY KOMbBiHaL,it0 3HAHb,
YMiHb, HABMYOK, CNOCOBIB MUCEHHSA, NOTNAAIB, IHLIMX 0COBUCTUX AKOCTEN Y Chepi KBAHTOBMX TEXHOOTIN, W0 BU3HAYAE 34aTHICTb
ocobu ycnilHo NpoBaanTi noganbluy npodeciiHy Ta/abo HaBYaIbHY AiANbHICTb i3 BUKOPUCTAHHAM TaKMX TEXHONOTIN. A, 3rigHo
€BPONENCbKOI PaMKM KOMMNETEHTHOCTEN Y raly3i KBAHTOBMX TEXHOJION, BOHWU BK/IOYAlOTb y cebe rpynu KoMneTeHTHOCTEN, WO
OXOMOKTb TaKi NUTaHHA: 1) Phi3uyHi 0CHOBU KBAHMOBUX MexHO02ili (OCHOBHI MOHATTA KBAaHTOBOI Gi3nKKM, AMHAMIKA KybiTiB);
2) MamemMamu4Hi 0CHO8U K8AHMOBOI iHhopMmamuKu (OCHOBW NiHINMHOT anrebpu, MaTemMaTKa OCHOB KBAaHTOBO! ¢i3MKKU, OCHOBM
CTaTUCTUKN KBAHTOBMX BUMIiptoBaHb); 3) 3abe3neuysasnbHi mexHos02ii (ONTUYHI  TexHosorii, nabopaTopHi TexHonorii,
eKcnepuMeHTaNnbHe KepyBaHHsA); 4) anapamHe 3ab6e3neyeHHA KBAHMOBUX KOMI' tomepie ma dam4ukKig (MPUCTPOI Ha OCHOBI CNiHY,
HEWTPanbHi aTOMU Ta iOHUM, HOBI BUAM KybiTiB, 061aaHAHHA o8 iHiLianisauii, maHinyaauii Ta 3uNTyBaHHA KybiTiB, BUKOPUCTaHHSA
anapaTtHuUx nnatdopm A8 KBAHTOBUX 064YMCeHb); 5) KBaHMOo8I ob4ucieHHA ma Mo0oento8aHHsA (KBaHTOBI BEHTWAI, KBAHTOBI
MOBM, 3ac06M Ta NAAaTPopMM NporpamyBaHHsA, 6a3oBi KBAHTOBI aITOPUTMM, KBAHTOBA KOPEKL,iA MOMWU/IOK, e1eMEeHTU KBAaHTOBOTO
MOZEeNtoBaHHA); 6) KeaHMoBi 0amyuku ma Memposozia (aTOMHi TOAUHHWKK, Fanysi 3aCTOCYBaHHA KBAHTOBWUX AaTYMKiB);
7) k8aHMoBa KomyHikayia (KBaHToBa Kpuntorpadis, KBaHTOBI mepexi, iHPppacTpyKTypa Ta obnagHaHHA KBAaHTOBOrO 3B’A3KY);
8) MpaKMuYHi HABUYKU Ma 302a7bHI KOMIemeHmMHoOcmi (OCHOBM KNACMYHOrO NPOrpamyBaHHS, 3aCTOCYBaHHA KBaHTOBMX
TEXHONOri, 3arasibHi HABUYKN/KOMMETEHTHOCTI).

MerTa cTaTTi — YTOYHEHHA CKNAZLOBWX PYN KOMNETEHTHOCTEN (3HaHb Ta YMiHb) 3 OCHOB KBAHTOBOT iIHPOPMATUKM YUHIB
niueis 3a pesynbTaTaMu eKCNepTHOro ONUTYBAHHA.

METOAMN AOCNIAMKEHHA

OnAa  oTpuMaHHA pe3ynbTaTiB  AOCNIAKEHHA OynuM  3acToCoBaHi  eMNipuYHUI  meTon (ONWUTyBaHHA Yy  BUrAAAi
HaniBBIZKPUTOro aHKeTyBaHHA, Ae NopAza, i3 3aNpoNoHOBAaHUMM BapiaHTaMM BiANOBIAeN MOXKHA ByN0 HaZaTW BNACHI 3MICTOBHI
KOMEHTapi-pekoMeHaaLii) Ta 3A4IMCHEHUI CTAaTUCTUYHWI aHani3 pe3ynbTaTiB OMNWUTYBAaHHA (paHXKyBaHHA ANA BU3HAYEHHSA
BaAX/IMBOCTi CKNAZLOBUX KOMMETEHTHOCTI).

PE3Y/IbTATU

3 MeTOolo BUAB/EHHA 3HAYYLLOCTI CKNALOBUX EBPONENCLKOT PaMKM KOMMNETEHTHOCTEN Y ranysi KBaHTOBMX TEXHO/OTIN, a
TAKOXX OTPUMaHHA PeKoMeHAaLl WoA0 3MiCTy HaBYAHHA LUKINbHOTMO KypCcy OCHOB KBAHTOBOI iHGOpMaTMKM Byno nposeaeHo
ONUTYBAHHA Cepen, 3aL,iKaBleHUX y ranaysi KBAHTOBUX TEXHO/OTi. B onnTyBaHHI B381M yyacTb 36 pecnoHAEHTIB, YaCTMHA 3 AKUX
CYMILLAOTb AeKinbKa nocas — HanpuKknag, sBuknagada 3BO Ta cnispobiTHMKa HAI um BuKknagaya 3BO i yuntens 33CO.

KoskHOMy i3 pecrnoHgeHTiB 6yn0 3anponoHOBaHO BMKOHATM CAaMOOLHIOBAaHHA BNACHOrO PiBHA KOMNETEHTHOCTI Y
KBaHTOBIl iHpopmaTuu,i. FNMMBOKMiN piBeHb 06i3HAHOCTI 3 OKpeMUMU CKnazosumu Busisuam 11,1% pecnoHaeHTis, 41,7% BKasanu
Ha 06i3HaHiCTb 3 OKpemMMMU CKAagoBuMM, a 47,2% — Ha HasABHICTb NMOYATKOBUX YABNEHb 3 KBAHTOBOI iHPopmaTUKKU. Yepes
CKNAZHICTb Ta MiXKAUCUMNNIHAPHUIA XapaKTep ranysi oaeH i3 pecnoHAeHTiB He iaeHTMdiKyBaB cebe K 0coby, rMnMboKo 06i3HaHy
3 ycima cKnagosuMmu, TOMY 418 ONpPaLoBaHHA Bignosigen pecnoHAeHTiB 6yno BM3HAYeHO HACTYNHI Barosi KoedilieHTH ann
KOYKHOT 3 KaTeropiit onuTaHmx: 1 — mato NoYaTKoBi yABNEHHSA, 2 — 06i3HAHWI 3 OKPEMUMM CKNAL0BUMM, 3 — INMOOKO 06i3HAHWI 3
OKPEMMMM CKNAJ0BNMM, 4 — eKcrepT.

BiNbWicTb MMTaHb aHKeTU Nepesnbayanm OLiHIOBAHHA AOLIBHOCTI YBEAEHHA A0 3MiCTy HaBYaHHSA Pi3HUX 3HAHb Ta YMiHb
3 OCHOB KBaHTOBOI iHGOPMATUKM 3a WKaNoto: -1 —308cim He Baxanso, 0 — yTpyAHAOCH BiANOBICTM, 1 —Mano BaXK1MBO, 2 — cKopille
BAXK/IMBO, 3 — Ay*Ke BAXXMBO. Bignosigi «yTpyAHAIOCH BiANOBICTMY, WO KOAYBAAMCA 3HaYeHHAM 0, nepeabadvannca Ana y4acHuKIB
OMUTYBAHHA, AKi He B MOBHIN Mipi MOI/INM OLIHWUTU OKpPeMi KOMMOHEHTM 4yepe3 Heobi3HAHICTb B OLHIOBAHWX 3HAHHAX 4Yu
HEBOJIOAiHHA BiANOBIAHUMN YMIHHAMM.

OuiHKa BaXK/IMBOCTI KOXKHOI i3 CKNAA0BUX KOMMNETEHTHOCTI Y4HIB NiLeiB 3 OCHOB KBAaHTOBOI iHpOpPMaTMKM obuncntoBanach
3a popmysoto (1):

Agm = Xiz1 Wilikm, (1)
ne:

N— KiNbKiCTb eKcnepTiB (Ha KiHeub onuTyBaHHA N = 36);

i —Homep ekcnepTa (i = 1,...,n);

k — HOoMep rpynu KOMMeTeHTHOCTel 3 OCHOB KBaHTOBOT iHbopmaTtukm (k = 1...8);
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m — HOMep CK/1aAoBoi k -TOT rpynM KOMMETEHTHOCTEN 3 OCHOB KBaHTOBOI iHPOPMATUKK;
Ajm — OUjHKa BaXKAMBOCTI M -TOI CKNAZ0BOI k -TOI rpynu KomneteHTHOCTeN (Agy, =-1 * 4 * n...3 * 4 * n);
W; — piBeHb KOMMNETEHTHOCTI [ -TOro ekcnepTa y KBaHTOBIl iHbopmaTuui (w; =1, ..., 4);
Qixm — OLIHKA Ba¥/NMBOCTI [ -TUM EKCNepToOM 1M -Toi CKNaAo0Boi k -Toi rpynu KOMNETEHTHOCTI.
BM3HaueHHA HaMBINbW BaXNMBUX CKNALOBUX BUKOHYBA/NIOCh HACTYMHUM YMHOM: AKWO Ay, He MeHLe 3a noporose
3Ha4YeHHs, BiANOBIAHA CKNagoBa Bigbupanach, iHaKwe — He Bigbupanacs.

Moporose 3HayeHHA P = 120,8 obumcntoBanocs 3a popmynoto (2):

P =min(Agy) + 0,45 * (max(Agm) — (min(Agm) ,

pe: min(Ayy) = 92; max(Agy,) = 156.

(2)

issue 5(31), 2021

YpaxoBytouu, WO A0 OLiHIOBAHMX CKNAZ0BMX BYNK 3anyyeHi AK 3HAHHA, TaK 1 YMIHHA, Y BUNAAKY, AKLWO AnA BiaibpaHoro
YMiHHA He 6yno BigibpaHo BigNoBigHOro MOMy 3HaHHSA, HaMK Byn0 404AaTKOBO BUKOHAHO MOro Bigbip.
Y 1abnuui 1 HaBeaeHo BiaibpaHi pesynbTaTy ONUTYBaHHA Ta iX CTaTUCTUYHOrO aHanidy. Y cToBnui «Bubip» HanpoTn KoXHOI
CKNa0BOi KOMMNETEHTHOCTI 3a3HAYa€ETbCA «*» — 0bpaHa y4aCHMKaMM ONUTYBAHHA 32 YMOBW NepPEBULLEHHS NMOKA3HUKA NOPOroBoro
3HayeHHA P abo «+» — goAaHa aBTOPOM A0 Nepeniky AK BignoBigHi 3HaHHA 40 06paHMX yYaCHUKAMM ONUTYBAHHSA YMiHb.

Tabauya 1.
Ou,iHIOBaAHHA BaXK/IMBOCTi CKNaA0BUX KOMMNETEHTHOCTEM 3 OCHOB KBaHTOBOI iHpOpPMaTUKKM
OujiHKa eKkcnepTa Bu-
m CknapoBa KOMMETEHTHOCTI 30BCiM He | Mmano VT.pyAHF.IIOCb cKopiwe | payxe (Apn 6ip
Ba)/IMBO | Ba)KIMBO | BiANOBICTU | BaXKAUBO | BaXXKMBO
CKNnaaoBi rpyny KOMNeTeHTHOCTel 3 Gi3UYHUX OCHOB KBAHTOBUX TexHonoril (k=1, m = 1..8)
1 [3HAaHHA OCHOBHWX NOHATb KBAHTOBOT Bi3NKK 1 2 1 13 19 139 |*
3 YMIHHA  BM3HA4yaTW, uYM  3HaxoAAaTbCcA KybiTM vy 1 4 5 14 12 115 |+
noB’A3aHuX (3anayTaHMx) cTaHax
7 |ymiHHA nogaBaTu Ky6iT Ha cdepi bnoxa 2 4 7 16 7 92 |+
CKNaaoBi rpyny KOMNETEHTHOCTEM 3 MaTeMaTUYHUX OCHOB KBaHTOBOI iHpopmaTtuku (k =2, m =1..10)
1 |3HaHHA OCHOB TeOPii KOMNNEKCHUX Yncen 2 3 3 0 28 144 |*
2 |3HaHHA OCHOB NliHiINHOI anrebpu 0 4 2 0 30 156 |*
3 |3HaHHA MaTeMaTUYHWX OCHOB KBAHTOBOT Bi3NKM 1 1 3 0 31 156 |*
4 3Hal-.|HF| CTaTUCTUYHOI npupoau KBaHTOBUX 1 4 1 0 30 148 |*
BMMIiptOBaHb
6 YMiHHA noaaBaTn BeKTOE).M (maTpuui-cToBnLi, MaTpuULL- 1 4 ) 12 17 134 |*
pAaaKu) y 6pa-KeT HoTaw,ji
YMiHHA onepyBaTH i3 CTaHAAPTHUMM Basmcamm 1 2 2 14 17 137 |*
8 |ymiHHA noaaBaTy BeKTOp y 0bpaHomy H6asuci 1 3 2 16 14 128 |*
10 YMiHHA HaBOp.,f/ITVI NPUKNAAN YHITApPHUX MaTpuULb Ta 5 3 1 16 14 132 |*
BWKOHYBATU Aji 3 HUMM
CKnaaoBi rpynyM KOMNeTEHTHOCTe i3 3a6e3neuyBanbHuX TexHonori (k=3, m = 1..5)
3HAHHA ONTUYHMX TEXHONOTI 2 1 2 17 14 128 |*
2 |3HaHHA NabopPATOPHMX TEXHONOTIiN 2 1 3 15 15 126 |*
3 |3HAHHA eKCNepMMEHTaIbHOrO YyNpaB/iHHA 1 1 2 18 14 130 |*
4 |yMiHHA po3pi3HATK AxKepena GOTOHIB 1 2 1 22 10 128 |*
CKNapoBi rpynyu KOMNeTeHTHOCTeM 3 anapaTHoro 3a6esneyeHHA KBAHTOBMX Komn’loTepiB Ta AaTumkKiB (k=4, m = 1..8)
1 3HaI.-|HFI GyF.OBM NPUCTPOIB Ha OCHOBI CniHy (30Kpema, ) 1 4 21 3 111 |+
HaniBNpPoBiAHNKOBUX KBAHTOBUX TOYOK)
3HaHHA anapaTHUMX nnatThopm ANA  KBAHTOBUX
5 |obuncneHb, crnocobiB ix iHTerpauii 3 KnacuyHum|2 0 7 17 10 111 |+
obnagHaHHAM
6 yMiHHH.OI'IVICVBaTVI TUNOBI Cpr_KTpr KBaH‘[OBMX KOM- ) ) 14 17 134 |*
n’loTepiB, NOACHIOBATU 3araibHi NPUHLMNN iX pO6OTH
4 YMiHHA  BMKOHYBaTK Hana,IJJTyBéHHH BigganeHoro 1 1 4 14 16 126 |*
[0CTYNy A0 KBAHTOBUX KOMN'tOTEPIB
3 yMiHI—:H BMKOHYBATW KBAHTOBI NPOrpamMm Ha KBaHTOBUX 1 1 6 1 17 125 |*
Komn'toTepax
CKNapoBi rpynyu KOMNETEHTHOCTEM 3 KBaHTOBUX 06uMcieHb Ta mogentoBaHHa (k=5, m=1..14)
1 3}-13HHFI KBAHTOBWX BEHTUIB (04HO-, ABO- Ta HaraToKy- 3 3 7 13 10 105 |+
6iTHMX)
3HAHHA MOB KBAaHTOBOIO NPOrpamyBaHHs, 3acobis po3-
2 |pobKM KBAHTOBOro MNpPOrpamHoOro 3abesneyeHHs Ta|2 1 5 16 12 120 |*
nnatpopm (3o0Kkpema, rpadidyHmx)
3HaHHA 6a30BWMX KBaHTOBWMX anroputmu (Lopa,
3 lposepa, KBaHTO.I.30'I' .OF.IIVIN!.i?:aLI,iII', OUiHKM KBaHTOBOI ) 4 15 13 119 |+
$as3n, KBaHTOBOI NiHiMHOI anrebpu, KBaHTOBOrO
61lyKaHHA Ta iHLWNX)
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OuiHKa ekcnepra

. " A Bu-
m CKnapoBa KOMMETeHTHOCTI 30BCiM HE | Mano | yTpyaHAIOCb | cKopiwe | Aayxe [Apm 6ip
Ba’K/IMBO | BaXXK/IMBO | BiANOBICTU | BaXK/IMBO | BaXK/IMBO
MIHHA 3anMCcyBaTM KBAHTOBI BEHTW/I 33 AOMNOMOTOH
6| i A 2 6 5 12 11 110 |+

YHITapHUX MaTpULLb

YMIHHA PO3pPI3HATM Ta 3acCTOCOBYBATM OAHOKYGITHI
7 |BeHTUni (nepetBopeHHs [layni, BeHTUAb Agamapa,|l 4 5 15 11 116 |+
¢dasosi 3cyBu)

YMiHHA BUKOHYBaTK onepaL,ii 3a Lonomoroto 6araToky-

8 4 2 19 10 122 |*
6iTHWMX BeHTMAIB (CNOT, BeHTuni Topdoni Ta DpeakiHa)

9 YMiHHA 3aCTocosyBaTM KBaHTOBI BEHTUANI A4 3anucy ) 3 3 15 13 123 |*
KBaHTOBWX a/IrOPUTMIB

10 3[aTHICTb MOCAYroByBaTUCb MOBamMM Ta 3acobamwu ) ) ) 15 15 130 |*
KBaHTOBOrO NPOrpamMyBaHHA

11|ymiHHA peani3oByBaTV KBAHTOBI aArTOPUTMM 1 3 4 18 10 117 |+

14|ymiHHA npautoBaTh i3 KBAHTOBUMM CUMYIATOPAMM 2 4 2 17 11 117

CKNapo8Bi rpynyu KOMNETEHTHOCTeM 3 KBaHTOBUX AaTuMKiB Ta meTposorii (k=6, m = 1..5)

1 [3HaHHA 6yA0BM aTOMHUX TOAUHHUKIB 2 2 3 19 10 113

2 |3HaHHA ranysen 3acToCyBaHHA KBaHTOBUX AaTuMKiB 1 2 3 16 14 124 |*

5 YMiHHA HaBOAWTU NPUKNAAW 3aCTOCYBAaHHA KBAHTOBMUX 1 0 3 15 17 130 |*

LATYUKIB Y Pi3HUX Fany3sx
CKNapoBi rpynyu KOMNeTeHTHOCTel 3 KBaHTOBOI KOMyHiKauii (k=7, m=1..8)
3HaHHA KBAHTOBOI Kpuntorpadii (KBaHTOBOro pos-

1 [noginy kntova, 6e3neyHoi aBTeHTUOIKALIT, LMbpoBUX|2 1 4 16 13 122 |*
nianucie, ranysei 3acTocyBaHHsA)
, |3HaHHA NPO KBaHTOBI Mepexi (KBaHTOBMI IHTEpHET, 1 0 4 13 18 133 |*

CEHCOPHi Ta FTOAMHHUKOBI Mepeki)

3HaHHA iHPACTPYKTYpU Ta 06n1agHAHHA KBAHTOBOrO
3B8'A3Ky (BOJIOKOHHO-ONTWMYHI cucTemm, 6e34poTOBMI
3 |3B’A30K, CYNyTHMKOBI CUCTEMU; KBAHTOBI reHepatopu|l 2 2 15 16 130 |*
BMNAZKOBMX YMCeN; KBAHTOBa Mam’aTb, iHTepdelicy,
KOMYTaTOpPW; NOBTOPOBAYI, KiHLLEBI BY3/1K)

YMiHHS onucyBaTM npuHUMNKM poboTn Ta Oyposy
06/1alHAHHA KBAHTOBUX MEPEXK

YMiHHA HAaBOAWUTU MPUKNAAW 3aCTOCYBAHHA KBAHTOBOI 1
Kpuntorpadii y pisHMx ranysax
CKNaaoBi NPaKTUUHMUX HABUYOK Ta 3arabHUX KomneTteHTHocTel (k =8, m = 1..6)
3HaHHA OCHOB KNacu4yHoro (HekBaHTOBOrO)

1 3 2 16 14 129 |*

8 2 4 13 16 125 |*

1 |nporpamyBaHHA: MOB NPOrpamyBaHHA, ANTOPUTMIB,|2 2 2 13 17 133 |*
KNacis cknagHocTi, Kpuntorpadii

2 |3HaHHA ranysen 3aCTOCyBaHHA KBAaHTOBMX TexHonoril |1 2 2 14 17 136 |*

4 YMiHHA peal'II3OByBaTVI. 6§303| KNACUYHI anroputmm ) 3 12 17 126 |*
(30Kkpema, KpunTorpadiyHi) MOBamun NporpamyBaHHs

5 YMiHHA Ha.BOp,VITVI npvKknaam BVIKOpVICT?HHH KBaHTOBUX 4 ) 13 15 124 |*
aNropuUTMIB ANA [OCATHEHHA KBAHTOBOI NepeBarun

OBlrOBOPEHHA

OnpautoBaHHA pe3ynbTaTiB Bignosigeln Ha NUTaHHA «OUiHITL 33 WKanoto Big 0 A0 5 BaXKAMBICTb GOpMyBaHHSA Y niuel
KOXXKHOi 3 KOMMETEHTHOCTEN» BUABWJIO, LLO YCi KOMMNETEHTHOCTI € NPUBIM3HO OAHAKOBO BaXKNMBUMMU (iX BHECOK KOIMBAETLCA Bif,
12,17 % pno 13,42 %), 3a BAHATKOM KOMMNETEHTHOCTI 3 KBAHTOBMX AaTYMKIB Ta MeTpoAorii — i BHecok ctaHoBuTb 10,33 %. Lle Hagae
OpPIiEHTMP ANA peanisauii BiAIGPAHOro 3MmicTy HaBYaHHA Yy HaBYaNbHIM Nporpami LWOAO PO3NOAINY HaBYaNAbHOrO vacy
bakynbTaTMBHOIO Kypcy « OCHOBM KBAHTOBOT iIHHOPMATUKM» AN YYHIB NiLeiB, WO NpeacTasaeHi y Tabauuy,i 2.

Tabauya 2.
3micT HaBYaHHA paKyNbTaTUBHOIO Kypcy « OCHOBM KBAaHTOBOI iHPOPMATUKMU» ANA YUHIB NiLeiB

Tema ypoKy Ta KOMNETEeHTHOCTI, Wo 6yayTb chOpMOBaHi/yAOCKOHANEHI
1. KBaHTOBa iHpOpMaTUKa Ta NepcneKkTUBM ii po3BUTKY (1 roguHa)
KomnemeHmHocmi 3 hi3u4HUX OCHO8 KBAHMOBUX MEXHO/102ili: 3HAHHA OCHOBHMX MOHATb KBAaHTOBOI i3nKu.
KomnemeHnmHocmi 3 anapamHoz2o 3a6e3neyeHHA KBAHMO8UX KOM'tomepie ma damyukie: 3HaHHA 6yA,0BN NPUCTPOIB HA OCHOBI
cniHy (30Kpema, HaniBNPOBIAHMKOBMX KBAHTOBMX TOYOK); YMIHHA OMMUCYBaTU TUMOBI CTPYKTYpPU KBAHTOBWUX KOmMM'tOTepis,
NOACHIOBATM 3araibHi NPUHLMNK iX poboTU.
KomnemeHmHocmi 3 K8aHMOBUX OaMYUKI8 Ma Memposozii: 3HaHHA rany3ei 3acTOCYBaHHA KBAHTOBMX AATUMKIB; YMiHHA
HaBOAUTW NPUKNAAM 3aCTOCYBAHHA KBAHTOBUX AATUYMKIB Yy Pi3HMX ranysax.
TMpaKMUYHi HABUYKU MaA 3020/1bHi KOMITeMeHMHOCMI: 3HAaHHA rasy3ei 3acToCyBaHHA KBAaHTOBUX TEXHOJIOTIN.
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Tema ypoKy Ta KOMNETEeHTHOCTI, Wo 6yayTb chopmoBaHi/yAOCKOHaANEHI

2. ApudmeTrKo-noriuHi o0CHOBM Po60TU KnacuuHoro Komn’iotepa (1 roguHa)

KomnemeHmHocmi 3 mamemMamuyHUX OCHO8 K8AHMOB0] iHhOpMamMuKU: 3HAHHA OCHOB ANiHIHOT anrebpu; yMiHHA HaBoAWUTU
NPUKAAAW YHITaPHUX MaTpUUb Ta BUKOHYBATW Ail 3 HUMU; YMiHHA ONepyBaTH i3 CTaHAAPTHUMM 6asMcamu; YyMiHHA nogasaTu
BeKTOp y obpaHomy H6asuci.

3. Ky6it. KBaHTOBMIA NoriuHMit BeHTUAb Mayni X (1 roguHa)

KomnemeHmHocmi 3 ¢hi3u4HUX OCHO8 KBAHMOBUX MEXHO/102ili: yMiHHA NoAaBaTu KybiT Ha coepi broxa.

KomnemeHmHocmi 3 mamemMamuyHUX OCHO8 K8AHMOB0I iHhOPMamMUKU: 3HAHHA OCHOB NiHIMHOT anrebpu; ymiHHA nopasatu
BEKTOPM (MaTpMLI-CTOBNL,, MaTpULi-pAAKK) Y Bpa-KeT HOoTau,ii; yMiHHA HAaBOAUTM NPUKNALAM YHITAPHUX MATPULb Ta BUKOHYBATU
4i1 3 HAMK; YMiIHHA OnepyBaTH i3 CTaHA4APTHUMM Basncamm; ymiHHA NoAaBaTh BeKTOp y obpaHomMy 6a3uci; 3HaHHA MaTemMaTUYHMX
OCHOB KBaHTOBOI Qi3VKM; 3HAHHA CTAaTUCTUYHOT NPUPOAN KBAHTOBUX BUMIpIOBaHb.

KomnemeHmHocmi 3 KBGHMOBUX 064UCAEHb MA MOOEHOBAHHA: 3HAHHA KBAaHTOBMX BEHTUIB (O4HO-, ABO- Ta 6araToKy6iTHMX);
YMiHHS PO3pPi3HATM Ta 3aCTOCOBYBATN OAHOKYDITHI BEHTUAI (NnepeTBOpeHHs Mayni).

4. KsaHToBI noriuHi BeHTUAi Nayni Z, Y. KomnaeKcHi uncna (1 roanHa)

KomnemeHmHocmi 3 ¢hi3u4HUX OCHO8 KBAHMOBUX MexHO02il: yMiHHA NoaaBaT Ky6iT Ha cdepi broxa.

KomnemeHmHocmi 3 mamemamu4HUX OCHO8 K8AHMOBOI iHhOPMAMUKU: 3HAHHA OCHOB TEOPIl KOMMNIEKCHUX YNCEN; 3HAHHA
OCHOB JliHiiHOI anrebpu; ymiHHA NoAaBaTM BeKTOpW (MaTpuLi-CTOBNLi, MaTpuLi-pAaKM) ¥ Bpa-KeT HoTauii; yMmiHHA HaBoAUTM
NPUKNAAN YHITAPHUX MaTpuLb Ta BUKOHYBaTU Aii 3 HUMM.

KomnemeHmHocmi 3 KBAHMOBUX 064ucsieHb ma MoOest08AHHA: 3HAHHA KBAaHTOBUX BEHTMAIB (0AHO-, ABO- Ta 6araToKybiTHUX);
YMiHHA PO3pPi3HATM Ta 3aCTOCOBYBATU OAHOKYHITHI BeHTUAI (nepeTBopeHHA Mayni).

5. KBaHTOBI loriyHi BeHTUNI Ajamapa Ta KOHTPO/IbOBaHOrO 3anepeyeHHA. Po3B’A3aHHA 3agau (1 roguHa)

KomnemeHmHocmi 3 KBGHMoOBUX 064UCAEHb MA MOOEsHOBAHHA: 3HAHHA KBAaHTOBMX BEHTUAIB (O4HO-, ABO- Ta 6araToKyb6iTHMX);
YMiHHA PO3Pi3HATU Ta 3aCTOCOBYBATW OAHOKYOITHI BeHTUNI (nepeTBopeHHs Mayni, BeHTUNb Agamapa, $a3oBi 3cyBU); YMiHHA
BMKOHYBATW onepaLw,ii 3a onomoroto 6aratokybiTHUX BEHTUIB.

6. Anroputm KBaHTOBOI TesnenopTtauii. Peanisauia anroputmy KBaHTOBOI Tenenoprauii 3a Agonomoroto rpadiyHoro
cepeposua (1 roguHa)

KomnemeHmHocmi 3 ¢izu4HUX OCHO8 KBAHMOBUX MeXHO/102ili: YMIHHA MaTeMATUYHO OMMCYBATU KBAHTOBY TesienopTalito.
KomnemeHmHocmi 3 anapamHozo 3ab6e3neyeHHs K8AHMOBUX KOMM’tomepie i 0amyuKig: 3HAHHA anapaTHUX naatdopm ans
KBaHTOBMX 06uncneHb, cnocobis ix iHTerpauii 3 KnacuyHMm ob61afHAHHAM; YMiHHA BUMKOHYBaTM Ha/alWTyBaHHA BiA4a/ieHOro
A0CTYNy A0 KBAHTOBUX KOMN'tOTEPIB; YMiHHA BUKOHYBATU KBAHTOBI NPOrpamMmn Ha KBAHTOBUX KOMN'tOTepax.

7. OcHoBM NporpamyBaHHA (1 roguHa)

MpakmuyHi HABUYKU mMa 3020sbHI KOMIemeHMHOCMI: 3HAHHA OCHOB KNACWMYHOrO (HEKBAHTOBOro) MpPOrpamMyBaHHA: MOB
NPOrpamyBaHHsA, aITOPUTMIB, KNaciB CKNAAHOCTI, KpunTorpadii; 3HaHHA rany3en 3aCTOCYyBaHHSA KBAHTOBUX TEXHOOTIN; YMiHHSA
peanizoByBaTV 6a30Bi KNACUYHI aNTOPUTMM (30Kpema, KpunTorpadiyHi) MOBamu NporpamyBaHHs.

8. MporpamyBaHHA KBaHTOBMX anroputmie. Peanisauisa anroputmy KBaHTOBOI TesienopTauii y cepefoBuLli NporpamyBaHHA
(1 roauna)

KomnemeHnmHocmi 3 anapamHoz2o 3abe3rneyeHHA K8AHMOBUX Komn’tomepie i 0amyukie: 3HaHHA anapaTHUX naatdopm ann
KBaHTOBMX 06uYMcneHb, cnocobiB ix iHTerpauii 3 KnacMyHMm 0b1agHaHHAM; YMIHHSA BUKOHYBaTW HANALWITYBaHHA BiA4a/1I€HOTO 40-
CTYny .0 KBAHTOBUX KOMM'tOTEPIiB; YMIHHA BUKOHYBATU KBAaHTOBI NPOrpaMu Ha KBaHTOBMX KOMM'tOTepax.

KomnemeHmHocmi 3 KeaHMosBUX 064YUCAEHb MA MOOENOBAHHA: 3HAHHA MOB KBAaHTOBOIO NporpamyBaHHA, 3acobiB po3po6bKu
KBAHTOBOroO NPOrpamHoro 3abesneyeHHs Ta naatpopm (3okpema, rpadivyHmx).

9. KeaHTosi BeHTUni Todpdoni Ta PpeakiHa (1 rogunHa)

KomnemeHnmHocmi 3 anapamHozo 3ab6e3neyeHHs K8BAHMOBUX KOMM’'tomepie i 0amyukig: 3HAHHA anapaTHUX naatopm gns
KBaHTOBMX 06uYMcieHb, cnocobis ix iHTerpauii 3 KnacMyHMm 0b61afHAHHAM; YMiHHA BUMKOHYBaTM Ha/alTyBaHHA BiA4a/ieHOro
[AO0CTYNy A0 KBAHTOBUX KOMN'tOTEPIB; YMiHHA BUKOHYBATM KBAHTOBI NPOrpamMmn Ha KBAHTOBUX KOmN'toTepax.

KomnemeHnmHocmi 3 kKeaHmMosux obyucieHb ma Mooento8aHHA: 3HAaHHA MOB KBAaHTOBOroO NpOrpamyBaHHs, 3acobiB po3pobKu
KBAHTOBOrO NPOrpamHoro 3abesneyeHHs Ta naatoopm (3oKkpema, rpadiyHMx); yMiHHA BMKOHYBaTW onepawii 3a 4OMNOMOroH
6aratokybiTHMx BeHTUAIB (CNOT, BeHTUAi Toddoni Ta PpeakiHa).

10. KsaHTOBa KOMyHiKauisa. KBaHToBa Kpuntorpadis (1 roguHa)

KomnemeHmHocmi 3 K8AHMOBOI KOMYHIKayil: 3HaHHA KBaHTOBOI KpunTorpadii (KBaHTOBOro po3noainy Katoya, 6esneyHoi
asTeHTUiKaLii, LMbpoBUX NigNuciB, ranysei 3acTOoCyBaHHA); 3HAHHA NPO KBAHTOBI Mepexi (KBaHTOBMI IHTEPHET, CEHCOPHI Ta
TOOVMHHUKOBI  Mepexi); 3HaHHA iHPPACTPyKTypu Ta 06NafHaHHA KBAHTOBOrO 3B'A3KY (BOJIOKOHHO-OMTUYHI CUCTEMM,
6e34pOTOBMI 3B’A30K, CYMYTHMKOBI CUCTEMMW; KBAHTOBI reHepaToOpu BUMNAZKOBMX YMCEN; KBaHTOBa Nam’aTb, iHTepdeicwy,
KOMYTaTOpW; NOBTOPIOBAYI, KiHLEBi By31K); YMIHHA OnucyBaTWM NPUHLMNK poboTM Ta byaoBy 061aAHAHHA KBAaHTOBUX MepeX;
YMiHHA HaBOAUTU NPUKNAAM 3aCTOCYBaHHA KBAHTOBOI KpunTorpadii y pisHMx ranyssx.

KomnemeHnmHocmi 3i 3a6e3ne4ysansbHuUx mexHos02ili: 3SHaHHA ONTUYHUX TEXHONOTiN; 3HAHHA 1aboPaTOPHUX TEXHOIOTIN; 3HAHHA
eKCneprMeHTaIbHOTO YNPaBAiHHA; YMIHHA PO3Pi3HATK AxKepena GOTOHIB.

11. Anroputm BepHuwTeiiHa-Basipani. 12. Anaroputm  [oiiua-Moxu. 13. Anroputm [posepa. 14. Anroputm Llopa.
15-16. bi6nioTekn KBaHTOBUX aNrOpUTMIB (6 roguH)

KomnemeHnmHocmi 3 anapamHoz2o 3a6e3rneyeHHA K8AHMOBUX Komn’tomepie i 0amyukie: 3HaHHA anapaTHUX naatdopm ana
KBaHTOBMX 0buMcieHb, cnocobis ix iHTerpauii 3 KnacuyHMm obn1agHaAHHAM; YMiHHSA BUMKOHYBaTM Ha/alTyBaHHA BiAga/ieHoro
AOCTYNy A0 KBAHTOBUX KOMN'tOTEPIB; YMiHHA BUKOHYBaTU KBAHTOBI MPOrpamun Ha KBAHTOBMUX KOMN'toTepax.

KomnemeHmHocmi 3 K8AHMoBUX 06YUCAEHb MA MOOEMNOBAHHA: 3HAHHA MOB KBAHTOBOIO NporpamyBaHHA, 3acobiB po3pobKu
KBAHTOBOrO NporpamHoro 3abesneyeHHn Ta naatdopm (3okpema, rpadivyHmnx); 3HaHHA 6A30BMX KBAHTOBUX aIFOPUTMIB; YMIHHA
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Tema ypoKy Ta KOMNETEeHTHOCTI, Wo 6yayTb chOpMOBaHi/yAOCKOHANEHI
3aCTOCOBYBAaTM KBaHTOBI BEHTU/I ANA 3anUCy KBAHTOBMX asrOPUTMIB; 3A4aTHICTb NOCAYroByBaTMCb MOBamMu Ta 3acobamu
KBAHTOBOrO NPOrpamyBaHHA.
17. NMiacymKosuii ypok (1 roguHa)

BUCHOBKUM TA MEPCNEKTUBU NOAANBLUOIO AOCNIAMXEHHA

I'PYHTYIOUMCb Ha GYHAAMEHTANbHUX iLEAX KOMMNETEHTHICHOTO MiAXOAY Y HaBYaHHI, @ TAKOX B3ABLUM 332 OCHOBY CTPYKTYpY
Ta 3MicT EBPONENCbKOI PaMKM KOMMETEHTHOCTEN Y Fanysi KBaHTOBUX TEXHOJIOTIM, BUSHAYEHO CK/1a0Bi KOMMNETEHTHOCTEN 3 OCHOB
KBaHTOBOI iHGOPMaTUKKM AN1A YYHIB NiLeiB.

Hanpsamom noganblioro AocnigKeHHA Caif, BUSHAYUTU YAOCKOHAIEHHA METOANYHUX MaTepianiB paKybTaTUBHOIO Kypcy
«OCHOBW KBaHTOBOI iHGOPMATUKM» ANA YUHIB NiLeiB.
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STRUCTURE AND CONTENT OF COMPETENCES ON THE BASICS OF QUANTUM INFORMATICS OF PUPILS FROM LYCEUMS
Liudmyla Lehka
Kryvyi Rih State Pedagogical University, Ukraine

Abstract. The results of the expert survey about identifying the components of competences on the basics of quantum informatics of pupils from
lyceums are presented in the article.

Formulation of the problem. The rapid development and promise of quantum technologies in the world are obvious prerequisites of the another
transforming of the informatics education content in the Ukrainian general secondary education establishments, as well as
clarification of the results of its mastery, there are the components of information and communication (digital) competence. In May
2021, The QTEdu consortium released the first version of the European Competence Framework for Quantum Technologies,
components of which are the basis for identifying of the relevant competences for students, in particular full secondary education,
as well as for the implementation and realization of educational and scientific projects in the quantum technologies.

Materials and methods. To obtain the results of the study, an empirical method was used (a survey in the form of a semi-open questionnaire,
where along with the answer options presented, could be expressed own meaningful comments-recommendations) and a statistical
analysis of the results of the survey was done (range to identify the significance of the competencies components).

Results. The conducted expert survey, which was attended mainly by teachers and lecturers, has provided answers and recommendations for the
final identification of the content of competencies in quantum informatics of pupils from lyceums: competencies on the physical
basics of quantum technologies; competencies on the mathematical foundations of quantum computer science; competencies on
enabling technologies; competence in hardware of quantum computers and sensors; competence in quantum computing and
modeling; competence in quantum sensors and metrology; competences in quantum communication; practical and soft skills.

Conclusions. The determined structure and content of competencies on the basics of quantum computer science for pupils from lyceums were
allowed to clarify the content of the relevant optional course.

Key words: quantum technologies, quantum informatics, competence approach, competences on the basics of quantum informatics.
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3ACOBM | CEPBICU EBPOMNENCLKOT XMAPU BIOKPUTOT HAYKU 418 NIATPUMKU HAYKOBO-OCBITHLOI AIA/IbBHOCTI

AHOTALIA

B cmammi npoaHanizosaHo cy4acHi meHOeHyii esponelicbko2o npocmopy 8idKpuUMoi HayKu, CymHicme i nepeeazu Xmapo OpieHMOB8AHUX
3acobie i cepsicie 8i0kpumoi HayKku. Po3ansHymo npukaadu cepsicie €sponelicokoi xmapu 6idkpumoi Hayku. HadaHo
pexkomeHOauii wo0o sKicHozo (i eghekmusHO20 3anposadieHHA 3acobie i cepeicie 8i0KPUMOI HAYKU 8 HAYKOBO-OC8IMHIO
difanbHicme.

®dopmynoeaHHa npobaemu. AxkmyasnbHicme pobomu o06ymosseHa HeobXiOHICMI0o MoKpaweHHs AKocmi ma pesysnemamueHocmi
8rnposadHeHHA 8 HAYKOBO-0C8IMHIO OifnbHicme 3acobie i cepsicie 8i0KpumMoOi Hayku, nidBUWEHHA edekmusHocmi ix
BUKOPUCMAHHA y 8iIMYU3HAHIl Hayyi ma cucmemi oceimu, noninweHHA pieHsa nid2zomosKu ¢axisyie oceimHeoi 2asny3i, 30kpema
syumenis.

Mamepianu i memodu. [ina po3e’a3y8aHHA nocmasneHUx y pobomi 3a80aHb 8UKOPUCMAHO mMeopemuy4Hi memodu: aHasi3 HAyKoeo-
nedazoziyHux meopili ma KoHyenuyiti 3 npobaemu docnidHeHHsA; aHani3 ma y3azanbHeHHA meHOeH Uil esponelicokozo npocmopy
8i0KPUMOI HaYKU; aHasi3 hyHKYIOHANY XMAPO OPIEHMOBAHUX Cepsicie 8i0KpUMOI HayKu.

Pe3yabmamu. Po32asHymo cymHicmes MOHAMMSA XMapo OpieHMOB8AHOI cucmemu 8i0Kpumoi HayKu. poaHaniz08aHO cymHicme i 3HaQYeHHs
Esponelicokoi xmapu 8i0Kpumoi HayKu. BusHayeHo ocHo8HI meHOAeHyil, wjo Hapasi npesantoome 8 €sponelicokomy npocmopi
8i0KpumMoi HayKu: 8idkpumuli docmyn, apxieysaHHA cmamel, 06MiH daHUMU. Po32asaHymo npukaadu cepsicie E€sponelicokoi
Xmapu 8i0kpumoi HayKu. HaoaHo pekomeHOauii w000 3anposadxeHHsA 3acobis i cepsicie 8i0KPUMOI HAYKU 8 HAOYKOB0-0C8IMHIO
dianbHicme.

BuCHOBKU. Bpaxy8aHHA Cy4acHUxX meHOeHyili esponelicbko2o npocmopy 8i0KpUMOI HayKu, 8UKOPUCMAHHSA nepesaz XmMapo OpPieHMOB8AHUX
3acobie | cepsicie 8iIOKpUMOI HAYKU 3 YpaxyS8AHHAM Q8MOPCbKUX PeKoMeHOayili cripusmume MOKPAWEHHIO AKoCMi,
eghekmusHocmi ma pe3ynbmamusHOCMi HAyKOB0-0C8IMHbOI OisnbHOCMI 'y 8iMYu3HAHUX 3aKnadax Hayku U oceimu,
eghekmusHocmi enposadxceHHA 8 ocsimHili npoyec 3acobie i cepsicie XMapHUX 064YUCIeHb, WUPWOMY BUKOPUCMAHHIO cepsicie
8iOKPUMOI HAYKU Ha Pi3HUX PIBHAX HABYAHHS, MOIMWEHHIO PieHA Ni020MOBKU haxieyie 0ceimHboi 2asnys3i.

K/TKOYOBI C/IOBA: sidkpuma Hayka, 3acobu i cepsicu 8idkpumoi Hayku, Esponelicbka Xmapa 8i0KPUMOI HayKu, HaYyKOB0-0C8IMHA OifiaAbHICMb,
meHOeHUii.

BCTYN

MocraHoBKa npobaemu. B ymosax rnobanisauii, eBpoiHTerpauii, npuckopeHoi umpposoi TpaHcpopmaii 6aratbox chep
BLiANbHOCTI NIOAMHW BUHWMKAE NoTpeba NOKpaLLeHHi KOHKYPEHTOCNPOMOXKHOCTI OCBITHbOI cdhepn YKpaiHM, popmyBaHHA CydyacHMX
KOMMeTeHTHOCTel | KBanidikaLiit NtoaMHU, NiABULLEHHA PIBHA AOCTYNHOCTI Ta AKOCTi OCBITU. AK 3a3Ha4alOTb NpeacTaBHUKK SiS.net

© M.B. Map’eHkKo, t0.I. HoceHko, M.M. WunwkiHa, 2021.
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(npoekTy B mexax PamKkoBoi nporpamu €sponeicbkoro Coto3y 3 AocniaKeHb Ta iHHoBauih «Topu3oHT 2020»), Hapasi B €Bponi
cnocrepiraeTbca AediuMT HayKO-OPiEHTOBAHMX, K HAYKOBO-3HAKOUMX» OCIb Ha BCiX PiBHAX AiS/NIbHOCTI CYCNiNbCTBA Ta EKOHOMIKM.
KNo4oBMM YMHHMKOM MifroTOBKM TakUX OCib, 34aTHUX afanTyBaTMCA 40 AMHAMIYHUX CYCMiIbHO-EKOHOMIYHMX 3MiH, KPUTUYHO
MUCAUTK, ePEeKTUBHO BUPILWYBATU HaxoBi i NOBCAKAEHHI 3a4aui i3 3a/lyYEHHAM CYy4aCHUX TEXHIYHUX JOCATHEHb | TEXHOMOTYHUX
UMPPOBUX pilleHb, 3alMMaTUCA CTaIMM CamMOPO3BMTKOM, ByTu ycnilwHMMKM B obpaHiin npodecii i T.4. € Koonepauia 3ycunb
BMOTMBOBAHMX, KBanidpikoBaHUX ¢axiBLiB HaYKOBO-OCBITHLOI Chepn — neaaroriyHnX, HayKoBO-NeAaroriyHnx, HayKoBMX Kagpis
(Map’eHko&LUuwkiHa, 2020).

OpHieto i3 OCHOBHUX YMOB MOJIMNWEHHA AKOCTI NiAroTOBKM ¢axiBLiB HayKOBO-OCBiTHbOI cdepu, NiaBULEHHA pPiBHA iX
npodecinHoi KOMNETEHTHOCTI, LWWMPLWOro BWKOPWUCTAHHA IHHOBALIMHMX NefaroridyHUX TEXHOOrN, PO3LWMUPEHHA YacCTKU
LOCNIAHULBKOTO NiAXo4y Y HaBYaHHI € 3anNpoBaaKeHHA XMapo OPiEHTOBAHMX CEPBICiB | TEXHO/OTIN BiAKPUTOI HayKM Y 3aKNagax
BMLWOI MNeaaroriyHoi, nicnsaMnaoOMHOI neparoriyHoi ocBiTM. Hapasi npobaemu NpPOEKTYBaHHA | BMKOPUCTAHHSA XMapo
OpPIiEHTOBAHWUX CEPBICIB i TEXHONOTIM BiAKPUTOI HAYKM B HAYKOBO-OCBITHIM AiANbHOCTI HaseXaTb A0 NepLloYeproBux B achekTi
undposisaujii. XmMapo OpIiEHTOBaHI CUCTEMWM BIAKPWUTOI HAyKM HOBOTO MOKOAIHHA, WO € 6inbll THYYKMMM, NOTYKHUMM,
GYHKLIOHaNbHUMK, NPUBEPTalOTb BCe BiNblly yBary A0CAIAHMKIB. IX 3aNpoBaKeHHA Mae NO3UTUBHO MO3HAYUTUCA Ha AKOCTI
HayKOBO-OCBITHbOI AiANbHOCTI, 3abe3neyeHHi Wupworo JocTyny A0 nepcnekTMBHUX IKT, po3WwmnpeHHi YacTKM AOCNIAHULBKOMO
niaxoay B HaBYaHHI, NiABULLEHHI AKOCTI HAYKOBUX AOCNIAMKEHb Ta OCBiTHIX nocnyr (Map’eHko&LUuwkiHa, 2020).

Lle notpebye 06rpyHTYBaHHA TEOPETUKO-METOA0IONYHMX 3acaj, CTBOPEHHA XMapo OPiEHTOBAHUX CUCTEM BifLKPUTOT HayKu
Y 3aKnagax oCBiTU, JOCNIAXKEHHA IHHOBALiMHUX moaenel, NPUHUMNIB | MeTOZiB IX GOPMYBaHHSA i BUKOPUCTaHHA, BU3HAYEHHSA
HaMbiNbLW AOUINbHUX LWAAXIB BNPOBaAMKeHHA. HeobxigHO B3ATM A0 yBaruM CBiTOBI TeHAEHU|i, WO nonaaraloTb y nepexoi 4o
MaCOBOro BNPOBAAMKEHHSA Y 3aKNajax OCBITM HayKOBO-OCBITHIX NaaTdopm i iHPpacTpyKTyp BigKPUTOI HayKM, 30Kpema, cepBicis
€sponelicbkoi xmMapu BigKkputoi Hayku (European Open Science Cloud, EOSC), Wwo A03BOASE CTBOPUTU HOBY BMCOKO MOTYXKHY
iHbOPMaLiMHO-TEXHONOFYHY EKOCMCTEMY OpraHi3aL,ii OCBITHbO-HAYKOBOrO NpoLiecy.

3 ornagy Ha 3HAYHWIA NefaroriYyHU NOoTeHUian i HOBU3HY ICHYKOUMX NIAXOAIB A0 NPOEKTYBAaHHA XMapo OPIEHTOBAHWUX
CUCTEM BIAKPUTOT HAyKM, iX GOpMYyBaHHA i BUKOPUCTAHHA Y 3aKNagax OCBITW, Li MUTAHHA Lie NoTpebytoTb TEOPEeTUYHUX Ta
eKCNepUMEHTaNbHUX [0CAIAMKEHb, YTOYHEHHA NiAXOAiB, Mmogenen, MeTo4iB i METOAMK, MOMKAUBUX LUNAXIB BNPOBALKEHHS.
AKTyanbHicTb pob0oTM 06yMmoBAEHA HEODXIAHICTIO NOKPALLEHHA AKOCTI Ta Pe3y/bTaTUBHOCTI BNPOBAAMKEHHA B HAYKOBO-OCBITHIO
LiANbHICTb 3ac06iB | cepBiciB BiAKPUTOT HayKK, NiABULLEHHA ePEKTUBHOCTI iX BUKOPUCTAHHA Y BITYM3HAHINM HayLi Ta cMCTeMi OCBITH,
noAinweHHA piBHA NigroToBKKM daxiBLiB OCBITHLOI ranysi, 30Kpema BYMTeNIB.

AHani3 akTyanbHUX AO0CAiIAKeHb. B ocTaHHI poKkM B YKpaiHi peani3oBaHO Kiibka Mi*KHapOAHUX MPOEKTIB, NPUCBAYEHNX
NUTAHHAM peanisaliii NpiopuTeTiB BIAKPUTOI HayKM Y 3aKnagax ocsiTU. 30Kkpema, 3 2016 poky peanisyeTbca NPOEKT «pomaacbKka
CMHeprif: NOCUNEHHA Y4YacTi rPOMAACLKOCTI B €BPOIHTerpauiHux pedopmax». B mexax LbOro NPOEKTY 3A4iMCHIOBANACH
uinecnpAmoBaHa aHaniTM4Ha Ta iHGOPMALIMHO-NPOCBITHULBKA AiANbHICTb 3aana  binbwoi edeKkTMBHOCTI PopmyBaHHA
rPOMaAAHCbKOrO CycniNbCTBa i yyacTi B €BPOiHTErpaLinHux npouecax. ¥ 2017-2020 pp. 34iACHIOBABCA MiXKHAPOAHWUIN OCBITHIl
npoekT DocHub, npucBAYeHUIA CTPYKTYpU3ALLT cniBnpaLi WoAo acnipaHTCbKUX AOCNIAMXKEHb, HABYAHHA YHiBEPCAZIbHUX HAaBUYOK
Ta aKafeMiyHOro NUCbMa Ha perioHanbHOMY PiBHI YKpaiHW. B mekax uboro npoekty byna po3pobneHa HaBYasbHa nporpama
«BigKpuTa HayKka», cnpAmMmoBaHa Ha pOpPMyBaHHA HAaBMYOK BiLKPUTOI HAYKM y acnipaHTiB, Lo BNPOBAAKYBAIAaCh B OCBITHIN NpoLec
ninoTHWUX 3aKknagis (Map’eHko & LWnwkiHa, 2020).

R. Farrow, R. Pitt, Ta M. Weller B cBoeMy gocnifKeHHi npeAcTaBuAn NPOEKT «Bigkputuid nigpyyHuk BennkobputaHiin
(Farrow, Pitt&Weller, 2020) Ta okpecnmnu GpakTopu MOro ycnixy WoAo NpoCcyBaHHA BiKPUTOI HAyKM Ta BiAKPUTOI neaaroriku.
TobTO AOCNiAHWKM PO3rNAfaloTb NOpAA 3 TEPMIHOM «BiAKPWUTa HayKa» Lie M TepmiH «BigKpuTa nepgarorika». MiapyyHuKn
3a/IMWAOTbCA OCHOBHOI CKNaZ0BOK OCBITHbOrO 3abesneyeHHs HayKu, BBa)KaloTb HaykosLi R. Farrow, R. Pitt, Ta M. Weller.
BigKpuTi Nigpy4yHUKM - Le BigKPUTI NiLLleH30BaHI akaAeMidHi NigPYYHUKHN, Y AKUX eNeKTPOHHA BepCia AOCTYMNHa Y BiibHOMY A0CTyni,
a APYKOBAHA - 33 3HUMKEHO BapTiCTio. BoHM € Ppopmoto BigKPUTOro OCBITHLOrO pecypcy. B ocTaHHI poKkKM pag, nigpyyYHUKie 3
BIAKPUTOIO NiLEH3IED NPOAEMOHCTPYBaIM BUCOKMIM BMAMB Yy Takux KpaiHax, Ak CLUA, KaHaga Ta MAP. Mpoekt "BigakpwTi
niapy4YHUKM BennkobpuTaHii"' mas nioTHe BNPOBaAMKeHHA (3 akLeHTOM Ha Temu STEM) y KoHTeKcTi BeankobpuTanii y nepiog 3
2017 no 2018 pik. MpoeKT oaHYy 3 OCHOBHUX Ljifei: CNPUATA NOWUPEHHIO BIAKPUTUX NiAPYYHUKIB Y BennkobpuTaHii. 3aBgsaku
HU3Li cemiHapiB y paai 3BO Ta uinecnpAmoBaHOMY NPOCYBaHHI HA KOHKPETHUX OCBITHIX KOHdEpPEHLLAX NPOEKT yChillHOo NiAHAB
NonyAApHICTb BIAKPUTMX NiAPYYHMKIB Y BennkobpuTtaHii. KinbKa TeMaTUYHUX AOCAIAKEHb NOBIAOMAAKOTb NPO HAABHI NPUKAagn
BMKOPWUCTAHHA BIiAKPUTMX NiAPYYHUKIB y Hayui BenukobpuTtaHnii. Cepepn 6puTaHCbKMX HAyKoBLiB OyB 3HauyHMI iHTepec Ta
3aUiKaBAEHICTb 40 BiAKPUTMX NiApyYHUKiB. YacTKoBO Le 6yno NoB'A3aHO 3 eKOHOMIE KOWTIB ANA CTyaeHTis, ane 6inbw
Barommmu pakTopamm bynum cesoboaa afanTyBaTv Ta po3pobaATU NiJPYHHUKM Ta BIAKPUTI @N1eKTPOHHI pecypcu. Lle yaroaskyeTbes
3 PALOM AOCNIAMXKEHD, WO NPOBOAMANCA B IHLIMX KpaiHax, i CBiAYMTb NPO Te, W0 NoTeHLian BN/AMBY Ha BpUTAaHCbKY HAayKOBY OCBITY
€ Beankum (Farrow, Pitt&Weller, 2020).

LLlo K CTOCyeTbCA MOHATTA «BiAKPUTOI Mefaroriku», To ANA PO3KPUTTA MOro 3MICTy Kpallie 3BEepHYTUCb 40 poboTu
A. Wesolek, J. Lashley, A. Langley (Wesolek, Lashley&Langley, 2018). Mo cyTi, BigKpuTa neaarorika OMUCYE BTPYYaHHSA,
CNpPAMOBAHE Ha MOKPALLEHHA BMKA3AAHHA Ta HaBYyaHHA. HaTomicTb BigKpwuTa neparorika npeactaBnse H6avyeHHA OCBITH, AKe
3aMiHIOE ayAMTOPIT KOHTPOJIIO CMiILHOTaMK MOKMBOCTeN. Came TOMY NMefarory NparHyTb PO3WMPUTM MOKINBOCTI CTYAEHTIB Ta
BMK/agadiB, po3wupuTn ix cBobosy BMOOpPY Ta [OCTYN A0 BMCOKOE(DEKTMBHWMX OCBITHIX MpPaKTUK. BigKpuTa neparorika -
HeBiA EMHA YaCTMHA Cy4acHOro pyxy 3a BiaKpuTy ocsiTy (Wesolek, Lashley&Langley, 2018).

Jocniaxyoum BigKpUTY HayKy CAif NpoaHanisyBaTM JOCNIAXKEHHA NpUCBAYEHi EBPONENCbKiN xmapi BiAKPUTOI HayKu. B
pocniaxeHHi E. Sciacca (Sciacca et al, 2020) €Bponelicbka xmapa BigKpuToi Haykn (EOSC) npeactasneHa Ak depepatnsHe
cepefioBuLLe ANS PO3MILLEHHA Ta 06POBKM AaHUX AOCAIAXKEHb ANA NIATPUMKM HayKKW Yy BCiX aucumnaiHax 6e3 reorpadiyHmx
KOPAOHIB, TaKMM YMHOM, WO6 AaHi, NporpamHe 3abesneyeHHa, metToam Ta nybaikauii moran ByTn npeacTaBaeHi AK YacTUHa
CNiNbHOTK BiZKPUTOI Hayku. Y poborTi (Sciacca et al, 2020) npeacTaBneHO NOTOYHY AifNIbHICTb, NOB'A3aHY i3 BNPOBaAKEHHAM
nocnyr Bi3yasnbHOI aHaNITUKMK, iHTerpoBaHunx y EOSC, ana BUpiLLeHHSA Pi3HOMaHITHUX NoTpeb cnifibHOT KOPUCTYBaYiB acTPOodi3nKK
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WoA0 YNpaBNiHHA JaHUMMK, KapTorpadyBaHHA Ta BUABAEHHA CTPYKTYp. Lli nocnyru cnnpatoTbea Ha Bidyanisauito 4na ynpasaiHHA
NPOLECOM KUTTEBOTO LMKAY AaHWX 3rigHO 3 npuHumMnammn FAIR, iHTerpyroun obpobKy AaHuX Ana CTBOPEHHA 306pakeHb Ta
CTBOpPEHHs 6araToBMMIpPHOi Manu, a TaKOX, 3aCTOCOBYHOUYM METOAM MALUMHHOFO HABYAHHA, ANA BUABNEHHA CTPYKTYP Y
MacwTabHUX 6araToBUMipHUX Manax.

Y BiTUM3HAHOMY OCBITHBOMY MPOCTOPiI 3A4IACHIOITLCA 3aX04M WOAO 3aNpPOBAANKEHHA XMAPHUX TEXHONOrIN BiAKpUTOI
HayKKW. 30Kpema, Li NMMTAaHHA 3HaX04ATb CBOE MiCLLe Y TEMATMLLi LLLOPIYHOTO MiXKHAapPOAHOrO ceMiHapy «XMapHi TEXHONOTIi B OCBITI»
(IHCTUTYT iHdOpPMaLiMHUX TexHOOTIN | 3acobiB HaBuaHHA HAMH YKpainu, 3 2012 p.), y 4iAaNbHOCTI CNiIbBHUX HAaYKOBO-A0CAIAHMX
nabopaTopiit 3 Npobem BUKOPUCTAHHA XMAPHMX TEXHOOTIN B OCBITI (IHCTUTYT iHGOPMALLIMHUX TEXHONOFIN | 3ac06iB HaBYaHHSA
HAMH YkpaiHn, KpnBopi3bKnin HauioHanbHUIM yHiBepcuTeT, TepHOMINbCbKMUIA HALLOHA/NIbHUA NeaaroriYyHnii yHiBepcuTeT imeHi
Bonogumupa THaTioka, KUTOMWMPCbKUI AepsKaBHUIN yHiBepcuTeT, [MepesacnaB-XmMenbHULBbKUI [AeprKaBHWUW neaaroriyHui
yHiBepcuteT imeHi Mpuropis CkoBopoau) Ta iH. TUM Yacom, HOBI NiAXoam i TeXHOOTIi NOTPebYOTb MAacOBOrO BMPOBAaAKEHHS i
BMKOPUCTaHHA, 0c06AMBO y NpoLec NiAroToBKM BYUTENIB. HayKOBO-MeToAMYHE OMpaLoBaHHA LbOro Npouecy 3a/MLLAETbCA B
YKpaiHi HWUHI NpakTUYHO BigcyTHIM (Map’eHKko&LLnwKiHa, 2020).

Mera cratTi. Hagat pekomeHagau,ii Wwoao aKicHoro i epekTMBHOIO 3anpoBagyKeHHs 3acobis i cepBiciB BiAKPUTOI HAYKK B
HAYKOBO-OCBITHIO AiA/IbHICTb LWASXOM aHai3y Cy4acHUX TEHAEHLN EBPONENCbKOro NPOCTOPY BiAKPUTOI HayKK, CyTHOCTI i nepesar
XMapo OpieHTOBAHMX 3acobiB i cepBiciB BigKPUTOI HayKu.

METOAU AOCNIAXKEHHA

[na po3B’a3yBaHHA NOCTaBAEHMX Y PobOTI 3aBAaHb BUKOPUCTAHO TEOPETUYHI METOAM: aHani3 HayKoBO-NesaroriyHmx
Teopilt Ta KoHUenNui 3 npobaemn AocnigKeHHA 32 aBTOPCTBOM BiTUM3HAHUX | 3aKOPAOHHMX AOCNIAHUKIB, eKCnepTiB y ranysi
BiAKPWTOI HAayKM, CycMiNbCTBA 3HaHb; aHani3 Ta y3arasbHeHHA TeHAEHLii EBPONENCbKOro NPOCTOPY BiAKPUTOT HAaYKK, BITYNIHAHMX
Ta 3aKOPAOHHUX NiAX0AiB A0 OpraHisau,ii HayKoBO-0OCBITHbOI AiANIbHOCTI 3 BUKOPUCTAaHHAM XMapOo OPiEHTOBAHMX CUCTEM BiAKPUTOI
HayKK; aHani3 GyHKLiOHany XMapo OpiEHTOBAHWX CEpPBICiB BiAKPUTOI HayKWU, MOXK/IMBOCTEN iXHbOrO 3aCTOCYBaHHA B HayKOBO-
OCBITHIl AiANbHOCTI Ta iH.

Y cTatTi NOgaHO pe3ynbTaTy APYroro eTany MNPOEKTYy «XMapo OPIiEHTOBaHI CUMCTEMM BIAKPWUTOI HayKM y HaBYaHHI i
npodeciitHomy po3suTky BumTenis» (2020.02/0310), wo ¢iHaHcyeTbea HauioHanbHMM GOHAOM AOCAiAKeHb YKpaiHu. ABTopu
CTaTTi € BUKOHABLUAMMW AAHOTO NMPOEKTY.

Po3B'A3aHHA 3aBAaHb, NMOCTABAEHUX Y HAYKOBOMY AOCAIOKEHHI, MatoTb BiANOBIAATA BUMOram Cy4aCHUX JOCNIAXKEHb B
ranysi OCBiTWM i HayKW; Cy4acHUM TEHAEHLIAM PO3BMTKY iHPOPMALIMHOrO CycnifibcTBa Ta BNPOBaAMKeHHA iHPopmaLiliHO-
KOMYHiKaL,inHNUX TEXHO/IOTiM B OCBITY; CUCTEMHOMY NiAX0AY A0 HAYKOBUX JOCAIAXKEHD; MICTUTU HOBITHI AlaHi Ta HOBY iHOpPMaLto,
KOPUCHY A8 AOCNIAHWKIB, HAYKOBUX i HayKOBO-MeAaroriYyHnMX NpauiBHUKIB LWOAO BUKOPUCTAHHA XMapO OPIEHTOBAHUX CUCTEM
BiAKPUTOI HayKM y CBOi NPOQECiHiN HaBYaNbHIN AifANbHOCTI HA HAYKOBUX OOCNIAXKEHHAX; BPaxoByBaTH NoTpedbu umdposisawii
3aKNaAiB O0CBiTH; 6a3yBaTMCA HA KpaLLMX NPaKTUKax 3acTocyBaHHA IKT B HAyKOBO-OCBITHbOMY NPOLLECI.

PE3Y/ZIbTATU AOCNIAKEHHA

P0O3BMTOK HAyKOBO-OCBITHBOIO CEPenOBULLA XAPAKTEPU3YETLCA MOWMPEHHAM OifblW THYYKMX, NEpCoHipiKoBaHMUX,
BiAKPUTUX OPraHisaLiiHUX CUCTEM, LLLO CTAE MOMKINBUM i3 BUKOPUCTAHHAM XMapo OpieHTOBaHWUX 3acobiB i cepsicis. 3anyyeHHs y
NPaKTUKY POBOTU Cy4aCHWUX 3aKNagiB OCBITM XMAPHUX TEXHONOTIW BiAKPUTOro HayKoBOro i1 iHGopMaL,imHO-OCBITHLOrO NPOCTOPY
TAKOXX MOMKe BifgirpaTv NpoBiAHY po/b WOAO: NOrAMbBAEeHHs 3B'A3KiB OCBITW, HayKM i BUPOOHMUTBA, PO3LWIMPEHHA cniBnpawi
HaBYa/IbHUX i HAYKOBMX YCTAaHOB, CTBOPEHHA Pi3HOMAHITHUX CTPYKTYP KOPMOPATUBHOIO XapakTepy, MigTpUMyBaHUX 3acobamu
XMApPHUX TEXHOJOTI, CMPAMOBAHUX HA PO3BUTOK BiNbll TiICHOT B3aEMOiT 3 CEKTOPOM BULLOI OCBITM, PO3B’A3aHHA HaraJbHUX
COLiaNbHUX | EKOHOMIYHMX NPoBAEM, NONIMNLWEHHA IHTEHCMBHOCTI HAYKOBOTO MOLUYKY ¥ NpoLecy NigroToBKW Kagpis TOLLO.

dopmyBaHHA i NiATPMMYBAHHA B aKTyasIbHOMY CTaHi MepeXHMUX eNeKTPOHHMX iHdopMaLiiHUX pecypcis, 3acobis i cepsicis
BiAKPUTOrO HAYKOBO-OCBITHbOIO CepefoBMILA MOMHA AOCAITU LUAAXOM 3anpoBafiKeHHA LUPPOBUX IHCTPYMEHTIB BigKpuToi
ocBiTM (MeTogonoria ¢opMyBaHHA XMapo OPIEHTOBAHOrO HaB4Ya/bHO-HAYKOBOTO CEpenoBMLLA NeAaroriYHoOro HaBYa/lbHOroO
3aKknagay, 2017), cepep, AKuXx:

— HayKOBO-OCBITHI iHpOpMaL,iiHi Mepexi;

— BipTya/sli3oBaHi cMCTEeMM NiATPMMYBAHHA HABYaIbHOI B3AaEMOL,T;

— XMapo OpiEHTOBaHiI KOpNopaTMBHI iHGOpPMaL,iiHi cucTemu i cepsicu, y SKUX NepenbayeHo JOCTYN rpynu KOpUCTyBadis
0,0 THYYKO OPraHi3oBaHOro ny/y eNeKTPOHHWUX OCBITHIX pecypciB;

— CUCTeMM NiZTPUMYBAHHA AMUCTAHLIMHOIO HaBYaHHSA;

— iHbopMaLiHO-aHaNITUYHI MEPEXKHI CUCTEMM NIATPUMYBAHHA HAYKOBUX AOCNIAMKEHD (€N1E€KTPOHHI XYpHaNbHI cuctemm,
e-6ibnioTekn, cuctemn Beb6-KoHdepeHLil Ta iH., WO PO3MILLEHHI Ha XMapHUX cepBepax abo NocTayaloTbCs AK cepB.ic);

— CUCTEMM YNPaBNiHHA NPOEKTaMu;

—3acobu NPOEKTYBaHHA eNIeKTPOHHUX OCBITHIX pecypcis;

— cneuianizoBaHe nporpamHe 3abesneyeHHs, WO MNOCTAYAETbCA fAK CepBiC (CepBicM MaTeMATUUYHOrO MNPU3HAYEHHs,
KOHCTPYIOBAHHA, MPOEKTYBAHHA, Bidyanisauii i NogaHHA AaHMX, CTAaTUCTUYHOIO OMpPALIOBAHHA pe3y/bTaTiB, CEMAHTUYHOIO i
CMHTAKCUYHOTO aHani3y TEKCTIB Ta iH.).

I3 NOWMPEHHAM XMApO OPIEHTOBAHMX pilleHb, 3MIHIOITbCA CNOcobu opraHisauii 4OCTyny A0 eNeKTPOHHUX pecypcis,
3MIHIOIOTbCA iX CTPYKTypa i OYHKLIi, ypisHOMaHITHIOOTbCA GOPMU AiANbHOCTI 3 HUMU. KOHLLENTyanbHO BiAMIHHICTIO AaHOrO
nigxoany € Te, WO He /iMlie pecypcu, ane i cepsicu € BipTyaNbHUMM, iICHYIOTb «B XMApi», WO CTBOPIOE CNPUATIMBI YMOBM ONA
LWMPLLOro AOCTYyNy A0 Pi3HUX TUNIB CepBiciB.

MNia xMapo opieHTOBaHMMM CUCTEMAMM BiAKPUTOI HAYKM PO3YMIEMO CYKYMHICTb XMapHUX CEPBICIB, PO3MiLLEHUNX Ha EAUNHIN
nnatpopmi i NOB'A3AHNX OAMH 3 OAHUM IHCTPYMEHTApPIEM, afanToBaHMM Mig, NOTPebM NPOEKTYBAHHA | PO3rOPTaHHSA BiAKPUTUX
CUCTEM HaBYaHHA | HAYKOBUX ocniaxeHb. 1o HUX BigHocumo (puc. 1):
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— CMCTEeMM NIATPUMYBAHHA AiANbHOCTI BipTyanbHWX HaBYa/NbHUX/HAYKOBUX KONEKTUBIB, WO 3abe3neyyioTb JOCTyn 40
rHY4YKO OpraHi3oBaHOro My/ly eNeKTPOHHUX pPecypcis;

— iHpopMaULiiHO-aHaNITUYHI MepeXKHi cMCTeMM i cepBicK MiATPMMYBaHHA HAaYKOBUX AOCNIAMKEHD (€/1€KTPOHHI XKYpHabHi
cuctemu, e-6ibniotekn, cuctemu Beb-KoHbepeHLin Ta iH., WO PO3MILLEHHI Ha XMapHMX cepBepax abo NOCTavyarTbCA AK cepBic);

— CMCTeMM NiATPMMYBaHHA HaBYabHUX/HAYKOBUX MNPOEKTIB;

— cneuianizoBaHe nporpamHe 3abe3neyeHHs, WO MNOCTAYAETbCA fAK CepBiC (CepBicM MaTEMATUUYHOrO MPU3HAYEHHS,
KOHCTPYIOBaHHA, MPOEKTYBaHHA, Bi3yanisauii i moAaHHA [aHMX, CTAaTUCTUYHOrO OMpaLOBAHHA pe3ynbTaTiB, CEMaHTUYHOrO i
CWMHTAKCMYHOTO aHanisy TEKCTIB Ta iH.);

— [OCNIAHWUBKI HAayKOBI mepexki 1 iHbpacTpyKTypu, EBponericbka Xmapa BiAKPUTOT HAayKK Ta iHLWI.

XMapo OpiEHTOBaHI CMCTEMM BiAKPUTOI HAYKM — FHYYKI, NOTYXKHi, PYHKLiOHaNbHi 3ac06U, PO3BUTOK i 3aNpOBaAKEHHA AKUX
M€ NO3UTMBHO MO3HAYUTUCA Ha 3abe3neyeHHi WNPLWOro AOCTyNy A0 NePCneKTUBHUX iIHGOPMALLIMHUX TEXHONOTIN, PO3LUMPEHHI
YacTKKM AOCNIAHMLbKOIO Nigxoay y HaBYaHHI, peanisauii BCiX CKNAAHMKIB BigKpUTOT HayKku (puc. 1), NigBuLLEHHI AKOCTI HAYKOBMX
LOCNIAXeHb | OCBITHIX MOCAYT 3araiom.

BIAKPUTI LUUTYBAHHA

BIAKPUTUIA

BIAKPUTI JOCAI

BIIKPUTA
HAYEA

Puc. 1. CKnagHuku Bigkputoi Hayku (Baumgartner, 2019)

Cepsicu EBpoONeMCcbKOi Xmapu BiAKPUTOI HayKu. Y eBponeincbKomy npocTopi 6avyeHHs rnobanbHoi BiAKPUTOI HayKu
peanisyeTbeca Yepes ambiTHy nporpamy — EBponencbky xmapy BiaKpuToi Hayku (European Open Science Cloud (EOSC), 2018 p.).
lnes 3i ctBopeHHAa EOSC byna 3anponoHoBaHa B 2016 poui 3a iHiLiaTMBoO EBPOMNENCcbKOi KOMICii, AK YacTMHA EBponelicbKol
XMapHoi iHiuiaTuen (European Cloud Initiative) ans nobyfoBM KOHKYPEHTOCMPOMOXHOI EKOHOMIKM AaHMX Ta 3HaHb y €Bponi.
HuHi EOSC cnpAmoBaHa Ha PO3BMTOK iHOPACTPYKTYpW, WO HALAE CBOIM KOPUCTYBauyam MOCAYrU, AKi CMPUAIOTb PO3BUTKY
BiAKPUTUX HAYKOBMX NPAKTUK. IHWKMMM cnoBamu, nopTan EOSC € «TouKoto 360py» Ana cepsicis, NPONOHYIOYM PO3NoaineHi Xmapo
OpIiEHTOBAHI pecypcu, Lo A03BOAAIOTb AOCAIAHMKAM Ta iH. 06pobnaTv i aHanisyBaTM AaHi y posnogineHomy undposomy
cepefioBuLLi, Matu AocTyn A0 nybniyHMX i KOMepUuiiHMX CepBiCiB €N1eKTPOHHOT iHPPACTPYKTYypM Ha HaLioHanbHOMY,
perioHaNbHOMY Ta iIHCTUTYLLIKHOMY PiBHAX.

3anpoBagykeHHa EOSC Biaa3epKantoe OCHOBHI TEHAEHLT, WO Hapasi npeBantotoTb B EBPOMNENCbKOMY NPOCTOPI BiAKPUTOT
HayKu, 30Kpema:

- 8i0kpumuli docmyn. KinbKicTb ny6nikauiii y BigkpuTOomMy AoOCTyni WoOpiYHO 3pocTae. Hapasi maitke 2/3 asTopis
3a3HayatoTb, LLLO BOHM onybikyBanu CTaTTiO B KypHani 3 ribpmaHum abo 3010TMm goctynom. Lle — Ha 8% BuLle, y NOPIBHAHHI 3
2013 p.;

- apxieyeaHHA cmameli. B OCTaHHi POKM apxiByBaHHA CTaTel Y KiNbKICHOMY BigHOLWEHHI 3pOCa0 BABIYI, WAAXOM
PO3MiLLLeHHA iX B IHCTUTYLIMHMX Ta NyBNIYHMX CXOBULLAX, HA 0COBUCTUX BEB-CTOPIHKaX TOLWLO. FO0BHUMM NPUYMHAMM AKTUBI3ALLIT
CTaNv BUMOTM 3aKNaLiB A0 CBOiX CMiBPOBITHUKIB Ta NParHeHHA OCTaHHIX 4,0 NOLWMWPEHHA Pe3ynbTaTiB AOC/igKEHb.

- 06MiH daHUMuU. 3rigHo 3 gocnigykeHHam (Vocile, 2017) 2017, 69% onUTaHUX Yy4EHUX 3a3HAYMUAMU, L0 BOHW NEBHUM YUNHOM
Ainvnuca, obmiHIOBaNMCA AaHUMK CBOIX AOCHiAMKeHb, Wo Ha 17 % b6inblue, NOPIBHAHO 3 pesynbTaTamu onuTyBaHHA 2014 p.
HalnowwupeHiwnmm popmamm 06MiHy JaHMMKM BUABUAUCA TaKi: KoHbepeHLii (48 %), aoaaTku ao ctatei (40 %), 3a 3anuTom abo
npu HedopmanbHOMy cninikyBaHHi (33 %). Tinbkun 20 % pecnoHAEHTIB Big3HA4YMAW, LLLO ONPUAOAHIOBANN Pe3y/IbTaTh AOCAIAKEHD
yepes popMasbHi, IHCTUTYLINHI peno3unTapii, Wo, TUM He MeHW, Ha 7 % BULLE, HiXK ABa Poku Tomy. Cepea NPUYMH TOTO, YoMy
OKpeMi HayKOoBL,i He 6aXKatoTb NMOWMPIOBATU AaHi CBOIX JOC/IAXKEHDb, HArOOWYOTb HA NUTAHHAX IHTENEKTYaIbHOI BAACHOCTI Ta
KOH}iAEHUIMHOCTI, BUCNOBAIOIOTL CTYPOOBAHICTb €TUYHUMM NMUTAHHAMM, OCTPAXOM 3/10B}KMBAHb Ta HEMPABOMIPHMX 3aM03UYEHb
3 6OKyY umMTaviB.

Y nepcnekTtuBi, €Bponencbka Xmapa 3anponoHye 1,7 MinblAOHY €EBPONENCbKUX AOCNiAHMKIB Ta 70 MinbloHam
npodecioHanis y ranysi HayKu, TeXHiKM, TYMaHITapHUX Ta COLia/IbHUX HayK BipTyasibHE CepefoBMLLE 3 BiAKPUTUMMU
6e3nepebiHMmK cepBicamm ans 36epiraHHA, ynpaBAiHHA, aHaNi3y Ta NOBTOPHOIO BUKOPUCTAHHA SOCNIAHULBKUX AAHUX WAAXOM
06'eAHAHHSA iICHYHOUYMX HAYKOBMX iIHPPACTPYKTYP AaHUX, LLO B AaHWI Yac pO3MOoAiNeHi Mix aeprkasamu-uneHamm €C.

Ha puc. 2 npepctasneHo apxitektypy cepsiciB EOSC, abo Knacu cepBicCiB, WO B¥Ke iCHyIOTb, abo sKi niaHyloTb
3anpoBaauTh. MUTaHHA WOAO0 NOAANLLIOFO PO3BUTKY BXKE iCHYIOUMX CEPBICiB, CTBOPEHHA HOBMX CepBiciB, 3abe3neyeHHs iXHbOT
HaZiMHOCTI Ta CYMICHOCTI € Ha Yaci i HaneXKaTb 4,0 NPIoPUTETIB iHiLiaTopiB EBpONENCcbKOi XMapu.

[o npuKknagy, po3rnaHemo oKpemi cepsicu, Wo Hapasi npeacrasneHi 8 EOSC.
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Cepsicu 3a2a/1bHO HAYKOB020 NMPU3HAYEHHSA.

Infrastructure Manager (IM) — ue cny6a 3 BigKPUTUM KOAOM, KA LO3BO/AE PO3ropTaTVM CKNALHY Ta iHAMBIAYaNbHY
BipTyaNbHy iHPPACTPYKTYPY Ha KiNbKOX CEpPBEPHMX MPUCTPOAX, aBTOMATM3yBaTW PO3rOPTAHHSA, HANALITYBAHHA, BCTAHOB/IEHHA
nporpaMHOro 3abesnevyeHHs, MOHITOPUHI Ta OHOB/MEHHA BipTyaNbHWUX iHdpPaAcTPyKTyp. MiATPMMYE LUMPOKUIA CneKTp
3arasibHOAOCTYMHMX Ta NOKa/IbHUX XMapHUX CepBepiB, 3aBAAKN HOMY KOPUCTyBaLbKi Nporpamu € xmapHumu. Kpim toro, IM Hapae
moknmBocTi DevOps, 3acHoBaHi Ha Ansible, WO [03BONAE BCTAHOBAOBATU Ta Ha/AlWITOBYBATU BCi HeOOXiAHI KOpUCTyBayeBi
nporpamu, 3abesneyytoun 1ioro 6araTodPpyHKLiOHaNbHOK iHOPACTPYKTYPOHO.

Cepeicn ana gochigHwkis

LluTyBaHHA, MeHegmeHT
aTpubyuis, PRI
BU3HAHHA

dinkTpyBaHHA

MnaHyBaHHA indopmauii

PoBoue micue,

Ny6nikayjiitHa poboue
nigrprumeka cepegoBMLLE

g

PoBouwii npouec

CnieToBapuCTBO, 3axucT gaHux
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Cepepn, OCHOBHMX ocobamBocTen IM:

- Multi-Backend (po3ropTaHHs Ha NOKasbHWUX, 3araibHOAOCTYMHMX Ta HAYKOBUX XMapax i nnaTdopmax).

- Po3wwupeHi nnarinn, poctynHi gna OpenNebula, Amazon EC2, Google Cloud Platform, Microsoft Azure, Docker,
Kubernetes, FogBow, T-Systems OTC, OpenStack, CloudStack Ta EGI Federated Cloud (OCCl).

- Fi6puaHi iHPpaCTPyKTypUu — pO3ropTaHHsA BipTyasbHUX iHPPACTPYKTYP, LLLO OXOMNJIHOKOTL KiIbKOX NpoBaniaepis.

- DevOps Ha ocHoBi Ansible, W0 [03BONAE BCTAaHOB/OBATM Ta HaNalTOBYBAaTUM HeobXigHi nporpamu (Hanpuknag,
Knactepu Hadoop ToLwo).

- IHTepdeiicu, Brkatodatoum CLI, Beb-rpadivuHnii iHTepderic, cepsicHuii API XML-RPC Ta REST API.

JocnioHuybkuli 2pagp OpenAlRE po3BONAE pPO3POOHMKAM CTBOPHOBATM CEPBICM A/1A HAYKOBOI KOMYyHiKauii Ta
[OCNIAHWULBKOT aHaniTuKK. 3a gonomoroto API, KopucTyBay oTpumye gocTyn Ao rpada OpenAlRE — rpada HayKoBOT KOMYHiKaLi,
TO6TO UMPPOBOro NPOCTOPY, B AKOMY MOMKHA 3HAWTU iHPOpMauilo Npo O6’EKTU XKUTTEBOTO LMKAY HAYKOBOI KOMYHiKaLil
(ny6nikauii, gaHi gocnigXeHb, nporpamHe 3abesnevyeHHA ANA NIATPMMKM AOCNIAXKEHb, MPOEKTIB, OpraHisayii Towo) Ta npo
CEeMaHTUYHI 3B'A3KM MiXX HUMK. JocTyn o rpada OpenAlIRE HagaeTbea 3a HMU3Kot npoTtokonis (OAI-PMH, HTTP API, SPARQL),
wo6u 3a,0BOIbHUTK NOTPEOM PO3POBHMKIB HE3aNEXKHO Bif, IXHIX BUMOT | BNoA0b6aHb.

Ipad OpenAlIRE OHOBAIOETLCA Pa3 Ha 4,Ba MiCAL LWASXOM:

—arperyBaHHsA MeTagaHux 3 eBponeircbKoi Ta rnobanbHoi mepexi OpenAlRE, wo MicTUTb HaZilHi daHi i pecypcu;
nepesipeHux gxepen gaHnx OpenAlRE;

—36arayeHHA MmeTagaHux Yepes A04aBaHHA B ONUC PecypciB NOBHOTEKCTOBUX Pe3yNbTaTiB i BUCHOBKIB;

—360py MeTagaHMX Bif KiHLEBMX KOpUCTyBadiB 3a gonomoroto cepsicy EXPLORE: BkatoueHHA B rpad Biarykis
KOPWCTYBaYiB y BUTNAAI AKepena AaHuX.

Ipadik AOCTYNHUI y BUPOOHWMUYIN Ta 6eTa-Bepcii.

Cepegicu niompumKu pi3u4HUX HayK.

Cepegic Astronomical Online Data Analysis (AstroODA). Cepsic 403BONSE KOPUCTyBaYam 3A4ilCHIOBaTU 06pO6KyY i aHani3
XMapo OPIEHTOBAHMX HAYKOBUX AaHWUX acTpodisnyHnx obcepBaTopilt Ta ekcnepumeHTiB, 3abe3neyytoum HaginHi pesynbtati. Y
Lel Yyac Hemae iHWOi gepKaBHOI CNybu, AKka 3abesnedye Lo OyHKUi0. Hapasi BigcyTHI BigkpuTi cepsicu, WwWo Hagasanm 6 y
MOBHIl Mipi aHaNoriuHy GyHKLiOHaNbHICTb.

Penosumopiti NOMAD (Novel Materials Discovery (NOMAD) Repository) — Haibinblwe y cBiTi 3i6paHHs AaHWX 3
maTepianosHaBcTBa. [na 06YMCNIOBANbHOIO MOZENOBAHHA Ta AOCNIAMKEHHS Cy4aCHMX MmaTepianiB i X 3acTocyBaHHA
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33CTOCOBYETbCA CK/AafHe cneuianisoBaHe nporpamHe 3abesneveHHsA. Lle 3abesneyye po3ymiHHA BNacTMBOCTEW maTepianis,
po3p0obKy HOBMX MaTepiaiB, AKi BiAMNOBiAalOTb KOHKPETHUM BUMOram. PenosuTopii NOMAD niatpumye ¢paiinm npakTUYHO BCiX
dopmaris, 36epirae faHi ynpoaoBK He MeHW Hix 10 poKiB, BiAKPUTMIA AOCTYN MOXKe ByTU BiAKNageHN TepMIHOM 0 TPbOX POKIB.
3a 3anuMTom pecypcam npuceotoeTbes DOl gna MNOKpalieHHA uuTyBaHHA. Y peno3uTtopii 36epiratoTbcA noBHi dainm 3
0b6paxyHKamM, BiZLOMOCTi CBITOBMX 633 AaHWX 3 MaTepPiafIo3HABCTBA.

Cepegicu niompumMKu 2ymaHimapHuUxX ma oceimHix HayK.

DA|RA (DOI Registration Service) — cepsic 3 peectpauii DOl ans couianbHUX HayK (NPUCBOEHHA iaeHTUdIKaTOpiB
undpoBMm 06’eKTam LLNAXOM BUKOpUcTaHHA cuctemn DOI (digital object identifier — umndposoro igeHTUdikaTopa 06’eKTa)).
PeecTpauia DOI 34iicHIOETLCA Y TiCHIM cniBnpaui 3 opraHisauismu, Wo HafaloTb AaHi (apxiBM faHMX, AOCNIAHMLbKI data-LeHTpu
TaiH.), BiANOBIAAOTb 3a NIATPMMKY i 36epiraHHA AaHUX AoCnigxeHb Ta meTagaHux. DA|RA npusHavae ageHTudikatopm DOl uepes
DataCite, 36epirae HagaHi meTagaHi Ta 3abe3neyye MOXKAMBICTb NOLLYKY 3aPEECTPOBAHOIO KOHTEHTY B 6a3i gaHux. MeTagaHi
TaKOX BiNbHO A0CTynHi Yepes npotokosn OAI-PMH (Open Archives Initiative Protocol for Metadata Harvesting — MpoTokon
IHiLiaTMBM BIAKPUTUX apxiBiB ana 36upaHHAa meTagaHux). DA|RA onepye cneumdiyHOO Cxemolo meTagaHux, Lo Bianosiaae
ctaHgapTy DDI (Data Documentation Initiative — IHiLiaTMBM 3 LOKYMEHTYBaHHA AaHuX). OKpim Uporo, iHcTpymeHTapii DA|RA
nponoHye Beb-cepsic (API), Wwo A03BOIAE NpaLlOBAaTX aBTOMATUYHO 3 cepBicom peecTpauii DOI.

Penosumopiti LINDAT/CLARIAH-CZ — BiagKpUTHiA peno3nTopiii, Wo MIiCTUTb LMbPOBI AaHi 1 pecypcu 3 rymaHiTapHUX Ta
couianbHUX HayK. Hapgae nnatdopmy ana goctyny Ta obmiHy pecypcamu i Cy4yacHMMM iHCTPYMEHTaMW, L03BOJISE BCiM
KOopucTyBayam po3milLysaTu, 6e3neyHo 36epiraTi Ta NOWMPIOBATH AaHi CBOIX AOCAIAXKEHb.

OPERAS Research for Society (Hypotheses) — cepsic 3 NiATPUMKKN 610riB HAYKOBOrO CNPAMYBaHHSA B ranysi COLiaJbHUX i
rYMaHiTapHMX HayK, OPIEHTOBAHMI Ha BUpiWEHHA colianbHUX BUKAKMKIB. OPERAS cTBOpeHMIA AK iHTEPaKTMBHA NaaTdopma MixK
[OCNiIAHWKaMKM B rany3i couiaNbHUX | 'yMaHiTapHMX HayK Ta CyCnifibCTBOM, CMPUAE PO3BUTKY MPAKTUK akagemiyHoro 61oriHry,
MOK/IMBOCTEN NOBYA0BM BIAKPUTOI KOMYHIKALLT MiXK y4aCHUKAMM COLLia/IbHO-eKOHOMIYHOT B3aEMOAT, 3 aKLLEHTOM Ha coLialbHUX
BUK/IMKaX.

OBrOBOPEHHA

3arasnom, Hapasi EOSC Haniyye noHag 300 pecypciB 3 pisHUX HAyKOBWX ranysein: MeAuYHOI, iHXeHepii i TexHoorin,
NPUPOSHUYMX HAYK, FTEHETUKM, F'YMaHIiTapHUX i coLiafibHMX HayK Ta iH. EBponeircbKa XxMapa BiAKPUTOI HayKM CMCTEMATUYHO
HaAMOBHIOETLCA HOBUMM CepBicammM AN NIATPUMKM peanisauii KoHUenuii BiAKPUTOT HayKM B EBponericbkomy npoctopi. Ha vaci €
noganblWMii PO3BUTOK BXKeE iCHYHOUYUX CEPBICiB, CTBOPEHHA HOBUX CepBiciB, 3abe3neyeHHn iXHbOI HaZiMHOCTI Ta CyMiCHOCTI, WO
HasieaTb A0 NPIOPUTETIB iHiLiaTopiB EBpPONENCbKOT XMapM.

3 ornagy Ha 3Ha4yHWWA MNefaroriyHMM MOTEHWian i HOBWU3HY iCHYHOUYMX MiAXOAIB A0 CTBOPEHHA, 3anNpOBAAMKEHHA W
BMKOPWUCTaHHA 3acobiB i cepBiciB BiAKPUTOI HayKM ANA NIATPUMKM HAayKOBO-OCBITHBOI AiANBHOCTI, Ui NUTAHHA We noTpebyioTb
TEOPETUYHUX T EMMNIPUYHUX JOCNIAKEHDb, YTOYHEHHSA NiAX0AiB, MoAenein, MeTOAMUK, MOXKANBUX LUNAXIB BNPOBALKEHHSA.

BpaxyBaHHA cy4yacHUX TeHZEeHLin €BPONeNcbKOro NPOCTOpY BiAKPUTOI HAYKWM, BUKOPWUCTAHHA nepeBar XmMapo
OpieEHTOBAHMX 3acobiB i cepBiciB BiAKPUTOI HAYKN CNPUATUME MOKPALLEHHIO SKOCTI, ePEeKTUBHOCTI Ta pe3y/IbTaTUBHOCTI HayKOBO-
OCBITHbOI AiANBbHOCTI Yy BITYN3HAHMX 3aKNaZax HAYKK 1 OCBITU, epeKTUBHOCTI BNPOBAAMKEHHS B OCBITHIl NpoLiec 3acobis i cepsiciB
XMapHUX 06YUCNEHb, LIMPLIOMY BMKOPWUCTAHHIO CEPBICiB BIAKPUTOT HAayKM Ha Pi3HWUX PIBHAX HABYAHHA, NOANIMNLEHHIO PiBHA
NiAroToBKM daxiBLiB OCBITHLOI rany3i, 30Kpema BUNTeNiB.

BUCHOBKWM TA NEPCMNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

Ha ocHoBi 3aiicHeHOro gocniaskeHHs cdopmoBaHo BigNoBiAHI pekomeHaauii. OTXke, gns Toro, Wobu peanisysaTtu AkicHe
" epeKTUBHe 3anpoBaeHHs 3acobiB i cepsiciB BiAKPUTOI HAyKN B HAYKOBO-OCBITHIO AiaNbHICTb HEObXigHO 3abe3neunTu:

— NOWMpPeHHA iHGOPMaLi CTOCOBHO iCHYHOUMX MOXK/IMBOCTEW, MOCAYr Ta Nepesar BMKOPUCTAHHA XMapHUX CepBiCiB,
MepeXHUX IHCTPYMEHTIB i nnaTtPopm BiAKPUTOI HayKK, e-iHOPacTPyKTyp Ta EBPONENCbKOI XMapu BiAKPWUTOI HAyKuM B npoueci
HaBYaHHA i HAaYKOBUX AOC/NiAKEHb, HAYKOBO-OCBITHbOI Aif/IbHOCTI, 3aNpPOBaZKEHHSA iX B NMpouec NiaAroToBKkM ¢daxisLiB ranysi
OCBIiTW, B T.4. BYUMTENIB;

— WMpLe 3anpoBagKeHHA NPaKTUK BiAKPUTOI HayKM Yy HAYKOBO-OCBITHIO AiA/bHICTb, NpoLec HaBY4aHHA i npodeciiHoro
pO3BUTKY daxiBLLiB ranysi ocBiTH, B T.4. BUNTENIB;

— CTBOPEHHA METOAMK PO3BUTKY KOMMNETEHTHOCTEN pPi3HMX 3alliKaBNeHUX CTOPiH WOoAO0 BWKOPUCTAHHA cepsiciB i
TEXHOOFIN BigKPUTOI HayKW i 3aNpoBaAKEeHHA iX B HAYKOBO-OCBITHIl Npouec;

— BiAKPUTICTb HAYKOBUX JAHUX.

3 ornagy Ha 3HaYyHUMI NeparoriyHMi NoTeHuian i HOBWU3HY ICHYHOUMX NiAXOAIB A0 CTBOPEHHA, 3anpoBagyKeHHA W
BMKOPWCTaHHSA 3acobiB i cepBiciB BIAKPUTOI HAayKM Ana NiATPUMKM HayKOBO-OCBITHbOI LiANIbHOCTI, Li MUTaHHA We noTpebyoTb
TEOPETUYHUX Ta EMNIPUYHUX [OCAIAMKEHb, YTOYHEHHA NiAXOAiB, MOAenei, MEeTOAMK, MOMKAMBUX LUNAXIB BNPOBALKEHHS.
30Kpema, B AKOCTi NepcnekTMBM NOAANbLIMX AOCNIAKEHD PO3INALAEMO O6IPYHTYBAaHHA MOAEeNelN NPOEKTYBAHHSA | BUKOPUCTAHHA
XMapOo OPiEHTOBAHMX CUCTEM BiAKPUTOT HAYKM ANA NiAFOTOBKMU daxiBLis ranysi ocsiTH, B T.4. BUUTENIB.
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TOOLS AND SERVICES OF THE EUROPEAN OPEN SCIENCE CLOUD IN ORDER TO SUPPORT
SCIENTIFIC AND EDUCATIONAL ACTIVITIES
Maiia Marienko, Yulia Nosenko, Mariya Shyshkina
Institute of Information Technologies and Learning Tools of NAES of Ukraine, Ukraine

Abstract. The article analyzes the modern trends of the European space of open science, the essence and benefits of cloud-oriented tools and
services of open science. Examples of services of the European Open Science Cloud are considered. Recommendations on qualitative
and effective introduction of tools and services of open science in scientific and educational activities are provided.

Problem formulation. The urgency of research is due to the need to improve the quality and effectiveness of the implementation of tools and
services of open science in scientific and educational activities, increasing the efficiency of their use in national science and education
system, improving the level of training of educational specialists, including teachers.

Materials and methods. Theoretical methods were used to solve the tasks set in the work: analysis of scientific and pedagogical theories and
concepts on the research problem; analysis and generalization of tendencies of the European space of open science; analysis of the
functionality of cloud-based open science services.

Results. The essence of the concept of a cloud-oriented system of open science is analyzed. The essence and significance of the European open
science cloud is considered. The main trends that are currently prevailing in the European space of open science are defined: open
access, archiving articles, data sharing. Examples of services of the European open science cloud are considered.

Conclusions. Taking into account the modern trends of the European space of open science, the use of the advantages of cloud-oriented tools and
services of open science, taking into account the author's recommendations will contribute to improving the quality and the
effectiveness of introduction in the educational process of tools and cloud computing services, wider use of open science services at
different levels of study, improving the level of training of specialists of the educational sector.

Key words: Open science, tools and services of open science, European open science cloud, scientific and educational activity, trends.
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PEANI3ALUIA TPAHCAUCUMNNIHAPHOIO nigxoAay
Y NPOLECI ®OPMYBAHHA NPUPOAHNYO-MATEMATUYHOI KOMNETEHTHOCTI MAMBYTHIX MOPAKIB

AHOTALIA

®opmyntoeaHHa npobaemu. CyyacHa yKpaiHCbKa ocsima nepebysae Ha emarni pegopmyeaHHs. lepeHacu4yeHHsa puHKy npayi gaxisyamu
2YMAHIMApHO20 HAMpPAMY He CrpUA€E GKMUBHOMY PO3B8UMKY €KOHOMIYHOI 2any3i Hawoi KpaiHu. Came momy MiHicmepcmeo
oceimu i Hayku YKpaiHu 3milyye akuyeHmu 3 OUCYUMAIH 2ymMaHimapHoi crnpamoeaHocmi Ha OucyunaiHu npupooHUY4o-
mamemamu4Ho20 yukay. lpu ybomy y npouyeci npogeciliHoi disabHocmi ¢axisui ycix eanysedl (y momy yucai U MOpPCbKOI)
cmukaromsca 3 Npobaemamu, 8UpileHHA AKUX nompebye MixOuCYunAiHapHUX 3HaH6, Mobmo, iM HeobxiOHO npoAasuMu ceoro
KomnemeHmHicmos. OCHOB0I0  Mi020MOBKU MAKUX paxieyie 88aXHAEMbCA  8MPo8AdX#EHHA 8 oceimHili npoyec
mpaHcoucyuniHapHo20 nNioxooy, AKul Ha Cb0200HI € HEOBXIOHOH yMOBOIO PO38UMKY 0c8imu 8 yinomy. OKpim ybo2o, peanizayis
mpaHcoucyunaiHapHo2o nidxody HAOAE MOMAUBICMb aKmMusizyeamu ni3HaeanbHy OifnbHicms 3006ysavis, cripuse
opmysaHHI0 8 HUX NpogheciliHux aAkocmel, 30Kpema, NPUPOOHUYO-MAMEMAMUYHOI KOMIemeHmMHoOcMI.

Memotro cmammi € aHani3z ocobausocmeli mpaHcOUCYUnAiHapHo20 Nioxody ma eussaeHHs moxcausocmeli lio2o peanizayii 8
npoueci hopmyeaHHsA MPupPoOHUYO-MamemMamu4Hoi KomnemeHmHocmi malibymHix mopsKie.

Mamepianu i memodu. B pobomi sukopucmaxi meopemuyHi i emnipudHi memoou 00cniOHeHHA, MAKi AK aHAni3 aAimepamypHuUx oxcepen,
cuHmMes3, crocmepexeHHs 3a 0C8IMHIM npoyecom, cucmemamu3ayis U y3a2anbHeHHs pe3ysnbmamie 00CiOHeHHs.
Pesyabmamu. Y po6omi HagedeHo rnpuKaad KomnemeHMHICHO20 3a800HHS, CKOHCMPYLUO8AHO20 Yy MeXax mpaHcOUCYUNAiHapHO20 Midxody.

/Jloceid suKopucmaHHA KomrnemeHMHICHUX 3080aHb y Mpoyeci Ha8YaHHA MalibymHix MopsKie 3aceioqus ix egpekmueHicmes,
OCKiflbKU 80HU HAOQOMb WUPOKI MOXAUBOCMI 3anyYyeHHA MalbymHix ¢gpaxieyie 00 po3e’s3y8aHHA MPAKMUYHUX npobaem,
HabauxceHux 0o npogeciliHoi dianbHocmi malibymHix MOpsAKi8, W0 y €800 Yepay, CrPUsE (POPMYyBAHHIO iX MPUPOOHUYO-

MamemamuyHoi KomrnemeHmHocmi.

BucHoskKu. [lJosedeHo, w0 mpaHcoucyunaiHapHuli nioxio € akmyanbHUM Ha Cb0200HI i 0a€ WUPOKi MOXIUBOCMI 8UKAAOAYAM 0717 00CASHEHHA
rnocmaseseHux yineli ocgimHbo2o npouecy. OKpim mozo, wo mpaHcoucyunaiHapHuli nioxio € HeobxiOHOK YMOBOK PO38UMKY
cyyacHoi ocgimu, 6iH MAKOM¥ € 3anMopyKol YCniWHO20 (OPMY8AHHA MPUPOOHUYO-MAMEMAMUYHOI KomremeHmHocmi
malibymHix mopskie, Aka nepedbayae ymiHHA 3006y8a4a npoasumu Habymi iHme2posaHi 3HAHHA 3 MaMemMamuKu, ¢gi3uku ma
iHhopmamuku y npoueci supiweHHa npogeciliHux 3a8daHb. OOHUM 3 wWsxie peanizayii MpaHcoucyunaiHapHo20 nioxoody 8
0C8iMHbLOMY npoueci € 3any4eHHsA 3006ysayie 00 Po368°A3aHHA KOMIemeHMHICHUX 3a0ay.

K/TKDYOBI C/IOBA: mpaHcducyunaiHapHul nioxio, npupodHU4o-mamemamu4yHa KomrnemeHmHicme, KOMnemeHmMHicHe 3a80aHHS, 0C8imHil
npoyec.

BCTYN

Ha cboroaHi ykpaiHcbKa ocBiTa nepebyBae Ha eTani moaepHisauii Ta pepopmyBaHHA, WO CYTTEBO BMN/MBAE HA AKICTb
niarotoBKku daxisuis pisHoro npoodinto. Mpu Lbomy 3’ABAAOTLCA YUMAIO OCBITHIX HANPAMKIB Ta iHHOBAL,iMHWX OCBITHIX NPOAYKTIB,
LU0 NiATBEPAKYETLCA A0CBIAOM POBOTU NPOBIAHWMX BYEHMX TA NMPAKTUKIB. MapanenbHo 3i 3MiHaMu B OCBITHIN ranysi BiabysatoTbcs

© 0./1. NnoTHiKoBa, |.B. Kopobosa, 2021.
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3MiHM i y CycninbCTBi — nepexia Ha HOBWUIM iHGOPMALINHWUIA piBeHb. Y TaKMX yMOBax (Pi3HOMAHITTA neaaroriYHnX KoHLUenuii,
niaxo4iB Ta NPOAYKTIB, a TAaKOX iHPOPMaTM3aLia BCiX rasysei cycninbCTBa) BUHMKAKOTb TPYAHOLL Yy NiAroToBLi MalbyTHiX
daxisuis, mopcbKkoro npodinto 3okpema. MNigrotoBka manbyTHiX ¢daxiBLiB MOPCbKOro Npodinto - Le CKAagHUI neaaroriyHuin
npouec, KU nepeabavae GopmyBaHHA y KYPCaHTIB He TiIbKM NpodeciinHoi, ane i iHWKUX BUAIB KOMMNETEHTHOCTEN, WO AaE
MOXMBICTb IM BUKOHYBaTU CBOT NpodeciiHi 060B’A3KM Ha BUCOKOMY pPiBHi. BUpilleHHA 3a3Ha4yeHnx Nnpobaem MoxivBe 33 yMOB
BNPOBAaAKEHHA B OCBITHIN MPOLEC TPAHCAMCUMMNIHAPHOIO NiAX0AY, AKUW NPUBEPTAE 3HAUYHY YBAry He TiZIbKU YKPATHCbKKX, ane
3apybixKHUX yyeHuX. Peanisauis 3a3HayeHOro nigxopy Aa€ 3MOry 34iMCHUTU iHTerpauilo 3HaHb 3406yBayiB OCBiITM MOPCHKOIO
npodinto Ta NiABULLUTK ix NpodeciliHnii piBeHb.

MeToto CTaTTi € aHaNi3 0c06MBOCTEN TPAHCAMCUMMNIHAPHOMO NIAXOAY Ta BUABNEHHA MOMAMBOCTEN MOro peasnisauii B
npoueci popmyBaHHA NPUPOAHUYO-MATEMATUYHOI KOMMNETEHTHOCTI MalibyTHIX MOPAKIB. 3aBAaHHSA, WO 6yan po3B’A3aHi y 38’A3Ky
3 MOCTaB/IEHOIO METOHO:

- 3iCTaBNEHHA  MNOHATb  KMIKAMCUMMNAIHAPHICTE» Ta  «TPAHCAMCUMNAIHAPHICTb»,  BUABNEHHA  0cobavBoOCTEl
TPaHCUMCUMNAIHAPHIOro nigxoAay;

— BM3HAYeHHA NOHATTA «NPUPOAHNYO-MATEMATUYHA KOMMNETEHTHICTb» Ta aHani3 ii CTPYKTypw;

- po3po6Ka KOMNETEHTHICHOTO 3aBAAHHA Ha 3acafax TPAaHCAUCLMNAIHAPHOrO NigxoAy Ta MOro MeToAMYHUI aHanis.

METOAU AOCNIAXKEHHA

MpeameTom AOCNiAKEHHA € OCHOBHI 3acaAn TPaHCAMCLMNAIHAPHOrO NigXoAy A0 OpraHisauii OcBiTHbOro mpouecy, a
TaKoXX (POpPMyBaHHA MPUPOAHNYO-MATEMATUYHOT KOMMETEHTHOCTI MalbyTHIX cyaHOBOAiiB i cyaHOmexaHikiB. Y pobori
BMKOPWCTaHi TEOPETUYHI Ta eMMNipUYHI MeToAM AOCAIAXKEHHA, 30KpeMa aHai3 NiTepaTypHUX AXKepen, CUHTE3, CMOCTepeXKeHHA 3a
OCBITHIM NPOLLECOM, CUCTEMATU3ALLIA 1 y3arasibHEHHA PE3y/bTaTiB AOCNIAXKEHHA.

PE3YNIbTATU AOCNILMKEHHA TA IX O6FOBOPEHHA

AHani3 HayKoBOI NiTepaTypyu 3aCBiAUMB, LLLO aKTya/IbHUM Ha CbOrOAHI B OCBITI € MidKAUCUMNAIHAPHUIA NiAXia, AKMI Hajae
MOK/IMBICTb OAHOYACHO BUPIWNTM HU3KY 3aBAaHb: METOAO0ONYHI, OopraHisauiliHi Ta iHbopmauinHi (KywHip, 2018). OgHak, He
3BaKalouM Ha 3HAYHi nepesBarv MiXAMCLMNNIHAPHOrO MNiAXoAy, Y Cy4acHUX ymoBax rnobanisauii Hayku 6inbll aKTyanbHOW €
iHTerpauia oKpemux AUCUMNIIH, WO CNPUSE BUHUKHEHHIO HOBOro 3HaHHA. Came 3 UMM MNoB’A3aHa NosABa HOBUX NiAXOAiB,
30KpeMa, TpaHCAUCUMNAIHAPHOTO.

MUTaHHA BNPOBaAKEHHA TPAHCAMCUMMNIHAPHOIO MNiAXO4Y B OCBITHIM Npouec 3Hanwno BigobpaxKeHHA y poboTax sk
BITYUM3HAHMX, Tak i 3apybidHWMX HayKoBUiB. Pe3ynbTaTv ix aHanisy 3acsBigunau BiACYTHICTb €AMHOrO BWM3HAYEHHA MNOHATL
CMIXKAMCLMNNIHAPHICTEY Ta «TPaHCAMCLUMNAIHAPHICTBY, WO 0bymoBatoe Npobsiemy ix 3iCTaBNeHHA, a B AEAKUX BUMNAAKaX i ix
OTOTOXKHEHHSA. 30Kpema, HiMeLbKknii AocniaHuk H0.MiTTenbTpacc AOTPUMYETBCA AYMKM, WO TPAHCAUCLMMIHAPHICTD TOTOXKHA
MiXKAUCLUMNNIHAPHOCTI, @ OCHOBHE 3aBAAaHHA TPAHCAMCLMMNIHAPHOCTI MOAArAE y NOAONAHHI AUCLUMNAIHAPHUX MNPOrasuH
(MittelstraB, 2000). Y cBoix popobkax Jl.KusaweHKo Ta B.MoiceeB, BKa3ytouM Ha BigMIHHICTb MiX TpPaHCAMCLMNAIHAPHICTIO Ta
MIKOUCLUMNAIHAPHICTIO, 3a3Ha4YyaloTb, WO «CUTyaLiAd MIKAMCUMNAIHAPHOCTI — Ue CUTyauia nepeHeceHHA 3HAHHA 3 OAHiEl
amcumnaiHapHoi obnacti B iHWY npu 36epexeHHi aucumnaiHapHux noginis. TobTo, MiXKAWCUMNAIHAPHICTE METOA0/0rMYHO
[043aTKOBO 36arayye Te, WO BM3HAYEHO BCepeamHi AMcUMNAiHApHUX noginis. CUTyauis TpaHcaMcuMnAiHapHOCTI nepeabayae
NOPYLEHHA  XOPCTKOCTI  AUCUMNAIHAPHMX MNOAINIB  HAayKoBOro 3HaHHA»  (KuaweHko&Moicees, 2009). Po3BUTOK
TpaHCAUCUMNIIHAPHOT NapaaurMm y Cy4acHOMY OCBITHbOMY NMPOCTOpi BUCBITAeHU Yy PekomeHgauiax FOHECKO, ae 3asHaueHo,
WO OCHOBHMM MeTOAOM BupiweHHA npobnem y XXI cToniTTi € came TpaHcamcumnaiHapHuin nigxia. MNpu ubomy asTopM
PekomeHpaUili cTBEPOKYIOTb, WO AOLLIbHO «330X04yBaTU TPAHCAMCUMMNAIHAPHI NPOrpamu HaB4Ya/NbHOIO Mpouecy i BYUMTU
ManbyTHIX ¢axiBLiB BMKOPUCTOBYBATM TPAHCAMCUMMNNIHAPHMI NigXia Npu po3B’A3aHHi CKAagHWX npobnem npupoaun Ta
cycninbctea» (UNESCO, 1998).

Ha pymky A.CaBkoBa, iHTerpauia mneBHWUX iHTENEKTya/lbHUX PecypCiB  KOHKPETHUX AUCLUMMAIH Y  Mexax
TpaHcAUCUMNiHAapHOCTI Nepeabayvae He TiIbKM NOEAHAHHA 3HaHb, AKi € 3aN03UYEHUMM 3 PiI3HUX AUCLMMAIH, ane 1 nepenbayae
CMB0opPeHHA MIHOUCYUNAIHaPHO20 0CBIMHbLO20 MPOCMOPY, B AKOMY BUPOBNAETLCA HOBMI NPOAYKT. MpKU LbOMY HOBI 3HAaHHA He
BTPAYaloTb 3B'A3KY Ta CMNOPIAHEHOCTI i3 TUMM AUCUMNNIHAMM, 3 AKUX BOHWM nonepegHbo 6ynn oTpumai (Caskos, 2018).
Po3srnapatoun TpaHCAMCUMNAIHAPHICTD AK O4HY 3 MOMAMBOCTEM OTPUMaHHA HOBMX 3HaHb, C.laHaba 3a3Hauvae, wWo
TPaHCAUCUMNAIHAPHI 3HAHHA € 3HAHHAMW MPO6AEMHUMU, OCKIZIbKM [al0Tb MOMAUBICTb He nuwe po3B’A3yBaTW MPAKTUYHI
3aBAaHHA, a 1 BigobpaxatloTb 30amHicme ix npodykysamu (FaHaba, 2014). Y3aranbHO0OYM NigXoaM BYEHMX 3 MUTAHHA
BNPOBAaAKEHHA TPAHCAMCUMMNIHAPHOMO MigXoAy B OCBITHIM NpPOLEC, MOXHa CTBEPAMKYBATH, WO cepes, AOCNIAHUKIB BiaCyTHA
€AHICTb LLOAO BM3HAYEHHA MOHATTA «TPAHCAMCUMNAIHAPHMI Niaxia», npoTe BiNbWiCTb HAYKOBLB BBAXKAOTb, LLO 3a3HaAYeHMUM
nigxia € HeobXifHO YMOBOIO PO3BUTKY OCBITU Ta OCOBUCTOCTI, OCKINIbKKN Nepeabayvae 3poCTaHHA AK iIHTENEKTYaNlbHOro pecypcy,
TaK i pO3BUTOK 0COBUCTOCTI; peanisye NpobnemHUIn xapakTep HaBYaHHA — 3406yBayvi po3rnagaloTb oAHY Npobaemy 3 pisHUX
no3unuiii, TO6TO WYKatoTb AEKiNbKa Niaxo4iB Ao i po3B’A3aHHA; AAE MOXKAMBICTb PO3KPUTU CKNAZHY NPUpoay Cy6’eKTiB OCBITHLOI
B3AaEMOZIl, @ TaKOX CKNAAHICTb OCBITHbOrO MPOLECY; HAZAE MOXK/MBICTb PO3B’A3YBATU MOCTAB/NEHI 3aBAAHHA KOMMIEKCHO Ta
OTPUMATHU LiNICHY KapTUHY NPo NpPobaemy Ta KOHTEKCT, y AKOMY BOHA BUHUKANA Ta Habyna CBOro po3BUTKY.

MeToa010rYHMIA NOTeHUian TPaHCANCUMNAIHAPHOCTI Y NPOLLECi NiATOTOBKM MabyTHIX MOpPAKIB FPYHTYETbCA HA HOBMUX
cnocobax opraHisauii LoCNiaKeHb, AKI BUXOAATb 33 MEXKi OKPEMUX AUCLMNANIH Ta NOTPebYIOTb 3a1y4YeHHA N03agUCcUMNAIHAPHOro
3HAHHA; BPAxyBaHHi LiHHICHUX Ta UiNbOBMX CTOPIH MOCTAaBNEHOr0 MNPaKTUYHOrO 3aBAaHHA, HEobXiAHOCTI PpopmMytoBaHHA
nNpobaeMHUX 3anuTaHb;, BUKOPWUCTAHHI EBPUCTUYHOIO MOTEHLiany, AKUA CNPUAE TPAHCAUCUMNAIHAPHOMY BUPILLEHHIO
NOCTaBJEHOro MPaKTUYHOrO 3aBAAHHA; HeobXiAHICTb (GOPMYBAaHHA HOBMX OpraHisauiHuMx rpyn («TpaHcAMcUMnAiHapHI
KONIEKTUBU»), Y AKUX METOAM Ta CNocobM po3B’A3aHHA NOCTaB/EHOTO 3aBAaHHA GOPMYHOTLCA Ta KOPEKTYIOTbCA Y NpoLieci pobotu
(KnaweHko&MpebeHwukosa, 2011).
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YpaxoBytounm 0CoBAMBOCTI TPAHCAMCLMMNIHAPHOIO MiaXxo4y A0 OpraHisauii OCBITHbOrO mpouecy MaihbyTHIX MOpPSKIB,
MOJKHa CTBEPAMKYBATK, WO 3a3HAYEHWWN Nigxis HaZAE LWMPOKI MOXKAMBOCTI AnA GopmMyBaHHA Ta PO3BUTKY MNPUPOAHUYO-
MaTeMaTU4YHOI KomneTeHTHOCTI daxiBuiB. AHani3 HayKOBUX AOPOOOK BITYM3HAHMX Ta 3apybiKHWMX HAyKOBLIB 3acBig4YuMB, LLO
NOHATTA KKOMMETEHTHICTb» He € HOBUM. [1poTe, y niTepaTypi 3ycTpivatoTbea pisHi Niagxoaun Ao KnacuodikaLii KomneTeHTHOCTEN, iX
KiNbKOCTi Ta nepeniky, AKUMU MOBUHEH BOOAITU daxiBeub MOPCbKOI ranysi. 3okpema, O.AsepiHa, E.bawkaesa, H0.KonsdriHa,
O.Tamep y CBOIX Npauax po3rnaaaoTb NOHATTA «xMameMamu4yHa KomnemeHmHicmoe»; T.3acekiHa, B.3abonoTHuii, H.CocHMLbKa,
O.Minuyk, M.WyT BuBYanu pediHiuito «gizuyHa komnemeHmuicme»; O.flerkuii, M.lpab, O.lpowoBeHKo, B.Menaw y cBoix
[0PO6Kax po3KpMBaNM NOHATTA «MPUPOOHUYA KoMmnemeHmHicmo»; C.PakoB, H.banoscak, M.fonoBaHb, H.Mop3e, O.Ky3bmiHcbKa
LOCNIAXKYBANN NOHATTA «iIHPOPMAMUYHA KoMIemeHmHicme». Mn NOrogyKyemocs i3 TMM, Wo HabyTTA KOMKHOI i3 3a3HaYeHux
KOMMNETEHTHOCTEN € BaXK/JIMBUM i HeobxigHum ana malibyTHix daxisuie mopcbkoro npodinto. MpoTe, BPaxoBYyHOUM CyyacHi
TeHAEeHUji B OCBITi, 30Kpema, iHTerpauilo AUCLUMNNIH Ta TPaHCAUCUMNAIHAPHWUIA Niaxid, BBaXKaemMo AOUiNbHUM dopmyBaTh Ta
CNPUATU PO3BUTKY Came NPUPOAHUYO-MaTEMATUYHOI KOMMNETEHTHOCTI. Y CBOEMY AOCAIAXKEHHI MW PO3rNALAEMO NPUPOAHMUYO-
MaTeMaTUYHy KOMNETEHTHICTb AK iHmeaposaHy fAKicme ocobucmocmi, Aka nepedbayae 80a00iHHA 3HAHHAMU, YMIHHAMU,
HaguYKamu ma crnocobamu OifanbHOCMI y 2aay3i MamemMamuKu, iHoOpMamuKu ma gi3uKku i 8UABAAEMbCA 8 20MOB8HOCMI ma
30amHocmi ocobucmocmi sukopucmosysamu MpupoOHUYO-MAMeEMAMUYH| 3HAHHA 0418 epheKmuBHO20 P0O38°A3aHHA 3080aHb
MPAKMUYHO20 Ma NPUKAAGHO20 3micmy.

OcCKinbkv NpupoAHMYO-MaTEMATUYHA KOMMETEHTHICTb € CKNaAHOK iHTerpaTMBHOIO MeAaroriyHo KaTteropieto, i
HeobXxigHO po3rnaaaTv 3 NO3ULi CUCTEMHOTO MigXoAy i BUAIAUTY BigNOBIAHI CTPYKTYPHI KOMMNOHEHTU. PisHOMaHiTHI nigxoamn oo
BM3HAYEHHA CTPYKTYPU KOMNETEHTHOCTI PO3rAAHYTI Yy POobOTi BITYUM3HAHWMX HAYKOBLIB, 30KPEMa, CTPYKTYPHi KOMMOHEHTU Ta
byHKUjii KomneTeHTHOCTI (TonoBaHb, 2008), KOMMNOHEHTU KOMMNETEHTHOCTI- 3MiCTOBUIA, AisnbHICHWIA, ocobucTicHuii (Lapko, 2006),
OOCBiAHO-AiANbHICHA MoZenb KomneTeHTHOCTi (Kopobosa, 2013) Ta iH. Y Hawiit poboTi BBaXKaeEMO AOLINBHUM Y CTPYKTYpI
NPUPOLHNYO-MATEMATUYHOT KOMNETEHTHOCTI BUAIANTM TPU CKNA[0BI: KOTHITUBHY, AIANIbHICHY Ta ocobucTicHy. BpaxysasLlum
[OPO6KM  HayKoBLiB, HaMu OyB PO3KPUTUIA 3MICT KOMXKHOTO CTPYKTYPHOrO KOMMOHEHTY MNPUPOAHUYO-MATEMATUYHOI
KOMneTeHTHoCTi (puc. 1).

MpupoaHUYo-MaTemaTUHa
KOMNETEeHTHICTb

N
( KOrHITUBHWIA KOMNOHEHT

L )

( LifanbHICHWUI KOMNOHEHT

L )

I | 1
N\
lpoyedypHo-noeiyHa OnepayiliHo-mexHoso2ivHa JocnioHuybka
cknadosa cknadosa ) cknadosa

N - N\

r OcobuUCTICHNIN KOMNOHEHT
L )

|
I

MomusauiliHo-yiHHiCHa PedgpnexkcusHa cknadosa
cKknadosa

Puc. 1. CTpyKTypa NnpMpoaHMYO-MaTEMATUUHOT KOMNETEHTHOCTI

KOrHiTMBHMA KOMNOHEHT NPUPOLHMUYO-MATEMATUYHOT KOMMNETEHTHOCTI BK/KOYAE CYKYMHICTb 3HAaHb 3 MAaTEMATUKK, Gi3nKK
Ta iHGOPMATUKM TEOPETUYHOTO | MPAKTUYHOIO XapaKTepy, Lo BiA06paXKatoTb cUCTEMY Cy4acHOT MaTEMATUKK.

[iANbHICHMIA KOMMOHEHT BK/IIOYAE MNPOLEAYPHO-/IOTIYHY, OMepauiMHO-TEXHONONYHY Ta AO0CNIOHULbKY CKIaZoBi.
MpoyedypHo-no02iyHa cKAado8a AifNbHICHOI KOMMOHEHTU nepenbayae OBOJIOLIHHA KOMMIEKCOM MamemMamuyHUX YMiHb
(aHaniTMUHMX,  O0BUMCNIOBANLHUX,  ANTOPUTMIYHMX,  OYHKLIOHANbHUX, FEOMETPUYHMX, CTOXACTUYHWUX, MMOBIPHICHUX,
MaTEMATUYHOrO MOAENIOBAHHSA); BMKOPUCTAHHA Ha NPaKTULi aNropuMTmis po3B’A3yBaHHA TWUMOBMX 33Jay; BONOAIHHA
OeAYKTUBHUM METO0M A0BeAEHHA Ta CNPOCTYBaHHSA TBEPAMKEHb; i3uYHUX yMiHb (NOACHIOBATU Gi3UYHI ABMLLA, POBOTY TEXHIKK
Ta MexaHi3mis, 3actocoByBaTu ¢i3nuyHi 3aKOHM Ta GOPMYaM NpPU PO3B’A3yBaHHI GiI3UYHUX 3aAad); YMIHHA 3 iHGhopMamuKu
(BMKOpUCTOBYBATK 3acO6M iHGOPMALLINHUX TEXHONOTIM ANA NOLWYKY Ta cMcTemaTm3auii iHpopmaLyii, NporpamHi NPoAyKTH npu
po3B’A3aHHI MaTemaTUyHMX Ta ¢isMyHMX 3agady, byayBaTM anropuTmuM po3B’A3yBaHHA 3ajady, Bi3yanisyBaTu OTPUMaAHWIA
pesynbTar).

OnepayiliHo-mexHosnoz2iyHa cknadosa nepenbayvae popmyBaHHA Ta PO3BUTOK Yy 3400yBadiB yMiHb BUKOPUCTOBYBATU
HabyTi 3HaHHA Ta cneyudiyHi yMmiHHA 3 MaTemMaTuKK, Gi3MKM Ta iHPOPMATUKM, a TaKOXK FOTOBHICTb 3aCTOCOBYBaTW iX AnA
pO3B’A3yBaHHA NPAKTUYHUX, NPUKNALHMX Ta NPOdeCitHMX 3aBAaHb.

JocnioHuybka cknadosa nepenbayvae BONOAIHHA METOLAMM AOCAIOMKEHHA COLiaNbHO Ta iHAMBIAYANbHO 3HAYYLLMX
3aBAaHb 3a A0MOMOrol iHGOPMaLiMHO-KOMYHIKaLIMHUX TEXHOMOTIA | MaTeMaTUYHUX MeToaiB (bopmyntoBaTM maTemaTUdHI
334a4i Ha OCHOBI aHani3y coujaNbHO Ta IHAMBIAYaIbHO 3HAYYWMX 3a4a4; 6yayBaTVM aHaNITUYHI Ta iIHGOPMaLiNHI mogeni 3aaay;
iHTEpPNPeTyBaTN pe3ynbTaT, OTPUMaHMI GOopMasbHUM METOA0M, Y TEpMiIHaxX BUXiAHOI npeameTHOI obnacTi; cuctemaTmsyBaTm
OTPUMaHi pesynbTaTtu).
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OCOBUCTICHUIA KOMMOHEHT BK/IIOYAE MOTMBALINMHO-LIHHICHY Ta pedneKkcuBHy CcKAagoBi. MomueayiliHo-UiHHICHaG
cKnadosa nepenbayae MOTMBALLiKO Ta CTaB/AEeHHA (LiHHOCTI Ta iHTepecu) A0 AiANbHOCTI 3 BUKOPUCTAHHAM 3HaHb 3 MAaTEMATUKM,
di3nKmM Ta iHpopmaTUKKM; came BOHM 3abe3neyuytoTb 3aCTOCYBaHHA HabyTUX 3HaHb ANs PO3B’A3KY Npobaem. [JaHNi KOMMNOHEHT
XapaKTePMU3YETLCA CUCTEMOLO OPIEHTALLIM MalbyTHbOro daxiBuA Ha PO3yMiHHA Ta BiNbHE onepyBaHHA 3400yTMMM 3HAHHAMM Ta
BMiHHAMM (3 MaTemaTUKK, Gi3MKM Ta iHPOPMATMKKM), Ha CAMOCTINHMIA NOLLYK HEOBXigHNX 3HaHb, NepeHeceHHn BiZoMMX cnocobis
LiANBbHOCTI B HOBi, HECTAHZAPTHI cUTyauii, NPOsAB aKTMBHOCTI CYAMKEHHA, KPWUTUYHOCTI MWC/EHHA, THYYKOCTI MeToay,
NPOrHO3yBaHHA BNACHOI AiANIbHOCTI — PO3BUTOK TBOPYOro MNOTEHLiaNy 0cobuUcToCTi. PeghieKcusHa CKAa008a XapaKTepU3ye
CaMOKOHTPO/Ib, CAMOaHaNi3 Ta CaMOOLLIHKY 34,06yBaya OCBITH.

Pe3ynbTaTM [oChigiKeHb HaAyKOBLiB CBig4aTb NPO 3HauyHi nepesarM nobynoBM OCBITHLOrO Npouecy Ha 3acagax
KOMMNETEHTHICHOro nigxogy nepes, TpaauuiiHum (Kopobosa, 2017; LWapko, 2006). 3okpema, npu NOCTAHOBLUi nepep,
3006yBaYaMm 3aBAaHHA KOMNETEHTHICHOTO XapaKTepy MOro BUpiWeHHs nepesbayae caMoCTiMHUIA LiNbOBUI NOLWYK HEObXiaAHMX
BigomocTel Ta GOPMYBaHHA aAropuTMy BUKOHAHHA NOCTAB/IEHOrO 3aBAaHHA. Y 3afa4ax TaKoro TMNy OCHOBHMUM MPOAYKTOM €
cBigOMe 3aCBOEHHA 3406yBaYaMm 3HaHb Ta YMiHb GOPMYBATU CTpaTerito po3B’A3yBaHHA KOMMETEHTHICHMX 3aJady, naaHyBatu
npouec ix po3s’a3aHHA, POBUTM aHaNi3 OTPMMaHUX pe3y/abTaTiB, WyKaTM Ta BUNPABAATM AONyWeHi NOMMUAKKU. 3anyyeHHs
KYPCaHTIB 40 p0o3B’A3yBaHHA 3aBAaHb KOMMETEHTHICHOTO XapaKTepy CPUATUME iX iHTeNIeKTYaNbHi aKTUBHOCTI Ta CAaMOCTIHOCTI,
dopmyBaHHIO 34aTHOCTI A0 LiNeNoKNafaHHsA, OUiHIOBaHHSA, epeKTUBHOI Aii Ta pednekcii (Mopse, KysbmiHcbKa, Bembep, bapHa,
2010). BMKOPUCTaHHA TPAHCAMCUMMAIHAPHOMO NiAXO4y NPW CKNagaHHi KOMMNETEHTHICHUX 3aJ4ay HaAfaA€ LMPOKI MOMKAMBOCTI
3a1y4nTM MalnbyTHiIX ¢axiBUiB 40 pPO3B’A3yBaHHA CamMe MPaKTUYHUX 3aBAaHb, fAKi HabAukeHi [0 npodecinHoi AianbHOCTI
MalibyTHiIX MopsAKiB. Ha AymKy A. XyTOPCbKOro A0 KOMMNETEHTHICHUX HeobXigHO Bi4HOCUTM TaKi 3aBAAHHSA, NPU BUPILLEHHI AKUX Y
3006YyBayiB GOpPMYETHCA PO3YMIHHA TEOPETUYHUX OCHOB BUKOHYBAHOT abo NPOEKTOBAHOI AianbHOCTI, opMytoTbcA 6a30Bi yMiHHA
Ta HaBWYKM, 303aTHICTb NOEAHYBATW TEOPitO Ta MPAKTUKY, YMIHHA KOPUCTYBAaTUCA MUCbMOBMMM, YCHUMU Ta iHGOpPMaLiMHUMM
3acobamun KomyHiKauii (XyTopcbknin&XyTopckas, 2008). Mpu LbOMy, KOMNETEHTHICHI 3agadyi AONOMaralTb CNPUNHATA Ta
3p03yMiTV HaBYaIbHUI MaTepian i nepeabayvatoTb: 3MiCTOBHUI aHani3 GopMyItOBaHHA 3a4a4i, NobyaoByY iHGOpMaLiHOT moaeni,
po3pobKy cTpaTerii NOwWyKy iHbopMaLinHUX MaTepianis, OnpaLoBaHHA AAaHUX Ta NOLAHHA pe3y/nbTaTiB pPo3B’A3yBaHHA 3a4aui
(BoiTkiB, 2016). MprKNaAOM KOMMNETEHTHICHO OPIEHTOBAHMX 3aBAaHb ANA LIKONAPIB € 3aBAAHHA, AKi NponoHye MixHapogHa
nporpama ouiHIBaHHA HAaBYa/IbHWUX JOCATHEHb Y4YHiB Y cdepi GyHKLIOHaNbHOT rPaMOTHOCTI.

Y cBoix gocnigxeHHAx J1. NaBnoBa BM3HA4Ya€ BMMOIM A0 KOMMETEHTHICHMX 3afay, a cCamMe: MOXYTb MaTu AeKinbKa
cnocobis po3s’A3yBaHHA; nepenbdayvaloTb KOMMIEKCHE BUKOPUCTAHHA NPeaMeTHMX 3HaHb 3 PiSHUX AUCUMNNIH, YMOBU AKUX
nos’A3aHi 3 npodeciinHo AiANbHICTIO/ 3 peanbHUMM KUTTEBUMU cuTyaLiamm (Masnosa, 2009). Mpu ubomy /1. MaBaosa 3a3Havac,
LLLO KOMMETEHTHICHa 3a434a NOBUHHA BigNoBigaTH xo4a 6 04HIN i3 HaBeAEHWUX BUMOT.

Y xog4i AocniaxkeHHa Hamu 6yaum nigibpaHi Ta aganToBaHi 40 HaBYaHHA MalbyTHIX MOPAKIB KOMNETEHTHICHI 3aBAAHHA Y
Me¥ax TpaHCAUCUMNAIHAPHOTO NiAX0AYy, BWKOPUCTAHHA AKUX CnpuaTUMe GOPMYBaAHHIO MNPUPOAHUYO-MATEMATUYHOT
KOMNETEHTHOCTI MabyTHIX MOpPSAKiB. PO3rNSHEMO NPUKNAZL TAaKOro 3aBAAHHA.

KomneTteHTHicHa 3agaya. [lna yHUKHEHHA 3iTKHEHHA, KaniTaH cyAaHa NPUMMAE pilleHHs Npo 34iCHEHHA aBapifiHOro
MaHeBpy «[MoKNafaHHA pynsa Ha NpaBuii 6OPT 3 MOBHUM peBEPCHUM PyXoMm (pyx Hasag)». Pyx cyaHa Ha NOLWMHI 3aaHo ABOMA

PiBHAHHAMM pyxy X = 4t Tay = 16t2 — 1 (y cm). MomeHT yacy t = EC- Bu3HaunTu BUTNAL, TpaeKkTopii. A MOMEHTY Yacy t 3HailTu
2

KIHEMATUYHI XapaKTepUCTUKWU CyaHa, MONOMKEHHA CyAHa Ha TPAEKTOpii, MOro WBWAKICTb, NOBHE, HOpMasbHe Ta A0TUYHE
NPUCKOPEHHSA, A TAKOXK PafiyC BUKPUBIEHHS TPAEKTOPII B AaHIN TouL,i.

MeTtoguuHi ocobamuBocTi 3agadvi. 3aNponoHOBaHa KypCaHTamM MOPCbKOro npodinto 3agaya Mae KOMMNETEHTHICHMM
XapaKTep, OCKiNbKM — 6e3nocepesHbO MOB'A3aHa 3 IX MalbyTHLOK NpodeciiMHO AiANbHICTIO; Y 3a4a4i HaBeAeHUN peanbHui
(KopucHWIA) ana 3006yBaYiB GaKT; 3MICT 33a4i CTBOPHOE CUTYALLIIO «MPUCYTHOCTI» KYPCaHTIB y peasibHUX YMOBaX; BUPILLEHHSA
OaHoi 3afaui nepeabayvae BUKOPUCTAHHA KypcaHTaMM HabyTWX 3HaHb 3 Gi3MKK (30KpeMa TaKMX NOHATL: TPAEKTOPIA, LWBUAKICTD,
NPUCKOPEHHA (HOpManbHe Ta AOTUYHE), padiyc KPUBU3HU TPAEKTOPIT), MaTeMaTUKK (PO3B’A3yBaHHA NiHIMHUX Ta KBagpaTUYHMX
PiBHAHb, BUKOPUCTAHHA METOAY 3aMiHW Npu po3B’A3yBaHHI PiBHAHb, NOOyA0Ba rpadiky AN BU3HAYEHHA BUTAALY TPAEKTOPII,
KOOPAMHATU TOYKM HA MNOLMHI, BAKOHAHHA NPOCTUX MaTeMATUYHUX 4ii) Ta iHpopmaTukm (ans nobyaosu rpadiky 3anexHocTi
y= x(t), a TaKOX BMKOHAHHA PO3paxyHKis, AouinbHo Bukopuctatn MO Excel abo oH-naiiH nnatpopmy GeoGebra). HeobxigHo
TAKOX 3a3HAYUTK, WO BUKOPUCTAHHA KOMNETEHTHICHUX 33434 € eGEKTUBHUM Came Ha iIHTerpoBaHMX YPOKax — HaNAOLNbHILLiN
dopmi opraHisal,ii 0CBiITHbOro Npouecy B ymoBax peanisalii TpaHCAUCUMNAIHAPHOrO Niaxoay.

BUCHOBKU TA MEPCNEKTUBU NOAANBLLUOIO AOCNIAMXKEHHA

Y xogi fAocniaskeHHs 6yno BCTAHOB/EHO, WO Y NPOLECi MiAroTOBKM MalbyTHiX ¢paxiBuiB MOPCbKOro Hanpsamy AOLUiIbHUM
€ BNPOBAZKEHHS B OCBITHIM NpOLEC TPaHCAMCLMMNIHAPHOTO NiAXoAy, AKUN A03BOJISE PO3MASHYTU NpobiemMy 3 No3uL;i AeKiNbKox
avcumnnid. NMpy ubomy, OTPUMAHI TPAaHCAUCLMNNIHAPHI 3HAHHA A03BONAIOTL HE Ti/IbKM PO3B’A3yBaTU NPaKTUYHI 3aBAAHHA, a 1
dopMyBaTH 34aTHICTb Y 0COBUCTOCTI A0 iX NPOAYKYBaHHA. BUKOPUCTAHHA B OCBITHBOMY MPOLLECi NiATOTOBKM MalibyTHIX MOpsKiB
TPaHCAUCUMNIIHAPHOTO Migxo4y HaZae MOXKAMBICTE GOpMyBaTM Ta PO3BMBATM MPUPOAHUYO-MATEMATUYHY KOMMETEHTHICTb
MalbyTHiX ¢axiBLiB, AKa € CKNALHOK NeaaroriYyHo KaTeropieto i npeacTaBnse coboto iHTerpoBaHy sKiCTb 0COBUCTOCTI, AKa
nepenbayae He TiIbKM BOJIOAIHHA 3HAHHAMM, YMIHHAMM, HaBMYKAMM Ta CNocobamu AianbHOCTI y ranysi martemaTtuku,
iHpOpMaTUKKM Ta Gi3UKK, a 1 BUABNAETLCA B FOTOBHOCTI Ta 34aTHOCTI 0COBUCTOCTI BUKOPUCTOBYBATU NPUPOLAHMYO-MATEMATUYHI
3HaHHA A4 edeKTMBHOrO po3B’A3aHHA 3aBAaHb NpaKTUYHOro/npuKnagHoro Ta npodeciiHoro 3micty. Posrasgatoum
NPUPOAHNYO-MAaTEMATUYHY KOMMETEHTHICTb 3 MO3ULII CUCTEMHOrO nigxoay 6y/n0 BUAINEHO TPU KOMMOHEHTU: KOTHITUBHWUN,
OiANbHICHWMI Ta 0COBUCTICHWMIA (OCTaHHI ABa TAKOX MalOTb CKNAAHY CTPYKTYpY). OgHUM i3 wnsxis GopmyBaHHA NPUPOAHUYO-
MaTeMATUYHOT KOMNETEHTHOCTI MalibyTHIX MOPAKIB € 3a/y4eHHA iX A0 BUKOHAHHA 3aBAaHb KOMMETEHTHICHOTO XapaKTtepy, AKi
nepeabayatoTb CaMOCTIMHUIA LiNbOBMIA NOWYK 3406yBaYamuM HeobXigHMX BigomocTel Ta GOpMyBaHHA aNropuTMy BUKOHAHHSA
NOCTaB/IEHOr0 3aBAAHHA.
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[ocsig BNpoBagXeHHA KOMMETEHTHICHUX 3aBAaHb B OCBIiTHi/A Npouec NiAroToBKM MalbyTHIX MOPSKIB Aa€ NiAcCTaBu

CTBEPAKYBATH, L0 BOHU € eHEKTUBHUM 3ac0H60M POpMyBaHHA NPUPOAHNYO-MATEMATUYHOT KOMMNETEHTHOCTI, CNPUAIOTL PO3BUTKY
iHTEeNEeKTyaNbHOI aKTMBHOCTI Ta CaMOCTIMHOCTI 3406yBaviB, MiABULEHHA 3aL,iKaBNAEHOCTI A0 BMBYEHHA i3MKM, MaTeMaTUKK Ta
iHpopmaTtukm. JocnigxKeHHA BapTO NPOSOBKUTU Yy HANPAMKY KOHCTPYOBAHHA KOMNETEHTHICHUX 3aBAaHb Ta iX BNPOBAAMKEHHSA Y
npoLec HaBYaHHA KypPCaHTIB.
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IMPLEMENTATION OF TRANSDISCIPLINARY APPROACH AS A MEANS OF FORMATION OF NATURAL AND MATHEMATICAL
COMPETENCE OF FUTURE SEAMEN
Olena Plotnikova
Kherson Maritime College of Fishing Industry, Ukraine
Iryna Korobova
Kherson State University, Ukraine

Abstract. Modern Ukrainian education is in the process of reform. Oversaturation of the labor market with humanitarian specialists does not
contribute to the active development of the economic sector of our country. That is why the Ministry of Education and Science of
Ukraine shifts the emphasis from the disciplines of the humanities to the disciplines of the natural and mathematical cycle. At the
same time, in the process of professional activity, specialists in all fields (including maritime) face problems, the solution of which
requires interdisciplinary knowledge, ie, they need to show their competence. The basis for the training of such specialists is the
introduction of a transdisciplinary approach into the educational process, which today is a necessary condition for the development
of education in general. In addition, the implementation of a transdisciplinary approach provides an opportunity to intensify the
cognitive activity of applicants, promotes the formation of their professional qualities, in particular, natural and mathematical
competence.

Problem formulation. The purpose of the article is to analyze the features of the transdisciplinary approach and identify opportunities for its
implementation in the process of forming the natural and mathematical competence of future sailors.

Materials and methods. Theoretical and empirical research methods are used in the work, such as analysis of literature sources, synthesis,
observation of the educational process, systematization and generalization of research results.

Results. The paper presents an example of a competency task constructed within a transdisciplinary approach. The experience of using competence
tasks in the training of future seafarers has proved their effectiveness, as they provide ample opportunities to involve future
professionals in solving practical problems close to the professional activities of future seafarers, which in turn contributes to the
formation of their natural and mathematical competence.

Conclusions. It is proved that the transdisciplinary approach is relevant today and provides ample opportunities for teachers to achieve the goals
of the educational process. In addition to the fact that a transdisciplinary approach is a necessary condition for the development of
modern education, it is also a guarantee of successful formation of natural and mathematical competence of future sailors, which
requires the applicant to demonstrate integrated knowledge of mathematics, physics and computer science in solving professional
problems. One of the ways to implement a transdisciplinary approach in the educational process is to involve applicants in solving
competency problems.

Keywords: transdisciplinary approach, natural-mathematical competence, competence task, educational process.
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METOAMKA NOLIYKY KOMMAEKCHUX PO3B’A3KIB HEPIBHOCTEM CNOCOBOM HEB’A3KU

AHOTALIA

®opmynoeaHHa npobaemu. TpaduyiliHo y wkKoni po3anadaroms HepieHocmi y MHOMCUHI OilicHux 4ucen. Po3e’asyrouu HepigHocmi i3
HesiooMuM, 0bMeXcytombCcs 8idWyYKaHHAM obaacmi, y AKil BuKoHyeMbca sumoeza binbwe (meHwe). Mixc iHwum, y HU3yi 3a0a4
8AM(/IUBO HA CKiNbKU 8iOPIi3HAIOMbCA 8eaAUYUHU. [Tpu YboMy BUABAAIOMBCA | KOMIAEKCHI po38’A3KuU npu OilicHil Hea’a3yi.

Mamepianu i memodu. Y cmammi sukopucmaxi memoou Mamemamu4Ho20 aHasi3y ma meopii hyHKYii KOMMAeKCHOI 3MIHHOI, @ MaKoX
aHani3z i mMooento8aHHA — 074 pPo3pobKU an20pummie epagiyHo20 MoOAHHA pe3yabmamis y cucmemi Komn’tomepHoi
mamemamuku Maple.

Pesynbmamu. 3anpornoHo8aHo 8UKOPUCMOBY8AMU KOMIIAEKCHY He8’a3Kky r =S + it, de s > 0abo s = 0it > 0, axa 0ae KommneKcHi po3s’a3ku
HepigHocmeli. MHOXUHOIO yCix po38’a3Kie HepisHOCMi, OMpPUMaHUX MemodoM KOMINAEKCHOI He8 A3KU, € 0808UMIPHA 061acmsb.
Mpu4vomy, HepieHOCMI 3 NPOMUAEHHUMU 3HOKAMU MAtOMb PO38°A3KU, AKi 830EMHO 00M0BHIOMb 0OUH 00HO20 00 KOMMAEKCHOI
nA0WUHU. [TOKA3aHO MPUKAAOU 30CMOCY8aHHA MemMoOy KOMIN/EKCHOI Hea’A3Ku 0715 po38°A3y8aHHA KBAOPAMHUX, PAUIOHANbHUX
ma iHwux HepieHocmeli. [IPO0eMOHCMPOBAHO 3aCMOCY8AHHA cucmeMu KoM’ tomepHoi mamemamuku Maple 17 0na epagpidHoi
nobydosu obaacmi-po3e’saskie HepieHocmed.

BucHosku. [ModaHuli mamepian moxce bymu KopucHuli eyumenam, suknada4yam 3aknadie ¢axosoi nepedsuwjoi ma suwoi oceimu npu
sus4eHHi memu «KomnaekcHi yucaa». HepigsHocmi y KomMmaekcHili MHOMCUHI po32aa0anauca enizo0uvyHo, Hampukaao, npu
dosedeHHi nemu [’Anambepa npo 3Ha4eHHA MOOYsA KOMIMAEKCHO20 apayMeHmy 8 CyCiOHiX MOYKax 8 OKOsi MmoYKu, de 8iH He
OdopigHioe Hynt. Lli HepieHOCMi MOXHa euKopucmamu O MOWYKY KOpeHie KOMMAeKCHUX yHkKyil. Modanewi Haykosi
00CniOHEeHHS y UbOMy HAMPAMKY M0A82A0Mb y cucmemamusayii ma Kaacugikayii HepisHocmel ma memodie ix po3e’a3aHHA y
KOMMAeKCHIl NaAoWuHi.

K/TKOYOBI C/IOBA: memod Hee’a3Ku, KOMI/AEKCHA HEB A3KA, KOMI/AeKCHi po3e’a3ku, Maple 17.

BCTYN

MocraHoBKa npobaemu. Llle y monoAwmnx Knacax AiTM 3HaANOMAATLCA 3 NOHATTAM HEPIBHOCTI Ha Npukaagax tmny 3<5,
po3ymitoun, Wwo 5 Ginble 3 Ha 2. Mpu LboMy BUPOBAAETLCA NOHATTA NOPAAKY Cepen Yncen i HeB A3KM (BIAXMNEHHA) MiXK HUMK., Y
cepefHix i CTapwwux Kaacax po3rnafatoTbCA NiHIMHI | KBagpaTHI HEPiBHOCTI 3i 3MiHHMMM, BUPOBAAETHCA 3BMYKA BaunTH y
pO3B’A3aHHI iHTepBanK i NOLWYK Po3B’A3KIB 3BOANUTLCA A0 BiALYKAHHA KiHLiB LMX iHTepBani. Mi TUM, BTPAYaETbCA YABNEHHA
NPO MHOMMHY TOYOK, fIKi BXOAATb Y MHOXWHY PO3B’A3KIB, i BTPAYAETbCA YABJEHHA MPO 3a/€KHOCTI BENIMYMHU BiAXUNEHHA
(HeB’A3KM) Bi4 MONOMKEHHA LWYKaHOI BeanuunHu. MpupoaHa BiAMIHHICTb y 4Yaci AnA po3B’A3yBaHHA PIiBHAHbL i HepiBHOCTEMN
npUBOAUTL A0 6iNbLOT KiNbKOCTI MOMUIOK NPW BiALWYKaHHI pO3B'A3KIB HEPIBHOCTEMN, HiXK KOPEHIB PiBHAHDb, Yepe3 MHOXEHHS Ha
BMpa3s, AKMIN MICTUTb HesiZomy. MeToa HeB'si3KM, 3BOAAYM HEPIBHOCTI 4O PiBHAHbL 3 MapamMeTpPOM, YCYBa€E L MOMWKM i faE
3aN1EXHICTb KOPEeHiB Bi4 LbOro napameTpa.

© 3.10. dinep, A.C. Yyiikos, 2021.
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AHani3 cTaTe NOKa3ye NiOHEPCbKUIA XapaKTep HawmMx PobiT B LLbOMY HaMpPAMKY, He Bpaxosytoun poboTu O.B. Kyxens.
MeTa cTaTTi NnonArae B 06rPyHTYBaHHI AOLINbHOCTI BUKOPUCTAHHA MeTOAYy KOMMIEKCHOI HeB'A3KM AN po3B’A3yBaHHSA
HepiBHOCTEN y KOMNIEKCHIN obnacri.

METOAU AOCNIAXKEHHA
Y cTaTTi BMKOPWUCTaHi MeTogu MaTemMaTUYyHOro aHasisy Ta Teopii QYHKUil KOMMAEKCHOI 3MiHHOI, a TaKOX aHani3 i
MOZENOBaHHA — A8 PO3PO6KM anropnTmiB rpadiyHOro NogaHHA pesyabTaTiB y cucTemi Komn'toTepHOT maTemaTnkn Maple.

PE3Y/ZIbTATU OOCNIAXKEHHA
Memod diticHoi Hes’a3Ku nonarae B Tomy, Wwo HepisHictb T (X) <0 3aminioeTbea pisHarHAM T (X) +1 =0, pe HeB’'A3Ka

r>0 _ gennunna BifXMNEHHA NiBOT YacTUHM HepiBHOCTI Big npasoi (Pinep, 2014). AHanoriuvo, Hepishicte f(X) >0

3amiHioeTbea pisHAHHAM T(X) =T, r>0. Taka 3amiHa Jae MOXKAMBICTbL 3HAXOAMTM K AJNCHI, TaK i KOMMNEKCHI PO3B’A3KM
] o ) ) 1
x(r)=a(r)+ib(r) npu r > 0. Hanpuknag, HepisHicTb ;<1 3aMIHIOETbCA PIBHAHHAM ;‘” =1 3 pogatHum napametpom r.

. . 1 . . " . .
Po3B’A3ytoun Le PiBHAHHA BILAHOCHO X OTPUMYEMO X = rrE r>0,r #1. 3BicHO, 3a3BMYalt 414 PO3B’A3yBaHHA TaKOI HEPIBHOCTI
-r

BMKOPWUCTOBYIOTb MeToJ, iHTepBaniB abo nepexig [0 CYKYMHOCTI CMCTEM HEpPIBHOCTEN B 3aN€XHOCTI Bif, 3HaKiB YMCENbHUKA i
3HaMeHHUKa. Bianosiaaro 6yae cykynHicTb BigkpuTux nisinTepsanis (—oo0) U (L ). Ane ue 6yae BiANOBIAA HAa NUTAHHA «de?»,

1
afie Ha NUTAHHA «HAO CKibKU MeHwe?» el po3B’s30K He Bianosigae. Hes’'ssKa r(x) :1—; pa3om 3 MHOMMHOM PO3B’A3KIB

HepiBHOCTI Jal0Tb BigNOBIAj Ha Wi ABA NUTAHHA.
Po3B’AXEMO UMM METOAOM HepiBHICTb X2 +2X+2<0. BiH aae piBHAHHA X +2X+24+r=0, Ae Hes'aska r>0.

P03B’A3ytoum 10ro, OTPUMAEMO MHOXMHY KOMMIEKCHUX PO3B’A3KIB HepiBHOCT: X =—1+ivJ1+r ,r >0 (puc. 1).

Ha ubomy npuKkaagi nerko 6aunTu, WO CyKYNHICTb PO3B’A3KiB ABOX NpoTunexHux HepisHocTel f(x) < 0if(x) > 0 Ta KopeHis
pisHAHHA f(X) = 0, oTprmaHMXx mMeToLOM AiNCHOI HEB'A3KM, HE 3aMOBHIOE YCIO KOMMIEKCHY MiowmHy. Toai npuidwna gymka
PO3rNAHYTU KOMMIEKCHY HEB'A3Ky I = S + it 3 AiicHUMK goaatHUMK S i t.

TakMM YMHOM, BUHUKAE HeOobXiAHICTb BBeAEHHA NMOPAOKYy B 061acTb KOMMNEKCHMX Yucen. Takuil e nopagok, Ak y
6ibniorpadii: cnosa nuwyTbes y nopagky A, b i T. 4. Ane AKLWO NnepLi niTepi og4HaKOBI, TO NOPAAOK BCTAHOB/IOETLCA MO APYrii
nitepi. A6o AK 6inetn i micua y TeaTpi: AKWO HOMEpPU PAAIB Pi3Hi, TO HOMepw BineTiB NOPIBHIOTLCA 3@ HOMepPaMu PALiB; Ans
OAHOTO i TOrO K pAdy HOMep BCTAaHOB/IOETLCA NO Miclto. OaHe i3 Taknx BnopaaKyBaHb HaBeaeHo y KHu3i O.B. Kyxkens (Kyxensb,
1974): a+bi<c+dia<cabo a=cib<d. BinHaBiTb 3anponoHyBas 4nTauy po3s’a3aT! NiHiliHY HEPIBHICTb 3 KOMMAEKCHUMM
KoedilieHTamMn, He BKA3aBLWK meToay i Bianosiaj.

Bubpaswm r=s+it, ne s>0 abo s=0 i t>0 oTpumaemo, AN B¥Ke PO3rNAHYTOI HEPIBHOCTI, PIBHAHHA

X2+ 2X+2+5+it=0. 3pobuswm 3amiHy X :=X+iy , otpumaemo cuctemy (X+1)°—y* =—(1+s), 2y(x+1)+t=0. MNepwe
PiBHAHHA Aae rinepbonm 3 BepwmHamu y Toukax (—Lv1+8) i (-L—+1+s) ta acumntotamm y=x+1 i y=—x-1 (puc. 2).

linep60a1 NOKpMBalOTL ycto 06acTb, yTBOPeHy 2paHuyHoo rinepbonoto Y —(X+1)* =1 npus = 0.

-3 —

Puc. 1. KomnseKcHi po3s’asKku HepiBHOCTI X° +2x+2<(0  Puc. 2. Po3B’A3yBaHHA HEPIBHOCTE METOA0M KOMMIEKCHOTO r

Y Husui naketie TMny Maple, Wolfram Mathematica nepeanbayeHa moxkauicTb nNobynosu rpadikiB HepiBHOCTEN
Re(f (x+1iy)) <0 . BoHa aae po3s’sa3ok HepisHocTi f (X +iy) <0, ane 6e3 rpaHuui. MpaHULO A3€ PO3B'A30K APYroi HEPIBHOCTI 3
BpaxyBaHHAM 3Haky t. I3 Hboro otpumyemo Y(X+1) =—t/2, 10670 3HaKM y i X + 1 npoTunexHi. OTe, 3niBa Big npamoi X + 1 =0
y >0, cnpaBa Big Hei Y <O0. |HWa YacTMHA rPaHUYHOI rinepboNn MPUESHYIOTbCA A0 PO3B’A3KIB MPOTU/IEKHOI HepiBHOCTI
X +2X+2>0. Ha puc. 2 cipuit Konip nosHayae po3s’asku HepiBHOCTI X° +2X+2<0 MeTofOoM KOMNAEKCHOT HEB A3KK; YOpHa
NiHiA — rpaHnuA Uiei 061acTi; 3eN1eHnit Konip — po3B’A3KM, OTPUMaHI METOAO0M AiCHOT HeB A3KN; YEPBOHI TOYKM — KOPEHi PiBHAHHSA
X +2X+2=0. Po3s’a30K HepiBHOCTI X*+2X+2>0 — 6ine none Ha LbOMY PUCYHKY 3 3a/IMLWIKAMM FPaHULL MiX Cipoto Ta 6inoto
YacTUHaMMU.
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1
Mokaxemo po3B’A3KM HepisHocTi — <1 meTosOM KOMMNAEKCHOI HeB’A3KW. BOHa 3BOANTLCA [0 PIBHAHHA
X

. X—1iy . X -y X

—+Ss+it=1 +s+it=1 = +s=1 ———+t=0. i 2 2, 2

X+iy S Xty Xty X+’ Mepwe piBHAHHA fdae Kona X +VY + 1 s 0
1

pagiycis = m 3 ueHTpom B Touui (r; 0). Mpu s < 0 kona fAoTUKalOTLCA NPAMOI 3niBa Big npamoi X = 0, npu s > 1 —cnpasa.

1
Mpu s — 1 ayrun Kin npamytoTs go oci OY. Mpu s=0 otpumaemo I = E — rpaHuuto 0bnacTi po3B'A3KiB. 3a A4OMNOMOroK CUCTEMM

Komn'toTepHOi MmatemaTnku Maple 17 oTpumaHo puc. 3. [lpyre piBHAHHA CUCTEMM O3HAYaE, LWLO 3HAK Ha rpaHMLi cnisnagae 3i

3HaKoMm t, TO6TO 06/1acTi PO3B’A3KIB HANEKUTb BEPXHE NiBKOMO. MPOTUAEKHA HepiBHICTb ;>1 6yAe BUKOHYBaTUCb B CAaMOMY

KPY3i 3 H/XKHIM NiBKOIOM.

OBIrOBOPEHHA

HaBegemo npuknagm rpadivyHoro 306paskeHHsa KOMNAEKCHMX PO3B’A3KiB HepiBHOCTeN. [Ans nobynosm obaacTi B cuctemi
Komn’toTepHOi MaTeMaTMkn Maple 17 3actocoByemo KomaHay piecewise ([po3aeHko, 2019), Aka 3a4a€ XapaKTepPUCTUYHY
GYHKLIIO ABOX 3MIHHUX: Y TOUKaX, AKi 3340B0/bHAIOTL HepiBHicTb Re(f) < Re(g) BoHa npuitmatme 3HadyeHHA 1 1a -1y iHWwomy
BunaaKky. fani 3actocosyemo komaHay implicitplot gna nobynosu rpadika HeABHO 3afaHOi GYHKLUII, BUAINAOUM Ty YaCTUHY
obnacrTi, ge nobyaoeaHa pyHKLia goaaTHa. [ani noTpibHO AoCNiaUTM 3MiHY 3HaKa YABHOI YaCTUHM Ha NiHii, AKa BU3HA4Ya€ 3MiHy
3HaKa AiMNCHOI YaCTUHWM HepiBHOCTI.

Mokarkemo anroputm Takoi nobyaosu y Maple 17 Ha npuknagi puc. 4. CnoyaTKy NiAKAOYAEMO NaKeT Ans nobynosu
rpadikis:

with(plots) :

[ani BBOAMMO XapaKTEPUCTUUHY QYHKL,iO:

1

= (xy) %piecewise[Re[—zj <Re(x + I'y), 1,—1]
(x+1y)

3agaemo BuaineHHa Tiei obnacTi Ha niowmHi, Ae nobynosaHa PyHKLiA AoaaTHA. A Lboro BBoAUMO 06’eKT P:
P = implicitplot(f (x,y) > 0,x=-2.2,y=-2.2, coloring = [ grey, white], filledregions = true,
numpoints = 400000)
Bigobpaxkaemo oTpumaHnin rpadivuHmii 06’eKT:
display(P)
Y pe3ynbTaTi MM OTPUMAEMO BHYTPILIHI Toukn obnacTi. o6 3HaliTH ii rpaHMuto, nobyayemo obnactb, AKa 3afaETbeA
YABHOIO 4aCTUHOLO Ta BU3HA4YAEMO TOUKM nepeTuHy Ljei obnacti 3 niHielo Re(f) =Re(g). AHaniTuuHwii cnoci6 npusoauTs A0

X —y? —2xy —yr*
y s A LY ona yasHoi, ge I’ =x>+y°.

HEepiBHOCTI — <X 4na AOiACHOI YacTMHM Ta "
r r
2 2
2 -1 1 2 5 1 0 1 5
-1 -1
Cr ,2 d
o . . l . . o 1 2
Puc. 4. O6nacme po3e’a3skie HepieHocmi < <X Puc. 5. O6aacmeo po3e’askie HepieHocmi X <X

X
AHaNOriYHO BU3HAYAETLCA NPUHANEKHICTb FPaHULL Ha puc. 5: F <X’ -y, Y(2X+F] >0.

[ani HaBeaeHo aenki npuknaam rpadiyHoro 306parkeHHA KOMMNAEKCHUX PO3B’A3KiB HepiBHOCTeN (puc. 6-8).
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<

-:. "

Puc. 7. O6nactb po3B’A3KiB HepiBHOCTI X2 < X°

Puc. 8. O6nacTb po3B’A3KiB HepiBHOCTI

{x

<X

Ha puc. 9-12 306paxeHo obaacTi po3s’asKis enemeHTapHux HepisHocten Z<0,2>0,z° <0,z° > 0.

z<0

-3

Puc. 9. Po3s’a3ku HepiBHocTi Z <0

Puc. 11. Po3s’a30K HepisHocTi z° >0

-3 -2 -1 ] 1 2

-3

Puc. 10. Po3s’a3ku HepisHocTti Z >0

Puc. 12. Po3B’a30K HepisHocTi z° <0

3raflaeEMo MeToZ, iHTepBasiB, AKMIA BUBYAIOTb Y LWIKOAI AN PO3B’A3aHHA HEPIiBHOCTEN: BiALWYKYOTb MoyYKu, Ae GyHKLin
[LOPIBHIOE HYNIO Ta TOYKM il pO3pmBY, @ NOTIM BM3HAYaIOTb 3HAKM, AKI Npuimae GpyHKLIA B KOXKHOMY 3 iHTepBanis. Lieli meTtop,
IPYHTYETbCA Ha BAACTUBOCTI HenepepBHOi GyHKUji 36epiraTv 3HaK B Takux iHTepBanax. MoKHa 3a UMM 3pa3kom nobyaysatu
MeTOoZ, CyMixKHMX 0bacTei, B AKOMY ByAy€ETbCA 2pAHUYA MiXK CyCiZAHIMM nigobnactamu, a NoTim 3’ACOBYETLCA, A€ NIeKaTb NOTPi6HI

nigo6nacri.
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BUCHOBKM TA NEPCANEKTUBU NOAANBLLOIO AOCNIAMXKEHHA

Y poboTi gocniaKyeTbca Npobaema NoLWyKy MHOXKUHM PO3B’A3KIB
HepiBHOCTEN 3 AiNCHUMM KoediLLiEHTaMM y KOMNJIEKCHI 06.1acTi, a TaKoX
NPONOHYETLCA METO/, 3HAXOKEHHA BiAXUNEHHA 3HAAEeHNX PO3B’A3KiB Big,
3aflaHoro 3HauyeHHsA. Lle npuBoauTb 40 MOHATTA HeB'A3KM. Metop,
HEB'A3KM Npu po3B’A3aHHI KBagpaTHUX HepiBHOCTeM Beae A0
KOMMNEKCHUX PO3B’A3KiB, @ 3aCTOCYBAaHHA KOMMNIEKCHOI HEB'A3KM — A0
3aNOBHEHHA YCi€Ei KOMMNIEKCHOI MN/OWWMHU NpWU PO3rnagi CyKynHOCTI
HepisHocTe f(X) < 0, f(X) > 0 Ta pisHaHHA f(X) = 0. Lle gae 3mory wykaTu
rPaHULIO0 — NiHil0, AKa PO34iNA€ Li MHOXMHU Ta KopeHi OyHKLIi Ha Uil
NiHii. TyT 1eXNUTb MOM/IMBICTb MOACHUTU CYTb rinoTe3n PimaHa Npo KopeHi
n3eTa-GyHKUiT &, AKI € TOUKamMM NepeTuHY AiHil — rpaHuLb obnactei
Red <0 71a Red >0 3 niviamn Imd =0. Mpannua Red(z) =0
NPAMYE 3HU3Y AOFOPU, JOCATAIOYN MAKCUMYMY, BiNOBIAHO A0 rinoTesuy,
B KOpeHsAX Ha npamiii X = 0,5, To6To B Toukax gy 0,5+1y, . Togi B Hux

15

1

£'(05+1iy,) =0, ge sBoHa 3miHIOE 3HaK 3 «-» Ha «+». Ha puc. 13 cuHim

Puc. 13. KopeHi Aseta-@yHKkuii Pimaka KO/NbOPOM BUAiNeHO obnactb, ae Re{(x+iy) <0, 4epsoHa Ninia €

PO38’A3KOM piBHAHHA Im¢ =0.

Mofanbwi AocnigKeHHA nonsraioTe Yy  Kaacudikauii  HepiBHocTeW  (NiHiMHI, ApPo6OBO-NiHIMHI, MHOroYNEeHHi,
TPUrOHOMETPUYHI, MOKA3HMKOBI TOLLO) Ta METOAIB X PO3B’A3aHHA Y KOMMNAEKCHIN naowuHi. Tpeba WyKaTM maTemaTUyHi 3agadi
ONs HepiBHOCTel, ae 6yayTb NOTPiIGHI KOMNJIEKCHI PO3B’A3KM HEepPiBHOCTENM Ta IX 3aCTOCYBaHHA B 3a4a4ax Gi3vKM Ta iHWKX HayK
peanbHoro cBiTy. Toai uel anapat i metog 6yayTb NOTPiOHI ANA BiANOBIAHOIO KOMA KOPUCTYBAYIB.
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METHOD OF SEARCHING COMPLEX SOLUTIONS OF INEQUALITIES BY THE DEFLECTION METHOD
2.Yu. Filer, A.S. Chuikov
National aviation university, Ukraine

Abstract.

Formulation of the problem. Traditionally, the school textbooks deal with inequalities in the set of real numbers. Solving inequalities with the
unknown number they are limited to finding the area where the requirement is greater or less is fulfilled. By the way, in a number of
problems it is important how much the values are differs. At the same time, complex solutions are revealed in the case of a real
deflection.

Materials and methods. The methods of mathematical analysis and theory of functions of a complex variable are used. Analysis and modeling
techniques are also used to develop algorithms for graphically representing our results in the computer mathematics system
Maple 17.

Results. It is proposed to use a complex deflection r =s + it, where s>0 ors =0 andt >0, which gives complex solutions of inequalities. The
set of all inequality solutions obtained by the complex residual method is a two-dimensional domain. Moreover, inequalities with
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opposite signs have solutions that complement each other to a complex plane. Examples of the application of the complex deflection
method for solving quadratic, rational, and other inequalities are presented. The application of the computer mathematics system
Maple 17 for graphical construction of the area-solutions of inequalities is demonstrated.

Conclusions. The submitted material can be useful for school teachers and teachers of professional higher and higher education in studying the
topic «Complex numbers». Inequalities in a complex set have been considered sporadically, for example, in proving D’Alembert’s
lemma about the value of the modulus of a complex argument at adjacent points around a point where it is nonzero. These
inequalities can be used to find the roots of complex functions. Further research in this area is to systematize and classify inequalities
and methods of their solving in a complex plane.

Key words: deflection method, complex deflection, complex solutions, Maple 17.

This work is licensed under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
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