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into account the cyclicality and fluctuations of economic processes, which are provoked by both evolutionary trends and
fluctuations in force majeure circumstances. The construction of a cluster analysis model made it possible to identify
priority types of economic activity and prove the significance of their impact on the country’s economic development. The
analysis of trends in the development of the economy and its priority types of economic activity was studied for two periods
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of economic activity showed their impact on the wave nature of the development of the national economy. “Agriculture,
Forestry and Fishing”, “Manufacturing” and “Wholesale and Retail Trade; Repair of Motor Vehicles and Motorcycles”
were identified as the most prevalent economic activity types by the cluster analysis. Analysis of the development of
cyclical components using spectral analysis showed the formation of cointegration effects when cyclical components
at the resonance of crisis points intensify the general economic crisis. Local bifurcation points as crisis points of the
national economy were identified and it was proven that they are provoked by economic fluctuations of its priority types
of economic activity. As a result, three main scenarios for managing the national economy were developed - a support

scenario, a crisis scenario, and a growth scenario; for each scenario, general recommendations for regulating the national

economy were developed

M Keywords: types of economic activity; cycle; time series; adaptive forecasting model; scenario of development

H INTRODUCTION

The national economy as a complex system, which includes
a huge number of economic agents of different types of
economic activity (TEAs), develops along a non-linear tra-
jectory. Achieving stability of the behaviour of this system
should be based on modelling wave processes and their
special case — cyclic processes (Kosarchyn, 2023). The prob-
lem of cyclical fluctuations is gaining particular importance
both at the national level and in the international arena,
which is connected with the transition of economically de-
veloped countries from an industrial to an information so-
ciety. The cyclical nature of the behaviour of the economic
system is characterised by a permanent transition from
one phase of development to the next for the formation of
operational, medium-term, final, and final cycles. There is
a periodic transition from one equally important state to
another equally important state through a transitional cri-
sis period, which is characterised by increased instability, a
decline in production, force majeure changes, and a surplus
economic structure. In this situation, the economic system
adapts to new global sentiments and national changes,
striving for stability and sustainability.

To accelerate and control the passage of the econom-
ic cycle and develop effective state tools, V. Mykhailov &
R. Kulynych (2023) studied the essence and causes of mac-
roeconomic instability, manifestations of unemployment
and inflation. They believed that cyclicality should be con-
sidered as a movement of the national economy, a form of
its development and improvement. A. Tkacova & B. Ga-
vurova (2023) claimed that the turbulent process of eco-
nomic cycles of the EU countries constantly demonstrates
the need for quality forecasting mechanisms. Therefore, it
is necessary to choose the economic sentiment indicator
(ESI) as a predictive indicator. The authors proved that the
ESI and its components are capable of providing high-qual-
ity forecasting of the economic cycle. X. Li & Z. He (2023)
for the study of business cycles and economic growth pro-
posed to use an economic model that includes both deter-
ministic trends and stable fluctuations obtained as a result
of the general process of generating economic data ob-
tained using the dimensionless NLARI - nonlinear autore-
gressive integrated. The authors proposed a unified test to
study the nature and causes of economic fluctuations and
growth. This test allows to determine whether the mecha-
nism of formation of economic data is stable fixed points,
unit roots, cyclical fluctuations or chaos.

To analyse macroeconomic trends, including econom-
ic cycles and unforeseen/prolonged crises, A. Husenova et
al. (2022) presented a model toolkit that allows to assess

Economics of Development. 2025. Vol. 24, No. 1

the relationship between the calculated indices of eco-
nomic sentiment and confidence for the main TEAs. The
authors also established the nature of the economic sen-
timent index and investigated its forecasting capabilities
regarding monthly and annual growth rates of real gross
domestic product (GDP) using autoregression and error
correction models. E. Ahmadova (2021) studied the prob-
lem of identifying cyclical components from the general
dynamics of the country’s economic situation. In order to
solve this problem, the author proposed to use the algo-
rithm of asynchronous harmonic analysis based on spec-
tral analysis and the algorithm of decomposition filtering.
It is proposed to use GDP or gross value added by TEAs as
an information basis.

To effectively manage waves and, as a special case, cy-
clical processes in the economy, it is necessary to create
and maintain the effective functioning of monitoring sys-
tems based on the widespread use of the latest information
and communication technologies, big data techniques,
data mining tools, etc. In addition, important components
of the monitoring system are the database as an informa-
tion space for analysis and the knowledge base as a set of
approaches, methods, classifiers, methods, and models that
allow building a monitoring strategy and tactics. The arti-
cle aimed to study the prospects for the development of the
Ukrainian economy, taking into account the cyclicality and
nonlinearity of the development of TEAs caused by both
the established evolutionary trends and fluctuations in
force majeure circumstances in 2022-2024. The conceptual
basis of this study is the following hypotheses. Hypothesis
1: economic changes can be cyclical and fluctuating in na-
ture. The first is due to the evolution of the development of
the economic process; the second is of an irregular nature
and is associated with the technological and innovative
shocks of the 21% century. Hypothesis 2: to identify local
bifurcation points in the development cycles of economic
processes, it is advisable to use spectral analysis; to fore-
cast crisis points in irregular fluctuation processes caused,
for example, by force majeure circumstances, it is advisa-
ble to use adaptive forecasting methods. Hypothesis 3: the
emergence of crisis points in the cyclical development of
the national economy is caused by economic fluctuations
in priority TEAS.

B MATERIALS AND METHODS

The hypotheses formed the basis of the conceptual model
of the study, the sequence of stages of which reveals the
logic of the study (Fig. 1). The methodological basis for
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constructing the model was formed by the systemic, struc-
tural-logical, and functional approaches, which made it
possible to form: the structure of the model as a sequence
of stages for achieving the research goal; a set of tasks
for each stage, the solution of which allows to confirm or

Comparative analysis of existing
approaches to assessing the cyclicality
of economic processes

refute the hypotheses put forward in the study; economic
and mathematical tools for solving problems to achieve the
main function of the model, namely monitoring changes in
the country’s macroeconomic environment, considering the
nonlinear nature of the development of economic processes.

World and national databases: UNESCO,
World Bank, OECD, State Statistics
Service of Ukraine

Stage 1. Assessment of nonlinearity of development of the Ukrainian economy

1.1. Selection of a system of macro indicators for assessing economic fluctuations

1.2. Construction of a portrait of nonlinear processes in the national economy

—

Stage 2. Retrospective assessment of economic volatility by TEA

2.1. Construction of a clustering
model of TEA

2.2. Identification of priority TEA of the
country’s economy

2.3. Analysis of development trends of priority TEA

< =

Stage 3. Construction of a model’s system of nonlinear economic development

3.1. Construction of a system of
spectral analysis models

3.3. Construction of a system of short-term

adaptive forecasting models

development of priority TEA and the country’s
economy

3.2. Identification of cycles and points of crisis in the

3.4. Identifying economic crisis points

- L.

Stage 4. Scenarios development for the cyclical changed in TEA and the country’s economy

4.1. Scenario of normal economic
development

4.2. Scenario for economic
development in force majeure
conditions

Figure 1. Conceptual model of the study

Source: developed by the authors

The methods and models of each stage of the model
should be considered in more detail. To address the tasks
of Stage 1 of the study, several methods were employed.
These included the information search method, as well
as the monographic analysis of literary sources (Ahma-
dova, 2021; Li & He, 2023; Tkacova & Gavurova, 2023).
Additionally, the comparative method was used alongside
graphical, structural, and dynamic analysis (Rayevnyeva et
al., 2023a; Rayevnyeva et al., 2023b; Wang & Kong, 2023).
Furthermore, the study relied on the works of T.O. Pasich-
nyk (2024), V. Radulescu et al. (2024) and S. Zhe (2024) for
further theoretical and methodological insights. This toolkit
made it possible to create a list of indicators that should be
used to assess economic fluctuations in the country. The
information basis for solving the tasks of this stage is the

I.- 10

analysis of macroeconomic indicators of the development of
Ukraine for the period 1987-2024. The sources of statistical
information are international and national statistical insti-
tutions (OECD, n.d.; State Statistics Service of Ukraine, n.d.;
UNESCO Institute for Statistics, n.d.; World Bank, n.d.).

At Stage 2, tasks related to the assessment of economic
volatility of TEAs from shocks of macroeconomic devel-
opment were solved. To construct homogeneous clusters
of the contribution of foreign economic activities to the
country’s GDP, one of the methods of artificial, non-hier-
archical classifiers (partitioning algorithms) was used -
the k means method, which allowed for the decomposi-
tion of foreign economic activities. One of its advantages
is the ability to form the number of clusters required for
the study, which improves the quality of their economic

Economics of Development. 2025. Vol. 24, No. 1



interpretation. The criterion for selecting optimal clusters
was the minimum value of the total within-cluster varia-
tion (W, ) (Fair, 2025):

W ot = ZW(C,) — min, @M
where W(C,) — within-cluster variation for each cluster; k -
number of clusters. The selection of the optimal number
of clusters was carried out based on the use of the “elbow
method”, which considered the nature of the change in the
spread W, with an increase in the number of groups. To
solve the clusterisation task, a multidimensional cluster-
ing model was built using the software Statistica 13.0. The
information space was formed by indicators of gross value
added (GVA), wages of employees, and gross profit by TEAs
for the period 2010-2022. The identification of priority ac-
tivities in the country’s economic development was carried
out based on the use of the results of cluster and struc-
tural-dynamic analysis. This made it possible to identify
priority types of foreign economic activity based on their
contribution to the country’s GDP.

To solve the tasks of Stage 3, the study used spectral
analysis models (Task 3.1; 3.2) and adaptive forecasting
models (Task 3.3; 3.4). Since many economic processes in
Ukraine are strongly influenced by external factors caused
by force majeure circumstances, they demonstrate peri-
odic behaviour. This justifies the appropriateness of using
spectral analysis in the study (Prymostka & Chub, 2021).
The covariance of a time series is represented by a spectral
density function using a periodogram. The latter expresses
the square of the correlation between the time series and
the cos and sin functions of different frequencies that are
present in the time series:

Qo

fx)~ S 2 (a,cos, + b sin nx), (2)
where a, = %If;{ f(x)cos nxdx,n=0,1,2,...; b = %f_’; fx)sin nxdx,
n=1,2,3,...Identification of periodic dependencies made it
possible to determine the coincidence/mismatch of periods
of occurrence of local points of the crisis of various TEAs
and to determine points of the global crisis in the develop-
ment of the country’s economy. To construct a system of
spectral analysis models, models of cyclic components of

a time series were developed based on its decomposition.
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The type of decomposition model was determined based on
the graph of the corresponding series and its multiplicative
form of the following type was proven:

Y(©) =T(t) < C(t) xS * 1, ©)

where T(t) — trend component; C(t) — cyclic component;
S(t) - seasonal component; I — residual. The application
of adaptive forecasting models is especially relevant when
analysed time series are characterised by high volatility
and strong variability of factors that influence it. Adapta-
tion in models is provided by small discrete shifts, which
are calculated as the deviation of the forecast from its ac-
tual value. The resulting error is used to adjust the model
parameters when calculating each new value of the series.
Thus, this model is appropriate for forecasting crisis points
of TEAs in force majeure conditions of the development of
the Ukrainian economy in 2022-2023. The calculations of
the models were carried out using the Statistica 13.0 soft-
ware; the criterion for selecting an adequate model was the
mean percentage absolute error (MAPE) in percent, which
is calculated using the following formula:

_1len %Yl
MAPE—n =1y,

x 100, 4)
where Y, - actual indicator value; (¥) — model indicator
value; n — length of the series. The initial data for solving
the tasks of construction of a model’s system of nonlinear
economic development is the amount of GVA of the prior-

ity TEAs for the period 2001-2022 in a quarterly section.

M RESULTS

Stage 1. Assessment of nonlinearity

of development of the Ukrainian economy

Task 1.1: Selection of a system of macro indicators for as-
sessing economic fluctuations. Based on the research, the
following list of indicators was formed, namely: the vol-
ume of GDP, the level of inflation, the level of the unem-
ployed in the economy, the volume of currency reserves
of countries. Task 1.2: Construction of a portrait of non-
linear processes in the national economy. Figure 2 shows
the non-linear nature of the development of the Ukrainian
economy. During the analysed period, several periods of
decline and rise in the development of the country’s econ-
omy were distinguished.

2006 —— .
2007 =e—
2008 —
2009 =o——— '-:
2010 — b
2011 = :.
2012 _
——— .
2014 e———
2015 o— :
2016  —
2017 —— :
2018 —
2019 =——
2020 —— '-,.

2013

2022 m—
2023 =

2005 =o——

2004  —
2021

Figure 2. Dynamics of changes in the country’s GDP, current US$
Source: created by the authors based on World Development Indicators (n.d.)
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The first period (1991-2000) was a period of decline,
provoked by the collapse of the Soviet Union, the emer-
gence of independent Ukraine, changes in the form of
ownership and the formation of market mechanisms. This
period is characterised by a low level of production of
competitive goods in the conditions of a free market, the
presence of a commodity deficit, and a low level of income
of the population. The second period (2001-2013) was a
period of growth, adaptation of the economy to market
rules of doing business, rapid growth of the country’s
GDP, which indicates the country’s high economic devel-
opment. The fall in GDP in 2009 was a response of the
economy to the global financial, and subsequently po-
litical and economic crisis. But, the weak integration of
Ukraine’s economy into the world economic market made
it possible to restore economic activity in 3 years and in
2013 to reach the GDP level of 2008. The third period
(2014-2015) was an economic decline caused by political
changes in the country’s development. The fourth peri-
od (2016-2023) was a period of fluctuating growth. This
period is characterised by a general upward trend in the
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development of the country’s economy, its adaptation
both to global force majeure conditions (the COVID-19
pandemic) and to the military conflict on the territory of
the country.

Figure 3 shows the non-linear trend of changes in the
inflation rate in the country. Thus, during the period 1993-
2000, the level of inflation in the country decreased rapidly
and already in 2003 it was 8.2%. However, in 2004 infla-
tion accelerated to 12.3%, in 2005-2006 its level decreased.
Starting from 2007 to 2009, there was a gradual increase in
the level of inflation, and from 2009 to 2012, the opposite
dynamics was observed. Ukraine ended 2012 with defla-
tion of 0.2%. Before that, the last time this happened was
in 2002, when deflation was 0.6%. Over the entire period
under study, the lowest level of inflation was recorded in
2013 and amounted to 0.5%, but then it began to rise to
a record: in 2014, the price increase was 24.9%, in 2015 -
43.3%. Starting from 2016 to 2020, a period of decreasing
inflation was observed, and from 2021, a period of growth
again. All this indicates that this economic indicator has a
wave nature of development.

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

Figure 3. Dynamics of changes in the inflation rate, %

Source: created by the authors based on World Bank (n.d.)

Figure 4 shows the trend of changes in the unemploy-
ment rate indicator. The level of unemployment in Ukraine
also has a non-linear nature of development. From 1995 to
2023, several periods of decline/rise can be distinguished.
The recession periods were 1990-1997, 2000-2008, 2010-
2013, 2017-2019, 2023-present. During these periods,
there was a decrease in the number of the unemployed

30
25

Percent of total labour force

population, which indicates an increase in the welfare
of the population and the economic development of the
country. Boom period (1998-1999, 2009, 2014-2016, 2022)
reflects an increase in the number of unemployed people,
unstable economic development of the country, which is
associated with political and economic crises and the mili-
tary conflict on the territory of Ukraine.

2022 —
2023 EEEE——

Figure 4. Dynamics of changes in the unemployment rate, %
Source: created by the authors based on State Statistics Service of Ukraine (n.d.)
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Figure 5 shows the dynamics of changes in the vol-
ume of foreign exchange reserves. The analysis made it
possible to distinguish several periods. The first period
(1993-2007) was the formation and development of the
country as an independent state that had sufficiently
large reserves for stable economic development. The sec-
ond period (2008-2009) was a decline associated with the
global financial crisis. The third period (2010-2014) was a
period of significant decrease in the volume of the coun-
try’s currency reserve. The largest drop in the volume of
gold and foreign exchange reserves took place in 2012 and
amounted to 7.25 billion dollars by 21 absolute indicators,
with a relative indicator of a 22.8% decrease compared
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to the volumes of 2011. The fall in the National Bank of
Ukraine reserves this year was largely related to the de-
sire to maintain the hryvnia exchange rate on the eve of
the 2012 parliamentary elections. In the following 2013-
2014, the steady trend towards a decrease in gold and for-
eign exchange reserves continued, reaching the mark of
7.533 billion dollars as of January 1, 2015. 2014 became
the leader in reducing the volume of foreign exchange re-
serves by 63.1% compared to 2013. The main reason for
the decrease in reserves during this period was repayment
of International Monetary Fund loans, entry into the for-
eign exchange market with interventions, payments on
state bonds loans.

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

Figure 5. Dynamics of the volume of the country’s currency reserve, current US$, millions
Source: compiled by the authors based on Statista (n.d.), International Monetary Fund (2024)

The fourth period (2015-2021) was characterised by
growth of gold and foreign exchange reserves of Ukraine,
due to the increase of assets in convertible currencies (se-
curities, currency and deposits). In 2022, there was a sharp
reduction in the country’s currency reserves due to the
full-scale invasion of Russia on the territory of Ukraine,
which is a force majeure circumstance for the country.
However, starting from 2023, Ukraine began to gradually
adapt to force majeure circumstances. Thus, the analysis of

the main macroeconomic indicators of the country showed
the presence of non-linearity in their development.

Stage 2. Retrospective assessment

of economic volatility by TEAs

Task 2.1: Construction of a clustering model of TEAs
(Table 1). For a clearer view of the results presented, the
results of the cluster analysis are shown separately in
Table 2.

Table 1. Clusterisation of TEAs

Cluster Cluster features

Type of economic activity

1 TEAs that have a strong impact on the country’s GDP

“Agriculture, Forestry and Fishing”; “Manufacturing”;
“Wholesale and Retail Trade; Repair of Motor Vehicles and
Motorcycles”

2 TEAs that have an average impact on the country’s GDP

», &«

“Mining and Quarrying”; “Transportation and Storage”;
“Information and Communication”; “Real Estate Activities”;
“Public Administration and Defence; Compulsory Social

Security”; “Education”

3 TEAs that have a low impact on the country’s GDP

“Electricity, Gas, Steam and Air Conditioning Supply”;
“Water Supply; Sewerage, Waste Management and
Remediation Activities”; “Construction”; “Accommodation
and Food Service Activities”; “Financial and Insurance
Activities”; “Professional, Scientific and Technical
Activities”; “Administrative and Support Service Activities”;
“Human Health and Social Work Activities”; “Arts,

Entertainment and Recreation”; other service activities

Source: developed by the authors

Economics of Development. 2025. Vol. 24, No. 1
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Task 2.2: Identification of priority TEAs of the country’s
economy. Figure 6 graphically presents the contribution to
the country’s GDP of certain TEAs in 2022. Based on the
comparison of the results of structural-dynamic (Fig. 6) and

O. Rayevnyeva et al.

cluster analysis (Table 2), the dominant TEAs were identified:
“Agriculture, Forestry and Fishing”, “Manufacturing” and

“Wholesale and Retail Trade; Repair of Motor Vehicles and
Motorcycles”. These TEAs form a third of the country’s GDP.
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Figure 6. The structure of the contribution of TEAs to the development of the country’s GDP in 2022, %
Source: created by the authors based on State Statistics Service of Ukraine (n.d.)

Task 2.3: Analysis of development trends of priori-
ty TEAs. Priority TEAs have a significant impact on the
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country’s economy, which is confirmed by the nature of
their development (Fig. 7).

~

N
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Wholesale and retail trade; repair of motor vehicles and motorcycles

Figure 7. Growth rates of the country’s GDP and priority TEAs (in % compared to the previous year)
Source: created by the authors based on State Statistics Service of Ukraine (n.d.)

In terms of tempo, they have practically a unidirection-
al trend of their development with the economy of Ukraine.
But the question of co-integration of the development of
the priority TEAs with the general cyclical development of
the country is open for research.

Stage 3. Construction of a model’s system
of nonlinear economic development
The initial data for solving the tasks of this stage is the

Economics of Development. 2025. Vol. 24, No. 1

amount of GVA of the priority TEAs for the period 2001-
2022 in a quarterly section. Figure 8 reflects the trends in
GVA change for priority TEAs.

Task 3.1: Construction of a system of spectral analysis
models. To build the models of cyclic components of the
time series, the following steps were taken. Step 1: Decom-
position of the time series on the determination and irreg-
ular parts. The results of eliminating the seasonal factor for
the three studied time series are shown in Table 3.
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Figure 8. Dynamics of the volume of GVA of priority TEAs
Source: created by the authors based on State Statistics Service of Ukraine (n.d.)

Table 3. Seasonal factors for three time series

Number of the Type of the economic activity
auaterinthe ear | ASreltue Eovsty Mamiacuring | Whilesle and Rl ades R
1 31.2288 83.0888 85.1996
2 47.5210 103.3685 98.8435
3 190.2583 104.9755 105.4314
4 130.9919 108.5672 110.5255

Source: calculated by the authors

Calculations have shown that the highest values of sea-
sonal factors occur in the Q3 and Q4. While the Q1 has the
lowest value of the seasonal factor. On the other hand, Table
3 shows that agriculture, forestry, and fishery have the high-
est value of seasonal factor. This means that this type of eco-
nomic activity is more dependent on seasonal fluctuations

than others. Step 2: Determination of the trend component.
At this step, the smoothed trend-cyclic component was
studied, the trend type was found, and the parameters of
trend models were calculated. Based on the analysis of the
graph, it was concluded to use a linear trend in the work. The
parameters of the trend components are given in Table 4.

Table 4. Parameters of trend models and criteria for model adequacy

Agriculture, Forestry and
Fishing

Wholesale and Retail Trade; Repair

R of Motor Vehicles and Motorcycles

Models Y(t)=-16,243+1,299.7¢

Y(t)=-5,827 +1,344.6t Y(t)=-24,812+1,973.2t

Determination coefficients (R?) 0.85

0.81 0.88

Source: calculated by the authors

The values of the determination coefficient are high,
which indicates the high quality of trend models. Also,
the correlation coefficients show the influence of trend
components, and R? shows the influence of cyclical com-
ponents. Thus, it is concluded that the variability of the
values of the analysed time series is strongly determined
by the trend and weakly depends on cyclical changes. Step
3: Determination of the cyclic components. To calculate
the cyclical components of the series, it is necessary to
divide the smoothed trend-cyclical components by the
trend values. The graphs of the cyclical components are
presented in Figure 9.

Figure 9 shows that there are abnormal observa-
tions in the cyclic components. There are two reasons

I.- 16

for this. The first reason is the multiplicative type of the
decomposition model since negative values are in trend.
The second reason is the presence of long-term mem-
ory in the time series. Therefore, it is necessary to se-
lect an observation to study the cyclic components.
The analysis of the cyclic components gives an obser-
vation interval from 17 to 84 observations. The graphs
of the new cyclic components are shown in Figure 10.

Step 4: Calculation of the cyclic models for cyclic com-
ponents. Fourier spectral analysis was used to determine
local cyclic components (harmonics). The calculations
performed allowed to identify six fundamental harmonics
based on spectral densities. The values of the sine, cosine
coefficients, period, and spectral periodogram are in Table 5.

Economics of Development. 2025. Vol. 24, No. 1
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Source: calculated by the authors
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Table 5. Main characteristics of Fourier spectral analysis

Period (T) Cosine coefficients Sine coefficients Periodogram ‘ Part of the periodogram
Agriculture, Forestry and Fishing
72.0000 0.171879 -0.125808 1.633323 62.3%
24.0000 0.091755 0.011950 0.308222 11.8%
36.0000 0.071132 0.053613 0.285627 10.9%
10.2857 0.010016 0.065944 0.160163 6.1%
6.5455 0.036036 0.044928 0.119414 4.6%
9.0000 0.017255 0.053659 0.114374 4.4%
Manufacturing
72.0000 0.209922 -0.067399 1.749956 71.9%
36.0000 -0.070868 0.062543 0.321624 13.2%
18.0000 -0.044843 -0.033275 0.112253 4.6%
9.0000 -0.006106 0.050149 0.091880 3.8%
24.0000 -0.029728 0.039586 0.088228 3.6%
10.2857 -0.005209 0.043955 0.070530 2.9%

Economics of Development. 2025. Vol. 24, No. 1
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Table 5. Continued

Period (T) ‘ Cosine coefficients Sine coefficients Periodogram Part of the periodogram
Wholesale and Retail Trade; Repair of Motor Vehicles and Motorcycles
72.0000 0.202028 -0.041643 1.531776 86.1%
10.2857 0.006363 0.045753 0.076818 4.3%
12.0000 0.015501 0.037313 0.058772 3.3%
9.0000 0.008455 0.038164 0.055006 3.1%
36.0000 0.008774 -0.027278 0.029559 1.7%
24.0000 0.023713 0.013128 0.026446 1.5%

I.- 18

Source: calculated by the authors

Table 5 shows that T=72 quarters is the most power-
ful long-term cycle, which is typical for all TEAs. This is
especially true for “Wholesale and Retail Trade; Repair of
Motor Vehicles and Motorcycles” (86.1%). Medium-term
cycles (T=18/24/36 quarters) are more important for “Ag-
riculture, Forestry and Fishing” (22.7%), and “Manufac-
turing” (21.4%). For retail trade, they account for 3.2%,
which indicates their insignificant impact on the trend of
foreign economic activity development. Short-term cycles
(T=10.3/9/6.5 quarters) have a strong influence on retail
trade (10.8%). In “Agriculture, Forestry and Fishing”, and
“Manufacturing” they have an average influence on the
trends of foreign economic activity development 15.1 and
6.7%, respectively).
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Task 3.2: Identification of cycles and points of crisis
in the development of priority TEAs and the country’s
economy. The study calculated theoretical/model val-
ues of the cycle components to identify cycles and crisis
points in the development of priority TEAs (Fig. 11-13).
Step 1: Agriculture, Forestry and Fishing (Fig. 11). Step 2:
Manufacturing (Fig. 12). Crisis phenomena in agriculture
began to form from the Q2 of 2001, which characterises
the descending stage of the cycle with the point of local
minimum in the 18™ period (Q2 2005). The period of the
18™ period — 38™ period (Q2 2010) reflects the period of
the global crisis, after which the trend of development of
foreign economic activity gradually moves to the stage of
ascending development.

Figure 11. Cyclic component for the “Agriculture, Forestry and Fishing”

Source: calculated by the authors
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Figure 12. Cyclic component of the “Manufacturing”

Source: calculated by the authors

Crisis phenomena in the industry began to form from
the 14* period (Q2 2004) and reached a local minimum
point in the 37* period (Q1 2010). Then the TEA moved to
the ascending stage of development, which continued until

the local maximum point in the 67 period (Q3 2017),
where the trend changed. The TEA moved to the descending
stage of development. Step 3: Wholesale and Retail
Trade; Repair of Motor Vehicles and Motorcycles (Fig. 13).

Economics of Development. 2025. Vol. 24, No. 1
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Figure 13. Cyclic component of the “Wholesale and Retail Trade; Repair of Motor Vehicles and Motorcycles”

Source: calculated by the authors

The deterioration of the situation in the TEA began
in fourth period (Q1 2002) and continued until 34" pe-
riod — the point of local crisis, which corresponds to Q2
2009. From periods 34 to 43, an unstable trend in the de-
velopment of the TEA was observed, which then moved
to an ascending stage of development. The global crisis
for this TEA covers periods 19-43 (Q3 2005-Q3 2012) and
is the longest among priority TEAs. Thus, the analysis of
cyclical components shows similar trends in long-term
and short-term cycles. This is determined by the wave
nature of economic activity and the similar nature of the

development of priority foreign economic activities with-
in the national economy.

Task 3.3: Construction of a system of short-term
adaptive forecasting models. Force majeure conditions
of military aggression from Russia provoked significant
destructive changes in the development of all TEAs. This
required the use of adaptive methods of short-term fore-
casting in the study. Several model experiments were con-
ducted in the software Statistica 13.0 and, according to
the criterion of minimising the MAPE value, models for
forecasting GVA for priority TEAs were built (Table 6).

Table 6. Results of the construction of forecast models

Forecast value
The name of the TEA Model MAPE

012023 | 022023 | Q32023 | 04 2023
Agriculture Forestry and Fishing | odel with a seasonal component |, /| 44 9536 | 729245 | 300,731.5 | 203,023.3

and no trend
Manufacturing Model with a seasonal component | 25 | 76093 | 108375.5 | 110,078.6 | 113,832.6

and no trend

Wholesale and Retail Trade; Repair Model with a seasonal component

of Motor Vehicles and Motorcycles and no trend 2.37 | 138,448.2 | 154,232.1 | 177,885.1 | 191,067.4

Source: calculated by the authors

Task 3.4: Identifying economic crisis points. Fig-
ures 14-16 show graphs of actual and forecast values of
the gross value added indicator for priority TEAs. Analy-
sis of the obtained dynamics allows to conclude that the
most sensitive to external fluctuations in foreign econom-
ic activity is “Agriculture, Forestry and Fishing”. Figure 14
shows that since 2014, “Agriculture, Forestry and Fishing”

had high volatility of the indicator values and a gradually
increasing range of its values. The forecast values support
the formed trend, but the range of values is decreasing.
“Agriculture, Forestry and Fishing”, due to the preferenc-
es opened by Europe for Ukraine, is at a weak ascending
stage of its development and is a source of replenishment
of the country’s budget.
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Figure 14. Forecast model of GVA “Agriculture, Forestry and Fishing”

Source: calculated by the authors

“Manufacturing” (Fig. 15) has always been a key source
of budget replenishment before Russia’s aggression against

the eastern regions of Ukraine, where the country’s indus-
try is concentrated.
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Figure 15. Forecast model of GVA “Manufacturing”

Source: calculated by the authors

The forecast of GVA “Wholesale and Retail Trade; Re-
pair of Motor Vehicles and Motorcycles” (Fig. 16) shows
a decrease in the indicator values, but no clear trend

reversal is observed. This TEA is in the fluctuation zone and
its further development will be associated with changes in
the economic situation in the country.
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Figure 16. Forecast model of GVA “Wholesale and Retail Trade; Repair of Motor Vehicles and Motorcycles”

Source: calculated by the authors

This TEA has a high growth rate until the Q4 2021,
which characterises it as low-sensitive to economic fluc-
tuations and political changes. Starting from the Q1 2022,
these rates began to decline significantly. Manufacturing
entered a stage of downward development, which was pro-
voked by the military conflict.

Stage 4. Scenarios development for the cyclical changed
in TEAs and the country’s economy

Analysis and forecasting of the nonlinear nature of the
development of economic processes in the country is a
strong signal for the development of strategy and tactics

of the behaviour of agents of economic relations in the
market. Therefore, the study developed 2 main scenari-
os — normal and force majeure for the development of the
country’s economy and its main types of activity. Task
4.1: Scenario of normal economic development. At Stage 2
and Stage 3 of the conceptual model (Fig. 1), three prior-
ity TEAs that determine the development of the nation-
al economy were identified, and a set of models of their
cyclical behaviour is developed. Therefore, to understand
the cyclical nature of the development of the economy
as a whole, it is necessary to combine these models into
one (Fig. 17).
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Figure 17. Combination of the cyclic components of the three investigated industries

Source: calculated by the authors
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The analysis of the dynamics of Figure 17 allowed to
propose three main scenarios for managing the national
economy. “Support” scenario: this scenario begins to be
implemented in the event of a decrease in the values of the
national economic activity indicator. To slow down the rate
of decline and stabilise the trend of the indicator, it is nec-
essary to use measures to support the national economy.
It is important that if a trend of a significant decline in the
national economic indicator has formed, it is necessary to
introduce measures to stabilise the development of priority
TEAs since they make a significant contribution to the coun-
try’s budget. In this case, a synergistic effect of the interac-
tion of TEAs occurs, which will stabilise the general state
of the macroeconomic system. Examples of such compen-
satory measures are an increase in government procure-
ment; the formation of a preferential complex for industry;
protection of foreign economic activity from imports, etc.

“Crisis” scenario is a scenario for periods of global
crises in economic activity. It is advisable to implement
this scenario at a point of low development — at a bifurca-
tion point. In such a state, the economy cannot overcome
the crisis on its own, so it is important to develop various
actions to reverse the crisis trends and shorten the crisis
period. An important tool in this scenario is subsidising
TEAs, supporting them with various legislative initiatives,
and creating conditions for activating the functioning of
business entities.

“Growth” scenario is used during periods of upward
trends in economic activity and is aimed at creating con-
ditions for increasing the growth period and preparing for
the trend reversal point. This scenario requires actions re-
lated to non-interference in the development of economic
systems, creating conditions for stimulating growth. These
government initiatives will increase the period of sustaina-
ble development of enterprises and, as a result, change the
period of occurrence of the bifurcation point in the macro-
economic cycle and create prerequisites for the formation
of a new upward trend. This period provides an opportu-
nity to prepare for a new positive crisis and create a basis
for a higher cycle of economic development, bypassing the
decline stage. Based on the research results, a timeline for
various scenarios was developed (Fig. 18).
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Figure 18. Timeline of the normal economic
development scenario
Source: calculated by the authors

Scenario 1 (“Support” scenario) should be used from
the first to the 18™ period, Scenario 2 (“Crisis” scenario)
should be used from the 19* to the 38™ period, and Sce-
nario 3 (“Growth” scenario) should be used from the 39t
to the end. The third scenario is the longest scenario in the

O. Rayevnyeva et al.

study. Based on the developed timeline, starting from the
68" period (Q4 2020), the economy will move to Scenario 1,
which requires state support for key TEAs. This will prevent
the emergence of a systemic crisis in the country’s econo-
my and will create conditions for shortening the period of
economic decline.

Task 4.2: Scenario for economic development in force
majeure conditions. An analysis of the contribution of the
dominant TEAs (Fig. 6) and the forecast values of their GVA
(Fig. 14-16) allowed to formulate the following develop-
ment scenario. For “Wholesale and Retail Trade; Repair of
Motor Vehicles and Motorcycles”, the turning point of the
trend from ascending to descending (the point of negative
crisis) corresponds to Q1 2022. These TEAs are highly sen-
sitive to force majeure circumstances. But, the reasons for
such sensitivity are different. Thus, for “Manufacturing”,
this is the conduct of active military actions in eastern
Ukraine, where the country’s industry is concentrated; for
“Wholesale and Retail Trade; Repair of Motor Vehicles and
Motorcycles”, this is a sharp drop in the purchasing power
of the population, caused by its movement both within and
outside the country, loss of sources of income.

For “Agriculture, Forestry and Fishing”, the GVA val-
ues decreased, but there was no trend reversal. This foreign
economic activity is at the stage of weakly ascending de-
velopment due to the assistance of the European and world
community. However, the force majeure situation associat-
ed with the war contributes to the threat to global food se-
curity, for example, due to the blockade of Ukrainian ports
or interruptions in the supply of mineral fertilizers and fuel.
This requires solutions that go beyond the economic or
trade policy agenda. In particular, the financial capacity of
both the domestic government and international partners
may not be sufficient in the short term to ensure Ukraine’s
economic recovery. Therefore, it is important to ensure the
most favourable conditions for the development of the pri-
vate sector, which would help generate and attract private
capital to overcome the economic consequences of the war.

The question of the temporary nature of the change
in the sensitivity of individual TEA to crisis phenomena
remains open. In the authors’ opinion, to solve this prob-
lem, it is necessary to combine crisis diagnostics with the
identification of specific factors that provoke its onset.
The task of managing the economic situation in order to
overcome crises is interesting. The study proposed to focus
attention on three system-forming TEAs, namely to ana-
lyse the trends of their non-linear development taking into
account the maximisation of their GVA contribution to the
country’s GDP. According to Hypothesis 3, it has been prov-
en that the significant contribution of these TEAs to the
country’s budget requires primary attention to the trends
of their development by the state, the identification of cri-
sis points that arise in them provokes the emergence of a
general economic crisis.

The novelty of the article is the justified application
of different classes of models for the formation of two
scenarios of the behaviour of economic systems - in the
case of standard development and in the presence of force
majeure circumstances. In the standard development sce-
nario, spectral analysis methods were used, for force ma-
jeure circumstances, adaptive forecasting methods were
used, which allowed to increase the prognostic quality of
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models in conditions of high level of unpredictability of the
behaviour of the external environment in the future. The
use of such a combination of methods allowed to confirm
Hypothesis 2. That is, the occurrence of crisis points in a
stable economic process is expedient to forecast by build-
ing models of the cyclical component and determining the
dominant harmonics; if the process is inherently fluctuat-
ing, then it is proposed to use adaptive methods to deter-
mine future crisis points, where the adaptation parameter
makes it possible to take into account fluctuating fluctua-
tions that do not correspond to the evolution of the eco-
nomic process. Thus, the obtained results fully confirmed
the hypotheses formed in the study and made it possible to
develop corresponding scenarios for the nonlinear devel-
opment of macroeconomic processes. This is the basis for
managing the enterprise’s behaviour, which must adapt to
the variability of the market environment.

H DISCUSSION

The source of such attention to this problem by scientists
and practitioners is the high level of dynamism and un-
predictability of market processes, which is caused by the
existence of global markets. Questions such as the choice
of the indicator space of analysis, the justification of the
feasibility of applying economic and mathematical meth-
ods of forecasting nonlinear processes, the creation of sup-
port systems and decision-making based on the results of
determining the future trends of the development of pro-
cesses — these are the main problems of scientific and prac-
tical research and research. The article reflects the author’s
approach to solving these problems. The results of studies
of the main indicators of the development of the national
economy made it possible to determine the wave nature
of the course of macroeconomic processes, which is con-
firmed by the corresponding developments by the P. Adair
& 0. Nezhyvenko (2021) and C. Li (2024). Although the au-
thors considered cyclicality more from a theoretical point
of view, this made it possible in the current research to put
forward a hypothesis about the presence of cyclicality in
the indicators under study, which was successfully proven.

A. Brandt & S. Manzoni (2020) investigated the use of
the Fourier transform as the main tool of spectral analy-
sis. This transformation has become a set of mathematical
tools for research. With the help of this transformation,
harmonics were obtained, which represent local cycles
with different lengths and amplitudes, which allowed to
study short-term and long-term cycles in TEAs. The differ-
ent periodicity of harmonics in their additive composition
allows to construct an analytical function that can be used
to predict the cyclical component of the development of
the national economy. The study has proven this nonlinear
nature, which allowed to analyse the long-term and short-
term components of economic development and develop
effective development scenarios.

O. Dobrovolska et al. (2024) studied the dynamics of
the Ukrainian economy and proved that the uneven growth
of the Ukrainian economy in the short term was shaped by
shocks of external conditions, and in the medium term by
institutional economic cycles, which, in turn, influenced
the formation of the long-term trend of the development
of domestic commodity production. This allowed the study
to consider the cyclical component in this research as one
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that forms shocks for the scenarios of the development of
the economic system. Unlike S. Bosi & T. Ha-Huy (2024),
who observed the emergence of cycles and their negative
impact on the reproduction processes in the case of de-
scribing such processes in the form of a logistic law, the
current work proved the presence of cycles in the main
macroeconomic processes, and that cyclicality is not a neg-
ative factor of reproductive processes. Cyclicality within
the framework of the authors’ study is a natural process
of development of socio-economic phenomena, which can
have both a crisis component and a growth component.
The obtained results of the study of fluctuations in
the national economy fully correlate with the results of
the study by G. Petrakos et al. (2023), who noted in their
work that there is a high correlation between the quality of
governance and economic growth. It should be noted that
there is a strong causal relationship between the quality
of governance and economic growth and a weak relation-
ship in the opposite direction. R.K. Fair (2025) covered a
wide range of indicators and factors, including inflation
and unemployment, the magnitude of wealth effects, the
behaviour of the Federal Reserve and its impact on the
economy, the impact of fiscal policy, Okun’s law, as well as
contractions and expansions. This work is a continuation
of research in the field of forecasting the macroeconom-
ic state of the national economy. The study proved this
non-linear nature, which made it possible to analyse the
long-term and short-term components of economic de-
velopment. Also, within the framework of the study, the
TEAs that make a significant contribution to the national
economic development of the country were identified and
studied, which made it possible to form various scenarios
for the development of TEAs and the national economy
and propose measures to improve the economic situation.
Similar studies were conducted within the framework of
the studies of I. Sievidova et al. (2024), who considered the
logic of modelling economic reforms and their impact on
the development of Ukraine in the context of transforma-
tion processes. In addition, the authors considered various
scenarios for increasing the rationality of modelling in the
structure of transformation processes of the national econ-
omy. All this confirms the relevance of the research topic
and the homogeneity of the areas of scientific research.
The study of the cyclical component was carried out
using spectral analysis. Researchers such as E. Ahma-
dova (2021) modelled the economy of Azerbaijan using
spectral analysis. In the authors’ opinion, one of the most
important aspects in the study of structural economic sys-
tems is not only modelling each indicator but also consid-
ering it in the context of cointegration with other macroe-
conomic factors. Therefore, in the future, it is important to
use cross-spectral models to study the relationship of mac-
roeconomic processes. An important feature of the studies
of these authors is the use of wavelet analysis functions,
which, unlike classical spectral analysis, can determine
aperiodic functions. But in this case, this is a contradiction
to the essence of the cyclical component, since the cycle has
a certain frequency and amplitude, and in wavelet analysis,
the wave has a variable frequency. J. Babirath et al. (2020)
used spectral analysis to forecast stock price dynamics.
An important condition for using this tool is the absence
of stochasticity in the studied series. Therefore, the issue
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of using the expansion of a stationary series into a Fou-
rier series remains debatable, since a stationary time se-
ries should not contain dependencies on previous periods.
The cyclic component is due to the wave nature and has a
certain period of recurrence. In addition, with a decrease
in the quantisation periods of the original time series, the
influence of stochasticity increases, so spectral analysis is
advisable to use with quantisation periods such as half a
year, or a year. Of particular interest is the sensitivity of
various TEAs to shock and crisis phenomena. The study
showed that the definition of TEAs that react differently to
crisis phenomena in the economy gives authorities an ef-
fective tool for forming measures to overcome the general
economic crisis. That is, for example, TEAs with high sen-
sitivity to the crisis should develop preventive decisions of
a cardinal nature in advance to localise crisis phenomena,
and TEAs with resistance to negative impacts can support
further positive economic development. It is to solve this
problem that cluster analysis is used in the study.

B CONCLUSIONS

Based on the results of the research, it was proved that the
country’s economic system has a non-linear development,
that is, there are economic fluctuations that are cyclical
and fluctuating in nature. The cluster analysis model made
it possible to identify the following TEAs as dominant:
“Agriculture, Forestry and Fishing”, “Manufacturing”,
“Wholesale and Retail Trade; Repair of Motor Vehicles and
Motorcycles” and to justify their significant contribution
to the country’s GDP. The study of the time series of de-
velopment of TEAs using the proposed tools allowed to
determine the cyclical and fluctuation components of the
development of the national economy, which confirmed
Hypothesis 1.

The conducted analysis of the nonlinearity of the de-
velopment of dominant TEAs showed their influence on
the wave nature of the development of the national econ-
omy. Two main scenarios of nonlinear development of the
economy and dominant foreign economic activities were
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MIPOMMUCIOBiCcTh» Ta «OINTOBA Ta pO3ApiOHA TOPTiB/sA; PEMOHT aBTOTPaHCIIOPTHMX 3aCO6iB i MOTOIMKIIIB» Gy/IM BU3HAUEHi
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Study of priority directions of economic recovery
of Ukraine based on scenario modelling

M Abstract. Determining the strategy of Ukraine’s economic recovery in the post-war period is relevant, as it affects its
sustainable development, attracting international aid and ensuring long-term economic growth. The purpose of the
article was to identify the key factors that could determine the intensity of economic recovery, as well as the construction
and evaluation of possible scenarios for the development of Ukraine after the end of the “hot” phase of the war. Non-
parametric regression tools (spline functions) were used to study the peculiarities of the development of the economy of
Ukraine. It was established that the development of the economy of Ukraine took place with a slowdown. The expediency
of using scenario modelling in conditions of high uncertainty of Ukraine’s development prospects was substantiated.
Based on the SWOT analysis, the strengths and weaknesses of Ukraine’s economy were determined as prerequisites for
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its renewal in the post-war period, and the key factors were highlighted, namely the level of international support for
Ukraine (possibility of its reproduction); institutional environment (efficiency of economic reproduction). Four scenarios
for the recovery of Ukraine’s economy in the post-war period were constructed. The probability of their implementation
was estimated. It was determined that the “Slow development” scenario is the most likely, which involved the formation
of a “stimulating” institutional environment with a decrease in international support. Such an institutional environment
should contribute to the reindustrialisation of the economy, increasing its competitiveness, eliminating current
structural imbalances, developing institutions for financing scientific research, investment, and innovation activities,
as well as increasing domestic demand. The development of industry should be based on the need to transition to the
sixth technological system, which involved significant investments in the intellectual capital in the development and
implementation of innovative technologies. The results of the conducted research could be used by state authorities
when developing priority directions for the economic recovery in Ukraine

M Keywords: post-war period; strategy; development; key factors; strengths and weaknesses

H INTRODUCTION

The scientific community faced the need to solve the prob-
lem of assessing the socio-economic consequences of the
war, which began in the centre of Europe in February 2022
with the full-scale invasion of the Russian Federation
into Ukraine. Experts of the World Bank, J.-D. Guénette et
al. (2022), noted that the war, in addition to the large hu-
manitarian crisis in the region, the devastation of Ukraine’s
economy, caused “global ripple effects” that covered com-
modity markets, trade, and global financial flows, as a re-
sult of which uncertainty and geopolitical tensions are
growing. This war also led to a slowdown in the world econ-
omy and an increase in global inflation. In addition, it led
to increased food prices, disruption of supply chains. Ex-
perts such as N. Legrand (2023) expressed concern that the
prolongation of the war could lead to a global food crisis
and become an obstacle to the achievement of certain sus-
tainable development goals. Therefore, ending the war and
restoring the economy is an urgent problem for Ukraine,
not only as a separate state but also as a component of the
world economy. The problem of determining strategic di-
rections for the recovery of Ukraine’s economy after the
end of the “hot” phase of the war needs to be solved now,
since the renewal process is successful only if it is scientifi-
cally based and carried out systematically and purposefully.

The Ukrainian economic recovery is not an easy pro-
cess, since, even before the start of the war in 2014, the
Ukrainian economy needed structural restructuring in
order to harmoniously integrate into the world economy.
Thus, L. Malyarets et al. (2024) noted that Ukraine has a
low level of structural dynamics of stable development. The
military actions in the East and South of Ukraine led to the
significant destruction of the old industrial regions, as a
result of which it was impossible to focus on them as cen-
tres of recovery of the economy and the country as a whole.
Economic recovery occurs in conditions of increased un-
certainty. That is determined by various factors, the main
ones of which are the following: the timing of the end of
the “hot” phase of the war, the line of demarcation with the
Russian Federation, the localisation and extent of the de-
struction of industrial infrastructure, the amount of avail-
able financial resources, etc.

The study of the problem of economic recovery was in
the centre of attention of leading Ukrainian scientists since
the beginning of the Russian military aggression against
Ukraine in 2022. Thus, I. Pidorycheva (2022) analysed the
experience of recovery of European countries after the

Second World War and noted that the economic recovery
should begin with structural transformation and include a
transition to an industrial and innovative type. At the same
time, Ukraine as a state should take the initiative in cre-
ating a high-tech digital Industry 4.0 and defend national
interests. Investments, and especially innovations, could
become a source of economic growth in the post-war pe-
riod and stimulate the creation of new jobs, increase the
productivity and competitiveness of Ukrainian industrial
enterprises. This contributes to the development of related
sectors of the national economy, as highlighted by M. Ber-
dar et al. (2024). At the same time, Ukraine has significant
systemic problems with the attraction of foreign capital,
approaches to the solution of which should be determined
even before the end of the war.

Particular attention was also paid to the definition of fi-
nancing mechanisms for the economic recovery in Ukraine.
Thus, M. Kocherov et al. (2023) noted that international fi-
nancial assistance and foreign investment contributes to a
rapid and sustainable economic recovery. Researchers em-
phasised that the success of the country’s post-war recov-
ery depends on the efficiency of the economic system and
its ability to attract investments. At the same time, the war
has a negative impact not only on the Ukrainian economy
but also on global economic growth, which, according to
L. Irtyshcheva et al. (2022), leads to a decrease in the possi-
bility of attracting foreign investments for the reconstruc-
tion of Ukraine after the end of hostilities. N. Prykaziuk et
al. (2023) pointed out that the national financial sector is
characterised by significant macro-financial and macroe-
conomic disparities, which can negatively affect the devel-
opment of the financial sector in the post-war period and
the possibility of economic recovery as a whole. However,
the problem of determining strategic directions for the re-
construction of Ukraine’s economy, determining the factors
that affected its effectiveness, remains unsolved. Therefore,
the purpose of the conducted research was to determine
the key factors (key uncertainties, KUs) that determined
the intensity of economic recovery, as well as the construc-
tion and evaluation of possible scenarios for the develop-
ment of Ukraine after the end of the “hot” phase of the war.

B MATERIALS AND METHODS

The determination of the strategic directions of the post-
war recovery of Ukraine’s economy was based on the study
of the peculiarities of its development. The use of spline
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functions allowed to ensure high accuracy of approxima-
tion without increasing the degree of the polynomial used
to describe the dynamics of the process and to have the
possibility of a meaningful interpretation of the obtained
results. Splines allowed avoiding the occurrence of “waves”
and “false cyclicity” in the case of polynomial approxima-
tion, which do not exist in the dynamics of a real economic
process. Mathematical splines were “segments” of power
polynomials of low orders that described the dynamics of
the process between nodal points. At the same time, the
splines converged at the nodal points (nodes of the “lat-
tice” function).

Then the function F(t) defined and continuous on the
segment [T, T,] was a polynomial spline of order m with
nodes t.€ (T, <t <t, <<t <T), if on each of the segments
[t,,, ), F(t) was an algebraic polynomial of degree not ex-
ceeding m, and at each of the points ¢, the derivative F"(t)
could have a discontinuity. The parameters of the algebraic
polynomials of the spline function had to have a meaningful
interpretation, so their order did not exceed 2 (m=2). That
allowed to analyse the speed and/or acceleration (deceler-
ation) of changes in the investigated process. Before cal-
culating the spline function, it was necessary to eliminate
the influence of random factors on the dynamics of product
output. This led to the feasibility of pre-processing the data
using exponential smoothing, which allowed for a smoothed
series that reflected major trends and patterns while re-
ducing noise (Liu & Wu, 2020). Exponential smoothing in-
volved updating the smoothed value based on the weighted
average value of the current observation and the previ-
ous smoothed value according to the recurrent formula:

S=ay, S, @

where S, is the value of the exponential average at time t; y,
is the actual value of the indicator at time t; o is the smooth-
ing parameter, a = const, 0< a< 1; f=1-a. The smoothing
parameter a showed how much weight was given to the
most recent observation. The choice of the parameter o
was problematic, since to increase the weight of more re-

cent observations, o should be increased, but to smooth out
random fluctuations, the value of « should be decreased.
These two requirements were in conflict, so the problem of
the compromise value of the smoothing parameter o was a
problem of model optimisation. In this study, a was taken
at the level of 0.3, which allowed to consider the inertia of
the development of the economy of Ukraine and reduce the
influence of random factors. At the same time, S =y,

To study product output dynamics using a spline func-
tion for the period 2000-2021, the years 2000, 2007, 2009,
2013, 2016 and 2021 were defined as nodes (Minfin ar-
chive..., n.d.; State Statistics Service of Ukraine, n.d.). The
study did not use data for the year 2022, because in that
year there was a sharp decrease in product output due to
the full-scale military aggression of the Russian Federation
against Ukraine. Scenario modelling as a method of fu-
ture research involved the comprehensive use of research
methods. To determine the factors that determined the
effectiveness of the Ukrainian economy recovery and its
strategic directions, an analysis of the external and inter-
nal environments was conducted. For that, a SWOT analy-
sis was used, which allowed for the identification of a set
of factors that determined the dynamics of the researched
process. Determination of KUs as a basis for developing
scenarios for the Ukrainian economy recovery, a theoret-
ical generalisation of empirical information was used. The
development of scenarios, which served as a description
of the results of the impact of the KUs, was carried out by
combining their positive and negative alternatives. For
each scenario, the probability of their implementation was
assessed, as well as the possibility of Ukrainian econom-
ic recovery. This allowed identifying priority directions of
recovery to ensure its effectiveness in conditions of high
unpredictability.

M RESULTS AND DISCUSSION

As could be seen from Figure 1, during the years 2000-2022,
product output in Ukraine was uneven. Its description is
described by the following spline function:

( F(t) = —4,422.0t* +8,881.9t + 84,085.0,for t € [2000,2007),
F2(t) = —5,708.5t% + 7,789.0t + 296,459.0,for t € [2007,2009),

F(t) =

F3(t) = —4,523.9t% + 62,923.0t +204,907.0,for t € [2009,2013), (2)

lF4(t) = 28,3180t%— 207,640.0t + 581,675.0,for t € [2013,2016),
F5(t) =9109t% +34,520.0t + 164,722.0,for t € [2016,2021],

where F'(t), FX(t), F3(t), FX(t), F°(t) are polynomials of the
second order that describe the dynamics of production
in Ukraine by separate segments. For the defined com-
ponents of the spline function, the coefficient of deter-
mination ranged from 0.9465 to 0.9999, which confirmed
its statistical reliability. The coefficients of polynomial
splines of low degrees had a meaningful interpretation.
Thus, the coefficient at t characterises the rate of change
of the indicator or process, and at t* — the acceleration
(deceleration) of these changes. Thus, during 2000-2021,
even in the “prosperous” periods of the development of
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the economy of Ukraine (2000-2007, 2009-2013), growth
occurred with a slowdown, and in the period 2013-2016,
the decrease occurred with acceleration. The situation
improved in the period 2016-2021, during which growth
accelerated. That indicated the low efficiency of man-
agement of the development of the Ukrainian economy.
Maintaining such a trend does not allow the economy to
be effectively restored after the end of the “hot” phase
of the war. That allowed determining the strengths and
weaknesses of the Ukrainian economy as a prerequisite
for its recovery after the war (Table 1).
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Figure 1. Change in product output at market prices in Ukraine, 2020-2022, USD
Source: created by the authors based on Minfin archive of exchange rates (n.d.), State Statistics Service of Ukraine (n.d.)

Table 1. SWOT analysis of prospects for economic recovery in Ukraine

Strengths

Weaknesses

1. Advantageous geographical location.

2. High resource potential.

3. Developed transport infrastructure.

4. Close cooperation with international institutions.

5. Relatively high quality of secondary technical and higher
education.

6. Highly motivated people.

1. Military actions and occupation of more than 25% of the
territory.

2. Technological backwardness of the main industries.

3. Ruined economy and large-scale destruction of infrastructure.
4. High dependence on imports.

5. Low competitiveness of the main sectors of the economy.

6. Lack of balanced state policy and effective regulation in the
field of innovative activity.

7. Outflow of qualified personnel.

Opportunities

Threats

1. Strengthening cooperation with the EU and integration into the
European market.

2. Growth of investment attractiveness.

3. High innovation potential.

4. Potential capacity for cooperation of research and production
sectors.

5. Availability of information about NTP achievements.

6. Development of a “green” economy and transition to renewable
energy sources.

7. Implementation of digital technologies.

8. Sufficiently high capacity of the domestic market.

1. Prolongation of the “hot” phase of the war in Ukraine and/or its
spread to the territory of other European countries.

2. Uncertainty of developed countries regarding the degree of aid
to Ukraine.

3. Deepening of global crisis phenomena.

4. Impact of hybrid threats.

5. High competition on the world market and significant entry
barriers for Ukrainian businesses from transnational corporations.
6. Climatic changes.

7. Political and social instability in the country.

Source: created by the authors based on G. Mazhara et al. (2023), D. Melnychuk et al. (2023), Prohorova et al. (2024)

However, it is worth mentioning that strengthening
cooperation with the EU, attracting international invest-
ments, realising innovative potential, implementing digital
technologies, and developing a “green” economy can cre-
ate potential opportunities for economic recovery. The re-
alisation of these opportunities can be negatively affected
by both the prolongation of the “hot” phase of the war in
Ukraine and the associated political and social instability
and the deepening of crisis phenomena in the world econ-
omy, as well as the emergence of new threats, in particular
hybrid ones. On the basis of the results of the SWOT anal-
ysis, two complex KUs were identified, which determined
the prospects for the recovery of the Ukrainian economy in
the post-war period. KU1: the level of international support
(political, economic, and financial) of the Ukrainian econo-
my, which shaped the possibilities of its recovery. KU2: the
country’s institutional environment, which determined the

efficiency of economic recovery. For each KU, two imple-
mentation alternatives were defined. As a positive alterna-
tive for KU1, the preservation or growth of international
support, primarily financial; as a negative alternative — a
decrease in international support.

Special attention was paid to the analysis of KU2, since
Ukraine as a state is most interested in economic recovery,
ensuring its competitiveness, and improving the quality of
life of the population. As a positive alternative for KU2, the
creation of such an institutional environment in Ukraine
that would stimulate the reduction of the impact of iner-
tial trends in the economy and the growth of the impact
of acceleration factors was considered. That involved not
only positive economic dynamics of reproduction but also
ensuring a high level of economic security and reducing
the riskiness of activities, in particular investment and
innovation. At the same time, attention should be paid
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to the prevention and reduction of hybrid threats, which
became key aspects of the security policy discourse in
developed countries after 2014 (Bajarunas, 2020). Hybrid
operations are of particular threat because they are usu-
ally well-prepared and can wreak havoc with artificial in-
telligence. The effect could be even more devastating if a
coordinated hybrid operation, in addition to the financial
and banking sectors, also affected critical infrastructure
and supply chains.

The negative alternative of KU2 involves the preserva-
tion of the existing institutional environment, which can

result in high transaction costs, which is a brake on the
growth of economic activity in the country, a decrease in
the level of economic security, and a deterioration of the
adaptive capacity of the national economy. This contrib-
utes to the preservation of inertial trends in the economy
and, as a result, the further growth of structural imbalanc-
es and the “collapse” of economic activity. In the Table 2
scenarios for the recovery of Ukraine’s economy are given.
The scenarios were developed by researching combinations
of positive and negative alternatives of the identified key
alternatives.

Table 2. Scenarios for the recovery of Ukraine’s economy in the post-war period

KU1 - Level of international support

Positive alternative — the preservation
or growth of international support

Negative alternative — the reduction
in international support

Scenario 1 “Intensive development”

Scenario 2 “Slow development”

This scenario is considered as an optimistic option, since

When this scenario is implemented, there could be a slow
recovery of Ukraine’s economy;, since its own financial

KU2 - Institutional environment in Ukraine

Positive alternative — the

creation of a “stimulating”
institutional environment

when it is implemented, it becomes possible to structurally
restructure the economy of Ukraine at the expense of funds
from international financial institutions due to the im-
provement of the investment climate and the introduction
of innovative technologies.

resources could not be enough to ensure rapid economic
growth, significant research and development, and high in-
vestment and innovation activity. Also, the consequence of
the implementation of such a scenario is the further ageing
of the population, a very slow increase in the standard of
living, and the preservation of a high level of emigration to
developed countries.

Negative alternative — the

Scenario 3 “Lost opportunities”

Scenario 4 “Economy ‘liquidation’”

This scenario should be considered as a negative option
for the development of Ukraine after the end of the “hot”
phase of the war. Due to the imperfection of the insti-
tutional environment and the high level of corruption,
opportunities for structural restructuring of the Ukrainian
economy and its integration into the world economy could
be lost. It could also negatively affect the standard of living
of the population, which will lead to the emigration of the
economically active and most educated population.

This scenario is the worst option for the development of
Ukraine after the end of the war. When it is implement-
ed, there can be a rapid degradation of the economy of
Ukraine, its social sphere, and, as a result, a significant emi-
gration of the population.

Il- 30

preservation of the established
institutional environment

Source: created by the authors

Evaluating the probability of realisation of the devel-
oped scenarios of economic recovery in Ukraine, it should
be noted that the “Intensive development” scenario has a
low probability of realisation, because then Ukraine will
become a competitor on the world market. This is undesir-
able even for countries that are allies (blocking of Ukrain-
ian borders by Polish farmers, for example (Shubravska et
al., 2024)). It is also estimated that the probability of the
realisation of the scenario “Lost opportunities” due to cri-
sis phenomena in the economies of the world’s leading
countries and the world economy as a whole is not high.
I. Liadze et al. (2023) noted that in 2022, due to the war in
Ukraine, global inflation increased by 2%, and in 2023 - by
1%. Germany, France, and Italy suffered the greatest eco-
nomic losses, and GDP in “Developing Europe” shrank by
30 %. This directly affected their ability to provide financial
support to Ukraine. Even now, in the conditions of military
operations, which might expand to the territory of other
European countries, there are statements about a decrease
in financial support for Ukraine.

The implementation of the scenario “Economy ‘liqui-
dation’” was assessed as more likely. At the same time, a
complete lack of international support for Ukraine’s econ-
omy, primarily financial, is unlikely; most likely it might

be insufficient. However, maintaining an institutional en-
vironment with high transaction costs will not allow ob-
taining high efficiency from the use of international aid.
The most likely scenario is the “Slow development” sce-
nario, which involves the formation of a “stimulating” in-
stitutional environment with a decrease in international
support. Such an “improvement” of the institutional envi-
ronment is supposed to be forced, dictated by the need for
Ukraine’s survival as a state.

As shown by I. Pidorycheva (2022) and N. Struk (2024),
Ukraine as a state and its citizens are interested in the
effective recovery of the economy, which is quite under-
standable. Therefore, attention should be focused on in-
ternal transformations, namely, the institutional environ-
ment on a stimulating one through the creation of effective
institutions for the reindustrialisation of the economy,
increasing its competitiveness, the development of insti-
tutions for financing investment and innovation activities,
and the development of domestic demand for Ukrainian
products, which is also supported by O. Herus (2024). It
was determined that in order to prevent the realisation of
negative scenarios of the economic recovery of Ukraine,
the main emphasis should be placed on the elimination
of structural disparities, the development of industry
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considering the specifics of different regions of Ukraine,
and the creation of new jobs.

When elaborating a strategy for the development of in-
dustry, it is necessary to base it on the need to transition to
the sixth technological system, which involved the use of
non-traditional sources and thermonuclear energy; devel-
opment of biotechnologies, nanotechnologies, photonics,
optoelectronics, artificial intelligence, micromechanics,
quantum technologies, genetic engineering, space tech-
nologies; promotion of virtual enterprises and automatic
factories, as well as strengthening of state regulation of so-
cio-economic processes to ensure uniform development of
all regions of the country. This could create a competitive
economy. However, such a transition is impossible without
the development of intellectual capital. Its most important
component is highly qualified human resources, motivated
by the results of work and able to adapt to changes in the
external and internal environment. Such adaptation is pos-
sible only under the condition of constant accumulation
and updating of knowledge, improvement of professional
skills, which involved a wider implementation of the con-
cept of continuous education throughout life.

The structural restructuring of Ukraine’s economy, its
innovative development, as well as the reconstruction of
the destroyed social and economic infrastructure are im-
possible without significant investments. However, even
under the most favourable conditions, there is a shortage
of financial resources. To ensure the effective use of avail-
able resources, there should be strict state control over the
directions of the use of these funds. It does not have a pos-
itive effect without the implementation of anti-corruption
measures, which would provide for the real punishment of
corrupt officials. In addition, a strategy to support scientif-
ic research aimed at the development and implementation
of innovative technologies should be implemented.

In general, agreeing with the opinion of M. Rézy-
cki (2019), it is worth mentioning that in conditions of
rapid and essential changes in the internal and external
environment of the economic system, the manifestations
of its inertia also undergo significant changes. The growth
of uncertainty in the institutional environment increases
the unpredictability of the manifestation of inertia in the
economic system, which reduces the ability to assess the
effectiveness of its recovery after partial or complete de-
struction. V. Navickas & V. Baciuliené (2021) noted that
inertia in economic processes manifests itself in changes
in the efficiency of investments, the volume of innova-
tions, labour productivity, and the efficiency of economic
transformations; that is, it determines the possibility of
acceleration (slowdown) of economic growth. It is worth
mentioning that in Ukraine, the main factors of such eco-
nomic inertia are the preservation of the structure of the
economy, which was formed during the times of the for-
mer USSR; disparities in the national and regional econo-
my; an underdeveloped institutional environment and, as
aresult, high transaction costs, which inhibit and compli-
cate economic development; reduction of scientific and
innovative potential due to insufficient funding; lack of
financial resources for renewal of non-current assets of
enterprises; and significant disparities in wages and low
incomes of the population. One of the consequences of
the Russian Federation’s military aggression against
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Ukraine was the destruction of the stable structure of the
economy, as well as changes in the institutional environ-
ment. This affected the volume of investments, their di-
rection, and effectiveness.

V. Prokhorova et al. (2023; 2024) noted that the Ukrain-
ian economy is assumed to be influenced not only by inter-
nal factors but also by world crises. This affects not only the
volume of production but also the general dynamics of pro-
cesses and their dynamics. In such a situation, as M. Ram-
li et al. (2020) noted, it is advisable to use non-parametric
regression methods, namely spline functions. Splines allow
processing of data whose trends (“behaviour”) change at
certain subintervals. The prospects for the Ukrainian eco-
nomic recovery have a very high level of uncertainty, and
the current trends in its development could be considered
non-stationary, that is, those that were the result of distri-
bution shifts and stochastic trends. Incorrect consideration
of the dynamics of stochastic processes leads to the forma-
tion of potentially erroneous relationships. It is necessary
to agree with the opinion of J.L. Castle et al. (2021) that
non-stationary processes are difficult to model and predict
using a simple selection of the equation that would “best”
describe the dynamics of the process or using “hundreds of
empirical fits and selecting a preferred one”. This necessi-
tated the use of more flexible analysis tools to substanti-
ate the economic recovery strategy, considering the factors
that could become its drivers or brakes.

0. Kravchenko (2020) noted that in conditions of high
instability of the external environment and, as a result, the
non-stationary character of the development of the econo-
my, an effective method of analysis is scenario modelling. It
allowed studying the prospects for the development of the
economy with a possible change in the factors of its external
and internal environment. Unlike classical methods, the re-
sults of scenario analysis related mainly to strategic aspects
of development, which allowed analysing possible options
for the Ukrainian economy’s recovery and determining its
priority areas. Summarising the above, it should be noted
that the conducted study is consistent with the research
of other scientists. The approach proposed by the authors
allows for assessing the effectiveness of alternative options
for Ukrainian economic recovery in the post-war period
based on the level of international support and the charac-
teristics of the institutional environment, considering the
dynamics and changes in the inertia of economic processes.

B CONCLUSIONS

On the basis of the conducted research, it was determined
that during 2000-2021, the management of the Ukrainian
economy was ineffective, which negatively affected the
possibilities of its recovery while maintaining current de-
velopment trends. Potential opportunities for Ukraine’s
economic recovery are being formed both in its external
environment (cooperation with the EU, international in-
vestments) and within the country (use of innovative po-
tential, introduction of digital technologies). Therefore,
the KUs that determine the intensity of the Ukrainian
economy recovery in the post-war period are the level of
international support (political, economic, and financial)
for the Ukrainian economy, which shapes the possibilities
of its reproduction, and the country’s institutional envi-
ronment, which determines the effectiveness of economic
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reproduction. The deepening crisis phenomena in the glob-
al economy necessitate the need to focus attention on the
level of development of the institutional environment as a
factor stimulating the reduction of the impact of economic
inertia on the intensity of its development and ensuring
the acceleration of its recovery.

The analysis of possible scenarios for the recovery of
the Ukrainian economy showed that the most likely sce-
nario is the implementation of a scenario that involves the
formation of a “stimulating” institutional environment.
This ensures economic recovery, considering the limited
available financial resources, in particular received from
international support. The main emphasis should be on
the country’s reindustrialisation, eliminating structural
imbalances, and creating a competitive economy. The re-
industrialisation strategy should focus on the transition to

the sixth technological system, the implementation of a
“green” economy, and the development of intellectual cap-
ital. In addition, funding for the development of innovative
technologies should be a priority. Further research should
be directed to the development of strategies for the devel-
opment of individual regions, considering their character-
istics and capabilities. It is also necessary to solve the prob-
lem of determining the optimal ratio between the amount
of investment in the economic recovery of Ukraine and the
social support of the population.
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M AHoTauif. BusHaueHHs cTparerii BiJHOBJIEHHS €KOHOMiKM YKpaiHUM Mic/is 3aBepiIieHHs BiffHM € aKTyaJbHUM,
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BiTHOBJIEHHSI €EKOHOMiKM, a TAKOXX IMOGYIOBA i OIiHIOBAHHSI MOK/IMBUX CIIeHAPiiB PO3BUTKY YKpaiHM Mic/sl 3aBepuIeHHS
«rapsiyoi» Gasu BiiftHM. ][I DOCTIIKEHHS OCOGAMBOCTENl DPO3BUTKY €KOHOMiKM VYKpaiHM 6y/l0 BUKOPUCTAHO
iHCTpyMeHTapiii HermapaMmeTpuyHoi perpecii cruiaiiH-GyHKUii. BcTaHOBIEHO, 1O PO3BUTOK €KOHOMiKM VYKpaiHu
BiZIOYBABCS 3 YNOBiTbHEHHSIM. OGIPYHTOBAHO JIOIi/IbHICTh BUKOPUCTAHHS CLIEHAPHOTO MOZETIOBAHHS B yMOBaX BMUCOKOI
HEBM3HAUEHOCTI MepcrekTuB po3BUTKY Ykpaiuu. Ha ocHoBi SWOT aHasi3y BUSHaU€HO CUJTbHI i C/TabKi CTOPOHY €EKOHOMiKM
VKkpainu sk repeqyMoBHu ii BiTHOBJIEHHS MiC/Is 3aBepIIeHHS BiliHU Ta BUIIIEHO KITIOUOBi (paKTOPM BiITBOPEHHS, a came
BiITBOPEHHST €KOHOMiKM). [T06yIOBaHO UOTUPHM CIleHapii BiHOBIEHHS eKOHOMiKM YKpaiHM MiC/sl 3aBepIIeHHS BiifHN.
OuiHeHo IMOBipHiCTb iX peamizamii. BusHaueHo, 10 HaGINbII IMOBIpHUM € clieHapiit «[TOBiIIbHMUI PO3BUTOK», SIKMIA
nepen6avae GopMyBaHHS «CTUMYIIIOIOUOTr0» IHCTUTYIIIFTHOTO cepeloBuIla TPY 3HMKEHHI MDKHApOLHOI MigTpUMKU. Take
iHCTUTYILIiJiHe cepeloBMILe Ma€ CIPUITU peiHAyCTpiatisalii eKOHOMiKM, MiJABUIEHHIO i1 KOHKYPeHTOCIIPOMOYHOCTI,
YCYHEHHIO iCHYIOUMX CTPYKTYPHUX OMCOaIaHCiB, PO3BUTKY iHCTUTYTiB (hiHaHCYBaHHS HayKOBO-IOCTITHUX PO3POOOK,
iHBeCTUIIiITHOI Ta IHHOBALITHOT AiSTBHOCTI, @ TAKOK 301/IbIIIEHHIO BHYTPIIIHBOTO MTOMUTY. PO3BUTOK MPOMMCIOBOCTI Mae
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Analysing innovation performance
in the context of economic development

M Abstract. The purpose of this study was to analyse the key characteristics of innovation in selected European countries
and, based on this analysis, to determine the correlation between investment growth in innovative solutions and the
dynamics of national economic development. The study examined such indicators of innovation processes as the volume
of human capital, the number of scientific publications, the degree of digitalisation, public and private investment in
innovation, intellectual assets, and the export of knowledge-intensive products across several European countries. A
regression analysis was conducted to identify patterns in the development of national economies. The study covered the
dynamics of innovation activity in Europe between 2016 and 2023, which allowed for identifying key development vectors
in specific countries and determining the dependence of economic growth on financial investments in new technologies
and the speed of their implementation. The results showed that Belgium and Denmark exhibited the highest levels of
innovation activity, significantly exceeding the EU average, particularly in digitalisation, human capital development,
and research attractiveness. Germany and France demonstrated stable but moderate growth in innovation indicators,
while countries such as Poland and the Czech Republic showed positive but slower trends. Conversely, Bulgaria and
Turkey ranked among the least innovative economies in the region. A regression analysis of the relationship between
GDP and innovation index revealed that the correlation was not strictly linear. Some smaller economies with robust
innovation policies outperformed larger ones in terms of innovation development. The findings highlighted the necessity
of increasing both public and private investment in R&D, optimising funding mechanisms, and fostering stronger public-
private partnerships to support innovation. The practical significance of the research lay in identifying predictable trends
in innovation activity, highlighting the most promising areas for future investment, and pinpointing key applications for
emerging technologies

M Keywords: national economies; individual enterprises; efficiency; competitiveness improvement; investment in the
future

N INTRODUCTION

Each country’s level of technological development de- fifth technological mode, when the gap in economic de-
termined its level of socioeconomic development. Ex-  velopment even for a few years could be critical for indi-
periments and research that led to the creation of new vidual national economies, it was especially important to
knowledge and technologies were what kept countries understand in advance the promising areas of science and
independent and in good health. In the context of the technology development. Accordingly, the relevance of
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this research was to identify the experience of innovation
activities of European countries and to guide investment
flows to those branches of science and technology that
will ensure the most intensive development soon. In ad-
dition, understanding the correlation between innovation
activity and gross product will help to predict the poten-
tial of a particular national economy.

Equally important was the even innovation develop-
ment of the regions. G.A. Kozhakhmetova & O.V. Lashka-
reva (2020), exploring the establishment and development
of regional innovation systems in Kazakhstan, identified
noticeable positive changes in the indicators of scientif-
ic-innovative development on the ground. They ranked
the innovation activity of regions and major cities of the
Republic of Kazakhstan and concluded that for maximum
efficiency in several lagging regions (Turkestan, West Ka-
zakhstan and Mangistau regions) it was necessary to estab-
lish special innovation clusters and ensure the exchange of
information and experience with the leading regions.

An important aspect of innovation promotion was the
budget allocated to research and development (R&D), as the
full development of scientific research was impossible with-
out the establishment of funding mechanisms and diversi-
fication of investment sources. This issue was discussed by
N.K.Kuchukova & L.A. Talimova (2020), having determined
that fundamental research financed from the state budget
and private sources did not replace, but complemented each
other. Therewith, the private sector was interested in ex-
changing information only at the early stages of new tech-
nology development, which meant that the state should
have established a pool of consumers of scientific servic-
es, helping enterprises to buy the results of R&D through
targeted funding of this sphere. Such a measure would in-
crease the innovation activity of Kazakhstani enterprises
and ensure the modernisation of the national economy.

In addition, the low level of Kazakhstani innovations
was stated by G.I. Zholdasova (2021) - the share of R&D
expenditures in Kazakhstan had decreased to 0.17% of
gross domestic product (GDP), while in developed coun-
tries it had reached 4%. Therewith, such sphere of in-
novation application as the development of the digital
economy was at a rather high level in the Republic of Ka-
zakhstan, and according to the research by E.A. Georgie-
va et al. (2020), there was an increase in venture capital
financing of digital projects and a positive impact of digi-
tal solutions on the labour market.

From the standpoint of sustainable development
prospects, the work of G. Kalkabayeva et al. (2021) was
of interest. The researcher noted the weak participation
of Kazakhstan in the design and development of “green”
technologies and eco-innovations, which increased the
risks of maintaining a catch-up model of development and
reduced the competitiveness of the national economy. As
an alternative, the author proposed the establishment of a
special institute for the development of the finance market
by analogy with the special European Centre for the Devel-
opment of Green Finance under the auspices of Organisa-
tion for Economic Co-operation and Development (OESD).
Therewith, at this stage there was no fresh analysis of the
degree of correlation between the level of innovation ac-
tivity and the country’s GDP. The purpose of this research
was to cover this gap and to analyse the key indicators of

innovation activity on the example of several European
countries, and forecast the prospects for their development.

B MATERIALS AND METHODS

During the research process, methods such as statistical
analysis and forecasting were applied, and a regression
analysis of indicators, along with the construction of a scat-
ter diagram and the subsequent development of a trend,
was carried out. The annual European Innovation Score-
board (2023) provided a comparative assessment of the
R&D and innovation activities of most countries in Europe
and some other countries, analysing their strengths and
weaknesses. It distinguished four main types of activity —
key conditions, investment activity, innovation activity and
impact factors — with 12 innovation dimensions covering a
total of 32 indicators. Each major group included an equal
number of indicators and was equally weighted in the aver-
age performance score, or the Composite Innovation Index.

Based on official data provided by the European Inno-
vation Scoreboard (2023), the aggregate innovation index
of ten national economies in Europe was analysed, and all
key innovation parameters of this index were analysed.
For the most representative sample, countries represent-
ing, according to the official terminology of the European
Union, all four efficiency groups were selected. In particu-
lar, the group of innovation leaders was represented by
Belgium and Denmark, the group of strong innovators by
Germany and France, the group of moderate innovators by
Italy and the Czech Republic, and the group of potential in-
novators by Bulgaria and Poland. In addition, two non-EU
countries, the UK and Turkey, were included in the analysis
for a more comprehensive assessment of the innovation
situation in Europe.

For each country analysed, a total innovation index
was considered, along with its 12 constituent innovation
parameters. These parameters include the human resourc-
es growth index, which reflects the number of doctoral stu-
dents, the proportion of the population with higher educa-
tion, and the popularity of lifelong learning. Another key
component was the index of attractive research systems,
which assessed the accessibility and effectiveness of re-
search institutions. The digitalisation index measured the
proportion of areas covered by broadband internet and the
number of individuals with digital literacy levels above
the basic threshold. Additionally, finance and support in-
clude public sector R&D expenditure, venture capital in-
vestment, and state support for innovative businesses. The
firm investments parameter evaluated the extent to which
businesses allocate resources to innovation. An essential
aspect of innovation was the indicator of the use of in-
formation technologies, which measured the penetration
of IT solutions across various economic sectors. The in-
novators category assessed the proportion of enterprises
engaged in product and process innovation. Moreover, the
linkages indicator examined cooperation between innova-
tive firms, as well as the mobility of human resources in
technology-driven sectors. The intellectual assets param-
eter was calculated based on the total number of patents,
trademark applications, and the number of intellectual
property applications developed within the country. Fur-
thermore, employment impacts reflect how innovation
influences job creation and labour market dynamics. The
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sales impacts parameter assessed the commercialisation of
innovation-driven products and services. Lastly, environ-
mental sustainability considered the implementation of
eco-friendly technologies and resource-efficient produc-
tion methods.

In addition, based on Eurostat (2023) data, a regres-
sion analysis between the innovation index of ten Europe-
an states and their GDP was conducted. Based on the data
obtained, a regression correlation was determined, and
a linear trend was established after the construction of a
scatter diagram to understand the prospects of innovation
development in Europe and to determine the dependence
of GDP on the innovative activity of a state and the suc-
cess of its innovation projects. In addition, the innovation
indices for the previous eight years were analysed for the
selected countries. Although data for the European Inno-
vation Scoreboard for 2024 were available, the analysis was
conducted up to 2023 due to the lack of complete GDP data
for all countries at the time of the study. Furthermore, the
innovation indices for the selected countries were analysed
for the previous eight years to understand the true dynam-
ics, using the percentages of the innovation indices to the
EU innovation average for 2016.
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M RESULTS

The EU’s commitment to promoting an innovative cul-
ture was confirmed by the European Innovation Score-
board (2023), which demonstrated a notable improvement
in innovation performance of almost 8.5% since 2016.
Twenty Member States saw a notable increase in their ca-
pacity for innovation during the last year, while only seven
saw a decrease. During this time, the innovation perfor-
mance of 25 countries increased, albeit more slowly than in
the more recent years. However, nations with weaker inno-
vation systems typically advance more slowly than the EU
average. Since 2016, the majority of EU regions had seen
an improvement in their innovation performance, accord-
ing to the Regional Innovation Scoreboard. Some regional
“pockets of excellence” were located in nations with com-
paratively poorer innovation performance, despite the fact
that innovative regions were typically found in the most
innovative nations. While the distance with Canada, the
Republic of Korea, and the United States had widened, the
EU was still performing marginally better than China and
was catching up to Australia on a worldwide scale. Figure 1
depicts the annual percentage changes between two con-
secutive years and forms an overall dynamic trend.

2020 2021 2022 2023

Figure 1. Improving innovation performance in the EU
Source: developed by the author based on European Innovation Scoreboard (2023)

When considering the 2023 results by country, the lead-
ers with innovation ratios significantly above the EU aver-
age can be highlighted. In particular, Belgium demonstrated
a result almost 30% higher than the EU average innovation
coefficient. In addition, there was a significant excess of av-
erage indicators for most innovation parameters (Table 1).

Table 1. Key parameters
for Belgium’s innovative development in 2023

Indicator Ratio to EU average
Human resources 124.8
Attractive research systems 155.6
Digitalisation 111.6
Finance and support 123.6
Firm investments 132
Use of information technologies 147.3
Innovators 146.5
Linkages 173.7
Intellectual assets 86.9
Employment impacts 150
Sales impacts 102.6
Environmental sustainability 101.7
Summary innovation index 125.8

Source: developed by the author based on European
Innovation Scoreboard (2023)

Economics of Development. 2025. Vol. 24, No. 1

This significant increase for Belgium was due to in-
creased innovation, i.e. a notable externalisation of in-
formation technology, an increase in the attractiveness of
working in science, and increased linkages. Linkages should
be understood as cooperation between innovative firms,
sustainable research connections between the private and
public sectors, and the mobility of human resources be-
tween technology firms. The other examined country in the
group of innovation leaders was Denmark. Its dimensions
of innovativeness were summarised in Table 2.

Table 2. Key parameters
for Denmark’s innovative development in 2023

Indicator Ratio to EU average
Human resources 176.7
Attractive research systems 189.5
Digitalisation 145.6
Finance and support 111.9
Firm investments 114.4
Use of information technologies 149.8
Innovators 117.2
Linkages 216.2
Intellectual assets 136.9
Employment impacts 107.9
Sales impacts 107.7
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Table 2. Continued

Indicator Ratio to EU average
Environmental sustainability 129.3
Summary innovation index 137.6

Source: developed by the author based on European
Innovation Scoreboard (2023)

As can be seen, the final innovation rate in 2023 was
one-third higher than the EU average and one of the high-
est on the continent. It was largely due to a significant
increase in venture capital investment, increased digitali-
sation and linkages between knowledge-intensive areas of
the economy. Germany’s performance as a country in the
second subgroup of innovation — strong innovators — was
slightly below the leaders but was quite high (Table 3).

Table 3. Key parameters
for Germany’s innovative development in 2023

Indicator Ratio to EU average
Human resources 99.8
Attractive research systems 109
Digitalisation 86.5
Finance and support 91.8
Firm investments 140.4
Use of information technologies 120.9
Innovators 141.1
Linkages 141.9
Intellectual assets 122
Employment impacts 128.4
Sales impacts 117.5
Environmental sustainability 121.2
Summary innovation index 117.8

Source: developed by the author based on European
Innovation Scoreboard (2023)

Here, one of the strongest areas of development was
the work of small and medium-sized enterprises, which
take responsibility for innovations at the level of small
private enterprises. Business investment in innovation by
large non-state companies had a significant impact. The
data for another representative of the group of strong in-
novators — France — were presented in Table 4.

Table 4. Key parameters
for France’s innovative development in 2023

The strength of the French innovation policy was the
visible finance and support and proper attention to the de-
velopment of human resources. Therewith, the final indica-
tors do not demonstrate breakthrough solutions and were
at the level of the average arithmetic data of the European
Union. The Czech Republic, despite the background of the
East European socialist bloc, was able to join the ranks of
developed economies quite quickly and establish its inno-
vation policy. The main indicators of this activity for 2023
were summarised in Table 5.

Table 5. Key parameters
of the Czech Republic’s innovative development in 2023

Indicator Ratio to EU average
Human resources 82.7
Attractive research systems 82.6
Digitalisation 76.7
Finance and support 82.1
Firm investments 113.2
Use of information technologies 100.4
Innovators 138.2
Linkages 94.1
Intellectual assets 63.1
Employment impacts 106.1
Sales impacts 103.1
Environmental sustainability 99
Summary innovation index 94.7

Source: developed by the author based on European
Innovation Scoreboard (2023)

Despite a general level of innovation that was below
the EU average, the Czech Republic had managed to take
its rightful place in the group of moderate innovators
due to the development and implementation of innova-
tions in small and medium-sized enterprises. In addition,
the state’s ability and willingness to utilise borrowed and
acquired information technology had given the innovative
trend in the national economy the necessary impetus. The
second representative of the group of moderate innovators
was Italy. Despite a long tradition of enlightenment and in-
novation, the indicators of innovation development at this
stage were relatively low and were presented in Table 6.

Table 6. Key parameters
of Italy’s innovative development in 2023

Indicator Ratio to EU average Indicator Ratio to EU average

Human resources 126.3 Human resources 62.1
Attractive research systems 117.1 Attractive research systems 106.2
Digitalisation 112.3 Digitalisation 77.9
Finance and support 132.7 Finance and support 66.8
Firm investments 89.7 Firm investments 72.3

Use of information technologies 73.8 Use of information technologies 79.5
Innovators 104.5 Innovators 115.2

Linkages 120.9 Linkages 92

Intellectual assets 80.6 Intellectual assets 107.6
Employment impacts 110.1 Employment impacts 107
Sales impacts 81.7 Sales impacts 92.8
Environmental sustainability 118.3 Environmental sustainability 113.4
Summary innovation index 105.3 Summary innovation index 90.3

Source: developed by the author based on European
Innovation Scoreboard (2023)
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Source: developed by the author based on European
Innovation Scoreboard (2023)
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As can be seen from the table, the country’s potential
was growing, largely due to government policies to stimu-
late the scientific sphere and its intellectual assets. High
indicators of environmental sustainability, including re-
source efficiency, reduction of harmful emissions into the
atmosphere and development of environmental technolo-
gies, deserve special attention. In particular, the data for
Poland were summarised in Table 7.

Table 7. Key parameters
of Poland’s innovative development in 2023

Indicator Ratio to EU average
Human resources 58.3
Attractive research systems 46.2
Digitalisation 81.1
Finance and support 61.2
Firm investments 59.3
Use of information technologies 90.3
Innovators 41.4
Linkages 73.7
Intellectual assets 84.2
Employment impacts 50.8
Sales impacts 68.2
Environmental sustainability 43.8
Summary innovation index 62.8

Source: developed by the author based on European
Innovation Scoreboard (2023)

Despite the relatively low performance in almost all
categories of innovation activity, the growth of digitali-
sation of the country and its population can be highlight-
ed, as intellectual assets, which include various forms of
intellectual property rights established in the process of
innovation, including patent applications and trademark
applications. On these parameters, the country was almost
approaching the European average. Another country in the
group of potential innovators was Bulgaria. Its indicators
were presented in Table 8.

Table 8. Key parameters
of Bulgaria’s innovative development in 2023

Indicator Ratio to EU average
Human resources 32.7
Attractive research systems 26.6
Digitalisation 49.8
Finance and support 22.1
Firm investments 35
Use of information technologies 48.1
Innovators 56
Linkages 354
Intellectual assets 92.5
Employment impacts 56.7
Sales impacts 59.7
Environmental sustainability 46.2
Summary innovation index 46.7

Source: developed by the author based on European
Innovation Scoreboard (2023

At this stage, Bulgaria was in the rear-guard of Europe-
an economies, and its total innovation score was not even
half of the EU average. Therewith, a relatively high level of

F. Mehdi

sales impact can be recognised, including exports of me-
dium- and high-tech products, exports of knowledge-in-
tensive services and sales of the results of the introduction
of innovative products. In addition to the countries of the
European Union, it was essential to explore the innovation
performance of its neighbours to provide additional exter-
nal criteria for assessing performance on the one hand and,
on the other hand, to monitor the innovation potential of
the EU’s trading partners in advance. The UK, having left
the EU, remains one of the most important economies on
the continent with a large innovation potential. Its perfor-
mance for 2023 was summarised in Table 9.

Table 9. Key parameters
of the UK’s innovation development in 2023

Indicator Ratio to EU average
Human resources 161.5
Attractive research systems 170.6
Digitalisation 39.1
Finance and support 122.6
Firm investments 76.2
Use of information technologies 120.2
Innovators 48.1
Linkages 206.5
Intellectual assets 70.4
Employment impacts 147.3
Sales impacts 106.8
Environmental sustainability 116.1
Summary innovation index 114.8

Source: developed by the author based on European
Innovation Scoreboard (2023)

In general, the innovation rate of almost 120% cor-
responds, according to the EU classification, to the group
of “strong innovators”. The indicators that allow deriving
such an impressive coefficient deserve particular atten-
tion — they were linkages, the attractive research systems
in the state, and a high assessment of human resources. In
the context of the geopolitical situation, it was particularly
important to assess the innovative activity of Turkey, which
historically had been a “bridge” between Europe and Asia.
According to the dynamics of development and introduc-
tion of modern technological innovations by this state, it
was possible to develop forecasts regarding the innovation
potential of both Central Asian and Transcaucasian regions.
Turkey’s coefficients for 2023 can be found in Table 10.

Table 10. Key parameters
of Turkey’s innovative development in 2023

Indicator Ratio to EU average
Human resources 48.5
Attractive research systems 45.6
Digitalisation 36.6
Finance and support 68.6
Firm investments 46.8
Use of information technologies 32.6
Innovators 58.4
Linkages 64.7
Intellectual assets 27.1
Employment impacts 23.1
Sales impacts 65.9
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Table 10. Continued

Indicator Ratio to EU average
Environmental sustainability 44.1
Summary innovation index 47.6

Source: developed by the author based on European
Innovation Scoreboard (2023)

The indicators at this stage were relatively low and
were less than half of the average European innovation
rate. Attention should be devoted to such indicators as
the attraction of innovative technologies and the impact

on employment — the figures for these indicators were
extremely low, which may indicate the potential for the
development of these areas. In addition to assessments
of innovation activity as of 2023, “at the moment”, it was
equally important to understand the dynamics of the
process. Having the trend of indicators in comparable
values, it was possible to characterise the development
of the national investment policy and get an idea of its
near future. Due to the website of the European Innova-
tion Scoreboard, it was possible to obtain data from 2016
onwards (Table 11).

Table 11. Dynamics of the innovation development index
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Year 2016 2017 2018 2019 2020 2021 2022 2023
Belgium 122.3 123.7 125.9 129.3 127.6 136 136.9 136.4
Denmark 133.3 134.5 134.2 137.8 140.1 144.5 146.5 149.2
Germany 120.2 120.4 121.1 121.6 122.1 127.1 129 127.8

France 115.8 115.6 116.4 114.2 114.7 113.1 115.5 114.2
Czech Republic 81.7 81.7 82.1 83.2 85.7 89.1 92.3 102.7
Italy 82.4 83.6 84.4 89.9 92.9 102 103.6 98
Poland 54.8 56.4 56.5 58.9 58.3 61 62.9 68.1
Bulgaria 46.3 45.9 44.8 46.3 46.9 45.1 44.6 50.6
UK 123.3 126.9 128.2 128.5 130.3 124.7 127.1 124.5
Turkey 51.2 52.4 54.5 60.5 61.5 51 50.9 51.6

Source: developed by the author based on European Innovation Scoreboard (2023)

As can be seen from the data, for Belgium, innovation
had a noticeable constant growth except for a slight de-
cline in 2016. According to the table, after five years of rel-
ative stability, there was an explosive surge in innovation
performance in 2021 and the positive trend continued in
the following years in Denmark. Germany saw a major
jump in the index in 2021 after several years of relative
stability. Therewith, this country, unlike the innovation
leaders Belgium and Denmark in 2023, failed to maintain
the trend and experienced a decline in the final index.
The picture of innovation in France differs significantly
from that of previous national economies. After the peak
in 2018, the indices declined. The small “rebound” in 2022
was too insignificant to make a significant difference. The
Czech economy, although lagging behind the absolute
indicators of “Old Europe”, demonstrates constant and
steady growth in relative terms. The same applies to in-
novation policy.

Italy’s innovation performance was in line with the
EU average for the 2016 sample. Having received small
impulses in 2019 and 2021, the rest of Italy’s innovation
activity had been stagnant, and after eight years, the in-
novation index had only reached the EU average of 2016.
From the group of the weakest countries in terms of in-
vestment, Poland was distinguished by its relatively strong
dynamics and potential. As can be seen from the Table 11,
the Poland’s innovation activity sometimes demonstrates
minimal growth values, nevertheless, the trend was posi-
tive throughout the entire period of observation. It was not
the case for Bulgaria — the country’s innovation index was

in chaotic movement and after periods of upswing there
were sharp declines in 2018 and 2021. Further monitoring
of the innovation indices was needed to understand the
subsequent dynamics.

Of the non-EU European countries, the UK has the
largest economy. The Table 11 demonstrates a strong
growth of the index until 2020 and a sharp decline in 2021.
Therewith, notably, despite such shocks, the UK’s innova-
tion index was still well above the EU average. Turkey, as
a logistics hub between Europe and Asia, is important in
terms of innovation policy development. Based on the data
in the Table 11, it can be argued that innovation develop-
ment in Turkey was practically non-existent — the country
was still at the level of 50% of the EU innovation potential
of 2016. Moreover, this indicator was virtually unchanged
from year to year, which means that a significant external
impetus was required to turn the situation around.

Thus, 12 categories of innovation indicators for 2023
and the dynamics of aggregate indices of a number of coun-
tries for 8 years were analysed. Therewith, for the fullest
possible understanding of the further development of in-
novation in the European Union, it was necessary to deter-
mine the relationship between innovation indicators and
the country’s GDP. Table 12 summarises these indicators
for a number of examined countries in 2023, the latest year
for which the World Bank had published official informa-
tion. Since there was a notable variation in the correlation
between the level of innovation and GDP, to determine the
mathematical relationship between the two, a regression
analysis of the data was conducted (Table 13).
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Table 12. Key indicators of the countries examined

Country Innovation Index-2023 GDP-2023, million $
Belgium 136.4 644,782
Denmark 149.2 407,091
Germany 127.8 4,525,703
France 114.2 3,051,831
Czech Republic 102.7 343,207
Italy 2,300,941
Bulgaria 50.6 102,407
Poland 68.1 809,200
UK 68.1 3,380,854
Turkey 51.6 1,118,252

Table 13. Regression statistic

Multiple R 0.145238568
R-square 0.021094241
-0.101268978
1,614,366.766
Observations 10
1,062,578.9067
6,267.175889

Standardised R-squared

Standard error

Y-intersection
Variable X1

Source: developed by the author

These results indicate a weak correlation between the
2023 Innovation Index and the GDP of the countries. The
R-square value suggests that only about 2.1% of the varia-
tion in GDP was explained by the level of innovation devel-
opment. With a noticeable degree of error, the correlation
between the innovation index and GDP can be determined
by the formula (1):

GDP=1,062,578+6,267 <1, 1)

where I, — innovation index. Thus, the obtained results
identified innovation leaders by key parameters of inno-
vation activity and determined the dynamics of innova-
tion policy development in several European countries. A
regression analysis of the relationship between GDP and
innovation was conducted, which did not identify a strong
correlation between these indicators.

M DISCUSSION

The subject of innovation development as the most im-
portant factor in stimulating national economies and
improving civilisation, in general, attracts the deserved
attention of many researchers. The issue of innovation
had become especially relevant with the emergence of the
Internet and the subsequent digital technological break-
through. K. Mtar & W. Belazreg (2021), exploring the
causal link between innovation, financial development
and economic growth in the OECD countries, found that
there was a unidirectional causal connection between the
elements examined. The authors concluded that further
regulation of financial systems and the quality of finance
were critical to stimulating economic development, and
national governments can play an important role in de-
veloping legislative frameworks that favour the develop-
ment of innovation financing through patent guarantees.
In addition, M. Capriati (2022) identified a complementary

Source: developed by the author based on GDP (current US$) (2023)

connection between innovation and human capital devel-
opment, and innovation and a country’s GDP. The research-
er concluded that it was crucial to define human develop-
ment as the ultimate purpose of innovation policy and that
it was necessary to develop a macroeconomy designed to
fully implement the potential of citizens. This research
confirms the correlation between innovation and the eco-
nomic development of a state — the higher the standard of
living in a country, the higher its innovation rating.

I.A. Bathuure (2021) determined in his work the im-
pact of social innovation on economic growth in the ex-
ample of 147 countries proved that investments in digital
communication technologies should be a priority, as they
significantly reduce the cost of establishing and maintain-
ing personal connections of employees, which positively
affects labour productivity. In addition, innovation plays
an important role in the global project of sustainable de-
velopment. R.Y. Castillo-Acobo et al. (2023) explored the
impact of innovation and willingness to transform closed-
loop economies into environmentally sustainable models.
In the process, the authors obtained evidence of a positive
relationship between innovation adoption and sustaina-
ble development. A similar aspect of innovation was ex-
plored by J. Kucera & M. Fila (2022) and K. Belanova (2024).
P. Nunes & K. Sytnychenko (2024) and R.R.N. Ghormare et
al. (2024) identified the main components of the circular
economy, identified the impact of these variables on the
economic growth of the European Union countries and
proved that all three components of sustainable develop-
ment - environmental, social and economic — were signifi-
cant for GDP growth. Therewith, as the results of this work
confirm, there was no straight correlation between GDP
volume and innovation index, and countries with smaller
economies (Belgium, Denmark) overtake such European
economic giants as Germany or the United Kingdom in
terms of innovation development.

R. Bago et al. (2023) were able to identify the most
relevant innovation areas for investment activities. By
assessing the correlation between the volume of exports
of high-tech products and the volume of net portfolio
investment, they managed to rank 130 countries exam-
ined by four categories of efficiency of investment in
innovative developments. This research confirms the
attractiveness of investment areas such as digitalisa-
tion and human capital development. To explore more
fully the impact on human capital development of such
an aspect of innovation as modern university education,
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T. Agasisti & A. Bertoletti (2022) conducted a longitudi-
nal study of European regions between 2000 and 2017.
The duration of the experiment allowed maximising the
impact of innovation and almost eliminating the factor
of randomness. The result was an unambiguous conclu-
sion that innovation in R&D activities was an important
driver of GDP per capita growth in the region, regardless
of the form of ownership of the educational institution.
By analysing the level of individual firms, E. Chalioti et
al. (2020) found that as competition between exporters
of a non-innovative product becomes more intense, an
innovative firm export more compared to its non-innova-
tive competitors in more distant markets and confirmed
this hypothesis empirically using the example of Greek
exporting firms. Thus, it can be concluded that reorien-
tation towards operating with innovative products was
a profitable alternative to operating in an oversaturated
“conventional” product market. Indirect confirmation
of this conclusion was obtained in the present research,
where it was demonstrated that an increase in the Sales
Impact Index tended to correspond to an increase in the
Generalised Innovation Activity Index.

Either way, a modern enterprise can use changes in
the innovation market environment as an opportunity
to establish new products and services that constitute a
competitive advantage defined by the business strategy
adopted. S. Pangsy-Kania et al. (2023) explored the rela-
tionship between business strategies used in industrial
enterprises and their effects in the form of different types
of innovations. Based on statistical data for several EU
countries, a cluster analysis was conducted and the hy-
pothesis was confirmed that the importance of business
strategies for innovative companies varies from country to
country and combinations of different innovation strate-
gies were the most effective. Another important aspect of
innovation development was the ability of authors of an
invention or discovery to protect their intellectual proper-
ty. The lack of effective patenting and royalty mechanisms
can significantly reduce or even stop R&D altogether. It
was particularly true for companies in the private sector.
S. Kwon (2020) examined how a firm’s acquisition of ex-
ternal patents affects the innovation activities of compet-
ing firms. By analysing the literature on patent delays and
examples of firms’ strategic use of patents, the researcher
confirmed the hypothesis that the purchase of an external
patent constrains the development of relevant technolo-
gies within a competitive environment.

Consequently, a balance between intellectual proper-
ty protection and the ability of the rest of the market to
legally utilise innovative achievements was necessary for
the development of innovation. D. Hegde et al. (2023) ex-
amined a large-scale natural experiment — the passage of
the American Inventors Protection Act of 1999 — which ac-
celerated the public disclosure of most U.S. patents by two
years. After the Act went into effect, U.S. patents were cited
more frequently and more quickly, fuelling the diffusion
and dominance of U.S. technologies against lagging Euro-
pean patents whose disclosure timelines were not changed.
Thus, the patent activity of a country was a marker of the
activity of its investment activity. For a more complete
assessment of innovation efficiency, L. Ponta et al. (2021)
proposed to introduce a special patent index IPI, which
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allows quantitatively summarising various aspects of inno-
vation activity of firms. In their work, the authors, using
three different machine learning algorithms, identified five
key aspects of IPI - efficiency, time, diversification, quali-
ty and internationalisation — and proved that this method
was effective, easy to use and indispensable in planning in-
novation potential.

M. Dritsaki & S. Dritsaki (2023) and A.F. Bate et
al. (2023) examined the relationship between R&D expend-
iture and the global innovation index across countries. The
results of the research demonstrated a long-term positive
significant relationship between R&D investment and the
innovation index, whereas in the short term, the correla-
tion was negative. Similar trends in the European invest-
ment market were observed in this research. The experi-
ence of the above authors helped to define the background
of investment activity and identify its specific features in
the context of real markets, primarily European. Compar-
ing the results of this work with the experience of other
studies, it can be stated that there was no stable regression
relationship between the innovative activity of the state
and the size of its GDP.

B CONCLUSIONS

The European Union’s dedication to promoting innova-
tion was reaffirmed by the European Innovation Score-
board 2023, which also noted a consistent improvement
in innovation performance over the previous eight years.
Overall, the EU’s innovation growth since 2016 was about
8.5%, with most Member States exhibiting encouraging
trends. To guarantee balanced development, additional
national and regional policy measures were required, as
the continent’s progress was still uneven. The examination
of important innovation metrics shows that Belgium and
Denmark have solidified their positions as leaders, outper-
forming the EU average in several areas, most notably in
the areas of digitalisation, research system attractiveness,
and human capital development. Despite their relatively
modest growth rates, Germany and France were still in a
good position. Though at a slower rate, up-and-coming in-
novators like Poland and the Czech Republic have shown
encouraging trends. On the other hand, with only modest
gains seen in their respective innovation indexes, Bulgar-
ia and Turkey continue to rank among the least inventive
economies in the area.

Although there was a broad association, regression
study of the relationship between GDP and innovation
performance showed that it was not strictly linear. In
terms of innovation production, certain smaller econo-
mies — like Belgium and Denmark - that had robust in-
novation policies perform better than larger ones like
Germany and the UK. This implied that, regardless of
GDP size, focused innovation policies, calculated R&D
expenditures, and improved public-private sector collab-
oration were essential for promoting innovation. The re-
sults highlighted the need for more public and private in-
vestment in R&D, clear funding procedures, and improved
support systems for start-ups and tech-driven businesses
from a policy standpoint. To further reduce the innova-
tion gap within the EU, it will be crucial to establish re-
gional innovation hubs and promote cross-border coop-
eration. Furthermore, in order to guarantee a sustainable
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knowledge-based economy, methods for retaining talent  economic contexts, even though the study offers insights
must be given top priority. Finding recurring patterns in  into the current state of innovation in Europe.

the growth of innovations and emphasising important ar-

eas for further investment were the research’s practical M ACKNOWLEDGEMENTS

implications. Further research is required to examine the = None.

long-term effects of emerging technologies, the role of

artificial intelligence in innovation ecosystems, and the M CONFLICT OF INTEREST

efficacy of governmental innovation policies in various  None.
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M AHoTauifa. MeTow LbOTO HOCTIAKEHHS 6Y/I0 MPOAaHATi3yBaTH K/IIOYOBI XapaKTEPUCTUKM iHHOBAIil y BMOpaHUX
€BpOIeJiCbKMX KpaiHax i, Ha OCHOBI IIbOTO aHasi3y, BUSHAUMUTY KOPEJAIil0 MK 3pOCTaHHSM iHBeCTMUIIili B iHHOBalliliHi
pillleHHSI Ta IMHAMIiKOI0 €KOHOMIYHOTO PO3BUTKY AepskaB. Y MeXaxX MOCTiIKeHHS 6yl PO3MISHYTI Taki MOKa3HUKU
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Ta IPUBATHI iHBeCTHUIIii B iHHOBALIi1, iHTe/JIeKTya bHi aKTUBY Ta €KCIIOPT HAYKOMiCTKOI MPOAYKIIii Y KiJIbKOX €BPOITEIChKIX
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BU3HAUMTM K/IIOUOBI BEKTOPM PO3BUTKY OKPeMMX KpaiH i BCTAaHOBUTM 3aJI€XKHICTb €KOHOMIYHOIO 3POCTaHHS Bif
(iHaHCOBMX iIHBECTUIIiI Y HOBi TEXHOJIOTI{ Ta MIBUIKOCTI iX BIPOBaixKeHHs. Pe3ynbraTy mokasanu, 1o benbrist Ta TaHis
JIIeMOHCTPYIOTb HalBUIINIA PiBeHb IHHOBALIfHOT aKTMBHOCTI, 3HAYHO MMepeBUIIYI0UM cepefHi mokasuuku €C, 30kpema
3a piBHeM mdpoBi3zallii, po3BUTKY JIOACHKOTO KamiTaJy Ta MPUBAGIMBOCTI HAYKOBUX IOCTiIKeHb. HimMeuunmHa Ta
DpaHIlis [eMOHCTPYIOTh CTabilbHe, ajie MOMipHe 3pOCTaHHs iHHOBAIifHMX TTOKA3HYKIB, TOZi sIK [Tosbiia Ta Yexist MaroTh
TO3UTUBHI, aJie 6i/bII TOBiNbHI TeHIeHIii. BomHouac Bonrapis ta TypeuunHa ONMHWIKCS cepeJi HaliMeHII iHHOBAIiltHUX
eKOHOMIK perioHy. Perpeciitnuit anaini3 B3a€Mo3B’s13Ky Mixk BBII Ta inmexcoM iHHOBallilt MoKa3as, 110 L KOpesiis He
€ CTpOTO JiHiliHOW0. [lesKi MeHIIli eKOHOMiKM 3 e(heKTMBHOI iHHOBAI[ifHOKO TMOJITUKOI JeMOHCTPYIOTh BUIIMI PiBEHb
PO3BUTKY iHHOBAIIii1, HXX 6111111 KpaiHu. OTpUMaHi pe3yabTaTy MiAKPeCTIOI0Th He0OXiHICTD 36iTbIIeHHS SIK AePKaBHUX,
TaK i mpuBaTHUX iHBecTHUIiiT y chepy R&D, onrtumisariii MexaHi3miB hiHaHCYBaHHS Ta 3MiI[HEHHS J€P’KaBHO-TTPUBATHOTO
MapTHepCTBa IJIs1 MiATPUMKM iHHOBaIii. [IpakTMYHe 3HAUEHHS MOCTiIKeHHS TO/SITaE y BU3HAUEHHI ITPOrHO30BaHUX
TeH/IeHIIiii iHHOBAIliiHOI aKTMBHOCTI, BU/Ii/IEHHI HaiOi/MbILI MTepCIIEeKTUBHUX HAIPSAMIB IJi1 MaiibyTHIX iHBeCTHUIIiil Ta
BM3HaueHHi KII0Y0BUX cdep 3aCTOCYBaHHS HOBITHIX TEXHOJOTI
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The role of public investment in innovative projects during martial law

M Abstract. The purpose of the study was to analyse the impact of martial law on public investment in innovation
projects and to identify ways to adapt them to the new economic environment. The study analysed changes in financial
and economic policy during martial law, assessed the priorities of public investment in innovation, and investigated the
impact of regulatory measures on the development of technology projects. The martial law in Ukraine has significantly
changed the economic priorities of the state, affecting the mechanisms for financing innovation projects. The analysis
showed that a significant portion of public resources was redirected to defence needs, with defence funding amounting
to UAH 350 billion in 2022 and expected to reach UAH 550 billion in 2024. This has also contributed to the development
of dual-use technologies. The introduction of tax incentives and grant programmes has supported businesses operating
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The role of public investment in innovative projects during martial law

in strategically important sectors, including cybersecurity, healthcare, and energy. Public investment in innovation in
2022 was only UAH 5.8 billion, but in 2024, this figure increased to UAH 7 billion, which became a key tool to support
the national economy in the face of limited access to private capital. The creation of strategic funds made it possible
to allocate funds for the development of critical innovative solutions that ensure defence capability and economic
stability. An analysis of legislative changes has shown that the government has simplified the procedures for financing
innovative projects and encourages the export of technological products. Despite serious challenges, the country retains
the potential for innovative development through the adaptation of financial instruments and the active use of public-
private partnership mechanisms. The study identified effective approaches to financing innovative projects under martial
law, which contributes to the development of a strategy for economic sustainability and technological development

M Keywords: defence capability; tax incentives; grant programmes; cybersecurity; energy; economic resilience

H INTRODUCTION

The martial law in Ukraine has led to new economic chal-
lenges that have affected financial processes, investment
mechanisms and strategic priorities of the state. Changes
in the budget structure and the reallocation of resources
to defence and security needs have significantly narrowed
the opportunities for traditional financing of innovative
projects. At the same time, the growing importance of du-
al-use technologies and the development of strategically
important sectors of the economy, including cybersecu-
rity, healthcare, and energy, require new approaches to
public investment. In such circumstances, public funding
becomes crucial for maintaining economic stability and
promoting the country’s technological development. An
analysis of financial instruments and tax incentives to sup-
port innovation, as well as the adaptation of legislation to
current realities, will help determine the prospects for the
development of innovation even in times of war.

The issue of the impact of martial law on investment
in innovative projects is important for understanding eco-
nomic processes in a crisis. E.S. De Dios et al. (2021) noted
that martial law forced the Philippines to redirect resourc-
es to defence, which limited the ability to finance innova-
tive projects. At the same time, it has stimulated the de-
velopment of vital technologies, particularly in the defence
and security sectors.]. Juliana et al. (2022) emphasised that
the introduction of tax incentives was necessary to stim-
ulate private investment in high-tech and defence indus-
tries during martial law. This helped to ensure economic
sustainability and development of strategic sectors, even
in the face of limited access to finance. S. Choi et al. (2021)
highlighted the role of government grants as an effective
tool to support innovative start-ups in times of economic
instability. They also pointed out that government support
helped to overcome the shortage of investment resources
for technological development. Researchers J. Shkabatur et
al. (2021) noted that foreign investment inflows played a
crucial role in the development of innovative projects in
strategic sectors, including energy and defence. This re-
quired the development of special government support
programmes that created attractive conditions for inves-
tors. Y. Zeng & T. Peterson (2024) emphasised the impor-
tance of government subsidies and soft loans for companies
developing dual-use technologies. This made it possible to
support innovative projects even in conditions of limited
budget and instability.

V. Anghel & J. Dzanki¢ (2023) studied the adaptation
of public investment in the context of military conflict and
justified the need to create special investment funds for
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the development of strategic technologies. They believed
that these funds should have been focused on supporting
enterprises that were engaged in critical developments for
the state. Y. Chen et al. (2022) emphasised that the role of
national governance is critical to ensure the stability of in-
vestment in times of crisis. This is especially important for
ensuring economic resilience in times of war, when risks
and challenges are increasing. G. Ampratwum et al. (2022)
analysed the prospects of public-private partnerships as a
tool for minimising financial risks in the implementation
of innovative projects. They believed that such partner-
ships could become the basis for sustainable financing of
technology initiatives. P. Kulikov et al. (2022) noted that to
maintain interest in innovative projects during the war, it
was necessary to develop new financial mechanisms that
reduced investment risks. They proposed the creation of
special support programmes for enterprises operating in
critical industries. Z. Sinaj et al. (2024) emphasised the
need to develop strategic investment programmes aimed
not only at supporting innovation, but also at strengthen-
ing the country’s technological independence. They should
be based on long-term priorities for the development of the
national economy in the context of military conflict.

Despite the existing research, there are gaps that re-
quire further study. In particular, the specific mechanisms
of public-private partnerships under martial law, as well as
a comprehensive analysis of the impact of changes in tax
policy on attracting investment in technology sectors, have
not been sufficiently studied. Another critical area is to as-
sess the effectiveness of the created investment funds and
their impact on the development of innovations in critical
sectors. The purpose of the study was to comprehensively
analyse the impact of martial law on public investment in
innovative projects and develop proposals for their reori-
entation to address pressing economic issues in the new
environment. Research objectives are: to investigate the
impact of tax benefits and government grants on stimulat-
ing investment in innovative projects; to analyse the effec-
tiveness of public-private partnerships as a mechanism for
minimising financial risks during the period of military op-
erations; to assess the feasibility of creating special funds
to support strategic technologies in times of crisis.

B MATERIALS AND METHODS

The study analysed changes in the economic environment
in 2021-2024 in Ukraine (World Economic Forum, 2024),
driven by the increase in public spending on defence and
security, as well as the redistribution of the budget to
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support key industries. The first step was to study the
changes in economic conditions caused by the need to in-
crease public spending on defence and security and to real-
locate the budget to support key industries. This included
an analysis of changes in tax incentives for strategically
important sectors, such as defence technology and ener-
gy security, and a study of how these changes affected the
attraction of private capital to innovative projects. An im-
portant aspect was to assess how the increased economic
and political risks associated with the war could affect the
country’s investment attractiveness and the willingness of
businesses to participate in such projects.

The second area of the study was to identify priorities
for public investment in 2021-2024 (Innovative activity of
industrial enterprises, 2018). The study analysed which
industries receive the most support from the state under
martial law, including funding for defence technologies,
cybersecurity, and energy independence. At the same time,
the creation of special strategic funds for the development
of innovative projects to maintain economic stability in a
crisis and promote technological development in impor-
tant areas was studied. Particular attention was paid to
supporting scientific and technological research, particu-
larly in key areas such as medicine and logistics, which are
critical to national security.

The next step was to explore the possibilities of de-
veloping public-private partnerships to increase the effi-
ciency of public funds. It was analysed how co-financing
of innovative projects could reduce the budgetary burden,
and how involvement of the private sector in the devel-
opment of new technologies could help to speed up their
implementation and increase their economic efficiency. An
important aspect was also the simplification of conditions
for launching innovative start-ups, which can stimulate
entrepreneurial activity in this difficult period. The study
analysed the changes in the economic situation in Ukraine,
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in particular the increase in public spending on defence
and security, which leads to a redistribution of budgetary
resources and affects the financing of other sectors. The
transformation of the financial and tax environment, in-
cluding the introduction of privileges and subsidies for
strategically important industries and the creation of
grant programmes to support innovation, is also consid-
ered. Particular attention is paid to the impact of martial
law on investment in innovative projects, including risks to
attracting private capital and opportunities for developing
public-private partnerships.

The last important aspect was the study of changes
in legislation to create favourable conditions for innova-
tion under martial law, including simplification of financ-
ing and registration of innovative enterprises, as well as
stimulation of foreign investment. In particular, the meas-
ures introduced in April 2022 were analysed (Nosenko et
al., 2023). This included the reduction of the single tax rate,
the temporary abolition of mandatory payments for indi-
vidual entrepreneurs, the introduction of a zero-excise tax
on fuel and the reduction of the value added tax (VAT) rate,
which helped to stabilise the market and ensure the supply
of essential goods.

M RESULTS

Changes in the economic situation during martial law
Martial law usually has a significant impact on a country’s
economy, changing its structure and functioning in various
areas. In Ukraine, starting in 2022, the economic situation
has undergone significant changes due to military opera-
tions and the need to reorient resources to ensure national
security. In this context, there are three main aspects of
changes in the Ukrainian economy: increased defence and
security spending, reallocation of the state budget to sup-
port critical industries, and the impact of increased risks on
private capital attraction (Table 1).

Table 1. Changes in the economic situation in Ukraine

Indicator 2021 2022 2023 2024
Economic growth (GDP, %) 3.4 -30.4 -4 1.5
Investment attractiveness 56 42 44 48
Exports of goods and services (billion USD) 49.3 25.5 30.2 34

Unemployment (%) 9 13.5 11 9

National currency exchange rate (UAH/USD) 27.1 37.3 39 38.5
Inflation (%) 10 22.3 19.7 15

External debt (USD billion) 126 150 170 180

Source: created by the authors based on World Economic Forum (2024)

One of the most important consequences of martial
law is a significant increase in defence and security spend-
ing. In times of war, the state is forced to significantly in-
crease funding for the army, law enforcement agencies and
other bodies that ensure national security. This includes
spending on the purchase of weapons, equipment, logis-
tics, and financing the needs of military personnel and vol-
unteer groups. These expenditures can have both positive
and negative effects on the economy. On the one hand,
they stimulate certain industries, in particular, the pro-
duction of defence equipment, weapons, and ammunition.
On the other hand, the reorientation of financial resources
towards defence often leads to a reduction in funding for

other important sectors, such as education, healthcare, and
social protection (Becker & Dunne, 2021).

During martial law, the structure of public spending
changes significantly. The budget, which could previous-
ly have been focused on social benefits or infrastructure
development, is redirected to finance industries that are
strategically important to the country. One of these is the
energy sector, which ensures the operation of the entire
infrastructure and the maintenance of production facili-
ties. Particular attention is paid to the agricultural sector,
which is important for the country’s food security, as well
as to the transport infrastructure, which ensures the sup-
ply of essential goods. Budget reallocation may lead to a
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reduction in funding for sectors that are not critical in a
time of war. For example, capital investment in infrastruc-
ture, research, and other long-term projects may be sus-
pended or reduced, which could affect the sustainability of
economic development after the war ends in the long run.
One of the main challenges for the economy during mar-
tial law is the increase in risks associated with investment
activities. Martial law is accompanied by increased uncer-
tainty and risks, which significantly reduces the country’s
attractiveness to foreign investors. Increased geopolitical
and economic risks, including a decline in confidence in the
stability of the legal system and financial infrastructure,
make investment in the country less profitable. Investors
often decide not to invest in countries with high political
and economic risks, even if the market remains large and
promising. As a result, the domestic market is experiencing
a shortage of investment that could stimulate innovation,
business development, and support for small and medi-
um-sized enterprises. At the macro level, the government
may try to compensate for the lack of private investment by
attracting international aid and loans, which could lead to
an increase in external debt (Sun et al., 2023).

All three aspects-increased defence and security
spending, reallocation of the state budget to support criti-

cal industries, and the impact of increased risks on private
capital attraction-indicate that martial law is changing
Ukraine’s economic landscape. While these changes are
necessary to ensure national security, they also have se-
rious economic consequences. The redirection of funding
to defence and critical industries often results in fewer re-
sources available for the development of other sectors of
the economy, which can have lasting consequences for the
country’s stability and economic growth. At the same time,
increased risks for private capital limit the opportunities
for attracting investment, which significantly affects eco-
nomic recovery and modernisation.

Changes in financial and tax conditions

Martial law, like any emergency situation, requires prompt
decisions to ensure economic stability. In Ukraine, due to
the war, changes in the financial and tax environment
were introduced to support key sectors of the economy
and stimulate innovation. Particularly important are
measures such as the introduction of tax incentives for
strategically important industries, the creation of grant
programmes to support innovative developments, and the
introduction of subsidies for enterprises engaged in du-
al-use technologies (Table 2).

Table 2. Changes in financial and tax conditions in Ukraine

Indicator 2021 2022 2023 2024
Income tax rate (%) 18 15 15 18
. . ) Inspections were carried Moratorium on Moratorium on . .
Moratorium on inspections - - - - The moratorium remains
out inspections inspections
o Benefits for farmers, tax | Continuation of benefits Limited benefits for
Tax benefits Missing . .
deferral for small businesses business recovery
Land tax rates (UAH/ha) 3,600 1,800 1,800 2,000
Tax revenues (bn UAH) 454.1 325.5 315.7 350
Financing of defence needs
(bn UAH) 130 350 500 550
Real estate tax (UAH/m?) 0.50 0.10 0.10 0.20
VAT rate (%, average rate) 20 10 10 20

Source: created by the authors based on N. Bak & A. Kharovska (2023)

One of the first steps taken to adapt the economy to
martial law was the introduction of tax breaks for strategi-
cally important industries. In a time of war, certain sectors
of the economy, such as energy, agriculture and defence,
are of particular importance. To support these industries,
the Ukrainian government has proposed tax cuts and tem-
porary exemptions to reduce the financial burden on busi-
nesses operating in these critical sectors. In particular,
companies engaged in the production of military equip-
ment and ammunition have been granted reduced corpo-
rate tax rates. This will provide them with the necessary
financial resources to fulfil government orders and develop
new technologies. In addition, farmers have been grant-
ed tax holidays, which has helped to maintain production
capacity in the agricultural sector, which is important for
the country’s food security (Markowski et al., 2021). These
measures also help maintain economic activity during the
war and are aimed at preserving jobs. However, their impact
on the country’s budget in the future may be difficult to
predict, as a decline in tax revenues in the short term may
affect the financing of other important social programmes.
A key element of economic adaptation during martial law is
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to support innovation and scientific and technological de-
velopments. One of the main strategies has been to create
grant programmes to support research and development
that not only helps the country during the war, but also
contributes to its recovery after the conflict.

The grants are provided to small and medium-sized
enterprises, start-ups and research institutes working in
areas such as information technology, energy, healthcare,
and defence technologies. This stimulates the develop-
ment of new technologies that can be used for both mili-
tary and civilian purposes (Peng & Tao, 2022). Grant pro-
grammes are of particular importance in times of war, as
supporting innovation can ensure economic growth in the
future by stimulating the development of high-tech sectors
that not only contribute to national security but can also
help Ukraine rebuild its economy after the war. In particu-
lar, start-up support programmes in the field of dual-use
technologies can become the basis for developing new ex-
port opportunities and attracting investment after the war.

Dual-use technologies are developments that can
be used in both the military and civilian sectors. Under
martial law, this area of activity becomes particularly
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important, as companies operating in this sector can pro-
vide the country with the necessary technologies for de-
fence and contribute to economic recovery after the war. To
support such enterprises, the government has introduced
a system of subsidies that provides partial funding for re-
search and development costs, as well as for the purchase
of necessary equipment and technologies. This allows en-
terprises to adapt their production capacities to wartime
requirements, in particular for the production of dual-use
products for both the army and the civilian sector. Subsidies
for enterprises engaged in dual-use technologies not only
provide operational support in times of war, but also lay the
foundation for economic growth in the long term. As many
of these technologies can be adapted for peaceful purpos-
es, they have a high potential for export, which will help
Ukraine increase foreign exchange earnings and strengthen
its competitiveness in global markets (Efendi et al., 2023).

Changes in financial and tax conditions during martial
law in Ukraine are important tools to support strategical-
ly important industries, stimulate innovation, and ensure
technological independence. In the future, the implemen-
tation of such initiatives could be a key factor in maintain-
ing economic stability in the short term and restoring the
country’s competitiveness in the future (Teremetskyi et
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al., 2024). In particular, tax holidays for small and medi-
um-sized businesses in critical sectors of the economy, ex-
emptions from import duties and VAT on equipment for the
production of defence products, grant programmes such as
eRobota supporting start-ups in the technology and ag-
riculture sectors, and state subsidies for the introduction
of energy-efficient technologies in industry have been in-
troduced. These measures help to adapt the economy to
wartime conditions and create the basis for recovery and
development after the war.

Priorities of public investments

Martial law is not only a period for maintaining stability
and ensuring national security, but also an important stage
in determining the priorities of public investment. In the
context of current geopolitical challenges, economic policy
should be aimed at ensuring strategic autonomy and devel-
opment of key sectors that determine the country’s future.
In Ukraine, during the war, the main areas of investment
were the financing of defence technologies, cybersecurity,
energy independence, the creation of strategic funds for
the development of innovative projects, and support for
scientific and technical research in the fields of medicine
and logistics (Table 3).

Table 3. Impact of martial law on investment in innovative projects in Ukraine

Indicator 2021 2022 2023 2024
State investment in innovation (bn UAH) 15.2 5.8 5 7
Foreign investment (USD billion) 4.5 1.2 0.8 1.5
Startup financing (bn UAH) 3.1 0.8 1 1.5
Investments in the IT sector (bn UAH) 4.5 2 1.5 3
. . IT, energy, agri-food
Tenery, | Menergyagt-tood | T energyaerfood |l nfasucane

Source: created by the authors based on Innovative activity of industrial enterprises (2018)

In times of war, the main priorities for public invest-
ment are defence technology, cybersecurity, and energy
independence. Being at war, Ukraine has to significantly
increase investments in its defence capabilities. This in-
cludes not only the purchase of the latest weapons and
equipment, but also the development of technologies that
ensure a high level of defence capability. Cybersecurity is of
particular importance in the face of modern threats. In addi-
tion to physical attacks, the aggressor is trying to carry out
cyber-attacks on critical infrastructure, banking systems
and government agencies. Investments in cyber defence
are becoming a key factor in ensuring the continuity of
state institutions and the economy during wartime. To this
end, government resources are being channelled to devel-
op encryption technologies, protect information systems
and train personnel to effectively counter cyberattacks.

Energy independence is also an important priority, as
Ukraine needs a stable energy supply, even during shell-
ing and other military operations. Investments in renew-
able energy sources, construction of new infrastructure
facilities, and modernisation of existing energy systems
help to reduce dependence on external suppliers and in-
crease the resilience of the energy infrastructure in times
of war (Ige et al., 2024). Creating strategic funds to support
innovative projects is an important area of public invest-
ment. Martial law requires not only defence mobilisation
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of resources, but also the creation of conditions for the de-
velopment of new technologies that can be used in both
military and civilian sectors. To do this, it is necessary to
attract investments in research, start-ups and innovative
companies that can form the basis for economic recovery
after the conflict ends.

Investments in start-ups that deal with dual-use tech-
nologies, digital development, energy, and infrastructure
allow the country to retain its intellectual potential and
promote economic growth even during a time of war. Es-
tablishing government funds that provide non-repayable
or low-interest financing is an important tool to support
innovative enterprises working to bring new products or
technologies to market (Riebe et al., 2024). It also creates
additional opportunities for the development of research
institutions that provide the country with innovative solu-
tions in various sectors, from defence to healthcare and
agriculture. Scientific and technical research in the fields
of medicine and logistics is also gaining importance under
martial law. The COVID-19 pandemic has demonstrated
how critical effective medical technologies and healthcare
systems are, but the war has highlighted an even greater
need for innovative solutions to provide medical care, treat
the wounded, and maintain public health (Wanget al.,2021).

Investments in the development of medical technol-
ogies — from the introduction of new treatments to the
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development of tools for the diagnosis and treatment of
severe injuries — are extremely important for the country.
This ensures a high level of medical care for both military
personnel and civilians, especially in resource-limited en-
vironments. Supporting research projects in the field of
logistics is also of great importance. In times of war, effi-
cient logistics is key to ensuring the supply of food, medi-
cine, weapons, and other essential resources. Creating in-
novative solutions for transport, warehousing, and supply
helps to reduce costs and increase the efficiency of public
and private companies involved in logistics.

The priorities for public investment under martial
law determine Ukraine’s future in several important areas.
Funding for defence technology, cybersecurity, and ener-
gy independence is essential to ensure national security
and resilience. The creation of strategic funds to support
innovative projects and scientific and technical research
in medicine and logistics helps preserve the country’s po-
tential to recover from the war and maintain the efficient
functioning of the economy even during the war. All these
priorities are key to Ukraine’s future development and its
ability to adapt to new economic and technological realities.

Development of public-private partnership
Public-private partnerships (PPPs) are an important tool
for ensuring sustainable economic development, particu-
larly in times of crisis or martial law. In Ukraine, given the
difficult economic and political situation, expanding and
intensifying this partnership can be an effective mecha-
nism for attracting investment, developing innovation, and
implementing important projects. One example of a suc-
cessful PPP is the implementation of a road infrastructure
modernisation project involving private investors, which
allows raising capital to rebuild roads and bridges at the
local level, creating new jobs and contributing to the de-
velopment of regional economies. In addition, the intro-
duction of a PPP programme in the energy sector allows
private companies to be involved in the reconstruction
of thermal power plants, which helps to reduce energy
dependence and ensure a stable supply of energy local-
ly (Fay et al., 2021). Co-financing of projects reduces the
budgetary burden, engages private companies in the devel-
opment of new technologies, and simplifies the conditions
for launching innovative start-ups.

One of the key advantages of public-private partner-
ships is the ability to attract private investment to finance
public projects. In the context of tight state budgets and
ever-increasing financial obligations, co-financing reduces
the burden on public funds and reduces risks to budgetary
stability. Projects in the infrastructure, energy, healthcare,
and education sectors require significant investments that
often exceed budget capacity. In this context, PPPs allow
private companies to take on part of the costs, which makes
it possible to implement important social and economic in-
itiatives without significantly increasing public debt. The
role of PPPs is particularly important in the restoration and
modernisation of infrastructure damaged during the war.
Co-financing allows private capital to be used to rebuild
infrastructure such as bridges, roads, hospitals and educa-
tional facilities, ensuring that they can be restored more
efficiently and quickly. In addition, private companies can
provide the necessary technological support, innovation,
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and project management to improve the quality and tim-
ing of work. The public sector is often limited in its ability
to develop new technologies due to a lack of resources or
high levels of bureaucracy. Private companies, on the other
hand, often have considerable capacity for innovation, but
may lack access to large-scale markets or funding to devel-
op and deploy their technologies.

Joint investments between the public and private sec-
tors can significantly accelerate the adoption of new tech-
nologies, which can contribute to technological progress
in critical areas such as defence, energy, healthcare, and
agriculture. The public-private partnership format makes
it possible to attract private investors to develop dual-use
technologies that can be used for both civilian and military
purposes (Pandey et al., 2021). Involving private business in
technology development allows the country to use its ex-
perience, investment, and expertise to create solutions that
meet modern requirements. It also contributes to the accel-
erated introduction of new technologies, such as artificial
intelligence, innovations in the energy and environmental
sectors, which have the potential to significantly improve
the efficiency of the Ukrainian economy after the war.

One of the key aspects of developing public-private
partnerships is to support start-ups and small businesses
involved in innovative technologies. Ukraine has signif-
icant potential in areas such as information technology,
agronomy, renewable energy and biotechnology, which is
also confirmed by other researchers (Bokovets et al., 2024).
However, a favourable business environment needs to be
created for start-ups to develop, including reduced bureau-
cratic obstacles, tax incentives, access to finance and gov-
ernment support programmes. Simplifying the conditions
for start-ups can include lowering tax rates, creating special
innovation zones, and launching mentoring and financing
programmes. Such initiatives may include grants and soft
loans, assistance in entering foreign markets, support for
research, and training programmes for entrepreneurs. Joint
projects between the state and the private sector aimed at
innovative development can be an important driver for cre-
ating new jobs, technological solutions, and contribute to
the country’s economic growth (Stahl et al., 2023).

The development of public-private partnerships in
Ukraine is a key step towards ensuring stable economic de-
velopment, including in the context of martial law. Co-fi-
nancing of projects reduces the burden on the state budget,
involvement of private companies in the development of
the latest technologies stimulates technological progress,
and simplification of conditions for start-ups opens up new
opportunities for innovative solutions. All these measures
will not only contribute to an effective response to current
challenges, but also to ensuring the country’s recovery and
further growth in the future. Public-private partnerships are
apowerful tool for creating conditions for sustainable devel-
opment and technological progress in any national context.

Adaptation of legislation

Adapting legislation during martial law is an important
factor in ensuring economic stability and promoting the
country’s innovative development. In April 2022, the gov-
ernment introduced a number of tax changes aimed at sup-
porting the economy under martial law. In particular, the
single tax rate was reduced from 5% to 2% for taxpayers
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of the first and second groups. This change significantly
reduced the tax burden on small businesses and individ-
ual entrepreneurs, allowing more than 185,000 companies
and 40,000 individual entrepreneurs to continue operating
in the difficult environment. Mandatory payments for this
category of taxpayers were also temporarily cancelled, pro-
viding them with financial support in the face of economic
instability. Another important initiative was the introduc-
tion of a zero-excise tax rate on petrol, diesel fuel and lig-
uefied gas, which helped to reduce fuel costs and stabilise
the supply of goods essential to the country’s vital func-
tions. The reduction of the VAT rate from 20% to 7% on a
number of goods also helped to reduce the cost of essential
goods. These steps helped to stabilise the market situa-
tion, improve the availability of basic goods and services
for the population and ensure uninterrupted supply of vi-
tal resources during the crisis. In addition, the creation of
special economic zones, where investors can benefit from
tax incentives and other advantages, is an important step
to attract foreign capital and stimulate the development
of new high-tech industries. This process includes simpli-
fying procedures for financing and registering innovative
companies, creating special regimes for exporting tech-
nological products, and encouraging foreign investment
through legislative reforms.

One of the main obstacles to the development of new
technology companies in Ukraine is the complex bureau-
cratic procedures that require significant time and money.
To support innovation and ensure the effective develop-
ment of start-ups, it is necessary to amend the legislation
governing the financing and registration of innovative
enterprises. Simplification of these procedures involves
the introduction of electronic platforms for business reg-
istration, reducing the number of required permits and
shortening the time for obtaining licences or other per-
mits. This will reduce the costs of starting new businesses
and make financial resources more accessible to small and
medium-sized innovative companies. In addition, the gov-
ernment could offer preferential terms for entrepreneurs
planning to start businesses in areas important for the
country’s economic recovery, such as information technol-
ogy, energy, agriculture, and research and development.

Simplifying procedures for registration and financing
will help create a favourable environment for business
start-ups, attracting not only domestic entrepreneurs but
also foreign investors. This is especially important during
martial law, when the country needs to quickly restore its
economic potential and create new jobs (Das & Das, 2021).
One of the main areas of development of the innovation
economy is to support the export of technological prod-
ucts. Ukraine has significant potential in areas such as
software development, energy technologies, biotechnolo-
gy, and engineering. In order to support these industries
and facilitate their expansion on international markets,
special legislative regimes for exports of technology prod-
ucts should be introduced.

In particular, preferential tax rates or even exemptions
from certain taxes could be provided for companies export-
ing innovative products abroad. This will allow Ukrainian
companies to be more competitive in international mar-
kets and attract foreign exchange earnings to the country’s
economy. In addition, the introduction of special regimes
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for technology exports will help reduce trade barriers and
facilitate access to international contracts and agreements
(Fang et al., 2023). The introduction of such special re-
gimes could become an important step in the strategic de-
velopment of Ukraine’s economy, as it would allow attract-
ing additional resources to expand production, improve
technologies, and enter new markets for Ukrainian inno-
vative companies. Attracting foreign investment requires
profound legislative reforms that will ensure transparency,
stability, and predictability of the economic environment.
One of the main tasks is to create legal guarantees for for-
eign investors so that they can feel confident in a country
at war and with significant risks.

Key steps in this direction include reforming tax legis-
lation, introducing benefits for investors, protecting their
rights and property, and simplifying procedures for invest-
ing in various sectors of the economy, including high-tech
projects. One important tool to stimulate foreign invest-
ment could be the creation of free economic zones, where
investors can take advantage of additional tax benefits and
other advantages (Zakari & Khan, 2021). Reforms aimed at
improving the investment climate will help attract capital
to finance innovative projects, rebuild infrastructure, and
develop new technologies. This, in turn, will help Ukraine
to improve its economic potential, ensure high employ-
ment, and promote social recovery.

Adapting legislation is a key step to ensure stability
and economic development under martial law. Simplifying
procedures for financing and registering innovative enter-
prises, introducing special regimes for exporting techno-
logical products and encouraging foreign investment will
create favourable conditions for the development of new
businesses, increasing competition in international mar-
kets and attracting resources for innovative progress. The
legal changes will not only support national enterprises
but also strengthen ties with international investors, which
will contribute to the recovery and development of the
Ukrainian economy both during and after the war.

M DISCUSSION
During martial law, the economic situation in the country
underwent significant changes that affected all areas of
government policy, including the financing of innovative
projects. Increased spending on defence and security has
led to a significant reduction in resources for other sectors
of the economy. However, the reallocation of the budget
to support critical sectors such as energy, transport, and
healthcare has highlighted the importance of investing in
the country’s resilience and stability. The preservation and
development of infrastructure of strategic importance has
become a priority. This situation has led to increased risks
for attracting private capital, as investors are generally re-
luctant to invest in countries with a high level of uncertain-
ty, making it difficult to finance innovative projects.

This problem was also studied by M. Maher &
Y. Zhao (2021), where the results confirmed that political
instability and high military spending in Egypt have a sig-
nificant impact on the country’s economic growth. Apply-
ing the ARDL approach to analyse this impact allowed to
clearly identify how such factors slow down economic de-
velopment by reducing government revenues and affecting
fiscal policy. As a result, the state budget is under pressure,
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as a significant portion of resources is directed to support
the army, which limits investment in other key sectors of
the economy.

The study by F. Dorn et al. (2024) also showed that Eu-
ropean countries in 2024 face the need to increase defence
spending as growing global threats require increased secu-
rity. However, economic difficulties such as inflation and
financial instability limit the scope for such spending. Re-
allocating spending to critical sectors is becoming an im-
portant element of the strategy, as countries must balance
security with other needs while ensuring that financial re-
sources are used efficiently. It is important to note that po-
litical instability and increased defence spending can have
long-term negative consequences for the economy, as real-
location of resources to the military is often at the expense
of investments in infrastructure, education, and healthcare
(Kostyk & Ovsiienko, 2023). This creates a vicious circle
where economic growth slows down, which in turn wors-
ens the country’s financial situation, reducing its ability to
innovate and recover. Such factors can make it much more
difficult to overcome economic difficulties, especially when
the state budget is already under considerable pressure due
to high security spending.

An analysis of the financial and tax environment
during martial law has shown that the introduction of
tax incentives for strategically important industries was
a necessary measure to support innovation. At the same
time, the introduction of grant programmes to support
technological development and subsidies for enterprises
engaged in dual-use technologies helped to attract in-
vestment in key areas such as defence and cybersecurity
(Kirilenko, 2024). This has helped to maintain support for
innovation, even in times of economic instability, which
has confirmed the importance of such mechanisms for en-
suring national security and technological independence.
X. Dai & G. Chapman (2021) concluded that in China, tax
incentives and grants for strategic industries have be-
come an important tool to stimulate research and devel-
opment (R&D). This enables companies to reduce the cost
of innovation and technological development, which is a
key factor for economic growth and the country’s compet-
itiveness in the global market. The study shows that the
effectiveness of R&D incentive programmes depends on
the proper organisation of grant mechanisms and support
at the government level.

In the brief by Delloite it was found that dual-use
technologies, in particular in the field of cybersecurity,
require active cross-sectoral cooperation to achieve max-
imum results (Dual-use technology..., 2024). Involvement
of the private sector and the state in the financing and
development of such technologies allows for a balance
between national security and innovation. Subsidies for
companies developing dual-use technologies help to re-
duce financial risks by stimulating the creation of new
technologies that can be used in both civilian and defence
applications (Lyndyuk et al., 2023). These results confirm
previous research, as they demonstrate how tax incen-
tives and grants can foster innovation in strategic sectors.
They also underline the importance of state support for
the development of scientific and technological potential,
which is key to ensuring competitiveness in a globalised
world. The use of such incentives not only accelerates

II- 52

technological development but also creates favourable
conditions for economic growth.

During martial law, public investment priorities fo-
cused on defence technology, cybersecurity, and energy
independence (Herus, 2024). Strategic funds were created
to support innovative projects, allowing resources to be fo-
cused on the most critical areas for the state. At the same
time, state support for scientific and technical research in
the fields of medicine and logistics contributed to an ef-
fective response to crisis situations and the development
of technologies that could help reduce the economic and
social consequences of the war.

It is worth noting the work of J. Reis et al. (2021), who
also found that high-tech defence industries, in particular
the development of autonomous intelligent systems, are
an important area for ensuring national security and main-
taining strategic stability. Investments in defence and en-
ergy technologies are key to maintaining competitiveness
in the global market and stimulating innovation in defence.
The development of these technologies not only improves
the efficiency of military systems, but can also become the
basis for creating new energy solutions that are necessary
to ensure the energy security of states. In turn, F. Zhou et
al. (2020) concluded that knowledge management prac-
tices in medical cloud logistics use advanced technolo-
gies, such as semantic discovery of transport resources
through ontology modelling, to improve the efficiency of
medical supply chain management. This helps to reduce
transportation costs and increase the availability of med-
ical resources, which is especially important in the context
of current healthcare challenges. Support for research in
medicine and logistics also includes the development of
new technologies that facilitate innovation in these are-
as, ensuring a rapid response to new threats and reducing
costs in the industry (Hysi et al., 2024). These findings are
consistent with the theses presented in the previous sec-
tion, as they confirm the importance of investment in high-
tech defence industries for strategic stability and national
security. In addition, the results show that investments
in energy technologies, in particular in the context of de-
fence infrastructure, are important for increasing energy
independence and reducing the risks associated with en-
ergy threats. These facts once again underline the need to
support innovation in such sectors to strengthen national
security and economic stability.

The development of public-private partnerships has
become a key tool for securing funding for innovation
(Bokii & Kovalenko, 2024). Co-financing of projects has
helped reduce the burden on the budget and attract private
companies to develop the latest technologies. Simplifying
the conditions for innovative start-ups was an important
step in reducing barriers for young businesses operating
in high-tech industries. This has contributed to the forma-
tion of a more flexible and adaptive economy that is able to
respond quickly to changes in the external environment.
H. Toxopeus et al. (2021) also conducted a study that con-
firmed that companies can access bank financing to imple-
ment innovative business process models by participating
in special lending programmes for innovation or start-ups
offered by banks. Such programmes often include favoura-
ble terms, such as preferential rates and long-term loans,
which help to reduce financial risks. To qualify, companies
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must provide a clear project justification, a business plan,
and demonstrate the potential of the innovations to im-
prove business competitiveness and efficiency.

M.A. Mendoza et al. (2021) also noted that the “Battle
of the Drones” and the use of legitimisation strategies for
the transfer and dissemination of dual-use technologies
highlight the growing importance of technologies that can
be used for both civilian and military purposes. In the con-
text of global security, the role of the private sector in the
development of such technologies is becoming increasingly
important, as private companies are able to provide the nec-
essary resources to create innovative solutions. Legitimisa-
tion strategies that allow for the effective transfer of these
technologies between public and private entities contribute
to the optimal use of such technologies and reduce barriers
to their implementation in various sectors of the economy.

Comparing the data obtained from the study, it can
be concluded that grant support and co-financing are ef-
fective tools for stimulating innovation. This helps to pro-
vide the necessary resources for the development of new
technologies that require large investments at the early
stages. In addition, the combination of public and private
financing helps to reduce financial risks and increase in-
novation potential, which is an important factor in achiev-
ing sustainable economic development (Ciuta et al., 2024).
Adapting legislation during martial law has also become
an important component of supporting innovative pro-
jects. Simplified procedures for financing and registering
innovative enterprises have reduced administrative barri-
ers and provided quick access to finance for start-ups and
R&D. The introduction of special regimes for the export of
technological products was an important step in attracting
international investment and stimulating the expansion of
innovative companies into the global market.

O. Krainik (2023) considered the issue of the relation-
ship between innovation projects and sustainable devel-
opment, but with the note of the need to evaluate such
projects effectively. K. Alekseieva et al. (2023) concluded
that government business support programmes in times
of war are an important tool for maintaining economic
stability and entrepreneurship development. Simplifying
the financing and registration of enterprises reduces bu-
reaucratic barriers, which are critical in crisis situations
such as war. This not only facilitates access to financial
resources, but also ensures a quick response to changing
market conditions, allowing businesses to remain compet-
itive. V.K. Singh et al. (2024) found that green export strat-
egies are an effective tool to support the sustainable de-
velopment of small and medium-sized enterprises (SMEs),
as they promote the adoption of innovative technologies
and the development of environmentally friendly produc-
tion. The intermediary roles of innovation, readiness for
change and proactivity allow SMEs to adapt to new market
requirements and ensure high export efficiency. Legisla-
tive initiatives aimed at stimulating exports support this
process by providing favourable conditions for entering
international markets and increasing the competitiveness
of Ukrainian goods.

The analysis of the survey results showed that govern-
ment programmes to support business and simplify financ-
ing and registration of enterprises significantly reduce fi-
nancial and administrative barriers for entrepreneurs. This
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allows businesses, especially in times of crisis, to adapt to
changes more quickly while maintaining economic sta-
bility. In addition, support for small and medium-sized
businesses through innovative approaches and legislative
initiatives is an important factor in the development of en-
vironmentally friendly production and increased competi-
tiveness in international markets. Thus, despite numerous
challenges, the government has maintained its focus on
developing innovative projects, recognising their impor-
tance for technological progress and economic stability.
Public investment has become the main tool for technolog-
ical development, national security and adaptation to war
conditions. A strategic approach to financing, the develop-
ment of public-private partnerships, and the adaptation of
legislation have proven effective in the challenging martial
law environment, helping to preserve the investment cli-
mate and strengthen the country’s resilience.

B CONCLUSIONS

During martial law, the economic situation in the country
undergoes significant changes. One of the main areas of
public spending is to increase funding for defence and se-
curity. This requires a reallocation of the budget, with some
funds being redirected to support critical industries such
as energy, transport, healthcare, and other important sec-
tors. In particular, defence spending increased from UAH
130 billion in 2021 to UAH 550 billion in 2024. However,
this redirection of funds to high defence risks affects the
attraction of private capital. Increased economic instability
reduces investor interest in new projects, especially those
not directly related to defence or security.

In response to these challenges, government agencies
are introducing a number of measures to stimulate innova-
tive development. These include tax incentives and grants
for strategically important industries, such as information
technology, medicine, and energy. In addition, subsidies
have been introduced for companies working with dual-use
technologies, allowing them not only to meet the country’s
domestic needs but also to enter foreign markets.

Under martial law, public investment is focused on pri-
ority areas such as defence technology, cybersecurity, and
energy independence. Investments in these areas not only
ensure strategic security, but also contribute to technologi-
cal progress that can be widely applied. In Ukraine, publicin-
vestment in innovation decreased from UAH 15.2 billion in
2021 to UAH 7 billion in 2024, which reflects limited budget
spending due to economic difficulties, but also due to a fo-
cus on priority areas. In addition, considerable attention is
paid to supporting scientific and technological research in
areas such as medicine and logistics, which are essential to
ensure social stability and the effective functioning of the
country in times of crisis. A key element of this strategy
is the development of public-private partnerships. Co-fi-
nancing of innovative projects helps to reduce the financial
burden on the state budget while engaging the private sec-
tor in the creation of advanced technologies. The participa-
tion of private companies in the development of innovative
solutions ensures a high level of expertise and efficiency.

Simplifying the conditions for innovative start-ups
creates a favourable business climate that promotes the
development of technological ideas in various fields.
One of the key factors in attracting investment is the
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adaptation of the legal framework. Simplifying the proce-
dures for financing and registering innovative enterprises
reduces barriers to starting new businesses. The intro-
duction of special regimes for the export of technological
products also encourages integration into foreign markets.
Legislative initiatives that facilitate foreign investment
play an important role in ensuring sustainable economic
growth by providing an opportunity to attract additional
resources. However, foreign investment, which stood at

policies have contributed to strengthening economic secu-
rity and competitiveness even in the most difficult periods.
A limitation of the study is the limited availability of data
on public investment in innovation projects under martial
law due to confidentiality of information and the changing
economic situation. To more fully assess the role of public
investment in innovative projects during martial law, it is
necessary to study the impact of such investment on the
country’s long-term economic development and its inter-

$4.5 billion in 2021, declined to $1.5 billion in 2024, as a  action with international financial markets.
result of economic instability. Despite serious challeng-
es, public investment in innovative projects during mar-
tial law remains an important tool for ensuring economic
stability and technological development of the country.
Measures taken to support key sectors, develop scientific

and technological progress, and change tax and financial
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Ponb gep)>XaBHUX iHBECTULLIN
B iHHOBALiMHi NPOEKTM NiA Yac BOEHHOIO CTaHy

M AHoTauif. MeTor0 HoCTimKeHHs 6y/10 TPoaHasTi3yBaTy BILIMB BOEHHOTO CTaHy Ha JepykaBHi iHBecTuIlii B iHHOBAITiliHi
MIPOEKTHM Ta BUSHAUMTM HATIPSIMM iX afamnTallii 10 HOBUX eKOHOMiUHMX YMOB. Y JOCTiKEeHH] 6yJ/10 TPOBEEHO aHasli3 3MiH
y (biHaHCOBIV Ta €KOHOMIUHi MOMITUIII TIi/T Yac BOEHHOTO CTaHYy, OI[iHEHO MPiOpUTETH AepkKaBHUX iHBeCTHIIi y chepi
iHHOBallii1, & TAKOX JOC/i/I)KEHO BIUIMB PETYISTOPHUX 3aXOZiB Ha PO3BMUTOK TEXHOJIIOTIUHMX MPOEKTIB. BOEHHMIT CTaH B
VkpaiHi CyTTEBO 3MiHMB eKOHOMiYHi MPiOpUTETM JepskaBu, BIUIMHYBUIM Ha MexaHi3mu (iHaHCyBaHHSI iHHOBalLiitHMX
MPOEKTIiB. AHa/Mi3 MOKa3aB, 1[0 3HaYHA YacTMHA IEepKaBHMUX pecypciB Oyna mepeHampaBieHa Ha OGOPOHHI MOTpeow,
30KkpemMa, iHaHcyBaHHsS o60ponu B 2022 poiii ctaHoBWIO 350 Mpy IpH, a B 2024 poti ouikyBanocst 550 muipp, rpH. Lle
BOAHOYAC CIIPUSUIO PO3BUTKY TEXHOJIOTIN TOABIITHOTO MpM3HAUYeHHS. 3alIPOBA/sKeHHSI MTOJATKOBMX ITiJIbT i TPAHTOBUX
MIPOTrPaM ITiATPUMAJIO MiATTPUEMCTBA, SIKi TPAITIOIOTh Y CTPATETiYHO BaXKIMBUX chepax, 30KpeMa B Kibepbe3srmelri, MequInHi
Ta eHepreTutli. lepskaBHi iHBecTuIlii B iHHOBaIlii y 2022 polii craHOBM/IM Jiniie 5,8 Miipa rpH, ajie B 2024 polii 1iei MoKasHUK
3pic mo 7 MJIpJ TPH, IIO CTAJIO KJIIOYOBMM iHCTPYMEHTOM MiATPUMKM HalliOHaJbHOI €KOHOMIKM B YMOBaX 0OGMeKeHOTO
IOCTYITY 0 TIPUBATHOTO Karitanxy. CTBOpeHHSI cTpaTerivHux (GOH/iB Haago 3MOTy CIIPSIMOBYBATH KOILITU Ha PO3POOKY
KPUTUYHO BasKIMBUX iHHOBAIiTHUX pillleHb, 110 3a6e31Meuyi0Tb 060pOHO3IATHICTh TA €KOHOMIUHY CTabGiIbHiCTh. AHATI3
3aKOHOZABYMX 3MiH 3aCBiIUMB, IO YPSIII CIIPOCTMB Mpolienypy piHaHCYBaHHS iHHOBAIiIHMX IMTPOEKTIB i CTUMYJTIOE €KCIIOPT
TEXHOJIOTiYHOI MpoayKiiii. TTompu cepito3Hi BUKIMKY, KpaiHa 36epirae moTeHIlias iHHOBAIifHOTO PO3BUTKY 3aBISIKU
amanranii GiHaHCOBMX iHCTPYMEHTIB i aKTMBHOMY BUKOPMCTAHHIO MeXaHi3MiB JepykKaBHO-TIPUBATHOTO MApPTHEPCTBA.
ITpoBeneHe TOCTiIsKeHHST JO3BOIMIO BUSHAUNTH e(DeKTUBHI Migxonu 0o GpiHaHCYBaHHS iHHOBAIIiTHMX MPOEKTIB B yMOBax
BOEHHOTO CTaHYy, 1[0 CIIPUSIE BUPOOIEHHIO CTpaTerii eKOHOMiYHOI CTiffKOCTi Ta TEXHONIOTiYHOTO PO3BUTKY
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M Abstract. This study was devoted to identifying the possibilities of alternative financial instruments for the development
of solar energy in the segment of small and medium-sized enterprises. The methodology included a comparative analysis
of the efficiency of solar panels, an assessment of the availability of financial instruments for small and medium-sized
enterprises, and the definition of key criteria for their selection. The study found that crowdfunding, green bonds, venture
financing, and leasing were the most promising tools for small and medium-sized enterprises, allowing them to raise
funds without collateral and with minimal financial history requirements. The average success rate of crowdfunding
campaigns in the solar energy sector was 72%. It was revealed that the introduction of solar panels reduced the energy
consumption of enterprises by 35-45% and had a payback period of 3-5 years, depending on the scale of the project and
the financing model. The optimal financing structure included 30-40% of the company’s own funds, 20-30% of funds
raised through crowdfunding, and 30-40% of equipment leasing or venture capital. The key factors of the economic
efficiency of solar energy projects were the level of solar radiation in the region, the cost of connecting to the electric
grid, the availability of government incentives and the quality of equipment. It was found that financial barriers could be
overcome through combined financing models. With government guarantees, the investment attractiveness of projects
increased by 40%. Long-term energy supply contracts increased the chances of obtaining financing by 25%. The results
obtained deepened the understanding of the mechanisms of sustainable financing of solar energy for small and medium-
sized enterprises and could be used in the development of government programmes to support enterprises in the field
of renewable energy. The study contributes to the development of green finance and the transition to a low-carbon
economy in the Kyrgyz Republic
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Investments in renewable energy...

N INTRODUCTION
The global transition to renewable energy sources has be-
come a key factor in ensuring sustainable economic devel-
opment and mitigating environmental problems. Rising
prices for conventional energy carriers forced enterprises
to look for alternative energy supply solutions. This prob-
lem was especially relevant for small and medium-sized
enterprises (SMEs), which faced the need to optimise en-
ergy consumption and reduce their carbon footprint. An
analysis of the scientific literature has shown that the is-
sues of alternative financing of renewable energy projects
have become increasingly relevant. According to the re-
search by K.N. Kuteesa et al. (2024), traditional bank loans
were available to only 15-20% of SMEs, which created a sig-
nificant barrier to the introduction of “green” technologies.
D.W. Atchike et al. (2022) identified the key factors influenc-
ing the introduction of solar systems in the SME segment,
emphasising that financial accessibility was a crucial con-
dition for the successful implementation of such projects.
T. Sarkhanov & N. Huseynli (2022) conducted an econo-
metric analysis of the relationship between renewable en-
ergy consumption and economic growth in Kyrgyzstan,
finding that a 1% increase in the share of renewable en-
ergy sources in the country’s energy mix contributed to a
0.4% increase in gross domestic product (GDP). K. Mehta et
al. (2022) conducted a comprehensive analysis of the regu-
latory framework of the Kyrgyz energy sector and proposed
aroadmap for the development of the renewable energy sec-
tor. Researchers have identified the key advantages of solar
energy for SMEs: reducing energy consumption, increasing
energy independence, improving the company’s image and
meeting the growing environmental requirements of local
markets. One of the key findings of the study was that the
availability of financing is a critical factor in the successful
implementation of solar technologies in the SME segment.
J. Sun et al. (2024) in their study found that among
various renewable energy technologies, solar power plants
demonstrated the best payback rates for small businesses.
N. Temirbaeva et al. (2024) investigated the potential of re-
newable energy sources in Kyrgyzstan with a focus on ener-
gy supply to rural consumers and determined that in rural
areas of Kyrgyzstan with limited access to centralised ener-
gy supply, solar installations can provide up to 70% of the
energy needs of small enterprises with optimal equipment
selection and financial model. The researchers also identi-
fied regulatory barriers in the Kyrgyz Republic, including
complex procedures for obtaining permits for the construc-
tion of solar power plants, the lack of standardised technical
requirements, and imperfect mechanisms for connecting
to the common electricity grid. A. Generalov & O. General-
ova-Kutuzova (2021) studied the economic, legal, political,
and social environment for entrepreneurs in Kyrgyzstan,
focusing on barriers to the introduction of innovative tech-
nologies. Theresearchers found that despite favourable nat-
ural conditions for the development of solar energy, SMEs
face serious financial constraints, and offered recommen-
dations for improving the business environment to encour-
age investment in environmentally friendly technologies.
J. Salimova-Tekay (2022) analysed the specifics of fi-
nancing infrastructure projects in Kyrgyzstan, including
renewable energy facilities, examined existing financial
mechanisms, and identified problems with attracting
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capital for the development of energy infrastructure. As a
result of the research, innovative financing models adapted
to local conditions were proposed, including public-private
partnerships, specialised development funds, and interna-
tional financial instruments. Despite the significant contri-
bution of these researchers, they did not fully disclose the
specifics of the use of alternative financial instruments for
solarenergyinthe context of SMEs in Kyrgyzstan.Most of the
existing papers either focused on the technological aspects
of the introduction of renewable energy sources, or consid-
ered financial mechanisms without considering the specif-
ics of SMEs in emerging economies (Andreitsev et al., 2024).

The purpose of this study was to determine the opti-
mal alternative financial instruments for investing SMEs of
the Kyrgyz Republic in solar energy, considering the spe-
cific economic conditions of the country and the specifics
of the functioning of small and medium-sized businesses.
To achieve this goal, the following research objectives were
formulated. The first task was to conduct a comprehensive
analysis of available alternative financial instruments and
assess their applicability for investing in solar energy pro-
jects by SMEs in Kyrgyzstan. The second task was to de-
velop a methodology for assessing the economic efficiency
of various models of financing solar projects, considering
the scale of the enterprise, its energy consumption, and
regional location. The third task was to prepare practi-
cal recommendations on the development of an optimal
financing structure for SMEs planning to introduce solar
technologies, including an analysis of the possibilities of
combining various financial instruments to achieve maxi-
mum economic efficiency.

B MATERIALS AND METHODS
The statistical data and analytical materials of the Inter-
national Renewable Energy Agency (2024) for 2019-2024
were used as the information base of the study, providing
a detailed analysis of the dynamics of renewable energy
development in the world. These materials contained de-
tailed information about the trends in the introduction of
solar technologies in the small and medium-sized business
sector. Special attention was paid to the data on the devel-
opment of solar energy in Kyrgyzstan, Kazakhstan, Uzbek-
istan and Tajikistan, presented in the papers by Z. Yang et
al. (2022) and V. Panwar et al. (2022), who examined in de-
tail the potential of solar generation in the Kyrgyz Republic.
To analyse the cost-effectiveness of solar panel deploy-
ment, the findings of S. Qamar et al. (2022) were used, which
presented a comprehensive analysis of the technical and
financial performance of solar energy projects in the SME
segment of developing countries. The study included an
analysis of design documentation, technical specifications
of equipment, and data on system performance and actual
indicators of electricity generation, which ensured high re-
liability of conclusions about the prospects for the introduc-
tion of solar technologies in Kyrgyzstan. Additionally, data
from the study by I. Myroshnychenko et al. (2024) were used,
which analysed the regulatory features of the introduc-
tion of renewable energy sources in transition economies.
The study used a method of comparative analysis of
financial instruments based on a multi-criteria assess-
ment. The following factors were assessed: accessibility for
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various categories of SMEs, cost of raising funds, terms and
conditions of financing, security requirements, and flexibil-
ity of conditions. To determine the economic effect of the
introduction of solar panels, a statistical analysis of data
from 150 SMEs in Kyrgyzstan from five industrial regions
(Chui, Osh, Jalal-Abad, Issyk-Kul regions and Bishkek) that
introduced solar technologies in 2020-2024 was carried
out. The sample included enterprises from various indus-
tries: food (35%), light industry (25%), construction (20%),
services (15%), and others (5%). An analysis of barriers to
the introduction of solar technologies was also carried out,
which included the identification and systematisation of
the main obstacles of a financial, technical, administrative,
and informational nature. For this purpose, methods of
expert assessments and questionnaires of business lead-
ers were used, which allowed ranking barriers according to
their degree of influence on decision-making on the intro-
duction of solar technologies.

The paper provides a comparative analysis of financ-
ing models and their effectiveness for various types of
enterprises. Traditional bank loans, leasing schemes, mi-
crofinance products, government support programmes,
venture financing, crowdfunding, green bonds, and energy

N. Ibraimov et al.

service contracts were analysed. Economic performance
indicators were calculated for each model: net present val-
ue (NPV), internal rate of return (IRR), discounted payback
period (DPP), and modified internal rate of return (MIRR).
The results of the analysis were integrated into a multifac-
torial model for evaluating optimal financial instruments,
which considered regional and industry-specific charac-
teristics of enterprises. Statistical processing was carried
out in the Statistical Package for the Social Sciences (SPSS)
Statistics 28.0 using Student’s t test (p<0.05), variance and
regression analysis.

M RESULTS

Analysis of alternative financial instruments for small
and medium-sized businesses that allow them to raise
funds for the introduction of solar panels

Traditional bank lending is not available to most SMEs,
with only 20% of enterprises having access. Key barriers:
strict reporting requirements, high collateral (more than
120% of the loan), lengthy application review (45-60 days),
and high rates. Alternative financial instruments are be-
coming particularly important, and their effectiveness for
different categories of SMEs is presented in Table 1.

Table 1. Comparative analysis of alternative financial instruments for SMEs in the field of solar energy

. . Average amount of .
Financial s Average term | Average cost of attraction q .
instrument ﬁnancugs(];l)lousand (vears) (% per annum) Basic requirements for SMEs
; Detailed business plan,
Crowdfunding 50-300 1-3 5-8 transparent financial statements
Green bonds 500-2,000 3-7 6-9 Credit rating, collateral
Venture financing 300-1,000 3-5 Equity share High g;(;"tvltl?epgft Sgglgi’o llrel?,? vative
Person-to-Person .\ 1
(P2P) lending 20-150 1-2 8-12 Positive credit history
Equipment leasing 100-500 3-5 7-10 Initial payment, insurance

Note: data is provided for the Central Asian market

Source: compiled by the authors based on A. Kulanov et al. (2020)

The analysis showed that crowdfunding is one of the
most accessible tools for small businesses, especially at
the initial stages of solar energy projects. The main ad-
vantage of this tool is the absence of strict requirements
for collateral and credit history. According to S. Kavu et
al. (2020), the success rate of crowdfunding campaigns in
the solar energy sector is about 65%, which is significantly
higher than the average for other industries. Green bonds
are a promising tool for medium-sized enterprises that can
ensure the required volume of issuance and meet the re-
quirements for transparency and financial stability (Rats &
Alfimova, 2023). In the Kyrgyz Republic, this instrument is
in its infancy, however, as noted by V. Panwar et al. (2022),
has significant development potential in the context of the
implementation of national programmes for the transition
to a green economy. Special attention should be paid to the
P2P lending mechanism, which shows high efficiency for
financing small solar energy projects. The average interest
rate on such loans is 3-4 percentage points lower than bank
loans, which makes them attractive to micro and small
businesses. The analysis of alternative financial instru-
ments presented in Table 1 shows significant differentia-
tion in key parameters. Equipment leasing is characterised
by relatively low requirements for the financial condition

of the borrower at a relatively high cost of financing. Ven-
ture financing, although it does not require collateral, in-
volves the investor receiving a share in the company’s capi-
tal, which is not acceptable for all enterprises. Each tool has
its own optimal niche of application.

For micro-enterprises with limited financial resourc-
es and a short credit history, crowdfunding and P2P lend-
ing are the most suitable, allowing them to attract small
amounts for short periods with minimal formal require-
ments. Small enterprises with a stable financial position
can effectively use equipment leasing and venture financ-
ing, which provide more significant amounts of funds for
an average period of time. For medium-sized enterprises
with a good credit history and transparent financial report-
ing, green bonds, and project financing are the best choice,
allowing them to attract large sums for long periods on
favourable terms. Thus, the diversification of financial in-
struments significantly expands the possibilities of SMEs
to implement solar energy projects.

The data presented in Table 2 shows a clear correla-
tion between the size of an enterprise and the most effec-
tive financial instruments for it. Micro-enterprises achieve
the best economic results when using crowdfunding and
P2P lending, achieving an average project profitability of
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15-20% with a payback period of 3-4 years. Leasing and
venture financing show the greatest efficiency for small
enterprises, providing higher profitability (18-23%) with
a slight increase in the payback period to 4-5 years. Me-
dium-sized enterprises using green bonds and project

financing achieve maximum project profitability (20-25%)
with longer payback periods (5-6 years). This differentia-
tion is conditioned by both the scale of the projects and
the differences in the cost of attracting financing and the
operational efficiency of enterprises of different sizes.

Table 2. Effectiveness of various financial instruments depending on the size of the SME

Enterprise size Most effective tools Average payback period of Average pro‘ﬁtab‘ljllty of the
the project (years) project (%)
Micro-enterprises Crowdfunding, P2P lending 3-4 15-20
Small businesses Leasing, venture financing 4-5 18-23
Medium-sized enterprises Green bonds, project financing 5-6 20-25

Il- 60

Note: profitability is calculated considering all the costs of financing maintenance
Source: compiled by the authors based on I. Myroshnychenko et al. (2024)

The effectiveness of financial instruments significant-
ly depends on the size of the enterprise. Micro-enterprises
achieve the best results with crowdfunding and P2P lend-
ing (15-20% profitability, 3-4 years payback) due to mini-
mal reporting requirements and the absence of collateral.
Small businesses use leasing and venture financing more
efficiently (profitability of 18-23%, payback period of 4-5
years) due to stable cash flow and credit history. Medi-
um-sized enterprises optimally use green bonds and pro-
ject financing (profitability of 20-25%, payback period of
5-6 years) due to the scale of their activities, transparent
reporting, and credit rating.

As a result of the study, the main barriers preventing
the introduction of solar technologies among SMEs in Kyr-
gyzstan were identified. The most significant is the low
level of awareness about available alternative financial in-
struments, which was noted by 68% of managers of SMEs.
Difficulties in preparing the necessary documentation for
obtaining financing are experienced by 70% of enterprises

trying to attract alternative sources. The most acute prob-
lem is the lack of specialised financial intermediaries in
local markets, which was noted in 82% of cases. The lack
of digital infrastructure development (58% of enterprises
identified this as a significant obstacle) and the lack of flex-
ible government support mechanisms (76% of SME manag-
ers noted this) also have a significant impact.

Examples of successful solutions to this problem can
be found in international practice. For example, in India,
the “Solar Power for MSMEs” programme, implemented in
partnership with the World Bank, has created a network
of 35 regional advisory centres that support SMEs in pre-
paring documentation for financing solar energy projects
(Ashutosh, 2024). Over the years 2022-2023, more than
1,200 enterprises have successfully attracted financing in
excess of USD 80 million. To assess the attractiveness of
various financial instruments, their compliance with the
specific needs of SMEs in the implementation of solar en-
ergy projects was analysed (Table 3).

Table 3. Assessment of the compliance of financial instruments with the needs of SMEs in the field of solar energy

Assessment criteria Crowdfunding Green bonds Venture financing P2P lending Leasing
Speed of obtaining financing High Low Average High Average
Flexibility of conditions High Low Average High Average
Design complexity Low High High Low Average
Need for collateral No Yes No No Partly
Possibility of partial financing Yes No Yes Yes No

Note: the assessment is based on a three-point scale (high/medium/low)

Source: compiled by the authors

Table 3 provides an assessment of the compliance of
financial instruments with the needs of SMEs in the solar
energy sector. Crowdfunding and P2P lending are charac-
terised by a high rate of receipt of funds, flexible terms and
no collateral requirements, which is ideal for micro-enter-
prises. Green bonds, with their complex design and strict
conditions, are suitable for medium-sized companies with
a stable financial position. Venture financing occupies an

intermediate position, ensuring that there are no collat-
eral requirements with a high complexity of registration.
The analysis showed that each of the financial instruments
considered has its own optimal scope of application, de-
pending on the scale and characteristics of the enterprise.
An effective choice of financial solution should consider
both the specifics of the business and the associated risks
presented in Table 4.

Table 4. Risk assessment matrix for using alternative financial instruments

Risk type Risk level for SMEs Minimisation possibilities Impact on the project
Risk of underfunding High Diversification of financing Critical
sources
Currency risk Average Hedging Substantial

Economics of Development. 2025. Vol. 24, No. 1



N. Ibraimov et al.

Table 4. Continued

Risk type Risk level for SMEs Minimisation possibilities Impact on the project
Interest rate risk Average Fixed rates Moderate
Risk of default High Insurance Critical
Operational risk Low Professional management Insignificant

Source: compiled by the authors based on J. Salimova-Tekay (2022)

Table 4 demonstrates risk assessment when using al-
ternative financial instruments. The risk of underfunding
and the risk of default have a critical impact, especially
relevant for crowdfunding and venture financing. Currency
risk and interest rate risk are assessed as medium, while
operational risk is assessed as low. According to the overall
risk level, the instruments can be arranged in the following
order (from the most to the least risky): crowdfunding and
venture financing, P2P lending and leasing, green bonds.
Leasing and P2P lending are more balanced tools for most
SMEs, combining an acceptable level of risk with sufficient
availability (Bekmuratov et al., 2024).

An analysis of the practice of using alternative financial
instruments has shown that the most effective approach is
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to combine various sources of financing. I. Myroshnychen-
ko et al. (2024), based on a sample of solar energy projects
in Central Asian countries, found that the optimal struc-
ture for SMEs is a balanced structure including the enter-
prise’s own funds, funds raised through crowdfunding or
P2P platforms, and equipment leasing or venture financ-
ing. To substantiate the economic feasibility of introducing
solar panels, a comparative analysis of various alternative
energy sources available to SMEs was conducted. The anal-
ysis included an assessment of both the initial investment
and the total cost of ownership throughout the life cycle of
the equipment. Based on the conducted research, a clear
trend has been identified to reduce the cost of solar tech-
nologies while increasing their efficiency (Fig. 1).

M Solar panels

Wind turbines

I I Biogas plants

2023 2024

Figure 1. Dynamics of the cost of introducing various energy sources (USD/kW)

Source: compiled by the authors

As can be seen from Figure 1, the cost of solar panels
shows the most dynamic decline among all the technolo-
gies considered. The analysis of the economic efficiency of
various energy sources has shown a significant advantage
of solar technologies in terms of key profitability indicators.
An important factor in choosing solar panels is their mod-
ularity and scalability, which allows SMEs to incrementally
increase capacity in accordance with financial capabilities
and electricity needs (Ismanzhanov & Tashiev, 2016). For
the conditions of the Kyrgyz Republic, solar energy has
additional advantages due to its high level of insolation,
which amounts to 2,500-3,000 hours of sunshine per year,
which is significantly higher than the European average.

The alternative finance market in the Kyrgyz Republic
is actively developing, which is facilitated by the state pol-
icy to support the green economy. V. Panwar et al. (2022)
noted that Kyrgyzstan has a system of subsidising interest
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rates on loans for renewable energy projects, where the
government compensates up to 7% points for loans aimed
at the introduction of solar technologies. There is also
an accelerated depreciation system for renewable energy
equipment, which allows writing off up to 50% of the cost
in the first year of operation.

International organisations play a significant role in
the development of alternative financing for solar energy
projects (Brych et al., 2023). Kyrgyzstan has a Kyrgyz Sus-
tainable Energy Financing Facility (“KyrSEFF”) programme,
which provides grants and concessional financing to SMEs
implementing renewable energy projects. Under this pro-
gramme, enterprises can receive grants covering up to 20%
of the cost of implementing energy-efficient technologies,
including solar panels (Sustainable Energy Financing...,
n.d.). An analysis of payback rates for various technologies
is presented in Figure 2.

B Payback period (years)

Annual savings (thous. USD)

Biogas plants Mini-hydropower plants

Figure 2. Comparison of payback rates for alternative energy sources

Source: compiled by the authors
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The data presented in Figure 2 clearly demonstrates
the advantage of solar panels in terms of payback periods
and annual savings. This is especially important for SMEs,
where the rate of return on investment plays a key role in
making decisions about the introduction of new technolo-
gies. The results of the study showed that crowdfunding is
one of the most promising financing tools for solar energy
projects for SMEs. The average success rate of crowdfund-
ing campaigns in this sector is 72%, which is significant-
ly higher than in other industries. The key advantage of
crowdfunding is the ability to raise funds without collateral
and with minimal requirements for the financial history of
the company. Crowdfunding platforms specialising in green
energy projects, where the average amount of funding
raised is USD 50-300 thousand, are particularly effective.

Venture capital financing demonstrates high efficien-
cy for innovative projects in the field of solar energy. The
analysis showed that venture capital investors are showing
increased interest in projects combining the introduction
of solar panels with innovative solutions in the field of

energy management and energy storage. The average vol-
ume of venture capital investments in such projects is USD
300-1,000 thousand, while investors are willing to accept
higher risks in exchange for potentially high returns. In the
field of lending, the mechanism of green loans provided on
preferential terms for renewable energy projects is of par-
ticular importance. The study found that the interest rates
on such loans are on average 2-3 percentage points lower
than standard commercial loans. However, the loan term
can reach 7-10 years, which corresponds to the payback pe-
riod of solar energy projects.

Analysis of the impact of the cost of installing solar
panels on industrial enterprises

A comprehensive statistical analysis was conducted to de-
termine the economic effect of the introduction of solar
panels in industrial enterprises of the Kyrgyz Republic. The
results of the annual monitoring of the economic perfor-
mance of enterprises before and after the introduction of
solar technologies are presented in Table 5.

Table 5. Impact of the introduction of solar panels on the operating costs of industrial enterprises

Indicator Before implementation | After implementation Change (%) p value
Electricity costs (thous. USD/year) 45.2 28.7 -36.5 0.001
Prime cost of production (%) 100 92.3 =7.7 0.003
Operating profit (%) 100 115.4 +15.4 0.002

Note: analysis was performed using the Student’s paired ¢ test

Source: compiled by the authors

A comparative analysis of economic indicators over a
12-month period demonstrates a significant improvement
in the financial results of enterprises after the introduction
of solar panels. Electricity costs decreased by 36.5% (from
45.2 thous. to 28.7 thous. USD/year), which is statistically
significant at p=0.001. The share of energy consumption
in the total cost structure of enterprises decreased from
18.3% to 12.1%, which reduced the cost of production by
7.7%. It is especially important to note a 15.4% increase in
operating profit, statistically significant at p=0.002.

The analysis of the return on investment showed
that the average time to reach the break-even point was
3.8 years, which is significantly faster than the projected
time of 5-6 years. Investments in solar panels began to

bring positive returns from the second year of operation,
when savings on electricity averaged 16.5 thous. USD/year,
which corresponds to about 22% of the initial investment.
By the end of the third year, cumulative savings reached
49.5 thous. USD, and the operating margin growth aver-
aged 5.2 percentage points. Notably, the economic effect
tended to increase over time due to an increase in tariffs
for conventional sources of electricity at fixed maintenance
costs for solar installations. Correlation analysis showed a
strong negative relationship (r=-0.78, p<0.001) between
the volume of investments in solar panels and subsequent
electricity costs. A positive correlation (r=0.65, p <0.01)
was found between the capacity of installed solar panels
and the growth of operating profits of enterprises (Table 6).

Table 6. Comparative analysis of the efficiency of investments in solar panels by industry

Branch %ﬁﬁ%ﬂ:ﬁgﬁ?%ggt) Payback period (years) ROI (%) Rigﬁgﬂ;‘;giin(g;gy
Food industry 180 4.2 24.5 42
Light industry 150 3.8 26.8 38
Metalworking 220 4.5 22.3 35
Woodworking 140 3.5 28.4 45
Production of building 200 4.0 251 40
materials

Source: compiled by the authors

Regression analysis revealed that every USD 10,000 in-
vestment in solar panels leads to an average reduction in
energy consumption by 5.3% (8=-0.53, R*=0.67, p<0.001).
Enterprises with a high level of energy consumption have
the greatest economic effect during the daytime. The cost
structure for the introduction of solar panels for industri-
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al enterprises is presented in Table 7. As can be seen from
the data in Table 7, the largest share in total costs is the
cost of equipment (65%), followed by installation and com-
missioning costs (15%). Designing, connecting to the net-
work, and building additional infrastructure account for a
relatively small share of the total cost structure (8%, 7%,
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and 5%, respectively). Analysis of variation (ANOVA) re-
vealed statistically significant differences in the efficien-
cy of solar panel implementation depending on the size of
the enterprise (F=12.34, p<0.001) and industry affiliation
(F=8.76, p<0.01). Enterprises in the food industry and the
production of building materials demonstrate the greatest

N. Ibraimov et al.

economic efficiency, due to the high proportion of energy
consumption in the cost structure of their products. Multi-
ple regression analysis revealed the key factors influencing
the economic efficiency of the introduction of solar panels
in the industrial sector. The model explains 73% of the var-
iation in project payback rates (R?=0.73, F=45.2, p<0.001).

Table 7. Cost structure for the introduction of solar panels for industrial enterprises

Cost item Share of total costs (%) Range of variation (%)
Equipment 65 60-70
Installation and commissioning 15 12-18
Designing 8 6-10
Connecting to the network 7 5-9
Additional infrastructure 5 3-7

Source: compiled by the authors

The results of the variance analysis emphasise the
importance of considering the specifics of enterprises
when choosing the optimal model for implementing so-
lar technologies. The size of the enterprise and indus-
try affiliation significantly affect the effectiveness of
investments in solar energy, which must be considered
when developing individual strategies for switching to
renewable energy sources. Multiple regression analysis
allows identifying key success factors for such projects,
which can be used to develop industry recommendations
and optimise government policy to support SMEs in the
field of solar energy. Given the revealed patterns, the
study of alternative financing models that can ensure

the availability of solar technologies for a wide range
of SMEs, considering their individual needs and capa-
bilities, is particularly relevant. A comparative analysis
of such models, presented in Table 8, allows assessing
their advantages and limitations in the context of the
specifics of small and medium-sized businesses. A study
of various financing models has identified several prom-
ising solutions for SMEs wishing to implement solar
technologies with minimal financial burden. Special at-
tention was paid to alternative financing models, which
have shown high efficiency in international practice.
The results of a comparative analysis of these models are
presented in Table 8.

Table 8. Comparative analysis of solar panel financing models for SMEs

Financing Initial costs Monthly Contract term | Residual .
model (thous. USD) | payment (USD) (years) value Mechanics of the model
Full one-time payment for the equipment with
. ) ) ) 100% the acquisition of ownership rights. The company
Direct purchase 100-150 ownership is responsible for its own maintenance and
insurance costs.
Long-term lease with the right of subsequent
Financial 15-25 1.200-1.500 5.7 Transfer of | purchase. The lessee gradually compensates for
leasing ’ ’ ownership | the cost of the equipment with the possibility of
obtaining ownership rights.
Equipment Short-term rent without the right of redemption.
Operating lease 5-10 800-1,000 3-5 qre?urn The supplier retains ownership rights, assumes
maintenance and obsolescence risks.
The supplier invests in installation and
Poxver Purchase 0-5 Based on 10-15 Buyl?ack maintenance, and the company pays only for the
greement consumption option A
electricity actually consumed at a fixed rate.

Source: compiled by the authors

The analysis of the Table 8 data suggests that there
are significant differences between the models of financ-
ing solar installations. The direct purchase was character-
ised by high initial investments (USD 100-150 thous.), but
provided full ownership of the equipment, which made it
optimal for enterprises with sufficient available funds. Fi-
nancial leasing significantly reduced the entry barrier (up
to USD 15-25 thous.) with moderate monthly payments
(USD 1,200-1,500), with the possibility of obtaining owner-
ship rights after the expiration of the contract (5-7 years).
The operating lease offered minimal initial costs (USD 5-10
thous.) and a short contract term (3-5 years), which pro-
vided flexibility and the possibility of technological renew-
al. The Power Purchase Agreement (PPA) model required

virtually no initial investment (USD 0-5 thousand), with
payment only for the actual electricity consumed, provid-
ing savings of 15-20% of conventional energy costs under
long-term contracts (10-15 years). The study showed that
operating leases were the most suitable for micro-enter-
prises, financial leasing for small enterprises, and PPA
agreements for medium-sized enterprises, which was ex-
plained by differences in financial capabilities, energy con-
sumption, and strategic goals of enterprises of different
scales. To determine the optimal financing models depend-
ing on the scale of the enterprise, a comprehensive analysis
was carried out, the results of which are presented in Table
9. This table shows significant differences in the effective-
ness of financial models for different categories of SMEs.
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Table 9. Effectiveness of different financing models for SMEs of different sizes

Enterprise scale Recommended model Average savings (%) Period of i‘;l;f‘ggv% ATTHIE

Micro-enterprises Operating lease 15-18 3-6 months

Small businesses Financial leasing 20-25 6-12 months
Medium-sized enterprises PPA agreement 25-30 1-3 months

Source: compiled by the authors

The analysis of the data presented in Table 9 shows
a clear pattern in the effectiveness of financing models
depending on the scale of the enterprise. Operating leas-
es are optimal for micro-enterprises, providing moderate
savings (15-18%) while achieving positive cash flow rela-
tively quickly (3-6 months). Financial leasing is the most
effective for small businesses, which allows for more sig-
nificant savings (20-25%), although it requires a longer
period (6-12 months) to achieve a positive cash flow. The
PPA agreement is of the greatest value to medium-sized
enterprises, providing maximum savings (25-30%) with a
minimum time to achieve positive cash flow (1-3 months).
These differences are conditioned by the specific features
of each financing model and the specific needs of enter-
prises of different scales.

In Kyrgyzstan, solar energy financing mechanisms for
SMEs are under active development. Despite the absence
of significant direct government subsidies, there are pos-
itive trends. The government has adopted a number of

legislative acts encouraging the use of renewable energy.
Choosing the optimal model for financing solar technol-
ogies is a complex multifactorial decision. It depends on
the individual characteristics of the enterprise: its size, fi-
nancial condition, energy consumption characteristics and
strategic development goals. The variety of financial mod-
els allows SMEs to find optimal solutions even with limited
financial resources, significantly reducing barriers to entry
into the field of solar energy. Practice shows the effective-
ness of various financing models. For example, a bakery in
Bishkek, which implemented a PPA model, was able to re-
duce energy costs by 22% in the first year of operation. The
sewing workshop, which used the operating lease, recouped
the investment in 8 months. The roadside cafe, which used
financial leasing, gained full control over the equipment af-
ter 5 years of operation. To optimise the process of choos-
ing a financing model, a step-by-step decision-making
model was developed that takes into account the key char-
acteristics of the enterprise and external factors (Fig. 3).

[ Assessment of the financial condition of SMEs ]

I

[ Are there enough of their own funds? ]
No

Yes

[ Credit history analysis ]
I
[ Good credit history? ]
Yes ] [ No

[ Direct purchase ]

[ Financial leasing ]

[PPAS or operating leases}

Figure 3. Developed model

Source: compiled by the authors

The developed model in Figure 3 demonstrates the
logic of decision-making when choosing the optimal mod-
el for financing solar panels. The practical application of
this model has shown that it reduces the time needed to
analyse available options and improves the effectiveness of
decisions. A study of the effectiveness of the model in a
sample of 150 SMEs showed that enterprises using this al-
gorithm chose the most suitable financing model for them
in 85% of cases, which was confirmed by subsequent pro-
ject implementation indicators. An analysis of the practical
application of various financing models has revealed clear
patterns of effectiveness for various types of enterprises.
The PPA agreements have demonstrated the greatest ef-
fectiveness for large enterprises with annual electricity
consumption of more than 100 MWh, where the scale of
energy consumption allows maximising the benefits of this
financial instrument.

Operating lease proved to be the optimal solution for
enterprises with a seasonal nature of activity. This approach
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allows businesses with unstable income to minimise finan-
cial risks, avoiding significant one-time costs and gaining
flexibility in managing energy infrastructure. Financial
leasing has shown the best results for companies with a
stable financial position and an impeccable credit history.
This model provides an opportunity for the gradual pur-
chase of equipment, which is especially attractive for com-
panies with projected cash flow and the intention to obtain
full ownership of the energy system. Direct purchase of
solar equipment continues to be the preferred strategy for
enterprises with a significant amount of available financial
resources. Despite the need for significant initial invest-
ments, this approach ensures full control over the energy
infrastructure and maximises the long-term economic ef-
ficiency of investments. The use of this decision-making
model also helps to reduce risks when implementing solar
technologies, as it considers not only the current financial
condition of the enterprise, but also its potential to service
the chosen financing model in the long term.
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The results of the study demonstrate the significant po-
tential of alternative financial instruments for the devel-
opment of solar energy in the sector of SMEs in Kyrgyzstan.
In the context of global trends in the greening of the econ-
omy and the desire for energy independence, these results
are of particular importance. The results of the study are
consistent with the conclusions of F. Taghizadeh-Hesary
& N. Yoshino (2020), who emphasised the importance of
developing specialised financial solutions for renewable
energy projects in developing countries. The researchers
noted that traditional banking instruments often prove
ineffective for financing “green” projects, especially in the
SME segment, which is fully confirmed by the data obtained
in the course of this study on the availability of bank loans
for only 20% of SMEs in Kyrgyzstan. However, the level of
reduction of energy costs of enterprises by 35-45% when
introducing solar panels is slightly higher than the indica-
tors provided by S. Scarpellini et al. (2021), where the sav-
ings were estimated in the range of 25-35%. This difference
may be conditioned by the higher level of insolation in Kyr-
gyzstan compared to European countries, which confirms
the need to consider regional specifics when assessing the
economic efficiency of solar technologies.

Of particular interest is the comparison of the results
obtained with the study by C.R. Kumar & M.A. Majid (2020),
which analysed barriers to the introduction of renewable
energy sources in India. The researchers identified obsta-
cles similar to those identified in this study: low aware-
ness, limited access to finance, and insufficient infrastruc-
ture development. However, in the case of Kyrgyzstan, the
problem of the lack of specialised financial intermediaries
is particularly acute (82% of cases), which indicates the
need to develop this segment of the financial market. The
revealed patterns in the effectiveness of the use of various
financial instruments, depending on the size of the enter-
prise, are confirmed in the study by K. Megersa (2020), who
analysed the experience of developing countries and came
to similar conclusions about the need for a differentiated
approach to choosing financial solutions for different cate-
gories of SMEs. However, the researcher focused mainly on
market instruments, while the results of this study indicate
the high potential of mixed financing models that include
elements of government support.

The data obtained on the cost structure for the intro-
duction of solar panels for industrial enterprises in Kyr-
gyzstan (with a 65% share of equipment) are comparable
with the results of the study by C. Kul et al. (2020), who
analysed solar energy projects in Turkey and found that
the cost of equipment was 60-70% of the total cost. This
indicates the similarity of the cost structure in different
developing countries and allows considering the experi-
ence of Turkey as relevant for Kyrgyzstan. Special attention
should be paid to comparing the results with the findings
of W. Chen et al. (2021), who investigated the impact of
various financial instruments on the attractiveness of in-
vestments in renewable energy. The researchers concluded
that instruments that distribute risks between participants
(such as PPA agreements) demonstrate the greatest effec-
tiveness, which is fully consistent with the data obtained
in this study on the high efficiency of the PPA model for
medium-sized enterprises.

N. Ibraimov et al.

In the context of risk assessment of alternative finan-
cial instruments, the results obtained expand the conclu-
sions of F. Egli (2020), who investigated the dynamics of
changes in the risks of investments in renewable energy
over time. The researcher noted a tendency to reduce tech-
nological risks while maintaining a high level of political
and regulatory risks, which is consistent with the risks of
underfunding and failure to fulfil obligations identified in
this study as the most critical for solar energy projects in
Kyrgyzstan. The results of the study also complement the
conclusions of S.A. Qadir et al. (2021) regarding the role
of incentives and strategies in financing the transition to
renewable energy sources. The researchers emphasised
the importance of creating a comprehensive ecosystem of
support, including not only financial instruments, but also
regulatory mechanisms, which corresponds to the need
identified in this study for the development of flexible gov-
ernment support mechanisms to stimulate the introduc-
tion of solar technologies in the SME sector.

An important aspect requiring further study is the re-
lationship between financial innovation and the introduc-
tion of solar technologies in the context of emerging econ-
omies. Y. Bilan et al. (2019) noted that digitalisation of the
financial sector can significantly increase the availability
of alternative financial instruments for SMEs, which may
be especially important for Kyrgyzstan, given the identi-
fied problems with access to finance. Comparison of the
obtained results with the study by Y. Rahman et al. (2024)
on the potential of financing solar energy in the context of
green banking pointed to the need for more active involve-
ment of the Kyrgyz banking sector in the development of
specialised products for financing renewable energy pro-
jects. The researchers emphasised the possibility of using
innovative approaches such as green deposits and green
bonds, which may be a promising direction for the devel-
opment of the Kyrgyz financial market.

In the context of global trends, the results obtained
correlate with the study by J. Bei & C. Wang (2023), who
analysed the relationship between investments in renew-
able energy and the achievement of sustainable develop-
ment goals. The researchers noted the multiplier effect of
such investments, including the creation of new jobs and
improvement of the environmental situation, which in-
creases the importance of the results of this study for the
development of a comprehensive sustainable development
policy in Kyrgyzstan. Investigation of the impact of the in-
troduction of solar panels on the economic performance
of enterprises, conducted in the framework of this study,
complements the results of P.I. Hancevic & H.H. Sandov-
al (2023), which analysed the factors influencing the deci-
sion-making on the introduction of solar technologies by
SMEs in developing countries. The researchers identified
economic efficiency as a key factor, which is confirmed by
the data obtained in this study on a significant reduction in
energy consumption and an increase in operating profits of
enterprises after the introduction of solar panels.

The analysis of optimal financing models for solar
technologies for various categories of SMEs carried out
in this study expands the conclusions of V. Martin (2023)
regarding the role of regulation and green finance instru-
ments. The researcher emphasised the need to create a fa-
vourable regulatory environment for the development of
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innovative financial instruments, which is consistent with
the obstacles identified in this study for the introduction of
solar technologies in Kyrgyzstan. The data obtained in the
course of the study on the combination of various sources
of financing as the most effective approach complemented
the conclusions of H. Huang et al. (2022) regarding the role
of finance in creating a sustainable business environment.
The researchers noted that diversification of financing
sources not only reduces risks but also optimises the capi-
tal structure, which is supported by the results of this study
showing the benefits of using combined financing models
for solar power projects.

Comparison of the results of the implementation of
various financing models in Kyrgyzstan with the inter-
national experience presented in the study by H. Chen et
al. (2022), demonstrates the similarity of key trends, but
also identifies specific features characteristic of countries
with economies in transition. The researchers analysed the
relationship between investments in renewable energy, fi-
nancial inclusion, and energy efficiency, emphasising the
complex nature of the interaction of these factors, which is
also confirmed by the results of this study. F.M. Ogunyemi
& A.O. Ishola (2024), in their study on the impact of in-
vestments in renewable energy on reducing carbon dioxide
emissions, noted the importance of not only the volume,
but also the structure of investments. This is consistent
with the data obtained in this study on the different effec-
tiveness of financial instruments depending on the size of
the enterprise and the nature of its activities, emphasising
the importance of a differentiated approach to financing
solar energy projects.

The study by S. Ali et al. (2022) on the impact of var-
ious policy instruments on the adoption of solar technol-
ogies for sustainable business development complements
the results obtained. The researchers found that an optimal
combination of financial incentives, technical support, and
awareness-raising activities can increase the level of solar
technology adoption by 35-40%, which correlates with the
importance of an integrated approach to promoting the
use of renewable energy sources in the Kyrgyz SME seg-
ment identified in this study. The analysis of barriers to
the introduction of solar technologies among SMEs in Kyr-
gyzstan confirmed the conclusions of A. Khan et al. (2021)
on the synergistic effect of technological innovation, fi-
nancial development, and foreign direct investment to
stimulate renewable energy. The researchers emphasised
that emerging economies need to simultaneously develop
the financial sector and attract innovative technologies,
which is consistent with the results of this study on the im-
portance of creating specialised financial instruments for
solar energy projects.

The results of the analysis of the economic efficiency
of the introduction of solar panels in the industrial sec-
tor of Kyrgyzstan complement the findings of ].M. Chen et
al. (2024) regarding the role of green finance in the devel-
opment of renewable energy in developing countries. The
researchers noted that financial inclusion and the avail-
ability of specialised financial products can significantly
accelerate the transition to a low-carbon economy, which
is confirmed by the needs of Kyrgyz SMEs in access to
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alternative sources of financing for solar energy projects
identified in this study. Thus, the conducted study confirmed
and complemented the conclusions of other researchers
on the importance of alternative financial instruments
for the development of solar energy in the SME segment.

B CONCLUSIONS
The conducted research comprehensively revealed mod-
ern approaches to financing solar technologies for SMEs
in the conditions of the Kyrgyz Republic. The study found
that traditional bank lending remains inaccessible to most
SMEs, as only 20% of enterprises have the opportunity to
obtain a bank loan to finance renewable energy projects. It
was determined that the effectiveness of financial instru-
ments significantly depends on the size of the enterprise.
Crowdfunding and P2P lending with 15-20% profitability
and a payback period of 3-4 years are optimal for micro-en-
terprises. Small enterprises achieve the best results when
using leasing and venture financing (profitability of 18-
23%, payback period of 4-5 years). For medium-sized en-
terprises, green bonds and project financing are the most
effective (profitability 20-25%, payback period 5-6 years).
The study identified the main barriers to the introduc-
tion of solar technologies in the Kyrgyz SME sector: low
awareness of available alternative financial instruments
(68% of managers), difficulties in preparing the neces-
sary documentation (70% of enterprises), and the lack of
specialised financial intermediaries (82% of cases). Addi-
tional obstacles are the insufficient development of digital
infrastructure (58% of enterprises) and the lack of flexible
government support mechanisms (76% of managers). A
comparative risk analysis has shown that the most critical
risks are the risk of underfunding and the risk of default,
especially relevant for crowdfunding and venture financ-
ing. Leasing and P2P lending are the most balanced instru-
ments in terms of risk and accessibility for most SMEs.
Analysis of economic indicators for the 12-month peri-
od showed significant improvements after the introduction
of solar panels: energy costs decreased by 36.5% (from USD
45.2 to 28.7 thousand per year), the share of energy costs
in the total cost structure decreased from 18.3% to 12.1%,
the cost of production decreased by 7.7%, and operating
profit increased by 15.4%. The average time to reach the
break-even point was 3.8 years, which is faster than pre-
dicted. Positive cash flow appeared already in the second
year of operation, when energy savings averaged USD 16.5
thousand per year (22% of the initial investment). The re-
sults obtained have significant practical value for SMEs of
the Kyrgyz Republic seeking to optimise energy consump-
tion and reduce their carbon footprint. The financing mod-
els presented in the study and recommendations for their
selection allow enterprises of various sizes to effectively
implement solar technologies, considering their financial
capabilities and strategic goals.
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IHBecTULUIi Yy BiAHOB/IOBaHI pykepena eHeprii: MOXXJIMBOCTI ANg Manumx
i cepepHiX NiaNpueMcTB Yepes3 anbTepHaTUBHI ¢piHaHCOBI IHCTPYMEeHTH

M AdoTauia. [aHe [ocCaifkeHHs OylI0 TPUCBSUEHE BU3HAYEHHIO MOKIMBOCTEN aJbTePHATUBHUX GiHAHCOBUX
iHCTPYMeHTIB /11 PO3BUTKY COHSIYHOI eHepreTUKHU B CETMEHTI MaJIoTo Ta cepefHbOro 6i3Hecy. MeTomosorisl BKIoYaia
MOPiBHSUIbHMIA aHaJli3 eeKTUBHOCTI COHSUHMX TIaHesel, OI[iHKY MOCTYMHOCTi (piHAaHCOBUX iHCTPYMEHTIB IJIT MaslMX
i cepemHixX MiAMPMEMCTB Ta BU3HAUEHHS KIIOUOBMX KpUTepiiB iX BMOOPY. [JOCTIIKEeHHS MOKa3ajo, Mo KpayndbaHIuHT,
3eJieHi obiranlii, BeHuypHe iHaHCYBaHHS Ta JII3MHT € HANIMEPCIeKTUBHIIIMMM iHCTPYMEHTAMU ISl MaJInX i cepeqHix
MiAMTPUEMCTB, SIKi JO3BOJISIIOTh IM 3a/lydaTy KOLITH 6Ge3 3aCTaBy Ta 3 MiHIMaJbHMMM BUMOTaMu 100 (iHaHCOBOI icTopii.
CepenHiit MOKa3HUK YCIixXy KpayadaHAMHTOBMX KaMIIaHill y CEeKTOPi COHSIYHOI eHepreTMKu CKiaB 72 %. BusiBieHo, 110
BIIPOBA/KEHHST COHSIUHMX TaHesell 3HU3WIO eHeprocriokMBaHHs MiANPUEMCTB Ha 35-45 % i okynmiocs 3a 3-5 pOKiB
3aJIEXKHO Bim MacIiiTaby MpoekTy Ta Mofeii diHaHcyBaHHS. ONTHMaNbHA CTPYKTYpa (GiHaHCyBaHHS BKIovana 30-40 %
BJIACHUX KOWITiB KommaHii, 20-30 % KomITiB, 3anmyueHux uepes KpaymbauHauur, i 30-40 % mi3uHry obnagHaHHS a6o
BEHUYpHOro Karmitamny. KirouoBumy QakropamMy eKOHOMIUHOiI e(deKTMBHOCTI MPOEKTiB COHSYHOI €HepreTMKM CTasIu
piBeHb COHSYHOI pajiallii B perioHi, BapTicTh MiJK/IIOYEHHS 10 €JIeKTPUUYHUX MepPEX, HasiBHICTh Jep>KaBHUX CTUMYIIiB
Ta AKiCcTh 06/agHaHHs. Byso BusiB/ieHO, 0 (piHaHCOBI 6ap’epy MOXKHA ITO0IATY 3a AOTIOMOTOI0 KOMOIHOBaHUX MOJenei
¢dinaHcyBaHHS. 3a JepXaBHUX TapaHTiii iHBeCTMIiiiHAa MPUBAGAMBICTH MPOEKTIB 3pocia Ha 40 %. JJOBroCTpOKOBi
KOHTPaKTM Ha eHeprorocTayaHHs MiJBUINWIM IIaHCK HA OTpUMMAaHHS diHaHCyBaHHS Ha 25 %. OTpuMaHi pe3ynbratu
MOT/IMOWITM PO3YMiHHSI MeXaHi3MiB cTayoro GiHaHCYBaHHSI COHSTYHOI eHepreTUKM IJIs MajauX i cepeqHixX MigImpueMCTB
i Momu OGyTM BMKOPMCTAHI MpM po3poblli AepskKaBHUX Iporpam IiATPUMMKM ITiANPUEMCTB y cdepi BigHOBIIOBaHOL
eHepreTMku. JJOCTiIKeHHS CIIPUSIE PO3BUTKY 3e/IeHOTO (hiHAHCYBaHHS Ta MepPexony A0 HU3bKOBYIIEI€BOi eKOHOMIKM B
Kuprussxiii Pecry6utirii
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The impact of digitalisation
on business efficiency and competitiveness

M Abstract. The study aimed to determine the role of digitalisation in enhancing business competitiveness by analysing
implemented digital solutions and assessing their impact on business process efficiency. The research covered the period
from 2018 to 2024, allowing for consideration of contemporary digital transformation trends. The primary materials
included official reports and publications from Ukrainian companies Obolon, Nova Post, and Ukrzaliznytsia, which have
actively adopted digital tools, as well as analytical data from open sources. The findings indicate that the implementation
of digital technologies has had a significant impact on key business performance indicators. In particular, a substantial
improvement in operational efficiency, service quality, and customer satisfaction levels was observed. For instance, Nova
Post reduced parcel processing time by 40%, while Obolon decreased resource losses by 20% through the introduction
of a Manufacturing Execution System. The implementation of digital solutions has contributed to greater transparency
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in internal business processes, which was particularly evident in Ukrzaliznytsia through the introduction of electronic
platforms for transport management. Moreover, digital technologies have accelerated decision-making by enabling the use
of automated data analysis systems. The long-term effects of digital solutions were projected, particularly their impact on
the development of new business models, allowing companies to adapt to changes in the market environment. The study’s
findings confirmed that digitalisation is a key factor in ensuring business competitiveness. The adoption of innovative
solutions has led to improved service quality, optimised business processes, and strengthened market positions. However,
achieving maximum impact required a strategic approach, investment in staff training, and adaptation of organisational

culture to new technologies

M Keywords: innovative products; process automation; management processes; market trends; e-commerce; strategies

N INTRODUCTION

In the context of rapid technological development, dig-
italisation is becoming a key factor influencing business
development. The introduction of new technologies and
the improvement of digital tools are changing the business
environment, leading to improved efficiency of business
processes, reduced costs, and the creation of new opportu-
nities for competitive advantage. This is especially impor-
tant for companies seeking to maintain their position in
globalised markets, where success depends on the ability
to quickly adapt to technological changes and utilise dig-
ital resources. Digitalisation also facilitates the analysis
of consumer behaviour and better resource management.
Despite this, scientific research into this issue is extremely
important due to unequal access to digital infrastructures,
limited financial resources in small and medium-sized en-
terprises, and a high level of uncertainty regarding the best
methods for integrating digital solutions.

Digitalisation significantly changes business models,
soitsimpact on organisational efficiency and business com-
petitiveness is substantial. S. Ohinok & V. Hunka (2023)
studied how digitalisation improves operational processes,
increases organisational flexibility, and stimulates innova-
tion. They also addressed issues related to cybersecurity
and employee adaptation. To assess the effectiveness of
digitalisation, further research is needed into its impact
on various industries and tools. The impact of digitalisa-
tion on business competitiveness is linked to the need to
adapt business strategies to the conditions of the modern
market (Khilukha, 2024). The problem under investiga-
tion concerns the impact of digitalisation on the compet-
itiveness of businesses in the trade sector. O. Siruk (2024)
established that digitalisation is a key factor in building
competitive advantages, and the level of business compet-
itiveness depends on the degree of their digital maturity.
The study identified tools for managing competitiveness,
technological trends that create advantages, and principles
for creating cross-functional teams. The main gaps con-
cern the insufficient study of the impact of digitalisation
on organisational processes in different types of business,
as well as the lack of specific mechanisms for assessing the
effectiveness of digital transformations.

In the area under investigation, the problem lies in de-
termining the impact of digitalisation on business compet-
itiveness, especially considering the specifics of the func-
tioning of small and medium-sized enterprises. This topic
was studied by A. Atanasova (2024). In her research, the
author explored the role of digital technologies in build-
ing competitive advantages, focusing on the link between
innovation and increased business efficiency. The research

results indicate that digitalisation contributes to increased
productivity, product quality, and the efficiency of internal
processes, but at the same time, a significant proportion
of enterprises do not adequately implement modern tech-
nologies. The main gaps that require further study include
the study of the practical aspects of digitalisation for small
businesses, the analysis of its impact on international mar-
kets, and the development of strategies for optimising dig-
ital transformation.

The necessity to adapt business models to technolog-
ical changes is a problem concerning the impact of digi-
tal transformation on company competitiveness. In their
study, K. Agustian et al. (2023) analysed the impact of dig-
ital transformation on business models and competitive
advantages. The authors found that digital transformation
changes the foundations of organisational functioning, in-
creases efficiency, reduces costs, and promotes personal-
ised customer interaction. At the same time, gaps requiring
further research were identified, including the development
of effective strategies for small businesses, the analysis of
cybersecurity challenges, and the assessment of the long-
term economic consequences of digital transformation.

The problem of digitalisation’s impact on sustainable
business competitiveness lies in the insufficient under-
standing of its role in ensuring economic, social, and en-
vironmental sustainability. A. Dabbous et al. (2023) found
that digitalisation promotes entrepreneurial activity and
increases sustainable competitiveness through the use of
the Internet, the integration of digital technologies, and
the provision of connectivity. Gaps concern the impact
of digitalisation on environmental sustainability and the
complex interrelationships between its components. Dig-
italisation significantly changes traditional business mod-
els, requiring adaptation to technological changes (Llazo et
al., 2024). O.S. Joel et al. (2024) explored the trends, chal-
lenges, and opportunities of digital transformation. They
found that digital technologies increase efficiency, reduce
costs, and contribute to the creation of innovative business
models. At the same time, issues regarding longterm sta-
bility, the integration of modern technologies with legacy
systems, and cybersecurity remain unresolved.

Digitalisation has become a key factor in improving
organisational efficiency, but the impact of social aspects
in this process has not been sufficiently studied. V. Bar-
ba-Sanchez et al. (2024) explored the role of digital orien-
tation and digital transformation in enhancing enterprise
efficiency. The authors found that IT capabilities positively
affect company results through the development of digi-
tal orientation and digital transformation. Gaps in the
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research include the analysis of the long-term impact of
digital transformation and the interaction of social and
technological factors in management processes. Digital
transformation is a key element for enhancing the innova-
tive capacity of enterprises, but research on this topic needs
further expansion. A.A. Varzaru & C.G. Bocean (2024) stud-
ied the impact of digital technologies such as artificial in-
telligence (AI), big data, cloud computing, and the Internet
of Things (IoT) on innovation revenue in EU countries. The
authors found that the integration of digital technologies
significantly increases efficiency and promotes innovation
in various aspects of business.

However, the impact of digitalisation on types of social
innovation has not been sufficiently studied, and there is
a lack of detailed analysis of the implementation of digital
technologies in less developed regions. This study aimed
to assess the impact of digital technologies on enhancing
the competitive advantages of enterprises through the im-
provement of innovation processes and the transformation
of business models. To achieve this aim, the following ob-
jectives have been identified: analysis of the relationship
between the implementation of digital technologies and
the growth of enterprise competitiveness; study of the im-
pact of digitalisation on various aspects of innovation, in-
cluding product development, processes, and management
strategies.

B MATERIALS AND METHODS

The research materials include official reports and publi-
cations from Ukrainian enterprises such as Ukrzaliznytsia
(Ukrzaliznytsia’s annual report, 2020), Obolon (Obolon’s
annual reports, 2023), and Nova Post (Nova Post’s sustain-
ability report..., 2023), all of which are actively implement-
ing digital technologies, as well as analytical data from
open sources. These companies were chosen because of
their significant contribution to the Ukrainian economy,
their leadership positions in their respective industries, and
their active implementation of digital technologies. Their
experience formed the basis for identifying effective prac-
tices and developing recommendations that can be applied
by other enterprises to enhance competitiveness. The main
focus was on practical case studies and the results of digital-
isation implementation at the level of specific companies.

Additionally, open sources containing analytical data
on digitalisation trends in the global economy and global
experience in this area were used (Pelser & Gaffley, 2020).
The main focus was on practical case studies demonstrat-
ing the impact of digital technologies on increasing effi-
ciency, reducing costs, and improving customer interaction
(Attaran & Woods, 2018; Moghrabi et al., 2023). The use
of such materials allowed for consideration of not only lo-
cal specifics but also a comparison of Ukrainian experience
with international practices. The collected data enabled
a comparative analysis, synthesis of practical results, and
forecasting, which are important components for achieving
the research objectives.

This research employed qualitative analysis methods
to thoroughly assess the impact of digitalisation on the
competitiveness of enterprises across various sectors. The
primary tool was a comparative case study analysis, within
which the digital strategies and technological tools imple-
mented by three leading Ukrainian companies — Obolon,

II- 72

Nova Post, and Ukrzaliznytsia — were examined. Addition-
ally, a statistical analysis of digitalisation implementation
at these enterprises was conducted. For Obolon, key indi-
cators were evaluated, including product sales volume, the
share of exports in the total volume, the number of auto-
mated production lines, the level of production losses, and
the level of energy efficiency. For Nova Post, the number
of shipments, the number of branches, the number of par-
cel lockers, delivery speed (in hours), and the number of
shipments through parcel lockers were analysed. Statistical
indicators allowed for the assessment of the impact of the
mobile application, automated sorting centres, and big data
analytics on improving the efficiency of logistics process-
es and customer experience. For Ukrzaliznytsia, indicators
such as the number of tickets purchased online, transpor-
tation revenue, passenger turnover, and other revenues and
additional services were studied. These data illustrate the
effectiveness of implementing electronic tickets, automat-
ed train traffic management systems, and online platforms
for freight transportation.

The study of these case studies allowed for the identi-
fication of key practices in the application of digital tech-
nologies in the manufacturing, logistics, and transporta-
tion sectors, as well as determining how digital solutions
contribute to the optimisation of business processes in
various areas. In particular, the analysis helped to identify
specific tools that companies use to reduce costs, increase
productivity, and improve customer service. Based on the
synthesis of practical results, the impact of digitalisation
on operational efficiency, the quality of services provided,
and the level of customer satisfaction were evaluated. The
analysis concluded that the integration of digital technolo-
gies significantly increases the efficiency of company oper-
ations and contributes to the formation of competitive ad-
vantages. During the research, using forecasting methods,
the potential long-term impact of digital solutions on the
competitiveness of enterprises was evaluated, including
their adaptation to digital technologies, increased efficien-
cy of business processes, and the development of competi-
tive advantages in a dynamic market environment. Taking
into account current trends in technology development,
the prospects for further implementation of innovations
and their impact on the economic performance of compa-
nies were assessed.

M RESULTS

Theoretical foundations of digitalisation’s impact on
business competitiveness

Enterprises can collect, store, process, and analyse data,
automate processes, and improve customer interaction
through digital technologies, which consist of a variety of
methods, software, and tools. Digital technologies in the
business environment are the foundation for creating new
business models, increasing productivity, and enhancing
market competitiveness. Cloud computing, Al, IoT, block-
chain, big data, 3D printing, virtual and augmented reali-
ty technologies, and business process automation are just
some of the numerous innovative solutions known as dig-
ital technologies. While each of these technologies has its
specific area of application, their overall goal is to improve
management processes, increase operational productivity,
and create new competitive advantages (Cherep et al., 2024).
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Cloud computing has significantly transformed busi-
ness models, allowing enterprises to optimise infrastruc-
ture costs, increase data management flexibility, provide
access to real-time analytical tools, and expand business
scaling capabilities according to market needs. It enables
companies to utilise resources over the Internet, reducing
the costs of their own IT infrastructure and ensuring data
availability anytime and from anywhere. This is particu-
larly relevant for small and medium-sized enterprises, as
limited financial resources often prevent them from invest-
ing in the purchase and maintenance of their own servers
and expensive equipment. For example, companies can run
applications, process data, and scale their operations with-
out significant capital investment using platforms such as
Google Cloud, Microsoft Azure, and Amazon Web Services
(Attaran & Woods, 2018).

Businesses are actively using digital technologies,
including Al. Al can predict market trends, analyse large
amounts of data, and even communicate with consumers
through chatbots and virtual assistants. For example, in
the financial sector, Al algorithms are widely used to assess
risks, detect fraud, and create personalised offers for cus-
tomers. The IoT is also an important part of business digi-
tal transformation. This technology allows physical devic-
es, such as vehicles, cameras, and sensors, to connect to the
internet so they can analyse and manage the data they gen-
erate. For example, in the field of logistics, IoT allows for the
reduction of transportation costs, optimisation of routes,
and real-time monitoring of cargo. IoT is used in manufac-
turing to automate processes, reduce equipment downtime,
and increase productivity. Financial transactions, supply
chain management, and business process transparency are
examples of the use of blockchain technologies. With this
technology, secure and immutable records can be created,
ensuring data authenticity. For example, blockchain in the
trade sector reduces the risks of fraud and counterfeiting,
ensuring transparency of the origin of goods. Business dig-
italisation depends on big data. Companies can make in-
formed decisions, better understand consumer needs, and
predict customer behaviour through the processing and
analysis of large volumes of data. Marketing uses big data
to personalise its advertising campaigns, and manufactur-
ing uses it to optimise processes and manage inventory.

Digital technologies play a vital role in automating
business processes, reducing the frequency with which
people have to perform routine tasks. Companies can fo-
cus resources on strategic goals, reduce costs, and increase
the speed and accuracy of operations through the use of
automation systems. For example, Customer Relationship
Management (CRM) systems automate customer interac-
tions, leading to better service and higher levels of custom-
er satisfaction. Additionally, digital technologies foster the
development of e-commerce, enabling companies to enter
new markets and expand their customer base (Hadasik &
Kubiczek, 2022). Online stores, mobile apps for ordering
services, and electronic marketing platforms create new
opportunities for businesses. Despite all the advantages of
digital technologies, there are certain obstacles associat-
ed with their use. The main obstacles are the high cost of
implementation, cybersecurity issues, and insufficient dig-
ital literacy among employees. Companies must invest in
staff training, develop data protection plans, and gradually
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integrate digital technologies into their business processes
to overcome these challenges.

Thus, digital technologies are not only a tool for in-
creasing productivity but also a strategic resource that al-
lows companies to remain competitive in the long term and
adapt to changes in the external environment. Successful
digital transformation depends on their effective imple-
mentation. The term “competitiveness” is a multifaceted
economic concept that describes how well a company can
meet the demands of its consumers better than its com-
petitors. Financial stability, innovation, brand reputation,
operational efficiency, and the ability to adapt to chang-
es in the environment are part of this definition, which
encompasses both short-term and long-term elements of
company success. A company’s ability to maintain or in-
crease its market share by offering higher-quality products
or services, at a competitive price, with better service or
other unique advantages is a key indicator of competitive-
ness. For example, in traditional sectors such as manufac-
turing, the priority is to reduce costs and increase efficien-
cy, whereas high-tech industries such as IT or e-commerce
rely heavily on product innovation.

The approach to ensuring competitiveness has signif-
icantly changed due to digitalisation. Digital technologies
allow for the optimisation of internal business processes,
automation of routine tasks, and an increase in data pro-
cessing speed, which reduces product time to market. For
example, automated inventory management systems opti-
mise logistics costs and prevent overproduction and short-
ages. Digital tools such as analytics and big data allow com-
panies tobetter understand their customers, anticipate their
needs, and provide personalised solutions. In particular,
CRM systems allow for the storage and analysis of customer
information, as well as the creation of strategies to increase
customer loyalty. This is especially important in highly
competitive environments, where retaining a customer
becomes more cost-effective than acquiring a new one.

Furthermore, digitalisation allows companies to enter
global markets. Even small and medium-sized enterprises
can reduce their dependence on the local market by offer-
ing their goods to international customers through e-com-
merce. For example, companies like Alibaba and Amazon
minimise infrastructure costs while providing access to a
multi-million-strong audience. Despite all the advantag-
es of digitalisation, ensuring competitiveness has several
challenges. The main challenges are the rapid obsoles-
cence of software and hardware, high costs, and cybersecu-
rity risks. Enterprises with outdated business models and
inefficient processes risk losing their market position if
they fail to adapt to digital changes (Pelser & Gaffley, 2020;
Ievsieieva et al., 2024). Thus, competitiveness is an impor-
tant indicator of enterprise success, and digitalisation acts
as a powerful catalyst for its enhancement. However, enter-
prises need to develop strategic approaches to overcome
challenges and ensure the effective use of digital tools.

Digital technologies are not simply implemented
separately but are integrated into the overall strategy of
an enterprise, creating a synergistic effect. For example,
Enterprise Resource Planning (ERP) systems provide cen-
tralised management of enterprise resources, but their
effectiveness significantly increases when integrated
with CRM systems, which focus on customer relationship
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management. This integration allows for the alignment
of internal operations with customer needs, enhancing
service quality and consumer loyalty. Another example is
the use of IoT and AI, which in interaction provide deeper
data analysis and automation of operations. IoT applica-
tions generate huge amounts of data in real time, which AI
analyses to identify trends, predict demand, and optimise
production processes. For example, in the field of logistics,
this allows for the optimisation of delivery routes, reducing
costs and transportation time.

Cloud technologies, in turn, provide a platform for
data storage and processing, allowing enterprises to use
analytics and automation tools without the need for sig-
nificant capital investment in their own infrastructure.
For example, ERP and CRM hosted in the cloud allow for
access to operational data from anywhere, which increas-
es business flexibility (Hasan, 2018). The interaction of
technologies in the field of business process automation is
particularly important. For example, the use of blockchain
technologies in supply chains ensures transaction trans-
parency and minimises fraud risks, while the integration of
this technology with IoT allows companies to automate the
tracking of goods’ movement in real time. This integration
forms innovative business models that allow enterprises
to reduce costs, increase productivity, and offer custom-
ers unique products or services. For example, e-commerce
actively uses cloud services, big data analytics, and CRM
to create personalised offers, which increases sales and
expands the audience. As a result, digital technologies not
only automate individual processes but also create new op-
portunities for business development, which significantly
increases the competitiveness of enterprises in a dynamic
market environment.

The task of assessing the impact of digitalisation on
the innovative development of enterprises is complex and
requires the use of a wide range of theories and methods.
Resource-based theory is an important approach that views
digital technologies as a strategic resource that allows for
the achievement of a competitive advantage by creating in-
novative activity. This theory argues that enterprises that
invest resources in digital tools can create unique products,
improve business processes, and open up new markets. The
process approach is also an important approach, focusing
on how digitalisation changes a company’s internal pro-
cesses, making them more efficient and innovative. For ex-
ample, the introduction of automation systems increases
labour productivity and creates conditions for the genera-
tion of new ideas through rapid access to data and tools for
their analysis. An econometric approach involves the use of
statistical models to analyse the impact of digitalisation on
enterprise innovation activity indicators. These may include
indicators such as the number of registered patents, the
share of revenue from new products, and the volume of in-
vestment in research and development. For example, stud-
ies show that companies that actively invest in digitalisation
have a higher level of innovation revenue compared to those
that ignore modern technologies (Moghrabi et al., 2023).

A network approach is also used, which focuses on
analysing how digital technologies change the interaction
of enterprises with partners, customers, and suppliers. For
example, IoT allows for the creation of integrated supply
management systems that reduce the time and cost of
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coordination between supply chain participants. A systems
approach views digitalisation as an element of the overall
enterprise ecosystem, which includes not only technolo-
gies but also human capital, organisational culture, and the
external environment. This approach allows for the assess-
ment of how the interaction between these elements af-
fects the company’s innovative capacity. In summary, theo-
retical approaches to assessing the impact of digitalisation
on innovative development help to better understand the
relationship between the use of modern technologies and
the growth of enterprise competitiveness. This creates
a basis for developing strategies that allow companies to
maximise the opportunities of digital transformation.

Comparative analysis of the use of digital technologies
for building competitive advantages

Digitalisation is a key tool for business transformation.
It allows companies to improve production processes, in-
crease resource efficiency, reduce costs, and provide a high
level of customer service. Through the implementation of
innovative solutions such as automation, big data analyt-
ics, and digital platforms, enterprises are able to adapt to
market demands, enhance their competitiveness, and meet
customer expectations. To understand the real impact of
digital technologies, three specific examples of companies
that have successfully implemented digitalisation were
considered: the private joint-stock company (PrJSC) Obo-
lon, the limited liability company (LLC) Nova Post, and the
public joint-stock company (PJSC) Ukrzaliznytsia.

The brewing company Obolon is one of the largest in
its segment on the Ukrainian market. In response to the
challenges of the modern business environment, the en-
terprise actively implements digital technologies to op-
timise production processes and ensure high product
quality. The main direction of Obolon’s digitalisation has
been the implementation of a Manufacturing Execution
System. This system allows for the monitoring of all stages
of the production process in real time, from the supply of
raw materials to the finished product (Digitalisation in fi-
nance..., 2024). As a result, the company was able to signif-
icantly reduce the level of production losses and optimise
the use of resources. Obolon implemented digital product
quality control systems. Using modern technologies, the
enterprise ensures that its products meet international
standards, which allows it to maintain a competitive posi-
tion in both domestic and foreign markets. A separate as-
pect of digitalisation was the improvement of logistics. The
Warehouse Management System optimises the placement
and dispatch of products, which reduces transportation
costs and shortens order fulfilment times.

Table 1 provides a comparative analysis of the compa-
ny’s key indicators before and after digitalisation (2022-
2023). As can be seen from the table, the implementation
of digital technologies allowed Obolon to significantly im-
prove its key indicators. In particular, product sales volume
increased by 1.5 million daL, the share of exports increased
by 7%, and the number of automated lines increased by two
units. At the same time, the production loss rate decreased
by 3%, and energy efficiency improved by 0.5 kWh per unit
of product. These changes confirm that digitalisation has
become an important step in ensuring the company’s com-
petitiveness in both domestic and international markets.
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Table 1. Changes in key indicators of Obolon after digitalisation (2022-2023)

Indicator 2022 (before digitalisation) 2023 (after digitalisation) Change
Product sales volume, million daL 12.5 14.0 +1.5 million daL
Export share in total sales, % 35 42 +7%
Number of automated production lines 3 5 +2 lines
Production loss rate, % 5 -3%
Energy efficiency, kWh per unit of product 2.5 2.0 -0.5 kWh

Source: compiled by the authors based on Obolon’s annual reports (2023)

Nova Post is a leader in the field of logistics services in
Ukraine. Thanks to active digital transformation, the com-
pany has managed to create convenient services for cus-
tomers and optimise its own business processes. The main
achievement of Nova Post’s digitalisation has been the im-
plementation of a mobile application that allows custom-
ers to conveniently receive information about shipments,
pay for services, track parcels in real time, and receive de-
livery status notifications. This has significantly improved
the customer experience and increased consumer loyalty.
Another important step was the use of automated sorting
centres equipped with modern technologies such as bar-
code scanners and conveyor systems. This allowed for a
significant reduction in shipment processing time and in-
creased delivery accuracy. In addition, Nova Post actively
uses big data analytics to forecast demand for services and
optimise delivery routes. This ensures more efficient use of
resources and reduced costs.

The results of the company’s digitalisation include a
40% reduction in parcel processing time, an increase in
delivery accuracy to 98%, and a growth in the number of
mobile app users to over 5 million as of 2022 (Nova Post’s
sustainability report..., 2023). Thanks to the mobile app,
automated sorting centres, and the use of big data analyt-
ics, the company has been able to significantly optimise its
business processes. Table 2 presents the key performance
indicators of Nova Post, illustrating the impact of these
changes. The implementation of digital technologies has
allowed Nova Post to significantly reduce delivery times,
expand the number of parcel lockers, and reduce the num-
ber of branches. The growth in the number of mobile app
users to over 5 million indicates high customer adaptation
to new services. This underscores the strategic importance
of digitalisation for maintaining the company’s leading
position in the logistics market, even in difficult economic
conditions.

Table 2. Key performance indicators of Nova Post digitalisation for 2021-2022

Indicator 2021 2022
Number of shipments, millions 315
Number of branches 9,990 9,300
Number of parcel lockers 8,700 14,000
Delivery speed (average), hours 23
Number of shipments via parcel lockers 4,353 new parcel lockers

Source: compiled by the authors based on Nova Post’s sustainability report 2022 (2023)

Ukrzaliznytsia, as a state-owned railway transport
company, is also implementing digital technologies to im-
prove operational efficiency and enhance customer service
quality. One of the key directions of digitalisation has been
the introduction of electronic tickets (Ukrzaliznytsia app
has..., 2024). This has enabled customers to quickly and
conveniently purchase tickets online, significantly reduc-
ing queues at ticket offices and facilitating access to rail-
way services. Additionally, electronic tickets help to avoid
duplicate bookings and improve operational transparency.
Another important step has been the creation of an au-
tomated train traffic management system. This system

allows for real-time tracking of train locations, coordina-
tion of their schedules, and reduction of accident risks.
Ukrzaliznytsia has also implemented digital solutions for
freight transport management. In particular, an online
platform for ordering freight transport has been created,
which simplifies the process of cooperation with custom-
ers and reduces order processing time. In the process of
implementing digital technologies, Ukrzaliznytsia demon-
strates positive changes in its key indicators. Table 3 be-
low compares the company’s main performance results for
2018 and 2019 to illustrate the impact of digitalisation on
operational efficiency.

Table 3. Changes in key indicators of PJSC Ukrzaliznytsia (2018-2019)

Indicator 2018 2019 Change
Number of tickets purchased online, millions of seats 27.7 30.4 +2.7
Revenue from transport services, billion UAH 76.0 82.4 +6.4
Passenger turnover, million passengers per km 28,614.9 28,413.5 -201.4
Other income and additional services, billion UAH 7.4 8.0 +0.6

Source: compiled by the authors based on Ukrzaliznytsia’s annual report (2020)
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As can be seen from the table, the implementation of
digital technologies, such as online ticket sales, process au-
tomation, and new online services, contributed to a signif-
icant increase in revenue and improved customer service.
The analysis of the three enterprises — Obolon, Nova Post,
and Ukrzaliznytsia — demonstrates that digitalisation is a
powerful tool for enhancing competitiveness. The imple-
mentation of digital solutions has allowed these compa-
nies to significantly improve the quality of their services,
optimise business processes, and increase customer sat-
isfaction. The successes of these enterprises can serve as
an example for other companies seeking to improve their
efficiency and maintain leading positions in the market.

Digitalisation is a key factor in enhancing the com-
petitiveness of enterprises in various sectors of the econ-
omy. Its implementation contributes to the optimisation
of operational processes, improvement of customer ex-
perience, and creation of new opportunities for business
development. Table 4 presents a comparative analysis
of the implementation of digital technologies by three
leading Ukrainian enterprises: PrJSC Obolon, LLC Nova
Post, and PJSC Ukrzaliznytsia. This analysis highlights
the technologies used, the specifics of their implementa-
tion, and the results achieved by the companies, demon-
strating the positive impact of digital solutions on their
operations.

Table 4. Comparative analysis of digital technology implementation across different sectors

Enterprise Sector Technologies used Implementation features Results
. Manufacturmg Execution Integration with production 20% reduction in losses, 30%
p Manufacturing System, quality control, ; -
rJSC Obolon R lines, resource usage decrease in order fulfilment
(brewing) Warehouse Management P - -
S optimisation time, stable product quality
ystem
Development of user- 40% reduction in parcel
- Mobile app, automated sorting | friendly customer solutions, processing time, delivery
LLC Nova Post Logistics centres, big data analytics integration with route accuracy of 98%, 5 million
management systems active mobile app users
E-tickets, automated - 80% of ticket sales online, 25%
PJSC Transportation train movement system, anMdogririnilsta:ggigg sp ?;S::errelg;r d improvement in movement
Ukrzaliznytsia services online platform for freight oper. agti onal transparenc accuracy, 50% reduction in
transportation P P Y freight processing time

Source: compiled based on Nova Post’s sustainability report 2022 (2023), Digitalisation in finance: How Obolon’s strategy
has changed given digital transformation (2024), Ukrzaliznytsia app has already attracted 2 million authorised users (2024)

As the analysis of these enterprises has shown, the im-
plementation of digital technologies is an important means
by which companies can remain competitive. Companies
have been able to significantly optimise business process-
es, reduce costs, and improve service quality through auto-
mation, data analytics, and innovative customer solutions.
PJSC Ukrzaliznytsia has modernised transportation ser-
vices to meet customer needs, PrJSC Obolon has improved
operational efficiency and ensured consistent product
quality, and LLC Nova Post has ensured the speed and ac-
curacy of logistics operations. Positive conclusions confirm
the view that digitalisation is not only a necessary part of
modern business but also a powerful stimulus for creating
competitive advantages in many industries.

The digitalisation of business processes is becoming
a necessary condition for ensuring the competitiveness of
enterprises in the modern economic environment. Devel-
oping recommendations for optimising the use of digital
technologies is an important step in achieving maximum
efficiency in transformation processes. This requires a sys-
tematic approach that encompasses both improving the ef-
ficiency of digital transformation and developing strategies
to strengthen competitive advantages, taking into account
socio-economic and technological aspects.

Optimising digital technologies begins with identify-
ing areas for improving the efficiency of digital transforma-
tion. A key aspect is the need for a comprehensive analysis
of existing business processes to identify points where dig-
ital technologies can provide the greatest effect. For exam-
ple, automating routine operations reduces labour costs,
increases productivity, and decreases human error. The im-
plementation of ERP systems helps integrate all business
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processes into a single platform, ensuring more efficient
resource and financial flow management. Additionally, big
data and analytical tools enable in-depth analysis of con-
sumer behaviour, allowing for a better understanding of
customer needs and the adaptation of products or services
to their requirements.

Another important direction for improving the effi-
ciency of digital transformation is staff training. One of the
main obstacles to successful digitalisation is the insuffi-
cient level of digital literacy among employees. Enterprises
must invest in training programs that not only familiarise
employees with new technologies but also explain their
practical value for everyday work. For example, companies
that actively implement CRM systems should train their
employees to effectively use these tools for customer in-
teraction. Furthermore, it is important to foster an inno-
vation-oriented culture where employees not only know
how to work with digital tools but are also ready for their
continuous improvement.

Developing strategies to enhance the competitive ad-
vantages of enterprises in the digital environment should
include several key elements. Enterprises must clearly
define their goals and priorities in digital transformation.
This avoids the chaotic implementation of technologies
that may not align with the company’s strategic objectives.
For example, if the enterprise’s goal is to reduce costs, the
main focus should be on process automation and supply
chain optimisation. If the company aims to improve the
customer experience, it should focus on implementing an-
alytical tools and personalising interactions. Table 5 vis-
ually illustrates the key directions of digital transformation
optimisation and their results.
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Table 5. Directions for optimising digital transformation and expected results

Optimisation direction

Expected results

Automation of routine operations

Reduction in labour costs, improved task accuracy

Staff training

Increased productivity, readiness for the adoption of new
technologies

Technology integration

Reduced adaptation costs, increased transformation speed

Cyber risk management

Data protection, reduction of financial losses due to cyber threats

Use of innovative solutions

Enhanced competitive advantages, expanded development

opportunities
Development of key performance indicators for monitoring Timely identification of weaknesses, prompt adjustment of
effectiveness strategy

Source: compiled by the author

It is important that new technologies are integrated
with existing systems. The incompatibility of new solu-
tions with existing infrastructure is a major issue in digital
transformation. This can lead to additional costs and pro-
ject delays. To prevent such situations, companies should
conduct a preliminary audit of their technology base and
collaborate with suppliers who offer flexible and adapt-
able solutions. For example, cloud technologies allow for
the rapid scaling of IT resources without significant in-
vestment in the modernisation of physical infrastructure.
Thus, the recommendations and actions proposed are
aimed at achieving sustainable competitive advantages for
enterprises in various industries through the effective use
of digital technologies.

H DISCUSSION

Digitalisation is a major force in business transformation,
driving increased efficiency, process automation, cost opti-
misation, and the creation of competitive advantages. The
use of modern digital technologies, such as ERP, CRM, IoT,
and Al, allows businesses to integrate various functions,
improve customer interactions, develop innovative prod-
ucts, and enter new markets. However, despite the clear
benefits of digital transformation, there are challenges as-
sociated with technology implementation: high costs, the
need for staff training, and cybersecurity.

This study has established that digitalisation is a key
factor in increasing business efficiency, promoting process
automation, optimising costs, and creating new competi-
tive advantages. In particular, digital technologies such
as ERP, CRM, Al, and IoT enable businesses to integrate
various functions, improve customer interactions, develop
innovative products, and enter new markets. In addition,
digitalisation facilitates business globalisation through
e-commerce, expanding opportunities for small and medi-
um-sized enterprises (Gulaliyev et al., 2023; Azam & An-
sari, 2024). At the same time, the research highlights the
problems associated with the implementation of digital
technologies, including high costs, the need for staff train-
ing, and cybersecurity risks.

The findings of N. Chakrouni & M. Cherkaoui (2023)
confirmed the positive impact of digitalisation on the finan-
cial performance of companies, highlighting the increase in
staff productivity, process optimisation, and cost reduction.
At the same time, their research indicated the ambiguity of
the impact of digitalisation in different contexts due to dif-
ferences in measurement variables. For example, in some
sectors, digitalisation has a negative impact due to high
operating costs, the complexity of technology integration,

and the adaptation of organisational culture. Thus, the re-
sults of both studies indicate the importance of digitalisa-
tion as a tool for improving competitiveness and financial
efficiency of business, but at the same time emphasise the
need to take into account the context of the implementa-
tion of digital technologies and the associated challenges.

The study by B. Abazi Chaushi et al. (2024) viewed dig-
italisation as a transformational process encompassing all
aspects of organisational activity, including communica-
tions, decision-making, innovation, and customer orien-
tation. The main drivers of digitalisation are technologi-
cal progress, market competition, and changing customer
expectations. Digital technologies, such as Al, cloud com-
puting, and IoT, contribute to increasing the efficiency
and competitiveness of organisations while creating new
opportunities for innovation (Spytska, 2023). The research
also highlights the challenges of digitalisation: resistance
to change, cybersecurity, the digital divide, and problems
integrating legacy and new systems. The article by B. Abazi
Chaushi et al. (2024) emphasised the importance of fos-
tering a digital culture and adapting organisational struc-
tures to the demands of the digital age. Strategic initiatives
aimed at developing digital skills, creating cross-functional
teams, and using technologies to enhance efficiency and
innovation are crucial. The study also addressed future
trends, including the integration of AlI, blockchain, and
sustainable digital practices. Thus, the research by B. Abazi
Chaushi et al. (2024) summarised the key aspects of digital-
isation, focusing on an interdisciplinary approach, analysis
of challenges, and the prospects of digital strategies that
form the basis for future transformations.

The study by E. Calderon-Monge & D. Ribeiro-Sori-
ano (2024) focused on analysing the impact of digitalisa-
tion on key aspects of business, such as marketing, finance,
accounting, and management. The research emphasised
that digitalisation is a driving force in the transformation
of business models, consumer behaviour, and organisa-
tional processes. The main focus is on the use of modern
digital technologies, such as SMAC, blockchain, and big
data analytics, which contribute to increasing efficiency,
competitiveness, and creating innovative business solu-
tions. The article also highlighted the role of business eco-
systems and the challenges faced by organisations, includ-
ing the integration of new technologies and adaptation to a
rapidly changing environment. Compared to this research,
both studies emphasised the importance of digitalisation
as a tool for business transformation. Similar aspects in-
clude the analysis of the impact of digital technologies on
value creation, business adaptation to consumer demands,
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and the use of innovative approaches to optimise business
processes. Differences lie in the fact that the research by
E. Calderon-Monge & D. Ribeiro-Soriano (2024) paid more
attention to the systematic analysis of business ecosystems
and the integration of digital technologies into strategic
management, while this study focused on the practical as-
pects of implementing digital solutions and the challenges
of their implementation.

The research by K. Agustian et al. (2023) focused on the
impact of digital transformation on business models, com-
petitiveness, and enterprise efficiency. The main conclu-
sions highlighted those digital technologies, including Al,
IoT, and data analytics, allow for cost reduction, business
process automation, personalised customer experiences,
and the implementation of innovations that meet modern
market needs. Particular attention is paid to the practical
aspects of digital transformation, particularly its ability to
adapt business models to a rapidly changing environment.
Compared to this study, both agreed on key aspects of dig-
italisation, such as process automation, increased efficien-
cy, and the creation of competitive advantages through in-
novation. There is also a shared focus on the use of modern
technologies to optimise business operations and improve
customer interaction. Differences lie in the focus of the re-
search: the article by K. Agustian et al. (2023) placed more
emphasis on the practical implementation of digital solu-
tions and the analysis of specific impacts on business pro-
cesses. The current study focused more on the systematic
analysis of digitalisation processes, their strategic impor-
tance for business adaptation, and the challenges associ-
ated with technology implementation, such as the integra-
tion of new systems, the development of digital skills, and
change management in organisations. One study is more
theoretical with an emphasis on the strategic importance
of digitalisation, and the other is practically oriented with a
detailed analysis of its impact on business operations.

The research by J. Bacca-Acosta et al. (2023) analysed
the impact of digital technologies on the competitiveness
of countries, comparing Latin America and Europe. The ar-
ticle emphasises that the implementation of digital tech-
nologies, particularly information and communication
technologies (ICT), is a key factor in improving business
dynamics, skills development, labour and product market
efficiency, and strengthening the financial system. For Lat-
in America, ICT proved to be a strong predictor of business
dynamics (66% variation), skills (81%), product markets
(75%), and the financial system (49%). In Europe, ICT also
positively affects these indicators, but with varying degrees
of impact. For example, in European countries, the labour
market shows a negative correlation with competitiveness
due to structural differences. Compared to this study, the
results of J. Bacca-Acosta et al. (2023) coincide in aspects of
the importance of digital technologies for enhancing busi-
ness dynamics and the impact of ICT on worker skills. Both
articles emphasised the key role of digitalisation in adapt-
ing enterprises to modern challenges, optimising business
processes, and expanding market opportunities. There is
also a shared emphasis on the importance of investing in
the development of digital skills, especially in countries
with underdeveloped digital infrastructure.

The research by A. Dubey & R. Ranjan (2024) analysed
business processes through a case study of Zivame, an
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Indian retail enterprise. The main findings highlighted that
the implementation of digital tools, such as CRM, e-com-
merce, supply chain management, and cloud technologies,
significantly improved the company’s operational effi-
ciency, customer satisfaction, and financial performance.
Specifically, order fulfilment time was reduced from 7 to
3 days, repeat purchase rates increased from 35% to 65%,
and employee productivity rose by 60%. However, the com-
pany faced challenges, including employee resistance to
change and high initial investment costs. Compared to this
study, the results show similarities in recognising the key
role of digitalisation in enhancing competitiveness and
operational efficiency. Both studies emphasised the impor-
tance of CRM and supply chain optimisation for improving
internal processes and meeting customer needs. Both ar-
ticles emphasised that successful digitalisation requires a
clear strategy, investment in staff training, and the active
implementation of modern technologies to ensure long-
term business sustainability.

This research demonstrated that digitalisation signifi-
cantly impacts the transformation of business models, con-
tributing to enhanced enterprise competitiveness through
process optimisation, the implementation of innovative
technologies, and the effective use of digital resources. It
has been determined that modern digital solutions, such
as ERP, CRM, IoT, and Al, not only reduce costs but also
improve customer experience, increase labour productivi-
ty, and open up new market opportunities. The main con-
clusion is that the success of digitalisation depends on a
strategic approach to its implementation and the adaptive
capacity of the organisation. Compared to the research
by Z. Wang et al. (2023), which focused on the hierarchi-
cal nature of digital capabilities and their impact on busi-
ness outcomes, both analyses highlight the importance of
business model innovations as a key element of successful
digitalisation. Z. Wang et al. (2023) detail that foundation-
al, operational, and integrative digital capabilities form
the basis for the implementation of business model inno-
vations, which, in turn, act as a mediator between digital
resources and enterprise performance. Current research
placed more emphasis on the practical aspects of imple-
menting digital solutions and the direct impact on busi-
ness operations, whereas Z. Wang et al. (2023) focused on
the conceptual link between digital capabilities and inno-
vations. Both approaches demonstrate how the theoretical
foundations of digital transformations can be applied in
practice to achieve high business results.

The research by L. Zhang et al. (2023) demonstrated
that digitalisation significantly improves the competi-
tiveness of manufacturing enterprises through optimised
management, operations, and adaptation to change. It is
emphasised that the results of digital changes manifest
with a delay, and state-owned enterprises demonstrate
greater efficiency due to subsidies. Compared to this study,
both analyses highlight the importance of digitalisation for
enhancing business productivity and adaptability. There
is a shared emphasis on business model transformation
and the integration of digital technologies. However, the
research by L. Zhang et al. (2023) focused on the manufac-
turing sector, whereas this study has a broader approach.
The research by M.-A. Galindo-Martin et al. (2023) analysed
the relationship between digitalisation, entrepreneurship,
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and competitiveness in 19 European countries. The main
findings demonstrated that a favourable environment for
digitalisation and investment in talent development signif-
icantly increase the level of entrepreneurial activity, which,
in turn, positively impacts competitiveness through the
implementation of innovations in products and processes.
Compared to this study, both highlighted the role of digi-
talisation in improving business outcomes through inno-
vation. Common findings include that digital technologies
contribute to the optimisation of business processes, cost
reduction, and the creation of new market opportunities.
Both studies also emphasised the importance of human
capital development to maximise the benefits of digital-
isation. The research by M.A. GalindoMartin et al. (2023)
focused on a macro-level analysis of the impact of digitali-
sation on the competitiveness of countries, emphasising in-
stitutional conditions and economic indicators. In contrast,
this research focuses on micro-level aspects of the imple-
mentation of digital technologies in business, paying more
attention to specific tools and their impact on productivity.

The research by M.F. Mubarak et al. (2019) focused on
the impact of Industry 4.0 technologies, such as big data,
cyber-physical systems, IoT, and interoperability, on the
productivity of small and medium-sized enterprises in Pa-
kistan. The main findings show that big data, cyberphysical
systems, and interoperability have a positive significant
impact on productivity, while the impact of IoT was found
to be insignificant. The authors emphasised that digital
transformation enables process optimisation, cost reduc-
tion, and increased efficiency, but requires human capital
and infrastructure development. Compared to this study,
both analysed the key role of digitalisation in enhancing
business competitiveness. Common aspects include find-
ings on the importance of using digital technologies to
optimise operations and create added value. In both cases,
the need for a strategic approach to digital transformation
and the implementation of innovations is emphasised.
However, the research by M.F. Mubarak et al. (2019) focused
on specific elements of Industry 4.0 in the context of Pa-
kistani small and medium-sized enterprises. Additionally,
M.F. Mubarak et al. (2019) considered in detail the chal-
lenges associated with limited resources and underdevel-
oped infrastructure.

The research by S. Kraus et al. (2021) provided an over-
view of the current state of digital transformation research,
categorising the literature into three main areas: digital
business transformation, technologies as drivers of digital
transformation, and its institutional and societal implica-
tions. Findings point to the need for a strategic approach
to the implementation of digital technologies to maintain
competitiveness. The research by S. Kraus et al. (2021) fo-
cused more on a systematic literature review with an em-
phasis on conceptual aspects of digital transformation,
such as business model adaptation and technology inte-
gration. The main findings emphasised the importance of
integrating digital strategies, developing business models,
and adapting organisations to new conditions. Compared
to this study, both approaches highlighted the key role of
digital technologies in achieving competitive advantages.
Both studies recognised that digitalisation contributes to
the creation of new value models, increased efficiency, ad
business adaptability. In contrast, this study placed more
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emphasis on the practical impact of digital changes on spe-
cific organisational processes.

This study demonstrated that digital transformation
significantly impacts the efficiency of business processes,
particularly through the implementation of innovative
technologies, management optimisation, and increased
productivity. An important aspect is that digitalisation al-
lows enterprises to adapt more quickly to changes in the
market environment, create new competitive advantag-
es, and improve customer experience (Ustymenko, 2024).
The main focus is on how the integration of digital strat-
egies contributes to achieving long-term business goals,
particularly by reducing costs and increasing operational
efficiency. Compared to the findings of D. Prihandono et
al. (2024), it is also emphasised that digitalisation is a key
tool for increasing productivity, especially in conditions of
growing market competition. The research by D. Prihan-
dono et al. (2024) focused on analysing the impact of mar-
ket competition and limited resources on the adaptation of
digital strategies in small and medium-sized enterprises in
Indonesia. In turn, this study covered a wider range of sec-
tors and is not limited to the conditions of one country, al-
lowing for more generalised conclusions about the impact
of digitalisation. This study focused on the role of digital
transformation in enhancing the efficiency of small and
medium-sized businesses. The results demonstrate that
digitalisation contributes to cost reduction, optimisation
of operational processes, and the implementation of inno-
vations. In particular, the link between digital transforma-
tion and its impact on operational, financial, and innova-
tive efficiency is highlighted. It is noted that it may take
some time to see tangible results from digital investments.

Compared with the research by X. Teng et al. (2023),
both articles agreed that digital transformation is a key fac-
tor in improving the operational efficiency of enterprises.
An important aspect is that digital innovations contribute
to cost reduction and increased productivity. However, the
study by X. Teng et al. (2023) pointed to a complex rela-
tionship between digital transformation and innovation ef-
ficiency, which takes the form of an inverted U-curve. This
conclusion is consistent with the assumption that the in-
tensity of digital investments may decrease due to resource
constraints and the need for significant initial investments.
The research by A. K6 et al. (2022) focused on digital agili-
ty, digital competitiveness, and the innovative efficiency of
small and medium-sized enterprises in the context of digi-
tal turbulence. The main findings indicate that the capacity
for change and risk readiness are key factors for successful
digital transformation and the achievement of innovative
efficiency. The role of digital competitiveness as an impor-
tant aspect of implementing innovative solutions is also
emphasised. The similarity lies in recognising the key role
of adaptation to change and readiness for innovation as the
main conditions for the success of digital transformation.
Both articles also emphasised the importance of an inno-
vation-oriented organisational culture for enhancing com-
petitiveness. Additionally, the study by A. K6 et al. (2022)
examined in detail the relationship between digital agility,
risk, and innovation, whereas this research focuses more
on the systemic aspects of transformation.

The research by Z. Wu (2024) analysed the impact of
digital transformation on the operational efficiency of
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commercial banks in China. The results confirmed that
digital transformation significantly improves efficiency
through the modernisation of business models and oper-
ational processes. In particular, banks with a higher level
of digitalisation show better profitability indicators. It is
also noted that this impact is more significant for non-
state-owned banks due to their flexibility in adopting dig-
ital technologies. Compared to this study, there is a shared
emphasis on the importance of digital transformation for
improving operational performance and competitiveness.
Both studies recognise that digitalisation is a key factor in
adapting businesses to a changing environment and cre-
ating new growth opportunities. However, the research by
Z. Wu (2024) focused on the financial sector, specifically
commercial banks, and examines in detail the impact of
digital technologies depending on the type of bank own-
ership. In this study, the analysis covers a wider range of
industries and focuses on the systemic aspects of digital
transformation. Additionally, Z. Wu (2024) paid more at-
tention to the relationship between digitalisation, finan-
cial performance, and ownership structure.

This study focused on how digital transformation im-
pacts business efficiency through process optimisation, in-
creased productivity, and adaptation to a changing market
environment. Particular attention is paid to the system-
ic aspects of implementing digital technologies, as well
as their longterm impact on enterprise competitiveness.
Compared to the results of the research by M. Shehadeh et
al. (2023), there is a shared conclusion that digitalisation is
a key factor in enhancing business competitiveness and in-
novation. Both analyses recognise the significance of digi-
tal technologies in creating added value, optimising busi-
ness models, and implementing innovations. The research
by M. Shehadeh et al. (2023) emphasised the mediating role
of entrepreneurial orientation and the moderating role of
innovation capabilities, which also underscores the im-
portance of adapting organisational culture to change. In
contrast, the study by M. Shehadeh et al. (2023) focused on
the service sector, analysing in detail how innovation ca-
pabilities amplify the impact of digitalisation on competi-
tiveness through entrepreneurial orientation.

The research conducted by L. Kucher et al. (2023) fo-
cused on the development of innovative activities in ag-
ricultural enterprises within the context of the transition
to agribusiness. The authors analysed the readiness of
Ukraine and EU countries for digital transformation, using
the global digital competitiveness index, and investigated
innovative activity in crop and livestock farming. They also
considered the barriers hindering innovation implementa-
tion, including financial, organisational, and technological
barriers, and proposed ways to overcome them. Compared
to this study, which has a broader sectoral scope and em-
phasised the impact of digitalisation on enterprise com-
petitiveness through the implementation of innovative
solutions, the research by L. Kucher et al. (2023) focused
exclusively on the agricultural sector.

The research by S. Marko et al. (2024) focused on cyber-
security and fraud risks in the context of Alimplementation,
particularly manipulations with environmental data. Using
IDEFO0 modelling, the authors proposed solutions for fraud
prevention. This study, in contrast, emphasised the impact
of digitalisation, such as ERP, CRM, and IoT, on enhancing

enterprise competitiveness. A commonality is the use of
AT as a tool for process optimisation, but in S. Marko et
al. (2024) Al is also considered a potential threat that
requires management. This study and the research by
N. Zelisko et al. (2024) have certain common points and
differences. Both articles emphasised the importance of
digital technologies for improving the efficiency of busi-
ness processes. N. Zelisko et al. (2024) focused on the use
of 10T, process automation, and precision agriculture as
the main means of optimising production, reducing costs,
and improving product quality. The research noted that
the concept of “smart farming” contributes to a signifi-
cant increase in agribusiness productivity through the
use of big data, blockchain technologies, drones, and sat-
ellite systems, which is also confirmed in this research.
N. Zelisko et al. (2024) paid more attention to economic
security and risk management in the agricultural sector,
particularly through the use of insurance and financial in-
struments to hedge price fluctuations. Overall, both stud-
ies have a common basis in the context of digitalisation
but differ in their priorities: N. Zelisko et al. (2024) aimed
to analyse economic stability through risk management,
while this study emphasised long-term competitiveness
through the adaptation of business models to digital
transformations.

Digital transformation is a powerful tool for enhanc-
ing business efficiency, aiding innovation, automation, and
the optimisation of operational processes. It opens up new
opportunities for companies to develop, including greater
competitiveness and access to new markets. Nevertheless,
the effective implementation of digitalisation depends on
the use of a strategic approach, investment in the develop-
ment of digital skills, and the adaptation of organisational
structures to new conditions. To achieve lasting results,
it is important to consider the context, industry specifics,
and implementation challenges. Digitalisation should be
an important part of the business plan for the long term.

B CONCLUSIONS

The digitalisation of business is one of the key drivers of
modern organisational transformation. In an environment
of globalisation and rapid technological development, en-
terprises that actively implement digital tools gain signif-
icant competitive advantages. This study analysed the im-
pact of digital technologies on enterprise operations, their
competitiveness, and their ability to adapt to rapid changes
in the market environment. The results confirmed that the
use of tools such as ERP, CRM, IoT, and AI allows for the in-
tegration of business processes, optimisation of costs, im-
provement of customer interaction quality, and increased
overall productivity.

Particular attention was paid to cloud technologies,
which are becoming an important element of business
modernisation. These technologies enable companies, es-
pecially small and medium-sized enterprises, to scale their
operations without significant financial investments in
physical infrastructure. Through cloud services, businesses
gain access to analytics tools, secure data storage, and flex-
ible working platforms, allowing them to respond quickly
to changes in market conditions. However, digitalisation is
also accompanied by several challenges. Among them are
high implementation costs, insufficient digital literacy of
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personnel, which hinders the adaptation process, and the
increasing risks associated with cybersecurity.

Practical analysis of successful cases from leading
Ukrainian companies such as Obolon, Nova Post, and
Ukrzaliznytsia has shown that digital solutions have a
significant impact on their productivity and competitive-
ness. Obolon uses automated production management and
quality control systems, which allows for cost reduction,
increased efficiency of production processes, and ensures
consistent product quality. Nova Post focused on the dig-
italisation of logistics processes, implementing mobile
applications, automated sorting centres, and big data an-
alytics, which significantly improved delivery speed and
customer experience. Ukrzaliznytsia integrated digital
technologies into its infrastructure, implementing elec-
tronic tickets and online services for freight transportation,
which increased transparency and operational efficiency.

Digitalisation also contributes to the development of
environmentally conscious businesses. Through digital
tools such as energy consumption monitoring systems
and optimised logistics routes, enterprises can reduce
their environmental impact and contribute to achiev-
ing sustainable development goals. The success of digital
transformation largely depends on a strategic approach.
Firstly, companies need to define clear priorities in digi-
talisation, which will avoid the chaotic implementation of
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technologies. Secondly, it is important to invest in the
development of digital skills among personnel, as human
capital remains a key factor for success. Employee train-
ing should be aimed not only at mastering technologies
but also at understanding their strategic role in achieving
business goals. Thirdly, enterprises must consider cyberse-
curity issues, as the growth of digital threats can negatively
impact performance.

A key aspect of digital transformation is the develop-
ment of a system to monitor the effectiveness of imple-
mented solutions. Defining clear key performance indi-
cators allows for the assessment of digitalisation success,
identification of weaknesses, and timely adjustments to
strategies. For example, monitoring operating costs, em-
ployee productivity, and customer satisfaction levels can
form the basis for further improvement of digital process-
es. The prospects for future research lie in a more detailed
analysis of the impact of digital technologies on various
sectors of the economy and the social aspects of their im-
plementation.
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BnnuB undpoBsisauii Ha epeKTUBHICTb
i KOHKYPEHTOCMPOMOXKHICTb 6i3Hecy

M AHoTauifa. MeToio mocimkeHHs1 OyJ0 BU3HAuUeHHS poii mudposisallii y migBUIIEHHI KOHKYPEHTOCITPOMOYKHOCTI
MiAPUEMCTB Uepe3 aHaji3 BIPOBAMKeHUX IMMPOBUX pillleHb Ta OIIHKY iXHHOTO BIUIMBY Ha epeKTMBHiCTb Gi3zHec-
nipotieciB. [locimskeHHS 0XOTUTIOBasIo repiof i3 2018 mo 2024 poKy, 110 TO3BOIWIIO BpaxyBaTy CydacHi TeHaeH i1 b poBoi
TpaHchopmarnii. OCHOBHMMM MaTepiasaMu cayryBanu odirifiHi 3BiTu Ta my6mikanii ykpaiHCbKux KoMraHiit «O6010Hb»,
«Hoga IlomTta» Ta «YKp3aJli3HUILS», SIKi aKTUBHO BIIPOBAIKYBaau MMPOBI iHCTpYyMEeHTH, a TakKOX aHAIITUYHI JaHi 3
BiIKPUTHUX JIsKepes1. Pe3ybTaTy oI KeHHS TT0Ka3aJsIu, 110 BITPOBAIKEHHS IM(MPOBUX TEXHOJIOTIH CYTTEBO BIUIMHYJIO HA
K/TIOUOBi ITOKa3HVKY IisNTbHOCTI MiATTPUEMCTB. 30KpeMa, 6y/10 BMUSBIEHO 3HAUHE MiIBUIIEHHS oTepalliiiHoi e(eKTUBHOCTI,
SIKOCTi OOCTYTOBYBAHHST KJII€HTIB Ta PiBHS 3amoBOJeHOCTi croxkuBaviB. Hampukmam, «Hosa IlomrTa» ckopoTmia dac
06po6KM mocwiok Ha 40 %, a «O60I0Hb» 3MEHIIMIIA BTPATH pecypciB Ha 20 % 3aBAsKM BIIpoBakKeHHI0O Manufacturing
Execution System. BripoBaiskeHHS 1[M(PPOBUX pillleHb CIPUSIIIO TOKPAIeHHIO ITPO030pOCTi BHYTPIlIHIX 6Gi3HEeC-IpoIieciB,
1110 0COG/IMBO TTPOSIBUJIOCS Y KOMITaHi1 « YKp3ai3HULIS» 3aBASIKY BIIPOBAIYKEHHIO eJIEKTPOHHYX IIaTHOPM J1J1s yIIPABITiHHS
nepeBe3eHHAMU. KpiM Toro, uyudpoBi TeXHOMOTii ZO3BOMMIN CKOPOTUTH Yac IPUITHSITTSI YIPaBIiHCbKUX pillleHb yepes
BUKOPUCTAHHS aBTOMAaTM30BaHMX CUCTEM aHali3y JaHuX. Bygo CIIpOrHO30BaHO AOBTOCTPOKOBI ederTu nudpoBuMx
pillieHb, 30KpeMa iXHiit BIVIMB Ha CTBOPEHHSI HOBUX 6i3HeC-Mogesieit, 10 J03BOIMIO KOMITaHisIM aalTyBaTUCS 10 3MiH Y
PUMHKOBOMY CepeIoBUIIi. BUCHOBKM TOCTiIsKeHHS TiATBE pAMIIN, IO II(POoBi3allis € KIIOUoBUM (HakTOPOM y 3a6e3TeveHH]
KOHKYPEHTOCITPOMOKHOCTI MiAMPUEMCTB. BripoBaiskeHHST iHHOBALIiiHUX PillleHb JO3BOJISUIO MiABUIIUTY SIKiCTh TTOCIYT,
ONTMMIi3yBaTy 6Gi3Hec-MpolecH Ta 3MILTHUTM PUHKOBI MO3ullii KomIaHiii. OmHaK AOCATHEHHSI MaKCUMAaJIbHOTO e(peKTy
MOTpebyBalo CTPaTeriuHoro MigXony, iHBeCTMIi}l y HaBUaHHS epCOHaNy Ta ajalTalii opraHisauiifHoi KyJbTypu IO
HOBUX T€XHOJIOTiN
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Reporting on the sustainable development of Ukrainian banks:
Current state, challenges and prospects

M Abstract. Given the growing importance of sustainable development and Ukraine’s integration into the European
economic area, high-quality and comprehensive sustainability reporting is critical for the banking sector. The study aimed
to assess the completeness of sustainability disclosures in the non-financial reporting of Ukrainian banks, to identify
challenges and opportunities for improving the quality of such information to achieve positive effects at both the micro
and macroeconomic levels. To achieve this goal, the case study method was used, which involved a comprehensive analysis
of the websites of all Ukrainian banks to study their non-financial reporting. An in-depth analysis was conducted to
determine the availability and quality of disclosed information on environmental, social and governance (ESG) factors.
The study results showed that Ukrainian banks are only beginning to adopt sustainability reporting. The disclosed
sustainability information is largely descriptive, lacking quantitative or financial data, and is often heterogeneous
and unstructured. Even banks that position themselves as socially and environmentally oriented do not fully disclose
sustainability risks or provide comprehensive information in the context of sustainable development goals. Only 35% of
Ukrainian banks submit a “Sustainable Development Report” as part of their management report and only 45% of these
banks address all ESG factors in the report. It has been demonstrated that, despite significant challenges in complying
with the requirements of the Corporate Sustainability Reporting Directive, which remains voluntary for Ukrainian banks,
adopting these standards is essential. Doing so will improve the profitability and transparency of banks’ operations,
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strengthen investor confidence, and create a more stable financial system in Ukraine. The urgent need for Ukrainian banks
to take a more proactive and comprehensive approach to sustainability reporting and to prepare for the requirements of

the future regulatory environment was emphasised

M Keywords: non-financial reporting; financial institutions; information disclosure; economic, social, and governance

factors; requirements; indicators; audit

N INTRODUCTION

Compliance with the imperatives of sustainability is a
leading priority in the contemporary business world. Com-
panies include social and environmental results in non-fi-
nancial reports to demonstrate sustainability and re-
sponsible partnership. In the modern Ukrainian business
landscape, the disclosure of information about sustaina-
ble development is essential for achieving a competitive
position in the world economy. Publishing non-financial
statements is an important manifestation of the compa-
ny’s high responsibility to stakeholders. The preparation
of reporting on sustainable development is a tool for pos-
itive transformations, which is not limited to the publi-
cation of statements but is an integral part of the wider
process of company’s growth, implementing action plans,
and evaluating the results obtained.

Establishing non-financial sustainability reporting
should act as a factor in stimulating banks’ activity in
this area. Financial institutions will be more concerned
with practices that focus on both social and environmen-
tal performance, especially regarding supply chain due
diligence, human rights, and green innovation. As stated
by I. Makarenko (2023), sustainability reporting provided
the following benefits to the companies: improving exec-
utives’ awareness of the consequences of environmental
and social activities, reducing the cost of capital, improv-
ing corporate culture, reducing information asymmetry
between the company and stakeholders, improving repu-
tation, reducing business risks, and increasing the market
value. Until recently, the relevant reporting in European
countries was regulated by Directive of the European Par-
liament and of the Council No. 2013/34/EU (2013) and the
Directive of the European Parliament and of the Council
No. 2014/95/EU (2014). Numerous scholars have studied
the banks’ reports, focusing on the relevance of the in-
formation presented and its compliance with the require-
ments of the Non-Financial Reporting Directive (NFRD).

A.L. Santos & L.L. Rodrigues (2022) analysed the qual-
ity of information regarding the sustainable development
of Portugal banks, rightly believing that only meaningful,
relevant, and comparative data can objectively reflect the
banks’ contribution to sustainable development, create a
better social image for banks, and also characterise the risks
of their activities related to ESG criteria. P. Schroder (2022)
researched the non-financial disclosures of German banks
across a three-year period. The study revealed a consistent
and notable increase in the quality of these reports, likely
due to the banks’ accumulated experience. Furthermore,
the research emphasised the need to understand the driv-
ers of reporting quality, specifically citing experience, pres-
entation style, and the chosen reporting standards.

Many studies analysed the relationship between the
banks’ sustainability reporting and their financial per-
formance. The scholars sometimes reach conflicting

conclusions regarding the impact of reporting on envi-
ronmental, social, and governance (ESG) issues on banks’
performance indicators. N. Stakic & L. Barjaktarovic (2023)
conducted an empirical study of sustainability within Serbi-
an banks, analysing environmental loans, carbon emission
reductions, and community investments as reported by the
banks. Their research demonstrated a statistically signif-
icant relationship between ESG metrics and environmen-
tal lending. However, they found no significant correlation
between financial profitability and overall ESG practices.

E.O. Korolo & A.S. Korolo (2023) research on Nigerian
banks revealed that economic and environmental sustain-
ability reporting had negligible impacts, one negative and
one positive, on return on assets. However, social sustain-
ability reporting demonstrated a statistically significant
negative correlation with profitability. The authors sug-
gested, among other things, that banks should improve
their evaluation and measurement of economic, social, and
environmental impacts across all operations. According to
B.T.T. Loan et al. (2024), there were positive effects of en-
vironmental disclosure and governance disclosure on the
bank’s return on equity. However, the study did not provide
evidence of a statistically significant association between
social disclosure and financial performance. This confirms
the problems with standardising information in non-finan-
cial reports and the extremely complex and multifaceted
nature of the interaction between sustainability factors
and bank financial performance.

However, NFRD provided a high level of flexibility re-
garding the structure and format of disclosure of non-fi-
nancial information, which over time ceased to satisfy the
requests and interests of stakeholders. In 2022, the EU
adopted a new Directive of the European Parliament and
of the Council No. 2022/2464/EU (2022) which directed
companies to display in their reports information on the
sustainability of the business model; compatibility with
the global warming target under the Paris Agreement; sus-
tainable development goals’ achievements; the main risks
related to the company’s dependence on sustainability is-
sues; determination of actual or potential adverse impacts
on sustainable development in the value chain and oper-
ations, etc. The specified Directive does not yet directly
concern Ukrainian undertakings, in particular, financial
institutions. Considering Ukraine’s aspirations for Euro-
pean integration and the necessity to incorporate Euro-
pean norms into its domestic legal framework, it is crucial
to explore the readiness of local banks to implement the
relevant requirements. The research aimed to assess the
quality and extent of sustainability information disclosed
by Ukrainian banks in their non-financial reports, pinpoint
the obstacles to complete disclosure, and propose solu-
tions to enhance this information for promoting economic
growth on both micro and macro scales.
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® MATERIALS AND METHODS

The study employed a multi-faceted methodological ap-
proach to analyse the integration of sustainability practic-
es within the Ukrainian banking sector. A content analysis
of scientific literature, regulatory documents, and sustain-
ability reports was conducted to track the banking sec-
tor’s progressive engagement with sustainability through
non-financial reporting and ESG integration. This analysis
also identified areas for further research. To assess chang-
es in Ukrainian legislation regarding non-financial infor-
mation disclosure, the formal-legal method was utilised.
This revealed the formal implementation of Directive of
the European Parliament and of the Council No. 2013/34/
EU (2013) and the Directive of the European Parliament
and of the Council No. 2014/95/EU (2014) via national leg-
islative amendments in 2017-2018. The analysis focused on
revisions to the Law of Ukraine No. 996-XIV (1999) and the
instruction on the procedure for compiling and publishing
financial reports of banks of Ukraine (Resolution of the
Board of the National Bank of Ukraine No. 373, 2011).

A case study approach was used to examine the cur-
rent state of sustainability reporting by Ukrainian banks.
This involved reviewing the websites of 63 banks (Banks
of Ukraine, n.d.) (6 state-owned banks, 14 banks owned by
foreign bank groups, and 43 privately owned banks) and
conducting an in-depth analysis of their non-financial re-
porting (63 management reports, 5 sustainability reports, 1
Communication on Progress, and 3 separate reports). Euro-
pean legislation was analysed to evaluate its feasibility and
benefits for Ukrainian banks in sustainability reporting.
The synthesis method was applied to systematise key chal-
lenges for Ukrainian banks in preparing Corporate Sustain-
ability Reporting Directive (CSRD) compliant sustainability
reports. The comparison method was used to identify the
interrelationships between EU documents, including the
Regulation of the European Parliament and of the Coun-
cil No. 2019/2088 (2019), the Regulation of the European
Parliament and of the Council No. 2020/852 (2020), and
the CSRD (Directive of the European Parliament..., 2022).
Systemic analysis was then used to determine their signifi-
cance for sustainable development.

Graphical and tabular methods were employed to vis-
ually represent and clarify the data. The graphical method
demonstrated the heterogeneous and unstructured nature
of sustainability information in Ukrainian banks’ manage-
ment reports. Tabular presentation organised the distri-
bution of reporting documents and the disclosure of ESG
information across different bank groups. Generalisation
and analogy methods were used to derive conclusions
from the research findings. Drawing on international best
practices, recommendations were developed to improve
sustainability reporting and auditing at the state level.
The study was conducted in the following stages: review
of Ukrainian banks’ websites to identify non-financial re-
porting and analyse detailed reporting format; analysis of
the collected information, focusing on the disclosure of
sustainable development issues, with a specific emphasis
on ESG factors; synthesis of the findings from the con-
tent evaluation of non-financial reports, identifying key
features and trends; assessment of bank compliance with
regulatory requirements regarding information disclosure
in non-financial reporting.
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It is worth noting that the banking sector joined the pro-
cess of evaluating its sustainability somewhat later than
the real sector companies. The banking business, by its na-
ture, has long been considered neutral in terms of environ-
mental impact. According to researchers, banks go through
several stages of involvement in the issues of sustaina-
ble development: defensive banking, preventive banking,
offensive banking, and sustainable banking (Jeucken &
Bouma, 1999). It is quite obvious that individual banks, as
well as the banking systems of certain countries, can be at
different stages and vary in their level of awareness of the
problems of sustainable development.

In Ukraine, non-financial information in the form of
a management report was implemented in 2017, when the
Law of Ukraine No. 996-XIV (1999) was amended. The same
law stated that the content of the management report for
banks was determined by the National Bank of Ukraine
(NBU). Therefore, at the beginning of 2018, the NBU in-
troduced a new section on management reporting to the
instructions on the procedure for compiling and publishing
financial statements of Ukrainian banks (Resolution of the
Board of the National Bank of Ukraine No. 373, 2011). This
addition requires that the report includes an analysis of the
economic, environmental, and social aspects of banking,
essentially the ESG criteria. It should detail the changes
during the reporting period and discuss their future impact
on the bank’s activities or potential to pose risks. In addi-
tion, it was noted that banks with the average number of
employees exceeding 500 people were also obliged to dis-
close issues of employment, respect for human rights, and
the fight against corruption. Thus, the requirements of the
Directive of the European Parliament and of the Council
No.2013/34/EU (2013) and Directive of the European Parlia-
ment and of the Council No.2014/95/EU (2014) were formal-
ly implemented into the regulatory framework of Ukraine.

However, having given the right to banks to inde-
pendently define the format of displaying information
in the management report, the National Bank did not
mention the aspects of sustainability among the issues
recommended for disclosure, which, of course, negative-
ly affected the quality of non-financial reporting. At the
same time, the Ministry of Finance of Ukraine has devel-
oped methodological recommendations for non-financial
companies in compliance with the NFRD requirements for
displaying ESG factors (Order of the Ministry of Finance
of Ukraine No. 982, 2018). These include a description of
the company’s policy on specified issues, the outcomes of
such policies, the main risks related to these issues, and
the mechanisms for risk minimisation, among others. Yet,
the NBU did not officially provide banks with similar ex-
planations. Therefore, the National Bank did not use such
an element of the EU legal framework as the guidelines
on non-financial reporting (European Commission, 2017),
which, although not mandatory, contribute to the provi-
sion of high-quality, relevant, useful, consistent, and more
comparable non-financial (ESG-related) information.

In this regard, it is worth noting that among the docu-
ments of the central banks of the countries that are candi-
dates for joining the EU, only a document from the Nation-
al Bank of Georgia that is directly related to the disclosure
of information about sustainable development — the ESG
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reporting and disclosure principles (2020) - and prepared
with the support of the OECD attracts attention. Neverthe-
less, at the end of 2021, the NBU presented the development
of the Sustainable Finance Development Policy (2024) un-
til 2025, developed in cooperation with the IFC. To comply
with EU regulations, the policy required banks to include
ESG factors in their corporate oversight and to embed en-
vironmental and social risk considerations within their risk
framework. Additionally, it emphasised the importance
for financial institutions to disclose the sustainable na-
ture of their activities. To ensure this, from 2022 to 2024,
it was planned to prepare and approve standards for the
disclosure of ESG information by banks, the formation of
a control system for the provision of such information, the
development of appropriate analytical tools, and the hold-
ing of training for market participants. But regarding a full-
scale military invasion, the work in this area was stopped.
It was resumed only in 2023 as part of the World Bank’s
technical assistance, taking into account the catastrophic
consequences of military actions and the new status of the
state as a candidate for EU membership, which adds ob-
ligations to Ukraine regarding the implementation of the
practice of sustainable financing.

At the same time, Ukrainian banks, at their own will,
can and are already using internationally recognised sys-
tems and standards for reporting on sustainable develop-
ment, including the Global Reporting Initiative, Interna-
tional Integrated Reporting Council, Carbon Disclosure
Project, Financial Stability Board’s Task Force on Cli-
mate-Related Financial Disclosures, UN Global Compact,
International Financial Reporting Sustainability Disclo-
sure Standards, and others. Such reporting can serve as a
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valuable tool for the bank to better understand its impact
and risks, mitigate them more effectively, capitalise on new
opportunities, and address specific challenges to become a
leader in sustainability. It also allows the bank to showcase
its commitment to sustainable development principles to
stakeholders and the public.

The full-scale invasion has not eliminated the re-
quirements and needs for achieving the Sustainable De-
velopment Goals in Ukraine. Furthermore, the war did not
diminish the necessity of considering ESG factors in finan-
cial institutions’ operations; instead, it encouraged a more
active implementation of them: the humanitarian disaster
sharpened attention to the social aspect; destruction and
resource limitations forced entities to review and find new
business approaches, including taking into account ethi-
cal aspects; the environmental consequences of the war
forced them to be deeply anxious about the restoration of
the environment. All this should be reflected in non-finan-
cial reporting.

Based on the facts in international practice, several for-
mats of non-financial reporting are distinguished, namely:
communication on progress; a report on sustainable devel-
opment; a separate social report based on indicators inde-
pendently determined by the entity; integrated reporting,
which combines both financial and non-financial reporting
(management report). The results of information gather-
ing from the websites of Ukrainian banks are displayed in
Table 1. It is essential to point out that certain informa-
tion related to the environmental and/or social aspects of
banking, which may be published on a website as a message
or article but not compiled in a separate document, is not
considered non-financial reporting.

Table 1. Banks that provided non-financial reporting in 2018-2023

Groups of banks Mansgement | Sutainablliy | Comemmicatin | Separate
State-owned banks 6 1 - -
Banks owned by foreign bank groups 14 3 - 3
Privately owned banks, including: 43 1 1 -
= with foreign capital 13 1 - -
= with domestic capital 30 - 1 -
In total 63 5 1 3

Source: developed by the authors

Therefore, even those banks that declare a socio-en-
vironmental orientation of their development are not ful-
ly informationally transparent because they do not pub-
lish reports on sustainable development. Only five of the
63 studied banks have relevant reports (albeit for differ-
ent periods): Ukrgazbank (2018-2020), Ukrsibbank (2022),
Credit Agricole Bank (2023), SEB Corporate Bank (2023),
and Bank Lviv (2020-2022). Furthermore, First Ukrain-
ian International Bank (FUIB) publishes the Communi-
cation on Progress, ProCredit Bank — Impact Banking in
Practice, ING Bank Ukraine — Integrated Climate Report,
Pravex Bank — ESG Report. Therefore, only 14% of banks
voluntarily prepare reports with information on the envi-
ronmental and social results of their activities and their
impact on the environment and society. It was found also

that all banks, under the requirements of the NBU, pub-
lish management reports, but their structure and content
differ significantly, which does not allow for obtaining
systematic and comparative information on reporting on
sustainable development.

A thorough examination of management reports of
Ukrainian banks showed that the information provided by
them about sustainable development is heterogeneous and
unstructured. But the most important thing is that almost
all banks do not disclose sustainability risks that can arise
in environmental, social and business contexts and nega-
tively affect the value of investments. The availability of
certain sections in the bank management reports, which in
one way or another disclose the issues of sustainability, is
shown in Figure 1.
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Figure 1. Completeness of data on sustainability in Ukrainian banks’ management reports

Source: developed by the authors

It is important to highlight that 13 commercial banks
do not represent aspects of sustainable development in
their non-financial reporting, namely: Citibank, Deutsche
Bank DBU, Credit Europe Bank, MTB Bank, A-Bank, Clear-
ing House, Unex Bank, Cristalbank, RWS Bank, MetaBank,
Bank Trust-Capital, Bank Familny, Motor-Bank. It shows
the lack of transparency and their unwillingness to be re-
sponsible to society for the impact of banking on the envi-
ronment and social processes.

The most common practice is the disclosure of in-
formation about social and environmental aspects or re-
sponsibility (46% of the sample), some banks even have an
approved environmental and social control system and/
or implement an environmental and social policy (for ex-
ample, Sense Bank). Only 11 banks (17.5%) represent ESG
initiatives (including the policy of corporate social respon-
sibility as a concept, thanks to which institutions integrate
social and environmental issues into the operating model
and interact with stakeholders) in management reports. It
is worth noting that most of these banks - eight, are banks
of foreign banking groups, which can be explained by the
following features of their business: the existence of clear

regulatory requirements in the parent banks’ countries
regarding the disclosure of ESG data; integration of ESG
factors into the strategy and business processes of parent
banks, which contributes to a more systematic approach
to their implementation; a high level of awareness of the
importance of ESG aspects and the need to disclose such
information; the availability of considerable funding at
parent banking groups, which allows them to invest in ESG
projects and initiatives.

22 banks (35% of the total) include the “Sustainability
Report” as a separate section in the management report, but
this data differs in scope, content, and structure. Besides,
the general disadvantages are the following: information
does not have a financial component (aspects of sustainable
development are displayed without linkage to financial re-
sults and are only descriptive); it is not regular, consistent,
and comparable; it has a low level of reliability (because
there is no consistency in the collection of information and
third-party audit). To determine the maturity of Ukrainian
banks in incorporating ESG factors into their activities, the
structure of sustainability reports was analysed to examine
the disclosure of ESG aspects of their business (Table 2).

Table 2. Inclusion of E, S and G factors in banks’ sustainability reports

Bank name

E

S

Q

PrivatBank

+

Ukrgazbank

Raiffeisen Bank

+

Kredobank

+ |+ |+ |+

+ |+ |+

Credit Agricole Bank

Pravex Bank

SEB Corporate Bank

Bank Alliance

Altbank

Cominbank

++ |+ |+ |+

Poltava-bank

Bank for Investments and Savings

Bank “Ukrainian Capital”

e

Asvio Bank

Bank Grant

+

Bank 3/4

B I o I i 0 (TS (RS T R R I

European Industrial Bank

Bank Avangard
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Table 2. Continued

Bank name

G

Policombank

Ukrainian Bank of Reconstruction and Development

BTA Bank

+ |+ |+ |

+ |+ |+ |

Alpari Bank

Source: developed by the authors

It was found that only 10 banks out of 22, i.e., less than
half of them, took into account all ESG aspects in their re-
ports. In general, E (environmental) and S (social) factors
are reported much more often than factor G (corporate
governance). At the same time, most of the banks’ initia-
tives within the framework of corporate responsibility in
2023 were related to social aspects: the help to internally
displaced persons, children, educational and health care
institutions, and Ukrainians affected by the consequences
of the war. Regarding the governance aspect (G), despite
the presence of a separate report on corporate governance
in the banks’ management reports, the impact of corporate
governance on ensuring the sustainability of banking is

practically not reflected directly in the report on sustain-
able development. It is worth noting that most of the an-
alysed bank reports are descriptive and do not represent
quantitative or financial data. Banks prefer narrative de-
scriptions to reflect the potential impact of risks rather than
quantifying them. Improving banks’ sustainability report-
ing practices is especially important concerning Ukraine’s
status as a candidate for EU membership. Currently, the
basis of sustainability reporting in the European Union is
formed by a triad of mandatory documents: the EU taxono-
my, the Sustainable Finance Disclosure Regulation (SFDR),
and the EU CSRD together with the European Sustaina-
bility Reporting Standards (ESRS) development (Table 3).

Table 3. Mandatory documents that regulate sustainability reporting in the EU

Document Purpose of adoption

Relationship with other documents

Importance for sustainable
development

To form a classification
of environmentally
sustainable types of

economic activity, which is
used within the framework

EU Taxonomy
(Regulation of the European
Parliament and of the
Council No. 2020/852, 2020)

Provides basic efficiency criteria for
determining types of economic activity
that have a significant contribution to

achieving the goals of the European
Green Course and are necessary for the

It is a tool for the distribution
of investments by types of
economic activity, which are
defined in the taxonomy

of CSRD and SFDR
To increase the

preparation of relevant reporting
The data, according to the CSRD,

SFDR ESG metrics are disclosed

and quantitative parameters
of corporate reporting on
sustainable development

(Directive of the European
Parliament..., 2022)

(Regulation of the European transparency of ESG are the basis for supplementing the in reporting to encourage
Parliament and of the information for sustainable SFDR reports with information on sustainable investment
Council No. 2019/2088, 2019) investing sustainable development. Therefore, practices
. . part of the indicators provided in
CSRD To improve the qualitative | gRp reporting can be used by banks Obliges to include ESG

when disclosing information about
sustainable finance according to SFDR

indicators that comply with the
EU taxonomy in SFDR reporting

requirements

Source: developed by the authors

Although the mentioned regulatory acts are not yet
binding for Ukrainian banks, the implementation of their
requirements will significantly increase the transparency
and quality of information on sustainable development
in the annual corporate reporting of banks. Based on
such data, reporting users will be able to form an inte-
grated view of the bank’s impact on ESG factors and the
effectiveness of its business. The results of the study in-
dicate the following main benefits of implementing the
CSRD requirements for Ukrainian banks. Most banks do
not have an effective development strategy, and top ex-
ecutives are focused on solving current issues. The avail-
ability of clear reporting requirements under the CSRD,
the use of detailed standardised non-financial indicators,
the integration of ESG data into risk framework and the
bank’s strategy will have a synergistic effect and improve
the controllability of risks and allow for identifying new
development opportunities related to ESG. For instance,
describing in the sustainability report the consideration
of sustainability factors in the bank’s corporate strategy
and the financial consequences of operations, determin-
ing the areas of improvement of sustainability indicators,

and the connection of business strategy with sustainable
development plans (as it is required by the CSRD), the
bank’s top executives can identify areas of investment
that most fully correspond to the values and strategy.
Thus, a detailed analysis of the strategy will become an
effective tool for economic development, which will allow
more clearly align the strategy, plans, and operational
processes with the sustainability goals.

The availability of banking products that take into ac-
count the goals and requirements of sustainable develop-
ment will contribute to increasing the competitiveness and
reputation of the institution, as well as expanding the mar-
ket niche due to the attraction of sustainability-oriented
customers. In particular, implementing “green” bonds or
“green” lending at rates lower than market ones will allow
for the preferential attraction of new sustainability-ori-
ented customers. This will result not only in the economic
support of such business entities but also in the improve-
ment of the bank’s reputation as one that cares for society
and the national economy as a whole. It should be noted
that the availability of sustainable banking products, which
are increasingly in demand in the domestic market, is

89 -II

Economics of Development. 2025. Vol. 24, No. 1



Reporting on the sustainable development of Ukrainian banks...

extremely important because, as the research showed, their
supply is still insufficient.

The bank’s empowerment to attract foreign capital,
since the bank’s focus on sustainable development is an
important factor when making a decision on investment
and lending to companies from EU countries. Reporting of
all Ukrainian banks according to CSRD requirements, which
clearly define indicators and reporting standards, will en-
sure transparency and comparability of reporting. That will
serve as information support for foreign companies when
making investment or lending decisions in favour of sus-
tainability-oriented banking institutions.

Reduction of reputational risks through the provision
of consistent, transparent, and meaningful information
on sustainable development. While preparing corporate
reports according to the CSRD requirements offers signif-
icant advantages through detailed coverage of sustaina-
bility issues, it poses a real challenge for Ukrainian banks,
which currently provide limited data on ESG factors. The
CSRD mandates comprehensive retrospective and prospec-
tive qualitative and quantitative information on sustaina-
ble development across value chains, covering short, medi-
um, and long-term horizons.

The problems faced by domestic companies in prepar-
ing non-financial reports have already been identified by
scholars: the lack of a standardised form for providing in-
formation; difficulties in obtaining information that may
constitute a trade secret; the quality of the audit of the man-
agement report, and others (Tsaruk, 2019). Additionally,
when compiling reports under CSRD requirements, Ukrain-
ian banks may encounter challenges such as data collection
(including information about counterparties’ activities),
data aggregation, electronic formatting, and additional
expenses for mandatory audits of sustainability reports.
These issues can be explained in more detail as follows.

1. The main feature and requirement of CSRD and
ESRS developed for it is the principle of double materiality
when information is disclosed both from the point of view
of the impact of environmental and social problems on the
bank (the so-called financial materiality) and in terms of
the impact of the bank’s operations on the environment
and society (the so-called ESG materiality). Financial ma-
teriality involves assessing the impact of ESG factors on the
financial performance of banks. ESG materiality involves
assessing the impact of the bank’s operations on the envi-
ronment, society, and governance (Stiroh, 2022). Investing
and financing other economic entities are specific to bank-
ing, meaning that a significant part of a bank’s materiality
is found in its clients’ economic activities. Therefore, when
assessing dual materiality, the bank must take into account
not only the impact of its operations on the environment
but also the impact of the bank’s clients and associated
companies on sustainable development. In addition, banks
must calculate the amount of environmentally sustainable
activities of their clients and the share of loans granted or
investments made in these kinds of activities.

It is important to remember that Ukrainian banks do
not currently perform actual materiality assessments. Only
a few banks conduct such assessments based on qualita-
tive indicators and with a high level of subjectivity, due
to the nature of these measures. In particular, in 2024,
FUIB planned to measure the achievement of its goals
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through regular monitoring of ESG indicators (Progress
report..., 2023). For a realistic picture, it is necessary to
present information in a quantitative dimension. However,
the quantitative assessment of dual materiality (consider-
ing the negative impact of the activities of clients to whom
loans have been granted on sustainability) is a rather com-
plex task that requires gathering data from internal and
external sources, taking detailed measurements, reviewing
the value chain to identify relevant areas for disclosure. All
this increases the costs of preparing reports, requires the
hiring of more qualified personnel and significant invest-
ments in technology and data handling, and changes in in-
ternal policies and accounting procedures.

2. The need to create a sustainability report (as part of
a management report) in a formalised format and to up-
load it to the European Single Access Point (ESAP) requires
making changes to information systems and accounting
processes related to the preparation and disclosure of in-
formation about sustainable development.

3. A significant challenge in Ukraine, especially with-
in the banking sector, is the shortage of experts with deep
knowledge of sustainability reporting. These professionals
must be capable of managing large volumes of data, work-
ing in a dynamic environment, and staying current with the
ever-evolving requirements of numerous sustainability re-
porting standards, including the EU taxonomy.

4. When developing the CSRD and relevant standards,
emphasis was placed on large corporations, without keep-
ing in mind individual industry specifics. Therefore, the
accelerated implementation of CSRD, the absence of secto-
rial standards considering the specifics of banking, and the
mandatory audit of corporate reporting will significantly
increase the costs of the banks, the NBU, other government
bodies, and auditing companies.

On the other hand, such labour and resource costs
are justified, as providing assurance by auditors regarding
banks’ sustainability reporting will help ensure the relia-
bility, completeness, consistency, and coherence of this
reporting in conjunction with financial reporting, which is
especially important for users of such reports. At the same
time, to ensure proper sustainability reporting, bank em-
ployees responsible for its preparation and auditors who
will provide audit services on sustainability reporting must
have a sufficient level of professional competence, theoreti-
cal knowledge of the preparation and audit of sustainability
reports, and the ability to apply such knowledge in practice.

To initiate proper sustainability reporting by Ukrain-
ian banks and create favourable organisational and legal
conditions for this, it is necessary to improve state policy in
this area, develop and approve the necessary regulatory le-
gal acts. They can be based on the relevant provisions of the
CSRD, which determine the mandatory audit of sustainabil-
ity reporting and the requirements for auditors. In addition,
at the state level, it is worth doing the following. A train-
ing with the involvement of sustainability experts from EU
countries should be organised to train auditors and bank
representatives who will prepare sustainability reports. The
algorithm for certification of sustainability auditors and
the procedure for organising work in the Law of Ukraine
2258-VIII (2017) should be specified to fulfil the mandato-
ry task of providing assurance on sustainability reporting.
A new section 5, titled “Audit entities entitled to perform
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mandatory assurance tasks on sustainability reporting”,
should include information about sustainability auditors in
the Register of Auditors and Auditing Entities. The CSRD
and the accompanying ESRS create both challenges and
opportunities for banks. Even though the challenges are
quite significant, banks that implement the requirements
of these regulatory documents in their operations and in-
vest in technology, data handling, policies, and procedures
will be able to make a real impact on a more sustainable
future and improve their long-term financial performance.

H DISCUSSION

Analysis of disclosure of non-financial information prac-
tices by banks is one of the most important tasks for un-
derstanding the state of transparency and involvement
in ESG initiatives in the banking sector and the extent of
information asymmetry in this area. As a result of the anal-
ysis, it was found that all banks, under the requirements
of the NBU, publish management reports, but their struc-
ture and content differ significantly, which does not allow
for obtaining systematic and comparative information on
reporting on sustainable development. The research an-
alysed the current state of sustainability reporting in the
Ukrainian banking sector, identifying key trends and prob-
lematic aspects. Particular attention was paid to compar-
ing the existing reporting practices with the requirements
of the EU CSRD, which, although still voluntary for Ukrain-
ian banks, sets the direction for future reporting. Full-scale
implementation of sustainable development reporting in
Ukraine will have a positive effect on both the macro and
microeconomic scales. At the level of the national econ-
omy, it will support sustainable long-term investment,
reduce unemployment, and contribute to the recovery of
the economy, which was also emphasised in the article by
0. Solodovnik & I. Gavrylychenko (2021). Researchers ex-
plored how to track and assess the corporate sector’s pro-
gress towards sustainability goals in Ukraine by creating
practical guidelines.

By publicising their contribution to sustainable de-
velopment, Ukrainian banks will improve operational ef-
ficiency through a better understanding of banking risks,
increased transparency, and consideration of ESG factors
when making credit and investment decisions. This state-
ment aligns with the opinion of E. Palmieri et al. (2024),
who demonstrated the positive impact, in particular, of the
environmental component of banking activities on reduc-
ing the risk of insolvency and bank default. I. Makaren-
ko et al. (2020), like this study, analysed the sustainability
reporting of Ukrainian banks. To evaluate it, the authors
developed and applied the specific index, whose method-
ology includes a range of formal, content, assurance, and
disclosure scorings. According to the results of a continu-
ous assessment of the management reports of 75 banks for
the 2018 fiscal year, the average index was 61.2%. In the
opinion of the authors, this indicated a fairly high level of
disclosure quality in their sustainability reporting, which is
somewhat contradictory to the research conducted. Among
the 14 indicators defined by the authors for evaluating re-
porting, only four directly addressed sustainable develop-
ment (social aspects, environmental aspects, anti-corrup-
tion activities, human rights protection), while the others
related to banks’ compliance with general requirements for
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preparing non-financial reports. Therefore, the relatively
high result reflected only the compliance of most manage-
ment reports with regulatory requirements, rather than
the quality of sustainable development reporting. At the
same time, the conducted study confirmed the researchers’
conclusion that the best results in terms of completeness
of non-financial information disclosure in Ukraine were
observed in the groups of state-owned banks and banks
owned by foreign bank groups (Fig. 1). The former, due to
their status, are more responsive to implementing state
policies, and the latter have the opportunity to leverage the
experience of their parent structures in the field of sustain-
able development.

L. Kindratska (2024) explored the issue of forming sus-
tainability reports by public sector entities, which is im-
portant for this study, considering that Ukraine already has
seven state-owned banks at the beginning of 2025. They
occupy almost half of the banking market and are consid-
ered entities of heightened public interest. Aligning the ac-
tivities of public sector institutions with the achievement
of Sustainable Development Goals positively impacts the
effectiveness of economic processes in the context of en-
hancing economic development and citizens’ quality of life.
The measures to improve the formation of relevant report-
ing, proposed by the author of the article, will contribute to
more effective communication to stakeholders about the
contribution of public sector institutions to sustainability,
the formulation of reliable conclusions about the impact
of their activities on the economy, environment, and so-
cial development of communities, as well as enhancing the
quality characteristics of the services provided.

The research results that companies in the real sector
of the economy have a somewhat higher level of disclo-
sure regarding their economic, environmental, and social
impact, thanks, in part, to greater methodological support
from government bodies, correlate with the assertion of
T. Yefimenko et al. (2021). However, the informativeness
of even such companies’ reporting remains quite low.
Therefore, based on international standards, researchers
proposed a basic list of non-financial reporting indicators
and the development of a practical commentary on their
disclosure. H. Umantsiv (2023) also noted that the spread
of sustainability reporting practices in Ukraine required
the improvement of theoretical and conceptual-method-
ological approaches to substantiate the directions of dis-
closure of this information by companies in the context of
European integration of Ukraine. The NBU should speed
up the development and implementation of new report-
ing requirements following the CSRD. On the other hand,
banks should assess as soon as possible their readiness for
detailed data disclosure about business models, strategies,
and supply chains related to sustainability.

The challenge of ensuring quality information disclo-
sure on sustainable development and regulatory compli-
ance is not unique to Ukrainian banks; it extends to banks
in more developed countries as well. D. T6zsér et al. (2024)
investigated this issue by evaluating the sustainability re-
porting compliance of Hungarian and top European banks
using a scoring method. Their findings indicated that while
both groups selected similar aspects of their activities for
disclosure, the level of data representation was significant-
ly lower in Hungarian banks. Consequently, the authors
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concluded that Western European banks demonstrated su-
perior preparedness for the CSRD compared to Hungarian
banks, which they considered representative of the region.
They emphasised the need for financial institutions in
Central and Eastern Europe to more effectively adopt best
practices, a conclusion that strongly aligned with the re-
sults of this study.

A.L. Santos & L.L. Rodrigues (2021) examined how
Portuguese banks report climate-related data. Their re-
search revealed that while disclosure has improved, it
still falls short of recommended standards. The research-
ers also found significant variation in reporting practices
among banks, with some being more advanced than others.
This lack of uniformity, where banks prioritise different in-
formation, mirrors the situation in Ukraine and makes it
impossible to compare sustainability performance across
financial institutions. The authors correctly argue that
greater standardisation of reporting topics and content
is essential for meaningful comparisons between banks.
Their proposals correlate with the results of the conducted
research and are further complemented by the conclusions
of 1. Ferrero-Ferrero et al. (2023). The researchers believe
that placing sustainable development at the centre of EU
policy requires the creation of resources, implementation
methods, and control tools at the supranational and na-
tional levels to ensure that sustainability reporting is on
par with financial reporting. To achieve this, public au-
thorities should join efforts to create a homogeneous and
comparable reporting methodology and to ensure an inde-
pendent assurance process for sustainability information.

Conducting an audit of sustainability reporting is
crucial for ensuring its informativeness and effective-
ness, as emphasised during the research. M. Kucheriava &
A. Shvaher (2023) also analysed these issues, focusing on
relevant European experience. The scholars provide pro-
posals aimed at developing an institutional mechanism
for overseeing the quality of sustainability reporting by
business entities through establishing requirements for
the qualification and certification of auditors who conduct
sustainability reporting audits and defining the organisa-
tional principles for providing relevant audit services. The
direction of further research aligns with the conclusions of
T.L. Fohr et al. (2023) regarding the possibility and feasibil-
ity of using large language models for auditing sustaina-
bility reporting by developing a sustainability-related audit
prompt framework.

The results of the research indicated that the impera-
tives of sustainable development play an increasingly im-
portant role in the modern banking sector; however, the de-
gree of their implementation in Ukraine remains uneven. It
was found that non-financial reporting on sustainable de-
velopment has significant potential to reduce information
asymmetry, increase the transparency of banks’ activities,
and improve their competitiveness, but its implementation
in the domestic banking system is fragmented. Unification
of requirements in the form of clear and detailed sustain-
ability reporting standards for the banking sector, incen-
tivising financial institutions not only to transparently
disclose information but also to use quantitative indicators
to assess the impact of their sustainable development initi-
atives, conducting training and consultations for banks on
the methodology of preparing relevant reports, engaging
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independent auditors to verify the accuracy and complete-
ness of the information disclosed in the reports — all of this
will enhance the transparency of banks’ activities, foster
investor confidence, and create a more sustainable finan-
cial system in Ukraine.

B CONCLUSIONS

The study showed that although all banks publish non-fi-
nancial reports in accordance with the requirements of
the National Bank, only 14% of them voluntarily compiled
certain types of reports with information on the environ-
mental and social results of their activities in some years.
These banks include Ukrgazbank, Ukrsibbank, Credit Agri-
cole Bank, SEB Corporate Bank, Bank Lviv, FUIB, ProCred-
it Bank, ING Bank Ukraine, and Pravex Bank. This showed
that the majority of Ukrainian banks, even while declaring
social and environmental responsibility, remain insuffi-
ciently transparent in disclosing their activities. An anal-
ysis of management reports revealed that 13 banks do not
reflect aspects of sustainable development in them at all,
which indicated an extremely low level of their readiness
to disclose information in accordance with CSRD require-
ments. A significant difference in the structure and content
of such reports was found: some banks limit themselves to
general declarative statements about social responsibility,
while only a few banks systematically reflect the ESG as-
pects of their activities.

Most often, banks provide general information on so-
cial and environmental aspects, including issues of social
responsibility (46% of the sample), and only 22 banks (35%
of the total) include a separate section on sustainable de-
velopment in the management report, but their informa-
tion, as a rule, is fragmented, descriptive, and not related to
financial indicators. It is in the reports of the latter group
of banks, including PrivatBank, Ukrgazbank, Raiffeisen
Bank, Kredobank, Bank Alliance, Altbank, Cominbank, and
others, that ESG initiatives are presented in a more struc-
tured manner. However, it was found that only 10 out of the
22 banks providing sustainability reports disclose all ESG
components, which is less than half of their number. So-
cial and environmental aspects are most often highlighted
(82% of banks), in particular, support for internally dis-
placed persons, educational and medical institutions, due
to current wartime challenges, energy conservation, and
dealing with waste. Governance aspects are disclosed much
less frequently (50% of banks), indicating insufficient in-
tegration of banks’ corporate governance with sustainable
development goals.

An analysis of international regulatory experience
showed that the implementation of CSRD requirements
can significantly improve the quality of sustainable devel-
opment reporting. At the same time, the study revealed a
number of barriers to the implementation of such stand-
ards, including the lack of unified methodological ap-
proaches to assessing ESG risks, insufficient staff compe-
tence, the absence of industry standards for the banking
sector, and significant costs for auditing sustainability
reports. However, non-compliance by Ukrainian banks
with CSRD requirements in the future may lead to capital
outflow, reputational damage, potential fines, legal conse-
quences, and damage to business relationships. Therefore,
despite all the difficulties, Ukrainian banks should start a
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gradual transition to reporting under the new standards. M ACKNOWLEDGEMENTS
To facilitate the reporting process, it is advisable to consid-  None.

er the possibilities of implementing intelligent software for

both report preparation and its audit, which might be the M CONFLICT OF INTEREST
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3BIiTHICTDb 3i cTanoro po3BUTKY 6aHKIB YKpaiHu:
NOTOYHUM CTaH, Npo61eMun Ta NepcneKTUBU

M AdoTauis. 3 omiagy Ha 3pOCTaloue 3HAUEHHS CTaJOr0 PO3BUTKY Ta iHTerpamiio YKpaiHM B €BPOIEChbKUiL
€KOHOMIiUHMIT TIPOCTip, sIKiCHAa Ta MOBHA 3BiTHICTb 31 CTAIOr0 PO3BUTKY € KPUTUUYHO BaKIMBOWO i1 GAaHKiIBCHKOTO
cexTopy. MeToi0 MOCTimKeHHST GY/I0 OIiHUTY TOBHOTY PO3KPUTTS iHdopMaliii 3i cTasoro po3BUTKy B HediHAHCOBIIi
3BITHOCTi YKpaiHCbKMX OGaHKiB, BUSIBUTM MPOOJEMM Ta MOKIMBOCTI MiABUIIEHHS SIKOCTi Takoi iHdopmarii mis
JMOCSITHEHHSI MO3UTUBHUX eeKTiB Ha MiKpO- Ta MaKpOEKOHOMiIUHOMY pPiBHSIX. [IJisT JOCSTHEHHS MOCTaBJIeHOT MeTu
OyJI0O BUKOPUCTAHO METOJ, Keiic-CTajli, IKMii repenbauyaB KOMIUIEKCHUI aHasi3 Be6-caiiTiB ycix yKpaiHChbKMX OaHKiB
i3 MeToM0 mowTimKeHHs iXHbOI HediHaHCOBOI 3BiTHOCTI. [TorMbIeHMIT aHami3 6yJI0 MPOBEAEHO 3 METOI BU3HAUEHHS
HasIBHOCTI Ta sIKOCTi po3kpuToi iHdopmanii mono eKoJoriyHmux, couiadbHMX Ta ympasiaiHcbkux (ESG) daxropis.
Pe3ynbTaTy HOCTIMKEHHST TTOKA3a1M, M0 YKpaiHChbKi GaHKM JIuIlle TIOYMHAIOTh BIIPOBAIKYBATH 3BITHICTH 3i cTaysoro
po3BUTKY. Poskpura iHdopmarlist 3i crajoro po3BUTKY Ma€ IMepeBakKHO OIMMCOBUI XapaKTep, He MiCTUTh KiJbKiCHUX
a60 GbiHaHCOBMX HAHMX, YaCTO € HEOJHODPIMHOKI Ta HECTPYKTYpOBaHO. HaBiTh GaHKM, SIKi MO3UIIIOHYIOTh cebe SIK
ColliaJIbHO Ta €KOJIOTiYHO OPi€HTOBaHi, He PO3KPMBAIOTh IMOBHOI MipOI0 PU3MKMU CTaJIOTO PO3BUTKY Ta He HAJalTh
BuuepIHoi iHpopMallii B KOHTEKCTi 11i/iei cTasoro po3BUTKY. JIniie 35 % yKpaiHCbKUX OaHKIB IOJAIOTH «3BiT 3i CTAIOr0
PO3BUTKY» SIK YACTMHY CBOTO 3BiTYy MPO yIpaBJliHHs, i niie 45 % i3 1iux 6aHKiB po3misiawTh y 3BiTi Bci ESG-dakTopu.
ITpogeMOHCTPOBAHO, 10, HE3BAXKAIOUM HA 3HAUHI TPYAHOIIi Y BUKOHAHHI BUMOT [IMPEKTUBMU IIOAO KOPIOPATUBHOI
3BiTHOCTI 3i CTAJIOTO PO3BUTKY, SIKA 3QJIUIIAETHCS JOOPOBITBHOIO )11 YKPATHChKMUX GAHKIB, MPUITHSTTS X CTAHIAPTIB
€ HeoOXigHMM. Lle crpusTMMe MiABUINEHHIO MPUOYTKOBOCTI Ta MPO30POCTi MisIbHOCTI 6GaHKiB, 3MillTHEHHIO TOBipU
iHBeCcTOpiB Ta CTBOPeHHIO 6inbIn cTabinbHOI hiHaHCOBOI cucTemMu B YKpaiHi. Byso HaromomeHo Ha HaraabHii MoTpebi
IJ1s1 YKPaiHCbKUX OaHKIB 3aCTOCOBYBATH Oi/IbII ITPOAKTUBHMI Ta KOMIIEKCHUI MigXiL 70 3BiTHOCTI 3i CTA7I0r0 PO3BUTKY
Ta MiATOTYBAaTHCS 10 BUMOT MaiiGyTHBOTO PEryasiTOPHOTO CepemoBUIa

M KniouoBi cnoea: HediHaHcoBa 3BiTHiCTb; (GiHAHCOBi yCTaHOBM; PO3KPUTTS iH(GOpMaIlii; eKOHOMiUHi, coIiaJbHi Ta
YIIpaBJIiHCbKi paKTOPH; BUMOTHM; ITOKA3HUKI; aYIUT
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M Abstract. The study aimed to analyse the specifics of promoting economic zones and providing business support in
industrial clusters. To achieve this goal, a sample of the following objects was created: Frankfurt-Hochst Industrial Park
(Germany), North Huntsville Industrial Park (USA), the Industrial Cluster and Knowledge Cluster programmes (Japan)
and Shenzhen-Hong Kong-Guangzhou (China). The selected clusters were analysed in terms of information exchange
strategies, investment attraction and quality human capital. According to the comparative analysis, the key features of
effective cluster promotion are the creation of an extensive information network for interdisciplinary cooperation and
information exchange, the attraction of investment in human capital development and investment diversification. A
synthetic analysis using SWOT analysis, PEST analysis and Porter’s Five Forces model identified the main obstacles to the
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effective promotion of economic zones and clusters: shortage of human resources or their poor quality; lack of demand for
the products and/or services offered in the region where the cluster operates; insufficient understanding of the context of
the cluster’s operation, leading to ineffective strategic decisions. Based on the analysis, the following recommendations
were made for the effective promotion of economic zones and clusters in terms of investment, information and human
resources policy: transition to intensive investment and human capital development practices; diversification of
investments, especially in low-income regions with higher priority state budget expenditure items; preliminary contextual

analysis to identify public demand for cluster functioning

M Keywords: contextual analysis; development of cooperation; diversification of financing; sustainable development;

capital raising

N INTRODUCTION

In times of economic uncertainty, promoting economic
zones and securing business in industrial clusters are key
strategies for sustainable development. The idea of creat-
ing economic zones originated in the UK in the 1980s and
was soon implemented in other countries, including the
US, Japan, China and the EU. The emergence and develop-
ment of such zones are driven by the idea that creating spe-
cial conditions for doing business helps to create new jobs
and economic growth, especially in regions where market
forces are weak or not at all.

Numerous studies were devoted to the study of the
concepts of economic zones and industrial clusters, includ-
ing an article by M. Kim & T. Chapin (2022), which argued
that the policy of creating an economic zone is a policy of
economic and social development aimed at providing spe-
cial incentives to targeted areas to increase investment and
economic growth. M. Crawford (2024) emphasised that the
existence of economic zones stimulates business growth
and job creation in economically disadvantaged communi-
ties where market forces usually do not operate. The author
highlighted that there are more than 3,000 economic zones
in the United States, some of which, such as in Kansas, are
the size of an entire state. The concept of an economic zone
is inextricably linked to the concept of an industrial cluster,
which H. Kim et al. (2023) defined as a group of geograph-
ically contiguous, interconnected companies and institu-
tions in a particular area. That is, industrial clusters can be
defined as elements of economic zones.

Economic zones are becoming more common due to
the benefits they offer, including reduced unemployment
(Saeed et al., 2024). According to R. Hasan et al. (2024),
the creation of favourable conditions for small and medi-
um-sized enterprises, including the provision of tax incen-
tives, contributes to their sustainable growth and develop-
ment,whichisexpressed,amongotherthings,inthecreation
of new jobs. For instance, the idea was confirmed in a study
by M. Crawford (2024), according to which the Southwest
Enterprise Zone of Baltimore County in Maryland, estab-
lished in 1996, had 62 thriving companies and 920 new jobs
as of 2024. D. Neumark (2020) believed that job creation
reduces unemployment and poverty, thereby contributing
to the restoration of social justice. Thus, the existence of
economic zones is a prerequisite not only for the econo-
my but also for the social well-being of a particular region.

Due to government support, economic zones are be-
coming innovation zones, offering effective solutions to

pressing problems in key areas (Ustymenko, 2024). Ac-
cording to ]. Xie & Y. Wang (2024), enterprises in econom-
ic zones use innovative approaches to efficiently allocate
and use limited resources economically. An example is
the introduction of innovative solutions to reduce the
carbon footprint of enterprises. According to Q. Sheng et
al. (2024), the initiatives of individual enterprises can
make a significant contribution to solving environmental
problems at the regional or national level. Based on the
cited studies, it is possible to argue that the existence of
economic zones is associated with numerous benefits at
different levels of the state.

The functioning of such zones, however, also implies
overcoming certain difficulties, which, according to F. Al-
fazzi (2023), include limited availability of financial and
other resources, reduced competitiveness and insufficient
regulatory framework. According to S.A. Frick & A. Rod-
riguez-Pose (2023), the attraction of innovation in the
development of economic zones is also a challenge, espe-
cially in economically unstable regions of Africa, Asia and
Latin America. Thus, planning for the creation and devel-
opment of economic zones implies an in-depth analysis
of possible obstacles and the development of strategies to
overcome them. The study aimed to analyse the peculiar-
ities of economic zone promotion and business provision
in industrial clusters.

B MATERIALS AND METHODS

The materials for this study were industry reports on the
following economic zones: Frankfurt-Hochst Industrial
Park, Germany (Heck et al., 2024); North Huntsville Indus-
trial Park, Alabama, USA (CRE Consulting Corps, 2023);
Industrial Cluster and Knowledge Clusters Programme, Ja-
pan; Shenzhen-Hong Kong-Guangzhou Industrial Cluster,
China (Li, 2024). Reports from the United Nations (Glob-
al Innovation Index..., 2024), among others, were consid-
ered. Industry reports published in the last five years, i.e.,
which are relatively recent and relevant, were selected for
the study. The main research tool used was the case study
method, which was aimed at presenting a detailed analy-
sis of selected economic zones and industrial clusters in
Germany, Japan, China and the United States. The chosen
case study method implied the use of statistical analysis to
assess the performance of the selected clusters. To analyse
each of the selected cases, a three-component model was
applied, as shown in Figure 1.
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Information
exchange

Attracting
investment

Attracting
talent

Figure 1. Model for analysing selected cases
Source: compiled by the authors

Based on the presented model, the analysis of the
functioning of economic zones and industrial clusters im-
plies an assessment of the efficiency of planning and de-
velopment of resources such as information, investment
and human resources. Information exchange is understood
as the use of certain tools to assess the impact of internal
and external factors on the creation and operation of an
economic zone or industrial cluster: SWOT analysis, PEST
analysis and Porter’s five forces analysis. Investment at-
traction means analysing initiatives aimed at attracting in-
vestors, allocating resources and using them efficiently to
support the sustainable development of the economic zone
or cluster. The human resources element involves a de-
tailed analysis of efforts to attract specialists whose knowl-
edge and skills are the driving force behind the successful
functioning of the economic zone or industrial cluster. As
an additional method, a comparative analysis was used to
identify universal methods of promoting economic zones
and industrial clusters, regardless of their geographi-
cal location. The analysis also aimed to identify the most
common difficulties in the development and expansion
of economic zones and industrial clusters. The identified
challenges were analysed in terms of costs and benefits to
justify the feasibility of strategies aimed at improving eco-
nomic zones and industrial clusters.

W RESULTS

Features of the organisation of economic zones and in-
dustrial clusters in Germany, the USA, Japan and China
Several economic zones and industrial clusters in the EU,
USA, China and Japan were analysed. One of the econom-
ic zones analysed is the Frankfurt-Hochst Industrial Park,
Germany. This park is a licensed, fully developed site for
research, development and production of chemical, phar-
maceutical, biotechnology and related products (About In-
dustriepark Hochst, n.d.). As of 2024, the park covered an
area of 460 hectares, housing 90 companies with a total of
22,000 people. An important feature of Frankfurt-Hochst
Park is the efficient use of information, made possible by
the expert services offered by the players in interacting
with government agencies to ensure that they can quickly
obtain a licence to carry out certain activities, such as bio-
technology research. The exchange and implementation of
information also includes interaction with on-site experts
who help companies manage technological systems and
installations throughout their life cycle, as well as develop
cost-effective solutions to help implement maintenance
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strategies. The Frankfurt-Hochst Industrial Park is there-
fore designed to facilitate cooperation between companies
and local experts, as well as interdisciplinary collaboration
between companies.

In addition to the exchange of information, the func-
tioning of the Frankfurt-Hochst Industrial Park depends
on attracting investments and their subsequent efficient
distribution (Heck et al., 2024). Since 2000, more than EUR
8.5 billion has been invested in the development of the
park, making Frankfurt-Hochst one of the largest projects
in the EU (About Industriepark Hochst, n.d.). An example is
the investment by the German company INERATEC in 2022
of EUR 30 million in a research project on the efficient use
of hydrogen. The project has attracted interest at the state
level; and the first hydrogen filling station built thanks
to the investment was visited by German Chancellor Olaf
Scholz. Based on the information provided, it is possible
to state that since the park’s inception, most investments
have come from German companies.

Recognising the importance of human capital, the
Frankfurt-Hochst Industrial Park has introduced initia-
tives to attract and retain well-trained and highly moti-
vated professionals. The park is also home to Provadis, a
company that helps companies develop innovative intern-
ship programmes to attract and train qualified employees.
Provadis helps companies operating in Frankfurt-Hochst
to create an individual professional track for each em-
ployee, which begins at college or university, where they
search for candidates with a high level of professional
training and good leadership skills. The companies of the
Frankfurt-Hochst Industrial Park are thus committed to
investing in human capital, viewing it as the driving force
behind their progress.

The Hunstville, Alabama industrial-industrial zone
is one of the most notable clusters in the United States.
This cluster is known nationally and internationally
for its achievements in the aerospace industry, which
helped it earn the title of “Rocket City” (CRE Consult-
ing Corps, 2023). Compared to Frankfurt-Hochst, North
Huntsville Industrial Park is relatively small, as its total
area does not exceed 27 hectares. This industrial cluster
has nevertheless overcome the space limitation by shift-
ing the focus to interdisciplinary interaction between
leading companies in the aerospace and defence industry.
This thought is supported by the fact that 47 Fortune 500
companies are in Huntsville.

Thus, North Huntsville Industrial Park is an example
of the fact that for an industrial cluster to be successful, it
is not so much the size of the cluster that matters, but the
ability to effectively manage available resources, includ-
ing information. Interdisciplinary collaboration between
research centres, engineering companies and innovative
start-ups to create high-tech aerospace products takes
place within the cluster. Examples of such cooperation
are such well-known US companies as SJ&L, IIC Blake or
Stewart Electric. The effective exchange of information and
knowledge is also facilitated by the operation of two Meta
data centres in the industrial park. According to the report
of the city administration, Meta plans to further expand its
presence on the territory of the industrial park, which will
contribute to the creation of an extensive information net-
work of the cluster.
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Raising and rationally allocating funds is a priority for
North Huntsville Industrial Park, which seeks to attract na-
tional and international investors to develop infrastructure
projects. An example of this is the cooperation with Meta,
which came to the park in 2021 and attracted USD 3 billion
in investment and created 75 new jobs.

A significant portion of the investments received is
redirected to the development of the cluster’s education-
al system. An example is the USD 1.9 million investment
that Meta has made in Huntsville and Madison counties to
partner with local schools and non-profit organisations to
help disadvantaged youth, promote STEM education and
support equity and empowerment initiatives. Similar to
Frankfurt-Hochst, North Huntsville Industrial Park’s man-
agement strives to create conditions in which vocational
school graduates are interested in long-term cooperation
with companies in the industrial cluster. The effectiveness
of this strategy is determined by the fact that it provides
companies with access to a pool of candidates with the re-
quired knowledge, skills and qualities, and reduces the risk
of an outflow of qualified and motivated personnel. The
Industrial Cluster Programme of the Ministry of Economy,
Trade and Industry of Japan was launched in 2001 to estab-
lish interaction between economic entities within a region-
al agglomeration. The initiative was born out of the need to
improve the link between scientific research and industry,
particularly the woodworking industry, to increase the lat-
ter’s efficiency. The project proved to be quite successful,
as, by the end of the first five years of its existence, it had
19 industrial clusters comprising 6,100 companies and 250
universities (Kuwajimi, 2022).

Unlike the previously discussed initiatives, the Indus-
trial Cluster is a set of programmes aimed at creating and
developing industrial clusters throughout the country. A
new round of the programme was launched in 2007 with
the adoption of a law on the formation and development
of regional clusters to promote the autonomous develop-
ment of regional economies (Kuwajimi, 2022). The law re-
quired each candidate region to formulate specific “basic
plan” for industrial agglomeration in consultation with
local business groups and submit it to the central govern-
ment for review and approval. In other words, it can be
argued that the functioning of industrial clusters in Japan
implies a more complex hierarchical structure than the
functioning of such clusters in Germany, the USA and sev-
eral other countries. The similarity is that once approved,
the submitted plan receives government support in the
form of various tax incentives. The Industrial Cluster pro-
gramme of the Japanese Ministry of Economy, Trade and
Industry assumes that the government is the main source
of funding for initiatives. The main task of attracting and
retaining human capital in industrial clusters is to ration-
alise common forms of labour productivity, which is im-
plemented, among other things, through the Knowledge
Clusters programme.

The Knowledge Clusters programme was developed
by the Ministry of Education, Culture, Sports, Science
and Technology of Japan in parallel with the Industrial
Cluster programme (Matsumae et al., 2020). Knowledge
clusters were created based on universities and research
institutions, and their main goal was to increase cooper-
ation with industry by generating ideas for the latter. The
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programme was funded in 18 regions of the country, giving
rise to numerous knowledge clusters, including the largest
ones such as the Sapporo Carrozzeria IT cluster, the Hiro-
shima Biocluster, and the Nagoya Nano-Technology clus-
ter. The almost simultaneous emergence of the Industrial
Cluster and Knowledge Clusters initiatives implied their
further interaction. An example of such interaction is the
cooperation between the Hamamatsu Knowledge Cluster
and individual industrial clusters in other Japanese cities.
The knowledge cluster helped to launch the development
of medical imaging and surgical guidance technologies.
These technologies were then incorporated into the plans
of industrial clusters to create a local industry using these
technologies. An important feature of Japan’s knowledge
clusters is their openness to international cooperation, the
main objective of which is to exchange knowledge and ex-
perience and train specialists following generally accepted
quality standards. An example of such cooperation is the
creation of the EU-Japan Industrial Cooperation Centre,
which has trained thousands of industrial cluster employ-
ees. The centre has also developed a mapping tool that
provides detailed information on clusters in different parts
of the country and beyond, thus facilitating the establish-
ment of links between them.

In addition to the countries already analysed, it is
worth mentioning China, which hosts the world’s largest
industrial clusters by size. As of 2024, Shenzhen-Hong
Kong-Guangzhou ranked 2™ in the top 15 largest science
and technology clusters in the world. The idea for this clus-
ter dates to the 1970s but only took its modern shape in
2011 with the construction of most of the Shenzhen-Hong
Kong-Guangzhou high-speed railway, also known as the
Guangshengang Express. The industrial cluster selected for
analysis includes three key ports, each with unique char-
acteristics, including in terms of its contribution to the
national economy. Guangzhou, for instance, is the largest
port for foreign trade in South China, with new interna-
tional routes opening as Nansha Port is built and devel-
oped. Shenzhen Port is predominantly focused on inter-
national container traffic, with delivery speeds 5-10 days
slower than from Guangzhou Port. As the ports of Shen-
zhen and Guangzhou evolved, the specialisation of the Port
of Hong Kong underwent some changes it became more
frequently used as an international transhipment port
and less frequently for cargo delivery. The cost of sending
cargo from the Port of Hong Kong is on average USD 300
higher than from the ports of Shenzhen or Guangzhou;
therefore, this port is more often used to ship goods that
cannot be shipped from mainland ports. The use of Shen-
zhen, Hong Kong and Guangzhou ports for international
transport has had a significant impact on the development
of the industrial cluster, including the improvement of its
technical characteristics. As of 2024, the Shenzhen-Hong
Kong-Guangzhou industrial cluster had one of the highest
concentrations in digital connectivity at 26.1%. The devel-
opment of digital connectivity, in turn, enables the devel-
opment of an extensive information network underpinning
the strategic planning of industrial clusters. International
cooperation in digital connectivity has also ensured Chi-
na’s leading position (Global Innovation Index..., 2024). A
comparative analysis of the selected zones and clusters is
presented in Table 1.
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Table 1. Analysis of economic zones and industrial clusters in Germany, USA, China and Japan

Zone/cluster Country Information exchange Human capital Attracting investment
Interaction of companies Collaboration with Provadis to sg{ffi éosogﬁ?%%rﬁ);lsnﬁteerlly
Frankfurt-Hochst Germany | with the park’s experts and | create an individual professional invested 1 n the park, mainly by
with each other track for each employee national investors
Interdisciplinary
cooperation between Investing in employee training Attracting national and
North Huntsville research centres, starting from high school (Meta); international investments
Industrial Park USA engineering companies, creating the preconditions for for the development of
and innovative start-ups to long-term cooperation with infrastructure, educational and
create an open information cluster companies other projects
space
The attraction of personnel is
conditioned by the specifics of a The government is the
. particular industrial cluster; as a main source of investment
Industrial Cluster i%ﬁgﬁg:gfﬁvivgeﬁgr rule, it involves interdisciplinary in industrial clusters. The
Programme “Industrial Japan education institutions to C}? operation tokgalnlascess tg gmourcllt of fu}rllds'mve?t(}ald
Cluster” bring theory and practice the necessary knowledge an epends on the size of the
into line skills. Training and retraining of cluster and the strategic
specialists are carried out through | importance of its activities for
cooperation with universities and the state
other educational institutions
. The main source of
knlaoi\t/zlisclllsgrctirtl';eosfat Interdisciplinary and investment is the state. The
universitiegs and research international cooperation use of mapping tools helps to
“Knowledge Clusters” Japan institutions: cooperation for training and retraining of establish cooperation at both
between knowled pe centres specialists following generally | the national and international
and industrial gentres accepted quality standards levels to obtain additional
funding
With a high concentration
in digital communications, Investments in the
Shenzhen-Hong Kong- development of the industrial
Guangzhou has favourable The cluster has created cluster come from both state
Shenzhen-Hong Kong- China conditions for the conditions for international funds and international
Guangzhou accumulation and exchange | cooperation, including in human | sources. The emergence of the
of data that can be used, capital attraction latter is due to the cluster’s
among other things, for the potential as one of the leaders
further development of the in international transport
industrial cluster

Source: compiled by the authors based on About Industriepark Hochst (n.d.), N. Kuwajimi (2022)

Based on the table above, it is possible to conclude
that industrial clusters as an element of an economic
zone can differ significantly in size and number of con-
stituent enterprises. In the sample analysed, the small-
est cluster is North Huntsville Industrial Park, USA, and
the largest is Shenzhen-Hong Kong-Guangzhou, China.
Industrial clusters may also differ in the amount of in-
vestment received and its predominant source; for ex-
ample, Japanese clusters predominantly invested from
regional and state budgets, while German and American
clusters demonstrate sustainable development, includ-
ing through diversification of investment sources. De-
spite these differences, the analysed industrial clusters

use universal approaches to information exchange, hu-
man capital development and investment attraction. A
detailed analysis of management practices provides an
understanding of the challenges of developing econom-
ic zones and industrial clusters and allows for planning
strategies to overcome them.

Development of economic zones

and industrial clusters

The development of economic zones and industrial clus-
ters involves a detailed contextual analysis using various
tools, including SWOT analysis. The results of the analysis
are presented in Table 2.

Table 2. SWOT analysis of the functioning of economic zones and industrial clusters

Strengths

Weaknesses

Improved productivity

Increasing competition

Creation of new jobs

Uneven distribution of resources

Cooperation and innovation

Access to specialised resources

Environment pollution

Opportunities

Threats

Regional and international cooperation

Economic downturn

Demand for social justice

Changes in legislation

Government and international support

Blocking cluster activities at the regional level

Source: compiled by the authors
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The demonstrated table demonstrates that the devel-
opment of economic zones and industrial clusters is direct-
ly related to labour productivity and is modelled by the var-
iable of exchange of tangible and intangible resources. The
existence of clusters is a driving force for the development
of a particular region or country, as it leads to the creation
of new jobs. An example that illustrates this point is the
functioning of the Northeast Enterprise Zone in Portland,
USA, which has led to the creation of 4,000 new jobs (Ber-
gantino et al., 2025). The emergence of new jobs not only
contributes to solving several economic, social and other
problems of the region but also helps to accumulate spe-
cialised resources, access to which is a driving force behind
innovation processes.

Despite the obvious advantages, there are several weak-
nesses to consider, such as increasing competition, which
grows in proportion to the number of businesses that offer
the same or similar goods and services to their customers

R. Balayev et al.

within a short distance of each other (Trusova et al., 2020Db).
In some national contexts, such as Japan, competition is
won by large enterprises that gain almost total control over
the local economy. This results in an uneven distribution
of resources, making it difficult for new businesses to en-
ter the market. Another important factor is the fact that as
economic clusters grow, they also increase their emissions
of harmful substances that pollute the atmosphere; for ex-
ample, the construction and operation of the Guangsheng-
gang Express involved the disruption of certain ecosystems
and air pollution by carbon dioxide emissions. As such, in
addition to the obvious benefits, the development of eco-
nomic zones and industrial clusters poses several challeng-
es for stakeholders, the solution of which requires a detailed
contextual analysis. The functioning of the selected clusters
was analysed using the PEST analysis method, which was
used to analyse political, economic, social and technological
factors. The results of the analysis are presented in Table 3.

Table 3. External factors of economic zones and industrial clusters (PEST analysis)

Factor Comment
Political Government support for industrial clusters in the form of tax breaks, additional funding, etc
Economic Industrial clusters determine the sustainable development of small and medium-sized enterprises and can become a
source of economic prosperity for the region
Social There is a growing demand in society for equal distribution of resources and social justice
Technological The development of digital communications contributes to the development of industrial clusters, including their
8 involvement in international cooperation

Source: compiled by the authors

The table demonstrates that planning for the devel-
opment of industrial zones and clusters addresses sever-
al universal external factors, the manifestation of which,
however, strongly depends on the national context. An ex-
ample is government support for the creation and develop-
ment of zones and clusters, which depends on the financial
profile of a particular state. The cases cited above show that
a high level of government support is observed in Germany,
the United States and Japan, i.e., countries with high gross
domestic product and average per capita income. In devel-
oping countries, such as China, the level of government
support may be significantly lower due to the existence of
higher priority spending, such as on healthcare or housing
for socially vulnerable groups. With limited government
support, companies in industrial clusters are forced to look
for additional sources of funding, including foreign ones
(Sadikhov, 2024). With sufficient support, industrial clus-
ters become a driving force for the economic well-being
of the region, as is evident in the case of Shenzhen-Hong
Kong-Guangzhou. As of 2022, Shenzhen alone had a gross
domestic product of USD 500 billion, largely driven by the
work of electronics giants such as Huawei and Tencent. The
work of such companies not only transforms certain indus-
trial clusters into electronic ones but also contributes to
solving acute social issues such as unemployment and so-
cial injustice. In other words, the analysis shows that when
planning the management of industrial clusters, favoura-
ble external factors outweigh unfavourable ones in terms
of their number and degree of influence.

Opportunities can be maximised by assessing the
external factors affecting the competitiveness of indus-
trial clusters through Porter’s five forces: buyers, suppli-
ers, substitutes, competitors and incumbent competitors.

A distinctive feature of industrial clusters is the virtually
unlimited range of buyers due to the variety of goods and
services offered. As the cluster grows, the number of buyers
increases, also due to the diversification of the assortment.
In turn, the risk of substitute products is minimised, as
industrial clusters offer a wide range of goods and servic-
es oriented to the needs of a particular region (Trusova et
al., 2020a). Despite these advantages, industrial clusters
may face challenges such as the limited number of suppli-
ers that make up the cluster. In terms of Porter’s theory,
fewer suppliers increase the cost of a good/service while
lowering its quality. This limitation is partly overcome
through competition between industrial clusters seeking
to expand and conquer new market niches. However, the
emergence of new clusters can be challenging in Japan,
China and several other countries dominated by giant clus-
ters that have monopolised the market.

Based on the analysis, recommendations were de-
veloped for the effective creation of economic zones
and the development of industrial clusters, regardless
of their geographical location. The first recommenda-
tion relates to the need for a detailed analysis of human
capital, which is the driving force behind the growth
and development of cluster companies. At the stage of
analysis, it is necessary to assess whether the capital
available in a particular region is sufficient and wheth-
er potential employees have the knowledge and skills to
support the effective functioning of the industrial clus-
ter. Several cluster members seek to attract staff as an
important competitive advantage through external re-
cruitment, including from other regions. However, exter-
nal recruitment may show better results, as it has been
proven to be effective, for example, in the context of
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the Frankfurt-Hochst industrial park, where specialists
develop strategies to increase the productivity of enter-
prises without increasing the number of employees.

The second recommendation is to conduct a contextu-
al analysis of the sources of funding for industrial clusters.
The strategic development of economic zones and clusters
is usually based on funds received from the state and/or
international investors. The planning process, however,
should consider that the amount of investment received,
its sources and other significant factors largely depend on
the realities of the region or country in which the cluster
will operate. The amount and intensity of government sup-
port is directly proportional to the income level of a par-
ticular region or country.

In addition to the recommendations presented, it is
also proposed to conduct a preliminary analysis of the de-
mand for industrial clusters in certain regions. A detailed
understanding of this demand can be obtained by applying
analytical tools such as PEST analysis or Porter’s five forces
analysis. Based on the study, it is possible to argue that the
demand for clusters is strongest in regions with low market
forces and high levels of social inequality. In other words,
the cases reviewed provided an understanding of the spe-
cifics of the creation and operation of economic zones and
industrial clusters in different countries and regions of the
world. The analysis of internal and external factors that
predetermine the emergence and development of industri-
al clusters formed the basis for the recommendations.

H DISCUSSION

It is possible to identify correspondences between the
conclusions drawn and the results obtained during earlier
studies, including the role of economic zones and industri-
al clusters in solving the socio-economic problems of the
region. D. McKernan & O. McDermott (2024) determined
that in European countries, the existence of industrial
clusters has a positive impact on employment and average
wages. After conducting a contextual analysis, the experts
found that 39% of European jobs and 55% of European
wages are concentrated in industrial clusters. Y. Zhang &
K. Chen (2024) studied the Chinese experience, analysing
the impact of clusters on sustainability in the context of the
reform of state-owned enterprises. Based on a comparative
analysis of Chinese prefectures with industrial clusters and
prefectures without such clusters, the researchers conclud-
ed that the former increased the number of self-employed,
thereby reducing unemployment. Y. Zhang & K. Chen was
able to trace the link between the functioning of industrial
clusters, bold strategic planning and the solution of acute
social problems, including unemployment and inequality.
N. Kolisnichenko (2024) concluded that the implementa-
tion of cluster policy implies the use of various instruments
that influence the implementation of strategically impor-
tant national and regional projects and thus contribute to
national recovery from the crisis.

One of the reasons why industrial clusters can become
instruments of recovery and sustainable development is
their effectiveness as centres of innovation (Karimli et
al., 2024). In this paper, examples of clusters, including the
Frankfurt-Hochst Industrial Park, where interdisciplinary
cooperation facilitates the emergence of innovative solu-
tions that increase the efficiency and competitiveness of
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their member companies were presented. The idea was con-
firmed in a study by J.L. Hervas-Oliver et al. (2024), which
analysed the factors of successful functioning of individual
industrial clusters. According to the experts, innovation
processes in clusters are possible due to the existence of
various multi-level systems and the cooperation of local
organisations and stakeholders to collaborate on mean-
ingful projects, such as sustainable development. S. Xu et
al. (2024) investigated data from 285 Chinese cities and
found that compared to individual enterprises, enterpris-
es in industrial clusters are more innovation-oriented and
therefore more successful in the medium and long term.
A similar view was found in the report of L. Borunsky et
al. (2020), according to which 65% of labour productivity
growth in clusters is due to innovative solutions. Accord-
ing to D. McKernan & O. McDermott (2024), innovation
processes in industrial clusters are also facilitated by the
functioning of start-ups within them, which tend to have a
fresh perspective on business processes and seek to differ-
entiate strategies. Thus, there is a correspondence between
the cited studies emphasising the role of innovation in the
development of industrial clusters and the presented work,
which sees information sharing as key to innovation pro-
cesses. Innovation, in turn, is a prerequisite for effective
cooperation and competitiveness of the enterprises that
make up an industrial cluster.

The increased competitiveness of enterprises in in-
dustrial clusters discussed in this paper has been con-
firmed in earlier studies. H. Hoja et al. (2022) analysed
data from 230 enterprises operating in the footwear and
leather goods industry and concluded that belonging to
industrial clusters significantly increased their competi-
tiveness. The direct link between the functioning of clus-
ters and the competitiveness of their member enterpris-
es was confirmed by M. Dance et al. (2024) who analysed
the printing industry. The researchers concluded that the
relationship between clustering and competitiveness is
modelled by access to resources necessary for efficient
business operations. The consistency between the re-
sults obtained by M. Dance et al. (2024) and the findings
in the presented study, according to which the operation
of closely located businesses facilitates the exchange of
resources that increases labour productivity, is notewor-
thy. An example from the presented study is the mutually
beneficial use of resources and infrastructure of the ports
that are part of the Shenzhen-Hong Kong-Guangzhou in-
dustrial cluster, in China.

The analysis also concluded that the efficiency of en-
terprises depends not only on the fact of functioning in the
economic zone but also on the set of factors affecting the
competitiveness of the cluster. The idea was confirmed in
earlier studies, including one by D.C. Chifor et al. (2024),
which presented a ranking of factors that increase and de-
crease the competitiveness of clusters. The latter group
of factors included selected territorial, sectoral, organi-
sational and political factors. According to an analysis by
H. Guan et al. (2020), which addressed the peculiarities of
the functioning of the economic zone in the Pearl River
Delta (China), the competitiveness of clusters decreas-
es when they switch to extensive development strategies,
which provide for a constant search for new resourc-
es instead of rational use of existing resources. A similar
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idea was presented in the analysis of selected economic
clusters, including Frankfurt-Hochst Industrial Park in
Germany and North Huntsville Industrial Park in the USA,
whose priority strategies are the creation of an individual
professional track, external recruitment and long-term co-
operation instead of permanent recruitment of third-party
candidates. According to J.L. Aguilar Colmenero & J. Porte-
la Garcia-Miguel (2024), the effectiveness of industrial
clusters is also significantly influenced by contextual fac-
tors, including their geographical location. This correlates
with the findings of this paper, which is based on a compar-
ative analysis of economic zones and industrial clusters in
Germany, the United States, Japan and China.

The existence of multiple contextual factors neces-
sitates the use of various analytical tools in the planning
of economic zones and industrial clusters. This paper pro-
posed the use of tools such as SWOT analysis, PEST analysis
and Porter’s five forces analysis to understand the factors
that drive the effectiveness of industrial clusters. Support
for the proposed recommendation was found in earlier
works including M. Komorowski (2020) proposing a mul-
ti-component analysis of the factors for the creation and
development of economic zones and industrial clusters.
In addition to the tools used in this study, other analytical
approaches whose effectiveness has been empirically prov-
en include synthetic qualitative-quantitative contextual
analysis; Solow, Romer and Cobb-Douglas economic mod-
els (Onikienko, 2024); spatial clustering of applications
with density-based noise (Cui et al., 2024); and value chain
analysis (Pratiwi et al., 2024). The use of these and other
tools contributes to the sustainable development of indus-
trial clusters, the effectiveness of which has been confirmed
in earlier studies, including Y. Teng et al. (2024). According
to experts, such planning contributes to the sustainable
development of economic zones and individual clusters.
The conclusions drawn in this study were confirmed in pre-
vious studies. Correspondences were found regarding the
role of clusters in solving urgent problems of the region
and its sustainable development, the relationship between
clustering and innovation, as well as factors influencing
the development and competitiveness of clusters. Tools for
contextual analysis and further planning of cluster activi-
ties were proposed.

B CONCLUSIONS

The study analysed the peculiarities of organising and
promoting economic zones and providing business sup-
port in industrial clusters in Germany, the USA, Japan and
China. Based on previous studies, the study concluded
that the emergence of economic zones and clusters facil-
itates business activities and solving urgent socio-eco-
nomic problems in regions with no market forces. The
idea of creating economic zones, which emerged in the
UK in the 1970s, has not lost its popularity in other coun-
tries, as the functioning of industrial clusters ensures the
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creation of new jobs, promotes the emergence and pro-
motion of innovative ideas and underpins the sustainable
development of the region.

A comparative analysis of the Frankfurt-Hochst Indus-
trial Park in Germany, North Huntsville Industrial Park in
the USA, the Industrial Cluster and Knowledge Clusters pro-
grammes in Japan and the Shenzhen-Hong Kong-Guang-
zhou cluster in China concluded that despite the existing
differences in size, focus and several other parameters, the
development of industrial clusters relies on a set of univer-
sal principles. The key principles of successful functioning
of industrial clusters include the following: interdiscipli-
nary cooperation and constant exchange of information as
a source of innovation processes and a foundation for the
competitive functioning of the enterprises included in the
cluster; intensive development of human capital through
training and retraining of personnel with knowledge, skills
and motivation for long-term cooperation; openness to
co-operation and continuous attraction of investment, es-
pecially in middle- and low-income countries whose enter-
prises cannot rely on sufficient state support.

Using the methods of SWOT analysis, PEST analysis
and Porter’s five forces, the key challenges in promoting
economic zones and developing industrial clusters were
identified. The challenges analysed included a lack of hu-
man capital or poor quality of such capital in the area where
the industrial cluster is located, low demand for the clus-
ter in a particular geographic area, and insufficient under-
standing of the external factors that determine the devel-
opment of a cluster in a particular region. In the context of
the identified difficulties, the following recommendations
for the development of economic zones and individual in-
dustrial clusters were proposed: a detailed assessment of
human capital in a particular region using qualitative and
quantitative analysis tools; abandonment of extensive use
of human resources in favour of intensive development;
contextual analysis of funding sources and search for alter-
native investments, especially in low-income regions; and
contextual analysis of public sphere.

In future studies, it is recommended to expand the
sample by studying the functioning of clusters in Africa,
the Middle East, Latin America and Australia. Such a sam-
ple will provide an in-depth understanding of the contex-
tual factors that determine the emergence and promotion
of economic zones and the management of industrial clus-
ters. It is also recommended to analyse the experience of
developing economic zones and industrial clusters in the
face of political, economic and environmental uncertainty
to formulate sustainable development strategies.
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MpocyBaHHA €eKOHOMIYHMX 30H i 3a6e3neyeHHs GisHecy
B MPOMMUCJ/IOBUX KNacTepax: nigxoamn, opieHTOBaHiI
Ha iHbopMauilo, iHBecTUUii Ta NIOACBKMA KaniTan

M AHoTauifa. Merow mpencTaBieHol po6oTH Gy/n0 MpoaHadi3yBaTH OCOGIMBOCTI MPOCYBAaHHS E€KOHOMIUHMX 30H
i 3abesmeueHHs 6i3Hecy B MPOMMCIOBMX KiacTepaxX. sl MOCITHEHHST MeTu O6YyJI0 CTBOpPEHO BUGIpKYy 3 TaKMx
o6’exTiB: iHmyctpianbauit mapk Frankfurt-Hochst (Himeuunna), North Huntsville Industrial Park (CIIIA), mporpamu
«IugycrpianbHMit knacrep» i «Knacrepu sHaub» (SIroHist) Ta [llenpuwkeHb-ToHKOHT-T'yaHwkoy (KuTtait). O6paHi kinacTepu
Oy/M MpoaHaTi30BaHi 3 TOUKM 30py CTpaTeriii 06miHy iHdopMmalrieto, 3amydeHHs] iHBECTUIII Ta SIKiCHOTO JIFOCHKOTO
KamiTany. 3rifHO 3 pe3yJbTaTaMy IMOPIiBHSUIbHOTO aHasi3y, KIUOBMMU OCOOMMBOCTSIMMU e(eKTMBHOIO MPOCYBaHHS
KJIaCTePiB € CTBOPEHHSI PO3TaTy’keHo1 iHdhopMaLiitHOi Mepexi IJis MIKAMCLIUILTIHAPHOTO CIIiBPOGITHUIITBA Ta OOMIiHY
indopmaliiero, 3ayuyeHHS iHBeCTYBaHHS B PO3BUTOK JIIOJCHKOTO KaItiTany Ta iuBepcudikaiis inBectuiiii. CMUHTE TUYHMIL
aHasi3 i3 3acrocyBaHHIM iHcTpyMeHTiB SWOT-ananisy, PEST-ananisy ra mogeri im’situ eyt ITopTepa JomoMir BUOKPEMUTH
OCHOBHI Tepelkoau A0 ePeKTUBHOrO MPOCYBaHHS eKOHOMIUHMX 30H i KlacTepiB: 6pak KaJpoBUX pe3epBiB abo ixHs
HM3bKa SIKiCTb; BiICYTHICTh IMOMUTY Ha MTPOITOHOBAHY MPOIYKIIil0 Ta/ab0 MOCTYrY B perioHi PyHKI[iOHYBaHHS KIacTepa;
HeJOCTaTHE PO3YMiHHSI KOHTeKCTy (YHKIIIOHYBaHHSI KjacTepa, IO MPU3BOAUTb A0 HeedeKTUBHUX CTPATETIUHUX
pitieHs. Buxonsun 3 mpoBeneHOro aHasi3y, 6y/a0 3alIpoONOHOBAHO Taki peKoMeHallii mo#0 eGeKTUBHOTO MPOCYBaHHSI
eKOHOMIYHMX 30H i KiacTepiB i3 morismy iHBeCTHUILilt, a TaKoX iHGOpMaliiiHOi Ta KaApOBOi IMOMITUKMU: Tlepexis Ha
iHTEHCMBHI MPAKTUKM iHBECTYBAHHS Ta PO3BUTKY JIIOACHKOTO KaIiTasmy; auBepcudikailisi iHBeCTyBaHHS, 0COOGIMBO B
perioHax i3 HM3bKMM PiBHEM [IOXO/IY Ta HASIBHICTIO MPiOPUTETHILIMX CTATe! BUIATKIB Jep>KaBHOIO OI0/KETY; IToTepeaHii
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M Abstract. The purpose of the study was to analyse the impact of the settlement accounting system on ensuring the
financial sustainability of enterprises in the context of the digital transformation of the economy. The study used a
range of methods, including correlation and regression analysis, expert opinions, and comparative analysis. The study
was conducted on the basis of 10 leading enterprises in various sectors of the Ukrainian economy in 2021-2024. A direct
link has been established between the level of automation of accounting processes and indicators of financial stability
of enterprises. The implementation of ERP systems reduced transaction processing time from 24 to 4 hours and reduced
the number of accounting errors by 84.6%. Sectoral peculiarities of accounting digitalisation were identified: the highest
level of automation is observed in the IT sector (95%) and the energy sector (92%). The experimental implementation of
blockchain technology at three enterprises showed a 75% increase in transparency of transactions. The economic analysis
showed a return on investment in the digitalisation of accounting within 1.5-2 years, with a 50.3% reduction in operating
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The role of accounting in ensuring the financial stability of enterprises

costs. The introduction of cloud technologies made it possible to process more than 1 million transactions daily with an
accuracy of 99.98%. The article offers recommendations for improving the system of accounting for payments, taking into
account industry specifics and the scale of enterprises’ activities. On the basis of the study, practical recommendations
for the introduction of digital technologies in the accounting processes of enterprises in various industries have been
developed. A methodology for assessing the readiness of an enterprise for the digital transformation of accounting is
proposed, which includes an analysis of technological infrastructure and financial capabilities. The key success factors
in the implementation of digital accounting systems are identified, including: an integrated approach to automation,
phased implementation of changes and continuous monitoring of efficiency. Particular attention is paid to the issues
of information security and data protection when using cloud technologies and blockchain in accounting for payments

M Keywords: information technology; business analytics; cloud services; economic efficiency; digitalisation

H INTRODUCTION

In the context of growing economic instability and in-
creasing global challenges, the issue of ensuring the fi-
nancial stability of enterprises is of particular relevance.
An efficient payment accounting system is one of the key
tools for maintaining financial stability, as it allows op-
timising cash flows and ensuring timely control over fi-
nancial transactions. The rapid development of digital
technologies and the introduction of new methods of fi-
nancial management require a rethinking of the role of ac-
counting processes in ensuring the sustainable operation
of enterprises. An important aspect of the modern busi-
ness environment is the integration of innovative finan-
cial technologies into the accounting and control system.
T. Beck (2020) explored the opportunities and risks of im-
plementing fintech solutions, emphasising their potential
to improve the efficiency of financial transactions. Devel-
oping this topic, M. Vucini¢ (2020) focused on the impact
of financial technologies on the overall stability of enter-
prises and the need to adapt accounting systems to new
technological capabilities.

The problem of the relationship between the quality
of accounting for settlements and the financial stability
of enterprises attracts considerable attention of research-
ers. D. Aikman et al. (2019) explored modern approaches
to rethinking financial stability in the digital economy and
emphasised the need to improve accounting and control
systems. The issue of the impact of financial management
elements on the performance of enterprises was considered
by H.H. Al-Hashimy et al. (2022), who emphasised the im-
portance of integrating modern accounting methods into
the financial management system. Particular attention
should be paid to studies of the specifics of accounting in
crisis conditions. In particular, S. Bardash (2024) analysed
the role of financial control in ensuring the sustainability
of enterprises under martial law, focusing on the need to
adapt accounting processes to new challenges. Aspects of
managing the potential of financial sustainability of enter-
prises in crisis conditions were studied in detail by G. Kore-
panov et al. (2020), who proposed an integrated approach
to assessing financial stability.

A significant contribution to the development of the
theoretical foundations of accounting for settlements was
made by Z.M. Zadorozhnyi et al. (2018), who studied the
features of management accounting for settlements with
counterparties in the innovative environment of business
communications. The issue of integrating environmental
aspects into the management accounting system was con-
sidered by R.L. Burritt et al. (2019), emphasising the need
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to consider the principles of sustainable development in
the accounting policies of enterprises. A significant contri-
bution to the study of the relationship between accounting
processes and financial stability was made by S. Mishchen-
ko et al. (2021), who developed innovative approaches to
risk management in financial institutions based on im-
proving accounting mechanisms. Their study demonstrates
the importance of integrating modern risk management
methods into the settlement accounting system to ensure
financial stability.

The study by L. Wang & Y. Wang (2022), who consid-
ered the possibilities of using blockchain technologies and
the Internet of Things to improve the management of fi-
nancial services in supply chains. Their study demonstrates
the potential of using modern technologies to increase the
transparency and efficiency of accounting operations. De-
veloping this theme, D.A. Zetzsche et al. (2020) explored
the prospects of decentralised finance and its impact on
traditional accounting and control systems. Of considera-
ble interest is also the research by M.F. Malik et al. (2020),
who studied the relationship between the effectiveness of
enterprise risk management and its financial performance,
pointing out the important role of risk committees in en-
suring financial stability. Their conclusions confirm the
need to integrate risk management systems with account-
ing processes to achieve optimal results in ensuring the fi-
nancial stability of enterprises.

At the same time, an analysis of the scientific literature
shows that there are certain gaps in the study of the rela-
tionship between the system of accounting for settlements
and the financial sustainability of enterprises. In particular,
the issues of the impact of digitalisation of accounting pro-
cesses on financial stability, the peculiarities of organising
accounting for settlements in conditions of economic tur-
bulence, as well as the mechanisms for integrating modern
financial technologies into the system of accounting for
settlements remain insufficiently researched. In this re-
gard, this study aimed to develop the theoretical and meth-
odological foundations and practical recommendations for
improving the system of accounting for settlements as a
tool for ensuring the financial stability of enterprises. To
achieve this goal, it was necessary to solve the following
tasks: to analyse modern approaches to the organisation of
accounting for payments, to assess the impact of the qual-
ity of accounting processes on the financial sustainability
of enterprises, to identify areas for improving the system of
accounting for payments, taking into account the current
challenges and opportunities of the digital economy.
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The problems of accounting for settlements and their im-
pact on the financial sustainability of enterprises are in
the focus of attention of scientists. Fundamental works
on financial accounting by R.G. Schroeder et al. (2022)
and J. Hoggett et al. (2024) reveal the essence of settle-
ment accounting as a system for recording, summarising
and controlling the movement of an enterprise’s financial
resources. Research by M.S. Fridson & F. Alvarez (2022)
demonstrates the close relationship between the quality of
financial reporting and enterprise sustainability. P. Vernim-
men et al. (2022) considered this issue through the prism of
corporate finance.

Digital technologies are significantly chang-
ing the accounting and control systems of enterprises.
T. Beck (2020) identifies the advantages and disadvantages
of implementing fintech solutions in the financial sector.
M. Vucini¢ (2020) reveals the mechanisms of influence of
financial technologies on the overall stability of enterpris-
es. L. Wang & Y. Wang (2022) suggest using blockchain
technologies to improve the management of financial ser-
vices. G. Korepanov et al. (2020) developed approaches to
managing the financial stability of enterprises during the
crisis. M.F. Malik et al. (2020) developed a comprehensive
methodology for integrating risk management, including
quantitative metrics for assessing the effectiveness of risk
management and its impact on financial stability. S. Mish-
chenko et al. (2021) created new approaches to risk manage-
ment in financial institutions. The study by R.L. Burritt et
al. (2019) presented practical mechanisms for integrating
environmental indicators into the management accounting
system, including methods for quantifying environmental
risks. M.M. Cihdk & M.R. Sahay (2020) found a direct link
between financial innovation and economic inequality.

H.H. Al-Hashimy et al. (2022) found a link between fi-
nancial management elements and financial performance.
C. Gartenberg et al. (2019) mathematically proved the
correlation between corporate goals and financial perfor-
mance. ].F. Hair et al. (2019) proposed methods for ana-
lysing research results. N. Shmygol & M. Kasianok (2020)
developed accounting and analytical tools for assessing
financial stability. I. Makarenko (2018) proved the con-
nection between accounting practices and sustainable de-
velopment of enterprises. C. Channuntapipat et al. (2020)
compared the sustainability practices of different service
providers. Yu. Aleskerova et al. (2024) proposed approaches
to optimising bank settlements. M.D. Korinko (2020) and
S. Bardash (2024) identified the peculiarities of organising
financial control during economic instability. D.I. Shypen-
ko (2019) and A.M. Shysh (2023) included the analysis of fi-
nancial stability in the accounting and analytical system of
an enterprise. M.S. Ullah et al. (2019) confirmed the depend-
ence of management effectiveness on the transparency of
accounting information. E.F. Brigham & P.R. Daves (2019)
proposed methods for managing financial resources.

The analysis of scientific sources allows to conclude
that it is important to further improve the methodology of
accounting for settlements to ensure the financial stabili-
ty of enterprises. The introduction of digital technologies,
such as cloud computing, artificial intelligence, and block-
chain, opens up new opportunities for automating account-
ing processes and increasing their efficiency (Shevchuk &
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Radelytskyy, 2024). However, along with the benefits, tech-
nological innovations also bring new risks that need to be
taken into account when developing financial management
systems. Effective integration of risk management into ac-
counting processes helps to minimise the negative impact
of uncertainty on the financial results of enterprises (Dan-
chuk et al., 2021). In addition, in the context of growing at-
tention to sustainable development, an important area for
improving accounting is the consideration of environmen-
tal and social factors in assessing financial sustainability.

The specificity of management accounting in the con-
text of digital transformation requires the development
of new methodological approaches that would allow to
effectively use the benefits of technology and minimise
the risks associated with it. In particular, it is important
to introduce methods of accounting for settlements with
counterparties in the context of digitalisation, optimise
bank settlements, and organise effective financial control
in times of economic instability. The inclusion of financial
stability analysis in the company’s accounting and analyt-
ical system allows timely detection and prevention of pos-
sible problems with liquidity and solvency (Berisha & Rex-
hepi, 2022). The transparency of accounting information is
a key factor in the efficiency of managing an enterprise’s
financial resources. Systematisation of modern approaches
to assessing the effectiveness of digital transformations in
the financial sector contributes to a better understanding
of the prospects for the development of accounting sys-
tems in the context of Industry 4.0.

® MATERIALS AND METHODS

The study was conducted in 2021-2024 on the basis of 10
leading enterprises in various sectors of the Ukrainian
economy. The sample includes companies of various forms
of ownership and industry. Energy sector: National Joint
Stock Company (NJSC) Naftogaz of Ukraine, State-Owned
Enterprise (SOE) National Atomic Energy Generating Com-
pany (NNEGC) Energoatom, Joint-Stock Company (JSC)
Ukrgasvydobuvannya. Transport sector: JSC Ukrzaliznytsia,
Limited Liability Company (LLC) Nova Post. Trade: LLC
ATB-Market. Food industry: LLC Myronivsky Hliboproduct,
Private Joint Stock Company (PrJSC) Obolon. Metallurgy:
PrJSC Zaporizhstal. IT sector: LLC SoftServe. All compa-
nies have been operating for more than 5 years and pro-
vide full financial statements. A system of indicators was
used to assess the organisation of settlement accounting,
including the ratios of autonomy, financial stability, equity
manoeuvrability, provision with own working capital and
coverage. The analysis was based on the quarterly and an-
nual reports of the companies for the period of 2021-2024
(ATB, n.d.; Energoatom, n.d.; MHP, n.d.; Naftogaz, n.d.;
Nova Post, n.d.; Obolon, n.d.; SoftServe, n.d.; Ukrgasvy-
dobuvannya, n.d.; Ukrzaliznytsia, n.d.; Zaporizhstal, n.d.),
which allowed to track the dynamics of changes and iden-
tify key trends. Management accounting data and primary
documentation on accounting for settlements with coun-
terparties were used.

To assess the financial sustainability of enterprises, a
system of indicators was used, including the coefficients
of autonomy, financial stability, equity manoeuvrabili-
ty, provision with own working capital and coverage. The
analysis was based on quarterly and annual reports of the
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companies, management accounting data, and primary
documentation on accounting for settlements with coun-
terparties. Financial indicators were processed using MS
Excel software. The study of the organisation of accounting
for settlements was based on the analysis of internal regu-
latory documents of enterprises, provisions on accounting
policies, job descriptions of financial services employees,
document flow regulations and orders on the organisation
of accounting. Particular attention was paid to the study
of accounting methods for various types of settlements,
organisation of analytical accounting, internal control pro-
cedures and the procedure for conducting an inventory of
settlements.

To study the best practices of accounting for settle-
ments, the experience of introducing digital technologies
into the accounting system of the studied enterprises was
analysed. The effectiveness of using ERP software products,
electronic document management systems, and blockchain
technologies in settlements with counterparties was as-
sessed. A comparative analysis of the capabilities of vari-
ous information systems for automating the accounting of
settlements and their impact on the financial stability of

enterprises is carried out. A methodology for assessing the
economic efficiency of information systems implementa-
tion is used, which takes into account both direct financial
benefits and qualitative improvements in the enterprise
management system. The methodology for assessing the
effectiveness of information systems was based on the
calculation of key indicators of their work — the speed of
transaction processing, accuracy of operations, reliability
of data storage and convenience of analytical reporting. In
addition, the economic component of the systems imple-
mentation was analysed by comparing the costs of acqui-
sition and maintenance with the benefits obtained in the
form of optimisation of business processes and improve-
ment of the quality of management decisions.

M RESULTS AND DISCUSSION

The results of the study demonstrated a significant impact
of the quality of the organisation of accounting for settle-
ments on the financial sustainability of enterprises. An anal-
ysis of the financial sustainability indicators of the studied
enterprises for 2021-2024 revealed significant variation
depending on the industry and scale of activity (Table 1).

Table 1. Dynamics of financial stability indicators of the studied enterprises for 2021-2024

Enterprise | Year | oo e | e s v abtia | Coverage ratio

2021 0.52 1.08 0.35 0.25 1.85
NJSC Naftogaz of | 2022 0.48 1.02 0.32 0.22 1.75
Ukraine 2023 0.45 0.98 0.3 0.2 1.7
2024 0.42 0.95 0.28 0.18 1.65
2021 0.55 1.12 0.38 0.28 1.9
SOE NNEGC 2022 0.52 1.05 0.35 0.25 1.82
Energoatom 2023 0.48 1 0.32 0.22 1.75
2024 0.45 0.98 0.3 0.2 1.7
2021 0.54 1.1 0.36 0.27 1.88
IsC 2022 0.5 1.04 0.33 0.24 1.8
Ukrgasvydobuvannya | 033 0.47 0.99 0.31 0.21 1.72
2024 0.44 0.96 0.29 0.19 1.68
2021 0.5 1 0.33 0.24 1.8
2022 0.47 0.95 0.3 0.21 1.72

JSC Ukrzaliznytsia
2023 0.44 0.9 0.28 0.19 1.65
2024 0.41 0.88 0.26 0.17 1.6
2021 0.56 1.15 0.4 0.3 1.95
L Nova Post 2022 0.53 1.08 0.37 0.27 1.85
2023 0.5 1.02 0.34 0.24 1.78
2024 0.48 1.00 0.32 0.22 1.75
2021 0.53 1.08 0.37 0.26 1.87
2022 0.5 1.02 0.34 0.23 1.78

LLC ATB-Market

2023 0.47 0.97 0.31 0.2 1.7
2024 0.45 0.95 0.29 0.18 1.65
2021 0.51 1.05 0.34 0.25 1.83
LLC Myronivsky | 2022 0.48 0.98 0.31 0.22 1.75
Hliboproduct 2023 0.45 0.93 0.29 0.19 1.68
2024 0.43 0.9 0.27 0.17 1.63

II- 110

Economics of Development. 2025. Vol. 24, No. 1



N. Poprozman et al.

Table 1. Continued

. Autonomy Financial Equity agility Working capital .
BLrieripi i e coefficient stability ratio ratio adequacy ratio Coverage ratio
2021 0.52 1.06 0.35 0.25 1.85
2022 0.49 1 0.32 0.22 1.76
PrJSC Obolon
2023 0.46 0.95 0.3 0.2 1.69
2024 0.44 0.92 0.28 0.18 1.64
2021 0.5 1 0.33 0.24 1.8
. 2022 0.47 0.95 0.3 0.21 1.72
PrJSC Zaporizhstal
2023 0.44 0.9 0.28 0.19 1.65
2024 0.42 0.88 0.26 0.17 1.6
2021 0.58 1.2 0.42 0.32 2
2022 0.55 1.15 0.39 0.29 1.92
LLC SoftServe
2023 0.52 1.1 0.36 0.26 1.85
2024 0.5 1.08 0.34 0.24 1.8

Source: developed by the authors based on ATB (n.d.), Energoatom (n.d.), MHP (n.d.), Naftogaz (n.d.), Nova Post (n.d.),
Obolon (n.d.), SoftServe (n.d.), Ukrgasvydobuvannya (n.d.), Ukrzaliznytsia (n.d.), Zaporizhstal (n.d.)

Analysis of the efficiency of the accounting systems of
the studied enterprises allowed to identify key characteris-
tics that affect their financial stability (Table 2). It is estab-
lished that enterprises with a high level of automation of
accounting processes and a developed internal control sys-
tem demonstrate better indicators of financial stability. In

particular,theintroductionofmodern ERPsystemscanreduce
the processing time of settlement operations by 6-8 times
and reduce the number of errors by 80-85%. The correlation
and regression analysis confirmed the existence of a strong
correlation between the quality of settlement accounting and
indicators of financial sustainability of enterprises (Table 3).

Table 2. Characteristics of the accounting system of the studied enterprises in 2024

a uIt‘f)‘ll;::l:)ii) n Share of Promptness Level of
Enterprise of accounting electronic of displaying integration with | Quality control, %
processes, % document flow, % | operations, hours systems, %
NJSC Naftogaz
of Ukraine 95 98 2 95 98
SOE NNEGC 92 95 3 92 95
nergoatom
JSC
Ukrgasvydobuvannya 90 93 4 20 95
JSC Ukrzaliznytsia 85 88 6 85 88
LLC Nova Post 93 96 3 93 96
LLC ATB-Market 88 90 5 88 90
LLC Myronivsky
Hliboproduct 85 88 6 85 88
PJSC Obolon 85 87 6 85 87
PrJSC Zaporizhstal 80 85 8 80 85
LLC SoftServe 98 99 1 98 99

Source: developed by the authors based on ATB (n.d.), Energoatom (n.d.), MHP (n.d.), Naftogaz (n.d.), Nova Post (n.d.),
Obolon (n.d.), SoftServe (n.d.), Ukrgasvydobuvannya (n.d.), Ukrzaliznytsia (n.d.), Zaporizhstal (n.d.)

Table 3. Correlation coefficients between accounting characteristics and financial stability indicators

Accounting characteristics Autonomy coefficient Financial stability ratio Coverage ratio
Automation level 0.82 0.78 0.75
Quality control 0.85 0.81 0.79
Accounting efficiency 0.76 0.73 0.71
Analytical accounting 0.79 0.75 0.72

Note: all correlation coefficients are statistically significant at p<0.05

Source: developed by the authors

n1-ll
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A study of the industry specifics of the organisation
of settlement accounting showed significant differences in
approaches to automating accounting processes (Table 4).
Particular attention should be paid to the analysis of the

impact of digital technologies on the efficiency of payment
management. The introduction of modern information
systems has allowed the studied enterprises to achieve a
significant improvement in key indicators (Table 5).

Table 4. Comparative analysis of settlement accounting systems by industry

Branch Automation level, % Use of ERP systems, % Electronic document flow, %
Energy 92 85 95
Transport 78 65 82
Trade 88 75 90
Food industry 85 70 88
Metallurgy 80 68 85
IT sector 95 90 98

Source: developed by the authors

Table 5. The impact of digitalisation on settlement accounting indicators

Indicator Before implementation After implementation Change, %
Transaction processing time, hours 24 4 -83.3
Accounting errors, % 5.2 0.8 -84.6
Accounting costs, thousand UAH/month 185 92 -50.3
Control efficiency, hours 48 8 -83.3
Accuracy of analytical data, % 92 99.5 +8.2

Note: average data across surveyed enterprises
Source: developed by the authors

An analysis of the cost-effectiveness of introducing
digital technologies in payments accounting showed that
investments in automation pay off in 1.5-2 years on aver-
age by reducing operating costs and improving the quality
of management decisions. At the same time, the greatest
economic effect is achieved with an integrated approach
to digitalisation, which includes automation of not only
accounting operations but also the processes of control
and analysis of settlements. A study of the practice of ac-
counting for settlements at NJSC Naftogaz of Ukraine and
SOE NNEGC Energoatom showed that the implementation
of SAP S/4HANA allowed these companies to significant-
ly improve the efficiency of financial flow management. In
particular, at JSC Ukrgasvydobuvannya, the automation of
accounting processes reduced the time required to gener-
ate reports on settlements with counterparties from 5 days
to 4 hours and reduced the number of errors in the reflec-
tion of transactions by 87%.

In the transport sector, JSC Ukrzaliznytsia has imple-
mented a comprehensive payment management system
that is integrated with the ticketing and freight transpor-
tation system. According to internal documentation, LLC
Nova Post uses its own development based on Oracle Fu-
sion, which allows it to process more than 1 million pay-
ment transactions daily with an accuracy of 99.98%. An
analysis of the practice of LLC ATB-Market demonstrated
the effectiveness of the implementation of an automated
system for controlling settlements with suppliers, which
ensures real-time monitoring of contractual obligations.
The food industry enterprises LLC Myronivsky Hliboprod-
uct and PrJSC Obolon have implemented the integration
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of accounting systems with production modules, which al-
lows optimising payments for raw materials and supplies.

In accordance with the technical documentation, Pr-
JSC Zaporizhstal implemented an electronic document
management system with artificial intelligence elements
to automatically check and approve primary documents.
This allowed the company to reduce the processing cycle
of settlement documents by 75% and cut the cost of doc-
ument management by 45%. Of particular interest is the
experience of LLC SoftServe, which has developed and im-
plemented its own cloud-based financial and settlement
management platform. The system provides full automa-
tion of processes from invoicing to payments, with inte-
gration with international payment systems and automatic
tax reporting.

The data analysis shows that the highest performance
indicators of the settlement accounting system are demon-
strated by enterprises in the IT sector and the energy in-
dustry. In particular, LLC SoftServe has the highest scores
in all parameters, which is explained by the specifics of the
company’s activities and the use of advanced technological
solutions. Naftogaz Group companies also demonstrate a
high level of organisation of payment accounting, which is
due to significant investments in business process automa-
tion and the introduction of modern ERP systems. The met-
allurgical and food industry companies have slightly lower
scores due to the complexity of their production processes
and the need to further adapt their accounting systems to
industry specifics. To visualise the level of digitalisation of
the payment accounting system at the surveyed enterprises,
the key indicators of digitalisation were analysed (Fig. 1).

Economics of Development. 2025. Vol. 24, No. 1



100
95
90
85
80
75
5\& & s 4»‘:-’&
Q\é O(bl 4‘)‘0 . (\)'Q Qo
& & & N Q&
4° < ° \& 3
Big < A S
© < 3
Q $ :g%
<~ S N
(@)
&

N. Poprozman et al.

u Level of digital technology adoption, %

X X <> N <
‘b&e 0&)(, @oo &9@ %zé
> O SO
N ° < N
v & 4®
&
&
QO
¢

Figure 1. Level of implementation of digital technologies in accounting of enterprises’ settlements in 2024, %

Source: developed by the authors

As can be seen from Figure 1, LLC SoftServe demon-
strates the highest level of digitalisation of accounting pro-
cesses (98%), which is due to the specifics of its activities
as an IT company. Energy sector companies such as NJSC
Naftogaz of Ukraine (95%) and SOE NNEGC Energoatom
(92%) also have high rates, due to significant investments
in modernising their management systems. The lowest lev-
el of digital technology implementation is observed in the
metallurgical industry — at PrJSC Zaporizhstal (84%), but
even this indicator indicates a fairly high level of automa-
tion of accounting processes.

The analysis of the practice of introducing digital tech-
nologies in the accounting of payments has shown that the
most effective approach is an integrated approach that in-
volves the simultaneous automation of all stages of pro-
cessing accounting information. At the studied enterprises,
this approach has led to a significant increase in the effi-
ciency of financial flows management and strengthening
of control over settlement operations.

The introduction of ERP systems at energy sector en-
terprises has ensured the creation of a single information
space for managing settlements. In particular, at NJSC Naf-
togaz of Ukraine, the integration of financial management
modules with operational management systems has helped
to optimise the processes of planning and controlling pay-
ments. At SOE NNEGC Energoatom, the automation of
payment accounting processes contributed to increased
transparency of financial transactions and strengthened
control over the fulfilment of contractual obligations.

Of particular interest is the experience of LLC Nova
Post, where the introduction of cloud technologies in the
payment accounting system allowed for the processing of
large volumes of transactions in real time. The use of ar-
tificial intelligence technologies to analyse the payment
discipline of counterparties has significantly reduced the
risk of overdue debts. The metallurgical industry, de-
spite the complexity of its production processes, has also
made significant progress in the digitalisation of pay-
ment accounting. PrJSC Zaporizhstal has implemented
an electronic document management system using digi-
tal signatures, which has helped speed up the process of
approving and signing primary documents. Integration of
the accounting system with production modules ensured
operational control over settlements with suppliers of raw
materials and supplies.
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LLC SoftServe’s experience demonstrates the abili-
ty to automate accounting processes to the fullest extent
possible using its own software developments. The finan-
cial management system created by the company ensures
full automation of processes from the generation of pri-
mary documents to payments and reporting. The use of
blockchain technology for accounting for international
payments has improved the security and transparency of
financial transactions. The study also showed that the ef-
fectiveness of digitalisation largely depends on the quality
of staff training and the level of integration of various in-
formation systems. Companies that have invested in em-
ployee training and integrated their accounting systems
with other business processes have achieved the best re-
sults in improving the efficiency of their settlement man-
agement (Lagotyuk, 2023).

The analysis of the impact of accounting systems on
the financial sustainability of enterprises revealed sever-
al significant patterns. The study demonstrated a strong
correlation between the quality of accounting processes
and key indicators of financial sustainability. Particularly
noteworthy is that companies with a high level of account-
ing automation and developed internal control systems
demonstrate better financial stability indicators (Bodi et
al., 2021). This is in line with the findings of T. Beck (2020)
on the positive impact of fintech solutions on the efficien-
cy of financial operations. The implementation of ERP
systems has proven to be particularly effective in improv-
ing financial stability. For example, at NJSC Naftogaz of
Ukraine and SOE NNEGC Energoatom, the implementation
of SAP S/4HANA has significantly improved the ability to
manage financial flows. According to information system
implementation reports, a reduction in transaction pro-
cessing time from 24 to 4 hours and an 84.6% reduction
in accounting errors demonstrate the concrete benefits of
digital transformation of accounting processes.

Sectoral analysis has revealed different levels of suc-
cess in the digitalisation of accounting. The IT sector and
the energy industry demonstrated the highest levels of
digitalisation of accounting processes, which correlates
with better financial resilience. This observation extends
the study by S. Mishchenko et al. (2021) on risk manage-
ment in financial institutions through improved account-
ing mechanisms. The study showed that enterprises with
a high level of accounting automation and developed
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internal control systems demonstrate better indicators
of financial stability. S. Scarpellini et al. (2020) also con-
firmed the identified correlation between the level of au-
tomation and financial stability indicators, especially in
times of economic turbulence.

The introduction of ERP systems has proven to be par-
ticularly effective in improving financial stability. C. Gar-
tenberg et al. (2019) provided similar results on the impact
of ERP systems on the financial performance of enterpris-
es. According to the SAP S/4HANA implementation docu-
mentation, the integration of the system allowed optimis-
ing the management of financial flows and significantly
improving control over settlement operations.

Industry analysis conducted by C. Channuntapipat et
al. (2020) confirmed the differences in the levels of digi-
talisation of different sectors of the economy identified in
the current study. The IT sector and the energy industry
demonstrate the highest rates of automation of account-
ing processes, which correlates with better indicators of fi-
nancial stability. In his study, M. Vucini¢ (2020) also noted
a similar pattern on the example of European companies.
Particularly noteworthy is the experimental implementa-
tion of blockchain technology implemented at the three
companies under study — LLC SoftServe, NJSC Naftogaz
of Ukraine, and LLC Nova Post. According to the techni-
cal documentation of the projects, each company used the
technology for different purposes: LLC SoftServe for inter-
national payments, Naftogaz for transactions with suppli-
ers, and LLC Nova Post for payments to customers. A study
by L. Wang & Y. Wang (2022) confirmed the effectiveness
of such a differentiated approach to the implementation of
blockchain technologies.

The limitations of the current study and prospects for
further research are consistent with the findings of the
international research community. In particular, M.F. Ma-
lik et al. (2020) also noted the need to adapt the identi-
fied patterns for small and medium-sized businesses. The
results of introducing artificial intelligence to analyse
financial transactions have demonstrated a significant
improvement in the quality of financial risk forecasting.
The experience of the energy sector was particularly il-
lustrative, where the use of predictive analytics reduced
the risk of late payments by 45%. Artificial intelligence
systems proved to be particularly effective in analysing
large amounts of data and identifying hidden patterns in
financial transactions.

The integration of various digital solutions into a sin-
gle ecosystem has become a key success factor for many
businesses (Kuznietsova & Bonar, 2023). For example, the
combination of ERP systems with blockchain technologies
and cloud services has enabled the creation of integrated
solutions that ensure maximum transparency and efficien-
cy of financial transactions. The experience of IT compa-
nies that were able to organically combine different tech-
nological solutions proved to be particularly successful.

An important aspect of digitalisation was the trans-
formation of internal control processes. Automation of
control procedures has not only improved their efficiency,
but also significantly reduced operating costs. The intro-
duction of systems for continuous monitoring of financial
transactions enabled early detection of potential problems
and prompt response to them. An analysis of the security
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aspects of digitalisation has revealed the need for a com-
prehensive approach to information protection. Compa-
nies that paid due attention to cybersecurity issues at the
stage of implementing digital solutions were able to avoid
many potential problems. It was particularly important to
ensure security when integrating different information
systems and working with cloud services.

The study showed that the success of digital transfor-
mation largely depends on the quality of change manage-
ment. Businesses that have developed detailed plans for
the introduction of new technologies and ensured proper
communication with their staff have achieved better re-
sults. An important success factor was also the creation
of an incentive system for employees involved in digitali-
sation. The analysis of the impact of digitalisation on in-
teraction with counterparties showed interesting results.
The introduction of digital platforms for working with
suppliers and customers has significantly improved the
efficiency of communication and accelerated the process
of agreeing on terms of cooperation. The use of electronic
trading platforms and electronic document management
systems proved particularly effective. The impact of digi-
talisation on management decision-making deserves spe-
cial attention. The use of business intelligence systems
and data visualisation tools has enabled management to
obtain more complete and up-to-date information for de-
cision-making. The introduction of automated decision
support systems has helped to improve the validity and
timeliness of decisions.

B CONCLUSIONS

The analysis revealed a direct correlation between the lev-
el of automation of accounting processes and indicators of
financial stability of enterprises. In particular, the imple-
mentation of ERP systems at the studied enterprises re-
duced transaction processing time by 6 times and reduced
the number of errors by 84.6%. Enterprises with a high
level of digitalisation of accounting demonstrate better
indicators of autonomy, financial stability and equity ma-
noeuvrability. Sectoral peculiarities of the organisation of
accounting for payments are identified. The highest level of
automation is observed in the IT sector (95%) and the en-
ergy sector (92%), which correlates with better indicators
of their financial stability. The study has confirmed the ef-
fectiveness of introducing cloud technologies and artificial
intelligence into the payment accounting system.

The economic efficiency of introducing digital tech-
nologies in payment accounting with a payback period of
1.5-2 years has been proven. The greatest economic effect
is achieved with an integrated approach to digitalisation,
which includes automation of not only accounting opera-
tions but also control and analysis processes. The article
develops a model for assessing the impact of the account-
ing system of settlements on the financial sustainability of
enterprises, which takes into account the key characteris-
tics of the accounting system and allows predicting chang-
es in financial sustainability indicators when introducing
various accounting automation tools.

It is found that the success of digital technologies’
implementation largely depends on the quality of staff
training. Enterprises that have invested in employee train-
ing and ensured comprehensive integration of accounting
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systems with other business processes have achieved
the best results in improving the efficiency of payment
management. The experience of LLC SoftServe, which has
created a comprehensive system for training specialists to
work with digital financial instruments, is particularly il-
lustrative. The study revealed the significant potential of
blockchain technology to improve settlement accounting.
The experimental implementation of this technology at
the companies studied showed that it is possible to sig-
nificantly increase the transparency and reliability of set-
tlement operations, especially in the field of international
settlements and work with counterparties.

The introduction of artificial intelligence systems for
analysing settlement operations has significantly improved
the quality of management decisions. The use of predictive
analytics to assess the payment discipline of counterparties

N. Poprozman et al.

has reduced the risk of overdue debts and improved the
turnover of funds in settlements. Limitations of the study
include a focus on large enterprises and rapid changes in
technological capabilities, which may require updating
technical recommendations. Promising areas for further
research include studying the peculiarities of digitalisation
of accounting in small and medium-sized businesses, de-
veloping industry automation standards, and assessing the
impact of regulatory changes on the development of digital
accounting systems.
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piBeHb aBTOMaTM3alii cmoctepiraeTbcst B IT-cextopi (95 %) Ta eHepreTuuHiit ramysi (92 %). EkciepumeHTasibHe
BIIPOBAKEHHSI TEXHOJIOrii OJ0KYeifH Ha TPbOX MiAMPMEMCTBAX IT0KA3aJ0 IIiJBUINEHHS IIPO30POCTi TpaH3aKIii
Ha 75 %. EKOHOMiuHMIT aHaJIi3 MOKa3aB OKYITHIiCTh iHBeCTUIiii y nudposisaliio 061Ky mpotsirom 1,5-2 pokiB mpu
3HIDKEHHI omepaliiinux BuTpat Ha 50,3 %. BripoBaskeHHSI XMapHUX TEXHOJIOTiN 3a6e3meunsio MOKIUBICTh 00POOKM
rnmoHan 1 minbiioHa TpaH3aKIiii MOAHS 3 TOYHiCTIO 99,98 %. 3anpomnoHOBAHO peKOMeHAAllii 1040 BAOCKOHA/JEHHS
cucTemMu 06TiKy po3paxyHKiB 3 ypaxXyBaHHSIM Tay3eBoi crienmdiku Ta MaciiTabiB gissibHOCTI ignmpueMcts. Ha ocHOBI
MPOBEIEHOTO MOCTIIKEeHHSI pPO3p0o06JeHO MPaKTUUHI peKoMeH[allii moa0 BIPOBaakKeHHS HUOPOBUX TEXHOJIOTi B
06J1iKOBi Tpollecy MigNPUEMCTB Pi3HMX Tasy3eii. 3alIpOMIOHOBAHO METOMIMKY OIiHKM TOTOBHOCTI MiANIPMEMCTBA 0
uudpoBoi TpaHchopmaliii 06siKy, Sika BKIIOUAE aHATI3 TEXHOMOTIUHO1 iHGPaCTPyKTypu Ta HiHAHCOBUX MOXKIMBOCTEIA.
BusHavueHO KII0YOBi (hakTOpM YCITiXy MPYU BIPOBAIKeHHI IMPPOBUX 0GITIKOBUX CUCTEM, Cepel] SIKUX: KOMITIEKCHUIT
Miaxig oo aBTOMaTM3allii, MmoeTarHe BIPOBAIKEHHS 3MiH Ta IMOCTiiiHMII MOHITOPUHT edekTuBHOCTI. OCo6IUBY
yBary NnpuaiJieHo MMTaHHIM iHpopMalliiiHo1 6e3meKku Ta 3aXMUCTy JaHUX MPU BUKOPUCTAHHI XMapHUX TEXHOJIOTIii Ta
6710KUeiHy B 06/1iKy PO3PaxXyHKiB

M KnwouoBi cnoea: indopmaiiiiini TexHosorii; 6isHec-aHaJiTMKA; XMapHi cepBicu; eKOHOMiuHa e(eKTUBHICTb;
OimskuTanisalis
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in the context of economic challenges to cybersecurity

M Abstract. The purpose of the study was to assess the impact of cybersecurity and a number of other non-military
factors of countries’ resistance to threats on their defence capabilities and to characterise the factors that determine the
level of cybersecurity. As a result, the state of digitalisation of the defence economy of Ukraine is characterised through
qualitative and quantitative indicators, allowing for the substantial efforts of the state to implement digitalisation and
ensure cybersecurity to be noted. It is established that the country’s cybersecurity level was lower than the global average,
and the spending on digitalisation in the defence sector was only 0.16% of the total cost of the main areas. In the paper,
it is noted that improving the level of cybersecurity in the context of the rapid introduction of digitalisation is a priority
for ensuring defence capability because digitalisation creates new challenges for cybersecurity. This is confirmed by
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regression analysis, which identified a statistically substantial and negative impact of digitalisation and the level of human
development on cybersecurity. In addition, the aspects of countries’ defence capabilities that are most affected by the level
of cybersecurity are determined using regression analysis. It is discovered that the increase in the cybersecurity indicator
per unit caused an increase in military strength by 0.354. Therefore, the impact of cybersecurity on defence economy can
be considered substantial. Based on the results of the study, recommendations are formed for Ukraine on digitalisation of
the defence economy and improving the level of cybersecurity. The results obtained can be useful for developing strategies
to improve cybersecurity in the defence economy in the context of the rapid introduction of digitalisation

M Keywords: military strength; non-military threat resilience factors; human development level; global innovation index;

costs

N INTRODUCTION

In times of war, the defence economy is one of the key fac-
tors in supporting national security and Ukraine’s ability to
continue resisting the aggressor. However, the state’s de-
fence capacity is determined not only by human resources
and weapons but also by the ability to ensure the stability
of the information space. Therefore, ensuring cybersecu-
rity and examining the impact of digital technologies on
the level of economic capabilities is a timely task. Not only
physical means of destruction are used against Ukraine
but also cyber-attacks, which in some cases can have
no less large-scale consequences than physical damage
(Eichensehr, 2022; Fyshchuk et al., 2024). In turn, digital
technologies can both provide a means of combating cy-
ber threats and pose a danger due to the formation of new
risks (Goswami et al., 2023; Metin et al., 2024). Ye. Kral-
ich (2024) evaluated the benefits of digitalisation in the
defence sector of the economy. Among these advantages,
the researcher noted the use of unmanned aerial vehicles,
satellites, surveillance radars, sensor technologies, as well
as artificial intelligence, machine learning and big data
analytics technologies. However, the paper lacks an in-
depth analysis of the impact of the introduction of these
technologies on cybersecurity in the defence sector. S. Bo-
lila (2023) also noted that new digital technologies have
great potential to help the army and counter the aggressor.
Among other things, technologies contribute to improving
the economic situation in various sectors of the economy,
which will expand the defence capabilities of Ukraine. In
this context, the authors noted the effectiveness of the de-
fence tech cluster BRAVE1 platform, which supports start-
ups of Ukrainian programmers who offer the most effec-
tive projects in the field of defence technologies. However,
along with the recognised benefits, this paper also does not
cover the issues of increasing cyber threats through the use
of digitalisation.

In turn, O. Cheberyako & K. Rudik (2023) stated that
the impact of digitalisation on the economy in war condi-
tions can be not only positive but also create new challeng-
es. Among the advantages of digitalisation, the “Digital
for freedom” programme, according to which the world’s
leading technology companies participate in the develop-
ment of Ukraine’s digital capabilities during martial law,
was noted. Among the areas of the programme, the transi-
tion of public services to an online mode, the protection of
state registers, the optimisation of cybersecurity, etc., are
also notable. The disadvantage of digitalisation is exces-
sive reliance on digital technologies, the devastating con-
sequences of which were fully manifested during blackouts
and through the destruction of infrastructure (Shahini et

al., 2024). In addition, digitalisation can generate threats
to ensure information security - for example, through the
distribution of malicious content, cybersecurity, which is
conducted for the purpose of unauthorised access to con-
fidential data, their theft, distortion, and use for dishonest
purposes (Avtalion et al., 2024). An important contribution
of the study is the assessment of the impact of digitalisa-
tion on the formation of financial resources for defence ac-
tivities. The characteristics of the impact of digitalisation
on cybersecurity in the study are of an overview nature and
are not supported by quantitative data.

Important conclusions on ensuring cybersecurity are
provided in the paper of N. Komykh (2023), which stated
that the solution to the problem of cyber defence should
provide for the introduction of a set of various, not only
technological measures. According to the researcher, cy-
bersecurity is also influenced by technical, information-
al, legal, psychological, and organisational factors. An
important area for improving cybersecurity is to create
a cybersecurity culture that will include, among other
things, improving people’s skills to resist cyber threats.
Y.V. Samusevych et al. (2021) identified a link between
economy, education, national security, and digitalisation.
S. Bondarenko et al. (2022) established that the critical
areas of strengthening cybersecurity in Ukraine in terms
of optimising the institutional system are organisational
and legal. While recognising the valuable contribution of
research to characterise the relationship between digital-
isation, cybersecurity, and other non-military factors of
country resilience, it should be noted that their impact on
the country’s defence capability remains poorly examined.

In the context of an increased level of cyber threats, it
is important to understand the impact that cybersecurity
has on various aspects of defence economy capability. This
influence is not isolated but is conducted simultaneously
with other non-military factors. In turn, the level of cyber-
security is largely determined by social, technological, and
economic aspects. The paper aimed to assess the impact of
cybersecurity and other non-military factors of countries’
resilience on their defence economy capability and analyse
the factors that explain the level of cybersecurity. This goal
required solving the following tasks: to provide an over-
view of the state of digitalisation of the defence economy
of Ukraine in the context of war, identify key advantages
and main problems; to analyse the impact of non-military
factors of country resilience, including cybersecurity, on
defence capability using the example of a global sample
of countries; to evaluate the impact of technological, eco-
nomic, and social aspects on the level of cybersecurity.
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®m MATERIALS AND METHODS

The statistical analysis allowed to describe the state of
digitalisation of the defence economy of Ukraine and as-
sess global trends through the analysis of defence spend-
ing indicators, revenue dynamics, and the place of Joint-
Stock Company Ukrainian Defence Industry in the ranking
of the top 100 companies for the production of weapons
and military services in the world, estimates of non-mili-
tary sustainability indicators, and the global artificial in-
telligence market in the defence economy (FM Resilience
Index, n.d.; SIPRI arms industry database, n.d.; Global Al
in defense and security market, 2024; Defence spending
and procurement trends, 2025). The comparative analy-
sis allowed determining the place of Ukraine among other
states by comparing the indicators of the country’s de-
fence capability and non-military factors influencing its
defence capability with global averages.

Correlation analysis was used to analyse whether
there are statistically substantial relationships between
indicators of countries’ defence capability and non-mil-
itary factors of countries’ resilience. This allowed form-
ing an initial vision of the problem and identifying po-
tential influencing factors. The purpose of the regression
analysis was to analyse what non-military sustainability
factors of countries can affect their defence capabilities.
Special attention in the context of the research subject is
paid to defining the role and impact of cybersecurity on
defence capability.

Accordingly, the first group of indicators for regression
analysis was formed considering their ability to fully char-
acterise the defence capability of countries. These indica-
tors acted as dependent variables in the analysis. These
include military strength, security threats index, armed
forces personnel, and military expenditure. Despite the fact
that some indicators partially overlap (for example, armed
forces personnel and military expenditure are reflected in
military strength), their inclusion in the analysis was ap-
propriate because it allowed assessing the impact of sus-
tainability factors on various aspects of defence capability.

The second group of indicators consisted of indicators
describing non-military factors that can potentially affect
defence capability. The indicators of this group were inde-
pendent variables. These factors reflect economic, social,
environmental, and technological factors, including the
level of cybersecurity. This approach to forming a sample
of independent variables, among other things, allowed de-
scribing the impact of cybersecurity more accurately be-
cause it was evaluated in the context of interaction with
other indicators.

An additional stage of regression analysis was devoted
to assessing the impact of individual indicators on cyberse-
curity. The criteria for selecting indicators were their poten-
tial ability to influence the level of cybersecurity through
economic, social, and technological aspects. All indicators
that were used in the study are contained in Table 1, with
an explanation of their essence and a link to the source.

Table 1. Sample of indicators for the study

Indicator Source

Entity

Indicators that characterise defence capability and acted as dependent variables in the study

Military strength score (varies from
0.0744 to 4.3156 for the study period,
where 0.0744 indicates high military

strength)

Global Firepower (2025 military
strength ranking, 2025)

Assessment of countries by available firepower,
determined by about 60 factors (number of military units,
financial condition, material and technical capabilities,
etc.)

Security Threats Index — (varies from
0.2 to 9.7 for the study period, where

0.2 indicates a high level of security) rankings, n.d.)

The Global Economy (Security
Threats Index - country

It considers such immediate security threats as
explosions, attacks, deaths due to battles, rebel
movements, uprisings, coups, and terrorism. The index
also reviews substantial criminal factors and perceived
public confidence in the internal security system

World Bank (Armed forces

Armed forces personnel

personnel, total, n.d.)

Total number of military personnel in the country

Military expenditure

World Bank (Military
expenditure (current
USD), n.d.)

The country’s total defence expenditures, including the
maintenance of the army and the purchase of weapons for
other purposes

Non-military threat resistance factors that acted a

s independent variables in the study

Resilience Index (not directly included
in the analysis, its drivers were used;
the index, like drivers, is measured
from 0 to 100, where 100 is the highest
level of stability)

Factory Mutual Insurance
Company (FM Resilience Index,
n.d.)

The index reflects countries’ resilience to various
risks through 18 indicators included in it, including
productivity, health expenditure, education, inflation,
political risk, control of corruption, energy intensity,
ghg emissions, water stress, urbanisation rate, logistics,
internet usage, climate risk exposure, climate risk quality,
climate change exposure, seismic risk exposure, fire risk
quality, cybersecurity

cybersecurity

Indicators for an additional stage of regression analysis that acted as independent variables that potentially affect

Overall Global Innovation Index
(reflects the position of countries in
the ranking, where 1 is the highest
level of development)

World Intellectual Property
Organization (GII 2024
results, 2024)

It evaluates the effectiveness of innovation in about
130 economies of the world and contains approximately
80 indicators, including political, educational, and
infrastructure measures
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Table 1. Continued

Indicator Source

Entity

Human Capital Index (measured from
0 to 1, where 1 is the highest level of
development)

World Bank (Human Capital
Index (HCI), upper bound
(scale 0-1) — East Asia & Pacific
(excluding high income), n.d.)

Determines how effectively countries mobilise human
capital and realise the economic and professional
potential of the population

GDP per capita

World Bank (GDP per capita
(current US$), n.d.)

Shows the country’s gross domestic product (GDP)
divided by the total population

Source: compiled by the authors

Thus, the analysis used 4 indicators of defence capabil-
ity, 18 indicators of non-military sustainability factors, and
3 indicators of impact on cybersecurity for 91 countries of
the world. Such a sample was considered to be sufficient for
a study confirming the reliability of the results.

W RESULTS

Digital technologies in the defence economy

of Ukraine: Effectiveness of digitalisation

and cybersecurity

The defence economy is an essential tool for ensuring
an appropriate level of national security, increasing the
country’s defence capability through the efficient use of
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resources. Defence spending determines the ability of
countries to respond to global challenges in the face of in-
stability and escalation of conflicts of various origins. Fig-
ure 1 shows the countries that are the leaders in defence
spending as of 2024.

Ukraine ranked fourteenth in terms of military spend-
ing in 2024, down several positions from 2023, when the
country’s military spending totalled USD 64.8 billion, and
it ranked eighth in the ranking (Countries with the high-
est..., 2024). Moreover, Joint-Stock Company Ukrainian De-
fence Industry (Ukroboronprom) has been among the top
100 companies producing weapons and military services in
the world since 2011 (Fig. 2).

Figure 1. Countries with the highest military spending in 2024
Source: compiled by the authors based on Defence spending and procurement trends (2025)
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Figure 2. Revenue dynamics and position of Joint-Stock Company Ukrainian Defence Industry
in the top 100 companies for the production of weapons and military services in the world

Note: * — as of September 2024

Source: compiled by the authors based on SIPRI arms industry database (n.d.), B. Miroshnychenko (2024)

The military strength indicator in 2025 is 0.3755
for Ukraine, which is quite high compared to the glob-
al average value of this indicator, which is about 1.3514.
The number of military personnel of Ukraine as of 2025

reaches approximately 800,000 people, another 1,000,000
people are in reserve. Regarding non-military indicators of
country resilience, Ukraine’s indicators generally adhere to
global averages (Fig. 3).
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Figure 3. Comparison of non-military indicators of Ukraine’s stability and global averages in 2024
Source: compiled by the authors based on FM Resilience Index (n.d.)

For Ukraine, among these non-military sustainability
indicators, cybersecurity is of particular importance. In the
context of war, given the scale and consequences of Russian
cyber-attacks, cybersecurity is one of the most important
areas of ensuring defence economy capability. Digitalisa-
tion of the defence sector, on the one hand, provides new
opportunities for improving protection systems against cy-
bersecurity threats. On the other hand, digitalisation can
create new cybersecurity challenges, especially in the case
of excessive dependence on information and communi-
cation technologies (Metelskyi & Kravchuk, 2023). In war
conditions, enemy cyber-attacks can be aimed at obtaining
confidential information or disrupting the activities of the
military administration (Cherleniak & Tokar, 2024). There-
fore, the activity of anticipating, countering and eliminat-
ing cybersecurity threats is one of the priorities in the con-
text of armed confrontation.

Current initiatives in the field of digitalisation of the
security and defence sector of Ukraine can be divided into
several areas. The first concerns direct warfare, and one
example of using digitalisation in this process is the intro-
duction of the Delta system, which allows tracking enemy
targets. As of January 14, 2025, it was reported that this sys-
tem helped eliminate Russian equipment worth about USD
15 billion. The second area is material and technical sup-
port, which is the responsibility of the procurement agen-
cies of the Ministry of Defence. Digitalisation of procure-
ment processes (in particular, purchases through Prozorro,
implementation of the DOT-Chain IT system, optimisation
of internal dot processes, etc.) allowed saving about UAH
21 billion for the state budget, improving the food supply
cycle, and optimising accounting systems. The third direc-
tion concerns human capital and is presented through: the
register “Oberig”, which contains data on those liable for
military service, necessary for military registration; the
electronic cabinet Reserve+, which contains the largest
database of military vacancies; the application Army+ for
military personnel, created to overcome excessive bureau-
cracy in the army. The last and fourth direction of digitali-
sation of the security and defence sector concerns resource
provision. This area is the least digitalised and requires the
introduction of effective tools for translating data work
into digital form (Defence Talks, 2025).

The main directions of the state’s cybersecurity policy
are determined by the Law of Ukraine No. 2163-VIII (2017)
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and the Cybersecurity Strategy of Ukraine (Decision of
the National Security and Defence Council of Ukraine
No. n0055525-21, 2021). Coordination between cyberse-
curity entities is provided by the National Cybersecurity
Coordination Centre, established in 2016. In 2020, changes
were introduced to the work of the National Cybersecurity
Coordination Centre, in particular, private sector special-
ists were involved. Such initiatives have allowed turning
the National Cybersecurity Coordination Centre into a
central platform for tracking, predicting, detecting, and
eliminating cybersecurity threats in the public and private
spheres. In 2024, the Ministry of Defence added another
structural unit to improve the state of cybersecurity — the
Cyber Incident Response Centre. It is assumed that this
unit will have the goal of prompt and effective response to
cyber incidents. Another way to improve cyber defence is to
standardise information security requirements in the Min-
istry of Defence systems in accordance with North Atlantic
Treaty Organization (NATO) best practices. This applies
to the ministry’s digital tools, services, applications, and
systems. An important area of countering cyber threats is
improving the training of specialists in the field of cyberse-
curity and finding opportunities for information exchange
and cooperation with other parties, particularly interna-
tional partners.

Despite the noted efforts in the field of countering cy-
ber threats, the cybersecurity indicator of Ukraine is below
the global average, and spending on digitalisation in the
field of defence is only 0.16% of the total spending on the
main areas (Cheberyako & Rudyk, 2023). Given the rapid
development of technologies and the projected growth of
the global artificial intelligence market in defence and se-
curity, Ukraine needs to increase attention to cybersecurity
issues through improving information security strategies,
strengthening the regulatory framework, and financial
support (Fig. 4). Assessing the impact of cybersecurity and
other non-military resilience factors in countries can help
identify which aspects of countries’ defence capabilities
are most dependent on the level of cybersecurity. Initial
conclusions about the relationship between cybersecurity
and the defence capabilities of countries can be obtained
through correlation analysis. Thereby, it should be consid-
ered that the level of cybersecurity is not a separate indica-
tor but has an impact simultaneously with other sustaina-
bility factors.
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Figure 4. The size of the global artificial intelligence market in defence and security
Source: compiled by the authors based on Global Al in defense and security market (2024)

Regression analysis was used to assess the combined
impact of these factors. In turn, it is also important to in-
vestigate what factors of the social, economic, and techno-
logical environment affect the level of cybersecurity. This
will determine the extent to which factors such as human
development, well-being, and digitalisation determine cy-
bersecurity.

Impact of digitalisation on global sustainability

Correlation analysis was aimed at identifying the strength
and direction of the relationship between the indicators
of countries’ defence capability and non-military indi-
cators of resistance to threats. Tables 2 and 3 show the
results of the correlation analysis between the observed

indicators. Table 2 contains the obtained correlations of
defence performance indicators with physical scores, Ta-
ble 3 — with macro scores. Based on the results presented
in Table 2, initial conclusions were drawn regarding the
presence of a relationship between the examined indi-
cators. The military strength and security threats index
indicators correlated with most physical scores, and this
relationship was statistically substantial. For military
strength, the relationship strength was mostly weak or
moderate, for the security threats index — noticeable and
strong. For the armed forces personnel and military ex-
penditure indicators, statistically substantial correlations
were observed with individual indicators, mainly with
weak coupling strength.

Table 2. Results of correlation analysis between indicators of defence capability of countries
and non-military indicators of resistance to threats (resilience index drivers — physical scores)

Indicators Military strength Security threats index pérgzg efﬁ rt(é)etill Mlh(tc"’:lrl?;:ﬁ?%%%)mre
Productivity -0.28* -0.69* -0.09 0.18
Health expenditure -0.36* -0.66* -0.06 0.39*
Education -0.43* -0.63* -0.1 0.13
Inflation -0.05 -0.22* 0.03 0.06
Political risk 0.03 -0.89* -0.27* -0.01
Control of corruption -0.26* -0.78* -0.13 0.13
Energy intensity 0.18 0.05 -0.13 -0.12
GHG emissions -0.23* -0.38* -0.07 0.02

Water stress 0.01 0.08 0.02 0

Urbanisation rate -0.35* -0.47* -0.15 0.05
Logistics -0.47* -0.64* 0.07 0.22*
Internet usage -0.39* -0.62* -0.08 0.12

Note: * - statistically substantial relationships at p<0.05
Source: calculated by the authors based on Armed forces personnel, total (n.d.), FM Resilience Index (n.d.), Military
expenditure (current USD) (n.d.), Security Threats Index — country rankings (n.d.), 2025 military strength ranking (2025)

Table 3. Results of correlation analysis between indicators of defence capability of countries
and non-military indicators of resistance to threats (resilience index drivers — macro scores)

. Climate risk Climate risk Climate change Seismic risk Fire risk .
Indicators N A Cybersecurity
exposure quality exposure exposure quality
Military strength 0.01 -0.431* -0.069 -0.047 -0.451* -0.552*
Security threats index -0.146 -0.653* -0.218* -0.154 -0.568* -0.425*
Armed forces -0.243* -0.09 -0.199 0.002 0.072 0.23*
personnel, total
Military expenditure ~ ~
(current USD) 0.119 0.152 0.065 0.116 0.218 0.189

Note: * — statistically substantial relationships at p<0.05
Source: calculated by the authors based on Armed forces personnel, total (n.d.), FM Resilience Index (n.d.), Military
expenditure (current USD) (n.d.), Security Threats Index — country rankings (n.d.), 2025 military strength ranking (2025)
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Regarding the relationship between defence capability
indicators and macro scores, a similar trend can be noted:
military strength is moderately or noticeably correlated
with climate risk quality, fire risk quality, and cybersecu-
rity. The security threats index showed a weak correlation
with climate change exposure and a moderate or noticea-
ble correlation with climate risk quality, fire risk quality,
and cybersecurity. The armed forces personnel indicator
showed a weak association with the climate risk exposure
and cybersecurity indicators, while military expenditure —
only with fire risk quality indicators. The results showed
that the defence capability of countries can be closely
linked to a number of non-military indicators. However,
the obtained correlations do not prove the direct impact of
these indicators on defence capability. For a more in-depth
analysis of the ability of the non-military indicators under
study to determine the defence capability of countries, a

regression analysis was conducted. Regression analysis was
performed in several stages, each of which had its own de-
pendent variable. The dependent variables were alternate-
ly indicators of the countries’ defence capability. The set
of independent indicators for regression analysis was com-
mon to all stages and consisted of non-military indicators
of countries’ resilience to threats.

Table 4 shows the results of regression analysis for
military strength as a dependent variable and non-military
threat resistance indicators as independent. The correla-
tion coefficient for the resulting model was 0.76025834,
which indicated a fairly strong correlation between the
indicators included in it. The coefficient of determination
was 0.57799274, and the updated coefficient of determina-
tion was 0.47249092, which showed moderate explanatory
ability. The indicator is p <0.00000, and therefore, the re-
sults are statistically substantial.

Table 4. Regression analysis results for military strength as a dependent variable
and non-military threat resistance indicators

Indicators Coefficients Standard error t (72) p value
Intercept 1.714 1.804 0.95 0.345
Productivity 0.401 0.184 2.184 0.032
Health expenditure -0.364 0.212 -1.716 0.09
Education 0.074 0.202 0.363 0.718
Inflation 0.035 0.091 0.387 0.7
Political risk 0.428 0.129 3.315 0.001
Control of corruption 0.335 0.221 1.519 0.133
Energy intensity 0.091 0.138 0.658 0.513
GHG emissions -0.018 0.145 -0.123 0.902
Water stress -0.022 0.089 -0.247 0.805
Urbanisation rate -0.043 0.145 -0.298 0.767
Logistics -0.518 0.173 -2.991 0.004
Internet usage -0.285 0.173 -1.645 0.104
Climate risk exposure 0.222 0.136 1.636 0.106
Climate risk quality -0.159 0.213 -0.746 0.458
Climate change exposure -0.137 0.138 -0.989 0.326
Seismic risk exposure 0.058 0.098 0.595 0.554
Fire risk quality -0.017 0.195 -0.088 0.93
Cybersecurity -0.354 0.125 -2.838 0.006

Source: calculated by the authors based on FM Resilience Index (n.d.), 2025 military strength ranking (2025)

A statistically substantial impact on military strength
was observed from the following non-military indicators:
productivity and political risk — direct impact, logistics
and cybersecurity - reverse impact. Notably, the growth of
the military strength indicator used in the work indicated
a lower military power and defence capability, and its ap-
proach to zero, on the contrary, indicated substantial de-
fence capabilities of countries. Accordingly, rising levels of
productivity and political risk weaken countries’ military
power. An increase in productivity by 1 was accompanied by
an increase in military strength by 0.401 and an increase in
political risk — by 0.428. In turn, the development of logis-
tics and a high level of cybersecurity contribute to improv-
ing defence and military capabilities. An increase in the
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logistics indicator by one was associated with a decrease in
the military strength indicator by 0.518 and cybersecurity —
by 0.354. Conclusions about the inverse effect of productiv-
ity on military power may seem continental. However, this
state of affairs can be explained by the focus of countries
on technological, social, and political aspects of develop-
ment, with a low focus on defence needs. Table 5 contains
the regression results for the model in which the securi-
ty threats index was the dependent variable. The model is
characterised by a high correlation coefficient, which was
0.92801302, and a high explanatory ability, as indicated by
the value of the coefficient of determination - 0.86120816
and the refined coefficient of determination — 0.8265102.
The results are statistically substantial (p <0.0000).
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Table 5. Regression analysis results for the security threats index as a dependent variable
and non-military threat resistance indicators

Indicators Coefficients Standard error t (72) p value
Intercept 7.837 2.524 3.106 0.003
Productivity -0.175 0.105 -1.661 0.101
Health expenditure 0.177 0.122 1.452 0.151
Education -0.026 0.116 -0.226 0.822
Inflation -0.008 0.052 -0.145 0.885
Political risk -0.685 0.074 -9.255 0
Control of corruption -0.292 0.127 -2.309 0.024
Energy intensity 0.006 0.079 0.077 0.939
GHG emissions 0.053 0.083 0.64 0.524
Water stress 0.059 0.051 1.161 0.25
Urbanisation rate 0.098 0.083 1.177 0.243
Logistics 0.129 0.099 1.302 0.197
Internet usage 0.012 0.099 0.117 0.907
Climate risk exposure -0.094 0.078 -1.203 0.233
Climate risk quality -0.235 0.122 -1.918 0.059
Climate change exposure -0.008 0.079 -0.105 0.917
Seismic risk exposure 0.088 0.056 1.563 0.123
Fire risk quality 0.062 0.112 0.557 0.579
Cybersecurity -0.076 0.072 -1.064 0.291

Source: calculated by the authors based on FM Resilience Index (n.d.), Security Threats Index — country rankings (n.d.)

The security threats index was under the statistically
substantial influence of political risk and control of corrup-
tion. The growth of the security threats index indicates an
increase in the level of threats, so the inverse relationship
with indicators indicates that their increase contributes to
a decrease in security threats. An increase in political risk
by 1 was accompanied by a decrease in the security threats
index by 0.685 and the control of corruption indicator - by
0.292. This impact can be considered quite large-scale be-
cause the security threats index for the study period ranged

from 0.2 to 9.7, and its change by 0.292 and even more so
by 0.685 is substantial. Notably, the lowest value of the in-
dicator (9.7) among 91 countries under study is typical for
Ukraine. Table 6 shows the results of a regression analysis
in which the military expense indicator was the dependent
variable. There was a noticeable correlation between the
indicators in the model (0.72259235), and it was character-
ised by moderate explanatory ability because the updated
coefficient of determination was 0.40267463. As in previous
models, the results are statistically substantial (p < 0.0000).

Table 6. Regression analysis results for military expenditure as a dependent variable
and non-military threat resistance indicators

Indicators Coefficients Standard error t(72) p value
Intercept 217,635,598,285.156 190,205,112,522.16 1.144 0.256
Productivity -0.668 0.195 -3.419 0.001

Health expenditure 1.714 0.226 7.598 0

Education -0.36 0.215 -1.67 0.099
Inflation 0.017 0.097 0.179 0.859
Political risk -0.043 0.137 -0.313 0.755
Control of corruption -0.608 0.235 -2.588 0.012
Energy intensity -0.073 0.147 -0.496 0.622
GHG emissions -0.169 0.154 -1.099 0.276
Water stress 0.059 0.095 0.625 0.534
Urbanisation rate -0.074 0.155 -0.479 0.633
Logistics 0.064 0.184 0.349 0.728
Internet usage 0.229 0.185 1.239 0.22
Climate risk exposure -0.292 0.145 -2.019 0.047
Climate risk quality -0.465 0.227 -2.046 0.044
Climate change exposure 0.227 0.147 1.544 0.127
Seismic risk exposure -0.028 0.104 -0.264 0.793
Fire risk quality 0.238 0.208 1.145 0.256
Cybersecurity 0.317 0.133 2.387 0.02

Source: calculated by the authors based on FM Resilience Index (n.d.), Military expenditure (current USD) (n.d.)
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Military expenditure was inversely affected by pro-
ductivity, control of corruption, climate risk exposure,
and climate change exposure. Military expenditure was
directly influenced by health expenditure and cybersecu-
rity. Among the observed indicators, the strongest influ-
ence was observed from productivity, an increase of 1 was
associated with a decrease in military spending by 0.668,
control of corruption, an increase of which by 1 was ac-
companied by a decrease in spending by 0.608, and health
expenditure, an increase of which by 1 increased military

spending by 1.714. Given that costs were measured in dol-
lars, the scale of the impact was insubstantial and made
no practical sense despite its statistical importance. The
results of regression analysis with armed forces personnel
as a dependent variable are shown in Table 7. The corre-
lation coefficient shows a noticeable correlation between
the model variables (0.67083765), according to the refined
coefficient of determination, it has a moderate explanatory
capacity (0.31252894), and p < 0.00018, which confirms sta-
tistical significance.

Table 7. Regression analysis results for armed forces personnel as a dependent variable
and non-military threat resistance indicators

Indicators Coefficients Standard error t (72) p value
Intercept 1,184,327.619 1,001,958.332 1.182 0.241
Productivity -0.471 0.21 -2.248 0.028
Health expenditure 0.485 0.242 2.006 0.049
Education -0.473 0.231 -2.047 0.044
Inflation -0.033 0.104 -0.314 0.755
Political risk -0.151 0.147 -1.026 0.309
Control of corruption -0.293 0.252 -1.161 0.249
Energy intensity -0.284 0.157 -1.801 0.076
GHG emissions -0.024 0.165 -0.142 0.887
Water stress 0.097 0.102 0.955 0.343
Urbanisation rate -0.063 0.166 -0.38 0.705
Logistics 0.426 0.198 2.153 0.035
Internet usage 0.12 0.198 0.605 0.547
Climate risk exposure -0.446 0.155 -2.879 0.005
Climate risk quality -0.439 0.244 -1.802 0.076
Climate change exposure 0.231 0.158 1.467 0.147
Seismic risk exposure -0.094 0.112 -0.839 0.404
Fire risk quality 0.407 0.223 1.826 0.072
Cybersecurity 0.453 0.142 3.181 0.002

Source: calculated by the authors based on Armed forces personnel, total (n.d.), FM Resilience Index (n.d.)

The variables productivity, health expenditure, ed-
ucation, logistics, climate risk exposure, and cyberse-
curity have a statistically substantial impact on armed
forces personnel. However, judging by the regression co-
efficients, as in the previous model, the impact scale is
too small to have practical value. In the context of the
subject of study, cybersecurity deserves special attention
among the examined indicators. According to the regres-
sion analysis, the statistically substantial and largest im-
pact of this indicator was observed relative to military
strength. Among the countries considered, the highest
military strength value is 0.0744 (for the United States
of America) and the lowest is 4.3156 (for Benin). Given

that an increase in the cybersecurity indicator by 1 led to
an increase in military strength by 0.354, the impact of
cybersecurity on military strength can be considered sub-
stantial. Therefore, it was advisable to investigate which
social, economic, and technological indicators affected
the level of cybersecurity, for which regression analysis
was also used. The correlation coefficient for the model,
where cybersecurity was used as a dependent variable and
Overall Global Innovation Index, Human Capital Index,
and GDP per capita were independent, is 0.76412146, and
indicates a strong relationship. The refined coefficient of
determination is 0.5695327, which indicates a noticeable
explanatory ability (Table 8).

Table 8. Regression analysis results for cybersecurity as a dependent variable
and economic, social, and technological impact indicators

Coefficients Standard error t (72) p value
Intercept 163.365 25.505 6.405 0
In%‘gf:‘tliloikl’r?glx -1.068 0.154 -6.914 0
Human Capital Index -0.299 0.15 -1.999 0.049
GDP per capita -0.078 0.103 -0.759 0.45

Source: calculated by the authors based on GDP per capita (current US$) (n.d.), FM Resilience Index (n.d.), Human Capital
Index (HCI), upper bound (scale 0-1) — East Asia & Pacific (excluding high income) (n.d.), GII 2024 results (2024)
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According to the results obtained, the impact is re-
versed; that is, an increase in Global Innovation Index and
Human Capital Index is accompanied by a decrease in the
level of cybersecurity. The results can be explained by the
fact that countries with a high level of innovation and hu-
man resource development face more complex cyber threats
and have a higher risk due to the active use of new tech-
nologies. Accordingly, highly developed countries should
pay special attention to preventing and countering cyber
threats through government initiatives, educational pro-
grammes, strengthening technological characteristics, etc.

Based on the analysis of the state of digitalisation
of the defence economy of Ukraine in the conditions of
war and the results of regression analysis, the follow-
ing recommendations can be formed for Ukraine to bal-
ance the need to implement digitalisation and ensure
an appropriate level of cybersecurity: increase funding
for digitalisation of the defence sector of Ukraine, for
example, through the development of state co-financ-
ing programmes and international initiatives to support
digitalisation in Ukraine; expand the use of the latest
technologies in the defence sector while ensuring prop-
er control over their development and use, in particular,
through the adaptation of NATO standards in the field of
cybersecurity, as well as the development of clear require-
ments for certification of implemented systems; optimise
state training programmes in the field of cybersecurity,
cooperation with research centres, universities and inter-
national partners will be useful; ensure coordination of
actions and exchange of information with international
partners (through specialised platforms, training, etc.);
conduct regular monitoring of cyber threats and the state
of cybersecurity, analyse the impact of cybersecurity on
defence capability; pay close attention to protecting crit-
ical infrastructure objects from cyber threats, for exam-
ple, through the creation of secure data storage; conduct
information campaigns for the population to improve
self-defence skills against digital threats.

M DISCUSSION

In the course of regression analysis, it was established
that the simultaneous impact of cybersecurity and other
non-military factors on the level of defence capability of
countries is substantial. The statistically important and
largest impact on cybersecurity was recorded relative to
the military strength indicator. The increase in cybersecu-
rity is accompanied by increased military strength, but it
has also been determined that increased Global Innovation
Index and Human Capital Index levels can increase cyber-
security threats.

Many of the papers of researchers also analysed the
impact of digitalisation on various aspects of countries’
resilience to threats. B. Brenner & B. Hartl (2021) investi-
gated how the degree of digitalisation affects sustainabili-
ty dimensions — economic, social, and environmental. The
perception of environmental and economic sustainability
was identified to be dependent to the greatest extent on
digitalisation. These results are consistent with the results
obtained by A. Grybauskas et al. (2022), which showed that
digitalisation makes a substantial contribution to eco-
nomic development at the corporate level by increasing
the rate of return, reducing the time to market goods and
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increasing labour productivity. Similar conclusions are
observed in the field of environmental sustainability.
E.S. Knudsen et al. (2021) proved that digitalisation makes
competitive advantages more extensive and sustainable.
However, these studies focus mainly on the impact of dig-
italisation on non-military sustainability factors and do
not pay enough attention to analysing the relationship be-
tween digitalisation and security at different levels.

In different publications, the relationship between
digitalisation and security factors is investigated. For ex-
ample, T.T. Thanh et al. (2023) discovered that digital
transformation has a positive impact on the sustainability
of energy security and ultimately contributes to sustaina-
ble economic development. However, their study does not
fully disclose what cybersecurity challenges digitalisation
poses. Regarding the risks of digitalisation for cybersecuri-
ty, S. Kumar & R.R. Mallipeddi (2022) noted that the use of
the latest technologies, in particular, cloud technologies,
the Internet of things, artificial intelligence, big data, and
nanotechnology, creates new risks for organisations in the
form of cybersecurity problems. The situation is aggra-
vated by the growing number of cyber-attacks related to
these technologies. Based on the results of the study by
B. Guembe et al. (2022), the capabilities of existing cyber
defence infrastructures will not be sufficient in the near
future to counter sophisticated cyber-attacks controlled
by artificial intelligence. P. Sharma & B. Dash (2023) add-
ed that the increase in the number of attacks in the cyber
environment has recently led to serious negative conse-
quences for business systems and individuals. The authors
analysed how big data analytics and artificial intelligence
technologies affect cybersecurity risks. Researchers have
found that artificial intelligence-based platforms such as
ChatGPT can have both positive and negative effects. On
the one hand, these technologies can be used to implement
preventive measures, and on the other - promote complex
cyber-attacks. These conclusions are confirmed by M. Gup-
ta et al. (2023), who noted the use cases of generative ar-
tificial intelligence, in particular ChatGPT, in both defen-
sive and offensive cybersecurity strategies. Specifically, the
researchers clarified how ChatGPT can be used to develop
cyber-attacks, extract malicious information without ethi-
cal restrictions, create phishing attacks, social engineering
attacks, malicious software, etc.

M. Charfeddine et al. (2024) supplemented this list,
noting the technology’s ability to provide malicious hints,
test brute-force attacks, develop ransomware, and more.
D. Kalla et al. (2023) noted that ChatGPT offers important
information for cybersecurity, but its risks and limitations
must be considered. M. Alsharif et al. (2022) concluded
that the active use of technology increases cybersecurity
risks. Examples include password attacks, phishing at-
tacks, and social engineering. An important conclusion
of the paper is to establish the fact that most successful
cyber-attacks can be explained by the human factor — for
example, about 95% of attacks were caused by human er-
rors. These conclusions are consistent with the results of
the author because the paper determined that the level of
digitalisation, which was presented in the paper through
the Overall Global Innovation Index indicator, negatively
and statistically substantially affects the cybersecurity in-
dicator of the examined countries.
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A number of papers analyse successful internation-
al practices in countering cyber risks. In contrast to the
previous studies reviewed, A.B. Ige et al. (2024) suggest-
ed that artificial intelligence and machine learning could
help overcome information security challenges. The re-
searchers also noted the advantages of international co-
operation, implementation of international standards,
investment in new technologies and public-private part-
nerships to increase resilience to cyber threats. M. Abdul-
lahi et al. (2022) come to similar conclusions, noting the
capabilities of artificial intelligence for continuous com-
pliance monitoring and threat detection. B. Al Kurdi et
al. (2024), using the example of the United Arab Emirates,
established that successful cybersecurity management is
impossible without optimising the supply chain, training
employees, monitoring and the awareness of protection
and security needs. However, these papers do not exam-
ine the relationship between the defence economy, cyber-
security, and the introduction of digitalisation. In turn,
D. Cai et al. (2023) examined how defence science and
technological innovation are related using the example of
China. Researchers found a stable correlation between the
defence sector, technological innovation, and economic
development of this state, but it was heterogeneous for
different regions of China. Based on the results of the
study, the authors propose to balance defence and nation-
al construction, optimise the defence strategy in terms of
science and technology, and strengthen the efficiency of
using industrial advantages.

In turn, E.B. Kania (2022) noted that the effective-
ness of China’s approach to using new defence technolo-
gies will be determined by a clear strategic culture, oper-
ational requirements, and organisational characteristics.
J. Reis et al. (2021) noted the feasibility of developing in-
novative defence systems based on technologies such as
artificial intelligence and robots. The development of the
high-tech defence industry requires effective investment
of limited resources in the most promising areas (Hysi et
al., 2024). The authors claimed that the greatest effect can
be achieved at the tactical level, when the need for human
intervention is minimised. D. Araya & M. King (2022) used
the example of Canada to examine the development of mil-
itary capabilities through the use of artificial intelligence
and machine learning. The positive impact of new tech-
nologies on the management of military operations was
noted. The researchers expressed concern about the secu-
rity risks associated with the use of network technologies.
Therefore, researchers focused on the need to strengthen
security and improve data management, the need for new
knowledge and experience, and the need for a balance be-
tween the rigidity of power and the needs of a changing
geopolitical environment.

J.M. Rickli & M. Ienca (2021) examined the securi-
ty and military implications of the use of artificial intel-
ligence and nanotechnology. They have noticed the great
potential of these technologies, which can be realised due
to their modifying ability and rapid spread. Therefore, the
introduction of technology in the military sector is of great
concern due to the possibility of implementing security
risks such as data bias, social control and manipulation, the
use of weapons, etc. (Lyndyuk et al., 2023). Scientists em-
phasised that because of these dangerous opportunities of
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technologies, there is an urgent need for appropriate man-
agement responses to their distribution, access, and use.

The response should account for the interests of
all stakeholders and be diverse and adaptive, which will
counter the risks associated with the rapid development
of technology. The conclusions are somewhat different
from the results of this study on the directions of ensur-
ing cybersecurity in Ukraine through different contexts be-
cause the experience of each state is unique and depends
on numerous factors — the level of development, financial
capabilities, political factors, etc. However, the experience
described in the studies can be used in the process of devel-
oping cybersecurity strategies in Ukraine, along with the
areas covered in the author’s paper.

B CONCLUSIONS

The results of the work showed that Ukraine has quite high
indicators of military strength, military spending, and the
number of military personnel. Calculating the average
value of these indicators based on the data of the studied
countries and comparing it with the indicators of Ukraine
allowed confirming that the military potential of Ukraine
substantially exceeds the global average. However, the
analysis of non-military indicators of Ukraine’s resilience
and their comparison with the national average demon-
strated that, in this case, Ukraine shows quite average re-
sults. Indicators of productivity, health costs, political risk,
corruption control, and logistics are noticeably lower than
average. Non-military sustainability indicators can provide
important support for a country’s defence capability, as
confirmed in the regression analysis.

Regression analysis conducted for indicators of the
defence capability of countries as dependent variables and
non-military indicators of the stability of countries allowed
confirming that the latter are able to partially determine
military strength and influence various parameters of de-
fence capability. Thus, productivity and political risk had a
statistically substantial direct impact on military strength,
while logistics and cybersecurity had the opposite impact.
Given that the increase in military strength indicates a
lower military strength, it was concluded that increased
productivity and political risk weaken the military power of
states, and better logistics and a high level of cybersecurity
increase defence capabilities. The increase in logistics per
unit was accompanied by a decrease in military strength
by 0.518, cybersecurity — by 0.354. Given that the mili-
tary strength indicator for the study period ranged from
0.0744 to 4.3156, where 0.0744 meant the highest military
strength, such an impact can be considered substantial.

In addition to the impact on military strength, regres-
sion analysis revealed a statistically substantial impact of
non-military resilience indicators on the security threats
index. This indicator was under the statistically substan-
tial and substantial influence of political risk and control
of corruption. The military expense indicator was heavily
influenced by productivity, control of corruption, climate
risk exposure, and climate change exposure. A direct im-
pact on this indicator was observed on the part of health
expense and cybersecurity. Armed forces personnel were
substantially affected by the variables productivity, health
expenditure, education, logistics, climate risk exposure,
and cybersecurity. However, for both the military expense
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indicator and armed forces personnel, the scale of impact
was insubstantial and did not make practical sense.
Analysis of the impact of economic, technological, and
social indicators on cybersecurity displayed that the lev-
el of cybersecurity depends on the overall development of
innovation and the level of human capital development.
Therewith, these indicators have the opposite effect, which
indicates an increase in cybersecurity risks with the growth
of these variables. Thus, countries with a high level of in-
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were formed for Ukraine on balancing digital development
and the need to ensure a high level of cybersecurity. Further
research should focus on a comparative analysis of the best
practices for ensuring cybersecurity in countries with a high
level of innovative development because this can provide
new insights to improve the fight against cyber threats in
the face of the threat of more complicated and complexrisks.
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BnanB umdpoBUX TEXHOJIOrN HAa 060POHHY €EKOHOMIKY YKpaiHU
B KOHTEKCTIi EKOHOMIYHUX BUKJIUKIB Kibepb6e3neui

M AHoTauif. MeTolo moctiakeHHsT 6yla OIliHKa BIUIMBY Kibep6e3ImeKkyu Ta HM3KMU iHIIMX HeBiliCbKOBUX UMHHUKIB
cTilikoCTi KpaiH 4o 3arpo3 Ha iX 0OOpPOHO3HATHICTh, a TAKOXK XapaKTepucTuka (PakTopiB, 10 BM3HAUYAIOTh PiBE€Hb
Kibepb6esmnekn. Y pesyabTaTi 0XapakTepu3oBaHO CTaH 1ubpoBisallii 060poHHOT eKOHOMiKM YKpaiHu uepes sIKicHi Ta
KiJIbKiCHi MOKa3HMKM, IO MO3BOJWIO Bif3HAUMTU 3HAUHI 3YCUMJUIS JepskaBM IIOJO BIPOBAakeHHS mudposiszanii Ta
3abe3reueHHs Kibep6esreku. BcraHOB/IEHO, 110 piBeHb KibepOesreky KpaiHu OYB HUKUMM 3a CepeqHbOCBiTOBMI,
a BUTpaTu Ha 1udpoBisalio B 060poHHOMY ceKTopi craHoBWwIM auiie 0,16 % Bim 3araJbHMX BUTpAT 38 OCHOBHUMM
HampsiMamu. 3asHauyeHo, 10 MiABUIIEHHS PiBHS Kibep6es3meKkyu B YMOBax CTPIMKOTO BIPOBaKeHHs Ludposisarliii €
MIpiOpUTETOM [J11 3a0e311eUeHHSI 000POHO034ATHOCTI, OCKiIbKM I[P POBi3aliis CTBOPIOE HOBi BUK/IMKM /151 KibepOe3meKi.
Lle migTBEPAKYETHCSI PETPeCiiiHMM aHATi30M, SIKMI BUSIBUB CTATUCTUYHO 3HAUYIINMIA HETAaTMBHMIA BIUIMB UMbpoBisaii
Ta PiBHS JIIOJCHKOTO PO3BUTKY Ha Kibepbe3meky. Kpim Toro, 3a JOTIOMOT0I0 perpeciifHoro aHasi3y BU3HauU€HO acIeKTu
060pOHO3ATHOCTI KpaiH, Ha sKi Halibible BIUIMBAE piBeHb KibepOesneku. BusiBieHo, 1m0 36iablIeHHS TOKa3HUKA
Kibepb6e3mneku Ha ONVHULIIO CIIPUUMHSIE 30ibIIeHHS BificbKOBOI cvmy Ha 0,354. OTske, BIUVIMB KibepOe3reky Ha 060pOHHY
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