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ABSTRACT

DopmMyntoeaHHA npobnemu. Mamemamuka mae
yHOameHmManbHe 3Ha4YeHHA 017 npogeciliHo-mexHiYHoi ocsimu
(MTO). Le nos'a3aHo 3 mum, wo mamemamuKa 00380/A€ YHHAM
3aKnadie [ITO po3susamu HOABUYKU pPO38'A3YBAHHA 30004,
HeobXxiOHi 'y 8idnosiOHuUx eany3ax npogeciliHoi dianbHocmi.
Heseaxcarodu Ha ye, icHye 6azamo ceidyeHb Mo2o, WO Y4Hi
3aknadie MTO 8 ycbomy csimi maome caAabki mamemamuyHi
HABUYKU. Pi3Hi 00cnionceHHA 30cepedxysanuca Ha ycniwHocmi
ma 3auikaeneHocmi y4Hie MamemamuKow Mamemamuku, ane
mMasno ysaau npudinAnoca eusveHHIo 3Micmy MamemMamuKku 8
npogeciliHo-mexHiyHili  ocgimi. Y  ybomy  0ocnioiceHHi
npedcmasneHo cucmemamuyHuli GHANI3 3Micmy Mamemamuku y
npogeciliHomexHi4Hili oceimi 3 ciuHa 2015 p. no civeHo 2024 p.

Mamepianu i memoodu. [aHi 6ynu 3i6paHi waaxom aHanizy 17
cmameli 3 mamemamuku e 1TO i3 3a2anbH020 nowyky Google
Scholar, Scopus, xypHany Eric ma 6a3u OaHux EBSCOHost.
Yucnosi daHi 6ynu npedcmasneHi 'y suenadi eidcomkis i yacmom,
mooi AK AKicHi daHi byau NPoOaHANi308aHI MeEMamMUYHo.

Pe3ynbemamu. [JocnioxceHHA Mokasano, ujo Halibinbwe cmameli
6yno onybnikosaHo y 2022 poyi, dani idymes 2017 ma 2021 poKu.
HalimeHwe cmamel 6yno onybnikosarHo y 2015, 2018 ma 2020
poKax. Pesynbmamu makox rnokasanu, wo binewicms asmopie
nos'asaHi 3 [lis0eHHo Adgppukoro, 3a Heto (dyme Llleeyis ma
IHOoHesis, a HalimeHwe — 3 TypeyyuHoto ma Kamapom. Haykosui
30cepedxiylomeca HA 080X OCHOBHUX MeMax: BUKAAOGHHA
mamemamuku y 3akdaax [TO ma saxugicme mamemamuku 015
MnTo.

BucHoBKu.  Pe3ynbmamu  MiOKpecame  8aXsauU8icmeo
dodamkosux 0ocnioxrceHo y yili eanysi 01 nidsuwjeHHA akocmi
mamemamuyHoi oceimu 8 3aknadax [1TO 8 yceomy ceimi 3 memoro
3a0080s1€HHA nompeb WeUOKO3MIHHO20 PUHKY NPpayi.

Formulation of the problem. Mathematics is fundamental to
Technical and Vocational Education and Training (TVET). This is
because mathematics enables TVET students to develop the
problem-solving skills required in their respective trade areas.
Despite this, there is ample evidence that TVET students around
the world have poor mathematical skills. To address this issue,
various studies have focused on TVET students' performance and
interest, teaching mathematics in vocational education,
and the relevance of mathematics, with little emphasis on the
study of mathematics content in vocational education. This
current study presents a systematic analysis of mathematics
content in vocational education from January 2015 to
January 2024.

Materials and methods. Data were collected by analyzing
17 articles on mathematics in TVET from Google Scholar general
search, Scopus, the Eric journal, and the EBSCOHost database. The
numerical data were presented as percentages and frequencies,
whereas the qualitative data were analysed thematically.

Results. The study found that the majority of articles were
published in 2022, followed by 2017 and 2021. However, the
fewest number of articles were published in 2015, 2018, and 2020.
The findings also revealed that the majority of authors are
affiliated with South Africa, followed by Sweden and Indonesia,
with Turkey and Qatar having the fewest affiliations. Finally, the
findings revealed that the authors focused on two major themes:
teaching mathematics in the context of TVET and the importance
of mathematics in TVET.

Conclusions. This review emphasizes the importance of
additional research in this area to improve the quality of
mathematics education in TVET programs around the world in
order to meet the workforce's changing needs.

K/1l0408BI C/10BA: cucmemamuyHuli 027140,
6ibniomempuyHuli aHaniz; 3micm mamemamuku; npogeciliHo-
mexHiYHa oceima; KomrnemeHmMHocmi.

KEYWORDS: systematic review, bibliometric —analysis;
mathematics content; technical and vocational education and
training; competencies.

ANA UUTYBAHHA: Acheampong P. A., Awuah F. K. The study of
mathematics content in the context of vocational education:
a systematic review. ®i3uko-mamemamuy4Ha ocsima, 2025.
Tom 40. Ne 4. C. 6-12. https://doi.org/10.31110/fm02025.v40i4-
01.

FOR CITATION: Acheampong, P. A., & Awuah, F. K. (2025).
The study of mathematics content in the context of vocational
education: a systematic review. Physical and Mathematical
Education, 40(4), 6-12. https://doi.org/10.31110/fm02025.v40i4-
01.

INTRODUCTION

Technical and Vocational Education and Training (TVET) is critical for providing individuals with the skills required for
careers in a variety of industries (Okolie et al., 2020). This is because TVET programs are tailored to the needs of the job market,
ensuring that students who complete TVET training have the necessary skills to find work in their desired fields or start their own

© The Author(s) 2025
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businesses (Ngware et al., 2024). This is consistent with SDG 4 Agenda 2030 target 8.6, which states that in order to address both
current and future issues, individuals must be empowered to become effective and resilient. This will ensure that TVET remains
relevant to the economy and society (Keevy et al., 2021). To keep up with changes in sustainability, environmental protection,
migration, and digital technology, technical and vocational education and training (TVET) must update its facilities, skills, and
methods more quickly than previously (Keevy et al., 2021).

To accomplish this, TVET students must have strong problem-solving abilities, which is one of the focuses of
mathematics. To ensure this, research studies have highlighted the need for TVET students to acquire the mathematics
competencies and skills required to comprehend the concepts taught in various TVET programs (Frejd & Muhrman, 2022). As a
result, incorporating mathematics content into TVET programs is critical to ensuring that students have the necessary knowledge
and skills to excel in their chosen vocations (Dalby & Noyes, 2015). FitzSimons and Boistrup (2018), for example, claimed that all
types of skilled work contain elements of mathematics (including statistics), which are used explicitly or implicitly, and sometimes
completely embedded within vocational activities. In line with this, Jassem and Alyaqout (2018) stated that mathematical
competencies such as measurement, geometric calculations, and trigonometry are essential in preparing students for successful
careers in welding and fabrication.

Despite the importance of mathematics in TVET, there is a lack of research into the specific mathematical concepts
covered in TVET programs. A systematic review of the literature is required to determine current trends, areas for improvement,
and the focus of previous studies. As a result, the purpose of this study is to conduct a thorough examination of the current body
of literature on the mathematical content included in TVET programs worldwide from 2015-2024, as well as the literature's trend
and the focus of previous studies. The findings of this study will fill gaps in the literature and have important implications for
educators, policymakers, and stakeholders involved in TVET programs. This study aims to contribute to ongoing efforts to improve
mathematics education in TVET programs by identifying best practices and areas for improvement.

Research Questions

The present systematic review was guided by two research questions:

1. What is the distribution of articles by date and country of affiliation/publication?
2. What is the primary focus of the articles on mathematics and TVET?

RESEARCH METHODS

Search Strategy

Various search techniques were used to locate relevant papers through online database searches that best matched
the study's goal. In addition to specific search terms, the researcher used ancestor search techniques, which involved looking
through previously identified literature references to find additional relevant papers for the study (Cooper, 2010). This method
provided valuable context for the systematic review. To reduce bias in the study, the number of articles published on websites
has nearly reached its limit. Online databases such as Eric, Google Scholar, Scopus, and EBSCOHost were used to collect relevant
papers for the study. This is due to the study's focus on education, and the sources are the most widely used databases in both
the social sciences and education. The three sources were also well-established and recognized in the field of social sciences,
which includes this study. Lastly, these sources provided free databases that increased the researcher's access to the relevant
literature. The following keywords: "mathematics content for TVET," "Mathematics for masonry, carpenters, welders,
seamstress, engineers," "integration of mathematics in TVET program," "Importance of mathematics in TVET," "how mathematics
is taught in TVET schools," "improving TVET students interest in Mathematics," etc, "mathematics competencies for TVET" were
used to begin the search online. To ensure more thorough and comprehensive coverage of mathematical content in vocational
education, each keyword was run independently in each database. Only peer-reviewed journals were considered in the study
because they provided the most reliable source of scientific data and improved the study's quality.

Study Selection

This systematic review was conducted from January 2024 to July 2024. The article search for the review began on
January 5th, 2024. Initially, the internet search returned 779 articles from the four databases. The articles are distributed
according to the databases Eric (117), Google Scholar (313), Scopus (252), and EBSCOHost (97). Before exporting the remaining
articles (78) to Mendeley, a manual screen was performed to remove the 701 articles that had been eliminated. The abstracts
and titles were thoroughly reviewed and screened using the Mendeley software. At this level, 47 articles were removed from the
total because their topics and abstracts did not align with the focus of this study, leaving 31 articles to be evaluated for eligibility
using full-text articles. At this point, 14 of the 31 articles had been eliminated, leaving only 17 articles. The 14 articles that were
excluded consisted of 9 duplicates and 5 irrelevant articles. For the purposes of this systematic review, the 17 articles were
synthesized. Figure 1 depicts an overview of the systematic literature review search protocol, which is based on Moher et al.'s
(2009) 'Preferred Reporting Items for Systematic Reviews and Meta-Analysis' (PRISMA).
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Fig. 1. Flow Diagram of Studies’ Screening and Selection (based on PRISMA)
Source: Own Work

Inclusion Criteria
To identify the literature included in the study, an inclusion criterion was followed, as shown in Table 1.

Table 1. Inclusion Criteria for the Systematic Review

Criterion Inclusion criteria

Period of the empirical studies Articles published between January 2015 and January 2024 were selected for the study
because they are considered current literature and provide current information on
mathematics content for vocational education.

Level of education Elementary, secondary, and tertiary

Focus mathematics content in the context of vocational education
Research approach Qualitative, quantitative, and mixed methods

Geographical Spread Across the globe

Design survey, case study, and document analysis

Research Base Empirical evidence forms the base of the study

Source: Own Work

Evaluation of the Methodological Quality

In an analysis of multiple reviews, the credibility of the findings is determined by the outcomes of the included reviews,
which are based on the findings of the original studies in each review. Two critical questions were raised: 1. Was the review
properly conducted, and 2. Was the quality of the primary studies assessed in the review? These questions were answered with
an adjusted version of the 'assessment of multiple systematic reviews' (AMSTAR) tool (Shea et al., 2007). It is important to note
that reviews were not disregarded due to their quality.

Data Extraction and Analysis

To extract each downloaded article, the researcher's bibliometric analysis sheet/table was utilized. The table was
created based on the study's inclusion criteria. Author's name, context, book/thesis/articles. Context (study area), topic,
contribution, research design, findings/conclusions, and what the author(s) left out (limitation). Other characteristics discovered
in the literature were determined by the research questions. The first research question was presented using frequencies and
percentages, while the second was thematically analysed.

RESEARCH RESULTS

The analysis included 17 empirical articles from a systematic review of educational research published between January
2015 and January 2024 on mathematics content in vocational education settings. The results showed that the majority of the
articles were published in 2022, followed by 2017 and 2021. However, the lowest number of articles was published in 2015, 2018,
and 2020, accounting for only 5.9%. This could be due to a lack of attention paid to articles about mathematics content in TVET
education during those years. It can also be seen that South Africa is the country of affiliation for the most authors, with 29.4%
representing five articles. Sweden and Indonesia had the next highest number of published articles after South Africa. Turkey and
Qatar, on the other hand, had the fewest number of published articles. The disparity in affiliation could be attributed to funding
for research and publishing in the field of TVET education, as well as the fact that mathematical content is more readily available
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in those countries. Countries with strong research infrastructure, such as well-equipped universities, research centers, and
libraries, may have more resources available for researchers to conduct studies on TVET education and mathematical content
(Tun & Juchelkovd, 2022).

Research Question One: Distribution of the Articles according to Date and the Country of Affiliation/Publication?

Table 2. Distribution of the Articles according to Date and the Country of Affiliation/Publication

Frequency Percentages
Year of Publication
2015 1 5.9
2017 3 17.6
2018 1 5.9
2019 2 11.8
2020 1 5.9
2021 2 11.8
2022 5 29.4
2023 2 11.8
Country of Affiliation/Publication
Indonesia 3 17.6
Qatar 1 5.9
South Africa 4 23.5
Sweden 3 17.6
Turkey 1 5.9
UK 2 11.8
USA 3 17.6

Source: Own Work

Researchers in countries with established research networks and partnerships may have more opportunities to
collaborate on studies involving TVET education and mathematical curriculum (Schréder, 2019). Collaborations with scholars
from other countries can also result in more diverse and extensive investigations, which lead to more publications (Hoekman et
al., 2010; Bozeman et al., 2013). Some countries may prioritize TVET education and mathematics content in their national policies
and objectives (Ayonmike et al., 2015). The bibliometric analyses of the articles are shown in Table 3.

Research Question Two: What are the main focuses of the articles on mathematics content and TVET?

The articles revealed two major themes: the application of mathematics in TVET and the teaching of mathematics in
TVET schools. Thirteen of the 17 articles focused on mathematics teaching in TVET schools, while the other four articles focused
on mathematics application in TVET. This indicated that researchers are interested in the application of mathematics to specific
trade areas, as well as the effectiveness of mathematics education in TVET schools.

The study found that the authors focused on two major issues. These were the teaching of mathematics in TVET (Dalby
& Noyes, 2015; Mustakim, 2017; Kelly, 2018; Said, 2021; Frejd & Muhrman, 2022; Tarhan et al., 2021; Muhrman, 2022; Vimbelo
& Bayaga, 2023) and the importance of mathematics in TVET (FitzSimons & Boistrup, 2017; Dominikus et al., 2017; Deda &
Amsikan, 2019). Researchers are interested in the mathematics competencies required in various TVET programs, as well as the
most effective ways to develop these skills in students. Mathematics plays an important role in technical and vocational
education, according to studies.

All TVET trades require some basic mathematics, particularly in technology, engineering, construction, welding, and
fabrication. For example, welding and fabrication necessitate a variety of mathematical concepts when forming, arranging, and
welding materials. Almost every trade requires material cost calculation and profit estimation (Jassem & Alyagout, 2018). For
example, Deda and Amsikan (2019) demonstrated that traditional woven fabric motifs in the Kefamenanu community necessitate
a wide range of geometric concepts. Jassem and Alyaqout (2018) also agreed that mathematical calculations are required in
welding before beginning any project or producing any product. This ensures that the welder receives the proper welding
dimensions, materials for the welding process, the most cost-effective materials, and the time required to complete a specific
product (Jassem & Alyaqout, 2018). According to Istas et al. (2021), mathematics and algebra are extremely important in
engineering work, despite the fact that most university students do not apply them. A variety of mathematical concepts are used
in carpentry and joinery, including angle, geometry, trigonometry, area, volume, ratio and proportion, and bearing.

FitzSimons and Boistrup (2017) also stated that all forms of skilled work contain elements of mathematics (including
statistics), which are used explicitly or implicitly, and sometimes completely embedded within vocational activities. As a result, it
is possible to conclude that all successful TVET programs require some level of mathematical competency. The findings also
highlighted ways to improve mathematics education in TVET. Because mathematical competencies are required in all TVET areas,
it is expected that relevant mathematical concepts and skills be integrated into TVET courses and effectively taught to TVET
professionals. Frejd and Muhrman (2022) recognized the need for greater integration of mathematics and vocational subjects in
the classroom setting. The mathematics curriculum should be tailored to the specific competencies required in the learners' trade
areas, allowing them to immediately apply their mathematical skills and competencies in their chosen fields. Furthermore,
contextualized mathematics instruction in TVET institutions has been shown to improve students' mathematical achievement
(Mustakim, 2017).

In England, for example, mathematics (as a compulsory component of the program for vocational students) is taught
in accordance with the specific context and practical needs of the various TVET (Dalby & Noyes, 2015). Mirabueno and Boyon
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(2020), in their study of students' mathematics performance from junior to senior high school, recommended that senior high
school mathematics subjects be designed to teach skills relevant to the students' chosen tracks. This is consistent with Lave and
Wenger's (1991) situated learning theory, which states that learning is situated in the "activity, context, and culture in which it
occurs" (Lave & Wenger, 1991). Given the importance of vocational education programs, mathematics taught in schools should

be able to address the skills required in various industries to propel the economy forward.

Table 3. Bibliometric Analysis of the Articles

Author(s) Topic The country of Year
Name affiliation/publication
1.Diane Dalby and Andrew | Connecting Mathematics Teaching with Vocational UK 2015
Noyes Learning
2. P. Frejd & K. Muhrma Is the mathematics classroom a suitable learning space Sweden 2022
for making workplace mathematics visible?— An
analysis of a subject-integrated team teaching
approach applied in different learning spaces
3. Irfan Rusmar and Mustakim Teaching Mathematics In  Technical Vocational Indonesia 2017
Education (TVET)
4. Gail E. FitzSimons and & Lisa | In the workplace, mathematics does not announce Sweden 2017
Bjorklund Boistrup itself: towards overcoming the hiatus between
mathematics education and work
5. Karolina Muhrman How can students in vocational education be motivated Sweden 2022
to learn mathematics?
6. Makhosi P. Madimabe, Bunmi | Indigenous Knowledge As An Alternative Pedagogy To South Africa 2020
. Omodan, and Cias T. | Improve Student Performance In The Teaching And
Tsotetsi Learning Of Mathematical Geometry In Tvet College
7.Makhosi  P.  Mademabe, | Incorporation of Indigenous Knowledge in the South Africa 2022
Bunmi Isaiah Omodan, and | Mathematical Geometry Discipline at a TVET College
Cias T. Tsotetsi
8. Siphokazi Vimbelo and Anass | Humanising Pedagogy in Mathematics Education at South Africa 2023
Bayaga South African Technical and Vocational Education and
Training (TVET) Colleges: Influence on TVET Teaching
and Learning
9.S. Vimbelo and A. Bayaga Current Pedagogical Practices Employed By A Technical South Africa 2023
Vocational Education And Training College’s
Mathematics Lecturers
10. Ziad SAID Integrating STEM in to TVET Education Programs in Qatar 2021
Qatar: Issues, Concerns and Prospects
11. Beth Kelly Motivating adults to learn mathematics in the UK 2018
workplace: a trade union approach
12. Brooke Istas and Candace | When Am | (N)ever Going to Use This? How Engineers USA 2022
Walkington Use Algebra (NSF DRL)
13. Tracy E. Dobie Expanding conceptions of utility: middle school USA 2019
students’ perspectives on the usefulness of
mathematics
14. Yohanis Ndapa Deda), | Geometry Concept on the Motifs of Woven Fabric in Indonesia 2019
Stanislaus Amsikan Kefamenanu Community
15. Leyva, C Walkington, Making mathematics relevant: An examination of USA 2022
H Perera, M Bernacki student interest in mathematics, interest in STEM
careers, and perceived relevance
16. Murat Tarhan, Elif Nur | Gaining entrepreneurship skills in mathematics Turkey 2021
Akkas & Ulkii Ayvaz education: the middle school mathematics course
curriculum of Turkey
17. WS Dominikus, T Nusantara, | Ethnomathematical ideas in the weaving practice of Indonesia 2017
MM Subanji, M Muksar Adonara Society

Source: Own work based on the systematic review of literature like Leyva et al. (2022), Tarhan et al. (2021), etc.

Muhrman (2022) supported this by stating that mathematics instruction should be relevant to the workplace. That is,
teachers are expected to select mathematical content and examples that are relevant to the specific subject matter being taught.
According to Hodgen et al. (2018), mathematics instruction in TVET institutions can be taught separately, as part of vocational
instruction, or as part of vocational competencies without being recognized as mathematics. In most countries, such as Germany,
Singapore, and Korea, mathematics is embedded in a specific TVET trade area, and students learn it as part of their chosen TVET.
Kelly (2018) also stated that workers can be motivated to learn mathematics at work by aligning mathematical concepts with
their professions. To summarize, when mathematics is made more meaningful to TVET students in relation to their chosen career
or daily life, they will develop a positive attitude toward it and an interest in mathematics.
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CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

The systematic review sought to assess the mathematics content and TVET. The study focused on the review of related
articles from January 2015 to January 2024. The systematic review of literature on mathematics content in vocational education
revealed significant trends. The majority of articles were published in recent years, with 2017 and 2018 having the most
publications, indicating a growing interest in the topic during those years. The predominance of qualitative research methods
indicates a focus on in-depth exploration and comprehension of the subject. The concentration of articles from South Africa,
Sweden, and Indonesia demonstrates a global perspective on the integration of mathematics in TVET. However, the low
representation of countries such as Turkey and Qatar suggests that more research is needed in these areas. The articles focused
primarily on the application of mathematics in TVET and the effective teaching of mathematics in TVET schools. However, the
research literature shows a noticeable lack of representation from the majority of African countries. This study has no limitations.
Some of the articles reviewed did not address ethical concerns (Mustakim, 2019; Frejd & Muhrman, 2022). Furthermore, some
of these articles lack theoretical frameworks to back up their findings (Dalby & Noyes, 2015). Furthermore, this study did not
include other types of research, such as doctoral theses and book chapters. This may result in the loss of important information
and have an impact on the research findings. This review emphasizes the importance of additional research in this area to improve
the quality of mathematics education in TVET programs around the world in order to meet the workforce's changing needs.

The current study focused on a systematic review of mathematics content and TVET. The study was primarily concerned
with the distribution of studies on mathematics content and TVET, as well as the primary focus of the articles on these topics.
Further research can investigate the alignment between the content of mathematics taught and the competencies required in
TVET in various countries. A study can also conduct comparative studies across multiple countries to gain a more comprehensive
understanding of how mathematics is integrated into TVET programs around the world. This can help identify best practices and
areas for improvement in a variety of settings. Furthermore, more research is needed to investigate the specific challenges and
barriers encountered in countries such as Turkey and Qatar when implementing effective mathematics education in TVET schools,
as well as to propose strategies for improvement. Finally, future research could look into the impact of industry partnerships and
collaborations on improving the relevance of mathematics education in TVET programs and preparing students for the demands
of the workforce.
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ABSTRACT

Y OaHili pobomi 3arponoHOBaHA MOMIUBICMb 30CMOCYBAHHA
iHmeepanbHUX pieHAHb, 8i0N0BIOHUX pigHAHHIO LLipediHeepa, 0o
3HAXO00M(EHHA  PpadianbHOi  CKAAdoB0i  X8unbosoi  yHKYii
K8aHMogoi cucmemu 080X YACMUHOK ma 00MyCMUMUX 3HAYEHb
20/108HO20 KBAHMOB020 YUC/a cucmemu. AKmyasnbHicme pobomu
06ymossieHa HeobxiOHicmio 00noeHeHH MemoOUKU BUKAAOEHHS
Makoi 8axnueoi Kaw4osoi 3a0a4yi K8AHMOBOI MexaHiKu, AK
K8aHMOo8a meopis amoma 800HI0, AKe MoA2AE 8 PO3WUPEHHI
cyKynHocmi  memodie  3HAXO00MeHHs pPO38°A3Ki68  PiBHAHHA
LLipediHeepa 018 amoma 800HI0 ma ix cucmemamusauii, wo 6yoe
cnpuasMuU  Kpawjomy po3ymiHHIO OaHOi memu. 3anponoHosaHa
nocnidosHicme 8UKAAOeHHA Mamepiany 8paxoeye OCMAHHI
meHOeHUji  po3suMKy memodie nowyky po36’A3Kie
cmayioHapHoz2o pieHAHHA LLipediHeepa 8 aHanimuyHomy euenadi,
0eMOHCMpPY€E  MOMAUBICMb  3HOXOOIMEHHA  eHepaemuyHo20
crnekmpy K8aHMOB0i cucmemu YACMUHOK 3d O0O0MOMO20K
iHMe2panbHUX PiBHAHb.

dopmyntoeaHHA npobaemu. KeaHMosa meopis amoma 800HH0
y MiOpyYHUKaX ma HaB4ANAbHUX MOCIGHUKAX 3 (hi3uKku Halyacmiwe
8uKn1adaOMb, CNUPAOYUCL HA O0OHOYACMUHKOBE PIBHAHHA
LipediHeepa 08 enekmpoHy, nepexoda4u 00 cucmemu 8i0siKy
noe’asaHoi 3 A0pom amomy, Hexmy4u pyxom s0pa, abo
YacmuHy —mamepiany —euknadarome npu  po3enAdi  pyxy
es1IeKMpPOHY 8 UeHMPAsbHOMY CUM08OMY Mnoni. [1na y3a2an6HeHHA
MemoOuKU 8UKAAAaHHSA, Kpauje o0pasy po32aa0amu KeaHmosy
cucmemy 080X YACMUHOK: e1eKmpPOHY | A0pa amoma 800HIO.

Mamepianu i memoodu. 0108HUMU Memodamu BUpileHHA
nocmasneHoi npobaemu €: 3acobu nowyKy po3s’sasKie 3eu4aliHux,
AiHiGHUX, OughepeHyianbHUX PiBHAHbL Yy YACMUHHUX MOXIOHUX,
meopia 6azamosumipHuUX iHMezpanbHUX piBHAHbL mMa meopis
yHKyil MpiHa.

Pe3zynemamu. 3’co8aHO, Wo padianbHi cKnadosi x8usnboeux
@yHKYil amoma B00HIO, WO 8u3Ha4yaromMb eHepeemuy4Huli
crnekmp, MOXHA ompumysamu 6e3 nepexody 00 cgepuyHoi
cucmemu, WO CIPOWYE BUKAAOEHHA mamepiany memu.
3anponoHo8aHo y3a2asnbHEHHA MOCAIO0BHOCMI  BUKNAOEHHA
mamepiany Mo KeaHmMosili meopii amoma 800H!0.

BucHOBKU.  3anporoHo8aHe  y3a207bHeHHA  MemoOUKU
3HOXOOMEHHA po38’A3Kie pieHAHHA LlIpediHzepa Ona amoma
800HI0 00380/14€ MiOCUNUMU TOBHOMY BUKAAOEHHA mamepiany
memu «KeaHmosa mexaHika», nidsuuwjye cmyniHb 0okazogocmi
8UKNAOEHHA Mamepiasny ma crnpuse tio2o po3yMiHHIO.

This paper proposes the possibility of applying integral
equations corresponding to the Schrédinger equation to find the
radial component of the wave function of a quantum system of
two particles and the permissible values of the principal quantum
number of the system. The relevance of the work is due to the need
to supplement the methodology for presenting such an important
key problem of quantum mechanics as the quantum theory of the
hydrogen atom, which consists of expanding the set of methods
for finding solutions to the Schrédinger equation for the hydrogen
atom and their systematization, which will contribute to a better
understanding of this topic. The proposed sequence of presenting
the material takes into account the latest trends in the
development of methods for finding solutions to the stationary
Schrédinger equation in analytical form, demonstrating the
possibility of finding the energy spectrum of a quantum system of
particles using integral equations.

Formulation of the problem. The quantum theory of the
hydrogen atom in physics textbooks and manuals is most often
taught based on the single-particle Schrédinger equation for the
electron, switching to a reference frame associated with the
atomic nucleus, neglecting the motion of the nucleus, or part of
the material is taught when considering the motion of the electron
in a central force field. To generalize the teaching methodology, it
is better to immediately consider a quantum system of two
particles: an electron and a hydrogen atom nucleus.

Materials and methods. The main methods for solving the
problem are: means of finding solutions to ordinary, linear, and
partial differential equations, the theory of multidimensional
integral equations, and the theory of Green's functions.

Results. It was found that the radial components of the wave
functions of the hydrogen atom, which determine the energy
spectrum, can be obtained without transitioning to a spherical
system, which simplifies the presentation of the topic material. A
generalization of the sequence of presentation of the material on
the quantum theory of the hydrogen atom is proposed.

Conclusions. The proposed generalization of the method for
finding solutions to the Schrédinger equation for the hydrogen
atom allows for a more complete presentation of the material on
the topic "Quantum Mechanics", increases the degree of
provability of the presentation of the material, and facilitates its
understanding.

K/IO4YOBI CJ/IOBA: amom 800HI0; iHmMezpanbHe pieHAHHA;
K8aHMOB8a MexaHika; MemooduKa.

KEYWORDS: hydrogen atom; integral equation; quantum
mechanics; methodology.
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BCTYN

NocTraHoBKa npo6aemu. HeobxiAHOK CKNa40BOK YaCTUHOK NiATOTOBKM BUCOKOAKICHUX $axiBLiB, 4OCNIAHMKIB y ranysi
CTBOPEHHSA | AOCNIAXKEHHA BNACTUBOCTEN HOBMX KOMMO3UTHUX Ta HAHOCTPYKTYPOBAHMX MaTepianis € OTPUMAHHA IMUBOKUX 3HaHb
No KBaHTOBI/ MEXaHili, BONOAIHHA OCHOBHMMM METOLAMM OTPUMAHHA pe3ynbTaTiB. OAHIEID 3 KAHOYOBUX 33434 KBAHTOBOI
MeXaHiKu, PO3B’A30K AKOI iNIIOCTPYE CYTHICTb KBAHTOBOI MEXaHIKM Ta BUKOPUCTOBYETLCA Y Teopii 6arato eNeKTPOHHOro aTomy Ta
di3nui TBepAOro TiNa, € KBAHTOBA TeOpiA aTOMa BOAHIO. BUKnaaeHHA maTepiany No KBAHTOBIM Teopii aTomMa BOAHIO Y NiAPYYHUKAX
Ma€E MeBHi HeJoNiKKN. Y AeaKMX NOCIBHMKAxX 3HAaXO4KEHHA PO3B’A3KiB piBHAHHA LpeaiHrepa ana aToma BOSHIO NMPOBOAMTLCA
LWAAXOM 3HAXOAMKEHHA TOYHUX PO3B’A3KIB HABAMMKEHOro, OAHOYACTMHKOBOIO piBHAHHA LUpeaiHrepa AnA enekTpoHy, npu
HEXTYBaHHI PyXOM fAgpa aToMy, LLO 3HUKYE pPiBEHb A0KA30BOCTi maTepiany. [OULibHO 3HAXOAUTU TOYHI PO3B’A3KU PiBHAHHA
LWpeaiHrepa A418 aToma BOAHIO i NOTIM NepexoamnTi 4,0 06rpyHTOBaHUX HabAuKeHb. Y 6araTbox Nigpy4HMKax no KBaHTOBIN ¢isnui
KBAHTOBa TEOpiA aTOMa BOAHIO BUK/IALAETLCA Yy ABOX OKpeMux naparpadax, Wo yCKAAAHIOE PO3yMiHHA Temu. OKpim uboro, y
nigpy4yHMKax He NPUAINAETLCA AOCTATHA yBara iHTerpasbHMUM PiBHAHHAM, BigNoBigHMM piBHAHHIO LLpeaiHrepa, Wwo 3By»KYE KO0
MeTOoAiB MabyTHIX JOCNIAKEHD.

AHani3 akTyanbHUX AocniaxKeHb. Ha cboroaHilWHIN AeHb iHTerpasbHi PiBHAHHA, BiANOBIAHI XBUIbOBIN GYHKLIT cucTemu
YaCTUHOK, € ePEKTUBHUM, AiMoBUM 3aco0boM OTpUMaAHHA pesynbTaTiB. Hanpuknag, y poborti (Barlette et al., 2001) iHTerpanbHi
PiBHAHHA 3aCTOCOBYIOTb A0 TeOpii PO3CiAHHA, Y BUNAAKY LEeHTPasIbHOCMMETPUYHOTO NOTEHLiaNy, iNtoCTPYOTbLCA NOHATTA GYHKLIT
[piHa, iHTerpanbHi piBHAHHA po3cifaHHA JlinmaHa-LLUBiHrepa ana xsMnboBoi GpyHKLii Ta onepaTopa nepexogy. Y poboTi (Mikulski et
al., 2014) cnupatouncb Ha iHTerpanbHe PiBHAHHA TUNY OpearosbMa OTPUMAHWUIA AHANITUYHWUIA BUTAAL U- KONMBHOT QyHKUT. Y
pobori (Visinelli & Gondolo, 2010) oTpumaHe HOBe iHTerpasbHe PiBHAHHA, AKE A403BONAE OBUMCAUTM aMNNiTyay PO3CiaHHA abo
aHirinALii ABOX YaCTMHOK, Wo nepebyBaloTb Mig, BNAMBOM ABOX MOTEHLiaNiB, AKWO BiAOMa BignoBigHa amnaiTyaa ogHoro 3
notveHujanis. Mpu ornsgi BUKNageHHA MaTepiany No KBaHTOBIM Teopii aTomMa BOAHIO Y Cy4acHUX Migpy4YHMKaxX MOXKHA BigMITUTH,
Hanpuknag, poboty (Fybapes, 2024), B AKili BUKOPUCTOBYETLCA HAMBINbW TUNOBMIA MiaxXig, NS CydyacHMX NiAPYYHUKIB 3 Kypcy
3arasibHOi i3nKK: PO3rNANAETLCA OAHOYACTUHKOBE PiBHAHHA LpeaiHrepa Ansa eNeKTpoHy, MOYaTOK CUCTEMM KOOPAMHAT
BMOMPAETLCA Y AAPI aTOMY, HEXTYIOUM PYXOM Aapa aTomy. MoTim, nicna nepexoay 40 chepruyHOi CUCTEMM KOOPAMHAT, PO34INAI0Tb
3MiHHi | OTPUMYIOTb CUCTEMY 3 TPbOX HE3ANEKHUX PiIBHAHb, AOOYTOK PO3B’'A3KIB AKUX Byae XBUNbOBOK GYHKLIEID €1eKTPOHY B
aTomi BogHto. Y poborTi (KOxHoBcbKMIA, 2002) KBaHTOBIM Teopii aToma BogH0 Nepeaye 6inbll 3aranbHa 3a4a4a: Po3rnsag KBaHTOBOI
YaCTMHKN Yy LLEeHTPa/JIbHOMY CWM/IOBOMY MOJi, YAaCTUHHMM BMMAZKOM AKOI € aTOM BOAHK. XBW/IbOBA ¢YHKLiS aToma BOAHHO
3HaX0AMTbCA 3a AOMNOMOrO0 TOYHOTO PiBHAHHA LUpeaiHrepa gns aToma BOAHIO, y BUTNAAT 06YTKY XBUNbOBOT QYHKL,iT LEeHTPY mac
aToma i XxBUNbOBOI QYHKLIi aToMy, BIAHOCHO LEHTPY Mac, WAAXOM nepexody A0 cHepuyHOi cucTemmn KoopguHaTt. Y poborTi
(Bucoubkuit, 2008) Tex po3rnsaaeTbcA TOYHe piBHAHHA LW peaiHrepa, aAke He NOBHICTIO PO3B'A3YETLCA, NpUAiNAeTbeA binblia yBara
disnyHoMy 3micTy po3s’askis. Y poborti (Kybuwwkin, 2016) pagianbHa cKAag0Ba XBUAbOBOT GYHKLLT OCHOBHOIO CTaHy 3HaX0AMUTbLCA
3 il aCMMNTOTMYHOI NOBEAIHKMW, HACTYNHi pajiaibHi CKNAaf0Bi XBUNAbOBOI PYHKLi 3HAXOAATLCA LWAAXOM NPAMOI NiACTAHOBKKU Y
BUXiAHE PiBHAHHA A06YTKY XBMAbOBOI PYHKLIT OCHOBHOIO CTaHy i CKiIHYEHOro nosliHOMYy Big, Moayna pagiyc-sekTopa. Y pobori
(Boposuit & Onix, 2011) 6inblua YacTMHA KBAHTOBOI TEOPIT aTOMa BOAHIO TEXK BMKNAAAETHCA 3 BUKOPUCTAHHAM MaTepiany iHworo
naparpady: YacTMHKa y LEeHTPaNbHO-CUMEeTPUYHOMY MOoNi, Ae Binbll AeTaNbHO aHaNi3yeTbCA NOBEAiHKA pajiasbHOI CKNagoBoi
XBUNbOBOT QYHKLLT YaCTUHKM NPU MANUX BiACTAHAX [0 CUNOBOTO LEHTPY.

CrauioHapHe piBHAHHA L peaiHrepa Ana aToma BOAHIO Ma€ BUMIAA:

2 2 2
- Zh_Al"'Zh_Az"'Are—__ '//:(le"'wc)‘//’ (1)
H Hy 7750| rzl

ae ] f‘; — Ppajlyc-BeKTOPW eNeKTPOHY Ta AAPa, 14 ; (1, — MACK €NeKTPOHY Ta afpa, A, ; A, — NannaciaHn AN eNeKTpoHy Ta
A4pa, BiANOBIAHO; le — eHepria aToma BOAHIO, BIiGHOCHO LLeHTPY Mac; WC — KiHeTUYHa eHepria LeHTPY Mac aToma BOAHIO.

AKWO NepenTn A0 iHWKWX 3MIHHMX 33 NPaBUIOM:

F:Fl_frz : ﬁ:Mr1+y2r21 (2)
T,
TO XBW/IbOBY QYHKLiIO aTOMy MOXKHA LWYKaTW Y BUTAAAT A06YTKY ABOX GYHKUIN: 1 = (p(f)(pc (ﬁ) i NnpeacTaBUTU piBHAHHA (1) vy
BUTNAA]:
2 e? 2
| —Ap+——+W,0 |[+¢o| ——— A ¢, +W.¢. |=0. 3
(%% 2 ® 4zt P+ |+ 2(#{"#2) 2Pc TWePc (3)

ne __HH A A,7 — nannaciaHu y HOBUX 3MiHHMX.
)
MoKNadaoun PiIBHUMM HYIO AYXKKKW Y BUPasi (3) MOXHa 3BeCTV MOWYK Po3B’A3KiB PiBHAHHA (1) A0 3HAXOAMKEHHA
PO3B’s3KIB ABOX HE3A/IEXKHUX PiBHAHD:

(Ar—kz)(p:Ugo, (4)
(A7]+ké)¢c =0, (5)
) 2
pe V(W) 20 e ;kczﬁlz(ﬂlwz)wc _
n r h? 4re, n
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MeToto poboTH € AEMOHCTPaLia MOXAMBOCTI OTPMMAHHA pajianbHOI CKNagoBOI PO3B’A3KIB PIBHAHHA (4), WAAXOM
3aCTOCYBaHHA, BigNoBiAHOro MOMy, iHTErpaNbHOro PiBHAHHSA.

METOAM AOCNIAMEHHA

Mpw 3HaxXo4KeHHI po3B’A3KiB NiHIMHOro, AndepeHLiaNbHOro PiBHAHHA Y YaCTUHHUX NoXiaHux (4), 6yna BUKOpUCTaHa
Teopis 6araToBUMIipHUX, iIHTErpanbHUX PiBHAHb Ta YaCTUHHUI BUNaZAoK GyHKLIi MpiHa, BiANOBIAHOT 04HOYACTUHKOBOMY PiBHSAHHIO
LWpegiHrepa.

PE3YNIbTATU OOCNIAKEHHA

OTpuMaHHA pajianbHOi CKNaAoBOI XBUNbLOBOI @yHKUii. OaHopiaHe, iHTerpanbHe piBHAHHA, BignosigHe
andepeHuianbHoMy piBHAHHLO (4), oTpumaHe y poboTi (Avdonin & Kovalchuk, 2019), mae sBurnaa;

o()= | 6(rZ)u(Z)o(£)cc. ®
(-0)
w42

‘ 4‘ — oHoYacTUHKOBaA dyHKLia piHa, BiANOBIAHA PiBHAHHIO (4).
drir-¢

pe G(r-&)=-
AKLWO NiacTaBUTK y piBHAHHA (6) GyHKLito MpiHa i NpMBeaeHY NOTEHUiaIbHY eHeprilo B ABHOMY BUIALI, TO:

Hw)exp(—k‘F—E‘)zﬁ

r)= ~ F)dE. (7)
(1) DT e p(€)dE
Y poboTti (ABLOHIH, 2023) NOKa3aHo, WO 3ropTKy GyHKLiN FpiHa MOXKHA NPeACTaBUTU Y BUTAAL:
10G(F) O 1 oz .
2% ok :(Le(r‘f)G(f)dg' (®)

[ns ogHo4acTMHKOBOI GyHKULi MpiHa 3 piBHOCTI (8) BUN/MBaE:

_k(M)exp(—k‘f—f‘) 2a -
exp(—kr)—;(%)W?exp(—kg)dg, (9)

()
T0670: exp(—kr) =§ [ G(f—f)u(cf)exp(—kcf)df, (10)
()

MopisHtotoun Brupasm (7) i (10) moxkHa No6aunTK, LLO NpY PIBHOMY OAMHMLI NOCTIMHOMY MHOMHUKY Nepes iHTerpasaom
y BMpasi (10), po3B’A3KoM OAHOPIAHOrO, IHTErPasbHOTO PiBHAHHSA (6) byAe eKCnoHeHTa: exp(—kr).
Takum 4yMHOM, pajianbHa CKNagoBa NepLLoi XBUIbOBOT GYHKLIT aTomMa BogH!IO i BignosigHe i1 3HaYeHHA XBUIbOBOTO
yncna byayTb TaKUMU:
p=exp(-kr); k=a. (11)
PagianbHy cKNagoBy Apyroi XBUAbOBOT QYHKLIT TEX MOXKHa 3HalTU, AK PO3B’A30K iHTErpanbHOro piBHAHHA (6).
3anuwemo piBHAHHA (10) y Burasai:
()
a . - —
?exp(—kr)z J' G(r—g)u((f)exp(—kf)d(f. (12)
(=)
3Haiigemo noxigHy no K sig pisHanHa (12):
(+) ae(r-f) (+0)

a ar = Lz =
—(F+Tjexp(—kr) = I 6—ku (&)exp(—ke)dé - j G (r —é)u (&)&exp(—k&)de . (13)
() (=)

[oaaHok y Bupasi (13), AKMit MicTUTb NoxigHy Big, GyHKUIT piHa, MOXHa NepeTBOpPUTU, BUKOPUCTOBYHOUYM BNACTMBICTb
CUMETPUYHOCTI 3rOpPTKM, HAaCTYMHUM YUHOM:

k(2 aG(F-¢)

A _
a x u((,‘)exp(—ké)dé=—;(£)G(r—cf)u(é)cfexp(—kc_f)dg. (14)

)

Bpaxosytoun BMpa3 (14) noxiaHy (13) MoxKHa 3anucatu y BUrnag,:

o, @)=2 [ G(r_E k&)dE 15
F+7 exp(—kr)= (:[O) (r—g)u(é)fexp(— E)dE . (15)
Bupas (15) Mo*KHa NepeTBOPUTHU HACTYNMHUM YNHOM:
(+)
s G(F—é)u(ﬁ)kfexp(—kg)dg=(1+kr)exp(—kr). (16)

@

Z0)

MoKNaaaUun MHOXKHUK Nepeg, iHTerpanom y Bupasi (16) piBHUM 04MHUL, 3HAXOAMMO 3HAYEHHSA XBMILOBOTO YnUCaa AR

15



ISSN 2413-158X (online), 2413-1571 (print)

Apyroi xBunbosoi QyHKLUii: K, :% . 3 piBHOCTi (16) BMNAMBaAE, WO Apyra XBMAboBa QyHKLIA Byae AOB6YTKOM E€KCMOHEHTM i
NONIHOMY NepLIOi CTeneHi Big 3MiHHOT K,r :
@, = (1+ak,r)exp(—k,r). (17)
ne a —nocTiiHa, 6e3po3mipHa BeanyYmnHa.
MipcraBnsatoum piBHicTb (17) B iHTerpanbHe piBHAHHA (6) Ta BUKopuMcTOBYtOUM piBHOCTI (10) i (16), 3 HOBUM 3HAYEHHAM
XBUIbOBOTO YNCAa, o4epKnumo: a =—1. Toai, pagianbHa cknagoBa Apyroi XBuabosoi GyHKLiT byae Takoto:
@, =(1-Kk,r)exp(—k,r). (18)
[ns oTpUMaHHA pagianbHOT CKNag0BOi TPETOT XBUIbOBOT QYHKLIT 3HaMAemo noxigHy no K Big piBHAHHA (15):
20 2ar ar’ () oG F—E =
- & +=5+—— |exp(—kr)=2 J' Mu(g)cfexp(—kg)dg—
k k k (o) ok
(+00) - .
= 2
-2 [ G(F-&)u(&)& exp(-k&)dE
(=)
MepeTBOpIOOYM [0AAHOK Y BMpa3i (19), AKMIA MicTUTb NoxigHy Big, GyHKLiT MpiHa, 3 BUKOPUCTAHHAM NPEeACTaBAEHHA
noxigHoi no K sig, GyHKuii MpiHa y BUrAA4i 3ropTku:

(19)

aG(r—E) (+) I
_ P _ , (20)
T_Zk(L)G(r 3)G(£-9)dd
Ta piBHOCTi (15), Maemo:
(=) oG (F-& _ b _
2 %u(g)gexp(—kg)dgz—j G(r-&)u(¢)& exp(-ke)dé -
(=) (=) (21)
(+0)
1 L= ~
& G(r—g)u(é)gexp(—kf)dz;
(=)
BukopucTosytoum Bupas (21) Ta pisHictb (16) noxigHy (19) moxKHa nepeTBOpUTH i 3anucaTh y BUrNAA:
%(M)G(F—‘E)u(é)szz exp(-ké&)dé =(§+3—kr+k2r2j (22)
% (%) 2 2 '

MoKNaAaUuM MHOMXKHMK Nepeg, iHTerpanom y Bupasi (22) piBHUM 04MHUL, 3HAaXOAMMO 3HaYEHHSA XBMbOBOTO Yncaa ANA

TpeTboi XBMAboBOI dyHKUi: K, :E' 3 piBHOCTI (22) BUNAMBaE, Wo TpeTa xBuAboBa GyHKLiA byae AOBYTKOM EKCMOHEHTH i

noniHOMY ApYroi cTeneHi Big 3miHHOI k3l’ :

@, = (1+ ak,r +bk32)exp(—k3r) _ (23)
ae a, b — nocTilii, 6e3po3mipHi BeANYMHN.
MipcTaBnatoum piBHicTb (23) B iHTerpanbHe piBHAHHA (6) Ta BMKopucToBytoum pisHocTi (10), (16) Ta (23) 3 HOBMM

3HAYEHHAM XBU/IbOBOTO YNCNA, OAEPHRUMO: d=—2, h = E Topj, paaianbHa cknagoBa TPeTboi XBUAboBOI GYHKLiT Byae Takoto:
3

?, :(1—2k3r+§k§r3jexp(—k3r)_ (24)

Bepyun noxiaHi TpeTboro, YyeTsepToro i T. 4. NOPAAKY Big, BMpa3sy (12) Ta BUKOHYHOUYM 3aNPONOHOBAHWUI anroputm,
MOXXHa 3HaX0AMTW pafiaNbHi CKNaA0Bi HACTYNHMX XBUAbOBUX QYHKLi aTOMa BOAHIO Y BUTNALT OOYTKY EKCNOHEHTU Ha NoNiHOMM
Jlarepa Ta NoKasaTu, WO A03BO/IEHI 3HAUYEHHA A5 XBUbOBOIO YMcia 06epHeHOo NPonopLiiHi 4O HOMEpPY XBUNbOBOMO YMCAa.

BUCHOBKM TA NEPCNEKTUBU NOAANbLLOIO AOCNIAXKEHHA

Y pob60Ti 3anNponoHOBaHWUI PEKYPEHTHUI LWAAX OTPUMAHHA PaAiaibHUX CKAAA0BUX XBUIbOBOT GYHKLLT aToMa BOAH!O,
AKUI CNMPAETBLCA HA iHTerpasbHe PiBHAHHSA, BiANOBigHe piBHAHHIO LUpeaiHrepa ans atoma BoaHo, 6e3 nepexoay Ao chepuyHoi
cuctemMn KoopamHat. Cnig, BigMiTUTKM, WO 3HAWAEHI pagiafbHi CKNaZoBi XBUIbOBUX (YHKLiM He MoTpebytoTb nepeBipKM Ha
OPTOrOHa/bHICTb, OCKIZIbKM PO3B’A3KM OA4HOPIAHOrO, iIHTErPaNbHOrO PIBHAHHA (6) 3aBXAM OPTOrOHabHI, AK NOKa3aHo y poboTi
(ABmoHiH, 2023). 3acTocyBaHHA iHTErpasbHUX PiBHAHb, NPWU BUKNAAEHHI TeMu «KBaHTOBa Teopis aToma BOAHIOY», AOMOBHIOE
NOBHOTY i 4,OKA30BICTb MaTepiany, Wo byae cnpuATU NiABULLEHHIO AKOCTI HABYAIbHOTO NPOLLECY Y 3aK/1a4ax BULLOI OCBITW. B skoCTi
OZHOrO0 3 HaNPAMIB NOA4aNbLINX AOCNIAXKEHb MOXHA 3aNpONOHYBaTU NOLLYK KYyTOBOI CK/1a40B0OI XBUbOBOI PpYHKLii aToma BogH!t0,
33 AOMNOMOrOK iHTerpasbHUX PiBHAHb. OKPiIM LbOro, 3anpornoHoOBaHWA MeToZ MOLWYKY po3B’A3KiB piBHAHHA LpegiHrepa gnn
aToma BOAHI MOXKHA BUKOPUCTATU Yy Nobya0Bi KBAHTOBOT TEOPIi CUCTEM YAaCTMHOK 3 KYJIOHIBCbKOK B3AEMOZIEH.

KOH®IKT IHTEPECIB

ABTOP NiATBEPAXKYE BiACYTHICTb GiHAHCOBUX, OCOBUCTMX UM IHLWIMX IHTEPECIB, O MOXYTb PO3rNAAATUCA AK MOTEHLINHUA
KOHQIKT iHTepeciB Wwon0 nybaikauii wiel craTTi.
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®IHAHCYBAHHA

Po6oTa BMKOHaHa 3a BiACyTHOCTI GpiHaHCOBOI NiATPUMKM 3 BOKY ByAb-AKMX OpraHisauii.

AOCTYNHICTb AAHUX

Lle TeopeTnyHe JoCAifKeHHS He Nnepeabadvae BUKOPUCTaHHA AOAATKOBUX HAabopPiB 4aHUX.

BMKOPUCTAHHA LUTYYHOIO IHTENEKTY

IHCTPYMEHTM LUTYYHOTO iHTENEKTY He BUKOPWUCTOBYBA/IMCh NPU HAaNUCaHHI Wil poboTu.
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AHOTALIA

ABSTRACT

MocmaHoska 3ada4i. BenuKka KinbKicmb mamemamu4Hol
nimepamypu nNpucea4YeHa KAacu4HUmM HepisHocmam. HepigsHocmi
lenvOepa, oOKpemum 8unadKomM AKUX € HepisHicmos Kowi-
byHAKOBCLKO20, O MAKOM HepigHicmb MIiHKOBCbKO20, W0 €
HepigHICMI0O MHO20KYMHUKA 8 HOPMOBAHOMY MpOCMopi, AKi
7exams 8 O0CHosi 2eoMempii YHIMAPHUX MA HOPMOBAHUX
npocmopig — CKIHYEHHUX Ma HECKIHYEHHOBUMIpHUX. Y cmammi
p0321A00EMbBCA  Y3a2aNbHEHHA YUX KOHCMPYKYili — AK Yy
duckpemHil ¢popmi, mobmo 0415 CKiH4eHHUX cym ma psdie, mak i
0114 iHmezpanis. IcmomHo, w0 HepisHocmi 017 cym 00800AMbCA
esnemeHmapHUMU memodamu, 6e3 BUKOPUCMAHHSA
dupepeHyiansHo20 YucneHHA. OMPUMAHI pe3ysemamu MOXymeo
bymu suKkopucmaHi 8 Haykosili disnbHocmi 014 064YUCAEHHA
desAKux supasis y suzaadi cym abo iHmeapanis, a MAKO# yYHAMU
npu nidzomosyi 0o onimniad i Hagime 018 BuUBYEHHSA
MAMeMamuKu 8 WKiNbHUX 2ypMKaXx.

Mamepianu i memodu. [lna oOosedeHHA Yy3a2asnbHeHO!
HepieHocmi MIiHKO8CbKO20 ma [HMezpaneHUx HepisHocmel
lenedepa ma MIHKOBCbKO20 8UKOPUCMAHA  y3d2adsbHeHd
HepigHicmb [envdepa 0na cym, AKa byna paHiwe ompumaHa
asmopom i, y ceoro uepzy, bysna susedeHa 3 HepisHocmi Kowi.

Pesynemamu. byno 0osedeHo y3azanvHeHi HepisHocmi
MiHK08CbKO20 — 0418 CKIHYeHHUX CYM Ma HecKiHYeHHUX psoie 3
Hesio'eMHUMU YneHamu ma iHmeapasn 044 Hegid'eMHUX yHKUYid,
a MaKoX y3a2anbHeHy iHmezpansHy HepigHicme ensdepa ma, 8
OKpemomy 8unaodky, HepieHicmb Kowi-byHAKOBCbKO20.

BucHOBKU. 3acmocys8aHHA  y3a2anbHeHUX — HepigHocmel
lenbdepa ma MiHKo8CbKO20 0414 cym, pAdie ma iHmezpanie €
docume egpekmusHUM MemoOdoM, AKuli 0038079€ ompumamu
uikasi HacnioKu, eaxausi OYiHKU — MOMPI6HO Auwe ycriWwHo
subpamu cKiH4eHHOBUMIpHi abo HecKiH4eHHOBUMIPHI 8eKmopu
4u yHKYii ma 3acmocysamu 0o Hux dosedeHi HepisHocmi. Ha
yboMy winaxy € seaukuli npocmip 8aa meop4oi diansHocMi.

Formulation of the Problem. A large amount of mathematical
literature is devoted to classical inequalities. Helder's inequalities,
a special case of which is the Cauchy-Buniakovsky inequality, as
well as Minkowski's, which is a polygon inequality in a normed
space, underlie the geometry of unitary and normed spaces - finite
and infinite-dimensional (Banach). The article considers the
generalization of these constructions - both in discrete form, that
is, for finite sums and series, and for integrals. It is essential that
inequalities for sums are proved by elementary methods, without
the use of differential calculus. The results obtained can be used in
scientific activities for evaluating some expressions in the form of
sums or integrals, as well as by students in preparation for
Olympiads and even for studying mathematics in school circles.

Materials and Methods. To prove the generalized Minkowski
inequality and the integral inequalities of Helder and Minkowski,
the generalized Helder inequality for sums, which was previously
obtained by the author which, in turn, was derived from Cauchy's
inequality.

Results. The generalized Minkowski inequalities were proved
for finite sums and infinite series with non-negative members and
the integral for non-negative functions, as well as the generalized
integral Helder inequality and, in a special case, the Cauchy-
Bunyakovsky inequality.

Conclusion. The application of the generalized Helder and
Minkowski inequalities for sums, series, and integrals is a fairly
effective method that allows you to obtain interesting
consequences, important estimates — you only need to successfully
select finite-dimensional or infinite-dimensional vectors or
functions and apply the proved inequalities to them. On this path,
there is a great deal of space for creative activity.

K/ID4YOBI  C/IOBA:  HepigHicmb  [envdepa;  HepisHicmb
MiHKoscbKo20; niHiliHuli npocmip; Hopma; iHme2pabHa HepieHiCMb.

KEYWORDS: Helder's inequality; Minkowski's inequality; linear
space; norm; integral inequality.

ANA UUTYBAHHSA: Bokhonov Yu. The inequalities of Helder and
Minkovsky and their generalizations. ®i3uko-mamemamuyHa
ocsima, 2025. Tom 40. Ne 4. C. 18-22.
https://doi.org/10.31110/fm02025.v40i4-03.

FOR CITATION: Bokhonov, Yu. (2025). The inequalities of Helder
and Minkovsky and their generalizations. Physical and
Mathematical Education, 40(4), 18-22.
https://doi.org/10.31110/fm02025.v40i4-03.

INTRODUCTION

Problem statement. Proving inequalities is one of the important topics in the school course, especially in educational
institutions with an in-depth study of mathematics. Some similar problems are solved using classical inequalities, in particular,
Cauchy, Cauchy-Bunyakovsky, Helder (Holder), Minkowski, etc. It is interesting to prove which of these inequalities can be proved
without using differential calculus methods, using elementary methods, limited in means, as a rule, require a creative approach,
which is very valuable, especially in the education of the future mathematical elite. The beginner develops skills for creative,
independent work.

© The Author(s) 2025
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Analysis of current research. Numerous mathematical literature is devoted to classical inequalities and their
consequences. The author develops the concept of previous works (Bokhonov, 2022; Bokhonov & Bokhonova, 2023): some
inequalities can be proved using known inequalities, usually classical or their generalizations, by selecting in a certain way
successful replacements of the modified ones, after which the considered inequality becomes a partial case. On this path, the
authors managed, in particular, to prove the classical inequality for medium degrees, which is a general fact and application, for
example, in probability theory. They also managed to solve several Olympiad problems using the general Cauchy-Buniakovsky
inequality. The application of classical inequalities in the educational process in the course of mathematical analysis and their
generalization (unfortunately, without proofs) is devoted to the article (Zhuravska & Shramenko, 2010), as well as D. S. Mitrinovic
& J. E. Pecaric (1993). The article (Martynenko & Chkana, 2017) is devoted to the proof of inequalities using methods of
mathematical analysis. A review of results related to classical inequalities can be found in (Steele, 2004). On the other hand, for
example, the Cauchy-Bunyakovsky inequality suggests a significant generalization — transfer to C*-modules (Aldaz et al., 2015).

The purpose of the work is to generalize the classical Holder and Minkowski inequalities to the infinite-dimensional
case, reduce them to integrals, and demonstrate the obtained results on the example of specific problems.

RESEARCH METHODS

The study is based on the analysis of both school mathematics course programs and mathematical analysis for first-
year undergraduate students of technical higher education institutions and mechanical and mathematical faculties of universities.
The results of the cited previous works of the author are applied.

RESEARCH RESULTS

Let us proceed to the formulation and consideration of the problem.
Let be A, :(ajk,aZk,...,ank) 8, 20,k =1..,m, j=1..,n - a system of vectors of a linear space R™ (“T” stands for
transpose). You can give up on inalienability 8, ; and work with vectors whose coordinates are the moduls of these numbers.
n 0 )
Next, norms of the form will be used |x| = Z‘x‘
p =i J
One of the tasks is to generalize the classical Minkowski inequality for m>2 column vectors:

1
((aﬂJraﬂ+...+a1m)p+...+(anl+an2+...+anm)p)p g(afl+...+a,fl)%+...+(a1"m+...+an"m)%, p>1 (1)

The second problem is to transfer the generalized Holder inequality, proven by the author in (Bokhonov, 2022; Bokhonov &
Bokhonova, 2023) for finite-dimensional vectors, to the infinite-dimensional case:

Vpk>1,k=1,...,m,i+...+i=1 (2)
P P
1 1
0 © o o
Sa-an | 3(an) | Sa)]" 2
n=1 n=1 n=1
The third problem is to prove the generalized integral inequality of Hélder. Let f,..., f, — continuous non-negative in
[a, b] functions. Then, if condition (2) is satisfied and the following integrals converge,
1
b o)
[J‘(fl(x))’”de <o, j=1..,m (4)

the inequality (generalized Holder) takes place:

j'fl(x)...fm(x)dx<[j1 (£,00)™d J...U(fm(x))p“dxjpm. (5)

a

On condition p, =...= p,, = p we obtain the generalized Cauchy-Buniakovsky inequality.
The fourth problem is to prove the generalized Minkowski integral inequality for p>1:

[I(f(x)+ A+ f.(%) dxj{i (,x) pdx] +.. +U(fm(x))pdxjp. (6)

a a
The inequalities of Cauchy-Bunyakovsky, Hélder and some others are stated, for example, in the cited works. At the
same time, the methods of mathematical analysis are used for the proof in most of them. The purpose of the proposed article is
to prove inequalities (3) for sums by elementary methods, without the use of differential calculus, which allows them to be
studied by high school students. Then they are transferred to integrals, which allows the results to be used in preparation for
student olympiads.
Il. Proving inequalities

11
1. Generalized Minkowski inequality. For p,q>1, —+— =1, using Hélder's inequality, we obtain:
pq
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(a,+a,+ ...+a1im)pf1 <

M-
M:

a

m

_l(aﬂ+ai2+...+aim)"zia”(au+ai2+...+ai) ot
1= 1=

[Z(a,1+a,2+ 48, )(pl)qj:+...+(zn:( )pj

i=1

SR

1
[Zn:(ail +a, .t aim)(pfl)q jq =

i=1

i= i=1

[.Zn: h i+...+[i(aim)p]i (i(%l+ai2+...+aim)(p'l)q jz
1

1
Noticing, that l—az o’ q(p-1) = p, dividing both parts on

1
- (r2a Ja [ p)a . ,
Ylag+a,+otay) = > (as+a,+..+a,) | ,weobtain on the left-hand side:

i=1l i=1

-

(i(a” Tt aim)pj::(i(au +a, ot aim)”j”

i=1 i=1

and as a result we obtain the generalized Minkovski inequality:
1

R ey

i=1 i=1

or
[A+ A+t A <AL H A, +-+ A, -

.
2. Consider infinite-dimensional vectors A =(a1k,a2k,...,ank,...) elpk, k =1,..,m. That is, the series converges

- P
HA<HEk ZZ(aik) “ <o,k =1,...,m a;, 0. This allows us to move to the limit in the generalized Hélder inequality, proved in
=1

(Bokhonov & Bokhonova, 2023) for finite-dimensional vectors under condition (2)

Zer "m‘(i(a"pf)];"'[i(am))é

n=1 n=1 n=1

and obtain inequality (3) for infinite-dimensional vectors.

Similarly, the generalized Minkowski inequality in the infinite-dimensional case is proved:
1

1 1
0 P ; 0 P B © P E
[Z(ai1+ai2+...+aim) ] < (z(au) j +...+[Z(aim) ]
i=1 i=1 i

3. Proving the generalized integral inequality of Holder.
Divide the segment [a, b] with points a=x, < X, <...<X, =b and, bearing in mind (2), we introduce the notation:
1 1

Vi=1..,na;=f(x)Ax™,. . a,="f (x)Ax™ .

Let's use the generalized Holder inequality:

Za,laI2 . _Zf (%) A% <( nl(an"ll)j;l...(nn (anp;)jplms
g[zn:(fl(xi)):f Axij;..{i(fm(xi))i: AXJ"”.

i=1 i=1

Going to the limit in the proved inequality when maxAx, —0, we obtain inequality (5), which we had to prove.

jfl(x)...fm(x)dx{j(f(x) ] U f.(x)"d ]

4. Proving the generalized integral inequality of Minkovsky.
Let us introduce the notation:
1

1
Vi=1..,na,; =f(x)AX",...a, = (%)Ax", p>1.

Let's use the generalized Minkowski inequality for sums:

(Zn:(a\uﬂ:\iz+...+ai )j [IZH:( )+t (X ))prij;S(i(%)p]

i=1 i=1

SR
+
i
g
—_
o
3
P
©
N—
Il
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s[i(n@)imjﬁ +(z<fm<xi>>rmmif’-

i=1 i=1
Passing to the limit at in the proved inequality, we obtain inequality (6), which we had to prove:

(ium++qumJ<Ufu) ] Uf@) J

1. Examples

We will show how to apply the obtained results to prove some inequalities. For an easier form of notation, we will use
vectors of small dimensions. Obviously, similar results hold for vectors of arbitrary dimensions. The coordinates of the vectors
are assumed to be non-negative, as before.

1. A= (a,az,as)T ,B= (b,bz,b3)T ,C = (C,cz,ca)T , p=3. Let's apply the inequality (1):

Wl
-

((a+b+c)3+(a2+b2+c2)3+(a3+b3+c3)3) s(a3+a6+a9)%+(b +b6+b9)3 +(cP et +et)e =

=a(l+a’ +a6)% +b(1+b°+ bs)% +c(1+c’ +c6)% .

N
=
I
7/ N\
oo
o | T
N—
2
>
I

.
[E,E) YAZ—(C aj p =3. Let's apply the inequality (1):
cb ac

abcsbca3% 613bSé bSCsé csasé
R R CREIR BROIE BRI
b c a a b c b a c b a c
3. Az(a,a,b)T,Bz(b,b,C)T ,C=(c,c,a)T, p =3. Let's apply the inequality (1):

1 1 1 1
((a+b +c) +(a+b+c) +(b+c+a) )3 <(22°+b°)2 + (20 +c° )2 + (2% +a° =

1 1 1

§/§(a+b+c)§(2a3+b3)5 +(2b3+c3)5 +(2c3+a3)5.

k3

2
4. Evaluate the integral ﬂsin xsin 2x...sin 2mx(dx .
0

z z 2m 2m 2m
2

2
We have: _ﬂsin Xsin 2x...sin 2mx|dx |< I(sin x)zmdx (sin 2x)2mdx
0 0

O t——n [N
ot— N

(sin 2mx)2mdx

3
Let us evaluate the integral of the general form on the right-hand side: j(sm kx ,k=1..2m.
0

Let's make a substitution init: t = kx:0 — %k vVXx:0—> z, dx = 1dt and as a result we get:

S|~

(sin kx)2de

Ty z ﬁ T om 2m+1 2
E k z 2m E 2m

smt =| —[(sint)" dt =| |(sint)" dt = =
2L Jn) J(sint)

O —r |y

7\—“—\

1 & 1 1 1
_ \/;F(m)r[m+2j :[\/; \/; l_,(zm) JZm :[” (2m—1)' ]Zm _ 1[ 7r(2m—1)! ]Zm
) (

2 r(m)m 2 2™ m((m-2))’ 2" m((m-1))° 2| m((m-1)1

1
Note that Legendre's formula for Euler's gamma function was used here: F(a)l"[a + 7) = 2\{:1 I'(2a),a>0.Hence

(2m-1)!

m((m-2)y)°

ce—ln

. R . T
|sin xsin 2x...sin 2mxjdx < ——
2 m
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CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

To obtain further results, to prove new meaningful inequalities, it is necessary to make a successful selection of vectors
or functions and apply to them the generalized inequalities of Hoélder, Cauchy-Buniakovsky or Minkowski. One can also set the
task of giving an interpretation of the obtained results from the point of view of the theory of polylinear forms. It is also interesting
to prove similar inequalities for multiple integrals of a function of many variables.
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AHOTALIA ABSTRACT
@PopmyniosaHHA npobaemu. Y cyyacHux ymosax yugposoi Formulation of the problem. In the context of digital
mpaHcgpopmayii  oceimu  ma  eupobHuymea 0cobaus020 transformation in education and production, the ability of

3Ha4YeHHA Habysae ¢opmysaHHs y 3006ysauie oceimu 6MiHHA
camocmiliHo cmasumu ma po38’a3ysamu 3a0a4vi onmumisayii,
wo nepedbavae AK onepy8aHHA KAACUYHUMU MAMeMamuyHUMU
memodamu, maKk |  B0700iHHA  CY4YaCHUMU  YuUgdposumu
iHcmpymeHmamu.  Heseaxmcaroyu Ha  HOABHICMb  WUPOKO20
apceHany 20mMoOBUX MAMEMAMUYHUX Memodis, GKMYasnbHOK
3a7uwaemeca npobaema po3eumky 30amHocmi 3006ysadvie
ocgimu camocmiliHo opmyareamu 3adadyy onmumisayii:
8U3HAYAMU Yinbosy hyHKYito, cucmemy obmexeHb, a MAaKoW
iHmepnpemysamu ompumaHi pe3yabmamu Yy KOHMeKcmi
peanvHoi cumyayii. Lia 30amHicms € cknadosoro aHanimu4Ho20
ma  KpUMU4YHO20  MUC/IEHHSA,  8aX(/IUBOI  KOMMOHeHmMu
KomMnemeHmHicHoz2o nidxody 8 oceimi. BoOHo4Yac, egpekmusHe
p0o38’A3aHHA 300aY ONMUMI3AYii 8 Cy4acHOMy oceimHbomy ma
npogpeciliHomy cepedosuwji Hemoxcauee b6e3 3aCcMOCy8AHHA
yugposux 3acobis, wo Habauxye oceimHrili npoyec 0o peanili
npogpeciliHoi disnbHocMi.

Mamepianu i memodu. Y 00cnidxeHHi BUKOPUCMAHO:
mMemoou meopemuy4yHO20 GHAAI3Y, CUCMEeMHO020 Mioxo0y,
MamMemMamuyHo20 i KOMM'tomepHo20 MOOenNto8aHHA, Yugpposi
memodu 00CniOHeHHA ma MemoO QaHani3y OMPUMAHUX
pe3ynemamis.

Pesynemamu. Ha ocHosi aHanizy eupobHu4yoi cumyayil
chopmyneo08aHO MamemamuyHi moderi, AKi if xapakmepusyroms,
OMPUMAHO PO38°A3KU mocmassneHUX 3aday onmumizayii 3
BUKOPUCMUAHHAM Yugposux 3acobis HABYAHHSA.

BucHosKu. 3anponoHosaHuli y cmammi nioxio 0o po3e’A3aHHA
8UPOBOHUYOI 3a0aYi 3 BUKOPUCMAHHAM YUPOBUX OCBIMHIX
iHcmpymeHnmie  0o38018€ He auwe  pPodeMoHcmpysamu
egheKmusHicMb Cy4acHUX MexHon02ili y MoOento8aHHI peasnbHUX
8UPOBOHUYUX npoyecis, ane U crpuae hopmMyB8aHHIO KAO408UX
npogeciliHux ymiHb y 3006ysa4ie oceimu. 3acmocy8aHHA MAaKux
iHCmpymeHmie aKmMugi3ye aHanIMUYHE MUCAEHHSA, Hopmye
HABUYKU MOCMAHOBKU ma opmanisayii 3a0a4y, po3susae
yugpposy zpamomHricme i 3a6e3neqye npakmMu4Hy nid2omosKy
malibymHix paxisyie 00 OidneHocmi 8 ymosax yugposoi
eKOHOMIKU.

students to independently formulate and solve optimization
problems is gaining particular importance. This requires both the
application of classical mathematical methods and the use of
modern digital tools. Optimization problems arise in various areas
of human activity — from economics and logistics to managerial
processes — making their systematic study an integral part of
training professionals in different fields. Despite the availability of
a wide range of established mathematical methods, the
development of students’ ability to formulate an optimization
problem — define the objective function, set constraints, and
interpret the results in a real-world context — remains a relevant
educational challenge. This ability is part of analytical and critical
thinking and is a key component of the competence-based
approach in education. At the same time, the effective solution of
optimization problems in modern educational and professional
settings is impossible without the use of digital tools such as
spreadsheet processors, mathematical packages, programming
environments, and web applications. These tools not only enhance
motivation for learning but also significantly expand opportunities
for modeling complex production or logistical processes, bringing
the educational process closer to real professional activities.

Materials and methods. The research uses methods of
theoretical analysis, systems approach, mathematical and
computer modeling, digital research tools, and result analysis.

Results. Based on the analysis of a production situation,
mathematical models were formulated to describe it, and
solutions to the formulated optimization problems were obtained
using digital educational tools.

Conclusion. The approach proposed in the article to solving a
production task using digital educational tools not only
demonstrates the effectiveness of modern technologies in
modelling real production processes but also contributes to the
development of key professional competencies in learners. The use
of such tools stimulates analytical thinking, fosters the ability to
formulate and formalize problems, enhances digital literacy, and
ensures the practical preparation of future specialists for work in
a digital economy environment.

K/TKOYOBI C/IOBA: 3ada4i onmumizayii; supobHuU4a cumyauis;

KEYWORDS: optimization problems; production situation;
mathematical modeling; digital research technologies; logistics
networks.
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BCTYN

NocTtaHoBKa npobnemu. OaHMM i3 BaXKAMBUX €TaniB MigroTOBKM CrewianicTiB BUCOKOI KBanidikauii 3 BignosigHMmm
KOMMETEHTHOCTAMW € BUBYEHHA METOZIB ONTMMIi3aL,ii Npu po3B’A3yBaHHI 3a4ay y Pi3HUX ranyssx JOLCbKOI AiANbHOCTI, agyxKe
334a4i onTUMi3aL,ii BUHMKaIOTb LLOPa3y, KON HEOOXiAHO 3HAaWTU HaMKpaLLMI BapiaHT cepes, 6araTbox MOXK/INBUX 32 MEBHUMMU
KpUTepiamm — MiHimi3aLia BUTPAT, MaKCMMI3aLia NpubyTKy, paLioHaNbHE BUKOPWUCTAHHA pecypciB Towo. JocnigxKeHHA
onepawin, maTemaTUyHe NPorpamMyBaHHA, Teopia MMOBIPHOCTI — Lle AaNeKo He MOBHWIA Nepenik AUCUMNNIH, AKi BUBYAIOTD i
HAYKOBO O6IPYHTOBYIOTb METOAM NiABULLEHHA eDEeKTUBHOCTI KEPYBaHHA OPraHi3aLinHMMM CUCTEMAMM PI3HOTO NPU3HAYEHHA Ta
Pi3HUX PiBHIB: LEe MOXYTb BYTU OKpemi BUPOOHULTBA, rany3i rocnogapcTsa, CTPYKTYPU YNPaBAiHHA, FOCNOAAPCbKi KoMMaeKkcu
Towo. MpoTe HeAOCTaTHLO AULLE BONOAITU FTOTOBUMMU METOAAMMN — KPUTUYHO BaXK/IMBUM € BMiHHA CAMOCTIMHO NOCTaBUTM 3aauy
onTumisauii, To6To: iaeHTMdiKyBaTM Npobnemy, chopmyntoBaTh LiNbOBY GYHKLiO Ta 0OMEKeHHs, a TaKoXK iHTepnpeTyBaTu
OTPUMaHi pe3ynbTaTu. Lie BMiHHA € OCHOBOIO A/1A PO3BMTKY aHANITUYHOIO MUCNEHHS, WO 0COB6MBO aKTya/lbHO B YMOBaX HOBOT
YKPaAiHCbKOI LWKOM Ta KOMNETEHTHICHOro niaxoay. Kpim Toro, edpeKkTnBHe po3B’A3aHHA TaKMX 3agay NoTpebye BUKOPUCTAHHA
uMdpPoBUX IHCTPYMEHTIB — TabAnuYHKX Npouecopis (HanpuKknag, Excel), cepeioBUL, MOAENIOBAHHA, MPUKNALHUX MAaTEMATUYHUX
nporpam (GeoGebra, Wolfram Alpha, Python Towo), web-3acTocyHkis. Came ToMy ¢opmyBaHHA UMPPOBMX HABUYOK Npw
po3B’A3yBaHHI ONTUMI3aLIMHMX 33434 HabyBae 0cobaMBOI Barn: BOHO CNPUAE NiABULLEHHIO MOTMBALLT, AO3BOMAE NPOBOAUTH
CKNagHi obuncneHHs, byaysatu rpadiku Ta MoaentoBaT peanbHi cutyau;i.

BianoBigHO — AOCNiAMKEHHSA, CpAMOBaHe Ha GOPMYBaHHA B YYHIB i CTyAEHTIB BMiHHA CTaBUTU i po3B’A3yBaTN 3ajaui
ONTUMI3aL,ii 3 BUKOPUCTAHHAM UMPPOBUX TEXHOJIOTIN, € BKPAM aKTyasIbHUM i BiANOBIAA€ BUMOram Cy4acHOi OCBITU, CNPAMOBAHOI
Ha NiAroTOBKY KOMMETEHTHUX, KpEaTUBHUX | TEXHOOTMYHO NiAroToBAeHUX $axiBLiB.

AHani3 akTyanbHux gocnipgxeHb. Y 2021 poui MiHictepctBo umdposoi TpaHchopmaLii YKpaiHW, cnupatoumncb Ha
KOHLeNTyanbHy eTanoHHy mogenb DigComp 2.1, po3pobneHy €sponeicbkoto Komicieto, 3anponoHyBano Pamky umdpposux
KOMMETEHTHOCTEN AN1A rpomagsH YKpaiHu. basosoto cdepoto y Pamui umdpoBUX KOMNETEHTHOCTEN A/1A FPOMaAAH YKpaiHK €
OCHOBM KOMM'IOTEPHOI FPaMOTHOCTI, WO nepeabayvae PO3BMTOK HACTYMHUX UMPPOBUX KOMMNETEHTHOCTEW: BMKOPUCTAHHA
MOBiNbHMX Ta KOMN'IOTEPHUX NPUCTPOIB, 6a30BOro NporpamHoro 3abesnevyeHHs, 3acTOCYHKIB Ta NPUKNALHOIO NPOrPaMHOro
3abe3neyeHHn, IHTEPHETY Ta OHNANH-3aCTOCYHKIB, @ TAKOX YNPaBAiHHA LMPPOBOO iAEHTUYHICTIO. TOMYy aKTyalibHUMKU €
LOCNIAXKEHHA 3aKOPAOHHUX i BITYM3HAHMX HAYKOBLB, AKi CTOCYHOTbCA PO3BUTKY iHOOPMaLiMHOI rpaMoTHOCTI Ta GpopMyBaHHSA
HABMYOK MOAENIOBAHHSA | PO3B'A3aHHA 33434 ONTMMI3aL,ii y 3406yBauis ocsiTu. Y npaysax (Fitria, 2023; Bond, 2022) po3rasgaeTtbca
BMKOPUCTAHHA OCBITHIX TEXHONOTIN AN PO3BUTKY HAaBMYOK PO3B'A3aHHA Npo6iemM y CTYAEHTIB BULLMX HaBYaIbHUX 3aKnagiB. van
Laar et al. (2020) gocniasKysanu ¢akTopu, WO BNAMBAIOTL Ha PO3BMTOK LMPPOBUX HABUYOK, 30Kpema, Taranto et al., (2022)
Haro/NoWyTb Ha BUKOPUCTAHHI MeToAiB onepaLiiHuUX AOCNiAKeHb ANA PO3BUTKY HAaBMYOK MOLENIOBAHHA Ta PO3B'A3yBaHHA
3aj4ay cepep cTyaeHTiB. MogentoBaHHA NPOLLECiB, ONTUMI3aLLO Ta KOHTPOJIb AKOCTI i3 3aCTOCYBaHHAM LUTYYHOrO iHTENEKTY Y
BUMPO6HULTBI BUCBITNEHO Y (Fekete et al., 2024). Sue Chen (2025) sucsiTntoe edeKTUBHICTb LMdPOBUX NNaTGOPM yNpaBAiHHA
OCBITHIMW pecypcamm Ta cTpaTerii ix onTumisauii 4NA NiABUWEHHA AKOCTI HaBYaHHA. BiTun3HAHI aBTopu (CaeHKo Ta iH., 2022),
BMBYalOUM NpobaeMu BNPOBaLKEHHA LUMPPOBUX TEXHOONIN Y HABYAbHUIN MPOLEC, TAaKOXK AOCAIAKYIOTb BNAMB LUbPOBUX
iHCTPYMeHTiB Ha dOopMyBaHHA HAaBMYOK PO3B'A3yBaHHA CKAAAHMX 33434, BKAKOYAKOUYM 3a4adi onTmMmisauii. Y npaui (KonHak &
MoKnHbYepena,2021) po3rnagaeTbca NUTAHHA PO3BUTKY LLMPPOBUX HaBUYOK, HEOBXILAHUX AN aHaNi3y Ta po3B'A3yBaHHA 3a4a4
ONTUMI3aLi B AeprKaBHOMY ynpaBAiHHi. MpaKTUYHY peanisaLito OTPMMaHUX HaBUYOK onucytoTb (bex Ta iH., 2007).

Mertoto cTatti € PopmyBaHHA BMiIHHA BMKOPUCTOBYBATM LMGPOBI OCBITHI 3acobu y npoueci maTemaTMyHOro
MOZeNtOBaHHA i po3B’A3aHHA BMPOOHMYMX 3334 HA NPUKNALI AOCNIAKEHHSA BUPOBOHMYOI cuTyaLii, NOB’A3aHOI 3 BU3HAYEHHAM
ONTUMA/IBHUX CXEM NOCTAYaHHA CUPOBUHU ANA 3abe3neyeHHA BUPOBHMLTBA NPoAyKLil.

METOAM AOCNIAMEHHA

Y poboTi BUKOPUCTOBYBAZINCA METOAM TEOPETUYHOrO aHani3y, CUCTEMHOrO NiAX0Ay, MaTeMaTUYHOTO MOZAENIOBAHHA i
dopmanizauii 3aga4 onTUmisauii, MoaeNtoBaHHA 3 BUKOPUCTAHHAM LMPPOBUX TEXHONOTIN Ta aHani3y OTPMMAHWX pe3ynbTaTis.

PE3YNIbTATU AOCNIAXEHHA

[NnA nocArHeHHA NOCTaBNEHOT MeTM PO3rAAHEMO 33434y NPO BUPOBHMLTBO NPOAYKLIT 3 BUKOPUCTAHHAM NEBHUX BUAIB
pecypciB i opraHisauito 3abe3neyeHHA LbOro BMPOOHMLTBA CUMPOBUHOM. PO3B’A3yBaHHA Li€i 3af4ayi nepenbayae 3aranbHy
NOCTaHOBKY BUPOBHMYOI CUTYaL,ii, CKnagaHHA MaTeMaTUUYHOI Mogeni, OTpMMaHHSA po3B’A3KiB cdopMyIbOBaHMX 33434 Ta iX aHani3.

3arasibHa MOCTAHOBKa BMPOOHMYOI cuTyauii: ana 6esnepepBHOro BUPOOHULUTBA N KiHUEBUX MPOAYKTIB Tpeba maTtu
BigNoBiAHI CKNagu ans 36epiraHHA BUXiAHOT CMPOBUHM. CUPOBUHA HAAXOAMTb Big, k NOCTaYaNbHUKIB i3 BUKOPUCTAHHAM iCHYIOYOT
TPAHCNOPTHOI MepeXi, ANA AKOT BiAOMI BiACTaHI MiX TOUKaMM OKpeMUX AiNAHOK LUNAXIB MOXKANBOIrO NOCTAYaHHA, @ TAKOX NUTOMI
TPaAHCMOPTHI BUTPATU — BUTPATU Ha NepeBe3eHHA OANHULI NPoAYKLii Ha 1 Km. HeobxigHo po3paxyBaTv EMHOCTI CKNaziB CUPOBUHM
3rigHo 3 ii noTpebamu s BUKOHAHHSA NIaHy BUMYCKY NPOAYKLIi 3 MiHiMasbHO cobiBapTiCTIO Npu 0O6MeXeHHAX Ha BUTPATK
eneKTpoeHeprii i BOAONOCTaYaHHA Ta 3aJaHMX MUTOMWMX HOPMaxX BUTPAT CUPOBUHW, eNEeKTPOeHeprii, BOAN i 3HAYEHHAX
co6iBapTOCTi BUPOBHULUTBA OAMHMLI NPOAYKLII KOXHOro BMAY Ta BMBpaATM Cxemy MOCTayaHHA CMPOBMHM AN1A 3abe3neyeHHsA
NAaHOBOro BUPOBHULTBA N KiHLEBUX NPOAYKTIB.

Ons nobynoBn matemaTtMyHOI MoAeni BBeAEeMO MO3HaYeHHsA: Xj — KiNbKiCTb KiHLEBOI NpoAyKuii G=1,..,n); b; —
KiZIbKICTb BMXiAHOT cupoBuHm (i = 1, ...m); A — 3agaHi ob6csarv enexktpoeHeprii (KBT/pik); V — 3agaHi o6csarv sogonoctadanHs (m3);
Q — nnaH BMPOBHMLTBA BUXiQHOT NpoayKLii (T); Xj — NUTOMi HOPMM BUTPAT eNEKTPOEHEPTIT; Vj — NUTOMI HOPMUM BUTPAT BOAK; q;;
— MUTOMi HOPMMW BUTPAT CUPOBUHWU; C; — cobiBapTicTb NpoAYKLii; Cij — MWUTOMi TPAHCMOPTHI BATPATK Ha 1 Km; X — obcaru
nepeseseHb Bif, k -ro nocrtayanbHMKa A0 i-ro cKnaay; Si]- — BiCTaHb MisK [ -0t0 Ta J - oo Toukamu (ij)-ro 38'A3Ky.
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MpoaHanisyBaBlM AaHi 3 ONMcaHOI BMPOBHMYOI CUTyaLii MOXKHA BWMAINUTM KOMNAEKC 3af4ad onTuMmisauii Ta ix

maTemaTudHi mogeni (Tabn.l):

Tabauua 1. MatematuuHi mogeni 3agay BUpo6HUYOI cuTyauii

PecypcHo-BMpOo6HMYaA 3apaua:
fl Q/ A' V, bilxj ’

TpaHcnopTHa 3agavda:
ak,bi, Cij,xij.

3apaua Npo NOLWYK HAMKOPOTLLOro
wasaxy: S;;.

k m
fip = ZZCUXU — min,

ZZSU- X;j = min,
i

n
f= Z ¢cjx; = min,
Jj=1 i=1j=1

n k
Zx] = Ql inj =a ] =1,..,m, (1n)
i;l inj =1,

n
Zajx] < A,Z Uij < V, xij — b], ] — 1‘ TN (ij)
i ¢ ink = Z Xijs

Xin =1,

Jj=1 Jj=1 i=1
” (@) (@)
Zqijxjﬁbl, i=1,...m x;; € {0; 1}
j=1
[bxepeno: cknadeHo asmopamu Ha ocHosi (bex ma iH., 2007).
OKpemMo KOMKHa 3 HaBeAEeHMX 3afay € KNAaCMYHOW 3ajayelo ONTUMI3auil, i ANA KOXHOI po3pobneHi metoam

po3B’a3yBaHHA. [1nA peanbHoi BUPOBGHUYOI CMTYaLii, AKA OXONOE Pi3Hi TUMM 33434 ONTMMI3aLl, XapaKTepHOIO € HEBM3HAYEHICTb
NeBHUX MapaMeTpiB i HaBiTb MOX/IMBI BUNAAKN HEKOPEKTHOCTI 3a4aHMNX NOYaTKOBUX YMOB. 30KpeMa, y OnucaHili BUPOBHMYIl
CUTyaLii He 3a4aH0 KiNbKiCTb CMPOBUHU, HEObXiAHOT Ana BUPOOHMUTBA NpoayKuii. Lli AaHi BUKOPUCTOBYOTLCA NPWU CKNALAHHI
MoZenein pecypcHo - BMpobHMYOI 3a4adi i TpaHCNopTHOI 3aaadi. Tomy B XoZ4i po3B’s3aHHA BMPOBHMYOT cuTyauii Tpeba BMiTH
CKOPWUryBaTK BXiAHI AaHi | 3HAUTK BapiaHT po3B’A3KY.

Peanisau,ito Lboro npouecy po3riaHemMo Ha NpUKAaSai.

Hexait 3agaHo: nnaH BMpobHUUTBa npoaykuii — Q = 6000 T, o6carn enektpoeHeprii — A = 2000 kBT/pik, obcarm
BogonocTadaHHa — V = 25000 m3, nutomi Hopmu BUTpaT Ha 1 T npoAyKuii HaBeAeHi B Tabauui 2.

Tabauya 2. MuTomi Hopmu BUTPAT Ha 1 T NpoayKuii

Pecypcu Buau npoaykuii
A B C
EnekTpoeHepris (KBT) 0,4 0,3 0,3
Boaa (m3) 3,5 5,0 2,0
CuposuHa | (1) 0,2 0,5 0,3
CuposuHa Il (1) 0,5 0,3 0,5
CuposuHa lll (1) 0,2 0,4 0,3
CobisapricTb (y.0./T) 22 25,4 23,5

Lepeno: cknadeHo asmopamu Ha ocHosi (bex ma iH., 2007)

BapricTb nepeBe3eHb OAHIEI T CMPOBUHM HA 1 KM Big, ABOX MOCTaYa/ibHUKIB A0 TPbOX CKNAACLKUX NPUMILLEHb 3a4aHO
5 4 1)

3 3 4/

MepesKa aBTOMODINbHUX LUAAXIB NOCTaYaHHA CUPOBUHM HaBedeHa Ha puc.l.

maTpuueto: C = (

Puc. 1. ['pad norictTuuHoi mepeki NOCTayaHHA CUPOBUHU
[sepeno: cknadeHo aemopamu Ha ocHosi (bex ma iH., 2007).

3anuiwemo maTtemaThuHy MOZeNb PECYPCHO - BUPOBHUUOI 3a8aui: Hexait x; — obcAru KiHuesoi npoayKui, (G =123).
Topaj cuctema obmexkeHb maTUMe BUTAAA,:
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0,4x; + 0,3x,+0,3x3 < 2000,
3,5x1 + 5x,4+2x3; < 25000,
0,2x, + 0,5x,+0,3x3 < by,
0,5x; + 0,3x,40,5x3 < by,
0,4x; + 0,4x,+0,3x5 < b3
x =0, j=1253,
b; — 06carv cuposuum i -ro suay, (i = 1,2,3).

LlinboBa dyHKLiA BU3HaYae cobiBapTicTb BUroToBneHoi NpoaykKujii: f = 22x; + 25,4x,+23,5x3 — min.

Cepep, NOYATKOBUX AAHMX HEMA 3anaciB CMPOBMHM A/1A BUIOTOB/JEHHA NPOAYKLii. TOMy MPONOHYETbCA PO3B’A3aTh
33Ja4y NiHiMHOro NnporpamyBaHHs 6e3 06MeKeHb Ha CUPOBUHY, a TiZIbKM 3 ypaxyBaHHAM 3anacis efieKTpoeHeprii, Bogm Ta obcsris
BMpobHMUTBA. ChopmMynboBaHy BuLLE 3a[ady NiHIMHOrO NporpamyBaHHA MOXHA PO3B’A3aTW 33 AOMOMOrOK CUMMNEKCHOMO
meToay. Mu NponoHYEMO peanizyBaT CUMMNIEKC-METOZ, Y AOCTYMHOMY A/1A KOPUCTyBaya cepenosulli Excel i3 3acTocyBaHHAM
Haabyanosw Pose’azysay (ButBuubKa & iH., 2024). Po3B’A30K HaBeLEHO Ha PUCYHKY 2.

| A B | C D | _E Ef
aL.| Mutomi HopmMu BUTpaT Ha 1 T BUIY NpOAYKLUIi
2 |Pecypeon A B |C
3 |enextpoenepria (KBT) 0,4 0,3 0,3 2000 2000
4 |Boga (m3) 3,5 5 2 15000 25000
5 |Cuposuea l (1) 0,2 0,5 0,3 1600
6 |Cuposwua ll (1) 0,5 0,3 0,5 3000
7 |Cwposwuna il {1} 0,2 04 0,3 1600
8 |Cobisapricts (y.0./1) 22 25,4 23,5 138000
9| 6200
10 |
11 | x1 x2 %3
12 2000 i} 4000 6000 6000

Puc. 2. Pe3ynbTaTu po3B’A3yBaHHA pecypcHo-BMPO6HMYOI 3a4aui 32 fonomoroto Hagbyaosu Po3s’asyBay
[xcepeno: po3paxosaHo asmopamu.

Takum YnHOM, npoayKLii A Tpeba BupobuTn B 06¢a3i 20001, B — 0 1, C — 4000 1. Mpwn LboMy cobiBapTicTb NpoayKuii
f cranosuTMme 138000 y.o. B npoueci po3s’A3yBaHHA OTPMMAHO KiNbKiCTb CUPOBUHM, HEOBXiAHOI ANA BUPO6AEHHA NpoayKLii —
Li 3HAYEHHA 3HAX0AATbCA HA NepPEeTUHI BigNoBIAHUX pAaKiB i ctoBnua E. Came Ui 3HaYeHHSA BUKOPUCTAaEMO AN Nobya0BM moaeni
i po3B’A3yBaHHA TpaHCNOpPTHOI 3agavi: by = 16001, b, = 30007, b3 = 1600 T.
3anacy CMPOBUHM TAKOX HEBMU3HAYEHi, TOMY BCTAHOBMMO iX KiNIbKiCTb A4/1A KOKHOMO MOCTavyasibHUKA AK MaKCUMaibHe
3Ha4eHHA noTpeb y cMpoBUHI, a came — AK cymy by + b, + b3 = 6200 T.
Hexal x;; — o6cArn nepeseseHb Bif, [ -ro NocTayanbHUKa A0 j -ro Cnoxusava.
Cuctema obmeKeHb TPAHCMOPTHOI 3a43a4i MaTUMme BUMAA,:
X1 + x12+x13 = 6200,
X1 + Xg2+x53 = 6200,
X171 + %21 = 1600,
X1 + x5, = 3000,
X13 + %23 = 1600,
X =20, k=12,i=123.
LinboBa pyHKLia TpaHCNOPTHOI 3aaui:
Jop = 5x11 + 4x12+ %13 + 3%5q + 2x5; + 4X3 > min
3a TakMX YMOB € HeobxigHicTb BBECTM OIKTMBHOrO crnoxuBaya 3 notpebamm 6200 T i HYNbOBMMKM BapTOCTAMM
nepeseseHb.
Po38B’A30K L€l 3aaui TexX 3HalaeHo B cepenosuLi Excel (puc.3).

A B C | D ] E | F G
1 BxigHi gani
2 . Cnosmeasi
3 |MocrawanbHmee cupos.  B1 B2 B3 B4
4 |Al ] 4 1 0
5 |a2 3 2 4 0
= |
7 PesynbTati
& B1 B2 B3 B4 Zanack
a |a1 (4} o 1600 AB00 B200 5200
0 :A2 1600 3000 o 1600 G200 5200
11 160G 3000 1600 6200
12 |Motpebu 1603 3000 1600 6200
13 |
14 | BapTicTh nepeseseHb 12400

Puc. 3. Pe3ynbTaTi po3e’Aa3yBaHHA TPAHCNOPTHOI 3a4aui 3a gonomoroo Hagbyaosu Po3s’asysay
[Jxepeno: pospaxosaHo asmopamu.
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OTKe, Big nepworo nocrayanbHUKa o 3 cknagy Tpeba nepesestv 1600 T, Big Apyroro nocradanbHuWka ao 1 cknagy
Tpeba nepese3tn 1600 T, Big Apyroro nocradanbHuKa o 2 ckaagy Tpeba nepesestv 3000 T.

OBroBOPEHHA

3afaya NOLWYKY HaMKOPOTLIOro WAAXY MOAArae y MiHimisauii cymu Bar pebep, WO CKAaAQI0Tb MapLIPYT MiX ABOMA
33,aHUMU BEPLUMHAMM Ha 3BaXKeHOMy opieHToBaHoMy rpadi. [na ii po3s’A3aHHA 3aCTOCOBYIOTb NiAXOAM HA OCHOBI aNrOPUTMyY
[Oeinkctpu (Dijkstra,1959) Ta pisHi foro moamoikauii (Cntocap & Mpomatok, 2023). OgHaK anropuTm [eiKcTpy HenpuaaTHuii aaa
rpadis, Wo micTaTb pebpa 3 Big'emHOIO Baroto. [0 NOWYKy HAMKOPOTLWOro WAAXY B TaKMX rpadax 3a3BMYail BUKOPUCTOBYHOTb
anroputm bennmana - ®oppa (Bellman, 1958; Ford, 1962). Anroputm dnoinga-Yopwenna 3HaxoauTb HAMKOPOTLI WAAXM MiXK
ycima napamu BepwuH (Floyd, 1962).

EdekTnBHe po3B’A3aHHA NOCTaBAEHO! 3aayi BUMara€e He inwe 3HaHb TEOPETUYHUX OCHOB, @ 1 BONOAIHHA Cy4aCHUMMU
UMPPOBMMHU IHCTPYMEHTAMM, AKI A03BONAIOTL aBTOMATU3YBaTU 0BYMUCIEHHSA, Bi3yanilyBaTW Npouec i aaanTyBaT pillEHHS 40
KOHKPETHUX YMOB. Po3rnaHemMo aeski 3 Hux:

1. Microsoft Excel (HapbypoBa Po3e'a3ysay) — LO3BONAE MOLENIOBATU rpad Yepes MaTpULLO CYMIXKHOCTI Ta peanizyBatu
MOLUYK HAaMKOPOTLLIOrO LWAAXY AK 3334y NiHIMHOro NporpamyBaHHs.

2. Beb-pecypc Visualgo.net —nponoHye iHTEPaKTUBHY Bi3yanisaujito anroputmis, 3okpema [eiikctpu, Bellman-Ford Ta
iHWKnx. KopucTyBay mae 3mory CTBOPUTU BAAcHUIA rpad, 3a4aTi Baru, CnocTepiratv NOKPOKOBY pO6OTY anropuTmy.

3. Python (6ibnioteka NetworkX) — Hagae dyHKLUiOHan ana cTBopeHHA rpadis, NPU3HAYEHHA Bar, @ TAaKOX peanisauil
NOLUYKOBUX aNTOPUTMIB.

4. GeoGebra — fo3Bons€ MoaentoBaTh rpadoBi CTPYKTYPM | A@MOHCTPYBaTH 6a30Bi iAel MOLWYKY WAAXY HA NIOWMHI.

5. OnnaitH-cepsic Wolfram Alpha nigTpumye aHaniTMuHe po3B’A3aHHA 334ay ONTMMI3auji, 30Kpema i nowyK
HaWKOPOTLIMX LUAAXIB.

Onsa BupilleHHA nocTaBieHol 3afadyi MW ckopuctanuca Web-pecypcom visualgo.net, OCKifibKM paHuit pecypc
AEMOHCTPYE MOKPOKOBE BWKOHAHHA anropuTMiB, WO AAE 3MOry B peasbHOMY 4aci 6auuTtu, AK 0b6UPalOTbCA BEPLUMHY,
obumncntoloTbeA BiacTaHi Ta GOPMYIOTECA ONTUMAbHI WAAXM; KOXKEH KPOK aHIMYETbCA Ta CYNPOBOAMKYETLCA KOMEHTAaPAMM, WO
Nonerwye po3yMiHHA NOrikM poboTU anropuTMiB; HasBHA MOXK/IMBICTb CAMOCTIMHOINO CTBOPEHHA rpada: 404aBaHHA BepLUWH,
pebep, 3a4aBaHHA Bar, WO A03BO/IAE MOAE/IOBATU peasbHi 3a4a4i; Cepsic BiIbHO AOCTYNHUI ANA KOPUCTYBaYiB.

PesynbTaTh po3B’A3aHHA 3a4a4i NPO NOLWYK HaKOPOTLLOrO MapLIPyTy NPeACTaBAeHO Ha PUCYHKaX 4-6.

source, 0

Puc. 4. Pe3ynbTaTh NOLWIYKY HAWKOPOTLUOrO LWAXY Bif NepLIoro NocTavyaibHUKa A0 TPETbOro CKAagy
[epeno: ompumaHo aemopamu.

OTKe, MiHiManbHa BiACTaHb Bif, NepLIOro Kap’epy A0 TPETbOro CKNagy cTaHoBUTb 19 KmM. TpaHCNOPTHI BUTpPaTK Ha
nepeseseHHs 1 T CMPOBMHM Big, NepLIOro Kap’epy A0 TPETbOro cknagy ctaHosAATb: 1 X 19 = 19y. o.

source, 0

Puc. 5. Pe3ynbTaTu NOLWYyKy HAMKOPOTLUOTO LWAAXY Bif APYroro NocTayanbHUKa A0 NepLIOro CKAaay
[xcepeno: ompumaHo asmopamu.
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MiHimanbHa BiACTaHb Bif, ApYyroro nocravasbHUKa 40 NEPLIOro CKAagy CTaHOBWUTL 18 KM, TpaHCNOPTHI BUTPaTW Ha
nepeseseHHa 1 T cuposmHM —3X 18 =54 y. o.

8 . 5
_\\\_\ \@: 8
v j@
11 19

source, 0

Puc. 6. Pe3ynbTaTv NOLWYKY HaMKOPOTLUOTO WAAXY BiA APYroro nocrayasbHUKa A0 APYroro cknagy
[epeno: ompumaHo aemopamu.

MiHimanbHa BiACTaHb Bif 4pYyroro nocrayajibHMKa A0 APYrOro CKAagy CTaHOBUTb 19 Km, TPAHCMOPTHI BMTPATM Ha
nepeseseHHA 1 T cnpoBmHM —2X 19 = 38y. o.

3aranbHi  TPAHCMOPTHI  BMTPATM  HA  NepeBe3eHHA  3HaMAEHOl  KiJIbKOCTi  CUPOBMHM  CTaHOBAATH:
frp =19 X 1600 + 54 X 1600 + 38 x 3000 = 230800 y.o.

3aranbHi BMTpaTH, NOB’A3aHi 3 BUPOOGHULTBOM MPOAYKLii Ta NOCTa4aHHAM CUPOBUHM ANA BMPOOHWMYOrO npouecy
craHosnate: f; = f + fr, = 138000 + 230800 = 368800.

OT)Ke, CK/1agmn NOBUHHI 3abe3neyyBaTh MOXKAMBICTb 36epiraHHA He meHwe 1600 T cMpOBMHM NEPLIOro BUAY, HE MEHLUE
3000 T cupoBuHM apyroro Buay, He meHwe 1600 T cuMpoBUHM TpeTboro BuAy. [NA BMKOHAHHA NAaHy BUPOBHMUTBA 3
MiHiManbHOO cobiBapTicTio Tpeba BMMNYCcKaTK Neplunin BuA npoayKuii 8 06casi 2000 T i TpeTiii BMA, npoaykuii B 0b6casi 4000 T,
APYrnii BUA NPOAYKLT 33 AaHWX YMOB BMPO6AATH HeAouinbHO. Y npoueci BUPObHMLTBA 0b6CcArvM enekTpoeHeprii BUTpayaoTbea
NOBHICTIO, @ BOAOMNOCTaYaHHA Ma€ AOCTaTHIM 3anac. AHani3 HaKOPOTLUMX MapLIPYTiB BKA3YE HA 3aBaHTAXKEHICTb By3na 2.

BUCHOBKM TA NEPCNEKTUBU NOAANBLLUOIO AOC/NIAXKEHHA

B KOHTeKcTi ¢opmyBaHHA y 3400yBayiB OCBITM HAaBUMYOK 3aCTOCYBaHHA UMPPOBUX OCBITHIX 3ac06iB Npu po3B’A3aHHI
BMPOOHMUMX 33434 NPOaHaNi30BaHO KOHKPETHY BUPOBHWYY CUTyalilo, BMOKPEMAEHO KOMMJIEKC B33aEMOMNOB A3aHUX
ONTUMI3aLiiHMX 33434, AKi T ONUCYIOTb, | CGOPMYNbOBAHO MAaTEMATUYHI MOAENi LMX 3a4a4. JNa OTPUMAHHA Po3B’A3KY pecypcHo-
BMPOOBHMYOI i TPAHCNOPTHOI 3334 BUKOPUCTOBYBAMOCA AOCTYNHE ANA KOPUCTyBaya cepefosulle — Hapbynosa Po3s’azysay
TabnmMyHoro npouecopa Excel; Ana AOCNiAXKEHHSA aNTOPUTMIB ONTUMI3aL,ii Ha rpadax — BisyanbHuUI web-3acTocyHok Visualgo.

3anponoHoOBaHWI y AOCNIAKEHHI NiaXia A0 pO3B’A3aHHA BUPOOHUYMX 334,34 i3 3a/y4eHHAM LMPPOBUX OCBITHIX 3acobis
NiATBEPAXKYE NPAKTUYHY LLIHHICTb Cy4aCHWX TEXHOAOTIA ANA MOLENIOBAHHA peasbHUX BUPOBHUUMX cuTyalii. Takuid nigxig He
Nvwe nigsulLye epeKTUBHICTbL HaBYa/NbHOrO Mpouecy, ane i CNpUAE PO3BUTKY NPOGECIMHO 3HAYYLWMX KOMMNETEHTHOCTel y
30006yBaYiB OCBITU. BUKOPUCTAHHA LUGOPOBUX IHCTPYMEHTIB CTUMY/IOE aHANITUYHE MUCNEHHS, cnpuae GOPMYBaHHIO HAaBUYOK
NOCTAHOBKM i MaTemaTMyHoi dopmanizauii 3a4ay, po3BMBaE UMOPOBY KOMMETEHTHICTb Ta 3abesneuyye fAKicHy npodeciiHy
nigroToBKy ManbyTHix ¢axisuis fo poboTn B ymoBax UMobpoBOi TpaHcPopmaLii eKOHOMIKM. TaKMM YMHOM, MOEAHAHHA
MaTeMaTUYHOTO MOAENtOBAHHA 3 LMOPOBUMU OCBITHIMU TEXHONOTIAMU CTBOPIOE OCHOBY A1 GOPMYyBaHHA KOMMNETEHTHOrO,
TEXHO/IOTYHO MiAroTOBEHOrNO CReL,ianicTa, 34aTHOro A0 epeKTUBHOIO NPUWHATTA PilleHb Y CKNAAHMX BUPOOHUUYMX CUTYaLLiAX.

3anponoHoBaHi Niaxoau MoXKHa 3aCTOCyBaTV A0 PO3B'A3aHHA IHLWMX TUMIB ONTMMI3aLIMHMX 33434, WO € NEPCNeKTUBOID
noAanblWnX JOCNIAXKEHb.

KOH®IKT IHTEPECIB

ABTOPM MNiATBEPAKYIOTb BiACYTHICTb (iHAHCOBUX, OCOBUCTUX UM iHWMKX IHTEPECIB, WO MOXKYTb PO3rNAfaTUCA fK
NoTeHLiNHWIA KOHANIKT iHTepeciB Wwoao nybnikauii Liei cTaTTi.

®IHAHCYBAHHA

PoboTa BMKOHaHa 3a BigCyTHOCTI GiHAaHCOBOI NiATPMMKM 3 BOKY ByAb-AKMX OpraHisaLiin.

AOOCTYNHICTb AAHUX

Lle TeopeTnyHe JOCAiAKEHHA He Nepeabadvae BUKOPUCTAHHA A0AATKOBMX HAabopiB AaHUX.

BUKOPUCTAHHA WUTYYHOIO IHTENIEKTY

IHCTPYMEHTH WTYy4HOro iHTe}'IEKTy He BUMKOPUCTOBYBa/IUCb Npun HanucaHHi LI,iEII. p06OTM.
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AHOTALIA ABSTRACT

MocmaHoska npobaemu. Y cmammi po321900embca NUMAHHA Formulation of the problem. The paper considers the issue of
npogeciliHoi  opieHmayii dimeli 3 ocobausumu  ocsimHimMmu professional orientation of children with special educational
nompebamu (OOI1) y KoHmeKcmi couioKynbmypHoi disneHocmi ma needs (SEN) in the context of socio-cultural activities and reforms
pegpopm  Hoeoi  yKpaiHcekoi  wkKoau.  Hazosnowyemeca  Ha of the New Ukrainian School. The need to use adapted
HeobxiOHOCMi  BUKOPUCMAHHA  a0anmosaHux  nioxodie 0o approaches to professional orientation that take into account
npogeciliHozo opieHmMysaHHs, AKi e8paxosytome [HOUBIOYyaNbHI the individual characteristics of students' development is

ocobsausocmi po3euMKy y4YHie. 3anpornoHO8aHO BUKOPUCMAHHA
STEAM-ocsimu AK egekmugHo2o iHCmpymeHmy opmys8aHHs
npogeciliHoi momusayii ma yceidomnaeHozo subopy malibymHbol
npogecii  dimemu 3 ocobausumu  ocg8imHiMu  nompebamu.
AKkmyanbHicme npobaemu 3ymosneHa HeobxioHicmio 3a6e3neyeHHs
pigHo20 docmyny 00 sAKicHOI oceimu ma cmeopeHHsA be3bap’epHo20
0C8iMHb020 NPOCcmMopy. B yMosax iHK/A03UBHO20 HABYAHHSA 0COOAUBOI
yeaau nompebye epekmusHa npodpeciliHa opieHmMayia y4His, ujo mae
spaxosysamu rncuxogizuyHi ocobausocmi Odimeli, sumoau PUHKY
npayi ma cy4acHi oceimHi mexHosnoeii. OOHaAK, icHytoYi nidxoou 0o
npogeciliHozo camosusHa4yeHHs dimeli 3 OO yacmo € 3acmapinumu
ma He 8i0nosidalome  CyYacHUM  MeHOeHYiaM,  30Kpema
moxnusocmam STEAM-oceimu. BusgneHo HedocmamHio 83aemodito
0C8iMHiX ycmaHos, coyianbHux cayx6 i pobomodasuis y npoyeci
npogeciliHoi iHMezpauyii Makux y4Hie, WO YCKAAOHIE IXHIO
adanmayio ma npayesnawmyeaHHa o 3asepuleHH0 HaBYAHHA 8
3aknadax oceimu.

Mamepianu i memodu. Y 0o0cniomeHHi  30cmMoOco8aHoO
KomnaeKcHUli nioxio, W0 BK/AYAE aHAnMI3 HAyKOBO-MeMOOUYHOI
aimepamypu, emnipu4Hi Memodu ma rnedazo2iyHuli ekcriepumeHm.
BukopucmaHo STEAM-komnnekmu  (enekmpoHHul, Ma2HimHul
KOHCMPYKMopu) ma eKonoziyHi mamepianu 014 MpoekmyeaHHsa U
po2pamys8aHHs.

Pe3ynemamu 0ocnidxeHHsa niomeepoxcytoms, ujo STEAM-ocgima
CMpUs€E PO38UMKY KOMMEHCAMOPHUX HAasu4oK y Oimeli 3 OOIl,
niosuwye ixHo momusauyito ma adanmauiro 00 0c8iMHb020 NPoyecy.
IHmepakmueHi mMemoou U npakmuyHi 3aHammsA dornomazarome

emphasized. The use of STEAM education is proposed as an
effective tool for forming professional motivation and conscious
choice of future profession by children with special educational
needs. The relevance of the problem is due to the need to ensure
equal access to quality education and create a barrier-free
educational space. In the context of inclusive education, effective
professional orientation of students requires special attention,
which should take into account the psychophysical
characteristics of children, the requirements of the labor market,
and modern educational technologies. However, existing
approaches to professional self-determination of children with
SEN are often outdated and do not correspond to modern trends,
in particular, the possibilities of STEAM education. Insufficient
interaction between educational institutions, social services, and
employers in the process of professional integration of such
students was revealed, which complicates their adaptation and
employment after completing their studies in educational
institutions.

Materials and methods. The study used a comprehensive
approach, including an analysis of scientific and methodological
literature, empirical methods, and pedagogical experiments.
STEAM sets (electronic, magnetic constructors) and ecological
materials for design and programming were used.

Results. Results confirm that STEAM education contributes to
the development of compensatory skills in children with SEN,
increases their motivation, and adaptation to the educational
process. Interactive methods and practical classes help students

© The Author(s) 2025
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y4HAM  3006ysamu  Ho8i  KOMMemeHmMHocmi,  egeKkmusHoO
83aemodiamu 3 00HOAIMKAMU ma, 8 ModanbWomy, NoKpawyeamu
€800 KOHKYPEHMOCMPOMOXHICMb HA PUHKY Npayi. BnposadreHHA
3acobie STEAM-oceimu cnpuse Kpawili coyianizayii dimed 3 OOl ma
ix nodanewomy ycniwHomy npogeciliHomy cmaHOB8AEHHHO.
BucHosku. STEAM-ocsima, Ak iHCmpymeHm
opieHmauyjii 0na dimeli 3 ocobausumu oceimHimu nompebamu, €

nepcrnekKmMusHUM HAMNpAMOM pPO38UMKY YKpaiHCbKoi ocsimu. Ii

ncuxo0UOAKMUYHA CKAA008A Ma KOHMAKMHE 8UBYEHHA OUCUUMIH
noneawyrome iHmezpayito dimeli 3 OO y cycninscmeo.

npogeciiHoi

acquire new competencies, effectively interact with peers, and,
in the future, improve their competitiveness in the labor market.
The introduction of STEAM education contributes to the better
socialization of children with SEN and their subsequent
successful professional development.

Conclusion. STEAM education, as a tool for professional
orientation for children with special educational needs, is a
promising direction in the development of Ukrainian education.
Its psychodidactic component and contact learning of disciplines
facilitate the integration of children with special educational
needs into society.

K/TKO4OBI C/IOBA: npogeciliHa opienmauis; dimu 3 ocobausumu

KEYWORDS: professional orientation; children with special
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BCTYN

OAHVMM i3 K/OYOBMX 3aBAAHb Cy4acCHOI OCBITM € CTBOPEHHA YMOB AN camopeanisauii yyHiB, 30Kkpema aiten 3
ocobansmumu ocsiTHiMM notpebamm (OOMM), y COLiOKYNbTYPHIN AiSNbHOCTI, WO CNpUATMME iXHil yCniWwHil aganTauii y cycninbCTsi,
$bOopMyBaHHIO coLiasibHUX HAaBUYOK, NpodeciiHOMY CTaHOB/IEHHIO Ta CBiZOMOMY BUBOPY NpodeciiHOoro waaxy B ManbyTHboMmy.

B KoHTeKcTi pedopm HoBOi yKpaiHCbKOI LWIKOAM 3HAYHa yBara NpPUAINAETLCA MiAroTOBUi AiTed 40 YCBiAOMIEHOro
YKUTTEBOIO BUBOPY Ta MalibyTHbOT NnpodecinHoi gisabHocTi (HYLL, 2016; KypKypiHa & CeprieHko, 2019; NMpodeciliHa opieHTauia y
HYLL, 2020). IHKNtO3MBHA OCBITA, AK HEBig'€éMHa CKnaZoBa uUMx pedopm, BUMArae 3acToCyBaHHA afanToBaHUX Niaxois Ao
npodopieHTauji 3 ypaxyBaHHAM 0COBAMBOCTEN PO3BUTKY KOXKHOI ANTUHU (MeTogmuHi pekomeHaadii, (6.4.); JokyumHa, 2019;
YTbocoBa, 2023).

OfHUM i3 ePEKTUBHUX IHCTPYMEHTIB ANA AOCATHEHHA LMX Uinein moxe ctath STEAM-ocBiTa. BoHa He nuwe 3any4ae
niteit 3 OMM Ao HaBYaHHA, ane 1 cnpuae ¢opmyBaHHIO npodeciMHOoi MoTMBaLT Ta cBigomoro Bnbopy mManbyTHbOI nNpoodecii.
OcHoBoto STEAM-0CBiITM € npaKTU4YHe (KOHTaKTHEe) BMBYEHHS MeXaHi3miB, HayKoBUX @aKTiB i Teopii, wo 3abe3snedye
iHTePaKTUBHUI NiaXig 40 HAaBYaHHA.

MocraHoBKa npo6aemu. AHani3 NCMXON0ro-neaaroriYHMX NiTepaTypHUX AXKEPEN NOKa3yeE, Lo NUTaHHA NnpodopieHTawl
aiteit 3 OOMN oTpMMano 3HauyHy yBary AOCNIAHMKIB, NpOTe BUMKOPWUCTAHHA 3acobis STEAM-0CBITM B LbOMY KOHTEKCTi 6yno
npegMeTom AOCAISKEHHA nAuvwe HebaraTbox HayKosuiB. Lle obrpyHTOBYE HEOOXiAHICTb MOAANbLLIOrO BMBYEHHA MOTeHUjiany
STEAM-0CBITM AK iHCTpPyMeHTY npodeciiHoi opieHTauji, Wo BpaxoBye iHAMBIAyanbHi ocobauBocTi aiteit 3 OOM. Ocobauey
aKTYyasIbHICTb Ma€ AOCNIAKEHHA BNANBY iHTEPAKTUBHUX TEXHOJIOTIN, MPOEKTHOI AiANBbHOCTI Ta MiXXAUCUMNIIHAPHOIO Nigxoay Ha
GOPMYBaHHA K/IIOYOBUX KOMMETEHTHOCTEMN, PO3BUTOK KOFHITUBHMX HABMYOK i MOTMBALi A0 HaBYyaHHA. Y KOHTEKCTi Haworo
pocnigxeHHa nig STEAM-0CBITOIO po3yMIiEMO iHTErpoBaHWI Niaxi4 40 HAaBYAHHSA, WO NOEAHYE NPUPOAHMYI HAYKKU, TEXHONOTII,
iH)KeHepilo, MUCTeUTBO Ta MaTeMaTuky ans GopmyBaHHA y aiteit 3 OOM NpPaKTUYHMX HABWMYOK Ta iHTepecy A0 BiANOBIAHWUX
npodecinHnx cep. MpodeciliHy opieHTauito aiteit 3 OOM po3rnagaemo AK npouec GOPMyBaHHSA CTIMKOro iHTepecy 40 NeBHMX
BMAiB NpodeciiHoi AiANbHOCTI Yepe3 NpPaKTUYHE 3HANOMCTBO 3 e/fleMeHTamu Uuux npodeciit, PO3BUTOK BiANOBIAHMX
KOMNETEHTHOCTEM Ta YCBIAOMNEHHSA BAACHUX MOKNNBOCTEN Y LX chepax.

AHani3 octaHHiX gocnig:eHb i nybaikauin. B 3akoHax YKpaiHM npo ocBiTy Ta HauioHanbHii cTpaTerii cTBOpeHHA
6e36ap'epHoro Nnpoctopy B YKpaiHi 3a3HAYAETbCA, LLLO HAZAHHSA OCBITHIX MOCAYr Mae 6a3yBaTMCA Ha NPUHLMNAX HeAUCKPUMIHALLT
Ta BPAxoByBaTM 6HaraTOMaHITHICTb NtoAMHU. 3abe3neyeHHA PIiBHOTO AOCTYNy A0 MOMAMBOCTEM ANA BCiX, HE3aseXHOo Bif,
iHAMBIAYaNbHUX OCOBNNBOCTEN € BaK/IMBOK YMOBOH A1 PO3KPUTTA MOTEHLiaNy KOXHOIO Y4YHsA, GOPMYyBaHHA TONEPAHTHOrO
cycninbcTBa Ta NIATPUMKM NpodecinHoro i 0cobUCTICHOTrO PO3BUTKY YCIX Y4aCHMKIB OCBiTHbOro npouecy. Peanisauia uumx
NPUHLMNIB CNPUAE SOTPUMAHHIO NPaB KOXHOI NIOAUHK, 336e3neyyoun MOXK/IUBICTL OTPUMYBATM OCBITHI NOCAYIM Ha PiBHI 3
iHWuMK. Lle pocaraetbea Yepes iHTerpauito ¢isnyHoi, iHpopmauinHoi, UMPpPOBOI, couianbHOI, TPOMaAAHCLKOI, EKOHOMIYHOI Ta
OCBIiTHbOI 6e36ap’epHoCTi y BCi chepu AeprkaBHOI NoniTMkK (HauioHanbHa cTpaTteria po3suTKy IH, 2024; HauioHanbHa cTpaTeris
cTBopeHHsA B, 2021). be3bap’epHicTb y npoueci NpodecitHOro CaMoBU3HAYEHHA € HE IULLIE BAXKIMBOIO CKIAA0BOIO iHKNIO3UBHOT
OCBiTW, @ i MOKA3HMKOM PiBHA CYCMiNIbHOTO Nporpecy, e KOXHa AUTMHA MaE PiBHi MOXK/AMBOCTI ANnA nobyaoBu ychilHOro
MalibyTHbOrO.

AKTYanbHICTb NUTaHb, CNPAMOBaHMX HA PO3YMiHHA Ta 3a0X04eHHsA 3400yBaviB ocsiTi 3 OO0 fo npodeciiHoi AianbHOCTI,
nos’ssaHoi 3 ranysamu STEAM, nigTeepAsKeHi YUNCNEHHUMWU AOCAIOKEHHAMMU BIiTYM3HAHMX Ta 3apyOiKHUX BYEHUX. AHani3
Mi¥KHapPOAHMX A0CNIoKEHb BKA3Y€E Ha HEOOXiAHICTb rNMBLIOro BUBYEHHA NMPOLECIB 3a/1ly4eHHA 3aLiKaBeHUX CTOPIH, @ TAKOXK IXHIX
notpe6, uinei Ta 3aBAaHb B OCBITHI eKocucTeMi AN GopMyBaHHA FOTOBHOCTI y4YHiB 4,0 BMB6OPY Npodecii.

Pag pocnigeHb (Wei et al., 2013; Dunn et al., 2018; Leavy et al., 2023; Ortiz-Revilla et al., 2023; Rodrigues-Silva &
Alsina, 2023) nigTBEpOKYIOTh, WO AiTH, 30Kpema i3 OOMM, 3gaTHi NaaHyBaTH, iHIiLiOBATK Ta peanisoByBaTM CKNaAHi NPOEKTH, a
cyyacHi TexHonorii (Fowler et al., 2022; Lytra & Drigas, 2021; Drigas & Karyotaki, 2016; Drigas et al., 2022; Vouglanis, 2024)
BiZKPUBAIOTb Nepes, HUMKW HOBI MOMK/IMBOCTI, CNPUAIOYM NOKPALLLEHHIO OCBITHIX MPaAKTUK Ta pe3y/bTaTiB.

31



ISSN 2413-158X (online), 2413-1571 (print)

B po6orTi (Dunn et al., 2018) npoaHanizoBaHO y4acTb CTYAEHTIB 3 0CO6MBUMM OCBITHIMM NoTpebamu y nporpami AASD-
STEM (Alabama Alliance for Students with Disabilities in Science, Technology, Engineering, and Mathematics) Ta nigkpecneHo
NO3UTUBHI 3MiHW B XHili NMoBeAiHLj, HAaNONErNMBICTb Ta YCMiXM y HaBYaHHI, WO, Y CBOK 4Yepry, CipuAaTMME iX noganbliomy
npaueBnaLTyBaHHIo.

[ocnigxeHHs, npoBeaeHe 3aCHOBHMKaMKU amepukaHcbkoi STEM Academy ana gitet 3 OOIl, nokasano, wo 35%
MONoAMX Ntofei 3 po3fajamMu ayTUCTUYHOrO CnekTpy obupatoTb STREM-kap’epy. Takox 5-12% nigoniyHux 3 iHWMMK
0C0B6MBOCTAMM PO3YMOBOTO PO3BUTKY LiKaBAATLCA TOYHMMM HayKamMM Ta roToBi 3pobuTu ix ceBoeto npodecieto (Wei et al., 2013).
OianbHicte STEM Academy 6yna cnpsimoBaHa He /iMLe Ha HaBYaHHSA, ane i Ha NpaueBnallTyBaHHA BUNYCKHKUKIB 3 OOI.

MpodeciiiHe camoBU3HAYEHHSA, OKPEMi acnekTu NpodopieHTaLii Ta NpaLeBaaWTyBaHHS 0Ci6 3 0CO6MBMMM OCBITHIMM
notpebamu 6yno npeameTom AOCNIAKEHb HU3KM BITYM3HAHUX HAyKoBLiB (BiTkoBCcbKa, 2002; [JoKyunHa, 2019; KoceHuyk, 2022;
Copoko, 2019; TpudoHosa, 2015; YTbocosa, 2023; LUnaenko, 2017) Ta iHwi. TaK, 30Kpema, B focnigxeHHi (JokyunHa, 2019)
aBTOpP NiQKPEC/IOE, WO € HM3KA CMiIbHUX Ta BiAMIHHMX O3HaK NpodopieHTauiiHOI pobOTK Yy cneuianbHMX 3aKnagax OCBITU Ta
3aKNa[ax 3aranbHOI cepeHbOI OCBITM Nifg, Yac OpraHisaLii iHK/F03MBHOMO HaBYaHHA.

MpoBeaeHHA npodopieHTaliiHMx 3axogiB ans Aaiten 3 OOMN matoTb BigbyBaTUCh 3 ypaxyBaHHAM BIKOBMX Ta
ncmMxodisnyHUX 0cobaMBOCTEN YYHIB, CTaHY 340pOB'A Ta O0BMeKeHb, NOB'A3aHMX 3 MOPYWEHHAM GYHKUIOHAaNbHUX CUCTEM
opraHiamy, a TakoX noTpeb puHKy npaui. MpodeciiiHa AiarHOCTUKA TaKMX YYHIB NPOBOAMTLCA i3 3aCTOCYBAaHHAM aAanTOBaHUX
METOAMK i NCUX0N0ro-negaroriyHoi ouiHku (MeToanyHi pekomeHaauii (6.4.); YTbocosa, 2023; KoceHuyk, 2022).

OcobnuBy ponb y npodopieHTaLilMHIN poboTi Bigirpae npodeciiHe KOHCY/IbTYBaHHS, AKe 4ONOMAra€ y4YHAM yCBiLOMUTH
CBOI MOMAMBOCTI 1 iHTEpPecHM, a TaKOXK CTUMY/IOE A0 NpaBuabHOro BMBOPY MalibyTHbOI npodecii. Came npodeciliHe
KOHCY/IbTYBaHHA M€ CTaTWM MpPIOPUTETHUM 3aBAAHHAM, OCKiIbKM Ha OCHOBI pe3ynbTaTiB NPodeciiHOI AiarHOCTUKK Ccnpuse
ycBigomneHomy BM60opy maitbyTHbOT npodecii 3 ypaxyBaHHAM BNAaCHUX MOXAMBOCTEW Ta 6axkaHb. BaxkaMBO po3BMBATH B Y4YHIB
YMiHHA OLiHIOBATWN CBOTI MOX/IMBOCTI 11 CNiBBIAHOCUTY iX i3 BUMOramu npodecii, yCBIAOMIOIOUN PI3HULIO MiXK «XOUY» Ta KMOXKY».
Mpu uboMy He cnig HaB'a3yBaTH TM obmexkeHHA Yyepes disnyHi abo NcuxiuHi 0cobAMBOCTI, @ BApPTO NigKpecnoBaTh nepesarun
OOCTYMHUX Npodecili, po3BMBalOYN afeKBaTHY CaMOOLHKY Ta npodeciliHi iHTepecn. Bubip npodecii yuHamn 3 OOM nosuHeH
3[icHIOBATUCA 33 iX BNACHOIO iHILiaTMBOIO, MPOTE BaXK/MBO, W06 y Lubomy npoueci 6panm yyactb 6aTbKu, agKe iXHIN BNAMB Ha
BMbip malibyTHbOI Npodecii Bigirpae BaxkamBy ponb. Kpim Toro HeobxigHUM € 3anyyeHHs couianbHUX cnyk6, poboToaasuis,
3aKnagis npodecinHOo-TEXHIYHOI Ta BULWOI OCBITM ANA 3aiicHeHHA npodopieHTauiiHoi poboTn. Taka B3aemogia cnpuaTUme
npodeciiHii aganTauii y4His 40 malibyTHbOI Npodecii Ta 4oNoMOoXKe BAOCKOHANNUTM NPOodOpPIEHTAL,iNHI 3ax04M.

OpraHizauia HaBYaHHA 3 AWCUMMNIH NPUPOAHUYO-MATEMATUYHOFO UWMKAY B YMOBax iHKIHO3UMBHOIMO OCBiTHbOFO
cepefoBuLLLa mae ocobivBe 3HayeHHs (HauioHanbHa cTpateria po3suTKy, 2024; Copoko, 2019).

MpoTe, AoCNiAKEeHHA NOKA3yOTb, L0 3arasioM Y CBiTi cnocTepiraeTbca BUCOKe 6e3pobiTTa cepen ntoaen 3 ocobnmsmmm
notpebamu. MpuunMHaMmM LbOro € pi3Hi pakTopu: HebarkaHHA npaytoBaTH, disMyHa abo NcuxiyHa HeNPUAATHICTb 40 BUKOHAHHSA
neBHWX BUAiB poboTH, TpyaHOW y poboTi B KOMaHAj, noTpeba y nigTpumLi Ha poboyomy micLLi TOLLO.

MeToto cTatTi € gocniarKeHHs BnamBy STEAM-ocBiTM Ha npodeciliHy opieHTaujilo Aiteid 3 0cO6AMBMMM OCBITHIMU
notpebamu, a TaKoXk aHani3 epekTUBHUX Nigxoais A0 popmyBaHHA NpodeciiHUX OpiEHTUPIB Yepe3 NPaKTUYHEe 3HANOMCTBO 3
pi3HMMM BUAaMU NpodeCinHOI AianbHOCTI.

METOAM AOCNIAMEHHA

EKCcnepumeHTanbHe [OCNiAKEeHHA npoBoannock npotarom 2023-2024 HaB4YanbHOrO POKY Ha 6asi iHKAHO3MBHOIO
0CBITHBbOTO Xaby «YepKawaHuy» i3 10 giTbMu 3 0cO6AMBUMM OCBITHIMKM NOTpebamu.

0N [OCATHEHHA MeTU [OoCNiAXKeHHA O6ynuM BUKOPWUCTaHI Taki TeopeTuMyHi MeToaAM SK MOPIBHANbHWUA aHani3
OOCNIAHMLUBKUX MNpaub BiTYM3HAHUX | 3apybiKHMX HAYKOBLIB, y3arasibHEHHA Ta CUCTEMATMU3ALIA HAyKOBO-TEOPETUYHMX i
NPaKTUYHUX JAHUX, BJACHOIO NPAaKTMYHOrO A0CBiAy.

[nsa piarHocTUKM epeKTUBHOCTI 3aNPONOHOBAHOIO MNiAX04Y BUKOPUCTAHO:

— aHKeTyBaHHA H6aTbKiB Ha NOYATKY Ta HANPMKIHL eKCNepUMEHTY;

cnocTepeKeHHs 33 HaBYa/IbHO AifNIbHICTIO AiTeN 33 BUSHAYEHUMM KPUTEPIAMU;
aHani3 BUKOHAHMX NPOEKTIB AiTbMU 3 0COBIMBUMM OCBITHIMKU NOTpebamu;

— ONWUTYBAHHA AjiTel Woao ixHix npodeciiHMx ynogo6aHb A0 NOYaTKy Ta MiCNA 3aBEPLUEHHA UUKAY 3aHATD.

Ona ouiHkn cdopmoBaHocTi iHTepecy Ao STEAM-npodeciit 6yno po3pobaeHo AiarHOCTUYHY KapTy CMOCTEPENKEHD i3
NOKa3HMKaMM: CTIMKICTb iHTepecy A0 AiANbHOCTI, CAMOCTIMHICTb Y BMKOHAHHI 3aBAaHb, iHILiaTMBHICTb Yy MOLWYKY PO3B'A3KiIB,
34aTHICTb A0 KOMaHAHOI pob0TH, opieHTauia aitei 3 OOM o npodeciliHux ynoaobaHb.

PE3YNIbTATU OOCNIAXEHHA

JocniaxKeHHA NiATBEPAXYIOTb, WO BTPaTa NEBHWX HABMYOK Yy NtoAel 3 0cobamMBMMKM OCBITHIMKM noTpebamu (OOIM)
KOMMEHCYETbCA PO3BUTKOM iHWWX YMiHb, LLO AONOMAra€e im [0CAraTM 3HAYHMX YCMiXiB y HaBYaHHi 3a gonomoroto STEM-
TexHosorin. Lle, y cBoto Yepry, NiaBULLYE IXHIO KOHKYPEHTOCNPOMOXKHICTb Ha pUHKY npaui (Yomy STEM-ocsiTa, 2020).

Ha BiamiHy Big, TpaguuiiHoro STEM-nigxoay, STEAM-ocBiTa BKAOYaE enemeHT mucteuTsa (Arts), wo mae ocobavse
3HayeHHA ana gitein 3 O0MN. Came uA iHTErpaLis MUCTELTBA 3 TEXHIYHUMW AucuUnIiHamMKU pobutb STEAM-niaxia epeKkTMBHILNM
ana dopmyBaHHA npodeciliHnx iHTepecis aiten 3 OOI, OCKiNbKM PO3LIMPIOE IXHE YABAEHHA NPO MOX/MBI Npodecii Ha NepeTuHi
TEXHOJOriN | TBOPYOCTI.

3aBAAKM BUKOpPUCTaHHIO 3acobis STEAM-ocBiTH, yuHi 3 OO oTpumytoTb NeBHYy cBoboay Aiit (NOMUAKM He AK NopasKkuy,
a AK 30006yTTA HOBWX 3HaHb, BACHWI BMBGip cnocoby npoBeAeHHsA AOCNIAXKEHb, BNAaCHE MOAENOBAHHA NOYEProBOCTi BUKOHAHHA
3aBAaHb TOWO). BaxkaneBum etanom GpopmyBaHHA MOTUBALLiT € CBIZOMMIA CAMOCTIHUIA BUBIp.
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Llle opHieto nepeBaroto STEAM-OCBITM € PO3BMTOK HAaBWMYOK B3aEMOAii 3 OA4HONITKamMM 4yepes rpynosi 3aBAaHHA
(4-6 ocib). Ha npuKnaai KoonepaTMBHOrO HaBYAHHA, YYHI FOTYHOTLCA A0 rPyrnoBoi pob0TH Yepe3 BUKOHAHHA KOPOTKUX 3aBAaHb B
napax, NoTiM B Ma/iMX rpynax, POTauiiHUX TPiNKaX, i B KiHLi 3arasibHOT B3aEMOZIT 3 YYHAMM YCbOro Knacy.

CTpax nepepg, NomMuaKamu, TUCKOM 3 BOKy BUMTeNs abo OAHOANITKIB, NYGAIMHUMM BUCTYNAaMKN — LLe BUKAUKU 3 AKUMM
CTMKatoTbCA yuHi i 6e3 OOMM. STEAM-ocBiTa fonomarae cTBOpuUTH aTmocdepy chiBnpaui Ta B3aEMHOI NiATPMMKM, WO NiABULLYE
ycniWwHicTb ycix KaTeropin yuHis (Homy STEM-ocBiTa, 2020).

5 cepnHa 2020 poky 6yna cxBaneHa KoHuenuia po3BUTKY NpUMpoaHUYO-MaTeMaTMYHOT ocsiTh (STEAM-ocBiTH), meToto
AKOI € CNPUAHHA EKOHOMIYHOMY 3POCTaHHIO Ta KOHKYPEHTOCNPOMOXKHOCTI YKpaiHu. KoHuenuia cnpamoBaHa Ha MoAepHisaLito
0CBiTH, 3anyyeHHA poboToaaBsLiB i HayKoBLiB, GOPMYyBaHHA KOMMNETEHTHOCTEN ANA BUPIEHHA CyCcninbHUX Npobnem WAAXOM
iHTerpauii npupoaHUYMX HayK, TEXHOOTIN, iHXeHepil Ta maTemaTuku (KoHuenuia, 2020).

Peanisauis KoHuenuii cnpuse:

— BMKOPUCTAHHIO Cy4acHOro obaagHaHHA ¥ iHHOBALLIMHUX TEXHOOTIN B OCBITI;

— po3pobLi HOBITHIX OCBITHIX Nporpam 3 ypaxyBaHHAM noTpeb aitei 3 OOM;

— ¢GopMyBaHHIO HAaBMYOK CAMOOCBITU Ta MiXAUCLMNAIHAPHUX 3B'A3KIB.

3anyuyeHHs pgitein 3 OOMN [0 KONEKTUBHOI B3aemogii noTpebye aoaaTtkoBoi yBarn. OgHaKk Le mae BigbysaTuca 6e3
3aMBOro TUCKY i 060B’A3KOBMX 3aBAaHb. AnA popmyBaHHA NpodeciiHOro iHTepecy A0 iHXKeHepii AUTUHI Cnig AaTU MOXKIMBICTb
BiAYYTM Ue uyepe3 BAAcHMIM AocBig. Halikpawi cnocobu Ans uboro - 3a0XOYEHHS, AEMOHCTpaLia MPUKNagy Ta TaKTOBHA
npono3unLia B3aT y4acTb. 1A NO4aTKOBOro 3a/y4eHHA BaXK/IMBO CTBOPUTU «CUTYaLLito yCRixXy».

Konun gutmHa 3 OO BigyyBae ycnix, we 36inblwye ii MOTMBaL,il0 Ta CAMOYCBiAOM/IEHHS. BaxKAMBO A0ONOMOITU TakKMM
LiTAM 3p03YMITH, W0 BOHW 34aTHI BUKOHYBATW Lie 3aBAaHHA, i TAaKMM YMHOM pOpMyBaTH Ni3HaBaNbHWUI iHTepec. Hagani notpibHo
MOCTYMNOBO YCKAAAHIOBATU AiANbHICTb | HABYUMTU AiTel CNpPUMMaTH Ta BUNPABAATM NOMWJIKWU, AOMYLWEHI Nif YaCc BUKOHAHHSA
3aBAaHb.

Ona wemnakoro BnpoBagKeHHA 3acobie STEAM-ociTM i 3anyyeHHA Aiter 3 OOM [0 KONEKTUMBHOI AifNbHOCTI
BMKOPUCTOBYETHCA METO/, «XBUIbOBUX 3aHYypeHb». Llelt meToa nonarae y Tomy, Wo NPoTArom obmeKeHoro yacy y4Hi BUB4aOTb
KOHKpeTHy Temy B poO3pi3i pi3HMX npegmeTiB. BiH Hewo04aBHO MO4YaB 3acTOCOBYBATMCA B MeAAroriyHin npaktuyi i
BMKOPWUCTOBYETLCA ANA MiKAMCUMNAIHAPHOI iHTerpauii B STEAM-ocBiTi, 0c0611MBO B NOYaTKOBIl WKOAI, Yepe3 A0BroTpusani
NPOEKTU. MeToa A0MNOoMarae 3HATU Hanpyry y AiTel i 3MEeHLWMTM 30BHIWHIN TUCK, 6a3ylouncb Ha 3acafax NCUXOANAAKTUKU.
OcobnusicTio poboTu 3 aitbmu 3 00N B yMmOBaXx iHKNHO3MBHOIO OCBITHLOIO CEPEA0BULLA € PO3YMiIHHSA IXHIX CTPaxiB Ta NepeXunBaHb.
[OunTnHa moke nponycTuTh neplie abo gpyre «3aHypPeHHA», ane 3 YHacoM, 3aLiKaBMUBLINCL, MPUEAHATUCA A0 BUKOHAHHA 3aBAaHb.
MeTopa, nepesnbayae opraHisauito pisHOMNIAHOBOT NPAKTUYHOIT AiSNLHOCTI B MEXKaX KiZIbKOX HaBYaNbHUX aucumniiH. OpraHisauin
«XBUNbOBWX 3aHYPEHb» B YMOBAX OpraHisau,ii iHK/I03MBHOMO OCBITHBOrO CEPe0BULLA BUMAra€E 31aroKeHoi cnisnpawi BuMTenis
NPUPOSHNYO-MATEMATUYHOTO UMKAY. HalKpawwmm BapiaHTom € npoBegeHHA STEAM-oOpieHTOBaHWX 3aHypeHb nig, 4ac
npegMeTHUX TUXKHIB ab0 B pamKax Mo3allKiNbHUX 3axoaiB. 30Kkpema, HoBa yKpaiHCbKa LWKO/MA PEKOMEHAYE OpraHisaito
iHXEHEePHUX TUMKHIB Ta MINKAMCUMNNIHAPHMX FYPTKIB Y NO3aLIKINbHUX 3aKNagax, Wo A03BOJIAE KOXKHOMY OXO4OMY cnpobysaTu
CBOi CU/IM B Pi3HMX HanpaAmMax.

OaHWM i3 NpUKNaAiB TaKoi iHiLiaTMBKM € rypTok «STEAM — A7 BCIX», wo aie Ha 6a3i iHKNO3MBHOMO OCBITHLOrO Xaby
«YepKalaHu». Moro BiggigytoTs 10 giteit 3 ocobamBummM ocBiTHIMM NoTpebamm BiKom Big, 7 40 14 pokis.

Y pamkax gianbHOCTI TypTKa MU 3ZilcCHIOBaNM npodeciiHy opieHTauito y4yHie 3 OOIl, BMKOPUCTOBYHOYM [OCTYMHI
TexHoAOorii Ta 3aCobWu, AKi MOXHA NPUABATU B KOKHOMY irpallKoBOMY MarasuHi. 30kpema, Hamu 6yno po3pobieHo METOAMKM i3
BMKOPUCTAHHAM KOHCTpyKTOpa ZNATOK Ta marHiTHMX KOHCTpyKTopiB (puc. 1, 2). Lle go3Bonua0 Ham cnoHyKaTu y4His 3 00N go
OPUriHANbHUX i HE3BMYHMX cnocobiB oTpumyBaTH HOBY iHPOpPMaLLitD. BUKOPUCTAHHA JaHUX KOHCTPYKTOPIB AOMNOMArae Kpalle
po3suBatM y aiterr 3 OOM pgpibHYy MOTOPUKY, yBary, NOTiKy, Nam'aATb Ta maTemaTuuHi 3aibHocTi. CKnagatoum cxemu 3
KoHcTpyKkTopom ZNATOK, yuHi B irpoBit ¢opmi oTpumytoTb NepLli 6a3oBi 3HAHHA 3 e/IeKTPOHIKM, HABYAKOTbCA YNTATU €/IEKTPOHHI
cxemu Ta 36Mpatn HalnpocTiwi NpucTpoi. Y KomnaekT KoHcTpykTopa ZNATOK BXOAWTb MOCIOHMK, AKMI MICTUTb TEOPETUYHI
NOACHEHHA, NUTAHHA i 3aBgaHHA. OcobAMBO LiHHMM € Te, WO Yy NOCiIBHMKY npeacTaBneHa Hymepauisa agetaner 3 ixHim
306parkeHHAM nopyd (puc. 3). Lie A03BOMAE YYHAM CAaMOCTIMHO MpaLoBaTM 3 KOHCTPYKTOpOM. Taka nobyaosa nocibHuKa
[,03BONAE Kpalle NpaLoBaTh Ta pO3BMBATU CaMOCTIHI HaBUYKKM poboTwu aitam 3 OMM.

ENERTPOHHR
HOMC T TOP

Puc. 1. EneKTpoHHUI KOHCTPyKTOp ZNATOK Puc. 2. MarHiTHUi1 KOHCTPYKTOP
Lepeno: ompumaHo asmopamu. [epeno: ompumaHo asmopamu.
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Puc. 3. 3 nocibHUKa [0 eNeKTPOHHOro KOHCTpyKTopa ZNATOK
LJxcepeno: ompumaHo asmopamu.

Y cxemax BUKOPUCTOBYETbCA Py4YHe, MarHiTHe, CBiT/10Be, BOAHE, 3BYKOBE, €/IeKTPUYHE, @ TAaKOXK CEHCOpPHEe KepyBaHHA.
3ibpaBLIM eNeKTPUYHY CXeMY, YYHi MOXKYTb OTPUMATU aKYCTUYHWM, ONTUYHWUIA abo ENneKkTPUYHWI BUXiAHWK curHan. Bapto
3a3HAYMTM, WO HABiTb CXEMW 3i CXOXMMM Ha3Bamu NoOyAOBaHi HAa OCHOBI PIi3HMX ENEeKTPUYHMX Kin WO [ae 3mory
NPOAEMOHCTPYBATH LUMPOKY PiI3HOMAHITHICTb €1eKTPOHHMX TEXHONOTIN. Y KepiBHULTBI 40 KOXHOI eNeKTPUYHOT CXeEMWU HAaBOAATb
Nnwe oamH cnocib ii cknagaHHA. BogHouac 3aBAAKM BNACHI BUHAXiAAMBOCTI 1 TBOPYOMY MigX0A4Y YUYHI MOXKYTb 3MiHIOBaTU CXEMMU,
36MpaTtH ix iHWKMK cnocobamm abo BUragyBaTh BAcHi LiKaBi BapiaHTU. BUnpobyBaBLUM CXeMY HA LLbOMY KOHCTPYKTOPI, MOXKHa
3ibpaTyh TaKy XK 3i CBOIX AeTanen i 3acTocyBaTy ii B XKUTTI.

3anponoHoBaHwWiA cnocib 3'eaHaHHA AeTanelt € opuriHaibHUM Ta 3abe3nevye WBNAKUIA | edeKTUBHMI pe3ynbTaT b6e3
BMKOPUCTAHHA MaWKW, a TaKOXK NIETKMIN Yy BMKOPUCTaHHA Aitam 3 ALMN Ta ceHCOMOTOpHMMM nopyweHHAMU. O4YeBUAHO, WO
BMKOPUCTaHHA KOHCTpyKTOopa ZNATOK yuyHamM 3 OOM MOK/IMBE TAKOXK i 3 BUKOPUCTaHHAM nporpamyBaHHam Arduino (puc. 4).
AfKe, BUKOHAHHA AOCNIAXKEHb 3 MPOrpamyBaHHSA i3 BUKOPMUCTAHHAM 3acobis STEAM-ocBiTM gonomarae ¢popmyBaTh B Y4YHiB
ANTOPUTMIYHE MUCNEHHSA.

L ST,

Iaaenmee
Topom, extmem,
B e ]

Mueosscreayci
S

Ta dvil wieant npoenIn |

Puc. 4. KoHctpyKkTop ZNATOK (cepis Arduino START)

Lrcepeno: ompumaHo asmopamu.

Mip yac BMKOpUCTaHHA KOHCTpyKkTOopa ZNATOK 3 nporpamyBaHHAM Arduino (moAynb 3 MOMNyAspHOro cCiMercTsa
MiKpOKOHTponepiB AVR, nporpamysaTvt Ha MoBi C ++) TaKOX LL03BONAE PO3BMBATU TBOPYE MUCNEHHA. AKe, CMapTPOHM, NiTaku,
aBTOMObGini, Tenesizopu, NpanbHi MalMHU, XONOAUNBHUKM | HaBiTb Cy4acHi NPacKM MaloTb B CBOEMY CKAaZi MiKPOKOHTPO/IEPH,
AKi KepYTb LLEID CAaMOI TEXHIKOM i 34iMCHIOTb 3B'A30K abo 3 ftoamHo, abo 3 iHWKMK npunagamu. He Kaxkyuu Bxe npo
pobOTOTEXHIKY, KA HEMOXK/IMBA 6€3 MIKPOKOHTPONEPIB.

OTpuMaHi 3HaHHA Npu poboTi i3 KoHCTpyKTopom ZNATOK f0NOMOXKYTb B noganbluomy yyHam 3 OOM y HaB4YaHHI, a B
nepcneKkTMBI MOXKyTb AOMNOMOITU | CTBOPIOBATU HOBI 3pasku poboTiB, NOBYTOBOI TEXHIKM, KOMN'tOTEPiB, CMapPTHOHIB, Npauoun
Y BUCOKOTEXHO/OTYHUX KOMMNaHIAX.

[Onsa rpynoBux 3aHATb i3 BUKOPUCTAHHAM 3acobis STEAM-ocBiTU 3aiiicHIOBaBcA Migbip A4iTen y rpynu, fKi MOXKyTb
edeKTUBHO B3aEMOAINATU, OCKINbKU cepes, HUX Byan y4YHi 3 MOBNEHHEBMMMU NOPYLIEHHAMW. [NA BUPILIEHHA LbOro 3aBAaHHA
KepiBHUK TrypTKa pa3om i3 sioronegom Ta AedeKToNorom po3pobunn cTpaTterito KOMyHiKaLil MiXK AiTbMU Nig Yyac 3aHATb. Taki
3aHATTA 3a3BMYail NoTpebyBanu MNPUCYTHOCTI Kinbkox daxisuis: BuMTens o¢isMkn abo NpuMpogHUYMX HaAyK, noronega Ta
pedekronora. Lle Bumarano iHTerpauii 3HaHb 3 Pi3HUX ranysei, OCKiNIbKM HeobXigHi fK crneujiasbHi 3HaHHA 3 NpeameTy, TakK i
PO3yMiHHA ocobausocTelt poboTn 3 gitbmu 3 OOMN. OpraHizauia 3aHATb y Takomy dopmaTi byna [OLiNbHOW, OCKiNbKM BOHA
nornomarana 3anobirtn nepesaHTaXeHHIo yyHiB 3 OOl maTepiasom, a iHWi YYaCHMKM rpynu MOrIM Hagasath im HeobXxigHy
nigTpUMKy. OCKiIbKM NPOEKTHA AiANbHICTb € OAHUM i3 FON0BHMX Nigxoais y STEAM-0cBITi, BaXKAMBO po3raagath i yepes npusmy
iHK/1II03UBHOI OCBITH.

KepiBHUK rypTKa BUKOHYBaB ponb dacunitaTtopa, AKUA KOOPAMHYBAB AiANbHICTb Ta CMOHYKAB YYaCHWKIB A0
3aCTOCYBaHHA NEBHUX METOAIB i Migxo4iB y gocnigkeHHAxX. Npu ubomy aopocni He BynnM NpAMUMUK KepiBHUKaMK npolecy, a
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BMKOHYBa/IN POJib HACTaBHMKIB. [1icNA BMKOHAHHA 3aBAaHb He OULiHIOBANAcA AiANbHICTb OKPEMMX YYHIB, OCKIZIbKM FONIOBHUM
pe3ynbTaToM 6yB CTBOPEHUIA NPOEKT.

MNpPONOHYEMO KiNbKa pekoMeHAalil, AKi cnpuaTMMyTb eeKTMBHIM opraHisaLii 3aHATb 3a yyacTio giteit 3 OOMN Ta ixHix
6aTbKiB:

— MaKCMMasIbHO YHUKaTM obmekeHb y AifanbHoCTi gitel. OAHaK nepes NOYaTKOM 3aHATTA 060B'A3KOBO MPOBECTU
6ecigy npo npasuia 6e3neky Ta 06roBOPUTH LINAXM BUKOHAHHA 3aBAaHHA UM NPOEKTY;

— CMPUATU aKTUBHIA KOMYHIKauii MiX ydYacHWMKamu, AOMOMaratodm iM pa3om 3HAXo4MTM peanicTUYHi cnocobwu
BMKOHAHHA 3aBAaHb. 330X04yBaTN KONEKTUBHE OBroBOPEHHA, HAaroNI0LWYUM Ha BaXKNNBOCTI BHECKY KOXKHOTO;

— NiZ Yac 3aHATTA AOPOCAi MatoTb BYTM NOpPyY, NIATPMMYBATKU AiTei, BOAHOYAC 3aAMLIALOYM TM NPOCTIP A1 CAMOCTIHOT
LiANbHOCTI. Ba)KNMBO AeMOHCTpYBaTU AOBipY A0 iXHiX pilleHb, He 3HeLUjiHBaTU iXHi AYMKM Ta 34i6HOCTI Ta He HaB'A3yBaTu
BJ1aCHOro 6ayeHHs.

Mg, yac 3aHATL i3 BUKOPUCTAHHAM 3aco6iB STEAM-0OCBITU BaXKIMBO aKLEHTYBaTW yBary Ha CUIbHUX CTOPOHaX KOXHOT
OUTUHWU Ta CTBOPIOBATM YMOBW ANA AOCATHEHHA TaK 3BAHOTO «CTaHy MOTOKy». Llelt TepmiH, po3pobneHuii amepuKaHCbKUit
ncuxonorom Mixaem YuKceHTMIrai, onucye ctaH NOBHOI 30cepeaKeHOCTi Ha 3aBAaHHI, WO CYNPOBOAMKYETLCA BiA4YTTAM CMOKOLO,
33/10BONEHHSA Ta erkocTi. Po6oTa B KONEKTUBI Mig, 4ac TaKUX 3aHATb CNPUAE PO3BUTKY iHTEPECY, KOMYHIKAaTUBHUX Ta iHLUMX M’ AKNX
HaBMYOK. [MapanenbHO BMKOHAHHA IHOMBIAYA/NIbHUX MPOEKTIB i3 BUKOPUCTAHHAM TEXHIYHMX Ta iHXXEHEPHUX IHCTPYMEHTIB, i3
0C06/IMBMM aKLEHTOM Ha 6e3neky, 4OoNOMarae y4yHAM PO3BMBATU BMEBHEHICTb y cobi, Bipy B CBOI CMAM, @ TaKoX 3406yBaTh
HaBMYKM camocTiitHoi pobotn. Kpim Toro, STEAM-ocBiTa CTBOpPIOE cnpuaTanBy atmocdepy B iHK/AO3MBHOMY OCBITHBOMY
cepefioBULLI, A€ YYHi HAaBYAOTbCA MJIaHYBaTM M OpPraHi3oBYBaTW BAACHY AiA/bHICTb, aHaNi3yBaTM Ta CMHTEe3yBaTK iHpopmaLito,
nepesipATV CBOI Pe3y/IbTaTH i, HAMIOIOBHiLLe, PO3BMBATU HABMYKN CAMOOCBITH.

OfHUM i3 edeKTUBHUX HanpsamiB npodeciiHoi opieHTauil B mexax STEAM-nigxogy 6yno BUKOHaHHA HaBYaNAbHMX
NPOEKTIB, 30KpEMa 3i CTBOPEHHA NPOCTOPOBUX iryp i3 MarHiTHUX KOHCTPYKTOPIB. Byayroun pisHi 06’ekTn (ByanHKM, rapaxi gna
irpawKoBmMx aBTOMob6iNiB UM MOAENi CaMUX ABTOMODINIB) i3 e1eMeHTiB KOHCTPYKTOPa, AUTUHA MOXKE BigvyTu cebe apXiTeKTopom
abo byaiBenbHMKom. O6’eaHyOUM MiK cObOtO pi3Hi geTani A4iTM cTBoptotoTb 06'eMHi 3D KOHCTPYKLi, pO3BMBalOYM NMPOCTOPOBE
MWC/IEHHS, TBOPYY YABY Ta TEXHIYHI HAaBMYKK. 3aBAAKM BOYLOBAHOMY MarHiTy eleMeHTU He NoTPibHO CKpinaBaTK Mix coboto, a
[,0CTaTHbO INLLE NiZHECTM iX O4MH A0 04HOrO, Wob BoHM 3'eaHanucA. Takuii BUA, 3'e4HaHHA geTaneit 0cobnMBO aKTyaNbHUI Ans
Aiten 3 auTaumMm LuepebpanbHUM napanivyem.

MNig yac HaBYaHHA Y4YHi CTBOPHOBANWU Pi3Hi reomeTpuuHi dirypu Ta BM3HadaTh ix 06'em. (puc. 5). Mpa 3 MarHiTHUM
KOHCTPYKTOpPOM po3BuBaE y aitelt 3 OOM noriyHe Ta abCcTpakTHE MUCNEHHSA, @ TAKOXK NocKAtoYicTb. Y npoueci rpu 3agisHe 3opose
CNPUIAHATTA, ApiGHA MOTOPMKA, YABA, WO NO3UTUBHO BMNJIMBAE HA iX 3ara/lbHUIN PO3BUTOK.

Puc. 5. Mpuknaau reomeTpuyHMX $iryp Ha OCHOBI MarHiTHOro KOHCTPYKTOpaA
[cepeno: ompumaHo asmopamu.

BarKnMBO TakoxK po3euBaTM y Aitert 3 OOIN ocobucTicHi AKOCTI, eMOLMHNIA iHTENEKT i BMIHHA KepyBaTu CBOIMM
NoYyTTAMWU. BUKOHaHHA [OCAiAKeHb NOACBKOI Ta NPUPOAHOT AifSNIbHOCTI He TibKK Gpopmye CBIiTOrNAA, a 1 CNPUAE PO3YMiHHIO
cebe Ta iHwux. STEAM-ocBiTa OpiEHTOBaHa Ha MOCTiliHE CTBOPEHHSA HOBOrO. Tak, y HaBYa/lbHUX NPOCTOPAaX BUKOPUCTOBYHOTLCA
KOHTEMHEepW, 3aN0BHEHI NPUPOSHUMM MaTepiaNiamMm, TaKUMU K HACIHHA, LMLKW, XKONYAi, KaluTaHKW, a TaKOXK NobyToBI peui, AK-
OT I'YA3MKM, NAACTUAIH, NPULLINKM Ta NAaIMYKM AN MOPO3MBA. 3 LMX MaTepianiB MOXKHA CTBOPIOBATM PiI3HOMAHITHI KOMNO3uL;i,
nopTpetn abo HaBiTb MoAeNi TEXHIKM Ta apXiTeKTYpU. BUKOPUCTAHHA eKOoIoTiYHUX maTepianiB gonomarae ¢popmyBaTu y aiten
noBary 10 HaBKO/IMLUHBOIO cepenosuLLa (puc. 6).

Puc. 6. BUKOPUCTaHHA NPUPOAHUX MaTepianis
[xepeno: ompumaHo aemopamu.
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Ha 3aHATTAX rypTKa TaKoX NPOMNOHYBAN0OCA CTBOPUTU MoAelb COHAYHOI CUCTEMM 3 BUKOPUCTAHHAM Pi3HUX TaKTUAbHUX
maTepianis (puc. 7). Lie 3aBaaHHA cnpaMoBaHe Ha PO3BUTOK NpodecinHoT OpieHTaLLT B raiy3ax KOCMOHABTUKM Ta aBiaLii, @ TaKOX
MOXKe CTUMY/IOBATH iHTepec gitei 3 OMM, HaBiTb, A0 NiTepaTypHOI TBOPYOCTI, HANPUKAAL, HAaNUCaHHA paHTaCTUYHUX TBOPIB.

Mig vac rpu y4Hi roTyloTb BigNOBIA| HA TaKi NUTaHHA:

o Lo Take acTepoign, KOMeTHn, MeTeopu, MeTeopuTn? AK BOHU pyxatoTbca?

o fKi Tina pyxatoTbCsi B KOCMIYHOMY NPOCTOPI, @ AKi 3a/1MLWATbCA HEPYXOMUMM? Y MOXKYTb Ui Tina 6yTHM HepyxoMnmm
BiAHOCHO CoHuA?

o flka TpaeKTopiA pyxy naaHeT?

o fIK nepemillaeTbca KOCMOHABT?

o Hanuwitb abo HamantoiTe GpaHTaCTUYHY iCTOpIlO, NOB'A3aHY 3 KOCMOCOM.

R . A /
e e 4

Puc. 7. CrBopeHHA mopgeni COHAYHOI cuctemu
[epeno: ompumaHo aemopamu.

EKcnepumeHT nokasas, Wwo ans aiteir 3 OOM 0cob6amMBO BaXK/MBO MPUAINATA yBary PO3BUTKY HAaBUYOK CaMOCTIMHOI
po6OTH, OCKINIbKM BOHM YAcTO He MOXKYTb [OBrO KOHLEHTPYBATMCA Ha 3aBAaHHAX. Po3pobneHi meToauuHi pekomeHaauii
BUABUAMUCA ePEKTUBHMMU, 0COBAMBO B TOMY, LLO TaKi 3aBAaHHS BMK/IMKAAW 3aLiKaBNAEHICTb Y AiTei, HaBiTb NPWU CKNAAHOCTI iX
BMKOHaHHSA. ic/iA KOXHOro 3aHATTA 34iMCHIOBABCA aHaNi3, AKMIM AONOMAraBs OLiHUTM eEKTUBHICTb NiAXOAiB, NPUIMOMIB | METOLAB,
LLLO BUKOPUCTOBYBA/INCh MNif, Yac 3aHATb.

Mif Yac camocTiMHOT pobOTHM yUHiB BENMKA YBara NnpuAainanaca npasmabHOMY BUHOPY maTepianis, anropuTmy BUKOHaHHA
3aBAaHb Ta yMiHHIO npautoBati B rpynax. Aitm 3 OOMN BYMauMcA ouiHIOBaTM CBOI 34i6HOCTI, gonNomaratM ofHe OAHOMY Ta
NpPaBUAbHO aHanisysaTn iHpopmaujto. Lle cnpuano He TiNbKM PO3BUTKY MPAKTUYHUX HABWUYOK, ane W NiABULLEHHIO pPiBHA
CaMOOL,iHKM Ta BNEBHEHOCTi Y CBOIX CUAaX.

Ha 3aBepLluanbHOMy eTani BUKOHAHHA NPOEKTIB 4iTW CAMOCTIMHO BUKOHYBAIM 3aBAAHHSA, aHaNi3ytoun pesynbTaTu CBOEI
poboTn. Le po3sonano im ¢opmyBaTM HABMUYKM CaMOCTIMHOIO OLJHIOBAaHHA Ta aHasi3y BWMKOHAHMX 3aBAaHb, PO3yMitoum
BaXK/IMBICTb AKICHOT NiArOTOBKM Ta 3HAYYLLLOCTi BacHOi poboTu.

BWKOHaHHA NpoeKTiB 3acobamm STEAM-0CBITV A,03BOANIIO AITAM 3 iHKAIO3MBHOI rpynu BYUUTUCA NAaHYBaATH, aHaNi3yBaTh
Ta OLiHIOBaTK BNACHY pobOTy, a TaKOXK NPaLoBaTK B KOMaHAI. [JoMalwHi 3aBaaHHA Bynn cCNpAMOBaHi Ha NoAanbliMii PO3BUTOK
NONITEXHIYHMUX HAaBMYOK.

OTKe, NpoBefeHUI NefaroriYyHUin eKcnepumMeHT [03BO/IMB BUABWUTU Taki pesynbtatm Bnavey STEAM-ocBiTM Ha
dopmyBaHHA npodecinHnx opieHTUpIB gitert 3 O0MN:

1. AnHamiKa iHTepecy go STEAM-npodeciii: Ha noyaTky ekcnepumeHTy anwe 2 3 10 gitelt BUABNANM CTIMKUIA iHTepec
0,0 NPUPOAHUYO-MaTEMATUYHUX ANCUMNAIH, HANPWKiHL - 7 3 10.

2. 3MiHM y npoodeciitHMx ynogobaHHax: 6 3 10 aitelt nicns UMKAy 3aHATb No4vanu 3ragysatu npodecii STEAM-ranysi
(iHXKeHep, NporpamicT, KOHCTPYKTOP) cepes baxaHux ans cebe B MaibyTHbOMY.

3. PO3BMTOK KOMMNETEHTHOCTEN, HeobxiaHux ana STEAM-npodeciii:

— NiABULLEHHSA PiBHA CAaMOCTIMHOCTI Y BUPILUEHHI NPaKTUYHUX 3aBAaHb (3 HU3bKOTO A0 cepeaHboroy 7 aiten);
NOKpPALLEHHA HAaBUYOK KOMaHAHOT poboTu (6 AiTelt NoYanu akTUBHO B3AEMOLIATK B rpyni);

— PO3BUTOK KPUTUHYHOTO MUCIEHHSA (34aTHICTb aHanNi3yBaTV MOMU/IKM Ta 3HAXOAUTU aNbTEPHATUBHI LNAAXMU BUPILLEHHSA).

BarknuBo niakpecauntu, Wwo popmysaHHA npodeciinHoi opieHTauil giteit 3 OOMM y Hawomy AoCNiAXKeHH BiabyBanoca He
AK Npame iHpopmyBaHHA Npo npodecii, a Yepes CTBOPEHHA YMOB AR MPAKTUYHOrO 3HAMOMCTBA 3 e/leMEeHTaMM Pi3HUX BUAIB
npodecinHoi gianbHocTi. Nig Yac 3aHATb y rypTky «STEAM — A1A BCIX» gitn manu moxnusictb cnpobysatu cebe B poni:

— iHxXeHepa (npu poboTi 3 KoHcTpyKkTOpom ZNATOK);
— apxiTeKkTopa Ta byaiBenbHMKA (NPU CTBOPEHHI MPOCTOPOBUX KOHCTPYKLN);
— nporpamicta (npu poboTi 3 Arduino);
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— Am3saitHepa (npu poboTi 3 NpMpoaAHUMKM MaTepianamu);

— aCTPOHOMa Ta KOCMIYHOTO iHXeHepa (nig yac ctBopeHHa moaeni CoHAYHOT cuctemu).

Takuii niaxig possonae aitam 3 OOMN Ha BnacHOMy AOCBiAj BiAYyTM NpMBabAMBICTL NEBHMX BUAIB AifNbHOCTI Ta
YCBiZOMMUTM CBOI MOMKAMBOCTI B LMX chepax, Lo € OCHOBOIO 414 NOAANbLIONO NPodeciiHOro CaMoBU3HAYEHHs.

BMCHOBKMW TA MEPCMEKTUBU NOAA/IbLLOIO AOCNIAXKEHHA

Y pamKax pedopmn HOBOi yKpaiHCbKOI WKOAM NUTAaHHA npodecilitHoi opieHTauii aiteir 3 OOMN HabyBae ocobamsoi
aKTyanbHoCTi. BnpoBagkeHHs STEAM-ocBiTH nig yac npodeciliHoi opieHTau,ii aiteli 3 OO0 goseno cBoo epeKTUBHICTb, CPUAIOYM
PO3BUTKY KJ/IIOYOBUX KOMMETEHTHOCTEN, MPAKTUYHUX HABMYOK Ta NiABUWEHHIO MOTMBALii A0 HasyaHHA. [MeparoriyHuni
eKCnepMmeHT NPOLEMOHCTPYBaB MO3UTUBHI 3MiHW: 36inbleHHA iHTepecy Ao STEAM-npodeciit, NOKpaLWeHHA camocCTiliHOCTI,
HaBMYOK KOMaHAHOI pobOTM Ta KPUTUYHOTO MMUCNEHHA. [oCnigyKeHHA MmoKasano, wo npodeciiiHa opieHTauia giteir 3 OON
NoBMHHA 6a3yBaTUCA Ha MPaKTUYHOMY 3HAMOMCTBI 3 pi3HMMK Npodeciamu, WO [03BOAAE M YCBIAOMUTU CBOT MOXK/IMBOCTI.
MepcneKkTMBM NOAANBLUMX AOC/IAMKEHD BKAKOYAOTb YAOCKOHANEHHA CMiBNpaLi MiXK OCBITHIMKW ycTaHOBaMK, poboToaaBUAMM Ta
coujanbHUMK cnyxbamm ana NnonerweHHs J4ocTyny Ao npodopieHTauiiHoi iHdopmauii.

KOH®NIKT IHTEPECIB

ABTOpPM NiATBEPAKYIOTb BiACYTHICTL GiHAHCOBMX, OCOBUCTUX UM iHWMX iHTEPECiB, LLO MOXKYTb PO3rNagatTMcA Ak
NOTEHUiMHMI KOHOAIKT iHTepeciB Woao nybnikauii Liei cTaTTi.

®IHAHCYBAHHA

PoboTa BMKOHaHa 3a BiACYTHOCTI GpiHaHCOBOI NiATPUMKM 3 HOKY ByAb-AKMX OpraHisauii.

AOOCTYNHICTb AAHUX

Lle TeopeTUyHe JOCNIAKEHHA He Nepeabadvae BUKOPUCTAHHA A0AATKOBUX HAabopiB AaHUX.

BMKOPUCTAHHA LUTYYHOTO IHTENEKTY

IHCTPYMEHTM LUTYYHOTO iHTE/IEKTY HE BUKOPUCTOBYBA/IUCb NPW HAMMCAHHI L€l poboTw.
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ABSTRACT

dopmyniosaHHa npobaemu. 3adavi 3 meopii MHOMCUH |
KOMBIHGMOPUKU 4acmo MOM(HA 3ycmpimu Ha odimniadax 3
mamemamuKu 0717 y4yHie cepedHboi ma cmapwoi wkonu. Came
maki 3ada4i sumazarome 8i0 y4YHi8 30CMOCYBAHHA HE MinbKu
meopemuy4Hux 3HaHb, ane U  A02i4HUX  MipKY8aHb  ma
BUKOPUCMAHHA HecmaHOapmHux memodie. OOHUM i3 edheKmuBHUX
memodie 00 poO38’A3yBaHHA MAKUX 30004 € BUKOPUCMAHHA
MOHOMOHHUX IGHYIOHKIE8 MHOMXUH. 30 00MOMO20t0 MOHOMOHHUX
NIGHYIOHKIB YYHI 3MOHYmMb ONMUMAsbLHO po3e8’A3ysamu 3adadi
nesHo2o0 muny Ha npuHyun Aipixae, 3acmocosytodu npu ysomy
docmamHbo npocmi  7102iYHi  MiIPKYBAHHA MNP0 MHOMUHY ma
cmpykmypy ii  MIOMHOMCUH.  30CMOCY8AHHA ~ MOHOMOHHUX
/IGHYIOKI8 MHOMCUH Y 300a4a0X MAMeMamuyHux onimniad € He
Auwe YiKasum 3 movKu 30py nNid2omosKu WKoAapie do onimniadu,
a {0 3 mo4Ku 30py popMysaHHA mamemamu4Hoi KomnemeHmHocmi

y4Hig. Taki 3ada4i crpuslome po3eUMKYy s02i4HO20 ma
abcmpakmHozo MUCAEHHSA, 8MiHHA aHanisysamu,
y3aeaneH08amMu, 6ydysamu mamemamuyHi moderni,

3acmocosysamu 8i0omi memoodu (Hanpuknao, npuHyun Aipixne).
BoHu cmumynolomes y4Hie 00 3acmMocy8aHHA abo  MowyKky
HecmaHAapmHux nioxodie.

Mamepianu i memoodu. ¥ cmammi 8uKopucmosysascs aHasi3
HAYKOBOI Ma HABYAnAbHO-MemMOOU4HOI aimepamypu, 30Kpema,
rnocibHuUKie 018 Ni020mosKu 00 0/1iMMiad 3 MamemMamuKu, d MAKOHC
Memoou meopii MHOXCUH, KOMBiHamopuKu, npuHyun Aipixae.

Pe3zynemamu. Y po6omi HasedeHo 8i0oMocmi 3 meopii MHOMUH
PO MHOMUHY 8CiX MIOMHOMUH OeAKoi MHOMUHU X, MOHOMOHHI
AAHYIOHKU MHOMUH, 008€0eHO MmeepOH(eHHA Mpo MiHiMasnbHe
YUC/I0 MAKUX AAHUIOMCKIE 017 po3bummsa cim’i 8cix miOMHOMCUH
OaHOI MHOMCUHU HO MOHOMOHHI AGHYIOMKU MHOMCUH. HasedeHi
3a0ay4i, AKi Po38’A3ylombCA 3a O0NOMO20K0 ONUCAHO20 MiOX00Y i
MOMCYymb 6ymu 8UKOPUCMAHI HA MamemMamuy4Hux oaimniadax ma
KOHKYpCax pi3Hux pisHis.

BucHoeKku. Memod MOHOMOHHUX AAHUIOMKI8 MHOMUH €
3pYYHUM [HCMPYMEHMOM y p038°A3y8aHHI 30004 MamemMamuyHuxX
onimniad nesHozo muny. [pedcmasseHi pesysabmamu MOMCymo
6ymu suKkopucmaHi 011 nid2omosKu y4yHie 00 mMamemamu4Hux
01iMniad abo KOHKypcie, a makox« 014 nozaubseHo2o 8Us4YeHHs
es1emeHmie meopii MHOXUH Y WKiNbHOMY KypCi MamemamuKu 4yu
nosaknacHiti poéomi.

Formulation of the problem. Problems in set theory and
combinatorics are often found in middle and high school
students at mathematics Olympiads. Such problems require
students to apply not only theoretical knowledge but also logical
reasoning and the use of non-standard methods. One of the
effective methods for solving such problems is the use of
monotonic chains of sets. With the help of monotonic chains,
students can optimally solve problems of a particular type using
the Dirichlet principle while applying fairly simple logical
reasoning about the set and the structure of its subsets. The use
of monotonic chains of sets in Olympiad problems is interesting
from the point of view of preparing students for the Olympiad
and from the point of view of forming students' mathematical
competence. Such problems contribute to the development of
logical and abstract thinking, the ability to analyze, generalize,
build mathematical models, and apply well-known methods (for
example, the Dirichlet principle). They stimulate students to use
or seek out non-standard approaches.

Materials and methods. The article used an analysis of
scientific and educational literature, particularly manuals for
preparing for mathematics Olympiads, as well as methods of set
theory, combinatorics, and the Dirichlet principle.

Results. The paper presents information from set theory
about the set of all subsets of a specific set X, monotone chains
of sets. It proves the statement about the minimal number of
such chains for splitting the family of all subsets of a given set
into monotone chains of sets. The problems are presented and
solved using the described approach. They can be used in
mathematical Olympiads and competitions at various levels.

Conclusions. The method of monotone chains of sets is a
convenient tool for solving Olympiad problems of a specific type.
The presented results can be used to prepare students for
mathematical Olympiads or competitions and for an in-depth
study of the elements of set theory in a school mathematics
course or extracurricular work.
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BCTYN

NoctaHoBKa npob6aemu. OLHMM i3 BAXKAMBUX HANPAMIB Y AiANbHOCTI BYMTENA MAaTEMATUKKM € No3aknacHa poboTa Ta
NiATPUMKa | PO3BMTOK 064apoBaHMX y4HiB. Oco6MBOT yBarM Npu LUpOMY 3aC/yroOBYyE BAOCKOHA/NEHHA NiAX0AiB 40 BUKNAAAHHSA
MaTeMaTUKU TaKMM LUKOJIAPaM, 30Kpema, Mpu MigroToBui iX 40 onimniag 3 matemMaTvKu. [ns uporo BYMTENAM MNOTPIOGHO
po3pobnATM HOBI MigXoAW OO METOAMKM BUKNaZaHHA, PO3B’A3yBaHHA HECTaHAAPTHMX 3a4ad, aHanisyBaTM 3aBAaHHA 3
nonepegHix pPoKiB, a TaKOX BMBYATM MonepesHiii AOCBI4 yyacTi B onimniagax. Po3s’Aa3yBaHHA 33434 MaTeMaTUYHUX ofiMniag,
MOXHa BBaXKaTM BaroMMmM MOKA3HMKOM MaTeMATUYHMUX 34i6HOCTel y4HiB. Y4yacTb B oniMMiagax He nnle BUABAAE LWKOAAPIB 3
HeabuAKMMU MaTeEMATUYHUMM 34i6HOCTAMM, 3 1 cnpuse GOPMYBaHHIO B HUX NOMYHOIO MUC/EHHSA, KPeaTUBHOCTI, CAaMOCTIHOCTI,
YMIHHA nNpauloBaTM B yMOBax 3MaraHHA. Cepef, OCHOBHMX Ljinel MpoBeAEeHHA MaTeMaTUYHMX OANiMMiag BapTo BiA3HAUUTU
PO3BUTOK iHTEpecy A0 MaTeMaTMKM, NiABULLEHHA MAaTEMATUYHOI KyAbTypu Ta iHTENEKTYa/IbHOrO PiBHA YYHIB.

3apayi onimniag 3 mMaTeMaTMKK, 3a3BMYal, BiA3HAYAKOTLCA NiABULLEHOK CKNAAHICTIO, BUMAraloTb HECTaHAAPTHUX
MipKyBaHb, BUKOPUCTaHHA HOBMX NiAX0AiB Ta 0c061MBUX MeToAiB po3B’A3aHHA. Cepes, OCHOBHMX TUNIB ONiMMNIaAHWX 3aBAaHb 3
MaTeMaTMKU MOKHa BUAINWMTM 3aJadi JIOTIYHOrO XapaKTepy (3acTocyBaHHA npuHuUMny [ipixne, meToany iHBapiaHTiB, BMBOpPY
cTpaTerii ycnixy, Komb6iHaTopuku) (BopoHuit, 2008). OgHUM i3 epeKTUBHMX Migxoais [0 pPOo3B’A3yBaHHA TaKUX 3aday €
BMKOPWCTaHHA BNOPALKOBAaHMX MHOXMWH, 30KPEMA, MOHOTOHHMX NaHLLIOXKKIB MHOXWH. PO3rnag Takmx 3agady y paMmkax niaroToBku
00 oniMmniag, NigBuYLLYE MOTMBALLIO A0 BUBYEHHSA NpegMeTy, BUNTb YYHIB BaUMTM MaTEMATUYHI 3aKOHOMIPHOCTI Y HeCTaHA4APTHUX
CUTyaLifxX, a TaKOX PO3BMBAE iHTepecC A0 NPaKTUYHOro 3aCTOCYBaHHA MaTeMaTUKu.

AHani3 aKTyanbHUX AocCAiAXKeHb. 3a4a4i 3 Teopii MHOMKMH | KOMDBIHAaTOPMKM YAaCcTO MOXKHA 3yCTPiTM Ha onimniagax 3
MaTeMaTUKMU A9 YYHIB cepegHboi Ta cTapwoi wkonn (CapaHa, 2011). Po3B’A3yBaHHA TakWX 3afay He /uwWe pPO3BMBAE
MaTemMaTUYHE MUC/IEHHA, a K cnpuae GOpMyBaHHIO K/OYOBOT MaTEMATUYHOI KOMNETEHTHOCTI, WO € BaXK/IMBUM Pe3y/bTaToOM
HaBYaHHA B ymoBax HoBOI yKpaiHCbKOI WKonu (BacunbeBa Ta iH., 2021). MaTemaTMyHa KOMMETEHTHICTb BK/IHOYAE 3HAHHSA,
PO3YMiHHA, BMKOHAHHA, BMKOPUCTAaHHA Ta AYMKY MPO MaTeMaTMKy Ta MATEeMATU4HY AiANbHICTb Y Pi3HMX KOHTEKCTax, Ae
3aCTOCOBYETbCA abo MorKe 3acTocoByBaTMcA MaTemaTvka (Niss & Hojgaard, 2019). 3rigHo 3 (Semenets et al. 2022),
KOMMETEHTHICTb MaTeMaTUYHOI OCBITWU, NepeopieHTALLA 3 MoAeNi TEOPETUYHUX 3HAHb HA MOAE/Ib KOMMNETEHTHOCTI 3yMOB/IOIOTb
HOBITHE HayKOBE NEPEOCMUCIEHHA MiCLLA | POl BHYTPILLHIX pecypciB 0cobucTocTi, AKi 3ab6e3nevyroTb epeKTUBHICTb popMyBaHHA
Ta PO3BUTKY MaTEMATUYHOI KOMMETEHTHOCTI. i MaTemMaTUYHO KOMMETEHTHICTIO MOXKHA PO3YMITM YMIHHA 6auntn Ta
33CTOCOBYBATU MATEMATUKY B PeasibHOMY XUTTi, PO3YMIiTU 3MICT i MeTO4 MaTeMaTU4YHOro MOZAE/OBaHHA, BMiHHA byaysBaTtu
MaTeMaTUYHY MOAENb, SOCNIAKYBATU I METOAAMN MATEMATUKK, IHTepNpPeTyBaTh OTPMMaHI Pe3ynbTaTH, OLiHIOBaTM NOXMBKY
obumncneHb (FTNo6iH Ta iH., 2015). BaxkanBoto ii CKNAA0BOK € NOMYHA KOMMETEHTHICTb — BO/IOAIHHA AeAYKTUBHUM METOAOM
[0BefEeHHs Ta CNPOCTyBaHHA TBEPAKEHD, 3aCTOCYBAHHA MAaTEMATUYHOI Ta JIOFiYHOT CUMBOJIIKM Ha NpaKTuui (F1obiH Ta iH., 2015).

MOHOTOHHI /IaHLLIOXKKM MHOXMH Ta iX 3aCTOCYBaHHA Yy 334a4ax Pi3HOrO PiBHA CKNAAHOCTI pO3rnafanaca B PisHUX
poboTax i3 Teopii MHOXWH, KOMBiHaTopuWKK, Teopil GyHKLiM Towo. Hanpuknag, B8 poboTtax Nelsen & Schmidt (1991), Lehtonen
(2006), Inamdar (2023). baraTo aBTOpiB 3aCTOCOBYBa/IM MOHOTOHHI NAHLIOMKKM MHOMWH Y HAYKOBUX AOCNIAMEHHAX, ane He
OOCNIAXKYBaNM iX 3aCTOCYBaHHA AN PO3B’A3yBaHHI 3a4ay onimniagHoOro Tuny. TakMM 4YMHOM, noTpebye noganblworo
OOCNIAKEHHA MeToAMKa (NPaKTUYHWI | AMAAKTUYHWIA aCneKT) 3aCTOCYBaHHA LMX CTPYKTYP AN PO3B’A3yBaHHA Ta PO3POOKM
oniMmniaHUX 33434 3 MaTEMATUKN.

Merta cTatTi. MeTolo AaHOI CTaTTi € 3acTOCYyBaHHA MOHOTOHHMX NAHUIOMKIB MHOMWH AN pO3B’A3yBaHHI 3agay 3
MaTeMaTMKM NifBULLEHOI CKNAZHOCTI, 30Kpema, 3aZay oniMmniagHoro Tuny. 3ocepesKeHo yBary Ha obrpyHTyBaHHA edeKTUBHOCTI
BMKOPWUCTAHHA TaKMUX CTPYKTYP Y 3aZauyax NOriYHOro TMny, HanpuKAag Takux, WO po3B’A3YIOTbCA i3 3aCTOCYBAaHHAM NPUHLMNY
Lipixne 1 enemeHTiB TEOPii MHOXMH.

METOAM AOCNIAMEHHA

Y npoueci 4ocNiAXKeHHA BUKOPUCTAHO aHai3 HayKOBOI Ta HaBYa/IbHO-METOAMYHOI NiTepaTypu, 30Kpema NocibHUKIB ann
npoBeAeHHA Ta NiAFOTOBKM A0 y4acTi y ofliMniafax 3 MaTeMaTUKM, @ TAaKOXK METOAM TeOPii MHOXMWH, KOMBIHAaTOPUKK, NPUHLMN
Lipixne (Poon & Shiu, 2008). [loBeaeHi TBEpAMKEHHS CYNPOBOAMKYIOTLCA NPWUKAALAMMU, 30KpPEma, i3 3aBAaHb KOHKPETHUX
MaTeEMaTUYHMX OniMniag,.

PE3YNIbTATU AOCNIAKEHHA

1. MHOXK1Ha BCiX NiAMHOXXWUH MHOXWUHU X
Hexait X — cKiHueHHa MHOXMHA, |X| — uncno ii enemenTis, 2% — cim’a Bcix NIAMHOXWH MHOMWHU X, BKAKOYAOUKN
MOPOMKHIO MHOMUHY @ | MHOXUHY X.
Mpuknapg, 1. Hexan X = {1,2,3}. Toai cim’a BCiX NiAMHOXUH MHOXUHN X

2% ={9,{1},{2},{3},{1,2},{2,3}, {1,3}, X}.
3ayBaxumo, wo |X| = 3,[2%| = 8, Tak wo
|2X| = 21X, (1)
PiBHicTb (1) cnpaBAXYeTbCA ANA AO0BINbHOI CKiHYeHHOT MHOXWMHM X. CnpaBai, ¢opmyrouM NiAMHOMKMHY, Byaemo
nepebupaTtv enemeHT MHOXMHU X. JN1A KOXKHOTO efleMeHTa MaEMO ABi MOX/IMBOCTi: BKAKOYATU MOro A0 NiAMHOXUHK abo He
BKKOYATW. 32 KOMBIHATOPHUM NPABUIOM MHOMKEHHA (Semanisinova, 2011) icHytoTb piBHO
2x2x.x2=2"
1X1
Pi3HMUX MIAMHOMXUH MHOXWHK X (BKAtouvatoun @ i X).
3apaua 1. Bicim y4HiB BigBiaytoTh TPM rypTKM (KOXKHUI yyYeHb BiABiaye xoua 6 oauH rypTokK). [loBeaiTb, Wo cepes, HUX €
Xxo4a 6 ABa y4Hi, AKi BiABIAYOTb OAHI i Ti cami rypTKu.
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Po3B’a3aHHA. CiM’A BCiX HEMOPOXKHIX MiAMHOMMUH MHOMUHM BCIX TYpTKiB cknagaetbea 3 23 — 1 = 7 Habopis rypTkis. 3a
npuHyunom fipixne, xoya 6 gBa 3 BOCbMM y4HiB ByayTb MaTu OAMH i TOW Ke Habip rypTkie. Lle byae o3HayaTh, WO Ui y4Hi
BiABIAYIOTb OAHI | Ti cami rypTKu.

2. Po36uTTA cim’i BCIX NiAMHOXWUH MHOXXUHU X HA MOHOTOHHI NaHLIIOXKKU
Hexait Ay, Ay, ..., A — NIAMHONKMHN MHOXMHM X. JTaHLIOKOK MHOXWUH {A1, A5, ..., Ax} € MOHOMOHHUM, AKLWLO
AchZC"'CAk
abo
Ay DA; DDA,
(TYT BKNtOUEHHSA € cTpori).
Mpuknag, 2. Hexan X = {1,2,3}. Toai
{{13,{1,2},{1,2,3}}
— MOHOTOHHMWM NAHLIIO}KOK MHOMXMHU X, OCKiNIbKK
{1} c {1,2} c {1,2,3}.

Habip MOHOTOHHMX NaHLIOXKKIB Ly, L, ..., Ly MHOXWHU X Ha3uBaeTbcst po36ummsam cim’i 8cix mnioMHOMCUH MHOMUHU
X, AKwo:

1)UL, UL, U...ULy =2%;

)LinL;=@,i+j, i,j€ {1,2,..,N}.

Mpuknapg, 3. Hexain X = {1,2,3}. Habip MOHOTOHHMX NaHLIOXKKIB:

Ly = {{1},{1,2},{1,23}},
L, = {{2},{23}},
Ly = {{3},{13}},
€ po36utTam cim’i 2%. [iiicHO, BUKOHYIOTBCA YMOBM:

1)@UL UL, ULy =2%;

2)LinL,=0,L;NL; =0,L,NL; =0.

3agaua 2. YoTupu yuHi BiABIAYIOTL TPU TYPTKM (KOXKHMI yYeHb BigBiaye xoua 6 oaMH rypTokK). [oBeaiTs, Wo cepes, H1X
€ Xxo4a 6 ABa y4Hi A i B, TaKi, W0 BCi r'ypTKM, fAKi BiABIAYE y4eHb A, BiABiAYyE W yyeHb B.

Poss’asanHA. Hexait X = {1,2,3}. Y npuknagi 3 BKkasaHo po36UTTA cim’i MHOXMH 2% Ha TP MOHOTOHHI NaHLIONKKM
Ly, L,, L3. 3a npuHumnom [ipixne (Poon & Shiu, 2008), 3HalayTbcaA xo4a 6 ABa y4Hi, TaKi, Lo Habopwu rypTKiB, SiKi BOHW BiABiAYOTb,
noTpanAloTb A0 OAHOrO MOHOTOHHOIO NAHLOMKKA. [NA UMX YYHIB BUKOHYETbCA TBEPAMKEHHA 3aJadi: BCi NyYpTKM, WO BiABIAYE
OAMH 3 UMX YYHiB, BigBiaye i Apyrui.

HactynHa 3agayva NponoHyBasach y LWOCTOMY i CbOMOMY K/iacax Ha gpyromy eTani BceyKkpaiHCbKOi maTemaTuyHoi
onimniagn y 2000-2001 HaByanbHoMy poui (Nleidypa Ta iH., 2008).

3agaua 3. OaMHaauATb YYHIB BiABIAYtOTL N'ATb rYpPTKIB (y4eHb He 060B’A3KOBO BiABiAYE BCi rypTKK). [oBeaiTb, Wo cepes,
HUX € xo4a 6 ABa yuHi A i B, TaKi, W0 BCi rYpTKK, AKi BiABiAYE y4eHb A, BiaBiaye 11 ydeHb B.

Po3B’a3aHHA. Hexait X = {1,2,3,4,5} — MHOKMHa BCix rypTKis. Cim’a 2% Bcix Habopis rypTKiB mae Take po3buTTa Ha 10
MOHOTOHHUX NAHLIOXKKIB

Ly = {{13,{1,2},{1,2,3},{1,2,3,4}, X},
L, = {{2},{2,3},{2,3,4},{2,345}},
Ly = {{3},{3/4},{34,5},{1,3,4,5}},
L, = {{4},{4,5},{4,51},{4,5,1,2}},
Ls = {{5},{5,1},{5,1,2},{5,1,2,3}},
Le = {{1,3},{1,34}},
L7 = {{1'4}' {1'4r2}}’
LS = {{2,4}, {2'4r5}}’
L9 = {{2!5}! {215r3}}1
Ly = {{3,5},{3,5,1}}.
3a npuHuunom [fipixne, 3HangyTbca xoua 6 ABa y4YHi, Taki, WO Habopwu rypTKiB, SKi BOHM BiABiAYHOTb, MOTPaNAIOTb 40
OHOr0 MOHOTOHHOIO NAHUIOXKKa. A uMx y4HIB BUKOHYETbCA TBEPAMKEHHA 334au4i: BCi rYpPTKM, WO BiABIAYE OAUH 3 LMX Y4HIB,
BigBigye i apyrui.
3apayva 4. [1Baguatb OAMH yyYeHb BigBiAyloTb N'ATb rypTKiB (y4eHb He 060B’A3KOBO BiABiAye BCi rypTKu). [oBeAiTb, Lo
cepef HUX € xo4ua 6 Tpu yuHi A, B i C, Taki, WO BCi T'ypTKuM, AKi BiaBiaye A, BigBiaye 1 B; BCi r'ypTKu, AKi Biasiaye B, Bigsiaye i C.
Po3s’asaHHA. Hexait X = {1,2,3,4,5} — MHOMM1Ha BCix rypTKiB. 3aCTOCYEMO BKa3aHe y po3B’A3aHHi nonepeaHboi 3aaavi
po36uTTA cim’i 2% Ha 10 MOHOTOHHMX NaHLIOKKIB. 3a NpuUHUMMOM [ipixAe, 3HalayTbca xoua 6 TPU YUHi, Taki, Wo Habopu rypTKis,
AKi BOHM BiABiAYytOTb, NOTPANAAOTb 40 OAHOrO MOHOTOHHOIO NIAHLOXKKA. [NA LMX YYHIB BUKOHYETbCA TBEPANKEHHA 3aaui.
3. MiHimanbHe YUCN0 MOHOTOHHUX NAHLIOXKKIB
CMBOAOM [X] NO3HAYMMO LNy YaCTUHY AINCHOTO YMCna X — HalbisbLue Line Ynucno, AKe He nepesuLLye x. Hanpuknag,

[23,54] = 23, [n] = 3, [-7] = —4. Haragaemo Takox, wo C) — BiIHOMH WA KoediLjieHT.

n!
= K-
. - . . ]
Teopema 1. Hexait |X| = d. KoxHe po36uTTa cim’i 2% Ha MOHOTOHHI NaHLIOKKM MICTUTL He MeHLue Cd2 MOHOTOHHUX
NaHLIIOXKKIB.
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Lo Td . o
Q,OBEQ,EHHFI. ﬂ,BI PI3HI [E] elIeMeHTHI NIAMHOXWHN MHOXXWHN X He MOXYTb HasieXXaT 0o4HOMY U TOMY XX MOHOTOHHOMY
d d
NIAHLIOXKKY. AK BiZLOMO 3 KOMBIHAaTOPUKM, BCbOTO € C[ ] [ ]
Teopemy goBeaeHo.

TaKuX I'II,EI,MHO)KVIH OTXKe, YNCNO MOHOTOHHUX l'IaHLI,}O)KKIB He meHuwe C

d
Teopema 2. Hexait | X| = d. IcHye po36uTTa cim’i 2% Ha C[ ] MOHOTOHHI NaHLIOXKKN.
d

Oosegenna. Hexan X = {1,2, ..., d}. 3aysaxumo, wo C&, Cg,...,CU[IZ] — 3pocTaloumnin Habip GIHOMHMX KoedilieHTiB.
MOHOTOHHI NaHWOXKN Ly, Lo, ..., Ly NOYMHAEMO 3 OAHOENEMEHTHUX MHOMMH i Ha KOXHOMY KpoLji po6bUMMO MaKCMMa/bHO
MOK/NBOT AOBXUHU:

Ly ={{1},{1,2},..,{1,2,...,d - 1}, X},
L, ={{2},{2, 3} L {23,..,d = 1}},

Ly ={{d},{d, 1}, .. {d 1,2,..,d — 23}

Y UMX MOHOTOHHWX NaHLOXKaX BiACYTHi Cﬁ - Cé OBOENEMEHTHI NiAMHOMXMHN MHOXWUHM X . Y HAaCTyMHil cepii MOHOTOHHUX
NaHUIOXKKIB KOXKHUIA NaHLIOXKOK CTapTYE 3 Lie He 3a4iaHOI ABOeNEMEHTHOT MHOMXKMHW | Ma€ MAaKCMMA/IbHO MOMK/INBY LO0BXKUHY.
Micns UbOTO 3a/NMWAIOTLCA He 3aAiAHMMM B NOBYA0BAHMX MOHOTOHHMX NaHUpOKKax C3 — (C& —(C3 - Ct})) =C} -3
TpbOXeneMeHTHI MHOXUHU. Byayemo BignosigHy cepito Cd3 - Cﬁ MOHOTOHHMX NAHLIOXKKIB, NOYNHAOUM 3 BiANOBIAHNUX MHOMWH 3
TPbOX enemeHTiB. [licna UbOro KPOKy mMatumemo Cd3 - Cé + Cj - C; + Cé = Cd3 MOHOTOHHUX NAHLIOXKKIB. BCi nigMHOXMHM
2l ["]

MHOXWHM X 6yayTb BUYEpnaHi Ha [ ]—N\y KPOLLi, OCKiNIbKM Habip 6iHOMHMX KoediujieHTiB C ,Cg HE3pOCTaumN.

d
TaKnUM YnMHOM, Nobya0BaHO po3buTTa cim’i 2% Ha C[ ] MOHOTOHHUX /IAHLIOXKKIB. Teopemy foBeAeHO.
I3 nonepegHix Teopem 1-2 cnigye HacTynHe TBEPAXKEHHA.
Hacnigok 1. Hexalt |X| = d. MiHimanbHe 4YMCNO MOHOTOHHMX fAHLIIONKKIB, Ha fAIKE MOXKHa po3butu cim’io 2%,

&
H H
Hanpuknap, npud = 3: C;*' = C3 = 3;npud = 5:C* = CZ = 10.
d
3agaua 5. Hexait d = 3 HaTypanbHe uncno. C[ ] + 1 y4HiB BiABiAyoTb d rypTKiB (KOXEH y4eHb BiaBiaye xo4a 6 oguH
rypTok). [loBeaiTb, WO cepes HUX € ABA Y4HI A i B, TaKi, WO BCi r'ypTKu, AKi BiABiAyE A, Biasiaye i B.

d

Po3g’azaHHa. Hexait X = {1,2,...,d}. PosrnaHemo po3butTa cim’i 2%, ake mictuts C[ ]

npuHumnom fipixne, 3HalgyTbca xoua 6 ABa yuHi, Taki, Wo Habopu rypTKis, AKi BOHW BiABI4YIOTb, NOTPANIAOTL 4O OLHOMO
MOHOTOHHOTO NIAHLLIOMKKA. [ LyX YUHIB BUKOHYETHCA TBEPAKEHHA 3a4aui.

OOPIBHIOE C

MOHOTOHHMX NaHLIOXKKIB. 3a

BMCHOBKMW TA NEPCMEKTUBU NOAANBLUOIO AOCNIAKEHHA

Y ujii cTaTTi A4aHO O3HAYeHHA i JOCAIAXKEHO Po36UTTA ciM'i BCIX MIAMHOMWH CKIHYEHHOI MHOXXWHU X HA MOHOTOHHI
NAHUIOXKKM NiAMHOXWH. JTAaHUIOXKN O4HOTO M TOrO K PO36MTTA HE MICTATb CMiNbHUX NIAMHOXUH. OTPUMAHWUIA pe3ynbTaT npo
MiHIManbHY MOX/MNBY KifIbKiCTb MOHOTOHHMX NAHLLIOXKKIB NiAMHOMXMWH Y pO36UTTI.

O3HaOMNEHHA BYMTENIB, @ Yepe3 HUX i YYHIB, 3 MOHATTAMM cim’T BCiX NiIAMHOMXMH 334aHOI MHOXMHMW, MOHOTOHHOTO
NIAHUIOXKKA NiAMHOXWH, PO36UTTA Cim’T BCiX NiAMHOXWH 334aHOI CKIHYEHHOI MHOXWHU X Ha MOHOTOHHI NaHLIOXKKK, pe3ynbTaTt
NPO MiHIMaNbHY KiIbKiCTb MOHOTOHHMX IAHLLIOMKKIB MiZAMHOMWH Y TAaKOMY PO36UTTi CPUATUME PO3BMTKY MaTeMaTHUYHOI, 30Kpema
TEOPETUKO-MHOXKUHHOT, KOMMNETEHTHOCTI YYHIB cepeHix HaBYaNbHUX 3aKNaAAiB.

Po3rnAHyTi TEOpeTUYHi MOHATTA i OTPMMaHi pe3ynbTaTW 3acTOCOoBAHI ANA YKNafZaHHA | po3B’A3yBaHHA 3agad
MaTEMATUYHMX ONiMNiag, Pi3HOro piBHA.

Mopanbwi AOCNIAMKEHHS MOXKYTb OyTW CNPAMOBAHI Ha MiAPaxXyHOK KiNIbKOCTI pO3bUTTIB 3 MiHIMasbHUM YMC/IOM
MOHOTOHHMX NIAHLIOXKKIB MiAMHOXWH, NiAPaXyHOK YMCaa BCIX MOMAMBUX PO3OUTTIB HA MOHOTOHHI NAHLIIOXKKKM, @ TAKOXK Ha
YKNafaHHA i po3B’A3yBaHHA 33434 MaTeEMATUYHUX ONiMniaj,.

OTpuMaHi pe3ynbTaTM MOXKyTb ByTW BKAOYEHi A0 BMOIPKOBMX KypcCiB ANA CTyAEHTIB-MaTEMATUKIB NeaaroriyHmx
YHiBepcuTeTiB 3 MiAroTOBKM A0 ONiMAiag, 3 MAaTEMaTMKM Pi3HOro PiBHA, YKNaZaHHA Ta po3B’A3yBaHHA 33434 MaTeEMaTUYHUX
osimniaa.

KOH®JIKT IHTEPECIB

ABTOPM MNiATBEPAKYIOTb BiACYTHICTb (iHAHCOBUX, OCOBUCTUX UM iHWMKX IHTEPECIB, WO MOXKYTb PO3rNAfaTUCA fK
NOTEHUiMHMI KOHOAIKT iHTepeciB Wwoao nybnikauii Liei cTaTTi.

®IHAHCYBAHHA

PoboTa BMKOHaHa 3a BigCyTHOCTI GiHAaHCOBOI NiATPMMKM 3 BOKY ByAb-AKMX OpraHisaLin.

AOOCTYNHICTb AAHUX

Lle TeopeTnyHe JOCAiAKEHHA He Nepeabadvae BUKOPUCTaHHA A0AATKOBMX HabopiB 4aHUX.
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ABSTRACT

®opmyntosaHHa npobaemu. CyyacHa mpaHcopmayis
0C8IMHBO20 MNpoyecy aKkmyanizyeana HeobxiOHicmb nowyKy
eheKmuUBHUX piweHb 044  opeaHi3auyii  3miwaHozo ma
ducmaHyiliHoeo  HasyaHHA &8  33CO. [lonpu  wupoke
BUKOPUCMAHHA naamgopm 8ideo3s’asKy (makux sk Zoom, Meet,
Teams), oceimHili npouec y uyugposomy ¢opmami Hepioko
Cynpos8ooHyemMosca 3HUMEHHAM 3any4eHocmi Y4Hie,
o0HomaHimHicmilo  nodayi  mamepiany,  iHpopmayiliHum
nepesaHmMaMceHHAM ma 6paKkom 2HyYKuUx OUOAKMUYHUX piuieHs,
30amHux 8paxogysamu 8iKosi, KozHimueHi ma momueayiliHi
ocobausocmi 3006ysayie 0c8imu cy4acHUX MOKOsiHb. Y makomy
KOHmMeKcmi imepcusHi mexHonoeil, Hacamneped O0onosHeHa
peanvHicms, Marome 3Ha4yHUli nomexuyian 018 nobydosu
8i3yasnbHO  HACUYEHOo20, iHMepakmueHozo U  emouyiliHo
3a1y4eHo020 0C8iMHbO20 cepedosuwya. BodHouac y mexcax
302a16HOI cepedHboi oceimu YKpaiHu HedocmamHbo 00Ci0HeHO
ma memodu4YHO He YHOPMOBAHO MoMausocmi iHmezpayii AR-
KOHmMeHmy 3 naamgopmamu CUHXPOHHOI 83aEMO0ii y cmpykmypi
WKinbHo20 ypoky. Lle cmeoproe 3anum Ha po3pobaeHHa mooened,
AKi 6 3a6e3neyysanu nedazozivyHy YinicHicms MaKoz2o NoeOHAHHA
ma cnpuanu edpekmusHiwomy sukopucmaHHto EdTech y npoyeci
HOBYQHHA.

Memodu ma mamepianu. Y 00cnidxeHHi 8uKopucmaHo
meopemuyHi Memoou, 30KpeMd aHaMi3 HAYyKO80-MemOoOUYHOI,
rcuxosno2o-nedazoeiyHoi nimepamypu 3 nNUMaHe 3miwaHo2o U
ducmaHyiliHo2o Has4aHHA, Yugposoi nedazoziku, a MAaKOHC
nedazoeiyHo20 Au3aliHy 3 ypaxyeaHHAM 8iKkosux ocobausocmeli
MOKOSiH®.

Pe3ynemamu. BuokpemneHo OCHOBHI npobnemu
ducmanyiliHozo 0 3miwaHo2o0 Has4aHHA 6 33CO, 30kpema
3HUXCEHHA yeazu, obmexceHy 6i3yanizayito, nepesaHMaieHHA
KoHmeHmom. Ha ocHosi aHanizy eikosux ocobausocmeli
noKoniHb 3ymepie ma Anepa 06rpyHMOBAHO OoyinbHICMb
iHmeepayii AR-KOHmMeHmMy 8 MNOEOHAHHI 3 naamgopmamu
8i0e038’a3Kky. Po3pobseHo munosy 006ipKy modesneli ypokie 3
imepcusHumMu enemeHmamu, adanmoeaHux 00 npedMemHoi
2any3i, 8iKy y4YHie i popmamy Ha8YAHHS.

BucHoeku. IHmezpauia naamgopm 8ideo3e’asky 3 AR-
KOHMeHMOM Crpusae ni08UUJEHHIO egheKmuBHOCMi KOPOMKUX
oucmaHuyiliHux i 3mMiuaHux ypokKis, 3a6e3ne4vye 3aay4eHHA Y4Hig i
niompumky ix KoeHimusHux nompe6. 3anponoHosaHi modesni ma
Kamanoz  imepcusHux cepsicie moxymes 6Oymu eukopucmaHi
8YUMENAMU AK IHCMPYMEHM OHOBAEHHA YPOKi8. [114 NO8HOUiHHO20
8rposadxHeHHa HeobxioHa yugposa nidcomoska nedazozie ma
iHcmumyyiliHa NidmpumKa imepcusHux nMioxoodie y WKoMAX.

Formulation of the problem. The current transformation of the
educational process has highlighted the need to find effective
solutions for organizing blended and distance learning in
secondary schools. Despite the widespread use of video
conferencing platforms (such as Zoom, Meet, Teams), the
educational process in digital format is often accompanied by a
decrease in student engagement, monotony in the presentation of
material, information overload, and a lack of flexible didactic
solutions capable of taking into account the age, cognitive, and
motivational characteristics of modern generations of students. In
this context, immersive technologies, especially augmented
reality, have significant potential for building a visually rich,
interactive, and emotionally engaging educational environment.
At the same time, within the framework of general secondary
education in Ukraine, the possibilities of integrating AR content
with synchronous interaction platforms into the structure of
school lessons have not been sufficiently researched and
methodologically standardized. This creates a demand for the
development of models that would ensure the pedagogical
integrity of such a combination and contribute to the more
effective use of EdTech in the learning process.

Materials and methods. The study uses theoretical methods,
including analysis of scientific, methodological, psychological, and
pedagogical literature on blended and distance learning, digital
pedagogy, and pedagogical design, taking into account the age
characteristics of different generations.

Results. The main problems of distance and blended learning in
secondary schools have been identified, in particular, reduced
attention, limited visualization, and content overload. Based on an
analysis of the age characteristics of the Zumer and Alpha
generations, the feasibility of integrating AR content in
combination with video communication platforms has been
substantiated. A typical selection of lesson models with immersive
elements has been developed, adapted to the subject area, age of
students, and learning format.

Conclusions. The integration of video communication platforms
with AR content helps to increase the effectiveness of short-
distance and blended lessons, engages students, and supports
their cognitive needs. The proposed models and the catalog of
immersive services can be used by teachers as a tool for updating
lessons. Full implementation requires digital training for teachers
and institutional support for immersive approaches in schools.

KJ/THOYOBI C/IOBA: 3miwaHe HagYyaHHA; OucmaHuiliHa oceima;
302016Ha  cepedHA  oceima;  naAam@opmu  8i0e038’A3KY;
dornosHeHa peasnvHicmes (AR), 8ipmyansHa peasasHicme (VR).

KEYWORDS: blended learning; distance learning; general
secondary education; video conferencing platforms; augmented
reality (AR), virtual reality (VR).
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BCTYN

OcBiTa B YKpaiHi cborogHi nepexunsae o4Hy 3 HaMrAM6LWKMX TpaHchopmauili y cBOild HOBITHIM icTOpIl. Y TakMX ymoBax
3pocna notpeba B iHHOBALMHUX OCBITHIX PilEHHAX, AKI NOEAHYIOTb THYYKiCTb, Bi3yasbHy NpPUBABAMBICTL i TEXHONOrUHY
epeKTUBHICTb. 3MillaHe Ta AUCTaHLiiHe HAaBYaHHSA CTasv He NPOCTO BUMYLLIEHUMU 3aX043aMM, @ JOBrOCTPOKOBMMMU CTpaTEriamu,
o noTpebyoTb HOBOrO NeAaroriYHOro MMCAEHHSA Ta TEXHOIOTYHOTO IHCTPYMEHTapito.

Undposi nnatdopmu, Taki ak Zoom, Google Meet i Microsoft Teams, cTann 3BUYHUMM IHCTPYMEHTAMM CUHXPOHHOT
B3AaEMOLIT MiXK yunTeniem i y4HAMM B 3aKNafax 3aranbHoi cepeaHboi ocBiTh (33CO). BoHM £03BONAIOTL NiATPUMYBATU OCBITHIl
npouec y peasbHoOMy Yaci, 3abe3neyyoum 6a3oBy KOMyHiKaL,ito Ta ynpasBaiHHA ypoKamun. BogHouac BUKAMKK LMdPOBOI OCBITH, A
Came HWU3bKUI piBEHb 3a/ly4EHHA YYHIB, MOHOTOHHICTb B3aEMOLT, iHpOpPMaLiiHe NepeBaHTAXKEHHS BUMaratoTb Binbly rMH6OKMX
OCBITHIiX pilleHb. AKpa3 iMepcuBHI TeXHOOTIT — BipTyasibHa Ta AOMNOBHEHA PeasibHICTb MOXYTb BYTU TUM IHCTPYMEHTOM, AKWUI
MOKe BAOCKOHA/IUTU NPOLLEC HaBYaHHA.

IMmepcuBHI cepefoBULLA 30aTHI He IMLLE Bi3yanisyBaTW abCTPAKTHI NOHATTA, @ 1 3aHYPUTM YUHIB Y HaBYaNbHUMI NpoLec,
AKTUBI3YOUMN KPUTUYHE MUCNEHHSA, AOCNIAHULbKY MOTUBALLiKO Ta 34aTHICTb 40 iIHTEePaKTUBHOI B3aemog,ii. Ocob.11Boi e(peKTUBHOCTI
Taki TexHoorii HabyBatoTb Y opmaTi KOPOTKUX (20—25-XBUNMHHMX) YPOKiB, OpPiEHTOBAHMX Ha cTpaTerii microlearning. MoegHaHHA
i3 nnatdpopmamm Bigeo3B’A3Ky A03BONAE CTBOPUTM HOBY MOAENb OCBITHBOIO A0CBIAY, aAanNTOBaHY 40 KOTHITUBHUX i COLianbHUX
XapaKTEPUCTUK Cy4aCHUX YUYHIB — NOKOiHb 3ymepis i Anbda.

NoctaHoBKa npobnemu. CyyacHa cucTemMa 3aranbHOI cepefHboi OCBiTM YKpaiHM nepebyBae y cTaHi ranbokoi
TpaHchopMmauii, 06ymoBAEHOI AK rN06aNbHUMMN BUKIMKaMU (NAaHAEMIED, BOEHHUMM NOAIAMM, 3MiHAMM B OCBITHIX Napagurmax),
TaK i noTpeboto y 3abe3neyeHHi AKOCTI OCBITU B yMOBaX 3MilIAHOro Ta AMCTaHLiMHOIO HaByaHHA. Y 3B’A3KYy 3 UMM UndpOBI
nnatopmmn ANna CUHXPOHHOT B3aemogaii (Zoom, Google Meet, Microsoft Teams) cTanu 3BUYHUMM iHCTPYMEHTAMM LIKINbHOT
NpakTUKK. NpoTe, NonNpu ix LWMPOKEe BMKOPUCTAHHA, 3a/IMLLAETLCA HMU3KA NeaaroriYyHnx npobnem, nos’a3aHux i3 obmerkeHo
iHTEPaAKTUBHICTIO, 3HUKEHUM PIBHEM MOTMBALLii Y4HIB | BpaKoM 3a/y4eHOCTi A0 HaBYa/IbHOMO NPOLLECY B OH/IalH-CepeaoBULL.

OfZHUM i3 NepCNeKTUBHUX HANPAMIB BUPiLIEHHS 3a3Ha4YeHMX NPobaem € BNPOBaAKEHHA TEXHONOTIN BipTyanbHOI (VR)
Ta AOMNOBHEHOI peanbHOCTi (AR), AIKi CTBOPIOIOTL iIMEPCHBHE, Bi3yaslibHO HacMyeHe OCBITHE cepenoBuwe. OgHaK y neaaroriyHiin
Teopii Ta NpPaKTWLi HEeAOCTaTHbO AOCNIAMKEHO MOMAMBOCTI KOMMAEKCHOI iHTerpauii sigeonnatdopm i3 VR/AR-KOHTEHTOM,
0COBNMBO B KOHTEKCTI KOPOTKMUX (20—25-XBUANHHMX) YPOKIB, WO HAabyBaloTb NOWMPEHHA B yMOBax microlearning Ta 3milaHoro
HaBYaHHA.

BiacyTHicTb uinicHux mopeneit, aki 6 meToguMyHO O6rPYHTOBYBaNWM TaKy iHTerpauito B mexax 33CO, yCKNaaHIE
epeKTBHE BUKOPUCTAHHA UMPPOBUX TEXHONOTIN Y Npoueci HaBYyaHHA. Lie, y CBOIO Yepry, CTPUMYE PO3BUTOK KOMMETEHTHOCTEN
YYHIB, 3HU}KYE MOTMBAL,iO A0 Ni3HABa/IbHOI AiANbHOCTI Ta 06MeXKye peanizaLito NPUHLMMIB NEPCOHANI30BAaHOIO HaBYaHHS.

AKTyanbHIiCTb AOCNIAMKEHHA MoONsrae B HeobxigHOCTi po3pobKM Ta anpobauii OCBiTHIX Moaenel, sAKi NoeaHyTb
MoxKAmnsocTi Zoom/Meet/Teams i3 VR/AR-KOHTEHTOM Y MeXax KOPOTKMUX YPOKiB 3millaHoro ¢popmary, Lo A03BONUTb NiABULLUTY
epeKTMBHICTb HaBYa/JIbHOrO MNpoLEecy, aKTWMBI3yBaTW Mi3HaBasbHY AiANbHICTb Y4YHIB Ta cnpuAaTM GopmyBaHHIO UUPOBUX
KOMMNETEeHTHOCTEW BiANOBIAHO O BUMOT Cy4acHOI OCBITH.

AHani3 akTyanbHUX gocnigKeHb. YNPOAO0BXK OCTaHHIX POKIB y CBITOBil Neaaroriui akTMBHO AOCNIAKYETbCA MOTEHLian
3MilLaHOro Ta AMCTaHLiMHOIO HaBYaHHA fIK BiAMNoBiAb Ha BUKAWMKKM rnobanisauii, umdposisaLii 1M couianbHUX Kpu3. 30Kpema,
naHaemia COVID-19 ctana KaTanisaTopom nepexony A0 HOBUX MoAesiei opraHisauii HaB4asbHOrO npoLlecy, y fAKUX undposi
nNaTGopmMmn CUHXPOHHOI B3aemogii (Zoom, Google Meet, Microsoft Teams ToWLO) CTann He AuWe iIHCTPYMEHTOM 3B’A3KY, a
OCHOBOIO ANA NepeocmucneHHa Gopm i meToaiB HaBYaHHSA (Bozkurt et al., 2020; Van Nuland et al., 2020).

OfHMM i3 K/TIOYOBUX HAMPAMIB Cy4acHUX A0CNiAKEHb € NOEQHAHHA iHCTpymeHTiB EdTech i3 imepcnBHUMM TexHOOTIAMM
— ponosHeHoto (AR), BipTyanbHoto (VR), 3miwaHoto (MR) Ta po3wmnpeHoto peansHicTio (XR). loBeaeHo, WO TaKi TEXHONOrii CyTTEBO
BMN/MBAlOTb Ha Mi3HaBa/IbHY aKTWUBHICTb, PO3YMIHHA CKNaAHMUX KOHUEenNTiB, $OpMyBaHHA HABMYOK KPUTUYHOTO MUCAEHHA I
PO3BUTOK AOCNIAHULBKMX YMiHb y4HiB (Kavanagh et al., 2017).

Ha eBponeicbKomy piBHi 0cobavBy yBary npuaineHo unmdposMM KomneTeHTHOCTAM neparoris. Pamka DigCompEdu
(Redecker, 2017) Bu3Hauyae HeObBXiAHICTb PO3BMTKY TaKMX YMiHb, AK iHTerpauia UMPPOBOro KOHTEHTY, CTBOPEHHSA
NepcoHaNi3oBaHOro OCBITHbOrO CePesoBULLA, BUKOPUCTAHHA TEXHONONIA ANA B3AEMOAII, OLIHIOBAHHA 1 MiATPUMKM y4yHiB. Lle
0Cc06/1MBO BaXK/AMBO B yMOBaXx BnposagKeHHsA VR/AR, OCKiNbKM epeKTUBHICTb IX BUKOPUCTAHHSA 3a1€XKNUTb He /IMLLE Bif TEXHIYHOI
[OCTYNHOCTI, a 1 BiA, piBHA METOAMYHOI FOTOBHOCTI BUMTENA.

Y KOHTeKCTi YKpaiHM NUTaHHA BUKOPUCTaHHA iIMepPCMBHMX TEXHOIOTI B OCBITI po3raaganuca B pobotax (/IuTeMHoBa Ta
iH., 2024), aKki 3anponoHyBanM METOAMYHI Niaxoau A0 BnpoBaAa)KeHHA XR y 3millaHOMy HaByaHHi. BogHouyac aBTOpu
nigKpecnoTb GparmeHTapHicTb NpakTMKM VR/AR B yKpaiHCbKMX WKOMAX, 0BMeKeHuin foctyn Ao obnafHaHHSA, BiACYTHICTb
CUCTEMHMX NPOrpam NifroToBKM BUMTENIB | NOTPEbY B pO3p0obL,i CLLeHapiiB KOPOTKMX YPOKiB Ha OCHOBI iIMEPCMBHOIO KOHTEHTY.

MuTaHHA BiKoBUX 0cobMBOCTEN CydacHUX 3406yBadiB ocBiTM — 3ymepis (Gen Z) Ta Anbda (Gen Alpha) — Bce yacTiwe
PO3rNAAAETbCA B KOHTEKCTI MPOEKTyBaHHA OCBITHIX TexHonorin. JocniaHnkn (Twenge, 2017; Prensky, 2001) aKkueHTYyOTb Ha
notpebi afanTyBaTU OCBITHIM KOHTEHT 4,0 NOKOAiHb, WO 3BUKAM A0 Bidyasi3auii, MUTTEBOro 3BOPOTHOTO 3B’A3KY, MepcoHanisauii
Ta revmidikauii.
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TakMM YMHOM, aKTyasibHi HayKoBi Axepena ¢iKCylOTb BUCOKUI MOTEHLian iMepPCUBHUX TEXHOJOFIN ANA 3MillaHOro
HaBYaHHA, O4HAK BOAHOYAC OKpeC/tooTh NoTpeby B megaroriyHmMx mogensx, ski 6 iHterpysanm VR/AR 3 yxke anpobosaHvmu
undpoBMMK NaaTGopmamm CUHXPOHHOT B3aEMOLIT, 30Kpema B CTPYKTYpPi KOPOTKUx (20—25 xB) ypokKis.

Merta cratTi. TeopeTMyHO OBI'PyHTYBATU 3aNPOMOHOBAHI MoAeNi YPOKiB 3MillaHOro Ta AMUCTaHLiiHOro dopmarty, Lo
nepenbayatoTb iHTerpauito uupposmx nnatdhopm Biaeoss’asky (Zoom, Google Meet, Microsoft Teams) 3 AR-KOHTEHTOM y NpoLec
HaBYaHHA B 3aK/J1aax 3ara/ibHOI cepefHbOi OCBITM 3 METOO NiABULLEHHA MOTUBALLiT, 3a/1y4EHOCTi YYHIB Ta AKOCTi 3aCBOEHHA HUMU
HaBYanbHOro matepiany. [locnigKeHHA cNpAMOBaHe Ha BM3HAYEHHA ANAAKTUYHUX MepeBar TaKoro NOEAHAHHA, OKpPeC/NeHHA
6ap’epiB Moro peanisadii Ta CTBOPEHHA IHCTPYMEHTapIo ANA NiATPUMKM BYUMTeNiB y Aobopi umdpoBux pileHsb.

METOAM AOCNIAMEHHA

OnA poCATHEHHA MeTW [OCNIAMEHHA BMKOPUCTAHO 3arajibHOHAyKOBi Ta emnipuyHi metoau. Mepw 3a Bce, byno
34iACHEHO TEOPETUYHUI aHANI3 HAYKOBO-METOAMYHOI, NCUXOIOro-NeAaroriyHol Ta cnewianisoBaHol NiTepaTypu, WO CTOCYETbCA
NWUTaHb 3MiLLAHOIo HaBYaHHA, BUKOPUCTaHHA naaTdopm Biaeo3s’asky (Zoom, Google Meet, Microsoft Teams) Ta BNpoBagKeHHA
VR/AR-TexHosnoriii B OCBiTHIA npouec. Lleit eTan nepenbayaB TaKoX CUCTEMATM3aLLt0 Ta y3arasbHeHHs HayKoBMX akTis,
KOHLEenNUil i 3aKoOHOMIpHOCTeM, NOB’A3aHUX i3 Z40CNiAKYBaHOK NpobaemaTUKoLo.

Kpim Toro, 6yno nposeseHo ornag i NOpiBHANbHWUIA aHaNi3 BITYU3HAHOMO Ta MiXKHAPOAHOIO AOCBiAY BNPOBAaAMKEHHA
uUMPPOBUX OCBITHIX TEXHOJOTIN Y 3aKNa4ax 3ara/bHOI cepeaHboi OCBITH, 3 0COB/IMBOIO YBAroto 40 MOAE/eN YPOoKiB Ta iHTerpau,ii
iMepCMBHOro KOHTEHTY Y dopmaTax AMCTAHLMHOIO Ta 3MiLLAHOTO HaBYaHHA.

PE3Y/IbTATU JOCAIAMKEHHS

3MmiWwaHe Ta AUCTaHLiMHE HAaBYAHHA CTANN HEBIA' EMHUMUK eneMeHTaMu TpaHcOopPMaLLl OCBITHLOrO NpoLecy B yMoBax
unodpoBoi enoxu. AKWO 3miwaHe HaByaHHA (blended learning) nepeabavae iHTerpauilo TpaaWUiAHOrO OYHOrO HaBYaHHSA 3
undpoBMMHU GOpPMaTaMU — CUHXPOHHUMM Ta ACUHXPOHHWMM, TO AUCTAHLLIMHE HAaBYAHHA peasnisyeTbCcA NepeBaxHo B Ludposomy
cepenoBuLi 1 noTpebye we 6inblwoi yBarn A0 3py4HOCTI, BidyasbHOI NiATPUMKM, iIHTEPAKTUBHOCTI 1 3any4YeHHs ydHiB. Obuasi
MoZeni [03BOMIATL THYYKO aAanTyBaTW OCBITHIM npouec Ao noTpeb 3406yBadviB OCBITM, CNPUAIOTL PO3BUTKY UMdpoBOT
rPaMOTHOCTi, aBTOHOMHOCTI Y4HiB i MepcoHanisauji HaBYa/bHOTO KOHTEHTY. IX LUMPOKe BMNPOBaZXeHHA CTano 0cobanBo
aKTyasibHUM nig Yac naHaemii COVID-19, a HMHI B ymoBax BiiHW, penoKalLii WKin i cTanoro nepexoay 4o mogeni «Hosa yKkpaiHcbKa
LIKONa».

IHCTpyMeHTamMu, AKi 3abe3neyyoTb KOMYHiKaLito B ymoBax 060x popmaris, cTanu naatdpopmm a4nA Bigeo3s’asky —Zoom,
Google Meet, Microsoft Teams Ta iHLWi. MopiBHANbHWI aHaNi3 uUX NNaTGOPM 3a Pi3HUMM KPUTEPIAMM HaBeLEeHO B poboTi (MaiTaH,
2022). BoHM peanisytoTb GyHKLiIO CMHXPOHHOI B3aEMOZIi: NPOBEeAEHHA YPOKIB, KOHCY/bTaLii, MiHineKuild, poboTn B rpynax Ta
OL|iHIOBaHHA B peXMMi peanbHoro yacy. OgHaK y poboTi 3 uMmu nnatdopmamm BUHUKAE HM3KA NeparoriyHmx npobnem (Van
Nuland et al., 2020), 30Kpema: 3HWKEHHA KOHLLeHTpaLii yBarM y4HiB, obMeKeHicTb y 3acobax Bidyanisalii, MOHOTOHHICTb
B3aEMOAi, NepeBaHTaXKeHHA KOHTEHTOM. Lle CnoHyKae A0 NOLWyKy iHHOBALIMHWMX NiaxoAis, AKi 6 KomneHcyBann obMeKeHHn
TPagmLiiHMX LMdpoBMX NAaTOPM i CTBOPHOBANN YMOB AN aKTUBHOTO, OCMUCNEHOTO i eMOLLIMHO 3a/ly4eHOro HaBYaHHSA.

Lli BUKAMKM 0cOBIMBO aKTyasIbHI B KOHTEKCTiI Cy4acHOro NoKOiHHA 34,00yBayiB OCBITU, @ came giTei NoKoNiHHA Anbda
(Generation Alpha), aki cborogHi nepeBaatoTb y NOYATKOBIN | cepeHilt WKoni. BogHoyac cTapwoknacHMkM (yuHi 9—11 knacis)
HaneXaTb NepeBa)kHO A0 NOKONiIHHA 3ymepiB. O6MABI BIKOBI rpynu AEMOHCTPYIOTb BUCOKMIA piBeHb LMdPOBOI rpamoTHOCTI,
KPUTUYHE MUCNEHHA WOoA[0 iHGOPMALMHOrO KOHTEHTY Ta O4YiKyHTb Bif, OCBITHbOTrO NPOLECY THYYKOCTI, iHTEepPaKTUBHOCTI I
nepcoHanisakii.

Ona 3ymepiB (Twenge, 2017) xapakTepHe 3BMKaHHA A0 MWUTTEBOrO AOCTyny A0 iHPopmauii, HagaHHA nepesarun
BisyasibHUM popmaTam (Bigeo, iHporpadiui, AMHAMIYHOMY KOHTEHTY). BoAgHOYAC BOHW NparHyTb CAMOCTIAHOCTI, CEHCOTBOPEHHS
Ta iaeHTUdikauii cebe B HaB4anbHOMY npoLieci. IM BaXkNMBO 6aUNTV NPAKTUUHY LiHHICTb HaBYaHHA, 6PaTU y4acTb y NPOEKTHNX Ta
KpeaTnBHUX popmax B3aeMoii, a He ByTV nLe NACMBHUMM CNOXKMBAYAMM 3HAHD.

MokoniHHA Anbda, AKe 3pocTae B We binbWw HacMyeHoMmy UMPOBOMY CepefoBWULLi, MOPIBHAHO 3 nonepegHim,
Bif3HAYAETbCA BWCOKOK 3AATHICTIO [0 OAHOYACHOTO BWMKOPWUCTAHHA KiZIbKOX MPUCTPOIB, 3BUYKOK [0 reimidikoBaHoro
CNiNKyBaHHA Ta B3aEMOAIT Yepes BipTyanbHi cepeaosuwa. Lli A4iTm He NpocTo BON0OAIOTb TEXHONOTAMM — BOHW CNPUAMAIOTD iX AK
npupoaHe NPOJOBXKEHHA CBOEI NisHaBanbHOI gianbHocTi (McCrindle & Fell, 2021). Ons Hux BaxknuBo, W06 HaBYyaHHA Byno
CXOMM Ha B3AEMOALi0 3 yNt0BNEeHMMM 3acTOCYHKamu abo cepefoBMLLAMM: KOPOTKI LMKAW 3BOPOTHOrO 3B'A3KYy, ACKpaBa
Bi3yani3auisf, enemeHT HecnoaiBaHKW, MOXK/AMBICTb MepcoHanizyBaTM WAAX [0 pe3ynbtaty. Kpim Toro, Anbda MNOKOMiHHA
BMPI3HAETbCA MEHLLOIO CTiMKICTIO A0 OAHOMAHITHOTO KOHTEHTY, TOMY BUMarae 6inbLuoi BapiaTUBHOCTI B OCBITHBOMY AW3aliHI.

BpaxyBaHHA 0c06/1MBOCTEN BULLE3a3HAYEHMX NOKONiIHb BUMArae NepeocMUCNeHHA NeaaroriYyHoro gu3anHy ypoky: Big
OZHOMAHITHOIO NOAAHHA 3HaHb A0 AMHAMIYHOT MOoZeni 3aHYPEHHs, B AKIM y4eHb — He CnocTepiray, a y4acHuK npouecy. Y ubomy
KOHTEKCTi 0cOb6MBOI aKTyaNIbHOCTi HabyBalOTb iIMEPCUBHI TEXHOOTII, AKi A,03BONAOTL NOOYAYBaTM OCBITHE CcepeaoBULLE, 3a4aTHE
33/10BO/IbHUTU KOTHITUBHI 1 @MOLLiliHI 3anNnTU CYyHaCHWUX YUHIB.

OAHMM i3 TaKMX Niaxoais € BUKOpUcTaHHA VR (BipTyanbHOI peanbHocTi) Ta AR (4,0N0OBHEHOT peanbHOCTI), Wo peanisytoTb
NPUHLMN 3aHYPEHHA YYHA Y 3moaenboBaHe undpose cepegosulue. Lle cepesosuiie moxe byTu AK NoBHICTIO BipTyanbHUM (y VR),
TaK i 3miwaHMm 3 peanbHictio (y AR), WO /[03BOAAE CTBOPHOBATU PeanicTUYHi OCBITHI CMTyauii, NPoBOAMTU BipTyasbHi
eKCNepuMeHTH, BMBYATU NPOCTOPOBi 06'eKTN abo peKoHCTpyoBaTH icTOpMYHI nogii. Taki dopmatn ocobanBo epekTUBHI ana
KOPOTKMX YPOKiB, OPIEHTOBAHUX Ha cTpaTerii microlearning — nogayy HaB4YasIbHOrO 3MIiCTy B KOMMAKTHUX, LiliCHUX dparmeHTax,
AKi Ierko 3aCBOIOOTLCA, CTUMYIOIOTb aKTUBHE MUC/IEHHA 11 J,03BONAIOTL YTPMMATK yBary 3406yBaya OCBiTH.

IMepCHBHI TEXHONOTIi NOAINAOTLCA Ha Kilbka OCHOBHUX TUMIB: BipTyanbHa peanbHicTb (VR), AonoBHeHa peanbHicTb (AR),
3MmillaHa peanbHictb (MR), poswmpeHa peanbHicTb (XR), 360-rpagycHi Biaeo, ronorpadiyHe MoaentoBaHHA, TENENPUCYTHICTb i
TaKTUNbHA B3aemogia (haptics). KoxHa 3 uUMX TEXHONOriM MaE AUAAKTUYHWIA MOTeHUian Ana NiaBUWEHHA epeKTUBHOCTI
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OMCTaHLiMHOMo Ta 3MillaHOro HaByaHHA. VR dopmye BipTyanbHi CBiTH, Y AKUX YUHi MOXKYTb B3aemoaiati 3 3D-o6'ektamn abo
npouecamu; AR Haknagae unodpoBsi Wwapn Ha 306pakeHHsA peasbHOro CBITy, WO A03BOMAE YYHAM BMKOHYBATU 3aBAAHHA Y
BJIaCHOMY Qi3UYHOMY OTOYEHHI 3 LMPPOBMMM NifKa3ZKaMM.

Binbw AeTanbHO NOTEHUjian BUKOPUCTAHHA iIMEPCUMBHMX TEXHOJOMN Yy MeXKax 3MmiwaHoro HasyaHHA B 33CO
NpPoaHani3oBaHO Yy METOAUYHUX PeKoMeHAauiax «BUKOPUCTAHHA iIMEPCUBHUX TEXHONOTN BYMTENAMM Yy NpoLueci 3milaHoro
HaBYaHHA B 3aK/a4ax 3aranbHOI cepeaHboi ocBiTW» (/IuTBMHOBA Ta iH., 2024). ABTOpamM 34iACHEHO TEOPETUYHE Ta METOANYHE
06rpyHTyBaHHA VR/AR-pilweHb B OCBITi, NpeacTasieHo npuknaamn naatdopm (AR Book, Blippar, ARTutor, 360-rpagycHe Bifeo) Ta
CLeHapiiB BUKOPUCTAHHA IMEPCMBHOMO KOHTEHTY, aanToOBaHMX 4,0 YMOB KOPOTKMUX 3MilLaHUX YPOKiB. HaronoweHo Ha AOUiNIbHOCTI
BNPOBAKEHHSA IMEPCMBHUX TEXHONOrN y MoeaHaHHi i3 nnatpopmamm Zoom/Meet/Teams Ta MigKPeCNOOTb BaX/MBICTb
NifAroToBKM BUMTENIB 40 POBOTM 3 TAKUM KOHTEHTOM.

MoTpi6HO 3a3HAYUTH, WO A1A YKPATHCBKOrO CyCMiNbCTBa BNPOBAAMEHHA IMEPCUMBHUX TeXHOJOriM, 6esnepeyHo Mae
nepcneKkTUBHUIA NOTeHLian — 0CO6/MBO B KOHTEKCTi OHOBNEHHA GOPM HaBYaHHA, MiABULLEHHA 3a7y4eHOCTI YYHIB | CTBOPEHHA
HOBWUX MOZeNel 3MiLLaHOTO YM AUCTAHLiAHOIO HaBY4aHHA. OAHaK Ha NPaKTULI 3acToCcyBaHHA VR 3a1MWLAETLCA pajlue BUHATKOM,
a He CTasiol0 0CBiTHLOI Hopmoto (https://mon.gov.ua/news/ukrainski-uchni-testuyut-navchannya-za-dopomogoyu-virtualnoi-ta-
dopovnenoi-realnostey). Lie 3ymOBNE€HO HM3KOK OB6’EKTUBHUX UMHHWKIB: HEPIBHOMIPHMM 3abe3neyeHHAM TeXHIYHUMMU
pecypcamu, obMeKeHMM A0CTYyNnoM A0 06nafHaHHA B yMOBaX BiliHM, BiACYTHICTIO CMCTEMHOI NiAFOTOBKM Neaaroris Ao poboTu 3
VR-KOHTEHTOM, a TaKOX HErOTOBHICTIO HiNIbLIOCTI WKiN A0 MaclTabHOro nepexoay Ha iHHOBALiMHI ULMPPOBI pieHHA. Tomy xo4a
VR-TeXHONOTii NPOAOBXKYIOTb aKTUBHO LOCAIAKYBATUCb Y KOHTEKCTI Cy4acHOI UMdpoBOi negaroriku M 4eMOHCTPYHOTb 3HAYHUI
noTeHLian ana Bisyanisauii 3HaHb | MOAENOBAHHA OCBITHbOrO cepefoBMLLLA, YKPATHCbKUIN KOHTEKCT BU3HAYAE iX BUKOPUCTAHHA AK
TOYKOBY, €KCMEePMMEHTANIbHY MPAKTUKY, WO NOoTpebye [0AATKOBOI iHCTUTYLIMHOI, MeToAMYHOI i piHAHCOBOI MIATPUMKK AnA
LIMPOKOMACLUTaBHOro BNPOBaAKEHHA.

3anpoBaAKeHHA imepcuBHUX GOPMATIB HaBYAHHA BMMArae He JiMlie TeXHIYHOro 3abe3neyeHHsd, a M HaABHOCTI Yy
BYMTEIB BiANOBIAHOrO KOMNETEHTHICHOrO NoTeHLiany, To6To cpopmoBaHUX ULNMGPOBUX, METOAUYHUX | peDNEKCUBHUX YMiHb ANA
epeKTMBHOro 3acTOCyBaHHA TEXHO/IOTIM B OCBITHbOMY npoueci. MpoBigHi ocBiTHI moaeni, 3o0kpema DigCompEdu (Redecker, 2017):

34aTHicTb A0 fo6opy, aganTauii Ta CTBOPEHHA LUPPOBOro KOHTEHTY;
— opraHisauis uMbpPOBOro OCBITHLOTO cepeaoBuLLa;
aKTMBHE BUKOPUCTaHHA LMPPOBUX TEXHOAOTIN ANA B3aEMOZIi 3 YYHAMM, OLiHIOBAHHA Ta HA4AHHA 3BOPOTHOTO 3B'A3KY;

— PO3BUTOK LMPPOBOI rPaMOTHOCTI B YUHIB.

Kpim TexHiyHOT 06i3HaHOCTi, negaror mae iHTerpyBaTH iMepPCUBHI TEXHOOTII y NefarorivyHi cueHapii — BignoBigAHO A0
MeTV YPOKY, BIKOBMX 0COBIMBOCTEN YUHIB | HAABHUX pecypciB. MaeTbca He MLLEe NPO KOPUCTYBaHHA NnaTdopmamm (Hanpuknag,
Delightex, ClassVR, Merge EDU), a 4 npo nepeocMmCcieHHa BAacHOI Posii y LdpoBOMY Knaci: 3 TpaHCAATOPA 3HaHb — Ha KypaTopa
1 moZepaTopa A0CNIAHUUBKOT AiANbHOCTI YYHIB. BogHOYAC, fIK CBiAYaTb CyyacHi gocniaxkeHHa (Janssen et al., 2023; OECD, 2022),
HeAoCTaTHIM piBeHb LMGPOBOI NIATOTOBKM 3a/ULWAETbCA OAHMM i3 TONOBHUX Gap’epiB ANA BNPOBAAMKEHHS iHHOBALMHMX
TEeXHOJ0rin B 0CBiTi. OCOH6MBO Lie CTOCYETLCA NeAaroriB i3 BEIMKUM CTaXKeM, AKi MatoTb 0bmeXKkeHul focBig poboTtn B umdposomy
cepefoBuLLi. TOMy NUTaHHA LifiecnpaMoBaHoi, 6araTopiBHEBOI NiArOTOBKM BUMTENIB 40 iIMEPCUBHOIO HaBYaHHSA € CTPATEriyHUm
3aBAaHHAM OCBITHbOI NONITMKMK. MiaroToBKa neaaroris 40 ebeKTUBHOro BUKOpUCTaHHA VR/AR mae Bigbysatunca B mexax LinicHUX
mozenei npodecitHoro po3BUTKY, AKI NOEAHYIOTb HaBYAHHSA, NPAKTUKY, pedaeKcito Ta NiATPUMKY.

EdektmBHe onaHysaHHA VR/AR-TexHONOrIN negaroramm € HEMOXIUBUM 6e3 X aKTUBHOMO 3a/lyYeHHA 40 MPAKTUYHOI
OiANbHOCTI, WO BiAMNOBIAAE MPMHLMNAM KOHUENLUii «HaB4aHHA 4epe3 aoceia» (experiential learning). Y ubomy KOHTEKCTI
OOUINbHUM € BNPOBaAXKEHHA TakuxX Gopm nNpodeciiHoro po3BUTKY, AK iIHTEPAKTUBHI TPEHIHIM, XaKaTOHW, MPAKTUKOOPIEHTOBAHI
BOPKLWOMM 3 po3pobneHHa VR-cueHapiis, a TakoxK rerimidikoBaHi Kypcu, WO BKAOYAIOTL €N1eMeHTU AOMNOBHEHO! peanbHOCTi.
3anyyeHHA negarorie A0 CTBOPEHHA BAACHUX AMAAKTUYHMX VR/AR-MPOAYKTIB CNpUAE rIMBWOMY PO3YMIHHIO METOAUYHMX
MOK/IMBOCTEN TEXHOJIOTiN Ta POPMYE BHYTPILLIHIO MOTUBALLiHO A,0 iX NOAANbLIOrO BUKOPUCTAHHS B OCBITHBOMY NPOLECI.

BaxKnMBMM KOMMNOHEHTOM NiATPUMKM NPOdECIMHOrO 3pOCTaHHA € CTBOPEHHA YMOB A1 TOPU3OHTA/IbHOTO HaBYaHHA.
30Kpema, haetbcs nNpo GopmyBaHHA MepeK OCBITHIX XabiB, OHNAMH-CNINLHOT i NPodecitHUX TPpyn, Y MeXax AKUX neaarorun
MOXYTb 06MiHIOBATMCA YCNILWHMMM Keicamu, CLEeHapisMK YPOKiB, AMAAKTUHHUMM MaTepiasiamMm Ta iHCTPYKTUBHMMM pecypcamm
WOAO0 BMKOPUCTAHHA IMEPCUBHUX TEXHONOriM. YNPOBaAKEHHA MEHTOPCbKMX MpOorpam, 3aCHOBAHUX Ha MpUHUMNI
B3aEMONIATPUMKM  [0CBIAYEHUX YUYMTENiB | HOBAYKIB, [03BONAE 3HUXKYBATU TPWMBONKHICTb, WO BUHUKAE Yy 3B'A3Ky 3
BNPOBAaAKEHHAM TEXHOJIOTYHMX iHHOBAUM, a TaKoX crnpuse nobyaosi cTabinbHWX MNeAaroriyHMx ChiNbHOT HaBKoAO igel
iHHOBAUiMHOT OCBITH.

0Oco611BOro 3Ha4eHHA HabyBae iHTerpaLia TemaTUYHUX MoAyANiB, NoB’a3aHux i3 VR/AR, y nporpamu neaaroriyHoi ocsitu
Ta NiCAAAUNIOMHOI NigrotoBkM. OCBOEHHA 6a30BUX LMPPOBUX | METOANYHUX KOMMETEHTHOCTEN MalbyTHIMKN BUNTENAMM LLLE HA
eTani ix npodeciMHoro CTaHoBlEHHA € HeOoOXiAHOK YMOBOK A/ MIArOTOBKM MOKO/IHHA Neaaroris, 34aTHOro edekTUBHO
npawoBaTi B ymoBax LMdppoBoi TpaHcPopmalLiii oOcBiTU. BapTo 3a3HaUMTK, L0 B KOHTEKCTi HenepepBHOro NPodeciiHoOro po3BuTKY
OOUINBbHUM € TaKOX BUKOPWUCTAHHA OHNANH-NNaTGOPM BiAKPUTOI OCBITH, TakmMx ik Coursera, FutureLearn, EdEra, Prometheus, aki
NPONOHYIOTb KypcK, NpucBaYeHi ocHosam XR, negaroriyHoMy An3aiHy iMePCUBHOIO KOHTEHTY, @ TAKOX IHCTPYMEHTaM CTBOPEHHSA
VR/AR-cepegosuuy (CoSpaces Edu, Metaverse Studio, Adobe Aero Towo).

TakvM YMHOM, epeKT1BHA MiAroTOBKA neaaroris Ao BuKopucTaHHA VR/AR y 3miwaHoMy Ta AMCTaHLiMHOMY HaBYaHHI
Ma€ 6a3yBaTMCA HA MOEAHAHHI IHCTUTYLIMHMX, NPAKTUKOOPIEHTOBAHUX Ta iHAMBIAYani3oBaHUX Gopm NPOPECIAHOIo PO3BUTKY, LLLO
3abe3neyye AK TEXHOJIOrYHY, TaK i NegaroriyHy roToBHICTb yYMTENiB A0 BNPOBaAMKEHHA iIMEPCUMBHUX NiAXOAIB Y HaBYaNbHUM
npouec.

Y KOHTEKCTi TpaHcpopmauii Cy4yacHOro YpPOKy Ta BMPOBALMKEHHA IMEPCUBHMX TEXHOJONW Ba)K/IMBO He /uwe
3abe3neynTn nesaroris BiANOBIAHMMM IHCTPYMEHTAMM M KOMMNETEHTHOCTAMM, @ M NEPEOCMUCIUTA MOZLENI CAMOro OCBITHbOIO
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npouecy. 3MiHa NapaAnrmu, a came Bif nepeadi 3HaHb 0 CTBOPEHHA A,0CBiAY, BUMarae HoBux popmaTis B3aeMog,i, e HaBYaHHA
HabyBae JOCNIAHMLBKOIO, EMOLLIMHOMO Ta KOHTEKCTYaIbHOTO 3abapBeHHS.

BoaHouac edeKkTMBHe BNPOBAAMKEHHA IMEPCUBHUX TEXHONOriM NOTPebye BpaxyBaHHA He Auwwe TEeXHONOMYHUX
MOM/IMBOCTEMN, @ 1 NeparoriYyHoro Aus3aniHy ypoky. 30Kpema, BiH Ma€ BiAMNoOBiAaTU BIKOBMM i KOTHITUBHUM XapaKTepUCTUKaM
CYYaCHWMX YYHiB NOKOJiHb, OPIEHTYBATMCA Ha KOPOTKI rHY4Ki dopmaTh, NpobaeMHO-OpIEHTOBaHI 3aBAaHHSA, Bidya/lbHO-gUHAMIYHWI
KOHTEHT Ta iHTePAKTUBHI NPAKTUKK.

3 ypaxyBaHHAM LMX BUMOT Y NoAaHil Tabauui npeacraBneHo AobipKy moaeneit KOPOTKUX YPOKIB 3 BUKOPUCTAHHAM
[,0MNOBHEHOI peasnibHOCTi, aAanToOBaHUX A0 YMOB YKPaiHCbKOI WKoan. Mogeni CTpyKTypoBaHO 3a KNHOYOBMMM NapameTpamu: Linb
BMKOPWCTaHHSA, iIHCTPYMeHTH, dopmaT peanisauii, O4iKyBaHUI pe3y/bTaT, NpeaMeTHa rasy3b Ta BiANOBIAHWIN BIKOBUI pPiBEHb.
BoHM MOXyTb BYTH iHTErpOBaHi AK Y NOBHICTIO AUCTaHLjAHE, TaK | B YaCTKOBO OdaltH-HaBYaHHA, HAAA0UYN BUNTENSAM LLUMPOKI
MOK/IMBOCTI A/17 OCY4aCHEHHA OCBITHbOrO Npouecy.

Tabauuysa 1 fo6ipka mogeneit ypoKiB i3 BAKOPUCTAHHAM iHCTPYMEHTIB A 0MNOBHEHOI peasibHOCTi

Haaz:;nl:;qem IHCTpyMeHT Mpeamer Knac Linb OuiKyBaHWiA pe3ynbTaT
MoAopoxK y Merge EDU. Planets . 3aHypeHHA B iCTOPUYHI }/qu OpIEHTYIOTbCA B
1 N q Merge tUL, Danets IcTopia 1-12 enoxu abo yaci/npocTopi, NOACHIOTb
npocropi Ta yaci AR i
ACTPOHOMIYHI ABMLLA ABMLLA
Merge EDU (Merge Bisyanisauia npoueciB | Y4Hi NOACHIOOTb NONAPHICTD i
2 Ximia B aonoHAX Cube), ARSchool, Ximis 5-9 Y u \ poy, ) P
e abo 06'eKTiB 38’A3Kku B monekyni H,0
360ed's Elements AR
YKpaiHcbKa Po3suTOK emouitHoro YuHi ctBOoptotoTb AR-intocTpaui,
3 MNoeTnuHMit BCecsiT Canva AR, AR Book . p 6-8 MWC/IEHHA Ta TBOPYOTO P p uil,
- = niTepatypa 06rPYHTOBYIOTb CUMBOIKY
CaMOBUPAXKEHHA
dopmyBaHHA
4 TonorpadiuHnii 3D Geography AR Feorpadia 729 NpOCTOPOBOTrO YUHi 34iCHIOIOTb aHaNi3 i
KOHCTPYKTOP et MWCNEHHA Ta HAaBUYOK NPOEKTYBAHHA
aHanisy
KocmiuHuii rig,. . . O3HallomMneHHsA 3 . .
5 CoHAuHa cucTema y SkyView AR / Star AcTpoHomin / 5 7 06’exTamu ConsuHoi YyHi IfI,EI-.ITMd)IKy}OTb naaHeTn Ta
A Walk MNpupoao3sHascTBo iXHi XapaKTepUCTUKN
cmapToHi cuctemun
dopmyBaHHA ysBNEHD . . .
AR-aHaToMis PO BHYTPILLHIO YUYHi cTBOPIOIOTb iHTEPAKTUBHI
6 AR Book bionoris 5-9 306paXKEHHA Ta NOACHIOOTb
TBapuH E— 6y[0BY KMUBUX :
- dYHKLUii opraHis
opraHismis
EKO-pOoCNigyKeHHA. . . Po3BWTOK HaBUYOK YUHi JOKYMEHTYIOTb Ta
. Bionoria / . & .
7 Po3nisHaBaHHA PlantSnap AR Exonoris 6-8 eKosioriyHoro npe3eHTyTb 3HanAeHi Buaun
pocnuH yepes AR MUWUCNEHHA pOCAUH
8 AHatomis B 3D BioDigital Human Bionorisa 8-11 Mor/mnene BUBHEHHA Yuni AEMOHCTRYIOTB SHaHHA
6yn0BM OpraHis QHATOMIYHUX CTPYKTYp
’Ma'rema'mqul . GeoGebra 3D, AR Blsyan|3au|;.| . YyHi 6yaytoTb Ta aHani3yoTb
9 | o6’emu:. Feometpisn f MartemaTuka 7-10 TPUBUMIpHUX diryp i .
. Makr, Geometria RA 3D-dirypun
B npocropi obumncneHb
IHpopmaTHKa 3acBOEHHA HayKoBWX Y4Hi mogentotoTb i
10 | AR-mopentoBaHHA Tinkercad P ad 1-11 NOHATb Yepes A
—— TexHonorii NPOrHO3yoTb pe3ybTaTu
MOAENOBAHHA

[xcepeno: cknadeHo asmopamu

IMepCUBHI KOMNOHEHTK y NPeACTaBNEHUX MOLENAX BUCTYNAOTb HE K CAMOA0CTaTHI BisyanbHMIA maTepian, a K 3acib
3aHYpPEeHHSA B HaBYa IbHY CUTYaLLito, WO BUMArae pednekcii, aHanisy, 4OCNiAHULbKUX Aili | B3aEmog,i. Lie L03BONAE NepeocMncanTm
CTPYKTYPY LUKiZIBHOFO YPOKY fIK MOAY/IbHOFO KOHCTPYKTA, B AKOMY iHCTPYMEHTM 3abe3neuytoTb AK eTann MOoTMBaL,i 1 akTyanisauii,
TaK i 3aHypeHHA y npobnemHe cepeposuLle abo pedbaeKcMBHE OCMUCAEHHSA Ha GiHaNbHMX eTanax.

TakMM YMHOM, 3aNPONOHOBaHI MoAeNi He /ivle AEeMOHCTPYIOTb MOM/IMBOCTI iHTerpauii imepcuBHUX TeXHONOTIN Y
HaBYa/bHMI Npouec, a 1 GopmMytoTb OCHOBY 418 PO3PO6KM IHHOBALIMHOMO NeAaroriYHOro An3anHy KOPOTKMX 3MilLAHMX YPOKIB,
OpPIEHTOBAHMX Ha aKTUBHY B3aEMOZI0, LMPOBY FPAMOTHICTb Ta PO3BUTOK BULLUX KOTHITUBHUX HABUYOK.

OAHVM i3 aKTyaNbHUX BUKAKKIB Npu BnpoBagKeHHi AR/VR/360°-TexH00ri Y HaBYaHHI € 06MeXKeHHA 6e3KOLTOBHOMo
dyHKUioHany ocBiTHIX naatdopm. BinbLicTb pecypciB Ha KWTaNT NponoHyTb 6a308MiA A0CTYN GE3KOWTOBHO, ane Po3WUpPEHi
MOX/IMBOCTi (CTBOPEHHA BMIACHOTO KOHTEHTY, BUKOPUCTAHHA BCiX WABNOHIB, aHANITUKA, KiNbKICTb YYHIBCbKUX MPOEKTIB TOLLO)
OOCTYMHi nwe y nnaTHMx Tapudax. Lie ycknaaHoe maclutabHe BUKOPUCTAHHA CepBiciB Y MACcOoBIi WKiNbHIM NnpakTuui. e ogHnm
BMK/IMKOM € BifCYTHICTb YKPaiHOMOBHOrO iHTepdeicy B H6araTbox nonynsapHux nnatpopm. [eski opieHTOBaHi nepeBasKHO Ha
AHTZIOMOBHY ay4MTOPItO, LLLO CTBOPHOE A0AATKOBI TPYAHOLL AN1A YYHIB MOIOALWONO WKIIbHOTO BiKy Ta NeAaroris, AKi He BOIOAi0Tb
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QHMNIACbKO HAa AOCTaTHbOMY PiBHi. Y LbOMY KOHTEKCTi OAHWMM i3 NPaKTUYHMX pilleHb € BMKOPUCTaHHA BOyaoBaHMX abo
CTOPOHHIX NepeKnagadis, Takux AK:

— Google Translate y pexvmi MUTTEBOrO Nepeknany CTOPiHOK;

— po3sLwwmnpeHHn Bpaysepis i3 PpyHKLUiel0 aBTONEpEKNAAY;

— KOMitoBaHHA iHTEPPENCHUX eNEMEHTIB Y CIOBHUK UM Nepekiaad.

Lle no3Bonse agantyBaTu iHTepdenc nig yKPaiHCbKOMOBHY ayAWTOPI0 Ta PO3LIMPUTU KOO Nefaroris, AKi MOXYTb
iHTerpyBaTu Li iHCTPYMEHTU B OCBITHIl NpoLec.

TaKoX BMHMKAE HeobxiaHicTb 3abe3neyeHHA Neparoris 3pyYyHUMM Ta AOCTOBIPHUMMK iHCTPymeHTamu ans aobopy
undposux pecypcie. Bignosiaalo Ha uei 3anuT cTaB enekTpoHHMit Katanor imepcusHux cepsicis (https://www.immersive-
tools.pp.ua/). Katanor € cneujianisoBaHWM iHCTPYMEHTOM, NPU3HAYEHUM AN CMCTEMATM3aLil Ta onepaTMBHOrO AOCTyny A0
aKTyanbHux VR/AR-nnatdhopm, Wo MosKyTb ByTH iHTErpOBaHi B OCBITHIM NPOLLEC Ha Pi3HMX PIBHAX LWKINbHOI OCBITK.

Y cTpykTypi Katanory nepepbaveHo 3pyyHy cuctemy inbTpauii, AKka 403BONAE 34iMCHIOBATU BUBIp iIHCTPYyMEHTIB 3a
HU3KOI peneBaHTHUX KpUTepiiB, 30Kpema:

— OCBITHIM piBHem (Big, 1 Ao 12 Knacy);

— NpeaMeTHOI0 rany3sto (NPUPOAHUYI HayKK, MUCTELTBO, MaTeMaTUKa, reorpadis, icTopia Towwo);

MOBOIO iHTepdelicy (YKpaiHCbKa, aHrnilicbKa, 6araToMoBHa NigTPUMMKa);

— TMNOM AocTyny (6e3KOWTOBHWIM, YyMOBHO 6€3KOLWTOBHWIA, MNATHUIA);

— IHWKMMW BAXXKIMBUMMU NapameTpamu, TaKUMU AK TEXHIYHI BUMOIWU, MOK/IMBICTb MOBINbHOrO AOCTyny, HanaBHIiCTb
iHTerpauy,ii 3 nnatdopmamu ynpasniHHA HaB4YaHHAM (LMS).

Llett KaTanor opieHTOBaHMIM Ha LUMPOKUI CNEKTP KOPMCTYBAYiB: Bif, yYuTeNiB 3aKnaAis 3arafbHOI cepefHboi OCBITU A0
BMKNAZauiB 3aKNagisB BMLLOI NeAaroriYHoi 0CBiTM, METOAMUCTIB i PO3POBHMKIB 3MicTy LMPOBOro HaBYaHHA. 3aBAAKN NOCTIMHOMY
OHOBJ/IEHHIO, IHCTPYMEHT BiANOBIAAE Cy4aCHUM TEHAEHLIAM PO3BUTKY OCBITHIX TEXHO/IOTiV Ta LLO3BONAE NEAAroram 34,iMCHIOBATH
0b6rpyHTOBaHU BMbGip AR/VR-cepsicis BignoBigHO 40 OCBITHIX Linen, BiKOBMX 0cobAMBOCTEN yYHIB i NeaaroriYHoro AusaiHy
YPOKY.

BukopucTaHHA Katanory ocobaneo gouinbHe y Npoueci NiAroToBKM A0 iIHTEPAKTUBHOMO YPOKY, OpraHisauii efiemeHTis
3MilaHoro abo AMCTAHLIMHOrO HaBYaHHA, @ TaKOX Mif4 4Yac Po3pobKM aBTOPCbKMX CUEHAPIB, CNPAMOBAHMX HAa CTBOPEHHSA
iMepcMBHOro HaBYaIbHOro cepeAoBULLa.

BUCHOBKWM TA NEPCNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

Pe3ynbTaT¥ AOCNiAMKEHHS 3acCBiguytoTb AOLINbHICTL iHTerpauii naatdopm CUMHXPOHHOI B3aeEMoAii 3 iMepcUBHUMM
TEXHONOriAMM, Hacamnepes, AOMNOBHEHOK PeasibHICTIo, Y CTPYKTYPY YPOKIB Yy 3MillaHOMy Ta AucTaHuiiHomy dopmatax. Take
NoeAHaHHA [103BOMAE CTBOPUTM BiNblW AMHAMIYHe, Bi3yasibHO Ta €MOLIMHO HacM4YeHe OCBITHE cepefoBuLLe, WO Bignosigae
KOTHITUBHMM noTpebam nokoniHb 3ymepiB Ta Anbda. BcTaHOBNEHO, WO 3acTocyBaHHA AR-TEXHO/ON NO3UTUBHO BM/IMBAE Ha
3a/1ly4YeHICTb Y4YHIB, PO3BUTOK iX KPUTUYHOFO MUCAEHHA, AOCNIAHULBKUX YMiHb | LMPPOBOI rPaMOTHOCTI.

3anponoHoBaHi Mogeni ypokiB i3 BMKOpUCTaHHAM AR, aZanToBaHi 40 YMOB YKPaiHCbKOI OCBITW, LWLO BPaxOBYE
0bMeKeHHs Yacy, TeXHIYHI MOXKIMBOCTI Ta BiKOBi 0COB/IMBOCTI yYHiB. BOHM MOXKYTb OYTU BUKOPUCTAHI AIK B AUCTAHLiIMHOMY, TaK i
B odnaliH-pexumi, 3abesneyytoun rHyYKicTb i NepcoHanisaLito HaB4yanbHOro npouecy. Kpim Toro, 3asHayeHUn eNeKTPOHHUN
KaTtasior imepcMBHUX CepBiciB BUCTYMNAE iHCTPYMEHTOM NiATPUMKM Negarorie y 4o6opi akicHoro VR/AR-KOHTEHTY.

He3Bakatoum Ha BUCOKMI MOTEHLian iMEPCUBHUX TEXHO/OFIN, Ha 3aBagi IX LUMPOKOMY BMPOBAAKEHHIO 3a/1MLLAIOTLCA
CUCTeMHi bap’epy: HeLOCTaTHIN piBeHb LMPPOBOT KOMNETEHTHOCTI NeAaroris, BiACYTHICTb HOPMATMBHO-METOANYHOTO CYyNpoBO4Y,
0B6MEKEHICTb TEXHIYHOT iIHPPACTPYKTYPU LWKIN Ta HEAOCTATHA NIATPUMKA 3 BOKY OCBITHIX IHCTUTYLLINA.

Ha ocHoBi pe3ynbTaTiB NpoBeAeHOro AOCNIAMEHHA BU3HAYEHO HM3KY MEePCrneKTUBHUX HamnpAmis, WO noTpebytoTb
NoAanbLOro HayKOBOro OCMMUC/IEHHA Ta NPUKNAAHOrO Po3BUTKY Yy cdepi umdpoBoi TpaHchopmaLii ocsiTu:

o CTBOpPEHHs neaaroriyHmx WaboHiB i KeiiciB, afanToBaHUX A0 Pi3HUX BIKOBMX KaTeropii y4yHie, npegMeTHUX ranysei
(STEM, muCTeLTBO, rymaHiTapHi HayKu TOLLO) Ta OCBITHIX winel. Taki cueHapii matoTb BiAnoBigaTY NpuHLUMnam microlearning i
MICTUTK IHCTPYKTMBHO-METOANYHY NiATPUMKY A4 BUMTENIB.

® MogaentoBaHHA epeKTUBHOI cuctemn npodecinHoro po3suTKYy neparoris y cdepi imepcmBHOI oCBiTU. [JOUiNbHO
[OCNIiANTN eDEeKTUBHICTb TakMX GOPM, AIK 3MilLaHi Kypcu NigBULLEHHA KBanidiKauii, reMmidikoBaHi BOPKLWONMU, iHTEPAKTUBHI
TPEHIHrM Ta XaKkaToHW 3 po3pobneHHa AR/VR-cuenapiis. Ocobamsy yBsary cnif, nNpuainuTM Temam iHTerpauii imepcuMBHUX
TexHonorii y nnatbopmy Zoom/Meet/Teams.

® [lpoBeAEeHHA NeaaroriyHoOro eKCnepumeHTY LWOAO OLiHIOBAaHHA BMAMBY IMEPCUMBHUX TEXHOMOrM Ha MOTMBALLHO,
KOTHITUBHI pe3ynbTaTu Ta PO3BUTOK LMGPOBUX KOMMNETEHTHOCTEN yyHiB. HEObXiAHO CTBOPUTU CUCTEMY KPUTEPIiB, MOKA3HUKIB i
iHCTPYMeHTIB AiarHOCTUKMN edeKTUBHOCTI YPOKiB i3 VR/AR-KOMMNOHEHTaMu.

® |HTepHauioHanisauia aocsigy snposaaxeHHA VR/AR y wWKinbHy ocBiTy. [OLUiNbHO HanaroAxysaTu cnisnpauo 3
€BPONENCbKMMU OCBITHIMM NpoeKkTamu (Hanpuknag, Erasmus+, Horizon Europe) gna ob6miHy negaroridHUMKM NpPaKTUKamu,
3a/ly4eHHSA 30BHILLHIX eKCcnepTu3 Ta cnifibHOT anpobau,ii OCBITHIX Moaenel i3 BUKOPUCTAHHAM iMEPCUBHUX TEXHONOTIN.

KOH®NIKT IHTEPECIB

ABTOp NiATBEPAKYE BiACYTHICTb GPiHAHCOBUX, OCOBUCTMX UM iHLIMX iIHTEPECIB, LLLO MOXKYTb PO3rNA4aTMUCA AK NOTEHLiMHNIA
KOHOANIKT iHTepeciB Wwoao nybnikawii uiei ctaTTi.
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®IHAHCYBAHHA
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ABSTRACT

dopmynroeaHHA npobaemu. Y cmammi nopyueHo npobaemy
HegionogidHocMi  MiX  HAABHUMU  0epMasHUMU  W000
nMidcymKo8020 M0BMOPEHHA | cucmemamu3auii WKinbHo20 Kypcy
MamemMamuku 8 yMosax KoMrnemeHmHiCHo20 nioxody 3 00HO20
60Ky ma (020 MPAKMUYHOK peanizayielo 3a YUHHUMU
npozpamamu ma nidpy4HUKamu 815 cmapuwiux Kaacie 3 iHuwozo. 3
YPAxy8aHHAM KO2HIMUBHUX meopili po3sumky nam’ami ma
BUK/IUKIB Ni0 Yyac nNidCcyMKo8020 mecmy8aHHA CMAapWoOKIAdCHUKI8
3 Mamemamuku, o6rpyHmMOBAHO GKMYaAnbHICMb O0CNIOHEHHA
egekmuesHux nidxodie 00 M08MOPeHHA HaB84AAbHO20 Mamepiany,
AKi 6 CNpUAAU 3HUXEHHIO HABYA/bHUX 8MpPam i HanewHomy
hopmysaHHIO MamemamuyHoi KomrnemeHmMHocmi ma HWux
KomnemeHmHocmeli 32i0HO 3 KoHyenyieto Hoeoi yKpaiHcbKOI
wkonu (HyLU).

Mamepianu i memodu. byno sukopucmaHo meopemuyHuli
aHani3  Memoou4yHoi aimepamypu, nopieHAAbHUU — aHanis,
cucCmemMamu3ayito ma y3a2anbHeHHsA HAABHUX MeopemuyHuX
00Ci0HEeHb 3 memMamuKu cmammi, a Mmaxkox nedazo2iyHe
crocmepeMeHHA ma y3020/1bHEHHA 8/1aCH020 neda2o2iyHo20
doceidy wj000 MoOBMOpPeHHs ma cucmemamu3auii WKinbHo20
KypCy mamemamuku.

Pe3synemamu. Y pe3ynbmami aHanizy YuHHUX nNiopy4yHUKie ma
36ipHUKi8 0018 ni02omo8KU 00 308HIWHLO2O HE3ANEHHO20
OYiHIOBAHHA (3HO) y popmi HAUioHanb6HO20
mynemunpedmemHoz2o mecmy (HMT) 3 MamemamuKu 8usgneHo
pizHomaHimmsa  nioxodis 0o  peanizayii nomoyHozo U
nidcymkoso2o  nosmopeHHA.  3’ACOBAHO, WO  MiOPY4YHUKU
8iOPI3HAIOMbCA 30 HAABHICMIO, CMPYKMYpPOK ma 3micmosum
HAMOBHEHHAM pYybpuK 07 MOBMOPEHHA, 4 MeopemuyHi
mamepianu 0aa cucmemamu3ayii 3HaHb6 NPAKMUYHO 8i0CYMHI.
HaeyanbHi NOCIGHUKU, 30Kpema, KOMMAEKCHi 8UudaHHA 071
nidzomosku 0o 3HO (HMT), 4acmkoso KommeHcyloms yi
npo2anuHu,  npome  He  3abe3neyyloms  0OCMAMHLOI
dugpepenyiayii i nompebytoms akmusHoi y4acmi e4umens y
npouyeci do6opy mamepiany 01 3a6e3rneyeHHs HaneH Hoi AKocmi
nidcymKoso20 Mo8MopeHHA.

BucHOBKU. BcmaHoeneHo, W0 HAABHI nidpy4YHUKU ma
nocibHUKU 3 MamemMamuku sAuwe 4acmkxoso 3abe3nevyyrome
YMO8U 071 AKICHO20 NIOCYMKOB020 MOBMOPEHHS, HE OXOMAOYU
nompeb ougepeHuiayii ma 380pomHozo 38°A3Ky. EpekmusHicme
ybo20 emany HABYQHHA 3HAYHOK MIpPOK  3anexmums  8i0
npodeciiiHoi  malicmepHocmi  e4yumens ma  30amHocmi

Formulation of the problem. The article raises the problem of
inconsistency between the existing state regulations on the final
repetition and systematization of the school mathematics course
in the context of a competency-based approach on the one hand
and its practical implementation according to the current
programs and textbooks for senior grades on the other. Taking
into account cognitive theories of memory development and
challenges during the final testing of senior students in
mathematics, the relevance of researching effective approaches
to the repetition of educational material, which would contribute
to the reduction of educational losses and the proper formation of
mathematical competence and other competencies in accordance
with the concept of the New Ukrainian School (NUS), is
substantiated.

Materials and methods. Theoretical analysis of methodological
literature, ~ comparative  analysis,  systematization,  and
generalization of existing theoretical research on the topic of the
article, as well as pedagogical observation and generalization of
one's own pedagogical experience in repeating and systematizing
the school mathematics course, were used.

Results. As a result of the analysis of current textbooks and
collections for preparation for external independent assessment
(EIA) in the form of a national multi-subject test (NMT) in
mathematics, a variety of approaches to the implementation of
current and final repetition were revealed. It was found that
textbooks differ in the presence, structure, and content of review
rubrics, and theoretical materials for systematizing knowledge are
practically absent. Textbooks, in particular, comprehensive
publications for preparation for EIA (NMT), partially compensate
for these gaps, but do not provide sufficient differentiation and
require the active participation of the teacher in the process of
selecting material to ensure the proper quality of final repetition.

Conclusions. It has been established that the existing textbooks
and manuals on mathematics only partially provide the conditions
for high-quality summative repetition, not covering the need for
differentiation and feedback. The effectiveness of this stage of
learning largely depends on the professional skills of the teacher
and the ability to combine different sources and approaches. The
development of adaptive repetition technologies using digital
tools has been identified as a promising direction.

© The Author(s) 2025
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INTRODUCTION

The problem statement. Learning mathematics is a complex cognitive process, among the key functions of which is
memory, which ensures the accumulation, preservation, and reproduction of educational information. In the process of learning,
different types of memory are actualized: sensory, short-term (working), and long-term, the interaction of which ensures the
formation of stable knowledge and skills (Baddeley, 2000). Accordingly, effective learning is not only about how to learn but also
about how to promote the consolidation of knowledge and minimize the process of forgetting and loss of skills and abilities.

One of the central theories explaining the phenomenon of the decrease in the volume of learned material over time is
the forgetting curve proposed by G. Ebbinghaus (Ebbinghaus, 1885). According to these studies, a significant part of the
information is lost within a few hours of learning if strategies for its consolidation are not used. From the point of view of cognitive
psychology, repetition is considered a key mechanism for consolidating information in long-term memory. At the same time, the
effectiveness of repetition increases significantly when using distributed (interval) repetition (Cepeda et al., 2006; Kang, 2016),
which allows for strengthening memory traces and preventing rapid forgetting. In addition, the systematization of knowledge
contributes to the formation of cognitive schemes that provide a deeper understanding of inter-subject relationships and simplify
the reproduction of information (Sweller et al., 2011). In the context of mathematics education, systematic generalization of
material allows students to form stable neural connections and increases the level of mathematical competence. In turn, the
competency-based approach is a cross-cutting line of the key reform of the Ministry of Education and Science of Ukraine - the
New Ukrainian School (NUS). According to the NUS concept, competence is a dynamic combination of knowledge, skills, abilities,
ways of thinking, attitudes, values, and other personal qualities that determine a person’s ability to successfully socialize, engage
in professional and/or further educational activities (Verkhovna Rada of Ukraine, 2017).

Mathematics occupies a significant place in the main regulatory documents on education (Verkhovna Rada of Ukraine,
2017; Cabinet of Ministers of Ukraine, 2020; Cabinet of Ministers of Ukraine, 2024), in particular, mathematics is a mandatory
subject of external independent assessment (EIA) in the form of a national multi-subject test (NMT), the results of which are used
for competitive selection to higher education institutions. This confirms the importance of forming the mathematical competence
of school graduates as a necessary component of the formation of further professional skills. In this context, an important stage
of the comprehensive study of mathematics is the repetition and systematization of both individual sections and the entire school
course, since topics are included in the EIA (NMT) program in mathematics starting from the fifth grade (MES of Ukraine, 2019).
However, the method of implementing the final repetition of the school mathematics course is not strictly regulated by state
regulatory documents and therefore is carried out mainly at the discretion of the teacher within the limits of his professional
competence in accordance with the content of the educational program, taking into account the EIA program in mathematics.

However, preparation for testing is not the responsibility of general secondary education institutions (GSEI). Therefore,
it is quite difficult to determine whether the systematization and repetition of the mathematics course in GSEl is effectively
implemented, because even the EIA (NMT) indicators in mathematics are often not only the result of students' educational
activities within the school but also self-education, preparation with a tutor, or on courses, etc.

The development of the practice of preparing for the EIA (NMT) with a tutor or in courses may indicate both a high
awareness of graduates and their parents about the importance of mathematical knowledge and skills, and an insufficient level
of implementation of the final review in the secondary education system. The second option may be due, in particular, to the
lack of time for implementing the final review during the educational process. The current mathematics curriculum for students
in grades 10-11 does not provide for a separate time allocated for the final review, and its regulation can be carried out, for
example, at the expense of part of the reserved time (MES of Ukraine, 2017).

Thus, we see a discrepancy between the state's request for systematized knowledge and skills (competencies) of
graduates for the school mathematics course and the definition of the place of final repetition and means of its implementation
in regulatory documents. Therefore, there is a need to study and compare existing approaches to the repetition and
systematization of the school mathematics course, which can be implemented in the GSEI, as well as to identify the possibility of
their combination, improvement, and development.

The analysis of current research. Repetition and systematization are important components of teaching mathematics
as part of the educational process. In accordance with the Law of Ukraine “On Education” and the provisions of the concept of
the New Ukrainian School, the educational process in the field of complete general secondary education is organized on the basis
of a competency-based approach (Verkhovna Rada of Ukraine, 2017; MES of Ukraine, 2016). Even before the official introduction
of the competency-based paradigm into Ukrainian education (NUS), this approach was highlighted in the works of S. A. Rakov,
according to which: “Mathematical competence is not just mastering the content of the academic discipline, but the readiness
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to apply the acquired knowledge and skills in various areas of activity, which requires the integration of subject, operational and
reflective components” (Rakov, 2005).

To analyze the components of the educational and training process, in particular repetition and systematization in
teaching mathematics, it would be appropriate to refer to the Standards of Education and Model Programs of the National State
Educational Service. However, although the State Standard of Specialized Secondary Education has been adopted, which
regulates the educational process in senior grades, it will come into effect only in September 2027. Therefore, currently, senior
students study according to the State Standard of Basic and Complete General Secondary Education, approved in 2011 (Cabinet
of Ministers of Ukraine, 2011), and the corresponding educational programs.

Approaches to systematizing knowledge in mathematics and implementing final revision can be traced to the location
of relevant materials in mathematics textbooks for senior grades and in collections for preparing for the EIA in mathematics, the
analysis of which is given in the main part of this work. The need to analyze these tools, find new approaches, or adjust existing
ones is dictated by the results of the mathematics tests at the EIA in 2023 and 2024. The official report on the EIA in 2023 notes
that the statistical indicators of the EIA tasks have deteriorated compared to the corresponding indicators of the EIA tasks of
previous years, in particular, in tasks on the properties of functions, financial literacy, and stereometry (UCEQA, 2023). Also, in
the mathematics test, tasks to check the level of formation of basic skills and abilities and their application in standard situations
make up about 60% of the total number of tasks and, according to the results of the test in 2024, cause difficulties for test
participants. A low level of development of skills and abilities was demonstrated by participants from the content line “Functions”,
theoretical tasks on planimetry also turned out to be difficult (UCEQA, 2024).

The purposes of the article are to compare approaches to the revision and systematization of the school mathematics
course reflected in current textbooks and collections for preparation for the EIA (NMT) and, based on this comparison, to suggest
ways to improve them.

METHODS OF THE RESEARCH

To achieve the goals of the study, we use a theoretical analysis of methodological literature related to the chosen topic,
in particular, current programs and textbooks on mathematics for senior grades. We also apply empirical methods: observation
of the educational process in GSEI and analysis of the achievements of students in mathematics in these institutions. In this
article, we operate with different methods of scientific knowledge: comparative analysis to clarify different points of view on the
problem; systematization and generalization to formulate conclusions and recommendations for organizing the repetition and
systematization of the school mathematics course; we also summarize our own pedagogical experience and observations of other
specialists on the process of teaching mathematics in Ukrainian schools.

RESULTS OF RESEARCH

In the mathematics educational program for students in grades 10-11, the repetition and systematization of knowledge
and skills take a different place depending on the level at which students study this subject. The topic of generalization and
systematization is separately presented only for the profile level in the course of algebra and the beginnings of analysis, and
concerns the content line “Equations, inequalities and their systems”. For the remaining topics in profile classes and classes of
the standard level, repetition and systematization are not highlighted, but can be implemented at the expense of part of the
reserve time, the approximate distribution of which is given in Table 1.

The proportion of reserved time for repeating and systematizing knowledge and skills in mathematics for a high school
course depends on the characteristics of the cognitive abilities of students in a particular class or group, the organization of the
educational process, educational losses and gaps, opportunities, and methods for overcoming them.

Table 1. Time to review and systematize the knowledge of mathematics in upper secondary school

Algebra Geometry
Standard level Reserve: 7 hours Reserve: 7 hours
10th grade | Profile level Reserve: 22 hours Reserve: 18 hours
(in-depth study from grade 8)
Profile level Reserve: 24 hours Reserve: 18 hours
11th grade | Standard level Reserve: 18 hours Reserve: 14 hours
Profile level Reserve: 74 hours Reserve: 28 hours
(in-depth study from grade 8)
Profile level Reserve: 80 hours Reserve: 28 hours
+30 hours on the topic: "Equations,
inequalities and their systems.
Generalization and systematization."

Source: Own work.

Considering the means of repetition and systematization, we will divide them into organizational and content.
Organizational means of repetition include diagnostic work, online testing, including in a game format, mathematical dictations,
frontal questioning, and collective or independent problem-solving. In this article, we will focus on content means of repetition,
which include textbooks, collections of tasks from educational and methodological sets for studying mathematics (algebra,
algebra and the beginnings of analysis, geometry), collections of tasks for the state final attestation (SFA) in mathematics, manuals
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for preparing for the EIA examination (NMT) in mathematics, tasks for the external examination options in mathematics, author's
developments of complex or thematic tests in the format of the external examination in mathematics, educational videos,
summaries, flowcharts and other reference materials.

The main means of learning in secondary education institutions remains the textbook, and therefore it is logical to first
investigate the approaches to revision proposed by the authors of current mathematics textbooks (algebra and principles of
analysis, geometry) for grades 10 and 11.

Having analyzed the textbooks on mathematics (standard level), algebra and beginnings of analysis, geometry (profile
level) for grades 10 and 11, we identified the following variants of review rubrics: tasks for preparing to study a new topic,
questions for self-control at the end of a paragraph or point on studying a new topic; tasks for reviewing previously studied topics;
test tasks at the end of studying a section; tasks for reviewing the course of algebra and beginnings of analysis and the course of
geometry for grade 10 or the entire course of mathematics for grade 11. Table 2 provides information on the corresponding
rubrics in mathematics textbooks (standard level) by various authors.

Table 2. Repetition in mathematics textbooks for grades 10 and 11 (standard level)

M. Burda, A. Merzliak,
T. Kol k D. Nomi kyi .
Textbook author(s) G. Bevs, V. Bevs © t_asny ’ O. Ister omirovs .y|, Ye. Nelin
Yu. Maliovanyi, V. Polonskyi,
N. Tarasenkova M. Yakir
Grade 10 11 10 10 11 10 11 10 11
Tas!<s to prepare for studying a new B _ _ . . . . _ _
topic
Questions for self-control + + + + + + + + +
Review previously studied topics . . _ B _ . . _ B
tasks
Generalization of the theory to the
) + + - - - + + + +
section
Final test for the section + + + - + - + - +
Final review at the end of the year - + + + - + + - -

Source: Own work.

We can notice a different approach to both the current and the final repetition. In particular, some authors use
repetition tasks to update knowledge before studying a new topic, some put tasks for repeating previously studied topics in a
separate rubric, in the textbooks of the author team A. Merzliak, D. Nomirovskyi, V. Polonskyi, M. Yakir, both types of task
selections are combined, and in the textbook of Ye. Nelin, there is none of them. As for the final repetition of the school
mathematics course, it is natural that it can be carried out upon completion of the study of all topics, that is, at the end of grade
11, and we can observe the corresponding rubric for repetition in the textbooks of G. Bevz, V. Bevz, A. Merzliak, D. Nomirovskyi,
V. Polonskyi, and M. Yakir. So, working with these textbooks, the teacher has the opportunity to use tasks from them and
supplement or replace them with other means. When working with a textbook by O. Ister or Ye. Nelin, when planning a final
review, the teacher only needs to use other teaching aids.

The tasks for the final review in both textbooks are presented in the form of open tasks. At the same time, the textbooks
differ in the thematic distribution and quantitative composition of the proposed exercises. The topics listed for review in the
textbook by G. Bevz, V. Bevz: “Numerical expressions and functions, equations and inequalities” (88 tasks), “Lines and planes in
space” (13 tasks), “Derivative and integral” (27 tasks), “Geometric solids” (23 tasks), “Problems for the clever” (13 tasks) (Bevz
& Bevz, 2019). In the textbook by A. Merzliak, D. Nomirovskyi, V. Polonskyi, and M. Yakir's review tasks are divided into two
sections: problems for reviewing the algebra course (17 topics, a total of 207 tasks) and problems for reviewing the geometry
course (9 topics, a total of 145 tasks) (Merzliak, Nomirovskyi, Polonskyi & Yakir, 2019).

Theoretical material for systematizing knowledge by topics or content lines is not provided in any of the textbooks, so
the selection and design of appropriate materials for use in lessons is left to the teacher. One of the sources of concise, structured
theoretical information can be collections for preparing for the EIA (NMT) in mathematics. They can also be used to select tasks
for repetition. So let's consider the approaches to implementing repetition and systematization proposed in such collections.

According to the didactic purpose, the collections can be aimed at the thematic repetition of the school mathematics
course ((Zakhariichenko et.al., 2022), (Halperina et.al, 2022), (Zakhariichenko et. Al, 2021), (Ister, 2021), (Kozyra, 2023),
(Kapinosov, 2023), (Klochko, 2023), (Zabelyshynska et.al., 2024)) or at practical development of skills and abilities on complex
tests ((Zakhariichenko et.al, 2024), (Halperina, 2024), (Martyniuk, 2024), (Ister, 2024)).

Collections for thematic repetition of each author or group of authors have a fairly stable structure from year to year
and differ in minor corrections or adjustments. Let us consider the features of the collections offered by publishing houses during
the years of conducting the external examination in mathematics in the NMT format. In particular, let us pay attention to the
methodological approach to the order of presentation of topics, the ratio of consideration of algebra and geometry (sequentially
or in parallel), the use of open-form tasks for learning and training or various tasks in the EIA (NMT) format, the use of different
types of EIA (NMT) tasks in mathematics and the compliance of their form with modern requirements for these tasks, the
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presentation of theoretical material, examples of solutions and similar tasks for independent practice. The relevant information
on some collections is given in Table 3.

Table 3. Comparison of collections for preparing for the EIA (NMT) in mathematics

1 2 3 4 5 6 7 8
Open-ended training
. + + - + + + + +
exercises
Closed-form training
. - - + + + + + -
exercises
Thematic tests in the
external evaluation + — — + + + + —
format
Brief background .
. + + near tasks - + - in geometry -
material
Detailed summary of
- + - + + + + +
the theory
Availability of
examples of solving - + + + + + + +
problems
Similar options
+ - + + - - + -
Alternating algebra
. Sequentially[Sequentially|Sequentially [Sequentially|Sequentially |Sequentially| In parallel |Sequentiall
and geometry topics |-SauENtally|>equentially) sequentially) sequentiallyl>equentially sequentially) in p quentially
Comprehensive tests
. P On the
in the external + + - + + + - .
. website
evaluation format

1) Zakhariichenko, Shkolnyi, Zakhariichenko & Shkolna, 2022, 2) Halperina, Zabelyshynska, Y. Zakhariichenko, Karpik &
Shkolnyi, 2022, 3) Y. Zakhariichenko, Repeta, Markova & Karpik, 2022, 4) Ister, 2021, 5) Kozyra, 2023, 6) Kapinosov, 2023,
7) Klochko, 2023, 8) Zabelyshynska, Zakhariichenko & Karpik, 2024

Source: Own work.

So, as we can see from the table, in most collections, the topics of algebra and geometry are presented sequentially,
and at the end, there are tasks in the format of an EIA, or there is a call to take such a test on the publisher's website. Some
authors choose the approach of training on open tasks, trying to avoid replacing learning with guessing answers, and some adhere
to the strategy of training specifically on tasks in the format of an external examination. Most collections contain a detailed
presentation of the theory, and some of them are convenient short reference materials. Most manuals also provide examples of
solving tasks, although such examples for the student can also be options solved together with the teacher from those collections
that contain similar options for tasks.

In our opinion, none of the manuals provides fully differentiated independent training for students of different levels
of knowledge and skills in mathematics, which is why the materials considered can become an effective tool for repetition and
systematization only under the teacher's control or at least with his consultation. Thus, at the stage of repetition and
systematization of knowledge and skills in mathematics, the main role of the teacher is to qualitatively diagnose the student's
knowledge and effectively select the means of learning and repetition offered on the educational market, the number of which
is only increasing every year.

CONCLUSIONS AND PERSPECTIVES FOR FURTHER RESEARCH

As a result of the analysis of mathematics textbooks (standard level) for 11 grades on the subject of the approach to
implementing final repetition, it was found that tasks for this type of repetition are available in the textbook by G. Bevz, V. Bevz
(covering some topics of the school mathematics course) and A. Merzliak, D. Nomirovskyi, V. Polonskyi, M. Yakir (covering all
topics of the school mathematics course of the standard level, the sequence of topics mostly coincides with the sequence of their
study). In the case of working with another textbook or if it is necessary to diversify the forms of tasks or differentiate tasks by
complexity, the teacher can choose, in particular, collections for preparing for the EIA (NMT) in mathematics to implement final
repetition. Such collections by different authors differ in the sequence of presentation of topics, the forms of tasks, the presence
of examples and similar options, and level differentiation, and they are also designed for students with different previous
mathematical training. However, no collection fully meets all the needs for high-quality systematization of students ' knowledge,
not least because it does not provide feedback.

Therefore, an essential component for ensuring the proper quality of repetition and systematization of the school
mathematics course is the pedagogical skill of the mathematics teacher and his ability to combine different approaches to
repetition and systematization, taking into account the characteristics of the class. Indeed, no single textbook or teaching aid can
provide both the preparation of students for the EIA (NMT) in mathematics and the final synthetic formation of their
mathematical competence and other key competencies provided for by the NUS concept. Also, one of the problems of proper
organization of systematization and repetition of the school mathematics course is the difficulty of ensuring an individual
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approach for students of different levels of educational achievements in the short term that can be allocated for the
implementation of this repetition.

Therefore, we propose to use a combined approach for final revision, which consists in using the resources of the
textbook, study guides, and materials for preparing for the EIA (NMT) in mathematics, using the advantages of each of these
guides described above in accordance with the capabilities of the class or individual student. We also see prospects in developing
an adaptive approach for the revision and systematization of the school mathematics course, in particular, using digital
technologies. Our further research will be devoted to this topic.
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ABSTRACT

AHOTALIA
dopmynioeaHHa npobaemu. Y cmammi 06rpyHmMos8aHo
nedazoziyHy  OoYinbHiCMb  BUKOPUCMAHHA  CUMYAAYiliIHO20

cepedosuuja Proteus y npouyeci STEM-opieHmMo8aH020 HABYAHHSA
Kypcy «Apximekmypa Komm’tomepa» 3 Memoto opmy8aHHSA
iH¥eHepHo20 MUC/IeHHA cmydeHmis. AkmyaneHicme
docnionceHHa 3ymosneHa nompeboro y nidcomosyi ¢haxisuyis,
30amHuUX NPoeEKMysamu ma aHaai3ysamu yugposi npucmpoi,
yxeanoeamu  MmMexHiYyHo  0brpyHmosaHi  piweHHa — ma
iHmezpysamu 3HaHHA 3 iHpopMmamuKu, Gizuku, mamemamuku U
eneKmpoHiKuU. Y mexcax 00cnionceHHs nposedeHo nedazoziyHuli
eKkcrnepumeHm i3 cmydeHmamu, AKi npaytosanu 8 pisHuUx
yugposux cepedosuyax.

Mamepianu i memodu. Memodu 00CniOHEeHHA 8KAYAOMb:
aHaniz nimepamypu 3 numaHe STEM-ocsimu, nopieHAMAbHU
aHani3 QyHKyioHanbHUx moxcausocmeli cepedosuw Proteus i

Multisim, nedaeoeivHuli eKcrniepumeHm, KinbKicHi Memoou
aHanizy pesynsmamie EkcnepumeHm oxornue cmydeHmis
nedazoei4Ho2o0  yHieepcumemy, AKi eusyanu  OucyunaiHU

anapamHozo cnpamyeaHHsa. KinekicHuli ma akicHUl aHani3 0aHux
00380/1U8 OYiHUMU piBeHb 3aCB0EHHA Mamepiany, OUHAMIKY
pPO3BUMKY HABUYOK  YUgposo20 MOOento8aHHs, enaubuHy
pecpnekcii ma nposesu iHxeHepHO20 MUCAEHHS.

Pe3ynemamu. Pe3ynbmamu ceid4ams, W0 pisHi cumynayiliHi
cepedosuwya 3abe3nedyroms 30C80€HHA 60308020 3micmy Kypcy,
00HaK came cepedosuwe Proteus aKkmusHiwe CcmMuMysnoe
mexHiyHy —meopuicme, eHyykicme y nobydosi modened,
30amHicme 0o aHanizy ma onmumizayii cxem. CmyoeHmu, AKi
npaytosanu e Proteus, demoHcmpysanu 6inbw pPi3HOMAHIMHI

nidxodu 00 BUKOHAHHA 3080aHbL, 8UABAAAU [Hiyiamusy y
800CKOHA/IEHHI  MPOEKMHUX  piweHb i  apaymeHmMosaHo
06rpyHmosysanu 8ubip iHcmpymeHmis.

BucHoseKu. 3pobneHo  BUCHOBOK  npo  OouinbHicme

BUKOPUCMAHHSA Proteus y Kypcax, CrnpAMO8aHUX Ha hOpMyB8aHHA
iH#eHepHo20 MucneHHA 8 ymoeax STEM-napaduemu. 3anpo-
MOHOBAHO MemOoOAUYHI peKomeHOayii U000 ONMUMAAbHO20 BUKO-
pucmaHHA 060x cepedosuly 3a71e#HO 8i0 OUOAKMUYHOI memu.

Formulation of the problem. The article substantiates the
pedagogical feasibility of wusing the Proteus simulation
environment in the process of STEM-oriented teaching of the
"Computer Architecture" course with the aim of developing
students' engineering thinking. The relevance of the study is
determined by the need to train specialists capable of designing
and analyzing digital devices, making technically sound decisions,
and integrating knowledge from computer science, physics,
mathematics, and electronics. Within the framework of the study,
a pedagogical experiment was conducted with students who
worked in different digital environments.

Materials and methods. Research methods include: analysis of
literature on STEM education, comparative analysis of the
functionality of Proteus and Multisim environments, pedagogical
experiment, and quantitative methods of analyzing the results.
The experiment involved students of a pedagogical university
studying hardware-oriented disciplines. Quantitative and
qualitative analysis of the data made it possible to assess the level
of content mastery, the dynamics of digital modeling skills
development, the depth of reflection, and the manifestations of
engineering thinking.

Results. The results indicate that different simulation
environments provide the acquisition of the basic content of the
course; however, it is the Proteus environment that more actively
stimulates technical creativity, flexibility in building models, and
the ability to analyze and optimize circuits. Students working in
Proteus demonstrated more diverse approaches to task
completion, showed initiative in improving design solutions, and
provided well-founded justifications for their choice of tools.

Conclusions. The conclusion is made about the advisability of
using Proteus in courses aimed at developing engineering thinking
within the STEM paradigm. Methodological recommendations are
offered for the optimal use of both environments depending on the
didactic purpose. The obtained results have practical significance
for the development of hardware-oriented academic courses,
updating  teaching  methods, and implementing an

The Author(s) 2025
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OmpumaHi pe3yaemamu Malome MPAKMUYHE 3HAYeHHS O01A
PO3POBKU HABYALHUX KypCie anapamHozo npogisnto, OHOB/AEHHSA
MemoOUK i peanizayii MixoucyunniHapHo2o nioxody 8 mexHivHil
nidzomosui malibymHix yuumenie iHgpopmamuxu.
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BCTYN

NocraHoBKa npo6aemu. CyyacHi BUMOrM A0 NiAroToBKM $axiBLiB y ranysi iHpopmaLiiHMX TeXHONOTIN | uMdpoBOI OCBITH
noTpebyoTb NEPEOCMUCIEHHA TPAAMLIMHMX NigXoA4iB 4O BWMBYEHHS AMCUMNAIH, NOB’A3aHMX i3 anapaTHOK YacCTUHOM
Komn’toTepHux cuctem. OcobnunBoi yBarM HabyBae Kypc «ApXiTeKTypa KOMM'toTepa» Ta CYMiXKHIi HaBYaNbHi AWCUMNAIHK, WO
OXOMNJIOKTb MIKPOMPOLLECOPHY TEXHiKY, /IOTiKY, CXEMOTEXHIKY Ta MIKpPOe/NeKTPOHiKy. BpaxoByloun AMHAMIYHWI PO3BUTOK
€/1eKTPOHHOI iHXeHepii Ta CTPiMKyY LMdpOoBI3aLito OCBITHBOrO Npouecy, Bce binbluoi akTyaibHOCTI HabyBae BNpoBagKeHHa STEM-
OpPIiEHTOBAHOr0 HaBYaHHA, AKe MOEAHYE HAYKOBI 3HAHHA, TEXHIYHI HaBWUKM, iHXKEHepHe MNPOEKTYBAaHHA Ta MaTemaTuyHe
MOAENOBAHHA B EANHY OCBITHIO CUCTEMY.

OAHMM i3 K/HOYOBUX eNeMEHTIB TaKoro nigxoay € GopmMyBaHHSA iHXEHEPHOTO MUCNEHHA CTYAEHTIB, Wo nepenbayae
PO3BUTOK YMiHb aHaANi3yBaTW, NPOEKTYBATH, TECTYBATU 1 ONTUMI3yBaTM TEXHIYHI CUCTEMM, CMMPALOYMCH HA TEOPETUYHI 3HAHHA Ta
NPaKTUYHI iHCTPYMEHTU. Y LUpOMY NpoLeci BaXKMBY POAb BigirpaloTb CMMyNALiMHI cepefoBuLLa, AKI [03BONAIOTL 6e3neyHo i
FHYYKO BiATBOPHOBATM CTPYKTYPY Ta YHKLiIOHYBAaHHA €NEeKTPOHHWUX NpUCTPoiB. OQHUM i3 TaKMX MOTYKHWUX iHCTPYMEHTIB €
nporpamHe 3abe3sneyeHHn Proteus, ke NOEAHYE MOMK/IMBOCTI CTBOPEHHA €N1EKTPOHHUX CXeM, MOAENOBaHHA IXHbOT poboTH Ta
Bi3ya/IbHOrO aHanNi3y pe3y/bTaTiB y peasbHOMY Yaci.

Y merKax Lboro AocnigKeHHA 3pobaeHo cnpoby OuiHUTM edEeKTUBHICTb BUKOPUCTAHHA CUMYASALLIMHOIO cepeaoBuiLa
Proteus AK iHCTPYMEHTY PO3BWUTKY iHXXEHEPHOro MUC/EeHHA 3400yBayviB OCBITM MPU BUBYEHHI apXiTeKTypu Komn'ioTepa.
BpaxoBytoun, Wwo 3406yBay MaE HaBYMTUCA He NMLLE MOBTOPIOBATK TUMOBI CXemMM, a W aganTyBaTH iX Mif, KOHKPEeTHi 3agadi,
BLOCKOHaNtoBaTM abo cTBOPOBATM HOBI OYHKLiOHANbHI B0KKM, aKLEHT pOBUTLCA He CTiNbKM Ha pe3y/bTaT, CKiIbKM Ha npoLec
OCMWC/IEHHSA TexHiYHOI 3agadi. Came Ue A03BOMIAE peanizyBaTv npuHuMnu STEM-ocBiTM B noBHOMY 06CA3i Yepes 3anyyeHHs
MOZENtOBAHHA, JIOTIKO-aHANITUYHOI AiANbHOCTI Ta eNeMeHTiB AOCNIAHUUBKOT MPaKTUKU. TakMm 4YMHOM, MnocTae notpeba B
HAayKOBOMY OBI'PYHTYBaHHI [OLiNIbHOCTI BMKOPUCTAHHA CUMYAAUiIMHUX undpoBuX cepenosuly Yy npodeciiHii nigrotosu
3p06yBayiB 0cBiTH B ranysi IT, 30kpema y GopmyBaHHi iHXEHEePHOro MUCIEHHA AK iHTErpoBaHOI 34aTHOCTI 3aCTOCOBYBATU 3HAHHA
Ha NpaKTULi, aHaNi3yBaTu NPOLLECU 1 YXBaNOBATU TEXHIYHO OBFPYHTOBAHI PilEHHS.

AHani3 akTyanbHUX AocniAaXKeHb. YNPOA0BXK OCTAaHHIX POKIB iHXXeHepHe MUCNEHHSA BCe YacTille po3rnafaeTbca AK ogHa
3 K/IOYOBMX LLiNeM Cy4acHOI OCBiTM, 30Kpema B KoHTeKcTi STEM-niaxoay (CTpuKkak Ta iH., 2017). 3a BM3HadYeHHsam J. R. Qin i
G.S. Fu (2017), iHXeHepHe MMWCNEHHA Ue iHTerpaTMBHa 34aTHICTb A0 PO3B’A3aHHA MpPUKNagHMX npobnem, WO BMMarae
3aCTOCYBaHHA 3HaHb 3 MaTeMaTUKK, Gi3UKKM, TEXHONOTIN, iIHOOPMATUKKM Ta TBOPYOTo NPOEKTYBAHHA. Y Mexax STEM-ocBiTv BOHO
PO3rNAQAETbCA He Auwe AK Mi3HaBaNbHA AiANbHICTb, @ AK CNOCI6 MUCNEHHSA, WO FPYHTYETbCA Ha iTepaTMBHOMY aHanisi,
KPUTUYHOMY OL,iHFOBAHHI BapiaHTiB pilleHb i 34aTHOCTi A0 CUCTEMHOIO HayeHHs.

Y CBITOBIlA HAayKOBO-OCBITHII NiTepaTypi 3HaYHy yBary NpuAineHo NUTaHHAM GOPMYBaAHHA iHXXEHEepPHOro MUCIEHHA
yepes BUKOPUCTAHHA LMbPOBUX CUMYNALIMHUX IHCTPYMEHTIB, 30Kpema B UCLUMMNIHAX, NOB A3aHNUX 3 apXiTEKTYpOto Komn'loTepa,
CXEMOTEXHIKOK Ta MiKpoeneKTpoHikot. Tak, L. D. English (2016), t0.B. BoTy3oBa (2018) Ta Semenikhina et al. (2022) nigkpecntoe
BaXK/IMBICTb BNPOBaAKEHHA iIHTEPAKTUBHMX BipTyasbHUX cepenosumuy, y STEM-Kypcu 3 MeTolo po3BUTKY 34aTHOCTI 0 TEXHIYHOTO
MOZEN0BAHHA Ta CAMOCTIMHOMO MOLWYKY iHXeHepHUx piweHb. C. Yata, T. Ohtani i M. Isobe (2020) 3a3Ha4atoTb, WO HaBYa/bHi
cepefoBULLA MAOTb He nLLe BiATBOPtOBaTM (GisnYHI npoLecy, a 1 CTUMYNIOBATU aHANITUYHY AiANbHICTb, Y AKIN CTYAEHT BUCTYNaE
AK aKTUBHWUIN LOCNIOHUK.

IH)XeHepHe MmuUcneHHA GOPMYETbCA, Hacamnepes, uYepes AiANbHICTL MOAENIOBAaHHA: NobOyAoBYy, TecTyBaHHSA,
BLLOCKOHa/NIeHHA 11 OLiHKY undposmx abo disnyHux npotoTunis. Y 38’A3Ky 3 UMM cepefoBuLle Proteus BUKOHYE He nwe ponb
[EeMOHCTPaLiNHOro iHCTPYMEHTY, a i 3a HAaABHOCTI NPaBU/IbHO OPraHi30BaHOT METOAMKM iHCTPYMEHTY PO3BUTKY BUCOKOPiIBHEBUX
KOTHITUBHUX QYHKLM, TaKMX AK aHaNi3 NPUYMHHO-HACNIAKOBUX 3B'A3KiB, NepesipKa rinotes, onTMmisauia GyHKLiOHaNbHUX CXeM.
Came uj npouecy, 3a C. Zhou i Y. Li (2021), i cknagatoTb 6a3mC iHKEHEPHOTO MUC/EHHS B Cy4aCHOMY MOro PO3yMiHHi.

Y pocnigxeHHsax Semenikhina et al. (2020) niakpecneHo, L0 BUKOPUCTaHHA BipTyanbHMX 1abopaTopiit cnpuse He anwe
3POCTaHHIO aKaZeMiYHOT YCNiWHOCTI, @ 1 PO3BUTKY 34aTHOCTI 0 KPUTMYHOTO aHanisy moaenei. HaykoBLi akLEHTYOTb yBary Ha
TOMY, WO B YMOBaX AMCTaHLiHOro abo 3milaHoro HaBYaHHA CUMYANALIAHI cepeaoBuwa 3abe3nedyroTb NOBHOLIHHY peanisaLito
eKcrnepMmeHTaNnbHOI AiANbHOCTI, WO € OAHIEID 3 OCHOB iHXeHepHoro niaxoay 8 STEM.

B yKpaiHCbKOMY OCBITHBOMY MPOCTOPi NMUTAHHA PO3BUTKY iHXKEHEPHOro MUC/EHHA HabyBae 0cObBANBOI aKTyasIbHOCTI y
niarotToBLi ManbyTHIX yumtenis iHGOPMaTUKKM, AKI MAlOTb He NuLEe BONOAITU MPegMeTHUMM 3HAHHAMW, a W BUCTYNaTU fAK
dacuniTaTopu iHKEHEePHO-OPIEHTOBAHOIO HaBYaHHA B WKoAi. Po6oTn O. O. MapTuHiok (2018), H.P. Banuk i .M. Wmurep (2017)
[0BOAATH, WO came iIHPOPMaATUKa, NOEAHAHA 3 MIKPOENEKTPOHIKO, LMGPOBUMU TEXHOOTIAMM Ta MOLENIOBAHHAM, CTBOPHOE
ONTUManbHi ymosu ans ¢popmyBaHHA 6330BOro iHXEHEPHOro MWCNEHHA Y CTyAEeHTIB. BogHouac BMABMEHO HeLOCTATHICTb
eMnMipUYHMX JOCNiAKeHb, AKi 6 aHaNi3yBanu gUHaMiKy pOpMyBaHHS iH}KEHEPHOro MUCIEHHSA CamMe B MeXKax Kypcy « ApXiTeKTypa
Komn’toTepa» abo CyMidKHUX AUCLMMAIH, 3 BAKOPUCTaHHAM CneLianizoBaHmx undposmx naathopm. 3 ornsay Ha ue, fOUiITbHUM €
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po3rnag nNporpamHoro cepenosuila Proteus AK cepefoBuLLa PO3rOPTAHHA IHXEHEPHOI AiANbHOCTI CTYAEHTa, a He /uwe AK
iHCTpyMeHTa Bi3yanisau,ii cxem.

OT)Ke, CcyyacCHi HayKOBi OOCNIAXKEHHA MiATBEPAMKYIOTb, WO CUMYAAUiMHI LMdpoBi cepesoBulLa, 30Kpema Proteus,
MOXXYTb BUCTYMNaTK KaTanizatopamm GopMyBaHHA iHXKEHEePHOro MUCIeHHA Y ManbyTHix daxisuis IT-chepn 3a ymosm iHTerpalii B
MEeTOANYHO CTPYKTypoBaHe STEM-opieHTOBaHe HaBYaHHA.

MeTa focCnigeHHA NoNArae B HAyKOBOMY OBOFPYHTYBaHHI AOLiINbHOCTI BUKOPUCTAHHA CUMYAALIMHOMO cepeAoBMLLA
Proteus AK iHCTpymeHTa PO3BUTKY iHXEHEePHOro MUC/eHHA CTyAeHTiB y npoueci STEM-opieHTOBaHOro BMBYEHHA apXiTeKTypu
Komn'toTepa.

[JocAarHeHHA meTn nepenbavae peanisaL,ito TakKMX 3aBAaAHb:

— BW3HAYUTK MejaroriyHi ymoBM, 3a AKUX UMdpoBe MoaentoBaHHA B Proteus cnpuae GOpMyBaHHIO KNHOYOBUX
KOMMOHEHT iH}XeHepHOro MUC/IEeHHS;

— 3iCTaBUTU ePEKTMBHICTb HAaBYAHHA 3 BUKOPUCTaHHAM Proteus i Multisim y yacTuHi dpopmyBaHHA HAaBMUYOK aHaniy,
NPOEKTYBaHHA Ta TECTYBAHHA LMPPOBUX CXEM;

— BMWABUTU AMHAMIKYy PO3BUTKY iHXEHEePHO-MPOEKTHOI aKTUBHOCTI CTYAEHTIB Ha Pi3HMX eTanax HaBYaHHSA;

— ouiHuTK BNAMB STEM-0pieHTOBAHOT METOAMKM HAa CAMOCTIliHICTb, KpeaTUBHICTb Ta aHaNITUUYHY pedeKcito 3506yBavis
ocBiTU.

METOAM AOCNIAMEHHA

MeToA0/10riYHY OCHOBY AOC/IAMKEHHA CTAHOBATL MOJMOMKEHHA MPO iHXEHepPHe MUCNEHHSA K LiIbOBY XapaKTePUCTUKY
STEM-0CBITH, i€l KOHCTPYKTUBICTCHKOTO HaBYaHHA, NPUHLMNN MOAENIOBAHHA AK 3aC0by Ni3HAHHA CKAa4HMX CUCTEM, @ TAKOX
HayKoBi Niaxoam A0 opraHisauii LMbpoBOro 0CcBITHLOrO cepesoBuULLA Y NiAroTOBL ManbyTHiX IT-paxisLis.

MeToam focniaKeHHA BKAOYaloTh:

—  AHani3s nitepatypu 3 nutaHb STEM-OCBITW, iHXEHEPHOTO MUCNEHHA, UMPPOBOro MOAENOBAHHA, CUMYAALIAHUX
nnathopm y neaaroriui Ta TEXHIYHIM OCBITI;

— TopiBHANBHUI aHani3 QYHKLUIOHANbHUX MOXKIMBOCTEN cepepoBuw, Proteus i Multisim, 3ailicHEHWIA 33 TEXHIYHUMUK
napametpamu (iHCTPDYMEHTM MOZAENIOBaHHA, aHaniTMKa, Bi3yanisauia, 3D-NpOEKTyBaHHA) Ta neAaroriyHMmm
KpUTEpIAMM ([OCTYNHICTb, THYYKICTb, MOXIMBOCTI AN1A AOCNIAMKEHHSA, 3PYUHICTb ANA CTYAEHTIB);

—  MNeparoriyHnit eKcnepuMeHT, NpoBeAEeHUI NPOTArOM ABOX HaBYa/NbHMX POKiB Ha 6a3i nepgaroriyHoro 3BO, y mexax
AKOro ABi EKCNEPUMEHTANbHI FPYyNu BUBYAAM KYPC, CNOPIAHEHWI i3 apXiTeKTypoto komn'toTepa: EM — i3 BUKOPUCTaHHAM
Proteus, El2 — i3 BukopuctaHHam Multisim. O6uaBi rpynu Ha cTapTi Maiv CTaTUCTUYHO OAHAKOBUIA PiBEHb NiATOTOBKY,
wo 6yno niaTBepAKEHO CTaTUCTUYHO;

—  KinbKicHi meToan aHanisy pesynbTaTis;

—  AKicHWI aHani3 pesynbTaTiB: iHTepnpeTalis pilleHb, NOAAHUX Y CEPEAOBULLI CUMYNATOPA; PiBEHb OPUriHANBbHOCTI,
BAPiaTMBHICTb TEXHIYHWMX NiAXOAiB, CAMOCTIAHICTL Y BMOOPI CXEMHUX €N1eMEeHTIB i CTPYKTYp; pedneKCuBHI Biaryku
CTYAEHTIB.

YyacHUKM pocniaskeHHs ctyaeHTu |l Kypcy cneuianbHocTelt «CepegHs ocgita (IHGopmaTmka)» Ta «Komn'toTepHi
HayKu», AKi He Maan nonepeaHbLOro A0CBiAy Ppob0oTU 3 BIANOBIAHMMM CUMYNATOPAMU. 3arasibHa KiNbKicTb y4acHUKiB 87 ocib, 3
HWX 42 y rpyni 3 BUKOpUCTaHHAM Proteus (EF1), 45 y rpyni 3 Multisim (EF2). Y npoueci eKcnepumMeHTy 34iiCHIOBaBCA KOHTPO/Ib He
iMWe aKaJeMiYHUX MOKA3HUKiB, a 1 Temnie GopmMyBaHHA iHXEHEPHOro MUC/IEHHs, WO BUABAANOCA Y cnocobax pobotu 3
iHpopMaLli€to, yXBaNeHHI TEXHIYHUX pilleHb Ta aHaNiTUYHOMY OBIFpYHTYBaHHI BUBpaHMX niaxoais.

PE3YNIbTATU AOCNIAKEHHA

Pe3ynbTaT nesaroriYHOro eKcnepumMeHTy A03BOJIMAN BUABUTU BIAMIHHOCTI Y XapakTepi popmyBaHHA iHXKeHepHOro
MWC/NIEHHA CTYAEHTIB, AKI ONAaHOBYBA/NM KypC apXiTeKTypu KOMM'toTepa i3 BUKOPUCTAHHAM PIi3HUX CUMYAALIMHMX cepesoBuLL,.
MopiBHANBHMI aHaNi3 ABOX EKCNEPUMEHTANbHUX FPYN NOKa3as., Wwo obuasa Lmdposi iHcTpymeHTH Proteus i Multisim cnpustoTb
3aCBOEHHIO TEXHIYHOrO MaTepiany, 04HAK MatloTb Pi3HY ANAAKTUYHY eDEeKTUBHICTb 3aN1eKHO BiA Ljifei HaBYaHHA.

1. AkademivHi docsazHeHHsA

AHani3 cepefHboro 6any 3 Kypcy NPoAeMOHCTPYBaB BifCYyTHICTb CTATUCTUYHO 3HAYYLLMX BIAMIHHOCTEW MiXK CTyAEHTamu,
AKi NpaytoBany B cepeosuLli Proteus (72 6anu), i Tumu, xTo BUKopuctosysas Multisim (70 6anis). Lle cBiguuTb Npo eKBiBaNeHTHY
pe3yNbTaTUBHICTb Y 3aCBOEHHI TEOPETUYHMX 3HAHb. MpoTe ana STEM-0CBiTM Haf3BMYAMHO BAXK/MBOIO € HE NIMLLE KOTHITUBHA
CKNagoBa, a W AianbHiCcHa 34aTHICTb aHanisyBaTW, MOAENOBATW, OLIHIOBATM i BAOCKOHANOBATU TeXHiYHi piweHHA, TobTo
GOpPMYBaTU iHKEHEPHE MUC/IEHHA.

2. EchbekmusHicmb 8UKOHAHHSA 1a60PAMOPHUX 3080AHb

3a pesynbTatamu ¢ikcauii cepeaHbOro 4Yacy, BUTPAYe€HOro Ha BMKOHAHHA NabopaTOpHUX POBIT, BCTAHOBAEHO, WO
CTyAeHTU rpynu Multisim gemoHcTpyBanu wenAawniA Temn poboTn Ha eTani NepBUMHHOro 3HalomcTBa 3 nporpamoto. Tak,
cepeHili Yac BMKOHaHHA TMMOBOro 3aBAaHHA B cepegoBuu,i Multisim craHoBuB 45,6 xB, Toaji AK y Proteus 48,1 xB. MpoTe us
Pi3HMLA NOACHIOETLCA NepeBaykHO iHTepdelcHUMK ocobameocTamu: y Multisim 6inbluicTe 6a30BMX iIHCTPYMEHTIB BUHECEHO Ha
naHenb, To4i Ak y Proteus noTpibeH ranblumii nowyk y 6ibniotekax.

OpaHak iHXeHepHe MUC/IeHHA nepeabayac He inLie WBUAKICTb, @ i OCMUC/IEHICTb Ail, ONTUMI3aL,ito CTPYKTYPU pilleHHs,
FHYYKIiCTb MMCNEHHSA Ta TBOPYMIA Niaxia Ao nobyaosm moaeneit. Came Ui 03HaKW BUABAANUCA B pOOOTaxX CTYAEHTIB, AKi NpaLtoBanm
3 Proteus, 0co6A1BO Y 3aBAAHHSAX BiAKPUTOro TUMY.
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3. JuHamiKa ¢hopmy8aHHSA iHHCEHEPHO-NMPOEKMHUX HABUYOK

MopiBHAHHA NOBTOPHOIO BUKOHAHHA paHille BignpaLboBaHUX 1abopaTopHMX pobiT NOKasano NO3UTUBHY AWHAMIKY B
o0box rpynax, ogHaK AKiCHWI aHani3 pileHb 3acBiaunB rnbLLy pedieKcito Ta BapiaTUBHICTb Niaxoais y rpyni Proteus. CTyaeHTH
He Nvwe BiATBOPIOBANM 3afaHy CXeMy, @ M NPOMOHYBa/N afibTEPHATUBU: BUKOPUCTAHHA Pi3HUX TUNIB AKepen, NepeTBOpPeHHA
CUTHaNbHUX POPM, BAOCKOHANEHHA CXeM KoMyTaLii. Y AeAKnx BunafaKax CTyAeHTU NPonoHyBaau BAACHI MOKPaLLeHHA moaenen,
3MiHIOOUYM NOriKy 3’eaHaHb abo Jofatoun OyHKUioOHaNbHI 610KM (HanpuKnag, enemeHTU KOHTPO Hanpyrv, iHauKaTopu
NOMWAOK, GinbTpu Wymis). Taki Ail € NPAMMMM O3HAKAMM iHKEHEPHOTO MUCNEHHSA, LLO BKOYAE iHILiaTUBHICTb, KOHCTPYKTUBHY
KPUTUYHICTb | TEXHIYHY TBOPYICTb.

4. BUKOHAHHA camocmiliHuUX MPOEKMHUX 30800Hb

Y xoaj nepeBipku iHAMBIAYaNbHUX 3aBAaHb (MOAENOBAHHA NiACUIIOBAYa HA YHINONAAPHOMY TPAH3MCTOPI Ta IOTIYHOIO
MaKOPUTapPHOro eleMeHTa) CTYAEHTU AeMOHCTPYBaAN PiHMI piBeHb caMOCTiMHOCTI. B 060x rpynax 3aBgaHHA 6y/sv BUKOHaHI 3
AO0MYCTUMUM PiBHEM NOMWIOK, OHAK:

—  y Multisim nepeBakanu WabAOHHI PilLEHHA 3 HE3HAYHUMM 3MiHAMM TUMOBUX CXEM;

— vy Proteus noHag 40% cTyaeHTiB BUWWAKM 33 MeKi WabnoHy, peanisyBaBlM OpUriHaNbHI TexHiYHi nigxoan abo
NiZAKAOYMBLUN 30BHILHI KOMMOHEHTU, 30KpEMA TaliMepu, aucniei, ceHcopw.
Kpim Toro, y pedpneKkcMBHUX 3BiTax CTyAEHTU rpynum Proteus YacTile onucyBann N0riky BU6Opy enemeHTiB, MipKyBaHHA
Wo40 ONTUMI3aLLT cxemK, TpyAHOL,i, MOB'A3aHi 3 Bi3yaIbHUM KOHTponem napameTpis i nobyaosoto rpagdikis. Lle csiguntb npo
rAMBLINI piBEHb TEXHIYHOrO OCMUCIEHHA 33aBAAHHSA, LLO € AAPOM iHXEHEPHOTO MUCIEHHS.
OTKe, pe3ynbTaTv AOCAIAXKEHHA NiATBEPAXKYIOTb:
—  Multisim 3abe3neyye wBnAKe BXOAKEHHA B POOOTY 3 €NEKTPOHHUMU cxemamMu, epeKTUBHUI aNA 6a30BUX 3aBAaHD i
OUCTaHUIMHOIro HaBYaHHS;

—  Proteus ¢opmye rnmblue ocMUCAEHHA GYHKLiOHYBaHHA LMPPOBUX CXEM, CTUMYIIOE TEXHIYHY TBOPYICTb | € MOTYXKHUM
3ac060M PO3BUTKY iHKEHEPHOrO MUC/EHHA B ymoBax STEM-opieHTOBaHOro Kypcy.

OBrOBOPEHHA

Pe3ynbTaTu AOCNiAXKEHHS NiATBEPAKYIOTb ePEKTUBHICTb BMKOPWUCTAHHA LMOPOBUX CUMYAALIMHUX CcepeaoBuly, AK
3acobiB peanizauii STEM-nigxoay y BWWiA TexXHiYHiA i nepgaroriyHiin ocBiTi. MornMbneHnit aHanis gaHux negaroriyHoro
eKcnepuMeHTY 3acBiaumB, WO xo4a obuasa cepeaosua Proteus i Multisim 3a6e3neyytoTb 3aCBOEHHA HAaBYaIbHOrO MaTepiany,
came Proteus BUABUBCA 3HAYHO eDeKTUBHILIMM AN GOPMYBaAHHA iHXKEHEPHOTO MUCNEHHA CTYAEHTIB, LLO € OAHIEI 3 KOYOBUX
uinen cyyacHoi STEM-ocaitu.

IH>XeHepHe MUCNEHHA TPAKTYETbCA He NM1LUe AK 34aTHICTb BUPIlLyBaTW TEXHIYHI 3afa4i, @ AK KOMMN/JEKCHA KOTHITUBHA
LiANBHICTb, WO BK/OYAE BMIHHA MOAENOBAaTH, AeKOMMNO3yBaTh, aHai3yBaTH, OLHIOBATM, apryMeHTyBaTh Ta BAOCKOHaNOBaTH
TEeXHiYHi pileHHA. B ymoBax BMKOPUCTAHHA cepenoBulla Proteus y CTyAEHTIB 3HAYHO YacTille NPOABAANACA iHiLiaTUBA y 3MiHi
CTaHOAPTHUX pilleHb, NMPOEKTYBaHHI BNIACHUX CXeM, TECTYBAHHI rinoTes WoA0 3MiHM GYHKUiOHanbHUX napametpis. Taki 4ii €
MapKepamu BUCOKOTO piBHA CPOPMOBAHOIO iH}KEHEPHOTO MUCIEHHS.

Baxnueum negarorivHum edpektom STEM-0pieHTOBAHOIO HaBYaHHA cTano GOPMyBaHHA AHANITUYHUX | AATOPUTMIYHMX
yMiHb. CTyAeHTM HaB4Yanuca po3KAadaTv CKAadHi 3agadvi Ha niasagadi (4eKomnoswuis), aHanisyBanyM B3aEMO3B'A3KM MiXkK
KOMMOHEHTaMM KOMN'IOTEPHMX CUCTEM, OLiHIOBa/IM BMNIMB 3MiH Y CTPYKTYPi CXeM Ha 3ara/ibHy NPOAYKTUBHICTb abo cTabinbHicTb
poboTK npuctpoto. Lie cnpuano po3BUTKY CUCTEMHOIO MUCNEHHS, LLLO € 0COB/IMBO aKTya/lbHUM Y HaBYaHHI MalbyTHiX yunTenis
iHPOPMATUKM, AKI NOBUHHI He nWe 3HATU NPUHUMNKN POBOTU LMDPOBOI TEXHIKK, @ 1 YMITU NMOACHWUTU iX Y AOCTYMNHIM Ta NOTYHO
CTPYKTYpOBaHii ¢opmi. BogHouac NpoekTHa AisnbHicTb i STEM-3aBgaHHA CTUMYNOBaAM PO3BMTOK TBOPYOro MOTeHLUiany i
3[aTHOCTI 40 eKcnepyuMeHTyBaHHA. CTyAeHTU CTBOPIOBA/IN HOBI BapiaHTX cXxeM, AONOBHIOBAM 6a308i pilleHHA HeCTaHAAPTHUMMU
efleMeHTaMM, CaMocCTiiHO obupanu cnocobu nepesipku rinoTes. Y UbOMY KOHTEKCTi Proteus BMABMBCA 6inbll FHYYKUM i
BIAKPUTUMY CEPEAOBULLEM, AIKE HAZAE LUMPOKI MOXKANBOCTI A/1A peanisaLii B1aCHOro iHXXeHepHOro 3a4ymy, NOpiBHAHO 3 6inbw
WwabnoHHUM iHTepdeiicom Multisim. Takui gocsig cnpuae GOpmMyBaHHIO KPUTUYHOMO Ta KPeaTUBHOIMO MWC/IEHHS BaXK/MBUX
CKNaJ0BUX iHXEHEepPHOI Ta NegaroriyHoi KOMMNETEHTHOCTEN.

Lle oaAHMM BaXNMBUM aACMEKTOM, BUABNAEHUM Y [OOCNIOMNEHHI, € MPaKTUYHA TFOTOBHICTb A0 BWKAagaHHA STEM-
amcumniid. Hasuatounch y cepeposuli Proteus, CTyAEeHTU He nuvwe HabyBanu ¢axoBUX 3HaHb, a W BOAHOYAC 33aCBOOBANMU
OVAAKTUYHI MmexaHismu peanisauii STEM-niaxoay. Lie dopmyBano B HUX yABAEHHA NPO CTPYKTYPY MiXKAUCUMNAIHAPHOIO YPOKY,
MeTOAM NOACHEHHA CKNAAHMX TEXHIYHMX NPOLEeciB 3a ONOMOro MOAENOBAHHA, CNOCOBM 3anyYeHHsA WKONAPIB A0 NPOEKTHOT
AiANbHOCTI. Y pe3ynbTaTi ManbyTHi BuMTeNi iHGOPMaTUKKM ONAHOBYBAIN HE INLLIE 3MICT, @ i METOAM MOro BUKNAAAHHA B KOHTEKCTI
Cy4acHoi LMdpPOoBOI LWKOAU.

[o npuknagis STEM-3aBaaHb, AKi MOXyTb 6yT peanisoBaHi B cepeaoBuLi Proteus abo 3a MOro NigTPMMKKM, HanexKatb:

—  MOAENtoBaHHA cxemun apudMeTUKo-noriyHoro npuctpoto (ALU) 3 ouLiHKO edeKTUBHOCTI apXiTEKTYPHUX pilleHb;

—  po3pobKka NpoToTUMNy SMart-npucTpold 3 KOHTPOJIEM EHEeprocnoXKMBaHHA Ha OCHOBI aHanisy eHeproedeKkTUBHOCTI
Komn'toTepis;

—  MPOEKTYBaHHA NPOCTOi CUCTEMM KepyBaHHA nepudepiiHMM NPUCTPOEM i3 3BOPOTHUM 3B’A3KOM;

—  CTBOpEeHHA BipTyasbHOI nabopatopii abo cumynsaTopa ANA BUBYEHHA PoBOTM KOMN'IOTEPHOI Mam’ATi 4M MeperkeBux
NPOTOKONIB.

TaKi 3aBAaHHA CNPUAIOTL He NnLLEe NOrNMONEHHIO 3HaHb, @ M PO3BUTKY MPAKTUYHUX HABMYOK peanisauii iHXeHepHuX
inen y BipTyanbHOMy cepefoBMLLi, LLO MNOBHICTIO BiAMNOBIAAE BUMOraM Cy4acCHOi OCBITW, OPIEHTOBAHOI Ha iHTEerpaLito 3HaHHA i
LiANbHOCTI.

3aranom, STEM-opieHTOBaHe HaBYAHHA apXiTEKTYpW KoM toTepa B NOEAHAHHI i3 cMMYNALLIMHUM cepefoBuLem Proteus
3abe3neyye KOMMIEKCHUI PO3BUTOK NPOodeciiHUX AKOCTEN MalbyTHbOro BUMTENs iHGopmaTMKU. CTyaeHTU He nuwwe rnbwe
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po3yMmitoTb 6y0BY 1 GYHKLiOHYBaHHA KOMN'IOTEPHOI TEXHIKMK, a 11 34,00yBatoTb iIHCTPYMEHTM Ta L0CBIA, HeobXigHi Ana opraHisauii
iH}XeHepHO OpPIEHTOBAHOrO OCBITHLOrO MPOLECY Y WKOoAI. TakMi Niaxis A03BONAE NiArOTYBaTU NeAaroris, 34aTHMX HaBY4aTU HoBe
NOKOJIIHHA Y4YHIB 32 NIOTKOK MiXKANCUMNNIHAPHOCTI, TEXHONOTIYHOI FTHYYKOCTi Ta TBOPYOI aKTUBHOCTI.

BMCHOBKW TA NEPCMEKTUBM NOAANBLUOIO AOCNIAKEHHA

IHTerpauia cumynauiiHoro cepegosuia Proteus y Kypc «ApxiTekTypa Komn'toTepa» cTBOpIOE edeKTUBHI YMOBU ANA
peanisauii STEM-nigxody, OCKinbKM 3abe3neyye NOEAHAHHSA HAYKOBOTO 3HaHHA, TEXHIYHOrO MMUCIEHHA, iHXXEHepHOro
NPOEKTYBaHHA Ta LMGPOBOro MOAENOBAHHA B EAUHUI HaBYanbHUI npouec. Lle cnpuae ¢opmyBaHHIO LifICHOrO iHXXeHepHOro
cBiTOrnaay 3406yBayiB OCBITU Ta PO3BUTKY iX 34aTHOCTI 4,0 aHANI3Y, CUHTE3Y, OLLHIOBAHHA TEXHIYHUX PilleHb.

MopiBHANBHUI aHani3 ¢yHKuioHany Proteus i Multisim Ta pe3ynbTaTv negaroriyHOro eKCnepuMmeHTy NigTBEPAMKYIOTD,
wo obuapa cepegosuiLa 3abe3nedyoTb 6a30Be 3aCBOEHHA HaBYaIbHOTO MaTtepiany. MpoTe came Proteus akTUBHiLIe CTUMYAIOE
NPOABM iH}XEHEPHOr0 MUCNIEHHSA, 30KPEMA B YaCTMHI MPOEKTYBAHHA, BapiaTUBHOCTI CXEMHMX PilleHb, IOTIYHOTO MOAENOBAHHA 1
aprymeHTauii BubpaHux niaxogis. AnHamika pe3ynbTaTiB NoKasana, WO Xoya cTyAeHTu rpynu Multisim BukoHyBanu TMNosi
3aBAAHHA WBKMALWe, CTYAEeHTU rpynu Proteus gemoHcTpyBanu rAnbLy KOTHITUBHY 3aHYPEHiCTb, KPEaTMBHICTb i 34aTHICTb A0
ONTUMI3aL,ii pilleHb, L0 € BaXK/IMBOH 03HAKOK CHGOPMOBAHOIO iHXEHEPHOTO MUCNEHHA K IHTErPOBaHOI KOMNEeTeHTHOCTi B STEM-
ocBiTi. Mporpama Proteus 3abe3neyye imiTaLito NOBHOIO LMKAY TEXHIYHOIO pilleHHsA: Big4 nobyaosu cxemu Ao ii Bepudikay,ii,
HanaroAKeHHsa, Bi3yanisauii 1 aHaniTMYHOro aHanisy pesynbTaTiB. Takui popmat cnpuse GopmyBaHHIO CUCTEMHOTO BayeHHs,
BiANOBIAANbHOCTI 33 pilleHHsA, pedneKcii ¥ roTOBHOCTI A0 CaMOCTIMHOrO BUPILLEHHS iHXXeHepHUX 3agay. Bubip cumynsauiitHoro
cepefoBULLA MAE 'PYHTYBATUCA HA OCBITHIN MeTi: AKLLO aKLLeHT 3p06/1eHO Ha 03HAOM/IEHHI, BignpaLloBaHHI TMNOBMX cxem abo
pob6oTi B AnCTaHLiiHOMY PpopmaTi A0OLINBHUM € BUKOPUCTAHHA Multisim; AKLLO HaBYaHHA OPIEHTOBAHE Ha PO3BUTOK iHXXEHEPHOro
MWC/IEHHS, TBOPYOI AifNIbHOCTI, CAMOCTIMHOrO NPOEKTYBaHHA Ta AOCNIAHULBKOrO niaxoay Proteus € meToanYHO BMNpaBaaHUM i
nepeBaXkHUM.

OTpvmaHi pesynbTaTM AaloTb MNiACTaBU ANA OHOBJIEHHA METOAMYHMX MiAXo4iB A0 BWKNadaHHA IT-aucuunnid:
PeKoOMeHA0BaHO BKAOYATU A0 CTPYKTYPM KypCy eTanu BigKPWUTOro NPOEKTYBAHHA, PpepNeKCUBHOIO aHani3y TEXHIYHMX pilleHb i
$opMyBaNbHOIO OLHIOBaHHSA iIHXKEHEPHMX CTPaATeril; AOLiIbHO MPOBOAUTM iHAMBIAYaNbHI ab0 rpynoBi 3aBAaHHA, CPAMOBaHI Ha
CTBOPEHHA, aHani3 i BAOCKOHaneHHA QyHKUioHaNbHMX B/0KIB i3 BMKOPWUCTAHHAM Proteus sK cepefoBuwa AN TEXHIYHOro
MWCNEHHA.

KOH®NIKT IHTEPECIB

ABTOpPM NiATBEPAKYIOTL BiACYTHICTb GIHAHCOBMX, OCOBUCTUX UM iHWMX iHTEPECiB, WO MOXYTb PO3rNAAATUCA AK
NOTEHLiHMIA KOHOAIKT iHTepeciB Woao nybnikauii uiei ctaTTi.

®IHAHCYBAHHA

Po6oTa BMKOHaHa 3a BifCyTHOCTI GiHaHCOBOI NiATPUMKM 3 HOKY ByAb-AKMX OpraHisauii.

LOOCTYNHICTb AAHUX

Lle TeopeTuyHe AOCNiAXKeHHA He nepeabayae BUKOPUCTaHHA A04aTKOBMX Habopis AaHMX.

BMKOPUCTAHHA LUTYYHOTO IHTENEKTY

IHCTPYMEHTU LITYYHOrO iHTENEKTY HE BUKOPMCTOBYBA/IMCb NPU HAaNUCaHHI Li€i poboTu.
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ABSTRACT

®opmyniosaHHa npobaemu. Y [epycasHomy cmaHOapmi
6a3080i cepedHbOI oce8imu YKpaiHU 8u3HayeHo, w0 opmy8aHHsA
2POMAOAHCLKOI I0eHMUYHOCMI € K/KY080I0 KOMIemeHMHicmio,
AKa mae bymu iHmezposaHa 8 oceimHili npoyec. Y n’amux i wocmux
KAacax, Konu 8 y4yHie opmMyemsca noyamkoee yAeMeHHA Mpo
coyianbHi posi ma 8i0noesidanbHicme, 8AMAUBUM € He auwe

nepeoasaHHsA npedMemHux 3HaHb, a Ui PpO38UMOK 2POMAOAHCLKOI

cgidomocmi. MamemamuKa AK Has4anbHaA OucyunaliHa Mae
3Ha4HUl nmomeHyian opmy8aHHsA 2pOMadAHCLKOI ideHmuyHocmi
Yepe3 3a0a4i, Wo ModesoMb couiansbHi cumyayii, sumazarome
7102iYHO20 0B6rpyHMYBAHHA, OUIHKU Crpasedsausocmi piwieHs,
MOpPIBHAHHA anbmepHamue ma npulHAMMA 8i0Nosi0anbHUX
piweHs.

Mamepianu i memodu. [lna OMPUMAHHA pe3yabmamis
BUKOPUCMAHO mMeopemuYHi (aHani3 HopmamusHux OOKymeHmis,
dosidkosoi ma Hae4yanbHOI nimepamypu 3 meopii ma memoodu
HABYAHHA MaMeMamuKu, CUHmMe3 ompumaHux gidomocmed, ix
y302anbHEHHA) ma  emnipuyHi  (onumyeaHHA  e84umenis,
03HaliomneHHA 3 nepedosum 00C8I0OM HABYAHHA  Y4HI8
mMamemMamuKu, onuMy8aHHsA y4Hig) Memoou HayKoB80o20 Mi3HaHHS.

Pe3zynemamu. Y cmammi 3anponoHo8aHo MmemoouYHi nioxoou
00 hopMyBaHHA 2pOMadAHCLKOI ideHmu4YHoOCcmi 8 y4Hie 5-6 Knacie
nid Yyac HaB4YaHHA MaMemMamuKu, HaOAHO MPUKAAOU MPUKAAOHUX
3000y 3 aHAI30M iX PO38A3AHHA MA 8i0M08IOHUMU MEMOOUYHUMU
KOMeHmMapamu 00 HUX.

BucHoeKku. O0HUM i3 3acobie hopmys8aHHA 8 y4Hi8 5-6 Kaacie
2POMQAOAHCLKOI  i0eHmuUYHocmi €  pO38'A3GHHA  MPAKMUKO-
OpiEHMOBAHUX 3080aHb MA MPUKAAOHUX 300QY, CloX(emu SAKUX
8i006paxaomo 2poMadAHCbKE Humms 8 YKpaiHi. Baxciueo, wob
yeli npoyec cynposooHysasca 3micmosHum iHgopmayidHum
KOHMeHmoM, a oc8imHi npoepamu nidzomosku malibymHix
yqyumenie mamemamuKku npooosxysanu adanmyeamucs 00
CY4OCHUX BUK/UKIB, 3a6e3ne4yoyu YYHAM 3HAHHA Ma HABUYKU,
HeobXxiOHi 01a akmusHoi yyacmi 'y yeummi YKpaiHu.

Formulation of the problem. The State Standard of Basic
Secondary Education of Ukraine states that the formation of civic
identity is a key competency that should be integrated into the
educational process. In the fifth and sixth grades, when students
form an initial understanding of social roles and responsibilities,
it is important not only to impart subject knowledge but also to
develop civic awareness. Mathematics as an academic discipline
has a significant potential to form civic identity through tasks
that model social situations, require logical reasoning, assessing
the fairness of decisions, comparing alternatives, and making
responsible decisions.

Materials and methods. To obtain the results, we used
theoretical (analysis of regulatory documents, reference and
educational literature on the theory and methods of teaching
mathematics, synthesis of the data obtained, and their
generalization) and empirical (survey of teachers, familiarization
with the best practices of teaching mathematics to students, and
survey of students) methods of scientific knowledge.

Results. The article proposes methodological approaches to
the formation of civic identity in students of grades 5-6 in the
course of mathematics, and provides examples of applied
problems with an analysis of their solutions and relevant
methodological comments to them.

Conclusions. One of the ways to form civic identity in students
of grades 5-6 is to solve practice-oriented tasks and applied
problems whose plots reflect civic life in Ukraine. It is important
that this process is accompanied by meaningful information
content and that the educational programs for future
mathematics teachers continue to adapt to modern challenges,
providing students with the knowledge and skills necessary to
actively participate in the life of Ukraine.

K/TKOYOBI C/IOBA: 6a3o8a cepedHs ocgsima,; oceimHil npoyec;
2pOoMadAHCbKa ideHMuYHicme;, moaoowuli nidnimkosul  6iK;
iHmeapauyia  3micmy;, iHMe2posaHe  HABYAHHA,  POEKMHA
difAnbHicMb,; MOOe8AHHA; MaMeMamuYHi 3a0a4i; 200MaOAHCLKA
cgidomicme.

KEYWORDS: basic secondary education; educational process;
civic identity; early adolescence; content integration; integrated
learning; project activities; modeling; mathematical tasks; civic
consciousness.
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BCTYN

NoctaHoBKa npobaemu. MNobanisaLia cy4acHoro cBiTy, AK NOCUAEHa iHTerpaLia eKocucTemM Ta CycniNbCTB, HAPOCTAE 3
KOXXHUM poKoM. Llelt npouec € HeBiABOPOTHIM B icTOpIi NtoACTBa. BiH NosiArae B Tomy WO XUTTA Ntogein Ha 3emni, B pe3ynbTari
aKTUBHOTO 0b6MiHY TOBapamu, NPOAYKTAMM, TEXHONOTIAMM, iHGOPMaLLiElD, 3HAHHAMM Ta KY/IbTYPHUMMW LiHHOCTAMM, CTAE BCE
Hinblie B3aeEMONoB’A3aHUM. fIK HEe NPUKPO BU3HABATK, ane NPUCKOPEHHA rnobanisauii BigbyBa€eTbCA i 32 PaxyHOK iHTEHCUBHOT
Mmirpauii HacesieHHs, CNPUYMHEHOT YaCTUMM BOEHHUMM KOHOAIKTaMK, CTUXIMHMMK Bigamu Ta enigemismu.

MocuneHHa rnobanisauii 3arocTpMIo Take BPa3NnBE NUTAHHA AK 2POMAOAHCLKA ideHmuYHicme ocobu, sKa 3agiaHa B
LbOMy MpoLeci i 3a3Ha€ Big4YyTHOro BN/MBY ii pe3ynbTaTiB. BiliHa Pocii npotn YKpaiHu 3mycuna Buixatv noHag 4 minbroHu
rpoMagaH YKpaiHv 3a KOPAOH LWYyKaTU NPUXMCTKY B 6e3neYHnX 41A NPOXKMBAHHA KpaiHax. AKe byae NOBEpHEHHs UUX toael Ha
BaTbKiBLMHY? 3 AKMMM NOYYTTAMM Ta HACTPOAMM FPOMAZAHU YKPAIHWU NigyTb Y MalbYTHE, AK OTOTOMKHIOIOTb cebe 3 KUTTAM
aep»Kasu YKpaiHa? Lle 4oneHOCHI NUTaHHA BeAWKOI Baru i im mae byTu npugineHa ocobnvsa ysara.

AHani3 akTyaNbHUX AocniaxKeHb. [POMagAHCHKA iAEHTUYHICTD — $iNOCODCHKO-NCMXONOTIYHE NOHATTA, AKEe CTOCYETHCA
OTOTOXHEHHA ocoboto cebe 3i CNiNbHOTOW rPOMafAH HaLiOHa/NbHO-AEPXKABHOTO YTBOPEHHSA, YCBIOMAEHHA cebe uneHom
rpomagAaHcbKoro cycninbcrea (PesHik, 2006), NOAMHOK NPUHANEKHOKW A0 MNeBHOI AepKasu (BiakpuTuit npaBocnaBHUiA
YHiBepcuteT). 3 iHWOro 60Ky, rPOMaAAHCbKA i4EHTUYHICTL — Lie | MoYyTTA 0COOM AK YieHa CyCcninbCcTBa B AKOMY BOHA NPOXKMBAE,
PO3yMiHHA Heto CBOIX NpaB i 060B’A3KIB, i aKTMBHA MO3ULLA Ta y4acTb Y rPOMAAAHCbKOMY XUTTi. Taki NovyTTa B 0cObM MatoTb
6yTu. 3Bigcy BunauBae notpeba GopmyBaHHA B HET FPOMAAAHCHKOI iAEHTUYHOCTI, WO pobuUTb NOTpeby aKTyaNbHOK Ha JaHOMY
eTani CycnifIbHOro XuTTa B YKpaiHi.

PopmMyBaHHA TPOMALAHCBKOI iAEHTUYHOCTI B HOHMX FpoMagAaH YKpaiHW 3a4eKNapoBaHO HWU3KOK HOPMATUBHUX
AepKaBHUX fOKYMeHTiB. Lle cTtocyeTbea, Hacamnepes, 3akoHy YKpaiHu «Mpo ocsity» (2017), KoHuenuii HoBoT yKpaiHCbKOT WKoam
(2016), OeprkaBHOro cTaHAapTy 6a30B0i i NOBHOI 3aranbHOI cepeHboi 0cBiTM (2020), MoaeNbHUX HaBYanbHUX Nporpam (2021),
a TaKOX KOHUenNuii HauioHaNbHO-NaTPIOTMYHOTO BMxOBaHHA (2022). Y uMX [OOKYMEHTax 3a3Ha4ya€eTbCsl, WO BUXOBAHHA
naTpiotTnsamy, GopmMyBaHHA aKTUBHOI }KUTTEBOI NO3ULi, FPOMaAAHCBKOI iAEHTUYHOCTI Ma€ NPOXOAMUTU HA BCiX eTanax HaBYaHHA
LWKONAPIB, BKNOYAOYM | HABYAHHA MATEMATUKK. BUxoaaum 3 aHanisy BuLe 3ragaHux 4OKYMEHTIB MM NPUILAM L0 HACTYNHOro
BM3HAYEHHA NOHATTA rPOMASAHCHKOI iAeHTUYHOCTI 0COBUCTOCTI WKoNApa:

IpOMaaAHCbKa iAEHTUYHICTD — CK/AAOHE CoYianbHO-MCcUXonoziyHe AsuUlEe, WO OXOMNKOE yc8idomMaeHHA ocobucmicmio
CBOEI HasnexHocmi 00 nesHoi Hayii, 0epxasu, 2pPOMAGAHCbKO20 Cycninbcmea. BOHO 6KAYAE 8 cebe KifnbKa K/aw4vyosux
KOMMOHEHMI8, Wo hopMytoms YiHHICHI opieHmauii ocobu:

1. YceidomneHHA 3HAHb PO npasa ma 0608'A3KU 2pOMAOAHUHA, PO3YMIHHA MpUHYUNie demokpamii, npas AOUHU,
hyHKYil Oeprasu ma cycninbcmea - mMosi00b MOBUHHA YC8IOOMAOBAMU, W0 KOX(EH 2pOMAGAHUH MQAE MPaso HA y4acme y
npuliHAMmMI piweHb, w0 cmocyromecs o2o ¥ umms, ma Hece 8i0rnosidasbHICMb 30 CB0EYACHE BUKOHAHHSA C80ix 0608 'a3Kis.

2. BidnosioansHicms neped yneHamu cycrninecmea - Mosaodi A0u Mmaroms yceidomMasamu ceoro 8i0rnosidasnsbHicms
neped 2pomadaHamu KpaiHu. Lle nepedbavae ix 2omosHicme 00 y4acmi 8 2pomMadcbKux iHiyiamueax, 80/0HMepPCbKUX
npoepamax, a maxkox« dornomoeay iHWum. BionosidasbHicme 3a ceoi 0ii hopmMye aKmMUBHY ¥UmmEey No3uyito i CPUSE po38UMKY
0eMOKpamuYyHuUx yiHHocmed.

3. [TowaHy8aHHA HapPOOHUX Mpaduyili — ocoba He moxce yumu b6e3 yceidomaeHHA KyabmypHUXx mpaduyil, icmopii ma
uiHHocmeli ceo2o Hapody. Le crnpuse ¢opmysaHHo nosa2u 00 iHWUX Kyaemyp i HApoOis, WO € 8aHIUBUM QCMEKMOM
2nobanizayji.

4. [omoeHicmb i 30amHicmb ¥umu 8 iM’a ceo2o Hapoody, KpaiHu — Mosa00i Adu Mmarome bpamu yyacme y eubopax,
2POMaOCbKUX iHiyiamueax, 80/0HMEPCbKUX MPO2PAMAX MaA iHWUX (hopmax HummedisabHocmi. Lle sumaeae 8i0 HUX 3HAHb PO
MEeXAHI3MU YHKYIOHY8AHHSA CyCrisibcmea ma pilieHs, AKi CMOCyrombCa Humms 2pOMAOAH.

Baromy ponb y ¢opmyBaHHi rpomagaHCbKOT iAeHTUYHOCTI 0cObM BiZirpae 0cBiTa, 30Kpema, HaBYaHHA MaTEMATUKK, AKe
M€ CTaT ePeKTUBHUM IHCTPYMEHTOM A7 GOPMYBAHHA FPOMAAAHCHKMUX LiHHOCTEN WwKonspa. OAHMM i3 KAOYOBUX ACMeKTiB
GOpMyBaHHA rPOMAAAHCHKOI IAEHTUYHOCTI € PO3BUTOK Y AiTell NEBHWUX LIHHOCTEN i HOPM NOBEAIHKM, WO CNPUAIOTb IXHBOMY
iHTErpyBaHHIO B CyCMifibHe MOHATTA. Y 3B'A3KY 3 UMM, BaXK/IMBOK 33Ja4Yel0 € iHTerpauia eNemMeHTiB rpoMagAHCbKOI OCBiTU B
HaBYaHHA MaTemMaTuKU. Lle moxe 6yTU AOCATHYTO Yepe3 CTBOPEHHS CUTyalil, KOAW yuyHi byayTb 3anyvyeHi Ao cnisnpadj,
06roBoptoBaTh Ta BMPILIYBaTU NPO6aEeMM PA30OM, LLLO CTUMY/IOE PO3BUTOK COLiasibHUX HAaBUYOK i GOPMYE PO3YMIHHA 3HAYEHHA
rpoMagaHCcbKNX 060B'A3KiIB. MU BBaXKaeMO, L0 HaMbinbL AieBUM i edeKTUBHMM cnocobom Takoro GopMyBaHHA Nif Yac HaBYaHHA
MaTeMaTMKM € PO3B’A3yBAHHA AOLiINbHUX NPUKNAAHMX 334a4, A06IPKMN AKMX MatoTb BYTU Y WKINbHUX NiAPYYHUKAX MAaTEMATUKM.
Y Takomy BMNaAKy Lj 3aZia4i CTatoTb AiEBUM 3aCO60M GOPMYBaHHA Yy LKONAPIB rPOMaAAHCHKOI i4EHTUYHOCTI.

MeTa cTaTTi: pO3KpPUTU MOXKAMBOCTI POPMYyBaHHA B y4HIB 5-6 KnaciB No4vyTTA rPOMAAAHCHKOI iAeHTUYHOCTI nig Yac
HaBYaHHA MaTeMATUKM 3acobammn NPUKNAGHUX 3a4au4.

3a3HaunMo, O MU He BUABWUAM NyBNiKauii Ha AaHy Temy i BBaXKAaEMO A0CAIAMKEHHA NPobaAeMM aKTyaIbHUM Ta TakKUM,
LLIO MiCTUTb HAayKOBY HOBU3HY.

METOAM AOCNIAMEHHA

Y pocniaKeHHi BUKOPUCTAHO HU3KY METOAIB HAayKOBOTO Ni3HAHHA:

TEOpeTUYHi — aHaNi3 HOPMATUBHUX AOKYMEHTIB, AOBIAKOBOI Ta HAaBYa/bHOI NiTepaTypu 3 Teopii Ta MeToAN HaBYaHHA
MaTeMaTWKK, CUHTE3 OTPUMAHUX BiLOMOCTeN, iX y3arasbHEHHS;

eMnMipWUYHi — ONUTYBaHHA BYUTENIB, O3HANOMNEHHA 3 NepeAOBMM A0CBIAOM HaBYaHHA YYHIB MaTeMATUKK, ONMUTYBAHHA
YYHiB.
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PE3Y/IbTATU AOCNIAXKEHHA

Cami no cobi npuknagHi 3agadi, AaKki 6 rapHi CloXKeTn B HUX He NUcaancb, o4eBUAHO NPobaemun He BUPIWATb, AKLLO He
6yAe KOMMNETEHTHOro BYMUTENA, AKWUIA X BMINIO BUKOPWUCTAE A1 HAaBYaHHA | BUXOBAHHA YYHiB. PO3rnAHeMO KisbKa Takux 3ajad Ta
MeTOAMYHI peKoMeHAaL,i A0 HUX, AKMX CNig 4OTPUMYBATUCh GOPMYHOUM B YUYHIB NOYYTTA FPOMAAAHCBKOI i@ HTUYHOCTI OAHOYACHO
3 GOpMYBaAHHAM MATEMATUYHUX KOMMNETeHTHocTel. Hawi pekomeHaauii po3s’a3yBaHHA L0 KOXHOI 3a4a4i NnogaHi B Tabamuax 3
KONOHKamu «Po3B'A3aHHA» Ta « MeToauUYHUI KOMEHTap». Y KONOHLi «Po3B'A3aHHA» NpeAcTaBNeHO PO3B'A3aHHSA 3a4auY, KyNbTypy
MaTeMaTUYHMX 3anucis, eTanyu MaTeMaTUYHOrO MOZENtOBaHHA. Y KONOHLUi «MeToANYHUIA KOMEHTapP» NOAAHO TON METOANYHMIA
KOHTeHT (iHbopmalLiia), AKMI BUMTENb NOBIAOMANAE YUHAM, GOPMYIOUM B HUX TPOMAAAHCHKY iAEHTUYHICTb.

3agaua 1. O6uncam aobyTKK i AisHATUCA, AKA KiNbKICTb MeLLKaHLiB NpeacTaBneHa B AaHMx mictax (Puc.1) Ha momeHT
OCTaHHbOTO Nepenucy HaceneHHa. Mobyayi ctoBnyacTy giarpamy. 3'aAcyi, A0 AKX obaacTelt YKpaiHW HanexaTb Ui micTa.

ABTOpPCbKI pekomeHgaL,ii A0 3aga4i nogaHi y Tabanui 1.
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Puc. 1.

[xcepeno: cknadeHo asmopamu Ha ocHosi (bex ma iH., 2007).
3a00Ho 0i3Halics, AKa Kinbkicme HacesneHHs 8 meoili 06aacmi Yu mepumopianeHili epomadi. JoMawHe 3080aHHSA

Tabnuua 1. ABTOpCbKi pekomeHgauii go 3agaui 1

Po3s'A3aHHA

MeToAnUYHMUIT KOMeHTap

1. CTBOpeHHA MaTeMaTUYHOi moaeni (maTemaTm3auin)
Ons Toro, Wwob po3e’asaTv 3agady, NoTPiGHO cnoyaTKky 06uncanTH
[06YTOK BMPasiB y CTOBMYMK.
2. MatematuyHe onpautoBaHHA

1 2]z Lafz2]7
LEREEIE T 2 |1
6 110 2 8 |2 |7
36 |6 1165 |a
371210 17387
IEERE 13 ]als
FRE i 5 [3
L 41273 J 1044
1 6§ | 7 M1 |7 ]alo
2 [1 g |3 18444

3. IHTepnpeTauia OTPUMAHUX pe3ynbTaTie

HaceneHHa micTt YKpaiumn
40000

30000
20000
10000

0

ABgiiBka bepesaHb [eHivecbK [3acnas

Puc. 2

[#cepeno: cknadeHo aemopamu Ha ocHosi (bex ma iH., 2007).

Bidnoeiob: B ABgiiBLi NpoxkmBae 37210 mewwkKaHLiB; y bepe3aHi —
17367 mewkaHuis; y NeHiyepcbky — 21793 mewwKaHui; y I3acnasi — 18444
MeLUKaHLi.

Mig Yac po3B'A3aHHA 3a4adi, y4Hi BYaTbCA
npautoBaTv 3 AaHUMU, OTPUMYIOUM BiJOMOCTI
NpPO HacesIeHHs MICT YKpaiHu, Wwo B HUX GOpMYyE
HaBMYKM 360py Ta aHanizy CTaTUCTUYHUX
paHux.  [isHatoTbeA npo reorpagiyHe
pO3TallyBaHHA MICT, WO CNPUAE PO3BUTKY
3HaHb NPO TepPUTOPiaNbHY LiNICHICTb AeprKasu
Ta aaAMiHICTPaTUBHUI noain B Hil.
3HaiomnATbeA 3 NOHATTAM nepenuc
HaCeNeHHs, Wo € BAXKAMBUM A1A NNaHYBAHHA
pecypcis i pPO3BUTKY MiCT.

CtBOpEHHA CcTOBMYacToi Apiarpamum
[onomarae Bi3yanisyBatM UYMCNOBI AaHi, WO
NOKpaLLye po3ymiHHA iHpopmaLii. [itn B4aTbcA
YCBiOMNIOBATM  BAXK/IMBICTb  CTATUCTUYHMUX
OAHUX Y KUTTIi  CyCminbCTBa, Y  HUX
PO3LUMPHOETLCA C/IOBHUKOBMIA 3anac cAis.

CNOBHUK-A0BIAHUK

llepenuc HaceneHHA ue yHiKanbHUi
npouec, Ak BKAKOYae 36ip, 0bpobKy, aHanis i
nybnikayito gemorpadiyHmMx, eKOHOMIYHUX Ta
coujaslbHUX  AaHMX  Npo  Nogen,  Wwo
NPOXWBaOTb HA NEBHiN TepuTopii NpoTArom
BM3HaYeHOro nepioay yacy.

Obnacmeo aZ4MiHICTpaTUBHO-
TEepUTOpiaNibHa OANHULA AepPrKaBU.

Asdiieka — micTo B [loHeLbKil obnacTi.

bepe3aHb — micTo B KUiBCbKili obnacTi.

leHiyecbk — MiCTO B XePCOHCbKI 0b6nacTi.

I3cnaB — micTo B XMenbHULbKilA obnacTi.

3apaua 2. B yKpaiHCbKil poanHi MapTuHIOKIB MicauHMin BlogskeT ctaHoBUTL 45000 rpH. Ha onnaTy KOmMyHanbHUX
naaTexis poauvHa BUTpaTUNa % 6loaKeTy, Ha 6narogilHicTb — LWwe %, Ha XY - % 6rogKeTy, Ha oaAr - 1—10 broaxkeTy. flka YacTuHa
6ro4KeTY 3aUWKMNACA ANA IHWKWX BUTPAT (Ha Npoi34 y rpOMaaCcbKOMy TPAHCMOPTI; Ha BiABiAyBaHHA KiHO; sonomory 3CY ToLwo),
AKLWO CiMm’A iHBeCTyE % YacTuHy 6roaxkeTty? Mobyayl CTOBNYACTY Ta KPYroBy Aiarpamu i npoaHanisyn BUTPaTK YKPaiHCbKOI cim'i.
ABTOPCbKi pekomeHAaau,ii 40 3a4adi nogaHi y Tabauui 2.
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Tabauua 2. ABTOpCbKi pekomeHgauii fo 3agaui 2

Po3B'A3aHHA

MeToauuyHUIi KOMmeHTap

1. CTBOpeHHA MaTemMaTU4HOI moaeni (matemaTtusauin)
3a YMOBOI0 334au4i B YKpaiHCbKil poauHi micauHui 6logxKeT cTaHoBuTb 45000

rpH. Ha onnaty KomyHanbHMX NAaTexis cim'a BUTpaTuaa % 6logKeTy, Ha
6narogiliHicte — we % , Ha TRy — % broarKeTy, Ha ogAar — % 6roakeTy. Cim'a TakoX
iHBECTYyE % YaCTUHyY BrofKeTy.

MaeMo BMKOHATH Aito 3HAaXO4KEHHsA Apoby Big uucna.

To6To 064MCNNTY BUpPa3HK:

e KomyHanbHi nnatexi — % - 45000;
e bnaroginiHictb — % - 45000;
o Txa— 3 45000;
e OpAar—— - 45000;
o 7
e |HBecTMUii — . 45000.

2. MatemaTuuyHe onpaLoBaHHA
Bumarae BUKOHaHHA gji.
Cknafaemo Bci BUTpaTu: 2250+2250+11250+4500+9000=29250 (rpH).
06YMCAMMO 3a/IULIOK ANA IHLWNX BAXKAUBUX BUTPAT.
Bif 3aranbHOro 6roaxeTy BigHIMEMO OTPUMaHY cymy:
45000 — 29250 = 15750 (rpH).
Bidnoegiob: pogyrHa MapTUHIOKIB Ha iHLWI BaxkauBi BUTpaTun Buginae 15750 rpH.

CimeiiHui 6logKeT
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[xcepeno: cknadeHo aemopamu Ha ocHosi (bex ma iH., 2007).

CIMEMHWUNA BIOAXET

Puc. 4

[epeno: cknadeHo aemopamu Ha ocHosi (bex ma iH., 2007).

3. IHTepnpeTaLis OTPpMMaHUX pe3ynbTarTiB.
3rifAHO 3 NpoBeAeHUM aHani3oMm, cim'a BUTpaTuna:
® KoMyHanbHi nnatexi: 5 % 6roaxeTy.
® bnarogiliHictb: 5 % boaxKeTy.
® Txa: 25 % Broaxery.
® Ogaar: 10 % 6roaxKety.
o |HBecTuuii: 20 % broaxeTy.
3anunwoK y 35 % 6toaXKeTy CBiAYMTb NPO Te, L0 POANHA MAE MOXKAUBICTb
BUAIINTW NEBHI KOWTM HA iHLWI BUTPATH, LLO € BAX/IUBUM A4 BiAHOBAEHHA CUA Ta
NiATPUMKN NCUXOEMOLLIMHOTO CTaHy.

MNig uac poss'A3aHHA 3agadi
Ba)K/MBO MiAKPECAUTU BaXKNUBICTb
YYaCTi KOXHOTO 4Y/ieHa pPOAMHU Y
diHaHCOBMX pieHHsAX, Wo bopmye B
YYHIB YCBifOMNEHHA iXHbOI poni B
CycninbCTBi. BOHM MatoTb 3p03ymiTH,
WO iXHi pilleHHA CToCcyloTbCA He
Nvwe iX camux, ajse 1 rpomagu B
uinomy.

Y4Hi MmaloTb po3ymiTH, WO
BUTPATW Ha B1aroginHicTb Ta OCBITY €
BaXKAMBUMM ons PO3BUTKY
cycninbCtBa. TakKMM  YMHOM  y4Hi
YCBiAOMANIOIOTD BaXX/IMBICTb
aonomoru iHWKM, y HUX
dopmyloTbCcA  NOYYTTA  couiasbHOI
cnpasea/INBOCTI.

OTpumaHa iHpopmauia
CTUMY/IIOE YYHIB A0 064yMyBaHHA
CBOIX MOX/IMBOCTEN AOMOMaratu
iHWKMm, dopmye B Hux bepexHe
CTaBNEHHA [0 Trpowen fAK [0
iHCTPYMEHTY 1A AOCATHEHHA Linein y
CyCninbCTBI.

Y Hux ¢GOpMYETbCS YABAEHHSA
npo 6roaKeT, 3aowWafKeHHA Ta
iHBECTMU,i, WO A0MNOMOXKe 3roaom
cTatu  ¢iHaHcoBO rPaMoTHUMM
rpomagaHamu.

CNOBHUK-A0BIgHUK
brodxem — nnaH poxodis Ta
BMTPAT Ha NeBHMIM Nepiog,

Bumpamu — cyma rpowel, ska
BUTPAYAETbCA HA CNOXMBAHHA abo
nocayru.

BnaeodiliHicmbe — AisnbHICTb, WO
Ma€E Ha MeTi AO0Mnomory TUM, XTO
Lboro noTpebye.

KomyHaneHi naamexi — BUTPaTH
3a HagaHi nocnyru (enekTpuka, BoAa,
ras, onasieHHs ToLLo).

®diHaHcosa  epamomHicme  —
3HaHHA Ta HaBMYKMW, HeobXiaHi Ans
ynpaBfiHHA 0COBUCTUMM PiHaHCaAMK.

Po3gaau —  pianbHiCTb, WO
NPUHOCUTL 33[,0BO/IEHHA Ta
BiANOYMHOK (BigBigyBaHHA Teatpy,
eKCKypcit ToLo).

IHeecmuuyji  —  BWKOPUCTaHHA
KOWTIB 3 MEeTol  OTPUMMAHHA
NpUBYTKY B MalibyTHbOMY.

CouianbHa eidnosidanbHicms —
YCBIiAOMNEHHA Ta FOTOBHICTb AiATU HA
6naro cycninbcTea.

3apaua 3. BukoHalt aji Ta AisHaiica im'a i Npi3BuLLE BiZOMOro NOAITMYHOTO AiAva YKpaiHu noyatky XX cronitta. [3].

ABTOPCbKi pekomeHAau,ji 40 3a4adi nogaHi y Tabauui 3.
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[epeno: cknadeHo asmopamu Ha ocHosi (bex ma iH., 2007).
3Haliam B IHTepHeTi iHdopMaLito NPOo LbOro NONITUYHOTO AjAva.

Tabauua 3. ABTOpCbKi pekomeHgauii fo 3agavi 3

Po3B'A3aHHA

MeTtoauuHuii KomeHTap

1. CtBOpeHHA maTemaTUyHOI moaeni (matemaTtusauis)
3a ymoBOt0 3a43a4i NOTPIOHO 06YMCANUTH 3HAYEHHSA BMPa3iB i

Ai3HAOTbCA AK 3BaTM NONITUYHOTO Aisva.
2. MaTtemaTuuyHe onpawoBaHHA
B1MKOHYemO BKa3aHi aii.
3. IHTepnpeTaLisa oTpMMaHuUX pe3ynbTaTis
Bignosigpb: im’a i NpisBuLLe BigOMOro yKpaiHCbKoro
noniTMYHOro Aisya Muxaino MpyweBcbKuiA.

3HaMoOMCTBO 3 BiAOMMMM MOCTATAMM, TaKUMK K
Muxatino pyweBCcbKMi, AONOMAra€ yYHAM YCBIiAOMUTH
BaXKAMBICTb icTOpIT CBOET KpaiHW. Muxainno pyLeBcbKnin
6yB 3HauyLWoto dirypoto B YKpaiHCbKOMy
HaLioHaNbHOMY BiAPOAMKEHHI, MOro BHECOK Y PO3BUTOK
OEPXaBHOCTI  Ta  KyNbTypu € BaX/JMBMUM  AAA
dopMyBaHHA HaLiOHaNbHOT i4EHTUYHOCTI.

Llikasi ¢pakt1 npo Muxaiina MpywescbKoro

o Muxalino lpyweBcbkuii B6yB nepwum npesnmaeHTom

1 4 |5 3] 7 8 9
g8 |8 |4 |7 |8 |7 YKpaiHcbKoi HapoaHoi Pecny6niku (YHP) y 1917 pouj,
2 |3 a |1 |5 |7 & Xou i He byB dopmanbHO 06paHuUii Ha Lo nocaay.
M X | A M| Ao | N e BiH 6yB BiZOMMM iCTOPUKOM, aBTOPOM YMCIAEHHMUX
npaup, cepes akux "lctopia YKkpaiHn-Pycn", saka crana
1 2 3 4 -rj ] 7 KNAaCUYHUM apKepesiom 3 icTopii YKpaiHu.
M #U[X |A M 0 e Muxalino [pylweBCbKMI  AKTMBHO  [0CNiIAXKYBaB
7 T2 | a s 1z |8 7 15 1o o VKPAIHCBKY Ky/bTYpY, MOBY Ta GONbKIOP, BBAXKAKOUM IX
1 a5 |6 |7 |2 3 87 |2 Ba*K/IMBUMM CKNALOBMMM HALLIOHANBHOT iAE€HTUYHOCTI.
5 |4 |9 0 1 | 4 3 6|2 |8 e BiH 6paB y4yacTb Yy MONITUYHOMY XWUTTi YKpaiHu,
E c | K M |r |wi|v B P |b 3acHyBaB YKpaiHCbKy coljian-AeMOKpaTUUHy napTito i
6yB 04HMM i3 3aCHOBHMKIB LleHTpanbHoi Paau.
112 |3]4 |5 617 |8 9]0]"* o [pyLIeBCbKMIt 3aNMLLIMB Nicna cebe BeNUYe3HY HayKoBY
r P |v |WIE |B|C |b|KIW|N CnaALmHy, Wo BK/toYaE Binble 300 HayKOBMX MpaLib,
cratei

i MoHorpadili. BiH aKTMBHO niATPMMYBaB
PO3BMTOK YKPAiHCbKOT OCBITU Ta KyNbTypK, 6yB 04HUM
i3 3aCHOBHMKIB YKPAiHCbKOI akaZemii HayK.

3apava 4. Y Kapnartax pocTyTb AAnHK. Y NpoLeci CBOro 3p0CTaHHA A/IMHA NOrIMHAE 3 NoBiTpA 1,84 T ByrnekmMcnoro rasy,
i33emni 0,55 T BoAM Ta 0,03 T MiHEPaNbHUX PEYOBUH, a BUAiNAE B aTMocdepy 1,42 T KUCHIO. Ha CKiNbKM 36inblUyETbCA Maca ANNHK?
ABTOPCbKi pekomeHAau,ii 40 3a4adi nogaHi y Tabauui 4.

Tabauua 4. ABTOpCbKi pekomeHgauii go 3agavi 4

Po3B'Aa3aHHA

MeToanYHMUA KOMEeHTap

1. CTBOpeHHA MaTemMaTU4HOi moaeni
(matemaTusauin)
3a yMOBOIO 3aZa4i y Npoueci pocTy ANNHA
nornuHae 1,84 1 Byrnekucnoro rasy, i3 3emni 0,55 1
Boam i 0,03 T miHepanbHUX peyosuH. Buainse 8
atmocdepy 1,42 T KUCHIO.
Byrnekucnuiiraz —1,84 1.
Boma—0,55T.
MiHepanbHi pevosuHu — 0,03 T.
Kncewb — 1,42 7.
36iNblWEHHA MACK AIMHU MOXKHA BUPA3UTU Yepes
Macy NOr/IMHEHUX PEYOBUH Ta BUAINIEHOIO KUCHIO:
Manuun = (meymenmcnmﬁ ras t Meoga + MpinepansHi pEHOBVIHM)

- mKVICeHb .

MNig yac po3B'A3aHHA 3agadyi Cnig, 3BepHYTM yBary y4yHiB Ha
BaXK/IMBICTb POC/IVH Y MPUPOAI, iX PONb Y NOT/IMHAHHI BYTNEKUCAO0ro
rasy Ta BUZAINEHHI KUCHIO, LLIO CMPUAE OUYULLEHHIO MOBITPA.

PO3ymiHHA ~ €KONOriYHWMX  MpoueciB  CTBOPIOE B YYHIB
BiANOBIAANbHICTb 332 HABKOJIMLLHE CepefioBULLE, WO € BAKANBUM
aCneKTOM aKTMBHOIO rpomagAHcTBa. Mae BUKAMKATM MOYyTTA
ropAocCTi 3a CBOO KpaiHy Ta ii npupogHi baratcrsa.

CNOBHUK-A0BIAHUK
AnuHa — BUA XBOWHOTO AepeBa, AKE POCTE B ripCbKMX pavioHax i €
BAK/IMBOIO YaCTMHOI EKOCUCTEMM.
Byanekucauli 2a3 (CO;) — ras, Wwo MICTUTbCA B aTMocoepi, AKUI
NOF/IMHAETLCA POCIMHAMM Nifg Yac GOTOCUHTESY.
MiHepanbHi pe4o8UHU — eNnemMeHTU, AKi POC/IMHM NOTNHAKOTH i3
FPYHTY | AKi € HeobXiAHMMW ANA IXHbOTO POCTY Ta PO3BUTKY
(Hanpuknag, Kanin, pocoop).

69




ISSN 2413-158X (online), 2413-1571 (print)

Maemo matemaTuyHy 3agady: obumcantm
3Ha4YeHHA BUpPa3sy.
2. MaTtemaTu4He onpaLoBaHHA
3rigHO yMOBM 3a4a4i MAaEMO:
Manmn = (1,84 + 0,55 +0,03) — 1,42 =1 (7).
3. IHTepnpeTaLis oTpUMMaHUX pesybTaTis

KuceHb (0z) — ra3, AKMN BUAINAETbCA POCAMHAMM B MNpOLEC
DOTOCUHTE3Y | € JKWUTTEBO BAXKAMBMM ANs 6araTbOX MUBUX
opraHismis.

Kapnamu — ripcbKka cuctema B LleHTpanbHO-CxigHin €sponi, wo
NPOCTAraeTbcA TepuTopieto YKkpainum, NMonbui, CnosavumuHun, PymyHii
Ta YropwuHu; BigOmMa CBOIMM Jnicamu, 30Kpema AIMHaMK, Ta
NPUPOSHUMM KpacoTamu. YatobneHe micue BiANOYMHKY YKpaiHL,iB.

Bidnoeiob: y npoLeci pocTy maca ANMHK
36inbWwyeTbes Ha 1 7.

3apgava 5. Pi3aBaHy MicHIO yKpaiHCbKOro Komnosmtopa Mukonau JleoHToBuua «llleapuk»

CniBatoTb Y BCbOMY CBITi.

7 1 3 2 5 I .
O6uncAn 3HaYEHHA BUpasy 1914E +x: 1;— 3 AKWO X = 2;, y = 1;, Ta Ai3Haunca pik
nepLoro BUKOHaHHs TBopy. LLlo B1 3Ha€eTe Npo AaHUN My3n4HUIA TBIp?
ABTOpPCbKI pekoMeHaaL,ii A0 3a4a4i nofaHi y Tabanui 5.

Tabnuua 5. ABTOPCbKi pekomeHgauii Ao 3agadi 5

Po3B'A3aHHA

MeToanuHMiIt KOMeHTap

1. CTBOpeHHA MaTeMaTUYHOI mogeni (maTtemaTusauin)
3a ymOoBOI0 334a4i 4aHO BMpa3
1914%+x : 1%— %y,,ﬂ,ex:Z;y: 1%.
HeobxigHo NiaAcTaBUTM 3HAYEHHA X Ta y BUPa3 i 0bumcantm
MNOro 3Ha4YeHHs.
2. MaTtemaTu4yHe onpauoBaHHA

1914~ +22:12 - 2.13-
12 7

7 8 9
_22975+16‘8 3 14
T 12 7°7 8 9
_295 16 7 1 7
T 12 7 8 4 3

_ 22975 7
==, +t2-;=1916(p)

3. IHTepnpeTauis OTPMMaHUX pe3ynbTaTiB
Bidnoeidb: Bneplue My3ndyHuUii TBip «LLlegpuKk» npo3Byyas
Ha Becb cBiTYy 1916 p.

O3HalOMNEHHA  YYHIB 3  TBOPYICTIO  YKPAiHCbKUX
KOMMO3MTOpPIB, TakMXx AK MuKkona JleoHToBuY, dopmye B
YYHIB NOYYTTA ropAoCTi 33 HALLOHANbHY KYNbTypy.

«LLleapuK» € CMMBOJIOM YKPAIHCbKOT My3MYHOT Tpagmuii,
AKUI NONYNAPU3YE YKPATHCBKY Ky/IbTYpYy B yCbOMY CBiTi. Lle
MY3WYHUI WeaeBp, AKMM 3aXOMNJIHOETLCA BECDH CBIT.

CNOBHUK-A0BIAHUK

LlleOpuk — yKpaiHCbKa pi3gBAHa NicHA,
Komnosntopom Mukonoto J/leoHToBUYEM.

Mukona /leoHmosu4y — YKPAIHCbKMI KOMNO3WUTOP i
XOPOBWUI ANPUTEHT, aBTOP YNC/IEHHUX TBOPIB.

KynemypHa cnadwjuHa — CYKYMHICTb  Ky/AbTYPHUX
LiHHOCTEM, Tpaguuiit Ta 3BMYAiB, AKi nNepeparoTbca 3
NMOKO/IHHA B NOKONIHHA.

My3u4yHuli meip — KOMNO3MLis, CTBOpPEHa
BMKOHAHHA MY3UYHUMMW IHCTPYMEHTAamMM ab0o ronocom.

HanucaHa

ans

3apayua 6. 3 01 uepsHA 2021 poKy B YKpaiHi 6yB NPUIMHATUI 3aKOH NP0 06MeXKeHHA BUKOPUCTaHHA NAaCTUKOBMX NaKeTIB.
Po3s'A3aBlIM 33434y Ai3HaKca, YOMY BaXKAMBO 34aBaTv Nanip, NAacTMK i meTan Ha nepepobKy, 3amicTb TOro Wwob BUKMAATK iX Yy

CMITTA.

Manip po3knagaetbca B Npupoai NpubansHO 3a 4 poku. Yac pos3knagaHHA antomMiHieBoi 6aHKM ctaHoBUTL 2000 % Big,
Yyacy po3KnafaHHA nanepy, WO B pa3su binblie, HiXX AnA nanepy. MnacTMKoBa KpuwKa po3knagaetbea Ha 500 % Big vacy
PO3K/NafaHHA aNtoMiHiEBOI BaHKM, @ N1IacTMKOBUIA NakeT — Ha 125 % Big, Yacy po3KnagaHHA NAacTMKOBOI KPULWKK. CKiNlbKM POKiB
3HaZ06UTLCA ANA PO3KNA4aHHA NAACTMKOBOrO NaKeTa B Npupoai? 3anponoHyi inei gna 3bepekeHHn goBKinna, wob Hawa KpaiHa

6yna eKoNoriYHO YNCTOLO.
ABTOpPCbKI pekomeHgaL,ii A0 3aga4i nogaHi y Tabauui 6.

Tabnuua 6. ABTOPCbKi pekomeHgauii A0 3apadi 6

Po3B'A3aHHA

MeToAauuHU KOMeHTap

1. CTBOpeHHA MaTeMaTUYHOI Mmoaeni (maTemaTm3auin)
3a ymOoBOI0 334a4i 4aHo:
Yac po3knagaHHa nanepy — 4 poku.
Yac po3knagaHHa antomiHieBoi 6aHkmn — 2000 % Big yacy
pO3KNafaHHA nanepy.
Yac po3knagaHHA naacTmkosoi Kpuwku — 500 % Big vacy
PO3KNafaHHA aNtoMiHieBOT BaHKM.
Yac po3knagaHHA NAacTMKOBOro nakeTta — 125 % Big yacy
PO3KNAAAHHA NNACTUKOBOI KPULLIKU.
Maemo MaTeMaTUyHy 3aZa4y Ha 3HaXOAKEHHA YMCNa 3a
BE/IMYMHOLO NPOLLEHTA.
2. MaTtemaTu4yHe onpaLoBaHHA
1) 4:100 - 2000 = 80 (p.) — yac po3KNa[aHHA aNtOMiHiEBOI
6aHKu;
2) 80:100 - 500 = 400 (p.) — yac po3Kkaa[aHHA NNACTUKOBOT
KPULLKWK;
3) 400 : 100 - 125 =500 (p.) — 4ac po3knagaHHA
NJacTMKOBOTO NakKeTa.

Po3s’A3aBWwKM 3agadvy, Y4Hi MaloTb [Ai3HATMCA Npo
TPMBANICTb  PO3KNAZAHHA  PI3HUMX  MmaTepianis, WO
niAKPeCctoe cepiosHicTb Npobaemu Biaxoais. BoHM matoTb
YCBIAOMUWTH, WO HEeMpaBuabHE NMOBOAMKEHHA 3 BiAXoA4amu
MOe NPU3BECTU [0 EKOOFYHMX KaTacTpood.

Ocb YoMy BaKAUBO 34aBaTv Nanip, NAACTUK i MeTan Ha
nepepobKy. Tomy ix 4ii MOXKYTb MaTK peanbHi HacNiAKN Ans
€KONOrii, YNCTOTU A0BKINNA.

Po3yMiHHA Ba*KAMBOCTI YNCTOTH B KpaiHi — Le ntobos ao
piaHOi 3emni, 36epexkeHHA NpUpoaM — Le NaTPIOTUYHWUIA
0608'A30K.

CNOBHUK-A0BIAHUK

EKosnoeiyHa ceidomicme — YCBILOMNEHHS BaXK/JMBOCTI
33aXUCTY HABKOJIMLLIHBOIO CepenoBULLA i BiANOBIAANbHICTD
3a A0ro CTaH.

Mepepobka — npouec NepeTBOPeEHHA BiAX0OA4iB Ha HOBI
maTepianun abo NPoAyKTH, O A03BONAE 3MEHLLNTM 0bCArU
CMITTA Ta 36epertv NpUPoaHi pecypcu.
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Bidnoeiob: AnA po3knagaHHA NAacTMKOBOro NakeTta B BioxoOu — maTepianu, fAKi binblwe He nNOTPIGHI i

npupogai notpibHo 500 pokis. BMKMAAKOTLCA, 4YacTo 6e3 AYMKM Npo IXHiW BNAMB Ha
3. IHTepnpeTauis oTpuMaHux pe3ynbratis npupoay.

Micns po3B'A3aHHA 3343a4i YYHAM MOXKHA 3anponoHyBaTH CopmysaHHA cmimmsa — NpoUEeC PO3AiNeHHA Biaxoais
06roBOpMTH Ta 3aNpPONOHYBaTW BAACHI ifel Ana 36epekeHHsA Ha pi3Hi KaTeropii (nanip, NAacTMK, MmeTan, OpraHiyHi
[0BKiNNA. OCb KilbKa MOXNUBMX BapiaHTIB: Bigxoan) ans noganbloi nepepobkun abo ytunisauii.

»  3MeHLWeHHA BUKOPUCTAHHA NAACTUKY. 36epexceHHA 008KiNAA — AiANbHICTb, CNPAMOBAHA Ha

»  CopTyBaHHA CMITTA. OXOPOHY NPUPOLHMUX PecypciB i eKocucTem, WO 3abe3neyye

»  Tocaaka aepes. 36epekeHHs NpUpoan ANA MabyTHIX MOKOJiHb.

»  IHiLil0BaTV NPOEKTM ANA OUMLLEHHA MiCLEBUX
BOA,0MM, NapKiB, 0604NH A0pir.

BMCHOBKMW TA NEPCMEKTUBU NOAANBLUOIO AOCNIAXEHHA

dopmyBaHHA rPOMaAAHCHKOI iAEHTUYHOCTI Nig, Yac HaBYaHHA MAaTeMaTUKM YYHiB 5-6 KiaciB € BaXKIMBMM 3aBAAHHAM
Cy4acHoi 0CBiTH, WO HabyBae 0cOH6AMBOI aKTyaIbHOCTI B yMOBax riobanisauii Ta couiaibHMX 3MiH. Y Npoueci 4oCNiAXKeHHA Hammn
BCTAHOBJ/IEHO, LLO FPOMAAAHCBKA iAEHTUYHICTD — CKNagHe Ta baraTorpaHHe NOHATTA, AKe BK/OYae B cebe He nuLLe NpaBosi, ane
M MopanbHi, KyNbTypHi Ta couianbHi acnekTu. HopmaTuMBHI OCBITHI AOKYMEHTM, TaKi AK AepXaBHWUM CTaHAApT i mMoAenbHi
nporpamu, NiAKPecntoTb BaXKAUBICTb GOPMYBAHHA FPOMAAAHCHKUX LLIHHOCTEN Y MOMOAWOMY LUKIIbHOMY BiLji, 3aK/i1aaaroun
OCHOBM A1 aKTUBHOI y4acCTi YYHIB Y XUTTi cycninbcTBa. POpMyBaHHA FPOMaAAHCLKOIT i4€HTUYHOCTI MiZ Yac HABYAHHA MaTEMATUKKN
nepegbayae iHTerpauilo HaBYasbHUX MaTepianis, WO BigOOpParkatoTb peasnbHi couianbHi Npobiemn, a TaKoX BUMKOPUCTAHHSA
MeTOZiB, AKi CNPUAIOTb PO3BUTKY KPUTUYHOIO MUCIAEHHA Ta EMOLINHONO iHTeNeKTy. TakKMm YMHOM YYHi OTPUMYIOTb HE JuLle
MaTeMaTUYHi 3HAHHSA, @ 1 YCBIZOMIOIOTL IXHIO 3HAYYLLICTb Y MOBCAKAEHHOMY rPOMAZCbKOMY KUTTI.

OpgHuMm i3 3acobiB popMyBaHHA B yUHIB 5-6 KNaciB rpoMagAaHCbKOI i@HTUYHOCTI € PO3B'A3aHHSA MPAKTUKO-0PIEHTOBAHNX
3aBAaHb Ta NPUKNALHMX 33fay, CIOXKeTU AKUX BigobparkaloTb rpomagAaHCbKe KUTTA B YKpaiHi. Baxnueo, wob uen npouec
CYNpOBOAKYBABCA 3MIiCTOBHUM iHPOPMALLIMHUM KOHTEHTOM, @ OCBITHI NPOrpamMu NiAroTOBKM MalbyTHIX yuMTeniB maTemMaTUKM
NPOAOBXYBaAN afanTyBaTUCA A0 Cy4aCHWUX BUKAUKIB, 3abe3neyytoum yYHAM 3HaHHA Ta HAaBUYKK, HEOBXiAHI 41A aKTMBHOI y4yacTi
Y XUTTI YKpaiHu.

KOH®NIKT IHTEPECIB

ABTOpKU NiATBEPAKYHOTb BiACYTHICTL GiHAHCOBMX, OCOBUCTUX UM iHLIMX iHTEPECiB, WO MOXKYTb PO3rNA4aTUCA AK
NOTEHLiHMI KOHOAIKT iHTepeciB Woao nybnikauii uiei cTaTTi.

®IHAHCYBAHHA

Po6oTa BMKOHaHa 3a BiACyTHOCTI piHaHCOBOI NiATPUMKM 3 HOKY ByAb-AKMX OpraHisauii.

LOOCTYNHICTb AAHUX

Lle TeopeTuyHe AocniaxeHHs He nepeabayae BUKOPUCTaHHA A404aTKOBMX HabopiB AaHMX.

BMKOPUCTAHHA LUTYYHOTO IHTENEKTY

IHCTPYMEHTU LITYYHOrO iHTENEKTY HE BUKOPMCTOBYBA/IMCb NPU HAaNUCaHHI Li€i poboTu.
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ABSTRACT

This review examines the effectiveness of Tyson’s popularization approach for physics education, focusing on the balance between
accessibility and scientific rigour in conveying complex astrophysical concepts to both students and general audiences. It evaluates
the pedagogical potential of the book within the Ukrainian secondary school curriculum and offers practical recommendations for its classroom
application.
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HUKA

3
TPOPI
AC ”

MonynapHO-HAYKOBI KHUTU He NnLe 3a/1y4atoTb MONOAb A0 CBITY AOCNIAMKEHb, @ U CNPUAIOTb PO3BUTKY KPUTUYHOTO
MUCNeHHA. Lle € 0cobnvMBO aKTyalbHUM B YMOBAx 3HMMEHHA iHTepecy Y4YHiB A0 NpUMpPOAHMUMX HayK (3axapiH, 2025;
[ObomiHa, 2024; Cnyba ocBiTHbOro ombyacmeHa Ykpainu, 2023). AckpaBum NpMKNaA0oM yChilWHOT NONyAspU3aLii HayKu € KHura
Hina [derpacca TalicoHa «AcTpodisvka gna Tux, XTO LiHYe yac». ABTOp nparHe AOHeCTU CKAagHi actpodisunyHi KoHuenuii
00 WMPOKOI ayamTopii 3aB4AKM 3p03ymiNiin MmoBi Ta AckpaBum meTadopam. Takuii cnocib nogadi matepiany pobuTtb BUAAHHA
NOTEHLiIMHO KOPUCHUM ANA OCBITHLOIO NpoLLecy.

Y peueHsii M1 npoaHanisyBanun AOLiNbHICTb BUKOPUCTAHHA LET KHUIU Y WKiINbHOMY Kypci ¢i3vKu, 3'acyBanu ii CUNbHI
CTOPOHW Ta MOX/MBI OBMeXKeHHA, AKi cnig BpaxyBatu. Ornaf afgpecoBaHO Hacamnepes BUMTENAM, AKI LWyKaloTb crnocobwm
3aLiKaBUTU YUHIB HAYKOIO.

Hin Oerpacc TallcoH — BiAOMMIN aMepUKaHCbKMIA acTpodi3nK, nmonynapmsaTop HayKu, aBTOp Kinbkox 6ectcenepis
i Begyumii cepiany «Cosmos» (Tyson et al., 2014). Moro cTuAb BiAPI3HAETLCA ACHICTIO, MeTadOPUYHICTIO Ta AOCTYMHICTIO BUKAAAY.
Lle pobuTb MOro KHUIK 3pO3yMIZIMMM LIMPOKOMY 3arajy, Xo4a iHOAi — 3a paxyHOK HayKOBOi TOYHOCTI.

«AcTpodi3nKa» OXONIOE WNPOKE KOO NUTaHb — Bif eBotOLT BCecBiTy A0 Cy4acHMX KocmonoriyHux npobiem. KoxkeH
pO3A4in NPUCBAYEHUIN OKPEMIl TEMI; TOXK iX MOXKHA YMTaTW Y AOBIIBHOMY NOPAAKY. Takuii popmat 3pyyHUii, O4HAK He cnpuse
LiNIbHOMY YABIEHHIO NP0 Pi3MUHY KapTUHY CBITy. YUnUTeN0 BApTO LLe BPaxOBYyBaTH.

[o nepeBar KHUIM HanexaTb:

AcKpasi nopisHAHHSA, WO Nerko 3anam’aToBytoTbcA. Hanpuknaa, paHHiN BceciT NOpiBHIOETHCA 3 KKUNAAYUM By IbIMOHOM
3 KBapKiB, NENTOHIB Ta iXHix BpaTiB i cectTep 3 aHTUpPeYOoBUH...» (TalicoH, 2023, c. 12), YymaubKuit LUnax — i3 mavHuem (c. 121),
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a NoACTBO — i3 «30PAHMM NUIOM, WO 3 PELUTO PO3BMHYBCA 40 PO3YMHOro XuUTTA» (c. 23). O6pasu, A0 AKWUX BAAETLCA aBTOP,
pob6naTb abCcTpaKTHI KOHUENUii AOCTYNMHUMM AN PO3YMIHHA Ta CTBOPIOIOTbL MilHI acoLiaTUBHI 3B'A3KM B MaM'ATi yUHIB.

YecHicme w000 mex Haykosux 3HaHb. Ha nutaHHAa «llo Take TemHa eHepria?» TaWlcoH npsmo Bignosigae:
«Llboro He 3Hae HixTo» (c. 94). AHaNOriYHO BiH BU3HAE 0BMENKEHICTb 3HaHb NPO TEMHY MaTepitlo Ta NoxoasKeHHa Bcecsity (c. 23,
c. 69). Taka BiZKPUTICTb CTBOPIOE B YYHIB PO3YMiHHA HayKW AK NpoLLecy NOCTIMHOrO MOLUYKY.

EmouiliHe 8KaO4YeHHA. 3ayBaXKeHHA NPO Te, WO COTHA MINbAPAIB COHAYHUX HEUTPUHO LLOCEKYHAMN NPOHU3YE KOXKEH
KBagpaTHUI AOMM NH0ACHKOrO Tina (c. 76), nepeTBoptoe abCTpakTHI di3nYHI npouecy Ha ocobucTo 3HavyL,i 06pasm, cTBoptotoum
Big4yTTA 6e3nocepefHbOI NPUYETHOCTI A0 KOCMIYHUX ABULL.

Pa3om i3 NO3UTUBHUMM PUCAMU, KHUTA MAE TaKOXK NEBHi 0OMEXKEHHA, NPO AKi BUMTE/IO BAXKINBO 3HATU.

Mosepxosicmb 8uKknady. BuaaHHA Hinblue MOTUBYE, HiK HaBYaE. A rMBWOro po3ymiHHA AOUINbHO NOEAHYBATM MOro
3 BUBYEHHAM LWKiNIbHUX NiAPYYHUKIB.

TemamuyHa camocmiliHicms po30inie. Taka CTPYKTypa 3aBakae GOPMYBAHHIO LiNICHOI KapTUHU ¢i3MYHMX NpOLLeciB
y BcecsiTi.

KynbmypHi ocobausocmi. MpuKknaan, yKopiHEHI B aMepuKaHCbKOMY Ky/NbTYPHOMY KOHTEKCTi, MOXYTb noTpebysatu
[043aTKOBOIO NOACHEHHSA YKPATHCbKMM YYHAM. 30Kpema, 3ragku npo «syauuto Cesam» (c. 180), napag mepesxki yHiBepmaris Melici
(c. 119) abo nopiBHAHHA MacK ipuaito 3 aBTomobinem «B'toik» (c.109) MOXKYTb YTPYAHIOBATU CIPUMHATTA HAaYKOBOTO 3MICTY.

OTKe, Ui 0BMexKeHHA BUMaratoTb afanTalii KHUIM A0 HaBYasIbHOTO npoLiecy.

o6 nosHiwe 3po3ymiT ocobnuBocTi nigxody TaliCOHa, MM MOPIBHAAM MOro CTUb 3i CTUIEM iHLWIMX 3HAHWUX
nonynspusatopis Hayku. Akwo Kapn CaraH y «Kocmoci» (2006) Haanxas Kpacoto BcecsiTy, a CtiBeH [oKiHI' y «KopoTkilt icTopii
Yyacy» (2015) noesHyBaB rAMOBWMHY M TOYHiCTb, TO TalicOH POOUTb AKLEHT Ha JNaKOHIYHICTb Ta HecnogiBaHi aHanorii
i3 NOBCAKAEHHOrO KUTTA. «AcTpodiznmka» — Le pagLe ferkuii BCTyn Ao Tem, Wo noTpebytoTb Noganblwioro ocmuciaeHHa. Came
TAKUI Nigxig 34aTteH NpobyanTn NepBUHHUI iHTepec A0 acTpodi3nKu.

MpaKTUYHE BUKOPUCTAHHA pPeLeH30BaHOl KHUIMM Ha ypoKax Gi3vKu moxke byTu pisHOMaHITHUM. Mo-nepue, i ouiNbHO
BMKOPMUCTOBYBATU AK MOTUBALIMHWUIA IHCTPYMEHT Ha MOYaTKy TEMM: 3aXON/IMBUI YPUBOK 34aTEH 3aLLiKaBUTU YYHIB | HanaWTyBaTH
iX Ha 3aCBOEHHA MaTepiany, WO BUBYAETLCA B OCHOBHOMY Kypci. Mo-apyre, ebeKTUBHOW € poboTa 3 3icTaBHUM aHani3oM: y4Hi
MOXYTb AOCANIAKYBATH, AK OAHA 11 Ta cama disMuHa KoHUenuia — Hanpuknag, rpasitauia abo CTpyKTypa aToma — MOJAETbCA
Y KHU3i TalicoHa Ta y WKiNbHOMY MiApyYHUKY. Taka AiANbHICTb PO3BMBAE KPUTUUHE MUC/IEHHA Ta HAaBWYKY aHanisy axkepen.
Kpim Toro, BMAAHHA [03BONSE OPraHi3oBYBAaTM MIKAMCUMMNIHAPHI  AMCKYCIl, OCKiNbKM 6araTo ClOXKeTiB MnepeTUHalTbeA
3 dpinocodieto, bionorieto Ta icTopielo Hayku. HapelwuTi, aHani3 CTUAICTUYHUX NpuitomiB nonynapusauii cnpuse popmyBaHHIO
MeZiarpamoTHOCTI: YYHi Ai3HalOTbCA, AK OCOB/AMBOCTI TEKCTY — CTPYKTypa, 0DpasHicTb Ta MaHepa BWKNagy — BNAMBAOTb
Ha CNPUNHATTA HAYKOBUX 3HaHb.

Ornag KHUMM «Actpodisuka ANA TUX, XTO LiHYE 4Yac» MOKasas, WO BOHa BAA/N0 MOEAHYE HAyKOBY [AOCTOBipHICTb
3i 3po3yminicTio BUKNaAy. TaWCOH CTBOPWMB BAANMM MICTOK MiXK aKaZeMIYHOK HayKOH Ta LUMPOKOK AyAWTOPIEID 3aBAAKM
ACKPaBUM 06pasam Ta OpUTriHaZIbHUM aHanoriaM. PeKomMeHAYEMO aKTUBHe, ane NpoAymaHe BUKOPWUCTAHHA KHUTW: afganTaLiio
HaMACKpaBiWMX NPUKNAAIB A0 YKPAIHCbKOTO KOHTEKCTY, MOEAHAHHA 3 TPaAuLiMHUMKM NiAPYYHMKAMK, 3acTOCyBaHHA
Yy MO3aKnacHii poboTi. 3arasibHa OUiHKa: LiHHUI pecypc Ana 36arayeHHA OCBITHbOrO MpoLecy, 34aTHUIA CYTTEBO MigBULLMUTU
MOTMBALLIIO YYHIB A0 BUBYEHHA NPUPOAHNYMX HaYK.

KOH®IKT IHTEPECIB

ABTOpPM NiATBEPAKYIOTL BiACYTHICTL GiHAHCOBMX, OCOBUCTUX UM (HLWMX iHTEPECiB, WO MOXYTb PO3rNAAATUCA AK
NOTeHLiMHNIN KOHPNIKT iHTepeciB woao nybaikauii uiei ctaTTi.

®IHAHCYBAHHA

Po60Ty BMKOHAHO 6€3 30BHiWHbOTO hiHAHCYBaHHSA.

AOOCTYNHICTb AAHUX

PeLieH3iA rpyHTYETbCA BUKIOYHO Ha aHanisi APyKOBAHOIO BUAAHHS.

BUKOPUCTAHHA WUTYYHOIO IHTENIEKTY
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