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ABSTRACT

This paper outlines the importance of defining the level of the financial potential of Ukrainian steel
enterprises as a factor in preventing their financial insolvency. The findings support the selection of
appropriate indexes as proxies for quantitative characteristics to determine the financial potential of
companies in this industry. Levels of the financial potential of Ukrainian steel enterprises were defined
using neural network technologies. The rules of ‘insolvency levels classification’ from an enterprise
perspective were designed considering the combined effects of internal factors, relating to the enterprise’s
financial activity, as well as external environmental factors. Such an approach offers the evaluation of the
potential of an enterprise’s insolvency, taking into account its current state and the reserves for restoring
its financial stability.
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PROBLEM DEFINITION

The current problems in the Ukrainian steel
industry are due to the general worsening of
financial performance of Ukrainian steel
enterprises, an increase in the share of
unprofitable steel enterprises among registered
economic entities, and an increase in the number
of liguidated and bankrupt steel enterprises. The
critical conditions are found in many other
industrial sectors, but the steel industry is
particularly suffering. Steel industry losses in
2009 represented 70.4% of the total losses among
all industrial enterprises. Even though 2010 to
2012 saw rising industry yields, steel enterprises
still suffered significant losses. In 2013, the
amount of losses among metallurgical
enterprises was 2.8 times higher than all other
industry losses, and in 2014 the share of losses
for steel enterprises amounted to 28.4% of the

total net losses for all industrial enterprises.
Given that the steel industry is of strategic
importance for Ukraine’s economy—representing
15% of Ukraine’s GDP (State Statistics Service of
Ukraine, 2015)— there is a need to develop
scientific approaches to determining, and
preventing, insolvencies in this industry.

LITERATURE REVIEW

A review of the economic literature shows that
there has been a significant amount of work
devoted to the diagnosis of the insolvency and
bankruptcy of companies (Al-Kassar, Soileau,
2014; Blank, 2009; Dombrovskyi, Plastun, 2009;
Fokina, 2013; Gryglewicz, 2011; Kaouthar, 2010;
Kizim, Blagun, Kopchak, 2004; Klebanova,
Bondar, Rayevneva, 2003; Kovda, 2010;
Matviychuk, 2010; Sheremet, Sayfulin 2009;
Tereschenko, 2003). All of these studies
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concluded that the probability of bankruptcy is
based on either financial performance, static
values, or expert estimates. Such approaches to
diagnosing the insolvency of enterprises, narrow
the subject of study by comparing insolvency
with bankruptcy. In an earlier study, it was
shown that from a theoretical point of view
bankruptcy is a form of insolvency (Neskorodeva,
Pustovgar, 2013). However, using measures of
bankruptcy or insolvency do not allow us to
either estimate the threat of insolvency in the
future under the influence of destructive factors
in the external and internal environment, nor do
these help us estimate the potential to restore
solvency.

FORMULATION OF OBJECTIVES

The goal of this paper is to provide an approach
to diagnosing insolvency in the Ukrainian steel
industry, taking into consideration the potential
to restore solvency as well. To achieve this goal,
the study has the following objectives: defining a
guiding system, which characterizes the financial
potential of enterprises in the steel industry;
determining qualitative and quantitative levels of
financial potential; and developing steel
companies’  perspective  insolvency level
classification rules relating to the level of their
financial potential.

PRESENTATION OF KEY RESEARCH FINDINGS

In order to achieve financial equilibrium in an
enterprise it is important to define its reserves in
the case of a reduction in, or a complete loss of its

solvency. A fundamental factor for determining
and preventing financial insolvency for any
company is its financial capacity. The essential
component of a company’s financial potential is
expressed by whether or not there are sufficient
funds to restore fiscal solvency. Based on this, our
hypothesis is that the level of the financial
potential of an enterprise can determine its level
of financial insolvency.

This study is based on an analysis of the
indicators of the financial health of the steel
industry in Ukraine from 2002 to 2014 using the
center of gravity method system of indicators to
evaluate financial potential. These indicators are:
the ratio of net assets to registered capital, the
asset turnover ratio and fixed assets, the ratio of
quick and current liquidity, the Beaver
coefficient, rate of return on sales and return on
net sales, and an integral index of the
environment (Fig. 1).

From the proposed set of indicators shown
above, the Beaver coefficient is characterized by
the availability of the enterprise’s financial
resources and the possibility of its internal
mobilization. General indicators such as the level
of solvency and integral indicators of the
environment determine the ability to mobilize
from an external source.

Based on the fact that the indicators for
measuring components of financially capacity
have varying degrees of aggregation, it is
important to separately assess the potential of
internal financial ability to mobilize financial
resources from external sources.

Assessment Indicators for the enterprise financial potential

/'

The level of solvency

NN

T~

Environmental integral
component

| NA/RC | [ATR | [CLR | [RSR | [NPSR| [ FAT | [QLR | | BF |

ATR — Asset turnover ratio;

CLR  — Current liquidity ratio;

RSR — Return on sales rate;

NPSR — Net profitability of sales rate;
FAT — Fixed assets turnover;

QLR  — Quick liquidity ration;

BF — Beaver’s factor

NA/RC — The net assets to registered capital ratio;

Figure 1. Indicators for the evaluation of financial capacity in Ukrainian steel enterprises

Source: Developed by authors.

In order to define the internal financial

potential levels of steel enterprises, Kohonen
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maps were used to identify clusters. This type of
neuronet, without feedback, the setting of
parameters of which is carried out though
education by revealing unknown images and
structures in statistical data of objects being
researched (Borovikov, 2008; Buckley, 1987).

Using this method of statistical analysis to
determine the levels of internal financial
potential of steel plants allows us to search for
patterns in large data sets using exploratory
analysis (Yakhyaeva, 2006), where financial
potential levels are undetermined without
assigning values or classes of resulting variables,
in this case, the companies’. Another advantage
of the use of Kohonen maps as a type of neuronet
is high accuracy due to the possibility of
simulating nonlinear dependencies, which
describe economic processes more accurately.
This prerogative has determined the expediency
of the use of Kohonen maps as a basic method of

defining steel companies’ financial potential.
Formation of Kohonen maps in order to define
internal financial potential levels of steel
companies was carried out for the period of
2001-2014 using the Deductor Academic
analytical platform.

Since the adequacy of the model results
depends on the quality of the analytical sample,
the initial stage of the clustering of steel industry
enterprises was to check and clean the data to
ensure accuracy while adjusting for emissions,
anomalies, and missing data. These changes
allowed for an adequate selection of steel
companies for clustering based on the level of
their internal financial potential.

The result of forming Kohonen maps to define
the level of internal financial potential for
Ukrainian steel enterprises is shown in Fig. 2.

NA/RC o | ATR

FAT a

Average
level

The critical
level of
financial
capacity

The high level
of financial

capacity
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-~ S
0.8 [053)

Figure 2. Levels of internal financial potential in Ukrainian steel enterprises

Source: Developed by authors.
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The results

enterprises by their level of financial potential, is

shown in Tabl
internal finan

of clustering of Ukrainian steel high performance management, a level of current
and future liquidity, and the presence of internal

cial potential are characterized by

Table. 1. Classification of Ukrainian steel enterprises by their level of financial potential.

Source: Developed by authors.

Level of
Financial
Potential

Company

High

JSC «Kuesckuii 3aBoj Merayutonsaenuii uM. [Tucemennoro» (2001-2014 rr.)

0OJSC «3anopoxcrans» (2003-2010 rr.)

PJSC «3aBon MeraiokoHCTpyKImid 1 MetaiuioocHacTku» (2003, 2006-2011 rr.)

PJSC «Yepuurosckuii 3aBoa «Merammct» (2001-2007 rr.)

PJSC «ApcenopMurran Kpusoii Por» (2004-2008 rr.)

PJSC «XappKkoBCcKHii 3aBOJI METAJUIMYECKHX KOHCTpYyKuii» (2006-2009 rr.)

PJSC «Kpemenuyrckuii 3aBoj Metasundeckux u3nenuii» (2008-2013 rr.)

PublSC «KpamaTtopckuii 3aBoji MeTaJUTHYeCKHX KOHCTpykuuii» (2012-2013 rr.)

Middle

PJSC «Mapuymosnbckuii Merautyprudeckuii komouHat uM. Mipnua» (2007-2011 rr.)

0OJSC «YeproHorpajckuii 3aBoj MeTautokoHcTpykimin» (2001-2004 rr.)

PubJSC «KoHcranTHHOBCKHiT MeTaiutyprudeckuii 3aBomy» (2007-2008 1r.)

PJSC «Murepnaiin HwkHeanenposckuii TpyoonpokatHeiii 3aBoa» (2003-2006 rr.)

PublSC «Tpy6wustiit 3aBoa «Tpybdoctans» (2004-2005 rr.)

PJSC «JIpyxkoBckuit 3aBon meTasutinueckux usaenuin» (2003-2009 rr.)

PJSC «3aBox MerammokoHCTpyKIuit n MerammtoocHacTkm» (2001-2002, 2004-2005,
2012-2013 rr.)

Low

PJSC «/laenpocmercraiby

PJSC «ABneeBcKui 3aBO METAIIMUECKUX KOHCTPYKITHI»

PJSC «Merannyprudeckuii KOMOMHAT «A30BCTaIb»

PJSC «JloHerkuii MeTauTypriuuecKuii 3aBoa»

PJSC «EHakueBCKIiI METaILTypTUIEeCKHU 3aBO»

PJSC «ApTeMoBCKuii 3aBOj 110 00padOTKE LBETHBIX METAJIIOBY

PJSC «MakeeBCKHii 3aBOJI METAJUTHYCCKIX KOHCTPYKITUNY

PJSC «JlnenporneTpoBCKril 3aB0J] METAUNIOKOHCTPYKIWit M. 11.B. baOymknHa»

PJSC «/lnenpoBckuit Metaiutyprudeckuii koMOuHAT uM. D.03. JI3ep>KUHCKOTro»

PJSC «JlHenpomneTpoBCKUi MeTaTypriuecKuid 3aBojl IMeHH KoMuHTepHa»

JSC «3MueBckuii IKCTIepIMEHTaTbHO-MEXaHUIECKUH 3aBOJI «3MHEBMETAIIIOCEPBHCY

PJSC «3anopokckuii 3aBOl METAJUTMYECKUX KOHCTPYKITHII»

JSC «YxpanHCKas TOpPHO-MeTaILTyprudeckast KomnaHus - Hukomaes»

PJSC «AndeBckuii METAIITyprUYecKHii KOMOMHATY

PJSC «JloHenkuii MeTayuIonpOKaTHbIN 3aBOA»

PJSC «Kpemenenkwii 3aBoj TOPOIIKOBON METaJLTyPTHII»

PublSC «CmensHCKMI 3aBOI METATINUECKUX U3JCTUI»

PJSC «Jlyranckuii TpyOHBII 3aBOI»

PJSC «Xap1ipi3ckuii TpyOHBIH 3aBOI»

Critical

0JSC «MakeeBckuii METaIUTyprU4ecKuii KOMOWHATY

0JSC «KpamaTopckuii MeTamutyprudeckuii 3aBos uM. KyitObimeBa»

PJSC «KepyeHcknii METaIUTypru4ecKiii KOMOMHATY

0JSC «KupoBckuii 3aB0JT IO U3TOTOBICHHUIO M3AETIHI U3 METAIITMIECKUX TIOPOIITKOBY

PJSC «Jlo30BCcKOH 3aBOJT METAJTIOKOHCTPYKIIHI»

PubJSC «MaxkeeBCckHii METaJUTyprUueCKHA 3aBOIY

0OJSC «CraxaHOBCKHUI 3aBOJ METAIION3IEIAIN»
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The middle level of internal financial potential
includes businesses with a violation of solvency,
for which the state of absolute solvency is
sporadic. This level of financial potential is
defined by a stable functioning of the enterprise
at a particular moment, however, the
performance in a given moment will not take
away the threat of insolvency in the future
caused by low efficiency and a deficit of sources
for self-financing.

Enterprises, classified in the lower level of
financial potential, are characterized by a
violation of all the characteristics of financial
status such as financial stability, liquidity and
effective performance. However, despite a low
level of financial performance, the enterprises in
this cluster have a sufficient level of financial
potential for maintaining business operations.

Enterprises with supercritical and liquidation
financial insolvency do not have enough financial
resources and internal sources for the
mobilization of their business operations and
debt repayment. These are enterprises with a
critical level of internal financial potential.

The levels identified by this research are of an
applied nature, because they allow forming
judgments about steel companies’ financial
potential and by carrying out further diagnostics
of the enterprise insolvency, taking their
solvency restoration potential into account.
However, the possible use of these designs is
limited, because the model is represented in a
graph form and the classification of enterprises
that were not included in the custom aggregation
would require rebuilding the model.

To improve the practicality of the results,
quantitative criteria of steel companies clustering
was defined based on internal financial potential
indicator levels. Companies internal financial
potential indicator levels are defined according to
the actual values of the companies that, as a

result of clustering, were assigned to each of the
classes. Because indicator values in each cluster
have a high degree of variation, for each level the
confidence intervals were defined, e,
guantitative numerical intervals, in the range of
which companies financial potential indicator
values vary with set probability. For indicators,
distributed according to a normal distribution,
defining the confidence interval is done by
formulas (1, 2) (Borovikov, 2008).

—= —=(1)

— (@

where - financial potential potential value;

- average of financial potential indicator
value levels;

- amount of enterprises by the financial
potential levels;

- rMS deviation of financial potential
indicators;

- table value of the Laplace function
argument at a given confidence level (95%).

The calculated threshold values of the financial
potential indicators of Ukrainian steel companies
are represented in Fig. 3.

Levels of companies financial potential allow us
to determine the financial potential and the risk
of Ukrainian steel companies’ insolvency on the
basis of calculating financial indicators and the
comparison of actual and threshold values. The
adequacy of the results of internal financial
potential levels modeling is confirmed by the
error value 0.02 for training and 0.03 for test
selection, and the percentage of the recognized
objects of training and test selections (93.45%
and 87.36% respectively).
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Level of Performance value
_|  Financial

Potential NARC| | ATR FAT CLR QLR RSR NPSR BF
= S = S = S = ==
> High >837 | >1,68  >303 | >249  >142 | >0,11  >0,02 = >239
| [3,02; [0,83; [2,37; [1,00; [0,87; [0,01; [-0,17; [1,46;
> Average 8,46] 1,78] 3,51] 2,52] 1,56] 0,20] 0,03] 2,86]
N [031; [058  [L07; & [059; [046; | [016; [043; | [039;
ow 3,90] 1,19] 2,93] 1,23] 0,95] 0,12]  -0,02] 1,76]
> Critical [} <045 <069 | <115 = <073 <049 <018 | <038 & <042

Figure 3. Ukrainian steel companies internal financial potential indicator levels

Source: Developed by authors.

Custom clustering aggregation was formed and
processed by the companies with the whole
specter of solvency levels; from solvent, which
are characterized by a high level of financial
potential, to companies that are subject to
liguidation due to the inability of satisfying
creditors’ claims by their financial potential.
Levels of internal restoration potential were
highlighted respectively, reflecting the whole
aggregation of existing levels.

Besides the internal components of the
company’s financial potential, which are
characterized by the availability of financial
resources and the ability of their mobilization,
there are also restoration reserves in
mobilization of financial resources from external
sources. Such resources are an increase in
registered capital, increase in additional capital,
and an increase in long-term and current
liabilities. Increase in liabilities leads to an
increase in the amount of a company’s money,
due to an increase in inflow, as well as to the

decrease in outflow-in the case of the increase in
accounts payable.

The possibility of such financial resource
mobilization is determined by the state of the
environment-the presence of temporarily free
funds and the company’s solvency level. It is
because the ability of getting a bank loan and
raising funds by issuing bonds, bills and the
counterparties trust during the formation of the
accounts payable depend on it. In view of these
factors, while carrying out companies’ insolvency
perspective  diagnostic, internal financial
potential level, companies’ current insolvency
level and integral indicator of the environmental
state should be taken into consideration, since
these indicators collectively characterize the
companies’ solvency and the ability of its
restoration.

The author’s position on the approach to any
company’s insolvency perspective diagnostics is
represented in Fig. 4.
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Figure 4. Technology of insolvency diagnostic
Source: Developed by authors.

According to the presented technology, the
insolvency perspective diagnostic of Ukrainian
steel plants should be carried out based on the
construction of a decision tree. A classification
algorithm, at the basis of which lies search for
rules, such as “if-then”, represented in the form
of a hierarchical structure. Decision trees are
important practical tools for companies’
insolvency diagnostics, because, in analysis, they
can combine continuous (environmental integral
indicator) and discrete (current insolvency levels
and financial potential levels) variables, as well
as modeling nonlinear dependencies of the
objects and processes being researched, having a
high modeling accuracy (Deductor, 2009).

The input dataset for the construction of the
decision tree was formed due to the current
insolvency levels (Pustovgar, 2015) of Ukrainian
steel companies’ internal financial potential
levels in 2001-2014 and integral indicator of the

environmental state level in the specified period
(Pustovgar, 2014). The input dataset is
represented by the financial insolvency indicator
for the ( ) period, i.e., by the steel companies’
insolvency level after a year.

For the perspective diagnostics of a company’s
insolvency, a condition of immutability should be
set on the time horizon for financial potential
levels, i.e., a company’s current insolvency levels
and an indicator of the environmental state for
the period for which evaluation is carried out.
However, since the values required for
diagnostics indicators have a significant degree of
temporal variation, models of perspective
evaluation for more than one year have a low
accuracy and adequacy. That is why a company’s
insolvency perspective diagnostic should be
carried out for a period of one year.

A decision tree to determine the level of
insolvency in the steel industry is shown in Fig. 5.
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Figure 5. A decision tree showing diagnostic perspectives of insolvency in the steel industry.

Source: Developed by authors.

The key criterion for defining companies’
insolvency while implementing perspective
diagnostics is the internal financial potential of
the company. The contribution of this factor in
the classification of companies’ insolvency level
is 68.03%. The second most important factor is
the company’s current insolvency level, the effect
of which is 26.98%. The lowest value for defining

the level of insolvency is the environmental
factor. The significance of the integral index of
the state of the environment is 4.99%.

The practical importance of the constructed
decision tree for Ukrainian steel industry
insolvency perspective diagnosis is the formula-
tion of rules for determining the levels of
insolvency (Fig. 6).
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==
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Figure 6. Rules of steel plants perspective insolvency level classification.

Source: Developed by authors.

Thus, as a result of constructing a decision tree
for insolvency perspective diagnosis, it was
determined that the required and sufficient
condition for steel plants solvency is a high level
of internal financial potential. It ensures the
solvency of enterprises in the current period and
allows to completely neutralize the destabilize
the influence of the environment.

The deterioration of the current state of
solvency in the industry and the transition from
the solvent class to companies with current
insolvency may be caused by a decrease in
internal financial potential: from high to middle
and low levels. The level of critical financial
insolvency of enterprises in the long term is the
result of middle and low financial potential in
combination with current and critical insolvency
in the current period.

The critical level of companies’ internal
financial potential leads to the supercritical and
liquidation insolvency steel companies. Such
levels in combination with the liquidation
insolvency in the current period and the value of
the environmental integral index (no less than
0.06) leads to the liguidation of the company.
Where the value of the integral index is not less
than 0.06, and the current state is not

supercritical insolvency, there is a possibility of
restoration of the companies’ normal functioning
by reorganization or implementation of sanction
measures.

The possibility of the practical use of the
developed rules of steel companies’ insolvency
perspective diagnostics is confirmed by the
adequacy of the predictions: high percentage of
correct classification of training and test
selections (94.67% and 88.31% respectively), the

level of support and confidence of the
classification rules.
CONCLUSION

Within the framework of improvement of
methodical support of companies’ insolvency
diagnostics, based on the use of the neuronet
technologies, Ukrainian steel companies financial
potential levels were defined. On the basis of the
combination of internal factors of companies’
financial activity and the environmental factors,
rules for companies’ perspective insolvency
levels classification were developed, which allow
to evaluate the insolvency of an enterprise taking
into account its current state and its solvency
restoration reserve. The suggested approach
allows the implementation of the preventive
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diagnosis of companies’ insolvency and defining
the risk of their liquidation as a result of
insolvency and lack of restoration potential.
Prospects for further research in this direction are
the development of a strategy to restore the
solvency of metallurgical industry of Ukraine.
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