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PROSPECTS FOR DIGITALIZATION AND ROBOTIZATION OF THE
ECONOMY OF KAZAKHSTAN

Abstract. A key factor in the development of Kazakhstan's economy is the
digital transformation of manufacturing enterprises, the use of digital information and
communication technologies to restructure the business so that all decisions are taken
on the basis of data. The structure of digital transformation is presented, end-to-end
digital technologies used to collect, store, process, search, transmit and present data
electronically are considered. The proliferation of 10T technologies and the use of
data from loT devices to make (improve) automated decisions and optimize industrial
production play a significant role in the transition to digital production.

The most important task of modern business models is to create an
omnichannel space, synchronizing data and information in all digital and physical
interaction channels to meet the needs of customers at any time and in any place. The
prospects for the development of digitalization and robotization of our economy are
related to the development and implementation of robotic means.

An important area of development of digitalization and robotization of the
economy of our republic is the development and application of software robot
managers. The structure of the software robot manager is given. It is noted that
digitalization and robotization technologies will provide unique opportunities for
Kazakh enterprises, including high accuracy of forecasting and making management
decisions based on data, multiple cost reductions, providing a better quality
"customer experience"”.
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KA3AKCTAH 9 KOHOMUKACBIH HUDPJIAH/ABIPY IbIH ) KOHE
POBOTTAHABIPY IbIH BOJIALIAFbI

AnHoranusi. KazakcTan 3KOHOMHUKACHIHBIH JaMYyBIHBIH ISy (akTOpbl —
OHJICYIIT  KOCIMOPBIHAAPABIH IUPIBIK TpaHChOpMAIUAICH, OW3HECTI OapJbIK
HIenIMIep aiblHFAH MOIIIMETTEp HEri3iHAe KaObUIlaHATBhIHIAW eTin  KailTta
KYpBUIBIMIAY YIIiH HUQPPIBIK aKIapaTThIK-KOMMYHUKALIUSAIBIK TEXHOJIOTHUSIIAPIbI
naiiganany. Llugpablk TypJaeHaIpyIiH KYpbUIBIMbI YCHIHBUIFAH, JAEPEKTEP/l KUHAY,
cakTay, eHJEy, 13/Iey, Oepy KOHE AJEKTPOH[bI TYPJE YChIHY YIIIH KOJIJaHbLIAThIH
«end-to end» 1UQPABIK TEXHOJOTHUIApHl KapacThipbliaabl. [{udpnslk eHmipicke
KOIIyJle TEXHOJIOTUSUIAP/IbIH Tapallybl MaHbI3bI poi atkapaabl. Ludpasix enaipicke
KOIIyJle MaHbI3/Ibl POJaAl «3aTTapAblH HMHTEPHET!» TEXHOJIOTHSIAPBIHBIH Tapaybl
YKOHE aBTOMATTAH/ABIPBUIFAH MICHIMIAEPAl KaObU1aay (FKETUIIIPY) KoHE OHEPKICITITIK
eHIpicTI OHTanmauaelpy yiriH [oT KypbUiFbIapblHAH —allbIHFAH — JCPEKTep/Il
naiaany MaHbI3IbI POJT ATKAPAIIBI.

3amaHayn OW3HEC-MOJENBIASPAIH €H MaHBI3bI MIHJETI - Ke3 KEeJIreH yaKbITTa
KOHE K€3 KEJIFeH KepJie TYThIHYIIbUIAPbIH KQKETTUIKTEPIH KaHAFaTTaHAbIPY YILUIH
OapbIK CaHIBIK KOHE (PU3MKAIIBIK ©3apa OPEKEeTTeCYy apHajapblHIa OMHUKaHAJIbI
KEHICTIKTI KYpY, IEPEKTEep MEH aKmapaTThl CHHXpOHAy. bi3iH pecmyOnrKaMbI3IbIH
YKOHOMUKACHIH ITUDPIaHABIPY MEH pOOOTTAHIBIPYAbl JAMBITYIIH MaHBI3Ibl OAFbITHI
poboT-MeHemKepaepal OaraapiaManblK KaMTaMachl3 €Tyl 93ipJiiey JKOHE KOJIaHy
0O0JIbITT TaOBLIAIBI.

barnapnaManblK KamMTamMachl3 €Ty poOOT-MEHEKEPIHIH KYPBhUIBIMbI O€pUIreH.
Hudprangsipy KOHE pPOOOTTaHBIPY TEXHOJIOTHSIaPhI Ka3aKCTaHJIbIK
KocIMophIHAapFa Oipereil MYMKIHIIKTEpJi, COHBIH I1IIHAE JAEpEeKTep HErI3iH/e



O0omkay MeH Oackapy mienrMaepiH KaObUIIayIbIH KOFapbl JQJIITIH, IIBIFBIHIAPIBI
eceliien  a3aWTyAbl JKOHE «TYTHIHYIIBI TOXKIPUOECIHIH» €H JKaKChl CalachiH
KaMTaMachl3 €TETIHI aTall OTUIIL.

Tyiiin ce3aep: uudpmanasipy, poOOTTaHABIPY, HUMPIBIK TpaHchopmanus,
AKOHOMUKA, Ou3Hec-Tpolectep, «end-to end» TexHonorusiap, poooT-MeHeIKEPI.
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HEPCIIEKTUBBI IU®POBU3ALINU U POBOTU3ALINHU
IKOHOMMUKHU KAZAXCTAHA

Annoramusi. KiroueBbiM (akTopom pa3Butusi KazaxcTaHCKON 3KOHOMHUKHU
gaBisieTcst  uu@poBas  TpaHchopmalus — IPOU3BOJCTBEHHBIX  MPEIIPUSITHH,
UCIIOJIb30BaHUE LHUQPPOBBIX MHDOPMAITMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOTHM IS
nepecTporKHu OM3HECa TaKUM 00pa3oM, 4TOOBI B HEM BCE PELICHUS MPUHUMAIUCH HA
OCHOBE I0JIy4aeMbIX JaHHbIX. [IpencraBiena cTpykrypa undpoBoi Tpanchopmanmu,
paccMOTpEHbl CKBO3HbIE LU(POBBIE TEXHOJOTMH, NpPUMEHseMble s cOopa,
XpaHeHusi, 00pabOTKHU, MMOUCKA, NEPEeIavu U MPECTABICHUS TaHHBIX B 3JIEKTPOHHOM
BuZe. 3HAYUMYIO poOJIb B TMepexoie K UU(pPOBOMY MPOU3BOJICTBY HIpPAET
pacnpoCTpaHEHHE TEXHOJOrun MHTepHeTa Bemen U UCIOIb30BAHUE MOJYUYEHHBIX C
l0T-ycTpoicTB JaHHBIX ISl MPUHATHS (YIIyUIIEHHs) aBTOMATU3UPOBAHHBIX PEILICHUN
Y ONTUMHU3ALUNA IPOMBIIUIEHHOTO ITIPOU3BOJICTBA.

Baxneiimelr 3amgadeld COBPEMEHHBIX OW3HEC-MOJENEH SBISIETCS CO3JaHUe
OMHMKaHAJILHOTO MPOCTPAHCTBA, CUHXPOHU3allUsl JaHHBIX U MH(OpPMalUU BO BCEX
UGpPOBBIX M (PU3NYECKUX KaHAIaX B3aUMOJCHCTBUS IS  YJIOBJIETBOPEHUS
NOTPEOHOCTEN KIMEHTOB B J11000€ BpeMs U B J1t000M MmecTe. [lepcrekThBbl pa3BUTHS
muppoBu3alMM U PpoOOTH3aLMKM SKOHOMHUKHM Halled pecnyOlIuMKA CBS3aHbl C
pa3paboTKOI U BHEIPEHHUEM POOOTOTEXHUUYECKUX CPEJICTB.



BaxabpIM HampaBlieHHEM pa3BUTHS ITU(PPOBHU3AMH U POOOTHU3AIIUHA YIKOHOMHUKHU
Halel pecryOlIuKh sIBIsSeTCS pa3pabdoTKa W MPUMEHEHHE MPOrPaMMHBIX POOOTOB-
MEHeDKepoB.  [IpuBomuTcs  CTpyKTypa  NPOrpaMMHOTO  poOoTa-MEHeKepa.
OtMeuaercsi, 4YTO TEXHOJOTMH LUPPOBU3AIMU U POOOTU3ALMHU TPETOCTABSIT
Ka3aXCTAHCKUM TPEANPUSATUAM YHUKAIbHbIE BO3MOXXHOCTH, B TOM YHCIIE BBICOKYIO
TOYHOCTh MPOTHO3UPOBAHUSA U TMPUHATHUS YIPABICHUECKUX PEIICHUM, OCHOBAHHBIX
Ha JIaHHBIX, KpPAaTHOE CHUXEHUE W3JePKEK, OOEeCleUeHre Jydllero KadecTBa
«MOTPEOUTEIIBCKOTO OIBITAY.

KuroueBsble caoBa: mudposuzanus, podoTusanus, tudposas Tpanchopmalius,
YKOHOMHMKA, OM3HEC-TIPOLIECCHI, CKBO3HBIC TEXHOJIOTHH, POOOT-MEHEKED

Introduction

The intensive development and proliferation of digital technologies in recent
years have significantly changed the face of key sectors of the economy and the
social sphere. More and more organizations are seeking to move their business
processes to the digital environment, thereby significantly reducing transaction costs
and significantly increasing the volume of economic activity. A giant, virtually
barrier-free market is forming on the Internet with truly global competition and very
high dynamics of all its elements (companies, products and services, consumers).
Under such conditions, the ability to process and analyze large volumes of data
becomes an important factor of competitive advantage. The sustainability and
prospects of business development are determined by the ability to respond to
changing customer needs many times faster than even 20-30 years ago, and to
quickly bring new products and services to market through electronic sales channels.

In recent years, another wave of transformation of business and social models
has been unfolding, caused by the emergence of a new generation of digital
technologies, which due to their scale and depth of influence have been called "end-
to-end" - artificial intelligence, robotics, the Internet of Things, wireless
communication technologies and a number of others. Their implementation,
according to experts, is capable of increasing labor productivity in companies by
40%. In the near future, it is the effective use of new digital technologies that will
determine the international competitiveness of both individual companies and entire
countries that form the infrastructure and legal environment for digitalization.

Purpose of the study

The purpose of this study is to consider promising areas of digitalization and
robotization of the economy of Kazakhstan, a description of end-to-end technologies
that ensure the digital transformation of business processes at manufacturing
enterprises, development and application of a software robot-manager.

Methodology

A key factor in the development of Kazakhstan's economy is the digital
transformation of manufacturing enterprises.

Digital transformation is the use of digital information and communication
technologies to restructure the business so that all decisions are made based on the



data obtained. Information and communication technologies as a class includes a
huge number of tools and developments: from various state sensors to theories
justifying the areas of optimal application of a particular architecture of software
construction [1].

Result

Figure 1 shows the structure of digital transformation.

What is
digital transformation?

D T 42%

61% Digital Infrastructure

Digitalization of
business processes

51% 50%

z Improving the
Data driven customer experience
management at all stages

Figure 1 - Structure of digital transformation

This structure includes the following elements:

- Digitalization of business processes: doing more and faster with the same
resources.

- Data-driven management: know the exact numbers and quickly remove the
unprofitable.

- Improving the customer experience at all stages: correcting people's mistakes
and making adjustments.

- Digital infrastructure: use modern digital technologies and tools.

The application of elements of digital transformation in the production
enterprises of the republic will ensure an increase in labor productivity and improve
the economic performance of these enterprises.

Digital transformation involves the widespread use of end-to-end digital
technologies. End-to-end digital technologies are technologies used to collect, store,
process, search, transmit and

presentation of data in electronic form, the functioning of which is based on
software and hardware tools and systems that are in demand in all sectors of the
economy, creating new markets and changing business processes. These include [2]

1. Big data - technologies for collecting, processing and storing structured and
unstructured arrays of information characterized by a significant volume and
characterized by significant volume and rapid rate of change (including in real time),
which requires special tools and methods of working with them.

2. The artificial intelligence is a system of software and/or hardware capable of
a certain degree of autonomy to perceive information, learn and make decisions based
on the analysis of large amounts of data, including simulating human behavior.



3. Distributed ledger technologies (blockchain) - algorithms and protocols for
decentralized storage and processing transactions structured as a sequence of linked
blocks without the possibility of their subsequent modification.

4.Quantum technologies - technologies of creation of computing systems based
on new principles (quantum effects), allowing to radically change the ways of
transmission and processing of large data arrays.

5. New production technologies - technologies of digitalization of production
processes, which provide increased efficiency of use of resources, design and
manufacture of individualized objects, the cost of which is comparable with the cost
of mass-produced goods.

6. Additive technologies - technologies of layer-by-layer creation three-
dimensional objects on the basis of their digital models (“twins"), which allow
manufacturing products of complex geometric shapes and profiles.

7. Industrial Internet - data networks connecting devices in the industrial
sector, equipped with sensors and capable of interacting with each other and/or the
external environment without human intervention.

8. Components of robotics (industrial robots) -

mmanufacturing systems with three or more degrees of mobility (freedom),
based on sensors and artificial intelligence, capable of perceiving the environment,
controlling their actions and adapting to its changes. Sensorics - technologies for
creating devices that collect and transmit information about the state of the
environment through data networks.

9. Wireless communication technologies - technologies for transmitting

data transmission through a standardized radio interface without the use of a
wired network connection. 5G - Fifth generation wireless communication
technologies, characterized by high bandwidth (at least 10 Gbit/s), reliability and
security of the network, low data transmission latency (less than one millisecond),
and, as a result, it becomes possible to efficiently use big data.

10. Virtual reality technologies are technologies of computer modeling of
three-dimensional image or space, by means of which a person interacts with
synthetic (“virtual™) environment with subsequent sensory feedback.

11. Augmented reality technologies - visualization technologies based on
adding information or visual effects to the physical world by overlaying graphical
and/or audio content to enhance the user experience and interactive capabilities.

Digitalization of industrial production involves the integration of a number of
breakthrough technologies: virtual modeling, Internet of Things, robotics, artificial
intelligence, big data, cloud and edge predictive analytics, new communication
standards, etc. Digitalization is carried out both within manufacturing process
management (MOS/MES) and product lifecycle management (PLM) systems, and
further production maintenance [3].

Digitalization of industrial production involves the integration of a number of
breakthrough technologies: virtual modeling, the Internet of Things, robotics,
artificial intelligence, big data, cloud and edge of predictive analytics, new
communication standards, etc. Digitalization is carried out both within manufacturing



process management (MOS/MES) and product lifecycle management (PLM)
systems, as well as further maintenance.

A significant role in the transition to digital production is played by The spread
of 10T technologies and the use of data obtained from loT5 devices to make
(improve) automated decisions and optimize industrial production. The economic
effect of the introduction of industrial 10T technologies by 2025 may be about 1.2-3.7
trillion $. [4].

Predictive maintenance and repair of equipment helps avoid accidents and
leaks that negatively affect the environment.

For example, Shell has launched an Al and loT-based platform things, which
provides predictive maintenance and tune-ups for thousands of pieces of equipment
and can predict leaks before they occurrence [5]. Digital twin technology, which
combines the industrial Internet of Things and digital modeling, is being actively
implemented in developed countries at at all stages of the product lifecycle, from
development to operation.

In 2021, about half of the world's major industrial companies will use this
technology [6]. The introduction of "digital twins" for modeling and evaluating
various scenarios will reduce the number of equipment failures by an average of 30%
[7].

Digital services and the modern approach to the development of "smart" spaces

change the human living conditions to a more comfortable. "Smart spaces are
physical or digital environments in which people and technological systems openly
interact in connected and coordinated smart ecosystems. Examples of this kind
include smart cities, smart homes, digital workplaces, and factories. Today, the world
Is entering a period of accelerated provision of robust smart spaces, where technology
Is becoming an integral part of daily life for people in any his or her role-worker,
customer, community member, citizen.

The main parameter of competitiveness of new business models is the speed of
bringing a new product to market (timeto-market). Modern product development and
manufacturing approaches based on advanced manufacturing technologies make it
possible to reduce time-to-market and use an iterative approach to updates and
Improvements, adapting to changing customer needs by making it easy to change
suppliers and testing new concepts and products (e.g., Tesla launches new options
and fixes claims in real time, remotely via software updates; Facebook tests and
launches updates for select user groups twice a day, etc.) [8].

The most important task of modern business models is to create an omni-
channel space, synchronizing data and information in all digital and physical
interaction channels to meet the needs of customers at any time and in any place.

Prospects for the development of digitalization and robotization of the
economy of our republic are associated with the development and implementation of
robotics.

The widespread application of robotics in industry will greatly complicate and
diversify the production sector. From individual manipulators to automated
production lines, robotic complexes are involved in a wide range of tasks, from



manufacturing of isolated elements to assembly and even transportation of finished
products [9]. Pictures 1 and 2 show robotics used in industrial plants.

Photo 1 - Robotic car assembly area
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Photo 2 - 3D house construction with robots.

In agriculture, robots will perform many operations, from caring for plants and
animals (a striking example is hydroponic farms) to relieving humans of hard labor
(unmanned planters and cultivators, combines, etc.).



The advantages of using robotics in agriculture are as follows:

- robots are capable of performing various operations - tillage, fertilizing,
sowing, planting, milking cattle, shearing wool, feeding, cutting meat and fish, etc.;

- improving business efficiency through planning, making a field passport;

- increasing crop yields by monitoring the weediness of fields, sowing and
prompt response;

- elimination of unauthorized downtime of machinery, control of field works;

- higher accuracy and speed of technological operations;

- functioning in aggressive, hazardous and dangerous places, inaccessible to
humans;

- robots monitor the cultivation of plants, track the movement of pests, allow
making electronic maps for agriculture.

Today, Kazakhstan produces self-controlled machines for spraying in the
fields, orchards, various seeders and cultivators, combines for berry picking and other
RTS (see photos 3 and 4).

Photo 3 - Robot sprayer Photo 4 - robotic cultivator

The use of unmanned aerial vehicles (drones) in agriculture can become the
main tool of precision farming. The desire to implement precision farming
technologies in modern agricultural enterprises leads to an increase in the efficiency
of all processes. Using spectral sensors on drones, farmers can get information not
only in the visual spectrum, but also in different spectral ranges to calculate
vegetation indices or soil distribution maps. All data are provided with precise
coordinates with the possibility of detailed study and laboratory analysis [10].

One of the promising areas of development of digitalization and robotization of
the economy of our republic is the development and application of software robots-
managers.

When creating robot managers, methods and models of automated control,
methods and tools of artificial intelligence, methods of fuzzy logic and neural
network technology, as well as methods and models of optimization of production
process management are used. The structure of the software robot manager includes
the following basic blocks (Fig. 2) [11]:



- block for input of incoming information from structural subdivisions of the
enterprise, organization;

- analytical block, providing static and dynamic analysis of data coming from
the input block of incoming information from the structural subdivisions of the
enterprise, from sensor equipment, video cameras and other devices for collecting
data on the activities of the enterprise;

- block of optimization tasks solution of management on the basis of the theory
of optimal control, methods and models of artificial intelligence, fuzzy logic and
neural networks;

- block of development of options for management decisions and the choice of
the optimal solution;

- information and reference block, providing the head of the enterprise or
organization with the necessary information on the state of production and economic
activity, on the progress of the production program, on the progress of product sales,
etc.

Data from structural Regulatory and legal
divisions documents

(1]

! s,

[

Block for
Data from inputting
external input data

An analytical

block
organizations 7 1.

Block for
solving
optimization
problems

block for selection
of the
optimal solutions

The head
of the enterprise,
of company

Figure 2 - Structure of the program robot manager

The input unit receives data that includes complete information on the
production activities of all structural divisions of the enterprise or organization. These
data are structured in a certain way, submitted to the analytical block and the



information and reference block. In the analytical block receives data, which include
regulatory and legal materials, information about the status of the enterprise, the
implementation of the products, fulfillment of contractual obligations, etc. The
information input unit also receives data that includes information on production
relations with external organizations, international relations and cooperation, etc.

In the block of optimization problem solving, based on the use of Al methods,
neural networks, models and algorithms of optimal control will solve the problem of
optimal control of various production processes performed by the given enterprise. In
the block of optimal solutions selection, the optimal control solution for a particular
task is selected, and the results obtained in this block are transferred for use to the
head of the enterprise or company.

It should be noted that software robot managers used to manage firms,
organizations and companies should ensure their adaptation to the digital
transformation characterized by the use of broadband Internet, cloud services, RFID
technologies, ERP systems, inclusion of firms and companies in e-commerce, as well
as optimal regulation of financial, industrial, foreign economic, legal and social
insurance activities of the company [12].

The use of software robotic managers to manage the activities of enterprises,
firms and companies will improve the quality of management functions, increase
management efficiency, which will lead to an increase in profitability,
competitiveness and profitability of these enterprises. Expanding the range of
functions of robotic management will lead to the reduction of administrative and
management personnel, increase labor productivity and improve other economic
indicators of the enterprise.

Conclusions

The most important catalyst for the new stage of digital transformation is the
growing success in the development of advanced technological areas, including Al,
robotics, blockchain, virtual and augmented reality technologies and a number of
others. These technologies will provide consumers with unigue opportunities,
including highly accurate forecasting and data-driven management decisions,
multiple cost reductions, and a better quality "customer experience.

Each industry plays its own unique role in the economy or social sphere. Each
of them develops an individual, largely historically determined set of the most
significant problems, challenges and tasks, forming its own development agenda.

There are a lot of obvious examples. For example, the fuel and energy sector
and the chemical industry have the urgent task of reducing the negative impact on the
environment. Certain digital solutions are in demand for its solution, including those
that provide monitoring and control of the environmental situation and prompt
response to emergencies. One of the peculiarities of the electric power industry is
uneven power consumption. New digital solutions for power system management and
distributed energy technologies help balance supply and demand and distribute
energy more efficiently and promptly.

Agriculture is significantly dependent on weather and natural conditions. The
intellectualization of agriculture (e.g., by introducing the concepts of precision
farming, deep processing, smart farms, etc.) makes it possible to mitigate increasing



agroclimatic risks. This kind of industry specificity largely determines the features of
digitalization, as well as the prevailing trajectory and speed of digital transformation.

Digital transformation will require mastering new technologies and
restructuring business processes accordingly. The transition to advanced solutions is
gradual and is only possible with an updated material and technical base.

On the horizon of 5-10 years, fifth (5G) and sixth (6G) generation wireless
networks due to high communication speed and low latency will radically change
communication capabilities (up to the implementation of haptic Internet, telepresence
and 3D-hologram transmission) and will create "growth points" in various sectors.
New areas of application will become widespread: real-time monitoring and control
of production processes through immersive audio-visual channels, complete
"digitization” of all farm elements, real-time performance of routine operations by
remotely controlled robots, etc.
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