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From analysis to action: a cluster approach to assessing the digital transformation of
Ukrainian business

Abstract: Digital transformation of business became a key aspect of the modern corporate environment,
driving large-scale shifts in business processes. This article is devoted to assessing the effectiveness of
digital transformation in Ukrainian enterprises, applying cluster analysis as a key tool. The study purpose
is to thoroughly review and systematically assess the processes of digital transformation of Ukrainian
companies using the cluster analysis methodology. The main task is to identify effective strategies for
integrating digital technologies into business processes and identify the key drivers of the success of
digital transformation of domestic enterprises. The key research methods included cluster analysis, just
like analyzing and summarizing information from leading researchers in this area. Analysis results show
that the effectiveness of digital transformation is still low at most enterprises, and concrete actions for
further improvement are recommended. The article is aimed at business owners, executives, and
researchers who want to develop digital transformation strategies for the Ukrainian business
environment.

Keywords: digitalization, digital economy, digital transformation, business process, cluster analysis.

Pycaara M. Aicosa

Bia anaaisy A0 All: KAacTepHUIT AXIA AO OIiHKH ¢ poBoOi Tpaunchopmanii
yKpaiHCchKOro 0izHecy

Apmnomayin. Undposa Tparcdopmaris Oi3HeCy BH3HAYAE Cy9acHE KOPIIOPATHBHE CEPEAOBHIIIE,
BUKAUKAIOYH 3HAYyII 3MiHH y OisHec-mporiecax. llpeacraBaeHa crarrd HpHCBAYEHA OLIHIL
ecdpexruBHOCTI IIPOBOI TpancdopMarli YKpalHCHKHX INAIPHUEMCTB, BUKOPUCTOBYIOYH KAACTEPHMUI
AHAAI3 AK KAIOYOBHH IHCTpyMeHT. AOCAIAKCHES aKIICHTOBAHC HA PO3IIOAIAI INAIIPHEMCTIB 34
KAACTEPAMH, OIITHMI3aLil pecypciB Ta po3yMiHHI yCIiIIHUX crieHapiiB mudposoi Tpancdopmarii. Mera
CTATTi IIOAfITA€ B PETEAPHOMY aHAAI3l Ta CHCTEMHIN oIiinmi nporeciB nudpoBoi Tpancdopmarii
IIAIIPHEMCTB B YKpaiHi 3 BUKOPHUCTAHHAM METOAOAOIL KAACTEPHOIO aHaAI3y. OCHOBHUM 3aBAAHHAM €
BU3HAYEHHA e(EeKTUBHHX crpareriii imrerpanii nudpoBUX TEXHOAOIIH y Oi3Hec-mpolecH Ta
ianerTudikamll KArOYOBUX (DAKTOPIB, IO BIAHBAIOTH HA VCIIIIHICTE IU(POBUX IEPETBOPEHb
VKPAlHCHKHX IIAIIPUEMCTB. Y PAMKAX AOCAIAJKEHHA BUKOPHUCTOBYFOTBCA METOAU KAACTEPHOIO aHAAI3Y, a
TAKOXK aHAAI3y, CHEHTE3y y3araabHEeHHA iH(OpMALl CyIacHUX IIPOBIAHHX AOCAIAKEHB y AaHI cdepi.
PesyAbraTa aHaAi3y BKas3yrOTh Ha HEBUCOKHH piBeHb edexruBHOCTI 1udpoBol Tpancdopmalii Ha
OIABIIIOCT] IIAIPHEMCTB, IO CAYIYE PO3POOLI IPOIO3HUINN KOHKPETHUX 3aXOAIB AAfA IIOAAABIIOTO
BAOCKOHaAeHHA. Pobora aapecoBana BAACHHKAM IIAIIPHEMCTB, KEPIBHHKAM 1 AOCAIAHHKaM, cdepa
AIIABHOCTI AKHX CHPAMOBAHA Ha IOKpaIleHHA crpareriii nudposoi Tparcdopmarii B ykpalHCBKOMY
Gi3Hec-CcepeAOBHIILI.
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Introduction

KAACTEPHIH aHAaAil3.

Progressive development of digital technologies, steady dynamics of changes in
consumption patterns and intensive introduction of information and communication
technologies in business and various areas of society and economy, commonly known as “digital
transformation”, triggered profound metamorphoses in the business structure, including
business processes.

Fundamental transformations in the landscape of enterprise activity, in turn, require
fundamental transformations in the ways of doing business. For a successful digital economy
and a new industrial revolution to take place, the government and business will increasingly have
to shift their priorities toward digitization and business transformation. Digital technologies
(Internet of Things, big data, artificial intelligence, cloud solutions, etc.) are the catalyst for
transformation processes, used to develop new ways of creating and delivering value
propositions. The ability to successfully adapt business processes to modern digital conditions
has actually become one of the key characteristics of the successful development of the digital
economy in the state (Barr, 2019).

At the same time, despite the significant potential of digital development and business
readiness towards digital transformation, the level and efficiency of business process
transformation in Ukrainian enterprises is still extremely low, and the intensity of digital
technologies, automation, robotization, etc. is extremely inefficient in most industries, primarily
due to a significant lag in labor productivity and innovation activity of enterprises.

The study purpose is to analyze and systematically assess the processes of digital
transformation of Ukrainian enterprises based on the cluster analysis methodology. The main
task is to identify effective strategies for integrating digital technologies into business processes
and to define the key drivers of the success of digital transformation in Ukrainian enterprises.

The theoretical and practical problems of digital business transformation and the processes
of digital economy development have been studied comprehensively in the works of R. Alt, P.
Weil, R. Coase, A. Osterwalder, A. Slywotzky, D. Tapscott, P. Timmers, D. Schalm, K. Schwab,
etc. Ukrainian scientists V. Bazylevych, V. Hurochkina, I. Zrybneva, G. Fyliuk, O. Marchenko,
A. Melnyk, O. Pizhuk, V. Reshetylo, V. Tarasevych, and others made a significant contribution
to researching the problems of digital transformation of the economy and society.

Actually, in the last few years, the issue of digitalization of the economy has been coming
to the forefront of discussion in Ukraine and becoming one of the key aspects of the discussion.
The focus has been on carrying out research aimed at studying the current state and benefits
that digital transformations introduce into the country’s economic systems. However, regardless
of the relevance and importance, as well as growing focus on this issue, there is still a vast field
for research on the effectiveness and quality of systemic changes in business processes. The
article aims to identify the typical attributes of businesses that have successfully implemented
digital strategies and develop recommendations for those faced with the task of effective digital




transformation. Research findings presented in the article are intended for a wide range of
audiences, including business leaders, researchers, consultants, government agencies, investors,
and financial institutions. The main task is to provide the target audience with strategic
recommendations and insights on the effective implementation of digital strategies in Ukrainian

enterprises, based on a systematic analysis and application of the cluster approach.

The impact of digital transformation on business processes

The digitization of business processes stands as a pivotal evolutionary development within
the corporate domain. This entails the shift from conventional methodologies in managing
routine tasks towards the incorporation of digital tools and technologies. Such digital
transformation augments operational efficiency and flexibility within an organization,
presenting the prospect of noteworthy cost reductions through the automation of processes. A
central challenge confronting enterprises throughout this trajectory lies in the optimization of
the customer experience. The profound influence of digital transformation on business
operations and strategy necessitates an adaptive approach as enterprises progressively depend
on digital technologies for operational functionality and customer value delivery (Couper, 2023).

Conducting an analysis of current processes constitutes a fundamental initiative in the
digital transformation of businesses. This imperative practice is instrumental in methodically
delineating extant procedures, yielding a lucid understanding of ongoing operations. Process
mapping serves to furnish all stakeholders with a comprehensive panorama of the organization’s
activities, thereby promoting enhanced coordination and coherence (Schallno & Williams, 2016).
Various tools are available to facilitate process mapping within corporate frameworks. These
tools encompass process diagrams and project management software, offering visual depictions
of workflows. Additionally, enterprises can leverage Business Process Management (BPM)
software tailored for the modeling and administration of business processes. Furthermore, the
incorporation of dematerialization and electronic document management software can prove
advantageous for companies. In certain instances, optimal outcomes may entail soliciting the
expertise of specialized process management consultants to meticulously map and optimize
existing procedures.

One of the foremost effects of digital transformation on business operations is the notable
enhancement of operational efficiency. Digital technologies empower businesses to automate
tasks, streamline processes, and diminish reliance on manual labor. This, in turn, translates into
substantial cost savings and heightened productivity. Illustratively, businesses can harness
automation tools to curtail the time and resources expended on routine tasks, such as data entry
or order processing. Executing a digital transformation strategy entails a sequential series of
steps. Commencing the process involves garnering support from all stakeholders within the
company, fostering a shared vision, and ensuring alignment among all parties. Identification of
specific departments poised to experience the direct impact of the transformation is imperative
(Bodrov et al., 2019).

Subsequently, the formulation of a comprehensive strategy is essential, delineating
priorities, objectives, and performance metrics. A thorough evaluation of the financial requisites
for this digital revolution is crucial. Recognizing potential gaps in employee experience with

digital transformation, the establishment of an in-house team to spearhead the project is




advisable. During the implementation phase, a prudent approach involves initiating low-risk
projects that entail minimal organizational disruption (Pimenowa et al., 2023). This strategy not
only generates positive momentum but also facilitates the gradual introduction of digital tools.
Feedback from employees becomes instrumental in refining newly introduced technologies to
align with the unique needs of the company. Digital transformation champions, such as Chief
Digital Officers, play a pivotal role in guiding the integration of technologies in harmony with
strategic objectives. These feedback mechanisms and champions serve to mitigate the risks
associated with digitalization by identifying issues at an early stage.

Thus, the principal advantages of digitization encompass heightened operational efficiency,
expanded sales growth, and enhanced employee productivity. Moreover, digitization yields cost
reductions linked to physical document management, manual processes, and travel expenses. In
the realm of intangible benefits, the digitization of business processes optimizes both customer
satisfaction and information management. Enterprises fortified with an agile digital
infrastructure exhibit a capacity for rapid adaptation to market fluctuations, resulting in
enhanced performance, heightened profitability, and increased competitiveness within the

marketplace.

Cluster analysis in assessing the effectiveness of digital transformation of business

Digital transformation is a continuous and comprehensive process of transforming a
company at all levels. It takes place in products and services, organization structure,
management approaches, changes in the format of work with clients and even corporate culture.
In other words, it is a revolutionary transformation of the business model of a business entity.
The special feature of this process is that, beginning at “point A”, it has no end destination.
Today, we do not choose whether to implement digital transformation or not — it is already
happening and affects any organization, be it a small, medium or large business (Schwertner,
2017). And while digital transformation is always associated with innovation and disruptive
technologies, this is only part of the success. The use of digital and data is a transformation tool,
not an end in itself. Business and operational models of digital transformation are also based on
customer needs and expectations.

Today’s situation with business process transformation in domestic enterprises is
characterized by certain trends and features that determine the growing awareness of the need
for digital transformation in the context of global change. First, there is an increase in the
companies’ interest in implementing digital technologies. More businesses see digital
transformation as a strategic step to increase competitiveness and adapt to the new realities of
the market environment. Second, there is an increase in the use of information technology to
optimize business processes. Businesses are implementing automation systems, electronic
platforms, and other digital tools to improve operational efficiency and reduce costs (lonan,
2023).

On the other hand, many businesses face challenges in integrating new technologies into
existing business processes. Insufficient staff qualifications, difficulties in managing change, and
limited budgets can slow down the pace and completeness of digital transformation. Overall,

the current state of business process transformation in Ukraine reflects the shift from traditional




management methods to digital strategies, but also highlights the need for further efforts to fully

integrate and optimize this process.

Using a cluster analysis to evaluate the benefits of digital transformation is an effective tool
for understanding and improving the efficiency of this strategic process. There are several key
aspects to highlight in this context:

1) Cluster analysis allows grouping enterprises by similar characteristics of digital
transformation efficiency. This helps to identify the types of enterprises that can more
successfully perceive and realize the benefits of digital transformation.

2) Identification of successful clusters allows us to consider them as models for other
enterprises. This helps to increase the likelihood of successful digital transformation
through the use of proven innovations.

3) Cluster analysis creates a convenient tool for managing digital transformation, allowing you
to identify weaknesses and strengths in different groups and adapt strategies accordingly.
In general, applying cluster analysis allows businesses not only to identify specific aspects

of their performance in digital transformation, but also to implement targeted and optimized

strategies to succeed in this important area (Pinto, 2023).

The basis for the cluster analysis was a survey conducted using the online tool Google
Forms in August-October 2021 (Table 7). In total, we received 92 responses from companies
that have moved towards digital transformation. Most of the responses came from middle
managers, business leaders, or ICT professionals.

The questions in the survey describe the key benefits of digital transformation and the
introduction of digital technologies. The questionnaire was based on research by leading
consulting companies (Yurchak, 2019; Yanovska et al., 2019) and on successful cases of digital
transformation of Ukrainian enterprises (Supporting. .., 2023). The Questionnaire consisted of
two parts: an introduction, which includes 4 questions that give a general idea of the business,
and the main part, which assesses the effectiveness of digital transformation at the enterprise by
providing a list of digital transformation benefits.

The author proposed to evaluate the benefits of business transformation on a 5-point scale,
where a score of “0” means that the company either does not have a corresponding benefit or
this benefit does not increase the efficiency of the enterprise, and “5” means that the company
receives the corresponding benefits from the digital transformation, and these benefits have
actually increased business efficiency. The essence of the estimation is not to identify potential
opportunities for increasing business efficiency through the use of digital technologies, but to
identify real fundamental changes that have already taken place in the company.

Since our research aimed to assess the effectiveness of digital transformation, we excluded
answers in which the respondents’ assessment of the intensity of digital transformation,
implementation and use of modern technologies was critically low. In addition, we also excluded
responses that skipped more than four questions, which is likely due to a potential lack of
respondents' knowledge of the subject matter. Based on these criteria, we excluded 8 responses
and continued the analysis with 83 units. Table 2 summarizes the general characteristics of the
companies included in the sample (Table 2). The resulting sample includes 60% of small

businesses, the vast majority of which are representatives of the third sector of the economy,




with responses coming mainly from middle managers, while for small businesses, responses
were provided by business leaders.

The cluster analysis made it possible to determine the distribution of enterprises into
segments that received key benefits from digital transformation and to determine the
effectiveness of digital business transformation by assessing the impact of these benefits on the
enterprise. Using the SPSS Statistic program, we performed hierarchical clustering using the
Ward’s method and obtained a dendrogram showing the distribution of the sample into clusters
(Figure 7).

The first cross-section of the dendrogram shows that our sample can be divided into two
clusters, but the sampling size allows for a more detailed segmentation, so we consider the
allocation of two clusters to be irrational. We can see that the second and third sections are quite
significant, with the division into three and four clusters, so in our opinion, it is advisable to test
two hypotheses regarding the division of respondent groups into three and four clusters. We
test the hypotheses using frequency analysis, the results are presented in Appendix (Table 3).
Thus, we see that the segmentation of the sample into 4 clusters is carried out by dividing the
first into two relatively equal parts with the same score values, so in our opinion, it is advisable
to accept for further analysis the first hypothesis with the division into three clusters that satisfy
the conditions of distribution by the Ward method, that is: a cluster of high DT efficiency,
which implies a strong impact of the previously identified benefits on business activities,
medium efficiency, respectively, the business receives temporary benefits and digital
transformation is incomplete or the process is still ongoing.

To clarify and identify the clusters, it is necessary to analyze the average values for each of
the above DT benefits according to each cluster (Twble 4). The symbols in Table 4 correspond
to the numbers of questions in the survey questionnaire. We also calculated the average
assessment of a particular benefit from digital transformation within the formed clusters, which
makes it possible to identify the clusters. The conditional formatting of the table values allows
us to visually determine that the second cluster corresponds to a higher level of DT efficiency
compared to the others, the first cluster — to an average level, and the third cluster — to a low
level of digital transformation efficiency.

To get a complete picture of the general characteristics of each segment, a statistical analysis
was carried out using contingency tables in SPSS Statistic to obtain the frequency distribution
of variables. The results of the calculations are summarized in Appendix (Table 5).

Our calculations allow us to make the following conclusions about each of the clusters we
have identified, starting with the highest efficiency cluster:

The second cluster includes 33 enterprises with the highest level of digital transformation
efficiency; according to our research, this cluster unites mainly small enterprises of the tertiary
sector of the economy, since this sector of the economy is quite sensitive to changes in digital
technologies and the introduction of innovations, enterprises in this sector are among the most
digitized. Due to the widespread use of e-commerce tools, the introduction of automated service
systems, and the improvement of digital communication channels, which makes it possible to
obtain a wide range of benefits from the DH processes and influence business efficiency.

The first cluster with an medium level of digital transformation efficiency includes 40

enterprises and is the largest of the identified clusters, which includes a larger number of
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medium-sized enterprises and almost as many small ones as the previous cluster, it should be
noted that this segment includes almost all of the large enterprises we surveyed. As for the
economic sectors, the majority (60%) of the enterprises are in the tertiary sector, 30% are in the
secondary sector, and the rest are in the primary sector. A characteristic feature of this cluster
is that there is a gap between the maximum average values of preferences and the minimum
values at the surveyed enterprises. The maximum average values mainly relate to the benefits
associated with increased staff efficiency and the benefits of modern marketing tools and the
use of software for behavioral analysis, information collection and processing, forecasting, and
proposal generation. The minimum values are in terms of the introduction of a new
technological infrastructure and the constant updating of business processes. That is, the digital
transformation at these enterprises is not fully implemented and is fragmented, which is quite
common, as a significant number of enterprises in Ukraine do not yet fully use digital
technologies, which significantly slows down the pace of digital economy formation.

The third cluster with low efficiency of digital transformation, includes 10 enterprises,
medium and small, several from each sector of the economy. Average estimates of the benefits
from digital transformation in this cluster are half as high as in the previous ones, with only a
few aspects of digitalization mentioned by respondents at the level of the high and medium
clusters, such as the use of modern digital communication tools, automation of accounting and
reporting, and the ability to organize remote work

Thus, the results of the cluster analysis prove that digital transformations taking place at
Ukrainian enterprises can effectively improve business performance. However, even the study
of such a limited sample shows that the efficiency of digital transformation of business
operations at most enterprises hardly reaches the average level, and a high level of efficiency is
represented by small enterprises in the tertiary sector, while the catalyst for the formation of the
country’s digital economy is automation and the introduction of technologies in the primary
and secondary sectors, where the key measures should be the development of technological and

digital infrastructure, the use of automation systems and modern software

Discussion

The current context makes it important to perform researches aimed at studying the
effectiveness of digital transformation of business processes. For this purpose, cluster analysis
was used to systematize and classify enterprises according to their efficiency in the context of
digital transformation. The cluster analysis methodological approach seems to be an important
tool for gaining a better understanding and improving the strategic process of digital
transformation. Some of the key aspects of the importance of cluster analysis in this context are
the ability to classify enterprises according to their performance characteristics, optimize
resource utilization, understand successful scenarios, increase manageability, and assess
individual contributions.

Focusing on digital transformation research makes it possible not only to identify specific
aspects of efficiency, but also to implement targeted and optimized strategies to achieve success
in this strategic direction. Consideration of industry specifics, interaction of technologies,
adaptability of strategies, and the influence of the human factor are essential aspects for future

research in this area.




Conclusions
The results of the cluster analysis indicate the potential for efficient improvement of the
productivity of Ukrainian enterprises as a result of digital transformation. The author notes that,
even with the limited scope of the study, the efficiency of digital transformation of business
processes at most enterprises is still low, while a high level of efficiency is found in the service
sector, in particularly in small enterprises. Among the key conclusions is that automation and
the implementation of technologies in the primary and secondary sectors play an important role
in building up the digital economy. This emphasizes the necessity of focusing on the
development of technological and digital infrastructure, as well as the use of automation systems
and the introduction of modern software in these sectors.
Regarding potential further ways of development and improvement, there are several key
aspects to consider (Me/nyk, 2021):
o Infrastructure development: emphasis should be placed on the development of technological
and digital infrastructure to sustainably support digital transformation at all levels.
o SME'’s supporting in services: It is important to identify and support small enterprises in the
service sector that are showing high performance in digital transformation.
o Lffuient implementation of technologies: Promote the effective implementation of automation
systems and modern software in the primary and secondary sectors.
o  [Innovation stimulation: Encourage enterprises to be innovative through the provision of
opportunities for the introduction of advanced technologies and practices.
o Expanding R&>D: Continuing research on digital transformation in different markets and
industries to gain a deeper understanding of existing challenges and potential.
Such measures can help improve the efficiency of digital transformation in the Ukrainian

business environment and contribute to the development of the country’s digital economy.
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Appendix

Table 1. Questions of the survey in the format of a table (main part) with symbols

Please rate on a >-point scale the increase in your company s efficiency due to the following benefits of
digatal transformation. A score of “0F” means that vour company either does not have a relevant benefit or
that the benefit does not increase your company’s efficiency. A score of “5” means that your company
recerves relevant benefits from DT, and these benefits have actually increased business efficiency. It 1s not
the potential to merease business efficiency through the use of digital technologies that 1s being assessed,
but the actual fundamental changes 1n your company.

Questions (digital advantage) Symbolic designation
1. There has been an increase in the quality of goods or services Q1
2 Increase in sales of poods/ services Q2
3. Emergence of new sources of income Q3

4. Simplification of communication processes within the company and

with partners

3. Reduction of logistics costs Q5
6. Cost optirruzation through the digitalization of the procurement process Q6
7. Reducing the time of delivery of goods (provision of services) Q7
8. Optimuzation of production processes Q8
9. Optimuzation of operating costs Q9
10. Abihity to orpamize remote work Q_10
11. Remote access to information Q_11
12. Ability to monitor and evaluate staff performance Q_12

13. Reduction of errors due to human factor (incompetence, fatigue,

inattention).

14 Increase in staff efficiency Q 14
15. Automation of accounting, financial and other reporting. Q_15
16. Increasing the speed of product or service development Q_16

17. Increasing the effectiveness of marketing tools and promotion of

goods/services

18. Custormuzation of a product or service to the needs of the client Q 18
19. Reduction of customer service time Q_19
20. Improving the customer expenence Q20
21. The ability to make online orders Q21
22. Automation of data collection, processing and storage Q_22
23. Increased efficiency of decision-making and forecasting Q_23
24. Reducing the nisks of the mam activity Q 24
25, Increased flexability and acceleration of business processes Q25

Table 2. General characteristics of the sample for cluster analysis

Criterion Number of Total %.
respondents

: . . small (up to 50) 51 61,4

N e oot [omedium (up 10 250) | 22 265

: large (from 250) 10 12,1
Primary 6 7,3

Economy sector Secondary 22 26.8

Tertiary 54 65,9

ICT specialist 15 18,1

.. X muddle manager 33 39,7
Position of the respondent hiead of the company 28 33
department head 7 8,1
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Figure 1. Dendrogram of cluster analysis by Ward’s method
Table 3. Frequency analysis of sample segmentation
Clusters
1st 2nd 3th 4th
Hypothesis 1 (division
into 3 clusters) 48,2% 39,8% 10%
40 33 12
Hypothesis 2 (division 10%
mto 4 clusters) 25,3% 39,8% 22,9% 12
21 33 19
17




Table 4. Analysis of average scores of digital transformation benefits

Advantages (questionnaire Clusters
questions) 1st nd 3th
Q1 3,18 1,80
Q2 3,90 1,80
Q3 3,05 1,60
Q 4 4,05 2,70
Q5 2.50 0,90
Q6 2,00 1,40
Q7 248 1,40
Q8 2,85 1,10
Q9 3,05 1,50
Q_10 2,50
Q1 415 3,10
Q12 3,58 2,00
Q 13 3,45 2.10
Q 14 3,23 1,40
Q15
Q 16 2,50 1,00
Q 17 3,35 1,70
Q 18 245 1,30
Q19 315 1,20
Q 20 3,05 1,50
Q2 2,90 1,30
Q 22 4,33 2,90
Q 23 343 1,30
Q 24 1,63 0,50
Q 25 3,53 1,90
Average for each cluster 3,20 3,86 1,75
Table 5. Distribution frequency of variables according to general features by clusters
Features Clusters Total
1st 2nd 3th
The size of the small (up to 50) 20 24 7 51
enterprise medium (up to 250) 13 0 3 22
(Number of large (from 250) - 3 0 10
employees)
Total 40 33 70
Primary 4 1 1 6
Economy sector Secondary 12 3 22
Tertiary 24 25 6 55
Total 40 33 10
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Historical myth: definition, formation, transformation (theoretical aspect)

Abstract: The relevance of the problem of theorising historical myth and derivative concepts is due to
the widespread use of this terminology in the modern information space. At the same time, society has
formed an erroneous interpretation of historical myths based on their identification with fairy tales,
fables, and lies in the broadest sense. The study object was theoretical discussions on the definition of
historical myth, mechanisms of its formation and transformation. Within the framework of the
publication the study purpose was realised by solving the following research tasks: analyse the main
approaches dominating in the world humanities in relation to the definition of the concept of “myth”;
identify the interrelationships between the definitions of “history” and “myth”; outline the key stages of
the formation of the historical myth, its functions and typology. The theoretical and methodological
tools of the study are based on an analytical and synthetic analysis of scientific publications by authors
who have dealt with the theorisation of historical myth and related concepts. The article states the
continuity of discussions on the definition and correlation of the concepts of
“historical /historiographical myth” and the need to involve a wide range of specialists from a number
of other disciplines. At the same time, it is emphasised that a noticeable intensification of theoretical
research on the problems of defining historical myth is associated with the cultural and anthropological
turn in the humanities and the influence of French analysts. The author also clarifies the content of the
concepts of “modern myth” and “national myth”.

Keywords: historical myth, national myth, modern myth, narrative, histotiosophy, neo-Kantianism, cultural
anthropology.
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Ouvza Capacsa
Icropuunmii micp: BU3HaYeHHA, (pOopMyBaHHA, TPaHCPOPMAIlisa (TEOPETUIHHI ACIIEKT)

Amnomayin: Axryaspuicts 1Ipobaemu Teoperusarii icropuaHoro Midpy Ta HOXIAHEX IOHATH OOYMOBAEHA
IIIPOKUM IIOOYTYBAHHAM O3HAYEHOI TEPMIHOAOTII y cydacHOMY iHdopmMamifinomy upocropl. Boanodac,
y cycHiAbCTBI cpOpMyBaAOCH XHOHE TAyMadeHHsA icTopudHuX MidiB, 3aCHOBAHE HA OTOTOKHEHHI iX 3
Ka3KaMH, OafKAMH, HEIIPABAOIO ¥ ITUPOKOMY po3yMiaHl. OO’€KTOM IIPOIIOHOBAHO! CTATTl € TEOPETHYH]
AuCKycll 1moao aedinimii icropmyanoro midy, MexaHi3MiB Horo dopmyBaHHA Ta TpaHcdopmarii. VY
pamMkax IyOAixarii mera OyAa peasi3oBaHa IIAAXOM BHPIIIEHHA HACTYIIHHUX AOCAIAHHUIIBKHX 3aBAAHb!
IIPOAHAAI3YBATH OCHOBHI ITAXOAH, IO AOMIHYIOTH Y CBITOBIll TI'yMAHICTHIN IIO BIAHOILIEHHIO AO
BU3HAYEHHA KOHIENTY «Mi(D; BUABHTH B3a€EMO3B A3KH MDK AeDiHIIIAME «CTOPiA» Ta «Mich»; OKpecAnTH
KAIO4YOBl erarn  dpopmyBaHHA icropmuHoro Midy, #oro dymkiii Ta THHOAOrrO. TeoperHxo-
METOAOAOIIYHHUN IHCTPYMEHTAPIH AOCAIAMKEHHA 3aCHOBAHHI Ha aHAAITHKO-CHHTETHYHOMY aHAAI3]
HAYKOBHUX IYOAIKAamifi aBTOpIB, IO 3aHMAAKCA IIPODAEMATHKOIO Teoperusalii icropuaroro midy Ta
IIOB’A3aHHUX 3 HUM IIOHATH. Y PaMKaX CTaTTi KOHCTATOBAHO TATAICT AMCKYCIH IIOAO BH3HAYEHHA Ta
CIIiBBIAHOIIICHHS HOHATD «cTOpuyHmil/icropiorpadiunnii Mid» Ta HOTPedy 3aAyIEHHS IUPOKOIO KOAA
raxiBLiB PAAY IHIIHX AUCHHIAIH. BOAHOYAC, IIAKPECAIOETECH, IO ITOMITHA AKTHUBI3ALIA TEOPETUIHUX

CTYALH HaA 1IpobAeMamu AepIHIFOBAHHSA ICTOPUYHOTO MiDy IIOB’fI3aHa 3 KYABTYPHO-aHTPOIIOAOITYHIM




3BOPOTOM y I'YMaHITAPHUX HAyKAX Ta BIAHBOM (DpPaHITy3bKUX aHAAICTIB. Takox 3’ACOBAHO 3MiCTOBHE

HAIIOBHEHHA KOHLIEITIB «Cy4acHUI Mich» Ta «HALIOHAABHIH Mic».

Kawuosi  cavsa: icropuannii midp, HaroHaApHHHA Midy, cydgacHui wmid, Hapartus, icropiocodis,

HEOKAHTIAHCTBO, KYABTYPHA aHTPOIIOAOTIA.
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Introduction

In everyday life, society is increasingly confronted with the problems of the theory and
philosophy of historical science, which is caused by the rapid development of the information
society, the activation of public intellectuals and “opinion leaders” of various kinds, which in
turn is a consequence of the aggravation of the global socio-political crisis. On the pages of
popular publications and in blog posts, the average reader constantly encounters such
definitions as “narrative”, “historical memory”, “historical myth”, etc., which are not clearly
understood not only by society, but also sometimes in academic circles. There is a lack of
comprehensive, generalising studies of an overview nature that would fill in certain
terminological gaps.

The study object is the theoretical framework of the concept of “historical myth”.

The study purpose is to analyse the process of theorising the “historical myth” concept and
a number of its derived definitions.

The proposed purpose can be achieved by solving the following research tasks, which in
general terms determine the article structure:

— trace the evolution of the definition of “myth”;
—  establish the relationship between the concepts of “history” and “myth”;
—  determine the main stages of formation of the historical myth, its functions and typology.

In terms of methodology, the study is primarily based on an analytical and synthetic analysis
of scientific publications by authors who have dealt with the theorisation of historical myths
and related concepts.

Even in the last few years, a huge number of monographic studies of the problems of
historical myth theory have appeared, both in general works and works that highlight individual
national or contemporary historical myths in their development. It is impossible to ignore the
research of Jacques Pauwels, who set out to give an overview of the seven most common myths
of world history of the 18™ to 20" centuries and to trace the context of their use at the present
stage (Pamwels, 2022). More theoretical is the work of John Karabelas, who summarises
information on the relationship between history and mythology, considering myth as a
representation of a specific historical experience (Karabelas, 2023). The issue of mythologising
history is quite common in Polish historiography. Leaving aside the well-known works of Jerzy
Topolski and Jerzy Maternicki, to which we will refer in the main part of the article, it is worth
mentioning the study of national myths by Magdalena Reks¢, where she referred to the
experience of the countries of the former Yugoslavia (Reks; 2073), just like the classic

monograph History and Myth by Jerzy Roniker, who outlined both the theoretical side of the




problem and provided specific examples of the mythologisation of Polish history (Roniker,
2002).

Myth: the problem of definitions

A universal task faced by the researcher of the mythologisation of history is the problem
of defining the “myth” category, which, despite its widespread use in many fields of knowledge,
began to be actively studied only in the mid-twentieth century. Defining myth is a complex and
multidimensional problem. The definition of this term directly depends on the discipline
concerning which it is defined. Attention to the processes of mythologisation is related to the
fact that it is inherent in both primitive thinking and leading intellectual concepts. Myth is an
integral part of human life, which we encounter daily. It is worth emphasising at the outset that
myth is a cultural phenomenon, as most theorists of this concept have written about, so the
processes of mythologisation directly depend on the cultural superstructure within which they
occur.

Thus, it is worth stating that there is no single definition of the “myth” concept today, and
scholars are dealing with a multivalent concept. Researchers have long since moved away from
the definition of myth as a sacred narrative that attempts to explain the origin of nature, the
world, and humans. We can use this definition only when it comes to the religions of the ancient
world.

To begin with, we need to turn to every day realities since the term “myth” is used very
often in real life, and society has a completely wrong understanding of this concept. One of the
well-known Ukrainian myth theorists, Viacheslav Artyukh, draws attention to this problem.
Artyukh wrote that in everyday life, myth is often identified with a fairy tale, which results in the
most popular interpretation of the concept of “myth” — it is a pre-existing false story about the
past that cannot be verified by evidence from available sources. The only thing noteworthy in
this simple definition, and to which we will refer repeatedly, is that a myth is really a story
(narrative, semantic construction) (Artiukh, 2027).

The development of the concept of myth is closely related to the progress of the social
sciences, especially ethnography, ethnology, cultural anthropology, sociology, etc. In particular,
C. Jung, E. Cassirer, C. Lévi-Strauss and others have contributed to the problem of myth
theorisation. Fach of these scholars defined myth according to the subject of their research.
Given the complexity and multifaceted nature of the definition of “myth”, the American scholar
Ivan Strenski wrote that myth is both everything and nothing (S#rensks, 1987, p. 3). The
aforementioned neo-Kantian E. Cassirer continued this idea but did not support Strenski’s
meaningless and vague definition since with this approach, any theoretical concept can be
defined as “anything” (Topolski, 1998, p. 57).

However, the American anthropologist Joseph Campbell in his The Power of Myth gave
the most original and apt definition of the myth concept. Campbell wrote that society lives in
myth and has nothing outside of myth (Campbell, 1988, p. 78). The Italian historian Carlo
Ginzburg associated myth with culture in a broad sense, arguing that myth is the culture of a
particular era, which forms a kind of cage around an individual, beyond which it is almost
impossible to go without breaking with this culture. Therefore, the culture of an era is a kind of
filter through which a person observes the wortld (Gingburg, 1992, p. 17).
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Myth and history: correlation of concepts

Most scholars who have dealt with the theoretical aspects of myth have noted its strong
connection with history, which is the background on which mythic narrative develops. One of
the main features of myth is its constant references to the historical past, usually to a specific
historical event. However, this intertwining of mythic narrative and history does not mean that
myth reproduces what happened but rather the opposite. A mythical narrative provides a
distorted image of historical realities — most often overly embellished and hyperbolic. Public
and political leaders who try to find motives for their actions in past events very often rely not
on historical facts but on their mythologised version. For example, let us recall the mutual
hostility between Serbs and Albanians. For Setbs, the latter became the reincarnation of the
Turks, the outsiders who once threatened the existence of Serbian statehood. Serbian leaders
often forgot that in the famous Battle of Kosovo, Serbs and Albanians fought on the same side
against the Turks (Reks%, 2013, pp. 52-53).

The French Annales school works particularly widespread the “historical myth” concept.
This school used the historical myth concept in the sense considered by cultural anthropology
of the time. For example, Lucien Fevre noted that historians, for the most part, are mainly
engaged in adapting their statements to the historical periods they study. Thus, each historical
epoch creates its intellectual universe, its understanding of the historical periods that came
before it. Febvre wrote that each period of history had its understanding of Ancient Rome, the
Middle Ages and the Renaissance (Febvre, 1982, pp. 3-7). To paraphrase L. Febvre, historical
myth can be understood as a specific form of perception of the past, distorted by the influence
of the surrounding reality.

When analysing the problem of theorising the concept of historical myth, it is impossible
to ignore the views of the classic Polish historiographer Jerzy Topolski. Topolski considered
myth as a sacralised form of knowledge that is established and not subject to criticism. At the
same time, myth is a surrounding reality reflection (Topolski, 1996, pp. 204-207). For ]. Topolski,
myth and science are very closely linked. Therefore, myth occupies one of the leading places in
historiography. Following L. Febvre, the Polish historiography theoretician wrote that every
historian writes history from the viewpoint of standards and moral norms of his or her time.
For both Febvre and Topolski, a historian is not someone who knows the past but someone
trying to find this knowledge under the layers of later attempts at mythologisation (Topolsk;,
2012).

Formation of historical myth, its functions and typology
In the work, the author will adhere to some compromises in defining the “historical myth”
concept. Firstly, we should equate the concepts of “history” and “narrative” since we will
perceive history as a reflection of the existing reality shaped by many external factors. In other
words, in this article, we refer to history as a subjective version of events rather than an objective
one. Thus, we can consider the “narrative myth” and “historical/histotiographical myth”
concepts to be identical, defining the latter as knowledge that is not generally recognised in the

scientific community, exists in the mind of the researcher, and is retransmitted by him/her in




his/her works. It is how one sacralises knowledge and forms a construct associated with factual
or symbolic truth.

From the historiosophical point of view, the historical narrative has two levels: theoretical
and ideological (deeper, the main core of the narrative) and logical and grammatical (superficial,
informative). Historiographical myths are formed at the theoretical and ideological levels and
directly influence the content of the informative level of the historical narrative. Society faces
the mythologisation of history when a scientist loses control over the narrative or deliberately
begins to deviate from the principles of scientific objectivity (Topolsks, 2012).

Western history theorists have often addressed the construction of myths and stereotypes
in their research, trying to find the causes for their emergence. In particular, French historian
Daniel Beauvois believes that individuals or strata of society need some masks to justify their
behaviour or to impose their standards of thinking on others. Cassirer wrote that some ritual
and repetition must fix every myth to exist. A myth can decay without cyclical renewal — it goes
out of circulation in society or, most often, changes its form. The scientist believed that every
myth cannot exist beyond the belief in it. Thus, developing Cassirer’s thesis, we can say of living
and dead myths (Chekan, 2017).

If we turn to historiographical practice, it is easy to identify the main function of myth. It
is the core binding the historical narrative, gives it meaning and defines its main message. In this
way, the historian’s position becomes a coherent structure from the viewpoint of narrative line,
chronology, or structure. Myth can guide historians’ narrative strategies but it is not a
prerequisite. In other words, if a historian aims to create a coherent narrative about the past, he
or she must be guided by some position that will organise his or her thoughts and serve as the
cement that will bind the foundation of the historical narrative. It is the leading position
influencing the process of selecting facts and examples intended to illustrate the conceptual
statements of the historical narrative (Topolskz, 2012).

From the viewpoint of the typology of historical myths, it is more or less generally accepted
to divide them into national and modern ones. In the national myth, the nation is perceived not
as a category we are used to but as a definition of some idea that is inherent in some process
extended over time. As an example of such a national myth, V. Artyukh cited the use of the
“Ukraine” definition for the Old Russian times, the Middle Ages and the twentieth century. In
other words, it is a national myth that aims to demonstrate the historical continuity and
continuity of statehood on the Ukrainian lands. At the same time, the nation is perceived as
some spirit present in each individual, where all together constitute a collective nation. Similar
national myths in one form or another existed in the mid-seventeenth century and then were
clearly seen in the works of Taras Shevchenko.

The national myth is the closest concept in the viewpoint of meaning to the everyday
understanding of myth, as it has a pronounced sacred component. In the so-called modern
historical myths, this component is not traced. Instead, in modern myths, one can observe a
clear link to several historical facts or places of memory that are important in the nation-building
context (the already mentioned Kosovo Field). While national myths appeal to the spiritual level
of past perception, modern myths appeal to the corporeal level. They sacralise not ghostly
substances but specific places, objects, and facts (Arzukh, 2027).




Discussion

Discussions about the form and content of the concept of historical myth have never
stopped, both in the theoretical plane and on the example of specific historical problems. It is
necessary to emphasise the tendency of researchers to generalise the meaninglessness of the
definition because the provision of a formal definition does not affect the study of the content
of the semantic construct itself. However, in our opinion, a clear theorisation of historical myth
will allow us to draw a clear line and establish the relationship between historical narrative and
historical myth.

The problem of the theory of historical myth has broad prospects for further research. In
particular, it is necessary to resolve the interdependence of historiographical and historical myth
issue and terminate the debate on the identity of these two concepts. Scholars’ attention is worth
drawing to the study of individual examples of historical myths, analysis of their development
over time, and identification of the dominant factors that influenced the form, content and
functions of a particular myth. It is also necessary to pay attention to the role of historical myths

in shaping the policy of memory, national identity, the pantheon of national heroes, etc.

Conclusion

Thus, the problem of unambiguously defining historical myth remains unresolved to this
day despite the constant attention of scholars to this fundamental, interdisciplinary topic. In
addition, the problem of mythologising history is closely related to another issue still considered
open — the definition of the concepts of “narrative” and “historical/historiographical narrative”.
The problem lies in the dominant stereotypical ideas about the concept of myth at the everyday
level, associated with lies, fiction, fables, etc. The study of myth in the sense of a semantic
construction has intensified only since the mid-20" century, caused by the spread of the
advanced ideas of French annalists and later postmodernists.

The general form of defining myth as everything and nothing at the same time proposed
by some researchers (I. Stretensky, D. Campbell) seems to us to be a false path that only fills a
specific definition with a meaningless sense. L. Febvre’s definition of historical myth as a specific
perception of historical reality form, modified to suit a particular socio-political situation, is
much more acceptable.

The cultural and anthropological turn in historiosophical research has shifted the focus
from the very understanding of myth to the problem of its deconstruction. Studies devoted to
the detailed study of individual myths and their transformation in public consciousness,
literature, and historiography have become widespread. It is a paradox that the greatest historical
myths in human history were created by historians who tried to weave their historiographical
narrative into the fabric of the dominant socio-political situation. The myth-making process is
virtually uninterrupted and is actively continuing in our time, so the issue of the theoretical
framework of historical myth requires further study in both general and specific historical

formats.
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Optimal control of the drive drum of a belt conveyor with thermographic classification
of operating modes using artificial neural networks

Abstract: Optimum control of the drive drum of the belt conveyor in the transport flow by changing the
belt tension is proposed in order to reduce the cost of transporting goods, increase the life of the belt,
and reduce energy consumption due to the control of temperature and its distribution in the zone of
frictional interaction between the belt and the drum. It is suggested to use belt tension control to
eliminate the accidental slipping of the belt on the drum and its excessive abrasion during the
transportation of the ore mass. To implement the control method being developed, it is necessary to use
a mathematical model with distributed parameters, on the basis of which the optimal control system will
be formed. Control of this kind of objects is determined by the technological need to compensate for
the slippage of the belt on the drive drum of the conveyor, which is based on the process of transmission
of motion using friction, and is implemented by changing the thermal field on the arc of the girth by
changing the tension of the conveyor belt or the speed of rotation of the drum. Thus, from the point of
view of the theory of control of systems with distributed parameters in the process of controlling the
thermal field of the drive drum and the conveyor belt, the controlled coordinate is the temperature and
its distribution on the girth arc. As a result of physical processes, both the size of the source of the heat
flux and the size of the surface of its radiation change during the control of the tape tension. Thus, the
problem of optimal control acquires a new character and turns into a problem of moving optimal control,
where the source of the heat flow, just like its distribution, is considered as a moving element that changes
its position during the control process. The use of an artificial neural network allows you to determine
the modes of operation of the friction pair by analyzing thermograms from the obtained calculation
models and obtained by thermal imaging control, to combine problems with distributed parameters,
which are partial solutions to the problem of moving optimal control, where the source of heat flow and
its distribution is considered as a moving element, which changes its position during the control.

Keywords: Belt conveyor, friction pair, working slip angle, thermal field, thermograms, artificial neural
networks, optimal control.
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Introduction

One of the most frequent emergency situations that leads to the stoppage of the conveyor
line is the skidding of the drive station of one of the belt conveyors of the supply path of the
transported ore mass. As a result, the entire conveyor path has to be stopped and the already
loaded conveyors have to be restarted, which can lead to slippage of the friction transmission
of belt conveyors. In the technological operation of belt conveyors, situations often arise when
the tension of the conveyor belt is weakened, which causes an increase in the resistance of the
belt movement. As a result, the cost of power consumed by the conveyor drive station increases
and the efficiency ratio of the drum-belt friction pair decreases, which increases the abrasion of
the working surfaces of the belt and the lining of the drum, and as a result of their friction,
heating occurs, which can lead to a fire situation.

The study of this problem was carried out by the authors of works (Andreev, 1963, p. 5,
Malyutin & Popov, 1972, p. 1155 Troshchilo & Piletsky, 1999, p. 200), who performed simulations
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of thermal processes in the zone of contact between the belt and the drum and conducted
experimental studies that confirm the results of the simulation and the need to apply measures
to eliminate the causes.

Thus, in the work performed by V.S. Volotkovsky, the following results were obtained. On
belt conveyors with a long length from 467 to 1870 m, the area of the torn lower cover varies
from 15 to 25%, which is caused by the occurrence of slippage of the belt and large values of
tension in the lower cover of the belt during its interaction with the drive drum.

In the event of slippage, the temperature in the area of the belt and drum coupling rises to
300-350°C during 15 minutes of conveyor operation (Troshchilo & Piletsky, 1999, p. 200). In his

works, V.G. Piletsky performed a simulation of a friction pair and investigated the thermal
regimes of the drive drum when the belt slips on it for different speeds of its movement and
the effect of the angle of the drum’s grip by the belt on the rate of increase in the heating
temperature.

In the work (Mabyutin & Popov, 1972, p. 115), the authors M.O. Malyutin and L.I. Popov
performed a mathematical modeling of the friction pair considering the Fourier heat conduction
equation. Experimental studies of the friction temperature in the belt-drum contact were carried
out on the conveyors of the “Apatit” plant, using the thermocouple method with recording on

an oscilloscope. Here, the results showed that the temperature in the friction contact zone per

shift (5 hours of continuous work) increases from 79.5°C to 127°C.

The authors of the paper propose to perform a digital simulation of a friction pair as a
model with distributed parameters for its further use as a set of typical models for various
operating modes and the formation of a knowledge base for further training of an artificial
neural network, which is a component in the development of an optimal automatic control
system with thermal imaging control of the friction pair of the conveyor drive drum-belt.
Optimal control of the technological process of cargo transportation is based on the thermal
imaging control of thermal radiation of the operation of the friction pair of the conveyor, while
the artificial neural network, thanks to a set of typical models for various boundary conditions,
is determined with the class, that is, the mode of operation of the friction pair of the conveyor,
and according to the algorithm, it is performed by controlling the influences to create optimal

mode of operation of the friction pair of the conveyor drive drum-belt.

Presentation of the material and results

The solution to the problem of control of the drive drum-belt friction pair is based on the
construction of a mathematical model of temperature distribution on the girth arc. This model
is considered as an element of the control object, which is represented by a belt conveyor at the
lower level of the ASK TP. The need to control such objects is determined by the technological
need to compensate for the slippage of the belt on the drive drum of the conveyor. An automatic
control system is used to control the conveyor. The control signals are the belt tension and the
speed of rotation of the drive drum, and the controlled parameter is the heating temperature of
the lining in the coupling zone. It is advisable to use the principles of forming mathematical
models with distributed parameters as a basis for defining the control task. The choice of such
a class of systems is based on the physics of the friction transmission interaction process. To

determine the heating temperature of the lining of the drum, its distribution on the working
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sliding arc, the solution of the boundary value problem is required, i.e., the solution of the
Fourier heat conduction equation under the given initial and final conditions.

The magnitude of the radiated heat source depends on the angle (arc) of the working slip,
the value of which changes when the tension of the conveyor belt changes, i.e., the heat source
is distributed along the arc and its position and distribution on the arc of engagement of the
drum with the conveyor belt depends on the magnitude of the angle of the working slip. From
the point of view of the theory of heat conduction tasks, the arc (angle) of working slip is the
limiting area of the radiated heat flow.

Thus, a change in the magnitude of the arc (angle) of the working slide changes the specific
value of the heat flux emitted as a result of friction, which is an indirect manifestation of the
control influence distributed in the space of interaction between the belt and the lining of the
drive drum.

Let us consider the main components of the girth angle when using a flexible drum- belt
connection. As we know, when the movement is transmitted by friction, the angle on the drive
drum will be divided into two components (Fzgure 7). One of them is the working sliding angle
o, Where the movement is transmitted to the belt and its value on the drive drum determines
the traction capacity of the conveyor. The second component is the angle of relative rest otun,
the value of which allows to exclude slippage of the belt on the drive drum of the conveyor.

The physical basis is the process of transmission of motion in the form of friction. The
control implements a change in the thermal field on the arc of the girth by changing the tension
of the conveyor belt or the speed of rotation of the drum.

Solving this problem allows to fulfill one of the main requirements for the conveyor line —
the elimination of emergency slippage of the conveyor belt, which means preventing
interruption of the technological process.

The control problem is perceived as an optimal control problem with distributed
parameters.

As the mathematical model of the drive drum-belt friction pair, let us consider the thermal
field T1(x,y z,t), where (x,y z) are the Cartesian coordinates of a point on the drive drum or
1 (Ry,2,t), where (R, ¢, z) — cylindrical coordinates of the point, t — time.

Preliminarily, we assume that the temperature is evenly distributed across the width of the
drum. In this case, the task is considered only in one Cartesian (x, y) or cylindrical (R, ¢) spatial
plane. The boundary value problem is reduced to a class of two-dimensional heat conduction
equations with constant coefficients.

Thermal calculation of the drum-belt friction pair, based on the solution of the heat
conduction equation, which describes the heat exchange in the drum lining system — working

sliding arc — conveyor belt

dr, d*t; d?t; d?1

— = + +
dt dx? dy? dz?

dt d’t;y 1 d 1 d? d?
1_ 1+__ T1+__ T1_|_ T1’

dt dR?> R dR R? d¢? dz?

where 71 is the overheating temperature (above the ambient air temperature), °C; § — thermal

conductivity coefficient, m®/sec.




Let us consider in detail the formation of the boundary value problem, which includes the
heat conduction equation, as well as the initial and boundary conditions.

Similar boundary value problems were previously performed by the authors (Mahutin &
Popov, 1972, p. 1155 Troshchilo & Piletsky, 1999, p. 200) when modeling the thermal processes of
the interaction between the drive drum and the belt.

The equation of thermal conductivity is a parabolic equation characterizing non-stationary

processes of temperature distribution:

an _ (¥m 1 dn 1 dn  dn : : @
dt_c(dR2+R dR+R2 d¢2+dzz)+q(t), t > 0; R1 <R <R2; 0<p<2r,

Aty _ o (€12 L 4T | 1 d’1; | &1y : : @
dt _C(dRz +R dR +R2 d¢2+ dzz)+q(t)’ t > 0; R2 <R <R3; 0<p=T,

where 72 is the belt temperature, degrees; R1, R2 — inner and outer radii of the drum, including

lining, m; R3 — the outer radius of the belt surrounding the drum, m (Figure 2); q(t) is the heat
flow source, J.

As initial conditions, we set the temperature distribution at the initial moment of time

71(R, ¢, 0) = 710. 3)

Boundary conditions are conditions of the 3™ type, for describing the heat exchange
processes of the drum lining and the conveyor belt, as well as the heat exchange of the belt with
the environment. At the same time, we do not consider the heat exchange with the environment
of the end surfaces of the belt and drum, as well as the inner surface of the drum and the outer
surface of the belt. We consider the mentioned bodies to be homogeneous isotropic with
constant thermophysical characteristics. We assume that the temperature is distributed
uniformly across the width of the drum, in this case the task is considered only in one spatial
plane, cylindrical (R, ).

Boundary conditions are presented in the form:

2 =y [ (RLG,0) — 6], 0sps2z @
A % lr=rz = @1 - [11(R2, ¢, 1) = t,],  O<p=w (5)
A- aa% lr=r3 = @3 [T2(R3,9,t) — t,], 0<p<2rx (6)
2T gy = @y [ (R2,$,0) — L], 7sps2m %
1(R, o t) = 71(R, ¢+ 271, t), ®)
66—2|¢=¢r =aa—2|¢>=¢>’+2-n-n, n=0,12, ..., )
T,

972 _ 0ty _

54) |¢=0_ ad)l(p_ﬂ:_O,

where A — coefficient of thermal conductivity of the material of the drum and belt, W/m-°C; au
— coefficient of heat exchange between the surfaces of the drum and the belt, W/ m>°C; o, —

coefficient of heat exchange with air of the outer surface of the drum, W/m?*°C (Troshehilo &
Piletsky, 1999, p. 202).

The coefficients € and A are related by the ratio { = A/c - p, where p is the density of the
heated body, kg/m’; ¢ — heat capacity, J/kg-°C.




Thus, the presented mathematical model of the drive drum - belt friction pair is a boundary
value problem at the basis of which is the solution of the heat conduction equation of the
considered technological system and is a component of the optimal control problem.

The temperature value was obtained at the output of the system in the form of a thermal
field, which for emergency operation of the conveyor drive is presented in Appendix (Figure 3a).
The temperature distribution on the friction pair of the drive drum — belt during steady-state
operation of the conveyor is shown in Appendix (Figure 3b).

The automatic control system with distributed parameters, which is being developed, is not
only reduced to the problem of optimal control, but has a broader consideration. This is due to
the fact that as a result of physical processes during control of the belt tension, both the size of
the heat flux source (q) and the size of the surface where its radiation occurs (CLs) changes.

Thus, the task of optimal control acquires a new character and turns into a task of mobile
optimal control, where the source of the heat flow and its distribution are considered as a
moving element that changes its position during the control process. Accordingly, we will call
the law or algorithm of source motion a mobile control influence or mobile control.

Let us consider the mathematical description of the problem of motion control.

The classical (fixed) control q(x, v, t) is replaced by

qlx,y,t,x — ),y — (O],

where @(t) is the location of the changing source (¢(t)= v(t), v(t) is the velocity), and appears

now as a special case of a more general effect. Here x, y and ¢ are also vectors (Butkovsky &
Pustylnikov, 1980, p. 35).

To consider the problem of moving control, it is enough to put it as a fixed one

o(t) = k forall te[t0,tn],

where k is a fixed value considered on a time interval.

Thus, the boundary value problem (Troshchilo & Piletsky, 1999, p. 200) will be presented in
the following form:

2 2 2
Tl R te et )t AR o0 0(9 - 6),
t > 0; R1<R=<R2; 0<¢p=<2r,

At _ o (L2 1 4 | 1 1y, EPry (b —
dt _Z(dRZ-I_R dR+R2 d¢2+dzz)+q(R'¢'Z't) 6(¢ ¢(t))’

t > 0; R2<R <R3; 0 <o,

and the task of optimal control is formed on the basis of a functional that will allow optimal

control of the temperature distribution on the arc of the drive drum girth in the time domain.
The value of the temperature distribution is determined for several points of the studied space

of the girth arc. The functional is represented by the following expression

] = Jy b (0 3,2) = Ty, 2, Ot > 6.
As a result, the motion control problem can be formulated as follows. From all possible
control programs q, it is necessary to determine the one in which the functional | satisfied the
condition J—9 (where 8 is some positive number characterizing the accuracy of the approach

to the desired distribution) in the minimum possible time T.




To further investigate the problem of moving optimal control, the authors propose to apply
the existing experience of using systems based on neural networks to recognize the
thermograms of the controlled object.

The use of an artificial neural network (ANN) in an information and measurement system
(IMS) that processes visual and graphic images is promising. It is obvious that the thermogram
registered during the control process of any technical object can be interpreted and processed
as a raster image (Nagarenko, 2021, p. 17). As noted in many studies, convolutional neural
networks (ANNs) of various modifications are an effective tool for classifying raster images
according to the content of various features in them (Pryystatka et al., 2017, p. 145).

The intelligent method of increasing classification accuracy is implemented using three
main procedures (Chernyak & Zakharchenko, 2010, p. 228):

1. Obtaining thermograms, as a result of the solution of thermal conductivity equations,
considering the additionally measured parameters of the control object to obtain an exact
correspondence to the operating mode of the object, as well as the formation of a database
based on them for further classification.

2. 'The use of a neural network software analyzer in the form of a deep two-branch neural
network (DNM) as part of the IMS, consisting of a multilayer convolutional network for
processing thermograms and a fully connected neural network for processing additional
parameters of the control object (Nazarenko, 2021, p. 36).

3. Training of a two-branch neural network on a set of complex thermograms and further
performance of the classification of the operating modes of the controlled object in the
process of thermal imaging measurement to make decisions about the determination of the
operating mode (emergency or working).

It is known that artificial neural networks (ANNSs) effectively recognize complex images
(Pryystatka et al., 2017, p. 143). There are a large number of ANN applications where information
analysis is performed under conditions of uncertainty. This article proposes an approach based
on the application of a special neural network architecture for the inverse problem of
thermogram recognition when determining the mode of operation of the drive drum of a belt
conveyor. The proposed ANN represents two branches (two neural networks) combined into
one complex neural network (Nagarenko, 2021, p. 43). As shown in Appendix (Figure 4), IIMS
TIC is part of the information and control system, which provides analysis and determination
of the operating mode of the drive drum and control of the belt conveyor in the technological
process of cargo transportation.

The system includes a measurement system that includes channels for measuring
thermograms and an additional set of conveyor parameters (drum rotation speed, belt
movement speed, conveyor belt tension, etc.); DMS —a decision-making system for determining
the mode of operation of the drive drum and the conveyor as a whole based on the results of
the functioning of the neural network; Y — control influences based on the results of thermal
imaging control of the operating modes of the drive drum; V is the value of the parameters that
change during the operation of the drive drum; t(x, y) is the established temperature distribution
in the zone of frictional interaction of the drum-conveyor belt; P — a set of thermophysical and
structural parameters of the device, taken into account when building mathematical models in

the form of a heat conduction equation; Tn (x,y) — temperature distribution on the face of the
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device; {tkj(x,y)}is the set of thermograms of the kth class in the knowledge base used in the
training of ANNSs, j =1, Jk; Jk is the volume of the training sample for the kth class of operation
modes of the drum friction pair-belt; Vkj,j =1,Jk — a set of values of additional object
parameters for the kth class of the operating mode; tain(x, y) is a measured thermogram of a
stable temperature distribution, obtained using a measuring channel that includes a thermal
imager; Veuy is a vector of actually measured values of additional parameters; do, di, dx , ...,
are the outputs of the ANN corresponding to the classes of conveyor operating modes, while
do is the operational state according to the main indicators, and the other outputs correspond
to the classes of operating modes corresponding to deviations from the norm.

In the process of current control of the frictional interaction between the drive drum and
the conveyor belt, the results of the ANN work are recorded in the knowledge base and are
further used to correct the parameters of the mathematical models of heat exchange in the
object under investigation. This allows to refine (training) model thermograms and increase the
reliability of object control parameters by retraining the neural network.

Classes of educational thermograms. The basis of the neural network software analyzer is
a two-branch neural network (Nagarenko, 2021, p. 43).

Obtaining educational thermograms is the solution of a number of direct thermal
conductivity problems of a certain class, which differ in the location of internal heat sources
and their power. That allows us to consider the solution of mobile control problems as a set of
partial cases under different boundary conditions of the thermal conductivity problem and
additional parameters that are an integral part of the object.

As a result, we get a set of educational thermograms for possible modes of operation of
the conveyor drum-belt friction pair, which consider changes in boundary conditions (sliding
arc, amount of thermal radiation), technological parameters (belt speed, conveyor belt tension).

In the next step, the task of matching each training thermogram to the corresponding mode
of operation of the conveyor belt appears.

All thermograms related to the operating mode of the conveyor are combined into one
class Dy. Other thermograms, which characterize the emergency operation mode or operation
modes with significant deviations, are divided into k classes D1, Da, ..., D, each of which
corresponds to one and only one conveyor operation mode.

According to each class, the system has reference values for control influences, the use of
which allows to transfer the control object from one mode to another, falling from one class to

another, until it reaches the given class D.

Conclusions and direction of further research

Thus, the friction pair of the conveyor drive includes a rather complex task of researching
physical processes. Solving this problem gives the results of determining the operation modes
of the drive drum.

The use of an artificial neural network allows to combine a problem with distributed
parameters, which is a partial solution to the problem of moving optimal control, where the
source of heat flow and its distribution are considered as a moving element that changes its
position during the control process. This allows to bypass the difficulties in modeling, because

each operating mode of the friction pair needs to set the boundary conditions that belong only
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to it. Classification of a set of thermogram models for each mode using a neural network allows
the system to determine the current mode and adjust the controlling influences for the transition

of the control object to optimal parameters.

Do
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Figure 3. Temperature distribution in a two-dimensional spatial plane:
a) during emergency slipping;
b) at a steady state of operation of the conveyor at its maximum traction capacity
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The effect of polysaccharide and protein additives on the surface tension index of
gluten-free dough

Abstract: Recently, the problem of intolerance to the protein of cereals — gluten — has become more and
more urgent. There is a trend towards an increase in the number of people with gluten disease and people
with gluten allergies. Two main problems remain unresolved — achieving a structure that is not inferior
to wheat flour products and increasing nutritional value. One of the properties that affect the
organoleptic characteristics of bread is its shape stability, which can be determined by the surface tension
index using the recumbent drop method. The article presents information on determining the surface
tension of gluten-free dough by the lying drop method. The study object was gluten-free dough. The
study subject was the rheological properties of the dough. The study purpose was to determine the
dimensional stability of a drop of gluten-free dough. To analyze surface phenomena at the phase
interface (gas-liquid-solid), the authors used a method based on measuring the surface tension of this
interface. This method allows us to obtain reliable data under the condition of constant temperature,
system volume, and chemical potentials of all components in both phases. It was found that the surface-
active properties of water-flour suspensions depend on the type of flour and structure-forming additives,
as well as on the time of dough proofing.

Key words: gluten-free flour, lying drop method, surface tension, water-flour suspension.

Do

Ouvza M. Ilarina, Temana B. I aspum, Hamanin O. Boposixosa

Braus noaicaxapuaHux Ta 6iAKOBHX AOGABOK HA IIOKA3HHUK ITIOBEPXHEBOIO HATALY
0€e3rArOTEHOBOIO TiCcTa

Apmnomayin: OctaHHIM 9acoM Bce OIABII aKTYaABHOIO € IIPOOAEMA HEIEPEHOCHMOCTI OIAKA 3AAKOBHX
KYABTYp — raroreHa. CIoCTepira€Tbcs TCHACHIIIA IMABUIIICHHA KIABKOCTI AFOACH, XBOPHX HA IICAIAKIIO,
Ta THX, IO MAalOTh AACPIIFO HA TAIOTEH. 3AAUINAIOTHCA HEBHPIIIEHUMH ABI OCHOBHI IPOOAEMH -
AOCATHEHHS CIPYKIYPH, IO HE ITIOCTYIAETHCA BUPOOAM 3 IIIEHHYHOIO OOPOIIHA Ta IIABHIICHHA
xap40oBO] IiHHOCT]. OAHI€IO 13 BAACTUBOCTEH, 110 BIIAHMBAE HA OPIAaHOAEIITHYHI IIOKA3HUKHI XAIOa € HOTO
dopMOCTIAKICTD, AKUHA MOKHA BH3HAYNTH 32 ITOKASHHKOM ITOBEPXHEBOTO HATATY METOAOM ACKAYOL
Kparial. ¥ crarTi HIpeACTaBAEHO iH(OPMALIiFO IMOAO BU3HAYEHHA IIOBEPXHEBOIO HATATY OE3IAIOTEHOBOIO
TicTa METOAOM A€Ka4ol Kpanal. OO ekt AocAiaxkeHHA — OesraroTeHoBe Ticto. IIpeamer cocaiamennsa —
peoaorigni BaacTuBOCTI TicTa. METOIO AOCAIAKEHHA € BH3HAYEHHA (DOPMOCTIHKOCTI Kparal
©e3rArOTEHOBOrO TicTa. AAfA AHAAI3Y IIOBEPXHEBHUX ABUII Ha iHTepderici a3 (ra3-piAuHA-TBEPAE TIAO)
ABTOPU BHKOPHCTOBYBAAM METOA, IO Oa3yeTbCAd Ha BHMIPIOBAHHI ITOBEPXHEBOIO HATATY LIBOTO
irTepdeticy. Lleit MeTOA AO3BOASIE OTPHUMATH AOCTOBIPHI AAHI 32 YMOBH ITOCTIHHOL TeMITEpaTypH, 00'eMy
CHCTEMH T XIMIYHUX ITOTEHIIAAIB BCIX KOMIIOHEHTIB y 000X (haszax. 3’1COBAHO, IT1O IIOBEPXHEBO-AKTHBHI
BAACTUBOCTI BOAHO-OOPOIIHAHUX —CYCIIEH3IM  3aAeKarh BIA BHAY OopormmHa Ta  AODaBOK
CTPYKTYPOYTBOPIOBAHIB, 4 TAKOK BIA 9aCy BUCTOIOBAHHS TICTA.

Koaruosi ca06a: Ge3rAroTeHOBE OOPOIIHO, METOA AEXKAYOI KpPAIIAl, ITOBEPXHEBUH HATAT, BOAHO-
OOpOIIHAHA CYyCIICH3IA.
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Bceryn
Armyansuicnme memu docaionceryn. OCTaHHIM 9aCOM BCE OIABII aKTYaABHOIO € IIPOOAEMA

HEIIEPEHOCUMOCTI OIAKAa 3AaKOBHX KYABTYp — rAroreHa. Criocrepira€rbcs TEHACHIIIA
ITABHUIIEHHA KIABKOCTI AFOACH, XBOPHX Ha IIEAIAKIFO, TA THX, IO MAFOTh AAEPTIIO Ha TAIOTEH.
Hapasi B Vkpaiai po3poOACHO IMHPOKHUI ACOPTHMEHT OE3TAIOTCHOBOI IIPOAYKII, IIporte,
3AAHIIAFOTHCA HEBUPIIIEHUIMU ABI OCHOBHI HIPOOAEMH — AOCATHEHHS CTPYKIYPH, IO HE
ITOCTYIAETHCA BUPOOAM 3 IIIIIEHUIHOTO OOPOIIHA Ta IABUIIEHHA Xap4uoBoi IiHHOCTL. OAHIEIO
13 BAACTHBOCTEH, ITI0 BIIAMBAE Ha OPTAHOACIITUYHI ITOKA3HUKH XAIDa € HOro doopMOCTIHKICTD,
AKUI MOKHA BUSHAYNTH 32 IIOKA3HHKOM IIOBEPXHEBOIO HATATY METOAOM ACIKAYOI KPAIIAL

OB’eKT AOCAIAKEHHS — OE3TAIOTEHOBE TICTO.

[TpeameT AOCAIAKEHHSA — PEOAOTTIHI BAACTHBOCTI TiCTa.

MeToro AOCAIAKEHHSA € BU3HAYECHHA (DOPMOCTIHIKOCTI KparAl O€3rAFOTEHOBOTIO TICTA.

Buxoad4n 3 mocraBA€HOI METH AOCAIAKEHHSA, OYAH PO3POOACHI HACTYIIHI 3aBAAHHA:

—  CHCTEMAaTHU3yBATH TEOPETUYHY IH(OPMAIIIIO B rAAy3i CYY4aCHUX TEXHOAOTIH BUPOOHUIITBA
TA ACOPTHMEHTY OE3TAIOTCHOBHX IIPOAYKTiB. [IpoBectm KOMIIAGKC —aHAAITHYIHO-
IIOIIYKOBUX POOIT AAA OOIPYHTYBAHHA IIEPCIIEKTHB BHPOOHHIITBA OE3TAFOTEHOBOIO

PHCOBOTO XAiDa;

—  AOCAIAUTH ITIOBEPXHEBO-AKTUBHI BAACTHBOCTI BOAHO-OOPOIITHAHOI CyCIIEH3II.

AAasi aHaAidy moBepxHeBuX fABHIN Ha inTepderici das (ra3-plAMHA-TBEPAE TIAO) MH
BHKOPHCTOBYBAA METOA, IO 0a3yeThcsi Ha BHUMIPIOBAHHI ITOBEPXHEBOTO HATATY I[HOTIO
taTepdericy. Llelt MeTOA AO3BOASIE OTPHUMATH AOCTOBIPHI AQHI 32 YMOBH IIOCTIHHOL
TemIrepaTypu, 06'eMy CHCTEMH Ta XIMIYHUX ITOTCHINAAIB BCIX KOMITIOHEHTIB y 000X (hasax.

ITia 9ac ticroyrBopeHHs BIAOYBArOTBCHA CKAAAHI (DI3HKO-XiMIYHI Ta OIOXIMIYHI IIpOIECH,
IHTEHCUBHICTD AKHX PETIYAIOE€THCA PEIENTYPHUM CKAAAOM TICTa, BAACTHBOCTAMU CHPOBHHHM T2
TEXHOAOITYHUMH IapaMeTpamu i oOpoOku. Bee e A03BOAfIC OTPUMYBATH TICTO 13 3aAAHHMH
IIPYAKHO-ITAACTHIHO-B ASKUMU BAacTUBOCTAMU (I [yaunuria, 2010).

TicTro yTBOPIOETBCA BHACAIAOK CKAAAHUX (DIBHKO-XIMIYHUX, KOAOIAHHX, OIOXIMIYHUX,
MIKPOOIOAOTTIHUX IIPOIECIB IO BIAOYBAIOTBCA INA Al€FO BOAM 1 depMeHTIB InA dwac
IIEPEMIITTYBAHHA KOMITOHEHTIB Ticta. BHAcAIAOK (PI3MKO-XIMIYHHX IIPOIIECiB BIAOyBa€ThCA
3MIITTyBAaHHA KOMIIOHEHTIB, IX 3MOYyBaHHSA, 2 B IIOAAABITIOMY - ITAACTHIKAIIA TICTOBOI MaCH.

AOBEAEHO, III0 BAKAUBY POAB B YTBOPEHHI CTPYKTYPH TiCTA BIAIIPAFOTh OIAKOBI pEYOBUHU,
AKi 32 HAABHOCT] BOAU HAOPAKAIOTh. AABOYMIHOBA 1 TAOOYAIHOBA (PPAKITiA OIAKIB POZTHHAETHCH.
OCHOBHOIO BIAMIHHICTIO OE3rAIOTEHOBOIO TICTA € BIACYTHICTB IIPOIIECY OOMEKEHOIO
HAOPAKAHHA I'AJAAMHOBOI Ta TAFOTEHIHOBOI (DPAKIIiil, XapaKTEPHHUX AAS IIIIEHHYHOIO TiCTa, IO
YIBOPIOIOTH OCHOBHY Macy Kaetikosunu (Cagonosa, 2007; Xosodosa, 2011; Singh & Singh, 2013;
Suyong Lee, 2013).

CyrTeBy poAb y riaparariii OIAKOBHX MOAEKYA BIAITpae I0HHA Ta MOAEKYAAPHA aAcoOpOIil,
3YMOBAEHI HAfIBHICTIO B OIAKaX moAfApHHX Ipyr. Ilpm 1mpoMy BiABHI IOAApHI IpPyIH
320€3I1€9yIOTh 10HHY aACOPOIFO, a 3B’A3aHI — MOACKYAAPHY. AACOPOLIHHO 3B’A3aHA BOAA
VIPUMYETHCA MOAEKYAAPHUMH CHAAMH OIAf ITOBEPXHI KOAOIAHHX 9YacTHHOK. BiApHI moaspHi

prHI/I OiAka B pOS‘II/IHaX AHCOHiIOIOTb Ha iOHI/I, H2.6YB21IOTB SleHAy, HAaBKOAO AKOIO




OPIEHTYIOTBCA AHIIOAL BOAH. IiapaTrariis OIAKOBOI MOAEKYAH B I[bOMY BHIIAAKYy OOYMOBACHA
10HHOIO apcopOmicro. Beardanna MoAexkyAdpHOL aacopOLIil € TOCTIHHOIO AASl KOKHOTO OiAKa, a
ionna — 3aAexuTh BiA pH-cepeaosuma (Hsarosa, 20045 Aucrox, 2009; Rascio, 20055 1 lasusooa,
2010).

AAcopOIifiHA BOAQ 3B’A3YETBCA MHOAAPHUMH IPyIIaMH OIAKA BHACAIAOK — CACK-
TPOCTATHYHOIO TMKIHHA Ta 3aBAAKH BOAHEBHM 3B’f3KaM. Pi3HI IIOAApPHI Ipynm 3AaTHI
yTpuMyBatu 0iAsl cebe pi3Hy KIABKICTD AUIIOAIB BOAW: IIEIITHAHA — ABA, FIADOKCHABHA Ta aMIHHA
— 110 TpH, KapbokcuabHa — gotupu (Aucrwox, 2009; Rascio, 2005).

B TexHOAOrI 6GE3rAIOTEHOBOrO XAIOA Ha OCHOBI PHCOBOTO T4 KYKYPYA3AHOIO OOpPOIIIHA
3HAYHY POAB y 3B’fI3yBaHHA BOAHU B TICTI BIAITPAIOTH HEKPOXMAABHI ITOAICAXAPHUAH, OCKIABKH
OOpOIIHAHA CHPOBHHA AAf AAQHHUX BHPOOIB MICTHTb 3HAYHY KIABKICTB OOOAOHOK.
['emirteAroA03H, HAOPAKAFOYN 1 3B’A3YIOUM BEAMKY KIABKICTD BOAH, OEPYTh aKTHUBHY Y9aCTb Y
dopmysanni crpykrypu  Tticta ([ lasusoda, 2070). Ilpm HeaocTaTHIE BOAOTOCTI BOHHU
IIEPEIITKOAKAIOTh HAOPAKAHHIO OIAKIB 1 KDOXMAATO, IIOTIPIIYIOYH CTPYKTYPY TICTA.

HacporoaHi mATpUMYETBCA AYMKa, IIIO CTAH BOAOTH BIAIIpa€ IIPOBIAHY POAB B IIPOILIECI
dopmysanns ticra (Wang et al, 20710). 36iAbIIIeHHA KIABKOCTI BOAOTH B TICTi IIPU3BOAHTD AO
30IABIIIEHHA TOBIIHHU COABBATHHX OOOAOHOK, IO OTOYYIOTh YACTHHKH OOpOIIHA B
VIIIABHEHOMY TICTI Ta AO B3HIDKGHHA HOIO KOresifiHOi MmimHOCTL. BHacAipok mporo 3i
30IABIIIEHHAM KIABKOCTI BOAOTH 3POCTAa€ B’A3KICTH TiCTa, 30IABIIYETHCA HOTO ITAACTHYHICTD, 4
TAKOK TEKyYICTB.

Kpim Toro, cyrreBy poab y 3B’A3yBaHHI BOAH BiAlrparo neHrosanu. Li crioaykn 3’M3yroTh
BOAY OCMOTHYHO. BOAOpO3YHMHHI IEHTO3aHM B TICTI YTBOPIOIOTH PO3YHHH, B’A3KICTH AKHX
3HAYHO IIEPEBUIIYE B’A3KICTH OIAKOBHX PO3YHHIB Ti€l K KOHIeHTparli. BoaoposummHi
IIEHTO3aHHU ITOTAHHAIOTH V 15, a HeposuuuHi — B 10 pasiB OiAbIlle BOAH IO BIAHOIIIEHHIO AO IX
MacH. 3aBAAKH IIbOMY BOHH 3HAYHO INABHINYIOTH BOAOIOTAHMHAABHY 3AATHICTH TICTa,

3MIITHEOFOTH HOTO KOHCHCTEHITIIO.

Buxaaa ocHOBHOrO MaTepiaay

AAf BUSHAYEHHA ITOBEPXHEBUX BAACTHBOCTEH TiCTa OYAO OOPAHO METOA AEKAYO! KpariAi
(I opesnros ma Apanuyx, 2003).

Alamerp xpanal (y AGKIABKOX HOBTOPHOCTSAX) AOpiBHIOBaB 611 Mm; Iie rapadtye, IO
KpalflOBHH KyT He OyAe 3aAekard Bia Alamerpa. OCKIABKE BIAOMO, IO B pasi AyiKe MaAHX
KPAaITeAbOK 3HAYHUM € BIIAUB IIOBEPXHEBOTO HATATY CaMOi PIAMHU (TEHACHIIA A0 POPMyBAHHA
ceprdaHOI KparIai), a B pas3i BEAUKHX KPAIIEAb IIOYHHAIOTH AOMIHYBATH CHAH IpaBiTartii. 3a 1M
METOAOM BHUMIPIOBAAH KyT MIK TBEPAOIO ITOBEPXHEIO 1 PIAMHOIO B TOUII KOHTAKTY TPHOX (as.
A0AaTKOBO 3aCTOCOBYBaAU rpadpidHUI METOA BH3HAYEHHA (POPMOCTIMKOCTI KpallAl — depes
CIIIBBIAHOIIIEHHA BHCOTH KpallAl A0 ii Alamerpy (1o amasori 3 ¢pOPMOCTIHKICTIO IIOAOBOTO
XA10a2).

Pesyaprat 0OpOOKH eKCIIEPUMEHTY HaBEACHO B AOAATKY (Pucynox 1; Pucynox 2; Pucynox 3,
Pucyrnox 4).

[Tpu AocaiakeHHI BOAHO-OOPOIIHAHUX CYCIICH3IH Ha OCHOBI PHCOBOIO OOPOIIHA HAMH
BCTAHOBACHO. 3a AoAaBaHHA keaatuny (Pucyrox 1) Ao 1% Ao macu OoporiHa criocrepiraeTbes

IIOCTYIIOBE 3HIDKEHHA (OpMOCTIfiKocTi KpameAbp — Bia 26,2 Ao 24. Ilpumyckaemo, 1o
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3
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3MCHIIICHHSA ITOBEPXHEBOIO HATATY KPAIIEAb BIAOYBAETHCA BHACAIAOK ITOBEPXHEBOI aKTHBHOCTI
posunny xeAatuny. [Ipore, 3a BBeaerns 1% :#eAaTHHy BCTAHOBAEHO IIABHITICHHSA ITOKA3HHKA
dopmocriiikocti (A0 24,7), 110 MOKe OyTH IIOSCHEHO BHUABACHHAC APArA€ yTBOPIOBAABHOL
3AATHOCTI KEAQTHHY.

3a AOAABAHHA arapy BKa3aHI TCHACHIII BHABAAFOTHCH OIABI AckpaBo (Pucyrox 3; Pucynox 4).
3pocranua HOPMOCTIHKOCTI BIAOYBAETBCA AK€ ITOMITHO, 1 HABITH IIEPEBHIIYE ITOKA3HUK
KOHTPOABHOTO 3paska 0e3 arapy. OUEBHAHO, APAarACyTBOPIOBAABHAA 3AATHICTH arapy
BUABAAETHCA OIABIII IIOTYAKHO ITOPIBHAHO 3 5KEAATHHOM.

AHAAOTIYHI  3aACKHOCTI BIAMIYAFOTBCA 32 CYMICHOIO BHKOPHCTaHHA AODABOK —
dopmocTifikicTs KpareAb oMiTHO 3poctae (Pucynox 55 Pucynox 6). Makcumaabauii edext BiA
AOAABAHHSA AODABOK ACKPABO BUABAAETHCS ITICAS BUTPUMYBAHHA CYCIICH3IH mpoTarom 1 roanHm.

AAf OPIBHAHHA AOCAIAJKYBAA BOAHO-OOPOIIHAHI CycreH3l HA OCHOBI IIIICHHYHOIO
OopormrHa. Pe3yApTaTH eKCIIEpUMEHTY ITOKa3aHO B AOAATKY (Pucyrox 7), a pesyapratu iXHBOI
00pooku (Pucyrox §).

Hamu mATBEpAKEHO BHIIIEOIIMCAHI TEHACHII ITOAO BIIAUBY BHTPHUMKH HA 3HIZKCHHA
ITOKa3HHKa POPMOCTIMKOCTI KparIAl BHACAIAOK IIEPEXOAY BOAOPO3UHMHHUX PEYOBUH OOPOIITHA
Y PO3YHH, IO CIIPUAE 3HMKEHHIO IIOBEPXHEBOIO HATATY BOAU. 30IABIIEHHA YaCTKH OOPOIITHA
crpuse OIABIIIOMY IIEPEXOAY TAKUX PEYOBUH Y PO3UMH.

[MopiBaioroun  POPMOCTIMKICTE ~ KPAIlEAb ~ BOAHO-OOpPOIIHAHHUX  CYCIICH3IH 3
BUKOPHUCTAHHAM PI3HUX BHAIB OoportHanoi cuposunn (Pucyrox 9), MOKHA BIAMITHTH HACTYITHE.

Bukopucranusa mmmeHHYHOro OOpPOIHA IOPIBHAHO 3 KYKYPYA3AHHUM CIIPHUAEC OIABII
ACKpaBOMYy  BHABACHHIO  ITOBEPXHEBO-AKTHBHHUX  BAACTHBOCTEH  CyCHIEH3i,  OCKIABKH
OPMOCTIAKICTE KpalleAb BOAHO-IIIICHUYHUX CYCHEH3I € Hinkdoro npudAmsao Ha 30%

ITOPIBHAHO 3 KYKYPYA3AHIM OOPOIITHOM.

OGroBopenH:
AaHIME AOCAIAKEHHAMH BCTAHOBACHO AOIUABHICTD 3aCTOCYBAHHSA ITOAIIIITYBAYIB OIAKOBOI
Ta ITOAICAXAPUAHOI IIPUPOAH AAA 3a0€3IIEYEHHA IABHOI CTpyKTypH TicTa. [Ipm ix BHeceHH]
CIIOCTEPIraeThCA 3HIKEHHA HE3BOPOTHOI BIAHOCHOI Aecpopmartii Ha 306...68% Ta MABHITIEHHIO
raacTuaHOCT] TicTa. [Ipw 1boMy AEIITO 3HIKYETHCA BIAHOCHA €AACTHYHICTD — Ha 17...28% Ta
301ABIITYETHCA BIAHOCHA LIPYAKHICTE § 2...6 pasiB. POPMOCTIHKICTh KpalleAb IPH BU3HAYCHHI
ITOBEPXHEBOIO HATATY 3POCTAE, AK IIPU BUKOPHUCTAHHI IOAIIIITYBAYIB B CAMOCTIITHOMY BHTAfAL

TaK 1 IPU CyMiCHOMY iX BUKOPHCTaHH.

Bucuosok
Taxum wumom AOCAIAKEHHSA IIOKA3YIOTh, IO IEPCIIEKTHBHUM HAIIPAMKOM IIABHITICHHS
AKOCTI OE3rAFOTEHOBOIO XAiDa € BHKOPHCTAHHA CIPYKTypPOYTBOPIOBAdiB OIAKOBOTO Ta
ITOAICAXaPHUAHOTO ITOXOAKEHHSA 3 METOFO IOAIIITIEHHA CTPYKTYPHO-MEXAHITHUX BAACTHBOCTEHN
KIHIIEBOTO IIPOAYKTY. BH3Ha4YeHO parioHaABHHE CKAAA ITOAIIIIYBadiB AAf BUPOOHHIITBA

©E3TAFOTEHOBOIO PHCOBOIO TiCTa. 3aIPOIIOHOBAHA KIABKICTD IIOAINIITYBAYIB HACTYIIHA: JKEAATHH




1,5% Ao macu 6oporrna; arap 0,01%; cymir xeaatuny Ta arapy 1,5% ta 0,01%. Lle ao3BoAasie

OTPHUMATH XA1O 3 AOOPHUMH CMaKOBUMH BAACTUBOCTAMH Ta IOKPAITIEHOIO CTPYKTYPOIO.
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Recognition of handwritten letters and numbers using deep learning neural networks

Abstract: This article discusses several variants of convolutional neural network architecture for
recognizing isolated handwritten Latin or Ukrainian letters and numbers that have been trained using
synthetic datasets of two types, built on the basis of a set of handwritten and italic fonts or a COMNIST
dataset. A compatison of the recognition results of several variants of images containing handwritten
letters and numbers using models with different architectures showed that an increase in the number of
convolutional layers leads to a decrease in the frequency of erroneous character recognition. The size of
the training dataset significantly affects the reliability of character recognition. The data sets used in the
paper contained from 192 to 2304 samples per class. The limit on the number of samples per class that
provided acceptable recognition accuracy was about 1,500 images per class. Reducing the sample by
reducing the number of samples per class leads to a significant decrease in recognition accuracy (from
90% of the accuracy of recognizing elements of real labels to 40-60% with a 4-fold decrease in the
sample size).

Keywords: handwriting recognition, Ukrainian letter recognition, Latin letter recognition, convolutional
neural networks, CNN, deep learning, image processing.
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PosnizHaBaHHA PyKOIIMCHUX AiTep i U(P 3 BUKOPUCTAHHAM HEHPOHHHUX MEPEK
TAMOOKOro HaB4aHHA

Aromayia: Y mi#t craTTi pO3TATAAIOTECA KIABKA BAPIAHTIB aPXITEKTYPH 3rOPTKOBHX HEHPOHHUX MEPEK
AAS POSITI3SHABAHHSA i30ABOBAHUX PYKOIIHCHIX AATHHCBKHX 20O YKpalHChKHX AlTep 1 mudpp, Akl OyAm
HaBYEHI 32 AOIIOMOIOIO CHHTETHYHHX HAOOPIB AAHHX ABOX THIIB, IOOYAOBAHOTO HA OCHOBI HabOPY
pyxonmcHux 1 KypcumBHHX Inpudrtie ado HaGopy Aanux CoMNIST. IlopiBHAHHA pe3yAbTATIB
PO3I3HABAHHA AEKIABKOX BapiaHTiB 300paKeHb, IO MICIATH PYKOIHCHI Alrepu Ta nudpu, 3a
AOIIOMOIOIO MOAEAEH 3 PI3HOXO apXITEKTYPOIO IIOKA3AA0, 110 30IABIIECHHA KIABKOCT] 3rOPTKOBHX IITapiB
IIPH3BOAUTE AO 3HIDKCHHA YaCTOTH ITOMHAKOBOTO POSIISHABAHHA CHMBOAIB. PO3Mip HABYaABHOTO
Ha0OPY AAHHUX ICTOTHO BIIAMBAE HA HAAIFHICTD pO3mi3HaBaHHA CUMBOAIB. Habopu Aanux, Bukopucrami
B po0Oori, micruan BiA 192 Ao 2304 3paskiB Ha kaac. Merxka KIABKOCT] 3pa3kiB Ha KAAC, KA 3a0€3IIeUnA
HIPUHAHATHY TOYHICTH po3mizHaBaHHA, ckaara Oiad 1500 300pakens Ha Kaac. 3MEHIIIEHHA BUOIPKH 32
PAXyHOK 3MEHIIEHHA KIABKOCTI BHOIPOK Ha KAAC IPHU3BOAUTH AO 3HAYHOIO 3HIKEHHA TOYHOCTI
posuisaaBanua (3 90% rodnocti posmisHaBaHHA eAeMEHTIB peaabHux Hammcis A0 40-60% mpu 4-
KPaTHOMY 3MEHIIIEHHI OOCATY BUOIPKH).

Korouosi ca06a: posriiznaBaHHA PYKOIIMCHOTO TEKCTY, PO3IN3HABAHHA YKPAHCHKUX AlTEp, PO3II3HABAHHA
AAQTHHCBKHX AlTep, 3ropTkoBi Heliponni Mepeski, CNN, rauboke HaBuaHHA, 0OpOOKa 300paXKEHHAL.
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Bceryn

OnrtugHe poO3IN3HABAHHA CHMBOAIB — II€ TEXHOAOTIA, fKA CHOTOAHI IITHPOKO
BHKOPHCTOBYETHCA. IIPOIEC KAaCHIKaIli 300paKeHb CHMBOAIB, fAKI BIAIOpaHI Ha BHXIAHOMY
nndpoBOMy 300paKeHHi, 3a BATOBiAHUMYU 3paskamu (Chaudburi et al., 2017).

Indopmartiiiai  TexHOAOTI, 3acHOBaHI Ha ONITHYHOMY POS3II3HABAaHHI CHMBOAIB
(ApyKOBaHHX 200 PYKOIIMCHUX), AO3BOAAIOTH BUPIIIYBATH OAaraTto IPaKTHYHUX 3aBAaHb (L7 ef
al., 2018).

V' OiAbIOCT BHIIAAKIB CyYacHI CHCTEMH OIITHYHOIO pO3II3HABAHHA Oa3yrOTbCA Ha
HEHPOHHUX Mepekax raubokoro HasuanuA (Rajavelu et al., 1989; Bai et al., 2014). Aas 0OpoOKu
300paiKeHb IIHPOKO BHKOPHCTOBYIOThCA 3roprTkosi Heiiponni mepexi (CNN). Lle oaun i3
HAHIIONYAAPHIIIUX THIIB IAMOOKHX HEHPOHHHX MEPEK, AKAN MOKHA BUKOPHUCTOBYBATH AAS
e eKTUBHOTO PO3ITI3HABAHHA CUMBOAIB, IPHUCYTHIX Ha 300paxeni (Maitra et al., 2015).

PosmisHaBaHHA PYKOIIMCHUX CHMBOAIB € CKAGAHIIINM 3aBAAHHAM IIPOTH APYKOBAHUMU
dopmamu cumBOAIB. PykorucHi Atrepu Ta 1udpH, HAIIUCAaHl PI3HUMU aBTOPAMH, HE IACHTHYHI,
a pI3HATHCA 3 PI3HUX ACHEKTIB, AK-OT po3Mmip 1 dpopma. UucaenHi Bapiamii CTHAIB HAITMCAHHSA
OKPEMHUX CHMBOAIB YCKAQAHIOIOTh 3aBAAHHA posmizHaBaHHA. [loAlOHICTH pidHnHX dopm
CHMBOAIB, TIEPEKPUTTA T B3aEMO3B 30K CYCIAHIX CHMBOAIB I11e OI1ABIIIE YCKAAAHIOFOTH 3aBAAHHSA
PO3II3HABAHHA CHUMBOAIB.

Lls pobora mpucBAYeHa AOCAIAKEHHIO MOKAMBOCTEH POS3IIN3HABAHHA AATHHCBKHAX 200
YKPalHChKUX PYKOIIMCHUX AlTep 1 UdP Ta AOCAIAJKEHHIO BITAUBY TEXHOAOTI Ta OCOOAMBOCTEH
dopMyBaHHA MOBHICTIO 200 YACTKOBO CHHTETHYHOIO HAOOPY AAHHUX HA PE3YABTATH

PO3ITi3HABAHHA.

OcHoBHA yacTuHA

1. Orasp aiteparypn

AAf BUPIIIIEHHSA 33A29 OI'THYHOIO PO3IT3HABAHHA IITHIPOKO BHKOPHUCTOBYIOTHCA 3TOPTKOBI
HeHpoHHI Mepexi. BaactmBOCTI Takmx Mepex POOAATH IX AyiKe 3PYIHHM 3aCOO0OM  AASA
BUPIIIEHHA IIPOOAEM KOMIT FOTEPHOTO 30PY, 30KpeMa, AAA PO3II3ZHABAHHA 300paKeHb OYKB 200
udp.

B ocrammi pokm 3aBAaHHA pPO3II3HABAHHA CHMBOAIB Pi3HHX aAdaBITIB — apaOCBKOIO,
POCIFICHKOTO, Ka3aXChKOTO, KHTANCHKOTO Ta IHIIINX — IPUBEPHYAO 3HAuHY yBary (Bilgin Tasdemir,
2021; Nurseitov et al., 2021b; Abdelrahman et al., 20205 Ullah & Jamjoom, 2022; Jeevitha et al, 2022,
Gannetion et al., 2022).

Haounmii mpukaaA 0COOAMBOCTEH ITbOIO 3aBAAHHA — PE3YABTATH, HABEACHI B PoOOTI
(Zhang, 2015), B AKOI PO3TAAHYTO PO3IIZHABAHHA KUTAHCHKUX PYKOIIMCHHUX CHUMBOAIB. ABTOpPH
(Zhang, 2015) mpOAEMOHCTPYBAaAH, IO 3TOPTKOBI HEHPOHHI MEPEKH MOKYTh BHOHpATH
XapAKTEPUCTUKU BHUIIIOIO PIiBHSA, KOAU FAHOMHA 3TOPTKOBOIO IIAPy 301ABIIYETHCA. 32 AYMKOFO
(Zhang, 2015), AOAaBaHHA 3rOPTKOBOIO INAPy IIOKPAINye IIPOAYKTHBHICTH OIABIIE, HIK
AOAABAHHA AOAATKOBOIO IMIABHOIO Imapy. B miit podoti 6yao aocarayto 97,3% todHOCTI ITpH
kaacudixarrii 200 kaacis i 95,5% Tounocti mpu kaacudikarii 3755 cuMBOAIB.

V unmcAeHHHX AOCAIAKEHHAX, HNPHCBAYCHUX PO3II3HABAHHIO PYKOITMCHHX CHMBOAIB, €
AOCBIA BHKOPHCTAHHA AOCHTH CKAAAHHX apXITEKTyp HeHpoHHHX Mepex. B pobori (Tapotosh

Ghosh et al., 2021) ansa kaacudikarii 231 kaaciB pisHEX pykomucHUX cuMBOAiB Bangla Ha ocHoBi
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Habopy Aannx CMATERAD AexiAbka BapHAHTIB 3rOPTKOBUX HEHPOHHUX MEPEK 3 HACTYITHIM
pesyabrarom: micad 50 emox aaa apxitexkrypu InceptionResNetV2 Oyaa aocArnyra Hadikpara
touricts (96,99%). Apxitexrypu DenseNet121 i1 InceptionNetV3 Takox IPOACMOHCTPYBAAK
BiAMIHHY TOYHICTS posmisaaBaradA (96,55 1 96,20% siamosiauo). IlIBrakictes HaBuaHHA OyAa
BcraroBaeHa Ha 0,001, B sikoCTI (DYyHKII HOMHAKH OYAO BHKOPHCTAHO KATETOPIAABHY KPOC-
EHTPOIIIIO.

[TopiBHAHHA ITOBEAIHKH 3TOPTKOBHX HEHPOHHHX MEPEX IIOAO ITOBEAIHKH BIAHOCHO
pO3IN3HABAHHA PYKOIMCHUX CHUMBOAIB Oyam nposeaeHi B (Aiwha Korichi et al., 2022).
Apxitekrypr VGG 1 ResNet aAaaum OAM3BbKI pe3yAbTaTH B TOYHOCTI PO3INI3HABAHHS:
BUKOpHUCTOByroun apxitekrypy ResNet, BAaroca AOCAITH HAWKpAIOTO pPE3YyABTATY 3
IIOKa3HUKOM TOYHOCTI posmisHaBanusA 98,57%, aaa apxitrekrypu VGG-16 6yao AocArayTO
pesyabrary 97,14%.

V poborti (Balaha et al., 20217) Oyaa BiaA3HaYeHA OIABIII BHCOKA TOYHICTD PO3II3HABAHHSA IIPH
BUKOPHUCTAHHI IANOIIO] apxitektypu HerponHOi Mepexi CNN. AAe IIABHIIEHHA TOYHOCTI
PO3II3HABAHHA CTAAO MOYKAHBHM AHIIIE 32 AOITOMOTOIO ayTMEHTAL! BXIAHUX AAHUX.

B pob6ori (Ghosh et al., 2020) ars posmisHaBaHHA PYKOIIMCHUX CHMBOAIB Bangla Oyaa
BuKoprcTaHa apxitektypa MobileNet. Bona 3abesmeanaa coocurs xoporri pesyasrarn: 96,46%
togHocTl posmizHaBanua 231 kaacy (171 cxaaaenmii, 50 ocmoBuux 1 10 mmdp), 96,17%
togHocTi B 171 ckaaaeHOMY KAaci cuMBOAIB, 98,37% TourOCTi B 50 OCHOBHHX KAQCAX CUMBOAIB
199,56% tounocti B 10 kaacax mudp.

BriamB  mormepeAHBOTO  HABYAHHA ~ MOAGACH  PO3II3HABAHHA  CHMBOAIB  AOCHTD
HeoAHO3HAYHN. 3a Aarumu (He ez al., 2018) AOCATHYTI pe3yABTATH AASL MOACACH 3 BUITAAKOBOIO
IHIITIAAI3AIIEIO HE BIAPIBHAIOTHCA BIA PE3YABTATIB AASl MOACACH 3 ITOIIEPEAHIM HABYAHHAM AAA
ITOPIBHAHHOI KIABKOCTI enoX. 3a aauumu (Albattah & Albahli, 2022) moaeAl, HaBaeHI 3 HYAS, AK
IIPABHAO, AAIOTH KPAIlll PE3YAbTATH B IIOPIBHAHHI 3 IIOIEPEAHBO HABYCHUMH MOACASIMU B
pO3II3HABAHHI PYKOIIMCHUX CHMBOAIB apadcekoi mosu. Ha aymky (Albattah & Albahli, 2022)
MmeHIII ckAaaHI MoaeAal CNN € MeHII TOYHHMH, aA€ MArOTh OIABII BHCOKY IIIBHAKICT
kAacudikariii Ta HaB4aHHA (1 HABIIAKH).

3 TeXHIYHOI TOYKH 30PY apXITEKTYPH HEUPOHHUX MEPEK, AKI BUKOPHCTOBYFOTD ITOIIEPEAHE
HaBYaHHA, OYAU CTBOPEH] AAA KAacHIKaIli KOABOPOBUX 300paKeHb Pi3HUX po3Mipis. Takum
YHHOM, I1I00 BUKOPHCTOBYBATH iCHYIOUl OIOAIOTEKH Ta MOMKAMBOCTI IIONIEPEAHBOIO HABYAHHSA
AASL OaraThoX HaOOpiB Aanux (Harrpukias, EMNIST Letters 28X28) 300pakeHHA y BIATIHKaxX
ciporo (OAHOKaHaABHI) IIOBUHHI OYTH IIEPETBOPEHI B KOABOPOBI 300paKeHHs (TPhOXKAHAABHI)
(Gibrael Al Amin Abo Samra & Hadi Ogaibi, 2027). 3oxpema, arsa moayaiB ResNet (ResNet50,
ResNet101, ResNet152 abo apyra Bepcin) 3 makery tensorflow/keras morpibHe Bxiame
300pakeHHA po3Mipom He MeHire 32X32X3 (ResNet. .., 2023).

AAf pO3IIi3HABAHHA CUMBOAIB Ka3aXChKOI Ta POCIHICHKOI MOB TAKOK € AOCBIA BUKOPUCTAHHSA
apxirexkrypu MobileNet (Nurseitov et al., 2021a). Aesixi pe3yAbTaTy pO3I3HABAHHA YKPAIHCHKUX
Alrep Ta 1udp Takox npeacrasaeHi B (Yuukapeos ma un., 20235 Chychkarov & Zinchenko, 2023).

30iAbIIeHHA OOCATY HABYAABHOIO HAOOPY AAHHX AAfA BCIX POSTAAHYTUX apXiTEKTyp
IIPU3BEAO AO ITABHINEHHS TOYHOCTI posmisHaBaHHA. 3a Aanmmu (Yuuxapeos ma wun., 2023)
TOYHICTH PO3I3HABaHHA peaAbHUX HanuciB B Mexax 80-90% Oyaa aocArayra mpu posmipi

HapuaApHOI BuOipku He Menmne 700, a kparre Oiabire 1500 300parkeHp Ha KAac. 3a AAHUMU
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(Chychkarov & Zinchenko, 2023), TOIHICTb pO3II3HABAHHA TECTOBOIO HAOOPY B Alamasoni 99,2-
99,6% OyAO OTpHMaHO IIpH HaBYAHHI HA HAOOP1 AAHHX AOCTATHBOTO 00CAry (OYAO AOCAIAKEHO
apxitexrypu VGG16, ResNet, MobileNet).

AAf AOCAIAJKEHD TEXHOAOTIH PpO3II3HABAHHA PYKOIIHCHOIO AATHHCBKOTO aAdaBiTy
craaaapToM Ae-akto cras HaOlp Aammx EMNIST. Aas kaacudikarii 300paxeHsp IbOro
Ha0OPY OYAO 3aIPOIIOHOBAHO OAraToO PI3HUX BapIaHTIB APXITEKTYPH HEHPOHHOI Mepexi. Aae
AAsl yEpaiHchkoro aAdpasity Hemace EMNIST-moaibHux HaOOpiB aanmx. KpiMm Toro, aas
BHKOPHCTaHHS MOMKAHMBOCTeH makery tensorflow/keras morpibmi 3o0pamkeHHs cHMBOAIB
posmipom He Menie 32X32X3; 1o morpiOye abO CTBOPEHHA HOBOIO HAOOPY AAHHX, 20O
[IEPETBOPCHHA BIAOMUX. . AASl pO3II3HABAHHA KHPHANYIHOIO TEKCTYy BIAOMO KiAbKa HaOOpIB
AAHHUX 300paiKeHb PYKOIIMCHHUX Alrep (Hampumkaas, Ha Kaggle), a Takox IeBHHIT AOCBIA
BHUKOPHUCTAHHA PI3HUX KAacH(IKATOPIB 1 HEHPOMEPEKEBUX TEXHOAOITH AASl IX PO3III3HABAHHS,
aAe TIOPIBHAABHI AOCAIAJKEHHS TEXHOAOTII 1 pe3yAbTaTiB AAfl HUX (DparMEeHTAPHI.

Takum 9HHOM, PE3YABTATH BIAOMHX AOCAIAKGHD HE BIAAAFOTH OAHO3HAYHOI IIepeBaru
OYAb-AKOI 3 apXITEKTyp 3rOPTKOBHX HEHPOHHUX MEpPEK AAA BHPIIICHHA 3aBAAHHSA
POSII3HABAHHA PYKOIIMCHHUX CHMBOAIB. BaKAMBHM acIIeKTOM TEXHOAOTI pO3Ii3HABAHHA €
XaPaKTEPUCTUKNA BHXIAHOTO HaOOPYy AaHUX. TOYHICTH pO3IN3HABAHHA AAA BCIX BapiaHTIB
AOCAIAKEHHX apXITEKTyp 3pOcTae 31 30IABIIEHHAM 00OCATy HaBuaAbHOI BuOipkm. OAHaK

OIITHMAABHI ITAPAMETPH ayTMEHTAIIl BUXIAHOIO HAOOPY AAHUX, MOKAHBOCTI HOTO IIOBHOI 200

2. DopmyBaHHA HAOOpA AAHUX AAT HABIAHHA

AASfl HABYAHHA MOACAL AASL PO3ITI3HABAHHA OYAO CTBOPEHO ABA THIIH HAOOPIB AAHUX.

[leprmmii OyB CTBOpPEHHIT BHKAIOYHO IIAAXOM APYKy 300pakeHb OVkB 1 mudp 3
BUKOPHUCTAHHAM BIAIIOBIAHOTO Ipud1y. ByB cTBOpeHmil HAaOIp PYKOIHCHHX Ta KYPCHBHUX
mpudTiB 3 AATHHCBKUMU Ta YKpalHChbKUMU raipamu (Bcboro 48 mpudris). 3 ypaxyBaHHAM
ITOAAABIIIOf ayrMeHTALl OYAO CTBOPEHO ACKIABKA BAPUAHTIB HAOOPIB AAHUX, AKI MICTHAH BiA 2
A0 48 300parkeHb KOMKHOTO CHMBOAY. Harpmkaas, AAf HAOOpPY YKpalHCBKHX AlTep IIPH
rerepariii 32 300pa;KeHp Ha CHMBOA 3araAbHUIT 00cAr HaOOpy AaHHX cKAaB 116 736 3paskis (10
KAACIB TP, 110 33 KAaCH BEAHMKHX Ta MAaAUX Aitep, 32 300paxeHHA Ha KAac, 48 mpudris).

Apyruii Tun Habopy AaHUX OYB IHOOYAOBAaHHH 3 BUKOPHUCTAHHAM 300paKeHb 13 HaOOpPY
Aarux CoMNIST, Akuii MiCTHTB AlTEpH AATHHCBKOTO Ta POCIHCHKOTO aAdapity B dopmari
RGBA posmipom 278x278. Aae 1ieit Habip AAHUX OOMEKEHHUI, OCKIABKM BiH ITPAKTUYIHO HE
MICTUTh MAaAHX AlTEp, a TAKOXK HE MICTHTH cuerudivyHux ykpaiHcbkux airep. Kpim Toro,
KIABKICTB 300paiKeHb PI3HHUX AlTep A€o BiapisHAeTbCA. [Ipu T06yAOBI HOBHOIO HAOOPY AAHUX
AO KOAEKII PYKOITMCHUX 300paKeHb OYAO AOAAHO 3T€HEPOBaHI HAOOPH IIPOIYIIEHNUX BEAUKIX
1 MAADX AlTep, a TAKOXK 3T€HEpOBaHI HAOOPU APYTHX MAAUX AlTep yKpaiHCBKOIo aAdasiry Ta
nudp. AA AATHHCBKUX AiTEp I€HEPYBAAHUCH AMINE 300paKEHHA MAAHX Alrep Ta mudp. Yci
300pakenHA OyAm meperBopeni y dpopmar RGB 32x32, abo 64x6, abo 128x128 mikceais.
Kiapkicts 300paxensp KoAuBaAacs BiA 2, 4, 8 300paxens Ha cumBoA i3 Habopy CoMNIST a6o
2-16 srenepoBanux 300pakenb/cumBoAiB. KiabkicTs 300pakeHb KOKHOIO THIy OyAO
IIAIOPAHO TaKHM YHHOM, IOO 3 ypaxyBaHHAM ayrMeHTaill HaOlp AaHHX OyB OAHM3BKHM AO

30araHCcOBAHOTO. AASl CTBOPEHHSA 300paKeHDb Altep Ta nudp OyAO BHKOPHCTAHO HADIP, AKMIM
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mictuB 80 pykommcHumx abo0 KypcuBHHX IHpu@TIB. 3araapHuil o0cAr 0asoBoi Bepcil
ITOOYAOBAHOI HABYAABHO! BHOIPKH SIK AASl YVKPaiHCBKOIO, TaK 1 AAfl AQTHHCBKOIO BapiaHTIB
cxAaaaa moHaA 130 tmc. 300pakeHd (3 po3paxyHKy 4 300paKeHHA HA CHMBOA), 4 TECTOBOI —
rmonap 26 Tuc. 300pakens. Lleit oOcar HaOOpPy AaHHX He AyKe BIAPIZHAETBCA BIA 0OCATY
Biaomoro Habopy aannx EMNIST Letters, sikuii MicTUTD 3MiIIaHi MaAl Ta BeAHKi Altepu (26
KAaciB 1 3araaom 145 600 3paskis). Aas crBopenHs ab0 TpaHcdopMaril 300pakeHb 13 AlTepamu
un 1mudpamu O0yao Bukopucrano 0i06aioreky Pillow. TecroBmit Habip AaHHX reHepyBaBCA
OKPEMO 3 BHKOPHUCTAHHAM THX CAMHX IIPH@TIB, KOHKpeTHI IpudTH 1 IapaMeTpHu TeHepariii
0OHpPAAUCA BUITAAKOBHM YHHOM. OOcAT HAOOPY TECTOBUX AAHUX CTaHOBUB OAmM3bKO 15-20%
BIA OOCATY HABYAABHOTO.

Mozkausicts pOpMyBaHHA HAOOPY AAHHX 31 30IABIIEHOIO KIABKICTIO 300paiKeHb OyAa
AOCATHYTA 3a paxXyHOK Bukopucranus dpyukmil Image Data Generator makery tensorflow (tpu
BaplaHTH TpaHcdoOpManill 300paKEHHA CHMBOAY: BHITAAKOBHE IIOBOPOT, TpaHcdOpmalrisa

HAXHUAY, TpaHcdOopMariis MacIrrabyBaHH).

3. Ilomepearsa 0b6pobka Tta po3ni3HABAHHA 300pa>Ke€Hb

AATOPHUTM IIOIIEPEAHBOI OOPOOKH Ta PO3II3HABAHHA 300PaKEHD, AKI MICTUAN HAIIUCH 3
Altepamu 260 mudpamu, HaBeACHO B AOAATKY (Pucyrox 1).

AAsi BHAIAGHHA OOAacTell 300pasKeHb, IO MICTHAM Altepu a00 mudpu (AKi IOTIM
PO3IT3HABAAHUCA), OYAO BUKOPHUCTAHO IHCTpyMeHTH 3 6i0AioTexr OpenCV.

besnocepearpo AAfl posiisHaBaHHA BHOpaHi 0OAACTi IHTEPECY BHPI3AAUCH 3 BHXIAHOTO
300paKEeHHA, AO HUX 3HOBY 3aCTOCOBYBAAACA OIHAPU3ALIiA, ITICAA YOIO OTPHUMAHI 300paKeHHA
OKPEMHUX CHMBOAIB (0e3 posmupeHHA a0O0 IHIINX CIOTBOPEHb) MACINTaOYBAAUCH AO
BiAIOBiAHOTO po3mipy (32x32x3, 200 64x64x3, a0o 128x128x3).

AOCAIAKEHHS TEXHOAOTI pPO3II3HABAHHA IIPOBOAHAUCH 3 TPbOMA THIIAMHU aAPXITEKTYP
3rOPTKOBUX HEHpOoHHHUX Mepek (Oyao Bukopucrano maker tensorflow/keras): 1) ResNet a6o
ResNetV2, 2) MobileNet abo MobileNetV2, 3) DenseNet. Hapuanusa moaeaeir aafi Beix
BAPIAHTIB apPXITEKTYypP IIPOBOAHMAOCH 3 BHKOPHCTAHHAM oOITHMi3aTopa Adam, IIBHAKICTH

HapuaHHA OyAa BcranoBAeHa Ha piBHi 0,0001, a KiABKICTE erTOX HaBYaHHA craHOBHA2 50.

4. ExcriepHMEHTAABHI PE3YABTATH 1 iX 00rOBOpEHHSA

Vci BUKOpHCTaHi HIA 9aC HABYAHHSA apXITEKTYPH 3a0€3IEUyBAAN TOYHICTD PO3IT3HABAHHA
€AEMEHTIB HaBYAABHOI BUOiIpKu B Alarrasoni 95-99%.

[Ipuxaas pesyAbrary po3I3HaBaHHA AAA OYKBEHUX 1 IMH(MPOBUX HAITHCIB (AAfl HAITHCY
VKPabBHCBKOIO) ITOKa3aHO B AOAATKy (Pucyrox 2), ae moxazaHo BHOpaHi oOAacti iHTEpecy Ta
PE3YABTATH PO3ITI3HABAHHS.

30iABITIEHHA KIABKOCTI ITapaMeTpiB HEHPOHHOI Mepeiki 32 PAXYHOK BUKOPHCTAHHA OIABII
IAMOOKOI apXITEKTypu B OIABIIOCTI BHITAAKIB IIPHU3BEAO AO INABHUINEHHS TOYHOCTI
posmizHapanaa. OAHAK IPHU PO3IT3HABAHHI CHUMBOAIB HA PEAABHHX HAIIICAX PI3KO BUABHAACH
PISHHIIA B IIEPIIY YEPIy MUK IIapaMETPaMU HABYAABHOIO HAOOPY AAHHUX IIOAO MOMKAHBOCTI
posmmizHaBaHHA CcUMBOAIB. OOpana apXiTeKTypa MOAEAl Te€XK BIIAHBAE HA PE3YABTATH
PO3II3HABAHHSA, AA€ BIIAUB OOCATY HABYAABHOIO HAOOPY AAHUX BHABUBCA OIABIII BHPA3HUM.

30iABITIEHHA KIABKOCTI €1IOX HABYAHHA HE IIPU3BEAA AO 3MIHH pe3yAbTariB. Excriepumentu
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31 3MIHOIO aATOPHUTMY OITHMI3amil mopiBHAHO 3 Adam He AAAK KOAHOIO IIOKPAIIEHHSA B
TOYHOCTI Ta HAAITHOCTI PO3II3HABAHHA PEAABHHUX 3Pa3KiB.

AAf OLIHKK TOYHOCTI PO3MIZHABAHHSA IIOIEPEAHBO OYAO CTBOPEHO ACKIABKA HAITHCIB, IO
MICTATH BEAHKI Ta MaAl Altepu Ta nudpu (IpAMO HamucaHl BiA pykH). Po3mip HaBIaABHOTO
HADOPY AAHHX ICTOTHO BIIAMBAE€ Ha HAAIMHICTD pPO3I3HAaBaHHA CHUMBOAIB. I'emeparia 1536
300paxenp Ha OykBY 200 mudpy (32 300pakeHHA Ha KOKEH CUMBOA AAA 48 TuiB mpudris)
daAKTHIHO € MEKEI0 IPUHHATHOI TOYHOCTI PO3IN3HABAHHA. 3MEHIIIEHHA OOCATY HABYAABHOL
BHOIPKH IIPU3BOAHAO AO 3HAYHOIO 3HIDKCHHA TOYHOCTI posmisduasaras (BiA 100% TouarOCTI AO
40-60% mmpu 3meHIIIeHH] BUOIPKH B 4 pasu). AAe 301ABIIEHHA PO3MIPY BUOIPKH IIPU3BOAUTD AO
IIOMITHOTO 30IABIIEHHA YaCy, BUTPAYEHOIO Ha HABYAHHA MOAEAL 30IABIIEHHA PO3AIABHOL
3AATHOCT] 300pa’KEeHb HABYAABHUX 3Pa3KiB MAAO BIIAHHYAO Ha PE3YABTATH YePEe3 HACHYCHICTE.
Bubip metoay modbyaosu Habopy Aanux (3 200 6e3 CoMNIST) daxkrnano He BIIAMHYB Ha Il
BHCHOBOK. 30IABIIIEHHA PO3MIPY HABYaABHOTO HAOOPY AAHUX AAA BCIX PO3IAAHYTHX apXITEKTYP
IIPU3BEAO AO HE3HAYHOIO IABHILEHHA TOYHOCTI PO3II3HABAHHA (HaIpukAaa, 3 96% Ao 99%
IIPA YOTHPUKPATHOMY 30IABIIEHHI PO3MIPY HABYAABHOIO HAOOPY). TOUHICTH pO3IHi3HABAHHA
peanpnnx Hamucis Ha piBHI 80-90% Oyaa AocArHyTa IIpH PO3MIpI HABYAABHOI BHOIpKH
monaiimentre 700, a kparre Oiabire 1500 306pakens Ha kaac (200 He MeHIIE 4 300pakeHb Ha
CHMBOA AAA HAOOPY Aarux Ha ocHOBI COMNIST).

IIpu BHUKOPHCTAHHI YACTKOBO 3I€HEPOBAHOIO HAOOPY AAHUX 30IABIIECHHA PO3MIPY
HABYAABHOI BHOIPKH IIPH3BOAUTH AO HE3HAYHOIO ITABHIIEHHA TOYHOCTI PO3IN3HABAHHSA
(ITOAIOHO A0 IHOBHICTIO 3reHepoBaHOIO HaOOPy Aanmx). Hampuxaaa, aas DenseNet121
30IABIICHHS KIABKOCTI 300pakeHb 3 2 A0 4, a mOTiM 8/CHMBOA 320€3LEYNAO ITIABUILCHHS
TOYHOCTI PO3MI3HABAHHA PEaAbHHX 300paxeHb 3 79% Ao 83%, a motim Ao 88%. Ilepexia BiA
apxitektypu DenseNet121 ao apxitektyp DenseNet169 1 DenseNet201 takox mpusBOAHTS AO
INABHUIIEHHA TOYHOCTI PO3II3HABAHHSA, A€ AASl HEBEAUKHUX BUOIPOK epeKT OIABII BUPAKCHHIIH,
HIK AASl TTOBHOMACIITAOHUX. [TOAIOHI BHCHOBKH MOKHA 3POOHTH AAfl aPXITEKTYp ciMercTBa
ResNetV2.

3araAoM, IHOPIBHIOIOYH AOCATHYTY TOYHICTH POS3IN3HABAHHA PEAABHHUX 300pPKEHD 1
ITBUAKICTh HABYAHHA MOACAI, HAHKpPAIy IPOAYKTHBHICTH 320E3IIEYMAM MOACAI ciMercTBa
DenseNet a06o ResNetV2. Excrriepumventn 31 3MIHOIO aATOPHTMY OIITHMI3aIlii HOPIBHAHO 3
AAAMOM HE AAAW ITOKPAIIEHHA TOYHOCTI Ta HAAITHOCTI pO3IN3HABAHHA PEAABHHX 3Pa3KiB.
30iABITIEHHA KIABKOCT] €IIOX HABYAHHA MOAEAL ITOHAA BKa3aHY TAKOK HE 3MIHHAO PE3YABTATIB.

AAf yCIX pO3rAAHYTHX BapiaHTIB apXITEKTYPH MOAEACH AOCATHYTA TOYHICTH PO3II3HABAHHSA
TECTOBOIO HaOOpPy AaHUX B Alamasoni 99,2-99,6%, sAkimo HaBuaTu KAacudikaTop Ha HaOOPI
AAQHHX AOCTATHBOTO 0OCATY. 301ABIIEHHA KIABKOCTI 300paKeHb AlTep 1 MUMP y HABYAABHOMY
HAOOpPl AAHUX AAfl BCIX POSIASIHYTHX apXITEKTYp HPU3BOAHAO AO IHABHINEHHA TOYHOCTI
posmisaaBanuA. [IprkAaA pe3yAbTaTiB eKCIIEPUMEHTY AASl MOACAI 3 apxitexryporo MobileNet
HABEACHO B AOAATKY (Pucyrox 3).

TounicTs posmizHaBaHHA pearbHHX HanunciB 3 TounicTio 80-90% OyAa AocArayra mpu
po3smipi HapuaspHOi BuOipku He menme 700, a xparme Oiaprme 1500 300pamxenp Ha Kaac.
[Tpukaap pesyAbTaTiB EKCIEPUMEHTY AAA MOAEAIL 3 apxitextyporo MobileNetV2 maBeacHo B
AOAATKY (Pucyrox 4).

Bapiania mapamerpis Tpancdopmariiii, AKki BUKOPHCTOBYBAAUCA AAA AOIIOBHEHHS, TAKOXK
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IIOMITHO BIIAUBA€ HA PE3YABTATH PO3Ii3HAaBaHHA: AcdOpMariis adO ITOBOPOT 300parKEHHA
Oiapr Hix Ha 10-15% 361ABIIyE 9aCTOTY ITIOMHAOK.

30IABIIIEHHA PO3AIABHOI 3AATHOCTI 300pasKEeHb AlTep Ta nudp B HABIAABHOMY HaOOPI
AQHHUX AOCHTH CAAOKO BIIAMHYAO Ha TOYHICTh PO3MI3HABAHHA Y€PE3 HACHICHICTb.

AAfl BCTAHOBACHHS MOKAHBOIO BIIAHBY PO3AIABHOI 3AaTHOCTI 300paKE€Hb HA TOYHICTH
pO3II3HABAHHA OYAO IIOOYAOBAHO AEKIABKA MOAEAECH 3 HAaBYAABHHM HaOOPOM AQHHX 3
PO3AIABHOIO 3AaTHICTIO 32x32, 64x64, 128x128.

To4HICTD PO3III3HABAHHA HAa HABYAABHOMY HAOOPI AAHHUX CAQOKO 3pOCTAAA 31 301ABIIICHHAM
poamipy 300paxens (Pucyrox 5a).

Posmipu 300pakeHp HaBYaABHOTO HAOOPY AAHHX AOCHTH CAAOKO BIIAMHYAQ Ha TOYHICTD
pO3II3HABAHHA EAEMEHTIB peaabHUX HanuciB. [IpukAas pe3yAbTaTiB e€KCIIEPHMEHTIB 31
3reHEPOBAHNMH HAOOPAMH AAHUX 1 PI3HIMH BapiaHTAMU MOAEAI HABEAECHO B AOAATKY (Pucyrnox
50).

[Tpu 30iAbIIIEHH] PO3MIPY 300paiKeHb HABYAABHOTO HAOOPY AaHuX 3 32x32 a0 128x128
IIIKCEAIB OYAO AOCATHYTO 3HIDKEHHA YAaCTKH ITOMHAOK posmisHaBauaA 3 18,0% ao 11,4%
(Moaeab 3 apxitexryporo ResNet152V2). Oanax aasf Moaeaedt 3 apxitekryporo MobileNet abo
MobileNetV2 mpu 30iAbpIIeHHI pPO3MIpy 300p@KEHb YaCcTKa IIOMHAOK PO3II3HABAHHSA
HIPakTHIHO He 3MiHHAACA. OAHAK 30IABIIECHHA PO3MIPIB 300PaKEHb AAA HABYAHHA MOACAI
CTOCOBHO BCIX BAPIaHTIB AOCAIAJKEHUX aPXITEKTYP IPU3BOAHAO AO 3HAYHOIO 3POCTAHHSA 9ACY
HaBYAHHA.

[TobyaoBa Moaeai 3 apxitektyporo InceptionResNetV2 (HeoOXiaAHA PO3AIABHA 3AATHICTH
300paKEHb HABYAABHOIO HAOOPY AAaHHX He MeHIme 75x75x3, XO4da HACIPaBAI MOACAB
HaBYaAacs Ha 300paxenHAx 128x128x3) me mpuBeAa AO HOMITHOTO INABHIIEHHS TOYHOCTI

pO3Ii3HABAHHS.

Bucuosok

V poboTi pO3TAAHYTO AEKIABKA BapIaHTIB APXITEKTYPH 3TOPTKOBUX HEHPOHHHUX MEPEK AAA
pO3II3HABAHHA 130ABOBAHUX PYKOIIMCHUX HHMP Ta YKPATHCBKUX AlTEP.

PesyApraté  poO3mi3HABAHHA pPI3HUX 300paiKeHb, IO MICTATH OyKBH Ta IudpH,
ITOPIBHIOBAAN HA MOACAAX 3 PI3HOKO apXITEKTYPOFO.

[TokazaHO MOMKAUBICTD HABYAHHA 3IOPTKOBUX HEHPOHHHUX MEPEX 34 AOIIOMOIOIO
CHHTETHYHOIO HaOOpPy AAHHX, ITOOYAOBAHOIO HA OCHOBI PYKOIMCHHX 200 KypCHBHHX
mpudris. Po3mip HaBIaABHOIO HAOOPY AAHUX ICTOTHO BIIAMBA€E HA HAAIMHICTD PO3ITI3HABAHHA
cumBoAiB. Habopu Aanunx, Bukopucrani B poooTi, mictuan Bia 192 co 2304 3paskis Ha KAac.

3MeHIIIeHHA 00CATY HAOOPY AAHHX 32 PAXYHOK 3MEHINIEHHA KIABKOCTI 300paKeHb Ha KAAC
IIPU3BEAO AO 3HAYHOTO 3HIKEHHA TOYHOCTI posmiszHasanHA (3 90% TouHOCTI po3nisHaBaHHA
eAeMeHTIB peaAbHuX HauciB A0 40-60% mpu 4-kpaTHOMY 3MEHIIIEHHI OOCATY HAOOPY AAHHX).
Hroxaa mexa oOcAry Habopa AaHUX, Aka 3a0e3ledye IPHHHATHY TOYHICTD PO3II3HABAHHI,
cranoBuAa 0ias 1500 cumBOAIB Ha KAac. 3HaUHE 30IABIIIEHHA 0OCATY HAOOPY AaHHX ITOHAA 2300
300paKEHD Ha KAAC 3a0E3IIEIHAO CAAOKE IABUIIIEHHS TOYHOCTI Ta HAAITHOCT] PO3ITi3HABAHHS,

aAe HpI/ISBCAO AO 3HAYHOTIO 301ABIIICHHS qaCy HaB9IaHHS MOACAi.




30iABIIEHHA PO3AIABHOI 3AaTHOCTI 300paskeHHA 3 32x32x3 Ao 128x128x3 maBuaAbHOrO
HaOOPY AAHUX Y OIABIIIOCT] BUIIAAKIB HE IIPU3BEAO AO INABHUIICHHSA HAAIHHOCTI PO3ITI3HABAHHA

PEaAbHOTO 300paKEHHH.
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Content of the right to protect victims of domestic violence

Abstract: Domestic violence as a negative, anti-social, socially dangerous phenomenon poses a
considerable threat to the functioning of the family institution, the aggravation of family relations, and
nullifies the constitutional provision under which a person, his life and health, honor and dignity,
inviolability and security are recognized in Ukraine as the highest social value Despite the significant
attention of the international community, the development of civil society, the functioning of the human
rights institute, significant progress in civilization, even highly developed legal and democratic states fail
to eliminate domestic violence. To guarantee and ensure the effectiveness and efficiency of the security
of Ukrainian citizens, as well as to strengthen family values, there is a need to develop measures to
combat domestic violence, including through the ratification of international norms regarding the
outlined issue. The work is devoted to the study of the essence, content and features of the
implementation of the right to protection from domestic violence. The current situation states that
domestic violence is one of the biggest problems of the modern world, the level of which has increased
in the conditions of the pandemic and war. The laws and regulations regarding the formation of the right
to protection against domestic violence have been analyzed.

Keywords: the right to protection from violence, domestic violence, measures to prevent and counter
domestic violence, European experience in countering domestic violence.
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Mapia Bixmopista Haymerxo

3MicT mpaBa HA 3aXHCT HOCTPAYKAAAUX OCi0 BiA AOMAIITHBOIO HACHUABCTBA

Apmnomayin: NOMaITHE HACHABCTBO K HETATHBHE AHTHCOLNAABHE, CYCIIABHO HeDe3IIeYHe SABHIIE
CTAHOBHUTH HEabWAKy 3arpo3y AAf (DYHKIIOHYBAHHS IHCTHTYTY CiMY, 3aroCTpeHHS POAMHHIX
B32€EMOBIAHOCHH, HIBEATOE KOHCTHTYIIIHE IIOAOKEHHSA, 32 AKOTO AFOAMHA, 1i )KUTTA 1 3AOPOB’f, 4ECTb 1
rAHICTD, HEAOTOPKAHHICTH 1 Oe3lleka BHU3HAIOTHCA B YKpaiHi HAWBHIIOIO COIUAABHOIO IIHHICTO.
HesBaxaroun Ha 3HAYHY yBaIy MDKHAPOAHOI CIIABHOTH, PO3BHTOK IPOMAASHCBKOIO CYCINABCTBA,
PyHKIIOHYBAaHHA  IHCTUTYTY UpaB AIOAMHH, CYTTE€BHH  NMBIABAIIMHHI  IIOCTyII, HaBITH
BHCOKOPO3BHHCHHUM IIPABOBUM 1 ACMOKPATHYHHM ACP/KABAM HE BAAETBCA AIKBIAYBATH AOMAIIIHE
HACHABCTBO. 3 METOFO rapaHTyBaHHA 1 3a0e311e9eHHA AleBOCTI Ta epeKTUBHOCTI Oe3eKn YKpalHChKIX
IPOMAAAH, 2 TAKOK 3MIIIHEHHA CIMEHHUX IIHHOCTEH IT0CTA€ HEOOXIAHICTD PO3POOKH 3aXOAIB B JaCTHHI
IIPOTUALl AOMAIITHBOTO HACHABCTBA, B TOMY YHCAl IIAAXOM paTH@IKAIll MUKHAPOAHHX HOPM IIIOAO
OKpecAeHOro nuTaHaa. PoboTa IIpucBAYeHa AOCAIAVKEHHIO CYTHOCTI, 3MICTy i OCOOAHBOCTEH peaaizarii
IIpaBa Ha 3aXHCT BIA AOMAIIHBOIO HACHABCTBA. CHTyamif fK CKAAAACA KOHCTATYE, IO AOMAIITHE
HACHABCTBO € OAHIEIO 3 HAHOIABIIUX IPOOAEM CYyIaCHOIO CBITY, pIBEHB fKOTO 30IABINHUBCA B yMOBAX
masAemii Ta Bifinu. [IpoaHaAi30BaHO 3aKOHH Ta HOPMH IIOAO (POPMYBaHHA IIpaBa Ha 3aXHCT BIA

AOMAIITHBOI'O HACHUABCTBA.

Koouo6i c106a: 11paBo Ha 3aXHCT BIA HACHABCTBA, AOMAIIIHE HACHABCTBO, 3aXOAHU 3aITO0IraHHA Ta IPOTHAIL

AOMAIITHBOMY HACHUABCTBY.
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Bceryn

AKTyaABHICTD AQHOIO AOCAIAJKCHHSA IIOAATA€ B IPOTHUPIYYAX MDK HOPMATHBHOIO
kBaAldikariero PpakTopiB KOPCTOKOIO OBOAKEHHA M pO3YMIHHAM, BUSHAHHAM ITi€l IIPOOAEMU
CYCITIABCTBOM 1 AEP?KaBOJO.

[IpobAema ciMEIIHOrO HACHABCTBA € AKTYaABHOIO B ychoMmy cBiti. B Vkpaini 114 mpobaema
ITOCHAIOETBCS 3ABASKH ICHYBAHHIO BOEHHOIO CTaHY, COIAABHO-CKOHOMIYHHUME YMOBaM Ta
COIIAABHHX HOPM IIIOAO BHITAAKIB CiMEHHOro HacuAbCTBA. CiMeiiHe HaCHABCTBO 32 BCIX 4YaciB
OYAO YACTHHOIO ITOAPY/KHIX CTOCYHKIB. 3 4aCOM CTABACHHS 1 AEP/KABU O IIPOSIBIB HACHABCTBA
HilT 3MmiHIOETBCA. OAHAK AHIIE B MHHYAOMY CTOAITTI HACHABCTBO B CIM1 CTaAO
VCBIAOMAIOBATHCA K COLIAABHA IIPOOAEMA 1 OTPUMAAO HETaTUBHY OIIHKY (DaxiBIIB 1 BUCHHUX, AKI
3aHIMAIOTBCA AAHOIO IIPOOAEMOTO.

[IloAO pi3HHII IIOTAAAIB Ha IIPaBO HA 3aXHUCT OCIO, HOCTPAKAAAUX BIA AOMAIIIHBOTO
HACHABCTBA ITO30aBASIE  MOYKAMBOCTI IIABOBOTO  BHUPIIIEHHA IPOOAEMH  ITOAOAAHHA
AOMAIITHBOTO HACHABCTBA, AHAAI3 3MICTY IIpaBa HA 3aXHCT BIA AOMAIITHBOTO HACHABCTBA HA Mil
ITOIASIA HAAAACTD MOKAUBICTD YCYHYTH AAHHI IIPOTHPIIHUA, AOTIOMOKE BHPOOAECHHIO ACPKABOIO
KOMITAEKCHOI CTpaTerii IIOBEAIHKH OPTaHiB BAAAU 3aXHCTY ITOCTPAKAAANX OCIO BIA AOMAIITHBOTO
HACUABCTBA.

ITpeamerom AOCAIAKEHHA OYAO OPTraHI3AIHO-IIPABOBI 3aCAAH IIPOTHALl AOMAIITHBOTO
HACUADBCTBA.

O06’eKTOM AOCAIAKEHHSA OYAH IIPABOBIAHOCHHH, IO BUHHUKAIOTD § CiM 1.

MeToro AQHOIO AOCAIAKEHHA € BHABACHHI CIIPABKHIX ACTEPMEHAHTIB eEeKTHBHOCTI
CHCTEMH IIPaBa HA 3aXUCT, BUSHAYUTH AI€BI CITOCOOIB Ta 3aXOAH IX BAOCKOHAACHHS.

Buxoad4n 3 mocraBaeHOl MeTH OyAH BUPOOACHI HACTYIIHI 3aBAAHHA AOCAIAKCHHS:

—  BH3HAYUTH CyO’€KT IIpaBa HA 3aXUCT BIA HACHABCTBA;

—  BHABHUTH, HACKIABKH AOIIABHUM € BUKOPHCTAHHSA CY9aCHUX CIIOCOOIB 3aXHCTY;

—  PO3KPHTH 3MICT IIpaBa HA 3aXHUCT;

—  IPOCTEKUTH XaPAKTEP B3AEMOAI MDK 3MICTOM Ta CTyIEHEM eEKTHBHOCTI PI3HUX BHAIB

FOPHAHYHHX 3aCOOIB Ta X pe3yABTATHBHICTE.

AAf OCATHEHHA METH 1 BUPIIIIEHHS ITOCTABACHHX 3aBAAHb AOCAIAKEHHA OYAM BUKOPHCTAH1
TaKl HAYKOBI METOAU fK, 3aTAABHI T4 CIIEIIaABHI METOAM HAYKOBOIO III3HAHHS, 3aCTOCYBAHHS
AKHX 3yMOBAGHO CHCTEMHHUM IIAXOAOM, IO A€ 3MOIY IIAAHOMIPHO H KOMITAGKCHO BUBYHTH 1
PO3KPUTH AQHY TEMY.

Tax

TEPMIHOAOIIYHHN arapar, BU3HAYEHO ACIHIII IOHATH «IPaBO Ha CBOOOAY Ta OCOOHCTY

, 332 AOIIOMOIOIO AOTIKO-CEMAHTUYHOIO METOAY OHOBAEGHO T4  YTOYHEHO
HEAOTOPKAHHICTE.

3a AOIIOMOro¥0 MeTOAy KAacudikarii BHOKPEMACHO PI3HOBHAHM HOPMATHBHO-IIPABOBUX
aKTiB, fIKI CTAHOBAATH IPABOBHUITI Oa3smC AAA peaaisarii mpaBa Ha 3aXHCT BIA AOMAIITHBOIO
HACHUABCTBA.

Icropugno-IpaBOBUIT METOA OYAO 3aCTOCOBAHO ITA HYaC AOCAIAKCHHSA 1CTOPHUYHO-
IIPABOBUX OCOOAMBOCTECH CTAHOBACHHA I PO3BUTKY IIpaBa Ha 3aXHCT BIA AOMAIIHBOIO

HAaCHABCTBA.




[TopiBHAABHO-IIPABOBUM METOA CTaB Y HAaroAl AAfl IOPIBHAHHA Ta CIIBBIAHOIIIEHHSA
IIPAaBOBUX HAYKOBHUX ITIAXOAIB, IIOAOKEHb HOPMATHUBHO-IIPAaBOBUX MeTOAM aHAAI3y, CHHTE3Y,
ACAYKII Ta IHAYKIN OYAM BHKOPHCTaHI ITA YaC AOCAIAKEHHS HAYKOBUX IIAXOAIB, CYAOBOI
IIPAKTUKH, HOPMATHBHO-IIPABOBHUX aKTIB, IIPABOBHX KOHCTPYKIIH, IIPOOAEM HOPMATHBHO-
IIPAaBOBOTO PEIYAIOBAHHA peaAi3allii IIpaBa Ha 3aXHCT IIOCTPAKAAAUX BIA AOMAIITHBOTO
HAaCHABCTBA. CHCTEMHO-CTPYKTYPHHIT METOA AaB 3MOIY OXapaKTEpPHU3YBATH OKPEMi aCIIEKTH
IIpaBa Ha 3aXHCT BiA AOMAIITHbOTO HACHABCTBA.

B xoAl AocAiakeHHA OYAM BHUKOPHCTAHI HACTYIIHI MaTeplaAd BHAATHHX HAYKOBIIB —
IIPaBHHKIB, IICHXOAOTIB, COIIIOAOTIB, IeAaroris. B ropuananiii cdpepi i nuranns supuasn H.B.
Amnimyk, A.B. Baara, IO. I'ep6osa, B.B. 'aayapko, O.O. Kouemnposceka, M. Aerenpka, O.M.

Trxaaenxo, O.C. TynryAa Ta IHII HAYKOBIII.

Pe3yapTaTn AOCAiAYKEHHA

Koucrurynia Vkpainu BU3HAa€ IIPpaBO KOKHOIO 3aXHINATH CBOI IIpaBa i CBOOOAHM, IIpaBa 1
CBOOOAM IHIIINX AIOAEH BIA IIOCATAHDB, Y TOMY YHCAI BiA IOCATaHb IIPEACTABHHKIB BAAAK 200
rtocapoBux ocid (Kouenumyyia Yxpainu. . ., 1996; Piuerna Koncnumyyiinozo Cydy Yrpainu. .., 1997).
IO HalfgacTimre BIAOYBAEThCA IIAAXOM 3BepHEHHA AO CYAY (LLlodo yinrmicro-npasosux acnexmis. . .,
2004).

Kpim TOrO, KOKHHII Mae IIPaBO 3BEPHYTHCSA 32 3aXUCTOM CBOIX ITPaB A0 Y IIOBHOBAKEHOTI'O
Bepxosroro Papsoro Vkpainm mo mpasax AroanHH. KoXHHIT Ma€ IIpaBo IiCASl BUKOPHCTAHHA
BCIX HAITIOHAABHHX 3aCO0OIB IOPUAMYHOIO 3aXHUCTY 3BEPTATUCH 32 3aXUCTOM CBOIX ITPaB 1 CBOOOA
Y BIAITOBIAHI MIKHAPOAHI CYAOBI YCTAaHOBH 20O BIAITOBIAHI OPraHU MDKHAPOAHHX OpraHi3ariii,
YAEHOM 200 YIaCHHUKOM fIKHX € YKpaiHa.

Ha cporoani icHye mpoOAema IpPOABY HACHABCTBA, a TAKOK fAK (POpMa BHUPIIICHHA
BHYTPIIIIHBO CIMEHTHOTO KOH(AIKTY — AOCHTD IIOIINPEHE ABUIIE, II[0 CATa€ CBOIM KOPIHHAM B
IAMOOKY AABHHHY. PO3IIHFOIOUN HACHABCTBO CIIOKOHBIKY fIK KPallHFO, BHHATKOBY (opmy
BUPIIIEHHA CIMEHHNX KOH(AIKTIB, PEAAI3YIOYN TaKy OIUHKY Y 3MICTI «KPHMIHAAPHIX» 3aKOHIB,
CYCIIIABCTBO, IIPOTE, IMO-PI3HOMY OIIHIOBAAO XapPaKTEp 1 CTYIIHb HEOE3IEKH CIMEHHOTO
HACHABCTBA B 3aAE€KHOCT] BIA CIMEHHHX CTATyCIB IOTEPIHAOTO, CTYIIEHA T2 3aKOHHOCTI IXHBOI
CIIOPIAHEHOCTI, CTATi, MAAOAITHBOIO YH IIOXHAOTO BiKY IIOTEPIAOIO, HOro OE3ITOPaAHOCTI IH
3aAEKHOCTI BIA BHHHOIO, HafBHOCTI OCOOAHMBOTO OOOB’A3KYy BHHHOIO ITKAYBATHCA IIPO
IIOTEPIIAOTO, 2 TAKOK 3AACKHO BIA IPHYMHHA KOH(MAIKTY, MOTHBIB HOIO HACHABHHIIBKOIO
BUPIIIICHHA Ta IHIIHX OOCTAaBHH. 3MIHIOIOYHCH 13 KPUMIHAABHHM 32KOHOAABCTBOM, ITIO
BAOCKOHAAIOBAAOCH, PETAAMEHTAITIA BIAITOBIAAABHOCTI 32 CIMEHHE HACHABCTBO TIEFO UM {HIIIOXO
MIPOFO 3aBXKAU 3HAXOAHAA BIAOOPaKEHHSA y BITYU3HAHOMY KPUMIHAABHOMY 3aKOHOAABCTBI Ha
BCIX eTamnax Horo posBuTKy. HeoOXiAHO BiASHAYMTH, IO Taki 3MiHH CTOCYBAAHCA HE TIABKI
aMmicTy 00’ekTa, 00’ eKTUBHOI 200 CyO’eKTA.

BiaoBiano Ao 3akon Vkpaimm «[Ipo 3amobiraHbA Ta IIPOTHAIFO  AOMAIITHBOMY
HACHABCTBY». [luM HOpMATHBHHM aKTOM BH3HAYEHO OPraHi3aIllifHO-IIPABOBI 3aCaAN
3aII00IraHHA Ta IPOTHAIl AOMAITHBOMY HACHABCTBY, OCHOBHI HAIIPAMU peaAi3ariii Aep:kaBHOL
HOAITHKH y cpepi 3aIOOIraHHA Ta IPOTHALl AOMAIITHBOMY HACHABCTBY, IEPEAIK CYO’€KTiB, AKi
3AIFICHIOIOTD 3aXOAH Y cpepi 3a1100iraHHA Ta IPOTHALl AOMAIIIHBOMY HACHABCTBY, CIEIIAABHI

3aXOAH IITOAO HpOTI/I,A,ﬁ AOMAIITHbOMY HACHABCTBY, BiAHOBiAQABHiCTb 34 BYMHECHHA AOMAIITHHbOT'O
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HACHABCTBA Ta HAAAHHA AOIIOMOTH 1 3aXHCTY ITOCTPAKAAAUM 0COOaMm Towmo (3axorn Yrpainu. . .,
2018). TToaimis, sriaso 3 3akoHoM Ykpainu «[Ipo HarionaAbHY IOAIITIFO» Y/KHBA€ 3aX0AIB AAA
3aIO0IraHHA Ta IPOTHALl AOMAIITHBOMY HACHABCTBY 200 HACHABCTBY 32 O3HAKOIO cTati 1. 18
gactuan 4.1 crarti 23 3akomny.

3akonom Vkpaiau «[Ipo 3abe3riedeHns pIBHUX IIPaB Ta MOMKAUBOCTEI KIHOK 1 YOAOBIKIB»
3aKOHOM BH3HAYEHO 3AINCHEHHA 3aXOAIB 13 3aITOOIraHHA HACHABCTBY 32 O3HAKOIO CTaTi,
CyO’€KTIB, fAKI 3AICHIOIOTH 3aXOAHU Y il cpepi, BIAIOBIAAABHICTD 34 IOPYILICHHS 3aKOHOAABCTBA
Vkpainn 1mpo 3abesredeHHs pIBHUX IIPAB Ta MOMKAUBOCTEH KIHOK 1 YOAOBIKIB TOIIO. Takox €
MOJKAHUBICTD OTPHUMATH OE30IIAATHY IIPAaBOBY AOIIOMOIY OCOOaM, fAKI IOCTPAKAAAH  BiA
AOMAIITHBOTO HACHABCTBA, TaK. BIATOBIAHO A0 3akony Vkpaimu «[Ipo OGe3zoraarny mpaBoBy
AOIIOMOTY», ITIPaBO Ha OE30IIAATHY BTOPHHHY IIPaBOBY AOIIOMOIY MAalOThb OCOOH, fKi
ITOCTPAKAAAH BIA AOMAIITHBOI'O HACHABCTBA 200 HACHABCTBA 32 O3HAKOIO CTATi, BOHH MalOTb
mmpaBo Ha: 1) 3axmcT; 2) 3AIFICHEHHA IIPEACTABHHUIITBA IHTEpECIB OCIO, fAKI MAIOTh IIPABO Ha
0E30IIAATHY BTOPHUHHY IIPABOBY AOIIOMOIY, B CYAAX, IHIIIHNX AEP/KABHUX OPraHAX, OpPraHax
MICIIEBOTO CAMOBPAAYBAHHS, IIEPEA IHIIIMU OCOOAMU.

Cimerianm KoAekcoMm BU3HAYEHO MIACTABM BUHUKHEHHSA, 3MICT OCOOMCTAX HEMAMHOBUX 1
MaHOBHUX IIPaB Ta OOOB’A3KIB OATHKIB 1 AITEH, YCHHOBAIOBAYIB Td YCHHOBACHUX, 1HIIIIMX YACHIB
ciM’i Ta poandiB. Y oAokeHHAX KOAEKCY 9iTKO BKAa3aHO, ITIO PEIYAIOBAHHA CIMEITHUX BIAHOCHH
Ma€ 3AINCHIOBATHCA 3 MAKCHMAABHO MOMKAHUBHM VPaxXyBaHHAM IHTEpPECiB AWTHHH, TaKOXK
BCTAHOBAEHA PIBHICTH IIPaB Ta OOOB’A3KIB AITEH CTOCOBHO OATHKIB, HE3AACKHO BIA TOTO, UM
repeOyBaAn iXHI OATPKH Y IIAIOOI MK cOOOF0. 3aOOPOHAIOTHCH OYAb-AKI BUAM E€KCITAYATALIil
OaTpKaMU CBOE AUTHHH, 2 TAKOK (DISUYHI IIOKAPAHHA AUTHHH OATPKAMH, 34CTO CYBAHHSA HIMU
IHIITIX BHAIB ITOKAPAHb, AKI IPHHIKYIOTh AFOACBKY TIAHICTD AUTHHE. KOAEKC 3aKpiITATOE ITpaBoO
AUTHHH 3BEPHYTHCH 32 3aXHCTOM CBOIX IIpaB Ta IHTEpeciB AO OPraHy OINKM Ta IINKAYBaHH,
IHIMIX OpPraHiB AEP/KaBHOI BAAAM, OPIaHIB MICIIEBOTO CAMOBPSAAYBAHHA Ta TI'POMAACHKHX
OPraHi3aIliif, a TAKOXK fAKIIO AHTHHA AOCATAA YOTHPHAAIATH POKIB OE3IIOCEPEAHBO AO CYAY.
Kpim Toro, 3BepTaTnca A0 3a3HAYECHHX YCTAHOB 32 3aXHCTOM IIPaB Ta IHTEPECIB AUTHHH, A TAKOK
HEIPAIE3AATHIX CHHA, AOYKH MAFOTh IIPABO X OATBKH, O€3 CIIEIaABHUX Ha T€ IOBHOBAKEHD
AK 3aKOHHI TpeACTaBHHUKU cBO€i Awrunu (Civednui xodexe Yixpainu..., 2002). uBiapHOTO
ITPOIIECYAABHOTO KOAEKCY YKpaiHM MICTHTH HACTYITHI CTATTi, fKI AQFOTH MOKAHMBICTD TaKOXK
peaizyBaTH 0cOOl CBOE IIPaBO HA 3aXHCT CBOIX IIPaB Y CYAlL

«Po3rasiA cyAOM cIIpaB IIPO BHAQYY i IPOAOBKEHHA OOMEKYBAABHOTO IIPHIIHCY» MiCTHTD
taxi crarri: 350-1 (ITiacyamicts); 350-2 (Ocobm, ski Moxyrs Oyru 3agBHukamu); 350-3
«3aiHTepecoBaHi O0COOM y CIIpaBax IIPO BHAAYy OOMExKyBaAbHOro mnpurmcy); 350-4 (3micr
zaaBu); 350-5 (Posrasa cupasu); 350-6 (Pirenns cyay), 350-7 (ITpoAoBxeHHS OOMEKYBAABHOIO
upumucy), 350-8 (Bpydenns pirmennsa cyAy, HOBIAOMAGHHA IIPO BHAAYy a0O IPOAOBKEHHSA
oOMeKyBaAbHOTO TpHIHCY)» (Llusitvrui npoyecyanrsnuil kodexe Yipaintu. .., 2004).

BiamoiazO A0 LuBIABHOIO KOAEKCY YKpaiHH, 3aA€KHO BiA BIKy CyO’€KTa IIPaBOBIAHOCHH,
KpiM ITOBHOI HHBIABHOI Ale3aaTHOCTI (ismdaHOi ocodm, Koaekc BH3HAYAE TAKOXK YACTKOBY
IIUBIABHY AI€3AATHICTH Ta HEIOBHY IIMBIABHY AI€3AATHICTB, XapaKTEPHOIO PHCOIO fAKUX €
OCOOAMBOCTI IIPABOBOTO CTATYCY MAAOAITHBOI Ta HEIIOBHOAITHBOI OCOOU B ITUTAHHAX ITUBIABHOL

BIAIIOBIAAABHOCTI.




Biammosiaano Ao Ilocramosa KabGimery Minictpis Vipainm Bia 22.08.2018 Ne 658 «lIpo
sarBepAKeHHA [TOpAAKY B3aeMOAILT cyO’€KTiB, 11O 3AICHIOIOTH 3aXOAH y cpepl 3aoOiraHHa T2
IPOTHAL AOMAIITHBOMY HACHABCTBY 1 HACHABCTBY 34 O3HAKOIO CTATD» BHU3HAYCHO MEXAHI3M
B32a€MOAIl CyO’€KTIB, fIKI 3ALICHIOIOTH 3aXOAU y cdepl 3arI00IraHHsA Ta IPOTHAL AOMAIITHBOMY
HACHABCTBY 1 HACHABCTBY 334 O3HAKOIO CTATi, CIPAMOBAHOI HA 3a0€3IIEYCHHA KOMIIACKCHOTO
IHTErPOBAHOTO ITAXOAY AO ITIOAOAAHHA HACHABCTBA Ta CHPHAHHA peaaisami mpasB ocid,
ITOCTPAKAAAHX BIA HACHABCTBA, IIIASXOM 3aITOOIraHHA HACHABCTBY, ¢(DEKTHBHOIO PEAryBAHHA
Ha (PAKTH HACHABCTBA, HAAAHHA AOIIOMOIH Ta 3aXHCTY HOCTPAKAAAUM O0CODaM, 3a0e3IeICHHSA
BIAIIIKOAYBAHHS 3AITOAITHOI IIIKOAM, HAAEKHOTO PpO3CAiAyBaHHA (DaKTIB HACHABCTBA T2
IIPUTATHEHHSA KPUBAHUKIB AO IlepeAbadeHoi 3akoHOM BianoBiaanbHOCTL ([ Ipo sameeponceris
Topaoxy..., 2018).

ITocranosoro Kabinery Minictpis Vipaiau Bia 24.09.2008 Ne 866 «[luranua AIABHOCTI
OpTaHiB OIIIKH Ta INKAYBAHHSA, ITOB’A3aHOI 13 3aXHCTOM IIPaB AUTHHI» 3aTBepAkeHO [lopsasok
IIPOBAAKCHHSA OpIraHAMU OINKMA Ta ITKAYBAHHA AIABHOCTI, IIOB’3aHOI 13 3aXHCTOM IIpaB
AUTHHH, KA BU3HAYAE MEXAHI3M IIPOBAAKEHHA OPraHAMH OINKM Ta ITIKAYBAHHSA AIIABHOCTI,
ITOB’A3aHO] 13 3axuctom 1paB AUTHHE (I [po samseponcenna [ lopaoky. .., 2008). Ille moxua GaraTo
IIPOBOAUTH aHAAI3 3aKOHIB, ITIO MICTATh HOPMH, AKI MOKAHUBO 3aCTOCOBYBATH IIPH 3AIHCHEHH]
IIpaBa Ha 3aXHCT BiA HACHABCTBA, 3aKOHOAABEIIb IIPArHE BUKOHATH B3ATI Ha ceOe 30008 A3aHH,
IIIO IIOB’fI3aHI 3 HEOOXIAHICTIO PO3POOKH KOHIICHIN ACP/KABHOI ITOAITHKH, CIPAMOBAHOI Ha
O60pOTHOY 13 3a3HAYCHUMH 3AOYHMHHUMH IIPOABAMU, IIPATHYTH HE MOKAHBO O€3 B3a€MO3B A3KY
yCIX I'AOK BAaAW. AaHA TeMa ITIOTPEOYE IIe IHOAAABIIIOTO HAyKOBOTO AOCAIAKEHHS, HOBI 3MiHH B

3aKOHOAABCTBI TIABKH IIOYAAH AIATH H I1I€ HE MOKHA 3 TOYHICTIO BU3HAYHUTHU iX e(PEKTHBHICTb.

Awuckycia

[IpobAemaTHKa AOMAIITHBOIO HACHABCTBA BHCBITAIOBAAACH TAKOK B POOOTAX TAKUX
BueHux, Ak: L.A. bormapenko, A.M. Boaomyxk, I'B. I'epacumenxo, O.M. Awxyxa, I'B.
KobGenrox, B.B. ITusosapos, O.B. IToakosenko, T.B. IToakosenko Tormo. [Iparni 3a3aavernx
HAYKOBIIIB IIEPEBAKHO CTOCYFOTHCH 3araAbHUX ACIIEKTIB BHHHKHEHHS T2 (DYHKIIOHYBAHHS
AOMAITTHBOTO HACHABCTBA. B TOI ’Ke 9ac, IUTAaHHA ITIOAO OPraHi3aIiiHO-IIPABOBUX 3aCaA
IPOTHAL AOMAIIIHBOI'O HACHABCTBA € MAAOAOCAIAKEHHMH Ta IIOTPEOYIOTH HAyKOBO-
IIPAKTHIHOIO AOCAIAKEHHSA Ta OOrpyHTYBaHHA (Hacunrscmeo 6 civ’i ma oiaavticme. . ., 2012).

HaykoBI1i cTBEpAKYIOTD, IIIO AOMAIITHE HACHABCTBO IPYHTYETHCA HA HEPIBHOCTI CIMEITHUX
pPOAeH, ki BUKOHYIOTb KPUBAHUK T2 IIOCTPAKAAAL OCO0A, TOOTO € IPOABOM (AKTOM) IEHACPHO
3YMOBAEHOTO HacHALCTBA (Amumpanyrx, 2020). BoHo He € BUKAIFOUHO HACHABCTBOM YOAOBIKIB
CTOCOBHO APYKHH — BOHO MOKE BUYHMHATHCA MDK OcOOaMu OyAb-AKOi crari pisHux dopm
CHOPIAHEHHS, y T. 9. I KIHKAMI CTOCOBHO YOAOBIKIB. AA€ IIOTPIOHO 3BaKATH, IO IEPEBAKHA
OIABIIICTh BUIIAAKIB AOMAIITHBOTO HACHABCTBA BYMHACTHCA IIIOAO KIHOK (buaca, 20217).

CsiToBa CIIABHOTA aKTyaAl3yBaAa IPOOAEMATHUKY AOMAIIIHBOI'O HACHABCTBA. Pe3yApTaTom
3YCHAB KpaiH cBiTy cTaro yxBaseHHA CramOyAbchkof kousenil — Konsenii Paau €Bpomu mpo
3aII00IraHHA HACHABCTBY CTOCOBHO JKIHOK 1 AOMAIIIHBOMY HACHABCTIBY Ta OOPOTBOY 3 IIIMU
ABHIAMH, IO OyAa BiAkpuTa AAf miarmcansa 11 tpasaa 2011 y Crambyai, Typeuanna (The
Council of Europe Convention. .., 2017). CraMOyAbCbKa KOHBEHIIA — II€ IIEPIITHH AOKYMEHT, AKIH

IOpI/IAI/I‘{HO 306OB’HSY€ CTBOpI/ITI/I HpaBOBy 6213y ANA 60pOTB6I/I 3 HACUABCTBOM CTOCOBHO JKIHOK.
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Kpaian, mo mnpueanasncs Ao Komseniii, HOBHHHI KPHUMIHAAI3YBATH IICHXOAOTIYHE
HACHABCTBO, IIEPECAIAyBaHHA, (DPI3HYHE Ta CEKCYaAbHE HACHABCTBO, IIPUMYCOBHII IIIAFOO,
IIPIMYCOBI aDOPTH 1 cTepHAi3arifo. YKpaiHa OAHA 3 Ieprnx Kpai miamucasa Kossewriro e
B 2011 por, ase aoci He parudikyBasa. Hapasi CTaMOyABCHKY KOHBCHINIO PaTH(IKyBAAK

monaa 30 kpain. AAe x Bee x Taku € npodaemu (lovaxina, 2020).

BucnoBox

Cy0O’ekTOM 1IpaBa Ha 3aXHCT BIA AOMAIITHBOTO HACHABCTBA € (Di3MYHA 0CODa, AIOAMHA,
HE3AACIKHO BIA BIKY, fKa IIOCTPAKAAAQ BIA AOMAIITHBOTO HACHABCTBA. \aHE IIPABO HAACKHUTD AO
CyO’eKTHBHUX ITYOAIYHUX, aAKE B OCHOBI, TOOTO 3MICT IIbOI'O IIPaBa - HE TIABKH iHTEpeC 0cooH,
a I1e MOKe OyTH OTPHMATH 3aXHCT BIA YIIOBHOBA/KEHHX CYO €KTIB, a TAKOK 1 ITYOAIIHHI IHTEpEC,
a BIA ITIOAITA€ Y ITOCTIHHOMY IIATPUMAHHI IHOPAAKY Ta Oearreku. OCOOAUBICTIO IIPaBa Ha 3aXUCT
BIA AOMAIITHBOTO HACHABCTBA € T€, IIIO HOTO peaAl3arlif 3AIFICHIOETBCA K 32 3BEPHEHHAM OCO0OH,
Tak 1 Oe3 TaKoro, 3a iHIIIATHBOIO YIIOBHOBA)KEHOIO OPraHy B PE3YAbTATI OLIHKH PH3HUKIB
(Myronentko et al., 2023).

[IpaBy Ha 3axucT BIA AOMAIIHBOIO HACHABCTBA KOPECIIOHAYE OOOB’A30K CYO €KTIB,
VIIOBHOBA’KEHUX Ha TE€ 3aKOHOM, 3AICHIOBATH 3aXOAHM, CIPAMOBAHI Ha 3aXHCT OCOOH, 1
repeabaveHi 3akoHoM Ykpainu «[Ipo 3armo0iranHs Ta IPOTHAIIO AOMAIITHEOMY HACHABCTBYY.

3axucT yABASIE COOOIO CYKYIIHICTB Alif, 3aCO0IB, 32 AOIIOMOIOIO fKHX 3AIHCHIOECTBCA
ITOHOBACGHHA IIpaBa OCOOM, IO 3a3HAAO IOPYIIECHHA. 3a3BUYal, 3aXUCT 3AIFCHIOETBCA Yepe3
CYAOBHIH Ta aAMIHICTPATHBHUIT ITOPAAOK.

Takox BBAKAEMO IIEPCIIEKTUBHUM € 3aIIPOBAAKEHHA IHCTUTYTY ITOIIEPEAKCHHA Ta
IIPOTHALl AOMAIITHBOTO HACHABCTBA, OCKIABKM HE AHBASYHCH Ha IIHPOKHUI CIIEKTP CyO’€KTiB
IIPOTHAL AOMAIITHBOTO HACHABCTBA, IX KOMIIETEHIIiA, ITO-IIEPIIIe, HE IIPAMO, 4 OIIOCEPEAKOBAHO
CHIPAMOBAHA HA IIPOTHAIFO HACHABCTBA B OKPECACHOMY CEPEAOBHIII; IIO-APYIE, OCHOBHIM
IHCTUTYIIHHAM IHAUKATOPOM IIPOTHALl AOMAIITHBOTO HACHABCTBA BHCTYIIA€ BHKOHABYA TIAKA
BAaau (I lemposcorui, 2008). A TakoXK 3aIIPOBAAKEHHS CIIEIIaAbHOrO IHCTHTYTY — [ IpeacraBHmKa
VimosuoBakenoro Bepxosuoi Paam Vikpainm 3 ©dTaHb IIOIEPEAKEHHA Ta IIPOTHAILL

AOMAIITHbOTO HACHUABCTBA.
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