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M Abstract. The global economy is influenced by geopolitical trends that create new challenges and opportunities for the
development of national economies. The studied geopolitical factors indicate that it is important for Ukraine to integrate
its economy into global financial processes, introduce the latest technologies and develop international cooperation.
The purpose of this study was to identify the impact of geopolitical trends on the technological upgrading of industrial
enterprises in Ukraine and to substantiate their role as a key factor in the convergence of investment processes, taking
into account the specifics of the Ukrainian economy’s integration into global markets. The study was conducted using
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the methods of theoretical generalisation, statistical data analysis, comparison and logical and structural modelling.
The study summarised and structured geopolitical trends and identified their impact on the nature of investment flows
into industry. The factors that facilitate or impede the attraction of foreign investment in the technological renewal
of Ukraine’s industry in the context of geopolitical instability were substantiated. The relationship between the
technological renewal of industry and the convergence of investment processes in Ukraine was substantiated, and the
synergy between technological renewal and investment was investigated. A model of adaptation of industrial enterprises
of Ukraine to changing geopolitical conditions through technological renewal was proposed, which is aimed at increasing
their investment attractiveness. Recommendations for the state policy to stimulate technological renewal of industry
in the context of geopolitical instability have been developed. The practical value of this study lies in the identification
of key factors that affect the investment attractiveness of enterprises in the context of geopolitical uncertainty. This
allows for creating a mechanism for managing and adjusting the impact of geopolitical risks, which will help to increase

competitiveness in the domestic and foreign markets

M Keywords: geopolitical factors; investment volumes; direct investment; adaptation model; public policy

H INTRODUCTION

The world economy is influenced by geopolitical processes
that create new challenges and opportunities for the de-
velopment of national economies. For Ukraine, which is at
the epicentre of geopolitical changes, these processes are
of particular importance. On the one hand, political and
economic instability create barriers to attracting invest-
ment, while on the other hand, they open up opportunities
for integration into global markets through the moderni-
sation and technological upgrading of the industrial sec-
tor. Geopolitical factors such as sanctions, trade wars, and
changes in global supply chains have a significant impact
on investment flows. Studies by K.E. Meyer et al. (2023) and
J. Benchimol & L. Palumbo (2024) emphasised the role of
sanctions regimes in transforming international financial
relations. G. De Souza et al. (2024) and L. Zou et al. (2024)
focused on the growing importance of trade conflicts for
the redistribution of economic resources. These processes
necessitate the adaptation of strategies of transnational
corporations and national economies to new conditions.

As identified by J. Aizenman et al. (2024), geopolitical
news affects the stability of financial markets, including
stocks, currencies, and bonds. At the same time, M.E. Ho-
que et al. (2024) findings showed that certain markets, such
as oil, gas, and gold, have shown relative resilience to geo-
political risks, particularly during the Ukraine-Russia con-
flict. This indicates their importance as tools for risk man-
agement and investment stability. The Ukrainian crisis,
according to B. Gao & Z. Xu (2024), affects multinationals
at three levels: through supply chain adjustments, national
policy making, and the response of international organisa-
tions such as the WTO. This highlights the need for coordi-
nation between governments, businesses and global insti-
tutions to minimise risks and adapt to challenges.

As noted by X. Yu et al. (2024), the convergence of
investment processes ensures the integration of nation-
al capital markets and creates new opportunities for eco-
nomic growth. For Ukraine, this opens up prospects for
attracting foreign capital but at the same time requires sta-
bilisation of domestic conditions for investment, including
risk reduction and development of the technological base.
According to A. Kostruba (2024), the development of for-
eign business and investment are critical to Ukraine’s eco-
nomic recovery. In this context, technological upgrades,
the introduction of Industry 4.0 principles, automation,
and the transition to renewable energy sources are key

factors in increasing competitiveness. This also contrib-
utes to Ukraine’s integration into global investment pro-
cesses, forming a new economic environment. The study
by Y. Yakymenko & V. Yurchyshyn (2024) emphasised the
importance of international support in creating favourable
conditions for attracting investors. Effective cooperation
with international organisations will allow Ukraine not
only to restore its economy but also to create the precondi-
tions for long-term sustainable development.

These aspects show that for Ukraine, given the global
challenges, it is necessary to integrate the economy into
global financial processes, introduce advanced technolo-
gies and strengthen international cooperation. Geopoliti-
cal stability and strategic initiatives become the basis for
attracting investments and adapting to dynamic changes
in the world market. The purpose of this study was to iden-
tify the impact of geopolitical trends on the technological
renewal of industrial enterprises in Ukraine and to sub-
stantiate their role as a key factor in the convergence of in-
vestment processes, taking into account the specifics of the
integration of the Ukrainian economy into global markets.

B MATERIALS AND METHODS

The study used a comprehensive approach to analysing the
impact of geopolitical trends on the technological renew-
al of Ukrainian industrial enterprises. The main methods
used in the study are the methods of theoretical generali-
sation, analysis of statistical data, comparison and logical
and structural modelling. The method of theoretical gen-
eralisation was used to systematise scientific approaches
to determining the relationship between geopolitical pro-
cesses and economic development. The article analysed
scientific publications covering the impact of geopolitical
instability on investment processes, as well as economic
aspects of the integration of national economies into world
markets. The use of this method made it possible to for-
mulate the conceptual framework of the study and identify
the key factors that influence the process of technological
renewal of enterprises in the global economy.

The method of statistical data analysis was used to
assess the dynamics of investment flows into the Ukrain-
ian industry and the degree of integration of the country’s
economy into global financial processes. The main sources
of statistical information were the data of the State Statis-
tics Service of Ukraine, the World Bank, the International
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Monetary Fund (IMF), the European Bank for Reconstruc-
tion and Development (EBRD), as well as analytical reports
of international economic institutions for 2012-2024. The
analysis of these data allowed to identify patterns and
trends in the development of Ukraine’s industrial sector in
the context of geopolitical instability. The method of com-
parison was used to compare the experience of other coun-
tries (Poland, the Czech Republic, Germany, France) that
have faced similar challenges in attracting investment in
industry in the face of geopolitical instability. This made it
possible to assess the effectiveness of different approaches
to stimulating investment in technological upgrades.

Several scientific methods were used to develop a model
of adaptation of industrial enterprises to changing geopo-
litical conditions through technological renewal, which de-
pends on such factors as the level of technological renewal
(TOR), financial sustainability (FS), environmental friend-
liness of processes (EPP) and geopolitical risks (GR). The
method of theoretical synthesis was used to analyse and
summarise the theoretical foundations and models describ-
ing the relationship between technological renewal, finan-
cial sustainability, environmental performance and geopo-
litical risks. In particular, the research papers and concepts
on the impact of geopolitical factors on the economy and
investment processes were studied. The method allowed
formulating the theoretical basis of the model and identify-
ing the key factors that affect the investment attractiveness
of an enterprise in a changing geopolitical environment.

The theoretical generalisation helped to identify ex-
isting approaches to understanding the investment attrac-
tiveness of enterprises and determine which of them are
most relevant for Ukraine in the context of geopolitical
instability. Logic-structural modelling was used to devel-
op the authors’ adaptation model. This method helped to
build a mathematical model that takes into account the
relationship between all the main factors: technological
innovation, financial sustainability, environmental friend-
liness of processes and geopolitical risks. Logic-structural
modelling made it possible to clearly define how changes
in each of the factors affect the investment attractiveness
of an enterprise and what interrelationships exist between
them. The sequence of the study included an analysis of
scientific literature and regulatory documents on the im-
pact of geopolitical factors on economic processes; col-
lection and processing of statistical data on investment in
Ukrainian industry and the level of its technological up-
grading; comparative analysis of international experience
in attracting investment in technological upgrading in the
context of geopolitical instability; development of a logical
and structural model of adaptation of industrial enterpris-
es to geopolitical changes; formulation of recommenda-
tions for public policy.

W RESULTS

International economic cooperation is developing un-
der the influence of several key trends that reflect global
changes in the economic and political spheres. The trend
towards fragmentation of globalisation, i.e., global invest-
ment flows are increasingly oriented along geopolitical
lines. This means that countries are starting to invest more
in their regions or allies rather than in global projects. An
example is the United States and China, which are creating
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separate economic blocs, which is reflected in the inflows
of foreign direct investment (FDI) to different regions (The
2024 geopolitical reading list, 2023; World investment re-
port 2024, 2024). The trend of supply chain redistribution
is caused by geopolitical tensions, trade conflicts between
the US and China, the war in Ukraine and sanctions against
Russia. This stimulates states and businesses to diversify
suppliers and strengthen regional economic ties. In turn,
this leads to the growth of reshoring (return of production)
(Unterberger & Miiller, 2021) and friendshoring (trans-
fer of production to friendly countries) (Klarin & Sos-
novskikh, 2024). Trends in energy investments — sanctions
against Russia have stimulated the development of new
energy chains and the search for alternative energy sourc-
es. This was an impetus for increased investment activity
in renewable energy, although some countries temporarily
returned to using coal to ensure energy security (Esonye et
al., 2023; Larysh, 2024; Rubbaniy et al., 2024). The trend of
financial vulnerability of infrastructure projects, which is
associated with the fact that in 2023 global FDI flows de-
creased by 2%, in particular due to a reduction in interna-
tional financing for these projects. The price had a greater
impact on the least developed countries that depend on
international financing for the development of critical sec-
tors (World investment report 2024, 2024).

To summarise the above, it is concluded that invest-
ments are becoming more regional, i.e., industrial sectors,
especially those integrated into global production chains,
are trying to locate production closer to key markets. And
regional development strategies are aimed at providing ac-
cess to the resources needed for the transition to a green
economy, which helps strengthen partnerships between
developed economies and mineral-rich countries (Top ge-
opolitical risks of 2024, 2024). Thus, current geopolitical
changes are contributing to a rethinking of approaches
to investment, with an emphasis on security, sustainabil-
ity, and regional cooperation. The system of geopolitical
factors (Fig. 1) allows structuring the impact on the tech-
nological modernisation of enterprises and determining
which aspects of politics, economy, society, environment
and science have the greatest impact on investment pro-
cesses in a changing geopolitical situation.

As discussed above, geopolitical trends have a signif-
icant impact on the technological upgrading of industrial
enterprises, as they shape the context for technology de-
velopment, change access to resources, and prioritise in-
vestment processes (Prokhorova et al., 2019). In the case
of Ukraine, these trends are particularly relevant due to
its geographical location and economic ties with the Eu-
ropean Union, the United States, and Asian countries. The
key factors that facilitate or impede the attraction of for-
eign investment in the technological modernisation of
Ukraine’s industry in the context of geopolitical instabil-
ity are: changes in the structure of trade and investment
flows; support from international organisations and funds;
development of the military-industrial complex; changes in
environmental and energy standards. Their impact should
be considered in more detail. Changes in the structure of
trade and investment flows. After the beginning of the Rus-
so-Ukrainian War, there was a significant reduction in trade
with Russia. In Figure 2 and Figure 3 the dynamics of ex-
ports and imports to Ukraine’s trading partners are shown.
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Risks to the safety of production facilities; interruption or termination of supplies due to military operations;

reduced investment in technological development due to the reorientation of resources to defence; restrictions
on the import of technologies and components; increased costs due to the need to look for alternatives or
change supplier; raising barriers to access to foreign markets and investment; uncertainty in the business
environment, which can scare off investors; increased insurance and risk management costs; imposing duties,
quotas, or restrictions on exports or imports; instability in global supply chains, which complicates
technological upgrades; switching to alternative suppliers and revising procurement strategies; risks of
shortages or delays in the supply of critical technologies; strategies for diversifying suppliers and production

locations; logistics and transportation issues that may delay technological upgrades.

A

Consequences of the impact on the technological modernisation of industrial enterprises

Conflicts and wars
Sanctions
Political instability

Trade barriers and economic sanctions
Changes in global supply chain

Political factors Economic factors

The system of geopolitical factors influencing
the technological modernization of industrial enterprises

Environmental Technological
and social factors and scientific factors
Changes in sustainability Access to new technologies
requirements Infrastructural changes
Social impact on innovation International and regional
agreements on operation

Changes in environmental

standards in technology

Consequences of the impact on the technological modernisation of industrial enterprises

Technological upgrades in response to social pressure for environmental responsibility; changes in environmental standards

that may require technological upgrades (e.g., reducing CO, emissions); technologies aimed at improving working conditions,
safety and well-being; perception of new technologies in the labour market (e.g., automation and its impact on employment);
reorientation to clean energy sources and technologies for resource conservation; political restrictions and sanctions can
reduce access to advanced technologies or patents; risks of technological lag due to lack of access to foreign developments;
use of technologies to limit dependence on external sources of supply (localisation of production); modernisation of
production facilities to ensure high efficiency and compliance with environmental requirements; developing infrastructure to
support new technologies (e.g., 5G Internet, industrial robots, green technologies); international science and technology
alliances that can facilitate access to new technologies or support innovative projects; regional integration processes that

allow countries to reduce barriers to access technological innovations.

Figure 1. The system of geopolitical factors influencing the technological modernisation of industrial enterprises
Source: developed by the author

. 11 -II
Economics of Development. 2025. Vol. 24, No. 2



The impact of geopolitical trends on the technological renewal...

30.00

25.00

20.00

15.00 -

10.00 - B
500 ca i lhwanwl kBl F I
0.00 "Russian

Federation Netherlands Italy Spain Germany Turkey China Romania Poland
= 2012 25.62 1.21 3.60 2.24 2.39 5.36 2.58 0.80 3.74
2013 23.80 1.64 3.72 1.56 2.53 6.01 4.31 0.88 4.02
= 2019 6.48 3.69 4.83 3.00 4.76 5.23 7.18 2.01 6.58

2020 5.50 3.66 3.92 2.54 4.21 4.95 14.43 2.20 6.65

2021 5.02 3.32 5.10 2.38 4.21 6.09 11.76 2.27 7.68
= 2022 1.07 3.49 3.73 3.56 5.13 6.67 5.59 8.74 15.07
2023 0.00 4.12 4.25 5.55 5.58 6.55 6.65 10.41 13.14
Figure 2. Structure of Ukraine’s exports
Source: calculated by the authors based on Economic statistics / Foreign economic activity (n.d.)
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Figure 3. Structure of Ukraine’s imports
Source: calculated by the authors based on Economic statistics / Foreign economic activity (n.d.)

According to the State Statistics Service of Ukraine, in
2012, the share of exports to Russia was about 25.62% of to-
tal Ukrainian exports. But by 2019, this figure had dropped
to 6.48%, and the downward trend continued for the next
5 years. Between 2012 and 2019, the volume of exports to
Russia fell by 74.7%. Imports have also declined significantly.
While in 2012 it accounted for 32.39% of Ukraine’s total im-
ports, in 2019 it dropped to 11.49%, in 2020 to 9.23%, with
a further downward trend in recent years. Between 2012 and
2019, the volume of imports from Russia decreased by 64.53%.

Such a significant reduction in trade with Russia has
encouraged businesses to look for new markets and sources
of investment, particularly in Europe and Asia. The growth
in the shares of exports (to) and imports (from) Europe and
Asia at the end of 2023, with this trend continuing in the
first half of 2024 (Fig. 2-3), indicates that this process is
continuing and Ukraine is significantly expanding its trade

with the leading countries of Europe and Asia. According
to the NBU’s annual statistics on foreign direct invest-
ment (FDI), 75% of foreign capital in Ukraine’s economy
was reinvestment of income earned by a foreign investor
in Ukraine (In 2023, $4.25 billion..., 2023; Prokhorova et
al., 2024). As of the end of 2023, the accumulated volume of
FDI amounted to $54,261 million. The main investor coun-
tries in 2019-2023 were as follows (Table 1).

Figure 4 clearly shows the dynamics of the shares of the
main investor countries in the structure of foreign direct
investment volumes in Ukraine. Cyprus and the Nether-
lands have remained stable investment partners of Ukraine
over the past 5 years. The share of investments from Russia
in the total volume of foreign direct investment in Ukraine
was insignificant compared to other countries, amounting
to only 2.19% in 2019, and has been on a steady downward
trend over the past 5 years.

Table 1. Volumes of investments in Ukraine and key investor countries

Investor country 2019 2020 2021 2022 2023
Cyprus 28.96 32.29 26.62 33.10 32.50
Netherlands 23.18 19.33 23.02 19.50 28.30
Switzerland 4.79 6.53 8.66 5.10 8.20
Great Britain 5.75 4.90 4.08 4.80 4.80
Germany 5.15 5.09 4.55 4.97 4.30

II- 12
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Table 1. Continued

Investor country 2019 2020 2021 2022 2023
Austria 3.49 3.35 2.89 3.20 3.50

France 2.36 2.06 2.21 2.20 2.60

Poland 1.94 1.70 1.24 1.34 1.44

Russian Federation 2.19 1.73 1.81 0.43 0.00

Volume of foreign direct _
investment in Ukraine, mIn. USA 5,860 868 6,687 1,152 4,247
Total accumulated volume of 54,210 52,091 65,746 50,987 54,261
foreign direct investment, min.

Source: calculated by the authors based on S. Mushnykova et al. (2024), Investment activity in Ukraine (2024)

35.00
30.00
25.00 ~
20.00 ~
15.00 -
10.00 -
5.00 - m
0001 I quarter
2019 2020 2021 2022 2023 2024
H Cyprus 28.96 32.29 26.62 33.10 32.50 31.6
Netherlands 23.18 19.33 23.02 19.50 28.30 20.8
B Switzerland 4.79 6.53 8.66 5.10 8.20 4.2
Great Britain 5.75 4.90 4.08 4.80 4.80 4.8
B Germany 5.15 5.09 4.55 4.97 4.30 4.3
B Austria 3.49 3.35 2.89 3.20 3.50 3.5
= France 2.36 2.06 2.21 2.20 2.60 2.6
B Poland 1.94 1.70 1.24 1.34 1.44 0
Russian Federation 2.19 1.73 1.81 0.43 0.00 0

Figure 4. Dynamics of shares of major investor countries in the structure
of foreign direct investment volumes in Ukraine
Source: calculated and systematised by the authors based on S. Mushnykova et al. (2024), Investment activity in

Ukraine (2024)

Support from international organisations and funds.
Attracting investments from international donors and fi-
nancial institutions plays an important role in supporting
economic growth and modernisation of industrial enter-
prises in Ukraine. In 2024, international donors and finan-
cial institutions will continue to actively invest in Ukraine.
The European Union, the EBRD, the International Finance
Corporation (IFC), and individual governments are allocat-
ing significant amounts of money to support reconstruc-
tion, infrastructure modernisation, and business develop-
ment. The EU provides Ukraine with grants, guarantees,
and technical assistance to help restore and develop vari-
ous sectors of the economy. For example, through 2024, the
EU has invested around €1.4 billion through programmes
such as renewable energy support and infrastructure pro-
jects to help attract private investment and strengthen the
economy. In total, the EU plans to provide up to€50 billion
in support to the country through the Ukraine Facility un-
til 2027. The EU4Business (n.d.) programme provides ad-
ditional support for small and medium-sized enterprises,
in particular in war-affected regions (EUsigns €1.4 billion
to UNeighbours East, 2024). The EBRD also plays a key
role in supporting Ukraine. In 2023, the Bank invested a
record €2.1 billion and is providing €1.5 billion in 2024.

Economics of Development. 2025. Vol. 24, No. 2

Financing is channelled to support the private sector, in-
cluding through lending to partner financial institutions
and trade finance programmes. In addition, the EBRD re-
ceives significant support from the EU and other donors,
including the governments of Canada, Norway and Spain
(EBRD planning..., 2024). These efforts are aimed at stimu-
lating economic growth, developing sustainable infrastruc-
ture, and ensuring Ukraine’s energy independence in the
face of war and further integration with the EU.

The geopolitical support of Ukraine by the EU, the US,
and other countries facilitates access to international fi-
nancing programmes, which allows for the modernisation
of technologies at enterprises. The most significant inter-
national programmes for financing technological upgrad-
ing and development of Ukrainian industrial enterprises
are summarised in Table 2. The international programmes
presented in Table 2 emphasise the active participation of
international partners in the restoration and modernisa-
tion of Ukrainian industry, focusing on sustainable devel-
opment and innovation; they also provide opportunities
for Ukrainian enterprises to attract financing, modernise
production facilities and introduce advanced technologies,
which contributes to the growth of their competitiveness
and investment attractiveness in international markets.

13-II
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Table 2. International programmes for financing technological upgrading and development of industrial enterprises in Ukraine

International programme/
organisation

Brief description of the programme or areas of technological renewal
and development of enterprises

European Union (EU)

EU funds: The EU funds various programmes to support infrastructure development, energy efficiency, green
economy and SMEs in Ukraine. The main programmes include the Eastern Partnership Programme, Horizon
Europe’s Enterprise and Innovation Support Programme and other projects under the European Neighbourhood
Instrument (ENI).

EU4Business Initiative: This programme supports entrepreneurs in Ukraine by helping to attract investment for
the development of small and medium-sized businesses.

World Bank

The World Bank provides loans and grants to support infrastructure projects, agricultural development,
healthcare, education and the energy sector. The main programmes are the Health System Modernisation,
Water Supply and Sanitation Efficiency Improvement, and Energy Saving Project.

The IFC, a member of the World Bank, specialises in supporting the private sector, including investments in
Ukrainian enterprises that innovate and promote sustainable development.

EBRD

The EBRD is actively investing in energy efficiency, renewable energy, small and medium-sized businesses
and infrastructure projects. The bank also provides loans and financial instruments to support businesses,
develop the digital economy and modernise transport infrastructure. The main areas of investment in Ukraine
include the Green Economy Programme, the Small Business Support Initiative and the Innovative Development
Programme.

United States Agency for
International Development
(USAID)

USAID funds projects in the areas of energy, agriculture, health, democracy and governance. The programmes
aim to improve economic resilience, support transparent governance, and strengthen democracy.

USAID programmes, such as the Energy Security Project and Agrolnvest, support technological development,
productivity and economic stability. During Russia’s war against Ukraine, USAID has delivered life-saving
humanitarian assistance, helped ensure that Ukrainians have heat and electricity despite Russia’s attacks on
their energy systems, supported Ukrainian agricultural producers and food exporters so they can continue to
supply grain to countries around the world, and helped Ukrainian partners advance critical anti-corruption
and European integration reforms. USAID’s key programmes in Ukraine: Democracy, Human Rights, and
Governance; Economic Development; Critical Infrastructure; Health; Transition; and Humanitarian Assistance.
Since the beginning of the war on 24 February 2022, USAID has provided $2.8 billion in humanitarian assistance,
$3.4 billion in development assistance, and $26.8 billion in direct budget support.

UNIDO

In order to fulfil its mandate in Ukraine under the unique circumstances, UNIDO has developed a special
programme for the green recovery of industry, covering three key areas: creating new opportunities for people,
supporting businesses and attracting investment, and promoting the development of a green economy. Over
the past year, UNIDO has conducted a comprehensive diagnostic study of Ukraine’s industry, which provided
important baseline data and in-depth analysis at various levels — micro, meso and macro. With the support of
development and funding partners, UNIDO has initiated new projects in the following areas.

IMF

The IMF provides loans to Ukraine to support macroeconomic stability and to implement reforms aimed at
stabilising the financial system. IMF programmes include Extended Fund Facility to support macroeconomic
stability, including support for reducing the budget deficit and strengthening the banking system. IMF financing
is usually accompanied by conditions for economic, legal and governance reforms.

United Nations Development
Programme (UNDP)

UNDP supports Ukraine in implementing sustainable development projects, fighting poverty, strengthening
democratic institutions and improving the environment. UNDP programmes also include support to small
and medium-sized enterprises in the transition to sustainable production. One of UNDP’s key projects is
the SME Development Programme, which supports environmentally responsible businesses and sustainable
development projects.

Innovate Ukraine (Great Britain)

The UK government is investing £16 million in the restoration and sustainable development of Ukraine’s energy
sector, including the replacement of fossil fuels. The programme, implemented by the UK Innovation Agency,
will attract an additional £5 million from the private sector and involves the cooperation of more than 50 UK
and Ukrainian organisations. The key projects include new heating technologies, renewable energy battery
solutions, and geothermal energy. The projects will last for two years and will be supported by accelerators to
further attract investment.

Fund for International
Cooperation and Development
(TaiwanICDF)

TaiwanICDF provides support to Ukraine in the areas of agriculture, healthcare, infrastructure development and
competitiveness. Projects often include technological upgrades and support for export-oriented enterprises.

German Society for
International Cooperation (GIZ)

GIZ supports projects in the areas of sustainable development, energy efficiency, environment, education and
training. GIZ programmes, such as the Energy Efficiency Support in Ukraine, aim to increase energy savings,
develop renewable energy sources and improve economic efficiency.

Nordic Environment Finance
Corporation (NEFCO)

NEFCO finances environmental modernisation and energy efficiency projects, supporting the development
of clean energy, carbon emission reduction and environmental protection. In particular, NEFCO supports
renewable energy programmes and projects to reduce the environmental impact of industry. Currently, financial
support is being used for environmentally sound repairs and reconstruction of municipal infrastructure,
accommodation of internally displaced persons (IDPs) and capacity building for the development of local green
recovery plans. The programme promotes the development of a green economy and energy transition during
the recovery process, and supports further integration with Europe. The programme was launched in July
2022, and project implementation is ongoing with the first projects already completed. About 50 projects are
currently being implemented: Repair of critical infrastructure (district heating and water supply and sewerage)
in 12 communities in Kyiv Oblast; Modernisation of water supply systems in six communities; Energy efficiency
in five small towns (Andrushivka, Radomyshl, Khmelnytskyi); Housing for IDPs, 20 projects in different cities
(Chernivtsi, Dubno, Kovel, Lviv, Makariv, Zhytomyr, Ivano-Frankivsk, Khmelnytskyi, Nemishaievo, Novovolynsk,
Ternopil, Chortkiv, Kivertsi, Zolochiv, Rivne, Novohrad-Volynskyi).

Source: summarised by the

authors based on EU4 Business (2024), EU signs €1.4 billion of new guarantee and grant

agreements to support Ukraine’s recovery and attract private sector investments (2024), EBRD planning 1.5-bln-euro
investment in Ukraine in 2024, versus 2.1 billion euros in 2023 (2024), Ukraine and UNIDO signed the Green Industrial
Recovery Program in Ukraine for 2024-2028 (2024)
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The international programmes for financing techno-
logical upgrades and development of Ukrainian industrial
enterprises listed in Table 2 illustrate the current global
investment processes that are technology-oriented and
in line with global trends in sustainable development,
digitalisation, automation, and the transition to renew-
able energy. Green energy and renewable energy sources:
key areas include solar and wind energy, with a focus on
expanding the use of solar panels and wind turbines and
developing more efficient and affordable technologies for
energy generation. Hydrogen energy is seen as a promis-
ing environmentally friendly resource to reduce depend-
ence on fossil fuels. Also important are technologies for
the development of batteries and energy storage systems
that ensure a stable supply of energy from renewable
sources (Sotnyk et al., 2023).

Energy efficiency and sustainable development: this
includes smart grids, which allow for more efficient man-
agement of electricity distribution and reduce losses, as
well as technologies for building green buildings that con-
sume less energy and water, reduce CO, emissions, and use
environmentally friendly materials. In addition, the tran-
sition to a circular economy, where products and materials
are recycled and reused to reduce waste, is an important
part of global trends (Iarmosh et al., 2021; Li et al., 2024).
Digitalisation and automation: this area includes the Inter-
net of Things (IoT), which allows devices and equipment to
be connected to the network for real-time monitoring and
control. The use of artificial intelligence (AI) and machine
learning to analyse data, optimise production processes,
forecast demand, and automate tasks is also important.
Robotics is actively used to automate production, increase
productivity and reduce labour costs (Aljohani, 2024).

Digital security and blockchain: the growing impor-
tance of cybersecurity in protecting data and networks due
to digitalisation requires investment in the latest technol-
ogies to protect businesses from cyberattacks. Blockchain
technologies are used to ensure transparency, reliabili-
ty and security in transactions, supply chains, financial
transactions, data management and smart contract man-
agement. Smart cities: infrastructure management tech-
nologies, such as traffic, energy, water and waste manage-
ment systems, are becoming important for smart cities.
Unmanned vehicles such as autonomous cars and delivery
drones are being introduced to reduce logistics costs. Envi-
ronmental and quality of life monitoring systems that track
air, water, and noise pollution are becoming an important
part of the infrastructure.

V. Prokhorova et al.

Biotechnology and medicine: the use of personal-
ised medicine based on a patient’s genetic profile allows
for the development of individualised treatments. In ad-
dition, artificial intelligence helps to speed up the devel-
opment of new drugs, improve diagnostics and the choice
of treatment. Agribiotechnology is also used to increase
agricultural productivity and develop new crop varieties.
Financial technologies (FinTech): mobile payment sys-
tems, digital currencies, and mobile banking applications
are developing rapidly. Investment and asset management
tools use Al to create customised investment strategies,
while decentralised financial services (DeFi) ensure trans-
parency and security of financial transactions using block-
chain technologies (Zhang et al., 2022). Additive manufac-
turing (3D printing): 3D printing is actively used to create
prototypes, spare parts, and even finished products, which
significantly reduces production costs. In medicine and
bioprinting, medical implants, prostheses, and organs are
created from biocompatible materials. In the construction
industry, 3D printing technologies are used to create mod-
ular building components that reduce construction costs
(Jewell & Stones, 2024).

The above-mentioned technologies expand the capa-
bilities of enterprises, contribute to solving global chal-
lenges such as climate change, energy security, food supply
and the creation of new jobs in high-tech industries. Inves-
tors are actively investing in companies that take geopolit-
ical trends into account when upgrading and modernising
their production, which contributes to their sustainable
development and global competitiveness.

Development of the military-industrial complex:
the conflict with Russia has led to the need to strength-
en Ukraine’s defence capabilities, which stimulates the
development of military technologies and raises the re-
quirements for technological standards that are being in-
troduced into civilian industries. Strengthening Ukraine’s
defence capabilities and developing military technologies
cover several key areas aimed at modernising the army,
increasing technical equipment and improving infrastruc-
ture. This requires additional attraction of various types
of funding, including investments. Foreign investors are
interested in investing in Ukraine’s industry even in the
current unstable economic environment: as of 01.10.2024,
the volume of foreign direct investment amounted to
USD 2,960 million. The volume of foreign direct invest-
ment in Ukraine is 2,960 million US dollars. Table 3 sys-
tematises the directions of development of military
technologies in Ukraine.

Table 3. Areas of development of military technologies in Ukraine

Development direction

Brief description

Unmanned aerial vehicles
(UAVs)

monitor and adjust fire.

Ukraine is actively developing and deploying UAVs for reconnaissance, surveillance and even combat
missions. For example, in cooperation with Turkey, it is developing strike drones, such as the Bayraktar
TB2, which are used to detect and destroy targets on the front line. Ukraine’s own developments are also
gaining popularity. For example, the PD-1 and Leleka-100 UAVs, which are used to gather intelligence,

Cybersecurity and cyber
defence

In response to cyber threats, Ukraine is developing cyber defence systems, in particular to protect critical
infrastructure, military networks and government agencies. Initiatives in the areas of cyber intelligence,
data protection and cyber threat detection are also important. Cooperation with NATO and other partners
allows Ukraine to introduce advanced technologies to detect and prevent cyber-attacks, as well as to train
personnel to respond effectively to cyber threats.
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Table 3. Continued

Development direction

Brief description

Missile and artillery
systems

Ukraine is developing missile weapons systems such as the Vilkha and Neptun systems. The Vilkha
missile systems are capable of delivering precision strikes over long distances, which enhances defence
capabilities. Artillery systems modernisation programmes are aimed at increasing accuracy and range,
improving mobility and integrating with digital fire control systems.

Armoured vehicles and
modernisation of combat
vehicles

The production and modernisation of armoured vehicles, including armoured personnel carriers (BTR-3,
BTR-4) and tanks (T-64, T-72), are a priority. The latest models are equipped with modern defence systems,
including dynamic defence and active defence systems. The use of digital control systems that increase
the accuracy and efficiency of combat operations, as well as integration with modern communications and
surveillance systems.

Electronic warfare systems

(EW)

Ukraine is actively developing electronic warfare technologies to counter drones, intercept and jam signals,
and protect its own communications. Systems such as Mandat and Bukovel can be used to create radio
interference and protect military units from enemy control systems.

Maritime defence

Given the threat from the sea, Ukraine is developing its own anti-ship missiles (in particular, Neptune)
and modernising its fleet. The anti-ship missiles are designed to protect against attacks by naval forces,

control systems

technologies particularly from the Black Sea. Other areas include the development of high-speed boats and a maritime
surveillance system.

Digitalisation of command-and-control structures allows Ukraine to manage military units and resources

Integration of digital more effectively. Automated systems for managing troops and combat operations are being introduced

to ensure coherence and increase efficiency. Systems such as Kropyva allow for real-time monitoring of
military operations, improving accuracy
and coordination between different units.

Personal protective
equipment and equipment

Modernisation of military equipment, including the latest models of body armour, helmets and tactical
equipment that meet modern standards of protection and mobility. Use of digital devices, such as GPS
navigators, thermal imagers and night vision devices, to enhance situational awareness.

Source: compiled by the authors based on M. Lopatin (2024)

The development of these areas increases Ukraine’s
defence capability. This requires technological and tech-
nical upgrading of the defence industry enterprises, pro-
viding them with modern technologies and standards.
The analysis of international programmes for financing
technological upgrades and development of industri-
al enterprises (Table 2) made it possible to summarise
trends in global investment processes, which are focused,

among other things, on the transition to renewable en-
ergy. Changes in environmental and energy standards.
Ukraine’s integration into the European market involves
adaptation to the EU standards, in particular in the area
of environmental protection and ecological requirements.
This requires industrial enterprises to invest in environ-
mentally friendly technologies, primarily in renewable en-
ergy and energy efficiency (Table 4).

Table 4. Environmental and energy standards of the EU, to which Ukrainian industrial enterprises need
to be adapted for further integration into the European market

EU standards

Characteristic

Industrial Emissions Directive
(IED, 2010/75/EU)

The IED Directive sets out rules for reducing industrial emissions into the air, water and soil.
It requires the use of Best Available Techniques (BAT) to minimise pollution. Enterprises must
implement modern technologies to reduce harmful emissions and control them within permitted
limits.

Each company must obtain an operating permit that includes specific environmental requirements
that meet the terms of the IED.

The European Emissions Trading

System (EU ETS)

The EU ETS sets quotas for greenhouse gas emissions and allows businesses to trade emissions.
Ukrainian companies integrating into the European market must meet these requirements
and work to reduce CO, emissions. It also encourages investment in technologies that reduce
greenhouse gas emissions.

Joining the ETS involves the gradual introduction of emissions accounting systems and upgrades
to meet quotas and participate in emissions trading.

Waste Management Directive
(2008/98/EC)

This directive regulates waste management and requires businesses to minimise waste generation,
promote reuse, recycling and safe disposal. It also provides for the creation of national waste
management plans and the development of waste reduction programmes.

Businesses are required to implement separate waste collection strategies, reduce hazardous
waste, and seek ways to reuse materials.
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Table 4. Continued

EU standards Characteristic

Ukrainian companies that discharge wastewater must meet water treatment and quality
requirements to avoid pollution of water bodies. The Directive defines water quality standards and
treatment methods that must meet strict norms.

Wastewater treatment facilities must provide high-quality wastewater treatment to prevent
pollution of surface and groundwater.

Drinking Water Directive
(98/83/EC) and Waste Water
Treatment Directive (91/271/EC)

REACH regulates the registration, evaluation, authorisation and restriction of chemicals.
Businesses that manufacture or import chemicals must go through the process of registering and
assessing the safety of these substances, as well as provide appropriate labelling and information
about their potential risks to health and the environment.

Compliance with REACH means that companies are required to carry out risk assessments of
chemicals, provide data on chemicals and comply with all restrictions on their use.

REACH Regulation (1907/2006)

The directive encourages businesses to improve energy efficiency and reduce energy consumption.
The requirements include energy audits for large enterprises, the introduction of energy-saving
technologies, and the use of energy management techniques.
The directive provides for a reduction in energy consumption through modernisation of equipment,
reduction of heat losses and use of renewable energy sources.

Energy Efficiency Directive
(2012/27/EU)

This directive regulates air quality, including concentrations of harmful substances such as SO,,
NO,, PM,; and others. Ukrainian enterprises must comply with the standards that provide for the

Air P i i i . .. . . X
ir Protection Directive reduction of emissions of harmful substances into the atmosphere and control of air quality.

2 . . X . ..
(2008/50/EC) To achieve compliance, companies must install emission control systems, reduce energy
consumption from fossil sources and switch to cleaner fuels.
actively promotes the transition to renewable energy sources, and this directive sets targets for
The EU Renewable Energy increasing the share of renewable energy in total energy consumption. Ukrainian enterprises are

required to gradually switch to renewable energy sources such as solar, wind, and biomass.
This will encourage companies to invest in energy solutions that use renewable resources, reducing
their dependence on fossil fuels.

Directive (2018/2001/EC)

Source: summarised by the authors based on Council Directive No. 91/271/EEC (1991), Regulation (EC) of the European
Parliament and of the Council No. 1907/2006 (2006), Directive of the European Parliament and of the Council
No. 2008/50/EC (2008), Directive of the European Parliament and of the Council No. 2008/98/EC (2008), Directive of the
European Parliament and of the Council No. 2010/75/EU (2010), Directive of the European Parliament and of the Council
No. 2012/27/EU (2012), Directive (EU) of the European Parliament and of the Council No. 2018/2001 (2018), Understanding
the European Union’s emissions trading systems (EU ETS) (2024)

Compliance with these standards is mandatory for com-
panies seeking to enter the European market or cooperate
with EU partners. The functioning of the investment process
ensures the investment flow, as it is the material basis for
the realisation of investment goals. Without the organisa-
tion of efficient flows, the implementation of the investment
process is impossible. Technological upgrades of industrial
enterprises stimulate the integration of various investment
flows, which allows for the pooling of resources from different

sources for more efficient project financing. The main in-
vestment flows that are integrated through technological
upgrading include foreign direct investment and domestic
investment. Investors can be individuals, corporations (na-
tional or multinational), financial institutions (banks, in-
vestment funds, insurance companies, and others), states
or governments, and international organisations. Figure 5
schematically shows the integration of investment flows that
ensure the technological renewal of industrial enterprises.

TECHNOLOGICAL MODERNISATION OF INDUSTRIAL ENTERPRISES

Investments from
the MOD: World Bank (IFC), IMF,
EBRD, ADB, IDB, AfDB, IsDB,
Sovereign Wealth Funds, USAID,
GIZ and others

Investments
from
corporations

Foreign direct
mvestiment

Co-financing funds
(GEF, GCF, ESIF, UNIDO,
PIDG, GIF, CTF)

States, government,
non-governmental
organisations

investment flows from various investors through co-financing funds
I

Financial institutions: Banks (EIB;
banks of different countries);

Innovation, investment funds and
. agencies (NEFCO, Climate Innovation

Private sector

Fund, etc.); Insurance companie,

Domestic
investments

direct investment flows from various investors

Figure 5. Schematic integration of investment flows to ensure technological modernisation of industrial enterprises

Source: developed by the authors
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Convergence implies the convergence of investment
approaches, structures, and strategies in different countries
due to the globalisation of capital markets. Convergence
promotes technological renewal through: access to capital,
knowledge exchange (integration of international compa-
nies creates opportunities for technology transfer and dis-
semination of best practices), and increased competition.
The convergence of global investment processes and tech-
nological upgrades mutually reinforce each other, creating
the preconditions for sustainable economic growth. The
combination of investment flows from different investors

facilitates large-scale modernisation projects, allowing
Ukrainian enterprises to adapt to new technological re-
quirements faster, strengthen their competitiveness and
meet European standards. Technological upgrades and the
convergence of investment processes form a two-way rela-
tionship that ensures Ukraine’s integration into the global
economy. This allows attracting capital, increasing compet-
itiveness, and strengthening the country’s economic stabil-
ity in the face of global instability. The relationship between
the technological renewal of industry and the convergence
of investment processes in Ukraine is shown in Figure 6.

Investment flows in technological upgrades in Ukraine

Domestic investments

| | Foreign direct investment Grants and subsidies

1L 1L 1L

from the Ministry
of Defence,

1l

Private financing State funding Credit financing

Reinvestment of foreign
investors' income

international
co-financing funds

+ + +

I

Convergence
of investment
processes
- Increased Integration into
Te(ﬁlpnogo elcal > investment > Investments global economic
8T attractiveness structures

Improving labour . Additional resources Access to new
productivity and - Growth of foreign [ for further markets and

. investments attracted
product quality

modernisation technologies

Figure 6. Justification of the relationship between technological modernisation of industry
and convergence of investment processes in Ukraine

Source: developed by the authors

Technological upgrading of industrial enterprises is a
key factor for increasing their productivity, product quality,
and ability to meet international standards. This creates a
basis for attracting investment, as investors are interested
in high-tech enterprises that can ensure high profitability
and rapid growth, as well as enterprises with modern tech-
nologies that can integrate into global supply chains faster
and more efficiently. The convergence of investment pro-
cesses implies the harmonisation of national investment
practices with global standards. Technological upgrading
contributes to this process by attracting foreign investors
who seek to invest in industries with a high level of technol-
ogy, transparency and efficiency of financial flows through
the introduction of digital technologies. Technological up-
grading creates the preconditions for Ukraine’s active par-
ticipation in international economic processes by increas-
ing foreign trade through the production of competitive
products, cooperation with international organisations
and participation in economic development programmes,
and investment attractiveness, as technologically ad-
vanced enterprises become part of global value chains,
making them more interesting for international capital.

Investments are the only component of GDP that is
not consumed but lays the foundation for future econom-
ic growth. To ensure sustainable economic development,
a level of investment of 20% of GDP or more is required.
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If this figure is lower, the country gradually loses its eco-
nomic prospects. Since 2008, Ukraine has never reached
this threshold. In the five years before the war, the share
of investment in GDP averaged only 15% (Who are the
largest..., 2024). In 2023, thanks to business activity and
significant (about 4%) public investment, especially in the
defence sector, the investment rate rose to 17% (Davyden-
ko, 2024). The five largest state-owned companies invested
UAH 135 billion ($3.9 billion) in two years, which is equal
to the investments of the ten largest private companies
(The country’s largest..., 2024). In total, the top twenty
investors increased their capital expenditures (CAPEX)
by 33%, investing UAH 173 billion ($5 billion), although a
significant portion of these funds was directed to restore
damaged infrastructure. For example, DTEK and Ukrener-
go spend more than half of their investment budgets on
reconstruction, which does not create new capacity for the
economy (Metinvest is among..., 2024).

Despite the war, businesses are mostly financing their
capital expenditures from their resources, as access to ex-
ternal financing remains limited. Capital investments are
not only about the development of companies but also
about the sustainability and growth of the economy as a
whole. DTEK, Metinvest, and Epicenter are among the
leaders in investment. In 2023, domestic investment in
Ukraine’s economy exceeded UAH 390 billion. The majority,
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72%, was financed by entrepreneurs themselves, 15% came
from state and local budgets, and bank loans accounted for
only 3%. The main sectors for investment are agriculture,
food, real estate, and defence. Each of these sectors re-
ceived 10-12% of total investment (There is work..., 2024).
Despite this, the main problem remains the lack of new
large foreign investors. In 2023, foreign direct investment
(FDI) inflows amounted to $4.25 billion, which is several
times higher than in 2022 but significantly lower than pre-
war levels. More than 90% of these funds were directed to
Ukrainian companies, with $3.2 billion being reinvested
profits, indicating restrictions on capital outflows (In 2023,
Ukraine received..., 2024).

As of the beginning of 2024, the total volume of accu-
mulated FDI amounted to $55.2 billion, which is less than
the pre-war level and significantly lower than in neigh-
bouring countries. For comparison, in Poland, this figure
reaches $270 billion (Are foreign investors..., 2024). The
Ukrainian economy remains less attractive to foreign cap-
ital due to the high risks associated with the war. At the
same time, reinvestment by existing companies demon-
strates that businesses continue to operate and support

V. Prokhorova et al.

the economy. In terms of annual investment inflows,
Ukraine lags far behind many other countries. According
to World Bank data for 2022, Poland attracted $35 billion
in FDI, the Czech Republic — $10.5 billion, Germany -
$47.3 billion, and France - $105.4 billion. The structure
of accumulated investments in 2023 shows that $37.1 bil-
lion (68.4%) were equity investments, while $17.1 bil-
lion (31.6%) were debt instruments (Are foreign inves-
tors..., 2024). This indicates a lack of interest from foreign
investors in Ukraine. The main reason for this is the high
level of military risks, which significantly complicates
doing business and makes the prospects for return on
investment unpredictable. At the same time, Ukrainian
entrepreneurs do not leave their companies to fend for
themselves. The volume of reinvested profits indicates
that business activity remains at an acceptable level de-
spite the difficult conditions. In turn, the adaptation of
Ukraine’s industrial enterprises to changing geopolitical
conditions through technological upgrades requires a
holistic approach that combines strategic planning, in-
vestment attraction, and innovation. The key aspects that
need to be taken into account are shown in Table 5.

Table 5. Key aspects of adaptation of Ukrainian industrial enterprises to changing geopolitical conditions
through technological upgrading

Aspects Brief description

Assessment of external factors affecting the company’s operations (political instability, sanctions, trade
barriers, etc.). It can be carried out using SWOT analysis, PESTEL analysis, risk management. As a result of
the assessment, a certain set of risks and opportunities for the company should be formed.

Analysis of the technological level (outdated processes, automation, digitalisation). As a result of the
analysis, key performance indicators (KPIs) that need to be improved should be identified. Also at this
stage, it is necessary to assess the current level of financial stability and investment attractiveness of the
enterprise for further comparison after technological modernisation.

Selection of priority technologies (Industry 4.0, energy-saving technologies, robotisation, use of 10T).
Integration of sustainable development concepts (ESG). Search for strategic partners to implement new
technologies.

Analysis of the geopolitical
environment and risks

Assessment of the current
state of them enterprise

Developing a strategy
for technological
modernisation
Implementation of
technological upgrade
projects
Evaluation of results and
flexible adjustments

Creating a roadmap for technological changes with clear stages. Involvement of international standards
(ISO 9001, ISO 14001). Conducting staff training for the effective integration of new technologies.

Continuous monitoring of the modernisation efficiency using KPIs. Amendments to the strategy
depending on changes in the geopolitical environment.

Source: developed by the authors

The mathematical description of the model of adap-
tation of industrial enterprises to changing geopolitical
conditions through technological upgrading can be pre-
sented as a multifactor optimisation problem. It takes into
account the key parameters that determine the efficiency

DL is the level of digitalisation (use of digital technologies
such as IoT, bigdata; (share of implemented digital tech-
nologies, 0 <D< 1); R&D - research and development ex-
penses (as a percentage of the total budget of the enter-
prise); a,, a,, a, — weighting coefficients. Financial stability:

of the processes of updating and increasing investment

attractiveness. The purpose of the model is to maximise FS =§
the investment attractiveness of enterprise I. The objective
function formula is:

I = f(TO; FS; EPP; GR) — max;

— Ry, R < ALR, 4)

where P is the company’s profit; C — total costs of the en-
) terprise; R, is the risk of financial losses due to external fac-

tors (estimated in shares from 0 to 1); ALR is the acceptable
I =w,TO + w,FS + wsEPP + w,GR, ) level of risk. Environmental friendliness EPP:
where w,, w,, w,, w, are weighting coefficients that reflect EPP = CE%, EPP > EPPmin, (5)
the importance of each parameter. Technological update:
where C,,, is the cost of environmental measures; EPPmin
is the minimum regulatory level of environmental friendli-

ness. Consideration of geopolitical risks:

TO = C(lPAP + azDL + a3R&D, (3)

where PAP is the level of automation (percentage of auto-

mated processes (share of automated processes, 0< A< 1); GR=p, DMD+f3, LDIR, (6)
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where DMD is the degree of diversification of sales mar-
kets (the share of the export market that is independent of
risky regions); LDIR is the level of dependence on imported
resources (share of imports in total raw material costs); §,,
3, — weighting coefficients.

The weighting coefficients of the respective factors
that determine the priority are set by experts. The mod-
el takes into account both internal factors (technological
innovation, financial stability) and external factors (geo-
political risks, environmental friendliness). Depending on
the specifics of the enterprise, the weighting coefficients
can be adapted to focus on certain aspects. This model pro-
vides a comprehensive view of the investment attractive-
ness of an industrial enterprise by integrating several fac-
tors that affect sustainable development. The formula will
balance the following aspects: technological innovations,
financial stability (taking into account risks), environmen-
tal friendliness (a requirement of Western investors), and
management (consideration) of geopolitical risks. Each
factor has its own weight, and the formula can be used for
decision-making, scenario analysis, or optimisation of the
company’s development strategy. Taking into account the
above, the authors offer some recommendations that, in
the authors’ opinion, are considered appropriate to include
in the state policy to stimulate technological renewal of in-
dustry in the context of geopolitical instability. To create a
favourable investment climate, it is necessary to:

1) simplify the regulatory environment, namely, to
reduce bureaucratic procedures for foreign investors and
introduce a “single window” for registration of investment
projects; to provide guarantees of investment protection
by establishing clear mechanisms for protecting investors’
rights and ratifying and complying with international trea-
ties on investment protection;

2) create financial incentives, i.e., provide tax breaks
(e.g., income tax cuts for companies investing in techno-
logical upgrades; tax holidays for new production facilities
using innovative technologies); create a Fund for Support-
ing Technological Development by establishing a public or
public-private fund to finance innovative projects and pro-
vide grants and subsidies for technological upgrades;

3) improve infrastructure (development of industrial
parks and special economic zones (SEZs) and investment
in digital infrastructure);

4) stimulate public-private partnerships (PPP) through
joint investment projects: cooperation between the state
and the private sector in strategically important industries
(machine building, energy, agriculture), providing state
co-financing of innovative projects and public-private sup-
port mechanisms (providing state guarantees to attract
foreign investment);

5) develop human capital through the implementation
of state training programmes for new technological indus-
tries, support for cooperation between universities and en-
terprises (Pylypenko et al., 2021);

6) expand the international cooperation;

7) create a system for monitoring technological up-
grades: regular analysis of the impact of state support on
industrial modernisation and flexible response to changing
geopolitical conditions.

A comprehensive strategy, including financial incentives,
infrastructure development, attracting foreign investment,
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and improving human capital, will facilitate the technological
modernisation of Ukrainian industrial enterprises.

M DISCUSSION

A review of contemporary scientific studies focused on
the impact of geopolitical risks on economic processes
and technological modernisation of industrial enterprises
demonstrates a wide variety of approaches to addressing
this issue. Researchers emphasise various aspects of this
topic, including international trade, investments, energy
security, and the adaptation of economies to new chal-
lenges. The study by M.S. Hossain et al. (2024) thoroughly
proved that geopolitical risk poses significant challenges
to international economic, social and political systems. In
particular, it has a significant impact on attracting foreign
direct investment. The study, conducted in five Southeast
Asian countries — Indonesia, South Korea, Malaysia, the
Philippines, and Thailand — showed how geopolitical risk,
as measured by the GPRI index, affected the investment
attractiveness of these countries during 1996-2019. The
results of the analysis, which uses stationarity and cointe-
gration testing methods, showed the existence of a long-
run cointegration between such variables as FDI, GPRI,
GDP, inflation, interest rates and trade openness (TOP).
According to the results of regression analysis (OLS, fixed
effects, Arellano-Bonda and GMM panel data), GPRI and
TOP have a negative impact on FDI in these countries,
while GDP, inflation and interest rates have a positive ef-
fect on foreign investment. This confirms that geopolitical
risk is a significant deterrent to investment, as investors
tend to avoid countries with high political or economic
instability. At the same time, economic stability and TOP
contribute to investment growth.

A study by B. Gao & Z. Xu (2024) highlighted that cri-
sis situations, such as the Ukrainian crisis, undermine in-
vestment attractiveness due to increased geopolitical risks,
which in turn affects global supply chains and international
trade. They noted that not only economic factors are impor-
tant for transnational corporations (TNCs), but also politi-
cal stability, which determines the direction of investment.
This correlates with the studies of the above researchers
and is consistent with the concept that Ukraine should work
through international organisations such as the WTO to
stabilise the legal framework and reduce risks, which will
help create a more favourable environment for investors.

At the same time, as M. Li et al. (2024) noted, Ukraine
should focus on developing decentralised energy systems
to increase energy security and reduce dependence on ex-
ternal energy suppliers. Such initiatives, in particular in
the context of rebuilding energy infrastructure, create fa-
vourable conditions for attracting investment in the ener-
gy sector, which is in line with current global trends. This
allowed Ukraine not only to reduce geopolitical risks but
also to create a basis for sustainable economic develop-
ment. Thus, in order to attract foreign investment, coun-
tries need not only to reduce geopolitical risks but also to
create favourable conditions, in particular through a stable
economic environment, risk mitigation and active integra-
tion into global trade. Taking these factors into account
will allow governments to formulate strategies aimed at
attracting investment, which is important for economic
development and strengthening macroeconomic stability.
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M. Li et al. (2024) and M. Larys$ (2024) raised the issue of
energy security in the context of geopolitical instability, in
particular, the decline of Russia’s dominant role in the EU
energy market. M. Larys (2024) noted that Russia has lost
the ability to use gas as a “weapon”, which opens up oppor-
tunities for diversification of energy suppliers, including
through renewable sources. This highlights the importance
of investing in green energy and the development of energy
networks, such as solar panels, wind turbines, energy stor-
age batteries and hydrogen technologies. This focus is an
important element in ensuring energy independence and
resilience to geopolitical crises.

J. Cifuentes-Faura (2023) emphasised the need for a
comprehensive approach to Ukraine’s recovery, focusing on
the principles of sustainability, energy efficiency and envi-
ronmental friendliness. At the same time, the researcher
emphasised the importance of developing infrastructure
to create smart cities that use green technologies and pro-
mote sustainable development. Such approaches, the au-
thor noted, can reduce CO, emissions, improve energy ef-
ficiency and reduce the consumption of natural resources.

Innovative technologies, such as additive manufactur-
ing (3D printing), are actively supported in the face of glob-
al change. C.M. Jewell & J.A. Stones (2024) noted that 3D
printing not only helps to reduce production costs but also
ensures more efficient use of resources through the ability
to create prototypes and spare parts without the need for
large material costs. At the same time, these technologies
support the principles of the circular economy and green
technologies, as they allow recycling materials and reduc-
ing waste. This, in turn, is an important part of the recovery
of the Ukrainian economy, which requires technological
upgrades and innovations to improve competitiveness in
international markets.

D. Gresica et al. (2024) also considered 3D printing as
one of the promising technologies for the development
of sustainable business models, particularly in construc-
tion and manufacturing. They noted that 3D printing can
reduce the cost of materials and energy, which is an im-
portant aspect for achieving sustainable development in
industry. J. Cifuentes-Faura (2023) also placed a signif-
icant emphasis on reconstruction, proposing a compre-
hensive approach to the reconstruction of Ukraine based
on the principles of sustainability, energy efficiency and
environmental friendliness. According to J. Cifuentes-Fau-
ra (2023), green technologies and energy efficiency are key
to rebuilding Ukraine, creating smart cities and increasing
competitiveness in global markets.

Thus, these studies revealed the multidimension-
al impact of the Ukrainian crisis and geopolitical risks
on global processes and demonstrate the prospects for
adapting to new realities through energy, economic and
innovative approaches. Technological upgrading and in-
vestment attraction are fundamental aspects for ensur-
ing Ukraine’s sustainable development. The transition
to innovative technologies, energy efficiency, digitalisa-
tion, and green transformation will help modernise the
economy and increase its competitiveness. Creating a
favourable environment for investors, including through
transparency, stability and strategic initiatives, will help
attract the resources needed for Ukraine’s recovery and
long-term prosperity.

V. Prokhorova et al.

Continuing the study of the issues raised in the
above-mentioned scientific works, the authors systema-
tised the impact of geopolitical factors on the technolog-
ical upgrading of industrial enterprises, in particular in
the context of conflicts, sanctions and changes in global
supply chains. The authors substantiated the relation-
ship between the technological renewal of industry and
the convergence of investment processes, which ensures
Ukraine’s integration into global economic structures. Rec-
ommendations for state policy to stimulate technological
upgrading of industry in the context of geopolitical insta-
bility, including optimisation of mechanisms for attracting
foreign investment, are proposed. These recommendations
are somewhat theoretical in nature, as some points require
additional research and mathematical justification.

B CONCLUSIONS
Given geopolitical changes, in particular the war in Ukraine,
changes in trade and investment flows, as well as the frag-
mentation of globalisation, the country’s economy is under
significant pressure. Factors such as military conflict, sanc-
tions against Russia, trade wars between major economies
(in particular between the USA and China) create obstacles
to stable economic development, in particular due to a de-
crease in foreign investment. On the other hand, they open
up new opportunities for the modernisation of the indus-
trial sector and integration into new economic blocs, in
particular the European Union, which stimulates domestic
investment and the transition to new technologies. One of
the important trends is the change in the orientation of in-
vestments towards regional economic blocs. The risks asso-
ciated with the war in Ukraine and global political conflicts
force companies to apply strategies of reshoring (returning
production) and friendshoring (transferring production to
friendly countries). This, in particular, has a positive ef-
fect on the development of the domestic economy, as it
requires the renewal of production capacities and the in-
troduction of new technologies. At the same time, Ukraine
manages to receive significant support from internation-
al financial institutions, in particular the European Union
and the EBRD. These investments are aimed at restoring
infrastructure and developing the energy and environmen-
tal sectors, which is an important step towards increasing
the country’s competitiveness in the international market.
Despite the difficulties, domestic investments, in par-
ticular in the agro-industrial complex and the defence
sector, contribute to economic recovery. However, due to
the high level of geopolitical risks, Ukraine still has limit-
ed access to large foreign investments compared to other
countries, such as Poland or the Czech Republic. This em-
phasises the need to improve the investment climate in
the country, in particular by improving the transparency
of business processes, protecting investor rights and the
stability of legislation. For the sustainable development of
industrial enterprises in an unstable geopolitical situation,
it is important to implement technological renewal and
adapt strategies to new realities. This not only increases
the investment attractiveness of enterprises but also allows
them to integrate into global economic processes. To this
end, a model of enterprise adaptation has been developed
that takes into account investment risks and opportunities
and also includes recommendations on state policy that
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BnaivB reononiTMYHUX TEHAEHLIN Ha TEXHONOrYHe OHOBJIEHHSA
NPOMMUCNOBUX NiANPUEMCTB SK OCHOBA KOHBepreHuii
iHBeCTULINMHUX NpoLeciB B eKOHOMIUi YKpaiHu

M AHotauis. CBiToBa eKOHOMiKa IMepe6yBa€ Mij, BIUIMBOM TeOTONITUUHMX TEHEHIIil, sIKi CTBOPIOIOTh HOBi BUK/IMKU
Ta MOXJIMBOCTI [I7I1 PO3BUTKY HalliOHAJbHUX eKOHOMiK. JlocmimkeHi reonomiTUYHI YMHHMUKY CBiZUaTh PO BasKIMBICTh
iHTerpanii ekoHomikum VYKpaiHu y cBiTOBi (iHaHCOBi Ipoiecyu, BIPOBAIKeHHSI HOBITHIX TEXHOJIOTii Ta PO3BUTKY
Mi>KHapPOJHOTO CITiBPOGITHUIITBA. MeTOI0 HAHOTO MOCTIIKEHHS OYyJl0 BUSBUTY BIUIMB TEOTONITUYHMX TEHIEHIIii Ha
TEXHOJIOTiYHEe OHOBJIEHHSI MPOMMCIOBUX MiAMPUEMCTB YKpaiHM Ta OOGIPYHTYBATM iX DPOJIb SIK K/IIOYOBOTO UMHHMKA
KOHBepreHIlii iHBeCTUIIi/fHMX MPOLIeciB 3 ypaxyBaHHSIM criendiky iHTerpaiii yKpaiHCbKoi eKOHOMIKM y CBITOBi pUHKM.
HocmimkeHHS TTPOBeNEeHO 3 BMUKOPUCTAHHSIM METOHiB TEOPETMUHOTO y3arajJbHeHHsS, CTaTUCTUYHOTO aHasli3y AaHUX,
TOPiBHSIHHS Ta JIOTiKO-CTPYKTYPHOTO MOIETIOBaHHS. Y AOCTiIKEHHi y3araJjbHEHO Ta CTPYKTYPOBAHO TeOIOiTUYHI
TEHJIEeHIIi] Ta BM3HAUYEHO iX BIUIMB Ha XapakTep iHBECTUIiIHMX MOTOKIB y MPOMUCIOBicTb. OBGIPYyHTOBAHO (GaKTOPH, IO
CIIPUSIIOTH 2060 TIEPEITKOIKAOTD 3ATyYeHHIO iHO3€MHMX iHBECTUIIii Y TEXHOIOTiuHEe OHOBJIEHHS TPOMMCIOBOCTi YRpaiHu B
YMOBaX reonoIiTMYHOI HecTabibHOCTi. OGIPYyHTOBAHO B3a€MO3B’SI30K MisK TEXHOJIOTTUHMM OHOBJIEHHSIM IIPOMMCIOBOCTI
Ta KOHBEPTreHIli€l0 iHBeCTUIIiiHMX TIpolleciB B YKpaiHi, AOCTiIKeHO CMHEepPril0 MiXX TeXHOJOTiYHMM BiTHOBJIEHHSIM Ta
iHBeCcTUI[isIMM. 3aITPOTIOHOBAHO MOJe/b afamnTallil MPOMUCIOBUX HiANPUEMCTB YKpaiHM A0 MiHJIMBUX TeOMOMITUUHUX
YMOB, sIKa CITPSIMOBAHa Ha MiJBUIIEHHS X iHBeCTUII ifHOT MPMBaGAMBOCTI Yepe3 TEXHOIOTiuHe BiqHOBIeHHS. Po3po6ieHo
pekoMeHJalii 1o[0 IepsKaBHOI TMOMITUKM CTMMY/IOBAHHS TEXHOJIOTIiYHOTO BiJHOBJEHHSI TPOMMCIOBOCTI B YMOBax
reornoMiTUYHOI HecTabinbHOCTI. TTpakKTMYHA LIHHICTh JOCTIIKEHHS IOJSTaE Yy BUM3HAUEHHI KITIOUOBMX (aKTOpiB, L0
BIUIMBAIOTh HA iHBECTUIIIIHY NMPUBAGIMBICTD MigIMPUEMCTB B KOHTEKCTIi reOoIoNiTUYHOI HeBU3HAUEHOCTI. 1le J03BONMNUTD
CTBOPUTY MeEXaHi3M PpEery/jioBaHHS Ta KOPUTYBAHHS BIUIMBY T€OTOJITUYHUX PU3MUKIB, IO CHOPUSITUME IiABUIIEHHIO
KOHKYPEHTOCITPOMOKHOCTi Ha BHYTPiIIHBOMY Ta 30BHIIITHbOMY PUHKAaX

M KniouyoBi cnoBa: reonosiTMUHi YMHHMKI; 06CITM iHBECTULIIN; psIMi iHBeCTuIIii; Momelb aganTallii; JepskaBHa IOIiThKa
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