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Abstract. When it comes to the development of industrial enterprises, there is always the possibility of a
crisis; therefore, for continuous sustainable operation it is necessary to develop preventive tools to predict
the crisis processes in advance. The present paper covers the objective of developing and testing models
for estimating the probability of bankruptcy based on logistic regression for sustainable development of
domestic industrial enterprises. The study was conducted within the pharmaceutical industry, yet the
methods of development and the testing technique can be applied in other industries. The paper presents
the stages of model development (predictor formation, correlation and regression analysis) and its testing
(evaluation of statistics parameters, comparative analysis with existing models). The use of the logistics
model of bankruptcy assessment helps analyze the correlation between the indicators of enterprise’s
economic condition and its degree of bankruptcy. Moreover, such a model can quantify the probability of
bankruptcy at an industrial enterprise. The reliability and validity of the presented results is confirmed by
the generalization of theoretical and methodological studies of experts in this field, the applied results are
based on a large amount of financial information of domestic pharmaceutical enterprises and confirmed
by the use of algorithms of economic and mathematical modeling recognized in the scientific community.
The study used indicators of economic condition based on public reporting of 266 pharmaceutical
companies, where one hundred companies were engaged in model development and the rest – its testing.
The developed model is able to predict the probability of bankruptcy of pharmaceutical enterprises two
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years ahead. The small amount of calculations and lack of highly technical calculations helps quickly
obtain information about the economic condition and versatile calculation makes it possible to conduct
a comparative analysis of enterprises in the context of one industry.
Key words: crisis management, modelling, logistic regression, probability of bankruptcy, correlation and
regression analysis, elimination method, industrial enterprises, pharmaceutical industry.

Introduction
When it comes to the development of
industrial enterprises, there is always the
possibility of a crisis. The most important
objective of crisis management is to prevent
a crisis caused by management errors and
ensure most painless recovery amid objectively
developing crisis processes [1]. Therefore, crisis
processes should be quickly detected in order to
prevent them and maintain the functioning of
industrial enterprises since timely identification
of a crisis helps minimize losses during
management.
It is advisable to use models of bankruptcy
assessment to identify the crisis, but the
methodological issue of this process lies in
taking into account industry characteristics.
Ignoring such information may lead to incorrect
assessment and, as a result, accelerated
development of crisis processes at enterprises
[2]. In the present article, the research object
is pharmaceutical enterprises. The choice of
pharmaceuticals is due to intensive development
of the industry, its strategic importance for the
state and the population, as well as lack of tools
for assessing bankruptcy in this area [3].
In order to determine the functional type of
relations between the indicators of economic
condition and the degree of bankruptcy of an
industrial enterprise, the methods of correlation
and regression analysis are used. Common
methods for assessing bankruptcy are those
based on discriminant analysis and logistic
regression.
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As a result, there is an objective to develop
and test a new model of bankruptcy assessment
adapted to Russian pharmaceutical companies
through econometric modeling.
Literature review
In Economics, modeling and estimating the
probability of bankruptcy arose in the 1940s. In
works of that time, models were used only for
assessing credit capacity and monitoring credit
risks. For example, D. Duran developed creditscore models which included only financial
aspects of company’s activities, such as solvency
and credit debt [4].
The area under review rapidly developed in
the 1960s. E. Altman began to use discriminant
analysis in the development of models for
assessing bankruptcy [5]. It was found that
the basic condition for using such analysis for
modeling is the subordination of discriminant
variables to the multinormal law, and the model
is the dependence of degree of bankruptcy on
basic financial ratios of an enterprise. It should
be noted that in certain samples of bankrupt
enterprises it is either difficult to determine
the normal distribution, or it is not executed
at all [6–8]. Moreover, when calculating the
integrated index in the models of foreign [8–
10] and Russian [11-14] economists, there is
an uncertainty interval, in which it is impossible
to make an unambiguous conclusion about the
probability enterprise’s of bankruptcy.
In addition to discriminant analysis since
the 1980s, for example, in the work by J. Ohlson
[15], models were developed based on logit
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regression (logit-model). In [15–17], logitmodels are constructed in the absence of the
problem of “uncertainty” since the value of a
continuous dependent variable is calculated,
which takes values in the range from 0 to 1. To
construct such models, we need data on both
bankrupt and operating enterprises [18–21].
Consequently, logit-models make it possible
to analyze the correlation between indicators
of enterprise’s economic condition and its
probability of bankruptcy, while other models
only classify an enterprise according to a certain
degree of bankruptcy. Moreover, logit-models
can not only classify an enterprise, but also
quantify the probability of bankruptcy, thus they
are more flexible than their analogies.
Despite the advantages of logit-models,
[22–24] note a certain subjectivity in calculations of the probability threshold of
bankruptcy and the presence of multicollinearity of predictors, which is a factor
reducing the model accuracy. This problem
is explained by the national peculiarities of
accounting policy and industry characteristics
of enterprises, which is confirmed in domestic
studies.
Russian researchers continued to develop
this area, with a great contribution to
the development of domestic models and
comparative analysis with foreign models
noted in works [11, 12, 20, 21]. The analysis
of works shows that the authors agree on the
high error values in using foreign methods
of predicting the probability of bankruptcy;
among the applied methods, models based on
discriminant analysis and logistic regression
have higher assessment accuracy, and the use of
models for various industries leads to incorrect
research results since each industry has its own
characteristics, which affects the inclusion of
indicators in the model and their weighing
factors.
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1. Stages of development of the bankruptcy
assessment logit-model
When assessing bankruptcy using the logit
model, it is assumed to assess the probability of
bankruptcy using enterprise performance. The
very nature of such a model is a linear
correlation between the base logarithm of
integrated index of economic condition
(response) and the linear combination of
indicators of enterprise functioning [15; 22] and
is expressed by the following formula:
ln(

S
)=a0 + ¦ ai ki ,
1-S

(1)

where S – probability of bankruptcy of an
enterprise, S/(1-S) – odds ratio, which determines
how many times more often the response takes value
1 than 0, ki – the predictor (a factor characterizing
a certain aspect of the economic condition), a0 –
a free member, ai – the weighing factor of each
predictor.

The presented equation reflects the linear
dependence of the probability of bankruptcy
depending on the set of values of the enterprise’s
economic factors. Theoretically, regardless of
the regression coefficients ai and predictors ki,
the model takes any value. Note that the term
logit comes from the fact that it is possible to get
away from linearity in this model using logittransformation, thus the value of the model will
be on the interval [0, 1], which indicates the
probability of bankruptcy, where 0 is minimum
probability, 1 – maximum. To interpret the
coefficients and to simplify the model the
exponential form (parts of the equation are
exhibited) of the model is typically used:

S

ea0 ¦ ai ki
1  ea0 ¦ ai ki

1
1 e

- a0 - ¦ ai ki

.

(2)

Thus, the first stage of constructing a
bankruptcy assessment model using logistic
regression is the formation of predictors (ki).
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1.1. Forming an array of predictors
The information framework for the model
includes financial statements of pharmaceutical
companies1. The indicators in the sample were
calculated for two groups of enterprises:
1. 72 operating enterprises, as of the
beginning of 2018 (excluding enterprises in the
process of liquidation or reorganization through
merger, division and accession to another
legal entity, as well as those in bankruptcy
proceedings), S=0;
2. 28 bankrupt enterprises from 2004–
2017, for such enterprises S=1.
In our opinion, when forming an array of
predictors it is necessary to conduct a dynamic
analysis of indicators, which helps determine
the development of the industry and crisis
periods. For example, due to the crisis processes
taking place in the Russian economy in 2014–
2015, the indicators of enterprises sharply
changed, which affected the deterioration
of the overall economic condition, while
pharmaceutical enterprises did not go bankrupt.
Therefore, the calculation of indicators for such
atypical periods may lead to incorrect model
values and its low quality.
For bankrupt enterprises, the indicators are
calculated for two years before going bankrupt
(for example, if the enterprise is declared
bankrupt in 2015, the predictors for the
array were calculated at the end of 2012). We
believe that the two-year period is optimal
for introducing anti-crisis measures in order
to maintain the functioning of industrial
enterprises. For the enterprises of the first
group, data for 2014–2015 (crisis periods) and
2016 (did not pass the two-year lag) were not
used. It is advisable to use data for 2013, which
1
The statements of pharmaceutical companies can be
found official websites of companies, corporate information
disclosure portals and in the system of professional market and
company analysis (SPARK Interfax).
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is more relevant today and quite a favorable
period for the pharmaceutical industry.
Thus, the forecast horizon of the constructed model is two years. Note that in the
existing models there is either a short
forecasting period [21; 23] when the company
does not have time to “prepare” for the crisis;
or an increase in the forecast horizon [18; 19],
which reduces the model accuracy, since the
distribution of outcomes for the two groups of
enterprises becomes the same.
As a result, the formed sample is an array of
data for a certain reporting date, where i-th
pharmaceutical enterprise corresponds to a set
of indicators of its activity k1, k2, ... , kn, and
depending on the status of an enterprise (S), the
operating or the bankrupt one is assigned either
0 or 1, respectively.
It should be noted that after the development of the logistic regression model, there may
be a problem with the low accuracy of the
forecast, the reason for which is the insufficient
amount of historical sampling (observed in the
developments of models [11; 14; 21; 24]). The
choice of the minimum sample size depends
on the distribution of dependent variable
values. Under normal distribution, nine or ten
predictors are sufficient to describe systems of
any complexity, where at least ten observations
are required for each predictor [25].
Thus, the historical sample will include
100 enterprises. One of the limitations in
constructing a logistic model is the small
amount of bankrupt enterprises and reporting
on them. As a result, 58 bankrupt enterprises
were selected (half of the sample was used for
construction, the remaining – for testing). We
do not present in-depth analysis of the shares
in which to select operating and bankrupt
enterprises, the sample quality is still the
criterion accuracy of the model. Note that the
authors either correlate these groups in equal
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volumes [5, 7, 13, 15, 21], or the sample is
dominated by the operating enterprises [6, 7,
12, 14, 18–20], since the number of bankruptcy
procedures in the industry is always less than the
number of normally operating enterprises. We
should also add that the fact of enterprises being
among historical and test samples is random.
Based on these provisions, we form a sample
of indicators according to financial statements
of 100 pharmaceutical enterprises. To do this,
we select from a set of indicators those that have
the following properties:
1. make economic sense and provide an
informative, consistent ides of the economic
situation;
2. are not highly technical indicators and
are calculated according to the data of public
reporting;
3. correspond to the nature of the model of
bankruptcy assessment and meet the goals and
objectives of crisis management of industrial
enterprises.
Thus, we selected 18 indicators characterizing enterprises from different perspectives
(liquidity, profitability, asset and capital
structure, financial viability): sufficiency of
own working capital (K1), flexibility of own
current assets (K2), share of receivables in
assets (K3 ), share of short-term liabilities in the
capital structure (K4), ratio of immobilized and
mobilized assets (K5), current liquidity (K6),
quick liquidity (K7), absolute liquidity (K8),
financial leverage (K9), financial dependence
(K10), debt coverage (K11), return on equity
(K12), gross margin (K13), return on assets (K14 ),
return on equity (K15), sales margin (K16), return
on working assets (K17), degree of solvency
(K18).
The sample did not include turnover
indicators as they have underestimated values
at industrial enterprises. Instead, liquidity and
profitability indicators, which quickly respond
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to changes in the economic condition of
enterprises, are included.
Next, it is necessary to check the distribution
of selected indicators for normality. To test the
hypothesis that the sample belongs to the
normal distribution law (empirical distribution
corresponds to expected distribution), we use
the Kolmogorov-Smirnov test.
The exclusion of indicators from further
calculation should be determined by the
significance level. If p>0.05 then empirical
distribution under study corresponds to
normal distribution, in the opposite case the
distribution differs from normal. For example,
the distribution of values of variables K1 and K3
is not statistically different from normal since
p>0.05 and error probability is negligible. K2
variable has a significance level below the set
level, therefore, the values do not obey normal
distribution and it is necessary to exclude this
indicator from further model construction.
According to the results of normality test,
the following indicators are selected for further
model construction: K1, K3, K4, K6, K7, K10, K11,
K13.
1.2. Correlation analysis
Within this stage it is necessary to:
1. create a matrix of paired correlation
indices;
2. using the Chaddock scale, identify
mutually correlated indices (a negative value
indicates the opposite correlation between
variables), one of which is excluded from further
calculation. Such a reduction in the number of
indicators can reduce their number, while the
level of economic condition assessment of an
enterprise is not reduced;
3. select the indices without a strong and
close correlation, in which the critical level of
the correlation index is not more than 0.7. The
selected indices are the basis for further
construction of the logistic regression equation.
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Table 1. Matrix of pair correlation indices
K

K1

K1

1.000

K3
0.306

K4
-0.663

K6

K7

0.872

K10

0.658

-0.606

K11
0.813

K13
0.179

K3

0.306

1.000

0.227

0.121

0.445

0.032

0.290

0.284

K4

-0.663

0.227

1.000

-0.717

-0.523

0.749

-0.438

-0.119

K6

0.872

0.121

-0.717

1.000

0.735

-0.588

0.762

0.154

K7

0.658

0.445

-0.523

0.735

1.000

-0.502

0.607

0.279

K10

-0.606

0.032

0.749

-0.588

-0.502

1.000

-0.673

-0.097

K11

0.813

0.290

-0.438

0.762

0.607

-0.673

1.000

0.052

K13

0.179

0.284

-0.119

0.154

0.279

-0.097

0.052

1.000

During the analysis of matrix pair correlation indices presented in Table 1 it is advisable
to exclude from further research: K1, K4, K6. The
sufficiency of own working capital (K1 ) index
is closely correlated with debt coverage (K11 )
index and current liquidity (K6 ) index. In turn,
K6 has a high pair index with the majority of
indicators. Besides being closely correlated
to K6, the share of short-term liabilities in
the capital structure (K4 ) index is also highly
interdependent with the financial dependence
(K10 ) index.
According to the results of the correlation
analysis, further development of the logistic
regression model for assessing the bankruptcy
of pharmaceutical enterprises will be based on
the following indices with normal distribution,
where paired correlation indices are not closely
correlated with the indicators:
1. share of receivables in assets (K3);
2. quick liquidity (K7 );
3. financial dependence (K10 );
4. debt coverage (K11 );
5. gross margin (K13 ).
1.3. Regression analysis
This stage implies the construction of the
logistic regression equation. We note that it is
inappropriate to have an absolute term in the
equation. From the theoretical point of view,
if all economic indicators (predictors) equal 0,
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the probability of bankruptcy will be calculated
based on the size of the absolute term. In real
economic processes, if all indicators equal 0,
the industrial enterprise does not function,
therefore it is recognized non-operating.
Thus, the logistic regression model will not
contain free term, Formula 2 is transformed
into the following equation:

S

e¦ ai ki
1  e¦ ai ki

1
.
1  e- ¦ ai ki

(3)

The regression equation was constructed
using the method of eliminating (backward
likelihood ratio) the remaining indices. This
method involves the inclusion of all predictors
in the regression equation. Later, at each step
there is an exclusion of the least “useful” ones,
that is, predictors with minimum F-statistic
value, this value should be less than the preselected threshold. The F-statistic assessment
helps exclude predictors with an insufficient
influence on the explained variable. The
IBM SPSS Statistics 17.0 complex, in which
the model is calculated, calculates p-value,
and the exclusion of predictors ends when
all of them satisfy the expression pi<p, where
pi – significance level of each predictor, p –
a threshold value of 0.01.
Table 2 demonstrates statistic characteristics
of the regression analysis for the construction of
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Table 2. Parameters of logistic regression model
Step

1

2

3

Predictor (Ki)

Predictor weighing
factor (ai)

Standard error

Walt test

Degree of
freedom

Level of significance
(p)

K3

-0.755

1.850

0.167

1.000

0.683

K7

-1.154

0.977

1.394

1.000

0.238

K10

2.336

0.807

8.378

1.000

0.004

K11

-0.479

0.576

0.693

1.000

0.405

K13

-4.183

1.449

8.332

1.000

0.004

K7

-1.339

0.891

2.259

1.000

0.133

K10

2.183

0.699

9.741

1.000

0.002

K11

-0.502

0.578

0.754

1.000

0.385

K13

-4.147

1.437

8.331

1.000

0.004
0.001

K7

-1.947

0.598

10.584

1.000

K10

1.984

0.633

9.829

1.000

0.002

K13

-3.970

1.415

7.875

1.000

0.005

a logistic model for assessing bankruptcy. Based
on the presented data, two predictors were
excluded, as the significance level was 1%
higher than the threshold value:
1. at the first step, share of receivables in
assets (K3 ) index is excluded: 0.683 > 0.01
(condition p1 < p is not met);
2. at the second step, debt coverage (K11 )
index is excluded: 0.385 > 0.01 (p1 < p is not
met).
The indices of the regression equation (ai )
determine the effect of the corresponding
indicators (predictors) on the integrated index
of the economic condition of an industrial
enterprise. Based on this, gross margin (K13 )
index has the largest contribution to the value
of the final indicator. By the last step, the values
of Wald test as a criterion for the significance
of each ai for the corresponding predictor do
not have strong deviations among themselves,
which indicates that the model is appropriate.
Further, calibration test will be applied for
testing the model and evaluating the obtained
indices of the regression equation. The test
determines the degree of correspondence
between estimated probabilities of bankruptcy
predicted by the model and the real probabilities
of defaults.

Economic and Social Changes: Facts, Trends, Forecast

Based on statistics of 100 Russian pharmaceutical enterprises divided into operating
enterprises and bankrupt enterprises, with the
use of normality test, correlation analysis and
the likelihood ratio method, we constructed a
logistic model which determines the probability
of bankruptcy 2 years before its occurrence.
In order to improve the regression analysis
procedure and, as a consequence, improve the
quality of models for assessing bankruptcy,
methodological aspects of construction were
clarified:
1. the use of data on enterprises of one
industry: each industry has its own functioning
characteristics; the inclusion of enterprises from
other industries changes the levels of predictors
and creates a multidirectional assessment (the
aspect is not taken into account in models [15;
18–20]);
2. the inclusion in the study of at least a
quarter of enterprises declared bankrupt: a
small amount of actual data on bankrupt
enterprises underestimates the final assessment
(a small amount of such data is present in the
models [19; 23; 24]);
3. adding to the analysis the normality test
of distribution of each predictor in the data
array (absent in models [17; 20; 22]).
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According to Formula 3 and based on data the testing process should be carried out in two
from Table 2, the logistic model is the following: stages.
2.1. Estimation of statistical parameters of
1
,
(4)
S
the model based on the initial sample
195 K -198 KIG  397 KTP
1  e TO
Let us consider the results of observed and
where S – probability of bankruptcy (an inte- predicted outcomes (bankruptcy) with the null
gral indicator of the economic condition of a model and the final model presented in Table 3.
pharmaceutical enterprise), Kql – quick liquidity
The null model represents the equation of
(ratio of current assets minus inventories to short- logistic regression, where weighting factors (a )
i
term liabilities), Kfd – index of financial dependence of every predictor equal 0. In turn, the final
(share of borrowed funds in the capital structure), model is constructed by elimination and is
Kgm – gross margin (ratio of gross profit to sales
reflected in Formula 4. It should be noted that
revenue).
the boundary for division of predicted outcomes
The development of logit models does not is 50%, with 1 – the enterprise is declared
involve an interval assessment of the final bankrupt, 0 – the enterprise is operating.
indicator (S) since the point value of the
The resulting regression model has foreprobability of bankruptcy is calculated. But it casting power if its accuracy is higher than the
should be noted that when using this model for accuracy of the null model. In the initial model,
management decision-making, it is necessary the total percentage of correctly predicted
to take into account the critical levels. Applying bankruptcies is 28%, but in the final model
the method [20] taking into account the it increases almost three times to 79%. We
actual distributions of model values for the specify that the considered accuracy shows the
calculated sample, two levels were identified degree of correct outcomes calculated using
that determine the stable (favorable) economic the regression model for the historical (initial)
condition (S<20%) and the zone of acute crisis sample of pharmaceutical enterprises.
at a pharmaceutical enterprise (S>80%).
To justify the appropriateness of the model
2. Testing the developed model of bankruptcy we consider the statistical criteria for assessing
assessment
the quality of the final model.
For practical application of the develoThe value of the (-2LogL) logarithm
ped model it is necessary to test the model for function of the likelihood ratio in the final
accuracy of predicted results. In our opinion, model decreased by 41% compared to the initial
Table 3. Observed and predicted outcomes of historical sample
Predicted outcomes

Null model
0

Observed
outcomes

1

1

0

72

0%

0

28

100%

Total accuracy of null model

0

Observed
outcomes

1

Share of correct outcomes

0

1

63

9

88%

12

16

57%

Total accuracy of null model

122

28%

Predicted outcomes

Final model

Share of correct outcomes

0

Volume 12, Issue 2, 2019

79%

Economic and Social Changes: Facts, Trends, Forecast

MODELING AND FORECAST OF SOCIO-ECONOMIC PROCESSES

Stel’makh V.S.

model and amounted to 81.23. The decrease in
this indicator, which is the result of comparing
two models, indicates an improvement in the
forecast capacity of the model.
As a rule, to assess the quality of regression
models the determination index is used, but for
logistic models, the determination index is not
the basic parameter for determining the
accuracy, unlike linear regression models.
Therefore, the pseudo determination coefficient
Nagelkerke R-square is calculated – 0.582,
which is an approximation of the determination
index taking into account the function -2LogL
and X-square. The indicator characterizes
the degree of change in the probability of
bankruptcy depending on indicators included
in the model; therefore, the change in the
probability of bankruptcy of pharmaceutical
enterprises 58.2% depends on the indices of
quick liquidity, financial dependence and gross
margin. Low R-square values for logit models
are normal. In contrast to linear regression, it
is impossible to suggest constant variance in
logistic regression: the binary variable variance
depends on the frequency of value distribution
of the variable itself, so the calculated
determination indices are an approximate
measure [11].
Therefore, for additional evaluation of the
model and its parameters we consider the

calibration test via the Hosmer-Lemeshow
goodness-of-fit test. This test calculates the
intervals between observed and predicted
frequency distributions of bankrupt and
operating enterprises. The value of the index
under review should be higher than the
significance level of 0.05. In the author’s model,
the significance level is 0.31 (at X-square=9.39
and df=8), which is six times higher than the
established level.
Thus, the considered characteristics indicate
that the obtained model is well calibrated, is
sufficiently accurate in terms of forecasting
bankruptcy and can be effectively used in
practical calculations.
2.2. Accuracy assessment and comparative
analysis with existing models in the test sample
To confirm the results and apply the
developed model an important condition is its
testing at pharmaceutical enterprises that are
not included in the initial (historical)
sample. For the second testing stage a similar
array of data on the economic condition of
pharmaceutical enterprises was formed:
1. for 136 operating enterprises;
2. for 30 bankrupt enterprises.
Table 4 presents the results of the author’s
model of bankruptcy assessment using the
initial and tested samples. The intercept margin
of outcomes is maintained at 50%.

Table 4. Observed and predicted outcomes of historical sample
Predicted outcomes

Initial sample
Observed
outcomes

0

1

0

63

9

88%

1

12

16

57%

Total accuracy of initial sample

79%

Predicted outcomes

Tested sample
Observed
outcomes

Share of correct outcomes

Share of correct outcomes

0

1

0

109

27

80%

1

8

22

73%

Total accuracy of tested sample
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It should be noted that the 50% intercept
margin is conventional and does not fully reflect
the accuracy of the model. The forecasted
probability of bankruptcy of some operating
enterprises fluctuates around this boundary. For
example, when the intercept margin is increased
by 10 percentage points (up to 60%), the model
accuracy for existing enterprises increases by
7 p.p. and the overall model accuracy for the
tested sample is 83%. Despite this, the share of
correct outcomes according to the calculations
on each sample fluctuates at the same level,
which characterizes the adequacy of the model.
Having determined the accuracy criteria of
the developed model, we proceed to the
comparative analysis of the model with other
common models of bankruptcy assessment
adapted to industrial enterprises.
Since comparative analysis uses logit- and
MDA-models a necessary condition for proper
studies is the distribution of enterprises into
equal groups according to the probability of
bankruptcy.
For logit-models (author’s, Zhdanov’s [21],
Khaidarsina’s [20]) five groups with the same

interval of probability of bankruptcy (20 p.p.
each) are distinguished, where the group
“0%–20%” characterizes minimum risk of
bankruptcy, and “80%–100%” – maximum.
Groups of bankruptcy probabilities (five
groups) of Muradov [11] and Irkutskaya [12]
models will correspond to similar groups for
logistic models. Groups of bankruptcy
probabilities according to Vishnyakov’s model
[14] correspond to groups “0%–40%” with
minimum and “60%–100%” with maximum
risk of bankruptcy. Bankrupt enterprises
according to Kolyshkin’s model [13] will be
part of the group “60%–100%”, prosperous
ones – “0%–40%”, the remaining groups will
be in uncertainty zone.
Thus, the distribution of pharmaceutical
enterprises of the tested sample was obtained
in five groups for comparative analysis of
models for enterprises recognized as bankrupt
and for operating enterprises (see Table 5).
In our opinion, when the models use
extended grouping of enterprises, the subject
of management, when choosing a more
accurate model and its further application, is

Table 5. Distribution of pharmaceutical companies by group of bankruptcy probabilities
Model

0%–20%

Author’s
Khaidarshina’s
Kolyshkin’s
Zhdanov’s
Irkutskaya’s
Muradov’s
Vishnyakov’s

4
15
6
11
10

Author’s
Khaidarshina’s
Kolyshkin’s
Zhdanov’s
Irkutskaya’s
Muradov’s
Vishnyakov’s

94
122
85
103
89
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Groups of bankruptcy probability
20%–40%
40%–60%
60%–80%
80%–100%
Distribution of bankrupt pharmaceutical enterprises
2
4
3
17
–
–
–
15
–
1
1
22
1
–
–
18
–
1
–
19
5
8
17
5
–
25
Distribution of operating pharmaceutical companies
10
14
14
4
4
–
1
9
12
11
13
15
1
3
3
26
1
6
7
33
77
38
21
56
–
80
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Total enterprises

30
30
30
30
30
30
30
136
136
136
136
136
136
136
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required to compare the share of enterprises
whose economic condition was incorrectly
forecasted. For example, this aspect is very
important for analyzing bankrupt enterprises,
where it is necessary to identify the minimum
forecasted probability of bankruptcy at actual
bankruptcy. Incorrect forecasting may lead
to inadequate assessment of the enterprise’s
economic condition, lack of anti-crisis
measures and early liquidation of business. As
a result, the calculation of accuracy of models
will be determined by the following formula:

P 1-

¦N

S ! Sk

N

,

(5)

where P – model accuracy, N – total number of
enterprises, NS>Sk – number of enterprises with the
calculated probability (Si) greater than (less than)
the set level (Sk): for bankrupt enterprises S<40%,
for operating enterprises S>60%. The interval
“40%–60%” represents the uncertainty zone, the
average probability for evaluation, so the enterprises
in this interval are excluded from the calculation of
accuracy.

According to the results of calculating the
accuracy presented in Table 6, the total
accuracy of only three models is higher than
80%: Kolyshkin’s model, Khaidarshina’s model
and the model proposed by the author.
Significant drawbacks of Khaidarshina’s
logistics model is the highest predictive power
for operating (P=92.6%) and at the same time
the lowest for bankrupt enterprises (P=50.0%),

as well as a large number of indicators in the
model. Vishnyakov’s model has a similar
forecasting imbalance showing the lowest
accuracy for operating enterprises (P=41.2%)
and one of the best results for bankrupt
enterprises (P=83.3%).
It is necessary to highlight Kolyshkin’s
model showing relatively similar accuracy for
the two groups of enterprises. But since this
model is based on discriminant analysis it is
impossible to determine the exact probability
of bankruptcy. Moreover, 27.7% of enterprises
are in zone of uncertainty (average probability),
which makes it difficult to assess and predict
future business development (according to the
author’s model, only 10.8% of all enterprises
are in the group “40%–60%”).
The author’s model has the highest accuracy
(P=85.5%) among the analyzed models; it has
no significant differences in the degree of
accuracy between operating and bankrupt
enterprises.
Conclusion
In the course of the study, using correlation
and regression analysis, a model for assessing
the probability of bankruptcy of industrial
enterprises (for example, enterprises of the
pharmaceutical industry) was developed and
tested.
The process of construction and testing is
based on financial statements of 266 domestic
pharmaceutical companies, so the industry
aspects are fully taken into account. The

Table 6. Accuracy of models for assessing the bankruptcy of pharmaceutical enterprises
Model
Author’s
Khaidarshina’s
Kolyshkin’s
Zhdanov’s
Irkutskaya’s
Muradov’s
Vishnyakov’s

Bankrupt enterprises
80.0%
50.0%
83.3%
80.0%
60.0%
66.7%
83.3%
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Operating enterprises
86.8%
92.6%
84.6%
79.4%
78.7%
70.6%
41.2%
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All enterprises
85.5%
84.9%
84.3%
79.5%
75.3%
69.9%
48.8%
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absence of a large amount of calculations and
highly technical calculations helps quickly
obtain information about the economic condition. The model uses three indices describing
enterprise activities from different aspects:
liquidity, financial stability, profitability. The
flexibility of calculations makes it possible to
conduct a comparative analysis of the economic
condition of enterprises in the context of one
industry. The model determines the probability
of bankruptcy two years ahead, which gives
a sufficient opportunity to implement anticrisis measures for maintaining sustainable
development of a business.
The article also outlines stages and
highlights methodological aspects of constructing a model for assessing the probability of
bankruptcy not taken into account in the
existing studies, which are aimed at increasing
the forecast quality.
The necessary steps in model development
are checking the indicators for normality of
distribution and excluding closely correlated

indicators, which increases its effectiveness.
When testing the model, it is advisable not
only to calculate the statistical parameters of
the equation, but also to assess the accuracy
of a new sample of enterprises and conduct
comparative analysis using the existing
methods.
The application of the proposed methodology for monitoring enterprises helps forecast
crises, detect their causes, prevent bankruptcy
and maintain sustainable business development.
The algorithms of development and testing
discussed in the article can be applied to other
economic sectors.
The research materials can be used by:
owners and managers of enterprises in order to
build a monitoring system; commercial banks
in corporate lending and credit risk monitoring;
consulting organizations and investors to
conduct analytical studies in the industry and
assess investment climate; executive authorities
for implementing the industrial policy and
performing control and supervisory functions.
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