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THE ENTERPRISE CAPITAL STRUCTURE MANAGEMENT MODEL
Purpose. To create management algorithms for the enterprise’s capital structure and mathematical formalization of optimiza
tion of this structure. To investigate the dynamics of changes in the share of profitable enterprises to assess, analyze and forecast
changes in the capital structure of homogeneous groups of enterprises.
Methodology. Both empirical and theoretical methods of cognition are used to conduct the research. Methods of scientific
observation and comparison are used to form the topic of scientific work, goals and objectives of the study. Methods of analysis and
synthesis, induction and deduction, abstraction are used to determine the essential features of capital structure management.
Methods of system structuring and modeling are used to create a mathematical model. The analogy method is used to find the
weight factor of the objective function. The axiomatic method and the method of convergence from the abstract to the concrete
were used for the practical application of the mathematical model, in particular, to analyze the dynamic index of related compa
nies, stratified by size, industry, and so on.
Findings. The dynamics of the preconditions for changing the capital structure is studied, the regularities of this change for
groups of homogeneous enterprises are revealed. The uneven influence of the crisis on the approaches to the formation of capital
structure in groups of homogeneous enterprises is revealed, and the reasons for this are investigated. The similarity of tendencies
of formation of capital structure in groups of inhomogeneous enterprises is pointed out. A correlation was found between the de
crease in the share of equity and a significant prevalence of external borrowing with an increase in net loss. Moreover, it is estab
lished that enterprises, whose total amount of equity and current liabilities is stable and comparable in size with external borrow
ing, show a decrease in losses.
Originality. Algorithms for capital structure management and a mathematical model for optimizing capital structure are pro
posed. A method of comparative analysis of changes in capital structure for homogeneous groups of enterprises has been intro
duced, which provides an opportunity to assess the impact of external risks and crisis factors in the past and predict the necessary
changes in capital structure during both the new crisis and after the crisis.
Practical value. The developed algorithms and mathematical model can be used in research and management practice to man
age capital structure. Useful for different categories of professionals are approaches to the analysis of capital structure, the results
of the analysis of the causes of change, the study on trends and their consequences for homogeneous enterprises.
Keywords: capital, management, structure, optimization, model, industrial enterprise
Introduction. The impact of unfavorable external condi
tions of enterprises, significantly exacerbated by the economic
crisis in Ukraine, leads to a shortage of financial resources.
This deficit, in particular, is due to limited opportunities to ob
tain bank loans. Loan rates are quite high. Lack of financial
resources has a systemic, macroeconomic component – low
incomes cause low purchasing power and limit the range of
product groups that are in great demand. At the same time,
inefficient use of financial resources of enterprises, due to the
impact of internal risks, exacerbates the economic troubles of
enterprises. The formation of the optimal capital structure al
lows the company to reduce production costs, increase the
return on investment, accelerate their turnover, and increase
revenue. But there are difficulties in applying proven Western
approaches to capital structure management in Ukraine. The
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direct use of such approaches leads to significant negative con
sequences, because it forms the basis for incorrect manage
ment decisions. This is due to the differences in the Ukrainian
realities of enterprise operation, as well as the presence of sig
nificant sectoral differences in the regulatory framework and
the presence of a significant number of shortcomings and un
resolved issues that leave opportunities for different interpreta
tions by managers, on the one hand, and officials and taxmen,
on the other.
Literature review. Management of the capital structure of
enterprises is within attention of scientists. Thus, Berenda [1]
indicates that the determination of the amount of credit re
sources affects the ratio of borrowed and own funds, which
would maximize the financial profitability of the enterprise
and reduce the weighted average cost of capital, while mini
mizing financial risks. Shcherban [2] proposes the use of fi
nancial leverage, whose fluctuations indicate fluctuations in
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the level of risk. The problems of optimizing the capital struc
ture of enterprises in the conditions of economic instability,
endogenous and exogenous factors influencing it are studied
by Rekova, et al. [3]. Liezina, et al. [4] uses the economicmathematical model of optimization of capital structure tak
ing into account micro- and macroeconomic factors influenc
ing the activities of the enterprise. Rohanova [5] offers simula
tion modeling of capital structure using the Monte Carlo
method. Mustafa [6] suggested using the Ordinary Least
Square regression model to test the relationship between vari
ables and to study the effect of financial leverage. Ashmarina
[7] indicated the value of the financial leverage index taking
into account the differential of financial leverage for capital
structure management. Mari [8] used the method of Weighted
Average Cost of Capital (WACC) to assess the financial flexi
bility of the enterprise in a crisis. Kovtun, et al. [9] used mul
tiple linear regression data analysis to study the impact of fi
nancial leverage on revenue management. Tham [10] studied
the WACC approach in detail. Kalinichenko, et al. [11] pro
posed a functional model for the optimization of current as
sets. Grynko, et al. [12] introduced the approach of mathe
matical processing of the system of independent indicators
and comparative analysis of different enterprises. Berzhanir
[13] proposed an approach based on an integrated assessment
of the financial condition of enterprises. PeiZhi [14], using Mand S-estimators of stable regression, investigated the impact
of corporate capital management structures on the activities of
enterprises. Effendi [15] believes that in the companies he
studies, debt minimization optimizes profits. Jiang [16] con
siders exogenous and endogenous factors that affect the capi
tal structure of small and medium enterprises and the method
ology of countermeasures against the effects of risks. Zhurav
lyova [17], Slyvenko [18], Rozin [19], and Svyrydenko [20] use
cluster analysis of the capital structure of enterprises as a factor
in ensuring their financial stability.
Unsolved aspects of the problem. The review of the litera
ture indicates a significant amount of research on the manage
ment of capital structure of the enterprise. But the same review
proves the lack of standardized methods for optimizing the
capital structure of the enterprise. Also, there are still no reli
able algorithms for managing the capital structure of enter
prises and such mathematical formalization of the problem of
optimizing the capital structure, which, based on the analysis
of past activities of an enterprise and other similar enterprises,
would provide relevant forecasts for future periods using the
optimized capital structure.
Purpose. To create algorithmic approaches to enterprise
capital structure management and mathematical formaliza
tion to optimize the enterprise capital structure. To study the
dynamics of changes in the share of profitable enterprises in
their total number to assess, analyze and forecast changes in
the capital structure of homogeneous groups of enterprises.
Methods. Both empirical and theoretical methods of cog
nition were used for scientific work. Methods of scientific ob
servation and comparison were used to form the relevance of
the topic of scientific work, tasks and objectives of the study.
Methods of analysis and synthesis, induction and deduction,
abstraction were used to determine the essential features of the
problem of capital structure management. Methods of system
structuring and modeling were used to create a mathematical
model. The method of analogies was used to find the weight
factor of the objective function. The axiomatic method and
the method of convergence from the abstract to the concrete
were used for the practical application of the mathematical
model, in particular, for the analysis of dynamic indicators of
related enterprises stratified by size, industry, and so on.
Results. First of all, the formation of the algorithm of the
problem of capital structure management (Fig. 1) is consid
ered as a tactical measure to address the complex strategic goal
of the enterprise. Management of capital structure is ensured
by the implementation of the following tasks: the creation of

sufficient amount of funds to ensure the functioning of the en
terprise; effective allocation of funds to solve these problems;
finding the optimal capital structure, the minimum level of
risk at a certain rate of return; organization of channels for
rapid reinvestment of capital in case of changes in the operat
ing conditions of the enterprise; constant monitoring to main
tain the capital structure at a given level.
The complexity of the problem necessitates the block ap
plication of the following analysis tools: structural-functional,
analog, expert, comparative sensitivity analysis, mathematical
(including factor analysis, matrix, statistical, etc.), and others,
which are used as required.
The development of management objectives and risk miti
gation measures should assume that certain measures have a
set of side effects, because risk minimization can result not
only in reduction, but even in minimization of profits. This is
due to the necessary measures to minimize risk: refusal from
risky financial transactions, which are often carried out to
make a profit; refusal to cooperate with toxic contractors; re
duction of borrowed capital; use of free funds for short-term
lending, and so on. In strategic terms, this may create restric
tions not only on the development of the enterprise, but even
on its operation. Various mechanisms are used to neutralize
risks; diversification, limitation, external and internal insur
ance, hedging, gaining control in related industries.
To estimate the required volumes, rates and limits of such
an instrument as diversification, it is proposed to use the algo
rithm of inverse proportional relationship between the number
Research on financial and economic condition
of the enterprise

Identification of risk factors and assessment
of the severity of their impact by factor analysis

Finding integrated risk and identifying
the level of its danger

Identification of the trend and rate
of change of integrated risk

Development of measures and their
ranking by degree of influence

Risk minimization

Yes/No

Development of
management goals

Diversification
Limiting

Avoiding risks
Hedging
Risk insurance

ransfer

Decision making

Introduction of measures

Evaluation of results

Finish

Fig. 1. Algorithm for managing the capital structure of enterprises
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of risk spreading objects, taking into account their weight in
this process and the magnitude of risk.
The introduction of the limiting instrument requires con
ducting an analytical study on the necessary margins of limits
according to their types: debt capital, the share of highly liquid
assets, receivables and so on for each enterprise.
The same study requires finding the ratio of internal and
external insurance. The formation of domestic insurance re
sources together with obvious benefits will also result in nar
rowing the ability to quickly maneuver the company’s own
money, which, accordingly, will reduce the efficiency of e quity.
The analytical study established a direct correlation be
tween the ratio of credit to personal capital with the level of
financial risk and economic stability of the enterprise. The
correlation of credit leverage growth with the increase in the
degree of integrated risk was also confirmed.
The system principle in the implementation of capital
structure management is proposed to be implemented by the
organization of subsystems (blocks) and their interrelation
(Fig. 2).
Mathematical formalization, proposed to optimize the
capital structure of the enterprise, should be based on a com
bined analysis of the past activities of the enterprise and pro
vide an opportunity to forecast activities for future periods, is
as follows
〈Qi, F  〉 = {Pre → max Pcb → max G → min → opt},

(1)

where Qi is structural components of capital; i = 1, 2, 3, ....; F
is financial leverage; Pre is return on equity; Pbc is return on
borrowed capital; G is weighted average cost of capital.
To assess the degree of approximation to the optimal level of
capital structure of the enterprise as an objective function, the
integrated indicator is used. This study proposes to include the
following components of the integrated indicator of capital
structure assessment: forecast level of financial risk, weighted
average cost of capital, financial leverage effect, type of asset
financing, profitability, financial stability, liquidity, level of
Capital formation
control unit

Sub-unit for managing the value
of equity and borrowed capital
Sub-unit for estimating the weighted
average cost of capital

Risk management
unit

Sub-unit of the organization
of growth of market value of the
enterprise
Sub-unit of formation of financial
stability of the enterprise
Sub-unit to ensure the optimal capital
structure while minimizing the cost
of its sources

Capital utilization
control unit

Sub-unit of distribution of funds
by areas of activity of the enterprise
Sub-unit for determining the ratio
of shares of short-term and long-term
capital raising

Capital structure
optimization unit

Sub-unit of creating effective
conditions and finding new sources
of capital

Fig. 2. Algorithm of the block scheme of management of capital
structure of the enterprises
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business activity, autonomy and financial dependence ratios,
financial performance. Then, in space, the dimension of which
is equal to the total number of capital components, the number
of parameters of capital management efficiency (liquidity, busi
ness activity, financial stability, the level of risk of using a form
of capital) and taking into account the axis of the objective

function f j , for a particular company a response surface is
formed on which the point of intersection is calculated in ac
cordance with the weight or significance of each of the compo
nents aj of the objective function, namely: increasing profitabil
ity; stabilization of financial and economic condition; increase
in the value of the enterprise; increase in the value of capital or
share price; increase in solvency, return on capital, financial
stability. The coordinates of the point provide the required
quantitative values of the structural components of capital


Q j = j1n (a j f j ).
(2)
Equation (2) is specially presented in the form of a polyno
mial of arbitrary degree, similar to the usual econometric
model for later use in combination with standard programs
adapted to it. Finding the weight factor aj by more relevant
pinch method is an extremely difficult task, which takes a sig
nificant amount of computer resources and time. Therefore, at
the first stage, the use of the method of analogies is proposed.
Management of capital structure for each enterprise has its
own characteristics. The model of capital structure management
has significant differences not only in national, but also in sec
toral, regional characteristics. The management model will be
different for large, medium and small enterprises. But the analy
sis of general approaches to the formation of this model for ho
mogeneous (on various grounds) groups of enterprises, on the
one hand, makes it possible to use the method of analogies and,
on the other hand, to point out differences, which allows analyz
ing the causes of such differences and their consequences.
Analysis of changes in the capital structure of homoge
neous (on various grounds) groups of enterprises provides an
opportunity to assess the impact of external risks and crises in
the past and predict the necessary changes in capital structure
both at the onset of a new crisis and after the crisis.
Results. Analysis of dynamic changes in the structure of
enterprises by type of economic activity (State Statistics Service
of Ukraine, 2020) indicates that for a relatively short period
from 2011 to 2019 due to increased risks the share of industrial
enterprises was reduced in the total (by 1 to 12 %), construc
tion, wholesale and retail trade (by 2 %), financial and insur
ance activities – by 50 %. During this period, the number of
enterprises decreased: large ones (by 32 %), medium ones (by
29 %), small ones (by 19 %). That is, the share of large enter
prises in the economic structure is decreasing at the fastest
pace. This is explained by the fact that the closure of small and
medium-sized enterprises can be offset by the creation of new
ones, in such a way maintaining a balance which is not true for
large enterprises. At the same time, a larger share of their own
funds in the capital structure allows large enterprises to provide
a higher rate of financial results (balance) in the post-crisis pe
riod (Fig. 3) (State Statistics Service of Ukraine, 2020).
Analysis of the dynamics of financial results (balance) of
large, medium and small enterprises before taxation (Fig. 3) indi
cates the unequal impact of external risks in a crisis. The crisis of
2012–2015 had a greater impact on the financial results of large
enterprises and to a relatively small extent on smaller enterprises
(Fig. 4). Smaller amplitude of fluctuations in financial results is
characteristic for micro-enterprises for the period of 2010–2019.
The more favorable period of 2016–2019 is characterized by
different trends in the dynamics of financial results; for exam
ple, medium-sized companies from 2018 increased the balance
faster than large ones. This proves the usefulness of analyzing
the dynamics of the balance first in the country as a whole, then
by industry and region to assess the impact of integrated exter
nal risk on the financial activities of the enterprise and to make
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Fig. 3. Financial results before taxation of enterprises divided
into large, medium, small and micro enterprises for 2010–
2019, UAH million:

Fig. 5. Enterprises of Odesa region that made a profit (in % of
the total number of enterprises):

1 – in the whole country; 2 – large enterprises; 3 – medium-sized
enterprises; 4 – small businesses; 5 – micro enterprises

1 – across the region as a whole; 2 – large enterprises; 3 – medium-sized enterprises; 4 – small businesses; 5 – micro enterprises

Fig. 4. Dynamics of the share of enterprises in the country as a
whole that made a profit (in % of the total number of enterprises):

Fig. 6. Dynamics of change in the share of electricity, gas, steam
and conditioned air supply companies that made a profit:

1 – in the whole country; 2 – large enterprises; 3 – medium-sized
enterprises; 4 – small businesses; 5 – micro enterprises

decisions about the capital structure of a particular enterprise.
The analysis showed that there is a correlation between a
decrease in the share of equity, a significant prevalence of ex
ternal borrowing with an increase in net loss. At the same time,
enterprises whose total equity and current liabilities are stable
and comparable in size to external borrowing (Fig. 4) show a
decrease in losses. But the growth of the share of external bor
rowing in the capital structure does not correlate with a high
degree of reliability with increasing profits.
The impact of sectoral differences is confirmed by a com
parative analysis of the dynamics of changes in the share of
profitable enterprises (Figs. 6, 7) in the supply of electricity, gas,
steam and air-conditioned air (Code D according to NACE2010) and industry (Code B + C + D + E for NACE-2010).
At the same time, analyzing the tendencies of changes in
the trends of financial results, it is also necessary to turn to the
analysis of homogeneous groups of enterprises at the regional
level. The analysis of the dynamics, in particular, of the enter
prises of Odesa region, which received a profit (Fig. 5), indi
cates certain differences in trends from the same indicators in
the country as a whole (Fig. 4). Trends of small and micro en
terprises for the period of 2015–2019 are similar, but trends for
large enterprises of Odesa region have completely different rates
and amplitudes of changes. This indicates a more significant
regional and sectoral impact on indicators (enterprises of Odesa
region are more connected with the sea economic complex).
The analysis of indicators of the balance of enterprises as a
whole in the country (Fig. 8) indicates significant excess values of
borrowed funds, which are almost 2–3 times more than the eq
uity of enterprises. There is also a tendency to reduce the share of
equity during crisis periods. This is due to the lack of their own
resources in the presence of losses during the crisis and the emis

1 – industrywide; 2 – large enterprises; 3 – medium-sized enterprises; 4 – small businesses

Fig. 7. Dynamics of change in the share of industrial enterprises
that made a profit:
1 – in the country as a whole; 2 – large enterprises; 3 – mediumsized enterprises; 4 – small businesses; 5 – micro enterprises

sion, which limits the ability to form reserve capital. At the same
time, the total values of equity and current liabilities are relatively
stable at ~ 40 % over a fairly long period of time (Fig. 8).
The dynamics of balance sheet indicators of large, medi
um and small enterprises show significant differences in their
capital structure in terms of equity, long-term and current lia
bilities and collateral as well as differences in trends. The im
pact of the crisis on the formation of the capital structure of
these enterprises is quite different – both in the strength of
influence and the lag of influence over time.
A comparative analysis of the capital structure in the dy
namics for small and micro enterprises indicated their identity
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Fig. 8. Dynamics of balance sheets of enterprises as a whole in
the country:
1 – equity; 2 – long-term liabilities and collateral; 3 – current liabilities and collateral

within the statistical error. The dynamics of balance sheet indi
cators of large, medium and small enterprises, their comparison
and comparison with the dynamics of balance sheet indicators
in the country as a whole (Fig. 8) allows us to establish the fol
lowing: the total share of equity and long-term liabilities and
collateral tends to decrease in vector large and small enterprises;
the impact of the crisis on this share for large and small enter
prises is opposite in direction (large enterprises increased this
share by more than 60 % in 2016, medium – reduced to ~ 30 %,
small − reduced to ~ 20 %); at the same time, there is a drop in
this share from 2013 to 2014 for all enterprises, which is a conse
quence of the comprehensive crisis. Signs of the beginning of the
crisis in 2019 were felt by large enterprises first, reducing this
share, large and small enterprises keep this share in 2019 at the
level of 2017–2019. At the same time, for medium and small en
terprises in 2019 there is a tendency to increase the share of eq
uity. Thus, approaches to the formation of the capital structure
on the vector of large and small enterprises are different. The
analysis shows that for large and medium-sized enterprises, only
14 % of money is spent on renewing production rather than con
sumption. Given the depreciation of fixed assets, this is a fairly
small share of the required capital. Depreciation of fixed assets
of industry is 69.1 % as of 2019. This also creates additional risks.
The analysis of the capital structure should also be carried
out not only on the relative scale of measurement of indicators,
but also on their absolute value. The example for such an anal
ysis is Figs. 9 and 10. Changes in the structural components of
capital in absolute terms (national currency) for two industries:
electricity, gas, steam and air-conditioned air and industry can
clearly assess how different industry differences can be in the
dynamics of capital structure. The conducted research allows
establishing, first of all, the cardinal branch difference of trends
of current liabilities and collateral in their dynamics.

Fig. 10. Dynamics of the components of the capital structure for
industrial enterprises:
1 – equity; 2 – long-term liabilities and collateral; 3 – current liabilities and collateral

We observe that the crisis period had consequences for the
post-crisis period. Moreover, this growth is typical in 2016 com
pared to 2015 for all types of agricultural enterprises: both large
(57787097.0 thousand UAH to 82184486.0 thousand UAH),
and medium (138875122.7 thousand UAH to 230071134.6 thou
sand UAH), and small ones (145696784.3 thousand UAH to
793736239.3 thousand UAH), as well as micro-enterprises
(61114885.6 thousand UAH to 524041357.1 thousand UAH).
The natural reaction of the industry was to increase the share of
equity in its structure.
At the same time, long-term liabilities in the agricultural
industry changed much more slowly, deviating slightly from a
certain level.
Conclusions. Algorithmic approaches to enterprise capital
structure management and mathematical formalization for
optimization of enterprise capital structure are proposed.
Also, it is proposed to introduce capital structure management
according to the system principle with the allocation of sub
systems and the organization of their relationship. A study on
the change dynamics of profitable enterprises to assess, ana
lyze and forecast changes in the capital structure of homoge
neous groups of enterprises is conducted. The analysis, in par
ticular, showed a correlation between a decrease in the share of
equity and a significant prevalence of external borrowing with
an increase in net loss. At the same time, enterprises whose
total equity and current liabilities are stable and comparable in
size to external borrowing show a decrease in losses. At the
same time, the growth of the share of external borrowings in
the capital structure does not correlate with increasing profits
with a high degree of reliability. The study on the dynamics of
the balance sheet of enterprises in the country as a whole indi
cated a significant excess of borrowed funds, which is 2–3 times
more than equity. There is a tendency to reduce the share of
equity during periods of crisis. It is established that at the same
time the total values of equity and current liabilities of enter
prises in the country as a whole are relatively stable over a long
period of time and amount to ~ 40 %. According to the analy
sis of the dynamics of the capital structure of large, medium
and small enterprises, it is established that the total share of
equity and long-term liabilities tends to decrease in the vector
of large and small enterprises; the impact of the crisis on this
share for large and small enterprises may be of the opposite
direction. It is also established that the tactics of increasing the
share of equity in the pre-crisis period is a characteristic trend
in forming its structure.
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Модель управління структурою капіталу
підприємств

Мета. Створити алгоритмізовані підходи до управ
ління структурою капіталу підприємств і математичну
формалізацію для проведення оптимізації цієї структури.
Провести дослідження динаміки зміни частки прибутко
вих підприємств від загальної їх кількості для оцінки,
аналізу та прогнозу зміни структури капіталу однорідних
груп підприємств.
Методика. Для проведення наукової роботи застосо
вувалися як емпіричні, так і теоретичні методи пізнання.
Методи наукового спостереження й порівняння були ви
користані для формування актуальності теми наукової
роботи, мети й завдань дослідження. Методи аналізу та
синтезу, індукції та дедукції, абстрагування були вико
ристані для визначення сутнісних ознак задачі управлін
ня структурою капіталу. Методи системного структуру
вання й моделювання були використані для створення
математичної моделі. Для знаходження фактору ваги ці
льової функції використано метод аналогій. Аксіоматич
ний метод і метод сходження від абстрактного до кон
кретного були використані для практичного застосуван
ня математичної моделі, зокрема, для аналізу динамічних
показників споріднених підприємств, стратифікованих
за розмірами, галузями тощо.
Результати. Проведено дослідження динаміки пере
думов зміни структури капіталу й виявлені певні законо
мірності цієї зміни для груп однорідних підприємств. Ви
явлено, з однієї сторони, нерівномірний вплив кризи на
підходи до формування структури капіталу у групах од
норідних підприємств, та досліджені причини цього, а, з
іншої сторони, вказано на схожість тенденцій формуван
ня структури капіталу у групах неоднорідних підпри
ємств. Аналіз дозволив виявити кореляцію між зменшен
ням частки власного капіталу та значним превалюван
ням зовнішніх запозичень зі зростанням обсягу чистого
збитку. У той же час, вказано, що підприємства, сумар
ний обсяг власного капіталу й поточних зобов’язань яких
є сталим і порівнюваним за величиною із зовнішніми за
позиченнями, показують зменшення збитків.
Наукова новизна. Запропоновані алгоритми для авто
матизованого управління структурою капіталу підпри
ємств і математична модель для проведення оптимізації
структури капіталу підприємства. Запроваджена методи
ка порівняльного аналізу зміни структури капіталу для
однорідних, за різними ознаками, груп підприємств, що
надає можливість оцінити вплив зовнішніх ризиків і
чинників кризи в минулому та прогнозувати проведення
необхідних змін структури капіталу як за настання нової
кризи, так і за післякризового періоду.
Практична значимість. Розроблені алгоритми й мате
матична модель можуть бути використані як у наукових
дослідженнях, так і у практиці менеджменту для управ
ління структурою капіталу підприємств. Корисними для
різних категорій фахівців будуть не тільки виявлені під
ходи до аналізу структури капіталу підприємств, але й
результати наведеного аналізу причин змін, дослідження
тенденцій зміни та їх наслідки для однорідних, за різни
ми ознаками, груп підприємств.
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