UDC 658.5.011+ 338.2:004.9

L.V. Tashenova'*, A.V. Babkin’, D.G. Mamrayeva1

"Ye.A. Buketov Karaganda State University, Kazakhstan;
2Peter the Great St. Petersburg Polytechnic University, Russia
(E-mail: larisatash_88@mail.ru)

Digital transformation of industrial production in the context of Industry 4.0

The article explores the key components of the digital transformation of industrial production in the context
of Industry 4.0, in particular: the introduction of IT technologies, which involve the using of Big Data,
Blockchain technologies in production, robotics, computer-aided design systems, resource planning of indus-
trial cluster enterprises, product life cycle management, and also process of the control systems of the produc-
tion processes. An in-depth analysis of the number and content of scientific papers devoted to the research of
the digital and innovative potential of the industrial cluster, indexed on the bases of Web of Science, Scopus,
the Russian scientific citation index, has been carried out. This analysis revealed the relevance and depth of
research, the definition and modern approaches to assessing the digital potential. The approaches, main indi-
cators, and indicators for assessing digital potential proposed by Russian scientists A.V. Kozlov, A.B. Teslya,
N.V. Gorodonova and A.A. Peshkova, Yu.A. Kovalchuk, I.V. Alekseyev and others. The author's definition
of the concept «digital potential of an innovative-active industrial cluster» was given, the possible ways of its
functioning were highlighted: provided that the traditional production process can be implemented, as well as
with the active formation and development of digital potential. The concepts of the digital economy were also
characterized and the directions of technology application in industrial production were defined: the «Internet
of Things», «Big Datay, «Blockchain» and «Cyberphysical Systems».

Keywords: Industry 4.0, digitalization, digital transformation of industry, industrial enterprises, industrial
clusters, digital potential, approaches to assessing digital potential, digital factories.

In the context of modern economic development, the digitalization of industrial enterprises and especially
industrial clusters is given the special attention, since the development of the Internet and its wide distribution,
the emergence and using of a variety of cloud technologies and digital platforms, the active and almost univer-
sal using of additive technologies by the enterprises, and the development of digital factories has ensured the
emergence global industrial networks that go beyond the usual understanding of «industrial enterprise».

Today we are talking about the innovative-active industrial clusters that can actively create, implement
and commercialize innovative products, using all the advantages of industrial automation, thereby ensuring
the transition of all industrial production to a new fourth stage of industrialization (Industry 4.0), which in-
volves widespread digitalization, due to than the research of the digital potential of industrial enterprises and
in particular clusters, operating on digital platforms (backbone innovative-active), is of particular relevance.

The analysis of the sources showed that in the modern scientific literature insufficient attention is given
to the research of the concept of «digital potential» (Table 1). It is important to note that when searching in
English databases, we used the phrase «digital potentialy», because, using the mask «digital potential of the
industrial cluster / enterprise», no suitable scientific papers were found; in Russian-speaking — «digital po-
tential of an industrial enterprise / cluster»; sorting of scientific articles was also carried out according to the
following parameters:

1) years of publication: 2015-2019;

2) sources of information: scientific articles, books (including monographs), conference proceedings;

3) field of science: economics, management, business

Table 1
Number of scientific papers devoted to the research of the digital potential
of the industrial cluster and indexed by WoS* databases, RSCI
Vears Number of publications Share of Number of publications Share of
in WoS publications,% in the RSCI publications,%
1 2 3 4 5
2015 52 9.5 1 2.2
2016 103 18.9 1 2.2
2017 112 20.6 6 13.0
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1 2 3 4 5
2018 150 27.5 17 37.0
2019 128 23.5 21 45.7

*For searching process of the information used the section «Web of Science Core Collectiony.

Note. The table is compiled by the authors according to the databases WoS, Scopus, RSCI.

As can be seen from Table 1, the number of scientific papers, indexed in WoS on digital potential over
the past 5 years is small. At the same time, as a qualitative analysis shows, about 95-98 % of all published
articles are mainly devoted not to studying «digital potential», but to such scientific areas as: digital econo-
my, digitalization of industries, digital transformation, digital communication, digitalization of the public
services sector, cryptocurrencies, digital social media marketing, big data, the using of digital technologies in
the innovative development of economies of countries and regions, company websites, etc. Complex works
reflecting the concept, structure and analysis of approaches to assessing digital potential have not been
identified.

As for the RSCI database, for the analyzed period (2015-2019), the number of scientific articles found
relating directly or indirectly to the research topic was 46, of which only 4 of them disclosed the essence of
digital potential, including an industrial enterprise.

No scientific publications covering aspects of the digital potential of industrial clusters in both data-
bases over the past 5 years have been found, which once again confirms the relevance of the research con-
ducted by the authors.

As before, many scientists identify the «digital potential» with the «innovative potential», introducing
only some elements of digitalization into the structure of the latter, or considering the «digital potential», on
the contrary, without reference to the main financial and economic indicators of the enterprise / cluster.
Therefore, the number of publications considering the innovative potential of an industrial enterprise and
cluster is much larger (Table 2). This is partly due to the fact that the concepts of «digital economy, digitali-
zation, digitalization, digital infrastructure» have been introduced into the scientific circulation relatively
recently [1].

Table 2
Number of scientific papers devoted to the research of the innovative potential
of the industrial cluster and indexed by the basis of WoS *, Scopus, RSCI**
Vears Number.of publications Sharc? of Numb.er of publications Sharc? of
in WoS publications,% in the RSCI publications,%
2015 11 11.8 27 18.6
2016 17 18.3 30 20.7
2017 28 30.1 43 29.7
2018 19 20.4 26 17.9
2019 18 19.4 19 13.1
* To search for information, the «Web of Science Core Collection» section was used.
** Search in WoS was carried out by the mask «innovative potential of the industrial enterprise»; in RSCI
— «innovative potential of the industrial cluster».

Note. The table is compiled by the authors according to the databases WoS, Scopus, RSCI.

However, it should be noted, that there is no generally accepted definition of the concepts of innovative
cooperation as economic categories. The analysis showed that the structure of innovative cooperation has not
been fully explored. Currently, there are several options for the structure of innovative cooperation and mu-
tually beneficial cooperation. The economic potential of an industrial enterprise cannot be equal.

The digital potential of an innovative-active industrial cluster is a multifaceted system, includes many
different factors that determine it, and therefore, analysis of approaches and methods for its assessment re-
quires careful study and detailed consideration. Speaking about the analysis of approaches for assessing the
digital potential of an industrial enterprise and cluster, in addition to the works described above, no others
were found, which greatly complicates the analysis and identification of the most suitable approach, which at
present would most accurately allow for the assessment of digital potential.
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In this regard, we consider in more detail the existing approaches to assessing digital potential and,
based on them, we outline its structure.
1. A.V.Kozlov, A.B. Teslya in the work «Digital Potential of Industrial Enterprises: Essence, Defini-
tion and Calculation Methods» they propose to evaluate the digital potential of an enterprise as a kind of in-
tegral assessment, which includes indicators of the external and internal environment (Fig. 1).

GROUPS OF INDICATORS
FOR DIGITAL POTENTIAL ASSESSMENT

v ' v

Indicators of the external Indices of the internal
environment of the enterprise environment of the enterprise

v v

2.1.1 Indicators of ICT security of the enterprise.
2.1.2 Indicators of availability of information
technology enterprises.

2.1.3 Indicators reflecting the level of using the digital
technologies in different areas of the internal business
of the enterprise.

1.1 A group of indicators reflecting
the objective readiness of the industry
to form a digital economy.

1.2 Indicators that take into account
the willingness of specific key
stakeholders of the enterprise

to interact with the implementation 2.1.4 Indicators reflecting the level of using the digital
of digital technologies. technologies in organizing interaction with stakeholders.
1.3 Indicators reflecting the goodwill 2.1.5 Indicators reflecting the level of using the digital
of consumers of enterprise products technologies in organizing interaction with consumers.
when using the interaction options 2.1.6 Indicators reflecting the level of digitalization
offered by digital technologies. of labor activity.
1.4 State activity. 2.1.7 Indicators reflecting the financial
stability of the enterprise.

2.2.1 Indicators of the possibility of implementing
information technology in the enterprise.
2.2.2 Indicators reflecting the possibilities
of creating your own information technologies.
2.2.3 Indicators reflecting the possibilities
of promoting information technologies
for interaction with stakeholders.
2.2 4 Indicators reflecting the readiness of the enterprise
personnel for the further implementation
of digital technologies in the enterprise.
2.2.5 Indicators reflecting the financial
capabilities of the enterprise.

Note. The figure compiled by the authors based on the source [2].
Figure 1. A set of indicators for assessing digital potential, proposed by A.V. Kozlov, A.B. Teslya

2. At the same time, N.V. Gorodonova and A.A. Peshkova in the scientific article «Development of
the theoretical foundations of assessing the digital potential of an industrial enterprise» propose to evaluate
the digital potential, taking into account the indicators of providing organizations with advanced hardware
and software systems, the level of automation of certain business processes of the enterprises, the amount of
costs for the development of the IT sphere (Fig. 2). At the same time, the authors note, that such an assess-
ment is a determination of the current capabilities of the enterprise in the field of digital potential.
N.V. Gorodnova and A.A. Peshkova in their work in addition to the proposed author’s methodology for as-
sessing digital potential pay special attention to existing ones, including: a society informatization index, an
ICT development index, a readiness index for a network economy, a methodology of the international
McKinsey & Company, and Systemic Economic Analytics of the Defense Industrial Complex (developed by
experts of the Institute of Economic Strategies of the Russian Academy of Sciences).
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INDICATORS FOR ASSESSING THE CURRENT CAPABILITIES
OF THE ENTERPRISE IN THE FIELD OF DIGITAL POTENTIAL

The level of implementation The level of realization The level of implementation
of the ability for creating new of the ability for developing of the ability for implementing
information technologies existing information technology information technology
for the needs of the enterprise at the enterprise in the enterprise
b 4 \ 4
The level of implementation The level of implementation
of the ability for integrating information of the ability for supporting
technology with information systems the information systems
used at the enterprise used at the enterprise
The level of implementation The level of implementation
of the ability for ensuring information of the ability for selling information
security of the enterprise technology to third-party customers

Note. Figure compiled by the authors based on the source [3].
Figure 2. Digital capacity assessment system developed by N.V. Gorodonova and A.A. Peshkova

3. Yu.A. Kovalchuk, 1.V. Alekseyev in the framework of the publication «Digital Potential of Re-
gional Markets as a New Strategic Factor for the Development of Franchised Enterprises» propose to evalu-
ate the digital potential in the context of two groups of parameters: indicators of the development of the digi-
tal infrastructure of the region and indicators of the general structural trends of the region (Fig. 3).

ASSESSMENT
OF THE DIGITAL POTENTIAL
OF THE REGIONAL MARKET ON THE INTERNET

Indicators
of the general structural
trends of the region

Regional Digital Infrastructure
Development Indicators
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| 2 The volume of regional |

| and non-regional competitors |

| in the results of search engines |

4. The volume of regional | Yandex and Google. |
organizations | I
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| |
| |

with corporate sites.

3. The volume of regional

and regional competitors

in contextual advertising
Yandex and Google.

Note. Figure compiled by the authors based on the source [4].

Figure 3. The system of indicators for assessing the digital potential of the regional
market on the Internet, created by Yu.A. Kovalchuk, I.V. Alekseyev
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4. Y.V. Popov, K.A. Semyachkov, Yu.A. Moskalenko in the work «Comparative Assessment of the
Digital Potential of Enterprisesy», the digital potential is estimated based on the digital readiness index devel-
oped by the WEF and the INSEAD international business school. Moreover, the authors distinguish the fol-
lowing groups of assessment parameters:

— providing access to information and communication technologies (includes 2 subparameters);

— application of information and communication technologies (includes 2 subparameters);

— skills in the application of information and communication technologies (includes 3 subparameters);

— costs of information and communication technologies (includes 2 subparameters);

— company presence in the network (includes 2 subparameters) (Figure 4).

According to the authors, the assessment carried out on the indicated groups of parameters allows us to
see how efficiently and competently the company / individual enterprise uses digital resources.

DIGITAL POTENTIAL INDICATORS

|
\J ./ v

1. Providing access 2. The using .. .
to digital technology of digital technology 3. Digital skills
1.1. Number of employees 3.1. Number of employees
usifie cotpoiate 2.4 ,_Number of emplgyees trained in digital technology
communications using computer dev1ce§ over the past 3 years
1.2. Number of staff with Internet access daily 3.2. The ratio of the number
provided with computers 2.2. Number of employees of employees

using remote access of the IT department
and the number
% ofall employees of

3.3. The presence
of a system administrator

Y Y e

4. The cost .
of digital technology AEulinepresence
4.1. Software costs 5.1. Having
in the overall cost structure an online consultant
4.2. Communication on the web-site
and Internet costs 5.2. Facebook
in the overall cost structure presence

Note. Figure compiled by the authors based on the source [5].

Figure 4. The main indicators and factors for assessing the digital potential
proposed by Y.V. Popov, K.A. Semyachkov, Yu.A. Moskalenko

The analysis showed that the most of the scientific works today are mainly focused on conducting
cross-country, cross-industry analyzes of the digitalization process, digital transformation, and the develop-
ment features of digital economies, while no approaches to the analysis of the digital potential of an innova-
tive-active industrial cluster have been found.

It should also be noted, that the existing approaches to assessing digital potential are built, practically,
on the basis of factors that are directly related to the possibility of introducing modern ICT tools to the enter-
prise, while components that characterize the economic, financial, production stability of the enterprise are
often overlooked, which, in turn, are part of the innovative and economic potential, in the research and un-
derstanding of which there are also certain discrepancies.
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In 2013, as part of the publication «Measuring the full impact of digital capital», McKinsey introduced
the concept of digital capital, which should be understood as a combination of traditional (servers, routers,
software, etc.) and intangible assets: unique developments that contribute to the development of digital tech-
nologies; opportunities provided by digital technology; human capital; new business models built taking into
account the requirements of the market, a functioning digital economy [6].

In essence, «digital capital» and «digital potential» are related and similar concepts. Analysts at the
company determine that digital capital is a key factor in economic growth and population welfare.

However, we believe that «digital potential» should be understood as a combination of various sub-
potentials (material, technical, scientific, organizational and managerial, infrastructure, financial and eco-
nomic, human resources and information and communication), which should reflect two aspects of the enter-
prise / cluster: opportunities and his abilities.

This definition allows us to identify 2 possible ways of functioning of an innovatively active industrial
cluster: the first — taking into account only its capabilities in the case of choosing traditional production
methods without the active introduction of digital technologies; the second — with the maximum using of
their abilities, which, coupled with a variety of digital technologies, will enable the industrial cluster to en-
sure efficiency in all its functioning systems (Fig. 5).

UFy ST 7
yay 4 P
//
//
/
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t
Upy [T 7
g
|
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Option b

-y

Note. The figure is made by the authors.

Figure 5. Variants of the functioning of the innovative-active industrial cluster under the condition of the traditional
production process (option A), as well as with the active formation and development of digital potential (option B)

The characteristic of the axes in the figures presented is as follows:

— x-axis — t — time factor (long-term planning);

— y-axis: option A (Ur) — current level of resource using without digitalization elements (or with the
presence of some of them); Option B (Up) — the maximum using of the resource capabilities of an innova-
tive-active industrial cluster after the introduction of modern IT technologies in all cluster management sys-
tems: information, logistics, production and management;

— z-axis: option A (Op) — possibilities of an innovative-active industrial cluster; Option B (Ab) — the
ability of an innovative-active industrial cluster.
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What in this case should be understood as the active introduction of modern IT technologies? It’s no se-
cret, that the main «force» in the formation and dissemination of the concept of Industry 4.0 was the con-
cepts of the Internet of Things, Big Data and Cyberphysical Systems, a brief description of each of which is

presented in Table 3.

Table 3

Brief Description of Digital Economy Concepts

Name of concept

Characteristic

The direction of technology application
in industrial production

Internet of things
I10T)

Equipping a variety of physical objects
and systems with IT technologies to
reduce their interaction with humans in
the process of industrial production.
The industry introduced the concept of
IIOT — industrial Internet of things

Actively introduced in energy supply sys-
tems, in the transport industry.

Successful implementation examples: jet
engine prevention (used by General Elec-
tric); dry vacuum pump monitoring (used
by Taiwan Smiconductor Manufacturing
Company), etc.

Big Data

A set of methods and approaches for
processing structured and unstructured
data of a large volume and of various

types

Improving energy efficiency, alarm man-
agement, data analysis technologies for
quick DNA decryption, customer loyalty
management, etc.

Blockchain

This is a continuous system of blocks
containing information, built according
to certain algorithms, capable of build-
ing relationships with decentralized
databases

Prevention of cybercrime in various indus-
tries; active using in the industrial industry
for the production of diamonds, allowing to
have a historical database of all ever mined
gems; digital identity; authentication; con-
firmation of access rights to resources

Cyberphysical
systems

A concept that provides for the process
of interaction of sensors installed at
different objects of the production pro-
cess, equipment of the industrial cluster
and information systems (including
digital platforms) for forecasting, self-

Intelligent power grids, increasing trans-
parency and manageability of supply
chains, production of customized personal
goods, etc.

tuning and adaptation to changes in
production in the shortest possible time

Note. The table is compiled by the authors based on sources [7, 8].

Summing up all of the above, it should be noted, that the concept of «Industry 4.0» has become a driv-
ing force in the formation and development of digital economies around the world. Therefore, by analyzing
the key components of Industry 4.0, by the active introduction of IT technologies we mean the using of Big
Data, Blockchain, robotics, computer-aided design systems (CAD / CAM / CAE), industrial cluster enter-
prise resource planning (ERP) systems, and management systems in production product life cycle (PLM),
production process management systems (MES), BPM business process management systems, an increase in
the share of personnel capable and willing to work with high-tech equipment, introduction high-performance
computers, active presence on the Internet (the presence of the site, pages in social and professional net-
works), and many others.
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JI.B. TamenoBa, A.B. baokuH, JI.I'. Mampaesa

Nuaycrpus 4.0 kKoHTEeKCTIHAET OHEPKICINTIK OHAIPICTIH
HUPPIABIK TPAHCHOPMALUACHI

Maxkanana Uagycrpust 4.0 KOHTEKCTiH/ET1 OHEPKACINTIK OHAIPICTI MU(PIBIK TpaHCHOpMaIHsIIAyAbIH HETi3Ti
KOMITOHEHTTEpl KapacTHIpBUIFaH, aTam aiWTKaHma: eHuipicte Big Data, Blockchain Texnomorusmapsis,
po6OTOTEXHMKA, aBTOMATTaHABIPBUIFAH JKobayay >KyHelepiH, eHEepKaCINTIK KJIAaCTepIiK KoCIMOPBIHAAPIBIH
pecypcTaphIH JKOCHapiiay/sl, OHIMHIH OMipJiK IUKIIH 0acKapyabl, COHBIMEH KaTap IpoIecTepil Oackapy
yitecinig kamMTuTeiH [ T-TexHomorusnapsis enrizy. Web of Science, Scopus joHe peceil nHIeKci GobIHIIA
FBUIBIMH J0HeKTeMe/Ieri HeTi31HAe MHACKCTENreH HHICTPUSIIBIK KIacTepIiH IN(PIBIK KOHE MHHOBAIUSIIBIK
QNieyeTiH 3epTTeyre apHalFaH FHUIBIMH CHOCKTEpAiH CaHbl MEH Ma3MyHbIHA TEpeH Tajjay kacaiiasl. by
Tanjay 3epTTeyJIepaiH ©3eKTiIir MeH TepeHMIriH, Hu(pIbIK dJaeyeTTi Oaragayra aHbIKTaMa MEH 3aMaHayd
Ke3KapacTapibl aHbIKTanbl. Peceil rambimpapsr  A.B. Kosnos, A.b. Tecms, H.B.T'opomonoBa xoHe
A.A. Ilemkosa, FO.A. KoBansuyk, U.B. AnekceeB xoHe Oackanmap YCHIHFaH IUQPIBIK oleyeTTi Oaramay
Tocliuiepi, HEri3ri HWHIWKATOpJIAphl JKOHE KepceTkimmTepi KkepcerimreH. «VHHOBanmmsutbIK —GenceHmi
HHJTyCTPHSUIBIK KJIACTEpAiH HHUGPIBIK QJIeyeT» YFBIMBIHA aBTODPJIBIK aHBIKTAMa OEpLiN, OHBIH >XYMBIC
iCTeyiHiH MYMKIH YKOJIIapbl KOPCETUIreH: ASCTYPIIi OHAIpiC Mpolleci jKy3ere achpbUIFaH XKaFaaiia, COHaan-
aK 1MQpPIbIK aneyeTTi OelCeH/i KaJBINTACTBIPY JKOHE NaMbITy »karaaiibiHna. COHbIMEH Katap LHQPIBIK
9KOHOMHKA YFBIMJIAPbl CHUIATTalFaH JKOHE OHEPKICINTIK OHJIpicTe TEeXHOJOTHSHBI KOJJIaHy OarbITTapbl
AHBIKTAJIFAH: «3aTTap MHTEPHETI», «YJIKEH JAePEKTep», «OIOKUCHHY jKoHe «KHuOep(H3HKaIbIK Kyiienepy.

Kinm cos30ep: Wnnyctpus 4.0, mudpranaslpy, eHEpKaCINTIH DUQPIBIK TpaHCHOPMAUICH, OHEPKACINTIK
KACIOPBIHAAP, OHEPKACINTIK KIacTepiiep, U PIIbIK ATyeTi, TU(PIIBIK aIeyeTTi Oaranay Tocliaepi.

JI.B. TamenoBa, A.B. ba6kun, /[.I'. MampaeBa

udposas Tpanchopmanus NpOMbILIJICHHOT0 IPOU3BOACTBA
B KOHTekcTe UnaycTpuu 4.0

B craTbe ucciiejoBaHbl KIIOUEBbIe KOMIIOHEHTHI IM(POBOI TpaHCHOPMALUK IIPOMBIIUIEHHOTO POM3BO/ICTBA
B KoHTeKkcTe Munyctpuu 4.0, B yactHOCTH: BHenpeHue IT-TexHomorui, moapa3yMeBaronX UCIIOIb30BaHUE
Ha Mpou3BoACTBe TexHonoruit Big Data, Blockchain: pobotusamus cucteM aBTOMaTH3UPOBAHHOTO MPOEKTH-
POBaHUs; MIAaHUPOBAHHE PECYPCOB MPEANPUATHI MPOMBIIIIEHHOTO KIIACTEpa, YIPaBIeHHE )KU3HEHHbBIM IHK-
JIOM M3JeNUs, a TakKe CHCTEMBI YIpaBIeHHs IPOU3BOACTBEHHBIMH IponeccaMu. [IpoBenen rirybokuii ana-
JM3 KOJMYECTBA M COJEPXKaHUS HayYHBIX paboT, MOCBSIMICHHBIX M3yYEHHUIO IU(POBOro M MHHOBAIMOHHOTO
TIOTEHIMAIa TIPOMBIIIUICHHOTO KJIacTepa, MpOWHIeKCHpOBaHHBIX 1o 6azam Web of Science, Scopus, poccuii-
CKOTO MHJIEKCAa HAyYHOTO IUTHPOBAHMS. JIaHHBIM aHANN3 ITO3BOJIMII BBLIBUTH aKTYaJbHOCTH U IIIyOHHY HC-
ClIeOBaHUI{, OMPEeNnII U COBPEMEHHBIE TOJIXO0/bI K OIIEHKE IU(PPOBOTO MOTEHIMANA. PacKpBITHI OAXOIHI,
OCHOBHbIE MHJMKATOPhI M MOKA3aTeNM OLICHKH LM(POBOTO MOTECHIMANA, IPEATIOKEHHbBIE POCCUICKHUMH yue-
HeiMu  A.B. KosnoBeim, A.B. Tecnst, H.B.T'opomonoBoit u  A.A. [lemkosoii, [0.A. KoBanpuykowm,
N.B. AnekceeBbiM U apyrumu. JlaHo aBTOpPCKOE OmpesesieHHe MOHATHIO «IH(pPOBOH MOTEHINAT HHHOBAIIK-
OHHO-aKTHBHOTO MPOMBIIIIEHHOTO KJIAacTePay, BBIICICHbI BO3MOXHbBIC MYTH €ro (yHKIMOHHUPOBAHUA: IIPU
YCJIOBHHU OCYIIECTBJIECHHS TPAAUIMOHHOTO TpoIlecca MPOU3BOJCTBA, a TAaKKe IPH aKTUBHOM (DOPMHUPOBAHUU
W Pa3BUTHH IH(POBOTO MOTEHIHMANA. TaKKe oXapaKTepU30BaHbl KOHIEINH H(POBOI SKOHOMUKH H OTIpe-
JIeTIeHBl HaNpaBJIeHHs] NIPUMEHCHUS! TEXHOJIOTHH Ha IPOMBIIUICHHOM IIPOHM3BOJICTBE: «MHTEpHETa Belei,
«OOJTBIINX TAHHBIX», «OJOKYSHH» U «KHOSPPU3NIECKUX CHCTEMY.
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Knouesvie cnosa: Uunycrpus 4.0, undposusanus, uudposas tpanchopMalys IpOMBILUICHHOCTH, TPOMBbILI-
JICHHBIE NPENPUATHS, POMBILUICHHbIC KJIacTepbl, HU(GPOBOH MOTEHIMAN, MOAXObI K OLEHKE LH(PPOBOro
MOTEHIHANA.
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