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Summary. Shadowing the economy in the context of digital transformation is possible with
high-quality interaction between people, government institutions and effectively working innovations.
Under the conditions of the functioning of Industries 5.0 and 6.0, shadowing the economy is possible
through intellectual transformation. The purpose of the article is to identify the main aspects of the
legalization of shadow business activities, to identify their characteristic features, to present the
dynamics of digital changes that contribute to reducing the level of the shadow economy. To achieve
the specified goal, the work used methods of analysis and synthesis, grouping, generalization, comparison,
which allowed to comprehensively process the existing scientific achievements on the legalization of
shadow activities, to solve the tasks set for scientists and to outline the prospects for future research
on the development of digital tools of Industry 5.0 and 6.0. The article substantiates and indicates
the place and role of the formation of Industry 5.0 and 6.0 for conducting transparent business
activities. It’s noted that the technical and technological breakthrough currently being observed
in the official sector of the economy creates major obstacles in the face of strong competition for
high-quality business in the shadow sector of the economy. The authors note that the size of the
shadow economy is within 4-7% and isn’t critical for the country’s economy, provided that the
institutions in the country are strong, the government professes democratic values, transparency
in business is cultivated, taxes are thoughtfully and carefully implemented, and do not cause
entrepreneurs to want to hide in the «shadowy. It’s argued that the rapid evolution of
Industry 4.0 to 6.0 breaks shadow business schemes, influences the change in management decisions
of business leaders. Each of these industries offers real opportunities for positive changes with the
rejection of shadow activities. The authors express the opinion that the factors that restrain innovative
and technical and technological development in a number of countries are a high level of shadow
economy, slow digital transformation of the economy, unpreparedness for technological changes,
reluctance to accept innovations, institutional failure, low level of interpersonal trust and trust in the
institution of power. Scientists are of the opinion that it’s the formation of ultra-personalization of smart
production and smart industry that will allow us to quickly get rid of shadow relations in the business
environment.

Key words: business de-shadowing, innovative tools, industry digital transformation, Industry 5.0,
shadow economy, business reputation, e-commerce, e-business.
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JETAJIIBAILISA TIHBOBOI EKOHOMIKH
OUPPOBUMU IHCTPYMEHTAMMU IHAYCTPIA 6.0

Haranis Kpayc Kartepuna Kpayc
BCII «Incmumym innosayiiinoi oceimu Yepracvkuil HayioHanbHULL YHIGEpCUmMem
Kuiscvorozo nayionanvroco ynieepcumemy imeni bBoeoana Xmenvnuywvroeo,
OyOisHuymea i apximexmypuy, Yepkacu, Yxpaina

Kuis, Yxpaina

Peszrome. Tinizayis ekoHOMIKU 8 YMOBAX YUDPOGOT Mpanchopmayii MONCIUBA 3a IKICHOT 83A€MOOIL FOOUHU,
IHCmumymie 61a0u Ui egheKmusHo npayrooyux inHosayill. 3a ymos gyrxyionysarns Inoycmpiii 5.0 ma 6.0, deminizayis
EKOHOMIKU MOJICTIUBA ULTSIXOM THMENeKmYyanvhoi mpancgopmayii. Mema cmammi nonsieae 8 momy, wob usHavumu
OCHOBHI achexmu Je2anizayii miHb080i Oi3Hec-0iLIbHOCI, GUSHAYUMU X XapaKmepHi 0coOIUBOCHI, NPeOCmasumu 8
OuHamiyi yupposi 3minu, WO CHPUSIOMb 3MEHUIEHHIO DI6HST MiHbOB0I eKOHOMIKU. J[Isi 00CACHEeHHsT BUBHAYEHOT
Memu  UKOPUCTNAHO MemooOu auanizy ma cunmesy, SPYNYBAHHSA, V3A2albHeHHs, HNOPIGHAHHS, WO O00360UMU
KOMNIEKCHO ONpaylosamuy HAA6HI HAYKOBI 3000yMKU 3 NUMAHb Jjeeanizayii minb08oi OILIbHOCHI, pOo38 aA3amu
NOCMAgNeHi neped HAYKOBYAMU 3A60AHHA U OKPeCIumu NepCneKmuy MatlOymHix OO0CTIONCEHb PO3GUMKY
yugposux incmpymenmie Inoycmpii 5.0 ma 6.0. ObrpyrmosaHno ii 6ka3ano micye ma pois cmanosnents Inoycmpii' 5.0
ma 6.0 013 6edenHss npo30poi Oi3HeC-OIAIbHOCII. 3a3HAYEHO, WO MEXHIKO-MEeXHONO2IUHULL NPOPUs, Wo npocme-
JHCYEMbCA HAPA3i 8 OPIYIIHOMY CEKMOPT eKOHOMIKU, CIBOPIOE BeUKE NEPeUKOOU 8 YACMUHI NOMY’CHOI KOHKYDeHYil
OJIs1 IKICHO20 8eQeHHs1 Di3HeCy 6 MIHbOGOMY CeKMOPI eKOHOMIKU. ABMOpU 3a3HAUAIOMb, WO POZMID MIHbOBOI eKOHOMIKU
€ 6 mexcax 4—7% i He € KpumuuHUM OJsL eKOHOMIKU KPAIHU 30 YMOBU, WO IHCMUmMymu 8 Kpaini CUltbHi, ypsio cnogioye
0eMOKpaAmMUYHi YIHHOCI, KYJIbMUGYEMbCSL NPO30PICMb 6edelHs Oi3Hecy, NOOAMKU NPOOYMAHI U 36AdICEHO BBCOCHHI 8
0it0, He BUKIIUKAIOMb DAJICAHHS Y NIONPUEMYIB XOBAMUCS 8 K MiHbY. AP2YMEHMOBAHO, WO WBUOKA e8omoYis InOycmpil
6i0 4.0 do 6.0 ramae minvbogi OizHeC-CXeMU, 6NIUBAE HA 3MIHY YIPAGIIHCLKUX piuleHsb OizHec-nidepis. Kooicna 3 yux
iHOYCMpIll NPONOHYE PeaibHi MONCTUBOCHT 00 NOZUMUBHUX 3MIH 3 IOMOB0I0 8I0 MiHbLOGOT JisLibHOCHI. Bucnosneno
OYMKY Npo me, W0 YUHHUKAMU, SKI CIPUMYIOMb THHOBAYIUHULL | MEXHIKO-MEeXHOIOSIYHULL PO36UMOK 6 HU3YL KpaiH, €
BUCOKULL DiBeHb MIHLOBOI EeKOHOMIKY, NOGIIbHA Yudposa mpaHcopmayis eKOHOMIKU, He2OMOBHICMb 00
MEXHONIOSIYHUX 3MIH, HEOANCAHHS CRPUUMAmy IHHOBAYIL, IHCMUMYYIIHA HeCnPOMONCHICIb, HU3bKULL DiGeHb 008ipu
MidcocobucmicHol ma 0o incmumymy eraou. Haykosyi cmosamos Ha no3uyii came CMAHOBIEHHs YIbIMpPanepCoHanizayii
PO3YMHO20 BUPOOHUYMEA U CMAPM-NPOMUCTOBOCE, WO O00360JUNb WEUOKUMU MEeMAMU NO30YMuUcs MmiHbOBUX
BIOHOCUH ) Oi3HeC-cepedosULYL.

Kniouogi cnoea: oeminizayis 0isnecy, inHO8ayitiHi iHCMpymMenmu, 2any3eea yugposa mpancgopmayis,
Inoycmpin 5.0, minizayis exonomixu, Oiznec-penymayis, e-mopeiens, e-oiznec.
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Problem statement. The shadow economy is gaining momentum in Ukraine. Currently,
there’s a low level of trust in the institution of power, as a result of martial law, interpersonal
and institutional trust in the country has been «undermined». Under such conditions, conducting
business transparently, opening venture and innovative enterprises becomes a significant
challenge for business agents. The formation and development of Industry 6.0 is possible in the
absence of corruption, bribery, nepotism, that’s, a low level of the shadow economy.

Shadowing the economy in the context of digital transformation is possible with high-
quality interaction between people, government institutions and effectively working
innovations. Under the conditions of Industry 6.0, shadowing the economy is possible through
intellectual transformation. The emergence of ultra-personalization of smart production and
smart industry will allow us to quickly get rid of shadow relations in the business environment.
The technical and technological breakthrough that’s currently being observed in the official
sector of the economy creates major obstacles in the face of strong competition for high-quality
business in the shadow sector of the economy.
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Analysis of recent research and publications. We consider the research of scientists
R. Rame, P. Purwanto, S. Sudarno, who studied the consistency of Industry 5.0 technologies
with environmental and social goals and sought to reveal the untapped potential of Industry 5.0
technologies in promoting sustainable development initiatives [11, p. 1]. An analysis of the
industrial concepts of Industry 5.0 and Industry 6.0 in terms of their emergence, spread and
potential institutionalization in management discourse was presented in their publication by
scientists D. Madsen, K. Slatten, T. Berg [9, p. 1].

The focus of scientific attention of researchers S. Safuan, M. Habibullah, E. Sugandi is
focused on clarifying the actual relationships between the progressive development of the
financial sector and the shadow economy and proved that «the size of the shadow economy
increases in the early stages of the development of the financial sector, up to a turning point and
decreases as the development of the financial sector continues to grow» [13, p. 1]. D. Enste
studied the shadow economy as an unregulated economic activity that leads to a decrease in tax
revenues, reduces tax morale and leads to non-compliance with tax legislation, provokes higher
costs of control and reduces the rate of economic growth. But on the other hand, as the scientist
claims, «the shadow economy can be a powerful force for promoting institutional changes and
can stimulate the overall production of goods and services in the economy» [5, p. 1].

Scientists O. Farooq, K. Aktaruzzaman, H. Satt, based on the results of the study, argue
that formal firms use innovation as a tool to protect and maintain their competitive advantages
compared to informal firms. They emphasize the fact that «the business environment at the firm
level and the economic environment at the country level affect the sensitivity of innovations to
informal competition» [6].

R. Remeikiene, L. Gaspareniene, F. Schneider, based on the conducted empirical
research, formulate a definition of the digital shadow economy, which refers to illegal activities,
such as the provision of digital services and the sale of goods/services online, when, acting
exclusively in the digital space, subjects violate existing legal norms and rules in order to obtain
illegal mutual benefit and material gain [12, p. 696]. Such an understanding lays the foundation
for further research in terms of identifying the sources of origin of the shadow economy.

At one time, we conducted research to partially clarify the causes of the emergence of
shadow economic relations in businesses [3], we analyzed the structure of the shadow
economy [4], and made an attempt to present economic growth through the prism of technical
and technological changes in Industry 5.0 [8] and to reveal the peculiarities of the functioning
of digital platforms in the conditions of the emergence of the gig economy [7].

Purpose of the study. The purpose of the article is to analyze the level of the shadow
economy and conduct a scientific search for ways to legalize shadow activities, determine the
impact of digital transformation on the transparency of business activities, present the
actualization of the digitization of enterprise activities in order to deshadow and implement
transparent control over e-business activities.

Statement of the task. To indicate the chain of evolutionary interaction of Industry 5.0
and Industry 6.0; to analyze the dynamics of changes in indicators that characterize the digital
development in Ukraine and industry digital transformation; to reveal the content of the work
of digital tools of Industry 6.0 to accelerate the legalization of the shadow economy.

Statements of the main material of the study. In the era of digital transformation,
growing global environmental problems, the importance of integrating sustainable development
principles into the 4th industrial revolution, Industry 5.0 and 6.0, is becoming increasingly
critical. This revolution marks a turning point from industrial, digital and «green» approaches
focused on efficiency, automation and digitalization to a paradigm that prioritizes cooperation
between people and machines, innovation and harmonization with the environment [11, p. 1].
But it’s also about the dynamic intersection between Industries 5.0, 6.0 and the development of
shadow relations in different sectors of the economy. The digital revolution has influenced
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human creativity, defines new experiences with advanced technological capabilities,
transformed forms of traditional entrepreneurship into new digitized ones, which has provoked
some difficulties in the partial transparency of e-business and online trade.

The emergence of Industry 6.0 is a promising industrial paradigm characterized by
intelligent, autonomous and sustainable systems based on the digital foundations of its
predecessors [9, p. 1]. «Industry 6.0 stimulates organizational changes reflecting the change in
social and managerial values... it has tangible consequences for managers and politicians,
influencing their decision-making in the conditions of a changing industrial landscape» [9,
p. 1]. New visions of Industry 6.0 go beyond automation and move towards dynamic
cooperation between people and machines. It’s about the symbiosis of cooperation of intelligent
machines that assist and adapt to human behavior. For example, we are talking about wearable
robotic exoskeletons used in production, or context-sensitive service robots [9, p. 4]. Traditional
ideas about autonomy, accountability and personality are blurred in Industry 6.0 [9, p. 15].

Factors that hinder innovative and technical and technological development in a number
of countries are a high level of the shadow economy, slow digital transformation of the
economy, unpreparedness for technological changes, reluctance to accept innovations,
institutional failure, low level of interpersonal trust and trust in the institution of power. Fig. 1
shows that the lower the level of technological development of the country, the higher the level
of the shadow sector in the country. Thus, Qatar (2.2%), Singapore (3.4%) and Canada (4.5%)
are innovative and institutionally strong countries, so the percentage of shadowing is the lowest.
In turn, Ethiopia (50.2%), Burundi (49.1%), Tanzania (44.7%), Bolivia (32.1%), Uganda
(31.1%) are underdeveloped countries with weak institutions, and as a result, the level of the
shadow sector in these countries remains constantly high.

Qatar 22
Singapore 134
Canada 745
USA 5
Switzerland 5.1
United Kingdom 53
Denmark 5.9
Norway 6.4
Austria 6.6
France 6.7
Japan 6.7
Spain 7.5
Italy 7.8
Hungary 92
Greece 12
Romania 13,1
Mexico 17.9
Ukraine 19.3
China 20.3
Egypt 21.2
Tunisia 21,2
Vietnam 25.1
India 26.1
Albania 27.8
Uganda 31,1
Bolivia 32,1
Tanzania 44.7
Burundi 491
Ethiopia 50,2

Some countries of the world

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 35l

Share of the shadow economy in GDP in 2023, %
Figure 1. The size of the shadow economy in some countries of the world in 2023
Source: based on the source [10].
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It’s also worth noting the fact that the size of the shadow economy, which’s in the range
from 4% to 7%, isn’t critical for the country’s economy, provided that the institutions in the country
are strong, the government professes democratic values, transparency of business is cultivated,
taxes are thoughtfully and carefully implemented and don’t cause entrepreneurs to want to hide in
the «shadows», and when domestic producers are supported. Among such countries, it’s worth
mentioning Canada (4.5%), the USA (5%), Sweden (5.1%), Great Britain (5.3%), Denmark (5.9%),
Norway (6.4%), Austria (6.6%), France (6.7%), Japan (6.7%). As for Ukraine, the level of the
shadow sector in 2023 was 19.3%, which’s a high indicator, even for a country that’s in a state of
war and financially dependent on loans and donations from international partners. In order to
quickly slow down the level of shadow economy in the country, the government should oblige even
more enterprises and businesses to digitize business activities.

«Reducing the size of the shadow economy requires reducing its attractiveness and
simultaneously improving formal institutionsy» [5, p. 1]. «Foreign direct investment limits the
shadow economy... increasing incomes can expand the capabilities of the shadow economy,
while the poverty index shows mixed results» [13, p. 1]. For shadow businesses, the challenge
is infrastructural constraints (lack of physical space for expanding activities), institutional
obstacles, lack of state support, financial and informational constraints, capital market
imperfections, as banks are reluctant to provide loans to business entities with an unreliable
business reputation, and the lack of technological knowledge, which prevents informal firms
from implementing innovations [6] produced by Industry 5.0 and 6.0.

Fig. 2 presents the overall Digital Transformation Index of Ukraine by region in 2024.
It should be noted that in general, across Ukraine, it’s within 0.5 points out of 1 possible, that’s,
digital transformation occurred at 50% out of 100% possible. The most productive in 2024 were
Lviv (0.85), Dnipropetrovsk (0.844), Odesa (0.804), Vinnytsia (0.755) and Volyn (0.711)
regions. Chernivtsi (0.254) and Khmelnytskyi (0.23) regions slowed down in digital
transformation compared to previous years. Frontline regions, such as Donetsk, Mykolaiv and
Zaporizhia, showed disappointing indicators.

Donetsk 0,129
Mykolaiv 0.18
Zaporizhzhia 0,209
Khmelnytskyi 0,23
Chernivtsi 0,254

Ternopil
Zhytomyr
Chernihiv

Luhansk

Kirovohrad
Sumy
Ivano-Frankivsk
Kyiv

Cherkasy
Kherson
Kharkiv

Rivne

Regions of Ukraine

Poltava

Zakarpattia

Volyn

Vinnytsia

Odesa
Dnipropetrovsk

Lviv

In general in Ukraine

0,1

0.2

0.3

0,341
0,343
0,362
0,404
0,407
0.435
0,436
0,474
0.538
0,582
0,617
0,632
0,64
0.647
0.711
0,755
0,804
0,844
0.85
0,497

0.4 0.5 0.6 0,7 0.8 0,9

Value in points out of 1 possible point

Figure 2. Ukraine’s Digital Transformation Index by Region in 2024

Source: compiled based on the source [2, p. 8].
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In order to further explore the topic of possible digitization of entrepreneurship in order
to reduce shadowing in business, it’s worth analyzing some more analytical data. Thus, Fig. 3
presents the share of enterprises that sent invoices in electronic format in the total number of
enterprises in Ukraine in 2020 and 2023. From these data, we see that in the pre-war period
there were 3.7% more such enterprises than in the second year of the war in Ukraine. However,
it’s also worth clarifying the fact that the total number of business entities in the first 2 years of
the war decreased due to the closure of businesses due to the impossibility of logistics; loss of
suppliers and customers; relocation of businesses abroad.

S 39.00%
1]
P
g 37.00% SEELE
5
~ 36,10%
35,00%
2020 2023

Years

Figure 3. Share of enterprises sending invoices in electronic form in the total number
of enterprises in Ukraine in 2020 and 2023

Source: compiled based on the source [1].

The indicators presented in Fig. 4 are somewhat paradoxical, because the general picture
is that the larger the share of enterprises that carried out e-commerce from 2020 to 2023, the

smaller the volume of products sold (goods, services) of enterprises received from e-commerce.
Thus, in 2023 this ratio was 1:2.46, and in 2020 1:1.43.

2.60%

2023 6.40%
o 5,90%
g 2 5,60%
- 3,30%

) ()
2021 4,70%
3.20%
2020 460
0% 1% 2% 3% 4% 5% 6% 7%

Percentages, %

Volume of sales (goods, services) of enterprises obtained from e-commerce (grouping by number of employees
10-249 people), %

Share of enterprises engaged in e-commerce in the total number of enterprises (grouped by the number of
employees 10-249 people), %

Figure 4. Some indicators characterizing the digital development
of the Ukrainian economy and society in 2020-2023

Source: compiled based on the source [1].

The largest (5.9%) volume of sales (goods, services) of enterprises received from e-
commerce in Ukraine was in 2022. The reason for this was the first year of the war in the
country, which provoked the closure of a number of shops, enterprises, population
displacement, and the inability of people to travel long distances to shops due to shelling. As a
result of the unrest across the country, shops were closed for a long time for breaks. The lack
of electricity also prevented shops from operating at full capacity offline. These reasons led to
an increase in the share of online purchases. If we analyze this situation through the prism of
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the shadow economy, it’s worth noting that online sales are easier to control than offline sales
under martial law. However, in order to transfer all trade to online mode, it’s necessary to first
digitize all activities and provision of services in the country. Fig. 5 presents the indicators of
the subindex of industry digital transformation in 2024 by region of Ukraine.

The best was the sectoral digital transformation in Lviv region. Out of 1 possible
score, this region scored 0.964 points. The average was the sectoral digital transformation
in Ternopil (0.792), Poltava (0.694), Dnipropetrovsk (0.65), Volyn (0.664), Vinnytsia (0.652)
regions. The worst sectoral digital transformation took place in 2024 in Zaporizhia (0.243),
Mykolaiv (0.292), Cherkasy (0.311), Zhytomyr (0.327), Zakarpattia (0.379), Ivano-
Frankivsk (0.357), Kirovohrad (0.359), Khmelnytskyi (0.393) regions.

It’s worth noting that the digital transformation and development of Industry 5.0 and the
emergence of Industry 6.0 carry innovative potential, but their widespread implementation in all
sectors is still the «task with an asterisk». This requires an understanding of the various dynamics,
sector-specific requirements and operating conditions, and even cultural characteristics. Adapting
them to the needs of a specific industry is a key element of the holistic implementation of these
industries. At this technological stage, the goal remains clear: combining the capabilities of Industry
5.0 and 6.0 with sustainable development [11, p. 14], creating a high-tech future without corruption,
bribery, and shadow business activities. It is Industry 6.0 that will define a promising industrial
paradigm characterized by autonomous intelligent systems, extraordinary interconnection,
cognitive integration of man and machine, and a strong focus on sustainable development. In fact,
we are talking about a «leap» to fully self-regulated industrial ecosystems [9, p. 5], in which there
is simply no place for the shadow economy and corruption.

Chernihiv J 0,536
Chernivisi J 0,402
Cherkasy J o311
Khmelnytskyi ) 0,393
Kherson ) 0,407
Kharkiv ) 0,553
Ternopil ) 0,792
Sumy ) 0407
Rivne J 0.465
Poltava ] 0,694
Odessa & ' 7 . . J 0523
Mykolaiv J 0,292
Lviv J 0,964
Kirovohrad } 0,359
Kyiv ) 0,431
Ivano-Frankivsk J 0,357
Zaporizhzhia 0243
Zakarpattia ) 0,379
Zhytomyr n . : 0327
Donetsk ) 0,297
Dnipropetrovsk ) 0.65
Volyn J 0,664
Vinnytsia ) 0,652

Regions of Ukraine

0 0,1 0,2 0,3 0.4 0.5 0.6 0,7 0,8 0.9 1
Evaluation within 1 point

Figure 5. Digital Transformation Index of Ukraine by Regions
by Sub-Index «Industry Digital Transformation» in 2024

Source: compiled based on the source [2, p. 20].
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We share the scientific views of D. Enste in that the shadow economy shouldn’t be
viewed solely as an economic problem that needs to be solved by combating symptoms with
higher fines and stricter control. In order to develop policy measures that correspond to the level
of development of the country, an analysis of the causes and consequences that correspond to
its specificities is necessary. The scientist emphasizes that politicians should consider «illegal
work as a signal about the need to reduce the attractiveness of the shadow economy through
better regulation, a fair and transparent tax system, as well as more effective institutions (good
governance). However, organized crime and illegal employment should be combated through
stricter control and law enforcement» [5, p. 1].

Governments should expand access to credit markets for micro, small and medium-sized
enterprises and improve existing programs to reduce poverty [13, p. 1] and reduce the income
gap among Ukrainians. It makes sense to focus on financial inclusion programs and launch
effective financial sector reforms, encourage fiscal policy and implement tax incentives that
could attract more foreign direct investment into the country [13, p. 12]. These actions will lay
the foundation for reducing the size of the shadow economy in the near future.

Conclusions. Summing up the analysis of the indicators of the shadow economy
through the prism of innovation, digital transformation, sustainable development goals, which
are one way or another professed by Industry 4.0, Industry 5.0 and Industry 6.0, it becomes
obvious that the rapid evolution of the industry breaks shadow business schemes, affects the
change in management decisions of business leaders, and forces us to constantly reconsider
political decisions made by politicians in the country, as part of its nearest innovative future.
Each of these industries offers real opportunities for positive changes with the rejection of
shadow activity. Business leaders have to change their approaches to conducting digital
entrepreneurship both strategically and critically.

Industry 5.0 offers transparent cooperation between man and machine, which enhances
the involvement of innovations in production with a harmonious combination of high-quality
workforce competencies, without giving up the value of human labor. Industry 4.0, using Big
Data, IoT, digital twins and automating business processes, allows state institutions to easily
detect shady business schemes, tax evasion, and shadow employment. Industry 6.0 allows you
to reduce the number of devices, but at the same time work no less efficiently than in the
previous two industries and build exclusively transparent business cooperation without giving
up on a smart person who cooperates with artificial intelligence and robots.
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