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Abstract. The scientific work attempts to refine the concept of a digital twin. It is noted that the
term "digital twin" is a general scientific term, and the possibility and method of applying digital
twins are widely discussed across various fields, including economics, the oil and gas industry,
education, and medicine, among others. Therefore, it can be applied in any sector. Within this study,
the author proposes a definition specific to digital trade in global markets (as there is currently no
universally accepted scientific definition). The scientific novelty of the proposed definition lies in the
creation of new approaches to stimulate the development of digital trade in global markets. The use
of this category in science directly aims to enhance economic research related to the digital economy
in general, as well as the activities of enterprises in global markets. Such a digital entity (digital twin)
cannot be considered an independent subject since it serves only as a tool through which a real person
interacts in the conditions of digital trade on global markets. The place of the trading digital twin in
digital trade in global markets is presented in this study through configuration modeling. A cognitive
approach to applying digital tools and technologies to ensure the development of digital trade in
global markets is built. The scientific novelty of the proposed approach lies in the application of a
conceptual framework for logical-linguistic modeling of intelligent solutions as a breakthrough
cognitive technology for developing digital trade in global markets. The approach will allow for the
development of a risk-protected strategy for digital trade development in global markets by
considering the constantly changing environment, decision-makers, and conflicts of interest based on
semantic structures and logical-linguistic modeling.

Key words: Digitalization, cross-cutting technologies, sustainable development, integration
processes.

Anomayia. Haykoea poboma cnpamoeana ma YmMouHeHHs NOHAMMA «YUDPOosull OBIUHUK Y.
Bioznauaemocsa, wo mepmin «yugposuil OBIIHUKY € 3A2AIbHOHAYKOBUM [ MOICIUBOCMI U020
3aCMOCYBAHHA AKMUBHO 002080PIOIOMbCA Y DISHUX 2aNY3AX, MAKUX AK eKOHOMIKA, Hagmozazosa
npomuciogicms, oceima, meouyura mowjo. Takum yunom, 8iH Modce Oymu 3acmocosanuil y 6yov-
AKOMY ceKkmopi. Y meotcax ybo2co 00cCniodceHHs a8mop NpoONoHyE BU3HAUEHHS, chneyugiune O
yughposoi mopzieni Ha 2106ATLHUX PUHKAX (OCKIIbKU HA OAHUL MOMEHM HeMAE 3a2AlbHONPULIHAMO20
Hayko6o2o eusHauyenus)). Hayxosa HOGU3HA 3aNPONOHOBAHO20 BUBHAYEHHS NONA2AE Y CMBOPEHHI
HOBUX NIOX00i68 Ol CMUMYIIOBAHHS PO3BUMKY UYUDPOBOI mopeieni Ha 2100ANbHUX PUHKAX.
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Bukopucmanns yiei kamezopii 6 nayyi 6e3nocepeoHbo CNpAMO8ane HA NO2NUONEeHHA eKOHOMIYHUX
00Ci0JICEHb, N8 A3AHUX 13 YUPDPOBOIO eKOHOMIKOIO 8 YLIOMY, A MAKOIC i3 OUSLIbHICMIO NIONPUEMCME
Ha enobanvHux pumkax. Taxa yugpoea cymuicmov (yughposuii OGIUHUK) He MOdNCE BBANCAMUCS
CamMOCmiiHuM cy0 €KMOM, OCKIIbKU 60HA BUCMYNAE Juue THCMPYMEHMOM, depe3 SAKUll pednbHa
0coba 83aemMo0ie Yy yu@positi mopeieni Ha e100AIbHUX PUHKAX. Y 00Cai0dNCeHH] npedcmaesieHo micye
Mpetoun208020 YUPP0802o OBGIUHUKA 8 YUPPOBIll MOopeieni HA 2N0OATIbHUX PUHKAX 34 OONOMO20I0
KoH@ieypayiiinoco moodentosants. 1100y006ano KoeHimueHuii nioxio 00 GUKOPUCIAHHA YUDPOBUX
IHCMpyMeHmig i mexHoN02il 071 3a0e3neuer s PO36UMKY YUPDPO8oi mop2ieii Ha 2100ATbHUX PUHKAX.
Haykosa nosusna sanpononoeano2o nioxody noificac y 3acmocy8aHHi KOHYenmyanvHoi 6azu 0s
JIO2IKO-NIIH2BICMUYHO20 MOOENI08AHHS  IHMENeKMYAIbHUX PIUleHb K NPOPUBHOI  KOSHIMUBHOL
MexHoN02Iil 0Nl po38umKy yugposoi mopeieni Ha enobanvrux puukax. Lleti nioxio 0o3eonumv
PO3po6umu cmpameziio po3gumKy Yyu@dpoeoi mop2ieii Ha 2100aNbHUX PUHKAX, 3AXULEeH) 8I0 PUSUKIS,
3 YPAaxy8aHHAM NOCMIUHO 3MIHHO20 cepedosuuyd, ocib, AKi NputimMarome piuleHHs, ma KOHQIIKmie
inmepecis, Ha OCHO8I CeMAHMUYHUX CIPYKMYP [ J102IKO-IH28ICMUYHO20 MOOENIOBAHHS.

Kniowuosi cnosa: yugposizayis, HACKpi3Hi mexHoN02li, cmaniuili po3eumox, IiHmezpayititi
npoyecu.

Introduction. Modern trade transformation processes have led to the emergence of digital
trade. As a result, traditional trade processes have undergone reform, initially driven by the impact of
Covid-19 and later by military actions currently unfolding in various parts of the world. It is worth
noting that the influence of such global issues has positively impacted the development of digital
trade. Digital trade has supported international economic relations through integration processes in
the economy. This has led to the formation of new economic cooperation agreements, the expansion
of free trade areas through digitalization (from logistics processes to payment terms), and changes in
the competitive landscape due to businesses entering global markets.

Sustainable development goals are supported by digitalization processes worldwide.
Digitalization serves as a tool for promoting sustainable development by reducing environmental
risks, fostering international integration, decreasing inequality, developing digital literacy, and
enhancing financial inclusion. The development of digital trade is driven by cross-cutting
technologies, digital literacy, and international integrations.

The purpose of the article. The aim of the research is to form a new paradigm of the trading
digital twin by applying digital tools and technologies to ensure the development of digital trade in
global markets under sustainable development conditions.

Literature review. This study has focused heavily on analyzing the literature related to the
theoretical foundation of the term "digital twin." Specifically, it references M. Grieves (Grieves, M.,
2016), D. Essex (Essex, D., 2022), K. Shaw, J. Fruhlinger (Shaw, K., 2022), R. Stark, T. Damerau
(Stark, R., 2022), S. Sapon (Sapon, S., 2022), O. Pupena (Pupena, O., 2022), and Z. Wang (Wang,
Z., 2018). M. Grieves' work is fundamental to this research since the concept of "digital twin™ was
first introduced by this scholar. The study also connects the conditions for sustainable development
with the cross-cutting technology of a trading digital twin, which was explored in A. Pawlowski's
(Pawlowski, A., 2021) work.

However, despite the abundance of literature on the topic of digital twins, no works have been
specifically devoted to the trading digital twin in digital trade. The foundation for this work was the
monograph by 1.0. Shevchenko (Shevchenko, 1., 2023), which focuses on the harmonization of digital
trade in global markets through the lens of international experience.

Main results of the research. To achieve the research aim, the author employed both general
scientific and specific research methods. The literature analysis allowed the author to propose, for the
first time, their own definition of the term "trading digital twin™ by highlighting its most essential
characteristics. Using the comparative method, the study established a logical connection between
sustainable development and the development of digital trade in global markets through the use of
cross-cutting technologies. The cognitive approach was built using the methods of generalization,
systematization, analysis, and synthesis.



Today, in the context of digitalization and adherence to sustainable development conditions,
the global community faces many problems requiring immediate solutions: rising poverty,
overcoming unemployment, and humanitarian crises, among others. However, recent trends have
shown that some of these issues can be addressed through innovative and cross-cutting technologies
and digital tools.

According to the author, to ensure the development of digital trade, more attention should be
given to important issues such as the creation of cross-cutting technologies, ensuring digital
sovereignty, and creating value chains through vertical integration between countries. The application
of vertical integration technology and the introduction of transfer pricing mechanisms allows for more
flexible value creation, providing significant advantages in procedures for entering global markets.

The methodological tools for ensuring the development of digital trade in global markets are
also supported by cross-cutting technology management tools for the digital transformation of
entities. For the proper development of digital trade in global markets and the digital transformation
of entities, cross-cutting technologies based on the digital twin should be implemented. These
technologies are instrumental algorithms and intelligent tools aimed at solving strategic problems
through cognitive analysis of linguistic (intellectual) activity, logical-linguistic modeling of solutions,
and visualization of cognitive scenarios in the dynamics of modern knowledge bases and their
contextual development. This includes frame-based representation of necessary and sufficient
knowledge for anticipating and resolving problematic situations in the functioning of a managed
object.

In science, a virtual model of a real physical object is called a digital twin. The concept of the
digital twin was introduced in 2002 by M. Grieves, a doctor in computer engineering from the
University of Michigan, though the term itself was coined by Grieves only in 2011.

Table 1
Modern Definitions of the Term ""Digital Twin"'
Source Definition Essential
Characteristic
1 2 3
M. Grieves “...a set of virtual informational constructs that fully describe | Set (aggregate)
(Grieves, M., | a potential or real physical manufactured product” of virtual
2016) constructs
D. Essex “...a virtual representation of a real-world entity or process (a | Virtual (digital)
(Essex, D., physical person in the real space; a digital twin in the representation
2022) software representation; and the data linking the first two
elements)”
K. Shaw, J. “...a digital representation of a physical object or system. The
Fruhlinger technology behind digital twins has expanded to encompass
(Shaw, K., buildings, factories, and even cities, with some claiming that
2022) even people and processes can have digital twins, extending
the concept even further.”
R. Stark, T. “...a digital representation of an active unique product (a real
Damerau device, object, machine, service, or intangible asset) or a
(Stark, R., unique product-service system (a system consisting of a
2022) product and related service) that contains selected
characteristics, properties, conditions, and behaviors through
models, information, and data at one or even several phases
of the lifecycle.”
S. Sapon “...avirtual representation of a physical object (system) that
(Sapon, S., consists of the physical object (system) itself, its digital
2022) model, and the two-way informational connections between
the physical object and the digital model of the object and/or




its components, used for modeling, analysis, and
optimization of the state and behavior of the physical object
(system) in real-time throughout the entire lifecycle of the
product (system).”

O. Pupena “...a formal digital representation of an asset, process, or
(Pupena, O., system that captures the attributes and behavior of this
2022) object, suitable for communication, storage, interpretation, or

processing in a specific context.”
Z. Wang “...refers to the processes and methods for describing and Process and
(Wang, Z., modeling the characteristics of behavior, formation method
2018) processes, and performance of physical objects through

digital technologies, and can also be referred to as digital
twin technology.”

M. Derkach “...a comprehensive digital model of an environment, Digital model
(Derkach, M., | product, or system that uses real data to create simulations
2023) and forecasts without affecting the real counterpart. It is also

referred to as the technology of creating virtual clones. It
allows testing multiple hypotheses or products at once.”

M. Shacklett “...a digital model of a physical object or process. Its goal is
(Shacklett, M., | to help organizations identify bottlenecks and/or problems in

2023) the process or physical object before they occur. Thus,
proactive (and preventive) measures can be taken.”

Ye. Sulema “...amodel of a physical object or process (physical twin)

(Sulema, Ye., | that fully reflects its characteristics in dynamics over a

2020) specific period.”

Thus, based on the above morphological analysis, we can conclude that most researchers
present a "digital twin" as a digital model or digital representation. Researchers such as K. Shaw, J.
Fruhlinger (Shaw, K., 2022), R. Stark, T. Damerau (Stark, R., 2022), O. Pupena (Pupena, O.,
2022),M. Derkach (Derkach, M., 2023), M. Shacklett (Shacklett, M., 2023), Ye. Sulema (Sulema, Ye.,
2020), D. Essex (Essex, D., 2022) and S. Sapon (Sapon, S., 2022) belong to this category. Z. Wang
(Wang, Z., 2018), however, offers a slightly different interpretation by revealing the concept through
the attribute of process/method, which is entirely understandable considering the initial purpose of
this concept and its application areas.

Despite the varying terminology, all the definitions converge on one point: they refer to what
enables a real individual to interact with the virtual space and how they perceive themselves within
it. Therefore, we find it appropriate to further define the concept of a digital twin as a modeled virtual
representation of the physical characteristics of objects and/or processes in dynamics over a certain
period.

It is worth noting that the term "digital twin" is a general scientific term, and the possibility and
method of applying digital twins are widely discussed across various human activities — in
economics, the oil and gas industry, education, medicine, and other fields — making it applicable to
any industry.

In this study, the author proposes a definition that would be unique to digital trade in global
markets (as a universally accepted scientific definition currently does not exist). To address the
methodological tools for developing digital trade in global markets, the author introduces the concept
of a "trading digital twin™ and presents its definition for the first time:

Trading Digital Twin — a digital representation of objects and processes (person, store,
company, business processes, etc.) in virtual space, allowing the creation and implementation of
personalized and unique goods and services on behalf of a physical and/or legal entity through
interaction with other participants in the trade process in global markets.

The scientific novelty of the proposed definition lies in the creation of new approaches to



stimulate the development of digital trade in global markets. The use of this category in science is
directly aimed at advancing economic research related to both the digital economy as a whole and the
activities of enterprises in global markets. At the same time, it is important to emphasize that such a
digital entity (digital twin) cannot be regarded as an independent subject, as it merely acts as a tool
through which a real individual interacts in the context of digital trade in global markets. The place
of the trading digital twin in digital trade in global markets is depicted in Figure 1.

Digital trade

dubject Global markets

Trading Digital Twin

Real object —» Database

l Virtual snhace

Object
| I

Figure 1. The Place of the Trading Digital Twin in Digital Trade in Global Markets.
Source: developed by the author

Digital economy

The figure represents the trading digital twin of a managed object as detailed modeling of the
configurations of physical entities and dynamic modeling of changes in the product or service,
process, and resources within the trading process. The digital twin of the managing subject represents
individuals interacting in global markets to meet their needs by purchasing goods or services,
following specific normative guidelines that have a digital prototype.

It is worth noting that not only the legal owner of the digital identity can use this digital tool,
but also another person. This gives rise to numerous consequences that need to be considered both in
theory and in practice when conducting further research.

Trading digital twins can ensure the process of digital trade in global markets and be used to
improve the efficiency of trade processes. With this tool, it is possible to identify risks and threats of
problematic situations within these processes, based on diagnostic and control procedures for their
state. The use of trading digital twins in digital trade processes in global markets leads to decision-
making that must meet cybersecurity requirements, ensuring confidentiality and anticipating threats
inherent in the new technology.

Considering the role of digital twins and cross-cutting digital technologies in the context of the
development of digital trade in global markets, the author suggests a visual representation (Figure 2).
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1 — An information flow that characterizes the object; 2 — An information flow that
characterizes the object after formalization; 3 — An information flow generated by digital
trade policies; 4 — An information flow generated by digital trade policies after
formalization; 5 — Data transmission for object condition monitoring to external
situational risk management centers; 6 — Data transmission on the object’s condition
monitoring to the subject's digital twin; 7 — Information flow on decision-making based
on condition monitoring data; 8 — Information flow on decision-making based on
condition monitoring data after formalization; 9 — Addressing the knowledge base
containing solutions to problematic situations; 10 — Output of alternative options for
solving the problematic situation; 11 — Adding new data to the knowledge base about
problematic situations; 12 — Reverse logical feedback; 13 — Implementation of the
decision; 14 — Feedback on the result of the decision implementation; 15 — Adding data
to the knowledge base on the connection between the problematic situation and the
solution.

Figure 2. Cognitive Approach to the Application of Digital Tools and Technologies to Ensure
the Development of Digital Trade in Global Markets
Source: constructed by the author

The scientific novelty of the proposed approach lies in the application of the conceptual
framework of logical-linguistic modeling of intelligent solutions as a breakthrough cognitive



technology for the development of digital trade in global markets. This approach will allow for the
construction of a risk-protected strategy for the development of digital trade in global markets,
accounting for the ever-changing environment, decision-makers, and conflicts of interest based on
semantic structures and logical-linguistic modeling.

When considering the key concepts characterizing the development of digital trade in global
markets, it is crucial to define the strategy for developing digital trade in global markets as an
integrated information-logical model of actions by the subject aimed at achieving development in the
context of globalization. From a systems theory perspective, digital trade is a complex system
consisting of functioning elements (resource complexes) and the relationships between them,
integrated into an order management system, a risk management system based on situational centers,
aimed at transforming the forms and properties of incoming resources, as well as selling goods and
Services.

Compared to traditional approaches that involve the creation of a physical prototype and real-
life testing, the application of trading digital twins helps reduce the number of errors during design
and can ensure the reduction of time, financial, and other resource costs. Trading digital twins also
allow for the incorporation of characteristics of global competitiveness and high consumer demands
into products and increase the level of customization.

To fully reveal the purpose of the research, the author proposes a visual representation of the
relationship between digital trade and the trading digital twin in sustainable development conditions
(Figure 3).
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Figure 3. Relationship Between Digital Trade and the Trading Digital Twin in the Context of
Sustainable Development. (Author’s Vision)

This figure emphasizes the connection between digital trade and sustainable development's
three main pillars: the environmental component, the economic component, and the social
component. Through international organizations and national governments, strategies for sustainable
development and digital economy growth can be balanced. The development of the digital economy
encourages the advancement of digital trade by reducing the digital divide between different regions.
Investments in ICT development in remote areas and the legislative regulation of digital business
activities prevent market monopolization and strengthen the protection of consumer rights and the
interests of small and medium-sized enterprises.

Conclusions. This process is of particular importance when establishing the virtualization of
specialized systems used in the modeling and testing of developing processes, as well as for real-time
status monitoring; the development of standards for digital documentation; standards for digital trade;
standards for the use of artificial intelligence; distributed data storage system standards and



blockchain technology; and standards for digital twins. The use of digital technologies ensures
environmental protection and the reduction of digital waste. Innovative digital technologies aim to
increase potential for environmental improvement and reduce industrial emissions.

The use of big data, cloud computing, digital twin technologies, and artificial intelligence
transforms businesses considering sustainable development. This leads to independent environmental
monitoring, evaluation, and analysis of ecosystems (environmental changes, pollution, etc.).

Therefore, the industrial business, in the context of digitalization, is transforming toward
sustainable production. The development of digitalization must consider the consequences of climate
change, not only from the perspective of diseases and human lives but also from the significant
economic damage that can act as a destabilizing force affecting the economic growth of countries and
hindering sustainable development.

Digital economy is a critical driver of economic development, and the transformation of
traditional trade into digital trade has become a global consensus. However, according to the concept
of sustainable development, digital trade has both positive and negative effects on the social and
environmental components.

Future research directions should include the examination of "digital inequality” and the use of
digital technologies for environmental protection, as well as the development of strategies for the
sustainable development of the digital economy in general and digital trade in particular.
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