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Statement of the problem. In the present context
of global economic and technological transformation,
Ukraine’s industry faces a number of systemic challenges
that threaten its competitiveness and sustainable
development. The main problems are outdated
equipment, low level of automation of production
processes, insufficient integration with digital
technologies, and poor adaptation to international
quality and efficiency standards. These factors lead to
higher costs, lower productivity, deteriorating product
quality, and reduced export potential of Ukrainian
enterprises. This situation is especially acute in the
context of growing competition in global markets, where
leading countries are actively implementing industrial
innovations such as artificial intelligence, the Internet of
Things (IoT), cloud technologies, and Digital Twins.

One of the most promising areas of industrial
modernization is the technology of digital twins, which
is the creation of virtual copies of physical objects,
processes or systems that allow simulating their
behavior in real time, optimizing production, predicting
technical failures and minimizing costs. This technology
is already being actively used in leading countries such
as Germany, the United States, and Japan, where it has
become a key tool for improving the efficiency of the
aviation, automotive, energy, and chemical industries.
Especially, Siemens has successfully used digital twins
to model energy systems, which has reduced operating
costs by 20%, and General Electric uses them to
optimize the operation of turbines and engines.

But in Ukraine, digital twin technology remains
at the stage of theoretical research or experimental
implementation. The absence of a systematic analysis of
its economic feasibility, strategic investment programs,
regulatory framework, and qualified personnel creates
serious barriers to large-scale application. In addition,
many Ukrainian businesses face infrastructure
problems: insufficient digital readiness, limited capacity
to collect and analyze large amounts of data, and a lack
of incentives to modernize due to high upfront costs.

This situation is exacerbated by economic instability,
political uncertainty, and insufficient support from
government institutions. The need to move to Industry
4.0 is becoming increasingly urgent, especially as
requirements for energy efficiency, environmental
sustainability, and production flexibility grow. Ukraine,
as a country with a strong industrial potential, has all the
prerequisites for the introduction of digital twins, but
without a comprehensive approach to solving existing
problems, it risks losing its position in the global market
and being left out of the technological revolution.
Therefore, a scientific study of the investment potential
of this technology for the modernization of Ukrainian
industry is relevant, taking into account both global
experience and the specifics of the national economy.

Analysis of remaining research and publications.
The topic of digital twins has been actively studied in
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recent years in scientific and practical works, especially
in the context of their application in industry. In
particular, paper [6] provides a formal definition of the
technology: a digital twin is an accurate virtual model
of a physical object, process or system that is constantly
updated based on real data in real time. The authors
emphasize that this technology allows not only to
model the behavior of objects, but also to predict their
evolution, which is key to optimizing production [6].

Study [3] demonstrates that the introduction of
digital twins can increase production efficiency by
25-30% by reducing the time for testing new products
and processes. The authors cite examples from the
automotive industry, where virtual models are used
to simulate crash tests, which reduces the cost of
physical testing [3]. In reference [9], the authors discuss
examples of the use of Digital Twins in logistics and
supply chain management. Thus, the authors point
out the effectiveness of the technology for predicting
failures in transportation systems, which reduces the
risk of downtime by 15-20% [9].

Particular attention should be paid to publications
on the integration of digital twins with other
technologies, such as IoT, artificial intelligence, and
blockchain. Study [6] reveals the potential of using
IoT sensors to collect data, which is then analyzed
by virtual models to predict technical failures [5].
In addition, work [4] demonstrates how artificial
intelligence can help automate the analysis of data
received from digital twins, which increases the
accuracy of equipment condition forecasts by 40% [6].
Considerable attention is paid to economic aspects.
In [9], the authors analyzed the cost of technology
implementation and its payback. They point out that
the average investment in creating a digital twin for
a medium-sized enterprise is from $500 thousand
to $1 million, and the payback period is 3-5 years,
depending on the scale of application [9].But the same
paper notes that many enterprises face difficulties in
choosing the optimal implementation strategy due to
the lack of clear methodological recommendations.

Special mention should be made of global examples
of successful implementation. Paper [7] describes the
experience of Siemens, which uses digital twins to
model energy systems, which reduced operating costs
by 20% [7]. Study [8] analyzes the use of technology in
the aviation industry to optimize engine performance,
which reduced the frequency of technical downtime by
25% [8].

However, among the challenges raised for discussion
by scientists are the lack of common standards for
building digital twins, problems with cybersecurity and
processing large amounts of data. In [10], the authors
emphasize that without a clear regulatory framework,
the introduction of the technology in Ukraine will
be slow [10]. In addition, work [11] discusses the
theoretical aspects of creating digital twins for complex
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systems, in particular, mechanisms for synchronizing a
virtual model with a physical object in real time [11].

Thus, the analysis of existing research shows that
digital twin technology has a strong potential for
industrial modernization, but its implementation in
Ukraine requires a comprehensive approach, taking
into account economic, technological, and regulatory
barriers.

The purpose and objectives of the research.
The purpose of the study is to identify the investment
potential of digital twin technology in the modernization
of industrial production in Ukraine by analyzing the
world experience and economic indicators of its
implementation.

Objectives of the study:

1. To analyze the essence of digital twin technology
and its benefits for industry.

2. To study examples of successful application of the
technology in other countries.

3. To assess the economic feasibility of introducing
digital twins at Ukrainian enterprises.

4. Identify barriers and risks to scaling the
technology in Ukraine.

5. To formulate recommendations for strategic
investment in Digital Twins.

Presentation of the main material and research
results. A Digital Twin is defined as a dynamic virtual
model of a physical object, process, or system that is
synchronized with the real world through real-time
data streams [1]. This technology allows you to create
accurate digital copies of equipment, production lines,
or even entire enterprises, providing analysis of their
condition, behavioral forecasting, and optimization
of work without risk to physical assets [2]. The main
purpose of digital twins is to minimize costs, increase
production efficiency, and reduce the time for testing
new products [3].

The technology is based on the integration of three
key components:

Models of physical processes - created on the basis
of mathematical equations and algorithms that describe
the behavior of an object. For example, in mechanical
engineering, such models are used to simulate the load
on engine parts, which allows identifying potential
failure points [7]. In the food industry, physical models
are used to predict the impact of temperature conditions
on the shelf life of products [5].

Real-time data is received through IoT sensors
installed on physical objects. In the energy sector, these
sensors monitor turbine performance parameters,
transmitting data for real-time analysis [5]. In the
automotive industry, sensors are built into engines
and chassis, providing continuous monitoring of the
condition of vehicles [3].

Analytical tools - used to process data, detect
anomalies, and predict events. For example, artificial
intelligence can detect deviations in the operation of
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equipment, which allows you to schedule preventive
maintenance before an accident occurs [6]. In medicine,
analytical tools are used to monitor the condition of
patients through integration with IoT sensor devices
[10].

The classification of digital twins includes three
levels of complexity:

Component twins - model individual parts of
an object (for example, an engine or a pump). They
are used to predict the service life of individual
components [9]. In the aviation industry, such models
are used to analyze turbine wear, which reduces the
risk of accidents [8].

System twins - reflect the interaction of components
within a single system (for example, a productionline).In
the automotive industry, such models allow optimizing
the logistics of materials between workshops, reducing
downtime by 15-20% [3].

Process twins model production processes in
general, including logistics, inventory management,
and product quality. They are used in the food industry
to control temperature conditions in the production
process, which reduces product losses by 10-15% [5].

This approach allows not only to analyze the current
state of the object but also to test hypothetical scenarios,
which makes the technology universal for various
industries [9]. For example, in the construction industry,
digital twins are used to simulate loads on structures,
which reduces the likelihood of design errors [6].

The main functions of digital twins include:

Simulation of production processes - allows testing
changes in technology without risking real equipment.
For example, in the automotive industry, virtual models
are used to simulate crash tests, which reduces the cost
of physical testing by 30% [3]. In the textile industry,
simulation allows to model the operation of weaving
machines, which reduces the loss of raw materials by
12-18% [9].

Predicting technical failures - analyzing sensor
data allows identifying potential problems before they
occur. In the energy sector, this reduces the frequency
of accidents by 25% [7]. In the oil and gas industry, the
technology is used to monitor the condition of pipelines,
which reduces the risk of leaks by 20-30% [5].

Cost optimization - through energy efficiency
analysis and rational use of resources. For example, at
metallurgical enterprises in Ukraine, the introduction
of Digital Twins can reduce the energy consumption of
blast furnaces by 15-20% [7]. In the chemical industry,
the technology allows optimizing the consumption of
reagents, which reduces costs by 8-12% [5].

Improving product quality through real-time
monitoring of production parameters. In mechanical
engineering, this reduces rejects by 10-15% [8]. In
the pharmaceutical industry, the technology is used
to control the conditions of drug production, which
guarantees compliance with GMP standards [5].
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In addition, the technology provides integration
with other digital tools:

[IoT - for collecting data from equipment;

Artificial intelligence - to automate data analysis;

Blockchain - for secure data storage [5].

These features make Digital Twins a universal
tool for industrial modernization [6]. For example,
in agriculture, digital twins are used to monitor soil
conditions, which increases yields by 10-15% [9].

In the leading countries of the world, the technology
of digital twins is already actively used in various
industries. For example:

Germany - Siemens has implemented Digital Twins
for modeling energy systems, which has reduced
operating costs by 20% [7]. In addition, as part of the
“Industrie 4.0” initiative initiative, Germany is actively
developing standards for building digital twins, which
facilitates their scaling [6].

USA - General Electric uses the technology to
optimize the operation of turbines and engines, reducing
the frequency of technical downtime by 25% [8]. In
addition, NASA uses virtual models to test spacecraft,
which reduces the cost of physical testing by 40% [3].

Japan - Toyota uses virtual models to test new car
designs, which reduced the time to market by 40%
[3]- As part of the national strategy “Society 5.0”, Japan
integrates Digital Twins with other technologies such as
robotics and artificial intelligence [6].

The key factors of successful implementation were:

Government support through subsidies and tax
breaks. For example, in Germany, the Digital Hub
Initiative program provides financial support to
enterprises that implement digital technologies [6].

Infrastructure readiness is the availability of high-
speed networks and powerful servers. In the United
States, investments in 5G networks have provided
reliable real-time data transmission [8].

Qualified personnel - specialists in digital
technologies and data analysis. In Japan, universities
are actively training specialists in Digital Twins as part
of national educational programs [3].

This experience demonstrates that the technology
has a strong economic potential, but its implementation
requires a comprehensive approach [10]. For example,
in South Korea, the introduction of digital twins in the
electronics industry has reduced the cost of testing
chips by 35% [9].

For Ukrainian enterprises, the introduction of
digital twins can lead to a reduction in production
losses, improved product quality, and increased
competitiveness. It is estimated that investments in
the technology can pay off within 3-5 years, taking into
account effective project management [9].

For example:

Metallurgical industry - the introduction of Digital
Twins to optimize the operation of blast furnaces can
reduce energy consumption by 15-20% and extend
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the service life of equipment by 10-15% [7]. This is
especially important for Ukrainian enterprises facing
high energy prices [9].

Mechanical engineering - the technology will
allow testing new designs without creating physical
prototypes, which will reduce costs by 25-40% [8]. In
the context of the Ukrainian economy, this can increase
export potential by reducing the time to market [5].

Food industry - through monitoring of production
parameters, it is possible to reduce the loss of raw
materials by 10-15% [5]. For small businesses, this will
increase profitability by 5-8% [9].

Economic efficiency, though, depends on several
factors:

Scale of implementation - the more objects are
modeled, the higher the payback. For example, the
introduction of technology on all production lines of
an enterprise saves 15-20% compared to individual
facilities [7].

Level of automation - the need to install IoT sensors
and modernize equipment. On average, automation
costs account for 30-50% of the total project budget [9].

Staff qualifications - the need to train specialists to
work with digital tools. It is estimated that training for
10% of the company’s staff increases the efficiency of
implementation by 20-25% [5].

According to a study [9], the average cost of creating
a digital twin for a medium-sized enterprise is $500
thousand-$1 million, and the savings due to production
optimization are $150-$300 thousand annually [9]. This
makes the technology attractive to investors, especially
in the face of growing competition in the global market.
For example, Ukrainian textile factories can reduce raw
material losses by 12-18% by implementing Digital
Twins, which will increase their profitability by 7-10%
[5].

Nevertheless, despite its potential, the introduction
of digital twins in Ukraine faces a number of barriers:

High initial cost - the need for significant investments
to modernize infrastructure and purchase software [9].
For example, the cost of a single integrated solution for
a metallurgical enterprise can exceed $1.5 million [7].

Lack of qualified personnel - lack of specialists in
digital technologies, artificial intelligence and data
analysis [9]. It is estimated that only 12% of Ukrainian
enterprises have internal experience with Big Data [5].

Technical limitations — many Ukrainian enterprises
do not have sufficiently powerful servers or
communication channels to process large amounts
of data [11]. For example, 45% of enterprises face
problems with data transfer speed, which makes it
difficult to use real-time technology [9].

Lack of a regulatory framework - there are no
standards for building digital twins and no rules for data
processing [10]. This createslegal uncertainty regarding
the ownership of virtual models and responsibility for
their use [5].
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Risks include:

Cybersecurity - threats of malicious access to virtual
models. For example, a cyberattack on a digital twin of
the power system can lead to large-scale accidents [10].

Overdependence on data is the possibility of errors
due to incorrect sensor data. If the sensors transmit
inaccurate data, the model can make false predictions,
which will lead to losses [11].

To overcome these problems, it is necessary to:

Develop a state strategy for the digital transformation
of industry.

Provide financial support to enterprises.

Increase the level of digital literacy of personnel [9].

These measures will reduce barriers and accelerate
technology adoption. For example, the creation of
regional digitalization centers can provide small
businesses with access to the necessary infrastructure
and expert support [5].

Potential application sectors in Ukraine

The possibility of using digital twins in industries
with high equipment costs and critical quality
requirements deserves special attention. These include:

Energy - modeling the operation of thermal power
plants and hydroelectric power plants to predict
failures and optimize energy production. This can
reduce maintenance costs by 15-20% [7].

Agriculture - creating virtual field models to monitor
soil conditions, which will increase yields by 10-15%
[9].

Mechanical engineering - testing new designs
without creating physical prototypes, which will reduce
costs by 25-40% [8].

In addition, the technology can be implemented in
the service sector, for example, to optimize logistics
or urban infrastructure management. In cities such as
Kyiv or Lviv, digital twins can be used to monitor traffic
flows, reducing congestion by 20-25% [5].

Technological integration and future prospects

Digital twins are actively integrated with other
disruptive technologies, such as:

Artificialintelligence (Al) - to automate data analysis.
For example, Al algorithms can detect deviations in the
operation of equipment, which allows you to schedule
preventive maintenance before an accident occurs [6].

Blockchain - for secure data storage. In the
pharmaceutical industry, this will provide control over
supply chains, preventing counterfeiting of drugs [5].

Robotics - for production automation. As part of
the Smart Factory initiative, Germany has already
successfully combined digital twins with industrial
robots, which increases productivity by 30% [6].

Future research should focus on:

Development of methodologies for assessing the
economic efficiency of implementation.

Adapting the technology to the specifics of Ukrainian
industry, in particular, taking into account the age of
equipment and production structure.
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Creation of an ecosystem for cooperation between
the state, business, and scientific institutions.

This approach will ensure Ukraine’s rapid entry into
the digital age while maintaining competitiveness in the
international market.\

Conclusions and perspectives. This analysis
suggests that digital twin technology has significant
investment potential for modernizing industrial
production in Ukraine. Ukraine has all the prerequisites
for the introduction of digital twins, but successful
implementation depends on a comprehensive approach
that includes government support, investment in
infrastructure, training, and the creation of a favorable
regulatory environment. Without these steps, the
country risks being left out of the technological
revolution, losing its competitive advantage in the
international market.

For the effective implementation of digital twin
technology in Ukraine, a set of measures that can be
divided into short-, medium-, and long-term ones must
be implemented.

Short-term measures (1-2 years):

Create regional digitalization centers that will
provide access to the necessary infrastructure and
expert support for businesses.

Increasing the digital literacy of the workforce
through specialized trainings and educational programs
at universities.

Pilot projects in priority industries, such as energy,
metallurgy, and machine building, to demonstrate the
effectiveness of the technology.

Medium-term measures (3-5 years):

Development of a state strategy for the digital
transformation of industry, including standards for
building digital twins, data processing rules, and state
support mechanisms.

Financial support for enterprises through subsidies,
tax breaks, and guarantees for investors.

Integration with other technologies, such as artificial
intelligence, blockchain, and IoT, to improve forecast
accuracy, automate processes, and ensure data security.

Long-term prospects (5+ years):

Large-scale implementation in key industries,
including agriculture to monitor soil conditions, which
will increase yields by 10-15%, and in the energy sector
to optimize the operation of thermal power plants and
hydroelectric power plants.

Developmentofthe digital transformation ecosystem,
including cooperation between the state, business, and
academic institutions to create innovation clusters.

Adaptation of technology to the specifics of the
Ukrainian economy, in particular for enterprises with
old equipment, by developing hybrid solutions that
combine digital twins with traditional production
processes.

In the long term, digital twins can become a key
element of Industry 4.0, providing flexibility, energy
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efficiency, and environmental sustainability in
production. For Ukrainian companies, this means an
opportunity to reach a new level of competitiveness,
reduce costs, and improve product quality. Successful
realization of these goals will require coordination
of efforts by the government, business, and scientific
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Thus, digital twin technology has exceptional
potential for modernizing Ukrainian industry. Its
implementation will not only increase production
efficiency but also ensure long-term economic
growth, strengthening Ukraine’s position in the
global market.

institutions to turn digital twins from a theoretical
conceptintoapractical tool forindustrial modernization.
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LUDPOBI ABINHUKMU (DIGITAL TWINS) Y MTPOMMUCNOBOCTI:
IHBECTULLIMHWIA NOTEHLIAN ANA MOAEPHI3ALIT BUAPOBHULITBA
B YKPAIHI

Y cTaTTi AOCNiAKEHO IHBECTULIMHUIA NOTEHLian BNPOBAAMKEHHA TeXHONOri LMPPOBMX ABIMHMKIB Y NPOMMUCIOBOMY
ceKTopi YKpaiHu B KOHTEKCTI nobanbHoi undposoi TpaHchopmaLiii. ABTOp 0BrpYHTOBYE aKTyasIbHICTb TEMM, aKLEHTYOUM
Ha CUCTEMHMX Npobaemax BiTYM3HAHOT MPOMMCIOBOCTI — 3acTapinomy obnagHaHHI, HU3bKOMY pPiBHI aBTOMaTH3aLi, chab-
Kit umdpoBi iHTerpaLii Ta obmeKeHil 34aTHOCTI aZanTyBaTUCA A0 MiXKHAPOAHMX CTaHAAPTIB edeKTUBHOCTI Ta AKOCTI.
Bu3HaueHo, LWo UMdpoBi ABINHKMKM AK BipTyanbHi mogeni disnyHMx 06’eKTiB i npoLecis 3abe3rneyytoTb HOBUIA PiBeHb aHa-
NITUKKM, NPOrHO3yBaHHA TEXHIYHMX 36018 | oNTUMI3aLii BUpOOHMUMX BUTPaT. MpescTaBNEHO MiKHAapPOAHUI AOCBiA Nifepis
umoposisayii — Himeuunnu, CLUA, AnoHii — ae undposi ABIHUKM BXKe AOBEN CBOO EKOHOMIYHY AOLiINbHICTb Y TaKMX ra-
NY3AX K EHEepreTMKa, MalwMHObyayBaHHA Ta papmaueBTrKa. Ocobamea yBara npuainaeTbea 6ap’epam BNPOBaAKEHHA L€l
TexHonorii B YKpaiHi: BUCOKMM CTapTOBMM BUTPaTaM, HeCTaui KBanipikoBaHOro nepcoHasny, cnabkiit uudposii iHppacTpyk-
Typi Ta BigCyTHOCTI HOpMaTKUBHOI 6a3n. BogHouYac aBTOP HAroNOLWYE, WO 3a YMOB AEPXKaBHOI NiATPUMKM, NINOTHUX NPOEK-
TiB, OCBITHiX NpoOrpam Ta CTBOPEHHA LeHTPiB LMPPOBI3aLL,il, TEXHONOTIA MAE NOTEHLiaA CTATU PyLLiIEM MOAEPHI3aLi rany3en
i3 BUCOKMMM KamiTa/lbHUMU BUTPATaMM — MeTanyprii, MaWwunHobyayBaHHA, arpocekTopy. 3anponoHoBaHo HaratopiBHeBsy
CTpaTerito BIPOBAXKEHHA 3 KOPOTKO-, CEpeAHbO- Ta AOBIOCTPOKOBMMM 3ax04amu, Wo nepeabavae iHTerpauiio Luudposux
[BiVHMKIB 3 10T, WTYYHUM iHTENEKTOM Ta B10KYEMHOM. BUCHOBYETLCS, WO YCNillHa peanisauif Takux pilleHb cnpusTume
NiABULLEHHIO KOHKYPEHTOCMPOMOXHOCTI YKPAiHCbKOT eKOHOMIKM Ta i iHTerpaLii B iHAycTpianbHi cTaHAapTK YeTBepToi npo-
MMWCI0BOI peBoAtoLji.

Kntouosi cnosa: yugposizayis, iHeecmuuilinuli nomeruian, yugposi mexHonoeil, Esponelicokuli Coro3, iHppacmpykx-
mypa.
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