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The object of this study is the financial and
economic processes of the enterprise’s function-
ing under the conditions of innovative transfor-
mations of socio-economic systems.

The problem is to provide high-quality ana-
lytical support for making management deci-
sions through updating the methodological tools
that reflect the complexity of the relationships
between innovative transformations, environ-
mental and social standards, and financial
indicators.

The study was conducted using data on 32 food
retail enterprises in the city of Kharkiv and the
Kharkiv oblast (Ukraine) over 2023-2024.

A scientific and methodological approach
to assessing the profitability of an enterprise’s
capital has been devised, taking into account
the specificity of innovative transformations of
its socio-economic system under the conditions
of Industry 5.0. Based on the principal compo-
nents method, key determinants (innovative
activity, financing of activities, cost of activities,
operational efficiency) have been identified that
affect the effectiveness of innovative transfor-
mations and explain 77.81% of the variance in
the profitability of capital. Economic and math-
ematical models of the dependence of the return
on capital on microenvironmental factors were
built. It was found that the return on capital
increases by 1.0692% due to innovative activity,
financing of activities and operational efficien-
cy, but decreases by 0.58% due to increased costs.

The practical value of the proposed sci-
entific and methodological approach relates
to the possibility of using models to identify
reserves for increasing financial performance
and forming recommendations for overcom-
ing negative trends that prevent the achieve-
ment of target parameters of sustainable devel-
opment of enterprises under the conditions
of Industry 5.0
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1. Introduction

Industry 5.0 marks a new phase in the development of
socio-economic systems, characterized by the harmonious
interaction of humans and high-tech solutions to ensure
sustainable, inclusive, and value-oriented growth. Digital,
environmental, and social components are increasingly inte-
grated into the business processes of enterprises, which are
key prerequisites for their balanced and long-term innova-
tive development under conditions of dynamic change. The
transition to flexible, sustainable, and inclusive models of
adaptation to global challenges, in particular the technolog-
ical singularity and the spread of bio-integrated solutions in
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production and management practices, reflects the transfor-
mation of socio-economic systems of enterprises.

The effectiveness of innovative transformations in the
modern business environment largely depends on the ability
of enterprises to strategically foresee and respond promptly
to external and internal challenges. The implementation of a
flexible management model based on the principles of endog-
enous growth and intersystem integration of digital, environ-
mental, and social innovations is a necessary condition for
increasing innovation potential. This approach contributes
to strengthening financial sustainability, social responsibili-
ty, and the ability to achieve sustainable development in the
context of Industry 5.0.




Environmentally-oriented innovations in the production
and economic activities of enterprises enhance the overall so-
cial, environmental, and economic effect. This is of strategic
importance and affects key performance indicators, in par-
ticular the profitability of using own and borrowed capital.
Growing economic turbulence and increasing environmental
requirements emphasize the need to improve analytical sup-
port for management decisions to assess the effectiveness of
transformational changes and enterprise development.

In the context of Industry 5.0, the need to devise a scien-
tific and methodological approach to assessing the profitabil-
ity of capital, taking into account the specificity of innovative
and environmentally-oriented transformations, is becoming
more urgent. This approach should integrate financial, envi-
ronmental, and operational indicators into a single analytical
system that ensures informed decision-making and promotes
sustainable business growth. The methodological basis is
a combination of classical financial ratios with sustainable
development indicators, which makes it possible to assess the
current efficiency of capital use and form strategic guidelines
for its improvement.

The relevance of research on assessing the effectiveness
of innovative transformations of socio-economic systems and
enterprise development in the context of Industry 5.0 is due to
the need for theoretical understanding and practical support
for business adaptation to new challenges. Scientific devel-
opments in this area are important as they create the basis
for the formation of sustainable development strategies that
combine economic efficiency with social and environmental
responsibility. The practical value of such research is to pro-
vide enterprises with analytical tools to assess and improve
the return on capital, which contributes to their competitive-
ness and long-term sustainability in the face of global change.

2. Literature review and problem statement

Numerous scientific studies on the Industry 5.0 paradigm
demonstrate the growing interest in a human-centric approach
that involves integration [1]. At the same time, there is a lack
of operationalization of management mechanisms for its im-
plementation. In this context, work [2] deserves attention, in
which a comprehensive analysis of the financial, managerial,
and inclusive aspects of the implementation of Industry 5.0
is carried out. Despite highlighting the need for multi-level
support, the issues of forming a financial and institutional
infrastructure remain outside the scope of the study.

The discourse is deepened in work [3], which emphasizes
the importance of ethical guidelines for building human-ori-
ented business models. However, the emphasis on the norma-
tive-value approach is accompanied by the lack of analysis of
practical mechanisms for implementing value principles in the
activities of enterprises. Study [4] addresses the consideration
of practical challenges of implementing the new paradigm,
where the risks of digitalization are identified. At the same
time, there is a lack of a systemic vision of the interdepen-
dence of technical barriers and the human factor. A logical
continuation is work [5], which emphasizes the importance
of combining automation with the leading role of humans in
management. Although this is in line with the principles of
sustainable development, the study does not specify indicators
of production efficiency or social effectiveness.

In turn, work [6] emphasizes the need to adapt robotic
systems to the needs of employees but leaves out the issue

of the cost of such solutions. In light of the strategic focus
on environmental sustainability and operational excellence,
the experience of [7], which proposes the integration of
Industry 5.0 technologies into the Green Lean Six Sigma
cycle, becomes important. Despite the innovative nature of
the approach, the study is mainly theoretical in nature and
requires empirical confirmation through thematic cases and
pilot implementations.

Similarly, work [8] reveals the potential for synergy be-
tween Industry 5.0 and “green” supply chain management.
However, the cross-sectoral complexity and lack of applied
methodologies make it difficult to form typical implementa-
tion scenarios. These limitations highlight the need for an in-
terdisciplinary approach that combines qualitative and quan-
titative methods of analysis. This approach is implemented in
study [9], which presents new management practices based
on artificial intelligence, IoT, and blockchain technologies.
At the same time, the lack of comprehensive tools for assess-
ing the effectiveness of transformation processes narrows the
practical applicability of the results obtained.

In this context, the emphasis of study [10] on the need to
design a system for assessing the integration potential of so-
cial, economic, and technological components is appropriate.
However, the implementation of such systems is constrained
by technical complexity, lack of qualified personnel, and high
cost, which limits the capabilities of enterprises. This, in turn,
determines the need for in-depth theoretical understanding of
transformation processes, which is the subject of work [11]. It
analyzes the parameters and conditions of transformation of
socio-economic systems, expanding the understanding of the
patterns of change. However, there is a lack of methodological
solutions for institutionalizing the revealed patterns.

In this context, the principle of determinism is actualized
as a basic category of economic science, which is considered
both in classical studies [12] and in modern discourse [13]. At
the same time, no specific factors have been identified that
influence the transformation trajectories of enterprises.

All this allows us to state that it is advisable to conduct
a study on the development of methodological and applied
aspects in assessing and ensuring the effectiveness of innova-
tive transformations of socio-economic systems of enterpris-
es in the context of Industry 5.0.

3. The aim and objectives of the study

The purpose of our study is to devise a scientific and
methodological approach to assessing the profitability of an
enterprise’s capital to ensure sustainable development in the
context of innovative transformations of the socio-economic
system in the Industry 5.0 paradigm. This will make it pos-
sible to increase the financial performance and competitive-
ness of enterprises by integrating innovative factors into the
management system.

To achieve the goal, the following tasks have been defined:

- to identify the key determinants of innovative transfor-
mations of the socio-economic systems of the enterprise in
the context of Industry 5.0;

- to devise a technology for assessing the effectiveness of
innovative transformations of socio-economic systems and
enterprise development;

- to build an economic and mathematical model of the
dependence of the profitability of capital on microenviron-
mental factors caused by innovative transformations.



4. The study materials and methods

The object of our study is the financial and economic pro-
cesses of the enterprise’s functioning under the conditions of
innovative and environmentally-oriented transformations of
the socio-economic system.

The subject of the study is the process of economic and
mathematical modeling of the dependence of the profitability
of the enterprise’s capital on the factors of the microenviron-
ment caused by the transformational changes of its socio-eco-
nomic system under the conditions of Industry 5.0.

The basic hypothesis of the study assumes that the prof-
itability of the enterprise’s capital as an integral indicator of
financial performance could be significantly increased by im-
proving the approaches to its assessment. At the same time,
it is advisable to take into account the influence of the deter-
minants of the microenvironment that are formed as a result
of innovative and environmentally-oriented transformations
of the socio-economic system of the enterprise under the con-
ditions of Industry 5.0. This makes it possible to increase the
profitability of capital, ensure the stability of the enterprise,
and strengthen its competitive position.

Assumptions in the study:

- the effectiveness of innovative transformations can be
modeled in the form of economic and mathematical depen-
dences of the profitability of capital based on microenviron-
ment factors;

- there are reserves for increasing the profitability of capital,
which can be identified and used in the management system;

- the innovative orientation of resource management
directly affects the financial stability and strategic competi-
tiveness of the enterprise.

Simplification in the study:

— it is assumed that all the main dependences between
factors and profitability can be adequately described by com-
ponent analysis;

—indirect factors of the external environment, not di-
rectly related to the microenvironment, are not taken into
account in building models.

The methodological basis of the study involves the use
of an integrated approach to analyzing the effectiveness of
innovative transformations of socio-economic systems and
the development of trade enterprises. The study devised and
implemented an appropriate technology that integrates the
principal component method and the module-structured iden-
tification of key determinants of innovative transformations to
model their impact on the enterprise’s return on capital.

Component analysis of the efficiency of capital use of en-
terprises was carried out on the basis of accounting and statis-
tical reporting indicators from 32 enterprises engaged in retail
trade in food products in the city of Kharkiv and the Kharkiv
oblast in 2023-2024. The objects of the study differ in organi-
zational and legal forms, scale of activity and stages of the life
cycle, but are characterized by similar operating conditions
and the influence of micro- and meso-level factors. The sample
was formed in compliance with the requirements for volume
and homogeneity, which ensures its representativeness for the
study. The population includes only enterprises that meet a
number of criteria: profitable activities, absence of leased fixed
assets, potential for the development of diversified areas, as
well as compliance with financial independence standards.
The calculation of the main components and the implemen-
tation of the analytical algorithm were carried out using the
STATISTICA software package (TIBCO Software Inc., USA).

5. Results of assessing the impact of innovative
transformations on the profitability of capital

5.1. Identification of key determinants of transfor-
mations of socio-economic systems of an enterprise in
the context of Industry 5.0

Industry 5.0 involves combining technological innova-
tions with social and environmental priorities to form an
intelligent economy that strives for a harmonious combina-
tion of domains based on human intelligence and emotional
context [14].

Modernization processes of socio-economic systems of
enterprises in the context of Industry 5.0 are aimed at com-
bining technological innovations with a green course and a
double transition. This involves simultaneous digital and eco-
logical transformation, strengthening the resilience of value
chains, adaptation to challenges, and the implementation of
ESG principles to achieve sustainable development goals [15].

The transition to ESG principles and Industry 5.0 are
becoming key drivers of innovative transformations of mod-
ern socio-economic systems of enterprises. They define new
approaches to enterprise management, the implementation
of the latest digital technologies (artificial intelligence, ro-
botics, Internet of Things), and the formation of values for
stakeholders [16].

The main aspects of influence at this stage are hu-
man-centricity (combining automation with human creativi-
ty, adapting technologies to the needs of employees); techno-
logical breakthroughs (implementation of flexible production
processes. In addition, the influence of “smart” factories and
personalized production); innovative business models (devel-
opment of the platform economy and service approach to cus-
tomers); resource saving (optimization of energy use, waste
reduction and increased environmental efficiency) [17].

ESG principles affect all aspects of the functioning of en-
terprises, integrating environmental, social, and management
components into the development strategy. The combination
of the advantages of Industry 5.0 and ESG standards creates
unique opportunities for innovative transformations of the
socio-economic system of the enterprise, namely, the use
of 5.0 technologies makes it possible to ensure the efficiency of
processes with minimal environmental impact. ESG principles
contribute to increasing stakeholder trust and create the basis
for long-term business sustainability; enterprises that integrate
these approaches gain competitive advantages in the market
and adapt to modern globalization requirements [18].

The basis of the determinant development of enterprises
under the conditions of global uncertainty, caused by the
influence of risks of various etiologies, is a deep transforma-
tion of socio-economic systems, which is formed under the
influence of doctrinal changes that determine the postulates
of the Industry 5.0 paradigm [19]. This paradigm integrates
a human-centric approach with advanced technologies and
environmental innovations, which leads to a systemic mod-
ification of the economic structure and contributes to the
formation of innovative business models focused on multi-
factor efficiency [20]. According to the concept of sustainable
development, such a transformation generates a synergistic
effect, implemented in the form of combinatorial advantages
of an economic, environmental, social, and corporate nature.
That makes it possible for enterprises to ensure strategic
adaptability, increase the level of sustainability, and maintain
competitive positions under the conditions of dynamic chal-
lenges of modern economic reality [21].



The synergy of determinants of innovative transformations
of the socio-economic system of an enterprise reflects a complex
system of relationships between key development factors under
the conditions of the digital-ecological paradigm (Fig. 1).

Innovative transformations are considered as a multi-vec-

tor process that encompasses digital, technological, social,
environmental, and financial components, united by the com-
mon goal of sustainable development [22]. Digital and techno-
logical transformation forms the core of changes, ensuring the
implementation of digital platforms, automated systems and
intelligent solutions that increase management efficiency. The
development of human capital is critically important, which
involves the growth of professional competence, innovation
culture, and adaptability of employees to new conditions [23].

Corporate social responsibility is implemented through
the implementation of ESG principles, which strengthen the
relationship between business and society and ensure long-
term sustainability [24]. The condition for effective function-

ing is the formation of adaptive cluster business ecosystems
that promote the synergy of knowledge, innovation, and
resources. An important factor is institutional and financial
support, which determines the ability of an enterprise to im-
plement innovative strategies under conditions of increasing
risks. The systemic interaction of these elements ensures
the stability of the socio-economic system of the enterprise
and its ability to self-renewal based on innovations. This
approach forms the theoretical basis for the development
of effective management solutions in the field of innovative
transformation [25-27].

Thus, Industry 5.0 and ESG principles become not only
factors of innovative transformations but also key elements
of the strategy of sustainable development of enterprises.
This trend determines the need for an integrated approach
to the formation of a new quality of enterprise management,
based on synergy between the identified key determinants of
innovative transformations.

» Leadership in the context
of innovative development;

» Increasing the share
of active fixed assets

e Integration of ES
principles  into  corporate
governance;

e  Social responsibility and
globalization of sustainable
development standards;

» Integration of the dual digital and green transition;
» Digital transformation of business processes;

» Digitalization of social and production communications;

» Environmental innovation of the enterprise;

» Increasing the innovative capacity of the enterprise;

* Modernization and renewal of the technological base of the enterprise;
+ Increasing the profitability of innovative equipment

SOCIO-ECONOMIC SYSTEM OF
ENTERPRISE

e  Strengthening the 50
resilience. and flexibility of . Strategic human capital .' ’ Parmership  and
value cha.ms., q development; .. cooperation with external
e  Optimization of the . Inclusivity and equal environments (local and
company's capital structure; opportunities; global communities);
e Increasing liquidity, . Building psychological resilience . Accelerati 0;1 of
solvency, and financial and mental well-being of staff; inventory turnover as a
autonomy; . Building a culture of innovation factor of capital efficiency;
e Increasing agility and and flexible employment relations N Cost optimizati(;n
efficiency in the use of equity . Increasing labor productivity and (reduction of variable and
capital; its intensification through digitalization; operating costs);
e Adaptation  to  the 3 Improving professional o Ensurir’lg a flexible
requirements of sustainable qualifications in response to technological responsehiolenancesbinRie
and innovative financing changes; external environment

. Efficient use of resources

(turnover per 1 m? as an indicator of

operational efficiency)

* Increasing capital
adequacy and capital
efficiency

. Development  of
adaptive cluster business
€cosystems;

. Socio-economic
adaptation of enterprises to
the conditions of Industry

Fig. 1. Synergy profile of determinants of innovative transformations of socio-economic systems of enterprises
in the context of Industry 5.0



5.2. Technology for assessing the effectiveness of in-
novative transformations of socio-economic systems and
enterprise development

In the context of implementing innovative transformations
in the socio-economic systems of enterprises, the technology
for assessing their effectiveness becomes particularly relevant,
which allows for a comprehensive analysis of the financial
performance of transformational
changes and determining their im-
pact on sustainable development.
The key integral indicator that re-
flects the effectiveness of changes
in the business environment of the
enterprise is the return on capital.
The strategic guidelines of Indus-
try 5.0 are focused on a harmoni-
ous combination of digital, envi-
ronmentally friendly innovations,

Module 1

Module 2

Block 1 Systematization and verification of initial indicators

The second is a direct analysis of the efficiency of the use of
capital by the enterprise through the determination of factors
of changes in the microenvironment under the influence
of innovative transformations, modeling of relationships,
quantitative assessment of the causes of changes in the profit-
ability of capital and the formation of conclusions for making
management decisions.

Identification of determinants of innovative transformations of socio-
economic systems of enterprise under the conditions of Industry 5.0.

Multidimensional analysis of the efficiency of the use of enterprise capital
by the method of principal components

human capital, resource sustain-
ability and adaptive interaction, re-

—{ 1. Justification of the scorecard

quiring an assessment of the impact
of these factors on the return on

2. Normalization of initial indicators

capital. This is possible by form-

3. Formation of the correlation matrix

N

ing an appropriate evidence base
for making effective management

—[ 4. Identification and interpretation of correlations ]

decisions and ensuring sustainable
development of the enterprise.
The technology for assessing

the effectiveness of transforma-
tional changes in the socio-eco-

5. Calculation of the factor matrix

nomic system of the enterprise,
devised and shown in Fig. 2, rep-

6. Interpretation of factor loads

resents a comprehensive analytical

7. Factor matrix after rotation

procedure involving the principal
component method.

8. Interpretation of the factor matrix No

The principal components meth-
od involves the formation of new

9. Evaluation of the efficiency of rotation of factor matrices in order to
obtain a clear structure

generalized variables that make it
possible to reduce the dimension-
ality of examination without losing
information. Its essence is to deter-

1
1
mine the most informative compo- :
1
1

nents (factors) Fj, j=1,k based on variables

10. Formation of integral indicators of capital efficiency by aggregation of initial

the set of features X;, i=1,n

{Xl, X2, X3, veey Xn} —

I
Block 4 Modeling and analysis of regression dependences.

{F, 5, Fs, ..., Fi .

The principal components are
defined as linear combinations of

12. Analysis of the efficiency of the use of enterprise capital

the initial factors that have the larg-
est eigenvalues in the covariance
matrix and create a new coordinate
system in which stable patterns are
revealed. Based on the obtained correlation matrix, regression
models are constructed that link microenvironmental factors
with indicators of return on capital. These models make it pos-
sible to form economic conclusions and recommendations to
increase the efficiency of innovative transformations.
Structurally, the proposed technology includes two mod-
ules. The first is the identification of determinants of inno-
vative transformations of the socio-economic system of the
enterprise under the conditions of Industry 5.0, focused on
harmonizing technological development and human needs.

I
1 I
I 1
1 I
: 11. Constructing regression equations on the principal components :
1 1
1 I
1 I
1 1

i

Fig. 2. Technology for assessing the effectiveness of innovative transformations of
socio-economic systems and enterprise development

Within the framework of the second module “Analysis of
the efficiency of the use of capital by the principal component
method”, an integrated system of analytical procedures is
implemented, structured into four methodological modules:

- the first module covers the stages of identifying relevant
input economic and statistical indicators and their prelim-
inary parameterization. To ensure metric compatibility,
the information matrix is standardized. The study of the
intensity and direction of relationships between variables is
implemented using correlation analysis;



- the second module involves the formation of a matrix of
factor loadings with its subsequent structural interpretation,
as well as determining the proportion of cumulative variance
explained by each principal component. The varimax rota-
tion procedure is used to achieve orthogonality of latent fac-
tors, interpretation of transformed loadings and comparative
analysis of alternative factor structures;

- the third module is focused on the construction of in-
tegral principal components using an adjusted factor matrix.
Quantitative operationalization of components is carried out
through the aggregation of standardized variables taking into
account the weight coefficients of factor loadings;

- the fourth module covers the construction of a paramet-
ric regression model using principal components as indepen-
dent variables for further factor modeling of the efficiency of
capital use of the enterprise.

The proposed technology for assessing the efficiency of
innovative transformations of socio-economic systems of
enterprises is an integrated analytical tool that combines the
principal components method and regression modeling for
a deep analysis of changes in the business environment of
enterprises.

5. 3. Modeling the dependence of capital profitabili-
ty on microenvironment factors

The safe functioning, restoration of economic activity,
and sustainable economic development of commercial enter-
prises in a turbulent business environment are determined
by innovative transformations and require effective man-
agement of the enterprise’s capital. This is achieved primar-
ily through updating the methodological tools for analytical
support of managerial influences on its economic potential,
which is based on a synergistic combination of determinants
of innovative transformations of socio-economic systems of
enterprises.

To study the dependence of profitability of the enterprise’s
capital (Y) on microenvironmental factors caused by inno-
vative transformations, a system of indicators was formed
that covers the innovative intensity, composition, structure,
efficiency of use of the financial and economic potential of
a trading enterprise, and the cost of activity. This system in-
cludes the coefficients of equity (X;), debt (X,), current liquid-
ity (X3) and the provision of inventories with own working
capital (Xy). In addition, the level of costs for the purchase,
storage, and sale of goods (Xs) and the share of administrative
costs (Xs), logistics costs (X7), and digital innovations (Xs) in
these costs. Indicators of innovative transformations are the
level of automation of business processes (Xo), the share of
income from online sales (Xjo). Indicators of labor security
and efficiency of use of fixed assets are the coefficient of
productivity of the active part of fixed assets (Xj;), the level
of technical equipment of the enterprise’s personnel (Xi,).
Indicators of the structure and efficiency of the use of labor
resources — the share of operational personnel (Xi3), sales
volume per employee (X34). Indicators of turnover and spa-
tial efficiency - inventory turnover ratio (Xi5) and revenue
per 1 m? (Xyy).

The primary information collected from the sample of
enterprises was checked for accuracy, homogeneity, and
compliance with the normal distribution of the effective and
factor indicators. Analysis of the variation series revealed
that the level of variation does not exceed 33%, which makes
it possible to conclude that the formed population is homo-
geneous [28]. The asymmetry and kurtosis indicators are

within the permissible values, which indicates compliance
with the laws of normal distribution in the original data.
Therefore, the sample is characterized by proper representa-
tiveness and a sufficient level of reflection of the properties of
the general population of trade enterprises.

In order to unify the dimensionality and ensure the compa-
rability of the original data, their standardization was carried
out, which was performed according to the following formula

z,=—"1—1, €]

where Xj is the mean value of the j-th variable;

oj — mean square deviation of the corresponding variable.

The standardized values of the initial data were used to
construct a matrix of correlation coefficients. Its analysis
confirmed the presence of statistically significant relation-
ships between the variables included in the model, which
indicates the existence of common factors that determine
their variability.

The significance of the correlation matrix was checked
using the Wilks test, calculated with the number of degrees
of freedomv=p(p-1)/2[287]

7 =—{n—2(2p+5)}ln|R|, @)

where 7 is the number of elements of the population;

p is the number of variables under study;

|R| is the determinant of the correlation matrix.

The actual value of the y? criterion was 1133.2, which
exceeds the tabular value (7, . (120) = 83,85); therefore, there
are grounds to accept the hypothesis of the significance of the
correlation matrix.

The eigenvalues of the correlation matrix, representing
the variances of the corresponding principal components,
demonstrate the contribution of each of them to the total
variance. The maximum number of possible principal com-
ponents (F) corresponds to the number of indicators selected
for analysis (X).

To determine the appropriate number of principal com-
ponents, the Kaiser criterion was applied, according to
which only those components whose eigenvalues exceed uni-
ty (4; > 1) are recognized as significant. This means that each
remaining component must explain the variance of at least
one primary variable. The results of our calculations showed
that the eigenvalues of the first four components exceed the
critical value, so these components were reasonably included
in further analysis (Table 1).

Calculation of factor loadings of the features (Table 2)
showed that only the first four components provide a signif-
icant share in explaining the total variance: 49.87%, 12.98%,
9.39%, and 7.12%, respectively.

The total explanatory power of these components
is 79.37%, which indicates a high degree of adequacy of
the constructed factor model. The first main component
represents a generalized integral factor that characterizes
the efficiency of using the enterprise’s resource potential.
The first main component reveals a high level of correlation
saturation with such variables as the level of automation of
business processes, the share of income from online sales
and the level of technical equipment of personnel. The share
of this component in the total variance is 48.88%, which in-
dicates its dominant role in forming the integral indicator of



the enterprise’s digital and technological transformation. The
second component forms 12.98% of the total variance and re-
veals a strong association with the ratio of inventory coverage
with own working capital as a key indicator of the efficiency
of working capital management and the financial stability of
the enterprise. The third component with a share of 9.39%
reflects the level of costs for the purchase, storage and sale
of goods and the share of costs for digital innovations in the
total costs of the enterprise. The fourth component explains
7.12% of the variation and is characterized by high weight
values of the productivity coefficient of the active part of
fixed assets, sales volume per employee, inventory turnover
coefficient, and revenue per 1 m?.

Table 1
Statistical characteristics of principal components
Main com-| Eigenval- | Fraction of total| Cumulative |Cumulative
ponents ues, A variance, % eigenvalues |variance, %
Fy 7.979 49.874 7.979 49.874
F, 2.077 12.981 10.057 62.855
F; 1.502 9.391 11.560 72.247
Fy 1.139 7.122 12.699 79.370
Fs 0.841 5.254 13.540 84.624
F; 0.697 4.353 14.236 89.978
Fg 0.542 3.385 14.678 92.363
Fy 0.440 2.745 15.118 95.108
Fio 0.305 1.906 15.423 97.010
Fpy 0.271 1.698 15.733 98.945
Fi, 0.230 1.440 15.964 100.923
Fi3 0.127 0.792 16.091 101.922
Fy 0.101 0.630 16.194 102.941
Fis 0.040 0.247 16.234 103.989
Fig 0.023 0.148 16.258 105.068
Table 2
Factor loadings of features
Principal components
Feature
F, F, F, F,
Zy -0.6348 0.1163 0.1260 -0.0780
Z, -0.9326 0.1208 -0.1097 | -0.2498
Zs -0.9286 0.1348 -0.0373 | -0.2396
Z, -0.8488 0.1348 0.0768 | -0.2165
Zs -0.7449 0.1450 -0.3842 | -0.0413
Zg 0.4552 -0.0231 0.6586 -0.1936
Z7 -0.6946 -0.0736 0.2961 -0.5697
Zg -0.6368 0.2352 -0.4135 0.2483
Zy 0.6445 -0.0440 | -0.0738 | -0.5783
Zyo 0.4630 -0.5167 | -0.5802 | -0.1722
Z11 0.9073 -0.1122 0.1669 -0.0334
Z1 0.3154 -0.6592 | -0.4142 | -0.3279
Zy3 -0.7822 -0.5426 0.2053 0.1400
Z14 0.7934 -0.0452 0.0567 0.0366
Zis -0.7803 -0.5797 0.1541 0.1110
Z16 -0.4808 -0.7894 0.2163 0.2413
Eigenvalues, A 7.9800 2.0770 1.5026 1.1396
Vaff:gg:‘;gifg’ctfgm 0.4988 01298 | 00939 | 0.0712

Principal components are generalized, latent factors
whose values can only be estimated indirectly. This is done

by constructing appropriate linear combinations with prima-
ry features using a mathematical model that describes the re-
lationship between these features and components (3) [29, 30]

Z,=a,F +a,F,+..+a,F +du, 3)

where Z; - unified values of the j-th feature with unit vari-
ance;

aj1, Qj, ..., Ak — coefficients of influence of the k-th compo-
nent on the j-th feature;

Fy, Fs, ..., Fx - common factors influencing all features;

u; - unique factor for feature Zj;

d; - coefficient of influence of a unique factor on feature Z;.

Linear equations describing the dependence of factors Z;
on principal components F are given in Table 2.

Table 2

Linear equations of dependent factors Z;and principal
components F (calculated by Authors)

Feature Linear equations

Zy Zy = -0.6348F; + 0.1163F, + 0.1259F; — 0.0780F
Z, Z, =-0.9326F; 4+ 0.1206F, — 0.1097F; — 0.2498F4
Z Z3 =-0.9286F; + 0.1349F, - 0.0373F; — 0.2396F4
Zy Z, = -0.8489F; 4+ 0.1349F, + 0.0768F; — 0.2165F
Zs Z5 =-0.7449F; + 0.1452F, - 0.3843F; — 0.0413F,
Zg Zg = 0.4552F; - 0.0231F, + 0.6586F; — 0.1937F,

Z7 Z7 =-0.6946F; - 0.0736F, + 0.2961F5 — 0.5697F
Zg Zg = —0.6368F; + 0.2352F, - 0.4132F; + 0.2483F,
Zy Zg = 0.6445F; — 0.0439F, — 0.0739F; — 0.5783F},.

Z10 Zyo = 0.4629F; — 0.5167F, — 0.5801F; - 0.1721F,

A% Zy1 = 0.9073F; - 0. 1122F, + 0.1669F; — 0.0334F
Zi Z15 = 0.3154F; — 0.6592F, — 0.4142F;— 0.3279F,

Zy3 Zy3 = -0.7822F, - 0.5426F, 4+ 0.2053F; + 0.1401F,
Zy4 Zy14 = 0.7934F; - 0.0452F, 4+ 0.0567F; + 0.0366F,
Zys Zy15 =-0.7803F; - 0.5797F, 4 0.1541F; + 0.1119F,
Z16 Z16 = -0.4808F; - 0.7894F, 4 0.2163F; + 0.2413F,

The selected principal components are difficult for mean-
ingful economic interpretation due to the presence of a
corresponding factor structure, which is characterized by
cross-loadings of components on individual characteristics.
The interpretation of the obtained factors was simplified by
applying rotation. As a result, new values of factor loadings,
eigenvalues, and the proportion of variance determined by
individual components were obtained (Table 3).

At the same time, the overall factorization level has not
changed and is 79.37%. The results of the factor loading cal-
culations are given in Table 4.

Analysis of the structure of the first principal component (F;)
reveals that the leading indicators for its interpretation are vari-
ables with factor loadings greater than or very close to 0.7. These
variables are the level of automation of business processes, the
share of income from online sales, and the level of technical
equipment of personnel. Based on this, it is advisable to identify
this component as a factor of “innovative activity of the enter-
prise”. Its contribution to the total variance is 18.97%. The high
level of correlation between the variables characterizing the
equity ratio, the current liquidity ratio, the ratio of the provision
of inventories with own working capital with the factor axis of
the second component (F,) makes it possible to interpret it as
a factor of “financing of the enterprise’s activities”. This group
of indicators explains 18% of the total variance of the return on



capital indicator. The third princi-
pal component (F3;) demonstrates a £
close inverse relationship with the

Innovative activity of the enterprise

Cost of the enterprise
Fj

indicators of the level of costs for the
purchase, storage, and sale of goods,

and the share of costs for digital
innovations in the total costs of the

Xio

enterprise. Their increase causes a
decrease in the value of this com- Xi
ponent, and therefore a decrease in

Xs

X Xis

the profitability of capital. In view X3 Xy

X4 Xis

of this, the third component, which
explains 13.34% of the total variance,
can be characterized as a factor of
“costliness of the enterprise’s activ-

activities
F>

Financing of the company's

Operational efficiency of the
enterprise
Fy

ities”. The fourth component (Fy)
has the largest eigenvalue - 4.39,
which is 27.47% of the total variance.
It is closely correlated with such
indicators as the productivity ratio of the active part of fixed
assets, sales volume per employee, revenue per 1 m?, inventory
turnover ratio. This gives grounds to identify it as a factor of
“operational efficiency of the enterprise”.

Table 3
Factor loadings of features after rotation

Principal components
Feature
F R Fy F,

Z 0.2150 | 0.1998 | 0.2816 | 0.5224
Z 0.4813 | 0.1992 | 0.1510 | 0.8153
Zs 0.4307 | 0.2107 | 0.2043 | 0.8171
Z4 0.3124 | 0.2157 | 0.2580 | 0.7621
Zs 0.6775 | 0.0978 | 0.0578 | 0.5034
Zs ~0.8042 | -0.0725 | 0.1394 | -0.0867
Z ~0.1008 | 0.2366 | 0.0428 | 0.9122
Zs 0.7690 | 0.0802 | 0.2054 | 0.2312
Zs ~0.4866 | -0.4892 | -0.5277 | -0.0521
Z1o 0.0482 | -0.0375 | -0.8549 | -0.3364
Zn ~0.6143 | -0.2838 | -0.2428 | -0.5897
Zis ~0.0885 | 0.1257 | -0.8808 | -0.1176
Zus 0.1827 | 0.8729 | 0.0743 | 0.4089
Zua ~0.4351 | -0.2892 | -0.1992 | ~0.5687
Zis 0.2031 | 0.8753 | 0.0082 | 0.4167
Z1s 0.0137 | 0.9682 |-0.1042| 0.1048
Eigenvalues, A 3.0949 | 3.0724 | 2.1346 | 4.3973
Fracm‘lg;?g‘;n"tanance’ 0.1934 | 0.1921 | 0.1334 | 0.2748

The composition of the principal components that affect
the efficiency of capital use of the enterprise is shown in Fig. 3.
The principal components Fy are uncorrelated dimen-
sionless variables that are a linear combination of k-variables

k171 k272 K j

Fk:%(a Z+a Z +...+a.Z.). “@
j

The dependences between the values of the principal
components and the values of the studied indicators are given
in the form of linear combinations in Table 5.

Correlation coefficients characterizing the relationship
between factors that affect the profitability of a trading en-
terprise are given in Table 6.

Fig. 3. Relationship between the principal components and indicators that influence the
dynamics of return on capital of trading enterprises (developed by Authors)

Table 4

Factors determining the return on capital of the studied set
of trading enterprises

Princi- | Value
pal com- | of factor Indicator ID
ponents | loads
0.6775 Level of automation of business
processes Innovative
F; | -0.8042 | Share of income from online sales |activity of the
0.7690 Level of technical equipment of | enterprise
’ the company’s personnel
0.8729 Equity ratio . .
0.8753 Current liquidity ratio Flnancmg
F, of enterprise
0.9682 Ratio of provision of inventories activities
with own working capital
Level of costs for the purchase, |Cost effective-
-0.8549
P storage, and sale of goods ness of the
} Share of costs for digital innovations| enterprise’s
-0.8808 | . A
in the total costs of the company activities
0.8153 Sales volume per employee
0.8171 Inventory turnover ratio Operational
Fy 07621 Revenue per 1 m? efficiency of
Ratio of productivity of the active the enterprise
0.9122
part of fixed assets

Table 5

Linear combinations of the main factors for the efficiency of
equity use by the enterprise

Designation Components of principal components
Fy 0.2461Z5 - 0.4345Z¢ + 0.3578Z3
F, 0.333Z,3 + 0.3283Z;5 + 0.4453Z;¢
F; -0.4687Z1, — 0.50867;,
F, 0.2353Z; 4+ 0.2362Z5 + 0.2654Z4 + 0.444Z;

Table 6

Correlation matrix of principal components of the impact on
the return on equity in the set of studied trading enterprises

Factor Y F F, F3 Fy
Y 1 0.69017 | 0.62350 | -0.50862 | 0.71323
F; 0.69017 1 0.38255 | -0.21689 | 0.54330
F, 0.62350 | 0.38255 1 -0.12619 | 0.55680
F; -0.50862 | -0.21689 | -12619 1 -41695
F, 0.71323 | 0.54330 | 0.55680 | -0.41695 1




Analysis of the correlation coefficient matrix reveals the
presence of a moderate inverse relationship between the prof-
itability of the enterprise’s capital and the component “En-
terprise’s operating costs” (r = —0.5086). At the same time, a
pronounced direct relationship between the profitability of
the enterprise’s capital and other isolated components was
established.

The orthogonality of the principal components makes
it possible to build a regression equation based on them, in
which the coefficient estimates do not depend on each other,
which favorably distinguishes it from the regression equa-
tion built on the initial data, independent variables that are
correlated with each other. The regression model built on the
basis of the principal components looks as follows

y=ao+ a;Fy + a;F, + ... + aiFy, 5)

where y is the modeled indicator;

ay. is the weighting factor for the k-th principal component;

Fy is the k-th principal component.

Thus, whereas previously the change in the efficiency of
capital use of trade enterprises was influenced by 16 features,
now this influence can be judged by four new, but generalized
characteristics — principal components. The established four
principal components were used as generalized factors for ap-
proximating economic indicators using a linear regression mod-
el. The obtained principal components were used as indepen-
dent variables to construct the following regression equation (6)

........ 1:1+ 1F2_

~0.3354F, +0.1918F,. ©)

The statistical evaluation of the obtained regression equa-
tion was carried out using the coefficients of multiple correla-
tion (R) and determination (R?), Fisher’s exact test (F-test), as
well as the average error of approximation. The value of the
actual F-test, which is 43.78, significantly exceeds its tabular val-
ue (2.53), which indicates a high statistical significance and re-
liability of the established relationship between the profitability
of the enterprise’s capital and the studied principal components.

The average approximation error, which is 8.08%, gives
grounds to assert a satisfactory accuracy of the model in
describing the identified dependences. The high level of
closeness of the relationship between the profitability of
the enterprise’s capital and the set of principal compo-
nents is confirmed by the value of the multiple correla-
tion coefficient R = 0.88, which corresponds to determina-
tion R? = 0.758. This means that 75.8% of the variation in
the return on capital is explained by changes in the studied
factors, while the remaining 24.2% is due to the action of oth-
er factors not taken into account in the model.

The resulting indicator in the formed regression equation
is the standardized value of the enterprise’s return on capital,
therefore its reverse transformation to the original economic
variable Y was carried out. This transformation was based
on data on the average value of the return on capital and its
standard deviation. As a result, an economic and mathemat-
ical model was built in the form of a regression equation (7)

Y =8.17+0.7912F, +0.5460F, —
~0.5779F, +0.3305F,. )

According to the presented model, the profitability of the
enterprise’s capital increased on average by 1.0692% due to the

influence of groups of factors characterizing the enterprise’s
innovative activity (Fy), financing of its activities (F,), and op-
erational efficiency (Fy). At the same time, the increase in the
cost of the enterprise’s activities (F3) reduces its profitability
by 0.58% but has reserves for its increase. Taking into account
the composition of the identified principal components, a mul-
tifactor regression equation was derived, which reflects the
dependence of the profitability of the enterprise’s capital on
the set of indicators of the microenvironment of its activities.
These indicators are the result of innovative transformations
of the socio-economic system of the enterprise, which occur
under the influence of digital changes and structural and
functional shifts in the internal environment. The resulting
regression equation takes the following analytical form (4)

Y =8.17+0.1902X, - 0.3358 X, +

+0.2766 X, +0.1781X,, +0.1754 X, +

+0.2332X,, —0.2647X,, —0.2872X,, +

+0.0759X, +0.0762X, +0.0728 X, +0.1434 X ,. @

The derived regression equation (4) was used to assess the
potential for increasing the return on capital of enterprises
in the trade sector through the implementation of innovative
transformations and to substantiate possible directions for
their practical implementation.

Based on the modeling results, it was established that
increasing the efficiency of innovative transformations of the
studied enterprises can be achieved by increasing the return
on capital of enterprises (Table 7).

Table 7

Calculation of reserves to increase the profitability of capital
of enterprises

o Growth reserve of Weight Value of the
Principal Factor |the j-th characteris-| coefficient enterprise’s
Compo- | o - ture | tic of the enterprise| at the j-th reserve, %
nent 1 2 feature 1 2
X5 0.7854 | 0.5814 0.1902 0.1463 | 0,1084
F Xe 4.2432 | 7.7214 -0.3227 [-1.3423|-2,4430
Xg -1.163 | -3.3762 0.2766 -0.3029 (-0,8795
X3 -0.1418 | 0.099 0.1782 -0.0248 | 0,0174
F, Xis -0.3366 | 0.3713 0.1754 -0.0578 | 0,0639
X6 | -0.1306 | 0.1499 0.2370 -0.0305| 0,035
F, X0 12.0166 | -4.9480 | -0.2648 |[-3.1197| 1,2846
X1 -1.1934 | -0.3468 | -0.2872 0.3361 | 0,0976
X5 6.885 |-26.3364 0.076 0.5130 [-1,9624
F X3 3.4476 | -1.4484 0.0763 0.2579 [-0,1083
Xy 1.7340 | -2.8560 0.0729 0.1240 |-0,2040
X5 5.9130 | 2.3491 0.1432 0.8315 | 0,3303
Total X X X —2.7367|—3.7958

The data in Table 7 show that in order to increase the
profitability of the capital of Enterprise 1 by 2.7367%, it is
necessary to improve the level of technical equipment of
the enterprise’s personnel, increase the provision of stocks
with its own working capital. It is also advisable to improve
current solvency and reduce the share of administrative ex-
penses in the costs of purchasing, storing, and selling goods.
An increase in the profitability of the capital of Enterprise 2
by 3.7958% is possible by increasing the maneuverability of
using its own financial resources, improving current sol-
vency indicators, reducing depreciation of fixed assets, and



reducing the cost of operating activities. These factors are
key points of influence in the implementation of sustainable
development measures aimed at strengthening the financial
stability of enterprises in the context of the digital transfor-
mation of the economy.

6. Discussion of the impact of innovative
transformations on the profitability of capital

The uniqueness of the proposed technology relates to the
multi-level approach to processing economic and statistical
data, which makes it possible to reduce the dimensionality of
examination without losing meaningful information. It also
makes it possible to identify stable patterns between microen-
vironmental factors and financial performance indicators; to
build quantitatively substantiated regression models of prof-
itability of capital using principal components as generalized
indicators of innovative changes. In addition, the structured
modularity of the technology ensures its flexibility and the
ability to adapt to the specificity of individual enterprises or
industries. Taking into account Industry 5.0 factors (digitali-
zation; environmental orientation; human capital; adaptabil-
ity) increases the relevance of the approach under the condi-
tions of modern transformation of the business environment.
This technology has high applied potential for modeling the
dependence of profitability of capital on microenvironmental
factors. It makes it possible to make informed management
decisions and is an effective tool for ensuring the sustainable
development of enterprises in the face of dynamic economic
changes and the transition to the Industry 5.0 model.

Our research confirms the hypothesis that under the con-
ditions of Industry 5.0. and strengthening of ESG principles,
the potential for increasing the profitability of the enterprise’s
capital is determined by microenvironmental factors formed as
aresult of innovative and environmentally-oriented transforma-
tions. Unlike work [1], which emphasizes the theoretical aspects
of Lean Six Sigma in Industry 5.0 without empirical models, the
proposed approach provides a quantitative assessment of the
impact of transformations on the profitability of capital through
component analysis (Tables 1-5). Compared with [2], which
analyzes the prospects of Industry 5.0 without specific financial
indicators, our result makes it possible to assess the impact of
the microenvironment on the profitability of equation (4). The
advantages are achieved through the integration of ESG prin-
ciples and digital technologies, which provide synergy between
process efficiency and sustainable development.

The identified problem of the need to update the method-
ological tools for analytical support of management decisions
was fully resolved through the development of assessment
technology (Fig.1) and model (4). The integration of fi-
nancial, environmental, and social indicators into a single
analytical system (Tables 3-5) provides an evidence base for
management decisions, increasing the profitability of capital
and the sustainability of enterprises. This fills the niche as-
sociated with the lack of operationalization of management
mechanisms of Industry 5.0, indicated in [2, 3].

Our results, given in Tables 1-5, Fig. 2, 3, and by equa-
tions (2) to (4), are attributed to the complex impact of
innovative transformations in the Industry 5.0 paradigm.
The devised evaluation technology, based on the principal
components method, makes it possible to integrate digital,
environmental, and social factors (Fig. 2). This provides a
systematic analysis of the impact of the microenvironment on

the profitability of capital. The configuration of the synergy
of microenvironment factors (Fig. 3) shows that innovative
activity (Fy, 18.97%), financing of activities (F,, 18%), cost of
activities (Fi3, 13.34%), and operational efficiency (F,, 27.47%)
are key factors (Table 3). The construction of an economic
and mathematical model of the dependence of equity prof-
itability on microenvironment factors caused by transfor-
mational changes was implemented through equation (4).
It quantitatively assesses the dependence of return on cap-
ital (R2=0.758) on the identified components, confirming
an increase in profitability by 1.0692% due to Fy, F,, F, and a
decrease by 0.58% due to F; (Table 5).

Limitations include the exclusion of indirect macroeco-
nomic factors, which may affect the accuracy of the model in
the context of global changes. The results are adequate for food
retail enterprises in the regional context (Kharkiv, 2023-2024).
The application of the model in other industries or regions
requires adaptation taking into account the specificity of the
microenvironment.

The disadvantage is the insufficient integration of intelli-
gent information and analytical platforms, which limits the
efficiency of identifying efficiency reserves. This may compli-
cate rapid response to dynamic changes under the conditions
of Industry 5.0.

The proposed approach has practical value for enterprise
management as it contributes to the formation of adaptive
management decisions in the dynamic business environment
of Industry 5.0. It provides an assessment of the efficiency of
capital use and creates the basis for sustainable development
strategies aimed at increasing competitiveness and financial
sustainability.

Further research should include macroeconomic vari-
ables and dynamic models with time lags to improve fore-
casting accuracy. Development of machine learning-based
capital structure optimization methods could facilitate deci-
sion adaptability. This is necessary to ensure that net profit is
maximized while the cost of capital is minimized in the face
of global economic turbulence.

7. Conclusions

1. Key determinants of innovative transformations of
the enterprise microenvironment have been identified, in
particular, innovative activity, financing of activities, cost of
activities, and operational efficiency. These factors explain a
significant part of the variation in return on capital, which
makes it possible to empirically assess the impact of digita-
lization and ESG principles on financial performance. Our
results emphasize the importance of structuring the micro-
environment for effective management.

2. A technology for assessing the effectiveness of innova-
tive transformations of socio-economic systems and enterprise
development has been devised, based on the principal compo-
nents method. The technology integrates digital, environmen-
tal, and social indicators for a comprehensive analysis of the
impact of the microenvironment on the enterprise’s activities.
The designed methodological toolkit makes it possible to iden-
tify key factors affecting the return on capital. Our approach
provides diagnostics of changes in the internal environment
of the enterprise, taking into account the synergy of techno-
logical and social factors. The proposed solution increases the
adaptability of management to the challenges of Industry 5.0
and promotes sustainable development in the digital economy.



3. An economic and mathematical model of dependence
of the return on capital on microenvironmental factors
caused by innovative transformations of the socio-economic
system of the enterprise has been constructed.

The model is built on the basis of a representative sample
of enterprises, formed taking into account the requirements
for volume, homogeneity, and statistical reliability. Return
on capital is defined as the dependent variable, and inno-
vative activity, financing, cost, and operational efficiency
are defined as independent variables. According to the
results of regression analysis, it was found that innovative
activity, financing, and operational efficiency increase the
return on capital by 1.0692%. Cost of activity has a negative
impact and reduces the return on capital by 0.58%, which
requires cost control to maintain financial stability. The
return on capital is most strongly affected by operational
efficiency, followed by innovative activity and financing.
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