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Abstract

Managing and evaluating the probability of bankruptcy of Ukrainian enterprises is one 
of the most complex and relevant problems of the economy and management. In the 
context of Ukraine’s integration into the international space, there is an arising issue 
of assessing the bankruptcy of Ukrainian enterprises that meets international finan-
cial standards and allows administering this process. A qualitative assessment of the 
bankruptcy of an enterprise is possible only using artificial intelligence methods – the 
fuzzy sets method, which allows including qualitative and quantitative indicators to the 
model for assessing bankruptcy of enterprises in Ukraine. The aim of the article is to 
improve the existing method for assessing the probability of bankruptcy of Ukrainian 
enterprises on the basis of the fuzzy sets method, which will include indicators of inter-
national financial reporting and allow more efficient administration and management 
of this process. The subject of the research is the process of formalizing the method of 
the enterprise bankruptcy assessment in accordance with the indicators of International 
Financial Reporting Standards. The study offers a mechanism for a comprehensive as-
sessment of the probability of bankruptcy of Ukrainian enterprises with the use of the 
methods of fuzzy sets, which is based on international financial indicators: current ratio, 
payable turnover ratio, equity turnover ratio, return on assets, equity-to-debt ratio. The 
mechanism allows quickly managing bankruptcy conditions. In order to administer the 
economic activity of the bankrupt enterprises, based on the theory of a fuzzy sets, a sys-
tem of enterprises management takes into account the international financial reporting.
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INTRODUCTION

One of the pressing problems associated with strategic management 
and planning is the financial condition analysis and assessment of the 
enterprise bankruptcy risk. Timely identification of possible bank-
ruptcy signs allows management to take urgent measures to correct 
the financial condition and reduce the risk of bankruptcy.

Economic instability, the volatility of the business environment, the 
increase in the number of economic crises have a huge impact on the 
financial stability and sustainability of organizations of various indus-
tries and forms of ownership. In Ukraine, an increasing number of or-
ganizations are becoming unable to meet their obligations, which may 
lead to bankruptcy. For an enterprise, the ability to assess its solvency 
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and determine the degree of threat of bankruptcy, as well as the onset of other financial risks, is vital. 
This problem is becoming very relevant in modern society.

Since the degree of Ukraine’s participation in globalization and economic integration has increased 
sharply in recent years, global economic processes have a negative impact on the country’s inner pro-
cesses, which greatly complicates the work of financial services of domestic enterprises in the frame-
work of monitoring bankruptcy risk. At the same time, a flexible financial management system at an 
enterprise must promptly respond to any changes occurring in its activities, which is especially im-
portant in conditions of economic instability and is almost impossible without the use of bankruptcy 
risk assessment methods with high accuracy and a long forecast horizon. At the same time, the specific 
conditions of the Ukrainian economy make people question the appropriateness of applying a number 
of bankruptcy risk assessment methods developed by both Ukrainian and foreign scientists, which ne-
cessitates further research in this area.

Currently, there are several generally accepted methods and techniques for assessing bankruptcy risk. 
The most famous and widely used one is the methodology of Professor Altman (Altman, 1968). This 
methodology has several disadvantages, and its application to the Ukrainian economy faces certain 
difficulties. Therefore, in recent years, alternative approaches and methods have been developed to take 
into account the specifics of analysis and decision-making under conditions of uncertainty. These in-
clude the tools of fuzzy sets and fuzzy neural networks.

Recently, automated intelligent express assessment systems have been widely used for bankruptcy as-
sessment. These systems enable quick determination of the enterprise’s condition, making preliminary 
conclusions and general recommendations for further actions. Nonetheless, the existing rapid assess-
ment systems do not take into account the indicators of International Financial Reporting Standards. 
Moreover, they are not able to consider the qualitative and quantitative indicators simultaneously. This 
is a major drawback of existing bankruptcy assessment systems. This research is devoted to solving this 
issue.

1. LITERATURE REVIEW

In economic literature and the economic diction-
ary of Zavadskyi, Osovska, and Yushkevych (2006), 
bankruptcy is characterized as debt insolvency, 
the refusal of an entrepreneur to pay his debt ob-
ligations due to lack of funds. Economists consid-
er bankruptcy as an instrument for the withdrawal 
of business entities from a crisis financial and eco-
nomic situation, as the basis of the bankruptcy itself 
is the specific legal and economic actions. In this 
regard, bankruptcy is compared with a surgical op-
eration. On the one hand, it is rather radical and 
dangerous measure, which is used only in extreme 
cases when all conservative methods of treatment 
proved ineffective. On the other hand, sometimes it 
is the only possible way to recover, the last chance 
to overcome a serious distress. 

In Ukraine, the mechanism of the enterprises 
bankruptcy was established after the Verkhovna 

Rada adopted the Law “On Bankruptcy”, which 
took effect on July 1, 1992. In 2018, the Verkhovna 
Rada of Ukraine adopted the Code of Ukraine on 
Bankruptcy Procedures, which will take effect on 
October 21, 2019 (Code of Ukraine on Bankruptcy 
Procedures, 2018). In accordance with this Law, 
the concept of “bankruptcy” recognized by an 
economic court is the insolvency of the debt-
or to resume his solvency and satisfy the claims 
of the court recognized by the creditors no oth-
er than through the application of the liquidation 
procedure.

The current bankruptcy threat factors classifica-
tion is offered by Ligonenko (2016) who proposes 
to divide the factors of the emergence of the bank-
ruptcy threat into the following groups: the place 
of emergence of crisis factors; the degree of inter-
dependence; the degree of influence; the time of 
action; the consequences of the manifestation of 
crisis factors.
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For the assessment of bankruptcy of Ukrainian 
enterprises, Andrushchak (2004) suggests to use 
a model based on comparing the actual values of 
financial indicators of a particular enterprise with 
their normative values. Still, such model does not 
provide a complete assessment of the possible state 
of the enterprise bankruptcy.

For compiling a model for bankruptcy assessment 
perform an integral score assessment, Dontsova 
and Nikiforova (2015) of financial sustainability 
of enterprises based on the division of the finan-
cial state into certain classes.

For rapid bankruptcy assessment, Sayfullin and 
Kadykov (2003) suggest to use a rating number, 
which consists of the own funds ratio; ratio of cur-
rent liquidity; coefficient of turnover of own capi-
tal; the management coefficient and the return on 
equity ratio.

The most up-to-date method for the enterprises 
financial condition evaluating is the theory of 
fuzzy sets. Application of the theory of fuzzy sets 
for solving the problem of economic evaluation is 
provided in the papers by S. Kozlovskyi, Mazur, 
Vdovenko, Shepel, and V. Kozlovskyi (2018). 
Theory of fuzzy sets (Zadeh, 1965) allows to oper-
ate both qualitative and quantitative indicators, to 
form a system of artificial intelligence and to de-
velop predictions of the level of rating assessment. 
The theory of fuzzy sets is an innovative mathe-
matics that should be used to solve the research 
problem.

Well-known financial analysts Beaver and 
Manegold (1975) offered their own system of the 
indicators to assess bankruptcy. They proposed to 
explore the trend indicators for the assessment of 
bankruptcy. One of their conclusions is that both 
in the short in the and long term, the best forecast 
is based on the ratio of cash flows to the amount of 
debt, the coefficient of the structure of capital, and 
the coefficient of liquidity. The worst indicator for 
forecasting is the coefficient of turnover.

For assessing the risk of bankruptcy and enterpris-
es’ creditworthiness, discriminant factor mod-
els of well-known Western economists Altman 
(1968), Toffler and Tishaw (1977), Beermann 
(1976) are widely used. Models have been devel-

oped using multidimensional discriminant anal-
ysis. However, it should be noted that the use of 
such models for Ukrainian enterprises requires 
great precautions. Testing of Ukrainian enterpris-
es according to these models showed that they are 
not suitable for assessing the risk of bankruptcy in 
this case. It is due to the fact that they do not take 
into account the specifics of the post-Soviet space, 
which include:

• imperfection of the Ukrainian methodology 
for revaluation of fixed assets. Thus, old and 
depreciated funds are given the same value as 
the new ones. It leads to the situation, in which 
the share of own capital unreasonably increas-
es when the funds are revalued. Ratio of own 
and borrowed capital is becoming unrealistic;

• high tax deductions. To avoid paying taxes the 
majority of Ukrainian companies declare too 
low profits from their activities, or even losses.

The solution here is to develop own models for 
each industry, which would consider the specif-
ics of Ukrainian reality. Moreover, these models 
should be tested every year on new samples to 
clarify their discriminant strength.

Obradović et al. (2018) have developed logistic 
regression (LR) model to predict insolvency of a 
company in the Republic of Serbia. Different users 
of financial information might obtain preliminary 
information on whether there is a possibility that 
the company will not continue operating under 
the assumption of going concern (a continuity of 
business operations). This LR model uses the fol-
lowing groups of indicators: liquidity ratios, lever-
age ratios, activity ratios, economy ratios, profita-
bility ratios and others. The disadvantage of this 
model is the lack of analysis of international finan-
cial statements of companies.

Yu and He (2018) have developed a model ’Probit 
and Logit’, which depicts how firm size, industry 
characteristics, equity structure, and debt struc-
ture determine firms’ bankruptcy resolutions.

Serrano-Cinca et al. (2014) developed a bankrupt-
cy assessment model based on partial least squares 
path modelling (PLS-PM) and logistic regression 
(Kim, 2011). This model does not include indica-
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tors of international financial statements and can-
not be used in practice.

Gavurova et al. (2017) in their study focused on the 
assessment of four bankruptcy prediction models: 
Altman model (1984), Ohlson model (1980), in-
dexes IN01 and IN05 that were validated on the 
sample of 700 Slovak companies. As a result of the 
study, it was proved that the Altman (1984) model 
is not highly efficient for assessing the bankruptcy 
of enterprises.

Several discriminant multi-factor models were 
developed to assess bankruptcy of enterprises in 
Ukraine. Most well-known among them are the 
model by Tereshenko (2003) and the model by 
Matviychuk (2013).

The model by Matviychuk (2013) deserves particu-
lar attention, because its use gives more reliable re-
sults. The first major step in the development of 
the model was the choice and justification of the 
indicators system. The algorithm for forming the 
set of most significant factors consisted of the fol-
lowing steps:

• the Ukrainian enterprises financial state-
ments analysis for the input data availabili-
ty for the respective coefficients calculation 
(for example, most enterprises do not use the 
funds raised, which does not allow to calcu-
late debt recovery ratios, the concentration 
of borrowed funds and the ratio of borrowed 
and own funds);

• choice of indicators that are suitable to draw 
conclusions about the enterprise financial 
condition;

• verification of indicators for multicollinearity;

• the final choice of indicators, that have at the 
same time maximum difference between the 
mean values for the enterprises of different 
groups and minimal intragroup variance.

According to the algorithm, such indicators in-
clude: asset mobility ratio, accounts payable turno-
ver, equity turnover, ratio of return on assets, ratio 
of the availability of own working capital, ratio of 
concentration of debt capital, ratio of debt to equity.

Despite the fact that in the above model 
(Matviychuk, 2013) the author chose and sub-
stantiated the most informative indicators for 
Ukrainian enterprises, their main disadvantage 
is that not all indicators have analogues in the 
International Financial Reporting Standards. In 
addition, the same financial indicators may be 
called differently in different sources, or the same 
name may imply different formulae. Hence, the 
purpose here is to select only those basic indicators 
that coincide with the indicators of International 
Financial Reporting Standards.

1.1. Aims

The aim of the article is to improve the existing 
method for assessing the probability of bankrupt-
cy of Ukrainian enterprises on the basis of the 
fuzzy sets method, which will include indicators 
of International Financial Reporting Standards 
and allow more efficient administration and man-
agement of this process.

2. RESEARCH OBJECTIVE 

AND METHODOLOGY

Methodology used to improve the method of the 
enterprise bankruptcy assessment includes se-
quence of steps:

1. Analysis of each financial indicator from the 
Matviychuk model (Matviychuk, 2013) for com-
pliance with International Financial Reporting 
Standards. The advantages of this model are the 
following: it has a set of input factors that cov-
er all major groups of financial and economic 
performance of enterprises, it has a high ability 
to predict bankruptcy and lack of multicollin-
earity. If the analyzed indicator does not com-
ply with the International Financial Reporting 
Standards, it is necessary to find its equivalent 
and justify the expediency of its use from the 
point of view of Ukrainian legislation.

The result of this step is a system of indicators 
for assessment of the enterprise bankruptcy 
probability.

2. The definition of normative values for system 
of indicators, the output beyond which points 
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to a high probability of the enterprise bank-
ruptcy. If a universal normative value for in-
dicators can be defined, then a model for an 
assessment of the enterprise bankruptcy prob-
ability is created in the form of discriminatory 
function. If the indicators are inaccurate and 
ambiguous, depending on many different fac-
tors, such as industry, season and so on, then it 
is necessary to formalize them using intellec-
tual analysis methods. 

The result of this step is a linguistic recognition of 
bankruptcy risk based on the value of each finan-
cial indicators of bankruptcy risk assessment.

3. Visualization of the calculations for the best 
formalizing of expert’s ideas about the prob-
ability of the enterprise bankruptcy. It allows 
to transform the language of words into a lan-
guage of quantitative assessments. The result 
can be a graph or a matrix of normalized val-
ues of indicators for assessment of the condi-
tional enterprise bankruptcy probability.

4. Building the structure of decision support sys-
tem for the probability of bankruptcy of the 
enterprise by means of fuzzy set theory.

3. RESULTS

Bankruptcy assessment is the system of targeted fi-
nancial analysis, aimed at identifying parameters 
of the enterprise’s crisis development (Sharapov & 
Kaidanovich, 2012). At its core, the bankruptcy as-
sessment is an analysis of problems arising during 
the operation of the enterprise that can cause neg-
ative consequences. The main task of the bank-
ruptcy assessment is creation of an analytical basis 
for solving problems that appear during the life of 
the enterprise. The process of bankruptcy assess-
ment should be considered as a system of research 
that gives the opportunity to form the necessary 
conclusions regarding the state of the enterprise, 
and possible ways out of the crisis.

Bankruptcy is assessed on the basis of factor anal-
ysis and forecasting methods. In world practice, 
various economic and mathematical models are 
used to predict the enterprise’s stability, to choose 
its financial strategy, and to determine the risk of 

bankruptcy. The basis of these methods is the cal-
culation of financial ratios.

According to the Matviychuk model, the first indi-
cator is the asset mobility ratio.

The asset mobility ratio is calculated as the ra-
tio of current assets and non-current assets. 
Mobility is the ability of assets to go from one 
form to another. High mobility means that the 
enterprise will be able to change the structure of 
assets in a short period of time. This concept is 
associated with liquidity that means the conver-
sion rate into cash without loss of value (Yousuf 
et al., 2019). 

According to International Financial Reporting 
Standards, almost all liquidity indicators in the 
denominator have short-term liabilities. The dif-
ference lies in the fact that, while the liquidity 
indicators measure the enterprise’s ability to meet 
current liabilities, the asset mobility indicator 
shows the enterprise’s ability to adapt to the exter-
nal influence of the market and perform flexible 
activities.

In general, the enterprise converts its current as-
sets into cash, and these funds are already used to 
cover obligations. It means that assessing the en-
terprise’s liquidity and capacity to pay can be done 
by comparing these elements of the balance sheet. 
The current ratio does precisely that. 

The current ratio is a liquidity ratio that measures 
a company’s ability to pay short-term obligations 
or those due within one year. The current ratio is 
calculated by dividing current assets by current 
liabilities. 

So, to conform to the International Financial 
Reporting Standards, the asset mobility ratio indi-
cator should be changed to current ratio.

The next indicator is the accounts payable turn-
over. It indicates the number of turnovers that 
made payables during the year. The result of the 
calculation shows how many times the enterprise 
has paid its obligations to suppliers, contractors, 
etc. during the period. The Matviychuk model 
proposes to calculate this indicator as a ratio of net 
income from sales to current liabilities.
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According to International Financial Reporting 
Standards, the formula for the accounts payable 
turnover ratio is as follows:

Payable Turnover ratio = Total Purchases/(Average 
Accounts Payable).

In some cases, cost of goods sold, or net credit pur-
chases are used in the numerator instead of Total 
Purchases. Average accounts payable is the sum of 
accounts payable at the beginning and the end of 
an accounting period, divided by 2.

Therefore, for calculating payable turnover ratio 
it is advisable to use a ratio of Total Purchases/
(Average Accounts Payable), because this formula 
largely corresponds to the essence of the indicator.

Equity turnover is an indicator of business activ-
ity. It demonstrates the management efficiency of 
the company’s equity. The ratio is calculated as 
the ratio of revenue (or net income) to the average 
annual amount of equity. The Matviychuk mod-
el offers a similar formula. Thus, the calculation 
of equity turnover corresponds to International 
Financial Reporting Standards. The high value of 
equity turnover indicates the effective use of the 
owners’ capital. Ratio should be considered in the 
dynamics, as well as compared with the values of 
direct competitors in the industry.

The next one is ratio of return on assets, or ratio 
of payback period, as it is named in Ukrainian fi-
nancial reporting. In the Matviychuk model it is of-
fered to calculate it as a ratio of balance to net sales. 
During the period when the assets of the enterprise 
pay off themselves, net profit equal to the amount of 
assets used is generating. It is calculated as the ratio 
of the average annual value of assets to the amount 
of net profit. This indicator refers to a group of prof-
itability indicators and shows overall effectiveness. 
The reverse indicator is return on assets (ROA). This 
indicator is widely used in International Financial 
Reporting Standards calculated by dividing an en-
terprise’s net income by total assets. It is proposed 
to use the most common ratio ROA.

The indicators of financial stability include the ra-
tio of the availability of own working capital, ratio 
of concentration of debt capital and ratio of debt 
to equity.

Ratio of the availability of own working capital is 
an indicator of the enterprise’s ability to finance 
operating capital at the expense of its working cap-
ital. The value of the indicator shows the share of 
own current assets in the amount of current as-
sets. While usually the indicator is calculated as 
the ratio of own working capital to current assets, 
Matviychuk model suggests determining its own 
working capital as the difference between current 
assets and current liabilities.

Ratio of concentration of debt capital indicates 
the level of financial instruments use or bor-
rowed capital in order to increase the potential 
return on investment. For a company where the 
borrowed capital is significantly higher than its 
own, the level of leverage is high. Ratio of con-
centration of debt capital is calculated by divid-
ing the current and long-term liabilities into 
the amount of assets. The model offers a similar 
formula.

Ratio of debt to equity shows the extent to which 
enterprise assets are formed at the expense of eq-
uity, and how much the enterprise is independent 
of external sources of financing.

The most important ratio used to evaluate an en-
terprise’s financial leverage is debt-to-equity ra-
tio. The debt-to-equity (D/E) ratio is calculated by 
dividing a company’s total liabilities by its share-
holder equity. It means that above ratios can be re-
placed by the debt-to-equity ratio.

Thus, to assess the enterprise bankruptcy prob-
ability, it is offered to use the following indica-
tors: current ratio, payable turnover ratio, equity 
turnover ratio, return on assets, debt-to-equity 
ratio.

It is assumed that for the assessment of enterprise 
bankruptcy probability all indicators are of equal 
importance.

Thus, the proposed system of indicators for as-
sessment of the enterprise bankruptcy probability, 
on the one hand, evaluates various aspects of the 
Ukrainian enterprises business and financial life 
without duplicating each other, and, on the other 
hand, fully complies with International Financial 
Reporting Standards.
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The next step is the definition of indicators limits. 
Going beyond them leads to a high probability of 
the enterprise’s bankruptcy.

In Ukraine, normative value for the current ra-
tio is within the 1-3, but the value of 2-3 is more 
desirable (Davidova & Belikov, 1999). Current 
ratio below normative indicates the problem 
of ability to pay, because current assets are not 
enough to respond to current liabilities. From 
the standpoint of owners and management, the 
current ratio above normative value is a sign of 
inefficient asset structure. More precise con-
clusions may be formed on the asset analysis. It 
should be noted that the optimal value of the 
current ratio is often conditional and depends 
on the scope of activity, seasonal factor, terms of 
the cooperation agreement with suppliers, etc.

Payable turnover ratio can vary in the range 
from 4.8 to 12. It differs depending on the type 
of enterprise’s activity. The best approach here 
is to compare the payables management current 
situation with competitors. It is also worth con-
sidering the dynamics and assessing its change 
over the time period.

The normative value of equity turnover ratio is 
not established. Usually it is considered in dy-
namics and compared with the values of com-
petitors in the industry. The equity turnover in-
crease over the period suggests optimization of 
the enterprise’s work in this area.

Moreover, there is no single normative value for 
the return on assets. It is necessary to analyze 
it in dynamics, comparing the values with both 
different years and competitors that have the 
same size of the sum of assets or income. The 
higher the indicator, the more effective the man-
agement process, because the return on assets is 
formed under the inf luence of all activities.

The normative value of the debt-to-equity ratio 
is in the range of 0.4-0.6. A lower value can mean 
the high level of financial risks. The value above 
0.6 means that enterprise does not use its full 
potential. It is possible to compare debt-to-eq-
uity ratio with competitors of the same size. For 
different industries, the normative value will 
vary. For example, for commercial banks, the 

value is 0.05 or less. For new companies that 
have not yet proven themselves on the market, 
debt-to-equity ratio is high. The negative value 
indicates a rapid bankruptcy, and actions to re-
store financial sustainability should be applied 
immediately.

As it can be seen, none of the indicators for as-
sessment of the enterprise bankruptcy has a 
universal normative value. Each of them is in-
accurate and ambiguous, depending on the field 
of activity, industry, enterprise life cycle, level 
of competition, season. The theory of fuzzy sets 
has proved its efficiency for the formalization of 
undefined boundaries indicators.

When describing fuzzy sets, the membership 
function plays the key role, since all operations 
with fuzzy objects are reduced to actions with 
their membership functions.

Justifying the membership function of fuzzy 
sets is one of the most important questions of 
the methodology, which must be started from 
defining the scope of reasoning (universe of dis-
course). For example, bankruptcy high risk for 
the current ratio is limited within [0.25; 1.5]. 

Methods for constructing the membership 
function can be divided into direct and indirect.

When using direct methods, an expert (or a 
group of experts) independently determines the 
rules for evaluating the values of the member-
ship function for indicators of bankruptcy risk 
assessment. The value of the empirical function 
of determination is calculated by the formula:

( ) ( )
,

A

n x
x

N
µ +=  (1)

where ( )n x+  is the number of experts who gave a 
positive answer to the question about the belong-
ing of the element x  to the set .A

For example, a group of 5 experts makes a judg-
ment for the current ratio. The question is formu-
lated as follows: “What value of the current ratio 
indicates a high risk of bankruptcy?”

The experts’ answers are summarized in the table. 
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Table 1. Experts answers to a question: “What 
value of the current ratio indicates a high risk of 
bankruptcy?”

Source: Compiled by the authors.

Expert 0.25 0.5 0.75 1 1.25 1.5

1 1 1 1 1 0 0

2 1 1 0 0 0 0

3 1 1 1 1 1 0

4 1 1 1 1 0 0

5 1 1 1 1 1 0

( )n x+
 

5 5 4 4 2 0

( )A
xµ 1 1 0.8 0.8 0.4 0

The result is a formalized fuzzy function 
1
A  = “current ratio indicates a high risk of 
bankruptcy” in the form:

1 1 1 0.8 0.8 0.4
.

0.25 0.5 0.75 1 1.25
A = + + + +

Similarly, the formalized fuzzy function 
2
A  is de-

fined. 
2
A  = “current ratio indicates a low risk of 

bankruptcy”:

2 0.2 0.6 1 1 0.6
.

1 1.25 1.5 1.75 2
A = + + + +

For the rest of the system of indicators for assess-
ment of the enterprise bankruptcy probability the 
same examination is conducted.

A set of classifiers of current values of indicators 
is formed. It includes current ratio, payable turn-
over ratio, equity turnover ratio, return on as-
sets, debt-to-equity ratio, as criteria for dividing 
the full set of their values into fuzzy subsets of 
two types: low risk of bankruptcy and high risk 
of bankruptcy. In this case, the cells of the table 
are numbers that characterize the corresponding 
membership functions. If the coefficient falls into 
both groups, then it is necessary to choose the one 
for which the value of the membership function is 
higher. For example, for current ratio, according 
to most experts, a value of 1 is more suitable for a 
high bankruptcy risk than a low one.

Thus, there is a suggestion that for some condi-
tional enterprise the membership functions were 
built, presented in Table 2.

Table 2. Classification of financial indicators

Source: Compiled by the authors.

Ratio “Low” “High”

Current ratio (1.25; 1.5; 1.75; 2) (0.25; 0.50.75; 
1.0)

Payable turnover ratio (6.5; 7.0; 7.5; 8.0) (8.5; 9.0; 9.5)
Equity turnover ratio (2.0; 3.0; 4.0; 5.0) (6.0; 7.0; 8.0; 9; 0)

Return on assets
(7.0; 8.0; 9.0; 
10.0; 11.0) (12.0; 13.0; 14.0)

Debt-to-equity ratio (0; 0.1; 0.2) (0.3; 0.4)

Next, recognition of the current values of the in-
dicators is performed according to the criterion of 
the table of type 2. Recognition of the level of the 
indicator is the most controversial question of this 
method. This procedure is entirely depends on the 
expert’s judgement, based on his experience.

If a column of values of indicators for the enter-
prise (conditional values) is added to the table, 
then the obtained matrix representation is the 
result of modeling sufficient to assess the risk of 
bankruptcy of the enterprise.

Table 3. System of indicators for assessment of 
the conditional enterprise bankruptcy probability 

Source: Compiled by the authors.

Ratio Value “Low” “High”
Current ratio 1.45 1 0

Payable turnover ratio 9.15 0 1

Equity turnover ratio 3.6 1 0

Return on assets 10.3 1 0

Debt-to-equity ratio 0.5 0 0

Hence the linguistic recognition of the degree 
of risk according to Table 2 gives a low risk of 
bankruptcy.

Visualization of the proposed approach requires 
the normalization of the values of each financial 
indicator, which can be calculated according to 
the formula:

min

max min

,i
x x

x
x x

−
=

−
  (2)

where 
i
x  is the calculated value of the i-th indica-

tor, 
min
x  – the minimum value of the fuzzy subset 

“low risk of bankruptcy”, 
max
x  – the maximum 

value of the fuzzy subset “low risk of bankruptcy”.

A similar formula is used for the fuzzy subset of 
“high bankruptcy risk”.
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The convenience of using this formula is conditioned 
by the fact that if the normalized index is greater 
than 1 or less than 0, then it belongs to another zone.

Visualization can be performed in the form of a 
linear or dotted graphics in different zones of 
fuzzy sets or simultaneously in several zones, as 
well as in the form of a matrix.

For the conditional example presented in Table 3, 
the matrix of normalized values calculated by the 
proposed formula can be represented as follows 
(Figure 1).

The advantages of the proposed visualization ap-
proach are the following:

• the simple justification of a fuzzy function by 
experts who are well aware of the enterprise’s 
and the industry’s specifics;

• the ability to break financial performance into 
the required number of fuzzy subsets;

• the rejecting the convolution formulas use 
for indicators for assessment of the enterprise 
bankruptcy probability, thereby ensuring the 
correctness of the model.

Using various ways to visualize the results ob-
tained allows an expert formalizing fuzzy ideas in 
the best way, transforming the language of words 
into a language of quantitative assessments.

Based on the results of the above studies, a decision 
support system (DSS) is offered to administer and 
implement a comprehensive bankruptcy proba-
bility assessment system for Ukrainian enterpris-
es. This decision support system for assessing the 
probability of bankruptcy of Ukrainian enterpris-
es is based on the fuzzy set theory (Kozlovskyi et 
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Figure 1. The matrix of normalized values of indicators  
for assessment of the conditional enterprise bankruptcy probability

Figure 2. Decision support system for assessing the probability of bankruptcy of enterprises

Source: Compiled by the authors.
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al., 2018; Fonitska, 2013), and also takes into ac-
count such indicators of International Financial 
Reporting Standards as: current ratio, payable 
turnover ratio, equity turnover ratio, return on as-
sets, debt-to-equity ratio.

The structure of this decision support system for 
bankruptcy assessment is shown in Figure 2.

The developed system of making and supporting 
decisions on the assessment of bankruptcy prob-
ability allows determining the level of bankrupt-
cy of Ukrainian enterprises according to the in-
dicators of International Financial Reporting 
Standards and analyzing its dynamics. DSS ena-
bles business entities to respond in a timely and 
adequate manner to possible changes in an entity’s 
financial and economic activities and to make ap-
propriate management decisions.

4. DISCUSSION

This study showed that the following ideas should 
be considered to solve the problem of qualita-
tive assessment of bankruptcy probability of 
Ukrainian enterprises:

1. The system of indicators for assessment of the 
enterprise bankruptcy probability fully com-
plies with International Financial Reporting 
Standards and includes following indicators: 
current ratio, payable turnover ratio, equity 
turnover ratio, return on assets, debt-to-equity 
ratio. Use of this system allows foreign inves-
tors to assess the enterprise bankruptcy proba-
bility, taking into account the Ukrainian econ-
omy specifics.

2. Financial indicators classification of system 
for assessment of the enterprise bankruptcy 

probability was made (Table 2). Based on ex-
pert’s subjective judgment, financial indica-
tors classification allows considering expert’s 
knowledge about the enterprise, its environ-
ment and various risk factors. The need to 
use theory of fuzzy sets is due to the fact that 
each indicator is inaccurate and ambiguous, 
depending on internal and external factors. 
Formalizing expert’s fuzzy ideas from the lan-
guage of words into a language of quantitative 
assessments simplifies understanding the re-
sults of the bankruptcy probability. 

3. Because of the fact that the visualization of the 
proposed approach requires the normalization 
of the values of each indicator for assessment 
of the enterprise bankruptcy probability, a cor-
responding formula was offered (formula 1). 
Using the formula, a matrix of normalized val-
ues of indicators for assessment of the condition-
al enterprise bankruptcy probability was created 
(Figure 1). Suggested visualization approach of 
indicators for assessment of the enterprise bank-
ruptcy allows building an enterprise financial 
card without using complex financial indicators.

4. As an example, for a system of indicators for 
assessment of the conditional enterprise bank-
ruptcy probability linguistic risk recognition 
was done. The given example clearly demon-
strates the possibilities of applying the method 
of the enterprise bankruptcy assessment on the 
basis of intellectual analysis. The example makes 
it possible to use the method in practice by both 
foreign investors to assess the enterprise bank-
ruptcy probability and by internal auditors.

5. The structure of decision support system for 
bankruptcy probability assessment of the en-
terprise with the help of fuzzy set theory was 
constructed.

CONCLUSION

Studies have shown that existing classical methods of assessment of the enterprise bankruptcy proba-
bility cannot be fully applied in practice and used in making decisions. The most well-known models of 
the assessment of the enterprise bankruptcy such as Altman, Toffler, Tishaw models are based on quan-
titative indicators and do not allow doing verification of the obtained values. An attempt to consider the 
qualitative indicators in the enterprise bankruptcy was made by Ukrainian scientist Matviychuk, but 
this model is based only on the financial statements of Ukraine.
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Improvement of Matviychuk model is based on the theory of fuzzy sets and takes into account the 
International Financial Reporting Standards. It allows operating both quantitative and qualitative in-
dicators simultaneously, and using the indicators of International Financial Reporting Standards such 
as current ratio, payable turnover ratio, equity turnover ratio, return on assets, debt-to-equity ratio that 
applied in world practice. Proposed model solves the problematic issues that are the disadvantages of 
the assessment of the enterprise bankruptcy probability classic models and allows performing the pro-
cedure of assessing the enterprise economic activity with a high level of probability. In addition, it helps 
make the correct management decisions. 

The obtained scientific result will greatly facilitate the work of specialists and managers in the field of 
assessing bankruptcy of enterprises and make it possible to better assess the likelihood of bankruptcy 
of an enterprise both in the domestic and international markets.
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