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Abstract. The study examines the use of multidimensional scenario modeling (MSM) for
the development and production of fundamentally new products, taking into account the
variability of consumer requirements and market conditions. The focus is on the integration
of end-to-end digital technologies, an approach to creating a dual digital product, and product
lifecycle management based on IT systems. The purpose of the research is to develop a new
methodology for the formation of the technical and economic appearance of a product based
on end-to-end digital technologies and digital twins, which makes it possible to model life
cycle scenarios and choose optimal solutions with minimal costs. The study uses methods
of literature analysis, benchmarking and comparative evaluation of statistical data to study
the competitiveness of radically new products using the concepts of digital twin and digital
shadow. Special attention is paid to the analysis of the regulatory framework and classes
of digital twin models, which makes it possible to assess the technological feasibility, market
potential and cost-effectiveness of innovative solutions. An integrated approach provides
a systematization of the factors influencing the positioning of new products in the context
of digital transformation. The features, including economic ones, of digital product models,
as well as the regulatory framework of the subject area are considered. The classification
of types of models and types of digital analogues of the product is given. The problem
of the research lies in the fact that the traditional parametric approach to determining the
technical and economic characteristics of new products, based on the linear improvement
of analogues, is outdated in the context of digitalization and does not provide the creation
of radically innovative solutions. The authors analyze the advantages of how the use of MSM
contributes to the optimal choice of materials, technologies and components, as well
as how it helps to achieve a balance between cost, quality and functionality of products.
Special attention is paid to the possibilities of preliminary testing and adaptation of the
product being developed in accordance with the changing requirements and preferences
of consumers in order to increase competitive advantages. The results of the research are

© Shiboldenkov V.A., Nazyuta S.V., Chursin A.A., 2025
This work is licensed under a Creative Commons Attribution 4.0 International License
S https://creativecommons.org/licenses/by-nc/4.0/legalcode

382 INTERNATIONAL CAPITAL MOVEMENT


http://journals.rudn.ru/economics
https://orcid.org/0000-0001-6436-8662
https://orcid.org/0000-0003-1921-8002
https://orcid.org/0000-0003-0697-5207
mailto:vshiboldenkov@bmstu.ru
https://creativecommons.org/licenses/by-nc/4.0/legalcode

LIubonoenkos B.A., Hasioma C.B., Yypcun A.A. Bectauk PY/IH. Cepusi: Dxonomuka. 2025. T. 33. Ne 3. C. 382403

the concept of designing radically new products initiated either by the customer or by the
manufacturer seeking to strengthen competitive positions; the concept of the technical and
economic appearance of the product, formed on the basis of market analysis and including
functional, component and economic models; the approach of using digital twins, allowing
to optimize the product lifecycle through multivariate modeling, reducing costs and speeding
up development; the key factors of the competitiveness of such a product have also been
identified, which are determined by the integration of the image and the digital twin, taking
into account global trends and customer requirements. The economic effects of using digital
product models at different stages of the life cycle are described. A product competitiveness
model is proposed that takes into account the level of digital maturity and the intensity of use
of digital representations. A functional efficiency model is proposed that takes into account
the effect of digital product modeling and its impact on economic efficiency. The study offers
an economic and mathematical toolkit for calculating the competitiveness of radically new
products through the integration of DTP and multivariate analysis, which expands the theory
of innovation management in the digital economy.
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AHHoTanusi. PaccMOTpeHO HUCIIONB30BaHUE MHOIOMEPHOIO CIEHApHOIO0 MOJEIUPOBAHUSA
(MSM) nmns pa3pabOTKU B MPOU3BOJCTBA MPUHIIUINAIBFHO HOBBIX IIPOAYKTOB C yUIETOM H3-
MEHUYUBOCTH TpeOOBaHUN MOTpedUTENel U KOHBIOHKTYPHI pblHKa. OCHOBHOE BHUMAHUE yJie-
JICHO MHTETPAIH CKBO3HBIX U POBBIX TEXHOJIOTHH, MOIXOAY K CO3aHUIO ABOITHOTO U pO-
BOI'O IPOJYKTa U yIPaBIECHUIO JKU3HEHHBIM LIUKJIOM NpoaykTa Ha ocHoBe UT-cuctem. Ilens
UCCIeIOBaHUs — pa3paboTka HOBOW METOXMKH (OPMHUPOBAHUS TEXHUKO-IKOHOMHUIECKOTO
00JMKa MPOJAYKTAa HAa OCHOBE CKBO3HBIX HU(POBBIX TEXHOJOTHH M HHU(PPOBBIX JTBOHHUKOB
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(DTP), no3Bonsmoouieii MoaeaupoBaTh cueHapuu >xu3HeHHoro nukiaa (OKL[) u BeiOuparthb
ONTHMAaJbHBIC PEIICHHUs] ¢ MUHHMAIbHBIMHU 3aTpaTaMu. [IpruMeHEeHBl METOJ aHanIW3a JIHUTE-
paTypHBIX UCTOYHUKOB, OCEHUMApPKUHT M CPaBHUTEIbHAs OLICHKA CTATUCTUUYECKUX AAHHBIX
JUISL N3Y4YEHUSI KOHKYPEHTOCIOCOOHOCTH PaJuKaIbHO HOBBIX NPOIYKTOB C MCIIOIb30BAHIEM
KoHUenuuii uudposoro aABoiiHMKa U nUppoBoil TeHn. Ocoboe BHUMaHHME yIEJIEHO aHaJH-
3y HOPMAaTHBHO-TIPABOBON 0a3bl U KIIACCOB MOJeIeH NH(PPOBHIX ABOIHUKOB, YTO MO3BOISICT
OLICHUTh TEXHOJOTMUECKYH OCYIECTBUMOCTb, PHIHOYHBIM MOTEHLIMAN U 3KOHOMHUYECKYIO
3 PEeKTUBHOCT, MHHOBAIIMOHHBIX pelleHri. KoMIiekcHbIN mojaxom o0ecreuynBaeT CHCTe-
MaTH3anuio (aKTOpoB, BIMAIONMX Ha MO3WIMOHMPOBAHHME HOBBIX IPOAYKTOB B YCIOBHIX
nndpoBoit Tpanchopmanunu. PaccMoTpeHB 0COOEHHOCTH, B T.4. SKOHOMHUYECKHE, MOJeIeH
OUGPOBBIX MPOJYKTOB U HOpMaTHBHas 0asza mpeaMmeTHOH obOmactu. JlaHa kimaccudukarus
THIIOB MojeJeii n THUIOB HH(POBBIX aHATOroB m3menus. [Ipobrema nccimegoBaHUS 3aKIIO-
4aeTcs B TOM, YTO TPAJAMLMOHHBIN MapaMeTpUUYeCKUil MOAXOJ K ONPEJEICHUI0 TEXHUKO-
YKOHOMUYECKUX XapaKTEPHUCTHK HOBBIX NMPOIYKTOB, OCHOBAHHBII Ha JTMHEHHOM YIydIICHUH
aHaJIOTOB, ycTapesd B YCIOBHUAX HH(POBHU3ALUU M HE 00ECIEYNUBACT CO3/1aHUS PaJMKAIBHO
WHHOBAIMOHHBIX PEIICHUH. ABTOPHI PabOTHI MPOAHANU3UPOBAIH NMPEUMYIICCTBA TOTO, KaK
ucnonb3zoBaHue MSM cnocoOcTByeT ONTUMAllbHOMY BBIOOpPY MaTepHanoB, TEXHOJIOTHMH
¥ KOMIUIEKTYIOIINX, a TaK)Ke MMOMOTAeT JOCTUYh OasaHca MEXAy CTOMMOCTBIO, Ka4eCTBOM
U (YHKIHOHAJIBHOCTBIO Mpoaykuuu. Ocoboe BHHUMaHHE yAENEeHO BO3MOXKHOCTSM IIpeaBa-
PUTEIBHOTO TECTHPOBAHUS W aJalTallMd pa3pabaThlBAEMOTO NPOAYKTa B COOTBETCTBHH
C MEHSIOMMUMUCS TPEeOOBAHUSMU U NPEANOUYTCHUSIMU MOTPeOUTENEH C 1€NbI0 MOBBIIICHUS
KOHKYPCHTHBIX HPEUMYNIECTB. Pe3ynpTaThl HCCIEIOBAaHHS: KOHIETIUS MPOCKTHPOBAHUS
paJUKalbHO HOBBIX NMPOAYKTOB, HHULUUPYEMbIX JTUOO 3aKa3UUKOM, JUOO MPOU3BOAUTEIIEM,
CTPEMSIIUMCSI yCHUINTh KOHKYPEHTHBIC ITO3UIMN; KOHICHIUS TEXHHKO-3KOHOMHYECKOTO
o0nuka nmpoaykra, (GOpPMUPYEMOr0o Ha OCHOBE aHalW3a PbIHKA M BKIIOYAKOLIEro (QyHKIU-
OHAJbHBIC, KOMIOHCHTHBIC M 3KOHOMHYECCKHE MOJEIH; MOAXOA NPHUMEHCHHS HU(POBBIX
JIBOMHUKOB, MO3BOJISIOUIUX ONTUMU3UPOBATH KU3HEHHBIH LUKI MPOJAYKTA 32 CUET MHOIO-
BapHAHTHOTO MOJEIHUPOBAHUS, CHIKAS 3aTPaThl U yCKOpss pa3paboTKy. BBIABIEHBI Kilio-
4yeBble (PAaKTOPbl KOHKYPEHTOCIOCOOHOCTH TAKOTO IMPOAYKTa, KOTOPHIE OINpPENesSIOTCs MH-
Terpamueil o0nuKa U MU(PPOBOTO IBOWHHUKA C YUETOM IMIOOANBHBIX TPEHIOB U TpeOOBaHUI
3aka3zynka. ONMUCaHBl PKOHOMHYECKHE A(PQPEKThl OT HCIONb30BaHUS LHUPPOBBIX MOJeNeH
npoaykToB Ha paszubx sTanax XK. [Ipeanokena Moaens KOHKYPEHTOCIIOCOOHOCTH MPOIYK-
Ta, YYUTHIBAIOIIAs YPOBEHb HH(POBOH 3pEIOCTH M MHTEHCHBHOCTD MCIIOIb30BaHUS LU(DPO-
BBIX NpEACTaBICHUN MpoayKToB. IIpenioxkeHa QpyHKIMOHANIBHAS MOAEHb 3((HEKTUBHOCTH,
YUYHUTBIBAIOIIASl BIUsHUE LUGPOBOro mpouecca Ha pesynbrar. McciaepoBaHue mpeasiaraer
9KOHOMHKO-MaTeMaTHUYCCKUH WHCTPYMEHTApPUH M pacdeTa KOHKYPEHTOCIIOCOOHOCTH pa-
JIUKAJIbHO HOBBIX NPOJYKTOB 4epe3 uHTerpanuo DTP U MHOroBapuaHTHOrO aHayiu3a, YTo
pacuIupsieT TCOPHIO YNPABICHNS HHHOBAIIMSIMHI B IU(PPOBOH SKOHOMHUKE.

KnioueBblie c10Ba: muhpoBoii MPOAYKT-ABOHHNUK, MHOTOMEPHOE MOJCTUPOBAHIE, TIPHHIIUIIHATb-
HO HOBBIE IPOAYKTHI, YIIPABICHUE KU3HECHHBIM LUKJIOM IIPOLYKTa

Bkiag aBTopoB. ABTOpBI BHEC/IM PAaBHO3HAYHBIN BKJIaJ B Pa3pabOTKy CTPYKTYPbI U COAEpKAHUSA,
MIPOBE/ICHUE MCCIIEIOBAHUS M MTOJTOTOBKY TEKCTa CTaThU.

dunancupoBanme. lccienoBanue BBITIOIHEHO MPH MOAIEPKKE IpanTa PoccHiickoro Hay4HOTo
(donma Ne25-18-00075.

3asBaenne 0 KOHQPJIUKTE HHTEPecoB. ABTOPHI 3asBIISTIOT 00 OTCYTCTBUH KOH(IINKTA HHTEPECOB.
Hcropus crarbu: noctynuia B penakiuio 16 gpespaist 2025 1.; qopaboTaHa 1mocie perneH3npoBa-

Hus 26 anpens 2025 r.; npuHATa K nyOnukanuu 22 mas 2025 T
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Introduction

In modern economic conditions, the task of creating competitive products
to replace those that currently do not enter Russia by import comes to the fore
(Dementiev, 2023). The majority of imported products' are complex machines,
equipment, devices and control systems, electronic component base with high
technical and economic characteristics (Fig. 1, 2).

E2021 =2022 E2023 =2024 (est.)

600
500
400
300
200
100 _
= E .
o BE E E= — EE= — - EE
. . . . South - .
Brazil Russia* India China Africa UAE Iran* Ethiopia | Egypt Indonesia
E2021 45,2 38,7 72,3 520,4 12,80 29,5 8,9 1,2 15,6 35,8
22022 48,6 32,4 85,6 535,1 13,50 32,1 9,3 1,5 17,2 40,3
2023 50,1 28,5 92,1 548,7 14,00 35,4 7,8 1,8 19 43,6
2024 (est.) 52 26 95,5 560 14,80 38 8,2 2 20,5 46

Figure 1. High-Tech Product Imports in BRICS+ Countries (2021-2024), USD billions

* Exact information is not available.
Source: developed by A.A. Chursin, V.A. Shiboldenkov based on the “United Nations Statistics Division. (2025).
UN Comtrade database: Free access to detailed global trade data. United Nations. https://comtrade.un.org/
data/ (Accessed 13 January 2025)”.

The study is based on the average data for the period from 2021 to 2024,
reflecting the dynamics of imports of high-tech products in the BRICS+ countries. For
Russia and Iran, in 2022-2023, a decrease in import volumes was recorded due to the
introduction of international sanctions and trade restrictions, which was marked with
special markers.

! United Nations Statistics Division. (2025). UN Comtrade database: Free access to detailed
global trade data. United Nations. https://comtrade.un.org/data/ (Accessed 13 January 2025).
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Figure 2. Structure of High-Tech Product Imports in BRICS+ Countries (2021-2024)

Source: developed by A.A. Chursin, V.A. Shiboldenkov based on the “United Nations Statistics Division. (2025).
UN Comtrade database: Free access to detailed global trade data. United Nations. https://comtrade.un.org/
data/ (Accessed 13 January 2025)”.

The accuracy of the data may vary depending on the calculation methodology
used, in particular when accounting for or excluding dual-use technologies. The main
sources of information were the UN Comtrade databases, statistics from the World
Trade Organization (WTO), as well as official customs reports from the participating
countries.

In this study, high-tech imports are goods with a high share of research and
development (R&D) costs, corresponding to the classification of the Organization for
Economic Cooperation and Development (OECD). It should be borne in mind that for
individual countries (Iran, Russia) there may be statistical discrepancies related to the
presence of unofficial supply channels and alternative trade patterns.

In order to replace these products on the Russian market and ensure the
development of enterprises in Russia, the task arises in a short time to develop and
implement production preparation and production in general (including personnel
training) for the release and sale of newly developed products (Chursin et al., 2020).
Currently, with the development of digital technologies, the scientific direction
of creating digital counterparts of products, production and organization is developing
(Gorlacheva et al., 2019). However, at present, the process of forming digital twins
is quite complicated and highly expensive. These costs mainly lie in the field
of creating full-fledged PLM systems ((Product Lifecycle Management, hereinafter
PLM)) for the design and modeling of digital twins (Chursin et al., 2024). The use
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of PLM systems is an expensive procedure, but with the development of technology,
maturity increases, the possibilities of effective application and economic feasibility
expand. However, the application of such systems faces issues of their high-quality
domestic information support, as well as the training and competence of the relevant
personnel (Drogovoz et al., 2023).

In our opinion, the solution is a qualitative construction of the technical and
economic appearance of the product (hereinafter TEAP). Its formation depends on the
continuous receipt of data from the information space on the indicators of similar
products, and the prospects for the development of these product lines. Hence, the task
arises of constant monitoring of information databases in order to create a TEAP with
the help of end-to-end digital technologies, and on the basis of which the DTP will
be formed, and then make appropriate adjustments to the TEAP of the DTP.

The achievement of the indicators is determined by many factors, which include
the competence of developers, modern technical and technological design base, the
possibility of technology transfer and other issues.

The created technical and economic appearance of the product becomes the
basis for digital product modeling, which makes it possible to create a digital twin
of the product (hereinafter DTP) based on it. When developing a DTP, methods
and technical means are used that form the essence of the proposed methodological
approach, which allows for the implementation of multivariate scenario modeling
(hereinafter MVSM) to study the functional, consumer and economic aspects
of the future product, thereby achieving adaptation to the diverse requirements and
expectations of end users.

MVSM makes a significant contribution to the effective integration and
synergy of research, production and operational processes. This is achieved through
a targeted selection of materials, advanced technologies and processing techniques,
as well as optimal components of the future product. Special attention is paid to the
design of the product taking into account the specified cost, which determines the
competitive price in the market. The task of the MVSM is to optimize such critical
characteristics as reliability, weight, overall dimensions and other physical parameters
of the product in a fully virtual environment (Boginsky, Zelentsova, Tikhonov, 2019;
Tyulin et al., 2023).

The use of DTP provides the possibility of computer modeling and visualization,
which gives specialists the opportunity to analyze various parameters of product
performance and reliability in real time. This is especially valuable for periodic
adjustments of solutions at various stages of the product life cycle, starting from
the initial appearance and ending with the final phase of operation. Thus, the DTP
contributes to improving the efficiency of product management and optimizing
resources at each stage of development, production and operation of the future
(Drogovoz et al., 2023).

The purpose of the research is to develop a new methodology for the formation
of the technical and economic appearance of a product based on end-to-end digital
technologies and digital twins, which makes it possible to model life cycle scenarios
and choose optimal solutions with minimal costs.
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Methods

The work uses a set of research methods aimed at studying the competitiveness
of radically new products using the concepts of digital twin and digital shadow. The
methodology is based on an analysis of literary sources and a review of existing
research, which makes it possible to systematize theoretical and practical developments
in the field of digital modeling, assessment of technological feasibility and market
potential of innovative products (Chubakova, Drobkova, 2025).

Benchmarking and comparative analysis of statistical data, including
a comparison of the structure of high-tech exports and imports of key countries,
plays an important role. This makes it possible to identify global trends, competitive
advantages, and technological gaps affecting the positioning of new products
on the international market (Drogovoz, Nevredinov, 2024; Drogovoz, Kashevarova,
Starikova, 2024).

Special attention is paid to the study of the regulatory and scientific and
methodological framework that defines the requirements for the development and
implementation of innovative solutions. The analysis of legislative and standardized
frameworks provides an understanding of the limitations and opportunities when
creating radically new products (Kashevarova, 2024).

In addition, the analysis of classes of digital twin models and their economic
efficiency is carried out, which makes it possible to assess the applicability of various
approaches to forecasting the product lifecycle, optimizing production processes and
minimizing risks. Together, these methods provide a comprehensive study of the
factors influencing the competitiveness of innovative products in the context of digital
transformation (Samoldin, 2023; Samoldin, Serebryanaya, 2023).

Relevance, problem and hypothesis of the study

The relevance of the study lies in the fact that the use of end-to-end digital
technologies (Drogovoz, Yudin, Grosheva, 2021) in combination with DTP significantly
increases economic efficiency and reduces costs at all stages of LC due to significant
opportunities for multivariate scenario modeling and analysis of a radically new
products are still under development (Chursin et al., 2020).

An important point, not fully disclosed in the literature, is the formation of the
technical and economic appearance of the product, on the basis of which a CDP can
be formed, on the basis of which radically new products (RNP) will be developed
(Preobrazhenskaya, Gorlacheva, 2019). RNP refers to products with technical and
economic characteristics significantly superior to existing analogues on the market
and capable of ensuring dominance in sales markets, as well as penetration into new
market niches (Omelchenko et al., 2019).

The main criteria that make it possible to classify products as RNP include:

1. Superior technical characteristics compared to the best analogues.

2. The presence of unique consumer properties aimed at meeting the existing

and foreseeable needs of customers.
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3. The optimal cost of purchase and operation for the end user.

These criteria should be adapted according to the characteristics of each specific
product category.

The problem lies in the fact that traditionally, the definition of technical and
economic characteristics for tasks for the development of new products was carried out
by a linear parametric approach. Based on the express analysis of the best international
and domestic samples, engineers set target parameters, usually just 10-15% higher
than current market solutions. But in the context of digitalization of production and
changing market realities, this step-by-step approach requires significant revision and
improvement based on intelligent systems.

Based on the above, it is possible to form a research hypothesis: the formation
of the technical and economic appearance of products based on the use of a complex
of end-to-end digital technologies and the DTP approach allows developers to carry
out as a result of MVSM and choose the optimal design options for this product with
minimal costs and maximum economic efficiency, thus increasing the competitiveness
of the products being developed at all stages of the life cycle.

The main provisions of the technology of digital product twins

GOST R 57700.37-2021 “Computer models and modeling. Digital counterparts
of products. General provisions™ defines “the digital twin of a product (DTP)
as a system consisting of a digital item model (DIM-mathematical and computer
models, as well as electronic product documents) and two-way information links with
the product and/or its components at all stages of the life cycle (specified in the terms
of reference)”.

The purpose of the standard is to define the general provisions of the development
and application of the DIM. It is recommended to classify computer models according
to GOST R 57700.22.

The standard covers the stages of product development, production and
operation:

* The introduction of DIM technology at the product development stage
improves the quality of design, ensures compliance with technical
requirements and reduces the number of tests.

* The introduction of DIM technology at the stage of production of serial
products adjusts the technological documentation depending on specific
production conditions.

* The introduction of DIM technology at the stage of product operation
automates the planning of product application, making informed decisions
about maintenance and repair.

2 Federal Agency on Technical Regulating and Metrology. (2021). GOST R 57700.37-2021:
Computer models and simulation. Digital twins of products. General provisions (Date of introduction:
2022-01-01). https://docs.cntd.ru/document/1200180928
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In the process of developing digital models that strive for the highest level
of adequacy to a real product, it is necessary to take into account a set of systemic
factors (Fig. 3):

1. Competence of personnel: The basis for successful development of digital
models is the availability of highly qualified specialists. Engineers must have
not only in-depth knowledge in their fields, but also the skills to work with
modern information technologies and artificial intelligence methods.

2. Advanced technological solutions: The effectiveness of digital modeling
directly depends on the technologies used. We are talking about high-quality
software and modeling techniques that should be integrated into design and
analytical processes.

3. High-performance computing systems: An important prerequisite for
processing large amounts of data and performing complex calculations is the
use of powerful computing systems. These systems should provide high data
processing speed and the ability to simulate various scenarios in real time.

4. Optimization of the project time frame: Competent timing planning at each
stage of digital model development allows not only to meet customer
requirements, but also to reduce the risks of exceeding the budget. Effective
project management and adequate allocation of time resources are
critical for the successful completion of project tasks (Mikhnenko, 2018;
Mikhnenko, 2020).

5. Ensuring adequate funding: Substantial financial resources are required
to develop and support high-level digital models. This includes investments
in software, hardware, staff training and support, as well as continuous
updating of the technical and software base.

Item
Adequacy, A
As - = _‘-;., ................................
Az S e O Material costs, MC
.17 —— i E ................. —
abgtob
Time, {

AdsAisAA

Figure 3. Dependence of the adequacy of digital product models

Source: developed by A.A. Chursin, V.A. Shiboldenkov based on the “Federal Agency on Technical Regulating
and Metrology. (2021). GOST R 57700.37-2021: Computer models and simulation. Digital twins of products.
General provisions (Date of introduction: 2022-01-01). https://docs.cntd.ru/document/1200180928”.
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In addition to these factors, interaction with key stakeholders, including
customers, consumers and regulators, should be taken into account to ensure
that digital models comply with current and future market standards and
requirements (Yudin et al., 2021). This contributes to improving the quality
and accuracy of digital models, as well as their cost-effectiveness and market
competitiveness (Drogovoz, Filobokova, Drobkova, 2021); Drogovoz, Gutenev,
Korenkova, 2023).

In the process of creating and using a digital product double, compliance with
the norms and standards established by GOST plays a key role. An important aspect
is the assessment of the product’s compliance with the requirements defined in GOST
16504. This includes methods of verification and validation of mathematical models
according to GOST R 57188, as well as verification of compliance of computer models
and software according to GOST R 57700.1, GOST R 57700.2, GOST R 57700.24 and
GOST R 57700.25.

As part of the product life cycle, the use of the digital twins software and
technology platform, recommended by GOST R 56135, provides not only integration
and coordination of all processes related to the product, but also contributes to more
accurate modeling of real-world operating conditions and product behavior.

In addition, the management of electronic documentation at all stages of the
creation and operation of the product is also subject to certain standards, including
GOST 2.001, GOST 3.1001, GOST 3.1102, GOST 19.101, GOST 34.601 and GOST
R 58301. These standards regulate the processing and exchange of electronic
documents, which is an integral part of working with digital counterparts.

Such a scheme of standardization and related procedures ensures a high level
of quality and reliability of the digital twin, as well as contributes to effective and safe
project management in various fields of application. In the international and Russian
standardization systems, there is an active process of developing and implementing
standards related to the technology of digital twins (Sadovsky, Drogovoz, 2019;
Maslennikova, Brom, 2021).

Models and types of digital twins

A digital twin (DT) in a broad sense is a technology for creating an exact
virtual copy of a real object, process, or system. It can be any object, from small
items to entire production lines or the infrastructure of the city (Drogovoz, Yusufova,
Gutenev, 2022).

Such a data center can cover different levels: from individual components
to complex systems, including entire enterprises or urban agglomerations. The main
goal is to optimize processes, improve management and increase the efficiency of real
objects or systems through their modeling and analysis (Susov, Samoldin, 2023a;
Susov, Samoldin, 2023b; Samoldin, Lagunova, 2022).

A digital product twin (DTP) is a more specific implementation of the idea
of digital twins, focused around individual products (objects, products and systems).
It is usually limited to one product or its specific components (Kashevarova, 2024).
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The scope of the DTP is production processes, where detailed modeling and
analytical support of each product is required throughout the entire life cycle, from
design to operation and maintenance. DTP allows you to trace in detail all aspects
of the life cycle of a particular product, which is key to optimizing production, reducing
costs and improving the quality of the final product (Kashevarova. Akulshin, 2023;
Kashevarova, Ivanov, 2023; Kashevarova, Panova, 2023; Drogovoz, Kashevarova,
Kapran, 2021).

One of the key approaches to the development and use of digital twins
is the model proposed by Professor Michael Graves (Zhdaneev, Vlasova, 2023;
Ivanyugin, 2020).

Graves models cover various aspects of product management at all stages of its life
cycle and offer an integrated classification system for information flows and processes.

The main provisions of the Graves model in the context of digital twins:

1. Integration of data throughout the product lifecycle: The Graves model
emphasizes the need to collect, process and analyze data from the initial
concept of the product to its disposal. The digital twin, following this principle,
should provide the possibility of interaction between different stages of the
life cycle.

2. Modularity and scalability: The ability to scale and upgrade modularly
is key. The digital twin must support the integration of new data and analysis
methods, allowing it to adapt to changing conditions and requirements.

3. Interoperability: The use of standardized data formats and open interfaces for
data exchange between different systems and devices is important to eliminate
“information islands” and ensure compatibility between different platforms
and tools.

4. Multi-level analysis and modeling: Digital twins should support multi-level
modeling, including the physical condition of the product, its behavior
in various operating conditions, as well as economic and environmental
aspects.

5. Real and virtual interaction: One of the key points is the development
of mechanisms for effective interaction between a physical product and its
digital counterpart. This includes ensuring real-time data synchronization
and the ability to make automated decisions based on analysis conducted
by a digital twin.

The Graves model offers an extensive framework for organizing product
management processes, and digital twins fit into this model as tools that can
significantly improve the efficiency of these processes through advances in data
collection, analytics and modeling.

Graves proposed his own classification of DT types:

1. The digital twin of the product (DTP): Focused on a single product or product.

This type is created to simulate the physical and functional properties
of a specific product, for example, a car or an airplane engine, which allows
for detailed performance analyses and product improvement options at the
design stage and during operation.
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2. Process Digital Twin (DTPR): Focuses on the simulation and optimization
of business processes or production processes. These kinds of digital twins
can be used to model and optimize supply chains, logistics operations,
or production lines, allowing businesses to increase efficiency and reduce
costs.

3. Digital Twin of the system (DTS): created to model and analyze larger systems
that may include many interconnected products and processes. An example
is aviation, where such a twin includes both aircraft and ground operations,
maintenance, and so on.

Results

The design of any product, including radically new products, begins either with
a technical requirements specification (hereinafter TRS) from the customer, or at the
initiative of the manufacturer’s organization, in order to increase the product range,
or create a product with high competitive advantages, which ensures stable economic
development of the organization. In some cases, the manufacturing organization
carries out technological improvement of the product in order to create an additional
competitive advantage for it in the market.

In order to make a decision on designing products on its own initiative, the
organization must monitor the global information space, the industries to which
the products under development belong and trends in consumer preferences, and
formulate future technical and economic characteristics of these products. And
based on this, what are the technical specifications that would allow these products
to dominate the market or completely conquer the market, both Russian and foreign.
Thus, a qualitatively developed TEAP can underlie the creation of a data center and
ensure the effectiveness of design.

The technical and economic appearance is a detailed description of the products
being developed, including (Tyurchev, 2021; Chursin et al., 2024):

1. Alistofthe main consumer characteristics and the level of their implementation

(consumer model).

2. Description of the components of the product (component model).

3. Description of the main functions of the product (functional model).

4. Preliminary cost estimates and forecasts of the economic efficiency of the

product (organizational and economic model).

Based on the formed technical and economic appearance, it is possible
to carry out argumentation and planning for the successful development and launch
of production of RNP.

Figure 4. is a diagram of the product life cycle (PLC)?, which is modeled using
a digital product twin, which makes it possible to apply a multivariate scenario
(hereinafter MVS) of product production and choose from these scenarios by the

3 Tyulin, A., & Chursin, A. (2020). The New economy of the product life cycle: Innovation and
Design in the Digital Era.
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method of technical and economic ranking the most effective with optimal timing,
quality and cost of the product. The use of a digital double is fully described in key
guidance documents, such as GOST R 57700.37-2021

X The results of tests, improvements The act of putting int
Feasibility digital “shadow’ Technical and adjustments of design and & act of putting info
technological documentation

Feasibility characteristics of|
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Figure 4. Diagram of the life cycle stages of radically new products, taking into account the technology of digital
twins

Source: developed by V.A. Shiboldenkov based on the book*.

When analyzing the life cycle of an RNP, the use of a digital double allows you
to significantly expand the possibilities at each stage of the PLC (Fedorova, Druchok,
Drogovoz, 2022; Drogovoz, 2021; Fedorova et al., 2022; Fedorova, Ledyaeva
et al., 2022; Fedorova et al., 2021). The disclosure of the potential of the DTP at various
stages of the PLC RNP provides the following advantages (Fig. 5).

In each of these areas, the significant economic effect of the use of DTP primarily
comes from the modeling capabilities of the MVS. The integration of the DTP into
the management of the life cycle of the RNP contributes not only to improving quality
and reducing costs at each stage, but also provides a deep understanding of the
processes, which is the key to innovation and technical improvement of products.
Digital twins provide comprehensive opportunities to improve efficiency, reduce costs
and accelerate innovation at all levels of the organization, from design to equipment
operation and strategic planning.

4 Tyulin, A., & Chursin, A. (2020). The New economy of the product life cycle: Innovation and
Design in the Digital Era.
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The
conceptualization
stage

At this stage, the CDP allows you to visualize various
conceptual solutions, conduct simulations to assess
the functionality and potential effectiveness of the
proposed designs.

This helpsto identifythe most promising areas of development before
the startof the project.

The design stage

The digital twin contributes to fine-tuningthe
technical characteristics and features of the product,
allowing detailed simulations of the RNP operation in
various conditions.

Processes such as designoptimization, stress analysis, thermal
analysis, and ergonomics testingare becoming more in-depth and
informative.

The test stage

The CDP eliminates the need to create physical
prototypes, allowing for virtual tests.

This reducesthe risks and costs associated with real-world testing and
allowsyou to simulate operational conditions that are difficult or
impossible to reproduce physically, such asextreme weather
conditions or prolonged operation.

The production
stage

Using CDP at this stage allows you to optimize
production processes even before the actual
production run is launched, choose the best
materials, technologies and equipment, which
minimizes the risk of errors and defects.

This includes the posshility of final correction of the design adapted to
production constraintsor market needs.

Operation and
maintenance

At this stage, the data center provides operators and
service personnel with data on how the product will
behave in real conditions.

This allowsyou to optimize maintenance plansand repair procedures,
increasingthe relisbility and duration of the RNP. Decommissioning
phase Atthe last stage of the life cycle, the CDP helpsto assessthe

optimalways of recycling or recyclingthe product, Thisminimizesthe
environmental impact and maximizesthe benefits of possible recycling
of materials.

phase

Figure 5. The main directions of application of the digital double of products in organizations at each stage of the
housing and communal services

Source: developed by S.V. Nazyuta.

Let’s consider the principles of creating a TEAP (“Digital Shadow”) (Nevredinov,
Yusufova, 2020):

1. Analysis of the market situation and definition of a product renewal strategy:
in the context of the formation of the technical and economic appearance of products
(TEAP), the main attention is paid to the study of the global information space. Such
an analysis includes the study of information on similar products, both in Russia and
abroad, which allows us to formulate key organizational, economic and technical
indicators of a new or upgraded product, determine the potential of its competitiveness
and viability in target markets.

2. Development of national industry through import substitution: Solving
the problem of import substitution with a new product requires a thorough
analysis of domestic and international industrial trends and developments. The
organization implementing the TEAP forms a strategic vision for the creation
of products previously imported, which contributes to the independence and
independence of the national economy, as well as strengthening domestic
production.

3. Taking into account the customer’s requirements when creating or upgrading
products: The starting point for the development of a new product or improvement
of an existing one is the technical specification from the customer company. Careful
compliance and consideration of all requirements in the TEAP ensures that the
final product accurately meets the customer’s expectations, which is the basis for its
successful implementation on the market and achieving the customer’s goals in the
field of product quality and functionality.
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Based on the above, we propose the following economic and mathematical
models of RNP competitiveness at all stages of housing and communal services,
which should be applied in a complex in order to achieve maximum efficiency in the
creation and application of DTP. We are bringing this issue up for discussion.

Discussion

Taking into account the potential of the digital twin, we have the opportunity
to conduct a comprehensive analysis of the product life cycle (PLC), which allows
us to determine key economic indicators (KEI) in advance, effectively reach the break-
even point and deploy other financial strategies in the context of economic efficiency
of production. Despite the fact that our analysis is not initially focused on the formation
of digital twin technology, its principles and capabilities are taken into account when
solving economic problems and contribute to a deeper understanding of economic
processes within production.

Special attention should be paid to the task of assessing the competitiveness
of products (CP), which is a key factor in ensuring sustainable dynamic development
and success of the product in the market.

To develop such a model, it is important to identify key parameters such as cost
of production (C), time to market (T), product quality (Q), degree of innovation (I)
and demand for the product (D). These parameters can be estimated based on the data
provided by the digital twin of the product, which allows you to simulate various
aspects of the production and operation of the product.

The competitiveness model of new products K can be represented by the
following formula:

K- f(Q,I,D)—g(C,T) | )
oaC+BT+y0+0+eD
where f(Q, I, D) — a function that evaluates the benefits of a product based on its
quality, innovation, and demand; g(C, T) — a function that estimates production
costs and time to market; a, B, v, 6, € — coefficients reflecting the impact of relevant
economic and production factors on overall competitiveness.
We will propose a scientific and methodological apparatus® models
of organizational and economic indicators of efficiency and competitiveness of the RNP:
O(t) includes, in addition to the direct effectiveness of the RNP lifecycle
management, the influence of external and internal factors on the dynamics
of efficiency G(z, Q(f)) in the form of quantitative influence B () competitive
advantages G, (?), assessment of the personnel and competence potential, the production
and technological level of enterprises, assessment of the timing of the creation
and production of unique equipment, as well as the construction and organization
of production and its infrastructure:

5 Developed by (Chursin at al., 2024).
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d%ft) = A(1)0(1)+G(1,0(1))=A(r)O(r)+ Z B, (1)G, (1), @)

where A(f) — the matrix of economic diffusion of performance indicators.

The inertia of the organization’s performance indicators is often due to the indirect
influence of consumer characteristics of products. In this context, organizations offering
a limited range of products within the service model face limited opportunities to increase
economic efficiency. However, the transition to a business model for the sale of products
with new consumer and operational properties, implemented according to a clear
algorithm, can stimulate the creation of new growth points. This implies the introduction
of improvements aimed at increasing customer satisfaction and optimizing product usage
processes, which ultimately contributes to improving overall business efficiency.

The stages of the life cycle of the RNP can be taken into account using the
results of economic growth, where the function R(A(7)) describes a sufficient level
of economic results when analyzing the production of RNP and its effectiveness:

R(A(T))= y(t)c(t)(w]; 3)

where c(f) — a function that depends on the level of development of the competencies
of specialists in the field of using information to manage the economic processes
of the RNP; 7(f) — the “ideal” level of satisfaction of needs in an environment where
all the necessary technologies are developed and delivered to the consumer without
a time lag, assumes the most effective and prompt satisfaction of consumer requests;
v(t) — infrastructure development indicator.

Then the marketing component of scientific and technological potential A(f):

A(t): Y(t)c(t) Toex(H)t; (4)

v(t)e(1)+1(H)

where y(H) — the growth rate.

New business models are effective if they generate revenue for the enterprise
that exceeds traditional sales models and allow financing innovative development
aimed at creating competitive products with improved performance characteristics.

Let’s express it in terms of the product competitiveness indicator /Q:

105 -5 |\1-R)(1+F): 5)
max SO
—+5,
N
where QO — technical and economic indicators of products that form their
competitiveness (vector of indicators); U — technical and economic indicators

of market leaders (or indicators achievable at the current level of scientific and
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technical development) (vector of indicators); S, — the cost of the resource costs
incurred to create products and start production for its release; S, — the cost
of a unit of production; S, — the price of similar products on the market (if there
are no analogues, then S, = §)); N — the estimated number of units that will be sold
on the market; R — internal factors that arise in the process of creating new products;
F — external factors accompanying the sale of products on the market.

The combined model of competitiveness of new products can be represented
by the following equation:

_ (f(.1.D)-g(CT)) (1-R)(1+F), ©
“ (aC+BT +y0+3I +¢eD) (S j ’

Wo-i-Sl

where the competitiveness model of the new product K (1) is combined with the
technical and economic indicators of the product that form its competitiveness (5).

The combined model makes it possible to comprehensively assess the
competitiveness of new products, taking into account both the technical and economic
aspects of the products, as well as market factors and production readiness. This model
allows you to evaluate various scenarios and analyze the sensitivity of indicators,
which is especially important when introducing radically new products.

The assessment of competitiveness can be deepened and expanded with the
help of data obtained from the digital twin, which allows you to model changes in the
market and evaluate the product’s response to various external influences. Thus, the
use of digital twins can significantly improve the accuracy of forecasting marketing
and economic strategies than traditional methods.

Conclusion

The technology of the digital twin of the product contributes to the comprehensive
description of products, systematization of approaches to their development,
production and operation. This technology is actively used in the industry and can
significantly reduce time and costs for all stages of the product life cycle, from design
and testing to operation and maintenance. Due to the DTP, the need to make changes
to the designs of already developed products is minimized, which leads to a reduction
in additional costs and contributes to greater optimization of production processes.

The key feature of the digital twin technology is to provide access to reliable
and updated data for each component of the model. This means that the model being
formed remains accurate and reliable due to the high level of adequacy to a real
physical object, which is of great practical importance for the design, manufacture
and operation of high-tech products.

An urgent task of the present time is the development of integrative digital
modeling models that take into account not only the technical parameters of products,
but also their potential economic and consumer characteristics, as well as predict the
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competitiveness of the product. Taking into account the need to create radically new
products, this approach allows you to create products that will not only be technically
perfect, but also in demand on the market.

The development of digital twins is an advanced area closely related
to product lifecycle management systems. It is expected that the integration of such
systems with advanced artificial intelligence technologies will help reduce their cost
and improve efficiency. Such integration can lead to the creation of more flexible
modeling systems that can adapt to changes and optimize processes at all stages
of the product lifecycle.

Digital twins, in fact, are tools for multivariate scenario modeling of the future
product, which allow for detailed analysis of each stage of the life cycle of the RNP,
which ensures the identification of potential bottlenecks and difficulties that may
arise during the implementation of the technological process, providing significant
results for optimization and acceleration of processes. Additionally, the opportunities
provided by digital twins create the conditions for a more multilateral and integrated
design of the RNP.

However, it is important to understand that product development may require
innovative materials, new systems and electronics components, as well as the
development of new competencies. This involves the application of architectural
innovation to address issues related to the manufacture of products.

It is believed that the implementation of these tasks should be based on intelligent
process management systems based on artificial intelligence technologies. The
development of such systems will allow effective interaction and exchange
of information between various elements of the production chain, which turns digital
twins into a comprehensive platform for managing production processes.

The use of digital twins has significant prospects, however, a high economic
effect can only be achieved by solving the above complex tasks. Achievements in this
field are confirmed by economic and mathematical models that allow quantifying
the benefits of integration and optimization of production processes through the use
of digital technologies.
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