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Abstract. The article considers the problem of optimizing the financial condition of oil and gas companies.
The offered methods of optimization of a financial condition by scientists from different countries are inves-
tigated. It is determined that the financial condition of the enterprise depends on the effectiveness of the risk
management system of enterprises. It is proved that the enterprises of the oil and gas complex need to develop a
system for risk management to ensure the appropriate financial condition. The financial condition is estimated
according to the system of certain financial indicators, the integrated indicator of financial condition assessment
is constructed using the method of taxonomy. According to the results of the calculation of the integrated indi-
cator, it is concluded that this indicator does not have a stable trend. On the basis of the conducted researches
it is offered to carry out optimization of an integral indicator of a financial condition with use of genetic algo-
rithm in the MatLab environment. Based on the obtained results, recommendations of the management of the
researched enterprises on increase of management efficiency are given.

1 Introduction

The loss of financial stability of any enterprise in a turbu-
lent environment, which is exacerbated by negative exter-
nal factors is a reality today. This fact leads to many neg-
ative consequences, one of which is bankruptcy and liqui-
dation of the enterprise. Due to the fact that the reduction
of financial stability of enterprises that provide Ukraine’s
economic and energy security has become a reality, there
is an urgent need to optimize their financial stability. Ex-
amining various scientific sources related to the solution of
this problem, we can conclude that there are many ways to
optimize financial stability. However, we propose to use
the genetic algorithm method in the process of the studied
enterprises financial stability optimizing , which by opti-
mizing the financial stability will generate optimal values
of the enterprise internal factors. Which in the future will
allow the company’s management to make optimal man-
agement decisions and reduce the risk of its loss..

2 Background

Important contribution to the study of financial sustain-
ability was made by well-known scholars, such as Blank
I. O., Brigham E. F., Dolan E. J., Sheremet A. D., Helfert
E. and others. The solution of this problem was also re-
flected in works of Svetlana Drobyazko, Anna Barwinska-
Malajowicz, Boguslaw Slusarczyk, Olga Chubukova and
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Taliat Bielialov [1], Galyna Azarenkova, Olena Golovko,
Kateryna Abrosimova [2], Mokeev V.V., E.V. Bunova [3],
etc.

The authors [1] propose an economic and mathemat-
ical model of the assessing financial stability process by
calculating the integral indicator of the service sector fi-
nancial stability. To study the stability and controllabil-
ity of the assessing financial stability process, the types of
control maps for each of the coefficients were determined.
Proposed apparatus of neural networks makes it possible
not only to determine the most profitable activity of an en-
terprise but also to assess the financial condition of each
of its research objects.

The main results of the Galyna Azarenkova, Olena
Golovko, Kateryna Abrosimova study [2] are following:
the theoretical and essential characteristics of enterprise
financial sustainability has been determined; the financial
status of PJSC “Turboatom” has been analyzed; the tax-
onomic index of financial sustainability has been calcu-
lated and the forecast of its significance has been made,
the approaches to increase enterprise financial sustainabil-
ity have been proposed. The article [4] provides practical
advice for enterprises to achieve the highest possible level
of energy and financial security.

In scientific work [3] an eigenstate method is proposed
to analyse the basic indicators of the enterprise as it al-
lows to construct an economical stability model of such
enterprise, describe the methodology for analyzing the
economic stability of an enterprise on the basis of eigen-
state method, provides formulas for calculating the com-
plex indicator of economic stability. The efficiency of the
methodology is demonstrated with evidence from the eco-
nomic stability analysis of the trading company. Wan-



grong Ma, Maozhu Jin, Yifeng Liu, Xiaobo Xu in their
work [5] analyze the relationship between enterprise man-
agement and financial performance, analyze the mean and
heterogeneity of the enterprise management team char-
acteristics , mathematically models its relationship, con-
structs fractional differential equations, and tests it through
empirical research. The influence of the enterprise man-
agement age characteristics, international experience, ed-
ucation level, team size and government background on
the financial performance of the company.

A positive aspect of modern research on solving the
problem of optimizing financial stability is also the fact
that in many works the problem is proposed to be solved
by building an effective system of risk management in
enterprises. In particular, this issue is considered in the
works of Sprčić, Danijela Miloš, Kožul, Antonija and
Pecina, Ena [6], Jeffrey Cohen, Ganesh Krishnamoorthy,
Arnold Wright [7], Svetlana Drobyazko, Anna Barwinska-
Malajowicz, Boguslaw Slusarczyk, Olga Chubukova and
Taliat Bielialov [1], Nadiia Shmygol, Olga Galtsova,
Oleksiy Solovyov, Viktor Koval and I Wayan Edi Arsawan
[8], Kostetska, K., Khumarova, N., Umanska, Y., Shmy-
gol, N. and Koval, V. [9] etc.

Research results Danijela Miloš Sprčić, Antonija
Kožul, Ena Pecina [6] have revealed low levels of ERM
development in listed Croatian companies. Managers are
focused on financial and operative risk management, while
strategic and other risks have been neglected. Regres-
sion analysis has indicated somewhat unexpected but im-
portant conclusion – the explored risk management ratio-
nales have weak predictive power in explaining corporate
risk management decisions in Croatian companies. The
level or risk management system development is depen-
dent only on the size of the company and value of the
growth options [6].

Jeffrey Cohen, Ganesh Krishnamoorthy, Arnold
Wright in his work [7] distinguish three major findings
from our study. First, importantly, all three types of partic-
ipants see a strong link between ERM and the financial re-
porting process. Second, despite recognition of the broad
nature of ERM, the predominant experiences of the actual
roles played by triad members center on agency theory,
while resource dependence may be relatively underempha-
sized by all triad members. Finally, CFOs and AC mem-
bers indicate that auditors may be especially underutiliz-
ing ERM in the audit process, suggesting an “expectations
gap” [7]. The paper [10] proposes an approach to model-
ing the business climate of the country, which is based on
the financial and economic indicators, and makes it pos-
sible to assess the development trends of the studied in-
dicator.The proposed approach is based on the taxonomy
method. The analysis of sustainability and security of en-
terprises was carried out using a wide range of classical
and advanced modeling methods. In particular, in arti-
cle [11]. In our previous studies [12] it was possible to
achieve an increase in the efficiency of modeling finan-
cial risk through the formation of an ensemble of mod-
els. In article [13] is demonstrated the possibility of study-
ing complex socio-economic systems as part of a network
paradigm of complexity.

After conducting research on scientific papers that
solve the problem of the economic entities financial sta-
bility loss risk reduction, it can be concluded that the opti-
mization of financial condition through the use of a genetic
algorithm has not been carried out. Therefore, this issue is
relevant and needs research.

The analysis of methodological approaches to assess-
ing the financial stability of economic entities shows the
lack of a single methodological basis for assessment.
Moreover, differences are manifested both in the compo-
nents of financial stability, the system of indicators, and
in the method of their consideration in the analysis of fi-
nancial stability. All this necessitates the development of
fundamentally new approaches and tools for assessing the
financial stability of enterprises.

3 Methodology

Consider the dynamics of average indicators of liquidity,
solvency, profitability and business activity of Ukraine’s
oil and gas industry, table 1.

Table 1. Dynamics of financial indicators’ average values of
Ukrainian oil and gas industry

Indicators 2015 2016 2017 2018 2019
Current Ratio 89,6 93,3 98,7 10 3 84,7
Equity-to- as. 18,1 16,9 18,4 3 1
ROA -0,1 0,1 0,8 3,4 1,6
WCP -0,1 0,1 1,5 6,9 3,8
CashRatio 1 1 1,9 1,3 1
NPM 0 0,3 1,8 4,5 4,4
ROTA 0 0,5 1,4 4,7 3,1
Tot. Ass Turn. 0,8 0,7 0,8 1 0,7
Rec. Turn. 3,4 2,9 4,1 4,5 3,5

Table 2. Growth rates (basic) of financial indicators’ average
values of Ukrainian oil and gas industry, %

Indicators 2015 2016 2017 2018 2019
Current Ratio 1,00 1,04 1,10 1,15 0,94
Equity-to- as. 1,00 0,93 0,10 1,86 1,67
ROA 1,00 1,00 8,00 34,00 16,00
WCP 1,00 1,00 15,00 69,00 38,00
CashRatio 1,00 1,00 1,90 1,30 1,00
NPM 1,00 1,00 6,00 15,00 14,67
ROTA 1,00 1,00 2,80 9,40 6,20
Tot. As. Turn. 1,00 0,88 1,00 1,25 0,88
Rec. Turn 1,00 0,85 1,21 1,32 1,03

According to table 1, it was established that the current
ratio does not exceed the regulatory value of 100% in con-
trast to 2018, where the value of the indicator is 103.0%.
Current ratio characterizes the ability of enterprises to re-
pay their current liabilities for up to 1 year through current
assets. The liquidity indicator shows that the analyzed en-
terprises do not have enough resources that can be used to



repay short-term creditors’ claims, the change in the stud-
ied indicator ranges from 84.7% to 98.7%. In 2018, the
overall increase over four years increased by 14.96% and
in 2019 there is a decrease of 5.47% compared to the base
value.

The value of the Cash ratio did not reach the norma-
tive value of 20%. During 2015-2019 the value of the in-
dicator ranges from 1.0% to 1.9%, i.e., money and their
equivalents are not enough to meet the current liabilities
of economic entities. The Equity-to-Assets – the solvency
indicator characterizes the share of equity of enterprises
in the total amount of funds invested in its activities. The
value of the Equity-to-Assets does not exceed the norma-
tive by 50% and fluctuates during the study period in the
range of 16.9-33.8%, so there is every reason to believe
that enterprises are not solvent.

According to table 2, return on assets (ROA) deter-
mines the return of 1 hryvnia assets of economic entities,
its value increases rapidly from 0.1% in 2016 to 3.4% in
2018, then decreases to 1.6%. The dynamics of working
capital profitability is similar, the value of the indicator in-
creases from 0.1% in 2016 to 6.9% in 2018, decreases to
3.8% in 2019. The profitability indicator is the net margin
(NPM), which reflects the ratio of net profit to the total rev-
enue of the enterprise whose value increased from 0.3% in
2016 to 4.5% in 2018 and decreased to 4.4% in 2019. The
ratio of operating profit to assets of oil and gas companies
(ROTA) characterizes the return on total assets, the value
which also increased from 0.5% in 2016 to 4.7% in 2018
and decreased to 3.1% in 2019.

The state of business activity in the context allows you
to determine the productivity of assets of enterprises. The
value of the indicator in the industry ranges from 0.7-1 for
the study period. Working capital turnover – an indicator
of business activity, which shows the efficiency of enter-
prises working capital usage in terms of revenue generated
by them. According to the values of the indicator, the ef-
ficiency of its generation for the period under study is 0.
The turnover of receivables shows how many times during
the year receivables are repaid. The ability of entities to
repay receivables during the period under review changes
abruptly. The highest value is observed in 2018 and is 4.5
and the lowest value is 2.9 in 2016, due to the crisis of
payments in the country.

Given the results of the calculated average values of
Ukraine’s oil and gas industry financial indicators and their
dynamics, it is possible to draw conclusions about the in-
stability of their trends, which necessitates the calculation
and modeling of an integrated indicator of financial condi-
tion. The taxonomy method was used for its construction,
the results of its calculation and forecasting are shown in
Figure 1. According to Figure 1, it is determined that
the value of the integrated indicator of Ukraine’s oil and
gas companies financial condition increases from 2016 to
2018, then decreases to 0.47 in 2019. The decrease in the
integrated indicator shows a certain signaling ability to re-
duce financial stability of oil and gas companies increase
in the general level of financial risks.

Variation of indicators acquires a difference due to a
significant difference between the maximum and mini-

Figure 1. Dynamics of the integrated indicator of Ukrainian oil
and gas enterprises’ financial condition

mum values of the sample. It can be noted that the tax-
onomy index in the industry was unstable during the ana-
lyzed periods: the closer this indicator is to 1, the lower
the level of risk. As you can see, the level of risk of
the financial condition is quite high for the analyzed pe-
riod. According to the results of the forecast, the nega-
tive trend of the taxonomic indicator can be stated, so if
we do not change the conditions of operation and devel-
opment of oil and gas companies in the future, negative
trends will further worsen the financial condition of com-
panies in Ukraine’s oil and gas industry. There is a need to
develop effective management solutions to provide enter-
prises with a vector of positive development, this problem
is of national importance and needs proper attention.

To begin with, it is necessary to find the optimal values
of input parameters that form a stable financial condition
of the enterprise, provide a sufficient level of the studied
industry financial condition integrated indicator at a level
above average, 0.6-1.0. Thus, we have the first restrictions
on the function of the financial condition integrated indi-
cator.

The problem of optimization problems has been in the
field of view of domestic economics representatives for a
long time. To determine the extreme values classical meth-
ods of higher mathematics are widely used, consider one
of the most interesting and modern options – genetic algo-
rithms. The most popular from a scientific point of view is,
the use of an algorithm for finding optimization solutions
using mathematical modulation of genetic processes. In
his works, he shows the possibilities and patterns of hered-
ity and variability in genetics in the transfer to the problem
of determining the optimization values. Ideas and methods
of genetics play an important role in genetic engineering
and are applied to economic problems. The mechanism of
heredity means the role of genes as elementary carriers of
hereditary information. Scientists showed the work of the
so-called “genetic” operators of ascent, mutation, math-
ematical implementation of single-point and multi-point
crossover, the search for the most adapted individual.

In mathematics, the problem of stability arises when a
physical object is perturbed in phase space, that is, when
external forces take it out of equilibrium. As a result, the
object can: move away from equilibrium; be in a slight



deviation from it; return to equilibrium, withstanding ad-
verse fluctuations.

In fact, the behavior of an object in an disturbed state
determines the stability or instability of its undisturbed
equilibrium state. Thus, the equilibrium state of an ob-
ject can be considered stable when, after perturbation, it
enters a state close to equilibrium or when it returns to it.
To study the phenomenon of stability in more detail, it is
necessary to use the concept of “area of stability”. It is
often necessary to determine the effect of changing certain
parameters on stability. To do this, build the stability area
of the object in the space of changing parameters. The area
of stability is determined by the set of values of the param-
eters of the object for which it is stable. Going beyond the
parameter limit limits the object from steady to unstable.
When the limit of stability is exceeded, the level of risk in-
creases significantly. It is clear that the transition from the
zone of stability to the unstable position is determined not
by the boundary line, but by some area that can be called
transitional.

Drawing analogies between economic and mechanical
equilibrium, we should pay attention to the differences be-
tween static and dynamic equilibria. At static equilibrium
the motion of an object ceases, whereas at dynamic equi-
librium the physical body continues to move, but at the
same time certain total characteristics of the system re-
main unchanged. An example is the flow of water in the
riverbed: the height of the water and the speed of the flow
can be constant, and its parameters, such as inflow and
outflow, can change. In other words, static equilibrium im-
plies the ability of the system in it, after minor deviations
to return to the previous state, and dynamic equilibrium
can be interpreted as the ability of a mechanical system in
motion under the influence of certain forces, not to deviate
from a given trajectory at insignificant accidental stresses
or deviations.

Speaking of the enterprise financial stability, it is ad-
visable to draw analogies with the dynamic stability, be-
cause the functioning of the oil and gas sector, its func-
tions, the implementation of the whole complex of active
and passive operations is nothing but a dynamic process.
Thus, the financial stability of enterprises – one of the key
dynamic characteristics of its activities, which largely re-
veals its viability. In the future, we will consider that the
financial stability of the enterprise is a dynamic category,
which is the ability to return to equilibrium after leaving it
as a result of a certain impact. Sustainability in economic
systems, despite some similarities with technical ones, is
a much more complex concept. In view of this, analo-
gies can be made for economic systems only conditionally.
Due to the fact that a universal approach to assessing finan-
cial stability as a single scalar indicator has not yet been
developed, we propose to use the tools of multi-criteria op-
timization, which can be used to implement the concept of
economic equilibrium.

We believe that a financially stable enterprise must
achieve a certain equilibrium – the optimal ratio between
risk, return, liquidity and other key financial performance
indicators, on which depends its financial stability. As
target functions we will take the key financial indicators

of the oil and gas company: current liquidity, autonomy
ratio, net margin and receivables turnover, which accord-
ing to the correlation-regression analysis have the great-
est impact on the integrated indicator of financial stability.
To achieve a certain equilibrium of the bank should opti-
mize all these criteria, taking into account its real finan-
cial condition. In addition, the task of constructing Pareto-
effective financial indicators that optimize the integrated
indicator of financial stability is proposed.

To find solutions to the multicriteria optimization
problem, we use the method of genetic algorithm, which
has proven itself well for solving this class of problems.

In 1996, L.J. Vogel, A.J. Owens, M.J. Walsh proposed
and investigated the evolution of simple automata that pro-
vide symbols in digital sequences. In 1975, D.H. Holland
in his book “Adaptation in natural and artificial systems”
proposed a scheme of genetic algorithm. This work be-
came the basis for subsequent evolutionary algorithms. A
simple genetic algorithm was first described by D. Holberg
based on the work of D.H. Holland. A genetic algorithm
is a heuristic search algorithm that is applied to optimiza-
tion and modeling problems by random selection based on
the use of mechanisms resembling evolutionary processes
in nature. They are a kind of evolutionary methods of cal-
culation. Genetic algorithm – a method of optimization
based on the concepts of natural selection and genetics. In
this approach, the variables that characterize the solution
are represented as genes on the chromosome. The genetic
algorithm, operating on a finite number of solutions (pop-
ulation), generates new solutions in the form of various
combinations of parts of the solutions of this population.
Operators such as selection, recombination and mutation
are used for this purpose.

In a genetic algorithm, a chromosome is a numerical
vector that corresponds to a variable. Each of the chromo-
some vector positions is called a gene.

The genetic algorithm is actually a kind of random
search and is based on approaches that resemble the mech-
anism of natural selection. In a genetic algorithm, some
random set of initial data, called a population, is first
formed. Each element of the population is called a chro-
mosome and represents some solution of the problem in
the first approximation, i.e. satisfies the system of con-
straints of the problem. Chromosomes evolve during it-
erations called generations (or generations). During each
iteration, the chromosome is evaluated using some degree
of compliance (fitness function), which is also called com-
pliance function. A mutation is an operation that imple-
ments random changes in different chromosomes.

The simplest mutation is to randomly alter one or more
genes. In a genetic algorithm, a mutation plays an impor-
tant role in restoring genes dropped from a population dur-
ing a selection operation so that they can be used in new
populations. In addition, it allows the formation of genes
that were not present in the original population. The inten-
sity of mutations is determined by the mutation rate, which
is the proportion of genes that are mutated in this iteration.
Too small a value of this factor means that many genes
that could be useful will never be considered. At the same
time, too large a value of the coefficient will lead to large



random perturbations. Descendants will no longer be like
their parents and the algorithm will lose the ability to learn
while maintaining hereditary traits.

We used the MATLAB Optimization Toolbox to find
Pareto-effective sets of unit coefficients. The standard
adaptive feasible mutation function was chosen as the mu-
tation operator, which is used for constrained tasks and
allows you to randomly generate directions based on the
most recent successful or unsuccessful generations. To
perform the crossover operation, the Scattered method
was used, which involves creating a random binary vec-
tor and selecting genes from the first parent chromosome
for which the corresponding value is 1, or from the second
parent chromosome when the value is 0 when combining
these genes to form a new offspring.

A multicriteria problem is often understood not as
a verbal description of the problem, but as its model,
namely: a multicriteria problem is a mathematical model
of making an optimal decision based on several crite-
ria. These criteria may reflect assessments of the different
qualities of the object or process about which the decision
is made. Formally, the multicriteria problem as a model is
given in the form:

F(x)→ max for all x ∈ D, (1)

where D is the set of valid solutions; F(x) is a vector func-
tion of the argument x (integral indicator of financial con-
dition), which can be represented as follows:

F(x) = [ f1(x), f1(x) . . . , fk], (2)

where f1(x), f2(x). . . fk(x) – scalar functions of the vector
argument x each of which is a mathematical expression
of one optimaliti criterion. Since this model uses a vector
objective function, it is often called the problem of vector
optimization. Obviously, problem (1) does not belong to
the class of mathematical programming problems, because
the models of this class of problems always contain only
one objective function of the vector argument.

Here we consider a complex vector criterion, which
can be used to achieve the maximum effect, without neces-
sarily reaching the extreme in all functions. The existence
of a solution that literally maximizes all target functions
is a rare exception. The problem of vector optimization
in the general case does not have a clear mathematical so-
lution. To obtain a solution, it is necessary to use addi-
tional subjective information of a specialist in this subject
area, which is commonly referred to as a decision maker.
This means that when solving the problem by different
specialists with the involvement of different sources of in-
formation, most likely different answers will be received.
Problems of vector optimization are currently considered
in the framework of decision theory [10], the main fea-
ture of which is the presence of uncertainty. This uncer-
tainty cannot be ruled out by various modeling techniques
and objective calculations. In multicriteria problems, the
uncertainty is that it is not known which criterion to pre-
fer and to what extent. To eliminate this uncertainty, it is
necessary, firstly: to formulate a special principle of opti-
mality, and secondly: to involve additional subjective in-
formation of the decision-maker based on his experience

and intuition. Therefore, in accordance with the above in-
formation, we formulate the objective functions and con-
ditions of optimization. The function G(x) is defined as
an integrated indicator of financial condition calculated by
the taxonomy method and takes into account the levels of
unit indicators that were previously selected to be included
in the integrated indicator of financial condition Y(x):

Y(x) = −0, 17432 − 0, 00076 ∗ x1 + 0, 00095 ∗ x2+

+ 0, 055039 ∗ x3 + 0, 125108 ∗ x4 (3)

and Finscore (G(x)):

G(x) = 3, 639721 + 0, 009527 ∗ x1 − 0, 03471 ∗ x2+

+ 0, 13336 ∗ x3 − 0, 16618 ∗ x4. (4)

Therefore, taking into account the constructed relationship
between the studied enterprise financial condition Y(x) and
Finscore G(x) integrated indicator and its unit indicators,
it is necessary to optimize the complex indicator of fi-
nancial condition, maximize it by optimizing independent
variables.

First, let’s set the problem by describing the stages of
optimization. Figure 2 shows the stages of the optimiza-
tion process.

Therefore, we need to optimize, namely to maximize
the financial condition, it should be as close as possible to
1, but there are some limitations, which will be described
below. Next, we will implement the financial condition
integrated indicator function optimization in MatLab with
pre-imposed restrictions on independent variables. First,
we form an m-file in which we introduce the optimized
function, in the economic-mathematical model of the in-
tegrated indicator of the financial condition of the object
under study. The M-file with the optimized function with
the given restrictions is shown in Figure 3. To implement a
multi-criteria task, use the built-in Optimization ToolBox.
The obtained optimization results are shown in Figure 4.

4 Conclusions

With regard to the optimization of financial stability, this
means that we have obtained many key indicators that
shape the financial condition of the enterprise and it pro-
vides an opportunity to form an effective management
strategy aimed primarily at achieving optimal values of in-
dicators that together and determine the economic essence
of the financial stability of the enterprise.

The analysis of existing approaches to assessing the fi-
nancial condition of enterprises shows the lack of a unified
methodological basis for this issue. The key problem is the
lack of a single indicator that would accumulate all aspects
of financial condition. The article proposes a method of
assessing and optimizing the financial condition based on
the concept of maximizing the financial stability of enter-
prises Finscore. The formulated problem of multicriteria
optimization of indicators CurrentRatio, Equity-to-Assets,
NPM and ReceivablesTurnover allows to obtain Pareto-
optimal combinations, which achieve financial stability as
a maximized value (optimal ratio between key indicators
of the financial condition of the enterprise).



Figure 2. Conditional block diagram of the genetic algorithm

Figure 3. M-file in MatLab
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