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Business environment of SMEs in the Slovak Republic in the context of evaluation of
international and domestic institutions

Abstract: Small and medium-sized enterprises play an important and irreplaceable role in the market
economy. A key condition for their functioning and further development is a high-quality business
environment. The study purpose is to evaluate the business environment in the Slovak Republic
according to selected specialized international and domestic assessments. The most frequently used
methods include qualitative and quantitative research, thanks to which a more comprehensive view of
various areas and specifics of the business environment can be obtained. This article is based on selected
quantitative surveys. Findings of the 2021 Global Entrepreneurship Monitor point to the need for
further simplification of the conditions for starting a business, as more than half of Slovaks are convinced
that it is not easy to start a business in Slovakia. According to the Business Environment Index, Slovak
entrepreneurs perceive the worst situation in the area of price stability when evaluating the second half
of 2022. Based on the results, we recommend some measures for improving of the business
environment.

Keywords: business environment, small and medium-sized enterprises, Global Entrepreneurship Monitor,
Business Environment Index.
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Podnikatel’ské prostredie MSP v SR v kontexte hodnoteni medzinarodnych a
domacich institacii

Abstrakt: Malé a stredné podniky zohravaju dolezitd a nenahraditelnd dlohu v trhovej ekonomike.
KId¢ovou podmienkou pre ich fungovanie a d’alsi rozvoj je vysokokvalitné podnikatel'ské prostredie.
Ciefom ¢lankuje zhodnotit’ podnikatel'ské prostredie v SR podla vybranych medzinarodnych a
domacich hodnoteni. Podla zisteni 2021 Global Entreprencurship Monitor je potrebné nadalej
zjednodusovat’ podmienky pre zacatie podnikania, nakolko viac ako polovica Slovdkov si mysli, Ze
zalozit’ podnik v SR nie je l'ahké. Podl'a Indexu podnikatel'ského prostredia, podnikatelia v SR vnimaji
za 2. polrok 2022 najhortsie situdciu v oblasti stability cien. Na zaklade vysledkov z tychto hodnoteni
navrhujeme opatrenia pre zlepsenie podnikatel'ského prostredia.

Keywords: podnikatel'ské prostredie, malé a stredné podniky, Global Entreprencurship Monitor, Index
podnikatel'ského prostredia.
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Abbreviations:

SMEs — small and medium-sized enterprises




GEM - Global Entrepreneurship Monitor
BEI — business environment index

BAS — Business Alliance of Slovakia

SR — Slovak Republic

APS — adult population survey

NES — national expert’s survey

Introduction

Small and medium-sized enterprises represent the most important segment in the business
environment of almost every economically developed country. They are an important source of
economic growth and bring innovative products to the market.

According to the BEM (Business Environment Monitoring, 2023), in 2022, SMEs accounted for
99.9% of the total number of business entities in the Slovak economy. They account for almost
two-thirds of employment in the corporate economy and contribute by more than half to the
total added value.

Positive benefits of business for society are primarily based on the creation of optimal
conditions for its realization, as well as on the implementation of measures from regularly
implemented measurements and analyzes of the needs and satisfaction of business entities. It is
very important to monitor the quality of the business environment more intensively in times of
uncertainty and changes brought to the market by the coronavirus pandemic. Creating suitable
conditions for business is necessary at the current time, because the willingness to do business
can be reduced in times of uncertainty. It is the task of the state, based on research, to
systematically understand the pulse of the business environment, to create mechanisms for its
continuous improvement, as well as to actively and effectively communicate them. Given the
current situation on the market, it is also desirable to identify barriers that prevent or complicate
the start-up of a business, or its development, promptly remove them and continue to simplify
the entire mechanism of implementing business activities (Sprava o stave MSP 2022).

For the purpose of better knowledge and understanding of the business environment, a
number of different research approaches and methods are used. The most frequently used
methods include qualitative and quantitative research, thanks to which a more comprehensive
view of various areas and specifics of the business environment can be obtained. This article is
based on selected quantitative surveys.

Specifically, it is the Global Entrepreneurship Monitor project (Monitor GEM ..., 2023),
which brings together researchers from all over the world and publishes one of the world’s most
important studies about business dynamics. How the business environment is perceived by the
entrepreneurs themselves is revealed by the Business environment index elaborated the
Business Alliance of Slovakia (Index podnikatelského prostredia, 2023).

Characteristics of SMEs in the Slovak Republic
In Slovakia, enterprise is taken from the broad point of view, in accordance with the
Commission Recommendation 2003/361/EC of 6 May 2003 as ,,an enterprise is any entity
engaged in an economic activity, irrespective of its legal form® (Comumission Recommendation ...,

2003). 1t is the economic activity that is the determining factor, not the legal form. In practice,




this means that the self-employed, family firms, partnerships and associations or any other entity
that is regularly engaged in an economic activity may be considered as enterprises.

In the article, we apply the size categories of enterprises resulting from the recommendation
of the European Commission no. 2003/361/EC of May 6, 2003 on the definition of micro,
small and medium enterprises and Commission Regulation (EU) no. 651/2014 of Annex I
(Regutation ..., 2023).

Based on the above-mentioned documents, the following three criteria are considered when
defining an SME:

—  staff headcount,
— annual turnover,
— annual balance sheet amount.

The most important size criterion, which must always be met, is the criterion of
employment or number of workers. However, the number of employee’s criterion is
supplemented by two other financial criteria, of which the company must meet at least one of
them. When classifying a company as an SME, one of the following possible combinations of
assessment is compared: (1) number of employees and annual turnover, or (2) number of
employees and total annual balance sheet amount.

A change in the status of an enterprise as an SME, or a small enterprise or a micro-
enterprise within the set of SMEs, occurs only after exceeding the size criteria in two consecutive
accounting periods. Based on this definition, the group of small and medium-sized enterprises
includes business entities that employ less than 250 people and whose annual turnover does not
exceed 50 million Euros and/or the total annual balance sheet does not exceed 43 million Furos.
Individual size categories of small and medium enterprises are determined according to the
threshold values of the above criteria (Table 7) [T].

Basic quantitative indicators characterizing the state of the SME sector include their
number. According to the data of the Statistical Office of the Slovak Republic, there was an
increase in the number of small and medium-sized enterprises in 2022. The achieved growth
was 5.7%. In absolute terms, the number of active SMEs was 670,161 (Figure 7). In a year-on-
year comparison, the number of SMEs increased by 35,852 entities. From the point of view of
the individual size categories of enterprises, the most dynamic increase in numbers occurred in
the group of micro-enterprises with 0-9 employees, by 5.8% year-on-year. In the case of other
size categories of SMEs, no significant changes were recorded.

The business sector in Slovakia has long been characterized by a high representation of
micro-enterprises (Azlas MSP na Slovenskn, 2027). Of the total number of active business entities
in 2022, micro-enterprises accounted for up to 97.6%. Small (2.0%) and medium-sized
enterprises (0.4%) have a significantly lower representation. The sectoral structure of SMEs is
characterized by the most significant representation of the service sector (Figure 2).

From the viewpoint of the structure of SMEs by ownership, privately owned SMEs clearly
dominate (Figure 3).

In the structure of SMEs according to legal forms, natural persons — self-employed persons
(60.3%) prevail despite the continuous decline in their representation. Even though the number
of SMEs — legal persons increased year-on-year, their share in the total number of SMEs
decreased to 39.7% in 2022.




The majority of SMEs in Slovakia develop their activities in the Bratislava region.

In 2021, small and medium-sized enterprises achieved a 74.3% share of employment in the
corporate economy. The share of SMEs in total employment in the SR economy was 59.0%.
Despite the support measures taken to maintain employment, the average number of employed
persons in the category of small and medium-sized enterprises (including natural persons — self-
employed persons) decreased year-on-year by 0.8% (by 10.9 thousand) to 1,390,000 employed
persons. Employment in the SME sector declined for the second year in a row. Medium-sized
enterprises had the biggest problem keeping their employees, whose employment decreased by
6.1% year-on-year. Microenterprises recorded a decrease in employment by 4.6%. The average
number of persons employed by natural persons — self-employed persons has hardly changed.

Shortly, as we stated, there was an increase in the number of small and medium-sized
enterprises in 2022. Of the total number of active business entities in 2022, micro-enterprises
accounted for up to 97.6%. Despite the support measures taken to maintain employment,

employment in the SME sector declined in 2021 for the second year in a row.

Business environment in the context of evaluation of international and domestic
institutions

Global Entreprenenrship Monitor

Project brings together researchers from all over the world and is behind one of the world’s
most important studies on business dynamics. GEM sets three priority goals: to measure
differences in the level of entrepreneurial activity between countries, to reveal the factors that
influence the level of entrepreneurial activity in individual countries, and to propose policies
that can increase the national level of entrepreneurial activity. The information is updated
annually on two levels. The first is an adult population survey (APS) with a representative sample
of at least 2,000 respondents. The second level consists of a survey of national experts (NES).
Slovakia has been a part of the Global Business Monitor continuously since 2011. The results
of the GEM survey of the adult population (APS) in 2021 point to a decrease in the perception
of good business opportunities in their surroundings.

In a year-on-year comparison, the representation of respondents who perceive suitable
business opportunities decreased (by 7.5 p.p.) to 33.4%. The relatively high self-confidence of
Slovaks, which in recent years was manifested in a high perception of their knowledge and skills,
which are necessary for starting a business, was not confirmed in 2021. Year-on-year, the
perception of one’s own knowledge and skills for starting a business in Slovakia decreased by
14.6 p.p. to 41.8%. Social attitudes towards business have been improving in Slovakia in recent
years. More than half of the respondents (52.4%) consider entrepreneurship to be a suitable
career choice. In a year-on-year comparison, this represents an increase of 3.1 p.p. The
perception of successful entrepreneurs and the associated social status has slightly worsened.
More than half (55.6%) of Slovaks believe that success in business is associated with social
recognition.

In 2020, almost two-thirds (62.1%) of the population thought that successful entrepreneurs
are recognized. In Slovakia, the fear of failure would deter 46.0% of the population who see
business opportunities, which represents a slight decrease compared to 2020 (48.7%). The

majority of people in Slovakia (54%) personally know at least one person who started a business
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within the last 2 years, while every fourth resident knows more than one entrepreneur. The
results of the survey further point to the need for further simplification of the conditions for
starting a business, as more than half (60.5%) of Slovaks are convinced that it is not easy to start
a business in Slovakia (Figure 4).

Thus, the representation of respondents who perceive suitable business opportunities
decreased according to GEM. The relatively high self-confidence of Slovaks, which in recent
years was manifested in a high perception of their knowledge and skills, which are necessary for
starting a business, was not confirmed in 2021. Year-on-year, the perception of one's own

knowledge and skills for starting a business in Slovakia decreased.

Business Environment Index

Since 2001, Business Alliance of Slovakia has been recording the development of
entrepreneurs’ opinions on the state of the business environment in the Slovak Republic
through Business environment index, which makes this index unique in the Slovak Republic. At
the same time, entrepreneurs regularly comment on the laws adopted in the given period and
evaluate their importance and their benefit for the business situation.

BEI is a feeling index that captures the perception of entrepreneurs on the development of
selected parameters of the business environment. It does not indicate the absolute quality of the
business environment, but reflects the perception of entrepreneurs. They indicate the shift in
15 areas with the values +3 extreme improvement, +2 significant improvement, +1 moderate
improvement, 0 no change, —1 moderate deterioration, —2 significant deterioration, —3 extreme
deterioration. Negative values of the index may not mean that the business environment is
necessarily deteriorating, but they may testify to the prevailing pessimism of entrepreneurs.

Currently, BAS publishes the 74" value of the IPP index, which captures its changes for
the second half of 2022 (Table 2). This represents a horizon of 21 years. 65 business entities
participated in the IPP survey for the second half of 2022.

Almost 94% of the interviewed businessmen evaluate negatively the situation in the area of
price stability (inflation and stagflation) in the second half of 2022.

Inflation affects the business in many ways and its impact is reflected in the overall
operation and life of the business. It has the most significant effect on changes in the prices of
inputs and outputs, while these changes are generally uneven. The higher the inflation rate, the
more intense and faster the changes (Ekonomicky a menovy vyve, 2022).

The business sector is exposed to more significant effects of inflation than households.
Businesses face a faster increase in input prices than households. The prices of several
commodities and goods grew dynamically during the entire year 2022, while this price growth
spills over into an increasingly wide range of goods. The most significant year-on-year price
growth is present in energy commodities (Indexy cien ..., 2022).

As Figure 5 shows, the prices of industrial producers for the domestic market were 38.1%
higher year-on-year in November 2022. This was a significant slowdown in the dynamics of
producer price growth, as the previous three months the producer price growth exceeded the
level of 50%. The prices of materials consumed in the construction industry continued to reduce
the growth rate and reached below 15%. Agricultural products were 39% more expensive year-

on-year.




In this regard, The Ministry of Economy of the Slovak Republic provided subsidies to
companies to cover additional costs due to the increase in gas and electricity prices as early as
December 2022, and plans to continue this this year as well (Dotdcie na energie, 2023).

According to the survey, the second area in which the situation has shifted for the worse
in the second six months of 2022 is political culture and the functionality of the political system
(85%).

According to almost 78% of the interviewed entrepreneurs, the third biggest worsening of
the situation occurred in the sustainability of public finances and the efficiency of state
management.

Entrepreneurs perceive the most significant improvement in the situation in the first half
of this year in the area of performance, productivity and profitability (29%).

Thus, of the interviewed businessmen themselves evaluate negatively the situation in the
area of price stability (inflation and stagflation) in the second half of 2022. Regarding this,
businesses face a faster increase in input prices than households. Other areas negatively
evaluated are: political culture and the functionality of the political system sustainability of public

finances and the efficiency of state management.

Conclusion

Due to the economic and social importance of SMEs for the Slovak economy, it is
necessary to monitor and improve the business environment for their development.

The results of the GEM survey in 2021 show that the relatively high self-confidence of the
adult population in business in Slovakia, which was manifested mainly in the perception of their
knowledge and skills, which are necessary for starting a business, has decreased. Self-confidence
of Slovaks in business is hampered by fears of possible failure. Year-on-year, the perception of
one’s own knowledge and skills for starting a business in Slovakia decreased by 14.6 p.p. to
41.8%. 40.9% of Slovaks perceive good business opportunities in their surroundings. Compared
to 2020, their share decreased by 7.5 percentage points. The perception of successful
entrepreneurs and the associated social status also slightly deteriorated. The majority of Slovaks
(60.5%0) are convinced that it is not easy to start a business in Slovakia.

According to Business Environment Index, which is a feeling index capturing the
perception of entrepreneurs on the development of selected parameters of the business
environment, almost 94% of entrepreneurs assesses negatively the situation in the area of price
stability (inflation and stagflation) for the second half of 2022.

Support for the establishment and growth of businesses, especially small and medium-sized
enterprises, is one of the key activities that ultimately increases the performance of not only
regions, but also the entire economy. In accordance with the needs of SMEs, it is therefore still
necessary to continue to improve the efficiency of support for SMEs (at the regional and
national level). Business support is an important tool for the development and stabilization of
the business sector and the country’s competitiveness. To support a stable business
environment, it is necessary to continuously continue in the systematic cooperation and
coordinated approach of all involved departments, as well as to take into account the proposals
and recommendations of individual entities. Mutual and intensive cooperation should aim at

improving the business conditions of SMEs.
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Appendix
Table 1. Definition of SMEs
Company category | Staff headcount Turnover And/or Balane sheet total
Medium-sized <250 =€50m <€43m
Small <50 =€10m <€10m
Micro <10 <€2m <€2m

Soutrce: Author according to EU recommendation 2003 /361




Table 2. BEI value. Second half of 2022 (in %)

Aspect Deterioration Improvement
Price stability 94 3
Political culture 85 5
Sustainability of public finance 78 6
Law measures 69 5
Stability and quality of inputs 57 12
Access to financial sources 53 3
Labour-law legislation 52 14
Bureaucracy 52 8
Workforce 51 5
Tax-levy legislation 42 11
Enforceability of law 38 5
Trade partners 38 9
Productivity of business 38 29
State institutions 20 20
Corruption 17 18
Source: BAS
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Assessing the systemic risk of a country’s financial sector

Abstract: Assessment of systemic risk is a mandatory element of effective public regulation of the financial
sector, which aims to ensure its financial stability. The quality of analytical work conducted, and analytical
data generated based on its results, are the basis for the development and adoption of sound regulatory
decisions that minimize the emergence of systemic risk of the financial sector and mitigate the negative
consequences of its implementation. The article deals with current theoretical and methodological and
applied issues of assessment of systemic risk of the financial sector, based in an integrative systems and
processes approach. The paper singles out information and analytic, diagnostic, preventive, signaling and
control functions of assessment of systemic risk of the financial sector. The structure of the institutional
subsystem of assessment of systemic risk of the financial sector of Ukraine with the in-depth coverage
of the role of the NBU has been considered in detail. To achieve the purpose of the study, we
summarized approaches to the disclosure of the essence of the concept of «systemic risk», which made
it possible to identify the characteristics of systemic tisk of the financial sector as an object of assessment.
The stochastic and non-linear nature of the systemic risk of the financial sector requires innovative tools
to identify patterns of the financial sector of the economy as a complex dynamic system, the formation
of a system of indicators, which can be combined into different consistent scenarios. In view of domestic
and international experience, we have determined the key instruments that form an instrumental
component of assessment of systemic risk of the financial sector, which should provide its structural and
cyclical measurement. It was determined that the assessment of systemic risk of the financial sector can
have a «horizontal» perspective, where the focus is on the financial sector, and a «vertical» perspective,
which predominantly considers the bilateral interaction between the financial system and the economy.
The main tool for assessing systemic risk of the financial sector is macro-prudential stress testing. It was
determined that the instrumental component of assessment of systemic tisk of the financial sector under
the NBU approach includes monitoring of indicators; analysis of financial and industrial groups with
emphasis on their solvency; stress testing and qualitative analysis of the obtained data.

Keywords: financial sector, financial stability, systemic risk, systemic risk of the financial sector, assessment,
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Oupra Bosoanmupisaa barpak, kaHAUAQT EKOHOMIYHIX HAyK, CTAPIINN BUKAAAAY KadeApH

stress testing.

inancis Ta GizHec-koHcaATHHTY, KuiBCchKMil HAIIOHAABHUIT VHIBEPCHTET TEXHOAOTI Ta AU3AHY.

Kuis, Vipaima. (VAK 336.71:311.17)
OuiHrOBaHHA CHCTEMHOIO PU3UKY (PIHAHCOBOI'O CEKTOPY KpaiHu

Amnomayis: OmiHrOBaHHA CUCTEMHOIO PU3UKY € OOOB’A3KOBUM E€AEMEHTOM €(DEKTHBHOIO AEP/KABHOIO
peryAroBaHHA (DIHAHCOBOIO CEKTOPaA, IO Ma€ Ha MeTi 3a0e3redeHHs Horo (piHaHCOBOI CTabIABHOCTI.
Sxicte mpoBeAeHO! aHaAiTHYHOI poboTH Ta copmMoBaHi 3a I pe3yApTATAME AHAAITHYHI AaHl €
IIAIPYHTAM AAA PO3POOACHHS Ta IIPHUHHATTA OOIPYHTOBAHUX PEIYAATOPHUX PiIlIEHb, IO 3a0€3IEUYIOTH
MiHIMI3aIIiFO BUHUKHEHHA CHCTEMHOIO PU3UKY T4 HIBEAIOBAHHA HEIATUBHHIX HACAIAKIB HOIO peaaisarii.
V' crarmi BHCBITAGHO aKTyaAbHI TEOPETHKO-METOAMYHI Ta IIPHUKAAAHI HUTAHHA (POPMyBaHHA Ta
BUKOPHUCTAHHA OLIHIOBAHHA CUCTEMHOTO PU3HUKY (DIHAHCOBOIO CEKTOPA 3d IHTEIrPATUBHHM CHCTEMHO-
IIPOIIECHUM INAXOAOM. BuaiseHo iHMOpMAIIHHO-aHAAITHYHY, AIATHOCTHYHY, IIPEBEHTUBHY, CHTHAABHY
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Ta KOHTPOABHY (DYHKIII OIIHIOBAHHA CHCTEMHOIO PU3UKY (PIHAHCOBOTO CeKTOpa. ACTAABHO PO3LAAHYTO
CTPYKTYPY IHCTHTYIIHHOI IACHCTEMH OLIHIOBAHHS CHCTEMHOIO PH3HUKY (DIHAHCOBOTO cekropa YKpalHu
3 morAnOAeHuMU BUCBITACHHAM poal HBY. AAs AOCATHEHHS METH AOCAIAMKEHHA Y3araAPHEHO ILIAXOAH
AO POBKPHTTA CYTHOCTI KOHIIEIITY CHCTEMHHUN PHU3UK», III0 AO3BOAHMAO BH3HAYNTH XAPAKTEPUCTHUKH
CHCTEMHOTO pu3uKy (DiHAHCOBOIO cexropa fik 00’ekry omniHroBanHsA. CTOXaCTHYHUN Ta HEAIHIMHNN
XapaKTeP CUCTEMHOIO PpHU3HKY (DIHAHCOBOIO CEKTOPA HOTPeOYE IHHOBAIIHOIO IHCTPYMEHTAPIIO, AKHI
3abeslredye BUABACHHA 3aKOHOMIPHOCTEH (DIHAHCOBOIO CEKTOPY €KOHOMIKH fK CKAZAHOI AMHAMIYHOL
cucremu, POPMYBaHHA CHCTEMH IHAHKATOPIB, fIKi MOXHA OO’€AHATH B PI3SHOMAHITHI, aA€ Y3IOAKCHI
crieHapii. 3 ypaxyBaHHAM BITYH3HAHOIO Ta CBITOBOI'O AOCBIAY BH3HAYCHI KAFOYOBI IHCTPYMEHTH, IO
dOpPMYIOTh IHCTPYMEHTAABHY CKAGAOBY OLUHIOBAHHA CHCTEMHOTO PH3HKY (PIHAHCOBOIO CEKTOPA, IO
Mae 3a0besrednTH HOTO CIPYKTYPHE Ta ILHKAIYHE BHMIPIOBAHHA. BusHadeHO, IO OLIHIOBAHHSA
CHCTEMHOTIO PH3HKY (DIHAHCOBOIO CEKTOPa MOXKE MATH «TOPHU30OHTAABHY» IIEPCIICKTHBY, AC yBara
3ocepearkeHa Ha (PIHAHCOBOMY CEKTOPI, Ta «BEPTHKAABHY», B fKIH IIEPEBAKHO PO3TAAAACTHCA
ABOCTOPOHHS B3a€EMOAif MDK (PIHAHCOBOIO CHCTEMOIO Ta CKOHOMIKOIO B Ifaomy. (OCHOBHHM
[HCTPYMEHTOM OLIHIOBAHHA CHCTEMHOTO PH3HKY (DIHAHCOBOIO CEKTOPa € MAKPOIIPYACHIUHHE CTpec-
TECTyBaHHA. 3’ICOBAHO, ITIO IHCTPYMEHTAABHA CKAAAOBA OLIHIOBAHHSA CHCTEMHOTO PHU3UKY (DIHAHCOBOIO
cexropa 3a maxoaom HBY BkArowae MoHITOpHHT IHAMKATOPIB; aHAAI3 (PIHAHCOBO-IIPOMUCAOBUX IPYII
3 AKIICHTOM Ha X ITAATOCIIPOMOKHICTb; CTPEC-TECTYBAHHSA Ta AKICHII aHAAI3 OTPUMAHUX AAHIX.

Koaouosi cavsa: pinancoBuil cextop, piHaHCOBa CTabIABHICTD, CHCTEMHHUN PHU3HK, CHCTEMHHH PH3HK
iHAHCOBOIO CEKTOPA, OLIHIOBAHHSA, CTPEC-TECTYBAHHA.

C ?\ /Q;

Bceryn

dinarcoBa cTabIABHICTD € HAWBAKAUBIIIIM IHAUKATOPOM (DYHKIIOHYBaHHA (DIHAHCOBOTO

CEKTOpa KpaiHH, OCKIABKH CaMeé BOHA TapaHTYE CIPOMOKHICTE (DIHAHCOBUX YCTAHOB
3AlficHIOBaTH Oe3rrepebiiiny Ta e(DEKTUBHY AIABHICTD Y AOBTOCTPOKOBOMY Irepioal. Bona Takox
BAKAUBA AASl IHINHX CEKTOPIB EKOHOMIKH, OCKIABKH BIIAHB (PIHAHCOBOI HECTaOIABHOCTI
IHAHCOBOrO CEKTOpa MOKE IONIUPUTHCh i HAa HHUX. 3BAKAOYH Ha IIe, 3a0e3ledeHHA
dinarcoBoi cTabIAPHOCTI (DIHAHCOBOTO CEKTOPA € BAXKAUBOIO (DYHKINEIO CYO’EKTIB ACP/KABHOTO
PEryArOBaHHA.

AKTyaABHICTb TEMU ITOCHAFOETBCA THM, IO Hapa3l eKOHOMIKAa Ta (DIHAHCOBUI CEKTOP
Vkpainn (pyHKIIOHYIOTE B yMOBaX IOBHOMACIIITAOHOI BifichkoBoi arpecii Pocii Ta akrusHOL
dasu OGoMoBUX Alfl. YV TakMX yMOBaX, IIEpII 3a Bce, (PIHAHCOBI YCTAHOBH ITOBHHHI MATH
AOCTATHII 3a11ac (PiHAHCOBOI CTA0IABHOCTI, ITI00 IIPOAOBKYBATH Oe311epebiitHO (DYHKITIOHYBATH
ITOIIPH HErATHBHUN BIIAUB 3 OOKY €K30I€HHOI'O T4 EHAOTEHHOI'O CEPEAOBHIIIA, Ta HE TEHEPYBATH
IIPX ITbOMY ITABHITICH] CHCTEMHI PU3UKH.

A 3abesnedvenna piHAHCOBOI C€TabIABHOCTI (PIHAHCOBOIO CEKTOpa HEOOXIAHHM €
3a0€3II€9eHHA KOHTPOABOBAHOCTI CHCTEMHOIO pPH3UKy dYepe3 BUABACHHA BPa3AHUBOCTI
(pIHAHCOBOIO CEKTOpPa AO HBOIO Ta 3aCTOCYBAHHA CBOEYACHUX Ta AACKBATHHUX PEIYASTOPHIX
BIIAMBIB Ha OCHOBI IKICHOIO aHAAITHYIHOTO 320€3I1€ICHHH.

Boamnouac mapasi HagBHA POOAEMA KIABKICHOTO Ta fIKICHOIO OINHIOBAHHA CHCTEMHOIO
PH3HKY B IiAOMY T2 (DIHAHCOBOIO CEKTOPA 30KPEMA, 3yMOBACHA CKAGAHICTIO HOTo (heHOMEHY,
PI3HOMAHITHICTIO MEXAHI3MIB HAKOITMYEHHA IIiA BIIAMBOM 3HAYHOI KIABKOCTI €K30T€HHUX Ta

eHAOreHHUX (DAKTOPIB, HAABHICTIO KAaHAAIB IOINMMPEHHA Ha IHI cepm.




3Baxkaroumn Ha 11e, cucTeMHuil pusnk dinancosoro cexkropa (aaai CP®C) oriaroerses 3
BHKOPHUCTAHHAM CYKYITHOCTI METOAMK Ta ITOKa3HUKIB, IIIO AAFOTH Y PAAI BUITAAKIB Pi3HI, 2 9aCTO
If IPOTUACKHI, PE3YABTATH.

Ile copugmase HEOOXIAHICTb AOCAIAKEHHS METOAIB OINHKH, PO3POOKH HAyKOBO-
METOAMYHHX ITAXOAIB A0 opmyBanHs iHTerpaspHoro mokasumka CP®C, a Taxox
OOIPYHTYBAaHHA IPHHHATTA PIIIEHb IMOAO BHOOPY IHCTPYMEHTIB MAaKpPOIIPYACHIIHHOL
IIOAITUKH, IO 3a0€3IeYyIOTh HMOrOo 3HIDKCHHA 3 VPaxXyBaHHAM BIIAHBY CYKYITHOCTI
pisHOCIPAMOBAHUX (DAKTOPIB EK30TEHHOTO Ta EHAOIEHHOTO ITOXOAKCHHS.

AocaiakeHHs 3 BUKOpHCTaHHAM iHCTpyMeHTapito Google Trend A03BoAmMAO 3’siCyBaTH, 11O
AMHAMIKa IIOIITYKOBUX 3aIIUTIB KOPUCTYBAdYiB CBITOBOI IHTEpHET-MepEKi y cdepl IPOOAEMATHKI
CPOC (“systematic risk™) € 3HAYHOIO Ta Ma€ KOPEAAIIIO 3 AOCAIAKEHHAMH ITUTAaHb (DIHAHCOBOL
crabiavnoCTi (Pucyrox 7).

Hageaeni Ha pucyHky 1 AaHI HAOUHO IMATBEPAKYIOTH HAABHICTH IIOCTIIHOTO 1HTEPECY AO
posrasay nurtasb, nop’asanux 3 CPOC macammepea y koHTEKCTi 3a0e3redeHHA (pIHAHCOBOL
cTabiABPHOCTI (PIHAHCOBOTO CEKTOPA.

Konnernrryaapni 3acaan CPPC, BuznagaabHi (DakTOpPH BIAHBY, IO CHPHYIHHAIOTH HOTO
IIOABY Ta HACAIAKH, AOCAIAKYBAAHMCH Y POOOTaX TAaKWX HaykoBmiB, fAk: A. AfizenOepr, M.
bitiacma, 3. Aytiaeseaba, M. T'oank, K. ZKepaerpka, FO. 3apyOa, Ax. Kamoxy, I'. Kaydman, P.
Kirm, Ax. Kaowmm, P. Koprearok, B. Mimenko, IT. Moccep, C. Haymenxosa, T.X. Hoe, P.
[Tickynos, C. ITpacoaosa, B. Pucin, K. Ckorr, T. Vakoscrka, A. Xenapike, B. Uemepuc Ta imrrmi.

Meropaoaorii orminroBaaas CPPC, fioro HakKOIIMYEHHA Ta PO3IOBCIOAKECHHA AOCAIAKYBAAN
C.M. baprpam, 1. beaosa, Ax. bxemmucekuii, I'.B. bpayn, X.A. T'oar, M.A. Ayka, C.
Eiidinrep, C. Eaaic, X. Easciarep, C. Kosryn, B. Kpemens, A. Aexap, X. Aro, H. Hiaosa, A.
Oroas, A. Omanacenko, FO. Opaosebka, T.A. [leatonen, O. [lepuapiscpkuii, M. Cammep, X.
Cron, Ai.E. Xyna, B. Wxan, C. [Ilapma ta iamm. [lpakruannii iHCTpyMEHTAPIH OLIHIOBAHHSA
CPOC Ta pexkomeHAQrii IIOAO FOTO 3aCTOCYBAHHA PO3POOAAIOTBCA EBPOIEHCHKIM
LIEHTPAABHUAM OaHKOM, MDKHAPOAHUM BaAIOTHHM (DOHAOM, IIEHTPAABHUMHU OaHKAMH KpaiH
CBITY.

Takox aKTHBHO AOCAIAKYETBCA 3B’f30K CHCTEMHOIO PH3HKY 3 XapaKTepUCTHKAMU
dinancoBoro cexropa — konmenrpariero kpeautis (I. Beaoma, B. Barmep, P. Hitickenc),
AiksianicTro (B. Aapentrox, B. [1leBuyk), kormnenrpariiero punky (P. Kopauarok), mokasaukamu
peaabHOTO cekTopa ekoHoMmiku (B. BoxeHko) Ta cOIiaAbHO-EKOHOMIYHOTO PO3BUTKY KpaiHH
(A. boiiko, B. boxenko, B. Paapko).

Bianarounm  masekHe AOPOOKY BYEHHX, BapTO 3a3HAYUTH, IO 3a0€3IeYCHHA
MAKPOEKOHOMIYHOI ~ CTADIABHOCTI 3YMOBAIOE HEOOXIAHICTH —ITOAAABIIIOTO  AOCAIAKEHHS
TEOPETUYIHHUX 3aCaA METOAOAOTI Ta iHcTpymMeHTapiro oniHroBanHa CP®C. V moaasbmomy
HAyYKOBOMY IIOIIIYKY, BPAXOBYFOYH CKAAAHICTD T4 KOMIIAEKCHICTD ITbOTO KOHIIEITY, IIOTPEOYIOTh
PO3BHTKY PAA aCIEKTIB, 30kpeMa: crpykrypusariia CPOC Ak 06’exra OIIHIOBAHHSA, y3araAbHEHHSA
IIpUYUH HOTO BHHUKHEHHA Ta HACAIAKIB —peaAi3arlii, METOAOAOTi OIUHIOBAHHA Ta
OOI'PYHTYBAHHS HA OCHOBI OTPUMAHHX aHAAITHYHUX AAHHUX IHCTPYMEHTAPIFO PEryAFOBAHHH.

AKTyaABHICTD 323HAYEHUX IIPOOAEM, IX HEAOCTATHA TEOPETHYHA Ta IIPAKTUIHA
OIIPAIIbOBAHICTH, HEOOXIAHICTD KOMIIAGKCHOTO AOCAiAKeHHS orrinroBanuA CPOC BusHAaYarOTH

METY LIbOTO ,A,OCAiA)KCHH}I.




Meroro crarti € po3poOka miaxoAay Ao ormiHropanaa CP®C ma ocHoBi iHTerparii
CHCTEMHOTO Ta IIPOIECHOTO INAXOAIB 3 AETAAI30BAHOIO XaPaKTEPUCTUKOIO KAIOYOBHUX

KOMITOHEHTIB.

Buxaaa ocHOBHOTrO MaTepiasy

3 wmeroro Aocaiakenns omiHioBanHA CPPC HeoOxiAHO cdOpPMyBATH BIAITOBIAHUIA
HAYKOBO-METOAUYHHIT 0asuc. Y3araAbHEHHSA HAYKOBHX HAIIPAIFOBAHb IIOAO (POPMyBaHHSA
AHAAITUYHOTO 320€3IIEUYEHHA ACPKABHOIO PEIYAIOBAHHA AO3BOAMAO HAM 3POOHTH BHCHOBOK
IIIOAO AOLIIABHOCTI 3aCTOCYBAHHSA IHTETPATUBHOTO IAXOAY A0 orliHroBauHA CPPC.

Cucremunii miaxia Ao oniaroBanHs CPPC BBamaeMo 3a AOIIABHE BHKOPHCTOBYBATH fK
6asoBuii. Lle 3yMOBAEHO THM, IIIO caMe BIH AO3BOAAE YITKO (POPMAAIZyBATH KOMITOHEHTHHIT
CKA2A, OpraHiYHO IIOEAHAHHH y IIACHCTeMH  (IIIABOBA, OO’€KTHA, IHCTHTYIIIiHa,
IHCTPYMEHTAABHA INACHCTEMH, INACHCTEMA IH(DOPMAIIIHOTO 3a0€3II€YCHHS).

BoaHnowac mpomecHuii ImaAxiA 3a0€3II€YHTh AMHAMIYHHE XapakTep, OCKIABKA 32 HHM
omiaroBagHa CP®PC  posrafpaTuMeTsca  AK  IIEPMAHEHTHE  BHKOHAHHA  KOMIIACKCY
B32€MOIIOB A3AHUX MDK COOOIO BHAIB OINHIOBAABHO-aHAAITHYHOI AIABHOCTI y BH3HAYEHOMY
YaCOBOMY IHTEPBAAl 3 BHKOPHCTAHHAM METOAIB Ta IHCTPYMEHTIB OIIHIOBAHHSA, IO ITOBHOIO
MIPOIO 320€3IEUYIOTh PEAAI3aLIiIO ITOCTABACHUX IIIACH T4 3aBAAHb.

Orke, IHTEIPATUBHUN CHCTEMHO-IIPOIICCHIH INAXIA 320€3IIEUHTh OPraHIdHY Td AMHAMIYHY
B3a€MOAIIO Bcix tmacucrem orinioBaaaa CP®C, B pesyaprati 9oro Oyae 3a0e3medeHO
AOCATHEHHA BCIX IIAEH OIIHIOBAHHA Ta fIK HACAIAOK, OYAYTb AOCATHYTI IIAl AEPHKABHOTO
peryAroBaHH:A (DiHAHCOBOTO CEKTOPA.

V3zaraapHuBIIN pO3poOKKM HaykoBLiB y I cdepl, omiuroBanua CPPC mporoxyemo
POSBIASIAATH TaK, fK 1€ IIPEACTABACHO B AOAATKY (Pucyrox 2).

OcHOBY edeKTHBHOTO OLIHIOBaHHA 3a0es3ledye ditka popmaaisaiiias 00 €KTHOL
macucremu. [1pu npomy ckaaanicts oriarobanHA CPOC cripramiena CKAaAHICTIO KOHIIETITY
CHCTEMHOTO PU3HKY fK Takoro (Pucynox 3).

VpaxoByroun 3a3HadyeHE BHIIE, OAHIEIO 3 KAIOYOBHX IIPOOAEM AAfl  OIIHFIOBAHHA
CHCTEMHOTIO PU3UKY € HEOOXIAHICTD yPaxXyBaHHA CKAAAHUX IIPHYHMHHO-HACAIAKOBHX 3B A3KIB AK
y cHCTeMax I'eHEepYBaHHA, AKI HAABHI B IIOTOYHUI MOMEHT (peaAbHi), 200 MOKYTh BUHUKHYTH B
MaHOyTHROMY (IIOTEHIIIIHI), TaK IPAMUX I OIOCEPEAKOBAHUX HACAIAKIB peaAisariii, a Takox
BITAWBIB Ha IHIIII €KOHOMIYHI CHCTEMH.

CP®C sx mABHAY CHCTEMHOTO PH3UKY NIPHTAMAHHI Ti K XapaKTePUCTHKH, IO N
CHCTEMHOMY PH3HKy, aAc¢ BiH HaOyBae Bu3HaueHO! cuenudiku, OOYMOBAECHOL
XapaKTEPUCTUKAMH (PIHAHCOBOIO CEKTOPA AK AJKEPEAA HOTO TeHEPYBAHHA.

CP®C posraspaerses HBY rak, sk e mpeacraBaeno Ha pucysky (Pucynox 4).

3 meroro dopmyBanHA IHCTpyMeHTaAbHOI mmiacuctemu oniHroBanaa CPPC meobxiaHO
BPaxOBYBATH HOTO XapaKT€PUCTUKH, CUCTeMaTH30BaH1. (Pucynox 5).

CAia HaroAoOCuTH HA TOMY, 1110, OCKiABKH CP®C Mae cKAaAHY CTPYKTYPY Ta B3aEMO3B A3KH,
IE€HEPYETHCA 3HAYHOIO KIABKICTIO YIACHUKIB, BAKAUBHM €, IITOO AO iX OIIHIOBAHHA AOAYYAAUCH
BCl 3aIliKaBAGHI OCOOM, BHKOPHCTOBYFOYH CBOI 3HAHHA Ta AOCBIA. basyrounmce ma mpomy,
ominropanusas CPOC Vkpainm peaaisyersca B pamkax cPOPMOBAHOI CHCTEMH IHCTHTYTIB,

B3a€MOAIA AKUX Mae Ha MeTi 3a0e3rredeHHsa MakpocradiapHoCTi Ykpaitu (Pucynox 6).
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Karouoy poaw B ominroBaunai CPPC siairpae HBVY sx makpoperyadarop dinancoBoro

cexropa (Pucyrox 7).

Cy6’extn oriaroBanuas CPO®C BCTaHOBAIOIOTH 3aBAAHHA IIEPEA CHCTEMOIO OIHFOBAHHSA

CP®C, 110 3yMOBAFOIOTH (POPMYBAHHA IIABOBOI IIACHCTEMH.

V3araApHUBIIIN PO3POOKH HAYKOBIIB 3 IIi€l TEMATHKH, BBAKAEMO 34 AOIUABHE BHAIAHTH
mactynai gpyuknil oniaropanus CPOC:

—  iHGOpMALIHHO-aHAAITHYHY, IO mepeAdadac HapaHHA BCiM cyO’ekram  iH(OpMari,
HEOOXIAHOI ~ AAA  IPHHHATTA PEIYAATOPHHX pimrerp v cdepl  3abesredeHHA
MakpocTabiAbHOCTI Ha 0cHOBI MiHiMmizarii CPPC;

—  AlarHOCTHYHY, IO IOAATAa€E B iAeHTHdIKAIIT CAAOKHX CUTHAAIB, (DAKTOPIB, IIIO IIPU3BOAATD
AO HAKOIIMYEHHA, MaTepiaAisarii Ta nomrupenas CPOP;

—  IIPEBEHTHBHY, AKa AO3BOAAE PO3POOHUTH CUCTEMH PAHHBOTO IOIIEPEAKEHHS, 3aCHOBAH] Ha
CAAOKHX CHTHAAAX, 4 TAKOXK CIIEHAPii MAKPOIIPYAEHIIIHOTO PEryAIOBaHHA, 3aCHOBAHI Ha
Y3TOAJKEHHX CTPATEriAX AAf AAAIITALIll Ta HIBEATOBAHHSA BIAHUBY (DAKTOPIB, IIIO IIPU3BOAATD

AO HAKOIIMYEHHA, MaTepiaAisarii ta nomrupenas CPOP;

—  CHTHAABHY, OOYMOBAEHY HAfBHICTIO BIAIIOBIAHOIO IHCTPYMEHTApIIO, IO AO3BOAAE Ha
OCHOBI  CIIOCTEPEKEHb 32 CAAOKMMH CHTHAAAMH T4 IHAMKATOPAMH  PaHHBOTO

ITOIIEPEAKEHHS, AKI MOKHA IAeHTH(IKYBaTH, BUABUTH 3arpo3y 3pocranas CPPC;

—  KOHTPOABHY, IO HAa OCHOBI KOMIIACKCY MOHITOPUHIOBHX 3aXOAIB AO3BOAfI€ BHABHTU
spocrannsa pisaa CPPC Ta npuamHM 1bOro, OIMHHTH €(EKTHUBHICTD Al CyO’€KTIB
ACPZKABHOTO PEIYAIOBAHHA AAf 3a0e3ledeHHA (PIHAHCOBOI CTADIABHOCTI Ha OCHOBI
miaimizarrii CPOC.

Aocsaraenns miaeit oriaropanHs CPPC 3a6e3medyeTses IHCTPYMEHTAABHOIO IHACHCTEMOIO
— CYKYIHICTIO TEXHOAOTI aHAAITHIHUX AOCAIAKEHB, METOAIB Ta IHCTPYMEHTIB iaeHTH@IKALIT
CKAAAY Ta BH3HAYCHHSA IHTEHCHBHOCTI BIAHBY (DaKTOPIB, IO IIPU3BOAATH AO HAKOIIMYCHHA,
Marepiaaizarii Ta mormupenuas CPOP.

Crpykrypa T1a cyrHicHl xapakrepuctukn CP®C, oxapakrepusoBaHi HaMH BHIIIE,
BU3HAYAIOTh CIIEIUMIKy HEOOXIAHHX I1H(MOPMAIIMHUX AAHUX, METOAIB Ta AHAAITHIHHX
mcrpymentiB.  Croxactuanmii Ta Healnifiaui xapakrep CPPC poOure HeedeKTHBHIM
3aCTOCYBAHHAM TPAAHIIIMHUX ITAXOAIB, 3aCHOBAHHX HAa BHKOPHCTaHHI CTATHUCTHYHHUX Ta
EKOHOMIKO-MATEMATHYHHIX METOAIB T2 MOAEAEH, T2 HOTPEOYE IHHOBALIIITHOTO IHCTPYMEHTAPIFO,
AKUIT 3a0e311evye BUABACHHA 3aKOHOMIPHOCTEH (DIHAHCOBOTO CEKTOPY EKOHOMIKH K CKAAAHOL
AMHAMIYHOI cuCTeMU, POPMYBAHHS CHCTEMHU IHAMKATOPIB Ta AMHAMIYHUX IPAAIEHTIB, AKI MOMKHA
00’€AHATH B PI3SHOMAHITHI, aA€ Y3TOAKEH] CIIeHAPIi.

Incrpymenrapiii orinropanusa CP®C mae 3a0esneuyBarm:

—  CIPYKIYpHE BHMIPIOBAHHA, IO II€peADavae BU3HAYEHHA HOIO PO3IOAIAY (AKepeA) y
piHAHCOBOMY CEKTOPI B HIOTOYHNI MOMEHT; OIIHKY PHU3UKIB AAf PIHAHCOBOI CTA0IABHOCTI,
II[0 BUHHUKAIOTH Y€pe3 HeCTA0IABHICTh OKpeMHUX (PIHAHCOBUX YCTAHOB, CXOKICTD IX PHU3HK-
poiAlB Ta HafBHI KOHIICHTpAIil; OIMHKY pPO3MIpPY, CTPYKTYPH, PIBHA KOHIICHTpAILi
pIHAHCOBOIO CEKTOPY Ta 3B’A3KIB (IPAMUX I HEIPAMUX) MK (DIHAHCOBHMHU YCTAHOBAMU;

— IHKAlYHe (3MiHHE y 4yaci) BUMIPIOBaHHSA, ITIO AO3BOAA€E Bu3Havyatn HakonmdeHus CPOC 3

YacoM; Ma€ OIHIOBATH PH3UKH, fKI HE € INPAMHM HACAIAKOM AIABHOCTI OKpeMoi
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iHaHCOBOI YCTAaHOBH, 2 € PE3YABTATOM KOAEKTHBHOI ITOBEAIHKH, IO IPHU3BOAHUTH AO

ITOCHACHHA BOAATHABHOCTI y (DIHAHCOBOMY CEKTOpI Ta PeaAbHIM eKoHoMiml, edexrn

3BOPOTHOTO 3B’A3KY Ta HAAMIPHOTO OOPrOBOIO TATAps, AEBEPUAKY T4 HEAOOIIHKH PU3HKY

ITIA 9ac IAFOMY Ta HOTO IIEPEOLIHKH IIA 9acC perecii.

[Ipy 1pOMy OINHIOBAHHA MOKE MATH TOPH30HTAABHY» IIEPCICKTHBY, AC yBara
30cepeAkeHa Ha (PIHAHCOBOMY CEKTOPI, T4 «BEPTUKAABHY», B AKIH IIEPEBAAKHO PO3TAAAAETHCA
ABOCTOPOHHS B3a€MOAIA MK (DIHAHCOBOIO CHCTEMOIO T4 €KOHOMIKOXO B miaomy (1he concept of
systemic risk, 2012).

V3zaraapHeHa XapakTepHCTHKA IHCTPYMEHTAABHOI miacucremu orriHioBanHA CPOC
rpeAcTaBAeHA B AOAATKY (Pucyrox §).

Cy6’exrn ominroBaaaa CPOC marote copMyBaTH TaKy KOMOIHAIIIFO IHCTPYMEHTIB, ITIO 3
HAIIMEHINIMU ~ BHTpAaTaMH  PECypCiB  3a0e3Ie4aThb AOCATHEHHA BH3HAYEHHUX  IUAEI,
320€3IIEYHBINY HA Il OCHOBI CYO’€KTIB ACPKABHOTO PEIYAIOBAHHA HEOOXIAHUMH Ta AKICHIMUI
AHAAITUIHUMA AAHUMH.

Iacrpymenrapiit onimropanna CPPC B mukal makponpyaenniiinoi moairukn HBY B
y3araAbHEHOMY BHUTASIAL HaBeAcHI B AOAATKY (Pucyrox 9).

Orxe, incTpymenTapiii oninroBanaa CPOC VkpalHu BKAIOYA€ MOHITOPHHI CTPYKTYPHHUX
Ta LHUKAIYHUX 3MIHHHX fK IHAHMKATOPIB CHCTEMHOIO PH3HKY, CTPEC-TECTYBAHHA, aHAAI3
iHAHCOBO-IIPOMUCAOBUX IPYII Ta AKICHUI aHAAI3. TakoK pO3paxOBYETbCA Ta AHAAIZYETHCA

tHAHKATOP (PIHAHCOBOIO CTPECY.

BucHOBKY i IEPCIIEKTUBU MOAAABIITAX AOCAIAYKEHB

3a pe3yApTaTAMH AOCAIAKEHHS BH3HadeHO, mo oiiHioBanas CPPC, spaxaroun Ha
CKAAAHICTB OO’€KTa, BUMATra€ 3aCTOCYBAHHSA IHTETPATHBHOIO INAXOAY, OCKIABKH BIH 3a0€3I1CIHUTh
OpPTaHIYHY Ta AHMHAMIYHY B3aEMOAIIO BCIX IAcCHCTEM (LIABOBOI, OO’€KTHOI, IHCTHTYLIIHOI,
IHCTPYMEHTAABHOI IACUCTEM, IHACHCTEMH IH(POPMALIITHOTO 3a0€3IICYCHHS), B PE3YABTATI 9Or0
OyAe 320€3IeYeHO AOCATHEHHS IIACH OIIHIOBAHHSA Ta PeaAi3arif BCIX IepeAbadeHuX PyHKIIL
(iHOpPMALIITHO-aHAAITHIHOI, AlATHOCTUYHOI, IIPEBEHTUBHOL, CHTHAABHOI Ta KOHTPOABHOY).

Croxacrmunmii  Ta  Healmifamii  xapakrep CP®PC  morpebOye  iHHOBAIIIHOIrO

IHCTPYMEHTAPIFO OIIHIOBAHHA, AKUI Ma€ 3a0€3I1eIuTH:

—  BUABAEHHA 3aKOHOMipHOCTEH cpiHaHCOBoro CEKTOPY EKOHOMIKH fIK CKAQAHOI AMHAMIYHOI

CHUCTCMU Y 3B’$[3Ky 31 cTaHOM €HAOI'€CHHOI'O CCPCAOBI/IH_Ia;

—  CIPYKIYpHE BUMIPIOBaHHA: BH3HAYEHHSA po3mlOAiAy (axepes) CPPC y dinancoBomy
CEKTOpl B IIOTOYHHMNA MOMEHT; OINHKA PH3UKIB AAfl (PIHAHCOBOI CTAOIABHOCTI, IO
BHHHUKAIOTb Y€PE3 HECTAOIABHICTE OKpeMux (DiHAHCOBHX YCTAHOB, CXOMKICTh iX pPH3HK-
npodiAlB Ta HadBHI KOHIIEHTpAIll; OIMHKA PO3MIPY, CIPYKTIYPH, PiBHA KOHIIEHTpAILi
pIHAHCOBOIO CEKTOPY Ta 3B’A3KIB (IPAMUX I HEIPAMUX) MK (DIHAHCOBHMU YCTAHOBAMHU;

— IHKAlgHe (3MiHHE y dJaci) BuMiproBaHHA: Bu3HadeHHA HakonmdeHHA CP®PC 3 wacowm;
OIliHKA PU3HKIB, AKI HE € IIPAMUM HACAIAKOM AIAABHOCTI OKpeMoi (hiHAHCOBOI yCTAHOBH, a
€ PE3YABTATOM KOAEKTHUBHOI IIOBEAIHKH, ITIO IIPU3BOAHUTH AO TIOCHAEHHS BOAATHABHOCT] y
piHaHCOBOMY CEKTOPI T2 peaAbHill eKOHOMII, e(PEKTiB 3BOPOTHOIO 3B 3Ky Ta HAAMIPHOIO
OOpProBOro TAraps, AEBEPHAKY Ta HEAOOIIHKH PH3HKYy IIA Yac IIAHOMY Ta HOro

IIEPEOIIIHKN ITIA 9ac perecii.




OmiaroBannsa CITPC moxke MaTH «TOPH30HTAABHY» IIEPCIIEKTUBY, A€ yBara 30CEPEAKEHA
Ha (PIHAHCOBOMY CEKTOPI, Ta «BEPTHKAABHY», B AKII IIEPEBAKHO PO3TAAAAETHCA ABOCTOPOHHSA
B32€EMOAIA MK (PIHAHCOBOIO CHCTEMOO T4 EKOHOMIKOIO B ITIAOMY.

OCHOBHHM IHCTPYMEHTOM OIIHIOBAHHA CHCTEMHOIO PH3HUKY (DIHAHCOBOTO CEKTOpa €
MaKpOIIPYACHIIIHE CTPEC-TECTYBAHHA, IO IIepeADadvac aHaAl3 BIIAUBY MaKpOIIOKIB,
B32€MOBIIAHBY (PIHAHCOBOTO Ta PEAABHOIO CEKTOPIB CKOHOMIKH 3 YPaxXyBaHHAM IIPAMOIO
BIIAHBY, 3BOPOTHOIO 3B’fI3Ky Ta «CYIYTHHUKOBHX» 200 «AOIOMIKHHUX» MOAEACH, edeKTiB
IPAMOTO Ta HEIPAMOIO 3apaKEHHA Ta MepexeBUX edekTiB, (IHAHCOBOI CTabIABHOCTI
diHaHCOBUX IHCTHTYTIB.

OrriHroBaHHA IEPEeADAYaE PO3TAAYKEHY CHCTEMY IHAMKATOPIB CAQOKHX CHIHAAIB,
IHAMKATOPIB PaHHBOTO pearyBaHHA Ta IHAUKaTOpIB peaaisamii CPPC.

Ircrpymenraspnaa ckaaposa oniaropanusa CPOC 3a miaxoaom HBY Bkarouae moniropuar
IHAMKATOpPIB (3TPYIIOBAHHUX 34 IUAAMH OOMEKEHHS Ta HEAOUYIIECHHA HAAMIPHOTO 3POCTAHHSA
00OCATIB KPEAHTYBAHHA Ta OOPrOBOIO HABAHTAKEHHSA; HEAOIYIIEHHA ACMIINTY AIKBIAHOCTI;
OOMEKEHHA KOHIICHTPAIIl PU3HKIB; OOMEKEHHA CHCTEMHOTO BIIAMBY BUKPHUBACHUX CTHMYAIB);
aHaAi3 (PIHAHCOBO-IIPOMHCAOBHX TIPYII 3 aKIIEHTOM Ha IX IIAQTOCIPOMOJKHICTB; CTpec-
TECTYBAHHA Ta AKICHUN aHAAI3 OTPUMAHUX AAHUX.

[ToaaABIIOTO AOCAIAKEHHSA HOTPEOyE MpaKTHIHUE iHCTpyMenTapiit ominroanas CPPC,
IO AO3BOAAE KIABKICHO (POPMaAi3yBaTH 3B’A3KH MIK ITAPAMETPAMH €HAOICHHOI'O CEPEAOBHIIIA,
III0 TEHEPYE MAKPOIIIOKH, Ta KAFOYOBHMU IHAUKATOPAMH, IIIO CUTHAAI3YIOTH 1IpO piBeHb CPOC,

TaK, fIK PE3YABTAT CTab0IABHOCTI (DIHAHCOBOTO CEKTOPA.
C ﬁ\ /x\t;
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Pucynox 1. Aumamika morykosux sanutis y Google moao 3abesnedenns (piHaHCOBOI
cTabiABHOCTI Ta CHCTEMHOTO pU3HKy (piHAaHCOBOIO cekropa B cBiti 3a 01.01.2004 p. mo 01.01.2025
p. Avkepeao: moOYAOBAHO aBTOPOM i3 BUKOpUCTAHHAM iHCTpyMeHTapito Google Trends
(www.google.com/ trends)
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Kouxperssamia uieti 1a gyuxmii ommroeanus CPPC (miisora macHcTema)

Kourpernzamia

¥ Dopmamizania o0 eKTHO MACHCTEMH [IPEIMETY OUIHIOBAHHA
omimropana CPEHC {HEI:!E:[E_]. HAKOTIHYCHHA,
______ _I__________________________ MATEPIATIZANIA Ta KaHATH
Cyvo’extH, mwo dopMyIOTEs mommHpenHs)

Pea CHCTEMY OIIIHKH Ta 3IIHCHIOKTE . )

aiza -BHEHaqEEHH.. _p| i ﬂrgpaiﬁ 3 cyD exTaMu, wo | f Cy6 exra onimxu

uia eTRIeT EHEOPHCTOEVIOTE E].I-Ia.‘.[iIH“IH} mami CPoC Ta Ix

KOH rcHETE U PEryIATOpHOro BILTHEY BIAEMOMAE
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306 -» Pozpobxra TexHomori CPC
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X |
F 1771 i + IacTpyMeHTATEHA
onalf—p. DopyyEamET | L] Bubip metomie 1a | 1P miACHCTEMA —

306 IHCIPYMEHTATRHOL i NOKasHHKIE, K1 CYEVIIHICTE TEXHOIOTIL
&3 TIACHCTEAMH i .E[DLIi.'.[LHD MeTOIIE Ta

eue | EHKOPHCTOEYEATH 411 IHCTPYMEHTIR
HHA “» omimopammz CP®C imeHTHIKATIL
UK KUTEKICHOTO Td AKICHOTO
oHal| ——f— T~~~ ———————————————————— - ommumeangma CPOC
HHA -
oKD Buzgageana TEXHITHHX
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yp omérﬁgaé{m Ly h{lb_opmaniifmoi fazm HbopMamHHAX KaHATIE
H{ omiHweanug CPOC
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- Pl Iudopuanifino-aHATITHIHA ..

3 i Hocarnenna mineH
emt " JiarHocTHIHA oniaroeagaa CPOC ga
E::I Pea:liza_riiﬁ _ ; IlpepenTueHa OCHOB1 HATCEHEM -

byHEIIE v YHHOM OpraHi20BaHof
OINHIOBEAHHA ' Curgaisaa BE2deMOI eIeMEHTIE
i
CPoC - i Komrpotsna CHCTEMH

Pucynox 2. Ominropanus CPPC 32 cucTeMHO-IPOIIECHHM IIAXOAOM. AJKEpPEAO: aBTOPChKA

po3pobKa




CrereMBl PHIHEHR — MOTEHITIAH] 2arpocH QVHEINOHATEHOCT] EPHTHYHO EXHTHERY
N4 CYCHLMECTEA CHCTEM HA MAKpOPIEHI 33 VHACTH 3HAYHOL KIMEKOCTL areHTIE Ha
MIEpPOPIEH], EIINMHE AKHX MOZE BEHXOJHTH 33 Me¥1 CHCTEMH TeHepVEAHHA Ta
HETATHEHO EIIHEATH Ha [HIO CHCTeMH T3 QvEEmT

[: XapaKTepHCTHER :>

i
i CETAJHICTE EHABITSHHA T  EUIBKICHOI OIEEH  IpHIHEHO-
CENaTHICTE ! | HACOIAEOEHX SE'WSKE MDH OeXIMY9H [OTEHIEHEY eIeMEHTE Ta
| | moEEpeTHINGE HeCIPHATIHENAE Ha CIITHKA ME

i

i 1) = Tows®M sopy ONepaIifiHOTO CepeJOBHINA — Ie 00 eKTHEHR
'| xapaKTepHCTHES, I0E T33HA S THRM, IN0 Ha HOTO MApaMeTpH EILTHERE
i | sHAauHA EUEEICTE GAETOPIE pis:—mna:—ri’rﬁom MOXOJ#EHHA Ta
i COPAMOBAHOCTL IN0 He MOMYIE OVTH OO0 eKTHEHO OIMHEeHi ¥

HEBHIHAUEHICTE || KOTEKICHOMY BHpasi

i 2} 5 TOYKH S0pY SKOHOMIUHFE ATeHTE HEEMSHATEHICTE — IE iX
'| HemepezbaUeHa MOESNIHKA ¥ NpoUeci MIPHAHATTA VHPAETHCEIX
E pIIEeHE, IOE A2 HMX 3 PeaIiF) Ha EILTHE GarTopE ONepanEHEom
'| cepemoEmMITA a00 BHY TPINE VMOEH, T4 PaMeTPH §Y HEIIOHY Ba HEA

i
i PISHOMAHITHICTE  (IPAEOMIPHHX) I[HTepOpeTAOE Ha OCHOEL
| iIeHTHUHMX CIOCTepedeHE 200 OTPHMAHFX AHATITHIHFNX J3HHX,
i | s0Eperma HA OCHOEL BIIMEHOCTER V EPHTSPIAX 90 HOPMAX

i

HETATHEHI HACTIOKH (AK HeTafHI Ta FEHL TAE | HeNOMITHI T3
NPHXOEAH]) MOMYTE EHETHEATH CepHOsHI XERIBOEL eekTH =
MEFAMHE CEETOPY(E), AKl HOYATEOED MeHepVEOTE CHCTEMHFE PIHSHE
(HAAEHICTE ETOPFHENX Ta TPETHHENX eekTIE)

TPaHCKOPIOHHI 9H MLETATYZEEl 32 MacInTadaMH HacligKIE, N0 NPHIEOIATE OO
THCIEHHHE XEHIBOBHX efeKTiE

HeMHIAR] ¥ IPHIHHEO-HACTITROENY 3B I3KAY, K1 9aCT0 JEMOHCTPYIOTE HEeEimomMi
nepenm-.ﬂn TOdEH 200 chepn

CTOXAcTHYHI 23 CIPYEIYPOK EIUIHEY, N0 IPHIEOJHTE J0 30LUIEIIEHHA
HEEH3HA9eHOCTL, AKY ELEEKC 200 HEMOEIHEC 0XapaKTepHIVEATH CTATHCTHIHHME
JOBIpIHMH {HTEpEATIMH

Pucynox 3. Konnenr cucremHoro pusuky. Aepeao: CKAaAeHO aBTopoM Ha ocHOBI (Renn et al.,
2020, 1 ymno, 2027)




EHKOHYHTH @ynmmwm (piHAHCOBOID CEETOpA
PHHEY, 3a0esmedye GOPMyBaHHA METOZONOTL OMIHIOEAHHA 1A |
! MIHIMIZANil CHCTEMHOTO PHIHEY, KOOPIHHYIOEH OpraHizalidiay
| IHGpacTPyETypY

mmm————

MOZIHEICTE TaKOTO QVHKIIOHANEHOTO VpaxeHHZ Eciel 200 HacTHHH
(iHAHCOBOI CHCTEMH, #AKE HE JABaTHME 3MOTH HANSKHHM YHHOM |
NEPEPORNOIUIATH (MHAHCOEL PECYpPCH, N0 MAaTHME NOTEHIIHHI HETaTHEHI |
HACTIKH I eROHOMIEH
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- . . . 1
NOB A33HHH 31 CXHIBHICTIO EKOHOMITHHX !
AreHTIE OpaTH Ha cede 3IHA9HI PHIHEH E
| MepioJH eKOHOMIYHOIO MiTHEeCeHHA

S U |

e e e e o . e e e e e e . e e e e e e e g

3YMOBIEHHH pOZNOIUTIOM  pPH3IHKIE Ta
3B A3KaMH MUK VYaCHHEAMH CHCTEMH, 9Epes
| JAKI CHCTEMA CTa€ EpPasHEOH.

4

$IHARCOEHE IHCTPYMEHT, $IHAHCOEA YCTAHOEA, PIHAHCOEHH PHHOK abo Horo
CErMeHT MHAHCOEO CHCTEMH MOXYVTE OVTH mxepenon CPEC, Horo nmepegaeaden,
3 TAKOK 233HABATH HOTO ENHEY

Pucyroxk 4. Crpykrypusariis CHCTEMHOIO PHU3HKY (DIHAHCOBOIO CEKTOpa. AKEPEAO: CKAAACHO
aBTOpOM Ha OCHOBI (Crzpanecin marponpyoenyitinoi noainuxy, 2027)




CrcreMHHEH pH3HK QIHAHCOBOIO CEKTOPA

MaxpoeKoHOMITHHE BHHHEAS, KOTH (IHAHCOEMH CeKTOp MINTAeTRCH

|

_ |

TKS y Y, fKHH € HACTZKOM 3DOCTAHHA KODEJBOEAHHX |

-%‘ EKCIIOZHIH !
m

S B A S B A e B S B .t e Bt

: EHHHKa€, KOMH OaHKpYTCTBO OKpeMoi (iHaHCcoBOi !
t: VCTAHOEH MAe HETATHEHHH ENNTHE HA (IHAHCOEHH CEKTOR V ILIOMY |
L J

Exporenne - :
IECPEIOM € pe3VIBTAT KONEKTHEHOI IOBETIHEH

(IHAHCOEHX VCTAHOE (PHZHE, CTEOPEeHHHE QMHAHCOEHM CEKTOPOM)

e

Exzorense B gl
TEEPET0 3HANOAHTECA TMo3a (iHAHCOBHM CEKTOPOM,

| HaNpHKIAA, me IHCDATAHCH E PeAlEHIH EKOHOMIII (pHIHE HATEHKHOIO
! QVHEIIOHYEAHHA (MHAHCOBOTO CEKTOpY)

EAMIOTHI AHc0ATaHCcH B OaHKIECEEIH CHCTEMI i
S |
CYEepeHEHHA Jedont i
S
uj i
= | 3apaxeEHA ;
. ETpaTa PIEHOEArH Ta MaHIKA i
F | gedioHT MIKEiIHOCTI TA HENMPAEHIBHE IIHOYTEOPEHHA AKTHEIR

3ATaNBEHA ENIHE OVIROAINOK IIH Ha aKTHEEH, OCOOMHEC OviRDAmOK
HEPVXOMOCTI

L

HETaTHEH1 30BHIINHI 30VpeHHA, M0 NepeIlkoTHA0TE
ciiliHEHCﬂBOME.’ CEKTOPY EHKOHVEATH IPHTAMAHHIA HoMy GvHEIIL

: 30HTEH, MOHECEH] OJHHM CVD eKTOM, TPHIEOIATE J0 |

- - I
| 20HIKIE V II0E" A33HHX * HHM VCTaHOEAX (edekT 2apaKeHHT) ;
1 -

3pocTaHHA IHGQopMAIIHHOT acCHMeTpil MoJ0 Koperarii
i, E (MH3aHCOEHX VCIAHOEAX, YYTAHEHX J0 pPHIHEY, Ta 0OMEXeHHX
i MOBIHEOCTT X JHEepcHMIKVEATH IX

P

TToMHIKH IepeoniHkH

Pucynox 5. CyrHicHI XapaKTepHCTHKA CHCTEMHOTIO PU3HKY (DIHAHCOBOIO CEKTOPA AK 00 €KTY
oIiHIOBaHHA. AKEPEAO: CKAAAEHO aBTOPOM Ha OCHOBI. (Swmaga, 2014)
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Pucynoxk 6. Incrurynifina macucrema 3abes3redeHHA MAKPOCTAOIABHOCTI IK OCHOBA CYO €KTHOTO
ckaaay oninroBaHaA CP@C Vikpainu. Askepero: CKAAACHO aBTOpOM Ha OCHOBL. (Crmzpanmecin

Marponpyoeryitinot nosipxu, 2021)
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Pucynox 7. Oprauisariiine 3abesmedents omiarosanis CPOC ma pisai HBY. Askepeao: ckaaaeno
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ITpo6aemu BpoBaAKeHHA B YKPAiHi 3BiTy PO mAaTeski Ha KOPHUCTH A€P>KABH B
KOHTEKCTi 3a0e311edeHH:A IPO30POCTi AiCOroCoAapChKOI AIIABHOCTI i TIpiopuTeTiB

CTAAOTO PO3BUTKY

Amromayis: 'V mporieci iMIAGMEHTAITi €BPOIIEHCHKUX HOPM 3 IIMTAHb PEIYAFOBAHHA BIIAHBY Ha
HABKOAMIITHE CEPEAOBHIIIE, apanTanil B Ykpafni [ireit craroro pos3sBuTKy Ta Opramisariii IOAaABIIIOrO
MOHITOPHHIY IIOCTABACHUX 3aBAAHB, BUHHKAZ IIPOOAEMa OO €KTHBHOIO BHMIPIOBAHHA CYCIIABHOTO
IIPOTPECY Y IIAOMY, BHACAIAOK 9OTO C(pOPMYBABCA 3AIIHT IITOAO YAOCKOHAACHHS CHCTEMH HAIIOHAABHOL
CTATHUCTHKU T4, BIATIOBIAHO, 3BITHOCTL. CydacHl MOAEAIL 3BITHOCTI HepeAOaIarOTh BUCBITACHHS HE AHIIIE
(pIHAHCOBHUX IIOKA3HHKIB PE3yABTATIB AIMABHOCTI, ase 1 HedIHAHCOBUX, fAKI XapPaKTEPU3YIOTH
AOTPHUMAHHSA KOHIIEMNIIi CTAAOTO PO3BUTKY, BU3HAHOIO MIKHAPOAHOIO CITIABHOTOIO HOBOIO IACOAOTIEFO
CYy4YaCHOCTI, ITIO 1 BU3HAYAE aKTYaABHICTh TEMU AOCAIAKEHHA. [IpeAMeTOM AOCAIAKEHHSA € CYKYyIIHICTB
TEOPETUIHHX, METOAMYHUX 1 IIPAKTHYHAX ITIOAOKEHD IIIOAO CKAAAAHHS Ta IIOAAHHS 3BITY IIPO IIAATEMKI
Ha KOPHCTb AcpxaBu B YkpaiHi. OO €KTOM AOCAIAKEHHS € 3BIT PO IAATEKI HA KOPHCTh ACPIKABH K
indopmariiine AKEPEAO OIUHKH EKOHOMIYHOIO 3POCTAHHA, COINAABHOI CIPAaBEAAMBOCTI Ta
PAIIIOHAABHOIO IIPHUPOAOKOPHUCTYBAHHA B VYKpaimi. Mera AOCAIAKEHHSA — IIPOAHAAI3YBATH CTaH
BIIPOBAAXKCHHA B YKpaiHi 3BITy HPO IAATEKI HA KOPHUCTb ACPMKABM TAa BH3HAYUTH MOKAHBOCTI
posmupeHHa  cdepr  HOro  3aCTOCYBAHHA AAfl  3a0E3IICYCHHA IPO3OPOCTI  PAIOHAABHOIO
IIPUPOAOKOPHUCTYBAHHA B AlCOBOMYy TrocroAapctBi. Ilpwm 3sAificHeHHI aHAAI3y CY9aCHOIO CTaHY
AOCAIAKYBAHOI IIPOOAEMH 3aCTOCOBYIOTBCA METOAM CHCTCMHOIO AaHAAI3y Ta CHHTE3y, CKOHOMIKO-
CTATHCTHYHOIO CIIOCTEPEKEHHA 1 Y3araAbHEHHSA, ICTOPHIHHE METOA. AOCAIAKEHHSA IIPOBOAATBCA HA
OCHOBI AlAACKTHYHOTO ITIAXOAY, 32 AOIIOMOIOIO METOAIB aHaAOri! 1 mopiBuAHHA. Kepyrouncs MeTtosamu
cucreMarusanil, €AMHO! IOAIOHOCTI Ta BIAMIHHOCTI, OOIPYHTOBAHO V3araAbHEHI ITIAXOAH IIIOAO
CKAQAAHHSA TA IOAAHHS 3BITY IIPO IIAATEXK HA KOPUCTh ACPKABH B Y KpaiHi. ABTOp pOOHTH BUCHOBOK IIIO
HICCACAOBAHMA TPOOAECM BBCACHHA B YKpanHE OTYCTA O IIAATEKAX B IIOAB3Y TOCYAAPCTBA AAIOT
OCHOBAHMSA YTBEPIKAATD, YTO OH ABAACTCA BAKHBIM HH(MOPMAIIMOHHEIM MCTOYHUKOM AAfl IITHPOKOTO
KpPyTa 3aHHTEPECOBAHHEIX IIOAB3OBATCACH 00 HCIIOAB3OBAHII IPUPOAHBIX PECYPCOB U IIAATEKAX 32 HIX
B OIOAKET IPCAIPHATHAMU, ITOCKOABKY HMH(OPMAIIHA M3 HAAOTOBBIX ACKAAPAIIUN OO YIIAQYCHHBIX
HAAOTAX 1 cOOpaxX CyOBEKTAMH XO3fAHCTBOBAHUA He fABAACTCA obIeaocTymHOR. Kpome Toro, order o
IIAATE/KAX B IIOAB3Y TOCYAAPCTBA HE OTHOCHTCA K COCTABY (DHHAHCOBON OTYETHOCTH U, COOTBETCTBEHHO,
3aKOHOAATEABCTBOM HE OIIPEACACHA OOS3AHHOCTH €TO IIPCACTABACHHSA B KOHTPOAHPYIOIINE OPTAHEL

BMECTE C ACKAapaHHCﬁ IIO HAAOI'y HA HpI/I6I>IAI>.

Kaouosi cn06a: 3BiT Ipo maaTexi Ha KOPHCTb AEPKABH, AICOIOCIIOAAPCHKA AIAABHICTD, IPIOPUTETH

CTAAOTO PO3BUTKY, AICH YKpaiHH.
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Beryn

Aicn Vkpainn 3a cBOIM IPH3HAYEHHAM 1 PO3TAIIYBAHHAM BHKOHYIOTH IIEPEBAKHO
BOAOOXOPOHHI, 3aXHCHI, CaHITAPHO-TIr€HIYH], 03A0POBY Ta iHrmi (yHKIl Ta 3a0e31edyroTh
IIOTPEOH CyCIiABCTBA B AlCOBHX pecypcax. ITaorma BKPHTHX AICOBOIO POCAHMHHICTIO 3E€MEAD
Vkpaiau craHoBHTH 9,6 MAH ra T2 XapaKTePHU3Y€E 3araAbHY AICHUCTICTD TepUTOpPI KpaiHu Ha piBHI
15,9%. 3a 50 poxis maomma AiciB 3pocaa Ha 21%, a 3amac AepeBuHM Maiixke y TpH pasu (3aeatviia
xapaxmepucmuka ..., 2021). Kpim Toro, Ha Tepurtopii YkpaiHu 30cepeAkeHi HanO1AbII B EBpor

OCEPEAKH OYKOBHX IIPAAICIB, 30EPEKEHHIO AKAX IIPHAIASETBCA O0COOAMBA yBara. AAfl IIBOIO
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CTBOPEHO yKPaiHCHKO-CAOBAIIbKO-HIMEIIBKHE 00’eKkT BeecBiTHBOI craamman FOHECKO
«bykosi npaaicu Kaprar ta AaBHi Oykosi Aicn Himewdarmmm.

[Tiammucanns acormarii 3 €Bpocoro3om 3000B’A3ye ADATH HE TIABKU IIPO 30€PE/KEHHS, 4
30IABIIICHHA TEPUTOPIH NIPUPOAHO-3amOBIAHOTO oHAy. Hmui mi tepmropii B Vkpaini
safimaroTe Ammre (6%, a 3a HOpmamu €Bpocorosy mac Oyru He Mmenire 15%. 3 meroro
VAOCKOHAAEHHS YIIPABAIHHA AICOTOCITOAAPCHKUX INAIIPHEMCTB T2 30€PEKEHHA 1 pAIllOHAABHOTO
BHUKOPHUCTAHHA AICOBUX PeCypciB HEOOXIAHO (POPMyBaHHA CUCTEMU OYXIaATEPCHKOIO ODAIKY Ta
CHCTEMHM CTATHCTHYHHX IIOKA3HUKIB, fIKa BIAIIOBiAaaa O motpebam wacy (Cmopomyx ma
Apyocuncexa, 2017).

He sBaxarounm Ha 3HAYyIIICTB AICOBOI raAysl YKpaiHH AAfA BIATBOPEHHS, 3aXHCTy Ta
EKCITAYaTaIlii AICOBHX PECypCiB, 2 TAKOK 3HAYHHH 1HTEPEC AA ACPKABH 1 CYCITIABCTBA, OCOOAHBO
B yMOBax BiHH, ii Mmicre y 3a0e3medeHH] 1H(MOPMAIIHOIO HAIIOBHEHHA AEP/KABHOI Ta
MIKHAPOAHOI CTATUCTHKH IIIOAO CTAAOTO PO3BHUTKY 3aAHIIIAETHCA HEAOOIIHEHNM. Bpaxosyroun
BUMOTH Yacy IIOAO IIOCHACHHA COIIAABHOI BIAIIOBIAAABHOCTI OI3HECY, OIIepaToOpH, IO
PO3MIIIYIOTh HAa PUHKY AICOMATEPIaAH Ta IPOAYKIIIO 3 ACPEBHHH, 3000B’A3aH1 HAACKHO ADATH
IIPO paIliOHAAbHE BHUKOPHCTAHHA AICOBHX peCypciB 1 He AOIYCKATH IIOTPAIIASHHA
KOHTPAaOAHAHOI AepeBHHN Ha pHHOK EBpocorosy. 3 micro meroro B EBporericekomy Corosi
3AIIPOBAAKEHO BHUMOTY 3BITYBATH IIEPEA CBOIMU IPOMAAAHAMH 3a BHIIAATH, IIO OTPHUMYIOTHCH
VPAAAMH BiA IMAIPHEMCTB, 3aHHATUX § AOOYBHIM IIPOMHCAOBOCTI 200 B 3aroTiBAl KOPIHHOTO
Alcy.

V mpomeci iMmaemenTanii €BPOIEHCHKUX HOPM 3 IIHTAHb PEIYAIOBAHHS BIIAHBY Ha
HABKOAHIIIHE CEPEAOBHINIE, aAarrrarii B Vkpaini Llirelt crasoro possutky (x OOH nidmpuntye
Lini ..., 2020) ta opranizaiii IOAAABIIIOTO MOHITOPHHIY IIOCTABACHUX 3aBAAHB, BHHHKAQ
pobAeMa OO’€KTHBHOIO BHMIPIOBAHHA CYCIIABHOIO IIPOTPECY V IIAOMY, BHACAIAOK YOTO
ccpopmyBaBCs AT IIIOAO YAOCKOHAACHHSA CHCTEMH HAITIOHAABHOI CTATHCTHKH T4, BIAIIOBIAHO,
sBitHOCTL. Cy4acHI MOAEALI 3BITHOCTI IIepeADAYarOTh BUCBITACHHA HE AHIIE (PIHAHCOBHUX
IIOKa3HUKIB PE3YABTATIB AIIABHOCTI, aAe 1 HeIHAHCOBUX, AKI XapPaKTEPU3YIOTh AOTPHUMAHHS
KOHIIEIIIi CTAAOIO PO3BUTKY, BH3HAHOIO MIKHAPOAHOIO CIIABHOTOIO HOBOXO IACOAOTIEFO
CYYaCHOCT], IO 1 BU3HAYAE AKTYAABHICTD TEMH AOCAIAKEHHH.

ITpeameTOoM AOCAIAKEHHA € CYKYIIHICTD TEOPETHIHHX, METOAMYHHUX 1 IIPAKTHIHHX
ITOAOKEHD ITTOAO CKAQAAHHSA Ta IIOAAHHSA 3BITY IIPO ITAATEKl HA KOPHCTh ACPKABU B Y KpaiHi.

OO’eKTOM AOCAIAKEHHSA € 3BIT IIPO IIAATEKI Ha KOPHCTh AEpiKaBH fK iH(OpMariiiine
AKEPEAO OIIHKH EKOHOMIYHOIO 3POCTaHHS, COIIAABHOI CIIPaBEAAHMBOCTI T2 PaIiOHAABHOIO
IIPUPOAOKOPHCTYBAHHSA B YKpaiHi.

Mera AOCAIAKEHHS — IPOAHAAIZYBATH CTAaH BIIPOBAAKEHHSA B Y KpaiHi 3BITY IIPO ITAQTEX] HA
KOPHCTb AEPKABU Ta BHU3HAYUTH MOMKAHBOCTI PO3IIHPEHHA cPepu HOIO 3aCTOCYBAHHA AAS
3a0e3I1e9eHHA IIPO30POCTI PALIIOHAABHOIO IIPUPOAOKOPHUCTYBAHHA B AICOBOMY I'OCITOAAPCTBI.

AAf AOCATHEHHSA ITOCTABACHOI METH OKPECACHO HACTYIIHI 3aBAAHHA:

—  IIPOaHAAI3yBaTH HOPMATHBHO-IIPABOBY 0a3y, fAKka BH3HAYAE HEOOXIAHICTH (DOpMyBaHHA

ITOKA3HUKIB HAITIOHAABHOI CTATUCTHKH B IIAOMY Ta 3BITHOCTi, 30KpeMa, AAA OIIHKH

paHiOHaAbHOTO HpI/Ip OAOKOPHCTYBAHHA,




—  BHABUTH IIPOOAEMH TEOPETUKO-IIPABOBOIO XaPAKTEPY IIOAO INATOTOBKH 1 IIOAAHHA 3BITY
IIPO IIAATEKI HA KOPHUCTb ACP/KABH CYO’€KTAMH TOCIIOAAPIOBAHHSA, fKI 3AFICHIOIOTDH
3aTOTIBAIO ACPEBHHU;

—  CHCTEMAaTHU3yBATH HPAKTHUYHI IIPOOAEMU CKAAAAHHA 1 IIOAQHHSA 3BITY IPO IIAATExKI Ha
KOPHCTB AepiKaBH B cpepl AICOBOrO TOCITOAAPCTBA Ta OKPECAHTH 3aXOAH, HEOOXIAHI AAA 1X
BUPIIICHHS.

[lpu 3alficHEeHH]I aHAAI3y CY4aCHOTO CTaHY AOCAIAKYBAHOI ITPOOAEMH 3aCTOCOBYIOTBCHA
METOAH CHCTEMHOTO aHAAI3y Ta CHHTE3y, EKOHOMIKO-CTATHCTUYHOIO CIIOCTEPEKCHHSA 1
Y3araAbHCHHS, ICTOPHYHHUNA METOA. AOCAIAKEHHS IIPOBOAATBCA HA OCHOBI AIAACKTHYIHOIO
IIAXOAY, 34 AOIIOMOIOIO METOAIB aHaAorii 1 mopiuaxHA. Kepyrouncs wmerosamu
CHCTEMATH3AIlll, EAMHOI ITIOAIOHOCTI Ta BIAMIHHOCTI, OOIPYHTOBAHO y3araAbHEHI IIAXOAU IIIOAO

CKAAQAQHHA Ta TTOAQHHA 3BITY IIPO IIAATEKI HA KOPHUCTh ACPKABH B Y KpaiHi.

Pe3yapTaTi AOCAiAKEHHA

B mexax Vroau mpo acorraniro mizk YkpaiHOO, 3 OAHIEl cropoHH, T2 €BpPOIIEHCHKUM
Corozom, €BpOIEHCHKIM CIIBTOBAPUCTBOM 3 ATOMHOI €Hepril 1 iIXHIMI Aep/KaBaAMHU-IACHAMH, 3
ol cropouu (Yzo0a npo acoyiayiro ..., 2014). Vkpaina B3fra 3000B’A3aHHA CIPUATH
IIOCTYIIOBOMY 30AMKEHHIO CTOPIH, IPYHTYIOYHCh Ha CIIABHHUX IIHHOCTAX 1 TICHHX
IIPUBIACHIOBAHUX 3B’fI3KAX, 4 TAKOK ITOIAMOAIOIOYH 3B’A30K YKpaiHu 3 moalrukoro €C rta if
y4acTh y IIPOTpamMax Ta areHTCTBAX, 30KpeMa i B yactuHi 3BiTHOCTL. KpiM ToTo, Yroaoro (Veoda
npo acoyiayiro . .., 2014) mepeabadeHO 30008’ I3aHHA CTOPIH IIPALIFOBATH PA30M AAA IIOKPAIIICHHSA
IIPAaBO3AaCTOCYBAHHA Ta YIIPABAIHHA B AICOBIH raAysi, CIPHATH TOPIIBAI ACTAABHOIO AICOBOIO
IIPOAYKIIEIO 3 METOIO CIPHUAHHA CTAAOMY YIIPABAIHHIO AICOBIMH PECYPCAMH.

Edpexrusae ympaBainHA Ha OyAb-AKOMYy piBHI IIOTpeOyE€ HaABHOCTI AOCTOBIPHOL
trdopmarii, Tomy Yropaoro (Yeoda npo acoyiayirvo ..., 2014) mepeADa9eHO TaKOXK PO3BHTOK 1
IIOCHAEHHA CIIBPOOITHHUIITBA 3 IIHTAHb CTATUCTHKM, IO CHPHATHME AOCATHEHHFO
AOBIOCTPOKOBOI METH ITIOAO HAAAHHSA BYACHUX 1 HAAITHUX CTATUCTHYHUX AAHHX, AKI MOKAHBO
IIOPIBHATH HA MDKHApOAHOMY piBHI. Llpomy crpmse, s3oxpema, imraemenTaria AHpPEeKTHBH
2013/34/€C €poreiicbkoro ITapaamenty ta Paan eBporeiicbkoro corosy Bia 26 yepsus 2013
POKY PO IMOPiuHy (PIHAHCOBY 3BITHICTH, KOHCOAIAOBAaHY (DIHAHCOBY 3BITHICTB Ta IIOB’f3aHI 3
HHUMH 3BITH IIEBHUX THINB KoMUaHii (Aupexmusa..., 2013). Ilpore mosHOIIHHE i BUKOHAHHA
OTpedye YAOCKOHAACHHA iHMOPpMAIIIFTHOrO 3a0e3redeHHsa (DiHAaHCOBOTO YIIPABAIHHA 3 METOXO
KOHTPOAIO 32 IIOXOAKEHHAM ACPEBHHH Ta 3AIFCHEHHS ITAATEXKIB 32 BUKOPHCTAHHA AlCOBHX
pecypciB, 30kpeMa He3alMaHUX AiCiB, aaxe POPMyBaHHA 3BITIB ITOTPeOye BIAOKPEMACHHA B
cucreMi OOAIKY AlciB iHdpOpMAILil IPO HAABHICTD TAKUX PECYPCIB.

3a3HAYNMO, IO 3aKOHOAABYHMU aKTaMU YKpalHU repeAbadeHa HEOOXIAHICTD CKAAAATH
3BIT PO IIAATEXKI Ha KOPHUCTb AepkaBH, a came: 3akoHoM Ykpaimm “IIpo 3abesmeuenns
11po30pocrti y BUAOOYBHEX TaAy3ax’ (I Ipo sabesneuerna nposopocwi. .., 2018) ta 3akonom Vxpainm
“IIpo Oyxraatrepchkuii 00AiK Ta pinaHcoBy 3BiTHICTD B YKpaiui” (I Ipo Gyxeasmepeskuii odnik. . .,
1999). Ilpote AA IPAKTHYIHOIO BTIACHHA IIUX BHMOI HEOOXIAHO Y3TOAUTH HOPMH OKPEMHUX
3aKOHOAABYHUX aKTIB T2 AOOIIPAIFOBATH AATOPUTM ITOAAHHS ITbOTO 3BITY.

Tax, 3a Bu3HadueHHAM, HaBeAcHuM y 3axoni Ykpainum “Ilpo Oyxrastepchkuii 0OAIK Ta

pinancosy sBithictes B Ykpaiui” ([Ipo Gyxeasmepeokuii oonik..., 1999), 3BiT mpo maarexi Ha
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KOPHUCTh ACP/KaBH — II€ AOKYMEHT, IO MICTHUTH y3araAbHEHY IH(OPMAIIIO IIPO AMABHICTD
CyO’€KTIB FOCIIOAAPIOBAHHS, AKI 3AINCHIOIOTH AIIABHICTD ¥ BUAOOYBHHX IaAy3fX 20O 3arOTIBAFO
ACPEBUHM, 4 TAKOK ACTAAI30BaHY 1H(OPMALIIIO IIPO IOAATKH 1 300pH, IHIII IAATEXI, IO OyAR
CIA24YeHI 200 HAAEKHI AO CIIAATH HAa KOPHUCTb AEPKAaBU BIAIIOBIAHO A0 3akony (I Ipo
Gyxceanmepeskudi o6aix. .., 1999). 3BIT PO MAATEKI HA KOPHUCTh ACP/KABH IIOAACTHCA CYyO €KTAMMI
TOCIIOAAPIOBAHHSA, fAKI 3AINCHIOIOTh AIIABHICTD Y BUAOOYBHHX IaAy3fiX, BIAITOBIAHO AO 3aKOHY
Vipaian “Ilpo 3abesmedeHus mposopocti y BuAOOyBHuX ranaysax’ (Ilpo  sabesnewerna
nposopocrii. .., 2018), a TAKOK INAIPHEMCTBAMH, IO 3AINCHIOIOTH 3arOTIBAIO ACPEBHHH 1 IIpH
LIbOMY CTaHOBAATH cycmiAbHUIL 1HTEepec ([Ipo Gyxeanmepevkuil obaik..., 1999). V BuzHadeHHi
AaHoOro 3BiTy 3akoHom Vkpaiau “TIpo 3abesnedenns mposopocti y BUAOOYBHUX raAysax’ (I Ipo
sabesnevenra nposopocnii..., 2018), 3ycTpi9aeMO BIAMIHHICTB IIIOAO BHAIB AIAABHOCTI CyO’€KTiB
rOCIOAApPIOBaHHA. TaK, 3BIT IIPO HAATEKl HAa KOPHCTh AECP/KABU — IIE€ AOKYMEHT, ITIO MICTHUTBH
y3araAbHEHY 1H(OpPMALIIO IIPO AIAABHICTB CYO’€KTIB TOCIIOAAPIOBAHHSA, fKI 3AINCHIOIOTH
AIABHICTD § BHAOOYBHHUX TaAy3fX, HECOOXIAHY AAfl 3a0€3IIE€UEHHA IIPO30POCTI § BUAOOYBHHX
raAy3iX Y 3BITHOMY IIEPIOAIL, 2 TAKOK ACTAAI30BaHY IH(OPMALIIIO IIPO HOAATKH i 300pH, IHIII
IIAQTEXKI, CITAadeHl a0 HAAEKHI AO CIIAQTH OTPHUMYyBadaM IIAATEKIB TAKUMH CyO’€KTamMu y
3BiTHOMY 11epioAl (I Ipo sabesneyenria nposopocni. .., 2018).

Tobro, y TpakryBauui cyri 3Bity B peaakuil 3akony VYkpainm “Ilpo 3abesmedenns
11po30opocTti y BUAOOYBHUX rany3ax’ (I [po sabesneverrs nposopocrii. . ., 2018) He 3a3Ha4EHI CYO €KTH
TOCIIOAAPIOBAHHA, fAKI 3AICHIOIOTH 3aroTiBAlO AepeBuHH. 3akoHOM ([ lpo  sabesneverrs
nposopocri. .., 2018) AO BHAOOYBHHX TaAy3ed BIAHECEHO IaAy3i IIPOMHCAOBOCTI, ITOB’A3aHI 3
IeOAOTIIHIM BHBYCHHAM HAAP, Y TOMY YHCAl 3 AOCAIAHO-IIPOMHCAOBOIO PO3POOKOIO POAOBHIIL
KOPHCHHUX KOITAAMH 3aTraAbHOACP/KABHOTO 3HAYEHHSA, BHAOOYBAHHAM KOPHCHHUX KOITAAMH
3aTAAPHOACP’KABHOIO 3HAYCHHSA, PEAAI3AIICIO BHAOOYTOI IIPOAYKII, AIMABHICTE Yy AKHX
3AIFICHFOETBCS BIAIIOBIAHO AO CIIEIIAABHOTO AO3BOAY HA KOPHCTYBAHHA HAAPAMH T4 YTOAH ITPO
YMOBH KOPHUCTYBAHHA HAAPAMH, Ha IIACTaBl AOTOBOPY (YTOAH) IIIOAO KOPHUCTYBAHHA HAAPAMH,
Ta/a00 HOB’A3aHI i3 AABHICTIO 3 TPAHCIIOPTYBAHHS TPYOOIIPOBOAAMU IIPUPOAHOIO Iasy,
HaTH Ta rA30BOTO KOHACHCATY, Y TOMY YHCAlL 3 MeTOXO Tpausuty (I [po sabesnevenns nposopocnii. . .,
2018).

®opmu 3BITHOCTI PO ITAATEHKI HA KOPUCTh AEPHKABH Y BHAOOYBHHX IAAY3AX 32TBEPAKCHI
[Tocranosoro Kabimery Minictpis Vipainm “Aedki nurTaHHA 3a0€3II€UEHHSA IIPO3OPOCTI Y
BUAOOYBHUX TaAy3ax~ (Aeixi numanng sabesnevenia ..., 2020), a came: 3BIT IIPO IAATEKI Ha
KOPHCTDb AEP7KABH, KOHCOAIAOBAHUIT 3BIT IIPO ITAATEXKI HA KOPHCTh ACP7KABH, 3BIT IIPO OTPHUMAaHI
ITAQTEXI.

AAf AicoBOro rocriopapcrsa hopma 3BITY PO IMAATEKI HA KOPUCTD ACP/KABU ITIAIIPHEMCTB,
IITO 3AIMCHIOIOTH 3arOTiBAIO ACPEBHHHU Ta ITOPAAOK CKAaAaHHA 3BiTy 3arBepAxeHi Hakaszom
Minicrepcrsa dpirancis Vkpainu “Ilpo sarBepasennsa dpopmu ta [TopAAKy ckaapaHHA 3BITY IIPO
IIAQTEXl Ha KOPHCTh AEPKABH ITAIIPHEMCTB, IO 3AINCHIOIOTH 3aroTiBAro AepesuHu (I Ipo
sameepoarcentia popmi. .., 2020).

CroCcOoBHO CyO’€KTIB IOCIIOAAPIOBAHHA, AKI 3AIFCHIOIOTH 3arOTIBAIO ACPEBHHH 1 Ha K
ITOKAAACHO OOOB’A30K CKAQAATH 3BIT IIPO ITAATEKI HA KOPUCTb ACPIKABU ,BIATIOBIAHO A0 3aKOHY
Vxpainu “TIpo Oyxraarepcpkuii 00Alk Ta (pinancoBy 3BitHiCTs B Yipaiui” (I 1po Gyxeanrmepcouii

obnik. .., 1999), 3a3HAYEHO AOAATKOBHM KPHUTEPIH — BOHM IOBHHHI CTAHOBHUTH CYCIIABHUIA
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iTepec. AO TaKHX IIAIIPHEMCTB HAACKATH INAIIPHEMCTBA - EMITCHTH IIHHUX ITAIICPIB, I[HHI
ITallepu AKUX AOIYIIEHI AO TOPIiB Ha PEryAbOBAHOMY PHHKY KaIlTaAy 20O ITIOAO IUHHHX
ImarepiB AKAX 3AINCHEHO IyOAIYHY IIPOIIO3HUIIIO, OAHKH, CTPAXOBHKH, HEACP/KABHI IICHCIHHI
donam, iamm dinancosl ycraHoBH (KpiM iHIIHX (DIHAHCOBHX YCTAHOB T4 HEACPKABHHUX
IIEHCIHHUX (DOHAIB, IO HAAEKATH AO MIKPOILIAIIPHEMCTB Ta MAaAHX INAIIPHEMCTB) Ta
IIAIIPUEMCTBA, AKI BIAIIOBIAHO AO IIBOTO 3aKOHY HAAEKATb AO BeAHKHX Imanpuemcts (I1po
Oyxeanmepeekutt - o0uik. .., 1999). 3ayBaumo, IO BIAIIOBIAHO AO pedOpMH  AICOBOTO
rOCIIOAAPCTBA, AKA HAPa3l TpHUBAE 1 mepeAbadac pEeOPraHisarito CHCTEMH YIIPABAIHHA Y AICOBIH
raaysi masxom o0'eAHaHHS 158 ACpIKaBHHX AICOTOCIIOAAPCHKUX INAIIPHUEMCTB 1 YTBOPECHHS
ACP/KABHOTO VHITAPHOTO KOMEPIIHHOro mAmpuemcrBa «Aicu VipaiHm» 3 diaiamm. OTixke,
HOBOCTBOPEHE IIAIIPHEMCTBO, HMOBIPHO, BIAIIOBIAATHME KpHTEpPifo BeAnkoro. Okpemi
AICOTOCITOAAPCHKI IHAIIPHEMCTBA, SIKI 0O €AHYIOTH, BTPAYAIOTh CTATYC FOPHAMYHHUX OCIO 1 €
dinismm AIT «Aicu Vkpaiam», TOMy He IIAIIAAQFOTH A HaBEACHI Kpurepil MOAO cyO’€eKTiB
TOCIIOAAPIOBAHHSA, Ha fIKI ITOKAGACHO OOOB’AI30K CKAQAATH 3BIT IIPO IIAATEXkKI HA KOPHCTH
Aep:kaBH. TakuM YHHOM, BPaXOBYIOYH ICHYIOUl PO3OLKHOCTI ACAKHX HOPM YHHHOTO
3aKOHOAABCTBA Ta BHABACHI HEBIAIIOBIAHOCTI CYO’€KTIB TOCIIOAAPIOBAHHA B  AICOBOMY
TOCIIOAAPCTBI BU3HAYEHIM KPHTEPIAM AASl IIATOTOBKH 3BITY IIPO IIAATEkKI HA KOPUCTD ACPKABH,
BBA’KAEMO HEOOXIAHUM iX Y3TOAUTH Ta IIPHUBECTH Y BIAIIOBIAHICTH AO 3000B’A3aHB CTOpIH,

BHU3HAYECHHUX YTOAOIO IIpo Acorarnito mixk Vipainoto ta €C (Yeoda npo acoyiayir ..., 2014).

Anckycia

A. T. Aosiaceka me B 2014 porii miaHAAZ TIPOOAEMY 3aITPOBAAKEHHA B Y KpaiHi 3BITHOCTI
IIPO IIAATEKI HA KOPHUCTh ACPIKABH, AKA MAE IPYHTYBATHCA HA BUBYCHHI IIPAKTUKNA CBPOCOIO3Y
IIIOAO METOAMYHOTO I OPraHi3aliifHOro 3a0e3IIeYeHHsA IIPOIIECY 3BITYBAHHSA, IO 3aAUIIAETHCH
akTyaapHuM nwraHHAM 1 HuHL  (Aosimceka, 2014). b. A. 3acaaHHII CTBEPAKYE, IO
OYXIaATEPCHKHI OOAIK dYepe3 CHCTEMy 3BITHOCTI IOKAMKAaHHH (pOpMyBaTH Ta HAAaBaTH
KOPHCTyBa4aM AOCTOBIpHY IHQOpMaIito Ipo (DIHAHCOBHI CTAH Ta PE3YABTATH AIAABHOCTI
KOMITAHIH 06e3 0COOANBOI IIPUB’A3KH AO 3aAOBOACHHSA ITOTPEO AeprKaBHUX (DICKAABPHUX OPraHiB
(Bacadnuz, 2019). Came Takumii IIAXIA AO CYYaCHOIO OYXIaATEPCBKOIO OOAIKY 1 3BITHOCTI
posmuproe cepy BUCBITACHHA HedIHAHCOBOI iH(OpManll HPO AMABHICT KOMITAHIl 1
IIABHIIIEHHIO €(DEKTUBHOCTI YIIPAaBAIHHA BUKOPUCTAHHA IIPUPOAHUX pecypciB aepsxasu. [Tpore
IINTAaHHA BIIPOBAAKECHHA B YKpaiHi 3BITY HIPO ITAaTexkI HA KOPHUCTb AEPKABU B KOHTEKCTI
3a0€3IIe9eHHA IIPO30POCTI AICOTOCIOAAPCHKOI AIAABHOCTI 32aAHINAETHCA AMCKYCIHHEM 1

HOTp€6y€ HayKOBHX AOCAiA)KCHb.

BucroBoOK
AocaipixeHH IPOOAEM 3aIIPOBAAKEHHS B Y KpaiHi 3BITY IIPO IAATEK] HA KOPUCTh ACPHKABH
AAFOTH INACTABH CTBEPAKYBATH, IO BIH € BAKAUBHM IH(POPMAIIHHUM AKEPEAOM AAA
IIIPOKOTO KOAA 3aITKaBAEHUX KOPHCTYBA4iB IIPO BHKOPHUCTAHHA IPHPOAHHX PECYpPCiB Ta
ITAATEK] 32 HUX AO OFOAKETY INAIIPUEMCTBAMU, OCKIABKH 1H(OPMAIIIA 3 TOAATKOBUX ACKAAPALIIH
IIPO CIIAQYCHI IIOAATKH 1 300pH CyD’ €KTAMU TOCIIOAAPIOBAHHSA HE € 3araABHOAOCTYIIHOO. Kpim

TOTO, 3BIT IIPO IAATEKI HA KOPUCTh ACPKABH HE BIAHOCHUTBCA AO CKAaAy (PIHAHCOBOI 3BITHOCTI




1, BIAIIOBIAHO, 3aKOHOAQBCTBOM HE BH3HAYEHO OOOB’f30K HOIO IOAAHHA AO KOHTPOAIOIOYHX
OpraHiB pa3om 3 ACKAAPALIIEIO 3 700amKy Ha npudymox.

3BiT IPO mAaTeKi HA KOPHUCTh ACP/KABH IIOAAETBCA CYO’€KTAMH TOCIOAAPIOBAHHA, fAKI
3AIFICHIOIOTH AIIABHICTD y BUAOOYBHHUX IaAy3fX, 4 TAKOXK ITAIIPHEMCTBAMH, IO 3AIFCHIOIOTH
3aTOTIBAIO ACPEBHHU 1 IIPU IIbOMY CTAHOBAATH CYCIIABHHIH iHTEpec. BpaxoByroun BiaMIHHOCTI
Y TOCIIOAAPCBHKIH AIIABHOCTI BHAOOYBHHX 1 AICOTOCHOAAPCHKUX INAIIPHEMCTB, a TaKOXK PI3HI
PETyAATOPHI aKTH, AKI BU3HAYAIOTH CYTHICTb 3BITYy Ta OCHOBHI BUMOIHM AO HBOIO, B YKpaiHi
3aTBEPAKEHO Pi3HI (POPMU 3BITY Ta METOAUKH HOTO CKAGAAHHS.

Bpaxosyroun pedopmyBaHHA OpraHi3amiiiHOl CTPYKTYPH B AICOBOMY TIOCIIOAAPCTBI,
AOIIABHO YTOYHHTH CyO €KTIB TOCIIOAAPIOBAHHS, fAKI 3000B’A3aHi HOTo cKAaAaTh. [Ipu npomy
BBA’KAEMO HEOOXIAHUM 3aKOHOAABYO 3000B’f13aTH (POPMyBaHHA KOHCOAIAOBAHOTO 3BITy IIPO
IAaTexi Ha KOPHUCTb ACPKAaBH HOBOCTBOPCHHM INAIPHEMCTBOM «/\icm VKpaiHm» Ha OCHOBI
3BITIB IIPO IAATExklI Ha KOPHUCTh AEpiKaBH HOro iaiif, o 3a0e3IeYnTh IIPO3OPICTDH
AICOTOCITOAAPCHKOI AIIABHOCTI Ta AOTPHUMAHHA ITOAITHKH 1 HPIOPHTETIB CTAAOTO PO3BUTKY
3rIAHO 3 MIKHAPOAHO BU3HAHUMHU IIPUHIIAIIAME 1 YTOAAMH, 4 TAKOK BIIAUBY Ha (DOPMYBAHHSA
HAAXOAKEHDB AO AeprKaBHOTO OIOAXKETY.

[[Tupoxuii cuekTp pO3rASHYTUX IIPOOAEM BIIPOBAAKEHHA B Y KpaiHi 3BITY IIPO IIAATEkKI Ha
KOPHCTh ACPKABH T4 OOMEKEHICTh OOCATY AAHOI pOOOTH IOTPEOYIOTh IOAAABIIINX HAYKOBHX

AOCAIAJKEHD Ta BBAKAEMO IIEPCIIEKTHBOIO ITOAAABIIIIX PO3BIAOK.
C ?\ /ﬁ;

CHucoK BUKOPHCTAHUX AXKEPEA:

Aesixi muTaHHA 320€3IIeYeHHA IIPO30POCTi y BUAOOYBHUX raaysax. (2020). [Tocrarnosa Kabinery
Minicrpis Vrpaian 23 sepecuaa 2020 p. Ne 858. 3akonoaasctso Ykpainn. Caiit Bepxosnoi
Paan Vkpainu. https://zakon.rada.gov.ua/laws/show/858-2020-%D0%BF#Text

Awnpexrusa 2013/34/€C €sporneiicskoro [Tapaamenry ta Paan eBpomeiicbkoro corosy Bia 26
gepaa 2013 poky mpo ImopidHy (IHAHCOBY 3BITHICTH, KOHCOAIAOBAHY (DiHAHCOBY
3BITHICTH T4 HOB’A32HI 3 HUMH 3BITH IIEBHUX THUINB KOMIIAHIHN, III0 BHOCHTH 3MIHH AO
Awupexrusu 2006/43/€C E€sporueiicekoro ITapaamenty ta Paan ta ckacosye Aupexrusy
Paan 78/660/€EC i 83/349/€EC. (2013). Caiir Minicrepcra rocruuil YKpaiHu.
https://minjust.gov.ua/m/str_45877

3araapHa xapaktepucruka Aicis Ykpainu. (17 ciaas 2021 poky). Caiit AepkaBHOTO areHTCTBA
AlcoBHX pecypcis Vkpainn. https://forest.gov.ua/napryamki-diyalnosti/lisi-
ukrayini/zagalna-harakteristika-lisiv-ukrayini

3acaanmii, b. A. (2019). IlepcrexkruBr pO3BHTKY HAIIOHAABHOI CHCTEMH OYXIaATEPCHKOTO
OOAIKY B YMOBax €BpoiHnTerparmiiinux npouecis. Exonomika ma cycninsemeo, 20.

Aosiaceka, A. I'. (2014). Briaus eBpoinTerpariiHux IIpoIeciB Ha PO3BHTOK OYXIaATEPChKOIO
00AIKy Ta 3BITHOCTI B VKpaiui. Pinarncu Yxpainu, 9, 21-30.

ITpo Oyxraarepcekuii 0OAlK Ta (piHancoBy 3BiTHICTH B YKpaimi. (1999). 3akon Vkpainu Bia
16.07.1999 Ne 996-XIV. 3akomoaasctso Ykpaimm. Caiir Bepxosmoi Paau Vkpaimm.
https://zakon.rada.gov.ua/laws/show/996-14#Text



https://minjust.gov.ua/m/str_45877

ITpo 3abesmedenHs mpo30poCTi y BUAOOYBHEX raaysax. (2018). 3akon Vkpainnm Bia 18.09.2018
Ne  2545-VIII. 3axkomoaaBctBo  Vkpaimm. Cair  Bepxomoi Paam  Vkpainm.
https:/ /zakon.rada.gov.ua/laws/show/2545-19# Text

ITpo sarBepaxennsa dopmu 12 ITOPAAKY CKAAAAHHSA 3BITY IIPO IAATEXKI HA KOPHCTH ACPKABU
IIAIIPUEMCTB, IO 3AIHCHIOIOTH 3aroTiBAIO AepeBunn. (2020). Hakaz Minicrepcrsa
dinanciB Vipaiau 13.08.2020 Ne 499. 3akonoasasctso Vkpainn. Caiit Bepxosnoi Paan
Vkpainn. https://zakon.rada.gov.ua/laws/show/z0993-20#top

Cropowxyk, T. M., Apyxuacska, H. C. (2017). Iadopmarnitine 3abesmederns (hiHAHCOBOTO
MEHEAKMEHTY IAIIPUEMCTB AlCOBOTO rocoAapctsa. Dinarncu Yipainu, 7, 102-115.

Vroaa mpo acomjaniro Mmixk VkpaiHOro, 3 oamiei croponm, Ta €EBpomnericbkkum Corozom,
€BpOIEHCHKIM CIIIBTOBAPUCTBOM 3 ATOMHOI €HEPTii 1 IXHIMI AepiKaBAMU-IACHAMH, 3 IHIIIO]
croponu. (2014). Parudixkosano 3akonom Ne 1678-VII Bia 16.09.2014. 3akornoaaBcTBO
Vkpainn. Caiir Bepxosnoi Pasu Vkpainn.
https://zakon.rada.gov.ua/laws/show/984_011#top

Ak OOH miarpumye Llial craroro possurky B Vkpaini. (21 Bepecus 2020 poxy). Caiir
Oprauisauil O6’eanannx Hamiit B Vipaiui. https://ukraine.un.org/uk/sdgs




DOI: 10.47451/ecn2023-03-01

Marina V. Semykina, Doctor of Science in Economics, Professor, Department of Economics and
Entrepreneurship, Faculty of Economics, Central Ukrainian National Technical University.
Kropyvnytskyi, Ukraine.

Employment transformation in the context of digitalisation of the economy and
Ukraine’s movement to the European Union

Abstract: Digitalisation of the economy has become a leading factor in human development in the 21st
century, which has affected all spheres of life, in particular employment of the population. There is a
digital transformation of employment, which requires understanding, in-depth study by economic
science to find opportunities to improve the efficiency of human labour and progressive development.
The study of this problem is particularly relevant for Ukraine in the context of the need to accelerate the
movement towards European integration, ensure the recovery of the economy and jobs after the end of
the large-scale war unleashed by the Russian Federation against Ukraine. The study subject is a set of
theoretical, methodological, and practical bases of employment of the population. The study object is
the processes of employment transformation in the context of digitalisation of the economy and
Ukraine’s movement to the European integration. The study purpose was to determine the specifics of
the processes of employment transformation under the impacting digitalisation of the economy by
analysing trends in the development of digital employment in Ukraine and the world, justifying the
possibilities of supporting digitalisation of employment in Ukraine with priority incentives for young
people. There was used such the methods as general scientific and special research methods, including
analytical, dialectical, classification and analytical, comparative, statistical and sociological analysis, and a
systematic approach. The author used the publications of such Ukrainian scientists as M. Biel, O.
Mulskaya, I. Baranyak, O. Makhonyuk, M. Karpyak, M. Aleksinskaya, A. Bastrakova and N. Kharchenko
and also foreign researchers as M. Mattessa, S. Kunkel, V. Ignat, L. Chatles, S. Xia, A. P. Kutts, O.
Cassie, V. Ledonwirth. The essence and significance of economy digitalisation and its impact on various
spheres, in particular employment, are revealed. The essence of employment transformations under the
impacting digitalisation of the economy is identified. The author revealed the content of employment
digitalisation, its challenges, opportunities, consequences, in particular in terms of the emergence of new
types and forms of employment, among which digital employment is dynamically developing. The
importance of spreading digital employment for young people as the main progressive and knowledge-
oriented social group is actualised. The global trends of economy and employment digitalisation are
analysed with an emphasis on the EU countries, which allows to substantiate the strategic orientation of
the post-war reconstruction of Ukraine based on the digital economy. In the context of Ukraine’s
movement to the EU, it is proposed to intensify measures to stimulate employment digitalisation within
the framework of the state initiative “Industry 4.0” implementation, which will have a significant role in
the post-war reconstruction of Ukraine and its successful movement to the EU. Urgent measures have
been identified to create favourable conditions for digital transformations in employment with an
emphasis on supporting young people. In the conditions of economy digitalization, the employment
transformations are investigated, which allowed to identify the features of this process for the economy
and labour of the population in the conditions of Ukraine’s movement to the EU. The challenges,
opportunities, and consequences of economy and employment digitalisation are identified. It is proved
that the economy and employment digitalisation should be considered as a strategic guideline for the
post-war reconstruction of Ukraine and its successful movement into the EU. The basis of this process
should be the support of digital population employment, especially young people. The measures for the
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further development of digital employment in Ukraine are systematised. It is proved that their
implementation in conditions of targeted state support can give a cumulative effect for the economy,
increase the welfare of the population and reduce the emigration of young people, accelerate the

country’s movement towards European integration.

Keywords: economy digitalisation, employment transformation, digital employment, “Industry 4.0”.
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Mapnuaa Basearuaipaa CemMuKIHa, AOKTOP €KOHOMIYHIX HAyK, IIpodecop, kadpeapa eKOHOMIKH Ta
IAIIPHEMHHIITBA, EKOHOMIYHIN (DakyAbTeT, LleHTpaABHOYKPATHCHKII HAITIOHAABHIN TEXHIIHNN

yuiBepcuret. KpormBHunbkuii, Yipaina.

Tpancdopmarisa 3aiiHATOCTI B KOHTEKCTE U POBi3aIlii eKOHOMIKH Ta PyXy YKpaiHu
A0 EC

Anomayia: Llndposizamis eKOHOMIKH CTaAa IPOBIAHHM YHHHIKOM PO3BHTKY AIOACTBA § XXI croairti,
II[0 BITAHHYAO Ha BCl ChepH KUTTEAIIABHOCTI, 30KpeMa 3alHATICTD HaceAeHHs. BiaOyBaeTbes mudposa
TparcdOpMaris 3aHHATOCTI, 110 TOTPeOyE OCMUCAECHHS, IIOTAHOACHOTO BUBYECHHS 3 OOKY €KOHOMIYHOL
HAYKH AASl IIOIIYKY MOKAHBOCTCH ITABHITICHHA e(PEKTUBHOCTI AIOACBKOI IIpAIli Ta IIPOTPECHBHOTO
posBuTky. Busuenns miel mpobaemu Aas YipalHn HaOyBa€ OCOOAMBO AKTyaABHOIO 3HAYCHHS 32 YMOB
IoTpedN y IMPHUCKOPEHHI PyXy y HAIPAMI €BpOIHTErparil, 3a0e3IeueHHs BIAHOBACHHA €KOHOMIKI i
poOOYMX MiCIp ITO 3aBepIIEHHI ImmpoxkomaciuTabHOl BifiHH, poss’azanol PP mporm VpaiHm.
ITpeaMeTOM AOCAIAKEHHS € CYKYIIHICTD TCOPETHKO-METOAOAOTIYHUX, METOAMYHHX TA IPAKTHIHIX
3acaA 3afiHsATOCT HaceaeHHA. OO €KT AOCAIAKEHHS — IIPOLIecH TPpaHC(OPMALIH 3aHATOCT] HACEACHHS
B yMOBaX ITU(POBH3AIII EKOHOMIKI Ta PyXy YKpaiHu y HampaAmi eBpoirTerparii. MeTta AOCAIAKEHHS —
BH3HAYCHHA OCOOAMBOCTEH IIporieciB TparcdOpMariii 3alHATOCTI IA BIAMBOM IHQPOBi3aril
CKOHOMIKH IIAIXOM AHAAI3y TEHACHIIN pO3BHTIKY mudpoBOi 3afiHATOCTI B YKpaimi Ta CBiti,
OOIPYHTYBaHHA MOMKAHBOCTEH INATPHUMKH MuppoBizarii saifHATOCTI B YKpalHi 3 HEpIIOYeproBUM
CTUMYAIOBAHHAM AAfl MOAOAL. METOAM AOCAIAKEHHSA: 3araAbHOHAYKOBI Ta CIICIIAABHI METOAN
AOCAIAKEHHA, CEPEA AKHX — AHAAITUYHHE, AlaACKTHYHUH, KAACH(IKAIUNHO-aHAAITHIHIH,
ITOPIBHAABHUM, CTATHCTHYHOTO T4 COIIOAOIIMHOIO aHAAI3Y, CHCTEMHOTIO INAXOAY. ACICKTH 3aHHATOCTI
HACEAEHHA BHCBITACHO y IyOAikarifAx ykpaiHcekux BueHux M. biap, O. Myabckoi, 1. Bapansk, O.
Maxonrox, M. Kapr’ax. Okpemum nmuranaaM nudpoBoi 3afHATOCTI IPUCBATHAM HAYKOBI IIpaIll fK
imosemui pocaianmka M. Matrecca, C. Kymkeas, B. Irmat, A. Yapass, I1I. Csa, A.IT. Kyrrc, O. Kecci, B.
AeAoHBIpTa, Tak 1 ykpaluchki BueHi — M. Aaexcurceka, A. bactpaxosa ta H. Xapuenxo rta immii. Pazom
3 THM, 3 OLAAAY Ha IIyOAikamil, mpobaemu nudpoBux TpancdopMariil 3aiHATOCT] HOTPEOYIOTH OiABIIT
IAHOOKOTO BUBYEHHS 3 OLAAAY Ha HEOOXIAHICT IpUCKOpeHHA pyxy YKpaiau Ao €C. Poskpuro cyTHICTD
Ta 3HaveHHA Iudposisanll exoHoMiky Ta if BUAMB Ha pisHi cepu, 30Kpema 3aHHATICTS. BusHageno
cyrHicTs TpaHcdOpMaiii 3aWHATOCTI 1A BrAmBoM Imdposisamii exoHomikw. Poskpuro 3micrt
nudposizarti 3alHATOCT], i BUKAMKH, MOKAMBOCTI, HACAIAKHM, 30KpeMa B YaCTHHI BUHHKHEHHA HOBHX
BUAIB 1 hopM 3aliHATOCTI (BHIIAAKOBA, BiAAaAeHA, HAaTOpPMA, MIKPOPOOOTA, OHAANH-BOAOHTEPCTBO
TOINO), cepeA AKUX nudpoBa B3aHHATICTD AHHAMIYMHO PO3BHBAETHCA. AKIYAAI30BAHO 3HAYCHHSA
rrorupeHHa nudpoBOi 3aHHATOCTI AAL MOAOAL AIK OCHOBHOI IIPOTPECUBHOI Ta OPIEHTOBAHOI HA 3HAHHSA
comiaapHOl rpynu. IlpoanasisoBaHo rao0aspHi TpeHAM Hu@POBI3Alll €KOHOMIKM Ta 3aHHATOCTI 3
axkmeHToM Ha Kpaimm €C, IO Aae 3MOTy OOIPYHTYBATH CTPATEIidHY CIPAMOBAHICTH IIOBOEHHOIO

BiAHOBACHHSA YKpaiHu Ha 0cHOBI I poBoi ekoHOMIKH. B yMoBax pyxy Vipainu Ao €C nporroHyerscs
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AKTHBI3YBATH 3aXOAHU IIOAO CTUMYAIOBaHHA IU(pOBisamil 3alHATOCT] B paMKaxX peaaisariii aep:xaBHOL
imimiaTu «[Ipommcaosicts 4.0», IO MaTHMe BArOMY POAb § ITIOBOEHHOMY BIAHOBAGHHI YKpaiHN Ta
ycrminrHOMY if pyci Ao €C. BusuadeHo HEBIAKAAAHI 3aXOAH ITIOAO CTBOPEHHSA CIPHATAHBHX YMOB AAA
nndposux TpaHcdopmariii y cdepl 3aHHATOCTI 3 AKIIEHTOM Ha IIATPUMKY MOAOAL. PO3kpuTO KATOYOBE
3HAYEHHA MUMPOBI3aALll y POSBUTKY EKOHOMIKH, YCIX Cdep KUTTEAIABHOCTI, 30KpeMa cepr Ipari.
Aocaipxkero TparcdoOpManil 3aHHATOCT B YMOBAX ME(POBI3aLiii €KOHOMIKH, III0 AO3BOAMAO BHUABHATH
OCODAHBOCTI IIBOTO IIPOLIECY AASl EKOHOMIKH Ta IIPAIll HACEACHHH B yMOBax pyxy Ykpaiaum ao €C.
BusHaueHO BHKAHKH, MOMKAHBOCTI, HACAIAKH ITH(DpOBi3arii ekoHOMIKHK Ta 3afEATOCTL. OOIPyHTOBAHO,
10 [EPPOBI3AIIIO0 eKOHOMIKK Ta 3aHHATOCTI CAIA PO3SIASIAATH B AKOCTI CTPATEIIYHOIO OPIEHTHPY
ITOBOEHHOTO BIAHOBACHHSA YKpalHu Ta ycIimrHoro i pyxy Ao €C. OCHOBOIO AAHOTO IPOLIeCy Ma€ OyTH
maTprMKa nrdpoBol 3aHHATOCT] HACEACHHSH, OCOOAMBO MOAOAL. CHCTEMATH30BAHO 3aXOAH IIIOAO
ITIOAQABIIIOTO PO3BUTKY HH(MPOBOI 3aiiHATOCTI B YKpaiHi. OOrpyHTOBaHO, IO IX peaaisaris 3a yMOB
LIABOBOI INATPHMKH AEPMKABH MOMKE AATH KYMYAATHBHHE e(DEKT AAf CKOHOMIKH, ITHABHIICHHS
AODpPOOYTy HACEACHHA Ta 3HIDKCHHA CEMIrpartii MOAOAI, IPHCKOPHTH pPyX KpaiHH y Hampami

eBpoinTerparii.

Koouosi cnr08a: nndposizariia ekoHOMIKH, TparcdoOpMarLiia 3aiHATOCT, [ posa 3aiHATICTD, «Industry

4.0».

Beryn
Iocmanoska npobaemu. ludposisaiis €KOHOMIKM € OAHHM 3 BH3HAYAABHUX TPEHAIB

PO3BUTKY AIOACBKOI IMBIAI3aIii, IO BIIAMHYAO Ha BCl cpepH KUTTEAABHOCTI, 30KpeMa
3aftHATICTh HaceAeHHA. OcOOAMBOI aKTyaABHOCTI HAOYBAa€ BHBYEHHA BIAUBIB IdpoBiaril
EeKOHOMIKH Ha PHHKH IIPalll, CACTEMHICTh AKHUX IIPU3BOAUTH AO TpaHC(OpMmAri 3aiHATOCTI 3
ITOIINPEHHAM HOBUX i BUAIB, dopM 1 cdep. IHATHHUIT TIOIITOBX AAS [T POBI3ALIi] €KOHOMIKI
Ta ii BOAHBY Ha 3aiHATICTH 3AlficHHMAA maHaemias COVID-2019. Busduenns miel nmpobaemu
HaOyBa€ OCOOAMBOIO 3HAYEHHA AAA YKpaiHH, fka IIparHe IPHCKOPHIHA PyX y HaupAmi
eBpolHTerparii i 110 3aBepIieHH] BiliHM, po3B’A3aHol PP, mBHAKO 3a0€31I€IUTH BIAHOBACHHS
EeKOHOMIKH Ta podOoumx Micie. Buxamkm numdposisarii, morpeda INATPUMKMA IIPOIECIB
nudposizarii 3aHHATOCTI 1 OAHOYACHO HEOOXIAHICTD IIOAOAAHHA PYHHIBHUX HACAIAKIB
ITIPOKOMACIIITAOHOTO pociticbkoro sropraenna 2022 poky B VkpaiHy, — 1i obcraBuHu B
yMoBax pyxy YkpaiHnm A0 €C akTyaAi3yFOTh AOCAIAKEHHA HOBHX MOKAMBOCTEH 1 IIEPCIIEKTHB
PO3BHTKY cdepur 3aliHATOCTI B KOHTEKCT] IIPOBI3alili €KOHOMIKH, B IHTEpPECaX IPUCKOPEHHS
PyXy y Haupami eBpoimTerparii, 3a0e3ledeHHsA ITOBOEHHOIO BIAHOBAEHHS EKOHOMIKH Ta
edeKTUBHOI 3aHHATOCT.

Amaniz ocmanmix docridncers i nybaikayiil ma 6UOKDPEMACHHA YACHIUNY HEPO3E A3atoi pariue npodaeM.
TeopeTuro-MEeTOAOAOTIMHY 0243y AOCAlAKEeHHA HHU(POBi3anil EKOHOMIKH, IO AO3BOAfE
BUSBUTH MOMKAUBOCTI ITU(PPOBOI 3aHHATOCTI MOAOAL, (POPMYIOTH AOCAIAKEHHA 1HO3EMHUX
yaeraux M. Marrecca, C. Kyuxeap (Matthess & Kunkel, 2020) ta B. Irmara (Ignat, 2017).
Aocaipxenns nudposizariii 3afiHATOCTI 3AificHeH] IHO3eMuuMu BueHuMu: A. Yapass, 1. Ca Ta
ATl Kyrre (Charles et al., 2022), O. Kecci ta B. Aepomsipra (Kdssi & Lehdonvirta, 2018);
ykpaiacekumu — M. Aaekcuucska, A. bacrpaxkosa ta H. Xapuenko (Alkeksynska et al., 2018).

[Tpobaemu Ta OCOOAMBOCTI 3aHHATOCTI MOAOAI AOCAIAKEHO 3 BpaxXyBaHHAM BHCHOBKIB
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ykpaicpkux aBropis: M. biab, O. Myabcka, I. bapanak, O. Maxonrok, M. Kaprr’sax (bize ma in.,
2022).'V crarTi TaKOK BpaxOBaHI HOPMAaTUBU YKPaiHCBKOTO 3aKOHOAABCTBA (I Ipo srecerria amir. . .,
2021), Mixnapoanoi opranizamii npami (ILO..., 2079), BeecBitHbOro ekoHOMiaHOTO hopymy
(The Future of Jobs, 2020), €sponeiicbkoi Komicii ta €sporreticexoro [Tapaamenty (Better working
conditions. .., 2021; Report on fair working conditions. .., 2021; Europe’s Digital Decad. .., 2022; Skills
and Talent, 2023), excrieptai matrepiaan BBC News (3amyoa ma Kosasescora, 2021), crarncruani
nokasaukn Online Labour Observatory (The Online Labour Index. .., 2021), Statista (Digitalization
level..., 2021), AepxaBHOl cAyxOu craructuku Yipaiaw (Cmamucmuunui 3oiprux..., 2018),
corioAoriaui AocAiakeHHA MiKHApoAHuUX (How COVID-19..., 2020) rta piramsuauamx (IT
Ukraine Assotiation (Do IT Like Ukraine, 2022), Uentp Pasymxosa (Podoma i saiinamicms. . .,
2027), Petirunr (I amnadyame sacanvronayionansre onumyéania..., 2022)) xommaniit. OraAsia
ITyOAIKAITi aKIIEHTY€E yBary Ha TaKOMY: Ipoliec nudposisariii eKOHOMIKH € HaA3BHYAHO
AMHAMIYHHM; AEP/KAaBH CBITY, B TOMYy YHCAl YKpaiHa, ITOCTIHHO CTHKAIOTBCA 3 HOBHUMH
BUKAMKAMH, BUHIKAE HATAABHA IIOTPeOA IIPOBOAUTH HAYKOBI AOCAIAKEHHSA IOAO I(POBUX
ACTEPMIHAHT 3aHHATOCT] HACEACHH.

ITpeameTOoM AOCAIAKEHHSA € CYKYIIHICTB TEOPETHKO-METOAOAOIIYHHUX, METOAMYHHUX T2
IIPAKTHYIHHX 3aCaA 3aHHATOCTI HACEACHHS.

OO0’eKTOM AOCAIAKEHHA € IIporiecu TpaHC(OpMamii 3aiHATOCTI HACEACHHSA B yMOBaX
nupoBHU3AIIii eKOHOMIKK Ta PyXy YKpaiHU y HAIIPAMI €BPOIHTErpartii.

Mera AOCAIAKEHHS IIOAATA€ Yy BH3HAYECHHI OCOOAMBOCTEH IHpoleciB TpaHcdopMariiii
3AHHATOCT] ITA BIAMBOM ITU(POBI3aIii €KOHOMIKH IIAAXOM aHAAI3y TEHACHIIH PO3BHTKY
nudpoBoi 3afiHATOCTI B YKpaiHi Ta CBiTl, OOIPYHTYBAHHA MOMKAHBOCTCH ITATPHUMKH
nudposizarii 3afiHATOCT B YKpaiHi 3 IEPIIOYEPTOBUM CTUMYAIOBAHHAM AASl MOAOAL

Menoou docnioncenra: 3araAbPHOHAYKOBI Ta CIEHIAABHI METOAH AOCAIAKEHHS, CEPEA fAKUX —
AHAAITHYHNN, AlAACKTUYIHNN, KAACH(PIKALIITHO-aHAAITHYHUN, OPIBHAABPHIAN, CTATUCTHIHOTO
T4 COILIOAOTIYHOTO aHAAI3Y, CHCTEMHOTO ITIAXOAY.

Takum auHOM, IpOOAEMA TpaHcdOPMALIil 3AHHATOCTI B yMOBaxX L pOBI3ariii eKOHOMIKK
T2 pyxy Vipaiam Ao €C € akTyaAbHOIO. [i AOCAIAZKEHHSA MaE TEOPETIYHE | TPUKAAAHE 3HAYCHHS
AASl CBOTOACHHA YKpainu. Pe3yAbrary HayKOBHX IIOINYKIB Ta OYIKyBaHI BUCHOBKHU 3aTpeOyBamHi
AASl HAYKH 1 IPAKTUKA 3 YPaXyBaHHAM IIOTPEO IIPUCKOPEHOI €BpOIHTErpariii Ta HeOOXIAHOCTI
ITOBOEHHOTO BIAHOBACHHSA €KOHOMIKH, 3aBAAHb OIABIIT e¢(DEKTUBHOIO BUKOPUCTAHHA AFOACBKOL

IIparti, IHTEAEKTyaABHOTO IIOTEHITIAAY HACEACHHSA Ha TAI ITudppoBisartii 3afiHATOCTI.

Iudposisaria Ta ii HaCAIAKE AASL €KOHOMIKH

V3araAbHEHHSA HAYKOBHUX AKEPEA AO3BOAAE  CTBEPAKYBATH, IO  IHPOBi3aris
(AlakHTaAl3aInIA) B 3araABHOMY CEHCI € IIPOIIECOM BIIPOBAAKEHHA ITU(PPOBUX TEXHOAOIH y
pisHi cdepu CyCIABHOTO KHUTTA. TAaKUMHU TEXHOAOTIAMU €: EAGKTPOHHI HIpPHCTPOi —
ABTOMATH30BaHI, KOMII'IOTEPU30BaHi, poOOoTH30BaHi; IHTepHeT (Y T.4. IIHPOKOCMYyrOBHIL);
IIPOTPAMHE 3a0E3IICUYCHHSA; OHAANH-CEPBICH — AAfA KOMYHIKAIN, Iepeaadi, oOpoOkm I
30epirannsa indopmariii; XMapHi TexHOAOTI; big-data TexaoAori; I'T-aBroMaTH3aIIA, TEXHOAOTIT
IITYYHOTO 1HTEAEKTY, MAIIHMHHOIO HaBYaHHA, 0OpoOku mpuposnoi mosu (NLP — «Natural
language processing»); TexHOAOrI 3B’A3Ky; IApaACAbHI I KBAHTOBI OOYHCAEHHS; (PIHAHCOBI

TEXHOAOTI (KpHUIITOBAAIOTU Ta iH.); TEXHOAOIN IpoakTuBHOI Oesreku (kibepOesrreku) Ta iH.
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Cunepris BUKOPHCTAHHA THU(POBUX TEXHOAOIH y ApyroMy AecaATHAITTI XXI cTOAITTS Beae AO
BUHUKHCHHA HOBITHIX TEXHOAOTIIH OAokueiiny # kommenmii Web 3.0, AemenTpasizoBaHOi
asroromuoi opramizarii (DAO), 110 «po3muBae» cucTeMy TPAAUIIHHIUX (IIPAMHX) BIAHOCHH Ta
dopmye vemascecsin.

Hudposizamis eKOHOMIKH — IIe¢ IOIIHPEHHSA BHKOPHUCTAHHA IHU(POBUX TEXHOAOTIH y
BUPOOHHMYHUX 1 PHHKOBHX IIPOIECAX, PE3YABTATOM dYOro € nudpoBa CTIPYKIypHA
TpaHcdOpMaIlid EKOHOMIKH Ta PO3BHTOK ITU@PPOBOTO pPHHKY. Y XOAl mnudposizaril
pPO3BUBAETBCA IMPPOBA EKOHOMIKA, INO BKAIOYAE BIPTYaAbHY (CHHTETHYHY) H MEpEKEBY
EKOHOMIKH, CHEIH(IKYIOYN MOKAUBOCTI KOMEPINiaAi3aIlil OHAAWH-Irop (y HEepIIOMY BHITAAKY)
Ta CTBOPEHHA AOAATKOBOI BAPTOCTI IIPOAVKII 332 PaXyHOK COINAABHHX Mepex (Y Apyromy
BuIaAKy). OcHoBHI cpepn nndposizartil Ta if HACAIAKI AASl eKOHOMIKH BIAOOpasKeHO y AOAATKY
(Tabauya 7).

[Tporec nudposizariii 9acTO OTOTOKHIOIOTH 3 HOTO HACAIAKAMU TpaHcdOopMaril IeBHIX
cpep AMIABHOCTI 1 CYCHIABHOIO >KUTTSA, 30Kpema cpepu Ipari Ta 3afHATOCTI, TPYAOBHX
IIPOIIECIB.

Tpancpopmayin € pe3yAbTATOM CHUCTEMHHX 3MIH Ta OIABII TPHUBAAUM IIporiecom. Biarak
nudpoBa CTpyKTypHA TpaHcdOpMarllia (EKOHOMIKH, 3aifHATOCTI) O3HAYA€ IIOCUACHHS BATOMOCT]
nUPOBUX TEXHOAOIIH Yy AOCATHEHHI (HOKPAIEHHI) COIAABHO-EKOHOMIYHUX PE3YABTATIB.
[Hudposisamisa mpu HbOMy € APAHBEPOM CTPYKTYPHHUX 3MIH Y BUITAAKY, AKIIIO: HOBI TEXHOAOTIT
ITOKPAIIYIOTh IIPOAYKTHUBHICTD IIparli Ta BIAOYBAETBCA PYX POOOYO! CHAH AO CEKTOPIB, IO
ITOTPEOYIOTh BHCOKOI KBaAldpiKaril; 3pOCTa€e IIOIMHUT Ha BIAIIOBIAHY IIPOAVKIIIO; y 3B’A3KAX
«PECYPCH-BHIIYCK» 3POCTAE YACTKA IIPOMDKHHX PECYPCiB, a TAKOK YACTKA ITOCAYT Y AOAAHIIT
BAPTOCTI; CIIEINAAI3AIIA TOPTIBAI BPAXOBYE TAOOAABHI AQHITIOKKH CTBOpeHHA BapTocti (Matthess
& Kunkel, 2020, . 5).

Omxe, nudposizarmia (AIAKHTAAIZALIA) EKOHOMIKH CTaAa YHHHHUKOM MACIITAOHHUX
TpaHCOPMAILIH B KUTTI AFOACTBA, AOBTOTPUBAANX CHCTEMHHX 3MIH B yCiX cpepax CyCIiABHOTO
BupoOHuIrTBa. CrcTeMaTH3arifA i HACAIAKIB AOBEAQ IX BCEOXOIIAIOIOYHN XapaKTep, 3yMOBHAQ

IIOABY HOBUX MO’KAUBOCTEH, HAIIPAMIB EKOHOMIYHOI AIAIABHOCTI, BUAIB 3aHTHATOCTL.

Iudposa Tpancdopmariisa 3alHATOCTI HACEACHHH, 1I MOJKAMBOCTi, HACAIAKHE Ta
BUKAHUKH

[udpposisariis eKOHOMIKI TICHO TIOB’A3AHA 3 yu@pposisayicto satnanocni i OI3HECY, OAHAK MU
CBIAOMO PO3AIAMAM AQHI ITPOIIECH, IIOCHAFOIOUH TAKUM YHHOM aKTYaABHICTH BUBYECHHSA IIIOAO
BUKOPHUCTAHHA M PO3BUTKY 1HTEACKTYaABHO-TPYAOBOIO IOTEHINAAY HaceAeHHH. [1iA BmanmBom
nudpoBizarii eKOHOMIKI BIAOYBAa€TbCA 3MiHA 3MICTY IIPALli, TPYAOBOTO IIPOIIECY, BIAOYBA€THCA
nudposa TpaHcopMariif TPyAOBOI AIIABHOCTI 1 cdhepu 3aiHATOCTI 3aTaAOM, IO AA€ ITIACTABU
IIPO TOBOPHUTH PO ABHINE IIMPOBI3aIil 3aiHATOCTI, HOBI MOKAHMBOCTI AAfL IHTEACKTYAAI3AITil
IIparti, IOITHPEHHA AUCTAHIIIHUX POOOYNX MICIIb, OE3IIEPEPBHOrO OCBITHBO-IIPOMECIITHOTO
PO3BUTKY.

Lugpposisayia satinamocmi — 1ie € IPOLIEC AKTUBI3ALI] BUKOPUCTAHHA IIU(PPOBUX TEXHOAOTIN
y IIparil, IO BEAE AO IOIIHPEHHI HECTAHAAPTHHUX 1 AUCTAHIIIHUX (DOPM 3aMHATOCTI, 4 TAKOXK
BHOKPEMAEHHA HOBOIO BHAY uHCprBoI 3aHATOCT], ITOB’A3aHOI 31 ccpepaMI/I un(prBoi'

E€KOHOMIKH.




Hudpposizarif 3aliHATOCT] MOKE MATH PI3HI CTYIIEH] «(IIPOHUKHEHHSA»:

I-#1 — Tpaanmifiai pobodul Micis, IO B CHAY HHMPOBI3ALil €KOHOMIKH IIEpPEeADaIarOTh

BUKOPHUCTAHHA IMI(MPOBUX TEXHOAOTIH, A€ B 3aTAABHOMY MOJKYTb IIPOAOBKYBATH ICHYBATH 32

iXHBOI BIACYTHOCTI;

II-it — imHoBamiiini pobodi Micisa (MOACPHI30BaHI — aBTOMATH30BAHI, KOMIT'FOTEPU30BaHI,

poOOTH30BaHI), IO IIEPEADAYAFOTh BHUKOPHUCTAHHA HHUMPOBUX TEXHOAOTIH Ta 3a IXHBOI

BIACYTHOCTI HE MOKYTb IIPOAOBKYBATH ICHYBATH;

III-it — moBHicTIO IPOBI POOOUL MiCIA, OB’ 3aHI 3 IPOAYKYBAHHAM, IIATPHUMKOIO T4

BHKOPHUCTAHHAM HI(POBOI IPOAYKIILL.

Briams mudpposizanii Ha 3aiHATICTE HACEACHHA € KOMIIAGKCHHM 1 OararorpanHuM. B

IIPOLIEC] aHAAI3y HAMH BHOKPEMAEHO TaKi HOrO TOAOBHI HACAIAKH:

1) moao BuHHKHEHHA HOBUX (DOPM 1 BUAIB 3aHHATOCTI:

ITOIINPEHHA HECTAHAAPTHHUX (POPM 3aHHATOCTI — HEITOBHOI, TUMYACOBO] (Y T.9. BUIIAAKOBOL
— «casual work»), AUCTAHIIIITHOT, BTOPHHHOL, 3afiHATOCT] Ha ITAAT(OpMax (KOAU IPALIBHIK
BHUKOPHUCTOBYE IIE€BHI IAATOPMH AAA AOCTYIIy AO OpraHi3amiii H HaAAHHA ITOCAYT —
«platform  work»), Mikpompami («microwork»), OHAAHH-BOAOHTEPCTBA (HAIIPHKAAA,
HAIIMCAHHA MaTeplaaiB  AAA  Bikimeali, cTrBopeHHA BEO-CTOPIHOK Ta IIPOIPAMHOIO
320€3IIeYECHHA COLIAABHOIO IIPU3HAYECHHA 1 T. A.), IO AAfA KOKHOI AIOAHHH CTBOPIOE

MOKAUBOCTI (POPMYBAHHSA YHIKAABHOIO IHHOBAIIIHOTO «10pTdeAs 3alHATOCT;

BUHUKHEHHA HOBOTO BHAy 3aiHATOCTI — IndpoBoi (3a kpurepiem cdepu) Ta HOBUX
npodeciii 3 aHTArOHI3MOM BHCOKOIo IIpodecioHaAidmy  (IIPOTpamiCTH, CHCTEMHI
aamiaicTparopu, SEO-crmemiaaicti, BeO-, refimM-AusaiiHepu, po3poOHHKH HHEPOBHX
aBatapiB (y T.49. ABIFHUKIB), daxiBii 3 iHdopmariiinoi 6esnexn, PPC-daxisri, imkeHepu
eAekTpoHikH, ¢axiBui 3 kKibepOesreku Ta iH.) H amaropcrBa (OAOrepH, MOTHBATOPH,
KOyYepH Ta 1H.);

IIOIIUPEHHA CAMO3AHHATOCTI Ha 3acaAax (PpiAaHCEPCTBA, YOMY CHpHAE (DparMeHTALIA
nudposizarii I  MOXKAHMBOCTI BHKOHAHHS BY3bKHX 3aBAAHb, 30Kpema y cdepax
IIPOTPAMyBaHHA, TOPIIBAI W MAPKETHHIOBOI INATPUMKH, KPEATHBY M MYyABTHMEAI],
AIAOBOACTBA I BEACHHA AAHHX, HIPOMECITHHX IIOCAYT, ITMCBMEHHHUIITBA H IIEPEKAAAY
(mAxiA A0 po3stioalAy cdep 3a meToankoro 1LO-2020, mpo sixy MoBa Oyae HTH HITAKUE);
aKTyaAi3aIlid HOBUX CIIOCOOIB Opramisanii mpari AAfl IIPOBOI 3aHHATOCTI — KOBOPKIHTI-
LeHTpPIB, Oi3Hec-iHKyOaTopis, I'T-kAacTepi Ta im.;

2) IIOAO HOBHUX MOKAHBOCTEH 3aAYIEHHA IIEPCOHAAY YEPE3:

ayrcopcunr, ocobauBo B cdepi IT, mo A03BOAfE 3aAydaTH AOAATKOBUX BHKOHABIIIB
3aBAAHB Ta 3a0e3ledyBard IXHIO poOOTYy I KOMyHIKarii depe3 IudpoBi TEXHOAOTI
HE32AEKHO BIA MICIIA PO3TAIITyBaHHS;

ayrcradiHr, 0 0COOAUBO IOIIUPEHO IIOAO HOCAYT ¥ cdepi IT;

KPAyA-TEXHOAOTI, IO 3aBAAKH BHKOPHUCTAHHIO HHU(POBUX TEXHOAOIH AO3BOAAIOTH
B32€MOAIATH 3 IMUPOKHM KOAOM OCi0;

CHeIiaAbHI OHAAHH-ITAAT(OPMU — CTAPTAIl-, KpayADAHAUHIOBI, AA (DpiraHCepiB Ta iH.;

3) III0AO KIABKICHO-AKICHUX 3MIH 3aiHATOCTI:




—  3HIDKEHHA IIOTPeOM B 3aHHATHX, AKAX 3AATHI 3aMIHUTH TEXHOAOTI aBTOMATH3AILi,
KOMITFoTepu3aliii i poOormsamii (3a oriHkamu BcecBiTHROro ekoHOMIYHOIO Qopymy
Amnire 3a repioA 2020-2025 pokis o4iKyeTbcsi BUBIABHEHHA 85 MAH IPAIIBHUKIB BHACAIAOK
3MIHI POOOTH30BAHIME CHCTEMAMI, IIIO CKAAAAE 2,7%0 BIA KIABKOCTI 3aiHATHX OCiO y 2022

pouti (The Future of Jobs, 2020));

—  3MiHA BUMOT AO KOMIICTEHTHOCTEH 3alHATHX 31 3AATHICTIO AO HEIIEPEPBHOIO HABYAHHS,
OCBOEHHSA HOBITHIX TEXHOAOTI Ta pU3UKaMH HU(PPOBOI EKCKAIO31l B yMOBAX HAAIIIBUAKHIX
TEXHOAOITYHHUX 3MiH (32 omiHkamu BcecBirHboro exonomiunoro dpopymy 3a mepioa 2020-
2025 pokiB o4ikyeTbca moABa 97 MAH HOBUX POOOYHX MICIIb, ITIO ITIOTPEOYIOTH IPAIIBHIKIB
3 HABHYKAMH B32€EMOAIl 3 KOMITIOTEpAMH H AATOPUTMAMH, IO CKAaAae Maibxe 3% Bia
kiapkocTi 3araATHX 0Ci0 v 2022 poui (The Future of Jobs, 2020)).

3 aedinimii nudposizariii 3alHATOCTI, ypaXyBaHHA if MOKAUBOCTEI T4 BUKAHUKIB BUIIAUBAE
PO3YMIHHA CKAGAHOCTI Ta KOMIIAEKCHOCTI AAHOTO IIPOIECY — BIA BHKOPHUCTaHHA II(POBUX
TEXHOAOIIH B OpraHisaiii IIpaiii Ta PEryAIOBaHHI PHUHKY IIpaIli AO CTBOPEHHA IIOBHICTIO
nupoBUX POOOYMX MICIh Ta BHHUKHEHHA HOBOIO BHAY IIUPOBOI 3alHATOCTI 3
BIATIOBIAHIMU HOBHUMH MOYKAUBOCTAMH, HACAIAKAMH T4 BUKAHUKAMH. MOMKANBOCTI Ta BUKAMKHI
nudposizarii 3aiaATOCTI BiAOOpamkeHno y Aoaarky (Pucynox 7). 3mict cxemu Ha pHUCYHKY 1
3aCBIAYYE BAKAUBICTD PO3TAAAY mudpoBisanil 3safiuarocti Ta i crenmdikn Ha piBHI
OCOOHCTOCT], PHHKY IIpall, Ha pIiBHI AEpiKaBH, IO IIOTPEOYE OKPEMHX IIOTAHOACHHUX
AOCAIAJKEHD 3 DOKY HAYKOBIIIB AASl MAKCHMAABHOTO BUKOPHUCTAHHSA IHTEACKTYAABHO-TPYAOBOIO
ITOTEHITIAAY 3aITHATOTO HACEACHHS.

Lugposa satinamicns iepeAbadgac OpraHizariiro COIiaAbBHO-TPYAOBHUX BIAHOCHH Y cdepax
nudposoi exkoHomiku. Mosa fiae npo cdepu IT — po3poOky i INATPHUMKY IIPOIPaMHOIO
3a0esrredeHHsA Ta BeO-caliTiB, XMapHUX, big-data TEXHOAOTIH, TEXHOAOTIH IIITYIHOIO IHTEACKTY,
MAITIHHOTO HABYAHHA, OOpPOOKHM IIPHPOAHOI MOBH, TEXHOAOTI 3B’fA3Ky, NapAaACABHHX 1
KBAHTOBHX OOYNCACHB, (DIHAHCOBHUX TEXHOAOIIH («fintechy), TeXHOAOTIH ITPOAKTHBHOL Oe3IIeKH
ta 1. [udposa safiHATICTE BIAOOparKae 3-H CTYHIHb ((IPOHHKHEHHM» HHQPOBI3aILi.
[Mommpennsa nudpoBoi 3aHHATOCTI IPU3BEAO A0 POPMYBaHHA NU(POBOIO PUHKY IIpari Ta
OoKpeMHX ITUPOBUX CYOKYABTYp — OAoOTepiB, rerimepis, (pOpyMmiB, OHAANRH-CIIABHOT Ta iH.
MokAnBOCTI KOMepIIiaAi3arii Takol AIAABHOCTI HE CAIA HEAOOIIIHFOBATH, aAKe, AAA IIPHKAAAY,
OAOIepCTBO MOYMKE OYTH 3HAYHO AOXIAHIIIOIO CPEPOXO AIAABHOCTI, HIAK 3alHATICTD y cepax,
II[0 BUMAraroTh OKPEMOT IIATOTOBKH.

[Npurmsuarmenna mudposizarii Bracaisok COVID-2019 cdoxkycysas ysary BueHHX Ha
MacIrrabax —Takoro BHAUBY. IlpoBeaeHO  HUBKY  coyiosociunux  obemenerns.  OpHe 3
HAMABTOPUTETHIIHNX, fAKUM 1ocAyrosyerbca MOIL,  —  AocaiakeHHA — MIKHAPOAHOIL
koHcaATHHTOBOI KOomimanii McKinsey&Company, 1o IIATBEPAHAO HACTYIIHE: ITAHAEMifA
CTUMYAIOBaAQ ITU(PPOBI3ALIIO AAHITIOIB ITOCTAYaHHA HA 3-4 POKH HAIIEPEA T4, K PE3YABTAT,
IIABHIIIIAQ 9ACTKY IH(POBUX IIPOAYKTIB 200 IIPOAYKTIB 3 ITppoBoro maTprumkoro (“digitally-
enabled products”) ma 7 pokiB mamepeA (How COVID-19..., 2020). lle npukaaa, Ak
chOpMOBAHUIT ITOTEHINAA MOMKE TPaHC(POPMYBATUCH Y PEAABHI PE3YABTATH 3a HAABHOCTI
ITOTYKHOTO crumMyAsaTopa. OAHAK AQHUI TIOTEHIUAA — nomenyian yu@posisayii exonoMmiku i

sadmamocmi, Ma€ (POPMyBATUCH ITOHANMEHIIIE BIIPOAOBK TEPMIHY IHATOTOBKH (DaxiBIIA BHIIOL




OCBITH, a 32 IACAABHHX YMOB — VIPOAOBXK yCi€l TPHBAAOCTI HABYAHHSA, IIOYMHAIOYN 3
AOIIIKIABHOTO PiBHA.

Taxum  wurnom, yugposizayin  sainamocmi MOKE POSTASAATUCA SK PE3YABTAT BIIAUBY
nudposizarili eKOHOMIKI Ha cepy 3aiHATOCTI, IO IPH3BOAUTH AO IIPOIIECIB aKTHBI3aIlil
BHUKOPHUCTAHHA MU(POBUX TEXHOAOIIH y IIpalll, IIOITUPEHHA HECTAHAAPTHHUX 1 AUCTAHIIITHIX
dopm zaiiaATOCTI. BH3smauenmsa HacAiAkiB nmdposizariii moKazaAo il KOMIIAGKCHHI Ta
OaraTOrpaHHUI BIIAHB, IIIO IIPU3BOAUTD IIEPEAYCIM AO 8UHUKHEHNS 1106UX POPM i 61016 3allnAmochiL,
HOBUX MONCAUBOCIIEH 3ANYUEIHA NEPCOHANY 00 Npayt, KiALKICHO-AKICHUX 3MIH 3allnaAmIoc/Ii Ta 3MIHI BIMOT
AO KOMIIETCHTHOCTEH IIEPCOHAAY. ACIEKTH 320€3I1e9eHHA MACIIITAOHOI I POBOI IPaMOTHOCTI
HACEACHHS, CTBOPEHHA O€3IIepPEPBHOI IMAIOTOBKHA KaAPOBOI 0a3u mudpposizariil eKOHOMIKH Ta
3aHHATOCTI MAaIOTh OYTH BPaxXxOBaHI YKpaiHOIO BiKe Ha €Tall HEBU3HAYEHOCTI Ta CEPHO3HHUX
OE3IeKOBUX 3arpo3, IOO BiKE CbOIOAHI PO3IOYATH IIPOIEC YAOCKOHAACHHS ITOTEHIAAY
nudpoBizariii i IepexoAy Ha CTaHAAPTH HH(POBOI eKOHOMIKH 3a B3ipriem AepzkaB €C Ta IHIIINIX

CTPATErIYHUX MDKHAPOAHHUX ITAPTHEPIB.

Iudposgizarnisa 3aiiHATOCTI B YKpaiHi Ta 3aX0AH IIOAO ii mIATpHMKHI

B Vkpaini aocaiaxenss crany mudposisamii 3aliHATOCTI Ta IHIMNX HECTAHAAPTHHX W
AUCTAHIIIHUX (POPM 3aHHATOCTI € AOCHTh CKAAAHUM B CydacHHUX peaniax. CTaHOM Ha AFOTHI
2023 poxy OnyOAIKOBAaHUI CTATHCTUYHUN 30IpHUK «PHHOK IIpaIl» 3 IMOKA3HUKAMH AHIIIE AO
2020 poKy: KIABKICTb CYMICHHKIB, ITIO AO3BOASI€ 3’ICYBATH TEHAECHIII BTOPHMHHO!I 3alHATOCTI;
KIABKICTP OCIO 3 BHMYIIEHOIO HEIIOBHOIO 3aHHATICTIO (IIepeOyBaAnM y BIAIYCTKAX Oe€3
30epeKeHHA 3apOOITHOI ITAATH) YU OYAHM IIEPEBEACHI Ha HEIOBHHII POOOYHII ACHB 3
CeKOHOMIYHHX IIPUYHH, II[0 AO3BOAAE IPHUITYCKATH ITOTPEOY HACEACHHS B IIOIIYKY IHIITUX BHAIB
sattusrocti (Cmanuenuunui 36iprux. . ., 2018).

IMoxasuuku 3avaATocTi y cdepi IT AocTymHI 3aBAAKH CITELIAABHUM AOCAIAKCHHAM
rpomMaAcekux 00’caranb. OannMm 3 Takmx € Acomiaria “IT Ukraine”. 3a pesyapraramuy,
KiApkicTp 3aiHATHX B I'T KOAmBaaacek y mexkax 2729 tuc. y 2015 p. — 289,0 tuc. y 2021 p., B
ymoBax Biftau (2022 p.) morepeAHi OIHKH KIABKOCTI 3alHATHX cAraroth 329,2 THC. 0ci0; YacTka
HIAIIPHEMCTB, V IITaTi AKUX I1epedyBaB xo4ua 0 oann I'T-daxisers y 2021 p. aocaraa 21,7% (Do
IT Like Ukraine, 2022).

Brraus pociiicbko-ykpaiHChKO! BIFTHM Ha AMCTAHITIAHY 3aHHATICTD B YKpaiHi AOCAIAKYBAB
«Pefiraam. 3a pesyapratamu, monaa 50 % Brpatman podoty, 21 % — mparroroTe BIAAAAEHO
oBHICTIO un 9actkOBO (I amnadyame sazanviwonayionansie onumysanna. .., 2022). 3asHagent
ITOKa3HHUKH IATBEPAKYIOTb, ITIO B YMOBaX BiftHH OAmn3bko 20 %0 3 gucAa 3afiHATUX IIPAIFOIOTDH
AMCTAHIIIHO, y ToMy uncai B ccpepi IT.

Bupimennsa mpodaeM 3 3aA0BIABHIM CTATUCTHYHIM OOAIKOM H aHaAi3oM rudpposizariii
3aHHATOCTI B YKpaiHi MOKHA BHPIITUTH, BPaXOBYIOYH ITOMITHY aKTHBI3AIlFO peaAisartii
ACP/KAaBHOI IIOAITHKHM B AaHill cdepi, y TOMy wumcal depes crBopenna B 2018 pomi
Koopaunanifinoi paau 3 posBHTKY HuMPOBOI eKOHOMIKH Hpu MIiHICTEPCTBI €KOHOMIKH
Vxpainn, B 2019 poni — crBopenns Minicrepcrsa mudpoBoi tpancdopmariii Vipainu (Ha
CyO’€KTHBHY AYMKY aBTOPIB — OAHE 3 HAOIABII eDEKTUBHUX MiHICTEPCTB), npuiaaTTd B 2018
p. Konmenmii possurky riudposoi ekoHoMmiku Ta cycmiabersa Y kpaiau Ha 2018-2020 pp., B 2021
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peaaizamii. OcTaHHIi HOPMATHB € BKPall B&KAUBHM AAfl IABHITIEHHA ITH(POBOI IPaMOTHOCTL
HaceAeHHA VYkpalHH Ta (POPMYBAHHA KPEATHBHOIO KAACYy MOAOAIL, 3AATHOI IIPHCKOPIOBATH
ITOAAABIITHE PO3BUTOK ITN(PPOBOI EKOHOMIKH B VKpaiHi, Aka mparae A0 Berymy B €C.

[Tarpemis COVID-2019 o6ymoBmAa BHECEHHS 3MIH AO TPYAOBOTO 3aKOHOAABCTBA Y KpaiH!
T4 PErAAMCHTYBAHHf IIPABOBHUX 3aCaA «AHCTAHINHHOI, HAAOMHOI pobOTH Ta podOTH i3
3aCTOCYBAHHAM THYYKOTO pexuMy poboduoro wacy» ([lpo swecenns smin..., 2027). Aocsia
3aMHATOCT] y IEPIOA ITAaHAEMIl IIATOTYBaB PHHOK IIpari AO HOBHX BHKAHKIB POCIHCBKO-
VKpaiHChKOI BITHM Ta 30epeKEeHHA €KOHOMITHOI aKTUBHOCT] HACEACHHSA HA MOKAHUBOMY PiBHI.

OAHIM 3 TIOTYKHHX apIyMEHTIB Ha KOPHCTh IU(POBi3anil €KOHOMIKM I 3aHHATOCTI
HACEACHHA € ec6poinmezpayia Yrpainu. Cepea npiopureris rudposizamii €C ao 2030 p., Aki €
OPIEHTHPOM AAA YKpaiHH, CTaBAATBCA 3aBAAHHA, II[O MAaIOTh HPsAME BIAHOIIEHHA AO cdepu
zaitaATOCTL. MOBa fiae Ipo dopmMyBaHHA 0a30BUX HU(MPOBUX HABUIOK AAA IToHarMenTre 80 %o
HACEAEHHS, IMATPUMKY 3aiiuaATOCTI B cpepi IT 3 unceapnicrio daxipmis y 20 MAH 0ciO Ta iX
I€HAECPHOIO KOHBEPICHIIIEIO, 4 TAKOXK IATPUMKY HOBATOPIB AAAl 30IABIIIEHHSA IXHBOI KIABKOCTI
B craryci «EU Unicorns» (craprar-komiaHii, ki B XOAl CBOTO PO3BUTKY 3a0€3IIEIHUAH BAPTICTD
moHaA 1 mapa aoa CLUA) (Ewrope’s Digital Decade. .., 2022). 'V ot mxe gac €C IpOBOAUTH
e eKTHUBHY ITOAITHKY BHAAYl CUHIX KapT i ITACHOPTIB TAAAHTIB Y PAMKAX BHPIIICHHA BAACHHUX
AeMOTpadIaHIX IIPOOAEM Yepe3 3aAYUEHHH, AK IIPABUAO, OOAAPOBAHOI MOAOAL, AIKHX ITOTPEOYE
EKOHOMIKA AAfl CTHUMYAIOBaHHA 3€ACHOIO 1 mudposoro nepexoAy (Skils and Talent, 2023).
[Toattuxy €C mae BpaxoByBaTH BAaAd YKpaiHN AAfl 3a0€3IIEUEHHSA IIUPKYAIOIOUNX MIrparii 1a
MOTHBAII MOAOAL AO IIOBEPHEHHS 3 IHIIINX ACPIKAB.

Buxankn HeBusHaueHOCTI W HECTADIABHOCTI B yMOBAaX POCIHCBKO-YKPaiHCHKOI BIHN
3MYIIYIOTH AO IIOIIYKY MOMKAUBOCTCH BIAHOBAGCHHSA Ta PO3SUMK) eKOHOMIKU YKpaitu ra 3acadax
yugposizaysi BINMOBIAHO AO KPAILINX CBITOBHX 3pa3kiB. Beaxaemo, 1o i posisariis eKOHOMIKI
Ta 3aHHATOCTI CTAaHE BAKAHBOIO IIEPEAYMOBOIO YCIIITHOTO Pyxy Ykpainu B €C.

B ocHOBI Takoro po3BHUTKYy, Ha HAIII IIOTASIA, Ma€ OyTH AeprkaBHa iHimiaTuBa “Industry 4.07,
AKka O BPaxOByBaAa AOCATHEHHS UETBEPTO! IPOMHCAOBOI PEBOAFOI. Y CIIITHUM IIPHUKAAAOM
Takoro AocBiay € Himeudnna, fika yepes 00’¢AHAHHA IIPOBIAHUX KOMIIAHIN, HAYKOBO-OCBITHIX
opramisamiii kpafHm mocraBuaa 3a mery Ao 2030 poxy creopurH edextuBHI IHdPOBI
EKOCHCTEMH, IO XapaKTEPHU3YIOTbCA IHYYKUM BHPOOHHIITBOM, AIAABHICTIO aAAITOBAHIX
IIATIPHEMCTB (3AATHHX aAAIITYBATHCh AO 3MIH 32 PaXyHOK MOAYABHOI OpraHi3arii BUpOOHIIHX
AlHIIT), OPIEHTOBAHMMHI Ha KAIEHTA PITICHHAMN, OITUMI30BAHOIO AOTICTHKOFO 3aBAAKH CMapT-
oprauisariii, aBTOMATH30BAHUM BUKOPHUCTAHHAM AAHHX T2 PECYPCO30EPIrarotuor0 IIHPKYAIPHOIO
exonomikoro (Was st Industrie 4.0, 2027). AxmenT Ha IIATpUMKY ImudpoBisanii depes
poMucAoBicTh (“industry”) 0OYMOBAGHHI OCHOBHOIO POAAFO IaAy3l B AAHHX IPOIIECAX fAK
OIABIII CTIHKOI, HE TaKOI Bpa3AHBOI AO Kpu3 fk cdepa mocayr. Came IPpOMHICAOBICTh Mae OyTH
AApoM nmdpoBizariii # KOHIEHTpaIli BHCOKOKBaAidikoBaHHX axiBuiB 3 IHPPOBUMEU
HABUYKAMHU.

[Touarok peaaizarii AepA#aBHO] IHIIIATUBI MOKAMBIH Y 9acC BIFHH, aAKE AOCATHEHHS ITIACH
11oTpedye CIPUATAUBUX IIepeAyMOB. Eramu mudposisarii eKOHOMIKI T2 3aHATOCTI € TAKHMH,

IO 3a0€3IEYYIOTh IOCAIAOBHICTD KPOKIB Ta IIEPCIEKTHBU €BpPOIHTErpariii Ykpainm.




1-it eram, 110 3a0€3IEYUTh TOTOBHICTD EKOHOMIKH Ta CyCIiAbCTBa YkKpairu Ao “Industry
4.0”, 6e3yMOBHO, OCBITHIN. ¥ I[bOMY HPOABAAETHCA 3HAYCHHA OCOOAUBOI YBATH AO MOAOAIL, fIKa

HABYAETHCA, B 3A00yTTI HOBUX InpoBHUX HaBHIOK. Ha AaHOMYy erarn HeOOXIAHHUMI € 3aXOAM:

—  3a0esIedeHHA 3araAbHOI I POBOI IPAMOTHOCTI HACEACHHS, III0 CIPUYIHHHUTD ITU(PPOBY
Tpancdopmariifo Oi3Hecy Ta if 3AaTHICTE BHKOPHCTOBYBATH LH(POBI TEXHOAOTII, 3
OKPEMOIO YBAaroxo A0 Iu@POBUX HABUIOK MOAOAL CIABCBKUX TEPHTOPIH;

—  npodiapHOI ITArOTOBKH (DaxiBIiB, 30KpeMa BHCOKOKBAaAI(DIKOBAHHX PO3POOHUKIB
IIPOIPAMHOTO 320€3II€YCHHSA, a TAKOXK (DaxiBIIB 3 MU(PPOBUMH HABUYIKAMH AAA TAAY3EH 3
HAHBHUIIUM IIOTEHIIAAOM I poBi3alli (IIepeAik TraAy3ell MOMHA BU3HAYUTH Ha OCHOBI
IIOKa3HUKIB KIABKOCTI 3aHATHX IT-cbaxiBiiB, 3riAHO AKHX B YKpalHI TaKUMH €
dapmarieBTHKa, HAYKOBI AOCAIAKEHHA W PO3POOKH, TYPHU3M, XIMIYHA IIPOMHCAOBICTB,
TOPIIBAA, METAAYPIIf);

—  IIATOTOBKH KaApIB 3 IIPIOPUTETOM HABUYOK 1 KOMIIETEHTHOCTEH — ITU(PPOBUX, IAPHBHIX
TeXHOAOITYHHUX («distuptive», IO 3AaTHI 3MIHIOBATH MalOyTHE, Hampmkaaas, 1T-
ABTOMATH3AIIifA, IIITYYHUH 1HTEACKT, MAIIIMHHE HABYAHHA), 4 TAKOK OCOOMCTHX HABHYOK
CTPECOCTIMKOCTI, CXHABHOCTI AO HEIIEPEPBHOTO PO3BHUTKY.
2-I1 eram Ma€ BKAIOYATH BAKAHBI OpPraHi3aliffHO-IIPAaBOBI 3aXOAH, OCOOAHBO IIO

CTOCYETBCA CTATUCTUYHOIO OOAIKYy IudpoBOi 3aMHATOCTI HACEACHHA, Y T.9. MOAOAL

OpranizaIfito Takoro OOAIKy TpeOa 3AIFCHIOBATH BIAIIOBIAHHX AO MUKHAPOAHHX METOAHK,

30KpeMa 3 BPaXyBaHHAM ITIAXOAIB A0 po3paxyHKy ILO-2020, 110 Bpaxosye 1indpoBy 3aliHATICTH

y pospisi cdep: HporpaMyBaHHs; TOPIIBAI I MApPKETHHIOBOI INATPUMKH; KpPEATHBY H

MYABTHMEAIQ; AIAOBOACTBA Il BEACHHA AAHUX; HPOQECIHHUX IIOCAYT; ITHCbMEHHHIITBA I

repeKkAaAy. Takoxk akTyaAbHO BIIPOBAAKYBATH METOAUKY PO3PAXYHKY IHAEKCY Hudpposizariil 3a

MeTOAUKOIO €C; III0 BKAIOYAE CKAAAOBY AIOACBKOIO KAITAAY AK BIAOOpaKeHHA IU(PPOBUX

HABIYOK HACEACHHS.

3-11 eTarr Ma€ BKAFOYATH 3aXOAHU, CIPAMOBAHI HA INATPHUMKY II(POBOI 3aHATOCTI MOAOAL

Ta peaAl3ariro iHHOBAIIHHUX OisHec-1IpoekTiB 3 moreHmiarom “Unicorns” Ta fki 3AaTHI Ha

nepcrextuBy poAykyBaru DeepTech-rexnoaoril. Crapram-akruBHICTs B VKpaiHi ITOKasye

BUCOKUII ITOTEHIIAA i HApOIIyBaHHSA, AKUI 32 YMOB IIABOBOI IIATPHMKH ACP/KABH MOKE AATH

KYMYAATHBHUI e(EKT AAA EKOHOMIKH, ITABHINEHHSA AOOPOOYTY HACEACHHA TA 3HIKCHHA

emirpartii MOAOAL
Taxum wurom, B yMOBAX HEBH3HAYEHOCT] Ta CEPHO3HMUX OE3IIEKOBHX 3arPO3 AOCAIAKEHHSA

crany rudposisanii 3aiHATOCTI B YKpaiHi 3aAHIIAETECA IPpoOAeMaTHIHUM. BusHaueno, 1o B

yMOBax BillHE OAn3bKO 1/5 3afHATHX IIPALFOIOTH AMCTAHIIIHO, y TOMy 4ucai B cepi IT.

[Toairmmenns oOAiKy ¥ amHaAisy mudposisamii 3aiHATOCTI B YKpaiHi MOKAHBE 32 YMOB

aKTHBI3aIlii peaaisarrii Aep/KaBHOI IOAITHKH B AaHIN cdpepi, IOETAITHO], ITOKPOKOBOI peaAisaril

AepxaBuoi iminmiatusu  “Industry 4.07, ypaxyBaHHA CHCTEMH 3aIlpOIIOHOBAHHX 3aXOAIB,

CHPAMOBAHUX HA PO3BHTOK IN(PPOBOI IPAMOTHOCTI Ta IMI(POBI3ALIF0 pOOOUNX MiCIIb, 30KpeMa

AAA MOAOAL

OOGroBopenHus
Ha mouarky XXI croairra BIAOYBarOTBCA IOAIl IHBIAI3AIIIHOTO 3HAYEHHA — IIPOIIECH

nudposizarii eKoHOMIKH, fAKi 3ymoBHAM HHU(POBI Tpancdopmamil safiuarocti. Lli ABmrma
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TOTPEOYIOTh OCMECACHHS T4 IIOTAHOACHOTO BUBYCHHSA 3 OOKY €KOHOMIYHOI HAYKH AAA ITOIIYKY
MOKAMBOCTEH INABHINEHHA €(EKTUBHOCTI AFOACBKOI IIpari Ta IIPOTPECHBHOIO PO3BHTKY.
[Torpebye 3’AcyBaHHA ACP/KABHA IIOAITHKA PEIYAIOBAHHA AAQHHX IIPOIIECCIB 3 OAHOYACHUM
BHUPIIIICHHAM IINTAHb AKTHBHOIO BHKOPHCTAHHSA IHTEACKTYAABHO-TPYAOBOIO ITOTEHILAAY
3aIHATOTO HACCACHHSA B YMOBAaX €BpOIHTErpariii, Ha erari BIAOYAOBH €KOHOMIKH, 3pyHHOBAHOL
ITiA 9ac BiiHH, po3B’azanoi PO.

B koHTEKCTI AOCAIAKYBAHOI IIPOOAEMH ITOTPEOYIOTH OKPEMOI YBArH, ITO-IIEPIIE IOIIYK
MOKAUBOCTEH CTBOPEHHA KaApOBOI 0a3u nudposizaliii Ta MATOTOBKOIO (PaxiBIIB 3 HAOOPOM
nnpOBUX HABUYOK 1 KOMIICTEHTHOCTEH; IIO-APyIre, HAAATOAKCHHS CTATHCTHYIHOIO OOAIKY
nupoBOI 3aHATOCTI HACEACHHS, Y T.4. MOAOA]; IIO-TPETE, CIIOCOOH 3a0€3II€YEHHA aKTUBHOI
IMATPUMKH HH(PPOBOL 3alHATOCTI MOAOAL Peaaizania po3poOACHHX B IPOIEC] AOCAIAKEHHSA
IIPOIIO3HUIIIN IIIOAO PO3BUTKY IH(POBOI 3aHHATOCTI B YKpaiHi 32 YMOB IIABOBOI IHATPHMKH
ACPZKABH MOJKE AATH KYMYAATHBHUIT e(DEKT AAf €KOHOMIKH, IIABUIIIECHHA AOOPOOYTY HACEACHHSA
T4 3HIDKEHHA EMIrparii MOAOAL, IIPUCKOPHUTH PyX KpaiHu y Hampsmi eBpoinrterparii. Tomy
IIEPCIEKTUBU ITOAAABIINX AOCAIAJKEHB BHMAralOTh OIABII AETAABHOTO BHBYEHHA Ta BHOOPY
MEXaHI3MIB CTUMYAIOBAHHA ITU(PPOBOI 3aHHATOCTI MOAOAL, AKI € aKTYaABHHUMH AAfl YKpaiHH,

BUBYCHHA [XHBOI POAL AASl BHITKEHHSA eMITPAIIIiHIX HACTPOIB MOAOAL B YMOBAX HEBU3HAYEHOCTI.

Bucnosox

Lugpposisayia ekOHOMIKH € BH3HAYAABHUM TPEHAOM PO3BHTKY Cy4acHOI mmBiAizarii. 3
OAHOIO OOKY, BOHA 320€3II€Yy€ ITOAAABIINN TEXHOAOTIYHHH IIPOIPeC B yMOBAX I'AOOAAI3AIL,
rAOOAABHI AKICHI 3MIHH B €KOHOMIYHOMY PO3BHTKY. 3 IHIIIOTO OOKY, Hu(pPOBI3aIlii MATPHUMYE
dparMeHTAIlIO PI3HUX IPOIECIB, IO CTBOPIOE PU3UKH AerAoOaaisamii. Tak 4w iHakie
nuPOBI3ALIA CAYIYE OPIEHTUPOM AAS PO3BHTKY BCIX IIPOBIAHUX ACPIKAB CBITY, XO4a IINTAHHSA
BPEI'YAFOBAHHA AAHOTI'O ITPOIIECY 3AAHIIAETHCA BIAKPHTHM.

HAsuupe yugposizayii' satinamocni BiAOOpaKae IPOIIEC AKTUBI3AI] BUKOPUCTAHHA ITU(PPOBUX
TEXHOAOTI Y TPYAOBIN AIIABHOCTI, ITIO BEAE€ AO IIOIIUPEHHA HECTAHAAPTHHX 1 AUCTAHITIIHUX
dopm zaitaaToCTL. 3 ypaxyBaHHAM pyxy Yipainu y Harpami €C pO3BHTOK LIUX TEHACHIIII Ma€
repcrreKTuBHuil  xapaktep. B €C Hubi akTHBHO PO3POOAAETBCA IOAITHKA PEIyAFOBAHHA
i poBizarii eKOHOMIKM H 3aftHATOCTL. AAf VKpaiHu, HaBITh IIepeOyBarOYH B YMOBAX BIfiHH, I1€
CTBOPIOE MOKAHBICTD OAHOYACHOIO IIEPEBEACHHS 3aKOHOAABCTBA H CTAHAAPTIB 3aHHATOCTI AO
€BPOIECHCHKUX INAXOAIB 3 IIPONO3HUINEIO BAACHOrO OadeHHA IM@POBOI 3aWHATOCTI,
BPAXOBYIOYH IOTYAKHICTE cermenTy 3aiuarocti B IT.

[{udpoBsisamiro eKOHOMIKM Ta 3alHATOCTI CAIA PO3IASAATH B AKOCTI CTPATEITIHOIO
OPIEHTUPY OBOEHHOTO BIAHOBAGHHA YKpaiHM Ta ycrmrHoro i pyxy ao €C. OcHOBOIO AAfA
AAHOTO IIPOIIECY Ma€ OyTH INABHUINEHHA PiBHA MI(MPOBOI IPAMOTHOCTI Ta IATPUMKA III(POBOL
3aFHATOCTI HACEAECHHA, OCOOAHMBO MOAOAL AKIYaABHHM € OOIPYHTYBAHHA AEP/KaBHOL
iriniatusu «Industry 4.0», AAf yerirmHOT peaaisanii AKOi B MAOYTHHOMY MAOTh CTBOPIOBATHCH
CHPUATAUBI  IIEPEAYMOBH  IIOAO  HAadBHOCTI: KaApiB 3  AOCTaTHIME  ITH(POBUMH

KOMIIETECHTHOCTAMM, YITKOTO OpraHiBaHiﬁHO—HpaBOBOFO CCpCAOBI/IH_Ia U;I/I(,ppOBO.l. SaﬁH}ITOCTi;




e(DEKTUBHUX 3aXOAIB INATPUMKH IPOBOro Oi3HECy N 3aMHATOCTI MOAOAL fAK PyIiA
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Hypernormal distribution theory: Analysis of the set of extreme random variables
models

Abstract: The analysis of the set of extreme random variables models is still an extremely topical topic in
many areas of mathematical research in the theory and practice of managing production processes due
to its specificity and great interest in finding an expectation and stability indicators set studied in practical
economics. Calculations of applied mathematics help to determine tentatively possible boundary
parameters of various models, i.e., expectations, despite the fact that theoretical calculations do not have
a direct association with practical data. Nevertheless, the consideration of extreme models of extreme
random variables is still relevant in many areas of science and industry. The study subject was the
hypernormal distribution theory. The study object was a set of extreme random variables models. The
study purpose was a comprehensive analysis of many models of extreme random variables. To achieve
the purpose and solve the tasks formulated on its basis, empirical, analytical and comparative methods
of data analysis and the method of mathematical modelling, which contributed to the study of the
materials presented in this article, were used. In the study course, materials from the works of such
leading world experts in extreme value theory and programming K. Beck, M. Fowler, L. Tippett, E.
Gumbel, K. Auer, R. Miller, and Scott W. Ambler and researchers as V.L.. Khatskevich, B.V. Gnedenko,
V.A. Akimov, V.A. Bykov, E.Yu. Shchetinin, K.M. Nazarenko, L.P. Kvashko, A.S. Losev, V.S.
Mikhailov, V.A. Popov, E.R. Smolyakov. In the study course, the definition of an extreme value within
the framework of the theory was refined, the typology of the distribution of maximum values was
analysed, seven theories of the hypernormal distribution were identified and their proofs were presented,
and practical examples of the application of each theory were given. The practical significance of the
study of extreme random variables models in various areas of industrial human activity was confirmed.
The materials of the study can be used in the widest range: from application in risk management of
industrial production to predicting the probabilities of natural phenomena, which makes it possible to
prevent significant economic and social losses of society, as well as make a tangible contribution to
programming the probabilities of the development of the society of the future.

Keywords: extreme random variables, excess consumption, extreme values, entropy.
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Teopusa rurepHOPMAABHOIO PACIIPEACACHHA: AHAAU3 MHOKECTBA MOACACH
3KCTPEMAABHBIX CAYYANHBIX BEAMYNH

Awnnomayus: Ananus MHOKeECTBA MOAEAEH 9KCTPEMAABHBIX CAYIAWHBIX BEAUYHH AO CHX IIOP ABAACTCA
KpaiiHe aKTyaABHOM TEMOI BO MHOTHX OOAACTAX MATEMATHYECKUX HMCCACAOBAHHE TEOPUHU U IIPAKTHKA
YIPaBAEHUA IIPOU3BOACTBEHHBIMH IIPOIIECCAMU B CUAY CBOEH CrennHIHOCTH H OOABIIIOIO HHTEPECa
K IIOMCKY MHOKECTBA IIOKA3aTEACH OKHAAEMOCTH U CTAOHABHOCTH, HMCCAEAYEMBIE B IPAKTHYECKON
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SKOHOMUKE. PacuéTHl IPUKAAAHON MATEMATUKE IIOMOTAIOT OLIPEACASTH OPUEHTHPOBOYHO BO3MOIKHELC
IIOTPAHMYHBIC I[IAPAMETPEL BCCBO3MOMKHBEIX MOACACH, T.C., OMKHAAHHI, HECMOTPS HA TO YTO
TEOPETHICCKUE PACIETHL HE MMEIOT IIPAMON aCCOLHAIIN C IIPAKTHYCCKIMI AAHHBIMIL. 'Te€M He MCHee,
PACCMOTPEHHE 9KCTPEMAABHEIX MOACACH SKCTPEMAABHBEIX CAYYANHBIX BEAHYHH AO CHX IIOp SBASCTCS
AKTYAABHBIM BO MHOIUX ODAACTAX HAYKH U IIPOMBIIIIACHHOCTH. [IpEAMETOM HCCACAOBAHES SBASAACH
TEOPEMA THIIEPHOPMAABHOIO pacipeAcacHuss. OO beKTOM HCCACAOBAHIS BATAOCH MHOMKECTBO MOACACH
SKCTPEMAABHBIX CAYYAHHBIX BEAUYNH. [[€ABFO AAHHOTO HCCACAOBAHIUS SBASACT KOMIIACKCHBIH aHAAN3
MHOKECTBA MOACACH SKCTPEMAABHEIX CAYYANHBIX BEAMYHH. AAS AOCTEDKCHHS IIOCTABACHHOH IICAN M
petrerns  cpOPMYAHUpPOBAHHBIX Ha ©€ OCHOBAHHMU 33AaY HCIIOAB30BAAUCH  SMIIHPHYCCKEHIH,
AHAAUTHYCCKANA M CPABHHTCABHBIH METOABl AHAAU3A AQHHEIX M METOA MATEMATHYECKOIO
MOACAMPOBAHUS, KOTOPBIE CIIOCOOCTBOBAAN HCCACAOBAHIIO MATCPHAAOB, IIPEACTABACHHBIX B AAHHOM
cratbe. B XOAe HMCCACAOBAHMS OBIAM HCIIOAB3OBAHBI MATCPHAABL TPYAOB TAKHX OTCYCCTBCHHBIX
nccaeposareaeit kak B.A. Xankesny, b.B. I'meaenxo, B.A. Axkumos, B.A. Brikos, E.1O. [Hlernaun, K.M.
Haszapenko, A.Il. Ksamko, A.C. Aoces, B.C. Muxaiiros, B.A. ITomos, 8.P. CmoAbsKOB, a Takke
MATECPUAABl BEAYILUX 3aPYOCKHBIX CIICLIMAAMCTOB B ODAACTH TECOPHH IKCTPEMAABHBIX 3HAYCHHH M
nporpammuposarus K. beka, M. ®ayaepa, A. Tumnmerra, 3. I'ymbeas, K. Ayapa, P. Muaaep, u Cxorra
B. Dmb6Aepa. B xoae HCCACAOBAHES OBIAO YTOUHEHO OIIPEACACHIE IKCTPEMAABHOM BEAIHHEL B PAMKAX
TEOPHH, IIPOAHAANSUPOBAHA THIIOAOTHIO PACIIPEACACHUS MAKCHIMAABHBIX BEAMYNH, OIIPCACACHEL CEMb
TEOPEM IMIIEPHOPMAABHOIO PACIIPEACACHUS M IIPEACTABACHBI MX AOKA3ATEABCTBA, 4 TAKIKEC AAHBI
[IPAKTUYCCKUE IIPUMEPHl IIPUMCHEHUS KAKAOM U3 TeopeM. TeM camblM, OBIAA IIOATBEPIKACHA
IIPAKTIYCCKAS 3HAYMMOCTD HCCACAOBAHUS BAPHATHBOB OSKCTPEMAABHBIX MOACACH 9KCTPEMAABHBIX
CAYYAHBIX BEAMYUH B PASAMYHBIX OOAACTAX MHAYCTPHAABHON AESTEABHOCTH dUeAOBeka. Marepuaast
AAHHOIO MCCACAOBAHHSA MOIYT OBITh HCIIOAB3OBAHBI B CAMOM IIIMPOKOM CIIEKTPE: OT IIPUMCHCHHS B
00AACTH  PHCK-MEHEAKMEHTA IIPOMBILIACHHOIO IIPOM3BOACTBA AO IIPEACKA3AHHS BEPOSTHOCTEH
IIPUPOAHBIX ABACHUI, YTO ITO3BOAICT IIPEAYIPEAUTh 3HAYUTCABHBIC 9KOHOMHYECKHE U COLIMAABHDIC
IIOTEPU OOIIECTBA, A TAKKE BHECTH OLUYTHMBIH BKAAA B IIPOIPAMMUPOBAHHIE BEPOSTHOCTEH Pa3BUTHA
obrrectBa OyAyIIErO.

Karouesvie cr06a: sxcrpeMaAbHBIE CAyYAlHBIE BEAHYHHEI, THIIEPHOPMAABHOE PACIPEACACHUE, TEOPHU
3KCTPEMAABHBIX 3HAYCHHH, SHTPOIIHA.
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Introduction

The analysis of the set of extreme random variables models is still an extremely topical
topic in many areas of mathematical research in the theory and practice of managing production
processes due to its specificity and great interest in finding an expectation and stability indicators
set studied in practical economics. Calculations of applied mathematics help to determine
tentatively possible boundary parameters of various models, i.e., expectations, despite the fact
that theoretical calculations do not have a direct association with practical data. Nevertheless,
the consideration of extreme models of extreme random variables is still relevant in many areas
of science and industry.

The study subject was the hypernormal distribution theory.

The study object was a set of extreme random variables models.

The study purpose was a comprehensive analysis of many models of extreme random
variables.

Based on the study purpose, the following tasks were formed:

—  clarify the definition of an extreme value within the framework of the theory;

A

Gl

N



— analyse the typology of the distribution of maximum values;

— define hypernormal distribution theories and present their proofs;

— give a conclusion on the practical application of the evidence base of the hypernormal
distribution theories.

To achieve the purpose and solve the tasks formulated on its basis, empirical, analytical and
comparative methods of data analysis and the method of mathematical modelling, which
contributed to the study of the materials presented in this article, were used.

In the study course, materials from the works of such leading world experts in extreme
value theory and programming K. Beck, M. Fowler (Beck & Fowler, 2001), L. Tippett (Tzppett,
2013), E. Gumbel (Gumbel, 2012), K. Auer, R. Miller (Auer & Miller, 2007), and Scott W. Ambler
and researchers as V.L. Khatskevich (Khatskevich, 2013; Khatskevich, 2020a; Khatskevich, 20200),
B.V. Gnedenko (Grnedenko, 1943), V.A. Akimov, V.A. Bykov (Akimov et al., 2009), E. Yu.
Shchetinin (Akimov et al., 2009; Shehetinin & Nazarenko, 2008), K.M. Nazarenko (Shehetinin &
Nazarenko, 2008), L.P. Kvashko, A.S. Losev (Kvashko & Losev, 2013), V.S. Mikhailov (M:khailov,
2012), V.A. Popov (Popor, 2013), E.R. Smolyakov (Smolyakov, 2017).

Materials and methods of research

Auxiliary information and basic definitions

The theory of extreme values is a branch of the science of statistics, which aims to study
extreme deviations from the median of probability distributions, i.e., an assessment of
phenomena based on an ordered selection of probability parameters for the most extreme
events or processes. The concept of extreme value theory was introduced by Leonard Tippett
(Tippett, 2013) in the first quarter of the 20" century and became the basis of many studies that
have been going on for about 100 years. At that time, his research was based at the British
Cotton Research Association, where he worked on strengthening the cotton thread. In his
research, L. Tippett postulated that the strength of a thread is determined by the strength of its
weakest fibers. He obtained three asymptotic limits that clearly described the distributions of
extrema that considered independent variables (T7ppert, 2012). 1t was the study that became the
starting point in applying a qualitatively new approach to calculating extremeness in production
and economic indicators. In the future, E.D. Gumbel codified this theory in his work Statistics
of Exctremes (Gumbel, 2012). There he gave the distribution concept, which now bears his name.
In the second half of the 20™ century, the results obtained were significantly expanded and
began to consider insignificant correlations between variables. Strong correlations of the order
of dispersion began to be actively studied already at the beginning of the 21* century with the
use of artificial intelligence and a neural network.

With the potentially high probability of extreme manifestations, there naturally becomes an
increased risk of redundant programming as a form of agile software development
methodologies. The authors of this methodology are such prominent scientists today as Kent
Beck, Ward Cunningham, Martin Fowler (Beck & Fowler, 2007) and others. Kent Beck pioneered
the development of the methodology for the Chrysler Comprehensive Compensation System
project (Beck, 2003). The goal was to apply theoretical methods and develop new and modern

software for those times. As a result of the development, it was possible to raise and develop
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technology and programming at a new qualitative level. It should also note that it was in extreme
programming that a departure from the long-term process of creating programmes was
determined, which consisted in the fact that instead of one-time planning, analysis and design
of a system for the calculated course of events, specialists now implement these operations in a
phased complex during development.

The analysis of extreme values plays an important role in the study of many phenomena
and in solving applied problems of the complex systems reliability and efficiency, structural
mechanics, the theory of stability, dynamic strength, etc. Consideration of absolute extrema will
begin with consideration of the maximum:

U = max(Xq, X5, ..., X).

Values from a set of n random variables (random sequence). If all components of the
sample X7, ... X, are independent and equally distributed random variables, then the distribution
function of the largest F, (X) value is determined as follows:

EX)=PU<x}=P{X; <X X, <X, ...X, <X} =F"(X)
where F(X) is distribution function of the original random variable.

If V is the minimum value of a random variable from a set of # random variables:

V = max(Xy, X5, ..., Xp,).

And if the components of the sample X, ..., X;; are independent and equally distributed
random variables, then the distribution function of the smallest Q,,(X) value is determined
similarly:

QX)) =PV <x}=1-PX; 2XX,2X,.. X, =2X}=1-[1-F"(X)]"™

Thus, extreme values distributions can be derived from the exact original distribution. In
reality, the analytic properties of the original distribution are rarely known. This leads to the
need to use the principle of maximum distribution and determine on this basis the extreme
distribution of the extreme value (maximum or minimum). From a mathematical viewpoint, the
maximum principle’s application uncertainty leads to the solution of extremal (variational)
problems with organic ones, determined by the form of setting the probabilistic characteristics
and the range of random variable values.

According to the distribution, which has the greatest entropy under certain restrictions, is
called extreme. Next, a brief description of 8 types of extreme distributions of extreme random
variables with a certain degree of universality will be given. The common thing in the formation
of such models is the definition of the Euler-Lagrange equations of variational problems,
considering the specifics of specifying information about the initial random variable and
allowing meaningful interpretation. The most obvious and, most importantly, the most practical
application-oriented is the statistical interpretation of extremal distributions in terms of the
theory of order statistics, the subject of which is the study of the properties and applications of
ordered random variables and functions of them. To this end, we present some auxiliary
information from the theory of order statistics. The source material for statistical analysis,
obtained as a result of a simple random selection from the general population, determined by
the random variable X, is a sample of a finite size n:

X1, X5, 0, Xy,




A sequence of sample values ordered by magnitude Xl(n) < Xén) < X,(ln) is called a
variation series.

If the initial distribution of the general population is characterised by the mathematical
expectation m and the variance 82, the distribution of the rightmost member of the variation

series is
P{X,S") < x} = F(X).

It should let agree to call the distribution that delivers the entropy maximum an extremal
distribution of type 1. An extremal distribution of type 2 is a limiting n — oo distribution of
type 1. If the initial distribution of the general population is characterised by only one
mathematical expectation m, the distribution of the rightmost member of the variation series is

P{X,(l") < x} = G, (X).

It should let agree to call the distribution that delivers the entropy maximum an extremal
distribution of type 3. For the case n = oo the distribution function G, (X) degenerates into a
type 4 distribution function Gy (X).

In a similar way, we introduce into consideration the extremal distributions of the minimum
values. If the initial distribution of the general population is characterized by the mathematical

expectation m and the variance 82, the distribution of the rightmost member of the variation

series (the minimum of the random sequence):

P{x < x} = Q. (0).
It should let agree to call the distribution that delivers the entropy maximum an extremal
distribution of type 5.
Asn — oo it should say that an extremal distribution of type 5 degenerates into an extremal
distribution of type 6. If it assumes that the original random variable is characterised only by the

mathematical expectation m, the distribution of the leftmost member of the variational series
P{X,Sn) < x} = R, (X), which provides the maximum entropy, it should agree to call the

extremal distribution of type 6. For the limiting case n — o0 it is useful to introduce a type 8
distribution. Thus, extreme distributions of types 1-4 are distributions of maximum values, and
distributions of types 5-8 are distributions of minimum values of random sequences, extreme
distributions of types 1, 2, 5, and 6 are distributions of extremes of random sequences of
independent and identically distributed random variables of the general population, the
distribution function of which is unknown and is characterised only by mathematical
expectation and variance, extreme distributions of 3, 4, 6, and 8 types are distributions of
extrema of random sequences of independent and identically distributed random variables of
the general population, characterised by only one mean, extreme distributions of 3, 4, 7, and 8
types are asymptotic (limiting) distributions. In a compact form, the main notation and

definitions are presented in the appendix (Table 7).

The principle of maxcimum values distribution
An extreme distribution of type 1 (hypernormal distribution) is a continuous distribution,

the probability density of which is the solution of the differential equation:
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no?[F,(OT % E,(0) + (X — m)F, (X) = 0] 1)
where m and g2 are the mathematical expectation and variance of the set of initial random
variables. The nonlinear differential equation (1) satisfies the natural boundary conditions

Fy(—00) = 0, Fy () = 1 @
and is completely determined by the first two moments (m and 62) of the original random
population and the sample size n.

The hypernormal distribution corresponds to the distribution function F(X) of the original
random variable, determined by solving the following differential equation with the same
boundary conditions

no?E, (X)[FX)]" to?n(n — DF2X)[FX)]" 2 + (x —m)E,(X) = 0 3)
F(=0) =0,F(0) =1 “)

In the appendix, the figures 1-10 (Figure 1; Figure 2; Figure 3; Figure 4; Figure 5; Figure 6; Figure
75 Figure 8; Figure 9; Figure 10) show graphs of functions and numerical characteristics
(expectation and variance) of the hypernormal distribution for integer parameters n from 1 to
10, obtained as a result of solving the nonlinear boundary value problem (1), (2). The calculation
of the functions F, (X) is made for standard conditions (for the scale parameter 0 = 1 the shift
parameter m = 0).

For large values of the argument (x >m+ 30) the hypernormal distribution
asymptotically approaches the normal distribution with density

flx) = \/ﬁlm/ﬁe ©)

With an extremal distribution of type 2 (hypernormal distribution), the random variable

X,Sn) has a limiting (for n > 10) hypernormal distribution if its quantile function has the form

x, = m+ ov2n,/—E;(InP) (6)

where E;(In P) is integral exponential function, whose argument is the natural logarithm of the
probability p = Fy, ().
The second table 2 (Table 2) presents the values of the function of the limiting hypernormal

distribution F, (x), whose argument is the value:
X—m
aVn’

The mathematical expectation and variance of a random variable is determined by the

X =

formulas:

E[x{"] = m + ovZn [} J=E;(nP)dp = m + 0.69676v2n,

2
D = 2no? {fol [—Ei(ln P)dp — [fol E;(In P)] dp] } = 2no%(2 — 0.6067%) = 3.0292n0?2.

An extremal distribution of type 3 is a continuous distribution whose probability density is
a solution to the differential equation:
mn[Gn(x)]én(x) + Gn(x) =0 )
where m is mathematical expectation of the set of initial random variables.
Differential equation (7) satisfies the boundary conditions

Gn(0) =0, Gy(0) =1 )




The density is determined by the parameters m and n (sample size).
An extremal distribution of type 3 corresponds to a quantile function that displays

p = o,(x)bx
x, = mp,Fy(Lm;n+1; 3/p) 9)

where Fi(4; B; v; z) are Gaussian hypergeometric function.
Using the representation of the Gaussian hypergeometric function as a series, it is

convenient to represent the calculation formula for function (9) in the form:

X =mpEy,——pn (10)

n+r

The mathematical expectation of a random variable X,(ln) is determined by the dependence:

m| _ o0 1
E[Xn ] = mn Zrzo (n+r)(2n+r) an

The value of the sum S, series (Table 3):
1

Sn = X0 G

An extreme distribution of type 4 is a continuous limiting (n = ) extreme distribution
of type 3. The probability density of this distribution G (x) is the solution of the differential
equation:

MNGo, (x)Goy(x) + G (x) =0 (12)

with boundary conditions G4, (0) = 0; Go, () = 1.

An extreme distribution of type 4 corresponds to a quantile function that displays:

P =G(x)Bx,

X = —ln’,f‘TE(lnP) (13)

The mathematical expectation of a random variable X,Sn) is determined by the dependence:

E[x] = e |- ) E:nP) dp| = Tt (14)

Distribution of minimum values
An extremal distribution of type 5 is considered to be a continuous distribution whose
probability density is a solution to the differential equation:

n-1_
no?[1— Q)] ™ Qu(x) + (x —m)Q(x) = 0 (15)
where m and 0% are mathematical expectation and variance of the set of initial random variables.
Nonlinear differential equation (15) satisfies the natural boundary conditions:
Qn(_oo) =0, Qn(oo) =1 (16)
and is completely determined by the first two moments (m and ¢?) of the initial random

population and the sample size n.

The extremal distribution of type 5 corresponds to the distribution function F(x) of the
original random variable, determined as a result of solving differential equation (15) with
boundary conditions (15).

In the appendix, the figures 11-20 (Figure 11; Figure 12; Figure 13; Figure 14; Figure 15; Figure
16; Figure 17, Figure 18; Figure 19; Figure 20) show graphs of functions and numerical

characteristics (mathematical expectation and variance) of an extremal distribution of type 5 for

AN P

4 02

N




integer parameters 1 from 1 to 10, obtained as a result of solving a nonlinear boundary value
problem (15), (16). Calculation of the functions @, (X) is made for standard conditions (for the
scale parameter 0 = 1 the shift parameter m = 0).

For the values of the argument x < m — 30, the extreme distribution of type 5

asymptotically approaches the normal distribution with density:
1 _(x_nzl)
f (X) = me 2no” ,

As n — oo the extremal distribution of type V approaches asymptotically the extremal

distribution of type 6, whose quantile function has the form:

X, =m—ov2n/—E(n(1 — P)) 17

An extreme type 7 distribution defines a continuous distribution, or density, whose

probabilities are the solution of the differential equation:

n-1
mn[1 — R, (x)]» R,(x) + R,(x) =0 (18)
where m is mathematical creation of a set of initial random variables. Differential equation (18)

satisties the boundary conditions and is completely determined by the first parameters m and

n:

mn

R(0) = 0,R, (™) =1 (19)
An extreme distribution of type 7 corresponds to a quantile function that displays:
P = Rn(x) BX;
n—1

Xp="=[1-(1-p)]~ (20)
The mathematical expectation of a random variable X,Sn) is determined by the dependence:

n)| _ mn
i e @

As n — oo, the type 7 extremal distribution asymptotically approaches the type 8 extremal
distribution.

An extremal distribution of type 8 is considered to be a uniform distribution with a
distribution function:

xmLx<m
R°°(x):{ 1,x>m (22)
And mathematical expectation:
m
E|x] =2 23)

Study results and discussion
This section contains a presentation of the most significant results of the study of the theory
of extremal distributions of extremal random variables.
The differential equation (I) defining the hypernormal distribution function F, (x) is the
Euler-Lagrange equation of the following variational problem:

H. =— fjooo fn(x) In(x)dx - max (24)
J5 fr(x)dx =1 (25)
[ fGdx =1 (26)
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Jo xfGdx =1 @7
[ e =m)? f()dx =2 (28)
E,(x) = F™"(x). (29)

The validity of this assertion follows from the proof of theories 1 and 2 below.
Theory 1. Let X is a random variable with density f(x) > 0,x € (—00, ), F,(X) is the
distribution function of the extreme member of the variational series constructed from a sample
of a finite size n from the general population defined by the random variable X. Let, further,

the first two central moments of the random variable X:
m= fjooo sf(x)dx
o2 = [7 (x —m)2f(x)dx.

Then the entropy maximum is reached on a distribution that satisfies the differential
equation (1).

Proof. To do this, it is necessary to find the function f(x) and Fn(x), that ensure the
maximum of functional (24) in the presence of holonomic constraint (29) and under
isoperimetric conditions (25)-(28). According to the well-known theoties of the calculus of
variations, the Lagrange multipliers A(x), Vg, V1,V is introduced and the Euler-Lagrange

equations for the extended function is composed. So, if:

oL _ B
Pyl Infn(x) — 1,

% — _AG)n[F(0)]" Y,

of
oL
E - A(x)l

the Huler-Lagrange equation for the extended function has the form:

dInfn(x) _
—0 T Alx) =0,

ACOn[F(x)]™ ! + v, + 2v,(x —m) = 0. (30)

The last equation, taking into account (30), can be written as:
n%F”(x) = F(x)[v; + 2v,(x — m)].

After substituting F, (x) = [F,(x)]™, the extremal equation in the considered variational
problem has the form:

n—1
n[F GO By () vy + 20, (x —m)]. (31)
or

i COE, O™ + n(n = DIFCOI"2F2(x) = F(O[vy + 2v,(x —-m)]. - (32)
It should integrate equation (32) over the domain of the distribution function F(X),
applying integration by parts to the first term. Due to certain properties of the distribution
function and boundary conditions, one can make sure that the integral of the left side of
equation (32) will be equal to 0, and the Lagrange multipliers v; and v, will be related to the

mathematical expectation by the following final relation:

v; + 2v, — 2u,m = 0.

It follows from here that v; = 0. Multiplying the left and right sides of equation (32) by

the independent variable and integrating the resulting equation in a similar way, one can find
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the second final relation connecting the factor with the mathematical expectation k variance.
Indeed, since:
JZ [FP1 00 F(x) + (n — DF™2(x) F2 (x) | dxF" 1 (x)F (x),
then integrating the left side of the new differential equation obtained as a result of
multiplication by the independent variable gives the following result:
ffom [FP1(x)E(x) + (n — DF"2(x)F?(x)] dx = xF (x)F (x),
00

I [FP1 ) F(x) + (n = DF™2(x)F2(x)] dx = xF (x)F (x) {xx: -

— 00

[© P () F(x)dx = —+

n
(the first term after the disclosure of uncertainty gives 0).

Thus, 2v,(m? — 62)2v,m? = —1. Hence it follows that v, = #.

Substitution of the Lagrange multipliers v; and v, into differential equation (31) makes it
possible to verify the validity of differential equations (1) and (3). The theory has been proven.

Many problems of evaluating the efficiency of complex systems and probabilistic analysis
of complex processes can be formulated in terms of the theory of order statistics and are related
to the study of extreme values. As an illustration of the foregoing, two examples are given below
that require such an approach.

Example 1. The average time to prepare a product for use is 100 minutes, the standard
deviation is 10 minutes. Five departments simultaneously began preparing for the shipment of
a batch of five products. Find the probability of preparing the entire batch of products by the
time T = 120 min.

Solution. Let F (t) is the distribution function of the product preparation time for use (note
that in the problem statement the product preparation time distribution law is not specified).
Let t is the time of product preparation by the first subdivision, and, u t, is by the second one,

and so on.

Then the sequence tq, t,, ..., t5 is a sample of independent identically distributed random
variables. If to arrange this sequence by the value tl(s) < tl(s) < < tés), the distribution of
the extreme member of the variational series ts(,s) Fs(t) = F>(t) = P{tés) < T} determines
the probability that the random variable ts(,s) will be less than the number T.

According to the condition of the problem, it is required to find

Fs(0)P{t{” < 120,
In this case, it is worth noting that such a schematization of a probabilistic experiment

suggests using the hypernormal distribution function with parameters n = 5, to calculate the
probability P{¢ " < 120}.

Passing to normalised standard values, it is obtained:

_T-m _ 1202100 _ , o
o 10
According to the graph for F5(x) at x = 2.0, it is found:
F5(2.0) = 0.75.

Example 2. “Model of collection on alarm”. There are eight individual means (units) of the
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same type (ships, aircraft, etc.) located at the initial moment at the base (airfield, etc.), which,
according to the alarm signal, should arrive in a given area. The average time of moving one
object to this region is m = 3 hrs, the standard one is 0.5 hr. In how many hours it is necessaty
to give an alarm signal so that all eight units arrive in a given area with a probability P at least
80%.

Solution. According to the graph Fg(x) aan P = 0.8, the quantile is found x5 = 3.1.

Since x = (t —m,)o™ 1, thent = my + 0yx0g = 3 + 0.5 x 3.1 = 4.55.

It is necessary to dwell on one case of asymptotic behavior of the hypernormal distribution.
Let n = oo (practically for x > 3), a natural consequence of this condition is F, (x) = 1. Then
the differential equation (1) can be represented for standard conditions (m = 0,0 = 1) in the

tollowing form:

nk, (x) + xE,(x) = 0. (33)
Separating the variables, it is found:
dIn fn(x) __x (34)
dx
dFn(x)
rae fn(x) = iz~ TAOTHOCTB IMIICPHOPMAABHOIO PACIPEACACHHS.

Integration of equation (34) makes it possible to verify the validity of the following result,
presented in the form of the following theory.

Theory 2. For large values of the argument, the hypernormal distribution asymptotically
tends to the normal distribution with density (5).

The result obtained can be somewhat strengthened by considering, instead of the
hypernormal distribution function, the normal distribution function that satisfies the differential

equation (1), with a variance depending on the value of the argument:

%2

LT Te5

fn(X) = \/m

Using equation (1), it can be shown that the nature of the change in the variance D(x) is

determined by the following differential equation
(xZ—D)Z—Z—ZxD +%=0. (35)
np(x)] n
where D (x) is Laplace function.
It follows from differential equation (35) that for
x = ,D(x) - d?n.
We set ourselves the goal of determining the function of the limiting hypernormal

distribution (extreme distribution of type 2) in the following form:
Fpo(x) = P{vnX < x}. (36)
For sufficiently large values of n. For standard conditions (m = 0,0 = 1), the
differentiated equation (1) can be represented (mpun — 0) in the following form:
nF, (x)E,(x) + xF.(x) = 0. (37)

2
It is possible to check that the change of the independent variable y = % allows to

transform equation (37) to the following form:

d?F |, dFx __
ZFOO(:)/) dy? + E = 0. (38)
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Separating the variables and integrating, it is found:

o = _LnE, (39)
dy 2
From this it follows:
P dFy
y=-1J R s —2E;(InP) (40)

where [;P and E;(InP) is integral logarithm and integral function respectively.

Making the reverse transition from Yy to X, it can be obtained the following result, presented

in a compact form in the form of the following theory.

Theory 3. The quantile function of the hypernormal distribution asymptotically (n — 0)

x, =V2n,/=E;(InP).

The proof of the theory follows from the above reasoning and confirms the validity of

approaches the function

relation (6).

As an example, illustrating the applicability of an extreme type 2 distribution, consider a
test planning problem.

Example 3. Tests for the failure-free operation of a product should be performed for no
more than 100 days. It is assumed that by the end of the tests at least 90% of the ordered
products should fail. A preliminary assessment of the reliability indicators showed that the
operating time is average, but the failure T, is 50 days, and its standard deviation 0y is equal to
5 days. How many items do you need to order and test?

Decision. If the law of the time-to-failure distribution is not known, and the ratio between
the mathematical expectation and the standard expectation is such that there are grounds to
consider the range of permissible values practically unlimited and the estimated number of
ordered products n > 10, then using the function of the limiting hypernormal distribution,
according to Table 2, we define the argument (Tuble 2):

Fo(%¥) =09 (X = 1.9).

Then:
Tg=To _
e 1.9
where Tg = 100 days (directive test time).
Therefore:

Ty—To\ 2 100-50Y 2 .
n= (g—) = (—) ~ 25 items.
0r1.9 5%1.9

When solving practical problems, one can hardly hope for the completeness of information
about the initial random variable, which makes it possible to estimate higher moments of its
distribution. If the available information about the initial random variable allows us to give only
an estimate of its mathematical expectation, then in the conditions of problem (24)-(29) the
condition (28) is excluded, as will be shown below, the entropy maximum is achieved on a
distribution that satisfies the differential equation (7). By inverting the distribution function
Gy, (x), one can obtain the following result, presented as a theoty.

Theory 4. Let X be a random variable with density g(x) > 0,x € (0,00),G(x) is the

distribution function of the maximum value from the set of n random variables from the general




population defined by the random variable X. Let, further, the mathematical expectation of the
random variable X:
m= fooo xg(x)dx.
Then the entropy maximum is reached on a distribution that satisfies the differential
equation (7) with the quantile function (9).
The proof will be as follows. Differential equation (7) is the Euler-Lagrange equation:

n-1

n[G, ()] G,(x) —vG,(x) =0 (41)
G,(0) = 0, G, ()
where v is undefined multiplier.
The next variational problem:
H, = - fooo G, (x)In G, (x)dx — max,
fooo G,(x)dx = 1,
fooog(x)dx =1,
fooo xg(x)dx = m,

[ee] n
Gu () = [f, gCx)dx] . (42)
Formal integration of equation (41) for n = 1 gives an exponential distribution law, and
for n # 1 leads to a dependence of the form
Gn  dGp
x=["—" 43)
VG +Gn(0)
1
Using the substitution z = G (43), mpeobpasyem K TAOATIHOMY:

Jy ™LA+ Bx)Vdx = ’;—” v, 1+ w—pu)
where ,F;(a, p;¥; ) is hypergeometric Gaussian function. Therefore:
G, (0)x = Z™ ,F,(1,n;n + 1, —fz) (44)

or

Gp(0)x = szl(l; nn+ 1;,3%),

where f = Gnlzo) up = G,(x) = P{x,gn) < x}.

The normalisation condition for the distribution function G, (x) implies the following

relation:
v

F=to ™
Indeed, the quantile functions determined from relation (44) have the form:

ZTL
X = m 2F1(1,Tl;7’l + 1; —,BZ)
For the original random variable:

P

Xp = & 2F1(1,n;n+ 1;—,8%).

n .
For the maximum value from a set of n random variables. For x, - 00,z = /Gn (x) —

1 and p = G, (x) — 1 and vice versa.




The Gauss hypergeometric function can be represented as the following series:

dyBrsT sT
JFila, pvis) = Xio—— =
Yo T
I'(a+1)

I(a)
Forp = 1(z = 1), series

where A(T) =

oo A"
ZT =0 (1+n) r! (45)
should diverge.
According to the d’Alembert test, series (45) will diverge if the relation follows:

LRI (4 ) (7! >
1+ e In@ AT+ —

Or after transformation:

> 1.

—ﬁ _ n+r+2
n+2
Therefore, in order for the series to diverge (the normalisation condition is satisfied), it is

necessary that for the sufficiently large r(r = OO) complex:

p= Gn(O)

To determine the density value at the initial point Gn(0), one integrates relation (44) taking

into account the obtained value for 13:
fol G,(0)xdz = fol z" ,Fi(1,m;n + 1;z)dz.

1
The left side of the equation in accordance with the definition z = [G,, (x)]n is the product

of the value of the distribution density at zero Gn(O) and the mathematical expectation of the
original random variable. It can be shown that the right side of the equation is equal to one.
Indeed, by representing the hypergeometric function as a series and changing the order of
summation and integration, it is defined:
1nnm (Z) 1mne) 1 _ n
f " ZT 0 Zr =0 dZ

(1+n),y 7! (1+n), 7! T (n+r)(n+r+1)’
. n .
Series Yipro—————— can be represented as the difference between two seties:
(n+r)(n+r+1)
n o 1
————————————————————— n _ —
Lr=o (n+r)(n+r+1) n2ro (n+r) Lr=o (n+r+1)’
which after transformation can be represented as follows.

1

o 1 _r o 1_,t o 1 _
n2r=0 (n+r) ZT 0(n+r+1) Zm n n2m=n+1m nn+2m=nm

N Ym=n+1 1.

Thus, Gn (0)m = 1. Therefore, Gn(O) =

-1

1_
m
~! and the Lagrange multiplier v = G,(0) =
-m

Substituting the value of the Lagrange multiplier into the differential equation (41) makes
it possible to verify the validity of the differential equation (5) and the quantile function (9). The
theory has been proven.

It is also necessary to clarify the method for determining the mathematical expectation of

the largest value for the case under consideration. In a way analogous to that which was applied




in the derivation of the formula for determining the value of the density at zero G, (0), one can
show that:

m] _ 0 1N
E[Xn ] - erzo (n+r)(2n+2)’

To sum up, it suffices to integrate the quantile function (9):

E[Xén)] - fol xpdp = mfol pr2Fi(Ln+1; %)dp'

Representing the hypergeometric function as a series and rearranging the operations of

summation and integration, one can find:
2

] = m o o e = m Y

In table 3 shows the values of the sum S,, which make it possible to estimate the
mathematical expectation of the maximum value from samples of n to 10 (forn > 10, one can
use, as will be shown below, the asymptotic properties of the obtained extreme distributions of
extreme values) (Table 3).

If we set ourselves the goal of determining the function of the limiting extremal distribution
of type 4, then, by performing constructions similar to the constructions used in the proof of
Theory 3, we can obtain the result presented in the form of the following theory, given by virtue
of obviousness without proof.

Theory 5. The quantile function of type 3 extremal distribution asymptotically (n — o)

approaches the function:
x = = E;(InP).
lnT

As an example, illustrating the applicability of extremal distributions of types 3 and 4,
consider the problem of “forecast by one point”.

Example 4. A discrete random process x(n) is observed, its value x(1) is fixed at the first
observation point. What is the expected value of the maximum value at the second point at the
20th point?

Solution. It is natural to take m = x(1) as an estimate of the mathematical expectation of
the average process under one observation. Then, using Table 3, one finds E [maX X (2)] =

x(1) * 1.1628 and, using dependence (14), one determines:
E [maxX(20)| = x(1) ‘“21 = x(1) * 14.2067.

Further, it is necessary to consider some features of the construction of extremal
distributions of minimal values. Differential distribution type 5 @, (x) is the Euler-Lagrange
equation of a variational problem similar to problem (24)-(29). The difference in the formulation
of the variational problem lies in the replacement of relation (29) by the dependence:

0u(0) =1 [1 - F)I" (46
defining the distribution function of the smallest value @, (x) through the distribution function
of the original random variable F (x). This implies that

He == [ 0,()InQ,(x)dx - max

under isoperimetric conditions (25)-(28) and holonomic constraint (46).




The solution of this variational problem allows us to formulate a result similar to that
stated in Theory 1.

Theory 6. Let X be a random variable with density f(x) > 0,x € (—, ), Q,,(x) is the
distribution function of the smallest (leftmost) member of the variational series constructed
from a sample of finite size n from the general set determined by the random variable X. Let,

further, the two first central moments of the random variable X:
m=[" xf(x)dx,
o2 = [7 (x —m)2f(x)dx.

Then the entropy maximum is reached on a distribution that satisfies the differential
equation (15).

Using dependence (46) and differential equation (15), one can verify that the extremal
distribution Q,(x) corresponds to the distribution function F(x) of the original random
variable, determined by differential equation (3).

As an example of using a type 5 distribution, consider the following problem.

Example 5. Under the conditions of Example 1, find the probability of preparing the first
product by the time T = 100 min.

Solution. The solution to this problem is reduced to a sequence of reasoning and actions

applied in solving Example 1. As a result, passing to the normalized standard values x = T_Tm =
1001_0100 = 0 according to the schedule Q5(x) for x = 0, one finds Q5 (x) = P(t(sl) < 100) =
0.72.

Analytic properties of the function Q,(x) are similar to those of the function F,(X).
Therefore, for small values of the argument x < m — 30 the extreme distribution of type V
asymptotically approaches the normal distribution about the parameters m and no?, and for
n — oo it degenerates into an extreme distribution of type 6, the quantile function of which is

described by dependence (17).

Generalising the results concerning extremal distributions of types 1 and 5, it seems

appropriate to find the distribution function of the order statistics X,E: ) (m=1,2,...,n),which

provides the entropy maximum under isoperimetric conditions (26)-(28). If the initial

population distribution F(x) has density f(x), then the distribution of order statistics XT(: )

HNMECT ITAOTHOCTDH BHAQ:

_a m _ n! m—-1[1 _ n-m
fim@) = P < x} = s FO™ 1 = FOI"™f @) (4)
The extremal distribution of the order statistics (the favorite member of the variational
series) is determined by the solution of the Euler-Lagrange equation of the following variational

problem:
H.=— fooo frn () In fr (x) dx > max (48)
1= [ fam(x) dx (49)
m = [ xf(x)dx (50)
o2 = [% (x —m)? f(x)dx (51)




Fom (x) = "—!IOF(X) ym it —-y)r " dy (52)

(m-1)!(n-m)!
Applying the course of reasoning and those transformations and constructions that were
used in the proof of Theory 1, we can obtain a nonlinear differential equation with respect to
the function Fy,, (x):

Fnm (0)-F(xg)]¥

(x—m) Z$°=0[ DYFnm

v! (53)

Fnm(%0)

Satisfying the boundary conditions Fy,, (=) = 0, F,,(e0) = 1.

Depending on (53) D = WFI_’"G — F)ymn (;LF is conversion operator with
properties DV = D(DV™1),D% = F.

The reference value X for the function F,y, (x) can be chosen at any point where the

0%F,, +

distribution density (47) does not vanish. Note that for m = n differential equation (53)
degenerates into equation (1), and for m = n into equation (15).

Thus, the solution of the variational problem (48)-(53) and the representation of the
nonlinear part of the differential equation using an operator series (S. Lie’s series) allows us to
represent the result obtained in a compact form in the form of the following theory.

Theory 7. Let X be a random variable with density f(x) > 0,x € (—00, ), F,,, (X) is the

distribution function of the order statistics X,(n) for a variational series constructed from a
sample of finite size n from the general population determined by the random variable X.

Further, let the first two central moments of the random variable X be known:
m= fjooo xf(x)dx
o2 = [7 (x —m)f(x)dx.

Then the entropy maximum is reached for a distribution that satisfies the differential
equation (53).

In conclusion, we note some features of extremal distributions of types 7 and 8. Differential
equation (18) is the Euler-Lagrange equation of a variational problem similar to problem (42).
The difference in the formulation of the problems lies in the replacement of the last holonomic
constraint G, (x) = ong(x)dx]n by the dependence R, (x) =1 — [1 - f;c r(x)dx]n, which
determines the distribution function of the smallest value R, (x) through the distribution
function of the original random variableR (x) = fox r(x)dx.

Integration of the differential equation (18) allows one to obtain the quantile function (20),
and the passage to the limit n —» oo yields dependence (22). A characteristic feature of these
distributions is that they are realised in the class of finite functions (truncated on the right). It
should also be noted that the dependencies for the mathematical expectations of the smallest
values (21) and (23) can find practical application in the express evaluation of samples from an
unknown general population.

The asymptotic behavior of the largest observation in a sample of size n from a distribution
with distribution function F(x) was a problem in the “classical” theory of extreme values. The
central result of this theory (the theorem on three types of limit distributions) was first obtained
by Fisher and L. Tippett in 1928 (17ppett, 2012) and was later proved in full generality in 1943




by B.V. Gnedenko (Gredenko, 1943). A systematic exposition of the theory of limiting
distributions of extreme quantities and applications to technical problems can be found in
Gumbel’s monograph (Gumbel, 2012). However, here it is necessary to note some specific
limitations of the asymptotic theory of extremal quantities. First of all, all extreme value
distributions are derived either from the exact original distribution or from a distribution of
some type. The original distribution from which the extreme values are selected must belong to
one of the three types of distributions. In reality, the analytic properties of the original
distribution are rarely known, and hence the conditions for using the asymptotic theory of
extreme values do not always correspond to observations and practical applications. Note that
in the “classical” theory of extreme values, when constructing parametric forms of distributions
of extreme values, the key idea (stability postulates) used earlier by Fisher and L. Tippett is used,
which consists in the following. Since the largest observation in a sample of size mn can be
considered as the largest member in a sample of size n, consisting of the maximum members
of samples of size m, and since in the case of the existence of a limit distribution A(x) both of
these distributions will tend to A(x) at m = oo, then A(x) must satisfy the relation
N'(apx + b) = A(x), ie., the largest observation in the sample of size n from the distribution
with the distribution function A(x) must, after appropriate normalisation, itself have a limit
distribution function A(x). The solution of this functional equation with respect to A(x) allows
us to obtain the following three parametric forms (three types of distributions of extreme values
built on the stability postulate):
Type 1: A (x) = exp(—e ™), —00 < xo0.
0,x<0
Type 2: A5 (x) = {exp, (—x™*),a>0,x>0

exp(—(—x)%),a>0,x<0
Type3:A3(x)={ p(=( 1)x)>0 )

In this case, it is logical to compare the distributions of extreme values based on different

construction principles. As an example, consider the graphs of distribution functions F (x) and
Xx—a

A (x) A (x) = exp (—e_T). Naturally, the functions must be compared with the same scale

and position parameters. Note that if a sample X1, X5, ..., X is given from the population with

. . . . X—a .
the distribution function A;(x) = exp (—exp (— T))’ as estimates a* and b* of unknown

parameters @ and b, one can take solutions of equations (6):
1o xi—a*
E i=1 b*

Ly 252

b*

=C

where C is Euler constant.

. . . 1
Equating the empirical values of the moments of random wvariables ;Z{‘(=1xi and

=YKexp (—=) with the theoretical ones for the distribution F,(x), after some algebraic
k b ’
transformations, one can find equations relating the parameters a* and b* of the distribution

function A7 (x) and m, and o0V 2n of the distribution function F,, (x):
m+ov2nl, = a* + cb”* (54)
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m

- oVvan _a_:
e b, . )=e?

where

I, = f; y=E.(Inp)dp = 0.6967,
> 1 _a\/ﬁ\/Tlnp)
12 (G b n) = fo e b dp.

With appropriately chosen normalizing and centering parameters a* = 0 and b* = 1, the

limiting hypernormal distribution corresponds from equations (54) to the values of the
parameters 0v2n and m, determined from the following relations obtained from the systems
of equations (54):
oV2n +1nl, (a\/ﬁ) =0,
m=0—ov2nl,.
The figure (Figure 21) shows the graph of the function A(x) = e~

e~

* and the graph of the
function of the limiting hypernormal distribution corresponding to it in terms of parameters
F,(x) = =148+ 3,/—E;(InP).

A comparison of the graphs indicates the closeness of the statistical laws of extreme values
obtained under different assumptions. On the other hand, it is not possible to introduce partial
ordering into the set of distribution functions of the form Aq(x) and F,(x) (the graphs
illustrate this circumstance): the function A;(x) does not dominate the function in the sense
of the first order. Therefore, when choosing a mathematical model of the mechanism for the
formation of extreme random variables, when constructing estimates that guarantee their
effectiveness, etc., one should be guided by the stability postulate, if it is known that the
distribution of the initial random variable belongs to the exponential type distribution (4), and
by the principle of maximum uncertainty, if only estimates of the mathematical expectation and
the variance of the original random variable (1) are known.

As an example, illustrating the possibility of using the considered laws of distributions of
extreme values, it is presented the distribution function of the levels of water rise at the mouth

of the Neva, constructed according to statistical data fixed since 1703 (7):
xX—221,4
A (x) = exp {—e_ 30,38 },
x =183+ 7.97V2n,/—E;(In P)

where X is level of Neva’s mouth water rise in centimeters.

Comparison of the probabilities of occurrence of events P{x < 200}", built on these
dependencies, is similar to the nature of dependencies (Figure 27).

The discussion of the applications of the theory of extrema of sequences of random
variables is given fragmentarily and does not yet cover the whole variety of possible problems
related to extreme values, because “... nature speaks to us in the language of mathematics” (G.
Galileo) and it is quite appropriate that this area is worthy of study on its own. yourself.
Therefore, it seems appropriate to proceed to the consideration of the basic problems of
constructing models and some generalisations, confining ourselves mainly to the formulation

of the main results.




Conclusion

Thus, in the study course, the definition of an extreme value within the framework of the
theory was refined, the typology of the distribution of maximum values was analysed, seven
theories of the hypernormal distribution were identified and their proofs were presented, and
practical examples of the application of each theory were given. The practical significance of
the study of extreme random variables models in various areas of industrial human activity was
confirmed.

The materials of the study can be used in the widest range: from application in risk
management of industrial production to predicting the probabilities of natural phenomena,
which makes it possible to prevent significant economic and social losses of society, as well as
make a tangible contribution to programming the probabilities of the development of the

society of the future.
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Appendix

Table 1. Extreme distributions and statistical characteristics of the otiginal random variable

Determinati Extreme distributions and statistical
clermination characteristics of the original random variable
MathematlcalAexpecta;tlou m and Expected value m
variance o
P{Xgl) < x] E’l(X) Foo(X) GTI(X) Guo(X)
type 1 type 2 type 3 type 4
(limiting (n — ©0)) (limiting (n — o))
Qn(X) 0. () R, (X) Ron(X)
type 5 type 6 type 7 type 8
P{X™ > x} (limiting (n = o)) (limiting (n — ©0))
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Table 2. Values of the function of the limiting hypernormal distribution Fy, (x), whose argument is the

value X
X Foo (%) ¥ Fo (%)
0.1 0,0230 1.6 0,830
02 0.0707 17 0.858
03 0,126 18 0,873
0.4 0.102 19 0.904
05 0.259 2.0 0,921
0.6 0,326 2.1 0.936
0,7 0393 22 0.949
0.8 0.457 23 0.959
0.9 0518 24 0.967
1,0 0,573 25 0975
1.1 0.628 2.6 0,981
12 0.676 27 0.985
1.3 0,722 2.8 0,988
1,4 0,762 29 0.992
1.5 0,798 3.0 0.996
Table 3. The value of the sum S, of a series from 1 to 5
n 1 2 3 4 5
Sh 1 1,628 2,2643 2,8878 3,4967
n 6 7 8 9 10
Sn 4,0904 4,6694 5,2338 5,7844 6,3214
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Figure 1. Distribution function F; (x) =
P{xil) < x}; (m=0,02=1)

Figure 2. Distribution function F,(x) = P{

x}; (m = 0.4634; 02 = 1.1077)
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Figure 15. Distribution function Qs(x) =
P{x® < x}ym = -1.0692; 02 = 2.1477
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Figure 16. Distribution function Q4(x) =
P{x(® < x};m = —1.1950; 0 = 2.5258

[ 2]
1,0 1,0
T T
0,9 0,9
T T
0,8 0,8
I I
0,7 0,7
H H
+ +
o, 0,
+ +
0.5 0,5
U t
0,4 0,4
T T
0,3 0,3
t t
0, 0,
= | 1 |
- 0,1 T 0,1
I = I
-6,0-5,6-5,2-4,8-4,4-4,0-3,6 -3,2-2,8-2,4-2,0-1,6-1,2-0,8-0,4 0,4 08 1,2 1,6 6,0-5,6-5,2-4,8-4,4-4,0-3,6-3,2-2,3-2,4-2,0-1,6-1,2-0,8-0,4 0 0,4 0,8 1,2 1,6 2,0

Figure 17. Distribution function Q,(x) =

Figure 18. Distribution function Qg(x) =

7 8
P{x7 < x};m = -1.2977; 0 = 2.9194 P{x® < x};m = —1.4451; 02 = 3.2427
Go

10 1,0
T T
Vls’ ul,s
0.8 0,8
| I
0.7 0.7
i: ..;c
I:" ul,4
3 o5
% u ul,

1 0,1 ft 0,1
1 1
T

-6,4-6,0-5,6-5,2-4,8-4,4-4,0-3,6-3,2-2,8-2,4-2,0-1,6-1,2-0,8-0,4 8 1,2 1,6 -6,4-6,0-5,6-5,2-4,8-4,4-4,0-3,6 -3,2-2,8-2,4-2,0-1,6-1,2 - 0,3 ,L 0 0,4 0,8 1,2 1,6

Figure 19. Distribution function Qg(x) =
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Figure 20. Distribution function Q4(x) =
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Influence of the composition of the flux, type and polarity of the current on the
efficiency of electrochemical processes in the electroslag system

Abstract: The article examines the peculiarities of the chemical composition of the fluxes used for
electroslag surfacing, as well as the type and polarity of the current, which have a significant impact on
the efficiency of electrolytic processes in the electroslag system. The purpose of the article is to research
methods of obtaining high-quality metal with specified physical and mechanical properties and service
characteristics. In the course of the conducted research, it was established that the considered variants
of ESN are static by their electrochemical conditions and do not allow to actively influence the
electrolysis processes, to regulate the intensity of recovery of elements from slag to metal. In addition,
with DC electrolytic processes, as calculations show, a little more than 30% of the total melting current
is consumed. Of these positions, the most flexible and economical is the electroslag process using
alternating current with an additional application of a certain (if necessary, adjustable) amount of direct
current to the slag bath. It was found that a further increase in the current density of the constant
component increases [V] to 0.72% with further stabilization, which indicates the exhaustion of the
possibilities of electrolytic reduction of vanadium under these conditions (ESH on a constant current of
reverse polarity on this slag-clectrolyte provides close values (0 .8%) of the concentration of vanadium
in the ingot). Thus, the obtained information indicates that the selection of the composition of the slag-
electrolyte and the mode of electrolysis should be carried out taking into account the electrochemical
parameters in the electroslag system. It has been proven that a rational choice of the composition of the
electrolyte slag and the electrolysis mode, based on the knowledge of the electrochemical laws of the
process, can ensute the effectiveness of this option in specific different methods of ESH. Experiments
of electroslag surfacing according to this scheme showed that the residual content of the recoverable
element depends on the anodic current density at the stage of the bath, and at a fixed value of ik - on
the composition of the flux. That is, two main parameters that determine the speed of electrochemical
reactions are combined and act here. The main directions of conducting studies of the electroslag
surfacing process to obtain high-quality surfacing metal with the necessary indicators of wear resistance
have been determined. Further research should be aimed at determining the effectiveness of the use of
modifying impurities of different chemical composition, which are introduced into the slag bath during
the process of electroslag surfacing in order to obtain a surfacing metal with higher quality indicators.

Keywords: flux, electrochemical processes, surfacing parameters, electroslag surfacing technology, slag.
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Briaus ckaaay ¢arocy, poAy i IIOAAPHOCTI CTPyMy Ha €(peKTUBHICTh €ACKTPOXIiMIiUHUX
IPOIECIB B €AEKTPOMIAAKOBIN cHCTEMi

Amnomayin: 'V crarti AOCAIAKYIOTBCA OCOOAMBOCTI XIMIYHOIO CKA4Ay 3aCTOCOBYBAHUX (PAIOCIB AAfA
EAEKTPOIIAAKOBOI HAITAABKH, 4 TAKOXK PIA Ta IOAAPHICT CTPyMy AKI MAarOThb 3HAYHUN BIIAMB HA
e(DEeKTUBHICTD €AEKTPOAITHYHUX IIPOIIECIB B EACKTPOIIAAKOBIH cucremi. MeToro CTarti € AOCAIAKEHHSA
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METOAIB OTPHMAHHA SAKICHOIO METaAy, 3 33aAaHHMH (DI3MKO-MEXaHIYHHMU BAACTHBOCTAMH T2
CAYKOOBHMHU XaPaKTEPUCTUKAMH. Y XOAl IIPOBEACHOIO AOCAIAKEHHS BCTAHOBACHO, IO PO3TAAHYTI
BapianTn EIITH 32 cBOoiMH eAeKTPOXIMIYHIMI YMOBAMI CTATHYHI 1 HE AO3BOASFOTH AKTUBHO BIIAUBATH
HA CACKTPOAISHI IIPOLIECH, PEIYAIOBATH IHTECHCHUBHICTD BIAHOBACHHSA CAGMEHTIB i3 IITAAKy B MeTaA. Ao
toro  npu EIIIH ma mocrifHOMY CTpyMi €AGKTPOAITHYHI IIPOIIECH, AK ITOKA3YEOTh PO3PAXYHKH,
BUTpadacThcs Tpoxu Oiabire 30% BIA 3araABHOTO CTPYMy IIAABKA. 3 UX IO3HUIINH HANOIABII THYIKHM 1
EKOHOMIYHIM € €ACKTPOIIIAAKOBHH IIPOIIEC HA 3MIHHOMY CTPYMI 3 AOAATKOBHM HAKAAACHHAM HA BAHHY
IIAAKYy HEBHOI (IIPH HEOOXIAHOCTI PEryAbOBAHOI) BEAMYHHH IIOCTIHHOIO CTpyMy. BusBaeHO, I10
ITIOAQABIIIE 30IABIIEHHA IIIABHOCTI CTPyMy HOCTHHOI ckaapoBoi miauimye [V] ao 0,72% mpwu
ITOAQABIIIN cTabiAlzaLl, 10 CBIAYNTD IIPO BHYEPIIAHHA MOKAUBOCTEH €ACKTPOAITHYIHOIO BIAHOBACHHS
BaHaalfo B nux ymosax (EIIIH ma mocriiHOoMy cTpymi 3BOPOTHOI HOASPHOCTI Ha IIBOMY IIAQKY-
eAeKTPOAIT] 3abe3meuye OAnspki 3HadeHHA (0,8%) KOHLeHTpamil BaHAAIFO B 3AHUTKY). TakuMm YHHOM,
OTprUMaHi BIAOMOCTI CBIAYATB, ITIO BHOIP CKAAAY ITAAKY-CACKTPOAITY 1 PEKHMY EAEKTPOAI3y IOBHHEH
3AIMCHIOBATHCA 3 YPAXYBAHHAM CACKTPOXIMIYHHX IIAPAMETPIB B €ACKTPOILIAAKOBIHA crcTemi. AOBEACHO,
II[0 PALiOHAABHUI BHOIP CKAAAY IIAAKY €ACKTPOAITY T4 PEKUMY €ACKTPOAISY, 3aCHOBAHMI HA 3HAHHI
CAEKTPOXIMIYHIX 3aKOHOMIPHOCTEH IIPOLIECY, MOXKe 3aDE3IIEeYUTH IbOMY BapiaHTy eDEeKTHBHICTD Y
KOHKpeTHHX pisHux crocobax EIITH. ExcrepumeHTH €A€KTPOIIAAKOBOI HAIIAABKU 32 IIEIO CXEMOTO
IOKA32AH, [0 3AAMIIKOBUII BMICT €AEMEHT4, IO BIAHOBAIOETBHCA, 3AAEKUTH BIA AHOAHOI IIABHOCTI
CTpyMy Ha craAll BaHHH, a Ipn pikcoBaHOMY 3HadeHH ik - BIA ckAaay darocy. ToOOTO TyT HOEAHYIOTHCH
Ta AIFOTh ABA TOAOBHI IIaPAMETPH, IO BU3HAYAIOTH IIBHUAKICTD CACKTPOXIMIYHUX peakilii. Busnadeni
OCHOBHI HAIIPAMHU IIPOBEACHHA AOCAIAJKGHDB IIPOIIECY CACKTPOIIAAKOBOI HAITAABKH AASl OTPHUMAHHS
AKICHOTO HAIIAABACHOTO METAAY 3 HEOOXIAHUMU IIOKa3HUKAMU 3HOCOCTIHKOCT. [ToAaabIm AocaipkeH s
ITIOBUHHI OYTH CIPAMOBAHI Ha BH3HAYCHHA e(EKTUBHOCTI 3aCTOCYBAHHH MOAMDIKYFOUNX AOMIIIOK
PI3HOIO XIMI9HOIO CKAAAY fAKI BBOAATH Y IITAAKOBY BAHHY ITiA 9AC IPOIIECY EACKTPOIIIAAKOBOI HAIIAABKI
AAS OTPUMAHHSA HAIIAABACHOTO METAAY 3 OIABIIT BUCOKUMH AKICHIMU ITOKA3HHKAMH.

Karwuosi cavsa: aroc, eaekrpoxiMidHI IPOIIECH, TAPAMETPU HAITAABKH, TEXHOAOTIA €ACKTPOIIIAAKOBOL

HAITAABKU, IITAAK.

Beryn

Poap ckaapy 1miraky y popmyBaHHI XIMITHOTO CKAGAY METAAY IPH E€ACKTPOIIAAKOBOMY
IIPOIIeCi IAKPECAIOIOTh Oarato AOCAAHUKIB (Aamam ma in., 19705 Ilamona, 1980; Cymyx-
Carcapenko ma in., 1989; Kawes ma Kabayxoscexus, 1969). Ilpm npomy OCHOBHA yBara
IIPHAIASETBCA FIOrO 3AIOHOCTAM, IO PadiHyIOTE. Y PAAL POOIT PO3TASAAFOTHCA EAEKTPOXIMITHI
BAACTHUBOCTI (DAFOCOBHX PO3IIAABIB, aHAAIZYFOTBCA €ACKTPOXIMIUHI IpoIlecH Ta iX 3B’fA30K 3
YMOBAMH IIepPeOIry OKMCHO-BIAHOBHUX PEAKIIIH.

[Ipore Bci i AOCAIAKEHHA € €Ii30AMYHI POOOTH 1 HE AO3BOAAIOTH IIOBHOIO MIpPOIO
OIIIHUTH BHECOK EAEKTPOXIMIYHHX HPOIECiB y (OpMyBaHHA  XIMIYHOIO  CKAAAY
€AEKTPOIIIAAKOBOTO MeTaAy. TYyT CAIA 323HAYUTH AOCAIAKEHHS YPAABCBKOI ITTKOAM, B AKHX
Y4COM IIEPEKOHAUBO ITOKA3aHO BIIAUB €ACKTPOXIMIYHUX 3aKOHOMIPHOCTEH Ta iX e DeKTUBHICTD
y PISHHX TEXHOAOIIYHUX IEPEIAABHUX IIPOIECAX, MOKANBOCTI MOAU(IKYBAHHA Ta ACIYBAHHA
METaAy IIEBHHMH CACMEHTAMH, IO 3a0€3IIEYyIOTh INABHINEHHA (PISUKO-MEXaHIYHUX Ta
EKCITAYATAIIMHIX AKOCTEH METAAY, ITIO BUITAABAAETHCA.

[TpeAmMeTOM AOCAIAKEHHA € OCOOAMBOCTI XIMITHOTO CKAAAY 3aCTOCOBYBAHUX (DAFOCIB AAS
€AEKTPOIIIAAKOBOI HAIIAABKH, a TAKOK PIA T2 IOAAPHICTD CTPYMY AKI MAFOTH 3HAYHHUI BIIAUB Ha

eEeKTUBHICTh EACKTPOAITHYIHUX IIPOLIECIB B EACKTPOIIAAKOBIH CHCTEMI.
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OO’eKTOM AOCAIAKEHHA € METOAH OTPHUMAHHSA AKICHOIO METAAY, 3 3aAaHHMHE (DI3HKO-
MEXAHIYHUMH BAACTUBOCTAMU Ta CAYKOOBHMI XaPAKTEPHCTHKAMIL.

Mertoro CcTaTTi € AOCAIAKEHHA METOAIB OTPHMAHHSA AKICHOTO METAAY, 3 3aAaHIMHU (Di3HKO-
MEXAHIYHUMI BAACTUBOCTAMI T4 CAVKOOBHMI XaPAKTEPHUCTUKAMH.

Buxoaddn 3 MeTn AOCAIAKEHHSA OYAM BU3HAYEHI HACTYIIHI 3aBAAHHSA:

—  BH3HAYEHHA OCOOAMBOCTEH IIPOTIKAHHA IIPOIIECY EACKTPOIIAAKOBOTO HAIIAABACHHSA 3
BHUKOPHUCTAHHAM (DAIOCY PI3HOTIO CKAAAY;

— BH3HAYEHHA BIAUBY POAY 1 IOAPHOCTI CTpyMy Ha e(EKTHBHICTb EAEKTPOXIMITHHX
IIPOLIECIB;

—  aHaAlI3 BU3HAYECHHSA PALIOHAABHOTO BUOOPY PEKHUMIB HAITAABACHHS;

—  OTPHMaHHSA AKICHOTO HAIIAABACHOTO METAAY, 3 BUCOKHMMU ITOKa3HUKAMU 3HOCOCTIHKOCTL.
B x0Al AocAiAkeHHSA OyAN BUKOPHCTAaHI MaTepIlaAU BYCHHX 1 AOCAIAHHKIB B AaHII 0OAACTI,

B ToMy uncAl, pani FO.M. Kyckosa, FO.B. Aararma, b.1. Meaosapa ta I.M. Pubaaxo.

Onuc pocaipsxeHHA

AOCTATHBO UITKO IPOABASIOTBCA 3AAEKHOCTI CKAQAy METAAy BIA CKAAAY IIAAKy IIE pa3
HATOAOIIYIOTh HAa HEOOXIAHOCTI CHCTEMATHYHOIO BHBYCHHA OOMIHHHUX peakUidl Ipu
EAEKTPOIIAAKOBOMY ~ IIPOIIECi 3 METOIO  ITOAAABIIIOIO  BAOCKOHAACHHA — BapiaHTIB
€AEKTPOIIIAAKOBUX TEXHOAOIIH. KoHIIeHTpaIIiifHA 32 ACKHICTD €ACMEHTIB § CHCTEMI IITIAAK-METAA
IIPHA EAEKTPOIIIAAKOBOMY IIPOIIECI HAMU PO3IASIHYTO HA IIPUKAAAL IIOBEAIHKH BAHAALIO, TUTAHY
Ta MarHiro Ha TAl propuanmx darocis cucremu Call; - Me, Oy, ta Cal, — ALOs — Me, Oy, (THmoBi
dparocu AHD — IIT ta AHO — 6).

ITpomec BeAm IIOCTIMHOMY CTPyMl 3BOPOTHOI IOAfPHOCTI, A€ fABHINA EAEKTPOAIZY
BUABAAIOTBCA AOCHTH HaouHO. Ha pucymky 1 HaBeAeHO 3aA€KHOCTI KOHIIEHTpAIIl
BIAHOBAIOBAHOTO eAeMeHTa [Me] B eAEKTPOIITAAaKOBOMY METaAl BIA BMICTY HOTO OKCHAY B IITAQKY
(Pucyrox 7). KoHreHTpariis BaHAAIIO y 3AHTKY 3aKOHOMIPHO 3POCTA€E 13 301ABIIICHHAM AOOABKH
okcuAy BaHaalro A0 dparocy AH® — IT'T. Ajarrazon co0asku V>Os A0 darocy Bia 5 Ao 20 mac.%
AA€ TIPUPICT KOHIEHTpAIl BaHaAlFo B MeTaAl Bia 0,5 Ao 1,0%. ITpuaomy A[V] smenrmyerbes 3i
301ABIIICHHAM KIABKOCTI OKCHAY, 110 A0A2eThes (A [V]5 — 10 = 0,28%, A [V]10-15 = 0,16%, A
[V]15-20 = 0,06%). Buxoaf4u 3 11b0ro MOKHA IPUHHATH, ITIO HAHOIABIIT parfioHaAbHA AOOABKA
V205 a0 maky 6amspko 10 mac.%. OueBuaHO, me mow’szaHo 3 Tém, mo V20Os, mMarogu
€AEKTPOHHO-AIPKOBY IPOBIAHICTD (Pubasko ma Saxapos, 2022), 3HMAKYE CTYIIHD I0HHOCT] IITAAKY-
EAEKTPOAITY Ta HOTo ePeKTUBHICTB.

Amnanoriguunii xapakrep 3aaexkuocti [Me| Bia Bumicty (MeO) y mraaky criocrepira€rbes Ipu
BiAHOBAEHHI MarHiro 3 darocy cucremu Caly — MglF, — MO (Pucynox 7). KiapkicHi 3sHaYCHHA
[Me] BIAPI3HAFOTBCSA BiA IIOIEPEAHIX Ha IOPAAOK (MeHIIHH Oik). LI BiAMiHHICTE OOyMOBACHA
€AEKTPOXIMITHUMH BAACTHBOCTAMH E€AEMEHTIB, ITIO BIAHOBAFOIOTBCA. CAIA TAKOXK BpaxyBaTH
BHCOKY XIMiYHY aKTHBHICTb MArHIfO Ta HOIO OOMEKEHY PO3YMHHICTD Y 3aAi30BYIAEIIEBOMY
MeTaAl IHITHE XapakTep KOHIIEHTPAIIHHOI 3aA€KHOCT] 110 TUTAHY.

[MocrifmicTs [Ti] y MeTaAl, mpraomy HOPIBHAHO HU3BKOMY PiBHI, 31 301ABIIIEHHAM BMICTY B

IIIAAKY HOIO OKCHAY OOYMOBAEHO KiAbKOMA IpuanHaMu. [1o-mepiire, THTaH Ma€ BEAUKHI 3aCiO




AO KHCHIO, IO 3a0e3ledye IHTEHCHBHE HOrO aHOAHE posumHeHHA. Ll oOcraBmHa
ITOCHAIOETHCA HAABHICTIO BUCOKOIO OKHCHOI'O IIOTEHINAAY B €ACKTPOIIIAAKOBIN CHCTEMI.

KaToannii miporiec y 3B’A3Ky 3 IIIM 3BOAUTHCH AHIIIE AO IIEPE3APAAKH I0HIB TUTAHY HA MEKI

METaA-IIIAAK

Ti*" + 2e 2 Ti*". (D)

[To-apyre, cucrema CaF, — TiO; mae Beamky oOAacTp posimapyBaHHs [7], a piBHOBara

peaxif (2) 3MIIIyeThCA BIPABO 31 301ABIIIEHHAM TeMIIepaTypH Ta KoHuenTpani 110, y posriaasi

2CaF? + TiO* = 2CaO + TiF*. 2)

3aAexkHICTD  eEKTHBHOCTI IIEPEXOAY EAEMEHTIB 13 IHAaKy AO METaAy BiA iX

EAEKTPOXIMIYHUX BAACTUBOCTEH IAFOCTPYIOTH AaHi TabAmmi 1, 3 sAkoi BHUIIAMBa€, IO

>
€AEKTPOHETraTHBHI EAEMEHTH BIAHOBAIOIOTBCH B MEHIITUX KIABKOCTAX. TabAmid 1 ABAsIE cOOOFO
eAekTpoXimMiaHUIT pAA eaemenTis y borosomy posnaasi CaF* (Tatauys 1).

Posmip aoaarkoBoro mocriiinoro crpymy, %o (Pucyrox 7).

Eaement B, Ti, V, Mo, Ni, Nb, Cr. Konnenrpanis B 3autky, mac.% 0,04, 0,039, 0,34, 0,40,
0,44, 0,65, 0,69. Biasnagaerbcs 1 BHAUB (DOHOBOIO CKAAAY PAFOCY HA €PEKTUBHICTD IIEPEXOAY
€AEMEHTIB 13 IAaKy A0 MeraAy. Harpukaaa, crocrepiraerbcs HOMITHA PI3HHIIA Y KIABKOCTI
BIAHOBAEHOTO BaHAAIIO B €AEKTPOIIAAKOBOMY MeTaAl (Pucyrox 2) mpym BUKOPHCTAHHI Pi3HUX
darocoBux donosux cucrem. Haiibiapmr edpexrusaum € dponosuii ckaan Calr — ALO;, B
AKOMY CIIOCTEPIraAMCA 1 HAWBHINI KIHETHYHI IIOKA3HHKH EAECKTPOAHOIO IIPOIECY IIpU
BIAHOBAEHHI BAHAAITO.

OcobamBe wmicite B edexruBHOCTI eaekrpoalrmanux peaxmiii EINNH 3afimae pia i
ITOAAPHICTD CTPYMY, IO BH3HAYAFOTH HAIPAMOK EACKTPOAHHX PEAKINH Ha OKPEMHUX CTAALAX
€AEKTPOIIIAAKOBOTO I1poriecy. Harpamox 1 xapaxkrep OOMIHHHX IIPOIIECIB y Pasi yCKAAAHIOETHCA
CKAQAOM IITAQKY.

3araApH1 3aKOHOMIPHOCT] BIAHBY POAY CTPYMY Ta IIOAAPHOCT] Ha BIAHOBACHHSA €AEMEHTIB
i3 maaky B Mmeraa npu EIITH. Sk 1 cala odikyBaTh, HaHOIABIIIA 3AAHIIKOBA KIABKICTD
BIAHOBAGHOTO €AEMEHTA B €ACKTPOIITAAKOBOMY METAAI CIIOCTEPIra€ThCA IIPU BEACHHI IIPOIIECY
Ha ITOCTIHHOMY CTPyMi 3BOPOTHOI IIOAAPHOCTI, KOAH KATOAOM € METaAEBA BAaHHA.

Aerio menre spadenns [Me| npu posmnAaBl Ha HOCTIHHOMY CTPyMI IPAMOI ITOAAPHOCTI,
KOAU BIAHOBAGHHA EAEGMCHTIB BIAOYBA€TBbCA B PIAKY IIAIBKY Ha KOHYCI EAEKTPOAA, IIO
BUTpPAYa€ThCA. TOOTO aHOAHE PO3YMHEHHA €AEMEHTIB, IO BIAHOBAIOFOTHCA, Ha CTAAll BAHHM
3HIDKYE 3araAbHy €(EKTUBHICTh IIOCTIHHOIO CIPyMy IpAMOI IOAfpHOCTL. 3asHadueHa
3aKOHOMIPHICTD CIIOCTEPIra€ThCA IIPH BIAHOBACHH] PISHIX €AEMEHTIB AK AAfl XIMITHO aKTHBHUX,
3 BUCOKMMHM 3HAYEHHAMHU ITOTEHINaAy poskAasaHHA Ep (Mg, B, Li), tak 1 AAd eaemeHTIB 3
nuspkumu 3Hadenaamu Ep (V, Nb, Mo, W), ta 0OymMOBA€HA €ACKTPOAISHUME ABHINAMU B
EAEKTPOIIIAAKOBIA cucTemMi. 3MiHA TEMIIEPATYPH PEAKIIHOI MeKi IIpH 3MiHI ITOAAPHOCTI He
MO3K€ BITAMHYTH Ha BIAHOBHHI ITPOIIEC, OCKIABKH I 3MiHA HE 3HAYHA, 4 3araAbHA TEMIIEpaTypa
IIPOIIECY B YMOBAX €KCIIEPUMEHTY CTAHOBHAA OAH3BKO 1870°K, 110 icToTHO HIKYE HEOOXIAHOL
(2100°K) AAfl BIAHOBAGHHSA MATHIFO Byraerem 3 OkcuAiB abo dropuais (Kyckos ma in., 2007).
BuaATOK CTAHOBUTD THUTAH, KOHIIEHTPAIIIA AKOTO B METAAI HE 3AACKUTD BIA POAY Ta IIOAAPHOCTI
crpymy. Taki 3akOHOMIpPHOCTI BIA3HAYAIOTHCA Ta IHIM AOcAisHuKamu (Kyckos ma in., 2020,
Kepeoyos ma Yeprumos, 20165 Muporos ma ir., 1977).




IIpu 3acTtocyBaHHI 3MIHHOIO CTPYMYy EAEKTPOAI3HI IIPOIIECH ITPOABASIOTHCA CAAOKO Ta
BIAHOBAIOBAABHI IIPOIIECH, B OCHOBHOMY, OOYMOBAIOIOTHCH XIMIYHUME PEAKIIAMU B CHCTEMI
METAA-IIIAAK. Y POSTASHYTHX 3aKOHOMIPHOCTAX BIASHAYNMO TEHACHIIFO A0 cTabiaizarii A[Me]
mpu Bmicti (Me,Oy) y mmaaky monaa 20%. Leit dpakt AO3BOASE HAMITHTH PariOHAABHI CKAAAN
dAFOCY AAfL €ACKTPOXIMIYHOTO ACTYBAHHSA METAAY B €ACKTPOIIIAAKOBHX IIPOIIECAX.

AHAAIBYIOYH PE3YABTATH CACKTPOXIMITHOTO BIAHOBACHHS CACMCHTIB 3 IIIAAKY METAA IPH
€AEKTPOIIIAAKOBOMY IIPOIIEC], CAIA 3a3HAYHTH, IO KOHIIEHTparifd [Me| icTOTHO 3aA€KUTH BIA
TexHoAorigHoi cxemu mporecy (Pucynox 1). Hampukaaa, HaiiOiabmn Bucoki sHadenHs |[Me]
otrprmai mpu EIITH 3a 6idiaaproro cxemoro (maak AH® - ITT + 5, 10, 15 mac.% V»0s), koan
BIAHOBACHHS EAEMEHTIB BIAOYBA€TBCA B PIAKY IAIBKY METAaAy Ha KOHYCI EAEKTPOAIB, IO
BUTPAYAIOTBCA. Y I CXeMi PEaAl3yeETbCA OCAAKEHHS EAEMEHTA 32 HAHCIPHATAHBIIIIX
EAEKTPOXIMIYHHUX YMOB (BHCOKI TYCTHUHH KaTOAHOIO CTPYMy), 3YMOBAEHHX CYTHICTIO
TEXHOAOTTIHOI CXEMH ITPOIIECY.

AHOAHE PO3YMHEHHA CAECMEHTA HA CTAAIAX KOHYyCa (B aHOAHI HAITIBIIEPIOAM) 1 METAAEBOL
BAHHI HE OTPHUMYE iICTOTHOI'O PO3BUTKY Y€PE3 AOCHTDH BEAHKY KOHIIEHTPAIIIFO B IITAAKY OKCHAY
BIAHOBAEHOTO €AECMCHTA.

Komrencyrounmm aHOAHHME IIPOIIECAME IIPH IIbOMY MOKYTb OyTH:

F-e—F,

[Si*] + 4e + Oz — (SiOy). 3)

3AAHIIIKOBUN BMICT BIAHOBACHOTO BAHAAIIO B €ACKTPOIITAAKOBOMY METAAL B IIbOMY BHITAAKY
IIEPEBHUIIYE HaBITh [V], IO AOCATAETHCA IIPH TIEPEIIAABI HA ITOCTIITHOMY CTPYMi, A€ €AEKTPOAI3H1
IIPOLIECH ITOBUHHI OTPUMATH HAHITOBHIIMHH po3BuTOK. OAHAK Yepes Te, 1o B 6idhiAApHIN cxemi
BIAHOBATOBAABHHH ITPOIIEC 3AIICHIOETBCA HA IIAOII, IO IrepeBuIye B 2 pasu taky upu EITTH
HA IOCTITHOMY CTPyMi IIPAMOI HOAAPHOCTI T4 3aTAaABMOBAHOCTI aHOAHHX IIPOIIECIB 32 YIACTIO
BAHAAIIO, 3PEIITOIO B EACKTPOIIAAKOBOMY METaAl (POPMYIOTBCA BHCOKI 3aAMIIKOBI BMICTY

BaHaAlto (Kyckos ma in., 2015).

PesyabTaTn pobotn

Posrasmyri sapiantn EIIIH 32 cBoiMm eAekTpOXIMIiYHMMH yMOBAMH CTaTHYHI 1 He
AO3BOASIFOTH aKTUBHO BIIAMBATH Ha EAEKTPOAI3SHI IIPOIIECH, PETYAIOBATH IHTEHCHBHICTD
BIAHOBAEHHS €AEMEHTIB 13 Imraaky B MeraA. Ao Toro x npu EIIIH ma mocrifimomy crpymi
EAEKTPOAITHYHI IIPOIIECH, AK ITOKA3yIOTh PO3PAXYHKH, BUTpadaeTbea Tpoxu Oiabmre 30% Bia
3araABHOIO CIPYMy IIAQBKM. 3 IHX IIO3UINA HAWOIABII IHYYKHM 1 EKOHOMIYHHM €
€AEKTPOIIAAKOBHI ITPOIEC HAa 3MIHHOMY CTPYMi 3 AOAATKOBUM HAKAAAEHHAM Ha BAaHHY ITIAAKY
11eBHOI (IIpH HEOOXIAHOCTI PEryAbOBAHOI) BEAHYNHU IIOCTIHHOIO CTPyMYy.

OOrpyHTOBaHUIl, pAIIOHAABHUIT BHOIP CKAGAy IIAAKY EACGKTPOAITY Ta PEKHMY
€AEKTPOAI3y, 3aCHOBAHMHM HA 3HAHHI €AEKTPOXIMIYHHX 3aKOHOMIPHOCTEH IIPOIIECY, MOKE
320€3II€IUTH IIbOMY BapiaHTy e(EKTUBHICTb y KOHKPETHHX pisHux crocodax EITH.
ExcriepuMeHTH €AEKTPOIIAAKOBOI ITAaBKM 3a Iiiero cxemoro (Pugynox 1) 1mokasasm, 1m0
3AAHIIIKOBUN BMICT EAEMEHTA, ITIO BIAHOBAFOETHCH, 3aAEKUTH BIA aHOAHOI ITIIABHOCTI CTPyMY Ha
craali BaHHH, a IpH (DIKCOBAHOMY 3HAYEHHI I - BIA CKAAAY pArocy. TOOTO TyT HOEAHYIOTBCA T2

AIFOTH ABA TOAOBHI IIAPAMETPH, IO BU3HAYAIOTH IIBUAKICTD €ACKTPOXIMIYHIX PEAKITI.




EdexTuBHICTD HAKAAAAHHA CKAAAOBOI IIOCTIHHOIO CTPYMy Ha €ACKTPOIIAAKOBY BaHHY 3
METOIO BIAHOBACHHSA OYAB-AKOTO €AEMEHTA 31 IIAAKYy B METAA THM OIABIIIE, UMM 3HAYHIIIA
pisHuna B KoHIEHTpariax [Me], ki MOXKyTb OyTH AOCATHYTI HIPH BHKOPHCTAHHI TIABKH
3MIHHOTO 20O HOCTIHHOTO CTpyMiB. I TyT AlalrasoH peryAroBaHHA KIABKOCTI BIAHOBAEHOIO
€AEMEHTA PO3IHUPIOETheA. Tak, Hanpukaas, npu 5 mac.% Vo Os ma 1Al Cal; ouikyBarn
sHagHOro npupocty A[V] 3a paxyHOK HAKAaAAHHA IIOCTIHHOTO CTPYMY HE CAIA, OCKIABKH
pisHUIIA B KOHIIEHTpAIlAX [V], OTpUMaHUX Ha IIOCTIHHOMY CTPyMi 3BOPOTHOI HOASIPHOCTI Ta
3MIHHOMY CTPYMi, CTAHOBUTB BChOTO OAm3bKO 0,1%.

HakaaaeHHA TOCTIFHOT CKAAAOBOI CTPYMY AAfA IHTEHCHIKALI] €AEKTPOAIBHUX IIPOIIECIB ¥
LIBOMY BHIIAAKY OYAe AOLIABHKM mpw Bwmicti B 1maaky V2Os 10 mac.% i Giabmre. Aad oriHkn
AOIIABHOCTI HAKAAQAAHHA IIOCTIHOTO CTPyMy Ta e(EKTHBHOCTI IIbOIO IIPOIIECY MOKHA
CKOPHCTATHCH BEAYNHOIO BIAHOIIIEHHA KOHILIEHTPAIIH BiAHOBAeHOTO eaemenTa mpu EIITH na
ITIOCTIHHOMY Ta 3MIHHOMY CTPyMi

[Me]nep

= Ka )

Hampuxaaa, AAf BaHaAlfo 1 maraito neii mokasuuk npu (Me,Op ) = 20 mac.% B 1maaky

[Me]noct

craHoBUTH BiAoBiAHO 1,7 1 3,0, TOOTO HIpH BIAHOBAEHHI MATHIIO HAKAAAQHHSA ITOCTIHHOL
CKAAAOBOI Ma€ Oytm OiAbIN edeKTHBHUM, XO49a aDCOAIOTHA KOHIIeHTparid [V] Ha IOpPAAOK
repesurye [Me].

Tomy mpm OLIHII AOIUABHOCTI AOAAQTKOBOIO HAKAAAAHHA IIOCTIHHOIO CTPYMy CAIA
BPAaxOBYBATH 1 €(QEKT BIIAUBY CAGMEHTA, IO OCAAKYETBCHA, Ha (DI3HKO-MEXaHIYHI Ta
EKCITAYATAIIWHI BAACTHBOCTI METAAY, IO IEPEIIAABAACTBCA. [1p1 BUBUEHHI BIIAUBY BEAMIHHU
IIIABHOCTI CKAGAOBOI ITOCTIFTHOTO CTPYMY BIAHOBAEHHS BAHAAIIO OTPUMAHO 3aACKHICTD (Pucyrox
3), fiKa, 3AaBaAoOCs O, cyrepeduTrs BIAOMUM 1oAokeHHAM (patoc AHD — 6 + 10 mac.%).

OAHaK, 31CTaBAAFOYN ii 3 OTPUMAHUMHI PaHIITIe HOAAPUZAMITHIMEI KPUBUMH AAf PO3IIAABY
IIBOTO CKAQAY, MOKHA BCTAHOBHUTH AOCHTB YITKYy KOPEASAIIFO EKCHEPHUMEHTAABHHX AAHUX.
Atnitigictp 3aaexsOCT [V] = f(ix) Ha ITOYAaTKOBIN AIASHII OOYMOBAEHA IIEPEOIrOM IIPOLIECY
IIepe3apsAAKH 10HIB BAHAALFO

Vit eV 5)
y IIbOMY AlalIasoHi 1 Ta 7). Buimi smavenHs 1, IpH eAEKTPOIITIAAKOBOMY IIPOIIEC], ITOPIBHAHO 3 iy
OTPUMAHUMH B EACKTPOXIMIYHOMY OCEPEAKY, OOYMOBAEHO AOCHUTbH IHTEHCHUBHHM PYXOM

B3a€MOAIrOUHX (as.

Bucnosku
[Topabrrre 30iABITIEHHA IIABHOCT] CTPYMy IOCTIHHOI ckAapoBoOi miasurye [V] ao 0,72%
IIPH IIOAAABITIE CTabiAi3aIL, ITIO CBIAYHTE PO BUYEPITAHHA MOKAUBOCTEN €ACKTPOAITHIHOIO
BIAHOBAEHHSA BaHaAlrO B 1ux ymosax (EIIIH ma mocriiiHOMY cTpymi 3BOPOTHOI TOAAPHOCT] Ha
LIBOMY IIIAAKY-E€AEKTPOAITI 3a0e3medye Oamspki s3HaueHHA (0,8%) koHIeHTparii BaHAAIIO B
3AUTKY). Takum 9rHOM, OTPHUMAHI BIAOMOCTI CBIAYATB, ITIO BHOIP CKAQAY ITAAKY-CACKTPOAITY 1

PEKUMY €AEKTPOAI3y TOBHHEH 3AIFICHIOBATHCA 3 YPAXYBAHHAM €ACKTPOXIMITHHUX ITapaMeTpPiB B

€AEKTPOIIIAAKOBII CHCTEM.
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Pucyroxk 1. Konmenrpariii BIAHOBAIOBAHIX CACMEHTIB B €ACKTPOIIIAAKOBOMY MCTAAL B 3aACIKHOCTI
BIA CKAAY (DATOCY, POAY Ta IIOAAPHOCTI CTPyMY 1-5 — KOHIIEHTpAITif BAHAAIIO ITPH BEACHHI
IIPOIIECY Ha 3MIHHOMY, ITOCTIHHOMY CTpyMI IPAMOI Ta 3BOPOTHOI ITOAAPHOCTI, HihiAApHOI cxemu
Ta TIPH AOAATKOBOMY HAKAAACHHI ITOCTIFTHOTO CTPyMy; 6 — KOHIICHTPAIIA THTAHY IIPK BEACHHI
IIPOIIECY HA 3MIHHOMY Ta IOCTIFHOMY cTpyMmi; 7-11 — KOHIIEHTpALIA MATHIIO IIPU BEACHHI
IIPOIIECY HA 3MIHHOMY, ITOCTIFHOMY CTpyMi IPAMO] Ta 3BOPOTHOI ITOAAPHOCTI, OidiadpHiil cxemi,
MOHOCXeMI 3 AOAATKOBUM HakAaaeHHAM 10% mocrifinoro crpymy.
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Pucynox 2. Buaus donoBOIO cKAaay darocy  Prcynok 3. 3aAexHICTD KOHIIEHTPALII BAHAAIO B
HA BIAHOBAEGHHS BAHAALO €AEKTPOIIIAAKOBOMY METAAL BiA BEAUIHHI
IIIABHOCTI CKAGAOBOI IIOCTIHHOIO CTPyMy
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Innovative technologies for preserving printed publications

Abstract: The article presents the features of the implementation of innovative technologies for the
preservation of the documentary heritage of the world’s leading countries. The study object is digitization
of library collections. The study subject is theoretical and organizational and methodological foundations
for the implementation of digitization of documentary heritage. The study purpose is to study the
experience of introducing innovative technologies for preserving the scientific collections of libraries in
leading countries of the world with its harmonious adaptation to the needs of domestic libraries. It was
found that international organizations, in particular UNESCO, actively support the digitization of library
collections in order to preserve and ensure free access to them. It has been established that in foreign
countries, the digitization of documentary heritage has a significant legal framework consisting of
strategies, declarations, guidelines and recommendations. The accumulation of digital content is one of
the main trends in modern culture and an objective condition for the development of global information
civilization. The example of the National Scientific Agricultural Library of the National Academy of
Agrarian Sciences of Ukraine as a leading special institution of national importance shows the undeniable
role of digitization processes in raising the efficiency of information and library provision of users’ needs.
The key issues related to the organization of the digitization of library collections have been identified.
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T'asmaa MuxariaiBHa COAOBEH, KAHAUAAT ICTOPIYHIX HAYK, 3aBIAYBAYKA BIAAIAY AOKYMEHTHOTO

3abesmedcHHA Ta 30eperKeHHA HayKOBUX (POHAIB, HamioHaApHAa HAYKOBA CIABCHKOTOCITOAAPCHKA
6i6AioTexa HAAH. Kuis, Vkpaira. ORCID: 0000-0003-3156-3829

InHOBamilHI TEXHOAOTIT AAsL 30€eperKeHHA APYKOBAHUX BUAAHb

Amnomayin: 'Y crarri IpeACTaBAGHO OCOOAHMBOCTI BIIPOBAAKEHHA IHHOBAIIMHHUX TEXHOAOIH AAfA
30epeKEHHA AOKYMEHTHO]I CIIAAIIIMHA IIPOBIAHUX KpaiH cBiTy. OO0 ekT AOCAiANKEHHA — oL pOBYBAHHA
6i0AloTeunux poHAIB. IIpeaMer AOCAIAKEHHA — TEOPETHYHI Ta OPIaHi3aliHO-METOANYHI 3aCaAl
peaaizarii oru@pPOBYBAaHHA AOKYMEHTHOI CHIAAIIUMHU. MeToI0 AOCAIAKEHHA € BHBYEHHA AOCBIAY
BIIPOBAAKCHHA 1HHOBALIFHHUX TEXHOAOIIH AAA 30epexeHHA HAYKOBHX (DOHAIB DIOAIOTEK IPOBIAHHX
KpaiH CBITy 3 HOTO rapMOHIHHHUM aAAIITYBAHHAM AAA IOTPED BITIM3HAHUX KHUTO30IpeHb. 3 ACOBAHO, 1110
MmixHapOoAH] opramizariii, sokpema FOHECKO, akruBno maATpuMyroTh omudpoByBaHHA 010AIOTEIHNX
OHAIB 32aAA1 30epeKeHHA Ta 3a0€3IIEYEHHA BIABHOIO AOCTYIy AO HUX. BcTaHOBAEHO, IT10 B IHO3EMHHX
KpaiHax OIU(POBYBAHHA AOKYMEHTHO! CHAAIIMHH MAa€ 3HAYHY HOPMATHUBHO-IIPABOBY Oasy, fAKa
CKAAQAAETBCA 31 CTpateriii, AeKAapamii, KepiBHHUITB Ta pexoMmeHAamid. Haxonmgennsa nudposoro
KOHTEHTY € OAHIEIO 3 OCHOBHUX TEHACHIIN y KYABTYPI CyIaCHOCTI Ta OO €KTUBHOIO YMOBOIO PO3BHTKY
raobaapHOl iHdopMariinol rusiaizarii. Ha mpukaaal HanioraapHO! HayKOBOI CiABCBKOIOCIIOAAPCHKOL
6i0alorexnn HamiomaabHO! akapsemil arpapHUX HayK YKpalHH fK IPOBIAHOI CIIEIaABHOI IHCTHTYLIT
3araABHOAEPKABHOI'O 3HAYCHHSA II0Ka3aHa Oe33allepedHa POAb IPOIeciB onudpOBYBaHHA Y IIAHECEHH]
ecdpexruBHOCTI  iH(MOPMALIHHO-0i0AIOTEYHOIO 3a0e3medeHHA HOTPeO KOpUCTyBadiB. BusHadeHo
KAIOYOBI IINTAHHA, IIOB’A3aHI 3 OpraHisaifiero orudpoByBaHHa 010Al0TeYHIX POHAIB.




Kawuosi cavsa: inuOBamifizi TexHOAOL, onmdpoByBaHHA, OIOAIOTEKA, IIPOEKTH OLHDPOBYBAHHS,
AOKYMCHTHA CITAAIL[IHA.

Bceryn

Axmyansmicnme  memu  docaidomenrs. CTpIMKHE PpO3BUTOK 1H(POPMALIITHO-KOMYHIKAIIIHIX
TEXHOAOTIIH BKa3ye Ha Te, IO B HAHOAMKIOMY MaHOyTHbOMY TpaHcdoOpmarid OiOAloTex
repebyBaTUME Y TICHOMY B32€EMO3B’A3KY 3 IIUM IIPOIIECOM. MOKAUBICTD BIABHOTO ITOIIUPEHHSA
3HAHb Y TIAOOAABHOMY IH(OPMAIIIIHOMY IIPOCTOPI CTBOPIOE IIEPEAYMOBH AAA  3MIHK
KOHIIEIITYaABHOI IAPAAUTMH CHCTEMH AOKYMEHTAABHHX KOMYVHIKAIH. YIIPOAOBK OCTAHHIX
ACCATHAITH 32aBAAHHA 30€PEKEHHA AOKYMEHTHOI CITAAINMHHA OLHU(POBYBAHHAM HAOYAO
AKTYaABHOCTI y HAaHerapHOMy MacinTabl. [IloO He BrpatHTH pOAl IIPOBIAHHMKA Y CBITI
tHdopMmariii, 6i0AlOTEUHI YCTAHOBU ITOBUHHI, 3 OAHOTO OOKY, BIAITOBIAATH Cy9aCHHM IIOTpeOam
CYCIIIABCTBA, KOPUCTYBA4iB, 4 3 IHIIIOTO — BUKOHYBATH CBOIO POAOBY (DYHKIIIO — MEMOPiaABHY.
[le HAABAIKAMBO AASl PIAKICHHX 1 IIIHHUX BUAQHB.

O06’ekT AOCAIAKEHHA — O POBYBAHHA 0I0AIOTEUIHIX (DOHAIB.

ITpeameT AOCAIAKEHHA — TEOPETHYHI Ta OPraHI3alifHO-METOAMYHI 3acaAl peaAizariil
o1 pOBYBAHHA AOKYMEHTHOI CITAAIIIIHI.

MeToro AOCAIAKEHHS € BUBYCHHA AOCBIAY BIIPOBAAKCHHS IHHOBAIIIFTHUX TEXHOAOTIH AAS
30epekeHHA HAyKOBHX (DOHAIB OIOAIOTEK IIPOBIAHHX KpaiH CBiTYy 3 HOro TapMOHIHHUM
AAAIITYBAHHAM AAf ITOTPEO BITYM3HAHUX KHUTO30IPEHb.

Buxoad4n 3 mocraBA€HOI METH AOCAIAKEHHSA, OYAU PO3POOACHI HACTYIIHI 3a60arHs:

—  IIPOAHAAI3yBATH AOCBIA 3aKOPAOHHHX 0i0AlOTEK IIOAO ouudpoByBaHHA (POHAIB Ta

BUABHUTH CY9I4CHI CBITOBI TEHACHII 30€PEKEHHA AOKYMEHTHOI CITAAIIIIHI;

—  OIIPAIfOBATH HOPMATHUBHE 3a0€3IIEYCHHA IIPOIECIB OIU@POBYBaHHA OIOAIOTEIHNX
douais.

MeTOoAOAOTIS AOCAIAKEHD OA3Y€THCA HA CYKYITHOCT] 3aTaABPHOHAYKOBUX METOAIB: aHAAIZY T4
CHHTE3y, V3araAbHeHHA 1 cucremarmsaril. Aaf 3’cyBaHHA €BOAIOLIl IHHOBAIIHHO-
KOMVHIKAIITHUX cTpareriii y OIOAIOTEYHIH IPaKTHIN 3aCTOCOBYBAAM ICTOPHUYHO-HAYKOBI
METOAM.

V XOAl AOcAiaKeHHS OYAM BUKOPHCTAHI IPYHTOBHI IIpaIli BYCHUX, Y AKX PO3TASAAAKCA
nuTaHHaA 30epexeHHAs 0i0AloTedHHX (POHAIB, cydacH] iHMOPMAIIIHI MOKAUBOCTI OIOAIOTEK,
crBopeHHA IH(POBOIO KOHTEHTY CBITOBOI Ta BITYM3HAHOI KHIGKKOBOI — CITAAITIHHH.
Hacammepea, caip Biamitora HanpamroBanusa B. Beprymosa (Bepeynwos, 2020), 1. AoOysina
(Aobysin, 20155 Aobysin, 2020), A. Ilpuxoasko (I Ipuxodere, 2019), O. Pubauka (Pubauox, 2016;
Putauox, 2017), A. Curuikosoi (Cummnixosa, 2021), M. Ilesuenko (Shevchenko, 2020; Szewezentko,
20217) Ta in. Barome Axepeao indopmartii IpeACTaBAAAN BeO-CaliTH IPOBIAHUX KHUTO301peHb.

OAHaK, HE3BAKAIOYH HA IIEBHY KIABKICTD IIPAIlb, IIPUCBAYEHUX BUBYCHHIO IHHOBAIIIITHUX
TEXHOAOTIH 30epexeHHs 0i0AIOTeIHHX (DOHAIB 30KpeMa, I IMPoOAEMa ITOTPEOYE ITOAAABIIIOL

PO3BIAKH.




Ipaxmuune snavenns pesyavmanmis AOCAAKEHHA ITOAATAE Y MOKAMBOCTI BHKOPHCTAHHSA
HABEACHHX MATEpPiaAlB I BHCHOBKIB AAf HAIIMCAHHS HAYKOBHX POOIT, HAAHYBaHHA IIU(PPOBHX

IIPOEKTIB Ta IIPOTPaM, 2 TAKOXK AAA IIABHUITIEHHA kBaAldikarlii 6i10AloTedHHX paxiBIIiB.

Buxaaa ocHOBHOTrO MaTepiasy

CydgacHa 0i0AlOTEKA € YHIKAABHUM SIBUIIIEM, ITIO aKYMYAIOE B ceO€ fIK ICTOPUYHI TPaAUIIL],
TaK 1 BIPOBAAKEHHSA HOBITHIX TEXHOAOIIH. TaK, OAHHM i3 IPIOPUTETHUX HAIIPAMIB AIAABHOCTI
OIOAIOTEYHHX YCTAHOB KpaiH CBITy Ta METOAOM 30epexeHHA 0i0AloTedHHX (POHAIB €
o1u@pOBYBAHHA APYKOBAHHX BHAAHb. Haxommdenns mudpoBOro KOHTEHTY € OAHIEIO 3
OCHOBHHX TEHACHIII y KYABTYPI CY4aCHOCT] Ta OO’€KTHBHOIO YMOBOIO PO3BUTKY I'AOOAABHOL
tadopmaniiinoi musiaizamii. [Hle 3 1980-x pokiB 32 KOPAOHOM PO3IIOYAAOCA POIPOOACHHA
HEOOXIAHMX HOPMATHBHHX AOKYMEHTIB, IO PEIYAIOIOTH IIPOIECH OIU(POBYBAHHA —
PEKOMEHAAQIIH, METOAUK, CTAHAAPTIB, KepIBHHUIITB. BuBueHHA AOCBiAYy OIM(pPOBYBaHHSA
AOKYMEHTIB CBIAYHTD PO BAKAUBE 3HAYCHHA III(POBUX TEXHOAOITH AAA 30EPEKEHHSA CBITOBOI
CITAAIIIH.

AiaepcTBO B PO3BHTKY IHHOBALIRHUX TEXHOAOIIH HaAexkuTh OiOaiorexkam CIIA, sxi
IIEPIIUMHE PEAAI3yBAAM IIPOEKTH 3 omudpoByBaHHA (DOHAIB Ta CTBOPEHHA EAEKTPOHHUX
6i0AioTek. CepeA TakUX — eAeKTpOHHA yHiBepcaAbHa OiOalorexa «[Ipoexr I'yrernbepr» (Free
ebooks — Project Gutenberg). V pamxax nudposoi ininiarusu CIIIA Oyaa pospoOaeHa Hu3KA
BaKAUBUX craHAapTiB Takux, Ak PRISM (Preservation, Reliability, Interoperability, Security,
Metadata) — 30epeKeHHA, HAAIMHICTD, CyMICHICTB, Oe3IleKa, METAAAHi; TAOOAABHUI pPeecTp
nudposux dopmaris (Global Digital Format Registry, GDFR) (odysin, 2015). CrBopenuam
CTAHAAPTIB Ta IHIINX HOPMATUBHO-METOAHYHHX AOKYMEHTIB 3 OIU(POBYBAHHA 3aliMAAHUCA
bibaioreka Konrpecy, AaminicTparis HarioHaAbHHX apxiBiB Ta AokymeHrarii (NARA),
CmitconiBepkuii iHCTHTYT, a 3 2007 poky npu ypsaal CLLIA — ®eaepasbHe areHTCTBO 3 PO3BUTKY
nuPOBHUX IHIMIATUB, METOIO AIAABHOCTI fIKOIO € BHPOOACHHA CAHMHHUX ITAXOAIB 1 METOAIB
orudpoByBaHHA BCiel cycmiApHO 3Ha4mMmol iH@opmani B kpafmi Ta iH. bessamepedno,
BU3HAHUM AIAE€POM Ta METOAOAOTIYHHM CBITOBHM II€HTPOM (POPMYBaHHA EACKTPOHHUX
pecypcis € Bibaioreka Konrpecy CIIA. II po6oworo rpyrmoro 3a cipusinms 6ararhox yeraHoB-
IapTHEPIB 13 pisHuxX Kpain, maTpuMka Opranisani O0’eananux Harrift 3 nurans ocsiTa, HayKI
1 kyaprypu (FOHECKO) T2 (hiHancoBoi IATPUMKN 3 OOKY IIAOI HU3KHM KOMIIAHIH 1 IIPUBATHUX
donaiB pospodbaeno npoekr «Cpiroa nudposa Oidbaioreka» (World Digital Library, WDL)
ciMOMa MOBaMH (aHTAINChKa, apaOChKa, ICITAHCHbKA, KUTAHChbKa, IIOPTYraAbChbKa, POCIHChKA Ta
dpanrysska) (Pubavox, 2016). Aoctyn aag cBiroBoi criabaOTH OyAO Biakpuro y 2009 p. L
0i0AlIOTEKA TIPEACTABASE HAMKPAIIl 3Pa3KU YHIKAABHOI KYABTYPHOI CITAAIIIMHHU PI3HUX KpaiH
CBITy, IO CTAHOBAATH 3araAbHOAFOACBKY IIHHICTB. AfAbHICTS Ta (yHKIOHYBamHa WDL
peryaroerbes 3arBepamennm y 2010 p. craryrom. OpranisoBano Komiteru 3 murans: BIAGOPY
AOKYMEHTIB, TEXHIYHOI apXiTeKTypH Ta IepekaaAis/inosemunx MoB (World Digital Library, n.d.).

Haiibiapmmv  HaniomaapHuM  indopmartiianM  1earpom  Kamaan € deaepaspuuii
AeprkaBHUIIT ActtapTaMerT «bibalorexa Ta ApxiB Kamaam» (BAK) (Library and Archives Canada),
BIAITOBIAAABHHI 32 30ip 1 30epekeHHA AOKYMEHTHOI CHAAmmuHHA. AAS  PO3IIUPEHHA
i opmariino-komyHikainaux mocayr BAK ykaaB Aorosip 3 komamiero Ancestiry, fka

orudpysara 6am3bro 1 % yeix koaekiit BAKy, 1o cranoButh 25 MAH CTOPIHOK HAMOIABIIX
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ITOIYAAPHUX 1 CTAPOBUHHIX MATEPIaAiB, AKI TEIIEP PEIIPE3CHTOBAHO Ha CAlTi yCTaHOBH. AOCTYII
AO OHAAIH-(OHAIB 320e3mreayroTs mporpamu AMICUS 1 Archivichet.

Hanjonaapnoro 0ibaiorexoro Kamaam miarpumyersca mpoekt Haalinoro nmdposoro
pemosuropiro (Trusted Digital Repository), B OCHOBI fKOro CHCTEMa CTaHAAPTIB AAf
IIPEACTaBACHHA HHI(MPOBUX OO’EKTIB Ta IX METAAAHHUX, EAMHA AAA BCIX Hu(POBHX pecypcis.
[Tiacymxom mposeaeHux mudpoBux Aocaipxkens y Kamaai crasa [Hudposa indopmariiiina
crparerin Kamaanm (Canadian Digital Information Strategy). B memax Crparerii Oyao
PO3POOAEHO TAaKOK HACTAHOBH 3 BHUKOpHUCTaHHA (opmatriB (PaliAlB AAA AOBTOTPHUBAAOTO
30epexenss Ta Aocryiry (obysin, 2015).

V 2006 porii HarioHaABPHIM KOMiTeTOM 31 cTaHAapTu3amil Ascrpaail i Hosol 3eaanaii 6y
pPO3pOOAEHUIT T2 BBEACHHH Y Alfo HamioHaAbHUN «CTaHAApT OonupoByBaHHA SO», B AKOMY
BHU3HAYECHO ITOBHOBa:KEeHHA ['0A0BHEX apxiBicTiB BeankoOpuranii ta corosnux aep:xas (Hosa
3eaanain, ABcrpaais i Kanaaa) IIoA0 OIparroBaHHA CTAHAAPTIB AAS YIIPABAIHHSA apXiBHUMM
AokymerTamu. [IpusHadeHnii AAA BUKOPHUCTAHHSA IIPH IIAAHYBAHHI Ta 3AIFICHEHHI IIPOEKTIB
o1 POBYBAHHA AOKYMEHTIB, 1 BUBHAHUIT CBITOBOIO CIIIABHOTOIO HAHOIABII BAAAUM 13 TOYKH
30PYy OIIHCY IPOLECY CTBOPEHHA €ACKTPOHHHX KOINI T4 BU3HAYCHHA THX IO3UIIH, AASl AKHX
ITOTPIOHO PO3POOAATH CAMOCTIHHI TexHiuHI BUMOIH Ta YMOBU. (Maicmperxo i Pomarnoscexui,
2018, ¢. 65). Ha ocuosi «Crasaapry...» B 2010 poui onybaikoBaro Texuiunnii ssir ISO/TR
13028-2010 «Indopmariia Ta AokymeHTanis — KepiBHuIITBO 3 opramizamii omudpoByBaHHA
AOKYMEHTIBY, SIKHH MICTUTH PEKOMEHAAIIl IIIOAO CTBOPEHHA Ta 30EPEKEHHA AOKYMEHTIB Y
BHKAFOYHO €AEKTPOHHOMY BHTAAAL

Busnavaapni npuHnumm crBopeHHA HHMPOBUX pecypciB bpuramcekoi 6i0AloTEKH
IPYHTYIOTbCA HA 3aCaAdX TEXHOAOITYHOI AKOCTI HHU(POBHX MaTeplaAiB Ta METAAAHUX,
MDKHAPOAHHX CTAHAAPTAX, CTPATEriAX ITI(POBOTIO 30€peKEHHS Ta HAAAHHS IITHIPOKOTO AOCTYITY
A0 onmdpoBaHUX MaTepiaais. 3’acoBaHo, 1o bpuranceka 6i6AioTexa (http://www.bluk/) Ta
HarmionmaApHmil apxiB € AlA€paMH B IINTAHHAX HOPMATHBHOIO PETYAIOBAHHA IIPOEKTIB
ormdposyBanua y BeauxoOpuranil. HamiomaapHuii mentp 30epexenHs bpurancekol
6i0aiotexn 1me y 2001 p. omybaikyBaB «KepiBHHIITBO 3 omudpOByBaHHA OIOAIOTEUHHX,
ApXIBHUX T4 MY3€HHHX MaTepiaAiBy, B AKOMY OKPECAEHO VIPABAIHHA IIPOIECOM
ormudpposyBannsa. Hespaxaroun mHa Te, 1mo «KepiBHHIITBO..» HE OXOIIAFOE€ TEXHIYHI AeTaAl
IIpOIIeCy OIIPOBYBAHHSA, BOHO HE BIPATHAO CBOEI akTyaAbHOCTI I Aoci. Takox Bpuranceka
6i0AloTexa BukopucroBye «Texmiume kepiBumirrso..» FADGI T2 pexkomenpamii 3
orupoByBaHHA, PO3poOAcH] BaTHKaHCHKOIO aItOCTOABCHKOFO 0i0AIOTEKOFO 1 BoaAianchKORO
6i0aioTexoro  Oxcdopacskoro  yuiBepcurery. Y 2011 pomi  Hariomaapnuii  apxis
BeankoOpuranii omyOAikyBaB AokymeHT ImiA Ha3Boro «l[loairmka nudpoBoro 30epexeHHS:
KEPIBHUIITBO AAA apXiBiB», B fAKOMY PEKOMEHAYE HPOMIABHUM OPTraHi3aIliAM CaMOCTIHHO
BU3HAYNTHUCA 3 TEXHITHUMU CTAHAAPTAMH, AKI BUKOPHCTOBYIOTH AAA O POBYBAHHA.

I'oAOBHOTO HAIIOHAABHOIO ITHUMPOBOIO iHiraTHBOO ¥ Ppaniii € indopMaLiiHuI pecypc
«Gallica, crBopenmuii mia erinoro Harmiornaasmoi 6i0aiorexu @panmii (Bibliothéque nationale de
France, BnF). «Gallica» crana maarpopmoro AAf IapTHEPIB, AKY BUKOPHUCTOBYIOTBH 3aAAS
IIPOCYBAHHA T4 IOIINPEHHA BAACHUX OIU(PPOBAHUX AOKYMEHTIB. OnudpOByBaHHA KOAEKIIL
1ro9aAoch y 1992 porii i Bkarouae marepiaan 3 Hartionaapnoi 6i0AioTexn @pamniiii Ta o’ a3aHi

3 HUMH KOAEKIil immwmx Oibaiorex (Shevchenko, 2020). V ctami 2015 poxy Hariomaspna
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6i0AloTexa Ppamrii, myseii icropii Kamaan 1 Harionaapauil apxiB Ta 610AlOTEKAa KAHAACBKOL
nposinmii Ksebek onyOAikyBasnm «3BIA TPaBHA OIU@PPOBYBAHHA», AKHH € PE3YABTATOM
rapMOHI3aIli PErAaMeHTIB TPBOX YCTAaHOB. 3BiA BiAOOpaiKae IIEPEAOBHII AOCBIA 13 ITHTaHb
CKAaHYBaHHA AOKYMEHTIB, II[O BIAHOCATBCH AO KYABTYPHO-ICTOPHYHOI CIaAmmuHH. AOKyMEHT
MOJKHA PO3AIAMTH Ha 3 rpymm:

1)  texuiyni Bumoru (dpopmar, AO3BIA, ITAPAMETPHU IIEPEAAY] KOABOPY Ta 1H.), IIIO HE 3aAEKATDH

BIA THITy OO’€KTY CKAHyBaHHA AOKYMCHTA,;

2) 1mpaBHAa BUKOHAHHA POOIT, IO TOPKAIOTHCA TAKUX ITHTAHB, AK POOOUYE CEPEAOBHIIIE,

CIIAOIIIEHH!A, KAAPYBAHH#A, BUPIBHIOBAHHA, (DOH 1 3aAHIH IIAQH TOIIIO;

3) IpHKAaAH.

Posurok nmdposoi alaapnocTi Hariomaapuoi 0ibaiorexkn Ppanmii B meprromy
AecaTHAITTT XXI CTOAITTA CYIIPOBOAKYBABCA BEAMYE3HUMH 3MIHAMH y MaciTabi. 3 MacoBUM
o1 POBYBAHHAM KIABKICTD OII(PPOBAHUX AOKYMEHTIB 3pocAa B AecATh pasiB mik 2007 1 2015
poxkamu (Buk ..., 2020).

[Hudposa 0Oidaiorexka Himeuwannn (Deutsche Digitale Bibliothek, DDB) € ocroBauM
IIPOEKTOM Y HampAmi OIU@POBYBAHHA ICTOPHUKO-KYABTYPHOI CHAAIIMHH. Y  MeixKax
peaaisosanoro 3 2003 poky Himerprkoro npoekty NESTOR (Meperxa oOMiHy AOCBIAOM y TaAy3i
3a0e3IeUYeHHA AOBIOTPHBAAOIO 30epiraHHA HUMPOBUX PECYPCIB), IO € CIIABHUM IIAAHOM
6i0AioTek, apxiBiB 1 MmyseiB Himedumnm, a Takox npoBiAHEX (axiBIlB, OIIyOAIKOBAHO
AHTAIFICBKOIO MOBOIO  «PekoMmeHAamil IMOAO Opramisarii AOBIOTPHBAAOIO 30€peKEHHSA
nudpoBux MaTepiaAiBy. Mera IIbOro AOKyMEHTa — CIPUATH OI0AIOTEKAM, apXiBaM Ta My3€siM y
IIPOBEACHHI OIABIIT eEKTHBHOI IIOAITHKH B TaAy3l OE3IEKHM EACKTPOHHHUX MaTepiaAis,
BAOCKOHAACHHSA pobOTH Y chepl AOCTYITY AO HUPPOBUX AKEPEA, IO € OA30I0 IIaM’AT] 1 3HAHB.

V 2015 pomi Sfmonceka acoramia 31 craHaaptis  (JSA) mpeacraBmAa  CTaHAAPT
JISZ6017:2013  «VupaBAiHHA AOKYMEHTAMH — AOBIOTPHBAAEC 30EPEKEHHA EACKTPOHHIX
AOKYMEHTIB». Y TaAy3€BOMY CTAHAAPTI AOKAQAHO OXapPaKTEPH30BAHO TEXHIYHI 3aCO0M Ta
CHCTEMH HOCIB 1HdOpMarIii, TEXHIIHI 3aCO0N AAA 3PYYHOIO 3UUTYBAHHA, IIPOLECH MIrpariii
HOCIiB, pO3MIITICHHA AOKYMEHTIB TOIIIO 3 METOIO O PyBaHHA BUAAHB 13 AIIEPOBUMHU HOCIAMI
200 MIKpOMIABMIB, a TAKOK AASl 3a0€3IIEYEHHA AOBIOTEPMIHOBOIO 30epiraHHA EACKTPOHHUX
KOITIH.

Opramnizariiiaa AIABHICTD Y KpaiHax €Bpomnericekoro Coro3y AOBKOAA IPOOAEM IIEMPOBOL
CHAAIUHU Ha 104aTKy XXI ¢T. craBasa Bce OIABII KOHKPETHOIO 1 YiTKOFO, HaOyBaaa puHC
CTPATEriIHOIO IIAQHYBAHHA 3 BHU3HAYCHHMH Oa30BUMH IIPHUHIIMIIAMH, HIPIOPHUTETAMH,
B32€EMO3B’A3AHIMH 3aBAAHHAMH, ITOCAIAOBHUMH 3aXOAAMH Ta IHCTPYMEHTAMH iX peaAisartii.

3 2008 poky posmodasacs peaAlsarlid 3araAbHOEBPOIIEHCHKOTO IHTETPAIIITHOTO IIPOEKTY
nudposoi 6ibAloTexn «Buropeana», Mera AKOro — 3a0E3IEIUTH AOCTYII AO BIACKAHOBAHHX
CTOPIHOK KHHUI 1 apXiBHHUX AOKYMEHTIB, ITIO BIAOOpaKAIOTH PI3HI aCIIEKTH €BPOIEHCHKOL
kyaptypu (Aobysin, 2020). Ha momenT crapry mpoexry O6yAo onudpoBaHO 2 MAH. PI3HEX
apxXIBHHUX AKEPEA Ta 00’€KTiB KyApTypHO! cnaamunun Cppomn. Ao kiamg 2015 poky — 15 Mam.
OcHoBHe 3aBAaHHA ITUPPOBOI OIOAIOTEKHN — OpraHi3aIliid MAKCUMAABHO IIHPOKOIO AOCTYIIY AO
nndposoi craaruau. Ha cpOroaHi IpOEKT Mae IEBHI PE3yABTATH, 30KPEMa IIATOTOBACHO
mocioHukm:  «KepiBHHIITBO 13  crparterii 3a0e3ledeHHA AOBIOTPHBAAOIO  30CPEHKEHHA

EAEKTPOHHHX PEIPOAYKIIH T2 ix merapanmx» (2012) rta «llepeaoBmii AOCBIA CTBOPEHHSA
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iH@pacTpyKTypH 30€piraHHA CACKTPOHHUX AQHHX AAf 3a0€3[IEYECHHA AOBIOTPHUBAAOIO
30epeskeHHA eAeKTpoHHHX (afiaiBy (2013). Tak, B OCTaHHBOMY HOCIOHHKY HAAAHO OTASIA
PISHHEX CHCTEM Ta THIIB HOCIB iHdoOpmMmarii, AKi MOXyTb OyTH BUKOPHCTAHI AAS CTBOPCHHSA
Kparmoi 1HMPACTPYKTypH 30epiraHHA EACKTPOHHHX AAHHUX, 3a3HAYEHO BAACTHUBOCTI AAA
KOJKHOTO THITy HOCIB/CHCTEM, a TAKOXK IIEPEBArM Ta PUSHKH B IIAAHI AOBIOTPHBAAOIO
30epiraHHs.

V pamxax nporpamu eContentplus peaaisyerscs esporreiicbknii mpoekt ATHENA (Access
to cultural heritage networks) 3 posmupeHHA KOHTEHTY €BpONEHCchKOl mudpoBoi 6I0AIOTEKN
«Buropeana» o6’eananaAM 1IHAOPMAIIIMHIX pecypciB My3eiB, 6i0AioTek Ta apxiBiB (I [puxodsko,
2019, ¢. 88). IlpoexT IpOIIOHYBAB ACPKABAM-YACHAM IIEPETATHYTH HAIIIOHAABHE 3aKOHOAABCTBO
AAfl TOTO, III0O HOTO HOPMH BPEIITI AOIYCTHAH MOYKAMBOCTI OaraTOKpaTHOTO KOIIFOBAHHA 1
Mirpariro nudpoBHUX MaTepiaAiB; PO3BHUBATH CIIBPOOITHUIITBO, OOMIHIOBATHCA AOCBIAOM 1
TEXHOAOTIAMH, IIOTOAKYBATH CTAHAAPTH, IIATPUMYBATH IIOCTIFHI KOHCYABTAII Ta 3AICHIOBATH
MOHITOPHHI CHTYAIIii Ha AOKAABHOMY 1 MIZKACPKABHOMY PIiBHAX.

Possurok iHdopManifiHOTO cycmiAbcTBa Ta 30epexeHHsA 1udPOBOI CHIAAIIMHA OYB 1 €
oAHNM i3 mpiopurerHux HanpamiB  AidapHOcTi FOHECKO. Xapria FOHECKO npo
30epexennsa nudposol cuaarmunu (Charter ..., 2022) BusHae, mo H@OPMALIA Ta IPOAYKTH
TBOPYOIO CAMOBHPAKEHHSA Y BEAUKIN KIABKOCTI CTBOPIOIOTHCS, IIOIITUPIOIOTHCA, IIEPEAAFOTHCA
V AOCTYII Ta 30epirarorbes y nudposomy hopMarti, yOCOOAIOIOUH HOBY CHAAIIUHY — HH(POBY,
AKy HeoOxIAHO 30epiratu. OAHHM 13 HanpsAmiB el mporpamu € mpoekr «llam’arte cBity B
nudpoBy enoxy: oundposyBanua Ta 30epexeHasy (Memory of the World, 2017), saxui
CIPAMOBAHUN HA CTBOPEHHSA CACKTPOHHUX KOIIN apXIBHUX, My3eHHUX 1 6i0AloTedHIX (POHAIB,
HAKOIIMYCHHA AOCBIAY (POpMyBaHHA HAIIOHAABHUX ITU(PPOBUX PECYPCIB AOKYMEHTAABHOL
CITAAIIIUHH, PO3BUTOK HOBOTO HANPAMY B CBITOBIH icropiorpadii — «Digital History». V 2013
poxky IOHECKO cmiapHO 3 MIKHApOAHOIO PaAOO apXiBlB Ta IHINHMH OPTaHI3aIiAMI
crBopuan 1poekt PERSIST — maardopmy aas 3minHeHHA cTabIABHOCTI 1H(GOPMAIIHHOTO
CycIABCTBA B TAOOaabHOMY Mactirtadi (I [puxodsko, 2019; Pubayox, 2017). Llet rpyrToBHUIIT Ha
CHOTOAHI AOKYMEHT € IIEBHUM KEPIBHHUIITBOM AASl BUSHAYCHHS IIPOTPAMH Al y raAysi riudppoBoi
craAmuan. Bona posrafaae nudposi TeXHOAOT Ta IXHI MOKAHBOCTI, 3aA€KAAPYBAaAad OCHOBHI
npuaiunn 1udposux 0idaiorek (Pubauox, 2017). ITia wac nposeaeHusa xoudepeniii Oyaa
3aII0YaTKOBAHA 1A€A CTBOPEHHA ITOCTIHHO Alrowoi rpymm mpoekry PERSIST mia eriaoro
FOHECKO, IFLA, ICA Ta iHmumx mmaprHepis.

V uaepsni 2006 p. MinictepcTBo KyAbTYpH 1 HarionaAbHOI criaamuan (Minister of Culture
and National Heritage) Iloapmi 3acmyBaro Komiter 3 onmdpysanua (Committee for
Digitization), MeTa AKOro 00’€AHATH 3YCHAAS CIICILAAICTIB Y CTBOpEHHI HMHMPOBUX PECYpCiB.
Tax, 3aBAKU Cy9acHHM TeXHOAOTIAM y bibaioTeri VuiBepcurery Sma Koxanoscekoro B Keasrre
30epiraeTbCa, OXOPOHAETHCA, A TAKOXK ONMUMPPOBYETHCA 1 PEIPE3EHTYETHCA KHIKKOBA
KyABTYpHA cITaAmHa [loAbrmi. YIIPOAOBHK OCTaHHIX POKIB POOOTA 3AICHIOETBCA HAA
3aXHCTOM, OIIPAIFOBAHHAM Ta OIM@PYBAHHAM HANIIHHIIIIX KOAEKIIH, AKi 30epiraroThca y
6i0AloTerl. AO HUX HAAEKATH: KOACKIA APYKOBaHHUX Iparmb XIX CTOAITTA, a TaKOX
HAASBHYANHO IMHHI MAaTepiaAM — POAMHHI IAM'ATKH, fAKi HIKOAM HE OIIPAllbOBYBAAUCH, i,
BIAITOBIAHO, He OyAH AOCTYIIHI AAF AOCAiAHHKIB. Bia 2007 poky OABCHKI apXiBu OepyTh y4acTh

Y BUKOHAHHI HU3KH MACIITAOHUX MIKHAPOAHUX IIPOEKTIB 3 OIIU(PPOBYBAHHSL.
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Ormxe, Ha ITIACTABl IIPOBEACHHA aHAAI3y PISHHX IIPOEKTIB 3 ONMUEMPOBYBAHHSA, MOKHA
3pOOHUTH BHCHOBKH, IO HAWBAKAHUBIIIHUM HAIPAMOM AIABHOCTI OIOAIOTEYHHX YCTAHOB €
BIIPOBAAKEHHA HOBHX  1H(OPMAIIINHO-KOMYHIKAIIHHIX — TEXHOAOTIH v  dpopMyBaHHA
hpOBOrO KOHTEHTY, 4 TAKOXK IIPOBEACHHSA aHAAI3y HOPMATHBHO-METOANYHUX AOKYMCHTIB,
II[0 PErAAMEHTYIOTh BECh KOMIIACKC PoOIT 3 ormdpoByBaHHA. AAA CTBOPCHHSA AKICHHX
nuPOBUX KOIIH Ta HMOAAABIIO] iX iHTErpamii y MiKHAPOAHI ITU(POBI IPOEKTH BAKAUBUM €
AOTPUMAHHA TEXHIYHUX Ta TEXHOAOITYHUX CTAHAAPTIB.

Ha cbOroAHimHi A€HB y AIABHOCTI IIPOBIAHHX OIOAIOTEK CBITy BaKAHMBE MiCIie
BIABOAUTBCA 30€peKEHHIO 1 momyAdpusaiii (OHAIB CTBOPEHHAM IM(POBUX  KOIIH.
[TeperBopenns mameposoi iHdopmamil y 1udpoBy — TPHUBAAMM IIPOLEC, IOB’fA3aHHH 13
BKAQACHHAM 3HAYHHUX KOIITIB, OAHAK BIH aKTHBHO pPO3TOPTA€TbCA B 3apPyOLKHUX KpaiHax,
OCKIABKH ITHPOBA KOIIA AOKYMEHTY — II€ BUCOKOSKICHA 3aMiHA OPHIIHAAY, fIKa 3a0e3Iredye
IIBUAKHH AOCTYII AO IIOTPIOHOIO BHAAaHHA duepe3 Imrepmer. V cBoiii poboti 6i0AlOTEKH
IIPEACTABAAIOTh YUTAYEBl OAraTOMIABHOHHI KOACKIII AOKYMEHTIB, 30KpEMa CTAPOAPYKIB, Ha
€AEKTPOHHUX HOCIAX.

He saaummmanca octoposs 1 610AloTeKkn YKpaiHu, fAKl 3AIFCHIOIOTh HU3KY 3aXOAIB y cdhepi
o1 pOBYBaHHA AOKYMEHTIB. EAGKTPOHHI KOAEKIN CTOCYIOTHCA PI3HUX HAIIPAMIB 1 TEMATHK
(Szewezenko, 2021). 3 KOMKHIM POKOM CKAHYETHCA yce OiabIie AOKyMeHTIB. 23 Oepesns 2016 poky
Kabiner Minictpis Vkpainn cxBaaus CrpaTeriro po3BUTKy 0I0AIOTEYHOI CIIPAaBH Ha IIEPIOA AO
2025 poxy «fxicHi 3miHE OIOAIOTEK AAfl 3a0€3IIEYECHHA CTAAOTO PO3BUTKY Ykpainm» (IIpo
exsanenna Crmpamecii. .., 2016). Cepea maaniB Alii Crpaterii € peaaisariis IIPOEKTY €AHHOIO
YHIBEPCAABHOIO BeO-1IOPTAAY 1H(OPMAIIHHEX pecypciB 0i0OAIOTEK 1 IIPHUEAHAHHA 3BEACHOTO
€AEKTPOHHOIO KaTaAOry 0i0AioTexk YVKpaiH! Ta €ACKTPOHHUX KATAAOTIB OKpEMHUX OIOAIOTEK AO
CBITOBOTO 3BEACHOTIO KaTaAory 0ioaioTeunux pecypceis (WorldCat).

3 PO3BUTKOM IHHOBAIINHUX HU(PPOBUX TEXHOAOIIH OIOAIOTEKH 3MyIIIEHI BUXOAUTH 32
PAMKH «CTATyTHOI AIAABHOCTI, TPaHC(POPMYIOUHCH Y BIAKPHTHI KOKHOMY, OE3MEKHHII
i opMaIifAHUHI CBIT, AKUNH CTBOPIOEC 3HAYHO IMHPII MOMKAHBOCTI AAfl KHUTO30IPEHB IIIOAO

3aAOBOACHHSA TTOTPEO KOpHUCTyBa4iB. AIAKATAAIZALIA A€ 3MOTY:
—  AKYMYAIOBATH B €EAHMHE ITIA€ BCl BUAU AOKYMEHTIB Ta IHTEIPYBATH X y CBITOBHH IIPOCTIP;

—  AlATH B ITAAHETAPHOMY MACIITa0l — OTPUMYBATH 1H(OPMAIIIFO 1 HaAABATH 1i HE3AAEKHO BIA

reorpa(pquo—qaCOBHx MEXK;
—  OHEPYBATH BEAMUE3HUMH MACHBAMH iH(popMauﬁ;

—  CHIBIPAIIFOBATH B IHTEPAKTHBHOMY PEKUMI 3 HEOOMEKEHHM KOAOM DIOAIOTEK-ITapTHEPIB 1

xopuctysauis (Bepeyros, 2020, ¢. 10).

Sk mokasye 3apyOLKHHI AOCBiA, BHKOHAHHSA HAYKOBUMH OIOAIOTEKAMH CYCIIABHO
BKAUBHX 32Aa49 Y cepi omudpoByBaHHA AOKYMEHTIB € HEOOXIAHHM, OCKIABKH € ITOTpeda
30epiratu opuriHaAbHI AOKyMeHTH. HariomaapHa HayKkoBa CIABCBKOIOCIIOAAPCHKA 0i0AlOTEKA
Harmionaapnoi akasemii arpapuux Hayk Yipainn (HHCI'b HAAH) sk mposiaHa crerniaabHa
IHCTHTYII ~ 3aTAABHOAEPKABHOIO ~ 3HAYEHHA, HAIIOHAABHHHA  TaAy3€BHI  ACITO3HTAPIN
CIABCBKOTOCIIOAAPCBKOI T4 AICOTEXHIYHOI  AITEpaTypH, HAYKOBO-AOCAIAHHUIIBKHH — Ta
METOAMYHHH IIEHTP CiIABCBKOIOCIIOAAPCHKOL TaAy31 IIParHe PO3BUBATH CBOIO AIAABHICTD 3TIAHO
3 3aruraMu cygacHocTi. CIpaBKHIM CKapOOM 1 TOPAICTIO DIOAIOTEKH € 310paHHA CTAPOAPYKIB
Ta piAkicHEX KHUT XIX CTOAITTA, CTAPOBHHHA CIIEINiaAI30BaHA AITEPATypa TOIIO.
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AAs Toro, mo6 3abe3mednTH 30€PEKCHHA IIHHUX BHAAHD AAf MAHOYTHIX ITOKOAIHB,
miapummuTy  edpexruBHicTs ix Buxopucrtamas B HHCI'b HAAH crBopeno AabGoparopiro
orudposysanuaa (2014), mo npomonye pimeHHA ITUPPOBOTO BIATBOPEHHA APYKOBAHHUX
MaTepiaAlB CTBOPEHHAM €ACKTPOHHOTO POHAY Komii. Lle cTaro BaKAMBIM KPOKOM BIAIIOBIAHO
AO CBITOBHUX TEHACHINN 31 30epekeHHA OlOAlOTedHHX (DOHAIB. 3 BiAHECEHHAM (POHAIB AO
HarioHaAbHOTO  HaAOamus  ([lpo  eidnecenna..., 2009) 8 HHCIB HAAH mouaaa
3aIIPOBAAKYBATHCA POOOTA 3 OIU(POBYBAHHA AOKYMEHTIB.

ITpoexkT 3 onndpoByBaHHA 3AINCHIOETHCA 3TIAHO CIIEIIAABHO po3pobAeHOTO «PeraamenTy
mporecy onndpysanusa Apykosanux Aokymentis HHCI'b HAAH» (2016). Aas crBopenms
€AEKTPOHHOIO KOHTEHTY 3 (POHAIB OIOAIOTEKH BH3HAYEHO IIOPAAOK, YMOBH Ta KpHTEpii,
OOYMOBAEHI ~IIEBHUMH MEKAMH, 30KpPEMa, XPOHOAOITYHHUMH, COMIAABHO-IIHHICHUMH,
KiApkicHuME, criBrpari. [Ipomecy onmdpoByBaHHA AOKYMEHTIB IIEPEAYIOTH CBO€YACHA
eKCIIEPTHA OIHKA CTAHY PIAKICHHX 1 IIHHUX BUAAHb, X OOAIK, HAABHICTH KOHTPOABHOTO AHCTKA
PYXY KOKHOTO OPHTIHAAY TOIIIO.

3a gac pobortu Aaboparopii orudposano 6Au3pko 50% mpumipHukis 3 «POHAY BUAAHD
XIX cr. 3 ciabcprkorocoaapepkoi Tematuku HHCI'b HAAH». Bike Biackarnosano mmonaa 170
kHur 1 998 npuMmipHHKIB KypHAAiB 3araapHEM oOcsarom 87825 cropinok. V' cucremi IPBIC
CTBOPEHO 0a3y AAHHX AAfl OOAIKY O POBAHUX BUAAHB, PO3POOAEHO CTOPIHKY «TexHOAOTIA
orudpyBaHH», 3aIYIIEHO TECTOBUI BeO-iHTEpderic BiaaaneHOTO AocTymy A0 Oasu DGT
(Bepeyros, 2020). 3okpema, EAECKTPOHHUNM KOHTEHT IIPEACTABACHHUN EHIIMKAOIICAMIHUME
BuAanHAME XIX croairrs, npamavu B.B. Aokygaesa, [1.A. Kocrmuesa, A.€. 3atikeprua, K.K.
Bebepa, A.l. Xoanesa, A.®. Poprynarosa, P.I. [llpeaepa ta immmx. Cepep iHO3eMHHX €
myoaikarii J.N. Thinen, R. Castel, M. Oczapowski, G.D. Ehret, J. Rissema Bos, K. Koch i in.

IToBHi TekcTH AOKyMEHTIB BiaOOpakeHi B eAekrtpoHHomy kararosi HHCI'b HAAH.
dopmatn HIPEACTABACHHA AOKYMEHTIB B EACKTPOHHOMY (DOHAL 30IraroTbCsi 3 OCHOBHHUMU
E€AEMEHTAMH METaAAHHUX AOKYMEHTIB y 0i0AioTedHo-0i0AlOrpadpiaaux 0a3zax AAHHX, IO
CTBOPHUTH YMOBHU AAf IIOBTOPHOTO BHKOPHUCTAHHSA BJKE OIIPAIIBOBAHHUX OITHCIB AOKYMEHTIB AAS
BIIOPAAKYBAHHSA III(PPOBOTO PECYPCY.

[TiacymoByroun BapTo Biamituth, mo Aldasuicts HHCI'b HAAH 6i0AioTexu y HuHIITHIX
yMOBaX — II€ TOCTiIMHHI IIOIIYK 1 BIPOBAAKEHHSA HOBHUX IHHOBAIITHUX TEXHOAOTIH, IO
3HAYHOIO MIPOXO CIIPHUAOTH iHTerparii 0i0AlOTeKH y CBITOBHIT iHMOPMALINHII IpOCTIp, a
TaKOK 3a0€3IIE€YyIOTh KOPHUCTyBadaM BIABHHII AOCTYII AO HAIIOHAABHUX HAayKOBO-

HQOpPMAIIHHIX pecypciB.

OOGroBopenH:
3araAoM aBTOp HE IIPETEHAYE Ha IIOBHE PO3KPHUTITS 3a3HAYEHOI TEMHU, HATOAOIIYIOYH, ITIO
KOKEH 3 PO3TAAHYTUX ACIEKTIB MOKE OYTH IIPEAMETOM AHCKYCIii I IIOAAABIIIOIO IPYHTOBHOIO
AOCAIAKEHHSA, 3’ICYBAHHA M yTOYHEHHA OKpeMux (akTiB. 30Kpema, Ie CTOCYEThCA ITHTAHHA
MDKOIOAIOTEIHOrO CIIBPOOITHUIITBA § MEKax YKpalHH Ta 3 IHO3eMHHMH OiOAlOTeYHHMMU
ycranoBamu. OCOOAHBY yBary BapTO IPHAIAHTHA BCTAHOBACHHIO IIPUYUH 1 YHHHHKIB, fAKI
HETaTUBHO BIIAHBAIOTP Ha e(EKTUBHICTH peaaisarmii onudpoByBaHHA AK TEXHOAOTI!

30epeKeHHA Ta perpe3eHTalll PIAKICHUX 1 IIHHUX BHAAHb. KpiMm TOro, IIpeAMETOM OKPEMOTIO




AOCAIAKEHHA MOK€ OYTH IIPOOAEMA aHAAI3y CTATUCTHYHHUX AAHUX 3  onudpyBaHHA

AOKYMEHTHOI CITAAIIIHE y PO3Pi3i 010AIOTEK 1 KpalH B IiAOMY.

BucnoBox

Taxum wurom, y pe3yAbTati IIPOBEACHOTO AOCAIAKEHHS IIATBEPAKEHO, IO HA ChOTOAHI
orudpoByBaHHA Ta (POPMYBaHHA IUPPOBOIO KOHTEHTY € 3araAbHOCBITOBHM TPEHAOM
AIIABHOCTI OIOAIOTEK fK IIPOBIAHUKIB B 1H(MOpPMALIINHOMY 32a0€3II€YEHHI HAYKH, OCBITH,
EKOHOMIKH, ITOAITHKH, KYABTYPH Ta IHIINX cdep KUTTA CYCIIABCTBA.

3’sicoBaHO, 110 pO3pOOAEHHA Ta (POPMYBAHHA HUMPOBUX IIPOEKTIB HAIOHAABHOTO PIBHA
3a0e31edy€eThCA IPUHHATTAM KOMIIAGKCY 3aXOAIB 32 y9acTi pi3HHX yCTaHOB. IAel crBOpeHHA
MACIITAOHUX ITPOEKTIB O POBYBAHHA BUCYBAIOTh HAIIIOHAABHI OIOAIOTEKH, AKI Il BUKOHYIOTD
dyukmito koopaumHaropa. CAiA 3a3HAYHTH, INO CBITOBA CIIABHOTA AABHO YCBIAOMHAQ
BaKAMBICTD 1 HEOOXIAHICTD CIIBIIparii 610Ai0TEK, 30kpema y cdepi omudpoByBaHHSA Ta AOCTYITY
A0 AokymeHTanil. Pesyapratom iHTerpanii mudpoBuX pecypciB KHUTO30IpeHb € KOHCOAIAOBaHI
IIOPTAAH, AKI 32a0€3II€YYIOTh 3PYUHUIH IOIIYK 1 AOCTYII AO MaTepiaAiB y mudpoBomy dopmari 3
CAMHOI TOYKH.

Bcranosaeno, mo B 3apyOiKHEX KpaiHax onudpOBYBAHHA AOKYMEHTHOI CITAAIIIMHI MA€
3HAYHY HOPMATHBHO-IIPABOBY 043y, kA CKAAAAETHCA 31 CTPATET1, ACKAAPALIIH Ta PEKOMEHAALIIH.
Peaaizariis HaIlioOHAABHHX CTPATErifi 1 IIPOTPaM CYIIPOBOAKYETBCA HAACKHOIO AEPKABHOIO
HIATPUMKOIO, (DIHAHCYBAHHAM 1 3aKOHOAABYUM PEIYAIOBAHHAM.

B Vkpaini onndpoByBaHHA AOKYMEHTHOI CHAAIIMHU € IHAIPYHTAM AAf (pOpMyBaHHA

€AMHO]I HAIIOHAABHOI IIPOBOI OIOAIOTEKHN Ta IHTErparil y CBITOBHH ITU(POBUIT IIPOCTIP.
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Methods of applying neural network algorithms in forecasting of energy consumption
level at systems of automated electricity distribution

Abstract: An analysis of modern methods of automated control of the level of electricity consumption at
the level of households, industrial facilities, as well as critical infrastructure facilities, based on software
algorithms and neural network architectures, was carried out. The exponential growth of the demand for
electricity on a global scale and the globalization of the infrastructure of electricity networks indicate the
urgency of the task of accurately forecasting the level of consumption, on the basis of which the optimal
scheme for distributing electricity to consumers can be determined in real time. It is noted that when
organizing a complex methodology for forecasting the level of electricity consumption and automated
control of electricity distribution, it is necessary to establish statistical indicators that make it possible to
estimate the volume of the input data array processed by the system, limitations on the calculation
resource of the hardware and software complex of the platform, and requirements for the accuracy of
machine analysis in accordance with financial risks and the probability of emergency situations. The high
efficiency of the application of neural network infrastructures in the construction of systems of machine
analysis, forecasting and automated control of the power grid infrastructure is shown. Such approaches
to the organization of neural network architecture as a recurrent neural network, models based on long
short-term memory and recurrent valve nodes, as well as time series models based on defined
autoregressive integrated moving averages, according to which algorithms characterized by high accuracy
of forecasting in real time under the conditions of minimal load on the computing resource. The
importance of the preparation of the training selection and appropriate setting of neural network
algorithms for the distribution of input data in accordance with the seasonal characteristics of electricity
consumption is shown. The task of organizing, tuning and further optimizing the neural network
algorithm was thus carried out according to the extrema of the objective functions, which were based
on the statistical indicators of the prediction accuracy (mean absolute percentage error, root mean square
error and mean absolute error) that were obtained from the results of the studies that were cited in open
scientific publications.

Keywords: electricity consumption level, automated forecasting systems, neural network algorithms,
statistical accuracy indicators, recurrent neural networks, long short-term memory models, gated

Ousexcapap Ceprifiopny ByHke, KaHAUAAT TEXHIYHUX HAYK, AOLIEHT, KapeApa aBTOMAaTH3ALL]

recurrent units.

TEIIAOCHEPreTHIHUX Iporieci, Harionaapuuil Texuiunuii yaiepcurer Yipainu “KuiBcpknii
roAlTexuiunnii incrutyr imeri Iropsa Cikopepkoro”. KuiB, Vkpaina.

MeToAH 3aCTOCYBaHHA HEHPOMEPEKEBUX AATOPHUTMIB IIPU IPOrHO3yBAaHHI PiBHA
€HEPrOCIIO’KNBAHHA Yy CHCTEMAX aBTOMATH30BAHOIO PO3IIOAIAY €AEKTPOEHEPTii

Amnomayin: TlpoBeaeHO aHAAI3 CY9aCHHX METOAIB aBTOMATH30BAHOIO KOHTPOAIO CIIOKHBAHHS
eAeKTpoeHeprii Ha pIBHI AOMAIITHIX I'OCIIOAAPCTB, IIPOMUCAOBHX OO €KTIB, 4 TAKOK OO’€KTIB KpUTHIHOL
indpacTpykrypu, mo 0asyroTbCA Ha IPOIPAMHHX AATOPHUTMAX Ta HEHMPOMEPEKEBUX apXiTEKIypax.
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EKIoHeHIIHHUE pICT IIOIMHTY HA4 CACKIPOCHEPIIIO Yy CBITOBOMY Macintabi Ta raobaaisariis
iHPACTPYKIYPH EACKIPOMEPEK BKA3YE HA aKTYAABHICTD 33A24l TOYHOIO IIPOTHO3YBAHHA PiBHA
CIIOKUBAHHA HAa OCHOBI AKOTO MOX€ OYTH y PEAABHOMY YACl BU3HAYEHA OIITHMAABHA CXEMa PO3IIOAIAY
EAEKTPOEHEPIIT CIIOKUBAYAM. 3a3HAUECHO, IO IIPX OpraHisamil KOMIIAEKCHOI METOAMKH IIPOIHO3YBAHHSA
PIBHA €ACKTPOCIIOKHBAHHA T4 aBTOMATH30BAHOIO KOHTPOAIO PO3IIOAIAY €ACKTpOeHepril HEOOXIAHO
BU3HAYHTH CTATUCTUYHI TOKA3HUKH, 110 HAAAIOTH MOXKAUBICTh OLIHUTH 00’€M MACHBY BXIAHUX AQHUX,
AKI OOPOOAAIOTBCA CHCTEMOIO, OOMEKEHHS Ha OOYHCAIOBAABHHE PECYpPC alapaTHO-IIPOrpaMHOL
AaTPOPMH KOMIIAEKCY Ta BHMOIH AO TOYHOCTI MAIIHMHHOIO aHAAI3Y BIAIIOBIAHO AO (biHAHCOBHX
PH3HKIB Ta BIPONAHOCTI BHHUKHEHHA aBapiiHux curyamid. [loxkasaHo BHCOKy edeKTHBHICTD
34CTOCYBAHHA HEHPOMEPEKEBHX APXITEKTYp IIPH I[OOYAOBI CHCTEMH MAIIHMHHOIO — aHAAI3Y,
IIPOTHO3YBAHHSA Ta aBTOMATH30BAHOIO KOHTPOAIO 1H(PACTPYKTYpH eAeKTpoMmepexi. 30kpema OyA0
PO3ILAfHYTO TaKi IAXOAHM OpraHisarii HEHpOMepEKeBOI apXITEKTYpH fK PEKypeHTHA HEHpOoMepeika,
MOAEAI Ha OCHOBI AOBIOI KOPOTKOYACHOI ITaM'sTi 1 PEKYPEHTHUX BEHTUABHEX BY3AIB, 4 TAKOK MOACAI
Y4COBHX PAAIB, III0 OA3YIOTHCA HA BU3HAYCHHI aBTOPEIPECIHHOIO IHTEIPOBAHOIO KOB3HOTO CEPEAHBOTO,
BIAIIOBIAHO AO SIKHX MOXKHA IOOYAYBATH AATOPHTMH, IO XAPAKTEPU3YIOTHCH BHCOKOIO TOYHICTIO
IIPOTHO3YBAHHA ¥ PEKUMI PEAABHOIO 9aCy 3a YMOB MiHIMAABHOIO HABAHTAXKECHHA HA OOYHUCAIOBAABHII
pecype. [TokasaHo BaKAMBICTD IPHU IHATOTOBII HABYAABHOI BHOIPDKH Ta BIAIIOBIAHOTO HAAAIIITYBAHHSA
HEHPOMEPEKEBUX AATOPHTMIB IIOAIACHHA BXIAHUX AAHHX Y BIAITOBIAHOCTI AO CE30HHHX OCODAUBOCTEH
EACKTPOCIOKUBAHHA. 32Aa9a OPTaHi3aIlii, HAAAIIITYBAHHSA Ta IIOAAABIIIOl OIITHMI3arlii HEFHPOMEpPEKEeBOIO
AATOPUTMY, TAKHM YHHOM, OyAa IIPOBEACHA BIAIIOBIAHO AO EKCTPEMYMIB ILIABOBHX (DYHKINMH, IO
0a3yBaAMCh HA CTATUCTHYHUX IIOKA3HUKAX TOYHOCTI IPOrHO3YBAHHA (CEPEAHA aDCOAIOTHA IPOIICHTHA
ITOXHOKA, CEPEAHPOKBAAPATHYHA ITOXHOKA 1 CEpeAHA aDCOAFOTHA MOXMOKa), IO OyAM OTpHMaHI Ha
OCHOBI PE3YABTATIB AOCAIAKEHD, HABEACHHUX Y BIAKDHTHX HAYKOBHX ITyOAIKALIIAX.

Karwuosi cavsa: piBeHb CITOKUBAHHA EACKTPOCHEPIil, CHCTEMH ABTOMATH30BAHOIO IIPOrHO3YBAHHT,
HEHPOMEPEIKEBI AATOPHTMH, CTATUCTUYHI ITIOKA3HUKU TOYHOCTI, PEKYPEHTHI HEHPOMEPEK], MOACAL Ha

OCHOBI AOBIOI KOPOTKOYACHO! ITaM ATi, PEKYPEHTHI BEHTUABHI By3AH.
3 -

Bcryn

[Mocritiauit picT IOINTY Ha EAEKTPOCHEPIifo, MacirTaOyBaHHA 1HAPACTPYKTypH

EAEKTPOMEPEK Ta BIPOBAAKEHHS aBTOMATU30BAHUX CHCTEM KOHTPOAIO 1 PO3IOAIAY
EAEKTPOEHEPTIi, IO OIEPYIOTh HAA3BHYANHO BEAHMKOIO KIABKICTIO CIIOKHBAYIB IIPU3BIB AO
3POCTAHHA  aK/)ajsHoc/i AATOPUTMIB IIPOTHO3YBAHHA PIBHA EAEKTPOCIOKHBAHHA, AKE
IIPOBOANTBCA y peaabHOMy dacl. [lpm I1boMy BamKAMBO 3a3HAYUTH, INO IIOMHAKH Y
IIPOTHO3YBAHHI T2, BIAITOBIAHO, Hee(PEKTUBHUIT PO3ITOAIA E€AEKTPOCHEPIi XapaKTepHU3yeThCsA
3HAYHUMH (PIHAHCOBUMHU pPH3UKAMH Ha PHHKY EAGKTPOIIOCTAYaHHA Ta 30I1ABIICHHAM
BIPOTIAHOCTI BUHUKHEHHA aBAPIMHHUX CHTyalili Ha OO’€KTax KPUTHIHOI 1HMPACTPYKIYPH.
Boamouac, 3apaga porHO3yBaHHA PIBHA €ACKTPOCIIOKUBAHHA HE MOKE OYTH OAHO3HAYHO
dopmarizoBana Ha PIBHI MATEMaTUIHOI MOAEAL, 2 TOMy y 3a3HadYeHiH OOAACTI AKTHBHO
BHKOPHCTOBYIOTBCS HEHPOMEPEKEBl aATOPUTMU, HABYAHHA AKUX BIAOYBA€THCA HA BEAUKHX
HABYAABHUX BHOIPKaX, ITI0 (DOPMYFOTHCH BIALIOBIAHO AO AKTYAABHUX AAHUX CYyO €KTIB HAAAHHA
CHEPIEeTUYHUX ITOCAYT, HA PIBHI IPUBATHHUX Ta ACPKABHUX KOMYHAABHHUX IHAIPHEMCTB (Zheng
et al., 2022, Jiang et al., 2020; Gordon, 2016; Basta & Helpan, 2013; Panlu et al., 2022).

Ananis  pesysvmamis  naykosux  0ocaidmers TPEACTABACHHUX y IPOMIABHUX BHAAHHAX

HpI/ICBH‘ICHI/IX pCSyAbTaTaM 3aCTOCYyBaHHA HCprOMCpC}I(CBI/IX aAFOpI/ITN[iB HpI/I HpOTHOSYBaHHi
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PIBHA CHEPIOCIIOKUBAHHA BKA3aB HA IIPOAYKTHBHICTH BIIPOBAAJKCHHSA Y CHCTEMI MAIIIHHOIO
aHaAldy apxitekrypu pekypertHoi Hefipomepexi (RNN: Recurrent Neural Network) Ta
MOAEAEI, TOOYAOBaHUX Ha if OCHOBI (Amalou et al., 2022; Shachee et al., 2022; Zafri Wan Y abaya et
al., 2020, Yuniarti et al., 2019). Biakputi craTucTiaHi AaHi OyAn IpeAcTaBAeH] AAA Kpail CxiaAHOL
ta llenrpaspnoi €Bporm, MO HAAAAO MOKAHUBICTH OTPHUMATH YCEPEAHEHHI ITOKA3HUKM
TOYHOCTI MAaIIMHHOTO aHAAI3y BIAIIOBIAHO AO TOPHU30OHTY IPOIHO3YBAHHA T4 OIAAIOBAABHOTO
cesony (Paulu et al., 2022; Siemiriski et al., 2021; Sobociriska, 2022; Stosovic et al., 2022). I1pu mpomy
aHaAI3 OYB IIPOBEACHHH AK AAA HelipomepexxeBoi apxitektypu RINN, Tax 1 aas 1 MoAeAeit Ha
ocuosl AoBroi koporkodacHoi mam’ati (LSTM: Long Short-Term Memory), pekypeHTHHX
BerTHABHEX By3AiB (GRU: Gated Recurrent Units) Ta MOAEAEH 9aCOBHX PSAAIB, CTATHCTHYHI
METOAUKH aHAAI3Y AKX OA3yIOThCA HA BUZHAYCHHI aBTOPEIPECIHHOIO IHTErPOBAHOTO KOB3HOIO
cepeanporo (ARIMA: Auto-Regressive Integrated Moving Average), ki HAAAFOTh MOKAHBICTB
CYTTEBO 30IABIIUTH IIPOAYKTUBHICTE POOOTH 3aTraAbHOIO KOMIIAEKCY MAIITMHHOIO aHAAI3Y
BIATIOBIAHO IIOKa3HHKIB TOYHOCT] IIPOTHO3YBAHHSA, HABAHTAKEHHA HA OOYNCAIOBAABHIH PeCypc
Ta 9acy oOpOoOKHU BXIAHUX 3anuTiB (Shachee et al., 2022, Zafri Wan Yahaya et al., 2020; Yuniarti et
al., 2019; Stosovic et al., 2022; Saini & Sharma, 2022; Sachin et al., 2020; Amalou et al., 2022; Ma et
al., 2019).

XapaxkTepHO, IO IPOTHO3YBAHHA PIBHA CIIOKHUBAHHA CACKTPOEHEPTI MOKe IIPOBOAUTHCH
Aars koporkoctpokoBoi (STP: Short-Term Prediction), cepearpocrpokosoi (MTP: Mid-Term
Prediction) 1 aosrocrpokosoi mepcrexkruBur (LTP: Long-Term Prediction). Meroauku
apromaru3arii LTP 1a MTP € HaA3BHYANHO BAKAMBHMU AAA CTPATETIYMHOIO ITAAHYBAHHA IIPH
oprauizartii iHQPACTPYKTYPH 1 Ha COTOAHIIIHIN ACHb €PeKTUBHO (POPMAAIZYIOTHCA Ha PIBHI
mareMaTHIHUX MoAeAeH (Wang et al., 2020; Wenninger et al., 2022; Tang et al., 2019; Chen et al.,
2022; Ding et al., 20217), y Toit gac six aast STP He po3apoOAeHO HiAICHY METOAOAOTIIO IIOOYAOBH
AATOPHUTMIB  IIPOTHO3YBAHHA, IO PO3TAAAAETBCA AK  /esupiuleria  4acmuna —3araAbHOTO
AOCAIAKEHHA.

Taxum  wurom, memor  pobomu crara TOOYAOBA KOMIIAGKCHOI METOAMKH Opramisariii
HEUPOMEPEKEBOI ~ apXITEKTYpPH IPOTHO3YBAHHA Y PEXKHUMI PEAABHOTO dYacy piBHA

CHCPFOCHO)KI/IBaHH}I AAA CHUCTEM aBTOMATHU30BAaHOTIO pOSHOAiAy CACKTpOCHCprﬂ CITIOKMBa4YaM.

ITocranoBKa 3apadi opraHisariii HelpoMepe>KeBOi apXiTEeKTypH IIPOrHO3yBaHHA PiBHA
€ACKTPOCIO’KHUBAHHA

3asava opraHi3artii CUCTEMHU KOPOTKOCTPOKOBOTO IIPOrHO3YBAHHSA piBHA
CHEPIOCIIOKUBAHHA €ACKTPOCHEpPIii BKAIOYae y cebe (PpOpMyBaHHA y3araAbHEHOI CE30HHOL
MOAEAI PO3IOAIAY €AEKTPOEHEpIii, BUXIAHI AaHI AKOI MOKYTH OyIH IIPEACTaBACHI AK YaCOBI
pPAAH, BHOIp HEHPOMEPEKEBOI apXITEKTYPH Ta MOAEAEH Ha ii OCHOBI, a TAKOXkK BH3HAYCHHS
ITOKa3HUKIB IIPOAYKTUBHOCTI IIPOBEACHHA MAIITHHHOIO aHAAI3y BIAIIOBIAHO AO TOYHOCTI
IIPOTHO3Yy, HABAHTAKEHHA HAa OOYHCAIOBAABHUII PECypC Ta dacy OOpPOOKH 3aIInTy, IO
IIpeACTaBACHI AK IiAbOBI pyHkil Ta ix aprymentu (Pucynox 7).

KaacugHuH IAXIA IPOrHO3YBaHHA 0a3y€TbCA HA 3aCTOCYBAHHI MATEMATHYIHHX MOACACH
CTATHCTHYHOIO PO3MIOAIAY HaOOPY AauuX fAK TO ARIMA, 110 BIAITOBIAHO AO MAacHBY BXIAHHX
AAHUX IIPEACTABACHHX Yy BHIAfAI 9aCOBHX PAAIB AO3BOAAIOTH IIPOBECTH ITPOTHO3YBAHHSA

ITOKa3HUKIB €ACKTPOCITOKUBAHHA AASl HACTYITHUX 1HTEPBAAIB YACY, TOYHICTD AKUX 3aACKHTD BIA
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AOBKHUHH 1HTEPBAaAy. THIIOBUM HEAOAIKOM 3aCTOCYBAHHA TAaKOTO ITAXOAY € HEOOXIAHICTB
ITOIIEPEAHBOTO BUAIACHHSA CTATUCTHYHHIX BAACTUBOCTEH BUOIPKH, IITO HEAOCTATHBO €(DEKTHBHO
BAIFICHIOETBCA Uepe3 (POPMyBaHHA CE30HHOI MOAEAl EAEKTPOPO3IOAIAY BIAIIOBIAHO AO SAKOL
94CTO BHHHKAIOTH HEIIPOIHO30BAHI BHKHAHM, IO CYTTE€BO BIIAMBAIOTD HA PE3YABTATH
rporuosyBaass. [Ipobaema HaABHOCTI BHKHAIB IIOASITA€ Y TOMY, IO HA PIBEHb CIIOKUBAHHA
€AEKTPOEHEPTIl BIIAMBAIOTh KAIMATHYHI (DAKTOPH, TaKi AK TEMIIEPATypPa 1 BOAOIICTb HOBITPA, a
TaKOK CHAQ BITPY, IIIO HE MOKYTh OAHO3HAYHO ITIPOTHO3YBATHCDH BIAIIOBIAHO AO CE30HHUX 3MiH.
Tako MOAEAb 3HAYHO YCKAAAHIOETBCA Yepe3 3MIHM Y PiBHI CIIOKHBAHHA E€AEKTPOEHEpIil y
3aA€KHOCTI BIA TOTO BIAOYBA€THCA CHEPIOIIOCTAYAHHA Y POOOYI UM BUXIAHI AHI, IIPH BBEACH] 9K
BUBEACHHI 3 EKCIIAyaTamll IIPOMHCAOBHUX OO’€KTIB, IO CIIOKHBAIOTH 3HAYUMUN BIACOTOK
eAeKTpoeHeprii y macmrabi pafioHy micra, TOIo. TOMy Ha ChOTOAHIIIHIN AEHB IIepeBara
HAAQETBCA 3aCTOCYBAHHIO HEHPOMEPEKEBUX AATOPHUTMIB, 30KpEMa TAaKHX, IO OAa3yIOTbCA Ha
apxitekrypax Heripomepex ranonuauoro Hasdanua (DL-ANN: Deep Learning Artificial Neural
Networks), 1110 edeKTHBHO IIPOBOAATH MAIIHMHHUNA aHAAI3 T4 aBTOMATHYHE IIPOTHO3YBAHHA
pIBHA EHEPIOCIIOKUBAHHA y PEXKHMI PEAABHOIO dYacy Oe€3 IIOIEPEAHBOIO BHU3HAYCHHSA
CTATUCTUYHUX BAACTUBOCTEH 20O IIPM BHU3HAYEHHI X AHIIE y pPaMKax CE30HHOI MOAEAI
€AEKTPOPOBIIOAINY (Stosovic et al., 2022y Saini & Sharma, 2022, Sachin et al., 2020, Amalou et al.,
2022, Ma et al., 2019, Wang et al., 2020).

AAd BHpITIEHHA AaHOI 3aAaul 3a3Bmvail BukopucToByeTbesd RINN-apxitexrtypa, fka
0asyeTbCid Ha THIIOBIM IHMKAIMHIA CXeMi, IO HAAa€ BIAIIOBIAHHM HEHPOMEPEKEBUIMU
AATOPUTMAM IIEPEBATH IIPH POOOTI 3 YACOBUMHU IIOCAIAOBHOCTAMH. BoAHOdYAC, 3HAYHOIO
IIEPEBArOI0 3a3HAYECHOI APXITEKTYPH € IIPOCTOTA OPTAHI3AIA IIPOIECY HaBYAHHA, IO €
ITOAIOHOIO AO HaBYAHHA 0A30BOI MOAECAIL IIEPLICIITPOHY 1 3AIICHIOETHCA 32 METOAOM 3BOPOTHOTO
posnoBcroaxennsa noxuOku (EBP: Error Backpropagation) — 1me A03BOAf€ 3MEHIIHATH
HABAHTAKCHHA Ha OOYHCAIOBAABHHI PECypC Ta 9ac OOPOOKH BXIAHHMX AAHUX IIPH POOOTI y
pexmmi  maBganpA. Ocobawmsicts  poborm  apxitektypm  RNN 3 mocaiproBHOCTAMEI
IIPEACTABACHIMH Y BUTAAAL YACOBUX PAAIB IIOAATAE ¥ TOMY, IO IIOKA3HUK IPAAIEHTA 3aACKUTD
BIA PO3PAXYHKIB, II[0 OYAM BHKOHAHI Ha BCIX €TAIlaX HABYAHHSA, TOOTO y IIPOIEC] HABYAHHSA
po3paxoByeTbes cyma rpaaienTis. Takum unnom, EBP posmmproersca AO METOAY 0OepHEHOTO
po3oBCIOAKEeHHA ITOMHAKH Kpi3b uac (EBP-TT: Error Backpropagation Through Time), 1o
IIPU3BOAHTH AO AOAATKOBOTO HABAHTAKEHHA Ha OOYNCAIOBAABHII PECYPC, 3HAUYECHHA AKOTO MA€

OyTH BpaxOBaHO IIPU OPraHi3ariii CHCTEMH MaIlIMHHOIO aHAAI3Y.

Ornrrumisanis cuCTeMH IIPOrHO3YBAaHHA PiBHA €HEProCIIO’KUBAHHA HA OCHOBI
apXiTEeKTypHU PEKypPEeHTHOI HelpoMeperki

[IpoBeacHnii  aHaAi3 IIOKasaB, IO  30IABINEHHA TOYHOCTI IIPOTHO3YBAHHA Y
KOPOTKOCTPOKOBIHl IIEPCHEKTHBI AAf HEHPOMEPEKEBUX AATOPUTMIB, IO 0Oasyerbcs Ha
apxitexktypi RNN momamBo mpu 3sacrocyBanHi LSTM-MOAyAIB, AKI IIPEACTABAAIOTBCA fAK
AOAQTKOBI IIaApU HEAPOHIB GAa30BOI aPXITEKTYPH, IO 30€PIrafOTh 3HAYEHHA AK AAA KOPOTKHUX,
TaK 1 AOBrUX HIPOMIKKIB wacy. XapakrepHo, 1o y LSTM-MOAyAfix He BHKOPHCTOBYIOTHCH
yHKIl aKTHBAIII PEKYPEHTHUX KOMIIOHEHTIB, 4 OT/KE IPAAIEHT Y IIPOLIEC] HABYAHHS HE 3HUKAE
npu Bukopucranui Metoay EBP-TT, mo posrafsascs y momepeAHbOMy INAPO3AiAL. Taxum

YHMHOM HEHPOMEPEHKEBHI aATOpPUTM, IO Oasyerbca Ha apxitektypi RNN-LSTM 6iabmr
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epeKTUBHO BHAIAAE HYACOBI XaPAKTEPUCTHKH ITOTOKOBHUX AAHHUX, IO ITOCTYIIAIOTH Ha BXIA
CHCTEMH MAIIMHHOIO aHAAi3y. AAe HIpH IbOMY, AK OYAO BKA3aHO BHIIE, 30IABIIYETHCH
HABAHTAKEHHA Ha OOYMCAIOBAABHHI PECYPC armapaTHO-IPOrPaMHOI IAaT(OPMU BIAIIOBIAHO
301ABIIICHHSA KIABKOCTI HEHPOHIB BIAHOCHO AOBKIHI OAHOTO OAOKY BXIAHOI ITOCAIAOBHOCTI, IO
INAAATAE MAIITMHHOMY aHAAl3y. Y CBOXO UePIy BKAIOUEHH: y 0a30By apxitekrypy MoAyAiB GRU
MOKHA POo3ragpaTu Ak MoAudikariro RNN-LSTM, 1110 mpoBOAUTBCA 3 METOIO CIIPOIIEHHSA
3araAbHOI CTPYKTYPH dYepe3 3MEHIIEHHA KIABKOCTI HeHpoHiB (Pugynox 2) Ta xaHAAIB TIepeAadi
AAHUX IIPO 3aTaAbHHN cTaH. BiarmoBiaao 3a3uauenoro miaxoay Ha Bxia RNN-GRU noaarorses
Ta BUXIAHI 3HAYEHHSA 32 AKIMH 3TIAHO 0OpaHOi (PyHKIII akTUBAIll OOYHCAFOETHCA BEKTOP By3Aa
ckupaaaa (RGV: Reset Gate Vector) sik modaTkoBuii BUOIp HOBOTO BHUXIAHOIO 3HAYEHHS, 4
Takok BekTop Bysaa yrouneHHs (UGV: Update Gate Vector). Bekropu RGV i1 UGV
dopmMyrOoTH HAOIP BEHTHAIB AA BUOOPY AKTYaABHOTO 3HAYEHHSA 3 METOIO OOYNCACHHSA BEKTOPY
BHXOAY.

Baskamso 3asuaunTn, mo MoAyAl RGV ta UGV mMoxyTh OyTH BUKOPHUCTAHHI HE TIABKH AAS
6asosoi apxitexkrypu RNN, are i AAfl apXITEKTYPH ABOHAIIPABACHOI PEKYPEHTHOI HEHPOHHOL
mepexxi (BRNN: Bidirectional Recurrent Neural Network), y pamxax skoi 3'eAHyroTscs y
IIPOTHAEKHUX HAIIPAMKAX ABA IIPUXOBAHUX IIAPH, II[O MAIOTh OAUH BXIA.

Takum gunom, Ha BuxiaHuil map BRNN norpamase indopmariia fK IOIEPEAHIX, TaK 1
MaHOYTHIX CTaHIB OAHOYACHO, 2 OTKe BXiAHA IH(OpMAITid Tpo MarOyTHI cTann y pamkax BRNN
OTPUMYETHCA 3 TIOTOYHOIO CTaHy. Lle MOKHA pO3rafAaTh AK BUAIACHHSA KOHTEKCTY 3 9aCOBOTO
PAAY ITOCAIAOBHOCTI BXIAHHUX AQHHX. TakK, IPH IIPOTHO3YBAHHI €HEPIOCIIOKHUBAHHA HA PIBHI
BRNN crcremMoro MaImmHHOTO aHAAI3Y KOKEH CTAH PO3TAAAAETHCA AK HACAIAOK ITOIIEPEAHBOTO
CTaHy T2 IPUYHHA HACTYIIHOIO CTaHY, IO TEOPETHYIHO MOKE CYTTEBO 30IABIIHUTH TOYHICTH
IIPOTHO3YBAHHA.

Sk OyAo BKaszaHO BHIIE OIIHKA HABAHTAKEHHA HAa OOYHCAIOBAABHUI Pecypc Ha 0a30BOMY
PIBHI OIIIHIOETHCA Yepe3 KIABKICTh HEHPOHIB Y HEPOMEPEKEBIH apXITEKTYPl Y BIAIIOBIAHOCTI AO
KIABKOCTI €AEMEHTIB BXIAHOI 1TocAipoBHOCTI N. V CBOXO Yepry TOYHICTH IIPOTHO3YBAHHS MOJKE
Oyrm BH3HAYEHA YEpPE3 PO3PAXYHOK ITOXHOKH. Y  IIPEACTABACHHUX  AOCAIAKEHHAX
PO3PaxXOBYBAAUCH TaKi ITOKA3HHKH fAK cepeAHs abcoAarorHa moxubka Apap (MAE: Mean
Absolute Etror), cepeans abcoarorna nporentHa nmoxubka 8y spr (MAPE: Mean Absolute
Percentage Error) i cepearpokBaspatrana oxuoka Appysp (RMSE: Root Mean Square Error),
a TakoXkK 1l KBaApar. AHAAI3 Cy9aCHHX NyOAIKarliii HIPHUCBAYEHHX KOPOTKOCTPOKOBOMY Ta
CEPEAHBOCTPOKOBOMY  IIPOIHO3YBAHHIO  PIBHA  EHEPIOCIIOKUBAHHA 32  AOIIOMOIOO
HelipoMmepexeBUX aAropuTMiB apxiTekTypu RNN 1oxasas, 1m0 3aAeKHOCTI AAf ITHX ITOKA3HUKIB
€ moAioHmME. ToMy y paMKax AAHOIO AOCAIAKEHHS 33 BIAKPHTHMH CTATUCTHYHIME AAHUMU
(Sobociriska, 2022; StoSovic et al., 2022) OyAO PO3TASHYTO 3AACKHICTD 3HAYEHHA CEPEAHBOL
aDCOAFOTHOI IIPOIIEHTHOI OXUOKHU BiA 9acCy fAK IIABOBY (DYHKIIIO TOYHOCTI IIPOIHO3YBAHHS
(Pucyrox 3; Pucynox 4).

Pesyaprary IpOrHO3yBaHHA IIOTOYHUX AAHUX HEHPOMEPEKEBUMH AATOPUTMAMU HA
ocHoBi apxitekTypu RNN OyA0 IIpOBEACHO AASl 3UMOBOIO CE30HY, KOAU €ACKTPOCIIOKHUBAHHS
1, BIAIIOBIAHO, aDCOAIOTHA IIOXHOKAa y HOIO IIPOTHO3YBaHHI € HAHOIABIIMMHU. 3IIAHO 3
pesyAbTATAMU ~ IIPOTHO3YBaHHA  HAHOIABIN  e(EKTHBHO  PIBEHb  CHEPIOCIIOKHBAHHA

EAEKTPOEHEPIil IIPOrHO3YEThCA AAA CEPEAHBOCTPOKOBOI mepcrrekruBu (BiA 10 AiD), aae
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sacrocyBauus LSTM- (Pucyrox 3) ta GRU-moayais (Pucyrox 4) A03BOASIE 30IABIIIITH TOYHICTD
IIPOTHO3yBaHHA y Mexax 2-4 pasu. Bubip mix LSTM- ta GRU-MoAyAfIME IIpH IBOMY IIIAKOM
3AACKHTD BiA BUOOPY MEXK IOPH30HTY IPOTHO3YBaHHA. ByAO 3a3HaYEHO, IO BIIPOBAAKCHHA
ABoHarpaBAeHol apxiTektypu RNN Takok Hapae MOMKAUBICTD 3MEHIIIUTH 3HAYCHHA ITOXHOKH
IIPOTHO3YBAHHA AAA CEPEAHBOCTPOKOBOIO IIPOTrHO3yBaHHsA IIpu BUkopuctanai LSTM-MoAyAiB

1 AAL KOPOTKO- 1 CEPEAHBOCTPOKOBOTO Iporuosysanus mpu Bukopucranui GRU-moayAis.

BucnoBku

V' pesyabrari IPOBEAEHOTO  AOCAIAKEHHA OYAO  IIPOAHAAI30BAHO  OCOOAHMBOCTI
3aCTOCYBAHHA HEHPOMEPEKEBUX AATOPHUTMIB IIPH ITOOYAOBI CHCTEMH MAIIIMHHOIO aHAAI3y,
IIPOTHO3YBAHHA Ta aBTOMATH30BAHOTO KOHTPOAIO IH(PACTPYKTYPH eAeKTpoMepeki. 3okpema
OYAO PO3STAAHYTO Taki IIAXOAM OpraHisamii HEHpOMepeKeBOI apXITEKTypH fK PEKypEeHTHa
HeHpOMepeKa, MOACAL Ha OCHOBI AOBIOf KOPOTKOYACHOI IIaM’ATi 1 PEKYPEHTHUX BEHTHABHUX
BY3AIB, a4 TaKO MOACAI YaCOBUX PSAAIB, II[O Oa3yIOTHCA HA BHU3HAYEHHI aBTOPEIPECIHOTrO
IHTErpOBAHOTIO KOB3HOI'O CEPEAHBOTO.

[Tpu mpOMY y paMKax AOCAIAKEHHA OYAO PO3POOAEHO:
—  METOAMKY OpTraHi3aiii CHCTEMH IIPOTHO3YBAHHA PIBHA EACKTPOCIIOMKHBAHHA Y PEKHMI

PEAABHOTO 4acy, 110 0a3yeThCA Ha HEHPOMEPEKEBUX Ta IPOTPAMHHUX AATOPUTMAX;
— METOAHMKY OHIHKHA e(EeKTUBHOCTI HEHPOMEPEKEBOI MOAEAL BIAIIOBIAHO ~TOYHOCTI

IIPOTHO3YBAHHA 32 3HAYCHHAM IIOXHOKHI Ta HABAHTAKEHHA HAa OOYHCAIOBAABHUI PECypPC;
— MeropoaoridHl pekomeHAarii mo 3actocyBamai LSTM- T1a GRU-moayaiB, a Takox

ABOHAITPABACHOI apXITEKTypH IIPH ajamTaiii Herpomepexesoi apxitektypu RNN Ao

3aAad9i IIPOTHO3YBAHHA PIBHA CHEPrOCIOKUBAHHA €ACKTPOCHEPTII.
; e
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Year of futurism: Who and how will move the science of the future

Abstract: Today, wotld science is in a paradoxical position. On the one hand, the word “science” itself
constantly, out of place and out of place, is heard in the mouths of politicians, journalists, entrepreneurs
and even scientists themselves. Today, even religious sectarians, in addition to using modern means of
communication, they often call their “teachings” as “scientific”. On the other hand, it is hard to deny
that since the 1970s there were no fundamental breakthrough directions in world science. In essence,
everything that is considered “the latest achievement”, “the most advanced technology”, was developed,
first as experimental developments, then as separate copies, and then as mass production for the mass
consumer, was created back in the 19t and first half of the 20t century. The study subject was the
historical evolution of scientific thought. The study object was the scientific environment and scientific
thought in the time frame. The study purpose was to search for patterns in the development of scientific
thought in the regional and historical aspect. To achieve the study purpose and solve the tasks, historical,
comparative, and logical methods were used. In the study course, the author used the works of foreign
and Russian researchers, scientists, politicians and philosophers. The author concludes that the crisis of
world science is a crisis of Western science. For many reasons, the countries of the modern West are in
a state of gradual, but increasingly visible retreat from the leading positions in science and technology.
Today, the countries of the global East are less and less dependent on Western technologies and are
gradually beginning to take the vanguard positions in the world science of the post-Western world in the
middle of the 215t century.
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T'oa dyTypHu3ma: KTO ¥ Kak ABUHET HAyKy OyAyILIEro

Awnnomayus: B narmu AHu MEPOBas HayKa HAXOAUTCA B TAPAAOKCAABHOM ITOAOxeHuU. C OAHOI CTOPOHBI,
€aMO 10 cebe CAOBO «HAYKa» IIOCTOAHHO, K MECTY H HE MECTY, 3BYUHT B YCTAX IIOAUTHKOB, ’KYPHAAHUCTOB,
IIPEAIPUHUMATEACH B A2Ke caMuX ydeHbIX. CeroAHs AaKe PEAHIMO3HBIE CEKTAHTDHI, ITOMHMO
HCITOAB3OBAHHUA COBPEMEHHBIX CPEACTB KOMMYHHUKAITHI, YACTO CBOM «YICHHA» UMEHYFOT (HAYIHBIMID).
C Apyroii CTOPOHBL, TPYAHO OTPHIATH, 9TO ¢ 1970-X IT. HPHHIIMIIHAABHBIX IPOPBIBHBIX HAIPABACHUH
B MHPOBOI HayKe He IPOM30IITAO. B cymmHOCTH, BCe, ITO CIMTAETCA «CAMBIM ITOCACAHIM AOCTHKEHHEMY,
«CaMOH IIEPEAOBOI TEXHOAOIHUEH», OBIAO Pa3pabOTaHO, CHAYAAA KAK OIIBITHBIE PA3PaOOTKH, IIOTOM KaK
OTACABHBIE 3K3EMIIAAPBI, 4 ITOTOM KAK MaCCOBOE IIPOM3BOACTBO AAfl MACCOBOIO IIOTPEOHTEAA, OBIAO
cospano erme B XIX u mepsoit mososrHe XX Beka. IIpeAMeTOM MCCAEAOBAHUA CTAAO MCTOPHUYECKAS
3BOAFOLIUA HAYIHOM MBICAH. OOBEKTOM HCCAGAOBAHHUA OBIAA HAYYHAA CPEAd U HAyIHAA MBICAB BO
BpeMeHHOM KOHType. Lleabro mccaeaoBaHus OBIA IIONCK 3aKOHOMEPHOCTEH Pa3BUTHA HAYIHOH MBICAU
B PEIMOHAABHOM U UCTOPUYECKOM acIeKTe. AAf AOCTIDKEHUSA IIOCTABACHHOMN LIEAU U PEIIICHUSA 32Aa4 B
XOAE FICCACAOBAHUA HMCIIOAB30BAAWCH MCTOPHYECKHH, CPABHUTEABHBIN, AOTHIECKIIT METOABI. B xoae
HCCACAOBAHHA aBTOPOM OBIAM HCIIOAB30BAHBI TPYABI 3aPYOCKHBIX M POCCHHCKHX HCCACAOBATEAEH,
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Y"IéHbIX, IIOAUTHYCCKHUX ACHTCACfI "u @I/IAOCoq)OB. ABTOp HpI/IXOAI/IT K BBIBOAY, 9TO KPI/IBI/IC MHpOBOfI
HayK1 HpCACTaBAHCT coboit KpI/ISI/IC HNMCHHO 3aHaAHOfI HayKH. B CHUAY MHOTIHX HpI/I‘{I/IH CTpaHI)I
COBpCMCHHOFO SQHQAQ HAaXOAATCA B COCTOAHHUH ITOCTCIICHHOIO, HO BCC boAee SPHMOFO OTCTYIIACHUA C
IIEPCAOBBIX HOSHHHI;‘I B HAayKC M TCXHHKE. Ha CEIroAHA CTpaHbI TAOOAABHOTO BocTOoka Bce MeHBbIIe
3aBHCAT OT 3aITaAHBIX TEXHOAOIUI ¥ IIOCTEIIEHHO CAMU HAYMHAIOT BBIXOAUTDH HA aBaHrapAHbIe ITO3UITHUH

B MHPOBOIT HayKe ITOCT3aITAAHOIO MUpa cepeAnHbl X X1 Beka.

Koarouesie cr0a: Hayka, Oyayiuee, pyTypHUsM, HAyIHBIE OTKPBITHA, 9BOAIOIINA HAYKH.

Introduction

Today, world science is in a paradoxical position. On the one hand, the word “science”
itself constantly, out of place and out of place, is heard in the mouths of politicians, journalists,
entrepreneurs and even scientists themselves. Today, even religious sectarians, in addition to
using modern means of communication, they often call their “teachings” as “scientific”’. On the
other hand, it is hard to deny that since the 1970s there were no fundamental breakthrough
directions in world science. In essence, everything that is considered “the latest achievement”,
“the most advanced technology”, was developed, first as experimental developments, then as
separate copies, and then as mass production for the mass consumer, was created back in the
19th and the first half of the 20" century. century.

The study subject was the historical evolution of scientific thought.

The study object was the scientific environment and scientific thought in the time frame.

The study purpose was to search for patterns in the development of scientific thought in
the regional and historical aspect.

Based on the study purpose, the following tasks were set:
— analyse the development of science over the past 200 years in a geographical and temporal

context;
—  assess the trends in the development of world science at the present stage of development

of history;
—  characterise the peculiarities of the development of Soviet and Russian science.

To achieve the purpose and solve the tasks, historical, comparative, and logical methods
were used.

In the study course, the works of foreign and Russian researchers, scientists, politicians,

and philosophers were used.
The results of the study

1
The century before last was the time of the creation of the great universal, “classical”
sciences. Darwin’s theory was in biology, the periodic table was in chemistry, Marxism was in
in the social sciences, the development of Newton’s theory was in physics. It seemed that science
was about to explain everything, and at the same time that almost everything had already been

discovered. It is no coincidence that when the young Max Planck told his supervisor, Professor
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Philipp von Jolly, that he would like to study physics, he said: ““Young man, why are you ruining
yourselfl Everything is already open in physics” (S&harenko, n.d.). However, Planck turned out
to be stubborn, and seriously took up physics, becoming the creator of quantum theory.

Technological progress was even more revealing. To make it clear what changes have taken
place in the life of one generation, it should recall, e.g., Leo Tolstoy’s life. He lived from 1828
to 1910. When he saw the light, there were no railways in the world yet because, in fact, the first
railway, opened in London in 1825, was still experimental, and the regular movement of
passenger trains began in England in 1830. The shipping service had just begun. So far, there
were no “real” steamships, there were only sailing ships that also had a steam engine, and there
were several dozen more of them in the world. Mostly they traveled along the seas and rivers
under sail or on oars. There was no telegraph, no photography, no typewriters, no safety razors.
When Tolstoy’s life was approaching sunset, he could see the first planes and submarines with
his own eyes, he himself photographed, filmed by cameramen, and his voice was recorded on a
phonograph. Finally, the heroine of his work, Anna Karenina, threw herself under a steam
locomotive. In his younger years, Leo Tolstoy fought in the Caucasus, the exact maps of which
had not yet been drawn up, and by the time of his death there were no “blank spots” on the
entire globe.

In the 19" century, the word “scientist” began to mean not just an educated person, but a
professionally engaged in science. The “philosopher” concept began to mean just a scientist of
one of the branches of science. The world looked at the future with optimism, believing that
science can improve the life of all mankind for the better. If something impeded development,
then it was considered surmountable with the help of scientific methods of management. Even
war seemed to be a phenomenon that would soon disappear due to the improvement of human
morality, human fear of the threat of mass destruction, and also because of economic
inexpediency. So, in 1913, a book by the prominent British economist Norman Angell, The
Great Illusion, was published, dedicated to proving the impossibility of war between Germany
and Great Britain, since both of these countries are too dependent on each other in economy.
In August 1914, the 5th edition of this book was published.

However, even then there were skeptics, especially among science fiction writers, who drew
attention to that the development of technology did not at all improve human nature. An
indicator of technological progress was the emergence of a special genre — science fiction
literature. However, in other literary genres, the scientist appears as a literary character. It could
be either a comical absent-minded eccentric, or a gloomy maniac, a brilliant villain scientist who
tried to seize power over the world. Science fiction writers really foresaw a lot, and their
foresight was explained by the fact that they could give a qualified scientific forecast not only
thanks to their knowledge of technology and cold calculation, but also to the intuition of the

artist.

2
And yet, at the end of the 19" century, the crisis of the classical sciences began. It all started
with great discoveries in physics. There is a well-known ironic poem by Russian physicists,
dedicated to how a wonderful, almost completely known physics, suddenly became a collection

of inexplicable phenomena:
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This wotld was shrouded in darkness,

Let there be light! And here comes Newton.

But Satan did not wait long for revenge.

Einstein came, and everything was as before.

In fact, at the end of the century, one after another, great discoveries in physics went. In
1895, Wilhelm Roentgen discovered rays, which have since become known as x-rays. In 1896,
French physicist Henri Becquerel discovered that uranium salt lying next to a packaged
photographic plate caused it to turn black. The study of this penetrating uranium radiation,
together with Pierre and Marie Curie, led to the discovery of radioactivity. Thus began the
atomic era in human history. Soon, Joseph Thomson in 1897 discovered the electron and
measured the ratio of its charge to mass. In 1898, physicists Pierre and Maria Sklodowska-Curie,
while studying the mineral uraninite, recorded its too high level of radiation. Assuming the
presence of unknown more active substances in the mineral, scientists discovered two new
radioactive elements — polonium and radium. Ernest Rutherford discovered alpha and beta rays
in 1899. In 1900, the German physicist Max Planck (1858-1947) proposed a new (completely
inconsistent with classical concepts) approach: to consider the energy of electromagnetic
radiation as a discrete quantity that can be transmitted only in separate, albeit very small,
portions — quanta. On the basis of this ingenious conjecture, the scientist not only obtained the
equation for thermal radiation, but it formed the basis of quantum theory. In 1905, Albert
Einstein delivered three reports in which he refuted Newton’s theory of the time and space
immutability. Thus, the theory of relativity was born. Finally, in 1911 he developed his own so-
called planetary model. Until now, Rutherford’s model of the atom explains almost all the
experimental data obtained during experiments in atomic physics.

All these great discoveries, made over just a few years, caused a crisis in philosophy, since
the divisibility of the atom (recall that in Greek means “indivisible”) overturned the idea that all
matter consists, like bricks, of atoms. Now the matter seems to have disappeared. The result
was a revival of idealistic and completely irrationalistic ideas in philosophy, mysticism flourished
among the bohemian cultural figures and there was a “return” to religion.

Following this, in 1930, Paul Dirac put forward the antiparticle’s theory. In 1934, Irene and
Frédéric Joliot-Curie obtained artificial radioactivity. In 1939, the German physicist Otto Hahn
discovered the atom fission. Now the manufacture of an atomic bomb has become technically
possible.

Starting in physics, radical scientific discoveries that undermined classical scientific
concepts continued. In 1922, after analysing the system of 10 world equations of Einstein’s
general theory of relativity, the Russian scientist Alexander Aleksandrovich Fridman (1882-
1925) came to a fundamental conclusion about the expanding Universe (the so-called “Big
Bang” theory). He was the first to abandon the postulate of the stationarity of the Universe.

As a result of all these new scientific discoveries, the scientific picture of the world, which
was so clear and definite back in 1890, has disappeared. Now biology is not developing
according to Darwin, and the most significant discoveries of biology in the 20" century, such as
the discovery of DNA or cloning, can in no way be explained by Darwinism. Periodic table of

Mendeleev “does not work™ for two-dimensional space.
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3.

The First World War became an indicator of both the incredible growth of the scientific
and technological power of mankind, and the human mind limitations. The war sharply spurred
the development of science, first of all, applied research, which gives a quick practical result.
Note that the end of the First World War immediately caused preparations for the Second, then
the Second World War passed, and the Cold War began. All this was accompanied by rapid
scientific and technological growth. Unfortunately, in the 20" century, war remained the mother
of progress.

To illustrate the speed of the emergence of technical innovations, it can give the following
examples. In 1914, when the First World War broke out, in the belligerent states, cavalry with
sabers and pikes still made up a significant part of the troops, carrier pigeons were used for
communication, and radio communications were taking their first steps, there were several
dozen wooden planes in the warring countries. In 1945, three decades later, when World War
IT ended, nuclear weapons had already been used, the number of aircraft used by the participants
in the war was in the tens of thousands, there was worldwide radio broadcasting, and television
programmes were already being broadcast. Alas, this was technical progress and it could not
look differently in the then social, economic, political, and cultural conditions.

However, in the 1950s-70s, in conditions when the threat of a nuclear collision that
threatened the death of all mankind, the confrontation between the superpowers took on a
calmer character, the scientific and technological revolution (STR) unfolded in the world. In
fact, it is now that the vast theoretical knowledge of scientists has become available to the
majority of peaceful people. The second half of the last century gave rise to mass motorization,
when in the leading industrial countries, the number of private cars owned almost equaled the
number of inhabitants. Civil aviation has become something familiar to most of the inhabitants
of the planet. Television entered the life (and began to largely determine the life) of most of the
inhabitants of the Farth. Finally, at the end of the last century, the computer revolution that
continues to this day begins.

Nevertheless, it soon became clear that the rapid growth of material consumption caused
environmental problems. Back in the first half of the 20" century, scientists and politicians
talked a lot about the “conquest of nature”, poets sang chimney smoke over factories and big
city noise. Now humanity faces a real threat, along with the possibility of death in a nuclear war,

and the danger of suffocation in their own waste.

4.

After the 1989-91 fall of the socialist system, the West suddenly lost the enemy whose
confrontation was the source of the development of the Western system. The stagnation of
world science started in the 1970s gradually turned into a crisis. The crisis does not mean a
complete decline, and it is no coincidence that most scientists, as well as historians of science
and philosophers, believe that a new period in the history of science began — post-non-classical
— since the 1970s. The prefix “post” means the end of something old, but it is not yet possible
to speak of something new formulated. The characteristic features of post-non-classical science
are the widespread use of computers, the inability to solve a number of scientific problems

without the complex use of knowledge from various scientific disciplines, without taking into

A

113

N



account the place and role of man in the systems under study (Kokbanovsky et al., 2003, p. 140).
Since the objects of research are increasingly becoming systems that were impossible to
experiment with, the most important tool for research activities was mathematical modelling,
On the other hand, a mathematical model is not even an empirical fact. However, a clear
slowdown in scientific and technological progress has looked quite obvious since the 1970s.
However, in the 21st century, science has become the main productive force of human society.
Moreover, science has become a social activity.

Any human activity always sets a specific purpose, even if not formulated in the form of a
theory. Set the purpose for itself, humanity is developing all the possibilities, ways, rules,
methods, and means of achieving it. Knowledge is acquired by a person at any age and in all
types of activities, including study, social communication, politics, material production, art, and
everyday life. In science, the purpose of human activity is to increase previously acquired
knowledge. Thus, the main product of scientific activity is the acquisition of knowledge. It can
be said that science is at once the acquisition, production, and implementation of knowledge.

Science, as already noted, has firmly established itself in all spheres of society since the 19"
century. Moreover, over the past century and a half, science has not without reason laid claim
to the role of the main determinant of the suitability of certain standards of social life. The 19th-
century classical positivism philosophy generally proceeded from the fact that science and
scientific activity occupied the place in the life of society that had previously been occupied by
religion. The concepts of “scientific”, “advanced”, “progressive” have become necessary for the
promotion of any kind of product, political ideology and even, surprisingly at first glance, an
artistic product. Indeed, if advertising proclaims the emergence of a “new” trend in art, then
this trend and its creators can count on public recognition. Recall that a century ago, new areas
of art called themselves “avant-garde”, “modernist” (i.e., “modern”), opposing themselves to
the “obsolete” classics.

In almost all developed countries of the world, the main directions of scientific research
are directly organised and financed by governments. In some countries, spending on science,
excluding spending on education, is a very significant part of public spending. It is significant
that in Japan, according to the data of the Higher School of Economics, direct spending on
science is over 3% of the gross national product (Razay, 2017). Approximately the same share
of public spending on science was in the USSR in the 1960s, Yuri Gagarin’s time, space flights,
exploration of Antarctica and diving into the Mariana Trench. Spending on science has
increased significantly in Russia, and is growing rapidly in China, South Korea, and the United
States (Ratay, 2017).

Science as a social institution includes many hundreds of thousands of specially trained
scientists. There are even more teachers of educational institutions of various directions who
train these scientists in the world. Research workers have already become a prominent and
influential social group with their own corporate interests, which they are ready to defend by
various means, including political ones. At the same time, numerous technical personnel of
scientific institutions are associated with scientists — laboratory assistants, secretaries,
programmers, etc., up to cleaners and cloakroom attendants. As one can see, the positivists of

the century before last are not so far from the truth when they predicted that the scientific
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community would acquire the features of a social class claiming to be the leading force of
society.

At the beginning of the 21* century, the concept of the “creative class” really appeared,
first put forward by the American philosopher and sociologist Richard Florida (Surguladze,
2018). In his opinion, the main factor in the successful economic development of society in the
new century is the “creative” creative elite. Among the professions that representatives of the
creative class have, according to R. Florida, one can highlight journalists, including bloggers,
electronic media workers, and PR technology specialists, etc. In general, “creatives” are workers
based on knowledge of a high-tech economy that requires creative thinking and the ability to
solve problems in an unconventional way. However, since it has become fashionable to consider
oneself as belonging to the “creacliat” and, at the same time, heightened ambitions rather than
real creative abilities are more characteristic of representatives of this self-proclaimed class, in
Russia and in many other countries this word quickly acquired a negative contemptuous
connotation. Nevertheless, there is no doubt that it was creative individuals who have always
determined the development of mankind, and in modern conditions, the servants of science
become the driving forces of the existence of society.

A huge role in the development of creative personalities is played by the system of
specialists training. It is about the system. Science must constantly receive “fresh” scientific
personnel, otherwise stagnation in science and technology is inevitable. It is no coincidence that
after the Second World War, the American authorities in West Germany performed an
educational reform, largely doing away with the old, rather complex, but very effective German
education system. The calculation was made that the training of specialists in the “field of
everything” would not allow Germany to re-create a great science that could strengthen the

country and thereby challenge the United States.

5.

As, in 2023, “Nature”, the most authoritative scientific journal in the world, published since
1869 in the UK, on the pages of which almost all the major scientific discoveries of the last
century and a half were presented, reported that modern scientists have stopped making major
discoveries that can change the course of history. To explain if the innovativeness of science
decreases over time, the researchers studied 45 million scientific papers written since 1945, and
measured their impact five years after publication. By the impact, they understood the frequency
of citation in other articles and the level of innovation. It found that the work impact gradually
decreased in all fields: between 1945 and 2019, the dectrease in new research was 91.9% in the
social sciences and 100% in the physical sciences, and the last significant invention was the
Google page ranking algorithm, coined in 1999 and changed the way people use the Internet
(Major scientific discoveries. . ., 2023).

The journal researchers identified several reasons that could affect the slowdown in the
pace of innovation. The first is the narrowing of scientific fields, focusing only on a specific
area. Such an approach, according to experts, undoubtedly provides a deeper understanding of
specialization, but does not contribute to the breadth of views, since breakthroughs mainly
occurred when people relied on different knowledge from several sources. The second reason

is the modern research culture, which encourages scientists to worry more about the number of
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published articles than about their quality (Major scientific discoverzes. . ., 2023). Scientific criteria are
evaluated by citation rating. However, daring skeptics who refute established scientific ideas are
simply not published, and therefore not quoted. As a result, the scientific community remains
completely unaware of the very existence of new original scientific ideas. Scientific activity in
the West and in Russia in recent decades is most often reduced to the search for grants for those
studies that are in demand.

However, there are deeper reasons as well. There is a crisis of the scientific paradigm.
Scientists again, as in the early 20" century, found themselves in a situation where the old proven
methods of research do not work, and classical theories cannot explain anything. In addition,
there is strong skepticism among scientists themselves as to whether their work is beneficial to
humanity. After Hiroshima and Chernobyl, a kind of fear arose among not only scientists, but
also ordinary people before the development of science.

Nature journal’s scientists did not indicate another reason for the scientific and
technological stagnation that continues to this day, caused by the crisis of fundamental sciences.
Just from the beginning of the 1970s, the process of transferring entire industries to “warm”
countries having an abundance of raw materials, cheap labour in the absence of any trade unions
began.

Initially, this process was welcomed. It was believed that any “dirty” industrial production
would be transferred from Western countries, which would turn from the “workshops of the
world” into the “design bureau” of the world. Under the new economic conditions, some
countries will be turned into raw material quarry countries, where raw materials will be extracted,
and assembly shop countries, where these raw materials will be processed. The Western
countries reserved for themselves the role of design bureaus and scientific centers in which
science would develop.

However, real life was more complicated than logically verified theoretical schemes. As
production began to leave for China and the countries of Southeast Asia, the West suddenly
lost its creative possibilities. Production was gone and development was gone, too. As evidence,
the following example can be cited. In 1973-74, the only American orbital station “Skylab” was
operating. Considering its work unprofitable in a financial sense, the US authorities closed the
project to create orbital stations. Thousands of specialists were fired, training of new personnel
was stopped. However, already one decade later, the United States decided to return to creating
orbital stations. Nevertheless, it suddenly became clear that in just one decade the former
specialists had lost their qualifications, there were no young personnel, and the technical
documentation was outdated. Attempts to create a new station were unsuccessful, although
these attempts took many years and funds were spent that significantly exceeded the cost of
Skylab. The Americans had to finance the construction of the International Space Station (ISS),
based on Soviet developments used in the construction of the Salyut and Mir stations. Thus,
the slogan “cadres decide everything” fits perfectly with science.

It is still too early to talk about a complete suspension of technological progress. Progress
in Western countries has taken a one-sided direction because development occurs mainly only
in information and computer technologies. However, this development is unlikely to last long.
The quality of education in Western countries since the end of the last century began to decline

depressingly. The spread of functional illiteracy of the masses, when a person is able to read
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only signs and comics, the disappearance of the culture of reading and systemic thinking, the
general decline in the qualifications of people does not at all contribute not only to further
development, but in general to the preservation of the previous level of development of science.
The masses educated by social networks in modern conditions cannot even more or less
maintain the developed complex technical systems of the 20" century in order. The decline in
the mental and managerial qualities of the entire Western elite can no longer be denied. This is
a fact visible to all observers.

There is another reason for the crisis of modern Western science.

After the USSR and the socialist system collapse, the global market relations triumph led
to a significant reduction in spending on fundamental scientific research, which does not
promise quick profits. The Western World used a simple scheme: if it needs to solve some
complex scientific problem, it could simply lure educated emigrants, who were always ready to
sell the long-term achievements of colleagues from their country for a small amount, into its
laboratories and universities. In 1930-40s century, the United States very effectively used the
German science achievements, using the knowledge of emigrants from Germany. In the second
half of the 20" century, the United States managed to lure tens of thousands of scientists from
Western European countries. However, the United States and also some other Western
countries did a particularly large harvest of foreign brains after the USSR collapse.

However, it was precisely this circumstance that led to the fact that in the United States
and other Western countries they stopped developing the education system. Indeed, why spend
huge sums of money for long-term training of a specialist if he can be hired cheaply abroad?
For several decades now, in modern Western countries, they have been intensively introducing
an education system that trains only simple performers who do not ask complex philosophical
questions. However, this does not in any way contribute to the development of the type of
scientists who “move” science. As a result, Western countries have largely undermined their
own education system, and suddenly found out that all the cream from foreign science has
already been skimmed off and there is nowhere else to recruit foreign specialists. It turned out
such a phenomenon, not uncommon in the history of science, as the presence of remarkable
scientific discoveries made by foreigners, which cannot be implemented in their own country
due to the lack of their own specialists. All this could not but cause a crisis in Western science.

It should clarify that the crisis of Western science is been taken. A number of non-Western
countries, such as China, India, Iran, Saudi Arabia on the contrary, are rapidly developing their
science. Already, China is able to produce scientific research that has become inaccessible to
most scientific research institutions in the West. However, for the time being, it would be

premature to talk about a complete transfer of scientific development to these countries.

6.

Is there any national feature in the development of world science, based on which
researcher can more or less logically determine the countries that will be leaders in scientific
progress in the coming decades? This question can be answered in the affirmative.

In different historical epochs and different countries there are peculiarities of scientific
knowledge. This is not at all due to differences between different nations and races. It is also

impossible to exaggerate in the development of science in the country the features of its socio-
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economic system and political regime. There is such a thing as the “spirit of the people”. This
is not a metaphysical concept. This is the name of the most characteristic features of the people,
which are expressed in their culture and language. At the same time, the “spirit of the people”
is often aimed at understanding the meaning of their existence, at fulfilling a certain mission in
the world. Systematised generalisation of national self-consciousness and awareness of this
mission is called “national idea”.

As an individual thinks about what he lives in this world for, what he can get from this
world and what he can give him, so nations think about their idea, their path and their mission
on their home planet. Naturally, each nation has its own national idea. Of course, in different
historical eras and national ideas can change. Most often, the national idea can be expressed in
a simple slogan. Thus, the ancient Romans expressed their idea in the Pax Romana concept
(“Roman world”). It meant a social and political order that united the entire known then
inhabited world into a single state with common laws and a single authority, which ended all
wars (Lebedeva, 2016). Another Roman concept of Rome was the word “greatness”, or
“maiestas” in Latin, an attribute of the greatness of the gods of the Roman people, or “maiestas
populi” in Latin, and its rulers. Throughout all stages of the history of Rome, for showing
disrespect to them, i.e., “insult to majesty”, or “crimen laesae maiestatis” in Latin, was supposed
to be the death penalty. A single and indivisible power (“Imperium”), according to Roman ideas,
together with the “maiestas” belonged to one people, who exercised this power in elections, in
legislation, in the supreme court, in deciding war and peace. This is where the “empire” concept
comes from. And it was the concepts of “Roman peace” and “greatness” that inspired the
Roman centurions to move with their legionnaires deep into Britain, or the Sahara, creating an
empire.

Rome did not fall after several centuries of decline because the barbarians “suddenly”
became strong. The primordial Roman qualities that made this people the creator of the state
simply disappeared. Pax Romana was replaced by another — “panem et circenses”, i.e., “bread
and circuses”! As the Roman poet Decimus Juvenal wrote at the beginning of the 2™ century:
“Rome that once / Distributed everything: legions, and power, and bunches of lictors, / Now
is restrained and only dreams of two things: / Bread and circuses!” (Satire 10, 2007). The great
state idea disappeared, replaced by state social security, therefore, the Romans with their
customs also disappeared, and Rome perished (Lebedeva, 2076).

The national idea of Spain had its own unique features. For 800 years (from 711 to 1492),
the Christian states of the Iberian Peninsula fought against the Moors (Muslims). It is difficult
to find examples of such persistence in the defense of one’s native country in world history.
Perhaps only the struggle of Rus against the nomads of the Wild Field, and even the resistance
of the Montenegrins to the Turkish conquest, can be compared with the Spanish feat (Lebeder,
2000). In this struggle, the national idea of Spain was formed, consisting in the Reconquista, i.e.,
the “reconquest” of the former Christian lands.

During the Reconquista, not only a single state was finally formed, but also the nation itself
with its unique cultural features and the very national character of the Spaniards (Lebeder, 20006).
The 16™ centuty in world history was the Spanish century. It is no exaggeration to say that at
that time Spain ruled half the world. It was the Spanish king, aka the German emperor, Charles
V, looking at the globe with joy, found out that the sun did not set over his possessions. It was
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the Spanish ships under the command of F. Magellan who were the first in the world to
circumnavigate the globe. In the western hemisphere, after the discoveries of Columbus, the
Spanish conquistadors, the total number of which did not exceed five thousand people,
conquered and mastered all of present-day Latin America, as well as about half of the current
United States, in just a few decades. The Spaniards also took possession of vast territories of
North Africa and ruled in the Mediterranean. The Spaniards penetrated into southeast Asia,
conquering the Philippines and starting trade with China. In Europe, the Spaniards in the 16"
century ruled most of Italy, the Netherlands. In addition, the Spanish king was also Emperor of
Germany, i.e., the “Holy Roman Empire” or First Reich. Finally, in 1580-1640, Spain was united
with Portugal through a dynastic union. As a result, the Spanish (and at the same time
Portuguese) king also controlled vast Portuguese possessions — Brazil, Angola, Mozambique,
Ceylon, Indonesia, Malaysia, Formosa (Taiwan), and a number of cities in India (Lebeder, 2000).
The political flowering of Spain coincided with the flowering of culture. However, this century
was fleeting and soon gave way to the three hundred years of the decline of Spain, which
gradually rolled down to the position of a second-rate country.

The national idea of Great Britain is expressed in the slogan, which arose based on the two-
line refrain of a patriotic song “Rule the waves” of 1740: “Rule, Britannia! Rule the waves:
Britons never shall be slaves”. Through a variety of methods, including piracy, the slave trade
and the drug trade, the British brought about the Industrial Revolution (Lebedeva, 2016). In the
mid-19" century, England was the “workshop of the world” and accounted for about 50% of
the world’s industrial production. The English military and merchant fleet dominated all seas
and sailed across all latitudes. All this made England the mistress of the seas. British goods from
sewing needles to steel ships were sold all over the world. English scouts, sailors, pirates,
missionaries, merchants, and soldiers operated on all seas and all continents. Using their
technological advantage, the British created by conquest the largest colonial empire in history,
covering a quarter of the globe. The English way of life was irresistible to many young
Europeans, as well as to the English-educated non-Europeans in the colonies. The British
pound sterling was the main world currency. English has spread across all continents (Lebeder,
2007). It was in England back in 1660 that the Royal Society of London for Improving Natural
Knowledge was created, an association of scientists engaged in applied research that exists to
this day, which can be proven through experiments and experiments. It is no coincidence that
the motto of the Society is the Latin phrase “nullius in verba”. In world science, the British were
represented by many names. Scientists in English laboratories made a huge number of great
scientific discoveries.

However, as the collapse of the British Empire and the transformation of Great Britain
from a superpower into a wealthy, but far from the dominant country in the world, the very
concept of “British scientists” acquired an ironic connotation. In post-imperial England,
spending on science was sharply reduced, a very large number of scientists from the British Isles
moved to the United States. Interestingly, the “brain drain” concept was first used to describe
the emigration of scientists from the UK in the 1960s, when statisticians found that the annual
number of emigrating scientists is equal to the annual graduates of all British universities. As a

result, directly at home, English scientists began to deal with all sorts of minor topics. As a
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result, the meme “British scientists” appeared to refer to scientists engaged in scientific research,
which can be considered absurd.

France has experienced several national ideas. In the Middle Ages, France was considered
“the eldest daughter of the Catholic Church”. Most of the participants in the Crusades came
from France. Many prominent medieval philosophers, theologians, and popes of Rome were
French by birth. During the 1789-1794 French Revolution, the national idea of France was the
triad “Liberté, Ega]jté, Fraternité”. Administrative buildings in France are still decorated with
this motto. President de Gaulle, having come to power in 1958, during a period of severe crisis
and the collapse of the colonial empire, spoke of his program in the following way: “France has
a global responsibility. This is my whole philosophy” (Gazulle, 2003). The goal of his reign was
to restore the “greatness of France” through an independent foreign policy. In the words of de
Gaulle, “France devoid of greatness ceases to be France” (Gaulle, 2003). However, the France
of the century is an ordinary well-fed and self-satisfied country in which 45% of the population
is non-French, devoid of a national idea and historical prospects.

According to A. Blok, in Germany, the “gloomy German genius” was expressed in the
“Song of the Germans”, better known by the first line — “Germany, Germany is above
everything / above everything in the world” (“Deutschland, Deutschland tber alles, tiber alles
in der Welt”). Germany, having overestimated its strength, twice in the 20" century tried to
become “above everything in the world”, to conquer the whole world. In both cases, the result
was a complete military rout. One must pay tribute to the German national qualities — discipline,
diligence, organisation, striving for education, and respect for scientists. Thanks to these
qualities, the Germans managed to raise their country from the ruins after 1945. In the future,
Germany managed to overcome the split, uniting into one state. However, now Germany does
not have any inspiring idea, and it cannot offer any idea to the world. Thank God, they do not
want to fight anymore. Even in the German military units in Afghanistan, most soldiers are
Albanian mercenaries from Kosovo. Germany no longer thinks about “living space” in the Fast,
as it itself is slowly turning into a living space for hundreds of thousands of immigrants and
refugees from all over the world (Iebedeva, 2016).

In the United States, due to the historical development of the country, the “American
Exceptionalism” concept has become widespread. From the point of view of many Americans,
their country is superior to all other peoples and countries due to financial, military and cultural
power. The belief in its superiority over all countries and peoples has become an integral part
of the American identity. The life ideals of US citizens have been called the “American Dream”.
Americans have a very high opinion of the role of their country in the world — America is a
“Shining City on a Hill”, proudly towering over suffering humanity President R. Reagan (1981-
1989) in one of his speeches even called America “the last and best hope of mankind”. Few
Americans questioned this categorical statement. In addition to their stable political institutions
and constitutions that have not changed for over 200 years, for Americans, a pride source is
also the impact on the world of popular culture. It is no coincidence that American national
heroes, for the most part, have become characters created in Hollywood. The Americans are
also proud of their scientific and technological achievements (it is no coincidence that the
United States reacted so painfully to the Soviet satellite). However, as the “melting pot” that

mixed immigrants from different countries into one nation stopped working, and
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multiculturalism replaced it (a policy aimed at preserving and developing cultural differences in
a single country and in the world as a whole), the nation became fall apart. As a result, American
society has become a collection of minorities — racial, ethnic, confessional, and so on. sexual
inclusive. After that, only a single citizenship and economic system (“the patriotism of the
dollar”) began to unite Americans. The display of patriotism in the United States often comes
down to such beautiful symbolic acts as the permanent display of the Stars and Stripes and the
singing of the national anthem. These activities have become so ritualistic that they increasingly
resemble the routine of religious worship. All this is quite suitable for a country founded by
immigrants who often did not know English and the history of the United States, but by
constantly flying the flag they showed that they are real Americans (Lebedeva, 2016).

In the past, Russian people have never liked to express patriotic feelings with arrogant
words about the greatness of the country, theatrical gestures such as raising flags and constantly
singing the anthem. The great Russian teacher Vasily Sukhomlinsky wrote: “Patriotism is the
most bashful and delicate feeling. Take care of the holy words, do not shout about love for the
Motherland at all crossroads. It is better to work silently for the sake of her good and power.
(Pushkareva, 2012).

The Russian national idea began to take shape during the period of overcoming the Horde
yoke and the formation of a centralized Moscow state in the 15" century. This time coincided
with the death of Byzantium. The fall of Byzantium in 1453 produced a huge shock for the then
Russian people. Russia remained the only independent Orthodox country in the world. All other
Orthodox countries were dominated by “Latins” (Catholics) and “Hagarians” (Muslims). The
awareness of their country as the last stronghold of Orthodoxy in the world left an indelible
imprint on the thought and deeds of all Russian people of that era. At the same time, the very
rise of the Moscow kingdom, from the point of view of the people of that era, became possible
precisely thanks to firmness in religious matters. Moscow has now replaced both the old Rome,
in which the popes placed themselves above the whole Church, and the receding
Constantinople. The learned monk from Pskov Philotheus wrote about 1510 in his letters to
Vasily III: “... As if the whole Christian kingdom had come to the end and descended into the
one kingdom of our sovereign, according to the prophetic books, that is, the Romean kingdom.
Two ubo Romes fell, and the third stands, and the fourth will not be” (Gutsulyak, 2015).

As one can see, “Holy Rus” and “Third Rome” are the basic concepts of the Russian
national idea in the 15-17" centuries, up to the Petrine era. It should note that England has the
epithet “Old Marry England”, France is “La belle France”, and Italy is called “Dolce Italia”. Rus
was Holy. This denotes the most important moral and ethical ideal for a Russian person, which
must be striven for. The ideal promises neither the comforts of life, nor bright beauty, nor
sweetness. And of course, the very concept of “Holy Rus” did not mean that Rus should be
“above everything”. Therefore, the ideal of Holy Rus was, not to bring some great truth to other

peoples, but to save it ourselves. (Lebedeva, 2016).

7.
What is the relation of the metaphysical concepts of “folk spirit” and “national idea” to
science and culture? They are most directly related. In fact, the reality is the national character

of each people, but it has an impact on the national style of philosophising and artistic creativity.

A

121

N



The national cultural code is already laid down in the collective consciousness and even the
subconscious of the nation. Was it by chance that the rough, clear outlines of the helmets of the
German knights of the Teutonic Order were so similar to the outlines of the German tank
turrets of World War II?

The national idea inspires deeds, great or small, noble or vile; character determines the
characteristics of scientific thought. Along with individual philosophising, there is also a national
version of philosophising, which completely coincides with the national style of scientific
thinking. Indeed, although philosophy makes extensive use of abstractions, it nevertheless has
a pronounced “national face”. And philosophy also remains national, even if the philosopher
tries to be “above” the problems of his country and people, e.g., when he speaks about the
problems of cognition or the natural science concepts. Already by the way he speaks, one can
understand what creative heritage one relies on, what philosophical tradition he belongs to. In
essence, the origin of the philosopher can be determined by the nature of the presentation of
philosophical thoughts.

The ancient Romans were quite practical people. Roman philosophy was only interested in
such topics as the state, the citizen, the best state system. It was in Rome that law was created,
which in its main features underlies all modern legal systems. However, in art, the Romans
borrowed Greek designs. Note that most of the monuments of Greek sculpture that have come
down to our time are Roman copies. However, the Romans masterfully developed the Greek
cultural heritage they inherited. On an imperial scale, the Romans built roads, bridges,
aqueducts, many of which still function to his day. It is interesting that much of what is
considered the achievements of modern civilization in the field of comfort was known to the
Romans. Already a friend of Emperor Augustus, the famous patron of the arts, Gaius Cylnius
Maecenas built in Rome a bath with artificially heated water. The Roman state was a complete
welfare society, and with a mass culture.

Spain has brought to the world a great variety of works of art. Actually, the novel in its
classical literary form was created in Spain. Spain had a huge impact on the development of
theatrical art. Spanish painting, architecture, and music have always been successful. Spanish
philosophy also enjoyed enormous influence. The names of José Ortega y Gasset, Miguel de
Unamuno, Javier Subiri are among the most prominent thinkers in Europe. However, in science
and technologies, Spanish names are almost absent. And the reason is precisely in the
peculiarities of the national spirit. Science and industry have traditionally been underestimated
in Spain. The warrior and priest have always been considered higher than the scholars. At the
same time, in Spain and Latin America, scientists (Los Cientificos) meant in general all people
of intellectual professions. As a result, in the Catholic conservative country with strong
aristocratic prejudices, of which Don Quixote is a symbol, the dull bourgeois accumulation of
money and experimentation was despised. The outstanding philosopher Miguel de Unamuno
expressed the attitude of the Spaniards towards science in this way: “Yes, let them [other peoples
of Europe]| invent” (jQue inventen ellos!). And in our time, spending on science in Spain is five
times less than the European average.

The same qualities are inherent in the Latin American peoples, who also created great

national cultures, but are completely invisible in science.
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British philosophy and science have their own features. Even in the Middle Ages, the
originality of English thought was determined: an emphasis on theories of knowledge and dislike
for abstract theories. It is no coincidence that it was the Englishman William of Ockham who,
back in the 14" century, expressed the famous rule, which is still called “Occam’s Razor™:
“Entities should not be multiplied beyond necessity.” In 16th-century England, Francis Bacon
pioneered philosophical empiricism and proclaimed practice to be the criterion of truth. It is no
coincidence that British scientists are especially famous in natural and technical sciences. It is
also significant that it was England that became the birthplace of classical economics. The social
and political problems of the country led British thinkers to the development of the Theory of
the Social Contract — a theory that was not at all revolutionary in nature and aimed at resolving
the problems of society and the state through mutual compromises in England. It is significant
that it was in England that Thomas More wrote Utopia, the first work on a classless society.
However, in England they never tried to create a new society on the basis of a predetermined
speculative theory. Competition, struggle for existence, natural class inequality while striving to
smooth out contradictions within the existing system — these philosophical postulates had a
huge impact on all British thought. It is no coincidence that the Russian philosopher N. Ya.
Danilevsky noticed that the Theory of Darwinism could have arisen only in England (Lebedes,
2013).

Among the individual traits of an English scientist, one can highlight that he is almost
always a gentleman for whom science is just a hobby. It is no coincidence that British scientists
were famous for their dislike of theory, preferring to work in laboratories.

French scientists also made a huge contribution to the exact, natural and technical sciences.
Note that the very word “engineer” came to us from the French language, in which this word
“ingénieur” is the same root as the word “genius” (génie). French philosophers have always
been interested in the problems of man and society, and it is no coincidence that so many trends
in art and political theories came from France. French philosophers do not hide their political
predilections (engagement) and often speak on a wide variety of political and cultural issues.
The popularity of many French philosophers is often explained by their engagement, and only
then by their philosophical works. French scientists have also always been bold in their
judgments. At the same time, French scientists were not always distinguished by the pedantry
that is so characteristic of German scientists, which sometimes led to the loss of primacy by the
French in their own scientific schools. Finally, French scientists, like philosophers, were also
politically engaged. This, by the way, leads not only many scientists to the ranks of members of
various parties. It is known that the geographer Jacques Elise-Reclus was an anarchist, the
physicists Paul Langevin and Frederic Joliot-Curie were members of the French Communist
Party. Political activity brought many scientists problems. So, in 1793, during the French
Revolution, the famous astronomer was executed, and the first elected mayor of Paris, Jean-
Sylvain Bailly, in the next 1794, the physicist Antoine Lavoisier was executed on the guillotine.
The judge who sentenced him to death said: “The Republic does not need scientists” (Chernyak,
1989). In 1961, Jean Bastien-Thierry, one of the creators of French rocket technology, was shot
for participating in the assassination attempt on President de Gaulle. Similarly, political
engagement was shown by figures of French culture. The outstanding poets Louis Aragon and

Paul Eluard, the artist Pablo Picasso were communists. However, the great writers Louis-
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Ferdinand Celine and Pierre Drieux la Rochelle were politically fascists and collaborated with
the German occupiers during World War I1.

Germany since the Middle Ages, from the epoch of creating tower clocks and gunpowder,
has been the engine of European science. Among the main features of German science, which
allowed it to occupy a leading position in the world for several centuries, one can highlight a
special attitude towards work, science and education. This is largely a legacy of the spread of the
Lutheran religion. For Lutherans, work is not at all the fulfillment of an obligation, not the
earning of money, but a vocation (beruf), the fulfillment of a religious duty. True, in fairness it
should be noted that the German attitude to work includes the qualitative implementation of
all, including the most criminal orders of the authorities. The German scientific style, like
philosophy, is also thorough, pedantic and profound. German scientists have always gravitated
towards pure science, which, given their national character and adherence to “order” (Ordnung)
in everything, has led to significant advances in the fundamental sciences. True, the desire for
abstract theoties often led scientists to the fact that they were ready to serve science under any
government and in any country, if they were not prevented from working. In Germany, as early
as the 13™ century, tower clocks were created, and around 1445, Johannes Gutenberg created
movable type printing. The period from the mid-19" to the mid-20" centuries was the German
epoch in science generally. Most of the scientific theories and technical discoveries that have
changed the life of mankind over the past century and a half came from Germany. In this
country there was a very favorable atmosphere for doing science. There were universities with
a solid centuries-old history, which developed their own scientific schools. The prestige of a
scientist has always been on top.

German philosophy, represented by a wonderful constellation of names, is also
distinguished by its thoroughness, the desire to cover all aspects of being with thought, and
heaviness. German philosophers made several grandiose revolutions in the sphere of human
thought, affecting literally all aspects of the existence of nature and man. Kant, Hegel, Marx,
Nietzsche were neither rulers of peoples nor generals, but they changed the life of all mankind.
Another thing is that it was precisely the desire for grandiose theoretical systems that led
German philosophy to periodic crises, when it discovered that not all problems had been solved
at all. In addition, the ideological heritage of any thinker can always be interpreted in different
ways, as a result of which, when studying German philosophy, difficulties always arise in
interpreting various provisions and definitions.

In the United States, the national mentality was reflected in science and art especially
brightly. On the one hand, America, as a young country, not burdened by old traditions, was
initially open to the creation of all sorts of innovations. At the same time, the practicality of the
Americans also led to the fact that they gave the world a lot of things of practical value, be it a
Colt revolver, a Whitney cotton gin, an Elias Howe sewing machine, a Maxim machine gun.
Finally, the Americans have always been distinguished by their ability to quickly assess the
practical impact of an invention. So, the typewriter and the car were created in Europe, but only
in the USA Christopher Sholes made the typewriter mass, and Henry Ford turned the car from
a toy of the rich into a mass mode of transport. The personal computer was created in the
USSR, i.e., the Soviet inventor A.A. Gorokhov received a patent for a personal computer back

in 1968, but in the USA, it was Steve Jobs who was recognised as the founder of the era of
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communication technologies. At the same time, neither the personal computer itself, nor the
graphical interface, nor the computer mouse were created by Jobs. However, along with his
companion Stephen Wozniak, he created a successful, simple and user-friendly version of the
personal computer. Not only in business, but also in general when spreading an innovation,
simplicity, convenience and accessibility are sometimes more important than the invention itself.

And yet, it was precisely the emphasis on the practical benefits of the invention that
repeatedly led the United States to the fact that the fundamental sciences in this country were
never held in high esteem, and they were mainly engaged in by immigrant scientists. In the
United States, it has traditionally been common to treat scientists as funny eccentrics. There was
even the word “egghead” (egghead), denoting a distracted wise guy cut off from the real world.
In the 1940s and 1950s, a militant anti-intellectual atmosphere dominated the wealthy United
States. Scientists, especially if their discoveries did not promise immediate profit, were subjected
not only to ridicule, but also to accusations that their unnecessary research and experiments cost
the country too much literally, in dollars. Finally, it must be considered that those times were
McCarthyism epoch, ie., the fight against “anti-American activities”, which could include
literally everything that did not fit into generally accepted standards of behaviour.

In the American system of higher education, there has always been a very sharp disparity
between the universities for the elite, where Nobel laureates teach and all the conditions for
studying, and the many schools for the “ordinary” ones, whose curricula do not differ much
from those of secondary schools. In addition, very numerous educational institutions for various
ethnic, racial and confessional minorities had and have their own specifics in the United States.

The anti-intellectual atmosphere of the American hinterland with low spending on science
and education led to lower requirements for applicants and gave many indulgences during their
studies, as a result, sometimes university graduates could write their own name with spelling
errofrs.

On the other hand, a very specific type of “science” like “Hamburgelology” was created,
the teaching of which took place in specialised “universities” like Hamburger University.
Actually, these “universities” as corporate training centers for the restaurant business exist to
this day. Hamburger University programmes are recognised as institutions of higher and
secondary education in the US and the UK. University departments are open in Tokyo, London,
Sydney, Illinois, Munich, Sao Paulo, and Shanghai. Students receive education in various
specialties in the field of restaurant business management to work as restaurant directors, as well
as middle and senior managers in the company (The “Hanrburger University” ..., 2018). However,
it should agree, nevertheless, given the importance of training specialists in public catering, it
would be too bold to call their training a university course, and “hamburghology” a science.

An event that literally overnight changed the attitude of the American elite to the problems
of national education was the launch of the Soviet satellite on October 4, 1957 (Malkov et al.,
1987). The fact that the Russians were the first to explore space 12 years after World War II
was perceived in the US ruling circles as a direct consequence of the lag in education (Malkow et
al., 1987). Already on September 2, 1958, a special federal law was adopted, which directly
declared higher education to be the most important source of growth in the country’s military-
technical potential. This law initiated large-scale regular funding of higher education by the
tederal government (Malkov et al., 1987). After Gagarin’s flight to the United States, for the first
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time in history, they were forced to admit the weakness of their education system in comparison
with a foreign one, in this case the Soviet one. In the respectable American magazine “Time”
in the issue of November 17, 1961, a panic article “What Ivan Knows That Johnny Does Not”
appeared. In this article, the author, Professor A. Trace found that 45% of Soviet seventh-
graders who study English know English literature much better than their American peers. He
elaborated on the serious teaching of history in Russia (Trace, 1967). The American elite has
concluded, and the level of funding for education in the United States has skyrocketed. It should
note that even today Americans have a reputation as the most uneducated people among the
peoples of developed countries. In the United States, according to Gallup polls, about a third
believe that it is possible to influence the material world with the help of thought, about 40%
of Americans believe in ghosts, and 20% believe that in principle it is possible to talk with the
dead. (Why do people. .., 2016).

Basically, in the USA, the attitude towards science achievements reduces to the words:
“show how this thing works, and you do not have to explain why it works”. In the United States,
they are used to the fact that if a fundamental problem arises, then you can always hire scientists
abroad. Hence the attitude to the scientist. If a German scientist is a professor, a French one is
a politically active figure, an English one is a gentleman, then an American scientist is a
businessman producing a special kind of goods (Lebeder, 2074). For American leaders, the
attitude towards scientific activity remains pragmatic. So, after USSR collapse, the Americans,
having decided that the Russians were finished, and other countries could not resist America,
curtailed space research and many promising developments. The appearance in Russia at the
beginning of the 21* century of hypersonic aircraft and weapons systems that have no analogues
in the United States caused a panic in the West comparable to the appearance of the Soviet
satellite and the beginning of space flights.

In the arts, Americans have become masters of the application of various technical
innovations. It is known that Mark Twain wrote his novel “The Adventures of Huckleberry
Finn” on a typewriter. Americans immediately appreciated the importance of cinema, which
resulted in the emergence of Hollywood. This refers not only to a specific area of L.os Angeles,
but also the general name of the entire American entertainment industry. By the way, in terms
of the number of employees, Hollywood is one of the largest employers in the United States.
Americans often say (some with admiration, some with indignation) that America was created
by Hollywood. The heroes created by Hollywood have long been perceived both in the United
States and in the world as “their” national heroes. To a large extent, Hollywood characters define

American national identity.

8.

Is there a special Russian scientific style and culture of scientific activity? The outstanding
Russian physiologist Ivan Petrovich Pavlov (1849-1930), already at a respectable age, in 1918,
delivered a series of lectures entitled “On the Russian Mind”. Over the next century, no such
studies and comments appeared. It must be admitted that most of the strengths and weaknesses
of the “Russian mind”, i.e., the Russian national characteristics of scientific and cultural activity,

noticed by the great scientist, have hardly changed since that distant time.
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Pavlov noted, “What is the Russian mind to be seen in?”. Firstly, the scientific Russian
mind, participating in the development of Russian science... This mind is to some extent a
greenhouse, working in a special environment... This mind is a partial mind, relating to a very
small part people, and it could not characterise the entire national mind as a whole... Therefore,
it seems to me that I am right if I do not consider the scientific mind in the future. However,
then what kind of mind shall I engage in? Obviously, the mass, common life mind that
determines the fate of the people... what is worth talking about and characterising, what matters,
determining the essence of the future, this, of course, is the mind of the intelligentsia. And its
characterisation is interesting, its properties are important” (Pavlov, 2014).

Further, I.P. Pavlov noted, “The first property of the mind that I established is the extreme
concentration of thought, the desire of thought to think relentlessly, to keep on the issue that is
scheduled for resolution, to hold on for days, weeks, months, years, and otherwise, for the rest
of your life. How is the Russian mind in this respect? It seems to me that we are not inclined
towards concentration, we do not like it, we even have a negative attitude towards it...” (Pav/oy,
2014).

As proof of this characterisation, which is not very flattering for a domestic scientist, I. P.
Pavlov noted: “Let is take our disputes. They are characterised by extreme vagueness; we very
soon depart from the main theme. This is our feature ... A topic is put up for discussion, and at
first, usually and due to the fact that the task is difficult, there are no hunters to talk. However,
now one voice comes forward, and after that everyone already wants to talk, to talk without any
sense, without thinking carefully about the topic, without clarifying for themselves whether this
complicates the solution of the issue or speeds it up. There are endless lines that take up more
time than the main subject, and our conversations snowball. And, in the end, instead of a
solution, the issue becomes confusing...”” (Pavlov, 2014).

From this, I.P. Pavlov made the following conclusion, “Obviously, our recommending
features are not concentration, but onslaught, speed, raid. This, obviously, is what we consider
a sign of talent; painstaking and perseverance for us do not fit well with the idea of talent.
Meanwhile, for a real mind, this thoughtfulness, stopping at one subject is a normal thing...”
(Pavlov, 2014).

I.P. Pavlov said with regret, “The Russian mind is not tied to facts. He loves words more
and operates with them... Russian thought does not at all apply the criticism of the method, i.e.,
does not at all check the meaning of words, does not go behind the scenes of the word, does
not like to look at true reality ... We operate through general provisions, we do not want to know
either the measure or the number (Pavlov, 2014).

In fairness, in his speech, I.P. Pavlov himself also demonstrated some features of the
Russian mind — a tendency to self-criticism, bordering on self-flagellation. The result of such
self-criticism is so characteristic not only for scientists, but also, first of all, for state policy in
the field of science, the desire to follow the “world”, ie., Western, experience. Following
Western scientific trends has repeatedly led state leaders to underestimate Russia’s own
geopolitical, socio-economic, cultural, historical and other interests.

An indicator of a certain indifference to one’s own scientific achievement can be the
complete oblivion of many Russian scientific discoveries that remained unknown to historians.

The names of folk craftsmen who “by eye” created complex engineering structures are
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forgotten. For example, a lightning rod on the famous Nevyansk tower built in 1721-25 regularly
served a quarter of a century before it was discovered by academic science in the world.
Officially, the creation of a lightning rod dates back to 1752, when it was demonstrated to the
public by the famous American scientist and politician B. Franklin. In 1801. Russian serf Yefim
Artamonov created the world’s first pedal bicycle, on which he traveled from Nizhny Tagil to
Moscow. However, Artamonov remained almost unknown in Russia, and the Frenchmen
Michaud and Magi are considered the creators of the bicycle, who coined the word “vélocipede”
(“fast-footed”) in 1869. In the 1830s, illiterate artisan 1. F. Makarov realised the process of
converting cast iron into steel for the first time in the world. However, Makarov was not
appreciated, and the Englishman Henry Bessemer, patented his method in 1856, received fame
as the creator of the steelmaking process. The Russian mathematician Nikolay Lobachevsky
became famous only when Western mathematicians Helmholtz, Beltrami, Gauss, etc. paid
attention to his works.

In fact, some features of the Russian scientific style demonstrate their effectiveness. For
example, some impracticality and dreaminess, paradoxically, led to the fact that it was Russia
that became the birthplace of aviation, and it was the Russian man who was the first to rise into
space. Indeed, if the creators of aviation and space technology were primarily thinking about
the profit that their inventions would personally bring to them, then we, at best, even now flew
in somewhat improved balloons.

The list of scientific priorities of Russian scientists is very long. As the researcher of the
history of science A. A. Petsko notes, “it is impossible to imagine a world without radio,
television, semiconductors (and, consequently, without telephones, the Internet, tablets,
computers, microwave ovens and hundreds of thousands of other devices), without liquid
crystals (and , therefore, no displays), no tractors, no trams, no internal combustion engines
(hence, no cars), no water engine (hence, no hydroelectric power plants), no nuclear, wind and
solar power plants, no boreholes (hence, no almost no oil), no airplanes, no helicopters, no
parachutes, no air navigation, no incandescent lamps, no arched bridges, no icebreakers, motor
ships, metal tankers, no hydrofoils and hovercraft, no equation of rocket propulsion, no liquid-
propellant engines (and consequently, without space, space communications, GPS navigators),
without film and video editing (practically without cinema and again without television), without
weather stations (and, consequently, without weather forecasts). The priority of these
discoveries belongs to Russian scientists, but this is only a small part of Russian inventions.”
(Petsko, 2012).

Russia’s contribution to world culture is enormous. Iconography, painting, music,
literature, theatre, cinema — in all areas of art, people can always see a lot of Russian names
(Petsko, 2012). And of course, Russian folk art, in which the soul of the people is manifested,
has repeatedly conquered the world, and, we believe, will conquer it more than once.

So, what can be seen as a manifestation of the domestic scientific style? It should firstly
note that the Russian scientist is a civil servant. It was for official purposes that our scientists
were able to create the discoveries that the country needed at a given historical moment. Since
Russia has repeatedly been subjected to aggression in history, the needs of defense were at the
basis of all the scientific activity of the country. It should not think that only our peculiarity is

manifested in this. The history of mankind is the history of wars, and scientific progress is always
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initially realized in the military sphere. However, in Russia, with its vast territory, sparse
population, and difficult geographical conditions, it is possible to overcome the enemy only with
the mobilisation of all the country’s capabilities, including the intellectual resource. At the same
time, such issues as the cost and, moreover, the possible profit did not confront scientists. As
much as the Motherland needs, so much we will give. That is why in Russia they created such
unique types of weapons that can serve for many decades — the Mosin rifle or the Kalashnikov
assault rifle. Of course, the protection systems created in Russia are also unique, e.g., Zelinsky’s
gas mask, created back in 1915, has been serving for more than a century and the world has not
come up with a replacement for it. If necessary, Russian scientists and engineers could create
not only with the highest efficiency, but also with extraordinary speed. One can give such an
example. In the spring of 1943, the Soviet military command learned from intelligence that the
Germans were planning an offensive with the widespread use of new Tiger tanks with especially
powerful armor. Soviet anti-tank guns of 45 caliber were powerless against this armor. Then the
scientists and engineers of the Soviet rear within two weeks designed and put into serial
production new, more powerful guns of 76 caliber. It was a never-beaten record for rapid
development and mass production of a technical product. When the German offensive on the
Kursk Bulge began in the summer of 1943, the Tigers were already met by new guns that quickly
turned the tanks into fires.

Similarly, in the shortest possible time, Soviet scientists created an atomic bomb. The
United States still cannot believe that the Russians made the bomb in four years, spending
several tens of times less money on its manufacture. Already in 1953, ahead of the Americans
by a year, the USSR tested a hydrogen bomb. Satellites and spacecraft were originally considered
solely as a means of delivering nuclear weapons. However, that is why our country is ahead of
everyone in space and has not lost leadership so far.

Since most of the scientific problems solved by scientists in Russia are, to one degree or
another, related to defense, many of the Russian scientific discoveries remained unknown in the
country. Secrecy to the irrational use of intellectual capital (often in various scientific institutions
of the country, scientific groups were engaged in solving the same problem, not suspecting
anything about each other). The saddest circumstance of secrecy was that the priority of many
scientific discoveries in our country was lost due to the fact that nothing was reported about the
achievements of science, not only to the general public, but also to the scientific community
itself. So, the world’s first mobile phone (called “radiophone”) was invented by Leonid
Ivanovich Kupriyanovich in 1957. “Radiofon”, weighing 500 grams, worked on the principle of
modern cell phones. Within a radius of up to 30 kilometers, it was connected to the city
telephone network on short waves, enabling its owner to talk with any subscriber who has a
home telephone. Kupriyanovich’s invention was not classified (scientific journals devoted
articles to him), but did not arouse interest in the USSR in general. In the US, a similar phone
appeared in 1973, 16 years later.

In 1959, for the first time, the idea of creating a prototype of the Internet was proposed to
the Soviet government by Colonel Anatoly Ivanovich Kitov, a participant in the Great Patriotic
War, a military scientist, who was the creator of the computer center of the Ministry of Defense,
and also the author of a dissertation on rocket programming. Anatoly Kitov sent his analytical

note to the government of the USSR, in which he proposed to create a unified social system in

A

129

N



the country that would unite the computer centers of the USSR into one whole. However, the
then Soviet leader N.S. Khrushchev ignored the colonel’s proposal. A decade later, in 1969, the
ARPANET system was launched in the United States, uniting the computers of the US
Department of Defense into a single network. However, the most remarkable quality of Russian
scientists can be considered the fact that they, even without being in the public service, are
distinguished by their awareness of their mission as a citizen of Russia for the most part. In the
1990s, in the conditions of the complete collapse of industry and a significant cessation of
funding for science, many scientists continued to work. They could not receive salaries for
months, because of the high cost of imported computers, they could do the most complex
calculations with a pencil on paper, as they say, “on their knees”.

In addition to the desire of Western campaigns to obtain trained scientific personnel from
the former USSR, Western politicians were also going to eliminate the possibility of reviving
Russian science (Lebeder, 2017). This explains the peculiarities of the policy of the Russian
authorities of the times of Gorbachev and Yeltsin in relation to science and education on the
advice of Western advisers. Soviet science was deliberately destroyed. The Soviet leadership
itself stopped any development of nuclear programmes, closed the projects of the Buran space
shuttle and the world’s most powerful launch vehicle “Energia”, and curtailed funding for many
scientific programmes in the defense industry. At the same time, unbearable conditions were
deliberately created for the normal functioning of science, when institutes and laboratories were
closed, scientists did not receive salaries for months. However, the salaries themselves were
simply mockingly minimal. At the same time, frankly hacky “universities” were opened in huge
numbers, issuing diplomas, but not giving any knowledge. Militant anti-intellectualism and
obscurantism dominated the media. Astrologers and sorcerers flooded the entire television. And
at the same time there was propaganda of the structure of scientists in the West. Research
workers who were not even paid enough to take the subway to work received tempting free
offers in the mail to get a job at some Western firm. And not everyone could resist the
temptation. Foreign companies and various foundations have won the right to select candidates
from senior students of the country’s leading universities. An extensive network of
representative offices of foreign universities and corporations has been formed, busy recruiting
both the best student youth and more capable specialists. Their activities were actively supported
by Western states. There has been a real “transplantation” of a number of scientific schools to
the West (Lebedev, 2017). According to UNESCO estimates, by the mid-1990s, Russia’s losses
from the brain drain exceeded $30 billion. But the purchasing power of the dollar at that time
was much higher. This includes spending on education and advanced training, lost profits, losses
from a decrease in the level of scientific personnel, etc. The total damage to Russia from the
“brain drain” amounted to more than one trillion dollars by the beginning of the 21* century,
as calculated by the rector of the Russian New University, chairman of the Council of the
Association of Non-State Universities of Russia Vladimir Zernov (Mzronin, 2007). In addition
to a direct move to Western countries, in the context of the development of electronic means
of communication, there was also such a phenomenon as an internal brain drain. We are talking
about such cases when a specialist lives in Russia, but works in Western or domestic companies
on international grants. The loss of the state from this kind of “brain drain” in the zero years

was 600-700 million dollars a year (Mironin, 2007). However, respectively, the same amount was
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acquired by Western countries. Retiring, the President of the United States in 1989-2001. Bill
Clinton, in his farewell speech, spoke proudly of the country’s rapid economic recovery under
his leadership. At the same time, he directly linked the successes of the United States with the
mass arrival of scientists and intellectuals in general from the former USSR. (Leskor & Konygina,
2004).

Russian science pogrom was indeed impressive. In the 1960s, Russian-language scientific
literature accounted for about 22% of all world scientific literature. At the same time, English-
language scientific literature accounted for about 50%, and scientific literature published in all
other languages accounted for about 28% (Nalimov & Mulchenko, 1969). And in 2002, as the
great geophysicist V.N. Strakhov, Russian-language scientific literature accounted for only
3.75% of all scientific literature (Strakhov, 2007).

In general, thanks to the dedication of scientists and a number of statesmen, it was possible
to prevent the complete collapse of science in Russia. With the advent of the new century, the
situation improved. Here we are talking not only about increasing funding for the work of
scientists, but also about the fact that government leaders understand the importance of
scientific research in the country. When new weapon systems appeared in Russia that had no
world analogues, e.g., hypersonic aircraft, the West reacted in the same way as they did to the
first satellite. Firstly, they announced that it was impossible, then that it did not matter at all,
then that it was their secrets that had been stolen from them, then they nevertheless recognised
the Russian championship.

The creation of a vaccine against the covid-19 virus in Russia also provoked strong
resistance in the West, because the interests of powerful pharmaceutical companies were
threatened. And just like with hypersonics, the Russian vaccine is declared either untested, or
ineffective, or even stolen from Western pharmaceutical companies (although in the case of our
vaccine, the West had to apologise for the accusation of stealing trade secrets).

However, what are the reasons for the sad fact that great discoveries are made in Russia,
but turn them into something concrete in other countries? Basically, the reasons lie in the large
size of such a scientific and industrial corporation as the Russian Empire and the USSR. Large
organisations often make better management decisions than small ones. However, precisely
because of their size, large organisations spend incomparably more time making decisions and
executing them. And often the right decision at the time of making can turn into a completely

wrong one at the time of execution.

Discussion
The evolution of the scientific world gives rise to many theories of the development of the
science of the future. The confrontation between the West and the East in science is becoming
more and more obvious. On the one hand, this can be a strong motivator for both parties in
scientific development. On the other hand, it may develop new tensions and suspicions of
Western science in the influence of the science of the East, e.g., Russia, India, and China,
especially China. In this regard, in the future, more in-depth research is required in such areas

as:
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1. The problem of compatibility of science of the West and the East in solving common global
problems, e.g., confronting viruses, overcoming hunger, the exploration of the Moon and
Mars.

2. The problem of trust and efficiency in the creation of global joint scientific projects that

will be aimed at creating an information digital community of earthlings.

Conclusion
Thus, the crisis of world science is precisely the crisis of Western science. For many reasons,
the countries of the modern West are in a state of gradual, but increasingly visible retreat from
the leading positions in science and technology. Today, the countries of the global East are less
and less dependent on Western technologies and are gradually beginning to come to the

forefront in the world science of the post-Western world in the middle of the 21* century.
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