DOI 10.31489/2022Ec1/54-67
JEL: L6, 02, O3
UDC: 338.2:004.9

D.G. Mamrayeva, A.B. Toxambayeva’, L.V. Tashenova
Karagandy University of the name of academician E.A. Buketov, Kazakhstan
'dina2307@mail.ru, “aluatoxambayeva@gmail.com, *larisatash_88@mail.ru

*https://orcid.org/0000-0001-8508-7317, https://orcid.org/0000-0002-6274-0878,
*https://orcid.org/0000-0001-5022-0421

'Scopus Author ID: 55357690300, ‘Researcher ID: N-6945-2015
3Scopus Author ID: 55356992700, *Researcher ID: B-4876-2013

Industry digitalization in the Republic of Kazakhstan

Abstract

Object: To investigate the trends of digitalization in the industrial sector of the Republic of Kazakhstan as a key
factor of economic development in the conditions of technological transformation.

Methods: The content analysis method was used to succinctly analyze the data array concerning the scientific is-
sues under the research; systematization of materials to present the results of the analysis in a comprehensive manner;
the method of graphical interpretation, based on which the components of Industry 4.0 and the features of the SIMP
technology platform were presented.

Findings: Key directions of digitalization of the Kazakhstan industrial sector were analyzed. The factors of the
introduction of digital tools at industrial enterprises were considered, the key components of the digital transformation
of industrial production within the framework of the Fourth Industrial Revolution were identified.

Conclusions: The results of analysis showed that the introduction of elements of Industry 4.0 allows to industrial
enterprises improving production processes, significantly reducing time and increasing efficiency, also to create the
products focused on the needs of individual consumers. An important factor of digital transformation is the support
received by companies both as part of the implementation of state programs and through mutual cooperation of
enterprises with each other. The research once again confirms that digitalization is not just a “fashionable” tool of the
modern modernization but an effective way of gaining the competitive advantages.

Keywords: digitalization, digital economy, Industry 4.0, industrial enterprises, robotics, artificial intelligence,
manufacturing, blockchain technology, Big Data.

Introduction

Digitalization is a modern factor in the economic development of many countries. Today in the
Republic of Kazakhstan, there is a transition from introducing individual digital elements to the integrated
application of the digital ecosystem within the framework of the Fourth Industrial Revolution, known as
“Industry 4.0”. Digital and communication technologies cover all sectors of the economy, primarily
industrial production. Advanced industrial enterprises consider digital transformation as the most important
indicator of socio-economic success not only within their activities but also within the state as a whole.

Digitalization and technologies in the framework of Industry 4.0 provide to industrial enterprises many
new opportunities and advantages, including improving product quality, flexibility and productivity, process
reliability, also creating technological goods with high added value. Introducing digital elements makes it
possible to achieve a higher level of automation and intellectualization of all industrial production processes,
starting with the engineering (creation of digital twins), using an automated component supply system,
ending with aspects of the development and supply of customized products.

Digitization is a process that began many years ago and is showing increasing momentum. Since 2011,
when the vision of Industry 4.0 was presented, there has been a positive trend in digitalization in the
manufacturing industry (Figure 1).
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Figure 1. Key components of Industry 4.0

Note — Compiled by the authors based on “Recommendations for solving problems with the using of digital projects (solutions) and
for improving of the efficiency of enterprises”. JSC “Kazakhstan Center of Industry and Export “Qazindustry””

The President of the Republic of Kazakhstan has repeatedly spoken about the expediency of introducing
elements of “Industry 4.0”, in particular, in the annual Messages to the people of Kazakhstan, special
attention is paid to the Fourth Industrial Revolution, which involves the implementation of a set of measures
for the technological re-equipment of basic industries until 2025.

In the republic, the application and implementation of digitalization began in 2017 with the
development of the “Digital Kazakhstan” State program, which involves the development of new
technologies (3D printing, blockchain and others), while the emphasis is on increasing labor productivity in
leading sectors of the economy, including in industry. During its implementation, it was revealed that over
80% of enterprises of the mining and manufacturing industry of Kazakhstan have an insufficiently high
degree of automation and the introduction of digital technologies in comparison with enterprises of advanced
countries (Figure 2).

« Extractive, manufacturing industry
*Mining industry

Name of 'El_lcl'gY _
industries +Oil and gas industry

«Labor productivity growth in the section "Mining and quarrying" in 2022 - 38.9%.
«Labor productivity growth in the Manufacturing Industry section in 2022 - 49.8%.
Target *The growth of jobs created due to digitalization in 2022 - 300 thousand people.

indicators

\

«Implementation of various Smart technologies in order to ensure effective information
exchange between all elements and participants of the network

«Improving the efficiency and competitiveness of industrial enterprises

«Transition to a more technological and resource-saving level

*Digitalization of ore mining through the introduction of a digital mine

«Introduction of intelligent deposit technology in large mining companies

«Implementation of production process management systems. enterprise resource planning.
positioning of personnel and equipment, implementation of "smart mines" /

Figure 2. Directions of digital transformation of the industrial sector of Kazakhstan

Note — Compiled by the authors based on the key sections of the “Digital Kazakhstan” State program
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Undoubtedly, in the conditions of modern economic development, the issues are relevant, concerning
the study of the current state of digitalization development in the industrial sector, determining its specific
features and trends. As a rule, the industrial sector, from the point of view of the organization of production,
is difficult, therefore, it is hard to assess the degree of digitalization of the Kazakhstan’s industry, but despite
this, the authors analyzed digital tools that have already been introduced at industrial enterprises.

Literature Review

Many scientific works of both domestic and foreign researchers have been devoted to the development
of the digital economy.

In the works of M. Perno, L. Hvam, A. Haug (Perno et al., 2022), A. Hallin, E. Lindell, B. Jonsson,
A. Uhlin (Hallin et al., 2022), V. Vukadinovic, V. Majstorovic, J. Zivkovic, S. Stojadinovic, D. Djurdjanovic
(Vukadinovic et al., 2021) it is noted that Industry 4.0 contributes to the transformation of many industries
by creating new business models through the using of artificial intelligence, namely, machine learning
(which is a subsection of artificial intelligence), the Internet of things (as a way to exchange information be-
tween several devices connected to a single network), the using of data analysis methods and the latest de-
velopments in the field of information and communication technologies.

Digitalization and Industry 4.0 technologies provide to industrial enterprises many new opportunities
and advantages, such as improving product quality, reliability of technological processes, also increasing
flexibility and productivity (Chirumalla, 2021).

Digitalization in industry affects the holistic processes, associated with production automation, building
a business model, the further development of the industrial industry is associated with diverse expectations in
terms of increased productivity and flexibility, support for artificial intelligence, human and robot
collaboration, the using of smart-watches and information glasses, updated qualification requirements and
completion of a new job profile. Thus, the impact of digitalization on industry has become a topic of
scientific discussion both at the national and international levels (Jeske et al., 2021).

The special role of innovative and digital technologies is noted by scientists and in industry. Because
the manufacturing and processing industries are characterized by long and complex supply chains, the effi-
cient production of commodity and/or functional products should be based on using the modern technologi-
cal processes. Technologies and technological innovations are often developed through collaboration with
technological process suppliers (Blichfeldt & Faullant, 2021). Because the processing industry has a complex
structure, aimed at developing of mature key technologies, innovation plays a central role in the success of
the processing industries, combined with integrating information and intelligent technologies (Qian et al.,
2017).

The analyzed topic of the research is worrying many Kazakhstani scientists. So, according to
G.M. Aubakirova, F.M. Isatayeva (Aubakirova & lIsatayeva, 2021), the driving force of digitalization of the
Republic of Kazakhstan is the public sector. The state should create a favorable environment for the
worldwide adoption of innovations, financing the development of digital infrastructure, providing a legal
framework for the digitalization of the business environment and the adaptation of industrial enterprises to
advanced technologies. Today, several state programs are being implemented in digitalization of industry,
allowing to accelerate the pace of implementation of Industry 4.0 elements at all stages of production
(Table 1).

Table 1. State programs and projects in the field of digitalization of industry in Kazakhstan

Name of the The purpose of the program and Economic effect of the program
program the implementation period implementation
1 2 3

- labor productivity growth in the mining industry by 38,9%,

. S I ) o
Improving the life quality of the in the manufacturing industry - by 49,8%;

population and the economy - increasing of the share of Internet coverage to 78%, mainly

The state pro- competitiveness of the Kazakh- | in regions and countryside;

gram ;
“Digital Ka- q star|1 through tfhehprdo_gr_eslswe - coverage of 95% of the population by digital broadcasting;
Jakhstan” evelopment of the digital eco- _ _ S _
system; implementation years: | - increasing the digital literacy of the population up to 80%;
2017-2022

- ensuring the development of information and communica-
tion technologies and the country's GDP up to 4,7%.
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1 2 3
The State pro- - real growth of labor productivity in the manufacturing in-
gram of indus- dustry by 1,6 times compared to the level of 2018;
trial-innovative
development of

Ensuring the competitive manu-
facturing industry of the Repub-
lic of Kazakhstan in the domes- | - growth the volume of exports of the manufacturing industry

the Republic of tic and forelgq marketsi imple- | by 1,9 times;
mentation years:

Kazakhstan for 20202025 - increasing the index of the physical volume of investments

2020-2025 in fixed assets in the manufacturing industry by 1,6 times, etc.
National project | The formation of Kazakhstan as
“Technological a country with modern effective

- 79 billion tenge of taxes annually from the crypto industry;

breakthrough public administration, including | - increasing the share of GDP in the ICT sector up to 5%;
through digitali- | through digital transformation; . . . S
zation, science years of implementation: - the share of private co-financing of RNTD commercialization

and innovation” 20212025 projects and applied scientific research — 50%.

- development and investment of 30% of mining enterprises
in coordinated connectivity strategies via 5G, LTE, satellite
networks by 2022;

Improving operational efficien-
cy, reducing production costs,
improving staff performance

through the using of best prac- | - 60% of large mining companies have digital production in-

“Digital Mine” . - : . .
tices and innovative approaches | novation centers;
of using a new information tech- . o i . .
ologiesand ool Implemenca- | (7 9% DY 1 e oo
tion years: 2013-2025 9 panies. exp P ' P ’
crushing, processing, etc.
- automation of oil and gas production;
“Digital Improving the efficiency of the | - increase of mining by 2-5%;
deposit” oil and gas complex; implemen- | _ requcing the cost of materials and equipment by at least
tation years: 2015-2022 10%:
- increase of energy efficiency by 20%.
Automation of almost all pro-
duction cycles from processing
of raw materials to delivery of
“Model digital goods using technologies, also | By 2025, 40 digitalization projects are planned to be imple-
factories” ensuring of these processes con- | mented, 14 of them have already been implemented.

trol in a single digital system;
years of implementation: 2012—
2025
Note — Compiled by the authors according to the review and analytical portal “Strategy2050.kz”; the official Internet resource of
the State program “Digital Kazakhstan”.

Beyond public sector involvement, enterprises need a strategy of continuous improvement for
successful digital transformation, which must be reliable with a realistic business-oriented investment plan.
Another important factor of digitalization is the competence of employees. Because Industry 4.0 entails the
modification of the skills of employees, it is necessary to constantly train management personnel in the field
of IT technologies to use the full potential of digital transformation (Turkyilmaz et al., 2021).

The works of the Russian scientist, doctor of economics, professor Babkin A.V. were among the first on
the post-soviet space concerning aspects of the digital transformation of industry. In particular, in the works
of the scientist, a structural and functional model of managing the digital potential of a system-forming
innovation-active industrial cluster was proposed, which most fully and comprehensively reflects the features
of the digital transformation of complex integrated industrial structures (Babkin et al., 2021), also the
methodology of its evaluation (Tashenova et al., 2021).

Special scientific interest arouses works, reflecting the role and essence of digital platforms within the
functioning of industrial enterprises and clusters (Babkin et al., 2020), crucial trends of the digital economy
development and industrial clustering factors (Babkin et al., 2020), components of digital transformation of
industrial production in the context of the Industry 4.0, also the technologies application directions in
industrial production (Tashenova et al., 2019).

Modern trends in the process of digitalization are also revealed in the works of Z.K. Esymkhanova,
Zh.D. Dauletkhanova, B.A. Baimamyrov, (Yesymkhanova et al., 2020), M.F. Baimukhamedov,
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A.A. Zhikeev, A.S. Boranbaev (Baimukhamedov et al., 2021), K.P. Musina, D.G. Mamrayeva,
M. Lemanowicz (Musina et al., 2020), K.A. Abdikarimova (Abdikarimova, 2018), O.G. Karpovich,
B.N. Karipov, A.Sh. Nogmova, (Karpovich et al., 2020), etc.

Thus, the issues of industry digital transformation have been reflected in numerous works of both
domestic and foreign researchers. Digitalization tends to spread to a huge number of economic processes and
phenomena, which requires appropriate research and largely determines their relevance.

Methods

The research was carried out based on a systematic approach within the framework of this scientific ar-
ticle, on the process of using the content-analysis method, which includes the research and interpretation of
data and acts as an objective and systematic means of describing relevant economic phenomena and process-
es. In relation to the literature review, the content-analysis method ensures the rigor, systematicity and repro-
ducibility of information. The scientific-methodological basis was a retrospective, causal, current analysis of
data about digitalization of industry. The theoretical basis of the research was the works of domestic and for-
eign scientists about the development of digitalization in industry, periodicals, also materials from the Inter-
net. The authors have widely used scientific articles from scientometric databases Scopus, Clarivate Analyt-
ics (WoS), RSCI.

Results

Digitalization of economic sectors acts as an important factor of stimulating economic growth and a
catalyst of the information technologies development in industry. The widespread using of digital technolo-
gies in industrial production allows it to significantly increase the efficiency of processes, ensure labor safe-
ty, also generate new sources of income by changing business models of companies, creating of a new for-
mation product, including customized products with high added value.

Since the adoption of the State program “Digital Kazakhstan” at the end of 2017, the volume of finan-
cial and human resources in the development of digitalization in economic sectors has increased in the re-
public. Thus, over the past 2 years, the overall economic effect of the implementation of this program in the
amount of over 600 billion tenge has been obtained; in particular, such areas as transport, healthcare, educa-
tion, mining and metallurgical industry are already characterized by high results in the introduction of digital
technologies.

Analysis of the global experience of industry digital transformation shows that the main directions of
development in this direction became such concepts as “Industry 4.0”, “Smart Manufacturing”, “Digital
Manufacturing” and others (Table 2).

Table 2. Brief description of Industry 4.0 components

Name of the technology Brief description
With the help of loT technology, each product is assigned a personal identifier
that provides an inextricable link to information about its origin, using and desti-
nation. This significantly increases the efficiency of production and distribution
of goods, also reduces transaction costs associated with global production.
A sharp increase of data transfer speeds and the introduction of cloud computing
technology open access to almost infinite computing and storage capabilities
Big Data and analytics from almost anywhere in the world. The era of cloud computing and big data
makes it possible to create interaction schemes, including in commercial purpos-
es, between industrial enterprises located at great distances from each other.
Software robots that simulate human actions at a computer involve using a key-
board and mouse in the process of routine, repetitive operations in order to auto-
mate smaller sections of business processes, including within the framework of
industrial production.
3D printing is an additive process that creates the final product by overlapping
Additive manufacturing tech- | subsequent layers of material, avoiding the need of component assembly. First, a
nologies (3D printing) digital model is created using computer modeling programs, and then a three-
dimensional object is printed on a 3D printer made of liquid or powder materials.
A blockchain is a distributed database in which data storage devices are equal
Blockchain (block chain) (there is no central server). It stores an ever-growing list of ordered records called
blocks. Each block contains a timestamp and a link to the previous block.
Note — Compiled by authors based on the research.

Internet of things

Robots
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It is well known that the Fourth Industrial Revolution means increasing automation of production pro-
cesses and the mass introduction of technological phenomena such as 5G, “Smart Cities”, analysis of “big
data”, “blockchain”, “digital assets”, innovative digital financial instruments, cyber-physical systems, mod-
ern digital platforms, etc., a brief description of which is presented in Table 3.

Table 3. Characteristics of digital technologies in industry

Name of the technology

Brief description

Examples of implementation /
using in industry

1

2

3

Face identification system,
video evaluation

Implementation of the miners' positioning system
accelerates the location of a worker in any mine
working, reporting information to the dispatcher
in real time, prompt response in emergency cases.
By using big data evaluation tools for a work with
the information, supplied by the sensors, heat
losses are reduced, and an optimal degree of accu-
racy in metal temperature prediction is ensured.

“Kazakhstanskaya” Mine,
ArcelorMittal Temirtau min-
ing Company, JSC “NC Ka-
zakhstan Temir Zholy”, Gen-
eral Electric Aviation (USA)

“Digital Factory”

It implies the operation of seven model digital
factories. Saving is achieved due to the reduction
of equipment downtime and resource losses, the
introduction of centrifugal devices with digital
control, and the improvement of the technological
enrichment program with the transition to a single
cascade.

JSC “AK Altynalmas”, JSC
“Eurasian Foods”, JSC
“Kentau Transformer Plant”,
JSC “Himpharm”, LLP
“Karlskrona”, LLP
“Baltextil”, LLP “Almaty Fan
Plant”, Societas Europaea
(Germany), Robert Bosch
GmbH (Germany), Bosch
(Germany)

Intelligent solution
technologies “IntelliSense”

It’s made it possible to model neural networks for
predictive study of the technological process and
management by the huge information array of
primary information. It implies the using of artifi-
cial intelligence for predictive evaluation of ball
loading and wear of linings, preventing overload-
ing of equipment.

Gold recovery factory of
Aktogay branch of JSC “AK
Altynalmas”, Li & Fung (Chi-
na)

“Digital Mine”

It implies digital design of mining operations,
which reduces the impact of the human factor.

JSC “Kostanay Minerals”,
LLP “Kazakhmys Corpora-
tion”, JSC “Kazatomprom”,

Dundee Precious Metals

“Smart Quarry - Smart facto-
ry??

(Canada)
Technologies make it possible to increase the
transparency of monitoring the effectiveness of
the process, contribute to the improvement of the Kachar quarry of JSC

product portfolio due to the variety of digital
functionality and the connection of innovative
services. All stages are automated: drilling and
blasting; transportation on a conveyor from the
quarry directly to the factory; beneficiation pro-
cess with the output of high-quality iron ore con-
centrate.

“Sokolovsko-Sarbayskoye

Mining and Processing Pro-

duction Association”, BHP

Billiton (Australia), Daimler
AG (Germany)

“Intellectual field”

The technologies implemented at the fields, opti-
mize energy costs by up to 15%, stabilize the pro-
duction level by up to 2%, and establish remote
monitoring of fields.

JSC “Ust-Kamenogorsk tita-
nium-magnesium Combine”,
JSC “Himpharm”, China
Haier Group

“Automated control system of
mining and transport com-
plex”, mobile personnel man-
agement “Pitram”

The system made it possible to monitor the loca-
tion of equipment and personnel in the mine, re-
ducing injuries by 15%. In excessively difficult
places, an industrial robot, advanced technologies
are used: ERP sensors, on-board computers, satel-
lite positioning in real time.

JSC “Kostanay Minerals”,
LLP “Kazzinc”, Eurasian Re-
sources Group, JSC “Ust-
Kamenogorsk Titanium and
Magnesium Combine”
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1 2 3
Automation of planning and accounting of routine
maintenance and repair work; planning of human | JSC “Himpharm”, Siemens
and material resources. The implemented solution AG (Germany), BASF
has a direct impact on the production planning | Societas Europaea (Germany),
processes. A SCADA system with an open archi- | JSC “Ural-Chemical Compa-
tecture allows you to collect a huge amount of ny” (RF), PJSC

data from a variety of devices using many proto- “Nizhnekamskneftekhim”
cols, including specialized ones.
Note — Compiled by the authors on the basis of “Recommendations for solving problems with using of digital projects (solutions)
and improving the efficiency of the enterprises” JSC “Kazakhstan center of industry and export “Qazindustry””, also on the ba-
sis of the source (Li et al., 2021) and the official information resource www.primeminister.kz.

SAP TOPO, Power Map of
QA Big Data (WinCC Open
Architecture, WinCC Flexible

u WinCC Classic), “BASF
4.0”, “Work Day” (cloud HR)

According to the results of a survey conducted in 2019 by JSC “Kazakhstan center of industry and ex-
port “Qazindustry”” (over 600 industrial enterprises), regarding their readiness for digitalization, it was re-
vealed that 80% of manufacturing entities, also 60% of the extractive industry, are at the stage of transition
to automated production, which corresponds to the level of “Industry 2.0”, and only 3% of manufacturing
enterprises and 21% of the mining industry are characterized by the level of “Industry 3.0”.

Currently, many industrial enterprises have introduced digital technologies into various production pro-
cesses, which are characterized by partial digitalization (Figure 3). The technical readiness of industrial en-
terprises of the republic for the using of digital technologies in most cases is established according to the
basic level of production automation, namely, by evaluating the effectiveness of the automatic management
system by technological process (AMS TP), management system by enterprise resource (MSER), automated
system of commercial accounting of energy resources (ASCAE), production management system (PMS),
maintenance and repairs (MR).

9
ASCAE; 8
8 AMS TP; 7

AMS TP; 7 MSER; 7
MSER; 6

ASCAE; 5 MSER; 5

MR; 3
PMS; 2 MR; 2
AMS TP; 1 ASCAE; 1 PMS; 1 MR; 1

PMS; O

AMS TP ASCAE MSER PMS MR
B Mining industry Mechanical engineering Metallurgy

Figure 3. Number of implemented information systems by industry

Note — Compiled by the authors on the basis of “Recommendations for solving problems with the using of digital projects (solutions)
and improving the efficiency of the enterprises” JSC “Kazakhstan center of industry and export “Qazindustry””

The introduction of automated information collection systems in real time, also the integration of in-
formation flows, positioning of personnel and techniques, automated management by techniques, accounting
of material flows with using sensors and detectors, MSER, PMS information systems, etc., improved labor
productivity indicators by an average by 10%, reducing injuries — by 15%.

It should be noted that the barriers hindering of the digital transformation of enterprises are the limited
nature of cybersecurity; the presence of unauthorized access, and as a result, data leakage; the difficulties of
compliance with digital standards, certain norms; not always correct nature of taking decisions on issues of
new technologies; the low level of literacy of employees in the field of IT; lack of financial resources for
investments in digitalization, also a clear idea of the benefits from its practical implementation.
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For demonstration of the “Industry 4.0” advantages in 2018 the Ministry of Investment and Develop-
ment within the framework of the “Digital Kazakhstan™ State program, was taken a decision to select 7 en-
terprises and reorient the nature of their activities in the form of “model digital factories”. Within the frame-
work of this initiative, over 40 projects are already being implemented; 18 of them are planned to be imple-
mented by 2025. This suggests that the business independently understands the expediency and timeliness of
the introduction of digital technologies in production.

In 2020, by the cluster fund “Park of Innovative Technologies” operating under the brand “Tech Gar-
den” conducted an analysis of 99 industrial enterprises of Kazakhstan, which showed that most of them
(59,6%) are ready and would like to implement digital solutions and projects in this area; 17,2% declared
about partial need for this kind of activity; and only 23,2% expressed unwillingness / lack of readiness in the
introduction and active using of elements of digitalization.

It should be noted that in October 2021, the “Smart Industry Management Platform (SIMP)” technology
platform was launched, the purpose of which is the digitalization of the industry of the Republic of Kazakh-
stan and the development of domestic IT companies. Consider the components of its digital ecosystem (Fig-

ure 4).
3

IT-consortia
IT solutions QazR&D
S Venture funds A platform for the
( Investors administration
SR, HEI _ oft_he R&D
Events ﬂ financing process
Atlas of Professions
SIMP ;
Ecosystem
Industry 4.0
ﬁ 5 . Industry 4.0 Map
—O0— Analytics
State % Big Data
Support measures Modeling
Document flow & Diagnostics

Certification

Effect of implementation
Scaling solutions

Industry Reduction of operating and capital costs
Technological tasks Data collection and analytics for techno-
Successful projects logical process optimization

Advanced technology Retraining of personnel, etc.

Figure 4. Features of the functioning of the SIMP technology platform

Note — Compiled by the authors based on data from the “Autonomous Cluster Fund “Park of Innovative Technologies
“TechGarden””

The SIMP platform unites several stakeholders in this cluster: Subsurface users, performers-contractors
of subsurface users, High Education Institutes, scientific-research institutes, scientific-research centers, also a
comprehensive map of Industry 4.0, and, accordingly, the state (Figure 5).

The Smart Store module is an online supermarket of technological solutions and tasks from industrial
enterprises. The objective of this module is to provide to industrial enterprises of access to the best domestic
technologies. It consists of the following sections: IT-solutions; industry tasks; competence centers; virtual
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IT-quarter; technology marathons; package solutions. Tasks solved within the framework of this module: the
ability to post tasks/solutions; notification/ announcement system; conclusion of electronic contracts; partici-
pation and organization of technological marathons; ordering of package solutions. The effects of using the
Smart Store module are as follows:

— prompt search and implementation of technologies;

— transparency of the interaction processes between the customer and the supplier;

— increasing the speed of search and processing information due to the “single window” principle;

— verified service providers.

Smart Industry Management
Platform

Platform participants / projects The future of the platform

Ready-made modules 50 — technology companies (Smart eDiagnostics of the activity of an
eSmartStore — supermarket of Store module); industrial enterprise

technological solutions; _ 115 — industrial enterprises eFormation of recommendations on
eQazR&D - platform for subsoil (QazR&D module); digitalization

use_rs_; . #2 —online course (Digital eSmart contracts
*Digital Competence —online Sl e RF eAutomatic receipt of state support

competence platform. 158 — funded projects (QazR&D measures
module).

Figure 5. The system of the SIMP technology platform functioning

Note — Compiled by the authors based on data from the “Autonomous Cluster Fund “Park of Innovative Technologies
“TechGarden””

The QazR&D platform is a module designed to assist subsoil users in fulfilling their obligations to de-
duct 1% of the SRS - total annual income (EC — extraction costs). The purpose of the module is to create a
transparent platform for monitoring, administration and effective using of the tool for deducting 1% of
SRS/EC for R&D. The sections of this platform are the following: R&D solutions; technical specifications of
the industry; uploading reports; R&D database. In addition to the tasks solved within the SmartStore module,
the QazR&D platform allows to connect Hyperledger, that is, a distributed blockchain network consisting of
various functional components that are installed on network nodes. The module also implies the installation
of an “integration tire” - a corporate application that ensures the interaction of all existing information sys-
tems through a single point, transactions, data transformation, message security, etc.

The Digital Competence module is an educational module aimed at increasing competencies in the field
of Industry 4.0 (upgrading the skills of personnel and their retraining). The main sections of the platform are
“e-courses”, “knowledge base”, “certification”, “webinars/conferences”, “vacancies”. The module promotes
of access to courses and certification in the areas of Industry 4.0; a unified conceptual apparatus and
knowledge base, also improving the overall level of digital literacy in the enterprise.

Digitalization and robotization are the most important factor that allows mining enterprises to remain
profitable and competitive already today. Large industrial giants of Kazakhstan, such as ‘“Kazakhmys”,
“Kazminerals”, “Kazzinc”, “ArcelorMittal Temirtau”, JSC “NAC “Kazatomprom™”, “Altynalmas”, ERG,
JSC “Ust-Kamenogorsk Titanium-Magnesium Combine”, JSC “Himpharm”, etc. use a robotization system
for mining of minerals. These enterprises have developed a digital modernization plan within the framework
of the “Digital Mine” program, which provides the introduction of new technologies, such as advanced
transducers, sensors, robotics. For these purposes, in the next 5 years, enterprises plan to invest in the amount
of 800 billion tenge.

In Kazakhstan, work on the formation of innovative companies and start-ups that act as intermediaries
in promoting digital solutions is accelerating. The key direction is the consolidation and coordination of the
activities of organizations that support startups and innovative projects for attracting venture capital inves-
tors. Thus, in the IT-startup technopark “Astana Hub”, where 17 research laboratories of domestic and for-
eign IT companies operate, conditions have been created for obtaining tax, labor and visa benefits, there are
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startup promotion programs. A single portal has been created at the technopark site to support and stimulate
both industrial, innovative and startup projects, where over 530 events were held in 2019, memoranda on
innovative cooperation was signed with 25 international organizations (Aubakirova et al., 2020).

Thus, digitalization allowed to industrial enterprises not only to increase profits but also to reduce pro-
duction costs, which leads to a reduction in the cost of production, also an upbuilding of labor productivity,
an increase of technological level, and finding a new market niche. The digital transformation of enterprises
confirms its economic feasibility.

Discussion

Today, the Republic of Kazakhstan is an active participant in implementing a comprehensive digitaliza-
tion program that contributes to the country’s entry into the 30th international ranking of digital competitive-
ness. Measures to stimulate the transition of Kazakhstan's industry to “Industry 4.0”, automation, and
robotization of Kazakhstani enterprises will have a positive impact on increasing the competitiveness of in-
dustrial production.

The process of digitalization is of a long-term nature, requiring constant technological renewal, the crea-
tion of infrastructure, and the training of personnel. As practice has shown, on the path of Industry 4.0 devel-
opment in the Republic of Kazakhstan, the most pressing problems are lack of qualified personnel and finan-
cial resources necessary to make investments in the digital transformation of the industry; lack of suppliers,
digital solutions for the enterprise, the infrastructure; lack of understanding by company management of the
benefits of digitalization; the presence of barriers related with digital standards, norms, insufficient
cybersecurity, maintaining data confidentiality.

The solution to these problems should be carried out systematically; all actions should be aimed at using
actual digital technologies that will contribute to the formation of a favorable business climate, a modern
digital ecosystem, competitive advantages; in turn, the using of tax incentives will increase the efficiency of
technological modernization; at the same time, it is important to invest to the training and advanced training
of relevant personnel who are directly involved in the digitalization of all production processes and subse-
guent maintenance of relevant software and digital solutions, including those represented by robotic equip-
ment and automation systems.

Despite a wide range of scientific publications that widely, but not always succinctly reflect the aspects
of industry digitalization in Kazakhstan, there are several debatable issues concerning the development of
methods and algorithms of evaluating the digital tools implementation effectiveness (both individual and
complex solutions). In this regard, the authors’ subsequent research will be aimed at analyzing the specifics
of the current organizational and economic mechanism functioning and factors of commercialization of in-
novations at Republic of Kazakhstan industrial enterprises and developing recommendations for its im-
provement.

Conclusions

During the research, the relevance of the IT-technologies introduction, related to the use of big data,
blockchain technologies in production, robaotics, etc., which will allow industrial enterprises to improve the
processes of automation and optimization production processes, creating solutions with the using of artificial
intelligence to reduce production costs, increase productivity, obtain higher profits and develop products
having a high rate of added value, positioned in the market with a customized component, was determined.

Based on the results, we concluded that the transition of the Republic of Kazakhstan to the digital econ-
omy, the processes of digital transformation can significantly expand the range of industrial production and
provide new opportunities for further development of industries and activation of technological moderniza-
tion. The measures taken by the Government of Kazakhstan in this direction will lead to ensuring of highly
competitive advantages of our country in the global technological arena and successful participation in the
global digital services market.
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Ka3zakcran Pecny0iukacbIHIaFbl 06HEPKICINTI HHPPIaAHABIPY

AHnoamna

Maxkcamul: TexHONOTHSIIBIK TpaHcopManus KarnaiblHIa ASKOHOMHKAJBIK JaMy[AblH Herisri (akTopsl periHue
Kazakcran Pecny0imukachIHBIH ©HEPKICIN CEKTOPBIHAAFEI HU(PIaHIBIPY YPAICTEPIH 3€PTTEY.

Ooici: 3epTTey OapbIChIHIA Ma3MYH/IbI TaJIay 9/iCi KOJAAHBUIABI, OJ 3¢PTTENICTIH FRUIBIMH MACEJeIepre KaThICThI
MOJIIMETTED JKUBIHTHIFBIH KEHIHEH TalllayFa MYMKIHAIK Oepeni; Tainjay HOTIKEIEPIH »aH—KaKThl KepceTyre
MYMKIiHJIIK OepreH Marepuaiiapipl xyiesney; rpaduKaiblk HHTEepIpeTanus o1ici, oHblH Herizinae «Uupyctpus 4.0»
KOMIOHEHTTEpi, coHmaii-ax SIMP TeXHOIOTMSIIBIK IU1aT()OPMACEIHBIH )KYMBIC ICTEY epEeKIICNIKTepl YChIHBIIFaH.

Kopeimuinowi: Makanana Ka3akcTaHHBIH ©HEPKICIIT CEKTOPBIH AWDKHUTAIM3AUMUIAYIBIH Heri3ri OarbITTaphl
TalgaHFraH. OHEPKOCINTIK KOCIMOpBIHAapAa TUPPIBIK Kypalmapisl CHTI3y (aKTopiapbl KapacThIPBUIBI, TepTiHIIi
OHEPKOCINTIK PEBONIONUS IMICHOSpIHAEC ©OHEPKACINTIK OHMIPICTIH IMAPIBIK TpaHCHOPMANMACHIHBIH  HETi3Ti
KOMIIOHEHTTEP1 aiKbIHAAIIIEL.

Tyorcoipvimoama: Ocbl FBUIBIMH Makaja asChlHIAa JKypriziiren tammay Munyctpus 4.0 31eMEHTTEpiH CHII3y
OHEPKACINTIK KACINOPBIHJAAPFa OHAIPICTIK MPOLECTEepIi KETUIAIpYyre, yaKbITThl €19yip KbICKApTyFa JKOHE THIMIUIIKTI
apTTHIPYFa, COHBIMEH KaTap >KeKe TYThIHYLIBUIAPABIH CYpaHBICTapblHA OaFbITTajFaH OHIMAEP.l jKacayFa MYMKIiHJIK
oepetinin kepcerTi. Ludpibik TpaHChOpMANUIHBIH MaHBI3IbI (PAKTOPHI MEMIICKETTIK OaFaapiamManap/sl iCKe achipy
asIChIHAA /13, KSCIIOPBIHAAPIBIH Oip—OipiMeH 63apa bIHTBIMAKTACTBIFbI aPKBUIBI 1a KOMIaHUsIAp ajdaThlH KOJaay OOJIbII
TaObLIabl. ABTOpJIApIBIH 3epTTeyl LUQPIaHIBIPYAbIH Ka3ipri 3aMaHFbl MOJCPHU3ALMSHBIH «COHII» Kypajbl FaHa
eMec, 09CEKeNeCTiK apTHIKIIBUIBIKTapFa KOJI KETKI3YIiH THIMII 9JIiCi €KeHIH TaFbl Oip peT pacTaiIbl.

Kinm co30ep: nndpnanneipy, upislk SkoHOMUKa, Mamyctpus 4.0, €HepKOCINTIK KOCITOPBIHIAp, POOOTTaHIBIPY,
yKacaHIbl HHTEIUICKT, OHAIPIC, OJOKYEHH TeXHOIOTHSACH, YiIKeH canaap (BigData).

J.I'. MampaeBa, A.b. TokcambaeBa, JI.B. TameHnoBa
Hudposuzanus npombinieHHocTH B Pecnmydanke Kazaxcran

Annomauyus

Ienv: UccnemoBaTh TeHASHIMH HUGPOBU3AIMK B TMPOMBINUICHHOM cekrope PecmyOnukun Kaszaxcran kak
KITIOYEBOH (PaKTOp IKOHOMHYIECKOTO Pa3BUTHS B YCIOBUAX TEXHOJIOTHUECKON TpaHC(HOpMAITHHL.

Memoowl: B xone riccieoBaHus OBLUTH MCIIONF30BaHbI METOIBI KOHTCHT-aHAJM3a, TO3BOJIMBIINI €MKO IPOAaHAIH-
3MPOBaTh MACCHB JAaHHBIX, KaCAIOIIUIiCA MCCIeTyeMOi HayIHOW MPOOIEMATHKH, CHCTEMAaTH3aIlMd MAaTepUAIIOB, JaB-
A BOBMOXKHOCTB MIPEJCTaBUTh PE3yJIbTaThl aHAIH3a KOMIUIEKCHO; U rpa)i4ecKoil MHTepIpeTanui, Ha OCHOBE KOTO-
poro ObUTH TIpencTaBIeHBl KOMIIOHEHTH! «HAycTpun 4.0», a Takke 0COOCHHOCTH (PYHKIMOHHUPOBAHHS TEXHOJOTHYE-
ckoii argpopmer SIMP.

Pesynomamui: B craThe NpOaHATN3WPOBAHBI KIIOYEBBIC HANPABICHUS TUKUTAIH3AIWN TPOMBIIUIEHHOTO
cexropa Kazaxcrana. PaccMoTpens! GpakTopsl BHEIpEHU IH(DPOBBIX UCTPYMEHTOB Ha MPOMBIIUIEHHBIX MPEIIPUATHIX,
OTIpE/ICIeHBl KJIIOUEBBIE COCTABIAIOMKE LU(POBOH TpaHC(HOPMAIMM MPOMBIIUIEHHOTO TPOW3BOJCTBA B paMKax
YeTBepTOil MPOMBIILIEHHON PEBOJIIOIUH.

Bb1600bi: AHanu3, TPOBEICHHBIH B paMKaxX [aHHOM HAay4YHOI CTaThH, IOKAa3al, YTO BHEAPEHHE SJIEMEHTOB
Wnpyctpun 4.0. mo3BoIsieT MPOMBIIIIEHHBIM HPEANPUATHAM COBEPLICHCTBOBATh MPOM3BOJCTBEHHBIE MPOLECCHI, B
3HAYUTEIBHOW Mepe COKpalias BpeMsi M IOBbIIas 3PEeKTUBHOCTD, a TAK)KE CO3/1aBaTh MPOIAYKTHI, OPHEHTHPOBAHHbBIE
Ha 3ampochl OTJAENBHO B3STHIX norpeduteneil. HemanoBakHbM (akTopoM 1H(POBOI TpaHCchHOPMALMH BBICTYIACT
MOJACPIKKa, MoJlydaeMas KOMIAHUSAMHU KaK B paMKax pealn3aluy IOCyAapCTBEHHBIX NMPOTrpaMM, TaK U MOCPEICTBOM
B3aMMHOW KOOTIEpaIy MPEANPUTHHA ApyT ¢ ApyroM. VccienoBanue eme pa3 MoATBEPIKAAET, YTO HU(PPOBU3AIMS — HE
IIPOCTO «MOJHBIN» MHCTPYMEHT COBPMEHHOW MojepHHU3auuH, a 3()(EKTHBHBIA CHOCOO MOJIy4eHUS KOHKYPEHTHBIX
MIPENMYIIECTB.
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