MIHICTEPCTBO OCBITU
I HAYKU YKPAIHU

HarmionansHuil TEXHIYHUA YHIBEPCUTET
«XapKiBChbKUH MOJTITEXHIYHUHN IHCTUTYT»

Bicuuk HanioHajabHOro
TEeXHIYHOT0 YHIBEPCUTETY
«XIII». Cepisi: CTpaTeriune
yHnpaBJiHHS, YIIPABJIiHHSA
noprgeaaMu, NporpaMaMu Ta
MPOECKTAMU

Ne 2(9)

30ipHHMK HAYKOBHX Ipallb

Bunanns 3acHoBane y 1961 p.

XapkiB
HTY «XIll», 2024

MINISTRY OF EDUCATION
AND SCIENCE OF UKRAINE

National Technical University
"Kharkiv Polytechnic Institute"

Bulletin of the National
Technical University
"KhPI". Series: Strategic
management, portfolio,
program and project
management

No. 2(9)

Collection of Scientific papers

The edition was founded in 1961

Kharkiv
NTU "KhPI", 2024



Bichuk HamionaabHoro Ttexniunoro yHiBepcutTery «XIII». Cepis: Crtparteriune ymnpaBiiHHS, yHpaBJIiHHS
noprdensmu, nporpamamvu Ta npoexkramu = Bulletin of the National Technical University "KhPI". Series: Strategic
management, portfolio, program and project management : 36. Hayk. mp. / Ham. TexH. yH-T «XapkiB. HOJITEXH. iH-T».
Xapkis : HTY «XII», 2024. Ne 2(9). 84 c. ISSN 2311-4738.

30ipHUK NPHCBAYCHUH PO3TILILY MpoOiaeM iHPOpMaiHHIX TEXHOJOTIH yIpaBliHHA PO3BUTKOM KOMIIaHIN, TEPUTOPIN 1 AepiKaB.
T'onoBHa yBara mpuAiIsA€THCS CTBOPEHHIO Ta BUKOPHCTAHHIO 1HGOPMAIIMHUX TEXHOJOTIH y CTpaTerivHOMY YIpaBIiHHI, YIpPaBIiHHI
nopTdensiMu, MporpamMamMu, HPOEKTAMH.

Jlns HayKOBLIB, BUKJIQIa4iB BUIIO] IIKOJIH, acHipaHTiB, CTYACHTIB 1 (axiBLiB B ray3i yIpaBliHHSI PO3BUTKOM CKIaJHUX CHCTEM
Ta iHpOpMaNifHUX TEXHOJIOTIH.

The bulletin is devoted to the problems of information technologies for managing the development of companies, territories, and
states. The main focus is on the creation and use of information technology in strategic management, portfolio, program, and project
management.

This is for researchers, university professors, postgraduates, students, and professionals in complex systems development
management and information technology.

Imentudikarop menmis R30-01547, 3rigHo 3 pimeHHsM HamionanpHOT pamgm YKpaiHM 3 NHTaHb TelleOadeHHS 1
paniomoBieHHs Bix 16.10.2023 No1075

Moga crareii — ykpaiHCbKa, aHTJIiHCbKa.

Bichux Hayionanenoco mexuiynoco yrieepcumemy «XI1I». Cepis: Cmpameeiune ynpaeninHs, YRPAeNiHHA nopm@ensmu,
npospamamu ma npoexmamu eueceHo 0o kamezopii b «Ilepeniky naykosux gaxosux eudans Yxpainu, 6 akux Moxcymv nyouiKysamucs
pesyrbmamu Oucepmayiunux poodim Ha 3000ymms HAYKOGUX CMYNEHI8 OOKMOpA HAYK, KaAHOUOama HAyK md CmyneHs OOKmopd
dinocoiiy, sameepoxcenozo Haxasom MOH Ykpainu Ne 886 6io 02.07.2020 p. «llpo 3ameeposicenns piuenv Amecmayitinoi xoneeii
Minicmepcmeay 3i cheyianvHocmell:

122 Komn'tomepHhi nayku

126 Inghopmayitini cucmemu ma mexHono2iy

Bicuuk HarjionansHoro texigHoro yHiBepcutety «XIII». Cepis «Crpateriune ynpaBiiHHS, YIPaBIiHHS HOPTQEIIMH, IPOrpaMaMu
Ta MPOEKTAMMU», 1HACKCYEThCA B MIKHAPOJHUX HAYKOMETPHYHHX 0a3ax, permosurapisx Ta moirykoBux cucremax: Index Copernicus
(ITorvwa), WorldCat (CILLIA), ResearchBib (Anonisn), Directory of Research Journals Indexing, Directory of Open Access Journals
(CILLI4), Universal Impact Factor, Scientific Indexing Services, Google Scholar i BximroueHuii y CBITOBHiA JOBIAHUK MEPiOAUIHIX
Bunane 6a3u nauux Ulrich’s Periodicals Directory (New Jersey, USA).

Odiniiinumii caiit Buganuns http://pm.khpi.edu.ua/

3acnosnux
Hayionanenui mexuiunuii ynieepcumem
«Xapxkigcokutl noAIMexHiuHULL IHCIUNYm»

T'onosenuil pedaxkmop
Kononenko Irop BotogumupoBu4., 1-p. TeXH. HayK, podecop, YkpaiHa

Bionogioansnuit cekpemap
Jlo6au Osiena BosioqumupiBHA, KaHI. TEXH. HAyK, JIOIEHT, YKpaiHa

Peoaxyitina xonezin

Bymrye Cepriii lMuTpoBHY, 1-p. TeXH. HayK, npodecop, YkpaiHa;
Packin JleB I'puropoBuy, a-p. TexXH. HayK, mpodecop, YkpaiHa;
PomanenkoB IOpiit OsiekcanipoBuy, 1-p. TeXH. HayK, mpodecop,
VYkpaiHa;

Cauenko AHaTouiii OJiekciiioBUY, I-p. TeXH. HayK, Ipodecop, YKpaiHa;
Cipa Oxcana BosiogumupiBHa, 1-p. TexH. HayK, npodecop, YkpaiHa;
Yymavenko Irop Bonogumuposud, 1-p. TexXH. HayK, mpodecop, YKpaina;
Elmas Cetin, noxrop Hayx, npodecop, Typeuunna,

Jaafari Ali, nokrop Hayk, mpodecop, ABcTpaisi;

Kolesnikova Kateryna, n-p. Texs. Hayk, npogecop, Kasaxcras;
Kryvinska Natalia, 1-p. TexH. Hayk, npodecop, ABCTpisi.

Founder
National Technical University
"Kharkiv Polytechnic Institute™

Chief Editor
Kononenko lIgor, Dr. Tech. Sc., Professor, Ukraine

Executive Secretary
Lobach Olena, PhD, Ass. Professor, Ukraine

Editorial team

Bushuyev Sergey, Dr. Tech. Sc., Professor, Ukraine;
Raskin Lev, Dr. Tech. Sc., Professor, Ukraine;
Romanenkov Yuri, Dr. Tech. Sc., Professor, Ukraine;
Sachenko Anatoliy, Dr. Tech. Sc., Professor, Ukraine;
Sira Oksana, Dr. Tech. Sc., Professor, Ukraine;
Chumachenko Igor, Dr. Tech. Sc., Professor, Ukraine;
Elmas Cetin, Doctor of Sciences, Professor, Turkey;
Jaafari Ali, Doctor of Sciences, Professor, Australia;
Kolesnikova Kateryna, Dr. Tech. Sc., Professor,
Kazakhstan

Kryvinska Natalia, Dr. Tech. Sc., Professor, Austria.

Pexomennosano 1o apyky Buenoto pagoro HTY «XIID». ITpotokon Ne 10 Big 27 rpynaus 2024 p.

© HarionansHuil TeXHIYHUH yHIBepcuTeT «XapKiBCHKUI MOMITEXHIYHUH IHCTHTYT», 2024


http://pm.khpi.edu.ua/

ISSN 2311-4738 (print), ISSN 2413-3000 (online)

UDC 658.012.32 DOI: 10.20998/2413-3000.2024.9.1

S. BUSHUYEV, A. PUZIICHUK, N. BUSHUYEVA, V. BUSHUIEVA, D. BUSHUIEV

THE EVOLVING LANDSCAPE OF EDUCATION UNDER THE INFLUENCE OF Al

The subject of research explores the transformative impact of Artificial Intelligence (Al) on education, tracing its evolution and analysing its current
and potential future implications. With the rapid advancements in Al technologies, education systems worldwide are undergoing significant changes,
affecting teaching methodologies, learning experiences, and educational outcomes. This paper examines how Al is reshaping various aspects of
education, including personalized learning, adaptive assessment, intelligent tutoring systems, and administrative tasks. Additionally, it discusses the
ethical considerations, challenges, and opportunities associated with integrating Al into education. Through an interdisciplinary lens, this paper
synthesizes insights from educational psychology, computer science, and pedagogy to provide a comprehensive understanding of the evolving
landscape of education in the Al era. The result of the study offers recommendations for policymakers, educators, and researchers to harness the
potential of Al while addressing its potential pitfalls, ensuring that education remains inclusive, equitable, and learner-centred in the digital age.
Artificial Intelligence (Al) is rapidly transforming the educational landscape, prompting excitement and apprehension. This paper explores the
potential of Al to revolutionize education by offering personalized learning, adaptive instruction, enhanced engagement, and automated feedback. The
integration of Al also presents significant challenges regarding ethical considerations, teacher training, accessibility, and cost.
Keywords: Artificial Intelligence, Education, Personalized Learning, Adaptive Learning, Ethical Considerations, Educational Equity.

C. BYIIIYEB, A. ITY3IHYYK, H. BYIIIYEBA, B. BYIIIYEBA, /I. BYIIIYEB

PO3BUTOK JJAHAITA®TY OCBITH IILJ BINIMBOM LI

[penmeToM mOCHiIKEHHsI € BUBYCHHS TpaHchopMaliiiHoro BBy wmry4dnoro intenekry (ILI) Ha ocBity, BimcTexxeHHs Horo eBosrowil Ta aHami3
MIOTOYHHUX 1 MMOTEHIIHHNX MaiOyTHIX HAacCHiAKIB. 31 CTPIMKHM IIPOrpecOM TEXHOJIOTIH ITYYHOTO iHTENEKTY OCBITHI CHCTEMH B YCHOMY CBITi 3a3HAIOTh
3HAYHUX 3MiH, IO BIUIUBAE HA METOJUKY BUKJIAIaHHs, TOCBIJ HABYaHHS Ta Pe3yNbTATH HABYAHHs. Y Wil cTaTTi po3risigaeTses, sk LI 3Minioe pi3ui
ACMEKTH OCBITH, BKIIIOYAIOYH [IEPCOHATI30BAHE HABYAHHS, 4IANITHBHE OLIHIOBAHHSI, IHTEIEKTYalIbHI CHCTEMH HABYAaHHS Ta aJMIHICTPATHBHI 3aBAaHHS.
KpiMm Toro, y HbOMy OOrOBOPIOIOTHECS CTHYHI MipKyBaHHsS, NpoOJIEeMH Ta MOJJIMBOCTI, IOB’s3aHi 3 iHrerpamieto IIII B oceity. UYepes
MDKIMCIMILTIHAPHY HPU3MY I CTAaTTsl CHHTE3Y€ i€l MeJarorivHoi Icuxonorii, iHhpopMaTHKU Ta MEAArorikd, mob 3a0e3[NednTH MOBHE PO3YMiHHS
eBoumiontii ocBité B emoxy LI Pe3ymnpratu mocCmikeHHs POMOHYIOTh PEKOMEHAANIT ISl MOJTITHKIB, BUKJIAAAYiB 1 TOCIIJHUKIB 1010 BUKOPUCTAHHS
NOTeHIially IITYYHOTO 1HTEIeKTy, OJJHOYACHO yCYBalO4H HOro IOTEHIIHHI ITiABOAHI KaMeHi, 3a0e3neuyoun, o0 OCBiTa 3aIMIIaiacs iHKIIO3HBHOIO,
CIPAaBEe[UTHBOI0 Ta OPIEHTOBAaHOI Ha y4HSA B enoxy umbpoBux Ttexuomorid. Ilrtyunwmii inrenext (ILI) mBuako 3miHIOE OCBIiTHIH gaHmmadr,
BUKJIMKAIOYM XBHJIIOBAHHS Ta MOOOIOBAHHs;. Y IbOMY JOKYMEHTI AOCTIKYEThCS MOTEHLIad IITYYHOrO IHTENEKTY M PEBOJIONii B OCBITI,
[IPOIIOHYOYH IIEPCOHAI30BaHEe HABYAHHS, A[JAlTHBHI IHCTPYKIIi, MOCWICHE 3aJlydeHHS Ta aBTOMATH30BAaHMH 3BOPOTHHII 3B’s130K. [HTErpamis
LITYYHOTO 1HTEIEKTY TaK0)K CTBOPIOE 3HAYHI MPOOIEMH LIOI0 €THYHHX MipKyBaHb, [ ITOTOBKH BYATENIB, JOCTYITHOCTI Ta BAPTOCTI.
KurouoBi ci1oBa: mrydHuii iHTENIEKT, OCBITa, IEPCOHANII30BaHEe HABUAHHS, lalITHBHE HABYaHHS, CTHYHI MipKYBaHHS, OCBITHS CIIPaBEIIUBICTb.

1 Introductio. The educational landscape is algorithms require careful attention. A crucial aspect of

undergoing a transformative shift driven by the rapid
advancement of Artificial Intelligence (Al). For centuries,
education has relied on established structures,
methodologies, and curricula delivered by human
educators. However, Al is poised to disrupt and reshape
the way we learn and teach. The paper explores the
evolving landscape of education under the influence of Al.
We will examine how Al technologies are being
integrated into the classroom, focusing on core processes
like content creation, assessment, instruction, and learner
engagement. We will analyze the key factors influencing
the adoption of Al in education, including technological
advancements, policy considerations, societal acceptance,
and ethical concerns. The potential benefits of Al in
education are significant.  Personalized learning
experiences, real-time feedback, and adaptive instruction
have the potential to improve learning outcomes for all
students. Al can also democratize education by providing
greater access to learning opportunities for geographically
dispersed populations or those with limited resources.
Furthermore, by automating administrative tasks and
providing data-driven insights, Al can empower educators
to focus on more student-centered activities. However,
implementing Al in education also presents significant
challenges. Cost considerations, teacher training needs,
data privacy concerns, and the potential for bias in Al

this exploration will be identifying strategies to ensure the
responsible and ethical integration of Al in education. By
examining the opportunities and challenges presented by
Al, this paper aims to contribute to a comprehensive
understanding of the evolving educational landscape. Our
ultimate goal is to pave the way for the effective use of Al
in education, fostering a more personalized, engaging, and
equitable learning experience for all.

2 Related Works. The study [1] was to assess the
impact of Artificial Intelligence (Al) on education.
Premised on a narrative and framework for assessing Al
identified from a preliminary analysis, the scope of the
study was limited to the application and effects of Al in
administration, instruction, and learning. A qualitative
research approach, leveraging the use of literature review
as a research design and approach was used and
effectively facilitated the realization of the study purpose.
Artificial intelligence is a field of study and the resulting
innovations and developments have culminated in
computers, machines, and other artefacts having human-
like intelligence characterized by cognitive abilities,
learning, adaptability, and decision-making capabilities.
The new challenges and directions face the use of big data
and artificial intelligence (Al) in education research,
policy-making, and industry [2]. In recent vyears,
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applications of big data and Al in education have made
significant headways. This highlights a novel trend in
leading-edge educational research. The convenience and
embeddedness of data collection within educational
technologies, paired with computational techniques have
made the analyses of big data a reality. To analyze the
current research status and trends of artificial intelligence
in the education field [3], applied bibliometric methods to
examine the articles published in one of the representative
journals of the field, the International Journal of Artificial
Intelligence in Education. This paper [4] seeks to provide
an overview of research on Al applications in higher
education through a systematic review. Out of 2656
initially identified publications for the period between
2007 and 2018, 146 articles were included for final
synthesis, according to explicit inclusion and exclusion
criteria. The descriptive results show that most of the
disciplines involved in Al papers come from Computer
Science and STEM, and that quantitative methods were
the most frequently used in empirical studies. The study
[5] aimed to explore the future direction of education by
examining the current impact and predicting future
impacts of Al. It also examined research trends and
collaboration status by country through network analysis,
topic modelling and global research trends in Al in
education (AIED), by applying the Latent Dirichlet
Allocation algorithm. This study [6] provided a content
analysis of studies aiming to disclose how artificial
intelligence (Al) has been applied to the education sector
and explore the potential research trends and challenges of
Al in education. A total of 100 papers including 63
empirical papers (74 studies) and 37 analytic papers were
selected from the education and educational research
category of the Social Sciences Citation Index database
from 2010 to 2020. Artificial intelligence (Al) is a modern
technology that has changed several industries, including
education [7]. Al has significantly changed the
educational landscape. With Al, huge opportunities are
available for students to acquire concepts in the
technology era without having to rely solely on their
lecturers. To understand Al relevancy in educational
sectors, this paper covers the Al application areas towards
education and its challenges. Artificial intelligence (Al)
technologies are used in many dimensions of our lives,
including education [8]. Motivated by the increasing use

Key
procesess

Core
elements

of Al technologies and the current state of the art, this
study examines research on Al from the perspective of
online distance education. Following a systematic review
protocol and using data mining and analytics approaches,
the study examines a total of 276 publications. The
technological innovation landscape is rapidly evolving
based on the convergence of knowledge and artificial
intelligence [9]. This creates unprecedented opportunities
and challenges for managing innovative projects. The
object of the research is the system of syncretic
management of innovative projects in the era of the
artificial intelligence explosion. The problem being
addressed is related to the application of principles,
models, and methods of syncretic management of
innovative projects in the context of integrating various
elements, including interdisciplinary collaboration,
artificial  intelligence  technologies, and adaptive
methodologies, to optimize project outcomes. The result
of the research is a system of syncretic management of
innovative projects that encompasses various aspects of
management, innovation, and integration with artificial
intelligence systems. The essence of the obtained results
outlines the stages of managing the life cycles of
innovative projects, emphasizing resource allocation, risk
assessment, and adaptive strategies. In the field of
innovation ~ management, the  model includes
methodologies for idea generation, technological scouting,
and open innovation, recognizing the role of artificial
intelligence in shaping the innovation environment. A
crucial aspect of the model is the integration of artificial
intelligence technologies throughout the project.

3 Method and Material

3.1. Conceptual model

Understanding the competence model, the elements,
processes, and their interactions, can create a framework
for the responsible and effective integration of Al in
education, leading to a more personalized, engaging, and
equitable learning experience for all. The basic structure
of the conceptual model. The structure of the conceptual
model “The Evolving Landscape of Education Under the
Influence of Al" is presented in Fig. 1.

Core Elements of the conceptual model are presented
in Fig. 2.

Benefits

Challenges

Conceptual
model

Fig. 1. Structure of conceptual model “The Evolving Landscape of Education Under the Influence of AI”

Bicnuk Hayionanbrno2o mexuiunozo ynisepcumemy « XI11».

4 Cepis: Cmpameziune ynpaeninus, ynpaeninus nopmpensimu, npozpamamu ma npoexmamu. 2024. Ne 2(9)



ISSN 2311-4738 (print), ISSN 2413-3000 (online)

Traditional
education system

Lerners

Educator

Artificial
intelligence

Fig. 2. Core elements of conceptual model evolving landscape of education under the influence of Al

Let’s look at the influencing factors of the
conceptual model. Influencing factors define Al should be
integrated with the Traditional Education System to
enhance, not replace, existing structures. Effective Al in
Education requires high-quality Learning Content,
Engaged Learners, and skilled Educators. Influencing
Factors will determine the pace and nature of Al
integration in education.

The potential benefit of the application conceptual
model evolving the landscape of education under the
influence of Al (Table 1).

Let's look at the challenges of application conceptual
model evolving landscape of education under the
influence of Al (Table 2).

Table 1 — Potential Benefits of Application Conceptual Model Evolving Landscape of education under the influence of Al

Potential benefits Impact
Improved Learning Outcomes. Personalized learning experiences, adaptive instruction, and real-time feedback| High
can lead to better learning outcomes for all students.
Increased Access to Education. Al can provide educational opportunities to geographically dispersed High
populations or those with limited resources.
Enhanced Educator Effectiveness. Al can automate tasks, personalize learning materials, and provide data- Medium
driven insights to support educators.
Efficient Administration. Al can streamline administrative processes, freeing up educators to focus on teaching. Low

Table 2 — Challenges of application conceptual model evolving landscape of education under the influence of Al

Challenges Impact
Cost & Infrastructure. Implementing and maintaining Al systems can be expensive, and requires access to High
reliable technology infrastructure.
Teacher Training & Support. Educators need training on using Al tools effectively, adapting their roles, and High
addressing ethical considerations.
Data Privacy & Security. Ensuring data privacy and security of students' learning data is crucial. Medium
Bias & Fairness. Al algorithms can perpetuate existing biases, requiring careful development and monitoring to Medium

ensure fairness in education.
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By understanding these elements, processes, and
their interactions, have been creating a framework for the
responsible and effective integration of Al in education,

leading to a more personalized, engaging, and equitable
learning experience for all.
The Evolving Landscape of Education Under the

Influence of Al is presented in Table 3.

Table 3 — The Evolving Landscape of Education Under the Influence of Al

Trend Description Examples/Applications
Personalized Learning | Al tailors content to individual learning styles, | Adaptive learning platforms like DreamBox, and
Experiences speeds, and preferences. personalized curriculum design.

Intelligent Tutoring | Virtual tutors provide on-demand assistance and | Chatbots for math tutoring, Al systems like

Systems (ITS)

subject-specific expertise.

Carnegie Learning.

Enhanced Administrative
Efficiency

Al automates grading, optimizes resource
management, and predicts student trends.

Automated essay scoring, and predictive analytics
for student performance.

Inclusive and Accessible
Education

Al removes barriers through translation tools
and assistive technologies.

Google Translate for education, text-to-speech
tools, closed captioning systems.

Lifelong and Skill-Based
Learning

Al  supports  microlearning and  skill

development aligned with market needs.

Platforms like Coursera, and LinkedIn Learning
recommend personalized career paths.

Immersive and Gamified
Learning

Al integrates VR/AR and gamified elements to
create interactive, engaging learning
experiences.

AR anatomy simulations, Al gamifying quizzes
with rewards.

Collaborative and Peer-
Learning Platforms

Al enhances group work and connects learners
globally for cultural exchange and collaborative
insights.

Al-mediated online discussions, platforms like
Slack or Microsoft Teams tailored for education.

Ethical and Data Privacy
Considerations

Ensuring Al promotes fairness, transparency,
and in  educational

Bias detection tools, privacy-focused Al design for
schools and learners.

robust data security
applications.

Shift in Educator Roles
creators of
experiences.

Teachers transition to facilitators and co-
innovative  Al-driven

Professional development for Al in teaching, co-

learning | designed Al teaching aids.

Assessment and | Al enables

Credentialing Evolution

dynamic,

credentials.

competency-based
assessments and verifiable, portable digital

Blockchain-based certificates, Al validating real-
world skill applications.

The integration of Artificial Intelligence (Al) into
education is revolutionizing how knowledge is delivered,
accessed, and managed. The trends outlined highlight a
shift towards personalization, efficiency, and inclusivity,
with Al offering scalable solutions to meet diverse learner
needs.

Key advancements, such as intelligent tutoring
systems, adaptive learning platforms, and immersive
technologies, are transforming the educational experience
by making it more engaging, interactive, and student-
centered. Additionally, the focus on lifelong learning and
skill development aligns education with the demands of a
rapidly evolving job market.

However, the increasing reliance on Al also
underscores the importance of addressing challenges like
bias, data privacy, and ethical considerations, ensuring
that Al applications are transparent, equitable, and
secure. The role of educators is evolving to
complement Al-driven innovations, positioning them as
facilitators
and mentors in this technology-enhanced landscape.

In summary, the trends signify a paradigm shift
where education is no longer a one-size-fits-all process

but a dynamic, Al-empowered ecosystem fostering
continuous learning, creativity, and global collaboration.
As these trends mature, they promise to democratize
education, making it more accessible, inclusive, and
responsive to the complexities of the modern world.

Let's look at how to manage risks in Al-Driven
(Table 4).

The integration of Al in education offers immense
potential but also introduces a range of risks that need
proactive management. These risks, amplified by the
unpredictable and complex dynamic environment,
highlight the importance of balancing innovation with

caution. Key concerns include bias in
Al systems, data privacy breaches, and the
digital divide, which could exacerbate existing
inequities.

Furthermore, challenges like over-reliance on

technology, ethical dilemmas, and cultural irrelevance
emphasize the need for human oversight and localized
approaches. Institutions must adopt a comprehensive risk
management framework that prioritizes security,
transparency, and inclusivity while fostering trust among
stakeholders.
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Table 4 — Management of Risks in Al-Driven Education

Risk Description Risk Management Strategies
Bias in Al | Alalgorithms may reinforce stereotypes or exclude | Implement bias detection and mitigation tools, diversify
Systems certain demographics due to biased training data. training datasets, and conduct regular audits.

Data Privacy and
Security

Sensitive student and institutional data may be
exposed to breaches or misuse.

Enforce robust encryption, comply with data protection
regulations (e.g., GDPR), and prioritize ethical Al use.

Over-Reliance on
Technology

Excessive dependence on Al may reduce critical
thinking and problem-solving skills.

Integrate  human oversight, encourage blended learning
approaches, and foster independent learning skills.

Digital Divide

Limited access to Al technologies in underserved
or remote communities creates inequities.

Invest in infrastructure, provide affordable devices, and
develop offline or low-bandwidth Al solutions.

Resistance to
Change

Educators and institutions may resist adopting Al
due to fear of job displacement or complexity.

Offer training programs, involve educators in Al tool design,
and emphasize Al as a support tool, not a replacement.

Ethical Concerns

Unclear accountability for Al decisions may lead
to ethical dilemmas in assessments or

Establish clear guidelines, ensure the explainability of Al
decisions, and involve stakeholders in policy development.

recommendations.

Inaccuracy or

Errors in Al | assessments, impacting learning outcomes.

Al may produce incorrect recommendations or

Regularly validate Al outputs, involve human reviewers for
critical tasks, and refine algorithms with feedback.

Tools
Cultural and | Al models may not account for cultural nuances or | Localize Al solutions, involve regional experts in
Contextual regional educational requirements. development and adapt tools to cultural and contextual
Irrelevance needs.

Long-term Impact Assessment. Researching the

Mitigating these risks requires collaboration among
educators, technologists, policymakers, and learners to
ensure that Al applications in education remain equitable,
ethical, and aligned with global learning goals. Properly
managed, Al can become a transformative force,
enhancing educational outcomes and preparing students
for a rapidly evolving world.

4 Conclusions and Future Work

The integration of Al into education is still in its
early stages, but its potential for transforming the learning
experience is undeniable. This paper has explored the
various ways Al can reshape educational processes,
including content creation, assessment, instruction, and
learner engagement. We have also examined the key
factors influencing Al adoption, potential benefits, and
significant challenges.

Looking towards the future, several key areas require
ongoing research and development.

Standardization and Interoperability. Developing
standards for Al tools in education will ensure
compatibility and facilitate data exchange across
platforms.

Teacher Training and Support. Providing educators
with comprehensive training on using Al tools effectively,
adapting their roles, and addressing ethical considerations
is crucial.

Al Explainability and Transparency. Developing Al
systems that are transparent and explainable will build
trust and empower educators to understand how Al
decisions are made.

Mitigating Bias in Al. Continuous efforts are needed
to identify and mitigate potential biases in Al algorithms
to ensure fairness and inclusivity in education.

long-term impact of Al on learning outcomes, student
engagement, and educator roles will provide valuable
insights for future development.

By focusing on these research areas and promoting
responsible Al development, we can harness the
capabilities of Al to shape the future of education in the
following ways:

1 Personalized. Al has the potential to customize
learning experiences based on individual requirements and
learning preferences, leading to more productive
educational outcomes.

2 Engaging. Al-driven tools can establish interactive
and vibrant learning settings that engage and motivate
students effectively.

3 Equitable.: Al can facilitate fair access to high-
quality education for every student, irrespective of their
background or location. In essence, the effective
incorporation of Al in education necessitates cooperation
among educators, technologists, policymakers, and
researchers. Through collaborative efforts, we can
guarantee that Al enriches the educational journey for
everyone, paving the path for a more inventive and
inclusive educational landscape.

Future research could delve deeper into specific
areas of Al application in education, such as:

1 The effectiveness of Al-powered tutoring systems
in supporting student learning.

2 The impact of Al-driven personalized learning on
student motivation and engagement. The use of Al for
assessment and feedback to personalize student learning
paths.

3 The development of Al-powered educational
games and simulations to enhance learning experiences.
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International Journal of Educational Technology in Higher
Education, 16. https://doi.org/10.1186/s41239-019-0171-0.

5. Paek, S., & Kim, N. (2021). Analysis of Worldwide Research
Trends on the Impact of Artificial Intelligence in Education.
Sustainability. https://doi.org/10.3390/SU13147941.

As Al technology continues to develop, can be
expected even more innovative and transformative
applications to emerge, shaping the future of education for
generations to come.
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M. GRINCHENKO, M. ROHOVY]I, E. GRINCHENKO

DEVELOPMENT OF INFORMATION TECHNOLOGY FOR INTELLIGENT PLANNING OF THE IT
PROJECT TEAM'S WORK BASED ON A FLEXIBLE METHODOLOGY

The subject of the study is the development of information technology for intelligent planning of the IT project team. The purpose of the study is to
reduce project risks associated with the perception of tasks and their distribution among team members within the project sprint by introducing
methods and models for intelligent planning of the IT project team. The information technology is developed on the basis of a set of methods and
models, namely: a method for intelligent planning of the IT project team; a model for evaluating a textual description of a task; a method for improving
textual descriptions of project tasks; a model for distributing sprint tasks among performers; a method for generating recommendations when planning
the work of an IT project team. The use of models related to the processing of textual descriptions of project tasks provides a better understanding of
the tasks by the team and increases the efficiency of project implementation. The use of artificial intelligence, including large language models, and
stable distribution algorithms in management processes contributes to the automation and efficiency of working with project sprint tasks, increases
productivity and team cohesion. The result of the study is an information technology based on the integration of artificial intelligence into sprint
planning, task allocation, and risk management. The application of the proposed information technology has significant potential to increase project
flexibility, efficiency, and overall success. The developed information technology takes into account the project context and expert opinions, which
makes it flexible and adaptive to the specifics of a particular project and team characteristics, which is important for further improving project
management processes. The information technology for intelligent planning of the IT project team's work will you to assess and reduce the negative
impact of factors that threaten the timing and quality of the project by analyzing historical data and modeling team behavior.
Keywords: intelligent planning, information technology, large language model, method, model, IT team, project management, stable.

M. TPHHYEHKO, M. POTOBHH, €. TPIHYEHKO

PO3POBKA IHOOPMAIIMHUX TEXHOJIOITA JJISI IHTEJIEKTYAJBHOI'O IIJIAHYBAHHSA
POBOTHU KOMAH/IM IT-MTIPOEKTY HA OCHOBI THYYKOI METO/10OJIOT'Ti

[penmeToM mOCTiKEHHS € po3poOKa iHOOPMALIHHOT TEXHOMOTIN ISl IHTENeKTYalbHOTO MUIaHyBaHHs KoMaHau [T-npoekty. MeTa mocimiukeHHS —
3HU3HUTH NIPOEKTHI PH3UKH, Ki IT0B’s[3aHi 31 CIPHHHATTSAM 3aBJaHb Ta iX PO3MOALIOM MK WICHAMH KOMaHIU B PaMKaX IPOEKTHOTO CIIPUHTY, IIITXOM
BIIPOBADKCHHSI METOJIIB 1 MOJeNell iHTeIeKTyalbHOro IulaHyBaHHS koMaHau IT-npoekry. IndopmaniiiHa TexHOIIOTIS po3po0iIeHa Ha OCHOBI HAOOpy
METO/IB 1 MOJEIeH, a caMe: MeToJ| IHTEICKTyalbHOTO IUIaHyBaHHs KoMaHau IT-npoekTy; MOZEIb OLIHIOBAHHS TEKCTOBOI'O OIMCY 3aBaHHS; METOX
YIOCKOHAJICHHSI TEKCTOBUX OIUCIB IIPOEKTHHX 3aBJIaHb; MOZEIb PO3IIOULY 3aBIaHb CIIPUHTY MK BUKOHABIUIMI; METOJ TeHepalil pekoMeHaniil npu
IulaHyBaHHI pobotn komanmu IT-mpoexty. Bukopucranus Mopenel, siki 1moB’s3aHi 3 00OpOOKOI0 TEKCTOBUX OIMCIB 3aBIaHb IIPOEKTY, 3a0e3medye
Kpallle pO3yMiHHs 3aB/laHb KOMaH/IOI0 Ta MiABHILY€E ¢(hEKTUBHICTH BUKOHAHHS MPOEKTY. BUKOPUCTAHHS IITY4HOrO iHTEIEKTY, IO BKJIIOYAE BEJIHUKI
MOBHI MOJIeJ, i CTa0iIbHI aJITOPUTMH PO3NOALTY B IIpOIlecax YIpaBIliHHS, CIPHsE aBTOMATH3aMil Ta e(eKTUBHOCTI pOOOTH 3 IPOEKTHUMH 3aBJaHHIMHA
CIIPHHTY, IO MiJABUIIY€E MPOXYKTUBHICTH 1 3rypTOBaHICTh KOMaHAU. Pe3ynpTaToM NOCTIDKEHHS cTaya iH(opMaIiiiHa TeXHOJIOTIs, SKa 3aCHOBaHA Ha
iHTerpanii MITY4HOrO IHTENEKTY IpU IUIAaHYyBaHHI CIpPUHTY, PO3MOALT 3aBJaHb 1 YNPaBIiHHS PHU3HKaMH. 3aCTOCYBaHHs 3alpOIOHOBAHOI
iHdopMamiifHOl TexHoJOril Mae 3HAUHMI MOTEHMiad Ul MiABUIIEHHS THYYKOCTi, €(EKTHBHOCTI Ta 3arajbHOTO YCIHiXy IpOEKTy. Po3pobiena
iHdopMamiifHa TEXHOJIOTiS BpaxoBye KOHTEKCT NPOEKTY Ta JyMKH €KCIEPTiB, IO POOUTH Il THYYKOIO Ta aJalTUBHOIO JO CIENU(IKH KOHKPETHOTO
MPOEKTY Ta XapaKTEPHCTHK KOMAH/H, [0 BAXKIIMBO UL TTOJAJIBIION0 BJOCKOHAICHHS IPOLECIB yNpaBiiHHs npoektamu. IHdopmaniiitna TexHomoris
JUISL HTEJIEKTYaJIbHOTO IUIaHYBaHHSI poOOTH KoMaHaU IT-poeKTy MO3BOIUTH OLIHUTH Ta 3MEHIIMTH HETaTHBHWI BIUIHB (paKTOPIB, IO 3arpOXKyIOTh
TepMiHaM i AKOCTi IPOEKTY, IIUIIXOM aHaNi3y iCTOPUYHHX JIAHNX i MOZIENFOBAHHSI TIOBE/[IHKYM KOMAH/IH.

KuaiouoBi ciioBa: iHTeNneKTya bHE IUIaHYBaHHS, iH(GOPMALiiHI TEXHOJIOTi, BEIMKa MOBHAa MOJIENb, METOJ, MOAeNb, IT-KoMaHa, yrnpaBiIiHHS
MIPOEKTaMH, CTaOITEHHIL.

Introduction. When managing IT projects, agile or
adaptive management methodologies are the most
common. Agile methodologies have become the main
approach to IT project management due to their ability to
adapt to changes, increase team efficiency, and deliver
quality results. The agile approach is based on an iterative
model that focuses on constant communication between
team members, customers, and other stakeholders.
Flexibility in planning and adaptation allows teams to
cope more effectively with the challenges of the modern
IT environment. Scrum is one of the most popular agile
methodologies [1]. Scrum is widely used due to its ability
to quickly adapt to changes, increase transparency in team
work, and focus on delivering value to the customer. The
Scrum  methodology provides flexibility, promotes
effective collaboration, and helps teams adapt to changing
project conditions and requirements. However, even
within Scrum, there are factors that can affect project
success. These include wunclear task formulation,
insufficient team communication, and problems with task

distribution among performers. These factors significantly
affect the quality of project planning and implementation,
S0 it is important to create a mechanism for planning the
work of the IT project team when applying an agile
project management methodology. By implementing this
mechanism, the project team will be able to reduce the
impact of these factors on project performance and
increase team productivity.

Literature review. Information systems and task
management tools are used to implement Agile principles.
These tools are based on agile methodologies and provide
effective communication, progress monitoring, and
flexibility in IT project management. The choice of a
particular tool depends on the project needs, team size,
task complexity, and budget. Let's take a look at the most
popular systems.

Jira [2], developed by Atlassian, is a powerful
project management tool in the context of Agile
methodologies. It allows teams to plan sprints, track
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progress, manage tasks, and integrate with other
development tools. Jira offers the flexibility to customize
workflows and generate reports, making it ideal for a
variety of projects.

The visual tool Trello [3], also from Atlassian,
allows a team to manage various projects and workflows,
as well as track tasks. Trello uses a visual approach to task
management with boards and cards. It's easy to use and
convenient for smaller teams and projects.

Another product and project management tool
designed for effective collaboration between teams is
Asana [4]. With the help of this tool, teams plan, track,
and manage work when managing projects and tasks. The
functionality includes the creation of projects, tasks,
subtasks, as well as the ability to comment and attach
files, which facilitates collaboration.

Microsoft Teams is a communication and
collaboration tool integrated with other Microsoft
products [5]. It supports video conferencing, chats, file
sharing, document collaboration, and other IT team
management tools, making it a popular choice for
corporate environments.

The analysis showed that, despite their popularity,
the considered information systems lack a mechanism for
generating recommendations for the qualitative selection
of project sprint tasks and effective distribution among
project executors. On the other hand, such systems offer
the possibility of accounting for work performance, time
tracking, which allows you to collect a lot of data on the
project management process.

Many researchers have studied the issues of IT team
planning. Some of them address the issue of high-quality
planning and execution of project tasks by analyzing
surveys of project team members. Based on a Grounded
Theory study involving 21 participants from six different
companies, [6] presented the challenges and limitations
associated with the practice of agile project management
in the context of a self-organized team. The study
identified eight key project management challenges that
arise from self-organized Agile teams at different levels.

The authors of [7] conducted a study based on the
grounded theory method wusing a mixed-methods
approach. The key contribution of this study is the
creation of a mixed-methods grounded theory on the role
of the project manager. Data was collected from a variety
of sources, including over 45 hours of interviews with 39
software development professionals, as well as
quantitative data from questionnaires completed by 57
respondents. This research highlights the continued
presence of the project manager role in agile software
projects as part of the shift from traditional to agile ways
of working.

Researchers [8] conducted a survey of 477
respondents from 71 Agile teams in 26 companies, and the
data were analyzed using structural equation modeling. A
positive impact of teamwork quality on team productivity
was found when assessed by team members and their
leaders. However, there was a negligible effect when team
performance was assessed by product owners. The impact
of teamwork quality on learning and job satisfaction of

team members was significant and positive, but was
assessed exclusively by team members themselves.

Some researchers are improving and developing
additional features in existing project management
systems to improve the quality of project planning and
communications. The authors of [9] proposed the
Emotimonitor application for Trello, which is designed to
collect information about the emotional states of team
members in the context of their technical tasks through a
user-friendly interface. Emotimonitor allows team
members to better express their emotional states through
emoji reactions on Trello cards, and provides team leaders
with a dashboard that summarizes these reactions in the
form of visualizations and statistics. The tool is extensible
and has the potential to become a channel for team
members working in Agile environments to better express
their emotional states.

The results of the study [10] emphasize the need to
integrate flexible methodologies (Agile, Scrum) and
information systems such as JIRA, Trello, and others to
ensure effective project management in the context of
BANI (Brittle, Anxious, Nonlinear, Incomprehensible). It
highlights the importance of continuous learning and
competency development of both technical and soft skills
for successful IT project management. The study provides
important practical recommendations for IT project
managers working in a BANI environment, helping to
improve their ability to adapt to new challenges and
achieve successful results.

Information  technology allows not only to
successfully perform project management tasks but also to
ensure effective communication between project
members. This is due to the fact that many different
unforeseen situations, challenges, and threats arise during
communication between project team members that
require a response from the project manager and team
leaders. In [11], the authors propose improving
information technology with Jira Software, Jira Service
Desk, and Confluence tools, as well as suggestions for
improving  the  structure of internal  project
communications by optimizing its time performance.

Other authors in their studies focus on the
importance of the social aspect when planning the work of
a project team.

Paper [12] study focuses on examining the
relationship between personality traits and favorable team
climate in the context of a telecommunications company.
In two replication iterations across geographically
dispersed divisions of a telecommunications company, the
researchers interviewed members of 19 teams (12 teams in
the first iteration, seven teams thereafter). Using
correlation analysis and meta-analysis, the survey data
were used to identify relationships between personality
traits and team climate factors. The authors used
regression analyses to determine which personality traits
were significant predictors of team climate factors. They
suggest that organizations provide support and training to
increase the level of integrity of team members. Increasing
integrity should promote persistence in achieving team
goals and completing tasks.
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Based on the theory of social interdependence, the
authors of [13] developed a model to study team behavior
in the context of Enterprise Systems (ES) implementation.
In particular, the interdependence of goals across multiple
ES projects promotes inter-team behaviors such as
monitoring between ES project teams and adaptability of
ES project teams, which in turn leads to higher levels of
implementation effectiveness. The model is supported by
data from a sample of key stakeholders in recent ES
implementations in small and medium-sized Chinese
enterprises. Interdependent goals allow for a certain
degree of functional independence while achieving goals
that are important to the organization as a whole

The global virtual team has become the basis for
collaborative work in the modern work environment,
which is characterized by cross-border collaboration
through digital technologies. The study examines the
mechanisms of effective teamwork through information
and communication technologies (ICT), while not taking
into account the important social context in which this
collaboration takes place. To fill this research gap, the
study [14] proposes the use of social capital as a
multidimensional mediator between ICT use and team
effectiveness.

Some researchers consider the activities of an IT
project team based on requirements and competencies.
Collaboration and teamwork is a unique form of human
activity that involves interdependence and shared
responsibility for achieving goals and accomplishing
tasks, as well as the ability to perform tasks and
communicate effectively. Article [15] discusses the
selection of a project team, including a project manager,
based on an accepted profile of requirements and
competencies on the example of an international project.

Article [16] proposes a method of multi-criteria
ranking of candidates for a project team, which, unlike
existing methods, uses fuzzy ideas about the preferences
of candidates when assessing the generalized competence
of each candidate based on comparisons with the
reference competence, which allows improving the ability
to evaluate candidates. Article [17] discusses an example
of using the proposed method to solve the problem of
selecting candidates to further solve the problem of
forming an IT project team under conditions of
uncertainty.

The authors of [18] propose a conceptual model of
competencies for the success of IT projects, which
consists of four interrelated competencies, namely: the
emotional state of the project team; social status; cognitive
and managerial abilities. To analyze the success of an IT
project, a benchmark assessment is used to identify
problematic competencies and plan the necessary
corrective actions to develop the missing project
competencies at the project initiation stage. The typical
work structure presented in the article allows for the
successful implementation of IT projects.

The analysis of the conducted research has shown
that existing approaches to planning the work of an IT
project team mainly focus on improving project
management information systems, using survey methods,
and assessing the competencies of team members. At the

same time, shortcomings in the formulation of sprint tasks
or errors in the distribution of performers can lead to
misunderstandings and failures in the implementation of
project tasks. Therefore, it is necessary to take into
account the uncertainties and risks inherent in agile
methodologies by applying an integrated approach using
natural language processing techniques. The development
of information technology that uses large language models
(LLMSs) and stable distribution algorithms will automate
management processes, increase task efficiency, and
contribute to the coordinated and productive work of the
IT project team.

Purpose and objectives of the study. The purpose
of this study is to reduce the impact of project risk factors
on the successful completion of the project by introducing
information technology for intelligent planning of the IT
project team's work based on the Agile methodology. This
technology will provide an opportunity to improve the
formulation of tasks performed during sprints and
optimize their distribution among project team members.
The technology will automate the analysis of information,
identify possible problems, and generate
recommendations for describing and distributing tasks to
the project team. The introduction of this information
technology can reduce risks and increase the efficiency of
project management.

Research methodology. The information
technology for intelligent planning of the IT project team's
work, which is being developed in this study, allows,
based on the collection and processing of information
from project documentation and data collected in the
project management tracking system, to ensure the timely
completion of sprint tasks and reduce the risks of
ambiguity in the perception of tasks and mismatch of the
team's qualifications and interests. The proposed
information technology implements a set of data
processing functions based on the models and methods
proposed in the authors' previous works, namely:

1. A method of intelligent planning of the IT project
team's work that facilitates faster and more accurate sprint
planning by analyzing retrospective data and using an
artificial intelligence model to provide recommendations
to the project manager and team [19

2. Model for evaluating the textual description of the
project sprint task [20].

3. A method of improving textual descriptions of
tasks that allows to increase the accuracy of task
perception and reduce the risk of task failure by using
machine learning and LLM models to evaluate and
improve the text [21].

4. Models for distributing sprint tasks between
performers based on the task of determining stable
mappings that take into account the specifics of the agile
project management methodology and improve the
distribution of tasks among project team members [22].

5. The method of generating recommendations for
planning the work of an IT project team defines
recommendations for describing tasks and assigning tasks
based on the intelligent processing of retrospective data,
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textual data, and project context and allows you to take
into account the risks inherent in projects with an agile
methodology [22].

Method for
improving
the textual
description of
the task

Intelligent planning

The conceptual model for planning the work of an IT
project team is shown in fig. 1.

Model for evaluating the

method textual description of the
Task Method for forming
distribution | recommendations
model
Project l
documentation " -
I — Plannmg of the IT pro_lect Textual descriptions of tasks
> >
Expert team’s tasks Recommendations on task
evaluations ranking
Recommendations
on task distribution _
Software Project
components team
Method of natural

language

processing based

on LLM

Fig. 1. Conceptual model for planning the work of an IT project team

The input data in the conceptual model are: project
documentation and expert opinions. The project
documentation includes, among other things, retrospective
data on project sprint task descriptions downloaded from
the task management system and the project task
hierarchy [20]. Expert assessments are used to evaluate
the quality of sprint task formulations and the distribution
of tasks among project performers, taking into account
information about performers' competencies,
qualifications, skills, and preferences.

The initial data for information technology are:

- a textual description of the tasks that satisfies the
project team (with an assessment of the text's perception);

- recommendations for ranking sprint tasks to
prioritize the further distribution of tasks among
performers;

- recommendations and options for distributing sprint
tasks for the project team.

The main functions of the information technology
for intelligent planning of the IT project team are related:

- with collecting, cleaning, and storing project sprint
data;

- improving the description of tasks;

- creating options for describing tasks for the project
team;

- providing recommendations on the distribution of
tasks among executors.

These functions are realized with the help of
software components that implement complex algorithms
for classification and clustering, natural language
processing, generative intelligence, sustainable matching,
etc.

The decomposition of the conceptual model for
planning the work of the IT project team is presented

using the IDEFO functional modeling methodology [23,
24] and is shown in fig. 2.

Let's look at the key functions of information
technology. First of all, let's pay attention to the function
related to the implementation of collecting, cleaning, and
describing tasks in the task management system. This
process is important for organizing and controlling project
development processes. Fixing all the information in the
tracking system creates a convenient environment for
teamwork, improves communication, and ensures that all
project participants fully understand the tasks. To increase
the perception of task descriptions by the project team,
textual task descriptions are processed using machine
learning algorithms and expert assessments. The tasks are
evaluated by experts, which allows for independent
labeling of the data set for binary classification. Positive
tasks include tasks with high quality descriptions that are
understandable to the expert and the time estimate for
them is most likely to be adequate. Tasks that are
incomprehensible to the expert receive negative marks.
The assessment of the quality of the wording is
determined by the level of the expert's awareness of the
specifics and context of the project, while increasing the
number of experts has almost no effect on the result [20].
Adding wording assessments during the sprint
retrospective to train the classifier model and involve
project team members as experts is appropriate.

The results of experiments [20] indicate the need to
include experts with a deep understanding of the project to
develop an effective classification model aimed at
assessing the quality of textual descriptions of sprint tasks.
The effectiveness of such a model largely depends on the
correct choice of the vectorization method and the
adaptation of the classification model [25] to the specifics
of the data obtained from the tracking system.
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Fig. 2. Decomposition of information technology functions for intelligent planning of the IT project team based on an agile methodology
(IDEF0)

Based on the results obtained in [21], we can
conclude that some tasks can indeed be dramatically
improved for understanding with the help of LLM. They
can be used in the work of a project manager to formulate
sprint tasks and improve team efficiency through the
linguistic features of tasks. With this approach, the project
manager chooses the wording options for the task
description, which the LLM evaluates and assigns points
based on its clarity and comprehensibility. The project
manager can use these recommendations to improve the
task description for the project team [22]. When creating a
project product backlog or project sprint, the project
manager is given two options to choose the most favorable
task description. To do this, they need to review and
reformulate the task descriptions of the sprint to reduce
project risks and increase the quality of project execution.

The distribution of tasks in a project sprint between
performers can affect the fulfillment of project sprint
tasks. This may be due to a lack of qualified performers or
switching performers to other specific tasks. To avoid
these situations, methods of finding stable pairings are
used. According to the research results, the algorithms of
stable pairings EADAM [26] and SOSM [27] are the most
effective. They ensure the distribution of tasks in a sprint,
meet the requirements of developers, and are
characterized by low computational complexity. Based on
these algorithms, the project manager receives a stable
mapping based on the prioritization of tasks and the
qualifications of performers, which allows them to
successfully complete the project sprint tasks.

The functions related to the formation of
recommendations to the project team on prioritizing
project sprint tasks and their effective distribution allow to
increase the efficiency of project implementation, taking
into account the risks of inaccurate task assessment or
understanding of their essence.

The developed information technology takes into
account the project context and expert opinions, which

makes it flexible and adaptive to the specifics of a
particular project and team characteristics, which is
important for further improving project management
processes.

To analyze the impact of the risks associated with
the failure to complete tasks in a project sprint, the failure
rate per unit of time is used to assess the reliability and
efficiency of the workflow [28]. The recommendations
applied by the project manager help reduce the number of
failures, increase the stability and accuracy of tasks, and
ensure the successful completion of the project. The use of
a failure rate indicator allows you to track changes in risk
exposure and evaluate the effectiveness of implemented
management measures. Thanks to this indicator, it is also
possible to analyze the effectiveness of using the proposed
information technology for planning the work of the IT
project team in the face of uncertainty and risks arising
during project management.

Analysis and discussion of results. The developed
information technology is aimed at improving the
efficiency of task management and increasing the
productivity of project teams. This technology interacts
with existing task tracking tools, such as JIRA, and
provides two main functions:

- checking, evaluating, and improving the tasks
planned for the sprints;

- recommendations on how to effectively distribute
tasks among team members based on their skills, using
LLMs to analyze project sprint task descriptions.

Previous studies [19-22] have shown that the risks
associated with task ambiguity and skill mismatch can
hinder project success. By implementing information
technology that improves task clarity and offers task
allocation, these risks can be reduced, increasing
employee satisfaction and project team productivity.

A project by the company Dominet was considered
to assess the effectiveness of implementing information
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technology. To evaluate the results of the information
technology implementation, performance evaluation
experiments were conducted for a small team (up to 5
developers) and a medium team (6-15 developers) during
four sprints. The project involved the development of a

standard e-commerce platform, which ensured consistency
and controllability of the experimental conditions.

The obtained data on key indicators before and after
the implementation of the developed technology are
shown in tab. 1-4. Metrics for a small team (up to 5
developers) are shown in tab. 1.

Table 1 — Metrics results for a small team

Metric name Value before Value after implementation
Defect rate (defects per task) 0,08 0,05
Schedule performance index (SPI) 1,00 1,03
Productivity (tasks for the developer) 5 6
Acceptance rate of recommendations (%) N/A 75
Acceptance rate of task distribution (%) N/A 85

Changes in metrics during the four sprints for a small
team (up to 5 developers) after the introduction of
information technology shown in tab. 2.

Metrics for a medium team (6-15 developers) are
shown in tab. 3.

Changes in metrics during the four sprints after the
introduction of information technology for a medium team
(6-15 developers) are shown in tab. 4.

Table 2 — Changes in metrics during the four sprints of information technology implementation

Sprint The level of SPI Productivity Acceptance rate of Acceptance rate of task
number defects recommendations (%) distribution (%)

1 0.07 1.01 55 65 80

2 0.06 1.02 5.8 70 83

3 0.05 1.03 6.0 77 86

4 0.04 1.04 6.2 80 90

Table 3 — Metrics for a medium team before and after the implementation of information technology

Metric name Metric value before implementation Metric value after implementation
Defect rate (defects per task) 0.12 0.09
Schedule performance index (SPI) 0.97 0.99
Productivity (tasks for the developer) 4 4.5
Acceptance rate of recommendations (%) N/A 65
Acceptance rate of task distribution (%) N/A 78

Table 4 — Changes in metrics during the four sprints after the introduction of information technology

Number | The level of defects SPI Productivity Acceptance rate of Acceptance rate of task
sprint recommendations (%) distribution (%)
1 0,11 0.97 4,2 55 72
2 0,10 0,98 44 60 75
3 0,09 1,00 4,6 68 80
4 0,08 1,01 4,8 75 85

An analysis of the dynamics of defect rates and
project team productivity leads to the following
conclusions. The indicators have significantly decreased
in both cases, which indicates a positive impact on the
quality of the tasks performed. The teams improved their
schedule adherence, which indicates effective planning
due to the introduction of technology. The number of
completed tasks per developer increased in both teams.
The adoption rate increased over time, demonstrating the
teams' adaptation to the technology.

Thus, we can conclude that the proposed information
technology has been successfully tested, which makes it
possible to recommend its implementation for planning
the work of small and medium-sized IT project teams.

Conclusions. Thus, in this paper, we have developed
an information technology for intelligent work planning of

an IT project team based on the principles of an agile
methodology. This technology provides the project team
with a mechanism for effective management in the face of
risks. It uses data from the project management tracking
system, applying LLM-based natural language processing
techniques that provide recommendations for formulating
sprint tasks, as well as stable matching algorithms that
offer recommendations for effective distribution among
project team members. The use of modern approaches to
natural language processing, including LLM, automates
and improves task processing, which in turn increases
productivity and team cohesion. The developed
information technology for intelligent planning of the IT
project team's work allows assessing and reducing the
negative impact of factors that threaten the project's
timing and quality by analyzing historical data and
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modeling team behavior. The proposed models can be
easily integrated into popular task tracking systems (Jira,

Trello),

allowing you to automatically identify

problematic tasks and achieve efficiency gains.
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M. GRINCHENKO, M. SHAPOSHNIKOV

ANALYSIS OF HIGHER EDUCATION INSTITUTIONS' PERFORMANCE INDICATORS BASED ON
QS WORLD UNIVERSITY RANKINGS ASSESSMENT

In the modern context of globalization and increasing competition among universities, a key factor for the successful development of higher education
institutions (HEIS) is the ability to accurately assess their performance. This study provides a review of research related to global ranking assessments
and performance management of HEIs using key performance indicators (KPIs), substantiating the relevance of this research. The aim of the study is
to improve the system of key performance indicators (KPIs) at the National Technical University "Kharkiv Polytechnic Institute” (NTU "KhPI"),
which will contribute to enhancing the quality of educational services and improving the university’s position in international rankings. The task of
the study is to establish the relationship between the planned target indicators defined in the university rector’s contract and the QS World University
Rankings (QS-WUR) indicator system, which influences the institution’s position in this global university ranking. Based on an analysis of NTU
"KhPI" performance according to the QS-WUR methodology, an approach for formalizing the QS-WUR indicators that determine its ranking position
is proposed. The developed model for forming QS-WUR ranking indicators for NTU "KhPI" explains who provides the information for calculating
each indicator and illustrates the interconnections between these indicators in the university evaluation process. The study also formalizes the
performance results of NTU "KhPI," which are annually published on the university's official website and calculated based on the performance
indicators of its institutes, departments, and other units. This comprehensive approach to evaluating university performance allows for the
identification of strengths and weaknesses in managing scientific and international activities and organizing the educational process. The
implementation of the improved KPI system at NTU "KhPI" will facilitate the optimal allocation of resources, the introduction of innovative
approaches in academic, research, and international activities, and, in turn, ensure high standards of education quality and international recognition of
the university.

Keywords: key performance indicators, management, model, indicator system, ranking, QS World University Rankings, resource allocation,
information system.

M. A. TPHHYEHKO, M. I. IIAIIOLIIHIKOB

AHAJII3 NOKA3HUKIB E®EKTUBHOCTI JIAJIbHOCTI 3AKJAJIIB BUILIOI OCBITA HA OCHOBI
OIIIHIOBAHHS QS WORLD UNIVERSITY RANKINGS

VY cydacHux ymoBax riobaiisalii Ta 3poCTaio4yoi KOHKYpEHIii MDK yHIBEPCHTETAMH KIIFOYOBHM (HaKTOPOM YCIIIIHOIO PO3BUTKY 3aKJa/iB BHIIOL
ocBitH (3BO) € 31aTHICTH TOYHO OLIHIOBATH CBOK €(EKTUBHICTB. Y POOOTI MPOBEICHO OIJISA JAOCIIKEHb, K ITOB’5I3aHi i3 CBITOBUM PEHTHHIOBHM
OLIIHIOBaHHAM Ta YHpaBliHHAM edextuBHicTIO misibHOCTI 3BO 3 BukopucranHsMm KPI, oOrpyHTOBaHO aKTyalbHICTH XOCIHIUKeHHS. MeToro
JIOCITIDKEHHS. € YIOCKOHAJICHHSI CHCTEMH KIIOYOBHX MOKa3HUKIB edektuBHOcTi (KPI) y HaumioHanpHOMY TexHIYHOMY yHiBepcHTETi «XapKiBChKHUIA
nomitexHiuaui iHCTHTYT» (HTY «XIIl»), 0 CipUsTHME i JBHUIIEHHIO SKOCTI OCBITHIX IOCIYT Ta IOKPAIEHHIO ITO3UILIH Y MDKHAPOIHUX PEHTHHrax.
3aBmaHHSIM POOOTH € BCTAHOBJICHHS 3B’SI3KiB MK IUIAHOBHMHM LUIbOBHMH ITOKAa3HUKAMH, BU3HAUCHHMH Yy KOHTPAKTi KepiBHHKAa yHIBEpCHTETYy, Ta
cuctemoro nokasHukiB QS-WUR, ski BrmuBaroTh Ha no3uuito 3BO y npoMy cBiTOBOMY peiTHHIY yHiBepcuTeTiB. Ha OCHOBI aHamizy e(heKTUBHOCTI
nisierocTi HTY « XTIy BinnosinHo o metoxuku QS World University Rankings (QS-WUR) 3anpororoBaHo miaxiza mo/ao ¢popmMatizamii ToKa3HHKIB
QS-WUR, sxi BH3Ha4aroTh ioro mosuuito y pedtuHry. PospoGnena moznens ¢opmyBaHHs nokasHHKIB peiftiHriB QS-WUR mmt HTY «XIII»
MOSICHIOE, XTO Ta SK Hajae iH(OpMAIio A PO3PAaXyHKY KOXKHOTO TOKa3HHMKA, a TaKOXK BiJOOpa)kae B3a€MO3B’A3KM IIMX MOKA3HMKIB y Hpoleci
oniHIOBaHHA yHiBepcuteTy. IIpoBeneno dopmanmizanito pesynsraTiB gisbHOCcTI HTY «XIII», sIKi MIOPIiYHO ONPHITIOAHIOIOTECS Ha OodiliifHOMY caiTi
YHIBEPCHTETY Ta PO3PaxOBYIOTHECS Ha OCHOBI NMOKAa3HMKIB poOOTH iHCTHTYTIB, Kadenp Ta inmmux migpo3inis. e 3abe3nedye koMIekcHuI miaxia 10
OLIIHIOBaHHS ¢()eKTUBHOCTI TisITbHOCTI YHIBEPCHTETY, H03BOJISIE BU3HAYUTH HOTO CHITbHI Ta ClIa0Ki CTOPOHH B YIPABIIiHHI HAYKOBOIO Ta MiXKHAPOIHOIO
JUSUTBHICTIO Ta B Oprasizauii OCBITHBOTO mpoliecy. BrpoBamkenns BraockoHaneHol cuctemu KPI y HTY «XIIl» Oyne crnpusité onTHUMaabHOMY
PO3TOALTY pecypciB, 3aIpoBa/UKEHHIO iHHOBAIIIMHUX TMiAXOMIB y HaBUalbHY, HAYKOBY Ta MiXXHAPOAHY JisUTBHICTB, 1[0, CBOEID YEProk0, 3a0e3MeUnTh
BHCOKI CTaHJaPTH SIKOCTI OCBITH Ta MDKHAPO/IHE BU3HAHHS YHIBEPCUTETY.

KuiouoBi c10Ba: KiI0Y0Bi MOKa3HUKH €(PEKTUBHOCTI, YIIPABIIHHSI, MOJENb, CHCTEMa MOKa3HUKIB, peittinr, QS World University Rankings,
po3mnoxin pecypcis, iHpopManiiiHa cucreMa.

Introduction. In the strategy for the development of
higher education in Ukraine for 2022-2032, one of the
main challenges for higher education institutions (HEIS) is
the improvement of KPIs that characterize the position of
HEIs in global rankings. The impact of global rankings on
the strategic development of HEIls is significant and
substantial. This is due to the following aspects. Firstly,
high positions in global and national rankings strengthen
the reputation of HEISs, contributing to the attraction of the
best students and recognized scientists from around the
world. Secondly, the desire to improve their ranking
positions encourages HElIs to review and optimize internal
processes in educational, research, and international
activities. For this, HEl management needs to engage in
strategic planning and adapt to the changing conditions of
the global education market to effectively allocate
resources and determine priority areas for development to

improve the HEI’s ranking positions. Researchers and
practitioners pay attention to the analysis of KPIs as a tool
for assessing HEI performance and enhancing the ranking
of Ukrainian education. The use of KPIs is becoming
crucial in managing the efficiency of HEIs.

Analysis of research and publications. Currently,
the leading global academic university rankings include
QS World University Rankings (QS-WUR), Times Higher
Education (THE) World University Rankings, Academic
Ranking of World Universities (ARWU), and Leiden
Ranking [1]. They play a key role in determining the
international reputation of higher education institutions.

The QS-WUR ranking [2] considers academic and
employer reputation, which accounts for a significant
portion of the overall score (a combined 50%). The Times
Higher Education ranking [3] uses reputation surveys to
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assess the quality of teaching and research, providing a
systematic view of academic reputation. These rankings
reflect the subjective evaluation of education and research
quality provided by a broad pool of respondents, and
therefore, they can influence the perception of universities
at the international level. Since they are largely dependent
on respondent opinions, the results of such rankings are
influenced by subjective factors [4-5].

The authors of the study [6] propose key changes in
the QS-WUR ranking methodology, which have
significantly impacted the positions of HEIs. The main
changes concern data collection and evaluation methods,
particularly reputation surveys and faculty-related
indicators. The study results showed that these changes
led to significant shifts in university rankings, sparking
debates about the transparency of the methodology. The
drawback of this approach is that the changes may have
negatively affected universities that traditionally held
strong positions but experienced a ranking decline due to
methodological adjustments.

The study [7] presents a predictive model for
assessing university competitiveness in the QS-WUR
ranking using statistical methods and machine learning
algorithms. The model allows for accurate forecasting of
university performance, which can be useful for
improving strategies aimed at attracting top students,
faculty, and funding. The results showed a low prediction
error, making the model highly reliable. However, a
disadvantage of the approach is the difficulty in adapting
the model to new ranking changes and the need for
continuous algorithm and data updates.

Key research on the methodology and impact of
ARWU, also known as the Shanghai Ranking, has been
reviewed [8]. ARWU evaluates universities based on the
number of Nobel laureates and Fields medalists among
alumni and faculty, the number of publications in
prestigious journals, and citation levels. ARWU is one of
the most influential international university rankings,
focusing on academic and research achievements such as
the number of publications in high-ranking journals, the
number of Nobel laureates among faculty and alumni, and
other scientific indicators. The analysis of scholarly works
highlights the key advantages of this ranking, particularly
its objective evaluation criteria, as well as its drawbacks,
such as underestimating educational indicators and giving
less attention to the humanities.

The study [9] conducted a graphical comparison of
global university rankings, emphasizing that ARWU
(Shanghai Ranking) is the most stable indicator of
university research activity. At the same time, THE and
QS-WUR rankings rely heavily on reputation surveys,
which leads to underestimation of universities with high
research performance and overestimation of universities
with less developed research activities. The results
showed that the reputation component significantly
influences university positions in THE and QS-WUR
rankings, which can be considered a drawback of this
approach. Meanwhile, ARWU focuses more on objective
scientific criteria, making it more reliable for assessing
research productivity.

The article [10] provides a critical analysis of the
ARWU Shanghai Ranking methodology, particularly its
impact on the "Big Five" South African research
universities. The authors compare the performance of
these universities in the context of international rankings
and note that ARWU focuses on quantitative indicators of
scientific activity, such as the number of publications and
awards. The research results show that South African
universities perform relatively well in ARWU due to their
research achievements. However, the drawbacks of the
approach include limited attention to educational activities
and universities' social responsibility.

Leiden Ranking [11-12] employs bibliometric
analysis, allowing the measurement of scientific
publications and citations while considering research
volume and quality. This ranking provides a more
objective assessment of university research productivity
but may underestimate other important aspects such as
teaching quality and the social impact of HEIs.

Key research related to the methodology and impact
of THE ranking [3] on universities has been reviewed.
THE is one of the leading international rankings, based on
a wide range of indicators such as teaching, research,
internationalization, and citation impact. The analysis of
scholarly literature will help identify the strengths and
weaknesses of THE’s methodology and understand how
universities can use the ranking results to enhance their
reputation and research activities.

The study [13] analyzes the impact of
macroeconomic indicators, such as GDP and the Human
Development Index (HDI), on university positions in THE
rankings. The results indicate a significant correlation
between these country-level characteristics and university
scores in the ranking, suggesting that financial stability
and socio-economic conditions can influence university
quality and sustainability. However, the study has the
drawback of not considering internal university factors,
such as management and innovation, which can also affect
rankings.

The author of the study [5] conducts a critical
analysis of THE methodology, particularly concerning the
citation metric. The paper raises concerns about potential
distortions in assessments due to the use of fractional
counting for certain scientific publications, which may
inaccurately reflect university research productivity in
benchmarking. The results show that this methodology
can skew results for universities specializing in niche
scientific disciplines. The drawback of this approach is
that it does not consider alternative methods for improving
citation counting.

The study [14] presents a visual analysis of THE
university rankings using Tableau, allowing for a clear
demonstration of the relationships between various
indicators such as teaching, research, and citations. The
research results indicate that data visualization facilitates a
better understanding of the factors affecting university
ranking positions. However, the drawback of the approach
is that visualization does not always reveal all complex
interdependencies between metrics and does not provide a
deep analysis of potential factors that could improve
university positions.
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For universities to succeed, it is essential to focus on
key HEI performance indicators that form the basis of
these rankings [15]. Identifying and tracking these
indicators enables universities to develop and adjust
strategies to improve their positions in global rankings.
The analysis of KPIs becomes an essential tool for
university leaders in decision-making, enhancing their
reputation in academic rankings, attracting resources, and
expanding development opportunities in the dynamic
educational environment. HEI KPIs directly influence
their positions in international university rankings, as
these indicators form the foundation for evaluating
academic  productivity, teaching quality, research
activities, and international collaboration.

The study [16] analyzes KPIs used by foreign
universities, particularly leading institutions in Europe and
the United States. These indicators cover a wide range of
activities, from student and faculty satisfaction levels to
research achievements. For example, Harvard University
demonstrates a high level of innovation activity, reflected
in its KPIs. Partnerships with corporate research enable
the university to collaborate closely with leading global
companies. The significant volume of corporate research
funding facilitates the implementation of cutting-edge
scientific projects.

The authors of the study [17] define the concept of a
"Creative University" and describe management practices
aimed at improving KPIs. They establish that university
KPIs consist of the Institutional Activity Index (IAP) and
the Core Productivity Index (IMP), which are constrained
by time and cost. The "Creative University" model
ensures KPI attainment in a shorter period and at lower
costs. The authors propose three key strategies for
accelerating KPIl improvement: minimizing the gap
between IAP and IMP, efficient activity planning, and
scheduling management according to academic phases.
The main research findings demonstrate that these
strategies can significantly enhance KPI performance.
However, the drawbacks of the proposed approach include
a high dependence on the accuracy of KPI definitions and
the complexity of integrating management processes into
the existing university structure.

The article [18] describes a KPI calculation system
for faculty at the Eurasian National University. The
research results show that the proposed system can
accurately assess faculty productivity but has drawbacks,
such as dependence on data accuracy and completeness.
Additionally, the complexity of collecting and processing
large amounts of information may impact the timely
availability of results.

The authors of the article [15] explore the
implementation of performance management systems,
including KPIs, at Donetsk National University. The study
identifies issues such as faculty resistance to KPI systems
and the need for tools to improve acceptance and
effectiveness. The authors provide recommendations for
enhancing management culture and fostering productive
dialogue, which can improve performance management
efficiency. The main drawbacks include the necessity of
changing management approaches and the difficulty of
overcoming faculty resistance.

In the article [19], the authors investigate the strategy
for optimizing the achievement of Indikator Kinerja
Utama (IKU) at Jambi University. The authors found that
IKU exceeded the target by 142.05% but did not show
growth compared to the previous year. To address this
issue, the study employs action research methods aimed at
identifying key problems and developing optimization
strategies for achieving IKU. The main strategies include
improving  Lecturer  Performance Burden (LPB)
management, providing incentives, and increasing faculty
participation in research and other activities. The main
findings indicate that the proposed strategies can
effectively enhance KPIs. The drawbacks include the
complexity of strategy implementation and the need for
continuous monitoring.

The authors of the article [20] study the development
of a KPI monitoring panel for higher education
institutions in Indonesia using a single data source. The
authors integrate data from various information systems
into a single database, allowing for easy tracking of
different indicators at the program, faculty, and university
levels. The main findings of the study indicate that the
monitoring panel significantly simplifies the process of
tracking and analyzing KPIls. At the same time, the
disadvantages include high dependence on the accuracy of
the collected data and the complexity of integration with
existing information systems.

Researchers in article [21] analyze the role of
information technology in higher education through a
KPI-focused model. A case study from the University of
La Verne compares data from different institutions to
develop a KPI-based model for measuring student
expectations and satisfaction with technology in
education. The main findings indicate that the proposed
model helps institutions achieve continuous improvement
of their strategic goals. The drawbacks include
dependence on data quality and the need for continuous
technology updates.

In the study [22], the authors highlight the absence of
KPIs that universities could use to measure academic
quality and achieve strategic goals. The authors propose
the formation of KPIs based on faculty perception and
emphasize their importance in guiding the development
and improvement of HEIs. The main findings of the study
show that incorporating faculty perceptions can
significantly enhance the quality assessment process. The
drawbacks include the complexity of collecting and
analyzing subjective data.

Researchers in the study [23] propose the
development of an integrated faculty profile system for
KPI monitoring, focusing on KPIs that assess teaching
quality. The authors used the extreme programming
methodology to develop a system that interacts with
university and ministry of education databases. The results
showed successful implementation and testing of user
stories, demonstrating the system’s effectiveness.
However, the drawbacks of the approach include the need
for highly qualified users and potential integration issues
with existing management systems.

The authors [24] address the problem of automating
KPI calculation for university executive staff based on a

Bicnuk Hayionanbrno2o mexuiunozo ynisepcumemy « XI11».

18 Cepis: Cmpameziune ynpaeninus, ynpaseninus nopmpensimu, npozpamamu ma npoexmanmu. 2024. Ne 2(9)



ISSN 2311-4738 (print), ISSN 2413-3000 (online)

mathematical model and an evaluation algorithm for
faculty and administrative staff performance, including an
example of a scientific and methodological activity report.
The study results indicate that automation can
significantly improve the accuracy and speed of KPI
evaluation. At the same time, the disadvantages include
the complexity of developing and implementing
algorithms, as well as the need for continuous data
updates and adaptation to changes in evaluation
methodology.

Some researchers analyze the existing performance
evaluation system for private universities and propose a
dual evaluation model that combines KPIs and
competency-based assessment. The authors of the study
[25] believe that this model will improve the efficiency
and competitiveness of university faculty. The main
findings of the study demonstrate that the proposed model
takes into account the specific needs of private
universities. The drawbacks include the complexity of
system implementation and the need for staff training.

In the study [26], the authors explore a model for
studying and measuring KPIs in HEIs. They analyze the
use of KPIs to assess and improve the overall efficiency of
HEIs using the example of the Institute for Statistical
Research and Cairo University Research Institute. The
study results show that the application of KPIs contributes
to significant improvements in achieving HEI goals. At
the same time, the authors identified challenges in
implementing KPIs, such as the need to adapt existing
processes to new requirements.

The authors of the article [27] examine the
application of data mining techniques to identify relevant
KPIs in higher education institutions. Using open
university initiative data, they identify characteristics and
target groups for each KPI. The main results indicate that
data mining techniques significantly facilitate the
identification and application of KPIs, improving
university operations. However, the main drawback is the
dependence on the quality and completeness of available
data.

Researchers in the study [28] present KPls for
optimizing the environmental efficiency of HEIs using an
environmental management system. They emphasize the
importance of integrating environmental KPIs into
management systems to improve sustainable development
practices and achieve environmental goals. The
implementation results of these KPIs at the Polytechnic
University of Valencia showed that they could
significantly enhance the institution's environmental
efficiency. However, the challenge remains in integrating
new KPIs into already existing management systems.

The authors of the article [29] investigate the use of
learning analytics and KPIs in HEIs to improve high-level
decision-making. They highlight the integration of
learning analytics tools with KPIs to provide
comprehensive recommendations for improving the
learning process, increasing institutional efficiency, and
enhancing strategic planning. The study results show that
applying these approaches can significantly improve HEI
management efficiency through data-driven decision-
making. However, the disadvantages of the approach

include dependence on data quality and the need for
significant resources for implementation.

Researchers in article [30] consider cognitive
modeling as a tool for strategic analysis of the competitive
status of IT companies. They emphasize that cognitive
models allow for the effective identification of key factors
influencing a company’s competitiveness and predicting
possible development scenarios. The study presents an
example of building a cognitive model for an IT company,
which enables the analysis of relationships between
internal and external factors. The application of this
approach revealed its significant potential for supporting
strategic decision-making aimed at strengthening the
company’s competitive position. However, the authors
note that the accuracy of cognitive modeling
depends on the availability of high-quality data and
requires considerable time for model construction and
verification.

An analysis of global indices and rankings regarding
the level and quality of higher education in Ukraine shows
that several Ukrainian universities are included in major
global rankings, but they do not occupy top positions. For
Ukrainian HEIs to successfully improve their ranking
positions, they need to focus on key aspects such as
academic reputation, research, international activities, and
more.

Several researchers analyze how KPIs can be used to
monitor academic productivity, teaching quality, student
satisfaction, and the achievement of strategic goals. For
example, the above-mentioned articles discuss approaches
to improving KPI monitoring and management in
educational environments, as well as models for faculty
evaluation based on KPIs. The main findings of these
studies indicate that the implementation of KPIs can
significantly  improve efficiency management in
educational institutions; however, it requires significant
adaptation to the specific conditions and needs of each
institution.

Thus, the analysis of scientific sources shows that
KPIs are a powerful tool for assessing and managing HEI
efficiency. Improving the KPI system and its planned
values can enhance the adaptation of Ukrainian HEIls to
participate in global university rankings and provide an
opportunity to improve their ranking positions.

Aim and tasks of the study. The analysis of KPIs is
one of the Kkey elements in determining the
competitiveness of HEIs at the national and international
levels. In the modern context of globalization and
increased competition among universities, the ability to
accurately measure and evaluate performance has become
a crucial component of HEI development. This includes
assessing academic achievements, the quality of the
educational process, research productivity, international
collaboration, and the implementation of innovations.
Defining KPIs allows for identifying the strengths and
weaknesses of HEI activities, helping to formulate
strategies for their improvement [31].

HEI quality policies aim to ensure the quality of
educational services by improving the scientific-
methodological, pedagogical, and methodological
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expertise of the teaching staff, implementing innovative
teaching technologies, strengthening the university’s
material and technical base, utilizing advanced
information technologies, and incorporating the results of
fundamental and applied scientific research in accordance
with market demands for educational services and labor
market needs.

The objective of this study is to improve the HEI
KPI system, which will contribute to the enhancement of
educational service delivery and the university’s position
in international rankings.

The task of this study is to establish the relationship
between the planned target indicators of HEIs, as outlined
in the contract with the head of the higher education
institution, and the QS-WUR indicator system, which
determines the university’s position in global university
rankings.

Materials and methods. This study proposes the use
of the QS-WUR ranking. This choice is justified by the
fact that, unlike the existing major global rankings such as
the Academic Ranking of World Universities (ARWU)
and Times Higher Education (THE), the QS-WUR
website [32] provides open access to the input data used to
compile the ranking.

To analyze data from ARWU or THE, one must
contact the respective company. QS-WUR strives to
identify gaps and seek additional data and methodological
clarifications to enhance the accuracy of its rankings.
Starting from 2024, QS-WUR has identified five key areas
that contribute to the classification of a world-class
university. These areas include research and discovery,
employability and outcomes, global engagement, learning
experience, and sustainability. Each area and its associated
indicators have a specific weight. Table 1 presents the
areas and indicators of the QS-WUR ranking.

Table 1 — List of Indicators in the QS World University Rankings

Category Category Weight Indicator Indicator Weight
Academic Reputation 30%
Research and Discovery 50% Citations per Faculty 0%
Employer Reputation 15%
Employability and Outcomes 20% Employment Outcomes %
International Student Ratio 5%
Global Engagement 15% Ratio of International Faculty to Total Faculty 50
International Research Network 50
Learning Experience 10% Student-to-Faculty Ratio 10%
Sustainability 5% Sustainability 5%

Let us consider the formation of HEI indicators
according to the QS-WUR methodology [32].

1. Academic Reputation — the most important
component of the QS-WUR ranking, accounting for 30%
of the university's overall score. This parameter is based
on a global survey of more than 100,000 academic staff,
who, through online questionnaires, name up to 10
universities they consider the best in their field of
knowledge. Responses from the last five years are taken
into account, with a lower weight assigned to data from
four and five years ago. The responses are weighted by
region and discipline to ensure an even distribution, and
all scores are normalized to obtain the final score. This
indicator is calculated using the formula

_ S FAFWA;

t

K} x 100%, 1)

where

K} — academic reputation score for the t-th period;

FA; — number of positive reviews about the
university from the i-th respondent, i = 7, n;

WA; — weighting coefficient for the i-th respondent
(depends on the respondent’s authority in their field);

PA, — total number of all positive reviews from
respondents received by other universities for the t-th
period.

This indicator reflects how the HEI is perceived in
academic circles compared to other HEIs and considers
the quality and impact of research, the level of teaching,
and the university's academic reputation.

2. Employer Reputation — this indicator accounts for
15% of the QS-WUR ranking's overall score. It is based
on an online survey of more than 50,000 employers
worldwide, who name up to 10 universities whose
graduates are the most competent. This indicator allows
for assessing the preparedness level of graduates from
specific educational institutions and is calculated using the
formula

m . .
Y7L, FRyWR;

KZ = PR, %X 100%, (2)
where
K? — employer reputation score for the t-th period;
FR; — number of positive reviews about the

university from the j-th employer, j= 7,m;;

WR; — weighting coefficient for the j-th employer
(depends on the employer's authority and influence in the
relevant field);

PR, — total number of all positive reviews from
employers received by other universities for the t-th
period.

This indicator reflects how employers evaluate
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university graduates, particularly their knowledge, skills,
and readiness for employment.

3. Faculty/Student Ratio — this parameter has a
weight of 10% in the QS-WUR ranking. It determines the
quality of education by measuring the ratio of students to
faculty members. The data is provided by universities, and
the calculation formula is simple. The higher this ratio, the
better the quality of education is considered to be, and it is
calculated using the formula
R¢

K3
t St’

®3)

where

K2 — faculty/student ratio for the t-th period;

R, — total number of faculty members at the
university for the t-th period;

S; — total number of students enrolled at the
university for the t-th period.

This indicator reflects the extent to which an
individualized approach to education is ensured: the fewer
students per faculty member, the more attention can be
given to each student.

4. Citations per Faculty — an important indicator
accounting for 20% of the university’s overall QS-WUR
ranking score. This metric is based on data from globally
recognized scientometric databases, where the number of
citations of research papers is divided by the number of
faculty members. This parameter allows for assessing the
global impact of a university’s research and is calculated
using the formula

4 _ Ct
K& =—,
SA¢

(4)

where

K/ — number of citations per research article for the
t-th period;

C, — total number of citations of all university
publications for the t-th period;

SA, — total number of research articles published by
university faculty and researchers for the t-th period.

This indicator evaluates the scientific impact and
quality of university research by considering how
frequently the university’s academic papers are cited in
other studies.

5. International Faculty Ratio — a parameter that
accounts for 5% of the QS-WUR ranking. It is based on
university-provided data regarding faculty citizenship.
The calculation determines the proportion of international
faculty as a percentage of the total number of faculty
members. A high percentage of international faculty
reflects the global attractiveness and diversity of the
institution and is calculated using the formula

IRy
kS = R ()

where

K — proportion of international faculty for the t-th
period (%);

IR, — number of international faculty members (who
are citizens of other countries) for the t-th period;

R, — total number of faculty members at the
university for the t-th period.

This indicator reflects the internationalization of the
university’s faculty, which is an important factor in
creating a multicultural academic environment and
enhancing the quality of education and research.

6. International Student Ratio — a parameter with a
weight of 5% that reflects the university’s international
attractiveness. Universities provide data on student
citizenship, and the proportion of international students is
calculated as a percentage of the total student population.
This indicator assesses the level of internationalization of
the student body and is calculated using the formula

Kt6 = (6)

where

K& — proportion of international students for the t-th
period (%);

IS; — number of international students (who are
citizens of other countries) at the university for the t-th
period;

S, — total number of students enrolled in the HEI for
the t-th period.

This indicator demonstrates how attractive the HEI is
to students from different countries, which is an important
aspect of creating an international academic environment
and fostering cultural exchange and collaboration.

7. International Research Network — a parameter
with a weight of 5% that evaluates the number of joint
publications with international partners. It considers the
number of publications in globally recognized
scientometric databases, the number of partner countries,
and the citation rate of joint publications. It is calculated
using the formula

K7 = Zh=a CWCe o 10 )
SA¢

where

K/ — international research network indicator for the
t-th period (%);

CA;, — number of joint articles with the international
k-th partner for the t-th period, k = 1, s;

W<C, — weighting coefficient for the k-th partner,
which may depend on the quality, quantity, or other
characteristics of the partner;

SA; — total number of research articles published by
HEI faculty and researchers for the given t-th period.

8. Employment Outcomes — this parameter accounts
for 5% and evaluates the impact of graduates on the labor
market and their employability. It includes the graduate
employment index and the influence of graduates across
various industries. It is calculated using the formula

Kt8=v1x§—z+v2x;—i, 8)

where

K& — overall employment outcomes indicator for the
t-th period (%);

E; — number of graduates who found employment
after university graduation for the t-th period;

G; — total number of graduates who completed their
studies for the t-th period,;
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I, — graduate impact index across various industries

for the t-th period;

B, — total number of industries where graduates have

a significant impact;

v, iv,— weighting coefficients for each component,
with the sum of the coefficients equal to 1 (or 100%).

9. Sustainability Indicator — this parameter has a
weight of 5% and evaluates the contribution of the HEI to

sustainable  development

and

its achievements. It

considers the environmental and social impact of the
university, as well as the presence of equality and
inclusion policies. The calculation formula includes social

impact  (45%),

environmental

impact (45%), and

governance (10%), and is calculated using the formula

where

K — overall sustainability indicator for the t-th
period (%);

El, — environmental impact indicator of the HEI for
the t-th period;

SI, — social impact indicator of the HEI for the t-th
period,;

PEI, — indicator of the presence of equality and
inclusion policies for the t-th period;

f1, fo, fz— weighting coefficients for the components
of environmental impact, social impact, and governance,

respectively, with the sum of the coefficients equal
to 1 (or 100%).

The model for forming university indicators
according to the QS-WUR methodology is presented in

K? = fi XEl, + f, X SI, + f3 X PEI,, 9) Fig. 1
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Fig. 1. Model for the Formation of QS-WUR Ranking Indicators
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The object of this study is the National Technical
University "Kharkiv Polytechnic Institute." The main
structural units of the university that are directly involved
in organizing the educational process include educational
and scientific institutes, departments, the postgraduate
studies department, and the library. The status and
functions of these units are defined by the University
Statute [33] and corresponding regulations, while the
formation of units is carried out based on the decision of
the University Academic Council.

Educational ~and scientific institutes  unite
departments, laboratories, research centers, and other
structural units that provide training at the bachelor's,
master's, and educational-research levels. Departments
conduct educational, methodological, and scientific
activities in specific disciplines and are responsible for the
training of academic and teaching staff. The postgraduate
studies department oversees the preparation of PhD and
Doctor of Science candidates, contributing to the
advancement of scientific qualifications. The library
provides information services to students and faculty,
ensuring access to educational and scientific resources.

The management of the university is carried out by
the rector, who is responsible for educational, scientific,
and financial-economic activities. Supporting bodies
include the Academic Council, which defines the
development strategy and approves educational programs,
and the Supervisory Board, which facilitates resource
acquisition and oversees their utilization. Additionally,
there are bodies of public self-governance, student self-
governance, and scientific societies that ensure the
participation of students and faculty in university
management and the protection of their rights.

At the end of each year, the rector of NTU "KhPI"
compiles and publicly publishes a report on the
university’s performance and achievements, which are
measured by specific KPIs [34]. This information enables
the assessment of the university's effectiveness, aligning
with global educational trends and ranking requirements.
Based on an analysis of the alignment between the
university’s KPIs and indicators defined in global
rankings, adjustments to the KPI system of NTU "KhPI"
have been proposed.

The KPI performance indicators of NTU "KhPI"
include the results of educational, scientific, scientific-
technical, and innovation activities, as well as financial-
economic activities. The rector is responsible for
implementing and maintaining modern educational
programs and curricula approved by the Academic
Council, ensuring the quality of the educational process
and scientific research. The rector also oversees the
performance efficiency of educational and scientific
institutes, departments, postgraduate studies, and the
library, particularly their contributions to training
professionals and academic staff. Financial-economic
KPIs under the rector’s supervision include cost
optimization, securing additional financial resources, and
maintaining and efficiently utilizing university property.
High efficiency indicators contribute to enhancing the
university’s competitiveness at both the national and
international levels. Each year, the rector publishes key

performance indicators of the university on the official
NTU "KhPI" website [34]. The formation of the rector’s
target KPI values is based on the performance indicators
of institutes, departments, and other units, ensuring a
comprehensive approach to evaluating the university’s
and its structural units’ performance.

The KPI indicators of institutes and departments at
NTU "KhPI" are interdependent. The KPI indicators of
institutes are calculated as the sum of the KPI indicators
of their respective departments, allowing for a two-level
evaluation system instead of a three-level one. The main
KPIs include educational and research performance, the
number and quality of trained professionals, the volume
and quality of scientific research, the successful
implementation of educational programs, and other
factors. Financial indicators such as resource utilization
efficiency and additional financial inflows are also
considered. This approach ensures a more holistic and
coordinated management of educational and research
processes within the university, contributing to the
achievement of NTU "KhPI"’s overall strategic goals.

The objective of university management is to
achieve the target KPI values at the end of the planning
period for specific functions of all structural units. As
basic criteria for each structural unit, it is proposed to use
the deviation level of current KPIs from the target values
at the end of the planning period. The criteria for
structural units will be considered for different
management levels of the hierarchical HEI system.

Let us take a closer look at the calculations of these
indicators.

The change in the share of classroom hours taught in
foreign languages AR, (%), is calculated using the
formula

_ Ri-RE,

AR, =Rfmn

1
Ri_4

(10)

where
AR, — change in the share of classroom hours
taught in foreign languages (in percentage);

R} — new share of classroom hours taught in foreign
languages (as a percentage of the total number of hours)
for the current year;

R}_, — initial share of classroom hours taught in
foreign languages (as a percentage of the total number of
hours) in the previous calendar year.

The change in the number of higher education
students participating in international academic mobility
programs (lasting at least 1 month, per calendar year) AR,
(%), is calculated using the formula

2_p2
AR, = % x 100%,

t-1

11)

where
AR, — change in the number of higher education
students participating in international academic mobility
programs (in percentage);
R? — number of students who participated in
international academic mobility programs in the current
calendar year;
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R?, — number of students who participated in
international academic mobility programs in the previous
calendar year.

The change in the number of full-time academic and
research staff participating in international academic
mobility programs (lasting at least 1 month, per calendar
year) AR5 (%), is calculated using the formula

3_53
AR, = % x 100%,

t-1

(12)

where

AR; — change in the number of full-time

academic and research staff participating in international
academic mobility programs (in percentage);

R? — number of staff members who participated in
international academic mobility programs in the current
calendar year;

R3_; — number of staff members who participated in
international academic mobility programs in the previous
calendar year.

The change in the number of classrooms equipped
with  multimedia equipment or other specialized
equipment that ensures multimedia functionality (%) is
calculated using the formula

RE-RE 4

AR4 = R4— X 100%,

t—-1

(13)

where

AR, — change in the number of classrooms equipped
with multimedia equipment (in percentage);

Rt — number of classrooms equipped with
multimedia equipment in the current calendar year;

R}, — number of classrooms equipped with
multimedia equipment in the previous calendar year.

The change in the number of foreigners and stateless
persons among higher education students of the HEI,
including citizens of OECD member countries ARg, is
calculated using the formula

RZ—R{_,

ARS = TRs X 100%,

t-1

(14)

where

AR; — change in the number of foreigners and
stateless persons among higher education students (in
percentage);

R? — number of foreigners and stateless persons
among higher education students in the current calendar
year;

R?_, — number of foreigners and stateless persons
among higher education students in the previous calendar
year.

The change in the number of higher education
students who submitted StartUp projects (%) (ARy), is
calculated using the formula

RE—RE_,

AR6 = —Re X 100%,

t—-1

(15)

where
AR, — change in the number of higher education
students who submitted StartUp projects (in percentage);

R¢ — number of higher education students who
submitted StartUp projects in the current calendar year;

R¢_, — number of higher education students who
submitted StartUp projects in the previous calendar year.

Implementation of comprehensive automation of
higher education institution management, including an
electronic document management system R?. Yes/No

Implementation of a key performance indicator
system in the contracts of deputy heads of the HEI and
heads of structural units RE. Yes/No.

Annual improvement of all subsystems of the
corporate university management information system,
including the current set of personal learning systems
within the Learning Management System (LMS). This
indicator Ry is determined in the current calendar year
based on availability (Yes/No).

The change in the number of indexed publications by
academic and research staff in journals referenced in the
Web of Science and Scopus scientometric databases,
AR;,, s calculated using the formula

RE°-RE,

AR,y = R10

t—-1

x 100%, (16)
where

AR, — change in the number of indexed publications
by academic and research staff (in percentage);

R} — number of indexed publications by academic
and research staff in the current calendar year;

R#%, — number of indexed publications by academic
and research staff in the previous calendar year.

Comparison with international KPIs will help
identify opportunities for improvement and adaptation of
best practices in the context of NTU "KhPI" activities.
Analyzing these data for the university allows for
determining which approaches to performance evaluation
may be most relevant for the further development of the
university, as well as which practices from other
institutions can be implemented to enhance its global
competitiveness.

To improve managerial activities, it is necessary to
consider the indicators of the proposed QS-WUR ranking
indicator formation model when determining the
performance indicators of the university leader.

Results. Based on the conducted research on the
performance indicators of NTU "KhPI" in accordance
with the QS-WUR methodology, an approach to
formalizing QS-WUR indicators that determine NTU
"KhPI"’s position in this ranking has been proposed. A
model for forming QS-WUR ranking indicators for NTU
"KhPI" has been developed, providing an understanding
of the information sources and the processes involved in
determining each indicator’s value. The model reflects the
interaction of QS-WUR indicators used to create the
university’s ranking position.

The performance indicators of NTU "KhPI"
management have been formalized and are published
annually on the university’s official website. They are
calculated based on the system of activity indicators of
NTU "KhPI" institutes and departments, ensuring a
comprehensive approach to evaluating the university's
performance and helping to understand how successfully
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the institution fulfills its mission and achieves strategic
goals. These indicators help identify strengths and
weaknesses in management and the organization of the
educational process.

Conclusion. The proposed KPI system for NTU
"KhPI" will be used to determine effective resource
allocation strategies and implement it as an innovative
approach to managing educational, research, and
international activities, ensuring high-quality standards
and international recognition of the university.

Further research is focused on developing a tool for
the optimal allocation of NTU "KhPI" resources, which
will be used to improve the internal environment and
enhance the university’s external position in the QS-WUR
global ranking. The application of this tool will contribute
not only to achieving planned KPIs but also to increasing
the institution’s international competitiveness, creating a
foundation for its sustainable development. Additionally,
further research aims at developing an information system
that will provide recommendations to NTU "KhPI"
management regarding university resource allocation
based on the KPI system. This will improve university
efficiency by enhancing performance, increasing staff
motivation, ensuring the rational use of resources, and
strengthening the university’s competitiveness in the
global arena.
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B. 1. 3I03IOH

AOCJIUKEHHSA MOHATTSI HOXITHUAX PU3UKIB BII PO3BUTKY 30BHIIIHBOT'O BILJINBY B
ACIIEKTI AISIVIBHOCTI OB’€KTIB 'OCIIOJAPIOBAHHS TA IX CTPATEI'TYHOI
CTABIUIBHOCTI

VY cydacHHX ymMoBaX (DyHKLIOHYBaHHS ITiAMPUEMCTB 30BHILIHE CEPEIOBHIIEC € BU3HAYAILHUM (HakTOpoM y GOpMyBaHHI IXHBOI CTpATerii Ta TAKTUKH
po3BUTKY. JlMHaMiuHi 3MiHM DPHHKOBHX, E€KOHOMIYHHX, MOJIITUYHHX, COLIaJbHHX Ta TEXHOJOTIYHHMX IapaMeTpiB OOYMOBIIOIOTH HEOOXiTHICTH
PO3pOOKH CHCTEMHOT'O ITiIXOY [0 aHasi3y BIUIMBY 30BHIIIHIX (haKTOpiB HA BHYTILIHI Oi3Hec-mporiecH. OHUM i3 KIFOYOBUX ACIEKTIB TaKOTO aHAI3y
€ OLIHKA MOXIJHOTO PH3UKY BiJl PO3BUTKY BIUIMBY, KU Moxke OyTu (opmainizoBaHuil y BUMIAAI QyHKIIOHATHEHOI 3aJIEKHOCTI MK 30BHILIHIMU
BILUIMBaMH, Oi3Hec-TIpoIlecCaMM IMiANPHEMCTBA Ta IXHIMH pe3yibTaTaMd. MeToro poOoTH € po3poOka Ta OOIPYHTYBaHHS MaTeMAaTHYHOI Moeli
JIOCITI/DKEHHST PO3BUTKY 30BHIIIHIX BIUIMBIB Ha AiSUTBHICTH 00'€KTIB rOCIIOAAPIOBAHHS, SIKa JI03BOJISIE CHCTEMATH3YBATH MPOLEC OL[IHKH Ta yIPaBIiHHS
PH3HMKaMH LIUIIXOM BHKOPHCTAHHs KUIbKICHHX METOMIB aHamizy. Y paMKax HOCITiIKEHHs (popMai3oBaHO OCHOBHI KOMIIOHEHTH MOJENi: MHOXHHY
30BHIIIHIX BIUIUBIB, Oi3HEC-MPOIIECH ITiAIPUEMCTBA, MOXiAHI PU3UKU Ta KiHIIEBHI CTaH 00'€KTa BIUIUBY. 3alpOIIOHOBAHA MOJEIb BPAXOBY€E KIIOUOBI
(haxTopu 30BHIIIHBOIO CepelOBHIIA (CKOHOMIYHI, MOJIITUYHI, COL[iaIbHi, €KOJIOTTYHI Ta TEXHOJIONYHI YMHHHKN) Ta IXHiil BIUIMB HA OCHOBHI Oi3Hec-
¢dyHKUii: omepauifiHy IisUIbHICTb, (iHAHCOBE YNPABIiHHS, MApPKETHHT, IOCTA4YaHHS Ta YIPaBiliHHSA mepcoHanoMm. OcobiuBa yBara mpHAiiIeHa
MexaHi3My (OpMyBaHHS MOXIJAHUX PH3HKIB, SIKHI BUPAXKAEThCS Uepe3 CHCTEMY DiBHSHB, IO OMHCYIOTh 3aICKHOCTI MiX 30BHINIHIMU BIUTHBAMHU Ta
JIMHAMIKOIO 3MiH Oi3Hec-mporeciB mianpueMctBa. Ha OCHOBI MaTeMaTHYHOrO OMHUCY, BKIIFOYAIOYH JHIMHI Ta HETiHIHHI 3aleKHOCTI, HMOBIPHICHHI
aHai3 i METOIH ONMTUMI3allii, pO3po0diIeHa cHCTeMa KiIbKICHOI Ta SIKICHOT OLiHKK pu3HKiB. Lle 103BoIsie epeKTUBHO MPOrHO3YBATH PO3BUTOK PU3HKIB
Ta (GopMyBaTH ONTUMANIBHI cTparerii pearyBaHHs. BHkopucTaHHS HMOBIPHICHOTO MiJXOMy AONOMAarae MOJIENIOBATH MOJIIMBI CIEHapii pO3BHTKY
cuTyariit Ta o6upaTH Haiikpalui BapiaHTH pimieHs. [IpakTiHyHe 3HAUYCHHS MOJIENI mossirae y ii 3acToCyBaHHI IS CTPATEriYHOTO [UIAHYBAHHS MIJISIXOM
BU3HAUCHHs MOTEHLIHUX 3arpo3 i MOMIIMBOCTEH; YNpPaBIiHHS PU3MKAMHU HAa OCHOBI KiIBKICHOTO aHAJi3y IXHBOTO BIUTHBY Ha Oi3HEC-NMPOLECH;
onTHMi3alii pecypciB MiIIpHEMCTBA 3 METOI0 MiHiMi3alii HMOTEHLIHHMX BTpaT; ajanTamii MiJNIPHEMCTBA 1O AWHAMIYHHX 3MiH 30BHIIIHBOTO
CepeIOBHIIA; MiJABHUILCHHS ONEpaLiiiHol e()eKTUBHOCTI 3aB/sIKH FHYYKOCTi Gi3HEC-NPOLECIiB Ta MPOAKTUBHUM CTPATErisM pearyBaHHs. TakiuM YHHOM,
pe3ynbTaTH OOCTIIKEHHS MOXYTh OyTH BHKOPUCTaHi SIK €(pEeKTHBHUII IHCTPYMEHT Uil MiABHLICHHS CTIMKOCTI MiAMPHEMCTBA, ONMTHMi3amlil HOro
(yHKIIOHYBaHHS Ta PO3POOKH aHTHKPH30BHX 3aXO/IB Y BiJIIOBi/(b Ha 30BHIIIHI BUKINKH.

Kiai04oBi cjioBa: cTpaTeriuHe ynpasiiHHS, yIpPaBIiHHA 00’€KTOM TOCIOJAapIOBAHHS, 30BHILIHII BIUIMB, PU3UKH, MOXIAHUN PH3UK, HOXITHUI
PH3HK BiJl PO3BUTKY BIUIUBY, MOJICITIOBAHHSI, 00 €KT rOCIIO[aPIOBAHHSI.

V. ZIUZIUN

EXPLORING THE CONCEPT OF DERIVATIVE RISKS ARISING FROM EXTERNAL INFLUENCES
IN THE CONTEXT OF BUSINESS OPERATIONS AND THEIR STRATEGIC STABILITY

In the modern operational environment, external factors play a decisive role in shaping the strategy and tactics of enterprise development. The dynamic
changes in market, economic, political, social, and technological parameters necessitate the development of a systematic approach to analyzing the
impact of external factors on internal business processes. One of the key aspects of such analysis is the assessment of derivative risk from influence
development, which can be formalized as a functional dependence between external influences, business processes, and their outcomes. The objective
of this study is to develop and substantiate a mathematical model for analyzing the development of external influences on the activities of business
entities. This model aims to systematize the process of risk assessment and management through the use of quantitative analytical methods. The study
formalizes the key components of the model, including the set of external influences, business processes, derivative risks, and the final state of the
affected entity. The proposed model takes into account key external environmental factors — economic, political, social, environmental, and
technological — and their impact on core business functions, such as operations, financial management, marketing, supply chain management, and
human resources. Particular attention is paid to the mechanism of derivative risk formation, which is expressed through a system of equations that
describe the dependencies between external influences and the dynamics of changes in business processes. Based on the mathematical framework,
which includes linear and nonlinear dependencies, probabilistic analysis, and optimization methods, a system for quantitative and qualitative risk
assessment has been developed. This approach enables effective risk forecasting and the formulation of optimal response strategies. The probabilistic
approach facilitates the modeling of potential scenarios and the selection of the best decision-making options. The practical significance of the model
lies in its application for strategic planning by identifying potential threats and opportunities, risk management based on quantitative analysis of their
impact on business processes, resource optimization to minimize potential losses, enterprise adaptation to dynamic external changes, and enhancing
operational efficiency through flexible business processes and proactive response strategies. Thus, the results of this study can be utilized as an
effective tool for enhancing enterprise resilience, optimizing operations, and developing crisis management measures in response to external
challenges.

Keywords: strategic management, business entity management, external influence, risks, derivative risk, derivative risk from influence
development, modeling, business entity.

Beryn. ¥V cyyacHHX yMOBax JHMHAMIYHOTO PO3BUTKY
30BHIIIHBOTO  CEPEJOBHINA  IiJIPUEMCTBA  MOCTIHHO
CTHKAIOTBhCS 3 PI3HOMaHITHUMH (aKTOpamH, SKi MOXYTb
SIK CTIPUSITH IXHROMY PO3BHUTKY, TaK i CTBOPIOBATH 3arpo3u
U1 IXHBOI mistibHOCTI. B3aemomists MK 30BHIIIHIMHA
BIUIMBAaMH Ta BHYTpIMIHIMH  Oi3Hec-TporiecaMu €
CKJIaIHUM Ta OaraTOrpaHHHM IIPOIIECOM, IO BHMArae

CHCTEMHOI'0 IMIAXOAy JO AaHajily Ta yIpaBJIiHHA
pusukamu. 30BHIMHI (aKTOpH, Taki AK EKOHOMidHa
HeCTaOUIbHICTh, 3aKOHOJABYl 3MIHH, TEXHOJOTIUHHMA

MpOrpec, COIlialbHI TEHICHIII Ta EKOJIOTIYHI BUKJIHKH,
MOXXYTh MAaTH SIK IO3UTHBHI, TaK 1 HETaTHBHI HACIIiJIKA
Jutst QyHKIIOHYBaHHS 00’ €KTY TOCIIOaPIOBAHHS.

Icnye npocuts ©Oarato Teopili 3 ympaBIiHHS
pU3UKaMH, a TaKoX BIANOBIAHAX KIACHU]IKaIii Ta
Kateropusanii pusmkiB. Cepell HUX BaKIMBE MiCIe
MOCIJAf0Th 30BHIIIHI PHU3WKW, NPOTE 3a3BUYall BOHHU
pO3TIANAOTECA  AK BXKE€ KOHKPETHI TpoIecH, SKi
0e3nmocepelHbO  BIUIMBAIOTh HA ISUTBHICTH  00'€KTa.
BopmHouac BIIMB 30BHIMIHIX (AKTOPIB HAa [isSUTBHICTH
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MiIPUEMCTBA YacTO Ma€ HENHIMHMNA XapakTep, o

YCKIQIHIOE [POTHO3YBaHHA Ta  YIPABIIHHA  IUMH
BIUTHBaMH.

MeTtomomnoris CHUCTEMHOI IWHAMiKH, po3pobicHa
Jx. @oppecrepom 'y 1950-x  pokax,  IO3BOIIE
MOJCNIOBATH  CKJIAQAHI  CHUCTEMH 3  ypaxyBaHHIM
HEJIIHIHHUX B3a€MO3B’S3KIB Ta 3BOPOTHHX 3B’S3KiB. Y
cBoil  kHM31  «lHmycTpianbHa  guHamika»  (1961)

doppecTep mpeAcTaBUB MiAXiJ 10 aHATI3y HPOMHUCIOBUX
MIAPUEMCTB SIK JMHAMIYHHUX CHCTEM, IO B3a€EMOJIIOTH i3
30BHILIHIM ~ CEPEJOBHIIEM. 3aCTOCYBaHHS CHCTEMHOL
IUHAMIKH TO3BOJISIE BPAaXOBYBATH CKJIAIHI B3a€MO3B'SI3KU
MDK PI3HUMH  CIIEMEHTaMH CHCTEMH, BKIIOYAIOYH
30BHIIIHI (aKTOpPH, IO BIUIMBAIOTH Ha MiAmpreMcTBO. Lle
0COONMBO BaKJIMBO B YMOBAaX HECTAOLIEHOTO PUHKOBOTO
cepeloBUINa, e JIHIHHI Momem MOXyTh OyTH
HETOCTAaTHIMH JUIS aleKBaTHOTO BiIOOpa)keHHS peabHIX
mporiecis [1].

[lpore nyxe dvacTo 30BHIMHI (AKTOpH, SKI MH
OyneMO Ha3MBaTH <«30BHILIHI BIUIMBW», MOXYTh MaTH
HACJIIKM He JIMIIe JUIS OKPEMHUX IpOIECiB, aje i ajs
TPy TPOLECIB, CHPUYUHIIOYM Pi3HI THUIHM HACIIJKIB.
Taki BIUIMBH MOXYTh HECTH CKOHOMIYHi, COIliaJIbHi,
IOPUINYHI Ta KOJOTiYHI HACHIAKHM s 00'ekTa, i TOMy ix
HE MOYKHA PO3TJLIATH IPOCTO SIK «30BHIMIHINA pI3uK». Lle
OUThII IMHPOKE TMOHATTS, SIKE BHUMAara€ TIIHOOKOTO
IOCTIKCHHS Ta aHAII3y.

BpaxoByroun ckIamHICTP Ta  OaraTOrpaHHICTh
HACJIIAKIB BiJ 30BHIIIHIX BIUIMBIB, IOILUIBHO BBOIHUTH
HOBE MOHSITTS — «IOXIAHWHA PHU3MK BiJg BIUTHBY». Lle
MOHATTS Tependadae KOMIUICKCHHH MiAXIA JO OLIHKA
HACJIIZIKIB 30BHIIIHIX BIUIMBIB, SIKI MOXXYTh BIUIMBATH Ha
pi3HI acmeKTH isUIbHOCTI MiANPUEMCTBA OJHOYACHO.
[MoximHuii pu3UMK Big BIUIMBY BKIIOYae B cebde
B3a€MO3B'SI3KM MK pIi3HHMH BHJAMH PHU3UKIB Ta IXHIO
B3a€EMOJIIIO, IO JO3BOJISIE PO3POOIATH OLTBIN eheKTUBHI
MEXaHI3MU pearyBaHHS Ta YIPABIiHHSI TAKUMHU PU3UKAMHU.

BBeneHHs TOHATTS «IOXiTHOTO PU3UKY BiJ BIUTUBY»
JTO3BOJISAE:

- OIIIHIOBATH BIUTUB 30BHINTHIX (DAKTOPIB HE JIHIIC B
KOPOTKOCTPOKOBiii MNepCrleKkTHBi, a # 3 TOYKH 30py
JIOBrOCTPOKOBHX HACHIIKIB.

- pO3MNISAIATH 30BHIIMIHI BIUIMBH B KOHTEKCTI iXHBOT
B3a€MO/Iii 3 BHYTPILIHIMH [TPOLIECAMH ITiJIPUEMCTBA.

- PpO3pOOJSITH KOMIUIEKCHI CTparterii yrpaBiiHHs
pHU3MKaMH, SIKi BpaxOBYIOTb MOTEHIIIHI B3a€MO3B'SI3KH
MIX PI3HUMH aCTIEeKTaMH isTbHOCTI MiATIPHEMCTBA.

- BUKOPUCTOBYBAaTH METOAM CHCTEMHOTO aHAIi3y Ta
CHUCTEMHOi JMHAMiKM JUIsi TIPOTHO3YBaHHS PO3BHUTKY
CUTyaliil Ta NPUHHATTS OOIPYHTOBaHMX YHPaBIIHCHKHX
pileHs.

Taxkum YUHOM, BUKOPHUCTAHHS KOHIIEMII T
«IIOXITHOTO PU3MKY BiJl BIUIUBY» MOXE CTaTH BaXKIUBUM
IHCTpYMEHTOM B YIpaBIiHHI i ATTPHAEMCTBOM,
NO3BOJISIIOYM  IIABHIIUTH  CTIMKICTE [0  30BHIIIHIX
BHKJIUKIB Ta 3abe3rmeunty eQekTrBHE (YHKIIOHYBaHHS B
YMOBaX MiHJIMBOTO CEPEIOBHIIIA.

AHaJti3 monepeaHix aocailKeHb Ta nmyoJikauii. B
mpami  [2]  JOCHIKYETBCS  3pOCTaHHA — 3HAYYMIOCTI
30BHINIHIX (AaKTOpiB BIUIMBY Ha CHCTEMY Cy4YacHOTO

MPOMHUCIIOBOTO TiJIPUEMCTBA BHMarae ix peTelbHOTO
BpaxyBaHHS y TpoIleci ymHpaBliHHA. 3a3HAYAETHCA, IO
U1 e()eKTUBHOTO BHPIMIEHHS CTPATETIiYHUX 3aBAAaHBb
HEOOXiTHO CBOE€YACHO OIIHIOBATH BIUIMB MX (paKTOpiB Ha
MPOAYKTUBHICTD TIpami Ta eQEeKTHBHICTh YIPABIIHHSI
T ATIPHEMCTBOM.

B mocmimxenni [3] 3a3Hauaerbes, mo edekTuBHA
cHUCTeMa  BHYTPIIIHBOTO  KOHTPONIO €  KIIIOYOBHM
iHCTpyMeHTOM Juisi  imeHTudikaumii Ta  ynpaBiiHHA
pHU3HMKaMU, 10 BIUIMBAIOTHh Ha JISUIBHICTH MiJIPHEMCTBA.
[i BmpoBamkeHHA M03BOJISE TiJABMINMTH JOCTOBIPHIiCTH
3BITHOCTI Ta 3a0€3MEYUTH CTIMKICTh MiANPHEMCTBA B
YMOBaxX HEBU3HAUYEHOCTI.

B mpami [4] aBTOpamMm IOCTiIKEHO OCOOIMBOCTI
3acrocyBaHHs MeTozoorii DevOps y xopnoparuBHux IT-
iHppacTpyKTypax TpoBimHUX (ipM YKpaiHH, BH3HAYCHO
OCHOBHI PU3UKH Ta BUKJIUKHU ii BIPOBAKEHHS, a TAKOXK
3alpONOHOBAHO CUCTEMHMH MiIXix a0 IX MiHimizawil.
BceraHoBieno, 1o ycminiHe BhopoBamkeHHsS DevOps
motpebye CTBOpEHHS Kpoc-(QyHKIIIOHATBHUX KOMAaHJ Ta
3a0e3neueHHs] BUCOKOTO PiBHS aBTOMAaTH3allil, 0COOINBO Yy
chepi Oesmeku. 3ampoONOHOBAHO PEKOMEHMAIT 100
ontumizarii  DevOps-mporiecie. Ta  MEPCICKTUBU
MOJATBIINX JOCIIDKSHD Y IIbOMY HAMPSIMKY.

v cTaTTi [5] IOCITLIKEHO e(peKTHBHICTH
3aCTOCYBaHHS METOIB IMITaifHOTO MOICTIOBAHHS IS
NPUAHATTS ~ YIOPaBIIHCHKUX PIMICHh Y MPOEKTHOMY

meHemxkMenTi [T, mo  mo3Bonsie  KepiBHUKaM
ONTUMI3yBaTH PECypcH, MIiHIMI3yBaTH pH3UKH Ta
npuiiMatd  OOIpyHTOBaHI  pilleHHSs B yMoOBax
HeBU3HAUCHOCTI. HaBeneHO  MpakTUYHI  MPUKIAAU

BUKOPHCTAaHHS IMITallifHOrO MOZEIOBaHHA ajs Oi3Hec-
CHTyalliif, a TakKoX pPEKOMEHMalii II0JA0  HOro
BIPOBaKeHHs y NpakTHKy [ T-opranizauii.

Y po6oTi [6] mocmimKeHO IHTETpalifo METOIOJOTil
Lean Six Sigma B Scaled Agile Framework (SAFe) mis
MiABUINCHAS e()eKTUBHOCTI ynpaBiiHHA pusukamu B IT-
MIPOEKTaX 3 THYYKUMH METOAOJIOTISIMH, IO JO3BOJISIE
Kpaie imeHTH(]iKyBaTH, aHANi3yBaTH Ta KOHTPOJIOBATH
pmsukd. Haromomryerscs, IO TakMH TIXiJ —CIpHSE
MiHiMi3alii BTpaT, MIABHIICHHIO SKOCTI MPOIYKINI Ta
3aJI0BOJICHHIO BHMOI' 3aMOBHMKIB B YMOBax HIBHJKHX
3min IT-cepenoruia.

VY crarti [7] aHamMi3yIOTHCSA 3aXOIW 3 YIPaBIIHHS
PpHU3MKaMU BiJIOBIIHO 10 pi3HUX cTtanaapTis ISO 3 meroro
HOKpallleHHs KoopauHalii ta B3aemoii B yrnpasminsi 1T,
IT-mocnyraMu, SKiCTIO, TMPOEKTaMH Ta iH(OPMAIIIHHOIO
Oesmekoro.  BmsHaueno, 1m0 gnd e(eKTUBHOCTI
YIIPaBIIHCHKOI CHCTEMH BaXKJIMBO BUKOPHCTOBYBATH LIUKII
PDCA, mo cnpuse mIaHyBaHHIO, BIPOBAJKEHHIO Ta
MOKpalIeHHI0  TPOLEciB, a TakoX  3aroOiraHHIo
HETaTUBHUM HACJIiIKaM.

Y crarti [8] 3ampomoHOBaHO HOBHM MigXid g0
3acTocyBaHHSA (hiHAHCOBOi IHKEHEepil 3 TOYKH 30py
YIOPaBIiHHS BAIIOTHAMH PH3UKaMH, SKAH TOETHYE
pizHOMaHITHI iHpOpManiiiHi TexHomorii. JlocmimkeHHs
MmokKasano, MO Ned miaxig maBuiye e(eKTHBHICTD
YIPaBIiHHS BaJIOTHUMU PU3MKaMH Ta 3HWXKYE DiBEHb
TaKMX PU3MKIB 32 paxyHOK NOCHJIECHHS iH(opmaniiHOro
YIPaBIiHHS, NOKPALIEHHs PiBHS 1HHOBALM Ta CTBOPEHHS
HayKOBO-TEXHOJIOTIYHOI CHCTEMH.

Bicnuk Hayionanbrno2o mexuiunozo ynisepcumemy « XI11».
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Iudpora Tpancopmariiss MmIANTPHEMCTB  CTala
HEMHUHYYOI0, OCKUIKM BOHA BiJIKpHBAa€ HOBI MOKIIMBOCTI
Ta BUKIIMKH, & TAKOX ITJBUIIYE PiBeHb PU3UKIB. Y CTATTI
[9] posrmsmarotees eramu  nupoBoi TpaHChOpMaii
TPAIUIIIMHAX TMAIPUEMCTB 3 JBOX aCIEKTiB: po30yIOBH

MIPOTpaMHO-anapaTHoi iHpPACTPYKTYpH Ta
iHpopMaTH3aNii Oi3HEC-TIPOIECiB, @ TAKOXK MPOIIOHYETHCS
MOJENb  YOpaBJIiHHA  pH3UKaMH.  BrpoBakKeHHs

AITOPUTMIB IITYYHOTO IHTENEKTY JO3BOJIMIIO IOCSTTH
88,7% TouHOCTI y momepe/mKeHHI Ta ineHTH]ikamil
pu3HKiB 1 79% y iX OILIHII Ta BUMIpIOBaHHI, 110 3HAYHO
TiABHIIY€ CTIHKICTh IiIIPUEMCTB 0 PU3UKIB.

Y pociimkeHH] [10] MPOBEACHO  aHaji3
B3a€MO3B’SI3Ky AHTHKPHU30BOTO YIIPABIIHHS, YIPaBIiHHS
€KOHOMIYHOI0  0E3MeKOI0 Ta  PU3HK-MEHEKMEHTY,
BHSBJICHO IXHIO 3HAa4YHYy TOTOXKHICTh 1 CIIJBbHI PHCH.
BusHaueHO, 10 PHU3UK-MCHEIDKMEHT € KJIIOYOBUM
IHCTpYMEHTOM  peanizalii  CHCTEM  aHTHKPHU30BOTO
YIOPaBIiHHS Ta YNPaBIiHHS EKOHOMIYHOI Oe3MeKoro
MIAPUEMCTBA, CIIPUSAIOYHN 1X €(h)EKTUBHOCTI Ta CTIHKOCTI.

ABropu nociimxenHs [11] OOIPYHTOBYIOTH, IO
YIPaBIiHHS PU3UKAMHU SIK OKPEMHH Tpolec He iCHYe, a

3aMiCTh  IIbOTO  CIiJi BHUKOPHCTOBYBATH  KOHLEIIIIIO
VOpaBIiHHA BTpaTaMd BiJl pPH3HKIB, s5Ka BKIIOYae
PU3UK-MECHEDKMEHT 1 PHU3UK-BUpOOHUITBO. OTpuMaHi
pe3yibTaTd  MOXYTh  CHPHUSTH  YCYHEHHIO  3afiBHX
BUTpAaT Ha HEe(EKTHBHI TPOLECH Ta IIiJBUIICHHIO
e(peKTHBHOCTI  YyNpaBIiHHSA  BTpaTaMH B  YMOBax
PH3HKY.

OcHoBHa vacTHHa jochimkeHHs. /s mouarky
BapTO PO3MISHYTH MOHATTS «HOXIJHOTO pU3UKY BiX
PO3BUTKY BIUIUBY». JlaHWii TepMiH MPOMOHYETHCS SIK
KJIFOUOBHI B PO3BUTKY MOJEN sika OyJlie 3alporOHOBaHa
HIDKYE.

OTxe, TOXiAHWUA pPHU3HMK BiA PO3BUTKY BIUIMBY
(BM3HAUCHHS 3alPOIIOHOBAHE aBTOPOM) — II€ IEBHA MOJis
MMO3UTHUBHOTO 200 HEraTHMBHOTO (3arpo3a abo HeOesmeka)
XapakTepy, sKa TIPOSBISETECA 1 BINMOBITHO Mae
MIPUYMHHO-HACIIIIKOBY JIit0 Ha Oi3HEC-TIPOLIECH JiSUTEHOCTI
MEBHOTO O00’€KTa TOCIOAAPCHKOI MiSIBHOCTI JIHIIE Y
BUIAJKy HACTaHHS  30BHIIIHBOTO  BIUIMBY,  SIKHi
PO3TIISIAETHCSL.

[HmMMU croBamu, e PU3UK, SIKAN 3'IBISETHCS HE
caMm 110 co0i, a sIK peaxiiis Ha IeBHI 3MiHU Y 30BHIIIHBOMY
CEpeIOBUIIll, HANPHUKJIAA, 3MIHH B 3aKOHOJABCTBI, HOBI
TEXHOJIOTiT 2800 eKOHOMIYHI KPH3H.

BapTo BUALINTH TOJOBHI PHCH TOXiTHOTO PHU3UKY
BiJl PO3BUTKY BILIMBY (30BHIIIHBOTO):

- BUHHKAE TIJIBKH MICIIS 30BHIIIHBOTO BIUIUBY (PU3UK
NIPOSIBUTBCS JIMILE TOJi, KOJM BiAOyAETbCcS KOHKpETHA
nmomist (HampWKiIaa, MiABUIIEHHS TOJMATKiB abo 3MiHa
KypCy BajioT));

- MOXe OyTH SIK TO3WTUBHUM, TaK i HETAaTUBHUM
(meratuBHUN edekT: 30UIBIMICHHS BUTpAT, 3HIDKESHHS
MpoAaxiB / TO3UTHUBHUHA e(peKT (HOBI MOXIMBOCTI IS
PO3BUTKY, 3pOCTaHHS MTPUOYTKY );

- 3AICKUTH BiJg Oarathbox (QakTopiB (HaNpHKIan,
MOJITHYHI 3MiHHM, TEXHOJOTIYHI HOBHWHKH, IIOBEIIHKA
CI0)KMBaUiB, 3MiHU B PUHKY);

- BIUTMBAE Ha Pi3Hi YacTHHH Oi3HeCy (MOXKe 3MIHUTH
BUPOOHUIITBO, (iHAHCH, TOCTAYaHHSA, MPOJAXi Ta iHII
cdepu IiSITPHOCTI KOMITaHii).

PosrnsHeMo pekibka MPUKIAAiB TMOXiTHUX PHU3HUKIB
BiZl PO3BHTKY BIUIMBY IJIsI HAOYHOTO PO3YMIHHS HaHOTO
TIOHSATTSL.

SIkmo  ypsn 3MiHIOE 3aKOHHM MPO  EKOJIOTiIo,
MAIPUEMCTBO MOJXKE 3a3HATH BUTPAT Ha MOJEpPHI3alilo
obyiaHaHHS (HETaTMBHHHA pH3HMK) ab0 OTpUMaTH HOBI
pUHKKM  30yTy  3aBASKM  CKOJIOTIYHIM  THpoayKuil
(mo3UTMBHMK  pHM3MK). IHIIMM  TOpUKIaZOM  MOXe
CIyT'yBaTH BIIPOBADKCHHS HOBUX TeXHouorid. Lle moxe
3HM3UTH BHUTPAaTH Ha BUPOOHUITBO a00 NPHU3BECTH O
HEOOXiTHOCTI HaBYaTH IIePCOHAI.

Takoxk, SK TPHUKIAL TOXiTHOTO pPH3UKY Bif
30BHIIIHBOTO BIUIMBY Ha JisutbHiCT IT  00’ekTa
TOCIOJApPIOBaHHSA MOXHA PO3TIIAHYTH 3aKkoH YKpaiHu
Ne 4303 «IIpo crumymoBaHHS PO3BUTKY LU(PPOBOL
eKOHOMIKM B VYKpaiHi», SIKUi mependavae CTBOPEHHS
creniagbHOro mpaBoBoro pexxumy st [T-ramysi — [is
City.

ITosutuBHi  Hachminku g IT-xkoMmamii  Bix
IMIUIEMEHTAIIi] TOJIO’KEHb 3aKOHY Y CBOIO JisTIbHICTH:

- (bickanbHI CTUMYJM Ta MONATKOBI IIIBIH, IO
JO3BOJIIIOTE 3HU3UTH BUTPAaTH Ha ONOJATKYBaHHS Ta
CTHMYITIOIOTH 1HBECTHUIII] Y pO3BUTOK KOMITaHii;

- neramizarnis BimHOCHH 3 IT-(paxiBisiMu, mo crupuse

3MEHIICHHIO TiHBOBOI C€KOHOMIKH Ta  CIPOIICHHIO
FOPUIMYHUX TPOLIEAYP;

- 3aJly4CHHS 1HO3EMHHMX  IHBECTHIIH, OCKUIBKH
CTBOPIOIOTBCS ~ CIPHUSATIMBI  yMOBH  JJIsI  PO3BHUTKY

TEXHOJIOTIYHUX CTApPTAIiB Ta MacIiTabyBaHHs Oi3HeCy;

- CIIPOIIICHA B3aEMOIIS 3 JICPKABHUMH OpraHaMu, 110
3HMW)KY€ OIOpPOKpPAaTUUHE HABAaHTAXKEHHS Ta MiJBHIILYE
MIPO30PICTh Oi3HEC-TIPOIIECIB.

[lepeBaru nmOCHUTH CYTTEBi, aje HE MEHII CYTTEBE
3HAYCHHS MAalOTh HETaTHBHI MOMEHTH, SKi MOXYTh
MPOSBUTHCS y BUMAJKy HEBpPaxXyBaHHSA BCIX ITOXiTHHUX
pHU3UKiB (3arpo3 BiJy HEBUKOHAHHS BUMOT). A came — IIe:

- 301IBIIEHHS 3aJIEKHOCTI Bi JIEPKABHOTO
PEryJIFOBaHHS, IO MOXKE IMPU3BECTH 10 OOMEXKEHb Y
BeJ/IeHHI Oi3HeCy Ta BTpAaTH FHYYKOCTI B yIIPaBJIiHHI;

- pU3UK  TMOCWJICHHS  IOJAaTKOBOIO  THUCKYy B
MafiOyTHROMY, SIKIIO 3aKOHOJABCTBO 3a3HAE 3MIH Yy
HECTIPUSITIMBOMY HAIPSIMKY;

- KOHKYPCHIliS 3a KaJpH, OCKUIBKH 3POCTAIOUHIA
moruT Ha [T-axiBIiB Moke MPHU3BECTH IO IiABHIICHHS
3apIuiaT i 3pOCTaHHS BUTPAT KOMIIAHii,

- OOMEKEeHHS [T HEBEIMKHIX KOMITaHiH, sSIKi MOXKYTh
HE BIJNOBIZaTH BCTAHOBJICHUM KPHUTEPIAM JUIA yYacTi B
HisCirti, o cTBOPIOE HEPIBHI YMOBH Ha PHHKY.

BpaxoByroun BHII€3a3HAUCHE, CTAE OYEBUIHUM, IO
30BHIIIHI BIUIMBH € KIIOYOBUMH (haKTopamu, SKi
BH3HAYAIOTh YMOBHM ()YHKIIIOHYBAaHHS Ta PO3BHUTKY
MATPHEMCTB Y CYYaCHOMY IUHAMIYHOMY CEpEZOBHILI.
Peakmisi 6i3Hec-mporieciB Ha I1i BIUIMBH MOXe OyTH sIK
MMO3UTUBHOK, TaK 1 HEraTHBHOIO, 1[0 BUMAra€ po3poOKH
CHCTEMHOTO MiJIXO/Iy /10 aHai3y Ta OLIHKH PU3HKIB.

JIis epeKTHBHOTO YIPaBIIiHHSA Ta aJanTaIii 10 3MiH
HEOOXiIHO 3aCTOCOBYBATH KOMIIJIEKCH1 METOIU
JOCIIJKCHHS, SIKi JO3BOJISIFOTh HE JIMIIE ACHTU(IKYBaTH
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30BHIIIHI YWHHUKW BIUIMBY, aje ¥ OIIHUTH IXHIiH
MOTCHIIIMHUKA PO3BUTOK 1 BINIMB Ha Oi3HEC-TIPOIECH
00’€KTa TOCTIOAapIOBAaHHS.

CamMe 3 Mi€l0 METOIO pO3pOOICHO TIEPBUHHY
CHPOILICHY MOJIENb JOCHIKEHHS! PO3BUTKY 30BHILIHBOTO

3OBHIIIIHI
BIL/INBH

BIUIMBY, sIKa € IHCTPYMEHTOM [Uisi CTPYKTYPOBAHOTO
aHaJTi3y, MPOTHO3YBaHH MOXKIIMBUX TOXiJHUX PU3UKIB Ta
OLIHKK HACIIJKIB 30BHIMIHIX BIUIMBIB HAa IiSUIBHICTH
mianpueMcTs (puc. 1).

A

IloxigHi pu3HKH p&BnTKy 30BHIIIHLOI0 BILIHBY

Ha Oi3Hec-mpomecH 00’€KTy

BII
YOpaBJXiHAS

Jomomizkai
BII

BII
PO3BHTRY

.

Bizaec-nponecs (BII) 3a6ezneuennn AinibHOCTI 06°€KTa

¥ ¥ U U

00’€KT BILTHBY

Puc. 1. IlepBrHHa MOZEIb JOCHIKEHHS PO3BUTKY 30BHIIIHBOTO BIUTMBY Ha JisUIBHICTE 00 €KTY

3anponoHoBaHA MOAETH TO3BOJIAE:

- BUSBJIATH Ta Kiacu]ikyBaTu 30BHIIIHI (akTopH
BILIMBY;

- OLIHIOBaTH PU3UKH Ta MOKJIMBOCTI, 1110 BUHUKAIOTh
YHACIIIJIOK 3MiH Y 30BHIIIHLOMY CEPEJOBHILL;

- ¢dopmMyBaTH crpaTerii pearyBaHHs Ha 3arpo3u Ta
BHKOPHUCTAHHS MOXIIUBOCTEH;

- 3a0e3meuyBaTy THYYKICTh Ta aJaNTHBHICTH Oi3Hec-
TIPOIIECIB.

PosrnssHeMO  CTpyKTypy — po3poOieHol  Mozeni
(puc. 1), 11 KIIFOYOBI EIEMEHTH, B3a€MO3B’SI3KH MiK HUMH
Ta METOJOJIOTIYHI OCHOBH, IIO O3BOJSIOTH €()DEKTHBHO
3aCTOCOBYBAaTH  MOJeNIb  JUIsi  NPAaKTHYHHX  MHOTped
i ATPHEMCTB.

Bacanvha xonyenyis mooesi.

3anpomnoHoBaHa MOJAENh UTIOCTPYE B3a€EMO3B'SI30K
MDXK 30BHIITHIMHU BIUIMBaMHU Ta Oi3HeC-TporiecaMu 00'eKTa
TOCIIOAAPCHKOT TISITBHOCTI 4Yepe3 MeEXaHi3M TOXiJIHOTO
pu3HUKy. Mozienb BpaxoBy€ MOJKJIMBICTH SIK HETaTUBHOTO
(3arpo3a abo HeOe3meka), Tak i MOSUTUBHOTO BIUIUBY Ha
CUCTEMY.

Knouosi enemenmu mooeri.

30BHILIHI BIUTMBH (YOpHA XMapa).

[IpencraBnsatoTe Oynab-sKi 30BHINIHI (DAKTOPH, IO
MOXYTh MaTH BIUIMB Ha MisJIBHICTH miampuemcTBa. Jlo

HUX MOXYTh HAaJCKaTH €KOHOMIYHI, TIIOJITHYHI,
coliaibHi, EKOJIOrIYHI Ta TEXHOJOTIUHI YHHHUKH.

[ToximHi PU3MKH PO3BUTKY 30BHIIIHBOTO BIUIUBY
(cipuii TPAMOKYTHMK 13 YOpHMM TeKCTOM). Bonnu
BUHUKAIOTh K HACJIiZIOK 30BHIIIHIX BIUIMBIB Ta MOXYTb
MaTH TO3UTHUBHHUHM abo HeratuBHHH xapakrtep. OKpim
TOTO, BOHH BIUIMBAaIOTH Ha Oi3Hec-miporiecu 00’eKTy
OUITXOM 3MiHH X e(eKTHBHOCTI, MPOAYKTHBHOCTI abo
CTIHKOCTI.

Bisnec-nporiecu 3abe3medeHHsT IisNTBHOCTI 00’ €KTYy
(>KOBTHH TIPSIMOKYTHHUK). AHali3y MiIATalOTH HACTYITHI
Oi3Hec-TpoIecH:

- OCHOBHi 6i3Hec-Tponiecu (ocHOBHI BII) — kpuTH4HO
BaXXJIMBI MPOIIECH, AKi 3a0€3MeUyI0Th OCHOBHY isUIbHICTH
M ATPHEMCTBA.

- Oiznec-mporiecn ympasninas (BI1 ympasninast) —
TIPOIIECH, SIKi BiJMOBIAIOTh 32 KOOPJIWHAINIO MisUTHHOCTI
opraisariii.

- nonoMikHI ©Oi3Hec-npouecu (nomomixkui BIT) —
MATPUMYIOTh OCHOBHI IIPOLIECH, 3a0e3leuyroud ix
e()EKTUBHICTb.

- Oiznec-mpouecu po3Butky (BII possutky) -
MOB’sI3aHi 3 IHHOBAWiSIMH Ta CTPATETiYHUM PO3BHUTKOM
i AIPUEMCTBA.

O6’ext BBy (cuHill npsAMOKyTHHK). KiHIeBHii
€JIEMEHT CHCTeMH, Ha SKHH CHPSMOBAHO BIUIMBH uepe3
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OizHec-mporiecn. BiH MoXe 3a3HaTH 3MiH B Pe3yJbTaTi
TTOXiTHUX PU3UKIB.

Mexanizm eénaugy. 30BHIIIHI BIUINBH HAIXOHIATH Y
BHTJISAI TOTEHIIHNX 3arpo3 a00 MOKIHBOCTEH.

Uepe3 cucreMy Oi3HEC-TIPOIECiB BIUIMBH MOXYTh
MPU3BOANTH 10 PIi3HUX MOXIAHUX pPHU3UKIB (YEePBOHI
CTPUIKU — HEraTUBHUI BIUIUB, 3€JI€H] — TO3UTUBHHUI).

PesynpraTrom B3aeMonii cTae 3MiHa CTaHy 00’€KTy
BIUIMBY, IO HPOSBISETHCS Y BUIISAII NMEBHHUX HACIIJIKIB
I HOro JistILHOCTI.

[Ipu3HaueHHs Mozeti.

Po3pobnena mMonens € eheKTHBHUM IHCTPYMEHTOM
JUTL KOMITJICKCHOTO aHANi3y 30BHIOTHHOTO CEPEIOBHINA Ta
3a0e3neueHHsT CTPAaTeriyHoi CcTabiIbHOCTI IMiIpPHUEMCTBA.
Bona no3soisie:

- ineHTH(IKYyBaTH MTOTEHITiHHI 3arpo3u Ta
MOJKJIMBOCTI 30BHIIIHBOTO CEPEIOBUINA, BPaXOBYIOUH
€KOHOMIYHI, MOJITHYHI, COLiadbHi, TEXHOJOTIYHI Ta
€KOJIOTIYHI YMHHHMKHM, UI0 MOXYTh BIUIMBaTH Ha
JISUTBHICTD MiAMPUEMCTRA,

- BU3HAYaTH KPUTUYHI TOYKH Oi3HEC-TIPOLECIB, SIKi €
HAWOUIBII YYTIMBUMH IO 30BHILIHIX BIUIMBIB, 3 METOIO
CBOEYACHOTO pearyBaHHsA Ta  MIJABHIICHHA  iXHBOT
CTIHKOCTI;

- TPOTHO3YBaTH PO3BUTOK PH3UKIB Ta OLIHIOBATH
e(eKTUBHMUX aHTUKPU30BHUX CTpATeTiH;

- ONTUMI3yBaTH  PECypcH  TMiANPHEMCTBA IS
MiHiMi3aIil MOTEHIIHUX BTpaT Ta MaKCHMIi3alii BUTOIU
BiJl MOXJIUBHX CHPHUSTIMBUX 30BHILIHIX YMOB;

- MiABHWIIYBAaTH aJaNTHUBHICTh MiJOPUEMCTBA 3a
paxyHOK ILIBHJKOTO pearyBaHHS Ha 3MiHH 30BHIIIHHOTO
CepeI0BHUIIa Ta THYYKOTO YIIPaBIiHHS Oi3HEC-TIpoIecaMu;

- 3a0e3nevyBaTH iHpopMariiHy MATPUMKY
YIPaBIiHCHKUX PIIIEHb HIISIXOM CHCTEMAaTHYHOTO 300Dy,
aHami3y Ta 0OpOoOKH TaHUX MPO 30BHIIIHI BIUIUBY;

- pO3pOOIATH MPOAKTHBHI CTpATeTii I 3HIKECHHS
PIBHS PU3HKIB Ta BUKOPHCTAHHS HOBUX MOXIIMBOCTEH, 1110
3abe3nedye JIOBFOCTPOKOBY KOHKYPEHTOCIIPOMOXHICTB
i ATPHEMCTBA.

TakuM 4MHOM, MOJIEIb CIIPHUSE HE JIMIIE 3aXHUCTY Bif
HEraTHBHUX BIUIMBIB, a ¥ BUKOPHCTaHHIO HOBHX
MIEPCIIEKTHB ISl 3pOCTAHHS Ta PO3BUTKY Oi3Hecy.

OkpeMO BapTO pO3MISSHYTH IPAaKTHYHE 3HAYCHHS
Takoi Mojenmi. 3ampoIOHOBaHAa MEPBMHHA MOJENb, Ta il
MOJIaIbLIINN PO3BUTOK 1 yIOCKOHAJICHHS, MOXKE JIO3BOJIUTH
KEpiBHUIITBY HE JIMILIC pearyBaTH Ha 30BHIIIHI 3arpo3H, a
i TPOaKTUBHO PO3POONSATH CTpaTerii JUIs IIiABHIICHHS
CTIMKOCTI Ta e)eKTHBHOCTI omepawniitHol qisIIbHOCTI.

Monens Moxke OyTH iHTErpoBaHa y IIpolec
CTpaTeriyHoro IulaHyBaHHS ynpasiiHHA. Lle Moxe OyTu
BHUKOHAHO 3 METOIO:

- OIIIHKM JIOBTOCTPOKOBUX PH3UKIB (BUKOPHUCTAHHSI

aHai3y 3OBHIINHIX (aKTOpiB [IA TPOTHO3YBAaHHSI
MOJKJIMBHX CIIEHapiiB pO3BUTKY Oi3HECY);

- (¢opmyBaHHS cTparterii amanTamii  (po3poOka
clieHapiiB pearyBaHHs Ha MOJKITUBI 3MiHU

MaKpOCEpeZOBHIIA, TaKi SK EKOHOMIYHI KpH3H, 3MiHH
3aKOHOJIAaBCTBA Y TEXHOJIOTI4HI IIPOPUBH);

- onTUMI3aLil pecypcHoOro 3a0e3rnedeHHs
(ineHTHdikamiss  KPUTHUHUX  OI3HEC-TIpOIeciB,  sIKi

MOTPeOYIOTh TOAATKOBOTO (DiHAHCYBaHHS UM 3aXHUCTY Bij
30BHIIIHIX BIUIMBIB Ta 3arpo3);

- PO3pPOOKH aHTHKPHU30BUX CTpaTeriii (MiAroToBka
MAIPHEMCTBA OO  NOTCHOIHHUX  3arpo3  IUIIXOM
CTBOPCHHS PE3CPBHUX IIaHIB pearyBaHH:);

- 3a0e3meueHHs KOHKYPEHTOCIIPOMOKHOCTI (aHawi3
BIUIUBY PUHKOBUX (akTopiB i (OpMyBaHHsS 3aXOMIB JUIs
MiATPUMKY PUHKOBHX MO3HUIIIH KOMITaHii);

- QopmyBanns crparerii anmanranii  (po3poOka
creHapiiB pearyBaHHsA Ha MOXJIHBI 3MIiHH
MaKpOCEPEIOBHUINA, TaKi SK CKOHOMIYHI KpPH3H, 3MIiHU
3aKOHOJABCTBA YH TEXHOJIOTIUHI IIPOPHUBH);

- onTuMizarii pecypcHOro 3a0e3neueHHs
(imenTndikamis  KpUTHIHHX  Oi3HEC-TIpOILECiB,  sIKi
moTpeOyIoTh JOJaTKOBOTO (piHAHCYBAaHHS YW 3aXHCTY Bif
30BHIIIHIX PU3UKIB);

- PO3pPOOKH aHTHKPHU3OBUX CTpaTeriii (MiaroToBka
OiAMPUEMCTBA 70  MOTCHIIHHUX  3arpo3  HUIIXOM
CTBOPEHHSI PE3ePBHUX IUIAHIB pearyBaHHs);

- 3a0e3NeueHHsT KOHKYPEHTOCIIPOMOXHOCTI (aHai3
BIUIUBY PUHKOBHUX (akTOpiB i ()OpMyBaHHS 3aXONIB IS
HIITPUMKH PUHKOBUX TO3ULINA KOMIAaHIT).

3anpornoHoBaHa MOJIENIb MOXE OyTH IHTerpoBaHa y
CUCTEMH YTpaBliHHA pm3ukamu mignpuemctsa (ERM —
Enterprise ~ Risk  Management), 10  JO3BOJNHUTH:
iIeHTU(IKYyBaTH MOTEHINIHHI MOXiAHI PU3UKH; OLIHIOBATH
MOXiHI PU3UKA B KIIBKICHOMY Ta SIKICHOMY BHpa)KCHHi:
po3pobmstu metpuku i KPI s MoHITOpHHTY pU3HKIB Y
peansHOMy 4aci; po3poOJISITH IUIAHU 3HIKECHHS PHU3UKIB;
3IiiiCHIOBATH iHTErpauio 3 iHGOpPMaIifHUMU CHCTEMaMH
(aBTOoMarm3zalist mpouecy 300py JaHUX IPO 30BHILIHI

¢dakTopm Ta iXHIH BIUIMB Ha BHYTPIIIHI MNpOLECH
HiInpueMcTBa);  MOOynyBaTH  CHUCTEMH  PaHHBOTO
MOTIEPEHKECHHSL.

BukopuctanHs Mogmemi U1 aHaNi3y 30BHIMIHIX
BILIMBIB JIoroMarae aJanTyBaTu HR-cTpaterito
M ATPHEMCTBA, 30KpeMa:

- 31HCHIOBATH OIIIHKY BILIMBY COIaJIBHO-
E€KOHOMIYHUX 3MiH Ha IMepcoHal (ajamTaimis A0 3MiH y
PHUHKY TIparti);

- CTBOpIOBATM IUIAaHM HAaBYaHHS Ta PO3BHUTKY
(3a0e3mnedyeHHst TOTOBHOCTI MEPCOHATY IO MOMJIMBHUX 3MiH
y Gi3Hec-cepeaoBHILL);

- BIIPOBAI’)KyBaTH MOTHBAIliITHI 3ax04u
(popMyBaHHS TOJNITHKM BHUHArOpOAU 3 YypaxyBaHHIM
30BHILIHIX PU3HKIB);

- 3IIMCHIOBATH YIIPABIIHHS TPYIOBHMH PH3HKAMH
(mIporHO3yBaHHA TOTEHIIHHUX 3arpo3, IIOB'S3aHUX 13
KaJpOBUMH 3MiHAMHU).

Kopnoparusna Oe3mneka Ta BiAIOBIIHICTE
HOPMAaTHBHUM BHMoraMm. JlaHumii acrexkT € oxHHMM i3
HalOUIBII KITFOYOBUX acmekTiB st IT koMmaHiii B Harm
gac, 0co0mBO 3 ypaxyBaHasM BUMOT JlisCiti.

Mogens gomoMaratuMe B YIpPaBIiHHI pPU3HKaMHU,
OB’ I3aHUMH 13 IPABOBUMH Ta PETYISITOPHUMHE 3MiHAMHU:

- OLIHKA PETyJATOPHUX PHU3UKIB (aHAT3 3MIH Y
3aKOHOJABCTBI Ta IXHBOTO BIUTUBY Ha Oi3HEC-TIPOIIECH);

- po3poOKa MONITUK BiJHOBITHOCTI (BIPOBAIKCHHS
3aXO0/iB I JOTPUMAaHHS HOPMATUBHHUX BUMOT);

- MArOTOBKAa O  aymury Ta  ceprudikamii
(MiHIMI3allis pU3UKY HEBIIMOBITHOCTI CTaHAapTaM);
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- 3aXUCT iHQOPMAIIMHUX aKTHBIB (BIPOBAIKCHHS
3aXOMiB  MIOJO kibepOe3nmekn  Ta  yHpaBIiHHSA
iHpOpMaiHHIMH PH3UKAMH).

Takox, Mozens Moxke OyTH e(heKTHBHO 3aCTOCOBaHA
IUIA TepenOadeHHs KPWU30BUX CHTyaIlli Ta po3poOKku
3axX0MiB UIA IXHBOrO 3amoOiraHHs a0o MiHiMizamil
HACIIIIKIB, 30KpeMa:

- po3poOKM  cueHapiiB  KpU30BHX
(BM3HAYCHHS MOTEHIIIMHUX 3arpo3 AJsl Oi3HecCy);

- CTBOPCHHS IUIaHIB aHTHKPU30BOIO pearyBaHH:I
(MAroTOBKA MiJNPHEMCTBA 10 MOXIIMBHX KPH3 LUISIXOM
YITKOTO IJIaHy Hii);

- BIIHOBICHHSA WichsA Kpu3 (BU3HAUCHHA MUIAXiB

cuTyauii

BUXOAY 3 KpHU30BHUX CHTyamid i3 MiHIMaJTbHUMH
BTpaTamu).
- CTpaTeriyHOTO pe3epByBaHHA pecypcis

(mmanyBaHHA pe3epBiB Ay 3abesnedeHHs Oe3mepebiiHol
JUSUTBHOCTI Y BUNAJKY 30BHIIIHIX MOTPSCIHb).

3anpornoHOBaHa IMEPBUHHA MOJEIb MOXE OYyTH
(dopmaiizoBaHa 3a JIOTTOMOT'010 MaTeMaTHYHUX
3aJICKHOCTEH, SIKi BiZOOpakalOTh B3AEMO3B 30K MiK
30BHIIIHIMU BIUIMBaMH, Oi3HEC-IPOIleCaMH Ta KiHIIEBUM
00'€eKTOM BILTHBY.

Bxinni mapameTpu Mozeni

[To3Ha4MMO OCHOBHI KOMIIOHEHTH MOJIEIT.

MHoXWHa 30BHIIIHIX BIUTHBIB:

E(t) = {e1(t), e5(0), ..., en (D)}, )
ne, E(t) — MHOXWHA 30BHIIIHIX BIUIMBIB Y MOMEHT
gyacy t; e, — (CKOHOMiYHI, IONITHYHI, COIiaJIbHi,

€KOJIOT1YHI Ta TEXHOJIOT1YHI YUHHHKH).
MHOXHHY Oi3HEC-TIPOIECIB 00 €KTY  AisIBHOCTI
MPEACTABUMO HACTYITHUM YHHOM:

P(8) = {Pocu (), Pyp (), Pyon (1), Boos )}, (2)

7€, Pocu(t) — OCHOBHI GizHeC-TIPOLECH; Pyp(t)
Gi3HEC-TIpoLleCH  YHPAaBIIHHS;  Pyon(t) JTOTTOMIXKHI
0i3HEC-TIPOLIECH; Ppos (t) — Oi3HEC-TIPOIIECH PO3BUTKY.

MHo>uHa
BIUIHBIB:

MOXIHAX PHU3HKIB  BiA  30BHIIIHIX

R(®) = {r (1), 1, (0), ..., (O}, @)

[ToxigHi pU3UKY Bil 30BHIMIHIX BIDIMBIB, II0 MOXYTh
OyTH MTO3UTUBHUMH Ta HETaTHUBHUMH.

KinmeBuit cran o0'ekTa BIDIMBY, 3alIC)KHUH Bif
PU3HKIB MpeacTaBiuMo sk mapamerp O (t).

dopmaitizaliis B3a€MO3B'SI3KY MK KOMIIOHEHTaMH.

Brmnme  30BHImHIX (akTopiB Ha Gi3HEC-TIPOIECH.
PiBeHp BIUIMBY 30BHIIIHIX (hakTOpiB Ha Oi3HEC-IIpoIiecH
MOJKHa BHPA3UTH Yepe3 JiHiiHy KoMOiHamito (akTopis i3
Koe]illieHTaMHi BaroMOCTi:

P(t) =A-E(b), 4

ne, A — marpuns BIDIMBY (PO3MIpHOCTI mXn), fKa
BU3HA4a€, SK KOXEH 30BHIIIHIM (akTop BIUIMBaE Ha
KOHKpeTHHid 6isnec-mnpouec,E(t) — Bekrop (MHOXUHA)
30BHIITHIX BILTUBIB.

Jnst koxHOTO TporLecy:

pi(t) = X1 a;je; (D). (5)

dopMyBaHHS MOXiMHUX puU3WKiB. [loXimHi pU3HKH

3ayiexarb BiI craHy Oi3Hec-TpolieciB  Ta  IXHBOT
YYTJIMBOCTI A0 30BHIITHIX BIUTUBIB!
R(t) = B-P(t), 4)

ne,B — matpuns pusukiB (po3mipHocTi kxm), mo
BpPaxOBY€ pIBEHb YYTIMBOCTI Oi3HEC-TIPOIECIB O 3MiH;
P(t) — BexTOp Oi3HEC-TIPOLIECIB.

J1J1s1 KO)KHOTO PU3HKY:

Ty (8) = XiZ1 biipi (0). )

Brms TIOX1THUX pHU3UKiB Ha 00'eKT
roCroJaploBaHHs. 3MiHa cTaHy 00'€KTa TOCIOJapIOBaHHS
Yyepes3 peatizamito MOXiTHUX PU3HKIB:

— k

0(t) = 0 + Xk=1VT (1), (6)

ne, O, — TmoyaTKkoBUH cTaH oO'ekTa; Y, —
KOeQiIieHTH BIUIMBY PU3UKY Ha CTaH 00'€KTa.

SIkmo  BpaxoByBaTH  MOXIIMBI  HO3UTHBHI  Ta

HeraTHUBHI PHU3HUKH, OTPUMAEMO!

0(0) = 0g + Xk vird () = Tk viri (), (7)

O1iHKa PU3UKIB Ta MPUAHATTS PilLICHb.
Jlns mpUHAHSATTS NPOAKTHBHUX pillleHb HEOOX1ITHO
OLIHUTH WMOBIPHICTh BAHUKHEHHS PH3HKIB:

D(Ry) = f(E, P). ®)

OuikyBaHU PiBEHb PH3HKY:
S[R(®)] = ZII§=1D(Rk) "Ry (0). ©)]
3arajgpHUl  pU3MK I MIANPHEMCTBA  MOXKHA

BU3HAYUTH SIK CYKYITHUI PU3UK BiJl YCIX NPOLIECIB:

Riotar(®) = X1 wi 1y (2). (10)

JIe, Wy, — BarOBHH KOE(Iili€HT BaXKIMBOCTI PU3HKY.

[Iporro3yBaHHs 3MiH Ta aJamnTaris.

CueHapHe MOJIEIOBAHHS JI03BOJISIE OLIHUTH BILIHB
MOXITUBHX 3MiH 30BHIIIHBOTO CEPEIOBHUINA;

Pfuture (t+At) = f(Eforecast (t+ At))-

3acTOCOBYIOUM METOIM IPOTHO3YBaHHS,
rOCIIO/IapIOBaHHS 3MOXKE!

- BU3HAYaTH KPUTUYHI TOUKHU pearyBaHHS;

- pOo3poOJATH ONTHUMANBHI CTpaTerii ympaBIiHHA
pHU3HKaMHU.

OnTuMizais pecypcis.

Jlst MiHIMi3amii HeraTUBHUX BIUTMBIB 1 MaKCUMI3allii
MOJKJIUBOCTEH BUKOPHCTOBYETHCS KpuTepii
e(eKTHBHOCTI:

11)

00’€KT

maxO0 (t) npu oomesncennsix C(P) < Chpax, (12)

ne, C(P) — ButpaTu Ha peanizaiito Oi3HeC-TIPOIIECiB;
Cmax — 1onycTuMuil piBeHb BUTpAT.

3anpornoHoBaHa MaTeMaTHYHAa MOJENb JI03BOJISIE
KiJIbKICHO OLIIHIOBATH BIUIMB 30BHIIIHIX (aKTOpiB Ha
JSUIBHICT TIJIPHEMCTBA Ta 3a0e3leuyBaTH eQEeKTUBHE
yIpaBIiHHSA pusnkamu. Bona pomomaratume 00°€kTy
TOCIIO/IapIOBAHHS:

- QIanTyBaTHCS 10 3MiH CEPEIOBHILA;

- BU3HA4YaTH KPUTUYHI TOYKH BIUIUBY;
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- IpuiMaTH OOTPYHTOBAHI PIIICHHS JUTS ITi IBUILIEHHS
cTifKoCTi Oi3Hecy.

[IpakTryHEe BHUKOPHCTAHHS IIi€1 MOAETI CHPHUSAATHME
onTUMi3aIii pecypciB Ta 3a0€3MEYCHHIO JOBTOCTPOKOBOT
cTabiapHOCTI 00’ €KTa TOCTIOAAPIOBAHHS.

BucnoBku. Jlocii[UkeHHS PO3BUTKY 30BHILIHIX
BIUIMBIB Ha [ISUTBHICTH OO0'€KTIB TOCIOJNAPIOBAHHS €
Ba)XJIMBUM €JIEMEHTOM 3a0e3INedeHHs IXHbOT cTpaTeriqyHol
CTaOUIBHOCTI B YMOBaxX JWHAMIYHOTO Ta HEBU3HAYEHOTO
cepenoBumia. Y poOOTi OOIpyHTOBaHO HEOOXiAHICTH
BUKOPUCTaHHSA KOMIUIEKCHOTO TIAXOAY JO aHali3y
30BHIIHIX ()aKTOpPiB, SKi MOXYTb MaTH SIK TO3UTHBHHMA,

Tak 1 HETaTHBHMHA BIUIMB Ha  Oi3Hec-TpoIecu
M ATPHEMCTBA.
3anponoHOBaHa  IEPBHHHA  MOJENb  JO3BOJIIE

CHUCTEMAaTHYHO iIeHTU(IKyBaTH 30BHIIIHI 3arpo3w Ta
MOXJIMBOCTI, BU3HAYaTH KPUTUYHI TOUKHM Oi3HEC-TIPOLIECIB
Ta TPUAMATH TPOAKTHBHI pINIEHHS Uil MiHiMi3amii
PU3MKIB 1 BHKOPUCTaHHsS MOTCHIIHHUX  IepeBar.
OcoOnuBicTio Mojeni € i1 OpieHTalis Ha ajanTamilo
MiANPUEMCTBA 10 3MIiH 30BHIIIHBOTO CEPENOBUINA, IO
CHpUsi€ MiBUILEHHIO HOTO KOHKYPEHTOCIIPOMOXHOCTI Ta
CTiHfKOCTI.

[IpakTHyHe 3HAUCHHS MOAEINI MOJIATaE B MOXKIMBOCTI
il BHKOpHCTaHHA U1 CTPATETIYHOTO IUIAHYBaHHS,
YIOpaBIiHHA pPH3UKAaMH Ta MPUHHATTA OOIPYHTOBAaHHX
pillleHs y Tporeci pO3BUTKY MiIMpHEMCTBA. [HTerparis
MOJIETIl Y CUCTEMY YIPaBJIiHHS HiINPHEMCTBOM I03BOJISIE
CBOEYACHO pearyBaTH Ha 30BHIIIHI BUKJIHMKH, 3HIKYBAaTH
piBeHb HeBHM3HaueHocTi Ta (QopmyBaTH eQeKTUBHI
MeXaHi3MHU pearyBaHHs Ha 3MiHH PUHKOBOTO CEPEIOBHIIIA.

MateMaTHUHUI amapar, SKWAHl JIeXKUTh B OCHOBI
MOJENi, [03BOJIAC 3AIMCHIOBAaTH KIUILKICHUN  aHaji3
BIUIMBY 30BHIIIHIX BIUIMBIB Ta BiAMOBIMHUX (paKkTOpiB 3a
JIOTIOMOT OO dopmairizarmii B3a€EMO3B'I3KIB MIDK
30BHIIIHIMHU BIDTHBAaMH, Oi3HEC-TIPOIIECAMU Ta TTOXiTHAMHA
pHU3HKaMHU

3aBIJKd BUKOPUCTAHHIO METONIB HMOBIPHICHOTO
aHamizy Ta (YHKIOIOHAJNBHHUX  3alle)KHOCTEH  cTae
MOXIIMBMM TIPOTHO3YBaHHSI PHU3UKIB, OLIHKa TXHBOTO
BIUIMBY Ha KJIIOYOBI NOKa3HUKH JisUIbHOCTI MiANPUEMCTBA
Ta ONTUMI3allis YNPaBJIiHCHKHUX PillleHb. 3arporoHOBaHA
MOJIeNb CIpUSATHME ITiIBUILIEHHIO TOYHOCTI
NPOTHO3yBaHHS  CIIEHAapiiB  pPO3BHTKY Ta  BHOOpY
HalKpalmMx CcTpaTeriii pearyBaHHs, 10 JIO3BOJISIE
MANMPUEMCTBY  e(pEKTHBHO amanTyBaTHCS OO 3MiH
CepeoBHIIa.

Takum YHHOM, pe3ynbTaTti IIPOBEICHOTO
JOCITI/KEHHSI € OCHOBOIO /IS MiZBUIIEHHS e()eKTUBHOCTI
YIOPaBIiHHSA  IIJNPUEMCTBOM,  3a0e3medyeHHs  Horo
CTIHKOCTI 10 30BHIIIIHIX BIUIMBIB Ta CTBOPEHHS YMOB JIS
cTabiTbHOTO PO3BUTKY B YMOBaxX TOCTIHHHX 3MiH.
3acTocyBaHHS po3pobiieHot MoIedi JI03BOJIUTH
MiATPHEMCTBAM HE JIMIIE MiHIMI3yBaTH 3arpo3d, a M
e(eKTUBHO BHKOPHCTOBYBaTH HOBI MOXJIMBOCTI JUIS
3pOCTaHHS Ta PO3BUTKY.

B mopmanpmmx IOCTIPKEHHSX PO3BUTOK OTpUMAE
NepBUHHA MOJIENIb SIKa 3alpONOHOBaHa B JaHOMY
JOCII/DKEHHS, TaK SK L€ ii NepBUHHE MPEICTABICHHS.
Oxpim Toro Oyne po3movyaTro CTBOPEHHS 0a3d MOMKJIUBUX

30BHIIIHIX BIUIMBIB Ta TMpOBeIeHa iMeHTU(IKAIs
TIOX1THUX PU3HKIB I KOKHOTO 3 HUX. Takox yBara Oyne
MpUiIeHa po3poOIi IHCTPYMEHTIB A iX OIHKHA Ta
VOpaBIiHHA, ake crnenupika iX TOCHTH INHpOKa i

BAMAaraTUMe HAasSBHOCTI  BIAMOBINHUX  aNTOPHUTMIB,
MOJEIIER Ta METOLIB JOCIIKEHH.
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O. M. KOH/IPATOB, B. I. CEBEPHH, ][. K. ITOITA30B, C. M. TIOBAPCbKHH, O. M. HIKYJ/ITHA

AHAJII3 METOAIB OBYHCJIIOBAJIBHOT'O IHTEJEKTY 1151 MOJAEJIFOBAHHSI,
IJEHTU®IKALIIL, ONTUMI3ALII CUCTEM TA HIATPUMKHU NIPUHUHATTS PIINEHD

ITpoananizoBaHO HOBITHI METOAM Ta IHCTPYMEHTH OOYHCIIIOBAIBHOTO IHTENEKTY, IO 3HAWILIN IIMPOKE 3aCTOCYBaHHS B Pi3HHX cepax, 30KpeMa B
iHpOpManifiHUX ymIpaBIAIOYMX CHCTEMaX, CHCTEMaX MiJTPUMKHM NPUHAHATTSA pIlICHb, a TAKOX y IPOLECaX MOJACTIOBAHHS Ta JUCTaHLIMHOL
inentudikamii quHamMivHux cucteM. OcoOnHMBY yBary npuaiieHo Metoaam, TakuM sk HunyuanVideo, emg2pose, StableAnimator, DEYO, YOLOvV11,
YOLO-NAS, SynCamMaster, FlowNet, Momentum-GS, Liger-Kernel, Stereo Anywhere Ta Neural Attention Memory Models. Anani3 mokasye
BEJINKUIl MOTEHIial NUX TEXHOJOTIH IS BAOCKOHAJICHHS HAsBHHX pillieHb y cepi oOumcimoBambHOro iHTenekry. HunyuanVideo BukopucToBye
mudy3iiiHi Mozenmi Uil reHepauii Bifeo, IO JO3BOJSIE 3HAYHO MOKPALIMTH Bidyami3alilo Ta AMHAMIKy, BOJHOYAC 3MEHINYIOYH BHMOTH JIO
00UHCTIOBATEHAX MOTYXKHOCTeH. Meton emg2pose Ta StableAnimator 3a0e3nedyioTh BUCOKY TOYHICTh Ta THYYKIiCTh, IO OCOOJIHMBO BasKJIMBO UL
peanpHOTO Yacy B CHCTEMaxX MiATPHMKH NPUHHATTA pilleHs. I3 3acTocyBaHHsAM TexHoiorid, Takux sk DEYO ta YOLOv11, Bramocs migBuIuTH
LIBUJIKICT 1 TOYHICTh BHSBJICHHS 00'€KTIB, II0 MAa€ BaXJIMBE 3HAUCHHs i1 Oe3MeKH Ta MOHITOPUHIY BiJeO MOTOKIB y peajgbHOMy yaci. Mertoau
FlowNet i FlowNet 2.0 st OLiHKHA ONTHYHOTO MOTOKY JO3BOJISAIOTH TOYHO BiCTEKYBAaTH pyX O0'€KTIB, 10 3HAYHO MiJBHILY€E TOYHICTH B 00pOOLi
nuHaMivHEX cieH. SynCamMaster 3abe3nedye CHHXPOHI3aMilo BiZleo 3 Pi3HUX TOYOK 30Dy, IO BiIKPHUBAE HOBI MOXKIIMBOCTI JUIs BifmHOBIEHHS 3D-
CIIeH, 10 JEMOHCTPYETHCS Yepe3 BUKOPHUCTAHHS TaKMX TEXHOJIOTiH, sk Momentum-GS. BoxHouac, crienianizoani crparerii, Taki sik Liger-Kernel,
AKTHUBHO 3aCTOCOBYIOTBCS [UIS HiJBHUILCHHS €(EKTHBHOCTI B CKJIAAHMX YMOBaX aBTOHOMHHX TPAHCHOPTHHX 3aco0iB i poOoToTexHiku. PosrisHyTo
HEeoOXiHICTh onTUMi3anii 0OYMCIIOBAIBHUX IPOLECIB JUIA iHTerpamii IMX METOMIB B pealbHi CHCTEMH, 3 aKIEHTOM Ha 3a0e3lIeueHHsS BHCOKOL
TOYHOCTI 1 IIBUAKOCTI POOOTH TEXHOJOTiH B yMOBax OOMEKEHHX pecypciB. BHKOpHCTaHHS IMX TEXHOJOTIH O3BOJIHTH CTBOPIOBATH iHHOBALHHI
MiIXOIM 0 BHPIIICHHS CKIAJHUX 3a7a4 y pealbHOMY daci, UI0 3HAYHO IMOKPAIIUTh e(PEeKTUBHICTH 1 TOYHICTH iCHyIO4YHMX cucTeM. Tabumuii, 10
JIOIAIOTHCS, IEMOHCTPYIOTh BaXKIUBICTB IHTErpallii HOBUX TEXHOJIOTIH y Pi3HOMaHITHI cepu JOCITiKEHb.

KarouoBi cioBa: mucraHuiiiHa igeHTHGiKalis AXHAMIYHEX 00’€KTiB, BUSBICHHS 00’ €KTIB, ONTHYHHHA MOTIK, iICHTU(IKALis IIBHIAKOCTI,
rIMOOKe HaBYaHHs, 3rOPTKOBI HEUPOHHI Mepeski, 00poOKa, BiJieo, CHCTeMa MiATPUMKH PillieHb, 00YNCITFOBAIbHUI 1HTEIIEKT.

0. KONDRATOV, V. SEVERYN, D. POPAZOV, S. LIUBARSKYI, O. NIKULINA

ANALYSIS OF COMPUTATIONAL INTELLIGENCE METHODS FOR MODELING,
IDENTIFICATION, OPTIMIZATION OF SYSTEMS AND DECISION SUPPORT

The latest methods and tools of computational intelligence that have found widespread application in various fields, including information control
systems, decision support systems, as well as modeling and remote identification of dynamic system, have been analyzed. Special attention is given to
methods such as HunyuanVideo, emg2pose, StableAnimator, DEYO, YOLOv1l, YOLO-NAS, SynCamMaster, FlowNet, Momentum-GS, Liger-
Kernel, Stereo Anywhere, and Neural Attention Memory Models. The analysis shows the great potential of these technologies for improving existing
solutions in the field of computational intelligence. HunyuanVideo uses diffusion models for video generation, significantly improving visualization
and dynamics while reducing computational power requirements. The emg2pose and StableAnimator methods provide high precision and flexibility,
which are especially important for real-time decision support systems. The application of technologies such as DEYO and YOLOv11 has improved the
speed and accuracy of object detection, which is crucial for security and real-time video stream monitoring. The FlowNet and FlowNet 2.0 methods for
optical flow estimation allow precise tracking of object motion, significantly improving the accuracy in dynamic scene processing. SynCamMaster
synchronizes video from different viewpoints, opening up new opportunities for 3D scene reconstruction, demonstrated through the use of
technologies like Momentum-GS. At the same time, specialized strategies such as Liger-Kernel are actively applied to enhance efficiency in complex
environments like autonomous vehicles and robotics. The necessity of optimizing computational processes for integrating these methods into real-
world systems is discussed, with a focus on ensuring high precision and speed of technology operation under resource constraints. The use of these
technologies will enable the creation of innovative approaches to solving complex real-time problems, significantly improving the effectiveness and
accuracy of existing systems. The included tables demonstrate the importance of integrating new technologies into various research fields.

Keywords: remote identification of dynamic objects, object detection, optical flow, speed identification, deep learning, convolutional neural
networks, processing, video, decision support system, computational intelligence.

Beryn. CyuacHi PO3poOKH y cpepi BaxkmmBum acmekrom € iHTerpamis LI 3 iHmmMEK

00YNCITIOBAILHOTO IHTENIEKTY aKTHBHO BTUIIOIOTHCSA B
pizHOMaHITHHX cepax Bix iHGOPMAIIHHUX yIPABITIOYHX
CHUCTEM JO CHCTEeM MiATPUMKH TNPUHHATTS pIIIeHb,
MOJETIOBAHHS Ta IUCTaHLIMHOT ineHTudikarii
JUHAMIYHUX CHCTEM.

Metomu mryusoro intenexry (III) mpoanamizoBaHi
y Oarateox po0OoTax, Oe MiAKPECIIOEThCS iX PONb Y
PO3BUTKY aJaNnTHBHUX CHUCTEM, 3[aTHHX pearyBaTd Ha
3MiHM B HaBKOJIMIIHHOMY CEpEJOBHUII, a TaKOX Y
CTBOPEHHI HOBHX IIIXOAIB JO BHUPIMIECHHA CKJIAIHUX
3aja4, TakWX sK [POTHO3YBaHHS, Kiacudikamis Ta
ontumizauis [1, 2]. LI no3Bonsie eekTHBHO 0OpOOIATH
BEJMKI 0OCSATM JaHWX, MIO CYTTEBO IiJBHIIYE TOYHICTH
pilleHb, 30KpeMa B TakKUX Tajly3siX, SK MeEAWIMHA,
€HepreTuKa, Marepiallo3HaBCTBO Ta  aBTOMATH3allid.

O0YHCITFOBATFHUMH METOJIaMHU, III0 JIO03BOJISIE CTBOPIOBATH
OaratoyHKIIOHATHHI Mozei TUTS PO3B’sI3aHHS
MDKAUCIMIUTIHAPHUX npobieM i po3poOKu
IHTEJCKTYaIbHUX CHCTEM I VIPABIIHHSA CKIAJHUMH
nporecamu [1, 2].

PosrnsayTO cywacHi anroputmu LI, Taki sk momryk
ropoO1iB, TiOpuaHA OMTHUMI3AIlisl METENHKIB, JIC 130T
Ha OCHOBI MeXaHi3My yBaru, ieHTu(ikamis HaaMipHOCTI
Ha  OCHOBI  KjacTepu3alii, TI'pali€HTHO-IICHICHE
perpeciiiHe IepeBo s MPOTHO3YBAaHHS I'€OTEPMAILHOTO
TEIUIOBOTO  IMOTOKY, METOJM Ha OCHOBI BEKTOPIB
MATPUMKH, PINICHHS JUII MOJCTIOBAaHHS XaOTHYHOT
MMOBEIIHKM, BUKOPHCTAaHHS 0araTOMOJENBHUX IiIXOJIB
JUIL PO3Mi3HABaHHS Ta KIIacU(ikalli, OI[iHKa SKOCTI
FCHEPaTUBHUX  MOJEIEH,  MOIENI  MPOrHO3YBAaHHS
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MTOBEAIHKH KOPUCTYBAUiB, IMiIKPITUTIOBAIbHE HABYAHHS Ta
Meronu Kinacuikarii Ay MOIESITIOBAaHHS W ONTHMI3amii
CKJIAMHUX cHCTeM Ta Oarato inmmx [1]. Oco6muBy yBary
NOPUAIJIGHO 3aCTOCYBaHHIO MAIIMHHOTO HAaBYaHHS B
MaTepiallo3HaBCTBI Ui IPOTHO3YBAaHHS BIACTHBOCTEH
MaTepialiB, IO J03BOJISIE MPOBOAUTH BHUCOKOIIBHIKICHI

Ta edexkruBHi cumymauii. Il migxomm  3Ha4HO
NEepeBepIIYIOTh  TPAAWLIHHI  METOAM  MOJEKYJSIPHOI
MHAMIKH.

Y chepi CHEePTeTUKU 3aCTOCYBaHHS

O00YHCITIOBAILHUX METOIB CIPSIMOBAaHE Ha ONTHUMI3AIlii0
MPOIIECiB BHPOOHMITBA €HEPrii Ta pPO3pOOKy HOBHX

MaTepiaiB TUTS aKyMYJIITOPIB. Hanpukoan,
BUKOPUCTaHHS HEHPOHHHUX MEPEeX Ul IPOTHO3YBAaHHA
e(heKTUBHOCTI (oToeneMeHTiB abo ANTOPUTMIB

ONTHMI3aLil Ul IOKpALIeHHS TEIUIOBUX XapaKTePHCTHK
MaTepianmiB. [HHOBamiHI WiAXOOM [0 BHPOOHHUIITBA
THYYKUX MaTepiajiB 3 HEraTHBHOIO IPOBIIHICTIO MaloTh
NEepCIeKTHBH Il BUKOPHCTaHHS B CHCTeMax
€KpaHyBaHHS Ta HAKOTIMYEHHsI eHeprii.

HII TakoXk CTa€ KIOYOBHM €JIEMEHTOM y CTBOPEHHI
aBTOHOMHHUX CHCTEM, 3/IaTHUX aJanTyBaTUCS IO 3MiH
cepefgoBuima. lle  Bkmowae  po3poOKy — CHCTEM
po3mi3HaBaHHSA 00pa3iB, HANPHUKIAA, I KOHTPOIIO
TEeMIEepaTypd B IPOMUCIOBHX Ipouecax abo aHai3y
CTaHy MaTepialiB y pealbHOMY daci.

liOpumHi anropuT™MH, Taki SK alTOPUTM IOIITYKY
ropoO1IiB, 3HAYHO MiBUILYIOTh TOYHICTh MIPOTHO3YBAaHHS.
BucokonpoaykTHBHi 00YHCIICHHS JO3BOJISIIOTH
BUpINIyBaTH MacIUTaOHi 3ajavi, 30KpeMa ONTHUMI3alilo
EHEepPreTUYHUX CHUCTEM y peajibHOMYy 4vaci. Lle 3a0e3neuye
e(eKTUBHICTh 1 TOYHICTh Yy CKJIQIHHUX Mpolecax. Takum

YUHOM, iHTerpartis 111 Ta 00YHCITIOBAIBHAX
METOMIB BIJIKDUBA€ HOBI TOPWU3OHTH Uil aHANI3y,
MOJENIIOBaHHA Ta ONTHMI3alii CKIAJgHUX CHCTEM,

CTBOPIOIOYM OCHOBY JUII PO3POOKH IHTENEKTyalbHHX
pilieHs y 0araThbox Trany3sx Hayku 1 TexHiku [2].
[TepcleKTHBHUMHU HalpsIMAMH € MOJAJIbIIe JOCHTIIKESHHS

METOIIB HaBYaHHS 3 IWIAKPIIUICHHSIM, a TaKOX
po3poOka  MYJIBTHAMCHUIUTIHAPHUX  MIAXOIIB, IO
BKJIIOYarOTh  (i3uuHI, MaTeMaTuyHi Ta IH)XXEHEpHi

acmekrn [1, 2].

B ocranHiii yac po3poOiieHO 0arato eheKTHBHHUX
METOJIIB 00UHCITIOBAIILHOTO 1HTENEKTY, SIKI BIAPI3HSAIOTHCS
cepamMy 3acTOCYBaHHS Ta OCOOJNMBOCTSIMH W MOXYTh
OyTH 3acTOCOBaHi JIsi PO3B’sI3aHHS MIMPOKOTO KoJia
MpaKTHYHUX 3a/1a4. B Hampsimi iHQopMamiitHuX cucteM i
TEXHOJIOTIH aKkTyalbHa MpodjeMa AETaJbHOTO aHalizy
MOXIJIMBOCTEHl HAMHOBIIIMX METOMIB OOYMCIIIOBAILHOTO
IHTEJIEKTY JUIsSL B332€EMOIIOB’ SI3aHUX HaIpsMKiB
MOJICITIOBAHHS, 1ACHTU(IKAII, ONTHMi3amii JTUHAMIYHIX
CHUCTEM Ta WIATPUMKH NPHUHAHATTA pimeHs. ToMmy mis
MOPIBHSUIBHOTO ~ aHaJi3y  BUKOPHUCTAHHS  METOJIB
OOYHCITIOBAIFHOTO 1HTENEKTY IS BKAa3aHHX HAINPSIMKiB
obpani meromu: HunyuanVideo [3], emg2pose [4],
StableAnimator [5], DEYO [6], i YOLOv11 [7], YOLO-
Neural Architecture Search (NAS) [8], SynCamMaster
[9], FlowNet [10-11], Momentum-GS [12], Liger-Kernel
[13], Stereo Anywhere [14] Ta cuctema Neural Attention
Memory Models [15], siki MarOTh MOTYXHHH MOTEHLiaN

IUIsL BIOCKOHAJICHHS TEXHOJIOTIH y 3a3Ha4eHHX 00JacTsX,
II0  JEMOHCTPYETBCS B pe3yjbTaTax  Cy4YacHHX
JNOCTI[UKEHbP Ta IXHIX 3aCTOCYBaHHAX Y peaTbHUX
cucteMax [2, 16].

Merta i 3aga4i gocaimkeHHssi. MeTOIO JOCIIKEHHS
€ aHaJIi3 Cy4acHHX METOJIB Ta CHCTEM OOYHUCIIOBAJIBHOTO
IHTEJIEKTY /I IX BUKOPUCTAHHS B HAIPSIMKaXx:

1) MozenmioBaHHs Ta omNTUMI3aMis iHGOpPMaIiHHUX
YIPaBISIIOYMX CUCTEM Ha OCHOBI OOYMCIIIOBAJILHOTO
inrenexkty (MOIYCOOI);

2) Mojeri, MeroAM Ta iH(MOpMAliiiHa TEXHOJOTIs
OUCTAHIIIMHOT imeHTHdIKail MmapaMeTpiB ITUHAMIYHIX
o6'extis (MMITIIIIIO) [2, 16];

3) iHTeNneKTyanbHi CHCTEMH IATPUMKH TPHAHATTS

pimeHs I omTHMI3amii  TMPOIECiB  KepyBaHHS
(ICHIIPOIIK).
Ha ocHOBI BWIIe3rajaHuX METOJIB  MOXHa

BU3HAYUTH PsJ aKTyaJbHUX HAYKOBUX 3a/1a4:

1) omTumizarist  OOYMCIIOBANBHHUX —IPOIECIB, IO
moJyisira€ B ¢(pEKTHMBHOMY 3acTOCYBaHHI KBaHTi3alilHO-
00I3HaHUX MOJYJIB Ta TIOPUIHUX apXITEKTyp Ui
3MEHIIECHHS OOYMCIIIOBAILHUX BHUTpAT HpH 3a0e3reueHHi
BHCOKO{ TOYHOCTI;

2) MOJCTIOBAHHS Ta aHANI3 CKIAZHUX CHCTEM Ha
OCHOBI 3aCTOCYBaHHS METOIIB CHHXPOHI30BAaHOTO BiIEO
JUIL CTBOPEHHS TOYHHUX CHMYJIINIA CKIQJHHX CHCTEM,
TaKUX SK TPAHCIOPTHI TOTOKA 4dYH pPoOOTH30BaHI
mwrathopMu;

3) ynockoHalleHHsT TIpoleciB  igeHTH(iKamii Ta
BITHOBJICHHSI, BU3HAYCHHS MIAXOMIB, IO 3a0e3MeYyIOTh
HalOIIbITy TOYHICT, NpH ieHTHGIKAUil 00'€KTiB Ha
OCHOBI Bizeo Ta BimHOBIEHHI 3D-ciieH 3 BpaxyBaHHIM
00MexeHb 00UYHCITIOBANILHIX PECYPCIB;

4) inrerpamisi TAMOOKOrO HABYaHHS B CHCTEMH
peanbHOro duacy, 3abe3NeueHHs iHTerpamii NeperoBHX
MeroniB, Takux sk FlowNet ta  Liger-Kernel,
Ui 3a0e3rmedeHHs pPoOOTH B pealbHOMY dYaci B
CKJIQJIHUX YMOBax YNpPaBIiHHS Ta MIATPUMKH NPUHHATTS
PpilIeHB.

3HAYHUM BHKIMKOM € e(EeKTHBHE BUKOPHCTAHHS
TEXHOJIOT1i 0OUUCITIOBAJIBHOTO IHTENEKTY JJIsl BUPIIICHHS
3aja4 B peallbHUX CHCTEMaxX, TaKHX SIK MOHITOPHHT
o0'extiB, BigHOBieHHs 3D-cueH Ta  ynpaBiiHHA
TPAaHCIIOPTHUMH  MOTOKaMu. J{1s  1poro HeoOXiaHO
ONTUMI3yBaTH OOYHMCIIOBAIBHI MPOIECH Ta IHTETPYBaTH
niepentoBi Metoau LI s gocATrHEHHS BHCOKOI TOYHOCTI
Ta MIBUAKOCTI BUKOHAHHSI.

JlocnmipkeHHsT TakuX CHCTeM HOTpeOye PpO3BUTKY
HOBUX MIAXOAIB JuIs 3a0e3Ne4eHHsT TOYHHMX IIPOTHO3IB i
MAITPUMKH PillIeHb y peaJbHOMY Yaci.

Takum  49uHOM, iHTerpamist OOYMCIIOBAIBHOTO
IHTETIeKTY B CydYacHI TEXHOJIOTii BiJKpHWBae HOBI
TOPU3OHTH JUIsl OKPALICHHS YIPaBIIiHHS, IPOTHO3YBaHHS
Ta onTHMIi3aIlii mporeciB y 6aratbox cdepax.

Koporkuii onuc meromiB. Y Tabn. 1 HaBeaeHo
oOpaHi Ui JOCIIKSHHS METOAM Ta iX 3araJbHUI OITUC,
0co0JIMBOCTI Ta chepu 3aCTOCYBaHHS.
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Tabmumst 1 — Meroau Ta X 3araibHHIT ONHC, 0COOIHMBOCTI, c(hepa 3aCTOCYBaHHS

enekTpomiorpadivHUX TaHUX Y
HO3H KOpHCTyBada 9n 00 €KTa.

JTaHKX, BICOKA TOYHICTh
pO3Mi3HABaHHS PYXiB.

Meroau 3aranbHuil onuc OcobmmBocTi Cdoepa 3actocyBaHHS
HunyuanVideo Amati3 BileofaHuX IS MOHITOPHHT IPOIIECiB, aHAII3
MOHITOPHHTY Ta ONTUMi3aIlii [linTpnMka BenUKUX 00CsTiB MOBEIIHKH 00’ €KTIB, KOHTPOJIb
CUCTEM. JIaHuX, iHTerpauis i3 L1 CHUTYallill y peaJlbHOMY Yaci.
emg2pose Konsepraris Bukopucranns 6GioMeTpuuHUX AmHani3 pyxiB, MEIU4HI CHCTEMH,

CIIOPTHBHHMIT aHAJII3, KepyBaHHS
9epes3 JKECTH.

StableAnimator

[HCTpYMEHT /711 CTBOPEHHS
aHiMaIlii CKJIaJJHUX MPOIIECIB.

AHIMOBaHI Bi3yamizamnii,
HiTPUMKA CUMYJBIIIHIX JAHUX.

Bisyauizartisi, HaBUaHHS,
CHMYJISIISL CLIeHApIiB.

OLIBII BUCOKOIO TOYHICTIO Ta
¢(CKTHBHICTIO.

BarartopiBHeBuii anani3 pyxy,
aJIanTaiisi 10 pi3HUX YMOB.

DEYO Bucoxka mBuakicts 06pooku, Cucremu Oe3Ieku, aHai3
Cucrema netexuii 00’ €kTiB y e(eKTHBHE BUSBICHHS 00 €KTIB MOTOKOBUX JIaHUX, 1EHTU(IKALIS
pealbHOMY Yaci. HAaBITh y CKJIATHUX YMOBaXx. LJIeH.
YOLOv11 [IIBHAKICTB, KOMITAKTHICTB, ABTOHOMHHH TPaHCIIOPTHI
CyuacHa Bepcist MOJIeIi JJIst BHCOKA TOYHICTH HaBITh T 3aco0u, IHIYCTpiaTbHI CHCTEMH,
HIBUIKOIO BUSIBJICHHS 00 €KTIB. JIPIOHHX 00’ €KTIB. aHaJIi3 BiJIEOIIOTOKIB.
YOLO-NAS IMoxkparieHuit aaropuTm OnTrMi3oBaHa apXiTEeKTypa, Pob6oroTexHika, aBTOMaTH30BaH1
BUSIBJICHHSI 00 €KTIB 3 e(eKTHBHICTh y BUKOPUCTAHH1 CHCTEMH CIIOCTEPENKEHHS,
inTerparieio NAS. pecypciB. KOHTPOJIb BUPOOHHYHX MPOIIECIB.
SynCamMaster T'eHepartist CHHTETHYHUX JaHUX Hapuanns moznerneii, nepesipka
JUISL MOJICITIOBAHHS Ta HABYAHHS CTBOpEHHS IITYYHUX JJAHUX, QITOPUTMIB, CUMYJISLSI peaTbHAX
MogeNnei. MacITaboBaHICTb. CHTYaIlH.
FlowNet AHaJti3 ONTHYHOTO MOTOKY IS Bucoka TOUHICTB OLIIHKH PYXY, MoHiTopHHT, Bizyai3alis pyxy,
OIIHKU PYXY 00’ €KTIB. MiATPUMKA PEAIbHOTO Yacy. aHaJIi3 BiJICOMOTOKIB.
FlowNet 2.0 Tlokpamiena Bepcist FlowNet 3 AHai3 CKIIaJHUX PyXiB y Bifieo,

BHCOKOTOYHUH KOHTPOJIb Y
BHPOOHHUYHX HpOIIecax.

Momentum-GS

Mopenp aHaizy TMHAMITHAX
XapaKTePHCTUK TPAEKTOPIit

BukopucTaHHs iMITyJILCHUX
MOJIEIICH, TOUHICTD JIJIst

ABTOHOMHI CHICTEMH KEpyBaHHS,
CHMYJISILIS pyXy 00 €KTIB,

CTEPEOCKOIIYHHUX 300paXKEHB IS
OIIHKH ITMOMHY Ta AUCTAHIII.

Po6ora 3 3D-300paxkeHHsIMUY,
TOYHE BU3HAYCHHS [JIHOHMHU.

00’€KTiB. JMHAMIYHUX CHCTEM. ONTHMIi3alisi MapIIPYTIB.
Liger-Kernel Snpo ans ontumizanii npoueciBy | ['HyukicTb, CyMiCHICTB i3 pi3HUMH [ToOynoBa aganTUBHUX pillICHB,
Mozensix I THIAMU JAHHX. ONTHMI3allisi CHCTEM KepYBaHHL.

Stereo Anywhere TexHoMOTIs aHATI3Y PoGoToTexHika, cCHCTEMHU

aBTOMATUYHOI'O BOJIIHHS, aHAII3
OyLiBEJIbHUX CTPYKTYD.

Neural Attention
Memory Models

Mogerni 3 HEHPOHHOIO MaM’ SITTIO
]Il KOHTEKCTHOTO aHaNi3y JaHHX.

36epeKeHHs BOXKITHBOT
iH(opMarIii, KOHTEKCTHA
peNeBaHTHICTb.

ICIIITPOIIK, pexomeHaartii,
aHaJI3 IJAHUX BEJIMKOTO 00CHTY.

Metox HunyuanVideo € BaXIMBUM BHECKOM Y
0o0YnCITIOBAIbHUN ~ IHTENEKT 3aBASKH  BHKOPHUCTaHHIO
Tudy3iHHIX MOJeNel I TeHepallii Bijeo, 3a0e3nedyroun
BHCOKY SIKICTP BizyaJi3allii, 30epexeHHs IMHAMIKH PYXiB i
TEKCTOBO-BIJIEO Y3rOJKEHHsI, 1[0 J03BOJISE 3HMKYBATH
BUTpPATH Ha OOYMCIIOBaJbHI PECypCH Ta 3aCTOCOBYBATH
TEXHOJIOTiI0 y pi3HuX ymoBax [3].

Merton  emg2pose  BHKOPHCTOBYE  IIOBEPXHEBY
enekrpomiorpadito (SEMG) mist ceHCOpHOT iHTerparii Ta
BHCOKOTOYHOTO KOHTPOJIO B IHTEIEKTYIbHUX CHCTEMax
YOpaBIiHHA, 3a0€3MeUyI0YH aJalTUBHICT IO 3MiH YMOB,
MOHITOPUHT Ta ifeHTHu(diKamilo pyXiB, a TaKOX aHali3
napameTpiB TMHAMIYHUX 00'€KTIiB y peajpHOMY uaci [4].

StableAnimator.  StableAnimator = BHKOPHCTOBY€
rMOMHHE HaBYaHHS Ta qu(y3iiHI MOJEN, 3aCTOCOBYIOUYH
po3B's3aHHs  piBHSAHHS [ aminbToHa-Sko06i-bennmmana
(HJB) nns BUCOKOTOYHHX aHIMAIlii Ta TOKpaIIeHHs
CHCTEM  TIATPUMKHA  TPUHHATTS  pilleHb  depe3
Y3TOKEHICTH MPOCTOPOBO-YACOBUX XapaKTePHCTHK [5].

DEYO, YOLOv1l, YOLO-NAS. DEYO mnoennye
meroau DETR ta YOLO s epeKTHBHOTO JIeTEKTYBaHHS
00'exTiB y peampHOMy daci, YOLOvI1 BmockoHamoe
Bi3yaJIbHE pO3ITi3HABAHHs 3 IOKPAIIEHHUMH MeXaHi3MaMH
yBarum Ta MyJibTuzazadHocTi, a YOLO-NAS onrumizye

TOYHICTB 1 MIBUIKICTh BUKOHAHHS 3aBAAKNA KBaHTI3allifHO-
00i3HaHUM MOJIYJISIM Ta aBTOMAaTHYHOMY HPOEKTYBAaHHIO
apxitexTypH [2, 6-8, 16].

SynCamMaster € MeTOJOM  CHHXPOHI30BaHOI
reHepaiii BiZieo 3 pi3HUX TOYOK 30Dy, KUl BAKOPUCTOBYE
MoM(iKalliio MoNepeaHb0 HATPEeHOBaHOI Mojeni text-to-
video 111 TOYHOTO MOJICTFOBAaHHS CKIQJHUX CHCTEM 1
aHami3y nuHaMikd 06'extiB [9].

FlowNet i FlowNet 2.0 € meromamu Iy OLIHKH
ONITHYHOTO TIOTOKY, SIKi TOYHO BHU3HAYAIOTh PyX OO'€KTIB
MIDX KaJIpaMH BiJIe0, 1110 KOPUCHO JUTA 33/1a4 JUCTAHIIHHOT
ineHTHOikamii Ta  MoxmemoBaHHA  iH(popMariitHO-
ynpasisirounx cuctem [10-11].

Momentum-GS € miaxoaoM IS BiJHOBJIEHHS
Benukux 3D-clieH, mo noenHye riOpuaHi NpencTaBIeHHS
Ta  IMOYJbCHY  CaMOJUCTWIIIIIIO,  3a0e3meuyrodu
BHCOKI pe3yibTary, IIPOCTOPOBY Y3TO/IKCHICTh
Ta e(eKTHBHE BHUKOPHCTAHHS OOYHCIIOBAJIFHUX PECYpCiB
[12].

Liger-Kernel onrtumisye 004HCIICHHS 3@ JOTTOMOTOO
3MUTTS. ONepaliil 1 cremiani3oBaHUX S1ep, 3HWKYIOUH
3aTPUMKH OOYHCIICHb, IO BaXJIMBO JUIl peabHUX
CHCTEM, TaKMX SK aBTOHOMHI TpPaHCIIOPTHI 3aco0M 4u
po6otuszosani miatdopmu [13].
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Stereo Anywhere moemHye TpaaMIiiiHy CTEpeo-
TEOMETPII0 3 CYYaCHHMHU TIUOOKMMH MOJIEISIMH  JIS
OIIHKM TAHOWMHH B CKIAJHUX YMOBaX, 3a0e3medyroun
BHCOKY TOYHICTE B Pi3HOMAaHITHHX crieHapisx [14].

MeTtoan Ta iX BHKOPHUCTAHHS 32 HANpPIMKaMH
mocaimkenuss. Y  Tabn. 2 HaBeAeHO METOOHM Ta
MOXIIMBOCTI ~ 1X  BHKOPHUCTaHHS 32  BU3HAYCHUMH
HaNpPsIMKaMH JIOCITDKSHHSL.

Tabnuus 2 — Metoau Ta IX BAKOPHUCTaHHS 32 HAPSIMKAMHU JIOCITiDKSHHS

.. Temu
Meroz Ta ix BHKOpHCTaHHS MOIYCOOI MMIT/IIIO ICIITPOIIK
HunyuanVideo Buxopucranns
BiZlcOaHATITHKA IS AwHai3 BifeoqaHux At 3acTocyBaHHS BiJICOJTAHUX
MOHITOPHHTY CTaHy UCTaHIIHHOT ineHTHiKawii JUIS ATPUMKY TIPUMHATTS
iH)OPMALIIHHUX CHCTEM. napameTpiB 00’ €KTIB. pillicHb.
emg2pose OnruMizaliis ynpaBJiHHSI Inentudikaris suHAMIYHHX BukopucranHs pyXiB sk
CHCTEMaMH Ha OCHOBI1 00’€KTiB 3a JOTIOMOTOI0 JIOAATKOBOTO MapaMeTpa Jis
AHAJI3Y PYXIB. aHAJI3y 103. TIPUHAHSATTS PillIeHb.
StableAnimator AHIMOBaHI Biyami3arii Juist Bizyaunizariist TUCTaHIIITHO
MOJIEITFOBAaHHSI TIPOIIECiB IIeHTH(IKOBaHNX Bizyanizaris crieHapiiB
YIpaBIiHHS. napaMeTpiB. TIPUKAHSTTS PIillICHb.
DEYO, YOLOv11, YOLO-NAS Mogeni BusBiIeHHS 00’ €KTIB Buxkopucranss st
IUTSL aBTOMATH30BaHOTO ineHTU}IKAI] 00 €KTIB y AHaii3 00’€KTiB SIK YaCTHHA
yIIpaBJiHHSL. peaTbHOMY Yaci. TIITPUMKH PillIeHb.
SynCamMaster MogenmoBaHHS
BIPTYaJIbHOTO CepeIOBUIIA CuHTeTHYHI JaHi U1 CuMyJrsLis crieHapiiB
ULl TECTYBaHHsI CHCTEM. izeHTHQIKAIi TapaMeTpiB. TIPUHAHSATTS PillICHb.
FlowNet, FlowNet 2.0 BUKOpHCTaHHS TOTOKOBOTO
AHaJi3 TOTOKY JaHUX UL aHaNizy s imeHTUdiKarii [oTokoBi aHi Ik OCHOBa
ONTHMIi3alii CHCTEM. JMHAMIKH 00’ €KTIB. MIPUIHATTS PilICHb.
Momentum-GS AHaJi3 TpaexTopiit as
ONTHMI3alii KepYIOUnX Po3paxyHOK iMImyneciB 1t | BukopucTaHHS AMHAMIYHHX
CHCTEM. ileHTHdiKail. XapaKTEPHUCTUK IS pillleHb.
Liger-Kernel Snpa 1y1s nobynoBK AnanTuBHI MoAemi s
ONTHUMI30BaHUX CHUCTEM. ineHTHdikaii 00’ €KTIB. IToOy10Ba THYYKHX PIllICHb.
Stereo Anywhere Jucranmiiina ineHTadiKaris Bukopucranns
CrepeockoniyHuiA aHai3 3a JIOIIOMOT' 010 CTepeoaHali3y B MiATPUMILL
JUISL MOJIEITTIOBaHHSI. cTepe0300paXkKeHb. pillIeHs.
Neural Attention Memory Models MozemoBaHHS CHCTEM 3 BuxopucranHs mam’siti 1is OnTrMmizanis pineHs
AKIIEHTOM Ha PEJICBaHTHUX TOYHOTO BU3HAUECHHS 3aBJSIKH KOHTEKCTHOMY
JTAHUX. rapaMeTpiB. aHaIzy.

HunyuanVideo. Tus MOIYCOOI HunyuanVideo
MIPE/ICTABIISIE 3HAUHUH BHECOK Y Cchepy 0OUUCIIOBATIBHOTO
IHTEJIEKTY 3aBJSIKM BUKOPHCTaHHIO TUQY3iiHUX Mojenen
s reHepariii  Bimeo. lle# migxim Oa3yeThcs Ha
MaciiTaboBaHii apxiTeKTypi, 10 3a0e3nedye BHUCOKY
SIKICTh  Bi3yamizailii, TUHAMIKH PyXy Ta TEKCTOBO-BiJcO
y3rojukeHHs. Mojenb onTuMi3oBaHa sl €(EKTUBHOTO
BUKOPDHCTaHHS ~ OOUYMCIIOBAJBHUX  pecypciB  depes
BIIOCKOHAJIEH] CTpaTerii HaBYaHHs, IO J03BOJISIE€ 3HU3UTH
BUTpaTH Ha amapaTHe 3a0e3nedyeHHs. Y KOHTEKCTI
iHpopManiiHNX ympaBisrounx cucrteM, HunyuanVideo
MOXe OyTH BUKOpHCTaHa JUIS MOJETIOBAHHS CKJIAIHUX
JUHAMIYHUX ~ CIEHapiiB, CUMYJISLiH mpoueciB  abo
CTBOPEHHSI MYJIbTUMEIIHHNX CEPEHOBHII AJSI MiATPUMKH
TOPUHAHATTS pitrens [3].

T MMITAIIJO HunyuanVideo aemoHCTpye
MOTEHI[iall y CTBOPEHHI BiZIEO 3 BHCOKOIO TOYHICTIO
BiTOOpaXCHHS OUHAMIYHMX MPOIECiB, IO Mae MpsMe
3aCTOCYBAHHS JIUISl TUCTAHINIHOI ineHTUdIKAIl1. 3aBasgKu
MOXIJIMBOCTI POOOTH 3 MacIITAOHMMH HAaObOpaMM JaHUX i
reHepamii peajdicTUYHHX pyXiB, METOJI MOXe OyTH
aJalTOBAaHWKM ISl BUSBIEHHS Ta aHali3y IapamerpiB
JMUHAMIYHUX O0'€KTiB Ha OCHOBI BijeomaHux. Hampukman,
y CHCTeMax BiJICOCIIOCTEPEXKEHHS YH MOHITOPHHTY
ckimanHux 00'ektiB HunyuanVideo moxke miarpumyBaTu

ABTOMATHYHY TeHepamir0o W aHami3 KOHTEHTY I
MiABUIIIEHHS TOYHOCT] BUABJICHHS.

Hns ICIHITPOIIK inTerpaiiisi Takux MOJAEICH, SIK
HunyuanVideo, y cucteMu miATpuMKHU IPUHAHSTTS pillieHb
MOXeE€ ICTOTHO TOKpAaIIMTH Bi3yanizaliio CreHapiiB i
HiATOTOBKY JaHUX i aHaimizy. OcoOJMBOCTI MOE,
BKJIIOYAIOYH TEKCTOBO-Bi/I€0 Y3TOJUKEHHS Ta
ABTOMATHYHHUHA TOMIT CIEH, poOnsaTe i MmiHHUM
IHCTPYMEHTOM [UISI CTBOPEHHS IHTEPaKTHBHUX IIIAT(HOPM,
SKi JOTIOMaraloTh aHaji3yBaTH CKJIagHI CIeHapii Ta
mpuiiMaTH ONTHMaJNbHI pimeHHs. Hampukian, i MoxHa
BUKOPHUCTOBYBaTH  JUIS  TPEHYBaHHSI  OIEPaTOpiB,
CUMYJISIIIi KPU30BHX CHUTyallid 4M aHaNi3y MOBEIIHKOBUX
CIIeHapiiB.

Bigkputuit  xom. 3MEHIIye  PO3PUB  MiX
KOMEpPI[IHHUMH W JTOCHITHUIBKAMH  CHiJIBHOTaMH,
CHpUAI0YM 1HHOBamisiM. MacmraboBaHicte. [linTpumye
poGoTy 3 BeMMKUMH OOcATaMU JaHUX, 3a0e3Meuyrodyn
BHCOKY edeKkTuBHiCTh. SKicTh reHepamii. IlepeBaxkae
0arato 3aKpHTHX MOJENICH y Bi3yamizamlii Ta JUHAMIII.
PizHomaniTTs 3acTocyBansb. [linTprMKa cTBOPEHHS BiJ€o 3
TEKCTY, BiJI€O JI0 ayIio ¥ iHIIMX 3aBIaHb.

HunyuanVideo € peBoJOLIHHOIO TEXHOJIOTIEO, SIKa
mae 3actocyBanHs B MOIYCOOI, MMITAIIAO,
ICIITTPOIIK.
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Emg2pose. dna MOIYCOOI 3abe3meuye HOBI
MOXIIMBOCTI ~ CEHCOpPHOi  iHTerparmii uisi  PO3pOOKH
BHCOKOTOYHOT'O KOHTPOJIIO. [ToBepxHeBa
enekrpomiorpagis  (SEMG)  mo3Boisie  BEMipIOBaTH
CIIEKTPUYHI CHTHAJM, IO TCHEPYIOThCS M'SI3aMH, i
MIEPETBOPIOBATH iX y MO3M PyK y peamnbHoMy dHaci. Lle
BJJOCKOHAJIIOE TOYHICTh 1 Ha/lIHHICTh CUCTEM YIPaBIiHHS.
Bucoky amanTuBHICTH 70 YMOB BHUKOPHCTAaHHS 3aBJSIKH
BEJIMKiH KUTbKOCTI 3i0pannx panux (193 xopucrysaui, 370
roauH 3anuciB). lle cnpusie cTBOpEHHIO YHiBepcalbHUX
Mojeneld, 34aTHUX J0 TeHepaiizauii. Peamizamis B
peaspHOMY dHaci, fka € KIIOYOBOIO I IHTEPAaKTUBHIX
CHCTEM, TaKHX SK CHCTEMH YHpaBIiHHA poboTamu abo
amanTuBHI iHTepQeiicu [4].

Jna  MMITAIIIIO sEMG gk ocHoBa it
imeHTHdiKarmii pyxiB. MeToq BHKOpHUCTOBYE 16-KaHAIBHI
SEMG-cencopn mns  igeHTHbiKamii MO3UIIH  PYK,
AHaI3yI0UM aKTHUBHICTh M'SI31B Y PEXKHMI pEallbHOTO Yacy.
Binnanena igentudikairis. 3aBasKy CEHCOPHIH TEXHOJOTIT
SEMG Ta anroputmaMm aHaiizy BEJMKHX AaHHX, MOXKHA
BUSIBJISITH PYXH 0Oe3 HEOOXiJHOCTI Bi3yaJIbHOIO KOHTAKTY
(SIK 'y KOMI'TOTEPHOMY 30pi), IO YCyBa€ MPoOOJIeMH 3
3aTEMHCHHSAM Y TOTaHMM OCBIiTIeHHAM. Habip maHux
emg2pose 3a0e3redye TpeHyBaHHS MOJeNel JuIs poOOTH 3
HOBHMHM KOPHUCTYyBayaMH Ta 3MiHAMH pO3TaLIyBaHHS
CEHCOpiB, IO BAXIWBO [UIA ONTHUMI3allii BiggajIceHOl
imeHTHdIKaIil.

Hus ICIITPOIIK yHiBepcadbHICTP 1 THYYKICTB.
emg2pose I03BOJIAE CTBOPIOBATH CHCTEMH MiATPUMKH

NPUAHATTS pIlIeHb, L0 BPaxOBYIOTh IHAWBIAYyaJbHI
OCOOJMMBOCTI  KOPUCTYBauiB  (QHATOMisl, MOJOXCHHS
CEHCOpiB).  3acTOCYBaHHS  MAIIMHHOTO  HABYAHHS.

Briroyae KOHKYPEHTOCTIPOMOJXKHI 0a30Bi  Mojeni, sIKi
BUKOPHCTOBYIOTh cydacHi apxitekrypu (LSTM, 3D

Convolutional Networks). Lle no3Bomse edeKTUBHO
IHTETpyBaTH pIilIEHHS B IHTEJEKTyallbHI CHCTEMU.
Iarepdeiicn  moguHa-KoMIT 10Tep. CHpusie  PO3BHTKY
MPUPOJHUX  CIIOCOOIB  B3aeMomil 3 CUCTEMaMU

(manpuxnan, vy AR/VR), mo migsumye edekTuBHICTD
pobotu. HaitOinpmmii BigkpuTwii HaOip manux mis sSEMG
3 BHCOKOIO SIKICTIO Ta Jeramizamiero. Peamizamis B
peasibHOMY 4Yaci. BaxiauBO i IHTEPaKTHBHUX 1
JUHAMIYHUX CHCTeM. Mojeni 34aTHI  BpaxoOBYBaTH
AQHATOMIYHI Ta MOBEIIHKOBI BiJIMIHHOCTI KOpPHCTYBadiB.
3anexHICTh Big sIKiCHOro oOmagnanus. Ilotpeba y
BHUCOKOTEXHOJOTUHUX ceHcopax (SEMG-RD), mo moxe
OOMEXHUTH 3aCTOCYBaHHS Yy JIEAKUX CEPeJOBUIIAX.
CxJ1agHicTh TeHepaizali. He3ssaxaroun Ha
MacIITaOHICTh JIaHUX, ICHYIOTh TPYAHOILI 3
y3arajgbHEHHSIM HA HOBI pyXH YU HECTaHIAPTHI cleHapil.

StableAnimator. JIna MOIYCOOI StableAnimator
BUKOPHCTOBYE METOJM TJIMOMHHOTO HABYaHHSI  Ta
nudy3iiHI Mofeni, SKi € IpUKIaJaMi OOYHCITIOBAILHOTO
IHTETIeKTy, I CTBOPEHHS BHCOKOSKiCHOI aHimamii. Lle
JEMOHCTPY€E  IHTErpallil0 ONTUMI3AIiHHUX TPOIIECiB,
TakuX K pimeHHs piBHAHHA [ aminperoHa-IK006i-
Bemmvana (HJB), i mocsrHeHHsT OallaHCY MK SIKICTIO
300paxxeHHsI Ta 30€peKeHHsIM i1eHTHIHOCTI. OnTHMI3aris
npouecy audysii 3a mgomomororo po3sszaHHs HIB-
piBHAHHA. [HHOBawliiiHI apXiTEKTYpHI MOy, SK-OT

ro0amsHUN  KOHTEHT-opieHToBaHWi Face Encoder Ta

Distribution-aware ID  Adapter, ski OOKpam[yxTh
V3rOKEHICTh MK  IPOCTOPOBUMH Ta  YaCOBHMH
XapaKTePUCTUKAMH.

Tt MMITIITIIO StableAnimator BukoprcTOoBYE
JaHi 300pakeHHs Ta IMOCIIZOBHOCTI 103 JJSI BigmajeHOl
ineHTHOIKaWil JUHAMIYHMX mapamerpiB (103, PyXH).
Meron  0Oa3yerbCst Ha  aganTHBHUX  BOYJOBaHHX
MIPEACTAaBICHHAX, 10 IHTErpyloTh iH(pOpMALiI0 Tpo
obymuust Ta GoH I 3a0e3meYeHHs] TOYHOCTI aHiMarlii.
Bukopucranus Arcface mis oGuucieHHs emOemiHTiB

o0 IaTerparis MIPOCTOPOBO-YACOBHX
XapaKTepPUCTUK Ul YHUKHEHHS CIIOTBOPEHb AWHAMIYHHX
mapaMeTpiB.  3a0e3medeHHS  BUCOKOI  IAEHTHYHOCTI
aHIMOBaHMX KaIpiB 3a  JIOIIOMOTOI0  Y3TO/DKEHHS

XapaKTepUCTHK Yepe3 alanTalito PO3MOIiTy.

Jus ICIITPOIIK Meron neMoOHCTpYE 3aCTOCYBaHHS
IHTEJNIEKTYyaIbHUX  pIilleHb Y KOHTEKCTI KepyBaHHs
npollecaMu aHiMarlil, e KOXHHUU eTarn 00poOKH IHTeTrpye
ABTOMATH30BaHE IPUHHATTS pilleHb JUIA ONTUMi3awii

BUXiZHOrO pe3ynsTaty. KoOHTponp reHepamii uepe3
OaraTopiBHEBY ONTHMi3allif0 eMmOemiHriB. I[HTerparis
a/IaliTUBHOTO MOJICTIIOBaHHS ~ uepe3 0OMEeXEHHS

IUQy3iiHOTO DXy 3 BUKOpUCTaHHSIM HIB-piBHSIHHS.
Buxopucranas metpuk, takux sk CSIM i FVD, mns
OLIIHIOBAaHHS 1IEHTHYHOCTI Ta SIKOCTI Bimeo [5].

DEYO (DETR with YOLO). [na MOIYCOOI
DEYO onrumisye mpomec HaBYaHHS Ta ICTEKTYBAaHHS

00'eKTiB 3aBASKM YyHIKaJbHIH "momraromiii" cTparerii
TpeHyBaHHs, sKa. BUKOpUCTOBye Bke  Hamepen
migroropneny — Mepexy YOLO  jgns  reHepauii

BUCOKOSIKICHMX IIOYaTKOBHX IapaMeTpiB, 3MEHIIYIOYH
3aJIeKHICTh BiJl BEIHMKUX OOCATIB JOJATKOBUX JaHUX.
3HMKye  BUTpaTd Ha  OOUYHMCIIOBAJIBHI  pecypcw,
3abe3neuyroun TpeHyBaHHs npyroi ¢asum mume #Ha 8 ['B
VRAM. [1Ile n03BOJsiE BUKOPUCTOBYBaTH METOL Yy
pealpHOMY 4daci, HaBiTh Ha OOMEXKEHHX arapaTHHX
pecypcax. Jocsrae mBunkocti 497 FPS (DEYO-tiny) ta
BHUCOKOI TOYHOCTI, IO IA€adbHO MIAXOJUTH IS
YIOpaBIiHHS  CUCTeMaMH  peanpHoro  dyacy. Lls
e(eKTUBHICTh MOXE OyTH 3aCTOCOBAHA B MOJIENIAX CHCTEM
KepyBaHHsI, JI¢ MOTPiOHA MIBHAKA 1 TOYHA imeHTH]IKALis
00’ekTiB y ckinamuux ymoBax. Jis MMITIIITJIO DEYO
3a0e3nedye TOYHY JIOKANi3alilo O0’€KTIB y pealbHOMY
yaci, MI0 KPUTHYHO isi. MOHITOPHHTY JMHAMIiYHHX
00’eKTIB y BiIJaNeHWX CHCTeMax (HampuKiam, Yy
Oe3MmMiIOTHUX amapaTax ab00 aBTOHOMHOMY TpPaHCIIOPTI).
Bukopucranns OararomacmrabHux o3Hak YOLO s
IiIBUIIEHHS SIKOCTI JETEKTYBaHHS B CKJIaJHHUX CIEHaXx.
BiacyTtHicTe motpebu y micnsoopobii (Non-Maximum
Suppression)  3a0e3nedye  CTaOUIBHICTH  IIBHIKOCTI
po0OTH, HaBITh y CKJIQJHUX yMOBax, TaKWX SK aHali3
HaToBIty (Harmpukiag, CrowdHuman).

Jnsa ICTITTPOIIK DEYO moske cTaTH OCHOBOIO IS
IHTENIeKTYalbHUX CHUCTEM IMIATPUMKH MPUAHATTS PillleHb.
[HTErparliss BHCOKOTOYHHX MPOTHO3IB 00’€KTIB y CHCTEMHU
MIPUAHATTS pillIeHb JO3BOJISIE aBTOMAaTHU3yBaTH IIPOIECH,
10 TOTPEOYIOTh BHCOKOT IIBUIKOCTI PEaKIIii.

Bukopucranns TpaHcopMepHOT apXiTEKTypH s
ornrruMizamii nepea0aYeHb Crpusie 3MEHIIIEHHIO
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CKIIQJIHOCTI aHalli3y Ta MiIBUIICHHIO SKOCTI yXBaJIEHUX
pimens. IIpomoHye i1HCTpYyMEHTH [UIsi  CTBOPCHHS
aJlalTUBHUX MOJIENEH, 10 MPAIOTh Y PealbHOMY Yaci 3
MiHIMaJIbHIMH 3aTpUMKaMu [6].

YOLOvV11. Ings MOIYCOOI YOLOvV11 moxe Oyt
BUKOPHCTaHUI Uil TOOYIOBH BHCOKONPOJIYKTUBHHX
iHpOPMAIIMHUX YHPaBIISIIOYMX CHCTEM, OCOOJIMBO Y
3aja4ax, MOB’S3aHUX 3 BI3yaJIbHUM pO3ITi3HABaHHIM Ta
aHaJi30M. 3aBISKM PI3HUM MoOJeNsM (nano a0 extra-
large), YOLOvI11l wMoxHa iHTerpyBaTm B CHCTEMH 3
pI3HUMH pecypcHUMH OOMeXeHHsAMH, BKiodatoun [oT-
MpUCTpOI  Ta  BHCOKONPOAYKTHWBHI  cepBepu.  La
BJIACTUBICTH CHPHUSAE ONTHUMI3aIlii CHCTEM YTIPaBIIiHHA, II0
moTpeOyI0Th PeajJbHOT0 4acy, TaKuX SK POOOTOTEXHIYHI
CHCTEMH YH  aBTOHOMHI  TpAHCIOPTHI  3aco0wm.
ApxitextypHi ixHHOBamii. Hosi Omoxkm (C3k2, SPPF,
C2PSA) 3a0e3mneuytoTh Kpamly o0OpoOKy Ta BHUTATYBaHHS
O3HaK, M0 cHpusie OUIbII TOYHOMY HPUIHATTIO
YIPaBIIHCHKUX DillleHb Y CKIaAHUX ymoBax. [lokpaiieHi
MmexaHismMu  yBarm.  C2PSA  no3Bomsie  mozeni
(okycyBaTUCS Ha KPUTHYHUX JUISHKAaX 300pakeHHs, 10
€ B&XJIMBUM JJIsI TOYHOTO aHaJi3y AWHAMIYHUX OO0’ €KTIB.
g MMITAOIJO YOLOvIl € nepcnekTUBHUM
IHCTpYMEHTOM IS IUCTAaHLIHHOT imeHTudiKarii
mapaMeTpiB JAWHAMIYHUX 00’€KTiB. IIpOXyKTHBHICTH ¥y
peamsHOMYy dYaci. Harmomomens YOLOv11 3abesmeuye
BHCOKY MBHIKiCTE 00poOkm kaapie (FPS) mnpm
HE3HAYHOMY 3OUTBIIEHHI KITBKOCTI MapaMeTpiB, IO
iIcanbHO MIAXOAWTH s MOOUTbHHX IwiaTGopm ado
npoHiB.  Mynpruzanaunicte.  YOLOvI1  migrpumye
CerMeHTalio, Kacu(pikaliio Ta OLUiHKY HO3ULiH 00’ €KTIB,
0 poOUTh WOro yHIBEpCAIBHUM Ui KOMILICKCHHUX
IUHaMiYHUX ~ creHapiie. [lokpamieHa 34aTHICTH 10
00pOOKHM CKIamgHUX Bi3yalbHUX JaHUX. [HTerparis
MEXaHi3MiB TPOCTOPOBOI yBark MOKpAILIye TOYHICTh
HaBiTh JUI1 YacTKOBO 3aKPUTHX UM CKIATHHX OO’ €KTIB.
Just ICHITPOIIK YOLOvI11 moxe cinyryBaTH KIFOUOBUM
€IeMEHTOM Y TIOOYHOBI IHTENEKTyalbHUX CHCTEM
MATPUMKH TPUHHATTA pimeHb. [linTpuMka pi3HEX
cuenapiiB. 3aBmsiku yHiBepcanbHocTi, YOLOVI1 Mmoxe
BUKOPHCTOBYBATHCh y PI3HUX rajly3siX, BiJj aBTOMaTH3alii
MPOMHCIOBOCTI 110 cucTeM Oesmeku. Omnrumizaris
yrOpaBiiHHsA. Mojenb 31aTHa 3a0e3NeUdTH NIBHIKAN 1
TOYHHUM aHami3 Bi3yanbHOI iH(OpMaIli, MO 103BOJISIE

cUcTeMaM MIITPUMKHM NPUHHATTS pIllieHb HIBUALIE
aJanTtyBaTucs JO 3MiH. IMIuleMeHTauis B pealbHHX
YMOBaX. [MoninmeHHs NPOJIYKTUBHOCTI Ta

Gararo3zanavyHocTi 103Boisie iHTerpyBath YOLOvI1l y
pilICHHS AJISl CKJIQJHUX OIepalifHUX CEepeNIOBHIN, TaKHUX
SIK KOHTPOJTb 32 TPAHCHOPTOM YM MEIUYHI aHai3u [7].

YOLO-NAS. € cy4acHHM METOIOM IS BUSBIICHHS
00'ekTiB, KM TOeAHye B co0i  aBTOMAaTHUYHE
[IPOEKTYBaHHS apXITEKTYpPH, BHUCOKY TOYHICTb,
MIPOAYKTUBHICTH Ta e(eKTUBHICTH o0unciens. Lleit meror,
po3pobnennii kommanieto Deci. KpanTizariliHo-00i3HaHi
moaym (Quantization Aware Modules). Buxopucranus
MoxyniB QSP ta QCI, mo 3a0e3meuyroTh MiHIMIi3aIlio
BTPAT TOYHOCTI IiJ] Yac MiCASATPEHYBAIbHOI KBaHTI3alii
(Post-Training  Quantization, PTQ). Ili  moxaymi

JO3BOJIIIOTh  €()EKTHUBHO BHUKOHYBAaTH OOYHCICHHS 3
HHU3BKOIO po3psaHicTIO (8-bit), 1110 0c0GIMBO KOPHCHO ISt
MIPUCTPOIB 3 OOMEXEHUMH pPeCcypcamu, TaKuX SK poOOTH
yu IoT-npuctpoi. ABTOMaTH4HE [IPOEKTYBaHHS
apxiTeKTypH (AutoNAC). AutoNAC JIO3BOJISIE
aJIanTyBaTH apXiTEeKTypy MOJENi O KOHKPETHHX 3aB/aHb,
BKJIIOYAIOYM BUMOTH JI0 TIPOAYKTHBHOCTI, amnapaTHOTO
3a0e3nedeHHsT Ta CepelOoBHUIAa BHUKOHAHHA. 3abe3redye
ontuManpHUK Oamanc Mix 3arpumkoro (latency) Ta

nporyckHoro  3xatHicTio  (throughput).  TI'iGpumana
KBaHTI3allisl. Meronuka JI03BOJISIE BUOIPKOBO
KBAaHTI3yBaTH YacTHHU MOJETI, OaJaHCYIOUH MiXK

3aTPUMKOIO0 OOYHCIICHB Ta TOYHICTIO po3mizHaBaHHS. Lle
MiABHILY€e e(QEeKTHBHICTE y 3aJadax peajsbHOro dYacy,
TakKUX SK BUSABJICHHA  JUHAMIYHAX  O0'€KTiB ¥y
TPAHCIOPTHUX cHUcTeMax u9u Jorictumi. [lomepenne
TpEeHYBaHHA Ha BEIMKHX Habopax maHuX. Mogenb
HaBuajgach Ha Habopax Objects365 (2 wminbiioHn
300pakenb, 365 kareropiii) Ta COCO, mo JI03BOJHIO
OTpUMAaTH BHCOKHH pIiBEHb y3arajbHEHHS AJsI PealbHUX
cueHapiiB. ApxiTekTypHi iHHOBamii. IHTerparis OJOKiB
RepVGG 3abesmneuye CyMiCHICTh 13 KBaHTI3alliiHUMU
MiXOJAaMH, TMIiJABUIIYIOYM THYYKICTh Y BHKOPHUCTaHHI
pi3HuX amapaTtHUX mwiatdopM. CTBOPEHO TPH apXiTEeKTypH
(YOLO-NASS, YOLO-NASM, YOLO-NASL), sxi
BiJIPI3HSIOTECS TTUOWHOO 1 po3TanryBaHHSIM OJokiB QSP
ta QCIL. [peumsiitni Bapiantu (FP32, FP16, INTS).
[MigTpuMka pi3HHX (QOPMATIB 3 IDIABAIOYOI0 KOMOIO
JI03BOJISIE e(eKTUBHO TIPaIfoOBaTH SIK Ha
BHCOKOIIPOJYKTUBHHUX CepBepax, Tak 1 Ha MOOUIBHHX
MIPUCTPOSIX.

Jast MOIYCOOI 3aBasikk  BHCOKIH  IIBHAKOCTI
00poOKM Ta MOXJIMBOCTI poOOTH Ha OOMEKEHHX
npuctposix, YOLO-NAS Moke BUKOPHUCTOBYBATUCH JJIS
aHamizy iHQOpMAalifHUX TOTOKIB, BHUSBJICHHS 3MIH Y
pekuMax poOOTH CHCTEMH Ta YNPaBIiHHA CKIaJHUMHU
TIPOLIECaMHU.

HJms MMITAOINAO wmeron 3abe3medye BUCOKY
TOYHICTh Yy BUSIBIICHHI APIOHUX OO'€KTIB 1 TOKpaIeHy
JOKAJi3aIifo, 10 KPUTHYHO s 3aJad MOHITOPHHTY
TPAHCIOPTHUX CHUCTEM, JPOHIB YH IHIIMX MOOUIBHHUX
wiaThopm.

Just ICIIITPOITK YOLO-NAS Moxe iHTerpyBaTHcs
y CHCTEMH MiATPUMKHU NMPUHHATTS pillieHb, 3a0€3Meuy0un
IIBUJIKE Ta TOYHE BUSIBICHHS OO'€KTIB JUIsS IiJBUIICHHS
€(eKTUBHOCTI yNPABIIHCHKUX IPOILECIB, HANPUKIAL Y
[IPOMHUCIIOBOCTI, OXOPOHi 4w siorictuii [8].

SynCamMaster. SynCamMaster € mMeTonom, SKHi
JI03BOJISIE  CHHXPOHI30BaHy TIEHEpalilo Bieo 3 pi3HHX
TOYOK ormigy. Lle mocsraerbcss 3a  JOMOMOTOO
Monudikarii momeperHs0 HATPeHOBaHOI Monenmi text-to-
video. JlaHmii MeTon 3HAXOOWTH 3aCTOCYBaHHSI ¥y
BipTyallbHOMY 3HIMaJbHOMY Tiporeci, 3a0e3mnedyroun
JUHAMIYHY Ta TEOMETPHUYHY Y3TODKEHICTh MiX Pi3HHMHU
MePCIIEKTHBAMHU.

Jst MOTYCOOI metonu, monioni SynCamMaster,
MOXYTb OyTH BHUKOPHCTaHI JJIsl MOJENIOBAHHS CIEHApIiB
KepyBaHHs. ['eHepamuis OaraToKaMepHHX BiJ€O JO3BOJISE
CTBOPIOBAaTH CUMYJIALII CKJIQJIHUX CHUCTEM, 3a0e31edyoun
OTJISIZT 3 PI3HUX TOYOK 30pYy. Y3TOJDKEHICTh MK TOUYKaMH

Bicnuk Hayionanbrno2o mexuiunozo ynisepcumemy « XI11».

40 Cepis: Cmpameziune ynpaeninus, ynpaseninus nopmpensimu, npozpamamu ma npoexmanmu. 2024. Ne 2(9)



ISSN 2311-4738 (print), ISSN 2413-3000 (online)

30py 3a0e3nedye TOYHICTh MOJCTIOBAHHS 1 TPUAHSITTS
pillIeHb.

Jug MMITAHIAO Inentudikamis TUHAMIYHAX
00’extiB. CucremMa 3[JaTHa TeHEpPYBaTH OaraToKaMepHi
BileO, IO [O3BOJISE aHANI3yBaTH AWHAMIKY O00’€KTa 3
JIEeKiNbKOX pakypciB. PosmupenHHs 06a3 maHuUX s

TpeHyBaHHs. [10puaHumii miaxiq [0 HaBYaHHSA 3
BUKOPHCTaHHSIM BIpTyalbHOT'O PEHJEPHHIY JI0NOMarae
CTBODIOBATH  HaBYajbHI HaOOpH JUIs  QJITOPUTMIB
iTeHTUdIKaIIT.

Jis ICTITTPOIIK Bisyanizanii ciienapii. ['eHeparris
BileO 3 PI3HMX TOYOK JIO3BOJIAE OLIHIOBATH HACIHIIKH
YOpaBIiHCBKUX  pimeHs y  auHamimi.  [lepeBarm
SynCamMaster. Arani3y naaux. ['eoMeTpraHO y3roKeHi
BiJICO CTIPHSIIOTH KPAamIOMy PO3YMIHHIO CKJIQTHUX CHCTEM.
Iurerpamiss 3 icHyroummu Momeismu. Plug-and-play
MOZYNb JIO3BOJAE JIETKO PO3IIUPIOBATH MOXKIHMBOCTI
TEKCTOBO-BiI€0 MoJieneit. VY3romxeHicTh MiX
nepcrekTiBaMu. MoJyne  CHHXpoOHi3auii  3a0e3mneuye
CTaOUIBHICTh 1 TOYHICTH MiX PI3HUMH TOYKAaMH OTJISIAY.
lopunauii miaxix 10 HaBuaHHs. [loeTHAHHS peaTbHHUX
JaHUX 3 BIPTYaJIbHUMH JJO3BOJISIE MOKPAIIUTH T'€HEepalilo
Bifieo B pi3HUX ymoBax [9].

FlowNet. JIns MOIYCOOI FlowNet mokasye, sk
METOIU O0YNCITIOBAILHOTO IHTENEKTY, 30KpeMa HeWpOHHI
Mepexi, MOXYyTb OyTH BHKOPHCTaHI IS ONTHMI3aIil
cucteM 00poOKH 300paKeHb.

Apxitektypa FlowNet. Meron mpomonye 1IBi
apXiTeKTypH. FlowNetSimple — cTaHaapTHA
HelipoMepeka, 110 NpHuiiMae 1Ba 300pakeHHs K BXiJI Ta
CaMOCTIHHO BUpIIy€e, SIK OTPUMYBaTH iH(pOPMALIIO TPO
pyx. FlowNetCorr — apxiTekTypa 3 I0JATKOBHM
"KOpeJSIIHHUM mapoM", SIKHii SBHO MOPIBHIOE BIAMOBIIHI
obmacti nmBox 300paxkeHp. Lle Haramye mporec
3HaXOJDKEHHS BIATIOBITHOCTEH MK TOUKaMH B KIIACHYHHX
MeTonax. BIUMB apXiTeKTypu Ha IpPOIYKTUBHICTb.
BkiroueHHs1 KOpemsLiifHOro mIapy IMOKpallye 3/aTHICTB
Mepexi HaBYaTHCS 3HAXOIUTH BIAMOBIAHOCTI  MiXK
300paxXeHHSIMH, IO JI03BOJISIE €(pEKTUBHIIIE MOJEIIOBATH
PYyX MiX KaJipaMH.

s MMITOIIAO  FlowNet  moxe — Oyrm
3aCTOCOBaHMM Uil 3aj4ad JUCTaHLiiHOl imeHTH(iKaLil
00'€KTIB, SKI 3MIHIOIOTH ITOJIOKEHHS, 3aBISIKH 3JaTHOCTI
TOYHO OLIIHIOBATH PYX MIXK HOCIIIOBHOCTSIMH 300paKeHb.
lenepauiss HaBuanbHUX JaHuX. OCKUIBKH —peasibHUX
JlaTaceTiB JUId ONTHYHOTO IIOTOKY HEIOCTaTHBO, OyIo
cTBOpeHo cuHTeTHuHui Habip manux Flying Chairs, mio
iMiTy€e pyxu 00'eKTiB Y KOHTPOJbOBaHUX yMOBax. Xoua Iii
JaHi MEHII peasiCTUYHi, BOHH JIO3BOJIIIOTH MepexaM
TeHepyBaTH Yy3arajbHEeHI Mojenmi, SKi JEeMOHCTPYIOTh
XOpOIy NMPOAYKTHUBHICTh HAa peaNbHUX Habopax NaHUX,
takux sk KITTl a6o Sintel. IIBuakicts poGoTw.
Buxopucranss FlowNet JI03BOJISIE JocsraTu
MPOAYKTUBHOCTI 10 10 KaapiB Ha CEKyHAY, IO Ba)KIIMBO
JUIS  peallbHOTO 4Yacy, Hamnpukiaa, y O0e3miIoTHUX
TPAHCTIOPTHHX 3ac00aX YU pOOOTOTEXHIITi.

Jus ICIIIIPOIIK wmeromu, momi6oui mo FlowNet,
MOXYTb OyTH IHTErpoBaHi B CHCTEMH IMIJTPUMKHU pilllCHb
JUIA ONTHMi3amii KepyBaHHA JWHAMIYHUMH OO0'€KTaMu.
FlowNet BukopucToBye mpHHUMI "KiHELb-y-KiHELb"

(end-to-end learning), mo mo3BoJisie MOJENI BUMTHCS Ha
OCHOBI BeJHMKMX HaOopiB maHux O0e3 HeoOXigHOCTI
PYYHOTO HalAIITyBaHHS mapameTpiB. Lle poOuTh Meron
VHIBepCABHIM IS Pi3HHX 3a1ad. MeTo] BUKOPHUCTOBYE
"anKOHBOMIONIWHI" mmapu ans 30iMBIICHHS PO3IUTEHOL
3IaTHOCTI BUXiTHUX KapT pyxy. Lle mo3Boisie iHTErpYyBaTH
SIK JIOKJIbHY, TaK 1 I00anbHy iH(opMariro.

[TinxoauTh AJIs pealbHOTO Yacy. YHIBEpCalbHICTh Y
3aCTOCYBaHHI 70 Pi3HMX HAOOpIiB NaHUX. MOXIHBICTH
iHTerpamii B CHUCTEMHM IHTENEKTyajbHOI MiATPHUMKHU
piwenb. [Torpeda y Benukux Habopax HaBYAIBHHMX JAHHX
JUISL TOCSATHEHHS BUCOKOI TounHOoCTi [10].

FlowNet 2.0. Kimouosi mepeBarm FlowNet 2.0.
TounicTe. ApXiTeKTypa 3 BHUKOPHUCTAHHSM CTCKYBaHHSI
Mepex 1 ImapiB BpaXyBaHHA MajJHX 3MIIICHb JO3BOJISIE
IOCSATTA BHCOKOI JeTamizalii Ta 3MEHIICHHS MHOXHOKH
ominku motoky. HIBunkicts. OOpobka y pexumi g0 140
KaJIpiB Ha CEKyH/y JO03BOJISE€ IHTErpyBaTu CUCTEMY Y
peanbHi gomaTku. ['HyYKicTh. ApXiTeKTypa MiATPUMYE
HIMPOKHUI CIIEKTP 3aB/aHb, Bijl aHATI3y BEIUKHX 10 MaJIUX
3MillleHb, W0 3abe3leuye YHIBepCalbHICTh VIS Pi3HUX
cueHapiiB. EdexruBHe HaBuaHHs. BukopucraHHs pizHHX
Ha0OpiB MaHWX 1 CTpaTeriid TPeHyBaHHS 3HAYHO ITOKPAIIYe
SIKICTB 1 IMBUAKICTH POOOTH MOJIEI.

s MOIYCOOI FlowNet 2.0 memoHCTpye, SK
rm0oKe HaBYaHHSA MOXE OyTH BHKOpHCTaHE IJISl OI[iHKH
ONITHYHOTO TOTOKY — 3aBJaHHS, SIKE MOTPeOy€e TOYHOTO
aHamizy IUHAMIKH OO'€KTIB Yy BiJCOMOCITITOBHOCTSX.
BukopucToByIOUM apXiTeKTypy TIJIHOOKHX HEHPOHHUX
Mmepex, FlowNet 2.0 BIOCKOHAIOE TOIEPEIHIO BEPCito,
JOAAl04M MEXaHi3MH ONTHMI3alil, Taki sk OaraTopiBHeBi
TpeHyBaJlbHI HaOOpH, CTEKYBaHHS MEpPEX Ta BpaxXyBaHHs
Manux ~ 3MmimeHb. LI BIOCKOHaNeHHS  CHPUSIIOTH
MIBUIEHHIO TOYHOCTI ¥ IIBUAKOCTI OOYHMCIEeHb. Y
KOHTEKCTI MOCTIOBAaHHs iH(OPMAIIHHUX YIPABISIOYHX
cucreM FlowNet 2.0 MOXHa pO3IIIAOATH SK TIPUKIAL
3aCTOCYBaHHS OOYHCIIOBAIFHOTO 1HTEIEKTY IJIsT 0OpOOKH
BEIMKNX MACHBIB JaHWX 1 3a0€3MCUCHHA TOYHOTO
VIPaBIiHHS PyXOMHAMH 00'€KTaMH.

Jast MMITIITIIO FlowNet 2.0 BukopucToBy€ eHI-
TO-eHJ MiAXiA Juid igeHTHdikalii mnapaMmeTpiB pyxy
00'eKkTiB Ha OCHOBI aHayizy map 300paxeHb. 3aBASKH
a/IalITUBHOMY TPEHYBaHHIO Ta apXiTEKTYpi 3 BKIIOYECHHIM
mapiB Uil BpaxyBaHHsS MaluX 3MilEeHb, MOJENb
3a0e3meyuye TOYHICTh HaBITh I HEBEIUKUX MEPEMIIICHb
1 CKIaJHUX pEANTbHUX YMOB. Y KOHTEKCTi JUCTaHINHHOT
imeHTHdikamii me Moxke OyTH BHKOPHCTAHO  JUISA
CTBOPEHHSI CHCTEM CIIOCTEPEXEHHS Ta KOHTPOJIO, IO
JIO3BOJISIFOTH aHaJi3yBaTH JWHAMI4HI OO'€KTH HA OCHOBI
300paxXeHb, OTPHMaHMX 13 BiJJIAJIEHUX CEHcopiB abo
Kamep.

I ICIITIIPOIIK  FlowNet 2.0 3aGesmeuye
IHTepaKTHBHY IIBHAKICTH 00poOku mo 140 xaapiB Ha
CeKyHIy, IO € BAXJIUBUM ISl pEaJbHUX CHCTEM
MIATPUMKH TIPHHHATTS pilieHb. 3aBASAKH IIBHAKOMY Ta
TOYHOMY OIIHIOBAHHIO ONTUYHOTO TIOTOKY, CUCTEMa MOXKe
OyTu iHTerpoBaHa B IUIATGOPMHU, SIKI IPUHMAIOTh PilICHHS
B PEXHMI pealbHOr0 dYacy, HallpHKial, B YIPaBIiHHI
ABTOHOMHUMHM TPAHCIIOPTHUMHM 3aCO0aMH YU B CHCTEMax
ABTOMAaTH30BaHOTO BUPOOHMIITBA. Bukopucranus
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HaBYAILHUX HAO0OpPIB 13 TMOCTYMOBUM YCKIAIHCHHIM
3aBJIaHb TAKOX € KJIFOYOBUM CJIEMEHTOM JUIsl ITiABHUIICHHS
aJlalTHBHOCTI Ta TOYHOCTI cuctemu [11].

Momentum-GS. Momentum-GS € HOBUM HiIX0J0M
0 BigHOBJIEHHS Benukux 3D-cren, mo 0Oa3yeTscs Ha
KOMOIHyBaHHI TiOpHIHHMX TIpPEICTaBICHb Ta MEXaHi3MiB
CaMOUCTHIISLIT 3 BUKOPHCTAHHIM IMITyJIBCY
(momentum). Ieif MmeToq AEMOHCTPY€E BHCOKI pe3yJbTaTu
y 3ajadax BiJHOBJICHHS, ONTUMi3allii Ta YIpaBJIiHHA
ckiaamauMu 00’ektamMu. OCHOBHI OCOOJHMBOCTI METOY.
lOpunai  mpexncraBieHHS.  MeTon — BHKOPHCTOBYE
KOMOIHAIIiI0 SBHUX Ta HESIBHUX XapaKTEPHCTHK, 30KpeMa
OITPHUX BOKCENBHUX CITOK Ta po3pimkeHnx 3D-
raycianiB. Ile 3a0e3nedye BHCOKY TOYHICTH BiJHOBICHHS
Ta eQeKTHBHICTh OOYHCIeHb. MexaHi3M IMITyJIBCHOT
camomucTiisAmii. BBemeno momarts  "Bumrens'  —
Gaussian-mekomepa, KAl OHOBIFOETBHCS 3 YpaxyBaHHIM
iMIynecy. BiH ciayrye mioGaqbHUM OpIEHTHPOM JUIs
"cTyneHTiB" — OJIOKiB, 1[0 HaBYalOThCsA. KoxeH OJI0K
oTpuMye rio0ainbHi BKa3iBKU, L0 CIPUSE MPOCTOPOBIH
Y3rOKEHOCTI BiJTHOBJICHOT CIICHH. Junamigne
peryyioBaHHs Bar OJIOKIB 3aJeKHO BiA SKOCTI 1X
PEKOHCTPYKII JO3BOJSIE TPUAUIATH OibIle yBaru
cabkuM AinstHKaM cueHd. [lapanensae HaBuaHHSA. MeTox
3HIMa€E OOMEKEHHS Ha KUIBKICTH OJIOKIB, SIKI MOJKHA
00pOOHTH OJHOYACHO, JO3BOIITIOYH MacITadyBaTh 3aaadi
BiIHOBIEHHS Ha oOmexeHi kinpkocti GPU. Iligxin
BKITIOYA€ TIEPIOJMYHUHA BinOip MiAMHOXWH OJIOKIB It
posmominy Mk GPU, mo ontumizye BUKOPHCTaHHS
00YHCITIOBAILHUX peCypciB. AnanThBHa Bara OJIOKIB.
3anpornoHOoBaHa CTpaTeriss JHHAMIYHOTO 3Ba)KyBaHHS
OJIOKIB TPYHTYETBCS Ha SIKOCTI ix pekoHcTpykuil. Lle
JIO3BOJISIE KOPUTYBATH MOJIENb Y HAIIPSMKY CIaOKHUX 30H,
ITiIBUIILYIOYH 3araibHy KOHCHCTEHTHICTh CIICHH.

Jms MOIYCOOI Momentum-GS wmoxe Oytu
aJIalTOBaHUK Ul MOOYZ0BH MOJIENIe CKIaHUX CHCTEM,
HaTIpUKJIaN, i1H(QOPMAIITHO-yIIPaBISIFOUAX CHCTEM, Jie
BaXIJMBO 30epiraTh y3ro/DKEHICTh MIDK YacTHHAMH
CHCTEMH.

Tt MMITAINIO meron 3abesrnedye TOYHICTH 1
CTaOIIBHICT TPU aHAJI31 BEJIUKHUX 00'€KTIB, HATIPUKIIAJ, B
3aJia4ax MOHITOPHHIY AWHAMIYHUX 00’ €KTIB y peabHOMY
gaci.

Jnsa ICIIIIPOIIK Moxxe OyTH KOPHUCHHUM IS
MOJICTIFOBaHHS BEJIMKHX Ta CKJIAaJHHUX CLEH, TaKuX SK
IHTepaKTHBHI MOJiei yrpasiinus [12].

Liger-Kernel. Jns MOIYCOOI Liger-Kernel
3acTocoBye Meronu ontuMizanii GPU-sgep, Taki sk
3MUTTA  omepaniii  (operation fusion), mo 3MeHIIye
3aTPpUMKH ~ OOYMCIEHb 1  BHUKOPUCTAaHHSA  TaM'ATi.
[IpuckopeHHs: pPoOOTH aNTOPUTMIB OOYHCITIOBAIILHOTO
iHTEeNeKTy. 3muTTS OOYMCIeHbP Yy TpaHchopMepHHX
MOJEISAX JO3BOJISIE peani3yBaTH ONTHMAIbHI CTpaTerii
IUTaHyBaHHS Ta yNPaBJIiHHA B peaqbHOMy daci. Po3poOku
CHCTEM i3 HH3BKHM CHEProcCIoXMBaHHAM. EdekTnBHe
BukopuctanHs nam'sti  GPU  cnpusie  3HMKEHHIO
€HEeprocroXMBaHH 00YHCITIOBAIBHUX KJIACTEPIB.

Hdus MMITAIIAO Liger-Kernel wmoxe Oytu
BHUKOpPUCTaHA IS OOpPOOKH BENUKOi KiJIbKOCTI JaHUX B

peabHOMYy  daci.  OnrTumizamis — OOYHCITIOBAILHOT
e(heKTUBHOCTI s ineHTudikarii mapaMerpiB JMHAMIYHUX
00’extiB. Buxopucranass RMSNorm i LayerNorm s
HOpMaJTi3arii JTAaHIX 3abe3medye cTaOLIBHICT
AITOPHUTMIB, SKi aHATI3YIOTh BXiJHI CHTHAJH 3 CEHCOPIB.
IHTerparis anropuTMiB AWCTAHMIINHOI imeHTH(IKALIT ¥
BeNUKI cucTeMH. BukopuctanHs Triton-onTumizoBaHuX
saep Ui TpancdopMarlii Ta aHamily AaHuX, 310paHHX 3
JUHAMIYHHX CHCTeM (JIPOHiB, pOOOTIB).

Just ICTITTPOIIK Ilpuckopenns napyanus LLM s
OpUHAHSTTS pitreHb. Bukopuctanus Liger-Kernel sumkye
OOYHCITIOBaNIbHI ~ BUTPATH, IO JO3BOJAE  IIBUAIIE
PO3pOOIATH MOZET M ATPUMKHI IPUHHATTS PIlICHb.

Apantariis 10 pIi3HUX CEepeHOBUI OOYHCIICHB.
3aBasku iHTerparii 3 miatrdgopmamu PyTorch, DeepSpeed
i Triton, po3poOHUKH MOKYTb JIETKO aqarTyBaTH CHCTEMY
UL cTIeMUQigHNX TOTped, TAaKUX SAK YIPaBIIiHHA
BUPOOHUUYMMHE TIpOIIecaMy UM aHami3 6iznec-manux [13].

Stereo  Anywhere. Mertox Stereo Anywhere
MPEJACTAaBIs€  IHHOBAIIMHUN  MiOXim 70  CTepeo-
BIJIMIOBITHOCTI, SKUH 00'€qHY€ TpaauIliiiHIi r€OMETPUYHI
NPUHLIUIHA CTEPEO 3 MINOOKMMHU HEHPOHHUMH MOJESIMU
Vision Foundation Models (VFMs) mis MoHOKyIspHOT
omiHKA TMOWHU. Ll MeToaWka BHpINIye KIFOYOBI
npoOleMH  Cy4acHHX — CTepeo-Moneliedl:  oOMexeHa
y3arajJbHEHICTh B pPI3HHX CIEHApiAX Ta TPYTHOII 3

rMOOKOI0  imeHTH(IKAliel0o Ha  TEKCTYpHO-OiTHHUX
MMOBEPXHAX, TPH OKIIO3IIX 1 Ha HemamMOepTOBHX
TIOBEPXHSIX.

OcHoBHI KkOMMOHEeHTH Stereo Anywhere Meron
0a3yeThcs Ha TPHOX OCHOBHUX eTamnax. EkcTpaxiis o3Hak.
Meperka BUKOPHCTOBYE TONEPEAHBO HATPEHOBAaHI MOJENI
JUTS. OTPUMAHHS O3HAaK 3 Mmap 300pakeHb Ta iX TIHOMHHHUX
kapT, reHepoBaHmXx VFMs. IloOyzoBa KopermsmiiHux
mipamin. KoOHCTpyrOrOTBCS [1BI  KOpemsmiiHi  00’eMHI
CTPYKTYPH — OJIHA JIJIsI CTEPEO BiAIMOBIXHOCTEH, 1HIIA JUIs
MOHOKYJISIDHUX ~HopMmayiei rmbuan. lLle  nosBoise
MoeaHATH 1H(GOpPMAIID TPO TEKCTypy 1 TEOMeTpilo.
ITepatuBHa oOmiHKa gucmapureTy. 3i0paHi  O3HAKH
BUKOPHUCTOBYIOTbCSI Ul YTOUHEHHS KapTH IUCIIAPUTETY
3a JIOIIOMOT'00 HOBITHIX apXiTEKTyp IJIMOOKOTO HABYAHHS.
InHoBaIii Meromy. 3JMTTS MOHOKYJSIPHHX 1 CTEPEO
curHainiB. Merox moemHye gaHi 3 VFMs s
MOHOKYJISIpDHOT ~ TNIMOMHM 3 TpaaulidHOI  CTepeo-
reomerpiero. lle 3abes3rneuye CTIHKICTh 10 OKJIIO3iH Ta
TEeKCTYpHO-OimHUX obnacted. HoBi cTpaterii 30iMbIICHHS
aHNX. 3acTOCOBYIOTBCS cnenugigHi METOIH
JIONIOBHEHHS, SIKI TMiJBUIIYIOTH TOYHICTE podOTH 3
HenaMOepTOBMMH TIOBEPXHSIMHM, TAaKUMH SIK J3epKalia 4
npo3opi marepiamu. Onruuni imo3ii. CTBOpeHO HOBHH
Habip manmx MonoTrap mnst omiHkm poboTH MeTOxy B
yMOBax, /¢ TPaauIliiiHi MOHOKYJSIpHI MOJENi 3a3HAaI0Th
TpyaHomiB. Pesynpraté Ta mepeBarn Stereo Anywhere
JEMOHCTPYE BHJATHY 3[aTHICTh JO Yy3arajibHEHHS B
HymsoBHX-shot  yMoBax, 30Kkpema B  CHTYyaIisX.
JI3epkanpHUX MOBEPXOHb, e 3BUYalHI ceHcopu LiDAR
abo crepeo-cucteMn ManoedeKkTuBHi. TekcTypHO-0iaHNX
PETiOHIB, Jie TPaIuIliiiHi METOAN HE MOXYTh 3a0€3IeYUTH
TOYHE 3icTaBieHHs. [lepcriekTHBHUX 1MI031H, SIKi 3a3BHYal
3aIUTyTYFOTh MOHOKYJIIpHI Mozeni [14].
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Jns  MOIYCOOI  BignoBimae motpedam y
MOJEIIOBAHHI Ta onTuMi3arii iHQopMamitHIX
YOpaBISTIOUYMX CHCTEM [UIS pealbHHUX CIeHapiiB i3
BHCOKOIO CKJIAJHICTIO, TAKAX SIK aBTOHOMHA HaBiraris abo
po3IupeHa peaabHICTb.

HJms  MMITAIIIAO
IHTerpalii.

Jnst noBux ICIITTPOIIK moke ciiyryBaTH OCHOBOIO.

Moxke OyTH TIPHUKIAIOM

Neural Attention Memory Models. Merox Neural
Attention Memory Models (NAMMSs) mpeacTaBiisic HOBY
CTpaTerito  onTUMi3amii  TpaHCGOpPMEpiB  IUIIXOM
yopaBrmiaHa ix mam’srtio  (KV-kemem). Meroo €
MTOKpaIIeHHs eQeKTHBHOCTI TpaHchopMepiB depe3 Bimdip
HAaBOXJIMBIMIMX KOHTEKCTIB y TaM SATi MOJeNi, IIo
OCOONMMBO KOPHCHO Ui 3aJad i3 BEIUKAMH BiKHAMHU
KOHTEKCTy. 3alpollOHOBaHA MOJENb HABYCHOI mIaMm sITi
BU3HAa4Ya€ BAXJIMBICTh TOKeHIB y KV-kemni, Bikugarouyu
HaliMeHI 3Hauym. l{e BpaxoBye BajKJIMBICTh TOKEHIB Ha

piBHI ImapiB 1 TroiiB YyBaru, ONTHMI3yIOUH poOOTY
Tpanchopmepa. Onrtumizaris  mam’sti B NAMMS
JOCSITA€ThCS  3aBISKM  BUKOPHCTaHHIO  QITOPUTMIB

€BOJIIOLT, 1110 TO3BOJISIE YHUKATH HEJOMIKIB TPaiEHTHOTO
CIYCKY Ta €()EKTUBHO YNPaBJIATH JaHUMH. Bukopucranus
MaTpulb yBaru TpaHchopMmepa SK €AUHOTO BXOIY
3a0e3medye YHIBEpCAIBHICTh MOJECTI U PI3HUX 3ajad,
3aCHOBaHHX Ha camoyBa3i. HaBueni NAMMSs 3HIXKYIOTh
BUKOPHCTaHHS Tmam’ati mo 75% 0e3  BTpath
MPOAYKTUBHOCTI Ta MiATPUMYIOTH zero-shot transfer Ha
HOBI apxiTekTypu a6o nqomenu [15].

Jns MOIYCOOI BuxopuctanHas NAMMs Moxe
3HAYHO ONTHMI3yBaTH IPOLECH YIPaBJIiHHS IaM’STTIO B
IHTENIEKTYaIbHUX CHCTeMax, 3HIKYIOUM BHTpaTH Ha
oOuncnennsi. lle 0coONMBO BaXJIMBO [UISi CHUCTEM 3
BEJIMKMM 00CATOM HaHUX, J¢ HeoOXimHO 30epiraTw Juiie
HallakTyalbHIITY iHQOpPMAIIIO s IPUAHATTS PillleHb.

Jns MMITOIIIAO NAMMSs 3natHi  aganTHBHO
BUIUIATH  HAWOULTBII  peEeBaHTHI  XapaKTePUCTHUKU
JUHAMIYHHX 00’€KTiB, 3a0e3edyroun BHCOKY TOYHICTh
MOJICTIIOBAHHS TPW 3MEHIIEHHI 00csry KoHTekcty. lle
JI03BOJISIE  30CEPEMTUCh HAa KIIOYOBHX IapaMeTpax,
MiHIMI3yIOUH iHOPMAIIHUHA HIyM.

Jlis ICTITIPOIIK 3aBasiku 37aTHOCTI 10 "HYJIBOBOIO
neperocy" NAMMs MoxyTs OyTH 3acTOCOBaHi s
onTUMi3alil NpoLeciB KepyBaHHsS B Pi3HUX JIOMeHax 0e3
HEOOXITHOCTI JOAAaTKOBOrO HaByaHHs. Lle migBuiye
e(CKTHBHICT CHCTEM MIATPUMKH MPHHHATTS PIilICHb B
YMOBaX HEBU3HAYEHOCTI.

BucnoBku. OTprMaHi pe3yabTaTH HiATBEPIKYIOTh,
10 3aCTOCYBAHHS METOJIiB O0OYHCITFOBAILHOIO IHTEIICKTY B
peaNbHUX CHUCTEMax JO03BOJISIE 3HAYHO MiJBUIINTH PiBEHBb
aIalITHBHOCTI, TOYHOCTI Ta €(QEKTHBHOCTI y BHpIIICHHI
CKJIaIHUX 3aBIaHb. Pe3yabTaTd AOCIIIKEHb MMOKAa3yHTh,
0 IHTErpallis TaKuX IHHOBAIIIMHMWX TEXHOJIOTIH y pi3Hi
chepu, 30kpema B aHaIIi3 BiJle0, CHHXPOHI3AIIO JaHUX Ta
MOJICTTIOBAHHS TUHAMIYHHUX 00’ €KTIB, 1a€ 3MOTY HE TUTLKH
MOKpaIMUTH (YHKIIOHAJIBHICTh ICHYFOUMX CHCTEM, aje |
BIIKPUTH HOBI MOXUJIMBOCTI JUII ONTHMIi3allii MPOLECiB
ynpasiiaHs. Lle cnpusie po3poOmi Oinbmr edeKTHBHUX
pilleHs i1 aBTOHOMHHUX CHCTEM, POOOTOTEXHIKH Ta

iHImMX cdep, Ie BUCOKUI piBeHb TOYHOCTI Ta MIBUIKOCTI €
KPpUTHYHUM. AHali3 3aCTOCYBaHHS OOYHCIIOBAILHOTO
IHTENIeKTy y BigeoaHawi3i, CHHXpOHi3amii TaHWX Ta
MOJICTIOBaHHI AUHAMIYHUX 00’ €KTIB IEMOHCTpPY€E 3HAYHUN
MTOTEHITial U ONTHMI3alii peallbHuX CHCTeM. [HTerpartis
METO/IB TTTHOOKOTO HABYAHHS, CHHTETUYHUX IaHUX Ta
aHamizy pyXiB 3a0e3lmedyye BHCOKY TOYHICTH Ta
aaNTUBHICTh CHUCTEM J0 3MIHHMX yMOB. lle no3Boise
e()CKTHBHO MIATPUMYBATH IPUNHSITTS PIICHb Y CKJIATHUX
JUHAMIYHHUX CepelOBUINaX. [HTerparis TaKuxX TeXHOJIOTIN
Ja€ MOJJIMBICTh 3HAYHO 3MCHINUTH OOYHMCIIOBAIBHI
BUTpATH Ta MiJBHUIINTH MIBUAKICTh BUKOHAHHS 3aBJaHb Y
peanbHOMY dYaci, 1[0 € BaKJIMBHUM AaCIEKTOM MJIsl TaKhuX
chep AK aBTOHOMHI  TPAHCIOPTHI  3acobu  Ta
poboTOTEXHIKA.

Bukopucranas meronie HunyuanVideo ta emg2pose
II03BOJISIE MOKPAIIUTH TOYHICTE aHaIizy Ta
NPOTHO3YBaHHs, 30KpeMa y cdepi MOHITOpUHTY Ta
IICHTU(IKAIT JMHAMIYHUAX 00'€KTIB, 10 € BAKIMBHUM IS
ONTHMI3alii NPOLECIB yIPaBIiHHS Y pealbHOMY Yaci.

Meroau StableAnimator i FlowNet 3xaTHi Hagatu
OiIbLI TOYHY Ta CTaOULIPHY aHIMAII0 Ta OLIHKY pyXy
00'€KTiB, 1[0 BAXJIMBO JUII  MOJEIIOBAaHHSI  Ta
imeHTU}IKaI] MapaMeTpiB y CKIaIHUX CHCTEMAaXx.

Iarerpamis  meromie YOLOv1l, YOLO-NAS i
SynCamMaster y cucteMun OOpOOKHM Bigeo Ta JaHUX
JI03BOJISIE 3HAYHO TMOKPAIIATH TOYHICTh BHUSBICHHS Ta
BigHOBNeHHST 3D-CIeH, M0 MOXe OyTH BUKOPUCTAHO IS
aBToMaTm3amii imeHTH(iKamii 00’€KTiB 1 3a0e3meueHHs
e()eKTUBHOTO KEpyBaHH:.

TakumM  4YMHOM,  TOJAJNBIIMKA  PO3BUTOK  Ta
BIIPOBA/KCHHS 1HTETPOBAHUX MIJAXO/IIB 3 BUKOPHUCTAHHIM
O0YHCITIOBAJILHOTO 1HTEJIEKTY B Pi3HUX cdepax T03BOJIE
OiABMIIMTA  ©(PEeKTUBHICTP 1  TOYHICTH  MPOIECIB
yIpaBIiHHS, ONTUMI3yBaTh BUKOPHCTAHHS
O0YHCITFOBATFHUX PECYPCIiB Ta CTBOPUTH HOBI MOYKIIBOCTI
JUISL IPUAHSITTS PillieHb Y peaibHOMY Yaci.
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A. M. KOIlII, I. C. HECTEPEHKO

MOJEJIb BUBOPY IHCTPYMEHTIB LITYYHOI'O IHTEJIEKTY AJIA IIATPUMKHA ITPOLLECIB
PO3POBKHN ITPOI'PAMHOT O 3ABE3ITEYEHHS

InTerpauist iHcTpymenTiB mrty4Horo intenekty (LIII) y mpoexTu 3 po3poOku nporpaMHOro 3abe3nedeHHs] 3HaYHO MiJABUINY€E epEeKTUBHICT BUKOHAHHS
PI3HUX 3aBJaHb NPOTATOM XKUTTEBOTO IUKILY po3poOku mporpamHoro 3adesnedeHHs (SDLC). Inctpymentu Ha ocHosi 1111, BOynoBaHi B iHTerposani
cepenoBuina po3podku (IDE), miABHILYIOTH MPOLYKTUBHICTH PO3POOHHKIB i SKICTh KOAY, @ TAKOX CIPHSAIOTH Kpailiii B3aeMOJii MK y4aCHHKaMu
MPOEKTy Ta cucTeMamu Ha ocHOBI IIII. OcHOBHI HampsIMKH JOoCIiKeHb y ctepi interpanii 111 B mporecu po3poOku MporpaMHOro 3a0e3mnedeHHs
BKJIIOYAIOTh aJaNTallil0 KOPUCTYBALBKUX iHTEp(EUCIB MiJ KOHKPETHI 3aBIaHHS, IiJBHIICHHS NOBipu 10 cucteM Ha ocHoBi IIII Ta mokpamieHHs
uptabenpHOCTI Koay. 11 okparuye nekinbka eramniB SDLC, 30kpeMa aBTOMaTH30BaHy TeHEPALIo KOy, Ieperiisi KOAy Ta IPOrHO3yBaHHS AC(EKTiB.
BropoBampkenns inctpymenrtis 111 B IDE npuckopioe po3poOKy, MiBHINYE SKICTh KOy Ta 3MEHIIy€E KinbKicTh AedexTiB. MammHHe HaB4aHHS Ta
00poOka NpUPOAHOI MOBH BIAIrPaOTh BaXUIUBY POJb Yy MiJBHIICHHI SKOCTI NPOrPaMHOrO 3a0e3MeueHHs 3aBJIKH Kiacudikamii BUMOTr Ta
MPOrHO3yBaHHIO AedekTiB. PimenHs Ha ocuoBi LI, Taki sk pekoMeHpmamiiiHi cHCTEeMH Ta 4YaT-0OTH, MIATPHUMYIOTH Pi3HI MpoOLECH PO3POOKU
HPOrPaMHOro 3a0e3neyYeHHs, BKIIF0Yaro4H 360ip BUMor. ToMy akTyaJlbHUM HayKOBO-TIPAKTHYHHUM 3aBJIaHHAM € CTBOPEHHSI MOJZIEII JUIsl OOIPYHTOBAHOTO
Bubopy iHcTpyMenTiB 11 11t mATpUMKH HPOIECciB pO3pOOKH MPOrpaMHOro 3a0e3MedeHHs 3 METOIO ITiIBHINEHHS e()eKTUBHOCTI IPOEKTIB. Y IbOMY
JIOCITI/DKEHHI 3alpONOHOBaHO MaTeMaTHYHY MOJeJb, sKa MiHIMi3ye BHTpaTH Ha BHKOpucTaHHs iHcTpymenTiB IIII, 3abe3meuyroun mpu LbOMY
JIOTPUMAHHS MiHIMaJIbHUX BHMOT, IO BIUIMBAIOTh Ha e(eKTHBHICTH NpoekTy. OmnTHMisauiiiHa MOJENb BPaxoBye Taki KpUTepii, SK BapTiCTb,
MOXKIIMBOCTI 1HTerpamii, MiATPEMKH Ta (YHKLIOHAIBLHOCTI, BUKOPUCTOBYIOUH HOpMalli3oBaHi OmiHKM Ha ocHOBi Gartner Peer Insights Ta inmmx
BigkpuTux mkepen. LlinboBa ¢yHKIis MiHiMI3ye 3aranbHy BapTicTh iHCTpyMenTiB LI 3a ymMoBH mOTpuMaHHS OOMEXeHb, IO 3a0e€3MeuyIoTh
MiHIMaJIbHO MPHUAHSATHI OwiHKK. Po3poOnenuit miaxin ymoxnuBmoe cucremuuil Bubip iHnctpymentis 11, mo mixuiye edekTHBHICTH MPOEKTIB 3
PO3poOKM MPOrpaMHOTO 3abe3NeueHHs.

Ki1040Bi cjioBa: iHCTPYMEHTH IITYYHOTO iHTENEKTY, MPOLECH PO3POOKH MPOrpaMHOrO 3abe3MedyeHHs, MPOEKT 3 PO3POOKH MPOrPaMHOrO
3a0e31eUeH s, ONTUMI3alliifHa MOJIEb.

A. M. KOPP, I. S. NESTERENKO

A MODEL FOR SELECTING ARTIFICIAL INTELLIGENCE TOOLS TO SUPPORT SOFTWARE
DEVELOPMENT PROCESSES

Integrating artificial intelligence (Al) tools into software development projects significantly improves the efficiency of various tasks within the
software development lifecycle (SDLC). Al-driven tools embedded in integrated development environments (IDEs) improve developer productivity
and code quality, and facilitate better interaction between project participants and Al-based systems. The main research directions for integrating Al
into software development processes include adapting user interfaces for specific tasks, increasing trust in Al-based systems, and improving code
readability. Al enhances several SDLC stages, including automated code generation, code review and defect prediction. Implementing Al tools in
IDEs accelerates development, improves code quality and reduces defects. Machine learning and natural language processing play a critical role in
improving software quality through requirements classification and defect prediction. Al-based solutions, such as recommendation systems and
chatbots, support various software development processes, including requirements gathering. Therefore, a relevant scientific and practical challenge is
to create a model for the justified selection of Al tools to support software development processes in order to improve project efficiency. This study
proposes a mathematical model that minimizes the cost of using Al tools, while ensuring compliance with minimum requirements that affect project
efficiency. The optimization model takes into account criteria such as pricing, integration, support and functionality capabilities, using normalized
evaluations based on Gartner Peer Insights and other open sources. The objective function minimizes the total cost of Al tools, subject to constraints
that ensure minimum acceptable evaluation scores. The developed approach enables a systematic selection of Al tools, thus improving the efficiency
of software development projects.
Keywords: artificial intelligence tools, software development processes, software development project, optimization model.

Beryn. IHTerpauis pisHUX IHCTPYMEHTIB LITY4YHOTO
igTenekty (ILI) B mpoekTH 3 po3poOKH MPOrpamMHOTO
3abe3neueHHs (I13) 3HauHO mimBUIIyE EPEKTHBHICTH
BUKOHAHHS PI3HUX 3aBIaHb y PaMKax >KUTTEBOTO IHKIY
po3pobku mporpamuoro 3abesneuenns (SDLC — Software
Development Lifecycle).

Tak, Hanpuknan, iHctpymerntu I, iHTerpoBani B
cepemosuiia  pospooku  I13  (IDE -  Integrated
Development Environment) m03BOJSIOTH IMiABUIIUTH
MIPOAYKTUBHICTE PO3POOHMKIB 1 AKICTH KOy, CIIPHAIOYH
Kpamiiii B3aeMogii 3aJlydeHHX 10 MPOEKTY (axiBIiB 3
iHcTpymentamMu Ha ocHOBi II. OcHOBHI HAaIPSIMKH
JIocmipkeHs crocoBHO iHTerpamii IIII B mpomecn
po3pobku I13 BKIOUAIOTH PO3POOKY KOPHCTYBAIbKHX
iHTep(eiiciB, MPUCTOCOBAHUX O BUKOHAHHS KOHKPETHUX
3aBJaHb, 3MilHeHHs NoBipH 10 11II-opieHTOBaHNX cHCcTEM
Ta MOKpaIeHHs YUTA0eIEHOCTI MporpamMHoro Koy [1].

3actocyBanns I no3Boisie yHOCKOHAIMTH pi3Hi

eraniu SDLC, BKIIOYaOYH aBTOMATH30BaHY TIeHEpaIlito
MIPOTPaMHOTO KOAY, TEperis] IPOorpaMHOro Koxy (Tak
3BaHe «code review») Ta mepenOadeHHS BUHUKHECHHS
mommwiIoKk. BmpoBamkenas no IDE iHcTpymeHTIB Ha
ocHoBi I Tpu3BOAWTH 1O TPUCKOPEHHS TPOIECIB
pO3pOOKH, TOKpAIIeHHS $KOCTI KOAYy Ta 3amoOiraHHs
BUHUKHEHHIO TTIOMUJIOK [2].

Mamwunane HaB4yaHHS (ML — Machine Learning) Ta
o6po6ka mpupoanoi mou (NLP — Natural Language
Processing) BimirparoTh KIIIOYOBY POJNb Y IIiJBUIIEHHI
skocti [13, Hanpukman, 3aBasky Kiacudikaiii BUMOr abo
MPOTHO3YBAaHHS BUHHMKHEHHs JaedekTiB. TakuM 4YHHOM,
IIMPOKE 3aCTOCYBAHHS BIAMOBiAHMX iHCTpyMeHTiB ML Ta
NLP Ha Bcix eramax po3poOku [13 m103Bosisie migBHIIATH
e(eKTUBHICTh BUKOHAHHS TEXHIYHUX 3aBIaHb YJIEHAMHU
MPOEKTHOT KoMaHu [3].

PizHomanitHi pimeHHs Ha ocHoBi ULII, Taki sk
peKOMEHJAliHI CHUCTeMH Ta 4aT-00TH, 3a0e3NeuyroTh
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MiATPUMKY Pi3HHX TporieciB po3podku [13, Takux sk 30ip
BUMOT 1 Oaratbox iHmUX. Ii iHCTPYMEHTH I03BOJISIOTH
MABUIUTH eeKTHBHICTE Mpami K po3pooHukiB [13, Tax
i iHmwWX QaxiBIiB, CHOPONIYIOYH 3aBIAaHHS 3aBISAKH
HaJaHHIO IHTEeTeKTyaIbHO1 MATPUMKHI CBOIM
KopucTyBadam [4].

OTxKe, aKTyaJbHOI HAyKOBO-NPAKTUYHOIO 3a/1auero
€ CTBOPEHHS MOJEIi JiIsl 3a0e3neueHHs 00IPYyHTOBAHOTO
Bubopy III-3aco6iB minTpuMku nporueciB po3pooku 13,
IO JIO3BOJIUTH MiABUINUTH €(QEKTUBHICTH IPOEKTIB 3
po3podku I13.

AHaJi3 ocTaHHiX 1ocaiKeHb i my6aikaniii. 3riqHo
IOCTIKeHHS [5], BUKOPHCTaHHS iHCTPYMEHTIB Ha OCHOBI
I, Takux sk GitHub Copilot, nemoHCTpY€E TiIBUIIEHHS
MPOXYKTUBHOCTI Ha 21-28% mpu BUKOHAHHI 3aBIaHb B
mpoexTax 3 po3poOku I13. ABTopH BigMidaioTh, MO I
cTae 0COOJMBO KOPHUCHUM JUIsl PO3POOHHKIB-IIOYATKIBIIB,
3aBJSKM CKOPOYEHHIO Yacy Ha HallMCaHHS NPOrpaMHOTO
KOJy Ta MiIBUIICHHIO 3aJI0BOJICHOCTI poboToto [5].

CucrtematuuHuil oIyt Jociuimpkenb [2] B cdepi
interpanii I B  imkenepito [I3  migkpeciioe
BUKODHCTaHHS MAIIMHHOT'O HaBYaHHA Ta TJMOOKOTO
HaBYaHHS Ha eTamax po3poOku Ta TecTyBaHHs 13, mio
JIO3BOJISIE TMIABHIINTH sIKicTh 113 3aBASKM MPOTHO3yBaHHIO
BUHWKHCHHS TIOMHJOK Ta PEKOMEHAAIsM  IIOJO
MTOKPAIICHHS SIKOCTI MIPOTpaMHOTo Koy [2].

VY nitepaTypHHUX JpKepenax, MPUCBSUCHUX JOCBILY Y
ctepi imrerpamii Il mo IDE, nHanpukmam y [l1],
MIIKPECITIOETCST BAXKIIMBICTD PO3POOKH KOPHUCTYBALbKUX
iHTepdeiiciB, sKi CHOPUSIOTH JOBIpi PO3POOHUKIB Ta
MOKPAIIYIOTh YUTA0CIbHICTh IPOrPAMHOTO KOAY, [0 Ma€e
BUpIlIaibHe 3HA4YCHHS JUIs e()eKTHBHOI CHIBIpami MiX
po3pobuukamu Ta Ill1-3acobamu [1]. B iHmiii ornsaosii
craTTi [6] 3mificHIOETBCS aHami3 44 JOCHIKEeHb, sKi
BHCBITNIIOIOTH POJIb 3aCTOCYBaHHS IHCTPYMEHTIiB Ha
ocHoBi LI B mixBuieHHI eheKTUBHOCTI BUKOHAHHS (a3
Agile-npoexTiB, MOB’sI3aHUX 3 OIIHKAMH PHU3HKIB Yy
IUIaHyBaHHI, OIIHKAMH 3yCHJb, PO3MOIIJIOM 3aBIaHb,
KOMYHIKaIli€f0 B KOMaH/i, PO3B’3aHHAM TEXHIYHUX 33724
Ta {HIIUMH aCIIEKTaMU.

Y poboti [7] yBara HPUAIISETHCS AOCIHIHKEHHIO
BIuMBY reHepatuBHoro LI Ha edexTHBHICTH PO3pOOKH
I13, pesyabraTd 3acTOCYBaHHS SIKOTO JEMOHCTPYIOTh
CKOpPOYEHHS 4Yacy Ha CTBOPEHHS MPOTPaMHOTO KOAY Ha
45%, mOKpaIlleHHS TECTOBOTO IOKPHUTTSA IPOrPaMHOI0
kony Ha 60% 1 3MEHIIEHHS KUTBKOCTI MpoOJIeM Micis
posropranns [13 Ha 30%, mo MigKpecitoe BaKIMBICTH
3aCTOCYBaHHS IHCTpyMeHTiB Ha ocHoBi I s
MiABUINCHHS C(QEKTHBHOCTI BHKOHAHHS 3aBAaHb Y
npoekTax 3 po3podku [13. Inme pocmimkeHHs [8]
PO3TIIsIa€ 3aCTOCYBAHHS METO/IIB MAlIMHHOTO HABYAaHHSI
JUISL PO3MOJIIY PecypcCiB i1 IIaHYBaHHSI, IO JEMOHCTPYE
3HAaYHE IiIBUIIEHHS €(PEeKTHBHOCTI MPOEKTIB 3 PO3POOKH
13, B TOMy 4HCTi — IiABUIIEHHS €(eKTUBHOCTI PO3IIOILITY
pecypciB Ha 37% 1 30iNbIIEHHS YacTKA BYACHO
BHKOHAHUX MPOEKTIB Ha 25%.

VY crarri [9] Takox Bim3Hauwaethcs pons LI B
MiBUIICHHI  €(EeKTHBHOCTI  YNpPaBIiHHSA IPOEKTAMH,
30KpeMa 3a JIOTMIOMOTOK0 TaKUX METOJIB, SK JIiHiiHE
NpOrpaMyBaHHS, TEHETHYHI aJrOPUTMH Ta HEWPOHHI

MEpeXi, SKi JO3BOJSAIOTh  YAOCKOHAIUTH  TPOIECH
PO3MOJITY pecypcCiB, IMIIaHYBaHHS Ta MPHUHATTS PIillIcHb,
o B KIHIEBOMY MiJCyMKy J[O3BOJIUTH IIOKPALIUTH
pe3ynpTaTH TPOEKTIB 3 po3pobku [13 Ta 3amoBoneHiCTH
CTEUKXOJIIEPiB.

Cratta [10], mpucBstaena pomi LI B ymockoHaneHHi
Agile-metononoriii, posrisinae 3actocysanns 11-3aco6is
i miapumeHas skocti [13. B po6ori [10] BigmivaeTbes
BaXUBICTh BUOOpY BigmoBiguux IlII-acucteHTiB s
BUKOHAHHS KOHKPETHHX 3aBJaHb 3 METOIO YIOCKOHAICHHS
mporecie po3pooku I13. V poboti [11] posrimsaaroTses
metomu LI, Taki sk HEHpOHHI Mepexi, HeUiTKa JIoTiKa Ta
IHTETIeKTyaNbHIH aHaJl3 JaHWX, BIAMIYAa€ThCS MOTEHIIA
iX 3acTocyBaHHA /M MiABHINCHHA €(EeKTHBHOCTI
po3podbku II3 Ha pi3HHX eTamax IPOEKTy, 30KpeMa,
T AKPECITIOETHCS BAXKIINBICTh BUKOPUCTAHHS IHCTPYMEHTIB
I, criemianbHO afaNTOBAHUX 0 KOHKPETHUX 3aBIAHb.

JocnmimkenHss [12] npucesiueHe IHTENEKTyaJbHUM
iHcTpyMeHTaM po3poOku I13, siki 703BOJISIOTH MiABUILUTH
e(eKTUBHICTh 3a paxyHOK aBTOMaTH3allii TreHepauii
MPOrPaMHOTO KOJYy Ha OCHOBI BHCOKOpPIBHEBHUX OITHCIB
0i3Hec-NpoLEeCiB, JO3BOJSIIOYH 1HXEHEepaM 1 3aMOBHUKaM
30CcepeuTiCS Ha BHMOrax, a HE Ha NpOrpaMyBaHHi.
Takoxx y crarti [13] posrmsamaerbes  iHTErparis
reaepatuBHoro Il B THyuky po3pobky II3 -
BUCBITIIOETBCS 3acTocyBaHHs LI B 3aBnaHHAX reHepauii
NpOrpaMHOro KOAy, aBTOMAaTH30BAaHOMY TECTYBaHHI Ta
MIOIITYKY nedeKTiB, 110 II03BOJISIE M ABUALLIUTH
NPOJAYKTUBHICTh 1 NPHUCKOPUTH LUKIM JoctaBku [13,
e(eKTUBHO BHPILIYIOYM 3arajibHi MpoOJeMH yIpaBIiHHS

MIPOEKTAMHU.

Ile B omuiit crarti [14] po3rsgaeTbes
3aCTOCYBaHHs METO/IB 1T s MABUIIEHHS
edexkTuBHOCTI  po3poOku  [I3  mporarom  ychoro

KHUTTEBOTO IHKIy po3podku [13. Ilpm mpomy, akmeHT
poOuThCs Ha aBTOMATH3allil0 TaKWX 3aBJaHb, SK
IEKeHepiss BHMOT, TeHepallisi NpOrpaMHOr0  KOXY,
npoektyBanHs 13, tectyBanns I13, mokpamryroun Takum
YMHOM pE3YJIbTaTh MPOEKTY Ta CKOPOUYIOUHM Yac Ha HOTro
peauizarito [14].

Merta nocaimkennsi. IliaBuienHs e(eKTHBHOCTI
OpPOEKTIB 3 po3pobku [13 3a paxyHOK OOIPYHTOBAHOTO
BuOopy II-3aco6iB minTpumku npoueciB po3podku I13 i
MOJJAJTBIIIOTO X BIPOBAKEHHS.

Buknang ocHoBHOro martepiany. s 3a0e3nedeHHs
obrpyrroBanoro  Bubopy  IlI-3acobiB  minTpumku
mporeciB  po3poOku I13, mpomoHyeThCs MaTeMaTHYHA
MOJeNb,  SIKa  Iepepdadae  MiHIMI3alilo  BapTOCTi
BukopuctanHs lI-iHcTpyMeHTIB mpu  3a0e3nedeHHi
MiHIMaJBFHIX BHMOT 3a acHEeKTaMH, SKi BIUIMBAIOTH Ha
e(eKTHBHICT MPOEKTIB 3 po3poOxu [13.

Hexaii BHU3HAueHO MHOXHHY 3aB/IaHb TPOEKTY 3
pospobku I13 T = {ty, ty, ..., t,} Ta MHOXHHY JOCTYITHHX
III-inctpymenris A = {a,, a,, ..., Ay }-

Busnaunmo GiHapHy 3MiHHY X;;, [ = 1Lnj=1m:

)

_ {1,m<uxo a; 06paHo /i1 3aBJaHHA t;;
b 0, B iHIIOMY BUIIAJIKYy.
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JI71st KOXKHOTO IHCTPYMEHTY BH3HAUYAIOTHCS HACTYITHI
OIiHKH, 3rigHO Metoxosorii Gartner Peer Insights [15]:

- e, j= 1,_m — OLiHKA IHCTpyMEHTa a; 3a L[IHOBOIO
MOJIITHKOI0 Ta B3aeMopiero 3 kiieHramu (Evaluation &
Contracting);

- d;, j =1,m - ouinka iHCTpyMeHTa @; 3a piBHEM
inTerpauii Ta posropranus (Integration & Deployment);

- §j, j=1,m — oniHka iHCTpyMeHTa @; 3a piBHEM
obcyroByBaHHs Ta miaTpuMku (Service & Support);

- pj, j=1m - ouinka iHCTpyMeHTa a; 3a
(yHKIiOHATTEHIMHA MOJKJTHBOCTSIMA (Product
Capabilities);

- ¢, j=1m — BapTicCTb BHKOPHCTAHH]

iHCTpyMeHTa ;.

Ockinbku 3a meromonoriero Gartner Peer Insights
OLIIHIOBaHHS IHCTPYMEHTIB 3/1iHCHIOETHCS 3a IIKaJIo 1-5,
MIPOTIOHYETHCSI MPOBECTH HOPMAII3aIil0 32 JOIIOMOTOIO
Min-Max metony [16] mis npuBeICHHS 3HAYECHb €, dj, Sj,
pj,j= 1,_m no miamazony [0, 1]:

ej— min _e;

* j=1m
er =~ J=tm 2
J max ej— min_e;’ )
j=1m j=1m
dj= min d;
dj = —2=2m 3
7 max dj- min_d;’ ©)
j=1m j=1m
Sj— min_s;
] =="]
* Jj=1m
S =— 4
J max s;— miisj-' ( )
j=1m j=1m
pj= min_p;
* = —_J=im 5
P max pj— min _p;’ ®)
j=1m j=1m

Jns Hopmaiizauii 3Ha4YeHb BapTOCTi (j, j=1m
MPOTIOHYEThCS  3aCTOCYBaTH OOEpHEHY HOpMaizalliio,
OCKUTPKM MEHIII 3HAYeHHS BapTOCTI B yMOBaxX BHOOpPY
LII-iHCTpYMEHTIB Ui BUKOHAHHS 3aBJaHb HPOEKTY 3
po3podku I13 € mepeBaxHUMU:

max c;j—c;
=1m
¢ =L (6)
max cj- min c;
j=1m j=1m

Takum umHOM, micias HOopMaiizaiii Bci ominku IIIT-
iHCTpyMeHTIB @;, j = 1,Mm 3a O3HAYCHUMH KPHTEPisSMH
(2)—(6) OyayTp mpuBejieHi A0 OJHAKOBOrO Macuitaby B
niamazoni [0, 1], M0 JX03BONUTH BHKOPHCTOBYBATH X Y
onrtuMizaniitaiii Mogeni Bubopy IlII-3aco0iB minTpumMkn
mporieciB po3pooku I13.

LinpoBa (yHKIIS 3ampONOHOBAHOI ONTHUMI3aIliHOT
MoJeni rependadae MiHiMizalio 3araiabpHoOi BaprocTi C
BukopuctanHsa IllI-3aco6iB 111 BHUKOHAHHS 3aBAaHb
MPOEKTY 3 po3poOku I13, mo BU3HAYAETHCSA Yepe3 CyMy
N00YTKiB HOpMANi30BaHUX KOE(DilieHTiB BapTOCTi ¢ Ta
OiHapHUX 3MIHHHUX X;;:

minC,C =Y XL ¢ X (7)

YV Buriai  oOMeXeHb ONTHUMi3aliiiHoi  3amaui
MpeACTaBUMO MiHIManbHI BUMOTH J0 ominok [III-
iHCTpyMeHTIB 3rigHo Metoxoiiorii Gartner Peer Insights,

BHPaKCHI yepe3 HOpMasli3oBaHi KoedillieHTH e;, d]- Sj
p]”-‘, j=1,m, axi noBUHHI OyTH BUKOHaHI 3a KOXHHM

ACIICKTOM.:
E> E‘,E =Z?:12;-”:16j*xij, (8)

ne E — 3arampHa ouinka Habopy IllI-3aco0iB 3a
[IHOBOIO TOJITHKOI Ta B3aEMOMIIEI0 3 KIIEHTAMHU
(Evaluation & Contracting);

E - wminimansue NPUNAHATHE 3HAYCHHS OILIHKU
Habopy III-3aco0iB 3a [iHOBOIO MOJITHKOIO Ta
B3aeMoieto 3 kimieHTaMu (Evaluation & Contracting);

D=D,D =3k, Y d x;, ©)

ne D — zaranpHa ominka Habopy IllI-3acoGiB 3a

piBHeM imTerparii Ta posropramus (Integration &
Deployment);
D — wiHiManpHE TPUAHATHE 3HAYCHHS OIIIHKHU

Habopy Ll1I-3aco6iB 3a piBHEM iHTerpauii Ta po3ropTaHHs
(Integration & Deployment);

S>> SA,S = Z?:l Z;n:]_ Sj* xi]-, (10)

ne S — 3aranbpHa oninka Habopy III-3aco6iB piBHEM
obciryroByBaHHS Ta miaTpuMKu (Service & Support);

S — wminimansue MPUAHATHE 3HAYCHHS OIHKH
HaOopy IIII-3aco0iB  piBHEM  0OCIyroByBaHHS Ta

niarpumku (Service & Support);
P2P,P=3" Y px; (11)

ne P — 3arampHa ouinka HaOopy IlII-3aco0iB 3a

(yHKIIOHATEHUMHA MO>KJTHBOCTSIMA (Product
Capabilities);

P — wminimansue NPUNAHSATHE 3HAYCHHS OIIHKA
HabOpy [II-3aco6iB 3a (YHKIIOHATBHAMH

MosxsmBocTsMH (Product Capabilities).

JlonaTKOBO HAKIIAMAETHCSI OOMEXKEHHsI 3 BUOOPY UIst
KOXKHOT'O 3aBJIaHHS POEKTY 3 po3poOku I13 nuie oHOTO
HII-iHCTpyMEHTY:

m _ F 1
ijlxij = 1,1. = 1,7’1. (12)
Kpim Toro, 3miHHI omTumizarmii X, L=1n, j=

1, m noBuHHI OyTH OYyJIEBUMHU:

x; €{0,1},i=1n,j=1m. (13)

3anpornoHoBaHa MaTeMaTH4YHA MOJIEINb SIBISIE COOOI0
3aja4y OyJeBoi onTHMi3alil, sika J103BOJIsiE CHOPMYBATH
HaOip LHI-iHcTpyMeHTIB Ui BUKOHaHHS HaOOpy 3aB/aHb
MPOEKTY 3 po3poOku [13 3 ypaxyBaHHAM aCHEKTIB SIKOCTI
(3rimHo Meronosorii Gartner Peer Insights) Ta BapToCTi.
OCHOBHOIO METOIO JaHOI MOJIENI € MiHIMi3alis 3arajlbHUX
BuTpar Ha Bukopuctanus lll1-3aco6iB nmpu ogHOUaCHOMY
3a0e3neyeHHi BUKOHAHHS MIiHIMAJIbHUX OI[HOK I[IHOBOI
TOJITHKH Ta B3aEMOJII 3 KIi€HTaMH, PiBHS iHTerpamii Ta
po3ropTaHHs, OOCIYTOBYBaHHSA Ta MiATPUMKH, a TaKOX
OIIIHOK (DYHKIIOHAILHUX MOXJIMBOCTeH. Hopmarmizaris
BIAMOBITHUX KOeQIIieHTIB Haga€e 3MOTYy YHHUKHYTH
BIUIMBY DPi3HUX MacmTaliB BEIHMYWH (HAPUKIAA, OIIHOK
Bimx 1 mo 5 Ta Baprocti BHKopuctaHHs IIII-3acoGiB y
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TPOIIOBUX  OJWHHWIAX) TPH  TOPIBHAHHI  Pi3HUX
THCTPYMEHTIB.

3arampHa cXeMa PO3B’SA3aHHS ~ 3alPOIIOHOBAHOT
3amaui  BuOopy IllI-3aco0iB  minTpuMKuH  TpoIeciB

po3podku I13 HaBenena Ha puc. 1.

IIpencraBnena npouenypa Bubopy LI-iHcTpyMeHTiB
JUIl TPO€EKTIB 3 po3poOku [13 Ha OCHOBI NpUHIUMIB
ontumizamii (puc. 1) posnmounHaeTbcs 3 (QopMyBaHHS
MHOXMHH 3aBaaHb mpoekty T = {t;,t,,...,t,} , IO
NpEe/CTaBIsIE Pi3HI BUAU JisUTBHOCTI 3 po3podku [13, sxi
notpeOyroTh miarpumMkn L1

3romoM BH3HAYAIOTHCSA AOCTYIHI iHcTpymentn LI,
mo ¢opmytors MHOXHHY A = {aq,a,,...,a,}, sKa
BKITIOYA€ pIi3HI PIMIeHHS, MO0 MOXYTh JOIOMOTTH Ha
PI3HHUX eTamax XHUTTEBOTO MUKITy po3pooku [13.

JUis OIiHKY JOCTYIHHX iHCTPYMEHTIB Ha ocHOBI L1
CKJIaJaloThCsl OLIIHKM HA OCHOBI iH(poOpMamii 3 Takux
mxepen, sik Gartner Peer Insights. 11i 3HaYeHHS OLIHIOIOTH
II-iHcTpymMeHTH 3a OaraTthbMa acleKTaMH, 30KpeMa 3a
IIIHOBOIO IIOJIITHKOIO Ta B3acMOMIICI0 3 KiuieHTaMu E,
piBHeM iHTerpamii Ta posropraHHsi D, piBHeM
00CIyroByBaHHS Ta  MITPUMKH S, a  TaKOK
(bYHKIIOHAJIBHUMH MOXKJIMBOCTSIMH P.

Kpim Ttoro, Butpatm C, TOB’s3aHI 3 IIHUMHU
IHCTpYMEHTaMH,  BU3HAYaIOTBCS 3  BUKOPUCTAHHIM
BIZIKpUTHX JKepes, 1o 3a0e3neuye KOMIUIEKCHY OLIHKY
K SIKICHUX, TaK 1 KUIbKICHUX acrekTiB 3acrocyBanHs 1111-
3ac00iB y MATPUMIII TIPOIIeCciB po3pooku I13.

( $opMyEAHHT MHOMMHI 38ENaHE IPOEKTY T )

PopMysarHT MHO®HHA gocTyemx [11-
imcTpyMenTiB A

Bizuauersa ouinok [ -HsctpymenTis (2)(5) Ha
ocHOEi indopmari srigao Gartner Peer Insights

v

[ Biznavenna eaproct [l-uctpymentie (6) Ha

OCHOE{ 1H) OpMALTi 3 Bi EPHTHX e pel

J
* J
J
]

Brzraverria MiHMaNEHAX OPHIHATENY OLIHOK
(2)4(5) na wabopy UIl-iHcTpyMmenTis

v

Po3p'a3anHa ormHMizaIiiHOL 3a1a4l 3 I]IOBOED
dyuruiero (7)1 obmexerramn (8)-(13)

Puc. 1. 3aranpHa cxema po3B’si3aHHS 331241

Kpim Toro, HaBemena muporeaypa (puc. 1)
nepet6ayae BU3HAYCHHS MiHIMAJIbHO IPUHHATHUX OLIHOK
quist  iHcTpyMenTiB Il 3a 1iHOBOIO MONITHKOIO Ta
B3aeMofi€r0 3 KimieHtamu E, piBHem imTerpamii Ta
posropranss D, piBHEM 06CITyTOBYBaHHS Ta MiATPHMKH S,
a TaKoXk (yHKITIOHATHLHAMH MOIHBOCTSIMHE P.

BBeznenHst 0OMeXeHb J103BOJINTH 3a0e3neuuTn BUOip
JIUIIE THX IHCTPYMEHTIB, SKi BiIIOBiJAIOTh BU3HAYCHUM
MIOPOTOBUM 3HAYECHHSIM JUIS KOXKHOTO 3 acIleKTiB SKOCTI
[I-3aco0y.

Hapemri, (opMmymroeTbesi onTHMi3amiiHa 3aaada,
mimpoBa GyHKIA (7) AKOI MiHIMI3ye 3arajibHy BapTiCTh
oOpanux iHcTpy™MeHTiB LI, 3a10BONBHAIOUN MIPH IIHOMY
oomexenns  (8)—(13), mom’s3aHi 3  MiHIMaJIbHO
normyctumumu  oriinkamu  1111-3aco0iB, oOMexeHHIM 3
BHOOPY VIS KOXKHOTO 3aBIAaHHS IMPOEKTY 3 po3podku 13
siie oxHoro HI-iHcTpyMmeHTy, a Takok 0OMEXEHHSIM Ha
OyJeBi 3MiHHI ONTHMI3allii.

OTpuMaHuii  pO3B’SI30K  IpeiCTaBieHOl  3ajgaui
onTuMizamii  3a0e3neyuTh  OOIPYHTOBaHWH  BHOIp
IHCTPYMEHTIB 1111, K1 TIO3BOJIATE 1 ABULIATH

e(eKTHBHICTB MPOEKTY 3 po3poOku I13.

BucnoBku. B poboti Oymo posrisHyTO 3amady
obrpyrroBanoro BuOopy IIII-3aco0iB ans mATPUMKH
mporeciB po3poOku I13 Ha ocHOBI Mopmeni onmTHMi3arii.
3amnporoHoBaHa Mporenypa mnepeabadae igeHTHU]IKAIIO
MHOXMHHM 3aBJIaHb IPOEKTY, (OopMyBaHHS MHOXHUHH
nocrynuux III-iHcTpyMeHTIB, BH3HA4YeHHS iX OILIHOK 3a
aCMeKTaMHu SIKOCTI Ta BapTICTIO, a TaKOX pO3B’s3aHHS
3amadi Bubopy HII-iHCTpyMEHTIB BIAMOBIAHO IO 3aJaHHX
OOMEIKEHb.

OCHOBHHUM pPe3yJIbTaTOM JOCIiKEeHHS € (hopManbHa
Monen BuOopy LI-iHCTpyMeHTIB, sika BpaxoBye€ SKiCHI
xapakrepuctuku Ta BapTicte III-3aco0iB Ha OCHOBI
iHpopmanii 3 BigkpuTHx mxepern. Dopmaizamis 3amadi
BuOopy II-iHCTpyMEHTIB Ui MIATPUMKH IIPOIECIB
po3pobku I13 y BuUAm oOnNTHEMI3amifHOI  Mozeni
JO3BOJIMTH BHU3HAYATH DIMICHHS, IO MIHIMI3yBaTUMYTh
3arajpHi  BHUTpaTH, 3a0e3neuylodd 0P LBOMY
BIJIMIOBITHICTh BUMOT'aM JI0 SIKOCTI TAKHX 1HCTPYMCHTIB.

VY nopaneoMy, OTpUMaHi pe3yJbTaTu AOCIIIKESHHS

3MOXYTh ~ OyTM  BUKOpPHCTaHi Uil NPUHHATTS
OOIpYHTOBaHMX  pillleHb Yy  TpoLeci  yHpaBJiHHA
pospobkoro  [13, 1o  coOpuATHEME  IiJBHILCHHIO

e(pEKTHBHOCTI TPOEKTIB 3 po3pobku [13 Ta 3MeHIIECHHIO
BHUTpAT Ha BIPOBaKCHHS BignoBigaux LI-pimieHs.
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A. 0. THCEHKO, M. C. TBEP/J]A

PO3POBKA BEB-3ACTOCYHKY JIJI1 CTBOPEHHS TOKYMEHTAIIIT IS TECTYBAJIbHUKIB
TA OITHKA ¥OI'O BILUIUBY HA E®EKTUBHICTh TECTYBAHHS B IT-IPOEKTAX

Po3pobka BeO-3aCTOCYHKY ISl CTBOPEHHS JOKYMEHTALIii JUISl TECTYBAJIBHHKIB € BaXKITHBUM aCIIEKTOM IIiJBULICHHS ()eKTUBHOCTI IPOLIECY TECTYBaHHS
B IT-mpoektax. CyuacHi IT-mpoextn craroTh aAefami CKIaiHIMIMMH, IO 3yMOBIIOE HEOOXiJHICTh BIIPOBA/UKCHHS IHCTPYMEHTIB, SIKI MOXYTb
3a0e3MeYUTH YiTKe i CTPYKTypOBaHE CTBOPEHHsI, MIATPUMKY Ta OHOBJIEHHS TecTOBOI JoKyMeHTawil. Taka JOKyMEHTALls € HEeBiJ'€MHOIO YaCTHHOIO
nporecy 3a0e3MeueHHs IKOCTI Ta BiJirpae KIIOUOBY POJIb y B3a€MOJIl MK yJaCHHKaMU KOMaHIU. MeETOI0 CTaTTi € He JIHIIe Omuc (YyHKI[IOHAIBHUX
MOJKIMBOCTEIl PO3pOOICHOro BeO-3aCTOCYHKY, ane i OLiHKa HOro peajspHOro BIUIMBY Ha e(deKTHBHICTH TecTyBaHHs B IT-mpoektax. CTBOpEHHs
CIIeLiaTi30BaHOr0 Be0-3aCTOCYHKY JO3BOJISIE ABTOMATH3YBAaTH PYTHHHI MPOLIECH, 30KpeMa JTOKYMEHTYBAHHS TECTOBUX CLICHApIiB, 3BITIB PO MOMHIKA
Ta pe3yJbTaTiB TecTyBaHHS. Lle 3HIKy€e 4ac, 110 BUTPAYa€ThCs HAa PyYHE BHKOHAHHS IMX 3aBJaHb, I 3HAYHO 3MEHIIYE PU3UK JIFOACBKHMX MOMHJIOK.
Kpim TOro, aBTOMAaTH3allisl CIPHUSE MiABHIICHHIO TOYHOCTI Ta e()EKTHBHOCTI TECTYBAaHHS, OCKUIBKH IO3BOJISIE TECTYBaJbHHUKAM 30CEPEAUTHCS Ha
OCHOBHHX aCIEKTax iXHbOI pOOOTH 3aMiCTh MEXaHIYHHX 3aBOaHb. Po3polieHuil BeO-3acTOCYHOK iHTerpye (yHKLUIl yrnpaBIiHHS MPOEKTAMH, IO A€
3MOry e(eKTHBHIIlE [UIAHYBATH, PO3MOISATH Ta KOHTPOJIIOBATH TECTOBI 3aBiaHHsA. Hanpukiaza, QyHKUIOHATBHICTS Il CTBOPEHHS iIHTEPAaKTHBHUX
TECTOBUX CIICHAPIiB, yIPaBIIiHHS HPIOPUTETAMU TECTIB | MOHITOPHHIY IPOrPECy H03BOJISIE KOMaHAAM aJalTyBaTUCS 10 3MiH Y NIPOEKTI B peaIbHOMY
vaci. lle, CBOEIO ueproro, CrIpuse MOKPAIICHHIO KOMYyHIKalil MK TECTyBaJbHHKAaMH, PO3POOHHKAMH Ta IHIIMMH 3aliKaBICHHMH CTOPOHAMH,
3a0e3He4yo4n IPpo30pPICTh MPOLECY TECTYBaHHS. Y CTAaTTi TAKOXK PO3IIIAAAETHCS BIUIMB BIIPOBAKCHHS BEO-3aCTOCYHKY Ha MPOAYKTUBHICTH KOMaHI.
Byno npoBeneHO MOPIBHIBHUH aHaNI3 MiX 4acoM, HEOOXITHUM I PyYHOTO CTBOPEHHS NOKyMEHTAIlil, i yacoM, KUl HOTpiOeH Ul CTBOP €HHS THX
caMMX JOKYMEHTIB 3a JIOIIOMOTOI0 aBTOMAaTH30BAHOI'O iHCTPyMEHTY. Pe3ysbTaT nokasaiu, 110 aBTOMATH3aLlis JJO3BOJIA€ 3HAYHO 3MEHIUUTH 3aTPaTH
4yacy Ha JIOKYMCHTYBAaHHS, OJHOYACHO ITiJJBUIIYIOYH SKICTb i MOBHOTY CTBOPCHHX 3BiTiB. Jl0aTKOBO OOrOBOPIOIOTHCS MEPCIEKTHBH MOAAJBIIOrO
BIIOCKOHAJICHHS B€0-3aCTOCYHKY Ta HOro iHTerpamii 3 iHIIMMH iHCTpyMeHTaMu Ui ynpasiiHes [T-npoexramu.

Kia1040Bi cjioBa: Be6-3aCTOCYHOK, TECTYBaHHS, IOKYMEHTALlSI I TECTYBAIbHHKIB, ONTHMI3allisl MPOLECY TECTYyBaHHsI, 3MEHIICHHS Yacy Ha
JIOKYMEHTYBaHHS, €(EeKTUBHICT TeCTyBaHHsI, [ T-POEKT.

A. O. LYSENKO, M. S. TVERDA

DEVELOPMENT OF A WEB APPLICATION FOR CREATING DOCUMENTATION FOR TESTERS
AND EVALUATION OF ITS IMPACT ON THE EFFECTIVENESS OF TESTING IN IT PROJECTS

The development of a web application for creating documentation for testers is a crucial aspect of improving the efficiency of the testing process in IT
projects. Modern IT projects are becoming increasingly complex, necessitating tools that can ensure a clear and structured approach to creating,
maintaining, and updating test documentation. This documentation is an integral part of the quality assurance process and plays a key role in the
interaction between team members. The aim of this paper is not only to describe the functional capabilities of the web application but also to assess its
real impact on testing efficiency in IT projects. The creation of a specialized web application enables the automation of routine processes, such as
documenting test scenarios, bug reports, and testing outcomes. This reduces the time spent on manual execution of these tasks and significantly
minimizes the risk of human error. Furthermore, automation enhances the accuracy and efficiency of testing by allowing testers to focus on critical
aspects of their work instead of mechanical tasks. The developed web application integrates project management functionalities, allowing for more
efficient planning, distribution, and control of testing tasks. For example, features such as creating interactive test scenarios, managing test priorities,
and monitoring progress enable teams to adapt to project changes in real-time. This, in turn, improves communication between testers, developers, and
other stakeholders, ensuring transparency in the testing process. The paper also examines the impact of implementing the web application on team
productivity. A comparative analysis was conducted between the time required for manual documentation and the time needed to create the same
documents using the automated tool. The results showed that automation significantly reduces the time spent on documentation while simultaneously
improving the quality and completeness of the generated reports. Additionally, the prospects for further improvement of the web application and its
integration with other IT project management tools are discussed.

Keywords: web application, testing, documentation for testers, optimizing the testing process, reducing the time for documentation, testing
efficiency, IT project.

Beryn. Beryn. CrpiMkuit po3BUTOK iHGOpMAIIHIX
TEXHOJIOTiH Ta 3pOCTaHHS MacIITabiB CydaCHHX IPOEKTIB
BHCYBAIOTh JIe/Iajli BUILI BUMOTH IO MPOIIECIB TECTYBaHHS
nporpamMHoro 3abesnedeHHs. Bix edexTHBHOCTI 1BOTO
MPOIECY 3HAYHOKO MIPOIO 3aJICXKHTh SKICTh KIHIIEBOTO
MIPOAYKTY, AOTPUMAHHSA TEPMiHIB BHIyCKy Ta piBEHb
3aJI0BOJICHOCTI KJIi€HTIB. OJHAK TpaguIliHI MiAX0AH 10
CTBOPEHHS Ta BEJCHHS JIOKYMEHTALIl AJIsl TECTyBaJIbHUKIB
HEpiIKO HE BIAMOBIMAIOTH CYYaCHUM BHKIHMKaM, 10
CIPUYHHSE 3aTPUMKH, MIJIBUIICHHS KUTBKOCTI MOMIJIOK 1
MepeBUTPATH pecypciB. Y I[bOMY KOHTEKCTi BIPOBa-
JKCHHSI CIICI[ialli30BaHNX Be0-3aCTOCYHKIB IS orepa-
THUBHOT'O CTBOPEHHSI, OHOBJICHHS Ta YIPAaBIIiHHS TECTOBOIO
JIOKyMEHTAII€I0 MOXE€ CTaTH BUPINIAJbHUM KPOKOM IS
MiABUINCHHS ¢(QEKTHBHOCTI TECTYBaHHS Ta ONTHUMI3aIil
IIpoIIeCiB 3a0e3NeUeHHS IKOCTI.

AKTyaabHicTh po0oTu. TecTyBaHHS NMPOrpamMHOrO
3a0e3neueHHs Biirpa€ KPUTHYHO BAKIUBY pOIb Y
BUSBICHHI Je(eKTiB Ha paHHIX eTamax po3pOOKH,
3a0e3neuyround  CTaOUIBHICTh Ta  SAKICTh  KIHIIEBOTO
nponykry. Lle € oJJHAM i3 KJIFOYOBHX €TamiB KUTTEBOTO
Kty  Oyae-skoro  IT-mpoexty. I3 3pocraHHAM
CKJIaJTHOCTI Cy4acHHX HPOEKTIB i CKOPOUEHHSIM TEpMiHIB
PpO3p0oOKH 3pocTae MoTpeda y MBUAKOMY Ta e(HEeKTHBHOMY

CTBOpEHHI )71 BEICHHI TECTOBOi  JIOKyMEHTAITil.
BukopucranHss =~ Be0-3aCTOCYHKIB i3 BOYZOBaHUMH
m1abJoHaMu ISl YaCTKOBOT aBTOMATH3aLlI] IIbOTO MPOIIECY
JI03BOJISIE HE JIMIe OINITHMI3yBaTH poboty
TECTYBAIBHUKIB, ajl¢ ¥ 3HAa4YHO CKOPOTUTH  dHac,
BUTpaueHWH Ha pyTHHHI 3aBpaHHA. lle cropuse

IiIBUIICHHIO TIPOJYKTUBHOCTI KOMaHJ, sIKi 3aiMaloThCs
3a0e3meueHHsIM SIKOCTi, 1 /JI03BOJISIE M 30CEepenuTHCS Ha
CKJ'[a}IHi]_HI/IX Ta TBOPYUX aClICKTaX TECTyBaHHA.

©, A. O. Jlucenko, M. C. Tsepnaa, 2024
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IMocranoBka 3agaui. MeToro naHoi poOOTH € aHATI3
po3pobIIeHOTO Be0-3aCTOCYHKY TUTSt CTBOPCHHS
JOKYMEHTAI] ISl TECTYBAIBHUKIB, a TAaKOXK OLIHKA HOTO
BIUIUBY Ha €(EKTHUBHICTh TecTyBaHHA B IT-mpoekrax.
Oco0muBy yBary HpHUAITICHO BU3HAYCHHIO MOXKITUBOCTEH
CKOpOUYEHHSI 4Yacy, BUTpAT Ta 3yCHJIb, HEOOXiTHHUX IS
HamucaHHS W MIATPUMKH TecTOBOI JOKyMeHTauii. Y
poOOTI TaKoX pO3IJISNAIOTBECS acleKTH iHTerpauii BeO-
3aCTOCYHKY B ICHYIOYi TPOLECH TECTYBaHHsS, HOro
3MATHICTh TIJBUIYBAaTH HNPOJYKTHUBHICTH KOMaHAW Ta
3MEHIIYBaTH BIUIMB JIIOACHKOrO (akTopy Ha SKICTb
JOKyMEHTAIIl.

Bupimenns 3amaui. Po3poOka Be6G-3acTOCYHKY IS
CTBOPECHHSA JOKYMEHTAIIi1 TUISt TECTYBaJIbHUKIB
nependavyae YacTKOBY AaBTOMATH3AILiI0 Ta CIIPOIICHHS
MpOIeciB  MOKYMEHTYBaHHs, 1[I0 CHOpPSIMOBaHI Ha
MiZBUINCHHS TOYHOCTI ¥ e(EeKTHBHOCTI TECTyBaHHS.
ABTOMaTH3alis TMPOLECIB CTBOPECHHS, OHOBJICHHS Ta
YIOPaBIiHHS TECTOBOIO JOKYMEHTAI[I€I0 3aJIUIIAETHCS
aKTyaJbHOIO TEMOIO  JIOCHIDKEHb 1  HPAKTHYHOTO
BIPOBAKEHHS BIPOJOBK 6arathox pokis [1-6].

TecTyBaHHS € OIHUM 13 HAWBAXIUBINIMX CTAIliB
3a0e3neueH sl SKOCTI MPOTpaMHOro 3a0e3MEUeHHs, ake
caMe BOHO II03BOJSIE BUSIBUTH W YCYHYTH JeekTH 1o
TOTO, SIK IPOLYKT MOTPANTUTD y CEPETOBHILE «IIPOJIAKIIHY.
[Mommiky, BUABICHI Ha paHHIX eTamax pO3pOOKH,
HampuKiIan Ha erami cnenudikamii, € BiZHOCHO
HEJIOPOTUMH AJIsl BUTIpaBiieHHs. HaToMiCTh OMMIIKH, IO
3aJIMIIAIOTECS  HEBUIIPABJICHUMHM [0 II3HIX eTamiB
po3po0KH ab0 HaBiTh «IPOJAAKIIH», MOXYTh 3HAYHO
MiIBUIIUTH BUTPATH, SK 3 TOYKM 30pYy 4Hacy, Tak 1
pecypciB.

Hocmimxenns I'. bpaiinika [8] miaTBepaKyOTh, 10
BUKOPDHCTaHHS  ABTOMATH30BAaHMX  IHCTPYMEHTIB Y
mponecax JOKYMEHTYBaHHS Ta TECTyBaHHS CIpUSE
3MEHIIECHHIO PU3UKY BUHUKHEHHS ITOMUIIOK, IiIBUIIEHHIO
JOCTYITHOCTI # 3pyYHOCTI pOOOTH 3 TOKyMeHTamie. Taki
IHCTpYMEHTH  JIOTIOMAaraloTh  3amodirTH  JIFOJCHKUM
MIOMUIIKaM, 3a0e3NeuyloTh  ONEpaTHBHE  OHOBIICHHS
TECTOBOT JIOKYMEHTALIl Ta MiATPUMYIOTh i aKTyaJIbHICTB,
110 Mae 0coOJIMBE 3HAUEHHS JUJIS TECTYBAIbHHKIB.

KpiM TOro, MOXIMBICT TIpYyIyBaHHS Ta CTPYKTY-
POBAHOTO MpEJICTaBIICHHS JOKYMEHTAIlii J03BOJISIE TECTY-
BaJIbHMKAM ILIBHJIIE BHSBJIATH IOTEHLINHHO MOB’s3aHi
MTOMMJIKH, 3aro0iraroud iX HAKONMYEHHIO Ha HACTYIHHX
eramax po3poOku. lle He imme mnokpamgye Tporec
TECTyBaHHs, aJ€ ¥ 3HW)KYE BUTpaTH, IIOB’S3aHI 3
BUIIPaBJICHHSAM JIe(EKTiB, Ta MiJBUILYE 3arajbHy SKICTh
MIPOrPaMHOTr0 3a0e3MeUeHHSI.

Hocmimkernns I'. A. i Jlykka Ta Horo koimer [9]
JEeMOHCTPYIOTh, IO U1 €(QEKTHBHOTO TECTyBaHHS BeO-
3aCTOCYHKIB  HEOOXiHO BPaxOBYBaTH  OCOOJHMBOCTI
B3aEMOJIiT 3 Opay3epaMu, KIIEHTCHKUMH TEXHOJIOTIIMHU Ta
iXHIO TIOBE/IIHKY B pi3HUX yMoBax. HemocTatHpo perenbHe
TECTyBaHHS MOXE 3aJHMUIMTH  CEPHO3HI  MOMHJIKH
HEMOMIYeHUMH, 1[0, CBOEI0 YEProrw, MOXe CHPHYMHUTH
360i y po0oTi BeDO-3aCTOCYHKIB, 3HW)KEHHS HPOJYKTHB-
HOCTI Ta HETaTUBHUH KOPHUCTYBalbKUI JOCBI.

M. H. Anandi [10] Haronomye Ha BaKJIMBOCTI
HASBHOCTI YiTKOI HaBiramiiHOl Mopedi Be0-3aCTOCYHKIB

SK OCHOBH JUIsl CTBOPEHHS TECTOBHMX CIleHapiiB. Taka
MOJIETb I03BOJISIE TECTYBAJIbHUKAM Kpalle CTPyKTypyBaTH
TECTOBI KEWCH, BpPaxXOBYIOUM JIOTIKy Ta B3a€MOJII0
€JIEMEHTIB KOPHUCTYBaLBKOTO iHTEepdeiicy. BnipoBamkeHHs
OUX TIAXOIIB CIpHSA€ TMiABUIIEHHIO SKOCTI TECTyBaHHS,
3a0e3meuyroun NOKPUTTS Pi3HUX CIICHAPiiB BUKOPUCTAHHS
Be0-3aCTOCYHKY, BKJIIOYAalOYM KpaiHI BUIAIAKH Ta
HecTaHJapTHI YMOBH.

be3 xommiekcHOI Mozeni TecTyBaHHs HEMOBHa abo
HesIKICHAa JOKyMEHTAIlisl MOX€ 3aJUIIMTH  BaXKJIMBI
aCreKTH MpOorpaMH  HEMepeBIpeHHMH, 10 3HAYHO
IiABUIILy€ PU3UK BHITYCKY BEO-TIPOAYKTY 3 KPUTHIHUMHU
nomunkamu. 1106 yHMKHYTH OOpOTHX BHIpaBJICHb Ha
M3HIX CTadigx po3poOku abo micis BHITYCKY HPOIYKTY,
HeoOXigHO 3a0e3meynTH epeKTHBHE Ta  BceOidHe
TECTyBaHHA, sKe 0a3yeTbcs Ha moOpe opraHi3oBaHIN Ta
aKTyaJbHIA JOKyMEHTAIIIi.

Jns nporo OyJo THOCTaBICHO 3aBJaHHS CTBOPHTH
IHCTpyMEHT, SKHH YacTKOBO aBTOMAaTH3YyE€ MPOLECH
HAMKMCAHHS Ta OHOBJCHHS TECTOBOI JOKYMECHTAIII,
3abe3neuyroun 11 IMIBHOKE ¥ 3py4yHE pelaryBaHHsI. Y
paMKax peanizanii bOr0 3aBJaHHS OyJI0O IPOBENCHO
aHai3 moTped KOPHCTYBayiB, a TaKOXK JOCHIHKCHO
CydJacHi  MHIIXOAM 1O  TECTyBaHHS  IPOTPaMHOTO
3a0e3nedeHHs Ta HAIMCAHHS TECTOBOI JOKYMEHTAIII.

Po3pobnennii Be6-3aCTOCYHOK BigIOBITae CyYacHUM
BUMOTaM /O TIPOrPaMHOro 3a0e3NeyYeHHs Ta IPOIOHYE
CHCTEMY YIPABJIIHHA IOKYMCHTAILIEI0, SIKA aBTOMAaTH3Yy€
OCHOBHI TIIpomecu poOOTH 3 JOKyMEHTaMH, 30KpeMa
CTBOPEHHS, pelaryBaHHs, BHIAJICHHS Ta MEPersi.
Inrerpamist 3 maOJOHAMH JI03BOJISIE CTAHIAPTH3YBAaTH
JOKYMEHTHU Ta NMPUCKOPUTH iX cTBOpeHHs (puc. 1). Takuit
miaxij 3a0e3neyye 3py4HiCTh BUKOPUCTAHHS Ta ITiIBUIILY€E
e(EeKTUBHICTh POOOTH TECTYBAIBHHUKIB.

Beb6-3acTocyHOK BKITFOUAE PONIMPEHUN (PYHKIIOHAT
yOpaBIiHHSA IIa0JOHaMH, IO JIO3BOJIIE JI0JIaBaTH,
penaryBarH, BUJIAIIATH 1abJI0HH, a TaKOX
HaJaITOBYBAaTH AOCTYN OISl OKPEMHX KOPUCTYBadiB i
komana. Kpim Toro, cucrema miATpUMYy€ NOBHHH LMK
pobOTH 3 KOpHUCTyBayaMH, BKIIOYAIOYM IXHE JOJIaBaHHS,
BUJIQJICHHS, 3MiHYy poJsieil 1 opraHizaimilo KOMaHja Jyis
e()eKTUBHOTO PO3IO/ALITY 3aB/IaHb.

Cucrema 3abe3mneuye HaIiAHI MeXaHI3MHU
aBTopu3auii, peecTpauii Ta  0€3NEYHOrO0  BUXOIY
KOPHCTYBadiB, 1[0 TapaHTYyE 3aXHUCT JAHUX. BaximBuM
JIOTIOBHEHHSIM € IHCTPYMEHTH IJI00aIbHOTO MOMIYKY, SIKi
JIO3BOJISTFOTH IIBUAKO 3HAXOIUTH HEOoOXimHY iH(opMariio,
ontuMi3yrouu poboui mpomecu. Lle pimeHHs minBHIIYE
e(eKTUBHICTh Koslabopamii MK y4acHUKaMH KOMaH/U Ta
3abe3mneuye BUCOKHI piBeHb O€3IeKU JaHUX.

Xoua BEO-3aCTOCYHOK OpI€EHTOBAaHMH Ha BHKOpHC-
tagas B IT-cdepi, #Horo ¢yHKUIiIOHaT poOUTH OrO
YVHIBEpCAbHIM 1HCTPYMEHTOM, NPUIATHUM UL Oyab-
SIKO1 rajy3i, e MOTpiOHO CTBOPIOBATH, OPTaHi30OBYBAaTH Ta
YIPaBISITH JTOKyMeHTauier0o. OCHOBHUMH KOPUCTYBauyaMH
€ CTIEI[iaJIiCTH 3 TECTYBaHHS MPOTPaMHOTO 3a0e3MedeHHs,
PO3pOOHUKH, KEpiBHHUKM TPOEKTIB, a TakoX Bca IT-
KOMaH/ia. 3aBIsKM CBOIM T'HYYKOCTi, 3aCTOCYHOK MOXeE
OyTH aJanTOBaHUM WiJg TOTpeOW pI3HUX KOMAaHJ Ta
opraHizarii.
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Puc. 1. ®opma cTBOpeHHs 1m1abn0Hy B BeO-3acTocyHKy «TestDocy

3acTOCYHOK MiATPUMYE TPH PiBHI pOJEH: aaMiHi-
CTpaTop, pe’aKkTop 1 meperisimad. AJMiHICTpAaTOp Mae
pO3IIMPEHi MOBHOBAXXCHHS, BKIIOYAIOYM  YIPaBIiHHS
KOpUCTyBauaMH (lloJaBaHHs, OJOKYBaHHS, pO30JIOKY-
BaHHs), a TaKOX MHOBHHH JOCTYH 0 CTBOPEHHS, pena-
TYBaHHS Ta BHUJQJICHHS NOKYMEHTIB JUIA BCIX KOMaH[I.
Penaktop oTpumye mpaBa Ha penaryBaHHs JIWIIE THX
JMOKYMEHTIB, 1O SKHX HOMY HAJaHO IOCTYM, TOIi SIK
neperyisgad  OOMEXKYETbCS  MOXIIMBICTIO — MEperysimy
JOKYMEHTIB y MeXax CBO€l 30HH HocTymy. Takuii
posnoxin ponell 3abe3nedye UiTKUil KOHTPOJb NOCTYILY,
migBumrye Oe3meky MHaHWX 1 crpuse eQeKTHBHOMY
YOPaBIiHHIO IPOIecaMy B KOMaH/I].

OmHM i3 KIIOYOBHX  AacleKTiB  e(QEeKTHBHOTO
TECTYBaHHS NPOrPaMHOro 3a0e3MEYCHHS € ONTHUMi3aLis
MpoIleCY CTBOPCHHS TECTOBOI JOKyMEHTAIll. Y Tpaau-
MIAHOMY MiAXOMi, KOJH JOKYMEHTH CTBOPIOIOTHCS
BpY4YHY, TECTYBAIBHMKHM BHTpAuYalOTh 3HA4YHY KIUIBKICTh
4yacy Ha IMOBTOPIOBAaHI PyTHMHHI 3aBnaHHs. lle He e
3HUXKYE TPOJYKTHBHICTH KOMAH/IH, & ¥ 30UIbIIIyE BUTPATH
KOMIIaHii.

PesynbraTi JOCHIIKEHHS IOKAa3ylOTh, IO BIIPO-
BAJUKCHHS YaCTKOBOI aBTOMATH3aLil HallMCaHHS TOKYMEH-
Tanii 03BOJISIE CYTTEBO CKOPOTHTH BUTpaTH 4Yacy Ha i
3aBJIaHHs. ByJio BUKOHaHO pO3paxyHOK €KOHOMIT Yacy Juis
KOMaHIM 3 TPbOX TECTYBAIBHHKIB, SKHH JEMOHCTPYE
piuHHi 00cAT 3aomamkeHux romud. Kpim Toro, Oysio
OLIIHEHO MOTeHLiiiHy ()iHAHCOBY BHIOXIYy IJIsl KOMIIaHil,
sIKa BUHMKA€ BHACIIIOK ONTUMI3alii poOOYHX MpPOLECIB i
MIZBUINCHHS 3arajbHOi edekTuBHOCTI KOMaHmw. Lli
pe3yJabTaTH MIATBEPIKYIOTh EKOHOMIUHY OLIIbHICTH

BIIPOBA/DKCHHS  aBTOMATH30BaHMX  IHCTPYMEHTIB Y
TIPOLIECH CTBOPEHHS TECTOBOI TOKyMEHTALIi1.

Y paMmkax pgochiUkeHHS OyJo TIpPOBENCHO JABa
€KCIIEPUMEHTH JUIS TOPIBHSHHS 4acy, HEOOXiJHOTO Iuis

HAIMCAaHHS TECTOBOi JIOKYMEHTalii BpydHy Ta 3
BUKOPUCTaHHIM po3pobiieHoro Be0-3aCTOCYHKY
«TestDoc».

[Mepmnii  excrnepuMeHT TOJATaB y  CTBOPEHHI

TECTOBOI JOKyMeHTalil 3 Hyust y dopmari Word-daitny.
Byno 3adikcoBaHo wac, BHUTpaueHHMH Ha HAMHCAHHA
JOKYMEHTIB BpYy4HY. J[pyruil ekcriepuMeHT mnependadaB
CTBOPEHHS aHAJIOTIYHOI TOKyMEHTallii 32 JOMOMOT 010 BE0-
3aCTOCYHKY 3 BUKOPHUCTaHHIM 3a3Janeriap
MATOTOBJIEHNX 1a0I0HIB. Ie 3a0e3meyyBao
CTPYKTYpOBaHICTh, CTAHOAPTH3AI[I0 ¥  ONTHUMI3aIliio
MIPOLIECY CTBOPEHHS JOKYMEHTIB.

Just  00’€eKTMBHOIO  TOpPIBHAHHA B 000X
€KCIIEPUMEHTaX BUKOPHCTOBYBalW OJHaKkoBi naHi: 10
cxoxux OariB i 10 TecTOBUX BHMAKIB, 5Ki MOTPeOyBaIN
HAIKMCaHHS Oar-pemnopriB i1 TecT-keiciB. O0car 1 3mMicT
JaHUX 3IMINAINACS HE3MIHHMMH, [0 TapaHTyBaJlo
TOYHICTP Ta TOCTOBIPHICTH PE3yJIbTATIB.

Pesynpratn excmepuMeHTIB OyJi0 TpPEACTABICHO Y
BHTIISAI TOPIBHAUIBHOI — TaONHINI  CEepPeqHBOTO  Yacy
HamucaHHs Oar-penopty (puc. 2). 3riiHO 3 OTPUMaHUMHU
JaHUMHM, CEepelHIH 4Jac HANHMCAaHHS OJHOIO Oar-pernopry
BpyuHY cTaHOBHB 16,61 XBWJIMHH, TOAI K BUKOPUCTAHHS
Be0-3aCTOCYHKY CKOpPOTWIO med vac mo 12,14 xBujimHU.
Taxum unHOM, 3aBasku «TestDocy» Bmamocs 3aomaanTu B
cepenHboMy 4 XBWIMHH 47 CeKyHJ Ha KOXXHOMY Oar-
PpernopTi.

Bpyuny 3 3aCTOCYHKOM
Bar penopr 1 15,4 11,3
Bar penopr 2 16,5 12,1
Bar penopr 3 14,5 12,2
Bar penopr 4 17,5 12,2
Bar penopr 5 18 13,1
Bar penopr 6 17 12,5
Bar penopr 7 18,2 12,5
Bar penopr 8 14,3 11
Bar penopt 9 16,5 12,2
Bar penopr 10 18,2 12,3
CepeaHe 3Ha4YeHHS 16,61 12,14

Puc. 2. IopiBHsIIEHA TAONHIIS CEPETHBOTO Yacy HaIMCAHHS Oar-pernopriB
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Takok OyJ0 MpeAcTaBlIeHO TOPIBHAIBHY TaOJIHIIIO
CEepeHbOTO Yacy HammucaHHs TecT-keicy (puc. 3). 3rimHo
3 OTPUMAHHUMH Pe3yJIbTaTaMH, CEpPeIHIM Yac HamMCaHHS
OIHOTO  TecT-KeWCy  BpY4YHYy  MEpEBHINYBaB  4ac,
HEOOXiTHUH IS CTBOPEHHS aHAJOTiYHOTO TECT-KEeUcCy 3a

JIOTIOMOTO10 Be0-3aCTOCYHKY, Ha 5 XBWIMH 16 cexyna. Lle
JIEMOHCTpY€e, 10 BukopuctanHs «TestDoc» mo3Bossie
3HAYHO CKOPOTHUTH Yac Ha BUKOHAHHS PYTHHHUX 3aBIaHb,
CIPUSIOYH TTiABHUINCHHIO TPOAYKTUBHOCTI TeCTYBaJIbHUKIB
1 3MEHIIIEHHIO BUTpPAT Yacy Ha CTBOPEHHS JOKYMEHTAIIil.

Bpyuny

Tect-ketic 1

Tect-ketic 2

Tect-ketic 3

Tect-ketic 4

Tect-keiic 5

TecT-Ketic 6

TecT-Ketic 7

Tect-Kelic 8

Tect-ketic 9

Tect-ketic 10

Cepenne 3Ha4eHHs

3 3aCTOCYHKOM

22,5 16,4
20,4 15,5
24,5 19,5
19,4 15,5
22,4 17,4
22,3 18,2
21,5 17,4
20,5 15,4
22,4 16,2
22,5 15,3
21,84 16,68

Puc. 3. [opiBHsIIbHA TaOMHIIS CEPEIHBOTO Yacy HAITMCAHHS TECT-KEHCiB

Ha ocHOBI oTpuMaHHX [MaHHX OyJ0 IIPOBEICHO
PO3paxyHOK IMOTEHIIIHHOT €KOHOMIi Yacy Ta KOIUTIB IUIs
KOMaHIU 3 TPbOX TecTyBasibHHKIB. IllogeHHa ekoHOMIs
yacy I OJHOTO TeCTyBaJbHUKAa Ha HaNuCaHHS Oar-
pernopTiB craHoBUTh 13 xBwinH 41 cekyHIy, a Ha
HamucaHHS TecT-keiiciB — 10 xBumuH 32 CekyHau.
3aranoM 1ie 103BOJIsI€ 3a0MaANTH 24 XBUIUHU 13 cexyH
HAa JCHb IJIs OJHOTO TECTYBAIbHUKA. Y MICIIHOMY
BHMIipi, 32 YMOBH 22 poOodYnX HHIB, CKOHOMIis Yacy I
OJHOTO TECTyBaJbHHKA CTaHOBUTH 64,35 rogunu. s
KOMaH[! 3 TPhOX TECTYyBAJIBHUKIB IIeH MOKAa3HUK IOCSTAE
193,05 ronvHU HaA MiCSLb.

BpaxoByroun cepefHI0 3apiuiaTy TECTYBAIbHUKA Y
25 000 rpH i moroguHHy CcTaBKy 156,25 TpH, eKOHOMIs
KOILTIB JJIsl KOMaH/M 3 TPhOX TECTYBAILHHUKIB CTAHOBUTH
npubauzno 30 164 rpH Ha Micsiub. LI pesynbratu
MiIKPECITIOITh  3Ha4YHYy  (IHAHCOBY  BUIOJYy  Bij
BUKOPHCTAHHS aBTOMATH30BaHHMX IHCTPYMEHTIB ISt
CTBOPEHHS TECTOBOI JIOKYMEHTAIli.

BucHoBok. Po3pobnennit Be0-3aCTOCYHOK
«TestDoc» NPONEMOHCTPYBaB BHCOKY ©(EKTHUBHICTH Y
CKOpOYEHHI 4Yacy, HEOOXiZHOTO JJsi CTBOPEHHS Ta
BeleHHs ~ TectoBoi  jgokyMmeHrauii. ILle  mo3Bousie
TECTyBaJbHUKAM 30CEPEIUTHCS] Ha BUPIMIEHHI KPUTHUHHUX
3aBlaHb, 10  CHOpUSAE  IIIBUIICHHIO  3arajbHO{
MPOAYKTUBHOCTI ~ KomaHmu. Onrumizamis — MporeciB
JOKYMEHTYBaHHsI TaKOX 3MEHIIYE KiJIbKICTh MOMHIIOK,
MOB'I3aHMX 13 PYYHHM BBEJIEHHSM JIQHUX, IO TO3UTHBHO
BIUIMBAE HA SKICTh TECTYBaHHSI.

3aomapkeHUH  4Yac 1 pecypcH  eKBiBaJICHTHI
CyTTEBOMY CKOPOYEHHIO BHTpaT, IO MiATBEPIKYE
€KOHOMIYHY JOLILHICTE BIPOBAI>KEHHS

ABTOMATH30BaHMUX IHCTPYMEHTIB y INPOIECH TECTYBAaHHS.
KpiM Toro, 3acTocyHOK Mae€ 3HaYyHMH TOTEHIHAN JUIs
MOJAIBIIOrO  BJOCKOHANEHHSA,  30KpeMa  IUIAXOM
iHTerpamii 3 IHIIUMH TOMYJISIPHAMH 1HCTPYMEHTaMH
YOpaBIiHHSA TECTYBaHHAM i Ipoektamu. Lle 3poOuTs ioro
me OifplI 3pyYHHM, (QYHKIIOHAJBHUM Ta KOPUCHUM IS

KOPHUCTYBaYiB, CHPHUSIOYH MIMPUIOMY BIPOBA/PKCHHIO B
IT-xommaHisX.
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O. B. JIOBAY, A. I. CAP’JKEBCbKHH

PO3POBKA TA BIIPOBA/KEHHS IHOOPMAIIIMHOI CACTEMM EJEKTPOHHOT' O
JOKYMEHTOOBIT'Y B IOKOMOTHUBHOMY JIEIIO TA 3ACTOCYBAHHS ITPOLIECIB
YHPABJITHHSA ITPOEKTAMU

ABTOMATH3aLlisl JisUTEHOCTI MiJMPUEMCTB € OJHUM i3 KIIOYOBUX HANPSIMIB PO3BUTKY iHMOPMALIHHMUX TEXHOJOTIH y cyyacHHX ymoBax. IIpore Hu3Ka
rajy3eil, 30kpeMa TeXHi4He OOCIyrOBYBAaHHS EJIEKTPOIOI3iB, JOCI BHKOPHCTOBYE 3acTapilli METOAM YHpaBIiHHA BHPOOHHMYMMH mporecamu. lle
CTBOPIOE CYTTEBI MPOOJIEMH, OCKIIBKH JIaHa raily3b IOB’s3aHa 3 BUCOKUM PiBHEM BiJMOBIAIBHOCTI Ta MOTEHUIHHMMH pu3rkamu. HaBiTh He3HauHa
MOMHJIKA MOXKE TMPU3BECTH 10 Cepio3HHX (iHAHCOBHX 30MTKIB ab0 TpaBMyBaHHs mepcoHany. OnHi€r0 3 HAHOUIBIINX MPOOJIEM 3alULIAETHCS
JIOKyMEHTO000Ir. ¥ 0araThox BHIIaJKaX Hepenada BaXIUBOi iHpopMamii 3aiHCHIOETECS depe3 Tene(OoHHHMIT 3B'I30K, a KOHTPOJIb 30H BiNIOBi JaTbHOCTI
BEJICTHCS 32 JOMOMOTOIO0 MANepPOBHX KYPHAIIB, SIKi 4acTO irHOpPYrOThCs. Takuii MmimXiA 3HAYHO 3HIKYE eEeKTHBHICTH POOOTH Ta MiJBHILYE PH3UK
MOMIIOK. BripoBamkeHHs iHGOpPMALIHHOT CHCTEMH eIEKTPOHHOTO JOKYMEHTOO0O0Iy Ma€e 3HauHHMi IMOTEHIaNn I/ BHpIIeHHS Hux npodiem. Taka
CHCTEMa JI03BOJIsIE ABTOMATH3YBATH IIPOLIEC TIepeadi JaHNUX, CKOPOTUTH BUTPATH HA MAIlEPOBY JOKYMEHTALi0, ONTUMI3yBaTH (yHKI[IOHYBaHHS LIEXiB
1 MOKpAIUTH PO3HOaLT pobodoro yacy nepconary. Kpim Toro, BoHa 3abe3metdye TOYHHI KOHTPOJIb 32 BUKOHAHHSM POOIT 1 3MEHIIY€E PH3UK JIFOACHKOrO
(axropy, MiOBHILYIOUH 3arajbHy e(eKTHBHICTh MiANPHEMCTBA. MeTol maHoi poOOTH € po3polOka iH(GOPMALIHOI CHCTEMH EIEeKTPOHHOTO
JIOKyMEHTOO0OIry JUIsi IOKOMOTHBHOTO JeIo. 3a MPOrpaMHy peaji3allilo BiJNOBiNalOTh HACTYIHI iHCTPyMEHTANbHI 3acO0HM: MOBa IPOrpaMyBaHHS
JavaScript, 6i6mioTeka React.js, miargopma Node.js, Prisma ORM, cuctema ynpasninss 6azamu qanux PostgreSQL. OdikyeTbes, 1110 3amporoHoBaHa
CHCTEMa JI03BOJIUTH HE JIMIIC 3HU3UTH MaTepialibHi BUTPATH, a i CTBOPUTH Cy4acHy TEXHOJIOTIYHY OCHOBY JUIS HiJABHILCHHS O€3MeKH Ta HaailHOCTI
poboTH mignpuemMcTBa. BoHa Takox cipusATHME OUIBII TOYHOMY IUIAHYBAaHHIO, MOHITOPUHTY i aHali3y poOOYnX mpolecis, 3a0e3Meuyroun ajanTamiio
J10 3pOCTAl0YUX BUMOT PHHKY.
Kurouosi ciioBa: indopmariiiiHa cuctema, JOKyMEHTO0O0Ir, 0i3HEC-IIPOoLEecH, MPOLIECH YIPABIIHHS TPOEKTOM.

0. LOBACH, A. SARZHEVSKYI

DEVELOPMENT AND IMPLEMENTATION OF AN ELECTRONIC DOCUMENT MANAGEMENT
INFORMATION SYSTEM IN A LOCOMOTIVE DEPOT AND APPLICATION OF PROJECT
MANAGEMENT PROCESSES

Automation of enterprise activities is one of the key directions in the development of information technologies under modern conditions. However,
several industries, including the maintenance of electric trains, still rely on outdated methods for managing production processes. This creates
significant challenges, as this sector is associated with a high level of responsibility and potential risks. Even minor errors can lead to severe financial
losses or employee injuries. One of the most pressing issues remains document management. In many cases, the transmission of critical information is
carried out via phone calls, and responsibility zones are monitored using paper logs, which are often neglected. Such an approach significantly reduces
operational efficiency and increases the risk of errors. The implementation of an electronic document management system has significant potential to
address these issues. Such a system allows for the automation of data transfer processes, reduces the costs associated with paper documentation,
optimizes workshop operations, and improves the allocation of employees’ working time. Moreover, it ensures accurate control over task execution
and reduces the risk of human error, thereby enhancing the overall efficiency of the enterprise. The goal of this work is to develop and implement an
electronic document management system for a locomotive depot. The program implementation is supported by the following tools: the JavaScript
programming language, the React.js library, the Node.js platform, Prisma ORM, and the PostgreSQL database management system. The proposed
system is expected not only to lower material costs but also to establish a modern technological foundation for improving the safety and reliability of
the enterprise's operations. Additionally, it will facilitate more accurate planning, monitoring, and analysis of workflows, ensuring adaptation to the
growing demands of the market.
Keywords: information system, document management, business processes, project management processes.

Beryn.  ABroMarm3zailis  MpOIECiB  yIpaBIiHHSI Taki TEXHOJOTIUHI PIICHHS € XUTTEBO BAXIIUBUMH

JOKyMEHTAaMH € HE JIMIIe 3aco00M  3MEHIICHHS
orepariifHoi Hee()eKTHUBHOCTI, ane i KPUTHYHUM KPOKOM
110 3a0e3neueHHs OS3MeK TaHuX, Oe3mepepBHOCTI podoTH
Ta CHPOUIEHOTO 3B’sI3Ky. Y Cy4acHOMY CBITi, [ie
iH(pOpMallis € OMHUM i3 KJIFOUOBHX aKTHUBIB IiANPHEMCTB,
e(eKTUBHE YNpaBIIiHHA JOKYMEHTAMH CTa€ OCHOBOIO
cTabigpHOTO (DYHKIIIOHYBaHHS Ta PO3BUTKY Oyab-sfKoi
opranizarii.

BnposanxeHHs iH(popMamiiHOT CUCTEMH
€JIEKTPOHHOTO  JOKYMEHTO00Iry  BiKpHWBa€  HOBI
MOKJIMBOCTI IS oInrumMizanii 0i3HEC-IIpoIIeciB,
3MEHIIEHHS BUTpPAaT dYacy Ta pecypciB, a TaKoX
MOKpAIIEeHHs SKOCTI NPUHHATTS YNPaBIiHCBKUX DIllIEHb.
3okpema, y cdepi TEXHIYHOrO  OOCIyroBYBaHHS
JIOKOMOTHUBHHMX JENO Taki CHCTEMH JOIIOMararoTh
MiIBUIIUTH TOYHICTh JAaHWX, IOKPALIUTH KOHTPOJb 32
BUKOHAHHSAM 3aBJaHh Ta 3a0€3MeYuTH MPO30pICTh i
JOCTYIHICTB iH(pOpMaii I BCIX yYaCHUKIB MPOIIECy.

JUIL THITPUMKH OTepamiiHoi cTablTbHOCTI Ta agamTarii
JO  CydYacHHMX  BHKJIMKIB, SKi  CTaBUTh  Iepea
mianpueMcTBaMu  IMdpoBa emoxa. BoHm He mwmmre
3a0e3reuyroTh 3J1aro/DKeHy poboTy cucrtemu, aie W
CIPHUSAIOTh  MIABHUIIEHHIO  KOHKYPEHTOCHPOMOXKHOCTI
HIINPUEMCTB, Jal04YM 3MOTy €(EeKTHBHO BHUDILIYBATH 5K
MMOTOYHI, Tak 1 MaWOyTHI 3aBmaHHA. Y pe3yibTaTi
aBTOMATH3allis TPOIECIB YIPABIiHHA JTOKYMEHTAMH CTa€
OIHUM 13 KITIOYOBHX (DaKTOpiB CTIHKOTO PO3BUTKY Ta
IHHOBAIITHOTO 3pOCTaHHSI.

AkTyajbHicTe podorn. Ha ceorogsimHiii neHb
MIPOCTEKYETHCSl YITKUH HampsiM pPO3BUTKY JIIOJCTBA B
HanpsIMKy —aBTOMarTu3alii BCiIX MOMIJIMBUX IPOIIECIB,
LOUIIXOM  BIPOBAPKEHHS 1HQOpMamiHHUX CHCTEM Ta
TeXHOJOTi. JlOCHiAHWKH BBaXKAalOTh, IO IIEW TPOIEC
mpu3Bene 10 ckopoueHHS 47% poOoUYMX Miclb CTPOKOM
mo 2033 poky [1-2]. TIpote 3BiCHO HE KOXEH BUJ

©, O. B. Jlobau, A. 1. Capxescobkuii, 2024
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IISTIBHOCTI MOXKHa aBTOMaTu3yBaTd. HexuBisguucs Ha
BOXJIMBICTH MPOMHUCIOBOTO BHPOOHMIITBA Ta HOTO
TeXHIYHMA  TOTEHIIaJd, 3a  piBHeM  iHTerparmii
iHpOpPMAaLifHIX CHUCTEM IS Tally3b 3HAYHO IOCTYIIAETHCS
ctepi mocmyr. Lle moB’s3aH0 3 THM, IO HabaraTo Jerme
aBTOMAaTH3YBaTH IependadyBaHy (i3W9Hy TMpamro, a HiXK
He nepenOadyBany. [Ipore me He o3Havae, Mo B raimysi
MIPOMUCIIOBUX BUPOOHMITB HEMa€ BUIB AiSIIBHOCTI, SIKi
MOJKHa aBTOMAaTH3yBaTH a00 MOJICTIINTH 3a JOIOMOTOI0
iMIUIeMeHTaIil iHpOpMaIiHHUX CHCTEM.

B koHrekcti YKp3ami3HUII Ha JaHUH MOMEHT He
ICHy€ TIOBHOIIIHHOTO aHAJIOTy Takoi po3poOku. B Toif xe
gac ONWH 1 TOW caMH EIIeKTPOIOi3l MOXE 3a MICAIh
HNPOXOMUTH OIIAA HA PEMOHTHHX CTAaHLIAX B PI3HUX
JacTHHAX KpaiHu. [cHyroue pillleHHs MO€IHy€ 3alIOBHEHHS
Ta Tepenady AOKYMEHTIB B TAlepoBOMY BHUIJANI 3
MOJAJIBIIMM BHECEHHSAM IX OKPEMHX YacTHH B 0a3y HaHHX
30BCIM iHINMM HepcoHanoM. TakuM YMHOM BUTpayaeThCs
3HaYHa KiJbKICTh 3aBOr0 4acy Ha KOMYHIKAaI[l0 MiX
MpaliBHUKAMH Ta TIEPCBUKOHAHHS OJHHUX 1 THX CaMHUX il
pizHuMU minpo3ainamu. [Ipu yoMy, B yMOBax BiliHH, Taka
cUcTeMa KOHTPOJIIO TpH3Beia 10 (AaKTUYHOI BTpaTH
YaCcTKH JaHMX Ta OOJaJHaHHs, YCKIIQJHEHHS Iepenadi
iH(pOopMaii Mi>k OKpEMUMH T ATIPHEMCTBAMH.

IMocTanoBka 3amavi. MeToro naHOi poOOTH €
po3pobka  iHQOpMAaIiifHOI  CHCTEMH  EJIEKTPOHHOTO
JOKYMEHTOOO0ITy B IOKOMOTHBHOMY JIETIO.

Bupimenns 3apaui. [[ng Bu3HAueHHS BUMOT [0
iHpopMaliiHOi cuctemMu OyJo TPOBEAEHO  aHali3
ICHYIOUMX HayKOBHX POOIT. AKTyaJbHICTh Ta crenudika
BUKOpDHUCTaHHS  iHQOpPMALIfHUX cHCTEeM y  rajiysi
TEXHIYHOTO OOCIYroBYBaHHsI TpPaHCIIOPTHUX 3ac00iB
IOCTIKYEThCA K 1HO3EMHHMH, TaK 1 BITYH3HIHUMU
apropaMu [3]. OCHOBHMMH INepeBaraMu BIIPOBAKEHHS
@JIEKTPOHHUX CHCTEM JIOKYMEHTOOOIry € 30epexeHHs
gacy, ONTHMI3allisl pecypciB Ta MiJABHIICHHS MPO30POCTI
pobotu mignpuemcts. Jocminaukun Abmamna ta @ax [4]
aKIEeHTYIOTh yBary Ha BaXJIMBOCTI  cepTUdikaril
JIOKYMEHTIB Ta TPOIOHYIOTh BHKOPHCTaHHA IU(PPOBOTO
MIAMUACY SK KIIOYOBOTO MEXaHi3My sl 3a0e3leueHHs
Oe3neKy JIOKYMEHTIB Yy TeXHIYHOMY OOCIyroByBaHHI
JITaKiB.

Y pocmimkenHi  [5]  poO3risHYIM  BIUIMB
aBTOMaTu3alii B TPAHCIOPTHIM raxy3i Ha NpaliBHUKIB.
AHai3 mokasaB, IO afanTallis iHPOPMALIHHUX CHUCTEM
3aJICKUTh BiA crelu]iky BIKOBHX TPYI MpPAIiBHUKIB Ta
ixupoi 3aitusrocti. Hanpuknan, 32,1% npaiiiBHUKIB BIKOM
BiZl 52 pOKIB CTHKAlOTHCS 3 TPYAHOIIAMH ajanramii J1o
CKIaAHUX UU(PPOBUX CHUCTEM, IO CBIAYUTH MPO
HEOOXIHICTh BpaxyBaHHS JAeMOTpadigHIX 0COONMMBOCTEH
i 9ac PO3pOOKH TaKUX PIlICHb.

JocBin BmpoBamkeHHS iHQOPMAIIHUX CHCTEM Y
3aJi3HUYHIA Tamy3i JAEeMOHCTpye, IO  KIIFOYOBUMHU
acmeKTaMH € ONTHMi3alis YNpaBliHHS JaHUMH Ta
iHTerparliss Ha BCix piBHAX. [Jocmigamku 3 Kwurawo [6]
ATBEPIKYIOT e()eKTUBHICTb KIIIEHT-CEPBEPHOT
apXiTEeKTypH JUIsl YIIPABIiHHSA CTAHOM 3aJi3HHYHUX KOJIiH,
30KpeMa BUKOPUCTaHHS persuiiHnx 0a3 manux Oracle Ta
IHCTpYMEHTIB ~ IPOTHO3YBaHHsS CTaHy OO’€kTiB 3a

JOIIOMOror0 [udpoBux ABIMHKKIB [7-9]. B Mexax mexy 3
TEXHIYHOTO 00CITyroByBaHHS €JIeKTPOTIOi3/1iB
BUKOPHUCTaHHSA Ili€el  TexXHONOrii MOXe  3amo0irtu
BUHUKHEHHIO 3aTPUMOK Ta IMiABHINEHHIO BHUTpAT, 3a
paxyHOK OUTBII HWITKOTO pPO3YMIiHHS 3aBaHTAXEHOCTI
mw1atopmM Ta cTaHy enekrpomnoizais [10].

Temy BuKOpuCTaHHS iHGOPMAIIHUX CHUCTEM B
chepl TEXHIYHOro OOCIYroBYBaHHs JITakiB OyJo
PO3MIITHYTO B pamMkax koH(epeHiiii «Deutscher Luft- und
Raumfahrtkongress 2021». [locmigauku IllMiokep, Ta
Maiiep [11] BBaxkanu, mo Oy1b-sKUil MpoIeC NiarHOCTUKA
Ta TPOBEACHHSA  pOOIT TOBMHEH  3aKiHIyBaTHCA
¢dbopmyBaHHSAM  BiamoBimHoi  mokymeHramii. Jmsa 11
30epiraHHss  BOHM  TIPOTIOHYIOTH  BHKOPHUCTOBYBATH
permmiiiai 6a3u ganux. LikaBoO CTOPOHOIO ITOCIiIKSHHS
€ TIPOTIO3HUIIi S aBTOPIB o BHKOPHCTAHHIO
JETICHTPATi30BaHOL MOy JTBHOT CUCTEMH 31
CTaHIAPTH30BaHUMHU MapamerpaMu. TakuM YHUHOM MO>KHA
JOCATTA OiIbIIOT THYYKOCTI B yMOBaX BiJAJCHOCTI
MITPHEMCTB OJHH BiJl OJTHOTO.

EnexTpoHHe ynpaBiiHHS JOKyMEHTaMH — II¢ ITPOLIeC
3aXOIUICHHS, 30epiraHHs, NOUIyKY, JOCTYyIly, MoandiKaii
Ta BHUJAJCHHS EIEKTPOHHHX JOKYMEHTIB, SIKI MICTATh
iHpOopMamito, HeOOXiAHY IS MATPUMKH Oi3HEC-TIPOIECIB
opramizamii [12]. OCHOBHUMH BHMOTaMH OO CHCTEM
JIOKYMEHTO00Iry €: 30epekeHHS 4acy, c(eKTuBHE
BUKOPUCTAHHSA MPOCTOPY 1 TEXHONOTiH, 30UIBIICHHS
MPO30pOCTi  BHYTPIIIHBOI ~ POOOTH  IiIIPHUEMCTBA,
OimbIma THYYKICTB (izmuHOTO po3TanryBaHHS
MPAI[iBHUKIB, MiIBHUIIEHHS Oe3neku inpopmarii [13-15].
IIpore mis pearmizamii mUX IepeBar Ciil HPOBOIUTH
nonepenHiii aHamiz iHdopmanii, 3 SKOK0 JIOBEAETHCS
npamoBaTu [16].

LlikaBuM € JOCIHI/KEHHS BHKOPUCTaHHS YOTHUPHOX
PI3HHX CHCTEM EJIEKTPOHHOTO JOKYMEHTOOO0Iry 4oTHpMa
pizHUME KoMmmaHisMu [17]. IBi 3 SKHX BHKOPHCTOBYBAIA
TOTOBI NMPOTpaMHi PillIeHHs, OJHA aJaNTOBaHE, YeTBEpTa
K 3aMOBJJIa PO3POOKY CHCTEMH il CBOi IMOTpeOu.
OcranHe pimeHHEss OyJ0 JOPOXXYMM 33  TOIMEPeHi
NpUKIaan, ane e(eKTHBHICTb HOro 3acTOCyBaHHA
HoKa3aJia HaiKpalili pe3yJbTaTy.

byno mpoBeneHo aHaji3 ICHYIOUMX IPOTPaMHHX
pilens, ix nepesar Ta HenoJikiB [18-23]. Ha ioro ocHoBI
HAMpsIMOM  peaiizaiii O0yno o0paHo web-3acTOCYHOK 3
KJTIEHT-CEPBEPHOIO apXiTEKTYPOIO.

IIporiec  TeXHIYHOTO  OOCIYrOBYBaHHS  IOI31y
CKIajaeThcs 3 Oaratbox eramiB. Ha meprmmomy erari,
MAIIMHICT Tepeaae XypHal deprosomy B nemo. Llei
XKypHaJI MICTUTB JIaHi PO HOMEp Moi31y, Horo npooir, Ta
BHECEHI  MAaIIMHICTaMH  3ayBa)KEHHS. Yeprosuit
3000B’s13aHUH BECTH JOKYMEHTAIlI0 MPO Yac NPHOYTTS
Moi3y, BIAMOBIiTANbHMUX 3a Horo mepemady. Takox 10
3BITY IEPEHOCHUTHCS 1H(OpPMAITiS 3 )KypHAITY.

Ha npyromy erami, yeproBuii HOBUHEH MTPOAMBHUTHUCS
icTopito ~ 0OCITYyroByBaHHA  TMOI3ly Ta  BHUKOHATH
pPO3paxyHKH JUisi BHM3HAUeHHsS THIYy OOCIyrOBYyBaHHS.
IcHyI0TH HaCTYIIHI BUIM 0OCTYTOBYBaHHS:

- TO2 — TexHIYHHUU OTJISII, SKAHA BUKOHYETHCS KOXKHI
IBi 10O Ta TPUBAE MIBTOPH T'OIMHU;

- [1P1 — TexHIYHMI OTIIAN, SIKUA BUKOHYETBHCS Yepes3
koxHi 10000 xiomeTpiB mpoodiry ta TpuBae 24 roguHH.
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B  3amexHocTi Big  THmy  0OCIyroBYBaHHS,
dbopmyeThest oOximamid suet. Jnsgs TO2 BiH HE MICTHUTH
3a3aerifp BU3HAYCHHUX poOiT, B Toi wac sk mra [IP1
icHye c(hOpMOBaHUI CHHCOK 3aBAaHb JUII BUKOHAHHSI
Opuragoro.

Ha Tperpomy erami deproBuit dopmye dwepry 3
noizaiB Ha o6ciayroByBaHHs. [licms mporo MammHicT
MMOBMHCH JTOCTABUTH OOpaHWil MOi3M Ha OOpaHy KOJIIO B
uexy Uil rmojanbinoro oOciyroByBaHHS. Ueprosuii
3000B’s13aHMH  mepepaTH  OOXIAHWIT JIMCT KEpiBHUKY
Opuraam.

Ha mactymHOoMy erami Opuraga TIpOBOAWTH
00CITyTOBYBaHHS TOI3My 3TiTHO 3 OOXIZHHM JIHCTOM,
sxmo Bukonyethes [1P1. Skmo x moizx npoxoauts TO2,
MPaLiBHUKNA TOBHHHI YCYHYTH yci Ie(eKTH, 3a3HadeHi
MAaIIMHICTaMH TIPH IIepeadi B 00CIyroByBaHHSI.

BHMOTH 10 OOPMINEHHA  BHMOM 10 ODOPMINEHHA
AOKYMEHTIB LAOKYMEHTIB
NANPHEMCTEA, NEPEnic  NUINPUEMCTBA, Nepenic
pofiT gna ofpasoro Tuny  podiT 4nA oBpanoro Tuny
OBCYTOBYEAHHA OBCYTOBYEIHHA

BUMOM 10
OOPMAEHHS
OKYMEHTIB
nanpuemcTea

HODMM BHEOHAHHR
TEXHIMHOM
OBCNYTOEYBAHKR, EMMOTH
B0 /010 nepioanuHoCcTi
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Hn
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neobkianere THmy
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0 noToNHE
by

Yeproaui Maumnict

Puc. 1. Cxema icHyrouunx Gi3Hec-

Ha pucynky xBampatamu «A» Ta «B» mo3Ha4eHO
npotiecH, siki OynyTh aBroMaTH3oBaHi. Tak B mepuiomy 3
HUX, iH}opMmamliiHa cucrema OyAe  aBTOMAaTH4HO
MIPOpPaxoBYBAaTH PEKOMEH/IOBAHMH THI OOCIYroBYBaHHS
Ha OCHOBiI HasBHUX B B/l maHumx, gopmyBaTH OOXimHHA
JHMcT Ta 4epry. B kBampati «B» 3aCTOCYHOK MO3BOJHTH
YCYHYTH Tiepeadi JOKYMEHTY Ta HOro 3allOBHEHHS B
narepoBoMy BurIsiai. CxeMy aBTOMATH30BaHMX Oi3Hec-
MIPOIIECiB MiNPUEMCTBA HABEICHO HA PUCYHKY 2.

Ha pucynky 2 OmakuTHMM KOJBOPOM ITO3HAYCHO
MIPOIIECH, SIKi 3a3HAJIM 3MiH B HACTIJOK iX aBTOMAaTH3aIlii.
Tak HampukiIazn, 3a MATOTOBYI €Tamu Temep BiATOBimae
iHpopmaniiiHa cuctema, a He 4eproBuil. Ilpomecu
3aMOBHEHHS Ta 3aKPUTTS 3BIiTY BCE 1€ MOTPEOYIOTh yJacTi
NIPaIiBHUKIB Ta KepiBHMKa OpHraa, NpoTre CKOPOUYEHO
KIJIbKICTh Yacy Ha BHKOHaHHS IMX Xiil. OnudpoByBaHHA
JOKYMEHTY B3araji BHJQJEHO 31 CXEMH, TaK 5K Bcs
iHpopMmanis BXe 30epiraeTbcs B €NEKTPOHHOMY BHIJISI
BiJ TOYATKOBUX €TAIIIB.

Jami #ine posramyxenHns. Skmio nmpoomamiocs TO2,
TO KEpiBHUKY Opuraad HeoOXiJHO 3alOBHUTH OOXiIHHIA
JWCT, 3a3HAYMBINM BHUKOHaHI Opmramoro pobotu. VY
Bumaaky nmpoBeaeHHs [IP1, oOXigamii JHCT BXe
3aIOBHEHUH Bil HOYATKY i MOTpeOye JHIIe IPOCTABICHHS
MapoK TpaniBHUKIB HaBIIPOTH BUKOHAHOI HUMHU pOOOTH 3i
cnucky. Mapka npaiiBHHUKa HpeACTaBise co0OK HOro
YHIKaJIbHUIH HOMEp, 3a3HaueHUI B IOCBITYEHHI.

B kiHIlI KepiBHUK OpuUrajy TOBHHEH IOCTABUTH
CBOIO MapKy y 3BiTi, THM CaMUM 3aKpuBIIU Horo. [licis
LBOTO BIH BIIHOCHTH 3BIT 10 iH(opMauiiiHOro BiAIiTY
JIeTio, B SIKOMY CEKpeTap BHOCHTH ycCi JaHHI 31 3BiTY IO
0a3m maHmx iHpoOpmamiiiHOi cmcremMu 3ami3HHOI. Ha
OCHOBI aHamizy 1porecy (QopMyBaHHA 3BITIB B
JIOKOMOTHBHOMY Jemo cpOopMOBaHO cxeMmy Oi3Hec-
MPOIECiB MIANPHUEMCTBA, IO HABEICHO Ha PHUCYHKY 1.
e
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cHCTEMA

Mpayisnm KepisHuk GpHragu

HPOLIECiB IOKOMOTHUBHOTO JIETIO

Jis aBroMaTH3aiii TpoUEciB JOKyMEHTO0OIry B
JIOKOMOTHUBHOMY JIETIO OYJI0 CIIPOEKTOBAHO Ta PO3POOICHO
web-3acrocyHoK, mI0 peaidye KOHIEMII0 HU(PPOBOro
IBIfHMKa Ta BpaxoBye cQopMoOBaHI B pe3yibTaTi
MPOBEICHOTO aHANi3y BHMOTH JIO0 CYYacHOi CHCTEMH
CJIIEKTPOHHOTO JOKyMeHTooOiry. KirieHTchka dYacTuHa
pearizoBaHa 3acobaMu 010J1iI0OTEKM MOBH IpOrpaMyBaHHS

JavaScript — Reactjs. Ii BubGip o06rpyHTOBYETBHCS
BUKOPHCTaHHAM  BipTyampHoro DOM, mo 3Ha9HO
MOKpAIlye MPOAYKTHBHICTh, MIHIMI3YIOUH 3MIiHH ¥y

peanbHoMy DOM. [lng peamizamii cepBepHOi YaCTHHH
obpano mirarpopmy Node.js, ska Hagae IOCTYN M0
BEIUKOI KUIBKOCTI [JOJAaTKOBHX IIAKETIB, IO 3aTHI
MTOJIETIIINTH TPOIECH PO3POOKH. SIK CHCTEeMy yHpaBIiHHS
0azamu panmx oOpaHo PostgreSQL. Ils 006’exTHO-
pensuiiina CYB/] minrpumye OuIbIly 4acTHHY cTaHIapTy
SQL i nporonye 6e3niu cy4acHHX (YHKIIH, Takux sK
Tpurepu, 30epexeHi MNpomeaypu Ta TpaH3akmiliHa
niticHicTh. s 3a0e3medeHHss OOMEXEeHHS AOCTYIY IO
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JIaHUX iHopMaIiifHOT CHCTEMH BUMIAIKOBOTO  PaxyHOK iHCTpyMeHTY Jsonwebtoken.

KOPHCTyBada, peaji30BaHO Tpollec aBTEeHTHdiKarmii 3a

Bumorn 20 ohopMNeERHA  BUMOTH 40 0dopMNeHHA
CIMCOK BHKOHAHIX POGIT. Hopes Benesta

Bumorn po HOPMH BUKOHAHHR NokymMeNTE DORYMEHTIE
OOpMNERHA TEXHMHOMD Fos o NIANPUCMCTES, MEPENIK  NYANPHEMCTER, NEpeni e HOPMM BEJIEHHA AOKYMEHTIS, Npasina
AoKyMEHTIB obcyrosysants, BaMor ;man"] D’;‘v’ !G:‘;': poBIT AN 0GpAKOo THAY  POGIT ANS 0BpAHOM THIY n";g::a ne]nam . ROKYMEHTIS, CTHCOK nepenaw,rggwséyH::nn
MARpHEMETEA 120 /076 NEpioaNHOTTI ITH 1IPO NPHIk oBCryroByBaHHA obenyrosysants P pena SHKDHABLYS obcmyrosy
MpuayTia OPOpMNEHHA
- IHopMaLI npo
npuGyTTR Noiaay
MigroToara Ao
DOPIMYBAHKA HEPIM +
#eabxiamoro Ty
e r o
Tiawi npo /
NPWARATTR m_upM_vBaan o
PefomennoBaHAi 9Gxiaworo MHCTa
™I |
OBfNyroByBANHA “epra Nepenaa nofany +ai
- OGENYTOBYEAHHR !
OBxiLHNA
nMcT Omra 12
OBCAYro8YBaHHA
- 3eiT 3 fanmM nolaay
N0 noTOuHE + KopexTHa posoTa
oficyroByBaHHs| 3anoeHeHHR 38Ty l AEno; noisa, AkHA
Haki npo ! NPOMLIOB TEXHMHE
ofCnyloByBaHYA / 0BCNyToByEaHHA
- SAnDEHEHNR SEKPHTTA J8ITY >
3T
MoCTaHoBka MapkA 4|T 3air |/
> NP3YBHAKS Ha ,
BHECHAHMX POGOTAX
38T 3 Jaewmaan po
sifnoaiaansH:
T npALiRKE
“leprogitit IHpopMAUIFNa haunsicy, TpaLsHiEn KepisHuk Spuramm,
iHcpopMaLifHa cucTema IHOpMALAHa IHOPMALIHE

cheTema cncTema cHCTeMa

Puc. 2. Cxema aBTOMaTi30BaHMX Oi3HEC-IIPOLIECIB IOKOMOTHBHOTO JIETIO

Indopmaniitna cucrema mnepenbadae 1BI TIpynu  HOMepy Tene(OHY Ta €IEeKTPOHHOI IOINTH, AAHUX IIPO

KOPHUCTYBaiB: KOPUCTYBa4 — MPAI[iBHUK JOKOMOTHBHOTO
JIeTI0, aMiHICTpaTop.

KnrouoBuME  MOXJIHMBOCTSIMH — aMIHICTpaTopa €
BHECEHHS JaHWUX MOpO IOI3IU Ta CTBOPEHHS OOJIIKOBHX
3amuciB. Peecrpaiiis HOBOro KOpHCTyBaua Iepeadavae

CTaXX POOOTH Ta 300pa)XCHHS IOCBIMYCHHS IpPAaIliBHUKA.
AIMiHICTpaTOp TOBHMHEH 3alOBHUTH Bci mois (opwmu,
300pakeHOi Ha PUCYHKY 3, Ta HATHCHYTH Ha KHOIIKY
«CtBoputwy». Ilicis IpOro mpariBHUK OTPHMA€ JIOTiH Ta
mapoJib Uil aBTOpU3allii B CUCTEMi y BHIUIAII JIUCTAa Ha

HAsBHICTh HOro KOHTAaKTHOI iH(GoOpMAIll, y BUIIAAI  3a3HAYCHY €JICKTPOHHY IOIITY.

E-[leno Momiynmk

CTBOpeHHs KopucTyBaya

B8 MM.TTTT

AR MM fTTT

CTBOPHTH

Puc. 3. ®opma cTBOpEHHS KOPHCTYBa4a B 3aCTOCYHKY «E-Jlero momiaHuK
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KopucryBau 3i cremiampHiCTIO dWeproBuid nemo €  iHdopMmarii mpo mpobir Ta  HasBHI  mpobieMu
BIANOBIJAJIFHUM 32 BHECEHHS JaHUX IPO OTPHMAaHHI  PO3PAaXOBYETHCS PEKOMEHAOBAHWK THII OOCIyroBYBaHHS
moizgy B obOciayroByBaHHA. Ha oOCHOBI 3amaHoi HHM  Ta pOpMYETHCS depra, 300paskeHa Ha PUCYHKY 4.

= E-fleno MoMiuHmuK

Yepra

Howmep noiaay Nara NPUAHATTA PeKOMOHA0BaHO HapikaHHa Ris

8891 23102024, 01:40.37 T02 Bigcyrhi NEPEATMU B iIENO

8456 20.10.2024, 18:16.03 102 Biacyhi NEPENIATU B IENO

Rows perpage. 5 v 1-20f2

Puc. 4. Yepra noizniB Ha 06CITyroByBaHHs B 3aCTOCYHKY «E-Jlerno moMivHHK»

Knrouosoro MOJKITUBICTIO KOpHUCTyBaya 31 komito. Ha OCHOBI cnucKy Koiiii Ta craHy X 3aiiHATOCTI
CICTIaNbHICTIO MAIIMHICT € Tepemada moi3gy B Qopmyerbes 1mdpoBuid IBIMHWK IeXy, HaBeICHWH Ha
obciyroByBaHHs. s mporo HoMy HEOOXimHO oOpaTé  PHCYHKY 5.

— E-[leno MoMiyHm1K

He Konii: 1 TO2 Homep kon
[lo 3asepuwenHs:
1ron 29xs 34c
BinbHo BinbHo
8456

Puc. 5. Lndposuii aBiliHHUK 11eXy B 3aCTOCYHKY «E-/leno moMiqHmK»

KimrowoBuM  ¢yHKHmiOHAaIOM Uil KOPHUCTyBada 31  eTamd Bix mpuOyTTSA B JIENO 10 Yacy 3aBEpIICHHS POOiT.
CHeLiaJIbHICTIO  KepiBHUK Opuraau € MOXJIMBICTH — HaBmporu KO>KHOTO BHKOHAHOTO 3aBJaHHS
¢dopMyBaTH Ta 3aKpuBaTH 3BITH 3 OOCIyrOBYBaHHS.  BCTaHOBIIOETbCS 0COOHMCTa MapKa MpaliBHUKA. 30BHIIIHIN
CcopmoBanuii 3BiT MiCTUTH NMOBHY iH(OpMALiI0 PO BCi  BHIJIAX 3BITY HABEICHO HA PUCYHKY 6.
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3BiT

[Hoveueka sarisa

Morcusmii pemonT Ng: 1
Eneirpoensa B5: 8301
Bopua pemcsTy: TP

IHPOPMALIA [IPO OTPUMAHHS

Popma TY-28

Orprmana: 10.102024, 180505

BianceiaansHis 22 nepeaauy: Capoxeecernii AHigpit Iroposimy

Homep mapioa npasac 1111

Howep ko 1

Bigowi npoBaes: Buifiios 2 nagy 3-if TpaHcoopMATOR

Onuc nposmen: Bufwoe 2 ragy 3-# TpascdopuaToD

(OCHOEHMA PEMOHT

Halietyeatia posic

Bignosiganstnii

Pesizin oTOpRC-SiE0S: MAWNMHAKIS 3i SHIHOD
THO! PN | M3CTIAS ABOK KOAECO-MOTODHIX
Ginois.

BusicTi 481 KORICHI N3pw | NPOCAYXETY POBOTY
BOKTEIX MOTOpHINK NiguM RIS

OFAR ByKCOBHX BY2IS KONICHI N3P 3 SHIMGHHAM
nepeaLol KpULIOH

&

Ornrg i pemonT Komyaie ayGracrol nepegai. Mpw
4RTT] KOS BKKDHATY pesizivo yGHacTar
nepagai

&

Ornrg i perymosasmn ranswissoi skinHol
FiEpEga] DYMHCTD FAREME. SHIE TRTEMORI
KonoaoK.

B

Ornrg i pemonT BssmunsUik: naTRyBKE, ouUCnea
aanoSixms cirox

2

OFRRA | BENCHT paML BEKIE, KYZ083, OAOBHIK,
60KOBIX, AOAATKOSHX ONIOR, MASICKIA TAMOEVX
aEATyRiE, pECOpHCTD NiasiuyESHHR.

2

Oramg wanicHys: nap.

B

OulluehsR oK BEKTRAALIHI NaTEYOKIE 3

FATIOMOM FY2083, PEVOHT BEHTWARLFHIX NaTPy K.

B

Pasizin onop = nigiouom kyzoea.

[

Puc. 6. ChopmoBanuii 3BiT B 3acTocyHKyY «E-J{erno moMidaHHK»

BucHoBoK. ABTOpamH poOOTH OyJIO CIPOEKTOBAHO
Ta po3poOieHo iH(OpMAaIiiiHy CHCTEMYy eJIeKTPOHHOTO
IOKYMEHTOO0ITy B JIOKOMOTHBHOMY [IETIO y BHTIIAAI web-
3aCTOCYHKY. Po3poOieHuii mporpaMHUIl TPOAYKT Mae
MOTEHIia)l 1010 TOKPAIIEHHS Ta IMOJAJIbIIOI pO3POOKH
JIOZIATKOBOTO (DYHKIIOHATY. 32 paxyHOK BIIPOBA/KECHHS
iHpOPMAIIHOT CUCTEMH €JIEeKTPOHHOTO JIOKYMEHTOOOIry
B JIOKOMOTMBHOMY  JI€I0O  MOXHAa  IOKpaIlUTH
e(eKTUBHICT POOOTH 1IEXy Ta CKOPOTHTH BUTPATH 4acy
npubanzno Ha 15%. Le no3sonuts 00poOIsATH Oinblie
eJIeKTponoi3AiB 3a 700y, [0 MPHUBEAE [0 3HWKECHHS
c001BapTOCTI TEXHIYHOTO OTJISALY OJHIE] MAIIMHH.
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A. B. JIO3IHCBKA, O. B. IObAY

PO3POBKA THOOPMAIIMHOI CACTEMM JIJ1S1 BUPIIIEHHS 3AJTAYI OPEHJIA TA KYIIIBJII
KHUTJIA B HIAEPJIAHJAX 3 BIIPOBAJUKEHHAM AJITOPUTMY KOHTEKCTHOI'O IIOLIYKY:
HEPCOHAJII30BAHUU TA IPUIIBUAINEHUU ITIABIP HEPYXOMOCTI

CydJacHuii CTaH PHHKY HEPYXOMOCTI B OIBIIOCTI €BPONEHUCHKUX KpaiH, 30kpema B Hizeprnannax, noTpedye BIpOBaKEHHS IHHOBALIMHUX PillIeHb, 0
3[aTHI MOJETIIUTH ¥ NPUIIBUAUINTH HPOLEC IMOIIYKY JXATJIA Ta 3aJOBOJUTH MOTpeOM #oro mykadiB. 31e0iiIbLIOro, Ie 3yMOBICHO OpakoM
JIOCTOBIPHHX, aKTyaJbHHX JaHHUX Ta IHOPYBaHHSAM HEOOXIJHOCTI afanTaiii HassBHUX web-3aCTOCYHKIB Ta iHGOpMALiHIX CHCTEM UL iHO3EMLIiB, sIKi
HE BOJIOJIIOTH HiJEPIIAHACHKOI0 MOBOIO, IO AYyXKE BAXJIMBO B yMOBaX 3pocrarodoi Mirpauii. KpiM Toro, icHyroui pillleHHS 4acToO MPOMOHYIOTH
iH(pOpMAaLiI0 PO HEPYXOMICTb, SIKa BapiIOETHCS 3aJISKHO BiJ HAAITYBaHb KOPUCTYBada, 30KpeMa BiJOMOCTEH Mpo HOro BiK Ta HaliOHANBHICTB, IO
MPU3BOIMUTH 0 TUCKpUMIiHALIi. 3 OISy Ha 1€ aKTyaJlbHHM CTa€ BIPOBAIDKEHHS 3aCTOCYHKIB, SIKi MICTATh [JETajbHi, aKTyalbHi Ta JOCTOBIPHI AaHi
PO KUTIOBI 00 €KTH, a TAKOXK J03BOJISAIOTH HAJAIITOBYBATH MPOLEC MiAOOpY Ocei i/ iHAUBIayalbHi HOTpeOU KOopHCTyBadiB. MeTolo 1aHoi po6oTH
€ po3poOka indopMaliiiHol cucTeMH A BUPINICHHS 3a1adi OpeHAN Ta KymiBii XkuTia B Hinepmannax, CTBOPEHHS aNropUTMy KOHTEKCTHOTO HOIIYKY
JUISL TIPULIBU/IUICHHS 3HAXOMKEHHSI HEPYXOMOCTI, a TAKOXX HOro BIPOBA/DKEHHS JI0 JaHOi web-CHCTeMH. AJITOPUTM CKIIAZA€ThCS 3 TPHOX OCHOBHHUX
eramiB. Ha mepiiomy kporii BiZOyBaeThCsi T€OKOyBaHHS BBEACHOI KOPHUCTYBadeM aipecu. Jpyruii eran oxomioe HajcuiaaHHs 3amuty 10 Google
Places, po3paxyHOK pafiyca HONIyKy Ha OCHOBI MeX KBajpara, a Hajali — ¢popmynu ['aBepcuHyca, Ta IepeBipKy 00 €KTIB, IO MICTAThCA y 0a3i JaHUX
cepBicy, Ha IX HOTpAIUISIHHS B pO3paxoBaHy 30Hy. Ha TpeTboMy Kpoli BiiOyBa€eThCst BipaBICHH KOOPAMHAT IIEPIIOr0 OTPUMAHOTO 00’ €KTa Ta TUITY
HepyXOMOCTi Ha cepBep. Y pasi 3HaXOIKCHHs OroJIolleHb y 0a3i naHux iHpopMaLiiHOI CHCTEMH, BOHH IOKa3yIOThCs KOpHUCTyBaueBi. Po3pobieHna
iH}opmamiiiHa crcTeMa Ta alrOpUTM KOHTEKCTHOTO IOLIyKY, BIIPOB3/UKCHHII y Hel J03BOJISE€ HAaJaTH IIyKadyaM JKHTJIA JCTAIbHY, aKTyaJlbHY Ta
JIOCTOBIpHY iH(pOPMAIIi0 PO 00’ €KTH HEPYXOMOCTI, JOCTYIIHI ISl OPSHAH Ta KYIiBJIi, IPUIIBHILIATH MPOLEC MOIIYKY OCENi Ta 3aJ0BOJUTH MOTPeOU
11 mrykadiB. Takosx rojgoBHu# (yHKIIOHAI Web-CHCTEMH OXOIUTIOE HaJaHHs MOXJIMBOCTI ITyOJtiKallii, 3MiHH, BUIAJICHHS OrOJIOIICHb Ta BCTAHOBJICHHS
3B’A3KY 3 IX aBTOpaMHU.

KarouoBi cioBa: indopmariiina cucrema, 00’€KTH HEPYXOMOCTI, JKHTJIO, OCels, OpeHIa, KymiBisi, (opmyna [aBepcuHyca, airoputM,
KOHTEKCTHHI TTOLIYK.

A. LOZINSKA, O. LOBACH

DEVELOPMENT OF THE INFORMATION SYSTEM FOR SOLVING THE PROBLEM OF RENTING
AND BUYING HOUSING IN THE NETHERLANDS WITH THE INTRODUCTION OF A
CONTEXTUAL SEARCH ALGORITHM: PERSONALIZED AND ACCELERATED SELECTION OF
REAL ESTATE

The current state of the real estate market in most European countries, including the Netherlands, requires the introduction of innovative solutions that
can facilitate and speed up the process of finding housing and meet the needs of its applicants. This is largely due to the lack of reliable, up-to-date
data and the neglect of the need to adapt existing web applications and information systems for foreigners who do not speak Dutch, which is very
important in the context of growing migration. In addition, existing solutions often offer information about real estate that varies depending on the
user's preferences, including information about their age and nationality, which leads to discrimination. In view of this, it becomes important to
introduce applications that contain detailed, up-to-date, and reliable data on residential properties, as well as allow customizing the process of selecting
a home to meet the individual needs of users. The purpose of this paper is to develop an information system for solving the problem of renting and
buying housing in the Netherlands, to create a contextual search algorithm to speed up the search for real estate, and to implement it in this web
system. The algorithm consists of three main stages. The first step involves geocoding the address entered by the user. The second stage involves
sending a request to Google Places, calculating the search radius based on the boundaries of the square, and then using the Gaversus formula, and
checking the objects contained in the service's database for their inclusion in the calculated area. The third step involves sending the coordinates of the
first received object and the type of real estate to the server. If ads are found in the information system database, they are displayed to the user. The
developed information system and the contextual search algorithm implemented in it allow providing home seekers with detailed, up-to-date and
reliable information about real estate available for rent and purchase, speeding up the process of finding a home and meeting the needs of home
seekers. The main functionality of the web system also includes the ability to publish, modify, delete ads and establish communication with their
authors.
Keywords: information system, real estate objects, housing, home, rent, purchase, Gaversinus formula, algorithm, contextual search.

Beryn. Ha ¢oni mmobanbHux 3MiH y  cdepi AKTyanbHicTh podoTH. B ymMOBax Takmx BHKIIHKiB
E€KOHOMIKM Ta COILIaJbHUX TpoleciB 0Oarato KpaiH, Ha PHHKY HEPYXOMOCTI po3poOka iHdopmamiiiHol
30kpeMa ¥ Himepmanan, 3iIITOBXYIOTBCS 3 HH3KOK  CHCTEMH JUIS BUPIMICHHS 3a]adi OpPEHIN Ta KYIIBJIi XUTIA
mpobiem y chepi HepyxomocTi. 3poctaHHs MacmTabiB B Hizepianmax € qyke akTyalabHOIO, OCKUTBKH JO3BOJISIE
MepeMilieHs JIIOAeH y CBITI depe3 TeomoNiTHYHI Ta  MPHUCKOPUTH W CIPOCTHTH TIPOLECH IMOMIYKY OCeli,

€KOHOMi4HI 0OCTaBMHH MPOBOKYIOTH MiJBHUIICHUN MOIUT
Ha JIOCTYIHE XXHTJIO, YCKJIaJHIOIOUHM IIPOLECH ajarTarii
HoBonpuOymux. Kpim Toro, Hapasi y Hinepnannax
CIIOCTEPIraeThcsl BHCOKA KOHKYDEHISI Cepes areHTCTB
HEpYXOMOCTi, a ii MoIyK 3aiiMae JOCHTh TPHBAIMH Hac
yepe3  HAsABHICTH  HENOCTOBIpHOI  ab0  HEMOBHOI
iHpopmanii npo o6’exktH. JlaHI YMHHUKH BUKIHMKAIOThH
HEOOXIAHICTh y pO3poOIll €PEeKTUBHOTO PIlICHHS IS
MOUIYKY JKUTIIA.

30KpeMa i i1 HOBONPHOYTHX y KpaiHy, 3abe3mednTtH
JOCTYIl JI0 aKTyaJbHOI iH(poOpMalili Ta HaJaroAUTH
B33a€EMOJIII0 MK IIyKayaMH HEpYXOMOCTI Ta TUMH, XTO ii
IIPOTIOHYE.

OTxe, TaHa CUCTEMa CIIPHsIE€ IHTErparii iHO3EeMIIB,
30KpeMa W ODKEHIIB, OCKUIbKM HasBHICTH KOM(OPTHOTO
KUTJIA € OJHMM 3 HaWBXKJIMBIMIMX acleKTiB IbOro
npouecy [1]. Kpim Toro, BoHa BiZKpMBa€ HOBI
MOJKJIMBOCTI JJII PO3BUTKY areHCTB HEPYyXOMOCTI B

©, A. B. Jlozinceka, O. B. JIobau, 2024
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YMOBaxX BHCOKOi KOHKYPEHIII Ta TPHUCKOPIOE TIPOIEC
TIOIIYKY OCEi.

IlocranoBka 3agauyi. Mertoro pmaHOi poboth €
po3podka iHhopMaIliifHOT CHCTeMH s BUPILICHHS 3a1adi
opeHIM Ta KymiBii kurina B Himepmanmax, CTBOpeHHS
AITOPUTMY KOHTEKCTHOTO TOINYKY ISl HPHUIIBUJIICHHS
3HAXOJDKEHHSI HEPYXOMOCTI, a TAaKOXK HOTo BIIPOBaKEHHS
10 naHoi web-cuctemu.

Bupimenns  3agaui.  JloCni/DKeHHSIM  pHHKY
HEPYXOMOCTI  €BpONEHCHKHUX  KpaiH 1, 30Kpema,
Hinepnanzis, 3aiiManuch BITYM3HIHI Ta iHO3EMHI aBTOPH
[2-12]. B poGorax Gymau mocimimkeHi pi3Hi acrekTH, aie
OCHOBHA YyBara TPHAUBUIACH BIDIMBY iH(pOpMAaIitHuX
cucteM Ha gaHy chepy. Ha ocHOBiI mocmimkeHb MOXKHA
3poOMTH  BHCHOBOK, IO TaHAEMiI KOPOHaBipycy
NpUIIBUANIMIA HHU(PPOBI3aLil0 PUHKY HEPYXOMOCTI B
Hinepnanmgax. BogHodac mpOBajKCHHS 1HHOBAIIHHIX
TEeXHOJOTiH Ta web-cucreM Mae TOTeHIHan — Aus
PO3B’s13aHHS 33/1a4i 33JI0BOJICHHS MOTPe0 IIyKadiB KUTIIA,
npoTe Taki pilleHHs Bce e IepeOyBaloTh Ha erari
PO3BHUTKY.

[MutaHHsM TpoOIEeM HAsBHUX pillleHb 3aliManuch
aBropu [13-17], a mpomosumii moA0 iX MOKpAIICHHS
HaBeJeHi gochigaukamu [18-23]. Oxke, Hapa3i OCHOBHOO
mpobieMoro iH(popMaIiitHIX CHCTEM € HEeIOCTaTHICTh Ta
HeloCTOBipHICTh iH(opMarii. [IpoTe Takox BaKIHBO,
mob Web-cuctemMa opeHaM Ta KyMiBII OKUTIAA Maja
SJIEKTPOHHY KapTy, NpaBHJIbHE PO3NOAUICHHS JaHUX Ha
CTOpiHKaxX, JIETKMH y BUKOPHUCTAaHHI Ta IHTEpaKTHBHHN
inTepdeiic. Boanouac iHdopmauiiiHa cucTeMa MOBHHHA
3abe3nedyBaTd piBHUW JOCTyN 10 iHpopMarii Juis Beix
KOPHUCTYBaJiB, HE OOMEKyHud 1 Ta HE 3MIHIOHYU
3aJ€KHO BIJ HAIOHAJBLHOCTI YW IHIIMX O3HAK, 10
MOXYTh HPHU3BECTH 10 auckpuminaii. Kpim Toro, web-
cucTteMa Mae OyTH TakOX CIpAMOBaHA HE JIMIIE Ha
HiZICpIAHALIB, a W Ha IHO3EMINB, OCKUIBKH Hapasi y
Hinepnanmax crocrepiraeTbcsl akTHBHA MITpais 3 1HIIHX

KpaiH, 30kpema 3 Ykpainu [24]. Orke, cucTeMa IIOBHHHA
OyTH  MyJIBTHMOBHOIO, 1100  JOTOMOITH  JIIOISM
3a0e3neunTr 3pYyYHUIA JOCTYN OO0 HeoOXimHoi iHdopMmariii
IUIS BCIX, HE3aJIEKHO BiJl MOBH.

Bei mi acmexktm Oynm BpaxoBaHI Ipu  po3poOrri
iHpopMamiiHOi CHCTEMH AJIs BUPIMICHHS 3a7adi OpeHIN
Ta KymiBii xwutia B Hizepinannax.

Just  peamizainii (poHTeHA-4acTHHH jgaHol Web-
cucteMu Oyno BHKOpHCTaHO Gibmioteky React.js,
OCKIIbKM BOHa 3a0e3nedyye BHCOKY NPOAYKTHBHICTB
CHCTEMHU IIij1 Yac 11 poOOTH 3 BEJIMKUMHU OOCSTaMH JIaHHX.
HuzaifH  cTBOpeHHH 3a  JOMOMOrol0  (hpeMBOPKY
Bootstrap, skuii micTuTh BenWKHHA HaOip IHCTPYMEHTIB
IUIsL CTBOpEHHST Web-3acTocyHKiB, 110 Hagae MOKIHBICTH
3HaYHO MPUIIBHIMATH pPo3poOKy. Kpim Toro, s
0oOpMIICHHSI CTOPIHOK CHCTEMH OyJjla BUKOPHCTaHa MOBA
po3mitkn CSS, OCKiNBKHM BOHA [O3BOJSIE JOAATH HUAM
KpeaTuBHOCTI. bBekenp-uactuHa Web-cuctemu  Oyna
po3pobsieHa 3  BUKOPDHCTAHHSIM  CEpelOBHINA IS
BuKoHaHHs JavaScript, Node, Ta ¢peiimBopky EXpress.js.
Take moeqHaHHS  J03BOJISiE  3a0€3MEUUTH  BHCOKY
MIPOIYKTUBHICTh Ta MAaCIITa0OBaHICTh.

MongoDB ©Oyna Bu3Ha4YeHa SK ONTHMaJbHUN
BapiaHT CHCTEMH YIpPaBIiHHA Oa3aMH IaHWUX, OCKLITBKH
BOHA Mae€ 3JaTHICTh BUTPHMYBATH BHCOKI HaBaHTa)KCHHS
mpu poboti 3 OararbMa KOPHCTYBadaMH OIHOYACHO,
30epiraroun TIpH IIOMY BHUCOKY HPOXYKTHUBHICTH. Kpim
toro, mi CYB]/l Hamae MOXIHMBICTD mpamroBatu 0e3
JKOPCTKO BHM3HAYCHOI CXEMH JaHHX, L0 BaXIHBO A
chepu HEPYXOMOCTI, € KOXKEH 00’€KT MOXKEe MaTH Pi3Hi
XapaKTEePUCTUKH.

byno BusHaueHo 1BI pom s B3aeMogii 3
iHpOPMAIIIHHOIO ~ CHCTEMOI:  HE3apEECTPOBAHHMU 1
3apeecTpoBaHuii kopuctyBad. OCHOBHUM (PyHKIIIOHAIOM
NEepIIOro € MOXIJIHUBICTh pEeeECTpalii Ta mepersmy
mpoQiTiB areHTIB HEPYXOMOCTI Ta OTOJOIICHB, IX

GinbTpalis Ta COpTYBaHHS, BHUKOHAHHS KOHTEKCTHOT'O
momyky. Ha pucynky 1 mokasaHi 00’€KTH HEpyXOMOCTI,
JOCTYITHI IS KYIIBITi.

Puc. 1. Cropinka «Buy» indopmariitnoi cuctemu Juist BUpIIIeHHS 3a/1adi OpeHAN Ta KymiBii xkuTia B Hizepnanmax
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Ha pucynky 2 moka3aHuii pe3ynbTaT 3aCTOCYBaHHS
¢inprpamii y pasi Bubopy Takux ¢imbrpis: «Locationy —
«Asserpark, Ridderkerk, Nederland», «Radiusy —
«+10kmy», «Purpose of property search» — «Buyy,
«Property type» — «House», «Type of house» — «Canal

Filters Location

Asserpark, Ridderkerk, Nederland
Purpose of property search

house», «Number of bedrooms» — Big 1 mo 5, «Number of
rooms» — Bix 2 mo 5, «Energy labely — «A++», «A+» Ta
«A», «Availability of solar panels» — «i», «Price» — Bix 0
mo 350000, «Availability of a garden» — «mi», «Other
external spaces» — «Balcony, loggia, or neither».

Radius

E+10km

Use this search to find accommodation near a community facility such as a school, library, hospital. To do it, choose the location, the

search radius, enter the property type, the place type and click on the "Search” button.

Property type
(O House

Flat Flat

Property type

Type of flat

2 ads found

([0 Studio apartment

() 1-bedroom apartment
2-bedroom apartment

[ Multi-bedroom apartment

[ puplex apartment

() canal apartment
Number of bedrooms
1 3

Number of rooms

319,000

2 5
Living area size lem =%} F A

1 Max number

Enter place type (e.g. school, hospital)

Community facility

Sort by newness - .

297,000

Puc. 2. Pe3ynbrar BUKOHaHHS (QiabTparii

3apeecTpoBaHMil KOPHCTYBa4 BOJIOMIE IIUPIIAM
Habopom ¢yukmii. I1liii pom moctymHa myOJiKaIis
OTOJIONICHD, iX IMEpPerysijl, PelaryBaHHS Ta BHAAICHHSL.
TakoXX  MOXIHMBE  JOJaBaHHA  TMEBHHX 00 €KTiB

Favourites

HepyxoMmocTi m0 obpanoro (Puc. 3), penaryBaHHA
BJacHOro  npodiI0 Ta  BUKOHAHHS  HPOLENYpH
aBTOpH3AIlii, BUXOMY 3 00J1IKOBOTO 3aIuCy.

All your favorite ads

You have already added 3 properties to your favorites

© Al rights reserved

#StandWithUkraine

Puc. 3. Cropirka «Favourites» inpopManiifioi cucreMu [1s BUpILIeH s 3a/1a4i OpeH/n Ta Kymieii kutia B Himepnanmax

Takox /IS 3apeeCTPOBAHOTO KOPUCTYBava JOCTYITHA
MOXITHBICTh 3B’SI3yBaTHCh 3 aBTOPOM OTOJIOLICHHS 3a
JIONOMOro0  popMu  3BOpoTHOrO 3B’s3Ky. Kpim Toro,
ko Oy Haaicnmanuid suct (Puc. 4) momo neBHOro

OyauHKY a00 KBapTHpPH, TO TaKWd OO0 €KT MOYHHAE
JIEMOHCTPYBAaTHCsl KOPHUCTyBauy Ha cropiHui «Property
Inquiries» (Puc. 5).

Bicnux Hayionanvnoeo mexuniunozo yunieepcumemy «XI1Iy.
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New message from a housing seeker

oA OasisFinder

Kowmy:

Oasis Finder

New message from a housing seeker on Qasis Finder
Details about a housing seeker:

Name: Artem

Email: art23vital@ukr.net

Phone: +31642658264

Message:

Dear Katya,

>

I hope this message finds you well. | am writing to express my interest in the apartment listed on Oasis Finder. The property looks wonderful, and | am very keen to
schedule a viewing at your earliest convenience. Could you please let me know your availability for a viewing? | am flexible with timing and can adjust to your schedule.

Thank you for your time and consideration. | look forward to your response.

Best regards, Artem

View the property you received a request for. It is a Flat in Willem Dreesstraat 147, Ridderkerk, Netherlands for Sell. The price is 696500,

© 2024

Puc. 4. [lpuknan nucTa, SKU OTpUMaB aBTOP OTOJIOIICHHS BiJI IIyKayda KHUTJIa

=

You have already sent an email regarding 1 property

Qasis Finder

Puc. 5. Cropinka «Property Inquiries» indopmariiiiHoi cuctemu aJis BUPIIICHHS 3a1a4i OpeH/IH Ta KymiBii sxutia B Hinepnanmax

Iudopmariiiina cucrema [Uis BHUPINICHHS 3a1adi
opeHaAM Ta KymiBal okuTia B Higepmanmax €
mynbTEMOBHOIO.  \Web-cuctema  mMae  aHrIIoMOBHY,
YKpalHCbKOMOBHY Ta HiJiepJlaHICbKOMOBHY Bepcii, KOJKHa
3 KHUX JTOCTYITHA JUTS BCIX, HE3AIEKHO BiJ POJIL.

Jus  3apeecTpoBaHOTO KOpPHUCTYBada, SK 1 Ui
HE3apeeCTPOBAHOTO, TAaKOX  JIOCTYyIIHA  MOJKIJIHBICTh
nepernsaay. KpiM Toro, s posib Takok MOXKe MeperiisiaaTu
OTOJNIOMICHHs, (ITPTPYBaTH IX Ta BiIICOPTOBYBATH.
CopTyBaHHSI MOXKIIUBE 32 IIIHOIO Ta 3a JaTOr0 MyOmiKartii
00’€KTa HEPYXOMOCTI Y CUCTEMI, TOOTO BiJ HalJeIIeBITUX
70 HaWZOPOXKYMX, BiJl HAHCBUKIMIMX 0 HalcTapimmx Ta
HaBmaku. TakoX BapToO 3a3HAYMTH, LIO 3aPEECTPOBAHHIA
KOpHUCTYBa4 MOX€ BUKOHYBaTH KOHTEKCTHHH MOIIYK.

Juns  peamizamii  KOHTEKCTHOTO  MONIYKY B
iHpopMmaniiiHii cucremi po3poOieHo (yHKIIOHAN, IO
JI03BOJISIE  KOPUCTyBadaM  3HAXOJUTH  HEPYXOMICTh

MIEBHOTO THITy, Halpukian OyanHOK abo KBapTupa, B
oOpaHiii HMMHM 30Hi, OpIEHTYIOUHCh Ha OJM3BKICTH IO
COIIaJIbHUX O0’€KTIB, TaKWUX SK OiOMIOTEKH, IIIKOJIH,
mikapHi Tomo. QPYHKIIOHAIBHICTE 3a0e3MmeuyeTses 3a
JIOTIOMOTOIO CITEIialIbHO PO3POOICHOTO aIrOPUTMY.

Bcporo € Tpu 0OCHOBHUX eTanu ajiroputMy. Ilepiimm
3 HHUX € TEeOKOJIyBaHHS BBEIEHOT aJpecu IUIIXOM
HaJCWIaHHs 3anuTy 10 cepBicy Google Geocoding API.

Jpyruii Kpok — 1ie mouryk 00’ eKTiB, SKi 3HaXOAATHCS
no6im3y. s mporo Hajcwiaetbes 3amut no Google
Places API. [lami Bxe maHuii cepBiC OOYHCIIIOE MEXi
KBajIpara, SIKMH OXOIUTIOE KOJIO pajiyca HOIIyKY, 3 METOIO
npuckopeHtst mporecy. Ilotim Google Places API
BIIIpaBJIsi€ 3alHT 31 3HAHAEHUM pagiycoM Ta THIIOM
COIaTLHOTO 00’ €KTa JI0 CBOET 0a3u AaHmx. Y pasi, SIKIIO
y BIONOBIIB CEpBIC OTpUMY€E Tepenik reorpadigHmx
KOOpAMHAT, BiAOyBaeThCs X MepeBipka Ha MOTPAIUITHHS
JI0 30HHM TONIYKY 3rimHo 3 ¢opmyroro aBepcunyca [25],
sKa BpaxoOBy€ KpHBH3HY 3emui. 3a J0mMoMoror Hei
0OYHCITIOETHCS BiZICTAHD MiXK JJBOMa TOYKaMH Ha cdepi 3a
iX MHUPOTOI0 Ta MJOBroTol0. SIKIm0 BOHa MeHIma abo
JIOPIiBHIOE pajiiycy, 00'eKT JOMAETHCS JI0 pe3yIbTaTiB.

OcTaHHIM €TanoM QJITOPUTMY €  BiJNpPaBICHHS
3alUTy Ha CepBep, B SKOMY MeEpeNaroThCsl KOOPIMHATH
nepmoro o0’€KTy Ta THI HEpyXoMocTi. Y pasi, SIKIIO
OTOJIOIIEHHS  3Haiineni y  ©0a3i  JaHWMX, BOHHU
JEMOHCTPYIOThCSI KOPHCTYBauy.

Bicnux Hayionanvroeo mexuiunozo yHieepcumemy « XI11».
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Bapto 3asmHaumTH, mo y pasi, AKmo He Oyio Bci kpoku anroputMy MpoAeMOHCTPOBAHO y BUIIIAIL

OTPUMAHO HISKHX TeorpadiyHux KOOpAWHAT, TOOTO HigKi  ONOK-CXeMHM Ha PHUCYHKY 5, a MpuKiIax Horo pobotu y
00’€KTH He TOTPAITIIIH IO MEX KBampara abo BXe 10 30HH ~ cucTeMi y pasi Bubopy «Location» — «Middelharnis,

MOUTYKY

tdopmynoro  ['aBepcuHyca,

to  Nederland», «Radius» — «+10 kmy, «Property type» —

KOPHCTYBady MMOKA3y€eThCs MOBIIOMIICHHS, 1110 oroyorieHb  «House», «Community Facility» — «school» — ua pucynky

HE 3HAWIEHO.

6.

BmcRy Teca sami A0 Google Georoding AP
T2 BiAGYRAETRCA TEOROTYBAHES ANPECH:

(oprcTyEaT 00paE
pazive nomyxy?

HEDHYETECE 30T 0 Google Places APL § -

SKOMY IEDERANOTEC Teol agiemi BrxoEyersea saneT 1o Google Places, B
xnonmzm?:‘m fiscd ;;E.mz S5m0 AXOMY TEPEAAICTLCA TeoTpadimi

( AREAM) T2 THT Micn KOOPAHATH, OOpAHHH PATiyC Ta THI Micus

Google Places APL

OBIBCTIOE MeR] KBATPATA,

K ONOILTIOE KOO PATIYCY
momyky.

Google Places APT sianpanse samut 10 ceoei B 2 pimrpasu
THR OFckTy T3 ofumcnensdl patiyc (Mexd Kpanpata)

Google Places AP

Hi -
OTPHMYE NEpenik of £KTIE 3

sianositaoTs diTkTpan?

B, mi

Hi

O eXT BEAATAETECA 3 Tepenisy

B Tiepeaivy sammIHCA T

B'ext noTpanua 40 =

BAYCY NOWYKY 3K 3 BOPMYTION
rasepcuryca?

O eXT 3aTHITAETECS B Mepeniky

B niepeniky 3aTHINETHCE U

of'ckTH 33 opuy
Tapepcumyca?

Tax

e BiALTsTPORaR] 06 EKTH 23 (OPMYIOK
Tasepemmyca?

- - KGop; & e
[yCTRE N 3 y
TlycTait MacHE 00'exTie o exria no -
MOBEPTAETHCA HA KIEHT - FomerT y
ECTICHT ¥ BETTAT] MACHEY

]

BiAnpasTacTaca saMT 2
CEpBEp, B SKOMY MEPEIAOTECA
‘SOOPJHHATH NEPIIOrD OF EETy

12MOBTYBAHHEAM € § KEAPTHDA,

BimnpasaseTsod JanET Ha
CEpBep, B AROMY MEpEIAKTHCT
ROCPIHHATH NEPIIOTO 00'€KTY Ta
‘THI HEPYROMOCTL

T4 THII HEPYROMOCTI (32

i GymmoK)

BHKDEyeTECE QUIETPAmiT
orozomess y 5] 3
KOOPHHATAME Ta THIOM
EepyxoMocTi

Tax

OPECTYBATY NORAT CTECA
TOBLTOMIICHIE, N0 OQIOMICHE

o) sEaitzen:?

Oroaomerss moBepTaIOTLCA Ha
wiekt

OroI0IcHHA NOK3ZYITECA
KOPHCTYBATY

Puc. 5. AIropuT™ KOHTEKCHOTO TOLT

YKy, peasti3oBanuil y iHpopMaliiiHiii cucremi
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Middelharnis, Nederland

House school

2 ads found

X +10 km

Sort by newness - ...

Puc. 6. Pe3ynbrarti BUKOHAHHSI KOHTEKCTHOTO MOIIYKY

BucHoBok. CTBOpeHO Ta BIPOBaKEHO y web-
CHUCTEMYy  alNlOPUTM  KOHTEKCTHOTO  MOIIYKY, SIKHi
JI03BOJISIE 3HAXOJUTH O0’EKTH HEPYXOMOCTI B OOpaHOMY
pazmiyci Big TEBHOI aJpecH Ta COLIANBHOTO 3aKJany.
IHdopmaniiiHa cucTeMa 3HAYHO MOKpAIIYE IPOIEC
mijoopy oceni Ta BiINOBiaE NOoTpedaM yYaCHUKIB PHUHKY
xumia B Hinepnanmax. [lana web-cuctema Mae 3HaYHUM
MOTEHIial IS [TOJANIBIIIOTO BAOCKOHAICHHS Ta PO3BUTKY,
3 MOXJIMBICTIO iHTerpanii HOBUX (DyHKIIH, [0 T03BOJIUTH
me OuTbIle TOKpAamUTH JIOCBiM  KOPHCTYBadiB i
aIanTyBaTH CHUCTEMY JO 3MIHIOBAHUX BHMOI PHHKY
HEPYXOMOCTI.
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JI6. C. YEPHOBA, C. /JI. TUTOB, 1. A. 5KYPABEJIb, JIo. C. YEPHOBA

3ACTOCYBAHH? 3AT'AJIBHOI'O AJIT'OPUTMY JTHEAPHU3AIII B IPOGOBO-JITHIMHUX
3AJAYAX OIITUMIBALII B YITPABJIIHHI TIPOEKTAMMU

EdexTrBHE II1aHyBaHHS peCypCiB Ta ONTHMI3ALlist Tpadiky poOiT J03BOJISLE MiHIMI3yBaTH BUTPATH 1 JOTPUMYBATHCS TEPMiHIB BUKOHAHHS IPOEKTY, 10
3a0esmedye SKICThb pe3yJbraTiB. barato peagbHHMX HPOEKTIB BKIIOYAIOTh CKJIAJHI B3a€MO3ATIEKHOCTI Ta OOMEXEHHS, IO MOXKYTb OyTH ONHCaHi
HEMHIHIMH MOZEISIMH, YCKJIAJHIOIOUHM IpOLeC iX onTuMizauii. BHKOpHUCTaHHS 3aralbHOrO ajaropuTMy JiHeapusauil A HETiHIHHHX 3amad
onTHMi3alii MPONOHye IHHOBAiMHMH MiAXiA DO CHPOIIEHHS 1 PO3B'SI3aHHS CKIAIHHX 3a7ad IUIaHyBaHHs. JliHeapu3amis I03BOJISIE MEPETBOPUTU
HeNiHiiHI MoJeni Ha OUIBII 3pydHi JUIS 0OYMCIIEHHS JIiHiiHI (OpMH, 10 HOJETIIy€e 3aCTOCYBAaHHS METOAIB JiHIHOro nporpaMyBasHs. Lle ocobmauBo
Ba)IIMBO B yMOBax OOMEXKEHHX PECYpCiB Ta CTPOTMX OOMEXeHb Ha 4Yac 1 OIOKET MpOeKTy. SIKINO MPOEKT Mae CKIafgHuil rpadik 3 Oaratbma
B3a€MO3AJIC)KHUMH 33/a4aMHi, a TaKOX OOMEXCHHMH pPECypcaMH, BBa)XKAEMO, L0 BHXiJHA MOJEIb MICTHTh HENiHIMHI OOMEKEHHs, HaIpHKIaL,
3aJIOKHOCTI MK PI3HMMH 3aJadaMmH, [0 BIUIMBAIOTh HA TPUBAIICTH Ta BHKOPHCTAHHs PeCcypciB. BHKOpHCTOByrOYM MeTOAHM JliHeapu3amii, Taki siK
3aMiHa HENIHIHHUX OOMEXEHb JIHIHHUMHU HAOMKEHHSIMH ab0 BUKOPHCTAHHS YAaCTKOBHX IOXIIHUX Ui JIOKAJIBHOI JIiHeapH3awii, MOYKHA CIIPOCTUTH
3amady mo jiHidHOI dopmu. Ilicas miHeapuzauii 3aCTOCOBYIOTH JIHINHHI METOOM ONTHMI3awil, Taki sIK JiHIHE MPOrpaMyBaHHs, IS BH3HAYCHHS
ONTHMAIBHOIO PO3MOAILy pecypciB i1 rpadixy BUKOHaHHS 3afad. OJHHM 13 HAHNOMMPEHINMX NPHUKIANIB BUKOPUCTAHHS IPOOOBO-JIIHIHHOL
onTHMi3allii B yNpaBliHHI NPOEKTaMU € 3a4ada MiHIMi3alii BUTpaT Ha OJMHHULIO Yacy abo pecypcy NMpH MaKCHMaabHOMY IMiZABHILIECHHI SKOCTI
BUKOHAHHS 3afad. Hampukman, npu miaHyBaHHI Oy[iBENBHOTO MPOEKTY MEHEIKEPH MOXYTh BHKOPHCTOBYBATH ApoOOBI INiHIMHI Momemi mys
onTHMi3alii BUTpaT Ha OyZIiBeNbHI MaTepiany Ta pobody CHily, 3a0e3Iedyioud IPH oMY BHCOKY SIKICTB pOOIT 1 rapHe BUKOHAHHS BiX rpadika.
Kuaiouosi ciioBa: 1po6oBo-ItiHiiiHA ONTHUMI3ALIS, YIPABIIHHSA IPOEKTAMHE, PECYPCH, AITOPUTM JTiHeAPU3aLlil, yIpaBIiHHS PH3UKAMH.

Liub. CHERNOVA, S. TITOV, I. ZHURAVEL, Liud. CHERNOVA

APPLICATION OF THE GENERAL ALGORITHM OF LINEARIZATION IN LINEAR FRACTIONAL
OPTIMIZATION PROBLEMS IN PROJECT MANAGEMENT

Effective planning of resources and optimization of the work schedule allows you to minimize costs and adhere to project deadlines, which ensures the
quality of results. Many real projects include complex interdependencies and constraints that can be described by nonlinear models, complicating the
process of their optimization. The use of a general linearization algorithm for nonlinear optimization problems offers an innovative approach to
simplifying and solving complex planning problems. Linearization makes it possible to transform non-linear models into linear forms that are more
convenient for calculation, which facilitates the application of linear programming methods. This is especially important in conditions of limited
resources and strict constraints on the time and budget of the project. If the project has a complex schedule with many interdependent tasks, as well as
limited resources, we believe that the original model contains nonlinear constraints, for example, dependencies between different tasks that affect the
duration and use of resources. Using linearization techniques, such as replacing nonlinear constraints with linear approximations or using partial
derivatives for local linearization, the problem can be simplified to a linear form. After linearization, linear optimization methods, such as linear
programming, are used to determine the optimal resource allocation and task execution schedule.One of the most common examples of using the linear
fractional optimization in project management is given by a problem of minimizing the expense per a unit of time or resource while maximizing the
tasks completion quality. For example, in planning of a construction project, managers can use linear fractional models for optimizing the expense for
construction materials and manpower with ensuring a high quality of works and good meeting of the schedule milestones at the same time.
Keywords: linear fractional optimization, project management, resources, linearization algorithm, risk management.

BUpIIIEHHS  CKJIQJHUX  3aBJaHb, [OBSI3aHUX 13
IUIAaHYBaHHSIM, DO3IMOJAIIIOM pECypCiB Ta YIpaBJIiHHIM
pusukamu. Lleid  meron  J03BOJNISIE  ONTHMI3yBaTH
CIIBBIHOIIECHHS MIXk KiJIbKOMa B)KJIMBUMH MapaMeTpaMu
NPOEKTY, TAKUMH SIK BapTICTh, Yac, SIKICTh BUKOHAHHS Ta
IHII TTOKa3HMKH, 110 MAalOTh BHpILIAJIbHE 3HAYEHHS JUIS
YCIIIITHOTO 3aBEPILICHHS MPOEKTY.

Beryn. YV cydacHOMy  CBIiTI, 1O  CTpIMKO
po3BUBaeThCs,  iH(OpPMaLiiiHI  TEXHOJOTl  CTalTh
(GhyHIAMEHTOM JUIsl BHUPIIICHHS CKIIAQJHUX 3a/1a4 B PI3HUX
ragy3six Haykd Ta HpoMuCiIoBocTi. OmHIEID 3 Takux
BOXJIMBUX oOJlacTe € omnTuMizallis, sKa HaJae
MOXUIMBICTh  3HAXOAWTH  HAWKpamli pilieHHd s
JNOCATHEHHS Oa)kaHWX pe3ynbTaTiB IpH  MiHIMi3aril
BHTpaT ab0 MakcuMmizamii e()eKTUBHOCTI.

3amadi qpoOOBO-IiHIHHOT onTUMI3allii BHHUKAIOTE Y Mera OITHUMI3alls

podotu. JIpoGoBo-rmiHiliHA

0araTb0X pealbHHX CHTYyalisX, KOJNM HEOOXIAHO  BIIPI3HAETHCS BiJ TPATUIIIHHUX METOJIB THM, IO ILTHOBA
ONTUMI3yBaTU CHIBBiHOIIEHHS MK KiTpkOoMa ~ QYHKIiS B TaKWX 3aJadax Mae€ BHUIIL ApoOy, me
napamerpamu. Hampuknan, 1e Moxe OyTH 3ajgada YUCENbHUK 1 3HAMEHHUK € JIHIMHUMHA (QYHKIISMU.

MiHiMi3amii cobiBapTocTi mponykuii mpu 30epekeHHi
MIEBHOTO PiBHA SKOCTI ab0 Makcumizamii mpuOyTKy TpH
oOMexxeHuX pecypcax. Taki 3amadi dYacto MarOTh
HEeNiHIHHY TpUpOLy, MO YCKIAIHIOE iX pPO3B’sS3aHHS 3a
JIOTIOMOT 010 TpaJUIIHHAX METO/IiB JHIHHOTO
nporpamyBaHHs. TOMy OJHUM i3 BaXKJIMBHUX HAaIlpsSMKIiB
JOCI/DKSHHSI € JIiHeapH3allisl TakuX 3ajad, sKa J03BOJISIE
3acToCyBaTu e()eKTHBHI aJrOPUTMH JiHIHHOT ONTUMI3aLil.

JpoOoBo-miHifiHa  onTHMi3alis B yNpaBIiHHI
MPOEKTAMHU € OJHHUM i3 Halle(EeKTUBHIMIMX MiIXOMIB I

Hanpuknan, e Moxke OyTH CIHiBBiIHONIEHHS BUTPAT IO
KUTBKOCTI BUKOHAHHX POOIT a00 yacy BUKOHAHHS MPOEKTY
JIO PiBHS HOTO SIKOCTI.

Mertoro poOoTH € TOCTIANTH 3a/1a4i TAKOTO THILY, IO
4acTO BHHHMKAIOTH y PEANbHOMY JKHTTi, OCOONHMBO B

YIOpaBIiHHI ~ TPOEKTaMH, 1  3HAUTH  ONTHMAaJIbHE
CHIBBIJHOIICHHS  MDK  pPI3HUMH  pecypcaMu  Ta
pe3yJbTaTamH.

BukopucroBytoun apo0oBo-miHilHY onTumizarilo,
MOKHA MiHIMI3yBaTH BUTpaTH Ha OJIMHUIIIO

©, JI6. C. YepHosa, C. JI. Tutos, L. A. Xypasens, JIx. C. Yepuosa, 2024
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MPOIYKTUBHOCTI 200 30iIBIIMTH TPOAYKTHBHICTH IPH
00MekeHOMY OIODKETI, M0 € KIFOYOBUM JUTSl YCITIITHOTO
3aBEpIICHHS POEKTY.

Buknag ocHoBHoro marepiaay. Opamm 3
HAWMOMIMPEHIMUX TPHUKIAIIB 3aCTOCYBaHHS JpoOOBO-
JHIKHOT oNTUMI3alii B yNpaBliHHI NPOEKTaMHU € 3aqadya
MiHIMi3alil BUTpaT Ha OJMHUIIIO 4Yacy abo pecypcy HpH
MakcHMi3allii SKOCTI BUKOHAHHS 3aB/IaHb.

Ockinbkd  OpoOOBO-NMiHIMHI ~ 3a7adl  CKJIaJHO
pO3B’SI3yBaTH 3a JONOMOTOI0 TPaJULiHHUX METOMIB
omTuMizamii, iX  "YacTo  JIiHEApU3yKTh,  TOOTO
MEpeTBOPIOIOTh Y IiHiMHY ¢opmy. Lle mocsraerbes
IDIIXOM BBEICHHS HOBHX 3MIHHHUX, SKi JIO3BOJSIOTH
3BeCTH [MpoOOBy OYHKLiIO [0 JiHIIHOI, MicIsa doro
3aCTOCOBYIOTBCS CTaHJapTHI METOINA JIHIKHOTO
HpOrpaMyBaHHs, TaKi K CUMIIIEKC-METO/I.

JpoOoBo-iHiliHA ONTUMI3aIlisl TaKOX 3HAXOIHUTH
3aCTOCYBaHHSl y PH3HK-MEHEKMEHTI. Y IPOEKTHOMY
YIOPaBIiHHI PU3UKH YacTO BHUMIPIOIOTBCS y BHIVISAIL
Mo0yTKy HWMOBIpHOCTI MEeBHOI mofii 10 i1 HaciiakiB. 3a

JIOTIOMOT0K0  IpOOOBO-TIHIHHOT — omTUMI3alii  MOXKHA
MiHIMi3yBaTu NOTEHLIHHI BTpATH, OJTHOYACHO
MaKCUMIi3youd e(eKTUBHICTh 3aXOJiB 3 VYIpaBIiHHA
pH3HKaMHU.

[TepeBarn IpoOOBO-TiHIHHOT omTuMizamii
BKJIIOYAIOTh ~ MOXJIMBICTh ~ BpaxyBaHHA  CKJIAQIHHX

B32€MO3B'SI3KIB MK PI3HHUMH ITapaMeTpaMy MPOEKTY, IO
O3BOJISIE OTPUMYBATH OLTBII TOYHI Ta 30arxaHCOBaHI
pilienHs. BoHa TakoX Hajmae THYYKICTh y NPHUAHSTTI
pillieHb, OCKIIBKHA MEHEIKEPH MOXKYTh MOJEIIOBATH Pi3Hi

creHapii PO3BUTKY oTik Ta BHOUpATH
HAWOIITUMAJILHIIIHM LIJISX.
OpHak, CiJ 3a3HAYMTH, MO0 JIPOOOBO-JiHINMHA

ONTUMI3allisl € CKIAIHINIOI 3 OOYKMCITIOBAIBLHOI TOYKH
30py. BoHa moTpebye 3HaUHUX pecypciB Ui po3B’S3aHHS
Ta MOXXE BHMAaraTH CIICI[ialli30BaHUX AITOPHUTMIB 1
mporpamMHOro 3abe3rmedeHHs. lle CTaHOBUTH TIEBHHI
BUKJIMK /I 1i 3aCTOCYBaHHA B peajbHUX IIPOEKTaX,
OCOONMBO y BHUMAJKaX 3 BEIHMKOK KITBKICTIO 3MiHHUX Ta
0OMEKEHD.

B MareMaTHYHUX MOZENSAX 3aJad  ONTUMIi3aril
MIIIaHOTO YIpaBJiHHS MIPOEKTAMHU 4acTo
BUKOPHCTOBYETHCSI HEJNIHIMHI ITbOBI QYHKIIT BUTIISTY:

n
_ Pi(x1,x2,0%n) _ Zj:1 CjXj

W == =
I Q1(x1,X2,...%n) Z?:l djx;j’
ne
X 2 0, i=12,..,m j=12,..,n
n
G, d]- — const, Z djxj + 0.
j=1
AHayloriyHi  HeNiHIHHI [iapOBI  (QYHKHII TaKoX
3aCTOCOBYIOTH JUTSt MaTeMaTHIHUX MoIenei
€KOHOMIYHOTO HAMpPsIMKY:
IlinboBa byHKITIS Mozenm onTuMizarii

pPEeHTa0eTBHOCTI BUTPAT Ha BUPOOHUIITBO IPOTYKIIii:

n . .
_ Xj=16%j

W, = - max
n 1
Yj=1djxj

€  Xj — KUIBKICTh, 3aIIaHOBAHOi O BHITYCKY
MPOIYKIIT,
G - npuOyTOK, Big peamizamii oxWHUII
MPOAYKITT X,
dj — co0iBapTicTh, BHUPOOHMIITBA OJMHUII
TPOMYKIIi X;.
IinsoBa GbyHKIisS MoZe onTuMizarii

PEeHTa0eTBFHOCTI IPOIaXKy MPOIYKIIL:

Ticjxj
w, = 22222 o max,
Lj=14j%j

€ X; — KiNbKiCTh, 3alJJaHOBAHOI [0 MpPOAaXKy

TIPOAYKIIT,

¢ - npuOyTOK, BiA peamizamii OJUHUII
HPOMYKIii X;,

dj — I[iHa, OAMHUII MTPOIYKIIii Xj.

HinpoBa ¢yHKIiISE Momenmi omrTuMi3amii 3aTpar 3
PO3paxyHKy Ha OJHY TpOIIOBY OJIMHHIIO TOBAPHOI
MPOAYKIIIT:

Yi=1CjX .
W, = 2222 5 omin,
z:1—1 djx;

n€ X; — KIIbKiCTb, 3aIJIaHOBaHOi 10 Npojaxy

MPOAYKIII,
¢G - co0iBapTiCTh BHPOOHMITBA OJMHUII

TPOMYKIii X;,
d]- — I[iHa, OJMHUII MPOIYKIii X;j.

LinsoBa (hyHKLIs Moneni onTuMizalii cobiBapToCTi
BUITYCKY TPOIYKIIIi:

W, = 22:1 i]
j=1%]
ne Xxj— KIJIBKICTh, BUITYIIEHOT MPOAYKILI,
d]- — I[iHa, OAMHUII MPOYKIIii Xj.

3 ormsiAy Ha 1ie, BaXKIIUBUM € JIIHEapU3allist MUThbOBUX
GbyHKIIH Momenei, 3 MeTO 3BEICHHS MaTeMaTHYHOI
MOJeNI 10 3a1a4i JiHiHHOT onTrMiszarii.

Bizomo, 1110 JIpOoOOBO-TiHIHHOFO 3a/1a4€r0
ONTHMIi3alii Ha3UBAIOTh TAKy 3a/la4y ONTUMI3alii, B SKii
uinboBa GYHKUIS € JApoOoBO-NiHIKHOKW (yHKIiEW, a
cucTeMa oOMeXeHb BiJINOBIa€ yMOBaM JIIHIHHOCTI, TOOTO
€ JIHIHHUMH PIBHSAHHIMH 200 HEPIBHOCTSIMHU.

SarasibHa 3a7aya APOOOBO - JIHIAHOI omTuMi3arlil
MAa€ HACTYITHUN BUIJISI;

n
_ Pl(xl,xz,...,xn) j=1 C]'xj .
W, = - — opt(max, min)
Q1(xq, X5, ey X)) T=1djx;
a1Xq + Aq12Xy + -+ AnXn = bl’
. az1X1 + AroXo + -+ aann = bz,
: @)

Am1Xy + AmaXy + o+ A Xy = by,

1,2,..,n,

j =
n
j=1

x i=12,..,m,

o d}- b; a;j — const,
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3amagy npoOOBO - JHIHHOT ONTUMI3aIi 3BeAeMO JI0
PO3B’ 3Ky 3a7adi JiHIHHOT onTHMi3aIlii.

TTo3naunmo z, = , Ta BBEJIEMO HOBI 3MiHHI:

n

j=19j%j

Zp = ZoXj j = 1,2,...,n.
3amada (1) mpuitmMae BUTIISA:

n

w,, = chzj - opt(max, min),
j=1
aq12Z1 + Aq2Zy + -+ AnZy — b1Z0 = O,
Q121 + Qy07Zy + -+ ArnZy — szo = 0,
L U )
amlzl + amzzz + -+ angn - meO = 0,
dlzl + dzZz + -+ ann = 1,

zj 2 0,2z0>0,i=12,...,m, j=1,2,..,n

JonatkoBa 3amava (2) € CYKYyNHICTIO ABOX 3ajad.
[Nepma 3amada € 3agadyero JIHIKHOI onTHMI3allii, TOMY
PO3B’SI3YEThCS CHUMILICKC-METOJIOM, a TIOTIM 3HaXOSTh
PO3B’SI30K BUXIIHOT 3ajayi JIpoOOBO-iHIHOT
ontumiszaigii. Jlpyra 3amada, moB’s3aHa 3 IO3HAYCHHSIM

1

Zy = JUIS  CIPOIICHHS PO3B’S3Ky 3a7a4yi B

2}"1=1 djx;
LIOMY.

MooenvHuil npuxiad Ne 1.
3HaiTH PO3B’A30K 33134l

2x1 + 3x2 - X3

=x1+2x2+x3+3
X+ 2x, +x3 <4,
“Q"{—le —x,—3x3 <1, )

i — opt(max)

x =20, x,20, x3=0

Maemo 3amady apoOOBo-IiHIMHOI onrTuMmizamii. B
cuCcTeMi OOMEXKeHb TiepeiiIeMo BiJl 0OMeKEeHb-HEPIBHOCTI
110 0OMEKeHb-PIBHIHb:

X, + 2%, + X, < 4, X+ 2%, + X, + X, =4,

I - (4)

—5X — X, —3%, <1, 5% =X, 3%, + X, =1,
X;20,j=12,...,5.

1

~oiaia3c T BBEIEMO HOBI
1 2 3

Iloznaunmo z, =
3MiHHI:

Zy = ZgXq, Zg = ZoXp, ..., Zg = ZXs. 5)

IlineoBa QyHKIS T0AaTKOBOI 3amadi (2) mpuiiMae
BHTJISIT:

W,, =2z, + 3z, — z3 — opt(max, min).

OOuIBI YacTUHH PIBHSHb CHUCTEMH OOMEKEHb (4)
ITOMHOKHMO Ha Z, 1 IepeiieMo 10 HOBHUX 3MIiHHHX (5).
Jonatkosa 3aava (2) npuiiMae BUTIIS;

W,, =2z, + 3z, — z3 = opt(max, min)
0 _{_4ZO+Zl+222+Z3+Z4=O,
12| —zy — 52y — 2z, — 323 + z5 = 0, (6)
32+ 2z, +22,+ 23 =1,

7220, 20>0,j =12, ..,5.

Bimomo, 1m0 A mogaTKy po3B’s3Ky 3aAadi JiHIHHOL
ONITUMI3aIlil CHUMIUIEKC-METOIOM HEOOXiTHO OTpHMaTH
mepBicHUN omopHHUH TwiaH Z,. s #oro 3HaXOMKCHHS
BHKOPUCTOBYEMO METOJI MIOBHOTO BHKItOUeHHs JKopmaHo-
laycca. (Tabmumms 1).

Tabmums 1 — Po3paxyHOK 3a METOZIOM ITOBHOTO
BukimodeHHs JK.-['aycca

Zo Z, Z, Z3 Z, Z5 b )
-4 1 2 1 1 0 0 1
-1 -5 -1 -3 0 1 0 -9
3 1 2 1 0 0 1 8
w,| 0 2 3 -1 0 0 0
-7 0 0 0 1 0 -1 -7
8 -2 5 0 0 1 3 15
3 1 2 1 0 0 1 8
W, 3 3 5 0 0 0 1

Maewmo z, = [0,0,0,8, —7,15].
B Tabmumi 2 HaBexeHO
JI0JIaTKOBOT 3a1a4i (6).

CHMIUIEKC-PO3PaxyHOK

Tab6mums 2 — CUMILIEKC-po3paxyHOK 3aj1adi (6)

H Basis ‘ c H s L2 [ a | a [ a [ a [ a |

[ 3 ] [ o [ o | [ o ]
a, 0 -1 —7 0 0 0 1 0
as 0 3 8 -2 5 0 0 1
a, 0 1 3 1 2 1 0 0
A | Wi@zg=-1 -3 -3 0 0 0 0
a, 3 17 1 0 0 0 — 17 0
as 0 13/7 0 -2 5 0 8/7 1
a, 0 47 0 1 2 1 37 0
A |wi@zy=-47 0 -3 0 0 - 37 0
a, 3 17 1 0 0 0 -7 0
as 0 3 0 0 9 2 2 1
a, 3 47 0 1 2 1 37 0
A [wi@zy)= 87 0 0 6 3 6/7 0

OnTuManbHUR PO3B’S30K TOJATKOBOI 3amaui (6)
piBHUIL:

TOxl
t
opt le opt ng l_o
Xy =T X = 1 =U
Z0-L- 0 7
07T
7
pt opt
opt z 0 opt z 0
x3" =1 =0, x,0 =2—=1=0,
3 Z, - 4 Z -
0 7 0 7
opt
opt Zsp 3
Xg = _T=21
Zo =
7

Jng oTpuMaHHS PpO3B’SA3KYy 3a4adi Ha MIiHIMyM
3ayBaXMMO, IO ITOTOYHMH IUIaH Z; pO3B’SI3KY 3ajadi
CUMIUIEKC-MeTOIoM Ha MakcumyM (Tabmuns 2), €
PO3B’A30K 3a1adi Ha MIHIMYM, OCKIIBKH BCi OIIHKH Y
CHMILJIEKC TaOIHIll € HETOJATHUMHU.

OcTaTouHO MaeMO:
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E min _ [0’0’4], VVImin —

max = [4,0,0], W =2, X

4

23
Mooenvruii npuxnao Ne 2.
3HalTH PO3B 30K 33734l
2x1 - 3x2 - X3 + 3x4
X tx,txz a1
x1 _XZ +3X3 +4x4 S 5,
‘QI: 2x1 + 4x2 - SX3 - x4_ S 1, (7)
x, =20,x, 20,x3=0,x, = 0.

w; - opt(max, min),

Maemo 3amady apoOOBO-JIiHIMHOT onTuMizamii. B
cucTeMi 0OMEXeHb IepeiieMo BiJi 00MeXeHb-HEPiBHOCTI
JI0 0OMEeKEHb-PIBHSHb:

X, — X, + 3%, +4x, <5, X, = X, + 3%, +4X, + X, =5,

=
2%, +4X, —5X%, — X, <1, 2% +4X, —5X; = X, + X5 =1,
X;20,j=12,...,6.

1

m, Ta BBCIAEMO HOBI

Iloznauumo z, =
3MiHHI:

Zy = ZgXq, Zy = ZgXp, ..., Zs = ZoXs, Zg = ZoXe (9)

B Takomy pasi minboBa (QYHKIIS JOJATKOBOI 3amadi
(2) mpuiimae BUTTISA:

W,, =2z, — 3z, — z3 + 3z, = opt(max, min).

OOuBI YacTUHH PIBHSAHH CHUCTEMH OOMEKEHH (4)
ITOMHOKHMO Ha Z, 1 mepeiieMo 10 HOBHUX 3MIHHHX (5).
JonatkoBa 3ajaua (2) npuiiMae BUTIIS;

W;, =2z, + 3z, — z3 + 3z, = opt(max, min)
0 '{—520+zl—zz+3z3+4z4+25=0,
12\ —zy + 22, + 42z, — 523 — 2, + 2 = 0,
Zg+zy+2z,+z3+2z, =1,
220, 20>0,j=12,..,6.

(10)

Bigomo, 1o uist mouatky po3B’s3Ky 3ajadi JiHIHHOT
onTuMizalil CHMIUIEKC-METOJIOM HEOOXIiJHO OTpUMATH
MepBiCHUI OMOpHUN TaH Zy. s HOro 3HaXOKEHHS
BUKOPHCTOBYEMO METOJI TOBHOTO BUKIIIOUeHHS JKopraHo-
laycca. (Tabmmms 3).

Tab6mus 3 — Po3paxyHOK 3a METOZIOM ITOBHOTO
BukmoueHHs JK.-['aycca

Zo 7, Z, Z3 Z, Zs Zg b )
-5 1 -1 3 4 1 0 0 3
-1 2 4 -5 -1 0 1 0 0
1 1 1 1 1 0 0 1 6
W, 0 2 -3 -1 3 0 0 0
-8 -2 —4 0 1 1 0 3 15
4 7 9 0 4 0 1 5 30
1 1 1 1 1 0 0 1 6
Wi, 1 3 -2 0 4 0 0 1

Maemo z, = [0, 0, 0, 1, 0,—3, 5].
B Tabnumi 4 HaBeAEHO CHMILIEKC-PO3PaXyHOK
JI0IaTKOBO1 3a7a4i (6) Ha MAKCUMYM.

OnTuManbHAA PO3B’SI30K JOAATKOBOI 3amadi (6)
piBHUIA:

Zopt = 2 = [3,0,0,0,2,0,1],

TOM1
t t
L LA R A R
1 - Z, - i - ! 2 - Z, - i - !
0 9 0 B
opt opt 5
0Pt — %3 _L_Oxopt_h _9_>5
3 = =z =0x = =2 =5
Zy 5 Zg 5 4
opt opt
xopt_zsp_i_oxopt_zﬁp_m _9
s = =7=UXy =-—-—=—7=
Zg 5 Zy 6 4

Tabmuus 4 — CumIniekc-po3paxyHok 3anadi (6) Ha

MaKCUMYyM

H Basis | C H 5 |2 [ a | a [ a [ a [ a | a |

T T T o T+ T o T 0]
as 0 -3 -8 -2 -4 0 1 1 0
ap 0 5 4 7 9 0 4 0 1
as 1 1 1 1 1 1 0 0
A |wi@g=-1 -1 -3 2 0 —4 0 0
ag 1 3/8 1 1/4 1/2 0 - 1/8 - 1/8 0
ag 0 72 0 6 7 0 9/2 12 1
as 0 518 0 3/4 1/2 1 9/8 1/8 0
A Jwi@y=-s8 0 —11/4 512 0 338 | - 18 0
ag 1 4/9 1 1/3 5/9 1/9 0 - 1/9 0
ag 0 1 0 3 5 —4 0 0 1
a, 4 5/9 0 2/3 4/9 8/9 1 1/9 0
A wi@y)= 53 0 0 13/3 11/3 0 13 0

B Tabmmmi 5 HaBemeHO CHMIDIEKC-PO3PaxyHOK

JOJAaTKOBOI 3a1adi (6) Ha MIHIMYM.

Tabnuus 5 — CuMmIntekc-po3paxyHoK 3aadi (6) Ha MIHIMyM

‘ Basis c ‘ B | 20 | a1 | a2 | a3 | a4 | as | LY H
T 5 [ o [+ [ o 0]
as 0 -3 -8 -2 4 0 1 1 0
ag 0 5 4 7 9 0 4 0 1
a; 0 1 1 1 1 1 1 0 0
Al | W@Zy=-1 -1 -3 2 0 4 0 0
a, 1 3/8 1 1/4 12 0 - 18 [ -8 0
a; 0 712 0 6 7 0 912 12 1
a; 0 5/8 0 3/4 12 1 9/3 18 0
A [wi@z)=-58 0 ~11/4 512 0 -338 | - 18 0
a, 1 1/8 1 - 5028 0 0 -25/56 | — 9556 | - 114
a, -2 12 0 6/7 1 0 9/14 1/14 1/7
a; 0 38 0 9/28 0 1 45/56 5/56 | - 114
Aj [wi@Z)=-158 0 |-137/28 0 0 [-321/56 | -17/56 | - 5/14

OnTumanbHUN PO3B’SI30K JOAATKOBOI 3anadi (6) Ha
MIHIMYM piBHHI:

2°8
TOM1
ot 40Pt 0 ot 40Pt 1
xlp—l T=01x2p— 2 —%=4;
Zo = Z9 =
8 8
opt 2Pt 2 opt z, 0 opt
3 8 _ 4 — —
X3 = —T—3,X4 = —T—O,xs =
Zo P Zo =
. 8 8
op 14
Zg _ 0 _ opt Zg 0 _
=1 =0x ="—=7=0
0 8 0 8

5 5
Maewo: Xgié* = [0,0,0,], wymex =2,
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minz_E
I 8"

(‘;r;)itn = [0’4:3’0] 1

Y nBOBHMipHOMY BHIAIKY 3aAady ApoOOBO-TiHIHHOT
ONTUMI3aIlil MOKIIMBO PO3B’sA3aTH rpadidHO Ta BUKOHATH
rpadidHy iHTEpIIPETaIliio pO3B’I3KY.

JpoOoBo-TiHIHHOIO 3aJadero ONTHUMI3aIii IBOX
3MIHHUX ()OPMYIIOIOTH HACTYIIHUM YHHOM: 3HAHTH TaKUH
mnau Xope = [X1,X,], skuii Hamae uinboBidt  QymKmii

t
W1 Xope) = W,’P" ontumanbHOro 3HaYEHHS

2

W, = Py(x1,%;) Xj=16X;
1= 2

Q2(x1,x72) Zj:1 djx;

a 1% + a5x, < by,

Ay1X1 + AyXy < by,

- opt(max, min),

0Q;: (11)

A1 X1 + AmaXy < by,

%20, i=12..,m j=12,

2
C]', d] bi al‘]’ — const, Zd]x] =0

j=1

Posrmsimaemo PO3B’ 30K Ta TEOMETPHYHY
iHTEepIpeTanilo Po3B’sA3Ky 3aJadi 3 JBOMA 3MIHHAMHU.
Mo>xIuBi ABa BUIAIKH:

[inboBa (yHKIIA 3a7a4i € OJHOPITHOW (QYHKIIIEO
BUTJIAY:

Py(X1,X2) _ C1X1+CpXp
Qo(x1%2)  dixg+daxp

W = — opt(max, min) (12)
HinpoBa ¢yHKIISA 337241 € HEOAHOPIAHOIO (PYHKIIIEIO

BUIIIATY:

Py(x1x2) _  c1x1t+caxatco

Q2(%x1,%2) d1x1+dzx2+do

(13)

W, = - opt(max, min)
Crnovatky poO3TJISIHEMO BHUIMAJOK KOJIW IJILOBA
¢byHkiis 3agaui € ogHopimHOw (yHKiew (12). Bimomo,
IO PO3B’SI30K cucTeMu oOMexeHb (2; 3amaui (11) €
ONMyKJIa MHOXWHA, OOMEXEHa TPSMIMH JiHIIMH, SKY
TaKOX HAa3MBAIOTh MOJIiEPOM. Y 3arajbHOMY BHIAIKY {2,
TEOMETPUYHO 300pakyrOTh K MHOTOKYTHHK (Puc. 1)

Puc.1. I'pacdiunmii meTox po3B’si3Ky 3amadi (11)

J11(]§) HazaTtu
MOBENIHKA ULIJILOBOI
PIBHSHHSI BiTHOCHO X'

TeOMETPUYHY  IHTEpHpEeTaLifo
¢ynkuii  (12), posB’smkemo 1€

(Wydyxq + Widyx, = 11 + G,
(Wyd; — ¢3)x; = ¢; — (Widy)xq,

_ c1—Wpdy

= X1
Wrdz—c2

X2

BBenemo mo3HaueHHS

c1 —Widy
Widy—cz '

k12

TOJI JlicTaHEMO PIBHSHHS TPSIMOT W
w: xZ = klz xl,

sIKa TIPOXO/IUTh Yepe3 Mo4aToK koopauHart 0.

Hamatoun pi3HMX 3HaueHb IiTBOBIH QyHKIT W,
OTPUMAEMO IYYOK MPSMHX 3 LEHTPOM B TO4YLi O MOYATKy
koopauHaT.  CyTHICTB  T€OMETPHYHOTO  PO3B’S3KY
IBOBHMIpHOI 3amadi  ApoOOBO-NIHIHHOI  omTuMi3armii
MoJIsiTae B 3HAXO/KCHHI Takoi NpsMOi, sSKa BiATIOBimae
ONTUMAIILHOMY 3Ha4YeHHIO W;, 1 BOJHOYAC HAJICKUTH
morienpy f2;. Takoro mpsiMoI0, SIKy NPUHHATO HAa3HBATH
omopuHoro (Puc.2), Oyne mpsma, KOTpa TOPKAETHCI
BEPIIUHH [2; a00 IPOXOIUTH Yepe3 CTOPOHY IoJIienpa, Mo
BIJITIOBIZIa€ BUMAIKY albTCPHATUBHOIO MiHiMyMmy, (Puc. 3)

X - X, [ wm

o| 0
— - .

Puc.2 Puc.3

Koopaunatu BepmmH, depe3 sSKi IPOXOIUTH OTIOpHA
mpsiMa, # Jar0Th ONTHMAIIBHI TUIAaHU PO3B’SI3Ky 3amadi. B
3aJIe)KHOCTI B IBOBHMIPHOT CHCTEMU OOMEKEHb, MOKITUBI
HactynHi Bunaaku: (Puc. 4, 5, 6,7).

o X

o

Puc.4 Puc.5

Puc.7

Puc.6

O6iacTh TPUITYCTUMHUX 3HA4YeHb (); OOMeEXeHa,
ICHyIOTb ~ JIBA  QJIBTEPHATHMBHUX  ONTUMYMY,  SIKi
HaOyBarOThCS B TOYKaX ABOX CTOPiH momienpy {2;.(Puc. 4)
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OOnacTp NpUIyCTUMUX 3HAuYeHb (; HEoOMexeHa,
ICHYIOTh JIBI KyTOBi BEpIIMHH, SKi HAJAlOTh IUIHOBIH
¢yHKIii onTuMansHUX 3HadeHsb. (Puc. 5)

OOnacTp NpUIYCTUMUX 3HAuYeHb (; HeoOMexeHa,
ICHy€ TUIBKM OJIHA KyTOBa BEPLIMHH, SIKa HAJA€ LIIbOBIN
¢yHKuil onTHManbHOro(MiHIMYM) 3Ha4yeHHs. [pyruid
ONTHMYM (MakcuMyMm) BiJITIOBiTa€ BUIAJKY
ACHMITOTHYHOTO MakcuMymy. (Puc. 6).

OO6nacTp TPUOYCTUMHX 3HA4YCHb (); HEOOMeEKeHa.
Ontumymu € acumnrornaHuMu. (Puc. 7).

PosrnsHeMO NpHKIaAH TEOMETPUYHOTO PO3B’S3KY
3amad apoOOBO-TiHIHHOI omThUMi3amii y pasi oZHOPIAHOT
UTBOBOI (DYHKIIIT.

Mooenvruii npuxnao Ne 3
Po3B’sa3aTu 3a1a4y onTUMIi3alii:

2x1—3x .
=L -2 _; opt(max, min),

1= xX1+5x,
—6x; + 11x, < 60
‘QI: le - xZ S 12 )
2x, + 3x, > 20
x, =2 0,x, 2 0.

Bynyemo momienp 2;. (Puc. 8) 300pa3uBmu mpsamy
x1 + 5x, = 0, mepecBiguyeMOoCh B TOMy, IO BOHa HE
MIEPEeTHHAE TOJieAp, TOOTO 3HAMEHHHK IIUTHOBOI (PYHKIIT
HE NpHuiMae 3HaYeHb Ha MPUIYCTHMIil
MHOXUHI £2;.

HYJIBOBUX

i 8
/i == vf:(1.1\¢ﬁ
\_l = £
O] |<‘\K\& %
Y rs

Tl

Puc.8. I'pacdiunmii MmeTox po3B’s3Ky

Ockinbku mimboBa (YHKIIS 3a/avi € OJHOPITHOO
(GYHKIIi0, TO Yepe3 MOYaTOK KOOPIMHAT IPOBOAUMO IBi
OTIOPHI MpsiMi 10 mosmieapy {2;. OOUHCITIOEMO KOOPIUHATH
OIOpHUX BepIluH A Ta B:

(—6x; + 11x, = 60,
A'{ 2x, + 3x, = 20, < A16)
le - xz = 12
B: {2x1+3x2 — 20, < B2

OOYHNCTIOEMO 3HAYEHHS IUIBOBOI (YHKINI B IMX
TOYKAX:

2%1-3%6 16
Wil®) =5 = ~ar
wy(7,2) =222 = 2

7+5%2 17

Maemo:

Xopt (1,6), Wi (1,6) = — -

8
X7 (7,2), Wes(7,2) = 2

Mooenvruii npuxnao Ne 4
Po3B’sa3aTn 3amauy qpoOOBO-IIiHIHHOT ONITHMI3aIIii:
X1 — 2%, ;
W, = ——— opt(max, min)
3x, + x,
5x; +4x, = 33,
—2x; +3x, £ 19,
3x; + 2x, <43,
5x; —x, <37,
x; —3x, < —1,

0

X1 20,x, 20

Bynyemo momienp (2;. (Puc. 9) 3o06paxaBmu npsamy
3x; + x, = 0, mepecBimuyeMoch B TOMYy, IO BOHa HE
NepeTuHae Mojieqp, TOOTO 3HAMEHHUK IITLOBOT (QYHKIIT
HE IIpuiiMae 3HauYeHb Ha TMPHUITYCTHUMIH
MHOXUHI £2;.

HYJBOBHUX

Puc.9. I'padiuamii MeTon po3B’ 3Ky

LinpoBa (yHKIS 33734l € OJHOPITHOI (QYHKIIIIO,
TOMY 4epe3 MMOYaTOK KOOPAWHAT MPOBOAUMO MBI OIOPHI
npsmi jo  nosienpy ;. OOUHCITIOEMO  KOOPIMHATH
OTIOPHHX BEPILUHH:

5x; + 4x, = 33,

{—le +3x, = 19, < X1 (L7,
5x1 — Xy = 37,

{ X, — 3X2 — _1’ And X2(8'3)

OOYHCITIOEMO 3HAYEHHS IUTbOBOI (YHKIIT B IHX
TOYKax:

1-247 13
wi(1.7) = 3147 10'
8-2+3 2
wi(83) = 3843 27

Maemo:
13
X7, Wapt*(1,7) = ——

10
X (8,3), Wit (8,3) = =

Sxmo 1mineoBa QYHKIA € HCO)IHOpi]lHOIO, TO
PO3B’sHKEMO 11€ PiBHSHHSI BITHOCHO X, IICTAHEMO:
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V|/1d1x1 + Wldzxz + VVIdO = C1Xq + CrXy + Co,
(Widy = c2)x2 = (c1 — Widy)xq + (co — Widy),

X, = c1—Widy c10—Widg
27 widy—c, Widz—c2
Baenemo nmoznaueHHS
k = c1—Wipdq — co—Widg
Wida—c;' Wrdy—c;'’
OTpHUMAEMO piBHHHHH:
.xz = kx1 + b.

s mnpsiMa BXe HE MPOXOJUTH YEpe3 I0YATOK
KOOpAMHAT, K y BHMAJAKY OJHOpiTHOI ¢yHKUii. Bumamox
HEOTHOPiMHOI MMiMbOBOi (YHKIII MOMIHBO 3BECTH MO0
ofHOpPiAHOT (QYHKII{ IEpPETBOPEHHAM CHCTEMH KOOPIMHAT
BUIIIANLY:

{Xl = X01 + o,
Xy = Xo2 + ﬁ

LinpoBa QyHKIIS [UII HEOTHOPITHOI
npuiiMae BUTIISI;

¢byHKIii

c1(xg1+a)+ca(xp2+B)+co _ cia+cyB+(ci1xg1+C2x02+Co)

W, = = .
I dq(xo1t+a@)+dz(xp2+f)+do  dya+dzf+(dixp1+dzx02+do)

Sxmo midpaté xy; Ta Xy, TAaKUMH, OO0 BHpa3u y
Jy’)KKax OyJiu piBHI HYJIO

{clxm + Cpxgy +¢o =0,
diXoq + dyxg, +dy =0,
To uinboBa (YHKIIsI CTaHE OTHOPITHOIO
Xt axt o
T dyxy +dyx, + dg

ca+cf
dia+d,p

B HOBIiii cucteMi koopmuHat O,aff TOYATOK, SKOI
3HaXomuThCs B Touli Oy (Xgq,Xo2). Ipsmi miHil x, =k
X1 + b IpoiiyTh Yyepe3 HOBHH 1MOYaTOK KoopauHatT O, .

CyMapHUii aJropuT™M pO3B’s3Ky AJIsl HEOIHOPIJHOI
1b0BOT GYHKLIT €1 X1 + €, X, + CoMae HACTYITHI KPOKH:

[Mobyaysmo momienp f(2; i npsmy miHilo dix; +
d,x, + dy = 0, sixa He TOBWHHA TIEPETHHATH MOJTieAp.

Po3B’s13yeMo cuctemy

I

{ C1X01 + C2Xop2 + Cop = 0
d1XO1 + dzxoz + do = O,

i 3Haxomumo koopauHaTH O, (Xgq,Xo2) LEHTpa
My4Ka OpSIMHX.

Yepes touky mueHtpa O,(Xgq1,Xgo2) TPOBOAUMO
OTIOpHI NpsMi JTiHiiT 1o noyieapa (2;.

3HaxXoAMMO  ONTHUMAaNbHI
KOOpPJIMHATH.

OOYHNCITIOEMO 3HAYEHHS IUIHOBOI (DYHKINT B IHX
TOYKax Ta IIOPiBHIOEMO iX.

BEpIIMHA  Ta  IX

Mooenvruii npuxaao Ne 5.
Po3B’sa3atu 3anavy 1poOOBO-IiHIHHOT onTHMI3aLii:
3x1 + 2x, — 6

= ——— > opt(max, min),
! X1 +x,—1 pt( )

{ 7x, + 2x, = 30,

—3x; +4x, < 26,

024 3x; +4x, <62,
4x; — 3x, < 16,
X, — Xy <3,

x, =20,x, 2 0.
Bynyemo momnienp (2;. (Puc. 10).

X

2

\.

Puc.10. I'padiunmii MmeTox po3B’s3Ky

Bu3HagaeMo KOOpOMHATH IIEHTpa MydKa MNPSMHUX 3
PO3B’SI3KYy CUCTEMH:

{3x01 + 2x02 —-6=0

Xo1 + %oy — 1 =0, & 0 (%01, X02) © On(4,—3).

3 Touku 1eHTpa mnyuka O,(4,—3) mnpoBOIUMO
ONMOpHI mpsiMi  JHIT [0 mojienpa (2;. 3HaxXoAUMO
KOOPIMHATH OMOPHUX BEPIINH MOJieapa:

7x1 + 2x2 = 30,

{—3x1 + 4x, = 26, (28)
3x; +4x, = 62,

{ 4x, - 3x, = 16, < (10.8).

OOYHCITIOEMO 3HAYEHHS IUTbOBOI (YHKIIT B IHX
TOYKaX:

16
W, (2,8) =4
40
VVI(]-OJS) _El
Ta TOpPIBHIOKOYM Ii  3HAYCHHA, 3400yBaeMo
BIJIIOBI/Ib.
Maemo:
i i 16
X (2.8), Wi (28) = 5
40
Xopt (10,8), Wyt (10,8) = o
BucnoBku. [lpoGoBo-miHiliHa  onTHMI3alis €
MOTYXHUM  IHCTpyMeHTOM y  cdepi  ynpaBiiHHA

MPOEKTaMU, OCOOJIMBO KOJIM WIETHCS TPO ONTHUMI3AII0
CKJIQJIHMX CIIBBIIHOIIEHh MDK BHTpaTaMH, YacoM Ta
AKicTio. BoHa 103BOJIsIE HOCSTAaTH BUCOKHX PE3YJBTATIB Y
MPOEKTHOMY yNpaBliHHI, 3a0e3neuyrodyn e(QeKTUBHUI
PO3MOIiT pecypciB Ta MiHiMi3alio pu3ukiB. He3zBaxarouun
Ha CKJIAJHICTh, 1€l METOJ Ma€ BEIHMKHH MOTEHIaN I
MOJABIIOTO PO3BUTKY 1 IOMUPOKOTO 3aCTOCYBaHHS ¥
MIPaKTHI YIPaBJIiHHSI HPOEKTaMHU.
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O. C. KPABYEHKO

BUSAIBJIEHHS TA KITACA®IKAIISA CYBMIKPOHHUX JIE®EKTIB ITOBEPXHI 3A iX
THTEP®EPEHIIMHUMHA 3065PAKEHHSAMU 3A TOITOMOTI' OO I'NTMBOKOT'O HABUAHHS

Po3po06iieHO aBTOMAaTH30BaHUH METOZ BUSBIEHHS Ta KiIacudikarii cyOMIKpOHHHX Je()eKTiB IIOBEPXHi J3epKal I BUCOKOTOYHHX ONTHYHHX CHCTEM
Ha OCHOBI aHami3y iHTephepeHLiHHHX 300paXkeHb i3 3aCTOCYBAHHSAM TITHOOKOrO HABYAHHS. 3alPONIOHOBAHMI MiAXiA 3aMiHIOE PYyYHHH aHaui3
HelpoMepexero, 1o 3abe3neyye MBHALLY i 00 €KTHBHILTY JiarHOCTHKY Ae(EeKTiB, yCyBarO4X BILTHB JIIOACHKOTrO (hakTopa Ta NPHCKOPIOIOYH KOHTPOIIb
SIKOCTI B yMOBax CEpilfHOrO BHPOOHMIITBA ONTHYHUX KOMIIOHEHTIB. [ HaBUaHHS MOJENI CTBOPEHO CHHTCTHYHY BHOIpPKY iHTepdepeHIiiHnX
300pakeHb, sKa MOJENIoE NedeKTH TUIy MHOAPSANHMH Ha A3EePKAIbHIM MOBEpPXHI 3a JONOMOTOI0 CIEIiabHOTO IPOTPaMHOTO 3a0e3MeUcHHS,
3aCHOBaHOrO Ha (i3nuHiil Moxeni iHtepdepomerpa JliHHMKa. Bubipka OXOIUIIOE TpU KJIacH MOBEPXOHb: IUIOCKI, 3 OHIEI0 MOAPSAIMHOI Ta 3
YHCICHHUMHU noapsnuHamu. Helipomepeska moOymosana Ha 6a3i MobileNetV2 i3 momepenniM HaBuaHHSAM Ha ImageNet, i3 IMOJaIbIINM TOHKHM
HaJIAIITYBaHHSAM OCTaHHIX OJOKIB Uit ajamramii no cmenudiku 3amadi. Jo apxitektypu BiioueHo mapu GlobalAveragePooling2D st cTuckanHS
o3Hak, Dense i3 ¢yHxkuicto akruBanii ReLU ta Hopmanizauiero BatchNormalization, Dropout asis 3amoiranssi nepeHaBYaHHIO H BUXIiAHMIT miap i3
Softmax mns knacudikanii TppOX KiIaciB. 3aCTOCOBAHO ayrMEHTALII0 AAHMX i TexHIKy soft voting sl MiABMIIEHHS y3arajJbHIOBAIBHOI 3JaTHOCTI
Mogpeni. TounicTs kiacudikanii OIIHEHO 32 METPUKOIO accuracy: Ha CHHTeTHYHUX JaHHX BalifaliifHOi BUOIPKH BOHA CTaHOBUTH 96%, Ha pealbHUX
300paXCHHSX, OTPUMaHUX i3 iHTepdepomerpa Jlinuuka, — 82,7%. HaiiBuina TOUHICTb CIIOCTEPIraeThes I IUIOCKHMX MOBEPXOHb, HAHMKYA — IS
YHUCIICHHUX MOJAPSIHKH, IO BiZOOpaXka€ CKIAAHICTH PEalbHHX YMOB dYepe3 LIyMH Ta apTedakTd. MeTon NeMOHCTPYE MPAKTHYHY LiHHICTB IS
aBTOMATH3allii JiarHOCTUKH, a MEPCIeKTUBH BJOCKOHAJEHHS IOB’S3aHi 3 IiIBUINCHHSIM PEaicCTHYHOCTI CHHTETHYHUX NAHUX LUIIXOM JOJaBaHHSI
3MO/IC/IbOBAHHUX LIyMIB 1 aJanTalli€l0 MOJENi OO0 IHINMX THIB Ae(EKTiB, TAKHX SIK BM ATHHH YM BHUCTYIH, IO PO3IIUPHTH HOTO 3aCTOCOBHICTH y
BUPOOHHIITBI ONTHYHUX CHCTEM.
Kuarouosi c1oBa: cyOMikpoHHI nedekTH, iHTepepeHLiiHi 300paxeHHs], ITHO0Ke HaBUaHHs, HelipoMmeperka, MobileNetV2, kinacugikaris.

0. KRAVCHENKO

DETECTION AND CLASSIFICATION OF SUBMICRON SURFACE DEFECTS BASED ON THEIR
INTERFERENCE IMAGES USING DEEP LEARNING

An automated method for detecting and classifying submicron surface defects on mirrors used in high-precision optical systems has been developed,
utilizing interferometric image analysis and deep learning. This approach replaces manual inspection with a neural network, delivering faster and more
objective defect diagnostics, eliminating human bias, and accelerating quality control in serial production of optical components. A synthetic dataset of
interferometric images was generated to train the model, simulating scratch-type defects on mirror surfaces through specialized software based on the
Linnik interferometer model. The dataset encompasses three surface classes: flat surfaces, single scratches, and multiple scratches. The neural network
is built upon MobileNetV2, pre-trained on ImageNet, with fine-tuning of its final blocks to adapt to the task’s specifics. The architecture incorporates
GlobalAveragePooling2D for feature compression, Dense layers with ReLU activation and BatchNormalization, Dropout to mitigate overfitting, and a
Softmax output layer for classifying the three categories. Data augmentation and soft voting techniques were employed to enhance the model’s
generalization ability. Classification accuracy, assessed using the accuracy metric, achieves 96% on the synthetic validation set and 82.7% on real
images acquired from a Linnik interferometer. The highest accuracy is observed for flat surfaces, while the lowest occurs for multiple scratches,
highlighting challenges posed by real-world conditions such as noise and artifacts. The method proves its practical value for automated diagnostics,
with future enhancements tied to improving synthetic data realism-potentially by incorporating modeled noise-and extending the model’s adaptability
to additional defect types like indentations or protrusions, thereby broadening its applicability in optical system manufacturing.
Keywords: submicron defects, interferometric images, deep learning, neural network, MobileNetV2, classification.

1. Beryn. CydacHi npeumsiiiHi onTuuHi cuctemu, JedekTH NOpymykTh (a3oBy KOTEpEHTHICTb, IO
Taki K  TEJNEeCKONM, Ja3epHi  YCTAaHOBKM  YH  YHEMOJXIIMBIIOE TOYHI BUMiprOBaHHS. TakuM YHHOM,
iHTeppepoMeTpr, 3HAYHOK  MIpPOK0  3aleXaTh BiJl  KOHTPOJh SKOCTI TMOBEPXHI € ONHIEID 3 IPIOPUTETHHUX

BHCOKOTOYHHMX J3epkan. ILli emeMeHTH BimirparoTe  3amad y BUPOOHUIITBI ONTHYHUX KOMITOHEHTIB, a IOIIYK

MeTOI[iB I[iaFHOCTI/IKI/I 3aJIMIIAa€ThCA

KIIIOYOBY pOJIb y 3a0e3MeueHHI TOYHOCTI BUMIpPIOBaHB,
e(EeKTHBHOCTI TIepeladi CBiTIa Ta HAAIHHOCTI POOOTH
npwianis. Ilpore HaBiTP HeE3HayHI BajAW Ha IXHIH
MOBEPXHi, 30KpeMa CYOMIKpPOHHI HOAPSIUHH YU
BM’SITHHH, 3[aTHI CYTTEBO BIUIMHYTH Ha (DYyHKI[IOHYBaHHS
cuctemu. Taki neeKTH CIOTBOPIOIOTH ONTHYHI CHUTHAJH,
CIPUYHMHAIOTE JIOKAJIBHI TIEPEeTPiBH 4Yepe3 KOHIEHTPAIIIo
eHeprii Ta, SK HACIiZOK, CKOPOUYIOTh TEpPMIiH CITyKOH
JIOPOTUX KOMITOHEHTIB.

Jlo m3epkanm y TakMX CHCTEMax BHCYBAIOTHCS
Ha/[3BUYaiiHO BHCOKI BUMOTH. IloBepxHs Mae He mwIe
iealbHO BIQNOBINATH 3amaHiil Teomerpii, a # OyTH
BUTPHOIO BiJ Je()eKTiB Ha MIKpO- Ta HAHOMETPOBOMY
piBHi. Hanpuxman, y rasepHHX cucTeMax HOAPSIHMHA
ITTMOMHOI0 B JIECSTKM HAHOMETPIB MOXE CHPUYUHUTH
po3cifoBaHHS  CBIiTJa, 3HWXKYIOYH  IHTCHCHBHICTB
KOpPHCHOTO cHTHamy. B i#aTepdepomerpax monmibHi

e(peKTHBHUX
aKTyaJbHOIO POOIIEMOI0 CydacHO! onTHKH [1].

Jns BUABNCHHA JE(PEKTiB TOBEPXHI PO3pPOOIICHO
YHUCJIEHHI MIIXOAM, Ccepel  sKUX OcoOJIMBE  MicIe
MOCi1af0Th ONTHYHI METO/IH, OCKIJIBKH BOHH
320€3Meuy0Th BUCOKY UYTIWBICTh JO CYOMIKPOHHHUX
HEpiBHOCTEH Ta He MOTPeOyIOTh MPSIMOTO KOHTAKTy 3
noBepxHero. OHIEI0 13 HAUMOMMUPEHIINX € METOANKa
iHTephepeHmiitHoT JIIaTHOCTHKH, 30KpeMa i3
3acTocyBaHHsAM iHTepdepomerpa Jlinnuka [2]. Lleit meroxn
Jla€ 3MOTy Bi3yalli3yBaTH HEPIBHOCTI IIOBEPXHI 4epes
inrepdepenuiiini kaptuan (IK) — cmyrn, ¢opma Ta
po3TairyBaHHA ~ SKMX ~ 3aJeXaTb  Big  penbedy
JOCITIKYBAHOTO 00’€KTa. 3aBISKH BHUCOKIH UYyTJIMBOCTI
JO0 TepemnajiB BUCOT Yy HAaHOMETPOBOMY Jlialla3oHi
iHTEphEepOMETPi0 BBAXKAIOTh CTAHAAPTOM JAJISI KOHTPOIIO
SIKOCTI JI3epKajl y BACOKOTOYHUX CHCTEMaX.
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VTim, TpaauLiHHAR uibivebit bi o) aHaizy
iHTepdepeHmiitanx 300paxkeHb Ma€e CyTTEBI OOMEKEHHS.
3a3Buuail HOro BHWKOHYIOTH BPYYHY: OIIEpaTop BHUBYAE
OTpUMaHI KapTHHHW, BHW3HAYA€ HASBHICTh HEEKTIB i
knacugikye ix. Taxuii mporec moTpedye 3HAYHUX 3aTpaT
gacy Ta 3HAYHOIO MIpOI0 3aJeXHUTh Bix KBamidikarmii
¢daxiBug. OauvH 1 TOM camuii nmedekT Moxe OyTH
IHTEPIPETOBAaHUN I0-PI3HOMY 3aJIeKHO BiJ JTOCBIAY YU
HABITh BTOMH JIOAMHU. [0 TOTO %k, 32 BEIHUKOI KiTBKOCTI
3pa3KiB, IO TIEPEBIPSIOTHCS, IMOBIPHICTH HOMMJIOK
3poCTaE, MO 3HIDKYE O0’€KTUBHICTH 1 BiATBOPIOBAHICTh
pe3ynbTatriB. Lli HEOOMIKM MiIKPECTIOITh MOTpedy B
aBTOMATH3allii iarHOCTHKH, sKa 34aTHa YCYHYTH
JOACHKHAN (PaKTOP i MPUCKOPUTH MPOIIEC KOHTPOIIO.

Y miff poGOTI TOCTaBIEHO 3aBOaHHSA PO3POOHTH
aBTOMATH30BAaHUI METOJA BHSBICHHA Ta Kiacudikarii
cyOMikpoHHHX Ie(eKTiB IMOBEpXHI Ha OCHOBI aHAIi3y
iHTepdepeHiiHNX  300pakeHb i3  3aCTOCYBaHHIM
rubokoro HaB4yaHHs. [lepenbadaeThes, 0 PyUHY HPAIEO
Oyzne 3aMiHEHO HEHWPOMEpEKEro, sKa MIBUAKO W TOYHO
BU3HAYaTUME THUIMHU Je(PEKTiB — BiJ IUIOCKUX MOBEPXOHb
JI0 CKJIAaJHUX CTPYKTYp 13 UYHCICHHHMH MOAPSIHUHAMH.
Takuil migxig cnpsIMOBaHHI Ha MiIBUIICHHS IIBHIKOCTI
MIarHOCTUKH Ta 3abe3meyeHHs i1 00 €KTHBHOCTI, IO
OCOONMBO  BAXJIWBO IS  CEPIHHOTO  BHPOOHHIITBA
ONTHYHUX KOMITOHEHTIB.

HoBu3Ha MOCITIHKEHHS MOJATa€ y JBOX KIIOYOBHX
acriektax. [lo-mepiie, CTBOPEHO CHHTETHYHY BHOIpKY
iHTEeppepeHIIHNX 300pakeHb, SIKI MOJEIIOITh Ae(eKTH
JI3EpKaIbHUX IOBEPXOHb, IO Jal0 3MOTY IIPOBECTH
HaBYAHHS HeWpoMepexi 0e3 HeOoOXIMHOCTI 3anydeHHsS
BEJIMKOTO ~ MacwBy  peaJibHMX  jJaHux. llo-zmpyre,
pO3po0JIeHO Ta BUIPOOYBAHO HEWPOMEPENKEBHU MiAXIij,
ajanroBanuit 1o cneuudiku IK, mo BupizHse 10 podory
cepel TpAAMIIHHUX METOMIB aHawmizy 300paxeHs. Lli
KPOKH BIKPHUBAIOTh HOBI MOXKIIHMBOCTI JUISI aBTOMAaTH3aIlil
KOHTPOJIFO SIKOCTI Ta MOXYTh CTaTH OCHOBOKO IS
NOJANbIIMX  JOCHI/DKeHb Yy  Talmy3i  ONTHYHOI
nmedexTockomii [3].

2. MeTonuka

2.1. T'eHepanisi cuHTeTHYHOI BUOIpKH. OgHUM i3
KJIFOYOBUX 3aBllaHb  JIOCHI/DKEHHsT OyJ0 CTBOPEHHs
CHUHTETHYHOi BHOIpKHM, ska 3a0e3neyye HaBYaHHS
HelipoMepeki 0e3 moTpeOH 3alydeHHs THCSY peabHHUX
iHTepdepeHuiiHx 300paxkenb. s 1poro po3podieHo
IporpamMHe 3a0e3NedeHHs, 3/laTHE MOJEIIOBATH Ae(PEeKTH
Ha J3epKalibHii MOBepXHi Ta reHepyBatu BimmosimHi IK.
JletayibHUH  OTIMC ITOPUTMY BUXOIWTH 33 MEXI M€l
CTarTi ¥ OynIe MoJaHO B HACTYIHHX ITyONiKalisx, OJHAK
OCHOBHI HPUHIMUIN POOOTH HPOrPaMHOTO 3a0e3NeueHHs
KOPOTKO BHKJIA/ICHO HIKYE.

IIpomiec po3nouynHaeThCs 3 (QOPMYBaHHS peENbEDY
MOBEPXHI Yy BHUITIAAI KapTH BUCOT y ¢opmati .csv —
kBagpaTHOi Matpumi po3mipom 3000%3000, me koxHE
3HA4YCHHS BiAINIOBiNa€ BHUCOTI (KOOpAWHATI z) y TOUIl 3
koopauHaTamu (X, y). g xapra BimoOpaxkae penbed
MOBEPXHI 3 ypaxyBaHHIM 3aJaHUX Je(EeKTiB, TaKUX SIK
noapsnuHU. Jlami KapTa BHCOT TIEPETBOPIOETHCS Ha
inTepdepeHiine 300paxeHHs (puc. 1) Ha OCHOBI
¢iznuHoi Mozeni iHTepdepomerpa Jlinnuka [4]. Taxuid

MAXig Jae 3MOTy THYYKO BapiloBaTH IapameTpu i
OTPUMYBATH JaHi, MAKCHMAJILHO HAOIIKEH] 10 peabHAX.

OcobmmBy  yBary  TMPHAUIEHO  MOZICIIOBAaHHIO
NOAPANMH ~ SK  HaimommpeHnimux — gedexris.  Ixmi
XapaKTepPUCTUKH BH3HAYCHO TaK: JOBXKHMHA BapilOETHCS
Bix 30 mo 300 mMxm, mupuHa — Bifg 1 g0 7 MKM, rmOnHa
— Bix 100 mo 300 vm. Kpim Toro, mpodinb nmoapsmuHu
B3JI0BX JIOBXHMHH MOXE 3MIHIOBAaTHCS, 110 JOJAE
pizHOMaHiTHOCTI 10 BUOipku. [lapamerpu IK Takox He €
CTIMMH: PETYJIOIOThCS MIUPUHA i HAXWJI CMYT, a TaKOoX
KOHTpPAaCTHICTb, 1100 ypaxyBaTH MOJJIMBI Bapialii yMOB
pobotu inTepdepomerpa.

Bubipka 0XOIDTIOE TPH KITaCH TIOBEPXOHE!

- twrocka moBepxHs (plain_surface) — imeampHUi
BHIIAIOK 0e3 aedexris.

- MOBepXHS 3 OfHI€0 moApsHHOO (Single_scratch)
— OJMHUYHUHN e(eKT.

- TOBEpXHS 3  UYUCICHHUMH  MOJPSIHHAMH
(multi_scratch) — Bix 2 10 7 moApsImiH Ha 300paKeHHI.

mm g5

(@) (6)

Puc. 1. Ilpukian 3D 300pakeHHs CHHTETHYHOT KAPTH BHCOT i
iHTepdepeHiHHOT KapTHHHU JUISl HOBEPXHI 3 O/THIEO TTOPSITHHOIO

st xoxHoro kmacy chopmoBano 1o 3000
300paxeHsb, 1o 3arajioM ctaHoBuTh 9000 mpukiIaniB s

HaBuyaHHs [5]. Takuii 00car 1 pI3HOMAHITHICTh
3a0e3neuyroTh  HamiiHy ~— 0asy i1 MIATOTOBKHU
HelipoMepexi.

2.2. Apxitektypa Heiipomepexi. Heilpomepexa
npuiiMae Ha BXiJ RGB-306paxenss po3mipom 3000%3000

MKCeNiB, 1IN0  BIANOBiZa€  pPO3AUTHHIA  3AATHOCTI
cuntetnunux [K. Sk 6a3oBy Momenb  obOpaHO
MobileNetV2 — gnerky # edexkTuBHY Mepexy,

nonepeaHbo HapueHy Ha ImageNet [3]. i Bukopucrano 3
mapametpom  include top=False, m06 amgantyBatu
BUXIJIHUM IIap /0 KOHKpeTHOI 3anaui, 30epirmm npu
LOMY TIOTY>KHI MOXJIMBOCTI BUIIyYEHHS O3HaK.
ApxiTekTypy T1OOYZOBaHO HACTYHNHHM  YHHOM
(puc. 2): mouarkoBi mapu MobileNetV2 3amopoxeHi,
mo6 30epert 3arajibHi 3HaHHS, OTpUMaHi Ha ImageNet,
TONI SK OCTaHHI 2-3 OJNOKH MiJIaHO TOHKOMY
HanmamTyBaHHIO (fine-tuning) i3 HM3BKMM 3HAYECHHSIM
IIBUJIKOCTI HABUAHHS Ta PO3KIAJOM cosine annealing s
mocTynoBoi amanrtamii o manux [6]. Ilicis 1poro
3actocoBano map  GlobalAveragePooling2D,  sxwuit
CTHCKa€e MPOCTOPOBI O3HAKM Y KOMITAaKTHUH BekTop. Jlami
BHKOpHUCTaHO Dense-map i3 128 Heliponamu Ta
aktuBaiieo ReLU, nonoBuenuii BatchNormalization ms
ctabimizanii HaBuaHHA ¥ L2-perymsapusamieio (koedimieHT
0.0001) mns  xontpomo  Bar. IIo6  3anoOirtu
NepeHaB4yanHio, noxaHo Dropout i3 #mosipnicTio 0.5.
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Hapemri, Buximamii Dense-mrap i3 3 HeilpoHamMu  akTBamiclo softmax BuIae WMOBIPHOCTI HAJIEKHOCTI
(plain_surface, single scratch, multi_scratch) i 300paxeHHs hi (o) KOXHOTO KJacy [7].
Input: ; GlobalAverage Dense: 128, X Dcnsc:
3000%3000%3 MobileNetV2 =1 Pooling2D | ReLU + BN [ ] i g 3, Softmax

Pre-trained, fine-

tuncd last 2-3 blocks

Puc. 2. Cxema apxiTeKTypu HeipoMepexi 1uist kiacupikamii intepdepeHuiiiHux 300paxeHs

Jlns migBMINEHHS CTIMHKOCTI MOJENIl 3acTOCOBAHO
ayrmeHramiro 4depe3 ImageDataGenerator: obGeptaHHs,
3CyBH, MacIITabyBaHHS Ta TOPU3OHTAILHE BiOOPaKEHHS.
JlonaTKOBO BIPOBAKEHO BIOCKOHAJICHHS: TexHiKa soft
voting  y3arambHIOE — mepeAbavyeHHs 32  KiTbKOMa
ayrMEHTOBAaHMMH BEPCISIMH OJHOTO 300paKeHHsS, a
¢ynkuist BTpar categorical cross-entropy i3 label
smoothing (koedimiear 0.1) noM’sKIIye HaaMipHY
BIICBHEHICTh MOJIEII, TOKPAIYIOYH y3araJbHECHHS.

2.3. HapuyanHa Tta Bepudikauis. CHUHTETHUHY
BuOipky 3 9000 300paxkeHr Oyno TMOXIICHO V
criBBigHomeHHi 80% nHa HaBuaHHA (7200) 1 20% Ha
Bamimarito (1800), mo0 BifcTeXyBaTH MPOrpec MOICII
[8]. Mns TecTyBaHHsS MIATOTOBICHO HA0Op peaTbHUX
JMaHWX, OTPUMaHHH 13 JOMOMOroK iHTepdepomeTpa
Jlinauka: 300 300paxens (mo 100 Ha wimac). lle mano
3MOTY OIIHUTH e(EeKTHBHICTh MOJelNi K Ha "3HaiioMux"
JIaHUX, TaK 1 B YMOBaX peajibHOI JIarHOCTUKH.

JIyis OIiHKY SKOCTI Kiacudikarii 0yio BUKOPHUCTaHO
METpPHUKY accuracy, sika 00UHCIIIOETHCS 38 (OPMYIIOH:

Accuracy= TC/N, Q)

nme TC — KUIBKICTh TPaBHIBHO KiIacH(iKOBAHMX
npuknanis; N — 3arajgbHa KiJIbKiCTh TPHUKIIA/IB.

Ls wmerpuka BimoOpakae 4YacTKy NpPaBHJIBHO
kinacu(ikoBaHUX 300paKeHb Yy 3arajbHiil  KIIBKOCTI
300paxxeHb, 10 BiANOBiIa€ ii cTaHIAPTHOMY BH3HAUEHHIO
B 3amadax kiacudikanii. Bona € mpocroro s
iHTeprperanii Ta J00pe MiIXOmUTh Juisi wiel 3axadi
3aBJIsIKM 30aJ1aHCOBAHOCTI KJIACIB 3a KiJIbKICTIO MIPUKJIIAIIB.
[Toka3sHUK 3pY4YHO BHKOPHCTOBYBATH MIJIsi HOPIBHSIHHSA
pe3ynpTaTiB Ha pi3HUX Habopax maHux [9].

3. PesyabTaTtu

3.1. Hpuknanu iHTepdepeHmiHHNX 300pakeHb. Ha
MOYAaTKOBOMY €Tali OLIHKM METOIy HpOBEAEHO aHalli3
Bi3yaJIbHUX XapaKTEePUCTUK CHHTETUYHUX
iHTepdepeHiiHNX 300paXkeHb, sIKi BHKOPHCTaHO JUIS
HaBYaHHS Ta TECTyBaHHSA HelipoMmepexi. BusHaueHo Tpu
OCHOBHI ~ KJIaCM  TIOBEpXOHb:  IJIOCKA  IOBEPXHs
(plain_surface), moBepxHS 3 OJHIEO TOXPATIHHOIO
(single_scratch) i moBepxHS 3 YUCICHHUMU TOAPSTTUHAMU
(multi_scratch). Jlnst KOXHOTO Kiacy MiATOTOBJIEHO
TUIIOBI NPUKIAAHN, 100 MPOJAEMOHCTPYBATH, SIK Ie()EKTH
BUSIBJISIIOTHCS B IHTEPQEPEHIIIHUX KapTHHAX.

Ha puc. 3(a) 300pakeHO IUIOCKY IOBEpPXHIO:
piBHOMIipHI iHTepdepeHUiliHi cMyrun 0e3 BHKPUBICHD
CBi4aTh Mpo BiACcyTHICTH nedektiB. Puc. 3(0) imocTtpye
BHIIQ/IOK 3 OJHI€I0 TOAPATTNHOI0 — CMYTH Ae()OpMYIOThCS
B 30HI JAedexry, yTBOPIOIOWHM XapaKTepHUH 37aM,
MIOMITHUH HaBiTh 0e3 crierianpHUX 3aco0iB. Ha puc. 3(B)

MMOKa3aHO IOBEPXHIO 3 JeKinmbkoMma mnoapsmuHaMu. Lli
Bi3yallbHI ~ OCOONHMBOCTI  CIyTYIOTH  OCHOBOIO  IUISI

poO3Mi3HaBaHHS HeHpoMepexero, sika 3/1aTHa e(PEeKTHBHO
ineHTH(iKyBaTH TaKi BIAMIHHOCTI.

(®)

Puc. 3. CunternuHe inTepdepeHiiine 300paXxeHHs M0CKOT
noBepxHi (plain_surface) (a), moBepxHi 3 0JHIEIO MOAPSIHHOO
(single_scratch) (6), moBepXHi 3 YUCICHHUMH MOAPSIMTAHAMA
(multi_scratch) (B)

3.2. Tounictb kiacudikanii. KinbkicHy OLIHKY
po0oTH HEHpoMepeKi MPOBEACHO Ha JBOX TECTOBUX
Habopax: CHUHTETHMYHOMY Ta peasibHOMy. CHHTETHUHY
BuOipky 3 9000 300paxkens mnomineHo Ha 80% s
HaByaHHs (7200) i 20% nans Bamimauii (1800), i came wmi
1800 300paxens (rmo 600 Ha KJlac) BUKOPHCTAHO IS
OLIHKK TOYHOCTI Ha CHHTETHYHHMX JaHuX. Pe3ynbrar
CTaHOBUTH 96%, [0 BKa3ye Ha BHCOKY e(EKTHBHICTBH
MoOJeni B yMOBaxX, Je 300paXeHHs BiJIIOBIIAIOTH
HaBuaJbHIA BHOipui. Ha peanpHUX JaHUX, OTpUMaHHX 3
inreppepomerpa Jlinnuka (300 300paxkens, mo 100 Ha
KJIac), TOYHICcTh jocsarae 82,7%. 3HMKEHHS TOYHOCTI Ha
peajbHUX 300pakeHHSX € MependadyBaHUM depe3
JNOJATKOBI  YCKJIAOHEHHS, TOB’S3aHI 3  peaJbHUMHU
YMOBaMH BHMipIOBaHb.

JleTabHI TIOKa3HUKHA TOYHOCTI JJIsi KOKHOTO Ki1acy
HaBeJeHO B Tabi. 1, 3 SKOI BHJAHO, IO HA CHHTETHYHUX
300paXXEHHSIX MOJIENIb JIEMOHCTPYE CTaOUIBHO BHCOKI
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pesyabratd  (95-97%), ajge Ha pealbHHX JAHHX
po30ikHicTs Oinmbma (77-88%). Taki maHi cBimuyats, Mo
ckianHi nedextn (multi scratch) e HalckmagHIIIMA 115
knacudikamii B peanbHMX yMOBaxX, HMOBIpHO, dYepe3
OUTBIITY KUTBKICTh BHITAJKOBUX BUKPUBIICHb.

Tabmuus 1 — TounicTs knacugikaii (accuracy) st
CHHTETHYHUX (Balifamis) i peanpHuX iHTepQepeHIiianx

300pakeHb
CHHTEeTUYHI Peabri nari
Knac JaHi (BaJiaaris), % ?
%
Plain_surface 97 88
Single_scratch 96 83
Multi_scratch 95 77
Cepenne 96 82,7

4. O6roBopeHHs

4.1. Ananiz pesyabratiB. OTpuMaHi pe3yJbTaTH
CBiqUaTh NP0 CQPEKTHBHICTH PO3POOJICHOrO MigXOIy:
TOYHICTh  Kiacudikaiii Ha  CHHTCTHYHUX  JAHHUX
Banigauiitnoi Bubipku (1800 300paxeHs) cTaHOBUTH 96%
[10]. Le#t moka3HUK MiATBEPIKYE, IO MOJENb YCIIIIHO
BUSBISE Ta Kiacudikye cyOMikpoHHi gedektn, a
CHUHTETHYHa BHOIpKa JOCTOBIPHO BiOOpaka€ KIFOYOBI
0COONMMBOCTI  iHTepepeHIiitHnX 300pakeHb. Takuit
BUCOKHMI piBEHb TOYHOCTI BKa3ye Ha 3J1aro/KEHy poOoTy
MPOTPAMHOTO 3a0e3MeUeHHs UIA TeHepamii HaHuX i
apXiTeKTypH HEWpoMepexi, Mo Hae 3MOTy YiTKO
PO3PI3HATH TUIOCKI TOBEPXHi, OAWHUYHI MOAPSAIUHHA Ta
CKJIIHI BUMAAKK 3 YUCICHHIMH TTOIPATHHAMH.

Ha peanbHux naHux, oTpuMaHHUX 3 iHTepdepoMeTpa
Jlinnuka (300 300pakeHb), TOYHICTH 3HWKYETHCS IO
82,7%. Ile 3HmKeHHS He € HecnomiBaHuM. Peanpmi IK
MICTSTh JO/IATKOBI YCKJIQJIHEHHS: LIYMH BiJ 00JiaJHAHHS,
HEOJHOPIIHICTh  OCBITJICHHS, JpiOHI apredakTy, sKi
Ba)XKO BpaxyBaTH B CHHTETWYHIH Mogneni. Bognouac
noka3Huk 82,7% BU3HAHO [IOCUTHh IEPEKOHJIHUBHM,
0co0MMBO 3 OMIAAY Ha Te, IO HAaBYaHHS MPOBOAMIOCS
BUKIIIOYHO Ha CHHTETHYHHUX JAaHuX. Lle cBiguuTh mpo
3aJI0BUIBHY y3arajbHIOBAIBHY 3[aTHICTh MOJENI, Xo4a
MIPOCTIip IS BIOCKOHAJICHHS 30epiraeThesl.

IlepeBarn 3ampoONMOHOBAHOTO IIIXOAY OYCBHIHI.
[Mpouec aHamizy MOBHICTIO aBTOMAaTH30BaHO, IIO YCYBa€
3aJIeKHICTh BiJl JIFOJICHKOTO (akropa — Cy0’ €KTHUBHI
OLIHKK Ta TPYIOMICTKMH pYYHHH aHami3 3aMiHEHO
00’€KTMBHMM MaIIMHHUM 00pobneHHaM. Heiipomepexka
3abe3rneuye BHCOKY HIBHIKICTH OOPOOKH 300pakeHb, 110
poOHTH MeToJ NPHUIATHUM JUIS KOHTPONIO SIKOCTI B
cepiiHOMYy  BHPOOHHMILTBI  ONTHYHUX  KOMIIOHEHTIB.
3aBIsKH ayrMeHTalii JaHuX 1 TexHini soft voting Moxens
BUSIBJISIE CTIMKICTh 10 Bapialiifl BXiIHHX 300pakeHb, IO
Mae 0coOJIMBE 3HAYCHHS JUIsl POOOTH B pealbHUX yMOBAX.

4.2. OOMesxeHHS] Ta IUISIXM BIOCKOHAJEHHS.
He3Baxxaroun Ha AOCSATHYTI pe3ynbTaTH, MiAXiA Mae MeBHi
obmexxeHHs. OCHOBHHM 13 HUX BH3HAHO PO301KHOCTI MiX
CHHTETHYHHUMH Ta pEalbHUMH 300paKeHHSIMH, SIKi
BIUIMBAIOTH HA TOYHICTh Kinacudikamii. CHHTETHYHA
BUOIpKa, X0U 1 peTesbHO pO3po0IIeHa, HE MOBHOIO MipoOIo
BIATBOpIOE  cnenuQiKy  pealbHUX  YMOB:  LIyMH

oOnagHaHHS, BUMAOKOBI BUKPHUBICHHA YW  3MiHH
KOHTPACTHOCTI, XapakTepHi TUTSt MPaKTHIHUX
BUMipIoBaHb. lle TOsCHIOE 3HIDKEHHS TOYHOCTI Ha
peaNbHUX JAaHMX 1 BU3HA4Ya€e HANpsM A MOAANBIIOTO
BIOCKOHAJIEHHS. [TixBumenss peaicCTHIHOCTI
CHHTCTHYHHX  300pa)KeHb,  HANpUKIAL,  IUIIXOM
JOJaBaHHS 3MOJICNbOBAHMX IIYMIiB a00 BHIIAJKOBUX
aptedakTiB, MOXE 3MEHIIMTH pO3PHB MDK JBOMa
Habopamu nanux ("sim-to-real gap") [12].

Ille omHa mepcrneKTHBHA MOKJIMBICTH HOB’s3aHa 3
po3UIMpEeHHsM  cepu  3acTOCyBaHHS  MeTomy. Y
MMOTOYHOMY JOCITI[UKCHHI OCHOBHY YBary IPHALJICHO
MOPANHAM SK HaWNOIIMpEHImUM aedeKkTam, OIHAK

J3epKajbHI MOBEPXHI MOXYTh MaTH W 1HIOI Bajgu:
BM SITHHH, BHCTYnmH a00 KOMOiHamii pi3HHX THIIB
nedekriB. ApXxiTekTypa HeiipoMmepexi Ta MiAXid g0

reHepanii JaHWX MaloTh NOTEHINAN I aganTarii g0
TakuX BumajakiB. JlomaBaHHs  HOBHX  KJaciB  JI0
CHHTCTHUYHOI BHUOIpKM Ta HE3Ha4yHa Mojudikaris
BUXIZJHOTO IIApy MOXYTb IIEPETBOPUTH MOJEIb Ha
yHiBepCcallbHUI IHCTPYMEHT IS J1arHOCTUKHU
PI3HOMaHITHUX Ae(EKTIB.

L1i oOMeskeHHS pO3IIISIAIOTHCS HE SIK HEIOJIKH, a K
MOXITUBOCTI JJIsl PO3BUTKY. 3apONOHOBAHUI METOM yXkKe
3apa3 JEMOHCTPYE MNPAKTHYHY I(HHICTh, & MOMAAJbIIe
BJOCKOHAJICHHSI CHHTETHMYHUX MaHUX 1 HAaJAIlITyBaHHS

Mozeni  3JaTHE  INABHIMUTA  WOTO  TOYHICTE 1
yHiBepcabHICTB [13].
5. BucnoBkm. B poborTi po3pobieHo

ABTOMATH30BaHUN Mero] Kiacudikauii cyOMIKpOHHUX
neeKTiB  J3epKalbHUX  IOBEPXOHb  Ha  OCHOBI
CHHTETUYHHX iHTep(epeHIiiHIX 300paxeHb i IHO0KOTro
HaB4yaHHS. CTBOPEHO HCTPYMEHT, SIKMH 3aMIHIOE PY4HHI
aHali3 HeWpPOMEpeKer, 3JaTHOK IIBUAKO i 00’€KTHBHO
BH3Havatu TUnu AedekriB. Lledt migxin ycyBae motpedy B
TPYAOMICTKHX Tporecax 1 3a0e3meuye cTaOUIBHICTH
pe3yIbTaTiB.

TounicTe KacUdikallil OIiHEHO Ha JBOX HaboOpax
JAaHWX: Ha CHHTCTUYHUX 300paKCHHSX BaiTaIliifHOT
BuOipku (1800 npukiazniB) BoHa cTaHOBUTH 96%, a Ha
peaybHUX aHWX, OTPUMaHUX 3 iHTepdepomerpa JliHHMKA
(300 300paxens), — 82,7%. 1li moka3HUKH CBIAYATH TPO
BUCOKY €(EKTHUBHICTH MOJENI Ta SKICTh CHHTETUYHOI
BUOIpKM, a TakoX npo il 3JaTHICTb aJanTyBaTHCS [0
peaJbHUX YMOB, IIONIPH TIEBHE 3HWKEHHS TOUHOCTI.

3anpornoHOBaHNH METOA BIJIKPUBAE TIEPCHEKTUBU
JUIL  BIIPOBAUKEHHA B BHPOOHUITBO BHUCOKOTOYHHX
ONITHYHUX CHUCTEM, Jie¢ KOHTPOJb SIKOCTI IOBEPXHI Mae

BHpiIANEHE 3HauYeHHA. llojgamplie  BIOCKOHAJCHHS
CHUHTCTHUYHOI  BUOIpKH, 30Kpema  MiABHIICHHA 11
peaNliCTUYHOCTI, a TaKoXX ONTHUMi3alis apXiTeKTypu

HeHpoMepeki MOXKYTh JTOAATKOBO MiBUIIIUTHA TOYHICTh HA
peanpHUX JaHUX. Po3poOneHuil miaxix He awimie BHUpimIye
MOTOYHY 3aJady, a ¥ CTBOPIOE OCHOBY Jisi MalOyTHiX
JOCTI[UKEHh 1 BIOCKOHAJeHb Yy Taly3i ONTHYHOI

netdexrockorii [14].

Crnncok Jireparypu

1. Goodfellow I., Bengio Y., Courville A. Deep learning. Cambridge:
MIT Press, 2017. 800 p.

Bicnuk Hayionanbrno2o mexuiunozo ynisepcumemy « XI11».

80 Cepis: Cmpameziune ynpaeninus, ynpaseninus nopmpensimu, npozpamamu ma npoexmanmu. 2024. Ne 2(9)



ISSN 2311-4738 (print), ISSN 2413-3000 (online)

Ronneberger O., Fischer P., Brox T. U-Net: Convolutional networks 9. Chen L.-C., Papandreou G., Kokkinos I., Murphy K., Yuille A. L.
for biomedical image segmentation // Medical Image Computing DeepLab: Semantic image segmentation with deep convolutional
and Computer-Assisted Intervention — MICCAI 2015: 18th nets, atrous convolution, and fully connected CRFs // IEEE
International Conference, Munich, Germany, October 5-9, 2015, Transactions on Pattern Analysis and Machine Intelligence. 2018.
Proceedings, Part 111. 2015. P. 234-241. https://doi.org/10.1007/978- Vol. 40, No. 4. P. 834-848.
3-319-24574-4_28 https://doi.org/10.1109/TPAMI.2017.2699184

Howard A. G., Zhu M., Chen B., Kalenichenko D., Wang W., 10. Wang Z., Bovik A. C., Sheikh H. R., Simoncelli E. P. Image quality
Weyand T., Andreetto M., Adam H. MobileNets: Efficient assessment: From error visibility to structural similarity // IEEE
convolutional neural networks for mobile vision applications // Transactions on Image Processing. 2004. Vol. 13, No. 4. P. 600—
arXiv preprint arXiv: 1704.04861. 2017. 9 p. 612. https://doi.org/10.1109/T1P.2003.819861
https://doi.org/10.48550/arXiv.1704.04861 11. Daghigh V., Daghigh H., Lacy T. E., Naraghi M. Review of
He K., Zhang X., Ren S., Sun J. Deep residual learning for image machine learning applications for defect detection in composite
recognition // 2016 IEEE Conference on Computer Vision and materials // Machine Learning with Applications. 2024. Vol. 18. P.
Pattern Recognition (CVPR), Las Vegas, NV, USA, June 27-30, 100600 (18 pages). https://doi.org/10.1016/j.mlwa.2024.100600
2016. P. 770-778. https://doi.org/10.1109/CVPR.2016.90 12. P. Trentsios, M. Wolf, D. Gerhard. Overcoming the Sim-to-Real
Krizhevsky A., Sutskever ., Hinton G. E. ImageNet classification Gap in Autonomous Robots // Procedia CIRP. 2022. Vol. 109. P.
with deep convolutional neural networks // Communications of the 287 - 292. https://doi.org/10.1016/j.procir.2022.05.251

ACM. 2017. Vol. 60, No. 6. P. 84-90.  13. Goodfellow I., Pouget-Abadie J., Mirza M., Xu B., Warde-Farley
https://doi.org/10.1145/3065386 D., Ozair S., Courville A., Bengio Y. Generative adversarial nets //
Dosovitskiy A., Beyer L., Kolesnikov A. et al. An image is worth Advances in Neural Information Processing Systems 27 (NIPS
16x16 words: Transformers for image recognition at scale // 2014). 2014. P. 2672-2680.
International Conference on Learning Representations (ICLR) 2021. https://doi.org/10.48550/arXiv.1406.2661

2021. 22 p. https://doi.org/10.48550/arXiv.2010.11929 14. Russakovsky O., Deng J., Su H. et al. ImageNet large scale visual
Szegedy C., Vanhoucke V., loffe S. et al. Rethinking the inception recognition challenge // International Journal of Computer Vision.
architecture for computer vision // 2016 IEEE Conference on 2015. Vol. 115, No. 3. P. 211-252. https://doi.org/10.1007/s11263-
Computer Vision and Pattern Recognition (CVPR), Las Vegas, NV, 015-0816-y

USA, June 27-30, 2016. P. 2818-2826.  15. Kingma D. P., Ba J. Adam: A method for stochastic optimization //

https://doi.org/10.1109/CVVPR.2016.308
Simonyan K., Zisserman A. Very deep convolutional networks for
large-scale image recognition // International Conference on
Learning  Representations (ICLR) 2015. 2015. 14 p.
https://doi.org/10.48550/arXiv.1409.1556

International Conference on Learning Representations (ICLR)
2015. 2015. 15 p. https://doi.org/10.48550/arXiv.1412.6980

Haoitnuna (received) 05.11.2024

Bioomocmi npo asmopis / Ceedenust 06 aemopax / About the Authors

Kpasuenko Onexcanop Cepeitiosuu (Oleksandr Kravchenko) — acmipanT xadeapu KoM I0TepHOI MATEMATHKH i

aHamizy jgaHux, HamioHanbHWi TeXHIYHMW yHiBepcuTeT “XapKiBChbKHH MONITEXHIUHMHA iHCTUTYT’, XapkiB, YkpaiHa;

e-mail: Oleksandr.Kravchenko@cs.khpi.edu.ua; ORCID: https://orcid.org/0000-0002-6169-1250.

Bicnux Hayionanvroeo mexuiunozo yHieepcumemy « XI11».
Cepis: Cmpameziune ynpaeninus, ynpasninus nopmpensimu, npozpamamu ma npoekmanmu. 2024. Ne 2(9) 81


https://doi.org/10.1007/978-3-319-24574-4_28
https://doi.org/10.1007/978-3-319-24574-4_28
https://doi.org/10.48550/arXiv.1704.04861
https://doi.org/10.1109/CVPR.2016.90
https://doi.org/10.1145/3065386
https://doi.org/10.48550/arXiv.2010.11929
https://doi.org/10.1109/CVPR.2016.308
https://doi.org/10.48550/arXiv.1409.1556
https://doi.org/10.1109/TPAMI.2017.2699184
https://doi.org/10.1109/TIP.2003.819861
https://doi.org/10.1016/j.mlwa.2024.100600
https://doi.org/10.1016/j.procir.2022.05.251
https://doi.org/10.48550/arXiv.1406.2661
https://doi.org/10.1007/s11263-015-0816-y
https://doi.org/10.1007/s11263-015-0816-y
https://doi.org/10.48550/arXiv.1412.6980
mailto:Oleksandr.Kravchenko@cs.khpi.edu.ua

ISSN 2311-4738 (print), ISSN 2413-3000 (online)

3MICT

Bywyee C., Ilyzitiuyk A., Bywyeea H., Bywyeea B., byuiyce /1.

PozsuTok sauamadTy oCBIiTH i BIUTHBOM LIIT (BNQ.) ..viriitiiiiriitiiiiiiiiiieeieste ettt 3
T'punuenxo M. A., Pozosuii M., I'pinuenko €.

Po3pobka iHpoOpMAaIiitHIX TEXHOJOTIH I iHTEIEKTyallbHOTO IDIaHyBaHHS po6oTH koMaHau [ T-ipoexTy Ha OCHOBI

L A A1 (O Y (S Lo (3 (o) w T (=11 1 OSSPSR 9
TI'punuenxo M. A., Illanownixose M. 1.

AHani3 TNOKa3HUKIB e()eKTHBHOCTI MisUIBHOCTI 3aKiiajliB BHIIOI OCBITM Ha OcCHOBI omiHioBaHHA QS WORLD

UNIVERSITY RANKINGS (BN10.) ..tttk b ekt b bbbt b ekt eb e 16
3103101 B. 1.

JlocnmipKeHHsT MOHATTS TOXIJHUX PU3UKIB BiJ PO3BUTKY 30BHINIHBOTO BIUIMBY B acHeKTi MiSUIBHOCTI 00’€KTIiB
TOCIIOJIAPIOBAHHS Ta IX CTPATETITHOT CTADIITBHOCTI .vevvivviriiietieiieteie sttt ettt sb e n et n e nr e 27

Konopamoe O. M., Cesepun B. I1., Ilonazos /. K., looapcexuii C. M., Hikynina O. M.

AmHamiz MeToniB OOYMCITIOBAJIBHOTO IHTENEKTY [UIS MOZCTIOBAaHHS, iACeHTH(]IKamii, onTmMizamii cucTeM Ta
THATPAMKH TIPARHATTST PIIIICHD ... .vevveseesseeseesseessesssesseessessseaseasseasssassssssesseassesssessssasessmessseaseanseansesssesseesnesnesnssesssessneennes 35
Konn A. M., Hecmepenko I. C.

Mogens BHOOPY IHCTPYMEHTIB IOTYYHOTO IHTENEKTY [UIA MITPUMKH IIPOIECiB  PO3POOKH MPOTPaMHOTO

T TR 1 (e (31 TP PP PT PP PR 45
Jucenko A. O., Teepoa M. C.

Po3poOka Be0-3aCTOCYHKY [UIs CTBOPCHHsI JOKYMEHTAIil IJsi TECTYBaJbHHKIB Ta OIlIHKa WOTO BIUIMBY Ha
€(EKTUBHICTD TECTYBAHHS B IT-TIPOEKTAX ...vevviviivierritiiti sttt sttt r et e b bt r et e eenn e n e anenr e 50
Jobau O. B., Capiceecvkuii A. 1.

Po3pobka Ta BrpoBamkeHHs iHPOPMALIHHOI CHCTEMU €JIEKTPOHHOTO IOKYMEHTOO0Iry B JIOKOMOTHBHOMY JEHO Ta
3aCTOCYBAHHS IIPOLIECIB YIPABIITHHS IIPOEKTAMH ......veuverriresesseaseassessesseasesseassessesesessessesseassassessessessessesseaseessessensessessessens 55
Jlosinceka A. B., Jlo6au O. B.,

Po3pobka iHdopmarmiitHoi cucTeMum s BHPINICHHS 3aJadi OpeHOW Ta KymiBmi xwutia B Hinmeprmangmax 3
BIIPOBA/DKCHHAM JITOPUTMY KOHTEKCTHOTO TIOIIYKY: IIEPCOHATI30BAHUH Ta MPUIIBHAMICHIHA MiA0ip HEPYXOMOCTi ....... 62
Yepnosa JIo. C., Tumos C. /., Kypageny 1. A., UHepnoea Jlo. C.

3acTocyBaHHS 3arajbHOTO AITOPUTMY JiHeapw3amii B JpoOOBO-TIHIHHMX 3ajadax ONTHMI3allii B YIIpaBIiHHI
1010113 @ 1.7 1. TR P RPN 69
Kpasuenxo O. C.

Businenns Ta knacudikamiss cyOMiKpoHHHX JedekTiB moBepxHi 3a iX iHTepdepeHUiHHUMHU 300paXKCHHIMH 3a
JIOTIOMOT OO TTTHOOKOTO HABUAHEHST «....vvvvvvsrerressssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssenns 77

Bicnuk Hayionanbrno2o mexuiunozo ynisepcumemy « XI11».
82 Cepis: Cmpameziune ynpaeninus, ynpaseninus nopmeenamu, npopamamu ma npoekmamu. 2024. Ne 2(9)



ISSN 2311-4738 (print), ISSN 2413-3000 (online)

CONTENTS

Bushuyev S., Puziichuk A., Bushuyeva N., Bushuieva V., Bushuiev D.

The evolving landscape of education under the inflUENCE OF Al ......covoiiiiiii e 3
Grinchenko M., Rohovyi M., Grinchenko E.

Development of information technology for intelligent planning of the IT project team's work based on a flexible

003 10 T0T0 (] (oo |2 9
Grinchenko M., Shaposhnikov M.

Analysis of higher education institutions' performance indicators based on QS World University Rankings

AASSESSIMBNT ...t E e 16
Ziuziun V.

Exploring the concept of derivative risks arising from external influences in the context of business operations and
tEIT SIFALEGIC STADTITTY ....ecveie bbb bbb bbbt b e b e bt b e et b e b anes 27

Kondratov O., Severyn V., Popazov D., Liubarskyi S., Nikulina O.
Analysis of computational intelligence methods for modeling, identification, optimization of systems and decision

101 o] 0T PP U TR 35
Kopp A. M., Nesterenko I. S.
A model for selecting artificial intelligence tools to support software development proCesses ........cccoccvvvevvverrereecvenenenn 45

Lysenko A. O., Tverda M. S.

Development of a web application for creating documentation for testers and evaluation of its impact on the

L AT Yo LT o) (= o T I o] 0] 1= S 50
Lobach O., Sarzhevskyi A.

Development and implementation of an electronic document management information system in a locomotive depot
and application Of Project MANAgEMENT PIOCESSES. ......iutrreeiterrereeterreieate st et sttt sr et et btk bbb bt ebesb e st ebesr e e abesbe e ebe e 55
Lozinska A., Lobach O.

Development of the information system for solving the problem of renting and buying housing in the Netherlands
with the introduction of a contextual search algorithm: personalized and accelerated selection of real estate .................. 62
Chernova Liub., Titov S., Zhuravel I., Chernova Liud.

Application of the general algorithm of linearization in linear fractional optimization problems in project

Qg To LT T T=] 0 0T o USSP PP OPROTRP 69
Kravchenko O.
Detection and classification of submicron surface defects based on their interference images using deep learning ......... 77

Bicnux Hayionanvno2o mexuiunozo yHieepcumemy « XI11».
Cepis: Cmpameziune ynpaeuinus, ynpasiinus nopmeenamu, npopamamu ma npoexkmamu. 2024. Ne 2(9) 83



HAVYKOBE BUJIAHHA

BICHUK HAIIIOHAJIBHOI'O TEXHIYHOI'O YHIBEPCUTETY «XIID».
CEPIA: CTPATEI'TYHE YIIPABJIIHHSA, YIIPABJIIHHA INTIOPTO®EJISIMU,
ITPOI'PAMAMM TA ITPOEKTAMUA

30ipHMK HAYKOBHUX NMpalb

Ne 2 (9) 2024

Hayxowuit penakrop: Kononenko 1. B., 1-p Texn. Hayk, npodecop, HTY «XIIl», Ykpaina
Texuiunuii pegaxtop: Jlobau O. B., kanna. rexn. Hayk, goueHt, HTY «XIIl», Ykpaina

BinnosiganeHuii 3a Bunyck Jlobau O. B., kaHa. TexH. HayK, AOIEHT

AJIPECA PEJIKOJIETII: 61002, Xapkis, Byn. Kupmiuosa, 2, HTY «XIII».
Kadenpa ynpasiainHs npoektaMu B iHQOpPMAIIHHAX TEXHOJIOTISX.

Ten.: (057) 707-68-24; e-mail: e.v.lobach@gmail.com

Caum: pm.khpi.edu.ua

OO0u.-Bug Ne 2-24

ITian. o apyky 30.12.2024 p. ®opmat 60x84 1/8. Tanip odcerruit 80 r/m?.
Hpyx odcernuii. I'apritypa Taiimc. YMoB. npyk. apk. 9,8. O6mik.-Bua. apk. 10.
Tupax 100 np. 3am. Ne 160450. Ilina norosipHa.

Bunasuuunii ieatp HTY «XI1I». CBi1onTBO Hpo JepKaBHY PEECTPALIiO
cy6’exta BumaBan4oi cipaBu JIK Ne 3657 Bix 24.12.2009 p.
61002, Xapkis, Bys. Kupnudosa, 2

Hudposa npykapus TOB «Cwmyracra tunorpadisi»
Inent. xon ropunnunoi ocodu: 38093808
Vxkpaina, 61002, m. Xapkis, Byis. UepHuinescbka, 28 A. Ten. (057) 754-49-42


mailto:e.v.lobach@gmail.com

