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Characteristics of the use of digital twins by industrial enterprises:
the experience of foreign countries and Kazakhstan

Abstract

Object: digital twins, adapted to the tasks of industrial companies.

Methods: content analysis for the purpose of organizing and structuring the main scientific research related to the
study of the use of digital twins, their role and importance for industrial companies; the analysisymethod that allowed to
evaluate the current state of digitalization of production processes in companies; a"graphic. interpretation method that
allowed to visualize the obtained results.

Findings: the concept of “digital twin” is considered and the aspects of‘its application in the sphere of industrial
production are analyzed on the example of foreign companies and enterprises. of,Kazakhstan; the tasks of digital twins
and the advantages of their implementation in production are pointedtout; the stages of building digital twins were
studied.

Conclusions: the study showed that the use of digital twins.opensiup new opportunities to improve the efficiency
and competitiveness of an industrial company. The resultsprovided:an opportunity to assess the annually growing inter-
est in the technology of digital twin; based on the analyzed sourees, suecessful examples of the implementation of digi-
tal twins in the activities of industrial enterprises of foreign countries and Kazakhstan are considered.

Keywords: production process, digital technologies, digital twin, virtual product, cyberspace, components of the
digital twin.

Introduction

The issue of transition to high-techrindustries in the context of global competition is especially relevant
in recent decades and reveals in practice in‘increasing the level of automation of enterprises and in the wide-
spread digitalization of production.processes. There is a need for fast and accurate modeling of products and
their production technology tersave resources and increase the profitability of production in modern condi-
tions, where consumer demand‘for customized products is significantly increasing.

Thanks to Industry 4.0, the'storage of all data in digital form and the sensors installed in industrial spac-
es, the implementation ef-digital twins became possible. With the proliferation of the Industrial Internet of
Things (1loT), digital. twin,technology has gained widespread importance. Moreover, with the advent of
comprehensive modeling’ capabilities and a significant increase in computational resources, it has become
possiblesto perform realistic testing in a virtual environment.

The article aims to study the main aspects of the application of digital twins by industrial enterprises
abroad and'in Kazakhstan.

The following tasks are defined: the study of the essence of digital twins from the point of view of the
analysis of the research work of modern scientists; the consideration of the main stages of the construction of
digital twins in industrial production; the identification of the advantages and limitations of the use of digital
twins in manufacturing enterprises.

The working hypothesis of the study is the assumption that the interest of both the scientific community
and the management of enterprises in the essence and applicability of the technology of digital twins in prac-
tice, as well as in determining their economic efficiency and feasibility of implementation for the creation of
innovative products with high added value and a pronounced customer-specific component, is increasing
year by year.

*Corresponding author: E-mail address: larisatash_88@mail.ru
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A digital twin is a digital copy of a specific physical object that reflects the structure, performance,
technical condition, and type of work mission of a physical object, including parameters such as miles trav-
eled, malfunctions, and maintenance and repair history of a real product (physical twin).

The concept of the digital twin was first described in 2002 by Michael Greaves, a professor at the Uni-
versity of Michigan. In his book The “Origin of Digital Twins”, he divided it into three main components: 1)
the physical product in real space; 2) a virtual product in a virtual space; 3) data and information connecting
a virtual and a physical product.

Tao F., Zhang H., Liu A., Nee A.Y. also identify VV &A (verification, validation, and accreditation) as
components of digital twins and assert that “digital twins are characterized by seamless integration between
cyber and physical spaces” (Fig. 1).
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Figure 1. Hlustration of 110T, cyber-physical systems and digital twins in the physical and virtual world

Note — compiled by the authors.

However, in 2002, the idea was not yet widely supperted,largely due to the technical imperfection of
the technologies of that period:

— most data was stored in paper form and processed.manually;

— receiving and storing a stream of various data about a product or technological process in real time
was practically unfeasible;

— there was no suitable hardware and software.

In 2011, NASA first gave a specific concept for digital twins and applied it to the maintenance and pro-
tection of future spacecraft. Spegifically, a’model was created in digital space. Sensors were then used to
achieve full synchronization with the actual state of the ship, and historical data was analyzed to assess
maintenance needs. Digital twin (DT) technology is not limited to the aerospace industry, but extends to oth-
er fields, such as preduction planning and linear design, production process optimization, healthcare predic-
tion and management, and the smart city concept.

Literature Review

In the.scientific world, there is not yet a unified approach to understanding and interpreting digital
twins, as digital.twin:technology and the solutions based on it are still at an early stage of development, the
professional’‘community has not yet developed generally accepted definitions and standards, and experts ar-
gue about what a digital twin is, what types of DT exist, in which industry solutions this term is applicable,
etc.

Among the sources that reveal theoretical approaches to understanding the nature of the “digital twin”
are the works of Grieves M., Tao F., Savolainen J., Gao C., Ghosh A., Jones D., Kajba M., Boyes H.,
Singha S., Wang Y., Haoa B. (Grieves M., Vickers, J., 2017; Tao F. et al., 2019; Jones D. et al., 2020; Ghosh
A. et al., 2021; Savolainen J., Knudsen M., 2021; Singha S. et al., 2021; Boyes H., Watson T., 2022; Gao C.
et al., 2022; Haoa B., Yulib W., 2022; Kajba M. 2022; Wang Y. et al, 2022). For example, in the publication
“Digital Twin: Mitigating Unpredictable, Undesirable Emergent Behavior in Complex Systems”, Grieves M.
suggests that the idea of a digital twin, which connects a physical system to its virtual equivalent, could miti-
gate problematic issues related to human interaction. The author describes the concept of the digital twin and
its evolution and shows how it is used throughout the product life cycle to determine and understand system
behavior.
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Boyes H., Watson T. in their study “Digital twins: An analysis framework and open issues” propose a
research methodology to compare the characteristics of all digital twins with this structure and characterize
or compare two or more digital twins. By creating a structure that contains the common functional
characteristics of the sixteen functional components of a digital twin, the authors sought to reduce the
confusion caused by the multitude of definitions of digital twins and their interpretation by suppliers.

In the paper “A Survey of Digital Twin Techniques in Smart Manufacturing and Management of
Energy Applications” Wang Y. et al systematically review existing approaches to digital twins and their po-
tential applications in the energy domain. The benefits of digital twins and related technological innovations
for smart grids can be summarized as follows: optimizing grid energy consumption; monitoring irregular
power consumption; reducing carbon emissions and monitoring them in real-time.

However, the application of digital twin technology in the industry has not only advantages, but also
encounters certain difficulties (Jiang Y. et al, 2021; Minci E. et al., 2022; Sharma A. et al., 2022, Zeb Sh. et
al., 2022). In the publication “Digital Twins: State of the art theory and practice, challenges, and open
research questions” Sharma A. et al explored that depending on technologies such as loF, BigsData, and
machine learning, there may be a large gap between the ideal implementation of "DI and practical
implementation (e.g., whether the required technology development is currently available;»whether the
company has significant resources, finances, and specialists to implement a practicalydigital twin in
production).

Digital twins are the most complex models that describe the structure, context and“behavior of both in-
dividual industrial assets and the systems that comprise them (Priyanka E:, et al, 2021; Wang P., Luo M.,
2021; Fonseca A., et al, 2022; Lehtola V. et al, 2022; Paolone G., et al, 2022; Thiirera M., et al., 2022; Valka
H. et al., 2022; Zhang R. et al., 2022; Xiang F. et al, 2022). For example, Zambrano V. et al., 2022 in their
work “Industrial digitalization in the industry 4.0 era: Classification, reuse and authoring of digital models on
Digital Twin platforms” describe the support of the modular designiof digital twins through the reuse of their
basic building blocks, i.e., the models describing the behaviorof the DT, the algorithms associated with
them, and the data required for their evaluation. How digital'models‘can be classified, reused, and created on
such digital twin platforms is explored and validated through anexperimental analysis of three industrial use
cases of DT.

Of particular note is M. Kajba's study of the amaunt of published literature on the use of digital twins in
manufacturing, logistics, and supply chains, based on analysis of data from the “Web of Science” scien-
tometric database. The study includes data.on search results for keywords for the period from 2018 to 2021.
The main keyword received 125 searcheS in®2018. To the latter, the search query “production” was added
and the number of queries fell sharply to'21, which is 16.8%. When the keyword “manufacturing” was re-
placed by “supply chain”, only 1yrequest was received, which is 0.8% of the total.

As seen below in Figures 2 and 3, the largest number of search results were found for articles called
“digital twin”. It can be argued that the number of articles about digital twins has doubled compared to the
previous year.

/943

e BT
125 21 =32 82 154

2018 2019 2020 2021
Digital twi Digital twin, manufacturing
Figure 2. The number of articles about digital twins for 2018-2021
Note — compiled by the authors on the basis of the source (Kajba M., 2022)
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Figure 3. The number of articles about digital twins in logistics for 2018-2021
Note — compiled by the authors on the basis of the source (Kajba M., 2022)

Then, another keyword, “manufacturing” was included. In 2019, the number of articles about the “digi-
tal twin” and “production” increased 3.9 times compared to the previous year: from 21't0.82 articles. In
2020, the number of articles was 1.9 times higher than a year earlier and amounted o, 154. In 2021, this
number increased by 1.7 times, amounting to 267 published scientific papers.

Digital twins and related technologies are a popular research topic (ameng academics, professionals, IT
specialists, as well as ordinary users interested in technology), as shown hy’the lanalysis of Google Trends-
based searches for the keywords “digital twin” for the period February 20180 February 2023. The number
of queries increased fivefold from 18 to 100 (Fig. 4).

WMWWWW/W e

Figure 4. The number of requests,on the digital twins topic for February 2018-2023.

Note — compiled by the authors based on GoogleTrends data

The highest level of interestin the,topic of digital twins was noted in China, Singapore, Korea, Hong
Kong, Norway, the United Arab;Emirates, Finland, Switzerland, Austria, and Italy.

Methods:

The following research methods were used in the paper: the content analysis method to organize and
structure the main scientific research related to the study of the use of digital twins, their role and importance
for industrial companies. Within the framework of this method, literature sources published in the scientific
databases.Scopus, Web of Science, RSCI were used; the analysis method that allowed to evaluate the current
state ofddigitalization of production processes in industrial companies; a graphical interpretation method that
allowed tovisualize the obtained results.

Results:

The concept of the digital twin is gaining interest in both research and industrial contexts, and is includ-
ed in the list of key strategic technology trends in many countries around the world. In addition, more and
more organizations and companies are recognizing the value of digital twins and investing numerous re-
sources in exploring the possibilities of their potential application. Major logistics service providers such as
DHL see digital twins as a promising technology trend.

The global market for digital twins was estimated to reach 3.1 billion US dollars by the end of 2020.
According to the forecast of the analytical agency Markets and Markets, the market for digital twins will
reach 48.2 billion US dollars by 2026. According to analysts, spending on digital twin projects will increase
by an average of 58% per year (Fig. 5).
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Figure 5. Forecast of growth in the market of digital twins

Note — compiled by the authors on the basis of the sourcewww.tadviser.ru

Manufacturing production processes and shop floor design are more closelyiintegrated through digital
twins. Simultaneous display and real-time interaction between physical, and virtual equipment enable rapid
detection of faults, which in turn provides opportunities for streamlining a maintenance strategy. Industrial
production uses digital twins — virtual copies of the finished product;iequipment and devices; the production
process or the entire enterprise.

In September 2021, Russia became the first country in theyworld.to adopt standards in the field of digi-
tal twins. The corresponding document, which was approved by Resstandart and came into force on January
1, 2022, was entitled “Numerical modeling” — GOST P,57700.37-2021 “Computer models and modeling.
Digital twins of products. General”. The national'standard is the first in a series of national and industry reg-
ulatory technical documents that will determine the, procedure for developing digital twins, standard re-
guirements for the structure and procedure for their support during the product operation, the procedure for
accounting and storage, etc.

For the first time in world practice, aSingle definition of the digital twin of the product is established —
“this is a system consisting of a digital-model of the product and bilateral information links with the product
(if the product is existing) and (ar) its component parts”.

This standard was developed by amwerking group under the leadership of the NTI Competence Center
“New Production Technologigs®»of the /Peter the Great St. Petersburg Polytechnic University and the Federal
State Unitary Enterprise “Russian Federal Nuclear Center — All-Russian Research Institute of Experimental
Physics” as part ofitheactivities of technical committee No. 700 “Mathematical modeling and high-
performance computingitechnologies” (TC 700).

The basis of theidigital.twin of the product is a digital model of the product, which, in turn, is “a system
of mathematical‘and computer models, as well as electronic documents of the product, describing the struc-
ture, functionality, and’behavior of the newly developed or operated product at various stages of the life cy-
cle, for which, on the basis of the results of digital and (or) other tests according to GOST 16504, an assess-
ment of compliance with the requirements imposed on the product was performed”.

Experts consider the optimal error between the operation of the digital twin and its physical prototype to
be no more than 5%. This criterion is met by aggregated doubles of the Digital Twin Aggregate level. These
are dynamic computational models that allow not only to collect operational data from sensors, but also to
exchange this information with other systems that control technological processes.

The components of the digital twin include elementary and imperative components (Fig. 6). Without the
elementary components, the digital twin cannot exist. Imperative components complement the properties of
digital twins, making it a comprehensive modeling, real-time monitoring, and analytics tool. Without them,
the uniqueness of digital twins ceases to exist. The existence of each of these components depends to a large
extent on the subject area and application of digital twins.
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The digital twin provides feedback and interoperability of physical objects through interactive feedback,
data aggregation and analysis, and optimization of solutions for efficient management, security monitoring,
and data analysis. The digital twin acts as a digital advisor, analyzesithe\existing technological process, al-
lows to identify bottlenecks in the production process and helps‘te implement the strategy for the develop-
ment of the production process. Figure 7 below shows the tasksifor digital twins.

‘_ Tasks of fk‘m l;in_ _bj

r

Strategic level | Tactical leved [ Operational level
IR ]

Design, construction Opimization of System/object
of & new masmfacturing sate
production line program prediction

(
Development of & technical Optimization of intra- Digital adviser for the
re-oquipmant prografh . production loglstics mplementation of
| I technological
Opering of anew Optimal stock operation
prodyttion | management

Figure 7. Tasks for digital twins
Note — compiled by the authors on thebasis of the source bia-tech.ru

The use of digital twins in‘production allows for uncertainty management. Within the framework of the
DT, different levels of production intensity, incoming orders for production are set. It becomes possible to
conduct various kinds,of stress testing, the formation of a hypothetical situation. The use of the DT allows to
expand the-beundaries of uncertainty assessment.

The digital.twinwalso allows the company to experiment in a risk-free environment. The virtual model
exactly repeats the real physical process. Simulation of changes in production is tested in a virtual environ-
ment, without stopping production processes, the calculation of the optimal volume of production resources
is carried out,

It becomes possible to test a large number of hypotheses and exclude activities that do not bring an eco-
nomic effect. In turn, pre-tested and proven hypotheses will allow the company to reduce costs. The digital
model makes it possible to test hypotheses, get calculations in an accelerated mode and find out in 5 minutes
what will happen to a physical object in a week or a month.

The stages of digital twin construction are shown in Fig. 8.

Digital models for the production of new products at the enterprises have been used for a long time. But
previously, in most cases, after receiving the finished product, the virtual model was sent to the archive. In
the concept of a “digital twin”, the virtual model is not discarded after the creation of the product, but is used
in conjunction with its physical twin throughout the life cycle: at the stages of testing, refinement, operation
and disposal.
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This allows to create channels of valuable feedback. Thanks to the receipt of information from sensors
installed on technological equipment, in workshops, transportation facilities, the digital twin in real time
builds an up-to-date model of the production system in the digital environment. This operation is the pre-
rogative of the operational model of the digital twin of the production system. As a result, authorized em-
ployees receive comprehensive information about such parameters as equipment loading, its depreciation,
temperature in the shop and in the areas of direct processing, production operations and their parameters per-
formed at the moment, the amount of raw materials in the warehouse, etc.

Integration with data sources Testing and Training specialists in
to obtain up-to-date information validation of the the skills of using
about orders, the status digital model the created model
of work centers
o & @
A
& B a
&
e = ] el
o @ o o
Description and Setting up the Setting the Maintenance and
formalization of technological objective function  Hevelopment: expariling
technological maps of process chain and for process the list of products and
production, standard runtime optimization tasks equipment ysed, taking
characteristics into accoupt additional
of work centers restrictions

Figure 8. The stages of digital twin construction
Note — compiled by the authors on the basis of source bia-tech.ru/

A digital twin can significantly increase the stability of the operation‘or functioning of a real object —
equipment, product or component of the production cycle. For. example, Shnaider Electric specialists with
the help of a digital twin and predictive analytics managed‘to predict a compressor failure at an oil refinery
25 days before it could actually happen, which saved the'companyseveral million US dollars.

Companies such as Siemens, General Electric, IBM, Microsoft and Bosch today already offer the con-
cept of digital twins as a service for enterprises. For.example, General Electric offers a digital twin platform
that allows predicting the behavior of the system in advance, and Siemens is focused on smart processes of
product development. There are several successful examples of the transition to Industry 4.0 using the con-
cept of “digital twins” (Table).

Table. Application of digital twins by foreign industrial enterprises and companies of Kazakhstan

Company name Description of the used digital twin Expected efficiency from use
- optimization of the trip (optimal speeds and fuel con-
Digital twin sumption levels are calculated) based on the available
General Electric, called “Trip Optimizer” schedule and data on the state of the rolling stock trac-
USA of the locomotive “Evolution  [tion engine, weather conditions, etc;
89 series” - savings of 8-10% on fuel and reduction of emissions

by 174 thousand tons per year.

- accurate forecasting and optimization of logistics
costs. Based on the current industry forecast, a 10%

Gl Ao Digital twin of the wind turbine

Research, logistics Drocess reduction in logistics costs is possible, representing
USA g P global cost savings for the wind energy sector of up to
2.6 billion US dollars per year by 2030.
- tracking the working condition of the electric vehicle;
- identification of the problem at an early stage in order
Tesla, - . . . . S
Digital twin of electric vehicles |to avoid costly repairs;
USA : . I
- ensuring the best service and reliability of each copy
of the electric vehicle.
-analysis of data received from sensors and equipment
Goldcorp ANDRITZ digital twin for manag- |at the production site and prediction of possible prob-
Canada ' ing gold mining operations (as well |lems;

as other precious metals) - recommended solutions based on sensor data to opti-
mize plant-wide operations.
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Suncor Energy,

Digital twins for process control in

- management of production processes, such as oil and
gas production

Canada the oil and gas industry - forecasting and elimination of possible problems
Petrob(as, Digital twins of oil and gas fields -_modellng of its oil fields and optimization of produc-
Brazil tion processes
Digital twin from GE Aviation, —des:[l_gn' antq dev](caloprgentt'of aircraft, ]
using its Predix software suite, | optimization of production processes, .
Embraer, - : : - the ability for analysts to determine correlations be-
Brazil which provides an integrated plat- ; bl Il as faster to understand. predict
form for storing, analyzing and wgen \t{arl_a ftsﬁ as v¥e as fas e][ 0 understand, predic
modeling digital twins and optimize the performance of an engine
or aircraft.
Control of the production process of the Maserati Ghib-
li model:
_ Ghibli digital twin based on Sie- |- develo_pment of veh.lcle components; modeling of
Maserati, g production processes;
mens NX, Tecnomatix, SIMATIC - : . . -
Italy - design of automation processes; planning and optimi-

IT MES and TIA Portaltechnologies

zation of production processes;
- reduction of costs and reduction of vehicle develop-
ment time by 30%.

CNH Industrial,
Italy

Digital twin on the welding line of
the chassis of the Iveco
van truck

- predicting the prabability of failure of critical compo-
nents, running the script <“What if?”;

- comparison of different operating and maintenance
modes to optimize maintenance costs and spare parts;
— minimization of planned and unplanned downtime.

KLM Royal Dutch Air-
lines, Netherlands

Airliner Digital Twins for Online
Learning

- reducing the carbon footprint and costs with the help
of multiple versions of digital twins of airliners for vir-
tual training purposes,

- reduced operational impact thanks to instant mobile
access to digital twins during pre-flight pilot tours.

Digital Twin of the‘car: digital 3D

- providing employees of the company in different
countries of the world with detailed model data in real-

Volkswagen, rototypes of different carmodels time;

Germany P yP suchfas the'Golf ' |- the use of digital tools in combination with augment-
ed reality, which allows to view and change digital
twins using gestures and voice commands.

- optimization of the planning of maintenance of trains,
Digital twin to support decision- |including tasks such as estimation of the required num-
Alstom, 5 - . . . . . .
makingiin‘the field of train mainte- |ber of trains, their route, modes (frequency of mainte-
France i i
nance nance, unscheduled maintenance in case of break-
downs, etc.).
- i i 0,
Peugeot (PSA Grolip): SR, R?ductlon offprr?dqctllon colfts 'UE ;q 50|/o dL_Je to the
France Digital twin of the car replacement of physical work with digital twins on test

benches.

PJSC “T Plus”,
Russia

“EMAS.OPT, EMAS.TEP”

- optimization of boilers for three types of fuel: coal,
gas and fuel oil;

- calculation of planned values of technical and eco-
nomic indicators based on the results of solving the
optimization problem;

- a single database of characteristics of the entire fleet
of main equipment, on the basis of which it is possible
to find and further make changes to any consumption
characteristic.

0JSC “TGK-16”,
Russia

“EMAS.OPT”
Kazan CHPP-3 model implemented

- planning the optimal operating modes of the station
using a solution based on the use of the mixed integer
linear programming method.
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Uralmash zavod,
Russia

Digital twin (DT-1): vibrating sieve
for drilling fluid cleaning system

- a fundamentally new design of the vibrating sieve for
the drilling rig was developed, which made it possible

to significantly surpass the performance of the product
in comparison with competitors;

- significantly improved the main characteristics of the
design: the overload coefficient is increased to

8.8 g, the weight is reduced.

Gazprom neft,

Digital Twin Seismic exploration;
Innovative system of planning and

- provides the company's specialists with prompt re-
mote access to summary statistics and data of search
projects to obtain up-to-date geophysical information;
- includes modules of predictive and video analytics,
risk analysis, recommendations and mapping opera-

Russia monitoring of geological explora- tions:
tion - huge arrays of geological exploration data have been
systematized, the accuracy has been increased and the
cost of prospecting projects has been reduced.
Haier, China Digital twin -improvement of the process of design, testing.and op-

of production process

timization of production.

China National Petrole-
um Corporation (CNPC),

Digital twin of oil/gas field

- simulation of oil and gasifields, improving productivi-
ty and reducing costs

China
- standardization of production processes; — creation
. . . . of a single datasepository;
Digital twin of production equip- |~ "> =~ X ' . .
HeroMotoCorp, ment using the 3D EXPERIENCE optignizatign oNime"and materlgl_costs,
. ) - assessment ofithe manufacturability of new models of
India platform from Dassault Systémes

vehicles;
- identification-of problems before the start of produc-
tion and timely corrective actions.

National Thermal Power
Corporation,
India

Digital twin of energy systems

= power’system management and optimization of pro-
duction processes.

Wood side Energy,
Australia

Digital twin of equipment

<management of oil and gas facilities;
- reduced equipment downtime and increased produc-
tivity.

“Kazakhmys”, Kazakh-
stan

Digital twin ofithe mines

- management of mining processes;
- analysis of data received from sensors and equipment
at the production sites, forecasting possible problems.

JSC “Shubarkul Premi-
um”, Kazakhstan

Digital twin of section

- online mode of monitoring the load on various ma-
chinery, equipment;

- monitoring of fuel consumption;

- automated supply, maintenance and repair;

- fully digitalized document flow.

LTD “Water resources
-Marketing”,

Digital twin of the water supply and
sewerage system

- the ability to calculate the necessary load on water
supply networks;
- reduction of accidents;

Kazakhstan of the city of Shymkent - .
- acceleration of emergency recovery work time.
- reduction of the amount of necessary materials by
15% and elimination of collisions during the construc-
. « tion phase;
Gold mining plff‘m Altyn s A - Bentley's open 3D and 4D modeling applications and
almas”, Digital mine o .
Kazakhstan Digital Twin technology allowed the company to per-

form design and construction work simultaneously,
resulting in the factory being put into operation 30% of
the time ahead of schedule.

Note — compiled by the authors on the basis of company data

The use of digital twins helps to significantly reduce the time to market entry of new products, provides
transparency of the production process and provides the company's management with real levers for man-
agement and optimization. The use of digital twins leads to an increase in production efficiency due to high
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operational flexibility by 5-7%, a reduction in working capital by 30-50%, a reduction in the average lead
time for orders up to 20%, an increase in labor productivity by 15-30%.

Currently, digital twin models face the following challenges, depending on the field where digital twins
are being implemented. These problems are mainly of a technical nature:

— high-precision 2-way synchronization is especially difficult for large industries, requires resources
and high-stream connection to implement 10T tasks;

— compatibility with existing software used in the production cycle for tasks such as inventory, product
management and operations. Solving the compatibility problem can lead to a delay in the implementation of
the DT;

— problems of cybersecurity, security of cross-industrial partners;

— additional resources: the use of digital twins requires the investment of certain resources, finances
and research.

In the coming years, large companies will move to remote monitoring and management<of entire pro-
duction and all departments through virtual systems. The same will happen with cities: they.will acquire digi-
tal twins that unite all the most important systems, districts and urban infrastructure. Online:monitoring will
be carried out using 10T sensors, scanners and drones with machine learning, and the virtual systems them-
selves will be placed in the cloud. This will make it possible to respond urgently to’emergencies and prevent
them even in the most remote regions.

Discussions

Manufacturers of high-tech engineering software: Dassault Systémes; Siemens PLM Software, AN-
SYS, Autodesk, PTC, etc. pay considerable attention to digital twins. The interpretations of the digital twin
that these companies use are often not definitions in the strict‘sense of,the word and depend directly on the
specifics of the company's activities, and sometimes on a specific/project.

The dynamic increase in the frequency of use of the termdigital.twin“ over the past few years has been
characterized by processes that largely determine the-multiple interpretations of the digital twin, resulting in
the emergence of unsettled terminology.

Conclusions

The study led to the following conclusions:

— the growing interest in the topic of digital twin technology from the scientific community and the in-
dustrial sector is confirmed:;

— the concept of a digital twin is considered and the aspects of its application in the sphere of industrial
production are analyzed;

— the tasks of digital twins'and the stages of their construction are studied;

— the advantages of using digital twins at manufacturing enterprises are revealed;

— the limitations and challenges™faced by industrial enterprises in the implementation of digital twins
are described:;

— the examples of practical application of digital twins in the production processes of foreign enter-
prises and companies of Kazakhstan are considered.

Like any technology, digital twins also need to be updated to meet the latest developments in the tech-
nologies they rely on (IoT, big data, machine learning), so industries with long-term use of digital twins will
need to‘constantly.invest in this research, which can lead to additional costs.

It should be'noted that, apart from domain-specific applications, most of the existing digital twin ap-
proaches are demain-neutral and therefore not limited to any particular field, which provides the complete
flexibility of digital twins and the wide possibilities of their application.
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OHepkacinTik KICIMOPLIHAAPABIH CAHABIK eri3nepai naiiiagany epexuenikTepi:
meT MemJieKeTTep MeH KazakcTaHHBIH TIxKipuoeci

Anoamna

Makcamol: OHEPKICINTIK KOCITOPHIHAAPABIH MiHACTTEpiHE OCHiMIEITEeH CaHABIK eTi31epai aHBIKTAY.

Odici: CaHIBIK eri3fepai maiifasanynsl, oJapAbIH ©HEPKACINTIK KOCIMOPBIHAAP YIIIH pejli MEH MaHBI3BIH 3epT-
Teyre OaiIaHBICTBI HETI3T1 FRUIBIMHU 3€pTTeyJepAl YHBIMIACTBIPY )KOHE KYPBUIBIMIAY MaKCaThIHAA MA3MYHObI MAI0ay;
KoCIMOpbIHAapaFsl OHIIPICTIK MpouecTepai HU(pIaHIbIpyAbIH Ka3ipri )karaaiiblH Oarajgayra MYMKIHAIK OepreH mai-
day a0ici; aJbIHFAH HOTHXKEJICPl BU3yaln3alusuiayFa MYMKIHIIK OepreH epaguxanvik unmepnpemayus a0ici naiana-
HBUIIBL

Kopuvimuinowi: «CaHIbIK €ri3» YFBIMBI KapacThIPBUIBIN, OHBI OHEPKACINTIK OHAIpIC calachkliHAa KOJNaHy acHeKTi-
Jiepi meTenmik KoMmaHwmsuiap MeH KaszakcTaHHBIH KOCIHOPBIHAAPHIHBIH MBICAIBIHIA TalJaHFaH, CaHIBIK eTi3IepHiH
MiHZAETTepl J)KOHE ONapIbl OHIIPiCKe SHTI3YAiH apTHIKIIBUIBIKTAPHI AIllbIIl KOPCETITeH; CaHIBIK eTi3Aepi Kypy Ke3eH-
Ziepi 3epTTeNTeH.

Tyosrcoippimoama: 3epTTey KOPCETKeH IEH, CaHIBIK eTi3ep/al Mmaifanany eHepKOCINTIK KOCIMOPBIHHBIH THIMIITIT
MeH 0Oocekere KaOiIeTTUNriH apTThIpy YIIiH JKaHa MYMKIHIIKTEp amaibl. AJBIHFAH HOTIDKEIEP CaHIBIK TYBICTAC TeX-
HOJIOTHISIFA KBUT CaliBIH OCIII Kelle KAaTKAaH KBI3BIFYIIBUIBIKTE Oaranayra MYMKIHIIK Oep.i; TalgaHaThIH IepeKKo3aep
Heri3iHze weT MemiiekeTTep MeH KazakCcTaHHBIH OHEPKACINTIK KACINOPbIHAAPHIHBIH KbI3METIHE CaH IbIK eTi3/Iep/i eHT -
3y/iH TaOBICTHI MBICAIIAPHI KAPAJIIbL.

Kinm ce30ep: eHpipic mpolieci, CaHIbIK TEXHOJOTHSIAP, CAHABIK €ri3, BUPTYaAbl OHIM, KHOCPKEHICTIK, CAH/IBIK
€ri3 KOMIIOHCHTTEPI.

JL.B. TamenoBa, A.B. badkun, /I.I'. Mampaesa, b.III. ' Kyabxam0exoBa

OcobenHocTH NpuMeHeHNs HU(POBBIX ABOIHUKOBMPOMBIIIIEHHBIMY NPeANPUATHIMU:
onbIT 3apy0e:kHbIX-CTpad u Ka3axcrana

Annomaunusn

Lens: UndppoBsie ABOIHUKY, aTalTHPOBAHHBIC TT0M,331a9N IPOMBIIUICHHBIX MTPEIIPUSTHA.

Memoovr: KoHTEeHT-aHaIN3 C TeTbI0 OPTaHU3AINH U CTPYKTYPUPOBAHIS OCHOBHBIX HayUHBIX MCCIICOBAaHUH, CBS-
3aHHBIX C U3YYECHUEM MPHUMEHCHHS MU(PPOBBHIX TBOWHUKOB, HX POJHM M 3HAYCHUS JJIS MPOMBIIUICHHBIX MPEIIPUSTHIH;
METO] aHaJIH3a, MO3BOJIUBIINI OLIEHUTH TEKYIICe TOI0KEHHE I(PPOBU3AINA TPOU3BOICTBECHHBIX MPOIIECCOB HA TPEN-
NPUATHAX; METOJ] rpauecKOil MHTEpIpETAlHH,IABIINI BO3MOKHOCTh BU3yaI3UPOBATH MOJY4YECHHbIC PE3yIbTaThI.

Peszyromamei: PaccMOTpeHO MOHITHE HUGPOBOM ABOWHUK» W MPOAHAIU3UPOBAHBI aCIEKThI €r0 MPUMCHEHHUS B
chepe MPOMBINIIIEHHOTO MPOU3BOJICTBA Ha NpUMeEpe 3apyOeKHBIX KOMIAHWN U Mpeanpusathuii KazaxcraHa; BBISBICHBI
3a71a4u U(PPOBBIX TBOWHUKOB M MPEUMYIHNECTBA X BHEJPEHUs Ha MPOU3BOJICTBE; U3YUESHBI 3TAlbl MOCTPOeHHs IU(po-
BBIX JIBOMHUKOB.

Buisoowr: VccnenoBanue 10Ka3aio, 4TO MPUMEHEHHE ITU(PPOBBIX IBOWHUKOB OTKPHIBACT HOBBIC BO3MOXKHOCTH
MOBBITICHUS 3(P(PEKTUBHOCTH W KOHKYPEHTOCIIOCOOHOCTH IMPOMBIIUICHHOTO MpeanpusaTus. [lomydeHHbIe pe3yibTaThl
MTO3BOJIFITH OLICHUTH PACTYIIHUN €KETOTHBIN WHTEepPEeC K TEXHOJIOTHH IH(POBEIX TBOWHUKOB; HA OCHOBE MPOAHAIN3UAPO-
BaHHBIX MCTOYHUKOB PACCMOTPEHBI YCIICITHbIC IPUMEPHI BHEIPEHUS III(PPOBBIX TBOMHUKOB B JACATEIHHOCTH MIPOMBIII-
JICHHBIX TPEANIPUATHH 3apyOeKHBIX cTpaH U KazaxcraHa.

Knrwotiegvle cnoga: mpon3BoICTBEHHBIH Tpoliecc, HU(PPOBEIE TEXHOJIOTHH, TU(PPOBOH TBOWHHK, BUPTYaJIbHBIH
POyKT, KUOSPHPOCTPAHCTBO, KOMIIOHEHTHI IIM(POBOTO IBOWHHKA.
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